Process Development

Delivering the best technologies for cell line
s process development

Cell and vector development c¢GMP banking and testing

Overview of PD-Direct™ Services.

The science of cell line development has become a complex
balance of investments in platforms, technologies, and personnel
in order to meet the increasing demands of production within
shorter development timelines. Factors such as transfection
efficiency, cell productivity, media conditions, and cell line
stability must be incorporated into an overall program of cell
line optimization to satisfy the growing requirements for new
product development. From a myriad of expression enhancers
to high-throughput screening, the challenges of optimization
continue to grow in the form of access to intellectual property,
technology harmonization, final product quality, and information

quantity.

In response, Invitrogen has integrated an array of services to
simplify cell line development through PD-Direct™ Services. From
vector design to cGMP cell banking, our experienced scientists and
project managers are able to provide total life cycle support. We
bring a select suite of the best cell line development technologies
from across the industry together with our in-depth knowledge
to yield a high-quality production cell line that will serve as the
foundation for your product development for years to come.
Long-term success can only be achieved through meeting today’s
challenges, and Invitrogen is investing in your future with the best

technologies delivered through customized services right now.

“Through its PD-Direct™ services, Invitrogen has extensive experience with the PER.C6® technology
and will offer PER.C6® licensees the benefit of expertise developed as a leader in clone generation
services.”

Source: Crucell/DSM Press Release

To find out where we can take you, email us at pd.direct@invitrogen.com or visit www.invitrogen.com/pddirect.
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Process Development
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Parental cell lines
For bioproduction platforms, the objective is to create a scalable expres-
sion system with superior yields of a quality product. Invitrogen offers

access to:
- Well-characterized cell lines including PER.C6°, NSO, CHO, and HEK
293

—  Revolution™ cell line engineering technology to accelerate the
creation of universal cell lines with optimized characteristics

Vector design and construction

Expression levels can be systematically enhanced by creating an optimal

vector. Our custom vector services ensure:

- Accesstoindustry-leading vector componentsincluding promoters,
selection markers, amplification systems, insulators, and secretion
signals

—  Rapid cDNA integration into a vector of your choice using
Invitrogen'’s proprietary cloning technologies

- Licensing agreements that ensure access to a diversity of elements
with freedom to operate and clear line of sight to financial commit-
ments through commercialization

- A final sequence-verified, stable construct customized to your
expression needs

Transient protein expression

Transient transfection of mammalian cells has become increasingly

important to produce milligram quantities of a recombinant protein for

characterization and preclinical studies. Invitrogen can assist with:

—  Establishment of the cell line, culture conditions, expression vector,
and transfection agents for the optimal transient expression system
in adherent or suspension cultures

- Preoptimized, serum-free FreeStyle™ expression services to pro-
duce a protein within a week in suspension CHO and 293 cultures
from less than 1 L to hundreds of liters

- Purification of the transiently expressed protein based on your
requirements, from a simple concentration to a fully purified active
intermediate
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Revolution™ technology generates diversity in producer cells to create high-titer
production lines for manufacturing.
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The Flp-In™ T-REx™ expression vector for mammalian culture.
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Antibody (IgG) yields from 30 mland 1L cultures of CHO-S cells transfected with the
FreeStyle™ MAX Reagent.

Stable cell line development

An integrated suite of technologies is available for development of a

stable cell line. The capabilities encompass:

- Serum-free cloning to avoid animal-origin material contact and
improve control over product development

—  Optimization of the lipid-based Lipofectamine™ transfection
system and cloning media to find the best outcomes with respect
to scalability, efficiencies, ease of use, and toxicity

—  The Flp-In™ system for directed vector integration into a
transcriptionally active locus, for creation of an isogenic cell line

- High-throughput screening for the most productive clones,
accomplished by ClonePix™ technology

- SimCell™ platform to evaluate productivity, scalability, and growth
stability in a simulated microbioreactor setting for clone ranking

Culture enrichment, adaptation, and perfor-
mance improvement

The access to trusted media services brings exceptional expertise to

medium development:

—  Efficient cell line adaptation to suspension, serum-free, protein-
free, or chemically defined media for scale-up and regulatory
compliance

—  Revolution™ technology to enhance hybridoma or difficult-to-pro-
duce protein expression levels

- ClonePix™ enrichment of a clonal production cell line for higher
productivity

—  Platform basal media designed to bridge the transition from cell
line development to bioreactor production

—  Performance validation at bench-scale levels as well as a bioreactor

feasibility study to ensure a scalable process

Stability evaluation

Throughout 50 years of protocol development, Invitrogen has estab-

lished analytical methods to assess:

—  Genomic stability of the gene of interest and biological safety
profiles

—  Protein expression stability for quality, purity, stability,and expression
rates of a product

- Growth stability for viability and proliferation of the chosen cell line

Cell line banking, testing, and storage

In testing over 1,000 cell lines and establishing over 300 cell banks,

Invitrogen'’s BioReliance® bioservices has developed expert knowledge in:

—  Extensive testing of any seed stock using multiple validated assays

- GMP preparation and characterization of the Master Cell Bank and
Working Cell Banks

—  Cell bank storage with strictest maintenance and security

25
= .
£ -
(=]
2 20
c
o
‘5 L]
£ 15
c *
g .
c
8
> 10-|
o *
kel u . = High
£ 5 ® Medium
A A Low
o L]
] * hd
0 : T T T T

0 10,000 20,000 30,000 40,000 50,000 60,000

Fluorescence intensity (inner 9 pixels - bkgd)

Primary product fluorescence screening by ClonePix™ technology to identify the
most productive clones.
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Process feasibility assessment in a bioreactor to determine key parameters such as
agitation and DO.
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Expression stability of rlgG in CHO cells assessed over 50 generations.

Evaluation of mycoplasma contamination.
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