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1.0 Abstract

Monoclonal antibodies (mAbs) have the potential to treat a wide range of diseases. They
possess the ability to bind target moleculesin a highly specific and effective manner. Recently,
great technological advances have been made to enhance the therapeutic effects of these drugs,
making treatment cheaper, easier, and more effective while allowing companiesto profit
significantly. As a Contract Manufacturing Organization (CMO) for these products, we offer the
newest technology and many flexible options for producing these proteins. Our facility is
designed to produce protein products in Chinese Hamster Ovary (CHO) cells, followed by
modification and purification steps. We present the option to cleave smaller antigen binding
fragments (Fab) from the mAb product, removing the crystallizable fragment (Fc) which can
interfere with the binding specificity of the drug. We also offer the option for polyethylene
glycosylation (PEGylation), which has been shown to improve the effectiveness of these drugs.
The attachment of a polyethylene glycol (PEG) molecule to the protein enhances its circulation
time in the human body so that less frequent doses are needed.

To demonstrate the capabilities of this flexible facility, we have modeled the production
of an innovative PEGylated anti-TNF-a mAb. Celltech and Pfizer currently have similar
productsin Phase 11 clinica trials; and UCB Incorporated’ s Cimzia® recently received FDA
approval for the first humanized PEGylated anti-TNF-o Fab’ therapeutic protein. Many non-
PEGylated TNF-a inhibitor mAbs are currently on the market to treat pathologies including
rheumatoid arthritis and Crohn’ s disease. PEGylated products have a clear advantage over these
drugs.

Our facility can produce up to 55 batches of protein product ayear for a maximum yield
of 993 kg. For economic analysis of this product, sales from the first year of Cimzia® were

considered since this product is amost identical to the one being modeled. Producing at 75% of
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the total design capacity, this facility hasa NPV of $1,319,592,100, an IRR of 33.51% and an
ROI of 53.0%. Thislevel of production would leave a significant amount of time remaining for
other products to be manufactured as well. The additional products that the facility will produce
will be mAbs of all forms (i.e. cleaved, uncleaved, PEGylated, non-PEGylated) that are protected
under P for small biotech firms that do not have the capital to build such facilities. Currently,
small biotech firms are producing 81 mAbs and are looking to license production for their Phase
[11 molecules. Clearly, thiswill become avery profitable CMO as we would be able to capture
much of this demand. A major threat looming over the mAb market, however, isthe production
of small molecular inhibitors, which are currently in Phase | and Phase Il clinical trials. Such
molecules may be able to capture the full market since they would not only have significant
delivery advantages over TNF-a inhibitors, which require injection, but also might have an

enhanced side effect profile compared with biologics.
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2.0 Introduction

Monoclonal antibodies (mAbs) are a class of biological agents currently used for
therapeutics (see Figure 2.1). Their binding to target moleculesis highly specific, which makes
them useful for treating many human diseases including autoimmune and inflammatory
conditions, cancers, and viral diseases (Sauer et al. 2000). Monoclonal antibodies are all
identical to one another because they are produced by one single type of immune cell which are
all clones of asingle parent cell. While the mechanism by which mAbs achieve therapeutic
effectsis not very clear in al situations, some validated mechanisms include: the blocking or
steric hindrance of atarget antigen’s function (i.e. tumor necrosis factor-alpha (TNF-a)),

cytotoxicity to cells with specific receptors, and the inhibition of certain growth factor molecules

I

(Bogard et al. 1989).

Infliximab Adalimumab
Chimeric mouse-human Human IgGl
IgG1 monoclonal monoclonal
antibody antibody

Humanized Fab”
o | f linke
Q) | gment linked to
(PEG,->7 | two PEG molecules

\%\% | Certolizumab pegol

Nature Reviews  Drug Discoven

Figure 2.1: Three monoclonal antibodies currently used for treatment of
Crohn’s Disease. (Melmed et.al, 2008)

TNF-a isacytokine, or cell-signaling molecule, that isinvolved in inflammatory
response pathways seen in patients with Crohn’s, rheumatoid arthritis, and psoriatic arthritis.

TNF-a ismainly produced by immune cells in response to bacteria, bacterial products, or other
-3
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inflammatory signals upstream. When TNF-a binds to TNF-R1, a membrane-bound TNF
receptor found in almost al cells, it changes the conformation of the receptor and leads to an
inflammatory response from the cell. As shown in Figure 2.2, anti-TNF-a antibodies bind to
TNF-o and prevent it from binding to TNF-R1 through steric hindrance, inhibiting an

inflammatory response (Magnani et al. 2005).

TNF-a

Monoclonal
antibody
Membrane
receptor
: s

5 @ ¢ 3

No signal

Figure 2.2: An Anti TNF-a bindsto TNF-a, preventing it from signaling an
inflammatory response through TNF-R1. (Magnani et al. 2005)

This company is alarge Contract Research Organization (CRO) with plans to expand into
contract manufacturing. The company specializes in biopharmaceuticals produced in mammalian
cell culture systems, specifically monoclonal antibodies. The goal of the company was to design
afacility capable of producing the next wave of mAb/Fab biopharmaceuticals, demonstrating the
potential of thisfacility by modeling production of a humanized monoclonal antibody that
inhibits TNF- a. Thistype of mAb is manufactured by enzymatically cleaving mAb fragments to
form Fab fragments which are then polyethylene glycosylated (PEGylated), a process which
attaches a polyethylene glycol (PEG) molecule to the protein. Since two-thirds of
biopharmaceutical companies have revenues of |ess than one hillion dollars, thereis a great

demand for Contract Manufacturing Organizations (CMOs) such as this. Thisis dueto the fact
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that many biopharmaceutical companies do not typically have the cash reservesto build a
manufacturing facility outright.

Thisfacility offers many levels of flexibility in the products that can be manufactured.
For mAbs and other proteins, the Fc region must be enzymatically cleaved off, asit interferes
with Fab binding to the TNF-a target. In the case of the anti-TNF-o drug that is modeled, the
mAD is enzymatically cleaved with pepsin and PEGylated. Depending on whether the protein
will be PEGylated or not, thisfacility is capable of cleaving 150 kDa mAbs with the enzyme
papain to produce 50 kDa Fab fragments, or cleaving with the enzyme pepsin to produce 100
kDa F(ab’), molecules. F(ab’), molecules retain the hinge region disulfide bonds between the

Fab and Fc fragments, which hold the two Fab fragments together when the 50 kDa Fc region is

E—5-
S5
’____,.-v/&d, o \ +-
Pepsin Cleavage Feab)
J'r,--f"' Fragni;enl

/‘E [ ] /;m\"\ . Fe Fragment

b & Papaln_.g.!eavage

/// \ Hﬂ\“"'g/ ~ ] \ +
//(//-' ab Frugmenh\\\

Figure 2.3; Depiction of atypical monoclonal antibody and its
pepsin and papain cleavage products (Sigma-Aldrich).

cleaved off (see Figure 2.3).

These disulfide bonds holding the two Fab fragments together are then reduced using 2-
Mercaptoethylamine-HCI (2-MEA) to yield two 50 kDa Fab’ fragments (see Figure 2.4). Fab’
fragments are Fab fragments with an additional cysteine attached, which is retained from the
hinge region of the mAb. This cysteine contains athiol group that can specifically react with the

PEG molecule (see Figure 2.4). The PEGylation of the Fab product resultsin avery innovative
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drug, as PEGylation has been shown to result in longer circulation time of the Fab in the

bloodstream, reducing the amount and frequency of injections needed by patients (Filpula 2006).

\W—ss{ %}\W;% + Hsf

Figure 2.4: Reduction with 2-MEA (Thermo Scientific Pierce).
o
PEG N? ?
° HS —

PEG

o

Figure 2.4: Schematic illustration of site-specific Fab’ PEGylation
through the attachment of PEG-maleimide to a thiol (Chapman 2002).

A Fab fragment that is not PEGylated has a blood half-life of 28 minutes, meaning that in
this short amount of time it will lose half of its pharmacologic effect, and it has a hydrodynamic
diameter of 6.0nm (Choi 2007). It has been experimentally determined that a particle with a
hydrodynamic diameter less than or equal to 5.5 nm will be completely cleared from the body
(Choi 2007). Above amolecular weight of 20 kDa, renal filtration decreases in favor of bile
excretion, and above 50 kDa, hepatobiliary (liver) clearance dominates (Fishburn 2007). Since
PEG molecules are highly hydrated, with two water molecules per ethylene glycol unit, they
have a very large hydrodynamic diameter (Fishburn 2007). In experiments testing a range of

molecular weights and configurations of PEG molecules, the optimal PEG to be added to a Fab’
-6-
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fragment was found to be a 40 kDa branched molecule (Humphreys 2007). The hydrodynamic
diameter of a40 kDa PEG molecule has been proven to be about 20nm (Dhalluin 2005).
Attaching a single 40 kDa branched PEG molecule significantly increases the hydrodynamic
diameter of the protein and almost doubles the molecular weight of the 40 kDa Fal’ fragment,
resulting in a 90 kDa product. Therefore, PEGylated proteins will be much greater in size and
mass, remain in the body much longer, and allow for less frequent injections (Humphreys 2007).

In April of 2008, the FDA approved UCB’s certolizumab pegol (Cimzia®), a product
nearly identical to the biopharmaceutical being modeled. Cimzia® was the first humanized
PEGylated anti-TNF-a Fab’ therapeutic. Currently Cimzia® only has an indication to treat
Crohn’s disease, yet it is possible that it will be able to obtain an indication for rheumatoid
arthritisin the future. Analyst expectations for the sales of Cimzia® were $50 million for its
launch year (Melmed 2008). Cimzia® is administered by a healthcare provider in 400 mg doses
every four weeks via subcutaneous injections in the abdominal region or upper thigh. This differs
from other biological TNF- a inhibitors on the market which must be intravenously injected.

For this facility, Chinese hamster ovary cells (CHO) were selected to produce anti-TNF-a
antibodies. CHO cells are widely used in the expression of recombinant proteins, including
monoclonal antibodies. Since they are mammalian cells, CHO cells are able to express and
secrete atarget antibody with proper post-translational modifications (PTMs), such as
glycosylation and protein folding. Since the desired product is secreted, the purification isless
complicated due to the fact that the intercellular proteins do not have to be separated out. CHO
cells also grow quickly and can survive in dense populations, allowing for the recovery of
concentrations of anti-TNF-o antibodies up to 5 g/L (Jayapal, Karthik P. et al 2007). CHO cells
can also grow in suspension without serum, which allows for the cellsto grow in large-scale
stirred-tank bioreactors (>10,000 L) without the cost of expensive serums. In addition, the

contamination of serum with virusesis awell known and established risk, which iswhy it will
-7-
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not be used in this plant. Despite the testing of batches of serum, agents such as transmissible
spongiform encephal opathies (TSES) can escape detection and contaminate production cell
cultures. The cellsroutinely used for production of biological medicines do not support the
replication or amplification of TSES. The only cell lines known to do so are of neuronal origin
and use of such cells for production requires special justification (Castle 1998).

Safety and industrial acceptance were other important reasons for the selection of CHO
cells to produce anti-TNF-o antibodies. CHO cells have been used in industry to produce
biopharmaceuticals for 20 years, and have proven to be safe hosts for the synthesis of biologics.
Their ability to consistently express stable and biologically active proteinsis a chief reason why
they are so commonly used. Another major benefit is that many of the major human pathogenic
viruses, including HIV, influenza, polio, herpes, and measles, do not replicate inside CHO cells.
This means that dangerous viruses will not propagate and thrive in these cells.

Since Massachusettsis currently a hotspot for biotechnology, this would be a practical
and economic location for our manufacturing facility. Being on the East Coast, and particularly
in the New England area, would put our facility at a great advantage. Thislocation is close to
cutting-edge academic research being done at local universities as well as suppliers, clients, and
other companies with whom this facility might do business. This location would also decrease
the cost associated with packaging and distributing our product. With the current shortage of
cell-culture capacity and a large demand for antibody production in the biotech industry, a
rapidly expanding state such as Massachusetts would give us the potential for expansion and
collaboration with other companiesin the future. The state government is also offering grants
and other incentives to move into this area through the M assachusetts Devel opment Emerging
Technology Fund. Over the next ten years, Massachusetts plans to spend $1 billion on
subsidizing research and attracting and retaining biotech companiesin the area. Many

companies, both domestic and international, are taking advantage of this and in turn building
-8-
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plants in Massachusetts (News Report 2005; Philippidis 2007). We also plan to take advantage

of the opportunities that are available in the state of Massachusetts.

A potential threat to our facility would be the FDA approval of small molecule inhibitors

of TNF-a. These molecules have the potential to have improved side effect profiles compared

with biologics such as the ones being produced at our facility, which can cause dangerous

infections. An oral inhibitor would also have delivery advantages over TNF- x inhibitors which

require injections by healthcare providers. Table 2.1 below lists current compounds that arein

Phase | and Il clinical trials (Sheridan 2008).

Selected oral rheumatoid arthritisdrugsin development

Developer Compound M echanism Status
Pfizer (New Y ork) CP-690,550 Janus kinase-3 (JAK?3) Phase 2
inhibitor
Rigel R788 Syk inhibitor Phase 2
R348 JAK3 inhibitor Phase 1
Roche (Basel)/Toyama Chemical R7277 (T- Inhibits activator protein- Phase 1
(Tokyo) 5224) 1
Synta Pharmaceuticals (L exington, Apilimod Inhibits production of Phase 2
M assachusetts) (STA-5326) interleukin-12,
interleukin-23
Bristol-Myers Squibb (New BMS-582949 P38 kinase inhibitor Phase 1°
Y ork)/Pharmacopeia (Princeton, New
Jersey)
Pharmacopeia/Wyeth (Madison, New  Unnamed JAKS3 inhibitor Preclinical

Jersey)

®In phase 2 trials for psoriasis.

Table 2.1 Current small molecule inhibitors of TNF-o (Sheridan 2008).



Flexible Manufacturing Facility for Biopharmaceuticals

2.1 Project Charter

Project Name

Humanized anti-TNF-al pha Antibody Production using a Flexible
Biopharmaceutical Manufacturing Facility

Project Champions

Business Director of Biopharmaceutical Companies

Project Leaders Ryan Dunn, Kevin Hsu, Melanie Hullings, Maria Lobikin
Specific Goals Design a biopharmaceutical plant and a process to produce humanized
monoclonal antibodies against TNF-alpha (Tumor Necrosis Factor)
Project Scope In-scope:
Enzymatic cleavage of antibody to produce Fab fragments
0 Using papain digestion, antibody will be cleaved into two Fab
fragments and an Fc fragment
0 Using pepsin digestion, cleaving the antibody into an F(ab),” and
Fc fragment
PEGylation of fragments cleaved by pepsin for enhanced delivery
0 Increases size, reducing renal clearance
0 Masks product from immune response
Meets current safety and health regulations
Maintain profit margin
Facility may be used to produce other biopharmaceuticals (i.e. non-
cleaved, non-PEGylated antibodies)
Out-of-scope:
Process design of other biopharmaceuticals
Cdll line development
Clinical Trials
Distribution of product
Research and development of monoclonal antibodies
Deliverables Business opportunity assessment:
0 How great is the business opportunity for biopharmaceutical
contract manufacturing organizations?
0 What isthe market space for anti-TNF-a pha antibodies?
Technical feasibility assessment:
o Isittechnically feasible to manufacture anti-TNF-alpha
antibodies on alarge scale?
Manufacturing capability assessment:
0 Canthisfacility be built and can this process be executed
without significant capital investment?
Product life-cycle assessment:
0 Would thefacility and process satisfy current regulatory
regquirements?
Timeline Facility and process design within 3 months

-10-




Flexible Manufacturing Facility for Biopharmaceuticals

2.2 Technology-Readiness Assessment
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3.0 Concept Stage

3.1 Market and Competitive Analysis

While monoclonal antibodies (mAbs) made up only 20% of biologics salesin 2000, this
segment is growing more rapidly than biologicsin total. In 2007, total global monoclonal
antibody sales reached $26 billion and are forecast to almost double to $49 billion by 2013.
While small molecule drug sales will continue to make up the majority of total market sales, the
mAb market, with a compound annual growth rate (CAGR) of almost 11% will continue to grow
at amuch greater rate than their small molecule counterpart (DataM onitor 2008). With the
expanding development and approval of mAbs comes the demand for production capacity by
pharmaceutical companies.

As of today, thereisadistinct shortage in cell culture capacity (Mallik 2006). Thereis
currently awealth of biopharmaceuticals that are either in Phase 11 of clinical trials or have been
already approved. However, much of the world’ s cell-culture capacity is currently being utilized,
and thereisalack of plant space for these newer drugs. Therefore, our plansto create aflexible
biopharmaceutical manufacturing plant will help to address this demand. Not only isthere a
demand for manufacturing space in our facility, but there are also growing demands for the

specific anti-TNF-a that the process described herein plans to manufacture.

-12-
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3.1.1 Principle Competition Production L evelsand Sales

Currently, the majority of drugs on the market which are similar to the anti-TNF-a

protein being produced in this facility are non-PEGylated proteins which are very expensive and

require frequent large-volume injections. Leading competitors for rheumatoid arthritis/Crohn’s

therapeutic proteins include J& J Centocor/Schering Plough’s Remicade®, Abbott’s Humira®,

and Amgen/Wyeth's Enbrel®. As seen in Table 3.1 these products, as well as other monoclonal

antibodies currently in the market) generate very large revenues. However, we can expect our

product to generate similar revenues, as our product will be more effective and more appealing to

patients than existing therapies. There are two known major competitors for this PEGylated

product, as Celltech and Pfizer currently have a similar product in Phase 111 clinical trials and

Cimziajust had the first humanized PEGylated anti-TNF-o Fab’ protein approved by the FDA.

Production quantity for selected Mabs

BDS = bulk drug substance, total quantity < 10 tons/year

Product Marketing companies 2007 revenue Estimated
[US$ million] quontity

[annual kg BDS]

Enbrel” Amgen /Wyeth 5275 1.020
Remicade J&J Centocor / Schering Plaugh 4975 1.098
Rituxan /MabThera | Genentech / Roche 4600 3 5 b7
Herceptin | Genentech / Roche 4,046 | 1.015
Avastin | Genentech / Roche 3424 873
Humira Abbott 3.000 121
Kolair Genentech / Novartis 613 246
Tysabri Biogen Idec / Elan 343% 51
Vectibix Amgen 170 28

*JEnbrel is a Fe fusion protein: dose requirements, treatment cost, and production process is very similar to monoclonal antibodies

Table 3.1 Production levels and sales for principle competition (Jagschies 2009)

-13-
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3.1.2 Customer Requirements

The customer requirements for this manufacturing facility fit a design concept that is
new-unique-difficult (NUD). The primary customers of this CMO facility will be the
biotechnology firms who wish to produce these drugs; and the primary focus of the facility
should be to provide the technology required to produce the drugs these companies currently
wish to manufacture. It isimportant that this facility is equipped with the newest technology in
order to produce innovative drugs that fulfill the needs of the patients buying these products from
the biotechnology companies. In either case, production capabilities must meet the requirements
of the most current technologies, as well as anticipate the next generation of drugs. Asthere are
available therapies for the same target as the drug being modeled, this facility focuses on
providing flexible options in order to offer the capability to make innovative new products and
replace existing ones. The PEGylated anti-TNF-a mAb being modeled will have enhanced
effects over existing non-PEGylated products, asit will remain in the body longer, require
smaller volume and less frequent injections, and potentially can be offered at alower cost to the

customer than the highly expensive therapies that exist in the market (Schlesselman, 2008).
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3.2 Block Flow Diagram

The diagram below depicts the overall process, as well as the three different possible

production routes that can be implemented in creating the final product.

