BIOT 1
Harvesting today’s technology to guide tomorrow’s innovations
Juergen Hubbuch, Juergen.Hubbuch@kit.edu. KIT, Karlsruhe, Germany
Truly disruptive technological innovations are rare, especially in a technologically
‘mature’ field such as bioprocessing. However, current developments in data science
and modelling as well as process analytical technology (PAT), when exploited to their
full potential, promise to elevate current processing and process development to a level
where transformative changes might be anticipated. This lecture will highlight some of
these promising technologies either in development in our laboratory or elsewhere.
Particular attention will be given to data science, including PAT and its combinations, as
well as case studies of current applications. The talk will then conclude on these
innovations will impact the future shape of bioprocessing.
BIOT 2
Applications of a CHO metabolic model for cell culture process development
James V. Price1, jprice35@its.jnj.com, Joachim Bucher2, Kristopher A. Barnthouse1,
Ping Hu1, John Cunningham1, Eugene J. Schaefer1, Raghunath Shivappa1. (1)
BioTherapeutics Development, Janssen Research & Development, Malvern,
Pennsylvania, United States (2) Insilico Biotechnology AG, Stuttgart, Germany
To be economically viable in the evolving biotherapeutic landscape, process
development teams have an increasingly challenging task of developing robust cell
culture processes that achieve desired productivity targets and product quality profiles
in shorter timelines. To meet this challenge, new technologies like metabolic modeling
can be employed to identify changes to enable process improvements and optimization.
A variety of cell-based models exist and have been used to provide insights into
changes in cell metabolism and predict how variations in process inputs (e.g., raw
materials, process parameters, etc.) will affect culture performance and/or product
quality. Here, we present how a detailed, genome-based Chinese Hamster Ovary
(CHO) cell model capable of predicting cell culture metabolite trends, as well as product
glycosylation patterns, can be applied to provide solutions for different cell culture
development challenges. To our knowledge, this is the first example of using an in silico
model to make amino acid concentration predictions in order to improve cell culture
performance and product glycan distribution. In separate proof-of-concept scenarios,
the model was employed to make media predictions to address three different cell
culture challenges relating to antibody production, reduction of a waste metabolite, and
to target a desired glycan profile for a mAb therapeutic.
BIOT 3
Honey, I shrunk the biologics manufacturing facility!

Abhay Andar1, aandar@umbc.edu, Viki Chopda2, Ben Punshon-Smith2, David
Burgenson2, Mustafa Al-Adhami2, Sevda Deldari2, Shayan Borhani2, Erick Gutierrez2,
Rajani Adiga2, Xudong Ge2, Leah M. Tolosa2, Douglas D. Frey2, Govind Rao2. (1)
Center for advanced sensor technology, University of Maryland Baltimore County,
Baltimore, Maryland, United States (2) Center for Advanced Sensor Technology,
University of Maryland Baltimore County, Baltimore, Maryland, United States
Cell-free protein synthesis (CFPS) systems have now made point-of-care protein
therapeutics a reality1. Our miniaturized system for protein production-on-demand (MiniPPOD) is aimed at being portable, affordable and capable of producing single-dose
amounts of biotherapeutics. This system is compatible with any CFPS system and the
end-to-end protein production is integrated within a suitcase/valise. This integrated
system is assembled on a Labsmith® (Livermore, CA) microfluidic platform and consists
of three main components; 1) A mini-bioreactor equipped with a continuous collection
channel for harvesting the target protein, 2) a modular microfluidic purification chip for
affinity-based protein purification, and 3) process analytical technologies: (PAT) (e.g.
pressure, temperature, UV detector, etc.) throughout the production process that
provides a real-time process foot-print. For a protein concentration of 50-250 µg/mL of
purified green fluorescent protein (GFP) (produced in a Chinese hamster ovary (CHO)CFPS system), silver staining revealed high purity in the eluted fractions of about 9598%, with a <40% product loss from harvest. Figure 1, A) is a picture of our Mini-PPOD
suitcase kit and B) is the purification process profile for GFP eluted at 30 mins. This
portable platform is envisioned as being part of a first responder's medical kit and may
offer a therapeutic protein dose at the patient’s bedside.

Figure 1: A) Mini-PPOD, 13" x 5" x 18" metal suitcase. B) GFP purification profile showing the
eluted protein at 30 min.
BIOT 4

Continuous multi-column displacement chromatography for separation of charge
variants of monoclonal antibodies
Ohnmar Khanal1, okhanal@udel.edu, Vijesh Kumar1, Fabrice Schlegel2, Pablo
Rolandi2, Oliver Kaltenbrunner3, Abraham M. Lenhoff1. (1) University of Delaware,
Newark, Delaware, United States (2) Amgen Inc., Cambridge, Massachusetts, United
States (3) Amgen Inc, Thousand Oaks, California, United States
Various acidic and basic charge variants of monoclonal antibodies persist through
purification and drug product formulation. Traditionally, these variants have been
controlled primarily through cumbersome elution peak fractionation and pooling during
cation-exchange chromatography (CEX), which often results in a reduced product yield.
Here we present an approach for the separation and enrichment of the native form of a
mAb and of basic and acidic variants using self-displacement chromatography in a
multi-column continuous chromatography set-up. Owing to their higher charge, basic
mAb variants are preferentially retained in CEX and displace the variants with a
relatively smaller charge such as the native and the acidic variants, when the amount
loaded exceeds the resin capacity. To this end, we utilized a three-column continuous
system to consecutively displace acidic, main and basic charge variants of a mAb in the
order of increasing binding strength during product loading. Optimal operating
parameters were found using a model utilizing a multi-component colloidal isotherm and
the general rate model. The process was simulated for various numbers of cycles,
column bed height, and mAb residence time for feeds with different charge variant
profiles. The process was then designed and validated with an experimental run for a
feed with 65 % native variant over five continuous cycles. This resulted in the
enrichment of the native variant to 90% with an overall yield above 90%. Our method
and approach can control and reduce in particular the charged variant heterogeneity,
and in general, aid in the separation of charged proteins at preparative scale in
continuous chromatography.
BIOT 5
Towards antibody capture via continuous integrated target precipitation-filtration
Qin Gu1, Zhao Li5, Jonathan L. Coffman4, Todd M. Przybycien2, przybt3@rpi.edu,
Andrew L. Zydney3. (1) Chemical Engineering, Carnegie Mellon University, Pittsburgh,
Pennsylvania, United States (2) Chemical and Biological Enginering, Rensselaer
Polytechnic Institute, Troy, New York, United States (3) Dept of Chemical Engineering,
Penn State University, University Park, Pennsylvania, United States (4) Process
Science, Boehringer Ingelheim, Fremont, California, United States (5) Chemical
Engineering, Penn State University, State College, Pennsylvania, United States
Selective. Fast. Scalable. Continuous. Simple. Inexpensive. Can the capture step be all
these things for all (or at least many) recombinant protein processes, including
monoclonal antibodies? Perhaps!

We are exploring the use of continuous, integrated target precipitation-filtration for high
titer recombinant protein capture. Precipitation becomes more efficient as titer increases
(think Cohn plasma fractionation). And there is yield-purity synergy rather than trade-off.
Continuous precipitation in tubular precipitators with narrow residence time distributions
can produce consistent and scalable precipitate morphologies. Microfiltration can be
integrated with precipitation to provide precipitate slurry dewatering and washing.
Further, counter-current precipitate washing configurations can increase host cell
protein removal, thereby boosting selectivity, and reduce buffer usage, . The key to
successful operation is understanding and exploiting the interrelationships between
precipitation conditions, precipitate yield/purity/morphology and filtration performance.
We report on the use of a combined zinc (ZnCl2) and polyethylene glycol (PEG 3350)
precipitant system to generate monoclonal antibody (mAb) precipitates from harvested
cell culture fluids in a tubular reactor with internal static mixer to obtain nearly plug flow
operation. The precipitates were dewatered and washed inline within integrated hollow
fiber microfilters. The initial design and operation of the system was supported by highthroughput solubility measurements and precipitation kinetics data. The fouling
behaviors of the precipitates within the hollow fiber microfilters were determined via
critical flux experiments. We report on our initial yield, purity and fouling behavior
findings with this continuous, integrated precipitation-filtration capture system. We
further speculate on the use of this capture approach as a central feature of a simple,
fully continuous (column chromatography-free) downstream process for high titer
recombinant protein purification and prognosticate on process costs and suitability for
low-resource environments.
BIOT 6
Production of tandem-core virus-like particles using Escherichia coli-based cellfree protein synthesis
Noelle Colant1, noelle.colant.17@ucl.ac.uk, Jota Teneb Lobos1, Olotu Ogonah1, Alex
Ramirez2, Stefanie Frank1, William Rosenberg2,1, Daniel G. Bracewell1. (1) UCL Dept
Biochemical Engr, London, United Kingdom (2) iQur Ltd., London, United Kingdom
Cell-free protein synthesis (CFPS) has emerged as a viable platform for the production
of therapeutic proteins, including antibodies, vaccine candidates, and fusion proteins.
These open in vitroreactions allow for more flexibility as process parameters are no
longer constrained by physiological conditions. Because most of the energy in the
reaction is focused on transcription and translation rather than cell growth, significant
yields can be achieved in just a few hours. In addition, we can separate reagent
generation from the CFPS reaction, which has been demonstrated to scale linearly from
the sub-microliter scale to the 100 L scale. These characteristics make CFPS an ideal
platform for high throughput process design and opens the door for distributed
manufacturing of personalized medicines using CFPS reactions. To this end, we have
established our own E. coli-based CFPS platform and validated it against a
commercially available kit using a simple model protein, superfolder GFP (sfGFP).

In order to demonstrate the robustness of the approach as a distributed manufacturing
platform, we chose to use CFPS to produce more complex self-assembling particles, in
particular, virus-like particles (VLPs). VLPs are widely used as vaccines. Hepatitis B
core antigen (HBcAg) VLPs are of particular interest because foreign epitopes can be
displayed in their major insertion region (MIR) in order to provoke an immune response.
We produced a variety of tandem-core HBcAg dimers displaying different influenza
antigens (55 kDa-59kDa) as well as wild-type HBcAg monomers (21 kDa). Tandemcore HBcAg VLPs can be prone to aggregation and insolubility. We were able to
improve solubility by lowering the temperature of the reaction. After using our CFPS
platform to assess a wide range of reaction conditions, we found that certain lower
molecular weight product-related impurities consistently appeared. By utilizing antibody
binding and mass spectrometry analysis to examine the N-terminus and C-terminus of
the proteins, we have evidence that premature termination of translation, rather than
protease activity, is the most likely cause of these impurities. Overall,CFPS enables
high throughput screening of process parameters to minimize the formation of
fragments and aggregates for improved product quality. Due to the speed and
scalability of this process, it could be readily incorporated into a distributed
manufacturing platform for personalized medicines.
BIOT 7
Decisional tools for predictive data-mining and cost-effective design for
biopharma facilities of the future
Suzanne Farid, s.farid@ucl.ac.uk. Department of Biochemical Engineering, University
College London, London, United Kingdom
Biopharmaceutical facilities of the future need to be agile, data-driven and costeffective, whilst coping with increasing diversification in product modalities. Essential to
achieving this are tools to identify the value potential of disruptive technological
innovations and tools to overcome the data-overload challenge stifling a digital
revolution in this sector. This presentation will share insights from UCL’s Bioprocess
Decisional Tools research related to predictive datamining and process economics
applications across therapeutic modalities such as mAbs, cell and gene therapies and
vaccines. On the predictive datamining front, the application of advanced data analytics
to investigate the impact of process variations on critical quality attributes of mammalian
cell processes will be presented. This will include case studies on root cause analysis of
product quality deviations related to trisulphide bind formation, online glucose control in
mAb cell cultures using soft sensors and mechanistic models, and manufacturability
indices to help with clone selection and high-concentration formulation operations. On
the process economics front, insights from decisional tools for cost-effective process
and facility design of CAR T-cell therapies and vaccines will be shared. These include
mapping out cost-effective strategies for commercialisation, cost of goods versus
reimbursement considerations and centralised versus local versus bedside manufacture
BIOT 8

Performance of chromatography beads, monoliths and membrane adsorbers in
the purification of enveloped virus-like particles
Patricia Pereira Aguilar1, patricia.aguilar@boku.ac.at, Katrin Reiter2, Petra Steppert1,
Alois Jungbauer1,2. (1) Dept. Biotechnology, BOKU, Vienna, Austria (2) ACIB, Vienna,
Austria
The downstream processing is still the main bottleneck in the production of enveloped
virus-like particles (eVLPs). Upon recombinant production, heterogeneous populations
of eVLPs are released from the cells, carrying different host cell proteins, DNA and RNA
fragments. Additionally, cells produce extracellular vesicles (microvesicles and
exosomes) with similar size and surface properties. Little is known about the biological
activity of these different particle populations. Moreover, it is unclear if the combination
of these particles hinders or enhances the desired effects upon administration. Particle
characterization and biological activity assays require the separation of these
populations with high purity. Here we compare the results obtained for the purification,
as well as particle populations’ separation, of HIV-1 gag VLPs produced in CHO cell
culture using different downstream processing strategies. These strategies include the
use of polymer grafted anion exchangers, monoliths (anion exchange and hydrophobic
interaction), a combination of flow-through and heparin affinity chromatography, and
membrane adsorbers. Several analytical tools including Nanoparticle Tracking Analysis
and Mass Spectrometry were used for VLP characterization.
BIOT 9
Downstream process development for a clinical stage retrovirus-like particle
Mark Fitchmun1, fitchmun@somatek.com, Mark A. Snyder2. (1) Somatek, San Diego,
California, United States (2) Bio-Rad Laboratories, Hercules, California, United States
Purification of enveloped viruses and virus-like particles poses several challenges due
to their large size and complexity. Here we describe the development, scaling, and
implementation of a single step method for the purification of a retrovirus-like particle.
Specifically, we describe the processes of purification media screening, buffer system
development, column scaling, cGMP process streamlining and optimizing. Presented in
this case study, purification media screening and initial buffer system development were
performed using 19 mL of bioreactor feed stream and 1.0 mL columns. Additional
process development on 1.0 mL columns included the introduction of a pre-column
nuclease digest and increasing the feedstream to column volume ratio of 19:1 to 60:1.
Column scaling was performed in 4 steps. First, column length was increased from 2.0
cm to 20.0 cm. Next, column diameter was increased from 0.8 cm to 2.6 cm to 6.2 cm,
and finally to 17.8 cm. In aggregate, process scale was increased from 19 mL to 275 L,
or approximately 14,000-fold. Concurrent with column scaling, the nuclease digest, and
buffer system was further optimized to reduce enzyme and buffer consumption,
increase column life, and reduce process time. The resulting cGMP unit operation

required approximately three hours to process 275 liters of nuclease treated feedstream
and was used to produce material for clinical trials.
BIOT 10
Combination of membrane-based and chromatographic methods to achieve pure
and concentrated oncolytic measles viruses
Daniel Loewe1, Hauke Dieken1, Tanja Grein1, Denise Salzig1,
denise.salzig@lse.thm.de, Peter M. Czermak 1,2,3. (1) IBPT, University of Applied
Sciences Mittelhessen, Giessen, Germany (2) Faculty of Chemistry and Biology,
University of Giessen, Giessen, Germany (3) Project group Bioresources, Fraunhofer
Institute for Molecular Biology and Applied Ecology (IME), Giessen, Germany
The oncolytic properties of measles viruses make them highly interesting as anti-cancer
drug candidates. One therapeutic dose for cancer treatment must contain 10 8 to 1011
infectious virus particles (TCID50). This shows the importance of a high titer virus
production and the relevance of its downstream processing (DSP), as in DSP, the full
recovery of oncolytic measles virus (OMV) infectivity is targeted. Furthermore, the
depletion of impurities, such as host cell proteins (HCP) and host cell DNA (hcDNA),
have to meet the appropriate limits set by regulatory authorities.
We established a high titer bioreactor process, achieving OMV titers of 10 10 TCID50 mL-1
and then focused on the DSP of OMV. For this purpose, we characterized size, surface
charge and pI of OMV as well as its stability concerning temperature, salt, pH and other
important DSP parameters.
The DSP procedure combined membrane-based and chromatographic methods. The
clarification was carried out with depth filters, followed by a tangential flow filtration. For
the OMV purification/concentration, various membrane materials and filtration modes
were investigated. In the concentration mode, we were able to recover the infectious
virus and reduced the impurities by ~70% for hcDNA as well as by ~80% for protein
content. A subsequent diafiltration depleted the impurities by ~95% in total.
In order to meet the required low levels for HCP and hcDNA, we tested
chromatographic materials in a knowledge-based approach. In the bind-and-elute
mode, the potential of ion-exchange chromatography was evaluated for the purification
and concentration of OMV. We further investigated the flow-through mode for polishing.
Our work showed that the combination of membrane filtration and chromatography is a
versatile option to reach the highest OMV yields with regard to purity and potency.
BIOT 11
Non-enveloped virus partitioning in osmolyte enhanced aqueous two-phase
systems
Pratik Umesh Joshi1, pjoshi1@mtu.edu, Michael Schroeder1, Bianca M. Jones2, Seth
Kriz1, Caryn Heldt1. (1) Chemical Engineering, Michigan Technological University,

Hancock, Michigan, United States (2) Chemistry and Biochemistry, University of Detroit
Mercy, Detroit, Michigan, United States
The challenges of throughput and yield from conventional downstream processing
techniques of viral vaccines have led to a boom in the development of new and nonconventional technologies. One of the many emerging technologies is aqueous twophase systems (ATPSs), formed by two incompatible aqueous solutions. These
systems are inexpensive, biocompatible, mild, and environment-friendly as compared to
conventional methods, such as chromatography, and can be easily adapted to
continuous processing. However, there is still a discrepancy in the understanding of the
key driving forces for biomolecule partitioning, hindering the industrial implementation.
Our previous investigation for the recovery of porcine parvovirus (PPV) in the PEG-rich
phase of a PEG 12kDa-citrate system indicated that the partitioning is dominated by the
salting-out effect from the citrate-rich phase and hydrophobic interaction from the PEGrich phase. In this study, we enhanced the driving forces by adding osmolytes to the
system. Osmolytes are naturally occurring compounds and have a high affinity for
water. This water structure amending property of osmolytes was harnessed to
manipulate the hydrophobic and electrostatic interactions of the virus and the ATPS
components. The current study explored four different osmolyte categories – sugar
alcohol (mannitol), amine-oxide (TMAO), amino acid and their derivative (glycine and
betaine), and denaturant (urea). The binodal curves and tie lines were generated to
quantify the changes in the PEG-rich phase and citrate-rich phase compositions.
Depending on the hydration ability of each of the osmolytes, hydrophilicity of the citraterich phase was increased, thus, resulting in an elevation of the PEG-rich phase
hydrophobicity. This modification in the phase compositions created driving forces that
were directly observed by the virus partitioning. Overall, the use of osmolytes not only
increased the virus recovery up to 100%, but also gave additional insight into the
partitioning mechanism of biomolecules.
BIOT 12
Optimizing the clarification process for viral vectors feed streams for use in gene
therapy
Bharath Raghavan1, bharath_raghavan@pall.com, Michael Collins1, Todd Sanderson1,
Silke Bergheim-Pietza2. (1) Pall Corporation, Westborough, Massachusetts, United
States (2) Pall Corporation, Bad Kreuznach, Germany
With over 650 clinical trials reported, and with the recent approval of 3 cell and gene
therapy products in the US, there is no doubt that cell and gene therapy is booming and
shows the potential to revolutionize the future of medicine. Viral vector systems are by
far the most widely used method to deliver therapeutic genes because of their high
transduction efficiencies. A major challenge for the industry today is to produce enough
high quality, functional virus to meet market demand. During production, viruses need to
be recovered from large volumes of harvest cell culture fluid and it is vital to generate
products of high titer, high potency and high purity to achieve the required therapeutic

effect. One of the challenges in downstream processing is lack of scalable and efficient
purification processes.
The objective of this work was to investigate various depth and membrane filters as an
efficient clarification step to separate viral vectors from host cells, cell debris and many
impurities, including insoluble precipitants, aggregates and other materials found in
typical viral vector cell culture. The clarification step needs to combine high capacity for
impurity removal, high product yield, ease of scale-up and to maximally protect any
further downstream operations, making the overall process more efficient, scalable and
economical. In this work we show the steps taken to determine an optimal clarification
solution for viral vector processes.
BIOT 13
Evaluation of continuous chromatographic purification of therapeutic
extracellular vesicles
Mafalda Moleirinho, mmoleirinho@ibet.pt, Ricardo J. Silva, Manuel J. Carrondo, Paula
Alves, Cristina Peixoto. iBET, Oeiras, Portugal
Extracellular vesicles (EV) have recently been receiving increasing attention due to their
potential as a novel therapeutic platform. EV are naturally occurring nanoparticles and
have been reported to play an important role in cell communication, acting as vehicles
for genetic material and bioactive proteins. However, similarly to other complex
biopharmaceuticals, there are still significant downstream purification challenges yet to
be addressed. The current standard for the purification of a subset of EV is differential
centrifugation and density gradients.
Although these methods have been used to purify other nanoparticles for vaccines
applications at a commercial scale, it poses several limitations and has been gradually
being replaced by other purification technologies such as chromatographic purification.
In fact, recent developments in this field make use of different physicochemical
properties of the EV, such as size, charge or affinity.
In this work, we report on the rational development of a continuous multi-column
chromatography process aimed at the purification of EV supported by mechanistic
modeling. Size-exclusion chromatography was evaluated for this purpose, as has been
reported for purification of different sources of EVs, minimally altering their
characteristics. The inherent potential of these class of processes to improve not only
purification efficiency and economics but also product quality will be demonstrated.
Overall, we were able to establish a continuous purification process for these
nanovesicles, with high recovery yield (>80%), which is a powerful and flexible
alternative to conventional batch chromatography.
BIOT 14

Development of a second generation process for the production of clinical-grade
exosomes
Aaron Noyes1, aaron.noyes@codiakbio.com, Kim Ellis1, Michael Doherty1, Kayla
DeSanty1, Raymond Bourdeau1, Scott Estes3, Konstantin Konstantinov2. (1)
Downstream Process Development, Codiak BioSciences, Melrose, Massachusetts,
United States (2) Chemistry Manufacturing and Controls, Codiak BioSciences,
Cambridge, Massachusetts, United States (3) Process Sciences, Codiak BioSciences,
Cambridge, Massachusetts, United States
Exosomes are vesicles comprising lipids, proteins, carbohydrates, and nucleic acids
that are produced by cells. These complex nanoparticles transit the body and are taken
up by cells, thereby altering the recipient cell biology. Codiak BioSciences seeks to
harness the therapeutic potential of exosomes as a novel modality by loading
pharmacological biomolecules into exosomes and through decoration of the exosome
surface with recombinant ligands to co-opt the natural trafficking and uptake of
exosomes. The common framework and diversity of engineered surfaces that stem from
these approaches create both opportunities and challenges in downstream processing.
Widespread adoption of modular purification trains has revolutionized the production of
recombinant proteins, leading to benefits including highly efficient development
workflows, streamlined scale-up, and reduced COGm. Codiak has created a scalable
exosome production platform based on chemically-defined, suspension cell culture with
purification using advanced, ultracentrifuge-free downstream unit operations. In this
presentation, we describe the purification of several different engineered exosomes in
our platform production process. We show that process performance is comparable
across exosome constructs. Discussion will highlight how the unique properties of
bionanoparticles shape process design choices and highlight areas where adoption of
innovative technologies drives process development. The establishment of a modular
production process for exosome removes a significant bottleneck in the development of
exosomes for therapeutics.
BIOT 15
Developing affinity peptide-based cell separation using phage display
Ronit Ghosh1, ghoshr4@rpi.edu, Akshat Mullerpatan1, Tânia Baltazar2, Pankaj
Karande1, Steven M. Cramer1. (1) Department of Chemical and Biological Engineering,
Rensselaer Polytechnic Institute, Troy, New York, United States (2) Yale School of
Medicine, Yale University, New Haven, Connecticut, United States
With the recent progress in cell-based regenerative therapies, the challenge of isolating
functional cells for cell therapy applications has gained significance. Traditional
chromatography-based purification techniques cannot be extended to cell separations
due to limitations like high shear stress environment for cells, requirement of special
columns, long processing time. There is an urgent need to develop an alternative cell

purification technique that will guarantee optimum recovery, cell viability, scalability,
purity and fast processing times.
In this work, we designed a phage display technique to identify affinity peptides that
target and bind to extracellular proteins expressed on dermal fibroblasts and endothelial
cells (HUVECs) with high affinity and specificity. Three parallel phage bio-panning
rounds were conducted separately against both cell types. Appropriate subtraction
steps and washes were employed in the screen to eliminate the possibility of selecting
non-specifically binding phage. Immunofluorescence assays were carried out to
determine the binding strength and specificity of the selected phage clones to the two
cell types. Preliminary data indicated the requirement of more biopanning rounds to
achieve more selective ligands. Therefore, five additional rounds of biopanning were
performed. This led to a significant improvement in the selectivity of phage clones
toward the two cell types. Two strongly performing candidates B8 and F12 (out of 80
tested) showed high specific binding to HUVECs and fibroblasts respectively and were
further evaluated for cell separation. Flow cytometric experiments confirmed the high
affinity and specificity of the two lead peptides. To evaluate the efficacy of these
peptides for cell separation applications, the peptides were immobilized on
Dynabeads®. Significantly, F12 and B8 functionalized dynabeads® were successful in
isolating pure samples of fibroblast and endothelial cells respectively from a complex
mixture. This work serves as a proof-of-concept for the purification of specific cell types
using strategic phage biopanning approaches, and can be extended for the effective
downstream processing of more therapeutically relevant cell types.
BIOT 16
Perlman Award: Past, present and future of biomanufacturing
Aine Hanly, hanly@amgen.com. Amgen, Cambridge, Massachusetts, United States
Biotechnology has transformed the practice of medicine through advances in genetic
engineering, protein biochemistry, and cell biology which allows us to harness the
power of nature to heal. Since the launch of the first recombinant therapeutic, insulin, in
1982, medicinal practices have rapidly evolved due to these advances in biotechnology.
Cambridge, Massachusetts has long been a center of innovation for biotechnology and
is today considered home to the world’s leading cluster of biotechnology companies.
The density of world class institutions, the diversity of ideas incubating in labs and
startups, collaborations and access to a talented and specialized workforce make it an
attractive location for more than 350 individual biotech companies. Amgen has been at
the forefront of modern biotechnology since 1980 and has been a key member of the
Cambridge ecosystem since 2001. Amgen has continued to tackle grievous illnesses
through the use of a biology first and modality independent strategy. This approach has
led to the development of a broad range of therapeutic modalities including peptibodies,
antibodies, fusion proteins, peptides, synthetics, SiRNA, bispecific T cell engagers,
oncolytic viruses and other live cell modalities. Reliable, efficient, agile, and
differentiated process development and commercial manufacturing paradigms has been
enabled by leveraging platforms, advanced data analytics, artificial intelligence (AI), and

progressive manufacturing technologies. It is clear that biologic medicines are becoming
more engineered and diverse, necessitating scalable technologies that serve both
personalized approaches such as cell therapies and the continued demand for highvolume biologics manufacturing at the other end of the therapeutic spectrum.
Regardless of scale or application, there will continue to be an emphasis on the
development of low-cost manufacturing capabilities to deliver inexpensive medicines
while ensuring quality and speed to market. In parallel, rigorous patient-focused product
design will be essential to broaden access to the industry’s life-changing products.
Exemplary science and engineering, coupled with novel capabilities and high
performing teams will be essential to address these challenges and the new ones that
will inevitably emerge in such a rapidly evolving environment. When such an agile and
progressive strategy is executed successfully, the results can transform patient’s lives in
ways that were not possible before.
BIOT 17
Designing modular synthetic metabolons via dCas9-guided assembly
Emily Berckman, eberckma@udel.edu. University of Delaware, Newark, Delaware,
United States
In the past few decades, scientists have exploited the natural metabolic processes of
microorganisms to achieve synthesis of many products such as pharmaceuticals, fuel
and both bulk and fine chemicals. Metabolic engineering of microorganisms often
exceeds the current ability of most organic synthetic chemist, but our existing
techniques lack the ability to easily optimize cell productivity and product titer for
expansion to a variety of enzymatic pathways. Our goal is to move away from traditional
approaches of overexpressing rate limiting enzymes and competitive pathway deletion,
towards a strategy in which a cell can sense the accumulation of an intermediate and
elicit proximity control over enzyme organization. This proximity enzyme organization,
also known as a metabolon, will facilitate in the passage of intermediates from one
enzyme to another, thus limiting diffusion rates, enabling fast turnover of toxic
intermediates and preventing crosstalk between competing metabolic pathways. Here
we have developed a synthetic metabolon using DNA as a scaffold and nuclease-null
Cas9 fusion proteins as binding partners. We have successfully bound three orthogonal
dCas9 fusion proteins to a single DNA target. Then used this technology to increase the
production of reducing sugar by as much as 4 fold via an endoglucanase and a
carbohydrate binding module from Clostridium thermocellum fused to the
aforementioned orthogonal dCas9 proteins. An added layer of conditional control can be
appended by the use of aptazyme guide RNAs, which become functional upon the
addition of the small molecule theophylline. This platform is highly modular owing to the
ease of target synthesis, combinations of possible Cas9-fusion arrangements, and
possibility of fusion partners for a multitude of enzymatic pathways.
BIOT 18

Functional production of solvent transporters sourced from non-conventional
fungi in model yeast
Susanna Seppala1, sseppala@ucsb.edu, Justin I. Yoo1, Daniel Yur2, Michelle A.
O'Malley3. (1) University of California Santa Barbara, Santa Barbara, California, United
States (2) Chemical and Biomolecular Engineering, University of Delaware, Newark,
Delaware, United States (3) Mail Code 5080, University of California, Santa Barbara,
Santa Barbara, California, United States
Membrane-embedded transport proteins have the potential to increase the solvent
tolerance, efficiency and stability of microbial production strains. To increase the
transporter repertoire that can be used in such microbial cell factories, it is inviting to
source novel transporters from non-conventional organisms.
Owing to their powerful biomass-degrading capabilities, fungi in the early diverging
phylum Neocallimastigomycota have tremendous biotechnological potential - but their
membrane proteome remains poorly characterized. Here, we identified sequences
encoding putative fluoride (FEX) transporters in transcriptomic and genomic data
collected from three strains of anaerobic fungi: Neocallimastix californiae, Anaerocyces
robustus and Piromyces finnis. We show that the transporters are functionally produced
in yeast and complement a knock out yeast strain that is highly sensitive to fluoride.
Furthermore, while the addition of an amino-terminal signal peptide increases apparent
protein levels, the addition of this peptide caused an unexpected apparent loss of
transporter function. Notably, adaptive laboratory evolution rapidly restored the
tolerance of these strains; in one case the evolved strain outperformed wild type yeast.
While the underlying mechanisms remain unknown, it appears that the strains evolved
by different strategies. In summary, our results are the first example of heterologous
production of solvent transporters from this biotechnologically relevant phylum. We
anticipate that this pipeline can be used for the production of an increasing number of
transporters from these fungi, for downstream biotechnological use.
BIOT 19
Engineering the early secretory pathway for increased protein secretion in
Saccharomyces cerevisiae
Pamela B. Besada-Lombana, Nancy A. Da Silva, ndasilva@uci.edu. Chemical and
Biomolecular Engineering, University of California, Irvine, California, United States
The yeast Saccharomyces cerevisiae is a platform host for production of heterologous
proteins with a wide array of applications, ranging from cellulose saccharification
enzymes to biopharmaceuticals. Efficient protein secretion may be critical for economic
viability; however previous efforts have shown limited improvements that are usually
protein-specific. By multiplex engineering of the secretory pathway, we have
successfully improved extracellular levels of three different proteins from variety of
origins: a bacterial endoglucanase (CelAt), a fungal b-glucosidase (BglDf) and a
hybridoma short fragment antibody (4-4-20 scFv). Efficient co-translational translocation

into the endoplasmic reticulum (ER) was achieved via secretion peptide engineering
and the use of a novel 3’-untranslated region, improving extracellular levels from 2.2fold to 5.1-fold. We further optimized the pathway using a variety of new non-proteinspecific strategies including: i) increasing secretory pathway capacity by expanding the
ER, ii) limiting ER-associated degradation, and iii) addition of ER exit recognition. A
strain with this triple intervention showed improvement for all three proteins, and was
the best combination for secretion of BglDf. CelAt benefited the most by limiting ER
degradation, and 4-4-20-scFv by expanding the ER. Via pathway engineering, we have
developed a set of strains that improve the secretion of different heterologous proteins
by 5.8-fold to 11-fold.
BIOT 20
Kinetically guided, ratiometric tuning of fatty acid biosynthesis
Alex Ruppe, Jerome M. Fox, jerome.fox@colorado.edu. Chemical and Biological
Engineering, University of Colorado, Boulder, Boulder, Colorado, United States
Biocatalytic systems (e.g., multi-enzyme pathways) enable the conversion of simple
sugars into complex products under ambient conditions and, thus, represent promising
platforms for the synthesis of renewable fuels and chemicals. Unfortunately, to date,
many of these systems have proven difficult to engineer without a detailed
understanding of the kinetic relationships that regulate the concerted action of their
constituent enzymes. This study develops a mechanistic kinetic model of the fatty acid
synthase (FAS) of Escherichia coli, and uses that model to determine how different FAS
components work together to control the production of free fatty acids—precursors to a
wide range of oleochemicals. Perturbational analyses indicate that the modification or
overexpression of a single FAS component can depress fatty acid production (a
commonly observed phenomenon) by sequestering the proteins with which it interacts
and/or by depleting common substrate pools. Multi-parameter studies, in turn, suggest
that simple changes in the ratios of FAS components can alter the average length of
fatty acids, but show that specialized enzymes (i.e., highly specific ketoacyl synthases
or thioesterases) are required for narrow product profiles. Most intriguingly, results
indicate that two components primarily influence—and, thus, enable fine control over—
total production, while the enzymes that regulate product profile are more broadly
influential. Findings thus reveal the general importance of kinetic considerations in
efforts to engineer fatty acid biosynthesis and provide new, experimentally validated
strategies for incorporating those considerations into FAS designs.
BIOT 21
Production of bioherbicides by in vivo and in vitro synthetic biology approaches
Yousong Ding, yding@cop.ufl.edu. Medicinal Chemistry, University of Florida,
Gainesville, Florida, United States

Natural products, also known as secondary metabolites, and their synthetic derivatives
have a wide range of applications in medicine, veterinary practice, agriculture and
industry. Despite the incredible successes, the field of natural product research is facing
two major challenges, the low rate of new discoveries and the limited chemical supply,
impeding the continuous success. On the other hand, recent advances of DNA
sequencing techniques illuminate the extraordinarily rich potential of natural products by
microbial strains, of which we have only tapped the surface. The genetic makeup of
natural products offers new opportunities to the discovery and production of valuable
chemicals, propelled by the development of synthetic biology, potentially addressing the
above two major challenges. Herein, I present our recent studies in the production of
natural products and analogs, specifically thaxtomins, using both in vitro and in vivo
synthetic biology approaches. Thaxtomins are a group of phytotoxic diketopiperazines
produced by tens of plant pathogenic Streptomyces strains and have received
considerable attention as bioherbicides, which EPA has approved for field use.
However, the low yield of these compounds in native producers limits their economical
agricultural applications. To this end, we genetically engineered five nonnative hosts to
overproduce thaxtomins. We discovered that both the context of the biosynthetic gene
cluster and the genetic background of hosts significantly influence the thaxtomin
productivity, an important finding aiding to producing natural products from their gene
clusters. Further genetic studies improved the productivity of thaxtomins in S. albus to a
sub-gram per litter level, produced novel bioactive analogs, and developed a costeffective production route by refactoring the gene cluster. To further free biological
constrains for chemical production, we reconstructed thaxtomin biosynthesis in vitro.
This work successfully produced over 120 novel analogs in a biocombinatorial manner
and uncovered new rules to control chemical diversity generation. Overall, our studies
reveal critical new insights into the discovery and production of natural products using
synthetic biology approaches, facilitating the translation of genomes into chemicals.

BIOT 22
Rapid optogenetic circuits to enable dynamic control in metabolic engineering
using light

Evan M. Zhao1, Robert J. Lovelett1, Jared Toettcher2, Yannis Kevrekidis3, Jose L.
Avalos1,4, javalos@princeton.edu. (1) Chemical and Biological Engineering, Princeton
University, Princeton, New Jersey, United States (2) Molecular Biology, Princeton
University, Princeton, New Jersey, United States (3) Chemical and Biomolecular
Engineering, Johns Hopkins University, Baltimore, Maryland, United States (4)
Andlinger Center for Energy and the Environment, Princeton University, Princeton, New
Jersey, United States
A common challenge in metabolic engineering is the conflict that arises in engineered
microbes between using available resources for cellular growth and maintenance, and
using them to make the chemicals they are engineered to produce. This challenge can
be addressed by controlling fermentations dynamically such that metabolism is initially
devoted to growing cells as quickly as possible in a growth phase. Then, once enough
cells have accumulated, the metabolism is shifted, typically using a chemical or
metabolic cue, towards maximizing chemical output in a production phase. We recently
showed that light is an effective way to achieve this dynamic control using optogenetic
circuits to regulate engineered metabolisms1; with the added benefit that light signals
can be easily reversed for fine tuning or expanded control. In this presentation, I will
describe the design, characterization, and modeling of new optogenetic circuits with
rapid activation kinetics. I will describe the design principles that speed up the response
to light transitions and increase the dynamic range of this response. I will show how
rapid kinetics improves the efficiency of dynamic control during the production phase of
fermentations at higher optical densities, boosting chemical production. This technology
is an important step towards achieving real-time dynamic control of microbial
metabolisms, which will enable new modes of operation, optimization, and automation
of fermentations using light.
BIOT 23
B&B DIC Wang Award: Systems and synthetic biology: Constructing
programmable cells
Tae Seok Moon, tsmoon@seas.wustl.edu. Washington University in St. Louis, St.
Louis, Missouri, United States
The past decade has witnessed the tremendous power of systems and synthetic biology
in the creation of genetic parts, devices, and systems, which helps understand complex
biological systems. However, its potential for real-world applications has not been fully
exploited. One of its promising applications is the construction of programmable cells
that are able to integrate multiple environmental signals and to implement synthetic
control over biological processes. My research interests are focused on developing
microbes that are able to process multiple input signals and to generate user-defined
outputs. Specifically, I aim to build genetic programs in order to control various bacterial
processes such as gene expression, chemical reactions, and evolution. I will present
examples of my research projects to discuss the potential and challenges of systems
and synthetic biology for practical applications.

BIOT 24
Lower temperature and sufficient oxygenation at clarification step ease antibody
disulfide reduction and aggregate formation: A pilot-scale case study for
manufacturing process transfer
Jun Tian1, jun.tian@shire.com, Saani Yakubu1, Christopher Rives1, Frank Deer2,
Joonsoo Lee2, Sheng Gu1, Benjamin Baynes1, Yi Xiong1, Yong Wang2, Abhinav
Shukla1. (1) Process Development Biologics, Shire, Lexington, Massachusetts, United
States (2) Technical Services, Shire, Lexington, Massachusetts, United States
Antibody disulfide reduction has been occasionally observed in large-scale
biopharmaceutical manufacturing. The reduction has been shown to impact product
stability or quality attributes. Here we present a case study of antibody reduction for a
late-stage product that led to increased aggregate levels in downstream intermediates
and final drug substance.
A key study in diagnosing this phenomenon was performed at pilot-scale while
supporting manufacturing process transfer from a CMO to an internal manufacturing
site. The first batch met all drug substance (DS) specifications, yet the second batch
observed purity and aggregate levels out of specifications (OOS). Investigations
identified two potential lead root causes: compromised feed media preparation and lack
of proper process control for temperature and oxygen level at the harvest step. Even
though no obvious difference was observed for cell culture performance, metabolomics
analyses indicated different amino acid concentrations between the first and second
batches. Free-thiol levels for the clarified material increased by 50% for the second
batch, and 30~50% antibody reduction was observed for the protein A cycle eluates.
The reduced antibody species appeared to be prone to forming HMW species that
posed challenges to clear through the downstream polishing steps. While two peak
groups of the HMW were successfully removed, one of the HMW peak group
sequentially increased from 1.0% to 3.5% at the CEX, CEX, and UF steps leading to
aggregate level OOS in the final drug substance.
The third batch corrected the feed media preparation and implemented a harvest
transfer strategy that involved lowering temperature for culture broth prior to transfer
and maintaining dissolved oxygen (DO) control during harvest transfer. In addition,
clarified harvest was actively cooled down to 2-8C to minimize reduction activity. The
product quality attributes for the batch met all intermediate and DS specifications.
Our study suggests that relatively minor shifts in cellular metabolism increase the
potential of antibody reduction, while lower temperature and sufficient oxygenation help
to minimize the risk of reduction. This study highlights the observed sensitivities around
the bioreactor operations and harvest clarification processes for mAbs that are
susceptible to reductase activity and points out the need for accurate knowledge
relating to this phenomenon during tech transfer from one manufacturing site to another.
BIOT 25

Scale-up and scale-down of a mammalian cell culture based fed-batch process:
Case study
Madhava Ram Paranandi, pmadhava_78@yahoo.com. Manufacturing Sciences and
Technology, Kemwell Biopharma, Bangalore, India
Scale-up of a cell culture process is seldom straightforward, more so when scaling up
for the first time. The recipe for a successful scale-up includes a thorough
understanding of the cell culture process, manufacturability of the process, well
characterized bioreactors and efficient utilization of the available scale-up principles. In
this case study, we review the scale-up from 5L scale as well as the scale-down
approach for a fed-batch process for the manufacturing of a biosimilar mAb for Phase III
studies in the US. The process was unchanged from Phase I but the scale of
manufacturing was changed from 400 L to 2000 L for Phase III manufacturing. Due to
this reason, two engineering batches were performed prior to undertaking GMP
manufacturing for clinical studies. For determining the optimal aeration and agitation
strategies for the 2000 L bioreactor, several parameters such as tip speed, kLa, power
per unit volume and oxygen transfer rate were considered. Based on the process
knowledge and the available bioreactor characterization data, a combination of oxygen
transfer rate, kLa and power per unit volume were finally used to determine the agitation
and sparge requirements for the process. The scale-up from bench scale resulted in
moderately higher cell density and 35% increase in antibody productivity while not
affecting the harvest viability and product quality attributes.
Since the next step was process characterization, the need for a reliable scale-down
model was paramount. While reviewing historical development data, it was noticed that
a lower agitation speed, and consequent higher sparge was enhancing the titer
productivity at 5L scale. Contrary to the available literature which indicates that the
damage to cells from sparge is substantial compared to agitation, we found that the
cells preferred lower agitation at the cost of twice the sparge rates! The antibody titer
productivity for batches run with lower agitation was higher by 28% compared to the
control batches. The product quality as measured by charge variants and glycan
distribution was unaffected due to the changes. Scale-down model shall be qualified
after completion of additional experiments confirming the impact of lower agitation on
productivity. Additional analysis is being performed to further understand the
mechanism by which the cells are more productive under the low agitation and higher
sparge conditions.
BIOT 26
CO2 control strategy at 3L bench scale for cell culture process development and
scale-up
Brian Russell, russellb@medimmune.com, Kathryn Hahn, Sanjeev Ahuja.
Medimmune, Gaithersburg, Maryland, United States

Before beginning characterization of a cell culture process, it is important to have a
representative scale-down model to ensure trends observed in manufacturing can be
simulated at the bench scale. During scale-up of the cell culture processes, one of the
more challenging aspects is matching CO2 profiles between scales as CO2 levels are
dependent on bioreactor hydrodynamics as well as the gassing strategy that can vary
between vessels of varying size and shape. The CO2 profiles can have impact on cell
culture performance directly or indirectly through the pH control. To ensure scale-down
results are not affected due to pCO2 and to evaluate the impact of CO2 on process
outcome, a CO2 control strategy was implemented using pCO2 probes with a feed-back
control loop. We demonstrated that CO2 of the small-scale runs can be controlled using
supplemental CO2 addition or by varying the agitation of the 3L vessels to match predefined profiles. The challenges included maintaining pH control within a deadband,
having an adequate response time, and calibration. Using this strategy, we more closely
matched the CO2 and cell culture performance profiles between large scale and bench
scale runs and were able to accurately determine the impact of CO2. The presentation
will detail the elements associated with the control strategy and the impact of pCO2 on
process data.
BIOT 27
Challenges in facility fit: Establishing a robust process for filtration of process
intermediates
Mitch Goetz1, mitch.goetz@biogen.com, Thomas Parker2. (1) Technical Development,
Biogen, Morrisville, North Carolina, United States (2) Technology Management,
MilliporeSigma, Burlington, Massachusetts, United States
Membrane filtration plays an important role in bioprocessing, as nearly every unit
operation utilizes a membrane for process protection. Late-stage bioprocesses often
require large volume manufacturing to meet supply requirements, and increased
volumes can create challenging filtration operations. Large volume operations,
especially those with low filter capacity and flux, can disrupt facility fit. These situations
require creative solutions or undesirable capital purchases. The body of work to be
presented explores many different approaches to allow facility fit for process
intermediate filtration and media filtration of a 15k-liter processes, including a focus on
process conditions, inclusion of prefilters, and the use of a novel high-area membrane
filter. Results show that facility fit can be met using these troubleshooting techniques,
and the outcome prevented the need for an expensive and time-consuming capital
purchase, as well as a robust understanding of all filtration unit operations.
BIOT 28
Technical Evaluation to understand overall yield variability in a mAb
manufacturing process and potential opportunities for yield improvement

Melani Stone1, melani.stone@merck.com, Sethu Siva1, John Easson2, Janet
Alvarado3, Scott A. Tobler1. (1) Biologics Process Development and Commercialization,
Merck & Co, Inc., West Point, Pennsylvania, United States (2) Global Technical
Operations, Merck & Co., Inc, West Point, Pennsylvania, United States (3) Center of
Mathematical Sciences, Merck & Co, Inc., West Point, Pennsylvania, United States
Yield is one of the process performance indicators for production of biopharmaceuticals
that is typically monitored and optimized to improve productivity. Maximizing overall
process yield remains an important goal into the commercial production phase of a
product’s lifecycle in order to reduce cost of goods and enhance supply robustness.
Variability in the overall downstream yield was observed through process monitoring for
a monoclonal antibody manufacturing process. A technical evaluation was initiated to
improve process understanding and to identify potential yield improvements. Statistical
methods, including multivariate data analyses, were used to identify sources of yield
variability. From the analysis, two process steps were identified as major contributors to
overall yield variability. Potential for yield improvement in one of the steps (anion
exchange chromatography polishing) was evaluated, leveraging knowledge from
process characterization studies and confirmation through small-scale studies. Based
on the study results, potential overall downstream increase up to 6% can be realized
with no meaningful impact to product quality. This evaluation improved understanding of
manufacturing process variability and provides opportunities for continuous
improvement in a post-approval environment.
BIOT 29
Lyophilization process development and transfer enabled by equipment
characterization and process modeling
Fabrice Schlegel, schlegel@alum.mit.edu, Christian Ruitberg, Gioval Scalzo. Process
Development, Amgen, Cambridge, Massachusetts, United States
Freeze-drying is used to stabilize biopharmaceutical drug products that are unstable for
long periods in an aqueous solution. Since primary drying is typically the longest step of
the freeze-drying process, a majority of time and resources are spent on optimization of
this step during both process development and scale-up. Despite the emergence of
tools such as manometric temperature measurement (MTM ) and tunable diode laser
absorption spectroscopy (TDLAS), a trial-and-error approach is still often practiced for
optimization and scale-up of the primary step and to ensure that the product meets the
desired quality attributes. This approach can require up to 10 – 20 lab scale runs and
multiple scale-up runs in the manufacturing lyophilizer.
Amgen has leveraged a steady state primary drying model to implement an approach
that utilizes development and manufacturing scale lyophilizer equipment
characterization data and new advanced simulation modeling capabilities. The resulting
integrated model is accessed through a web-based application deployed throughout the
Amgen network that facilitates in-silico lyophilization recipe development, design space

screening and automated calculation of recipe parameters predicted to maintain the
same product “thermal history” upon scale-up. Using this approach has enabled the
reduction in the number of recipe development runs by at least 50% and in the number
of scale-up runs by 75% by leveraging small scale data to ensure the product meets the
desired quality attributes prior to validation because the “thermal histories” are aligned
between the development and manufacturing processes.
BIOT 30
Speed to GMP: Moving from rapid process development to high throughput tech
transfer
Niket Bubna, nbubna@kbibiopharma.com, Jake Kim, David Chang, Sigma Mostafa.
Process Development, KBI Biopharma, Durham, North Carolina, United States
Rapid IND submission and commercialization is an important aspect in the development
and manufacturing of biologics. Many new paradigms for using stable pools or early
screens of single-cell clones are being used for toxicity studies and process
development. Our integrated process development approach with Selexis can deliver
bulk drug substance for new biologics within 11 months from transfection. As a contract
development and manufacturing organization, we have successfully implemented an
expedited process development model with a platform upstream and downstream for
over 25 molecules over the last 4 years. We have supported our clients to submit 10-12
initial drug applications each year. When necessary, modified platform processes have
been established for non-mAb recombinant proteins. We will present 3 case studies
which demonstrate our business process for technology transfer from process
development to manufacturing, which has been streamlined to occur in parallel with
process development. Templated process transfer documents, scale-down equipment
in process development labs, limited changes to raw materials and a robust platform
process are some key features that have enabled early initiation of manufacturing
planning and procurement. Plant capacity for the 2000 L-scale is mapped 1.5-2 years in
advance facilitating development of a cadence model that can accomplish over 90%
plant utilization. This will demonstrate our approach to efficient process development
and process transfer leading to increased clinical cGMP manufacturing throughput.
BIOT 31
Bringing a commerical process back home: Tech transferring from an external
CMO for internal manufacture
Renee Procopio-Melino, renee.procopio-melino@pfizer.com. Bioprocess R&D, Pfizer,
Andover, Massachusetts, United States

The biotech community relies greatly on the ability and capacity of external CMOs for
the manufacture of their biologics. However, there are instances in which the plans of

long-term manufacture of a commercial biologic at an external CMO change to meet the
needs of the program and/or business strategy, and the manufacture must be tech
transferred back internally. As anticipated, this comes with some complexity, such as
the need to identify and de-risk long lead time items, addressing potential facility fit
issues, and understanding the regulatory and comparability strategies to facilitate
approval.
BIOT 32
Ultra-sensitive platinum nanoparticle based digital assay for point-of-care
diagnostics
Hui Chen1, hz.dust@gmail.com, Zhao Li1, Lingzhi Zhang2, Philippe Sawaya2, Jianbo
Shi2, Ping Wang1. (1) Pathology and Laboratory Medicine, University of Pennsylvania,
Philadelphia, Pennsylvania, United States (2) Computer and Information Science,
University of Pennsylvania, Philadelphia, Pennsylvania, United States
Quantitating ultra-low concentrations of biomarkers in point-of-care settings is critical for
early disease diagnosis and management. Herein, we introduce a platinum nanoparticle
based digital assay (PNDA) platform for ultra-sensitive and point-of-care quantitation of
biomarkers with microbubbling and smartphone. In PNDA, picolitre-sized microwells
together with platinum nanoparticle labels enable the “visualization” of biomolecules
under low magnification mobile microscope with smartphone. We have also developed
an automated image analysis smartphone application to facilitate the assay readout via
machine learning. We have demonstrated that PNDA can detect and quantitate prostate
specific antigen (PSA) levels as low as 2.6 fM (~ 0.09 pg/mL), over 100 times more
sensitive than the current central clinical laboratory PSA assay.
BIOT 33
Lateral flow assay ruler for instrument-free quantitative and rapid point-of-care
testing
Zhao Li, zhaoli6@mail.med.upenn.edu, Hui Chen, Ping Wang. Pathology and
Laboratory Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, United
States
Background: Lateral flow assay (LFA) is a well-established platform for point-of-care
(POC) testing due to its low cost and user friendliness. Conventional LFAs provide
qualitative or semi-quantitative results, and require dedicated instruments for
quantitative detection.
Methods: Here we developed an “LFA Ruler” for quantitative and rapid readout of LFA
results, using a 3D printed strip cassette and a simple, inexpensive microfluidic chip.
Platinum nanoparticles are used as signal amplification reporters, which catalyze the
generation of oxygen to push ink advancement in the microfluidic channel. The
concentration of target is linearly correlated with the ink advancement distance.

Results: The entire assay can be completed within 30 minutes without external
instrument and complicated operations. We demonstrated quantitative prostate specific
antigen testing using LFA ruler, with a limit of detection of 0.54 ng/mL, linearity between
0-12 ng/mL, and high correlation with clinical gold standard assay.
Conclusion: The LFA ruler achieves low cost, instrument-free, quantitative, sensitive
and rapid detection, which has great potential in POC testing and can be extended to
quantify other disease biomarkers.
BIOT 34
Real time monitoring of NASBA reaction using split hybridization probes
Adam Reed1, Adam.Reed@ucf.edu, Daria Nedorezova2, Nanami Kikuchi1, Dmitry
Kolpashchikov1, Yulia Gerasimova1. (1) Chemistry, University of Central Florida,
Orlando, Florida, United States (2) ITMO University, Saint Petersburg, Russian
Federation
Nucleic acid based probes have high selectivity for single nucleotide mutations and are
therefore useful for detecting sequence variances in biological samples for point-of-care
(POC) diagnostics. However, sample amplification prior to analysis is often required.
The Nucleic Acid Sequence Based Amplification (NASBA) technique is promising for
nucleic acid based POC diagnostics. This is due to the isothermal reaction conditions,
the possibility to use lyophilized enzymes to avoid the need for cold storage, and the
fact that the product is single stranded RNA. The RNA product is beneficial because its
low chemical stability can reduce cross contamination during assays. At the same time,
being single-stranded, RNA can be easily interrogated by hybridization probes during
the downstream amplicon detection step. In most assays, the amplicon undergoes endpoint size- or sequence-based analysis to determine if amplification was successful.
This adds to the complexity of the assay, which is undesirable for a POC test. An
amplicon-specific probe that can monitor the progress of the amplicon synthesis in real
time is advantageous, since the results can be obtained sooner with the decreased
probability of cross-contamination.
The ssRNA product of the NASBA reaction makes this amplification method ideal for
real time diagnostics, since there is limited competition between the sensors and the
compliment strand. Currently, a commercially available kit for real-time NASBA (e.g.
from Life Sciences Technologies, Inc.) employs a sequence-specific molecular beacon
(MB) probe. MB probes are known to suffer from high background in complex proteincontaining mixtures, since they can interact with and be opened by the proteins, which
results in high fluorescence of the probe even without a nucleic acid target present.
Such limitation compromises the detection limits of MB-based real-time NASBA assays
and would require more sophisticated and expensive equipment for noise suppression
(e.g. qPCR instruments).
We propose to advance the usability of real-time NASBA detection of viral infections by
utilizing split approach to design hybridization probes for real-time monitoring of RNA
amplicon. In this work we demonstrate the use of a split aptamer fluorescent dye based
probe and split deoxyribozyme fluorescent probe for real-time detection of flaviviruses in

a NASBA reaction. This approach is also applicable for real-time monitoring and kinetic
studies of in-vitro transcription.
BIOT 35
Polymeric acidoCEST MRI contrast agent for imaging tumor extracellular pH
Chathuri J. Kombala1,2, cjk037@email.arizona.edu, Mark D. Pagel2. (1) Department of
Chemistry and Biochemistry, The University of Arizona, Tucson, Arizona, United States
(2) Department of Cancer Systems Imaging, The University of Texas M.D. Anderson
Cancer Center, Houston, Texas, United States
Chemical exchange saturation transfer (CEST) is an emerging MRI contrast mechanism
that is well suited for molecular imaging. Noninvasive measurements of the extracellular
pH of the tumor microenvironment can enhance diagnoses and treatment decisions.
MRI contrast agents have been used to measure pH with a method known as
acidoCEST MRI. CEST agents can be made more sensitive by increasing the number
of exchangeable groups on the agents as well as by using a ligand that has a very high
chemical shift, such as salicylic acid (SA). Our focus was to develop a SA-based
polymeric agent to measure extracellular pH in tumors. The polymeric agent with a SA
moiety and an amide can generate two pH-dependent CEST signals at 9.2 ppm and 5.0
ppm. A ratio of these signals can measure pH in a concentration-independent manner.
We developed a SA-conjugated linear polymeric agent by using classical free radical
chain polymerization. The molecular weight was characterized with gel permeation
chromatography. The resulting polymer had an average molecular weight of 25 kDa,
with 120 exchangeable protons per polymer. CEST spectra were acquired with 0.15 mM
polymeric agent at 37 °C, with saturation applied at 4 μT for 6 s, using a CEST-FISP
acquisition method. The polymeric agent at 0.15 mM concentration had two CEST
signals at 9.2 ppm and 5.0 ppm that could be selectively detected. A ratio of CEST peak
intensities at 9.2 ppm and 5.0 ppm was linearly correlated with pH within the
physiological pH range (6.4 and 7.5 units). Using a polymeric agent lowered the
minimum concentration for measuring pH by approximately 100-fold on a per-molecule
basis. These results demonstrate that the polymeric contrast agent has good potential
to improve the sensitivity of acidoCEST MRI.
BIOT 36
Approaches toward point-of-care molecular diagnostics of infectious diseases
Yulia Gerasimova1, Yulia.Gerasimova@ucf.edu, Ryan Connelly1, Adam Reed1, Bidhan
C. Dhar1, Kyle Rohde2, Hyeryun Choe3. (1) Chemistry, University of Central Florida,
Winter Park, Florida, United States (2) Burnett School of Biomedical Sciences,
University of Central Florida, Orlando, Florida, United States (3) The Scripps Research
Institute-Florida, Jupiter, Florida, United States

Molecular diagnostics offers an advantage of the genotype-specific identification of
microorganisms. Nucleic acid amplification combined with a hybridization probe analysis
allows bacterial strain typing and analysis of antibacterial drug resistance determinants.
In attempt to deliver molecular diagnostics to those who need it, a number of point-ofcare compatible assay has been suggested. Here, we took advantage of isothermal
amplification of a pathogen’s nucleic acids followed by the detection of the amplified
fragment using deoxyribozyme-based hybridization probes with a color change as a
signal readout. Our unique approach to the probe design allows for accurate sequencespecific detection of bacterial and/or viral nucleic acids with a possibility of differentiation
between closely related species or strains (down to single-base differences in the
analyzed genome fragments). The probes overcome a challenge of interrogating the
targets with stable secondary structures. By embedding a molecular computation
element into the probe design, a more user-friendly output, such as an alphanumerical
character, can be employed.
BIOT 37
Rapid detection of antibiotic resistant bacteria in blood
Mustafa Al-Adhami4, alad1@umbc.edu, Marisa Patsy2, Alan Cross3, Govind Rao4,
Iordan V. Kostov1. (1) UMBC, Silver Spring, Maryland, United States (2) Fischell
Department of Bioengineering, University of Maryland, College Park, Maryland, United
States (3) Center for Vaccine Development, University of Maryland, School of Medicine,
Baltimore, Maryland, United States (4) CAST, University of Maryland, Baltimore County,
Baltimore, Maryland, United States

Sepsis is a leading cause of death in the United States. It is often caused by an acute
bacterial infection in the bloodstream, and treatment requires the timely initiation of
appropriate antibiotics. Rapid detection of bacterial presence in blood, in combination
with antibiotic susceptibility, is essential in the treatment of bloodstream bacterial
infections. Unfortunately, the current “gold standard” procedure takes 1 to 3 days to
complete, by which time the patient’s condition may deteriorate. The presented study is
a method and a device for identification of both bacterial presence and sensitivity to
antibiotics in less than 30 minutes. The approach relies on the removal of the patient’s
blood cells while preserving the bacterial content, with subsequent detection of the
viable bacteria using a fluorescence indicator. The result is quantified using a custom
fluorimeter. The functionality of the device was demonstrated using healthy human
donor peripheral blood spiked with various concentrations of multiple species of Grampositive and –negative clinically relevant bacterial strains.
BIOT 38
Pharmacological evaluation of the neuromuscular junction in a human-based
functional in vitro system

Sarah Lindquist1,2, slindquist@hesperosinc.com, Xiufang Guo1, Virginia Smith1,
Yunqing Cai2, Max Jackson2, Christopher McAleer2, John Rumsey2, Christopher Long2,
James Hickman1,2. (1) University of Central Florida, Orlando, Florida, United States (2)
Hesperos, Inc., Orlando, Florida, United States

An in vitro, human-based neuromuscular junction (NMJ) system capable of real-time
measurement of muscle contraction would be advantageous to the drug discovery
process for neuromuscular diseases including amyotrophic lateral sclerosis, myasthenia
gravis and spinal muscular atrophy. Currently, there are few in vitro nerve-muscle
systems composed of human cells, and none amenable to evaluating muscle force
output induced by motoneuron stimulation through functional NMJs. Furthermore, no
model systems, animal or human, have demonstrated the sensitivity necessary to
generate dose response curves for the evaluation of pharmacological drug activity or
toxicity. We have developed a serum-free, compartmentalized system containing
human myotubes, and stem cell-derived motoneurons that supports the evaluation of
neuromuscular junction physiology, and drug-induced pathology. The device, composed
of two chambers linked by microtunnels to enable axonal outgrowth from the
motoneuron chamber to the muscle, reproduces physiological NMJs and supports
independent stimulation and evaluation of each component. Reduction in motoneuroninduced skeletal muscle output, measured by image subtraction video recordings, was
observed in a dose-dependent manner following the application of bungarotoxin,
botulinum toxin (BOTOX®) or curare. This human-based NMJ system, in combination
with patient-derived iPSCs, establishes a platform for generating individualized models
of neuromuscular diseases, a requirement for personalized medicine in this area.
BIOT 39
Immuno-nanoparticle PCR for ultrasensitive detection of proteins
Dimple Chavan1, dchavan@uh.edu, Hui Chen1, Mary Crum2, Binh Vu2, Katerina
Kourentzi2, Richard C. Willson1,2. (1) Biology and Biochemistry, University of Houston,
Houston, Texas, United States (2) Chemical and Biomolecular Engineering, University
of Houston, Houston, Texas, United States
We have developed a novel immunoPCR-based diagnostic platform which uses inhouse self-assembled, ultra-detectable DNA-Avidin nanoparticles coated with
poly(ethylene glycol) (PEG) that links the DNA amplification signal to the amount of
target present in the sample. The non-exposed PCRable DNA labels coupled to the
PEG coating reduces charge and non-specific “stickiness” enhancing assay sensitivity.
We further optimized the detectability of the nanoparticles by designing a DNA reporter
with four repeats of a unique synthetic DNA PCR target condensed in the nanoparticle.
Using human chorionic gonadotropin hormone (hCG) as a model analyte our platform
was able to quantitate the target hCG protein in picomolar concentrations using only
standard lab equipment. Thus, our engineered nanoparticle-based iPCR technology can
precisely quantitate protein biomarkers at ultra-low levels.

BIOT 40
Keynote: Engineered autonomous control of metabolic pathways
Kristala L. Jones Prather, kljp@mit.edu. MIT Department of Chemical Eng,
Cambridge, Massachusetts, United States
Microbial systems offer the opportunity to produce a wide variety of chemical
compounds in a sustainable fashion. Economical production, however, requires
processes that operate with high titer, productivity, and yield. One challenge towards
maximizing yields is the need to use substrate for biomass, resulting in a competing
pathway that cannot merely be eliminated. Productivities may also be significantly
influenced by the timing of expression of genes in the production pathway. Dynamic
metabolic engineering has emerged as a means to address these and other
impediments in strain performance. Ideally, the triggers for dynamic control would be
autonomous, that is, independent of any external intervention by the operator. We have
developed such autonomous devices by utilizing both pathway-independent quorumsensing circuits and pathway-dependent metabolite biosensors to control metabolic flux.
In this talk, I will describe our approach for development of these Metabolite Valves and
results to date from their implementation.
BIOT 41
B&B Gaden Award: Engineering microbes for the production of isoprenoid
compounds
Gregory Stephanopoulos, gregstep@mit.edu. Room 56-469, Massachusetts Inst of
Tech, Cambridge, Massachusetts, United States
Isoprenoids are a large class of, mainly plant-derived natural compounds. Also known
as terpenoids. they comprise more than 55,000 compounds and constitute one of the
largest classes of metabolites in nature. Their importance stems from their diverse uses
in fields like nutrition and medicine, with some of these compounds, such as taxol and
artemisinin, currently being used as pharmaceuticals for the treatment of cancer and
malaria, respectively, with numerous other applications under investigation. Despite
strong interest in these compounds, current methods of production rely on extraction
from plant sources, which are inefficient, unreliable and costly. As a result, effective
drugs cannot be deployed at scale especially in developing countries due to high cost.
In recent years microbial metabolic engineering has made great advances in facilitating
the biosynthesis of isoprenoids. In this talk, I will outline general principles of metabolic
engineering for isoprenoid production in Escherichia coli and the oleaginous yeast
Yarrowia lipolytica that yielded record levels of taxadiene accumulation. A new pathway
bypassing central carbon metabolism will be described along with methods to overcome
the hydrophobic nature of these compounds which prevents their intracellular
accumulation to very high levels. Due, in part, to these advances, a pipeline of

isopreboid products has been constructed for their cost effective production by microbial
fermentation.
BIOT 42
Non-protein A purification platform for continuous processing of monoclonal
antibody therapeutics
Anurag S. Rathore, asrathore@biotechcmz.com. Department of Chemical
Engineering, Indian Institute of Technology, New Delhi, India
Protein A capture chromatography, the core of a mAb purification platform, is known to
account for more than 50% of downstream processing costs along with other limitations
including lack of complete stability to alkaline cleaning solutions, relatively lower binding
capacity, and ligand leaching. Researchers have explored alternatives to protein A
chromatography, both chromatographic and non-chromatographic, but with limited
success. In this paper, we propose a non-protein A purification platform for continuous
processing of monoclonal antibodies (mAbs). The proposed platform consists of
precipitation in coiled flow inverter reactor, cation exchange chromatography for
capture, multimodal chromatography and a salt tolerant anion exchange membrane as
polishing steps. The versatility of the proposed platform has been successfully
demonstrated for three different mAbs. In all cases, acceptable process yield was
obtained (70 to 80 %) and the product quality attributes of the final unformulated drug
substance were consistent and well within accepted limits (HCP <100 ppm, DNA < 10
ppb, % aggregate content < 1%) along with desired charge variant composition.
BIOT 43
Mitigation for monoclonal antibody disulfide bond reduction in manufacturing: A
case study
Sadettin Ozturk1, s_ozturk@earthlink.net, Jiangli Yan1, Katherine Baptista1, Rachel B.
Wollacott1, Guihang Zhang2, Sanjay Nilapwar2, Jayanta Sinha2, Weijie Wang2, Singh
Singh2, Scott Gangloff2. (1) MassBiologics, Mattapan, Massachusetts, United States (2)
Incyte Corporation, Wilmington, Delaware, United States
The reduction of disulfide bonds in monoclonal antibodies (mAb) leads to reduction or
loss of its biological functions and product stability. Efficiently prevent and remediate
mAb reduction is highly desired because complex purification is required to remove the
reduced species.
A case study to prevent disulfide bond reduction of mAb-x in manufacturing lots is
presented in this report. Disulfide bond reduction was primarily observed during the
depth-filtration related harvest process in a GMP manufacturing run of mAb-x. A study
consisting of multiple small-scale bioreactor runs indicated that the disulfide bond
reduction was caused primarily by Thioredoxin Reductase released during late stage of

cell culture and following cell clarification. A remediated procedure was developed,
demonstrated and successfully applied in the GMP runs.
BIOT 44
Development and implementation of a harmonized purification platform for a
modern, diverse pipeline
Tarl Vetter1, tarl.vetter@sanofi.com, Thomas Prouzeau2, Holger Hoffmann3, Brian
Murray1, Martina Fischer3, Hubert Picard2, Dominic Boeth3, Camille Gay2, Kevin P.
Brower1. (1) Bioprocess Development, Sanofi, Framingham, Massachusetts, United
States (2) Bioprocess Development, Sanofi, Vitry, France (3) Bioprocess Development,
Sanofi, Frankfurt, Germany
Purification groups have been facing challenges in three key areas as a result of the
trends in the biotechnology industry: (1) Technical – the introduction of more complex
and diverse modalities have increased the burden on development groups, (2) Financial
– lean initiatives and reduced development timelines have led to more projects with
fewer resources, and (3) Logistical – Mergers and acquisitions have created complex
global business structures that make efficient coordination between development
groups difficult. To address these pressures, the Purification Development groups at
three Sanofi sites (US, France, and Germany) have completed a harmonization effort to
develop a modernized platform approach for the purification of a range of potential
modalities. These data-driven efforts leveraged historical experience and high
throughput technologies to evaluate and, ultimately, narrow our library of separation
chemistries and process architectures. Through this work we have generated crossover data to assess the reproducibility of results, and completed a blinded, cross-site
validation experiment to determine whether the harmonized approach was applied
similarly. Throughout this platform development exercise, significant care was taken to
understand organizational, historical, and cultural differences across all participating
sites, ensuring that we would reach a harmonized platform in a way that encourages
continued engagement and sustainable follow-through.
BIOT 45
Optimization of a platform hydrophobic interaction chromatography step for
robust aggregate removal in flow-through mode
Michael Dolan, mike.e.dolan@gmail.com, Omkar Bhate, Hanh Vo, Brandon Nguyen,
Rutuja Phatate, Hirohisa Takeuchi, Lutfiye Kurt, Hongling Han, Olga Paley, Norbert
Schuelke. Takeda Pharmaceuticals International Co, Cambridge, Massachusetts,
United States
Reduction and control of soluble protein aggregates present persistent challenges
during process development of monoclonal antibody-based therapeutics, and a myriad
of chromatographic techniques are available to aid in this effort. As with many of its

peers, Takeda Pharmaceuticals utilizes a platform purification approach for early-stage
programs, employing Protein A capture chromatography, cation exchange (CEX)
chromatography, and anion exchange chromatography, where the bind-elute CEX step
removes soluble aggregates, among other impurities. While such platform processes
are robust and scalable, multiple bind-elute steps result in long process times,
significant buffer consumption, and potential process bottlenecks. As cell line
productivity continues climbing and the industry demands faster, cheaper purification
operations, we encounter a dilemma: How do process scientists adapt platform
operations to process large quantities of antibody, while meeting strict purity standards,
especially for highly impure feeds?
The present work is a case study in platform purification development at Takeda. During
development of a new cell line for an early-stage monoclonal antibody, the soluble
aggregate content of the resulting antibody after harvest was nearly three-fold greater
than that in the original cell line process. Despite optimization, the platform CEX
process produced eluate with aggregate levels nearly twice those of the original cell line
process.
To address this challenge, Takeda identified a novel hydrophobic interaction
chromatography (HIC) resin whose high hydrophobicity permits aggregate removal
under low-salt conditions and while operating in flow-through mode. Using small, prepacked columns and design of experiment techniques, the process parameters were
optimized to achieve robust aggregate clearance and high recovery, even at column
loadings > 100 g/L. Moreover, while the HIC step alone demonstrates significant
aggregate removal capabilities, placement of an optimized CEX step immediately
downstream shows further aggregate clearance. The optimized HIC step is therefore a
powerful platform aggregate removal option, especially for challenging feeds with strict
purity standards.
BIOT 46
Investigating the effect of pH on mAb retention in multimodal chromatography
Julie Robinson1, robinj6@rpi.edu, David J. Roush2, Steven M. Cramer1. (1)
Department of Chemical and Biological Engineering and Center for Biotechnology and
Interdisciplinary Studies, RPI, Troy, New York, United States (2) Biologics Process
R&D, Merck & Co., Inc, Kenilworth, New Jersey, United States
Recently our lab demonstrated that mAbs have unique domain contributions to binding
in multimodal systems, leading to different selectivities. The present work extends this
study by investigating how pH impacts mAb retention in multimodal systems. Linear salt
gradient experiments were carried out between pH 5-7 for several mAbs in multimodal
cation exchange (MM CEX) resins. Avidity was considered by evaluating resins at two
different ligand densities. Antibody domain contributions were also evaluated at several
pH. A qualitative and quantitative analysis of important surface property patches
informed the interpretation of the experimental results. mAb retention was shown to

have an inverse, non-linear correlation with pH. Importantly, pH also changed the
elution order in these multimodal systems, indicating that it can be used as a lever to
create new windows of selectivity. While several of the MM CEX ligands showed similar
behavior, a prototype ligand with increased aliphatic hydrophobicity demonstrated
distinct selectivity trends, which were connected to unique domain contributions.
Interestingly, one mAb showed a pH-dependent spectrum of domain contributions,
indicating that pH could be used to tune the relative importance of the (Fab) 2 and the Fc
domains. The difference in retention for mAbs on high and low ligand density resins also
showed a pH dependence. These results can facilitate the strategic design of
multimodal steps for flow through, bind and elute, or weak partitioning modes and have
important implications for creating integrated and/or continuous downstream processes
where intermediate buffer exchange steps are minimized or eliminated. Furthermore,
this work also has important implications for the purification of powerful mAb-related
modalities such as bispecific antibodies and for the design of antibody-based
therapeutics for increased biomanufacturability.
BIOT 47
Hydrophobicity of CEX resins and Its Impact on mAb aggregation
Chao Huang, chao.huang@bms.com, Yiran Wang, Joseph J. Perry, Jason Mills,
Xuankuo Xu, Sanchayita Ghose. Bristol-Myers Squibb, Devens, Massachusetts, United
States
Aggregate formation of therapeutic IgG mAbs during Cation Exchange Chromatography
(CEX) has been frequently observed as a downstream purification challenge. To gain a
thorough mechanistic understanding, this study examined the on-column aggregation
behavior of two therapeutic proteins (IgG1 and IgG4) on three CEX resins of different
properties and structures (Capto SP ImpRes, Fractogel EMD SE Hicap, and POROS
XS), and assessed the formation of high molecular weight (HMW) species in CEX step
when operated in bind/elute mode. In addition, protein melting temperatures before
(TmSolution) and after chromatographic adsorption on the resins (TmResin) were measured
by various techniques such as differential scanning fluorimetry (DSF) and differential
scanning calorimetry (DSC) to characterize the structural stability of the adsorbed
proteins. Results showed that both IgG1 and IgG4 mAbs have lower Tm Resin than
TmSolution, indicating partial unfolding of the adsorbed proteins, to a various extent for the
CEX resins evaluated here. Our data also indicated that TmResin is correlated
reasonably well to the level of HMW formation on each CEX resin. Furthermore, utilizing
a novel fluorescence-based approach, the overall hydrophobicity of these CEX resins
were quantified and manifested to be useful in correlating the Tm Resin and HMW data.
This study provides insight into the on-column aggregation behaviors for different mAb
subclasses on CEX resins of various properties, and the improved understanding can
facilitate the development of efficient and robust CEX processes.
BIOT 48

Influence of ligand density on two-peak elution behavior of mAb charge variants
in cation exchange chromatography
Gabriela Sanchez Reyes, gabssanchez11@gmail.com, Carolin Stange, Christian Dr.
Frech. Biotechnology, University of Applied Sciences Mannheim, Mannheim, Germany
Recently, different authors have reported a two-peak elution behavior for a number of
monoclonal antibodies (mAbs) when purified on strong cation exchange resins. The
two-peak elution behavior is observed when a prolonged hold time after injection is
applied, while the antibody elutes as a single peak during salt gradient elution without a
hold time.
In this work, the influence of ligand density variations on the elution behavior of an
antibody and its purified charge variants is investigated. Ligand density variation is
known to influence protein separation and affect process robustness. Three strong
cation exchange prototypes with different ionic capacities (196, 256 and 334 mmol/L pore
) were used. Additionally, the influence of several operating parameters (pH, column
loading, flow rate/residence time and Na+ concentration during the bind/elute process)
on the extent of the double peak pattern was tested. Analytical cation exchange
chromatography (CEX) and size exclusion chromatography (SEC) was used to assess
the change in the distribution profile of the charge variants and aggregate formation,
respectively. The thermal stability of proteins was measured by screening experiments
using the nanoDSF technology.
The results show that a higher ligand density leads to a more pronounced two-peak
elution behavior. The extent of this increase depends on the type of mAb charge variant
(acid, neutral or basic species). Results from charge variants unfolding experiments do
not show a clear trend between the thermodynamic stability of the protein and the twopeak pattern. Moreover, results from pH and Na+ variations indicate that the local
environment in the pore volume the protein is exposed to may influence the elution
behavior. To understand these effects, it is important to consider the complex ionic
equilibrium between the mobile and the stationary phase. The Donnan equilibrium
describes the intraparticle conditions and helps to elucidate the correlation observed
between the charge variants and the ligand density of the resin.
BIOT 49
Novel semi-preparative chromatographic method to enrich charge-variant species
for extended characterization
Elizabeth S. Schutsky1, elizabeth.bigelow@bms.com, Kelly Stone2, Lauren Duhamel3,
Yuanli Song1, Jie Chen1, Ryan Swanson2, Sanchayita Ghose1, Zhengjian Li1. (1)
Process Development Downstream, Bristol Myers Squibb, Devens, Massachusetts,
United States (2) Process Development Analytics, Bristol Myers Squibb, Devens,
Massachusetts, United States (3) Chemical Engineering, University of Pennsylvania,
Phialdelphia, Pennsylvania, United States

Monoclonal antibody (mAb) charge variants are critical quality attributes that contribute
to the production of high-quality, safe and efficacious drug product. During commercial
process development, shifts in charge variant profiles are observed when processing
conditions change - especially in cell culture. It is highly desirable to improve drug
substance quality by identifying root causes of charge variant changes, and,
subsequently, controlling relevant process parameters. Traditionally, charge variants
are quantified by isoelectric focusing (iCEF) or analytical ion exchange (HPLC), in which
resolution is high, but throughput is low. The development and implementation of an
automated enrichment method has allowed for enhanced charge variant
characterization by increasing purity and quantity of individual charge variants. The
enrichment method is based on the technology of Multicolumn Countercurrent Solvent
Gradient Purification (MC-SGP) and utilizes two ion exchange columns to enrich the
target species, deplete species that are not of interest, and enhance separation during a
fractionated elution from the column. The enriched samples that result from this method
can achieve > 90% purity, and adequate amount generated allow for further
characterization (mass spectrometry, bioassays, etc.) to perform root-cause analysis of
charge variant changes, and the impact on potency or activity. Furthermore, proposed
process parameters (e.g. bioreactor media components and feed strategy, etc.) impact
on charge variants were investigated. By achieving these goals, charge variant profiles
in the drug substance can be characterized and controlled, leading to a higher quality
drug product.
BIOT 50
Effect of a long genetic fusion tag on the structure and stability of a
pharmaceutical protein
Swati Bandi, Surinder Singh, Krishna Mallela, krishna.mallela@ucdenver.edu.
University of Colorado Anschutz Medical Campus, Aurora, Colorado, United States
Most therapeutic proteins are rapidly cleared from circulation, typically by renal filtration.
Increasing the in vivo residence times of protein therapeutics could decrease their
dosing frequencies. PEGylation of proteins is one of the most common strategies.
However, PEGylation can be expensive, and non-specific. PEGylated proteins have
been observed to cause renal tubular vacuolation. Renally cleared PEGylated proteins
and their metabolites may accumulate in the kidney, causing the formation of PEG
hydrates that interfere with normal glomerular filtration. In addition, animals and humans
can be induced to make antibodies to PEG. A new class of fusion tags are being
developed, which are composed of unstructured long amino acid sequences. These
tags provide a more homogeneous end-product than PEGylation, and have been shown
to increase the plasma half-life of therapeutic proteins by at least five-fold. In the
present study, we examined how this 40-amino acid long fusion tag affects the structure
and stability of a pharmaceutical protein using various techniques that include
heteronuclear 2D NMR, chemical denaturant melts, and time-resolved fluorescence
anisotropy. The tag is predominantly random coil with no stable structure, and did not
affect the secondary or tertiary structures of the pharmaceutical protein. In addition,

there is no effect of tag on the conformational stability of the protein. However, the tag
prevented the oligomerization of the protein thus promoting its functional monomer.
Taken together, these results indicate that long amino acid fusion tags can be
advantageous in significantly extending the plasma half-life of pharmaceutical proteins
without affecting their structure, stability, and function.
BIOT 51
Engineering a blue light inducible spycatcher system (BLISS) as a tool for protein
photopattering and optogenetics
Emily Hartzell, hartzell@udel.edu, Justin Terr, Wilfred Chen. Chemical Engineering,
University of Delaware, Newark, Delaware, United States
The SpyTag-SpyCatcher protein conjugation system has recently exploded in popularity
due to its fast kinetics and high yield under biologically favorable conditions in both in
vitro and intracellular settings. We imagine we can further expand the utility of this
system by introducing the ability to spatially and temporally control the conjugation
event. Taking inspiration from photoreceptor proteins in nature, we designed a method
to integrate light dependency into the protein conjugation reaction. The light-oxygenvoltage 2 domain of Avena sativa (AsLOV2) undergoes a dramatic conformational
change in response to blue light. We have thus genetically fused the SpyTag into the
AsLOV2 domain to create a Blue Light Inducible SpyCatcher System (BLISS). In this
design, the SpyTag is blocked from reacting with the SpyCatcher in the dark, but upon
irradiation with blue light, the Jα-helix of the AsLOV2 undocks to expose the SpyTag.
We screened several likely insertion points in the Jα-helix, and found a variant with
desirable light switching behavior where after one hour of irradiation, the reaction is
80% complete, while only 10% of the AsLOV2-SpyTag protein reacted in the dark. This
reaction can be quenched within minutes by removing the light. We demonstrated the
spatial aspect of this light control mechanism through photopatterning proteins onto NiNTA coated slides. As our system is solely made from protein components, which can
be genetically encoded, we can extend the same spatiotemporal control of proteins
inside cells. We anticipate BLISS will be a strong tool for fabricating protein
microassays, crafting biomaterial composition, as well as optically controlling enzyme
activity and protein localization within cells.
BIOT 52
Virus detection via osmolyte-induced aggregation of gold nanoparticles
Dylan G. Turpeinen1, dgturpei@mtu.edu, Xue Mi1, Ellie Lucier1, Seth Kriz1, James
Kah2, Caryn Heldt3. (1) Chemical Engineering, Michigan Technological University,
Hancock, Michigan, United States (2) Biomedical Engineering, National University of
Singapore, Singapore, Singapore (3) Michigan Technological University, Houghton,
Michigan, United States

The best-known methods to treat viral diseases is through early intervention, which
demands sensitive and cost-effective viral detection methods. Current virus detection
methods, such as polymerase chain reactions (PCR) and enzyme-linked
immunosorbent assays (ELISA) require expensive equipment and highly trained
personnel. These detection techniques also require expensive reagents such as capture
antibodies or complementary oligonucleotides that are specific to the virus of interest.
To avoid using expensive and time-consuming techniques for virus detection, we are
developing a simple, non-specific virus assay using gold nanoparticles (AuNPs) and
osmolytes.
It has been shown in the literature that protein forms a corona around AuNPs in solution
through electrostatic interactions. Our lab is using this interaction between biomolecules
and AuNPs to form virus particle/AuNP complexes. The complexes are then placed in
osmolytes. Osmolytes have been shown to preferentially aggregate enveloped and nonenveloped viruses while leaving proteins unfazed in solution. This action by osmolytes
can be used to preferentially aggregate virus/AuNP complexes as compared to potential
contaminating protein/AuNP complexes in our assay. The aggregation is measured by
either a shift in the UV-Vis light absorption or by size measurements with dynamic light
scattering (DLS).
This osmolyte-induced virus assay was developed using the non-enveloped porcine
parvovirus (PPV) and the enveloped bovine viral diarrhea virus (BVDV). The viruses
bound to the 15 nm diameter AuNPs through electrostatic interactions, forming a
complex that can be measured with UV-Vis and DLS. Results have shown that both
viruses can be detected using DLS by comparing the hydrodynamic diameter of the
virus/AuNP complexes before and after mannitol-induced aggregation at a limit of
detection of ~105 particles/ml. The current optimization strategy is to vary the size ratio
between the virus particles and AuNPs to find an optimal ratio for binding between the
two particles, leading to an increased DLS signal. An optimized AuNP assay will be
used in confirming the presence of virus in a sample such as a saliva matrix or a blood
donation sample.
BIOT 53
Expansion of genetically encoded amino acids containing a tetrazine functional
group for fast protein conjugation
Inchan Kwon, inchan@gist.ac.kr, Seoungkyun Kim. School of Materials Science and
Engineering, Gwangju Institute of Science and Technology (GIST), Gwangju, Korea (the
Republic of)
Protein conjugation has been widely used to generate antibody-drug conjugates,
nanomedicines, bioimaging materials, etc. Since proteins are vulnerable to extreme
reaction conditions, bioorthogonal chemistries allowing protein conjugation under mild
conditions are one of critical components for successful protein conjugation. Recently,
inverse electron demand Diels-Alder reaction (IEDDA), a bioorthogonal chemistry,
attracts much attention for their fast reaction kinetics between tetrazine containing
molecules and transcyclooctene (TCO). A phenylalanine analog containing a methyl

tetrazine (Met-Tet) has been site-specifically incorporated to a protein for various
protein conjugation in vitro and inside cells. However, for certain protein conjugation
applications, a faster reaction kinetics is required due to instability of protein or protein
conjugation in vivo. Compared with methyl-tetrazine, hydrogen-tetrazine was known to
exhibit a faster reaction kinetics. In order to site-specifically incorporate a phenylalanine
analog containing a hydrogen-tetrazine (H-Tet) into a protein, we developed E. coli
expression hosts co-expressing engineered pair of tRNA and synthetase recognizing HTet. A protein containing H-Tet exhibited a faster reaction rate with a TCO containing
molecule than a protein containing Met-Tet. Proteins containing H-Tet would be widely
used for protein conjugation, in particular, one requiring very fast conjugation.
BIOT 54
N and C terminal oriented protein conjugation onto nanoparticles using split
intein technology
Jackelyn Miozzi1, miozzi.5@osu.edu, Yamin Fan2, David W. Wood3, arfaan
rampersaud4, David Albertson4, Issac Rampersaud4. (1) Chemical Biomolecular
Engineering, The Ohio State University, Columbus, Ohio, United States (2) The Ohio
State University, Columbus, Ohio, United States (3) Chemical Biomolecular
Engineering, Ohio State University, Columbus, Ohio, United States (4) Columbus
Nanoworks Inc., Columbus, Ohio, United States
The use of nanotechnology in biomedical sciences has created a strong interest in its
potential to dramatically improve the treatment and diagnosis of diseases. In
collaboration with Columbus Nanoworks Inc, we are aiming to develop simple and
robust bioconjugation platforms for creating protein-labeled nanoparticles using split
intein technology. Inteins are internal protein domains that can excise themselves and
ligate the flanking exteins with a peptide bond in a process termed protein splicing.
Because of their unique features and small size, split intein-based protein splicing has
increasingly become a useful tool in biological research and biotechnology, with
applications in protein labeling and protein purification. In this work, we utilize two
different split inteins, Gos-TerL and GP41.1, to achieve N-terminal and C-terminal
oriented attachment of target proteins to nanoparticles, respectively. The smaller
fragments of the inteins are chemically synthesized and specifically attached onto the
nanoparticles through a Maleimide-sulfhydryl reaction. In parallel, their counterparts are
fused to the protein of interest at either the N or C terminus. By mixing the peptidelabeled nanoparticles and fusion protein cell lysate, we have successfully demonstrated
one-step bioconjugation of targets onto nanoparticles using the model proteins green
fluorescent protein and beta-lactamase for both strategies. In addition, through DOE
studies, we have characterized the effects of various parameters on conjugation
efficiency and determined the optimal reaction condition for each strategy, including
temperature, pH, salt concentration and peptide ratio. Both split inteins show fast
protein splicing rates without requiring a denaturation step, while the GP41.1 split intein
demonstrates a better tolerance for a wide range of conjugation conditions. Thus we
demonstrate that inteins provide a simple and efficient platform for oriented

biomolecule-nanoparticle conjugate production. Our technology will enable substantial
improvement over conventionally labeled nanoparticle products and add qualitatively
new research capabilities not provided by current technologies. The terminal oriented
bioconjugate technology is transformative in that it will lead to general and rapid ways of
making well-defined nanoparticle conjugates for better diagnostic and therapeutic
applications.
BIOT 55
Immobilization of enzyme fusions on superparamagnetic nanoparticles: Two case
studies.
Robert M. Hughes, hughesrm@gmail.com, Jessica L. Norris, William M. Taylor.
Chemistry, East Carolina University, Greenville, North Carolina, United States
Immobilized enzymes have numerous applications in catalysis, protein purification, and
biochemical assays. Immobilization of enzymes, however, brings numerous challenges,
including the retention of activity and substrate specificity associated with the free
enzyme. Here we describe the production and characterization of two fusion proteins
which can be immobilized on biotin-coated superparamagnetic nanoparticles for optimal
recovery and reuse in protein preparation applications. In one study, we describe the
immobilization of a highly active, autolysis-resistant mutant of tobacco etch virus
protease, demonstrate its applications in protein processing, and describe the impact of
immobilization on enzyme specificity. In a second study, we describe the production and
immobilization of the catalytic subunit of protein kinase A and describe its potential utility
in biochemical assays. We anticipate that these studies will provide insight into the
engineering challenges associated with enzyme immobilization and provide potential
solutions for their resolution.
BIOT 56
Conjugation of cofactors using polymeric swing arms enables creation of
cofactorless ping pong enzymes with predictable kinetics
Scott Banta, sbanta@columbia.edu, Harun Ozbakir, Nadim Massad. Chemical
Engineering, Columbia University, Fairfield, Connecticut, United States
Oxidoreductase enzymes catalyze a wide range of valuable enantioselective oxidation
and reduction reactions. However their cofactor dependence complicates their industrial
use as the cofactors are valuable and they must be regenerated and recycled to support
the biocatalytic cycle. There has been interest in the bioconjugation of cofactors with
polymers in order to facilitate their recycling and recovery by taking advantage of the
increased molecular weights. We have recently explored the impact of the PEGylation
of NAD(H) on the steady state kinetics of a formate dehydrogenase and a lactate
dehydrogenase (1). We found that PEGylation can affect the binding of the cofactor or
the stabilization of the cofactor/substrate transition state, depending on the geometry of

the enzymatic active site.
In order to eliminate the need to add, recycle, and separate cofactors from enzymatic
reactions, we have fused oxidoreductase enzymes together using the
spycatcher/spytag technology and then decorating the enzyme fusions with
bioconjugated NAD(H) attached with PEG polymer chains. Thus the cofactors are
available to both enzymes for recycling between the active sites and soluble cofactors
are no longer mixed with the reactants and products. To demonstrate this approach, we
have fused a formate dehydrogenase with a malate dehydrogenase and decorated it
with PEGylated NAD(H) (2). This resulted in the creation of a novel formate:malate
oxidoreductase. The new enzyme did not require the further addition of NAD(H) and it
exhibited bi bi ping pong steady state kinetic behavior. The Km values of the fusion
enzyme for reactants were the same as the parent oxidoreductases indicating that the
kinetic behavior of the fusion proteins would be predictable.
We have extended this approach as we are increasing the extent of bioconjugation of
the PEGylated NAD(H) to the fusion enzymes and expanding the oxidoreductases in
the fusions to demonstrate this approach can be used to create additional new
oxidoreductases with predictable, cofactorless bi bi ping pong kinetic behavior.
BIOT 57
Discrimination of single nucleotide substitutions causing drug resistance in
Mycobacterium tuberculosis using split deoxyribozyme sensors with visual
readout
Bidhan Chandra Dhar, bidhanchandra.dhar@ucf.edu, Ryan Connelly, Suvra Mitra,
Yulia Gerasimova. Chemistry, University of Central Florida, Orlando, Florida, United
States
For efficient control of infections and timely treatment, screening for drug-resistant
pathogens at the point-of-care settings is advantageous. We explore a potential of split
deoxyribozyme (sDz) sensors with visual signal readout for the detection and drug
susceptibility testing (DST) of Mycobacterium tuberculosis complex (MTC), tuberculosis
(TB) causing bacteria. Deoxyribozymes (Dz) are widely used in nucleic acid analysis.
The split sensor design offers excellent selectivity in discriminating single nucleotide
substitutions (SNSs) in the analyzed targets, which is crucial for their application for
DST. In the sDz design, the structure of the Dz catalytic core is divided into two inactive
halves Dza and Dzb. and re-forms when Dza and Dzb hybridize to a complementary RNA
or DNA analyte. High selectivity is achieved by the requirement for two sensor
fragments to simultaneously bind the analyte for signal generation. Each of the two
short probe-analyte hybrids is more sensitive to minor hybrid imperfections, such as
single base mispairing, than one long, stable hybrid in monolith hybridization probes.
Once formed, the catalytic core of Dz cleaves an oligonucleotide reporter containing a
G-rich sequence of a peroxidase-like Dz (PDz) sequestered in a stem-loop. Cleavage
releases the catalytically active PDz to enable the color change of the solution. Here,

we designed visual sDz sensors to detect MDR-TB with simultaneous resistance to RIF
(RIFR) and INH (INHR). The sensors targeted fragments of the rpoB, katG and inhA
genes of MTC containing drug-resistance conferring SNSs. For TB confirmation, a
conserved fragment of 16S rRNA and an insertion element specific for MTC were used
as targets. The sensors detect their complementary nucleic acid targets with the
detection limit in the nanomolar range and excellent selectivity. The signal can be
observed by the naked eye, with clear discrimination of the presence of the
complementary target from the background.

BIOT 58
Detection of cathepsin B activity with caged melanin precursors for
photoacoustic imaging
Sanjaya D. Lokugama1,2, sd85@email.arizona.edu, Mark D. Pagel2. (1) Department of
Chemistry and Biochemistry, The University of Arizona, Tucson, Arizona, United States
(2) Department of Cancer Systems Imaging, The University of Texas M.D. Anderson
Cancer Center, Houston, Texas, United States
Cathepsin-B is a biomarker for metastatic potential of solid tumors. The detection of
cathepsin B activity has many potential applications in oncology. Activatable
photoacoustic imaging agents have the potential to be used for enzyme detection.
Melanins and melanin-like materials possess potential applications in photoacoustic
imaging due to their high absorbance of near-infrared light. We have designed a novel
approach to detect cathepsin-B activity by developing melanin precursors that are
activated by cathepsin B activity. In our approach, we have masked the amine moiety of
the melanin precursors tyrosine and levodopa (L-DOPA) with a cathepsin-B cleavable
peptide. After cathepsin B cleaves the peptide, the uncaged melanin precursors
undergo oxidation to yield melanin or melanin-like polymers, which can be detected by
photoacoustic imaging.
The caged molecules were synthesized by linking a cathepsin B substrate, the
tetrapeptide Gly-Leu-Phe-Gly, to tyrosine as well as to L-DOPA. The final peptidyl
compounds were characterized using mass spectrometry. The synthesized caged
molecules were stable in buffers under physiological conditions of pH 6.0 and 7.8. Initial
enzyme studies were performed to confirm that each agent has the capability to yield its

respective melanin precursor. During incubation, Gly-Tyr and Gly-L-DOPA were
released rather than the intended Tyr and L-DOPA melanin precursors. However, both
Gly-Tyr and Gly-L-DOPA had the capability to yield melanin-like material as observed
spectrophotometrically. Melanin formation from Gly-L-DOPA was faster than the
formation from Gly-Tyr. Additionally, enzymatically synthesized melanin was used to
collect the photoacoustic spectrum using a Vevo LAZR photoacoustic imaging system
(Visualsonics, Inc.) and MSOT inVision photoacoustic imaging system (iThera Medical).
Our final study will demonstrate how these novel melanin precursors can be used as
potential agents to detect cathepsin-B activity using photoacoustic imaging.
BIOT 59
Identification of novel protein biomarkers using liquid chromatography/tandem
mass spectrometry from pre and post-cryotherapy treated bones of
osteosarcoma patients
Rashmi Madda1,2, rashmi.akula86@gmail.com, Jir-You Wang2,3, Chao-Ming Chen2,3,
Po-Kuei Wu2,3. (1) Department of Research and Development , National Yang-Ming
University , Taipei, Taipei, Taiwan (2) Department of Orthopedics and Traumatology,
Veterans General Hospital, Taipei, Taipei, Taiwan (3) Internal Medicine, National YangMing University, Taipei, Taipei, Taiwan
The most commonly reported primary malignant bone tumor in children and adolescents
is osteogenic sarcoma (OGS) or osteosarcoma. Currently, neoadjuvant chemotherapy
drugs, precision diagnostic instruments, limb salvage surgeries are the standard
treatment procedures available for OGS patients. Recently, cryotherapy which uses
extreme cold to destroy the cancer cells showing great results in bone cancer treatment.
Thus, the usage of this treatment is widely increasing in OGS. The primary objective of
this study is to identify the potential protein markers from the pre and post-cryotherapy
treated bone samples of OGS patients (n=12) using liquid chromatography and tandem
mass spectrometry with label-free quantification. This study successfully identified a
common set of 23 significantly expressed proteins (p <0.01) between two groups.
Among these, 17 proteins were up-regulated with >3 fold, and 6 proteins were downregulated with < 0.1 to 0.5 fold expression. The KEGG, GO and DAVID functional
enrichment analysis revealed that the identified significant proteins are associated with
cytoskeletal regulation, integrin, and VEGF signaling, TGF- beta, and p38 MAPK
pathway, angiogenesis, glycolysis, and plasminogen activating cascades. Interestingly,
the identified up-regulated proteins from OGS pre-cryotherapy samples showed
dysregulated expressions in the post-cryotherapy treated OGS. Thus, we further
validated these proteins using enzyme-linked immunosorbent assay (ELISA) with
another set of OGS samples (n=10). The ELISA results revealed that the identified
altered protein expression patterns among both the groups were consistently correlated
in the verification analysis. Therefore, these protein candidates could serve as new
biomarkers for bone malignancies, tumor microenvironment, apoptosis, and metastasis
and also play an important role as therapeutic targets and sheds some light on precision
medicine.

BIOT 60
Engineering a bioluminescence-based protein kinase reporter for in vivo,
longitudinal studies of receptor tyrosine kinase inhibitor response
Evan Day1,2, ekd4u@virginia.edu, Matthew Lazzara2,3. (1) Chemical & Biomolecular
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United States (2)
Chemical Engineering, University of Virginia, Charlottesville, Virginia, United States (3)
Biomedical Engineering, University of Virginia, Charlottesville, Virginia, United States
The efficacy of molecularly targeted therapeutics in cancer is limited by the ability of
cancer cells to rewire downstream cell signaling pathways for survival. Here, we
describe a signaling rewiring process we observed in glioblastoma cells. In response to
inhibitors of epidermal growth factor receptor (EGFR) and MET (the receptor for
hepatocyte growth factor), the extracellular regulated kinase (ERK) pathway was initially
inhibited (for up to eight hours), but subsequently reactivated due to bypass signaling
driven by fibroblast growth factor receptor (FGFR). ERK reactivation rescued cells from
death by driving the expression of Sprouty2 (SPRY2), a protein we recently identified as
a tumor promoter in glioblastoma. To enable the real-time investigation of this
mechanism in vivo without sacrificing animals at multiple time points, we developed a
novel bioluminescence-based reporter of ERK activity. The reporter design borrows
from a previously described fluorescence-based reporter of ERK activity and includes
click beetle luciferase fused to a domain of FRA1 (a substrate of ERK) and a nuclear
localization sequence. Phosphorylation of the FRA1 domain by ERK slows turnover and
therefore stabilizes fusion protein expression, creating an ERK activity-dependent
luminescence signal. Using this reporter, we demonstrated that the combination of

inhibitors against EGFR, MET, and FGFR more durably suppressed ERK activity in
glioblastoma xenograft tumors than the combination of EGFR and MET inhibitors alone.
Enhanced ERK suppression correlated with reduced SPRY2 expression and smaller
tumors, demonstrating the in vivo relevance of the mechanism we first identified using in
vitro cell culture experiments. In addition to new understanding of tumor biology, our
study has yielded a new technical advance. For in vivo studies of the activity of ERK,
one of the most commonly dysregulated pathways in cancer, our reporter enables realtime quantification during longitudinal studies, obviating the need for sacrificing animals
at multiple time points and drastically reducing the total number of animals needed per
study. This method also eliminates concerns about artifacts introduced into
measurements of pathway activity arising due to ex vivo manipulation of tumors.
BIOT 61
Novel near-infrared fluorescence sensor for detection of platelet activation in vivo
Khanh Ha1,2,3, haquockhanhpz@gmail.com, Xiaoxin Zheng2,1, Farouc Jaffer1,2, Chase
Kessinger2, Jason R. McCarthy3. (1) Department of Medicine, Harvard Medical School,
Boston, Massachusetts, United States (2) Cardiovascular Research Center and
Cardiology Division, Mass General Hospital, Boston, Massachusetts, United States (3)
Chemistry Core, Masonic Medical Research Institute, Utica, New York, United States
Advancing our understanding of human coronary artery disease requires new imaging
reagents that can be used in patients for studying thrombosis microstructure in relation
to the molecular mechanisms that underlie its initiation, progression, and clinical
complications, including deep vein thrombosis (DVT) and sudden cardiac death. The
most advanced intracoronary imaging approaches such as intravascular ultrasound and
optical coherence tomographic imaging do not specifically detect activated platelets, a
key cell that drives thrombosis.
The goal of this study was to develop and validate a new platelet-targeted imaging
agent that enables high-resolution near-infrared fluorescence (NIRF) imaging of
activated platelets. The novel agent could be used in conjunction with a catheter-based
NIR fluorescence imaging system providing a powerful tool to detect thrombus prone
stents

BIOT 62
Development of a PET/MRI contrast agent that measures tumor extracellular pH
Alyssa C. Pollard1,2, alyssacamille22@gmail.com, Federica Pisaneschi2, Mark D.
Pagel2,1. (1) Chemistry, Rice University, Houston, Texas, United States (2) Cancer
Systems Imaging, The University of Texas MD Anderson Cancer Center, Houston,
Texas, United States
Extracellular pH (pHe) in the tumor microenvironment is a biomarker that is used to
assess tumor acidosis, which is caused by upregulated aerobic glycolysis in cancer
cells. Many responsive magnetic resonance imaging (MRI) contrast agents have been
developed to measure tumor pHe, where dynamic changes in the relaxation-based MR
image contrast are sensitive to tumor pHe. However, these agents are not able to
measure pHe in vivo because the MR image contrast is also dependent on the
concentration of the agent in tumor tissues. To address this problem, we have designed
and synthesized a PET (positron emission tomography)/MRI contrast agent that
consists of a pH-responsive MRI component and a radiolabeled PET component to
measure concentration. Therefore, the PET results can be used to account for the effect
of concentration on MR image contrast, which can improve the quantitative
measurement of tumor pHe. These two compounds have been designed to have the
same pharmacokinetic delivery to the extracellular tumor microenvironment and will be
co-injected into mouse models of human cancers in a known ratio and imaged
simultaneously using a small animal PET/MRI instrument.
While a synthesis of the MRI agent has been published, we have improved this
synthesis to an overall yield of 50% in three steps. The chelation of the ligand with
gadolinium occurs at ambient temperatures, and the chelate shows a pH-responsive
change in relaxivity as reported. In addition, two novel PET agents have been
synthesized that chelate 64Cu and 68Ga at >98% radiochemical purity. We are
comparing the pharmacokinetics of the radiolabeled PET agents with the MRI contrast
agent to determine which combination of PET/MRI contrast agent formulation is best for
in vivo studies. Our deliverable is a fundamentally new class of contrast agents for
molecular imaging with PET/MRI, which has strong potential for clinical translation.
BIOT 63
Quantitative imaging of protein phosphorylation and therapeutic efficacy in
cancer
Lei Wang1, wanglei@ohsu.edu, Emily Schultz1, Allison Solanki1, Kenneth Tichauer3,
Kimberley S. Samkoe2, Summer L. Gibbs1. (1) Biomedical Engineering, Oregon Health
& Science University, Portland, Oregon, United States (2) Dartmouth-Hitchcock Medical

Center, Lebanon, New Hampshire, United States (3) Illinois Institute of Technology,
Chicago, Illinois, United States
There is currently no methodology to measure the highly interdependent levels of
available molecular drug targets, amount of drug binding and the resulting cellular
response in a single dynamic, living system. Furthermore, monitoring targeted drug
interactions and the resultant intracellular signaling cascades is difficult, and to-date no
methodology exists for simultaneous measurement in live cells and tissues. To
overcome these limitations, we have developed a dynamic, fluorescence-based, threecompartment model termed intracellular paired-agent imaging (iPAI). iPAI can bridge
this technological gap, providing the ability to visualize and quantify the interaction
between drugs, molecular targets, and downstream signal cascades using
fluorescently-labeled small molecule imaging agents in live cells and tissues. In proof of
concept studies, we have developed targeted and untargeted, spectrally distinct,
fluorescently labeled versions of the kinase inhibitor Erlotinib. Our overarching goal is to
develop a rapid assay to predict personalized therapeutic outcomes using iPAI in
patient derived tissues where we will quantify an individual’s response to targeted
therapy by measuring: 1) available proteins for drug binding (drug-target availability,
DTA), 2) proteins bound by therapeutic drug (drug-target occupancy, DTO) and 3)
resultant downstream signaling events indicative of therapeutic response and cellular
death (drug phosphorylation response, DPR). Development of our novel iPAI platform
will establish the critical drug target interactions in patient derived tissues that results in
therapeutic efficacy and minimal toxicity providing truly personalized cancer therapy.
Overall, we anticipate that iPAI will usher in the next generation of individualized therapy
improving both therapy selection and understanding of resistance.

Intracellular Paired Agent Imaging enables accurate quantification of intracellular protein
concentration. Blue: targeted drug; Green: untargeted drug; Red: EGFR antibody; Cyan:
iPAIimaging.
BIOT 64
Fluorescence detection of amyloids
Kevin Cao1, Jamie Do1, Christina Sigurdson2, Jerry C. Yang1, jerryyang@ucsd.edu. (1)
Chemistry and Biochemistry/MC 0358, University of California, San Diego, La Jolla,

California, United States (2) Pathology, University of California, San Diego, La Jolla,
California, United States
This presentation will discuss the development and evaluation of a novel family of
fluorescent probes that exhibit enhanced fluorescent properties when bound to amyloid
targets. Amyloids are aggregated forms of proteins or peptides that are associated with
many neurodegenerative and systemic diseases. Their accumulation often precedes
clinical symptoms by years (and possibly decades), making them a potentially valuable
target for diagnosis and monitoring progression of disease. Fluorescent amyloidtargeting probes have proven to be useful tools for biophysical characterization of
amyloids in their native environment, and have more recently shown promise for aiding
in ante-mortem detection of amyloid accumulation in living humans. Here, we show that
environmentally-sensitive fluorescent probes can be used to discriminate amyloids with
different protein composition and disease origin by exploiting small differences in the
hydrophobic properties of the amyloids. We will also present some recent studies that
evaluate the use of these probes for identification of diseased patients through
inspection of amyloid content in readily accessible human biofluids. Finally, we will
present some recent attempts to translate these probes as in vivo imaging agents for
detection of amyloid accumulation in mouse models for amyloid-associated
neurodegenerative diseases.
BIOT 65
Economic analysis of the biocoversion of biogas into bioproducts
Qiang Fei1, feiqiang@xjtu.edu.cn, Rongzhan Fu2, Bobo Liang1. (1) Xi'an Jiaotong
University, Xi'an, China (2) northwest univerisity, Xi'an, China
In light of the relatively low price and the tremendous amount of biogas and increasing
demands of biochemicals and liquid transportation fuels, attention has begun to turn to
novel biocatalyst for conversion of biogas into bio-based products (Bio-B2B). A technoeconomic analysis (TEA) was performed for an integrated process using fermentation
process converting biogas into isobutanol, which can be used as the pursuer for the
production of chemicals and fuels. The entire Bio-B2B process has been projected by
using the Aspen plus software and the costs were calculated using modified excel
spreadsheet. A sensitivity analysis was carried out based upon the identified key
parameters, such as plant capacity, process technology (yields and rates), productivity,
and raw material cost. This presentation also includes single-point sensitivity analyses
and scenarios analyse results for several prospective cases. The presentation will also
reveal that the major driving forces from operating cost and capital cost. The efforts of
reducing the greenhouse emission from this Bio-B2B process was estimated and
compared with the traditional combustion of biogas and natural gas.
BIOT 66
Self-assembled, isoporous filtration technology platform for bioseparations

Rachel M. Dorin, rachel.dorin@teraporetech.com, Yibei Gu, Christopher Crock, Marty
Siwak. TeraPore Technologies, Inc., South San Francisco, California, United States

TeraPore develops and manufactures a unique membrane nano-material platform with
isoporous, controlled structures. Utilizing patented, self-assembled polymer
technologies, TeraPore’s membrane filters can achieve unprecedented performance
profiles for bioseparation applications such as virus filtration, aggregate removal, and
protein separations.TeraPore’s filters enable faster and more efficient bioseparation
processes. This in turn leads to reduced costs for biopharmaceutical products, and
greater manufacturing capabilities for equipment-constrained plants. It further enables
novel manufacturing modalities including process intensificiation and continuous
processing. Founded in 2013 out of Cornell University, and now based in South San
Francisco, CA, TeraPore has 15 employees and pilot-scale manufacturing capabilities
across polymer synthesis, membrane production, and scalable filtration device
configurations.

BIOT 67
Wood microfluidic devices for point-of-care applications
Abhay Andar, aandar@umbc.edu, Erick Gutierrez, Mustafa Al-Adhami, Xudong Ge,
Leah M. Tolosa, Yordan Kostov, Govind Rao. Center for advanced sensor technology,
University of Maryland Baltimore County, Baltimore, Maryland, United States
The need for developing biodegradable, sustainable, environmentally-friendly and lowcost materials have increased in recent years. Wood-based devices and platforms are a
major focus for research for this reason. Harnessing wood as a possible alternative to
thermoplastics for point-of-care (POC) devices would greatly reduce waste generated

by the polymer-based industry.
This work demonstrates the ease of fabrication and adaptability of wood for point-ofcare (POC) applications. These devices are made from easily sourced renewable
materials for fabrication while exhibiting all the advantages of plastic devices without the
problem of non-biodegradable waste and cost. We utilized laser engraving, traditional
mechanical methods and adapted their surface to counter the wicking effect of wood.
Plywood surfaces were coated with different solutions (Polymethylmethacrylate-,
cellulose acetate-, Teflon, mineral oil, and semi-solid beeswax), and the contact angle
of a water droplet was measured each of the coated surfaces. The Teflon coating
resulted in a contact angle greater than 90° and low wicking properties compared to the
other coatings (Figure 1 A). Teflon coated serpentine devices were bonded to a polymer
(polymethylmethacrylate, PMMA) sheet using double-sided tape to demonstrate a
functional device (Figure 1 B). This work demonstrates the ability to utilize wood as a
viable structural alternative to thermoplastic devices and will provide examples of
different biodegradable POC devices.

Figure 1: A) Water-based green dye droplets on Teflon coated plywood. B) Serpentine channel
coated with Teflon and bonded to a clear polymer sheet using double-sided adhesive tape.
BIOT 68

Next-generation protein therapeutics: Challenges and opportunities
Jennifer Cochran, cochran1@stanford.edu. Bioengineering, Stanford University,
Stanford, California, United States
Protein therapeutics are dominating the pharmaceutical market, a steadily increasing
trend that started with the FDA-approval of recombinant human insulin in 1982.
Monoclonal antibodies used to treat cancer, rheumatoid arthritis, cardiovascular, and
other diseases now account for a large share of these efforts, yet the notion that an
antibody could be manufactured at scale and delivered to a patient as an effective
therapeutic regimen was initially met with much skepticism. In parallel, the past few
decades have seen the rise of a number of technologies that can be used to effectively
modify the biochemical and biophysical properties of proteins. Despite significant
successes in the development of protein-based therapeutics, a number of challenges
remain. Thousands of antibodies are generated per year, if not per month, yet why do
we not have more FDA-approved therapeutic drugs? Bottlenecks including time and
expense needed for cell line and bioprocess development, manufacturing, regulatory
activities, and clinical trials are a significant factor. Another is that much of the low
hanging fruit has been picked and innovative technologies are needed to discover drugs
against intractable targets, including G protein-coupled receptors and ion channels.
Biological redundancy of cell signaling pathways and therapeutic resistance are also
issues, as are lack of clinical validation of new targets. Toxicity and immunogenicity are
also concerns. In this talk, I will discuss these challenges, and advances needed to
address them. In particular, I will focus on cutting-edge technology currently under
development for drug discovery and where additional efforts are needed to accelerate
progress in the field over the next few decades.
BIOT 69
GSKÕs manufacturing technology roadmap for biopharmaceuticals: learnings
and a look ahead
Dharmesh Bhanushali, dharmesh.s.bhanushali@gsk.com. R&D Advanced
Manufacturing Technology, GlaxoSmithKline, King of Prussia, Pennsylvania, United
States
The Advanced Manufacturing Technology (AMT) group was created in 2013 to deliver
GSK’s Manufacturing Technology Roadmap with the global objective to transform the
way GSK manufacturers its pharmaceutical products over the next 5-10 years. The
presentation will provide an overview of this team’s journey to explore disruptive
technology platforms spanning drug substance, drug product and analytical areas. The
presentation will also provide a view on future opportunities, challenges and the
industry’s ability to sustain the growth of biopharmaceutical-based therapies.
BIOT 70

Continuous processing of biotech therapeutics Ð enabling case studies
Anurag S. Rathore, asrathore@biotechcmz.com. Department of Chemical
Engineering, Indian Institute of Technology, New Delhi, India
The merits of continuous processing over batch processing are well known in the
manufacturing industry. Continuous operation results in shorter process times due to
omission of hold steps, higher productivity due to reduced shut down costs and lowers
labor requirement. This talk will aim to elucidate how continuous processing can make a
meaningful impact on the cost of manufacturing of biotherapeutic. Our recent
experience with creating continuous platforms for both microbial fermentation and
mammalian cell culture processes will be used to elucidate on the following points.
What kind of productivity gains can continuous processing offer? How would one aim to
monitor and control a continuous process? What are the key challenges in creating a
continuous process? What is the net impact on COGS?
BIOT 71
Next generation bioprocess development: Let us breakdown the current barriers
Raghavan V. Venkat, venkatr@medimmune.com. MedImmune, Gaithersburg,
Maryland, United States
The biopharmaceutical industry has been very successful in the last 25 years,
accounting for 11 of the 15 top selling medicines of 2017 (in the US). We are also
celebrating a surge in the approval of not only traditional biopharmaceutical medicines
such as antibodies and therapeutic proteins, but also novel medicines in the area of cell
and gene therapy. Despite the success, the industry has made limited advances in
lowering the cost of goods or impacting the global access of these life-changing
medicines. The new therapeutic modalities such as cell and gene therapies, though
very promising from their therapeutic potential, employ technologies that have limited
potential for efficient manufacturing that allows for wider access.
Meanwhile, the revolution in automation and miniaturization as well as big data, makes
it possible for us to create small scale high-throughput models ranging from mL to mL
volumes, that predict performance at manufacturing scale, and allows us to increase the
number of experiments within process development. As the high-throughput cell culture
models undergo refinement there is significant efforts that are also on-going to integrate
downstream purification and analysis into these systems. These integrated models are
demonstrating that there is enormous potential for reducing the development time as
well improving the quality of the processes being developed for new medicines.
As we consider most effectively harnessing the value of these recent developments for
new therapeutic modalities as well as in increasing access for our medicines, an area
that needs critical examination is the way process development is currently practiced
across the industry, and if a new model for process development, one without the
traditional silos, is timely. This talk will focus on showcasing the possibilities of this new
process development model via examples from MedImmune, where this model was

applied for specific programs. The talk will focus on how an integrated process
development model enabled rapid learning, and efficient development, for novel product
modalities.
BIOT 72
Keynote: Smart agricultural systems: Designing plant-microbe communities
Christopher A. Voigt, cavoigt@gmail.com. NE47-277, Massachusetts Institute of
Technology, Cambridge, Massachusetts, United States
TBA
BIOT 73
Big data driven biomanufacturing: Present state and future potential
Steven M. Cramer, crames@rpi.edu. Rensselaer Polytechnic Institute, Troy, New York,
United States

Increasingly large data sets are being produced at each stage of the biomanufacturing
process lifecycle. With the appropriate models and analytical tools, this data has the
potential to revolutionize our industry. In this talk we will discuss the implications of big
data for modern day bioprocessing, with a focus on downstream applications. The
present state of the industry will first be reviewed, highlighting the types of data sets
currently generated as well as common modeling techniques employed. A vision of
bioprocessing in the future is then presented along with steps required to realize this
vision, such as intentional data set design, the implementation of data management
systems, and training the workforce of the future. The concept of “semantalytics,” is
adapted from computer science and introduced for biomanufacturing applications. This
term encompasses the definition of a common “vocabulary” and represents a
standardized approach to supplement raw data with human knowledge and experience
with the potential to facilitate data interpretation and collaboration. Finally,
biomanufacturing will be compared to other industries who are ahead of us to
understand how we can learn from their successes and failures to effectively harness
big data. Rather than provide answers, this talk is meant to initiate a conversation and
catalyze discussions as we map out methods and best practices in this critical new
technology area.
BIOT 74
Vectors of information flow between biology and microelectronics: Design
principles and enabling technologies

William E. Bentley, bentley@umd.edu. Fischell Dept of Bioengineering, University of
Maryland, College Park, Maryland, United States
Microelectronics has transformed our lives. It has changed the way we collect, process,
and transmit information. The intersection between microelectronics and biology has
also been transformative – ionic currents that control cardiovascular and neural systems
are detected and even corrected using electronics (e.g., EKG, EEG, defibrillators and
neural stimulators). Yet, the microelectronics world has barely “sampled” the vast
repertoire of chemical information in our biological world. Take for example the human
immune and endocrine systems – they are largely opaque to the methods of electrical
sensing and communication, as are nearly all plant species, including agricultural food
crops.
We envision new processes and products that open the dialogue between biology and
microelectronics – that eavesdrop on and manipulate biological systems within their
own settings and in ways that speed corrective actions. We view biofabrication and
synthetic biology as integral technologies for achieving this vision. Synthetic biology,
often visualized as an innovative means for “green” product synthesis through the
genetic rearrangement of cells, can also provide a means to connect biological systems
with microelectronic devices. Cells can be reprogrammed to close the communication
gap that exists between the electrons and photons of devices and the molecules and
ions of biology. This is enabled, in part, through redox mediators – biological carriers of
electrons that transfer “packets” information to and from electronics. Biofabrication, the
assembly of biological components using biological means or mimics thereof, offers a
means to close the fabrication gap – a gap that stems from the disparity between
biological systems, assembled of labile components using built-in error correction, and
devices, built of potentially toxic materials using error prevention and byproduct
exclusion. Here, biomolecular engineering can endow biological molecules with the
properties needed to mediate “molecular” communication - information transfer to
microelectronic systems and back. New systems and devices are continually emerging
that integrate abiotic and biological components (e.g, animal-on-a-chip devices, chip
based manufacturing systems, etc.) at a hierarchy of length scales. Our community,
which is expert on biomolecular and cellular engineering, is in a key position to guide
the development of these interesting technologies, products, and processes well into
the future.
BIOT 75
Contaminant removal from a purified protein stream
Somdatta Bhattacharya2, John Keating2, Weiwei Xu1, Mirco Sorci2, Georges Belfort2,
belfog@rpi.edu. (1) Chemical and Biological Engineering, Rensselaer Polytechnic
Institute, Troy, New York, United States (2) Dept. of Chemical and Biological
Engineering, Rensselaer Polytechnic Institute, Albany, New York, United States

Host cell protein (HCP) contaminants accumulate during bioprocess recovery of
desirable proteins (eg. mAbs) and result in the need for and disposal of large amounts
of buffer. Electrostatic adsorptive capture of these contaminants using charged
membranes is often used near the end of the recovery process. In this presentation, we
will demonstrate how a new class of high surface area charged branched brush
membrane adsorbers outperformed commercial competitors currently used in industry.
These novel polymer brush membranes were synthesized using a modified Atom
Transfer Radical Polymerization (ATRP) method together with hydrophilic regenerated
cellulose membranes with pore sizes of about 3 µm or greater. The resulting
membranes were challenged with BSA as a model HCP similar to that used by Pall
Corp. and Sartorius Stedim Biotech. Dynamic binding capacity were determined from a
10% dynamic breakthrough curve. The filtration of BSA protein solutions using brush
membranes were conducted in low ionic strength buffer in a 25 mm Pall in-line filter
holder. The adsorbed proteins are then eluted with high ionic strength after the system
is washed with the binding buffer. These high surface area charged branched brush
membrane adsorbers not only reduce buffer waste and processing times but can also
be used to recover recombinant protein aggregates for increased yield. The membranes
were characterized using ATR-FTIR spectroscopy, X-Ray Photoelectron Spectroscopy
and Scanning Electron Microscopy.
BIOT 76
Improving HCP reduction by depth filtration in an enzyme purification process
fang liu, fangliu92@gmail.com, Skaison Kim, Vishal Ahuja, Akshay Phulgirkar, Junfen
Ma. Shire, Lexington, Massachusetts, United States
The endogenous proteins derived from host cells, e.g., Chinese Hamster Ovary (CHO)
Cells, are major process-related impurities in recombinant therapeutic protein
production. Even at low levels they can potentially compromise the safety of
biopharmaceuticals. Therefore, host cell proteins (HCPs) need to be adequately
removed via the downstream purification process. Recent literature shows that some
depth filters are able to separate the product protein from CHO HCPs through charge
interaction, hydrophobic interaction or size differences. In our studies, we compared
Millistak+ HC Pro X0SP filter, a novel and synthetic depth filter, and Millistak+ CR40
filter, an activated carbon filter, for HCP reduction at various downstream process steps
in an enzyme purification process. Due to the low pI of the enzyme product, which is
similar to the CHO HCPs, reducing HCP to the generally accepted level was
demonstrated to be very challenging. The HCP reduction effectiveness and scalability
from nanoPOD (5cm2) to laboratory scale POD filter (270cm2) was demonstrated. The
lot-to-lot variation, impact of flux and leachable removal were also explored. Our studies
suggest that depth filtration can be used in downstream purification process as an
alternative tool for HCP reduction.
BIOT 77

Mechanistic understanding of viral clearance on depth filtration
Yinying Tao, 30903722@acs.org, Wen Luo, Sarah Langan. Eli Lilly and Company,
Indianapolis, Indiana, United States
Viral safety is one of the most critical product attributes for biologics produced in
mammalian cell cultures. To ensure patient safety, it is essential to demonstrate the
downstream purification process is capable of clearing viruses with broad ranges of
biophysical and biochemical properties. Unit operations such as detergent viral
inactivation, low pH treatment, anion exchange chromatography and viral filtration have
been commonly used for virus removal. However, each unit operation has its own
constrains and may not universally be applicable across various biological modalities.
On the flip side, there is an emerging need to improve the viral safety package of
biologics with the increased demand for high dose application. To overcome the
potential shortage of viral safety margin, it is important to build new viral clearance tools
that could either complement or replace existing unit operations as appropriate. In this
study, we focused on the evaluation of depth filtration for viral removal application.
Depth filtration is well established in mAb process to reduce process related impurities
(such DNA and host cell proteins). Viral clearance across depth filters has also been
demonstrated in literature. However, the mechanism by which the virus is removed by
depth filters is not well understood. Due to their structural complexity, there has no
testing methods available to demonstrate the post use filter integrity of the depth filters
in manufacturing setting. For these reasons, depth filtration has not been claimed as a
validated viral clearance step in any commercial mAb manufacturing process. In this
work, our first objective was to investigate the retention mechanisms of our platform
depth filters and assess its robustness for viral removal. Secondly, we attempted to
leverage the vendor experience to build the strategy to demonstrate the filter post-use
integrity. We leveraged both experimental data and microscopic imaging techniques to
inform a detailed understanding of mechanisms involved in virus clearance on our
platform depth filters. Our work demonstrated the potential use of depth filter as a
backup option to provide extra virus clearance capacity without added consumable cost
or process development time.
BIOT 78
Dirty harvest: overcoming high cell density depth filtration challenges using a
scale-down sizing approach
Peter Liu1, peter.liu@merck.com, John Welsh1, Patricia Rose1, Chris Furcht1,
Christopher Nieder2, Jennifer Pollard1. (1) BioProcess Development, Merck, Kenilworth,
New Jersey, United States (2) Biotechnology Management, EMD Millipore, Burlington,
Massachusetts, United States
Modern biologics manufacturing has trended simultaneously towards the use of high
density cell culture production and single-use technologies. While this approach often
yields high titers and simplifies manufacturing, primary recovery can be severely

strained by turbid feed streams and facility limitations as single-use facilities typically do
not have centrifuges. In this work, we present the development and scale-up of the cell
culture harvest step in a challenging late-stage commercial process. The feed contained
over nine percent solids and would foul most depth filters after loading only 50 liters per
square meter of filter area. When increasing the harvest footprint was not an option at
large-scale, an alternative depth filtration scheme was developed using a scale-down
approach. A variety of depth filters were screened at small-scale for high capacity
before fouling and turbidity breakthrough. The Millipore Clarisolve 20MS large pore
depth filter showed a significant improvement in capacity over the other filters and was
taken forward into development. Filter robustness was evaluated using material from
batches of varying cell size distributions, peak densities, and viabilities. Pressure and
breakthrough trends were consistent between runs. However, a chief concern was the
high turbidity of the Clarisolve filtrate, especially from low viability batches. To improve
harvest robustness and ensure reasonable 0.2 micron sterile filter area downstream of
Clarisolve, secondary depth filters were screened for maximum loading and turbidity
reduction. The final two-stage depth filter configuration was scaled up to 500 and 2000
liter scales, conserving performance and meeting manufacturing facility constraints. As
biologics production processes continue to run at higher and higher cell densities, we
anticipate challenges to established harvest steps. At the onset of filtration challenges,
standard pore constriction decay models can also be leveraged with small-scale data to
predict fouling behavior of turbid feed streams and performance of new filters.
BIOT 79
Effect of tangential flow filtration process parameters on antibody-drug
conjugates
Kelly Wilson, wilsonke@medimmune.com, Michaela Wendeler. Purification Process
Sciences, MedImmune, Gaithersburg, Maryland, United States
Antibody-drug conjugates (ADCs) are emerging as an important class of
biopharmaceuticals, particularly for the treatment of cancer. These conjugated
monoclonal antibodies (mAbs) have the potential to deliver cytotoxic payloads directly to
the targeted tumor cells. The manufacturing of ADCs poses several challenges. ADC
molecules may exhibit different biophysical properties than their unconjugated mAb
counterparts, such as a difference in aggregation propensity, thermal stability, and
enhanced sensitivities to chemical and physical stress during manufacturing. These
factors are important to consider when developing the manufacturing process for ADCs.
Tangential flow filtration (TFF) is an integral part of the ADC manufacturing process.
Generally, there are at least two ultrafiltration-diafiltration (UFDF) steps in the ADC
conjugation process. Understanding the flux behavior of ADC molecules and how they
might differ from mAb molecules is critical for developing a robust process step and
achieving high product quality. In addition, the effect of shear and cavitation on ADC
product quality must be understood. In this presentation, we will discuss the impact of

TFF operating parameters on ADCs and their mAb intermediates and the potential
effects of physical stresses, such as shear and cavitation on product quality.
BIOT 80
Mechanisms controlling protein fouling of virus filters
Fatemeh Fallahianbijan1, f.fallahianb@gmail.com, Sal Giglia2, Christina M. Carbrello2,
Andrew L. Zydney3. (1) Chemical Engineering, Pennsylvania State University, University
Park, Pennsylvania, United States (2) EMD Millipore, Bedford, Massachusetts, United
States (3) Dept of Chemical Engineering, Penn State University, University Park,
Pennsylvania, United States
Monoclonal antibodies (mAbs) used for treatment of cancer and immunological
disorders are currently produced in mammalian cell lines that can harbor endogenous
viruses. Therefore, the downstream purification process must provide high levels of viral
clearance to ensure the safety of these biotherapeutics. Virus filtration is a robust sizedbased technique that can achieve more than 99.9% removal of viruses as small as 20
nm, while providing high protein transmission. However, protein fouling can severely
limit the performance of these virus filters. The objectives of this study were to evaluate
the effects of protein concentration and aggregate levels on the fouling characteristics of
different virus filters and to develop a fundamental understanding of the mechanisms
controlling membrane fouling.
Filtration experiments were conducted using single-layer Viresolve® Pro and NFP virus
filters. Filters were challenged with different concentrations of immunoglobulin G (IgG)
and bovine serum albumin (BSA) as model proteins. In some experiments, the protein
solutions were prefiltered to remove protein aggregates prior to virus filtration. The size
distribution of the protein feed was evaluated by dynamic light scattering and / or size
exclusion chromatography. Confocal microscopy was used to determine the location of
fluorescently-labeled protein captured within the virus filter.
Flux decline data obtained with BSA were independent of the transmembrane pressure
when plotted as the normalized flux as a function of the protein mass throughput. In
contrast, flux decline with IgG was less pronounced at high pressures with the
Viresolve® Pro but was nearly independent of pressure with the Viresolve® NFP. The
protein solutions contained a significant number of large aggregates and higher order
oligomers, both of which were directly associated with membrane fouling. The extent of
flux decline was significantly reduced when using prefiltered solutions with lower levels
of aggregates. Virus retention by the Viresolve® Pro was unaffected by membrane
fouling, in contrast to the significant decline in virus retention due to fouling of the
Viresolve® NFP reported in the literature. Confocal microscopy showed that protein
fouling occurred primarily within the depth of the virus filters due to the highly
asymmetric pore structures. These results provide important insights into the effects of
fouling on the performance of these widely-used virus filtration membranes.
BIOT 81

Unrevealing the plugging mechanisms during a combined tangential-flow and
depth filtration process of a hollow fiber filter
Da Zhang2, dazhang@email.uark.edu, Parag Patel3, Daniel Strauss3, S. Ranil
Wickramasinghe2, Xianghong Qian1. (1) Biomedical Engineering, University of
Arkansas, Fayetteville, Arkansas, United States (2) Department of Chemical
Engineering, University of Arkansas, Fayetteville, Arkansas, United States (3) Asahi
Kasei Bioprocess, Glenview, Illinois, United States
The rapid advancement in upstream cell culture operations has led to a significant
increase in product titers. However, this high-level of productivity is accompanied by a
rather high cell density which places a significant burden on the traditional downstream
clarification and purification operations, especially during the initial clarification and
capture steps. Depth filtration, centrifugation and tangential-flow filtration (TFF) have
been used to remove cells, cell debris and other impurities. Depth filter consists of a
thick porous bed that can trap particles within the filter in contrast to screen type filters
that largely reject particulate matter based on surface filtration. On the other hand, the
tangential flow of the feed to the membrane surface leads to the suppression of cake
growth during TFF operation. BioOptimal MF-SL from Asahi KASEI operates as a hybrid
TFF-depth filter. However, the plugging mechanism(s) for BioOptimal MF-SL and other
hybrid filters are poorly understood. Here a combined pore blockage and cake filtration
model has been able to describe well the fouling mechanism of this hybrid filter in the
normal flow mode whereas a resistance in series model has been able to predict
performance of the filter operated in the TFF mode. Significant insights have been
obtained in understanding the fouling mechanism and optimal operation condition of this
hybrid filter.
BIOT 82
Engineering oleaginous yeast Yarrowia lipolytica for production of fuels and
chemicals
Peng Xu, pengxu@umbc.edu. Chemical, Biochemical and Environmental Engineering,
University of Maryland Baltimore County, Baltimore, Maryland, United States
Yarrowia lipolytica is an oleaginous yeast that have been substantially engineered for
production of oleochemcials and drop-in transportation fuels. It has been recognized as
a generally regarded as safe (GRAS) organism for the production of organic acids in the
food and nutraceutical industry. The high precursor acetyl-CoA and malonyl-CoA flux
along with the versatile carbon-utilization capability places this yeast as a superior host
to upgrade low-value carbons into high-value pharmaceuticals and plant natural
products (PNPs). Bacteria system in general is less efficient to express the complex
gene cluster of plant natural product pathway. Unlike bacteria, yeast has developed
spatially separated organelles to partition specialized metabolic functions into distinct
cellular compartments. In this talk, I will present strategies to graft the acetylCoA/malonyl-CoA/HMG-CoA pathway toward engineering efficient yeast cell factories to

produce complex oleochemicals, terpenes and polyketides. We identified pathway
limitations and assessed genetic engineering strategies to elevate the level of acetylCoA, malonyl-CoA, HMG-CoA and NADPH. This work will provide a testbed for
engineering Y. lipolytica and expanding nature’s capacity to produce complex natural
products and chemicals from renewable feedstocks.
BIOT 83
Improving ionic liquid tolerance in Saccharomyces cerevisiae through
heterologous expression and directed evolution of the ILT1 homolog from
Yarrowia lipolytica
Kevin B. Reed1, kevin.reed@utexas.edu, James M. Wagner1, Simon d’Oelsnitz2,
Joshua M. Wiggers1, Hal S. Alper1,2. (1) McKetta Department of Chemical Engineering,
University of Texas at Austin, Austin, Texas, United States (2) Institute for Cellular and
Molecular Biology, University of Texas at Austin, Austin, Texas, United States
An important aspect of strain engineering is matching desired physiological traits with
actual fermentation conditions. In this regard, the conversion of lignocellulosic material
to fuels and chemicals raises unique challenges. Recently, ionic liquids have emerged
as promising solutions for the solubilization and breakdown of lignocellulosic biomass
prior to microbial conversion. Yet, many commonly used imidazolium ionic liquids (IILs)
can be toxic to microbial production hosts, even at residual concentrations that may be
present after separation and recycling processes. Thus, strain engineering is required to
match tolerance traits with the conversion processes that utilize IILs. To this end, this
presentation demonstrates that dominant heterologous expression of the putative
membrane protein Ilt1p (encoded by YlILT1 / YALI0C04884) from the IIL-tolerant yeast
Yarrowia lipolytica confers a more significant increase in 1-ethyl-3-methylimidazolium
acetate ([EMIM]OAc) tolerance in Saccharomyces cerevisiae than overexpression of
the endogenous Ilt1p (encoded by ScILT1 / YDR090C). We subsequently further
improve this IIL tolerance in S. cerevisiae through directed evolution of YlILT1 using
growth-based selection in IIL-containing media to identify two point mutations that can
achieve improved tolerance upwards of 3-4% [EMIM]OAc. Lastly, we demonstrate that
S. cerevisiae strains expressing both wild-type YlILT1 and the two mutant sequences
demonstrate an improvement in growth and anaerobic ethanol production in the
presence of residual IIL. Overall, this work shows that dominant overexpression of a
single heterologous protein from a more IIL-tolerant yeast can increase IIL tolerance in
S. cerevisiae for concentrations relevant to value-added chemical production from ionic
liquid-treated biomass. Likewise, this work raises the potential of enabling this “drop-in”
improvement in tolerance to other fungal hosts. Collectively, these findings can act to
enhance process robustness and lead to better biomass-fueled microbial conversion
outcomes.
BIOT 84
Medium chain fatty alcohol production via the reverse β-oxidation pathway

