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CHEMSTRESS®: Biomanufacturing Process Control

CLD requires a significant amount of investment and the
instability of cells is the central driver of this lengthy process.
It is essential to have the appropriate instrumentation,
expertise and time, to assess the performance attributes and
stability of hundreds of clonally-derived cell populations
in parallel. In addition, it is necessary to culture these cells
in an optimum cell environment, to maintain a stable state.
Development of cell culture media is therefore another
major source of continuing investment. This involves the
screening of chemical additives, the functional validation
of these enhancer molecules, and the confirmation of the
production of a stable, robust, high-quality media product.
Moreover, quality control (QC) of the complex medium
product itself (post-production, transport and storage) is
generally restricted to simple monitoring of cell growth
and productivity. There is an urgent requirement for new
QC technologies able to measure lot-to-lot variation and
functional integrity of this vital part of the bioproduction
process.

As the biopharmaceutical market expands to allow for
more competitive conditions in the form of biosimilars
of costly blockbuster drugs, new technologies which can
decrease the time and costs associated with the development
of these biotherapeutics will be essential. These technologies
must be prepared to understand the molecular mechanisms
of the cells at the centre of this industry. To illustrate the
financial consequences of defects in any one of the steps
in the bioproduction process, contamination alone can

result in an estimated $1bn loss in revenue for blockbuster
biotherapeutics, along with a projected $1m loss in production
costs and up to $20,000 in quality assurance investigations®.
Companies are therefore ultimately driven towards
streamlining CLD and the bioprocessing of biotherapeutics,
through the use of informative assays which can
generate functional data and determine reliable QC of
reagents.

ChemStress®: Generating a Functionally

Relevant Biological Signature

ChemStress® is an information-rich, analytical assay
supplying data on the functional quality of clones, facilitating
the selection of stable producer cells and high-quality media
environments through the generation of cellular responses
to chemical stressors. The technology draws on the unique
biological signatures (e.g. growth and titer for CHO cells
producing monoclonal antibodies) a given cell generates
when it is grown in the presence of small molecule stressors,
which have been selected to simulate toxic environments
or stimulate specific stress response pathways. This data
gives biological information on how specific clones respond
to stressors, and whether these clones have the ability to
remain stable and productive in these conditions. These
cellular responses are unique identifiers, or ‘fingerprints’.
While classic fingerprints are static measurements of
identity, these ‘ChemStress® fingerprints’ are markers
which, much like cells, can change overtime as a result of
e.g. epigenetic silencing events, or loss of recombinant
protein expression, giving early indications of loss of specific
functionally. The diverse range of responses is a unique way
of: identifying cell populations, indicating divergence from
its original state and indicating the growth quality of cell
culture conditions. ChemStress® employs the use of a novel
96-well microtiter plate, wherein each well is coated with
a single specific chemical (Fig. 1), selected based on its
published ability to simulate specific conditions, or effect
specific cellular pathways. The workflow is illustrated in
Fig. 2, where product titer is analysed using our Valita®TITER
assay’.
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Figure 1. ChemStress® technology. Each well of the 96-well plate is coated with a

single specific small molecule stressor, at select concentrations. Each chemical is

selected to stimulate a particular cellular pathway, e.g. apoptosis and oxidative
stress.
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Figure 2. ChemStress® assay. Cells are seeded into the plate at a particular
density, depending on the cell system being examined. Following three days of
cell culture, the cells’ growth and titer response are determined from the contents
of each individual well and compared to control wells without stressors. In the
current example, a CHO-cell system producing monoclonal antibodies (mAbs), the
manufacturing metrics are growth and product titer. Following analysis of the data
using proprietary software (ValitaApp®), a ChemStress® fingerprint is generated.

The assay was developed in collaboration with researchers
from the University of Sheffield and chemicals were
selected based on their published effect on cellular systems
(examples included in Fig. 1). Chemicals were tested against
a mAb-producing CHO cell line and screened using half
maximal inhibitory concentration (IC,,) assays to determine
cell growth inhibition. Several chemicals are present at
multiple concentrations to allow for capture of variable
responses when exposed to different concentrations of key
chemicals.