1 2 3 4
Innoculum Seed Bioreactor Seed Bioreactor Production
FPrep 1 2 Bioreactor
L 4
5 Coa Ga
WE=Te 2] .
‘ N ‘ Disulfi Eie
Primary PEGylation Pepsin Reduction
Recovery Cleavage
6b
Papain
Cleavage
k 4
7
Protein A
Chromatography
8 9 10
Chemical Virus Cation Exchange Anion Exchange No PEGyation
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PEGylation
¥
{11) {12) {13) 14
Thiol PEGylation Cation Exchange Final
Reduction Reaction Chromatography Formulation
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4.0 Process Flow Diagrams

The following pages contain the process flow diagrams and material balances describing
the flexible manufacturing facility for the production of monoclonal antibodies. Flexibility in the
facility is provided by the ability to create three different products through the utilization and/or
bypass of certain unit(s). The final monoclonal antibody produced can be either cleaved and
PEGylated, cleaved and not PEGylated, or neither cleaved nor PEGylated (see block flow

diagram, p.11).
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4.1.1 Overall Material Balance PFD-01

' OVERALL COMPONENT BALANCE (kg/batch) |

COMPONENT INITIAL INPUT OUTPUT FINAL OUT-IN
Amino Acids 0.00 34.00 3.49 0.20 -30.32
Biomass 0.00* 0.00 167.26 0.00 167.26
Carbon Dioxide 0.00 0.00 338.58 0.29 338.87
Dead Biomass 0.00 0.00 17.14 0.00 17.14
Glucose 0.00 143.88 14.75 0.83 -128.30
Glutamine 0.00 16.64 171 0.10 -14.84
Inorganic Salts 0.00 348.53 35.72 2.01 - 310.80
L actate 0.00 0.00 118.59 0.00 118.59
MAB 0.00 0.00 34.32 0.00 34.32
Nitrogen 30.74 16763.30 16776.38 17.66 0.00
Other Media Components 0.00 3.01 0.31 0.02 -2.69
Oxygen 9.33 5089.01  4605.18 4.94 - 488.22
Phosphoric Acid 0.00 233.54 233.54 0.00 0.00
Sodium Hydroxide 0.00 4451 4451 0.00 0.00
Vitamins 0.00 142 0.15 0.01 -1.27
Water 0.00 0.00 300.26 0.00 300.26
WFI 0.00 41604.18 41593.90 10.28 0.00
TOTAL 40.07 64282.02 64285.77 36.32 0.00

*Refers to alow inoculum concentration of initial biomass at the start of the process.
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Flexible Manufacturing Facility for Biopharmaceuticals

4.2.1 Overall Material Balance PFD-02

OVERALL COMPONENT BALANCE (kg/batch) |

COMPONENT INITIAL INPUT OUTPUT FINAL OUT-IN
Amino Acids 0.00 3.49 3.49 0.00 0.00
Acetic-Acid 0.00 15.80 15.80 0.00 0.00
Biomass 0.00 167.26 167.26 0.00 0.00
Cysteine-HCI 0.00 5.45 5.45 0.00 0.00
Dead Biomass 0.00 17.14 17.14 0.00 0.00
EDTA, Disodium 0.00 9.02 9.02 0.00 0.00
EDTA, Sodium 0.00 11.59 11.59 0.00 0.00
Glucose 0.00 14.75 14.75 0.00 0.00
Glutamine 0.00 171 171 0.00 0.00
Impurities 0.00 0.00 0.54 0.00 0.54
Inorganic Salts 0.00 35.72 35.72 0.00 0.00
Lactate 0.00 118.59 118.59 0.00 0.00

MAB 0.00 34.32 4.87 0.00 -29.45
mAb Fab 0.00 0.00 19.09 0.00 19.09
mAb Fc 0.00 0.00 9.82 0.00 9.82
Nitrogen 30.56 13.97 13.80 30.73 0.00
Other Media Components 0.00 0.31 0.31 0.00 0.00
Oxygen 9.28 4.24 4.19 9.33 0.00
Papain 0.00 154043  1540.43 0.00 0.00
Phosphoric Acid 0.00 240.08 240.08 0.00 0.00
Polysorbate 80 0.00 0.10 0.10 0.00 0.00
Sodium Chloride 0.00 5.79 5.79 0.00 0.00
Sodium Citrate 0.00 2.85 2.85 0.00 0.00
Sodium Hydroxide 0.00 87.33 87.33 0.00 0.00
Sodium Phosphate 0.00 4.20 4.20 0.00 0.00
TRISBase 0.00 5.79 5.79 0.00 0.00
TRISHCI 0.00 224.16 224.16 0.00 0.00
Vitamins 0.00 0.15 0.15 0.00 0.00
Water 0.00 19696.99 19696.99 0.00 0.00
WEFI 0.00 48806.42 48806.42 0.00 0.00
TOTAL 39.84  71067.63 71067.41 40.06 0.00
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Flexible Manufacturing Facility for Biopharmaceuticals

4.3.1 Overall Material Balance PFD-02a

COMPONENT INITIAL INPUT OUTPUT
Amino Acids 0.00 0.29 0.29
Acetic-Acid 0.00 67.11 67.11
Biomass 0.00 184.88 184.88
Dead Biomass 0.00 18.94 18.94
EDTA, Sodium 0.00 49.20 49.20
Glucose 0.00 1.23 1.23
Glutamine 0.00 0.14 0.14
Impurities 0.00 0.00 0.95
Inorganic Salts 0.00 2.98 2.98
Lactate 0.00 131.08 131.08
mAb 0.00 37.94 36.98
Nitrogen 33.52 18.21 17.81
Other Media Components 0.00 0.03 0.03
Oxygen 10.18 5.53 541
Phosphoric Acid 0.00 199.19 199.19
Polysorbate 80 0.00 0.09 0.09
Sodium Chloride 0.00 24.60 24.60
Sodium Citrate 0.00 12.09 12.09
Sodium Hydroxide 0.00 112.27 112.27
TRISBase 0.00 24.60 24.60
TRISHCI 0.00 73.81 73.81
Vitamins 0.00 0.01 0.01
Water 0.00 19728.62 19728.62
WFI 0.00 80412.48 80412.48
TOTAL 43.69 101105.34 101104.81
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FINAL

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
33.92
0.00
10.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
44.22

OuUT-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.95
0.00
0.00
- 0.954
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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441 Overall Material Balance PFD-03a

OVERALL COMPONENT BALANCE (kg/batch) |

COMPONENT INITIAL  INPUT ~ OUTPUT  FINAL O
2-MEA 0.00 0.08 0.08 0.00 0.00
Amino Acids 0.00 3.49 3.49 0.00 0.00
Biomass 0.00 167.26 167.26 0.00 0.00
Dead Biomass 0.00 17.14 17.14 0.00 0.00
EDTA, Sodium 0.00 432.20 432.20 0.00 -0.00
F(ab'), Fragments 0.00 0.00 0.92 0.00 0.92
Glucose 0.00 14.75 14.75 0.00 0.00
Glutamine 0.00 171 171 0.00 0.00
HCI 0.00 0.02 0.02 0.00 0.00
Impurities 0.00 0.00 0.98 0.00 0.98
Inorganic Salts 0.00 35.77 35.77 0.00 0.00

Lactate 0.00 118.59 118.59 0.00 - 0.000

mAb 0.00 34.32 4.77 0.00 - 29.55

mAb Fab 0.00 0.00 14.31 0.00 14.31
mAb Fc 0.00 0.00 13.33 0.00 13.33

Nitr ogen 49.10 33.83 34.81 48.11 -0.00
Other Media Components 0.00 0.31 0.31 0.00 0.00
Oxygen 14.91 10.27 10.57 14.61 -0.00
Pepsin 0.00 1540.43 1540.43 0.00 0.00
Phosphoric Acid 0.00 400.60 400.60 0.00 0.00
Sodium Acetate 0.00 51.17 51.17 0.00 -0.00
Sodium Chloride 0.00 12965.87  12965.87 0.00 -0.00
Sodium Hydroxide 0.00 93.39 93.39 0.00 0.00
Sodium Phosphate 0.00 4082.05 4082.05 0.00 -0.00
TRISHCI 0.00 206.78 206.78 0.00 0.00
Vitamins 0.00 0.15 0.15 0.00 0.00
Water 0.00 15220.82  15220.82 0.00 -0.00

WEFI 0.00 75680.08  75680.08 0.00 -0.00
TOTAL 64.00 111111.03 111112.31 62.73 0.00
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4.5 PFD-03b (for product that is cleaved and PEGylated)

9T 91SeM\

uone .y a|llals

£02-3a / 85 )
v12d / LGd J02-A/ 95-d

uonen|yeq _ yue] ebelois dwnd
90¢-A/€5d  ZTZ4d/2Ssd

dwng

dwng

uolreAloRU| SNUIA

¥0¢-4a / vSd

9-¢ 1IdM\ [
0€e-s

€T¢INd / SSd
: GT 9IS/ [m+—

-2 1IN0 1AM @.|H_

SE€¢-S

-

6¢¢-S

GT JUSA
1€2-S
G-ZiHM PTIUSA
uoIileAnldBU| SNIIA |edIWayD
dwnd
V1 91SeM dwind Aydeiborewoiyd v ue1oid
TTZNd / 0Sd 012\ /8Y=d
uonenjd 8IS L 1020/ 6vd
€T S1SeM 9¢e-s m M..Ico:o: 9y “JINSI WO 1] =iy
20230/ 15d _lm..l_ 4 ‘ nonpay “yinst

&

J

"6ay-viod
‘IN3-v10.d

UseM-viod

444444

‘linbg-vio.d _ Aydeiborewoly) vy-uialoid

-25-



Flexible Manufacturing Facility for Biopharmaceuticals

45.1 Overall Material Balance PFD-03b

COMPONENT INITIAL INPUT OUTPUT
2-MEA 0.00 0.01 0.01
Amino Acids 0.00 0.00 0.00
Acetic-Acid 0.00 0.51 0.51
Dead Biomass 0.00 0.01 0.01
EDTA, Sodium 0.00 25.57 25.57
Glucose 0.00 0.01 0.01
Glutamine 0.00 0.00 0.00
Impurities 0.00 0.23 0.23
Inorganic Salts 0.00 0.03 0.03
Lactate 0.00 0.08 0.08
mAb 0.00 0.02 0.02
MAb Fab Fragments 0.00 14.31 14.31
MADb Fc Fragments 0.00 0.23 0.23
Nitrogen 521 5.58 543
Other Media Components 0.00 0.00 0.00
Oxygen 1.58 1.70 1.65
Phosphoric Acid 0.00 82.73 82.73
Polysor bate 80 0.00 0.09 0.09
Sodium Acetate 0.00 0.19 0.19
Sodium Chloride 0.00 756.15 756.15
Sodium Citrate 0.00 0.09 0.09
Sodium hydroxide 0.00 50.31 50.31
Sodium Phosphate 0.00 238.00 238.00
TRISBase 0.00 0.19 0.19
TRISHCI 0.00 3.50 3.50
Vitamins 0.00 0.00 0.00
Water 0.00 7460.49  7460.49
WFI 0.00 15557.20 15557.20
TOTAL 6.79 2419725 24197.04
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FINAL
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.37
0.00
1.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.00

OUT-IN
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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4.6 PFD-04*
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4.6.1 Overall Material Balance PFD-04

OVERALL COMPONENT BALANCE (kg/batch)

COMPONENT INITIAL INPUT OUTPUT FINAL OUT-IN
2-MEA 0.00 0.00 0.00 0.00 0.00
Amino Acids 0.00 0.00 0.00 0.00 0.00
Acetic-Acid 0.00 0.01 0.01 0.00 0.00
EDTA, Sodium 0.00 0.67 0.67 0.00 0.00
Glucose 0.00 0.00 0.00 0.00 0.00
Glutamine 0.00 0.00 0.00 0.00 0.00
Impurities 0.00 0.09 0.09 0.00 0.00
Inorganic Salts 0.00 0.00 0.00 0.00 0.00
Lactate 0.00 0.00 0.00 0.00 0.00
mAb Fab Fragments 0.00 14.31 14.31 0.00 0.00
MES 0.00 104.52 104.52 0.00 0.00
Nitrogen 22.80 0.00 20.52 2.28 0.00
Other Media Components 0.00 0.00 0.00 0.00 0.00
Oxygen 6.92 0.00 6.23 0.69 0.00
Phosphoric Acid 0.00 84.26 84.26 0.00 0.00
Polysorbate 80 0.00 0.09 0.09 0.00 0.00
Sodium Acetate 0.00 0.01 0.01 0.00 0.00
Sodium Chloride 0.00 102.81 102.81 0.00 0.00
Sodium Hydroxide 0.00 48.08 48.08 0.00 0.00
Sodium Phosphate 0.00 6.36 6.36 0.00 0.00

TRISBase 0.00 18.71 18.71 0.00 - 0.000
TRISHCI 0.00 0.08 0.08 0.00 0.00
Vitamins 0.00 0.00 0.00 0.00 0.00
Water 0.00 28322.06 28322.06 0.00 0.00

WFI 0.00 22975.18 22975.18 0.00 - 0.000
TOTAL 29.72  51677.23 51703.98 2.97 0.00
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4.7 PFD-05
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4.7.1 Overall Material Balance PFD-05

OVERALL COMPONENT BALANCE (kg/batch)

COMPONENT INITIAL INPUT OUTPUT FINAL OUT-IN
2-MEA 0.00 8.90 8.90 0.00 0.00
EDTA, Disodium 0.00 221 221 0.00 0.00
EDTA, Sodium 0.00 5.64 5.64 0.00 0.00
Impurities 0.00 0.00 0.00 0.00 0.00

mAb Fab Fragments 0.00 12.89 0.64 0.00 -12.242
MacroCap SP 2026.87 0.00 2026.87 0.00 0.00
MES 0.00 0.46 0.46 0.00 0.00

Nitrogen 14.53 5.63 5.36 14.79 - 0.000

Oxygen 441 171 1.63 4.49 - 0.000

PEG 0.00 225.48 216.17 0.00 -9.304
PEGylated mAb Fragments 0.00 0.00 20.93 0.00 20.93
Phosphate 0.00 109.60 109.60 0.00 0.00
Phosphoric Acid 0.00 231.33 231.33 0.00 0.00
Reduced mAb Fab Fragments 0.00 0.00 0.61 0.00 0.61

Sodium Chloride 0.00 103.85 103.85 0.00 - 0.000
Sodium hydroxide 0.00 76.62 76.62 0.00 0.00
TRISBase 0.00 15.25 15.25 0.00 0.00
Water 0.00 2324295 23242.95 0.00 0.00

WFI 0.00 43496.39  43496.39 0.00 - 0.000
TOTAL 204581 67538.89 69565.42 19.29 0.00

-30-



Flexible Manufacturing Facility for Biopharmaceuticals

4.8 PFD-06
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4.8.1 Overall Material Balance PFD-06

COMPONENT INITIAL INPUT OUTPUT
Impurities 0.00 0.00 0.00
KCI 0.00 0.00 0.00
KH,PO, 0.00 0.00 0.00
mADb Fab Fragments 0.00 0.00 0.00
Na,HPO, 0.00 0.42 0.42
Nitrogen 124 0.43 0.43
Oxygen 0.38 0.13 0.13
PEGylated mAb Fragments 0.00 18.89 18.42
Phosphate 0.00 0.24 0.24
Phosphoric Acid 0.00 30.85 30.85
Sodium Chloride 0.00 10.32 10.32
Sodium Hydroxide 0.00 8.38 8.38

Water 0.00 5968.23  5968.23

WEFI 0.00 4301.37  4301.85

TOTAL 161 10339.26  10339.26
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FINAL
0.00
0.00
0.00
0.00
0.00
1.24
0.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
161

OUT-IN
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.472
0.00
0.00
0.00
0.00
0.00
0.47
0.00
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5.0 Production Process Description
5.1 Preliminary Steps (BFD-01)
5.1.1 Buffer Preparation

Buffers needed for the process are prepared in sterile disposable containers located in a
buffer prep room. This greatly aids in quality and compliance. Disposable containers eliminate
the requirements for clean in place (CIP) and steam in place (SIP) validation (See Appendix A),
especially in-process quality control (QC) documentation, service, and calibration requirements.
In addition, disposables eliminate the possibility of residual carryover from batch to batch and
contamination with CIP agents.

Buffers, in most cases, will be diluted in-line with water for injection (WFI). Once at full
volume, the buffers will be tested and verified to make sure that they are at the proper pH. If the
buffers are incorrectly prepared, they will need to be adjusted before a calculated amount is
placed in individual transfer bags for usein the process. Before any buffer is added to any of the
bioreactors, it must first pass through a 0.2 um sterile filter to ensure that any bacteria or other
contaminants have been properly removed.

5.1.2 Media Preparation

EX-CELL® ACF CHO Serum Free Medium purchased from Sigma-Aldrich® is used
exclusively for this process. For theinitial inoculum steps in which small volumes of media are
needed, aliquid form of the media purchased directly from Sigma-Aldrich® is used, while a
powdered version of the media mixed with WFI in storage/mixing tanksis used for the seed
bioreactor sections through the production bioreactor section. The solution will be 2% by mass
powdered media and 98% by mass WFI. Both forms of media come from the same lot of
material so the cellswill experience no changes due to the use of powdered versus liquid media

asthey travel through the process. Before any mediais added to any of the bioreactors, it must
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first pass through a 0.2 um sterile filter to ensure that any bacteria or other contaminants have

been properly removed.

5.2 Inoculum Prep Section (BFD-01)
5.2.1 T-Flasks (TFR-101)

First, aprovided vial of cellsfrom R&D isremoved from afreezer and stored in a
biosafety cabinet until fully thawed. Once thawed, the cells are resuspended in fresh media and
centrifuged. The supernatant is discarded. Twenty 225 mL Nunc non-treated, sterile t-flasks are
then each initially inoculated with one million of these cellsand 106 mL of serum free media
using serological pipettes. Each t-flask thus has aworking volume of 50% to allow for proper
agitation as recommended by Nunc International from which these t-flasks are being purchased.
The t-flasks are stored on rockersin an incubator at 37°C over the course of 4 days. The media
will equilibrate around a neutral pH of 7.0. However, thisis considered to be an uncontrolled
system so the pH may range anywhere from 6.5 to 7.5. The incubator allows for necessary
aeration so that the cells can obtain the oxygen they need for growth. However, limitations due to
oxygen are expected.

5.2.2 Roller Bottles (RBR-101)

Next, the cultures from the t-flasks are pooled together in a sterile glass vessel. A sterile
serological pipetteis used to transfer about 196 mL of cultureto each of eleven 2.2 L standard
roller bottles. An additional 800 mL of fresh serum free mediais added to each of these bottles
such that each roller bottle has a working volume of 50% to allow for proper agitation as
recommended by the manufacturer Nunc International. The roller bottles are stored in a
rotational incubator at 37°C over the course of 4 days. Again, the mediawill equilibrate around a

neutral pH of 7.0 despite this being an uncontrolled system with a pH that may range anywhere
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from 6.5 to 7.5. The incubator allows for necessary aeration so that the cells can obtain the
oxygen they need for growth. However, limitations due to oxygen are expected.
5.2.3 Bag Bioreactor 1 (BBS-101)

The cultures are then pooled two at atimein asterile glassvessel. 1.38 L of culture are
transferred from this vessel with connected tubing via a peristaltic pump on a movable cart to
each of eight 20 L bag bioreactors. An additional 7.5 L of fresh serum free mediais added to
each of these disposable bags such that each has a working volume of 50% to allow for proper
mixing as recommended by Sartorius Stedim Biotech. Process control is achieved through
disposable optical chemical pH and dissolved oxygen (DO) sensors with feedback control of
both values being available for the process. The temperature is kept at 37°C over the course of 4
days. The pH ismaintained at 7.0, which is recommended for CHO cell growth, while the
dissolved oxygen level is maintained at 50%. The bag bioreactor allows for necessary aeration so
that the cells can obtain the oxygen they need for growth.

5.2.4 Bag Bioreactor 2 (BBS-102)

Next, the cultures are transferred from the eight 20 L bag bioreactors via a peristaltic
pump on a movable cart to seven 100 L bag bioreactors. An additional 35.7 L of fresh serum free
mediais added to each of these disposable bags such that each has a working volume of 50% to
allow for proper agitation as recommended by Sartorius Stedim Biotech. Process control is
achieved through disposable optical chemical pH and DO sensors with feedback control of both
values being available for the process. The temperatureis kept at 37°C over the course of 4 days.
The pH ismaintained at 7.0, while the dissolved oxygen level is maintained at 50%. The package

allows for necessary aeration so that the cells can obtain the oxygen they need for growth.
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5.3 Seed Bioreactor Sections (BFD-02/ BFD-03)
5.3.1 Seed Bioreactor 1 (SBR-101)

Following the 4 days of time in the second set of bag bioreactors, the cells are transferred
from the seven 100 L bag bioreactors via a peristaltic pump on amovable cart to a 1500 L seed
bioreactor. As described in the media preparation section (5.1.2), about 667 L of fresh serum free
mediais prepared and added to the bioreactor after passing through a sterile filter to remove
possible contaminants such as bacteria. Seed bioreactor 1 has a working volume of 70% to allow
for proper agitation with an installed agitator. Process control is achieved using a package
provided by ABEC. The temperature is kept at 37°C over the course of 4 dayswith apH of 7.0
and aDO level of 50%.

5.3.2 Seed Bioreactor 2 (SBR-102)

The cells must then be transferred from the 1500 L bioreactor, via a permanent peristaltic
pump, to a4500 L seed bioreactor for additional scale up. About 2066 L of fresh serum free
mediais prepared and added to the bioreactor after passing through a sterile filter to remove
possi ble contaminants such as bacteria. Seed bioreactor 2 has aworking volume of 70% to allow
for proper agitation with an installed agitator. Process control is achieved using a control
package provided by ABEC. The temperature is kept at 37°C over the course of 4 days with apH
of 7.0 and aDO level of 50%.

5.4 Production Bioreactor Section (BFD-04)
5.4.1 Production Bioreactor (PBR-101)

In order to obtain a 3.5 g/L titer of monoclonal antibodies in solution, the cells must be
transferred to a 14,000 L fed-batch production bioreactor, via a permanent peristaltic pump,
where they are allowed to continue to grow and secrete this valuable product. Serum free media

and glucose will be incrementally added throughout the process in order to obtain the desired
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titer level. About 2066 L of fresh serum free mediais prepared and added to the bioreactor at the
very start of fermentation while additional amounts will be added over the course of 12 days.
The production bioreactor has a working volume of 70% to allow for proper agitation with an
installed agitator. Process control is achieved using a control package provided by ABEC, and
the temperature will be maintained at 37°C with a set point pH of 7.0. Two production
bioreactors of equal size are staggered in order to provide a greater capacity and output of
monoclonal antibodies that also reduces the amount of idle cycle time. See the scheduling
section for more information.

5.5 Primary Recovery Section (BFD-05)

5.5.1 Harvest Tank (P-26/V-201)

After the harvest tank isinitially sterilized with SIP operations, the contents of the
production bioreactor are transferred to this unit though a peristaltic pump. Thetank is
maintained at 1-2 psig and 25°C. The pH of the harvest tanksis adjusted to 7.0 with 0.1 M
H3PO,. Once these measures have taken place, the product is ready to be purified. As a safety
precaution, all wastes removed from this section of the process are collected in a biowaste tank,
and sterilized by heating to 180 °C. After the product stream fully exits the harvest tank, this unit
is cleaned with CIP operations.

5.5.2 Centrifugation (P-28/DS-201)

The generated biomass and other suspended components are removed using a Disc-Stack
centrifuge (DS-201). The centrifuge is operated at 25°C, with a throughput of 2,000 L/h. During
this step, roughly 2% of the monoclonal antibody islost in the solids waste stream, resulting in a
product yield of 98%. The supernatant containing the monoclonal antibody then passes through a

0.2 um sterile filter before entering a centrifugation pool tank (P-32/V-202) to await further
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processing. The centrifuge and centrifugation holding tank are sterilized through SIP and CIP
operations. The sterile filtration membranes are disposed of after each batch.