Dylan Courtney, dcourtney2@wisc.edu, Chris Mehrer, Jennifer Reed, Brian Pfleger.
Chemical and Biological Engineering, University of Wiscosin - Madison, Madison,
Wisconsin, United States
Medium chain fatty alcohols are of particular interest industrially for their applications in
cosmetics, consumer products, and polymers. We have developed a strain of
Escherichia coli capable of an increased production of a range of medium chain nalcohols through the reverse β-oxidation pathway. In developing this strain, we selected
and evaluated several homologues of each enzyme module in the pathway. We found
that the selection of thiolase (FadA) and β-hydroxy-acyl-CoA reductase (FadB) complex
influences the dominant chain length, and direct over-expression of these enzymes and
the trans-2-enoyl-CoA reductase (TER) led to improved alcohol titers. These changes
paired with the application of an anaerobic auto-induced promoter (VHb) from
Vitreoscilla hemogolobin further improved titers without the need for addition of a
chemical inducer to the medium. Our best performing strain produced n-alcohols at
titers of 1.8 g/L with an apparent molar yield of 0.2 on glucose consumed in rich medium
(52% of theoretical yield), with significant concentrations for chain lengths ranging from
C6 to C16. In order to interrogate how the elongation cycles of the reverse β-oxidation
pathway reaches this specific distribution of chain lengths, we constructed an ensemble
of kinetic models describing the pathway. Each model in the initial ensemble captures
the chain length distribution observed in our reference strain, but does so with different
sampled kinetic parameters. We refined our ensemble through the over-expression of
individual enzymes, retaining models able to recapitulate the chain length distribution,
fluxes and measured metabolite concentrations observed in these experimental strains.
The remaining models enable us to simulate the effect that enzyme expression tuning
may have on chain length distributions directing our further engineering effort to develop
strains capable of higher productivities and selectivity.
BIOT 85
Biosynthesis of the hallucinogenic natural product psilocybin in E. coli
John A. Jones1, jonesj28@miamioh.edu, Alexandra M. Adams1, Nicholas A. Kaplan2,
John Brinton3. (1) Chemical, Paper, and Biomedical Engineering, MIAMI UNIVERSITY,
Oxford, Ohio, United States (2) Physics, Miami University, OXFORD, Ohio, United
States (3) Chemical, Paper and Biomedical Engineering, Miami University, Oxford,
Ohio, United States
Here, we present our progress towards the development of a modular biosynthetic route
for the production of the hallucinogenic natural product, psilocybin, in the model
microbe, Escherichia coli. The development of a psilocybin production platform in a
highly engineerable microbe could lead to rapid advances towards the bioproduction of
psilocybin for use in ongoing clinical trials for treatment resistant depression, posttraumatic stress disorder (PTSD), and addiction. Efforts to improve pathway
performance through genetic and fermentation conditions optimization will be
presented. These efforts include the construction, evaluation, and comparison of a

combinatorically defined copy number library and a series of random ePathOptimize
promoter libraries. Through these genetic optimization approaches, we are able to show
a 55-fold improvement in psilocybin titer. Further improvements in this geneticallyoptimized base strain were achieved through optimization of fermentation conditions,
including fermentation temperature, media composition, induction timing, as well as
inducer, supplement and precursor concentrations. The combination of genetic and
fermentation optimization resulted in an over 200-fold improvement in psilocybin titer.
Ongoing and future efforts to deregulate and enhance intracellular precursor and cofactor flux in the psilocybin production host will also be presented. The evaluation of
strains and conditions was accomplished through the use of medium-throughput
screening in 48-well plates coupled with HPLC analysis of metabolite concentrations.
We discuss our work with this unique approach to develop and characterize the
production landscape of our novel production host.
BIOT 86
Deletion of four genes in E. coli enables preferential consumption of xylose and
secretion of glucose as a valuable cross-fed nutrient in synthetic cocultures
Camil Diaz, cacdiaz@udel.edu, Robert K. Bennett, Eleftherios T. Papoutsakis, Maciek
R. Antoniewicz. Chemical and Biomolecular Engineering, University of Delaware,
Newark, Delaware, United States
The compatibility of cross-fed substrates is paramount in the design of robust
cocultures, often requiring genetic manipulation to override native substrate preferences
of each partner. We have engineered an E. coli strain, X2G, that not only exhibits a
reversed substrate preference for xylose over glucose, but also demonstrates an
unusual ability to produce significant amounts of glucose. Thus, X2G is an attractive
coculture partner for a broad array of microbes that preferentially consume glucose over
other carbon sources.
We obtained this non-intuitive phenotype by first blocking glucose uptake in E. coli
through the deletion of ptsI and glk, which encode Enzyme I of the phosphotransferase
system and glucokinase, respectively. Next, we prevented the reassimilation of carbon
through glycolysis and the oxidative pentose phosphate pathway be deleting pfkA, and
zwf, which encode the dominant isozyme of phosphofructokinase and glucose-6phosphate 1-dehydrogenase, respectively. Surprisingly, the addition of these latter two
modifications gave X2G the ability to convert 34% of the carbon it takes up as xylose
into secreted glucose. Despite this, the intracellular flux profile and cofactor allocation of
X2G remain largely unperturbed compared to the wild-type, as revealed by 13Cmetabolic flux analysis.
Furthermore, by employing adaptive evolution in batch monoculture, we obtained a
clone of X2G with a 76% increase in growth rate and only a 35% reduction in glucose
yield relative to the parent strain. Perhaps most surprisingly, although we selected for
faster growth under normal culturing conditions, this clone developed the ability to

continue producing glucose under either complete nitrogen or phosphate starvation.
Through whole-genome, next-generation sequencing and subsequent overexpression
studies, we identified a single-amino acid substitution in a regulatory protein involved in
xylose catabolism that is likely responsible for this unexpectedly altruistic phenotype. In
ongoing work, we are employing additional rational engineering strategies and adaptive
evolution to further enhance glucose production by X2G for our studies of nitrogenlimited cocultures. More broadly, our results demonstrate the flexibility of central
metabolism and the opportunities this affords for producing hexose-derived products
from lignocellulosic feedstocks.
BIOT 87
Quantifying photosynthetic carbon fluxes for limonene production in
Synechococcus sp. PCC 7002
Cara Sake, csake@mymail.mines.edu, Sophia Becker, Darrian Newman, Nanette
Boyle. Chemical & Biological Engineering , Colorado School of Mines , Golden,
Colorado, United States
Limonene (C10H16) is a monocyclic terpene that has been identified as a suitable
precursor for next generation jet fuels and fuel additives. Cyanobacteria are capable of
producing high value chemical products like limonene, due to their ability to sustainably
synthesize energy-dense compounds directly from atmospheric CO2. However, the
production of limonene in cyanobacteria has had limited success. The highest reported
titers for limonene production in cyanobacterial species such as Synechocystis sp. PCC
6803 have remained under 10 mg/L. For comparison, metabolic engineering efforts in
E. coli have surpassed this by an order of magnitude, reaching limonene titers in the
hundreds of mg/L. To achieve the goal of engineering a commercially competitive strain
of limonene producing cyanobacteria, it is imperative to obtain a greater understanding
of cyanobacterial metabolism and formulate a rationale engineering approach. We have
chosen to use a technique called isotope assisted metabolic flux analysis ( 13C-MFA),
which is the benchmark for measuring in vivo carbon flux through metabolic pathways
by combining experimental carbon labeling and computational modeling techniques.
This method has also been shown to be an excellent tool for identifying target pathways
during strain production. We have developed a base strain of the fast-growing
cyanobacterium Synechococcus sp. PCC 7002 that photosynthetically produces 4 mg
limonene per L cell culture from atmospheric CO2. We have utilized 13C-MFA to
measure intracellular metabolic fluxes through central metabolism and the nonmevalonate (MEP) pathway of both wild-type and limonene-producing Synechococcus.
We will discuss our 13C-MFA results and examine how metabolic modeling provides
useful tools for predicting the most impactful target pathways for genetic engineering.
BIOT 88
Transcriptional control through synthetic genetic regulation devices for

Nicholas R. Sandoval1, nsandova@tulane.edu, Rochelle C. Joseph1, Nancy M. Kim2.
(1) Chemical and Biomolecular Engineering, Tulane University, New Orleans,
Louisiana, United States (2) Tulane University, New Orleans, Louisiana, United States
Predictable control of transcription within bacterial systems is essential to achieve
maximum production yields and titers by reducing carbon flux through undesirable
pathways. To achieve such control, genetic parts must be developed that can allow
user-defined control. Although much recent progress has been made in transcription
factor-based biosensors for workhorse organisms, non-model organisms such as
Clostridium still lack tools for rapid and customizable gene expression control1.
Clostridium species are promising microorganisms for the production of advanced
biofuels (e.g., butanol) and platform chemicals, yet a lack of efficiency reduces their
economic viability. While effort has been dedicated to studying and engineering
Clostridium species, progress has been slow compared to the common workhorse
organisms, due to the dearth of synthetic biology tools. Additionally, low throughput
screening methods such as liquid chromatography are a bottleneck in evaluating more
than a handful of strain designs at once, limiting the ‘test’ step in the design-build-test
cycle.
In this work, we have developed two systems for transcriptional control in Clostridium
sensu stricto. First, we have developed a regulatable CRISPRi gene repression for the
fine-tuning of biosynthetic pathways using Cas12a effector proteins, which are better
suited for use in Clostridium due to the genus’ AT-rich genomes. We demonstrate
tunable repression based on proximity to regulation elements, strand, and number of
targeted sites through reporter genes, transcription levels, and metabolic alteration. We
propose a set of heuristics for such control. In addition, we demonstrate a set of
engineered product-responsive transcription factor regulated promoters (biosensors) for
real-time single cell monitoring of butanol accumulation. We demonstrate tunability of
gene expression though altering the number, location, and sequence of the transcription
factor binding sites. Additionally, we show transcription factor-operator binding energy
plays a key factor in the tunability of such systems. Such TF biosensors can be used for
isolation of hyperproducing mutants and rewiring metabolism during fermentation
production.
BIOT 89
Cell-free prototyping tools for metabolic engineering
Ashty Karim, ashtykarim@gmail.com, Michael C. Jewett. Chemical and Biological
Engineering, Northwestern University, Chicago, Illinois, United States
To help meet societal needs in energy, medicine, materials, and more, engineers seek
to design enzymatic reaction schemes in model microorganisms to produce biochemical
and meet manufacturing criteria. Unfortunately, this is difficult because design-build-test
(DBT) cycles—iterations of re-engineering organisms to test new sets of enzymes—are
detrimentally slow due to the constraints of cell growth. As a result, a typical project
today might only explore dozens of variants of an enzymatic reaction pathway. To

speed up these DBT cycles, we have developed several tools using cell-free systems to
prototype and rapidly optimize biosynthetic enzymes for metabolic engineering
applications. In our approach, cell-free cocktails for synthesizing target small molecules
are assembled in a mix-and-match fashion from crude cell lysates selectively enriched
with pathway enzymes either produced pre-lysis by overexpression in the lysate chassis
strain or post-lysis by cell-free protein synthesis. We demonstrate that cell-free
approaches can quickly study pathway enzyme ratios, tune individual enzymes in the
context of a multi-step pathway, screen enzyme variants for high-performance
enzymes, and discover enzyme functionalities. The rapid ability to build pathways in
vitro using cell-free systems allows us to generate large amounts of data describing
pathway operation under several operating conditions. We demonstrate using cell-free
systems for the production of several small molecule metabolites including 3hydroxybutyrate, n-butanol, and isoprenoids. In addition, we show that cell-free systems
can be used to inform industrial metabolic engineering efforts in non-model organisms.
We anticipate that cell-free systems will facilitate efforts to define, manipulate, and
understand metabolic pathways for accelerated DBT cycles in the cell-free environment
before engineering organisms. In tandem in with high-end metabolomics, cell-free
systems will offer a high degree of flexibility to model the kinetics and stability of
individual enzymes, measure metabolite fluxes in multistep pathways, and
experimentally isolate many other parameters confounded in living organisms.
BIOT 90
Process development for isolation of recombinant thioredoxin using mixed-mode
resins: High throughput screening and scale up
Ayswarya Ravi1, raviays.10h@tamu.edu, Peter Heifetz2, Emma Foster1, Zivko L.
Nikolov3. (1) Texas A&M University, Bryan, Texas, United States (2) OrPro
Therapeutics, Inc., San Diego, California, United States (3) Texas A M Univ, College
Sta, Texas, United States
Human thioredoxin (hTrx) is an acidic redox protein with therapeutic value, successfully
expressed in recombinant E. coli. Downstream process development is complex due to
the susceptibility of hTrx to oxidation and aggregation. Additionally, the low
hydrophathicity index (- 0.096) and minimal net charge (-6.8 at pH 8) are major
challenges to purification of hTrx by single-mode chromatography resins.
Mixed-mode chromatography resins expand the profile of interaction mechanisms with
enhanced hydrophobic interactions and salt tolerant binding. Extensive screening and
optimization is crucial in selecting the binding and elution conditions for these resins.
High throughput screening (HTS) on 96-well filter plates allows a scaled down model of
interactions and comprehensive analysis of the optimal operating conditions.
Commercial mixed-mode resins: CaptoAdhere, HEA HyperCel, PPA HyerCel, CFT and
Toyopearl NH2-750F were screened by HTS for selectivity. HEA HyperCel was chosen
as the capture chromatography, which under optimized binding conditions, provided a
73% purity in a single chromatography step. The HTS of elution buffer conditions
revealed that 95% recovery could be achieved by salt and arginine. The role of buffers

in hTrx aggregation and interaction mechanisms with the resin was also investigated.
Optimal process parameters derived from HTS experiments, including the resin binding
capacity, were tested and confirmed by packed-bed column chromatography. This work
demonstrates the application of mixed-mode resins for direct capture of non-mAb
proteins from crude lysates.
BIOT 91
Exploration of a new affinity platform to address evolving diversity challenges
Johan Ohman, johan.ohman@ge.com, Peter Lundback, peter.lundbaeck@ge.com,
Susanna Lindman, susanna.lindman@ge.com, Emma Lind, emma.lind@ge.com.
R&D, GE Healthcare , Uppsala, Sweden
The increased diversity of new biomolecular entities such as non-Mabs or antibody
fragments increases the need for novel affinity platforms that can accelerate new drug
evaluation and optimization including manufacturing. Here we explore a new technology
platform available medium term to address this trend.
Affinity purification tags provide simple and robust production of recombinant proteins
and are commonly used in research applications. However, the affinity tags may affect
the activity and immunogenicity in the case of therapeutic proteins. It is therefore critical
to remove the affinity tag after purification and this is generally done by adding specific
proteases, that later needs to be removed by additional chromatography steps. To
improve this process, our objective was to explore a new “self-cleaving” affinity
purification platform for non-Fc therapeutic proteins based on split inteins. Split inteins
are proteins with self-cleaving activity that consists of two subdomains that can be used
as ligand/affinity-tag pairs. The use of split inteins in chromatography enables singlestep affinity capture processes where the end-result is yielding a completely native
recombinant protein after self-cleavage.
Here we present a high capacity purification of affinity-tagged IL-1 beta, (Interleukin-1
beta), under mild conditions using a novel engineered split intein system and the
biological activity of the recovered tag-less protein in a cell-based assay. The purity of
tag-less IL-1 beta after a single step was >96% based on size-exclusion
chromatography and SDS-PAGE and the biological activity, (EC50), measured with IL-1
beta reporter cells was 240 pg/ml which is comparable with expected EC50 values
described in the literature. The quality of the purified protein and the processing time
was compared with a conventional affinity tag purification scheme including protease
cleavage and removal of the tag. The overall quality was comparable, but the
processing time was significantly shorter with the split intein system and could be
completed within a working day.
BIOT 92
Chromatographic clarification: Early impurity removal in recombinant protein
production

Karl Metzger1,3,2, karl.metzger@fh-campuswien.ac.at, Steven De Groeve4, Kurt Eyer4,
Alexei Voloshin4, Michael Maurer3. (1) University of Natural Resources and Life
Sciences, Vienna, Vienna, Austria (2) Austrian Centre of Industrial Biotechnology ACIB,
Graz, Austria (3) Bioengineering, University of Applied Sciences Campus Vienna,
Vienna, Austria (4) 3M Separation and Purification Sciences Division, St. Paul,
Minnesota, United States
The microbial production of biotherapeutics represents a critical part of the rapidly
evolving biotechnology industry. Around 30% of today’s biopharmaceuticals are
expressed in the gram-negative bacterium E. coli. The primary strategy of intracellular
protein expression in bacteria requires cell disruption for product release. This
complicates downstream processing due to a massive release of process related
impurities. While some classes of impurities, such as host cell proteins (HCPs) can be
effectively removed by conventional chromatography, other contaminants, such as DNA
and endotoxin present a more challenging task due to their physical and chemical
characteristics. Yet, being able to significantly decrease their concentration early in the
process can make the purification process simpler, more robust, and more inexpensive.
The present study introduces a new strategy of removing contaminants very soon in the
process by using a chromatographic clarification approach. Meaning by using a nonwoven material having anion exchange characteristics, it is possible to capture soluble
and insoluble contaminants based on their charge as well as their size. This allows
purification and clarification at the same time, thus reducing the key process related
contaminants already at the clarification stage in the production process. We report a
DNA clearance of more than 2-log reduction, a HCP removal of at least 0.2-logs and an
endotoxin decrease of about 7-logs.
To summarize the present work shows that this strategy is both scalable and
platformable, as it utilizes commercial depth filtration and chromatographic clarification
technologies to facilitate early impurity reduction.
BIOT 93
Continuous downstream processing of GCSF expressed as inclusion bodies
using Cadence BioSMB PD system
Sharad J. Narnaware, sharadudps@gmail.com, Nikhil Kateja, Anamika Tiwari, Anurag
S. Rathore. Department of Chemical Engineering, Indian Institute of Technology, Delhi,
New Delhi, New Delhi, India
Recent years have seen increasing interest towards the development of integrated
continuous processing platforms for biotherapeutics. A lot of efforts in this direction have
been put towards the creation of continuous chromatography technologies like PCC,
MCSGP and BioSMB. Cadence BioSMB PD is a continuous chromatography system
consisting of an integrated controlled valve setup with the capability to operate 16
columns. The versatile integrated valve makes the system capable of carrying out
chromatography in various configurations like bind and elutes, flow through and tandem.
In the current study, an end to end integrated the continuous downstream process for

granulocyte colony-stimulating factors (GCSF) has been established. The integrated
process consists of continuous refolding in a coiled flow inverter reactor (CFIR) followed
by continuous chromatography using the BioSMB system. Using the BioSMB, 2 step
batch chromatographic purification process was converted into an integrated continuous
system. Thus for continuous chromatography, 3 capture chromatographic columns in
PCC mode were coupled with 2 polishing chromatography columns in CCC mode
yielding purified GCSF. This coupling of steps in continuous setup resulted in the
elimination of in process surge vessel along with the benefit of carrying out multiple
chromatographic steps continuously using a single chromatographic system. This not
only reduces the capital and operational cost but also decreases chances of any
external contamination. The continuous bioprocessing train was run uninterrupted for 24
h to demonstrate its capability and the resulting output was analyzed for the various
critical quality attributes. All attributes were found to be consistent over the period of
operation. The overall process yield from refolding to the unformulated drug was found
to be >60%.
BIOT 94
Development of a platform process for the rapid production and purification of
single domain antibodies
Laura Crowell1,2, lcrowell@mit.edu, Chaz A. Goodwine3, Kerry R. Love2, Steven M.
Cramer3, John C. Love1,2. (1) Chemical Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts, United States (2) Koch Institute for Integrative
Cancer Research, Massachusetts Institute of Technology, Cambridge, Massachusetts,
United States (3) Chemical and Biological Engineering, Rensselaer Polytechnic
Institute, Troy, New York, United States
Single domain antibodies (sdAbs or VHHs) offer the affinity and therapeutic value of
conventional antibodies with increased stability and solubility. Unlike conventional
antibodies, however, VHHs do not benefit from a platform production process.
Successful VHH production has been shown in numerous microbial hosts including
Escherichia coli and Pichia pastoris. Typical purification processes, however, either rely
on affinity tags or are unique for each new product. Affinity tags are often a cause of
concern for regulators, while developing a brand new process for each product requires
significant time and resources. A ‘plug and play’ process for the production and
purification of VHHs could simplify the manufacturing of these products and enable the
rapid translation from sequence to pre-clinical material. We have previously
demonstrated a bench-scale, integrated and automated system capable of rapidly
producing a variety of high quality biologic drugs. Here we use this system to
demonstrate a broadly applicable production and purification process for single domain
antibodies in Pichia pastoris which enables the rapid production of multiple VHH
products at a quality appropriate for pre-clinical studies. This process includes
fermentation via perfusion, a single in-line pH adjustment, and a two-step, integrated
chromatographic purification. To date, we have successfully produced more than five
different VHH products using this production process with only minimal process

adjustments. Further, we show that the necessary process adjustments can be
predicted from the target molecule sequence, often with no experimental evaluation. We
use this methodology to produce pre-clinical quality VHH products in as few as 4 weeks
after obtaining the target product sequence. Rapid translation from sequence to preclinical quality material as presented could allow a greater number of higher quality
molecules to reach the clinic.
BIOT 95
Development of a predictive model for Fab arm exchange of IgG1 and IgG4
bispecific mAbs: Implementation of QbD design space elements for bispecific
abs
Amin Salehi, asalehi1@its.jnj.com, Jeffrey D. Cohen, Daniel Bezila, Raphael G.
Bertrand, Rajiv Rao, William Cressman, Mark Chiu, Pedro J. Alfonso. DPDS,
Biotherapeutics Development, Janssen Biopharmaceuticals, Malvern, Pennsylvania,
United States
Mathematical modeling coupled with lab experiments was used to optimize process
development of bispecific mAbs. Application of QbD elements to the formation of
bispecific antibodies through controlled Fab-arm exchange is demonstrated by
considering first principles and kinetic data coupled with lab bench and manufacturing
scale data to predict bispecific formation yield and product quality from an input of 25
different parameters. Multiple process parameters (ex. temperature, pH, ionic strength,
reducing agent, IgG concentration, and dissolved oxygen) have direct effects on the
final product quality and yield. Although the individual effects of each parameter can be
known, because of the complex nature of the reaction (reduction and dissociation of
Fab homodimers, association of Fab heterodimers, and reformation of disulfide bonds),
and the combined effects of multiple process parameters simultaneously, it can be
extremely difficult to optimize and predict the outcome of the reaction under a set of
specific conditions.
To answer this limitation and to explore the design space in silico, a kinetic-based
mathematical model was developed that considers the effects of these process
parameters to predict the bispecific formation yield and quality attributes. Using the
model, we were able to optimize the yield and reducing agent and IgG concentration,
while simultaneously decrease the reaction time to fit into one manufacturing shift. In
addition, the model was valuable to define a robust design space for the operating
range of multiple parameters. Comparison of model results with a Definitive Screening
Design (DSD) data for two IgG4 case studies and published kinetic data demonstrate a
< 5% difference to yield and quality attributes. This model can be used as a tool for
investigating deviations in manufacturing to help predict product quality when one or
more variables exceed manufacturing recommended operating (MOR) ranges and has
applications for continuous manufacturing.
BIOT 96

Integrated approach to understanding and controlling for scFv bispecific
antibody aggregation during process development
Wai Chung1, waikeen.chung@gmail.com, Cassia Andrade1, Lindsay Arnold2, Michael
Handlogten3, Dana Motabar1, Aspelund Matthew1, Alison Tang1, Thomas Albanetti3,
Nitin Agarwal3, Alan Hunter1. (1) Purification Process Sciences, MedImmune, Rockville,
Maryland, United States (2) MedImmune, Gaithersburg, Maryland, United States (3)
Cell Culture & Fermentation Sciences, MedImmune LLC, Gaithersburg, Maryland,
United States
Bivalent bispecific antibodies (BsAb) are a novel class of therapeutics that allow for the
binding of two distinct epitopes due to the presence of an additional single chain
fragment (scFv) that is expressed with the intact IgG molecule. High aggregate content
(10-30%) at the end of cell culture is often observed and requires yield compromises in
order to meet purity targets. Furthermore, the high aggregate levels pose robustness
risks to a conventional mAb three column platform purification process which uses only
the polishing steps (e.g. cation exchange chromatography (CEX) for aggregate removal.
As the mechanism of aggregation in BsAbs is not well-understood, developing solutions
to address aggregation becomes challenging. Root cause investigations were
performed for different BsAb constructs which demonstrated that BsAb aggregates are
primarily covalent species arising from cross-linkage between the engineered cysteines
on the heavy and light chains of the scFv. The aggregates are also formed within the
cell before being secreted into the culture media. Alternative means of introducing
orthogonal aggregate removal capabilities into other aspects of the purification process
such as Protein A chromatography with pH gradient elution, high performance
tangential flow filtration (HP-TFF) and calcium phosphate precipitation were evaluated.
Protein A pH gradient elution followed by calcium phosphate precipitation was also
evaluated at pilot scale, demonstrating comparable performance. With the
implementation of Protein A chromatography with gradient elution and/ or calcium
phosphate precipitation, a sufficient portion of the aggregate burden was removed prior
to the CEX final polishing step, enabling robust operation under conditions favoring
higher monomer yield. From starting aggregate levels ranging from 15-23% in the
condition media, levels were reduced to between 2-3% at the end of the CEX step,
while achieving an overall yield of 71%. The findings from this study suggest an
improved three-column mAb platform-like purification process for high aggregate scFvIgG bispecific antibodies is feasible.
BIOT 97
Characterizing bioprocess samples with a high-throughput assay as a risk
assessment tool for polysorbate degradation
Adithi Chandrasekhara, chandrasekhara.adithi@gene.com. Genentech, South San
Francisco, California, United States

Polysorbate 20 and 80 are surfactant species that have been shown to degrade in drug
products through pathways such as oxidation and hydrolysis. Hydrolytic degradation of
polysorbate can be catalyzed by trace host cell impurities with lipase activity, which can
cause a build-up of free fatty acid in solution. The impurities that catalyze polysorbate
hydrolysis are likely multiple species and present in extremely low abundance, making
identification and quantitation of these impurities difficult. In order to track process
performance for clearance of relevant impurities, a high-throughput screening assay
was developed to detect total lipase activity in protein pools. This assay provides
valuable information in process performance evaluation, lipase species differentiation,
and risk assessment of polysorbate degradation in final drug product if a productspecific correlation between the lipase assay result and polysorbate degradation rate
can be established.
BIOT 98
Critical process parameters for baculovirus infection of a rAAV Sf9
manufacturing process and their impact on quality attributes
Krishanu Mathur, kmathur@vygr.com. Voyager Therapeutics, Cambridge,
Massachusetts, United States
Recombinant Adeno-associated virus (rAAV) has emerged as a gene therapy vector of
choice for multiple clinical applications. Current manufacturing techniques for AAV
production have been successful in cases of treatment of rare diseases or dosing
strategies which have required low to moderate vector amounts. However, as clinical
indications move into non-rare diseases or for treatments which require higher vector
doses (e.g. if systemic administration is intended), it becomes necessary to better
understand and further intensify rAAV manufacturing platforms. This presentation
highlights Voyager Therapeutics’ Sf9/baculovirus rAAV manufacturing platform and
efforts in identifying and optimizing critical process parameters to enable high volumetric
productivities at the desired product quality. The impact of process variables, such as
temperature, pH, and mass transfer, on process performance and scalability was
studied, and DOE studies to optimize infection timing and Multiplicity Of Infection (MOI)
were also executed to achieve desired quantity and quality of product. Different cell
culture media have also been evaluated to enhance cell specific productivity while
maintaining product quality. This comprehensive approach to upstream process
development has resulted in a robust and scalable manufacturing process that
consistently delivers a high-quantity and high-quality clinical grade rAAV product.
BIOT 99
Efficiency, quality and traceability of PEIpro transfection reagent for clinical
grade viral vector manufacturing

Malik Hellal, mhellal@polyplus-transfection.com, Mathieu Porte, Fabrice Stock, Yann
Philipson, Valérie Kedinger, Claire Warteil-Weill, Pascale Belguise, Patrick Erbacher.
Polyplus-Transfection, Illkirch-Graffenstaden, France
The growing interest in viral vectors for gene therapy requires efficient and costeffective manufacturing platforms for industrialization. Significant improvements have
already been recorded over the last decade. However, robust and large-scale
production technologies that meet current Good Manufacturing Practices (cGMP) are
still critically needed.
Viral vector delivery systems, of which mainly adeno-associated viruses (AAV) and
lentiviruses-based are mainly produced by transient transfection of mammalian
producer HEK-293 cell lines. Virus vector production using the right transient
transfection method is crucial to provide the flexibility and reproducibility needed to
scale-up from initial process development up to large scale manufacturing of highquality grade viral vectors.
Here we describe PEIpro®, an optimized PEI-based transient transfection system that
utilizes our long standing cationic polymer expertise combined with advances in
manufacturing platform technologies for large scale and high-yielding viral vector
production. We demonstrate the robustness, scalability and reliability of our PEI-based
transient gene expression approach to manufacture GMP-grade viral vectors at a
sufficiently large scale for more advanced clinical trials, and in fine for
commercialization. To address the requirement for the release of a Final Drug Product:
(control and detection of residual levels of any raw material/impurities), we have
developed a proprietary analytical method tailored for detection and quantification of
residual PEIpro® throughout downstream purification processes up to the Final Drug
Product.
BIOT 100
Enabling AAV production by suspension HeLa PCL cultivation at high cell
densities through implementation and optimization of the inoculum processes
while using proprietary chemically defined media
Jenny Shupe, jennywangyzh@gmail.com, Terrence Dobrowsky. Technology
Development, Biogen, Littleton, Massachusetts, United States
Adeno-associated vectors (AAV) have been the gene delivery vehicle of choice in the
gene therapy field, and its production using HeLa producer cell line (PCL) suspension
cell culture infected by helper virus (Ad5) is considered one of the most scalable and
cost-effective methods. To date, the commercial scale of AAV manufacturing using
HeLa PCL suspension cell culture has been limited at low cell densities, majorly due to
two reasons: 1) the necessity of significantly diluting the seed culture with fresh
production medium to maintain high specific productivity, and 2) the generally low
maximal final cell density achieved through traditional batch culture. In this work, we
employed and optimized our proprietary chemically defined media to culture HeLa PCL
cells and reached higher cell densities through batch culture. We have also successfully

implemented and optimized fed batch process and perfusion process to achieve much
higher cell densities while maintaining high viability and a consistent growth rate, which
enabled concurrent AAV production improvement. Multiple HeLa PCL clones with
different growth rates and productivities were tested. These improved processes
demonstrated great process robustness by supporting all clones to achieve our targeted
high cell densities.
BIOT 101
Quantitative characterization of the regulation of iron metabolism in glioblastoma
stem-like cells using magnetophoresis
Jeffrey Chalmers1, chalmers.1@osu.edu, Kyoung-Joo Park1, Maciej Zborowski2,
JAmes Kim1, Monica Venere3. (1) Chemical and Biomolecular Engineering, The Ohio
State Unversity, Columbus , Ohio, United States (2) Biomedical Engineering, Cleveland
Clinic, Cleveland, Ohio, United States (3) Radiation Oncology, The Ohio State
University, Columbus, Ohio, United States
This study focuses on different iron regulation mechanisms of glioblastoma (GBM)
cancer stem-like cells (CSCs) and non-stem tumor cells (NSTCs) using multiple
approaches: cell viability, density and magnetophoresis. The mice-xenografted GBM
CSCs and NSTCs were exposed to elevated iron concentration, and their magnetic
susceptibility was measured using Single Cell Magnetophoresis (SCM), which tracks
the magnetic and settling velocities of hundreds to thousand individual cells passing
through the magnetic field with a constant energy gradient. Our results consistently
demonstrate that GBM NSTCs have higher magnetic susceptibility distribution at
increased iron concentration compared to CSCs, and we speculate that it is because
CSCs have the ability to store high amount of iron in ferritin, whereas the free iron ions
inside the NSTCs lead to higher magnetic susceptibility and reduced cell viability and
growth. Further, their difference in magnetic susceptibility has led us to pursue a
separation experiment using a Quadrupole magnetic separator (QMS), a novel
microfluidic device that uses concentric channel and permanent magnets in special
configuration to separate samples based on their magnetic susceptibilities. GBM CSCs
and NSTCs were exposed to elevated iron concentration, stained with two different
trackers, mixed and introduced into QMS; subsequently, the separated fractions were
analyzed by fluorescent microscopy. The separation results portray
BIOT 102
Platform approaches for downstream purification of viral vectors to advance
manufacturing and commercialization of cell and gene therapies
Orjana Terova, orjana.terova@thermofisher.com. Thermo Fisher Scientific, Bedford,
Massachusetts, United States

The area of gene therapy has been a growing interest due to its potential of correcting
the genetic cause of the disease rather than chronically treating symptoms. Viral vectors
have shown to be most successful in delivering therapeutic genetic material into target
cells. The progress of these gene therapy programs from early phase through to full
commercialization presents various manufacturing challenges. Extensive optimization of
upstream production of viral vectors has led to additional challenges in the downstream
process of viral vector manufacturing.
The use of affinity chromatography could help overcome the current challenges in viral
vector purification and increase overall product yields. Due to the advantages of highly
specific separation and high fold purification, affinity chromatography is a wellestablished platformable technique for the purification of biomolecules. It delivers
significant improvements to the downstream process by reducing the number of
purification steps and therefore maximizing productivity, whilst offering scalability and
processing consistency.
Herein we outline the benefits of implementing affinity chromatography as platform in
the downstream purification of viral vectors, using the CaptureSelect™ technology as
the basis of generating high-binding affinity ligands. The methods described will reveal
the benefits of affinity chromatography related to specificity, capacity, process yields as
well as process scalability for the purification of AAV, Adenovirus serotype 5 (AdV5) and
lentivirus viral vectors. Specifically, the properties of POROS™ CaptureSelect™ AAV,
AdV5 affinity resins will be discussed as tools to capture and purify a broad range of
viral vectors. The utilization of these affinity resins will be a significant improvement to
the downstream processing, by reducing the purification steps and maximizing
productivity, offering scalability and processing consistency.
BIOT 103
Optimization of an rAAV downstream purification process for increased
robustness, simplification, and flexibility
Matthew Luther, mluther@vygr.com. Technical Operations, Voyager Therapeutics,
Cambridge, Massachusetts, United States
As recombinant Adeno-Associated Virus (rAAV) based therapies continue to show
increasing clinical progress, the business and scientific case for robust and reproducible
manufacturing processes grows proportionally. As such, both rAAV upstream and
downstream processes should be evaluated for robustness, simplification, and flexibility
that will ultimately result in the manufacturing of pure and high-quality drug products.
In this study, downstream processing unit operations, harvest clarification, capture
chromatography, and Tangential Flow Filtration (TFF), were selected for optimization
based on the collective impact on process performance and product quality. To develop
a robust clarification step, we evaluated several depth filtration options for crude lysate
clarification using various feed streams. Yield was optimized during capture
chromatography step by mitigating cycling-dependent losses. The TFF step was

optimized by reevaluating pre-defined process parameters and product manipulation
steps.
The result of these optimization efforts is a robust and scalable manufacturable rAAV
purification process that ensures production of pure and high-quality drug products.
BIOT 104
Development of a simple protocol of purifying rAAV vectors from endotoxin
contamination
Liudmyla Kondratova, l.kondratova@ufl.edu, Oleksandr Kondratov, Sergei Zolotukhin.
Pediatrics, University of Florida, Gainesville, Florida, United States
Recombinant Adeno-associated virus (rAAV) is extensively used as a vector for gene
therapy/DNA vaccine delivery in a multitude of ongoing clinical trials. Consequently,
development of protocols for manufacturing of a clinical grade rAAV free of
contaminants becomes a high priority in industrial as well as research laboratory setting.
One of the most pervasive but frequently overlooked impurities in rAAV preparations is
endotoxin. Endotoxins (Lipopolysaccharides, LPS) are part of outer membrane in Gramnegative bacteria and, as a contaminant in the injection sample, can induce an acute
inflammatory response in a trial subject or in animal model.
In the current report, we describe a simple, affordable, and serotype-independent
protocol for the purification of rAAV preparations contaminated with endotoxin. The
protocol is based on the disruption of LPS-rAAV capsid complexes by mild non-ionic
detergent treatment with subsequent physical separation of LPS monomers using
centrifugal filter concentrator, followed by buffer exchange to remove detergent, and
virus concentration under conditions avoiding virus aggregation. The quality LPSpurified rAAVs were assessed using physical and biological tests to establish the
equivalency of samples during the purification procedure.
Described method reduces endotoxin in rAAV samples from more than 1000 EU/mL to
<2.5 with titer recovery 50-90% and no noticeable change in virus infectivity.
BIOT 105
Automated characterization of gene therapy viral vectors: Packaging, purity and
integrity using transmission electron microscopy
Jonathan Royce, jonathan.royce@vironova.com, Mihaela Folea, Martin Ryner,
Vanessa Carvalho, Mathieu Colomb-Delsuc. Vironova AB, Stockholm, Sweden
The morphological characterization of gene therapy delivery platforms can support the
drug development process by identifying typical product-related impurities and
analyzing of the capsids packaging.
Gene delivery empty viral capsids may be the result of failure in packaging or occur
because of structural changes of the capsid during the manufacturing process – the

latter being not only a risk for lowered potency but also representing a safety issue for
the patient, as particles with a damaged capsid may provoke immunogenicity issues.
Transmission electron microscopy (TEM) can provide unique insights in the
characterization of viral gene delivery platforms such as adeno-associated viruses
(AAVs), adenoviruses and retroviruses. TEM images, taken either by traditional electron
microscopes, or by more modern, compact low voltage electron microscopes, can be
analyzed with automated software specifically designed for the characterization of viral
particles. Such software can be used to automatically analyze specimens and give
indications on the integrity of the particles and on the presence and nature of process
related impurities.
TEM analysis of negatively stained samples (nsTEM) can provide insights on the
morphology of the viral vectors present in a specimen, where a qualitative assessment
can be made on the intactness of the particles, and on the presence and
characterization of impurities.
TEM analysis of Cryo-preserved samples (cryoTEM) can assess the encapsulation of
vectors such as AAV and can be employed as a GMP validatable method suitable for
QC testing of the ratio of full AAV particles.
In this presentation results obtained from automated analyses using both these
techniques will be presented.

BIOT 106
Keynote: Engineering immune cell and tissue function with biomaterials to
improve immunotherapy
Christopher Jewell1,2,3, cmjewell@umd.edu. (1) Fischell Department of
Bioengineering, University of Maryland, College Park, Maryland, United States (2)
United States Department of Veterans Affairs, Baltimore, Maryland, United States (3)
Robert E. Fischell Institute for Biomedical Devices, College Park, Maryland, United
States

Our research combines immunology and biomaterials to understand the interactions
between synthetic materials and immune tissues, and to design more selective
therapeutic vaccines for cancer and autoimmunity. This presentation will highlight our
recent efforts toward these goals combining materials science tools, cell culture, animal
models, and samples from human patients. In one example I will discuss new
degradable polymer depots that could improve the selectivity of therapies for
autoimmune diseases such as multiple sclerosis and diabetes by locally reprogramming
the function of lymph nodes – tissues that coordinate immune function. A second area
will present the lab's efforts to self-assemble immune signals into modular
nanostructures. This rational design approach allows activation of programmable
combinations and levels of immune pathways triggered. Modular control over these
aspects of immune signaling could help improve the efficacy of vaccines for cancer and
infectious disease, and enhance the efficiency of vaccine translation.
BIOT 107
BIOT YI Award: Engineering synthetic microbial consortia inspired by the
herbivore rumen
Michelle A. O'Malley, momalley@engineering.ucsb.edu. Mail Code 5080, University of
California, Santa Barbara, Santa Barbara, California, United States
Anaerobic microbes work together in complex communities that decompose and recycle
carbon biomass throughout the Earth – from our guts to landfills and compost piles.
Despite their importance, little information exists to parse the role of each microbial
member within their dynamic community. To address these knowledge gaps, we
pioneered new techniques to isolate anaerobes from biomass-rich environments (e.g.
guts and fecal materials of herbivores), characterize their shared metabolism, and build
synthetic microbiomes to drive biomass to renewable chemicals. Herbivore fecal
samples were challenged by different types of biomass during cultivation to identify
important microbial partnerships; 10 billion metagenomic reads spread across 402
enrichment samples tracked biological diversity as the cultures converged to a set of
stable microorganisms. Nearly 200,000 carbohydrate active enzymes were identified
from the fecal samples, and 724 genomes were assembled for previously uncultured
microbes. Surprisingly, consortia dominated by anaerobic fungi generated more than
twice the amount of methane compared to prokaryotic consortia, suggesting that fungi
accelerate biomass breakdown and methane release in herbivores. Overall, our
analysis points to natural compartmentalization between anaerobes as a means to
degrade crude biomass, which can be exploited to harness nature’s microbes for
sustainable chemical production.
BIOT 108
Chromatographic behavior of bivalent bispecific antibodies on cation exchange
columns

Lucas K. Kimerer1, lkk2xb@virginia.edu, Timothy Pabst2, Alan Hunter2, Giorgio Carta1.
(1) Chemical Engineering, University of Virginia, Charlottesville, Virginia, United States
(2) MedImmune, Gaithersburg, Maryland, United States
Bivalent bispecific antibodies (BiS) are produced by recombinantly expressing a whole
monoclonal antibody (mAb) genetically fused to two single chain variable fragments
(scFv) using flexible polypeptide linkers. Three purified homologous BiS samples with
identical peptide sequences and varying only by scFv attachment location studied in this
work show reversible, three-peak elution profiles on ProPac WCX-10 and Source 15S
cation exchange columns. Collection, dilution, and reinjection of any of the three peaks
results in the same three-peak elution profile. This behavior is seen for all pH values
tested in the range 5-8.5. In-line Dynamic Light Scattering showed that all peaks have a
monomer-sized hydrodynamic radius of 6.2 nm. Unlike normal chromatographic
behavior, decreasing flow rate decreased resolution between peaks. At the lowest flow
rate tested, only a single symmetric peak was observed. This peak eluted between the
first and second peak of the higher flow rate elution profiles. A hold step at strong
binding conditions followed by gradient elution with high flow rate enriched the third,
most retained, peak. Biophysical measurements including in-line fluorescence, in-line
DLS, chemical cross-linking, hydrogen deuterium exchange mass spectrometry,
enzyme digestion to determine domain contributions, and a mechanistic column model
reveals that the three-peak elution is caused by conformational interconversion
occurring on time sales comparable with chromatographic separation. From the peptide
sequence, the scFvs carry a net positive charge. When the scFv is folded onto the base
mAb weaker binding to the resin occurs whereas if the scFv is outstretched a more
favorable interaction and stronger binding occurs on the resin surface. The three peaks
from weakest to strongest retention are: both scFvs interacting with base mAb, one
scFv interacting with base mAb and one outstretched, and both scFvs outstretched.
Equilibrium favors the tight conformation in solution and outstretched while adsorbed.
The highly flexible linkers allow slow changes in tertiary structure responsible for
reversible, three-peak elution behavior.
BIOT 109
Exploring options for the integration of bispecific Fab arm exchange reactions
with standard downstream unit operations
Jason Newmark1, Jason.Newmark@gilead.com, James Woo2, Alexandre Ambrogelly4,
Craig Emery1, Nooshafarin Sanaie3. (1) Downstream Bioprocessing, Gilead, Oceanside,
California, United States (2) Dept Chemical Eng, Rensselaer Polytechnic Institute, Troy,
New York, United States (3) Biological Process Development, Gilead Sciences, San
Diego, California, United States (4) Analytical Operations, Gilead, Oceanside,
California, United States
Bispecific antibodies (bsAbs) have been engineered to have affinity for two different
molecular targets, which can be used to target two molecules in proximity to encourage
complex formation or an interaction between the two molecules. Some technologies

require a Fab arm exchange (FAE) between two different parental monoclonal
antibodies (mAb) to form a bispecific heterodimer. The FAE is initiated with a reduction
event to dissociate monomeric parental mAbs into half-mAbs so they are free to
associate as heterodimers. The reductant must then be removed to promote the
reformation of disulfide bridges. At manufacturing scale, redox reactions can be
logistically challenging and costly to execute; furthermore, large volumes of reductant
containing hazardous waste need to be properly disposed of. In this work, alternative
downstream process operations were developed and compared for their potential to
require new manufacturing equipment and reduce the volume of costly and hazardous
waste streams associated with the FAE reaction. These process alternatives were
evaluated against the original process, evaluating process performance, product quality,
facility fit, and ease of tech transfer.
BIOT 110
Investigating selectivity trends of a bispecific antibody from key impurities on
multimodal cation exchange systems
Siddharth S. Parasnavis1, parass@rpi.edu, Julie Robinson1, Wai Chung2, Steven M.
Cramer1. (1) Rensselaer Polytechnic Institute, Troy, New York, United States (2)
Purification Process Sciences, MedImmune, Rockville, Maryland, United States
Bispecific antibodies (bsAbs) are becoming of increasing interest in a wide range of
clinical applications. A host of product related impurities and light chain mis-pairs are
inevitably produced during the manufacturing process which poses a significant
challenge to downstream processing. Multimodal (MM) chromatography has been
shown to remove some of these mis-pairs, but there is a lack of fundamental
understanding as to what drives these MM separations which makes optimization a
challenge. The objective of this work is to understand what drives the separation of the
bsAb from the mis-pairs at the molecular level. First, we conducted linear salt gradient
experiments with the two parent mAbs and the bsAb at various mobile phase conditions
on a set of homologous MM cation exchange (CEX) resins. In order to understand how
each of the parent mAbs contributes to the observed behavior for the bsAb, we
conducted similar linear salt gradient experiments on the Fab, Fc and (Fab)2 fragments
of the parent mAbs that were prepared using enzymatic digestion. The observed
retention and selectivity behavior from these experiments was then tied to electrostatic
potential (EP) and surface aggregation propensity (SAP) surface property maps as well
as novel surface property clusters recently developed in our lab. Finally, the selectivity
of bsAb as compared to other challenging product related impurities was investigated.
The fundamental understanding of parent mAb domain contributions in MM resins and
the retention behavior of an array of product related impurities will help guide the
selection of mobile and stationary phase process conditions for the purification of the
target bsAb from parent mAbs, mis-paired variants, and other product related impurities.
The domain contribution framework presented in this work has important implications for
the development of a workflow for the purification of bsAbs and also for the design of
bsAbs for biomanufacturability.

BIOT 111
Development and optimization of a commercial scFv-IgG bispecific antibody
manufacturing process
Wai Chung, waikeen.chung@gmail.com, Dana Motabar, Alan Hunter. Purification
Process Sciences, MEDIMMUNE, Rockville, Maryland, United States
Single chain variable fragment-IgGs (scFv-IgG) are a class of bispecific antibodies
consisting of two single chain variable fragments (scFv) that are fused to an intact IgG
molecule. A common trend observed during the expression of scFv-IgGs in mammalian
cell culture processes is a higher level of aggregates (10-30%) compared with mAbs (13%), which poses additional purification challenges during process development and
optimization. A 4-column process was employed to meet clinical supply demands for a
challenging scFv-IgG with concomitant high aggregate levels (20-30%). However,
process optimization towards a 3-column process was required for commercial
manufacturing due to facility fit and throughput constraints. A systematic evaluation of
polishing step combinations comprising Ion exchange (IEX), Hydrophobic (HIC), Mixed
mode (MM) and Hydroxyapatite (HA) Chromatography was performed with the primary
goal of providing robust aggregate, host cell protein (HCP), and viral clearance while
maintaining low DNA and fragment levels. Due to the strongly hydrophobic nature of the
scFV-IgG, in addition to the high aggregate content after Protein A capture, column
regeneration procedures also had to be re-optimized in the study. By dedicating the
intermediate polishing step for aggregate removal, the final polishing column was
changed and optimized for HCP and virus removal. This impurity control strategy
enabled a robust 3-column mAb platform-like commercial process meeting all design
goals and debottlenecking throughput limitations.
BIOT 112
Structural base analysis of production and purification of humanized anti-TAC
monoclonal antibody
Yushu S. Ting, yushuting1@gmail.com. Laureate Pharma, Princeton, New Jersey,
United States
Antibodies are used in a whole range of disease fields, such as autoimmunity, cancer
and inflammation. The FDA first approved therapeutic antibodies for cancer treatment in
1997. The pharmaceutical industry is continuously developing new and robust discovery
platforms for production of novel antibodies as therapeutic agents.
In this presentation, we describe the down-stream process of clinical manufacture for
the purification of an anti-TAC monoclonal antibody .This antibody was purified from
bioreactor culture medium, followed by two step Sepharose columns. The product was
collected and loaded onto AB-X antigen affinity column. The product was concentrated
by ultrafiltration and loaded onto a S-300 Sephacryl column to obtain the final target

antibody. This Humanized anti-TAC monoclonal antibody (Daclizumab) , which is
directed against IL-2 receptor, will be studied for the prevention of organ rejection in
renal transplant patients.
Recently, in 2010, the structural model of the IL-2 receptor epitope binding interface
with monoclonal antibody was determined using x-ray crystallography. Protein structure
analysis using the RCSB protein database and Swiss PDB viewer software was
conducted. This permitted analysis of the CD-25 endodomain of IL-2Rα binding
domains [D1 (1-64 AA) and D2 (101-164 AA)] against the immunoglobulin Fab beta
barrel binding site. The molecular level analysis reveals structural information of binding
interface affinity properties between IL-2Rα against IL-2 antagonist antibodies.
As the result, both endodomain binding interface of Daclizumab Fab/IL-2Rα complex
(code: 3NFP) and IL-2/IL-2Rα complex (code: 1Z92) display a similar binding epitope
.This study also provide Proof of Principle of this immune-suppression drug
development.
BIOT 113
Integrated clarification and purification of biomolecules in semi-large process
scale using magnetic bead technology
Ola Lind2, Ola.Lind@ge.com, Ronnie Palmgren2, Sara Häggblad Sahlberg2, Nils
Norrman1, Keyhan Esfandiarfard2, Helena Ohrvik2, Björn Norén2. (1) R&D Resins
Downstream processing, GE Healthcare Life Sciences, Uppsala, Sweden (2) GE
Healthcare Life Sciences R&D, Uppsala, Sweden
Increasing diversification of the type of drugs in biopharmaceutical pipelines together
with increasing number of candidates that needs to be evaluated require the
development of novel high throughput formats. For producing candidates in sufficient
amount and purity in a short time, magnetic beads based purification offers the ability to
avoid costly and time-consuming filtrations and can also easily be run in parallel. Most
commercially available magnetic particles are in the sub-micron range in diameter,
which leads to high binding surface area and high binding capacities. However, these
small sized particles are not easily controlled in a magnetic field and difficult to handle in
larger scales.
We have developed novel agarose based magnetic beads with sizes of 10-100 µm. The
beads have a large amount of magnetite incorporated and are compatible with large
scale manufacturing methods. The size makes them easy to handle and the magnetite
amount makes these particles highly responsive and readily captured by a magnetic
field. No loss of beads between process cycles has been observed. We have explored
the use of these magnetic beads in combination with specific affinity ligands binding to
the target biomolecules in crude cell cultures or cell lysates, showing that direct capture
and isolation of the target from the crude feed is possible even in liter scale volumes.
Our case studies focus on semi-large scale direct capture of therapeutic proteins (mAbs
and antibody fragments) and shows that purity and yield are not compromised. We will

also present how the bead design is affecting the performance. By capturing the target
biomolecules directly from the crude feed, several clarification and purification steps
such as centrifugation, filtration and capture chromatography can potentially be
replaced by one single step. In conclusion, the combination of affinity ligands with
magnetic bead resin technology leads to dramatically shorter process times and cost
savings. This technology has great benefits in the early stage of drug discovery when
large number of drug candidates needs to be screened and purified in a short time.
BIOT 114
Application and adaptation of platform and alternative purification steps to two
different Fc-Fusion Proteins
Nathan Nicholes, natenicholes@gmail.com, Leslie Wolfe, Yuan Chang, Sigma
Mostafa. Downstream Process Development, KBI Biopharma Inc., Durham, North
Carolina, United States
Platform downstream process development approaches are frequently used with mAbs,
antibody derivatives and Fc-fusion proteins to simplify early stage process development
and minimize time to clinic. The more divergent a molecule is from a mAb in terms of
charge, stability, conformation, glycosylation and hydrophobicity, the more development
effort will be required using a platform purification approach to achieve the desired
product quality and safety profile for the clinical BDS material. This presentation will
discuss the purification processes developed for two different Fc-fusion proteins: one
which showed good performance using a platform purification approach and a second
that required multiple modifications to the purification strategy to achieve the desired
product quality profile.
BIOT 115
Development and scale-up of a Fab drug conjugate purification process
Amber Bill, bill.amber@gene.com. Genentech, South San Francisco, California, United
States
This presentation summarizes the development and scale-up of a Fab drug conjugate
purification process. Process development activities were focused on two main areas:
optimization of process modification reactions and identification/assessment of critical
raw material attributes, and secondly, the development and optimization of
chromatography purification steps. Chromatography resins were selected based on the
results of high throughput resin screening experiments of hydrophobic interaction and
cation-exchange resins (including a multi-modal resin). The primary function of the first
and second chromatography steps is to purify the Fab drug conjugate from process and
product related impurities such as un-reacted Fab and higher order Fab drug
conjugates and reduce the level of aggregate (since the Fab drug conjugate readily
forms aggregates), respectively. Challenges with development and scale-up (bench

scale to implementation at pilot scale) for production of Toxicology material will be
discussed.
BIOT 116
Fine carbohydrate structure sustains diversity in microbial consortia and governs
competition at the strain level
Tianming Yao1, Ming-Hsu Chen1, Yunus Tuncil1,3, Laura A. Libera1, Stephen R.
Lindemann1,2, lindemann@purdue.edu. (1) Food Science, Purdue University, West
Lafayette, Indiana, United States (2) Nutrition Science, Purdue University, West
Lafayette, Indiana, United States (3) Food Engineering, Ordu University, Altinordu,
Ordu, Turkey
Maintenance of diversity in host-associated and engineered microbial communities is
essential to stable division of metabolic labor across multiple interacting organisms, but
the mechanisms that maintain it are poorly understood. Loss of microbial diversity
frequently results in reductions in community performance; in the human gut
microbiome, low diversity is linked to multiple acute and chronic disease states, such as
metabolic syndrome, type 2 diabetes, inflammatory bowel diseases, and colorectal
cancer. Human consumption of dietary fibers, which are polysaccharides that are not
degraded by human enzymes but are fermented by gut microbiota, is thought to
maintain gut microbiome diversity in this ecosystem. However, it remains unclear to
what degree generalizable features of highly-diverse polysaccharide chemical
structures allow the non-competitive maintenance of diversity, presumably by allowing
microbial specialization in consumption of specific structural motifs. Here we tested the
hypotheses 1) that very fine structural differences govern the outcome of microbial
oligo/polysaccharide fermentation, and 2) that these fine structural differences
compound over generations, resulting in niche partitioning among degrading microbiota
and, therefore, cooperative degradation. We tested these hypotheses through in vitro
fermentation of polysaccharides with varying structures as sole carbon substrates by
human fecal microbiota over sequential generations of selection and measured
alterations in microbial community structure (via 16S amplicon sequencing) and
metabolic outcome (e.g. short-chain fatty acids). We found that 1) very fine differences
in hemicellulose structures generated divergent fermentation outcomes, both in
microbial species composition and metabolic fate, 2) that consumption of complex
carbohydrates resulted in stable fermenting communities over sequential transfers, 3)
that very similar consortia were selected in fermentation of the same polysaccharide
across multiple donors with divergent initial microbiota, 4) that species were specific to
polysaccharide structures, and 5) that the competition was resolved at the level of
individual genotypes (“strains”) of species. Taken together, these data suggest that the
carbohydrate structures generate distinct niches and, therefore, maintain microbial
diversity, suggesting that rational design of carbohydrate-microbiota interactions may be
employed for stable division of labor in bioprocesses.
BIOT 117

Modeling and manipulation of microbial communities through the integration of
machine learning and evolutionary algorithms
Ranjan Srivastava, ranjan.srivastava@uconn.edu, Stephen Lincoln, Jacquelynn
Benjamino, Joerg Graf. Univ of Connecticut, Storrs Mansfield, Connecticut, United
States
Among the approaches used for modeling microbiomes, machine learning (ML)
represents a powerful strategy. ML-based models are often able to overcome
intractability issues associated with more mechanistic strategies, albeit at the cost of
losing mechanistic knowledge. As a result, while ML models can be convenient, their
“black box” nature can lead to potential hurdles with respect to engineering microbiome
systems. Specifically, ML models are developed by providing input information to yield
accurate output information. Engineers, however, often require a desired output to
achieve a given level of performance or to meet a given specification. What is not
known is the necessary input to achieve this output. Such a problem is referred to as an
inverse function problem, where the ML model itself is the function that needs to be
inverted. Evolutionary algorithms, which are class of stochastic optimization
methodologies, are well suited to tackle such challenges. In this work, we used
evolutionary algorithms to address the inverse function problem. We will present an
approach to manipulate the composition of the termite microbiome composition to
process lignocellulose substrates into a desired compound. Using experimental time
course data of how the termite microbiome composition varied over 49 days on six
different lignocellulosic food sources, we trained a deep learning network on
composition dynamics. We then applied evolutionary algorithms to determine the feed
strategy for maximization of acetate. Regardless of starting material on which a
microbiome was fed, ultimately to maximize acetate, maple was predicted to be
necessary as a substrate for the final six weeks.
BIOT 118
Characterizing lignin-active enzymes in anaerobic fungi for biomass
deconstruction
Thomas S. Lankiewicz1,2,3, tlankiewicz@ucsb.edu, John Henske1, Sean Gilmore1,
Xuefeng Peng1, Jennifer Brown1, St. Elmo Wilken1, Michelle A. O'Malley1,3. (1)
Chemical Engineering, University of California, Santa Barbara, Santa Barbara,
California, United States (2) Evolution, Ecology, and Marine Biology, University of
California Santa Barbara, Goleta, California, United States (3) Deconstruction Division,
Joint BioEnergy Institute, Emeryville, California, United States
Anaerobic gut fungi (AGF) cultured from the digestive tracts of large herbivores excel at
degrading lignocellulosic biomass. Recent genomic sequencing of AGF isolates
revealed that these fungi possess a diverse and extensive array of carbohydrate active
enzymes (CAZymes), which allow for deconstruction of crude, unpretreated
lignocellulose. While CAZyme transcripts are highly expressed in response to

lignocellulose availability, they are catabolite repressed by the presence of cellulosic
degradation products like glucose. We hypothesize that several unannotated transcripts
co-regulate with fungal CAZymes and play a key role in lignin modification. Here, we
describe our approach for identifying lignin-active enzymes via metatranscriptomics
which has identified ~20 protein-encoding transcripts that are conserved across multiple
AGF genera, bear no homology to known enzymes, and are co-regulated with fungal
CAZymes. After synthesis of genes associated with these transcripts, we have
screened them for biomass-degrading activity in heterologous systems (yeast and
E.coli). Analysis of breakout products in native fungal cultures reveals a wealth of
phenolic compounds that are released following lignocellulose hydrolysis. Further cocultivation of AGF with other organisms decrease fungal catabolite repression, and we
find that the activity of AGF against lignocellulosic substrates is accelerated when grown
in co-culture with prokaryotes like methanogens native to the rumen microbiome.
Addition of chemical co-factors (e.g. heme) to AGF cultures and co-cultures increase
enzymatic activity and can be used as a means to increase substrate deconstruction by
cultures. Future efforts look to extend this work to by broadening target substrates
including engineered popular, switchgrass, and sorghum variants. We plan to exploit
differential expression patterns of lignin modifying enzymes by challenging AGF and
AGF co-cultures with these substrates, accelerating identification of new enzymes
involved in AGF lignin modification.
BIOT 119
Targeting biofilm-forming pathogens using a microconsortium of engineered
lactic acid bacteria (LAB)
Todd Chappell1, Todd.Chappell@tufts.edu, Nikhil U. Nair2. (1) Chemical and Biological
Engineering, Tufts University, Malden, Massachusetts, United States (2) Chemical &
Biological Engineering, Tufts University, Medford, Massachusetts, United States
Combating bacterial infections in an age of increasing resistance to traditional
antimicrobial therapies requires the development of new treatments that combat
alternative virulence factors of pathogenic bacteria. Bacterial biofilms – surfaceassociated microbial communities residing within an extracellular matrix – are an
important virulence factor that increase resistance/decrease sensitivity to antibiotics and
inhibit the normal healing response. Disrupting the structural elements of the biofilm is a
viable strategy for re-sensitization of biofilm associated microbes to antimicrobials, an
essential step in noninvasive infection clearance. Recent work on alternative wound
treatments has shown that topical application of probiotic lactic acid bacteria (LAB)
inhibits pathogenic bacterial growth on wounds and promotes wound healing. LAB are
also known to produce a variety of antimicrobials, such as type II bacteriocins produced
by Lactobacillus sakei and Lactobacillus plantarum and the antimicrobial metabolite
reuterin produced by Lactobacillus reuteri. However, LAB activity against mature
biofilms has not been characterized. Furthermore, advances in recombineering of LAB
provide the opportunity to enhance their innate antimicrobial and anti-biofilm capacities.
In this talk, we will describe the design of a synthetic microconsortium of engineered

LAB that serve as a topical wound treatment and provide therapeutic benefit through
synergistic combination of various biofilm degrading enzymes. This LAB
microconsortium is designed to disassemble mature biofilm matrices and inhibit nascent
biofilm formation through enzymatic disruption, while also inhibiting microbial growth
through production of antimicrobial compounds. We will discuss our recent efforts in
development of this system against Pseudomonas aeruginosa and Staphylococcus
aureus – two major opportunistic biofilm-forming pathogens frequently found in chronic
wound infection sites.
BIOT 120
Co-Culture of Engineered Escherichia coli for Violacein Production from
Hemicellulosic Sugars
Kamil Gedeon, Kamil.gedeon@gmail.com, Mattheos Koffas, Cynthia H. Collins. Center
for Biotechnology and Interdisciplinar, Rensselaer Polytechnic Institute, Troy, New York,
United States
Hemicellulosic biomass is an abundant waste material that can serve as an ideal carbon
source in the process of generating high value chemicals. The hydrolysis of
hemicellulose results primarily in glucose and xylose, two sugars that Escherichia coli
can use for both growth and product formation. Due to catabolic repression, wild-type E.
coli will preferentially use glucose over xylose, resulting in sequential and inefficient use
of the total available carbon in mixed-sugar systems. To overcome this obstacle, we
propose the co-culture growth of a wild-type E. coli strain that preferentially uses
glucose with a high-density achieving xylose-specialist strain. The xylose-specialist
strain includes several gene deletions in its glucose metabolism pathway. Both strains
were engineered to generate violacein, a purple pigment with antibiotic properties.
Because the strains are predicted to behave as specialists for glucose or xylose under
mixed-sugar conditions, we tested whether the co-culture would address the
inefficiencies observed with the wild-type strain alone. We have observed that the coculture of a wild-type glucose-preferential strain with a xylose-specialist strain increases
the final titer of violacein and achieves higher total carbon consumption in mixed sugar
systems than the wild-type strain alone. We will also describe ongoing efforts to
characterize and optimize co-culture growth and violacein production. This work has the
potential to generate an economically relevant novel platform for the co-utilization of
sugar mixtures to produce target chemicals.
BIOT 121
Enabling engineering of Cutaneotrichosporon oleaginosus, a robust metabolizer
of all components of lignocellulosic biomass-derived compounds for
oleochemical production
Allison Yaguchi1, ayaguch@g.clemson.edu, Michael Spagnuolo1, Alana Robinson1,
Nicole Franaszek1, Mark A. Blenner2. (1) Chemical and Biomolecular Engineering,

Clemson University, Clemson, South Carolina, United States (2) Chemical Biomolecular
Engineering, Clemson University, Clemson, South Carolina, United States
Cutaneotrichosporon oleaginosus, previously known as Cryptococcus curvatus, is a
non-model oleaginous yeast that is known for its ability to metabolize many alternative
sugars, including xylose, and toxic lignocellulosic hydrolysate inhibitors such as 5hydroxymethylfurfural (5-HMF) and furfural. We discovered C. oleaginosus also
tolerates and metabolizes lignin-derived phenolics, highlighting this organisms’ potential
to utilize all components of lignocellulosic biomass. C. oleaginosus is able to fully
metabolize phenol, 4-hydroxybenzoic acid (pHBA), and resorcinol as sole carbon
sources, as well as co-utilization with glucose and xylose. We exploited feeding
strategies to overcome aromatic toxicity and increased lipid accumulation to over 69%
of biomass by weight. Since yeast aromatic metabolism is poorly characterized on a
genetic basis, we used transcriptomic analyses to elucidate aromatic metabolic
pathways in C. oleaginosus and improved the existing genome annotation significantly.
These pathways are being confirmed through 13-C labelling experiments. With such an
exceptionally desirable natural phenotype, this yeast could become a preferred host for
oleochemical production if novel synthetic biology tools are developed. We identified
both strong constitutive and phenolic-regulated promoters using our transcriptomic data
and used these to drive expression of a fluorescent marker and heterologous genes
required for ricinoleic acid production. In parallel, we are establishing higher efficiency
transformation methods for increasing the pace of engineering efforts. Overall, our work
establishes C. oleaginosus as a promising platform to robustly convert all components
of lignocellulosic biomass into novel high-value oleochemicals.
BIOT 122
Synthesis of polyketides from low cost substrates by the thermotolerant yeast
Kluyveromyces marxianus
Tami McTaggart, tmctagga@uci.edu, Danielle Bever, Shane Bassett, Nancy A. Da
Silva. University of California, Irvine, California, United States
Kluyveromyces marxianus is a promising nonconventional yeast for biobased chemical
production due to its favorable growth characteristics; these include rapid growth rate,
ability to metabolize an array of substrates, high TCA cycle flux, and tolerance to low pH
and high temperatures (in excess of 45oC). Unlike S. cerevisiae, K. marxianus is able to
grow on low-cost substrates to high cell densities that equal or surpass cell densities in
glucose. Metabolism of these carbon sources can be beneficial for utilization of
lignocellulosic biomass (xylose), biofuel production waste (glycerol), and whey (lactose).
We have evaluated K. marxianus as a platform for the synthesis of polyketides, using
triacetic acid lactone (TAL) as the product. The required 2-pyrone synthase (2-PS) was
expressed using a K. marxianus CEN/ARS plasmid, and the effects of temperature,
carbon source, and cultivation strategy on TAL levels were determined. Xylose and
glycerol were the best carbon sources for TAL production. While the highest TAL titers
were observed at 37oC, significant levels were also obtained at 41oC and 43oC.

Expression system improvements including the introduction of high-stability 2-PS
mutants and promoter substitution resulted in 10-fold higher titer in defined xylose
medium, with only a 20% drop in specific titer in minimal medium. Utilization of a multicopy pKD1-based plasmid (from Kluyveromyces lactis) improved TAL titers 5-fold over
low-copy the CEN/ARS plasmid, reaching >1 g/L for the wildtype strain in testtube
culture at 37oC. This is an excellent titer and yield (from xylose) relative to other yeast
hosts (from glucose) prior to metabolic engineering, and demonstrates the promise of
this rapidly growing and thermotolerant yeast species for polyketide production from a
variety of carbon sources. Using our new CRISPR system, we are now optimizing the
number of 2-PS genes, and modifying native and heterologous pathways for higher
levels of the acetyl-CoA and malonyl-CoA precursors. Continuing work also includes the
synthesis of alternate products, and analysis in controlled bioreactors. This should
further improve the production of value-added biobased chemicals from lower-cost
feedstocks.
BIOT 123
Tool development to manipulate early-branching anaerobic fungi as a platform for
biotechnology
Kevin Solomon, kvs@purdue.edu. Purdue University, West Lafayette, Indiana, United
States
Early-diverging anaerobic fungi resident in the digestive tracts of large herbivores are
attractive platforms for biotechnology due to their robust ability to degrade untreated
lignocellulosic feedstocks. Anaerobic fungi secrete the largest known fungal array of
biomass-degrading enzymes, which allow for robust degradation of diverse agricultural,
food, and forestry wastes independent of substrate composition. However, there are no
tools available to permanently manipulate these fungi and exploit their abilities for
enzyme production or consolidated bioprocessing. Here, I present our ongoing efforts to
engineer anaerobic fungi. Anaerobic fungi are naturally competent for portions of their
life cycle, which can be exploited to introduce heterologous DNA. Using a characterized
enolase promoter, we demonstrate heterologous expression of a selection marker
enabling library-based screening approaches to construct the first stable anaerobic
fungal plasmid. We also establish that linear DNA can be recombined into gut fungal
genomes to propagate stable gene modifications. Anaerobic fungi also display
epigenetic regulation that can be controlled to increase biomass-degrading enzyme
secretion. This growing toolbox of genetic and epigenetic strategies can be readily
generalized to other non-model systems, and enables metabolic engineering
opportunities in anaerobic fungi for the first time.
BIOT 124
Role of mechanistic modeling in optimization and control of bioseparation
processes

Anurag S. Rathore, asrathore@biotechcmz.com. Department of Chemical
Engineering, Indian Institute of Technology, New Delhi, India
The initiatives of Quality by Design (QbD) and Process Analytical Technology (PAT)
have gained momentum in the biopharmaceutical industry. Central to both is the
necessity to gain a deep understanding of the process and identify the primary sources
of process variability. This has also renewed interest in mechanistic modelling of biotech
unit operations and using these model for process optimization and control. This talk will
highlight the benefits that the industry can gain by performing mechanistic modelling.
Two case studies will be presented, targeting the two major unit operations in
bioseparations, process chromatography and ultrafiltration. In the first case study
prediction of the impact of variability in feed quality and in gradient shape on separation
of charge variants by cation exchange process chromatography has been attempted to
facilitate feed forward control. Five batches having different compositions of charge
variants have been used to demonstrate the proposed pooling strategy based on
simulated chromatograms and the outcome has been compared to offline pooling based
on fractionation. For all the conditions examined and for the desired target of main
product (67%), the proposed approach resulted in remarkable consistency in product
quality (67±2%) while delivering a yield of greater than 90%. In the second case study,
ultrafiltration of a monoclonal antibody product to a high concentration (> 150 mg/ml)
has been modelled. It has been seen that when protein concentration goes to such high
level, deviations in pH and excipient concentrations are observed. Mechanistic model of
the step has been created and used to improve process control. The two case studies
showcase the utility of process modelling in process optimization and control.
BIOT 125
Implement of flow cytometry in bioprocess monitoring
xiaodan ji1, jixiaodan2004@hotmail.com, Yuan Zhu1, Thomas W. Eyster2, Jonathan
Raley1, Rachel Duvilla1. (1) GSK, King of Prussia, Pennsylvania, United States (2)
Microbial and Cell Culture Development, GlaxoSmithKline, King of Prussia,
Pennsylvania, United States
Chinese Hamster Ovary (CHO) cells are widely used for producing antibodies and other
therapeutic proteins. It is critical to fully understand their phycological conditions during
a bioprocess to achieve the highest productivity and quality. Cedex HiRes and Vi-Cell
which apply the trypan blue exclusion method have been widely used in industry to
measure cell number and viability. However, they lack the ability to obtain the
information on other cell physiological attributes which may also be important for the
process, such as cell cycle progression, apoptosis, ER activity and so on. Flow
cytometry overperforms these technologies as it can measure multiple cellular
attributes. Furthermore, flow cytometry performs single cell analysis thus it can identify
changes that only happen in a subpopulation. In our study, we developed the flow
cytometry-based cell staining method for the assessment of cell cycle and apoptosis
during bioreactor processes. We examined the phase distribution of cell cycle as well as

early and late apoptosis in 11 bioreactor cultures, including the high cell density
perfusion process and the 14-day fed-batch production process. A good perfusion
process maintained the cells in a relatively stable G1 phase of cell cycle and at a low
level of apoptosis throughout the process, while a fed-batch production process showed
dynamic changes. For example, G1 phase increased during the exponential phase and
reached plateau 1-2 day before the peak VCC. Early and late apoptosis increased at
least 1-2 days prior to the drop of viability. In the case studies, when abnormal
conditions occurred, such as insufficient feeding rate, deviated pH, and glucose
depletion, aberrant cell cycle and apoptosis changes were observed. More importantly,
the changes in cell cycle and apoptosis occurred before the indication of any cell
number and viability changes, suggesting that we can detect any process abnormalities
earlier and more precisely. In all, flow cytometry provides a better technology for
characterizing cell physiological conditions in bioprocess. which can be a useful tool for
process monitoring.
BIOT 126
UF/DF monitoring and control by variable pathlength UV/Vis spectroscopy, light
scattering and density measurements
Laura Rolinger, Laura.Rolinger@kit.edu, Matthias R. Rüdt, Juliane Diehm, Juergen
Hubbuch. KIT, Karlsruhe, Germany
In biopharmaceutical production, most research in the field of process analytical
technologies (PAT) has been focused on monitoring and control of chromatographic
steps. UF/DF (ultrafiltration/diafiltration) steps have not received as much attention yet,
even though they are generally applied at least once during the production process.
However, monitoring UF/DF is desirable for development and in manufacturing. During
development, purified product, especially for the final UF/DF step, is expensive and only
available in little quantities. Therefore, in-line measurements of product concentration,
product degradation and the buffer exchange state save product, time and reduces
causes of error because no sampling and off-line analytics are necessary. For
manufacturing, the monitoring of UF/DF is important because no further purification is
performed after the final UF/DF step. Therefore, contaminants introduced by the step,
like degraded product, cannot be depleted and remain in the final product.
In this study, we developed a UF/DF setup consisting of a commercial lab-scale crossflow filtration device, an in-line variable pathlength (VP) spectrometer, and an on-line
measurement loop. In the on-line measurement loop, a light-scattering spectrometer
and viscosity/density meter were implemented. VP UV/Vis spectroscopy provided
information on the protein concentration in a large dynamic range and on changes in the
tertiary structure of the protein. Static light scattering (SLS) and Dynamic Light
Scattering (DLS) gave information about aggregation or fragmentation of the product.
By leveraging the Zimm-equation, the protein concentration was used to correct the
scattered-light intensity for concentration-induced changes in intensity providing a
concentration corrected scattered-light intensity. Density measurements gave insights
on the progress of the buffer exchange.

To confirm the versatility of the setup, three case studies are discussed. First, a proofof-concept study was conducted using Lysozyme as aggregation-stable protein to show
the influence of concentration and buffer exchange on the sensors. Then the unfolding
of glucose-oxidase by diafiltration with urea was monitored with this set-up. Finally a
UF/DF step with a monoclonal antibody (mAb) was controlled by concentration and
buffer exchange progress while measuring light scattering for aggregation and
fragmentation prediction.
BIOT 127
Using process analytical technology to accelerate process development
Jay M. West1, westjm@bms.com, Ryan Swanson1, Sohil Bhavsar1, Kathleen Trejo1,
Helen Zhao1, Julia Ding2, Zhengjian Li3. (1) Process Development Analytics, Bristol
Myers Squibb, Devens, Massachusetts, United States (2) Method
Development/Process Development Analytics, Bristol Myers Squibb, Devens,
Massachusetts, United States (3) Late Process Development Biologics Manufacturing,
Bristol Myers Squibb, Devens, Massachusetts, United States
Process Analytical Technology (PAT) tools and laboratory equipment are on the rise of
late within biologics process development (PD) departments. First, we use PD as a
testing ground for new PAT technologies, which we require before fully trusting the
technologies to be as comparable and robust as the commonly used offline assay
methods. Second, we also use it as a testing ground for novel PAT methods designed
to track cQAs known to be at high risk for excursion during the process. Last, we are
using PAT within PD to accelerate our research cadence, achieve faster data
turnaround, and ultimately control the process. For example, the Waters Patrol
instrument was deployed in a pilot plant facility, after scientifically sound testing, for titer
and purity (low molecular weight fragments, aggregate, and charge variant assays)
analysis. Here we demonstrate PAT robustness testing, new method development, and
how the methods accelerate process development.
BIOT 128
Novel non-invasive sensor for real-time dissolved carbon dioxide (DCO2)
monitoring in shake flasks & in mini-bioreactors and its implications in
bioprocess control
Viki R. Chopda1, vikichopda@gmail.com, Joel Tyson1, Timothy Holzberg1, Brandon
Folio1, Michael Tolosa1, Yordan Kostov1, Xudong Ge2, Rajani Adiga4, Leah M. Tolosa3,
Govind Rao4. (1) Chemical, Biochemical and Environmental Engineering , University of
maryland bc, Baltimore, Maryland, United States (2) University of Maryland Baltimore
County, Baltimore, Maryland, United States (3) Univ of Maryland, Baltimore, Maryland,
United States (4) TRC Building, Ctr for Advanced Sensor Technology, Baltimore,
Maryland, United States

In the PAT and QbD based regulated bioprocessing era, process development at small
scale faces many challenges, especially due to the bulky and invasive nature of
traditional sensors used for monitoring of critical process parameters such as pH,
dissolved oxygen (DO) and dissolved carbon dioxide (DCO2). Disposable optical
sensors that are available and used in the market are small and partially invasive, but
there are concerns regarding the toxicity of the sensing patch and the phototoxicity of
the illuminating light. In addition, most of these optical sensors measure only the pH and
DO in the process. However, DCO2 is also a well-known critical process parameter
because its impacts on cell metabolism and on product quality attributes are quite
significant.
Here we present a novel, noninvasive, rate-based technique for monitoring DCO2 in
bioprocesses. A silicone sampling loop that allows the diffusion of CO 2 through its wall
was inserted inside a bioreactor and then flushed with air until the CO 2 inside the loop
was mostly removed. The gas inside the loop was then allowed to recirculate through
gas impermeable tubing to the CO2 sensor. We have shown that by measuring the
initial diffusion rate of CO2 in the sampling loop we were able to determine the partial
pressure of the DCO2 in the culture. This technique can be readily automated, and
measurements can be made in minutes. We have successfully demonstrated the
implementation of this novel CO2 sensor at both shake flask and mini-bioreactor level.

BIOT 129
Using hydrogen peroxide and derivatives to prevent antibody disulfide bond
reduction during manufacturing process
Cheng Du1, cheng.du@bms.com, Zhijun Tan1, Derek Choy1, Angela T. Lewandowski2,
Sanchayita Ghose1. (1) Bristol-Myers Squibb, Devens, Massachusetts, United States
(2) Process Development, Bristol-Myers Squibb, Hopkinton, Massachusetts, United
States

The biopharm industry commonly uses CHO cells to produce large quantities of
recombinant monoclonal antibodies (mAbs). At the end of the culture process, cells are
separated from the culture media during the primary recovery step using methods such
as centrifugation, depth filtration, or flocculation to clarify the harvest fluid (clarified bulk
or CB). The CB is further processed to downstream purification steps. There have been
multiple observations, including ours, that reduction of mAb disulfide bonds is observed
during primary recovery to downstream of the process. The reduction events mainly
happen at scale-up manufacturing and may result in loss of whole batch of production
due to failure to meet specifications. Many studies from different biopharm firms have
enabled understanding of the molecular and cellular mechanisms of the reduction and
advanced mitigation strategies to improve in-process control to ensure product quality.
The relationship of oxygen consumption in CB in closed containers and antibody
reduction is a key principle to develop effective mitigation strategies, such as air
sparging. At Bristol-Myers Squibb, we have developed a systematic plan, including
forecasting, monitoring, mitigation and rescue, to handle the antibody reduction issue.
Using optimized concentrations of hydrogen peroxide or other peroxides can effectively
prevent antibody reduction and extend CB holding time. The treatment does not impact
on product quality attributes. Small-scale runs demonstrate that hydrogen peroxide in
CB does not impact the performance of protein A chromatography step. Since hydrogen
peroxide is ready to mix with water and its decomposition products are water and
oxygen, it is expected no burden in downstream purification step to remove excess
hydrogen peroxide. The simple treatment promises reduced costs, improved
manufacturing capabilities and increased manufacturing flexibility.
BIOT 130
You canÕt tuna fish, but can you tuna glycosylation?: Raman as a PAT tool for
product quality control
Thomas W. Eyster1, thomas.w.eyster@gsk.com, Diana B. Ritz2,1, Janice Fernandez1,
Sameer Talwar4, Boyong Wan3, Randal Allen1, James Hayes1, Scot Reidinger1, Shelby
Foster1, Douglas Scheesley1, Xiaodan Ji1, Cathy Muste5, Zhaohui Ao1, Juan Aon1,
Pramthesh Patel1. (1) Microbial and Cell Culture Development, GlaxoSmithKline, King
of Prussia, Pennsylvania, United States (2) UE0548, GlaxoSmithKline, King Of Prussia,
Pennsylvania, United States (3) Advanced Manufacturing Technology,
GlaxoSmithKline, King of Prussia, Pennsylvania, United States (4) PDS - PPE - Manf
Simulation and Modelling, GlaxoSmithKline, King of Prussia, Pennsylvania, United
States (5) Biopharmaceutical Analytical Sciences, GlaxoSmithKline, Collegeville,
Pennsylvania, United States
Process analytical technology (PAT) promises to revolutionize manufacturing of
biopharmaceuticals, enabling dynamic control of critical process parameters for tuning
critical quality attributes. Raman spectroscopy is one such PAT tool that allows for realtime monitoring of key nutrient concentrations in bioreactors. Beyond passive
measurement, Raman spectroscopy can also be used to actively control nutrient
concentrations to a setpoint by continuous feeding as part of a feedback control loop.

The metabolic effects of controlling glucose or lactic acid at a setpoint rather than bolus
feeding could lead to better direct control over critical quality attributes, such as
glycosylation. Using Raman spectroscopy in this manner, we controlled lactic acid and
glucose to various setpoints for cultures of a mAb-producing CHO cell line in 3 L
bioreactors. Continuous lactic acid feeding resulted in a significant reduction in
ammonia and CO2 levels in the culture. In terms of product quality, the mAb produced in
the culture with lactic acid feeding had a higher degree of galactosylation compared to
mAb produced in the control culture. Overall, we demonstrated that Raman is not only a
powerful tool for bioreactor process monitoring, but can also be implemented as part of
a broader strategy to control mAb glycosylation.
BIOT 131
Cell culture process optimization and scale up challenges for a late stage
monoclonal antibody program
Balrina M. Gupta, balrina.gupta@merck.com, Linda Hoshan, Michael Nelson, John S.
Bowers. Merck, Kenilworth, New Jersey, United States
Starting with an un-optimized process for an early stage Mab program, process
improvements were investigated to improve productivity, robustness and meet quality
criteria. First, media screening studies using a few commercial formulations yielded a
media/feed combination that gave almost 3X increase in titer. N-1 conditions were
studied to get high cell density using a batch process. Refinement of the process to
modulate growth, production and quality was achieved by titrating iron. To map out
understanding of the refined process, DOE’s were performed to find optima and
interactions. These led to a robust process which was locked and ready for pilot and
large scale confirmation. The process was scaled up successfully from ambr® 250 to 3L
to 500L pilot scales. However, challenges arose with scale up to the 2000L scale and
mitigation strategies to address the issues will be discussed.
BIOT 132
Viral vector manufacturing: History, technology and considerations for
commercial readiness
Christopher Murphy, chris.murphy@brammerbio.com. Brammer Bio, Cambridge,
Massachusetts, United States

The gene/cell therapy industry is booming with more than $7 billion raised in 2018 and
800+ companies around the globe engaged in the development and manufacture of
these advanced therapies. Three gene therapy products alone were approved in 2017
and more approvals are expected in 2019. This growth is the fruition of 30+ years of
product, process, and clinical development and the approvals reflect that gene therapy
has arrived and can be leveraged to treat a diverse array of indications. The

demonstrated clinical success is requiring that companies accelerate process and
analytical development during early clinical development to ensure they can be PPQ
ready when first patient in data is available. This talk will speak to the diversity of viral
vectors and manufacturing platforms, production technology, critical
materials/secondary suppliers, and how new regulatory guidelines for advanced
therapies are shifting the commercial readiness/supply chain paradigm.
BIOT 133
Rapid development and characterization of a nuclease digestion step for multiple
gene therapy viral vector manufacturing processes: A case study
Kristen N. Kelly, kkelly@bluebirdbio.com, Sterling Wall, Brent Coisman, Alycia Fulton,
James Xin, Yogesh Waghmare. Bluebird Bio, Cambridge, Massachusetts, United States
Effective gene therapy vector manufacturing processes result in high titer, potency, and
purity to promote stable transgene expression and prevent unwanted immunogenic
responses. However, many vector production processes are often expensive, lack
scalability, and require multiple purification steps with low yield to achieve desired
product quality. Traditional purification methods that incorporate multiple filtration and
polishing steps exacerbate viral product loss, especially for labile Lentiviral vector
(LVV). Thus, it is vital to minimize downstream unit operations, without sacrificing
impurity clearance.
Nuclease digestion is a scalable impurity removal step that maintains constant volume
and conserves titer. Endonuclease degrades plasmid and host cell genomic DNA
impurities via enzymatic reaction without causing significant product inactivation. This
presentation provides a case study of the evolution of nuclease digestion
characterization and process understanding for multiple gene therapy viral vector
clinical programs.
Characterization was completed for two vector products utilizing a staggered platform
approach under aggressive CMC timelines. Characterization for the first product
involved screening studies to establish fundamental knowledge such as identification of
significant process parameters and insight into potential interaction effects. Leveraging
the first data set, the second approach incorporated a higher resolution design to create
a more predictive model of future process behavior. Experiments were conducted using
mammalian cell-culture derived LVV particles produced under controlled conditions.
Multiple scale-independent process parameters were purposely varied in Design of
Experiment (DoE) studies, and impact to titer and impurity levels were assessed.
Results showed significant influence over DNA removal, yet minimal adverse impact to
LVV titer was observed. Overall, the increased process understanding gained through
systematic studies led to robust process performance and provided opportunities for
further optimization. Finally, since enzymatic digestion is not product-specific, results
from these two campaigns are directly applicable to other gene therapy processes.
BIOT 134

Synthetically facile stable and reversible cell-surface functionalization for cell
based therapeutic applications
Joydeb Majumder, joydebchem@gmail.com, Gaurav Chopra, gchopra@purdue.edu.
Chemistry, Purdue University, West Lafayette, Indiana, United States
Live cell surface functionalization has been increasingly explored in recent years
because of its emerging biomedical applications ranging from in vivomonitoring of cell
populations to diagnostics and use of cells as drugs. Current methods to label live cells
require artificial cell surface engineering (via metabolic, docking or anchoring methods)
before conjugative chemistries, which is not always trivial to accomplish and/or not
appropriate for multiple cell types. A new method without the need of initial cell surface
anchoring will greatly facilitate live cell surface labelling. Herein, we provide a general
strategy for live cell surface functionalization that utilizes the native phosphate groups
on every cell. We have designed a dual conjugation cargo biologic with a cationic side
chain for non-covalent bonds with the negatively-charged cell surface and a phosphoric
acid containing ligand for covalent bonding with the cell membrane phospholipid
phosphate. Our dual conjugation strategy on live cell surfaces is non-toxic as well as
showed enhanced stability on live cell surface. We have shown application of this
method to enhance cell-cell interaction leading to increase in therapeutic cell
proliferation. By conjugating a small molecule cancer lead on the surface of T cells, we
have shown that dual action of T cells and small molecule is more beneficial as
compared to that of the individual T cell action against cancer cells. Our dual-action
treatment approach will provide a new therapeutic technology to target any disease
cells with better therapeutic benefit. Our strategy is broadly applicable to imaging, drug
delivery, bioengineering, diagnostics and cell therapy. Future work of this technology
involves in vivo imaging and stability of our dual-conjugated cargo molecules that may
be used to track therapeutic cells (e.g. CAR T-cells) in vivo, as well as, enhancing the
function of live therapeutic cells for future clinical applications.
BIOT 135
Human pluripotent stem cell expansion as aggregates in Vertical-Wheel
Bioreactors
Diogo E. Nogueira1,2, diogoespiritosantonogueira@tecnico.ulisboa.pt, Carlos A.
Rodrigues1,2, Cláudia C. Miranda1,2, Yas Hashimura3, Sunghoon Jung3, Brian Lee3,
Joaquim M. Cabral1,2. (1) Department of Bioengineering and iBB-Institute for
Bioengineering and Biosciences, Instituto Superior Técnico, Universidade de Lisboa,
Lisbon, Portugal (2) The Discoveries Centre for Regenerative and Precision Medicine,
Lisbon Campus, Instituto Superior Técnico, Universidade de Lisboa, Lisbon, Portugal
(3) PBS Biotech, Camarillo, California, United States
Human induced pluripotent stem cells (hiPSC) have been regarded as an enormous
breakthrough for medicine, due to their ability to generate virtually all types of cells in
the human body. One of the great bottlenecks in the usage of these cells for

Regenerative Medicine applications is their expansion to clinically-relevant quantities.
The Vertical-Wheel Bioreactors, by PBS Biotech, present a novel configuration, whose
vertical agitation allows for homogeneous mixing conditions inside the vessel, while
conveying less shear stress to the cells when compared to traditional alternatives.
Although the Vertical-Wheel Bioreactors have already been successfully applied for
hiPSC growth attached to microcarriers, aggregate culture does not require a
separation step at the end of culture, thus avoiding straining the cells and easing Good
Manufacturing Practice (GMP)-compliance of the process.
In this work, hiPSC were expanded as floating aggregates in Vertical-Wheel Bioreactors
(PBS 0.1, working volume: 60 mL), using mTeSR1, a defined serum-free medium. Cells
were monitored throughout culture regarding growth kinetics, aggregate size distribution
and expression of pluripotency markers. Following 7 days of culture, cells grew up to
5.2 ± 0.6-fold the initial density. The hiPSC aggregates were verified to increase in size
over time, from an average diameter of 135 ± 61 µm to 397 ± 119 µm after 7 days.
Pluripotency was maintained throughout time, as assessed by sustained high (> 80%)
expression of pluripotency markers OCT4, SOX2 and TRA-1-60, and low (< 10%)
expression of early differentiation marker SSEA-1. The results were validated using a
second cell line.
This study demonstrated the Vertical-Wheel Bioreactor as a promising setup for
expansion of hiPSC as aggregates and, prospectively, their differentiation. As such, this
reactor is expected to be an important contribution for the generation of bona fide
hiPSC-derived cells for various biomedical applications, namely drug screening, disease
modelling, and, ultimately, for Regenerative Medicine.
BIOT 136
Quantitative analysis of lentiviral vector potency for gene therapy in
hemoglobinopathies
Joyce Y. Zhao, yzhao@bluebirdbio.com, Charlie Mintz, Deb Bhattacharya, Gillian
Payne, Agnes Lin, David Schwalb, Steve Duguay, Kayla MacLeod, Jeff Cram. Pharm
Sci, bluebird bio, Cambridge, Massachusetts, United States
Hemoglobinopathies are among the most prevalent monogenic disorders.
Hematopoietic stem cells (HSCs) transduced with a lentiviral vector (LVV) encoding an
anti-sickling globin are being evaluated in clinical trials for beta-thalassemia and sickle
cell disease. To ensure drug product quality, it is important to demonstrate consistent
LVV potency in manufactured lots.
In this study, we present the development of LVV potency assays. qPCR was used to
determine average LVV copy number from transduced healthy human donor CD34+
cells. Transduced CD34+ cells were cultured to stimulate erythroid differentiation and
liquid chromatography was used to determine the amount of β-AT87Q in erythroid
differentiated cells (enucleated). Both assays report percent potency relative to a well-

characterized LVV reference standard. These quantitative results demonstrate
consistent manufacture of LVV.
BIOT 137
ERK activity-dependent suicide gene vector system for selective targeting of
cancer cells
Evan Day1,2, ekd4u@virginia.edu, Benjamin Purow4, Matthew Lazzara2,3. (1) Chemical
& Biomolecular Engineering, University of Pennsylvania, Philadelphia, Pennsylvania,
United States (2) Chemical Engineering, University of Virginia, Charlottesville, Virginia,
United States (3) Biomedical Engineering, University of Virginia, Charlottesville, Virginia,
United States (4) Department of Neurology, University of Virginia, Charlottesville,
Virginia, United States
The HSV-tk/GCV (Herpes simplex virus thymidine kinase/ganciclovir) prodrug system is
a common suicide gene strategy used to target cancer cells. Integration of the HSV-tk
gene into the host cell genome, typically mediated by viral vectors, enables
phosphorylation of GCV, an acyclic analog of the 2’-deoxyguanosine nucleotide.
Phosphorylated GCV competes with guanine during DNA synthesis and, due to its
acyclic structure, causes DNA damage and cell death. The HSV-tk/GCV system has
been studied extensively as a potential therapeutic strategy in cancer, but selectively
localizing gene delivery to cancer cells, versus normal cells, has been challenging.
Here, we describe a strategy to overcome the selectivity barrier by creating an HSV-tk
fusion that is stabilized by the activity of an oncogenic kinase. Specifically, we designed
a fusion of HSV-tk to a domain of FRA1, a substrate of the extracellular signal-regulated
kinases (ERK) pathway, and a nuclear localization sequence. The resulting fusion
protein is stabilized by ERK, which is hyper-activated in cancer cells with mutation or
over-expression of oncogenes such as RAF, RAS, and EGFR, and which is
preferentially shuttled to the nucleus upon activation. With this approach, both cancer
and non-cancer cells in a treated tissue may be transduced by the viral vector, but the
system may be tuned so that cancer cells with elevated ERK activity selectively die. We
have begun to explore the efficacy and selectivity of this new vector system in
glioblastoma multiforme, pancreatic ductal adenocarcinoma (PDAC), and lung
adenocarcinoma cell lines. In human glioblastoma cells, MEK/ERK inhibition inhibited
GCV-mediated death of cells expressing HSV-tk. This apparently paradoxical result
confirms the ERK-dependence of HSV-tk-mediated cell death. In the same glioblastoma
cells, the novel suicide gene improved cell killing in response to EGFR and MET
receptor inhibition, which is normally accompanied by a resurgent ERK activation that
rescues cells from death. In a third example, we used the vector to kill chemotherapyresistant PDAC cells which show higher ERK activation than chemosensitive PDAC
cells. In future studies, the efficacy and selectivity of this approach will be evaluated in
preclinical animal models. Ultimately, the approach may be a useful adjuvant or
replacement for conventional chemotherapy in a variety of cancers.
BIOT 138

Immunometabolic reprogramming of natural killer cells as adoptive
immunotherapies of solid tumors
Jiao Wang, Andrea Chambers, Kyle Lupo, Sandro Matosevic, sandro@purdue.edu.
Industrial and Physical Pharmacy, Purdue University, West Lafayette, Indiana, United
States
Natural killer (NK) cells have shown promise in clinical settings as immunotherapies
against hematologic malignancies, though the treatment of solid tumors has lagged
behind. The anti-tumor immunity of NK cells is highly impaired due to immunometabolic
suppression in the microenvironment of solid tumors. For that reason, reprogramming
these cells is a therapeutic necessity to enhance their effector function. We have shown
that targeting the immunosuppressive purinergic signaling cascade via CD73 activity —
fueled by hypoxia and ATP and highly upregulated in glioblastoma and other solid
cancers — enhances the anti-tumor immunity of genetically engineered chimeric
antigen receptor-NK cells redirected against NKG2D in vivo. Specifically, we found that
targeting adenosine metabolism through CD73 can improve immunotherapy and
intratumoral infiltration of adoptively transferred NK cells against CD73 + solid tumors via
mechanisms that are independent of ADCC. Futher, we have developed NK cells
redirected against purinergic targets using new, NK cell-specific signaling domains and
characterized them in vitro and in vivo, and shown that these therapies can be
generated from allogeneic NK cells derived from induced pluripotent stem cells. We also
show how other checkpoint blockade targets in innate immunity, including CD155/TIGIT
and LAG-3 can be regulated to mediate natural killer cell-based immunotherapy against
difficult-to-treat cancers in the context of adenosinergic targeting. Overall,
reprogramming of NK cells by imparting new functionality which targets
immunometabolism can lead to the development of powerful new immunotherapies for
the treatment of solid tumors.

BIOT 139
Imaging-based phenotypic screening for cell therapy manufacturing
Jose C. Contreras-Naranjo, Ahmad Hilaly, M. N. Karim, Victor Ugaz, ugaz@tamu.edu.
Texas A M University, College Station, Texas, United States
Cell-based manufacturing is a cornerstone of the biopharmaceutical industry. Animal
cell culture expression systems critically depend on the ability to link phenotypic
attributes to process conditions so that scalability and robust operation under steadystate and abnormal event scenarios can be achieved. Similarly, emerging personalized
therapeutics involve cell-based manufacturing, such as approaches based on modifying
patient-derived T cells to express a chimeric antigen receptor and expanding them to
produce sufficient quantities displaying consistent phenotype and quality. But in each of
these biomanufacturing domains, there are few consistent industry-standard definitions
of product identity, consistency, and potency because the analytical methods needed to
measure them are slow and challenging to broadly deploy. Here we show how this need
can be addressed by leveraging an advanced imaging-based platform that enables
quantitative phenotypic fingerprinting to be performed via a super-resolution surface
adhesion dynamics signature. This approach can be applied to construct image libraries
that establish correlations with phenotype, potency, and process variables, laying the
foundation to establish an automated platform for rapid cell analysis augmented with
state-of-the-art multivariate process analytical technology. These image-based
techniques offer potential to establish new industry-standard measures of product
quality and consistency that deliver throughput consistent with at-line analysis and
control, suggesting potential to profoundly impact cell-based biopharmaceutical
manufacturing.

BIOT 140
Keynote: Advances in gene therapy manufacturing
Curran Simpson, csimpson@regenxbio.com. Technical Operations, Regenxbio,
Frederick, Maryland, United States
In recent years, Gene Therapy has emerged as a new potential therapeutic option in
literally hundreds of ongoing clinical trials. As such, the demand for scalable
manufacturing methods and suitable facilities for bioprocessing has emerged as a
priority for industry. Many aspects of Gene Therapy manufacturing model methods
found in the more mature biologics process arena, while some unique aspects of vector
production require new methods. The presentation will highlight potential solutions to
existing bottlenecks and strategies for a platform approach that allows for pursuit of
mutiple programs with a high degree of efficiency.
BIOT 141
Study of surface chemistry to enhance viral bioprocessing
Caryn Heldt, heldt@mtu.edu, Xue Mi, Pratik Umesh Joshi, Seth Kriz, Emily Bromley.
Michigan Technological University, Houghton, Michigan, United States
Virus surface chemistry plays a key role in virus sorption and partitioning processes,
however there is very limited information on viral surface chemical properties. To
enhance the toolbox of available characterization tools, chemical force microscopy
(CFM) is being pioneered for viral particle characterization. CFM measures the
adhesion force between a particle, in this case a virus particle, and a functionalized
atomic force microscopy (AFM) tip. CFM reduces many of the difficulties of bulk
characterization techniques by measuring adhesion of individual virus particles, likely
reducing purification affects that can change surface properties. Two important surface
characteristic that can dominate separation processes are isoelectric point (pI) and
hydrophobicity. The surface charge of virus particles is pH dependent, which dictates
the mobility and controls the colloidal behavior in virus sorption processes. While
traditional characterization methods, including zeta potential and viral adsorption to a
charged surface chemistry, have been used to study viral surface charges and
determine the pI of virus, they are bulk measurements that can change when the
studied particle has a different purification method. Hydrophobic interactions are known
to be strong for virus particles and are implicated to be important in virus entry into cells.
The single particle method of CFM allows not only the quantitation of the virus surface
chemistry, but could be used to understand and better design purification processes.
The adhesion of a viral particle to any chemical moiety in any solution condition can be
tested with this method. The model non-enveloped porcine parvovirus (PPV) and
enveloped bovine viral diarrhea virus (BVDV) were used to demonstrate the use of CFM
to determine the hydrophobicity and pI for viral particles. This information is being used
to determine the binding and elution conditions of a virus to a chromatographic column.

Our work on CFM demonstrates that measurement of biophysical properties can lead to
improved separation processes. With a thorough understanding of virus surface
characteristics, virus sorption and desorption processes could be significantly improved
and designed to specifically target viral particles using minimal viral material during
development.
BIOT 142
From stillage to biogas: A year of waste from the Native Dextran factory takes the
biogas bus around the globe!
Alfred Daniels, alfred.daniels@ge.com, Adrian Kokko, Anna Stjerndorff, Erik Wall. GE
Healthcare, Uppsala, Sweden
Native Dextrans are glucose polymers that are processed through fractionation and
emulgation into Sephadex beads for protein purification. The Native Dextran factory is
located in Uppsala.
The biological process of creating Native Dextran uses lactic acid bacteria to ferment
sugar into a glucose polymer. Sugar contains the two components fructose and
glucose, where the glucose is combined in to a polymer by the bacteria, and fructose is
collected as waste. The fructose residue, called stillage, was previously sent by truck for
controlled disposal at an annual cost of about 36 k$.
Since 2017, the stillage has been certified as a biogas waste, making it acceptable as a
component to be decayed in the biogas chambers of Uppsala Water and Waste. The
stillage energy can now be recycled into something useful for Uppsala municipality,
which is an important partner to the Uppsala factory. The process creates both biogas
used in the local city busses, and fertilizers to be spread on cropland in Uppsala. One
year of waste from the Uppsala factory can drive a bus one lap around the world, saving
emissions of 66 tons of CO2 from diesel combustion! The local air quality is also
improved in the city center due to decreased particulates and NO x from diesel. The
waste cost is also improved since the stillage can be delivered cost neutral to Uppsala
Water and Waste.
BIOT 143
Johnson award: Past is new again
Kelvin H. Lee, KHL@udel.edu. University of Delaware, Newark, Delaware, United
States
Rubin wrote that "collaboration is a purposeful relationship in which all parties
strategically choose to cooperate in order to accomplish a shared outcome."
Collaboration
helped create and launch today's biotechnology industry which has had a profound
impact on
our society. In this presentation, we will discuss one perspective on the importance of

collaboration as it relates to shaping our work on understanding expression and
secretion in E.
coli, characterizing CHO host cell proteins, and identifying and advancing shared
interests
among the community as they relate to the continued growth of the industry.
BIOT 144
Overcoming cell shear in mAb harvests with advanced clarification train
technologies and design strategies
Alexei Voloshin, amvoloshin@gmail.com, Masa Nakamura, Rebecca Warren. 3M, St.
Paul, Minnesota, United States
Mammalian cell culture continues to be the workhorse for expression of high value
recombinant therapeutic protein modalities. As the requirements for the manufacturing
process performance, product quality and safety continue to become more stringent,
mammalian cell shear during clarification operation has become an important
consideration in preventing product degradation, and in defining the clarification train
design. Shearing of the cells during the clarification exposes the complex therapeutic
products to intracellular enzymes, such as the reductases and proteases. Because the
unit operation is conducted over many hours, and the clarified cell culture fluid is stored
potentially for many days at room temperature before being loaded onto capture
chromatography, the product quality can be adversely affected. Additionally, cell shear
in the clarification train can produce an insoluble and soluble cell fragment “tail” that
interferes with membranes and capture chromatography on a packed bed, resulting in
poor purification performance.
Here we present an analysis of cell shear in various harvest grade depth filters. We
utilize direct (particle sizing) and indirect (enzyme release, reduction potential, product
quality) analytical techniques to understand dependence of cell shear on depth filter
pore size, bed loading, and pressure. Additionally, we explored alternative low shear
harvesting technologies based on advanced non-porous materials. The result is that we
demonstrate design strategies of clarification trains that produce low shear and, at the
same time, maintain industrial scalability and robustness. These strategies insure high
product quality and enable high degree of control on both soluble and insoluble
contaminant clearance.
BIOT 145
Development of continuous ELP-Z-based affinity precipitation for the purification
of monoclonal antibodies
Akshat Mullerpatan1, mullea@rpi.edu, Manish Bhat1, Jie Chen2, Melissa Holstein2,
Pankaj Karande1, Steven M. Cramer1. (1) Chemical and Biological Engineering,
Rensselaer Polytechnic Institute, Troy, New York, United States (2) Biologics

Development, Global Product Development and Supply, Bristol Myers Squibb
Company, Devens, Massachusetts, United States
Affinity precipitation using thermoresponsive ligand conjugated elastin-like polypeptides
(ELPs) has been developed in our lab for the tag-free purification of monoclonal
antibodies (mAbs) and non-mAb biologics. In this work, we have extended our prior
work to a continuous affinity precipitation strategy for mAb purification. A system was
developed for the continuous affinity precipitation process incorporating the following
steps: binding of the mAb to ELP-Z, precipitation of the complex, capture and washing
of the precipitates, and removal of the mAb from the ELP-Z precipitates, all in a
continuous fashion. This system employs static mixers for effective mixing during the
binding and precipitation steps. In addition, experiments were conducted to determine
the precipitate particle size distributions and morphologies using both flow microscopy
and dynamic light scattering (DLS). The collected information was then employed to
select appropriately sized depth filters (2 μm-0.2 μm) for the efficient capture and
subsequent washing of ELP-Z-mAb precipitates. Low pH conditions were also
evaluated for their ability to elute and recover pure mAb from the captured precipitate,
again in a continuous fashion. Finally, appropriate cycling of depth filters was carried out
to enable continuous operation of mAb capture, washing and elution. The developed
continuous process was validated using two different mAb products and the results
showed both high clearance of HCP and DNA as well as >95% recovery of the eluted
mAb product. This study demonstrates that smart biopolymer-based affinity capture
processes can be carried out in a continuous fashion for mAb bioprocessing using an
appropriate configuration of low-cost static mixers and depth filters.
BIOT 146
Peptide immunofibers with modified protein A ligand for monoclonal antibody
purification
Lye Lin Lock3, lyelin.lock@bms.com, Yi Li1, Jason Mills3, Honggang Cui1,2, Xuankuo
Xu3, Sanchayita Ghose3. (1) Department of Chemical and Biomolecular Engineering,
Johns Hopkins University, Baltimore, Maryland, United States (2) Department of
Oncology and Sidney Kimmel Comprehensive Cancer Center, Johns Hopkins University
School of Medicine, Baltimore, Maryland, United States (3) Biologics Process
Development, Global Manufacturing and Supply, Bristol-Myers Squibb, Devens,
Massachusetts, United States
With the significant improvement of titer from cell culture processes, mAb capture using
Protein A chromatography is becoming one of the major downstream bottlenecks due to
limited resin capacity and constraint production cadence. Peptide-based platform
technology offers an alternative for the next generation of non-chromatography
purification process with high mAb binding affinity and ease of handling. By utilizing the
amphiphilic feature, uniform peptide self-assembled nanofibrous structure with modified
Protein A ligand displayed on the surface serves as the docking station for mAb binding.
Due to the nano-sized diameter regime of the peptide immunofibers, we found that the

presentation of ligand density and its accessibility to antibody are highly correlated to
the binding efficiency. In this study, we implemented different strategies to customize
the design of peptide immunofibers for optimal binding performance and ease of
handling. In addition, various critical operating parameters such as buffer pH,
conductivity and concentration were studied to optimize the bind-wash-elute conditions
and overall step yield. With the controllable and unique feature of self-assembly and
dissociation states of this system, the residual peptide immunofibers in the product pool
was removed by membrane separation and characterized by RP-HPLC. As a proof of
concept, different types of antibodies at clarified bulk state were included in this study;
the product quality such as SEC-HMW and impurity levels of HCP and residual DNA
were compared to demonstrate the compatibility and feasibility of this system for mAb
purification.
BIOT 147
Manufacturing scalability of isoelectric impurity precipitation during viral
inactivation neutralization
Steven J. Traylor1, straylor@udel.edu, Weixin Jin2, Helen Hua1, Jing Guo3, Jongchan
Lee4, Xuankuo Xu1, Abraham M. Lenhoff5, Sanchayita Ghose1. (1) Biologics Process
Development, Bristol-Myers Squibb, Devens, Massachusetts, United States (2) BristolMyers Squibb , Devens, Massachusetts, United States (3) Chemical and Biomolecular
Engineering, University of Delaware, Newark, Delaware, United States (4) Mailstop L-2,
Bristol-Myers Squibb, East Syracuse, New York, United States (5) Univ of Delaware,
Newark, Delaware, United States
Isoelectric impurity precipitation during the viral inactivation neutralization and depth
filtration step of a monoclonal antibody purification process can provide significant
reduction of host cell proteins and residual DNA. Limiting the commercial application of
this unit operation is the lack of a representative scale-down model for the precipitation
step for purposes of process development and characterization. In many cases this step
may contribute significant process impurity removal but still not be considered to provide
robust and reliable clearance. One of the most significant and challenging factors to
scale is the agitation. Various dimensionless groups exist for this purpose, including
Reynolds number and power to volume ratio, but only one of these can be scaled
independently of the other. If the mechanism of isoelectric precipitate formation or
growth is dependent on the mixing conditions, characterization of impurity reduction at
small scale and depth filter sizing experiments can be particularly problematic. The
objective of this work is to compare isoelectric impurity precipitation behavior for a mAb
product over a variety of scales, from micro-scale to pilot plant. Precipitate size is
characterized using turbidity and absorbance as well as by flow imaging microscopy.
Protein yield and impurity removal is also quantified. Previously-reported factors that
may influence precipitate size, particle concentration and impurity removal include
neutralization pH and conductivity. Here, scaling parameters such as agitation, vessel
size and geometry are investigated. Preliminary results show trends in precipitate size
and concentration as a function of scale and mixing conditions. The dependence on

various scaling parameters are under further investigation. The work aims to minimize
the scale for process development and validation as far as possible by identifying and
optimizing factors critical for scaling. Through this effort, development can be
accelerated, material conserved and additional confidence established around scale-up
performance and robustness.
BIOT 148
Comparative Evaluation of TFF cassettes towards establishing a platform
strategy for UFDF step
Abhijeet Shirke, abhijit.shirke@tevapharm.com, Dharmesh Kanani, Mi Jin.
Downstream Processing-CMC Biologics, Teva Pharmaceuticals, West Chester,
Pennsylvania, United States
TFF cassettes are widely used for final formulation of biological drug substance. For
early phase molecules, process development activities are limited due to availability of
purified material. This study undertakes comprehensive evaluation of several
commercially available TFF cassettes with varying membrane chemistries and MWCO
as well as cassette design using r-protein and mAbs. The performances of these
cassettes were compared in terms of throughput, membrane fouling propensity, mass
transfer and protein aggregation due to shear stress. The benefit of this study in
establishing UFDF platform strategy will be discussed using a case study.
BIOT 149
Investigation of fouling mechanisms of virus filters during the filtration of protein
solutions using a high throughput filtration screening device
Peter Kosiol1, peter.kosiol@sartorius.com, Marc Bieberbach2, Alex Seay3, Moritz
Bennecke2, Björn Hansmann1, Stefan Hepbildikler2, Volkmar Thom1. (1) Sartorius
Stedim Biotech GmbH, Göttingen, Germany (2) Roche Diagnostics GmbH, Penzberg,
Germany (3) Genentech, Inc., South San Francisco, California, United States
The downstream process development of novel antibodies (Abs) is often challenged by
virus filter fouling making a better understanding of the underlying mechanisms highly
desirable. The present study combines the protein characterization of different
feedstreams with their virus filtration performance using a novel high throughput
filtration screening system. Filtration experiments with Ab concentrations of up to 20 g/L
using either low interacting or hydrophobically interacting pre-filters indicate the
existence of two different fouling mechanisms, an irreversible and a reversible one. At
the molecular level, size exclusion chromatography revealed that the presence of large
amounts of high molecular weight species - considered as irreversible aggregates correlates with irreversible fouling that caused reduced Ab throughput. Results using
dynamic light scattering show that a concentration dependent increase of the mean
hydrodynamic diameter to the range of dimers (17 nm at 20 g/L) together with a

negative DLS interaction parameter kD (-18 mL/g) correlate with the propensity to form
reversible aggregates and to cause reversible fouling, probably by a decelerated Ab
transport velocity within the virus filter. The two fouling mechanisms are further
supported by buffer flush experiments. Finally, models of reversible and irreversible
fouling mechanisms are discussed together with strategies for respective fouling
mitigation.
BIOT 150
Virus retentive filtration optimization: Robust and cost effective
Sanaa Elouafiq1, sanaa.elouafiq@biogen.com, Thomas Parker2. (1) Protein
Development , Biogen, Morrisville , North Carolina, United States (2) Technology
Management, MilliporeSigma, Raleigh, North Carolina, United States
Biological products produced by mammalian cell lines are mandated by regulatory
agencies to evaluate and mitigate the risks associated with virus contamination. Virus
retentive filters are a robust removal step; however, they are often one of the most
expensive steps in the downstream process, so any efforts to improve the capacity can
significantly impact the manufacturing cost ($/gram protein). The capability of these
filters to remove virus must be evaluated in a dedicated viral clearance lab, The
performance is significantly impacted by sample handling during storage and shipment,
as well as the purity of the virus spike. Higher order protein aggregates and precipitates
can be generated in preparation for viral clearance studies and are well known to cause
fouling for virus retentive filters. It is difficult to separate these aggregates from
monomers by size exclusion-based prefiltration, so adsorptive prefiltration is often used
to improve the performance/capacity of the virus retentive filtration step. Our work
examines the effectiveness of adsorptive prefilters for high molecular weight
contaminant removal and virus retentive filter capacity. Both naturally adsorptive (nylon)
and surface chemistry modified (Viresolve Pro Shield) membranes are evaluated in this
study. Results suggest that the effectiveness of a virus retentive filtration step heavily
depends on optimizing the adsorptive prefilter, so care must be taken to select the
appropriate prefilter and operational conditions to maximize virus retentive filter
capacity. Important considerations are noted, which confirm and add to current best
practices for process development of virus retentive filtration.
BIOT 151
Development of a method for the measurement of Interactions between protein
molecules and the virus removal membrane surface: effects of immunoglobulin G
adsorption on filter performance
Ryo Hamamoto1, hamamoto.rb@om.asahi-kasei.co.jp, Tomoko Hongo-Hirasaki1,
Tomohiro Hayashi2. (1) Asahikasei Medical, Tokyo, Japan (2) Tokyo Institute of
Technology, Yokohama, Japan

Membrane fouling commonly occurs in all filter types during virus filtration in proteinbased biopharmaceutical manufacturing. Mechanisms of decline in virus filter
performance due to membrane fouling were investigated using a cellulose-based virus
filter as a model membrane. Filter performance was critically dependent on solution
conditions; specifically, ionic strength. To understand the interaction between
immunoglobulin G (IgG) and cellulose, sensors coated with cellulose were fabricated for
surface plasmon resonance measurement. The primary cause of flux decline appeared
to be irreversible IgG adsorption on the surface of the virus filter membrane. Analyses of
adsorption in IgG molecules on cellulose surfaces mimicking cellulose-based virus
removal membranes provide an effective approach for identifying ways of optimizing
solution conditions to maximize virus filter performance.

BIOT 152
Constraint-based modeling and genome-scale metabolic models to understand
metabolism of Chinese hamster ovary cells
Yiqun Chen, Michael J. Betenbaugh, beten@jhu.edu. Department of Chemical and
Biomolecular engineering, Johns Hopkins University, Baltimore, Maryland, United
States
Attention towards modeling of mammalian cells such as the Chinese hamster ovary
(CHO) cells has increased given the importance of this cell line to biotechnology. We
have observed challenges to applying FBA for mammalian cells when using
metabolomics data and a CHO genome-scale model. As a result, we are modifying the
FBA processes to be more feasible and useful for other applications. An unconventional
FBA approach allows us to compare different cell lines and reveals metabolic variation
between different cell lines. Further sensitivity analysis of the resulted unconventional
FBA solutions generates detailed information about cell-line-specific metabolic
characteristics and behavior that can be potentially useful for guiding media and
process optimization. Overall, we propose a modified modeling approach to be
applicable for CHO cell bioreactors and can be more readily used for bioprocess
understanding and optimization.
BIOT 153

Novel mechanistic insights towards precision control of n-glycosylation in CHO
cell fed-batch cultures
Madhuresh Sumit1, madhuresh.sumit@gmail.com, Sepideh Dolatshahi2, Michelle M.
Chang2, Giyoung Jung2, Kaffa Cote1, Boriana Tzvetkova1, John J. Scarcelli1, Jeffrey K.
Marshall1, Richard J. Cornell1, Ron Weiss2, Douglas A. Lauffenburger2, Bruno
Figueroa1, Bhanu C. Mulukutla1. (1) Bio-therapeutics Pharmaceutical Sciences , Pfizer
Inc., Andover, Massachusetts, United States (2) Department of Biological Engineering,
Massachusetts Institute of Technology, Boston, Massachusetts, United States
N-glycosylation is a key product quality attribute that is known to influence critical
properties of therapeutic proteins including potency, safety, immunogenicity and
pharmacokinetic clearance. Several factors are known to act in tandem in governing Nglycosylation and this interplay of factors often results in weaker predictability and
control. We implement a systems biology approach that includes multi-dimensional
omics analyses and mathematical modeling to develop a mechanistic understanding of
N-glycosylation of proteins produced during fed-batch cultures of CHO cells. First, we
show that the amount of galactosylated species produced at a given time point depends
on the relative intracellular levels of UDP-Gal and UDP-HexNAc. Second, there exists a
non-linear relationship between galactosylation and fucosylation levels. Galactsoylated
species increase as fucosylation increase, suggesting that the existence of core fucose
might enhance galactosyltransferase activity of B4galt1. In contrast, fucosylated species
decrease as galactosylation levels increase, consistent with existing reports that an
uncapped GlcNAc is required on the mannose-alpha1,3 branch for Fut8 activity. Third,
we also find that the kinetic properties of B4galt1 determine the relative levels of mono
(G1) and bigalactosylated (G2) species. Together, these mechanistic insights provide
tools for precision control of N-glycosylation in CHO cell fed-batch cultures.
BIOT 154
Multiscale modeling of antibody production and glycosylation for improved
upstream process design
Yu Luo1, gol16cn@gmail.com, James V. Price2, Robert J. Lovelett1, Devesh
Radhakrishnan1, Kristopher A. Barnthouse2, Eugene J. Schaefer2, John Cunningham2,
Ping Hu2, Kelvin H. Lee1, Raghunath Shivappa2, Babatunde Ogunnaike1. (1) University
of Delaware, Newark, Delaware, United States (2) BioTherapeutics Development,
Janssen Research & Development, Malvern, Pennsylvania, United States
Monoclonal antibodies (mAbs) constitute the largest component of the current
biopharmaceutical market, generating over $100 billion revenue in the U.S. every year.
Recombinant therapeutic mAbs are often produced using Chinese hamster ovary
(CHO) cell lines that execute the necessary post-translational modifications (e.g.,
glycosylation) for the drug to be therapeutically efficacious. Glycosylation is an
intracellular, enzymatic process by which glycans are attached to a specific location on
the antibody. The structure of the glycans attached to the mAb affects the therapeutic

efficacy of the molecule, making glycan distribution a critical quality attribute.
Consequently, the ability to predict how variations in process conditions affect both
product formation and glycosylation is important from a process development viewpoint.
A multiscale, mathematical model describing CHO cell growth, antibody production, and
glycosylation was developed in MATLAB to provide a quantitative understanding of how
to manipulate a cell culture process to improve antibody titer and control glycosylation
effectively. At the macroscopic (bioreactor) scale, the cell culture model uses Monod
growth kinetics to describe cell growth, nutrient/metabolite concentrations, and mAb
production; at the microscopic (antibody) scale, the glycosylation process in the Golgi
apparatus is modeled by a plug flow reactor using a reaction network governed by the
Michaelis–Menten kinetics. Model predictions are cross-validated against an
independent data set from a representative industrial mammalian cell culture process.
The multiscale model is also capable of solving process parameters that would lead to a
specified production target for the use in a process development setting. In a proof-ofconcept experiment, the model was used to generate initial process conditions to drive
changes in the glycosylation pattern of a representative mAb product. These initial
conditions were validated across three different cell lines and products.
BIOT 155
Elucidating fluxes in complex media: 13C metabolic flux analysis of E. coli grown
in the presence of yeast extract
Brian McConnell, brianom@udel.edu, Maciek R. Antoniewicz. University of Delaware,
Newark, Delaware, United States
13C

Metabolic flux analysis (13C-MFA) is an important technique used widely in
biological sciences to measure intracellular metabolic fluxes. In the past two decades,
13C-MFA has been applied numerous times to elucidate metabolism of both wild-type
and metabolically engineered strains in a wide range of culture conditions. So far,
chemically defined media (i.e. minimal media) have been used in nearly all 13C-MFA
studies. However, in practice, engineered strains such as E. coli are often grown in
complex media that contain poorly characterized components such as yeast extract. In
this contribution, we describe new metabolic flux modeling and analytical approaches
that we have developed to allow metabolic fluxes to be estimated through 13C-MFA in
complex media formulations.
It is well known that culturing E. coli in the presence of yeast extract, as compared to
minimal media, has a major impact on cell physiology and growth kinetics. For example,
the growth rate increases by 2-fold (i.e. doubling time decreases from 1 hr to 30 min),
and the biomass yield on glucose increases significantly. In this study, we have
investigated in detail how intracellular metabolism of E. coli is rewired under these two
growth conditions: growth in the presence and absence of yeast extract. First, we used
fully labeled glucose tracer, i.e. [U-13C]glucose, to determine the relative contributions of
glucose and yeast extract for biomass formation. Second, we determined which
components of yeast extract were actively metabolized in central carbon metabolic

pathways. Third, we updated the metabolic network model of E. coli to account for the
observed dilutions of isotopic labeling resulting from catabolism of yeast extract
components. And finally, we applied parallel labeling experiments with [1,2-13C]glucose,
[1,6-13C]glucose, and [4,5,6-13C]glucose to quantify precise metabolic fluxes with and
without yeast extract in the medium. Our 13C-flux results provide new information
regarding how specific metabolic pathways are up- and down-regulated in the presence
of yeast extract, how energy metabolism is rewired, and how the redox balance has
shifted. More broadly, these results provide critical new insights that can be used for
better design of media formulations, as well as better design of E. coli strains to grow in
minimal and complex media.
BIOT 156
Systems-level analysis of metabolic flux responses to deletion of 50 core
enzymes reveals flexibility and limits of E. coli metabolism
Maciek R. Antoniewicz, mranton@udel.edu, Christopher P. Long. University of
Delaware, Newark, Delaware, United States
Metabolic and physiological responses to genetic perturbations are of fundamental
interest to systems biology and metabolic engineering. They reveal underlying
information about network structure including kinetics, regulation, and the presence of
otherwise “hidden” reactions. Quantitative prediction of these responses is essential for
rational strain design, but has been a persistent challenge in the field. There has been
much work done to develop in silico predictive models of metabolism, most notably the
constraint-based models. Progress in this area has been limited, however, by a lack of
high-quality, reproducible experimental metabolic flux (fluxomic) data of genetically
perturbed strains.
In this study, state-of-the-art 13C metabolic flux analysis (13C-MFA) was applied to 50
Escherichia coli knockout strains spanning the major pathways of central carbon
metabolism. A full physiological characterization of each strain during aerobic
exponential growth was performed, including uptake and secretion rates as well as
biomass composition. Flux estimates were obtained using an optimized parallel
experimental design, coupled with mass spectrometry measurement of metabolite
isotopic labeling and 13C-MFA. The flux and physiological responses of these strains
collectively provide valuable new insights into the robustness of central carbon
metabolic pathways, as well as areas of likely kinetic limitation. Severely growthimpaired knockout strains identify the most important enzymes in central metabolism
and the adaptability of E. coli to extreme perturbations. Particularly surprising
responses, including the identification of novel enzymatic activities, will be emphasized.
Next, we used this comprehensive flux data set, combined with complementary
transcriptomic and metabolomic data, to parametize a genome-scale kinetic model of E.
coli metabolism. In addition to having significant value in advancing fundamental
biological knowledge, this model provides a valuable new toolkit for industrial
biotechnology.

BIOT 157
Elucidating and reverse engineering exceptional solvent tolerance in Yarrowia
lipolytica
Caleb Walker, fyz692@vols.utk.edu, Seunghyun Ryu, Cong T. Trinh. Chemical and
Biomolecular Engineering, University of Tennessee, Knoxville , Knoxville, Tennessee,
United States
Microbial biocatalysis in organic solvents such as ionic liquids (ILs) is attractive for
making high-value chemicals. However, IL toxicity at a level of 0.5% ~1% (v/v) can
drastically reduce microbial activity. In this study, we engineered a mutant Yarrowia
lipolytica YlCW001 through evolutionary engineering that can thrive in up to 18% (v/v) 1ethyl-3-methylimidazolium acetate ([EMIM][OAc]), lethal to almost all microorganisms.
Remarkably, YlCW001 also exhibits universal tolerance in most commonly used ILs
such as 1-butyl-3-methylimidazolium chloride ([BMIM][Cl]) and bromide ([BMIM][Br]),
[EMIM][Cl], [EMIM][Br], and 1-allyl-3-methylimidazolium chloride ([AMIM][Cl])). Scanning
electron microscopy revealed that ILs significantly damage cell wall and/or membrane of
wildtype Y. lipolytica while YlCW001 maintains healthy cellular morphology even in high
concentration of ILs up to 18% (v/v). Through comprehensive metabolomics, lipidomics,
and transcriptomics study, we elucidates the underlying mechanisms of how the mutant
reconfigures the membrane composition and structure during evolutionary engineering
and hence exhibits high IL tolerance. We further identify genotypes confering IL-tolerant
phenotypes and reverse engineer IL-tolerant Y. lipolytica strains for industrial
biocatalysis in organic solvents.
BIOT 158
Systems approaches for engineering microbial biocatalysts
Jennifer Reed, reed@engr.wisc.edu. 3639 Engineering Hall, UW Madison, Madison,
Wisconsin, United States
Microbes have been engineered to produce a variety of chemicals, including biofuels,
commodity chemicals, specialty chemicals, and therapeutics. Chemical production can
be enhanced by connecting synthesis pathways to host metabolism, re-wiring regulatory
networks, improving precursor production, and optimizing gene expression. A number of
computational systems biology approaches have been developed to facilitate metabolic
engineering efforts by suggesting which combination of genetic changes would improve
chemical production. Network analysis methods can be used to identify paths from
renewable substrates to high-value chemical products and central metabolic precursors
common to a variety of chemical products. Genome-scale metabolic models can be
used to predict how gene deletions, gene additions, and gene expression changes
would impact chemical product yields, growth rates, and/or productivities. Additionally,
machine learning and active learning algorithms can be used to optimize gene
expression constructs to efficiently convert metabolic precursors into desired products.

Case studies will be presented that show how a variety of computational tools can guide
development of strains with enhanced chemical production. These cases studies
include engineering substrate co-utilization in plant hydrolysate, as well as, pyruvate
and valine production in Escherichia coli. This work will show how integrating
computational and experimental efforts rapidly develop microbial biocatalysts for
renewable chemical production.
BIOT 159
Optimizing heterologous gene dosage in eukaryotes informed by omic analysis of
over 125 yeast strains
Joseph Brady1, jrbrady@mit.edu, Charles A. Whittaker1, Melody C. Tan1, Noelle A.
Colant1, Kerry R. Love1, John C. Love2. (1) Massachusetts Institute of Technology,
Cambridge, Massachusetts, United States (2) Building 76 Room 261, Massachusetts
Inst of Technology, Cambridge, Massachusetts, United States
As drug discovery brings forth breakthrough therapy candidates and existing treatments
reach emerging markets, manufacturing is necessarily challenged to innovate in order
to meet subsequent demand. Previously, sufficient gains in productivity were realized
with process improvements and small-scale, heuristic-based strain engineering. As host
productivity saturates, however, it is now necessary to truly understand the biology of a
host in order to engineer it for optimal volumetric productivity. Omics make this
paradigm shift in strain engineering possible. In this work, we have probed the principles
which govern gene dosage of a heterologous protein into the secretory pathway by
performing RNASeq on over 125 P. pastoris strains expressing one of two proteins with
varied transgene copy number, promoter, and locus. We have complemented this
analysis by also investigating locus accessibility by ATACSeq and translation efficiency
by ribosome profiling. Taken collectively, we use this cell-level, omics learning to guide
promoter, locus, and copy number selection for optimal gene dosage. This level of data
collection and analysis is made possible by taking advantage of the small genome size
of P. pastoris, a model, highly-productive eukaryotic organism. We have elucidated
some of the biological principles that guide heterologous gene dosage not just in P.
pastoris, but likely in other eukaryotic hosts as well. We hope this biological insight can
provide the foundation for future toolkit design and genome engineering.
BIOT 160
Design and evaluation of novel antibody libraries with drug-like specificity
Alec A. Desai1, aldesai@umich.edu, Charles G. Starr2,1, Ghasidit Pornnoppadol2,
Brendan Berg4, Peter M. Tessier1,3,5. (1) Department of Chemical Engineering,
University of Michigan, Ann Arbor, Michigan, United States (2) Department of
Pharmaceutical Sciences, University of Michigan, Ann Arbor, Michigan, United States
(3) Chemical & Biological Engineering, Rensselaer Polytechnic Institute, Troy, New
York, United States (4) Department of Biomedical Engineering, Biointerfaces Institute,

University of Michigan, Ann Arbor, Michigan, United States (5) Department of
Pharmaceutical Sciences and Biomedical Engineering, Biointerfaces Institute,
University of Michigan, Ann Arbor, Michigan, United States
Specificity is one of the most important and challenging drug-like properties to optimize
during antibody generation and affinity maturation. We have sought to develop methods
for designing libraries that maximize antibody specificity in addition to antibody affinity
and stability by combining three key advances. First, we have developed a library
design method that samples a subset of residues at each position within antibody
binding loops based on i) chemical descriptors of antibody specificity and ii) site-specific
constraints based on the amino acid diversity observed for antibodies generated by the
natural immune system. Second, we have generated antibody libraries with amino acid
diversity in the variable region frameworks in addition to the binding loops using >20
different human antibody frameworks that have been validated for high specificity yet
are diverse in terms of their variable region sequences and physicochemical properties.
Third, we have developed a novel approach for displaying antibody fragments in the
Fab format using yeast surface display. We are currently applying using these
combined library design and display methods for isolating antibody variants with high
specificity against different soluble and aggregated target antigens associated with
Alzheimer’s disease. We expect that our methods will improve the rapid and reliable
isolation of high-affinity antibodies with drug-like properties.
BIOT 161
Development of deoxyribozyme DNA nanomachines for diagnostics and therapy
Dmitry Kolpashchikov1, dmitry.kolpashchikov@ucf.edu, Daria Nedorezova2,1,
Alexander A. Spelkov2,1, Christopher Roldan1, Cox Amanda1. (1) Chemistry, University
of Central Florida, Orlando, Florida, United States (2) Laboratory of Solution Chemistry
of Advanced Materials and, ITMO University, St Petersburg, Russian Federation
The Nobel Prize in chemistry in 2016 was awarded for ‘the design and synthesis of
molecular machines’. We design and optimize molecular machines based on DNA for
the detection of human pathogens as well as for anti-cancer and anti-virial treatment.1
Our DNA machines are built from short synthetic oligonucelotides assembled in
complex associations with a variety of functions. In one implementation a DNA
nanomachine was shown to selectively bind a specific biological RNA, unwind its
secondary structure and report its presence by producing fluorescent output using
deoxyribozyme catalytic activity. In another implementation a DNA nanomachine binds
an RNA cancer marker followed by activation of a housekeeping gene RNA (targeted
RNA) cleaving activity. The activated nanomachine can unwind secondary structure of
targeted RNA and cleave it thus suppressing cancer growth. We hope that our
approach will eventually deliver smart nanomachines and DNA nanorobots, which
would improve diagnostics and therapy of human diseases with minimal envelopment of
medical personal.

BIOT 162
Directed evolution of high affinity MDM2-binding ligands using stabilized
bacterial peptide display
Tejas A. Navaratna, tejas.navaratna@gmail.com, Lydia Atangcho, Greg Thurber.
Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United States
Protein-protein interactions are ubiquitous in disease progression and tumorigenesis
and often difficult to disrupt using small molecule approaches. Stabilized alpha helices
bridge the gap between small molecules and larger proteins, which are generally unable
to access the cytoplasm within which most protein-protein interactions take place. The
last decade or so has seen application of these chemically modified peptides to target
traditionally undruggable interactions in addition to use as fast-clearing imaging agents
or as pharmacological enhancers. However, engineering of these agents is arduous
with the need to scan the stabilizing linker location and optimize physicochemical
properties, as improper staple placement and residue identity could result in loss of
binding and/or potency. Methionine-auxotrophic E. coli are able to incorporate
azidohomoalanine (AHA) site-specifically in place of methionine. By displaying AHAincorporated peptides localized to the bacterial outer membrane using the eCPX
scaffold, we have demonstrated quantitative reaction and peptide stabilization. We
developed SPEED (Stabilized Peptide Evolution by E. coli Display) to discover
disrupters of the MDM2-p53 interaction.
NMR structural characterization of a high affinity MDM2 binding sequence uncovered a
modified-alpha helix structure stabilized dually by an unusual i,i+4 disulfide bond and an
i,i+7 chemical linker. We show that further randomization of a peptide based on this
structure and screening resulted in selection of even higher affinity binders. On the
contrary, a near total loss of binding was observed when inappropriate amino acid
residues were selected for stabilization, even when the key binding residues were kept
fixed, indicating the utility of SPEED for the discovery of high affinity peptide binders.
Furthermore, these peptides are potent inhibitors of MDM2 function and exhibit cellspecific efficacy. We are applying this screening method to other protein targets to
develop imaging agents and pharmacokinetic enhancers.
BIOT 163
Novel LPS trap in cancer immunotherapy
Rihe Liu1,2, rihe_liu@unc.edu. (1) Eshelman School of Pharmacy, UNC Chapel Hill,
Chapel Hill, North Carolina, United States (2) Carolina Center for Genome Sciences,
UNC Chapel Hill, Chapel Hill, North Carolina, United States
The role of LPS-induced activation of TLR4 signaling in the immunosuppressive tumor
microenvironment (TME) remains elusive. We hypothesized that TLR4 is a key mediator
in TME of cancer types that have direct access to gut microbiota such as colorectal

cancer (CRC), and an integrative application of TLR4 (ant)agonists with an immune
checkpoint blocker could synergistically reactivate T cells in TME (Nature
Communications, 2018; Advanced Materials, 2018, In Press). We developed a novel
trimeric protein that potently binds and traps LPS from different bacteria strains (Fig.
1A). We demonstrated that a targeted delivery of the LPS trap gene significantly
reduced the tumor growth in a syngeneic, orthotopic CRC mouse model (Fig. 1B) and
inhibited the liver metastasis in a hemispleen metastasis model (Fig. 1C-1D).
Neutralizing LPS significantly increased DCs function and T-cell infiltration in TME while
reduced the immunosuppressive cell populations, suggesting a modified TME that
allows the otherwise MSS/MMR-proficient, immunologically ‘cold’ CRC tumor to
respond well to the immune checkpoint inhibitors. Indeed, combination of the blockade
of LPS-induced TLR4 signaling and PD-1/PD-L1 signaling resulted in significant tumor
growth suppression in a CD8+ T-cell dependent manner (Fig. 1E-1G), indicating the
great potential of this LPS trap when used together with immune checkpoint blockers for
synergistic combination immunotherapy.

Fig. 1. A) Trimeric LPS trap and its multivalent interaction with LPS. B) Gene therapeutic
efficacy of the LPS trap in syngeneic, orthotopic CT26 CRC model. C) Tumor growth curves of
liver tumors by using hemi-spleen inoculation CT26 metastasis model. D) Bioluminescence of
liver tumor burden on 20 days after hemi-spleen inoculation. E) Combination immunotherapy
scheme. F) Growth curves of CT26 tumors in different combination treatment groups. G)
Bioluminescence imaging of tumor burden of the combination immunotherapy.

BIOT 164
Developing and characterizing peptide bacteriocins as antimicrobial therapeutics
Vikas D. Trivedi1, vikasdtrivedi@gmail.com, Nikhil U. Nair2. (1) Chemical and Biological
Engineering, Tufts University, Medford, Massachusetts, United States (2) Chemical &
Biological Engineering, Tufts University, Medford, Massachusetts, United States

The rise of multidrug-resistant pathogens and lack of new antibiotics to combat them is
cause for serious healthcare concern. An increasing body of evidence suggests that
antibiotic-resistant bacteria display collateral sensitivity to antimicrobial peptides. Thus,
antimicrobial peptide provides a new path forward in the arms-race against multidrug
resistant pathogens, viz. Klebsiella pneumonia, Staphylococcus aureus etc., and might
be the only resort when the last line of antibiotics is ineffective. Further, many naturallyoccurring bacterially-derived antimicrobial peptides (i.e., bacteriocin peptides) are
narrow-spectrum and thus less likely to elicit off-target effects such as dysbiosis or
broad proliferation of antimicrobial resistance. Thus, there is significant interest in
identifying, characterizing, and developing narrow-spectrum antimicrobial peptides as
drugs. However, current methodologies used to characterize bacteriocin activity largely
rely on semi-quantitative estimation of zones-of-inhibition created by crude culture
supernatants. Thus, there is need for more quantitative tools to more rigorously
characterize bacteriocin binding- and killing- activities in a quantitative manner. Further,
there is also a need to rapidly identify putative targets of bacteriocins to ascertain their
spectrum of activity. In this talk, we will discuss our recent work where we have
developed a flow cytometry-based approach to determine the targets of the anti-listerial
bacteriocin peptide pediocin PA-1. Using cell adsorption-desorption as a tool, we
partially purified the bacteriocin and conjugated it to a fluorophore. We show that using
flow cytometry, fluorophore conjugated pediocin can be used to screen for its targets.
This method also serves as a direct method for quantification of strength of the
interaction between the peptide and its target microbial cells.
BIOT 165
Engineering hyperthermostable rcSso7d as a reporter molecule for in vitro
diagnostic tests
Ki-Joo Sung, sungkj@mit.edu, Eric Miller, Hadley D. Sikes. Chemical Engineering,
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States
Antibody pairs are widely used as affinity agents in rapid diagnostic tests (RDTs) for
infectious diseases. These tests are often designed as a sandwich assay, in which one
binding protein is immobilized to capture the target disease biomarker, while another
binding protein is labelled to produce a colorimetric signal for detection. Unfortunately,
antibodies have some limitations for in vitro applications, including difficulty in
developing antibodies with adequate stability and minimal cross-reactivity. Therefore,
alternate binding proteins have been investigated to replace antibodies in RDTs.
We use the reduced-charged Sso7d protein (rcSso7d) as our protein scaffold due to its
intrinsic stability, high yield expression in bacteria, and ease of genetic modification. We
use directed evolution techniques to engineer clones with binding affinity to our target
disease antigens, such as tuberculosis and Zika virus biomarkers. We previously
incorporated rcSso7d binders in paper assays as the capture binding proteins; however,
in order to fully replace antibodies, further engineering is required to enable the rcSso7d
protein to associate a detectable signal with the presence of a target antigen.