The wide range of selected chemicals are selected to target
a number of pathways stimulated under stressful conditions,
including nutrient starvation, cell death and oxidative stress.
Rapamycin, for example, is an inhibitor of mammalian target
of rapamycin, which is suppressed during nutrient starvation3-.
Rapamycin induces autophagy, a pathway which causes
controlled breakdown of cellular compartments, or removal
of damaged organelles, generating the components required
by the cell for survival during nutrient starvation>. Brefeldin A
is often used in flow cytometry to inhibit protein secretion and
accumulate cytokines for staining®#*. It is also used to induce
endoplasmic reticulum (ER) stress and eventual apoptosis®®,
in addition to causing disassembly of the Golgi and fusion
with the ERY”. There are a number of other chemicals on the
ChemStress® plate which induce apoptosis, including cadmium
acetate and menadione sodium bisulfate, and chemicals which
induce oxidative stress, e.g. cobalt chloride and 3-amino-1,2,4-
triazole.

Applications
ChemStress® targets core issues in biomanufacturing,
including:

* ldentify parental cell line of clonal isolates (Valita®lD),
»  Stability of producer cells (Valita®STABILITY),
*  Quality control of cell culture environments (Valita®QC).

Valita®ID

Cross-contamination of cell lines is a major issue, not just
for the biopharmaceutical industry, but research in general.
Hela cell contamination of multiple cell lines is one such
well-documented case. For the biopharmaceutical industry,
regulators insist that the identity of clonal isolates can be
traced. There are techniques available to allow companies to
meet these requirements, which include isoenzyme analysis,
karyotyping, short tandem repeat (STR) analysis and DNA
sequencing and barcoding. ChemStress® fingerprinting
exploits the functional variability of cell populations to

generate biologically relevant data on the specific clonal
identity of cells, giving users a quick and easy method to
keep track of cells (illustrated in Fig. 3).
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Figure 3. Valita®ID workflow. Prior to banking of cell lines, ChemStress® fingerprints
are generated and stored in a database. When cells are used during the CLD
process, it is possible to generate a fingerprint of a query cell to determine the
identity of the cell line from which the clonal isolate derives.

To test this, ten different mAb-producing CHO cell lines
were sourced, derived from a variety of different CHO cell
families, including CHO-K1, CHO-S and CHO-DG44. Each cell
line was coded anonymously as CHO-A to CHO-J, to prevent
any bias. ChemStress® profiling was able to cluster the
different groups of coded cell types together as indicated in
Fig. 4. The analysis used ‘linear discriminant analysis (LDA)’
and 'Euclidean distance minimisation’ in addition to ‘Ward's
Hierarchical clustering’ and found that fingerprints were
unique and could be used effectively to partition cell types
into distinct parental ‘groups’. Also, using LDA, given a query
fingerprint, the probability of it being from a specific group can
be approximated. This application can be utilised to generate
a library of clonal fingerprints to allow for the identification
of clones following storage and during CLD.

3
1

Figure 4. Cluster Dendrogram shows the correct clustering of the cell lines based on
the ChemStress® technology. It is possible to determine the parent cell line of specific
clonal isolates. This allows users to keep detailed biological records on clone identity

and to trace clones back to the specific isolate from which they were generated.

Given the need to meet the regulatory requirements on
clonal identity, it is necessary for the generation of easy to
implement, simple, rapid and cost-effective analytical assays
which can determine the origin of clones. The ChemStress®
platform offers a simple assay which generates biologically
relevant data, that predicts the parental identity of clonal
isolates.

Valita®QC

There is a substantial lack of informative, cost-effective assays
to allow for screening of cell culture medium prior to usage
and following long-term on-site storage. Lot-to-lot variations
in media have been well-documented, in addition to the
consequences of incorrect storage including temperature
fluctuations and UV-exposure3®37. Valita®QC can be used to
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screen the growth and productivity of a reference cell line
when grown in the presence of query lots of media, generating
informative data which allows for the acceptance or rejection
of media lots based on functionally relevant responses
(concept illustrated in Fig. 5).
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Figure 5. Valita®QC workflow. A cell line is grown in different lots of a specific
media. The resulting fingerprints are analysed to determine acceptable responses
(acceptable growth and productivity) to allow for the acceptance of the lots;
those with poor fingerprints are rejected.

Proprietary
Algorithms

LotE
LotB LotD. LotC LotC —_—

=8 =0 LotA
LotA 2 Lot

It Chioride Sodium Lactate

& N .
L

Relative Growth

ChemStress®
Fingerprint

Proprietary

Menadione Sodium Bisulfite
Software

9 one

Figure 6. Growth responses following culturing of cells in different media lots.
Three growth response graphs are indicated from three specific chemicals on the
ChemStress® plate. The same cells are shown to have unique profiles, despite
being cultured in different lots of the same composite media, clearly indicating
quality difference between the lots.