5.6 Pepsin Cleavage (BFD-06a)

5.6.1 Diafiltration (P-35/DF-201)

Following centrifugation, the product-containing stream is split and passes through two
diafiltration units to concentrate the stream from 3.56 g/L to 10.36 g/L of mADb, thus preparing it
for pepsin cleavage. Filters are used with a pore size which correlates to a molecular weight
cutoff (MWCO) of 30 kDa so that 150 kDa mAbs are retained. The diafiltration unit is
maintained at 25°C, and has a pressure change of 43.5 psig associated with it. This diafiltration
system, including reusable membranes, is sterilized through SIP and CIP operations after each
batch.

5.6.2 Pepsin Cleavage (P-36/R-201)

Upon entering the cleavage reactor, the concentrated monoclonal antibody stream is
mixed with an equal amount of digestion buffer (made up of 20 mM sodium acetate and pH
adjusted to 4.5 using hydrogen chloride). Pepsin (immobilized on 6% cross-linked beaded
agarose) is then transferred into the reactor, and the reaction vessel is heated to 37°C. The reactor
ismaintained at this temperature with constant agitation for 5 hours. The cleavage reaction
produces one F(ab’), fragment and one Fc fragment from each individual antibody (see figure
2.3). Thereaction vessdl is sterilized with SIP and CIP operations.

5.6.3 Plate and Frame Filtration (P-38/PFF-201)

Following the cleavage reaction, the immobilized pepsin is removed from the product
stream through plate and frame (P& F) filtration. The plate and frame filtration system operates at
25°C and has a total filter area of 23.23 m?. Following the initial filtration, the filter cakeis

washed with 2322.94 L of 10 mM Tris-HCI, pH 7.5 for maximum product recovery. The pepsin
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removed from thisfiltration can be washed and reused for additional cleavage reactions, but for
the purposes of this analysis this has not been model. The enclosed P&F filtration unit is
sterilized with SIP and CIP procedures.

5.6.4 Diafiltration (P-42/DF-202)

Following P& F filtration, the product stream passes through another diafiltration unit.
This diafiltration step is used to exchange the buffer of this stream to that necessary for the
disulfide reduction reaction and concentrate the F(ab’), from 4.6 mg/mL to 10 mg/mL. The
reduction protocol indicates that any similar buffer to that given with a concentration of EDTA
between 1-10 mM is acceptable for this reaction, so the same buffer is used as that given in the
protocol and used later in the process for the PEGylation reaction. This reduction buffer is made
up of 20 mM EDTA and 0.1 M sodium phosphate at a pH of 6.0. Filters are used withaMWCO
of 30 kDa so that 100 kDa F(ab’), fragments are retained, while some of the very small degraded
Fc fragments (< 50 kDa) created during the cleavage reaction are filtered out. The diafiltration
unit is maintained at 25°C, and has a pressure change of 43.5 psig associated with it. Cleaning is
performed before and after every batch using CIP and SIP procedures.

5.6.5 Disulfide Reduction (P-44/R-202)

Once the F(ab’), fragments are produced in the cleavage reaction and transferred to
reduction buffer in the diafiltration step, they are ready to go into the disulfide reduction reactor.
The hinge region disulfide bonds are broken by the mild reducing agent
2-Mercaptoethylamine-HCl (2-MEA), which will only reduce these bonds unlike stronger thiols
which may also reduce the disulfide bonds between the heavy and light chains of the Fab’
fragments (Humphreys et al., 2007). This reaction then gives two 50 kDa Fab fragments from
each F(ab’), molecule, each of which retains a portion of the hinge region, including a cysteine
(See Figure 2.4). This cysteine contains a thiol group which can then be specifically PEGylated

later in the process (Humphreys et al., 2007). 2-MEA at a concentration of 50 mM is reacted
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with the F(ab’), stream in reduction buffer at 37°C for 90 minutes in order for thisreaction to
occur. The reactor is then returned to room temperature (25°C). Validated cleaning is performed
before and after every batch using CIP and SIP procedures.

5.6.7 Diafiltration (P-47/DF-203)

After the reduction reaction goes to completion, the product stream is split and passes
through another diafiltration unit. This diafiltration step is used to exchange the reduction buffer
with WFI so that the Fab’ fragments can go into the Protein-A chromatography column, while
maintaining the same Fab’ concentration of 10 mg/ml. Filters are used with aMWCO of 10 kDa
so that 50 kDa Fab’ fragments are retained, while any remaining 2-MEA (114 Da) from the
reduction reaction are filtered out. The diafiltration unit is maintained at 25°C, and has a pressure
change of 14.5 psig associated with it. Cleaning is performed before and after every batch using
CIP and SIP procedures.

5.7 Protein A Chromatography (BFD-07)
5.7.1 Protein A Chromatography (P-49/C-201)

This chromatography step is used to purify the monoclonal antibody Fab’ fragments and
remove the bulk of contaminant (unwanted) proteins in the production stream. The Fc fragments
produced during the cleavage reaction bind to this affinity chromatography column, and can thus
be separated from the Fab’ products. Before loading the product stream onto the column, the
column and skid undergo some preparatory steps. First, the system is drained to remove the
storage solution (regeneration buffer). The skid and column are cleaned by flushing with WHI,
and then equilibrated by flushing with equilibration buffer. All wastes are drained into the
neutralization waste tank.

The product stream is then loaded into the column with alinear velocity of 200 cm/h. The

resinin use, nProtein A sepharose, has a binding capacity of 50 g/l. After loading, the column is
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washed with Wash Buffer. The column is then eluted isocratically with an eluant volume five
packed bed volumes. Theyield for the mAb Falby’ fragments for this step is 90%.

The column is regenerated with regeneration buffer, and then cleaned in place using a
separate chromatographic rig CIP, which involves awash with 0.1M NaOH, followed by awash
with WFI.

5.8 Chemical VirusInactivation (BFD-08)
5.8.1 Diafiltration (P-54/DF-204)

The protein solution then passes through a sterile filtration unit to a diafiltration system.
The stream is concentrated 5X and diafiltered 2X. The yield on product is 97%, as a small
percentage is denatured in the process. This diafiltration step removes salts, solvents and other
unwanted components from the solution, resulting in a higher concentration of cleaved
monoclonal antibody. Filters are used with aMWCO of 10 kDa so that 50 kDa Fab' fragments
areretained. Thisdiafiltration is operated at 25°C. The diafiltration systemis cleaned with SIP
and CIP procedures.

5.8.2 Chemical VirusInactivation (P-56/V-207)

The concentrated protein solution is chemically treated for 1.5 hours with polysorbate 80
to inactivate enveloped viruses. Polysorbate 80 (also known as Tween 80) is an extremely mild
and effective oil-in-water emulsifier and solubilizer. This chemical disrupts the interactions
between molecules in the lipid coat of viruses, rendering the coat dysfunctional and impeding
replication. This process operates at 25°C. The chemical virusinactivation tank is later cleaned
with SIP and CIP procedures.

5.9 lon Exchange Chromatography (BFD-09/BFD-10)
lon exchange chromatography makes use of the charge properties of moleculesto

separate them. By changing both the ionic concentration and the pH of a solution, the charge of a
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molecule can be manipulated, allowing it to bind to opposite charged resins that are packed in a
column.
5.9.1 Cation Exchange Chromatography (P-68/C-301)

Cation exchange chromatography is used to bind positively charged moleculesto its
negatively charged resins. The Fab is positively charged under acidic conditions, such as Cation
Buffer A (pH 5.5), and binds to the cation exchange resin, Toyopearl Gigacap S-650M. The
column is manufactured by GE-Healthcare and is a Chromaflow 1000 column. The columnis 1.0
m in diameter, 0.50 m tall, and has a bed height of 0.137 m and a column volume of 392.7 L.
The distributor is made of polypropylene; the seals are made of FEP-encapsulated silicone; and
the remaining parts are made of 316L stainless stedl.

After loading the column with the resin, the column is equilibrated with five column
volumes of Cation Buffer A using the Cat-Equil stream from tank V-301. Cation Buffer A
contains MES (2-(N-morpholino)ethanesulfonic acid) at apH of 5.5. MES was chosen instead of
the more common acetate buffers because acetate buffers need to be used at a pH of 4.5, which
can lead to insolubility, denaturation, and loss of activity of the Fab. The incoming solution
containing the Fab will first be mixed onlinein a 1:9 ratio with Cation Buffer A and loaded into
the column. At lower pH, the monoclonal antibody fragment has a positive net charge, alowing
it to bind to the negatively charged resin. Because only the monoclonal antibody fragments bind,
other impurities, such as host cell proteins and any leached Protein A particles flow through to a
waste stream (Waste-15). The beads are then washed with 5 column volumes of Cation Buffer A
using the Cat-Wash stream to remove any extra waste still in the resin. The Fab fragments are
then eluted in agradient with 15 column volumes of Cation Buffer B (stream Cat-Elute from
tank V-302, diluted with Cat-WFI), which contains sodium chloride, a salt that disrupts theionic
binding between the resin and the fragments. Compl ete stripping and regeneration of the column

isthen performed with 5 column volumes of Cation Buffer B to completely remove all
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substances bound to the column, allowing it to be reused. Clean-In-Place is then performed using
a separate chromatographic rig, which involves a wash with 0.1M NaOH, followed by awash
with WFI.

5.9.2 Anion Exchange Chromatography (P-71/C-302)

Anion exchange chromatography is then used to bind negatively-charged molecules to its
positively charged resin (Toyopearl SuperQ-650M). The column isrun in flow-through mode,
meaning the monoclonal antibody fragments will not bind, but will instead flow through the
column due to its positive charge. The molecules that do bind to the column are negatively-
charged and include DNA, retrovirus, and endotoxins, all of which are extremely undesirable
molecules. The column is manufactured be GE-Healthcare and is a Chromaflow 600 column. It
is0.6 min diameter, 0.5 mtall, with abed height of 0.205 m. It isa smaller version of the cation
exchange column, and is made of the same materials: 316L stainless steel body, polypropylene
distributor, and silicone seals.

With the resin already loaded into the chromatography column, the column is then
equilibrated with 5 column volumes of Anion Buffer A fed from stream Anion-Equil from tank
V-304. Anion Buffer A, which contains Tris and NaCl at apH of 7.5, changes the conductivity
of the monoclonal antibody solution to ensure the proper conditions for flow-through. Stream S-
302 will first be mixed in tank VV-303 with Anion Buffer A from stream Anion-Load and then
loaded into anion exchange column C-302. The column binds any negatively charged particles,
such as DNA, endotoxin, and retrovirus. The flow-through contains the monoclonal antibody
fragment and is collected in storage tank V-306. The beads are then eluted with 2 column
volumes of Anion Buffer A to ensure no product is retained in the resin. The column is then
stripped and regenerated with 8 column volumes of Anion Buffer B, which contains a higher
concentration of sodium chloride than Anion Buffer A and is used to disrupt theionic

interactions between the resin and any bound particles. The waste from stripping and
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regeneration is output through Waste-16. CIP procedures are then performed using a separate
chromatographic rig, which involves awash with 0.1M NaOH, followed by a wash with WFI.
5.10 PEGylation: Thiol Reduction (BFD-11)

5.10.1 Diafiltration (P-81/DF-401)

Following the ion exchange chromatography steps, the product stream is split and passes
through another diafiltration unit. This diafiltration step is used to exchange the buffer of this
stream to the buffer that is necessary for the disulfide reduction reaction. In addition, this
diafiltration process will concentrate the Fab’ fragments from 3.9 mg/ml to 10 mg/ml. The
reduction protocol indicates that any similar buffer to that given, with a concentration of EDTA
between 1-10mM, is acceptable for this reaction. Therefore, the same buffer is used for this
reaction as that which is utilized for the PEGylation reaction (Humphreys 2007). This reduction
buffer is made up of 2.0 mM EDTA and 0.1 M Sodium Phosphate, pH 6.0. Filters are used with
aMWCO of 30 kDa so that 50 kDa Fab' fragments are retained. The diafiltration unit is
maintained at 25°C, and has a pressure change of 14.5 psig associated with it. Cleaning is
performed before and after every batch using CIP and SIP procedures.

5.10.2 Thiol Reduction (P-83/R-401)

Now that the Fab’ fragments are purified using chromatography, any thiols that may have
become attached to the available cysteine during these steps must be reduced. 2-
Mercaptoethylamine-HCI (2-MEA) can aso be used for this purpose (Carter et al., 1992).
Cysteine contains athiol group which can then be specifically PEGylated later in the process
(Humphreys et al., 2007). 2-MEA at a concentration of 50 mM is reacted with the F(ab’), stream
in reduction buffer at 37°C for 90 minutes in order for this reaction to occur. The reactor is then
returned to 25°C. Validated cleaning is performed before and after every batch using CIP and

SIP procedures.
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5.11 PEGylation Reaction (BFD-12)
5.11.1 Diafiltration (P-86/DF-402)

After the reduction reaction goes to completion, the product stream is split and passes
through another diafiltration unit. This diafiltration step is used to remove any remaining 2-MEA
(114 Da) from the reduction reaction while maintaining the same Fab’ concentration of 10 mg/ml
in PEGylation reaction buffer (which is the same as reduction reaction buffer). Filters are used
with aMWCO of 10 kDa so that 50 kDa Fab’ fragments are retained. The diafiltration unit is
maintained at 25°C, and has a pressure change of 14.5 psig associated with it. Cleaning is
performed before and after every batch using CIP and SIP procedures.

5.11.2 PEGylation Reaction (P-88/ R-402)

Once any thiols attached to the Faby’ fragments are reduced, the molecules are ready to go
into the PEGylation reactor. The hinge region cysteine that remains on the 50 kDa Fab’
fragments after pepsin cleavage and disulfide reduction is available to be specifically PEGylated
with a40 kDa thiol-reactive PEG molecule. The reaction occurs in PEGylation buffer containing
the Fab’ fragments and a 1:2 molar excess of PEG at 25°C for 2 hours. Validated cleaning is
performed before and after every batch using CIP and SIP procedures.

5.11.3 Diafiltration (P-91/DF-403)

After the PEGylation reaction goes to completion, the product stream is split and passes
through another diafiltration unit. This diafiltration step is used maintain the same Fab’
concentration of 10 mg/ml, but switch buffers from PEGylation reaction buffer to WFI. Filters
are used with aMWCO of 30 kDa so that 90 kDa PEGylated Fab' products are retained. The
diafiltration unit is maintained at 25°C, and has a pressure change of 14.5 psig associated with it.

Cleaning is performed before and after every batch using CIP and SIP procedures.

-45-



Flexible Manufacturing Facility for Biopharmaceuticals

5.12 Cation Exchange Chromatography (BFD-13)

5.12.1 Cation Exchange Chromatography Column (P-101/C-401)

This cation exchange chromatography column contains a negatively charged,
bi opharmaceutical-grade MacroCap SP resin which specifically binds PEGylated proteins, which
are positive under acidic conditions. Thisresin exploits the fact that PEG molecules are neutral,
meaning that the mono-PEGylated proteins will have alower charge than any unreacted (non-
PEGylated) Fab’ fragments while having a higher charge than the excess PEG molecules. This
column will be used to separate the PEGylated Faly’ fragments with avery high specificity,
resulting in 99% recovery of the desired protein product.

The resin consists of a matrix made of a cross-linked copolymer of alyl dextran and N,N-
methylene bisacrylamide, which has a binding capacity of 150 mg/ml and atotal ionic capacity
of 0.10 to 0.13 mmol H+/ml medium. The matrix is very porous, so there is alarge amount of
surface areafor the large protein product to bind. The resin will be packed in abed of volume
154.46 L in a Chromaflow 1000 Stainless Steel 316L column of volume 617.85 L total. The
linear velocity in the column is 120 cr/h. Cation Buffer 1 is used for equilibration, loading, and
washing and consists of 0.2 M phosphate in WFI. Cation Buffer 2 is used for elution and
stripping and consists of 0.02 M phosphate (pH 6.8) and 1 M NaCl in WFI.

After the resin bed is packed in the column, it is equilibrated with Cation Buffer 1 from
the holding tank where this buffer is prepared and stored. Before loading the PEG-Fab’ stream
into the column, this stream is mixed with acidic Cation Buffer 1, in which Fab’ fragments will
exhibit positive charge. The beads are washed with Cation Buffer 1 to remove any waste or
unbound particles still in the resin. The PEG-Fab’ fragments (and non-PEGylated Falb’
fragments) are eluted in a gradient with 20 column volumes of Cation Buffer 2, which contains

sodium chloride, a salt that disrupts the ionic binding between the resin and the fragments. Since
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PEG-Fab’ fragments are less positively charged than PEG molecules, but more positively
charged than non-PEGylated proteins, the desired protein will elute in between the PEG and
Fabs. Thisiswhy a gradient must be used to collect the desired product, after it is experimentally
determined which column volumes the PEG-Falby’ will elute into. Once the product is recovered,
the column is stripped and regenerated with Cation Buffer 2 to completely remove anything still
bound to the resin. Once thisis validated, the column and resin can be reused for the next batch.
Finally, the column is Cleaned-1n-Place using a chromatographic rig that will wash the
equipment with 0.1M NaOH and then rinse it with WFI.

5.13 Final Filtration and Packaging (BFD-14)

5.13.1 Diafiltration (P-104/DF-501)

Didfiltration is a process used to filter out different substances by molecular weight,
while exchanging buffers. In this case, the reagents and impurities from previous downstream
purification processes such as PEGylation and lon Exchange Chromatography will be filtered
out, leaving the PEGylated monoclonal antibody fragment in its final buffer. Using filterswith a
30 kDa MWCO, purified water flushes small ions and molecules through the membrane, leaving
the larger PEGylated antibody fragment (90 kDa). The cassette is then diafiltered with phosphate
buffered saline (PBS). PBSis abuffer solution and itsion and osmolarity concentrations match
those of the human body and helps maintain a constant pH. Therefore, it is the most ideal fina
buffer solution for any injectable therapeutic. This processis aso called a buffer exchange, as
the previous solution is removed and replaced with PBS.

5.13.2 Viral Exclusion Filtration (P-106/DE-501, P-107/DE-502)

While ion exchange chromatography removes some virus particles, afinal viral filtration

step is still necessary to eliminate any possible virus particles from being packaged with the

monoclonal antibody fragment. Viral filtration is necessary because the mammalian cell line that
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is used to produce monoclonal antibodies may contain endogenous viruses that may be harmful
to humans. Also, because viruses are extremely small and can survive for long periods without a
host, they may also enter the system through raw materials or feed streams. For this reason, viral
filtration is performed at the end of the process to ensure that all viruses are cleared from the
system.

Filtration of virusesis split into two steps: retrovirus filtration and parvovirus filtration.
Retrovirusfilters are capable of removing retroviruses that are generally about 50 nm or larger.
Parvoviruses, which are about 20 nm, need to be filtered out using filters that are much more
size-selective. Since the PEGylated monoclonal antibody fragment is about 10 nm, both of these
filterswill allow the desired product to pass through.

Both retrovirus filtration systems and parvovirus filtration systems consist of normal-flow
filters that remove the potentially harmful viruses from the product stream. Normal-flow
filtration, or dead-end filtration, is afiltration mode where the fluid runs perpendicular to the
filter membrane, trapping the virusin the filter while allowing the target protein to pass through.
These filters are manufactured by Millipore and are contained within filter housings. A removal
of alog of virus means that the viral load of the stream will be reduced by afactor of 10. The
Millipore Viresolve filters remove over 6 logs of retrovirus (or a reduction factor of one million)
and over 4 logs of parvovirus (a reduction factor of ten thousand), while allowing for greater
than 98% yield of protein. The filters themselves are disposed of and replaced after each batch to
ensure sterility.

5.13.3 Packaging/Freezing (P-108/DCS-101)

The purified PEGylated monoclonal antibody fragment contained in PBS will need to be

transported to another company for formulation. However, proteins can denature, become

unstable or inactive if they are allowed to sit at room temperature. The easiest way to ensure the
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long term stability of the product is to freeze them down to very cold temperatures (anywhere
between -20°C to -85°C).

The product is dispensed into 50 L sterile plastic bags for storage. Thisis done by the
SciLog Fillmaster system, which is apump and valve system that allows for accurate distribution
of the product. The bags are made of HyQ CX5-14 film, which are sterile, disposable bags
manufactured by HyClone that can protect the product in ultralow temperatures. The filled bags
are then frozen in an ultra cold freezer that can operate at temperatures down to -85°C. This will
ensure long-term stability and prevent denaturation or damage to the product. The frozen product
will be sent to another facility where it will be lyophilized and bottled for increased shelf life and

patient delivery.
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6.0 Plant Utility Requirements

The major utility needs of the plant consist of electricity, process water, and steam.
Electricity is the most expensive of the three and costs approximately $98,000 a year. These
calculations are based off a $0.08 per kWh rate obtained from NSTAR, a Massachusetts energy
provider. Operation of process machinery costs roughly $5300 a year, with much of the energy
consumed by the production bioreactors. The additional equipment actually consumes most of
the energy in the plant. The HVAC system uses 71% of the electricity in the plant, while the WFI
still and clean steam generator are the other significant consumers. The table shown in section
6.1 displays the electricity requirements and related costs.