We investigated both in vivo biotinylation and in vitro chemical biotinylation to conjugate
a biotin moiety to rcSso7d. Biotin was chosen as the rcSso7d label due to its high
affinity to streptavidin and ease of translatability to various colorimetric read-out
methods. After discovering issues of biotin inaccessibility by streptavidin with in vivo
biotinylation and reduced binding signal with chemical conjugation, we studied the
addition of a protein fusion partner, maltose-binding protein (MBP). These protein
fusions yielded high signal output by increasing biotin accessibility while preserving
target-binding activity and protein stability. By determining an optimal and translatable
method of coupling signals to detection proteins, rcSso7d binders can be incorporated
into full sandwich assays for improved RDTs.
BIOT 166
Kinetics and characterization of non-enzymatic fragmentation of monoclonal
antibody therapeutics
Anurag S. Rathore, asrathore@biotechcmz.com. Department of Chemical
Engineering, Indian Institute of Technology, New Delhi, India
To understand non-enzymatic hydrolytic fragmentation of a monoclonal antibody
therapeutic under temperature stressed conditions and investigating possible
mechanism for the same. The mAb therapeutic was incubated at 50 deg C in phosphate
buffer at pH 6.5 and fragmentation was monitored at different ionic strengths under
stressed conditions. The incubated mAb was sampled at regular time intervals by
analytical Size Exclusion Chromatography (SEC). It was observed that 57% of the mAb
product fragmented over four days into two fragment species – Fc-Fab and Fab with
molecular weights of 97 KDa and 47 KDa, respectively, as measured by mass
spectrometry (MS) and sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE). The fragmentation rate was slow initially and then accelerated with time.
No change in % aggregate level was observed in this duration, implying that
degradation was primarily via fragmentation at high temperature. Kinetics of hydrolytic
fragmentation was hypothesized and SEC data was fitted to estimate the kinetic rate
constants. While degradation of the monomer into fragment species was non-Arrhenius
with a negative activation energy, further degradation of Fab-Fc fragments into Fab or
Fc fragments followed Arrhenius Law with an activation energy of 2.1 and 15.38
kcal/mol, respectively. High temperature (50 deg C) causes mAb to cleave at the hinge
region to form Fab-Fc and Fab/Fc, as confirmed by dynamic light scattering, SDSPAGE, SEC, and MS. A kinetic model for hydrolytic fragmentation has been proposed.
The results are expected to assist end users in formulation development as well as in
monitoring stability of biotherapeutic products.
BIOT 167
Redirected CAR T activity via CD19-ligand fusions engineered by deep mutational
scanning

Justin R. Klesmith1, jrk@umn.edu, Benjamin Hackel2. (1) Chemical Engineering and
Materials Science, University of Minnesota, Minneapolis, Minnesota, United States (2)
Chemical Engineering and Materials Science, University of Minnesota - Twin Cities,
Minneapolis, Minnesota, United States
Remarkable progress has been made in the treatment of relapsed/refractory acute
lymphocytic leukemia and non-Hodgkin lymphoma with CD19-targeted chimeric antigen
receptor (CAR) T cells. In contrast, progress against CD19-negative hematological
cancers and solid tumors has been limited. Intensive efforts to optimize cellular
therapeutics for better efficacy include provision of cytokine support, countering
immuno-suppression, and enhancing cellular delivery to solid tumors, which are all valid
strategies. An additional significant hurdle is the lack of sufficient antigen to drive
expansion and persistence. We present a strategy where we fuse the CD19
extracellular domain to a binding ligand to redirect CD19 CAR T cells towards other
tumors while utilizing CD19 for sustained antigen presentation to promote cellular
therapeutic expansion, efficacy and persistence. Then we detail CD19 extracellular
domain engineering to make this approach generalizable. We used yeast surface
display, saturation and multi-site mutagenesis, fluorescence activated cell sorting
(FACS), and deep sequencing to identify mutations that enhanced stability and solubility
of properly folded CD19. Mutation combinations identified as beneficial were
programmed into a multi-site library which produced variants that were more
thermostable, more protease-resistant, and with increased FMC63 anti-CD19 antibody
binding as compared to wild-type. We show that the improved CD19 scaffolds recover
and improve expression of the fusion proteins, that their affinity is at or above wild-type
Kd, and they can redirect CAR T cells to CD19 to kill non-CD19 expressing targets. In
addition, we map the epitope of antibody FMC63 against the extracellular CD19
domain.
BIOT 168
Tumor-targeted responsive nanocarriers for combined photothermo therapy and
controlled drug release
xingqun pu, 1216542146@qq.com, Xiaojie Ju, Lei Zhang, Peng Hanyu, Zhuang Liu,
Wei Wang, Rui Xie, Liangyin Chu. sichuan university, Chengdu, China
Nanocomposites with various functions, such as active targeting, controlled drug
release and photothermo therapy, have been considered as promising candidates for
novel drug delivery systems. Unfortunately, how to efficiently combine these functions in
a single nanocarrier for efficient cancer therapy still remains a challenge. Herein, we
report on the development of tumor-targeted nanocarriers that combining active
targeting of folate, photothermal properties of polydopamine (PDA) and thermo- and pHresponsive properties of poly(N-isopropylacrylamide-co-acrylic acid) (PNA) in a single
drug delivery system for cancer therapy to achieve synergistic treatment of
chemotherapy and photothermal treatment. The folate introduced by Michael addition
reaction can prolong blood circulation time and target cancer cell. The PDA can convert

near infrared (NIR) laser into heat, which can be used to induce the decrease in the size
of nanocarriers based on the shrinking of the PNA nanogels and thus induce the
release of drugs. Our nanocarriers load a chemotherapeutic drug, doxorubicin, with high
drug loading through electrostatic interaction, whose release can be triggered by NIR
laser. Since the NIR laser can be controlled very precisely and flexibly, the nanocarriers
can simultaneously deliver heat and drugs with facile control of the area, time and
dosage. Therefore, the proposed drug delivery system provides an ideally versatile
platform to achieve multi-stimuli-controlled drug delivery for tumor therapy.
BIOT 169
Integrated approach for tailoring chitosan hydrogels towards kinetically-tuned
release of synergistic combinations of chemotherapeutics
John D. Schneible1, Ankush Singhal2, Radina Lilova1, Carol K. Hall1, Andrea
Grafmüller2, Stefano Menegatti1, stefano.menegatti@gmail.com. (1) Chemical and
Biomolecular Engineering, North Carolina State University, Raleigh, North Carolina,
United States (2) Department of Theory and Biosystems, Max Planck Institute for
Colloids and Interfaces, Potsdam, Germany
Combination chemotherapy with synergistic drugs is recognized for its therapeutic
efficacy and overcoming drug resistance. Recent work demonstrates that the
therapeutic outcome depends on both molar ratio and kinetics of drug release. In
keeping with the goal of developing cost-effective systems releasing synergistic drugs
with kinetic and molar accuracy, hydrogel formulations have been popularized owing to
their tunable microstructure and physicochemical properties. Chitosan is an ingredient
of choice for hydrogel preparation, as a FDA-approved, biocompatible ingredient, easily
tunable by chemical modification of the glucosamine monomers. Yet, tailoring chitosan
hydrogels that achieve precise synergistic ratio and kinetics of drug release is a
complex problem, with interplay between the properties of the drugs, type and degree of
modification, and water/polymer ratio. We have therefore developed a computationalexperimental toolbox to guide the design of hydrogels for controlled release of any
desired combination of chemotherapeutics. Using coarse-grained molecular dynamic
simulations we can model the transport of one or multiple drugs through hydrogel
networks constructed with chitosan chains functionalized with aliphatic moieties (acetyl,
butanoyl, and heptanoyl) at different degrees of modification (χ). As model drug pair, we
chose Doxorubicin (DOX) and Gemcitabine (GEM), whose synergism has been
demonstrated with multiple breast cancer cell lines; the efficacy of the GEM-DOX pair is
enhanced when the GEM/DOX kinetic and molar ratios are > 1. Our simulations
accurately predicts two scenarios: in homogeneous gels (low χ), drug migration is
governed by the interaction between alkyl-chitosan chains and the drug molecules; in
heterogeneous gels (high χ), drug migration is governed by diffusion through
microchannels formed by the hydrophobic-driven aggregation of modified chitosan
chains. Our experimental results fully validate the predicted release kinetics and ratio of
both single- and dual-drug release from a wide variety of modified chitosan hydrogels.
Importantly, several hydrogels were identified that afford ideal release behavior: acetyl-

chitosan gels with χ = 20-30% afford a molar GEM/DOX ratio of 7.5-10.5, and butanoylchitosan gels with χ = 5-11% deliver a molar GEM/DOX ratio of 10-7.5. Collectively,
these results demonstrate the potential of our toolbox to develop hydrogels for
controlled release of synergistic combinations of anticancer drugs.
BIOT 170
In situ-induced multivalent anticancer drug clusters in cancer cells for enhancing
drug efficacy
Fengting Lu, lvft@iccas.ac.cn. ICCAS, Beijing, China
Increasing intracellular drug concentration is an effective way for cancer
chemotherapeutics to enhance efficacy and combat drug resistance. In this work, we
prepared a series of anticancer drug conjugates by linking thiol-modified oligo(pphenylene vinylene) and paclitaxel, vincristine, teniposide, tamoxifen, doxorubicin or
podophyllotoxin (OPV-S-drugs) through Michael addition reaction. These OPV-S-drugs
could undergo intracellular assembly and aggregation upon oxidation to yield
multivalent anticancer drug clusters, which inhibited their diffusion from cancer cells.
The in-tracellular aggregation of OPV-S-drugs origins from π-π stacking and
hydrophobic interactions between OPV backbones, followed by the crosslinking via
thiol-thiol bond formation in the presence of reactive oxygen species (ROS). The drug
clusters only occur in the cytoplasm of cancer cells possessing higher expressing level
of ROS, but not in healthy mammalian cells, thus reducing the cyto-toxicity to normal
cells. Specially, the super-toxicity of podophyllo-toxin on normal cells was obviously
suppressed while the drug efficacy was kept through our new strategy. The diverse
action mechanisms of OPV-S-drugs towards cancer cells were proposed.
BIOT 171
Materials for drug capture: An approach to mitigating the off-target toxicity of
chemotherapy
Michael D. Schulz1, mdschulz@vt.edu, Ophelia Wadsworth1, Madison Bardot1,
Stephanie Oyola-Reynoso1, Steven Hetts2. (1) Chemistry, Virginia Tech, Blacksburg,
Virginia, United States (2) Radiology, University of California, San Francisco, San
Francisco, California, United States
Chemotherapy agents are notorious for producing severe side-effects. To overcome the
challenge of this off-target toxicity, many approaches have been developed to
selectively delivery chemotherapy directly to the tumor. One such approach is
transarterial chemoembolization (TACE), in which chemotherapy is introduced via
catheter directly into the tumor vasculature. Despite this site-specific delivery, however,
about half of the chemotherapy dose passes through the tumor, enters systemic
circulation, and causes off-target damage. To address this problem, we are developing
materials that are capable of capturing this residual chemotherapy from the

bloodstream. Ultimately, these materials will be used to construct a device (a
"chemofilter") that can be depolyed via catheter "downstream" from the tumor, enabling
excess chemotherapy to be intercepted and sequestered before entering systemic
circulation. Our approach involves the attachment of drug-capture materials to potential
device surfaces. One such drug-capture material is genomic DNA, which enables the
capture of DNA-targeting chemotherapy agents. We have explored several methods of
achieving DNA attachment to a variety of surfaces, and have investigated the ability of
different materials to remove chemotherapy agents from biologically relevant solutions,
including human serum and porcine blood. We have observed effective drug capture
from solution at clinically relevant concentrations and timescales, indicating that drug
capture is a viable strategy for mitigating the harmful side-effects associated with
chemotherapy.

BIOT 172
‘Antimicrobial peptide’-functionalized catheter for efficacious antimicrobial
protection
Susanna S. Leong, Susanna.Leong@SingaporeTech.edu.sg. Chemical Engineering
and Food Technology, Singapore Institute of Technology, Singapore, Singapore,
Singapore
Nosocomial infections are a major factor causing death, increased morbidity among
hospitalized patients. Among them, catheter associated urinary tract infections
(CAUTIs) are one of the most common infections. Silver and antibiotics-coated
catheters are commonly used to prevent CAUTIs but antibiotic resistance and their
inconsistency in antibacterial properties pose major challenges. Studies to incorporate
antimicrobial peptides (AMPs) into coated catheters has been on the rise due to their
highly effective bacteria killing effects and reduced likelihood in supporting development
of bacterial resistance towards peptides. Many strategies, including coating

immobilization of AMPs, have been employed. However, the steps required to do so,
such as atom transfer radical polymerization (ATRP), can be costly due to their stringent
requirements. This study reports a cost effective, scalable and novel technique to coat
an anhydrous polymeric coating laden with AMP onto silicone-based catheters, which
also overcome problems posed by conventional hydrogel-based coatings. AMPs were
released controllably and sustainably over time. A strong mechanical resistance
towards coating peeling during movement of catheters inside the body was also
demonstrated. Antibacterial tests showed high antimicrobial against gram-negative and
gram-positive bacteria as compared to commercial silver-based catheters.
BIOT 173
Targeted siRNA delivery with modular hepatitis B virus-like particles
Daniel Yur1, dyur@udel.edu, Wilfred Chen2, Millicent O. Sullivan3. (1) Chemical and
Biomolecular Engineering, University of Delaware, Newark, Delaware, United States (2)
Chemical Engineering, University of Delaware, Newark, Delaware, United States (3)
University of Delaware, Newark, Delaware, United States
Short interfering ribonucleic acids (siRNAs) have garnered interest for their potency and
specificity in treating diseases caused by gene dysregulation, with increasing numbers
ofoligonucleotide-based therapies entering clinical trials. Nevertheless, delivery
challenges such as serum stability and targeting prevent siRNAs from being fully utilized
in many applications, resulting in few FDA-approved siRNA therapies. To address these
challenges, siRNAs are commonly encapsulated in non-viral nanocarriers, which offer
high loading capacity and design flexibility by leveraging advances in chemical
synthesis. However, difficulties in controlling particle size, polydispersity, and siRNA
release often cause rapid hepatic clearance or inefficient siRNA utilization and have
hindered further advancement of many siRNA formulations.
In nature, viruses have developed efficient features to mediate infection, with regular,
multifunctional architectures and ideal sizes that enable evasion of the mononuclear
phagocytic system. Inspired by these viral analogues, many efforts have focused on
developing virus-like particles (VLPs) as non-infectious capsids with drug delivery
potential based on their shared structural features. The well-characterized hepatitis B
virus (HBV) VLP is an ideal siRNA delivery vehicle because it has regular, solvent
exposed features for incorporating surface modifications, a large interior cavity
amenable for loading cargoes, and a suitable size for favorable pharmacokinetics. In
our work, a VLP delivery system with increased targeting potential was established by
incorporating the SpyCatcher-SpyTag protein-peptide pair into the HBV capsid
monomer to facilitate modular site- and orientation-specific nanocarrier modification.
SpyTag is genetically inserted into the HBV capsid, while SpyCatcher is fused to
potential delivery moieties, such as purification tags and targeting ligands.
Simultaneously, genetic fusion of the siRNA binding protein p19 on the capsid interior
can facilitate siRNA loading. Currently, we have successfully assembled the SpyTagged
HBV capsid with p19 incorporation and have demonstrated SpyTag functionality by

ligating elastin-like polypeptide purification tags for a temperature driven, scalable
purification method. Future work will incorporate targeting and endosomolytic peptides
for targeted siRNA delivery to inflammatory breast cancer cells, a highly invasive breast
cancer subtype, to enable analysis of targeted gene silencing.
BIOT 174
Bacterial outer membrane vesicles as targeted antibiotic delivery devices
Shannon Collins, Justin B. Nice, Angela C. Brown, acb313@lehigh.edu. Chemical and
Biomolecular Engineering, Lehigh University, Bethlehem, Pennsylvania, United States
The ability to deliver of antibiotics specifically to pathogenic bacteria could reduce the
necessary concentration of antibiotics, thus decreasing the rate at which bacteria
develop resistance, as well as decrease the negative side effects associated with
antibiotic use by sparing the beneficial bacteria. In their communication with both the
host and other bacteria, most Gram-negative bacteria release outer membrane vesicles
(OMVs) that encapsulate a variety of biomolecules. Our group has recently discovered
that OMVs are taken up differentially by bacteria. In particular, we found that OMVs
produced by a nonpathogenic strain of the oral bacterium Aggregatibacter
actinomycetemcomitans are taken up specifically by a pathogenic strain of A.
actinomycetemcomitans. Uptake of these vesicles has no effect on the growth of the
pathogenic strain. Here, we have investigated several approaches to incorporate
antibiotics within the OMVs to create targeted antibiotic delivery vehicles. We show that
these antibiotic-OMVs efficiently kill pathogenic but not nonpathogenic bacteria and
reduce the antibiotic concentration necessary to inhibit growth. Together, these results
demonstrate the possibility of exploiting natural bacterial communication vehicles for the
specific, targeted delivery of antibiotics.
BIOT 175
Targeted breast cancer imaging and therapy enabled by tumor-targeting peptides
Chuanbin Mao, cbmao@ou.edu. Chemistry Biochemistry, University of Oklahoma,
Norman, Oklahoma, United States
To advance cancer precision medicine, tumor-targeting molecules are needed to guide
the cancer theranostic agents to tumors. Phage display has a potential to discover
personalized tumor-homing peptides. Here we show that breast tumor-homing peptides
could be selected by phage display and further employed to guide the cancer
theranostic agents such as gold nanorods to tumors to achieve targeted breast cancer
imaging and therapy. Specifically, we employed in vivo biopanning to discover an MCF7 breast tumor-targeting peptide from a phage-displayed random peptide library. We
then verified that this peptide could guide the phage particles or inorganic nanoparticles
to tumors. Finally, we confirmed that cancer theranostic agents modified by the tumorhoming peptide could home to and penetrate deep into tumors, detect tumors through

multimodal imaging, and destruct tumors through chemo-/photothermal combination
therapy. Our work confirmed that the tumor-homing peptides discovered by phage
display could enable the targeted delivery of cancer theranostic agents to tumors,
precise detection of tumors by clinical imaging modalities, and selective destruction of
tumors by combination therapy.
BIOT 176
Keynote: One language is not enough: Why biomedical innovation needs
polyglots
Joanne T. Beck, jbeck@celgene.com. Pharmaceutical Development & Operations,
Celgene, Summit, New Jersey, United States
While scientists, engineers, clinicians and other healthcare professionals hone their
disciplinary skills, it is important they establish and maintain cross-disciplinary dialog
and understanding as a key enabler of innovation in healthcare. Advances in precision
medicine and autologous cellular therapies, for example, are effectively achieved only
through a multidisciplinary approach which highlights the urgent need for crossdisciplinary education. This talk will include examples that highlight the speed of
innovation and increase in complexity across various therapeutic modalities as well as
the need for multilingual professionals in order to effectively bring promising medicines
to patients around the world.
BIOT 177
Award Address (E. V. Murphree Award in Industrial and Engineering Chemistry
sponsored by the ExxonMobil Research and Engineering Company). Tools for
Systems Neurobiology
Hariklia Deligianni, lili.deligianni@gmail.com. Thomas J. Watson Research Center,
IBM, Yorktown Heights, New York, United States
The Global Burden of Disease Study 2010 (GBD 2010) estimated that a substantial
proportion of the world’s disease burden came from neurological, mental, mood, and
substance abuse disorders. In 2010, mental and substance abuse disorders accounted
for about 10% of the global burden of disease and were the leading cause of years lived
with disability among all disease groups. The economic cost of diseases is a
devastating 2.5T $US. Furthermore, clinical care for these conditions lacks access to
patient data in real time. Continuous monitoring of disease markers has the potential to
create new insights on disease conditions and improve outcomes by improving
diagnosis, disease progression and treatments. In order to enable this transformation
we propose new technology tools.
A novel cognitive computing platform, IBM's TrueNorth chip, that enables the use of
deep learning techniques in an ultra-low power environment was used with a

convolutional neural network (CNN) for real-time analysis of brain-activity data at the
point-of-sensing. This approach has the potential to create true closed-loop insights
(analytics) and therapies for next generation of wearable and implantable devices at the
intersection of neurobiology and artificial intelligence.
Neurotransmitters are small proteins secreted between neurons to facilitate neural
communication. One of the neurotransmitters is dopamine. Its dysregulation is key in
mood and addictive disorders and in Parkinson’s disease. Fast-scan- cyclicvoltammetry (FSCV) on carbon-fiber microelectrodes provides measurements with subsecond time resolution and has been used to examine the dynamics of neurotransmitter
secretion and re-uptake. We developed polymeric coatings for bare carbon electrodes
and measured dopamine, serotonin and adenosine with improved sensitivity and
selectivity. In addition, we demonstrated a scalable fabrication of dopamine
neurochemical probes of a nanostructured glassy carbon with more than 6000 nanorod
probes. The scalable fabrication strategy offers the potential to miniaturize and integrate
nanoscale rods with an integrated circuit control system, with other sensors and with
different modalities of neural activation.
BIOT 178
Where is Protein A affinity chromatography going?
Hans J. Johansson, hans.johansson@purolite.com, Mark Hicks, Patrick Gilbert.
Research and Development, Purolite, Llantrisant, Wales, United Kingdom
This paper will cover design of resins for large scale chromatography processes. In
downstream processing, research over the last decade has mainly been focusing on
ligand design, different continuous solutions and non-bead formats such as membrane
and, nano-fiber technology. However, the work horse of today’s clinical and commercial
processes is still porous resins based on styrenic, acrylic, or agarose chemistry. These
beads have been produced by the same batch emulsification methodology since the
mid-half of the last century. The resulting resins have a very wide particle size
distribution (PSD) requiring extensive screening to achieve the column performance
demanded in modern processes. In contrast, by utilising a scalable continuous
emulsification technology termed “jetting”, agarose beads with a significantly narrower
PSD have been manufactured. The technology omits the need for sieving, and results in
almost quantitative yield. Jetted uniform beads used for design of Protein A resins have
shown very high dynamic binding capacities, 70-80 mg/ml, and pressure flow
characteristics relevant for large scale chromatography.
In this presentation the impact of resin design on performance characteristics such as
capacity, resolution, pressure flow, and resistance to fouling will be discussed. Protein A
affinity chromatography is used in the absolute majority of mAb downstream processes.
It also known as being the most expensive unit operation. The combination of new
resins and cost-effective process designs can bring down the resin cost by more than
75 %.

BIOT 179
Evaluation of next generation high capacity Protein A resins to improve
productivity and maximize recovery of high titer processes
Angel Zubieta, zubietaa@gene.com, Stephanie Wong, Asha Keba. Purification
Development, Genentech, Member of Roche, South San Francisco, California, United
States
Protein A affinity chromatography is the most common capture step used in the
industrial purification of monoclonal antibodies. As cell culture titers have continued to
increase, the Protein A step, which has only seen modest increases in capacity, has
become a bottleneck in the purification process. Maximizing recovery of these high titer
processes would require performing more cycles or increasing column sizes—options
that may not be feasible due to production facility limitations and high resin costs. In
order to address these challenges, companies have developed “high capacity” protein A
resins that have recently become available on the market. This talk will summarize the
evaluation and implementation considerations of two high capacity resins against
MabSelect Sure, a commonly used Protein A resin in the industry.
BIOT 180
Control strategies for removing difficult host cell proteins in monoclonal antibody
processing
John Welsh, johnpwelsh2@gmail.com, InKwan Han, Jennifer Pollard, David J. Roush,
Nihal Tugcu. Merck & Co., Inc., Kenilworth, New Jersey, United States
Recent advances in upstream bioprocessing for production of monoclonal antibodies
(mAbs) from Chinese Hamster Ovary (CHO) cell culture have led to increased cell
densities and higher titers. However, a trade-off for downstream processing has been a
subsequent increase in host cell proteins (HCPs) that need to be removed through
purification unit operations. This talk will focus on strategies to remove difficult HCPs,
namely lipases that can co-purify with mAbs and cause both immunogenicity concerns
and disruptions to formulation excipients.
Lipase HCPs can be separated through a range of adsorption/purification mechanisms
as well as by dissociating from the mAb with specific buffer and detergent additions.
Control strategies and case studies around these different techniques will be discussed.
Additionally, high throughput screening can be used to predict separation by calculating
partition coefficients, Kp, for both lipases and mAbs and optimizing for areas of high
separation factor. Lipase Kp values can thus provide a prescreen separation guide for
any new mAb that enters development.
Additional lipase screening, particularly in a high throughput manner also requires
appropriate analytical methods. For these studies, a combination of lipase activity

assays and detection assays (mass spectrometry and ELISA) were implemented at
different development stages as dictated by throughput and sample requirements.
Collectively, this talk will outline challenges in clearing lipases in downstream mAb
processes and provide different approaches and solutions to this current bioprocessing
challenge.
BIOT 181
Utilizing mixed-mode cation exchanger in streamlined polishing step for mAB
purification
Aditya Utturkar, Keith Gillette, keith_gillette@pall.com, Rachel Quesenberry, Mark
Schofield. Life Sciences, Pall Corporation, Westborough, Massachusetts, United States
A streamlined chromatography process for protein purification, without pH and
conductivity adjustments between steps, brings major process benefits. These include
improved process economics from reduced cost of dilution and/or diafiltration and
improved process flexibility. The development of a streamlined process is facilitated by
the robust performance (high capacity and selectivity) of the chromatography sorbents,
which have to be capable of operating across a broad range of pH and conductivity to
directly process samples from the previous step.
Here we use CMM HyperCel™ sorbent, which comprises a rigid cellulose matrix with a
primary amine and a carboxyl group ligand, conveying cation exchange and
hydrophobic properties. Within this investigation, the performance of CMM HyperCel
sorbent is evaluated with respect to a polymeric cation exchanger (CEX) for binding
capacity and selectivity (aggregate removal). CMM HyperCel sorbent exhibits high DBC
for mAbs (>50 mg/mL) and maintains usable capacity over a broader range of pH (5-8)
and conductivity (5-45 mS/cm). Gradient elution experiments show that CMM HyperCel
sorbent has enhanced selectivity and is more effective at removing aggregates than
CEX.
To confirm the performance of the CMM HyperCel sorbent, we implemented it as a
polishing step in a batch chromatography process for three different mAbs. In each case
we can achieve high capacity and purity (<10 ppm of host cell proteins and >50%
reduction in aggregate) without having to adjust the pH or conductivity of the load from
the previous unit operation. Additionally, we scale up the process to 20 cm bed height
columns and show that performance is maintained.
Our results provide an example of the versatility of CMM HyperCel sorbent, including
broad operating conditions which bestows flexibility in operation whilst also delivering
high reproducibility, yield and purity.
BIOT 182
Development of a polishing step for an atypical antibody using rapid purification
techniques and particle size analysis

Hendri Tjandra, htjava@gmail.com, Yu-Hsi Chang, Deepa S. Surendar, Ryan Zolyomi,
Ashley Hesslein. Isolation and Purification, Biologics Development, Bayer U.S. LLC,
Berkeley, California, United States
The implementation of a platform purification process for therapeutic monoclonal
antibody (mAb) products is highly desirable because it allows for rapid and costeffective process development. A platform process often includes a polishing step such
as a Cation Exchange (CEX) unit operation to ensure sufficient product-related impurity
clearance. However, true efficiency in platform buffers and process parameters for the
CEX step is not possible because each new therapeutic antibody has a different
isoelectric point and requires unique salt concentration and pH set-points for binding
and elution. In the previous studies, we shortened development of scalable CEX
manufacturing processes by employing a combination of 96-well plates and 1mLprepacked columns. This high-throughput approach required minimal starting materials,
and elution parameters obtained on prepacked columns were found to be easily
scalable to polish materials from 2000L bioreactors.
In the present studies, we found that the elution parameters predicted by 1mLprepacked columns were not scalable. At 20-cm column height and high loading density
conditions used in our CEX platform process, the mAb bound more tightly than
predicted and an additional 30% NaCl concentration was needed for elution.
Furthermore, when the resulting CEX eluate was processed for viral filtration, fouling
was observed even though the feedstream had <100 ppm HCP by ELISA and >98 %
monomer by SEC-HPLC. Particle size analysis of the feedstream and eluate revealed
the presence of >20 nm mAb particles. Various wash and elution conditions were
attempted to clear the abnormally large particles. Investigations were also conducted to
identify the source formation of these large particles. Following a multivariate analysis of
a process intermediate, the mAb was found to self-associate under certain pH,
conductivity and protein concentration conditions. A manufacturing process was thus
developed with these mAb parameter constrains in mind, and it was successfully scaled
up for clinical material productions.
BIOT 183
Evaluation of cost-effective viral surrogates for viral clearance studies for
bioprocessing
Rachel Dyer1, rachel.dyer@bms.com, Jennifer McGinnis1,4, Yuanli Song1, Lauren
Jenkins3, Jie Chen1, Satish Sharma3, Sanchayita Ghose2, Zhengjian Li2. (1) Process
Development Downstream, Bristol Myers Squibb, Devens, Massachusetts, United
States (2) Bristol Myers Squibb, Devens, Massachusetts, United States (3) Process
Development Analytical, Bristol Myers Squibb, Devens, Massachusetts, United States
(4) University of Illinois at Chicago, Chicago, Illinois, United States
Viral safety is required for biologics manufactured to treat human diseases. It is
mandated to demonstrate safety by going through stringent evaluation of virus removal
or inactivation capability of the downstream purification process. Minute Virus of Mice

(MVM) is a parvovirus commonly used in viral clearance validation studies as a model
virus. Due to its small size and chemical stability, it is a very challenging virus to remove
and/or inactivate. In this study, we investigate the use of MVM-mock virus partical
(MVP) and bacteriophage PhiX174 as cost-effective surrogates to MVM for viral
clearance studies. We show comparability to MVM data in various modes of
chromatography. The capabilities and current limitations of the virus surrogates were
evaluated. Case studies where risk mitigation pre-screening using these virus
surrogates will be presented to evaluate process change effects on viral clearance prior
to the costly viral clearance studies at contract research organizations.
BIOT 184
Protein A on cellulose fibre takes bioprocess chromatography to a new level
Anna Graanberg1, anna.gronberg@ge.com, Sara Grönlund1, Magnus Bergman1, Ian
Scanlon2, Zachary Sexton2, Christopher Morris2, Oliver Hardick2. (1) GE Healthcare,
Uppsala, Sweden (2) GE Healthcare, Stevenage, United Kingdom
Since the 1960’s chromatography resins have evolved from soft chromatography beads
to more rigid and highly crosslinked backbones better suited for large scale purification
of biopharmaceuticals. Currently, chromatography takes a leap with the development of
Protein A derivatized cellulose fibre. The fibre format has an open pore structure that
allows convective mass transport leading to flow rate independent binding capacities.
This enables cycle times of minutes compared to hours for traditional resin
chromatography and opens new opportunities where Protein A fibre can be used for
rapid cycling many times across a single batch in a repetitive manner before disposal.
The new mode of operation enables the utilization of the Protein A capture format to its
full extent. This will meet the increasing demand for flexible single-use solutions in the
small to midscale processing scenarios, where currently resin lifetime utilization is poor.
Here we present how short cycle times can speed up process development by high
throughput screening of binding capacities and buffer conditions for a Protein A fibre
capture step in small scale and confirmation in pilot scale. Furthermore, a full lifetime
study including 200 cycles could be conducted overnight with the possibility to evaluate
different cycling strategies with or without cleaning-in-place in less than 24 hours. mAb
purification performance will be presented and compared to the purification performance
of a traditional Protein A resin. Furthermore, scale up towards processing of 2000 L
bioreactors will be looked at from a productivity perspective where scenarios with
different capsule sizes and set-ups are compared to traditional column chromatography
operations. Solutions that allows utilization of the fibre format in existing
chromatography systems and software platforms will also be discussed.
BIOT 185
Toward a true Protein A mimetic: new peptide affinity ligand for IgG purification
afford high HCP LRV

Hannah Reese, Xingqing Xiao, Carol K. Hall, Stefano Menegatti,
stefano.menegatti@gmail.com. Dept Chem Biomolecular Engr, North Carolina State
Univ, Raleigh, North Carolina, United States
Protein A, the gold standard ligand for IgG purification, provides unparalleled removal of
host cell proteins (HPCs) and high product capacity. Undesirable qualities of protein A,
such as cost, base lability, and low pH elution, have promoted efforts seeking costeffective alternatives capable of equally efficient separations without the downsides.
Synthetic ligands discovered so far enable milder pH elution and excellent reusability,
but have not yet managed to reach the 'holy grail' of an LRV > 3. Toward this goal, we
utilized known IgG-binding peptides as reference sequences for an in silico search
towards variants with improved LRV of CHO HCPs. The sequences with predicted
higher affinity were investigated experimentally. Two sequences, V3 and V5, showed
excellent values of IgG binding affinity (Kd of 3.22e-6 M and 8.14e-6 M, respectively)
and dynamic binding capacities (43.7 mg/mL resin and 55.1 mg/mL resin, respectively,
at 5 minute residence time). When evaluated for IgG purification from a CHO cell culture
fluids, V3 and V5 afforded a single-pass HCP LRV of 2.7 and 2.3. Further optimization
of the ligand density on the chromatographic resin, and the load/wash conditions have
enabled further improvements, towards true Protein A-like levels of the IgG purity.
BIOT 186
Quantification of reductase expression and correlations with cell growth and
product quality
Michael Handlogten1, mhandlogten14@gmail.com, Sanjeev Ahuja2. (1) MedImmune,
Gaithersburg, Maryland, United States (2) MedImmune, LLC, Gaithersburg, Maryland,
United States
Redox plays a role in nearly all facets of cellular functions and is represented by the
balance of oxidative stress (reactive oxygen species) and antioxidants (reductases and
glutathione). Disulfide bonds and disulfide bond formation are sensitive to changes in
the intracellular redox environment. Improper formation of disulfide bonds can lead to
increased aggregate formation. Also, maintenance of extracellular redox is important for
mitigating antibody reduction. The effects of suboptimal redox are particularly severe for
bispecific molecules and other therapeutic proteins with engineered disulfide bonds.
The cell culture processes for these molecules have been shown to result in aggregates
up to 40%. In addition, recent studies have demonstrated that specific productivity may
be limited by the intracellular redox buffering capacity. To better understand the
significance of intracellular redox on protein production and product quality, we
quantified the expression profiles of 4 reductases, glutathione reductase, glutaredoxin,
thioredoxin reductase, and thioredoxin in fed batch cell culture processes for 20 clones
producing the same bispecific molecule. We identified correlations with several
important cell culture process parameters including cell growth (viability and viable cell
density), titer, and lactate consumption. Additionally, the expression of all 4 reductases
had an inverse correlation with product aggregates. Finally, we simulated the harvest

process using a capillary shear device to determine the effect of reductase expression
on antibody reduction. Interestingly, although these reductases have been
demonstrated to cause antibody reduction in manufacturing processes, we did not
observe a correlation between reductase expression or reductase activity and antibody
reduction. Combined, our results suggest that increasing the expression of these
reductases may be a possible method to improve cell growth and titer while reducing
product aggregates.
BIOT 187
Comparative analysis: An innovative siRNA-based technology versus traditional
antibiotic-selection in the creation of stable expression of proteins/antibodies in
CHO-K1 cells
Vandhana Muralidharan-Chari1, vmuralidharan-chari@sunypoly.edu, Susan
Sharfstein1, Zachary Wurz2, Nicholas St.John2, Edward Eveleth2. (1) Colleges of
Nanoscale Science and Engineering, SUNY Polytechnic Institute, Albany, New York,
United States (2) HocusLocus, Albany, New York, United States
Chinese hamster ovary (CHO) cells are preferred for the production of
biopharmaceuticals, due to their ability to express a variety of biopharmaceuticals at
high titers with proper post-translational modifications.
Current technologies facilitate two major aspects in stable cell generation – integration
of the gene of interest (GOI) into the chromosomal DNA, and amplification of GOI to
increase product yield. Cells that have successfully integrated the GOI are selected
using “selection markers” based on antibiotic selection (Neomycin, Puromycin,
Hygromycin, etc.) or metabolic selection (dihydrofolate reductase (DHFR)/methotrexate
(MTX) selection and glutamine synthetase (GS)/ methionine sulfoximine (MSX)
selection). In addition to enabling cell-selection, MTX also promotes gene amplification.
Current technologies suffer various disadvantages including: time taken to select cells
with stably integrated GOI, continuous expression of selection marker proteins impact
the overall titer, and limitation of cell line options due to a necessity for
auxotrophic/knockout cell lines (i.e. DHFR-ve, GS-ve) and finally gene amplification
causes production instability. Thus, an innovation is required to generate stable cell
lines without the above disadvantages.
We have developed a technique, PTSelect™ that uses post-transcriptional regulation to
overcome the above disadvantages. Here, there are no “selection markers”. Instead we
have engineered an siRNA that is not originally found in the CHO genome, within an
intron upstream of the GOI. Upon transcription of the GOI, functional siRNAs are
processed and released post-transcriptionally. After transfecting cells with the
GOI/siRNA plasmid, the selection of cells with integrated GOI is performed by
transfecting an mRNA designed to be regulated by the siRNA processed along with the
GOI. By exploiting the variable expression of the mRNA product due to siRNA
downregulation, we were able to successfully select the cells that have integrated the

GOI and siRNA construct into the genome. Using this technique, we were able to create
pool clones within 14 days after transfection.
This study compares various steps in the making of stable cell lines, production and
stability of clones generated by PTSelect™ with antibiotic selection. PTSelect
overcomes the limitations of drug-resistance genes by eliminating the need for the
continued production of an extra protein thereby increasing GOI production and by
reducing the selection timeframe.
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Implementation of the beacon nanofluidic platform into a manufacturing cell line
development process
Kim Le, kimlemale@gmail.com, Jennitte Stevens, Christopher Tan, Huong Le, Jasmine
Tat, Ewelina Zasadzinska. Amgen, Thousand Oaks, California, United States
The manufacture of therapeutic biologics relies on understanding and harnessing
mammalian cells to secrete desired proteins. Generating a highly productive cell line
however typically involves long timelines and resource intensive, due to the need to
screen large numbers of candidates in protein production studies. As a result,
miniaturization and automation strategies are often employed to allow for reductions in
resources and higher throughput. However, current automation approaches rely on the
use of standard cell culture vessels and bulky liquid handling equipment. The Beacon
platform from Berkeley Lights offers to eliminate these bottlenecks through growing cells
on custom nanofluidic chips. Berkeley Lights’ OptoElectro Positioning (OEP) technology
projects light patterns to activate photoconductors that gently repel cells to manipulate
single cells on nanofluidic culturing chips. Integrate fluorescence imaging capabilities
allow for analytics of cells in real time. Together, using this fully integrated technology
platform, common cell culture tasks can be programmed through software, allowing
maintenance and analysis of thousands of cell lines in parallel on a single chip.
We describe the ability to perform key cell line development work on the Beacon
platform. We demonstrate that commercial production Chinese hamster ovary (CHO)
cell lines can be isolated, cultured, screened, and exported at high efficiency. We then
compare this process head to head with a FACS-enabled microtiter plate-based
workflow across four active biologics programs. Resulting subclones from both Beacon
and FACS processes were evaluated in small scale production experiments and benchscale controlled bioreactors comparing growth, productivity, and product quality. We
demonstrate the ability to generate a diverse and comparable set of candidate clonal
cell lines with reduced resources. Additionally, we performed validation experiments to
demonstrate that the Beacon process provides high assurances of clonal derivation and
zero cross-contamination events. Together, the Beacon enables high quality production
cell lines with improved data packages, detailed tracking, high assurance of clonality,
reduced resources, and decreased cycle times.

BIOT 189
Genetic engineering of CHO host cell proteins: Approaches to improve product
quality and production processes
Joaquina Mascarenhas, joaquina.mascarenhas@milliporesigma.com, Vincent Balassi,
Ademola Kassim, Trissa Borgschulte. MilliporeSigma, Saint Louis, Missouri, United
States
Novel gene editing technologies are currently being evaluated in the industry to improve
CHO host cell lines e.g. optimize product quality, titer and production processes. One
particular application involves the engineering of CHO host cell proteins (HCPs) that
continue to be a contaminant in purified drug substance. The presence of HCPs in drug
product is regulated for patient safety concerns but may also have an impact on product
quality, result in significant downstream processing steps and ultimately increased
production costs.
In this work, we evaluated the use of mass spectroscopy to characterize the HCPs
produced by the CHOZN® and five other CHO parental cell lines. In a second approach,
we followed HCP profiles from a recombinant expressing clone through downstream
purification steps. For this work, we characterized “problematic HCPs” as falling in one
of the following three categories (i) highly abundant, (ii) difficult to remove during
downstream processing and (iii) impacting product quality. Given the large number of
proteins identified in each sample, we performed principal component analysis (PCA) to
emphasize variations and mine data patterns, leading to identification of specific targets
for genetic engineering. Through this process, we identified several proteases that can
potentially affect product quality and performed gene editing to knock out their
expression and compared to the wild-type control.
Common and/or problematic HCPs which are non-essential to cellular function are
candidates for cellular engineering, and gene editing can be used to knock out their
expression. However, some of the identified “problematic” host cell proteins are
essential to the function of the cell, and their knockout can either be lethal to the cell, or
have a detrimental effect on the growth of the host cell or the productivity or product
quality of the therapeutic protein. Currently our group is working on developing methods
for genetic engineering of CHO host cell lines to facilitate the purification of co-purifying
and problematic host cell protein impurities by adding a tag to endogenous genes which
are essential to cellular function/productivity.
Our results throw further light on the dynamics of HCP production and their impact on
manufacturing operations. The goal is to create a cell line that has reduced/eliminated
expression of problematic HCPs, and that simplifies and reduces the overall costs in
downstream processing.
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Metabolic engineering of CHO cells for increased mAb production
Jamey Young1, j.d.young@vanderbilt.edu, Allison M. Pereira1, Sarah Sacco1, Kevin
Smith2, Michael J. Betenbaugh3. (1) Vanderbilt University, Franklin, Tennessee, United
States (2) Janssen R&D, Springhouse, Pennsylvania, United States (3) Department of
Chemical and Biomolecular engineering, Johns Hopkins University, Baltimore,
Maryland, United States
Monoclonal antibodies (mAbs) are a key component of the pharmaceutical industry,
accounting for half of the top selling pharmaceuticals in 2016 with total worldwide sales
projected to increase from $75 billion in 2013 to $125 billion in 2020. Historically,
Chinese Hamster Ovary (CHO) cells have been used extensively for a number of
reasons, including their secretory nature and ability to grow in serum-free media.
However, CHO cell metabolism is not naturally efficient, producing large amounts of
lactate and ammonia that can hinder growth and affect the quality of the final product.
MAbs are large and energetically demanding to express; therefore, high-producing CHO
cell lines that are metabolically efficient are needed to meet the increasing demand for
mAb production. Our previous studies have identified that high-producing cell lines
possess a different metabolic phenotype when compared to low-producing cell lines. In
particular, it was found that mAb production is correlated to lactate consumption and
elevated TCA cycle flux. We hypothesized that increasing flux through the TCA cycle
could lead to increased mAb titers. In our current studies, we have overexpressed
genes that are related to mitochondrial metabolism in order to increase TCA cycle flux
and studied the response to these metabolic changes. In cell lines that overexpress
target metabolic genes of interest, we have observed increased oxygen consumption,
indicating increased mitochondrial metabolism, as well as increased mAb specific
productivity. We have also carried out 13C metabolic flux analysis (MFA) to quantify how
these genes affect metabolic fluxes. This presentation will highlight how cell lines can
be systematically engineered to increase metabolic efficiency, which has broad
industrial applications for production in mammalian cell culture.
BIOT 191
Computational framework for mechanistic modeling and simulation of upstream
bioprocesses
William Johnson1, wiljohns@amgen.com, Martin Carcamo1,2, Pablo Rolandi1. (1)
Amgen, Cambridge, Massachusetts, United States (2) Leaders in Global Operations,
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States
In the biotechnology industry the trade-off between speed to market and process
efficiency is constrained by good manufacturing practices and regulation, which
effectively fix future manufacturing costs early in process development. Given the
challenge of applying predictive process engineering technologies to the complexity of
upstream bioprocesses along with the high public health and economic benefits of
speed to market, the industry has consequently been slow to adopt challenging

predictive technologies, preferring phenomenological approaches to process
development. As predictive technologies have evolved however, it’s become
advantageous to apply them to upstream bioprocess design and optimization.
Here we present a computational framework for mechanistic modeling and simulation of
CHO cell culture allowing faster, more robust and optimal in-silico process development.
As an exemplary application of this framework, we have developed and calibrated a
simple CHO cell culture model consisting of: A) a constraint-based model of the primary
carbon-nitrogen metabolism, B) transmembrane transport kinetics with temperature,
dissolved oxygen, pH and osmolarity dependence, C) stress-dependent energy of
maintenance, and D) a mass balance bioreactor model. We have applied the model to a
dynamic Flux Balance Analysis (dFBA) problem and calibrated it with experimental
process characterization data for a pipeline process using a non-dominated sorted
Genetic Algorithm (NSGA2).
BIOT 192
Exploring the use of the human body as a novel source of raw materials for
personalized medicine based on cell extracts
David Burgenson2,1, DBurgenson@gmail.com, Xudong Ge2,1, Iordan V. Kostov2,1,
Leah M. Tolosa2,1, Govind Rao2,1. (1) Chemical and Biochemical Engineering, University
of Maryland Baltimore County, Baltimore, Maryland, United States (2) Center for
Advanced Sensor Technology, University of Maryland Baltimore County, Baltimore,
Maryland, United States
Cell-free expression systems have been developed for decades for use in research for
studying protein expression and protein interactions. However, recent developments in
cell-free expression systems have dramatically increased yield, making it possible to
use cell-free systems in compact, automated manfacturing systems which can produce
a single or multiple dose(s) of a biologic on demand. While many of these systems are
based on both prokaryotic and eukaryotic continuous cell line lysates, early cell-free
expression systems were based on primary cell lysate from rabbit reticulocytes which
are immature red blood cells. Using this model as inspiration, our group began looking
for easily accessible sources of cells from humans which could be used to support a
cell-free reaction. Using blood products collected from leukapharesis, we have
demonstrated that it is possible to use extracts from human blood to produce
therapeutic molecules, including G-CSF and EPO. While the yield of this system is
currently not sufficient to support the use of these specific therapeutics, multiple
optimizations are underway to increase yield. Additionally, there are many other
potential applications of this technology that do not require as high of a yield as
therapeutics, which may still have medical benefits, for example to produce vaccines.
We will present data on these approaches.
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Expansion of NOTCHhigh and CD133high GSC-enriched niche model using a small
scale bioreactor
Joe Park, spark60@crimson.ua.edu, Yonghyun Kim. Dept of Chemical and Biological
Engineering, The University of Alabama, Tuscaloosa, Alabama, United States
Glioblastoma multiforme (GBM) is the most aggressive type of brain tumor that
originates from glioblastoma stem cells (GSCs). GSCs reside near perivascular niche
and hypoxic region where they can avoid chemotherapy and immune surveillance.
Thus, there is a great need to develop a proper platform for the study of GBM and their
therapy. Current GSC expansion methods rely on growing them in serum-free media,
resulting in tumor sphere formation. This conventional method, however, often results in
large cell aggregation instead of forming sphere. It is also difficult to control the size of
the spheres. Many prior studies focused on modeling GBM using hydrogels, but these
methods are limited to small scale with complex procedures. Here, we suggest a simple
and more in vivo-like GBM culture method by optimizing the shear stress in a small
scale bioreactor. We cultured patient-derived GBM cell lines with controlled size of GBM
tumorsphere. GSCs grown under shear stress showed increase of Notch signals as well
as pericytes markers which indicate characteristics of GSCs in perivascular niche.
Further, GSCs grown under shear stress showed increase of CD133 population.
Collectively, GSC culture under optimized shear stress can model GSCs in perivascular
niche including their microenvironment and GSCs expansion.
BIOT 194
Scalable adenovirus production process, from cell culture to purified bulk
Asa M. McWhirter, asa.hagner-mcwhirter@ge.com, Magnus Bergman, Eva Blanck,
Sara Häggblad Sahlberg, Pelle Sjöholm, Maria Soultsioti, Sravani Musunuri, Elisabeth
Wallby, Anna Akerblom, Asa Lagerlof, Mats Lundgren. Life Sciences, GE Healthcare,
Uppsala, Sweden
Adenovirus (AdV) vectors are commonly used in cancer gene therapy trials, evaluated
in gene therapy and used as vaccines for various diseases. AdV vectors are well
studied and are suitable for vaccines, oncolytic and gene therapy due to their ability to
infect different cell types, remain episomal and produce stable high titer material.
Manufacturing of safe and efficacious clinical-grade virus relies on a scalable and costeffective production process. In this study, we have combined experimental work and
process economy calculations, from AdV production in cell culture to purified bulk
product up to 10L scale. An efficient and scalable process for AdV production was
developed by evaluation and optimization of each process step. The most studied
vector is serotype 5, making this a suitable system for process development of AdV
vectors. Human AdV5 expressing the green fluorescent protein (GFP) was used for
process development. First, suspension HEK 293 cells adapted to serum-free cell
culture medium were optimized for AdV production and evaluated in different single use
bioreactor systems. Tween 20 was used for cell lysis as a replacement for the

traditionally used Triton X-100 (now on the Authorization list (Annex XIV) of REACH, the
regulation on Registration, Evaluation, Authorization and restriction of Chemicals). A
residual Tween 20 assay with low detection limit was set-up. Filters and conditions for
clarification, concentration and buffer exchange by tangential flow filtration were
optimized. Anion exchange based capture step alternatives were compared, including
different chromatography resins and membrane formats. Finally, core bead technology
was evaluated as an alternative to size exclusion chromatography for the polishing step
before the formulation into storage buffer. Analytical methods for virus titer are
challenging and depend on purity and quality of the sample. For total virus titer, qPCR
and HPLC methods were used. Furthermore, assays based on surface plasmon
resonance (Biacore) was developed for analysis of adenovirus titer. For infectious virus
titer, we have used a cell based assay with automatic image analysis. Based on
analytical data different downstream process alternatives were compared regarding
load capacity, recovery and purity and we propose a robust and scalable process with a
favorable process economy.
BIOT 195
Viral vector platform development guidance based on process cost modeling
David Bohonak, david.bohonak@emdmillipore.com, Ranjeet Patil. Bioprocessing,
MilliporeSigma, Bedford, Massachusetts, United States
Establishing an efficient production platform is essential for successful commercial
implementation of gene therapy programs. Manufacturing processes to produce viral
vectors for gene therapies are often developed under timelines which are considerably
shorter than what have been used for more mature biopharmaeuticals. Consequently,
the level of process optimization possible is reduced and challenges related to low
product yields are common. These factors, as well as the small batch sizes which are
typical for these processes, can have significant effects on manufacturing costs.
In this work, manufacturing costs are examined for adeno-associated virus and
lentivirus production with several different upstream and downstream processes for
each vector. Costs for the production of bulk drug substance were determined using
process and economic models built using BioSolve software. Key process
characteristics such as the production titer, plasmid requirements, downstream product
recovery, and batch size were evaluated in terms of their effect on the overall
manufacturing cost. The economic models and results are valuable tools to enable a
more holistic approach to the identification of process challenges and specific unit
operations which may have the most significant impact on manufacturing costs for these
therapies. These technical challenges are compared to several areas for process
improvement which are currently being studied and developed across the industry.
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Scaling up vaccine bioprocessing: envisioning continuous biopharmaceutical
vaccine bioprocesses
Donald K. Roper, dkroper@uark.edu. Ralph E Martin Department of Chemical
Engineering, University of Arkansas, Fayetteville, Arkansas, United States
A workshop hosted by the National Academies of Sciences, Engineering, and Medicine
in August 2018 on Continuous Manufacturing for the Modernization of Pharmaceutical
Production, sponsored by the U.S. Food and Drug Administration (FDA) and the
Biomedical Advanced Research and Development Authority examined business,
regulatory, and technical concerns associated with adopting continuous manufacturing
techniques to produce biologics such as vaccines and gene therapy. This presentation
will highlight primary issues identified by participants from industry, academia and
regulatory agencies to be faced in developing and implementing continuous
bioprocessing. Among the challenges identified for robust implementation of continuous
manufacturing were criteria for segregation and assessing potential release of active
agent produced continuously in response to a discrete adverse event. My lab has
compared dynamics of sorption, diffusion, and dispersion of viral vectors on recovery,
removal and residence time density in porous adsorptive media across a wide range of
capacities, geometries and operating conditions. In this work we examine measurability
and predictability of viral vector dynamics in fluidic biopharmaceutical systems,
corresponding critical quality attributes and critical process parameters, and the
potential impact of system design and operation on sequestration and release of viral
vector in the event of adverse process event.

BIOT 197
Transient transfection of HEK 293T cells to produce yellow fever VLPs
Gregor Dekevic1, gregor.dekevic@lse.thm.de, Lars Tasto1, Jan Zitzmann1, Denise
Salzig1, Peter M. Czermak1,2. (1) IBPT, University of Applied Sciences Giessen,
Giessen, Germany (2) Faculty of Chemistry and Biology, University of Giessen,
Giessen, Germany
Epidemic outbreaks of yellow fever (YF) in the forests and savannas of South America
and Africa cause mortality rates between 20 % and 50 % and, thus, 29,000 - 60,000
deaths per year. Although there is an active immunization vaccine available on the
market, a way to treat infected patients does not exist. In order to respond quickly to YF
epidemics, a passive immunization approach based on virus-like particles (VLPs) is a
promising opportunity.
We develop a transient YF-VLP production strategy on a bioreactor scale using HEK as
host cells. Therefore, the impact of different cultivation media and the transient
transfection efficiency of the HEK 293T was investigated in order to produce high yields
of YF-VLPs in adherent and suspension cultures. We used the cationic polymer
polyethylenimine (PEI), as it is cost-effective, especially with regard to a large-scale
production. Different plasmid DNA/PEI-ratios were investigated considering pDNA/PEI

polyplex-size, as too large pDNA/PEI polyplexes may have a cytotoxic effect on the
cells. Using DNA fluorescence staining, the attachment and internalization kinetics in
cells of the pDNA/PEI polyplex were determined to follow the transfection until pDNA
enters the nucleus. The production and the secretion kinetics of YF-VLPs will be
analyzed by the fluorescently active eGFP. Furthermore, the size and morphology of the
YF-VLPs were analyzed using Transmission Electron Microscopy. A specific detection
of the YF-VLP proteins was carried out using Western Blot analysis.
In order to produce YF-VLPs on a large scale, further studies are needed with regard to
the YF-VLP-stability, e.g. temperature, pH value or the salt concentration in the
medium. Furthermore, the influence of hydrodynamics on the YF-VLP quality and
quantity in the stirred reactor will be investigated. We think that transient YF-VLP
production is a promising way to rapidly produce the required boost for a passive
immunization approach against YF.
BIOT 198
Characterization of critical quality attributes of self-amplifying mRNA: A novel
vaccine/therapeutic modality
Mandy Xie1, min.8.xie@gsk.com, Giulietta Maruggi2, Dong Yu2, Nicolas Moniotte2,
Kunal Aggarwal1. (1) Technical R&D, GlaxoSmithKline Vaccines, Rockville, Maryland,
United States (2) Preclinical R&D, GlaxoSmithKline Vaccines, Rockville, Maryland,
United States
Self-amplifying mRNA (SAM) is a next generation vaccine platform technology that is
undergoing the early-stage development in GSK Vaccines. SAM vaccine platform is
based on a synthetic, self-amplifying mRNA that encodes the alphavirus RNA
amplification machinery and the vaccine antigen. This innovative vaccine platform is
capable of eliciting both humoral and cellular immune responses. In preclinical studies,
SAM-based vaccines demonstrate substantially enhanced potency, by producing
multiple copies of vaccine RNA templates in vivo and by self-adjuvanting activity of
amplifying RNA. The production of mRNA utilizes a cell-free enzymatic transcription
reaction that can be completed in a few hours. This fast production allows scaling up in
manufacturing capacity and enables a rapid response to pandemic situations.
An mRNA vaccine, delivered with a nanoparticle-based delivery system, is complex in
nature and must overcome scientific, technical, and regulatory challenges. In order to
build a proper control strategy during CMC development for mRNA-based vaccines and
therapeutics, it is prerequisite to establish analytical methods to support novel process
development and drug product characterization. This presentation will discuss using
multiple physicochemical, molecular biology, and in vitro potency methods to
characterize critical quality attributes (CQAs) for a successful early CMC development
of SAM based vaccines.
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Enabling large-scale ex vivo production of megakaryocytes and platelets from
CD34+ cells using gas-permeable surfaces
Andres Martinez, a.martinez@u.northwestern.edu, William M. Miller. Chemical and
Biological Engineering, Northwestern University, Evanston, Illinois, United States
Patients suffering from acute or sustained thrombocytopenia require platelet
transfusions, which are entirely donor-based and limited by challenges related to
storage and fluctuating supply. Developing cell-culture technologies enables ex vivo and
donor-independent platelet production. However, the ability to generate large numbers
of platelets is limited by the challenges of producing many megakaryocytes (Mks) from
each input CD34+ cell and efficiently generating platelet-like-particles (PLPs) from Mks.
Thus, critical advancements are needed to minimize cell handling, improve scalability,
and increase Mk culture productivity. To address these needs, we evaluated Mk
production from mobilized peripheral blood CD34+ cells cultured on a commercially
available gas-permeable silicone membrane, which provides efficient gas exchange,
and investigated the use of fed-batch media dilution schemes. Starting with a cell
surface density of 4 x 104 CD34+ cells/cm2 (G4), culturing cells on the membrane for the
first 5 days and employing media dilutions yielded 38 ± 25 Mks per input CD34+ cell by
day 11 – a 2.2-fold increase compared to using standard tissue culture surfaces with full
media exchanges. By day 7, G4 conditions generated 1.5-fold more CD34+ cells due to
greater CD34 retention. Media dilution schemes for G4 and standard tissue culture
surfaces improved culture viability, leading to a 3.6-fold increase in Mks produced per
mL of media for G4 and 2.8-fold for tissue culture compared to controls. G4-Mks
exhibited lower mean ploidy yet the number of high-ploidy Mks was equal to or greater
than in controls. Finally, G4-Mks produced proplatelets and PLPs that activate and
aggregate upon stimulation. These results highlight distinct improvements in Mk cellculture and demonstrate how new technologies and processes are needed to enable
clinically-relevant production of Mks for platelet generation and cell-based therapies.
BIOT 200
Co-cultivation: A powerful tool for insulin-producing beta cell manufacturing
Florian S. Petry1, florian.petry@lse.thm.de, Peter M. Czermak1,2,3, Denise Salzig4. (1)
IBPT, University of Applied Sciences Giessen, Giessen, Germany (2) Faculty of
Chemistry and Biology, University of Giessen, Giessen, Germany (3) Project group
Bioresources, Fraunhofer Institute for Molecular Biology and Applied Ecology (IME),
Giessen, Germany (4) IBPT, University of Applied Sciences Mittelhessen, Giessen,
Germany
The standard diabetes therapy with insulin is a burden for the patient. Alternative
therapy forms such as the replenishment of destroyed beta cells with insulin-producing
cells are on the rise. The main obstacles for such therapies are sources of sufficient
insulin-producing cells as well as high amounts of high-quality cells to satisfy the needs
for cell therapies with 106-1010 cells per dose. In standard monolayer/2D cultures,

mature beta cells grow slowly and lose their functionality (e.g. no secretion of insulin
anymore). Therefore, a more complex and supporting 3D environment, such as the
cultivation as agglomerates/pseudoislets, can fasten beta cell growth and restore e.g.
glucose-dependent insulin secretion. Nonetheless, mono-cultured beta cells are not
very active in vitro. As in nature beta cells are surrounded by several other cells types, a
co-cultivation of beta cells with e.g. mesenchymal stromal cells (hMSCs) can improve
the pseudoislets’ survival and increase the beta cell functionality. The positive effect of
hMSCs is driven by cell-cell interactions and secreted trophic factors. like VEGF or
HGF. Here, we describe a bioreactor-based co-cultivation concept of hMSCs with
insulin-producing beta cell lines. We investigated several co-cultivation types e.g. direct,
indirect and mixed. The direct co-cultivation enables direct cell-cell interactions,
whereas the indirect co-cultivation physically separates the cells and any effect is only
given through secreted factors. We determined the effect of different cell ratios and a
medium composition on the beta cells functionality. For the bioreactor setup, the cells
were either expanded on microcarriers or in agglomerates. We integrated online
monitoring tools to control cell growth within the bioreactor. We further want to
investigate the effect of the bioreactor hydrodynamics on the cells. Our aim is the
development of a high-mass co-cultivation process which satisfies the needs of both cell
types and meets the requirements of good manufacturing practice and process
analytical technology.
BIOT 201
Role of virus filtration in achieving pathogen safety of gene and cell therapy
products
Daniel Strauss1, daniel.strauss@ak-bio.com, Sebastian Teitz2, Taka Sohka1, Naokatsu
Hirotomi1. (1) Asahi Kasei Bioprocess America, Glenview, Illinois, United States (2)
Asahi Kasei Bioprocess Europe, Cologne, Germany
Development of cell and gene therapy (CGT) products provides many new challenges
for the assurance of pathogen safety. With unique raw materials and testing schemes,
CGT products can have substantially higher risk of virus contamination compared to
traditional recombinant products, yet the viral clearance provided by their downstream
purification steps can be significantly lower. One of the most effective and robust unit
operations for removal of viral contaminants is virus filtration. Unfortunately, the very
size-based mechanism which leads to its high degree of virus removal also makes virus
filtration difficult to implement for many CGT manufacturing processes. In this
presentation, I will discuss strategies to utilize the well-established performance of virus
filters to increase pathogen safety for CGT products. Data illustrating effective viral
clearance during gene therapy purification will be presented. In addition, the
incorporation of filtration as an upstream barrier for protection of cell therapy products
will be discussed. Overall, the increased risks associated with new therapeutic
modalities call for implementation of robust protection strategies to ensure patient
safety.

BIOT 202
Structure-guided discovery of dual-recognition chemibodies
Alan C. Cheng1,2, alan.cheng@merck.com. (1) Merck Research Labs, South San
Francisco, California, United States (2) Formerly, Amgen Inc., South San Francisco,
California, United States
Small molecules and antibodies each have advantages and limitations as therapeutics.
Here, we present for the first time to our knowledge, the structure-guided design of
“chemibodies” as small molecule-antibody hybrids that offer dual recognition of a single
target by both a small molecule and an antibody, using DPP-IV enzyme as a proof of
concept study. Biochemical characterization demonstrates that the chemibodies present
superior DPP-IV inhibition compared to either small molecule or antibody component
alone. We validated our design by successfully solving a co-crystal structure of a
chemibody in complex with DPP-IV, confirming specific binding of the small molecule
portion at the interior catalytic site and the Fab portion at the protein surface. The
discovery of chemibodies presents considerable potential for novel therapeutics that
harness the power of both small molecule and antibody modalities to achieve superior
specificity, potency, and pharmacokinetic properties.
BIOT 203
Generation of functional monoclonal antibodies inhibiting matrix
metalloproteinases
Ki Baek Lee, klee122@ucr.edu, Zachary Dunn, Tyler J. Lopez, Xin Ge. Chemical and
Environmental Engineering, University of California, Riverside, Riverside, California,
United States
Matrix metalloproteinase (MMP) family members are extremely important proteinases
able to precisely control a wide variety of physiological and pathological processes.
Among them, MMP-12/-24 are promising pharmacological targets as their inhibitors
have great potential in being valuable drugs in multiple pathologies. Particularly, MMP12, mainly produced by macrophages is a potent elastase and inflammatory mediator
associated with cardiovascular and destructive lung diseases like arterial stiffness and
emphysema. And MMP-24, chiefly expressed in the nervous system and playing critical
roles in brain pathophysiology, is a crucial mediator of peripheral thermal nociception
and inflammatory hyperalgesia. However, small molecule inhibitors of MMPs in recent
efforts have all failed in clinical trials due to lack of specificity. Our hypothesis is that
antibody-based inhibitors can render the therapy needed specificity. In this study, we
combined three novel technologies - PROSS (protein repair one-stop shop) algorithm
for MMP design, convex paratope antibody library construction, and function-based
genetic selection. As the results, highly potent monoclonal antibodies inhibitors with
high selectivity targeting MMP-12/-24 were successfully discovered. Generated Fabs
exhibited nanomolar range binding affinity, inhibition potency, and decent inhibition

selectivity over MMP-1/-7/-9/-14. We expect that the combination of these three novel
technologies will be able to facilitate the generation of functional mAbs for many
additional proteases, most of whom are difficult for active expression in E. colior have
active sites which are not easily accessible by the conventional paratope design.
BIOT 204
Physicochemical determinants of drug-like monoclonal antibodies
Yulei Zhang1, yuleizh@umich.edu, Lilia Rabia2, Seth Ludwig2, Charles G. Starr1,
Priyanka Gupta2, Mark Julian2, Peter M. Tessier3. (1) Chemical Engineering, University
of Michigan, Ann Arbor, Michigan, United States (2) Rensselaer Polytechnic Institute,
Ann Arbor, Michigan, United States (3) Chemical & Biological Engineering, Rensselaer
Polytechnic Institute, Troy, New York, United States
The ability of antibodies to recognize their target antigens with high specificity is
fundamental to their normal function. Nevertheless, therapeutic antibodies display
variable and difficult-to-predict levels of non-specific (heterotypic) and self- (homotypic)
interactions that lead to various drug development challenges, including antibody
aggregation, abnormally high viscosity and fast antibody clearance. We are developing
bioinformatics methods for predicting the overall specificity of antibodies in terms of their
relative risk for displaying high levels of non-specific and self-interactions. We find that
individual and combined sets of chemical rules that limit the maximum and minimum
numbers of charged, polar and hydrophobic residues in different parts of the variable
regions of antibodies are excellent predictors of specificity for diverse panels of
antibodies, including for >100 clinical-stage antibodies. We expect that our findings can
be readily used to improve the selection and engineering of antibodies with drug-like
specificity.
BIOT 205
Engineering the local environment for enhanced enzyme biocatalysis
Ian R. Wheeldon, iwheeldon@engr.ucr.edu. Chemical and Environmental Engineering,
UC Riverside, Riverside, California, United States
Traditional enzyme engineering often targets point mutations in and around the active
site to enhance catalysis. These methods have been highly successful in developing
enzymes for chemical synthesis, biosensors and therapeutics. In our work, we seek to
develop new architecture-based enzyme engineering strategies that work in parallel
with traditional approaches to enhance desired properties. The architectural component
is nanoscale scaffolds that introduce new chemical and physical features outside of the
active site and in close proximity to the enzyme. The scaffolds modulate the local
environment and allow for operation in changing and unfavorable conditions in the bulk
environment. The example that we present here uses DNA scaffolds with designed
binding affinity to organophosphate nerve agents to increase detoxification rates by

phosphotriesterase (PTE). The hypothesis is that new substrate binding interactions
outside of the active site will increase the local substrate concentration, decreasing the
apparent Michaelis constant (KM) and increasing activity at low bulk substrate
concentration. Such a strategy is needed because organophosphates chemical
weapons are highly toxic at very low concentration and an effective enzyme therapy
requires high catalytic turnover in vivo. Our results show that an 11-fold decrease in KM
is possible, and that the effect is dependent on organophosphate binding strength to the
DNA scaffolds. We have also found that the scaffold modifications enhance enzyme
stability and create particles that are well suited for in vivo applications. In addition to
enhancing PTE catalysis, we also demonstrate the scaffold effect using the model
enzyme horseradish peroxidase (HRP). The model system and molecular dynamic
simulations of this system helped to identify the molecular mechanism of the
enhancement effect, increased local substrate concentration due to substrate-scaffold
interactions. Together, these examples show that molecular scaffolds can be used to
control the local environment and improve enzyme catalysis in useful and beneficial
ways.
BIOT 206
Developing a branched-chain amino acid biosensor from bacterial periplasmic
binding proteins for human diagnostics
Lynn Wong1, lwong2@umbc.edu, Chandrasekhar Gurramkonda 2, Govind Rao3, Leah
M. Tolosa4. (1) Center for Advanced Sensor Technology, University of Maryland
Baltimore County, Baltimore, Maryland, United States (2) Center for Advanced Sensor
Technology and Department of Chemical, Biochemical,and Environmental Engineering,
University of Maryland Baltimore County, Baltimore, Maryland, USA, Frederick,
Maryland, United States (3) TRC Building, Ctr for Advanced Sensor Technology,
Baltimore, Maryland, United States (4) Univ of Maryland, Baltimore, Maryland, United
States
Branched-chain amino acids (BCAA) play a critical role in human health. Not only do
they serve as substrates for the synthesis of nitrogenous compounds, BCAAs are also
involved in regulating lipid and glucose metabolism, protein synthesis, and immune
function. Most importantly, BCAAs are potential biomarkers for diseases such as
diabetes, cancer, and cardiovascular diseases. As such, they are very attractive targets
for developing sensitive and responsive tools for detection and quantification. However,
current methods require expensive laboratory instrumentation (CE, HPLC, GC) and
skilled operators, limiting their use for point-of-care (POC) diagnostics. In this study, we
are developing a BCAA biosensor derived from the leucine/isoleucine/valine-binding
protein (LivJ) of Escherichia coli. Cysteine mutations are strategically placed close to
the binding pocket of LivJ and these sites are subsequently labeled with a polaritysensitive dye. The mutants exhibit increasing fluorescence response with increasing
leucine concentration in the millimolar range. Studies are currently underway to assess
their dissociation constant and evaluate the feasibility of implementing the protein in

immobilized systems. This highlights the potential of LivJ as a regeneratable biosensor
candidate and its application in medical devices.
BIOT 207
ROSETTA-informed design of structurally stabilized cyclic anti-amyloid peptides
Chandler Est, est@wisc.edu, Parth Mangrolia, Regina M. Murphy. Chemical and
Biological Engineering, University of Wisconsin, Madison, Middleton, Wisconsin, United
States
Beta-amyloid oligomers are thought to be the most toxic species formed en route to fibril
deposition in the Alzheimer’s brain, so sequestration of these low molecular weight
structures may have a beneficial effect. Transthyretin, a tetrameric carrier protein that
circulates in blood and cerebrospinal fluid, is a natural sequestering agent of betaamyloid oligomers. A monomeric mutant of transthyretin, mTTR, shows significant
promise as a beta-amyloid scavenger that does not disrupt transthyretin’s normal
physiological function. However, mTTR is susceptible to proteolysis, and binding of
beta-amyloid to mTTR is significantly reduced in the presence of nonspecific proteins
and lipids. We proposed that these concerns could be overcome by careful design of a
small peptide mimic of the beta-amyloid binding domain contained in strands G and H of
mTTR. Linear peptides that mimicked the sequence of the beta-amyloid binding domain
on mTTR were only moderately effective at sequestering beta-amyloid. Cyclization
improved efficacy, greatly increased stability, and demonstrated less nonspecific
interference compared to mTTR. However, the first designed cyclic peptide was not as
potent as mTTR. We hypothesized that the lower efficacy was the result of a higher
degree of conformational flexibility in the peptide compared to mTTR. Using the
ROSETTA software suite as an in silico predictor of cyclic peptide conformation stability
and heterogeneity, a screening procedure was developed to investigate putative
structural enhancements, including adjustments to secondary structure motifs and
stabilization by disulfide linkages. The best candidates from this design approach were
synthesized and tested for structure and efficacy compared to mTTR. This approach
supports the use of ROSETTA simulations as a screening method to investigate
sequence and structure effects on the conformation of cyclic peptides in the search for
beta-amyloid-sequestering peptides. Such peptides can overcome the protease stability
and nonspecific interference issues of the protein while retaining the therapeutic
efficacy.
BIOT 208
Synthetic molecular evolution of antimicrobial peptides
Charles G. Starr, Jenisha Ghimire, Shantanu Guha, William C. Wimley,
wwimley@tulane.edu. Biochemistry, Tulane University School of Medicine, New
Orleans, Louisiana, United States

Membrane-active peptides have potential utility in many areas, including in the cellular
delivery of polar compounds, cancer therapy, biosensor design, and in antibacterial,
antiviral and antifungal therapeutics. Yet, despite decades of research on thousands of
known examples, useful sequence-structure-function relationships are essentially
unknown. Because peptide-membrane interactions within the highly fluid bilayer are
dynamic and heterogeneous, accounts of mechanism are necessarily vague and
descriptive, with little predictive power. This creates a significant roadblock to advances
in the field. We are bypassing this roadblock with synthetic molecular evolution:
optimization by iterative peptide library design and orthogonal high-throughput
screening. Here we started with a template sequence with potent antibacterial activity,
but which loses activity in the presence of concentrated host cells. Most AMPs have this
property. To circumvent it, we created a 30,000-member library and used orthogonal
high-throughput screening to identify gain-of-function variants that remain active in the
presence of concentrated host cells. We successfully evolved a novel family of AMPs
with physiologically relevant, broad-spectrum activity against many strains of drugresistant bacteria.
BIOT 209
Design of membrane-active peptides that assemble into macromolecular-size
pores
Kalina A. Hristova1, kh@jhu.edu, Sarah Y. Kim1, Anna Pittman2, Gavin King2. (1)
Johns Hopkins Univ, Baltimore, Maryland, United States (2) University of Missouri,
Colombia, Missouri, United States
Peptides that self-assemble into pore-like structures in lipid bilayers could have utility in
a variety of biotechnological and clinical applications due to their ability to breach the
barrier imposed by lipid bilayers. To empower such discoveries, we use rationally
designed peptide libraries and high-throughput screens to select peptides based on a
particular property, in this case macromolecular-size bilayer poration. Towards this goal,
we designed a library based on the bee venom peptide melittin, and we developed a
high throughput screen that reports on the passage of macromolecules across lipid
bilayers. We identified two peptide families that efficiently assemble into large pore-like
structures. One of the families is highly active at pH 7. The other peptide family is pH
sensitive, as its self-assembly is triggered by low pH. The pH-triggered peptides could
be used for endosomal release of uptaken polar molecules into the cell cytosol, upon
endosomal acidification. They also could be used in cancer therapies to selectively
permeabilize the plasma membranes of cancer cells, since the vicinity of solid tumors is
often acidic. Additional generations can be screened to further fine-tune the properties
of these peptides.
BIOT 210
Acoustic levitation as a screening method for spray drying thermally stable viral
vector powders

Blair Morgan1, morganba@mcmaster.ca, Zhou Xing2, Michael R. Thompson1, Emily D.
Cranston1. (1) Chemical Engineering, McMaster University, Hamilton, Ontario, Canada
(2) McMaster Immunology Research Centre and Department of Pathology and
Molecular Medicine, McMaster University, Hamilton, Ontario, Canada
Spray drying has emerged as a promising technique to create thermally stable vaccine
powders containing viral vectors. Thermally stable vaccine powders reduce the cost and
potential damage that are inherent to the traditional cold chain required to maintain
vaccine stability during transportation and storage. Powdered vaccines can be delivered
either via inhalation or oral administration to avoid the use of needles, or can be more
traditionally delivered by reconstituting and injecting the dissolved powder. Identifying
and optimizing the excipient carriers used for stabilization with the spray drying method
is a time intensive task and can use large amounts of costly viral material, creating a
need for an efficient screening method. In this work, an acoustic levitator modified with a
heating system was used to model the spray drying process in order to understand the
effects of the environment on spray dried materials and determine its effectiveness as a
screening method. Excipient blends of mannitol/dextran, xylitol/dextran, and
lactose/trehalose were used to stabilize a recombinant human type 5 adenovirus
(AdHu5) as a model viral vector. The levitated particles were characterized by scanning
electron microscopy (SEM), differential scanning calorimetry, thermal gravimetric
analysis, and X-ray diffraction and compared to spray dried powders. Stability of the
AdHu5 was investigated in vitro by infecting A549 lung epithelial cells with a green
fluorescent protein expressing variant of AdHu5. Similar particle texture was observed
for levitated and spray dried materials, although the particle size differed by several
orders of magnitude. The levitated particles were found to have better activity retention
of the AdHu5 in two of the three formulas tested. The differences in activity may be
attributed to the fact that levitated particles did not undergo the application of shear
stress that is present during spray drying. When heat was added to the levitation
chamber, viral activity increased up to 40°C, but at higher temperatures it began to
decrease. Although the magnitude of activity losses for levitated particles at 40°C and
spray dried powders was different, overall trends in viral activity between the excipient
formulas were the same. This research will show that acoustic levitation is a promising
screening method for spray drying thermally stable dry powder vaccines.
BIOT 211
Structural basis for protein energy landscapes in a de novo designed proteome
Gabriel J. Rocklin1, grocklin@gmail.com, Scott Houliston3, Cheryl Arrowsmith3, Miklos
Guttman2, David Baker1. (1) Biochemistry, University of Washington, Sunnyvale,
California, United States (2) Medicinal Chemistry, University of Washington, Seattle,
Washington, United States (3) Structural Genomics Consortium, University of Toronto ,
Toronto, Ontario, Canada
All proteins dynamically sample diverse folded, unfolded, and excited states with
differing free energies, and understanding these "energy landscapes" quantitatively

would advance our ability to interpret protein structures, engineer protein function, and
predict the consequences of genetic variation. Although energy landscapes have been
studied for decades, accurately predicting energy landscapes remains a major unsolved
problem in part because of experimental challenges that limit the feedback available for
improving modeling. We developed a new experimental approach to rapidly
characterize hundreds of protein energy landscapes simultaneously using pooled
protein expression and hydrogen exchange mass spectrometry. Unlike other
approaches that measure an overall folding stability, our approach reveals the full free
energy spectrum of fluctuations for each protein. Measuring the energy landscapes for
over 1,000 de novo designed miniproteins (43 residues in length) revealed wide
variation in landscapes between designs with similar topologies, and the size of our
dataset enabled us to statistically analyze the structural origins of the varied
landscapes. Combining these new large-scale experiments with computational
modeling should ultimately lead to a quantitative understanding of the structural
determinants of protein energy landscapes.
BIOT 212
Cellular clocks in Neurospora crassa demonstrate synchronization
Jia Hwei Cheong1, jc68175@uga.edu, Brooke Hull2, James R. Griffith1, Leidong Mao1,
Jonathan Arnold1, Heinz-Bernd Schuttler1. (1) University of Georgia, Athens, Georgia,
United States (2) Bayor College of Medicine, Houston, Texas, United States
Circadian rhythms represent a known biological process that possess an endogenous
and entrainable oscillations of roughly 24 hours occurring in living things, which includes
plants, animals as well as fungi. Neurospora crassa, is an organism that has wellcharacterized emergent properties of circadian rhythm. However, intercellular
communication on this system is still not well known. We have recently been able to
observe synchronicity of cells over time in interactive cell populations. Hence, we
hypothesize that cells are able to communicate their circadian time to each other,
resulting in phase synchronization. To explore the nature of this phenomenon, we
measured the fluorescence of two recorder constructs, mVenus a yellow fluorescent
protein as well as a red fluorescence construct, mCherry that are both driven by a clockcontrolled gene-2 promoter (ccg-2p). mChery was given an additional amount of light
relative to mVenus to produce a phase-shift before placing it in the dark for
measurement. Pure populations as well as a 50:50 mixture of mCherry and mVenus
recorders were fluorescently detected every half an hour over ten days. Experiment was
repeated twice by entraining one population of cells each time with a varying amount of
time. This work offers fundamental insights about the circadian synchronicity in
Neurospora crassa on a single cell as well as a population scale.
BIOT 213
Spatial, temporal, and dose control of drug delivery using non-invasive magnetic
stimulation

Chi-An Cheng1,2, annie.ca.cheng@gmail.com, Wei Chen3,2, Jeffrey I. Zink3,2. (1)
Bioengineering, University of California, Los Angeles, Los Angeles, California, United
States (2) California NanoSystems Institute, University of California, Los Angeles, Los
Angeles, California, United States (3) Chemistry and Biochemistry, University of
California Los Angeles, Los Angeles, California, United States
Non-invasive stimuli-responsive drug delivery using magnetic fields in conjunction with
superparamagnetic nanoparticles offers the potential of spatial and temporal control of
drug release. When hyperthermia is not desired and control of the dosage is required, it
is necessary to design a platform in which local heating on the nanoscale releases the
therapeutic cargo without bulk heating of the surrounding medium. In this work, we
report a design using a stimuli-responsive nanoparticle platform to control the dosage of
the cargo released by an alternating magnetic field (AMF) actuation. A core@shell
structure with a superparamagnetic doped iron oxide (MnFe2O4@CoFe2O4)
nanoparticle core in a mesoporous silica shell was synthesized. The core used here has
a high saturated magnetization and high specific loss power for heat generation under
an AMF. The mesoporous shell has a high cargo carrying capacity. A thermoresponsive molecular-based gatekeeper was modified on the core@shell nanoparticles
to regulate the cargo release. The mesoporous structure of the silica shell remained
intact after exposing to an AMF, showing that the release of cargo is due to the removal
of the gatekeepers instead of the destruction of the structure. Most importantly, we
demonstrated the amount of cargo released could be adjusted by the AMF exposure
time. By applying multiple sequential exposures of AMF, we were able to release the
cargo stepwise and increase the total amount of released cargo. The strategy
developed here holds great promise for achieving the dosage, temporal, and spatial
control of therapeutics delivery without the risk of overheating the particles’
surroundings.
BIOT 214
Improved antibacterial properties in titanium implants by acid etching and atomic
layer deposition
Paria Ghannadian, ghannadian.p@husky.neu.edu, James Moxley, Thomas Webster.
Chemical Engineering, Northeastern University, Boston, Massachusetts, United States
The first step in implant infection is bacterial adhesion, which can potentially result in the
formation of antibiotic resistant biofilms for some species. Multiple substrate properties,
including chemical composition, hydrophobicity, and surface roughness, are believed to
be of significance in the bacterial attachment process. In this study, multiple titanium
samples were etched with different concentrations of nitric acid (10N or 12N) for varying
durations (60 or 90 minutes), followed by a consistent and extended heat treatment
(400 for one hour) for all samples. As a comparison to these samples, which were
modified through conventional acidic etching treatment, another group of titanium
samples were prepared by coating with 25 nm of titanium dioxide at (200 for
approximately 4 hours) through atomic layer deposition (ALD) technique. To assess the

potential effect of both approaches on inhibiting bacterial adhesion, and thus conferring
antibacterial properties, samples were set to culture with Staphylococcus aureus
populations in Colony Forming Unit Assay (CFU). ALD treatment, in comparison to
conventional acidic etching treatment, demonstrated reduced bacterial density. As such,
ALD treatment may pose a promising way to inhibit the growth of infectious bacterial
populations, on a vast variety of surfaces and materials, without the need for resistanceinducing antibiotic.

BIOT 215
Electrical, optogenetic, and magnetic stimulation of myelination
In Hong Yang1, iyangbio@gmail.com, Agata Blasiak2. (1) Mechanical Engineering,
University of North Carolina, Charlotte, Charlotte, North Carolina, United States (2)
National University of Singapore, SIngapore, Singapore
Myelin formation is governed by neuron−glia communication, which in turn is modulated
by neural activity. The exact mechanisms of myelination associated with neural activity
remain elusive. New tools are required to investigate the mechanisms by which
environmental inputs and neural activity regulate myelination patterns. We have
developed novel in vitro electrical, optogenetic, and magnetic stimulation platforms that

facilitate subcellular activity induction in hundreds of neurons simultaneously. These
systems have been applied to a compartmentalized culture of primary dorsal root
ganglion neurons whose distal axons were interacting with oligodendrocyte precursor
cells. Neural activity was induced along whole neurons or was constrained to cell bodies
with proximal axons or distal axons only. All three modes of stimulation promoted
oligodendrocyte differentiation and the myelination of axons as evidenced by a
decrease in the number of oligodendrocyte precursor cells followed by increases in the
number of mature oligodendrocytes and myelin sheath fragments. In this These results
demonstrated the potential of our novel stimulation systems for the global and focal
induction of neural activity in vitro for studying axon myelination.

Optogenetic platform was compatible with primary neuron/glia cocultures and allowed for
neuron subcellular stimulation in three different modes.
BIOT 216
Ascorbic oxidase-like activity of cupric oxide nanoparticles and its antibacterial
application
Zhuang Quanquan1,2, zhuangqq83@163.com, Shaobin He2, 29724133@qq.com, Wei
Chen2. (1) Department of Pharmacy, Affiliated Quanzhou First Hospital of Fujian
Medical University, Quanzhou, Fujian, China (2) Dept of Pharmaceutical Analysis,
Fujian Medical University, Fuzhou, China
Cupric oxide nanoparticles (CuONPs) possess multiple enzyme-mimicking activities,
such as peroxidase, ascorbic acid oxidase, and cysteine oxidase. Herein, we
demonstrated that with the introduction of ascorbic acid (AA), CuONPs exhibit an
antibacterial activity towards both Gram-positive bacteria Staphylococcus aureus and
Gram-negative bacteria Escherichia coli. This marvelous antibacterial character is
attributed to its ascorbic acid oxidase-like activity, which catalyzes the decomposition of
AA to produce hydrogen peroxide and thus causes bacterial death. Furthermore,

scanning electron microscope was carried out to study the biocidal action of CuONPs
with the assistance of AA. Results confirmed that the membrane integrity of bacterial
was seriously damaged as a result of reactive oxygen species (ROS) generated by
hydrogen peroxide. Our finding suggests a broad chemical space to develop new
antibacterial agent to treat bacteria.

(A) Escherichia coli viability measurement after incubation with ascorbic acid (3.5mM),
CuONPs (0.5µM) and ascorbic acid (3.5mM) combined with CuONPs (0.5µM).Bacterial
viability rates were obtained by colony counting method, water was used as control.

(B) Staphylococcus aureus viability measurement after incubation with ascorbic acid (3.5mM),
CuONPs (0.5µM) and ascorbic acid (3.5mM) combined with CuONPs (0.5µM). Bacterial
viability rates were obtained by colony counting method, water was used as control. Data are
means ±S.D, n=3, Student’s t-test, Asterisks significant against the water treat group (*p<0.01).
BIOT 217
Patterned microwell compartments harbor hepatocyte spheroids for genotoxicity
testing
Christy Chao, christyc@mit.edu, Le Ngo, Bevin P. Engelward. MIT, Cambridge,
Massachusetts, United States
3D tissue culture models may one day provide effective alternatives to animal testing.
They are especially beneficial for liver toxicity studies, since hepatocytes display
improved levels of liver-specific functions in 3D culture. One common 3D model is
spheroids, which are spontaneously formed cell aggregates. Techniques for spheroid
formation include the use of ultralow attachment plates and the hanging drop method,
both of which are technically challenging and relatively low throughput. Here, we
describe a simple to use platform that improves spheroid production and is compatible
with genotoxicity testing by the comet assay. We created a chip containing a microwell
array packed into the area of a single well of a 96-well plate. The microwells were made
from agarose, a nontoxic material suitable for cell growth and spheroid formation.
HepG2 cells loaded into customizable agarose microwells formed spheroids within 1-2
days, and could be maintained on chip over time. Importantly, the ability of agarose to
separate DNA fragments by electrophoresis and the large number of spheroids per area
enabled robust analysis of DNA damage in intact spheroids, avoiding disaggregating
the sample and preserving cell-cell contact. Specifically, we used a modified comet
assay, where release of DNA supercoiling caused by damage is physically revealed
through gel electrophoresis, to directly measure DNA damage and repair in HepG2
spheroids exposed to inflammatory chemicals (H2O2, SIN-1). With this “mega-comet”
analysis method, we detected a dose-dependent increase in DNA damage after 30minute chemical exposures, and observed rapid repair of H2O2 induced DNA damage.
In summary, we utilized an agarose microarray to condense what had required an entire
96-well plate into a single well of a 96-well plate, enabling analysis techniques (such as
the comet assay) that were cumbersome or impossible under conditions of a single
spheroid per well of a 96-well plate.
BIOT 218
Drug cocktail-carrying Nanomedicine for the treatment of Cancer
Ren Bean1, rhbean@gus.pittstate.edu, Santimukul Santra2, Tuhina Banerjee2, Laci
Hadorn1, Shuguftha Naz1, Shrikant Anant3, Quentin Austin1. (1) Chemistry, Pittsburg
State University, Pittsburg, Kansas, United States (2) Department of Chemistry,

Pittsburg State University, Pittsburg, Kansas, United States (3) KUMC, Kansas City,
Kansas, United States

Prostate cancer is the most common cancer in men, with 1 in 7 men being diagnosed in
their lifetime. Hsp90 is a key molecular chaperone involved in cell signaling,
proliferation, and survival, and therefore a promising target for therapeutic intervention.
Inhibition of Hsp90 suppresses androgen signaling, promoting degradation of client
proteins resulting in apoptosis. Both gedunin and celastrol disrupt the function of Hsp90
through unique pathways. The co-chaperone Cdc37 mediates the loading of protein
kinase onto Hsp90, and the natural product celastrol disrupts Cdc37-Hsp90 complex
formation. The natural product gedunin inhibits p23 chaperoning activity, blocking its
cellular interaction with Hsp90. Studies have shown the anticancer activities of gedunin
on several lines of cancer including melanoma, prostate, and human breast cancer
cells.
Herein, a novel, folate functional magnetic nanomedicine encapsulated with Hsp90
targeting drug cocktail, gedunin and celastrol, will be used for effective treatment of
cancer. This MR nanotheranostics will be specifically used as the targeted drug delivery
platform to deliver drugs to tumor. In this study, gedunin and celastrol carrying ironoxide nanoparticles was formulated for the targeted treatment of prostate cancer.
Effective drug delivery using targeted nanomedicine formulations, and various
biomolecular and cellular anti-tumor activity will be discussed in this presentation.
BIOT 219
Cathepsin B stimuli controlled drug delivery system
Kayla Leatherman, kleatherman@radford.edu, Hannah Pierce, Kristina Roth.
Chemistry, Radford University , Radford, Virginia, United States
The development of a stimuli-controlled drug delivery system for breast cancer was
investigated using a nanoparticle peptide system which releases mock drug cargo in the
presence of Cathepsin B. Current cancer therapies attack fast-growing healthy cells
such as skin, hair, intestines, and bone marrow.1 The purpose of this research is to
develop a system that releases drugs only in the presence of Cathepsin B to ensure
that only carcinoma cells are targeted. Overexpression of Cathepsin B is correlated with
invasive and metastatic phenotypes in cancer which corresponds to the studies that
have been shown using Cathepsin B.2 From a literature search, 63 amino acids were
found and analyzed to determine Cathepsin B cleavable peptide sequences. 3,4,5 A
consensus sequence of the highest occurring amino acids at the cleavage site was
determined and position P1 was changed to the next highest occurring amino acid to
generate additional sequences for analysis. Solid phase peptide synthesis was utilized
to create a library of peptide sequences which were attached to a gold nanoparticle.
The system will be analyzed in the presence of Cathepsin B in order to determine their
affinity for the release of free chemotherapeutic drugs.

BIOT 220
Microfluidic degasser for lab-on-chip devices
Mustafa Al-Adhami1, alad1@umbc.edu, Erick Gutierrez1, Abhay Andar2, Govind Rao3,
Iordan V. Kostov4. (1) University of Maryland, Baltimore County, Silver Spring,
Maryland, United States (2) Center for advanced sensor technology, University of
Maryland Baltimore County, Baltimore, Maryland, United States (3) TRC Building, Ctr
for Advanced Sensor Technology, Baltimore, Maryland, United States (4) UMBC,
Baltimore, Maryland, United States
We present a chip-integrated microfluidic debubbler designed to be an easily-integrable
device for larger systems in need of gas bubble removal. The debubbler utilizes the
phenomenon of surface tension to force air bubbles out to the atmosphere through a
porous hydrophobic membrane over a select range of internal system pressures (≥10
kPa and ≤240 kPa). It is manufactured by engraving a PMMA sheet with the required
channel design, and then solvent-bonding it to an expanded PTFE membrane under an
applied pressure at low temperature (80-90°C). In operation, the system pressure must
be high enough for the bubbles to be forced out through the pores, but low enough to
keep the fluid from leaking through the membrane, as governed by the Young-Laplace
equation. We demonstrate our debubbler device by successfully removing air bubbles
from a microfluidic flow process.
BIOT 221
Synthesis of fluorogenic activated platelet sensor and application in stent
thrombosis imaging
Alayna Trice1,2, atrice@hamilton.edu, Elijah Marris1,2, Khanh Ha3,1,4, Farouc Jaffer4,
Xiaoxin Zheng4, Chase Kessinger4, Jason McCarthy1,4. (1) Masonic Medical Research
Institute, Utica, New York, United States (2) Chemistry, Hamilton College, Clinton, New
York, United States (3) Department of Chemistry, University of Florida, Gainesville,
Florida, United States (4) Massachusetts General Hospital, Boston, Massachusetts,
United States
Advancing understanding of human coronary artery disease requires new tools and
methods that can be practically used in clinical settings for studying the molecular
mechanisms that underlie its initiation, progression and clinical complications, including
myocardial infarction and sudden cardiac death. Here we report the synthesis of a novel
near-infrared fluorescent contrast agent for molecular imaging of activated platelets.
This agent can be used in conjunction with a dual-modality intra-arterial catheter for
simultaneous microstructural and molecular imaging in vivo using a combination of
optical frequency domain imaging (OFDI) and near-infrared fluorescence (NIRF)
imaging to detect the adherence of activated platelets which may predict the risk of
early stent thrombosis. By providing simultaneous molecular information in the context
of the surrounding tissue microstructure, this novel material should provide a powerful

tool for investigating stent healing and for identifying high-risk biological and structural
coronary arterial stenosis in vivo.

BIOT 222
In vivo-jetPEI, an alternative to viral vectors for nucleic acid-mediated therapies
Malik Hellal, mhellal@polyplus-transfection.com, Valérie Moreau, Fanny Prémartin,
Thibaut Benchimol, Valérie Kedinger, Pascale Belguise, Patrick Erbacher. PolyplusTransfection, Illkirch-Graffenstaden, France
Nucleic acids have considerable potential as therapeutic agents in the treatment of
pathologies including genetic diseases, viral infections, and cancer therapies. The major
challenge for the use of nucleic acids in therapy lies in safely delivering these anionic
macromolecules to their intended sites of action.
At Polyplus-transfection, we develop powerful non-viral vectors to safely deliver nucleic
acids in vivo to target a wide range of tissues, through various routes of administrations.
Of these reagents, in vivo-jetPEI® is widely acknowledged to deliver nucleic acids in
animals; and coherently is selected as the delivery vector of choice in several drug
development programs, notably for immunotherapies.
As a versatile reagent for in vivo delivery of various and structurally different nucleic
acids (plasmid DNA, siRNA, miRNA, mRNA, oligonucleotides), in vivo-jetPEI® is
compatible with various modes of injection/administration. To fulfill all the quality
requirements associated to its use in Human, Polyplus-transfection® supplies preclinical
grade and cGMP grade in vivo-jetPEI® reagents for a growing number of plasmid and
oligonucleotide based-preclinical studies and clinical trials.
BIOT 223
Toward clinical translation of near-infrared nerve-specific fluorophores for
fluorescence image-guided nerve sparing surgical procedures

Lei Wang1, wanglei@ohsu.edu, Connor W. Barth1, Vidhiben Shah2, Adam W. Alani2,
Alexander Antaris3, Jonathan Sorger3, Summer L. Gibbs1. (1) Biomedical Engineering,
Oregon Health & Science University, Portland, Oregon, United States (2) Department of
Pharmaceutical Sciences, Oregon State University, Portland, Oregon, United States (3)
Intuitive Surgical Inc., Sunnyvale, California, United States
Peripheral nerve injuries are among the most frequent iatrogenic complications,
resulting in persistent postsurgical numbness, chronic pain, and paralysis. Nervesparing can be a difficult task due to patient-patient variability and the difficulty of nerve
visualization in the operating room. Fluorescence image-guided surgery (FGS) to aid in
the precise visualization of vital nerve structures in real time during surgery could
greatly improve patient outcomes. However, a clinically approved near infrared (NIR)
nerve-specific contrast agent does not exist. Contrast agents that fall within the NIR
window (650-900 nm) are particularly attractive for FGS, because absorbance,
scattering, and autofluorescence are all at local minima, making tissue light penetration
maximal in this range. Herein we report our efforts to synthesized a focused library of 80
systematically-modified far red to NIR fluorophores to define the factors that modulate a
molecule’s nerve specificity. Nerve specificity screening was completed using murine
models following both topical and systemic administration strategies. Several 700 nm
and 800 nm nerve-specific lead compounds have been identified, and their nerve
specificity and scalability have been confirmed in the swine models. Additionally,
clinically relevant formulation strategies for both topical and systemic administration
have been developed to facilitate clinical translation. Notably, the topical administration
strategy allows clinical translation of these novel agents under the exploratory
investigational new drug (eIND) application to the FDA, making these clinical
applications more financial achievable and rapid. Given the interplay between novel
nerve-specific contrast agent development and clinically relevant formulation strategies,
translation to the clinic should be feasible within the next five years.

Swine studies with the lead 700 nm nerve-specific fluorophore LGW01-08, showing NIR nervespecific fluorophore can detect buried nerve tissue.
BIOT 224

Diamagnetic CEST MRI contrast agent that can simultaneously detect
extracellular tumor pH and enzyme activity
Chathuri J. Kombala1,2, cjk037@email.arizona.edu, Mark D. Pagel2. (1) Department of
Chemistry and Biochemistry, The University of Arizona, Tucson, Arizona, United States
(2) Department of Cancer Systems Imaging, The University of Texas M.D. Anderson
Cancer Center, Houston, Texas, United States
The enzyme activity and extracellular acidity are well-established biomarkers for
diagnosing and monitoring various disease states. Chemical exchange saturation
transfer (CEST) MRI methods have been developed to detect extracellular enzyme
activity and extracellular pH (pHe) in vitro and in vivo. Simultaneous detection of
multiple biomarkers improves the specificity of the disease diagnosis. Herein, our focus
was to develop a diamagnetic CEST MRI contrast agent that can simultaneously
measure extracellular KLK-6 enzyme activity and pHe of the tumor microenvironment.
The salicylic acid CEST response is sensitive pH changes within physiological range
(6.5-7.4). Thus, acidoCEST MRI can measure the pHe of the tumor microenvironment
using salicylic acid moiety. The contrast agent produces two CEST signals for amide
and salicylic acid at 5.3 and 9.2 ppm respectively, while the product after KLK6 catalysis
produced only one CEST signal at 9.2 ppm. Therefore, catalyCEST MRI can detect
enzyme activity using an enzyme cleavable peptide.
We synthesized a salicylic acid based contrast agent conjugated with KLK-6 enzyme
specific peptide. The final agent was characterized by NMR, HPLC, and MS. The
agent’s response to KLK-6 enzyme has been confirmed with in vitro experiments using
LC-MS. Ongoing MRI phantom studies for pH and enzyme activity detection will be
presented.
BIOT 225
Ratiometric pH imaging with a dendritic CEST MRI contrast agent
Chathuri J. Kombala1,2, cjk037@email.arizona.edu, Mark D. Pagel2. (1) Department of
Chemistry and Biochemistry, The University of Arizona, Tucson, Arizona, United States
(2) Department of Cancer Systems Imaging, The University of Texas M.D. Anderson
Cancer Center, Houston, Texas, United States
Acidic extracellular pH is a prominent biomarker in various disease conditions such as
cancer, inflammation, and infection. Thus, extracellular pH measurements provide
important information regarding disease status and progression. Chemical exchange
saturation transfer (CEST) MRI is a non-invasive imaging platform that can effectively
probe extracellular pH with an exogenous contrast agent. However, one of the current
limitations of exogenous CEST agents is their relatively low sensitivity, typically
requiring >1 mM of agent for detection, and ~10 mM for precisely measuring pH. Many
existing CEST agents suffer from low sensitivity due to their limited number of
exchangeable protons as well as the small difference in exchangeable proton chemical
shift with water. Conjugation of pH-sensitive CEST probe to a polymeric platform will

increase the number of exchangeable protons in the agent. Dendrimers are well known,
a versatile polymeric platform for drug and gene delivery. Our focus was to develop a
pH-sensitive dendritic CEST probe with highly shifted exchangeable protons. Salicylic
acid (SA) conjugated dendrimer can generate two pH-dependent CEST signals at 5.0
and 9.2 ppm for amide and salicylic acid protons respectively. The ratiometric approach
of these signals provides more accurate pH imaging acquisition with no concentration
dependency.
Poly(amidoamine) (PAMAM) dendrimers are extensively used in therapeutic and
contrast agent development. There are 126 terminal amine groups are available in
generation 5 (G5) amine-terminated PAMAM dendrimer for the conjugation. Thus, SA
was conjugated to G5 amine-terminated PAMAM dendrimer. Based on the results
obtained from 1H-NMR and MALDI-TOF, 60 SA units were successfully conjugated to
G5-dendrimer. Ongoing CEST MRI phantom studies for pH detection will be presented.
BIOT 226
Development of functional magnetic relaxation nanosensors for the investigation
of zika binding and fusion mechanism
Saloni Darji1, sdarji@gus.pittstate.edu, Tuhina Banerjee2, Santimukul Santra2. (1)
Chemistry, Pittsburg State University, Pittsburg, Kansas, United States (2) Department
of Chemistry, Pittsburg State University, Pittsburg, Kansas, United States
The prevalence and the rampant effect of zika virus (ZIKV) is known to everyone. Due
to the high risks’ it possesses to human life, it is important to study the cycle of the virus
in detail. Binding and fusion of a virus with the host membrane is the first and one of the
most crucial steps in the life cycle of all enveloped viruses. Therefore, the study of
binding and fusion is necessary for the development of antiviral drugs, which can help to
block the entry of the virus. Although, many studies have been conducted to detect the
presence of ZIKV after the completion of fusion, very few studies have been conducted
to see the binding and fusion distinctly. Herein, we aim to develop a nanosensor
platform which can help to evaluate fusion and binding distinctively via magnetic
relaxation (MR) technique. This will be done by developing new magnetic relaxation
nanosensors (MRnS)-conjugated with Reporter Virus Particle (RVP), which will be
tested in normal human epithelial cells (Vero cells) for the binding and fusion of MRnSRVP. Any change in the MR depicts the binding or fusion of MRnS-RVP with the
membrane of the Vero cell. Furthermore, we will also conduct neutralization studies with
different neutralizing antibodies in order to validate our platform. Together, we propose
a robust MR nanosensor for studying ZIKV binding and fusion mechanism, and the
results of this project will be discussed in this presentation.
BIOT 227
Responsive fluorophore aggregation provides contrast for lifetime imaging in
cells

Kelton Schleyer1,2,4, kschleyer@ufl.edu, Benjamin Datko1,3, Xiaowei Ma1,2,4, John K.
Grey1,3, Lina Cui1,2,4. (1) Chemistry and Chemical Biology, University of New Mexico,
Albuquerque, New Mexico, United States (2) UNM Comprehensive Cancer Center,
University of New Mexico, Albuquerque, New Mexico, United States (3) Center for High
Technology Materials, University of New Mexico, Albuquerque, New Mexico, United
States (4) Department of Medicinal Chemistry, College of Pharmacy, UF Health Science
Center, University of Florida, Gainesville, Florida, United States
Fluorescence lifetime can be used to discriminate between two fluorophores emitting at
the same wavelength - even between two molecules of the same species located in
different chemical or physical environments. Fluorophores experience altered emission
lifetimes when incorporated into and liberated from macromolecules or molecular
aggregates; with this in mind, we considered the possibility of creating a responsive
self-aggregating fluorescent probe that would exhibit a new lifetime upon exposure to a
desired chemical trigger. We developed a model compound by conjugating fluorescein
isothiocyanate (FITC) to the known self-assembling scaffold consisting of cysteine and
cyanobenzothiazole (CBT) to create CBT-FITC. The CBT group was “caged” with a
disulfide bond to make its aggregation responsive to reducing conditions. We exposed
the test compound CBT-FITC to a reducing agent, tris(2-carboxyethyl)phosphine
(TCEP), and spectroscopically examined the lifetime changes resulting from its
reduction-triggered aggregation both in solution and in live cells.
CBT-FITC incubated with TCEP in PBS buffer was observed to generate
nanoaggregates, while no such structures were detected from the compound alone in
PBS. Steady-state absorbance and emission spectra revealed the emergence of new
peaks corresponding to the oligomerized CBT group, and inhomogeneous broadening
of FITC absorbance and emission peaks at higher probe concentration, indicating
perturbation of the local FITC environment.
Time-resolved emission spectra revealed a novel two-component lifetime for FITC in the
aggregated CBT-FITC and an average lifetime of 3.79 ns, down from 3.96 ns for the
monomer CBT-FITC. When CBT-FITC was incubated with TCEP in the presence of
CT26 cells, fluorescence lifetime imaging microscopy (FLIM) measured an average
lifetime of 2.92 ns, while the inactive compound reported a much slower lifetime (4.32
ns). Together, these results indicate that aggregation can alter lifetime to a detectable
extent, revealing a possible approach for designing responsive self-aggregating lifetime
imaging probes.
BIOT 228
Peptide bilayer capsules to peptide bilayer coated metallic nanoparticles- BAPCs
through the decade!
pavithra natarajan1, pavithran@ksu.edu, Susan Whitaker1, Sherry Fleming2, John M.
Tomich3. (1) Biochemistry and Molecular Biophysics, Kansas State University,
Manhattan, Kansas, United States (2) Biology, Kansas State University, Manhattan,
Kansas, United States (3) Kansas State University, Manhattan, Kansas, United States

Peptides have great potential as agents for delivery of molecules that would otherwise
be rapidly degraded in the body before reaching their target. We describe herein
branched chain amphiphilic peptides (BAPs) that self-assemble in water to form bilayer
delimited, capsules that have some liposome like properties. These assemblies referred
to as Branched Amphiphilic Peptide Capsules (BAPCs), are unique given their
molecular architecture, stability and inertness in eukaryotic cells. They have been
successfully used to deliver encapsulated radionuclides in cancer therapy, deliver DNA
to cells for use as potential vaccines and dsRNA for siRNA knockdown studies.
Recently, we described the synthesis and characterization of metallic nanoparticles
coated with the branched amphiphilic peptide bilayer for use in simultaneous delivery
and imaging and for proteomic analysis. The ~7.5 nm peptide bilayer coated gold
nanoparticles (BAP-AuNPs) are used to study the tissue distribution of the peptides
using the electron dense AuNPs for imaging. The ~54 nm peptide bilayer coated
magnetic beads (BAP-MNBs) are for proteomic analysis to determine the protein corona
formed around the peptide bilayer. The magnetic property of the nanoparticles provides
a facile method for separating and isolating proteins interacting with the peptide coated
capsules. These nanoparticles with peptide bilayer serve as tools to understand the
nature of interaction of the peptide capsules with a biological system and can
themselves be used for binding assays and imaging. This study at the interface of
chemistry and biology aims to understand the interactions of a peptide delivery system
to appropriately tailor it for applications in delivery.

BIOT 229
Self-immobilizing NIR probe for imaging of cellular senescence in vivo
Jun Liu2,1, liujun@cop.ufl.edu, Xiaowei Ma2,1, Ying Wang2, Chao Cui2,1, Philip R.
Deenik2, Lina Cui2,1. (1) Department of Medicinal Chemistry, University of Florida,

Gainesville, Florida, United States (2) Department of Chemistry and Chemical Biology,
University of New Mexico, Albuquerque, New Mexico, United States
Cellular senescence, a process that halts cell cycle, is a cellular stress response to
various stimuli. However, there is lack of sufficient understanding of senescence in
living organisms, largely due to the shortage of detection tools for senescent cells in
tissues and organs. Herein, we developed a self-immobilizing NIR Probe NIR-BG2
using quinone methide chemistry for imaging cellular senescence in vivo. The probe
possesses a NIR fluorophore and an anchoring group enabling deep tissue imaging and
signal retention. In this work, our designed probe exhibited a dramatic NIR fluorescent
response upon activation of β-galactosidase. In order to confirm the attachment of NIR
fluorescent tag with β-galactosidase via a covalent bond, fluorescent western blot
experiment was carried out. The NIR signal from our probe could be clearly visualized
on the band of β-galactosidase. By contrast, no NIR signal was overserved in the
control probe NIR-BG1 lacking the anchoring group. These results validated that
quinone methide chemistry functionalized the anchoring ability. Next, we examined the
fluorescent imaging in both CT26.CL25 cells with a LacZ gene, and camptothecin
(CPT)-treated HeLa cells, in which a biomarker for senescent cells, senescence–
associated β–galactosidase (SA-β-Gal) was induced after treatment with CPT. As
expected, in these two groups NIR-BG2 manifested a higher fluorescence intensity
compared to its control probe NIR-BG1. The fluorescence discrepancy can also be
further distinguished by flow cytometry. After evaluating the capability of this probe for
imaging drug-induced senescence in vitro, we examined its capability of detecting
cellular senescence in mice bearing human tumor xenografts treated with CPT. After 6
h post tail injection of NIR-BG1 and NIR-BG2, the fluorescent NIR signal could be
detected in both groups, while a higher signal was observed with NIR-BG2 due to the
presence of anchoring group. Taken together, the data indicated that our probe was an
efficient tool for in vivo imaging of cellular senescence with long-time signal retention.
BIOT 230
In vitro evaluation of a reductively labile prodrug albumin-doxorubicin conjugate
Avione McGhee, amcghee@twu.edu, Ashik Patel, Robby A. Petros. Chemistry and
Biochemistry, Texas Woman's University, Denton, Texas, United States
Traditional chemotherapeutics continue to induce toxic effects in healthy, noncancerous cells. Better targeting of such therapies to only the diseased cells remains an
ambitious goal. The use of nanotechnology in designing better treatments holds great
promise in lessening the burden of chemotherapy on patients while simultaneously
producing an increased therapeutic effect. Researchers at TWU are exploring the use of
nanotechnology to target and kill cancer cells. Specifically, protein-drug conjugates are
being explored. Our group has synthesized an albumin-doxorubicin (dox) conjugate
based on a novel cobalt crosslinking strategy. This chemistry capitalizes on the
stability/lability of cobalt based on its oxidation state to facilitate release of therapeutic
only under reducing conditions. Cobalt was used to crosslink the amine functional group

in dox to lysine residues on albumin. The dox-albumin conjugate was stable under
oxidative conditions but released bound dox under reducing conditions (1-10 mM
reduced glutathione). Details of the in vitro performance of the albumin-dox conjugate
vs free dox will be discussed.</span>
BIOT 231
Split deoxyribozyme sensor for detection of a highly structured highly modified
nucleic acid: Transfer ribonucleic acid
Renan Paredes, renanparedes25@knights.ucf.edu, Adam Reed, Ryan Sapia, Charles
Dowis, Yulia Gerasimova. Chemistry, University of Central Florida, Orlando, Florida,
United States
Nucleic acid based sensors are often used for pathogen detection due to their high
selectivity. However, the performance of such probes is limited by their affinity for the
analyte of interest. Oftentimes the targeted analyte has secondary and tertiary
structures that must be overcome in order for the probe to bind. To overcome this, the
energetics of the probe-target binding can be changed by lengthening the analyte
binding portion of the probe, but this often results in decreased selectivity. The purpose
of this study is to demonstrate a sensor design that can be used to detect a challenging
analyte, such as tRNA, which has a complex array of secondary and tertiary structures
in addition to regions containing modified base pairs.
Our sensor design uses a split 10-23 deoxyribozyme to catalyze RNA cleavage. Each
half contains a sequence that is complementary to the analyte of interest as well as a
single reporter molecule, which contains a fluorescent dye and quencher. In the
presence of analyte, the two halves of the 10-23 deoxyribozyme are brought together
and can catalyze cleavage of a ribonucleotide incorporated in the reporter molecule.
Cleavage results in physical separation of the fluorophore and quencher which results in
increased fluorescence. The split nature of the probe allows for increased affinity of the
probe to the target without reduction in selectivity. The two halves of the probe need to
simultaneously bind the analyte for the signal to be observed. Therefore, by lengthening
one of the binding arms while keeping the other arm short, it is possible to overcome the
energy of the secondary structures, without compromising the selectivity.
This work reports sensors tested with unmodified yeast phenylalanine tRNA as well as a
5’ tRNA half. The full length tRNA has produced lower fluorescent output than the half
tRNA and further research is aimed at understanding how the modified bases found in
tRNA affect its detection.
BIOT 232
Molecular logic gates for the detection of multiple single-nucleotide
polymorphisms conferring antibiotic resistance
Ryan Connelly, Ryan.Connelly@Knights.UCF.edu, Serena Farnell, Yulia Gerasimova.
Chemistry, University of Central Florida, Orlando, Florida, United States

Pathogenic drug-resistance is conferred through single nucleotide polymorphisms
(SNPs). Point-of-care screening for drug-resistance is greatly needed for early detection
and treatment, as current methods are either too slow (cell culture) or require expensive
instrumentation (RT-PCR). Previously, we reported a DNA-based logic gates system
(ChemBioChem, 19, 2018) with colorimetric output that analyzed a sample of
Mycobacterium tuberculosis complex (MTC) for SNPs in codon 526 in rpoB, the gene
that confers the rifampin-resistant phenotype (RIFR). A multitude of SNPs in the hotspot
between codons 507-533 of rpoB yield RIFR; a system that encompasses all
possibilities is desirable. Here, we detail an evolution of our sensor that detects the
mutations responsible for over three-quarters of all cases of RIFR.
BIOT 233
Self-assembly of immune signals as a modular platform to direct TLR signaling
for tolerance
Robert S. Oakes1, oakes.rs@gmail.com, Lisa H. Tostanoski1, Christopher Jewell1,2,3.
(1) Fischell Department of Bioengineering, University of Maryland, College Park,
College Park, Maryland, United States (2) United States Department of Veterans
Affairs, Baltimore, Maryland, United States (3) Robert E. Fischell Institute for Biomedical
Devices, College Park, Maryland, United States
Multiple Sclerosis (MS) occurs when the immune system mistakenly attacks host tissue
and existing drugs do not selectively correct the autoimmune defects. Achieving
selective repair requires defined and controllable immune cues such as antagonist of
toll-like receptors (TLRs), which regulate a powerful set of immune pathways. New
studies demonstrate that TLR overactivation stimulates inflammation during human
autoimmune disease, including MS. Our lab recently reported that injection of
suppressive TLR9 antagonist (GpG) assembled with myelin self-antigen (MOG) through
electrostatic interactions prevents paralysis in a common mouse model of MS. These
structures are termed immune polyelectrolyte multilayers (iPEMs) because they are built
entirely from immunological cues. We hypothesize the therapeutic efficacy depends on
iPEM composition. To test our hypothesis, we leveraged the modular nature of iPEMs
by constructing four iPEM designs to isolate the roles of myelin self-antigen and TLR9
antagonist when juxtaposed with either control antigens or control TLR ligand. Testing
these iPEMs in the experimental autoimmune encephalomyelitis model of MS
demonstrated that juxtaposing myelin self-antigen and TLR antagonist has the greatest
therapeutic effect, with myelin self-antigen and a control ligand also demonstrating a
less pronounced efficacy (Fig. 1). Since neither iPEMs containing control antigen drove
efficacy, the data together suggest that the tolerance induced by iPEMs has an antigenspecific aspect. Thus, iPEMs could allow for the systematic investigation of immune
cues and associated mechanisms that repair autoimmunity.

Fig. 1 | Administration of nanostructures that juxtapose TLR9 antagonist and myelin selfantigen decrease disease severity in a mouse model of MS. A) iPEM formations for
therapeutic administration. B-C) Therapeutic efficacy of different iPEM formulations.
BIOT 234
ZIGIRs for the fluorescence imaging of Zn2+ in secretory granules
Ebrahim H. Ghazvini Zadeh, ebrahim.ghazvini@UTSouthwestern.edu, Wen-hong Li.
Cell Biology, UT Southwestern medical center, Dallas, Texas, United States
Numerous mammalian cells contain abundant Zn2+ in their secretory granules. During
stimulated secretion, Zn2+ is coreleased with other cargos into the extracellular medium,
and the released Zn2+ can function as an important signal to modulate the biochemistry
of neighboring cells or distant cells via paracrine or endocrine mechanisms. Despite the
biological importance of granular Zn2+ activity, it remains challenging to monitor Zn2+
levels in the lumen of secretory granules with high specificity and sensitivity. To fill this
technological gap, we have developed a class of cell membrane permeable fluorescent
zinc granule indicators, ZIGIRs, that displayed more than 30-fold fluorescence
enhancement upon Zn2+ binding. ZIGIRs are refractory to pH fluctuation down to pH 5
so they are ideally suited for measuring Zn2+ in acidic compartments including secretory
granules. In pancreatic islet beta cells, ZIGIRs mark Zn2+-rich insulin granules with high
specificity and reveal dynamic movements of individual insulin granules in living cells by
time-lapse imaging. In addition to fluorescence microscopy, ZIGIRs are also compatible
with flow cytometry to enable sorting of heterogenous beta cells based on their insulin
granule contents. We expect ZIGIRs to have wide applications for studying the
regulation, biogenesis, and trafficking of Zn2+-rich granules in living cells and for
engineering beta cells with high insulin contents for treating diabetes

ZIGIR selectively marks insulin granules in live beta cells
BIOT 235
Using silica to stabilize flavivirus vaccines
Diana Demchenko1, dian5@pdx.edu, Kenneth Stedman1, William Messer2, Zoe Lyski2.
(1) Biology, Portland State University, Oregon City, Oregon, United States (2) Oregon
Health and Science University, Portland, Oregon, United States

The need for vaccine stabilization is critical for supplying vaccines to the developing
world as well as stockpiling in the developed world. Recently outbreaks of Yellow Fever
in Angola and South America have exhausted vaccine supplies in part due to their lack
of stability. Other flaviviruses, such as Zika and Dengue are emerging diseases for
which there are either no or only partially effective vaccines. We are exploring the use of
silica as a stabilizing agent high temperatures and dry conditions. In previous research,
Yellow Fever Vaccine was reversibly coated with silica and reversibly inactivated. Other
research has shown that silicified polio vaccine remained infectious at room
temperature for 60 days while the non-treated virus lasted only 12 days. We are
currently testing silica treatment on flaviviruses including Yellow Fever, Dengue, and
Zika. This family of viruses is prevalent in tropical regions where vaccine delivery is
limited and there is a lack of resources to keep vaccines cold in order to preserve
viability. We have shown that all of these viruses lose their infectivity when exposed to a
600 ppm silica solution for 24 hours. We are testing the reversibility of this inactivation
and the availability of surface epitopes on these viruses to antibodies. This research
ultimately aims to develop thermostable vaccines, particularly for flaviviruses.
BIOT 236
Folic acid-conjugated cross-linked cytochrome c nanoparticles combining
triggered release and active targeting for lung cancer therapy
Irivette Dominguez Martinez, irivette.dominguez@upr.edu, Kai Griebenow. Chemistry,
University of Puerto Rico, Rio Piedras Campus, Caguas, Puerto Rico, United States

Lung cancer is one of the most common cancers in the world. It is a leading cause of
cancer death in men and women in the United States. Natural biomolecules, such as
proteins, are an attractive alternative as therapeutic agents due to their highly specific
biological activities. However, the use of protein as therapeutic agents is hampered by
their physical and chemical instabilities during formulation, storage, and delivery.
Therefore, it is of great interest to engineer nano-sized drug delivery systems to
stabilize protein therapeutics and allow targeted treatment. In this study, we propose a
cytochrome c (Cyt c) cross-linked nanoparticle (NP) that was designed for active
targeting and stimulus-triggered release of the apoptotic protein Cyt c. This system is
composed of a Cyt c NP stabilized by a homobifunctional redox-sensitive cross-linker
for smart release and folic acid-polyethylene glycol (FA-PEG) on the surface for
receptor-mediated targeting. The NPs were prepared using a nanoprecipitation method
in the presence of the crosslinker, dithiobis(succinimidyl propionate) (DSP), then the
FA-PEG was added to react overnight. Dynamic Light Scattering (DLS) showed that
NPs were created with this method whose diameter is in the approximate range of 250
nm. Preliminary results show that Cyt c NP coated with the FA-PEG polymer induced a
significant reduction in the cell viability of the folate receptor positive Lewis Lung
Carcinoma cell after 24 h of incubation while not in the non-cancer NIH 3T3 cells used
as control.
BIOT 237
DNA nanoparticles condensed by pure metal ionics: Applications in nano-medical
treatment
Li Lin, 876427582@qq.com, Haoran Zhao, Leilei Tian. Southern University of Science
& Technology, Shenzhen, China
Cancer therapy will never be an outdated topic. Chemotherapy, as the most extensive
treatment at this stage, however, has a fatal flaw that ruined normal cells as well as
cancer cells. To solve this problem, scientists develop cancer targeted therapy and the
nucleic acid nanotechnology is very outstanding because of its high sensitivity,
functional sequence richness and excellent biocompatibility. Metal complexes, such as
Co(NH3)63+, can induce DNA condensation and form this kind of nanoparticles.
Recently, the long single stranded DNA was reported that it can be condensed into the
tight micro structure by the RCA reaction by-product -- pyrophosphate magnesium.
Inspired by this founding, we develop a condensation of single-strand DNA with
excessive magnesium ions. We finally get an functional Mg-DNA nanoparticle, a 80nm
solid sphere, has a high doxorubicin loading rate, high tumor-targeting property, high
biocompatibility and low toxicity. Due to the rich programmability of DNA sequence and
structure, this kind of DNA nanoparticles will have a great potential on nano-medical
treatment in the future.
BIOT 238

Novel piezoelectric microcantilever sensor for measurement of contracting
muscle force generation
Elizabeth Coln1, lizcoln@knights.ucf.edu, Alisha Colon1, Christopher Long2,
Narasimhan Sriram Narasimhan2, James J. Hickman1,2. (1) NanoScience Technology
Center, University of Central Florida, Orlando, Florida, United States (2) Hesperos, Inc.,
Orlando, Florida, United States
Microcantilever sensors are highly sensitive tools in biomedical applications to measure
small scale mechanical movement, including the measurement of contractile force of
muscle tissues using in vitro human-on-a-chip systems. Typically, these
microcantilevers are monitored using imaging methods or optical laser deflection of
cantilevers for calculating contractility. Piezoelectric materials have the ability to convert
mechanical energy to an electrical signal leading to their use in a variety of microscale
sensor systems such as chemical sensors and biosensors. They also have the ability to
convert electrical signals to mechanical energy which has led to their use as
microactuators. Incorporation of piezoelectric materials into cantilever-based
mechanical sensors would enable a direct electrical readout during muscle contraction.
A microcantilever device incorporating a piezoelectric material was designed and
created to act as either a sensing element for tissue contraction or as an actuator to
apply mechanical force to cells. Piezoelectric cantilevers were created by fabricating a
thin film of piezoelectric aluminum nitride (AlN) on microscale silicon cantilevers. They
were used to monitor the contractility of iPSC-derived cardiac muscle and human
primary skeletal muscle tissues which were grown on top of the cantilevers. Platinum
wires and interconnects allowed the connection of the piezoelectric elements to an
external amplifier to record the electrical signal generated in the aluminum nitride
caused by the muscle tissue bending the cantilever. The amount of force generated by
the muscle tissue was directly calculated from the cantilever deflection using Stoney’s
equation for thin film stress. The ability of the piezoelectric cantilevers to actuate instead
of sense was evaluated by applying a periodic voltage to the interconnects and
observing the cantilever deflection using an optical beam displacement method. This
novel sensor has the potential for incorporation into human-on-a-chip systems for basic
physiological investigation and pharmaceutical compound development, cosmetics
toxicity testing, and personalized medicine.
BIOT 239
Developing a new sensing technology for detecting antibiotic resistance genes
utilizing engineered zinc finger proteins and graphene oxide
Dat Thinh Ha, Moon-Soo Kim, moon-soo.kim@wku.edu. Department of Chemistry,
TCCW455, Western Kentucky University, Bowling Green, Kentucky, United States
Antibiotic resistance is a serious, and rapidly growing global threat. Here, we will design
a sensitive screening method to detect antibiotic resistance genes (ARGs) in bacteria
using a graphene oxide-based biosensor utilizing engineered zinc finger proteins

(ZFPs). Our approach relies on the on and off effect of fluorescence signal in the
absence and presence of target ARGs, respectively. Two-dimensional graphene oxide
(GO) sheet possesses unique electronic, thermal, and mechanical properties. The
quenching ability of GO creates novel methods for detection of biomolecules. Quantum
dot-labeled DNA-binding zinc finger proteins (ZFP) can bind to GO via stacking
interactions of aromatic and hydrophobic residues in conjunction with hydrogen bonding
interaction between hydroxyl or carboxyl groups of GO and hydroxyl or amine groups of
the protein. Due to fluorescence resonance energy transfer (FRET) between quantum
dot (QD) and GO when they are in close proximity, fluorescence signal of QD-labeled
ZFP will be quenched. In the presence of target DNA, the bound DNA-protein complex
is released from GO, restoring the fluorescence signal. Here, we optimized GO
concentrations used in the assay and QD-labeling on ZFPs and determined the
sensitivity of our system.

BIOT 240
Stability of trans-retinol embedded in phosphatidylcholine multilayer vesicles
Yekaterina Chmykh, ychmykh@pdx.edu. Portland State University, Vancouver,
Washington, United States
Stable packaging of retinol (Vitamin A) is important for food and cosmetic applications.
Topical application of retinoids has been shown to help with skin conditions such as
acne while also promoting collagen growth and regulating sebum. However, retinol
degrades over time from light and oxygen exposure which causes irritation to the skin
and ineffective results. A variety of encapsulation techniques have been proposed to
stabilize retinol, but most of these continue to use preservatives such as butylated
hydroxytoluene (BHT), which raise safety concerns. Our goal was to create a BHT-free
liposomal retinol stable at room temperature for weeks to months. Retinol was
embedded in a protective fatty bilayer made of phosphatidylcholine (PC) and a plant
based fat-soluble antioxidant mix. Lipid vesicles were made by mixing PC, with or
without the antioxidant blend, with organic solvent followed by isolation using rotary

evaporation. Vesicles were characterized by confocal microscopy and fluorescence
lifetime microscopy (FLIM) using the native fluorescence of retinol, sometimes
accompanied by additional labels (rhodamine-PC, FM 1-43, or di-4-ANEPPS). The
increased fluorescence quantum yield and lifetime of retinol in vesicles compared to
solution was readily observed, and multilamellar vesicles were compared with
unilamellar vesicles. Stability of the retinol in the liposomes was evaluated by
fluorescence emission spectroscopy. Embedding the retinol in PC, without additional
antioxidants, protected the molecule from oxidation for two weeks. Retinol in
multilamellar vesicles showed greater stability than when embedded in unilamellar
vesicles. Stability was increased to months when the antioxidant mix was added. These
results suggest that BHT-free therapeutic creams could be produced to combat
common skin ailments.
BIOT 241
Isolation and characterization of the probiotic bacterium Pediococcus acidilactici
Kimberley Christopher, kmchris2@lakeheadu.ca, Vasudeo Zambare. Lakehead
University, Thunder Bay, Ontario, Canada
Probiotics also known as beneficial microbes include the majority of the human microflora that is associated with the digestive tract (gut). The human gut is populated with
more than 500 bacterial species, some of which can bring about important health
benefits. Probiotics have a number of human health properties, such as antipathogenesity, anti-diabetic, anti-obesity, anti-cancer, anti-inflammatory, anti-allergic
and angiogenic effects on the brain and the central nervous system. Due to their antipathogenic activities, lactic acid bacteria (LAB) are among the most important humanfriendly bacteria that mainly inhabit the human gut. This study aimed at screening LAB
from faecal samples for various characteristics, particularly in relation to biofilm
formation. In total, 110 LAB isolates were obtained from infant and adults faecal
samples. All isolates proved catalase-negative and were unable to lyse the human red
blood cells (RBCs), which makes them safe for humans. Among the 110 isolates, 38
isolates (44.4%) secreted protease enzymes and exhibited biofilm formation abilities.
Proteases play a major role in the protein digestion in the gut whereas biofilms inhibit
pathogenic microbes. More than 80% of the isolates were able to tolerate conditions
that mimic the gastro-intestinal tract, such as bile salt and acidic environments, which
qualifies them as potential probiotic organisms. One of the isolates (RP-29) displayed,
compared to the respective controls, a very high bile tolerance of 82% at 1% bile salt
concentration (vs 100% at no bile salt present), 58% tolerance at pH 2 (vs 100% at pH
7), and 95% biofilm formation (vs positive control of Klebsiella pneumoniae), as
measured by the secretion of exopolysaccharide (EPS). MRS medium supplementation
with glucose, MgSO4, MnSO4 and Tween 80 enhanced the biofilm formation. Using 16S
rRNA sequencing, isolate RP-29 was identified as Pediococcus acidilactici. As probiotic
properties are strain specific, work is underway to further explore the anti-pathogenic
and anti-cancer potential of P. acidilactici that could prove beneficial in controlling
chronic diseases caused by pathogenic microbes.

BIOT 242
Miniaturized wireless system for hepatitis C detection
Joao Paulo C. Costa1,2, jaumcosta21@gmail.com, Wagner B. Bastos2, Paulo I. Costa3,
Elson Longo2, Maria A. Zaghete4, Joao Paulo P. Carmo1. (1) Electrical Engineering,
University of Sao Paulo - USP, Sao Carlos, Sao Paulo, Brazil (2) CDMF, Federal
University of Sao Carlos - UFSCar, Sao Carlos, Sao Paulo, Brazil (3) Clinical Analysis,
School of Pharmaceutical Sciences, São Paulo State University-UNESP, Araraquara,
Sao Paulo, Brazil (4) Interdisciplinary Laboratory of Electrochemistry and Ceramics
(LIEC), Chemistry Institute, São Paulo State University - UNESP, Araraquara, Sao
Paulo, Brazil
Hepatitis C is a disease caused by HCV infection. It is characterized by liver
inflammation, and it have been one of the largest viral epidemics in human. Currently,
the diagnosis and treatment of the disease has a high cost for the health systems, being
the main cause of liver transplantation worldwide. For this reason, it is encouraged the
development of diagnostics for detection in the early stages of infection, which may aid
in the treatment and even cure of the disease. Immunosensors based on amperometric
detection methods have been prominent in the diagnostic area due to their
characteristics of greater stability and sensitivity, and a low manufacturing and
miniaturization cost. This work presents the development of a miniaturized system with
amperometric immunosensors for the detection of hepatitis C virus (HCV). The
miniaturized system developed presents a wireless communication for mobile devices
and a potentiostat module controlled by a microcontroller, responsible to acquire the
amperometric signals from the immunochemical reactions between antigen-antibody.
The amperometric sensors developed were manufactured by printed circuit board
(PCB’s) and modified by the electroplating technique. These amperometric sensors
were functionalized with cystamine and glutaraldehyde to make the covalent bind with
anti-HCV for the application in the immunochemical reactions. Experimental results
showed a positive HCV detection in human serum where the limit of detection was
relatively low, in the order of 10ng.uL-1 of anti-HCV IgG antibodies. The portability of the
developed system aligned with the low-cost production of the amperometric sensors
offers excellent prospects for promising application in clinical diagnoses area, and may
provide a more specific control for the treatment of the disease.
BIOT 243
Evaluation of bare and functionalized reduced graphene oxide as a platform for
organelle targeting
Megan Farell, megfarell5@gmail.com, Esther Gomez, Manish Kumar. Chemical
Engineering, The Pennsylvania State University, State College, Pennsylvania, United
States

Several of the most fatal diseases, such as cancer and cardiovascular disease, have
been linked to oxidative stress, which occurs when there are high levels of reactive
oxygen species (ROS). Oxidative stress is exceptionally harmful in the mitochondria,
the main site for ROS generation, because ROS can damage mitochondrial DNA, alter
function of proteins involved in the electron transport chain and other cellular processes,
and induce premature cell death. In healthy cells, antioxidant enzymes serve to regulate
ROS; however, the function of these enzymes decline with age, leading to an increased
rate of disease. Previously, it was not feasible to target individual organelles to restore
normal enzymatic function due to the size limitations of these micrometer-scale cellular
components. Advances in nanotechnology present potential for creation of molecular
devices that can extend the reach of medicine to the smallest cellular compartments for
treatment and prevention of diseases. A substrate conducive to this purpose is
graphene, a two-dimensional material with high surface area and other unique
properties. In this study, we utilize lipid-functionalized reduced graphene oxide (rGO) as
a platform to combat oxidative stress in healthy and cancerous human breast cells. We
examine the effect of bare and functionalized rGO on cell viability and demonstrate lipidfunctionalized rGO as a valuable platform for restoring antioxidant activity in cells.
BIOT 244
Comparison of nanoparticle and nanoparticle-free formulations for the active
delivery of cytochrome c by targeting folate receptors
Vanessa C. Barcelo Bovea1,2, vanessabarcelo1@gmail.com, Irivette Dominguez
Martinez1, Freisa M. Joaquin1, Luis A. Amador1,2, Elizabeth Castro3, Anthony J.
McGoron4, Yancy Ferrer-Acosta3, Kai Griebenow1. (1) Chemistry, University of Puerto
Rico, San Juan, Puerto Rico, United States (2) Molecular Science Research Center,
San Juan, Puerto Rico, United States (3) Neuroscience, Universidad Central del Caribe,
School of Medicine, Bayamon, Puerto Rico, United States (4) Biomedical Engineering,
Florida International University, Miami, Florida, United States
Cytochrome c (Cyt c) is a protein that induces apoptosis via activation of the caspase
cascade. Our group has previously developed a drug delivery system consisting of Cyt
c nanoparticles decorated with the amphiphilic copolymer folate-poly(ethylene glycol)poly(lactic-co-glycolic acid)-thiol (FA-PEG-PLGA-SH). In this study we optimized the
synthesis of a nanoparticle free formulation for Cyt c in which the ligand FA-PEG is
stoichiometrically conjugated to the protein (FA-PEG-Cyt c). FA-PEG ligand was
conjugated to Cyt c using an amine-to-sulfhydryl crosslinker. The conjugation of FAPEG to Cyt c was studied using UV-Vis spectroscopy. The integrity of the protein was
accessed using circular dichroism (CD) and caspase activity assay. Cell viability was
determined using the MTS assay. The levels of FA receptor on LLC cell membrane and
internalization of the formulations was studied using confocal microscopy. We were able
to conjugate FA-PEG to Cyt c and according to CD spectra and caspase activity assay
results the protein integrity was maintained after the conjugation. MTS experiments did
not show significant reduction of LLC viability after 24 h of treatment with FA-PEG-Cyt c,
while the treatment with FA-PEG-PLGA-Cyt c nanoparticles induced apoptosis in LLC

cells after 6h of treatment. The confocal microscopy results showed overexpression of
FA receptors in LLC cells as well as internalization of FA-PEG-PLGA-Cyt c
nanoparticles. Our results show that FA-PEG-PLGA-Cyt c nanoparticles may be the
best formulation for Cyt c probably due to a higher drug payload. We intend to
determine the differences between FA-PEG-Cyt c and FA-PEG-PLGA-Cyt c
nanoparticles from the stand point of protein integrity and overall outcome of the
treatment using Lewis Lung Carcinoma (LLC) as a model. In vivo studies are being
made using a lung cancer mouse model to test the specificity and effectiveness in
decreasing tumor size of these nanoparticles
BIOT 245
Developing a facile system for synthetic engineering of advanced silk-based
materials
Jheng-Liang Chen1, Chi-Lun Huang1, Ruei-Ci Wang1, Jen-Chang Yang2, Thomas
Chung-Kuang Yang3, Hsuan-Chen Wu1, hcwu7@ntu.edu.tw. (1) Department of
Biochemical Science and Technology, National Taiwan University, Taipei, Taiwan (2)
Graduate Institute of Nanomedicine and Medical Engineering, Taipei Medical University
, Taipei, Taiwan (3) Department of Chemical Engineering and Biotechnology, National
Taipei University of Technology, Taipei, Taiwan
Generating a material with tailored properties or functionalities remains a grand
challenge for future materials innovation. For example, the success of “biomaterials by
design” awaits the perfect synergy among interdisciplinary research efforts, including
engineering and biology. In this research, we aim to harness the power of synthetic
biology and bioprocessing to establish a strategy that could potentially expedite the
development of next-generation protein-based materials. In particular, we have
exploited silk materials, the assets from Nature that have been utilized in many research
and industrial fields, as the blueprints for further renovation. First, we created a DNA
library with a controlled arrangement of repetitive units, dragline gene MaSp1s of spider
Cyrtophora moluccensis, to resemble the genetic hierarchy of the native silk via a DNA
polymerase-based extension methodology. Such DNA extension approach offers a
more time-efficient way for constructing long DNA constructs, comparing to other
cloning technologies. Second, an E. coli based cell-free expression platform is carried
out for the in vitro production of the library clones that offers a higher-throughput means
under the customizable expression conditions. Subsequently, the physical and
biological properties of the synthesized biomaterials are further evaluated and details
will be described. We envision the streamlined engineering of the silk-like protein
materials can offer a case to facilitate the renovation of programmable biomaterials in
the future.
BIOT 246
Intra-lymph node vaccine depots to promote selective tolerance in type 1
diabetes

Joshua Gammon1, joshmgammon@gmail.com, Christopher Jewell1,2,3. (1) Fischell
Department of Bioengineering, College Park, Maryland, United States (2) United States
Department of Veterans Affairs, Baltimore, Maryland, United States (3) Robert E.
Fischell Institute for Biomedical Devices, College Park, Maryland, United States
Type 1 diabetes (T1D) is an autoimmune disease where islets are attacked by the
immune system. Existing therapies broadly suppress immune function, but a new idea
aims to reprogram the immune response using vaccine-like treatments. This idea
involves co-delivering islet auto-antigens and regulatory cues. The goal is to polarize
antigen-specific T cells toward regulatory T cells (TREG) - a regulatory phenotype that
blocks autoimmune reactions. Lymph nodes (LN) are sites where adaptive immune
responses develop, and are tissues these treatments must reach for efficacy. We
developed a strategy to directly deposit immune signals in LNs using biodegradable
carriers co-encapsulating self-antigens and regulatory signals. Depots are directly
injected to LNs, but are are too large to drain from nodes. Instead, they slowly degrade,
providing local controlled release to condition the LN environment for tolerance. Depots
co-encapsulating CgA, an islet –autoantigen, and rapamycin – a regulatory cue, were
injected to mouse LNs followed by infusion of CgA-specific T cells (Fig. 1A). Analysis
revealed CgA/Rapa MPs reduced T cell proliferation (Fig. 1B) and increased TREG
differentiation (Fig. 1C), indicating depots promoted a tolerogenic T cell response. To
investigate the ability of CgA/Rapa MPs to inhibit T1D, NOD mice were immunized i.LN
with CgA/Rapa MPs, and disease incidence was monitored. Strikingly, a single injection
of CgA/Rapa MPs delayed spontaneous T1D onset for over 20 weeks compared to
untreated mice (Fig. 1D), supporting i.LN depots as a platform to promote tolerance in
T1D.

Figure 1. (A) Treatment schematic for panels B-C. (B) CgA/Rapa MPs reduce antigen-specific T
cell proliferation and (C) promote TREG differentiation in treated LN compared to CgA MPs. (D)

Diabetes incidence is reduced in NOD mice following CgA/Rapa MP treatment.