The growth and titer responses of cells cultured in different
lots results in a distinct fingerprint, as illustrated from select
chemicals in Fig. 6. The overall fingerprint generated from the
multiple chemicals screened can be used to determine if lots
should be rejected based on poor growth and productivity
of cells. In addition to determining lot-to-lot variation,
ChemStress® aims to detect if any damage has occurred to
affect the quality of the media prior to use, e.g. following
incorrect storage, including exposure to UV or temperature
fluctuations, or during long-term storage (ageing). It is
important to have a functionally relevant, reliable assessment
of the quality of media before the product is released or used.
As a critical component of the end stages of a lengthy process,
itis necessary to have stringent QC technology in place which
can allow for the accurate assessment of this essential reagent.

Valita®STABILITY

Predictable bioprocesses require stable producer cells that
are not prone to sudden changes leading to diminished
productivity or quality. To demonstrate stability, clones are
sub-cultured and monitored for titer, growth and various
CQOAs over a period of months. There is a very high workload
associated with these trials. To enhance trial efficiency,
ChemStress® is being used to identify maximally stable clones
pre-trial and to fail unstable clones quickly within a trial.

As a broad measure of stability, companies typically
monitor titer over a period roughly equivalent to a production
run, with any clone losing more than 30% of its initial titer
over this time being considered unstable. Maintaining titer
can be a misleading stability metric if a clone’s cell growth
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Figure 7. Valita®STABILITY workflow. Clones are monitored using ChemStress®
before or during the early stages of stability trials to assess whether they are
extreme and therefore likely to be unstable.

rate drops but its protein production rate increases, or vice
versa, in such a way that their combined effect on titer change
is negligible. This ‘apparent titer stability’, which is masking
real underlying biological change, is abundant in our data.
Quixotic targets make for challenging prediction problems.
An alternative, cleaner formulation of the stability prediction
challenge, still aimed at streamlining trials, is to detect clones
achieving high titers predominantly through very high growth
rates or very high protein production rates as our data indicate
such extreme strategies are difficult to maintain over time.
By contrast, we observe that high titer clones built from
‘moderate’ growth and protein production rates have a higher
chance of stability than these ‘extreme’ clones. Our algorithms
leverage ChemStress® to detect extreme clones with a high
probability of being unstable.
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Figure 8. Valita®STABILITY Scoring. Growth and protein production rates for the
most extreme clone relative to background distributions for all clones in the same
panel, depicted as box-and-whisker plots.
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Alongside using ChemStress® to predict industry’s
established stability metrics, ChemStress® itself can be
used to define a rich, functionally relevant measure of clone
stability. A clone can be scored for any stress chemical on the
ChemStress®plate by calculating how far removed the clone’s
measurement is from the median measurement derived from
a background set of clones. A clone that is many deviations
removed from the median is, by definition, extreme relative to
the background with respect to that particular stress chemical.
By summing scores across all stressors, it is possible to rank
clones by relative stability.

Predicting stability metrics is challenging as there is
considerable variability in how trials are conducted and how
stability is defined, with ‘apparent titer stability’ particularly
clouding the issue. Deploying ChemStress® to inform ‘extreme’
clone prediction can help streamline trials. Scoring ‘extreme’
clones directly using ChemStress® provides an additional,
function-focused stability metric with the option of dissecting
the rich fingerprint to scrutinise the underlying biological
mechanisms driving instability.

Biomanufacturing Process Control

Exploiting the cellular responses to stressful culture
environments is a novel and information-rich approach
to addressing the key issues of bioprocessing. The
inherent variability of cells is a critical component of
the biopharmaceutical industry, which can be exploited
to create information-rich data sets. New technologies
targeted at decreasing the time and costs associated with the
development of biotherapeutics must ultimately be prepared
to understand the molecular mechanisms of the cells at the
centre of bioprocessing. This is the central approach taken
by the ChemStress® platform. The assay generates highly
relevant information on how a clone reacts to biological
stressors, which can be used to discriminate the variation
between clones, the deviation of clones from a stable state
and variations in the quality of media environments. This
is an assay which offers a rapid and easy way to compile a
significant amount of functionally relevant information, which
is currently lacking in the biotherapeutic workflow. This kind
of strategy is necessary to streamline the CLD process and
ultimately decrease the substantial cost and time taken to
bring a biotherapeutic to market.