Process water is the other major utility that will be used to produce monoclonal
antibodies. The plant will require approximately 2.7 million liters of process water ayear. This
water will also be used to generate WFI and steam for buffers and SIP. At arate of $0.543 per
1000 liters, arate obtained from the Aquarion Water Company of Massachusetts, the cost of the
process water will be approximately $1470 ayear. The cost greatly increases when purifying to

WEFI using WFI stills. This cost is accounted for in the electricity costs.
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6.1 Electricity Requirementsfor Equipment

ini Unit Amount Cost  Cost/Year (%)
EIeCt”CIty Costs Cost  (kWh/batch) ($/batch)

$/KWh

P-1 0.08 0.08 $0.01 $0.35

P-4 0.08 6.2 $0.50 $27.28

P-8 0.08 0.03 $0.00 $0.13

P-10 0.08 0.07 $0.01 $0.31

P-14 0.08 0.08 $0.01 $0.35

P-16 0.08 0.12 $0.01 $0.53

P-20 0.08 0.21 $0.02 $0.92

P-24 0.08 0.04 $0.00 $0.18

Total 0.08 745.73 59.6584 3281.212

p-27 0.08 0.67 $0.05 $2.95

P-29 0.08 0.6 $0.05 $2.64

P-33 0.08 0.6 $0.05 $2.64

P-36 0.08 0.79 $0.06 $3.48

P-40 0.08 1.15 $0.09 $5.06

P-43 0.08 1.16 $0.09 $5.10

p-47 0.08 34.17 $2.73 $150.35

P-50 0.08 0.59 $0.05 $2.60

P-54 0.08 20.72 $1.66 $91.17

p-57 0.08 0.12 $0.01 $0.53

IEX Chromatography

P-62 0.08 0.1 $0.01 $0.44

P-64 0.08 0.02 $0.00 $0.09

P-66 0.08 0.02 $0.00 $0.09

pP-73 0.08 0.14 $0.01 $0.62

P-75 0.08 0.01 $0.00 $0.04
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P-79 0.08 0.04 $0.00 $0.18

PEGylation

p-82 0.08 0.06 $0.00 $0.26

P-86 0.08 11.94 $0.96 $52.54

P-89 0.08 0.03 $0.00 $0.13

P-94 0.08 0.03 $0.00 $0.13

P-96 0.08 0.03 $0.00 $0.13

P-98 0.08 0.03 $0.00 $0.13

Total 0.08 59.1 4.728 260.04

P-104 0.08 2.00 $0.16 $8.80

P-105 0.08 0.04 $0.00 $0.18

P-108 0.08 0.03 $0.00 $0.13

HVAC 0.08 15927.3 1274.184 $70,080.12

CIP Skids 0.08 87.84 $7.03 $386.50

WFI Still 0.08 2,391.59 $191.33 $10,523.00

Waste Neutralization 0.08 911.90 $72.95 $4,012.35

Additional Equipment Total 21274.42 1701.954 $93,607.45
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7.0 Major Unit Descriptions

7.1 Inoculum Prep Section (BFD-01)
7.1.1 T-Flasks (P-U/TFR-101)

The T-flasks used for initial inoculation are purchased from Nunc International for the
cost of $205.01 for a case of 30 flasks. These flasks are non-treated and are provided in sterile
condition so that the cells will not be contaminated in any way when they come into contact with
the surface of the flask. The flasks are made of polystyrene with afilter cap and can hold up to
225 mL of volume, but the suggested working volume is 70-100 mL. The T-flasks are easily
disposed of after use. Twenty T-flasks will be utilized per batch. The flasks will be manipulated
in aBio hood.

7.1.2 Roller Bottles (P-2/RBR-101)

Theroller bottles used for the second step of the seed train are also purchased from Nunc
International. The cost for a case of 22 bottlesis $426.75. These roller bottles, like the T-flasks,
are non-treated and are provided in sterile condition. The bottles are made of Polyethylene
terephthalate (PETG) and have a culture area of 1800 cm? with a suggested working volume of
200-1000 ml. Eleven roller bottles will be used per batch.

7.1.3 Bag Bioreactor 1 (P-3/BBS-101)

The pre-sterilized disposable bioreactor chamber is equipped with ports for sterile
aeration, seeding, harvesting, sampling and analysis. The rocker unit is used to control and
monitor temperature, aeration rate, and rocking speed to obtain proper cell growth. Each bag
bioreactor unit for this stage of the processis able to hold one 20 L bag. The unit is purchased
from Sartorius Stedim Biotech for $33,000. This, however, is based on a quote from Applikon

who produces a similar product. The name of the model isthe BIOSTAT® CultiBag RM Rocker

-53-



Flexible Manufacturing Facility for Biopharmaceuticals

20/50 Optical Package. Disposable bags with sensors and ports for oxygen, media, and buffer
flow are aso purchased from Sartorius and retail for $447 per bag.
7.1.4 Bag Bioreactor 2 (P-4/BBS-101)

The second set of bag bioreactors has the same functions as the first set which were
described in the previous section. Each bag bioreactor unit for this stage of the processis able to
hold one 100 L bag. The unit is purchased from Sartorius Stedim Biotech for $39,000. This,
however, is based on a quote from Applikon who produces a similar product. The name of the
model isthe BIOSTAT® CultiBag RM Rocker 200 Optical Package. Disposable bags with
sensors and ports for oxygen, media, and buffer flow are also purchased from Sartorius and retail
for $447 per bag.

7.1.5 Storage/Mixing Tank (P-5/M P-101)

Thistank is used to store and mix powdered serum free media before it is fed through a
sterile filter and into the first seed bioreactor. The tank is made from stainless steel 316, has a
volume of 1000 L, and has a working capacity of 70%. It stands 2.2 mtall andis0.8 min
diameter. For sterilization, CIP and SIP are used after each batch. The tank operates at room
temperature and at 1 bar. The tank is fabricated by Sharpsville Container and costs $117,000.
7.1.6 Pump (P-6/PM-101)

This pump is used to transfer fluid from the first media prep storage tank to the first
sterile filter of the process. Thisisavery low powered 1 kW (1.34 hp) peristaltic pump. It
operates at room temperature with an approximate pressure drop of 25 psi. The pump is sterilized
via CIP and SIP after every batch. It can handle flow rates up to 33.3 LPM. The pump is
purchased from Watson Marlow (model 825) for the cost of $12,350.

7.1.7 Sterilization Filter (P-7/DE-101)
This 0.2 um filter is used to remove bacteria and other impurities from the serum free

media prior to feeding the first seed bioreactor. It is approximately 30 inchesin size with a
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filtration area of 1.8 m?. The filter operates at room temperature with a differential pressure of
0.5 bar. Thefilters require atype of housing for security that requires a one time purchase from
Sartorius Stedim Biotech for the cost of $1908. The filters are disposable, and therefore need to
be replaced after every batch. These filters are also purchased from Sartorius under the model
name Sartopore 2 for the cost of $608 per unit.

7.2 Seed Bioreactor Section (BFD-02/BFD-03)

7.2.1 Pump (P-8/PM-102)

This pump is used to transfer fluid from the first sterilization filter to the first seed
bioreactor. This pump is exactly the same as (PM-101) described previously. Thisisavery low
powered 1 kW (1.34 hp) peristaltic pump. It operates at room temperature with an approximate
pressure drop of 25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle
flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the
cost of $12,350.

7.2.2 Seed Bioreactor 1 (P-9/SBR-101)

Thisisa 1500 L jacketed seed bioreactor with agitator and control package used for
continued cell growth and production of monoclonal antibodies. The bioreactor is purchased
from ABEC. The bioreactor is 2.3 mtall and 0.9 min diameter. It has a working capacity of 70%
and CIP and SIP are necessary for validated cleaning following each batch. The bioreactor
operates at 37°C and 1 bar over the course of 4 days. This temperature is maintained by filling
the water jacket with water at 37°C at an average flow rate of approximately 0.04 kg/s. This
bioreactor also comes with an add-on control system that provides automated control of
environmental conditions and feed scheduling. The purchase cost from ABEC for this bioreactor

is $495,000.

-55-



Flexible Manufacturing Facility for Biopharmaceuticals

7.2.3 Pump (P-10/PM-103)

This pump is used to transfer fluid from the first seed bioreactor to the second seed
bioreactor. This pump is similar to both PM-101 and PM-102 which were described previously.
Thisisavery low powered 1 kW (1.34 hp) peristaltic pump. It operates at room temperature
with an approximate pressure drop of 25 psi. The pump is sterilized via CIP and SIP after every
batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow
(model 825) for the cost of $12,350.

7.2.4 Storage/Mixing Tank (P-11/M P-102)

Thistank is used to store and mix powdered serum free media before it is fed through a
sterile filter and into the second seed bioreactor. The tank is made from stainless steel 316, has a
volume of 3000 L, and has aworking capacity of 70%. It stands 3.3 mtall andis1.1 min
diameter. For sterilization, CIP and SIP are used after each batch. The tank operates at room
temperature and at 1 bar. Thetank is fabricated by Sharpsville Container and has a purchase cost
of $120,000.

7.2.5 Pump (P-12/PM-104)

This pump is used to transfer fluid from the second media prep storage tank to the second
sterile filter of the process. Like the others described previoudly, it isavery low powered 1 kW
(1.34 hp) peristaltic pump. It operates at room temperature with an approximate pressure drop of
25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle flow rates up to
33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the cost of $12,350.
7.2.6 Sterilization Filter (P-13/DE-102)

This 0.2 um filter is used to remove bacteria and other impurities from the serum free
media prior to feeding the second seed bioreactor. It is approximately 30 inchesin size with a
filtration area of 1.8 m?. The filter operates at room temperature with a differential pressure of

0.5 bar. Thefilters require atype of housing for security that requires a one-time purchase from
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Sartorius Stedim Biotech for the cost of $1908. The filters are disposable, and therefore need to
be replaced after every batch. These filters are also purchased from Sartorius under the model
name Sartopore 2 for the cost of $608 per unit.

7.2.7 Pump (P-14/PM-105)

This pump is used to transfer fluid from the second sterilization filter to the second seed
bioreactor. This pump is exactly the same as (PM-104) described previously. Thisisavery low
powered 1 kW (1.34 hp) peristaltic pump. It operates at room temperature with an approximate
pressure drop of 25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle
flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the
cost of $12,350.

7.2.8 Seed Bioreactor 2 (P-15/SBR-102)

Thisisa4500 L jacketed seed bioreactor with agitator and control package. The
bioreactor package is fabricated by ABEC. The bioreactor is 3.3 m tall and 1.3 m in diameter. It
has a working capacity of 70% and CIP and SIP are necessary for validated cleaning following
each batch. The bioreactor operates at 37°C and 1 bar over the course of 4 days. This
temperature is maintained by filling the water jacket with water at 37°C at an average flow rate
of approximately 0.08 kg/s. This bioreactor a'so comes with an add-on control system that
provides automated control of environmental conditions and feed scheduling. The purchase cost
from ABEC for this bioreactor is $585,000.

7.2.9 Pump (P-16/PM-106)

This pump is used to transfer fluid from the second seed bioreactor to the production
bioreactor. This pump is similar to both PM-104 and PM-105 which were described previoudly.
Thisisavery low powered 1 kW (1.34 hp) peristaltic pump. It operates at room temperature

with an approximate pressure drop of 25 psi. The pump is sterilized via CIP and SIP after every
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batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow
(model 825) for the cost of $12,350.
7.2.10 Storage/Mixing Tank (P-17/M P-103)

Thistank is used to store and mix powdered serum free media before it is fed through a
sterile filter and into the production bioreactor. The tank is made from stainless steel 316, has a
volume of 7700 L, and has a working capacity of 70%. It stands4.5 mtall andis1.5min
diameter. For sterilization, CIP and SIP are used after each batch. The tank operates at room
temperature and at 1 bar. The tank is fabricated by Sharpsville Container and has a purchase cost
of $130,000.

7.2.11 Pump (P-18/PM-107)

This pump is used to transfer fluid from the third media prep storage tank to the third
sterile filter of the process. Like the others described previoudly, it isavery low powered 1 kW
(1.34 hp) peristaltic pump. It operates at room temperature with an approximate pressure drop of
25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle flow rates up to
33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the cost of $12,350.
7.2.12 Sterilization Filter (P-19/DE-103)

This 0.2 um filter is used to remove bacteria and other impurities from the serum free
media prior to feeding the production bioreactor. It the same as the filters that were previously
described in that it is approximately 30 inches in size with afiltration area of 1.8 m?. Thefilter
operates at room temperature with a differential pressure of 0.5 bar. The filters require a type of
housing for security that requires a one-time purchase from Sartorius Stedim Biotech for the cost
of $1908. The filters are disposable, and therefore need to be replaced after every batch. These
filters are also purchased from Sartorius under the model name Sartopore 2 for the cost of $608

per unit.
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7.2.22 Pump (P-20/PM-108)

This pump is used to transfer fluid from the third sterilization filter to the production
bioreactor. This pump is exactly the same as (PM-107) described previoudly. Thisisavery low
powered 1 kW (1.34 hp) peristaltic pump. It operates at room temperature with an approximate
pressure drop of 25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle
flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the
cost of $12,350.

7.2.23 Storage/Mixing Tank (P-21/M P-104)

Thistank is used to store and mix powdered serum free mediathat is used for fed batch in
the production bioreactor before it is fed through another sterile filter and into the production
bioreactor. The tank is made from stainless steel 316, has a volume of 1600 L, and has aworking
capacity of 70%. It stands 2.6 mtall and is 0.9 min diameter. For sterilization, CIP and SIP are
used after each batch. The tank operates at room temperature and at 1 bar. The tank is fabricated
by Sharpsville Container and has a purchase cost of $117,000.

7.2.24 Pump (P-22/PM-109)

This pump is used to transfer fluid from the fourth media prep storage tank to the fourth
sterile filter of the process. Like the others described previoudly, it isavery low powered 1 kW
(1.34 hp) peristaltic pump. It operates at room temperature with an approximate pressure drop of
25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle flow rates up to
33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the cost of $12,350.
7.2.25 Sterilization Filter (P-23/DE-104)

This 0.2 um filter is used to remove bacteria and other impurities from the serum free
media prior to feeding the production bioreactor. It is approximately 30 inchesin size with a
filtration area of 1.8 m?. The filter operates at room temperature with a differential pressure of

0.5 bar. Thefilters require atype of housing for security that requires a one-time purchase from
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Sartorius Stedim Biotech for the cost of $1908. The filters are disposable, and therefore need to
be replaced after every batch. These filters are also purchased from Sartorius under the model
name Sartopore 2 for the cost of $608 per unit.

7.3 Production Bioreactor Section (BFD-04)

7.3.1 Pump (P-24/PM-110)

This pump is used to transfer fluid from the first sterilization filter to the first seed
bioreactor. This pump is exactly the same as (PM-109) described previously. Thisisavery low
powered 1 kW (1.34 hp) peristaltic pump. It operates at room temperature with an approximate
pressure drop of 25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle
flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the
cost of $12,350.

7.3.2 Production Bioreactor (P-25/PBR-101) X 2

There are two production bioreactors used for this process that are staggered in order to
provide a greater output of monoclonal antibodies and reduce the amount of idle time that would
otherwise occur if two units were not used. See the scheduling section (p. 187) for further
information. Each unit isa 14000 L jacketed bioreactor with agitator. The bioreactor packageis
fabricated by ABEC. Eachis4.8 mtall and 2.0 min diameter. They have aworking capacity of
70%. CIP and SIP are mandatory for validated cleaning following each batch. Each operates at
37°C and 1 bar over the course of 9 days. The temperature in each bioreactor is maintained by
filling the water jacket with water at 37°C at an average flow rate of approximately 0.25 kg/s.
This bioreactor also comes with an add-on control system that provides automated control of
environmental conditions and feed scheduling. The purchase cost from ABEC for each

bioreactor is $661,000.
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7.4 Primary Recovery (BFD-05)
7.4.1 Surge Tank (P-26/V-201)

The storage tank is used to store the output of the production bioreactor prior to further
processing. Thisunit isan 11,000 L jacketed blending tank made of 316L Stainless Steel with an
electropolished finish. The unit is5.0 mtall, has adiameter of 1.67 m and has a working capacity
of 90%. It operates at 25°C and 1.103 bar. Thisunit is sterilized via CIP and SIP procedures
following every batch. This surge tank is manufactured by Sharpsville Container, with a
purchase cost of $117,000.

7.4.2 Pump (P-27/PM-201)

This pump is used to transfer fluid from the bioreaction surge tank to the centrifugation
unit. Thisisavery low powered 1 kW (1.34 hp) peristaltic pump. It operates at room
temperature with an approximate pressure drop of 25 psi. The pump is sterilized via CIP and SIP
after every batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from Watson
Marlow (model 825) for the cost of $12,350.

7.4.3 Centrifuge (P-28/DS-201)

The generated biomass and other suspended compounds are removed using a Disc-Stack
Centrifuge. The centrifuge in use the BTAX 215H-31 CEP produced by Alfa-Laval. Thisunit is
constructed from 316L Stainless Steel with an electropolished finish. The maximum bowl speed
of the centrifuge is 6,065 rpm, and requires a power input of 13-28 kW (depending on centrifuge
speed selected). This unit operates at 25°C, with a throughput of 2,000 L/h. The centrifugeis
sterilized after each batch with CIP and SIP procedures. The purchase cost of this centrifuge

from Alfa-laval is $421,000.
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7.4.4 Pump (P-29/PM-202)

This pump is used to transfer fluid from the centrifugation unit to a sterile filtration unit.
This, asthe previoudly described pump, operates at avery low powered 1 kW (1.34 hp)
peristaltic pump. Operation is maintained at room temperature with an approximate pressure
drop of 25 psi. The pump is sterilized via CIP and SIP after every batch. It can handle flow rates
up to 33.3 LPM. The pump is purchased from Watson Marlow (model 825) for the cost of
$12,350.

7.4.5 Sterilization Filter (P-30/DE-201)

This 0.2 um filter is used to remove bacteria and other impurities from the supernatant of
the centrifugation process. It is approximately 30 inches in size with afiltration area of 1.8 m?.
The filter operates at room temperature with a differential pressure of 0.5 bar. The filters require
atype of housing for security that requires a one-time purchase from Sartorius Stedim Biotech
for the cost of $1908. The filters are disposable, and therefore need to be replaced after every
batch. These filters are also purchased from Sartorius under the model name Sartopore 2 for the
cost of $608 per unit.

7.4.6 Pump (P-31/PM-203)

This pump is used to transfer fluid through the sterile filtration unit to the centrifugation
pool tank. This, asthe other previously described pumps, operates at avery low powered 1 kW
(1.34 hp) peristaltic pump. The pump is maintained at room temperature and has approximate
pressure drop of 25 psi associated with it. The pump is sterilized via CIP and SIP after every
batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow
(model 825) for the cost of $12,350.

7.4.7 Centrifugation Pool Tank (P-32/V-202)
This jacketed storage tank is used to store the supernatant of the centrifugation procedure

prior to further processing. This unit isa 10,000 L blending tank made of 316L Stainless Steel
-62-



Flexible Manufacturing Facility for Biopharmaceuticals

with an electropolished finish. The unit is 4.8 m tall and has adiameter of 1.6 m. The working
capacity of thistank is 90%. It operates at 25°C and 1.103 bar. Thisunit is sterilized via CIP and
SIP procedures following every batch. This surge tank is manufactured by Sharpsville Container,
with a purchase cost of $117,000.

7.5 Pepsin Cleavage (BFD-06a)

7.5.1 Pump (P-33/PM-204)

This pump is used to transfer fluid from the centrifugation pool tank to the diafiltration
system. This, as the other previously described pumps, operates at a very low powered 1 kW
(1.34 hp) peristaltic pump. The pump is maintained at room temperature and has approximate
pressure drop of 25 psi associated with it. The pump is sterilized via CIP and SIP after every
batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from Watson Marlow
(model 825) for the cost of $12,350.

7.5.2 Diafiltration Storage Tank (P-34/V-203)

This jacketed storage tank is used to store the production stream during the diafiltration
process. Thisunit isa 10,000 L blending tank made of 316L Stainless Steel with an
electropolished finish. The unit is4.8 mtall and has a diameter of 1.6 m. The working capacity
of thistank is 90%. It operates at 25°C and 1.103 bar. This unit is sterilized via CIP and SIP
procedures following every batch. This surge tank is manufactured by Sharpsville Container,
with a purchase cost of $117,000.

7.5.3 Diafiltration Unit (P-35/DF-201) X2

This diafiltration system is used to concentrate the monoclonal antibody containing
stream to prepare it for cleavage by immobilized pepsin. The stream is split and passed through
two diafiltration units to concentrate the stream from 3.56 g/L to 10.36 g/L. The diafiltration

system is manufactured by Sartorius Stedim Biotechnology. This system is comprised of
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stabilized cellulose based filters (Sartocube® 302 144 59 30 E-BSW), which are each 3.0 m?
with aMWCO of 30 kDa. The filter housing unit to be used is the Sartocon 2 Plus. The total
filter area needed for each didfiltration system is 14.901 m% These diafiltration systems operate
at 25°C and are associated with a pressure drop of 43.5 psi. The diafiltration housing costs
$11,141, which each diafiltration cartridge costs $8,374 for a 3m? filter. The filters are replaced
every 30 days.

7.5.4 Pump (P-36/PM-205)

This pump is used to transfer the antibody-containing stream from the diafiltration system
to the pepsin cleavage reactor. This pump operates at 9.0 kW (12.07 hp). The pump is
maintained at room temperature and has approximate pressure drop of 25 psi associated with it.
The pump is sterilized via CIP and SIP after every batch. It can handle flow rates up to 33.3
LPM. The pump is purchased from Watson Marlow (model 825) for the cost of $12,350.

7.5.5 Pepsin Cleavage Bioreactor (P-37/R-201)

Cleavage of the monoclonal antibody by pepsin occursin this bioreactor. Thisunitisa
9,000L jacketed bioreactor with agitator made of 316L stainless steel with an electropolish
finish. This reactor package isfabricated by ABEC. The unitis4.06 mtall and 1.62 min
diameter. The operation of the unit occurs at 37°C and 1 bar over the course of 5 hours. Agitation
is provided through a backward curved impeller, and control is provided through a DCS control
system. CIP and SIP are mandatory for validated cleaning following each batch. The purchase
cost from ABEC for this bioreactor is $622,000.