BIOT 247
Engineering a calcium-responsive molecular recorder from E. coli DNA
polymerase I
Alec Castinado1, amcastinado@gmail.com, Alexandra De Paz2, Keith E. Tyo1. (1)
Chemical and Biological Engineering, Northwestern University, Chicago, Illinois, United
States (2) Interdisciplinary Biological Sciences, Northwestern University, Evanston,
Illinois, United States
As an emerging technology, genetically-encoded molecular recorders have garnered
significant attention for their ability to record otherwise inaccessible biological data at
cellular resolution. An attractive application is recording neural activity at cellular
resolution across the entire brain. Molecular recorders to date however are unsuitable
for this task due to time-integrated encoding or low temporal resolution. These
limitations could be overcome by engineered DNA polymerases which would be
uniquely capable of encoding information at high resolution directly to DNA sequence.
This would be accomplished by engineering a polymerase to transduce neural activity
(e.g. Ca2+ transient concentrations) into changes in DNA replication fidelity over time.
Here, we address some of the engineering and design obstacles to realizing a
polymerase-based molecular recorder for nuerobiological applications. The most
significant challenge is the difficulty of designing novel calcium allostery. We have
generated a library of all possible positions at which Calmodulin can be inserted into E.
coli Pol I (>500). Using a selection for DNA replication activity, we have identified over
20 sites in Pol I that support the insertion of calmodulin. By characterizing the calciumdependent shift in the fidelity of each candidate, we aim to identify and demonstrate a
molecular recorder with unprecedented temporal resolution, which will be an essential
proof of concept for molecular neurorecording.
BIOT 248
Gene screen reveals chromatin proteins influence abnormal nuclear morphology
associated with breast cancer cell models
Andrew Tamashunas1, atamash@ufl.edu, Vincent J. Tocco1, James Matthews2, Qiao
Zhang1, Shreya Pathak1, Jonathan Licht5, Andrew D. Stephens3, Hendrik Luesch4,
Tanmay P. Lele1. (1) Chemical Engineering, University of Florida, Gainesville, Florida,
United States (2) Medicinal Chemistry, University of Florida, Gainesville, Florida, United
States (3) Molecular Biosciences, Northwestern University, Evanston, Illinois, United
States (4) University of Florida, Gainesville, Florida, United States (5) Medicine,
University of Florida, Gainesville, Florida, United States

The nucleus organizes and protects the genome to ensure proper gene expression and
cell function. While the nucleus of a normal, healthy cell has a smooth and uniform
ellipsoidal shape, the nucleus of a cancer cell commonly has irregularities in its contour
including invaginations, folds, and lobes. These nuclear irregularities are prognostic and
diagnostic markers of cancer, but the mechanisms by which these nuclear irregularities
manifest in cancer remain poorly understood. Recent research efforts have focused on
cytoskeletal forces onto the mechanically ‘soft’ cancer nucleus as potential causes of
abnormal shapes. However, chromatin and its contribution to nuclear mechanical
strength may also be important to maintaining normal nuclear shape but have received
less attention. Here we screened a siRNA knockdown library of chromatin regulators to
discover proteins that are required for maintenance of normal nuclear shapes in MCF10A breast epithelial model cells. Nuclear shapes were quantified using elliptical Fourier
analysis (EFC) and top candidates were selected for further mechanistic studies.
Features in the nuclear lamina (such as holes, grooves, and folds) were also identified
by an automated texture analysis. We find many genes which induce irregular nuclear
phenotypes, as well as some which make the nucleus more ellipsoidal. Neither nuclear
regularity nor lamin texture scores were found to correlate with nuclear cross-sectional
area. Similarly, nuclear regularity score was not found to correlate with cell spreading
area. Genes that induced nuclear irregularities upon knockdown included members of
the SWI/SNF and INO80 chromatin remodeling complexes, known oncogenes, and
genes involved in DNA repair. Furthermore, we performed a screen of a library of
epigenetic pharmacological agents and present results of effects on abnormal nuclear
shapes of drugs that target epigenetic regulators on breast normal and metastatic
model cells. We show that depletion of many intranuclear chromatin regulatory proteins
can cause nuclear abnormalities in MCF-10A cells. Genes found to have the most
prominent effect on nuclear shape tended to regulate distributions of
euchromatin/heterochromatin or stabilize the genome from accumulation of mutations,
and depletion may lead to altered mechanical properties of the nucleus.
BIOT 249
Directed evolution of the tissue inhibitor of metalloproteinases-1 (TIMP-1)
scaffold for developing selective therapeutic agents
Maryam Raeeszadeh Sarmazdeh1, sarmazdeh.maryam@mayo.edu, Banumathi
Sankaran2, Derek Radisky1, Evette Radisky1. (1) Cancer Biology, Mayo Clinic,
Jacksonville, Florida, United States (2) Center for Structural Biology, Lawrence Berkeley
National Laboratory, Berkeley, California, United States
Matrix metalloproteinases (MMPs) have important functions in extracellular matrix
remodeling and degradation, and play central roles in development of many pathologies
including cancer, pulmonary fibrosis, and neurological disorders. The main challenge in
developing therapeutics targeting MMPs is the lack of selectivity for individual target
MMPs and consequent undesired off-target effects. To overcome this challenge,
engineering highly selective protein-based MMP inhibitors is desired. Tissue inhibitors
of metalloproteinases (TIMPs), natural MMP inhibitors, could offer novel avenues for

developing such selective therapeutics. TIMP-1 is an endogenous inhibitor of MMP-3
with picomolar affinity that also binds to other MMPs with a spectrum of affinities. I have
used directed evolution and yeast surface display to identify highly selective inhibitors of
MMP-3, a pivotal mediator in pathogenesis of pulmonary fibrosis and cancer, through
protein engineering of TIMP-1. I have recruited a counter-selection strategy to screen a
library of TIMP-1 mutants using fluorescence-activated cell sorting (FACS) and identify
variants that bind selectively to MMP-3 in the presence of incremental amounts of a
competitor ligand, MMP-10. TIMP-1 mutants isolated after five rounds of competitive
screening showed up to 20-fold improvement in binding selectivity toward MMP-3
versus MMP-10 compared to the wild type TIMP-1. DNA sequencing of TIMP-1 clones
with improved MMP-3 binding selectivity revealed a repeatedly occurring pair of
adjacent mutations that appear to be responsible for improvements in selectivity. I have
obtained crystal structures of the TIMP-1 variant with the highest MMP-3 binding
selectivity in complex with both MMP-3 and MMP-10 enzymes using X-ray
crystallography. These structures offer insights into the structural basis for
improvements in selectivity. This work provides a promising strategy to develop protein
therapeutics based on natural enzyme inhibitors, critically improving selectivity to
eliminate off-target effects.
BIOT 250
Self-assembly of DNA-minocycline complexes by metal ions with controlled drug
release
Ting Zhang1, Jia Nong3, Nouf Alzahrani1, Yinghui Zhong2, Jinglin Fu1,
jinglin.fu@rutgers.edu. (1) Chemistry Department, Science Building 306A, Rutgers
University-Camden, Camden, New Jersey, United States (3) School of Biomedical
Engineering, Science and Health Systems, Drexel University, Philadelphia,
Pennsylvania, United States
Here we reported a study of metal ions-assisted assembly of DNA-minocycline (MC)
complexes and their potential application for controlling MC release. In the presence of
divalent cations of magnesium or calcium ions (M2+), MC, a zwitterionic tetracycline
analogue, was found to bind to phosphate groups of nucleic acids via an electrostatic
bridge of phosphate (DNA)-M2+-MC. We investigated multiple parameters for affecting
the formation of DNA-Mg2+-MC complex, including metal ion concentrations, base
composition, DNA length, and single- versus double-stranded DNA. For different
nitrogen bases, single-stranded poly(A)20 and poly(T)20 showed a higher MC
entrapment efficiency of DNA-Mg2+-MC complex than poly(C)20 and poly(G)20. Singlestranded DNA was also found to form a more stable DNA-Mg2+-MC complex than
double-stranded DNA. Between different divalent metal ions, we observed that the
formation of DNA-Ca2+-MC complex was more stable and efficient than the formation of
DNA-Mg2+-MC complex. Toward drug release, we used agarose gel to encapsulate
DNA-Mg2+-MC complexes and monitored MC release. Some DNA-Mg2+-MC complexes
could prolong MC release from agarose gel to more than ten days as compared with the
quick release of free MC from agarose gel in less than one day. The released MC from

DNA-Mg2+-MC complexes retained the anti-inflammatory bioactivity to inhibit nitric oxide
production from pro-inflammatory macrophages. The reported study of metal ionassisted DNA-MC assembly not only increased our understanding of biochemical
interactions between tetracycline molecules and nucleic acids, but also contributed to
the development of a highly tunable drug delivery system to mediate MC release for
clinical applications.

Metal ions-assisted self-assembly of DNA-Mg2+-MC complexes.
BIOT 251
DNA-crowded enzyme complexes with controlled spatial confinement and
improved function
Jinglin Fu, jinglin.fu@rutgers.edu. Chemistry Department, Science Building 306A,
Rutgers University-Camden, Camden, New Jersey, United States
Micro-compartment plays a key role in cellular metabolic functions, which increases the
overall activity and specificity of encapsulated enzyme pathways. Proteins that are
spatially-confined on a membrane or within a vesicle experience a unique
microenvironment that can alter water dynamics, local electrostatic interactions,
variation in the solvent solubility and molecular crowding. The ability to mimic and exert
control over spatial confinement could translate biochemical pathways into a variety of
noncellular applications, ranging from diagnostics and drug delivery to the production of
high-value chemicals and smart materials. Here, we described a simple and robust
strategy for the DNA nanocage-templated encapsulation of metabolic enzymes with
high assembly yield and controlled packaging stoichiometry. As shown in Fig. 1a, DNA
nanocaged enzymes were observed with increased turnover numbers for catalyzing
substrate conversion. The distal polyanionic surfaces of DNA nanocages were
suggested to enhance the stability of active enzyme conformations through the action of
a strongly bound hydration layer. Alternatively, we also developed a DNA-crowded
enzyme complex by directly growing long double-stranded DNA “hair” on enzyme
surface for boosting and stabilizing enzyme activity (Fig. 1b). In collaboration with drug
delivery team, we tested the cellular delivery of DNA-crowded enzyme nanoparticles,

which showed increased cellular uptake yield. DNA-crowded enzyme complexes show
boosted substrate turnover numbers, and increased stabilities against various storage
conditions. They could be potentially scaled up for applications in biomaterials and
biotechnology.

(a) DNA nanocage-encapsulated enzymes with enhanced enzyme activity and improved
stability. (b) The assembly of long DNA duplexes on an enzyme surface for creating DNAcrowded enzyme complex.
BIOT 252
Engineering microbial production of spider silks that fully replicate the primary
mechanical properties of their natural counterparts
Christopher Bowen2, cbow67@gmail.com, Fuzhong Zhang1. (1) Energy,
Environmental Chem Engineering, Washington University, Saint Louis, Missouri, United
States (2) Energy Environmental and Chemical Engineering, Washington University in
St. Louis, University City, Missouri, United States
Research efforts over the past two decades have significantly advanced the
heterologous production of spider silk proteins. However, these efforts have yet to fully
replicate the combination of exceptional strength, modulus, extensibility, and toughness
exhibited by natural spider silks—preventing mechanically demanding material
applications. To confront this obstacle, we have employed a synthetic biology approach
incorporating split intein-mediated ligations to produce recombinant spidroins of
unprecedented molecular weight (556 kDa). Wet-spinning of the purified spidroins yields
monofilament microfibers that fully replicate the most desirable mechanical properties of
natural spider silk, i.e. tensile strength (1.03 ± 0.11 GPa), modulus (13.7 ± 3.0 GPa),
extensibility (18 ± 6%), and toughness (114 ± 51 MJ/m3). This process may advance

new, mechanically demanding applications for recombinant spidroins and can serve as
a platform to produce other high-performance natural materials.
BIOT 253
Two-dimensional materials that enhance human embryonic stem cell-signal
detection
Sophia S.Y. Chan1, sophia_chan@mymail.sutd.edu.sg, Yaw Sing Tan2, Kan-Xing Wu3,
Christine Cheung3,4, Desmond Loke1. (1) Science and Math, Singapore University of
Technology and Design, Singapore , Singapore (2) Bioinformatics Institute, Agency for
Science, Technology and Research (A*STAR), Singapore, Singapore (3) Lee Kong
Chian School of Medicine, Nanyang Technological University, Singapore, Singapore (4)
Institute of Molecular and Cell Biology, Agency for Science, Technology and Research
(A*STAR), Singapore, Singapore
Stem cells are promising starting materials to derive functional cells and tissues for
regenerative medicine. As such, there has been a need to monitor/validate stem cells in
real-time, e.g., monitoring pluripotent stem cells prior to differentiation, validating the
removed residual pluripotent stem cells after differentiation, for further clinical
applications. This will reduce the risk of teratoma formation.1 Current detection
techniques hinder real-time monitoring as they require labelling and are destructive.
Instead, label-free techniques such as electrical-based detection (EBD) methods are
promising for real-time measurements.2-3 Here, we observed a unique bioelectric signal
of human embryonic stem cell using direct current-voltage measurements facilitated by
few-layered 2D-MoS2 sheets.4 A 1.828 mA cell signal was achieved as well as multiple
cell reading cycles demonstrating I ~ 1.9 mA. Native stem cell proliferation, viability and
pluripotency were preserved. Molecular dynamics simulations elucidated the origin of
the 2D-MoS2 sheet-assisted increase in current flow. This method promises a broadly
applicable, fast and damage-free stem cell detection method capable of identifying
pluripotency with virtually any complementary-metal-oxide-semiconductor circuits.
BIOT 254
Developing of a DNA nanorobot with RNA sensing and cleaving functions
Tatiana Fedotova, tatiana_fedotova@knights.ucf.edu, Dmitry Kolpashchikov.
Chemistry, University of Central Florida, Orlando, Florida, United States
Selectivity and predictability of Watson-Crick base pairing makes DNA a molecule of
choice for the development of DNA-based diagnostic and therapeutic methods. DNAbased computation circuits are capable of analyzing complex sets of biological inputs,
where by directly interacting with input molecules, a specific output is produced. This
project aims to design first of its kind DNA nanorobot, capable of recognizing RNA
inputs generated by cancer cells, and produce RNA cleaving function as an output. The
device is designed to recognize sequence of KRAS mRNA with G/A nucleotide

substitution in codon 12, a mutation that occurs in 90 % of pancreatic cancer cases. The
sensing function is carried out by two deoxyribozymes Dz-1 and Dz-2, which hybridize
to the complimentary sequence on the target (Figure 1). As a result, short 21-nucleotide
fragment of KRAS RNA is produced. This fragment serves as an activator for the
actuating ( RNA cleavage) portion of the nanorobot, that is carried out by a split
deoxyribozyme (labeled BiDz-a and BiDz-b ). In the split state, deoxyribozyme is
inactive, and cannot catalyze RNA cleavage. To restore RNA cleaving activity, two
halves of deoxyribozyme need to be brought together. When activated, split
deoxyribozyme binds mRNA for a housekeeping gene, and cleaves it, resulting in the
death of the cancer cell. In the preliminary experiments, the RNA cleaving portion of the
nanorobot was first designed to bind and cleave the fluorescent substrate.

BIOT 255
Discovery of general amyloid inhibitors against the aggregation and toxicity of
both amyloid-β and hIAPP
Baiping Ren1, br53@zips.uakron.edu, Yanxian Zhang1, Fengyu Yang1, Jie Zheng2. (1)
Chemical Engineering, University of akron, Cuyahoga Falls, Ohio, United States (2)
Chemical and Biomolecular Engineering, The University of Akron, Akron, Ohio, United
States
The aggregation of misfolded amyloid peptides are pathologically linked to many
neurodegenerative diseases including Alzheimer disease (AD) and type 2 diabetes
(T2D). Developing amyloid inhibitors to prevent amyloid aggregates is considered as a

promising therapeutic strategy for treating these diseases. However, most of the
existing amyloid inhibitors only inhibit the aggregation of specific amyloid peptide,
showing sequence-dependent inhibition capability that is difficult or impossible to be
applicable to other amyloid peptides. Thus, it is both fundamentally and practically
important for discovering some ligands that serve as a general amyloid inhibitor against
different amyloid peptide aggregation. Herein, we proposed an interesting idea to
computationally search the existing drug databases for other diseases to experimentally
identify the new functions of these drugs that could serve as common amyloid inhibitors
against different amyloid peptides. As a result, considering the common structural and
aggregation features, and the correlation of T2D and AD, we discover genistein (a
precursor for antimicrobial phytoalexins and phytoanticipins in legumes) and
tanshinones (ingredients from the Chinese herb Danshen), which impose a dual
inhibition activity on the aggregation and toxicity of both full-length Aβ1-42 and hIAPP1-37
peptides. Collective experimental data show that at optimal concentrations, genistein
and tanshinones present the excellent inhibitory ability to reduce the formation of both
Aβ and hIAPP fibrils by at least 50%, as well as to increase Aβ- and hIAPP-induced cell
viability to ~90%. Further molecular dynamics simulations reveal that both genistein and
tanshinones bind to the two β-strand grooves of Aβ and hIAPP oligomers, implying a
possible common inhibition mechanism. This work discovers that two compounds of
genistein and tanshinones, very few compounds available today, act as common
inhibitors to inhibit the aggregation and toxicity of both hIAPP and Aβ, making them very
promising agents against AD, T2D, and probably other amyloid-misfolding diseases.
BIOT 256
Transient expression of an anthrax decoy protein in Nicotiana benthamiana: The
impacts of N-glycosylation on protein expression, stability and function
Yongao Xiong1, yxiong@ucdavis.edu, Kalimuthu Karuppanan1, Qiongyu Li2, Austen
Bernardi1, Vally Kommineni4, Carlito B. Lebrilla2,3, Roland Faller1, Karen McDonald1,5,
Somen Nandi1,5. (1) Department of Chemical Engineering, University of California,
Davis, Davis, California, United States (2) Department of Chemistry, University of
California, Davis, Davis, California, United States (3) Department of Biochemistry and
Molecular Medicine, University of California, Davis, Davis, California, United States (4)
iBio CDMO, Bryan, Texas, United States (5) Global HealthShare Initiative, University of
California, Davis, Davis, California, United States
Anthrax is a severe infectious disease caused by Bacillus anthracis. The spores can be
produced easily and released in air as a biological weapon, leading to a fatality rate of
45% even after agressive treatments. Antitoxins based on receptor-decoy binding show
promising advantages over an antibody-based strategy since it is difficult to engineer
toxins to escape the inhibitory effect of the decoy without compromising binding to its
cellular receptor. The main anthrax receptor on the cell surface is Capillary
Morphogenesis Gene-2 (CMG2), which binds to the protective antigen (PA) of anthrax
and leads to toxin endocytosis. To improve the stability and circulatory half-life of the
decoy protein, we have expressed a Fc-fusion form of the anthrax decoy protein,

CMG2-Fc. CMG2-Fc was produced in Nicotiana benthamiana plants utilizing
Agrobacteria infiltration, resulting in expression up to 750 mg/kg of leaf fresh weight. To
investigate the effects of N-glycosylation on protein properties, CMG2-Fc variants with
three types of N-glycoforms were produced, including plant complex type (APO),
oligomannose-type (ER-retained) and aglycosylated (Agly). The expression levels of
APO and ER-retained variants were 2-fold higher than the Agly variant, suggesting
stabilizing effects of N-glycans on CMG2-Fc during in-planta production. Co-infiltration
of a glycosidase inhibitor was also investigated as an approach for N-glycoform
modification by adding kifunensine, a mannosidase-I inhibitor, during agroinfiltration.
This caused the APO variant N-glycoform to shift from the plant-complex type to
oligomannose type without affecting protein expression. The binding kinetics between
CMG2-Fc and PA were determined utilizing biolayer interferometry at room temperature
and body temperature (37oC). In both cases, the dissociation rate constant (KD) for all
variants were in sub-nano molar level, demonstrating tight binding. The toxin
neutralization potency of CMG2-Fc variants was tested in a cell-based assay, where the
EC50 values for APO and Agly variants were lower than for the ER-retained variant. The
possible causes of EC50 differences were investigated through molecular simulation and
protein thermostability studies.
BIOT 257
Rapid detection of monoclonal antibodies and other biomolecules through
functionalized nanoparticle crosslinking
Andrew Swartz2,1, swartz1446@gmail.com, Wilfred Chen2. (1) Merck, Chalfont,
Pennsylvania, United States (2) Chemical Engineering, University of Delaware, Newark,
Delaware, United States
Existing assays for the quantification of monoclonal antibody (mAb) cell culture titer
often require expensive instruments or reagents and may be limited by the lowthroughput or tedious protocols. A quick and cost-effective alternative assay was
developed based on the increase in solution turbidity after mAb binding-induced
crosslinking with functionalized nanoparticles. Sixty Z-domain-ELP-SpyCatcher mAb
affinity ligands were ligated to 60 self-assembled SpyTag-E2 subunits using
SpyTag/SpyCatcher conjugation to form uniform 30-nm Z-ELP-E2 nanoparticles. After
mixing mAb samples with a fixed nanoparticle concentration for 10 min, the turbidity, as
measured by absorbance at 600 nm, was found to exhibit a high signal to background
ratio and was proportional to the mAb concentration. A simple logarithmic regression
was found to fit (R2 = 0.99) the turbidity data for mAb concentrations between 100-1000
µg/mL. The optimized assay procedure was validated using two industrial mAb cell
culture harvests and a bridging study using Octet biolayer interferometry with Protein A
sensors confirmed accurate and reproducible results. This strategy for turbidity-based
quantification of analyte concentration through nanoparticle crosslinking can be
generalized to detect other target multimeric or monomeric biomolecules using
interchangeable nanobody-ELP-SpyCatcher affinity ligands. Nanobodies are small,
single-domain antibody fragments that can be engineered to bind to target proteins with

high specificity. Multiple nanobodies with orthogonal binding motifs on the same target
can be identified through common screening methods. A proof of concept monomeric
protein-nanoparticle crosslinking and turbidity-based quantification was demonstrated
using a model green fluorescent protein (GFP) and two orthogonal GFP nanobody-ELPSpyCatcher functionalized SpyTag-E2 nanoparticles.
BIOT 258
Development and application of a continuous evolution system to program
protein-protein interactions
Julia Zinkus-Boltz, jzinku3@gmail.com, Bryan C. Dickinson. Chemistry, The University
of Chicago, Chicago, Illinois, United States
Protein-protein interactions (PPIs) are key drivers of cell signaling networks and
represent important therapeutic targets in numerous physiological processes and
pathologies. Despite their importance, interrogating and perturbing aberrant PPIs has
proved challenging due to the nature of these interactions. The large surface contacts
between proteins in addition to the duration of the interactions, remain difficult to
examine. To begin to investigate PPIs and to develop general strategies to interrogate
PPIs, we chose to use KRAS and its binding partners as an exemplar. The small
GTPase KRAS is a central hub in cellular signaling networks that are responsible for
proliferation and it is mutated in 20-30% of all cancers. Yet, there are no therapeutics on
the market that directly target this protein. To further study KRAS and its mutant forms,
including its binding domains and the biophysical properties of its ligands, we developed
a generalizable platform to reprogram PPIs through rapid continuous evolution. This
approach utilizes our previously designed split T7 RNA polymerase (RNAP) biosensor
and the previously reported directed evolution platform phage assisted continuous
evolution (PACE), to evolve a new PPI partner for the mutant KRAS G12D protein.
Initially we utilized a native binding partner of KRAS, RAF, to develop and test the new
PACE PPI-selection platform. Using our designed PACE selection platform, we show
that proteins with an affinity for the KRAS mutant will outcompete other proteins that do
not have affinity for the KRAS mutant. We also demonstrate that we can evolve proteins
to gain activity for KRAS G12D by using a mutant form of RAF without affinity to KRAS
G12D as the initial starting points in our evolution. Based on these results, we have
designed a PPI evolution platform to evolve native protein binders for KRAS G12D, and
we plan to evolve other small protein scaffolds for KRAS G12D using this platform.
BIOT 259
Positive selection screens for DNA endonuclease activity
Michael Mechikoff, mikemechikoff@gmail.com, Kok Zhi Lee, Paula Pandolfi, Kevin
Solomon. Purdue University, West Lafayette, Indiana, United States

Positive selection screens are challenging, but essential, components of isolating
functional mutants in large libraries, and evolving proteins. Such screens must be
selective enough to ensure that only functional variants are propagated, but not too
stringent that it is always lethal. To screen a DNA endonuclease library, we develop and
optimize three selection screens: a ccdB-based selection screen, a chloramphenicol
selection screen, and a competing endonuclease selection screen. In the first selection
system, we use ccdB which encodes a toxin that induces lethal double strand DNA
breaks in E. coli. We program endonuclease cleavage of the ccdB gene on a plasmid
with the hypothesis that all surviving mutants display some cleavage activity
proportional to the number of surviving mutants. First, we titrated expression of ccdB to
determine optimal expression levels and times for effective selection of functional
mutants. However, the high toxicity of ccdB selected for cells that spontaneously cured
the plasmid independent of endonuclease activity after 5 h. To reduce spontaneous
curing, we expressed ccdB from a lower copy plasmid and tuned relative expression
levels of endonuclease and ccdB. In the second selection system, we use a repressible
chloramphenicol resistance gene, targeting the repressor with an endonuclease.
Successful cleavage of the repressor yields chloramphenicol resistance which can be
verified by counting colonies grown in the presence of chloramphenicol. Our third
selection system employs competing endonucleases, each with an associated
resistance marker. Each endonuclease is targeted to the other endonuclease, and
successful cleavage linearizes the plasmid thereby removing the selection marker.
Growing colonies in the presence of each selection marker clearly shows the more
efficient endonuclease. Moreover, endonuclease expression can be tuned if the
competing endonuclease is found to be more efficient than the one of interest. We are
now employing these systems to evolve programmable DNA endonucleases.
BIOT 260
Polymerization and synthesis of biostyrene by engineering E. coli using iCREATE
strategy
Liya Liang1, liya.liang@colorado.edu, Rongming Liu1, Emily Freed1, Carrie A. Eckert2,
Ryan T. Gill1. (1) Renewable and Sustainable Energy Institute, University of Colorado
Boulder, Boulder, Colorado, United States (2) Renewable and Sustainable Energy
Institute, NREL/University of Colorado Boulder, Golden, Colorado, United States
Engineering of microbes to produce targeted compounds often requires the engineering
of multiple traits, such as pathway flux, product tolerance, and growth. For example,
styrene is a high-value monomer used in the production of polymers and copolymers,
most notably polystyrene, acrylonitrile-butadiene-styrene (ABS), styrene-acrylonitrile
(SAN), and styrene-butadiene rubber. As one of the most important monomers in the
plastics industry, its annual production exceeds 6 million metric tons per year
representing a $28 billion market. However, styrene is not natively produced by E. coli,
and it inhibits the growth of E. coli at concentrations below those required for economic
production. To achieve economically viable styrene production targets, it is necessary to
optimize the expression of enzymes in the styrene synthesis pathway, and improve

styrene tolerance in E. coli. Methods for engineering such complex traits are often
laborious and thus difficult to extend beyond a single trait at a time without large and
sophisticated engineering teams and resources. We reported the iterative CRISPR
EnAbled Trackable genome Engineering (iCREATE) method, which incorporates
CRISPR editing and DNA barcoding, thereby enabling the massive and trackable
editing of E. coli genomes iteratively (Fig. 1). In this study, we used 4 rounds (~1 weeks)
of iCREATE to perform a comprehensive mapping of the effect of changes in the
expression and specificity of the multiple proteins on styrene production. The designer
libraries targeted ~120,000 mutations across 90 genes, spanning regulatory and
metabolic networks, to engineer E. coli central carbon metabolism, styrene synthesis,
and styrene tolerance. The combinatorial mutants were constructed and confirmed to
improve styrene tolerance and production. In addition, we combined with polymerization
and biosynthesis of styrene in a integration system.

Fig. 1 The workflow of iCREATE strategy.
BIOT 261
Optimizing key amino acids in CHO cell culture medium improves productivity
and reduces waste byproducts for biologics manufacturing
saloni b. Khurana, saloni.khurana@abbvie.com, Adam Deresiensk, Guogang Dong.
BioProcess Development, Abbvie, Fremont, California, United States

In biologics manufacturing, culture medium supplies essential nutrients to support
growth of the genetically engineered cells and production of therapeutic proteins. It is a
key determinant for not only the productivity, but various product quality attributes as
well, such as charge profile and glycosylation patterns. Amino acids (AAs) are building
blocks of proteins, and are essential to biomass accumulation and product formation.
Insufficient supply of key amino acids can result in poor growth and productivity.
However, oversupplying certain AAs can lead to inefficient metabolic processes and
result in the accumulation of undesirable waste products (e.g. ammonia and lactate)
which can negatively impact culture performance. Ammonia plays an inhibitory role in
culture growth and viability, effects product stability and can influence protein
glycosylation profiles. By altering the relative amounts of four key amino acids
(glutamine, asparagine, glutamate, and aspartate) ammonia levels were significantly
reduced while growth, viability and productivity showed improvements. The limitation of
asparagine in particular yielded the greatest reduction in ammonia and, when coupled
with proper rebalancing of glutamate and aspartate, resulted in improved final titer.
Results indicate that proper balancing of amino acids in culture media can mitigate toxic
byproduct formation while maintaining a sufficient supply of central carbon metabolites.
BIOT 262
Scalable cell-free extract preparation and minimal genetic template methods for
rapid protein prototyping
Jared Dopp, dopp@iastate.edu, Nigel Reuel. Chemical Engineering, Iowa State
University, Ames, Iowa, United States
Although cell free protein synthesis (CFPS) is an established tool for protein research
there are current limitations on the scalability of robust extract and genetic template
preparation. Herein we detail 1) a unit operations approach to simplifying extract
preparation and 2) a novel method for minimalist DNA template design and
amplification. In the first section, we demonstrate how a face centered cubic designed
experiment can elucidate the optimal IPTG induction time and harvest time as a function
of the growth curve profile (determined to be 200 min and 255 min respectively for 1L
cultures in our 2.5L shake flasks). Experiments were then conducted to determine the
optimal number of passes through a French press homogenizer (one was best) as well
as the best time and temperature combination for lyophilization (4 hr at15° Celsius). The
resulting extract performed on par with a less-scalable, optimized tip sonication method
previously reported and outperformed commercial kits, such as Promega extract
(45.28% increase) and NEB PURExpress® (75.00% increase). In the second section,
we present a novel minimalist DNA template design and amplification method that
allows for inexpensive, mail-order gene fragments to be amplified and expressed as
functional proteins in less than 24 hours. In brief, the 30 ng template undergoes linear
PCR, circularization, and then isothermal rolling circle amplification (RCA) to produce
1750 µg of template for expression. This minimalist RCA template exhibited identical
expression levels to traditional plasmid-based expression on a molar basis using sfGFP

as the reporter protein (240 and 224 µg/mL respectively). With these minimalist
templates, we expressed assayable quantities of reporter proteins (sfGFP, mVenus,
mCherry), enzymes (chloramphenicol acetyl transferase, a chitinase catalytic domain,
subtilisin), a capture protein (anti-GFP nanobody), and antimicrobial peptides (BP100,
and CA(1-7)M(2-9)) all within 24 hours after receipt of the mail order template. Most of
the proteins can be assayed without purification, directly in extract, thus allowing for
higher throughput phenotypic screening. This amplification method and method to
produce large masses of efficient cell extract, would allow virtually any research group
the ability to design, produce, and test custom proteins without the skills, capital, and
time required for expression in vivo.
BIOT 263
Process development for production of a live biotherapeutic drug product for the
treatment of Phenylketonuria
Philippa Reeder1, pipreeder@gmail.com, Chris Bergeron1, Munira Momin1, Vincent
Isabella1, David Lubkowicz1, Paul Miller1, Richard Schwartz2, Eugene Antipov1. (1)
Synlogic, Cambridge, Massachusetts, United States (2) CRISPR, Cambridge,
Massachusetts, United States
Phenylketonuria (PKU), a rare inherited disease caused by a defect in phenylalanine
hydroxylase activity, is characterized by the accumulation of systemic phenylalanine
(Phe) that can lead to severe neurological deficits unless patients are placed on a strict
low-Phe diet. As an alternative treatment, Escherichia coli Nissle, a well-characterized
probiotic, was engineered to efficiently import and degrade Phe (SYNB1618). The
coupled expression of a Phe transporter with a Phe ammonia lyase allows rapid
conversion of Phe into trans-cinnamic acid, which is then further metabolized by the
host to hippuric acid and excreted in the urine. In this work, we describe the design,
characterization, and scale-up of an upstream process to produce live and active
SYNB1618 material for the treatment of phenylketonuria. Fast, high cell density E. coli
biomass increase is balanced against protein expression levels as a function of
induction conditions and available nutrients. Due to the use of this product as a live oral
biotherapeutic, key product quality attributes assessed include cell health and potency
as a function of production conditions.
BIOT 264
Characterization of chemically defined media variation on the level of secreted
phospholipase-B like protein by recombinant CHO cell cultures
James Crawford1,2, james.e.crawford@gsk.com, William J. Kelly3, Zuyi Huang3. (1)
Biopharmaceutical Technology, GlaxoShmithKline, Media, Pennsylvania, United States
(2) Chemical Engineering, Villanova University, Villanova, Pennsylvania, United States
(3) CHE, Villanova, Schwenksville, Pennsylvania, United States

Phospholipase B-like protein (PLBL2) is identified as a lysosomal protein that can be
secreted as a by-product of the primary metabolic pathway within suspended
recombinant CHO cell cultures. PLBL2 derived from recombinant murine cultures has
approximately 80% amino acid sequence identity with it human counterpart (PLBD2),
and many of the differences are related to surface exposed peptide sequences. Due
these differences, it is reasonable to assume that the PLBL2 content within the
recombinant biologic product dosage may provoke an immune response in a future
patient population. PLBL2 is known to bind to the hinge portion of the constant domain
within recombinant IgG thus providing a vehicle for co-elution and carryover in the bulk
drug substance. Further increasing the risk of patient introduction, commercially
available HCP ELISA kits for CHO cultures frequently under-report PLBL2 levels within
purified biologic intermediates due to antigen excess which causes sample dilution nonlinearity. A series of studies utilizing a recombinant CHO cell bank producing a noncommercialized monoclonal antibody were commissioned with distinct formulations of a
chemically defined media recipe. Results of the studies indicate that variance in media
components impact the level of excreted PLBL2 across the duration of the culture.
Variance in input metabolites produced differences in both absolute concentration
(ng/ml) as well as specific yield (ng/cell). Further studies are focused on selected media
components to understand the mechanism of impact on secreted PLBL2 specific yield.
A dynamic flux balance modelling approach is being used to provide insight into the
mechanisms for this variance as well as to determine optimal metabolite concentration
to minimize secretion.
BIOT 265
Micro-channel cantilever spotting (µCS) and the immobilization of Cucurbit[7]uril
complex for determination of sensitivity on analyte exposure
Andres V. Mora1, andres.mora@doane.edu, Philipp Avon2, Michael Hirtz2, Christina
Wilson1, Andrea E. Holmes1. (1) Department of Chemistry, Doane University, Crete,
Nebraska, United States (2) Institute of Nanotechnology (INT), Karlsruhe Institute of
Technology, Karlsruhe, Germany
Cucurbiturils (CUs) are macromolecules with a cavity that is larger in diameter than its
opening. The importance of this macromolecule is based on its ability to undergo hostguest chemistry, using its cavity to hold molecules without covalent bonds. It has been
shown that guest molecules, when introduced in the CU, can change their emitting
fluorescent signal enabling these host-guest complexes to function as sensors. The
goal of this project was to determine the detection sensitivity of cucurbit[7]uril-berberine
complex. Berberine is a quaternary ammonium salt extracted from the Berberis genus
plants that increases in fluorescence emission intensity when introduced in
cucurbit[7]uril. To analyze its sensor capability, the complex was immobilized on a glass
slide that has been functionalized with (3-Glycidyloxypropyl) trimethoxysilane [GPTMS],
where the epoxide reacts with the amine-functionalized end from the cucurbit[7]urilberberine complex. To deposit the host-guest complex to the functionalized glass slide
micro-channel cantilever spotting (µCS), a technique that uses quill-like pens, was used

to dispense droplets that act as reaction vessels. Droplet size can vary between 10 µm
to 20 µm radius and they can be freely arranged on the substrate, e.g. as a square
array. Exposure of the array to different concentration of nandrolone, an anabolic
steroid that has a greater binding capacity to the cucurbit[7]uril than berberine, resulted
in the decrease of fluorescence due to the indicator displacement assay (IDA)
mechanism. After confirming immobilization using fluorescent microscopy, the array
was exposed to nandrolone in different concentrations to quantify the decrease of
fluorescence. Immobilization of both of the inks (one with the CB7-Berberine complex
and the other with the CB7-Pyronin Y complex) onto the GPTMS substrate was
successful. Unfortunately, the fluorescence signal of the immobilized CB7-Berberine
complex was insufficient, and a new complex, CB7-Pyronin Y, was immobilized and
visualized. The immobilization involved the epoxide ring opening of the aminefunctionalized cucurbit-berberine complex, which was characterized by Electrospray
Ionization Mass Spectrometry.
BIOT 266
Engineering stable anaerobic consortia by understanding the genomic basis for
syntrophic interactions
Jennifer Brown1, jenniferbrown@umail.ucsb.edu, Xuefeng Peng1, Sean Gilmore1, John
Henske1, Matthew A. Perisin2, Michelle A. O'Malley1. (1) University of California Santa
Barbara, Santa Barbara, California, United States (2) US Army Research Laboratory,
Adelphi, Maryland, United States
Anaerobic consortia are capable of converting abundant, inexpensive wet waste
materials such as the organic fraction of municipal solid waste (OFMSW) into
fermentable sugars, biogas, and short-chain fatty acids. Bioreactors that utilize
undefined natural consortia to digest wet waste have been constructed, but the failure
rate of these systems is high due to consortia instability, especially to environmental
disturbances. The development of biotechnology capable of converting variable input
streams to consistent products is dependent upon engineering stability and robustness
into the syntrophic relationship between consortia members. Here, we have enriched a
minimal consortium of anaerobic microbes (fungi, bacteria, and archaea) from ruminant
herbivores, which secrete an abundance of diverse biomass-degrading enzymes.
Metagenome assemblies of these consortia reveal a high level of functional redundancy
in metabolic processes associated with methane release, as well as specialists and
“sugar cheaters” within the community that target carbohydrate breakout products.
Using natural consortia as a template, we constructed synthetic co-cultures based on
syntrophic interactions between fungi, bacteria, and methanogens to explore how genes
are regulated in response to substrate availability and substrate evolution. RNA-Seq
was used to quantify the expression of biomass-degrading genes in synthetic cultures
composed of the anaerobic fungi N. californiae, C. churrovis, bacterium C.
acetylbutilicum, and the archaeal methanogen Methanobacterium bryantii on substrates
representative of the components found in the OFMSW, revealing which genes are
instrumental in the degradation of OFMSW components with a focus on metabolic

interaction in co-culture. High-performance liquid chromatography was used to
determine the presence and amount of target metabolic products resulting from the
degradation of OFMSW components. Overall, our results indicate that co-culture of
anaerobic bacteria with fungi leads to high yields of butyrate on crude lignocellulose,
which can be further accelerated with the addition of methanogens.
BIOT 267
Designing fatty acid-conjugated therapeutic proteins with a high molecular
weight for the extended serum half-life
Jinhwan Cho, Junyoung Park, Inchan Kwon, inchan@gist.ac.kr. School of Materials
Science and Engineering, Gwangju Institute of Science and Technology, Gwang-ju,
Korea (the Republic of)
Therapeutic proteins have been widely used for treatment of human diseases due to
their great biocompatibility and specificity. However, their very short half-lives in vivo are
problematic in developing them for clinical applications. In order to overcome the short
half-life issue of therapeutic proteins, several studies have been conducted, such as
shielding protein for protection, blocking renal filtration, or cellular uptake, etc.
Conjugation of fatty acid, especially palmitic acid, has been used to extend the half-life
of certain peptide drugs, such as insulin analogs, because fatty acid is a ligand of
human serum albumin of which serum half-life is over three weeks. Albumin is known to
evade intracellular degradation by binding neonatal Fc receptor (FcRn) in endosome,
followed by exocytosis to the blood. Therefore, conjugation of palmitic acid to
therapeutic peptides/proteins was expected to extend the serum half-life via binding to
human serum albumin in the patients’ blood. Nevertheless, conjugation of palmitic acid
to extend the serum half-life was limited to peptides or proteins with a low molecular
weight. In our previous studies, fatty acid conjugation to urate oxidase, a gout-treating
protein with a high molecular weight (135 kDa), did not extend the serum half-life. In
order to address the issue, we examined the crystal structures of FcRn and human
serum albumin including fatty acid binding sites, and designed the various linkers. With
those linkers, we successfully extended the serum half-life of urate oxidase.
BIOT 268
Deamidation compromises antibody colloidal stability and solubility in a pHdependent manner
Magfur E. Alam3, magfur.e.alam@gmail.com, Gregory V. Barnett2, Thomas R. Slaney2,
Tapan Das2, Peter M. Tessier1. (1) Departments of Chemical Engineering and
Pharmaceutical Sciences and Biointerfaces Institute, University of Michigan, Ann Arbor,
Michigan, United States (2) Biologics Molecular and Analytical Development, BristolMyers Squibb, Pennington, New Jersey, United States (3) Chemical & Biological
Engineering, Rensselaer Polytechnic Institute, Troy, New York, United States

Monoclonal antibodies must be both chemically and physically stable to be developed
into safe and effective drugs. While there has been considerable progress in separately
understanding the molecular determinants of antibody chemical and physical stability, it
remains less well understood how defects in one property (e.g., chemical stability)
impact the other one (e.g., physical stability). Here we have investigated the impact of a
common chemical modification (deamidation) on the physical stability of monoclonal
antibodies as a function of pH (pH 3.8-7.4). Interestingly, we find that deamidation has
the largest negative impact on antibody physical stability at low pH values (e.g., pH 3.8)
that are common during antibody purification. Deamidation causes increased antibody
self-association and aggregation at low pH without significant reductions in
conformational (folding) stability. The molecular origins of this deamidation-dependent
behavior appear to be due (at least in part) to increased antibody hydrophobicity at low
pH, which we identify via a modified form of self-interaction nanoparticle spectroscopy.
We expect that our findings will motivate broader studies of the role of deamidation in
determining antibody physical (colloidal) stability, which is important for improving the
development of robust and potent therapeutic antibodies.
BIOT 269
Improved expression of human tachykinin NK2 receptor using a receptor-receptor
chimera with the rat homologue
Abhinav R. Jain1, Ajain6@tulane.edu, Zachary T. Britton3, Anne S. Robinson2. (1)
Chemical and Biomolecular Engineering, Tulane University, New Orleans, Louisiana,
United States (2) Chem and Biomolecular Eng, 300 Lindy Boggs Bldg, Tulane
University, New Orleans, Louisiana, United States (3) MedImmune, Gaithersburg,
Maryland, United States
One major bottleneck for biophysical characterization and high-resolution structure
determination of G protein-coupled receptors (GPCRs) is the production of high levels
of recombinant receptor. Our research has been motivated by this limitation and we are
exploring the use of receptor-receptor chimeras to help improve expression and
trafficking of “difficult-to-produce” receptors in yeast. The C-terminus of “well-expressed”
receptors have been shown to contain important motifs necessary for efficient
endoplasmic reticulum trafficking of the receptor. Here, we have utilized the C-terminus
of rat tachykinin-2 receptor (NK2R) to improve the expression and trafficking of the
human homologue. This human/rat chimera consists of the seven-transmembrane
domains and extra- and intra-cellular loops of the human receptor and the C-terminus
from the rat NK2R. Here we present results of improved expression and fluorescent
ligand binding in yeast, and downstream signaling responses in yeast and HEK cells.
Both the wild-type and chimeric NK2R were able to produce native-like ligand-mediated
downstream signaling responses in yeast via an MAPK response pathway. The
observation of native-like ligand binding and downstream signaling responses of these
chimeric receptors were validated in transiently transfected mammalian cells.

BIOT 270
Start with the end in sight: Developability & improved biopharmaceutical
molecule quality
Ricky Casey, ricky.x.casey@gsk.com. GlaxoSmithKline, Stevenage, Hertfordshire,
United Kingdom
Historically a single lead molecule would enter cell line development to progress
towards final cell line selection and the upstream & downstream bioprocesses. As
biotherapeutic molecular formats have evolved it’s increasingly important to identify &
characterise the risks associated with molecule design and the potential impact of these
risks during the manufacturing process. At GSK we have deployed a developability
screen prior to cell line selection which assess typical industry standard molecule
developability targets such as purity, target engagement and charge species
heterogeneity.
Data presented is taken from a spectrum of analytical techniques assessing a number
of lead molecules early in the drug development process ensuring only molecules with
acceptable purity & target engagement profiles enter into cell line development. With the
rise of high throughput cell line development & bioprocess technologies such as BLI
Beacon & Ambr, it has become critically important to understand and de-risk the
sequence associated liabilities & molecule chemical degradation pathways. This helps
streamline the fermentation and purification processes and reduces the need for
extensive bioprocess development in the future. Recently implemented data informatics
approaches also enable live data review resulting in decisions on molecule
developability being made faster than ever.
BIOT 271
Cost-effective construction of high quality diversity-containing sequences of
variable length for protein libraries
Igor Dodevski, dodevski@umn.edu, Casim A. Sarkar. Department of Biomedical
Engineering, University of Minnesota, Minneapolis, Minnesota, United States
Trimer (codon) phosphoramidites facilitate construction of high-quality combinatorial
gene libraries for directed evolution experiments by enabling the user to bypass biases
inherent to the genetic code in order to specify amino acid composition at diversitycontaining positions. However, in contrast to simpler methods for introducing positional
diversity such as oligonucleotides with degeneracy at the individual nucleotide level, the
high costs associated with the synthesis of trimer-containing oligonucleotides encoding
user-defined codon distributions often limit the scope of libraries that can be constructed
in practice. Specifically, this limitation hampers the construction and experimental
sampling of protein sequences that are characterized by stretches of randomized amino
acid positions of variable length distribution, as is important to consider in the design

and engineering of complementarity-determining regions (CDRs) in antibodies as well
as loops in a number of other protein scaffolds. In this study we present a strategy for
creating several lengths of high quality diversity-containing sequences from a single
template, thus significantly reducing the cost barrier for varying sequence length using
the trimer phosphoramidite technology. We demonstrate our strategy by constructing a
panel of diversity-containing sequences that mirrors the natural diversity of loop lengths
and amino acids in a single-domain camelid antibody CDR.
BIOT 272
Designing vaccines that elicit broadly neutralizing antibodies
Ammar Arsiwala1, ammar.arsiwala@gatech.edu, Steven Frey1, Ana Castro1, Chad
Varner1, Tania Rosen1, Ravindra S. Kane2. (1) Chemical and Biomolecular Engineering,
Georgia Institute of Technology, Atlanta, Georgia, United States (2) School of Chemical
& Biomolecular Engineering, Georgia Tech, Atlanta, Georgia, United States
Infectious diseases continue to be a threat to millions globally – largely because of
highly effective immune evasion mechanisms employed by pathogens. Vaccines
constitute one of the most effective tools to prevent disease. For numerous important
diseases, however, currently available vaccines do not provide broad, durable, and
effective protection. For instance, in several cases, immunodominant regions of protein
immunogens are highly variable in sequence and elicit narrow or even strain-specific
immune responses. To tackle this problem, we have been engineering antigens to elicit
broadly protective antibodies. We will first discuss a “nanopatterning” based approach
using green fluorescent protein (GFP) as a model immunogen. We will also discuss
applications of the approach to design vaccines for clinically relevant infectious
diseases such as Influenza, Malaria, and Zika, among others.
BIOT 273
Using synthetic biology strategies for studying flux towards isobutanol in
Saccharomyces cerevisiae
Francesca Gambacorta, fgambacorta@wisc.edu, Brian F. Pfleger. Chemical
Engineering, University of Wisconsin-Madison, Madison, Wisconsin, United States
Specialty biofuels, like isobutanol and other n-butanols, are a promising substitute to
ethanol as they have a higher energy density, are less corrosive, and less watersoluble. Saccharomyces cerevisiae has the innate ability to produce isobutanol via the
higher branched chain amino acid pathway. By understanding how S. cerevisiae
distributes carbon flux to isobutanol under different conditions, the barrier to producing
speciality biofuels can be reduced. The optogenetic blue-light responsive system from
Arabidopsis consisting of CRY2 and CIB1 can be used as a way to produce graded
gene expression. The impact of enzyme expression on isobutanol flux can be quantified
by a mathematical framework, metabolic control analysis. I am interested in the

quantification of the changes in the metabolic network with respect to different
environmental conditions like growing with the pretreated lignocellulosic biomass, GVL
switchgrass hydrolysate. Lignocellulosic biomass, an abundant and renewable organic
material, serves as as a viable alternative energy source for the production of biofuels.
BIOT 274
Artificial duel-functional enzyme constructed by combining an enzyme and an
organometallic catalyst
Jaehyun Cha1, chjh9492@gmail.com, Younghan Jung1, Vinothkumar Ganesan2,
Sungho Yoon2, Inchan Kwon1. (1) School of Material Science and Engineering, gwangju
institute of science and technology, Gwangju, Korea (the Republic of) (2) Bio and Nano
Chemistry, Kookmin University, Seoul, Korea (the Republic of)
Most enzymatic redox reactions require cofactors. Because cofactors are expensive,
cofactor regeneration is critical for practical redox enzyme processes. Rhodium-based
organometallic catalysts (Rh complexes) were developed to regenerate biological
cofactor molecules. However, when redox enzymes and Rh complexes are used
together, mutual inactivation of both enzymes and Rh complexes happen. In order to
overcome the mutual inactivation of Rh complex and enzyme, we investigated spatially
controlled conjugation of Rh complex to a permissive site of a redox enzyme, in
particular, mannitol dehydrogenase (MDH). When Rh complex was conjugated to a
permissive site of MDH via a bioorthogonal reaction, the resulting dual function MDH-Rh
complex maintained the catalytic activities as much as free Rh complex and MDH.
BIOT 275
Mechanically controlled thermodynamics of biorecognition events
Hannah Reese2, Michael A. Daniele3, Stefano Menegatti1,
stefano.menegatti@gmail.com. (1) Chemical and Biomolecular Engineering, North
Carolina State University, Raleigh, North Carolina, United States (2) Chemical
Engineering, North Carolina State University, Raleigh, North Carolina, United States (3)
Biomedical Engineering, North Carolina State University, Raleigh, North Carolina,
United States
We have developed sensors functionalized with peptide ligands as biorecognition
moieties to study and better understand the thermodynamics of protein-ligand binding
events and develop a method for modulating sensor selectivity and regeneration. To
this end, we have utilized quartz crystal microbalance devices and an immunoglobulin G
(IgG)-binding peptide with muild affinity chosen from our library of ligands. The
combination of these two elements brings about a new fundamental observation, that
the vibrational frequency and amplitude of the sensor’s surface cause a tunable
perturbation of protein-ligand interactions. This offers a means to modulate the sensor
binding strength and selectivity in a multi-protein environment, or remove bound

proteins from the sensing surface, thereby regenerating the sensor for subsequent use.
In this work, we have performed two main studies. In Study 1, we have focused on the
correlation between binding strength and capacity of IgG-binding sensors to vibrational
amplitude and frequency; we also identified the values of critical frequency and
amplitude at which the IgG is completely desorbed. In Study 2, we have focused on the
correlation between sensor’s vibration and binding selectivity and regeneration; using a
peptide ligand that binds both IgG and bovine serum albumin (BSA), yet with different
affinity, we have evaluated the vibration-dependent binding selectivity of the sensor for
IgG at different concentrations of BSA, and optimized our model for predicting protein
binding in competitive mode.
BIOT 276
Site-specific fatty acid-conjugation of therapeutic proteins for the extended
serum half-life
Jinhwan Cho, kroea2002@naver.com, Inchan Kwon. School of Materials Science and
Engineering, Gwangju Institute of Science and Technology, Gwang-ju, Korea (the
Republic of)
Therapeutic proteins have been developed to treat numerous human diseases.
However, their half-lives in vivo are usually short, which causes issues such as
inconvenience and cost-burden of patients. In order to overcome such a short half-life of
therapeutic protein, several techniques have been developed, such as conjugation of
PEG molecules, fusion to albumin or XTEN. Among them, conjugation of fatty acid
becomes a very promising technique to extend the serum half-life of therapeutic
peptides/proteins. Palmitic acid is a physiologically important molecule. It is not only
non-immunogenic but also is able to bind albumin with a high binding affinity. So fatty
acid-conjugated protein can obtain albumin binding affinity, resulting in albumin binding
in the blood when it is administered to patients. However, so far fatty acid conjugation
was limited to peptides or small proteins that have few lysine residues. Fatty acid
conjugation to therapeutic proteins usually led to a substantial loss in their therapeutic
activities probably due to random fatty acid conjugation to critical sites. In order to
circumvent this issue, we have attempted to conjugate fatty acid into a permissive site
of a therapeutic protein by combination of site-specific incorporation of a clickable nonnatural amino acid and click chemistry. To our knowledge, site-specific fatty acidconjugation of therapeutic protein leading to the extended the serum half-life has not
been reported. As a model case, we incorporated a clickable non-natural amino acid
into a specific site of urate oxidase, a therapeutic protein for gout treatment, then
conjugated a fatty acid into the site of urate oxidase. The pharmacokinetic properties of
fatty acid-conjugated urate oxidase are being investigated.
BIOT 277
Improving antifungal efficacy for the high mannose binding lectin Myxovirin

Jessica L. Osier, jlo0011@uah.edu, Robert L. McFeeters. Department of Chemistry,
The University of Alabama in Huntsville, Huntsville, Alabama, United States
High mannose binding lectins including Scytovirin, Cyanovirin, Griffithsin, and Microvirin
have been well-studied for their antimicrobial properties. Scytovirin, in particular, has
been shown to display antifungal activity against a well-known pathogenic fungus,
Cryptococcus neoformans. Myxovirin, a domain of a larger hypothetical lectin in the
gram-negative bacterium Myxococcus fulvus, was discovered to have a high sequence
similarity to the two carbohydrate binding domains of Scytovirin. Unlike Scytovirin, the
N-terminus of Myxovirin is more susceptible to modifications making the novel
Scytovirin-like domain a promising candidate for engineering of chimeric proteins linked
to known antifungal peptides. In this work, we investigate the antifungal efficacy of a
Myxovirin chimeric protein in which Myxovirin is connected to the synthetic antifungal
peptide derived from human lactoferrin, hLF (1-11), by a polyglycine-serine linker.
Antifungal activity against C. neoformans of wild-type Myxovirin, the chimeric construct,
and hLF (1-11) alone was determined by microdilution antifungal assays. Additional
improvement in antifungal efficacy is postulated from future structural engineering to
improve carbohydrate affinity. Overall, our findings further the development of new
antifungals towards the treatment of C. neoformans infections.
BIOT 278
Magnetic relaxation nanosensors (MRnS) for rapid detection and one-step
differentiation between subtypes of influenza
Sneha S. Ramanujam1, sramanujam@gus.pittstate.edu, Santimukul Santra2, Tuhina
Banerjee2. (1) Chemistry, Pittsburg State University, Pittsburg, Kansas, United States
(2) Department of Chemistry, Pittsburg State University, Pittsburg, Kansas, United
States
The ability to rapidly diagnose influenza infection and differentiate between influenza
subtypes (pathogenic vs non-pathogenic) is crucial to the effective treatment of this
disease as well as for the prevention and curbing of influenza endemics. Current
diagnostic techniques, such as PCR, LAMP, and viral culturing though highly sensitive
yet falls short in terms of timeliness and cost and requires skilled personnel. In our
previously reported work, we have shown magnetic relaxation nanosensors (MRnS)
functionalized with 2,3- and 2,6-sialic acid were capable of detecting human and avian
viral glycoproteins H1 and H5 hemagglutinin variants, respectively. In the present study,
we propose to design functional nanosensors using influenza subtype-specific
antibodies, which would allow for more sensitive detection of a wider range of influenza
subtypes. Furthermore, to advance this nanoplatform in resource-limited settings,
intrinsic-peroxidase mimetic activity of MRnS will be harnessed for influenza nanozymebased bioassay, using TMB as a chromogenic substrate. Ultimately, the development of
this MRnS technology would allow for rapid, cost-effective and ultrasensitive detection
of influenza subtypes. Furthermore, the tunable catalytic activity of MRnS will offer new

peroxidase-mimetic nanozyme (ELISA) and strip test assays for sensing applications in
point-of-care settings and the results will be highlighted in this presentation.
BIOT 279
TNF-α and sophorolipids: Combination approach for the treatment of prostate
cancer
Zac Shaw1, zachary.shaw@gus.pittstate.edu, Jyothi Kallu1, James Beach1, Tuhina
Banerjee1, Richard A. Gross2, Santimukul Santra1. (1) Department of Chemistry,
Pittsburg State University, Pittsburg, Kansas, United States (2) 4005B Biotechnology
Bldg, Rensselaer Polytechnic Institute, Troy, New York, United States
Prostate cancer is one of the most prevalent forms of cancer afflicting men in the United
States. In recent years, advances in the field of nanotechnology have allowed for new
and innovative ways to treat various types of cancer and various other diseases. Our
research focuses on the treatment of the prostate cancer utilizing iron oxide
nanoparticles (IONPs) loaded with TNF-α and lactonic sophorolipids (LSLs). TNF-α is a
cytokine responsible for apoptosis initiation, while LSLs are naturally-glycolipids shown
to alleviate inflammation and improve immune response in certain diseases. We
hypothesized that this combination may possess a synergistic effect, displaying greater
therapeutic effects than either compound alone. We synthesized polyacrylic acid (PAA)coated IONPs to serve as a vehicle for these compounds for target-specific delivery.
The surface carboxylate groups of the PAA coating can be chemically modified,
allowing for binding of ligands to target cell-specific surface receptors or antigens. We
conjugated our IONPs with glutamic acid with the aim of targeting the over-expressed
PSMA receptors on the surface of the LNCaP cells. This combination therapy showed
significant LNCaP cell death within 48 hours of incubation, while healthy cells were
unaffected. The therapeutic effects were determined using cytotoxicity, ROS, apoptosis,
and migration assays. The results of the combined therapy suggest that these
compounds may be a viable alternative to chemotherapeutic drugs in prostate cancer
treatment and will be highlighted in this presentation.
BIOT 280
Expression of TALEs in plants and development of TALE arrays for diagnostic
applications.
Colleen S. Jackson1, Colleen.jackson207@topper.wku.edu, Wendy Cecil1, Kibum
Kim3, Kisung Ko3, Moon-Soo Kim2. (1) Chemistry, Western Kentucky University ,
Bowling Green, Kentucky, United States (2) Department of Chemistry, TCCW455,
Western Kentucky University, Bowling Green, Kentucky, United States (3) Protein
Engineering Lab, Chung-Ang University, Seoul, Korea (the Republic of)
Transcription Activator-Like Effectors (TALEs) are a new class of DNA-binding proteins
which selectively bind to double-stranded (ds)DNA with the 12th and 13th amino acids

of each repeat, termed repeat variable diresidues (RVDs), controlling the nucleotide
specificity. TALE proteins can therefore be designed using RVDs to select for any target
DNA sequence. In this study, TALEs were engineered to recognize specific DNA
sequences of the stx2 gene encoding for Shiga toxin present in E. coli O157. We
investigated a new approach using a plant expression system to improve the production
of TALEs that were previously expressed in Escherichia coli. A transient plant
expression system using the pEAQ vector and Nicotiana Benthamiana was used to
express the two custom-designed TALE proteins. Each TALE was subcloned into
different pEAQ vectors and transformed into A. tumefaciens, which were agroinfiltrated
into the plants to start expression. Leaves were then harvested and the two proteins
were isolated using Nickel columns. The purified TALE proteins were characterized and
then labeled using quantum dot to develop dsDNA detection arrays.
BIOT 281
Engineered zinc finger proteins immobilized on the silane polymer surface for
diagnostic probes to detect antibiotic resistance genes
Jiyoung Shim, jiyoung.shim@wku.edu, Moon-Soo Kim. Chemistry, Western Kentucky
Univ., Bowling Green, Kentucky, United States
Specific DNA recognition is of great importance for clinical and biomedical applications
as well as public health. Emerging applications include detecting cancer biomarkers,
pathogens, and antibiotic resistant genes (ARGs). Zinc finger proteins (ZFPs) are the
most abundant DNA binding domain in eukaryotic genomes. ZFPs provide a versatile
scaffold to design for direct detection of double-stranded (ds) DNA. In this study, a
sandwich assay for detecting specific ARGs has been demonstrated by employing a
pair of ZFPs which consists of capture and detection probes. The capture probe ZFP
was conjugated on the silane polymer-coated surface through APDMES (3aminopropyldimethylethoxysilane) cross-linking, creating an anticipated self-assembled
monolayer with the capture probes conjugated homogeneously. The APDMESfunctionalized surface was utilized as a platform for detection of specific dsDNA. The
organic dye-labeled ZFP was used as the detection probe in this assay, generating the
fluorescence signals from the bound complex of capture probes, dsDNA, and detection
probes upon ZFPs binding to target DNA. We have demonstrated for the first time that
the APDMES monolayer surface can be used to detect dsDNA along with conjugated
DNA-binding proteins.
BIOT 282
Single particle virus isoelectric point determination with chemical force
microscopy
Xue Mi1, xmi@mtu.edu, Pratik Umesh Joshi1, Emily Bromley1, Fei Long2, Caryn Heldt1.
(1) Chemical Engineering, Michigan Technological University, Houghton, Michigan,

United States (2) Mechanical Engineering-Engineering Mechanics, Michigan
Technological University, Houghton, Michigan, United States
Virus surface characteristics plays a key role in virus sorption processes, but there is
very limited information in the literature on viral surface properties. One important
surface characteristics is the isoelectric point (pI), which corresponds to the pH where
the net charge on the virus particle is zero. The surface charge of virus particles is pH
dependent, which dictates the mobility and controls the colloidal behavior in virus
sorption processes. While traditional characterization methods, including zeta potential
and viral adsorption to a charged surface chemistry, have been used to study viral
surface charges and determine the pI of virus, they are bulk measurements that are
limited by virus purification methods. The single particle method of chemical force
microscopy (CFM) allows not only the quantitation of the virus surface charges, but can
probe the effect of purification on the charge. CFM can measure the isoelectric point of
complicated virus particles by using an AFM probe terminated with ionizable groups.
The model non-enveloped porcine parvovirus (PPV) and enveloped bovine viral
diarrhea virus (BVDV) were used to demonstrate the use of CFM for viral particles. The
change of adhesion forces measured as a function of pH is due to a change of virus
surface electrostatic properties. The liquid environment used during CFM helps to
maintain a more natural form of the virus without deformation, disassembly, or
dehydration. The pI of each virus determined by CFM was also compared with that
determined by zeta potential. With a thorough understanding of virus surface properties,
virus purification and future virus removal processes could be significantly improved to
specifically targeting viral particles. This will lead to improvements in virus removal,
purification and detection.
BIOT 283
Conformation and mechanism of ferritin early-step disassembly process at low
pH
Zhipeng Li1,2, lizp16@mails.tsinghua.edu.cn, Takafumi Ueno2, Diannan Lu1. (1)
Chemical Engineering, Tsinghua University, Beijing, China (2) Life Science and
Technology, Tokyo Institute of Technology, Tokyo, Japan
Ferritin is a family of iron storage proteins distributed widely in nature, which is
composed of 24 subunits with globular structure. Using the iron uptake function,
accumulation of various metals and synthetic molecules into the cage has been
reported. For the purpose, although artificial molecules are often taken in using pH
dependent disassembly/reassembly reaction of ferritin, the mechanism remains unclear
and the detailed structure changes are also difficult to find by experimental methods.
In this work, I demonstrated all-atoms and coarse gained molecular dynamics
simulations to investigate the detailed process and mechanism of the dissociation
reaction of ferritin at low pH. At pH2, the ferritin structure is severely distorted compared
to pH7. The disruption occurs due to the opening of 3-fold channel. The disruption of

hydrogen bonding occurs in the surrounding of 3-fold pore which causes the bending of
monomer which is the key reason of 3-fold pore opening. The bending at monomer level
leads to the opening of 3-fold pore which finally causes the ferritin 24-mer cage
disassembly. Finally, during the whole process, the 4-fold channel is maintained by the
hydrophobic interaction. However, for the all-atoms method, the system is too large so
that we apply CG method to simulate this process in a longer time scale.

3-fold channel will open at low pH while remaining stable at neutral pH

Hydrogen bonds distribution of two regions where are important for the conformation of
structure
BIOT 284
Simple preparation of decursin from angelica gigas and its evaluation of alcoholic
fatty liver prevention
Kiu-Hyung Cho1, khcho68@gmail.com, Seong Taek Oh2, Buyng Su Hwang3, Sukkum
Chang4, Jae Gyu Park5, jaepark@ptp.or.kr. (1) Gyeongbuk Institute for Bio Industry,
Andong, Gyeongbuk, Korea (the Republic of) (2) University of the Ryukyus, Naha,
Okinawa, Japan (3) Nakdonggang National Institute of Biological Resources, Sangju,
Gyeongbuk, Korea (the Republic of) (4) Department of Biotechnology, Daegu

University, Gyeongsan, Gyeongbuk, Korea (the Republic of) (5) Advanced Bio
Convergence Center, Pohang TechnoPark, Pohang, Gyeongbuk, Korea (the Republic
of)
Alcoholic beverages have become a unique part of society extending beyond confines
of food culture. However, prolonged intake may cause alcoholic steatohepatitis, a
chronic progressive liver disease. Excessive drinking culture is a major cause of
diseases such as liver disease in Korea. Angelica gigas is a famous and popular
oriental herb medicine in China, Korea and Japan. Angelica gigas has garnered much
scientific interest, leading to numerous research papers. Despite this, the effects of pure
decursin and decursinol angelate, the presumed bioactive compounds in Angelica
gigas, has not been investigated due to the difficulties in separating the two compounds
in large scale. In this study, we prepared decursin and decursinol angelate by a semisynthetic method and investigated its ability to prevent accumulation of fatty acids in the
liver. Decursin and decursinol angelate were evaluated for alcoholic fatty liver
prevention in C57BL6 mice. ALT, AST and TG were evaluated and H&E staining,
immuno-staining and P450 2E1(CYP2E1) were used as biomarkers for alcoholic fatty
liver and liver failure. Results showed that decursin inhibited ALT, AST and TG value
and CYP2E1 protein level, all symptoms were induced in H&E stained sections of the
mice liver tissue. These results suggest that decursin prevents fatty liver, by inhibiting
the oxidative stress of ethanol metabolic processes.

BIOT 285

Effect of homodimer IgG4 bispecific antibody aggregates on controlled Fab-ArmExchange (cFAE)
Rajiv Rao1, RRao22@its.jnj.com, Raphael G. Bertrand2,1, Pedro J. Alfonso3,1, Rebecca
Smith1, Michael Capaldi1. (1) API, Johnson and Johnson, Malvern, Pennsylvania,
United States (2) BioTherapeutics Development, Johnson and Johnson, Malvern,
Pennsylvania, United States (3) M1-2, Janssen Pharmaceuticals, Malvern,
Pennsylvania, United States
The production of bispecific molecules through controlled Fab-Arm-Exchange (cFAE) is
a multistep process. First, two parental monoclonal antibodies (mAbs) are expressed by
independent Chinese hamster ovary (CHO) cell lines and purified by Protein A
chromatography. Second, parental mAbs are subjected to a mild reducing agent,
resulting in reduction of inter-heavy chain disulfide bonds at the hinge region and
separation of parental mAb Fab-arms (heavy chain-light chain pair). Next, each Fab-arm
combines with the complementary Fab-arm forming a heterodimer bispecific antibody.
Last, the reformation of disulfide bonds between Fab-arms is achieved upon removal of
the reducing agent. During the manufacturing process of parental monoclonal
antibodies, there is potential for the formation of high molecular weight species (HMWS)
consisting of self-associated mAbs. Following Protein A chromatography, the HMWS
may impact cFAE efficiency and biological activity of the bispecific antibody. A
Statistical Design of Experiment (DOE) study was executed at small scale to assess the
hypothesis that HMWS does not participate in heterodimer bispecific formation
consequently placing added strain on polishing chromatography processes to remove
HMWS among other impurities downstream of the cFAE.
BIOT 286
Competition study between wild type cyanobacteria Synechococcus elongatus
PCC 7942 and plasmid transformant Synechocystis PCC 6803
Oumar Sacko, osack001@odu.edu, Lesley H. Greene, James W. Lee,
jwlee@odu.edu. Chemistry and Biochemistry Dept, Old Dominion University, Norfolk,
Virginia, United States
The growth of genetically engineered or GE cyanobacteria may pose a risk if the
transformant escapes to the environment. In an attempt to simulate the behavior of a
possible escape into the environment of GE cyanobacteria with a construct containing a
nitrate promoter, we conducted several growth studies. Results suggest that the
presence of nitrate has an influence on the growth rate of the T. elongatus BP1 wild
type and the GE T. elongatus BP1 R-Lipase-Tetracycline BY20 (or BY20). In order to
determine whether the GE cyanobacteria would outcompete, co-exist or lose ground to
the wild type cyanobacteria, a study was conducted by co-culturing wild type
cyanobacteria with the GE cyanobacteria in medium supplemented with nitrate. Two
models were used in the co-culture: one model involved the BP1 wild type vs BY20 and
the other model involved Synechococcus elongatus PCC 7942 WT (or 7942 WT) vs the

GE Synechocystis PCC 6803 YFP-R-Lipase-Tetracycline (or 6803 YFP). Microscopy
cell counting and/or plating on tetracycline antibiotic plates were used to monitor the
cells in the co-culture over time. The preliminary results from the cell count using
microscopy suggested that the plasmid transformant 6803 YFP grows quicker than the
7942 WT. From an initial mixture of 7942 WT and 6803 YFP at 1:1 ratio, the 6803 YFP
showed domination after a week of incubation. After two weeks of co-culturing, the 6803
YFP continued to grow faster than the 7942 WT. The control samples which involved
the incubation of 6803 WT and 7942 WT showed a slight domination of 6803 WT. The
preliminary results suggest that the GE 6803 YFP outcompetes the 7942 WT over time
and that the domination of 6803 YFP is partially due to the difference in species. A
thorough investigation is needed into the effect of transformation on the growth rate of
cyanobacteria.
BIOT 287
Triple helix involved in genomic targeting
Nanami Kikuchi, nankikuchi@gmail.com. Technion Institute of Technology, Haifa,
Israel
Class of long non-coding RNAs (lncRNA) has generated widespread attention due to its
involvement in transcriptional regulation as well as in shaping genome structures.
Despite promising studies of lncRNA-dependent regulatory effects, it remains unclear
how they target specific genomic loci. One intriguing mechanism for genomic targeting
by lncRNA molecules is triple helix (triplex) formation. Here, the third strand of a nucleic
acid chain can bind a double-stranded DNA molecule by Hoogsteen bonds. In recent
years, there has been renewed interest in the potential occurrence of intermolecular
triplexes. Several experimental studies have provided evidence that lncRNAs use triplex
formation at specific gene loci to bind genomic DNA. However, despite the experimental
attempts a complete understanding of either the triplex target sites or the triplex-forming
motifs that bind them is not existent at the present time for any genome. We have
investigated triplex target sites and triplex-forming motif by new high-throughput deep
sequencing approach for studying triplex formation in vivo. By incorporating modified
base in the genome, any triplex formed in vivo will be chemically linked together and
analyzed by deep sequencing. As a result, we will provide an answer to the important
questions of whether or not triplex formation is a regulatory mechanism, and whether or
not it is used by lncRNAs to target genomic loci.
BIOT 288
Characterization and development of a halogenase enzyme as a tool for synthesis
Shogo Mori, smorichem@gmail.com, Allan Pang, Nishad Thamban Chandrika, Sylvie
Garneau-Tsodikova, Oleg V. Tsodikov. Pharmaceutical Sciences, University of
Kentucky, Lexington, Kentucky, United States

Halogenation is an important chemical modification with a potential to provide additional
biological activity and bioavailability to molecules. Moreover, halogenation in synthetic
chemistry offers a useful chemical handle for selective post-modification and elaboration
of natural and non-natural products. Halogenase enzymes are attractive for
development as enzymatic tools because of, unlike synthetic halogenation, the innate
ability of the enzyme for regiospecificity and green chemistry. Herein, we biochemically
and structurally characterized a unique flavin-dependent halogenase. This halogenase
is capable of utilizing a wide range of halides (Cl, Br, and I), which had never been
described before, for installation in a diverse array of phenolic and anilic compounds,
including FAD-approved drugs and natural products, such as fenoterol, terbutaline,
catechin, and resveratrol. Quantitative analysis showed kinetic properties of this
enzyme and substrate preference for those compounds that contain electron donating
groups. Crystal structures of this halogenase in complex with FAD in the holo state and
an intermediate of apo to holo state yielded insight into an unusual FAD recycling
mechanism. The unique C-terminus region of this enzyme forms a relatively large
substrate binding site that is close to the enzyme surface. This feature could explain its
ability to adopt a variety of substrates. Finally, the large scale enzymatic reactions
allowed us to determine the specific halogenation sites by this enzyme and also showed
a promising capability of using this enzyme as an enzymatic tool for the synthetic
purpose.

Summary of the halogenation reaction.
BIOT 289
Zinc finger proteins for pathogen detection
Sabrina Petrucci1, sabrinapetrucci@miami.edu, Hamdi Joda1, David Broyles1, Emre
Dikici1, Sylvia Daunert2, Sapna K. Deo2. (1) Biochemistry and Molecular Biology,
University of Miami, Miami, Florida, United States (2) Dept of Biochemistry Molec Biol,
Univ of Miami, Miami, Florida, United States
The increase in instances of food recalls and water contamination after natural disaster
has highlighted the need for assays that can quickly detect these kinds of pathogens.
More specifically, there has been an increase in foodborne outbreaks related to
pathogenic E. coli strains. Current detection methods are time-consuming and/or often
require trained personnel or expensive equipment. With the need to ship samples to a

lab, this adds time to the detection which is not ideal when faced with a potentially
deadly outbreak. Zinc Finger Proteins (ZFPs) can bind to DNA with high specificity and
affinity with each individual finger recognizing three or four base pairs each. This
characteristic makes these proteins a good candidate to use in a nucleic acid assay. By
appending a sequence that is recognized by a ZFP (Z-tag) to a product during
amplification we can create a capturing mechanism for DNA that can be applied in
nucleic acid assays for detection. Currently, we have combined this capturing technique
with an isothermal amplification system in the interest of on-site diagnostics. We have
demonstrated that three different regions are able to be amplified that are strain specific
and only related to pathogenicity. We have also demonstrated that after amplification
these products can be detected by their corresponding ZFPs. Through this targeting
and incorporation of a Z-tag we aim to develop a multiplexed test that can differentiate
between several strains to provide quicker insight on the bacteria causing a potential
outbreak in a manner that is rapid, specific, and able to be done on-site.
BIOT 290
Pilot purification of horse hemoglobin a1c
Terence M. McCaffrey, TERRYMAC25@hotmail.com. Natural Sciences, Miami Dade
College Wolfson Campus, Hollywood, Florida, United States
the objective of the experiment was to investigate a synthetic, non-enzymatid route to
gycartedhemoglobin by passibe reaction of molar excess d-glucose with lysed red blood
cells from horse (Equus caballus), thus forming N-glycated Beta Subunit Hemoglobin.
The results were confirmed by PAGE electrophoresis and MALDI-TOF.
Prior to reaction, we carried out bioinformatics analysis to select an organism that could
serve as proxy to human hemoglobin. Literature search revealed that the primary amino
acid sequence analysis of horse revealed that there is a high degree of amino acid
sequence homology for both Alpha and Beta subunit chains for both species.
Furthermore, lliterature research revealed that diabetes in horses has been reported.
Thus, there is a strong justification in using glycated horse hemoglobin as a surrogate
model for studying the effect of glycation on the structure - function relationship fo rboth
species, especially in the area of oxygen saturation. In addition, the question of longterm stability in vivo is also a area of interest.
We report here the preparation of glycated hemoglobin by reaction of 10-fold molar
excess d- glucose with lysed red blood cells in a 10 mM TRIS pH = 8.3 buffer for 72
hours at 25 degrees C.
Red blood cell membrane was removed by centrifugation. The supernatant was used
for further purification on a pilot column ion exchange fast flow Sepharose Q FF. A
stepwise gradient of NaCl / TRIS was applied to the column, ranging from 0 NaCl to 10
mM NaCl to 100 mM NaCl to 1.0 M NaCl. Fractions were collected and monitored for
Absorbance at 475 nm. The eluted fractions showed strong absorbance, which was
consistent with the strong Ssoret band of heme - proteins. The target fraction was
subjected to PAGE gel electrophosresis and MALDI TOF. The results demonstrated a
clear isolation of the intended product: glycated beta subunit hemoglobin.

Our method demonstrates a low cost, low technology pilot method which can be applied
to other protein derivatives.
BIOT 291
Assessing the stability and expression of transgenes in genetically engineered
cyanobacteria for biofuel production
Cherrelle Barnes, clbarnes@odu.edu, Lesley H. Greene, lgreene@odu.edu, James
W. Lee, jwlee@odu.edu. Chemistry and Biochemistry Dept, Old Dominion University,
Norfolk, Virginia, United States
Genetically engineered (GE) cyanobacteria have become an exciting platform for
renewable energy production, in that inserting a series of transgenes can enable the
conversion of CO2, water and sunlight to biofuels (e.g. ethanol). However, it is important
to understand the bio-risk of these organisms before the synthetic biology approach can
be used for commercial application. One possible bio-risk concern is the stability of
transgenes within such GE organisms if they were to escape into the environment. In
this study, synthetic genes of interest are inserted into the chromosome of
Thermosynechococcus elongatus BP1 through genetic transformation via homologous
recombination. Once the genetic transformation is verified by PCR and the
transformants will be cultured with and without antibiotic pressure for an extended
period of time. During this time, the expression and the stability of transgene(s) will be
monitored by performing two-step reverse transcription PCR and the traditional PCR
respectively to assess how stable the transgenes within our GE cyanobacteria.
Understanding these characteristics can be valuable to the biotechnology community
that are considering using the GE cyanobacteria approach for biofuel production and
policy makers that want to safely regulate these GE organisms for commercial
production.
BIOT 292
Developing a double-stranded DNA biosensor using engineered zinc finger
proteins linked to a β-lactamase for detecting antibiotic resistance genes
Wendy M. Cecil, wendy.cecil969@topper.wku.edu, Moon-Soo Kim. Department of
Chemistry, Western Kentucky University, Bowling Green, Kentucky, United States
This work aims to develop a novel double-stranded (ds) DNA detection biosensor using
zinc finger proteins (ZFPs) and a full β-lactamase to detect specific DNA sequences that
code for antibiotic resistance genes. This project employs three pairs of ZFPs. The
three different target locations within the tetracycline (tetM) gene are recognized by the
three sets of ZFP pairs. A six finger ZFP binds to 18 base pairs with high specificity, and
this project used a pair of two six finger proteins (ZFP(A) and ZFP(B)), which provide
the ability to detect 36 continuous base pairs of DNA. A full-length β-lactamase enzyme
was linked to the N-terminal of the ZFP(B) detection probe as a signal transducer. The

capture probe ZFP(A) was immobilized on an acrylamide gel surface, and ds DNA
containing the target sites are applied to the capture probe for binding. After incubation
and washing, the detection probe was applied to the bound complex of the capture
probe and target DNA. After the surface was washed, the signal produced by a βlactamase linked to the detection probe was measured in nitrocefin assay, which
indicates the binding of target DNA to ZFPs. The array is optimized with varying
concentrations of each component, determining the sensitivity and specificity of our
system. Another goal of this project is to characterize the full β-lactamase system to
evaluate how it compares to the existing method of the SEERLAC system, reassembly
of two split enzyme domains. Overall, the broad context and application of this project is
to develop an efficient and accessible detection device to indicate the presence of
antibiotic resistant bacteria. This has many meaningful applications to be able to quickly
and accurately detect antibiotic resistance genes with a quantifiable signal.
BIOT 293
Synthesis of nucleoside analogs for inhibition of HIV-1 RT
Brittany Mueller-Mabry, b.mueller@knights.ucf.edu, Carlos E. Ledezma, Dmitry
Kolpashchikov. Chemistry, University of Central Florida, Orlando, Florida, United States
HIV-1/AIDS is a condition that affects over 35 million people. The virus infects immune
system cells, mainly CD4 T-cells, and leaves the host susceptible to opportunistic
infections that are lethal without a sufficient immune response. Current treatments slow
the progression of the disease but do not eliminate infection. Problems with current
treatments include clinical toxicities from long-term use of pharmaceuticals and viral
mutations leading to drug-resistant strains. A proposed mechanism to circumvent this
issue and allow for a more efficient inhibition involves the use of two nucleoside or
nucleotide analogs. The first nucleotide analog is expected to be incorporated and
temporarily halt synthesis due to the lack of a 3’-OH. When the second analog is
brought into proximity to the first by the HIV-RT, the analogs react together and
covalently link to the HIV-RT enzyme and halt its motion. Some benefits of covalent
inhibition are as follows; the enzyme cannot dissociate from the template and
synthesize new strands, the template cannot be released and bind to another enzyme
for transcription, and the specificity of the mechanism allows for more precise targeting
of the HIV-RT. Many of the current pharmaceuticals exhibit promiscuity and can affect
other biological mechanisms in the host, such as the activity of mitochondrial DNA
polymerase gamma, which leads to some of the observed toxicities. By having a twocomponent system for HIV-RT inhibition, there should be a minimization of resistant
strains via mutation and a decrease in toxicity due to increased specificity.
BIOT 294
Impact of mobile phase conditions on multimodal ligand association on SAM
surfaces

Mayank Vats1, vatsm@rpi.edu, Camille Bilodeau1, Shekhar Garde2, Steven M.
Cramer3. (1) Chemical and Biological Engineering, Rensselaer Polytechnic Institute,
Troy, New York, United States (2) Dept of Chemical and Biological Engr, Rensselaer
Polytechnic Inst, Troy, New York, United States (3) Ricketts Bldg, Rensselaer
Polytechnic Inst, Troy, New York, United States
Recent simulation work in our lab has indicated that depending on ligand structure,
multimodal ligands immobilized on a SAM surface can associate and form distinct
patches. In this work, we investigate the effect of mobile phase conditions on the
tendency of these ligands to aggregate. MD simulations of a series of multimodal cation
exchange ligands immobilized on a SAM surface were carried out in the presence of
sodium chloride at varying concentrations selected from chromatography experiments.
We identify which moieties comprising the multimodal ligands drive aggregation on
these surfaces and which mobile phase conditions can be used to induce or disrupt this
aggregation. These results are potentially important because an aggregated ligand
surface would be expected to interact with a protein surface in a fundamentally different
way than a non-aggregated surface.
BIOT 295
Determining ligand binding characteristics of adenosine receptors by
fluorescence anisotropy and SPR
Kirsten Swonger1, kswonger@tulane.edu, Anne S. Robinson1,2. (1) Chemical and
Biomolecular Engineering, Tulane University, New Orleans, Louisiana, United States (2)
Chemical Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United
States
G-protein coupled receptors (GPCRs) are seven-transmembrane domain membrane
proteins and are expressed throughout the human body to bind extracellular ligands and
initiate intracellular downstream signaling cascades. This signaling pathway makes
them ideal drug targets for a variety of diseases, and nearly half of all pharmaceuticals
on the market target GPCRs. Previous work suggests that characterizing and
comparing kinetic on and off rates and drug affinity may improve drug design.
Adenosine receptors are class A GPCRs that are often drug targets for conditions such
as diabetes, neurodegenerative disease, inflammatory disease, and heart disease.
There are four kinds of adenosine receptors, A1R, A2AR, A2BR, and A3R, that are
expressed widely throughout the body. A2AR is the most well-characterized of the four
receptors, in part due to higher expression levels. Previously, we examined the effects
of the A2AR C-terminus on ligand binding characteristics of purified A2AR using
fluorescent ligand FITC-APEC to quantify binding. Additional work in our lab with the
A2AR C-terminus showed that addition of the C-terminus to each of the other three
adenosine receptors to create chimeras (A1A2AR, A2bA2AR, and A3A2AR) increased
expression levels of the otherwise low expressing receptors. Here, we use fluorescence
anisotropy and surface plasmon resonance (SPR) to quantify ligand binding
characteristics such as equilibrium binding and kinetics of purified adenosine receptors.

BIOT 296
Developability assessment of an IgG2 Monoclonal Antibody prior to
commencement of process development
Charan Kumar Ramineni, CharanKumar_Ramineni@student.uml.edu, Jin Xu.
Chemistry, University of Massachusetts Lowell, Lowell, Massachusetts, United States
Monoclonal antibodies (mAbs) have become the predominant category of protein-based
therapeutic agents. Although IgG monoclonal antibodies have highest success rate than
other therapeutic proteins, projects terminated due to structural variability are common.
Developability studies have therefore become significantly important to select leading
candidate molecules for development. Candidates that have potential issues will be
eliminated at early stages or redesigned to avoid future risk during the development and
manufacturing.
Here an oxidation study on an IgG2 molecule will be presented. Through applying
specific set of stress conditions and analyzing the stressed samples using ion exchange
chromatography, subunit and peptide map LC-MS, the oxidation pathway of this IgG2
mAb was revealed. As oxidation can occur during up- and downstream process,
formulation and storage, and has a potential of affecting mAb structural stability,
biological activity and immunogenicity, evaluating oxidation potential and pathway
serves as an integral part of forced degradation study to access developability.
BIOT 297
Chemometrics approach in establishing functional comparability of biosimilars
Tushar S. Savane1, tsavane@gmail.com, Rozaleen Dash2, Niharika Budholiya2,
Anurag S. Rathore2. (1) CHEMICAL ENGINEERING, IIT DELHI, New Delhi, Delhi, India
(2) Department of Chemical Engineering, Indian Institute of Technology, New Delhi,
India
With the biosimilar protein therapeutics proliferates, there is great interest in the
continued development of a portfolio of complementary analytical methods that can be
used to efficiently and effectively characterize biosimilar candidate materials relative to
the respective reference (originator) molecule. Biosimilar drug products must have a
demonstrated similarity with respect to the reference product’s molecules in order to
ensure both the effectiveness of the drug and the patients’ safety. In this paper the
fusion framework of a highly sensitive Surface Plasmon Resonance (SPR) and Biolayer
Interferometry (BLI) binding kinetics approach for conformational changes and
mathematically-based biosimilarity metrics is introduced. The final goal is to translate
the complex and traditional approaches for biological characterization via antibodydependant cell cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC) into
emerging approaches of SPR and BLI into biosimilarity scores, which are then used to
estimate the degree of similarity between the biosimilar and the reference product. The

proposed method was successfully applied for examining comparability of biosimilars
and the corresponding innovator products for Neupogen® (Filgrastim, a biotherapeutic
produced in E. coli) and Ristova® (Rituximab, a monoclonal antibody biotherapeutic
produced by mammalian cell culture). This innovative approach introduces a model
which can evaluate the functional comparability of biosimilars without implementation of
cell based assay.
BIOT 298
Accelerating proton transport in a novel biological p-n junction for fabricating an
artificial retina
Yujia Lv, lvyj16@buaa.edu.cn, Dawei Liang, Shanfu Lu, Xiang Yan. School of Space
and Environment , Beihang University, Beijing, China
As you may know, the human visual system has a certain threshold responding to the
flashing light source, which is called visual persistence. When the flashing frequency is
higher than the value, the eye's perception of light is continuous. The reason for this
phenomenon is mainly due to the reaction speed of the optic nerve, which has different
pause times for responding different frequencies of flashing light. For this reason, in
order to make the picture perceived by the human eye continuous during the screening
of a movie or animation, the projection rate of the slide is required to be 24 frames.
Based on the understanding of this feature of vision system, in our previous research,
bacteriorhodopsin (bR), a typical proton pump protein, has been used to design an
artificial optoelectronic system and implemented a visual persistence simulation for lowlevel crawling (threshold responding frequency is about 10 Hz). However, the simulation
of the human vision in artificial system is always a challenge for the field of bionics,
even though we know that it can be realized through accelerating the proton transport in
bR to increase its responding frequency to the source flicker. Most recently, our group
has proven that bR is an indirect n-type semiconductor, and also found that it underline
a p-n junction mechanism. What more interesting is that the electron transport from psemiconductor to bR via the p-n junction can obviously accelerate the proton transport
in bR. Hence, we fabricated a bio-p-n junction based artificial vision system, and
successfully enhanced the responding frequency of this system from 10 Hz to 23 Hz.
We think this protein based solid-state devices will underscore research on
bioelectronics development.
BIOT 299
Harnessing self-assembly to promote immune tolerance during autoimmune
disease
Eugene Froimchuk1, eugene.froimchuk@gmail.com, Christopher Jewell1,2,3. (1)
Bioengineering, University of Maryland, Washington, District of Columbia, United States
(2) United States Department of Veterans Affairs, Baltimore, Maryland, United States

(3) Robert E. Fischell Institute for Biomedical Devices, College Park, Maryland, United
States
Autoimmune diseases – such as multiple sclerosis (MS) – occur when the immune
system mistakenly recognizes self-molecules (i.e., antigens) as foreign and targets
them for destruction. Current MS treatments are not curative and nonspecific, leaving
patients immunocompromised. Toll-like receptors (TLRs) are a receptor family that
evolved to detect molecular patterns common in pathogens. Intriguingly, recent studies
reveal TLR9 signaling increases inflammation in MS patients and mouse models of MS.
We sought to leverage this discovery using GpG, a negatively charged nucleic acid
based inhibitor of TLR9, to selectively control autoimmunity. We hypothesized codelivery of GpG with peptide antigens attacked during MS (“MOG”) might block TLR9
signaling in dendritic cells (DCs) while MOG is presented to MOG-reactive T cells,
redirecting the T cells towards protective tolerogenic functions. To test this idea, we
appended cationic amino acids to MOG to promote electrostatic assembly with GpG.
DCs incubated with these polyplex-like nanoparticles exhibited increased uptake of
GpG relative to soluble GpG (Fig. 1A). Of note, polyplexes suppressed DC activation in
vitro after DCs were stimulated with a TLR9 agonist (i.e., CpG). (Fig. 1B). These data
show that co-delivery of self-assembled immune signals are an effective strategy to
suppress DC activation. Since TLR9 is a spatially restricted receptor within cells, it will
be important to determine how polyplexes are processed by DCs so nanoparticle design
can be tuned to optimize delivery of signals in clinical settings.

A) A higher percentage of DCs took up GpG when treated with polyplexes vs. GpG alone. B)
Polyplexes reduced expression of DC activation markers CD40, CD80, CD86 after treatment
with CpG. **p<0.001.

BIOT 300

Computational optimization of a thioesterase for selective chain-length product
distribution
Michael A. Jindra1, majindra@wisc.edu, Ratul Chowdhury2, Brian Pfleger3, Costas
Maranas4. (1) Chemical Engineering, University of Wisconsin-Madison, Madison,
Wisconsin, United States (2) Chemical Engineering, Pennsylvania State University,
State College, Pennsylvania, United States (3) Department of Chemical and Biological
Enginee, University of Wisconsin Madison, Madison, Wisconsin, United States (4) Penn
State, University Park, Pennsylvania, United States
Oleochemicals present an opportune class of compounds for developing methods to
understand biocatalyst selectivity. Thioesterases, which hydrolyze the thioester bond
between fatty acids and a cofactor or carrier protein, fulfill a unique role in oleochemical
metabolic pathways as the gatekeeper between the fatty acid biosynthesis and βoxidation cycles. Futher, thioesterases display a wide range of activity and substrate
specificity across various organisms in nature. Elucidating key structure-function
relationships that impart selectivity to these enzymes will enable a broader
understanding of this biochemistry as well as enable access to microbial routes to
value-added oleochemical derivatives. To date, tailoring specificity of thioesterases with
a preference for eight-carbon substrates has been successful with directed evolution
techniques. However, growth-coupled selection strategies do not currently exist for
engineering selectivity toward other chain-lengths. Here, we applied computational tools
to tune substrate binding of an ACP thioesterase from Umbellularia californica. We used
the IPRO algorithm to design thioesterase variants with improved C12, C10, and C8
specificity while maintaining activity. To further probe the results of the mutagenesis
rounds, we also implemented a split transcriptional repressor linking solubility to
production of green fluorescent protein (GFP). With this data set, we will quickly
ascertain design rules which inform specificity and solubility of oleochemical-producing
enzymes. In this talk, I will describe how we navigated through the design, build, and
test cycle to enhance the learnings from each round of mutagenesis.
BIOT 301
Directed evolution of antibodies with high conformational specificity for glucagon
amyloid fibrils
Samuel D. Stimple1, sstimple@med.umich.edu, Sibel Kalyoncu2, Alec A. Desai3,
Jesper Mogensen4, Lotte Spang4, Désirée Asgreen4, Arne Staby4, Peter M. Tessier1,3,5.
(1) Pharmaceutical Sciences, University of Michigan, Ann Arbor, Michigan, United
States (2) Izmir Biomedicine and Genome Center, Dokuz Eylul University, Balcova,
Izmir, Turkey (3) Chemical Engineering, University of Michigan, Ann Arbor, Michigan,
United States (4) Novo Nordisk A/S, Gentofte, Denmark (5) Biomedical Engineering,
University of Michigan, Ann Arbor, Michigan, United States
Sensitive detection of protein aggregates is important for evaluating the quality of
biopharmaceuticals and in diagnosing various neurodegenerative diseases. It is

challenging to detect extremely low concentrations of misfolded (aggregated) protein in
the presence of high concentrations of natively-folded (soluble) protein. Glucagon, a
peptide hormone that is commonly used in the treatment of extreme hypoglycemia, is
aggregation-prone and forms amyloid fibrils. ELISA-based detection of glucagon fibrils
using conformation-specific antibodies is an attractive approach for identifying such
aggregates during process and formulation development. In this presentation, we will
discuss our identification of conformation-specific antibodies that are specific for
glucagon fibrils and optimization of an ELISA method using these novel antibodies for
sensitive detection of glucagon fibrils.
BIOT 302
Tank cycling approach for continuous diafiltration process
Akshat Gupta1, Akshat.Gupta@emdmillipore.com, Elizabeth M. Goodrich 1, Herb Lutz2.
(1) Applications Engineering, MilliporeSigma, Burlington, Massachusetts, United States
(2) MSAT, MilliporeSigma, Billerica, Massachusetts, United States
Diafiltration is a critical unit operation which is part of practically every downstream
purification train of monoclonal antibody or bio therapeutic modality production. It is
typically employed to provide an efficient and robust method for exchanging buffer
matrix for the therapeutic modality and offers simultaneous clearance of small molecule
and elemental impurities.
Continuous manufacturing and process intensification approaches has been an area of
keen interest and various technologies are being investigated to make biotherapeutic
manufacturing process more efficient in terms of facility utilization and capital cost
reduction by reducing reliance on large scale facilities. Technologies like multi-column
cycling, inline viral inactivation and single pass tangential flow filtration (SPTFF) for
protein concentration have been developed in past few years, offering significant
improvement over their existing batch equivalents. Ability to develop a similar
technology for diafiltration suitable for GMP manufacturing has remain rather elusive.
Our approach here is based on a shift in perspective wherein the process design is
based on membrane utilization and system footprint as opposed to flux and process
time in a typical batch diafiltration process. This rather flexible technology offers 6-8-fold
increased membrane utilization, up to 3-fold reduction in pump passes and system
footprint can be substantially decreased. Buffer usage, extent of buffer exchange, and
product yield are consistent with a constant volume diafiltration process.
In this presentation, we will present a system design for this concept and a 24-hour
experimental data demonstrating operational robustness. Implementation into a fully
continuous, or intensified process train and flexibility of the system to accommodate
complex diafiltation schemes for challenging molecules will also be discussed.
BIOT 303
Real-time monitoring of antibody in Protein A column breakthrough

Ujwal Patil1, ujwal47@gmail.com, Mary Crum2, Binh Vu2, Katerina Kourentzi2, Richard
C. Willson2,1. (1) Biology and Biochemistry, University of Houston, Houston, Texas,
United States (2) Chemical & Biomolecular Engineering, University of Houston,
Houston, Texas, United States
Purification of monoclonal antibodies usually involves a protein A capture step. Packedbed column chromatography has advantages such as product concentration, simplicity
in resin cleaning and reuse. These advantages are offset by batch operation and
suboptimal capacity utilization, creating productivity bottlenecks. Continuous
multicolumn chromatography is gaining popularity as a possible solution to
underutilization of binding capacity. Continuous multicolumn chromatography involves
smaller columns connected in series instead of a single large column. These columns
are switched between the loading step and non-loading steps. Loading involves
controlled breakthrough of the primary column onto the secondary column. In both
conventional and continuous operation, two modes for controlling loading are Timebased or ultraviolet (UV) absorbance-based. Control based on the difference in UV
signal between the column inlet and outlet potentially can adapt to variations in feed
concentration and column performance but is challenging as feed generally contains a
plethora of UV absorbing substances. We have developed fluorescence-based
monitoring technology as an alternative resistant to current limitations in real-time
monitoring of analytes. In this study, we demonstrate the successful application of
fluorescence for the detection of IgG in column breakthrough, using fluorescent-labeled
affinity ligands to produce a shift in fluorescence polarization and intensity. The
fluorescent-labeled Fc-binding ligand is mixed with a very small column effluent side
stream. The formation of the ligand-antibody complex is observed as a shift in
polarization and/or intensity of the reporter ligand. We have screened various Fcbinding ligands for detection of human IgGs in the flow mode. The proposed method
provides a rapid and reliable way to detect IgGs in a flow-stream, continuously, in
seconds and without sample preparation.
BIOT 304
Mixed-mode peptide ligands for improved clearance of CHO host cell proteins
Ashton Lavoie2, lavoie.ashton@gmail.com, Alice di Fazio2, Kevin Blackburn2,1, David
C. Muddiman2, Michael B. Goshe2, Ruben G. Carbonell2,3, Stefano Menegatti2. (1)
Waters Corporation, Milford, Massachusetts, United States (2) North Carolina State
University, Raleigh, North Carolina, United States (3) National Institute for Innovation in
Manufacturing Biopharmaceuticals (NIIMBL), Newark, Delaware, United States
The removal of host cell proteins (HCPs) poses a significant challenge in
biomanufacturing, given their diversity in composition, structure, and abundance, and
their potential structural homology with target products. Traditional methods for HCP
clearance rely on affinity or ion exchange-based product capture steps in bind-and-elute
mode and adsorption of HCPs in flow-through polishing steps. This approach has been
extensively utilized in the manufacturing of monoclonal antibodies (mAb) for decades,

relying on Protein A, and ion exchange or mixed-mode chromatography for product
capture and polishing, respectively. Recent studies, however, have highlighted the
presence of “problematic HCP” species, which can degrade the mAb product or
produce toxic metabolites, or are immunogenic, and, in some cases, co-elute with the
mAb product from Protein A resins and are not efficiently removed by commercial
polishing media.
To improve HCP clearance, we have identified an ensemble of synthetic peptides as
novel mixed-mode ligands for HCP removal from CHO clarified cell culture fluid in mAb
polishing steps, and may enable integrated mAb purification processes relying on a
sequence of flow-through HCP removal steps. This was done by high throughput
screening of solid phase combinatorial libraries peptides for ligands that bind to HCPs in
an industrial CHO harvest but do not bind to the mAb product. Proteomic analysis was
performed to identify HCPs that bind to the different ligands. A novel method for
screening was implemented that relies on the capabilities of a ClonePix device to
identify resin particles that bind HCPs and do not bind mAb. The resulting HCP-binding
peptides were conjugated on chromatographic resins and evaluated for HCP clearance
and mAb yield under different conditions of pH and salt concentration. To gather
detailed knowledge on the %-removal of individual HCPs, the flow-through fractions
were subjected to proteomic analysis. By global HCP removal, we observed equivalent
or higher binding of HCPs compared to commercial polishing media, with minimal coadsorption of IgG. Notably, we obseverd effective capture of “problematic HCPs”,
including those that are not effectively captured by commercial media. Collectively,
these results indicate that our mixed-mode peptides show great promise towards
developing next-generation media for safer and cost effective mAb manufacturing.
BIOT 305
Streamling schistosomiasis vaccine development in collaboration with Texas
ChildrenÕs Hospital Center
Bart Fryszczyn, bart.fryszczyn@emdmillipore.com. MilliporeSigma, Houston, Texas,
United States
Texas Children’s Hospital Center for Vaccine Development in collaboration with
MilliporeSigma successfully developed a purification process for a vaccine against
Schistosomiasis, a tropical disease caused by parasitic worms. Schistosomiasis is
second only to malaria in terms of global economic impact. The overall goal of this work
was to design a safe, and low-cost manufacturing process for the purification of the
vaccine antigen. This was accomplished by redesigning the original process, which
utilized 750kD hollow fiber and 3kD Ultracel tangential flow filtration (TFF) devices for
the clarification and concentration of their Pichia pastoris based Schistosomiasis
vaccine lysate process feed. The level of solids (30%) in the fermentation broth requires
a dilution to enable processing through the hollow fiber device, which leads to
decreased product yield and increased complexity. MilliporeSigma assisted Texas
Children’s with studies to eliminate the dilution prior to lysate clarification and to also

streamline the process to enable Texas Children’s to simultaneously clarify and
concentrate the yeast lysate. 0.1m2 open-channel Prostak devices were successfully
used to clarify the undiluted lysate. The Prostak process (specifically the feed and
permeate flow rates) was optimized to enable the downstream 3kD concentration
process to run concurrently in a cascade TFF. This work details the optimized
clarification and concentration process and highlight the economic and process
simplification benefits.
BIOT 306
Purification of human milk oligosaccharides obtained from fermentative
processes via crystallization from water or aqueous mixtures on industrial scale
Mischa Baier, mischa.baier@uni-duesseldorf.de, Tobias Seitz, tobias.seitz@fuberlin.de, Anne R. Gräßle, Stefan Jennewein. Research & Development, Jennewein
Biotechnology GmbH, Rheinbreitbach, Germany
Human milk oligosaccharides (HMOs) constitute the third largest component of human
milk from which several hundred could be detected at varying concentrations. HMOs
are partly linear, partly branched, often fucosylated or sialylated oligosaccharides
consisting of at least three individual monosaccharides. These compounds typically
cannot be digested by the infant, but rather possess several highly beneficial
physiological properties like protection from infectious diseases or acting as a substrate
for a healthy microbiome. However, HMOs are unique to human milk and do not occur
in the milk of dairy animals. Thus, developing processes for the large-scale production
of HMOs in particular for Infant food application or Medical nutrition is highly desirable.
We recently developed efficient fermentative approaches to several neutral HMOs like
Lacto N tetraose, Lacto N neotetraose, 3-Fucosyllactose as well as to acidic HMOs like
6’Sialyllactose and 3’Sialyllactose. Here, we present the purification of some selected
examples via a novel and efficient crystallization process from water or aqueous
mixtures yielding highly pure products suitable for Infant food application. Additionally,
the crystallization from water is cost effective and offers several advantages compared
to existing processes.
HMO purification, either intended for scientific purposes or as food supplement, poses
enormous challenges to scientists. The separation of structurally related and similarly
sized carbohydrates represents a problem, especially on an industrial scale, since
methods such as chromatographic separation or dialysis generally provide
unsatisfactory results or are inapplicable.
BIOT 307
Effect of column chromatography process on the permeability of virus filter

Aaron D. Pilley1, aaron.pilley@ak-bio.com, Daniel Strauss2, Hironobu Shirataki2,
Shigeyuki Aoyama3, Yoshihiro Matsumoto3. (1) Business Development, Asahi Kasei
Bioprocess, Chicago , Illinois, United States (2) Asahi Kasei Bioprocess, Glenview,
Illinois, United States (3) JNC, Toyko, Japan
Chromatography processes are located in front of the virus filtration (VF) step and they
affect the permeability of the virus filter significantly. Especially Anion exchange
chromatography (AEX). The AEX step may be just before the VF in an IgG purification
process, and impurity removability by AEX is essential for the virus filter permeability. In
this study, the effect on the VF permeability by different types of AEX chromatography
resins, normal AEX and mixed-mode AEX, are compared by using a mAb solution with
aggregate spiking. Mixed-mode AEX shows much higher aggregate removal than
normal AEX or nylon prefilter, which is designed to remove aggregates before the virus
filter. The virus filter permeability was tested both for constant pressure and constant
flow rate loading. The dependencies of mAb concentration, and flow rate, on the mixedmode AEX impurity removability for VF permeability were also tested. These results
indicated that an appropriate combination of AEX resin, column volume, VF membrane
area and flow rate are very important for high protein recovery and the cost-effective
processes.
Concludingly, for mAb solution, aggregation may drastically decrease VF permeation.
Aggregates bigger than trimer especially affects the virus filter permeability. In the
typical solution condition, mix-mode AEX reduces the aggregates quite effectively in
flow through mode, and it results in the significant improvement of the permeability of
virus filter. Normal type of AEX shows very little effect to reduce the aggregates. Nylon
prefilter shows the aggregates reduction higher than normal AEX and less than mixmode AEX.
BIOT 308
Prediction of mass transfer coefficients in linear pH and salt gradient elution
Jan Hedrich, Christian Dr. Frech, c.frech@hs-mannheim.de. Biotechnology, University
of Applied Sciences Mannheim, Mannheim, Germany
In mechanistic modeling of ion exchange chromatography, a lumped rate model in
combination with a linear driving force approximation is well suited to describe mass
transfer between mobile and stationary phase in the linear range of the adsorption
isotherm. The different mass transfer resistances are lumped in a single coefficient
which plays a central role in in silicochromatogram simulations at low loadings. The
coefficient is usually estimated by reverse curve fitting of experimental chromatograms
to obtain empirical correlations for guessing it under unknown conditions.
In this work, a method for predicting mass transfer coefficients for in silicomechanistic
modeling and simulation is presented. The calculations are based on a dataset
consisting of several linear pH and salt gradients at different gradient slopes for three
monoclonal antibody charge variants. The dataset was evaluated using a stoichiometric

displacement model and the corresponding model parameters were determined for
each charge variant separately. Peak variances were estimated from the
chromatograms using peak fitting software.
Mass transfer coefficients are calculated based on a modified van Deemter equation
valid for linear gradient elution. The correlation between peak variances and
corresponding distribution coefficients was used to calculate peak variances and hence
mass transfer coefficients under unknown elution conditions. The method allows the
prediction of mass transfer coefficients in linear salt, pH, and dual gradient elution in
cation exchange chromatography without the need for any equations for peak
compression factors. The calculation of the mass transfer coefficients is successfully
implemented within an in silicosimulation, enabling a real-time description of the peak
shape during runtime.
BIOT 309
Application of mechanistic modeling to speed up purification process
development of novel formats: A virus-like particle case study
Tobias Hahn1, tobias.hahn@gosilico.com, Maria Casals Peralvarez1, Thiemo Huuk1,
Jens Wölfel2, Christian Niehus2, Nikola Strempel2. (1) GoSilico GmbH, Karlsruhe,
Germany (2) CEVEC Pharmaceuticals GmbH, Cologne, Germany
VLPs are a promising complex molecular format for the development of vaccines, such
as vaccines targeting emerging viruses and therapeutic cancer vaccines. Their size and
shape enable an easy uptake by antigen-presenting cells (APCs) resulting in an
effective induction of an adaptive immune response.
VLPs are formed by recombinant expression of viral structural proteins. A method for
the large-scale production of VLPs is the production in suspension cell culture. Within
such a VLP production project, a very time and labor consuming part is the
development of a process for the purification of the VLPs from cell culture supernatant.
The development of a purification strategy is a mainly experimental approach.
Conventionally, the operational parameters are optimized by time and material
consuming Design-of-Experiments studies (DoE). Dozens of experiments are needed to
screen a process design space that was manually chosen.
In a cooperative project, GoSilico and Cevec pursued a new innovative approach for the
purification of VLPs. As chromatography media, a CIMmultus QA monolithic adsorber
(BIA Separations) was selected and two initial chromatograms were generated, a
gradient and a step-wise elution.
Based on this preliminary model, robust elution conditions were developed and the
model uncertainty was quantified. Most of the host cell proteins could be removed and
>95% of the VLPs could be recovered. Furthermore, the elution conditions achieved a
base-line separation of two VLP variants that were co-eluting in the initial calibration
experiments.
Afterwards, a third chromatogram was used to reduce the model uncertainty and to
enable a final process optimization with respect to flow rate and to switch from gradient
to step elutions. Based on the finalized model, understanding of product quality

attributes and their relation to process parameters could be shown, which is a
requirement of the Quality-by-Design guideline set forth by EMA and FDA. Especially
valuable for this case is the mechanistic model’s ability to predict the outcome of a
scaled-up process, as the employed annulus shaped monolith is only available in a
limited set of sizes.
In summary, the combination of a limited set of experiments and a mechanistic model
enabled a very efficient process optimization and design space characterization for a
novel molecular scaffold. The approach might constitute a future technology platform for
the purification of VLPs.
BIOT 310
Single use centrifuge, uniFuge, in bioprocessing of mammalian cell
David Richardson, david.richardson@psangelus.com. Pnuematic scale angelus,
Clearwater, Florida, United States
This article exposes the use of an established single- use centrifuge, UniFuge, for
harvesting, clarifying cells from the supernatant. The UniFuge contains one 1.6 liter
bowl to clarify Chinese Hamster Ovary (CHO) cell cultures. Optimal operating
parameters were defined by performing studies to determine feed flow rates into the
centrifuge. Results of these studies showed the maximum flow rate , up to 6 LPM . The
process flow feed flow rates used for these studies were 2-6 lpm. The viabilities of the
CHO cells in these runs range from 23%- 98%. Results showed that the UniFuge was
efficient in separating cells and debris from the product, with both high and low cell
viabilities with very low cell density and turbidity detected in the centrate. Average
Clarification efficiencies were calculated by NTU and Pmax depth filtration. We have
also seen no increase in lactate dehydrogenase(LDH) or CHOP DNA levels indicating
that minimal amount of shear was induced by the centrifugation. These results
demonstrate Single use centrifuge UniFuge is a viable alternative for cell harvesting
applications
BIOT 311
Using flocculating agents to increase depth filter throughput during cell
harvesting
Eran Or, Cameron DiSpirito, Tyler Cheung, Kathryn Zeleznik, Steven McDonough,
Sadettin Ozturk, s_ozturk@earthlink.net. MassBiologics, Mattapan, Massachusetts,
United States
For the production of monoclonal antibodies, cell clarification is commonly achieved by
depth filtration. Recovery of product following depth filtration and the cost can
significantly impact the efficiency. In an effort to make this step more effective
flocculation can be used. In this work we evaluated several flocculating agents for their
ability to increase the throughput of depth filtration. Flocculating agents tested included

pDADMAC, pH 4.5, Celpure P300, polyethylenimine and Calcium phosphate. Using
D0HC filters, we saw only a modest increase in throughput- up to 75%. However, using
Clarisolve filters, which have a porous gradient structure, we obtained up to 10-fold
increase in throughput: Best were calcium-phosphate and pH 4.5, which supported
throughputs of 496 and 430 L/m2, respectively. Scaling up to 75 L, we used a single
0.33m Clarisolve filter with no increase in pressure. An added benefit of flocculation was
up to four-fold reduction in HCPs and 70-fold decrease in residual DNA to 33 ng/mg
MAb in the clarified harvest.
BIOT 312
Purification development for robust removal of a challenging product related
impurity for a hetero-mAb
Lauren Rockwell, lauren.rockwell@merck.com, Michael Iammarino, Sunitha Kandula,
Nihal Tugcu. Downstream Process Development & Engineering, Merck & Co,
Kenilworth, New Jersey, United States
Product specific impurities and product variants are a purification challenge requiring
development of a purification process designed to achieve specific clearance. In this
study, a chromatographic process was developed for a hetero-mAb for removal of a
challenging product related impurity. The impurity was identified as a post translation
modification that occurs in mammalian cell culture and was found to impact potency,
therefore requiring removal during downstream processing. Presence of high levels of
this impurity after the first purification step led to robustness challenges around process
yield and product quality attributes. A range of modalities were evaluated using high
throughput screening, mini-columns, and small scale columns. Multiple downstream
processing options were developed and evaluated based on robustness and
productivity. A polishing chromatography step was found to be the best option which
could significantly reduce the impurity levels while maintaining sufficient aggregate,
HCP, DNA, virus, and residual Protein A clearance. Additional development focused on
loading conditions and column packing efficiency, which were found to have the
greatest influence on yield and impurity clearance. This process was highly reproducible
with the appropriate process controls and was successfully scaled 400-fold as a
manufacturing process.
BIOT 313
Scale up and virus studies of a twin-column continuous capture process for
monoclonal antibodies
James M. Angelo1, jmangelo@gmail.com, Srinivas Chollangi2, John Pagano3, Daniel
Baur4, Kathleen Mihlbachler5, Thomas Müller-Späth4, Xuankuo Xu1, Massimo
Morbidelli4, Sanchayita Ghose6. (1) Biologics Process Development, Bristol-Myers
Squibb, Arlington, Massachusetts, United States (2) Brisol Meyers Squibb, Hopkinton,
Massachusetts, United States (3) Process Development, Bristol-Myers Squibb, Devens,

Massachusetts, United States (4) ETH Zurich, Zurich, Switzerland (5) Bioprocess
Technologies Group, LEWA-Nikkiso America, Inc, Devens, Massachusetts, United
States (6) Bristol Myers Squibb, Devens, Massachusetts, United States
Continuous downstream processing is increasingly evaluated and implemented in the
biopharmaceutical industry providing large productivity gains. For capture of monoclonal
antibodies using protein A affinity chromatography, periodic countercurrent processes
have been described. While general process principles have been tested at laboratory
scale, the focus has now shifted to manufacturing-related aspects such as scale-up,
process control and validation.
We present data from the successful scale-up of a twin column capture process
(CaptureSMB) for monoclonal antibodies from benchtop to pilot scale. Compared to
traditional batch chromatography, specific productivity and resin capacity utilization
were improved by up to 2-3 fold and 30-40%, respectively.
Moreover a UV-based control strategy is presented, showcasing the response of the
twin column capture process to changes in titer and column capacity.
Finally, results of virus validation, obtained through spiking studies with common murine
model viruses, are shown. The study addressed both virus clearance and virus
carryover for the twin column process.
BIOT 314
Intein-mediated affinity capture: A novel platform enabling rapid prototyping and
characterization of discovery-phase biologics by single-column purification and
integrated tag removal
Joseph Taris1, taris.3@osu.edu, David W. Wood3, Yamin Fan4, Andre Kiesewetter5,
Oliver Rammo2. (1) Chemical & Biomolecular Engineering, The Ohio State University,
Columbus, Ohio, United States (2) Merck KGaA, Darmstadt, Germany (3) Chemical
Biomolecular Engineering, Ohio State University, Columbus, Ohio, United States (4)
The Ohio State University, Columbus, Ohio, United States (5) HPC: E060/004, Merck
KGaA, Darmstadt, Germany
One of the inherent bottlenecks in screening discovery-phase biologics is the lack of a
simple standardized downstream purification platform. While Protein A has been
transformative in high-throughput screening of mAb variants, there is no analogous
platform technology for downstream processing of non- mAb protein therapeutics.
Screening throughput will always be limited when reliant on complex networks of
traditional multi-column chromatographic processes, since these must be tailored
specifically to each product. The common solution at lab scale is to add affinity tags, but
this often alters the native form or function of the protein.
To resolve these issues, our work focused on development of a novel affinity capturebased technique mediated by an engineered split-intein. This approach allows

potentially any recombinant protein to be selectively immobilized, and subsequently
released as a tagless, traceless product. The work presented will focus on development
of the platform, demonstration of characterization activities in a HTS 96-well filterplate format, optimizing performance on mini-columns using TECAN-automated robotic
chromatography, and prospective applications to accelerate high-throughput purification
of discovery-phase recombinant proteins.
BIOT 315
Novel adsorbent platform for antibody purification using small synthetic affinity
ligands
Manuel Matos1, mj.matos@campus.fct.unl.pt, Filipa Trovão1, Ana Pina1, João
Gonçalves2, Ana C. Roque1. (1) Chemistry Department, UCIBIO, FCT NOVA, Caparica,
Portugal (2) Faculty of Pharmacy, University of Lisbon, iMed.ULisboa, Lisbon, Portugal
Monoclonal antibodies and related fragments are the major class of therapeutics
currently in development by the biopharmaceutical industry. The bottleneck in the
manufacturing of antibodies is the downstream processing, namely, in the Protein A
capture step due to the costs associated. Alternative affinity ligands became an
attractive strategy because they can display both high selectivity and affinity for
antibodies at lower costs.
This work reports the discovery of a novel mixed-mode ligand with affinity towards
antibodies and fragments. A 72-component library based on the Petasis-Ugi
multicomponent reactions was synthetized and screened against polyclonal human IgG.
Lead ligand B1Al2A2 was selected with 100% of binding towards IgG and its
performance as an antibody purification platform was assessed by verifying the
recovery yields and purity when loading human plasma, mammalian and bacterial cell
cultures containing Trastuzumab and single-domain antibodies, respectively. B1Al2A2
selectively purifies the target molecules in detriment of other contaminants achieving
recoveries between 50-90% and purities within 70-96% under mild elution conditions
using sodium phosphate and arginine. Moreover, after the purification step
Trastuzumab remains functional by maintaining its recognition for the HER-2 receptor
intact. B1Al2A2 is resistant to regeneration cycles with harsh solvents maintaining its
selectivity towards IgG. Experiments with the Fc fragment show that the adsorbent
preferably interacts with the variable region of antibodies, thus proving the applicability
of this adsorbent as a purification platform for immunoglobulins and derived fragments.

Antibody purification platform establishment: From construction of the synthetic library,
selection of the lead ligand to the application towards antibodies and other fragments
BIOT 316
Understanding capacity loss during continuous counter-current tangential ion
exchange chromatography
Jose Mauricio Martin Bufajer1,2, jose.bufajer.15@ucl.ac.uk, Yuhong Zhou1, Daniel G.
Bracewell3. (1) Biochemical Engineering, University College London, London, United
Kingdom (2) CONACYT, Ciudad de Mexico, Mexico (3) UCL Dept Biochemical Engr,
London, United Kingdom
Continuous counter-current tangential chromatography (CCTC) where an adsorbent is
suspended in a series of static mixers and recovered by hollow fibre membranes to
allow the mobile phase to travel in the counter-current direction has been demonstrated
to have advantages over traditional packed bed chromatography. Currently,
chromatographic resin designed for packed bed operations is used as the adsorbent in
CCTC systems. Not only is the resin affected by the feed and buffer composition, flow of
the adsorbent slurry through the system can also negatively influence the lifetime and
binding capacity by structurally damaging the material. This is particularly problematic
as it can reduce the operational lifetime of the resin in a CCTC system.
An anion exchange polymethacrylate chromatographic resin was used to test the extent
and types of damage CCTC can cause by the stirring and pumping involved in the
process. Dynamic binding studies using BSA as a feed and particle size distributions
were obtained after 9 cycles in a 200mL two-stage CCTC system and compared to a
conventional packed bed system. The results show up to 35% loss in overall binding
capacity, which is correlated with a 30% yield loss, while no significant change was
detected in the column. The average bead size in the CCTC was shown to decrease
from 71.5 to 62.7μm associated with the presence of fines ranging from 2.1 to 12.7μm.
The origin of the fines was mainly due to the magnetic stirring in the hold tank to avoid
slurry sedimentation.
The results demonstrate significant damage to the structural integrity of the bead shown
by the finding of fines and reduction in particle size. Chromatographic adsorbents
specifically designed to withstand the damaging forces resulting from slurry flow could

be enabling for the further development of CCTC. Alternatively, CCTC equipment that
damages the resin can be redesigned.
BIOT 317
Competitive binding of monomer-dimer mAb mixtures and their separation by
frontal analysis using ceramic hydroxyapatite
Yiran Wang1, yw2ec@virginia.edu, Giorgio Carta2. (1) University of Virginia,
Charlottesville, Virginia, United States (2) University of Virginia Che, Charlottesville,
Virginia, United States
Hydroxyapatite is a well-known multimodal chromatographic adsorbent, which combines
cation exchange interactions with phosphoryl groups together with calcium metal
affinity. Hydroxyapatite has been used extensively to remove aggregates from
monoclonal antibodies (mAb). Despite widespread use, however, little has been
published regarding the kinetics of adsorption, especially for multicomponent systems.
In this work, we examine the adsorption and separation of a mAb monomer and its
dimer on two types of ceramic hydroxyapatite, CHT Type I and CHT Type II, which differ
in pore size and surface area. The internal structure of both adsorbents was first
evaluated using transmission electron microscopy (TEM) and inverse size exclusion
chromatography (iSEC). Adsorption equilibrium and kinetics of mAb monomer and
dime, individually and in mixtures, were then characterized based on batch
measurements and by confocal laser scanning microscopy (CLSM). The isotherm data
under various NaCl and Na2HPO4 concentrations indicate that mAb binding follows a
cation exchange mechanism which is selective for the dimer compared to the monomer
while the kinetics is dominated by pore diffusion for both, but with effective diffusivities
that are strongly influenced by the molecular size and CHT type. Displacement of the
monomer by the dimer was found to occur relatively quickly for mixture adsorption and
was found to be largely mass transfer controlled, especially at higher salt
concentrations. Separation by frontal analysis, where the mixture is continuously fed to
the column under the binding condition, was demonstrated over a range of residence
times and with different monomer-dimer feed ratios. Finally, a mechanistic model was
developed to describe competitive binding and the frontal analysis process assuming
pore diffusion control with adsorption described by multicomponent Langmuir isotherms.
The model can be used to optimize protein load to maximize productivity curtailing
much of the pure empiricism that has been traditionally associated with the application
of CHT for protein purification.
BIOT 318
Process intensification in biomanufacturing Ð a case study Ð straight through
processing via continuous capture with ilc

Sujit Jain, sujitgjain@gmail.com, Rongxin Shi, Sudheer Yanamadala, Leopold
Grillberger, Abhinav Shukla. Process Development - Biologics, Shire, Lexingtion,
Massachusetts, United States
Biopharmaceuticals are produced to treat many complex diseases and have to be
consistently supplied to patients with the highest quality. Diverse and innovative
therapeutic modalities have been discovered for unmet medical needs. This diverse and
complex product pipeline emanated the challenges of molecule stability, low titer, multiproduct manufacturing facilities, variable market demand and competition. Motivation to
improve throughput, reduce cost and maintain consistent supply has driven the
biopharma industry for process innovation in addition to product innovation. Process
intensification is needed to solve many of the current and future challenges of the
industry. Many business case models have been presented that the capture step
provides the biggest opportunity for improving throughput and productivity in
biomanufacturing. Integrated and continuous chromatography capture is currently the
leading tool that the industry has for transition to continuous biomanufacturing.
Herein, we present a case study to improve process throughput, reduce footprint and
meet the target quality attributes of the product. Process intensification was achieved
via straight through processing where continuous upstream is integrated with
continuous capture. A case study will be presented for a labile recombinant protein with
low titer perfusion cell culture process. Harvest from a perfusion bioreactor was
concentrated in-line using ILC (inline concentrator) prior to capture. Improved process
performance was observed while maintaining target product quality profile. For
continuous capture, different continuous chromatography systems were also evaluated.
Different continuous chromatography systems are currently available, which are
essentially based on the same principle. Each technology comes with different benefits
and limitations providing few options for the user to choose based on requirements and
feasibility. A comparison of these technologies needs to be performed to evaluate them
for future studies. Herein, we present a comparison of few continuous chromatography
system options available. Systems were evaluated against many matrices including, but
not limited to, user-friendly interface and setup, and troubleshooting. Data from proof-ofconcept studies will be presented. Motivation of approaching continuous
chromatography could be different from user to user; this comparison could help users
to move to the next step.
BIOT 319
Cell size variation-inclusive, tumor antigen-independent enrichment of viable
circulating tumor cells
Yang Liu, yl63930@uga.edu, Wujun Zhao, Leidong Mao. UNIVERSITY OF GEORGIA,
Athens, Georgia, United States
Enrichment and characterization of heterogeneous circulating tumor cells (CTCs) have
significant impacts on cancer research and clinical applications. Individual and clustered

CTCs were hypothesized to initiate the metastasis that was responsible for 90% of
cancer-related mortality. Microfluidics-based methods have provided a new avenue to
enrich and study CTCs for the past decade but were often biased because of the use of
specific tumor antigens or size threshold in enrichment. Marker-dependent methods that
relied on EpCAM or other combination of tumor antigens were rendered ineffective due
to inherent heterogeneity of tumor subtypes. On the other hand, size-dependent
methods depleted blood cells and recovered CTCs that were larger than 8 μm in
diameter, based on a presumed size difference between blood and cancer cells. The
issue of these methods was that CTCs in circulation were not necessarily always larger
than blood cells. Our measurements revealed that there was a significant size overlap
between white blood cells and cultured cancer cells, and an appreciable percentage of
cancer cells were smaller than 8 μm. In addition, clinically isolated CTCs were reported
to be as small as 6 μm.
For this reason, we developed an integrated ferrohydrodynamic cell separation (iFCS)
method that is both marker-independent and size-inclusive and allows for depletion of
WBCs and enrichment of CTCs regardless of tumor antigen and cell sizes, resulting in
the comprehensive recovery of intact CTCs with minimal WBC contamination that was
suitable for phenotypic analysis. We performed systematic parametric studies of key
factors influencing the performance of iFCS. iFCS was tested and validated with cancer
cells from 8 cultured cell lines of 3 different types of cancer, including two small cell lung
cancer (SCLC) lines. The mean recovery rate of cancer cells from (RBC)-lysed blood
using this method is 99.16%. The device can remove more than 99.99% WBCs and
carry over on average 533 ± 34 WBCs per 1 mL of blood processed. Enriched cancer
cells had excellent short-term viability, and intact capability to proliferate to confluence.
Finally, we applied the iFCS method to successfully enrich CTCs from blood samples of
patients with early or late stage cancer.
BIOT 320
Automated high throughput development of multimodal chromatography for
capture step in non-mAb recombinant protein purification
Mimi Zhu, mimi.zhu@shire.com, Junfen Ma. Shire , Lexington, Massachusetts, United
States
Efficient recovery and purification of recombinant proteins from cell culture fluid is the
key to downstream process. Capture step for mAb and Fc-fusion protein is welldeveloped due to the highly selective Protein A chromatography. However, capture step
development for other recombinant proteins is still challenging due to the wide varieties
of the protein physicochemical properties. Multimodal chromatography provides
“pseudo-affinity” selectivity by utilizing multiple interactions for protein separation, and is
a good candidate for capture step. However, application of multimodal chromatography
is hurdled by the complexity of the binding behavior and the extensive experiment work
required to identify the operation conditions. An automated high-throughput system
overcomes the obstacle by testing in parallel up to 96 conditions in one experiment with

very small amount of material and manual labor work. In this work, a methodology of
developing capture steps for non-mAb recombinant proteins was investigated with
several multimodal resins and model proteins. An initial well-plate based binding
experiment was conducted for all resins with pure protein samples. Then, the resins
with high bind capacity and well-defined binding condition ranges were chosen for
selectivity mapping by loading clarified cell culture fluid on a well-plate resin plate. The
identified loading and elution conditions were then verified by Robo-Column and further
optimized in terms of operation parameters, including loading capacity, flowrate and
elution. Final confirmation was performed on bench scale columns. A workflow of
automated high throughput development was established through this work, which
could greatly reduce the time and work load of chromatography process development.
The application of multimodal chromatography potentially can be a platform approach
for non-mAb recombinant protein capture.
BIOT 321
Optimization of batch and continuous multi-column protein A chromatography
with mechanistic model and experiments
Jing Guo, jg4au@virginia.edu, Shaojie Zhang, Dharmesh Kanani, Mi Jin. Teva
pharmaceuticals, West Chester, Pennsylvania, United States
The high cost of Protein A chromatography resins drives the need to improve the
current process to achieve maximum productivity while maintaining high resin utilization.
Two strategies were employed for a monoclonal antibody on MabSelect SuRe resin in
this work. The first Strategy is “super batch”, which we utilize a single short bed column
with rapid cycling to increase productivity, combined with variable load flow rates to
enhance resin capacity utilization. The second strategy is continuous multi-column
chromatography process. In this mode, as multiple columns are connected in loading
zone, high resin utilization can be achieved with a relatively short load residence time,
therefore leading to both higher resin utilization and higher productivity.
To optimize the Protein A chromatography process with the two strategies,
chromatography general rate model coupled with Langmuir adsorption isotherm was
used to simulate protein breakthrough curves for batch mode with dual or triple flow
rates, as well as for continuous mode where columns are connected in series. In batch
mode, the optimized variables include flow rates in different load phases and switch
time in between. In continuous mode, the optimized variables include protein load
amount, load residence time, column number in the loading zone and non-loading zone.
The model results with optimized variables were verified by experiments. Overall, both
manufacturing strategies result in greatly enhanced productivity compared to traditional
batch process. The productivity and performance comparison of the above two
strategies will be discussed in detail in the context of different upstream manufacturing
scenarios.
BIOT 322

Micromixing in the salt precipitation of antibodies via batch and continuous
processing
Michael Martinez1, ucbemm0@ucl.ac.uk, Mari Spitali2, Edith L. Norrant2, Daniel G.
Bracewell3. (1) Biochemical Engineering, UCL, London, United Kingdom (2) UCB
Pharma, Slough, United Kingdom (3) UCL Dept Biochemical Engr, London, United
Kingdom
Precipitation can be a cost-effective purification method for biological products and has
been employed for decades in plasma fractionation. However, large-scale commercial
precipitation processes for recombinant monoclonal antibodies (mAbs) have yet to be
established. In order to achieve this, a scalable process development platform is
required that captures the events critical to precipitation based on which robust
processes can be established. The impact of mixing at the molecular scale i.e.
micromixing has been demonstrated to influence nucleation and particle growth rates
during precipitation which govern the final characteristics of precipitate. Controlling
these properties is critical to performance in the subsequent solid-liquid separation
stages.
To develop a process based on salt precipitation, we first investigated the protein phase
behaviour of mAb precipitates using ammonium sulphate as the precipitant. Using a
high-throughput process development strategy, the impact of process conditions such
as precipitant concentration, pH and initial antibody concentration on precipitation
performance was determined. Secondly, we evaluated the effect of micromixing on
particle size distribution (PSD), particle morphology and yield in a batch stirred vessel
and continuous tubular reactor with the view of formulating a scale-up strategy based on
mixing time, where the continuous reactor allows us to explore superior levels of mixing
than those we can achieve in the batch vessel.
The precipitation reactions induced by ammonium sulphate were reversible with >95%
antibody precipitated at 1.5M ammonium sulphate. Due to the rapid precipitation
kinetics, the rate of micromixing had a direct influence on the PSD and particle
morphology. In batch mode, mixing times below 100ms yielded compacted
agglomerates with average particle sizes above 20μm, whilst smaller, looser
precipitates were formed with longer mixing times. In continuous mode, mixing times of
1-10ms were achieved giving narrow PSD with a mean size of up to 7μm depending on
the operating flow rate.
We were able to demonstrate that PSD and morphologies of mAb precipitates were
dependent on the micromixing efficiency controlling nucleation and growth rates. The
formation of larger and more compact particles are likely to provide better separation
performance over smaller particles. Future studies will evaluate the performance of
pilot-scale precipitation using micromixing as the basis for scale-up.
BIOT 323

Leveraging surface diffusion to increase the dynamic binding capacity of ion
exchange resins for monoclonal antibody
Ohnmar Khanal1, okhanal@udel.edu, Vijesh Kumar1, Fabrice Schlegel2, Pablo
Rolandi2, Oliver Kaltenbrunner3, Abraham M. Lenhoff1. (1) Chemical and Biomolecular
Engineering, University of Delaware, Newark, Delaware, United States (2) Amgen Inc,
Cambridge, Massachusetts, United States (3) Amgen Inc, Thousand Oaks, California,
United States
The effect of mass transfer limitations in reducing the dynamic binding capacity (DBC)
to well below the static capacity (SBC) of an ion-exchange resin limits the usage of the
media at or near its saturation capacity. If loading is carried out under conditions at
which protein intraparticle transport is faster, a DBC closer to the static capacity may be
attained, but an additional driver is to load under conditions at which the static capacity
itself is higher. Here we exploit the observation that surface diffusion is promoted by
weaker binding of the protein. Given that protein binding strength in ion exchange is pHdependent and also decreases with increasing ionic strength, we have leveraged the pH
and ionic strength at which a sample is applied to increase the dynamic binding capacity
of a mAb on Fractogel SO3- resin. Diffusion on the resin surface during protein uptake
was promoted using a gradient of decreasing salt and mAb concentration during protein
loading, where the decrease in the salt concentration over time ensured that the final
static capacity obtained was not compromised. To obtain the optimum slope of the salt
and mAb gradients during the loading stage, the DBC was simulated using the general
rate model with the surface diffusivity a function of ionic strength. Reliable model
parameters were obtained using breakthrough curves that were generated for various
ionic strengths. Using an optimized salt and protein gradient, a DBC near 90% of the
SBC was obtained for the mAb at a flow rate of 150 cm/hr, pH 5.0, in contrast to the
60% obtained without the dual gradient loading approach. A higher DBC with respect to
the SBC was also observed at a higher pH but to a lesser extent. This approach can be
leveraged in process development to utilize ion-exchange resins at closer to their full
capacities.
BIOT 324
Rapid sanitization of Protein A resin in bioprocess columns with sporicidal agent
Johan Avallin1, johan.avallin@gmail.com, Anders Nilsson1, Henrik Ingvarsson1, Anna
Grönberg1, Per Norrman1, Eva Blanck1, Magnus Asplund1, Linda Persson1, Rickard
Pettersson1, Reinhard Braaz2, reinhard.braaz@roche.com, Josef Vinnemeier2, Philip
Lester2. (1) Bioprocess R&D, GE Healthcare Life sciences, Uppsala, Sweden (2)
Downstream Processing Clinical Supply Center, Roche Diagnostics GmbH, Penzberg,
Germany
Microbial contamination is a major challenge for production of biopharmaceutical
products. Under favorable conditions, such as during the loading of mAb harvest in the
Protein A capture step, contaminating microorganisms can grow rapidly, put microbial

control in cGMP production at risk or damage the function and impair the performance
of the chromatography resin. Additionally, microorganisms can remain throughout
manufacturing process and affect the safety and efficacy of the final biopharmaceutical
product, with batch failure and related costs as consequence. Therefore, it is important
to follow hygienic routines throughout the whole production process. Many methods for
sanitization of chromatography equipment, including the columns require the use of 1M
NaOH which is incompatible with most protein-based affinity resins. It has been
demonstrated that peracetic acid (PAA) is very efficient for reduction of both spores and
vegetative bacteria at concentrations and contact times compatible with Protein A resin
and column hardware.
Here we demonstrate the development of a new rapid sanitization procedure for a
process scale chromatography column used in the Protein A capture step. This utilizes
the fast kill kinetics of PAA, the column design and automation to shorten the
sanitization time. The method was developed in close collaboration between the
biopharmaceutical industry and its supplier by combining the knowledge of column/resin
features and the industrial requirements.
A Protein A resin slurry was contaminated with 107 CFU/ml of Pseudomonas
aeruginosa and packed into a process scale column to a bed height of 10 cm. The
contaminated column was then sanitized using 20mM PAA with a resin contact time of
35 minutes. The method was developed in an iterative manner with stepwise method
adjustments to improve challenge organism clearance. Evaluation of any
microbiological contaminations were made by both liquid sampling post sanitization and
swabbing during disassembling of the column.
BIOT 325
Modeling framework for simulation of transport, adsorption, and buffer equilibria
in packed bed columns
Juliane Diedrich, j.diedrich@fz-juelich.de, Samuel Leweke, Eric von Lieres. Research
Center Juelich, Juelich, Germany
Isoelectric chromatofocusing, also known as pH gradient elution in ion exchange
chromatography, is an effective tool for protein separation. Over the last decades the
complexity of biotechnological processes has increased vastly. Mechanistic modeling
can potentially help to rationally design and optimize such processes, provided
adequate models and efficient solution algorithms are available. Computing power and
numerical methods both have tremendously improved over the past decades. Hence,
more realistic models can now be applied for simulating integrated systems. In
isoelectric chromatofocusing, for instance, transport, adsorption and thermodynamic
equilibria of various buffer components can significantly influence local pH and
consequently protein binding and separation performance.
We present a universal modeling framework that is combined with state of the art
simulation methods for describing these processes in sufficient detail. The framework
enables coupled simulation of transport and binding as well as fast buffer dissociation

reactions and their impact on local pH. Those abilities are demonstrated by simulation
of complex buffer systems with linear and non-linear pH elution profiles. The simulations
provide quantitative insights into the effects caused by multiple equilibria between
numerous buffer components within the column. The results also reveal how the resin
interactions of five buffer components influence the concentrations of the buffers and
consequently change the local pH. Moreover, the model can be used for computing
sensitivities of the pH profiles with respect to the buffer composition, which provides
valuable information for the rational design and optimization of such systems.
BIOT 326
Enabling high productivity processes with a stackable chromatography cassette:
Synergy of device, resin and process design
Gerald Platteau, gerald.platteau@jsrmicro.be, Guido Ströhlein,
guido.stroehlein@jsrmicro.be. JSR Life Sciences, Leuven, Belgium
A stackable, pre-packed chromatography cassette with a resin bed support structure is
a novel platform concept in chromatography, combining the separation capabilities of
conventional chromatography resins with the benefits of a modular cassette format. This
device enables flexible scaling to meet capacity requirements and provides high
convenience. Due to the supportive lattice inside the cassette, this chromatography
format allows very high flow rates and scaling-up of short bed heights.
The science behind a number of application data with this cassette format will be
presented, including 1st principle analysis of the chromatographic performance of single
and stacked cassettes, a continuous antibody capture step and a hyper-productive rapid
cycling antibody capture process with a new Protein A resin prototype. Furthermore,
results of CFD modeling will be shown to demonstrate the fluid distribution in the
cassette, in combination with scale-up process performance data from industrial testing.
BIOT 327
Virus removal by filtration: Comparison of batch and continuous operation - virus
clearance validation and process scaling
Bjoern Hansmann, bjoern.hansmann@sartorius.com, Birte Kleindienst, Anika Manzke,
Peter Kosiol. Sartorius Stedim Biotech GmbH, Goettingen, Germany

Virus removal by filtration is a very important step in the overall virus safety concept for
biologics. For this seemingly simple direct filtration step concepts for batch operation
and for continuous operation exist or have been shown in proof of principle studies.
Some questions for practical use in continuous mode still remain. An important one is
the question how to do correct downscaling of the process for virus clearance and which
process parameters should be covered. Also the boundaries of the continuous process
need to be determined and the preparation and post use steps like integrity testing need

to be considered.
This contribution compares various process design versions with each other. Effects on
virus clearance capability and total throughput for batch and continuous virus filtration
are evaluated by applying DOE Studies effect strengths. For
-virus load
-process interruptions
-protein concentration fluctuations
-total throughput and scaling.
-pH and conductivity
effects on PP7 bacteriophage retention and on total throughput of a monoclonal
antibody have been determined.
For continuous operation switching between 2-3 filter lines is applied. The filters are
operated at low volumetric flow to allow for convenient filter interchange interval of 24h.
The experimental designs demonstrated in this contribution can be used for virus
clearance validation with eukaryotic viruses. Main effects on the observables are similar
between continuous operation and batch processing. Nevertheless the process
parameters in batch and continuous processes are different. These findings are
discussed to yield reasonable process design in general.
BIOT 328
Isolation of monoclonal antibodies using mimotope-containing membranes
Hui Yin Tan, htan1@nd.edu, Weijing Liu, Joshua D. Berwanger, Merlin L. Bruening.
Chemistry and Biochemistry, University of Notre Dame, Notre Dame, Indiana, United
States
Convenient antibody isolation is vital for determining therapeutic monoclonal antibody
(mAb) concentrations and assessing post-dosage mAb levels in human serum.
Conventional methods, such as enzyme-linked immunosorbent assays and liquid
chromatography/mass spectrometry (LC-MS), are time-consuming and costly. This work
employs porous nylon membranes functionalized with a Her2 mimotope peptide,
KGSGSGSQLGPYELWELSH (K19), for rapid and selective capture of Herceptin, a
mAb used for breast cancer treatment. LC-MS confirms the high purity of Herceptin
recovered using K19-modified membranes. For membranes loaded with 10-120 μg/ml
of Herceptin in 1:3 diluted serum, the intrinsic tryptophan fluorescence of the eluted
mAb increases linearly with the loading concentration. Thus, K19-modified membranes
should enable Herceptin analysis without labeling or secondary antibodies. Mimotopecontaining membranes mounted in spin columns allow mAb quantitation in minutes, and
such analyses may aid physicians in assessing the need for additional doses of
expensive therapeutic mAbs.
BIOT 329
Continuous virus validation: Understanding fundamental mass transfer enables
simplified virus validation

Matthew Brown1, brownmox@gmail.com, Raquel Orozco1, Jonathan L. Coffman2. (1)
Boehringer Ingelheim, Sunnyvale, California, United States (2) Process Science,
Boehringer Ingelheim, Fremont, California, United States
Continuous Bioprocessing continues to be at the forefront of therapeutic protein
manufacturing innovation. With the development of more sophisticated continuous
downstream unit operations, there still remains a gap in the industry of a scalable and
robust continuous viral inactivation (CVI) solution. Among the challenges that a CVI unit
operation faces, a critical parameter that poses a new challenge is the definition of the
exact incubation time of the product stream given the dynamic nature of the feed
material across operational scales. In this work, the impact of viscosity and CVI reactor
scaling on the residence time distribution was tested. This allowed the elucidation of the
flow mechanics regarding the transition to weak turbulence inside the reactor due to
Dean Vortices. The ultimate goal is to demonstrate that residence time in plug flow
rector is sufficiently comparable to the incubation time of a traditional batch operation to
allow for a simplified batch based validation strategy.
BIOT 330
Design of Protein A resins for continuous chromatography
Mark Hicks, mark.hicks@purolite.com. Purolite , Cardiff, United Kingdom
The main objective of implementing continuous purification of monoclonal antibodies is
to bring down the cost of goods sold (COGS) while maintaining product quality and
safety. There are several factors that directly or in-directly effect COGS. Examples
include resin cost/g purified mAb, facility space required (foot print), capital expenditure,
and buffer consumption. In many cases, the significant increase in cell culture titre value
is moving process constraints towards the capture step. To avoid expensive
reconstruction of existing facilities it is important to increase resin capacity and minimize
buffer consumption.
In this paper, we have studied the impact of Protein A resin design on dynamic binding
capacity, buffer consumption, and the resulting impact on productivity and process
economy. Protein A resins differing in both particle size and particle size distribution
have been compared.
The results show that raw material cost can in many cases be reduced by more than 75
% by the implementation of purpose designed Protein A resins. Several different
purification scenarios will be presented.
BIOT 331
Characterization of product related substances in high-throughput analytical
environment during late-stage biologics commercial process development
Kelly Stone1, kelly.stone@bms.com, Elizabeth S. Schutsky2, Yuanli Song2, Lauren
Duhamel3, Nela Zvereva1, Xia Xu1, Yan Gu4, Yunping Huang5, Ryan Swanson1, Julia

Ding4,1. (1) Process Development Analytics, Bristol-Myers Squibb, Devens,
Massachusetts, United States (2) Process Development Downstream, Bristol Myers
Squibb, Devens, Massachusetts, United States (3) Biochemical Engineering, University
of Pensylvania, Philadelphia, Pennsylvania, United States (4) Method Development,
Bristol-Myers Squibb, Devens, Massachusetts, United States (5) Mass Spectrometry
COE, Bristol-Myers Squibb, Devens, Massachusetts, United States
During monoclonal antibody process and product development, critical quality attributes
need to be well characterized and controlled to ensure process consistency throughout
life cycle management. Due to the complexity and heterogeneity of biologic products, a
wide variety of product related substances need to be monitored and characterized
throughout process development and process characterization phases in order to
develop a risk balanced control strategy and fully understand the root cause of these
attributes.
Process Development Analytics (PDA), a group within BMS Late-State Biologics
Process Development, currently leverages a variety of methods for characterization of
product substances during commercial process development. Due to the evolving
nature of process development, the current PDA strategy requires high-throughput
(HTP) functionality to provide rapid, relevant, and robust data. Discussed will be case
studies involving specific HTP analytical characterization methods including: aggregate
analysis by SEC-MALS1, fragmentation analysis by CE-SDS2, and charge variant
analysis by iCIEF3. SEC-MALS and CE-SDS deliver robust analytical results by
characterizing product impurities with a molar mass. However, while charge variants are
routinely analyzed by iCIEF providing qualitative insights into general distribution of
acidic and basic groups, characterization of the specific variant species at molecular
level poses a larger challenge. To overcome this challenge, an automated enrichment
method by continuous chromatography was developed and implemented which allowed
for collection of individual charge variant species. The enriched samples that result from
this method can achieve > 90% purity, and be characterized by enzyme digestion and
mass spectrometry. By achieving this level of characterization, fluctuating process
parameters can be precisely correlated to known product substances in a HTP
environment during commercial process development, leading to a more robust
manufacturing process and ultimately a higher quality final drug product.
BIOT 332
Inline concentration of monoclonal antibody feed to increase the productivity of a
continuous multi-column chromatography capture step
Thomas Elich, thomas.elich@emdmillipore.com, Herb Lutz. MilliporeSigma, Burlington,
Massachusetts, United States
Continuous bioprocessing requires the harmonization of upstream and downstream unit
operations. A particular challenge is the balance of bioreactor harvest and
chromatographic capture flow rates. While a high bioreactor harvest rate maximizes
production, it also reduces the chromatography step residence time, leading to shallow

breakthrough curves and diminished resin dynamic binding capacity. Multi-column
chromatography systems address this challenge by loading a rotation of several equally
sized columns in series, thus optimizing resin binding capacity at short residence times.
However, a key drawback to this approach is that system complexity increases and
resin productivity decreases with each additional column in rotation. Single-pass
tangential flow filtration (SPTFF) technology is a useful tool for inline adjustment of
product concentrations and volumetric flow rates in continuous bioprocessing. In this
work, SPTFF is employed for concentration and volume reduction of a monoclonal
antibody feed prior to multi-column capture chromatography. The inline concentration
serves to maintain product mass flow rate but reduce the volumetric flow rate, creating
conditions for increased chromatographic residence time and maximum resin binding
capacity. Results show that when applied to a continuous multi-column capture process,
SPTFF concentration reduces the required number of columns in rotation, enabling
improved resin productivity and an overall reduction in system complexity.
BIOT 333
Efficient purification of a recombinant protein from E. coli fermentate with mixedmode chromatography resins
James M. Sulzberger1, jim_sulzberger@bio-rad.com, David Frisch2, Hyunsic Choi2,
William Rushton1. (1) Process Chromatography, Bio-Rad Laboratories, Hercules,
California, United States (2) Scarab Genomics, Madison, Wisconsin, United States
The manufacture of recombinant proteins, especially the ones lacking affinity handles,
often requires multiple chromatography steps and complicated feedstream conditioning,
resulting in high production costs and relatively low yields. In this presentation we will
describe the development of a two-step workflow for the purification of an acidic
recombinant protein from E. coli fermentate, in which the target protein accounts for just
2% of total soluble proteins. Capture chromatography was performed with a
hydrophobic anion exchanger, Nuvia aPrime 4A. At modest salt concentrations and
neutral pH, the majority of impurities such as host cell proteins, lipids, and nucleic acids,
were eliminated in the column flow-through fractions. Interestingly, the target protein
was not eluted from this column by high concentration of sodium chloride, a salting-in
salt commonly used for dissociating proteins from an ion exchange column. Instead, a
divalent metal ion containing buffer was found effective for recovering the target protein
molecules. The eluate from the capture step was loaded directly onto the second mixedmode media, for polish purification, resulting in over 95% purity and close to quantitative
recovery of the target protein. The possible mechanisms for the selective binding and
elution of target protein, and hence the strategies for chromatography method
optimization, will be discussed in this presentation. Both the mixed-mode
chromatography media are macroporous particles, which offer efficient mass transfer in
a wide range of operation flow rates. Moreover, the gentle chromatography conditions
and the easy step transition allow maximum protection of the target protein integrity.
This purification workflow is robust and scalable.