Acknowledgements

The authors would like to acknowledge support from the
Horizon2020 Phase Il SME Instrument — BIOSIM 778586
grant.

REFERENCES

1. O’Callaghan PM, McLeod ], Pybus LP, Lovelady CS, Wilkinson
SJ, Racher AJ, et al. Cell line-specific control of recombinant
monoclonal antibody production by CHO cells. Biotechnol Bioeng.
2010 Aug 15;106(6):938-51.

2. Kim M, O’'Callaghan PM, Droms KA, James DC. A mechanistic
understanding of production instability in CHO cell lines
expressing recombinant monoclonal antibodies. Biotechnol
Bioeng. 2011 Oct;108(10):2434—46.

3.  Grainger RK, James DC. CHO cell line specific prediction and control
of recombinant monoclonal antibody N-glycosylation. Biotechnol
Bioeng. 2013 Nov;110(11):2970-83.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fernandez-Martell A, Johari YB, James DC. Metabolic phenotyping
of CHO cells varying in cellular biomass accumulation and
maintenance during fed-batch culture. Biotechnol Bioeng. 2018
Mar;115(3):645-60.

Davies SL, Lovelady CS, Grainger RK, Racher AJ, Young R], James DC.
Functional heterogeneity and heritability in CHO cell populations.
Biotechnol Bioeng. 2013 Jan;110(1):260-74.

Westmann D. Cost and Impact of Bioburden incident. Ge
Healthcare: GE Healthcare; 2017 Apr.

Thompson B, Clifford J, Jenns M, Smith A, Field R, Nayyar K, et
al. High-throughput quantitation of Fc-containing recombinant
proteins in cell culture supernatant by fluorescence polarization
spectroscopy. Anal Biochem. 2017 01;534:49-55.

Nicklin P, Bergman P, Zhang B, Triantafellow E, Wang H, Nyfeler B,
et al. Bidirectional transport of amino acids regulates mTOR and
autophagy. Cell. 2009 Feb 6;136(3):521-34.

Zhong D, Liu X, Schafer-Hales K, Marcus Al, Khuri FR, Sun S-Y, et al.
2-Deoxyglucose induces Akt phosphorylation via a mechanism
independent of LKB1/AMP-activated protein kinase signaling
activation or glycolysis inhibition. Molecular Cancer Therapeutics.
2008 Apr 1;7(4):809-17.

Roberts DJ, Tan-Sah VP, Ding EY, Smith JM, Miyamoto S. Hexokinase-
Il Positively Regulates Glucose Starvation-Induced Autophagy
through TORC1 Inhibition. Molecular Cell. 2014 Feb;53(4):521-33.
Spitz DR, Phillips JW, Adams DT, Sherman CM, Deen DF, Li GC.
Cellular resistance to oxidative stress is accompanied by resistance
to cisplatin: The significance of increased catalase activity and
total glutathione in hydrogen peroxide-resistant fibroblasts.
Journal of Cellular Physiology. 1993 Jul;156(1):72-9.

Poirier F, Bourin P, Bladier D, Joubert-Caron R, Caron M. Effect of
5-azacytidine and galectin-1 on growth and differentiation of
the human b lymphoma cell line bl36. Cancer Cell Int. 2001 Dec
17;1(1):2.

Yun CY, Liu S, Lim SF, Wang T, Chung BYF, Jiat Teo J, et al. Specific
inhibition of caspase-8 and -9 in CHO cells enhances cell viability
in batch and fed-batch cultures. Metabolic Engineering. 2007
Sep;9(5-6):406-18.

Schuerwegh AJ, Stevens W], Bridts CH, De Clerck LS. Evaluation of
monensin and brefeldin A for flow cytometric determination of
interleukin-1 beta, interleukin-6, and tumor necrosis factor-alpha
in monocytes. Cytometry. 2001 Jun 15;46(3):172-6.

Vicetti Miguel RD, Maryak SA, Cherpes TL. Brefeldin A, but not
monensin, enables flow cytometric detection of interleukin-4
within peripheral T cells responding to ex vivo stimulation with
Chlamydia trachomatis. J Immunol Methods. 2012 Oct 31;384(1-
2):191-5.