7.5.6 Pump (P-38/PM-206)

This pump is used to transfer the antibody-containing stream from the pepsin cleavage
reactor to the plate and frame filtration system. This, as the previously described pump, operates
at 9.0 kW (12.07 hp) using a peristaltic pump. The pump is maintained at room temperature and

has approximate pressure drop of 25 psi associated with it. The pump is sterilized via CIP and
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SIP after every batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from
Watson Marlow (model 825) for the cost of $12,350.
7.5.7 Plate and Frame Filtration Unit (P-38/PFF-201)

The plate and frame filtration system is used to remove and wash the immobilized pepsin
used in the cleavage reaction. Thisfilter system isthe MEMBRAplan® DGM (model number
800 K 100), manufactured by Pall Corporation. The system is comprised of 29 sheet filter plates,
each 1000 mm x 1000 mm, stacked horizontally in a 316L stainless steel housing unit. The unit
has atotal filtration area of 24.4 m? and operation occurs at 25°C. The filter unit is sterilizable
via SIP and CIP operations. The purchase cost of this filtration system is $74,000.

7.6 Disulfide Reduction (BFD-06a)
7.6.1 Pump (P-40/PM-206)

This pump is used to transfer the antibody-containing stream from the pepsin cleavage
reactor to the plate and frame filtration system. This, as with the two previously described
pumps, operates at 9.0 kW (12.07 hp) using a peristaltic pump. The pump is maintained at room
temperature and has approximate pressure drop of 25 psi associated with it. The pump is
sterilized via CIP and SIP after every batch. It can handle flow rates up to 33.3 LPM. The pump
is purchased from Watson Marlow (model 825) for the cost of $12,350.

7.6.2 Diafiltration Storage Tank (P-41/V-204)

Thisunitisa 4500 L jacketed storage tank with a 90% working capacity volume of
4027.01 L (height = 3.587 m, diameter = 1.196 m) to be used during the diafiltration process
between P& F Filtration and the Disulfide Reduction Reaction. It is a blending tank made of
electropolished 316L Stainless Steel by Sharpsville Container for a purchase cost of $117,000.
Operating conditions are 25°C and 22.038 psi. Cleaning is performed before and after every

batch using CIP and SIP procedures.
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7.6.3 Diafiltration Unit (P-42 / DF-202)

This diafiltration unit will concentrate the F(ab’), fragments from 3.68 mg/ml in pepsin
Digestion Buffer to 10 mg/ml in Reduction Reaction Buffer for the Disulfide Reduction
Reaction. This unit consists of 15 diafiltration filters, each with a membrane area of 3.0 m’ to
fulfill the 43.185 m? total membrane area requirement for this diafiltration process. The unit will
use Sartorius Stedim Biotechnology's Sartocube® 302 144 59 30 E-BSW stabilized cellulose
based filtersin a Sartocon 2 Plus filter housing unit. The cutoff molecular weight for thisfilter is
30 kDain order to retain the 100 kDa F(ab’), fragments in the retentate. The housing unit costs
$11,141 and each filter costs $8,374, so the total cost for this unit will be $136,751. Operating
conditions are 25°C with a pressure drop of 14.5 psi. Cleaning is performed before and after
every batch using CIP and SIP procedures.

7.6.4 Pump (P-43 / PM-208)

This peristaltic pump is used to transport the F(ab’), fragments concentrated in the
Reduction Reaction Buffer from the Digfiltration Unit to the Disulfide Reduction Reactor. This
pump operates at 0.12 kW (0.15 hp) and 186.80 L/min. Operating conditions are 25°C with a
pressure drop of 50 psi. The pump is model 840 manufactured by Watson Marlow and costs
$18,135. This model has a maximum flow rate of 133.3 L/min and maximum power of 3.1 kW
(4.11 hp). It ismade of electropolished Stainless Steel 316L and will be used with Bioprene 40
mm tubing. Cleaning is performed before and after every batch using CIP and SIP procedures.
7.6.5 Disulfide Reduction Reactor (P-44/ R-202)

In this bioreactor, the reduction reaction will take place to break the hinge region bonds
of the F(ab'), to give 2 Faby’ fragments with a retained cysteine from the hinge region per every
F(ab’),. Thisunit isan 1800 L jacketed bioreactor with a backward curved impeller for agitation
and a DCS control system. It has avolume of 1589.93 L with a height of 2.330 m, adiameter of

0.932 m and a 90% working capacity. It is made of electropolished 316L Stainless Steel by
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ABEC for a purchase cost of $508,000. The reaction is run at operating conditions of 37°C for
90 minutes. Validated cleaning is performed before and after every batch using CIP and SIP
procedures.

7.6.6 Pump (P-45 / PM-209)

This peristaltic pump is used to transport the Fab’ fragments concentrated in the
Reduction Reaction Buffer from the Disulfide Reduction Reactor to the next Diafiltration Unit.
This pump operates at 0.11 kW (0.15 hp) and 46.65 L/min. Operating conditions are 25°C with a
pressure drop of 14.5 psi. The pump is model 840 manufactured by Watson Marlow and costs
$18,135. This model has a maximum flow rate of 133.3 L/min and maximum power of 3.0 kW
(2.2 hp). It is made of electropolished Stainless Steel 316L and will be used with Bioprene 40
mm tubing. Cleaning is performed before and after every batch using CIP and SIP procedures.
7.6.7 Diafiltration Storage Tank (P-46/V-205)

Thisunit isa 1800 L jacketed storage tank with a 90% working capacity volume of
1597.92 L (height = 2.636 m, diameter = 0.879 m) to be used during the diafiltration process
between Disulfide Reduction and the next Diafiltration Unit. It is a blending tank made of
electropolished 316L Stainless Steel by Sharpsville Container for a purchase cost of $117,000.
Operating conditions are 25°C and 22.038 psi. Cleaning is performed before and after every
batch using CIP and SIP procedures.

7.6.8 Diafiltration Unit (P-47 / DF-203)

This diafiltration unit will separate out the 2-MEA and any very small Fc fragments,
while maintaining a concentration of Fab’ of 10 mg/ml and switching buffers from the reduction
reaction buffer to WFI. This unit consists of 5 digfiltration filters, each with a membrane area of
3.0 m? to fulfill the 12.415 m? total membrane area requirement for this diafiltration process. The
unit will use Sartorius Stedim Biotechnology's Sartocube® 302 144 59 30 E-BSW stabilized

cellulose based filtersin a Sartocon 2 Plus filter housing unit. The cutoff molecular weight for
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thisfilter is 10 kDain order to retain the 50 kDa Falby’ fragmentsin the retentate. The housing
unit costs $11,141 and each filter costs $8,374, so the total cost for this unit will be $53,011.
Operating conditions are 25°C with a pressure drop of 14.5 psi. Cleaning is performed before
and after every batch using CIP and SIP procedures.

7.7 Protein A Chromatography (BFD-07)

7.7.1 Pump (P-48 / PM-210)

This peristaltic pump is used to transport the Fab’ fragments concentrated in WFI from
the Didfiltration Unit to the Protein-A Chromatography. This pump operates at 0.21 kW (0.28
hp) and 25.09 L/min. Operating conditions are 25°C with a pressure drop of 14.5 psi. The pump
ismodel 825 manufactured by Watson Marlow and costs $12,350. This model has a maximum
flow rate of 33.3 L/min and maximum power of 1.1 kW (1.6 hp). It is made of electropolished
Stainless Steel 316L and will be used with Bioprene 25 mm tubing. Cleaning is performed before
and after every batch using CIP and SIP procedures.

7.7.2 Protein A Chromatography Column (P-49/C-201)

The Protein A affinity chromatography column is used to further purify the mainstream
fluid, removing the Fc fragments. The chromatography column in use is a Chromaflow® column
made by GE Healthcare Life Sciences (formerly Amersham Biosciences). This system consists
of a column tube, column lid, distributor, bed support, Chromaflow nozzle, seals and a stand.
The distributor is made of polypropylene, the seals are made of fluoride ethylene propylene
(FEP) encapsulated silicone, and the remaining parts are all made of 316L stainless steel. The
column is packed with nProtein A sepharose 4 Fast Flow resin, also distributed by GE
Healthcare Life Sciences. This resin has a binding capacity of 50 mg/ml and a working velocity
of 30-300 cm/h. The column is operated at 25°C, at 1 bar. The cost of the column is $190,000,

and the resin is $7,000 per liter.
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7.7.3 Pump (P-50/PM-211)

This pump is used to transfer fluid from protein A chromatography column to a sterile
filtration unit. This pump operates at 1 kW (1.34 hp). The pump is maintained at room
temperature and has approximate pressure drop of 25 psi associated with it. The pump is
sterilized via CIP and SIP after every batch. It can handle flow rates up to 33.3 LPM. The pump
is purchased from Watson Marlow (model 825) for the cost of $12,350.

7.7.4 Sterilizing Filter (P-51/DE-202)

This 0.2 um filter is used to remove bacteria and other impurities from the clarified
product stream. It is approximately 30 inchesin size with afiltration area of 1.8 m® The filter
operates at room temperature with a differential pressure of 0.5 bar. The filters require a type of
housing for security that requires a one-time purchase from Sartorius Stedim Biotech for the cost
of $1908. The filters are disposable, and therefore need to be replaced after every batch. These
filters are also purchased from Sartorius under the model name Sartopore 2 for the cost of $608
per unit.

7.8 Chemical VirusInactivation (BFD-08)
7.8.1 Pump (P-52/PM-212)

This pump is used to transfer fluid from the sterile filtration unit to the diafiltration
system. This pump operates at 1 kW (1.34 hp). The pump is maintained at room temperature and
has approximate pressure drop of 25 psi associated with it. The pump is sterilized via CIP and
SIP after every batch. It can handle flow rates up to 33.3 LPM. The pump is purchased from
Watson Marlow (model 825) for the cost of $12,350.

7.8.2 Diafiltration Storage Tank (P-53/V-206)
This jacketed storage tank is used to store the production stream during the diafiltration

process. Thisunit isa 10,000 L blending tank made of 316L Stainless Steel with an
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electropolished finish. The unit is4.8 mtall and has a diameter of 1.6 m. The working capacity
of thistank is 90%. It operates at 25°C and 1.103 bar. This unit is sterilized via CIP and SIP
procedures following every batch. This surge tank is manufactured by Sharpsville Container,
with a purchase cost of $117,000.

7.8.3 Diafiltration Unit (P-54/DF-204)

This diafiltration system is used to concentrate the monoclonal antibody Fab fragments
5x. The diafiltration system is manufactured by Sartorius Stedim Biotechnology. This systemis
comprised of stabilized cellulose based filters (Sartocube® 302 144 59 30 E-BSW), which are
each 3.0 m%. A 10 kDa molecular weight cutoff filter is used in order to retain the 50 kDa Fab’
fragmentsin the retentate. The filter housing unit to be used is the Sartocon 2 Plus. The total
filter area needed for each diafiltration system is 22.23 m?. These didfiltration systems operate at
25°C and are associated with a pressure drop of 43.5 psi. The diafiltration housing costs $11,141,
which each didfiltration cartridge costs $8374 for a 3m?” filter.

7.8.4 Pump (P-55/PM-213)

This pump is used to transfer fluid from the sterile filtration unit to the diafiltration
system. This pump, as with previous pumps, operates at 1 kW (1.34 hp). The pump is maintained
at room temperature and has approximate pressure drop of 25 psi associated with it. The pump is
sterilized via CIP and SIP after every batch. It can handle flow rates up to 33.3 LPM. The pump
is purchased from Watson Marlow (model 825) for the cost of $12,350.

7.8.5 Viruslnactivation Tank (P-56/V-207)

This jacketed blending tank is used to treat the product stream with Polysorbate 80 in
order to inactivate viruses in the stream. This unit isa 1,000 L blending tank made of 316L
Stainless Steel with an electropolished finish. The unit is 2.2 m tall and has a diameter of 0.75 m.

The working capacity of thistank is 90%. It operates at 25°C and 1.103 bar. Thisunitis
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sterilized via CIP and SIP procedures following every batch. This surge tank is manufactured by
Sharpsville Container, with a purchase cost of $130,000.
7.8.6 Pump (P-57/PM-213)

This pump is used to transfer fluid from chemical virus inactivation tank to another sterile
filtration unit. This pump, as with previous pumps, operates at 1 kW (1.34 hp). The pump is
maintained at room temperature and has approximate pressure drop of 25 psi associated with it.
The pump is sterilized via CIP and SIP after every batch. It can handle flow rates up to 33.3
LPM. The pump is purchased from Watson Marlow (model 825) for the cost of $12,350.

7.8.7 Sterilizing Filter (P-58/DE-202)

This 0.2 um filter is used to remove bacteria and other impurities from the treated
product stream. It is approximately 30 inchesin size with afiltration area of 1.8 m” The filter
operates at room temperature with a differential pressure of 0.5 bar. The filters require atype of
housing for security that requires a one-time purchase from Sartorius Stedim Biotech for the cost
of $1908. The filters are disposable, and therefore need to be replaced after every batch. These
filters are also purchased from Sartorius under the model name Sartopore 2 for the cost of $608
per unit.

7.9 Cation Exchange Chromatography (BFD-09)
7.9.1 Storage Tank (P-59/V-301)

This storage tank is where Cation Buffer A is stored for use in C-301. Thetank sizeis
4500L and made of 316L stainless steel tank with an 83% working capacity (3700L). It is2.28 m
tall and 1.52 m in diameter (1:1.5 diameter to height ratio). Operating temperature is maintained
at around room temperature (25°C). The tank is sterilized using CIP and SIP techniques. The

tank is manufactured by Sharpsville Container and has a purchase cost of $117,000.
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7.9.2 Storage Tank (P-60/V-302)

This storage tank is where Cation Buffer B is stored for usein C-301. Thetank sizeis
1200L and is made of 316L stainless steel tank with an 83% working capacity (1000L). It is 1.46
m tall and 0.97 min diameter (1:1.5 diameter to height ratio). Operating temperatureis
maintained at around room temperature (25°C). The tank is sterilized using CIP and SIP
techniques. The tank is manufactured by Sharpsville Container and has a purchase cost of
$117,000.

7.9.3 Pump (P-61/PM-301)

This pump delivers the fluid containing the monoclonal antibody fragment from viral
inactivation to MX-301 via stream S-301. It isa 316L stainless steel peristaltic pump and uses
0.01 kW of power per batch. The pump is aWatson-Marlow Bredel 825, and provides a
maximum flow rate of 33.3 LPM and enough power to overcome the 45.5 ft of head required for
transport. It has a purchase cost of $12,350.

7.9.4 Pump (P-62/PM-302)

This pump delivers Cation Buffer A from V-301 to MX-301. It isa 316L stainless steel
peristaltic pump and uses 0.06 kW of power per batch. The pump is aWatson-Marlow Bredel
825, and provides a maximum flow rate of 33.3 LPM and enough power to overcome the 45.5 ft
of head required for transport. It has a purchase cost of $12,350.

7.9.5 Pump (P-63/PM-303, P-64/PM -304)

This pump transports Cation Buffer B from V-302 to C-301 for elution and
stripping/column regeneration. It isa 316L stainless steel peristaltic pump and uses 0.09 kW of
power per batch. The pump is a Watson-Marlow Bredel 825, and provides a maximum flow rate
of 33.3 LPM and enough power to overcome the 45.5 ft of head required for transport. It has a

purchase cost of $12,350.
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7.9.6 Pump (P-65/PM -305, P-66/PM -306)

This pump delivers Cation Buffer A from V-301 to equilibrate and wash C-301. Itisa
316L stainless stedl peristaltic pump and uses 0.11 kW of power per batch (0.06 kW for
equilibration, 0.05 kW for wash). The pump is a Watson-Marlow Bredel 825, and provides a
maximum flow rate of 33.3 LPM and enough power to overcome the 45.5 ft of head required for
transport. It has a purchase cost of $12,350.

7.9.7 Mixer (P-67/MX-301)

This mixer forces stream S-301 and Cat-Load 2 to mix. The mixing of the antibody
fragment with Cation Buffer A must be done right before entry into the column to prevent any
undue denaturation or precipitation. The mixer is ajoint that allows the piping of the two streams
to merge. The cost isincluded in pricing calculations for piping.

7.9.8 Chromatography Column (P-68/C-301)

This chromatography column is operated as a cation exchange chromatography column.

It is a Chromaflow™ 1000 column made by GE-Healthcare. It is made of a column tube, lid,
distributor, bed support, nozzles, seals, and a stand. The distributor is made of polypropylene, the
seals are made of FEP-encapsulated silicone, and the remaining parts are made of 316L stainless
steel. The column has an inner diameter of 1.0m and a height of 0.5 m, giving it a column
volume of 392.7 L. The cost of this chromatography column is approximately $245,000. This
cation exchange column is packed with Tosoh Toyopearl Gigacap S-650M beads, which have
dynamic binding capacities of 145 mg/ml. The resin costs $182,490 for the 110 L needed.

The column and the beads can be washed using standard CIP procedures.

-73-



Flexible Manufacturing Facility for Biopharmaceuticals

7.10 Anion Exchange Chromatography (BFD-10)
7.10.1 Holding Tank (P-69/V-303)

This holding tank is where the partially purified monoclonal antibody fragment (eluted
product from C-301) is mixed with Anion Buffer A for use in C-302. The tank is made of 316L
stainless steel and holds up to 4,200 L of fluid with an 88.8% working capacity (3730L). Itis
2.3mintall and 1.5 min diameter. Operating temperature is maintained at around room
temperature (25°C). Thetank is sterilized using CIP and SIP techniques. Thetank is
manufactured by Sharpsville Container and has a purchase cost of $117,000.

7.10.2 Pump (P-70/PM-307)

This pump transfers a mixed solution containing Anion Buffer A and monoclonal
antibody fragments from V-303 to C-302 for further purification. It isa316L stainless steel
peristaltic pump and uses 0.11 kW of power per batch. The pump is a Watson-Marlow Bredel
840, and provides a maximum flow rate of 133.3 LPM and enough power to overcome the 45.5

ft of head required for transport. It has a purchase cost of $18,135.

7.10.3 Chromatography Column (P-71/C-302)

This chromatography column is operated as an anion exchange chromatography column.
It is a Chromaflow™ 600 column made by GE-Healthcare. It is made of a column tube, lid,
distributor, bed support, nozzles, seals, and a stand. The distributor is made of polypropylene, the
seals are made of FEP-encapsulated silicone, and the remaining parts are made of 316L stainless
steel. The column has an inner diameter of 0.6 m and a height of 0.5 m, giving it a column
volume of 141.2 L. The cost of this chromatography column is approximately $177,000. This
anion exchange column is packed with Tosoh Toyopearl SuperQ-650M beads, which have
dynamic binding capacities of 140 mg/ml. The resin costs $64,870 for the 65 L needed. Both the
column and the beads can be washed using standard CIP procedures.
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7.10.4 Storage Tank (P-72/V-306)

This storage tank is where the flow-through from C-302 collected. The tank is made of
316L stainless steel and holds up to 4,300 L of fluid with an 89.5% working capacity (3850L). It
is2.3mtall and 1.5 min diameter. Operating temperature is maintained at around room
temperature (25°C). The tank is sterilized using CIP and SIP techniques. Thetank is
manufactured by Sharpsville Container and has a purchase cost of $117,000.

7.10.5 Pump (P-73/PM-308)

This pump transports Anion Buffer A to V-303 from V-304 for mixing with the
monoclonal antibody fragments in preparation for anion exchange chromatography. It isa316L
stainless steel peristaltic pump and uses 0.14 kW of power per batch. The pump is a Watson-
Marlow Bredel 840, and provides a maximum flow rate of 133.3 LPM and enough power to
overcome the 44.1 ft of head required for transport. It has a purchase cost of $18,135.

7.10.6 Pump (P-74/PM-309, P-75/PM-310)

This pump transports Anion Buffer A to C-302 from V-304 for equilibration and washing
in anion exchange chromatography. It isa 316L stainless steel peristaltic pump and uses 0.05 kW
of power per batch. The pump is aWatson-Marlow Bredel 825, and provides a maximum flow
rate of 33.3 LPM and enough power to overcome the 45.5 ft of head required for transport. It has
apurchase cost of $12,350.

7.10.7 Pump (P-76/PM-311)

This pump transports Anion Buffer B to C-302 from V-305 for stripping and regeneration
in anion exchange chromatography. It isa 316L stainless steel peristaltic pump and uses 0.05 kW
of power per batch. The pump is aWatson-Marlow Bredel 825, and provides a maximum flow
rate of 33.3 LPM and enough power to overcome the 45.5 ft of head required for transport. It has

apurchase cost of $12,350.
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7.10.8 Storage Tank (P-77/V-304)

This mixing tank is where Anion Buffer A is stored for use in anion exchange
chromatography. The tank is made of 316L stainless steel and holds up to 4,400 L of fluid with
an 88.6% working capacity (3900L). It is2.3mtall and 1.5 m in diameter. Operating temperature
ismaintained at around room temperature (25°C). The tank is sterilized using CIP and SIP
techniques. The tank is manufactured by Sharpsville Container and has a purchase cost of
$117,000.

7.10.9 Storage Tank (P-78/V-305)

This mixing tank is where Anion Buffer B is stored for use in anion exchange
chromatography. The tank is made of 316L stainless steel and holds up to 550 L of fluid with an
86.4% working capacity (475.2L). Itis1.14m tall and 0.76 m in diameter. Operating temperature
ismaintained at around room temperature (25°C). The tank is sterilized using CIP and SIP
techniques. The tank is manufactured by Sharpsville Container and has a purchase cost of
$117,000.