BIOT 334
High-capacity capture of a recombinant growth factor directly from refold
solution using salt-tolerant cation exchange chromatography
Andreas Stein, andreas.stein@merckgroup.com, Anja Heinen-Kreuzig, Andre
Kiesewetter. HPC: E060/004, Merck KGaA, Darmstadt, Germany
Growth factors, a class of molecules with eminent therapeutic potential, are commonly
expressed in E. coli as inclusion bodies, therefore needing homogenization, clarification,
solubilization, and refolding prior to being able to move into traditional downstream
purification operations. The refold pool presents a challenge for conventional
chromatography media and often requires significant dilution or buffer exchange in
order to achieve reasonable capacities and separations. The advent of salt-tolerant
resins offers an opportunity to intensify these processes by allowing direct connection to
the refold pool.
In this work, we evaluated Eshmuno® CPS - a new salt-tolerant tentacle resin targeting
the purification of biomolecules from feeds at elevated salt concentration - for capture of
a recombinant human growth factor produced in E. coli. As a strong cation exchanger
without hydrophobic groups, the new media allows easy process development with
straightforward binding and elution conditions.
We confirmed a prominent dynamic binding capacity of 120 mg per mL settled resin,
loading the refold solution with relatively high conductivity of 36 mS/cm at a flow rate of
400 cm/h. Strong performance was observed in the separation with 95 % purity and a
yield of 89 %. A cost analysis will compare salt-tolerant with classical cation exchangers
for the growth factor purification and will highlight the cost-effectiveness of the new
approach.
BIOT 335
Control of beta-glucan levels in downstream processing by improved depth
filtration wash
Dongyoun Jang1, dongyoun.jang@bms.com, Christine Urrea1, Lakshmi Sirisha Botta1,
William Grimm1, Satish Sharma1, Melissa Holstein1, Sanchayita Ghose2. (1) Process
Development, Bristol-Myers Squibb, Devens, Massachusetts, United States (2) Process
Development, Bristol Myers Squibb, Devens, Massachusetts, United States

Beta-Glucans are polysaccharides of D-glucose monomers linked by (1-3) betaglycosidic bonds and are found to have a potential immunogenicity risk, labeling them
as process contaminants. A common source of beta-glucans is from the cellulose found
in traditional depth filter media. While beta-glucans are introduced into the process from
cell culture raw materials and the depth filters during primary clarification, they can be
removed by the subsequent bind and elute affinity chromatography step. However,
historical data has shown that, unlike bind and elute mode, flowthrough mode

chromatography, both ionic exchange and hydrophobic, cannot remove beta-glucan.
Thus, the primary focus of this study was to control the beta-glucans that leached out
from the depth filtration step following viral inactivation and neutralization and prior to
the flowthrough mode polishing steps. An optimized depth filter flush strategy using pH
10 Sodium Carbonate buffer was developed to control beta-glucan levels while
maintaining flowthrough operation of the subsequent polishing steps. Different loading
conditions for the depth filtration and subsequent chromatography steps were evaluated
to determine the robustness of the optimized flush strategy. Carry through runs have
resulted in greater than 2 fold reduction in beta-glucan levels for the optimized wash.
BIOT 336
Flocculation optimization for a scalable cell-free harvest process
Karl A. Wessendorf-Rodriguez, karl.wessendorf@gmail.com, Dharti Kothari, Bryan
Dransart. Downstream Development, Sutro Biopharma, Palo Alto, California, United
States
Sutro Biopharma’s core technology consists of a cell-free protein expression system
(XpressCF™ and XpressCF+™) based on Escherichia coli extract, which has been
developed for the expression of antibodies, bispecific molecules, cytokines and other
proteins in a wide range of expression conditions. The XpressCF+™ system allows for
the incorporation of a non-native amino acid, para-azidomethyl-L-phenylalanine (pAMF),
to enable site-specific conjugation. This unique protein expression system allows for
expedited scale-up from bench-scale to manufacturing-scale, shortening the time
between molecule discovery and clinical development. To simplify and streamline cellfree harvest operations, optimized flocculation conditions were developed to enable
high-capacity product recovery. Presented here is a comprehensive screening of
multiple cationic polymer size variants across various pHs, temperatures, and
flocculation time conditions suited for manufacturing scale-up. Depth-filtration capacity,
product quality and yield were considered as response factors of varying the
concentration and type of cationic polymer tested. Clearance of cationic polymers has
been established across multiple chromatography and TFF steps to de-risk potential
carryover into drug product.
BIOT 337
Modeling of ion-exchange chromatography: Are we making the right
assumptions?
Till Briskot1,4, till@briskot.de, Tobias Hahn1, Thiemo Huuk1, Felix Wittkopp2, Ferdinand
Stueckler3, Juergen Hubbuch4. (1) GoSilico GmbH, Karlsruhe, Germany (2) Pharma
Research and Early Development (pRED), Roche Innovation Center Munich, Roche
Diagnostics GmbH, Penzberg, Germany (3) Pharma Technical Development, Roche
Diagnostics GmbH, Penzberg, Germany (4) Institute of Engineering in Life Sciences,
Section IV: Biomolecular Separation Engineering, KIT, Karlsruhe, Germany

Model-based process development of ion-exchange chromatography has become
increasingly important in recent years. Efficient modeling of these processes requires
knowledge of the full adsorption isotherm that describes how resin properties, buffer
conditions, and other process parameters affect the adsorption equilibrium.
Commonly, the mathematical description of the isotherm is based on the stoichiometric
displacement model or its successor, the steric mass action model. These isotherms
have been first considered for modeling the influence of salt concentration on the
adsorption equilibrium and were later extended to quantitatively describe additional
effects like buffer pH. Due to the abstract nature of stoichiometric models, model
extensions are usually performed on an empirical bases and are often associated with a
significant increase in model complexity, resulting in challenges for model calibration.
They also do not explicitly consider resin or protein properties. Thus, parameter values
can only be used for a distinct protein-resin combination.
In the presented work, we discuss alternative non-stoichiometric protein adsorption
models that are based on a colloidal representation of proteins. Multiple models have
been proposed in the past, which differ in model complexity and model assumptions.
We present a model that results from a detailed examination of these assumptions. It
provides deeper mechanistic insights how resin properties, protein properties, and
buffer conditions affect protein adsorption. The model complexity is limited to a small
number of physically meaningful model parameters which enables rapid parameter
estimation and supports the use of homology models in model calibration. The benefit
and industrial applicability of the model is demonstrated by describing the separation of
an industrial monoclonal antibody in a cation exchange purification step.
BIOT 338
In-line Fourier-transform infrared spectroscopy as a PAT tool to monitor the
integrated on-column PEGylation and purification of a protein
Adrian Sanden, adrian.sanden@kit.edu, Susanna Suhm, Juergen Hubbuch. Karlsruhe
Institute of Technology (KIT), Karlsruhe, Germany
Conjugation of protein with polyethylene glycol (PEG) is a relatively common technique
to reduce the renal clearance and increase circulation times as well as reducing
immunogenicity. Several PEGylated drugs are available on the market, spanning a
variety of PEG chain lengths, linkers and other properties. The typical production
process consists of purifying the target compound and then performing batch
conjugation on the purified compound, necessitating further purification steps. This
further purification is necessary as the batch-reaction is generally not site-specific or
specific regarding the achieved degree of PEGylation. In on-column PEGylation, the
target protein is adsorbed onto a chromatography column before being brought in
contact with the PEGylation reagent. Binding the protein onto the stationary phase limits
the exposure of reaction sites to the PEGylation reagents. By restricting the available
reaction sites the reaction is slowed down while steric effects cause a shift towards
smaller degrees of PEGylation, thus increasing the yield of the desired species.

In this work we use a custom experimental setup to perform in-line Fourier Transform
Infrared Spectroscopy (FTIR) measurements to monitor the process stream at the
column effluent. This experimental setup consists of an ÄKTAPure chromatography
system attached to a Bruker Tensor 27 with a BioATR II flow cell. This setup has
previously been shown to have advantages over the classic UV/Vis detector when
dealing with PEGylated species and is now evaluated further. The reaction is conducted
as an integrated reaction/purification step where the separation of PEGylated species is
performed on the same chromatography column as the PEGylation reaction. Different
data analysis methods including partial least square regression were employed to
assess the performance of the on-column PEGylation reaction in comparison to the
batch reaction. Additionally, the possibility of real-time calibration-free monitoring of the
separation by utilizing the unique properties of these protein-polymer conjugates is
examined.
BIOT 339
DNA impurity removal in the clarification stage is key to mAb process efficiency
improvement
Joris Van de Velde, jvandevelde1@mmm.com, Alexei Voloshin, Kurt Eyer. 3M,
Zwijndrecht, Belgium
Monoclonal antibodies are the most successful and prominent products in the
pharmaceutical industry today. Increases in cell densities and improved expression of
the target protein have significantly boosted productivity. With these achievements, new
challenges of higher levels of process-related impurities such as HCP and HCDNA have
arisen. The downstream purification process, which is aimed at reducing these impurity
levels to acceptable levels, has now become a very costly and time-consuming
operation. With the rise of biosimilars, the demand for affordable treatments and the
increased pressure on time-to-market for new therapeutics, the need for robust and
compact downstream process trains has never been more relevant.
Conventional mAb production processes use traditional technologies of centrifugation
and depth filtration for the removal of cells and cell debris. The main target of these
steps is to provide a low turbidity clarified fluid, free of insoluble particles. In most
current processes, controlled reduction of insoluble impurities such as DNA is not a
decisive goal of the clarification stage. Yet multiple studies have shown that the
efficiency of the protein A capture step is correlated with the presence of these
components.
3M Emphaze AEX Hybrid Purifier is aimed at removing DNA-related impurities in the
clarification stage. The current study proposes two simple methods for detecting
breakthrough and control of these impurities. By removing DNA before the critical
protein A step, drastically reduced levels of both DNA and HCP can be obtained in the
protein A elution pool. The robustness of this approach was proven by showing
consistent results for different mAbs.

The study shows that the proposed solution offers a robust and effective strategy for
dealing with the main impurity challenges and allows further process simplification
based on the obtained achievements.
BIOT 340
Purification of recombinant monoclonal antibody – Rituximab Biosimilar – with
alternate non-affinity based chromatographic processes
Anton Posch1, anton_posch@bio-rad.com, Franziska Kollmann1, Chelsea Pratt2, Laura
Moriarty2, Payal Khandelwal2, Elisabeth Dreskin2. (1) Bio-Rad Laboratories GmbH,
Munich, Germany (2) Bio-Rad Laboratories, Inc., Hercules, California, United States
Protein A based chromatographic work flows are often used for the purification of
recombinant monoclonal antibodies. This is because Protein A binds recombinant
antibodies selectively and efficiently even in complex cell culture supernatants, usually
removing more than 99% of product impurities in a single step. However, Protein A
resins have two major disadvantages, high cost and low resin stability. Alternatively, the
application of non-affinity resins for the capture step followed by one or two resins with
orthogonal characteristics enable the effective removal of contaminants such as host
cell proteins (HCP), DNA and antibody aggregates, as well as improve the process
economics.
Here we have evaluated the purification of the recombinant antibody - Rituximab using
three alternate purification schemes. These include a cation exchange (CEX) resin for
capture purification, followed by further purification with anion-exchange (AEX),
hydrophobic cation-exchange (mixed mode) and hydroxyapatite (mixed mode) media.
Design of experiment (DoE) was applied to optimize the chromatographic conditions of
two of the non-affinity resins and was an important tool to enhance the performance of
all of the purification workflows investigated. The success of each purification scheme
was monitored by quantifying Rituximab HCP and DNA, and through functional assays.
We identified that a combination of CEX – AEX – mixed mode resins produced the most
economical workflow giving >99% purity and 75% yield of Rituximab. HCP levels were
reduced by four log fold and DNA contamination was below the detection limit after the
final step. Pharmacokinetic bridging assay suggests that the purified monoclonal
antibody behaved in a similar way to a Rituximab standard, showing no significant loss
of structure or function throughout purification. We therefore propose that a non-affinity
based purification workflow for Rituximab provides the best process economics with
uncompromised results.
BIOT 341
Process Intensification: Case studies in downstream processing of monoclonal
antibodies

Varsha Yadav, varshay@drreddys.com, Kishore Jahagirdar, Mandrita Chatterjee,
Deepak Dongare, Atul Kori, Anitha Puppala, Sateesh Natarajan, C Nirmalaraju. Product
Development, Dr Reddys Laboratories, Hyderabad, Telangana, India
The early phase projects often focus on development speed rather than process
performance as it is the stepping stone to initiate the clinical trials faster. There is
considerable time between the clinical phases to identify, measure, analyse and
improve existing processes through process intensification (PI). PI has been applied for
downstream processing of monoclonal Antibodies (mAbs) largely through continuous
processing or process integration along with Process Analytical Techniques (PAT) to
get benefits in terms of process robustness and economy.
Here we intent to present two case studies describing the strategies employed as part
of a process intensification to improve the productivity, efficiency and robustness of the
processes.
The first case study will demonstrate an intensified Cation exchange chromatography
(CEX) process for mAb A by modifying the elution conditions and implementing PAT
based pooling. The modification of the elution gradient resulted ~30 % increase in yield.
Moreover, online-PAT implementation helped in further improving the yield by ~3-5%
along with improving the process robustness and maintaining the product quality.
The second case study will describe the intensification of the downstream process for
mAb through integration of various unit operations. The bottleneck in downstream
process integration was the CEX step which was in bind and elute mode. The
conversion of the CEX step to flow-through mode facilitated the downstream process
integration thus reducing the processing time, operator interventions and demonstrating
higher productivity than a batch based process. This also enhanced the process
efficiency without altering the product quality and yield.
BIOT 342
Design of experiment approach to a mechanistic understanding of viral removal
in anion exchange chromatography
Shing Fung Lam1, steve.lamsf@gmail.com, Zhijun Tan2, zhijun.tan@bms.com,
Jennifer Sheng1, Jennifer.Sheng1@bms.com, Naresh Chennamsetty3,
Naresh.Chennamsetty@bms.com, Angela T. Lewandowski3,
angela.lewandowski@bms.com, Sanchayita Ghose1, sanchayita.ghose@bms.com,
Wenbin Qi4, wenbin.qi@thermofisher.com, Moira Lynch5,
Moira.Lynch@thermofisher.com, Zhengjian Li2, zhengjian.li@bms.com. (1) Process
Development, Bristol Myers Squibbs, Boston, Massachusetts, United States (2) BristolMyers Squibb, Devens, Massachusetts, United States (3) Process Development,
Bristol-Myers Squibb, Hopkinton, Massachusetts, United States (4) ThermoFisher,
Carlsbad, California, United States (5) Purification R&D, ThermoFisher, Bedford,
Massachusetts, United States

Monoclonal antibodies (mAbs) are often produced in mammalian cell lines, potentially

resulting in the introduction of adventitious viruses in the drug substance. Anion
exchangers (AEX) are one of the main workhorses for the removal of viruses in mAb
processes. However, viral removal is currently not a well understood process, and
process development for AEX is often done via a combinatorial approach to achieve an
acceptable viral clearance safety factor; this approach has sometimes led to suboptimal
clearance. The goal of this study was to advance the fundamental understanding of the
virus removal mechanism in flow-through AEX, which could provide a more guided
approach to process development for AEX or the antecedent step in order to achieve a
more favorable overall viral clearance. A design of experiment (DOE) approach was
employed for this experiment by tuning key process parameters such as pH,
conductivity and protein loading, while keeping buffer species and protein
concentrations constant. Three mAbs with different biophysical properties were tested
against these parameters. Ion exchange theory suggests that an increase in pH and a
decrease in conductivity will promote virus binding to the AEX resin. It was observed
that the two mAbs with higher pI did not yield higher virus removal with higher pH.
Furthermore, a mild conductivity increase led to increased virus removal for all the
mAbs studied. This departure from expected behavior may arise from the fact that
traditional norms in ion exchange theory accounts only for a binary interactions between
the virus and resin. With the introduction of the mAbs an additional two interactions are
added: mAb-resin and mAb-virus interactions. The change in pH and/or conductivity
may disrupt the mAb-virus interactions and weaken the mAb-resin interactions, leading
to the unusual clearance trends. These results suggest that the molecule’s biophysical
properties are the most significant determining factor for virus removal by AEX due to
the mAb-virus interactions, which cannot be quantified solely by isoelectric point.
Accounting for these interactions through molecular modeling could provide a deeper
understanding of the AEX virus removal mechanism and may enable predictive viral
clearance in the future.
BIOT 343
Improving mAb purification process using a high capacity anion exchange resin
coupled with buffer modulation
Quanxuan Zhang, quanxuan.zhang@avantorinc.com, Rudrajit Mal, Bhaktavachalam
Thiyagarajan, Nandu Deorkar. Avantor Inc., Bridgewater, New Jersey, United States
Current commercial downstream purification platform of monoclonal antibody (mAb)
relies on protein A chromatography as a workhorse in capture step followed by a few
ion exchange chromatography steps. The increased upstream titers have long shifted
the attention towards downstream process development from a manufacturing
perspective. With column chromatography continuing to be favored, increasing process
throughput and reducing operation costs have been the continuous focuses through
development of higher capacity resins with greater selectivity. For example, protein A
chromatography has been heavily addressed recently with significant improvement on
alkaline stability and binding capacity (up to 50-70 g/L) via rational matrix and ligand
design along with process condition optimization. Ion exchange chromatography (IEX)

is utilized for reducing aggregates, charge-variants, residual DNA and host cell proteins,
and leached Protein A. However, limited efforts have been made to improve ion
exchange steps in mAb purification. Conventional AEX resins are shown to have
medium mAb dynamic binding capacity of 60-110 g/L with varying level of selectivity,
which limits improvement of process throughput. This paper presents a novel approach
to achieve mAb dynamic capacity of up to 175 g/L with high selectivity by tuning resin
chemistry, and using buffers with different pKa, under optimized pH and conductivity.
BIOT 344
Effects of solution conditions on virus filtration of proteins: fouling behavior and
clearance of minute virus of mice
Fnu Namila1, namila@email.uark.edu, Da Zhang2, Steven J. Traylor3, Tung Nguyen3,
S. Ranil Wickramasinghe2, Xianghong Qian1. (1) Biomedical Engineering, University of
Arkansas, Fayetteville, Arkansas, United States (2) Department of Chemical
Engineering, University of Arkansas, Fayetteville, Arkansas, United States (3) Biologics
Process Development, Bristol-Myers Squibb, Hopkinton, Massachusetts, United States
Viral safety is one of the major concerns in the production of mammalian cell and
plasma derived biotherapeutic products. A demonstration of virus clearance is required
by the regulatory agencies. Virus filtration can provide a robust removal of virus. Here
the effects of solution condition and process interruption on the fouling behavior and
virus retention during virus filtration are systematically investigated for the filtration of an
Fc-fusion protein and two monoclonal antibodies spiked with minute virus of mice
(MVM) using three commercially available virus filters.
A combined pore blockage and cake filtration model was found to describe well the
fouling behaviors of the three filters for all the solution conditions and for all three
biomolecules. The fouling of the virus filters is dominated by the pore blockage
mechanism during the initial stage of the filtration and transformed to the cake filtration
mechanism during the later stage of the filtration. Both flux and transmembrane
resistance can be described well by this model. The pore blockage rate and the rate of
increase of protein layer resistance over blocked pores are found to be affected by
membrane properties as well as the solution conditions resulting from the modulation of
interactions between virus, protein and membrane by the solution conditions. Our study
shows that virus breakthrough is complex, but strongly filter and solution condition
dependent. Surprisingly, virus breakthrough appears to be most severe under the
relatively low membrane fouling conditions for one of the commercial filters investigated.
BIOT 345
Effects of substrate morphology on protein binding and elution for responsive
hydrophobic interaction chromatography applications
Shu-Ting Chen2, sc068@email.uark.edu, S. Ranil Wickramasinghe2, Xianghong
Qian1, xqian@uark.edu. (1) Biomedical Engineering, University of Arkansas,

Fayetteville, Arkansas, United States (2) Department of Chemical Engineering,
University of Arkansas, Fayetteville, Arkansas, United States
Current resin based hydrophobic interaction chromatography (HIC) is a purification
operation used in the production of biopharmaceuticals based on differences in
hydrophobicity among products and impurities. The current technology can suffer from
protein denaturation, low product yields, the possibility of high pressure and lengthy
processing time. Membrane based responsive HIC has been investigated previously for
protein purification in a bind-and-elute mode to overcome these limitations. The surface
of these responsive HIC is grafted with polymeric ligands with tunable
hydrophobicity.Poly (N-vinylcaprolactam) (PVCL) is a prototype thermo- and saltresponsive polymer that can switch its conformation between the hydrophilic and
hydrophobic states in response to environmental stimuli. However, the binding capacity
and recovery of these responsive HIC remain the major bottleneck for the industrial
applications. In order to further improve the protein binding capacity and recovery,
substrates with different surface to volume ratios for immobilizing the HIC ligands were
investigated using the advanced electrospinning and 3-D printing technologies.
Significant increase in binding capacity and recovery compared to the flat surfaces has
been achieved.
BIOT 346
Continuous, integrated biologics manufacturing
Daniel C. Lourenco, Daniel_lourenco@pall.com, John Welsh. Pall Biotech BP R&D,
Pall Europe ltd., Portsmouth, Hampshire, United Kingdom
Biosimilars and patent expiry are forcing the biopharma industry to find new ways to
maintain competitiveness by ensuring affordability, quality, and delivery performance.
Despite great improvements in upstream processing (USP) efficiency, higher titers
create downstream processing (DSP) bottlenecks and facility fit issues: Equipment
reaches its physical and capacity limits thereby increasing processing time, material
consumption and overall cost.
Continuous processes have been proposed as a solution to many of these issues as
they offer higher productivity while reducing cycle times, buffer/resin usage and required
footprint.
This project will combine and condense multiple DSP unit operations to function as one
uninterrupted system with integrated analytics and overarching automated control. The
aim is to create an operationally-efficient, multi-product platform which replicates the
functionality of a larger plant processing 100 L feedstock per day (independent of
product titer).
The integrated unit will be tested on several biologic processes demonstrating the
system’s potential to enable product changeover, increased facility flexibility and
productivity. Significant focus will be given to process validation procedures and the use
of low level control to achieve process stability (steady state) and maintain acceptable
product quality. This work will lay the foundation for real-time release strategies and

replace drug substance release testing.
This presentation will provide an overview of the project and show recently-acquired
data from the automated purification of an industry-relevant monoclonal antibody. In
doing so, this will highlight the applicability and demonstrate the real-world potential for
this automated continuous processing to advance the manufacturing of
biopharmaceuticals.
BIOT 347
Rapid-filtration analysis of protein A and antibody affinity capture in membranes
Ahmad Nazem1, ahmadnazem@gmail.com, Binh Vu2, Ujwal Patil3, Mary Crum2, Atul
Goyal2, Richard C. Willson2. (1) Biomedical Engineering, University of Houston,
Houston, Texas, United States (2) Chemical and Biomolecular Engineering, University
of Houston, Houston, Texas, United States (3) Biochemistry, University of Houston,
Houston, Texas, United States
Membrane chromatography, lateral-flow immunoassays, and a variety of other
technologies, involve the flow and capture of targets and reporters in porous matrices
such as polymeric membranes. Measurement of the kinetics of interaction and capture
in such matrices has been difficult, especially on time scales below one second. A
rapid-filtration system for short-time-scale measurement of the kinetics of binding in
membranes is described. The system is primarily composed of a mechanical syringe
pump driving fluid flow through a membrane resting on a stainless-steel mesh
membrane connected to a vacuum pump to remove excess fluid, and computercontrolled solenoids to bring the membrane into and out of fluidic contact with the
syringe at precisely-controlled times. We have used this technology to characterize the
binding of antibodies to immobilized Protein A forms, and diagnostic assay reporters
onto lateral-flow immunoassay membranes, at flow rates from 0.5 to 8 mL/sec over
times ranging from 50 - 1000 ms. Under optimized conditions, this approach showed an
increase in signal in a flow-rate- and time-dependent manner. Potential applications of
rapid-filtration analysis include the study of chromatographic and membrane adsorption,
and membrane-based assays and medical diagnostics.
BIOT 348
Using confocal microscopy to assess the effects of sterilizing grade filter
morphology and experimental conditions on the filtration capacity of
fluorescently tagged liposome, and in turn optimize filter selection for final drug
manufacture
Kyle R. Jones1, Kyle_Jones@europe.pall.com, John Welsh1, Nigel Jackson1, Michael
Hoare2. (1) Biotech, Pall, Portsmouth, Other, United Kingdom (2) Biochemical
Engineering, University College London (UCL), London, United Kingdom

A critical stage in the manufacture of a heat-labile parenteral drug is the sterilizing
filtration step prior to filling of the drug product into the final dosage container or delivery
system.
Increasingly, biocompatible nanosuspensions are being considered and implemented in
formulations to encapsulate drug molecules. They can be used to overcome solubility
challenges, allowing for extended release and improved targeting of molecules at their
intended sites of action.
The liposomal delivery method can be costly and presents filtration challenges, and
consequently this presents opportunities to better understand the effects of filtering
liposomes, including what test conditions, such as filtration pressure and temperature,
will influence overall filtration behaviour.
To evaluate the effect of the above conditions on filtration behaviour, an investigation
was performed where multiple sterilizing grade filters were challenged with fluorescent
dye-encapsulated liposome solution.
Confocal microscopy was used to measure the impact of each test and filter
morphology on liposome filterability. This was a key technique in this investigation,
providing a method to track and differentiate between fluorescent particles and a
method to analyse each challenged membrane for adsorption and penetration of
liposome.
This type of analysis can be used to provide useful insights when identifying a suitable
filter for the sterilization of final drug product using liposomes.
BIOT 349
Novel applications of chromatofocusing for the purification of monoclonal
antibodies
Yang Liu1, liuyang1@umbc.edu, Sevda Deldari1, Hui Guo2,1, Chittoor N. Rao5, Ronald
Bates3, Jay West4, Kathleen Trejo4, Ryan Swanson4, Sanchayita Ghose4, Zhengjian Li4,
Douglas D. Frey1. (1) Chemical & Biochemical Engineering, University of Maryland,
Baltimore County, Baltimore, Maryland, United States (2) Shimadzu Scientific
Instruments, Columbia, Maryland, United States (3) Bristol-Myers Squibb, East
Syracuse, New York, United States (4) Bristol-Myers Squibb, Devens, Massachusetts,
United States (5) Moderna Therapeutics, Cambridge, Massachusetts, United States
We have previously reported on our studies of basic applications of chromatofocusing
as an alternative to protein A chromatography for the initial capture step in a purification
process for antibodies and antibody fusion products. In order to fully explore the range
of applications of chromatofocusing for bioprocessing, this work investigates several
related novel applications of this technique for antibody purification including for the
case where host cell proteins (HCPs) that physically associate with the antibody are a
factor. The specific conditions employed were selected on a rational basis using a
computer-aided design method. A 2D analytical separation method that uses HPLC
followed by high-sensitivity silver-stained SDS-PAGE with quantitative image analysis
was employed for purification process development. Results from this study indicate

that chromatofocusing is useful for several important types of bioprocessing
applications.

BIOT 350
Effect of ligand structure, arrangement, and density on charge and hydrophobic
characteristics of multimodal chromatographic surface
Camille Bilodeau1, camille79bilodeau@gmail.com, Edmond Y. Lau4, Shekhar Garde3,
Steven M. Cramer2. (1) Chemical and Biological Engineering, Rensselaer Polytechnic
Institute, Troy, New York, United States (2) Ricketts Bldg, Rensselaer Polytechnic Inst,
Troy, New York, United States (3) Dept of Chemical and Biological Engr, Rensselaer
Polytechnic Inst, Troy, New York, United States (4) Lawrence Livermore National
Laboratory, Livermore, California, United States
Multimodal chromatography uses multiple modes of interaction ranging from charge and
hydrogen bonding interactions to hydrophobic and aromatic interactions to achieve
challenging separations and unique selectivities. Unfortunately, these modes of
interactions often affect each other in unintuitive ways making overall chromatographic
behavior challenging to understand and predict. The lack of fundamental understanding
of these systems poses a significant barrier to multimodal process development and
multimodal ligand design.
In this work, we use molecular dynamics simulations to study a series of multimodal
cation exchange and anion exchange ligands including commercially available ligands
and a series of prototypical ligands. We first study these ligands in free solution and
characterize each ligand’s conformational equilibria (which control the proximity of
different chemical moieties) and hydration patterns (which control the overall
hydrophobicity of the ligand). We find that conformational equilibria and hydration
patterns are a strong function of the individual moieties comprising the ligand and their

arrangement. We then simulate each ligand immobilized on a surface at typical
commercially available ligand densities. We find that upon immobilizing ligands on a
surface, they may associate (depending on conformational equilibria) to form patterned
surfaces with large charge and hydrophobic patches on length scales exceeding the
length scales of the individual ligands themselves. We characterize the hydration of
these surfaces and find that surface hydrophobicity is a complex function of both
individual ligand hydrophobicity and larger scale pattern formation. Finally, we simulate
small model proteins interacting with selected ligand surfaces and demonstrate that
these differences in hydration lead to differences in free energies of binding. Based on
these results we define a set of rules for how individual ligand structure and
arrangement controls the hydrophobic and charge characteristics of the
chromatographic surface. This work provides an important step toward understanding
the relationship between ligand design and function in a chromatographic system. In the
future, we plan to investigate the relationship between the hydrophobic and charge
characteristics of the chromatographic surface and orthogonality in experimental
chromatographic systems.
BIOT 351
Ultrafiltration behavior of small RNA molecules: RNA size and ionic strength
effect
Ivan Manzano1, jim16@psu.edu, Grace Vezeau2, Howard Salis1,2, Andrew L. Zydney1.
(1) Dept of Chemical Engineering, Penn State University, University Park,
Pennsylvania, United States (2) Agricultural and Biological Engineering, Penn State
University, University Park, Pennsylvania, United States
Successful commercialization of RNA therapeutics require the development of
appropriate manufacturing and purification processes suitable for the production of large
quantities of high quality and high purity RNA with well-defined tertiary structures.
Ultrafiltration has the potential to play a major role in RNA processing, both for removal
of large MW species (RNA collected in permeate) and for RNA concentration/buffer
exchange (with RNA collected in retentate). Several previous studies have
demonstrated the potential of using tangential flow filtration (TFF) for RNA separations
(e.g. removal of RNA from large plasmid DNA). However, these studies were performed
with crude RNA mixtures with a range of RNA size and structures.
The objective of this study was to examine the ultrafiltration behavior of RNA with welldefined size and tertiary structure over a range of filtrate flux and solution conditions
(e.g., added salt and urea). RNA with four well-defined sequences were synthesized
from their respective DNA template by T7 RNA polymerase. PES membranes with a
MWCO of 100 kDa were used for the filtration experiments. Characterization of RNA
was performed by DLS, SEC, and AGE.
The observed sieving coefficients (So) for the linear-20 RNA were much larger than
those for the linear-70 RNA as expected. However, So values for the hairpin-70 RNA
were very similar to those of the linear-20 over the entire range of filtrate flux even
though these RNA are more than 3-fold different molecular weight. In contrast, the

transmission of the linear-70 RNA was well below that of the hairpin-70, despite the very
similar molecular weight for these RNA structures (within 2.9%). For example, at a
filtrate flux of 98 µm/s (corresponding to 350 L/m2/h), the sieving coefficient of the linear70 is only So = 0.04 while that for the hairpin-70 is greater than 0.25. Results
demonstrate that RNA size and structure have a strong effect on RNA transmission
through the ultrafiltration membrane.
Transmission also showed a strong dependence on the ionic strength of the buffer
solution due to significant changes in RNA structure and effective size, with the latter
also seen in SEC and DLS measurements. The strong dependence of RNA
transmission on NaCl concentration provides opportunities for purification of more
complex RNA therapeutics, e.g., CRISP-Cas9 and RNA conjugated to exosomes and
lipid nanoparticles, where the separation of free RNA from the larger complexes is
required.
BIOT 352
Process development of flow-through mAb polishing process
Junyan Zhang, junyan.zhang@emdmillipore.com, Meghan Higson, Jeffrey Barna,
Michael W. Phillips. MilliporeSigma, Bedford, Massachusetts, United States

Over the last several years, the biopharmaceutical industry has had a major focus on
connected and continuous processing to improve both process economics and plant
utilization. As opposed to the traditional polishing trains comprised of bind-elute
chromatography operations, an all flow-through polishing train easily enables connected
and continuous processing while simultaneously improving process economics,
flexibility, and productivity.
Leveraging commercially available and novel prototype chemistries and devices, we
investigated how a properly designed flow-through polishing train can be used to meet
the stringent demands expected for mAb polishing purification. A streamlined
methodology will be described to investigate the performance of individual units as well
as synergies between technologies. For both individual technologies and connected
processes, results will be discussed on their ability to robustly meet purity and yield
targets. Finally, we will show how leveraging the integrated combination of unit
operations can result in improved performance over the standard batch, segregated
processing paradigm.
BIOT 353
Use of HPLC as an enabler of process analytical technology in process
chromatography
Anamika Tiwari, anamika.t1110@gmail.com, Nikhil Kateja, Anurag S. Rathore.
Department of Chemical Engineering, Indian Institute of Technology, New Delhi, India

Online monitoring of product quality attributes using high resolution analytical tools is a
prerequisite for implementation of process analytical technology (PAT) and thereby
ensuring product quality and consistency. Online high-performance liquid
chromatography (HPLC) has been established for real time monitoring of product quality
attributes. However, requirement of liquid handling system capable of online sampling
and fractionation and interfacing it with preparative scale chromatography appends to
the cost and complexity of the design module of commercially available online HPLC.
This study proposes a cost-effective approach for using a traditional offline HPLC for
online analysis using a 2 way/6 port valve to facilitate simultaneous automated sampling
of product stream eluting from a process column and fractionation. No sample dilution is
required in the proposed approach. The versatility of the proposed online configuration
has been verified by demonstrating its use for two of the most common separations
required during production of monoclonal antibody therapeutics: separation of
aggregates and separation of charge variants. Process modeling has been performed to
allow interpolation of HPLC data and facilitate pooling to achieve the desired purity
(model predicted purity 99.1% vs achieved purity of 99.3% for removal of aggregates,
model predicted main species yield of 62.4% vs achieved main species of 62.9% for
pooling of charge variants). Further predictive modeling was also used for prediction of
the impact of variability in feed composition on separation of aggregates and charge
variants. The study thus demonstrates that the proposed online HPLC configuration can
be used for PAT applications in preparative chromatography.
BIOT 354
Precipitation of complex antibody solutions: Influence of contaminant
composition and fermentation medium on the precipitation behavior
Steffen Grosshans, steffen.grosshans@kit.edu, Susanna Suhm, Juergen Hubbuch.
Institute of Engineering in Life Sciences Section IV: Biomolecular Separation
Engineering, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
Preparative protein precipitation is known as a cost-efficient and easy-to-use alternative
to chromatographic purification steps. Especially for the manufacturing of monoclonal
antibodies (mAb), precipitation using polyethylene glycol (PEG) as precipitation agent
has shown promising results. Ideally, the product is precipitated selectively, while all
contaminants stay in solution. However, variations of the product purity are reported
depending on the host cell protein (HCP) composition. Until today the interplay of the
different components of a fermentation feedstock, regarding the product and
contaminants are not fully understood. The precipitation of this crude feedstock is highly
complex, as each component might influence the stability of the others.
The present work discusses the influence of different contaminant matrices on a PEG
induced precipitation process. With the help of high-throughput experiments, two
different mAbs were investigated at different mAb concentrations. A complex feedstock
could successfully be mimicked by spiking the mAb with mock-solution. This causes
destabilization of the mAb and contaminants, resulting in an increase of the yield and a

decrease of the purity. In an additional screening set, the mock was re-buffered prior to
the spiking. Thereby, molecules smaller than 10 kDa were depleted, and the influence
of macromolecular impurities, like HCP nor DNA, was investigated. MacromolecularmAb interaction was identified as reason for the observed destabilization. In contrast, a
stabilizing effect of the cell culture medium components could be shown. The results
demonstrate the importance of integrating up- and downstream process development
for a precipitation step. Furthermore, they can also be transferred to other unit
operations, as protein contaminant interactions play a critical role during the whole
downstream process.
BIOT 355
Visualization technique of protein bind and elute processes on a IEX membrane
adsorber
Adrian Ley1, adrian.ley@Sartorius.com, Dominik Stein2,1, Juergen Hubbuch3, Volkmar
Thom4. (1) Membrane Chromatography, Sartorius Stedim Biotech GmbH, Goettingen,
Germany (2) MAB, Karlsruhe Institute of Technology, Clausthal-Zellerfeld, Germany (3)
KIT, Karlsruhe, Germany (4) Sartorius Stedim Biotech GmbH, Göttingen, Germany

In biopharmaceutical productions, ion-exchange (IEX) membrane adsorbers (MA) are
commonly used for the purification of biological target molecules. In this study, the
commercially available functionalized MA Sartobind®S was investigated. Each
membrane exhibits on its entire surface a three-dimensional polymer graft of approx.
0.5 – 0.8 µm thickness which contains sulfonic acid groups in order to provide cation
exchange capabilities.
Under process conditions typically applied for these MA, the transport characteristics
are dominated by convective transport through the membrane pore structure. However,
in this work, we also investigate the transport of positively charged target molecules
(lysozyme) into the functionalized graft layer and elucidate the contribution of the
diffusional transport to the overall mass transfer properties of the MA.
Accordingly, a method has been developed, that enables the in-situ visualization of the
protein binding and elution process during loading and elution of the MA.
A flow-cell which attaches directly to the confocal-laser-scanning microscope (CSLM)
was developed in order to perform and optically monitor in-situ bind and elute processes
with sufficient resolution to clarify not only the overall binding properties of the cationexchange membrane, but also the mass transfer in-and-out of the polymer graft layer.
To facilitate fluorescence imaging, a fluorescence marker was employed, specifically
chosen to bind to the target molecule without significantly impacting the respective
binding characteristics.
Quantification of the local protein concentration was enabled by establishing a
correlation between fluorescence signal intensity and local protein concentration derived
from static binding experiments at different protein solution concentrations. This
experimental framework enables to visualize the bind and elute process and give semi
quantitative information of local protein concentration in every stage. The results give

insights into the homogeneity of binding to the grafted polymer and the fluid dynamics
(axial dispersion) can be derived from the measurements. Finally, this method
contributes to a better understanding of adsorption and desorption mechanisms and
changes in structure properties of the functional grafted polymer under application
relevant conditions.
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Downstream processing and characterization of ranibizumab expressed in E.coli
Sharad J. Narnaware1, sharadudps@gmail.com, Nikhil Kateja1, Anamika Tiwari1,
Anurag S. Rathore2. (1) Department of Chemical Engineering, Indian Institute of
Technology, Delhi, New Delhi, New Delhi, India (2) Department of Chemical
Engineering, Indian Institute of Technology, New Delhi, India
Ranibizumab is a fragment antigen binding (Fab) antibody fragment. It is used for the
treatment of Wet Age-related Macular Degeneration (AMD), a common form of agerelated vision loss. It is generally produced intracellular in E.coli as inclusion bodies.
Refolding and purification of Fab antibody fragment has been a major bottleneck in
downstream processing due to its poor refolding yield and corresponding complex
purification process. In the current study, we have optimized refolding and purification
process for ranibizumab. An in-house clone expressing ranibizumab as inclusion bodies
were used for the study. Refolding optimization was carried out using a design of
experiment (DoE) study. Post refolding, a 3 step chromatography process comprising of
hydrophobic interaction chromatography (HIC)-cation exchange chromatography (CEX)anion exchange chromatography (AEX) was developed for purification. HIC was used in
bind and elute mode as the capture step. Most of the impurities related to high
molecular weight (HMW) and residual light and heavy chains were alleviated by using
HIC. For the polishing step, CEX was performed for removal of product charge variants.
After CEX, AEX in flow-through mode was utilized for further clearance of HCP and
DNA. The developed purification process results in product purity >99% and yield >70%
along with acceptable product quality attributes HMW <0.1%, HCP <100 ppm, DNA <10
ppb. Further identification of native ranibizumab was carried out using electrospray
ionization-quadrupole-time of flight mass spectrometer (ESI Q-TOF-MS) confirming a
molecular weight 48.3 kDa. The optimized purification process supports the efficient
separation of antibody fragments and is useful for industrial processing.
BIOT 357
Recovery of valuable compounds from food industry side streams
Monica Moreno Gonzalez1, mmg0405@gmail.com, Guilherme Ferreira2, Hilde
Wijngaard3, Marcel Ottens4. (1) Biotechnology, Delft University of Technology, Delft,
Zuid Holland, Netherlands (2) Food Specialities, DSM, Delft, Zuid Holland, Netherlands
(3) R&D, Unilever, Vlaardingen, Zuid Holland, Netherlands (4) Delft University of
Technology, Leiden, Netherlands

Voluminous side streams are generated during animal and plant-based food
processing. These particular side streams are interesting because of their valuable
content (complex carbohydrates, proteins, polyphenols, and lipids, amongst others)
which can be used for further valorisation. According to the European Commission,
most of these side streams are produced by the food manufacturing sector, and by
2020 it is expected to rise to 126 million tons compared to 96 million tons generated in
2007. Research on producing/recovering valuable products from these side streams is
being done around the world however, the use of these side streams is limited due to
public acceptance, uncertainty on composition and quality. Adsorption is a powerful
technique that allows separation of complex mixtures and can be operated at mild
conditions. Applying adsorption might lead to a higher purity of the wanted product and
reduce the impact on functional properties and nutritional value produced by thermal or
physicochemical processes. This paper will present High Throughput Screening (HTS)
experimentation results used to evaluate different adsorbents to selectively capture the
target compounds. Adsorption capacity, selectivity and ease of desorption are
considered to define a resin selection criterion for evaluating the different absorbents.
Moreover, different models on contacting modes (fixed bed and continuous
chromatography) will be evaluated to capture valuable compounds from food side
streams. The resins selected will be used for large scale chromatographic process
design.
BIOT 358
Custom affinity chromatography for vaccine purification: A new PD paradigm
Romas Skudas, romas.skudas@merckgroup.com, Renato Azevedo. EMD Millipore,
Darmstadt, Germany
Vaccine for smallpox was a breakthrough invention by Edward Jenner and since 18th
century saved millions of lives. From that time many other vaccines were developed
extending the human lifetime, quality and preventing worldwide epidemies. Though
vaccination is a very attractive way of prevention against diseases, it’s discovery and
production is very challenging. Especially the lack of templated approaches increases
the costs and timelines required.
Today we would like to address the potential simplification of vaccine manufacturing,
while introducing the first steps towards templated processing. New technologies, as
custom affinity chromatography, could enable purification of vaccines with high
specificity and elevated process recovery rates. Moreover, the level of impurities with
similar physical properties to the target molecule (e.g. DNA and scaffolds thereof, HCP)
can be reduced.
Ironically the challenge of custom affinity chromatography is the same as for the
vaccines: discovery and the development time. To address major challenges, our
approach is based on a templated way of custom affinity chromatography development
paradigm: a) ligand discovery process, based on the existing ligand libraries; b) E.Coli
expression of identified tagged ligands; C) Epoxy based coupling for orientated
immobilization; D) small scale manufacturing including product quality control. The wide

selection of different supports and chemistries is essential in enabling fast development
and the choice of best strategies.
We believe, that custom affinity chromatography is just one, but essential peace to
assure faster and more reliable vaccine manufacturing process in future reducing the
manufacturing steps and simplifying the whole process.
BIOT 359
Impact of protein concentration on the size of PEGylated proteins and their
adsorption in ion exchange chromatography
John Pagano, john.pagano@bms.com, Yuanli Song, Hasin Feroz, Deqiang Yu,
Sanchayita Ghose, Zhengjian Li. Process Development, Bristol-Myers Squibb, Devens,
Massachusetts, United States
Proteins of relatively small sizes can be PEGylated to improve pharmacokinetic profiles
for therapeutic purposes. PEGylated proteins present a few challenges during the
downstream processing. Ion exchange chromatography is widely used for purification of
PEGylated proteins. However, the dynamic binding capacity of PEGylated proteins is
significantly reduced compared with the native protein. Potential causes for this include
shielding of the proteins charge by conjugated PEG polymer chains and reduced
diffusivity in resin beads due to the large PEGylated protein sizes. In this study, we
found that protein concentration can impact the size and structure of the PEGylated
protein and thus its binding behavior in ion exchange chromatography. Another
challenge from the PEGylation reaction is the catalyst used in the reaction has a UV
absorbance that can interfere with the chromatogram and protein concentration
determination. We utilized tangential flow filtration to remove the catalyst and other
impurities, and also concentrate the PEGylated protein. With diafiltered and
concentrated PEGylated proteins, the higher loading capacity is achieved and UV
interference removed during ion exchange chromatography. We will discuss the
characterization of PEGylated proteins and the development of an effective process for
purification of PEGylated proteins.
BIOT 360
Purification of polysaccharide-protein conjugate vaccines using
ultrafiltration/diafiltration processes
Parinaz Emami1, ppe5016@psu.edu, Seyedpouria Motevalian2, Andrew L. Zydney1. (1)
Dept of Chemical Engineering, Penn State University, University Park, Pennsylvania,
United States (2) Pfizer Inc., Pearl River, New York, United States
Highly effective vaccines against diseases caused by S. pneumoniaecan be produced
by chemical conjugation of the capsular polysaccharide from these bacteria to a highly
immunogenic protein. To ensure consistency in the immune response, the
concentration of residual free polysaccharide must be reduced in the final product. This

can be accomplished using ultrafiltration (UF) / diafiltration (DF), but there is relatively
little quantitative understanding of the key factors controlling the UFDF behavior of
specific polysaccharide serotypes.
Experiments were performed using several polysaccharide serotypes and the
corresponding conjugates, both provided by Pfizer. Ultrafiltration data were obtained
over a range of filtrate flux and concentrations using different pore size
BiomaxTMpolyethersulfone and UltracelTMcomposite regenerated cellulose membranes
in both stirred cells and Pellicon XL tangential flow filtration cassettes (MilliporeSigma).

Polysaccharide and conjugate transmission were determined by a combination of
concentration polarization and fouling. For example, the transmission of the free
polysaccharide at low concentrations increased from less than 10% to more than 80%
as the filtrate flux increased from 18 to 120 LMH. The UF behavior was strongly affected
by solution ionic strength, particularly for the highly charged serotypes, largely due to
changes in effective hydrodynamic radius arising from the shielding of intramolecular
interactions. Diafiltration experiments performed under optimal conditions provided high
removal of the free polysaccharide with high yield of the desired conjugate (Figure 1).
These results provide important fundamental insights into the factors controlling the UF
behavior of bacterial polysaccharides and polysaccharide-protein conjugates, thereby
providing a framework for enhancing the design of UF processes for the purification of
these important conjugated vaccines.

BIOT 361
Modeling and prediction of excipient and pH drifts during
ultrafiltration/diafiltration of monoclonal antibody drug substance for high
concentration formulations
Vishwanath S. Hebbi, vishwanathhebbi@gmail.com, Anupam Shukla, Souhardya Roy,
Anurag S. Rathore. Department of Chemical Engineering, Indian Institute of
Technology, New Delhi, India
Monoclonal antibodies (mAb) have grown to become an important class of therapeutic
agents, with majority of these products are available as intravenous formulations, but
reports suggest the importance of subcutaneous over intravenous formulation.
However, the subcutaneous formulations require high mAb concentration (100-200
mg/ml). UF/DF operation, the common final downstream processing step in the
production of mAbs. The drift during DF and UF is well known but uncharacterized. The
drift makes it difficult to decide the exchange buffer concentration as well as the location
of DF step in the combined UF/DF operation for achieving the target formulation buffer
concentration for the mAb. Not meeting the target buffer concentration leads to change
in pH, conductivity, and osmolality in the final drug product which may even affect the
safety and efficacy of the product. Traditionally, the process conditions for these
operations are derived empirically. In this work, we report a model for the drift in the
excipient concentration in UF/DF operation by including the flux of each of the species
through the membrane module of the system. Nernst-Planck equation was used for the
flux of the charged species and these were coupled due to the requirement of zero
electric current flow associated with the permeation of the ions. In addition, volume
exclusion effect due to high protein concentration in the retentate is also included in the
model. The model could be used for both the constant volume, buffer exchanging DF
and the reducing reservoir volume, mAb concentrating UF operations. The variation of
pH was also calculated using a detailed balance on the H+ ions incorporating the
applicable ionic equilibrium with the concentration of relevant ions in the reservoir
obtained using mass balance and permeate flux and concentration of these ions. The
model was validated with the experimental data on constant volume DF and volumereducing UF experiments on a mAb supplied by an industry. The exchange buffer
contained histidine and sodium acetate. The model results agreed quantitatively with
both the DF data at different mAb as well as exchange buffer concentrations and with
the UF data for over the complete range of mAb concentrations (20-200 mg/ml) for
different buffer concentrations. The pH profile with increasing mAb concentration was
also predicted by the model to with 0.3.
BIOT 362
Membrane filtration: Understanding particle intrusion through fundamental
measurements and computational fluid dynamics

Mirco Sorci, sorcim@rpi.edu, Corey C. Woodcock, Joel L. Plawsky, Georges Belfort.
Dept. of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Albany,
New York, United States
Even though synthetic membranes have been around since the early 20 th century,
predicting their separation performance for liquids remains a substantial challenge.
Widely used for separating ions, macromolecules, proteins, cells, particulates, etc., their
filtration performance cannot be predicted without empirical input from past runs. The
inability to predict or describe membrane fouling quantitatively is the main cause. In this
study, we address the fouling problem by combining fundamental experimental
measurements with computational fluid dynamics (CFD) to investigate particle intrusion
into microporous membranes. Here, the particles are smaller than the mean pore size of
the membrane. Microporous poly(ether sulfone) (PES) membranes (0.2 µm and 5 µm
mean pore size) and silica nanoparticles (40 nm and 1 µm in diameter) are selected. To
fully solve the motion and destination of particles during passage into these
membranes, particle trajectories involving a quantitative description of fluid drag,
particle-particle interactions and particle-pore-surface interactions are necessary. For
the experimental part of this work, membrane pore mapping and particle interactions
are reported. First, 2D/3D characterization of the pore structure by atomic force
microscopy (AFM), scanning electron microscopy (SEM), and focused ion beam SEM
(FIB-SEM) are presented. Second, surface potentials are estimated by zeta-potential
measurements (4 ≤ pH ≤ 10, and 1, 10, and 100 mM electrolyte solutions) as a function
of pore size. Third, particle-membrane and particle-particle interactions are obtained by
AFM in force mode and by optical tweezers. With these data, CFD of particle motion is
combined with pore geometry, a moving mesh algorithm, flow conditions, inter-particle
forces, to obtain model-predicted particle trajectories. Finally, model predictions are
validated with dilute colloid particle suspensions and filtration experiments. These
measurements are followed by array tomography of the particle-fouled membrane, and
SEM imaging of membrane cross-sections to visualize and compare the distribution of
particles within the pores with model predictions. These results provide a basis for
estimating capture or passage of particles and may also suggest membrane structural
design features for optimal performance.
BIOT 363
Improve process efficiency in bioprocess streams by prefiltration optimization
and bioburden reduction
Songhua Liu, songhua.liu@emdmillipore.com. MilliporeSigma, Bedford,
Massachusetts, United States

Membrane-based prefilters are an important component of many downstream
operations; they are used to remove particulates and increase the throughput of final
sterilizing-grade filters, thereby improving filtration economics. Some prefilters also help
reduce bioburden which offers an option for increased process safety as intermediate

process steps, as well as standalone process step of high throughput where sterilizing
filtration is not required.
In this work, a new class of polyethersulfone (PES) membrane prefilters that can be
steam sterilized and gamma irradiated were studied. Using these prefilters, dramatic
improvements in final filter capacity were demonstrated and optimum prefilter to final
filter area ratios were determined for both constant pressure and constant flow
operation. These prefilters were also shown to reliably reduce bioburden to very low
levels, even at extreme fouling conditions. A methodology for efficiently assessing
prefilter performance and for determining optimal filtration process conditions was
described
BIOT 364
Nuvia IMAC: A metal affinity chromatography media for large-scale
manufacturing of recombinant proteins under native and denaturing conditions
Louisa Vang, louisa_vang@bio-rad.com, Irene Chen, Xuemei He. BioRad, Hercules,
California, United States
Immobilized metal affinity chromatography (IMAC) has been the most effective singlestep preparation tool for highly pure recombinant proteins --- naturally rich in
histidine/cysteine residues and those with a histidine residue cluster engineered to their
N- or C-terminus via recombinant DNA technology. As with other affinity
chromatography techniques, IMAC is robust requiring minimal optimization of
purification condition. It is typically performed at physiological pH with good tolerance of
a wide variety of chemicals, which is crucial to maintaining the structural integrity and
biological activity of target protein molecules. Proteins prepared with IMAC are often
pure enough for structural and functional characterization studies. In recent years, the
application of immobilized metal affinity chromatography has been extended to the
manufacture of protein therapeutics, vaccines, and Adeno-associated virus (AAV).
Nuvia IMAC is a rigid macroporous high-capacity resin designed for His-tagged protein
manufacture at high flow rate. We have developed platform for the purification of a
vaccine-grade recombinant protein from an E. coli lysate. The target molecules are
captured by Nuvia IMAC, and subjected to polish purification by two mixed-mode
chromatography steps with Nuvia cPrime and Ceramic Hydroxyapatite (CHT),
respectively. This workflow facilitates the effective removal of hazardous contaminants,
endotoxins and leached Ni2+, as well as the significant reduction of host cell proteins
and DNAs. Nuvia IMAC also works robustly in the presence of denaturing reagents,
such as high concentration of urea or guanidine hydrochloride. In this presentation, we
will demonstrate the successful capture of a green fluorescent protein (GFP) in the
presence of 8 M urea, its on-column refolding by gradual elimination of urea, and the
eventual elution of molecules with fluorescence comparable to native GFP.
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Raw material evaluation of a novel chromatography resin
Jenny Quang, jenny.w.quang@gmail.com. Regeneron Pharmaceuticals, New York
City, New York, United States
The development of higher titer upstream processes poses downstream plant fit
constraints that can be addressed with the implementation of a more productive affinity
capture resin. MabSelect PrismA, offers an increased binding capacity over MabSelect
SuRe, and greater alkali stability than MabSelect SuRe pcc. Prior to selecting
MabSelect PrismA as an appropriate raw material for affinity capture, the dynamic
binding capacity and 1.0 N sodium hydroxide stability were evaluated against the
claimed performance. Subsequently, pool quality was evaluated by aggregate and host
cell protein content comparing MabSelect PrismA and MabSelect SuRe, and MabSelect
PrismA and MabSelect SuRe pcc during the development of two separate mAb
processes.
BIOT 366
Nuvia aPrime 4A: A new hydrophobic anion exchange resin for optimal target
protein selectivity and recovery
Irene Chen, irene_chen@bio-rad.com, Louisa Vang, Xuemei He. BioRad, Hercules,
California, United States
The elimination of product and process related impurities is essential to the safety and
efficacy of biopharmaceuticals. To achieve this goal, multiple separation steps are often
required at the expense of target yield. We have recently developed a new mixed-mode
chromatography media, Nuvia aPrime 4A, with a positively charged hydrophobic
functional ligand. The ligand density and hydrophobicity has been optimized to facilitate
the selective and reversible binding of target molecules for maximal purity and recovery,
while a broad range of impurities can be removed in a single chromatography step. In
this presentation, we will illustrate the possible orthogonal interactions between the
Nuvia aPrime 4A ligand and the incoming biomolecules, and the rational design of
chromatography conditions. Nuvia aPrime 4A can be operated in flow-through as well
as bind-and-elute modes under gentle conditions. We will demonstrate case study
examples using protein molecules with acidic or basic isoelectric point (pI) to showcase
the advantages of using this new chromatography media to address protein purification
challenges. Nuvia aPrime 4A can tolerate modest salt concentration typically present in
feedstocks, making it an effective tool for capturing target protein molecules from crude
extracts. Our data indicate that Nuvia aPrime 4A is more efficient in clearing a wide
variety of contaminants from expression host cells than the traditional ion exchange
chromatography resins.
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Accelerated resin lifetime methodology to de-risk resin cycling in commercial
processes
Yanhong Feng, yanhong.feng@gsk.com. GlaxoSmithkline Pharmaceuticals Corp,
Collegeville, Pennsylvania, United States
Resin lifetime studies are typically performed as a part of process characterization in
late phase biopharmaceutical development. An accelerated resin lifetime methodology
using a limited amount of material that can be completed within a month to identify
possible resin failure modes is presented here. About 200 and 140 cycles were
achieved for Protein A affinity capture and AEX flow-through chromatography,
respectively. The trends for yield, eluate volume, host cell proteins, aggregate and
charge variants as a function of the number of cycles are presented for a model protein.
Leaching of protein A for protein A affinity capture due to prolonged contact with the
storage buffer was observed and further investigated. This behavior was observed with
both new and used resin and could be minimized by reducing the storage temperature.
These results were used to recommend best practices for resin lifetime studies.
BIOT 368
Fabrication of a bio-functional porous nano active layer using the self-assembling
characteristic of di-block copolymer PS-P4VP and lipase B from Candida
antarctica
Jessika Pazol, jessikapazol@yahoo.com, Adriana S. Vazquez, Eduardo Nicolau.
Chemistry, University Of Puerto Rico at Rio Piedras, Rio Grande, Puerto Rico, United
States
Membrane separation systems for water purification are evolving into developing biofunctional materials. The permiselective barrier between the unclean to the clean
passage is primarily driven in the size exclusion principle. Despite this, we aim to design
an in situ response to biodegrade unwanted molecules, particularly those from bacterial
origin, using an active interface before they cross the porous barrier. In pursuit of that
vision, we foster path-breaking scientific discovery via working with bio reactive
membrane separation sciences to address this challenge and thus provide higher
quality water for biotechnological processes.
This research seeks to understand the fundamental aspects related to the packing
density of a porous polymeric active nano layer. The porous layer results from the selfassembly characteristics of polystyrene-b-poly(4 vinyl pyridine) (PS-b-P4VP) block
copolymer (BCP) to obtain cylindrical domains. The PS-b-P4VP forms supramolecular
systems that had been previously studied in the bulk. Additionally, in recent studies, the
complexes of this system to produce porous layers has been investigated via phase
inversion and as thin films via spin coating techniques. Moreover, we look forward to
attaching lipase b from Candida antarctica onto the polymeric matrix prepared from the
aforementioned method and add functional activities to the active layer of the

membrane. In this work, lipase B was physically adsorbed using the immersion
technique. The adsorption was then characterized via atomic force microscopy (AFM),
grazing incidence infrared spectra, and hydrolytic activity, among others. The adsorption
of the lipase was successfully achieved onto the polymeric matrix. The average pore
size of the polymeric film was found to be 19.4 ± 2.0 nm. Results also demonstrated a
relative activity of the immobilized enzyme up to 67.5%. The prepared films serve as a
model to develop further reactive layer membranes for achieving a bio-functional
filtration process.
BIOT 369
Assessment of automated high throughput chromatography techniques in
vaccines process development
Spyridon Konstantinidis, spyridon.konstantinidis@merck.com, Sheng-Ching Wang,
Marc Wenger. Merck Sharpe and Dohme, Lansdale, Pennsylvania, United States
The adoption of High Throughput (HT) chromatography techniques during downstream
process development activities for large vaccine molecules is frequently hampered by
the poor compatibility of conventional chromatography media with the large size of such
biomolecules. Further challenges in implementing a HT vaccines process development
workflow accrue by both the often large variability in typical virus titer assays, such as
plaque assays, and their low throughput. With the advent of novel adsorbents,
specifically designed to accommodate such molecules, it is important to increase the
understanding on the performance of HT chromatography formats within the context of
vaccines process development. Here, the filter plate and miniature column HT
chromatography methods were employed to carry out scouting studies for a large live
virus vaccine candidate. The results from these studies were compared against those
obtained from conventional bench scale runs to establish the ability of these HT
techniques to guide early phase process development activities. Binding studies were
performed across all formats and scales, for membrane and porous media of ion
exchange and multimodal functionalities. In these studies, the involved analytics
included an automated 384 well plate TCID50 assay for product tracking, allowing for
increased levels of replication while accommodating the large number of generated
samples, and routinely deployed HT analytics for the determination of contaminant
levels such as host cell DNA. Experiments were performed on automated liquid
handling platforms enabling walk-away automation. The obtained results were analyzed
with statistical tools to assess, quantitatively, the agreement between the emerging
windows of operation and developed models across scales. It was shown that both, the
filter plate and miniature column HT methods, delivered trends similar to those observed
for their bench scale counterparts, albeit with a fraction of the experimental
expenditures. Hence, both HT chromatography formats were capable of yielding
valuable information for early phase vaccines process development activities. These
results serve to cement further the value of High Throughput techniques in
bioprocessing activities.

BIOT 370
Building robust viral clearance studies: Implementing historical datasets to
advance the early phase submission process
Alexander H. Schwartz, R. Christopher Manzari, Richard.Manzari@wuxiapptec.com,
Cara Romanowski, Dana Cipriano. Viral Clearance, WuXi Advanced Therapies,
Philadelphia, Pennsylvania, United States
Implementation of viral clearance validation studies for biologic based therapies are now
a recognized industry standard and as such, specific expectations have been set in
place by regulatory agencies to ensure patient and facility safety where virus
contamination is a real possibility. Testing labs have been created to meet the needs of
this industry and large datasets have been amassed which capture the historical results
of viral clearance as a function of virus and unit operation. As a pioneer in the virus
safety field with several decades of experience, WuXi Advanced Therapies can draw
upon a viral clearance database that reaches back to more than 25 years of execution
resulting in over 22,000 unique entries. In this poster we will be using the afore
mentioned database and apply our learned knowledge to evaluate and assess study
design and modularity for virus filter validations. In particular, we will evaluate the
impact of total viral challenge on study success, demonstrating the criticality of
understanding the filter and process before spiking. As a secondary evaluation, we will
use our knowledge of retrovirus performance over multiple studies, using multiple filter
types, to help build a modular virus filter claim that may be used within the industry.
BIOT 371
Robust viral clearance on virus removal filters using a targeted virus spiking
approach
Victoria Kaloudis1, victoria.kaloudis@ak-bio.com, Esha B. Vyas1, Daniel Strauss2,
Pauline Nemitz2, Joe Hughes3, Mike Burnham3, Naokatsu Hirotomi2. (1) Science and
Technology, AKBA, Glenview, Illinois, United States (2) Asahi Kasei Bioprocess,
Glenview, Illinois, United States (3) WuXi AppTec, Philadelphia, Pennsylvania, United
States
Implementing viral clearance in the manufacturing process of plasma-derived
therapeutics and biopharmaceutical products ensures that potential viral contaminants
and infectious agents are removed from the final product. The virus filtration step,
considered to be the most robust and effective viral clearance method, is validated in
scale down studies. These studies are typically performed at a contract research
organization (CRO) where selected viruses are used in spiking studies and overall
achieved viral clearance can be determined. For such studies, a targeted virus spiking
approach helps to achieve logarithmic reduction values (LRV) above 4 log10. The goals
of this study are to achieve complete viral clearance using both the regenerated
cellulose membrane nanofilter (Planova 20N) and hydrophilic modified polyvinylidene

fluoride (PVDF) membrane nanofilter (Planova BioEX) and to generate virus LRV data
for difficult filtration conditions such as low filtration pressure and filtration with a process
pause. In collaboration with a CRO active in viral clearance studies, we evaluated the
use of Ultrapure minute virus of mice (MVM) and xenotropic murine leukemia virus
(XMuLV) spikes on the two types of Planova filters. Filtrations were performed using a
polyclonal h-IgG product and the targeted spike approach in which the product was
spiked with either virus to a total virus challenge of 10.5 log10 PFU/m2. With large
volume testing, complete clearance with a virus LRV above 4 log10 was achieved while
having minimal impact on filtration flux. The targeted virus spiking approach avoids
unnecessarily high challenges on the virus removal filter during viral clearance studies.
BIOT 372
Design and implementation of a simple wireless data acquisition and remote
control system for downstream process development activities
Michael Homsy, michael.homsy@merck.com, Michael A. Winters, Joseph G. Joyce,
Matthew P. Watson. Merck & Co., Inc, West Point, Pennsylvania, United States
Downstream process development activities such as tangential flow filtration (TFF) are
typically conducted over several hours and often require data collection to assess
process performance. The use of automated systems provides a number of advantages
such as remote control, continuous data acquisition, and safety features. Unfortunately,
the procurement of an automated TFF system can be expensive, and most available
systems leave little room for customization. This work demonstrates an inexpensive and
flexible solution that operates wirelessly and incorporates existing equipment such as
pumps, sensors, and lab computers. A MATLAB application was designed with a
straightforward graphical user interface exhibiting real-time running graphs of sensor
data, pump and valve controls, and many user-defined settings and safety functions.
Subsequently, the application was compiled and distributed to lab computers allowing
stand-alone execution and routine data acquisition during TFF experiments. Continuous
data from several hours of operation is valuable for process characterization and
troubleshooting. Furthermore, the wireless remote control capability facilitates TFF
experiments contained in controlled temperature units, biosafety cabinets or other
enclosures. The application’s simple design also enables rapid adaptation to different
experimental set-ups and even other unit operations. A modified version for large scale
chromatography was employed to produce detailed UV chromatograms and collect
pulse test conductivity data. Other adaptations of this application can be envisioned for
many activities (e.g. normal flow filtration). The built-in safety features and remote
operation are especially desirable for work involving potentially harmful biological
agents and toxic chemicals. In conclusion, this simple and inexpensive approach has
proven to be a versatile solution to data acquisition and remote control needs in
downstream process development labs.
BIOT 373

Understanding endotoxin control and protease degradation during scale-up and
technology transfer for an HSA-fusion protein
Siddharth Parimal, siddharth.parimal@gmail.com, Paul Gahr, Andrea Diener, Yanhong
Feng, Chris Gerberich, Grace Tran, Michael R. McGarrah, Hiren Ardeshna, Andre C.
Dumetz, Gerald J. Terfloth. BPDS, GlaxoSmithKline, King of Prussia, Pennsylvania,
United States
Process development for the recovery and purification of a recombinant HSA-fusion
protein expressed in saccharomyces cerevisiae was successfully performed under
accelerated timelines. The work presented in this poster focuses on challenges
encountered during the scale-up for pre-clinical and clinical bulk drug substance
manufacturing. While the manufactured drug substance exhibited the required quality
and stability profiles during initial scale-up demonstration runs, high endotoxin levels
were detected owing to the significant endotoxin-binding properties of HSA. Subsequent
measures were taken to control endotoxin levels and successfully deliver acceptable
toxicology material, including an evaluation of endotoxin removal approaches through
filtration, as well as the use of closed harvest operations and single-use downstream
equipment. Further scale-up had an impact on product quality and stability, which was
attributed to an increase in proteolytic activity. Studies focused on identification and
characterization of specific proteases are discussed. For harvest operations, an
evaluation of process and operational differences and related risks across lab- and pilotscale, and the resulting potential effect on protease activity, are also discussed.
BIOT 374
Development of a small-scale freeze thaw methodology using Blast Freezer 4002
Apoorva Alva1, alva.x.apoorva@gsk.com, Andre C. Dumetz2, Siddharth Parimal3. (1)
GlaxoSmithKline, King Of Prussia, Pennsylvania, United States (2) 709 Swedeland Rd
UE0551, Glaxo Smithkline, King of Prussia, Pennsylvania, United States (3) BPDS,
GlaxoSmithKline, King of Prussia, Pennsylvania, United States
In the manufacturing process of biopharmaceuticals, freezing and thawing are key steps
that could potentially impact the quality of the product. Development of a small-scale
model is needed to study the effect of freeze thaw stresses on product quality. This
poster details the development of a freeze thaw methodology using the Blast Freezer
4002 by Farrar to evaluate the effect of freeze thaw rates on product quality for a
monoclonal antibody. Product quality before and after controlled, fast and slow freeze
thaw rates were measured. Best practices for freeze thaw at manufacturing scale were
recommended based on the data generated. In addition, the data was compared to a
similar study performed in Celsius pak bags using Celsius S3 controlled Freeze Thaw
System. This work highlights the learnings from using both systems as well as a
comparison of data from small scale freeze thaw evaluation using Nalgene bottles and
Celsius pak bags. It also explains how the data generated was used in the development
of a risk assessment to build a robust product control strategy.

BIOT 375
Efficient purification of a recombinant bacterial DyP-peroxidase with a
hydrophobic anion exchange resin
Nikola Lončar2,3, n.loncar@rug.nl, Natalija Draškovića2, Nataša Bozić1, Marco Fraaije2,
Zoran Vujčić3, Payal Khandelwal4, payal_khandelwal@bio-rad.com. (1) JCTM- Center
of Chemistry, University of Belgrade, Belgrade, Serbia (2) Groningen Enzyme &
Cofactor Collection (GECCO),, University of Groningen, Groningen, Netherlands (3)
Faculty of Chemistry, University of Belgrade, Belgrade, Serbia (4) Protein Purification,
Bio-Rad Laboratories, Hercules, California, United States
DyP-type peroxidases (DyPs; EC 1.11.1.19) represent a recently discovered
superfamily of heme-containing enzymes. They share no similarity in primary sequence
or structure to the other plant, bacterial or fungal peroxidases. DyPs possess a broad
substrate specificity and low pH optimum. Using hydrogen peroxide as an electron
acceptor, they are capable of catalyzing efficient oxidations of a wide array of
industrially relevant substrates including dyes with anthraquinone structure, β-carotene
and aromatic sulfides. Instead of a distal histidine acting as an acid-base catalyst, DyPs
contain an aspartate active site residue within a highly conserved GXXDG distal motif 2.
On the proximal side, the heme iron of DyPs is coordinated by a histidine. Several
bacterial DyPs were found to be robust enzymes and thus potent biocatalysts.
In this work, we have used the available genome sequence information of
Pseudomonas fluorescens Pf0-1 to identify a gene coding for a DyP (PfDyP) with a
predicted molecular weight of 35 kDa. This potent peroxidase has been overexpressed
in Escherichia coli and purified with a yield of 30 mg/L. Capture purification was
performed on an IMAC resin which resulted in a partially pure target protein fraction.
Polish purification was performed on a hydrophobic anion exchanger, Nuvia aPrime 4A.
The ligand density and hydrophobicity of this media has been fine-tuned to provide the
salt-tolerance needed for target purification. A >95% pure sample of DyP was obtained.
This fraction was further subjected to steady state kinetic analysis and some functional
assays to show the retention of the enzymatic functionality after the purification process.
This two-step workflow is readily scalable for process production.
The purified PfDyP shows activity towards various substrates including 2,6dimethoxyphenol, ABTS, o-dianisidine and reactive dyes.
BIOT 376
Process economy impact of using a highly alkaline-stable, high-capacity protein
A chromatography resin
Hans Blom, Magnus Bergman, magnus.bergman@ge.com, David Westman, Josefin
Bolik. Life Sciences, GE Healthcare, Uppsala, Sweden

Any decisions related to the design of a mAb capture step in a purification process will
always be strongly influenced by economic considerations. As every process is unique,
the benefit of a resin will vary with the process scenario. The scenario, in turn, relates to
the desired process outcome like shorter processing times, increased productivity, or
increased resin lifetime to name a few.
This study consists of a process economy simulation that aims to demonstrate the
influence of the performance of three protein A chromatography resins on the main
process output parameters. One critical aspect in such a comparison is the required
number of batches produced per year. In a clinical production scenario, only a part of
the resin lifetime is typically utilized. While in a commercial manufacturing-scale setting,
the resin cost will be distributed over the entire resin lifetime. As will be shown, the
influence of the dynamic binding capacity and alkaline stability for the process economy
per batch can be substantial.
BIOT 377
Evaluation of sonic wave based separator for clarification of viruses from
mammalian cells
Soumya Mohanan Krishnathu2,1, skrish43@its.jnj.com, Hsu-Feng Ko1. (1) Johnson
and Johnson, Springhouse, Pennsylvania, United States (2) Biotechnology,
Pennsylvania State University, University Park, Pennsylvania, United States
Currently there is a need in the industry to explore novel technologies to clarify viral
vectors from other impurities originating from host cells and culture media. A step that
removes intact cells, cell debris, etc. precedes the traditional method of depth filter used
for clarification. This step is commonly performed through conventional centrifugation,
disc stack or fluidized bed centrifugation. However, some of these techniques are
difficult to scale up and in some cases time consuming making it cumbersome. One of
the new technologies that has been investigated is the Sonic Wave based Separator
(SWS).
The study involved the clarification of cell debris from viral particle released from
mammalian cell culture utilizing the process development scale SWS. Depth filtration
before and after SWS were evaluated and used as tools to investigate the performance
of the SWS. Some optimization of the run was performed to compare results in addition
to the standard operating conditions for SWS. Initial screening of the performance of
SWS was evaluated by the turbidity reduction of the harvest feed along with depth
filtration. The run achieved a turbidity reduction of 92% at 45 ml/min flow rate and 8285% NTU reduction at 60 ml/min flow rate. The estimated yield from this experiment
was 93% (based on volume). Two different grades of cellulose based depth filters were
used to show the potential depth filter area reductions when using the SWS for primary
clarification. Post SWS, the material achieved a depth filter area reduction of 4.3-fold as
compared to pre-SWS feed. Sterile filtration trial using 0.2um sterilizing grade filter was
also done resulting in a throughput of 1300L/m with the trial terminated at 12 psi. These

preliminary results show that SWS can potentially be a simple, scalable and robust
technology to replace existing clarification techniques.
BIOT 378
Particle size evaluation for assessing harvest technologies and filtration
performance
Joshua Borrajo, el_borrajo@hotmail.com. Genentech, San Francisco, California,
United States
Typically, methods for assessing cell culture harvest effectiveness and in-process pool
filtration performance do not incorporate particle size analyses. This poster highlights
the benefit of capturing particle size data through use of a Coulter Counter. Specifically,
these analyses have led to a better understanding of new harvest technologies,
valuable insight into filter selections, and even predictive filtration modeling capabilities.
BIOT 379
Self-assembled isoporous nanofilters for high throughput viral clearance
applications in bioprocessing
Yibei Gu, yg244@cornell.edu, Christopher Crock, Jake Maslowski, Jiawei Zhu, Marty
Siwak, Rachel Dorin, rmd224@cornell.edu. TeraPore Technologies, South San
Francisco, California, United States
Nanofiltration is a key component of pathogen safety in bioprocessing. However,
fundamental structure-performance correlations in nanofilters to date are limited, largely
due to the non-uniform structure of existing filter membrane materials. Here, we employ
self-assembling of block copolymers to form isoporous membranes with high pore
densities and narrow pore size distributions. This technology is also scalable to
industrial membrane manufacturing processes. Our nanofilters were evaluated in viral
clearance applications for both downstream (DS) and upstream (US) monoclonoal
antibody (mAb) manufacturing, using a panel of commercial mAbs and US cell culture
feed streams, respectively. In this poster, structure-property relationships on the
nanofilters are reviewed with a particular emphasis on viral clearance and capacity
performance for bioprocessing.
BIOT 380
High precision scaling procedure of sterilizing grade filtration
Jannik Dippel, jannik.dippel@sartorius-stedim.com, Maik Sommer, Sebastian Handt,
Thomas Loewe. Sartorius Stedim Biotech GmbH, Göttingen, Germany

Sterilization grade filtration is an essential operation in the pharmaceutical industry.
Safe and precise scale up from small test devices to large process applications is a
central element for a secure process layout. Currently, important differences between
small scale and process scale filter fouling are not considered in the scaling procedure,
leading in some cases to discrepancies between the filtration performances and a
potential risk of under-sizing the filter. To compensate this risk, large safety factors up to
300 % are added. This work presents several important aspects that have been recently
discovered to increase the accuracy of scaling the filtration performance of sterile filters
and reduce the risk of under-sizing the filter in process scale.
Especially, the filter geometry, the pleating of the membrane and the filtration setup
have a significant influence on the filtration performance. This work presents a
quantitative analysis of these influences on the filter permeability for several filter sizes
and includes these factors into the scaling calculations. Different feed solutions and
filtration modes were tested to validate the results. It was found that some pleating
geometries, connectors or tubings lead to additional resistances and therefore to hidden
pressure losses in the filter element. Especially, scaling of filtrations at constant
pressure is highly sensitive to hidden pressure losses in the filter train, since these
losses decrease the transmembrane pressure at the membrane and alter the fouling
behavior. By adjusting the total applied pressure at the filter element and compensating
the pressure losses, the transmembrane pressure difference can be kept constant,
leading to a more accurate scalability of the fouling behavior. Scaling of sterilizing grade
filtration at constant flow is less sensitive to these hidden pressure losses. If the flux
density is kept identical at small scale and process scale, the fouling behavior is similar
and in first approximation independent of the filter geometry. Overall, it is essential to
adjust the filtration parameter in the small test device to the specific process layout in
large scale in order to receive reliable results for a precise scale up procedure.
BIOT 381
Increasing controllability for split intein mediated purification process
Yamin Fan1, yaminfan1016@gmail.com, David W. Wood2. (1) The Ohio State
University, Columbus, Ohio, United States (2) Chemical Biomolecular Engineering, Ohio
State University, Columbus, Ohio, United States
Current downstream processing for non-mAb recombinant proteins involves timeconsuming and costly optimization based on the characteristics of each protein. It is
desirable to create a purification platform suitable for a diverse range of recombinant
proteins with the requirement of being traceless and tagless. Self-cleaving tags are one
of the potential candidates. Our lab has developed a pH-controllable purification system
based on an engineered self-cleaving split intein tag. The system consists of a
covalently immobilized N-segment of the intein on to agarose beads and a small Csegment tag with fusion to the protein of interest. The fusion protein can be selectively
captured on column due to intein segments’ nano-molar affinity. With only a mild pH
shift of the buffer condition, the protein of interest will be cleaved from intein reaction.
This system eliminates premature cleavage that is present in contiguous intein based

process, but a remaining limitation is that it exhibits different cleavage rates when
purifying various target proteins. Therefore, it is important to understand the source of
variability and engineer controllability in the split intein tag. Previously, we have
thoroughly characterized the effect of the leading amino acids of the target proteins on
the cleavage rate and discovered that the rate discrepancy can be attributed to the first
three amino acids. In this work, we have developed a high-throughput screening tool
based on Förster Resonance Energy Transfer (FRET) to characterize the cleavage
behavior with a library of different N-terminal leading sequence before the intein. By
using an optimized FRET pair, cyan fluorescent protein (CyPet) and yellow fluorescent
protein (YPet), we are able to monitor the cleavage kinetics in real-time with high
throughput format to study the effect of N-terminal sequences and optimize for different
target proteins. We discovered that higher hydrophobicity of the leading residues in front
of the intein slows down the cleavage reaction, while higher hydrophilicity increases
cleavage rate. With this study, we have gained a deeper understanding of the split intein
mediated purification process, allowing us to get controlled cleavage reactions over
different proteins.
BIOT 382
Mapping purified host cell proteins via high-throughput robotic screens
Lisa A. Wong, wongl17@gene.com, Pat McKay, Jayme Franklin. Purification
Development, Genentech, South San Francisco, California, United States
Host cell proteins (HCPs) are endogenous impurities that can co-purify with several
biological Drug Substances. High-throughput robotic screens can be utilized as an initial
screening method to evaluate multiple chromatography resins, varying pH and salt
concentrations in order to identify optimal resins and operating conditions for removal of
problematic or over expressed host cell proteins in downstream purification processes.
In these studies, purified host cell proteins were screened over several ion exchange,
multimodal, and hydrophobic interaction chromatography (HIC) resins. Kp robotic
screens were used to evaluate their binding interactions on the resins independent of a
target antibody or protein. Using the Kp screen data, contour plots/impurity maps were
generated that map the partition coefficients (Kp) of each of the host cell proteins
screened. This poster demonstrates the Kp screens that were performed and illustrates
the impurity maps that were generated to show the binding behavior of the different host
cell proteins over various chromatography resins and conditions.
BIOT 383
Virus filter optimization and transfer of bispecific antibody
Roger Alsop1, rogercalsop@hotmail.com, Sherri Dolan1, Shi Zhuo2, Weibin Zhou3,
Amanda Mak3. (1) Sartorius-Stedim, Pittsburg, California, United States (2) Baili
Pharmaceuticals Co., Ltd, Chengdu, Sichuan, China (3) SystImmune, Inc, Redmond,
Washington, United States

SystImmune and Sartorius-Stedim have developed a robust viral filtration solution for
SystImmune’s bispecific antibody molecule. As part of the development process,
several pre-filters and viral filters options were selected and tested. Additionally, freezethaw and mock spike studies were conducted prior to live viral spiking. Results from the
testing lead to the selection of the Virosart® HF (20 nm virus removal filter) as part of
SystImmune’ s broad viral clearance platform required for all mammalian cell culture
products.
The complete viral clearance concept is composed of multiple clearance steps based on
different orthogonal technologies such as chromatography, chemical and low pH
inactivation, and adsorption. Virus filtration with Virosart® HF is an integral part of the
orthogonal viral clearance technology targeting the removal by size exclusion of both
small non-enveloped viruses (20nm) and larger enveloped viruses (>50nm).
The Virosart® HF is a surface-modified asymmetric polyethersulfone (PES) hollow-fiber
membrane optimized for monoclonal antibodies. Based on a unique modified PES
membrane, Virosart® HF provides high flow rates and superior capacity. The high
packing density of the process elements combines extremely low hold up and flushing
volumes with low footprint requirements
The manufacturing scale process was transferred to Bali, China and confirmation runs
were completed. The viral retention results of these optimization studies and supporting
confirmation runs will be presented.
BIOT 384
High-throughput approach to developing and optimizing mixed-mode membrane
chromatography for protein purification
William McKechnie1, billmckechnie@comcast.net, John Welsh1, Volkmar Thom2,
Lukas Kupracz2, Jennifer Pollard1, Sunitha Kandula1, Nihal Tugcu1. (1) Downstream
Process Development and Engineering, Merck and Co., Inc., Belle Mead, New Jersey,
United States (2) Sartorius Stedim Biotech GmbH, Göttingen, Germany
Membrane chromatography has been explored as a viable alternative to packed-bed
column chromatography for the purification of therapeutic proteins. Purification via
membrane chromatography offers several advantages, including higher productivity and
reduced buffer usage. As is the case with packed-bed chromatography, the best
approach for the development of a membrane chromatography purification step is to
utilize high-throughput screening in order to reduce development times and material
requirements. This research focused on the development of a new, high-throughput
screening technique for use in screening multiple membrane chromatography
conditions for monoclonal antibody purification. The developed screen utilizes a
specialized 96 well plate that contains 19µl of embedded membrane in each well. This
setup allows for the screening of multiple different membranes at once, and four mixedmode cation exchange membranes and one cation exchange membrane were
evaluated on the plate as part of this research. The plate was used first to map out
partitioning coefficients for the different membranes using equilibrium binding capacity
screens, and the results from this initial screen were used to map feasible process

conditions. A secondary screen was performed in an attempt to mimic the continuous
loading in a larger scale purification run. A discreet loading scheme allowed for the
fractionation of the flowthrough, and therefore yields and purities could be measured
across the entire loading range. Results from this screen were compared to purification
runs on larger-scale (0.6 ml) membrane disks, and the results demonstrated that the
screen produced similar yield and aggregate clearance trends across the entire range of
tested loadings. Therefore, this research demonstrated the effective use of this screen
in a development strategy that enabled the optimization of multiple conditions in less
time and with less material compared to laboratory-scale purification runs.
BIOT 385
Structural base analysis of production and purification of Human leukemia
Interferon
Yushu S. Ting, yushuting1@gmail.com. Laureate Pharma, Princeton, New Jersey,
United States
Human interferon-alpha (IFN α) are the cellular proteins expressed in response to viral
infection, tumors and other biological inducer. This type I interferon protein has been
developed as a biological therapeutic drug for the treatment of hepatitis-C, cancers and
other diseases. Structurally, they are part of helix cytokine family.
Interferon-alpha protein is heterogeneous expressed in E-coli cell surface as inclusion
protein. In the past, the immobilized antibody affinity column purification is the first step
to separate target recombinant protein (rIFN α) from cell extraction fluid. However, the
immuno-affinity column binding mechanism for protein purification was not well
understood in early 1990.

Recently, in 2015, the structure model of interferon-alpha protein epitope binding
interface with neutralizing monoclonal antibody was determined using x-ray protein
crystallography. In this presentation, protein structure analysis using the RCSB protein
database (code: 3UX9 and 1IGY) and Swiss PDB viewer molecular model software was
conducted. This permitted analysis of interferon-alpha antibody binding domains in Loop
AB (24-43 AA) and Helix E (140-150 AA) against the immunoglobulin Fab site .The
molecular level analysis provides structural rationale on why the interferon-alpha
binding specificity and affinity properties to the complement medium found in antibody
column elution profile .
Additionally, the structural base analysis to study the variety of heterologous-produced
interferon-alpha proteins (such as post-translation sub-species) in the protein
purification steps will be presented. Finally, molecular model approach in the study of
IFN-alpha protein receptors (code: 3SE3 and 3WCY) mediated intracellular signaling
with agonists will be discussed.

BIOT 386
Application of an anion exchange membrane adsorber in late-stage bioprocesses
Tom Klimek2, Christopher Nieder1, christopher.nieder@emdmillipore.com, Thomas
Parker1, thomas.parker@emdmillipore.com. (1) Technology Management,
MilliporeSigma, Burlington, Massachusetts, United States (2) Pharmaceutical Science
and Technology, Morphotek, Inc, Exton, Pennsylvania, United States
Membrane adsorbers have become a popular choice in single-use centric bioprocesses
for their ease of operation and high flowrates; however, these membranes are often
replaced by a packed bed chromatography operation for late-stage clinical and
commercial processes. Packed bed chromatography often provides better fit for latestage processes, as columns can be packed to scale with increased process volume
and can be cycled as production needs rise. This body of work explores the potential for
membrane adsorber usage in late-stage processes by pushing the limits of the
membrane. High loading, up to 40 kilograms of protein per liter of membrane,
challenged the membrane adsorber for HCP clearance and viral clearance. Results
were used to evaluate the applicability of this membrane adsorber for a large volume,
late-stage bioprocess via an economic analysis including a comparison to packed bed
performance.
BIOT 387
Challenging antibody purification process development: solving CEX peak
splitting phenomenon
Anna M. Senczuk, Anna.Senczuk@shire.com, Zijian Ma, Gillian Tietz, Junfen Ma,
Leopold Grillberger. PD, Shire, USA, Lexington, Massachusetts, United States
Monoclonal antibodies (mAbs) comprise a large group of marketed biologics. This
means that, for each mAb therapeutic, many more have entered process development.
They are, therefore, a frequent modality being tested and developed in biotech industry.
With the large body of knowledge gathered on mAbs, purification platforms aiming to
speed up and streamline their process development have been developed and
successfully applied. However, with many mAbs entering the development, there are
always challenging molecules that do not fit the platforms and require more
development time and resources; they present unique issues that need to be resolved.
There are different types of challenges, including limited operating space for product
stability and peak splitting on the cation exchange (CEX) resins. This work describes
such challenges and the ways to find solutions. First, we assessed the Protein A pool
stability with respect to pH and salt in the platform operating range. We found that our
mAb was stable only in the narrow range of both parameters. Next, we evaluated the
CEX performance within the stable range but observed significant peak splitting
phenomenon. We then investigated the impact of several factors through single variable
testing and design of experiments (DOE) approach while our goal was to minimize peak

splitting and maximize yield. The solutions we propose could become part of the
platform approach for mAbs with limited pH and salt stability profile.
BIOT 388
Direct elution of purified monoclonal antibodies from ELP-Z-mAb precipitates
Manish Bhat4, manish.bhat@gmail.com, Akshat Mullerpatan1, Jie Chen2, Steven M.
Cramer3. (2) Bristol Myers Squibb, Wallingford, Connecticut, United States (3) Ricketts
Bldg, Rensselaer Polytechnic Inst, Troy, New York, United States (4) Department of
Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, New York,
United States
Affinity precipitation using elastin-like polypeptides (ELPs) conjugated to the Z domain
of protein A has been previously demonstrated to be effective for the batch purification
of mAbs with comparable performance to protein A chromatography. In this poster, we
present an important new approach for the elution of mAbs from ELP-Z:mAb
precipitates. Prior work necessitated several steps during the elution process, namely,
resolubilization, elution and subsequent precipitation of ELP-Z. In the new approach
which is being carried out in a continuous process, we can now elute the mAb directly
from the precipitate, signifying simplifying the process. This proof of concept poster
examines the potential of this approach and examines various operating parameters in
order to optimize the performance. The impact of the nature of the precipitate on the
kinetics of this elution process is also examined. Finally, we demonstrate that mAbs can
be effectively eluted directly from the precipitates in a short time frame, thus facilitating
the design of relatively simple continuous affinity precipitation processes.
BIOT 389
Endotoxin removal using charged membranes
Akshay Phulgirkar1, akshay.phulgirkar@shire.com, Mimi Zhu2, Junfen Ma1. (1) Shire,
Lexington, Massachusetts, United States (2) Shire , Lexington, Massachusetts, United
States
Endotoxins can cause adverse effects if administered to patients through parenteral
drug preparations. Removal of excessive amount of endotoxin is therefore critical during
biopharmaceutical production. One of the potential ways for introduction of endotoxin in
protein solutions is through raw materials used in buffers, especially in final formulation
buffer. Endotoxins exhibit a net negative charge and therefore can be cleared using
various techniques i.e., ion exchange resins and membranes.
This study evaluated the effectiveness of positively charged membrane filters for
removal of endotoxin from final formulation buffer. Buffer solutions were spiked with
endotoxin and filtered through Nylon 6, 6, positively charged and positively chargedquaternary amine membrane filters. Samples were taken at various volumetric
throughputs and evaluated for endotoxin breakthrough. Both filters tested in this study

demonstrated endotoxin reduction. No breakthrough was seen for positively chargedquaternary amine membrane filter within the tested throughput range. Endotoxin
breakthrough was noted for Nylon 6, 6 positively charged membrane filter at relatively
lower throughput.
These results demonstrate excellent endotoxin clearance ability of positively charged
membrane filters (up to 2 logs) and supports a simple technique for removal of
endotoxin from buffer solutions.
BIOT 390
Increasing the efficiency of drug product development by automation of the
tangential flow filtration system for early formulation screening
David L. Le1, dle@amgen.com, Cindy Ren2. (1) Development Supply Chain Core
Technologies, Amgen, Inc., Thousand Oaks, California, United States (2) MS 6-1-A,
Amgen, Thousand Oaks, California, United States
Formulation screening is critical in optimizing protein colloidal, conformational and
chemical stability to ensure the safety and efficacy of biotherapeutic medicines.
Tangential flow filtration (TFF) is commonly utilized in development and manufacturing
to exchange buffer and excipient components in order to arrive at the final formulation.
The TFF process can be labor-intensive and time-consuming when manually regulating
pump/membrane/scale/sensor systems. In addition, TFF systems with high surface area
membranes have large hold-up volumes that require significant drug substance, which
is a constraint when screening large design spaces and particularly during early
development stages where material is limited. As a result, dialysis and centrifugal
filtration techniques are often utilized for small volume (1 to 25 mL) formulation
screening. These methods can require several days and significant analyst time and are
non-representative of commercial processes and stresses. The Sartorius ambr®
Crossflow, an automated TFF system, has been evaluated to address these limitations.
The system is a low volume, automated buffer exchange system. The system features
parallel processing of 1 to 16 channels, low volume requirements of 5 to 100 mL,
flexible sequence setup and online conductivity and pH monitoring. The data presented
will describe the capabilities and process and product quality comparability evaluation
relative to the traditional, larger scale (50–5000 mL) TFF system.
BIOT 391
Mitigation of monoclonal antibody disulfide bond reduction by copper sulfate:
Addition of copper sulfate during cell culture?
Sadettin Ozturk1, s_ozturk@earthlink.net, Jiangli Yan1, Rachel B. Wollacott1, Katherine
Baptista1, Lindsay Hock1, Guihang Zhang2, Sanjay Nilapwar1, Jayanta Sinha2. (1)
MassBiologics, Mattapan, Massachusetts, United States (2) Incyte, Willmington,
Delaware, United States

The inter-chain disulfide bonds of mAbs are crucial to stabilize their three dimensional
structures and keep their biological functions. The reduction of mAb disulfide bonds
were observed in the cell culture, harvest and subsequent purification processes.1
Addition of cystine or copper sulfate prior to or after harvest has been reported for
prevention and remediation of mAb disulfide bond reduction in manufacturing. Recently,
we successfully prevented the disulfide bond reduction of mAb-x in manufacturing lots
by addition of 200 µM of CuSO4 to the harvest material prior to cell clarification.2 A
study was also conducted to evaluate the feasibility of addition of CuSO4 in cell culture
to prevent disulfide bond reduction.
Five bioreactors at 1 and 10 L scales were inoculated from a single culture and ran
using the same culture conditions. On day 8, 50 µM CuSO4 was added into the 10 L
and two 1 L bioreactors while the other two 1 L bioreactors were run as controls without
CuSO4. All bioreactors were harvested on day 12. Before clarification, 200 µM of
CuSO4 was added to each culture. Clarified harvest was run over a Protein A column
for purification and product was analyzed.
BIOT 392
Application of novel multimodal anion-exchange membrane chromatography
columns in a two-step mAb purification scheme: Aggregates and HCP removal
Anna Forsyth1, aforsyth@purilogics.com, Daniel Henn1, Graham Temples1, Jinxiang
Zhou1, Scott M. Husson1,2. (1) Purilogics, LLC, Greenville, South Carolina, United
States (2) Chemical Biomolecular Engineering, Clemson University, Clemson, South
Carolina, United States
Protein aggregation is a growing problem in the manufacturing of biologics due to
increasing solution titers. Antibody aggregates often are removed in a three/four-step
process involving a bind-and-elute cation-exchange chromatography step and additional
hydrophobic interaction chromatography (HIC) columns after an initial Protein A capture
step. We are presenting case studies in which aggregates and host cell proteins (HCP)
are removed in a two-step monoclonal antibody (mAb) purification scheme. In this
scheme, the mAb is isolated from supernatant using a Protein A chromatography step
followed by a polishing step purification using Purilogics’ multimodal anion-exchange
membrane chromatography columns (MMM-AEX) operating in flow-through mode.
In this study, a variety of mAbs were purified using the two-step purification strategy.
Different buffer types (e.g. tris base, phosphate buffers) and buffer conductivities (1-15
mS/cm) were explored. HCP level and fractions of monomer, dimer and aggregates
were compared before and after the polishing step. The results were compared with
studies using two other leading commercial membrane products. In addition to reporting
these data, we will demonstrate the MMM-AEX column scalability and reusability.
BIOT 393

Robust design space for bispecific manufacturing using controlled fab-armexchange (cFAE): Implementing DSD and DOE designs
Raphael G. Bertrand2,1, rbertran@its.jnj.com, Rajiv Rao2,1, Michael Capaldi2,1, Daniel
Bezila2,1, Rebecca Smith2,1, Pedro J. Alfonso2,1, William Cressman2,1, Michael J.
Sobkow2,1. (1) BioTherapeutics Development, Johnson and Johnson, Malvern,
Pennsylvania, United States (2) API, Johnson and Johnson, Malvern, Pennsylvania,
United States
The production of bispecific molecules through controlled Fab-Arm-Exchange (cFAE) is
a multistep process. First, two parental monoclonal antibodies (mAbs) are expressed by
independent Chinese hamster ovary (CHO) cell lines and purified by Protein A
chromatography. Second, parental mAbs are subjected to a mild reducing agent,
resulting in reduction of inter-heavy chain disulfide bonds at the hinge region and
separation of parental mAb Fab-arms (heavy chain-light chain pair). Next, each Fab-arm
combines with the complementary Fab-arm forming a heterodimer bispecific antibody.
Last, the reformation of disulfide bonds between Fab-arms is achieved upon removal of
the reducing agent.
Multiple process parameters during the cFAE (e.g. temperature, pH, reducing agent
concentration, antibody concentration, and dissolved oxygen level) and UF/DF (e.g.
cross flow rate, transmembrane pressure, diafiltration concentration, membrane load
ratio) may impact product quality and process performance attributes. Although the
individual effects of each parameter cannot be known, because of the complex nature of
the reaction (reduction and dissociation of Fab homodimers, association of Fab
heterodimers, and oxidation of disulfide bonds), it can be difficult to optimize and predict
the outcome of the reaction under a set of specific conditions. Two eight-factor, threelevel definitive screening designs (DSD) and one four-factor, three-level design of
experiments (DOE) were executed using two different IgG4 antibodies to establish a
robust design space for bispecific manufacturing. Results demonstrated that under the
parametric space studied, greater than 90% overall process yield and bispecific
formation were achieved with no significant impact on critical quality attributes. The
DSD and DOE responses included process performance such as yield and processing
time and quality attributes such as charge heterogeneity, purity, residual reducing
agent, and post-translational modifications.
BIOT 394
Considerations for development of a platform Lentivirus harvest clarification
process for cell and gene therapy
Luan Truong2, Luan.Truong@wuxiapptec.com, John Taylor1. (1) Biotechnology
Management, MilliporeSigma, Burlington, Massachusetts, United States (2) WuXi
Advanced Therapies, Philadelphia, Pennsylvania, United States
New therapies, medicines and cutting-edge technology have enabled the production of
next generation treatments that improve patient care, simplify administration and

increase the availability of life changing medicine. One of the new technologies
emerging in the biopharmaceutical manufacturing market is the use of viral vectors for
cell and gene therapy. Intriguingly, using lentivirus as a means of pharmaceutical
production represents a new area for bioprocessing development due to its specific
issues, especially during required purification unit operations such as clarification.
Particle size and surface charge variability are among what causes difficulty while
clarifying lentivirus harvest; PD groups are seeing significant losses in virus titer yield
post-clarification. Typical clarification techniques rely on size exclusion and adsorption
to isolate a filtrate from impurities. A large portion of clarification filters on the market are
designed with monoclonal antibodies in mind – depth filter media tends to have a
chemistry that will bind lentivirus, and tighter depth filters will remove the lentivirus
based on size exclusion. The typical diameter of a lentivirus is the perfect size to be
removed by the most common depth filters. This work explores a variety of lentivirus
harvest clarification options and items for consideration during manufacturing platform
development of viral therapy production using adherent and suspension cell lines.
BIOT 395
Examining the role of metals and surfaces on VLP cross-linking and the impact
on VLP stability
Janelle Konietzko1, janelle.konietzko@merck.com, Emily Wen1, Joseph G. Joyce1,
Michael Kosinski2. (1) Vaccine Process Development, Merck & Co. Inc., Lansdale,
Pennsylvania, United States (2) Global Technical Operations, Merck & Co. Inc., West
Point, Pennsylvania, United States
Virus-like particles (VLPs) are made up of protein monomers that self-assemble into the
conformation of the native virus, but lack a viral genome. VLPs are safe and efficacious
vaccine candidates since they closely mimic the native virus structure, but are not
infectious. Many VLPs are composed of one or more structural proteins which assemble
first into capsomeres, followed by assembly into the full VLP. Often, when monomers
are expressed as a recombinant protein, the VLP does not assemble properly which
results in a non-native VLP conformation. In these cases, a disassembly and
reassembly step may be incorporated into the purification process in order to improve
immunogenicity, homogeneity, and stability of the VLP product. In some VLPs, intercapsomere cross-linking via disulfide bonds promote structural integrity and stability of
the VLP. In this work, we examined the role of protein concentration and equipment
surfaces on reassembly and cross-linking reactions in a model VLP system. A model
was developed to gain better understanding of the role that trace metals, buffers, and
surfaces play in promoting VLP cross-linking. Additionally, we examined how the extent
of cross-linking affected VLP attributes such as stability, potency, and size. VLPs with
varying levels of cross-linking were generated to study these effects.
BIOT 396

Cation exchange as a single purification step alternative to reverse phase for
conjugated peptides
Lauren Rockwell1, lauren.rockwell@merck.com, Haiying Bao2, Ijeoma Ikechukwu3,
Sunitha Kandula1, Nihal Tugcu1. (1) Downstream Process Development & Engineering,
Merck & Co, Kenilworth, New Jersey, United States (2) Bristol Meyers Squibb, New
Brunswick, New Jersey, United States (3) Patheon, Princeton, New Jersey, United
States
Purification of peptides typically includes costly reverse phase processes which utilize
high pressure and large volumes of solvent. For two conjugated peptides,
chromatography process development targeted a low pressure aqueous process that
could achieve target product purities of ≥95%, comparable to purities seen with
traditional reverse phase. A high throughput screening approach of different modalities
was used to identify binding and elution conditions on a cation exchange resin and
small scale columns were used in order to assess impurity removal and process yield.
The parameters for load and gradient elution were optimized to increase product purity
and process productivity with a wide operating window identified where high purity and
productivity are achieved.
Computational modeling was then used to validate experimental chromatography
results and to gain insight on the effect of the chemical modifications on the surface
properties of the two peptides. Both modelling and experimental data showed that with
optimization, reverse phase can be replaced by cation exchange to achieve similar
purities for conjugated peptides with double the productivity.
BIOT 397
Investigation of trisulfide variants and mitigation strategies to ensure product
quality in an E.Coli expressed recombinant protein
juan C. castano, juan.castano@shire.com, Andrew Keefe, Seshu Tummala, Justin
Prien, Jason Baniak, Chris Barton, Paul Salinas, Jeffrey Kaster, Yan Wang. Shire,
Cambridge, Massachusetts, United States
A recombinant therapeutic protein intended for intravenous (IV) delivery to premature
infants is being developed. The therapeutic protein is expressed and purified from an E.
Coli cell culture system. A +32 Da product variant was discovered by mass
spectrometry as the result of tech transfer to a new facility during comparability testing.
Originally believed to be a doubly oxidized species, further investigation led to the
discovery of this variant being an additional sulfur (-S-) atom incorporated as a trisulfide.
An investigation was performed to discover the root cause of the trisulfide species
through process mapping. It was discovered that the point of trisulfide generation had
occurred during the oxidative refolding reaction in the downstream process. In order to
generate trisulfide species during an oxidation driven refolding step, hydrogen sulfide
may have been present as a result of the anaerobic solubilization of the product

inclusion bodies. Hydrogen sulfide detection was incorporated and found to have been
presenting at the end of the production fermentation, when the inclusion bodies were in
generation.
Structure function studies were performed by generating material with extra high levels
of trisulfides. Testing by bioassay showed little impact on potency. Although the species
at the levels generated in the process were shown to have little impact on efficacy by
bioassay, process mitigations were put in place to limit the amount of these variants.
BIOT 398
Using process modeling to quantify the benefits of an integrated mAb flowthrough polishing solution
Jeffrey Barna, jeffbarna44@yahoo.com, Michael W. Phillips. MilliporeSigma, Acton,
Massachusetts, United States
In the bioprocessing industry, there is a drive toward processes that reduce cost of
goods while maintaining product quality and leveraging existing manufacturing facilities.
One potential opportunity for significant process compression while driving down
process economics is in the mAb polishing train, which typically contains a series of
disconnected bind/elute and flow-through chromatography operations. A fully-connected
flow-through mAb polishing process can offer significant advantages over a traditional
polishing template.
Within the Biosolve process modeling tool, a new template was created that
incorporated an all-flow-through polishing train. Leveraging experimental data to
populate the Biosolve models, results comparing the new flow-through polishing
process to a traditional process template highlight significant benefits with the integrated
flow-through solution – 40% cost of goods reduction, 80% reduction in buffer volume
usage, 70% reduction in polishing process time, and 70% reduction in footprint. A
sensitivity analysis highlights that these benefits are essentially independent of process
scale, and are enhanced as bioreactor titer increases.
BIOT 399
In silico evaluation of antibody developability: QSAR models to predict mAb
solubility and viscosity
Xuan Han, hanx4@rpi.edu, Julie Robinson, Steven M. Cramer. chemical and biological
engineering , Rensselaer Polytechnic Institute, Troy, New York, United States
As one of fastest growing classes of therapeutics, monoclonal antibodies (mAbs) can
exhibit low solubility and high viscosity especially when it comes to high concentration
formulations, posing a challenge for mAb development, manufacturing and
administration. In the early development stage, thorough experimental evaluations are

material and labor intensive, while molecular dynamics simulations to assess these
properties are computationally expensive. To address this dilemma, we propose a
workflow for the development of predictive models to facilitate the in silico evaluation of
lead molecules during candidate selection. A diverse internal set of mAbs with varying
viscosity and solubility data formed the basis for model development. To supplement
the sparse internal data set, we conducted a comprehensive evaluation of readily
available data published in the literature. Importantly, we introduce a methodology to
identify the most advantageous external data sets for inclusion in the model. A wide
range of descriptors that serve as the surface property ‘fingerprint’ were calculated for
each mAb in both the internal and external data sets. Using these surface properties as
input, classification models were developed to help distinguish mAbs that showed
desirable viscosity and solubility from those with poor behavior. Significantly, this work
extends cluster descriptors that have previously been shown to be important in
multimodal chromatography models to protein-protein interactions. Furthermore, local
descriptors provided key insights into the surface charge and hydrophobicity that
contributed to different viscosity and solubility behavior for several variant/wild type sets.
This work sets the stage for the development of more quantitative QSAR models for the
prediction of viscosity and solubility and has important implications for the design of
mAbs for biomanufacturability.
BIOT 400
In situ analysis and imaging of aromatic amidine at varying ligand density on
cellulose membranes
Adaliz J. Torres Rosado2, adaliz.torres1@upr.edu, Christian J. Ortiz-Hernandez2,
Adriana Santiago4, Ivan J. Dmochowski3, Jose Sotero-Esteva1, Vibha Bansal4, Ezio
Fasoli2, ezio.fasoli@upr.edu. (1) Department of Mathematics, Univ of Puerto Rico at
Humacao, Humacao, Puerto Rico, United States (2) Dept of Chemistry, Univ of Puerto
Rico at Humacao, Humacao, Puerto Rico, United States (3) Upenn Dept of Chemistry,
Philadelphia, Pennsylvania, United States (4) Chemistry, University of Puerto Rico at
Cayey, Cayey, Puerto Rico, United States
This work describes a novel, fast and accurate fluorescence-based assay for amidine
estimation in solid phase. The assay involves the reaction of benzamidine with glyoxal
and an aromatic aldehyde. The so formed fluorophore can be analyzed and quantified
by fluorescence spectroscopy and confocal microscopy. This reaction has been
reported for aromatic amidine estimation in liquid phase previously; here we describe its
application for the determination of para-amino benzamidine (pABA) in chromatography
matrices, particularly benzamidine Sepharose and benzamidine-linked cellulose
membranes which find important application in purification of trypsin type serine
proteases. A sensitive and reproducible method for amidine quantitation in solid phase
allows the tuning of the ligands density and therefore optimize the efficacy of a protein
separation device. The glyoxal reaction was tested on microbead-sized Sepharose gel
and cellulose membrane chemically modified with pABA. Calibration curves established
linearity of 0-0.45 µmol per mL amidine for free amidine in solution, 0-0.45 µmol amidine

per mL Sepharose gel, and 0-0.48 µmol per mL cellulose membrane. The assay
showed high accuracy (~3.4 % error), precision (RSD <2%) and reproducibility.
Switching the aromatic aldehyde used in the glyoxal reaction from benzaldehyde to
fluorene-2-carboxaldehyde led to the formation of a new fluorescent probe with different
excitation and emission maxima, which expands the potential applications of this
method and can provide a tool for imaging membranes and ligand distribution through
laser scanning confocal microscopy.

BIOT 401
Effects of ligand density on protein binding capacity of affinity membranes
Edgardo J. Sanchez1, edgardo.sanchez4@upr.edu, Shermain Aponte1, Ezio Fasoli2,
Vibha Bansal1, vibha.bansal@upr.edu. (1) Dept of Chemistry, University of Puerto Rico
at Cayey, Cayey, Puerto Rico, United States (2) Dept of Chemistry, Univ of Puerto Rico
at Humacao, Humacao, Puerto Rico, United States
Affinity membranes are promising alternatives for conventional microbead based
chromatography resin for protein separations. However, there is no clear understanding
of the factors that should be optimized for creating an ideal membrane for a particular
separation process. The goal of this project is to understand the effect of ligand density
on protein binding capacity and selectivity of affinity membranes. Cellulose acetate
membranes were modified by linking them to an affinity ligand for trypsin type serine
proteases: para-aminobenzamidine, using epichlorohydrin as the spacer arm. The
modification process was optimized to obtain affinity membranes with ligand density in a
range of 0.80 nmol per mL to 3.94 µmol per mL membrane. Two trypsin type serine
proteases: tissue-type plasminogen activator (tPA; MW ~64 kDa) and trypsin (MW 23.3
kDa) were fluorescently labeled with FITC in order to monitor the protein binding to
membranes. Using these two proteins of significantly different molar masses allowed us
to verify the effect of the protein size too on the binding capacity of membranes. When
exposed to the fluorescently labeled tPA or trypsin, in general, the membrane showed
increasing binding capacity with an increase in ligand density. However, a binding peak

was observed for both proteins at ligand density of 0.15 µmol per mL membrane. This
same trend was observed when membranes were allowed to bind these proteins from a
bacterial cell lysate. Significantly higher ligand utilization efficiencies were observed at
the lowest ligand density used in both cases. Electrophoretic analyses of the samples
was performed to validate the binding results.
BIOT 402
Comparison of three tentacular strong cation exchange resins that have the same
base bead
Matthew T. Stone1, matthew.stone@emdmillipore.com, Romas Skudas2, Peter
Menstell2, Heiner Graalfs2. (1) MilliporeSigma, Bedford, Massachusetts, United States
(2) Merck KGaA, Darmstadt, Germany
We report the direct comparison of three tentacular strong cation exchange
chromatography resins which were optimized for different applications. All three CEX
resins use the same base bead that has a 50µm particle size as well as functional
sulfoisobutyl groups, but differ significantly in the structure of tentacular surface
chemistry. Eshmuno® CPX resin is designed for the removal of mAb aggregates in
bind/elute mode whereas Eshmuno® CP-FT resin is designed for the removal of mAb
aggregates in flow-through mode. Eshmuno® CPS resin was developed for the capture
of proteins in feeds having higher concentrations of salt. We directly compared the
resins’s static binding capacities for a monoclonal antibody as the solution pH and
conductivity were varied. We also investigated how the gradient elution of model
proteins differed between the three CEX resins. The results suggest that screening
these three CEX resins together could be a useful strategy for the development of
challenging chromatographic protein separation processes.
BIOT 403
Counterflow-centrifugation and depth filtration optimization: Systematic
approach to develop CHO harvest process
Axel Thiefes1, axel.thiefes@sartorius.com, Volkmar Thom1, volkmar.thom@sartoriusstedim.com, Gregory Bremer2, Rebecca Petersen1, Ellen Lam2, Hemanth Kaligotla3. (1)
Sartorius Stedim Biotech GmbH, Goettingen, Germany (2) Sartorius Stedim NA,
Bohemia, New York, United States (3) Segment Marketing , Sartorius Stedim Biotech,
Bohemia, New York, United States
In this work we demonstrate how counterflow centrifugation can be developed in order
to double depth filtration performance for cell culture clarification. Clarification and cell
harvest steps initiate the purification process for biologicals. Depth filtration and
combined centrifugation/ depth filtration steps are the two primary approaches in
mammalian fed batch processes. As process intensification is explored in the future,
clarification will be challenged in two key ways: increased biomass and smaller batch

size. To address these challenges, different techniques have been adopted such as
flocculation, body feed filtration or acoustic wave separation. Here we investigate
counterflow centrifugation as another option and show how to systematically develop
the process.
First we evaluated the key centrifugation parameters expected to affect cell removal
while using the kSep counterflow centrifuge. We used an industrial mAb producing CHO
fed batch process with ~5g/l product titer, ~8% biomass, and ~ 90% viability. The key
parameters investigated in detail were: 1. flow rate during culture loading 2. flow rate
during wash steps of the fluidized bed, and 3. composition of the wash buffer. We
evaluated centrifugation performance using cell counting, turbidity measurement and
particle size analysis.
Following optimization of centrifugation parameters, different combinations of available
and new double layered depth filters were tested in-line with 0.2 micron filters.
Assessment of the filter trains was achieved by monitoring the blocking of each single
layer filter and overall capacity of the filter trains. This approach identified the limiting
filter stage. Filter optimization resulted in doubling the overall capacity of the filter train.
The results are discussed with respect to the data found for cell count, turbidity and
particle size after the centrifugation step.
Furthermore the data are compared to standard clarification methods run in parallel
BIOT 404
Purification of plasmid DNA for gene therapy and genetic vaccination
Carsten Voss, carsten_voss@bio-rad.com. Bio-Rad Laboratories GmbH, Munich,
Germany
Plasmid DNA has evolved as a suitable vector for gene therapy and genetic
vaccination. Replication in bacterial hosts facilitates easy upstream processing for the
production of this gene vector system.
For purification classical resins and functionalities are commonly applied which are
limited by low dynamic binding capacity or insufficient selectivity for plasmid DNA and
product and process related impurities.
In this presentation we describe the application of a tailored anion exchanger for large
biomolecules in combination with mixed mode chromatographic materials for the
purification of plasmid DNA. The removal of typical impurities like RNA, chromosomal
DNA, HCP and endotoxins in a RNase free purification process is demonstrated by this
workflow.
BIOT 405
Manufacturing strategies for Biosimilars: A case of continuous capture
Sandeep R. Hadpe, sandeep.hadpe@biocon.com. Research and development ,
Biocon research limited, Bangalore, Karnataka, India

Multicolumn chromatography offers several advantages over conventional batch
chromatography, which includes improved productivity, resin and buffer utilization. The
presentation describes a quick work flow for evaluation and optimization of multicolumn
protein-A capture chromatography for clinical/commercial manufacturing process. The
protocol was evaluated on three different antibody capture application. ‘Multicolumn
protein A chromatography operation’ is compared with ‘conventional batch protein A
chromatography operation’ for 2kL manufacturing scale-up requirements. Additionally,
all key performance/quality attribute trend (e.g. yield, elution CV, elution pool pH,
HMWP, HCP, HCDNA, LPA content etc.) were monitored during evalaution and
compared with batch process.
Continuous capture was observed to yield ~1.9-fold improvement in productivity when
compared with batch chromatography; resulting in 35% to 39% commercial media
savings and 43% to 48% clinical media savings across three different Mab’s.
Implementation of ILC along and/or new generation protein A media along with
multicolumn protein A chromatography can further improve the productivity by ~2-4fold.
BIOT 406
Enabling robust CHT purification: Implementation of a raw material specification
for control of pyrophosphate impurity
Ian Stear, iistear@gmail.com, Kristin Valente, Erin Baragar. Merck and Co., Inc.,
Philadelphia, Pennsylvania, United States
Changes in raw material supplier represents a major consideration for life-cycle
management and proactive monitoring is recommended. A case study is presented with
Ceramic Hydroxyapatite (CHT), a common biopurification media consisting of calcium
phosphate. CHT is known to adsorb proteins at calcium and phosphate sites on its
matrix, and elutes proteins bound to calcium sites via an increase in phosphate
concentration. During late stage process development of a biomolecule, pyrophosphate
present in a raw material, anhydrous potassium phosphate dibasic, was found to reduce
yield. Pyrophosphate is known to readily bind to CHT, likely resulting in this yield loss.
To mitigate this risk, a pyrophosphate specification of < 450 ppm was established for
this raw material.
The anhydrous phosphate raw material utilized in this bioprocess is susceptible to
pyrophosphate generation during its manufacturing process due to the high temperature
required to convert phosphate from its hydrated to anhydrous form. Pyrophosphate
concentration cannot directly be controlled at the raw material vendor, resulting in an
effort to develop an assay to measure concentration in the raw material. Ultimately, an
IC HPLC assay was developed to measure pyrophosphate concentration with a limit of
detection of 50 ppm.
To establish the assay specification, CHT studies were executed using a laboratory
scale column. Pyrophosphate was added to conditioning and wash buffers at varying
levels across experimental conditions, and the resulting yields were measured. A

maximum pyrophosphate concentration of <450 ppm in the raw material was selected
for the specification on the basis of these results, below the concentration at which an
impact to yield could be expected.
The pyrophosphate assay established will be transferred to the potassium phosphate
dibasic vendor to ensure robust supply of material meeting CHT process requirements.
Development and implementation of this assay demonstrates an effective approach to
control a raw material impurity.
BIOT 407
Microscale chromatography toolkits for rapid screening and purification of
therapeutic proteins
Erick Gutierrez, egutier1@umbc.edu, Abhay Andar, Sevda Deldari, David Burgenson,
Mustafa Al-Adhami, Shayan Borhani, Chandrasekhar Gurramkonda, Leah M. Tolosa,
Yordan Kostov, Douglas D. Frey, Govind Rao. Center for Advanced Sensor Technology
and Department of Chemical, Biochemical,and Environmental Engineering, University of
Maryland Baltimore County, Baltimore, Maryland, USA, Frederick, Maryland, United
States
Biopharmaceutical separations require tremendous amounts of characterizations and
optimization to achieve a high level of acceptable purity. These usually require large
volumes of reagents and biological materials for testing different parameter thus
significantly increasing the cost. This study reports versatile, customizable, robust, lowcost, and easily manufacturable chromatography micro-columns (μCols) used for rapid
screening of therapeutic quality protein purification.These μColswere fabricated using
thermoplastic solvent bonding (100% ethanol at high temperatures and pressures,
80°C, 2500 psi, 10 min). The design consists of4 layers of Poly-methyl methacrylate
(PMMA) (Figure 1). A20 µm frit was placed in the corresponding void in the device and
luer lock fittings were glued in their appropriate positions. A resin (affinity or ion
exchange) packing protocol was specially developed to accommodate the µCol devices.
This resulted in consistent production of functional µCol chips tested with HPLC
machines and our point-of-care suitcase device. Expressed protein harvest from
Chinese hamster ovary (CHO)cell-free protein synthesis (CFPS) system, was purified
using μCols. Experimental data revealed comparable purity with a 10-fold reduction in
the amount of buffer, resin and purification time for the mCols compared to conventional
1 mL pre-packed columns. The goal of this study is to provide an innovative solution for
quick prototyping of microscale columns for process development and optimization for
protein purification for point-of-care applications.