Moon JL, Kim SY, Shin SW, Park J-W. Regulation of brefeldin
A-induced ER stress and apoptosis by mitochondrial
NADP+-dependent isocitrate dehydrogenase. Biochemical
and Biophysical Research Communications. 2012 Jan;417(2):
760—4.

Kano F, Sako Y, Tagaya M, Yanagida T, Murata M. Reconstitution
of brefeldin A-induced golgi tubulation and fusion with the
endoplasmic reticulum in semi-intact chinese hamster ovary cells.
Mol Biol Cell. 2000 Sep;11(9):3073-87.

Thompson J, Hipwell E, Loo HV, Bannigan J. Effects of cadmium on
cell death and cell proliferation in chick embryos. Reprod Toxicol.
2005 Dec;20(4):539-48.

Lag M, Westly S, Lerstad T, Bjernsrud C, Refsnes M, Schwarze PE.
Cadmium-induced apoptosis of primary epithelial lung cells:
involvement of Bax and p53, but not of oxidative stress. Cell Biol
Toxicol. 2002;18(1):29-42.

Mitachi T, Mezaki M, Yamashita K, Itagaki H. Acidic conditions
induce the suppression of CD86 and CD54 expression in THP-1
cells. J Toxicol Sci. 2018;43(5):299-309.

Zou W, Yan M, Xu W, Huo H, Sun L, Zheng Z, et al. Cobalt chloride
induces PC12 cells apoptosis through reactive oxygen species
and accompanied by AP-1 activation. J Neurosci Res. 2001 Jun
15;64(6):646-53.

Adler-Abramovich L, Vaks L, Carny O, Trudler D, Magno A, Caflisch
A, et al. Phenylalanine assembly into toxic fibrils suggests amyloid

www.biopharmaceuticalmedia.com

INTERNATIONAL BIOPHARMACEUTICAL INDUSTRY 33



Research / Innovation / Development

23.

24.

25.

26.

27.

28.

29.

30.

31.

etiology in phenylketonuria. Nature Chemical Biology. 2012
Aug;8(8):701-6.

Tagde A, Singh H, Kang MH, Reynolds CP. The glutathione synthesis
inhibitor buthionine sulfoximine synergistically enhanced
melphalan activity against preclinical models of multiple myeloma.
Blood Cancer Journal. 2014 Jul;4(7):e229-e229.

Koczor CA, Shokolenko IN, Boyd AK, Balk SP, Wilson GL, LeDoux
SP. Mitochondrial DNA Damage Initiates a Cell Cycle Arrest by
a Chk2-associated Mechanism in Mammalian Cells. Journal of
Biological Chemistry. 2009 Dec 25;284(52):36191-201.

Hall MD, Marshall TS, Kwit ADT, Miller Jenkins LM, Dulcey AE,
Madigan JP, et al. Inhibition of Glutathione Peroxidase Mediates
the Collateral Sensitivity of Multidrug-resistant Cells to Tiopronin.
Journal of Biological Chemistry. 2014 Aug 1;289(31):21473-89.

Li L, SunY, Liu J, Wu X, Chen L, Ma L, et al. Histone deacetylase
inhibitor sodium butyrate suppresses DNA double strand break
repair induced by etoposide more effectively in MCF-7 cells than
in HEK293 cells. BMC Biochemistry. 2015;16(1):2.

Shen D, Kiehl TR, Khattak SF, Li Z], He A, Kayne PS, et al.
Transcriptomic responses to sodium chloride-induced osmotic
stress: A study of industrial fed-batch CHO cell cultures.
Biotechnology Progress. 2010;NA-NA.

Lao M-S, Toth D. Effects of Ammonium and Lactate on Growth and
Metabolism of a Recombinant Chinese Hamster Ovary Cell Culture.
Biotechnology Progress. 1997 Oct 7;13(5):688-91.

Zhao Z, Han F, Yang S, Wu J, Zhan W. Oxamate-mediated inhibition
of lactate dehydrogenase induces protective autophagy in gastric
cancer cells: Involvement of the Akt—-mTOR signaling pathway.
Cancer Letters. 2015 Mar;358(1):17-26.

Morita A, Zhu J, Suzuki N, Enomoto A, Matsumoto Y, Tomita M,
et al. Sodium orthovanadate suppresses DNA damage-induced
caspase activation and apoptosis by inactivating p53. Cell Death
and Differentiation. 2006 Mar;13(3):499-511.