7.10.10 Pump (P-79/PM-312)

This pump transports the purified monoclonal antibody stream from V-306 to the
PEGylation section (PFD -010A), where the monoclonal antibody fragments are PEGylated. It is
a316L stainless steel peristaltic pump and uses 0.04 kW of power per batch. The pumpisa
Watson-Marlow Bredel 825, and provides a maximum flow rate of 33.3 LPM and enough power
to overcome the 50.1 ft of head required for transport. It has a purchase cost of $12,350.

7.11 Thiol Reduction (BFD-11)
7.11.1 Diafiltration Storage Tank (P-80/ V-203)
Thisunitisa 4800 L jacketed storage tank with a 90% working capacity volume of

4277.24 L (height = 2.305 m, diameter = 1.537 m) to be used during the diafiltration process
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between lon Exchange Chromatography and Thiol Reduction. It is a blending tank made of
electropolished 316L Stainless Steel by Sharpsville Container for a purchase cost of $117,000.
Operating conditions are 25°C and 22.038 psi. Cleaning is performed before and after every
batch using CIP and SIP procedures.

7.11.2 Diafiltration Unit (P-81/ DF-401)

This diafiltration unit will concentrate the Fab’ fragments from 3.9 mg/ml in Anion
Buffer 2 to 10 mg/ml in Reduction Reaction Buffer for the Thiol Reduction Reaction. This unit
consists of 15 difiltration filters, each with a membrane area of 3.0 m? to fulfill the 43.56 m?
total membrane area requirement for this diafiltration process. The unit will use Sartorius Stedim
Biotechnology's Sartocube® 302 144 59 30 E-BSW stabilized cellulose based filtersin a
Sartocon 2 Plusfilter housing unit. The cutoff molecular weight for thisfilter is 10 kDa, and is
used in order to retain the 50 kDa Fab’ fragments in the retentate. The housing unit costs $11,141
and each filter costs $8,374, so the total cost for this unit will be $136,751. Operating conditions
are 25°C with apressure drop of 14.5 psi. Cleaning is performed before and after every batch
using CIP and SIP procedures.

7.11.3 Pump (P-82/ PM-401)

This peristaltic pump is used to transport the Fab’ fragments concentrated in the
Reduction Reaction Buffer from the Digfiltration Unit to the Thiol Reduction Reactor. This
pump operates at 0.12 kW (0.15 hp) and 48.36 L/min. Operating conditions are 25°C with a
pressure drop of 50 psi. The pump is model 840 manufactured by Watson Marlow and costs
$18,135. This model has a maximum flow rate of 133.3 L/min and maximum power of 3.0 kW
(2.2 hp). It is made of electropolished Stainless Steel 316L and will be used with Bioprene 40

mm tubing. Cleaning is performed before and after every batch using CIP and SIP procedures.
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7.11.4 Thiol Reduction Reactor (P-83/ R-401)

The reduction reaction takes place in this reactor in order to reduce any thiols that attach
to the cysteine on the hinge-region end of the Fab’ fragments during the purification processes.
Thiswill ensure that the thiols are available for the site-specific PEGylation reaction. This unit
iIsa1900 L jacketed bioreactor with a backward curved impeller for agitation and a DCS control
system. It has a 90% working capacity volume of 1673.93 L (height = 2.371 m, diameter = 0.948
m). It is made of electropolished 316L Stainless Steel by ABEC for a purchase cost of $511,000.
The reaction is run at operating conditions of 37°C for 90 minutes. Validated cleaning is
performed before and after every batch using CIP and SIP procedures.

7.11.5 Pump (P-84/ PM-402)

This peristaltic pump is used to transport the Fab’ fragments concentrated in the
Reduction Reaction Buffer from the Thiol Reduction Reactor to the next Diafiltration Unit. This
pump operates at 0.12 kW (0.16 hp) and 49.11 L/min. Operating conditions are 25°C with a
pressure drop of 14.5 psi. The pump is model 840 manufactured by Watson Marlow and costs
$18,135. This model has a maximum flow rate of 133.3 L/min and maximum power of 3.0 kW
(2.2 hp). It is made of electropolished Stainless Steel 316L and will be used with Bioprene 40
mm tubing. Cleaning is performed before and after every batch using CIP and SIP procedures.
7.12 PEGylation Reaction (BFD-12)

7.12.1 Diafiltration Storage Tank (P-85/V-402)

Thisunitisa 1900 L jacketed storage tank with a 90% working capacity volume of
1678.37 L (height = 2.679 m, diameter = 0.893 m) to be used during the diafiltration process
between Thiol Reduction and the PEGylation Reaction. It is a blending tank made of

electropolished 316L Stainless Steel by Sharpsville Container for a purchase cost of $117,000.
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Operating conditions are 25°C and 22.046 psi. Cleaning is performed before and after every
batch using CIP and SIP procedures.
7.12.2 Diafiltration Unit (P-86 / DF-402)

This diafiltration unit will filter out the 2-MEA from the Reduction Reaction and keep the
Fab’ fragments at a concentration of 10 mg/ml in Reduction Reaction Buffer (PEGylation
Reaction Buffer). This unit consists of 5 diafiltration filters, each with a membrane area of 3.0
m? to fulfill the 13.03 m? total membrane area requirement for this diafiltration process. The unit
will use Sartorius Stedim Biotechnology's Sartocube® 302 144 59 30 E-BSW stabilized
cellulose based filters in a Sartocon 2 Plusfilter housing unit. The cutoff molecular weight for
thisfilter is 10 kDa, and is used in order to retain the 50 kDa Fab’ fragmentsin the retentate. The
housing unit costs $11,141 and each filter costs $8,374, so the total cost for this unit will be
$53,011. Operating conditions are 25°C with a pressure drop of 152.68 psi. Cleaning is
performed before and after every batch using CIP and SIP procedures.

7.12.3 Pump (P-87 / PM-403)

This peristaltic pump is used to transport the Fab’ fragments concentrated in the
PEGylation Reaction Buffer from the Diafiltration Unit to the PEGylation Reactor. This pump
operates at 0.12 kW (0.16 hp) and 49.24 L/min. Operating conditions are 25°C with a pressure
drop of 14.5 psi. The pump is model 840 manufactured by Watson Marlow and costs $18,135.
This model has a maximum flow rate of 133.3 L/min and maximum power of 3.0 kW (2.2 hp). It
is made of electropolished Stainless Steel 316L and will be used with Bioprene 40 mm tubing.
Cleaning is performed before and after every batch using CIP and SIP procedures.

7.12.4 PEGylation Reactor (P-88/ R-402)

In this bioreactor, the PEGylation reaction will take place to site-specifically PEGylate

the Fab’ fragments with a40 kDa PEG molecule. Thisunit isa 2200 L jacketed bioreactor with a

backward curved impeller for agitation and a DCS control system. It has a 90% working capacity
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volume of 1947.83 L (height = 2.493 m, diameter = 0.997 m). It is made of electropolished 316L
Stainless Steel by ABEC for a purchase cost of $522,000. The reaction is run at operating
conditions of 25°C for 2 hours. Validated cleaning is performed before and after every batch
using CIP and SIP procedures. The PEG molecule that will be used is a branched maleimide
polyethylene glycol molecule that will react with thiols. It is purchased from JenKem
Technology USA at a bulk price of $144/g, costing atotal of $3,285,350 per batch for the
22,814.95 g of the PEG molecular required to react with the Fab’ fragments.

7.12.5 Pump (P-89 / PM-404)

This peristaltic pump is used to transport the PEGylated Fab’ fragments, as well asthe
remaining PEG molecules and non-PEGylated Fab' fragments concentrated in the PEGylation
Reaction Buffer from the PEGylation Reactor to the next Diafiltration Unit. This pump operates
at 0.07 kW (0.09 hp) and 27.84 L/min. Operating conditions are 25°C with a pressure drop of
14.5 psi. The pump is model 825 manufactured by Watson Marlow and costs $12,350. This
model has a maximum flow rate of 33.3 L/min and maximum power of 1.1 kW (1.6 hp). Itis
made of electropolished Stainless Steel 316L and will be used with Bioprene 25 mm tubing.
Cleaning is performed before and after every batch using CIP and SIP procedures.

7.12.6 Diafiltration Storage Tank (P-90/ V-403)

Thisunitisan 1100 L jacketed storage tank with a 90% working capacity volume of
950.09 L (height = 2.216 m, diameter = 0.739 m) to be used during the diafiltration process
between the PEGylation Reaction and Cation Exchange Chromatography. It is a blending tank
made of electropolished 316L Stainless Steel by Sharpsville Container for a purchase cost of
$117,000. Operating conditions are 25°C and 26.1 psi. Cleaning is performed before and after

every batch using CIP and SIP procedures.
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7.12.7 Diafiltration Unit (P-91 / DF-403)

This diafiltration unit will filter out the PEGylation Reaction Buffer and give aretentate
of PEGylated Fab’ fragments, excess PEG molecules, and non-PEGylated Fab’ fragmentsin
WHFI to go into the Cation Exchange Chromatography. This unit consists of 3 diafiltration filters,
each with a membrane area of 3.0 m? to fulfill the 7.39 m? total membrane area requirement for
this diafiltration process. The unit will use Sartorius Stedim Biotechnology's Sartocube® 302
144 59 30 E-BSW stabilized cellulose based filters in a Sartocon 2 Plus filter housing unit. The
cutoff molecular weight for thisfilter is 30 kDa, and is used in order to be sure to retain the 90
kDa PEGylated Fab’ fragmentsin the retentate. The housing unit costs $11,141 and each filter
costs $8,374, so the total cost for this unit will be $36,263. Operating conditions are 25°C with a
pressure drop of 26.1 psi. Cleaning is performed before and after every batch using CIP and SIP
procedures.

7.13 Cation Exchange Chromatography (BFD-13)
7.13.1 Cation Buffer 2 Storage Tank (P-92 / V-405)

Thisunit isa 2400 L jacketed storage tank with a 90% working capacity volume of
2113.64 L (height = 2.89 m, diameter = 0.96 m) which will be used to store prepared Cation
Buffer 2 for the Elution and Stripping steps of the Cation 1on Exchange Chromatography. Itisa
blending tank made of electropolished 316L Stainless Steel by Sharpsville Container for a
purchase cost of $117,000. Operating conditions are 25°C and 132.2 psi. Cleaning is performed
before and after every batch using CIP and SIP procedures.

7.13.2 Cation Buffer 1 Storage Tank (P-93/V-404)

Thisunit isa 2400 L jacketed storage tank with a 90% working capacity volume of

2113.64 L (height = 2.89 m, diameter = 0.96 m) which will be used to store prepared Cation

Buffer 2 for the Elution and Stripping steps of the Cation 1on Exchange Chromatography. Itisa
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blending tank made of electropolished 316L Stainless Steel by Sharpsville Container for a
purchase cost of $117,000. Operating conditions are 25°C and 132.226 psi. Cleaning is
performed before and after every batch using CIP and SIP procedures.

7.13.3 Pump (P-94 / PM-405)

This peristaltic pump is used to transport the mixture of PEGylated Fab’ fragments,
excess PEG molecules, and non-PEGylated Fab’ fragmentsin WFI during the Load step of the
Cation Exchange Chromatography. This pump operates at 0.12 kW (0.16 hp) and 48.79 L/min.
Operating conditions are 25°C with a pressure drop of 14.5 psi. The pump is model 840
manufactured by Watson Marlow and costs $18,135. This model has a maximum flow rate of
133.3 L/min and maximum power of 3.0 kW (2.2 hp). It is made of electropolished Stainless
Steel 316L and will be used with Bioprene 40 mm tubing. Cleaning is performed before and after
every batch using CIP and SIP procedures.

7.13.4 Pump (P-95/ PM-406)

This peristaltic pump is used to transport Cation Buffer 1 from the storage tank in order
to be mixed with the incoming PEGylated Fab’ stream before the Load step of the Cation
Exchange Chromatography. This pump operates at 0.29 kW (0.38 hp) and 119.83 L/min.
Operating conditions are 25°C with a pressure drop of 14.5 psi. The pump is model 840
manufactured by Watson Marlow and costs $18,135. This model has a maximum flow rate of
133.3 L/min and maximum power of 3.0 kW (2.2 hp). It is made of electropolished Stainless
Steel 316L and will be used with Bioprene 40 mm tubing. Cleaning is performed before and after
every batch using CIP and SIP procedures.

7.13.5 Pump (P-96 / PM-410)

This peristaltic pump is used to transport Cation Buffer 2 from the storage tank to the

Cation Exchange Chromatography Column during the Stripping step. This pump operates at 0.06

kW (0.08 hp) and 25.18 L/min. Operating conditions are 25°C with a pressure drop of 14.5 psi.
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The pump is model 825 manufactured by Watson Marlow and costs $12,350. This model has a
maximum flow rate of 33.3 L/min and maximum power of 1.6 kW (1.1 hp). It is made of
electropolished Stainless Steel 316L and will be used with Bioprene 25 mm tubing. Cleaning is
performed before and after every batch using CIP and SIP procedures.

7.13.6 Pump (P-97 / PM-411)

This peristaltic pump is used to transport Cation Buffer 2 from the storage tank to the
Chromatography Column during the Elution step. This pump operates at 0.02 kW (0.03 hp) and
9.21 L/min. Operating conditions are 25°C with a pressure drop of 14.5 psi. The pump is model
825 manufactured by Watson Marlow and costs $12,350. This model has a maximum flow rate
of 33.3 L/min and maximum power of 1.6 kW (1.1 hp). It is made of electropolished Stainless
Steel 316L and will be used with Bioprene 25 mm tubing. Cleaning is performed before and after
every batch using CIP and SIP procedures.

7.13.7 Pump (P-98/ PM-409)

This peristaltic pump is used to transport Cation Buffer 1 from the storage tank to the
Cation Exchange Chromatography Column during the Washing step. This pump operates at 0.04
kW (0.06 hp) and 18.88 L/min. Operating conditions are 25°C with a pressure drop of 14.5 psi.
The pump is model 825 manufactured by Watson Marlow and costs $12,350. This model has a
maximum flow rate of 33.3 L/min and maximum power of 1.6 kW (1.1 hp). It is made of
electropolished Stainless Steel 316L and will be used with Bioprene 25 mm tubing. Cleaning is
performed before and after every batch using CIP and SIP procedures.

7.13.8 Pump (P-99 / PM-407)

This peristaltic pump is used to transport Cation Buffer 1 from the storage tank to the
Cation Exchange Chromatography Column during the Equilibration step. This pump operates at
0.06 kW (0.08 hp) and 25.18 L/min. Operating conditions are 25°C with a pressure drop of 14.5

psi. The pump is model 825 manufactured by Watson Marlow and costs $12,350. This model has
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amaximum flow rate of 33.3 L/min and maximum power of 1.6 kW (1.1 hp). It is made of
electropolished Stainless Steel 316L and will be used with Bioprene 25 mm tubing. Cleaning is
performed before and after every batch using CIP and SIP procedures.

7.13.9 Mixer (P-100/ M X-102)

This mixing step will be ajoint in the piping of the system which will mix the incoming
Fab’ stream with Cation Buffer 1 from the storage tank immediately before the Loading step of
the Cation Exchange Chromatograph. This must be done to ensure that the PEGylated Falb’
fragments do not denature. Price will be incorporated into the cost of piping.

7.13.10 Chromatography Column (P-101/ C-401)

This unit is a Cation Exchange Chromatography Column which goes through a process of
Equilibration, Washing, Loading, Elution and Stripping. It isa 154.46 L (height = 0.787 m,
diameter = 1.0 m) Chromaflow™ 1000 column made by GE Healthcare which will be purchased
for $249,000. The distributor is made of polypropylene, the seals are made of FEP-encapsul ated
silicone, and the column, lid, bed support, nozzles, and stand are made of 316L stainless stedl.
The 154.46 L bed will be packed with GE Healthcare MacroCap SP Resin with adynamic
binding capacity of 150 mg/ml and alinear velocity of 120 crm/h, which will cost $290,230 at a
price of $1,879 per liter. Cleaning is performed before and after every batch using CIP and SIP
procedures.

7.14 Final Filtration (BFD-14)
7.14.1Pump (P-102/PM-501)

This pump transports the purified monoclonal antibody stream from the PEGylation
section (PFD -010A) to the diafiltration holding tank V-501. It isa 316L stainless steel peristaltic

pump and uses 0.02 kW of power per batch. The pump is a Watson-Marlow Bredel 825, and
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provides a maximum flow rate of 33.3 LPM and enough power to overcome the 45.5 ft of head
required for transport. It has a purchase cost of $12,350.
7.14.2 Holding Tank (P-103/V-501)

This holding tank is used to store fluid for diafiltration. The tank is made of 316L
stainless steel and holds up to 370 L of fluid with a 90% working capacity (333L). It is1.0m tall
and 0.68m in diameter. Operating temperature is maintained at around room temperature (25°C).
The tank is sterilized using CIP and SIP techniques. The tank is manufactured by Sharpsville
Container and has a purchase cost of $117,000.

7.14.3 Diafiltration (P-104/DF-501)

Diafiltration cassettes will be provided by Sartorius Stedim Biotechnology. The
membrane is composed of the cellulose-based Hydrosart, is about 3.0 m? in area. The cutoff
molecular weight for thisfilter is 30 kDa, and is used in order to retain the 90 kDa PEGylated
Fab’ fragmentsin the retentate. The housing unit costs $11,141 and each filter costs $8,374, so
the total cost for this unit will be $36,263. Operating conditions are 25°C with a pressure drop of
26.1 psi. Cleaning is performed before and after every batch using CIP and SIP procedures.
7.14.4 Peristaltic Pump (P-105/PM-502)

This pump transports the purified monoclonal antibody stream di&filtration to viral
filtration. It isa 316L stainless steel peristaltic pump and uses 0.036 kW of power per batch. The
pump is a Watson-Marlow Bredel 825, and provides a maximum flow rate of 33.3 LPM. It hasa
purchase cost of $12,350.

7.14.5 RetrovirusFiltration (P-106/DE-501)

This 50 nm normal flow filter is used to remove larger viral particles, such as retroviruses
and certain bacteriophages, while alowing the PEGylated monoclonal antibody fragment (10nm)
to pass through. The Viresolve NFR Cartridge filter is manufactured by Millipore and is made of

polyethersulfone with afiltration area of 0.43m?. The filter costs $1,459 and the housing for it
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costs $1,340. A new filter will be used for each batch to ensure sterility and to maximize
filtration of the virus.
7.14.6 Parvovirus Filtration (P-107/DE-502)

This 20 nm normal flow filter is used to remove parvoviruses from the product stream,
while allowing the PEGylated monoclonal antibody fragment (10nm) to pass through. The
Viresolve NFP Cartridge filter is manufactured by Millipore and is made of modified
polyvinylidene fluoride (PVDF) with afiltration area of 0.42m?. Thefilter costs $3,963 and the
housing for it costs $1,340. A new filter will be used for each batch to ensure sterility and to
maximize filtration of the virus.

7.14.7 Disposable Container Storage (P-108/DCS-101)

Dispensing the final product into 50 L bags is done by the SciLog Fillmaster system. It
contains a peristaltic pump, whose maximum flow rateis 14.6 LPM, and distributes liquid
accurately into sterile 50 L HyClone Labtainer Bags made of a special HyQ CX5-14 film. The
Scil.og Fillmaster system costs $10,000 and the sterile bags cost $49.05 each.

7.14.8 Refrigeration (P-109/EC-501)

Freezing down of the PEGylated monoclonal antibody is necessary to keep the product
stable for aslong as possible. Effective temperatures for long term storage range from -20°C to -
80°C. Thefreezing is done using an ultra cold freezer, which can reach temperatures up to -
85°C. The freezer can hold up to 1050 L (or 21 bags) and requires 10.85 kW per batch.
Manufactured by Cincinnati Sub-Zero, the freezer is made of 304 grade stainless steel and costs

$45,000.
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8.0 Additional Equipment and Pricing

There are several pieces of equipment that are integral to the operation of the monoclonal
antibody production plant, but are not found on the process flow diagrams. These pieces of
equipment are described in this section, along with a description of the spare equipment that will
be purchased.

8.1 Incubatorsfor T-flasksand Roller Bottles

Mammalian cells need to live at a very specific temperature to survive and proliferate.
The incubators are used to control the temperature of the t-flasks and roller bottles. The total cost
of the incubators, which are manufactured by Thermo Scientific, is $15,000. Electricity
consumption per batch for the incubatorsis 49.9 kWh.

8.2 Roller Bottle Apparatus

Theroller bottle apparatus is a system that is used to rotate the roller bottles to ensure the

cultures receive enough oxygen to grow. The apparatus is used inside the roller bottle incubator.

Manufactured by Cole-Parmer, the total cost of the apparatus costs $6500.

8.3 Biosafety Cabinet

A biosafety cabinet is needed to provide a sterile environment for aseptic handling and
transfer of mammalian cellsinto T-flasks and roller bottles. Manufactured by Thermo Scientific,
the biosafety cabinet costs $10,000.
8.4 Air Generator (HVAC Equipment)

Purified air will be provided by an HVAC system, supplying pure air to bioreactors, clean
rooms, and other process equipment. This cost of the system is $1.2 million and requires 100 kW

of power per hour.