Figure 1. Schematic of the chip with a set of 2 micro-columns, showing all of its components.
BIOT 408
High-capacity multimodal anion-exchange membranes for purification of
biologics
Joshua Osuofa1, josuofa@clemson.edu, Anna Forsyth2, Jinxiang Zhou2, Scott M.
Husson3. (1) Chemical and Biomolecular Engineering, Clemson University, Central,
South Carolina, United States (2) Purilogics, LLC, Greenville, South Carolina, United
States (3) Chemical Biomolecular Engineering, Clemson University, Clemson, South
Carolina, United States
Multimodal membranes are a novel class of chromatography media that bind proteins
and bioprocess impurities through combinations of Coulombic interactions, hydrophobic
interactions and hydrogen bonding. Because of the multiple modes of binding, these
membranes can operate over a wider range of conditions than conventional
membranes, enabling their use in chromatographic purification steps with minimal or no
pretreatment of the feed.
In this study, we are evaluating the performance of Purilogics’ multimodal anion
exchange membrane in bind-and-elute mode under a variety of industrial relevant
conditions. In this presentation, we will present performance data from dynamic binding
capacity (DBC) measurements for bovine serum albumin (BSA), human immunoglobulin
G (hIgG), and salmon sperm DNA (ssDNA) for a range of conductivities (0 -30 mS/cm)
and pH values (5-9). We will show that these novel membranes have high capacities at
short residence times even under conditions of high ionic conductivity. Dynamic binding
capacities for BSA, IgG and ssDNA varied with pH and ionic conductivity. The
isoelectric point of the protein determined the trend of DBC with pH. DBC also varied

with ionic conductivity, often showing a maximum at 5.7 mS/cm (50 mM NaCl). Based
on comparisons to commercial membrane products, these high-capacity membranes
can be an alternative for purifying large bioprocess volumes using short residence times
without dilution or desalting of the feed.
BIOT 409
New protein A membranes for the rapid isolation and purification of monoclonal
antibodies
Graham Temples1, gtemples@purilogics.com, Jinxiang Zhou1, Daniel Henn1, Anna
Forsyth1, Scott M. Husson1,2. (1) Purilogics, LLC, Greenville, South Carolina, United
States (2) Chemical Biomolecular Engineering, Clemson University, Clemson, South
Carolina, United States
Protein A chromatography is a platform technology for monoclonal antibody (mAb)
capture step purification in the industry due to its high selectivity. However, it is not
uncommon to spend from hours to a full day to complete one purification cycle using
existing Protein A resin columns (not counting the significant time spent on column
packing). Capture purification has thus become a critical bottleneck during downstream
purification.
To address this challenge, Purilogics developed a novel Protein A membrane adsorber
and demonstrated that the membrane provides high binding capacity at exceedingly
short residence time for a variety of antibodies. The membrane was validated through
purification of a portfolio of mAb supernatants. The purified antibody streams are
characterized by high recovery and low levels of host cell proteins and DNA. Lastly, we
will present data from a bind-and-elute cycling study to illustrate reusability of the new
membrane.
BIOT 410
Evaluation of the donnan effect and a mitigation strategy in UFDF process
development
Deblina De Ghosh, deblina.deghosh@gilead.com, James Woo, Brian Kluck, Craig
Emery. Biologics PD Process Development, Gilead Sciences, Oceanside, California,
United States
There is an increasing trend in the biopharmaceutical industry towards high protein
concentration in commercial mAb formulations to achieve clinical efficacy and reduced
drug volume for subcutaneous injection. The charge density of the solution increases as
the protein is concentrated, which can create an offset in excipient levels and pH
between the retentate protein solution and the permeate across a tangential flow
membrane in an ultrafiltration/diafiltration process, a phenomenon which is known as
the Donnan effect. Donnan effect behavior was observed when performing UFDF step

development using two different diafiltration buffers. Based on the observed shift in
protein pool pH and excipient concentration, the compositions of buffers were adjusted
to compensate for the Donnan Effect. Studies were performed using both the control
process buffers and the modified buffers at challenge conditions. This study indicated
that the modified buffers can compensate for the Donnan effect and ensure that the final
pool pH and excipient concentration are reliably within their target ranges.
BIOT 411
Development of an improved downstream process for enhanced monoclonal
antibody purification
Jonathan Fura, jfura210@gmail.com, Lori Fortin, Joshua Sumoski, Suman McLinden,
Calvin Cheah, Jungmin Oh, Quanxuan Zhang, Rudrajit Mal, B. Thiyagarajan, Nandu
Deorkar. Avantor, Macungie, Pennsylvania, United States
Monoclonal antibodies (mAbs) represent nearly half of the biologic-based therapeutics
available on the market. While mAbs have revolutionized modern medicine by providing
increased efficacy and reducing off target side-effects, downstream purification of mAbs
remains highly challenging and represents the largest cost in manufacturing this class of
therapeutics. Herein, a downstream process methodology for rapid purification of mAbs
is presented. Through use of pre-absorption filtration technology in combination with
newly developed Protein A and anion exchange chromatography resins that possess
high dynamic binding capacities, we have obtained mAbs with increased purity while
reducing overall process time. Furthermore, by using select additives during process
chromatography, we demonstrate that these resins can be fine-tuned to enhance
selectivity of target mAbs and remove host cell protein impurities. When used in
conjunction these technologies represent a highly efficient process to obtain mAbs for
use as therapeutics.
BIOT 412
Fc (igg1) binding to multimodal cation exchange surfaces: Effect of salt on
preferred binding region
Ronak B. Gudhka1, ronakgudhka22@gmail.com, Camille Bilodeau1, Scott A.
McCallum2, Mark McCoy3, David J. Roush4, Steven M. Cramer1. (1) Chemical and
Biological Engineering, Rensselaer Polytechnic Institute, Troy, New York, United States
(2) Biotech 2nd Fl MS, Rensselaer Polytechnic Inst, Troy, New York, United States (3)
Process Development and Engineering, Merck & Co. Inc, Kenilworth, New Jersey,
United States (4) Process Development and Engineering, Merck, Sharp and Dohme,
Colts Neck, New Jersey, United States
The Fc domain is an important component of complex molecules such as monoclonal
antibodies (mAb) based biologics as well as fusion proteins and is highly conserved
across a given class of mAbs. Recent collaborative work in our lab employing a

combination of Nuclear magnetic resonance spectroscopy (NMR) and umbrella
sampling simulations revealed preferred binding region on Fc for binding to multimodal
(MM) cation exchange surfaces. The results showed that as the Fc was brought close to
the surface, the positively charged residues near the hinge region first made contact
with the surface followed by a tighter binding facilitated by additional interactions with
aliphatic and positively charged residues at the interface of the C H2 and CH3 domains.
However, these studies were carried out at low salt concentrations i.e. very high binding
conditions. Here, we build on this previous work by performing NMR titration
experiments using perdeuterated 15N labeled Fc and 15nm diameter gold nanoparticles
(NPs) functionalized with SAMs of different MM ligands and at different ligand densities
in the presence of varying concentrations of sodium chloride (elution conditions).
Further, calculation of residue specific dissociation constants on the Fc surface enabled
us to quantify the avidity effects involved in these MM systems. The results showed
important shifts in preferred binding regions on the Fc surface as well as the residue
binding affinities. By comparing these results with EP and SAP maps, we have
formulated a deeper understanding of how salt affects the shifts in the binding region as
a function of protein surface properties. Further, umbrella sampling simulations with Fc
held at key orientations above a SAM surface presenting the MM ligands at relevant
densities and salt concentrations revealed the binding mechanisms for the binding of Fc
to different MM systems. This combined experimental and simulations approach has
enabled us to develop a deeper molecular level understanding of the binding
interactions of complex biological products such as FC to MM CEX chromatographic
systems.
BIOT 413
Investigation of the adsorptive properties of depth filters in bioprocessing
Negin Nejatishahidein1, nxn63@psu.edu, Ehsan Espah Borujeni2, David J. Roush2,
Andrew L. Zydney1. (1) Dept of Chemical Engineering, Penn State University, University
Park, Pennsylvania, United States (2) Downstream Process Development and
Engineering, Merck Co. & Inc., Kenilworth, New Jersey, United States
The increased cell density and product titer in current bioreactors have led to the
increasing use of depth filters for clarification of cell culture fluid (CCF), either as a
stand-alone unit operation or after centrifugation in the production of monoclonal
antibody (mAb) products. Several recent studies have shown that depth filters can also
reduce the concentration of smaller impurities like host cell proteins and DNA,
decreasing the burden on subsequent chromatographic operations. The objective of this
study was to evaluate the adsorptive properties of the Pall PDH4 depth filter, which
contains diatomaceous earth, cellulose fibers, and a binder. Experiments were
performed with both DNA and a series of model proteins with defined pI, molecular
weight, and hydrophobicity chosen to match the range of host cell proteins in typical
CCF. Breakthrough curves were determined by tracking the permeate concentrations in
constant flux experiments using individual proteins / DNA and multi-component
mixtures. The exact location of the adsorbed proteins and DNA within the depth filters

were determined using confocal scanning laser microscopy (with fluorescently-labeled
species) and Electron Dispersive Spectroscopy (SEM-EDS). Protein binding was
greater for proteins that were positively-charged and had higher hydrophobicity, with the
latter determined from the GRAVY value calculated from the known amino acid
sequence. For example, the binding capacity of chymotrypsin (GRAVY = 0.064) was
eight times larger than that for Ribonuclease A (GRAVY = -0.663), even though the
proteins have similar pI. These filters also showed very high levels of DNA removal,
despite the strong negative charge on the DNA. These results provide new insights into
the factors governing the filter capacity and performance characteristics of the PDH4
depth filter that is widely used in the clarification of CCF.
BIOT 414
Paper-based biosensors for glycan analysis
Fatima Enam, fatima@iastate.edu, Andrea Alvarez-Acosta, Thomas Mansell. Chemical
and Biological Engineering, Iowa State University, Ames, Iowa, United States
The need for a robust, specific and high-throughput biosensing platform is of significant
interest in analysis of glycans. However, current analytical technology requires long run
times, sophisticated and expensive equipment. Paper based biosensors provide
alternative approaches for rapid and easy-to-use assays. We have developed assays
with colorimetric readouts visible to the naked eye or analyzed using software for
quantitative measurements, that are a function of the concentration of the target
molecule. Linkage specific glycolytic enzymes are used alongside glycosyldehydrogenase to generate a redox system capable of producing a colorimetric change
in organic dyes. Heterologous expression of enzymes and immobilizing them on paper
substrate increases the feasibility of the assay in terms of cost and durability. This paper
based analytical device platform demonstrates its utility in qualitative and quantitative
assays with potential for expansion to other molecules and applications.
BIOT 415
Small scale end-to-end mAb platform with a continuous, integrated and compact
process
Joaquin Gomis Fons1, joaquin.gomis_fons@chemeng.lth.se, Niklas Andersson1, Bernt
Nilsson1, Hubert Schwarz2, Veronique Chotteau2. (1) Chemical Engineering, Lund
University, Lund, Sweden (2) Division of Industrial Biotechnology/Bioprocess Design,
KTH Royal Institute of Technology, Stockholm, Sweden
Integration of the upstream and downstream processes and conversion to continuous
manufacturing allows increasing productivity, decreasing equipment size, and reducing
the manufacturing cost, at the same time as the product quality increases due to a
steadier operation and a lower residence time in the bioreactor. It is important to have
an integrated and continuous process from the very first stages of the process

development, not only due to the easier and safer scalability of the process, but also
because the small scale production of drug candidates is currently very labor
demanding, with a lot of manual and inefficient steps, which an integrated and
automated approach could address. Some research on integrated and continuous
biomanufacturing has been reported, showing the advantages of integrating a
biopharmaceutical process and converting it to continuous mode. But the scale at which
these processes are implemented (with bioreactor volumes from 1.5 L to 12 L) are not
the most suitable for the earliest stages of the process development, like the discovery
and pre-clinical tests, and much equipment is required to perform all the steps of the
process.
In this work, an end-to-end mAb platform at small scale was implemented in a compact
design with minimal equipment required: a 200 mL ATF perfusion bioreactor, and a
single chromatography system for all downstream steps. The upstream and the
downstream were integrated and run continuously with a periodical process using a
twin-column capture where a column is loaded while the rest of the downstream
process is carried out. In addition, to avoid any manual interaction, the process was
automated and controlled from an external software called Orbit, developed at the
department of Chemical Engineering at Lund University (Lund, Sweden), and several
control strategies were applied to be able to deal with variable perfusion rates and
concentrations from the bioreactor. The different steps in the purification chain were
integrated based on the concept Integrated Column Sequence (ICS), where all steps
are implemented in a single chromatography system and the eluate of a column gets
directly loaded into the next one. A productivity up to 43 mg ml -1 day-1, based on the
capture column volume, and a total recovery yield up to 60%, were achieved.
BIOT 416
Implementation of end-to-end disposable single use systems for rapid
fermentation process design to GMP manufacturing
Erik M. Nordwald, enordwald@gmail.com, Emil Raubach, Vanna Yu, Amy Ridl, Robert
Todd, Aaron Pilling. Process Development, KBI Biopharma, Boulder, Colorado, United
States
Single-use disposable technologies have seen rapid growth and expansion in the
production of mammalian cell culture-derived biologics. Decreased cross-contamination
risks and ease of operational requirements have encouraged many organizations to rely
heavily on single-use systems from bench through GMP production scale. Despite the
ubiquitous application in mammalian biologics production, substantial growth of singleuse systems in fermentation-based production has been trailing. Fermentation process
inputs, including high oxygen mass transfer rates, mixing requirements, and high growth
rate demands, have made disposable fermentation systems challenging to implement
as viable production solutions. KBI Biopharma has recently expanded its process
capabilities to include single-use fermentation (SUF) systems at the 30 L Pilot and 300
L GMP manufacturing scales. Coupling ThermoFisher Scientific SUF systems with a
platform E. coli process development approach and advanced mass transfer modeling,

KBI is significantly shortening process design to GMP production timelines.
Fermentation process conditions, oxygen uptake requirements (OUR), media types, and
feed strategies are initially defined in the high-throughput Sartorius Ambr250 system to
fit the ThermoFisher 30 L and 300 L SUF systems. Feed profiles are established to
maximize cell densities with controlled aeration strategies not to exceed the mass
transfer capacities of the SUF systems. The scalability of the Ambr250 system to the
ThermoFisher 30 L and 300 L SUF systems, combined with the KBI platform process
design approach is yielding protein titers greater than 4 g/L for soluble products at the
300 L GMP scale. The multiplexed approach, combining end-to-end SUF systems with
platform process design and advanced system modeling, offers tremendous potential
for rapid process design with simple scale-up and translational solutions to enable GMP
production.
BIOT 417
High throughput process development toolbox for rapid and reliable development
and implementation of intensified processes for the flexible facilities of the future
Hemanth Kaligotla1, Hemanth.Kaligotla@sartorius-stedim.com, Gerben Zijlstra1,
Thomas Erdenberger1, Miriam Monge1, Jens-Christoph Matuszczyk2. (1) Segment
Marketing , Sartorius Stedim Biotech, Bohemia, New York, United States (2) R&D
BioProcessing, Sartorius Stedim Biotech, Bohemia, New York, United States
Despite the low costs, rapid deployment and flexibility, the current single-use facilities
are limited by their output, typically 500 kg/year for a 6 x 2000 L facility at 3 g/L FedBatch titer. It limits the usefulness for commercial-scale manufacturing of multiple
midsize portfolio products. Upstream and downstream process intensification can solve
this limitation. With consistent titers of 10 g/L and beyond, annual outputs of 1500
kg/year can be realized from single-use facilities, so they become an even more
attractive option for commercial manufacturing of multiple products. To this point,
however, the development and scale-up of intensified processes have been
cumbersome and time-consuming. In this poster, a platform of upstream and
downstream process intensification tools and technologies are discussed, that can
greatly speed-up and improve process development and scale-up. Case studies on 1)
ambr® high throughput perfusion system as a scale-up and scaled-down model for
perfusion cultures 2) High cell density perfusion culture in a Rocking Motion (RM)
bioreactor/SU bag combination ( ~ 170M cells/ml) to intensify the seed train 3) High
throughput technique to clarify ambr® 250 cultures for rapid DSP processing and finally
4) ambr® high throughput tangential flow filtration system to assess the manufacturability
(high conc./formulation studies) of biological products much earlier in the development
stages, are presented.
BIOT 418
Start with the end in sight: A holistic bioprocessing strategy for cell line
selection: GSKs onestream approach

William Lewis, william.j.lewis@gsk.com. GSK, Stevenage, United Kingdom
Traditional approaches to cell line selection have focussed heavily on upstream process
outputs – particularly cell density and productivity related metrics, often in systems that
are not fully representative of the scales operated during manufacturing, and with little
or no understanding of impact in subsequent upstream and downstream manufacturing
conditions. Here we detail how GSK have developed a scaled-down model of both the
platform upstream process (using miniature bioreactors) and the platform primary
capture purification step (using robo-columns) to more fully understand the cell lines
and their potential impact in manufacturing.
Data is compiled from across the upstream and downstream processes with at-line
analytics (automated and walk up where feasible) for key product characteristics such
as glycosylation, aggregate, fragment and host cell protein. This data then used to
select suitable cell lines for progression, on criteria such as product quality, total
process yield, upstream and downstream process fit, using an advanced data analytics
dashboard with live data interrogation and decision making. Cell lines selected are then
progressed to an upstream process scoping DoE at Ambr 250 scale where the
downstream outputs are interrogated for the robustness of the product manufacture.
Efforts are underway to automate the entire purification workflow with further embedding
of analytics.
BIOT 419
Use of single-use systems (SUS) to mitigate risks and enable flexibility in
continuous bio-manufacturing facilities: Case studies in raw material handling to
sampling
Pranav Vengsarkar, pranav.vengsarkar@avantorinc.com, Jungmin Oh, Calvin Cheah,
Thomas Lee, Nandu Deorkar, Timothy Korwan. Avantor, Bridgewater, New Jersey,
United States
Buffers are one of the largest constituents by volume used in the production of most
modern biopharmaceutical products. The various compositions of buffers used across a
biopharma manufacturing facility requires inflexible & cost-inefficient infrastructure for
support and has several contamination risks. Similar problems are also present in
media prep due to the inherent complexity of media compositions and the testing
associated with them. Single-use technologies have become prevalent in the
biopharmaceutical field due to their flexibility, reduced utility requirements and ease-ofuse. Single-use powdered or liquid components for buffers offer significant advantages
over their traditional counterparts due to savings in dispensing time and QC testing.
Other general issues which can be addressed include GMP regulatory requirements,
precise weight dispensing requirements, clumping concerns, quick purity checks and
EHS concerns. Single-use transfer lines and sampling systems reduce the risk of
contamination by minimizing cleaning and external contact during periodic testing steps
such as endotoxin testing. The modularity of these single-use systems also allows site
and process specific solutions to be implemented quickly without requiring extensive

capital expenditure. A summary of multiple case-studies for the application of single-use
technologies in buffer prep & media prep is highlighted as part of this paper.
BIOT 420
Quality by design(QbD) approach to tangential flow filtration operations in
bioprocessing
Daniel Koo1, daniel.koo@merckgroup.com, Hyun Wee2. (1) Process Solution, Merck,
Seoul, Korea (the Republic of) (2) Research Institute, Dong-A Socio Holdings Co.,Ltd.,
Yongin, Korea (the Republic of)
Quality by Design is the modern approach for quality of pharmaceuticals. It describes
use of Quality by design to ensure quality of monoclonal antobody.
This study outlines the basic parameters and considerations for the development of a
drug substance formulation, using ultrafiltration (UF) and diafiltration (DF) operations,
under the principles of Quality by Design (QbD). This study included the Quality Target
Product Profile (QTPP), potential critical quality attributes (CQAs), relevant risk
assessment tools, Critical Process Parameters (CPPs) and how they are determined or
studied, design space definition, and control strategies.
The protein loading, cross flowrate, transmembrane pressures (TMPs) were identified
as process parameters in this study. Process attributes (Process time, achievable final
concentration, retention) and product attributes (Aggregate level, buffer exchange, final
concentration, Yield) were evaluated.
All the measured values are in alignment with the specification ranges allowed CQAs.
Additionally, the models developed are non-significant and have no lack of fit. These
results demonstrate that all the variation in the CQAs is expected as a variation within
the specification, confirming that the ranges chosen for the process parameters are
appropriate in terms of process robustness
BIOT 421
Process-related impurity assessments in downstream development: A
streamlined life-cycle approach
Adele Pearson1, adele.a.pearson@gsk.com, Maggie Dempster2, Timothy Hart2,
Geraldine Whelan2, Robert Luo2. (1) Downstream Process Development, GSK, King of
Prussia, Pennsylvania, United States (2) GSK, King of Prussia, Pennsylvania, United
States
Patient safety is a primary concern when developing drugs. For biopharmaceuticals,
one of the approaches to safeguard patient safety is to monitor and control critical
quality attributes (CQAs) for a process. Two types of CQAs are host cell and processrelated impurities. Host cell impurities (e.g. HCP, DNA) are automatically classified as
critical quality attributes (CQAs) and levels are monitored. Process-related impurities
are introduced by the upstream and downstream processes (e.g. cell culture medium,

purification systems and buffer components). A streamlined risk-based approach has
been designed to identify which process-related impurities are CQAs, based on
potential impact on patient safety and assessment of the necessity to demonstrate
clearance or control through the manufacturing process to levels below a determined
Permitted Daily Exposure (PDE). These impurities are categorized as CQAs. It is
recommended that this assessment be initially performed during early phases of clinical
studies and updated at each clinical phase or whenever a change is made to the
process. Information from these ongoing assessments supports regulatory submissions
for clinical trials and the marketing application. In this presentation, a streamlined
process for assessment will be discussed, with specific examples.
BIOT 422
Implementing process analytical technology for production of recombinant
proteins in E.coli using advanced controller scheme
Jashwant Kumar1, jashwant.vit@gmail.com, Priyanka Dalal1, James Gomes2, Anurag
S. Rathore1. (1) Department of Chemical Engineering, Indian Institute of Technology
Delhi, New Delhi, India (2) Kusuma School of Biological Sciences, Indian Institute of
Technology Delhi, New Delhi, India
Bioreactor control is complicated by the fact that bioreactor performance is affected by a
multitude of factors including choice of microorganism, media, as well as operation
conditions (substrate concentration, dissolved oxygen, agitation rate). A typical
industrial bioreactor uses a supervisory control and data acquisition (SCADA) system
for control, a combination of software and hardware tools designed to gather real-time
data, analyze and control using a mix of hardware and soft sensors. This study aims to
highlight the significance of the control scheme in process analytical technology (PAT)
implementation. We compare the performance of the developed SCADA controllerdecoupled input-output linearizing controllers (DIOLC) vs. the conventional proportional
integral derivative (PID) controller for an application involving fed-batch cultivation of E.
coli. Disturbances in the form of interrupted substrate feed and air supply were
introduced in the system to examine the impact on product quantity, quality and process
recovery for the two cases. It is observed that DIOLC performs significantly better
(RMSE 0.71 for DIOLC vs 0.79 in PID) and results in a meaningful improvement in
performance (productivity for disturbed states in DIOLC reduces by 16.85 % vs 31.78%
in PID). The results illustrate the importance of the control scheme to generate optimal
process performance.
BIOT 423
Implementing advanced control strategies to improve the bioprocess applications
Priyanka Priyanka2, priyanka.dalal24@gmail.com, Souhardya Roy2, Viki R. Chopda2,
James Gomes1, Anurag S. Rathore2. (1) Kusuma School of Biological Sciences, IIT

DELHI, Delhi, DELHI, India (2) Department of Chemical Engineering, Indian Institute of
Technology, New Delhi, India
Recombinant protein production by various host organisms is strictly regulated, and this
is primarily determined by host cell genetics and also by control of various process
parameters in the reactor. Since the process dynamics typically exhibit nonlinear
interactions amongst the critical process parameters, the commonly employed
controllers are suboptimal for control of most bioprocesses. This article demonstrates
improved production of recombinant human serum albumin in Pichia pastoris with the
implementation of an augmented controller augmenting decoupled adaptive control
(DAC) and decoupled input-output control (DIOLC) strategies that effectively allows
simultaneous control of two critical process parameters, namely concentration of
substrate and dissolved oxygen during fed-batch fermentation. However, when the
individual control algorithms were used, effective control of the desired process variable
was not achieved. Our findings indicate that an augmented controller satisfactorily
regulates the substrate and DO, respectively, to the desired set point. While substrate
control is achieved using a DAC algorithm, the DIOLC mitigates the non-linearity of DO
control. The resulting augmented DAC-DIOLC controller yielded optimal performance
with deviations of only 0.021g/L from substrate set point compared to 0.09 g/L in PID
and 0.031 g/L in DIOLC while 1.12% deviation from DO set point compared to 11.86%
in PID and 2.58 % in DAC.
BIOT 424
Excessive protein aggregation in low pH viral inactivation/neutralization and
mitigation strategy: A case study
Weixin Jin, weixin.jin@bms.com, Zizhuo Xing, Xuankuo Xu, Sanchayita Ghose. BristolMyers Squibb , Devens, Massachusetts, United States
Severe protein aggregation was observed in low pH viral inactivation (VI) and the
subsequent pH neutralization (VIN) step during a 500L run for an IgG4 mAb. To gain
mechanistic understanding and develop an effective mitigation strategy, the scale-down
model of VI/VIN step was established to investigate various process parameters in lab
scale. The impacts of pH, hold time, titrant addition rate, and protein concentration on
mAb aggregation kinetics were studied using multiple characterization techniques,
including size-exclusion chromatography (SEC), differential scanning fluorimetry (DSF),
and several other fluorescence-based methods. In addition, a computational fluid
dynamic (CFD) tool was employed to help evaluate the mixing efficiency in VI/VIN step
to identify the root cause of the issue observed in the scale-up run, and to optimize the
VI/VIN operating conditions by minimizing the negative impact of the low pH-localization
zone. The criticality of various process parameters and solution conditions will be
discussed, with scale-up confirmation using the optimized VI/VIN condition. This case
study provides insight into IgG4 aggregation behaviors in VI/VIN step and the improved
understanding can facilitate the development of efficient and robust VI/VIN processes
for aggregation prone therapeutic antibodies.

BIOT 425
Continuous refolding of a biotech therapeutic in a novel coiled flow inverter
reactor
Nikhil Kateja1, nikhilkateja001@gmail.com, Anurag S. Rathore2, Harshit Agarwal1. (1)
Department of Chemical Engineering, Indian Institute of Technology Delhi , Delhi, Delhi,
India (2) Department of Chemical Engineering, Indian Institute of Technology, New
Delhi, India
A novel coiled flow inverter (CFI) based plug flow reactor has been developed for
continuous refolding of granulocyte colony stimulating factor (GCSF) a biotech
therapeutic product. Solubilized inclusion bodies containing the denatured and reduced
forms of GCSF were continuously diluted with the refolding buffer using an inline mixing
unit. This was followed by protein refolding into a CFI based tubular reactor in which a
helical coil was bent at equidistant right angles to cause flow inversion at each bend.
This configuration effectively provided substantial cross sectional mixing while
maintaining a favourable distribution of residence time. Design of experiments
(DOE)based studies was performed to optimize the refolding protocol with respect to
redox conditions, pH and dilution ratio. The performance of the continuous refolding
protocol has been compared with an optimized batch refolding protocol. It has been
demonstrated that enhanced mixing in CFI allows for operation at higher protein
concentrations (0.38 mg/ml as compared to 0.19 mg/ml in batch) and results in
comparable purity(84% vs. 83%in batch), thereby resulting in a nearly 15 times increase
in productivity. This will result in a significant reduction of costs related to downstream
purification as well as eliminate need for large process tank that is otherwise required
for dilution-based batch refolding. The proposed configuration is likely to perform
favourably in other biotech unit operations that require mixing and/or sharp residence
time distribution such as precipitation and viral inactivation.

Schematics of the coiled flow inversion reactor based refolding setup

BIOT 426
Monitoring and controlling critical components in cell culture process using PAT
Tool, Raman spectroscopy
Carl Rafferty1,3, Karin M. Balss4, Caitlin O'Mahony Hartnett1,
comahon3@ITS.JNJ.com, Fiona Madden1, Barry McCarthy1, Eugene J. Schaefer2,
Kristopher A. Barnthouse2, Rosemary Rea3, Jim O'Mahony3, Raghunath Shivappa2. (1)
Janssen Sciences, Cork, Ireland (2) M-1-6, Janssen RD / JJ, Malvern, Pennsylvania,
United States (3) CIT, Cork, Ireland (4) Johnson Johnson, Spring House, Pennsylvania,
United States
Raman spectroscopy is a PAT fingerprinting tool at the cutting edge of bioprocess
monitoring and control. The application of this technology is the analysis of the chemical
bond signature of critical components utilizing chemometric models for bioreactor cell
culture processes. The objective was to conduct proof of concept studies which use a
Raman spectroscopic probe applied to reduced scale (1L & 5L) and manufacturing
scale (2000L) bioreactor processes to monitor metabolites, cell growth and productivity.
Spectroscopic Raman data is harnessed and interpreted through the use of predictive
modeling (Partial Least Squares (PLS)). Experiments were performed at reduced scale
(1L & 5L) to monitor glucose, lactate, ammonia and other cellular process components.
Raman models were also successfully applied at commercial scale (2kL) and delivered
solutions to real-time trouble shooting efforts. Previously gathered Raman spectral data
highlighted fluctuations in glucose control attributed to the process of daily bolus
feeding. Experiments were performed at reduced scale (1L) to test the implementation
of an automated feedback control loop for the feeding process. A low glucose
concentration was targeted using the predicted value from Raman spectra obtained in
real-time. This proof of concept control study resulted in reducing the level of glucose
variation over the duration of the production run and demonstrated an improvement to
protein productivity in the region of 20%. Raman spectroscopy can be used to increase
visibility and process knowledge of important variables such as cellular metabolites, cell
growth and productivity in the bioreactor process. These studies demonstrate
application of Raman and chemometric models increases the likelihood of early event
detection on the manufacturing floor, and the proof of concept studies show how
increasing process control by automated feeding can result in a positive response in the
bioreactor.
BIOT 427
Transition analysis: Real-time column performance monitoring in commercial
scale chromatography
Caitlin O'Mahony Hartnett1, comahon3@ITS.JNJ.com, Chantal Kiely3, Ronan Hayes1,
Barry McCarthy1, Eugene J. Schaefer4, Paul R. Randolph2. (1) Janssen Sciences, Cork,
Ireland (2) Centocor, Malvern, Pennsylvania, United States (3) Johnson & Johnson,
Cork, Ireland (4) Janssen RD / JJ, Malvern, Pennsylvania, United States

Background: Column chromatography is an important technique in monoclonal
antibody purification processes. The performance of columns is a critical factor for
product quality and process yields. Each column pack must be qualified for use and
monitored throughout its lifetime to ensure optimal performance however current testing
methods require taking the column offline and lack sensitivity to significant changes in
the column pack. Objective: Transition analysis was implemented as a PAT tool to
evaluate process data and provide real-time column monitoring for a commercial
monoclonal antibody downstream process. This PAT tool is also currently being
implemented across the Janssen network for multiple products at clinical and
commercial scale. Method: This PAT tool uses a mathematical model to fit a curve
through mobile phase transition data generated during chromatography processing.
Model curve parameters are utilized to calculate HETP as a measure of flow dispersion
across the column bed as an indicator of column performance. Results: The automatic
PAT tool has been fully implemented for all four chromatography steps in Janssen’s
Malvern PA manufacturing site, resulting in significant improvements in process yield
and more efficient and reliable operation. Implementation is currently underway across
the Janssen large molecule platform, including BioCork, Ireland, where recent results
show suitability for purification processes at both clinical and commercial scale. Real life
case studies show broad applicability for use of the PAT tool. Greater sensitivity to
changes in column performance over time is possible because of a good fit between the
model and process data. Several case studies are presented showing correlations
between yield and HETP which helped identify and correct causes of column
degradation over time. This resulted in a more stable column pack, performing better
with increased protein recovery. Conclusions: An automated PAT tool has been
successfully qualified and implemented, providing real time performance analysis during
commercial large molecule purification process with comparison to statistical process
control limits derived from historical production data. Implementation of this inline
analysis tool is planned across the Janssen network to achieve the potential of
enhanced column performance and resultant improvements to protein yield.
BIOT 428
Mapping the ultramorphological changes of SPION-induced cell death in
Glioblastoma Multiforme
Matthew A. Tovar, mtovar@mail.umw.edu. University of Mary Washington , Stafford,
Virginia, United States
With a 5% five-year survival prognosis, Glioblastoma Multiforme (GBM) represents one
of neuro-oncology's greatest treatment challenges. The basis of the poor prognosis of
this cancer lies in the fact that the phenotypes displayed by these cells make it resistant
to not only most chemotherapies but also surgical resection and immunotherapy. Here
we aim to induce cell death, ultimately by metabolic starvation, via intracellular
hyperthermia secondary to thermal energy released from superparamagnetic iron oxide
nanoparticles (SPIONs). To date, one of the greatest barriers to utilizing intracellular
hyperthermia to induce cell death has been harnessing the produced thermal energy in

a way that guarantees cell death. We have previously synthesized a novel nanocomplex consisting of an SPION core coated with a heterobifunctional poly(ethylene)
glycol polymer and crosslinked to the TWEAK cancer targeting molecule. Here, we
explore the intracellular trafficking of these synthesized SPIONs in vitro. By using a
combination of light, electron, and quantitative immunoconfocal microscopy, the
internalization pathway and morphological changes of the cancer cell following SPION
treatment were studied. The results of these studies can be used to further the use of
magnetic nanotechnology to precisely target and kill GBM cancer cells.
BIOT 429
Eco-friendly extraction of sinapic acid from agro-industrial residue toward
sustainable bio-based anti-UV and antioxidants
Amandine L. Flourat1, amandine.flourat@agroparistech.fr, Ezinne C. Achinivu1, Gaëlle
Willig1, Florent Allais2. (1) Chaire ABI - AgroParisTech, Reims, France (2) Chaire ABI AgroParisTech, AgroParisTech, Reims, France
Sinapic acid is a very promising naturally occurring molecule that exhibits anticancer,
anti-UV and anti-oxidant activities that can be further enhanced by chemical
modification (e.g., esterification). Nevertheless, its elevated price ($960 per kilogram)
limits its use at the industrial scale. To reduce sinapic acid cost and increase its
availability, we have developed an eco-friendly production process from food industry
residues. Indeed, plants of the brassicaceae family are rich in sinapine - the choline
ester of sinapic acid – and are extensively used in food industry (e.g., mustard, canola).
In this work, we have demonstrated that extraction of sinapine from mustard bran
(waste of mustard production) can be easily achieved with an ethanolic solution. Design
of experiment was performed to optimize this step while avoiding any pretreatment. An
enzymatic hydrolysis of the extracted sinapine can then be conducted to release sinapic
acid. Two strategies can be applied (1) a one-pot two-step strategy, where an
enzymatic solution is added directly in the reactor after extraction, or (2) a two-step
process with the filtration of the mustard bran between the extraction and the hydrolysis.
These strategies and their efficiency will be discussed.

BIOT 430
Photosynthetic production of nitrogen-rich compound guanidine
Bo Wang1, bo.wang@nrel.gov, Tao Dong1, Aldon Myrlie2, Liping Gu2, Wei Xiong3, PinChing Maness1, Ruanbao Zhou2, Jianping Yu1. (1) National Renewable Energy
Laboratory, Golden, Colorado, United States (2) Department of Biology & Microbiology,
South Dakota State University, Brookings, South Dakota, United States (3) FTLB/16829B mailstop: 3313, National Renewable Energy Laboratory, Golden, Colorado, United
States
Guanidine (CH5N3) is a nitrogen-rich compound, containing 71.1% of nitrogen by mass.
It has a variety of applications such as slow-release fertilizer, propellant, precursor to
pharmaceuticals and antimicrobial materials. Conventional chemical synthesis of
guanidine through the Frank-Caro process consumes fossil fuels, is energy-intensive
and environmentally-damaging, which is neither economical nor sustainable. Herein, a
de novo guanidine biosynthesis cycle (GBC) was designed and demonstrated utilizing
CO2, ammonium and H2O as the sole carbon, nitrogen and hydrogen sources. The ATP
and NAD(P)H used to drive the GBC were generated from renewable solar energy via
photosynthesis in an engineered cyanobacterium Synechocystis sp. PCC 6803. Up to
586.5 mg L-1 (9.9 mM) guanidine was produced after seven days of photoautotrophic
cultivation, with an average productivity of 83.8 mg L-1 day-1. More importantly,
guanidine was directly biosynthesized from CO2, N2 and H2O in an engineered N2-fixing
cyanobacterium Anabaena sp. PCC 7120 under N2-fixing conditions. For the first time,
guanidine has been synthesized directly from all renewable resources such as CO 2,
H2O, N2 and sunlight, without involving toxic intermediates.
BIOT 431
Process development of a precipitation-filtration unit for recombinant protein
capture step II: Continuous counter-current washing and filtration

Zhao Li3, zzl5215@psu.edu, Qin Gu1, Jonathan L. Coffman2, Todd M. Przybycien1,
Andrew L. Zydney3. (1) Chemical Engineering, Carnegie Mellon University, Pittsburgh,
Pennsylvania, United States (2) Process Science, Boehringer Ingelheim, Fremont,
California, United States (3) Dept of Chemical Engineering, Penn State University,
University Park, Pennsylvania, United States
Precipitation can be a highly effective capture step in the production of high titer
recombinant protein products like monoclonal antibodies. In this work, precipitates with
high precipitation yield and consistent morphologies were produced continuously in
tubular precipitators using a combination of ZnCl2 and PEG as cross-linking and volume
exclusion agents, respectively. Microfiltration was then integrated as part of a
continuous operation to concentrate and wash the precipitate slurry to remove nonprecipitated impurities, such as host cell proteins (HCP) and DNA, as shown
schematically in Figure 1. High degrees of HCP / DNA removal were achieved using
multiple tangential flow filtration (TFF) hollow fiber modules in a counter-current
configuration, with long term stable operation achieved by operating the membrane
modules below the critical filtrate flux for fouling.
In the precipitation stage, cross-linking (e.g., ZnCl2) and volume excluding (e.g.,
polyethylene glycol, PEG) precipitants were added in-line to the harvested cell culture
fluid (HCCF) and the resulting suspension was filtered to remove soluble impurities and
excess precipitants while retaining the precipitated monoclonal antibody (mAb). In the
subsequent washing stage, buffer solution was used in a two-stage counter-current
configuration to wash the precipitates, further reducing the concentration of any soluble
impurities. In the last stage, the precipitated mAb was re-dissolved by lowering the pH
to disrupt the cross-linking. This was followed by a depth filter to remove any
precipitated materials that could not be re-solubilized. The critical flux values in the
precipitation and washing stages were evaluated using a flux-stepping procedure. It was
found that the critical flux was greater for the larger diameter hollow fibers and for
precipitates with larger effective particle size. These results provide important insights
into the development of effective tangential flow filtration systems for processing large
quantities of precipitated protein as would be required for large scale continuous protein
purification by precipitation.

Figure 1 Schematic diagram of the proposed continuous precipitation and filtration method.

BIOT 432
Cellulose-based biopolymers for controlled drug delivery: a mechanistic
investigation
Kelsey L. O'Donnell1, kelsey.odonnell13@gmail.com, Gloria Oporto2, Noelle Comolli1.
(1) Chemical Engineering, VILLANOVA UNIVERSITY, Garnet Valley, Pennsylvania,
United States (2) School of Natural Resources, West Virginia University, Morgantown,
West Virginia, United States
As the most abundant biopolymer, various forms of cellulose have been incorporated
into a wide range of consumer products to promote renewable materials. Its innate
biocompatibility, biodegradability, low toxicity, and proven mechanical properties
support its presence in medical applications. At the nanoscale, nanocellulose offers
tailorable surface chemistry to meet specific functions, such as controlled drug release.
TEMPO (2,2,6,6-Tetramethylpiperidinyloxy) is a well-known nitryl free-radical catalyst
that selectively carboxylates primary hydroxyl groups on the nanocellulose polymer. In
the presented work, TEMPO-modified nanofibrillated cellulose (TNFC) and unmodified
nanofibrillated cellulose (NFC) were foundational components in biopolymer
formulations with poly(vinyl alcohol) and glycerol for drug delivery films. Acetaminophen
and ibuprofen served as model drugs in the formulations. Prolonged release studies
produced release kinetics specific to each formulation with further characterization via
scanning electron microscopy, thermogravimetric analysis, and tensile testing. Collected
experimental data was then compared to a tri-phasic release MATLAB model, which
incorporates initial burst, diffusional release, and polymeric degradation as the full drug
release mechanism. Ultimately, the impact of the film's components and specific drug
were evaluated using the MATLAB-based release model.
BIOT 433
Process development of a precipitation-filtration unit for recombinant protein
capture step. I: Characterizing protein solubility and precipitate morphology
Qin Gu1, qingu@andrew.cmu.edu, Zhao Li2, Todd M. Przybycien1,3, Jonathan L.
Coffman4, Andrew L. Zydney2. (1) Chemical Engineering, Carnegie Mellon University,
Pittsburgh, Pennsylvania, United States (2) Chemical Engineering, The Pennsylvania
State University, University Park, Pennsylvania, United States (3) Chemical and
Biological Engineering, Rensselaer Polytechnic Institute, Troy, New York, United States
(4) Process Science, Boehringer Ingelheim, Fremont, California, United States
In the attempt to mitigate the ‘Downstream Bottleneck’, we have identified that target
protein precipitation is an appealing alternative to protein A chromatography because it
takes advantage of the enhanced supersaturation brought by increased titer. Unlike
affinity chromatography processes whose performance suffers at high titer and requires
either additional ligand or extended process operation time, target protein precipitation
induced by the addition of reagents requires less reagents at higher titer and has many

reactor configurations that can be accommodated by current manufacturing facilities.
Among possible precipitants with different mechanisms, we have identified the
combination of polyethylene glycol (PEG) and zinc chloride (ZnCl2) as a potentially
generic precipitant system which has a synergistic rather than additive effect in reducing
protein solubility. In this work, we investigated the solubility behavior of model proteins
and monoclonal antibodies to obtain solubility maps to guide the design of a continuous
precipitation-filtration system. A stopped flow device was used to spectroscopically
monitor protein precipitation kinetics at different conditions to provide insight for the
design of a tubular precipitation reactor. Furthermore, precipitate particles generated in
batch and continuous formats were examined via light scattering technique to establish
a correlation between precipitate particle morphology and subsequent microfiltration
performance for precipitate dewatering and washing. We processed harvested cell
culture fluids containing a monoclonal antibody with this system and were able to obtain
high antibody yields in the precipitate phases while the large majority of the host cell
proteins remained soluble and could be removed by washing – this performance is
predicated on favorable precipitate morphologies. Based on the understanding of the
protein solubility and precipitate morphology, integrated with the understanding of
microfiltration of protein precipitates, a tubular reactor can be constructed and optimized
to fulfill purity and yield requirements for the capture of recombinant proteins in
biopharmaceutical manufacturing.
BIOT 434
Single use fermentation process design
Sean Fitzgibbon, sfitzgibbon@kbibiopharma.com. Process Development, KBI
Biopharma, Boulder, Colorado, United States
The biotech industry today faces very different challenges than just 10 years ago.
Blockbuster drugs are rolling off patent, and many new players are entering a
competitive marketplace for biosimilars. With the loss of patent enforced monopolies,
companies are forced to produce more drugs, each with a smaller market, to maintain
profitablity. To cope with the variety of drugs moving through plants today, the industry
is exploring disposable technologies. This talk is a return to basics, focusing on
understanding the essential design limits enforced by Single-Use Fermentors (SUFs)
versus traditional stainless steel tanks and an approach to maximize the flexibility
afforded by SUFs while minizing their downsides.
BIOT 435
Texture, particle, and rheometric analysis of precipitated polysaccharide
Cameron Lowry1, cameron.lowry@merck.com, Christopher J. Farrell2, Naa Larteokor
McFarlane4, Emily Wen3. (1) Vaccine Process Development, Merck, West Point,
Pennsylvania, United States (2) MS - WP78A-31, Merck Co Inc, West Point,

Pennsylvania, United States (3) Merck, Harleysville, Pennsylvania, United States (4)
Merck, West Point, Pennsylvania, United States
Alcohol precipitation is a widely used technique to purify polysaccharide (Ps) molecules.
Typically, both salt and alcohol are added to a Ps-soluble, aqueous solution. Alcohol
disrupts the screening of charges by water, and when enough alcohol is added, the Ps
molecules can interact, aggregate together, and precipitate to form a pellet. The pellet’s
diverse mechanical properties present a challenge for recovery operations. This work
summarizes the evaluation of various analytical methods to characterize the pellet using
the TA.XT Plus Texture Analyzer (Stable Micro Systems), DPA4100 Micro-Flow
Imaging Particle Analyzer (Brightwell Technologies), and ARES-G2 Rotational
Rheometer (TA Instruments). The TA.XT Plus Texture Analyzer measures the force,
distance, and time to lower or raise a probe from a sample to determine modulus,
adhesion, Poisson’s ratio, and hardness of the pellet. The Micro-Flow Imaging Particle
Analyzer measures particle size, particle concentration, and particle morphology by
capturing images of a sample as it passes through a flow cell's sensing zone. The
ARES-G2 Rotational Rheometer independently measures shear stress and normal
stress by delivering rotational motion to a sample to determine modulus, complex
viscosity, and phase angle of the pellet. These measurements can further our
understanding of polymer pellets and aid in the design of pellet recovery processes.
BIOT 436
Production of L-asparaginase free of glutaminase and urease: A kinetic model
approach to the optimized production of the enzyme
Anup Ashok, ch15resch11002@iith.ac.in, Kruthi Doriya, Santhosh Kumar Devarai.
Chemical engineering, Indian Institute of Technology Hyderabad, Hyderabad, India
L-asparaginase is an amidohydrolase that is being used in the production of
pharmaceutical products used in the treatment of acute lymphoblastic leukemia (ALL).
L-asparaginase has multiple origins but the most commonly used is bacterial species
like Escherichia coli or Erwinia chrysanthemi. The commercial production of Lasparaginase from bacterial sources have also seen the presence of harmful by
products like glutaminase and urease responsible for toxicity. It leads to higher costs for
the purification of the enzyme. Alternative sources of the enzymes are being studied
and focus is on obtaining species which shall produce L-asparaginase free of the Lglutaminase and urease. Fungal species have been found to be an effective substitute
for the bacterial species because of its eukaryotic nature which is similar to the
mammalian cells. Submerged (SmF) and Solid State Fermentation (SSF) techniques
are the two processes that are used in the enzyme production. SmF is the most
commercially used technique, whilst SSF is gaining importance due to the availability
low-cost substrate material and eco-friendly nature. The biomass produced after the
SSF process can be used as feed for fertilizer production, in bio-gas plants. In this
paper, the focus is on the study of enzyme production kinetics and development of a

model that will help to understand the nature of reactions involved in production of Lasparaginase.
BIOT 437
Developing molecular tools for membrane protein expression in Saccharomyces
cerevisiae
Rashmi Karki, rkarki@siue.edu, Monica D. Rieth. Chemistry, Southern Illinois
University Edwardsville, Glen Carbon, Illinois, United States
Membrane proteins are an elusive class of biomolecules encompassing transporters,
receptors, and enzymes. They are central to proper cell function and are also popular
drug targets because they control processes like signaling, which can affect the onset
and progression of diseases. Their structural characterization is critical to rational drug
design and discovery, but is limited by difficulties in producing high-quality material in
sufficient quantities. We aim to investigate the biomolecular properties of membrane
proteins that influence and drive high-level expression and cell membrane targeting in
Baker’s yeast, Saccharomyces cerevisiae, using the G-protein coupled receptor family
as an experimental model system. Using the pYES2 episomal expression plasmid as a
vehicle to introduce target genes into yeast, we have developed a system to monitor
membrane protein expression by incorporating a green fluorescent protein (ye-GFP) tag
at the C-terminus of our target. GFP was introduced to the pYES2 system, subcloned
into XL1-Blue E. coli cells, transformants were selected based on their antibiotic
resistance and the gene sequence of GFP in pYES2 was verified. We grew our yeast
transformants in rich media containing galactose and expression of GFP was verified
using a combinatorial approach involving western blot-based techniques and
fluorescence microscopy. This analysis will facilitate new strategies toward optimizing S.
cerevisiae for high-level protein expression of important molecular targets. It further
allows us to use the pYES2 system as a scaffold to modulate properties such as
promoter strength while developing new molecular cloning tools.
BIOT 438
Expanding the substrate scope of serine palmitoyltransferase utilizing
mutagenesis and high-throughput screening
Hyunjun Choe1, evergreen7179@gmail.com, Minsun Cha1, Jon D. Stewart2. (1)
Microbiology, UNIVERSITY OF FLORIDA, GAINESVILLE, Florida, United States (2)
Chemistry, Univ of Florida, Gainesville, Florida, United States
(S)-α-Amino-β-hydroxyketones are important building blocks for sphingosine and
sphingolipid analogs. Non-natural sphingolipid analogs have been characterized as
critical biological agents with anti-cancer activity. Thus, research on the synthesis of
enantiomerically pure α-amino-β-hydroxyketones can benefit pharmaceutical research.
The synthesis of these ketones via a one-step biocatalytic process could replace

conventional methods, which require multiple reactions and purification steps. Serine
palmitoyltransferase (SPT) catalyzes the condensation reaction between L-serine and
long-chain acyl-CoAs to produce (S)-α-amino-β-hydroxyketones. The irreversibility of
the enzyme reaction makes SPT an excellent candidate for the direct synthesis of (S)-αamino-β-hydroxyketones. However, SPT shows a preference for long-chain acyl-CoAs.
To expand the acyl-CoA substrate scope of this enzyme, we performed site-saturation
mutagenesis on an arginine which is thought to act as a gate on the substrate channel.
One of the mutants showed higher activity and a greater preference toward acyl-CoAs
with short alkyl chains when compared to wild-type SpSPT.

BIOT 439
Research of the detection for the amplicillin resistance gene by denaturation
bubble-based strand exchange amplification techonlogy
haixia wang, 2945993385@qq.com, Cuiping Ma. department of Marine science and
biological engineering, Qingdao university of science and technology, Qingdao, Shdong,
China
In life sciences and clinical disease,nucleic acid detection makes an important
contribution to the diagnosis and potential quantificantion of specific nucleic acid
families.The purpose of the experiment is to use Denaturation Bubble-mediated Strand
Exchange Amplification(SEA) to achieve rapid dtection of amplicillin resistance genes in
the environment.According to the characteristic sequence of the E.coli PMD19T
amplicillin resistance gene,the primers required for the SEA technique are designed to
detect the sensitivity,specificity,and optimal temperature of the method.The
experimentalresults show that,based on the Densturation Bubble-based Chain
Exchange Amplification techonlogy,a rapid detection of amplicillin can be achieved at a
reaction temperature of 59 degrees Celsius.During the temperature optimization ,five
temperatures of 57 degrees Celsius,58 degrees Celsius,59 degrees Celsius,60 degrees
Celsius,and 61 degrees Celsius were set .The experimental results show that the peak
is the fastest at 59 degrees Celsius.Different concentration of ampicillin were tested,and
the results showed that the detection limit of this method can reach 1.0×10-11 M with
high sensitivity.The plamid containing the ampicillin resistance gene and the plasmid
conntaining the Kanamycin resistance gene were separately added to the reaction
system .the results showed that only the plasmid system containing the ampicillin
resistance gene would start to peak,indicating that the method is resistant to ampicillin
Genes have good specificity.

BIOT 440
Investigating the enantiocomplementary nature of old yellow enzymes utilizing
non-conical amino acid mutagenesis
Richard R. Watkins, richard.watkins@ufl.edu, Sunidhi Lenka, M. P. Buteler, Jon D.
Stewart. Chemistry, University of Florida, Gainesville, Florida, United States
The old yellow enzyme (OYE) family has been extensively characterized as biocatalysts
for the conjugate reduction of enones. Two members, OYE1 and OYE3, have been
shown to have opposite stereospecificities for 7 non-cyclic enones. This has been
attributed to opposite binding orientations and not a change in the mechanism of H2
addition. Structural alignments show that OYE1 and OYE3 differ at only one position
within their active sites. Preliminary molecular dynamic and site-saturation mutagenesis
data suggest that this position is key to the enantiocomplementary nature of these
enzymes. Also, OYE1 stereospecificity appears to be unique with respect to the
remaining canonical amino acids at the position under question. One of our continuing
aims is to utilize 4 non-canonical amino acids (ncAAs) to tweak the electronics of
phenylalanine, the unique amino acid of OYE1. This will help us understand the
preferred binding of these enones to the OYE1 active-site. To this end, OYE plasmids
containing the amber stop-codon and a C-terminal histidine-tag have been created.
Initial SDS-PAGE analysis suggests amber suppression with co-transformed pUltrapCNF.

Amber suppression in OYE
BIOT 441
High throughput development of a difficult to express protein

Paetrice Jones, paetrice.x.jones@gsk.com. GSK, King of Prussia, Pennsylvania,
United States
This work shows the successful reduction of process development time through the
implementation of the GSK proprietary platform and the ambr15™ system for a difficult
to express protein (Protein A). Protein A is a recombinant enzyme. The existing
bioreactor production process produces low titer in a 21-day production using non-GSK
proprietary media platform. These production lengths and titers are not desirable due to
availability of manufacturing time in plant, required increase in manufacturing scale, and
potential cost of goods. In this poster, we will highlight use of design of experiments and
high-throughput screening tools (ambr15™) to quickly identify significant process
parameters for improvement. We also utilized GSK’s own proprietary media platform for
process improvement, allowing for greater process knowledge and flexibility to enable
future cost of goods reduction. Using this platform knowledge and a high-throughput
approach, we were able to increase titer 8-fold in 17 days. In addition to improving the
titer, we also introduced process changes to closely maintain the original Phase 1
product quality and ensure 100 % enzyme activity in the GSK media platform.
BIOT 442
Primary recovery & harvest processes for non-mAb recombinant proteins
David Chang, dwchang@ncsu.edu, Niket Bubna, Cameron Philips, James Hamlin,
Sigma Mostafa. Process Development, KBI Biopharma, Durham, North Carolina, United
States
Centrifugation and depth filtration are the most commonly used steps for primary
recovery of cell culture. However, recent cell culture performance gains resulting in
increased cell densities and titers have led to challenges during clarification. In addition,
the increasing number of non-mAb products adds further complexity to harvest
operations. In this work, we describe a case study using two non-mAb processes which
presented challenges during harvest in both recovery and product quality. To overcome
these issues, we developed an approach consisting of two steps: (1) benchtop
screening study of depth filters, and (2) implementation of continuous centrifuge at pilotscale. Traditional diatomaceous earth (DE) or cellulose-based filter media, as well as
non-traditional materials such as glass fiber and polypropylene based filter media were
first tested in a bench-scale study. Following screening studies, continuous centrifuge
using kSep was implemented and optimized at pilot-scale. Finally, data from the
process in at-scale manufacturing (1000-2000 L scale) will be presented. Harvest
performance in terms of volumetric loading capacities and turbidity as well as the
resulting recovery/PQ attributes will also be shown. This work demonstrates an efficient
workflow to simplify process development for non-mAb harvest, and scalability of
implementing a single-use continuous centrifuge.
BIOT 443

Dual substrate/product colorimetric method for measuring the relative strength of
inhibitors of bacterial choline kinase isoforms
Tahl Zimmerman, tzimmerman@ncat.edu, Salam A. Ibrahim. Family and Consumer
Sciences, North Carolina A&T, Greensboro, North Carolina, United States
Using chemical and artificial preservation methods to keep food safe is becoming an
issue with consumers. Therefore, it is important to discover antimicrobials from natural
sources for use in food safety applications. The objective of the present study was to
establish screening system for natural inhibitors of choline kinase (ChoK), a known
antimicrobial target. A previously developed dual choline/phosphocholine colorimetric
method was used to determine the relative strength of 3 choline kinase inhibitors:
Hemocholinium-3, RSM-928A, and MN58 . Whole cell extracts containing the choline
kinase of Streptococcus pneumoniae (sChoK) was used as a model. The measured
IC50 values of these drugs were >2700 µM, 0.54 µM, and 170-225 µM, respectively.
Importantly, not every step of the colorimetric method could be used in the case of
every inhibitor, since each had its own particular reactive profile with the colorimetric
dyes, which could have lead to confounded measurements. However, in every case, the
system was flexible enough to measure choline or phosphocholine, if not both
metabolites. We establish here that this dual choline/phosphocholine system is flexible
enough to measure the IC50 any possible inhibitor. This colorimetric method is an ideal
benchtop method for screening for natural inhibitors of bacterial ChoKs.
BIOT 444
Development of a novel assay for Refsum disease utilizing phytanic acid
isotopologues and liquid chromatography-high resolution mass spectrometry
Julia Smith1, jsmith2@haverford.edu, Dora von Trentini1, Aron Schwartz1, Nathaniel
Snyder2, Robert Broadrup1. (1) Chemistry, Haverford College, Haverford, Pennsylvania,
United States (2) A.J. Drexel Autism Institute, Drexel University, Philadelphia,
Pennsylvania, United States
Refsum disease is an inherited, recessive disorder associated with the accumulation of
phytanic acid that can cause a variety of conditions, including vision loss, hearing
impairment, and other physical signs and symptoms. Current methods for testing
include genetic tests, physical examination, and urine testing for the presence of
phytanic acid. New tests are needed in order to more thoroughly examine the extent of
the disease at a molecular level. To that end, we have synthesized a number of 2H- and
13C-labelled isotopologues of phytanic acid and are currently developing an assay for
the presence of labelled metabolites in the phytanic acid oxidation pathway using cells
from Refsum patients and liquid chromatography-high resolution mass spectrometry.
BIOT 445

Fluorescent biomarker: Detection of cysteine and cytosine in aqueous medium
using thiophene based organic nanoparticles decorated with Au NPs
Carlos A. Huerta-Aguilar1, waitthinkandfast@hotmail.com, Pandiyan Thangarasu2. (1)
Division of Nanotechnology, Universidad Politecnica del Valle de Mexico, Cuauhtemoc,
CDMX, Mexico (2) Faculty of Chemistry, Universidad Nacional Autonoma de Mexico,
CDMX, Coyoacan, Mexico
Development of luminescence materials as chemo-sensor for the detection of anionic,
cationic or neutral molecules in environmental/biological samples attracts a great
attention and is a growing research field. Among novel materials, supra-molecules are
being considered for specific binding of analytes, since these compounds can exhibit
distinct spectral behavior after binding to guest molecules to perform as chemo-sensors.
Since most of organic molecules have low solubility in water, its conversion to Organic
Nanoparticles represents a simple way to disperse them in water: although organic
nano-particles (ONPs) are easily biodegradable in most cases, they are generally
unstable, involve quick aggregation, and loose unique spectral features. To overcome
these drawbacks, some capping/complexing agents are considered in order to avoid the
aggregation as well as to increase the stability. In the present work, thiophene
containing Schiff’s base N,N'-bis(thiophene-2-ylmethylene)thiophenemethane was
synthesized and later applied as fluorescent probe for recognition of specific
biomolecules in aqueous media (cysteine and cytosine), showing no interference from
close related molecules such as guanine, uracyl, NADH, NAD, ATP and adenine. Size
and morphology of prepared particles was determined by Transmission Electron
Microscope (TEM) and Dynamic Light Scattering. Results show AuNPs embedded
within a low-density matrix of organic matter (ONPs) that increases stability of ONPs
and its fluorescent emission in a wide pH range. Limit of Detection (LOD) for cysteine
and cytosine was determined to be 2.12 nM and 258.36 nM respectively. In the
interaction of cells with Au-ONPs, cysteine does not exhibit fluorescence upon
excitation at 405 nm in con-focal microscope in contrast to cytosine which yields to
strong fluorescence images. Moreover, Saccharomyces cerevisiae culture in presence
of Au-ONPs showed internalization of nanoparticles and obtained cells were used as
biomarker recognize cysteine and cytosine.

BIOT 446
Effect of gases on the expression of recombinant erythropoietin using CHO cellfree coupled in vitro transcription and translation system
Aniruddha Rao2, Shayan Borhani2, borhani1@umbc.edu, Michael Tolosa2, Govind
Rao2, Chandrasekhar Gurramkonda2,1, chandrasekhar.gurramkonda@lonza.com. (1)
R&T, Lonza, 6630 Biggs Ford Rd, Walkersville, MD 21793, Frederick, Maryland, United
States (2) Center for Advanced Sensor Technology and Department of Chemical,
Biochemical,and Environmental Engineering, University of Maryland Baltimore County,
Baltimore, Maryland, USA, Baltimore, Maryland, United States
Cell-free coupled in vitro transcription-translation offers many advantages for the
production of recombinant therapeutic proteins using the CHO lysates. However, many
glycoprotein's are still difficult-to-express using this system. To address these hurdles a
variety of different approaches can be taken to obtain the expression outcome desired.
Here, we report the effect of air, nitrogen, and oxygen on the overall expression of
erythropoietin (EPO), an important endogenous hormone which stimulates the
development of red blood cells. Expression of EPO was performed in a dialysis cassette
sparged with the gases into the expression system effectively allowed delivery of
reactive gases into the cell-free reaction. The results showed that the presence of gases
(air or nitrogen) on the buffer side of the expression system enables a redox reaction,
effectively increasing the expression of EPO in comparison to other gases tested. We
were able to analyze the expressed protein by conducting a western blot analysis,
effectively identifying EPO at ~30-37 kDa. The proposed method could provide
meaningful insight into developing optimal cell-free reaction conditions for various
recombinant therapeutic proteins of interest.

BIOT 447
Development of chimeric two-component system based on paracoccus
denitrificans FlhS to sense methanol in recombinant escherichia coli
Soon Ho Hong, shhong@mail.ulsan.ac.kr. University of Ulsan, Ulsan, Korea (the
Republic of)
Escherichia coli does not have the methanol sensing apparatus, was engineered to
sense methanol by employing chimeric two-component system (TCS) strategy. A
chimeric FlhS/EnvZ (FlhSZ) chimeric histidine kinase (HK) was constructed by fusing
the sensing domain of Paracoccus denitrificans FlhS with the catalytic domain of E. coli
EnvZ. The constructed chimeric TCS FlhSZ/OmpR could sense methanol by the
expression of ompC and gfp gene regulated by ompC promoter. Real-time quantitative
PCR analysis and GFP-based fluorescence analysis showed the dynamic response of
the chimeric TCS to methanol. The expression of ompC and the gfp fluorescence was
maximum at 0.01% and 0.5% of methanol respectively. These results suggested that E.
coli was successfully engineered to sense methanol by the introduction of chimeric HK
FlhSZ. This strategy can be employed for the construction of several chimeric TCS
based bacterial biosensors for the development of biochemical producing recombinant
microorganisms.
BIOT 448
Efficient gamma-aminobutyric acid production through co-localization of
neurospora crassa OR74A glutamate decarboxylase with Escherichia coli GABA
transporter using synthetic scaffold
Soon Ho Hong, shhong@mail.ulsan.ac.kr. University of Ulsan, Ulsan, Korea (the
Republic of)

Gamma-aminobutyric acid is a precusor of nylon-4, which is a promising heat-resistant
biopolymer. GABA can be produced from the decarboxylation of glutamate by glutamate
decarboxylase. In this study, a synthetic scaffold complex strategy was employed
involving Neurospora crassa glutamate decarboxylase (GadB) and Escherichia coli
GABA antiporter (GadC) to improve GABA production. To construct the complex, the
SH3 domain was attached to the N. crassa GadB, and SH3 ligand was attached to the
N-terminus, middle and C-terminus of E. coli GadC. In the C-terminus model, 5.8 g/L of
GABA concentration was obtained from 10 g/L glutamate. When a competing pathway
engineered strain was used, the final GABA concentration was further increased to 5.94
g/L, which corresponds to 97.5% of GABA yield. With the introduction of the scaffold
complex, the GABA productivity increased by 2.9 folds during the initial culture period.
BIOT 449
Desulfatation of glucosinolates using glucosinolate sulfatase from xylostella
plutella
Thinh Nguyen1,2, nguye050@chem.ufl.edu, Kalen Hall1, Florent Allais2, Jon D.
Stewart1. (1) Chemistry, University of Florida, Gainesville, Florida, United States (2)
Chaire ABI - AgroParisTech, AgroParisTech, Reims, France
Diamondback moth (DBM), Plutella xylostella (L.), is known to be the most destructive
insect of cruciferous plants. The feeding pattern of DBM on cruciferous plant has been
studied by Ratzka et al. The glucosinolate sulfatase (PxGSS) that is secreted into the
gut lumen of the DBM larvae enables them to feed on cruciferous plant avoiding any
effect of toxic breakdown products issuing from glucosinolates (GSL) hydrolyzed by a
thioglucosidase named myrosinase (MYR). The GSS removes the sulfate function of
GSL that renders them invisible to MYR. The mechanism of the sulfate group removal is
proposed to undergo either addition-hydrolysis or transesterification-elimination
mechanisms. However, the real mechanism remains unknown due to lack of well
characterized sulfatase. Although GSS has been heterologously expressed using
Escherichia coli with success,Ratzka and coworkers reported the inactivation of GSS.
The post-translational transformation of Cys side chain into a formylglycine (fGly) motif
by FGE appeared to be critical for sulfatase activity. Therefore, the utilization of
recombinant FGE from Thermomonosporal curvata (TcFGE) seems to be an optimal
option to generate this post-translational modification of Cys in order to activate the
PxGSS. Our approach aims to activate PxGSS using TcFGE heterologously expressed
using E. coli. The enzymatic activities of activated PxGSS will be studied using different
GLSs. Besides the main goal which is to assay the activation of FGE onto PxGSS, this
approach could lead to a promising strategy in order to obtain a greater amount of
active sulfatases heterologously expressed by E. coli.

Our general strategy to desulfate glucosinolates
BIOT 450
Using protein design to engineer a scaffold for regio-selective C-H
functionalization
Mariam Basilaia, marishkacobain@yahoo.com, Tamar Maisuradze,
tamar.tako.maisuradze@gmail.com, Caroline Rodriguez,
crcarolinerodriguez@gmail.com, Adrian Ramiez, adriansr1904@gmail.com, Jeffrey L.
Gustafson, John J. Love. Chemistry and Biochemistry, San Diego State University, La
Mesa, California, United States
The goal of the project is to utilize a well-studied small molecule-protein interaction to
replace a C-H bond on the small molecule with a halogen atom (-X). The objective is to
use the enzyme - Src protein kinase as a vice to hold a specific organic molecule in
active site while subjecting the complex to C-H functionalization. The location(s) of the
C-X functionalization will be compared to a control - the unbound small molecule,
pyrrolopyrimidine (PPY) which is the strong Src inhibitor. The active site of the enzyme
will be re-engineered to promote regio-selective C-X functionalization on a specific
aromatic carbon atom. The goal is to exploit a small molecule-protein binding interaction
as a template to effect electrophilic aromatic substitution (SEAr). The plan to achieve
this is to (1) position a Lewis base moiety (a mutant methionine side-chain) in the Src
active site to direct SEAr to a specific position on a bound PPY, and (2) combine in silico
and directed evolution for the rapid discovery of Src mutants. The Src/PPY crystal
structure is being assessed in silico for best candidate amino acid positions to mutate to
methionine. The resulting library of mutant Src enzymes will be displayed on the surface
of bacteria and incubated with fluorescent PPY. Successful binders will be isolated via
Fluorescent Activated Cell Sorting. Thus far the gene for the Src kinase was obtained

and cloned into Bacterial Surface Display (BSD) system recently developed in the Love
Laboratory. PCR-based sub-cloning was verified by standard methods. Polyacrylamide
gel electrophoresis was used to demonstrate protein expression. Favorable results from
western blot analysis demonstrated that Src still functions as a protein kinase on the
surface of E. Coli. Future plans are to incubate BSD Src with PPY and assess the C- H
functionalization chemistry on bound and unbound PPY.
BIOT 451
Evaluation of the influence of agitation and aeration on the production of green
fluorescent protein (GFP) using recombinant Escherichia coli in conventional
bioreactor
Aylime C. Jesuino, mime.castanho@gmail.com, Ana Paula A. Sousa, Mateus Scontri,
Jorge Fernando B. Pereira, Marcel O. Cerri. São Paulo State University (UNESP),
Araraquara, São Paulo, Brazil
The present work evaluated the influence of agitation and aeration on Escherichia coli
growth and green fluorescent protein (GFP) production in conventional agitated tank
bioreactors. The microorganism used was recombinant Escherichia coli BL21 DE3
pLysS pET28(a) and the culture medium was Luria-Bertani (LB) with lactose addition.
For the quantification of GFP the samples were read in 96-well plates to determine the
fluorescence unit (UF), using plate reader with 488 nm excitation wavelength and
fluorescence emission of 507 nm. A previously established calibration curve was used
for the conversion of UF to GFP concentration (mg/L).
The experiments were carried out in a conventional agitated and aerated tank
bioreactor, TEC-BIO-FLEX Tecnal-Brasil®, equipped with pH, temperature, dissolved
oxygen, rotation, rotor for aeration and nutrient feed pumps, addition of antifoam and
addition of acidic and basic solutions. The bioreactor has a total volume of 7.5 L and 5.0
L of useful volume.
In the present work, 4 L of LB medium containing lactose at the concentration of 40 g/L
were added to the reactor. Lactose acted as carbon source and inducing agent. For
inoculation of the reactor, pre-inoculum was made in pure LB medium, maintained at
30oC, 150 rpm for period between 12-16h. The production phase was started with an
optical density of 0.1. The antibiotics used were kanamycin and chloramphenicol at a
concentration of 25 μg/mL.
The tests were performed at 25oC, 0.5 vvm and only the stirring was varied: 400 rpm
and 800 rpm.
It was possible to observe increase in GFP production, however, there was no
proportional increase in bacterial growth, a result evidenced by the Yp/x that did not
remain constant in both conditions.

Production of green fluorescent protein (GFP)
BIOT 452
RAPS: Rapid annotation of photosynthetic systems
Alexander Metcalf2, metcalf@mines.edu, Anthony Nagygyor1, Nanette Boyle1. (1)
Chemical & Biological Engineering , Colorado School of Mines , Golden, Colorado,
United States (2) Chemical and Biological Engineering, Colorado School of Mines,
Golden, Colorado, United States
The creation of genome scale metabolic models lags far behind our ability to sequence
genomes and thus has become a bottle neck in deriving value from genomic
information. This bottleneck can be relieved by automated annotation and model
production pipelines. Model [NB1] organisms, including E. coli and yeast, have strong
and diverse communities devoted to continued improvement of genome annotation and
model development. Certainly, the work done on these model organisms benefits the
larger community of researchers studying genomes because many annotations are
based on homology to these model systems, but photosynthetic species like algae or
cyanobacteria have unique traits and metabolic functions which are not usually captured
using by comparing DNA sequences to heterotrophic bacteria. Automated model
annotation algorithms exist for photosynthetic organisms, but these pipeline focus on
higher plants and do not perform well when used for algae or cyanobacteria. Instead,
these photosynthetic microorganisms currently require extensive manual curation of
their unique features, which is an arduous process that requires significant time and
effort. In order to reduce repetitive curation tasks and make better use of existing
genome scale models, we have developed an automated pipeline focused specifically
on rapid annotation of photosynthetic microorganisms. Our method leverages previous
genomic annotations and metabolic models, reducing replication of manual tasks, by
standardizing reaction names and metabolic abbreviations. Because our pipeline
merges together disparate models, it serves as a unification point across the field. The
output of our algorithm is a genome-scale metabolic model which can be used for
constraints based metabolic modeling. This talk will focus on the algorithm used to
construct the models, and provide comparisons between our methods and others used
in the field.

BIOT 453
Investigating the barriers to high ethanol titers in Clostriudium thermocellum

Travis Korosh1, korosh@wisc.edu, Daniel Amador-Noguez1, Daniel Olson2, Liang
Tian2, Shuen Hon2, Lee R. Lynd2. (1) Bacteriology, University of Wisconsin-Madison,
Madison, Wisconsin, United States (2) Thayer School of Engineering, Dartmouth
College, Hanover, New Hampshire, United States
Recent advances in genetic engineering have enabled production of a small suite of
advanced compounds at a commercial scale. However, the speed of the traditional
design-build-test-learn cycle within genetic engineering can also be a barrier to
producing a wider range of compounds. Thermodynamic constraints such as pH,
metabolite concentration, and temperature can impact the success of genetic
engineering in a given host for high volume chemical production. Integrating isotopic
labelling and thermodynamic constraints into microbial metabolic models enables
researchers to quantify the metabolic fluxes of various reactions in a wide range of
organisms, allowing for a better understanding of metabolic networks, and aid in rational
strain design at high-throughput. Via metabolomics, we demonstrate that genetic
engineering of the thermophilic, anaerobic bacteria Clostridium thermocellum for
increased ethanol titers is also met with an increase in the thermodynamic driving force
in key reactions. We also identify metabolic bottlenecks in response to acute ethanol
accumulation in both wild-type and genetically engineered strains of C. thermocellum for
further strain optimization.
BIOT 454
In vitro – in vivo toxicity correlations via high-throughput three-dimensional
primary hepatocyte culture
Dylan Bruckner1, bruckd@rpi.edu, Jeannette J. Connerney2, Jonathan S. Dordick1. (1)
Rensselaer Polytechnic Institute, Troy, New York, United States (2) Taconic
Bioisciences, Hudson, New York, United States
While drug-induced liver toxicity has long been a main point of focus of small molecule
drug development, understanding the quantitative relationship between hepatotoxicity
models, both in vitro and non-human in vivo, remains elusive. To address this weakness
in understanding, we have utilized a high-throughput, 3D cell culture platform containing
both the cell line HepG2 and primary human hepatocytes. These quantitative
relationships suggest a high level of predictivity of in vivo toxicity responses by primary
human hepatocytes cultured in three dimensions (~75%), and a moderate predictivity
for the hepatoblastoma line HepG2 (~50%). Due to the very low expression levels of
drug metabolizing enzymes by HepG2, this disparity in predictivity shows the necessity
of including metabolism in considerations made for hepatotoxicity predictions. These
results reemphasize the biorelevance of properly designed in vitro systems for
prediction of in vivo action, and offer further insight into these relationships than simple
qualitative relationships.
BIOT 455

3d printed bioreactors: Enabling rapid proces optimization
George E. Barringer1, barge@grotontech.com, Ann D'Ambruoso1, Timo Walvoort2. (1)
Applikon Biotechnology, Inc., Foster City, California, United States (2) Applikon
Biotechnology BV, Delft, Netherlands
A fully customizable 3D printed stirred tank Single Use Bioreactor is described and
demonstrated in a process optimization program in which the physical features of the
bioreactor components are iteratively engineered to improve Critical Process Attributes
of the cell culture. The 3D design and printing process provided a fast, efficient, and
cost effective platform with which to model then test in real world conditions the design
and operation of critical reactor features. Impeller design and performance may be
matched to and optimized for a particular cell line and performance objective. Case
studies demonstrating a bioreactor design project will show the progression from first
article to a improved bioreactor design applied to multiple cell lines. 3D printed reactors
offer new, often innovative, geometries in reactor design which enables the bench
researcher to quickly customize and optimize physical transfer properties for their
specific process and cell line.
BIOT 456
Transcriptomics study of recombinant Escherichia coli during recombinant
protein production in micro-aerobic and aerobic condition at bio-reactor level
Ashish S. Chauhan, ashishpuzzle@gmail.com, Kathiresan Pandi, Anurag S. Rathore.
Department of Chemical Engineering, Indian Institute of Technology, New Delhi, India

Lactose is used as an inducer for recombinant protein production (Lethal toxin
neutralizing factor) in aerobic and micro-aerobic condition. Recombinant protein
production was 2.8 fold higher in the micro-aerobic fermentation compared to aerobic
fermentation. Transcriptome profiling of samples indicate the ribosome synthesis,
lactose transport and amino acid synthesis are upregulated in the micro-aerobic
fermentation. It was observed that genes associated with lactose metabolism was active
but one of lactose metabolism, gene set B (sugar efflux transporter) was significantly
upregulated up to 12 fold at the end of fermentation. Galactose metabolism genes was
also upregulated due to lactose utilisation. As the recombinant protein production
dominates, the expression of repressor r-proteins either down-regulated or neutral in
micro-aerobic condition in comparison to aerobic condition. Micro-aerobic condition
offers less stressful environment and also minimizes ATP expense to maintain
homeostasis. It was observed that genes related to various stress responses were
down-regulated in micro-aerobic condition in comparison to aerobic condition at initial
phase of induction. Most of amino acid biosynthesis genes such as serine, lysine,
isoleucine, arginine, glutamate were upregulated in the initial time point of protein
induction.

BIOT 457
In vivo thermodynamic analysis of Zymomonas mobilis metabolism using
combined 2H and 13C metabolic flux analysis and metabolomics for renewable
biofuel production
Paul A. Adamczyk1,2, padamczyk@wisc.edu, Tyler B. Jacobson1,2, Jennifer L. Reed1,2,
Daniel Amador-Noguez1,2. (1) UNIVERSITY OF WISCONSIN—Madison, Madison,
Wisconsin, United States (2) Great Lakes Bioenergy Research Center, Madison,
Wisconsin, United States
Zymomonas mobilis is an alpha-proteo bacterium ideal for metabolic engineering of
biofuels such as isobutanol from renewable feedstocks owing to its unique properties;
namely, strong resilience to lignotoxins present in lignocellulose-derived feedstocks, a
simple metabolic network, fast and efficient glucose utilization, and low biomass yield. In
this study, metabolic flux analysis (MFA) of wild-type Z. mobilis was performed using 2Hand 13C-labeled glucose tracers and subsequent measurement of downstream
intracellular metabolites by high-resolution LC-MS. With successful, simultaneous fitting
of data from seven different isotopic tracers (1-13C, 3-13C, 6-13C, 1,2-13C, 2-2H, 4-2H, and
5-2H glucose) into a single, statistically acceptable flux map, we were able to i) verify
inactivity of 3 TCA cycle reactions, ii) elucidate pathway thermodynamics, iii) determine
select enzyme co-factor specificity and their substrate stereo-specificity and, iv) confirm
a metabolic imbalance preventing efficient xylose catabolism in Z. mobilis.
Firstly, we inferred the thermodynamic favorability of many Z. mobilis reactions after
calculating Gibbs free energies from forward and reverse fluxes as determined
accurately by MFA. Specifically, we demonstrated the large in vivo thermodynamic
favorability of the Entner-Doudoroff (ED) pathway that is supported by measured, high
intracellular concentrations of ED pathway intermediates—before now, this was only a
computational hypothesis.
Next, cofactor specificity of select Z. mobilis enzymes and their unknown substrate
stereo-specificity were identified—possible only from 2H labeling experiments. MFA
reveals that i) glucose-6-phosphate dehydrogenase is only NADP+-dependent, ii)
glyceraldehyde-3-phosphate (GAP) dehydrogenase is only NAD+-dependent with, iii)
the C1 hydrogen from GAP being transferred exclusively to the si face of NAD+, and iv)
transhydrogenase-like activity is present in Z. mobilis and operates by transferring a
hydrogen from NADPH exclusively to the si face of NAD+.
Lastly, MFA confirms there is a metabolic imbalance in Z. mobilis pentose phosphate
pathway due to an absent transaldolase preventing it from metabolizing xylose as a sole
carbon source and causing an overflow of erythrose-4-phosphate, excretion of
shikimate, and an intracellular shikimate concentration 1000-fold higher than in E. coli.
BIOT 458

Nanoscale optical sensors to characterize hydrolytic enzymes for health,
agriculture, and industrial biotechnology
Nathaniel Kallmyer, kallmyer@iastate.edu, Rachel Khor, Mohamed Abdennadher,
Nathan Roby, Sparsh Agarwal, Erica Peterson, Nigel Reuel. Chemical and Biological
Engineering, Iowa State University, Ames, Iowa, United States
Due to their industrial impact and key role in biological functions, hydrolytic enzymes are
an area of continual research and development. These critical roles have resulted in a
multibillion-dollar industry focused on optimization, design, and production of hydrolytic
enzymes; however, high-throughput tools to evaluate enzymatic activity are limited to a
few, established assays that involve measurement of reaction byproducts or complex,
unnatural degradation probes. In this presentation, we discuss fluorescent single-walled
carbon nanotubes (SWNT) as modular enzyme activity probes capable of quantifying
catalytic rates on actual target substrates in small volumes and short times. These
probes are fabricated by dispersing SWNT in an amphiphilic target substrate. Substrate
degradation is then reported by a change in fluorescent signal resulting from
aggregation events and changes in the local dielectric environment. Direct transduction
of substrate degradation enables detection of enzymatic activity in otherwiseproblematic, complex biological samples. This simple transduction mechanism enables
high-throughput screening in a wellplate format. These sensors have been coupled with
low-cost optical readers (<$2k) for use in health, agricultural, and industrial applications,
screening such enzymes as proteases, glycosidases, and phosphodiesterases. These
sensors exhibit response times as low as 3 minutes and detection limits at the
femtomolar scale. We also demonstrate detection of disease-associated enzymes such
as phospholipase and hyaluronidase. Additionally, these probes are used to monitor
enzymes in soil to evaluate the speed of carbon and nitrogen cycling represented by
lignolytic and proteolytic activities. Lastly, these probes are used for high-throughput
screening and optimization of enzymes such as cellulase which are relevant to biomass
conversion.

BIOT 459
Dynamic phosphoproteomic and transcriptomic study provides insights into cell
wall integrity signaling network in Aspergillus nidulans
Cynthia Chelius1, cchelius4@yahoo.com, Walker Huso1, Alexander Doan1, Samantha
Reese2, Raj Purohit1, Kelsi Lawson1, Ribeiro Liliane1, Ranjan Srivastava3, Harris
Steven5, Mark Marten4. (1) Chemical and Biochemical Engineering, University of
Maryland Baltimore County, Baltimore, Maryland, United States (2) Plant Pathology,
University of Nebraska - Lincoln, Lincoln, Nebraska, United States (3) Univ of
Connecticut, Storrs Mansfield, Connecticut, United States (4) Engineering Bldg 314,
UMBC, Chem., Biochem. Environ. Engr., Baltimore, Maryland, United States (5) Dept.
of Biological Science, University of Manitoba, Winnipeg, Manitoba, Canada
Filamentous fungi are used prevalently in the biotechnology industry to produce billions
of dollars of valuable products ranging from commodity chemicals to high value
therapeutics. In contrast, fungal pathogens have a profound negative impact on both
human health and agriculture. In both beneficial and pathogenic fungal species, the cell
wall plays a crucial, protective role. And in pathogens the cell wall serves as an
attractive target for novel antifungal therapeutics. When fungal species experience cell
wall stress, they respond by by activating the cell wall integrity signaling pathway
(CWIS). CWIS is responsible for regulating expression of cell-wall repair genes and has
been partially characterized. To enhance our understanding of this important regulatory
pathway, we are working to identify other, unknown, CWIS pathway signaling proteins.
To do this, we perturbed the model fungus, A. nidulans, with a known activating agent,
micafungin, and collected 13 dynamic phosphoproteomic and transcriptomic samples.
We used a multivariate adaptive-splines model to reliably identify statistically significant
dynamic changes in both quantified phosphorylation site occupancy and mRNA levels.

All dynamically significant, non-essential kinases were subjected to a cell wall strength
assay and chemical perturbation to verify involvement in the CWIS pathway. Numerous
transcription factors and GAPs/GEFs nominally associated with other signaling
pathways have been identified. New connections to the CWIS from multi-omics and
validation studies will be discussed.
BIOT 460
Quantification of pyocanin-promoted Pseudomonas aeruginosa persister cells
and the analysis of their growth in a microfluidic device
Arin Sutlief1, arin.sutlief@doane.edu, Marco Perez1, Alexis Fletcher1, Courtney
Marcelino2, Sharmin Sikich3, Andrea E. Holmes4. (1) Chemistry, Doane University,
Lincoln, Nebraska, United States (2) Biology, Doane University, Crete, Nebraska,
United States (3) Doane College, Crete, Nebraska, United States (4) Chemistry , Doane
University, Crete, Nebraska, United States
Biofilms are a community of microorganisms embedded in an extracellular polymeric
matrix that forms a resistant environment for continued bacterial growth. Forming on a
variety of surfaces, biofilms have become a major issue, causing hospital and homeacquired infections and infiltrating pipes and water systems. Pseudomonas aeruginosa
(PA) is a common Gram-negative bacterium that is prevalent in immune-compromised
patients such as those diagnosed with HIV and cystic fibrosis (CF). In fact, incurable PA
infections cause the majority of morbidity and mortality in CF patients. This untreatable
biofilm is thought to be caused by a production of persister cells. In a stressed
environment, such as exposure to high dose antibiotics, persister cells are able to enter
a dormant state and are tolerant to antibiotic treatment. Their continual growth, after
antibiotics leave the system, leads to chronic biofilm formation.
In this work, specific media and agars were explored to promote persister cells of PA01
by the production of the quorum sensing molecule, pyocyanin. The varying population of
persister was investigated for a variety of growing conditions. We continued to monitor
these growing conditions in a high throughput microfluidic device, the BioFlux 1000z,
that was used to visualize these cells in real time. Time-lapsed microscopy images
demonstrate the growth of cells after treatment with the antibiotics Ciprofloxacin or
Carbenicillin.
BIOT 461
Engineering bacterial systems to probe miRNAs secreted from mammalian cells
Chi-Lun Huang, fu6xjp6@gmail.com, Hsuan-Chen Wu, Ying-Chih Kung, Yu-Ju Chen.
department of biochemical science and technology, National Taiwan University, Taipei,
Taiwan
MicroRNAs (miRNAs), small non-coding RNA molecules that regulate gene expression,
are responsible for physiological functions, like vascularization and neuron generation. It

is also known that microRNAs are important signaling factors, participating in
mammalian cell-to-cell communications. Those interacting processes are either
mediated through releasing of free miRNAs into adjacent tissues or transporting of
miRNAs packed in exosomes, nanosized membrane vesicles, for trafficking and
signaling in the distal tissues. Liu, S. et al. indicated fecal miRNA in vivo has an effect
on bacteria proliferation in the gastrointestinal tract through unknown mechanisms. It's
understandable for bacterial cells to be capable of receiving the signals produced from
mammalian hosts since gut microbiota has co-existed with their hosts for synergistically
maintaining the health of hosts and checking the balance of mutual metabolism. From a
synthetic biology perspective, we aim to create an innovative miRNA sensing circuit
within commensal bacteria as a model to study whether interkingdom communication
could also occur between mammalian and bacterial cells mediated through miRNA.
Specifically, we have chosen several colon cancer cell lines, WiDr and SW480, as our
host models. Additionally, we have constructed RNA sensing riboswitches inside the
bacterial cells for sensing the corresponding miRNAs to reveal any cross-talk between
the host and bacterial cells. Furthermore, a series of experiments to study the exosomal
mediated interaction with bacterial cells are carried out systematically as well. We
envision this project can lead to understand miRNA mediated communication between
cell types and also facilitate establishing the bacterial-based theranostic devices to
probe the miRNAs in the hosts.
BIOT 462
CHO cell-free coupled in vitro transcription and translation system for the
production recombinant mAbs
Shayan Borhani2, borhani1@umbc.edu, Aniruddha Rao2, Meera Mysore2, Ben
Punshon-Smith2, Erick Gutierrez2, Abhay Andar2, Rajani Adiga2, Michael Tolosa2,
Yordan Kostov2, Leah M. Tolosa2, Douglas D. Frey2, Govind Rao2, Chandrasekhar
Gurramkonda2,1, chandrasekhar.gurramkonda@lonza.com. (1) R&T, Lonza, 6630
Biggs Ford Rd, Walkersville, MD 21793, Frederick, Maryland, United States (2) Center
for Advanced Sensor Technology and Department of Chemical, Biochemical,and
Environmental Engineering, University of Maryland Baltimore County, Baltimore,
Maryland, USA, Baltimore, Maryland, United States
The use of cell-free protein synthesis (CFPS) has resulted in a paradigm shift in the
research and development of recombinant proteins of medical use. The synthesis of
complex proteins including antibodies using cell-free systems has proven to be a hurdle
in the production of monoclonal antibodies. In an effort to address this issue, we
demonstrate the production of intact Humira® using Chinese Hamster Ovary (CHO)
cell-free system. We designed dual knobs-into-holes approach for heavy chain
dimerization. Additionally, the cell-free reaction was supplemented with CHO
microsomes resulting in significantly greater full-length antibody formation in
comparison to other reported methods. The SDS-PAGE followed by western blotting
confirmed the molecular weight of the intact antibody and other fragments. Further, the
protein was purified using a protein A/G micro-column to near homogeneity.

BIOT 463
Debottlenecking manufacturing capacity using high seed density production
processes
Richard Ottman, rottman@kbibiopharma.com, Yogender Gowtham, Sigma Mostafa.
Process Development, KBI Biopharma, Durham, North Carolina, United States

A key bottleneck for mammalian cell culture productivity is the extended duration of the
process with inoculum seed train and production culture stretching between 4-6 weeks
in duration. Introducing flexibility in scheduling and execution of cell culture
manufacturing campaigns via a reduction in process duration can be one of the key
strategy for maximizing facility utilization and facilitating the progression of multiple
therapeutics to clinical trials. In this work, we investigated the initiation of CHO cell
culture production runs using cultures utilizing Selexis’ CHO-M cell line paired with
higher seeding density which allowed for process time to be reduced to 10 days from 14
- 15 days while maintaining titers and product quality. To achieve this result optimal
media and feed combinations were first identified that supported higher peak cell
densities. Fed-bath culture timeline was shifted to align with peak cell densities and
process parameters refined to maintain culture health. This improved process was
identified in ambr15 and ambr250 scale down models and successfully transitioned to
3L and 15L bioreactors to demonstrate successful scale up and optmization of process
parameters. Overall, this approach offers a realistic possibility of decreasing the cell
culture manufacturing timeline and introduces flexibility in scheduling and executing
manufacturing.
BIOT 464
Microaerobic fermentation alters lactose metabolism enhancing recombinant
proteins in Escherichia coli

kathiresan pandi, kathiresanp@gmail.com, Ashish S. Chauhan, Anurag S. Rathore.
Department of Chemical Engineering, Indian Institute of Technology, New Delhi, India
Micro-aerobic fermentation was used to improve recombinant protein production in
Escherichia coli (E.coli). Mechanistic correlation between protein inducer lactose and
dissolved oxygen was investigated and established. E.coli as facultative anaerobe can
switch its genetic machinery upon oxygen fluctuations and thereby offers potential to
affect inducer transport and the resulting product formation. The difference in
consumption pattern of lactose, biomass, specific productivity and product titer due to
aerobiosis has been investigated. By continuous induction of lactose to keep the
metabolic state active, tuning of oxygen in microaerobic fermentation improved 16 fold
in specific product formation rate of rLTNF protein and 3 fold in specific product
formation rate of rSymlin protein as compared to the traditional aerobic fermentation.
BIOT 465
Novel strategy for developing cost-effective biosimilar in the microbial system
Priyanka Priyanka, priyanka.dalal24@gmail.com, Suchismita Singha, Rucha Patil,
Anurag S. Rathore. Department of Chemical Engineering, Indian Institute of
Technology, New Delhi, India
Ranibizumab is a humanized monoclonal antibody fragment, which is used for the
treatment of age-related macular degeneration and macular edema. Currently, it is been
produced as inclusion bodies in BL21 DE3 pLys E. coli expression system. The gene
encoding Ranibizumab has previously been cloned but the process is tedious, the
expression is very poor and purification is time-consuming. However, its low-level
expression has contributed in higher treatment cost. Therefore the whole antibody
fragment has been cloned in the pet15b vector which belongs to prokaryotic host along
with extra ribosome binding site to cater for the equal expression of the light and heavy
chain. The heterologous expression has been confirmed both at tricine PAGE level as
well as using RP-HPLC. The reduced antibody fragment was analytically characterized
using LC-MS also. A novel purification method has also been developed which gives
more than 98% purified product using two-step chromatography. We also investigated
the possibilities to enhance the yield by effective clone selection, process optimization
and through chemical additives. Consequently, this strategy could, in turn, becomes
equivalent to providing a solution for a range of bioprocesses for developing biosimilar
in the microbial system.
BIOT 466
Effective bioreactor pH control using only sparging gases
Xiaolin Zhang, xzhang@udel.edu, Linda Hoshan, Rubin Jiang, Joseph Moroney,
Ashley Bui, Ta-Chun Hang, Sen Xu. Biologics Process Research & Development,

Process Research & Development, Merck & Co., Inc., Kenilworth, New Jersey, United
States
pH control is critical in bioreactor operations, typically realized through a two-sided
control loop, where CO2 sparging and base addition are used in bicarbonate-buffered
media. Though a common approach, base addition could compromise culture
performance due to the potential impact from pH excursions and osmolality increase in
large-scale bioreactors. In this study, the feasibility of utilizing control of sparge gas
composition as part of the pH control loop was assessed in Chinese hamster ovary
(CHO) fed-batch cultures. Fine pH control was evaluated in multiple processes at
different setpoints in small-scale ambr®250 bioreactors. Desired culture pH setpoints
were successfully maintained via air sparge feedback control. As part of the pH control
loop, air sparging was increased to improve CO2 removal automatically, hence increase
culture pH, and vice versa. The effectiveness of this pH control strategy was seamlessly
transferred from ambr®250 to 200 L scale, demonstrating scalability of the proposed
methodology.
BIOT 467
Improvement of mammalian bioreactor simulation through variation in specific
oxygen uptake rates
Jeffrey D. Cohen, jcohen28@ITS.JNJ.com. DPDS, Biotherapeutics Development,
Janssen Biopharmaceuticals, Malvern, Pennsylvania, United States
Fed-batch bioproduction, grown on high-titer media, present equipment challenges
required to meet peak, gas/liquid mass transfer rates. These challenges are faced both
at laboratory- and at production-scale. Moreover, there is a need to meet the escalating
transfer rates required at high-titer while protecting cells from intensive mechanical and
gas-expansion energy. A bioreactor, mathematic simulation is undergoing continual
development to establish safe, operating conditions and to improve performance
estimates. Special consideration is given to identifying the cell specific oxygen uptake
rate and to the carbon dioxide evolution rate to improve accuracy of material balances.
This presentation will describe the simulation approach and compare model forecasts
with observations across a range of bioreactor scales.
BIOT 468
Upstream strategies to address process & quality challenges associated with
molecules of new modality
Ravindra Pangule1, ravindra.pangule@merck.com, Joseph Moroney1, Peter Liu1,
Ehsan Espah Borujeni1, Xuanwen Li2, Jiong Yang2, Sandra Rios1. (1) Biologics Process
R&D, Merck Research Laboratories, Kenilworth, New Jersey, United States (2)
Biologics Analytical Development, Merck Research Laboratories, Kenilworth, New
Jersey, United States

Modular fusion proteins with unique molecular architecture, multispecificity, and
multivalency, represent an attractive alternative to monoclonal antibodies. However,
novelty and uniqueness of the molecular design and lack of early detection of
manufacturability issues at discovery stage may necessitate development of modalityspecific processes to address process and product quality liabilities. In this presentation,
we will share two such case studies, with the focus on strategies designed and
implemented to address product quality challenges that would be atypical for a standard
platform antibody. One such quality attribute studied and modulated is heterogeneous
and complex O-glycosylation. A process toolbox, based on rational selection of
supplements and process parameters for the production step, was designed to control
O-glycosylation levels. The second molecule in the scope of this presentation showed
high propensity to self-associate. Among the production conditions evaluated to control
aggregation, temperature downshift led to an atypical response and to surprisingly high
levels of aggregates. We will present differential expression analysis conducted to
identify a potential root cause for this atypical behavior. The presentation, thus, will
highlight the process solutions identified and workflows followed to troubleshoot
challenges associated with molecules of new modality.
BIOT 469
Metabolic cross-feeding interactions between adipocytes and hepatocytes in an
engineered mammalian co-culture system
Eleanor H. Oates, ehoates@me.com, Maciek R. Antoniewicz. Chemical and
Biomolecular Engineering, University of Delaware, Newark, Delaware, United States
Understanding the dynamic nature of metabolic interactions between different
mammalian cell types is vital if we are to characterize and identify novel therapeutic
targets for metabolic disorders such as obesity and diabetes. Towards this end, we
have engineered a co-culture system between adipocytes (fat cells) and hepatocytes
(liver cells) that can be used as a platform for investigating metabolic interactions, e.g.
cross-feeding of small molecules and other nutrients. The metabolic interactions
between these specific cell types are of particular interest since impaired interactions
between liver and fat cells have been directly linked to a cluster of disorders including
diabetes and obesity. The co-culture system that we have developed thus far provides a
convenient platform for investigating how system perturbations affect adipocytehepatocyte metabolic interactions, as well as for fine-tuning experimental techniques so
that they can be translated to future in vivo studies.
In this contribution, we describe the specific adipocyte-hepatocyte co-culture system
that we have engineered using a trans-well cultivation experimental setup, and we
highlight how we have applied this setup and recently developed approaches for coculture 13C-metabolic flux analysis (co-MFA) to analyze in detail how global regulators of
mammalian metabolism (e.g. insulin and isoproterenol) impact adipocyte-hepatocyte
metabolic interactions (e.g. metabolite cross-feeding) and individual cell population
physiology. Towards this end, we have performed a series of co-culture experiments

with global regulators of cellular metabolism added to the medium. As an example, the
addition of insulin induced both cell types to transition into a “fed state metabolism”, the
state in which hepatocytes and adipocytes consumed glucose and utilized it for
glycogenesis (in liver cells) and lipogenesis (in fat cells). In contrast, the addition of
isoproterenol promoted “fasted state metabolism”, the state in which adipocytes
released metabolic precursors such as glycerol, lactate, and fatty acids that were then
used by hepatocytes for energy generation and gluconeogenesis. To gain further
insights into the metabolic phenotypes, we also applied advanced co-MFA methods
based on 13C-tracer experiments to quantify precisely the intricate cross-cell metabolite
communications that occurred in these two metabolic states.
BIOT 470
Case study: Scalability of benchtop single use bioreactors
Kory M. Blocker, kory.blocker@gmail.com, Austin Greever, Donald Miller, Lauren
Torres. Patheon, part of Thermo Fisher Scientific, Princeton, New Jersey, United States
To increase efficiency of process development and characterization, there has been
increased interest in the use of single-use bioreactors at the bench scale. The use of
these systems have the potential to reduce the time to set up a bioreactor and reduce
variability between reactor runs. However, there are concerns about the relative
scalability of the systems. Here we present a case study comparing benchtop singleuse to multiple sizes of bioreactors. We will compare the process scaling by
investigating the growth and metabolite profiles, as well as quality attribute variations.
BIOT 471
Intensified fed-batch vs. fed-batch: Is high-density cell culture necessarily better?
Kory M. Blocker, kory.blocker@gmail.com, Hemwanti Waoti, Jose Rivera. Patheon,
part of Thermo Fisher Scientific, Princeton, New Jersey, United States
There is much recent interest in utilizing intensified fed-batch culture conditions to
increase product yield while maintaining smaller manufacturing size scales. The XD®
technology developed by DSM Biologics (now owned by Patheon, part of Thermo
Fisher Scientific) is such a system enabling in excess of 200x10 6 cells/mL and
amplifying product yield to approximately 20 g/L. The development of XD ® technology is
premised on the principle that the product yield increases with the increase in cell
growth. While this is true to an extent, there is also the potential that both specific
productivity and product quality may be negatively impacted when culturing to such high
cell densities. By investigating the growth, metabolic profiles, productivity, and product
quality between the XD® and fed-batch processes, understanding of high-density cell
cultures may be enhanced.
BIOT 472

Compatibility characterization of a multi-use sterile to sterile connector with a
mammalian cell culture perfusion process
Amy Wood2, amy.wood@emdmillipore.com, Allyson Fournier2, Alison Dupont2, Kara
Fouhy3, Michael A. Cunningham1. (1) Global MSAT, Millipore Sigma, Burlington,
Massachusetts, United States (2) Integrated Projects R&D, Millipore Sigma, Bedford,
Massachusetts, United States (3) Field Marketing, Millipore Sigma, Burlington,
Massachusetts, United States
Recent upstream bioprocessing development activities have focused on single-use
technologies and their ability to improve operational efficiency. Of particular recent
interest, has been the evaluation of filter-based cell retention devices (CRD) to help
achieve high cell densities in perfusion applications. One reported limitation of
conventionally utilized CRDs is their susceptibility to fouling, especially when cell
densities reach very high levels. One risk mitigation strategy for CRD filter fouling
negatively impacting the performance of perfusion processes is the replacement of the
CRD in situ during a perfusion process; however, conventionally available laboratory
tools have made in-process CRD replacement a challenging procedure. Recently, the
Lynx® CDR Sterile Connector was developed to facilitate repeated aseptic connection,
disconnection and reconnection of sterile tubing assemblies. While the benefit of
repeated sterile connection and disconnection in a general laboratory environment
seems clear, the impact of repeated cell-containing fluid recirculation on cell culture
performance is less so, particularly with respect to the potential generation of cellular
shear stress through the flow of path of the Lynx® CDR Sterile Connector. A series of
studies were conducted to understand the impact on cell culture performance of both
the frequency of cell exposure to the Lynx® CDR Sterile Connector, as well as the rates
of cellular fluid flow through these devices. Utilization of the Lynx® CDR Sterile
Connector in a representative CRD-mediated perfusion application was also evaluated.
This presentation will review the experimental design of these studies, as well as review
cell culture performance results in the context of Lynx® CDR Sterile Connector
suitability for use in CRD-based perfusion applications.
BIOT 473
Process characterization strategy for implementing a high-density n-1 seed
bioreactor step supported by ATF into a legacy CHO cell culture process
Danielle Harrison, danielle.harrison@bms.com. Bristol-Myers Squibb, Devens,
Massachusetts, United States
Advances in technology enable the biopharmaceutical community to meet the needs of
patients faster. One of these technologies, alternating tangential flow (ATF) perfusion
applied at the n-1 seed bioreactor stage, debottlenecks upstream mammalian fed-batch
cell culture processes by removing cell mass transfer limitations.
ATF is used across the biopharmaceutical industry as standard practice to maintain a
consistent environment for cells by supplying fresh media and removing waste at the

same rate. The controlled environment enables Chinese hamster ovary (CHO) cell
cultures to obtain higher final viable cell densities (VCD) more than that of a traditional
batch culture. By applying ATF at the n-1 seed bioreactor stage, the higher final VCD
allows for a higher inoculation density of the production bioreactor, which in turn results
in a shorter and more productive production step.
In order to implement the n-1 ATF perfusion step in a legacy commercial process,
additional studies are required to characterize this new unit operation. Here, we review
characterization of a cell specific perfusion rate for a process and propose a
standardized process characterization workflow for mammalian fed-batch cell culture
processes with ATF technology applied at the n-1 seed bioreactor stage.
BIOT 474
Engineering cooperation in nitrogen self-sufficient cocultures of Azotobacter
vinelandii and Escherichia coli
Camil Diaz, cacdiaz@udel.edu, Maciek R. Antoniewicz. Chemical and Biomolecular
Engineering, University of Delaware, Newark, Delaware, United States
Cocultures are attractive microcosms for studying metabolic interactions in a controlled
system. Cocultures involving diazotrophs, or organisms capable of reducing
atmospheric nitrogen into ammonia, are of particular interest sustainable alternatives to
the Haber-Bosch process a source of nitrogen fertilizer.
While diazotrophs like Azotobacter vinelandii have successfully been engineered to
produce ammonium aerobically, [1] these strains also exhibit a high substrate demand
and overall inefficient carbon metabolism. Indeed, we have previously shown that the
majority (88-90%) of the carbon consumed by A. vinelandii is spent on respiration,
ultimately to protect its nitrogenase from oxygen, rather than ATP production for fueling
nitrogen fixation and other cellular processes. Thus, a major challenge in engineering
stable cocultures with nitrogen-fixers is to identify partners that can meet the high
substrate demands of these diazotrophs while receiving limited nitrogen in return.
We investigated the performance of four, fully nitrogen self-sufficient cocultures
involving an ammonium-secreting strain of A. vinelandii paired with both wild-type and
various engineered E. coli strains systematically chosen to model interactions ranging
from commensalism to mutualism. 13C-metabolic flux analysis (MFA) of these cocultures
unexpectedly revealed that A. vinelandii shares the majority of its fixed nitrogen. For
example, even in commensalist pairings, E. coli constituted more than 60-75% of an
exponentially growing coculture population, up to a total OD of ~5. Furthermore, using
13C-MFA, we identified additional cross-fed nutrients that are not otherwise secreted by
either organism when grown in isolation.
Finally, in preliminary evolution studies, we were able to isolate a clone of one of our
engineered E. coli strains that had gained the ability to continue producing glucose for
A. vinelandii even under complete nitrogen starvation. Ongoing work harnesses further

adaptive evolution to not only increase cross-feeding, but also identify additional traits
that enhance symbiosis.
BIOT 475
High-throughput mini-bioreactor platform for optimizing production of antimalarial precursor drug from an engineered yeast Yarrowia lipolytica
Viki R. Chopda1, vikichopda@gmail.com, Shayan Borhani1, Brandon Folio1, Michael
Tolosa1, Chandrasekhar Gurramkonda2, Yordan Kostov1, Xudong Ge3, Rajani Adiga1,
Leah M. Tolosa1, Govind Rao4. (1) Chemical, Biochemical and Environmental
Engineering, Center for Advanced Sensors Technology, Glen Arm, Maryland, United
States (2) TRC#224, University of Maryland Baltimore County, Baltimore, Maryland,
United States (3) University of Maryland Baltimore County, Baltimore, Maryland, United
States (4) TRC Building, Ctr for Advanced Sensor Technology, Baltimore, Maryland,
United States
Process development in biomanufacturing is still labor-intensive and time-consuming
due to the dynamic nature of the system. To bring a high-quality product to the market
in minimum time, it is highly desirable to optimize the bioprocess expeditiously. Though
shake flasks are still widely used in initial stages of process development, bioreactors
are preferred as they offer relatively stable and controlled condition for cell growth.
Micro-bioreactors have been widely used in strain screening and media optimization
studies. However, with such a smaller volume, the process cannot be easily scalable to
benchtop bioreactors.
Here we present the application of parallel mini-bioreactors (total volume 100 mL, max.
working volume 70 mL) enabled with optical sensors, measuring pH and DO critical
process parameters for biomanufacturing. A novel non-invasive CO2 sensor is also
deployed for monitoring the DCO2 concentration in real time. A supervisory program is
developed using LabVIEW to monitor and control the process variables at desired set
points. We demonstrated the application of this low-cost mini-bioreactor using a case
study of optimizing the production of an anti-malarial precursor drug (amorphadiene
and/or artemisinic acid) from the culture of recombinant yeast Yarrowia lipolytica. This
platform can be easily adapted for culturing a wide variety of micro-organism for hasslefree, cheaper and faster process optimization.
BIOT 476
Optical control of exopolysaccharide production in Sinorhizobium meliloti in a
synthetic soil microsystem
Azady Pirhanov2, Yi-Syuan Guo1, Charles Bridges3, Reed Goodwin3, Jessica Furrer4,
Daniel Gage3, Leslie M. Shor1, Yongku Cho1, cho@engr.uconn.edu. (1) Chemical and
Biomolecular Engineering, University of Connecticut, Storrs, Connecticut, United States
(2) Biomedical Engineering, University of Connecticut, Storrs, Connecticut, United

States (3) Molecular and Cell Biology, University of Connecticut, Storrs, Connecticut,
United States (4) Benedict College, Columbia, South Carolina, United States
The rhizosphere contains many types of microbes interacting with plant roots, creating a
complex symbiotic system. Microbial processes occurring in the rhizosphere are
essential to the productivity of terrestrial ecosystems. In particular, exopolysaccharide
produced by soil microbes allows dynamic regulation of soil moisture by modulating
water transport. We have demonstrated that purified microbial exopolysaccharide (EPS)
impacts soil water retention through enhancing the variability of water distributions in the
soil microstructure. Here we report genetic engineering of soil bacterium Sinorhizobium
meliloti to enable in situ control of EPS production within synthetic soil microstructures.
We show that the photo-sensitive transcription factor EL222, derived from Erythrobacter
litoralis, allows robust control of gene expression in S. meliloti. Essential genes in the
type II EPS (a major component of EPS from S. meliloti in the soil) production pathway
were identified, and deletion strains were generated. Complementation of the essential
gene using a synthetic promoter controlled by EL222 led to robust light-activated
production of EPS. Optimization of the engineered genetic construct was performed by
varying promoters, ribosome binding sites, and using alternative start codons. Using the
engineered EPS production strain, we observed rapid settlement of EPS producing S.
meliloti in liquid culture, and selective biofilm formation quantified by a crystal violet
staining assay. This approach enables spatially regulated EPS production in a synthetic
soil microsystem that emulates aggregated sandy loam soil. The impact of EPS
production on the transport of cells and water drying rate in the synthetic soil
microsystem will be presented. We anticipate that the engineered genetic constructs will
be broadly applicable for dissecting gene function in a defined population of microbes in
the rhizosphere.
BIOT 477
Novel stable isotope approaches to identify flux bottlenecks in photosynthetic
microbes
Jamey Young, j.d.young@vanderbilt.edu, Yi Ern Cheah, Yao Xu, Carl Johnson.
Vanderbilt University, Franklin, Tennessee, United States
Engineering host cell metabolism to promote high yield and specific productivity is a
major goal of the biotech industry. 13C metabolic flux analysis (MFA) provides a rigorous
approach to quantify host metabolic phenotypes by applying isotope tracers to map the
flow of carbon through intracellular biochemical pathways. In particular, transient
measurements of isotope incorporation following a step change from unlabeled to
labeled CO2 can be used to estimate photosynthetic carbon fluxes by applying
isotopically nonstationary MFA (INST-MFA) [1]. We have previously developed a
package of MATLAB routines called INCA [2] that automates the computational
workflow of INST-MFA. INCA was the first publicly available software package capable
of applying INST-MFA to biologically relevant metabolic networks. We have recently
applied INCA to model the photoautotrophic metabolism of Synechococcus 7942 strains

that have been engineered to produce the industrial biochemical isobutyraldehyde (IBA)
[3]. The flux analysis identified a potential bottleneck at the pyruvate kinase (PK)
reaction and indicated significant flux through an alternative three-step route from PEP
to pyruvate involving PEP carboxylase (PEPC), malate dehydrogenase (MDH), and
malic enzyme (ME). Based on these results, we overexpressed PK or combinations of
PEPC, MDH, and/or ME to engineer strains with significant improvements in IBA
production. 13C flux analysis of the resulting strains identified further targets for
debottlenecking IBA production in Synechococcus 7942, some of which are currently
under investigation. These studies have established 13C INST-MFA and the INCA
software package as a comprehensive platform to map carbon fluxes in cyanobacteria
and other photosynthetic microbes.
BIOT 478
Genome-scale metabolic model of Chromochloris, an emerging model organism
for sustainable fuel production
Nanette Boyle, Alexander J. Metcalf, metcalf@mymail.mines.edu, Anthony Nagygyor,
Walter Prentice, Stuart Ramsey. Chemical & Biological Engineering , Colorado School
of Mines , Golden, Colorado, United States
It is difficult to develop bioproduction strains that can compete economically with fossil
fuels. One approach to make bioproduction more economical is to engineer organisms
that can produce fuels as well as value added molecules. An excellent candidate for this
is Chromochloris zofingiensis, a eukaryotic green algae that can accumulate up to 40%
of dry weight in triacylglycerols. C. zofingiensis also produces astaxanthin, a
ketocarotenoid with pharmaceutical, nutraceutical, and cosmetic applications, as well as
use in food and feed supplements. Moreover, the astaxanthin produced by C.
zofingiensis is worth approximately $7,000 per kilogram. This is significantly more
valuable than synthetic astaxanthin, due to stereochemical differences. In order to
investigate the metabolic capacity of this organism for both fuel and astaxanthin
production, we have reconstructed the metabolic network from the published genome.
Our current reconstruction has 2880 metabolites, 3523 reactions, and 1422 genes,
spread across 11 compartments. We have used the model to simulate both autotrophic
growth and photoheterotrophic growth to calculate maximal yields and validated the
model with experimental data. We will present our work to date and results of
simulations to maximize the production of both products.
BIOT 479
Deconvolution of fatty acid mass spectral patterns to determine the acetyl-CoA
mass isotopomer distribution for 13C metabolic flux analysis
Daniel Lugar, dlugar@umd.edu, Navadeep Boruah, Andrew Quinn, Ganesh Sriram.
University of Maryland, College Park, Maryland, United States

In 13C metabolic flux analysis (MFA), isotope labeling experiments provide a fingerprint
of an organism’s metabolic state, which is typically read via mass spectra of measurable
metabolites. From these spectra, labeling states of the measurable metabolites and
their metabolic precursors are determined, following which, a metabolic flux distribution
is fitted to these labeling patterns.
Acetyl-CoA is a major metabolic node, critical in several metabolic pathways including
the TCA cycle and fatty acid biosynthesis. Most organisms have unique fatty acid
profiles and can be identified in mixed communities by these unique fatty acids.
Furthermore, in eukaryotes, acetyl-CoA is produced and consumed in several
intracellular compartments. Thus, knowledge of the mass isotopomer distribution (MID)
of the acetyl-CoA acetyl group (hereafter, acetyl-CoA) could provide key information for
MFA of microbial communities or eukaryotic compartmentalized metabolism. However,
the acetyl-CoA MID cannot be determined by direct measurements.
We have developed a method of determining the MID of acetyl-CoA by deconvoluting
the mass spectra of fatty acids derived from acetyl-CoA. These fatty acids undergo
complex mass fragmentation, complicating their mass spectral interpretation. Our
method comprises a nonlinear algebraic model that predicts fragments, calculates the
spectrum resulting from their superimposition, compares this theoretical spectrum to an
experimentally measured one and deduces the acetyl-CoA MID vector underlying the
experimental fatty acid mass spectrum. We have observed that acetyl-CoA MID vector
can thus be determined with high accuracy. We will present results from E. coli cultures
in glucose with several 13C labels, demonstrating the accuracy of our method. As a
proof of principle, the acetyl-CoA MID vector obtained from our method compared well
with the MID vector of the C2-C3 fragment of alanine, which, in E. coli, is expected to
have a very similar labeling pattern as acetyl-CoA, therefore serving as a benchmark for
the accuracy of our method.
BIOT 480
Bacterial production of 13C-labeled cellulose for 13C metabolic flux analysis of
cellulose degradation
Maciek R. Antoniewicz, mranton@udel.edu. University of Delaware, Newark,
Delaware, United States
Experimental resolution of metabolic fluxes is of major significance in basic and applied
biological sciences. Fluxes represent the integrated and functional state of cellular
metabolism, and as such provide a critical visibility into biology and inform metabolic
engineering efforts. To this end, stable-isotope assisted methods, particularly 13C
metabolic flux analysis (13C-MFA), have emerged as the predominant approach. Thus
far, 13C-MFA has only been applied to study metabolism of cells grown on small
molecule substrates, such as glucose, xylose, and acetate, which has been enabled by
the availability of large number of 13C-tracers of these compounds, e.g. [1,213C]glucose, [5-13C]xylose, etc.
In this contribution, we extend the

13C-MFA

approach to analysis of cellulose degrading

microbes and communities. Since there are no commercially available 13C-cellulose
tracers, first, we had to produce specifically 13C-labeled cellulose ourselves. For this
purpose, we cultured the cellulose producing microbe Komagataeibacter xylinus on
various 13C-labeled glucose tracers. We demonstrated that K. xylinus converted the
majority of 13C-labeled glucose tracers into 13C-labeled cellulose, which could be
purified easily and was characterized in detail. Using these 13C-labeled cellulose
tracers, we then investigated the metabolism of the cellulose-degrading thermophilic
bacterium Thermobifida fusca. Cells were cultured on the various 13C-labeled cellulose
tracers in parallel cultures, followed by GC-MS analysis of amino acid labeling and 13CMFA flux estimation. Using this approach, we successfully elucidated the metabolism of
T. fusca grown on cellulose as the only carbon source. By comparing the flux results to
cultures grown on simple sugars (e.g. glucose and xylose), we identified significant
intracellular flux rewiring when cells were grown on cellulose compared to grown on
glucose alone. The flux results also suggested new metabolic engineering targets to
improve cellulose degradation. Taken together, this study opens the door for a wide
array of other investigations of cellulose-degrading microbes (or microbial communities)
using the powerful 13C metabolic flux analysis approach.
BIOT 481
Investigating nutrient cycling mechanisms in a filamentous cyanobacterium
using advanced multi-scale multi-paradigm metabolic models
Joseph Gardner1, jgardner@mines.edu, Bri-Mathias Hodge2, Nanette Boyle1,
nboyle@mines.edu. (1) Chemical & Biological Engineering , Colorado School of Mines ,
Golden, Colorado, United States (2) Electrical Engineering, University of Colorado
Boulder, Boulder, Colorado, United States
Global nutrient cycles play a large role in the health of human and environmental health.
While a lot of attention has recently been paid to the carbon cycle, nitrogen and
phosphorus cycles are also incredibly important and are unbalanced due to human
activity. This imbalance causes residual reactive N and P accumulation through runoff
while depleting certain environments of N and P and leading to the depletion or
accumulation of certain species in these environments. Population growth, changing
consumer preferences, and inefficient N recycling are projected to lead to an
unsustainable N cycle by 2050. Likewise, P may rapidly become a limiting
macronutrient because of its relative rarity and the lack of “biotic mobilization” of P
(compared to nitrogen and carbon fixation). Fortunately, some marine cyanobacteria,
such as Trichodesmium erythraeum, have evolved in extremely nutrient deplete
conditions and have become efficient recyclers of N and P. This species is a highly
productive jack-of-all-trades, responsible for fixing its own carbon and nitrogen while
containing a plethora of phosphorus sequestration reactions. In fact, data suggest that
T. erythraeum leverages its community to effectively cycle carbon, nitrogen, and
phosphorus in cells, even where stoichiometric predictions predict that a nutrient should
be limiting. This is because T. erythraeum maintains a wide latitude of amino acid
metabolic capability in conjunction with carbon fixation and the ability to store

phosphorus in a relatively inaccessible suite of phosphonate compounds.
Understanding its ability to cooperatively support its own growth in deplete
environments through these metabolic pathways and cell interactions could generate
cues or tools for better agricultural implementation of these cycles through biological or
consortia mechanisms. This study investigates the mechanisms of storage, reflux, and
alternative sequestration occurring rapidly within T. erythraeum populations using a
multi-scale multi-paradigm modeling technique.

BIOT 482
Implementing upstream platform upgrades across Janssen BioTherapeutics
Development
Amalie T. Levy, alevy8@its.jnj.com, Abbey Weith, James V. Price, Stefanie Berges,
Michael Weiss, Jeffrey Simons, Christopher Canova, Steven Savage, Jesse Ruben,
Raghunath Shivappa. BioTherapeutics Development-API, Janssen Pharmaceuticals,
Malvern, Pennsylvania, United States
Janssen BioTherapeutics Development (BioTD) is responsible for the simultaneous
development of multiple large-molecule therapeutic products of different modalities,
including monoclonal antibodies, antibody fragments, fusion proteins, and CAR-T
therapies. Rapid growth in the Janssen BioTD pipeline and high-dose therapeutics
necessitated upgrades to the Janssen fed-batch cell culture platform to deliver
increased productivity and improve process robustness. To address this challenge, the
BioTD organization created the Upstream Technology Development (UTD) team and
initiated a project to develop a new upstream platform. The UTD team successfully
developed new basal media and feeds that delivered at least two-fold titer
improvements, as well as improved bioreactor operating conditions appropriate for the
intensified upstream process. Deployment of the new upstream platform across multiple
molecules at various stages of development has presented complex challenges. To
address these challenges and ensure success of the program, the UTD team developed
and initiated a change management program called the “High Titer Liaison Program”
with the overall objective of facilitating project teams’ seamless transition into the new
platform. This presentation will describe the approach of the Liaison Program to ensure
clear communication across different teams, to guide implementation of the new
upstream platform, to manage and communicate new challenges back to the UTD team,
and to facilitate tech transfer across Janssen’s internal and external clinical
manufacturing sites. The outcomes of this effort related to process improvements and
implementation success will also be discussed.
BIOT 483
3D-printed human villi-on-a-chip with capillary system for drug screening and
disease interrogation

Chen-Yu Chen1, seanchen634@gmail.com, Wu Shang1, Gregory F. Payne3, Ryan
Sochol4, William E. Bentley2. (1) Fischell Dept of Bioengineering, University of
Maryland, College Park, Maryland, United States (3) Univ of Maryland Biotech Inst,
College Park, Maryland, United States (4) Dept of Mechanical Engineering, University of
Maryland, College Park, Maryland, United States
Exposure to toxins or gut dysbiosis (microbial imbalance) is known to influence the
physiological function of the gut endothelium and is involved in several intestinal
diseases and even mental disorders. The disruption of gut bacteria often damages cell
integrity leading to increased permeability and susceptibility to chronic disease. Current
in vivo models lack the ability to interrogate and modulate biological signaling at cellular
length scales and in real time. With their ability to co-host multiple human cell types and
gut microbiota, synthetic in vitro models such as Organ-on-a-chip (OOC) offer the
potential to precisely control microenvironments for better understanding gut physiology.
Oftentimes, however, in vitro OOC’s rely on cell self-assembly to fully reconstruct critical
features of intestinal villi, such as their 3D structure and the embedded the capillary
system. It is believed that these features play a significant role, however, in determining
cell-cell interaction. For example, the oxygen tension and redox environment extending
from the crypts to the villus tips vary tremendously. To gain insight, we have developed
a 3D-printed, microbial flora co-cultured human villi-on-a-chip model with an internal
capillary system for real-time monitoring of cellular permeability and redox signaling.
Our capillary system recapitulates apical and basal transport in a structurally relevant
model. The villus scaffold is assembled with ultra-high spatial resolution (less than 1
mm) owing to a new two-photon 3D printing system. The reduced size has also allowed
for more rapid and physiologically relevant mass transport by reducing the overall
volume. This ensures that our embedded sensor methodology pairs physiological
responses to programmed metabolic inputs. In addition, because we employ a modular
sensor configuration, cytotoxicity is rapidly quantified via exogenous substrates and an
LDH activity assay. Together, by advancing 3D printing configurations that faithfully
recapitulate the geometric landscape and at the same time enable molecular
interrogation of the signaling events, we are in a position to discover new insight on the
GI tract, the progression towards disease, as well as the potential for new therapies.
BIOT 484
Impact of trace metal impurities from chemically defined media on process
performance and product quality of an antibody produced in a CHO cell culture
process.
Patrick A. Laitala, plaitala@its.jnj.com. BioTherapeutics Development , Janssen
Research & Development, Springfield, Pennsylvania, United States
Chemically defined media is commonly used for therapeutic IgG production in cell
culture processes. These media are formulated with defined chemical components used
to prepare the media powders to ensure necessary nutrients are available for the cell
culture process. Janssen has established a raw material characterization program to

monitor consistency in powder lots. During this monitoring, it became apparent that the
concentrations of several trace metals showed significant variability and were
consistently above the theoretical formulated amounts. These trace metals are
contaminants from other components used in the formulation. Based on initial screening
results, manganese and copper were identified as impurities that warranted
investigation due to their potential impact on cell culture. In this study, we explored the
effect of copper and manganese concentrations in basal media on a CHO fed-batch cell
culture process in a two factor DOE study using an AMBR250 microbioreactor system.
Copper and manganese concentrations were selected based on historical variability
observed in the chemically defined media lots. This study found copper concentration
impacted cell growth and viability and glucose/lactate metabolism, but had minimal
impact on product quality, while manganese concentration had less impact on process
performance, but had a significant impact on certain product quality attributes.
BIOT 485
Production bioreactor pH setpoint controls monoclonal antibody charged species
distribution and aggregation characteristics
Barry F. Wolf, barry.wolf@abbvie.com, Lance Sager, Xiofeng Lu, Jon Olsen, Ping
Huang. Oncology Early Development, CMC Biologics, AbbVie Biotherapeutics,
Redwood City, California, United States
The physicochemical characteristics of therapeutic monoclonal antibodies can be
important determinants of biological activity, serum half-life, and immugenicity in
humans. Additionally, the stability of formulated monoclonal antibodies is an important
property for consistent clinical administration. Understanding how to control specific
molecular characteristics of a monoclonal antibody aids in maintaining consistent
product quality and clinical efficacy. This study determined that when a monoclonal
antibody was expressed through cell culture in a production bioreactor, the pH setpoint
was a key determinant of the antibody charged species distribution. Additionally, it was
found that when formulated, the monoclonal antibody aggregation content and
aggregation rate was correlated to the production bioreactor pH control setpoint.
BIOT 486
Universal reference platform development for Chinese hamster ovary cell culture
Venkata Gayatri Dhara1, Harnish Naik1, Hussain Dahodwala5, Jongyoun Baik5, Douglas
Nmagu5, Caitlin Morris3, Daniel Odenwelder2, Michael J. Betenbaugh1,
beten@jhu.edu, Kelvin H. Lee5, Seongkyu Yoon3, Sarah W. Harcum2, Jonathan L.
Coffman4. (1) Department of Chemical and Biomolecular engineering, Johns Hopkins
University, Baltimore, Maryland, United States (2) Bioengineering, Clemson University,
Clemson, South Carolina, United States (3) University of Massachusetts Lowell, Lowell,
Massachusetts, United States (4) Process Science, Boehringer Ingelheim, Fremont,

California, United States (5) Department of Chemical and Biomolecular Engineering,
University of delaware, Newark, Delaware, United States
Chinese hamster ovary (CHO) cells are a major cell culture platform used throughout
the pharmaceutical industry for biomanufacturing of therapeutic proteins including
monoclonal antibodies. However, different laboratories, both academic and industrial,
across the CHO community use variations of CHO cell lines, culture medium, feed and
process in their studies and in their platform development. Thus, it is difficult to compare
studies across laboratories due to issues with consistency and reproducibility. While
substantial efforts have been made to improve cell culture performances, due to a lack
of a standardized reference CHO cell line, media and process, the findings of such
studies are not applicable universally. To address this challenge, the NSF funded
academic-industrial collaborative research consortium AMBIC (Advanced Mammalian
Biomanufacturing Innovation Center) targeted this as a potential bottleneck towards the
development of next generation CHO biomanufacturing. AMBIC has created an
opportunity to establish industrially relevant CHO cell culture platform to serve as
AMBIC- and community-wide resources as the reference standard.
Two IgG producing cell lines: CHO-K1 and GS-CHO hosts derived, were chosen as the
model reference cell lines considering the prevalence of these lineages in the industry
today. These production clones express multi-gram levels of industrially relevant
monoclonal antibodies and will serve as reference cells for all research and
development proposals. An AMBIC CHO cell culture basal reference medium was
developed with the efforts of academic and industrial members. AMBIC medium and
feed have been developed and optimized for culture performance improvement. The
model cell lines’ fed batch process at different scales (shake flask and bioreactor) are
currently being evaluated for generating an AMBIC standard operating protocol that will
be shared across all partner labs. Through this partnership, a universal CHO platform
will be established as a key step forward towards consistent and reproducible
experimental studies across the CHO community worldwide.
BIOT 487
Enhance bioreactor control: Near-infrared spectroscopy for upstream
applications
Helena Ohrvik1, helena.ohrvik@ge.com, Lisa Blomqvist1, Bim Immerdahl1, Rickard
Pettersson1, Martin Antti2. (1) R&D Start-to-Finish, GE Healthcare Bioprocess, Uppsala,
Sweden (2) CTO, GE Healthcare Bioprocess, Uppsala, Sweden
Near infrared (N-IR) spectroscopy has been in use for decades within the process
industry to analyze individual components: from raw material analysis to end product
quality control. Spectral data has the advantage of being in-line analytics and is
therefore in accordance with the Process Analytical Technology (PAT) initiative.
Through real-time monitoring and prediction of specific components, a cell culture
process can be closely monitored and controlled. Feedback loops based on prediction
algorithms can be used to further reduce manual handling of cultures, therefore

reducing contamination risk.
In this work, we combined N-IR in-line monitoring with a feedback loop for glucose
control to obtain a fully automated control of this nutrient, while at the same time, we
received real time data for lactate and viable cell concentrations. The target process
was a fed-batch cultivation over 12- 14 days with feed additions starting on day three
with glucose addition when glucose off-line measurements went below 2 g/L.
Data models were based on experiments in screening bioreactors where spectra waere
collected every 4th minute from each bioreactor run in combination with daily off-line
analysis. Additional spiking experiments were used to further expand the experimental
space. As spectrum treatment SNV (vector normalization) filter was utilized, followed by
PLS as a multivariate regression model. Off-line analysis of glucose, lactate and viable
cell density were performed with Bioprofile Flex and Cedex bioanalyzers. The resulting
data was used to build individual models for different cultivation volumes based on small
scale screening experiments.
To challenge our N-IR models, we performed a proof of concept through the set-up of
an automatic glucose feedback loop. The N-IR spectra and our glucose model were
used to predict glucose concentration inside the bioreactor at a frequency of once every
minute during an entire fed-batch culture process. The predicted concentration was then
used to control the glucose level to a given set point via the glucose pump. In
conclusion, the feedback loop based on the N-IR real-time prediction algorithm
managed to control the glucose pump in a successful manner after noise reduction.
In summary, our experimental data supports the advantages of N-IR spectroscopy in
upstream applications. Moreover, the results demonstrate how a predictive model can
be used to control a feedback loop as a step towards more automated process control.
BIOT 488
Bio-capacitance for improved process control and consistency in cell culture
process development
Taylor E. Forte, taylor.forte@biogen.com, An Zhang. Cell Culture Development,
Biogen, Raleigh, North Carolina, United States
The current state of upstream process development relies heavily on daily offline
samples for cell counts, glucose concentrations, and general cell health data. Analysis
of this data furthers understanding of cells’ nutrient demands, which can help to define a
fixed manufacturing feed strategy. Media development work is often necessary to
provide cells with the proper nutrients to maximize their productivity while maintaining
adequate stability of the feed solution. However, fixed processes still may not account
for process variability in the culture with regard to cell growth and physiology that can
ultimately impact certain critical quality attributes. Process Analytical Technology (PAT)
tools have been developed to monitor some of these parameters in real time and to
further automate bench scale bioreactor systems. These tools can not only monitor the
status of the system, but can be implemented as control strategies to improve process
consistency and decrease batch to batch variation. This talk will present a case study in
which the application of online measurements such as biocapacitance can improve the

accuracy of certain steps in the upstream manufacturing process and minimize errors
due to human operation. Furthermore, advanced process control can transform a fixed
process to a dynamic one, increasing robustness, consistency, and product quality
control.
BIOT 489
Improvements in isopentenol production using the IPP-bypass mevalonate
pathway by fed batch fermentation
Daniel Mendez-Perez1,2, Aram Kang1,2, Taek Soon Lee1,2, tslee@lbl.gov. (1) Joint
BioEnergy Institute, Emeryville, California, United States (2) Lawrence Berkeley
National Lab, Berkeley, California, United States
Isopentenol (3-methyl-3-buten-1-ol) is a valuable compound as a drop-in biofuel and a
precursor of commodity chemical such as isoprene. Synthetic microbial system using
heterologous mevalonate pathway has been developed for the production of
isopentenol via extensive metabolic engineering efforts. However, the toxicity of key
intermediate isopentenyl diphosphate (IPP) has been a significant bottleneck of high
titer production of isopentenol in microbial host. In previous study, we have developed
an IPP-bypass pathway for isopentenol production which bypasses the toxic
intermediate formation as well as relieves energy demand of the original mevalonate
pathway. This alternative pathway has been developed and further engineered for the
production of isopentenol in E. coli. However, production studies have been limited to
batch experiments in shake flasks. In this study we tested isopentenol production via
IPP-bypass pathway in a 2-L bioreactor using fed-batch fermentation. After several
optimization strategies such as media optimization and the elimination of the acetate
generating pathways, isopentenol production reached 10.3 g/L, which is the highest
reported titer for this compound. To achieve this high titer, we found that it is required to
use a two-phase fermentation process in which isopentenol is partially removed from
the culture media to organic phase (with oleyl alcohol) to relieve the toxic effects by
isopentenol.
BIOT 490
Engineering sulfate donor accumulation in Escherichia coli: Improved in vitro
chondroitin sulfate biotransformation and a step towards in vivo microbial
production
Abinaya Badri1, badria@rpi.edu, Asher Williams3, Robert J. Linhardt2,1, Mattheos
Koffas1. (1) Chemical and Biological Engineering, Rensselaer Polytechnic Institute,
Troy, New York, United States (2) Chemistry, Rensselaer Polytechnic Institute, Albany,
New York, United States (3) Chemical & Biological Engineering , Rensselaer
Polytechnic Institute , Troy, New York, United States

Sulfated glycosaminoglycans (GAGs) represent the bulk of sulfated biologics that are of
pharmaceutical/nutraceutical interest today. Key biological roles of specifically sulfated
GAG oligosaccharides continue to be uncovered. As a consequence, GAG extraction
from animal tissues will no longer suffice to meet world demands. Several on-going
studies aim at developing efficient and scalable chemical and chemoenzymatic methods
to produce these compounds. However, the most important questions for metabolic
engineers working with E. coli are: 1. Can we achieve total in vivo microbial synthesis of
sulfated GAGs? 2. Will metabolic engineering be more economically advantageous than
chemical or chemoenzymatic synthesis?
Certain strains of E. coli possess the ability to biosynthesize unsulfated GAG
backbones. These have been well-studied and optimized for GAG production. However,
E. coli is not adept at sulfation of biomolecules. Sulfation requires the universal sulfate
donor, 3’-phosphoadenosine-5’-phosphosulfate (PAPS) as well as appropriate
sulfotransferase enzymes to transfer sulfate moiety onto the GAG backbone. In vitro
biotransformation of unsulfated GAGs using PAPS and sulfotransferase circumvents
this issue. However, the scalability of that process is still in question, since PAPS is both
expensive and unstable. In this work, we explore the metabolic pathway for PAPS
synthesis in E. coli and identify strain designs that facilitate PAPS accumulation. We
use this to step-up the state-of-art chemo-enzymatic biotransformation method to use
PAPS from the cell lysate of these different E. coli constructs. We also use this system
and its comparison to other in vitro biotransformation systems to identify the bottlenecks
for total in vivo synthesis of sulfated GAGs in E. coli. We show for the first time that with
this system, we have achieved the synthesis of chondroitin sulfate A without the
dependence on the expensive synthesis of PAPS cofactor.
BIOT 491
Bioprocess control: Deeper insights into LacI autoregulation and how to exploit it
Artur Schuller1, artur.schuller@boku.ac.at, Monika Cserjan1, Johanna Jarmer2, Martin
Wagenknecht2, Daniela Reinisch2, Reingard Grabherr1, Gerald Striedner1. (1) Christian
Doppler Labratory for production of next-level biopharmaceuticals in E. coli, Department
of Biotechnology, University of Natural Resources and Life Sciences, Vienna, Austria
(2) Boehringer Ingelheim RCV GmbH & Co KG, Dr.-Boehringer-Gasse 5-11, A-1120,
Vienna, Austria
For the production of biopharmaceuticals in E. coli, genome integrated expression
systems offer significant advantages. They are released from plasmid-mediated
metabolic load and there is no variation in gene dosage of the gene of interest (GOI)
during the production process. However, in T7-based genome integrated expression
systems, long-term cultivation under production conditions leads to mutation and
inactivation of the T7 RNA polymerase (RNAP). This phenomenon can be excluded in
systems based on host RNAP specific promoters, as full functionality of the host RNAP
is required for cell growth. Aim of this work was to investigate the suitability of two host
RNAP dependent promoters in genome integrated expression systems. We applied a

promoter engineering strategy that allowed expression control of the model protein GFP
by introducing lac operators (lacO) to the constitutive T5N25 and T7A1 promoter
sequences. Seven promoter/operator combinations with the model proteins GFP and an
antibody Fab’ fragment were investigated regarding expression strength, tunability,
basal expression and cell growth in plasmid-based and plasmid-free BL21 expression
systems. The resulting set of production clones was cultivated and compared under fedbatch like conditions in micro-titer fermentations and for detailed characterization labscale fed-batch cultivations were conducted. We showed that in genome-integrated
expression systems the number of lacO sequences must be well balanced. Three and
two lacOs exhibit low basal expression but result in a complete stop in recombinant
protein production in partially induced cultures. Whereas expression systems regulated
by a sole lacO and lacIQ on the chromosome exhibit very low basal expression, are
highly efficient in recombinant protein production and are tunable on a cellular level. We
hypothesize that this phenomenon is associated with the autoregulation of the lac
repressor (LacI). The affinity of LacI to the lacOs of the GOI must be lower than the
affinity of LacI to the lacOs of the endogenous lac operon. Otherwise, LacI
autoregulation cannot take place, which leads to disturbance of lac repressor-mediated
regulation of transcription.
BIOT 492
Production of antibody fragments with plasmid-based and genome integrated T7
E. coli expression systems – evaluation of systems performance in microtiter fedbatch like cultivations
Sophie Vazulka1, sophie.vazulka@boku.ac.at, Mathias Fink1, Johanna Jarmer2,
Monika Cserjan1, Gerald Striedner1. (1) Christian Doppler Laboratory for production of
next-level biopharmaceuticals in E. coli, University of Natural Resources and Life
Sciences, Vienna, Austria (2) Boehringer Ingelheim RCV GmbH & Co KG, Vienna,
Austria
Although E. coli is the most prominent bacterial production host for recombinant
proteins, some proteins with high economic potential can still hardly be produced at
remunerative levels. We selected four different Fabs (Fragment, antigen binding)
(BIBH1, BIWA4, CIMZIA and Fabx) with identical constant domains representing such
challenging proteins. Fab yield can be affected by miss-folding, aggregation or
unbalanced expression, translation and translocation levels of sub-units, making it still
challenging to efficiently design expression systems and production processes.
For translocation to the periplasm a post-translational (OmpA) and a co-translational
(DsbA) leader sequence were used. E. coli BL21(DE3) and E. coli HMS174(DE3) were
transformed either via pET vectors or integration into the host genome. The resulting 32
clones were cultivated in microtiter format, under fed-batch like, C-limited conditions
(BioLector).
Cell growth was not affected by different leader sequence/Fab combinations, but the
yield of correctly folded, soluble Fab ranged from 0 to 7.4 mg/g CDM. In most cases the
K12 strain reached higher yields then the B strain counterparts. Except of two systems,

genome integrated systems showed higher Fab yields, reduced levels of free light
chain, inclusion body formation and basal expression than the plasmid-based
counterparts. Independent of the expression system used, highest yields were obtained
with CIMZIA, followed by BIWA4, BIBH1 and Fabx. Leader sequence cleavage
efficiency for DsbA was lower than for OmpA, both lowest with CIMZIA.
Summarizing, we showed that the selected set of host/gene dosage/leader/Fab
combinations resulted in a broad range of variation in terms of Fab yields and
processing, which provides a platform for more detailed characterization in bench-scale
fermentations. For characterization studies, the genome integrated systems showed to
be suitable, due to good yields, elimination of plasmid-mediated variation and reduced
metabolic load, compared to plasmid-based counterparts.
BIOT 493
Sustainable synthesis of natural 2-phenylethanol from biobased L-phenylalanine
via five-steps artificial cascade biotransformation
Benedict Ryan Lukito, benedict.ryan@u.nus.edu, Shuke Wu, Heng Jie Jonathan Saw,
Zhi Li. Chemical and Biomolecular Engineering, National University of Singapore,
Singapore, Singapore
2-phenylethanol (2-PE) is an aroma compound with a rose-like odor which is widely
used as perfumes, cosmetics, and food ingredients. Currently, this compound is mainly
obtained through chemical synthesis via Friedel-Craft reaction between benzene and
ethylene oxide or catalytic reduction of styrene oxide. Due to the use of toxic reagents
and the generation of byproducts, it is very difficult to obtain 2-PE in high purity for food
application. On the other hand, natural 2-PE obtained by the extraction of plant is
preferred for such applications with much higher value (US $1,000/kg) than the one
produced chemically. However, the availability of nature 2-PE is very limited. Since the
product generated from biotransformation of a natural substrate can be classified as
“natural”, it is of great interest to produce 2-PE from an easily available natural resource
via biotransformation. Here, we report the engineering of a cascade biotransformation
for one-pot conversion of L-phenylalanine (L-Phe) to 2-PE coexpressing 5 enzymes that
are necessary for the designed cascades via modular approach and random
combination, develop whole cell-based biotransformation of L-Phe to 2-PE with resting
cells using the best E. coli strain, and achieve the production of 2-PE in high
concentration and high purity via in-situ product removal. The developed artificial
pathway provides sustainable, high-yielding, and potentially practical synthesis of
natural 2-PE from biobased L-Phe, which is a natural feed stock produced at large
quantity and low price by fermentation.
BIOT 494
Utilization of probiotic Bacillus coagulans in the production of
fructooligosaccharides (FOS): reduction of the glycemic index and formation of
the endospores

Rong Fan, Peter M. Czermak, czermakpeter@aol.com. IBPT, University of Applied
Sciences Giessen, Giessen, Germany
Probiotics termed as functional food are gaining more and more interest of the food
market. Lactobacilli, bifidobacteria, Bacillus coagulans are the frequently used probiotic
strains, which have been demonstrated to modify and reinstate the intestinal flora,
beneficially affecting the host health. This is mainly caused by altering the pH value,
since they can convert diverse carbohydrates into lactic acid (LA). The probiotics are,
therefore, often used to produce LA with anaerobic fermentation in food and chemical
industry. In these microorganisms, Bacillus coagulans is a competitive candidate due to
its thermophilic and spore-forming property. It can grow from 30 to 60°C and convert the
carbohydrates via homolactic fermentation to L-lactic acid with high yield and optical
purity. In our study, different operating modes and carbon sources were applied to
investigate the fermentation of Bacillus coagulans. In the membrane bioreactor system,
a stable continuous production of LA was achieved with the highest productivity of 8.6 g
L-1 h-1 and the highest yield of 0.87 g g-1 with pure glucose as a carbon source. This
productivity is 2.5 times as high as the best overall productivity obtained in batch
fermentations [1]. When the raw product of prebiotic fructooligosaccharides (FOS),
which is a mixture of FOSs, residual sucrose, fructose and glucose [2], was applied as
the carbon source, Bacillus coagulans showed a preference for the glucose than the
other components, leading to a reduction of glucose in the FOS product and therefore to
a reduction of the glycemic index of the mixture. Additionally, at the end of the
fermentation, the population of the endospores achieved 1.2 × 108 mL-1 with the
sporulation rate up to 81.8%.
BIOT 495
Use an autosampler to improve efficiency in developing Raman-based calibration
models for mammalian cell cultures
Rubin Jiang, rubin.jiang@merck.com. Merck, Kenilworth, New Jersey, United States
FDA encourages drug manufacturers to apply process analytical technology (PAT) in
biomanufacturing processes to provide safe, consistent, and high-quality products for
patients. Raman spectroscopy has emerged as a real-time bioreactor
monitoring/controlling tool due to its ease of use, fast analysis, and non-destructive
nature. A major challenge for the application of Raman spectroscopy is to build robust
calibration models (R2 > 0.9) to accurately predict cell culture parameters such as cell
density, metabolites, and multiple amino acids (e.g., L-Lysine, L-Histidine, and LArginine). Using data from multiple batches (typically, 10 – 20) can help to obtain
accurate calibration models in development space. However, the overall Raman
spectrum collection process for 10 – 20 batches usually takes 3 months or longer if only
one Raman instrument is available. With the aim to improve the efficiency in developing
Raman-based calibration models, we demonstrated that using an autosampler could
significantly reduce the number of batches and time required for calibration model
development. Autosampler enabled multiple sampling per day without interrupting

standard bioreactor operational flows. In a case study, we showed that 4 batches were
sufficient in developing satisfying calibration models. At the end, titration studies of
viable cell density, titer, and multiple amino acids were conducted to assess the
reliability of predictive mathematical relationships.
BIOT 496
Developing chemoselective probes to label secondary metabolites in metabolome
Ruo-Yu Wu, r06223202@ntu.edu.tw, Wei-Ting Chang, Tsung-Shing A. Wang.
Chemistry, National Taiwan University, Taipei, Taiwan
Secondary metabolites are structurally diverse natural products (NPs) and have been
used for many medical applications, such as antibiotics, antioxidants and anticancer
drugs. Most of them were extracted from microorganisms. However, approximately 99%
of microorganisms do not grow under the laboratory conditions. How to investigate
secondary metabolites in the native environment becomes a challenge that scientists
need to resolve. Traditional approaches to discover NPs highly rely on isolating pure
cultures, which are time-consuming and biased toward abundant metabolites. Isolating
NPs from the native and complex environment is one of the promising solutions. To
achieve this goal, we present a chemical approach to label specific functional group(s)
on NPs. Through combining LC-MS and metagenomic analysis, low abundant NPs can
be pinpointed for further structure prediction.
Here, we synthesized methyl and phenyl hydrazide probes to target phenol group
containing structures by the ene-type labeling commonly used in proteomic research,
which required the HRP catalyst and hydrogen peroxide. The azido-linker was
introduced into our probes for further functionalization through CuAAC click chemistry.
After optimization in model tests, we showed that our probes labeled phenol-containing
substrates, such as tyrosine (Tyr) and vancomycin (Van), with high efficiency. We found
that the labeling ability of the methyl hydrazide probe (MeHyzN3) is better than the
phenyl hydrazide probe (PhHyzN3). Fluorophores were clicked on labeled substrates for
lowering the spectral noise, while biotin for the enrichment. Our chemoselective method,
in conjunction with LC-MS and metagenomic analysis, will facilitate the identification of
novel phenol-containing secondary metabolites in the complex environment.