Wulhfard S, Baldi L, Hacker DL, Wurm F. Valproic acid enhances
recombinant mRNA and protein levels in transiently transfected
Chinese hamster ovary cells. Journal of Biotechnology. 2010

Infection and Inflammatory Disease, studying the
glycosylation of HIV-1 with an application towards
vaccine design. She has also used genomic and glycomic
approaches to develop biomarkers to monitor patients
with rare metabolic disorders. Karen holds a PhD from
University College Dublin, Ireland.

Email: karen.coss@valitacell.com

He has been centrally involved in all Valitacell product
innovations since inception and is a co-inventor of
Valitacell IP. His interests include fluorescence polarisation
technologies for assay development and machine learning
for bioprocess optimisation. Ben holds a PhD from the
University of Sheffield, UK.

Email: ben.thompson@valitacell.com

Dr Karen Coss

Dr Karen Coss is a Product Manager at
Valitacell. Prior to joining Valitacell, Karen
was a Postdoctoral Fellow at King’s College
London, in the Department of Immunology,

Dr Ben Thompson

Dr Ben Thompson is the Head of Informatics
at Valitacell. He is an experienced cell line
development scientist with expertise in
bioprocess engineering and data science.

32.

33.

34.

35.

36.

37.

Jul;148(2-3):128-32.

Yang WC, Lu J, Nguyen NB, Zhang A, Healy NV, Kshirsagar R, et al.
Addition of Valproic Acid to CHO Cell Fed-Batch Cultures Improves
Monoclonal Antibody Titers. Molecular Biotechnology. 2014
May;56(5):421-8.

Curriden S, Englesberg E. Inhibition of growth of proline-requiring
Chinese hamster ovary cells (CHO-k1) resulting from antagonism
by a system amino acids. J Cell Physiol. 1981 Feb;106(2):245-52.
Krampe B, Al-Rubeai M. Cell death in mammalian cell culture:
molecular mechanisms and cell line engineering strategies.
Cytotechnology. 2010 Jun;62(3):175-88.

Codogno P, Meijer A). Autophagy and signaling: their role in cell
survival and cell death. Cell Death and Differentiation. 2005
Nov;12:1509-18.

Calvet A, Li B, Ryder AG. A rapid fluorescence based method for
the quantitative analysis of cell culture media photo-degradation.
Analytica Chimica Acta. 2014 Jan;807:111-9.

Zang L, Frenkel R, Simeone ], Lanan M, Byers M, Lyubarskaya Y.
Metabolomics Profiling of Cell Culture Media Leading to the
Identification of Riboflavin Photosensitized Degradation of
Tryptophan Causing Slow Growth in Cell Culture. Analytical
Chemistry. 2011 Jul;83(13):5422-30.

Dr Paul Dobson

Dr Paul Dobson is a Data Analyst with
Valitacell. Before working with Valitacell
he completed numerous postdoctoral
positions covering a variety of key subject

areas relevant to bioengineering, including bioinformatics,
cheminformatics and systems biology. In addition to this,
he was a lecturer in bioengineering at the University of
Sheffield. Paul holds a PhD in Computational Biology with
Machine Learning from the University of Manchester, UK.

Email: paul.dobson@valitacell.com

#55, DrJerry Clifford

“2

1= = Dr Jerry Clifford is the co-founder and COO
| of Valitacell. Prior to Valitacell, Jerry was
N the commercial director of the Technopath

group (IVD quality control manufacturer). He
was also Vice President for development at the Institute of
Technology Tralee, Ireland. Jerry holds a PhD from Royal
College of Surgeons, Ireland and an MBA from University
College Cork, Ireland.

Email: jerry.clifford@valitacell.com

& .8

Prof David James

N Prof David James is Professor of Bioprocess
— Engineering in the Department of Chemical
\ Pl and Biological Engineering and the Director

of the Advanced Biomanufacturing Centre
at the University of Sheffield, UK.His current research is
focused on the functional genomics of CHO cell factory
function, cellular process design and engineering
biopharmaceutical production using computational
modelling, systems and synthetic biology. David holds a
PhD from King's College London, UK.

Email: d.c.james@sheffield.ac.uk

34 INTERNATIONAL BIOPHARMACEUTICAL INDUSTRY

Summer/Autumn 2018 Volume 1 Issue 2