-87-



Flexible Manufacturing Facility for Biopharmaceuticals

8.5 Clean Steam Generator

The clean steam generator is used to produce steam from WFI and clean process
equipment with steam-in-place procedures. It has a power requirement of 4.1 kW and costs
$200,000.
8.6 CIP Skids

CIP, or Clean-In-Place, is atechnique used to clean process equipment. A CIP skid
contains the cleaning solutions and equipment and is portable, asit can be wheeled around to
different pieces of process equipment. Three CIP skids, manufactured by Sani-matic, will be
needed for this process and each one will cost $80,000. Power consumption totals to about 7.5
KW per batch.
8.7 Buffer Transfer Bags

Buffer transfer bags are used to transfer media or buffer to certain processing steps.
These disposable bags are manufactured by HyClone and will cost approximately $70,000 a
year.
8.8 Filter Integrity Tester

The filter integrity tester isused to test sterile and viral filters before use to ensure that
they are not clogged, torn, or unusable. Even though the filters used are single-use, filter testing
is performed to prevent loss of product and time. The filter integrity tester from Millipore, or the
Integritest Exacta Automatic Filter Integrity Test Instrument, has a purchase cost of $16,500.
8.9 Tube Fuser

In using sterile, single-use, equipment, it is necessary to connect tubing of process
equipment, sterile containers, and bags to transfer liquid. Sartorius Stedim Biotech’s Sterile Tube
Fuser is afully automatic device that cuts and fuses tube ends together to ensure sterility. It costs

$15,300.
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8.10 Tube Sealer

The tube sedler is used to seal plastic tubing to prevent leaks from the bags that are used
throughout the process. It is afully automated unit and can be used on many types of plastic
tubing. It is produced by Sartorius Stedim Biotech and the cost of the tube sealer is $10,200.
8.11 Water Treatment Package

The water treatment package is used to generate USP grade water from tap water. The
package costs $100,000 and uses 7.5 kW per batch.
8.12 WFI Still

The WFI still further purifies the water from the water treatment package to produce
WFI. WFI is used throughout the process to ensure sterility of the product and process
equipment. The still costs $350,000 and is manufactured by the Paul Mueller Co. It requires 37.3
KW per batch.
8.13 Biowaste and Neutralization Waste Tanks

Two separate tanks are necessary to collect the wastes generated by the process. All
wastes potentially carrying living cells are sent to the biowaste tank, while the rest are sent to the
neutralization tank. The biowaste tank is 5,000 L, while the neutralization tank is 35,000 L.
These tanks will be made of 316L stainless steel and manufactured by Sharpsville Container for
$125,000 each.
8.14 Biowaste | nactivation System

This system kills any remaining biomass in the biowaste tank. Thisincludes all CIP and
SIP washes, from the main bioreactors and primary recovery. The system costs $270,000 and

uses 12 kW per batch.
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8.15 Waste Neutralization System
The waste neutralization system operates by adjusting the pH of process waste in the
neutralization tank to 7.0. This allows the wastes to be sent to the sewer. The cost of the system

is $100,000 and requires 12kW for operation.

8.16 Blood Gas Analyzer

A blood gas analyzer is needed to analyze the contents of the media. Thisincludes
nutrients, metabolites, gases, cell density, cell viability, osmolality, and even IgG concentration.
With the BioProfile Flex, manufactured by Nova Biomedical, up to 16 assays can be performed

within minutes. Thetotal cost of the system is $45,000

8.17 Laboratory Information Management System (LIMYS)
The Laboratory Information Management system, or LIMS, is software that is used to
manage a laboratory. It manages samples, users, instruments, and many laboratory functions.

The cost of aLIMSis $450,000 and is provided by STARLIMS.

8.19 Portable Pump on Cart
A portable pump on cart is used in case a connected pump breaks down or malfunctions.
This pump will easily replace the broken pump until it can be fixed. An extra Watson-Marlow

Bredel 840 pump and a cart will cost $12,500.

8.20 Final Packaging

The monoclonal antibody produced by plant will not be ready for dosing of patients, as
the product requires further packaging. The product will be shipped out to afacility that will
lyophilize the frozen antibodies in septum bottles, allowing the longer shelf-life at room
temperature. Final packaging, including both shipping and lyophilization, will be performed by

Quality BioResources, Inc., and costs $270,000 per batch.
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9.0 Unit Specification Sheets
The following pages contain the unit specification sheets for the equipment used in our

manufacturing facility. Equipment models and prices have been obtained through direct contact

with vendors.
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T-Flask (P-1/ TFR-101)

Function: Non-treated, sterile flasks for the suspension and growth of cell cultures.

Vendor: Nunc International

PFD Reference: PFD-01

Operation: Batch
[ nput: Quantity (kg/batch):
Amino Acids 0.00267
Glucose 0.01132

. . Glutamine 0.00131

Materials Handleq: Inorganic Salts 0.02742
Other Media 0.00024
Vitamins 0.00011
WFI 2.11021
Total 2.15309
Model: Nunc EasyFlask 159933
Material of Construction: Polystyrene
Cap: Filter

Characteristics. Flask Type: Non-treated, Sterile
Total Volume: 225 ml
Suggested Working Volume: 70 ml
Additional Features: Disposable
Temp: 37°C

: o Pressure: 1 bar

Operating Conditions: Duration: 4days

Number of Containers: 20

Purchase Cost:

Reference Page:

$205.01/(30 flasks)

466
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Roller Bottle (P-2/ RBR-101)

Function: Non-treated, sterile bottles for the suspension and growth of cell cultures.

Vendor: Nunc International

PFD Reference: PFD-01

Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 0.01363
Biomass 0.00030
Dead Biomass 0.00003
Glucose 0.05770
Glutamine 0.00667

. | i 1397

Materials Handled: norganic Salts 0.13976
Lactate 0.00021
MAB 0.00006
Other Media 0.00121
Vitamins 0.00057
Water 0.00053
WFI 10.80021
Total 11.02088
Model: Nunc Standard Roller Bottle 186022
Material of Construction: PETG

. Flask Type: Non-treated, Sterile

Characteristics Culture Area: 1800 cm?
Suggested Working Volume: 200-1000
Additional Features: Disposable
Temp: 37°C

, e Pressure: 1 bar

Operating Conditions. Duration: 4 days
Number of Containers: 11

Purchase Cost: $426.75/(22 bottles)

Reference Page: 468
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Bag Bioreactor (P-3/BBS-101)

A pre-sterilized disposabl e bioreactor chamber equipped with ports for
sterile aeration, seeding, harvesting, sampling and analysis. The rocker

Function: unit is used to control and monitor temperature, pH, aeration rate, and
rocking speed to obtain proper cell growth.
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-01
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 0.08843
Biomass 0.00189
Dead Biomass 0.00019
Glucose 0.37423
Glutamine 0.04329
Materials Handled: Inorganic Salts 0.90654
Lactate 0.00134
MAB 0.00039
Other Media 0.00783
Vitamins 0.00370
Water 0.00339
WFI 70.04777
Total 71.47899
Model: BIOSTAT® CultiBag RM
Type: Rocker 20/50 (Optical Package)
Bag Size: 20L

Characteristics:

Operating Conditions:

Max Working Volume:
Min Working Volume:

Sterilization:

Temp:
Pressure:
pH:

DO:
Duration:

Number In Use Per Batch:

0L

2L

Disposable Bags
37°C

1 bar

7.0

50%

4 Days

8

Purchase Cost:

Reference Page:

Rocker and Control Unit: $33,000 (Quote from Applikon)
Disposable Bag: $447/bag (Quote from Applikon)
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Bag Bioreactor (P-4/BBS-102)

A pre-sterilized disposabl e bioreactor chamber equipped with ports for
sterile aeration, seeding, harvesting, sampling and analysis. The rocker

Function: unit is used to control and monitor temperature, pH, aeration rate, and
rocking speed to obtain proper cell growth.
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-01
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 0.39911
Biomass 0.01393
Dead Biomass 0.00143
Glucose 1.68901
Glutamine 0.19538
Materials Handled: Inorganic Salts 4.09140
Lactate 0.00988
MAB 0.00286
Other Media 0.03535
Vitamins 0.01671
Water 0.02501
WFI 316.91374
Total 323.39381
Model: BIOSTAT® CultiBag RM
Type: Rocker 200 (Optical Package)
o Bag Size: 100 L
Characteristics. Max Working Volume: 50L
Min Working Volume: 0L
Sterilization: Disposable Bags
Temp: 37°C
Pressure: 1 bar
, e pH: 7.0
Operating Conditions. DO: 50%
Duration: 4 Days
Number In Use Per Batch: 7

Purchase Cost:

Reference Page:

Rocker and Control Unit: $39,000 (Quote from Applikon)
Disposable Bag: $447/bag (Quote from Applikon)

483
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Storage/Mixing Tank (P-5/MP-101)

Tank used to store and mix powdered serum free media with water for

Function: injection prior to being pumped through a sterile filter.
Vendor: Sharpsville Container
PFD Reference: PFD-02
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 1.36298
Glucose 5.76797
Glutamine 0.66722
Materials Handled: Inorganic Salts 13.97219
Other Media 0.12071
Vitamins 0.05707
WFHI 648.69449
Totd 670.64263
Material of Construction: Stainless Steel 316
Volume: 1000 L
o Height: 22m
Characteristics: Diameter: 0.8m
Working Capacity: 70%
Sterilization: SIP/CIP
, . Temp: 25°C
Operating Conditions: Pressure: 1 bar
Purchase Cost: $117,000
Reference Page: 508
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Pump (P-6/ PM-101)

Pump to transfer fluid from first media prep storage tank to first sterile

Function: filter,
Vendor: Watson Marlow
PFD Reference: PFD-02
Operation: Batch
[ nput: Quantity (kg/batch):
Amino Acids 1.36298
Glucose 5.76797
Glutamine 0.66722
Materials Handled: Inorganic Salts 13.97219
Other Media 0.12071
Vitamins 0.05707
WFI 648.69449
Totd 670.64263
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Sterilization Filter (P-7/ DE-101)

0.2 um filter to remove bacteria and other impurities from the serum free

Function: media prior to feeding the first seed bioreactor.
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-02
Operation: Batch
[ nput: Quantity (kg/batch):
Amino Acids 1.36298
Glucose 5.76797
Glutamine 0.66722
Materials Handled: Inorganic Salts 13.97219
Other Media 0.12071
Vitamins 0.05707
WFI 648.69449
Total 670.64263
Model: Sartopore 2 0.2 pm
o Size: 30"
Chavacteristics: Filtration Area: 1.8 m? (18 ft)
Max. Differential Pressure: 5 bar (75 psi) at 20°C
, e Temp: 25°C
Operating Conditions: Differential Pressure: 0.5 bar (7.5 psi)

Purchase Cost:

Reference Page:

Filter Housing: $1,908
Filter Membrane: $608/unit

491
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Pump (P-8/ PM-102)

Function: Pump to transfer fluid from first sterile filter to first seed bioreactor.
Vendor: Watson Marlow
PFD Reference: PFD-02
Operation: Batch
[ nput: Quantity (kg/batch):
Amino Acids 1.36298
Glucose 5.76797
Glutamine 0.66722
Materials Handled: Inorganic Salts 13.97219
Other Media 0.12071
Vitamins 0.05707
WFI 648.69449
Total 670.64263
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics. Flow Rate: 333LPM
Power: 15-50hp
Sterilization: SIPICIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages. 493, 505
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Seed Bioreactor (P-9/ SBR-101)

Bioreactor used for continued cell growth and production of monoclonal

Function: antibodies.
Vendor: ABEC
PFD Reference: PFD-02
Operation: Batch
Input: Quantity (ka/batch):
Amino Acids 1.75135
Dead Biomass 0.0075
Glucose 7.41151
Glutamine 0.85734
Materials Handled: Inorganic Salts 17.95346
Lactate 0.0519
MAB 0.01502
Other Media 0.15511
Vitamins 0.07333
Water 0.13141
WHI 965.60863
Totd 994.08977
Material of Construction: Stainless Steel 316
Volume: 1500 L
o Height: 23m
Characteristics: Diameter: 09m
Working Capacity: 70%
Sterilization: SIP/CIP
Temp: 37°C
Pressure: 1 bar
Operating Conditions. pH: 7.0
DO: 50%
Duration: 4 days
Purchase Cost: $495,000
Reference Page: 507
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Pump (P-10/ PM-103)

Pump to transfer fluid from first seed bioreactor to second seed

Function: .
bioreactor.
Vendor: Watson Marlow
PFD Reference: PFD-03
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 0.18
Biomass 8.77
Dead Biomass 0.90
Glucose 0.74
Glutamine 0.09
Inorganic Salts 1.80
Materials Handl ed: Lactate 6.22
MAB 1.80
Other Media 0.00
Oxygen 0.02
Vitamins 0.01
Water 15.74
WFI 969.06
Total 1005.31
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25 °C (Room Temperature)
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Storage/Mixing Tank (P-11/ MP-102)

Tank used to store and mix powdered serum free media with water for

Function: injection prior to being pumped to a sterile filter.
Vendor: Sharpsville Container
PFD Reference: PFD-03
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 4.17654
Glucose 17.67465
Glutamine 2.04456
Materials Handled: Inorganic Salts 42.81462
Other Media 0.3699
Vitamins 0.17486
WEFI 2011.29215
Total 2078.54728
Material of Construction: Stainless Steel 316
Volume: 3000 L
. Height: 33m
Characteristics: Diameter: 1.1m
Working Capacity: 70%
Sterilization: SIP/CIP
, . Temp: 25°C
Operating Conditions: Pressure: 1 bar
Purchase Cost: $120,000
Reference Page: 508
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Pump (P-12/ PM-104)

Pump to transfer fluid from second media prep storage tank to second

Function: stevile filter,
Vendor: Watson Marlow
PFD Reference: PFD-03
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 4.17654
Glucose 17.67465
Glutamine 2.04456
Materials Handled: Inorganic Salts 42.81462
Other Media 0.3699
Vitamins 0.17486
WHI 2011.29215
Total (kg/batch) 2078.54728
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Sterilization Filter (P-13/ DE-102)

0.2 um filter to remove bacteria and other impurities from the serum free

Function: media prior to feeding the second seed bioreactor.
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-03
Operation: Batch
[nput: Quantity (ka/batch):
Amino Acids 4.17654
Glucose 17.67465
Glutamine 2.04456
Materials Handled: Inorganic Salts 42.81462
Other Media 0.3699
Vitamins 0.17486
WFI 2011.29215
Total 2078.54728
Model: Sartopore 2 0.2 pm
o Size: 30"
Chavacteristics: Filtration Area: 1.8 m? (18 ft)
Max. Differential Pressure: 5 bar (75 psi) at 20°C
, e Temp: 25°C
Operating Conditions. Differential Pressure: 0.5 bar (7.5 psi)

Filter Housing: $1,908

Purchase Cost: Filter Membrane; $608/unit

Reference Page: 491

-104-



Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-14 / PM-105)

Function: Pump to transfer fluid from second sterile filter to second seed bioreactor.
Vendor: Watson Marlow
PFD Reference: PFD-03
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 4.17654
Glucose 17.67465
Glutamine 2.04456
Materials Handled: Inorganic Salts 42.81462
Other Media 0.3699
Vitamins 0.17486
WFI 2011.29215
Total 2078.54728
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics. Flow Rate: 333LPM
Power: 15-50hp
Sterilization: SIPICIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages. 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Seed Bioreactor (P-15/ SBR-102)

Bioreactor used for continued cell growth and production of monoclonal

Function: antibodies.
Vendor: ABEC
PFD Reference: PFD-03
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 452681
Biomass 7.80284
Dead Biomass 0.79941
Glucose 19.15695
Glutamine 2.21603
Materials Handled: Inorganic Salts 46.40531
Lactate 553213
MAB 1.60111
Other Media 0.40092
Vitamins 0.18953
Water 14.00684
WHI 2976.90078
Total 3079.53866
Material of Construction: Stainless Steel 316
Volume: 4500 L
o Height: 3.3m
Characteristics: Diameter: 1.3m
Working Capacity: 70%
Sterilization: SIP/CIP
Temp: 37°C
Pressure: 1 bar
Operating Conditions. pH: 7.0
DO: 50%
Duration: 4 days
Purchase Cost: $585,000
Reference Page: 507
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-16 / PM-106)

Pump to transfer fluid from second seed bioreactor to production

Function: .
bioreactor.
Vendor: Watson Marlow
PFD Reference: PFD-04
Operation: Batch
[nput: Quantity (ka/batch):
Amino Acids 0.90536
Biomass 27.78205
Dead Biomass 2.84632
Glucose 3.83139
Glutamine 0.4432
Materials Handled: Inorganic Salts 9.28106
' Lactate 19.6972
MAB 5.70075
Other Media 0.08019
Vitamins 0.03791
Water 49.87146
WEFI 2976.90077
Total 3097.37766
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characterisiics Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25 °C (Room Temperature)
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Storage/Mixing Tank (P-17 / MP-103)

Tank used to store and mix powdered serum free media with water for

Function: injection prior to being pumped to a sterile filter (P-19).
Vendor: Sharpsville Container
PFD Reference: PFD-04
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 10.74057
Glucose 45.45284
Glutamine 5.25786
Materials Handled: Inorganic Salts 110.10379
Other Media 0.95126
Vitamins 0.44969
WEFI 5222.19771
Totd 5395.15372
Material of Construction: Stainless Steel 316
Volume: 7700 L
o Height: 45m
Characteristics: Diameter- 15m
Working Capacity: 70%
Sterilization: SIP/CIP
, . Temp: 25°C
Operating Conditions: Pressure: 1 bar
Purchase Cost: $130,000
Reference Page: 508
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-18/ PM-107)

Function: Pump to transfer fluid from storage tank (P-17) to sterile filter (P-19).
Vendor: Watson Marlow
PFD Reference: PFD-04
Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 10.74057
Glucose 45.45284
Glutamine 5.25786
Materials Handled: Inorganic Salts 110.10379
Other Media 0.95126
Vitamins 0.44969
WFI 5222.19771
Total 5395.15372
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics. Flow Rate: 333LPM
Power: 15-50hp
Sterilization: SIP/ICIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Sterilization Filter (P-19/ DE-103)

0.2 um filter to remove bacteria and other impurities from the serum free

Function: media prior to feeding the production bioreactor.
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-04
Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 10.74057
Glucose 45.45284
Glutamine 5.25786
Materials Handled: Inorganic Salts 110.10379
Other Media 0.95126
Vitamins 0.44969
WFI 5222.19771
Total 5395.15372
Model: Sartopore 2 0.2 pm
o Size: 30"
Chavacteristics: Filtration Area: 1.8 m? (18 ft)
Max. Differential Pressure: 5 bar (75 psi) at 20°C
, e Temp: 25°C
Operating Conditions Differential Pressure: 0.5 bar (7.5 psi)

Filter Housing: $1,908

Purchase Cost: Filter Membrane; $608/unit

Reference Page: 491
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-20/ PM-108)

Pump to transfer fluid from sterile filter (P-19) to the production

Function: .
bioreactor.
Vendor: Watson Marlow
PFD Reference: PFD-04
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 10.74057
Glucose 45.45284
Glutamine 5.25786
Materials Handled: Inorganic Salts 110.10379
Other Media 0.95126
Vitamins 0.44969
WEFI 5222.19771
Totd 5395.15372
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Storage/Mixing Tank (P-21/ MP-104)

Tank used to store and mix powdered serum free media with water for

Function: injection for fed batch considerations prior to being pumped to a sterile
filter (P-23).
Vendor: Sharpsville Container
PFD Reference: PFD-04
Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 1.36
Glucose 5.77
Glutamine 0.67
Materials Handled: Inorganic Salts 13.97
Other Media Components 0.12
Vitamins 0.06
WFI 908.165
Totd 674.10
Material of Construction: Stainless Steel 316
Volume: 1600 L
o Height: 2.6m
Characteristics: Diameter- 09om
Working Capacity: 70%
Sterilization: SIP/CIP
: o Temp: 25°C
Operating Conditions: Pressure: 1 bar
Purchase Cost: $117,000
Reference Page: 508
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-22 / PM-109)

Pump to transfer fluid from media prep storage tank (P-21) to sterile filter

Function: (P-23).
Vendor: Watson Marlow
PFD Reference: PFD-04
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 17.12144
Glucose 72.45596
Glutamine 8.38151
Materials Handled: Inorganic Salts 175.5155
Other Media 1.51639
Vitamins 0.71684
WFI 897.8898
Totd 1173.597
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Sterilization Filter (P-23/ DE-104)

0.2 um filter to remove bacteria and other impurities from the serum free

Function: media prior to feeding the production bioreactor (fed batch).
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-04
Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 17.12144
Glucose 72.45596
Glutamine 8.38151
Materials Handled: Inorganic Salts 175.5155
Other Media 1.51639
Vitamins 0.71684
WFI 897.8898
Total 1173.597
Model: Sartopore 2 0.2 pm
o Size: 30"
Chavacteristics: Filtration Area: 1.8 m? (18 ft)
Max. Differential Pressure: 5 bar (75 psi) at 20°C
, e Temp: 25°C
Operating Conditions: Differential Pressure: 0.5 bar (7.5 psi)

Filter Housing: $1,908

Purchase Cost: Filter Membrane; $608/unit

Reference Page: 491
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-24/ PM-110)

Pump to transfer fluid from the sterile filter (P-23) tank to production

Function: .
bioreactor.
Vendor: Watson Marlow
PFD Reference: PFD-04
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 17.12144
Glucose 72.45596
Glutamine 8.38151
Materials Handled: Inorganic Salts 175.5155
Other Media 1.51639
Vitamins 0.71684
WFI 897.8898
Totd 1173.597
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Materia of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Production Bioreactor (P-25/ PBR-101)

Fed batch bioreactor used for continued cell growth and production of

Function: monoclonal antibodies at a 3.5 g/l titer.
Vendor: ABEC
PFD Reference: PFD-04
Operation: Fed Batch
I nput: Quantity (ka/batch):
Amino Acids 28.76737
Biomass 27.78205
Dead Biomass 2.84632
Glucose 121.74019
Glutamine 14.08257
Materials Handled: Inorganic Salts 294.90032
Lactate 19.6972
MAB 5.70075
Other Media 2.54784
Vitamins 1.20444
Water 49.87146
WFI 9096.9883
Total 9666.12881
Material of Construction: Stainless Steel 316
Volume: 14000 L
Height: 48m
Characteristics: Diameter: 20m
Working Capacity: 70%
Sterilization: SIP/CIP
Number of Staggered Vessels: 2
Temp: 37°C
Pressure: 1 bar
Operating Conditions: pH: 7.0
DO: 50%
Duration: 9 days
Purchase Cost: $661,000 (x2)
Reference Page: 507
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Flexible Manufacturing Facility for Biopharmaceuticals