The schematic strategy and procedure of chemical labeling (left panel) and chromatograms of the
model test using MeHyzN3 probe and vancomycin substrate (right panel).
BIOT 497
Engineering Escherichia coli for production of poly(3-hydroxyoctanoic acid) from
glycerol
Ke Xu1, kxu49@wisc.edu, Nestor Hernandez Lozada1, Brian Pfleger2. (1) University of
Wisconsin-Madison, Madison, Wisconsin, United States (2) Department of Chemical
and Biological Enginee, University of Wisconsin Madison, Madison, Wisconsin, United
States
Poly(3-hydroxyalkanoates) (PHA) are a class of renewable and biodegradable
polyesters that can be microbially synthesized in large quantity. It has been reported
that more than 150 unique monomers can be incorporated into the PHA polymer to give
rise to its versatile functionalities; therefore, demands for sustainable materials have
recognized PHA as potential plastic alternatives. Due to the cost of related feedstocks
(e.g., fatty acids and lipids), a challenge for large-scale PHA production is to produce
polymers from cheaper and renewable feedstocks (e.g., sugars). Here, we demonstrate
the production of poly(3-hydroxyoctanoic acid) (PHO) in recombinant Escherichia coli
from glycerol via an engineered metabolic pathway that combines fatty acid
biosynthesis and β-oxidation. We identified the combination of (R)-specific enoyl-CoA
hydratase, PHA synthases, and acyl-CoA synthetase that are optimal for PHO
production from exogenously fed octanoic acid as the sole carbon source. We showed
that by over-expressing acyl-CoA dehydrogenase, PHO content can be further
improved. Furthermore, when a single copy of a C8-specific Cuphea palustris FatB1

thioesterase mutant CpFatB1.2-M4-287 is integrated into the chromosome, the resulting
E. coli strain is capable of producing >1.3 g/L of octanoic acid with >88% specificity from
glycerol. Subsequent the expression of PHA synthesis genes allows a PHO production
of ~15% cell-dry-weight (CDW) and ~1 g/L – the highest reported production of PHO
from an unrelated carbon source.
BIOT 498
Development of an alternating tangential flow based perfusion process for the
production of therapeutic proteins with non-natural amino acids
Jason Reier2, reierj@medimmune.com, Marcello Marelli1, Gargi Roy1. (1) Antibody
Discovery and Protein Engineering, Medimmune, Gaithersburg, Maryland, United
States (2) Cell Culture and Fermentation Sciences, MedImmune, Washington, District of
Columbia, United States
Here we describe the development of a cell culture process for the production of
antibodies incorporating non-natural amino acids. Incorporation of a non-natural amino
acid allows for site-specific conjugation of toxins to produce antibody drug conjugates
with improved performance. Shake flask cultures were initially run to generate material
for conjugation, but culture performance was inhibited in conditioned medium using a
standard fed-batch protocol. Addition of the non-natural amino acid also negatively
impacted cell growth. Full medium exchange at inoculation and again prior to addition of
the non-natural amino acid was required for improved growth and expression of full
length antibody, possibly due to removal of an inhibitory metabolite or addition of an
essential nutrient. While sufficient for supplying research material, this unconventional
fed-batch process would be problematic for manufacturing large quantities of antibody.
To resolve this issue, alternating tangential flow perfusion technology was evaluated
due to its ability to continuously supply fresh nutrients while removing cellular waste
products. Perfusion also gives the added benefit of achieving high cell densities and
maintaining high cell viabilities to improve overall yields. Process parameters, such as
hollow fiber membrane pore size, perfusion rate, maximum operating viable cell density,
timing of non-natural amino acid addition, and non-natural amino acid concentration
were examined to determine the optimal operating conditions for perfusion to achieve
the best productivity with the highest efficiency for producing full length antibody.
Operating the perfusion using a 0.2-micron hollow fiber membrane at high viable cell
densities with an appropriate cell specific perfusion rate produced the best results,
improving yield over the fed-batch process by 3-fold. Reducing non-natural amino acid
concentrations led to lower productivity, however the addition of the non-natural amino
acid did not suppress cell growth in perfusion as it did in the fed-batch process, allowing
for an extended production phase.
BIOT 499
Development of a high throughput screen to engineering a long chain acyl-CoA
thioesterase for medium chain methyl ketone production in Escherichia coli

Trevor Simmons, tsimmons2@wisc.edu, Matthew Incha, Nestor Hernandez Lozada,
Christian Breckner, Brian Pfleger. Department of Chemical and Biological Enginee,
University of Wisconsin Madison, Madison, Wisconsin, United States
Methyl Ketones are naturally occurring compounds originally discovered as odorants
and flavor components. Along with their widespread function in biology, methyl ketones
have many important industrial roles. Industrially desired methyl ketones typically fall in
the medium chain length range (C7-C11). These methyl ketones are produced through
the oxidation of hydrocarbons from petrochemical sources. Due to their use industrially,
there has been economical as well as environmental incentives to develop an
alternative route for producing methyl ketones. Attempts have been made in the past to
synthesize medium chain methyl ketones form renewable feedstocks such as sugars,
but to little success. This is in part to lack of known enzymes with activity and specificity
towards medium chain length intermediates. Here, we aim to demonstrate the
production of 2-heptanone in recombinant Escherichia coli from a glycerol feedstock
through an engineered combination of the fatty acid biosynthesis and β-oxidation
metabolic pathways. A significant bottleneck in methyl ketone production occurs at
hydrolysis of the β-keto-acyl-CoA intermediate to the β-keto acid, which is catalyzed by
the long chain acyl-CoA thioesterase of E. coli (FadM). We aim to tailor the activity and
specificity of FadM towards the β-keto-acyl-CoA intermediate with a high throughput
screening system that utilizes a biosensor that detects 2-heptanone. By relieving the
bottleneck, we aim to improve 2-heptanone production titers.
BIOT 500
Genetic engineering of Pseudomonas putida for the heterologous production of
polyketides and nonribosomal peptides
Taylor B. Cook1, tbc31cc@gmail.com, Brian Pfleger1,2. (1) Department of Chemical
and Biological Enginee, University of Wisconsin Madison, Madison, Wisconsin, United
States (2) Microbiology Doctoral Training Program, University of Wisconsin-Madison,
Madison, Wisconsin, United States
Pseudomonas putida has shown promise as a heterologous host for the production of
polyketides and nonribosomal peptides, natural products that commonly have
bioactivities relevant to medicine. Like other heterologous hosts, titers of polyketides
and nonribosomal peptides produced heterologously in P. putida remain low compared
to the native organism. Recent projects were likely hindered by nonoptimal genetic
manipulation to introduce an active gene cluster to the host, such as weak synthetic
promoters and ribosome binding sites, unstable episomal vectors, and non-specific
chromosomal integration methods. However, there has recently been substantial
progress in the development of genetic tools for P. putida, including characterized
plasmids, constitutive and inducible promoters, and several CRISPR-based genomeediting methods. To demonstrate the utility of our own CRISPR/Cas9-assisted genomeediting method for integrating heterologous gene clusters into P. putida, we are
introducing the gene cluster expressing a nonribosomal peptide synthetase (NRPS) that

produces prodigiosin, a red pigment with antibacterial and antitumor properties.
Prodigiosin production yields a deep-red color that is easily detectable and provides an
opportunity for rapidly screening mutants of P. putida that improve the production of
prodigiosin. We are actively screening for mutants that improve or abolish prodigiosin
production to better understand how to engineer P. putida for the heterologous
production of polyketides and nonribosomal peptides.
BIOT 501
Development of Gibco™ Qp-CHO™ Medium through multi-omic analysis
Paul Gulde, Paul.gulde@thermofisher.com, James Smith, Mary Reynolds, Anson
Pierce, Andrew Campbell. R&D, Thermo Fisher Scientific, Grand Island, New York,
United States
Traditional CHO cell medium development relies heavily on the stoichiometric analysis
of metabolites in spent medium with emphasis on amino acid, glucose and select water
soluble vitamin consumption. Analysis of these basic metabolites in an empirical design
of experiment (DOE) has consistently resulted in incremental increases in titer generally
through increased viable cell density (VCD) and viability of the culture. It has been long
hypothesized that an upper limit to titer and product quality would be reached using
traditional medium development techniques. Through the use of multi-omics analysis,
we are developing a hypothesis based method to design media through analysis of
critical pathways focused on specific productivity. Metabolomics and proteomic
analyses were conducted on two medium formulations with disparate growth and
production characteristics. Medium formulation 1 (M1) demonstrates moderate peak
VCD with a high specific productivity (qP) over a 14 day growth performance assay
utilizing a recombinant IgG producing CHO-S cell line and DG44 cell line. Medium
formulation 2 (M2) demonstrates a high peak VCD with moderate qP under the same
conditions and cell lines. A comparative analysis of metabolite abundance and enzyme
regulation identified that M1 had greater flux in the sorbitol pathway verses glycolysis,
the TCA cycle was upregulated to a greater degree than M2. A Design of Experiment
(DoE) study based on metabolomics and proteomic data was developed to increase the
specific productivity of M1 without decreasing the VCD to M2 levels resulting in a
superior volumetric titer. Simultaneously, we utilized traditional empirical approaches to
increase the qP of M2 in a parallel set of experiments. We describe here the path to
develop a new catalog medium through both approaches.
BIOT 502
Increased CHO cell lysis in intensified high-density perfusion processes with
alternating tangential filtration (ATF) elucidated by a lactate dehydrogenase (LDH)
activity assay
Anvar Samadzoda, anvar.samadzoda@shire.com, Vignesh Gnanavel, Rahul
Chelikani. Shire , Newark, Delaware, United States

Intensified perfusion processes for biopharmaceutical manufacturing have gained
significant attention over the last few years as a means to significantly improve
productivity over conventional fed batch processes, but also pose some additional
challenges that have to be addressed. In order to achieve process intensification,
alternating tangential flow (ATF) devices are frequently used for cell retention, but
determining the actual death rate due to cell lysis in these high-density processes is far
from straightforward. While a generic measure of >90% cell viability is typically used as
an acceptable level of culture healthiness, lysis of cells causes the release of various
degrading agents, such as proteases, sialidases, reducing agents, and others, and
keeping viability as high as possible is mostly preferred. We monitored several CHO
bioprocesses, intensified and non-intensified, for the production of monoclonal
antibodies, Fc fusion proteins, and enzymes with a focus on cell viability. Trypan Bluebased viabilities, which is the industry standard, and viabilities estimated from the
activity of lactate dehydrogenase (LDH) released from dead cells, were compared for
the same processes run at various cell densities for the production of the aforementioned therapeutic modalities. Our results indicate that degradation of LDH in the
bioreactor was more significant in high-density processes. In all cases observed, the
instantaneous viabilities given by Trypan Blue methods are much higher than those
obtained from LDH measurements, and the difference in some cases is up to 10-15%.
The additional shear due to higher sparging rates and ATF recirculation can plausibly
result in significantly higher lysis levels. Our results suggesting, that dead cell counts
estimated through LDH may be more accurate than those from Trypan Blue methods,
are in good agreement with previously reported literature. Our measurements from
intensified processes demonstrate that that accuracy is even more pronounced at
higher cell densities, and LDH assays may prove to be more suitable for death rate
determination for those processes. Here we present in detail the steps of how to
achieve the desired level of accuracy in death rate and how the analysis translates to
cell culture health evaluation. We will show that a routine LDH analysis is
complimentary to Trypan Blue cell counts and gives more information about shear
damage in a given intensified process.
BIOT 503
Thwarting RNA decay in Escherichia coli and cyanobacteria: Better RNAs or a
better understanding of the process?
Michael Engstrom1,2, mengstrom@wisc.edu, Gina Gordon3,1,4, Jeffrey Cameron1,5,6,
Brian Pfleger1. (1) Chemical and Biological Engineering, University of WisconsinMadison, Madison, Wisconsin, United States (2) Genetics and Biotechnology, University
of Wisconsin-Madison, Madison, Wisconsin, United States (3) Bacteriology, University
of Wisconsin-Madison, Madison, Wisconsin, United States (4) Benson Hill Biosystems,
St. Louis, Missouri, United States (5) Biochemistry, University of Colorado-Boulder,
Boulder, Colorado, United States (6) Renewable and Sustainable Energy Institute,
University of Colorado-Boulder, Boulder, Colorado, United States

Predicting protein levels directly from nucleic acid sequences has long been a goal of
synthetic biology. However, short RNA half-lives (average between two and seven
minutes in Escherichia coli) and a poor understanding of RNA metabolism hinder
achieving it. It follows that one method to achieve this goal is to stabilize RNAs with
different 5’ and 3’ motifs. Another method is to improve our understanding of RNA
metabolism by mapping global RNA cleavage sites after knocking-down the essential E.
coli RNase, RNase E, and using TIER-Seq. Thus, to determine whether 5’ stem-loops
contribute to RNA stability and reporter production in the cyanobacterium
Synechococcus sp. PCC 7002, we added these motifs to an yfp reporter transcript and
determined reporter yields, transcript levels, and transcript half-lives. In addition, to
determine whether 3’ terminators contribute to transcript stability in the same organism,
we assessed RNA half-lives with a time course rifampicin treatment followed by RNASeq and determined putative terminator motifs using the WebGeSTer database. Finally,
to determine whether RNase E knockdowns lead to expected growth inhibition
phenotypes, we destabilized E. coli RNase E with an ssrA degradation tag and
repressed expression of rne-ssrA using CRISPRi. We found that 5’ stem-loops increase
reporter yields, steady-state transcript levels, and transcript half-lives. Likewise, we
found that transcripts with putative 3’ L-form terminators (contained an U-rich motif after
a terminator stem-loop) have higher half-lives, compared to I-form and terminator-less
transcripts. In addition, we demonstrated that RNase E could be successfully depleted;
RNase E depletion leads to a severe growth lag; and this growth lag can be rapidly
suppressed. This work simultaneously shows how RNAs may be rationally designed to
achieve a long-term synthetic biology goal and that a better understanding of general
RNA metabolism is still needed. Our ongoing work, thus, is determining the extent that
5’ and 3’ UTR-mediated transcript stabilization can be generalized and developing
RNase E knockdown strategies that are less suppressible by E. coli. Upon completion,
this work will elucidate design strategies for stable, translatable RNAs and improve our
understanding of global RNA metabolism.
BIOT 504
Microbioreactors for high-cell density CHO perfusion scale-down and
personalized T-cell manufacturing
Kevin Lee, Harry Lee, harrylee@erbi-bio.com. Erbi Biosystems, Woburn,
Massachusetts, United States
We present results from a novel 2ml microbioreactor which operates as a fully closed,
aseptic, single use device. Given its flexibility and wide control parameters, the
bioreactor can work with ndustrial cell types including: microbial, yeast, animal and
human cells. It can perform in batch, fed-batch, continuous/chemostat and perfusion
mode, and has the measurement and control instrumentation typically only found on
autoclavable bioreactors.
These microbioreactor systems have previously been used on microbial cells for
synthetic biology in programmable biologics production with Komagataella phaffii at 356

g/L wet cell weight; for scale-down of a fed-batch E. coli DNA plasmid production
process; and for continuous cultures of E. coli.
Here, we present results from two different mammalian cell culture processes:
1) A CHO perfusion process where steady state cell concentrations ranging from 60M to
250M cells/ml were achieved with closed loop control over temperature, dissolved
oxygen, and pH, and automated cell bleeds. Off-line samples were taken to analyze the
performance and compare against an ATF-perfused 2L stirred tank bioreactor.
2) A personalized engineered T-cell production process where single dose quantities of
engineered cells were produced from isolated T-cells or peripheral blood mononuclear
cells.
The results indicate that the microbioreactor system can be utilized as a reliable scale
down model for larger scale bioreactors typically used for development and can also be
developed as a platform for manufacturing personalized cell therapies.
BIOT 505
Electrochemically-tunable CRISPRa system through OxyR promoter in
Escherichia coli
Sally P. Wang4, swang816@terpmail.umd.edu, Narendranath Bhokisham1, Eric
VanArsdale2, William E. Bentley3. (1) IBBR-Plant Scis Bldg, Rm 6142, University of
Maryland, College Park, Maryland, United States (2) Bioengineering, University of
Maryland, College park, Maryland, United States (4) Fischell Dept of Bioengineering,
University of Maryland, College Park, Maryland, United States
CRISPR-Cas9 technology is a powerful genome editing tool which originated from the
bacterial immune system. Developed subsequently, CRISPR-Cas9 mediated
transcriptional activation system (CRISPRa), a repurposed CRISPR-Cas9 technique,
allows gene-specific targeting and activation. This technology utilizes two components:
a single guide RNA (sgRNA) that is complimentary to the target gene sequence for
target detection, and a nuclease-deactivated Cas9 (dCas9) protein fused with the ω
subunit of RNA polymerase (dCas9-ω) allowing transcription and gene activation. In
pursuit of a more tunable CRISPRa system, our study intends to control sgRNA
expression by placing it under inducible promoter POxyS. We expect to see increasing
gRNA expression and CRISPRa response, determined by CRISPRa mediated GFP
fluorescence, in E. coli upon induction with hydrogen peroxide. Moreover, we presented
a simple electrical device where hydrogen peroxide is directly produced from directcurrent water electrolysis. CRISPRa cells are then placed in the vicinity of electrodes to
allow induction of sgRNA. We anticipate to electrically actuate sgRNA expression, and
furthermore CRISPRa response with this system.
BIOT 506
Applications of metabolic models during large molecule development life cycle

James V. Price1, jprice35@its.jnj.com, Joachim Bucher2, Yu Luo3, Kristopher A.
Barnthouse1, Ping Hu1, John Cunningham1, Eugene J. Schaefer1, Kelvin H. Lee3,
Babatunde Ogunnaike3, Raghunath Shivappa1. (1) BioTherapeutics Development,
Janssen Research & Development, Malvern, Pennsylvania, United States (2) Insilico
Biotechnology AG, Stuttgart, Germany (3) University of Delaware, New York, New York,
United States
In the ever dynamic biotherapeutics landscape, process development teams have an
increasingly challenging task of developing, over shorter timelines, robust cell culture
processes that achieve desired productivity targets and product quality profiles. To meet
this challenge, new technologies such as metabolic modeling can be employed to
identify changes that can enable process improvements and optimization. A variety of
cell-based models exist and have been used to provide insight into changes in cell
metabolism, and to predict how variations in process inputs (e.g., raw materials,
process parameters, etc.) will affect culture performance and/or product quality. Here,
we present how two different Chinese Hamster Ovary (CHO) cell models can be applied
to aid the development of a therapeutic antibody. The two models were designed with
different purposes in mind for their use within an industrial cell culture process
development organization. The first, a multiscale, mathematical model describing CHO
cell growth, antibody production, and glycosylation, was developed in MATLAB to
provide a quantitative understanding of how to manipulate a cell culture process to
improve antibody titer and control glycosylation effectively. A user interface (UI) was
designed to accompany the model to facilitate the ease with which process scientists
can use the multiscale model to make predictions and determine process parameter
values that would lead to a specified production target. The second is a genome-based
Chinese Hamster Ovary (CHO) cell model capable of predicting cell culture metabolite
trends and product glycosylation patterns. It provides the ability to make amino acid
feed concentration predictions to improve cell culture performance and product glycan
distribution, making it an ideal tool for process optimization. We describe how these two
models can be applied to early and late phase clinical development to meet timeline
demands.
BIOT 507
Zinc enhances β-glucuronidase secretion from CHO cells by suppressing
apoptosis
Ryan Graham1, ryan.graham@fda.hhs.gov, stephanie a. ketcham1, Bidesh Ghosh1,
Adil Mohammad2, Patrick J. Faustino1, Muhammad Ashraf2, Chikkathur n.
Madhavarao2. (1) CDER / OPQ / OTR / DPQR, US Food & Drug Administration,
Cambridge, Massachusetts, United States (2) Division of Product Qulaity Research,
Food and Drug Administration, Silver Spring, Maryland, United States
The variability of trace metals in cell culture media is a potential manufacturing concern
because it may significantly affect the production and quality of therapeutic proteins. To
better understand the influence of excess supplementation and deficiency, zinc and

copper were supplemented at ~40 times the control medium concentration, and
ethylenediaminetetraacetic acid (EDTA), a metal chelator, was added to examine
depletion of trace metal bioavailability. Cultures were grown in 8 stirred glass vessel
parallel bioreactors (n=2, each treatment, and no-supplementation control) to determine
the impact on the production and quality of β-Glucuronidase. Daily samples were drawn
to monitor cell growth and viability, nutrient levels, β-glucuronidase activity, and trace
metal flux. Cell cycle and apoptosis indicators revealed that zinc supplemented cultures
maintained higher viability compared to the EDTA or copper –supplemented and control
cultures. Bioreactor sample analysis showed higher β-glucuronidase activity from
reactors supplied with zinc—indicating higher secretion, likely due to sustained viability
and suppressed apoptosis in the culture. A second run was conducted with varying
concentrations of zinc up to 120 times the control concentration, which corroborated the
above observations. Future research will focus on characterizing the degree to which
trace metal supplementation, deficiency, and competition affect culture performance,
and subsequently on better-control of upstream production.
BIOT 508
Evaluation of raman spectroscopy as a tool for PAT in perfusion processes
Arshan Nazempour, arshan.nazempour@emdmillipore.com, Douglas Rank.
MilliporeSigma, Bedford, Massachusetts, United States
Process Analytical Technology (PAT) is considered by United States Food and Drug
Administration (FDA) as “a system for designing, analyzing, and controlling
manufacturing through timely measurement of critical quality and performance attributes
of raw and in-process materials and processes with the goal of ensuring final product
quality”. As so, researchers are recommended to explore the application of PAT system
to enable acquirement of real-time process understanding, execution of effective on-line
monitoring and control of several process variables. This is of specific interest in today’s
industrial trend toward continuous bioprocessing. Continuous bioprocessing along with
PAT and automation would accelerate process development and would lower the cost
of manufacturing while improving product quality and efficacy.
Raman spectroscopy stands out among several techniques developed as PAT systems
for its capability to measure several components simultaneously while being nondestructive and having high molecular specificity. In this poster, we present our
investigation on the potential of Raman spectroscopy for monitoring of process
variables in perfusion bioreactor. This includes sequential steps of acquiring offline
readings of classical process variables including but not limited to glutamine, glutamate,
glucose, lactate, lactate dehydrogenase, potassium ion, sodium ion, ammonium, pCO2,
VCD, TCD and viability, and online spectra acquisition for each of the three perfusion
runs. Next, all the online and offline data were merged and characterized by principal
component analysis. A partial least squares regression model was then developed to
predict such process variables in a real-time manner during the fourth perfusion run.
Future studies acquiring more online spectra and correlate those to more offline

readings are needed to improve the model and to lessen the gap between the online
and offline readings.
BIOT 509
Scalability of novel geometry single-use bioreactors
Ing-Kae Wang2, ing-kae_wang@pall.com, Shannon Chilvers1, John Welsh1, Rene
Gantier2. (1) Biotech Process R&D, Pall Corporation, Portsmouth, United Kingdom (2)
Biotech Process R&D, Pall Corporation, Westborough, Massachusetts, United States
While most of disposable bioreactors use a cylindrical design, the cubical biocontainer
design allows for a wide range of agitation and air flow to be achieved. Computational
fluid dynamics (CFD) modeling shows excellent mixing performance that matches the
typical cylindrical format of stainless steel bioreactors. To demonstrate the performance
scalability of novel square geometry bioreactors, we adopted a strategy by maintaining
constant power input per volume and superficial gas velocity for fed-batch culture of a
CHO-S cell line expressing IgG1 monoclonal antibody. From our case studies, similar
growth profile, cell density, cell viability, nutrients/metabolites profile, mAb titer and
quality were evident. The results illustrate scalable performance from benchtop
cylindrical 1.4 and 10 L bioreactors to 50, 200, 1000, and 2000 L cubical bioreactors.
BIOT 510
Evaluation of Vibrio natriegens as a suitable metabolic engineering platform for
high-value chemical production
John Brinton, brintojd@miamioh.edu, John A. Jones. Chemical, Paper, and
Biomedical Engineering, MIAMI UNIVERSITY, Oxford, Ohio, United States
Genetic engineering has led to a vast number of improvements to human life. Through
modifying microorganisms we have found new and effective ways to produce a range of
products from enzymes to antibodies. As our understanding of genetic engineering has
increased, the demand for suitable organisms to act as hosts for both cloning and
production purposes has expanded. Vibrio natriegens a fast-growing gram-negative
bacterium and recent work has been done to develop the principle tools needed to use
V. natriegens as a host for metabolic engineering. In an effort to further investigate the
potential of V. natriegens we have developed a plasmid-based expression system
compatible in both E. coli and V. natriegens. In order to allow for more effective pathway
optimization, we have developed and characterized a mutant library consisting of four
different strength T7 promoter mutants. In an attempt to redirect metabolic fluxes
responsible for the rapid growth phenotype of V. natriegens to useful chemicals, we
have selected the model plant flavonoid pathway responsible for the three-step
conversion of phenylpropanoic acid to flavanones as a proof of principle study. In
addition to evaluation of heterologous metabolite production, efforts to compare
sensitivity and tolerance to a variety of induction and fermentation conditions is also

presented. Preliminary studies suggest that V. natriegens exhibits enhanced tolerance
to pH sensitivity compared to the model host E. coli.
BIOT 511
Clinical and commercial-launch process scalability in a single-use bioreactor
platform
Niket Bubna1, nbubna@kbibiopharma.com, Jake Kim1, Cameron Phillips1, David
Chang1, Carnley Norman2, Sigma Mostafa1. (1) Process Development, KBI Biopharma,
Durham, North Carolina, United States (2) Manufacturing, KBI Biopharma, Durham,
North Carolina, United States
Single-use bioreactors are now being routinely employed for CHO cell line-based
biologics manufacturing. We have previously demonstrated the use of a scale-up
platform in 200 and 2000 L-scale SUBs (ACS Spring 2017) for FIH processes. Since
then, an integrated cell line development, process development and clinical
manufacturing paradigm has been used for many Selexis cell lines (Selexis-KBI
integrated approach), which leads to completion of the first FIH clinical manufacturing
batch within 11 months after transfection. This work will show scale-up results for
several new molecules using our platform cell culture process highlighting two types of
project paradigms: 1) rapid commercialization of CHO cell culture processes and 2)
impact of high titer cell culture processes on bioreactor volume and process duration.
Constant factors for scale-up such as power per volume input, kLa and volumetric gas
flow rates are applied to move processes from ambr15 to 2000 L-scale SUBs. Based on
this analysis, we have further improved our record of seamless scale-up in single-use
systems for clinical products and shown the ability to support commercial launch of new
biologics.
BIOT 512
Application of voronoi tessellated neural networks (VTNN) for bioprocess control
Priyanka Priyanka1, priyanka.dalal24@gmail.com, Souhardya Roy1, James Gomes2,
Anurag S. Rathore1. (1) Department of Chemical Engineering, Indian Institute of
Technology, New Delhi, India (2) Kushuma School of biosciences, IIT DELHI, Delhi,
India
Biochemical processes often results in highly nonlinear concentration-time profiles
during the fed-batch fermentation. Considering the inherent complexity associated with
these processes, it becomes difficult to implement a model-based control scheme
successfully. This particular lacuna has rushed a welter of studies in process controller
area. Accounting for the recent advancements in Data Analytics, Voronoi Tessellation
has been established as a well-proven theory, with huge application in fields like
systems biology. We have developed a Voronoi Tessellated Neural Network (VTNN)
based on a wide operating range of substrate and DO set points and modulated its use

as a feed-forward process controller to track the dynamics of Corynebacterium lilium (M
128) fermentation. The VTNN training dataset has been generated through simulation
using a theoretical model. The performance of the VTNN controller has been compared
with existing controllers based on Proportional Integral Derivative (PID) and Artificial
Neural Network (ANN) based control schemes. Stability analysis for the controllers has
also been done by introducing systematic and random perturbations in the system. It is
observed that the VTNN controller is more robust than its counterparts and exhibits a
stable tracking of the substrate and DO setpoint concentration trajectories in the
presence of measurement noise. The controller has also been tested with highly variant
offline datasets to test for its adaptation performance. The VTNN can adapt to the
perturbations robustly. In conclusion, it can be perceived that the online implementation
of VTNN for a general bioprocess is practicable.
BIOT 513
Exploring bioreactor heterogeneities with wireless in situ ‘smart marble’ platform
Justin M. Stine1,3, jmstine@terpmail.umd.edu, Luke Beardslee1,3, Rajendra M.
Sathyam1, William E. Bentley2,4, bentley@umd.edu, Reza Ghodssi1,3,2. (1) Electrical
and Computer Engineering, University of Maryland College Park, College Park,
Maryland, United States (2) Fischell Dept of Bioengineering, University of Maryland,
College Park, Maryland, United States (3) Institute for Systems Research, University of
Maryland College Park, College Park, Maryland, United States (4) Institute for
Bioscience & Biotechnology Research, University of Maryland College Park, College
Park, Maryland, United States
Continuous monitoring of culture parameters, such as dissolved oxygen (DO), pH,
glucose, and temperature, among others, is essential for improved product quality and
yield of batch cell and fermentation processes. A frequent problem which occurs in
large-scale bioreactors is the presence of spatial gradients, or heterogeneities of culture
parameters that degrade bioreactor product yield. In particular, monoclonal antibodies –
a critical diagnostic and therapy reagent – are produced with varied aggregation
patterns of oxidation, deamidation, glycosylation, charge, etc within the bioreactor. In
this work, we present a fully integrated deployable ‘smart marble’ platform for real-time
wireless, in situ monitoring of dissolved oxygen for use in bioreactors. The device is
housed within a leak-proof 3D-printed package, utilizes an amperometric potentiostat
circuit paired with a Bluetooth low energy (BLE) system-in-package microcontroller for
wireless data transmission, and is connected with a Clark-type electrochemical sensor.
Such a platform exhibits numerous potential advantages to traditional in-line probes,
notably a lower risk of contamination, localized interaction with bioreactor flows, and a
cost-effective path towards device scaling and multiplexed measurements.
We perform an electrochemical validation of the sensor by generating various DO
percent saturations with sparged mixtures of air and nitrogen in an electrolyte solution
(0.1M KCl), which is correlated with a commercial polarographic DO probe (Mettler
Toledo) for evaluation. The real-time monitoring capabilities of the system are

demonstrated through chronoamperometric measurements of the DO percent saturation
and wireless data transfer to a custom Android application. The effect of various
excitation bias points and measurement duration on the sensor response time and
durability are explored. Also, several duty cycles for scheduled monitoring of DO are
investigated to reduce device power consumption and achieve a viable operational
lifetime. Overall, this platform highlights a systems integration approach towards
wireless monitoring of dissolved oxygen, leveraging commercial-off-the-shelf
components to specifically address challenges associated with in situ sensing within
bioreactors, and suggests potential solutions for future development of the next
generation of autonomous bioprocess monitoring.
BIOT 514
Minimally-invasive, continuous glucose monitoring approach
Valencia Watson1, watson8@umbc.edu, Govind Rao2, Leah M. Tolosa3. (1) Chemical
Engineering, University of Maryland Baltimore County, Baltimore, Maryland, United
States (2) TRC Building, Ctr for Advanced Sensor Technology, Baltimore, Maryland,
United States (3) Univ of Maryland, Baltimore, Maryland, United States
Bioprocesses involve the production of chemicals, fuel or biological material using the
innate machinery of living organisms. Bioprocessing (specifically, cell culture) is used
for manufacturing biopharmaceuticals including therapeutic proteins, vaccines, small
molecule drugs and biosimilars. During the bioprocess it is important that the cells have
access to essential nutrients, such as glucose, to maintain cell viability. Cell viability can
correlate with the glucose concentration in the culture medium. The current gold
standard method for glucose monitoring in batch cell cultures requires direct sampling
from the batch, after which the samples are quantified using an amperometric sensor
device. Our research group studies bioprocesses in minibioreactors (50mL) and
develops novel sensors and techniques for continuous monitoring of essential analytes.
We focus on continuously monitoring essential analytes in up-stream processes with the
objective of improving process control. Tighter parameter control can improve product
quality, product quantity and ultimately decrease the cost of manufacturing with higher
throughput and smaller culture volumes. This particular body of work aims to explore
the efficacy of fast microdialysis as a minimally invasive sampling technique in cell
culture. We hypothesize that by using fast microdialysis techniques in a loop
microdialysis probe, we can detect glucose within the sensitivity range of our sensor.
The sensor used in this study was a fluorescently probed, monocysteine mutant,
glucose binding protein (GBP, L255C) with micromolar sensitivity (LOD .04uM). Results
showed that increasing the flow rate of the perfusion buffer, phosphate-buffered saline
(PBS), decreased the mass transfer efficiency of the loop probe. At a flow rate of
100µL/min the dialysate did not require an additional dilution step. However, we also
found that at high flow rates, this single-use loop probe fails/leaks. To verify the findings
from our dynamic experiment, we ran a static experiment using dialysis cassettes. Time
points were equivalent to (or near) the time a sample (for each flow rate) was in contact
with the 8uL semi-permeable region of the loop probe. Our findings matched that of the

dynamic experiment. Further development is needed to design a probe with
improvements to the material choice, mechanical properties and dimensions. This work
can be used to develop a minimally invasive, continuous glucose sensor for bioprocess
monitoring.
BIOT 515
Design of an electronic gene-expression control scheme with the capability to
store and direct information flow
Eric VanArsdale1, esv5009@terpmail.umd.edu, Narendranath Bhokisham2, Eunkyoung
Kim4, Gregory F. Payne3, William E. Bentley5. (1) Bioengineering, University of
Maryland, College park, Maryland, United States (2) IBBR-Plant Scis Bldg, Rm 6142,
University of Maryland, College Park, Maryland, United States (3) Univ of Maryland
Biotech Inst, College Park, Maryland, United States (4) Dep. of Chemical Biomolecular
Eng., Yonsei University, Seoul, Korea (the Republic of) (5) Fischell Dept of
Bioengineering, University of Maryland, College Park, Maryland, United States
Our group has sought to design hybrid cell-based devices which combine the
information-rich processing capabilities of cellular life with the robust control schemes of
electronics. To do this, we have sought to manipulate the flow of information between
biology and electronics through the use of reversible redox-shuttles. These mediators
are capable of reversibly donating and accepting electrons between electrodes and
molecules containing redox-active moieties, such as the iron-sulfur core of the SoxR
transcription factor. When coupled together, these mediators can direct the flow of
electrons between electron-acceptors and electron-donors based upon the Nernst
potential of each mediator. We previously used this technique to electrochemically
control gene expression of SoxR-mediated gene circuits by using a redox mediator to
enhance the oxidative cycling of pyocyanin. In this work we have coupled this activity
with an artificial melanin-mimetic polymer which contains reversible redox-activity to
create a form of binary information storage which can be written to and accessed by
genetically modified E. coli. Our group has shown that the soluble eumelanin-like
polymer produced by the enzymatic oxidation of tyrosine and L-DOPA is capable of
storing and donating electrons. In this system, eumelanin can serve as an intermediary
to transfer electrons between reduced pyocyanin and oxidized ferrocene. The reduced
ferrocene is then capable of shuttling electrons to a positively-biased electrode where
the mediator is re-oxidized, thus creating a cycle to achieve enhanced pyocyanin
oxidation. By regulating the potential applied at the electrode, we demonstrate either
reductive or oxidative potential can be stored in the soluble melanin. This stored
potential can then be interpreted electronically by recording the current at an oppositely
biased electrode, or biologically using an electrogenetic gene-circuit based around the
interaction of SoxR and pyocyanin. These two interactions serve as the basis for our
bio-electronic cell-factory where we demonstrate directed information flow to both guide
and measure cellular metabolism.
BIOT 516

Tuning the dynamic range of 1-butanol-responsive transcription factor-based
biosensor in Escherichia coli
Nancy M. Kim1, Nancymkim9@gmail.com, Nicholas R. Sandoval2. (1) Interdisciplinary
Bioinnovation PhD Program, Tulane University, New Orleans, Louisiana, United States
(2) Chemical and Biomolecular Engineering, Tulane University, New Orleans,
Louisiana, United States
Rapid depletion and environmental impact of fossil fuels have pushed a mandate to
seek clean alternative energy sources. While ethanol is a renewable biofuel, butanol is
superior due to its higher energy density, lower volatility and hygroscopicity, and
fungibility to the current infrastructure. However, low production yield and high substrate
costs limit butanol’s use. Furthermore, strain improvement to identify butanol
hyperproducers and other biochemicals are hindered due to low-throughput screening
methods.
Transcription factor–based biosensors coupled with flow cytometry enable rapid
screening of large genetic libraries (>109 mutants) to identify desired microbial
phenotypes. Therefore, a biosensor must be able to differentiate strains exhibiting
different biochemical production yields to identify hyperproducing strains. A biosensor
comprising of butanol-responsive transcription factor, BmoR, and its cognate promoter,
pBMO, (isolated from Thauera butanivorans) was demonstrated in Escherichia coli.
Here, we investigate correlation between the BmoR-pBMO operator affinity and
biosensor properties such as basal activity, dynamic range, sensitivity, and linearity.
GFP expression controlled by sixteen promoters containing mutant pBMO operators
were designed and evaluated via flow cytometry against a range of butanol
concentrations in Escherichia coli. Biophysical characteristics between the BmoRpBMO operator were evaluated using surface plasmon resonance (SPR). This strategy
was further demonstrated in which BmoR was converted into a transcriptional repressor
by relocating mutant pBMO operators near or overlapping the RNA polymerase binding
site. This work can potentially enable rational strategies to edit the dynamic range of
transcription factor-based biosensors.
BIOT 517
Improving vaccine production with a serum-free medium for MRC-5 cells
Anna-Barbara Hachmann, anna-barbara.hachmann@thermofisher.com, Megan Pajak,
Nicole DiNardo, Andrew Campbell. Thermo Fisher Scientific, Grand Island, New York,
United States
MRC-5 cells are used for vaccine production, including varicella zoster (VZV), MMR,
polio, rotavirus, rabies, and dengue virus. Vaccine manufacturers generally culture
diploid cells in classical medium with 10% bovine serum and desire to move to serumfree formulations due to the potential regulatory and supply chain risks associated with
serum. Using metabolite analysis and a design of experiment (DOE) rationale, we

developed the first serum-free medium (SFM) for growth of MRC-5 and other fibroblast
cells that can support direct recovery from thaw and adaptation-free expansion, while
resulting in performance that is comparable to serum-containing medium. Since
requirements for production of viruses are different from cell growth, we optimized the
production medium separately. With this animal origin-free production medium,
manufacturers can produce vaccines without concern about the bovine serum albumin
limit of 50 ng/dose set by the World Health Organization. We confirmed virus production
with VZV and vesicular stomatitis virus and demonstrate titers that are up to one log
higher than a classical medium control. By switching to a serum-free process, vaccine
manufacturers can reduce dependency on serum, production and purification costs, and
increase product consistency and safety.
BIOT 518
Merck microgravity crystallization experiments
Paul Reichert, paul.reichert@merck.com. X-ray and Cryo-EM, Merck Research Labs,
Kenilworth, New Jersey, United States
Crystallization processes have been widely used in the pharmaceutical industry for the
manufacture, storage and delivery of small molecule and small protein therapeutics.
The identification of crystallization processes for biologics and particularly monoclonal
antibodies (mAbs) have been prohibitive because of their size and the complexity of
their overall structure. There remains a challenge and an opportunity to extend the
knowledge of crystallization processes known for small molecules and investigate the
use of microgravity as a research tool to identify the key variables for mAb crystal
growth. The International Space Station National Laboratory (ISS NL) offers a unique
opportunity to perform bio-medical research and investigate pharmaceutical processes.
Merck Research Laboratories in collaboration with the Center for the Advancement of
Science in Space (CASIS) performed crystallization experiments with Keytruda TM
(pembrolizumab) on SpaceX Cargo Resupply Mission 10 to the ISS (SpaceX-CRS-10).
By taking advantage of microgravity effects such as reduced sedimentation, minimal
convection currents and reduced molecular diffusion rates, we identified conditions to
produce crystalline suspensions of uniform particle size distribution (30 micron) in high
yield versus control ground experiments which produced a bimodal population of 10-100
microns particles. The flight crystalline suspensions were less viscous and sedimented
more uniformly than the comparable ground based crystalline suspensions. These
results have been applied to produce crystalline suspensions on earth processes that
reduce sedimentation (rotational mixers) and use of temperature gradients to induce
and control crystalline mAb formation. We have been able to produce uniform crystalline
suspensions (1-5 microns) with acceptable viscosity (<12cP), rheological and
syringeability properties important for a concentrated injectable formulation. These
studies were designed to develop means to improve the safety, adherence, compliance
and quality of life for patient & caregivers.
BIOT 519

Microfluidics and/or microgravity for protein crystallization
Sarah L. Perry, perrys@engin.umass.edu. Department of Chemical Engineering and
the Institute for Applied Life Sciences, University of Massachusetts Amherst, Amherst,
Massachusetts, United States
Microfluidic platforms have a long history of use in the field of protein crystallization and
structure determination. The benefit of microfluidics stems from both enabling
experiments at small volumes, while also of creating an environment free of inertial or
convective effects and providing exquisite control over local conditions and gradients.
Many of these same arguments related to a convection-free environment have been the
basis of crystallization efforts performed in microgravity. For either case, a significant
limitation associated with the growth of crystals in such environments is the need to
manually harvest and mount crystals once they are grown for subsequent X-ray and/or
neutron diffraction analysis. Such physical handling has tremendous potential to inflict
damage on the crystal and reduce the quality of the resulting structural data. We have
developed a series of X-ray compatible microfluidic platforms for protein crystallization
that can be used to enable in situ analysis of crystals without the need to remove them
from the environment in which they are grown. Furthermore, microfluidics can enable
the large-scale studies needed to enable statistical analysis the potential benefits of
crystal growth in an environment with controlled convection.
BIOT 520
Changes in vascular cell function under conditions of microgravity
Marina Scotti, Josephine Allen, jallen@mse.ufl.edu. Materials Science and
Engineering, University of Florida , Gainesville, Florida, United States
The negative effects of space flight on cardiovascular health have been demonstrated
and documented over many years. The maintenance of vascular homeostasis lies in the
proper function of vascular cells, specifically, endothelial cells that line the vessel wall
and smooth muscle cells that make up the vascular wall. In addition, the cell-cell
communication between these cell types is also important to consider. This study
sought to understand the effect of microgravity on the functionality of both vascular cell
types. Overall, the goal of our project was to understand the effect that a low shear
stress environment resultant from simulated microgravity has on cardiovascular
deconditioning. Our studies show that vascular endothelial and smooth muscle cells on
microcarrier beads under microgravity in a rotating wall vessel (RWV) bioreactor
showed changes in cell processes such as proliferation and secretory function as
measured using ELISA assays for endothelin-1, VEGF, and angiotensin-II. Reverse
transcription quantitative polymerase chain reaction (RT-qPCR) analysis of endothelial
cells cultured under simulated microgravity showed that microgravity exposure resulted
in an increase in interleukin-8 and interleukin-6 expression. Both proteins participate in
inflammation. Expression of other inflammatory and regulatory genes were investigated
including those for: endothelin-1, prostacyclin receptor, nitric oxide synthase,

interleukin-6, baculoviral IAP repeat-containing protein 3, and E-selectin. This study
builds on our understanding of the ability of these cells to undergo inflammatory
dysfunction in the space environment. Further studies to assess alternate and
synergistic mechanisms involved in regulation of cardiovascular health as well as the
regulatory interactions between vascular cells under microgravity are required to
develop possible cell-based countermeasures to prevent cardiovascular deconditioning
due to space travel.
BIOT 521
Human emulation on the international space station: A platform for studying
human biology in microgravity
Chris Hinojosa, christopher.hinojosa@emulatebio.com. Discovery, Emulate, Boston,
Massachusetts, United States
Based on our Organs-on-Chips technology, we have created a new platform that
enables a real-time window into the inner workings of human biology and disease,
offering researchers a technology designed to predict human response with greater
precision and detail than today’s cell culture or animal-based experimental testing
methods. Each of our Organ-Chips — such as the liver, brain, and intestine — is about
the size of a AA battery and contains tiny hollow channels lined with tens of thousands
of living human cells and tissues. Organ-Chips are living, micro-engineered
environments that recreate the natural physiology and mechanical forces cells
experience within the human body. Our team has recently embarked on the modification
of our platform so that it can be used on the International Space Station to enable
experiments for understanding the impact of microgravity and other space flightimposed stressors on human physiology, disease pathogenesis, and human response
to drugs. One focus area is the blood-brain barrier, which protects the brain by
preventing unwanted substances from entering the brain, but can be harmed during
periods of inflammation. Our Brain-Chip — which includes neurons and specialized
vascular cells that emulate the blood-brain barrier — will be used in experiments on the
International Space Station. The aim of this project is to assess how space-related
stressors affect the integrity of the blood-brain barrier and the function of neurons under
healthy and inflamed states. Another focus area is the intestine, where we will use our
Intestine-Chip to better understand the effect of microgravity on a bacterial pathogen’s
ability to infect the intestine and the subsequent immune response. Both studies are
broadly intended to give a deeper understanding into the effect of microgravity on organ
function, and more specifically probe how their immune response is suppressed in
microgravity, which is an observation seen in many past space experiments.
BIOT 522
Keynote: center for the utilization of biological engineering in space: Towards
efficient biomanufacturing for deep space missions

Adam P. Arkin, aparkin@lbl.gov. Bioengineering, University of California, Berkeley,
Berkeley, California, United States
The time has come to go to Mars! Or soon in any case. I will introduce CUBES: The
Center for Utilization of Biological Engineering in Space (CUBES, http://cubes.space)
whose mission is to support biomanufacturing for deep space exploration that realizes
the inherent mass, power, and volume advantages of space biotechnology over
traditional abiotic approaches. I will outline the reference mission architecture driving
our integrated design and the emerging systems-modeling framework of our
biomanufacturing systems. I will cover the progress by our team on the biologically
engineered components and their interconnections by which in-situ resources and
waste-streams are converted into useful products to astronauts on an extended stay on
Mars. Our advances span the landscape of hybrid nanomaterial/microbial technologies
for carbon and nitrogen fixation, systems for regolith detoxification, and nutrient
production and systems that use these feedstocks to support microbial production of
polymers for 3D printing of tools, reactors, and other systems as well as microbial and
plant based food and pharmaceuticals. These systems are being developed to minimize
and recycle wastes effectively, moving the space sciences and bioengineering
communities towards a set of shared technologies for addressing the challenges in the
human exploration of Mars.
BIOT 523
Evaluating heterogeneity of protein expression from germinated Bacillus subtilis
spores for shelf-stable cell factories in space
Denis Tamiev, ddtamiev@iastate.edu. Iowa State University, Ames, Iowa, United
States
Heterologous protein expression during deep space missions could be used for
sensing, remediation, drug-delivery, and vaccines. Bacterial spores that can reside in a
shelf-stable, ultra-light form factor without cold storage are desirable manufacturing
candidates. This presentation focuses on comparing the performance of integrating vs.
theta replicating plasmids for protein expression from germinated B. subtilis spores.
Growth, and red fluorescent protein (RFP) expression profiles of 30 individual colonies
were fit with a 4-parameter logistics and second order plus dead time models
respectively to determine second order kinetic rate of expression (LKP) parameters for
different cell and spore populations (average R2 of 0.998). RFP was regulated by a
theophylline activated riboswitch to make the RFP readout highly sensitive to mutation
effects. We observed 17X higher expression rates with theta replicating plasmids
compared to integrating plasmids. However, this is at the expense of expression
uniformity; we find 13X less homogenous expression from theta plasmids compared to
integrating. We have determined that expression homogeneity is independent of
plasmid stability, and, rather, relies on sequence fidelity and accessibility to Y-family
polymerases. We observed that ΔPolYB mutants improve expression homogeneity
almost 2X, while maintaining an expression rate that is 10X higher than the integrating

plasmids. We also show that sporulation decreases protein expression homogeneity
2.7X. We conclude that theta replicating plasmids are better suited for protein
expression from germinated endospores with B. subtilis Y-family polymerase knockouts.
This work demonstrates that while spores have a potential for dormant cell factories, the
heterogeneity of expression rate must be taken into account for sensor and vaccine
applications.

Figure 1: [A] Maximum expression rates of B. subtilis 168, ΔPolYA, ΔPolYB with genome
integrating or theta plasmid. [B] Maximum expression rates of B. subtilis 168, ΔPolYA, ΔPolYB
before and after sporulation. [C] Application of B. subtilis in whole cell biosensors and animal
vaccines.
BIOT 524
Roadmap for the use of biotechnology in space exploration
Mark A. Blenner, blenner@clemson.edu. Chemical Biomolecular Engineering,
Clemson University, Clemson, South Carolina, United States
This session will discuss opportunities for BIOT members to become involved in space
research. The first part of the talk will feature staff from the Center for the Advancement
of Science in Space. The second part of the talk will describe a roadmap for the use of
biotechnology in space exploration.
The International Space Station (ISS) U.S. National Laboratory is the near-space
gateway to the new-space frontier for research in space that drives technological
innovation on Earth. The ISS National Lab fosters collaboration with NASA and other
government agencies, not-for-profit institutions, and industry partners committed to
exploring the intellectual, technological, and economic opportunities offered by R&D in
space. This presentation will introduce how to get your research to low Earth orbit on
the ISS and how the ISS National Lab accelerates discovery and inspires innovation in
biochemical technology to benefit Earth and enable space exploration.

Biotechnology is poised to be a critical technology for a mission to Mars. Engineered
microbes may play an important role in the production of food, materials, nutrients, and
medicines. Biopharmaceutical production will require new approaches in both upstream
and downstream processing. The effects of space radiation and the other stresses of
space travel on living systems will need to be better understood in order to develop
effective countermeasures. Where BIOT fits into the future of space travel will be
discussed along with potential opportunities the BIOT membership to become more
involved.
BIOT 525
Gap analysis on downstream integrated processing
Jonathan L. Coffman2, Raquel Orozco1, raquel.orozco@boehringer-ingelheim.com. (1)
Boehringer Ingelheim, Fremont, California, United States (2) Process Science,
Boehringer Ingelheim, Fremont, California, United States
One of the most compelling business reasons for integrated processing is the ability to
de-risk capital investment due to a significantly more productive process that takes less
space and less batches to generate clinical and commercial material. BI and Pfizer
developed a fully integrated and automated process that consists of a continuous
perfusion bioreactor connected to a periodic downstream system composed of two ProA
columns, continuous viral inactivation (CVI), an anion exchange column, an SPTFF, and
a single use container where the product is pooled for the duration of the run. The
subsequent steps, viral filtration and ultrafiltration/diafiltration (UFDF) are done as batch.
A thorough risk assessment was performed on the periodic process to implement a
robust automation strategy and take actions upon possible failure modes. High level
learnings on the risk assessment and details on how we are addressing perceived gaps
will be discussed. A thorough viral clearance strategy will be presented for the cVI, AEX,
and VRF steps as well as our approach for bioburden control.
BIOT 526
Complexity of process development for continuous affinity chromatography of
biopharmaceuticals
Ashley Reeder, ashley.x.reeder@gsk.com. Biopharmaceutical Advanced
Manufacturing Technology, GlaxoSmithKline, Conshocken, Pennsylvania, United States
Leveraging continuous, multi-column chromatography for the affinity chromatography
step of downstream biopharmaceutical processing confers numerous advantages over
a traditional batch process. These include reduction in resin requirement coupled with
increased resin utilization, decreased buffer consumption, and substantial productivity
gains. As such, there is compelling cause to move toward continuous affinity
chromatography processes. The wealth of reports and literature on process

development may suggest that it is both straightforward and platform. However, the
experience of transforming a batch process to a wholly continuous one proved to be far
more nuanced. This work highlights the challenges encountered in designing methods
for three unique monoclonal (mAb) products with different processing conditions.
Process parameters were optimized to increase overall product yield and productivity
while conserving product quality for each molecule.
BIOT 527
Gamma irradiated chromatography resins for functionally closed downstream
processing
Chad Varner, chad.varner2@gmail.com, Rohan Patil, Kevin Brower. Purification
Process Development, Sanofi, Framingham, Massachusetts, United States
Closed downstream systems offer significant advantages, including allowing for multiproduct operations and simplified environmental controls. For integrated continuous
biomanufacturing (ICB), functionally closed operation becomes imperative to maintain a
bioburden-free state through the duration of the operation. We have developed
strategies to irradiate chromatography resins while maintaining system performance for
large numbers of cycles for affinity and non-affinity resins in mAb and enzyme
processes. Irradiated resins can show similar properties to naïve resins depending on
the irradiation process parameters. Considerations for GMP implementation will also be
discussed. We have also successfully integrated irradiated resins downstream of a
large-scale bioreactor with a continuous capture skid with no time-based performance
decline for over 40 days, further demonstrating that achieving a functionally closed ICB
process is achievable at large scale for extended operations. Such process closure will
allow for the development of fully continuous biomanufacturing platforms regardless of
bioreactor campaign length and amenable to multi-product facilities.
BIOT 528
At-scale demonstration of an integrated continuous multi-column
chromatography process
Eva Gefroh1, eva.gefroh@just.bio, Tim Wanek1, Betsy Barrios1, Lance Horton1, Rob
Piper1, Mike Vandiver1, Mark Brower2, Nuno Pinto2. (1) Just Biotherapeutics, Inc.,
Seattle, Washington, United States (2) Merck & Co., Inc., Kennilworth, New Jersey,
United States
The current focus of the biopharmaceutical industry is on process intensification to
achieve higher productivity in smaller footprint systems. When coupled with single-use
technology, these intensified processes enable biomanufacturing facilities to be built
faster at a lower cost, with more flexibility for reconfiguration and support of regional
manufacturing. Upstream process intensification has focused on high cell density
perfusion processes operated over longer durations to increase facility throughput and

utilization. For downstream, a multi-column continuous chromatography process can be
coupled to the perfusion culture to capture and purify product. This process was
demonstrated at-scale at Just Biotherapeutics in collaboration with Merck & Co., Inc.
Data will be presented on protein A step performance, visualization tools used to
monitor the operation, and bioburden control.
BIOT 529
Meeting cost and facility utilization targets through single-batch use of
convective membranes for chromatographic capture steps
Volkmar Thom1, volkmar.thom@sartorius-stedim.com, Patrick Adametz1, Arne Bluma1,
Gerben Zijlstra1, Hemanth Kaligotla2, Thomas Erdenberger1. (1) Sartorius Stedim
Biotech GmbH, Göttingen, Germany (2) Segment Marketing , Sartorius Stedim Biotech,
Bohemia, New York, United States

Capturing the target molecule in downstream processing (DSP) is typically performed
by dedicated resin-based chromatography columns. For economic reasons, the lifetime
of these columns is used up over many batches, making storage, cleaning, and
bioburden control an integral part of their usage. Furthermore, adaptive processing
concerning facility utilization and COGs is only possible within narrow limits. Through
the use of novel highly productive convective capture devices, e.g. based on
chromatographic membranes, capture cycle time is reduced by an order of magnitude
(4-8 min per cycle), and a single-batch use mode of operation becomes feasible at full
lifetime utilization of the capture membrane (100 cycles in 400-800 min). The column
reuse issues mentioned above, along with the relevant validation studies, become
obsolete. Single-batch use also avoids life-time underutilization of highly valuable resins
during clinical phases. Furthermore, the capture process can be adapted to the actual
feed-stream characteristics using the single-batch use mode of operation and optimized
for processing time or COGs by choosing the appropriate adsorber bed volume. In this
work, we demonstrate the flexibility that the single-batch-mode offers, and analyze the
possible processing space concerning overall processing time, number of cycles, bed
volume, and COGs. Membrane capture data are compared to a resin chromatography
base cases for standard chromatography and pre-packed columns. Furthermore, the
use of expert systems and data analytics for operator support will be presented and
discussed.
BIOT 530
Small scale integrated downstream process with online analytics for realtime
release
Bernt Nilsson1, bernt.nilsson@chemeng.lth.se, Simon Tallvod1, Joaquin Gomis Fons1,
Niklas Andersson1, Lotta Berghard2. (1) Chemical Engineering, Lund University, Lund,
Sweden (2) Sobi AB, Stockholm, Sweden

Smart downstream processing can be performed with a sequence of integrated
purification steps, which minimize the number of storage tanks and reduce hold-up time.
The result is an integrated multiple unit operation sequence that performs straight
through processing of the target protein, with minimal time from expression to
formulation. This downstream processing technique is well suited to be connected to a
continuous upstream process based on perfusion. To control the processing additional
online detectors and analytics have to be integrated into the processing system to
guarantee a successful product for real-time release. To develop these kinds of
processes it is important to do studies in small-scale in a convenient way. This paper
presents a concept for process development, online analytics and supervisory control of
integrated downstream processes in lab-scale.
A general platform is developed for sequential processing of lab-scale integrated
downstream processes. The platform is implemented using ÄKTA/UNICORN-systems
for demonstration but is not limited to this setup. The modification of the physical setup
to handle multiple processing steps in sequence on one single machine makes it
possible to study advanced and complex process configurations without a lot of
resources. Additional detectors and analytics based on Agilent HPLC-system is
integrated to the downstream process for inline measurement and for flow path
sampling for online analytics in each processing step. To make it easy to program and
run the complicated setup with real-time analytics a supervisory controller is developed
on top of UNICORN/Agilent-software. The new controller, called orbit, is extendable
and flexible to handle very different configurations, processes and analytics protocols.
To facilitate the usage even further the actual controller code is automatically generated
from a high level presentation of the separation problem. Tools for design, control and
verification makes it possible to virtual test the concept before making the actual
experiment.
The concept is illustrated by an industrial case study based on a downstream process
with four chromatography steps and one UF/DF together with online analysis with an
HPLC. The case study show the possibilities and limitations of adding analytics tools
direct on an integrated downstream process.
BIOT 531
Design of a periodic counter-current chromatography process for efficient
oncolytic virus purification
Ricardo Silva2, rsilva@ibet.pt, João Mendes2, Mikael Berg1, Linda Mathiasson1,
Manuel J. Carrondo2, Cristina Peixoto2, Paula M. MArques2. (1) GE Healthcare BioSciences AB, Uppsala, Sweden (2) iBET, Oeiras, Portugal
As the concept of continuous manufacturing of biopharmaceuticals matures and
becomes accepted as the next evolution of the biotechnology industry, the spotlight
turned to the individual batch unit operations and their potential replacement by their
continuous counterparts. One of the most prominent examples is preparative

chromatography, hailed by most as the standard for purification. Moving away from
single-column batch operation towards continuous or semi-continuous, multicolumn
chromatography creates the opportunity to benefit from synergies of solvent gradients,
recycling chromatography, and simulated counter-current movement of the adsorbent
and fluid phases, allowing the reduction of chromatographic resin volume and buffer
consumption. Additionally, due to the wealth of data generated through the cycling
operations, such as historic columns breakthrough and elution peak profiles a deeper
insight on product quality is gained.
The reported work will focus on the design of a periodic counter-current
chromatography process applied to the intermediate purification of oncolytic adenovirus.
The developed ion exchange chromatographic purification method was carried using a
four-column setup and supported by a mechanistic mathematical model. Findings
related to the impact of column cycling on column capacity will be presented and the
steps taken to minimize it will be discussed, highlighting the optimization of the
cleaning-in-place step and the need to include organic solvents to promote the stripping
of tighter-adsorbing impurities. Moreover, the robustness of the dynamic control strategy
and its ability to overcome perturbations originated in precedent stages will be
demonstrated through the use of feeds with different impurity profiles and titers,
showing that it is possible to generate elution pools with consistent quality and
traceability. Obtained virus recoveries (> 60%) and impurity reductions (> 80% DNA,
and > 70% total protein) are in line with batch purification.
Oncolytic virus manufacturing scale can range from 5L in research and development up
to 50L for clinical studies and reach around 500L in commercial scale. Periodic counter
current chromatography offers a transversal solution to match the scale of the
manufacturing plant to any of the throughputs, easing technology transfer and lowering
investment costs.
BIOT 532
Virus clearance in continuous multicolumn chromatography
Kurt Boenning1, Mark Pagkaliwangan1, Mark_Pagkaliwangan@pall.com, Meng-Jung
Chiang2, Scott Lute2, Krunal Mehta3, Denis Kole1, Glen Bolton3, Kurt A. Brorson2, Mark
Schofield4. (1) Life Sciences, Pall Corporation, Westborough, Massachusetts, United
States (2) FDA, Silver Spring, Maryland, United States (3) Amgen, Cambridge,
Massachusetts, United States (4) Biopharm R&D, Pall, North Grafton, Massachusetts,
United States
Continuous bioprocessing is increasingly seen as a means to decrease the cost and
increase the quality and flexibility of biotherapeutic manufacturing. However, moving to
continuous processing raises regulatory concerns including the impact on virus safety.
To address this concern, here we examine the impact on virus clearance by switching
the Protein A capture step to a continuous multicolumn operation.
Single column chromatography DoE experiments were performed to assess which

factors impacted virus clearance. To elucidate any differences between single column
and multicolumn virus clearance, parameters included residence time and loading
amount. These experiments enabled the identification of best and worst-case scenarios
for virus clearance, and equivalent virus clearance performance is observed with single
column and multicolumn chromatography scenarios. To further investigate virus
clearance differences between single column and multicolumn operation, we mimic the
continuous loading operation with a single column system.
Together these experiments act as a framework for performing continuous Protein A
chromatography to optimize virus clearance, potential technology gaps to avoid and
what factors to consider in the viral safety risk assessment.
BIOT 533
Using OPLS regression with stoichiometric balances to optimize amino acid
concentrations in chemically defined CHO cell culture medium
Taha Salim1, Tsalim786@gmail.com, Gaurav Chauhan1, Neil Templeton2, Wai Lam
Ling1. (1) Bioprocess Research & Development, Merck & Co., Kenilworth, New Jersey,
United States (2) Vaccine Process Development, Merck & Co., West Point,
Pennsylvania, United States
Disproportionate nutrient balance in cell culture medium can have a negative impact on
cell culture performance. Advances in Systems Biology have provided computational
approaches towards experimental design in which past cell culture empirical data can
be utilized to optimize future medium formulations and further improve feed design.
In our study, Orthogonal-Partial Least Squares (OPLS) Regression was used to explain
cell growth and monoclonal antibody (mAb) production dynamics from Chinese Hamster
Ovary (CHO) cells as a function of amino acid (AA) stoichiometric balances. The OPLS
model was trained on metabolic data from a fed-batch production culture. The dataset
was composed of the AA concentrations measured across a 14-day culture period from
24 concurrent batches. Metabolic fluxes and respective stoichiometric balances were
generated by calculating the difference between the theoretical demand of each AA
towards biomass and mAb production and the experimental consumption rate of the AA
at each time point. As a result, highly weighted stoichiometric balances represented
those nutrients that could potentially enhance the previous feed medium and aim to
achieve a higher intracellular catabolic activity. Accordingly, we used our computational
model to generate varied amino acid additions to either a platform feed or a low nutrient
feed by means of a 16-run mixture design. For each formulation, 14 time-dependent
responses relating to cell growth, mAb production, and amino acid consumption were
measured. Our experimental results showed that addition of model generated key
amino acids resulted in a ~30% increase in peak cell density and ~120% increase in
mAb production, respectively.
In this presentation, we will present (1) model structures, assumptions, and rationale for
their application in cell culture process development, (2) methods on experimental

model validation and, (3) future of model structure and implementation for routine use in
bioprocess development.
BIOT 534
Enhancing chondrogenesis of adipose derived stem cells through temporal
supplementation of dexamethasone, TGF-b3, ascorbic acid and their
combinations
Haneen Abusharkh1, haneen.abusharkh@wsu.edu, Alia Mallah2, Mahmoud Amr2,
Arda Gozen3, Juana Mendenhall4, Nehal Abu-Lail2, Bernard Van Wie1, Vincent Idone5.
(1) Voiland School of Chemical Engineering and Bioengineering, Washington State
University, Pullman, Washington, United States (2) Department of Biomedical
Engineering, University of Texas at San Antonio, San Antonio, Texas, United States (3)
School of Mechanical and Materials Engineering, Washington State University, Pullman,
Washington, United States (4) Department of Chemistry, Morehouse College, Atlanta,
Georgia, United States (5) Regeneron Pharamaceuticals, Terrytown, New York, United
States
Articular cartilage (AC) is a thin tissue that lines moving joints. Once injured, AC has
very limited ability to regenerate due to lack of blood vessels and sensory neurons,
leading to osteoarthritis (OA), the most common joint disease in the US. Available
treatments, including knee replacement and microfracture surgeries, are insufficient for
restoring native function. Current research is focusing on the potential of adipose
derived stem cells (ASCs) to undergo chondrogenic differentiation for OA therapy.
Multiple exogenous factors, including vitamins and proteins, can enhance ASC
chondrogenesis. ASCs exhibit higher chondrogenic potential when supplemented with
TGF-b3 (T), dexamethasone (D) and ascorbic acid (A) compared to a negative control.
In this study, individual effects of T, D, and A, binary combinations, DA, DT and TA, and
a combination of the three factors, DTA, on ASC chondrogenesis has been studied in
micromass cultures as a function of time. An additional experimental set to test the
temporal effect of growth factor supplementation was conducted. In this set, cultures
were supplemented with DT was for the first three days, DTA from the third day till the
seventh, and D till day 25. We are testing the hypothesis that this temporal addition will
enhance chondrogenesis better than individual and other combinations. ASC
differentiation and chondrogenesis are being evaluated by comparing mRNA gene
expression of chondrogenic, hypertrophic, angiogenic, fibrogenic and osteogenic
markers, colorimetric assays of collagen (Col) and Glycosaminoglycan (GAG), and
upregulation of chondrocyte surface markers as characterized by flow cytometry.
Expression of the chondrogenic indices, i.e. Col II, Col XI, SOX9, ACAN and Lubricin,
are combined with the normalized colorimetric analysis results to calculate a
chondrogenic index to identify the optimal growth factor supplementation regime. Our
current findings indicate that D containing media cause an increase in total GAG and
Col contents compared to other treatments.
BIOT 535

Evaluation of CHO cells metabolically engineered towards reduced biosynthesis
and accumulation of growth inhibitory catabolic byproducts of branched chain
amino acids in fed-batch cultures
Cameron Harrington1, cameron.harrington@pfizer.com, Pauline Geoffroy2, Jeffrey
Mitchell2, Lin Zhang2, Greg Hiller1, Bhanu C. Mulukutla1. (1) Cell Culture Process
Development, Pfizer Inc, Somerville, Massachusetts, United States (2) Cell Line
Development, Pfizer Inc, Andover, Massachusetts, United States
CHO cells in fed-batch cultures consume large amounts of nutrients and divert a
significant fraction of them towards formation of metabolic byproducts, some of which
are growth inhibitory in nature. A major fraction of these inhibitory metabolites are
byproducts or intermediates of amino acid catabolism. The branched chain amino acid
(BCAA) catabolic pathway is responsible for production of three growth inhibitory
byproducts including isovalerate, 2-methylbutyrate and isobutyrate from leucine,
isoleucine and valine, respectively. The branched chain aminotransferase 1 (BCAT1)
gene encodes for the enzyme that catalyzes the first step in the catabolism of all three
BCAAs into inhibitory byproducts. In this study, knockout (KO) of BCAT1 was performed
using CRISPR CAS9 technology in an antibody producing CHO cell line. Three clones
identified to have the knockout event produced negligible amounts of all the three
inhibitory byproducts in fed-batch cultures. The near-complete elimination of BCAA
pathway inhibitory byproducts in fed-batch cultures extended the practical culture length
from 12 to 20 days due to sustained viabilities, resulted in about 20E6 cells/mL higher
peak cell densities, and doubled the productivities when compared to the original
producer cell line (wildtype) culture. Metabolomic analysis performed on the fed-batch
cultures of a BCAT1 KO clone and wildtype cell line showed significant differences in
key metabolic pathways other than BCAA catabolic pathway. The presentation will go
into details of these additional understandings.
BIOT 536
Improved harvest robustness: Enabling process scale-up through media
engineering and redox control
Sven Loebrich1,2, sven.loebrich@immunogen.com, Connor Williams1,2, Seth A.
Kitchener1,2, Thomas K. Ryll2. (1) Cell Line and Upstream Process Engineering,
ImmunoGen, Waltham, Massachusetts, United States (2) Technical Operations,
ImmunoGen, Waltham, Massachusetts, United States
Bio-manufacturing of monoclonal antibodies in mammalian cells harbors the risk of
antibody interchain disulfide bond reduction upon harvest. Depending on the harvest
method and physiological state of the culture at the end of the production run, cell lysis
and concomitant release of intracellular reducing agents can occur to variable degrees
and may profoundly compromise structural integrity of the product. Due to engineering
constraints, the development of accurate and predictable small scale models for both
filtration based and centrifugation harvest procedures remains a challenge. Hence,

great emphasis has been put on auxiliary engineering controls to prevent antibody
reduction, including supplementation of cell culture media with redox active substances.
Here, we report an integrated approach encompassing biochemical characterization of
lysates from CHO cells of varying viabilities from different small scale bioreactor
models, in conjunction with numerous organic or inorganic redox active substances. We
characterized successful combinations which completely protect the product from
reduction, even under worst-case scenario conditions, and demonstrate proof-ofconcept in an 80 L pilot scale run with centrifugation harvest, with no unwanted changes
to product quality. Using this approach we have optimized additive concentrations,
stability, and incubation times, and have paved the way for a successful scale-up to
production at 12,000 L scale.
BIOT 537
Utilizing 13c metabolic flux analysis to quantify glucose and lactate dependent
metabolic shifts in induced pluripotent stem cells
Daniel Odenwelder, dodenwe@clemson.edu, Sarah W. Harcum. Bioengineering,
Clemson University, Clemson, South Carolina, United States
Induced pluripotent stem (iPS) cells hold the potential to dramatically improve cellbased therapies applications in the near future. Yet, for iPS cells to have a clinical
impact, these cells must be generated in sufficient quantity and quality that currently
exceeds today’s capabilities. To meet these needs, a comprehensive understanding of
how environmental conditions affect iPS cell metabolism and pluripotency is essential.
IPS cells catabolize glucose and secrete lactate at elevated rates, even in the presence
of oxygen. However, there remains an incomplete understanding of the metabolic role
of lactate for iPS cells and its effects on pluripotency. Furthermore, few studies have
examined whether lactate production can be modulated in iPS cell metabolism through
low glucose feeding strategies. This study examined the impacts of high and low
extracellular glucose and lactate on cellular metabolism of iPS cells using 13C metabolic
flux analysis (13C-MFA). 13C-MFA is a powerful tool used to quantify intracellular
metabolic pathway fluxes by coupling extracellular flux measurements and intracellular
metabolite isotope labeling distributions with a discrete metabolic reaction network. 13CMFA is frequently used to quantify changes in metabolic pathway fluxes for cells grown
in different conditions. In this study, extracellular glucose, lactate, and amino acid
concentrations were measured throughout the experiment to determine the extracellular
consumption and production fluxes. In addition, [1,2-13C] glucose, [U-13C] glutamine,
and [U-13C] lactate isotope tracers were used in parallel labeling experiments to
determine the intracellular metabolic contribution of each carbon source. High
extracellular lactate resulted in a decrease in lactate production and glucose
consumption. This was coupled with a decreased incorporation of glucose-derived
carbon into TCA cycle metabolites. Likewise, lactate was catabolized to pyruvate,
alanine, and TCA intermediate metabolites in the high-lactate condition. On the other
hand, low extracellular glucose did not significantly affect glycolysis or lactate
production. In addition, none of the conditions examined negatively impacted iPS cell

pluripotency. These results indicate that iPS cells can proliferate efficiently under
nutrient-limited and high lactate conditions. The implications of these findings towards
understanding iPS cell metabolism and improving future cell culture conditions will be
discussed.
BIOT 538
Automated and high throughput ICP-MS sample prep platform to study the effect
of trace metals in upstream manufacturing of therapeutic proteins
Adil Mohammad1, adil.mohammad@fda.hhs.gov, Ryan Graham1, stephanie a.
ketcham1, Chikkathur n. Madhavarao1, Cyrus Agarabi2, Patrick J. Faustino1. (1) CDER /
OPQ / OTR / DPQR, US Food & Drug Administration, Cambridge, Massachusetts,
United States (2) FDA, Silver Spring, Maryland, United States
Biotechnology products are often produced in mammalian cells grown in large
bioreactors. The main objective of upstream manufacturing is to establish a bioreactor
environment required for optimal cell growth to efficiently produce the target protein.
The dynamic environment within the bioreactor is comprised of growth media along with
cells, proteins, nutrients, metabolic waste products and metal ions. Metal ions have
been shown to be increasingly important and can act as enzyme cofactors that directly
influence the kinetics of biochemical reactions. They may also influence the biological
production and quality attributes of therapeutic proteins, such as glycan formation and
their distribution. Variations of the metal content in the cell culture media can affect the
production of the biologic product as well as its critical quality attributes (CQAs). The
current research project will discuss the application of inductively coupled plasma-mass
spectrometry (ICP-MS) coupled with an advanced autosampler platform which
facilitates sample and standard preparation for an automated high throughput platform
that requires only a small amount of sample (<1.0 mL) for analysis of numerous metals
simultaneously. Developed and validated methods are applied to determine metal
content in the following sample matrices: (i) CDM4CHO medium with CHO cell culture.
(ii) Selective spiking of copper and zinc during CHO cell culture in bioreactors. (iii)
Determination of trace metal ions in the cells during a 7-day bioreactor run in a
laboratory scale parallel stirred tank bioreactor, and, (iv) Trace metal trends in a
polymer bag Wave bioreactor. Trends will be discussed for each category and the
importance of near-line metal analysis for monitoring bioreactor production of
therapeutic proteins.
BIOT 539
Role of redox stress in modulating CQAs of recombinant antibody expressed in
mammalian cell culture processes
Rajinder Kaur, rajinder.preet@gmail.com. Chemical Engineering, Indian Institute of
Technology, Delhi, Delhi, India

The mammalian cells are the most preferred expression platform due to their ability to
perform post-translational modifications for the production of complex therapeutic
proteins also referred as biologics or biotherapeutics. The success of antibody
therapeutics has led to an increased focus on developing processes to increase yield
and improve product quality. The production of high quantities of recombinant Abs
imposes considerable strain on the metabolic and redox homeostasis of the cells due to
large energy demands associated with the synthesis, folding, quality control, and
secretion of expressed antibody. The consequence of high energy demand is increased
oxidative stress, which can result in elevated levels of reactive oxygen species (ROS)
causes irreversible oxidative damage to cellular machinery leading to cell death. The
cell culture processes are known to have a significant effect on expression as well as
quality of expressed protein. However, intracellular response of cells to redox stress as
well as molecular mechanism of cytoprotective behaviour of anti-oxidants has not been
fully explored. This study delineates the mechanistic role of oxidants and ROS
scavengers in regulating quantity of expressed protein at shake flask level. The study
explores the role of redox stress in modulating the critical quality attributes (CQAs) of
expressed protein. The effect of oxidative stress upon charge variants and aggregation
has been determined. Chinese hamster ovary (CHO) cell line expressing IgG 1 has been
subjected to the deliberate imposition of increased oxidative stress during culture and
their effect on cell growth and protein production have been investigated. The
intracellular mechanisms by which ROS scavengers affect the productivity of these cells
via inhibiting apoptosis and increase in cell pool with high membrane potential has been
established. The protein product quantity as well as quality in response to oxidative
stress have been examined which will subsidise the role of cell culture performance
affecting process understanding and modulating targeted recombinant protein product
quantity and quality.
BIOT 540
Elucidating amino acid metabolism in CHO cells
Brian McConnell1, brianom@udel.edu, Jacqueline Gonzalez1,2, Maciek R.
Antoniewicz1. (1) University of Delaware, Newark, Delaware, United States (2) Shire,
Lexington, Massachusetts, United States
CHO cells require complex media for cell growth and protein production. The major
components of industrial media are amino acids, however, relatively little is known
about the metabolism of amino acids in CHO cell cultures. Here, we applied advanced
13C-flux analysis tools to elucidate the metabolic flow of the amino acids in a fed-batch
CHO culture that overproduced IgG. Carbon flows were tracked throughout the growth
phase and changes in metabolism were quantified when cells transitioned from growth
phase to stationary phase. In addition, we quantified how changes in amino acids
profiles in the medium translated to changes in cell growth and protein production. To
trace each amino acid individually, custom media formulations were used, where each
medium formulation was depleted of a specific amino acid. A labeled 13C variant of the
depleted amino acid was then added to the medium at the desired concentration. CHO

cells were then grown in fed-batch culture. As the cells metabolized the labeled amino
acids, this resulted in a redistribution of 13C-atoms which we quantified using GC-MS for
both extracellular metabolites (including lactate, amino acids and the IgG product) and
intracellular metabolites (including free intracellular metabolites, cell proteins, lipids and
carbohydrates). This allowed us to calculate the fraction of each amino acid that was
used for cell growth, protein production, lactate formation and energy generation. We
also investigated the effects of labeling in both the batch and fed-batch stationary
phase. Finally, we investigated the effects of varying amino acid concentrations. Each
amino acid was added to the medium at a lower or higher concentration compared to
the base medium and changes in metabolic fluxes were compared in order to determine
the precise impacts of amino acid concentration changes on the metabolic flux profiles.
Taking all of this data together, we are now building a predictive kinetic model that
relates how the metabolism of CHO cells can be predicted from amino acid profiles. In
future work, model predictions will be experimentally validated as a means of optimizing
the amino acid composition of industrial culture media.
BIOT 541
Intra-lymph node delivery of tolerogenic microparticles reverses disease and
prevents relapse in a relapsing-remitting model of multiple sclerosis
Emily A. Gosselin1, egosseli@umd.edu, Christopher Jewell1,2,3. (1) Fischell
Department of Bioengineering, University of Maryland - College Park, College Park,
Maryland, United States (2) United States Department of Veterans Affairs, Baltimore,
Maryland, United States (3) Robert E. Fischell Institute for Biomedical Devices, College
Park, Maryland, United States
Multiple sclerosis (MS) occurs when immune cells attack myelin, the matrix insulating
neurons. Currently, treatments are non-curative and leave patients
immunocompromised. To overcome these barriers, we seek to promote myelin-specific
tolerance by inducing regulatory T cells (TREGS) that specifically control disease. Lymph
nodes (LNs) are sites where T cells expand against antigens (e.g., myelin) in response
to immune cues. Thus, one approach to promote T REGS is to alter the local LN
environment to polarize T cells toward TREGS rather than inflammatory T cells. We
hypothesized that sustained release of immune cargo from slowly-degrading
poly(lactide-co-glycolide) microparticles (MPs) localized in LN would stop disease and
prevent relapse by expanding myelin-reactive TREGS. To test this idea, mice were
induced with a Relapsing-Remitting model of MS, in which the immune system attacks
different sections of myelin proteins over time, and monitored for disease severity.
Higher Clinical Scores indicate more severe paralysis. Therapeutic MPs were co-loaded
with regulatory cue Rapamycin (Rapa) and myelin peptide (PLP139), and deposited
intra-LN (i.LN) on Day 7 (before symptom onset) or Day 13 (peak disease) (Fig 1A).
Excitingly, a single treatment with PLP139/Rapa MPs at peak disease reversed paralysis
and prevented relapse (Fig 1B). To isolate the roles of Rapa and PLP139 in efficacy,
mice were treated on Day 7 with Rapa MPs, PLP139 MPs, or PLP139/Rapa MPs. Only
PLP139/Rapa MP-treated mice experienced permanent protection from paralysis (Fig

1C, 1D). These results motivate future studies to confirm that this efficacy results from
the induction of myelin-specific TREGS.

Figure 1. (A) A single i.LN injection of tolerogenic MPs was administered prior to disease onset
(D7) or at peak disease (D13) in mice with RR-EAE. (B) PLP139/Rapa MP treatment at peak
disease reverses of paralysis and prevents relapse during RR-EAE (p<0.0001****).
BIOT 542
Engineering cellular-based selections for translatable ligand discovery
Patrick S. Lown, lownx003@umn.edu, Benjamin Hackel. Chemical Engineering and
Materials Science , University of Minnesota - Twin Cities, Minneapolis, Minnesota,
United States
Protein engineering has been utilized for the discovery and evolution of ligands with
potent, specific binding to clinical biomarkers for diagnostics and therapeutics. Many
selection techniques use recombinant soluble extracellular domains as analogs of
transmembrane target proteins. These analogs may not accurately recapitulate true
cellular target, which often yields ligands with non-functional binding against true cellular
target. Panning of yeast-displayed ligand libraries against target-expressing mammalian
cells has shown promise, but yield is lacking for all but the most strongly expressing
cells or with nanomolar affinity ligands. In addition, previous studies indicate frequent
recovery of non-target-specific ligands.
To investigate and overcome these limitations, we investigated multiple selection
techniques with the aim of optimizing and understanding yeast-mammalian cell
interactions while providing new methods with increased yield and specificity. We first
investigated the use of disadhered target-expressing mammalian cells in a selection
strategy similar to traditional magnetic bead sorting that uses bound target-expressing
mammalian cells in place of recombinant analogs to increase the yield of cellular-based
sorts. This method shows significantly increased yield (11.7% vs. 3.8%; p = 0.02),
enrichment (543-fold vs. 163-fold; p = 0.01), and lower background binding (0.04% vs.
0.15%; p < 0.01) than traditional cell panning in an EGFR model system. Moreover, cell
capacities were equivalent to that of traditional magnetic bead sorting. The use of
disadhered target-negative mammalian cells a pre-blocking step to deplete non-targetspecific binders was also tested, which shows significant (p = 0.006) depletion in CD276
and Thy1 model systems. We also hypothesized that hybrid selections with a
combination of magnetic bead sorting with recombinant analogs and adherent cell

panning would elevate specificity and provide genuine cellular binding. Affibody and
fibronectin ligands were effectively discovered against clinical biomarkers HER2 and
IGF1R via this approach. An affibody library population matured towards HER2 showed
significantly higher specificity (28x preference for HER2high vs. HER2low cells) compared
to cell panning alone (3x preference). We will also discuss the use of deep sequencing
across parallel sorting of multiple cell lines to isolate target-specific ligands by sequence
comparison.
BIOT 543
Chemical testing in a two-organ human-on-a-chip NAFLD model
Victoria Slaughter1, victoria.slaughter@knights.ucf.edu, Rachel Boone1, Duaa Malik1,
John Rumsey2, Christopher Long2, James J. Hickman3,2. (1) Nanoscience Technology
Center, University of Central Florida, Orlando, Florida, United States (2) Hesperos, Inc,
Orlando, Florida, United States (3) NanoScience Technology Center, University of
Central Florida, Orlando, Florida, United States
Nonalcoholic fatty liver disease (NAFLD) is a liver disease affecting approximately 1
billion individuals globally and is strongly correlated with metabolic syndrome diseases
including obesity and type II diabetes (T2D). NAFLD is characterized by liver steatosis
and insulin resistance in liver and adipose tissue. We have developed an in vitro,
microfluidic, human-on-a-chip model composed of liver and adipose tissue modules
capable of modeling NAFLD and the metabolic factors contributing to disease
development and progression. The model uses serum-free, blood mimetic recirculating
medium tailored to represent different human metabolic conditions: normal physiologic,
elevated blood glucose and insulin mimicking T2D, increased circulating free fatty acids
and inflammation mimicking obesity, and the combination of T2D and obesity.
Compared to healthy conditions, T2D and obesity conditions directly induced NAFLD
development over 14 days including liver steatosis, insulin resistance, and adipokine
profile changes in adipose tissue. Following treatment with the insulin sensitizers
metformin and pioglitazone, we observed changes in the phosphorylation of protein
kinase B (Akt) in liver and adipose. These changes were associated with reduced liver
steatosis and a rescued adipokine profile. As NAFLD and other metabolic diseases
involve a complex interplay between a variety of factors, this model provides a unique
platform to evaluate an individual factor’s contribution to disease development,
progression and mechanism. Finally, this model has been used to evaluate efficacy and
toxicity of novel chemicals aimed at treating or preventing advancement of NAFLD.
BIOT 544
Engineered bispecific antibodies for targeted inhibition of cancer metastasis
Wentao Wang, wwang104@jhu.edu, Jamie B. Spangler. Biomedical Engineering, John
Hopkins University, Baltimore, Maryland, United States

Metastasis is responsible for 90% of all cancer-related deaths. However, current FDAapproved cancer treatments are focused on preventing tumor cell proliferation rather
than migration, and the mechanisms driving tumor metastasis remain unclear. Recently,
a synergistic signaling pathway involving the interleukin-6 (IL-6) cytokine and the IL-8
chemokine was reported to promote tumor metastasis, and the inhibition of this pathway
was demonstrated to prevent cancer cell migration. Recombinant antibodies are
valuable therapeutic candidates due to their ability to specifically target their ligands with
high potency, and bispecific antibodies offer the additional advantages of enhanced
affinity through avidity effects, improved target cell specificity, and reduced chances of
secondary resistance due to mutational escape. We engineered two bispecific antibodybased constructs that simultaneously block activation of the IL-6 and IL-8 receptors, and
characterized their biophysical and functional properties. We demonstrated the efficacy
of our bispecific antibodies in blocking cell migration in highly aggressive cancer types,
including triple negative breast cancer. Ongoing studies seek to evaluate these
constructs in 3-D cellular migration studies and in mouse tumor xenograft models to
advance the development of effective molecular therapeutics targeting cancer
metastasis.
BIOT 545
Liposome-coated iron oxide nanoparticles (LIONs): A dynamic approach for the
investigation of influenza fusion mechanisms
Tuhina Banerjee, tbanerjee@pittstate.edu, Vedant Jain, Santimukul Santra.
Department of Chemistry, Pittsburg State University, Pittsburg, Kansas, United States
Fusion between host cell membranes and viral envelopes remains one of the most
crucial steps in viral pathogenesis and allows enveloped viruses to overcome one of the
largest barriers to propagation: cell entry. Various aspects of fusion mechanics have
been analysed using techniques such as electron microscopy (EM), cryo-electron
tomography (cryo-ET), and sedimentation equilibrium analytical ultracentrifugation.
However, we propose the novel use of liposome-coated iron oxide nanoparticles
(LIONs) as a new approach for the analysis of viral fusion mechanisms. We
demonstrate the feasibility of using LIONs for the analysis of fusion using the wellunderstood fusion mechanics of influenza. Hemagglutinin (HA), a fusion glycoprotein is
known to play an important role in this process. LIONs are synthesized by coating iron
oxide nanoparticles and fluorescent dye in a liposomal membrane, which effectively
mimics a host endosomal membrane. This platform, and the dual magnetic and
fluorescent signals it provides, may then be used to observe interactions between the
membrane coating and fusion proteins in real-time. In this presentation, we will
demonstrate the ability of LIONs to observe fusion in real-time between LION
membranes and HA/ HA2 fusion peptides as well as influenza virus-like particles
(VLPs). In addition to this, we also use the LION platform to study environmental effects
on fusion, including pH, membrane cholesterol composition, presence of the protease
trypsin and small molecule inhibitor arbidol.

BIOT 546
Application of kinetic reaction modeling for process development of antibodydrug conjugates
Sebastian Andris1, sebastian.andris@kit.edu, Jonathan Seidel1, Michaela Wendeler2,
Juergen Hubbuch1. (1) MAB, Karlsruhe Institute of Technology (KIT), Karlsruhe,
Germany (2) MedImmune, Gaithersburg, Maryland, United States
By uniting the specificity of monoclonal antibodies (mAbs) and the efficacy of cytotoxic
small-molecule drugs in one molecule, antibody-drug conjugates (ADCs) form a
promising class of anti-cancer therapeutics. This is emphasized by around 60 molecules
in clinical trials and four marketed products. The conjugation reaction of mAbs with
small-molecule drugs is a central step during production of ADCs. A detailed kinetic
model for the conjugation reaction cannot only improve process understanding, but can
also be applied for process optimization. One example is the identification of the optimal
amount of drug excess, which should be minimized due to its high toxicity.
In our work, we set up six different models for the conjugation of a cysteine-engineered
mAb with two molecules of the surrogate drug N-(1-pyrenyl)maleimide (NPM). All
models were based on different assumptions regarding the reaction mechanism and
each model consisted of a set of differential equations. The models were fit to an
experimental data set (12 conjugation runs) and the best model was selected based on
Akaike information criteria (AIC). For the conjugation with NPM an R^2 of 0.984 was
achieved. To demonstrate the applicability of the approach for varying drug molecules,
the model was also fit to a data set of conjugations with 7-diethylamino-3-(4'maleimidylphenyl)-4-methylcoumarin (CPM) and an R^2 of 0.917 was reached. The
models were successfully validated with external datasets. The interpretation of model
results led the way to a process with increased reaction rate. Furthermore, the process
was optimized towards an optimal amount of drug excess.
In summary, the proposed modeling approach provides a powerful tool for the
investigation of ADC conjugation reactions and will proof a useful aide for process
optimization.
BIOT 547
Single cell PK/PD of antibody-drug conjugates: Computational predictions and
experimental validation to improve in vivo efficacy of targeted therapeutics
Eshita Khera1, ekhera@umich.edu, Cornelius Cilliers1, Ian Nessler1, Greg Thurber1,2.
(1) Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United States
(2) Biomedical Engineering, University of Michigan, Ann Arbor, Michigan, United States
Antibody-drug conjugates (ADC) are a class of prodrugs for targeted cancer therapy.
Next-generation ADCs with impressive biophysical advances have seen a dramatic
growth, as evidenced by four recent FDA approvals, yet holistic evaluation of their
impact on clinical efficacy has not kept pace. Consequently, the clinical success rate of

ADCs has not met expectations despite tremendous promise. ADC delivery to the site
of action is a complex transport challenge. In particular, their heterogeneous tumoral
distribution can severely limit cellular targeting in solid tumors. Using in vitro tumor
spheroids, in vivo mouse models, and in silico PDE simulations, we show how
modifying ADC physicochemical properties can improve ADC single-cell delivery and
efficacy. Macromolecular properties like size and receptor-binding kinetics can influence
transport parameters like ADC extracellular diffusion and internalization rate, which in
turn influence ADC intratumoral distribution. For example, we show how single-domain
antibodies can penetrate tissue better than a full-sized antibody, correlating to improved
in vivo efficacy. Interestingly, we also show a counter-intuitive example where rapid
internalization and high potency can result in lower in vivo efficacy due to poor tissue
penetration. Similarly, the molecular weight, lipophilicity, and functional groups on the
ADC cytotoxic payload can influence ‘bystander effects’ i.e. the payload can diffuse out
of targeted cells to kill nearby untargeted cells, thereby potentially compensating for
ADC distribution heterogeneity. Our simulations allow us to directly track the payload
after it is released from the antibody, a feat currently unachievable experimentally.
Using pharmacodynamic markers to indirectly track the payload, we show how
‘bystander payloads’ can reach nearly twice as many cell layers as the intact ADC at 72
hrs. This suggests that bystander effects can partially compensate for poor delivery, and
by optimizing the payload physicochemical properties, more efficient bystander
payloads can be designed. Payload bystander potential can be described by a
dimensionless Damköhler number, Da (cellular uptake versus extracellular diffusion),
and when Da is ~ 3, bystander payloads exhibit maximum tumor killing. Therefore, this
joint experimental-simulation system can quantitatively predict in vivo ADC distribution
behavior in a controlled and systematic manner, enabling improved clinical success of
next-generation ADCs.
BIOT 548
Regulation of trafficking and transport of antibodies across the human bloodbrain barrier
John Ruano-Salguero, jruanos@udel.edu, Kelvin H. Lee. Chemical & Biomolecular
Engineering, University of Delaware, Newark, Delaware, United States
The network of cerebral capillaries, known as the blood-brain barrier (BBB), is a
formidable obstacle in delivering medicines to the brain, particularly for conventional
antibody-based therapeutics that demonstrate only 0.1% brain uptake. Despite a need
to improve brain delivery, mechanisms regarding the transport of conventional
therapeutic antibodies across the BBB remains largely unknown. To elucidate the
antibody-specific processes at the BBB, antibodies with modifications in the fragment
crystallizable (Fc) region were investigated. Using a hydrogel-based in vitro model of
the BBB comprised of human stem cell-derived BBB-like cells, the transport rate and
intracellular distributions of these fluorescently conjugated antibodies are obtained via
live-cell and super-resolution confocal microscopy, respectively. Initial differences were
further explored with concentration-dependent and inhibitory studies, which together

suggests a complicated role for the Fc receptors identified in our BBB-like cells. In
summary, these findings demonstrate the benefit of quantifying and visualizing the
transport of molecules as they cross the BBB in vitro to thoroughly characterize
attributes useful in informing antibody engineering efforts aimed at improving brain
delivery.
BIOT 549
Synthetic molecular evolution of hybrid cell penetrating peptides
W. Berkeley Kauffman, Shantanu Guha, William C. Wimley, wwimley@tulane.edu.
Biochemistry, Tulane University School of Medicine, New Orleans, Louisiana, United
States
Peptides and their analogs such as peptide nucleic acids (PNA) are promising tools and
therapeutics, but the cell membrane remains a barrier to intracellular targets.
Conjugation to classical cell penetrating peptides (CPPs) such as HIV-tat or penetratin
facilitates some delivery, however efficiencies are low. Such cell penetrating peptides
have potential utility for the cellular delivery of polar compounds, cancer therapy,
biosensor design. Yet, despite decades of research on thousands of known examples,
useful sequence-structure-function relationships are essentially unknown. Because
peptide-membrane interactions within the highly fluid bilayer are dynamic and
heterogeneous, accounts of mechanism are necessarily vague and descriptive, with
little predictive power. This lack of explicit design principles hinders rational
optimization. Here, we use synthetic molecular evolution, iterative peptide library design
and orthogonal high-throughput screening, to identify gain-of-function CPPs with
dramatically improved ability to deliver cargoes to cells at low concentration. A CPP
library containing 8,192 tat/penetratin hybrid peptides coupled to an 18-residue PNA
was screened using the Hela pTRE-LucIVS2 splice correction reporter system. The
daughter CPPs identified are one to two orders of magnitude more efficient than the
parent sequences at delivery of PNA, and also deliver a dye cargo and an anionic
peptide cargo. The significant increase in performance following a single iteration of
SME demonstrates the power of this approach to peptide sequence optimization.
BIOT 550
Quantitative biodistribution of multimodal macrophage-targeted probes by optical
and nuclear imaging
Hongping Deng1, hpdeng@illinois.edu, Christian Konopka1, Tzu-Wen Liu2, Kelly
Swanson2, Lawrence Dobrucki1, Andrew Smith1. (1) Department of Bioengineering,
University of Illinois at Urbana-Champaign, Urbana, Illinois, United States (2) Division of
Nutritional Sciences, University of Illinois at Urbana−Champaign, Urbana, Illinois, United
States

Introduction: The biodistribution and pharmacokinetics of drugs and drug carriers are
commonly measured through nuclear imaging but low spatial resolution prevents
determination of the cell types involved. Optical imaging and cytometry provide
resolution at the single cell level, but low penetration depth and dye lability makes it
impossible to evaluate distribution quantitatively in vivo. Here, we use multimodal
nuclear-optical probes for in vivo imaging to connect the distribution of macromolecular
drug carriers across the scale of whole organisms to cells.
Results and Discussion: We developed dextran-based probes with three different dye
emission windows (615 nm, 700 nm, and 800 nm) and radioisotopes (64Cu) (Fig. 1a).
The multimodal probes efficiently targeted macrophages in visceral adipose tissue
(VAT) via PET/CT and optical imaging (Fig.1b-c). There was high correlation between in
vivo PET and ex vivo gamma well counting (GWC) in both white VAT and red-colored
organs (liver, spleen and heart). Only dyes with 700 nm emission displayed a good
correlation with GWC in VAT, however no dyes showed strong correlation in red organs
(Fig. 1d-f).
Conclusions: A good correlation between nuclear and optical imaging was
demonstrated with a fluorescent dye emitting at 700 nm in targeted VAT.

Figure 1. (a) Structures of multimodal probes. Optical (b) and reconstructed PET/CT (c) images.
Correlation between nuclear and optical imaging: dye615 (d), dye700 (e) and dye800 (f).
BIOT 551
Guided design of sustained release biopharmaceutical systems through model
predictions
Stijn Koshari1, kosharis@udel.edu, Debby Chang2, Isidro Zarraga2, Karthikan
Rajagopal2, Norman J. Wagner1, Abraham M. Lenhoff1. (1) University of Delaware,
Newark, Delaware, United States (2) Genentech Inc., South San Francisco, California,
United States

Long-term, sustained delivery systems are promising approaches to increase the
bioavailability of biotherapeutics and reduce the need for frequent administration of the
drug. Further investigation of sustained delivery systems for large molecules is
warranted to broaden their use in biotherapeutic applications, but detailed experimental
studies on these systems can require excessive amounts of time and resources. The
understanding and development of such systems can be accelerated with the aid of
mathematical models that can predict the expected drug release profile a priori.
However, guaranteeing the accuracy of these models is inherently difficult, and
confidence in the predictive capabilities generally relies on some experimental validation
of the model. We have developed a methodology to evaluate mathematical models for
the prediction of sustained release of macromolecular therapeutics from poly(lactic-coglycolic acid)-based (PLGA) drug delivery systems. We show that an efficient stochastic
optimization algorithm can be used not only to find global minima of such complex
models robustly, but also to generate meta-data that allow quantitative evaluation of
parameter sensitivity and correlation, which can be used for further model refinement
and development. This methodology was used in conjunction with a predictive
mathematical model of sustained release to (1) design a desirable, zeroth-order release
profile of biotherapeutics in injectable PLGA solvent depot release systems, and (2)
compare model predictions to experimental release data and microstructural
observations for a model experimental system of implantable, solid PLGA rods. The
novel observations for both experimental systems are essential for adequately
describing the underlying drug-release mechanisms when designing predictive models
such as the one evaluated here. In addition, we directly illustrate how such a predictive
model facilitates the development of sustained drug-release systems.
BIOT 552
Facile strategy enabling both high loading and high release amounts of the waterinsoluble drug clofazimine using mesoporous silica nanoparticles
Wei Chen1,3, weichen2626@gmail.com, Chi-An Cheng2,3, Bai-Yu Lee4, Daniel L.
Clemens4, Wen-Yen Huang1,3, Marcus A. Horwitz4, Jeffrey I. Zink1,3. (1) Chemistry and
Biochemistry, University of California Los Angeles, Los Angeles, California, United
States (2) Bioengineering, University of California, Los Angeles, Los Angeles,
California, United States (3) California NanoSystems Institute, University of California
Los Angeles, Los Angeles, California, United States (4) Division of Infectious Diseases,
Department of Medicine, University of California Los Angeles, Los Angeles, California,
United States
The use of nanocarriers to deliver poorly soluble drugs to the sites of diseases is an
attractive and general method, and mesoporous silica nanoparticles (MSNs) are
increasingly being used as carriers. However, both loading a large amount of drugs into
the pores and still being able to release the drug is a challenge. In this work, we
demonstrate a general strategy based on a companion molecule that chaperones the
drug into the pores and also aids it in escaping. A common related strategy is to use a
miscible co-solvent dimethyl sulfoxide (DMSO), but although loading may be efficient in

DMSO, this co-solvent frequently diffuses into an aqueous environment, leaving the
drug behind. We demonstrate the method by using acetophenone (AP), an FDAapproved food additive as the chaperone for clofazimine (CFZ), a water-insoluble
antibiotic used to treat leprosy and multidrug-resistant tuberculosis. AP enables a high
amount of CFZ cargo to be loaded into the MSNs and also carries CFZ cargo out from
the MSNs effectively when they are in an aqueous biorelevant environment. The
amount of loading and the CFZ release efficiency from MSNs were optimized; 4.5 times
more CFZ was loaded in MSNs with AP than that with DMSO and 2300 times more CFZ
was released than that without the assistance of the AP. In vitro treatment of
macrophages infected by Mycobacterium tuberculosis with the optimized CFZ-loaded
MSNs killed the bacteria in the cells in a dose-dependent manner. These studies
demonstrate a highly efficient method for loading nanoparticles with water-insoluble
drug molecules and the efficacy of the nanoparticles in delivering drugs into eukaryotic
cells in aqueous media.
BIOT 553
Photodegradable hydrogels for protein delivery: Tuning degradation rates
through cleavage bond chemistry
Paige LeValley1, pleval@udel.edu, April M. Kloxin2. (1) University of Delaware, Newark,
Delaware, United States (2) Chemical Biomolecular Engineering, University of
Delaware, Newark, Delaware, United States
Stimuli responsive hydrogels are useful platforms for the encapsulation and controlled
release of proteins where light responsive chemistries are a powerful tool for tuning the
rate of protein release to achieve on-demand release profiles. Nitrobenzyl (NB) linkers
are commonly incorporated within hydrogels to impart light responsive properties owing
to their ability to degrade in response to cytocompatible doses of light; however, the
nature of the photolabile bond and its context have been observed to lead to variability
in the rate of photodegradation and hydrolysis of the linker. For example, the behavior
of NB groups within the aqueous and confined environment of hydrogels has been
observed to be different than that observed with small molecules in free solution.
Additionally, the different behavior between the two most frequently used NB groups
within hydrogels, photolabile ester or amide linkers, is not well understood impacting the
broad utility of these linkers for therapeutic applications. This work addresses these
concerns by characterizing the rates of photodegradation and hydrolysis for ester,
amide, carbonate, and carbamate-linked NB-containing hydrogels. Specifically, bioinert
poly(ethylene glycol) (PEG) hydrogels were formed integrating photolabile crosslinks
that contained the various photocleavable bonds. Hydrogel degradation was examined
by monitoring mechanical properties and swelling over time upon light exposure or
under accelerated hydrolysis conditions. Notably, the carbamate-linked NB group was
found to have a fast photodegradation rate combined with long term stability in aqueous
environments, making it a good candidate for protein delivery applications where
complete temporal control over protein release with light is desired. To demonstrate the
utility of using the different NB groups to control protein release, hydrogels containing

layers formed with different, complementary linkers were fabricated. Specifically, two
layers were formed as concentric cylinders, one layer containing the ester-linked NB
crosslinker and the other the carbamate-linked NB crosslinker for rapid hydrolysis
followed by photolysis. With this approach, unique release profiles were achieved with
model cargoes of relevance for the controlled release of proteins. By understating the
degradation behavior of NB linkers within hydrogels, protein delivery platforms with
controlled and tunable properties can be designed towards personalized medicine
applications.
BIOT 554
Cationic microemulsion-based soft contact lenses for the controlled delivery of
poorly water-soluble drugs
Cesar Torres, cesartorres093@gmail.com. Chemical Engineering, University of
Maryland, College Park, Maryland, United States
Contact lenses (CLs) have emerged as potential ophthalmic drug controlled release
systems for a longer drug residence time in the post-lens tear film and a more direct
path than topical eye drops. Extensive research is underway to increase residence time
and bioavailability of drugs within therapeutic levels on the ocular surface. In this study,
we developed a cationic microemulsion-based soft contact lens system for extended
delivery of low aqueous solubility drugs. Our drug release kinetic results have shown
that cetalkonium chloride (CKC), a commonly-used cationic surfactant, increased the
retention of poorly water-soluble drugs in the microemulsion phase of CLs through
electrostatic interactions, thus decreasing the drug release rate. In addition, dynamic
light scattering (DLS) and transmission electron microscopy (TEM) results suggest the
mechanism of extended drug release: CKC not only improves the stability of Brij 97 and
Tween 80 based-microemulsions but also decreases the diameter of microemulsion
droplets; therefore, more surface area is available for drug adsorption to the oil droplets
instead of being dispersed in the hydrophilic phase of the CL matrix. Because CKC also
has the potential of enhancing the precorneal residence time of drug molecules
between the positively charged oil droplets and the negatively charged corneal
epithelium, such cationic microemulsion-based system represents a potential novel
device and a new strategy for the controlled ophthalmic delivery of drugs with high
bioavailability.
BIOT 555
Evaluation of drug-to-excipient ratio effects on the drug release profile in drug
coated balloons
Mandy Tran, Steven Woolford, Sekou T. Yoda, Berk Oktem, Agnes Nguyenpho, Martin
K. McDermott, Samanthi I. Wickramasekara, samanthi.wic@gmail.com. United States
Food and Drug Administration, Silver Spring, Maryland, United States

Approximately 8.5 million people in the United States have peripheral arterial disease
(PAD), which is the narrowing of vessels that carry blood from the heart to the body’s
extremities and is primarily caused by the build-up of fatty plaque in the arteries
(stenosis). Balloon angioplasty and bare metal stents were initially used for the
treatment of stenosis, but re-stenosis (re-blockage) became the rate limiting factor for
these procedures. Drug coated balloons (DCB) have emerged as the alternative
procedure for re-stenosis because of their ability to treat a variety of occlusion types
with a uniform dose of anti-proliferative drugs. There are several types of coating
matrices used to produce DCBs. In this study, the relationship between coating
composition and drug release under physiologically relevant conditions was examined
to understand how differences in coating composition impact the drug transfer from the
balloon surface to the simulated body fluids. To conduct the experiments, the balloons
were coated using an in-house developed micro-pipetting method. Paclitaxel (PTX) was
used as the anti-tumor drug because it reduces cell proliferation and Iopromide (IOP)
was used as the excipient because it allows for the drug to adhere to the target site
longer. Balloons were coated with different drug-to-excipient ratios (3:1, 3:2 and 1:2
drug-to-excipient ratio respectively). In vitro drug release kinetics were studied with
Vention balloons. A track and deploy method was performed utilizing a “mock” artery
using coated POWERFLEX Extreme balloon catheters to simulate an in-vitro
environment. The amount of drug released to the medium, at each time point, was
quantified by high performance liquid chromatography (HPLC). In vitro drug release
kinetics studies showed that the coating conditions used for micro-pipetting method
affects the drug release rate into the simulated fluid. Scanning electron microcopy
(SEM) images showed that 3:1 ratio produced more uniform and thin coating throughout
the balloon surface compared to the other drug-to- excipient ratios. Track and deploy
studies showed that 3:1 drug-to-excipient ratio is the most effective coating ratio for this
procedure, since it produces the highest drug recovery. This data provides useful
information for understanding how coating composition influences the drug release
profile under simulated conditions.
BIOT 556
Development of a topical prodrug to treat burn scar contracture
Kathryn Murray1, kathryn.murray@warwick.ac.uk, Sheila MacNeil2, Sebastian Spain1.
(1) Chemistry, University of Sheffield, Sheffield, United Kingdom (2) Materials Science
and Engineering, University of Sheffield, Sheffield, United Kingdom
Advances in emergency burn care have led to increasing numbers of patients surviving
burn injuries that were previously considered to be fatal. As a result, there is a growing
need to address the long-term challenges of burn injuries. Scar contracture is a major
complication of extensive burns that leads to prolonged pain, loss of joint mobility and
severe disfigurement. Contractures develop up to 2 years after the initial injury due to
cross-linking of collagen fibres, catalysed by the enzyme lysyl oxidase (LOX). Previous
efforts to inhibit the action of LOX have relied on systemic delivery of the known LOX
inhibitor beta-aminopropionitrile (b-APN), however this non-targeted approach has

resulted in body-wide consequences which have halted its clinical use. Here we
introduce a method for the topical delivery of b-APN, directly targeting the site of injury,
overcoming the need for excessive doses and potentially reducing toxic side-effects.
We achieve this by attaching b-APN to a lipophilic moiety via a reversible linker, forming
a prodrug that enables the inhibitor to pass through the skin whilst maintaining biological
activity. In this presentation we outline the synthesis and characterisation of a series of
prodrugs and demonstrate their ability to dissociate in response to an environmental
cue. We highlight how this dissociation is sufficient to inhibit the target enzyme at
concentrations that are non-toxic to primary human cells. Furthermore, we apply the
prodrugs to an in vitro model of contraction using the collagen gel contraction assay. By
using this targeted approach, we aim to shorten patient rehabilitation times and reduce
the need for invasive reconstructive surgery.
BIOT 557
Keynote: Take that, batches!
Jonathan L. Coffman1, jon.coffman@boehringer-ingelheim.com, Raquel Orozco2,
Jeffrey Salm3, Daisie Ogawa2, Robert Fahrner3, Jens Vogel2. (1) Process Science,
Boehringer Ingelheim, Fremont, California, United States (2) Boehringer Ingelheim,
Fremont, California, United States (3) Pfizer, Groton, Connecticut, United States
The value of integrated and continuous bioprocessing (ICB) has been debated for
decades. A few companies are implementing modern GMP ICB. Many more are
investigating ICB as a potential new platform for mAbs and non-mAbs. Much of the
reluctance about implementing ICB comes from the fear, uncertainty, and doubt (FUD)
about using what appears to be new unit operations. One can, however, implement an
ICB process based on many familiar batch unit operations that gains nearly all of the
value of those based on newer, fancier unit operations that make many practical people
uncomfortable.
Even though the equipment in such a plant is roughly the same, ICB can generate 5-10
times more material per dollar of capital, or per square foot of floor space, or per person
in ops, QA, QC, MSAT, and logistics than batch plants. This is due to the high
productivity of the bioreactor, the nearly constant utilization of the downstream, and the
large batch size, as well as to lower buffer and media utilization than a batch process.
These factors enable ICB plants based purely on single use technology to produce as
much material as a six pack of 12,000L bioreactors.
The automation and control of ICB equipment presents opportunities to expand the use
of real-time mechanistic models, short duration continuous virus inactivation, and realtime multivariate data analysis techniques. While many of these are not strictly
necessary, judicious use of the proper tools can add heightened control and increased
productivity.
BIOT 558

Michaels Award: Membranes in bioprocessing: From Alan Michaels to the present
Andrew L. Zydney, zydney@engr.psu.edu. Dept of Chemical Engineering, Penn State
University, University Park, Pennsylvania, United States
Membranes have been used for bioseparations for nearly 100 years, although the
commercial development of ultrafiltration technology didn’t really occur until the work by
Alan Michaels and his colleagues at Amicon in the 1960’s and 1970’s. However, the
general rule of thumb through most of the next 20+ years was that membranes could
only be used to separate species that differ in size by at least a factor of 10, severely
limiting applications of membranes in bioprocessing. Recent advances in membrane
science and technology have led to the development of membranes / processes that
can accomplish much finer separations, opening up exciting opportunities for using
membrane technology for the purification of high value biotherapeutics. This talk will
provide an overview of the key historical developments enabling these membrane
processes, building directly on the pioneering efforts of Alan Michaels. Emphasis will be
placed on how new advances in membrane science coupled with an improved
understanding of the underlying transport phenomena have led to exciting new
applications of membrane technology in bioprocessing. This includes the use of virus
removal filtration in the production of monoclonal antibodies, which can provide
selectivities of more than 1000-fold even though the small parvoviruses are only about
twice the size of a monoclonal antibody. Recent work in our group has demonstrated
that ultrafiltration can be used for the purification of conjugated vaccines and pegylated
proteins, enabling the removal of very similarly-sized impurities (e.g., unreacted
polysaccharides in the production of polysaccharide-based vaccines). It is even possible
to separate different plasmid DNA isoforms, in this case by exploiting differences in the
elongational flexibility of biomolecules with nearly identical size but different topological
structures. These developments are likely to have a major impact on the downstream
processing of novel biopharmaceuticals for many years to come.
BIOT 559
Cell line development strategies using a high throughput automated platform
Amit Kumar, amit.kumar24@merck.com, Xiaoyan Tang. Biologics Process
Development & Clinical Manufacturing, Merck & Co., Inc., Kenilworth, NJ USA,
Kenilworth, New Jersey, United States
Cell line development constitutes an important first step in the manufacturing of
biotherapeutic drugs. Chinese hamster ovary (CHO) cells represent the most widely
used host cell line for production of a variety of complex biotherapeutic drugs. Obtaining
a commercially viable and yet robust and high performance CHO cell line is a very
critical process and depends on several factors such as achieving consistent growth
profiles and desired product quality. These factors can make meeting increasingly
shortened timelines challenging with the conventional shake flask based cell line
development workflow as it takes several months before a stable clone can be attained,

thereby significantly delaying product delivery. With the advent of new automation
technologies, now it is possible to implement a high throughput automation platform
which not only allows significantly shortened timeline by using parallel processing but
also allows notably increased final clone quality. We custom created an automated cell
line development platform by combining an automated liquid handling system with an
automated bioreactor system to perform cell passaging and production in deep well
plates and spin tubes and substantially reduced timeline for cell line screening and
clone selection. We performed cell culture suitability assessment using different culture
vessels and cell lines as well as production suitability assessment using various
validated protein products and achieved improved production performance in addition to
much reduced overall cost and manual labor involvement. Automated systems
demonstrated here can be used in the biotherapeutic drugs manufacturing process for
the collection of immense quantities of cell culture data thereby allowing a rapid, costefficient, and a minimal labor requirement approach for cell line engineering and clone
selection.
BIOT 560
Reduced scale model qualification of 5L bioreactor & Ambr250 using multivariant
visualization & Bayesian inferential methods
Christopher Canova, canova.chris@gmail.com, Dwaine Banton, Kevin Clark, Sarah
Naguib, Eugene J. Schaefer. Janssen Pharmaceuticals, Springfield, Pennsylvania,
United States
Reduced scale models (RSMs) are commonly used to assure consistent performance
and justify operation ranges for manufacturing scale unit operations. RSMs of a 250 mL
Automated Microscale Bioreactor (Ambr 250) and a 5-L bioreactor were statistically
qualified as being representative of a 2000-L manufacturing scale bioreactor for a CHO
cell line producing a recombinant monoclonal antibody. The study identified process
performance and product quality attributes that capture important aspects of the
production bioreactor process. The qualification of the smaller scale bioreactors –
showing that the attributes are comparable across scales – was performed using two
novel statistical approaches: multivariate dimension reduction and data visualization
techniques, via PLS-DA, and Bayesian multivariate linear modeling for inferential
analysis. Bayesian linear modeling results comparing individual probability distributions
of the differences and ratios of the mean of each attribute for each scale, as well as joint
probability statements on the differences and ratios of the means for multiple attributes,
are presented. After analysis by PLS-DA, adjustments to the operating conditions of the
Ambr 250 and 5-L bioreactors can be identified so that performance more closely
resembles that of the 2000-L manufacturing scale. Using Bayesian Multivariate Linear
Modeling to assess equivalence between scales and PLS-DA to determine potential
improvements to the RSM facilitates iterative and risk-based decision making with
regards to the continuous improvement of the reduced scale bioreactor models.
BIOT 561

Development of a high throughput scale-down model to mitigate shear sensitivity
risk in cell culture process scale-up
Brian Zedalis, brian.zedalis@gilead.com, Daniel Tong, Brian P. Doyle, Yunling Bai.
Gilead Sciences, Oceanside, California, United States
Early viability decline and low titer were observed in a clinical-scale CHO cell culture
manufacturing process, following modifications to the working volume. Additionally the
dissolved oxygen profile did not match historical performance. However, differences in
performance were not observed following similar modifications to the process for a
second molecule expressed in a different CHO cell line. It was hypothesized that the
increased proximity of the impeller to the gas-liquid interface contributed to a higher
shear environment inside the reactor. High shear has the potential to negatively impact
CHO process performance.
The ambr250® was selected to investigate the impact of hydrodynamic stress on cell
culture performance. Conditions including impeller type, agitation, sparging, and
proximity of the impeller to the gas-liquid interface were evaluated; peak cell density,
viability, titer, and key product quality attributes were all measured as outputs of the
culture response to shear.
While impeller type, agitation, and sparging all had observable impact on process
performance, placing the impeller near to the gas-liquid interface resulted in trends
similar to the poor performance at the clinical scale. Subsequent runs at this scale with
a greater higher working volume were successful.
A model combining high agitation and impeller exposure in the high throughput system
was established based on this data. Multiple cells lines were tested in this high
throughput model; the impact of impeller location was not consistent between cell lines,
suggesting that sensitivity to shear is cell line specific.
This model provides a high throughput tool to screen clones during selection that are
best suited for future scale up manufacturing. Understanding of process shear
sensitivity using this model has been taken into account to successfully transfer the
process to a >10,000L scale bioreactor.
BIOT 562
Development of a high-throughput purification method to assess the impact of
bioreactor conditions on rAAV empty/full capsid ratio
Tenira Townsend, tenira.townsend@pfizer.com, Sabeen Nadir, Vincent Wingate,
Safurah Khan, Edison Caraballo-Pagan, Daniel Koback, Kathyrn Olson, Jennifer
Schoborg, Taylor Wagner, Allison Whalley, Matthew Roach, William Kish, Eun-Tack
Hwang, Tamara Zekovic, Saurabh Bhardwaj, John Lightholder, Jeffrey Pavlicek, Chia

Chu, Alexander Berrill. Gene Therapy Process Development, Pfizer, Chesterfield,
Missouri, United States
Reducing the levels of empty AAV capsids, which do not carry the transgene of interest,
is a significant challenge in gene therapy process development. One approach to
improving the full to empty capsid ratio is to increase the percentage of full capsids
generated during cell culture. One challenge with this approach is that the assays
typically used to determine the full to empty ratio are not compatible with crude
bioreactor feedstreams. Typically, cell harvests are purified one at time using lab scale
columns in series. It is time consuming and requires larger quantities of cell lysate which
are limited in gene therapy. To overcome this challenge, a high-throughput methodology
that includes high-throughput cell culture, purification, and analysis of AAV vectors was
developed.
This plate-based purification method enables the rapid evaluation of empty/full ratios
from up to 96 AMBR® bioreactor cell lysates. AAV crude lysates are purified using
Tecan liquid handler and eluted fractions are analyzed using SEC-HPLC. Up to 48
samples can be purified and analyzed within 1.5 work days. Our upstream process
development team has increased understanding of relationship between culture
conditions and empty/full ratio leading to process improvements. This new tool for gene
therapy process development enables us to explore a broader range of bioreactor
conditions in less time and with less material.
BIOT 563
High-throughput and automated process development for accelerated
biotherapeutic manufacturing
Derek M. Ryan, dryan@kbibiopharma.com. KBI Biopharma, Inc., Cary, North Carolina,
United States
With increasing demands to reduce the biotherapeutic time to clinic, process
development efforts have adopted increasingly accelerated platforms. Our integrated
process development approach with Selexis can deliver bulk drug substance for new
biologics within 11 months from transfection. To keep up with this accelerated pace of
process development a cross functional high-throughput team has been established
with a core focus on high-throughput upstream, downstream, and analytical
technologies. The implementation of high-throughput technologies, workflows, and
procedures requires a shift in the mindset of traditional manufacturing support. Each
facet presents its own unique challenges including capital investment, data
management, and training. Case studies on the successful integration of highthroughput technologies at KBI to deliver rapid insight into product quality, downstream
host cell protein clearance, and high molecular weight impurities clearance will be
presented.
BIOT 564

In-silico aided strategy for efficient and rapid design of integrated purification
processes
Nicholas Vecchiarello1, Vecchn@rpi.edu, Steven M. Cramer2. (1) Chemical and
Biological Engineering, Rensselaer Polytechnic Institute, Troy, New York, United States
(2) Ricketts Bldg, Rensselaer Polytechnic Inst, Troy, New York, United States
Designing efficient integrated purification processes presents significant challenges due
to the wide range of resins and conditions available to explore. This work represents a
platformable strategy for efficiently designing integrated purification processes for any
given molecule across various expression systems. Here, we present a software-aided
approach for rapidly developing integrated purification processes using orthogonal sets
of multimodal and ion exchange resins. This strategy involves a one-time
chromatographic fractionation of null producing supernatant on a set of carefully
selected multimodal resins and conditions. Impurity profile patterns obtained from UPLC
analysis of these fractions are then used in conjunction with product-retention data and
in-silico tools to generate and rank integrated purification processes that are likely to
remove orthogonal sets of impurities. This strategy was first applied to several non-mAb
protein products produced in Pichia pastoris containing both process-related and
product-related impurities. Integrated purification processes capable of removing HCPs,
DNA, and product variants were successfully developed in less than three weeks for
each product that we considered. We then extended this strategy to proteins produced
in CHO and successfully developed a fully integrated purification process for a mAbaggregate separation challenge without the need for affinity capture. The successful
purification processes identified by this strategy and in-silico approach provided
important insights and heuristics for resin selection, which were used to further expedite
process development by this approach. With the implementation of high-throughput
screening techniques in combination with our approach and in-silico design strategy, we
propose a next-generation workflow which enables process development of nonplatform molecules in as little as one week.
BIOT 565
System for making real-time loading decisions for protein A chromatography in
continuous manufacturing
Garima Thakur1, thakur.garima1995@gmail.com, Anurag S. Rathore 2. (1) Chemical
Engineering, Indian Institute of Technology New Delhi, New Delhi, India (2) Department
of Chemical Engineering, Indian Institute of Technology, New Delhi, India
The manufacturing of monoclonal antibody (mAb) products is complex and consists of
cell culture and clarification followed by several downstream purification steps. The cost
associated with downstream purification amounts to >70% of total mAb manufacturing
costs. Protein A capture is a type of ligand affinity chromatography and is the first
downstream step after centrifugation and depth filtration, used to capture the mAb of
interest from the clarified cell culture broth. However, it is particularly expensive due to

high utilization of expensive Protein A resin.
In continuous chromatography, costs are reduced as column sizes and resin utilization
is optimized, leading to increased productivity and efficiency. One of the important
issues in protein A chromatography is to make loading decisions. As mAb product titres
vary widely in the perfusion reactors used for continuous mammalian cell culture,
loading becomes a problem as protein concentration needs to be measured in real-time
for optimal loading to maximize resin utilization with minimal column size. Standard
methods for measuring mAb concentration such as UV absorbance do not work for cell
culture broth as they contain thousands of host cell proteins and host cell DNA. Other
tools such as high-performance liquid chromatography create delays in making loading
decisions, with the shortest methods thus far developed being ~4 minutes long.
In this work, we have developed a near infrared spectroscopy (NIRS) based system for
accurate real-time quantification of mAb concentrations in clarified cell culture harvest
prior to loading. Concentration analyses are carried out using a multivariate NIRS
spectral library model every 15 seconds. These are conveyed to a control algorithm and
action module which controls the flowrates to a BioSMB continuous chromatography
system. The system was validated with continuous protein A runs and induced
concentration perturbations in the range of 0.5-8 mg/mL mAb concentration. The
technology developed can be employed at large scale manufacturing where immediate
decisions are needed for continuous chromatography loading.
BIOT 566
Automated, high-throughput, and computational methods for construction and
analysis of protein phase diagrams
Marieke Klijn1, marieke.klijn@kit.edu, Juergen Hubbuch2. (1) Karlsruhe Institute of
Technology, Karlsruhe, Germany (2) KIT, Karlsruhe, Germany
Protein phase behavior characterization is essential during different stages in
biopharmaceutical process development. For example, induced crystallization can be of
interest for purification processes or 3-D structure generation, while stable product
formulations are desired for long-term storage. Protein phase behavior is the result of
protein interactions, which can involve other protein molecules, the solvent, and
cosolutes. Protein properties, such as surface charge or secondary structure, determine
the strength and type of these interactions. In turn, protein properties are influenced by
formulation conditions such as pH or salt type. Interplay between formulation conditions
and protein properties makes characterization of protein phase behavior a
multidimensional challenge.
Protein phase diagrams are used to map out condition effects on protein phase
behavior. These diagrams can also be used as a foundation for understanding,
manipulation, and prediction of phase behavior. For phase diagram construction, highthroughput screening experiments are used to cover a large range of conditions. Due to
its time-consuming and trial-and-error nature, it is desired to move towards knowledgebased and automated formulation screening. This can be achieved by automation and

miniaturization of high-throughput experiments, but also by generating a better
understanding of the relation between protein properties and corresponding protein
phase behavior. These innovations led to large biological datasets, which resulted in a
need for advanced data processing and evaluation methods. Insights obtained from
these datasets can aid protein phase behavior understanding, but also aid model
development using in silico biophysical protein properties extracted from 3-D structures.
This work shows case studies to present an overview of the current state of our highthroughput phase diagram preparation and subsequent data analysis workflow. The
workflow has been set up to maximize speed, eliminate subjective and labor-intensive
analysis, and to move towards phase behavior prediction. This includes the use of a
liquid handling station, automatic phase behavior monitoring, microfluidic absorption
measurements, image recognition and subsequent image-based feature extraction
algorithms, multidimensional empirical protein analytics, advanced data visualization
approaches, and an in-house developed high-throughput 3-D protein structure
refinement pipeline.
BIOT 567
DoE-supported perfusion medium optimization for maximum cell densities and
efficient media consumption
Patrick Mayrhofer2, patrick.mayrhofer@boku.ac.at, Lukas Damjanovic2, Andreas
Castan1, Renate Kunert2. (1) Bio Sciences, GE Healthcare, Uppsala, Sweden (2)
Vienna Institute of BioTechnology, Vienna, Austria
Continuous biomanufacturing by means of perfusion processes enables constant
product flow with short product residence times and constant product quality at high
volumetric bioreactor productivities. Therefore, perfusion processes are promising tools
for small, flexible, single-use biomanufacturing facilities of the future. Perfusion
processes and media can be optimized for maximum viable cell densities, applied in N1 perfusion operations for process intensification, or for minimal media consumption to
reach highest product titers. Despite their potential, perfusion processes face
challenges due to more complex process controls and lack of suitable small-scale
models to develop high-performing perfusion media.
To address the demands of a high-performing perfusion medium for a given cell line, we
demonstrate a suitable screening workflow for optimal combination of commercially
available HyClone basal media spiked with different HyClone Cell Boost supplements
using a Design of Experiment approach. High-performing perfusion media compositions
were derived from ActiPro or CDM4NS0 basal media and applied to perfusion
processes in culture vessels at different scales starting from simulated TubeSpin
pseudo-perfusion cultures, up to bioreactor perfusion runs in ReadyToProcess WAVE
systems at 0.5 L or XDR-50 bioreactors at 40 L working volume, reaching cell densities
above 200 × 106 c/mL and optimized cell-specific perfusion rates as low as 20 pL/c/d.
BIOT 568

Manipulations of antibody galactosylation in an established fed-batch adapted
perfusion process
Mao-shih Liang, mao-shih.liang@tevapharm.com, Namratha Kuloor, Jessica Kurth,
Bryon Martinez, Amlan Das, Sourav Kundu. CMC Biologics, Teva Pharmaceutical, West
Chester, Pennsylvania, United States
Perfusion processes have demonstrated significantly higher volumetric productivity
while maintaining consistent product quality attributes (PQAs) throughout an extended
harvest period. With this, a drastic decrease of the bioreactor footprint in future
commercial plants might be achieved. Therefore, numerous attempts have been
focused on developing a perfusion process for innovative molecules or as a new
generation process for a legacy fed-batch process.
In order to take the advantage of the benefits of the perfusion process, we adapted an
established 14-day fed-batch process for a therapeutic monoclonal antibody to a 30-day
perfusion process using alternating tangential flow (ATF) technology. A 6-fold viable cell
density (VCD) was reached and maintained compared to the peak VCD in the fed-batch
process. The productivity of this perfusion process normalized to harvest period has
over 4-fold increase compared to the original fed-batch process.
The major PQAs from this perfusion process were consistent throughout the harvest
period. Most of the PQAs from the perfusion process showed no significant differences
from the original fed-batch process. However, significantly higher galactosylation levels
in the perfusion process were observed than its fed-batch version. Galactosylation index
(GI) of this perfusion process is approximately 10-fold greater than the fed-batch
process. To understand the difference in galactosylation levels between the fed-batch
and perfusion processes, we explored how leveraging various process operation
conditions (set point, perfusion rate profile etc.) and perfusion medium formulations,
individually and/or in combination, can impact the galactosylation levels. The data and
results will be discussed in the presentation.
BIOT 569
Multivariate methods for troubleshooting continuous bioreactor process
Madiha Khurshid, madiha_khurshid@hotmail.com, Nelson Chavez, Erin Franco, Jack
Huang. Process Development, Amgen, Thousand Oaks, California, United States
Compared to perfusion or fed-batch modes, operating a bioreactor in a continuous,
extended perfusion mode can enhance the productivity and efficiency of mammalian
cell culture processes. Continuous bioreactor operation does, however, increase
operational complexity. In this example, the bioreactor process had a growth phase,
followed by a production phase, in which the material was continuously harvested from
the bioreactor. During development, several run failures were observed in small-scale
bioreactors, which were preceded by lactate spikes. The unpredictable yet frequent
(>50%) lactate spikes represented a complex multivariable problem that was difficult to
troubleshoot.

Partial least squares models were created using cell culture data from 50 small-scale
runs to understand the root cause of lactate spikes. Several variables (green) were
strongly correlated with lactate level (blue) in the growth phase, as shown in the
multivariate plot. One of these was a controllable process input, cell-specific perfusion
rate (CSPR) (red). The perfusion rate was decreased to reduce CSPR of the culture.
System-induced oscillations in dissolved oxygen (DO) were also correlated with lactate
spikes. Analysis demonstrated that the minimum value of DO was lower (<30 mmHg) in
the failed runs than the successful runs. The DO setpoint was increased to avoid
hypoxia and the bioreactor control system was upgraded to reduce DO oscillations.
These changes to perfusion and DO control eliminated lactate spikes and established a
reliable small-scale model for future process characterization studies.

Growth Phase Loading Scatter Plot
BIOT 570
Assessment of ambr® 250 perfusion bioreactor system as a model for highthroughput perfusion process development
Matthew Manahan, matthew.manahan@merck.com, William N. Napoli, Jack Huang.
Biologics, Merck, Kenilworth, New Jersey, United States
The efficient development and delivery of high quality therapeutic products necessitates
the need for high-throughput process development (HTPD) tools. In recent years, fedbatch process development timelines have been significantly reduced as industry has
implemented fully automated mini bioreactor systems such as the ambr® 250 HT. More
recently, as continuous processing for biologics has gained traction, driven by novel
technology and economic pressure to significantly improve monoclonal antibody (mAb)
production over the standard fed-batch process, more efficient, cost effective, and
environmentally sustainable mAb processes are expected. Traditionally, perfusion

process development work, typically requires a combination of simulated perfusion in a
multi-well or flask format and small-scale stirred tank bioreactor (STR), both of which
have drawbacks. Simulated perfusion experiments can be automated and conducted in
high throughput, but are not fully representative of continuous cultures performed in
bioreactors with on-line control. In contrast, STR experiments are labor intensive and
time consuming. The established ambr® 250 HT platform has recently been integrated
with perfusion capabilities to enable rapid continuous perfusion process development
(PD). This work demonstrates initial assessment studies of the automated disposable
perfusion bioreactor system for high throughput upstream PD activities, including clone
selection, and process optimization. These studies conclude that ambr® 250 perfusion
reactors generate equivalent process performance and product quality profiles
compared to bench-top bioreactors for a high cell density perfusion process.
BIOT 571
Developing a continuous upstream platform: Ensuring process and product
consistency by maximizing ATF sieving efficiency
Maria Choi, maria.choi@Biogen.com, Chris Kwiatkowski, Kelly Wiltberger. Cell Culture
Development, Biogen, Cambridge, Massachusetts, United States
Interest in continuous processing is growing within the biopharma industry as a means
of protein production. The most commonly mentioned platform for continuous
processing utilizes perfusion for cell retention which allows the product to pass through
a porous membrane. Continuous processing using perfusion technology has the dual
benefits of high volumetric productivity and low product residence time within the
bioreactor, thus making it an ideal platform for unstable molecules.
A continuous process was developed using an Alternating Tangential Flow (ATF) hollow
fiber. However, due to the high cell mass a loss of sieving efficiency, a measure of how
much product passes through the filter, was observed which had a significant impact on
product residence time in addition to posing an increased risk of membrane fouling.
Sieving efficiencies as low as 50% were observed over the course of a 30-day steadystate duration using a standard ATF filter. This talk will discuss the methods utilized to
improve the sieving efficiency including changes to perfusion rate, membrane material
type, and membrane pore size and the associated impact on the process performance.
BIOT 572
Media and process development for high cell density cryopreservation and N-1
perfusion
Mona Bausch, mona.bausch@merckgroup.com, Caroline Ströder, Melanie
Feigenspan, Doris Matheis, Luis Fernando Ayala Solares, Christian Schultheiss, Jochen
B. Sieck. Perfusion Systems R&D, Merck KGaA, Darmstadt, Germany

Media composition plays a critical role for biopharmaceutical production as well as seed
train expansion. Typical seed train operations start by thawing of a single vial followed
by several expansion steps. Reaching sufficient absolute cell numbers for production
bioreactor inoculation is time-consuming, which leads to a lack of flexibility. Besides
long ramp up times, open cell culture operations in the beginning result in high room
classification requirements and are a major source of process variability.
High cell density cryopreservation (HCDC) is a method of freezing cells in bags instead
of vials, at higher cell densities. This leads to the advantage that expansion and
production can be decoupled: both steps can be separated in space and time. Room
classification could be decreased due to fully closed processing and reproducibility
increased due to a reduction of manual handling steps. Furthermore, these frozen seed
train intermediates allow global distribution from a central expansion facility to
decentralized global production facilities. Besides from advantages in production, these
HCDC bags can be highly beneficial in process development for creating equal starting
points in experimental setups.
In this study, we developed a single-use bag assembly that supports closed filling and
inoculation. These were used to simulate a production campaign in lab scale, using a
frozen intermediate for inoculation of the perfused N-1 bioreactor, and a final
production.
Furthermore, a medium was developed for seed train expansion and combined with EXCELL® Advanced HD Perfusion as medium designed for production. With this, we could
show that the right companion medium, specifically designed for its purpose increases
productivity in the final perfused production step.
This combination of technology allows to increase flexibility in manufacturing at constant
high bioreactor productivity, thus representing an ideal application for upstream process
intensification and continuous bioprocessing.
BIOT 573
Implementation of a manufacturing scale, fully single use perfusion process
leveraging media concentrates
William N. Napoli1, william.napoli@merck.com, Mark Brower1, Nuno Pinto1, Nihal
Tugcu1, Eva Gefroh2, Rob Piper2, Mike Vandiver2, Becca McCoy2, Cris Cable2, Alison
Leonard2, Brad Dell2. (1) Downstream Process Development and Engineering, Merck &
Co., Inc., Kenilworth, New Jersey, United States (2) Just Biotherapeutics, Inc., Seattle,
Washington, United States
Due to increasing cost and competition in the biotherapeutics marketplace, novel
manufacturing strategies, intensified processes, and new facility designs are required to
improve delivery and accessibility to patients while reducing capital investment
requirements for manufacturers. In this collaborative case study, Merck & Co., Inc. and
Just Biotherapeutics, Inc. will demonstrate a manufacturing strategy that leverages fully
single use equipment and media concentrate technology for a monoclonal antibody
perfusion process at a 500 L commercial scale. This presentation will highlight the rapid
development and deployment of media concentrate technology to ease the logistical,

staffing, and space constraints of a traditional perfusion process to deliver high quality
material in a modest footprint and with lower capital investment. We will highlight the
lessons learned and challenges faced in maintaining a high cell density culture using
both commercial (500 L) and bench scale (2 L) bioreactors.
BIOT 574
Challenges with TFF N-1 Perfusion in large scale manufacturing operations
Alex Vaca, alex.vaca@biogen.com. Cell Culture Development, Biogen, Morrisville,
North Carolina, United States
Manufacturing of biologics has evolved over the last ten years to improve culture
productivity and overall facility throughput. One specific example is the advent of N-1
Perfusion. N-1 Perfusion allows the production culture to be inoculated at 8 to 10X the
density of a traditional bioreactor resulting in either a shortened production bioreactor
phase or the same duration with higher protein concentration at harvest. At Biogen, the
N-1 is typically used to achieve high volumetric throughput. An added benefit is
reducing the time spent in the production bioreactor which is currently the facility
bottleneck. Biogen uses Tangential Flow Filtration (TFF) with hollow fiber filters for its N1 perfusion operations operating at a higher working volume than traditionally used
elsewhere in the industry. Maintaining a perfusion cell culture process at 3,000L working
volume generates several challenges such as fouling of the hollow fiber filter
membrane, physical cell damage due to operating conditions of the pump and skid
design and overcoming oxygen mass transfer limitations while cells are being
recirculated outside the bioreactor. All of these challenges were witnessed during our
large scale perfusion system and influenced changes to the equipment and operating
conditions. Additionally, our pilot scale down model was improved to more closely
model the large scale. This work will discuss the pain points of the TFF N-1 perfusion at
the 3,000L scale and improvements that were made to the process and equipment to
mitigate some of these problems to create a sustainable perfusion platform for the
future.
BIOT 575
Screening yeast display libraries against magnetized yeast cell targets enables
efficient isolation of membrane protein binders
Kaitlyn Bacon1, kbbacon@ncsu.edu, Matthew Burroughs1, Abigail Blain1, Stefano
Menegatti1,2, Balaji Rao1. (1) Chemical & Biomolecular Engineering, North Carolina
State University, Raleigh, North Carolina, United States (2) Biomanufacturing Training
and Education Center (BTEC), North Carolina State University, Raleigh, North Carolina,
United States
Genomic advances have accelerated the discovery of biomarkers that can be targeted
for bioseparation, diagnostic, and therapeutic applications. Many of these targets are

cell surface proteins that are difficult to recombinantly express. As an alternative,
combinatorial libraries are panned against whole cells allowing targeting of the protein in
its native confirmation. However, low target density and high levels of other proteins on
a native mammalian cell surface may lead to non-specific binding. Yeast display is an
alternative eukaryotic display platform for expressing membrane proteins, as proteins
can be highly expressed with a relatively clean background. Phage display libraries
have been screened against membrane proteins displayed on yeast, using
centrifugation to isolate positive binders. Yet for some scaffolds, it may be
advantageous to express the scaffold library using yeast display. A challenge in
screening yeast display libraries using yeast displayed targets is the separation of
binder cells from non-binders as centriguation cannot be used.
To achieve this separation, we investigated a strategy wherein target proteins are
expressed as cell surface fusions on magnetized yeast cells. The target protein is coexpressed on the yeast surface with an iron oxide binding protein. These cells are then
magnetized through incubation with iron oxide nanoparticles. Afterwards, the
magnetized target cells are mixed with a yeast display library, and binder cells that
complex with the target-displaying yeast are separated using a magnet. We analyzed
our strategy by assessing the enrichment of yeast displaying a moderate affinity binder
(KD~ 450 nM) using magnetic target yeast. The binder population was enriched >100
fold in one round of screening even when it was present at low frequency (1 in 10 5),
suggesting feasibility of this method to screen combinatorial libraries. Subsequently, we
screened a yeast display library of Sso7d protein mutants and isolated binders specific
to the mitochondrial membrane protein TOM22 and the extracellular domain of the cKIT receptor. Notably, a Sso7d variant with a KD~ 400 nM for TOM22 enriched for
mitochondria from a cell lysate, confirming the identified ligand could bind the natively
expressed protein. In contrast to recombinant protein expression, yeast display of a
membrane protein or a domain thereof is relatively easy. Thus, our approach is likely to
increase the effiency of identifying membrane protein ligands.
BIOT 576
Yeast as a model to study biased signaling of GPCRs
Abhinav R. Jain1, Ajain6@tulane.edu, Anne S. Robinson2. (1) Chemical and
Biomolecular Engineering, Tulane University, New Orleans, Louisiana, United States (2)
Chem and Biomolecular Eng, 300 Lindy Boggs Bldg, Tulane University, New Orleans,
Louisiana, United States
G protein-coupled receptors (GPCRs) are a family of membrane proteins characterized
by seven α-helical transmembrane domains and the ability to bind to extracellular signal
to produce intracellular responses. Upon ligand binding, GPCRs undergo
conformational changes that result in the dissociation of the attached heterotrimeric G
protein complex to initiate a downstream signaling cascade via secondary messengers.
Their membrane location and ability to generate a response inside the cells makes
GPCRs ideal drug target, accounting for 35% of drugs on the market. Within the last

decade, GPCRs have been shown to produce signaling responses through their
interaction with β-arrestins, distinct from the canonical pathway via G-protein interaction.
Here, we utilize yeast, a relatively simple and easy-to-use microbial system as a model
to study not only canonical signaling but also β-arrestin-mediated non-canonical
signaling. Yeast share many functionally exchangeable proteins with higher eukaryotes
involved in the GPCR signaling pathway and thus can be easily modified to study both
signaling pathways for human GPCRs. Angiotensin type II receptor type I (AGTR1) is a
GPCR that binds to angiotensin II peptide and mediates its essential function in
cardiovascular tissue. Biased ligands for AGTR1 that preferentially signal via β-arrestin
have been shown to be clinically relevant to treat hypertension and improve
cardiovascular health. With the aid of AGTR1, a well-established GPCR to study biased
signaling response, we establish and validate engineered yeast to study “complete”
GPCR signaling with the ability to screen biased ligands. Results for AGTR1
expression, trafficking to the plasma membrane, ligand binding and downstream
signaling in yeast will be discussed.
BIOT 577
High-throughput computational pipeline for 3-D structure preparation and in
silico protein surface property screening: A case study on HBcAg VLP surface
charge
Philipp Vormittag1, philipp.vormittag@kit.edu, Marieke Klijn1, Nicolai Bluthardt1,
Thorsten Klamp2, Juergen Hubbuch1. (1) Karlsruhe Institute of Technology, Karlsruhe,
Germany (2) BioNTech Protein Therapeutics GmbH, Mainz, Germany
Virus-like particles (VLPs) are biotherapeutics that can trigger immune reactions against
their parental virus or against foreign epitopes displayed on the chimeric VLP surface.
Chimeric VLPs are obtained by insertion of antigenic epitopes into viral capsid proteins.
Development of chimeric VLPs requires screening of a large number of epitope
insertions to meet immunogenicity and manufacturability requirements.
Manufacturability is usually assessed by high-throughput screening (HTPS)
experiments to determine the effects of environmental factors such as pH on critical
manufacturability parameters such as solubility. These effects are highly influenced by
the protein’s physicochemical properties. Knowledge of these properties helps in HTPS
design and in predictive assessment of manufacturability. This knowledge can be
obtained computationally using 3-D structures to extract protein surface descriptors.
The current work presents a high-throughput pipeline for the preparation and refinement
of 3-D structures that supports structure screenings with a fully automated and datadependent workflow. As case study, in silico 3-D structure preparation, refinement and
surface charge description of 3 chimeric HBcAg dimers was performed. Quality, speed,
stability of the molecular dynamics (MD) simulation and prediction of experimental VLP
zeta potential data was evaluated with 2 different force fields (YASARA2 and
AMBER03) and 2 different pKa estimation methods (YASARA and H++). To prevent
subjective simulation control by visual inspection of the deviation of atom coordinates
over time, an automated and data-dependent workflow was developed. Step-wise MD

simulation reduced computational effort. MD simulations were terminated automatically
by identifying a 2 ns Window of Stability (WoS). The WoS was also used to calculate
surface charge based on 1000 structural snapshots. The median surface charge and
median absolute deviation in the WoS were found to be a more reliable descriptor than
surface charge based on one snapshot alone. Evaluation of the performance indicates
the applicability of the proposed computational pipeline for early chimeric VLP candidate
assessment and design optimization of HTPS manufacturability experiments. Minimal
user interaction, ease of use and data-dependent MD simulation control increase
reproducibility and robustness. In turn this may enhance model development for the
prediction of physicochemical surface properties of VLPs and other proteins.
BIOT 578
Engineering quality and manufacturability of a trivalent protein subunit vaccine
Neil Dalvie1, dalvie@mit.edu, Joseph Brady2, Mary Kate Tracey1, D. Lee Kristensen4,1,
Kerry R. Love1, John C. Love3. (1) Chemical Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts, United States (2) Massachusetts Institute of
Technology, Cambridge, Massachusetts, United States (3) Building 76 Room 261,
Massachusetts Inst of Technology, Cambridge, Massachusetts, United States (4)
Synlogic, Cambridge, Massachusetts, United States
Global delivery of vaccines would benefit from ultra low-cost prices (less than 15 cents
per dose) at intermediate scales of production (10-100 million annual doses). Currently,
for vaccines comprising recombinant proteins, the cost of manufacturing remains higher
than these targets. Protein subunit vaccines are increasing in prevalence due to
enhanced safety and understanding of epitopes and immune response. Extensive
characterization has enabled recent work in rational design and scaffolding of vaccines.
While promising for function and efficacy, current designed therapeutics are subject to
the same manufacturing challenges as biopharmaceuticals. Thus, the key drivers of
cost include volumetric productivity, quality, and product stability. Here, we present an
approach that uses bioinformatics to improve the expression, quality, and stability of a
subunit vaccine for rotavirus gastroenteritis.
Currently, three serotypes of a truncated VP8 rotavirus subunit protein are in clinical
development. We expressed each serotype in the alternative yeast host Komagataella
phaffii (Pichia pastoris), which boasts high growth rates, simple genetic manipulation,
and is Generally Recognized as Safe (GRAS) by the FDA. The small genome size and
fast iteration time for expression of new products (~4 weeks) enabled a bioinformaticsbased approach for rational product engineering. With minimal, targeted sequence
modifications we successfully mitigated different manufacturing challenges encountered
with each serotype, including glycosylation, aggregation, truncation, and low
expression. Finally, we were able to reduce process cycles and cost by co-expression
of high quality serotypes. This case study motivates manufacturability as a key
component of protein therapeutic development.

BIOT 579
Improved methods for high-throughput screening of antibody colloidal
interactions
Charles G. Starr1, charles.starr7@gmail.com, Ghasidit Pornnoppadol2, Jonathan
Kingsbury3, Yatin Gokarn3, Peter M. Tessier1. (1) Pharmaceutical Sciences and
Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United States (2)
Pharmaceutical Sciences, University of Michigan, Ann Arbor, Michigan, United States
(3) Genzyme, a Sanofi Company, Framingham, Massachusetts, United States
Monoclonal antibodies that display a low propensity to self-associate have a higher
likelihood of displaying several drug-like properties, including high solubility and low
viscosity in vitro and slow antibody clearance in vivo. Affinity capture self-interaction
nanoparticle spectroscopy (AC-SINS) has emerged as a high-throughput assay for
measuring antibody self-association without the need for complex instrumentation or
high protein concentrations. AC-SINS is usually implemented with polyclonal antihuman IgGs conjugated to the surface of gold nanoparticles for subsequent capture and
analysis of human monoclonal antibodies. Leveraging the inherent surface plasmon
resonance of gold nanoparticles, the addition of monoclonal antibodies that are prone to
self-associate causes particle aggregation and a shift in the wavelength of maximum
absorbance. We sought to explore the potential of using polyclonal antibody fragments
(Fab and Fab’2) as capture reagents in this assay to increase its sensitivity.
Interestingly, gold particles coated with monovalent Fab fragments captured fewer
monoclonal antibodies than bivalent capture antibodies (Fab’2 and IgG) but had the
highest sensitivity for discriminating between mAbs with different levels of selfassociation. We also sought to improve the reproducibility of assay by exploring the use
of monoclonal IgGs as capture reagents. Surprisingly, we found that most monoclonal
anti-human antibodies were either unable to be stably conjugated to nanoparticles or
displayed poor sensitivity for detecting antibody self-association. However, we identified
a single monoclonal antibody that displayed excellent performance in our AC-SINS
assay, and we are in the process of analyzing its unique molecular properties. We
expect that these findings will improve the rapid screening of antibodies to identify
variants with low levels of colloidal interactions and increased likelihood of displaying
drug-like properties.
BIOT 580
Cell-based selections aid yeast-display discovery of genuine cell-binding ligands:
Targeting oncology vascular biomarker CD276
Lawrence Stern1, lstern@coh.org, Patrick S. Lown1, Alexandra Kobe1, Lotfi AbouElkacem2, Rakesh Bam2, Juergen Willmann2, Benjamin Hackel1. (1) Chemical
Engineering and Materials Science , University of Minnesota - Twin Cities, Minneapolis,
Minnesota, United States (2) Radiology, Stanford University, Palo Alto, California,
United States

Yeast surface display is a proven tool for the selection and evolution of ligands with
novel binding activity. Selections from yeast surface display libraries against
transmembrane targets are generally carried out using recombinant soluble extracellular
domains. Unfortunately, these molecules may not be good models of their true,
membrane-bound form for a variety of reasons. Such selection campaigns often yield
ligands that bind recombinant target but not target-expressing cells or tissues.
Advances in cell-based selections with yeast surface display may aid the frequency of
evolving ligands that do bind true, membrane-bound antigens. This study aims to
evaluate ligand selection strategies using both soluble target-driven and cellular
selection techniques to determine which methods yield translatable ligands most
efficiently and generate novel binders against CD276 (B7-H3) and Thy1, two promising
tumor vasculature targets. Out of four ligand selection campaigns carried out using only
soluble extracellular domains, only an affibody library sorted against CD276 yielded
translatable binders. In contrast, fibronectin domains against CD276 and affibodies
against CD276 were discovered in campaigns that either combined soluble target and
cellular selection methods or used cellular selection methods alone. A high frequency of
non-target specific ligands discovered from the use of cellular selection methods alone
motivated the development of a depletion scheme using disadhered, antigen-negative
mammalian cells as a blocking agent. Affinity maturation of CD276-binding affibodies by
error-prone PCR and helix walking resulted in strong, specific cellular CD276 affinity (Kd
= 0.9 ± 0.6 nM). Collectively, these results motivate the use of cellular selections in
tandem with recombinant selections and introduces promising affibody molecules
specific to CD276 for further applications, including molecular ultrasound of orthotopic
breast tumors in mouse models.
BIOT 581
Characterization of the activity of glucuronyl C5-epimerase
Deepika Vaidyanathan1,3, vaidyd@rpi.edu, Xia Ke2,3, Robert J. Linhardt4,3, Jonathan S.
Dordick5,1. (1) Chemical and Biological Engineering, Rensselaer Polytechnic Institute , ,
Troy, New York, United States (2) Chemistry and Chemical biology, Rensselaer
Polytechnic Institute ,, Troy, New York, United States (3) Center for Biotechnology and
Interdisciplinary Studies, Rensselaer Polytechnic Institute ,, Troy, New York, United
States (4) Chemistry, Rensselaer Polytechnic Institute, Albany, New York, United States
(5) Center for Biotechnology, Renselaer Polytechnic Inst, Troy, New York, United States
Chemoenzymatic synthesis of heparan sulfate (HS) and heparin represents an
alternative to animal sourced material. In mammalian Golgi, d-glucuronyl C5-epimerase
(Glce) is the first enzyme that acts on the heparin precursor N-sulfoheparosan (NSH),
catalyzing the epimerization of d-glucuronic acid (GlcA) residues to l-iduronic acid
(IdoA) residues, which are then sulfated by 2-O-sulfotransferase 1 (2OST-1) primarily
on the IdoA residues. Despite the importance of Glce, the equilibrium and reaction
kinetics of Glce have not been substantially investigated in isolation from 2OST-1. Glce
catalyzes a reversible epimerization reaction with no change in molecular weight of
NSH, thereby complicating rapid analysis by mass spectrometry. For this reason, we

have developed a mechanistic assay to detect directly both the forward (IdoA from
GlcA) and reverse (GlcA from IdoA) reactions by quantifying the chemical shift of the
anomeric carbon on 2D 1H-13C HSQC and 1D 1H spectra. We have also used this assay
in real time with pseudo 2D 1H –Time spectrum to measure the product formation over
time. We have characterized steady-state kinetic parameters of Glce, including Vmax of
104 mmol/min and Km of 25.2 mM. We have also used this assay to pose more
fundamental questions regarding the activity of the enzyme as a function of the NSH
composition, specifically the NS content of the chain. We have observed increasing
activity with increasing NS% on the polysaccharide that plateaus at approximately 35%
conversion to IdoA. To elaborate further the processivity of Glce on the polysaccharide
substrate, we have used epimerase mediated H-D exchange coupled with reactive
oxygen species degradation of the polysaccharide to oligosaccharide components. This
enabled a top-down analysis using LC-MS and determining the sequence specificity of
Glce. This work is expected to result in a greater understanding of the various reaction
parameters critical for large-scale chemoenzymatic synthesis of HS and heparin.
BIOT 582
Co-ordinated enzyme catalysis: Designing a cell-free system
Matthew Wong1, wongm6@rpi.edu, Jian Zha1, Mirco Sorci1, Mamta Gupta1, Kamran
Jawed1, Marlene Belfort2, Mattheos Koffas1, Georges Belfort1. (1) The Howard P.
Isermann Department of Chemical and Biological Engineering, Rensselaer Polytechnic
Institute, Troy, New York, United States (2) Department of Biological Sciences,
University at Albany, State University of New York, Albany, New York, United States
There is an ongoing search for green and sustainable alternatives to fossil fuels. Cell
culture biofuel production is one such alternative but is hampered by issues of cell
toxicity and product yield. A solution to these issues is to purify the required pathway
enzymes and design an in vitro biofuel production scheme. Critical to this system is that
the enzymes act in a coordinated fashion and retain high activity during production. As
the enzymes are no longer within the cell, optimization of reaction conditions is critical.
Utilizing previous results from our lab concerning immobilization of enzymes to increase
their stability for biofuel production, two more stable/active enzymes that can convert 2ketoisovaleric acid to isobutanol, (2-ketoisovalerate decarboxylase (KIVD) and alcohol
dehydrogenase (ADH)), were immobilized on epoxy functionalized methacrylate resin
provided by Resindion (Rome, Italy). A third enzyme, (formate dehydrogenase (FDH)),
was also immobilized to facilitate cofactor recycling and reduce product inhibition. We
utilized in vivo produced reactant to test the free enzyme reaction scheme and then
using those results, as well as stability measurements, we optimized our in vitro reaction
scheme. Future work will involve examining nanofiltration to carry out in situ removal of
the biofuel product and examining electrochemical production of NADH as a substitute
for the recycling enzyme, FDH.
BIOT 583

Engineering bacteria to program animal behavior and lipid metabolism
Baizhen Gao, baizhen@tamu.edu, Qing Sun. Texas A&M University, College Station,
Texas, United States
A mammalian host shares an intimate and lifelong partnership with resident microbial
communities. Microbiota dysbiosis is associated with multiple metabolic, brain, and
behavioral disorders including obesity, Clostridium difficile infection, inflammatory bowel
disease, and autism. Restoration of gut bacteria including fecal microbiota transplant
has been shown to reverse disease progression. With evidence supporting the bidirectional integrated gut-brain axis, microbiota has the potential to be used for
behavioral and metabolism disorder disease therapy like obesity. However, there has
been limited research on using engineered bacteria for animal behavior and lipid
homeostasis interference. The goal of this research is to engineer bacteria to sense
environmental stimuli, process the signal and respond by programming the behavior
and metabolism of the model animal Caenorhabditis elegans, which is a nematode and
has previously been used for microbiome-host interaction studies. We started with
engineering bacteria to modulate C. elegans’ green fluorescence protein expression
and fat storage. The goal is that chemical-inducible worm fat accumulation and behavior
can be achieved through genetically modified gut bacteria without any genetic
modifications of the animal host. Next, we built synthetic genetic circuits including
“AND”, “OR” and “NOR” in bacteria to achieve programmable and sophisticated control
of the worm phenotype and fat accumulation. The significance of this research lies in
the study of microbiota-host interaction by adapting bacterial logic gates to animals and
the potential of our platform for disease therapies including autism and obesity.

BIOT 584

Elucidating interspecies interactions as a key ecoloical driver of microbiome
structure and function: microdroplet co-cutivation technology and its
applications
Xiaoxia N. Lin, ninalin@umich.edu. University of Michigan, Ann Arbor, Michigan,
United States
An increasingly strong body of evidence suggests that the human microbiome play
fundamental roles in the host’s health and disease. The past decade has seen
remarkable progress in this research area, driven largely by the rapid advance of
culture-independent sequencing technologies. However, the basic question of how the
diverse microorganisms interact with one another and with their host functionally
remains largely unanswered, because of the immense ecological complexity and the
challenge in isolating microbes using conventional cultivation methods. To address this
issue, we have been developing a microfluidic co-cultivation and analysis technological
platform for elucidating interspecies interactions that play a key role in shaping the
structure and function of various microbiomes. In this talk, we will focus on the newest
modules in our expanding microfludic toolbox, including individual microdroplet isolation
and metagenome analysis. In addition, we will show results from applying the
technologies to the human gut and vaginal microbiomes.
BIOT 585
Engineering “sticky” probiotics
Zachary J. Mays1, zachary.mays@tufts.edu, Nikhil U. Nair2. (1) Chemcial and
Biologiocal Engineering, Tufts University, Medford, Massachusetts, United States (2)
Chemical & Biological Engineering, Tufts University, Medford, Massachusetts, United
States
A number of clinical trials have shown the restorative promise of probiotics for an
inflamed or diseased gut. Many of the wellness effects of probiotics are observed to
prophylactically control the idiopathic symptoms of autoimmune disorders like
inflammatory bowel disease. More recently, there is a growing interest in using
genetically-modified probiotics to treat diseases by engineering bacteria as orally
administered vaccines (e.g. human papilloma virus), enzyme-delivery vectors (e.g.
phenylketonuria), anti-infectives (e.g. to eliminate Pseudomonas aeruginosaor Vibrio
cholera), etc. Unfortunately, orally administered microbial therapeutics do not currently
provide any means of controlling biogeographical targeting, residence time, or ability to
colonize the gut.The most prominent point-of-interaction between microbes and humans
is at mucus membranes. Within the highly dynamic environment of the gastrointestinal
(GI) tract, loosely adherent mucus provides a topography for microbes to find niche
residencies. This cell-mucus interaction aids in the stratification of phylogenies, and in
some cases, individual species of microbes to be associated with distinct regions of the
GI tract.Here, we investigate the physical interactions between probiotics and mucus
and develop methods to enhance this binding-interaction. We report a newly developed

technique to capture the binding thermodynamics of cells to mucus, as well as
characterize the binding capabilities of different probiotic and/or bacterial species that
are native to the human GI tract. This methodology enables quantitative measurements
of several binding parameters such as apparent affinity and binding capacity.
Additionally, we show that we can alter binding parameters and improve mucus-binding
ability by expressing mucus-associated factors in lactic acid bacteria. In the emerging
paradigm of precision medicine and microbial therapeutics, this technology is a step
toward delivering probiotics with controllable pharmacokinetics by modulating their
“stickiness” to mucus.
BIOT 586
Prebiotic control of engineered probiotics
Fatima Enam, Thomas Mansell, mansell@iastate.edu. Chemical and Biological
Engineering, Iowa State University, Ames, Iowa, United States
The synbiotic relationship between human milk oligosaccharides (HMOs) and probiotic
Bifidobacteria exemplifies prebiotic control of microbial community dynamics. Inspired
by this example, we have engineered the well-known probiotic, E. coliNissle, to
metabolize HMOs and used this metabolism to control population dynamics and protein
expression in mixed cultures of E. coli. We accomplish this using a unique whole-cell
biosensor which provides linkage-specific, quantitative detection of various HMOs
(Enam and Mansell, Cell Chemical Biology, 2018). Addition of these complex substrates
to synthetic microbial consortia orthogonally controls growth rate or protein expression
of particular strains. In addition, we performed further metabolic engineering on our
probiotic, enabling production of short-chain fatty acids from HMOs as sole carbon
sources, recapitulating an important function of the infant gut microbiota. Finally, we
present a high-throughput, sequencing-independent method of tracking the dynamics of
an engineered probiotic in mixed culture. This work lays the groundwork for the
application of directed evolution to biosynthesis of complex carbohydrates as well as the
prebiotic manipulation of population dynamics in natural and engineered microbial
communities.
BIOT 587
Protein engineering and metabolic engineering strategies for animal-free
chondroitin sulfate production
Asher Williams1, asherjwilliams@gmail.com, Wenqin He1, Mattheos Koffas2, Robert J.
Linhardt3. (1) Chemical & Biological Engineering , Rensselaer Polytechnic Institute,
Troy, New York, United States (2) Center for Biotechnology and Interdisciplinar,
Rensselaer Polytechnic Institute, Troy, New York, United States (3) Chemistry,
Rensselaer Polytechnic Institute, Albany, New York, United States

Sulfated glycosaminoglycans such as chondroitin sulfate (CS) are widely used in
biomedical applications and have extensive global markets. CS is traditionally extracted
from food animal tissues like bovine trachea, but this is not a sustainable option due to
limited availability of source tissues as well as scale-up and quality control issues.
To address these challenges and as part of efforts to separate the food chain from the
drug chain, we are exploring the use of engineered microorganisms for the biosynthesis
of CS. Bacterial production systems offer advantages of lower cost and production time,
and eliminate contamination risks associated with more traditional animal extraction
production methods. Enzymes involved in the biosynthesis of CS are well known but the
cloning and expression of these membrane-bound Golgi enzymes has posed
challenges.
Toward the development of a biotransformation scheme, where multiple E. coli strains
are engineered to generate the components required for in vitro sulfated polysaccharide
production, we have expressed chondroitin 6-sulfotransferase, which catalyzes the
transfer of sulfate to position-6 of N-acetylgalactosamine residues of chondroitin, by E.
coli in active form. Additionally, activity improvements have been made to E. coliexpressed chondroitin-4-sulfotransferase, using engineering strategies adopted to
develop more stable mutants.
Alongside non-sulfated chondroitin produced by co-expression of E. coli strain K4 genes
in the non-pathogenic strain E. coli BL21, two important components of the
biotransformation scheme are made available for in vitro CS production. This proof of
principle represents an important milestone in the path toward de novo biosynthesis of
CS from simple carbon sources by a single microbial host.

Amino acid sequences mutated for activity improvement of sulfotransferase enzymes

Activity assay results for C4ST & C6ST wild type and mutant enzymes
BIOT 588
Screening diffusive, antagonistic bacterial interactions using photoreleasable
hydrogels
Niloufar Fattahi1, niloufar@ksu.edu, Priscila Guzman2, T.G Platt2, Ryan Hansen1. (1)
Chemical Engineering, Kansas State University, Manhattan, Kansas, United States (2)
Division of Biology, Kansas State University, Manhattan, Kansas, United States
The ability to extract specific portions of microbial populations may be useful for many
applications. We aim to develop novel materials and methodologies allowing the
isolation of specific cell populations with desired or unique functions. We use a
photodegradable, poly (ethylene glycol) hydrogel as a three-dimensional cell culture
platform to screen, isolate, and sequence pathogens capable of growing in the
presence of an antagonizing organism. A controllable, patterned, high-resolution light
source allows for spatial and temporal control of release of targeted cell micro-colonies
within the hydrogel for sequencing to determine the genetic pathways responsible for
resistance to antagonism. We are currently studying interactions between
Agrobacterium tumefaciens C58 and the biocontrol agent Rhizobium rhizogenes K84.
R. rhizogenes K84 is a potent antagonist of many strains of pathogenic A. tumefaciens,
the causative agent of crown gall disease. Bacteria seeded into hydrogels form clonal
micro-colonies within the hydrogel, confirming that the polymer network allows nutrient
exchange and cell growth. We also show that targeted micro-colonies can be extracted
from the hydrogel using the patterned illumination tool (Fig.1). We were able to extract
and culture a rare C58 mutant able of growing in the presence of K84. Our future aim is
to use these approaches in a high-throughput screen in which tens of thousands of
mutants can be examined for their resistance to K84 antagonism within a single
hydrogel. Doing this will allow us to identify and map rare mutations conferring
resistance to K84 antagonism.

Figure 1. Use of UV light exposure to extract a target micro-colony. The micro-colony can be
extracted from the platform without direct exposure to UV light through use of a ring light
pattern
BIOT 589
Development of a RNA-sensing spatiotemporal gene regulation program for
mammalian systems
Victoria M. Hunt, vmhunt@udel.edu, Kelvin H. Lee, Wilfred Chen. Chemical
Engineering, University of Delaware, Newark, Delaware, United States
To effectively probe gene function and reprogram cell regulatory networks, it is critical to
have technology platforms that provide precise and accurate targeting of genes. The
use of CRISPR interference (CRISPRi) or CRISPR activation (CRISPRa) for targeted
silencing or upregulation of transcription, respectively, is currently one of the most
utilized technologies for predictable control over gene expression. The CRISPR system
allows for sequence-specific targeting of genes but inherently lacks the ability to
incorporate useful endogenous signals for spatiotemporal control of gene expression.
Here we present the design and further characterization of a class of riboregulators
through the incorporation of toehold riboswitches into sgRNA scaffolds. This artificial
circuit is able to detect the presence of specific RNA and switch on transcriptional level
gene regulation through RNA-RNA strand displacement reactions, which are governed
by predictable Watson-Crick base pairing. These synthetic constructs can be
programmed to process specific information within the cell including changes in native
metabolism and stress responses. We demonstrate the programmability and
adaptability of these engineered systems to control gene expression in mammalian
systems with minimal infidelity. We envision these synthetic riboregulators can be
applied in a variety of contexts within mammalian systems such as improving
mammalian cell productivity and mAb product quality. This technology has the potential
to function as a RNA-based master regulator for autonomous cellular control to direct
specific phenotype in CHO cell cultures.

BIOT 590
Programming bacterial consortia: Platforms for user or autonomously regulated
population compositions
Kristina Stephens, kstephe@terpmail.umd.edu, Maria Pozo, Chen-Yu Tsao, Pricila
Hauk, William E. Bentley. Fischell Dept of Bioengineering, University of Maryland,
College Park, Maryland, United States
Advances in synthetic biology and metabolic engineering have expanded the potential
of engineered cell-based systems. However, engineering cells to carry out multiple
functions or produce products with extensive pathways leads to new challenges. These
include bottlenecks, inefficient use of cell resources, and increased metabolic burden on
individual cells. An emerging area of focus is on using microbial co-cultures or small
consortia wherein individual populations work together to accomplish a desired output in
cooperation with the rest of the consortia. In this way, cells can be engineered to carry
out specific tasks allowing for specialization and division of labor. However, this strategy
requires not only regulation of gene transcription but also regulation of the cell
populations. Here, we design a platform for regulating the composition of individual
populations within a co-culture based on an input signal that can be either user-applied
or an existing environmental cue, in our example the autoinducer-2 (AI-2) quorum
sensing (QS) signal. The former case allows for operator fine-tuning and control of the
system, while the latter case allows for pre-programmed and autonomous regulation.
Our system consists of two E. coli cell populations. The first population produces an AI1 QS signal in response to the level of the AI-2 QS signal. The level of the AI-1 signal
regulates the growth rate of a second strain resulting in a change in co-culture
composition, measured using constitutively expressed fluorescent proteins. We
characterized the individual strains and show that co-culture composition over time is
modulated by the initial level of AI-2 in the environment. We further developed a simple
mathematical model to predict behavior of the co-culture for a range of inducer or AI-2
concentrations and initial cell populations. We envision this or similar strategies could
be used to regulate multi-strain microbial systems for use in batch or continuous
operations.
BIOT 591
Keynote: Optimizing biopharma for a sustainable future
Kristi Budzinski, klbudzinski@gmail.com. EHS, Genentech, Alameda, California,
United States
The biopharmaceutical sector is not immune to global pressures surrounding natural
resource consumption, waste generation and the use of hazardous chemicals. To stay
competitive, companies must address these issues with the same rigor as they do
scientific questions and engineering challenges. Genentech embarked on this journey
over six years ago by creating a Green BioPharma program with the mission of leading

the industry in innovations that minimize the impact of research, development, and
manufacturing. The program relies on metric-based impact analyses, employee
engagement, and collaboration across the industry, including suppliers, to reduce the
environmental footprint of biopharmaceutical production. This presentation will highlight
meaningful changes implemented from the Green BioPharma program around material
use and energy consumption. Additionally, the talk will cover the development and
application of a biologics Process Mass Intensity (PMI) metric. Developed in partnership
with the ACS GCI Pharmaceutical Roundtable, the biologics PMI measures the amount
(in kg) of water, raw materials (media, buffer, etc) and consumables (filters,
membranes, etc) utilized in the manufacture of biologics (kg API). Benchmark data
collected across the industry revealed the average material intensity of mAb production
to be 7700 kg/kg API. This exercise identified areas for improvement in the industry
and, internally, highlighted opportunities to streamline manufacturing across network
sites. To fully describe the footprint, a cleaning mass intensity (CMI) was also
developed to measure the amount of water (in kg) and chemicals (in kg) used to clean
pieces of equipment. These data sets along with sharing best practices and innovating
new methods is just a start to making the biopharmaceutical sector more sustainable in
the future.
BIOT 592
Science-based sustainability: Further LCA studies in single-use
biomanufacturing
William G. Whitford, bill.whitford@ge.com. Bioprocessing, GE Healthcare, Logan,
Utah, United States
Plastic materials contaminating our environment have been of great recent interest.
Many biomanufacturers and their materials suppliers are examining the effects of
employing single-use systems. Many individuals, corporations and communities each
emphasize the importance some particular environmental concerns over others. Most
are especially concerned about the more visible impact categories, such as landfill use
or ocean contamination. However, in establishing more truly sustainable manufacturing
systems, all types of pollution or environmental impacts should be considered, and
throughout the entire lifecycle of manufacturing facilities, equipment and materials. The
Life Cycle Assessment (LCA) approach is an objective method for discovering and
ranking environmental impacts, benefits, trade-offs and burden shifts. GE Healthcare
has performed a second, extended LCA study of biopharmaceutical manufacturing that
considers additional equipment scale, product types, production modes, and installation
placements “from cradle to grave”. It compares traditional stainless steel, single-use and
hybrid facilities in the production of both Monoclonal antibodies (MAb) and Adenovirus
vaccines (Adv) across the full process train, including upstream and downstream
operations. It considers the effect of many new parameters, including 1) such regional
distinctions in the location of manufacturing plants as materials shipping distances and
many facets of power and water sources, and 2) various end-of-life disposal options for
the used plastic consumables.

BIOT 593
Recycling biopharma single-use plastics: Overcoming the challenges and
lessons learned
Jacqueline Ignacio, jacqueline.ignacio@emdmillipore.com. Corporate Responsibility,
MilliporeSigma, Burlington, Massachusetts, United States
Adoption of single-use technologies in the biopharmaceutical manufacturing industry is
growing at an estimated 20-24% per year. However, while the use of these technologies
has a positive environmental impact on resources such as water and energy, the
amount of single-use plastic consumed and subsequently incinerated or buried is
increasing exponentially and is expected to grow to more than 112,000 tons by 2025.
As a leading supplier of single-use components and assemblies, MilliporeSigma takes
their environmental responsibility seriously. Their goal has been to provide customers a
solution to recycle the plastic, helping them to attain their waste and recycling goals.
Setting up a program such as this has three main challenges:
First, many of the products are made from multiple plastics and materials that cannot be
easily separated using standard recycling systems. Second, this waste is often
classified as biohazardous and cannot be transported and recycled without first being
sterilized. Third, today’s recycling business generally does not allow for traceability
throughout the system, leading to potential ethical and labor- related risks associated
with further processing of the plastic.
These challenges were overcome by creating a partnership with Triumvirate
Environmental, an organization that has developed a unique process to recycle plastic
products into lumber to be used in the construction and landscape industries. This firstin-kind process addresses the hurdles for recycling of biopharmaceutical materials,
which includes the ability to sterilize and recycle mixed-plastic biohazardous waste and
provide 100% traceability throughout the process.
Over the last two years, with fewer than 15 participants, over 2,300 tons of single-use
waste has been recycled. This represents a significant reduction in landfill and
incinerator and waste streams, resulting in a decrease of greenhouse gas emissions by
more than 700 tons of carbon dioxide.
Today, these single-use plastics are finding new life as plastic lumber sold by
Triumvirate for use in construction, landscaping, and plastic shipping pallets. The result
has opened up new job opportunities and produced an economically sustainable
recycling process that is not dependent on sales of low-value plastic shred to outside
manufacturers. This closed-loop system is just the beginning of re-thinking a
challenging waste stream.
BIOT 594
Applying PMI (process mass intensity) to compare the environmental footprints
of biologics manufacturing processes: Case studies for monoclonal antibodies,
nanobodies and vaccines

Sri Madabhushi, sri.madabhushi@merck.com, John Gavin, xu sen. Merck & Co., Inc.,,
Kenilworth, New Jersey, United States
Biologics encompass a wide variety of drugs including monoclonal antibodies, fusion
proteins, nanobodies, vaccines, and enzymes, among others. With the biologics market
volume increasing at a rapid rate, there is a need to assess the efficiency of
manufacturing processes to better understand their environmental impact. In 2008, the
American Chemical Society Green Chemistry Institute Pharmaceutical Roundtable
(ACS GCIPR) recommended using PMI as the benchmarking metric to evaluate
manufacturing processes and to drive greater efficiency and innovation in the
pharmaceutical industry. A previous study, which included data from six different
companies, showed that the PMI for monoclonal antibody (mAb) manufacturing
processes can range from 2,000 – 25,000. Here, we calculated the PMI of various
monoclonal antibody processes at Merck to generate an internal PMI range for our
manufacturing processes. Furthermore, we compared the data to non-mAb biologics
(i.e. nanobody and vaccine) processes to gain insights into the similarities and
differences between them. Based on the lessons learned, potential strategies were
identified to improve manufacturing efficiency. This work demonstrates that PMI can be
used to guide the development of more efficient and environmentally sustainable
manufacturing processes.
BIOT 595
Economic impact of PMI on downstream improvement strategies
Alessandro Luigi Cataldo1,2, alessandro.cataldo@boku.ac.at, Peter Satzer1, Alois
Jungbauer1,2. (1) University of Natural Resources and Life Sciences, Vienna (BOKU),
Vienna, Austria (2) Austrian Centre of Industrial Biotechnology (ACIB), Vienna, Austria
The changes from stainless steel equipment to single-use solutions as well as switching
from batch to continuous operations are currently strong discussed topics in the field of
downstream processing improvement. Besides the product yields and the purity grades,
also a footprint reduction is considered to result in decreased cost of goods (CoGs). The
process mass intensity (PMI) is an environment related value, which mainly determines
the water consumption associated to the product output. In course of the present
evaluation, we analyzed the impact of PMI reduction on the CoGs. Thereby innovative
single-use along with continuous primary recovery and capture unit operations were
compared with conventional process steps in different scales. In detail we have studied
an antibody process consisting of conventional broth clarification by centrifugation and
batch capture by protein A affinity chromatography with a continuous process consisting
of continuous clarification by depth flocculation and continuous precipitation and/or
chromatography. In a second scenario we studied the impact of continuous downstream
processing compared to batch wise in an already existing upstream process. Our
results show, that a reduced PMI leads to less required storage tank volumes and less
labor costs. However high consumable costs or lower downstream yields have

controversial economic effects. Therefore, multiple scenarios were defined and
evaluated.
BIOT 596
Sustainability metrics: Driving environmental impact reduction for
biopharmaceutical manufacturing activities
Phillip R. Smith, phillip.2.smith@gsk.com, Alexander Adams, Daniel L. DAquila. GMP
Operations, Biopharm R&D, GlaxoSmithKline, King of Prussia, Pennsylvania, United
States
Recently, companies engaged in Biopharmaceutical manufacturing have sought to
reduce the environmental impact of manufacturing activities in order to meet corporate
sustainability goals and to demonstrate commitment to global corporate responsibilities.
The use of standardized metrics has emerged as a key methodology to quantify
environmental impact and enable a comparison of the various approaches being taken
toward sustainability. Several previous reports have described the utilization of a
Process Mass Intensity (PMI) calculation which is a relative quantification of the amount
of mass used to produce a mass unit of API (output). While this approach is an effective
relative measurement tool for small molecule medicine production, its application in
biopharmaceutical manufacture is primarily influenced by the use of water. Though the
PMI approach is useful, especially in parts of the world where water scarcity is a major
issue, it does not directly assess the carbon penalty associated with the manufacture of
biopharmaceuticals. Thus, there is a need for other metrics to be developed to enable a
holistic approach to sustainability. We have previously introduced a Carbon Footprint
(CF) metric that quantifies the amount of CO2 released per mass of drug substance
manufactured.
This presentation will cover the application of PMI, CF, and a third, novel metric,
Recycling Efficiency (RE), to comprehensively assess the environmental impact of
several different GSK biopharmaceutical products as they progress from early to late
phase clinical development. The utility of the RE metric for quantifying environmental
impact will be discussed. The presentation will also provide the wider context of efforts
undertaken in recent years within GSK Biopharm to raise awareness of the impact of
our product value chain on environmental sustainability and opportunities to reduce
environmental impact.
BIOT 597
Environmental sustainability assessment of a biological active pharmaceutical
ingredient manufacturing process
Ana Gabriela Renteria Gamiz1,2, gabriela.renteria@ugent.be, Wouter De Soete1, Bert
Heirman3, Philip Dahlin4, Steven De Meester5, Jo Dewulf1. (1) Department Green
Chemistry and Technology, Ghent University, Ghent, Belgium (2) Chair for Energy
Efficiency, University of Geneva, Geneva, Switzerland (3) Johnson & Johnson, Beerse,

Belgium (4) Johnson & Johnson, New Brunswick, New Jersey, United States (5)
Department of Green Chemistry and Technology, Ghent University, Kortrijk, Belgium
Although the biopharmaceutical market continues to grow rapidly, the environmental
impact of biopharmaceutical processes and products has been hardly evaluated. These
processes show a high degree of nonlinearity which makes its modeling difficult and the
data associated to them is often confidential. To date, only a few Life Cycle
Assessments (LCAs) related to biopharmaceuticals have been published. To address
this gap, a resource and emissions-based LCA of a complete biological Active
Pharmaceutical Ingredient (API) manufacturing process was performed using primary
(foreground system) and modeled data (background system).
The API under scope was infliximab, a monoclonal antibody that treats autoimmune
diseases. A LCA was conducted, using the Cumulative Exergy Extracted from the
Natural Environment (CEENE) and Intergovernmental Panel on Climate Change (IPCC)
methods. Fermentation and the supply chains of its raw materials showed the highest
impact since culture media requires chemicals and complex organic compounds, which
are also produced through biotechnological processes, such as amino-acids and
animal-derived materials (ADMs). Total impact per 100 mg of API produced ranged
from 18.6 to 101.8 MJex and 4.0 to 5.1 kg CO2-eq, mainly as a function of the ADMs
source. A comparison between infliximab and ustekinumab, a biopharmaceutical
produced without ADMs, showed that eliminating these materials can reduce the
resource needed for manufacturing a monoclonal antibody up to 7.5 times.
Fermentation is also the process taking the longest time, during which the Heating,
Ventilation and Air Conditioning (HVAC) system is used to fulfill cleanroom
requirements. This system consumes approximately 75% of all plant electricity use.
Concluding, at process level, optimizing the HVAC system could strongly reduce the
environmental impact of biological API manufacturing. Within the supply chain, the
relevance of the culture media nutrients is evident and finding alternatives for ADMs is
clearly beneficial for the environmental footprint. These conclusions also highlight the
importance of using an environmental sustainability method based on life cycle thinking
when assessing bioprocesses. Process variability was addressed by including a best
and worst-case scenario considering a range of possible parameters. However,
obtaining more precise data of the bioprocesses behind these nutrients’ supply chains is
crucial to corroborating the results of this study.
BIOT 598
Continuous recovery of mAb from the bleed line of a perfusion reactor using
Acoustic Wave Separation
Michael Collins, mike_collins@pall.com. R&D, Pall Biotech, Westborough,
Massachusetts, United States

There is a growing interest within the biopharmaceutical industry trending towards
continuous processing using intensified cell culture techniques that show the potential to
achieve significantly higher productivity rates compared to traditional fed batch cultures
(5-20 fold increase). One method of doing this is through continuous perfusion cell
culture, which can run for up to 60 days, and produces hundreds of kilos total mAb. A
cell retention device, such as an MF TFF device, is utilized to both retain cells, returning
them to the bioreactor, and to exchange cell culture media into the bioreactor by
harvesting mAb continuously into the downstream process. These cultures typically
range in cell densities from 50 to 100x106/mL, with mAb productivity of 1 to 5 g/L/day. A
common challenge with this type of cell culture is the requirement to bleed cells daily
from the bioreactor to maintain the culture at the optimum conditions (cell density,
nutrient consumption, etc. Typically, the bleed can range from 10-40% of the bioreactor
working volume, resulting in significant loss of mAb Oftentimes this is not recovered. At
1000 litre scale this can equate to a mAb loss of 0.5 to 2 kg per day.
Harvesting the mAb from this waste stream via traditional harvesting techniques, such
as depth filtration, become uneconomic at these high cell densities, and the alternative
centrifuge approach is largely not viable.
In this work we investigate the use of the Cadence Acoustic SeparatorTM for recovery of
mAb from the bleed line of a perfusion bioreactor, and show how to achieve high
product yield while operating the device continuously over extended durations. We also
compare the economics of various competing technologies for this application.
This new approach was then verified at a leading Biopharm company.
BIOT 599
Complexities of designing and automating a continuous virus inactivation unit
operation
Nidhi Thite, nidhi.8.thite@gsk.com. Biopharm, GSK, King of Prussia, Pennsylvania,
United States
In recent years, continuous Virus Inactivation (cVI) has attracted significant attention in
the biopharmaceutical industry due to the growing interest in end-to-end continuous
downstream processing. Introduction of cVI allows continuous downstream operation
while reducing footprint and operational handling. While a rather simple batch unit
operation, developing a continuous unit operation requires integrating an in-line titration
along with a tightly controlled residence time element to effectively inactivate viruses
and reduce the risk of aggregation. Increased examination from a viral clearance
perspective requires a robust, inline pH adjustment step that has a short response time
with a stable pH output. This work will present on the development of an automated inline titration using a closed feedback loop to control pH. Furthermore, a tubular reactor
is used to create a narrow Residence Time Distribution (RTD) to ensure material
remains at low pH for sufficient time required for inactivation. Previous work in the area

has focused on the two aspects of cVI separately, in-line titration and designing a
residence time reactor. However, the hardware used for in-line titration introduces
dispersion which needs to be considered to determine residence time at low pH. This
work explores the relationship between the hardware, feedback control and reactor
design to ensure a narrow RTD at low pH to guarantee viral inactivation for patient
safety.
BIOT 600
Custom Protein A resin design and purification for column-free mAb capture increased productivity with continuous countercurrent tangential
chromatography
Amar Joshi1, amar.joshi@lonza.com, Carrie L. Mason1, Dmitriy Fedorenko2, Oleg
Shinkazh2, Patrick Gilbert3, Hans J. Johansson3, Jean Aucamp1. (1) Research &
Development, Lonza Biologics, Slough, United Kingdom (2) ChromaTan Inc., State
College, Pennsylvania, United States (3) Research and Development, Purolite,
Llantrisant, Wales, United Kingdom
Continuous processing has many benefits; for example, increased productivity, lower
footprint and better process control. While continuous loading onto a simulated moving
bed (SMB) column provides increased productivity, the other processing steps are not
continuous. In particular, the elution peak has different critical quality attributes in the
leading and trailing portions of the peak (e.g. product concentration and aggregate
levels). Continuous Countercurrent Tangential Chromatography (CCTC) is a newly
developed column-free alternative to SMB chromatography that both loads and elutes
the product molecule at steady-state, potentially improving process control and product
consistency.
At steady state, CCTC (developed by ChromaTan Corp.) provides continuous
processing for all the steps within a chromatography cycle while also increasing
productivity. Work to date using CCTC systems has been performed using commercially
available resins for both capture and polishing applications. However, these resins were
developed to perform well within a column environment; bead size and rigidity are
optimised to allow for high linear flowrates and low pressure drops over moderate bedheights in column-based chromatography. In contrast, CCTC allows for a wider resin
design space because the operation is no longer constrained by the column geometry.
For example, the pressure drop in CCTC is completely independent of the particle size.
This enables a more porous bead structure as well as smaller particle size resulting in
faster binding kinetics and higher binding capacity.
In this work, we present results for the development of an agarose based small-particle
Protein A resin that was specifically designed for the CCTC platform by Purolite
Corporation. The work compares protein A CCTC capture of an IgG4 from Clarified Cell
Culture Fluid using the custom-made resin compared with the off-the-shelf Mabselect
Sure PCC resin (GE) that was run in both column and CCTC purification campaigns.

The use of a smaller resin bead with an open, porous structure greatly enhances
diffusion into the bead which allows for reduced contact time, particularly in the binding
step. The sum of these time savings combine to significantly reduce resin cycle time
leading to substantial improvements in productivity of CCTC vs. batch columns. In
addition, to the improved kinetics, the use of the custom resin decreases the buffer
requirements and increases resin cycling in CCTC operations.
BIOT 601
Continuous formulation / buffer exchange using staged diafiltration or
countercurrent dialysis
Mario Jabra1, mgj11@psu.edu, Christopher Yehl1, Andrew L. Zydney2. (1) Chemical
Engineering, Pennsylvania State University, State College, Pennsylvania, United States
(2) Dept of Chemical Engineering, Penn State University, University Park,
Pennsylvania, United States
There is growing interest in the development of fully integrated and continuous
biomanufacturing processes that will not only enhance product quality and
manufacturing flexibility but will also reduce the environmental impact of bioprocessing.
This includes final formulation of biotherapeutics to remove small impurities and achieve
the desired buffer conditions for protein storage and delivery. The objective of this study
was to examine the performance of both a 3-stage continuous countercurrent
diafiltration process and a continuous countercurrent dialysis process designed to
achieve 99.9 % buffer exchange over a minimum of 24 hr. Experimental data were
obtained using human Immunoglobulin G as a model protein, with the protein
exchanged from a phosphate to acetate buffer. In addition, vitamin B12 removal was
tracked as a model impurity. The staged diafiltration was performed using Pall
Cadence™ Inline Concentrators which offer a high conversion in single pass operation,
while he countercurrent dialysis was performed using Fresenius Optiflux dialyzers
originally designed for hemodialysis.
Both systems showed 99.9% buffer exchange and impurity removal with continuous
performance over 24 hr. The buffer usage for the countercurrent dialysis is less than
0.02 L/g at a protein concentration of 120 g/L, which is several-fold smaller than hat
required in current batch diafiltration process. In addition, the cost of the hollow fiber
dialyzers is more than 10-fold less than that for the diafiltration systems. The lowest cost
for the countercurrent staged diafiltration is a function of the buffer and module cost,
with the 3-stage system typically providing the optimal performance. These results
provide important insights into the development of continuous membrane processes for
protein formulation and buffer exchange.
BIOT 602
Fully connected flow-through polishing for monoclonal antibody purification

Takao Ito1, takao.ito@merckgroup.com, Takamitsu Ichihara2. (1) MilliporeSigma,
Tokyo, Japan (2) Astellas Pharma Inc., Tokyo, Japan
The therapeutic monoclonal antibody (mAb) processing is evolving toward process
intensification that can offer increased productivity and improved economics without
sacrificing process robustness. A semi-continuous downstream process linking
purification / polishing unit operations in series can reduce or eliminate intermediate
holding tanks and reduce overall processing time. Accordingly, we have developed a
mAb connected flow-through polishing template that include activated carbon, cation
exchange, and anion-exchange chromatography.
In this study, A fully-connected pool-less polishing with three flow-through technologies
was evaluated, operating as a single skid to streamline and improve a mAb purification
platform. Laboratory-scale pool-less processing was achieved without utilizing in-line pH
adjustment and conductivity dilution based on the optimized single process parameter
by 96-well plate screening. Two connected flow-through configurations of polishing
steps were compared: a two-step process using anion exchange and cation exchange
and a three step process using activated carbon, anion exchange and cation exchange
chromatography. Laboratory-scale proof of concept studies showed comparable
performance between the batch purification process and the pool-less process
configuration. Three step polishing highly intensified the processes and provided higher
process loading and achieved bulk drug specification with higher impurity clearance
(>95 %) and high overall mAb yield (>95 %).
BIOT 603
Exploring overloading and productivity in continuous chromatography
Magnus Bergman, magnus.bergman@ge.com, Hans Blom, Mikael Berg. Life
Sciences, GE Healthcare, Uppsala, Sweden
In recent years, continuous chromatography has emerged as an enabling technology for
process intensification, e.g. through increased flexibility, enhanced resin lifetime
utilization and decreased buffer consumption. Increased resin capacity usage through
overloading is often regarded as a key feature of the technology, but what level of
overloading is appropriate in a given situation is not always clear.
Here we present a work where the limits for overloading with two columns in the loading
zone are explored experimentally in a capture step of monoclonal antibodies. In this
study, two columns packed with protein A chromatography resin were connected in
series, and loaded with a model mAb until breakthrough was observed on the second
column. This was performed for titers of 1.5, 4.0 and 9.0 g/L, and residence times of 2,
3 and 4 minutes. The experimental output was used to predict the available
breakthrough levels for different combinations of titer and residence time. Verification
runs were subsequently performed on a continuous chromatography system equipped
with four columns. The obtained results showed no visible breakthrough on the second
column at loading up to the predicted levels, and no loss of material could be measured.

In addition, productivity modelling based on the obtained experimental results was
performed to investigate the theoretical implications of the available breakthrough
levels, and how they can influence the optimal column set-up for different combinations
of titer and residence time.
We will also share a case study of continuous chromatography being implemented in
the Biopharma industry as one approach to achieve increased process efficiency.
BIOT 604
Development and integration of continuous viral filtration, ultrafiltration, and
diafiltration at pilot scale
Michael J. Coolbaugh1, michael.coolbaugh@sanofi.com, Tarl Vetter1, Brad Bouchard2,
Chad Varner1, Emily Davenport1, Kevin Brower1. (1) Purification Development, Sanofi,
Framingham, Massachusetts, United States (2) Project Engineering, Sanofi,
Framingham, Massachusetts, United States
The bioprocessing industry has been steadily moving toward end-to-end continuous
downstream processing, with particular achievements in design and implementation of
continuous chromatography and virus inactivation. However, continuous viral filtration
and continuous ultrafiltration/diafiltration remains a significant gap on the path towards
realization of an integrated end-to-end downstream process. Here we describe the
integration of a continuous virus filtration, ultrafiltration and diafiltration, and in-line
formulation for the continuous generation of drug substance. We also demonstrate a
proof-of-concept of automating and controlling these unit operations from a single
master controller at the pilot scale. We will then discuss the implications of this work
towards commercial implementation of an integrated end-to-end continuous process,
including a preliminary analysis of process economics. Our work demonstrates the
feasibility of integrating continuous viral filtration and ultrafiltration/diafiltration into a pilot
scale continuous downstream process and represents a significant step towards end-toend continuous downstream processing.
BIOT 605
Challenges of implementing virus filtration into continuous manufacturing
Julie Kozaili1, julie.kozaili@ak-bio.com, Sarah Johnson2, Scott Lute2, Kurt A. Brorson2,
Daniel Strauss3. (1) Science and Technology, Asahi Kasei Bioprocess, Glenview,
Illinois, United States (2) Center for Drug Evaluation and Research, U.S. Food and Drug
Administration, Silver Springs, Maryland, United States (3) Asahi Kasei Bioprocess,
Glenview, Illinois, United States
Continuous downstream processing has the potential to transform the manufacture of
biotherapeutic products through improvements to efficiency, cost and quality. Significant
effort has been made in both academic and industry settings to adapt batch unit

operations to their continuous counterparts, with much of the work focused on the
development of continuous chromatography platforms. As a flow-through operation,
virus filtration (VF) should be adaptable to the continuous paradigm, but
accommodations and further testing are needed to fully integrate VF into continuous
downstream processes. Most notably, continuous VF processes are likely to be run
under constant flow conditions at lower flow rates and for much longer times compared
with traditional batch processes. These processes are also likely to require switching to
new filters during the process, requiring development of new control strategies through
engineering and automation solutions. Additionally, since the outputs of upstream
continuous chromatography steps consist of a series of elution peaks, the filter may
experience load solutions with fluctuating concentrations of protein, salts and impurities.
The impacts of such dynamic conditions on viral clearance and performance of
traditional virus filters are not yet understood and are currently being investigated.
Finally, these unique VF unit operations may require new approaches to viral clearance
validation. Batch spiking studies, which have traditionally been used for viral clearance
validation, may not be representative of these highly dynamic systems. Although in-line
spiking and other validation strategies have been proposed, the feasibility and
acceptance of these approaches are not fully understood. This presentation explores
basic considerations for the design and validation of a virus filter unit operation
integrated into continuous downstream purification processes, and data will be
presented that illustrates the impacts of potential continuous process conditions on viral
clearance.
BIOT 606
User-defined chemical genetic systems for plants
Tim Whitehead1, 2410925@acs.org, Ian R. Wheeldon2, Sean Cutler2. (1) Chemical and
Biological Engineering, University of Colorado, Boulder, Boulder, Colorado, United
States (2) A242 Bourns Hall, UC, Riverside, Riverside, California, United States
Our long-term goal is to create programmable plants in which we are able to
dynamically control metabolism and phenotype so that user-defined functions can be
turned on and off at will; this capacity would complement a growing set of tools that
enable farmers to manage crop production in response to real-time environmental data,
often called “digital agriculture” or “smart farming”. To help realize this long-term vision,
this talk will showcase new inducible gene regulation modules and associated
mathematical models of their function, which together will enable predictive control of
gene expression in planta. Our approach builds on our previous success in reengineering the plant stress hormone abscisic acid (ABA) sensing system so that it is
controlled by a low cost agrochemical, which, in turn, enabled us to program plants so
that their water use could be dynamically controlled by an agrochemical. ABA regulates
a natural chemical induced dimerization (CID) module that has been extensively
modified to create new chemical controlled functions. Here we show the use of
advanced protein engineering strategies to modify the CID module’s interaction surface
and ligand binding pocket and to create regulatory modules that can be controlled

independently (orthogonally) of one another, enabling complex control operations. We
show the use of a palette of exogenous chemicals can control plant function, including
protein subcellular localization, activation of genome editing, and dynamic tuning of
gene expression over a wide range of expression levels. The contributions of such
advanced genetic tools for sustainable agriculture will be addressed.
BIOT 607
Molecular drivers and epigenetic modifiers of complex heritability revealed by a
natural genotype-to-phenotype map
Chris Jakobson1, cjakobso@stanford.edu, José Aguilar-Rodríguez1,3, Daniel F.
Jarosz1,2. (1) Chemical and Systems Biology, Stanford University School of Medicine,
Stanford, California, United States (2) Developmental Biology, Stanford University
School of Medicine, Stanford, California, United States (3) Biology, Stanford University,
Stanford, California, United States
We now have the ability to design and synthesize custom genomes with user-specified
nucleic acid content. Yet we still lack a detailed molecular understanding of complex
heritability, which will be required to encode organisms with desired phenotypes. Here
we alleviated statistical roadblocks to high-resolution genetic mapping by using an
inbred population of diploid yeast with very low linkage disequilibrium and more
individuals than segregating polymorphisms. We mapped over 18,000 quantitative trait
loci, resolving more than 3,300 to single nucleotides. This allowed us to explore the
molecular origins of complexity, hybrid vigor, pleiotropy, and gene × environment
interactions and to rigorously estimate the distribution of fitness effects of natural
genetic variation. Moreover, chemical genetic perturbations allowed us to quantify how
the activity of key epigenetic hubs modified the adaptive value of polymorphisms across
traits. Our results describe a comprehensive, high-resolution genotype-to-phenotype
map and define general principles underlying the complexity of heredity.
BIOT 608
Functional characterization of 3-hydroxyacyl ACP:CoA transferase for production
of medium-chain-length oleochemicals
Qiang Yan1, qyan32@wisc.edu, Brian Pfleger2. (1) Chemical and Biological
Engineering, University of Wisconsin-Madison, Madison, Wisconsin, United States (2)
Department of Chemical and Biological Enginee, University of Wisconsin Madison,
Madison, Wisconsin, United States
Microbial production of medium-chain-length oleochemicals have received great
research of interest due to their high value in chemical industries. However, mediumchain-length oleochemicals are not naturally abundant in organisms largely because the
acyl chain lengths are tightly controlled by endogenous enzymes
in the fatty acid synthesis (FAS) and beta-oxidation pathways. Thus, production of

medium-chain-length oleochemicals require special enzymes that can catalyze the
appropriate intermediates from FAS or beta-oxidation pathways and convert them to
desired precursors. In this study, we propose that 3-hydroxyacyl ACP:CoA transferase
is a key enzyme in producing medium-chain-length 3-hydroxyacyl-CoA derivatives and
characterizing enzyme activities can help control the chain length by converting the
medium-chain-length FAS intermediate 3-hydroxyacyl-ACP to 3-hydroxyacyl-CoA,
which is the precursor for 3-hydroxy fatty acid or polyhydrixtalkanoates (PHA) synthesis.
First of all, we characterized the functionality of PhaG from Pseudomonas putida by
heterologous expression in appropriate E. coli hosts. Based on its sequence similarities,
50 homologs (30-95%) were designed to test activities by quantifying intracellular 3hydroxyacyl-CoA concentration. Synthetic pathways for medium-chain-length PHA and
3-hydroxy fatty acid were constructed, respectively. The optimal 3-hydroxyacyl
ACP:CoA transferase candidate was applied to test for medium-chain-length PHA and
3-hydroxy fatty acid production in vivo. Our results showed the 3-hydroxylacyl ACP:CoA
transferase can be developed as a key enzyme to control the chain length for 3hydroxylacyl-CoA derivatives.
BIOT 609
Developing a high affinity, dynamic scaffold toolkit for intracellular spatial
organization of proteins
Alexander Mitkas1, mitkas@udel.edu, Wilfred Chen2. (1) Chemical and Biomolecular
Engineering, University of Delaware, Newark, Delaware, United States (2) Chemical
Engineering, University of Delaware, Newark, Delaware, United States
It is common practice in modern biotechnology to introduce nonnative enzymatic
pathways in platform organisms such as E. coli to produce biochemical molecules
ranging from specialty chemicals to biofuels. Traditionally, product titer is maximized by
fine-tuning the nonnative enzymes’ activity and expression levels; however, in many
instances the work can be time consuming and fruitless. Enzyme clustering is an
alternative approach that has demonstrably helped increase nonnative pathway titers.
However, without dynamic control of when the enzyme cluster forms, unwanted
metabolic imbalances within the cell can occur. To address the issues with these
optimization techniques and provide an alternative way to improve nonnative pathway
productivity, a high affinity, dynamic scaffold toolkit for intracellular spatial organization
of proteins was designed. The toolkit building blocks are small RNAs and protein
components taken from the CRISPR/Cas Type I systems. These Cas proteins bind to
the small RNAs with high affinity and sequence specificity. Scaffold assembly is
facilitated by adding short complementary regions in the RNA strands. Scaffold
disassembly is coupled to the expression a third small trigger RNA which will occur
when certain intracellular conditions are satisfied. The mechanism that drives the
disassembly is toehold-mediated strand displacement (TMSD) which allows for
displacing one DNA or RNA strand in favor of a new trigger strand. The displacement is
facilitated by the presence of an unhybridized 6-18 nucleotide long toehold region at the
end of one of the initially hybridized strands. TMSD is an excellent candidate for

facilitating the dynamic disassembly of the scaffold because its kinetics occurs in the
order of minutes to hours. Using the split luciferase reporter system, an increase in the
luminescence of the system has been demonstrated to occur only when all the correct
components of the scaffold are simultaneously expressed. The scaffold assembly (and
luminescence increase) only occurs when appropriate complementary regions are
added to the small RNAs. Furthermore, constitutive scaffold disassembly has been
demonstrated in the presence of a trigger strand. The scaffold will be applied to
increase the productivity and specificity of a nonnative pathway. The implementation of
the scaffold toolkit will allow for intracellular dynamic process control while also
providing an alternative approach for increasing nonnative pathway productivity.
BIOT 610
Next generation industrial biotechnology based on halophiles
Guo-Qiang Chen1,2, chengq@biomed.tsinghua.edu.cn. (1) Tsinghua Univ School of
Life Science, Beijing, China (2) Center for Synthetic and Systems Biology, Tsinghua
University, Beijing, China
Industrial biotechnology cannot compete with the petrochemical industries as it suffers
from high consumptions on energy and freshwater, discontinuous processing, low
product concentration and thus high product recovery cost as well as low substrate to
product conversion efficiency. Therefore, to make industrial biotechnology competitive,
we need develop Next Generation Industrial Biotechnology (NGIB) which is energy and
fresh water saving and run in a continuous way instead of a batch way. Seawater based
fermentation technology has been developed based on Halomonas spp. We have been
able to assemble several multiple genes containing pathways in Halomonas spp. for
production of various biopolymer and small molecules. The growth patterns of the
Halomonas spps. have been changed to influence the shapes of Halomonas spps. from
short rods to long fibers, even further to large spheres, allowing more PHA
accumulation and easy product recovery. The technology has been pilot tested in
industrial setting, it has been proven to be able to reduce PHA production cost at least
100%. The seawater based NGIB technology should be able to improve the economic
competitiveness of industrial biotechnology. We expect the technology to play an
increasingly important role in the fermentation industries for low cost production of many
bioproducts.
BIOT 611
Development of a synthetic biology toolbox for Acinetobacter baylyi (ADP1), a
host for lignin-based metabolic engineering
Bradley W. Biggs1, bradleyWB@gmail.com, Erika Arvay1, Shu Huang1, Harshith
Subramaninan2, Ellen L. Neidle3, Keith E. Tyo4. (1) Chemical and Biological
Engineering, Northwestern University, Evanston, Illinois, United States (2) Masters in
Biotechnology, Northwestern University, Evanston, Illinois, United States (3)

Department of Microbiology, University of Georgia, Athens, Georgia, United States (4)
Chemical Biological Engineering, Northwesten University, Evanston, Illinois, United
States
Efficient valorization of carbon sources currently treated as waste streams is a key
growth sector for metabolic engineering in the coming years. Natural systems possess
remarkable capacity to assimilate and repurpose a wide variety feedstocks, and
leveraging this provides opportunity for both remediation and synthesis of value-added
compounds. One interesting material to this end is lignin, the most abundant aromatic
polymer in nature. Lignin is currently a substantial waste product of the pulp and paper
industry and will also need to be utilized by lignocellulosic processes. Several
organisms, including various Pseudomonas and Rhodococcus species, have shown
utility for lignin degradation along with other advantageous attributes. An emerging host
for this application is Acinetobacter baylyi (ADP1), a bacterium whose facile genetics
make it an exciting potential model organism for lignin bioprocessing. Here, we
establish easy and rapid molecular cloning workflows, a promoter library, and
chromosomal integration map to help enable metabolic engineering in ADP1. In
addition, we demonstrate these tools with lignin-based product synthesis.
BIOT 612
Light-based control of metabolic flux through assembly of synthetic organelles
Evan M. Zhao1, ezhao@princeton.edu, Jose L. Avalos1,2. (1) Chemical and Biological
Engineering, Princeton University, Clarence Center, New York, United States (2)
Andlinger Center for Energy and the Environment, Princeton University, Princeton, New
Jersey, United States
To maximize a desired product, metabolic engineers typically express metabolic
enzymes to high, constant levels. However, permanent activation of an engineered
pathway can compete with pathways essential for cell growth, and can result in the
accumulation of small-molecule intermediates that can be toxic or converted to
undesired side-products. Facing similar challenges, natural metabolic systems often
employ two complementary strategies: they may compartmentalize metabolic enzymes
to organelles and post-translationally modify them to regulate pathway flux without
requiring the costly production/degradation of enzyme pools associated with
transcriptional regulation. Here, we sought to combine both dynamic regulation and
compartmentalization to control engineered metabolisms in yeast. We demonstrate that
a suite of optogenetic clustering tools (optoDroplets, optoClusters and PixELLs) enable
both light-induced assembly and disassembly of metabolically-active membraneless
organelles. Using the deoxyviolacein biosynthesis pathway as a model system, we
show that light-switchable enzyme clustering can enhance product formation by 510%,
near the predicted theoretical maximum for two-enzyme clustering systems. In addition,
this approach improves product specificity 18-fold by decreasing the concentration of
intermediate metabolites and reducing flux through competing pathways. Thus,
inducible subcellular compartmentalization of enzymes into synthetic organelles can be

used to control engineered metabolic pathways temporally and spatially, limiting
undesirable intermediates and favoring the formation of desired products.
BIOT 613
Evonetix Ð towards scalable and high-fidelity gene synthesis
Nisha N. Khanizeman, khanizeman@gmail.com, Tim Brears, Matthew Hayes, Stuart
Crosby. Evonetix, Cambridge, United Kingdom
The surge in DNA sequence information available to mankind over the last ten years
has sparked an unprecedented interest in gene synthesis and engineering. As a result,
a plethora of opportunities has emerged exploiting this knowledge to improve industrial
processes and engineer genomes with superior traits. Further applications include
engineering metabolic processes and using DNA as a data storage medium. However,
a prerequisite towards facilitating these endeavours is a significantly improved DNA
synthesis to provide efficient access to high-fidelity DNA.
Our team at Evonetix has set out to develop a novel, highly disruptive gene synthesis
approach based on a key principle; a highly scalable platform with up to ten thousand
miniaturised reaction sites, at each of which there is exquisite control of the synthesis
process (Figure. 1). Our patented approach manages the synthesis of high-fidelity DNA
in a streamlined and efficient process by using a unique silicon chip that allows for a
large-scale synthesis of oligonucleotides to occur in parallel rather than creating
oligonucleotides in physically separated wells.
The highlight for the talk will be on our thermally controlled chemistry involving the
development of a thermally cleavable linker, a surface attached group of molecules on
each reaction site, together with our thermolabile protecting groups that have been
developed to enable site-specific control via thermal engineering without impacting any
of their neighbours, allowing thousands of sites to operate simultaneously and
independently. We believe that this highly disruptive DNA synthesis technology will
greatly facilitate gene synthesis by simplifying fluid handling and reducing reagent
usage, which increases time efficiency and reduces material costs respectively. This,
thus, stimulates innovation in synthetic biology, neighbouring research sectors and
industries.

BIOT 614
End to end, data driven approach to unlock new science, improved efficiency,
and project acceleration for biopharmaceutical upstream processing
Ryan W. Muthard, ryan.x.muthard@gsk.com, Kristin Love, Simon Bamber. GSK, King
of Prussia, Pennsylvania, United States
A cohesive continuum of biopharmaceutical manufacturing (clinical & commercial) and
development (early & late phase) data has the potential to transform process design,
efficiency, and decision making. The Informatics and Data team in GSK’s Medicinal
Science & Technology group is currently developing an end to end CMC domain by
using an ecosystem of IT infrastructure and Big Data tools to integrate and curate data
from strategic source systems. Using the team's biopharmaceutical upstream process
project as an example, we will discuss how we work, what we have achieved, and
where we are going next. This case study focuses on the approach the team used to
integrate biopharmaceutical data and the business value that has been unlocked.
Insights will be shared on team composition, agile project delivery, and how end to end
thinking guided our approach. In addition to project logistics, we will highlight tools and
technology that have improved data quality and enabled rapid feedback from subject
matter experts. Key deliverables such as data standards, integrated data sets, and
analytical use cases will be discussed in the context of work completed on the project.
We will conclude by walking through some of our ambitions in applying machine
learning & artificial intelligence techniques as a part of our future direction.
BIOT 615
Picking winners: Predictive modeling for cell line selection

Yucen Xie, Jasmine Tat, jtat@amgen.com. Amgen, Thousand Oaks, California, United
States
Within the discovery-to-market development cycle for biopharmaceuticals, Cell Line
Development holds a critical role in creating and selecting a cell line that becomes the
Master Cell Bank for clinical and commercial biomanufacturing. Cell line generation and
selection have largely been driven by resource-intensive manual cell culture processes
and analytics. Analysis and decision points predominantly rely on generating large
volumes of secreted protein, rate limited by cell doubling times and analytical
sensitivities/development. For every project, a wealth of data is generated. However, a
modular design framework has yet to leverage this data, unify processes, and transform
current workflows. Through the integration of machine learning frameworks, we are
shifting from an established, traditional method of manual cell culture and analysis
towards a “digital cell culture” paradigm. Our strategy is two-fold: one is the
implementation of nanofluidic technology to manipulate and collect data at a single-cell
level, the second is utilization of machine learning to provide predictive power for cell
line selection, deliver efficiency, and enable a scalable/transferable digital platform
across Amgen. Integrating machine learning into our workflow will ultimately enable
precise decision making, drive improved performance, better understand/control quality
attributes, and dematerialize workflows.
BIOT 616
Process analytical technology (PAT) based control of protein refolding:
Granulocyte colony stimulating factor (GCSF) as a case study
Vishwanath S. Hebbi, vishwanathhebbi@gmail.com, Garima Thakur, Anurag S.
Rathore. Department of Chemical Engineering, Indian Institute of Technology, New
Delhi, India
Process analytical technology is expected to deliver consistent product quality. The
refolding operation is affected by critical process parameters such as composition and
pH of the solubilization and refolding buffers, and these need to be monitored to ensure
consistent product quality. For manufacturing processes based on bacterial systems,
refolding is a critical unit operation which determines the economic feasibility and quality
of the final product in manufacturing processes involving inclusion bodies.
Conventionally, the success of refolding is quantified after the completion of the process
by testing refolded samples using reversed-phase high performance liquid
chromatography. Researchers have explored the possibility of controlling the refold
process using measurements of dissolved oxygen tension, fluorescence, infrared
spectroscopy or light scattering. However, these approaches are based on the kinetics
and intermediates of refolding reactions, and minimum importance is given to
manufacturing facility relevant variables such as buffer preparation and component
addition during solubilisation and refolding.
This work proposes use of statistical process control limits for monitoring protein
refolding, from buffer preparation to refold quenching for manufacturing of therapeutic

proteins in E. coli-based systems. Our approach involves use of online redox potential,
temperature, and pH to develop an MVDA-based model. Time profiles of ORP, pH and
temperature during refolding about a set point are treated as batch evolution variables
and analysed using chemometrics. The refolding unit operation is treated as a semibatch evolution process which is to be maintained within operating ranges at each point
in time. A PAT tool is developed to leverage statistical process control (SPC) charts for
detecting deviations from normal operation, identifying the process step causing the
deviation, allowing unrecoverable batches to be disposed of early, and recording a
signature for each run for future reference when CQAs are not reached. The model has
been integrated with LabVIEW to allow us to monitor refolding processes in real time.
The proposed strategy was able to successfully identify process deviations and was
implemented for obtaining consistent product quality.
BIOT 617
Biopharmaceutical manufacturing: Getting to the cool stuff requires a new
paradigm
Scott R. Hass, scott_hass@merck.com, Marty Lipa, Matt Hollenbeck. Merck & Co,
West Point, Pennsylvania, United States
With the rapid adoption of Industry 4.0 in biopharmaceutical manufacturing comes the
need to think differently about information and data management. This talk will discuss
the new business paradigm and leadership behaviors that are needed to sustain and
get the most value out of your digital strategy. Defining the products data graph, data
standards, new behaviors and governance are all part of the new view for achieving
sustainable value.
BIOT 618
Multivariate data analysis for biotech processes: Industrial case studies
Anurag S. Rathore, asrathore@biotechcmz.com. Department of Chemical
Engineering, Indian Institute of Technology, New Delhi, India
Multivariate data analysis (MVDA) has gradually emerged as a powerful, efficient and
effective tool for analyzing process data that is routinely captured during the
manufacturing of biopharmaceutical products. It is being increasingly used in the
biotech industry. This talk will aim to present several case studies that together
showcase the significant impact that MVDA can make towards bioprocess development.
First case study will aim to show how process understanding can be captured from
MVDA of manufacturing data. Second case study will demonstrate use of MVDA for
performing root cause analysis that was required to resolve process underperformance
during a technology transfer and a scale-up of a mammalian cell culture process. Third
case study will show how MVDA was used for examining comparability of two
processes involved with manufacturing of a microbial therapeutic product. Final and

fourth case study will involve use of MVDA in analysis of data from a biotech process so
as to guide process development of the next generation process for the same product.
Overall, the case studies presented here demonstrate the significant role that MVDA
can play in the Quality by Design paradigm.
BIOT 619
Machine learning and real time data visualization for formulation applications
Behnam Partopour, bpartopo@amgen.com, Mohan Boggara, Cindy Ren, Nitin
Rathore. Amgen, Thousand Oaks, California, United States
The development and implementation of novel automated technologies have enabled
high throughput formulation screening capabilities for the study of a more expansive
landscape than was previously feasible. In conjunction with advances in artificial
intelligence (AI), this creates opportunities for deriving novel insights and directing the
optimization and selection of future formulations. The objective of this project is use
Machine Learning (ML)/AI tools to uncover patterns from past and future data and
assess their true potential in transforming how we perform formulation and process
design in order to meet target product profiles and to automate decision making. ML
algorithms have been applied to correlate input with their effect on relevant protein
formulation properties, such as viscosity and stability. In this talk, we will share our
approach, experience and challenges around data curation, data imputation, feature
engineering and evaluation of different algorithms via hyper-parameter tuning to
develop an effective predictive model geared towards the optimization of formulation
designs. Finally, the interactive visualization tools and interfaces developed to facilitate
intuitive utilization and data analysis will be discussed.
BIOT 620
Minimally disruptive optical control of protein tyrosine phosphatases
Akarawin Hongdusit1, Peter Zwart2, Banumathi Sankaran2, Jerome M. Fox1,
jerome.fox@colorado.edu. (1) Chemical and Biological Engineering, University of
Colorado, Boulder, Boulder, Colorado, United States (2) Lawrence Berkeley National
Laboratory, Berkeley, California, United States
Optogenetic actuators—genetically encodable proteins that undergo light-induced
changes in conformation—are useful tools for placing biochemical events under optical
control but, at present, remain difficult to couple to biocatalysts without interfering with
their native structures or activities. This study develops a minimally disruptive approach
to control PTP1B—a phosphatase implicated in diabetes, obesity, and cancer—with
light. The resulting photowitchable construct enables measurements of mechanical
coupling between actuator and catalytic domains, permits detailed perturbational
studies of allosteric communication in PTPs, and enables optical modulation of spatially
distinct subpopulations of enzymes in living cells. The central findings illustrate a new

approach for using photosensitive proteins to carry out detailed biophysical studies of
enzyme activity and subcellular regulation.
BIOT 621
Receptor heterodimerization modulates endocytic uptake through both
collaborative and competitive mechanisms
Chi Zhao1, chi.zhao@utexas.edu, Andre DeGroot1, Hisham Ali1, Megan LaMonica1,
Carl Hayden1, Jeanne Stachowiak1,2. (1) Biomedical Engineering, University of Texas at
Austin, Austin, Texas, United States (2) Institute for Cellular and Molecular Biology,
University of Texas at Austin, Austin, Texas, United States
Receptor recycling from the plasma membrane surface by endocytosis is essential to
signal transduction and nutrient uptake. A significant fraction of receptors in these
processes form dimers. Dimerization of identical partners has been thought to promote
receptor uptake due to increased affinity of the dimer for the endocytic machinery. But
what happens when receptors with substantially different affinities for the endocytic
machinery form heterodimers? Evidence from G protein coupled receptors and receptor
tyrosine kinases suggests that heterodimerization with strongly internalized receptors
can drive significant uptake of receptors that lack strong interactions with the endocytic
machinery. However, a systematic biophysical understanding of these effects has yet to
be established. Here we investigate the impact of heterodimerization on receptor
internalization using a family of engineered model receptors. As expected, we find that
dimerization of a weakly internalized receptor with a strongly internalized receptor
promotes uptake of the weakly internalized receptor (A-D). However, the effectiveness
of this collaboration depends heavily on the relative strengths of internalization of the
two receptors in the dimer. Specifically, as the strengths of internalization of the two
receptors become more similar, monomers of each receptor compete for space within
the crowded environment of coated pits, mutually inhibiting each other’s uptake (E-H).
Similarly, as the strength of the dimer bond between the two receptors is successively
weakened, competition for limited space within endocytic structures dominates over
collaborative uptake. Collectively, these results demonstrate that the impact of
heterodimerization on receptor internalization is controlled by a delicate balance
between collaborative and competitive mechanisms.

Receptor heterodimerization modulates endocytic uptake through both collaborative (A-D) and
competitive mechanisms (E-H).
BIOT 622
Visualization and modulation of EF-G power stroke in ribosomal translocation
Heng Yin1, yinheng419@gmail.com, Shoujun Xu1, Yuhong Wang2. (1) Chemistry,
University of Houston, Houston, Texas, United States (2) Biology and Biochemistry,
University of Houston, Houston, Texas, United States
Elongation factor G (EF-G) catalyzes ribosome’s fast and accurate translocation on the
mRNA. Although the high-resolution structures of EF-G bound to the ribosome have
been determined by cryo-EM and X-ray studies, the correlation between the structure
and the EF-G generated power stroke force remains elusive. It is also highly debated
regarding the amplitude of the EF-G power stroke. In the present work, we report the
synthesis of a series of crosslinked EF-G’s and the precise measurements of their
power stroke. The crosslinked EF-G’s contained different lengths of linker molecules,
which restricted the conformational changes to different extents. The power strokes
were determined by an atomic magnetometer or a microscope. Both methods yielded
consistent results. The results showed that crosslinked EF-G with a short linker
generated much smaller power stroke compared to the 89 pN force that was generated
by the wild type EF-G, whereas a longer link did not significantly affect the power stroke
amplitude. We also investigated the correlation between power stroke amplitude and
translocation efficiency. It showed that the smaller power stroke reduced the
translocation rate but not the step size. Furthermore, our research provides a widely
adoptable technique for measuring protein power stroke.

BIOT 623
Improving protein crystallization outcomes using surface energy modified
substrates
Andrew H. Bond1, abond@denovx.com, Kyle A. Nordquist1, Tiffany L. Kinnibrugh1,
Kevin M. Schaab1, Jessica L. Johnson2, Youngchang Kim2, Gyorgy Babnigg2. (1)
DeNovX, Chicago, Illinois, United States (2) Biosciences Division, Argonne National
Laboratory, Argonne, Illinois, United States
X-ray crystallography remains a benchmark technique for protein structure
determination complementing NMR and cryo-electron microscopy. Improvements in
crystallization are needed given the low average success rates of <15%, and DeNovX’s
approach uses engineered modifications to the surfaces in contact with the protein
solution to facilitate crystal nucleation. Replicate studies of four proteins (e.g., lysozyme,
BPT, etc.) on engineered nucleation surfaces gave an average 30% reduction in
crystallization onset times vs. controls, with preservation of diffraction quality. Controlled
studies are underway with more challenging proteins, including one of the two
component sensor histidine kinases of the opportunistic pathogen Pseudomonas
aeruginosa (PA01), for which the crystallization hits improved 8.4-fold with
crystallization onset in 87% less time when using engineered nucleation features.
Systematically tuning the surface energy of the substrate or vessel in contact with the
solute to be crystallized can improve crystallization outcomes while requiring minimal
changes to crystallization protocols.
BIOT 624
Rapid mapping of glycoprotein structure-activity relationships by
glycomutagenesis

Xiaolu Zheng, xz452@cornell.edu, Mingji Li, Matthew DeLisa. Robert Frederick Smith
School of Chemical and Biomolecular Engineering, Cornell University, Ithaca, New
York, United States
It remains a significant challenge to predict a priori what sites in a protein can/will
become glycosylated and what effect glycan installation at a particular site will have on
protein structure and function. Shotgun scanning mutagenesis combines the concepts
of alanine scanning mutagenesis and binomial mutagenesis with phage display
technology, allowing an extremely rapid method for analyzing the effect of many side
chains. At present, there is no analogous shotgun scanning technique for rapid, highthroughput determination of many glycan sites in a single experiment. To address this
technology gap, we have developed an experimental procedure termed shotgun
scanning glycomutagenesis (SSGM) for comprehensively identifying the sites/structural
motifs within a target protein that can/cannot tolerate glycan installation. SSGM uses
combinatorial protein libraries in which glycosylation “sequon walking” is used to
introduce an acceptor site at every possible position along the protein backbone. The
library of sequon variants is interrogated for the presence/absence of glycosylation
using a high-throughput screen, such as our previously described glycoSNAP
(glycosylation of secreted N-linked acceptor proteins) technology. As proof-of-concept,
we used SSGM to investigate the permissiveness to glycosylation of the Im7 immunity
protein that has been extensively studied including with respect to limited site-specific
glycosylation. Following library construction and screening, a surprisingly large number
of sites along Im7 were found to be glycosylated, with efficiencies ranging from 30100%. The binding activities of all the glycovariants with or without glycan were
assessed. The melting temperature of the selected variants was interrogated. We
anticipate that SSGM will become a useful new tool for deep exploration of glycoprotein
structure-activity relationships (glycoSARS) as well as for developing glycoengineered
protein variants with new or improved functions.
BIOT 625
Structure and dynamics of the thyroid hormone-activating and deactivating
iodothyronine deiodinases
Craig A. Bayse, cbayse@odu.edu. Chemistry and Biochemistry, Old Dominion
University, Norfolk, Virginia, United States
The iodothyronine deiodinases (Dio) regulate thyroid hormone (TH) activity by removing
iodine from the inner or outer rings of the series of iodinated thyronine substrates.
Understanding the structure of this critical enzyme is important for developing
treatments for thyroid hormone-related disorders. Our group has been investigating the
structure and dynamics of these thioredoxin-fold proteins to determine how a flexible
loop near the active site affects the substrate binding and specificity. Molecular
dynamics simulations using AMBER and modified force fields are used on the apo and
TH bound monomers and dimers of the catalytic regions of the three types of Dio. In the
active dimer apo protein, asymmetry in the loop structures suggests a potential for

allosteric regulation of protein activity. The topology of the active site region in the
inactive monomer is compared to the dimer to determine how interactions at the
dimerization interface affect specificity of substrate binding. Comparisons between the
sequences of the three types of Dio may further tune specificity by modulating the
access of thyroid hormones and xenobiotic antagonists and/or inhibitors.
BIOT 626
Structural elucidation of engineered tissue inhibitor of metalloproteinase-1 (TIMP1) variants with improved binding affinity toward matrix metalloproteinase-3
(MMP-3)
Maryam Raeeszadeh Sarmazdeh1, sarmazdeh.maryam@mayo.edu, Banumathi
Sankaran2, Derek Radisky1, Evette Radisky1. (1) Cancer Biology, Mayo Clinic,
Jacksonville, Florida, United States (2) Center for Structural Biology, Lawrence Berkeley
National Lab, Berkeley, California, United States
Tissue inhibitors of metalloproteinases (TIMPs) are natural inhibitors of matrix
metalloproteinases (MMPs), enzymes known for contributions to diseases including
cancer and fibrosis. The TIMP N-terminal domain, regarded as the “inhibitory domain”,
has been the center of attention both for understanding natural regulation of MMPs by
TIMPs, and for developing protein-based MMP inhibitors for therapeutic applications.
The role of the TIMP C-terminal domain in MMP inhibition has not been well studied. I
have used directed evolution via yeast surface display for protein engineering of fulllength human TIMP-1 toward development of MMP-3-targeted ultra-binders. TIMP-1
variants with up to 10-fold improvement in MMP-3 binding (compared to WT-TIMP-1)
were isolated after six rounds of library screening using fluorescence-activated cell
sorting (FACS). Analysis of individual and paired mutations from the selected TIMP-1
variants revealed a cooperative effect between distant mutations on the N- and Cterminal TIMP domains, positioned on opposite sides of the interaction interface with
MMP-3. I have co-crystallized two TIMP-1 variants containing single and composite
mutations in complex with the catalytic domain of MMP-3 and solved the X-ray crystal
structures of these complexes. The protein structures reveal substantial conformational
changes in the TIMP-1 binding interfaces near the two cooperative mutations. Affinity
appears to be strengthened by tighter cinching of a reciprocal tyrosine clasp formed
between the N-terminal loop of TIMP-1 and the proximal MMP3 interface, and adoption
of an alpha-helical conformation by a segment of the TIMP-1 C-terminal domain,
resulting in stabilized interactions between the two TIMP-1 domains and improved
hydrophobic interactions between TIMP-1 and MMP-3. Our protein engineering and
structural studies provide novel insight into the cooperative function of N- and Cterminal TIMP domains and the significance of peripheral TIMP epitopes in MMP
recognition. Our results further point to new approaches for design of TIMP-based
protein therapeutics with improved affinity and selectivity.
BIOT 627

Structure-guided development of a biocatalyst for late-stage halogenation
Amy E. Fraley2,3, aefraley@umich.edu, Marc Garcia-Borràs1, Artiom Cernijenko4, Janet
L. Smith3, Hasnain Malik4, Kendall N. Houk1, David H. Sherman2,3. (1) Department of
Chemistry and Biochemistry, University of California, Los Angeles, Los Angeles,
California, United States (2) Department of Medicinal Chemistry, University of Michigan,
Ann Arbor, Michigan, United States (3) Life Sciences Institute, University of Michigan,
Ann Arbor, Michigan, United States (4) Global Discovery Chemistry, Novartis Institutes
for Biomedical Research, Cambridge, Massachusetts, United States
The malbrancheamides are complex fungal indole alkaloids with therapeutic potential as
calmodulin antagonists, and the halogenation of the indole ring significantly contributes
to the biological activity of these molecules. MalA has been characterized as an iterative
late-stage halogenase that provides the halogen moieties to produce brominated and
chlorinated malbrancheamide analogs. We have delved into the mechanism of
enzymatic halogenation through structural and computational studies, and utilized this
knowledge base to engineer a range of MalA variants for selective halogenation on the
natural substrate premalbrancheamide. To demonstrate the utility of halogenation
biocatalysts, we analyzed the substrate scope of MalA and various mutants on 1,000
substrates from the Novartis compound library. Halogenation was achieved on a broad
range of substrates with variation in number of products, degree of halogenation, and
percent conversion. Crystal structures of the wild-type enzyme compared to variants
have aided the visualization of how these mutations change the binding pocket and
provide insight into the accommodation of unnatural substrates.

BIOT 628
Characterizing protein hydration to inform its interactions
Nicholas Rego, Amish Patel, pamish@seas.upenn.edu. Chemical Biomolecular
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United States

The extent to which the inherent structure of water is perturbed by complex molecules,
such as proteins, peptides, and surfactants, influences the thermodynamics and the
kinetics of their assembly. However, accurately characterizing this perturbation is
challenging, because the manner in which proteins disrupt the inherent structure of
water depends not only on the chemistry of the underlying protein surface, but also on
the precise topographical and chemical pattern displayed by the protein. Nevertheless,
understanding the role of water in protein interactions is essential to understanding,
predicting, and eventually controlling such interactions, which play a crucial role in the
development of therapeutic strategies and in protein separations.
In this presentation, I will discuss our recent successes in quantitatively characterizing
the disruption of water structure in the hydration shell of proteins, and in using this
information to predict the interfaces through which proteins interact with one another
and self-assemble. Our approach also informs strategies for optimally modulating
protein interactions, and facilitates the design of ligands that will bind to proteins of
interest with high affinity and specificity. We hope that these advances will pave the way
for the discovery of novel therapeutics that specifically target proteins of interest, and
the rational design chromatographic ligands for challenging protein separations.
BIOT 629
Markov state model framework for exploring the effects of cosolvents on protein
thermodynamics and kinetics
Diwakar Shukla, Alexander S. Moffett, amoffet2@illinois.edu. Center for Biophysics &
Quantitative Biology, University of Illinois at Urbana-Champaign, Urbana, Illinois, United
States
Cosolvents play a large role in shaping protein structure and stability. While the effects
of some cosolvents on protein stability and dynamics have been studied to great
lengths, many cosolvents have yet to be explored and different cosolvents can have
similar effects on protein behavior through unique mechanisms. This demonstrated
sensitivity to the chemical details of cosolvents necessitates individual study of the
physical mechanisms through which cosolvents alter protein thermodynamics and
kinetics. Several experimental techniques, such as NMR spectroscopy and circular
dichroism spectroscopy, have proved indispensable in the mechanistic study of
cosolvent effects of proteins. However, molecular dynamics simulations can provide
unparalleled insight into the specific interactions between protein and cosolvent and can
estimate energetic changes for distinct protein conformation
In this talk, we describe a general, efficient method for determining the effects of a
cosolvent on the free energy landscape and kinetics of a protein given preexisting
sampling from the cosolvent-free conformational ensemble. Our approach involves
building a baseline Markov state model (MSM) from the existing simulations, running
short simulations for a representative structure of each MSM state in the presence of
the desired cosolvent in order to calculate preferential interaction coefficients and
subsequently transfer free energies, and finally using the principle of maximum caliber

to infer perturbed transition probabilities. The resulting model provides detailed physical
insight into the causes of shifts in the conformational ensemble with cosolvent
concentration in addition to predicting change in free energy of folding and changes to
the folding rate with cosolvent concentration. While this approach relies on extensive a
priori simulations, which are more commonly attainable in recent years, it provides a
means to study the ensemble-level impact of cosolvents on protein thermodynamics
and kinetics at comparatively little additional computational cost. We apply our method
to the denaturation of the N-terminal domain of the L9 protein (NTL9) by urea.
BIOT 630
Deep learning bioactivation: The metabolism and subsequent toxicity of drugs
S Joshua Swamidass, swamidass@gmail.com, Tyler Hughes, Lena Dang, Matthew
Matlock. Pathology and Immunology , Washington University in St. Louis, Saint Louis,
Missouri, United States
Many medicines become toxic only after bioactivation by metabolizing enzymes. Often,
metabolic enzymes transformed them into chemically reactive species, which
subsequently conjugate to proteins and cause adverse events. For example,
carbamazepine is metabolized by P450 enzymes in the liver, but then conjugates to
proteins, causing Steven Johnsons Syndrome in some patients. The most difficult to
predict drug reactions, idiosyncratic adverse drug reactions (IADRs), often depend on
bioactivation. Our group has been using deep learning to model the metabolism of
diverse chemicals, and the subsequent reactivity of their metabolites. New results from
our group demonstrate how models can be combined to predict bioactivation pathways
from drug-like molecules. In this way, deep learning systematically summarizes the
information from thousands of publications into quantitative models of bioactivation,
modeling precisely how medicines are modified by metabolic enzymes. These models
are giving deeper understanding of why some drugs become toxic, and others do not.
At the same time, deep learning can be used to understand drug toxicity as it arises in
clinical data, and why some patients are affected, but not others. A conversation
between the basic and clinical sciences is now possible, where patient outcomes can be
understood in light of bioactivation mechanisms, and these mechanisms can explain
why some patients are susceptible to drug toxicity, and others are not.
BIOT 631
Unsupervised latent variable models for improved understanding of highdimensional process data in early bioprocess development
Nelson Afanador1, nelson_afanador@merck.com, Taha Salim2, Richard Baumgartner3,
Dai Feng3. (1) CMC Statistics, Merck&Co., Inc., Westpoint, Pennsylvania, United States
(2) Biologics PR&D, Merck&Co., Inc., Kenilworth, New Jersey, United States (3)
Biostatistics, Merck&Co., Inc., Rahway, New Jersey, United States

Abstract is currently in legal review at Merck and will be uploaded to the system at a
future date.
BIOT 632
Artificial intelligence aided biopharmaceutical process development
Marcel Ottens, m.ottens@tudelft.nl. Delft University of Technology, Leiden,
Netherlands
With the increase in computational power over the last decades, the use of modeling
and simulation in process design for (petro)chemical industry has become common
ground. Computational tools like ASPEN are standard in the design and operational
analysis of (petro)chemical plants. However, in the bio pharmaceutical field, such
modeling and simulation techniques are only recently being investigated for use and
(potential) implementation. Being the workhorse of purification in the biopharmaceutical
industry, chromatography is a good candidate for this modeling approach. Detailed
mechanistic models describing chromatographic separation behavior are available, and
software to simulate chromatography is becoming more and more available (i.e.
DelftChrom, CADET, etc.). A bioseparation process normally consists of multiple
chromatographic and conditioning steps, hence, an extreme large design space needs
to be investigated. This may lead to prohibitive simulation times, even on state-of-the-art
fast computers, when only mechanistic models are used. This presentation will show
the implementation of a hybrid bioseparation process design approach using a
combination of mechanistic models, artificial neural networks and high throughput
experimentation for process development and optimization of the production of
industrial relevant biologicals.
BIOT 633
Machine learning classification and fault detection using real-time
chromatography data fusion
Benjamin Punshon-Smith, ben35@umbc.edu, Iordan V. Kostov, Govind Rao, Rajani
Adiga. Center for Advanced Sensor Technology, University of Maryland, Baltimore
County, Baltimore, Maryland, United States
Real-time release is the ‘holy grail’ in the field of biologic therapeutic manufacturing but
has been limited by the advancements of in-line process analytic technologies (PATs),
real-time characterization methods, and AI-driven sample classification/estimation. In
contrast, off-stream sample analysis utilizes several advanced statistical and machine
learning methods for sample classification using high dimensional data such as 2D
liquid chromatography (LC x LC), LC x MS (Mass Spectroscopy), and Nuclear Magnetic
Resonance (NMR). These off-stream classifiers use techniques such as principle
component analysis (PCA), support vector machines (SVM), and artificial neural
networks (ANNs) for biological sample classification, referring to a database of

characterization data. Moreover, with the introduction of miniaturized real-time sensing
and fingerprinting such as UV absorbance, circular dichroism, NIR, fluorescence,
pressure, conductivity, and pH, much of this analysis can now be implemented in-line.
We present a machine learning module for use in a portable protein purification platform
(Bio-MOD), that uses real-time data fusion to classify that a sample or process is within
the space of acceptable critical quality attributes (CQAs) using almost entirely real-time
sensing. The AI module utilizes sparsity-bound ICA decomposition (sparse-ICA) for
quality feature extraction, performing fault detection using a support vector machine
(SVM). The AI module is trained on a set of 200+ purifications of Granulocyte-colony
stimulating factor (G-CSF) on the Bio-MOD platform, using a multi-sensor array for PAT
measurements. Continued research includes the inclusion of a genetic algorithm and
trained ANN for estimating the final protein concentration and sample purity.
BIOT 634
Chemical imaging coupled to machine learning for digital cancer diagnosis
Shachi Mitttal1,2, mitta@illinois.edu, Kevin Yeh1,2, Andre K. Balla3, Rohit Bhargava1,2.
(1) Bioengineering, University of Illinois at Urbana Champaign, Champaign, Illinois,
United States (2) Beckman Institute for Advanced Science and Technology, University
of Illinois at Urbana Champaign, Urbana, Illinois, United States (3) Pathology, University
of Illinois at Chicago, Chicago, Illinois, United States
Introduction: Current diagnostic pipeline involves visual examination of patient
samples. To achieve complete understanding of the tumor, multiple slides are prepared
from a patient and subsequently stained by a variety of molecular markers. These
stained images are then interpreted by a pathologist for final decision making. In this
study, we propose the use of chemical imaging coupled to supervised algorithms to
capture the subtle alterations across molecular signatures. Chemical imaging combines
the molecular content identified by vibrational spectroscopy and spatial detail offered by
optical microscopy. The dataset obtained from just one slide is sufficient to provide the
multilevel information otherwise captured by several stains.
Methods: Breast tissue specimens were imaged using infrared spectroscopic imaging.
Adjacent sections of the tissue were stained for different markers to obtain ground truth
data for training the supervised models. Infrared images were annotated for different
classes in the model under the supervision of a pathologist. This data was then used for
simultaneous detection of different disease states. Additional patient cases were
acquired using discrete frequency measurements for rapid patient analysis.
Results: In this study, we investigated the epithelial and stromal alterations during
tumor progression. Figure 1 illustrates the model performance (A) in detecting malignant
cells and the associated desmoplastic response (indicative of the microenvironment).
The results are compared to Hematoxylin and Eosin (H&E) stained image (B) that is
typically used for the current histopathological diagnosis.
Conclusions: The developed digital methods will allow rapid and detailed assessment
of patient samples. This can be used as a pre- diagnostic tool by pathologists to
highlight suspicious regions on the biopsy specimens. Since this provides a quantitative

estimation of the tissue, it will also reduce inter-observer variability across diagnostic
labs.

Figure 1: Tissue segmentation scheme using IR imaging coupled to machine learning
BIOT 635
Multi-component model for prediction of elution of monoclonal antibody in ion
exchange chromatography: Parameter estimation and peak shape analysis
Vijesh Kumar1, vijeshemail@gmail.com, Fabrice Schlegel2, Pablo Rolandi2, Oliver
Kaltenbrunner2, Abraham M. Lenhoff1. (1) Chemical and Biomolecular Engineering,
University of Delaware, Newark, Delaware, United States (2) Amgen Inc, Thousand
Oaks, California, United States
Monoclonal antibodies (mAb) inherently contain charge variants that can be partially
separated in preparative-scale cation-exchange chromatography. Different models for
the multi-component system are available but parameter estimation for such a system
remains non-trivial. Moreover, the popular models sometimes fail to capture the elution
details at both low and saturated protein loadings for the same set of model parameters.
In this work, we have developed a multi-component colloidal isotherm within the wellestablished general rate model for a mAb on a Fractogel SO3- resin. The colloidal
isotherm addresses the protein-surface and protein-protein interaction parameters
independently, which makes their estimation straightforward. Protein-protein exclusion
and surface diffusion are limiting factors for the mAb to reach saturated load levels on
the resin. Both of these factors were successfully estimated using multi-component mAb
breakthrough data at different ionic strength. The exclusion factor (protein-protein
repulsion) and surface diffusion can lead to similar features in a breakthrough curve,
which makes the independent estimation tricky. To overcome this we have identified
patterns in the curve that allow protein-protein interaction and surface diffusion effects

on the shape of the curve to be distinguished. We also used a trained artificial neural
network to identify the parameters, which can autonomously evaluate the different
features of the breakthrough curve. This was corroborated by a parameter search using
an adaptive parallel tempering algorithm. The model developed was used to predict
elution curves with high accuracy, wherein the target charge variants were identified as
independent species or similar species lumped together. The model was also capable
of predicting peak shape in a wide variety of gradient and step elution experiments at
different flow rates and protein loads. The model was also used to propose the best
method to separate charge variant and to optimize load conditions that approach the
static capacity of the resin. The in silico methodology used in this work for parameter
estimation along with minimum experimental data can help the industry to adopt modelbased optimization and control of preparative cation-exchange chromatography with the
highest accuracy.
BIOT 636
Enablers for QbD implementation: Mechanistic modeling of liquid
chromatography
Anamika Tiwari, anamika.t1110@gmail.com, Vijesh Kumar, Lalita Kanwar, Anurag S.
Rathore. Department of Chemical Engineering, Indian Institute of Technology Delhi,
New Delhi, India
Development and optimization of a process chromatography step presents a major
challenge due to the large number of process parameters that can affect the
performance of the step. For complex unit operations such as process chromatography,
mechanistic modeling can assist in developing a systematic approach for process
development, monitoring, and control. The general practice in chromatography is to
fractionate the eluate from the preparative column, analyze the fractions and then pool
the desired fractions to obtain the targeted composition of components which is a very
cumbersome and time consuming exercise. A mechanistic model that is capable of
simulating the peak profile will be a much more elegant and effective way to make
decision on the pooling strategy. This study proposes two different mechanistic model
that has been developed for two modes of chromatography i.e. hydrophobic interaction
chromatography (HIC) and ion-exchange chromatography (IEX), based on the general
rate model, to predict elution peak profile for removal of aggregates from monomeric
mAb for HIC and separation of the main product from its variants for IEX. The proposed
approach uses inverse fit of process scale chromatogram for estimation of model
parameters using the initial values that are obtained from theoretical correlations. The
packed bed column has been modeled along with the chromatographic system
consisting of the mixer, tubing and detectors as a series of dispersed plug flow and
continuous stirred tank reactors. In IEX, extended Langmuir model was used to include
the effects of salt concentration and temperature. The proposed model has been shown
to successfully predict peak profile for a range of load capacities (15–28 mg/mL),
gradient lengths (10–30 CV), bed heights (6–20 cm), and for three different resins with
good accuracy (as measured by estimation of residuals). The model was also validated

for two component mixture consisting of main mAb and its basic charge variant. For
HIC, an exponentially modified Langmuir adsorption model was modeled by using the
solvophobic theory. The proposed model satisfactorily predicted the elution profile of
mAb and its aggregates on HIC column with intra particle diffusion transport being the
rate limiting step. The proposed models each for IEX and HIC can thus be used for
optimization and control of preparative scale chromatography for separation of charge
variants and aggregates respectively.

BIOT 637
Using knowledge for downstream process design
Rushd Khalaf1, rushdkhalaf@gmail.com, Alexander T. Hanke2, Lars W. Pampel3. (1)
Novartis, Basel, Switzerland (2) BTDM, Novartis, Delft, Netherlands (3) WKL693.1.139.14, Novartis Pharma AG, Basel, Switzerland
With the advent of new non-platform biomolecules, designing the downstream process
(DSP) has become increasingly difficult. Knowledge based techniques and tools,
including mechanistic and statistical models, have shown a strong potential for reducing
the difficulty in designing the purification steps for these molecules. Over the last year,
we have created such tools, allowing for the in depth portrayal of the different steps
involved in DSP. These tools are operated within the context of work packages allowing,
in a first instance, to easily and quickly model each step individually. The different work
packages are then combined to create full process models.
In this talk, we discuss these different tools and techniques in detail. First, the chemistry
of the different solutions involved in the downstream process is explained. This allows
for the description of the charge of all proteins and of the pH, conductivity, ionic strength
of all solutions, streams and unit operations in the process. This information, in
conjunction with mechanistic models, is then utilized to provide in depth descriptions of
the several chromatographic, buffer exchange and conditioning steps involved. Further,
all the developed techniques and tools are presented alongside design and validation
experiments.
Using the ability to describe every unit operation and stream, the entire process is then
optimized, as a whole. This optimization can be further enhanced by considering
individual step performance constraints (i.e. product pool conductivity following a
polishing step). Further, the robustness of the designed process and its sensitivity to
potential changes in process parameters is analyzed. Of course, in early phase design,
the finality of such tools is not a perfect understanding of the process or perfectly fitting
mechanistic models, but achieving an optimally designed process easily, quickly and
with minimum risk. In fact, all design experiments are meant to be useful even without

the proposed approaches. This allows us to minimize the time and risk involved in
process design while maximizing the process knowledge and understanding achieved.
BIOT 638
Risk-based scale-up of high-throughput chromatography systems using
Bayesian statistics and mechanistic modeling
Till Briskot2, till.briskot@gosilico.com, Ferdinand Stueckler1,
ferdinand.stueckler@roche.com, Katharina Doninger1, Felix Wittkopp1, Jessica Yang4,
Tobias Hahn2, Thiemo Huuk2, Juergen Hubbuch3. (1) Roche Diagnostics GmbH,
Penzberg, Germany (2) GoSilico GmbH, Karlsruhe, Germany (3) KIT, Karlsruhe,
Germany (4) Genentech, South San Francisco, California, United States

High-throughput screening methods are used routinely to support process development
in a rapid and cost-effective manner. In order to apply these methods also for process
characterization, robotic scale-down models need to be established that are comparable
to large-scale commercial processes. For this reason, the systematic adoption of highthroughput techniques in late-stage development has come with the need to better
understand and predict scale differences.
The qualification of high-throughput techniques as a scale-down model is commonly
performed on an empirical base. Scale offsets are thereby mostly attributed to
differences in system geometry. Recent studies have also shown that the scale offset
can vary, depending on which process parameters are screened. To get deeper insights
on how scale differences affect process performance, scale offsets have also been
described on a mechanistic level using established chromatography models. This
approach requires an extensive system characterization to effectively account for scale
differences and to support scale-up. Yet a thorough system characterization can hardly
be conducted in high-throughput process development.
In this study we present an approach that combines Bayesian statistics and mechanistic
modeling to perform a risk-based scale-up of a high-throughput chromatography
system. The mechanistic model, which is calibrated using high-throughput data, will be
used to predict large-scale performance based on the robotics screening readouts.
Bayesian statistics is applied to account for the experimental and systematical
uncertainty during calibration of the mechanistic model. In this way, the prediction
uncertainty of the mechanistic model reflects the uncertainty in the scale-down model
and can provide deeper insights on how scale differences affect process performance.
This model-based assessment of the prediction uncertainty of high-throughput methods
will therefore allow to evaluate the suitability of the scale-down model for process
characterization.
BIOT 639
Integrated upstream and centrifugation scale-down framework for enhanced
predictability of product heterogeneity, antibody reduction and filter sizing

Martina Sebastian1, martina.sebastian.10@ucl.ac.uk, Stephen Goldrick1, Aled
Charles2, Anagha Eswar2, Richard Turner2. (1) Biochemical Engineering , University
College London, London, United Kingdom (2) Medimmune, Cambridge, United Kingdom
Centrifugation is often at the centre of the clarification process occurring after
mammalian cell cultures. Developing and characterising a centrifugation process is
difficult because scale-down models do not reflect sufficiently the impact process
conditions have on product quality. Hence, this unit operation is, perhaps, not as well
characterised as others when companies map out the design space for the
manufacturing process of mammalian cell-based products. During centrifugation
mammalian cells are exposed to significant levels of shear: this shear increases the
quantities of impurities (e.g. intracellular components) released in the cell containing
fluid. These components have a significant effect on the subsequent purification steps
and on the product quality as they include problematic host cell proteins such as
reducing enzymes (e.g. thioredoxin reductase), and micron and submicron particles
increases. The challenge is exacerbated by substantial increases in cell culture
densities, a side effect of the pursuit of higher culture productivities, which centrifugation
operations must contend with.
The research presented here aims at developing a novel framework with a holistic view
on the fermentation and centrifugation operation and their impact on filter sizing and
product quality. A scale-down centrifugation model was created by adapting an existing
centrifugation mimic to account for additional factors such as reduced oxygen conditions
in large-scale processes. Furthermore, this model was linked to a fermentation high
throughput platform - ambr®. The scale-down centrifugation model was first employed in
investigating the impact of the harvest operation on the overall product quality for
different products. This study was then extended to capture the effect of parameters
such as centrifugation shear, cell density and viability on process performance by
linking the ambr® with the scale-down centrifugation model. A Design of Experiments
(DoE)-based approach was adopted in order to map the design space for the
fermentation-centrifugation sequence with respect to process performance and product
quality. The presentation will highlight how important trade-offs were reconciled when
designing the centrifugation unit operation. Furthermore, it will illustrate how stochastic
simulations were used to evaluate process robustness and identify the “sweet spot” of
operation.
BIOT 640
Using high throughput screening to enable the development of an activated
carbon filtration step for removal of host cell proteins in downstream processes
Ashley Slocum1, ashley.slocum@pfizer.com, Steven Santora1, Junyan Zhang2,3. (1)
Pfizer, Andover, Massachusetts, United States (2) Northeastern University, Boston,
Massachusetts, United States (3) MilliporeSigma, Bedford, Massachusetts, United
States

During downstream process development material is often limited so high throughput
screening methods are commonly used to evaluate chromatography resins and
operating conditions with minimal material. Recombinant proteins provide a greater
purification challenge compared to monoclonal antibodies as three-column processes
may not be sufficient to meet final purity specifications or the process steps may require
extensive optimization.
Recent studies have shown activated carbon to selectively separate host cell proteins
(HCP) from monoclonal antibody protein. Activated carbon is available in filtration
devices by several vendors, which makes it easily implementable in manufacturing. The
smallest scale commercial devices available for process development however make it
difficult to evaluate, develop and optimize this technology as large quantities of material
are required even for a single run.
In this work we assessed the feasibility of HTS for the evaluation of loose activated
carbon as a tool for HCP removal in the downstream purification processes for
recombinant proteins. The slurry concentration of activated carbon from multiple
manufacturers was evaluated to make it amenable to a HTS format similar to
chromatography media. Results from this work were compared to dynamic binding
conditions in the filter format and used to implement a workflow for other molecules. Our
work will show that activated carbon in HTS format can be implemented to reduce
material demands and allow for process optimization of this adsorbent for purification
purposes.
BIOT 641
Aggregate removal in polishing mAb process step with membrane
chromatography by determining binding capacity and displacement effects in a
HTS robotic set-up
Dominik Stein1,3, dominik.stein@sartorius.com, Juergen Hubbuch2, Volkmar Thom4.
(1) MAB, Karlsruhe Institute of Technology, Clausthal-Zellerfeld, Germany (2) KIT,
Karlsruhe, Germany (3) Membrane Chromatography & Modification, Sartorius Stedim
Biotech GmbH, Göttingen, Niedersachsen, Germany (4) Sartorius Stedim Biotech
GmbH, Göttingen, Germany
Ion exchange chromatography (IEX) is an established technique for aggregate removal
in downstream processing of therapeutic proteins. In polishing processing flow through
mode is known for high productivity, low buffer consumption and homogeneous product
concentration profile. Membrane adsorbers (MA) offer significant advantageous over
resin based systems when used for contaminant and/or aggregate removal. The main
benefits of MA compared to chromatographic resin are higher mass transfer rates and
thus elevated productivity, as well as ease-of-use due to the pre-packed and often also
single use nature of the MA devices. While batch isotherms usually display stationary
parameters, the presented flow through (FT) approach can determine dynamic
parameters like displacement effects. Here we describe a high throughput screening

(HTS) robotic technique for parameter determination and optimization for FT aggregate
removal by MA. Two HTS methods are introduced for aggregate removal of a
recombinant CHO cell fermented and post protein A clarified immunoglobulin G feed.
The classical bind and elute (BE) mode for process parameter screening investigates
conductivity and pH-value influence onto the separation. BE mode is optimized for low
protein mass consumption by connecting salt steps to obtain selectivity and binding
capacity with one loaded MA. For dynamic investigations the advanced bind and elute
(ABE) mode is introduced. In ABE mode the elution step CD is used for the next loading
step to investigate the initial salt concentration influence on dynamic effects. The eight
parallel down-scale HTS set up is used for characterization of cation exchange
Sartobind® Q and anion exchange Sartobind® S MA. The screening includes different
pH-values and salt concentrations. BE and ABE HTS mode deliver detailed
information’s in IgG aggregate removal and possible processing parameter and steps.
BIOT 642
High throughput strategies for ultrafiltration process development
Jennifer Pollard1, pollardjen@mac.com, Lara Fernandez Cerezo2, Ehsan Espah
Borujeni1, InKwan Han1, Nihal Tugcu1. (1) Merck & Co, Kenilworth, New Jersey, United
States (2) University College London, London, United Kingdom
External pressures on the industry have challenged research and development to
accelerate molecules to the clinic and market, highlighting the need for high throughput
(HT) process development. While automation and miniaturization for chromatography
process development is very mature, with many examples of the use of slurry plates
and miniature columns for resin screening and parameter optimization, there is a lack of
robust methods for HT filtration, especially tangential flow filtration (TFF). Current HT
filter plate configurations are limited to dead end filtration and suffer from high filter
variability. These methods can only provide estimates on retention and do not inform on
processing conditions or outputs such as pressure and flux rates. For TFF operations,
the scale is driven by the membrane area and concentration factor and typically
requires grams of material per experiment. To address this gap, we have established a
HT strategy for ultrafiltration (UF) process development, combining the use of shear
devices and small scale TFF system developed by Sartorius. The shear device allows
for assessment of the molecule’s propensity to aggregate under operating conditions
and provides information on buffer choice and diafiltration conditions. To focus on the
lack of small TFF systems, Sartorius developed a system and a novel crossflow
cassette to miniaturize and automate the TFF for an ultrafiltration step. This system is
fully automated, allowing for both transmembrane pressure and delta pressure control
and capturing pressure, crossflow rate, and flux data, as well as monitoring pH and
conductivity. The novel small scale crossflow cassette allows for representative
membrane loading. This presentation will describe the overall UF HT strategy and
present case studies for a range of monoclonal antibody behavior.
BIOT 643

Rapid optogenetic inverter circuits for yeast metabolic engineering
Evan M. Zhao, ezhao@princeton.edu, Jose L. Avalos. Chemical and Biological
Engineering, Princeton University, Clarence Center, New York, United States
Production of fuels and chemicals from engineered microbial cell cultures can be
improved by the introduction of control mechanisms routinely deployed in large scale
traditional chemical processing. These control mechanisms demand inexpensive, wellcharacterized, customizable tools for gene regulation that respond fast enough for use
as control inputs. Here, we present one such tool: an optogenetic circuit optimized for
high expression in the dark—for inducing exogenous metabolic pathways—and low
expression under blue light—for minimizing metabolic burden during growth. Crucially,
we engineer the circuit to respond within two hours. We show that this new system
outperforms the best S. cerevisiae inducible systems. A dynamical systems model of
this new circuit is developed and analyzed to demonstrate that it is amenable to
effective optimization and control techniques. Finally, we compare this system to the
best previously reported optogenetic circuits for lactic acid production, and demonstrate
yields that are more than 50% higher.
BIOT 644
Development of a quorum-sensing circuit for multiplexed metabolic flux control
in engineered bacteria
Christina V. Dinh, cdinh@mit.edu, Kristala L. Jones Prather. MIT Department of
Chemical Eng, Cambridge, Massachusetts, United States
Metabolic engineering seeks to reprogram microbial cells to efficiently and sustainably
convert biomass to value-added compounds. Since chemical production can sometimes
be at odds with the cell’s natural objectives, strategies have been developed to balance
these conflicting goals. One such strategy is dynamic regulation, which modulates gene
expression to favor biomass and metabolite accumulation at low cell-densities before
diverting key metabolic fluxes towards product formation. To trigger changes in gene
expression in a pathway-independent manner, without the need for exogenous inducers
or human supervision, researchers have coupled gene expression to quorum sensing
(QS) circuits, which regulate transcription based on cell-density. While effective, studies
thus far have been limited to placing an individual gene or set of genes under control of
a single QS promoter. More challenging pathways may require layered dynamic
regulation strategies, motivating the development of a tool capable of regulating multiple
sets of genes in which the dynamics of each regulation module can be independently
tuned to maximize generalizability. We have developed a QS-based regulation tool that
combines components of the lux and esa QS systems to simultaneously up- and downregulate two sets of genes. Fluorescence characterization of the circuit revealed that
varying the expression level of two QS components leads to predictable changes in
switching dynamics and using components from two QS systems allows for
independent tuning capability. We applied the regulation tool to successfully address

two challenges in the naringenin synthesis pathway - enzyme inhibition and malonylcoA accumulation. Through this case study, we confirmed the benefit of having (1)
multiple control points, (2) predictable tuning capability, and (3) independently tunable
regulation modules.
BIOT 645
Design of an electronically regulated gene expression system for CRISPR-Cas9
activation and interference applications
Narendranath Bhokisham3, bnaren@umd.edu, Eric VanArsdale1, William E. Bentley2.
(1) Bioengineering, University of Maryland, College park, Maryland, United States (2)
Fischell Dept of Bioengineering, University of Maryland, College Park, Maryland, United
States (3) IBBR-Plant Scis Bldg, Rm 6142, University of Maryland, College Park,
Maryland, United States
The integration of electronics with biology offers the promise of robust industrial and
therapeutic control systems that can easily receive user-mediated inputs. Our group has
designed a gene expression system which is electronically regulated by the oxidation of
the redox-mediators pyocyanin and ferrocyanide. In this system, pyocyanin interacts
with the redox-sensitive transcriptional activator SoxR which operates to regulate
synthetic gene circuits. The other mediator ferrocyanide is oxidized at an electrode
interface to increase the total degree of oxidation present in the system. Together these
mediators couple the amount of charge accumulated at the interface of the electrode to
the oxidation of the SoxR protein. In this study, we have modified this system to takeadvantage of CRISPR activation and interference technologies to exert phenotypic
control of bacteria with minimal genetic re-wiring. We achieved this regulation by using
our electronic promoter system to regulate the expression of a CRISPR guide RNA.
This allows site-specific transcriptional regulation of target genes in combination with
the genetic fusion of a dead-Cas9 to the ω-subunit of RNA polymerase. Using this
system, we show a ~15 fold electronic CRISPR activation of a target gene by guiding
the activator complex upstream of the transcriptional start site of a fluorescent reporter.
We then couple this scheme to AI-1 quorum sensing to electronically regulate the
behavior of a bacterial consortia using a “Controller-Receiver” design. With respect to
CRISPR interference, we demonstrate a ~4 enhancement of fluorescent signal by
silencing the host cell’s oxidative stress response. Finally, we prove this electronic
system can be used for minimal genetic re-wiring by applying our CRISPR interference
system in Salmonella Typhimurium.
BIOT 646
Parallel integration and chromosomal expansion of metabolic pathways
garima goyal, ggoyal@lbl.gov, Nathan Hillson, Taek Soon Lee, Hector Garcia Martin.
Joint BioEnergy Institute, Emeryville, California, United States

Robust fermentation of biomass-derived sugars into bioproducts demands the reliable
microbial expression of metabolic pathways. Plasmid-based expression systems may
suffer from instability and result in highly variable titers, rates, and yields. An established
mitigation approach, Chemical Induced Chromosomal Expansion (CIChE), expands a
singly integrated pathway to plasmid-like copy numbers, while maintaining stability in
the absence of antibiotic selection pressure. Here, we report Parallel Integration and
Chromosomal Expansion (PIACE), extensions to CIChE that enable independent
expansions of pathway components across multiple loci, use suicide vectors to achieve
high-efficiency site-specific integration of sequence-validated multi-gene components,
and introduce a heat-curable plasmid to obviate recA deletion post pathway expansion.
We applied PIACE to stabilize an isopentenol pathway across three loci in E. coli DH1,
and to then generate libraries of pathway component copy-number variants to screen
for improved titers. Polynomial regressor statistical modeling of the production
screening data suggests that increasing copy numbers of all isopentenol pathway
components would further improve titers.
BIOT 647
multiplex navigation of global regulatory networks for complex traits
Rongming Liu1, rongming.liu@colorado.edu, Liya Liang1, Emily Freed1, Carrie A.
Eckert2, Ryan T. Gill1. (1) Renewable and Sustainable Energy Institute, University of
Colorado Boulder, Boulder, Colorado, United States (2) Renewable and Sustainable
Energy Institute, NREL/University of Colorado Boulder, Golden, Colorado, United States
Advances in DNA synthesis, DNA sequencing, and related technologies have simplified
the process of reprogramming cells to express complex traits. DNA synthesis
capabilities now enable the synthesis of genome-scale quantities of designer
oligonucleotides that can be utilized not only for assembly into genes, pathways, and
genomes, but also for the massively parallel mapping of sequence to activity
relationships that are essential for genome-scale engineering. We reported the CRISPR
EnAbled Trackable genome Engineering method, which incorporates CRISPR editing
and DNA barcoding, thereby enabling the massive and trackable editing of E. coli and
yeast genomes. The editing cassettes are synthesized in multiplex on a microarray and
delivered as large oligonucleotide pools to enable editing at a scale of hundreds of
thousands of designer edits in parallel. The frequency of each barcode before and after
screening or selection by deep sequencing provides an enrichment score for each
editing cassette. These scores allow rapid mapping of the effect of designer mutations
on hundreds of thousands of loci in parallel. Then, we developed a new approach
named multiplex navigation of global regulatory networks (MINR) (Fig. 1), which
combines the CRISPR-based genome editing method and forward engineering of E. coli
and yeast regulatory networks to access complex targeted phenotypes. We designed,
constructed, and mapped MINR libraries including ~200,000 mutations from 200
regulatory genes, to perturb the regulatory network for increased complex traits.

Fig.1 The wrokflow of MINR library
BIOT 648
Characterization of a mesophilic prokaryotic Argonaute for gene-editing
Kok Zhi Lee1, lee2252@purdue.edu, Archana Kikla2, Arren Liu2, Frederick Gimble3,
Kevin Solomon1. (1) Agricultural and Biological Engineering, Purdue University, West
Lafayette, Indiana, United States (2) Biological Sciences, Purdue University, West
Lafayette, Indiana, United States (3) College of Agriculture, Biochemistry, Purdue
University, West Lafayette, Indiana, United States
Prokaryotic Argonautes (pAgos) have recently been shown to cleave single and doublestranded nucleic acids, and have been proposed as alternative gene-editing tools that
do not require a protospacer adjacent motif sequence. However, all currently
characterized pAgos are thermophilic, making them infeasible for use in common
mesophilic model organisms. Here, we characterize a mesophilic pAgo and
demonstrate its potential for gene editing. Computational structure modeling revealed
that our pAgo candidate consists of canonical N-terminal, PAZ, MID, and PIWI domains
found in other catalytically active pAgos, such as the programmable restriction enzyme
PfAgo. However, our mesophilic protein also contains a putative single-stranded DNA
binding or repA domain. Phylogenetic analysis of pAgos showed that this repA domain
is characteristic of a new class of mesophilic pAgos currently unrecognized in the
literature. Our pAgo candidate nicks and cuts plasmid DNA non-specifically in the
absence of guide in in vitro assays, presumably due to the presence of single-stranded
DNA that co-purifies with the protein. Truncation and substitution mutants suggest that
this cleavage may be independently attributed to the repA and PIWI domains. In vivo,
we are able to program our pAgo candidate with 5’ phosphorylated DNA guides to
cleave both plasmid and chromosomal targets to reduce survival under selective
conditions in E.coli. This effect is observed regardless of target gene function

suggesting that lethality is due to unrepaired double-stranded DNA breaks. In the
presence of homologous donor DNA and pAgo, homologous recombination is increased
by up to 50% at targeted gene loci, suggesting that gene-editing applications are
feasible. Collectively, this study demonstrates that mesophilic pAgos may have potential
applications for gene editing, and suggests the role of a hitherto unrecognized domain
within this class of enzymes.
BIOT 649
Storing temporal data with minutes resolution into DNA
Namita J. Bhan1, namita.bhan@northwestern.edu, Jonathan Strutz1, Reza Kalhor2,
Joshua Glaser1, Konrad Kording3, George Church2, Keith E. Tyo1. (1) Chemical and
Biological Engineering, Northwestern University, Evanston, Illinois, United States (2)
Department of Genetics, Harvard Medical School, Boston, Massachusetts, United
States (3) Department of Neuroscience, University of Pennsylvania, Philadelphia,
Pennsylvania, United States
Recording complex biological signals is a crucial application of synthetic biology,
essential for a deeper understanding of biological processes. An ideal “biorecorder”
would have the ability to record biological signals over a wide spatial distribution of cells
with high temporal resolution. However, the biorecording tools available currently rely on
transcription and translation of the biorecorder upon induction of the biological signal
making their fastest temporal resolution ~20 minutes. Here we introduce a DNA
polymerase based biorecorder that can record cationic concentration fluctuations at a
10-minute time-scale with a resolution of ~1 minute. We use a template independent
DNA polymerase; terminal deoxynucleotidyl transferase (TdT) to convert temporal
cation concentration changes into incorporated nucleotide preference changes. We first
show how the dNTP incorporation preferences change upon addition of the cation to a
TdT catalyzed extension reaction. Next we calculate the step-response time of the
recording system. We tested three different times of cation addition: 10 minutes, 20
minutes and 45 minutes for a 60 minute experiment and by analyzing the DNA
sequences obtained we were able to get time predictions of 11, 21.9 and 44.5 minutes
with a standard deviation of 1, 1.9 and 1.4 minutes respectively. As an initial proof of
concept for this recorder we record the time course of a modulated cation onto DNA as
well. We finally present a prototype for such a recorder that could be used for neural
signal recording using simple protein engineering strategies.
BIOT 650
Transcriptomics informs simplified CRISPR/Cas9 genome editing in Pichia
pastoris
Neil Dalvie1, dalvie@mit.edu, Justin Leal2, John C. Love2. (1) Chemical Engineering,
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2)

Building 76 Room 261, Massachusetts Inst of Technology, Cambridge, Massachusetts,
United States
Komagataella phaffii (Pichia pastoris) is an attractive alternative host for
biopharmaceutical manufacturing, boasting high growth rates and high protein secretory
capacity. The small genome (~10 Mbp) enables cheap, high throughput –omics-based
characterization for genome-wide understanding of host biology and product
expression. With such easily accessible biological understanding, this and other
microbial hosts are amenable to extensive genome engineering. To date, the most
extensive feat of genome engineering in K. phaffii is the humanization of product
glycosylation by Glycofi Inc. (now Merck), which required many full time efforts over
many years. The resulting engineered strain exhibited slow growth due to ~10
heterologous genes and several recycled auxotrophic markers. Today, tools like
CRISPR-Cas9 obviate the need for markers and enable development of such a strain in
just a few months.
CRISPR-Cas9 has quickly gained popularity in model organisms due to its near
universal effectiveness and modularity. Multiplexed genome edits via CRISPR-Cas9
require a scheme for modular expression of guide RNA. Current state of the part in K.
phaffii relies on self-cleaving ribozyme sequences to trim mature mRNA into guide RNA.
While reliable, this strategy greatly increases the variable region for gene targeting,
reducing modularity and increasing the cost of high throughput CRISPR screens. Here,
we demonstrate the use of –omics to inform an improved platform for CRISPR in
microbial hosts. We used small-RNA sequencing to select and test RNA polymerase III
promoters for modular guide RNA expression, and traditional RNA sequencing to
rationally tune the expression of Cas9. We demonstrate rapid, modular genome editing
of several genes on the order of weeks. This –omics based approach represents a
generalizable strategy to create a reliable platform for CRISPR-Cas9 in non-model
organisms.
BIOT 651
Process80 BioSMB Evaluation and Scale up Assessment
Lindsay Arnold, arnoldl@medimmune.com. MedImmune, Gaithersburg, Maryland,
United States
Industry interest in biopharmaceutical integrated continuous processing is steadily on
the rise, but technology gaps still exist that hinder the complete transformation to
process scale GMP continuous biomanufacturing. With a steady stream of new
manufacturing solutions rising to fill these gaps, applicable technologies should be
thoroughly evaluated across scales to fully understand the benefits, challenges, and
design implications. Multicolumn chromatography has been a recent focus point in the
transition to continuous due to the importance of robust chromatographic solutions in
bioprocessing as well as its potential cost benefits.
Here we assess a scalable continuous chromatography solution, the Cadence BioSMB.

Productivity and column configuration strategies are modeled to demonstrate optimized
operating conditions based on equipment capability. The most productive scenarios are
performed on the Cadence BioSMB PD and then shown to be scalable with a roughly
100-fold scale up in both column volume and load flow rate using the Cadence BioSMB
Process 80. These experiments validate the modeling, which can then be used to plan
and design downstream continuous purification based on actual available equipment
and capabilities. The modeling is then used to identify purification scenarios where
continuous processing can supply considerable advantages over batch.
BIOT 652
Model assisted process characterization and validation for a continuous twocolumn protein A capture process
Daniel Baur2, James M. Angelo1, Srinivas Chollangi1, Thomas Müller-Späth3, Xuankuo
Xu1, Sanchayita Ghose1, Massimo Morbidelli2, morbidelli@chem.ethz.ch. (1) Biologics
Process Development, Bristol-Myers Squibb, Arlington, Massachusetts, United States
(2) Department of Chemistry and Applied Biosciences, ETH Zurich, Zurich, Switzerland
(3) ChromaCon AG, Zurich, Switzerland
The Protein A capture step used in monoclonal antibody manufacturing is seen as a
process bottleneck, as well as being one of the most expensive unit operations to
perform within downstream purification. The characterization of such processes is an
arduous task that requires significant experimental effort. Through the use of a model
assisted methodology to process characterization for continuous processes, the
experimental burden may be alleviated allowing for resources to be reallocated to other
development areas. In this study we introduce three process characterization
approaches toward validation of continuous twin-column capture chromatography
(CaptureSMB), referred to as “standard”, “model assisted” and “hybrid”. All are based
on a traditional risk-based approach, using process description, risk analysis, Design-ofExperiments (DoE), and statistical analysis as essential elements. The “standard”
approach uses a traditional experimental DoE to explore the design space of the highranked process parameters for the continuous process. Due to the larger number of
process parameters in the continuous process, the DoE is extensive and includes a
larger number of experiments than an equivalent DoE of a single column batch capture
process. In the investigated case, many of the operating conditions were practically
infeasible, indicating that the design space boundaries had been chosen
inappropriately. To reduce experimental burden and at the same time enhance process
understanding, an alternative “model assisted” approach was developed in parallel,
employing a chromatographic process model to substitute experimental runs by
computer simulations. Using the “model assisted” approach, only experimental
conditions that were feasible in terms of process yield constraints (> 90%) were
considered for statistical analysis. The “model assisted” approach included an
optimization that identified potential boundaries of the design space automatically and
contributed to increased process understanding compared to the “standard” approach.
In this work, a “hybrid” approach was also used containing the general concepts of the

“standard” approach but substituting a number of its experiments by computer
simulations. The presented approaches contain essential elements of the FDA’s
process validation guidelines.
BIOT 653
Quality by design principles applied to characterization of a continuous
downstream mAb purification process
Keith Gillette3,1,2, keith_gillette@pall.com, Aditya Utturkar2, Kurt Boenning1, Rachel
Quesenberry3, Marc Bisschops3, Rene Gantier3,1,2, Mark Schofield4. (1) Life Sciences,
Pall Corporation, Westborough, Massachusetts, United States (2) Applications R&D,
Pall Corporation, Westborough, Massachusetts, United States (3) Pall Corporation,
Westborough, Massachusetts, United States (4) Biopharm R&D, Pall, North Grafton,
Massachusetts, United States
The quality by design (QbD) approach to pharmaceutical manufacturing is intended to
improve efficiency and product quality through increased process knowledge and a
reduction in variability: By operating within defined ranges product quality can be
assured.
We have developed a continuous downstream mAb purification process where the
critical process parameters were determined through single column DoE. Here we
characterize the downstream purification by operating the process multiple times. This
allows us to understand the inherent variability of the purification and the impact that
many key features have on the process. These include start up, shut down, column
aging and effect of buffer variability. Multi variate data analysis (MVDA) was also
performed enabling us to closely monitor the process and identify issues as parameters
drift out of specification. By operating this way and by challenging the process with
deviations a more fundamental understanding of the purification can be developed. This
enables us to further understand critical process parameters and how they affect the
critical quality attributes at the whole process level, not just at the individual unit
operation level. Using the knowledge gained from these studies we can identify which
parameters have the largest impact on the process and which should be controlled
within the tightest engineering limits. This enables us to engineer quality into our
process.
BIOT 654
Optimized continuous multicolumn chromatography enables increased
productivities and cost savings by employing more columns
Mark Pagkaliwangan, Mark_Pagkaliwangan@pall.com, Jonathan Hummel, Xhorxhi
Gjoka, Marc Bisschops, Mark Schofield. Biopharm R&D, Pall, North Grafton,
Massachusetts, United States

Continuous multicolumn chromatography (MCC) has enabled process intensification of
key chromatography steps through increased resin capacity utilization. However,
transferring a process from batch to continuous presents more degrees of freedom that
can be optimized. These include load configuration and number of columns. Here we
evaluate four MCC load configurations; two column multiphase, where the columns that
are connected intermittently, two (1+1) and three (1+1+1) columns in series and a three
column scenario where one column is loaded directly and the flowthrough of that
column is directed to two subsequent columns (1+2). The total number of columns was
constrained to 8 or less. To evaluate the effect that these parameters have on process
performance and economics, a computational chromatography model was generated
and validated experimentally. Then, by using the predictive abilities of the model, the
four different MCC loading configurations were assessed for operating binding capacity,
productivity, and consumable costs at a multitude of load residence times and
concentrations. At 1 g/L, the 2 column multiphase process is the most cost effective
loading scenario. However, at 5 and 8 g/L, the most cost effective processes are both
single phase loading scenarios: 1+1 configuration for 5 g/L and the 1+2 configuration for
8 g/L. The 1+1 and 1+2 single phase loading processes use significantly more columns
(5 and 7 respectively) which results in a reduction of both total sorbent consumed as
well as a reduction in pre-packed column diameter. This highlights the advantages of
operating multicolumn chromatography with more columns as higher feed
concentrations become available from intensified upstream fed-batch processes.
BIOT 655
Cost modelling of continuous and hybrid end-to-end bioprocesses for mAb
production
Suzanne Farid, Hanna Mahal, hanna.mahal.14@ucl.ac.uk. University College London,
London, United Kingdom
In the past biopharmaceutical manufacture has been dominated by batch manufacturing
methods. This trend is due to the ease of adherence to manufacturing regulations as
each batch generated within the process can be easily monitored and tracked. On the
other hand, continuous bioprocesses have been considered to be more complex and
harder to validate. However in recent years the advances made in continuous
bioprocessing has caused a resurgence of interest in this area, which can be attributed
to the potential of higher productivities and process intensification. This can lead to
smaller, more flexible facilities compared to traditional batch processes with large
stainless steel facilities.
The aim of this study is to determine if the apparent benefits of continuous processing
translate into cost savings when carrying out the manufacture of cell culture-derived
biopharmaceuticals. A decisional tool was developed at University College London to
evaluate the cost of implementing traditional batch or continuous processing at various
stages of the drug development pathway and commercial manufacture. The case
studies carried out assess the impact on the cost of goods when integrating perfusion

cell culture and continuous chromatography into typical manufacturing processes. A
range of scenarios has been investigated by modelling various demands, company
scenarios and stages of manufacture. The analysis has determined the level of cost
savings achieved when adopting continuous technologies and if the ranking of the
technologies change under different scenarios. The use of sensitivity analysis has also
identified the key cost drivers and where continuous technologies need to be developed
to ensure they live up to their cost saving expectations. This will help the
biopharmaceutical industry make better decisions regarding facilities of the future that
incorporate continuous methods of manufacture.
BIOT 656
Does process intensification add value in light of cost and facility planning
Priyanka Gupta, priyanka.gupta@sartorius.com, Miriam Monge, Nitin Chopra.
Sartorius Stedim, Saratoga, California, United States
The need for productivity and efficiency improvements in the manufacturing of
Biopharmaceutical products has resulted in evaluating numerous process intensification
strategies both upstream and downstream. Use of various process and cost modeling
tools like BioSolve software can shed light in identifying process steps with the most
significant impact on overall process economics and facility planning. The information
then can be used to guide the process scientists and engineers to invest their time and
effort into optimizing the steps that deliver the best overall outcome.
The presentation covers numerous case studies comparing different technologies and
processing options evolving in the field of intensification. The model case studies focus
on various upstream scenarios, comparing a normal fed-batch process to N-1 perfusion
strategy to concentrated fed-batch approach. The application of the appropriate
intensified approach to different product throughput demands is explained considering
the impact of process design and technology choices on the overall cost of goods. The
retrofitting of an existing facility to produce multiple products is demonstrated by simply
moving from a fed-batch to intensified approach.
BIOT 657
Opportunities, challenges, and economic drivers for start-to-finish continuous
biomanufacturing
Avril Vermunt1, avril.vermunt@ge.com, Andreas Castan2, Oliver Hardick1, Magnus
Bergman3, Hans Blom1, Guenter Jagschies1. (1) GE Healthcare, Uppsala, Sweden (2)
Bio Sciences, GE Healthcare, Uppsala, Sweden (3) Life Sciences, GE Healthcare,
Uppsala, Sweden
Continuous unit operations have been used successfully in manufacturing of several
approved products with a collective revenue of 25 Bn USD annually. Many large
biopharmaceutical organizations are exploring more potential solutions that could drive

continuous operations on the manufacturing floor. Continuous biomanufacturing carries
the hope for achieving the next level of efficiency through significant increases in
productivity, floor space reduction, and lower capital cost for manufacturing facilities as
well as lower production costs. Combining many innovative, promising unit operation
technologies with single-use equipment can offer significant economic advantages over
batch processing in traditional stainless steel installations.
Adopting advanced process design will need an accurate business case and risk profile
for implementation. Within the risk profile, assurance of patient safety and supply
through product quality demonstration will be critical. Optimizing the operating space of
an entire process, versus a unit operation, will call for thoughtful automation and control
strategies. Simplification of equipment design and operator interface points will also be
key to success.
BIOT 658
Rapid, end-to-end manufacturing of biologics enabled by a universal starter
process for purification of proteins produced in Pichia pastoris
Laura Crowell1, lcrowell@mit.edu, Nicholas Vecchiarello2, Kerry R. Love1, Steven M.
Cramer3, Christopher J. Love1. (1) Massachusetts Institute of Technology, Cambridge,
Massachusetts, United States (2) Chemical and Biological Engineering, Rensselaer
Polytechnic Institute, Troy, New York, United States (3) Ricketts Bldg, Rensselaer
Polytechnic Inst, Troy, New York, United States
The emergence of precision medicine and the need to increase speed to the clinic pose
challenges for conventional centralized, large-scale biomanufacturing platforms. The
ability to rapidly produce new products with high-quality and at a small-scale using
minimal expert knowledge could meet this challenge. To this end, we have
demonstrated a bench-scale, integrated, and automated end-to-end biologics
manufacturing system capable of producing, purifying, and formulating high-quality
products in less than 80 hours without human intervention. Our flexible system includes
separate modules for cultivation, multi-stage chromatography, and tangential filtration,
which are all controlled using a single integrated control software. The multi- stage
chromatography module employs straight-through processing to increase throughput
and minimize complexity. To realize the utility of such a system for precision medicine,
or rapid material production during early clinical stages, we have developed a
complementary, integrated approach for process development to make new, nonplatform products on the system in 3-6 months. For novel purification processes we
have taken advantage of the low and consistent host cell protein burden of our host
organism, Pichia pastoris. Based on a one-time analysis of the host cell proteins, along
with knowledge of chromatographic behavior for a few target products, we have
developed a universal starter process for purifying proteins produced in Pichia. To date,
more than four unique proteins, including growth hormones, nanobodies, and
recombinant vaccines, have successfully been purified from Pichia based on this
integrated, two-column process with minimal modifications. We believe that our end-to-

end biologics manufacturing system coupled with rapid process development enabled
by this universal starter process for purification could minimize the time and expertise
required to produce a new drug with high-quality at a small- scale. This may also help
increase access to these drugs where and when patients need them.