Surge Tank (P-26/V-201)

Function: To store output of production bioreactor (P-25/ PBR-101)
Vendor: Sharpsville Container
PFD Reference: PFD-05
Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 3.48470
Biomass 167.26423
Dead Biomass 17.13653
Glucose 14.74685
Glutamine 1.70588
i ) Inorganic Salts 35.72240
Materials Handled: L actate 11858868
Monaoclonal Antibodies 34.32188
Other Media Components 0.30863
Vitamins 0.14590
Water 300.25541
WFI 9096.98830
Total 9790.669
Capacity: 11,000 L
Inside Diameter: 1.67m
Characteristics. Height: 5.00m
Interior Construction: 316L Electropolished Stainless Steel
Sterilization: SIP/CIP
. . Temperature: 25°C
Operating Conditions: Pressure: 1103 bar
Purchase Cost: $ 129,000
Reference Page: 508
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-27/ PM-201)

To transfer fluid from bioreaction surge tank (P-26 / VV-201) to

Function: centrifugation unit (P-28 / DS-201)
Vendor: Watson Marlow
PFD Reference: PFD-05
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.49
Biomass 167.26
Dead Biomass 17.14
Glucose 14.75
Glutamine 1.71
i ] Inorganic Salts 35.72
Materials Handl ed: L actate 118,59
Monoclona Antibodies 34.32
Other Media Components 0.31
Vitamins 0.15
Water 300.26
WFI 9096.99
Totd 9790.67
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
Characteristics: Material of Construction: Stainless Steel 316
: Flow Rate: 33.3LPM
Power: 15-5.0hp
Sterilization: SIP/CIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Function:

Centrifuge (P-28/ DS-201)

To remove cells from the stream containing the monoclonal antibody

product
Vendor: Alfa-Laval
PFD Reference: PFD-05
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.49
Biomass 167.26
Dead Biomass 17.14
Glucose 14.75
Glutamine 1.71
) ) Inorganic Salts 35.72
Materials Handled: L actate 118.59
Monoclona Antibodies 34.32
Other Media Components 0.31
Vitamins 0.15
Water 300.26
WFI 9096.99
Total 9790.67
Model: BTAX 215H-31 CEP
Centrifuge Type: Hermetic
Characteristics: Material of Construction: Stainless Steel 316
: Max bowl speed: 6,065 rpm
Power: 13-28 kW
Sterilization: SIP/ICIP
, e Temp: 25°C
Operating Conditions: Throughput: 2,000 L/h
Purchase Cost: $ 421,000
Reference Page: 510
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-29/ PM-202)

To transfer fluid from centrifugation unit (P-28 / DS-201) to sterile filter

Function: (P-30/ DE — 201)
Vendor: Watson Marlow
PFD Reference: PFD-05
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.15
Biomass 3.35
Dead Biomass 15.49
Glucose 13.33
Glutamine 1.54
i ) Inorganic Salts 32.28
Materials Handled: L actate 10716
Monoclona Antibodies 31.02
Other Media Components 0.28
Vitamins 0.13
Water 271.33
WFI 8220.53
Total 8699.58
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
Characteristics: Material of Construction: Stainless Steel 316
: Flow Rate: 33.3LPM
Power: 15-5.0hp
Sterilization: SIP/ICIP
Temp: 25°C
Operating Conditions: Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Function:

Sterilizing Filter (P-30/ DE-201)

To sterilize supernatant of centrifugation process and remove bacteria

from stream
Vendor: Sartorius Stedim Biotech
PFD Reference: PFD-05
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.15
Biomass 3.35
Dead Biomass 15.49
Glucose 13.33
Glutamine 1.54
i Inorganic Salts 32.28
Materials Handled: L actate 10716
Monoclona Antibodies 31.02
Other Media Components 0.28
Vitamins 0.13
Water 271.33
WFI 8220.53
Total 8699.58
Modd: Sartopore 2 0.2 pm
T Size: 30"
Characteristics: Filtration Area: 1.8 m? (18 ft)

Operating Conditions:

Max. Differential Pressure:

Temp:
Differential Pressure;

5 bar (75 psi) at 20°C

25°C
0.5 bar (7.5 psi)

Purchase Cost:

Reference Page:

Filter Housing: $1908

Filter Membrane: $ 608/ unit

491
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-31/ PM-203)

To transfer fluid from sterile filter (P-30 / DE-201) to centrifugation pool

Function: tank (P-32/ V-202)
Vendor: Watson Marlow
PFD Reference: PFD-05
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.15
Biomass 0.00
Dead Biomass 15.48
Glucose 13.32
Glutamine 1.54
) ) Inorganic Salts 32.27
Materials Handled: L actate 10712
Monoclona Antibodies 31.00
Other Media Components 0.28
Vitamins 0.13
Water 271.22
WHI 8217.36
Total 8692.87
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
Characteristics: Material of Construction: Stainless Steel 316
: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/ICIP
Temp: 25°C
Operating Conditions: Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Centrifugation Pool Tank (P-32/V-202)

Function: To store sterilized supernatant from centrifugation process
Vendor: Sharpsville Container
PFD Reference: PFD-05
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.15
Dead Biomass 15.48
Glucose 13.32
Glutamine 154
Inorganic Salts 32.27
Materials Handled: Lactate 107.12
Monoclonal Antibodies 31.00
Other Media Components 0.28
Vitamins 0.13
Water 271.22
WFI 8217.36
Total 8692.87
Capacity: 10,000 L
Inside Diameter: 16m
Characteristics. Height: 48m
Interior Construction: 316L Electropolished Stainless Steel
Sterilization: SIP/CIP
. . Temperature: 25°C
Operating Conditions. Pressure: 1103 bar
Purchase Cost: $ 17,000
Reference Page: 508
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-33/ PM-204)

To transfer fluid from centrifugation pool tank (P-32/V-202) to the

Function: diafiltration storage tank (P-35 / DF-201)
Vendor: Watson Marlow
PFD Reference: PFD-06
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.15
Dead Biomass 15.48
Glucose 13.32
Glutamine 1.54
Inorganic Salts 32.27
Materials Handled: Lactate 107.12
Monoclona Antibodies 31.00
Other Media Components 0.28
Vitamins 0.13
Water 271.22
WHI 8217.36
Total 8692.87
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
Characteristics: Material of Construction: Stainless Steel 316
: Flow Rate: 33.3LPM
Power: 15-5.0hp
Sterilization: SIP/ICIP
Temp: 25°C
Operating Conditions: Power: 1.34 hp/ 1 kW
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Diafiltration Storage Tank (P-34/V-203)

To store sterilized supernatant from centrifugation process prior to

Function: diafiltration,
Vendor: Sharpsville Container
PFD Reference: PFD-06A
Operation: Batch
I nput: Quantity (kg/batch):
Amino Acids 3.15
Dead Biomass 15.48
Glucose 13.32
Glutamine 1.54
Inorganic Salts 32.27
Materials Handled: Lactate 107.12
Monoclona Antibodies 31.00
Other Media Components 0.28
Vitamins 0.13
Water 271.22
WHI 8217.36
Total 8692.87
Capacity: 10,000 L
Inside Diameter: 1.6m
Characteristics. Height: 48m
Interior Construction: 316L Electropolished Stainless Steel
Sterilization: SIP/CIP
, . Temperature: 25°C
Operating Conditions: Pressure: 1103 bar
Purchase Cost: $ 117,000
Reference Page: 508
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Flexible Manufacturing Facility for Biopharmaceuticals

Diafiltration Unit (P-35/ DF-201)

To concentrate the monoclonal antibody-containing stream to prepare it for

Function: the cleavage reaction
Vendor: Sartorius Stedim Biotechnology
PFD Reference: PFD-06
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 315
Glucose 13.32
Glutamine 1.54
HCI 0.00
Impurities 0.00
Inorganic Salts 3231
Materials Handled: L actate 107.12
g"’;B e 31.00
ther ia
Components 0.28
Sodium Acetate 0.00
Vitamins 0.13
Water 271.22
WEI 8217.36
TOTAL (kg/batch) 8692.92
Cassette Model: Sartocube® 302 144 59 30 E-BSW
Membrane: Hydrosart (stabilized cellulose based)
Characterigics: Filter Area per Cassette: 3.0m?
' Filter holder: Sartocon 2 Plus
Maximum feed pressure: 58 psi (4 bar)
Sterilization: SIP/ICIP
Number of units: 2
Total Filter area: 14.901 m?
Operating Conditions. Filter MWCO: 30 kDa
Temp: 25°C
Pressure Change: 43.5 psi

Didfiltration Housing: $ 11,141

Purchase Cost: Diafiltration Cartridges: $ 8374 / 3m?

Reference Pages: 514, 516, 518, 520
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-36/ PM-205)

To transport the concentrated monoclonal-antibody containing-stream from

Function: the diafiltration unit (P-35/ DF-201) to the Pepsin Cleavage Reactor (P-37
/ R-201)
Vendor: Watson-Marlow Bredel
PFD Reference: PFD-06
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 0.14
Dead Biomass 0.69
Glucose 0.60
Glutamine 0.07
Impurities 0.50
Inorganic Salts 1.45
Materials Handled: Lactate 4.80
MAB 30.07
Other Media Components 0.01
Sodium Acetate 6.70
Vitamins 0.01
Water 12.14
WEI 2833.00
TOTAL (kg/batch) 2890.17
Mode!: Watson-Marlow Bredel 825
Pump Type: Peristaltic
T Material of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/ICIP
Temp: 25°C
Operating Conditions. Power: 1.34 hp/ 1 kW
Pressure Change 50 psi
Purchase Cost: $12,350
Reference Pages. 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Pepsin Cleavage Bioreactor (P-37 / R-201)

To cleave the monoclonal antibody into F(ab), and Fc fragments using

Function: immobilized pepsin
Vendor: Abec
PFD Reference: PFD-06
Operation: Batch
Inolt. Quantity (kg/batch):
Amino Acids
0.14
Dead Biomass 0.69
Glucose 0.60
Glutamine 0.07
Impurities 0.50
Inorganic Salts 1.45
Materials Handl ed: Lactate 4.80
MAB 30.07
Other Media Components 0.01
Sodium Acetate 6.70
Vitamins 0.01
Water 12.14
WEI 2833.00
TOTAL (kg/batch) 2890.17
Material of Construction: 316L Stainless Steel, Electropolished
Mode of agitation Backward curved impeller
Mode of Drive: Top mechanical agitation
Characteristics: Mode of Control: DCS control sistem
: Volume: 9,000 L
Height: 4.06 m
Diameter 1.62 m
Sterilization: SIP/ICIP
Operating Conditions: Temperature: 37°C
Purchase Cost: $ 622,000
Reference Page: 507
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Flexible Manufacturing Facility for Biopharmaceuticals

Pump (P-38/ PM-206)

Transport product-containing stream from the cleavage bioreactor (P-37 /

Function: R-201) to the plate and frame filtration unit (P-39/ PFF-201)
Vendor: Watson-Marlow Bredel
PFD Reference: PFD-06
Operation: Batch
Input: Quantity (kg/batch):
Amino Acids 0.14
Dead Biomass 0.69
F(ab’)2 15.24
Glucose 0.60
Glutamine 0.07
Impurities 0.50
Inorganic Salts 1.45
Lactate 4.80
Materials Handled: MAB 150
MADb Fc Fragments 13.33
Other Media Components 0.01
Pepsin 1540.43
Sodium Acetate 10.88
TRISHCI 0.00
Vitamins 0.01
Water 12.14
WEI 2364.28
TOTAL (kg/batch) 3966.06
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
. Material of Construction: Stainless Steel 316
Characteristics: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temperature: 25°C
Operating Conditions. Power: 12.07 hp/ 9 kKW
Pressure Change: 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Flexible Manufacturing Facility for Biopharmaceuticals

Plate and Frame Filtration Unit (P-39/ PFF-201)

Function: To remove the immobilized pepsin from the product stream
Vendor: Pall Corporation
PFD Reference: PFD-06
Operation: Batch
Input: Quantity (ka/batch):
Amino Acids 0.14
Dead Biomass 0.69
F(ab)2 15.24
Glucose 0.60
Glutamine 0.07
Impurities 0.50
Inorganic Salts 1.45
Lactate 4.80
Materials Handled: MAB 1.50
MADb Fc Fragments 13.33
Other Media Components 0.01
Pepsin 1540.43
Sodium Acetate 10.88
TRISHCI 0.00
Vitamins 0.01
Water 12.14
WEI 2364.28
TOTAL (kg/batch) 3966.06
Model; MEMBRAplan® DGM
Plate size: 1000 mm x 1000 mm
. Material of Construction: Stainless Steel 316L
Cheracteristics: Chassis Size: 800 K 100
No. Filter Plates 29
Sterilization: SIP/ICIP
. s Temperature: 25°C
Operating Conditions: Filter Area: o441
Purchase Cost: $ 74,000
Reference Page: 522
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Pump (P-40 / PM-207)

To transport the concentrated monoclonal-antibody containing-stream

Function: from the P&F filter (P-39 / UF-201) to the protein A chromatography
column (P-40/ C-201)
Vendor: Watson-Marlow Bredel
PFD Reference: PFD-07
Operation: Batch
Input: Quantity (ka/batch):
Amino Acids 0.13
Dead Biomass 0.65
F(ab')2 14.31
Glucose 0.56
Glutamine 0.07
Impurities 0.47
Inorganic Salts 1.36
. led: Lactate 451
Materials Handl ed: MAB 141
MAD Fc Fragments 12.53
Other Media Components 0.01
Sodium Acetate 10.22
TRISHCI 160.75
Vitamins 0.01
Water 11.41
WEFI 4040.65
TOTAL (kg/batch) 4259.03
Model: Watson-Marlow Bredel 825
Pump Type: Peristaltic
Characteristics: Material of Construction: Stainless Steel 316
: Flow Rate: 33.3LPM
Power: 15-50hp
Sterilization: SIP/CIP
Temperature: 25°C
Operating Conditions. Power: 9 kW/ 12.07 hp
Pressure Change 25 psi
Purchase Cost: $12,350
Reference Pages: 493, 505
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Diafiltration Storage Tank (P-41/V-204)

To store F(ab’), fragments from P& F Filtration prior to Diafiltration

Function: process.
Vendor: Sharpsville Container
PFD Reference: PFD-10A
Operation: Batch
I_nM , Quantity (kg/batch):
Amino Acids 0.13
Dead Biomass 0.65
F(ab)2 16.67
Glucose 0.56
Glutamine 0.07
Impurities 0.44
Inorganic Salts 1.35
Lactate 4.48
Materials Handled: MAB 132
MAD Fc Fragments 8.34
Other Media Components 0.01
Oxygen 0.00
Sodium Acetate 6.27
TRISHCI 147 46
Water 11.35
WFI 3486.58
Capacity: 4027.01L
Inside Diameter: 1.196 m
Characteristics: Height: 3.587m
Interior Construction: 316L Electropolished Stainless Steel
Sterilization: SIP/CIP
. S Temp: 25°C
Operating Conditions: Pressure: 22.04 psi
Purchase Cost: $1 17,000
Reference Page: 508
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Diafiltration Unit (P-42 / DF-202)

To concentrate the F(ab'’), fragments from 3.56 mg/ml to 10 mg/ml in

Function: Reduction Reaction Buffer to prepare for the Thiol Reduction Reaction.
Vendor: Sartorius Stedim Biotechnology
PFD Reference: PFD-10A
Operation: Batch
[nput: Quantity (kg/batch):
Amino Acids 3.15
Dead Biomass 15.48
Glucose 13.32
Glutamine 154
Phosphate 14477.03
Impurities 0.00
Inorganic Salts 32.31
Materials Handled: L actate 107.12
MAB 31.00
Other Media Components 0.28
EDTA, Sodium 1134.87
Vitamins 0.13
Water 271.22
WFI 10242.90
TOTAL (kg/batch) 26330.40
Cassette Model: Sartocube® 302 144 59 30 E-BSW
Membrane: Hydrosart (stabilized cellulose based)
. Filter Areaper Cassette: 3.0m?
Characteristics: Filter holder: Sartocon 3
Maximum feed pressure; 58 psi (4 bar)
Sterilization: SIP/ICIP
Number of units: 15
Total Filter area: 43.185 m?
Operating Conditions. Filter MWCO: 30 kDa
Temp: 25°C
Pressure Change: 14.5 psi
) Ultrafiltration Housing:  $ 11,141
Purchase Cost: Ultrafiltration Cartridges: $ 125,610
Reference Pages. 514, 516, 518, 520
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Pump (P-43 / PM-208)

To transport F(ab’), fragments from the Diafiltration System (P-41/ V-

Function: 402, P-42 IDF-202) to the Thiol Reduction Reactor (P-44 / R-202).

Vendor: Watson-Marlow Bredel

PFD Reference: PFD-10A

Operation: Batch

Input: Quantity (kg/batch):

Amino Acids 0.01
Dead Biomass 0.03
EDTA, Sodium 178.18
F(ab)2 16.67
Glucose 0.03
Impurities 0.27
Inorganic Salts 0.07

Materials Handled: Lactate 0.22
MAB 0.06
MADb Fc Fragments 0.41
Sodium Acetate 0.31
Sodium Phosphate 227291
TRISHCI 7.28
Water 0.56
WFI 411.49
TOTAL (kg/batch) 2888.50

Model: Watson-Marlow Bredel 840
Pump Type: Peristaltic
Material of Construction: Stainless Steel 316L
Characteristics. Flow Rate: 133.3L/min
Power: 2.2hp/3.0kW
Tubing: Bioprene 40 mm
Sterilization: SIP/CIP
Temp: 25°C
_ N Power: 4.11 hp/3.07 kW
Operating Conditions: Volumetric Throughput: 186.80 L/min
Pressure Change 145 ps
Purchase Cost: $18,135
Reference Pages.

493, 505
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Disulfide Reduction Reactor (P-44 / R-202)

To reduce the hinge region disulfide bonds in the F(ab’), molecules to

Function: produce Fab’ molecules, which retain a hinge region cysteine that
facilitates site-specific PEGylation.

Vendor: Abec

PFD Reference: PFD-10A

Operation: Batch

Input: Quantity (ka/batch):

2-MEA 8.00
Amino Acids 0.01
Dead Biomass 0.03
EDTA, Sodium 178.18
F(ab')2 16.67
Glucose 0.03
Glutamine 0.00
Impurities 0.27
Inorganic Salts 0.07

Materials Handled: Lactate 0.22
MAB 0.06
MADb Fab Fragments 0.00
Other Media Components 041
Sodium Acetate 031
Sodium Phosphate 227291
TRISHCI 7.28
Water 0.56
WEFI 411.49
TOTAL (kg/batch) 2896.50

Characteristics:

Materia of Construction:
Mode of agitation

Mode of Drive:

Mode of Control:

316L Stainless Stedl, Electropolished

Backward curved impeller
Top mechanical agitation
DCS control system

Volume: 1589.93 L
Height: 2.330m
Diameter 0.932m
Sterilization: SIP/CIP
. - . Temperature: 37°C
Operating Conditions: Incubation Time: 90 minutes

Purchase Cost:

Reference Page:

$ 508,000

507
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Pump (P-45/ PM-209)

To transport Fab' molecules in Reduction Reactor Buffer from the Thiol

Function: Reduction Reactor (P-44 / R-202) to the Didfiltration System (P-46 / VV-205).
Vendor: Watson-Marlow Bredel
PFD Reference: PFD-10A
Operation: Batch
[nput: Quantity (kg/batch):
2-MEA 8.00
Amino Acids 0.01
Dead Biomass 0.03
EDTA, Sodium 178.18
F(ab')2 16.67
Glucose 0.03
Impurities 0.27
Inorganic Salts 0.07
Materials Handl ed: L actate 0.22
MAB 0.06
Other Media Components 0.41
Sodium Acetate 0.31
Sodium Phosphate 2272.91
TRISHCI 7.28
WEI 411.49
TOTAL (kg/batch) 2896.50
Model: Watson-Marlow Bredel 840
Pump Type: Peristaltic
Material of Construction: Stainless Steel 316L
Characteristics: Flow Rate: 133.3 L/min
Power: 2.2hp/3.0kwW
Tubing: Bioprene 40 mm
Sterilization: SIP/CIP
Temp: 25°C
, L Power: 0.15 hp/ 0.11 kW
Operating Conditions: Volumetric Throughput: 46.65 L/min
Pressure Change 14.5psi
Purchase Cost: $18,135
Reference Pages: 493, 505
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Diafiltration Storage Tank (P-46/V-205)

To store Fab’ fragments from the Thiol Reduction Reaction prior to Protein-

Function: A Chromatography.
Vendor: Sharpsville Container
PFD Reference: PFD-10A
Operation: Batch
[ nput: Quantity (kg/batch):
2-MEA 8.00
Amino Acids 0.01
Dead Biomass 0.03
EDTA, Sodium 178.18
Glucose 0.03
Glutamine 0.00
Impurities 0.27
Inorganic Salts 0.07
Materials Handled: Lactate 0.22
MAB 0.06
MAD Fab Fragments 16.67
MAb Fc Fragments 0.41
Sodium Acetate 0.31
Sodium Phosphate 2272.91
TRISHCI 7.28
Water 0.56
WFI 411.49
TOTAL (kg/batch) 2896.50
Capacity: 1597.82 L
Inside Diameter: 0.879m
Characteristics. Height: 2.636 m
Interior Construction: 316L Electropolished Stainless Steel
Sterilization: SIP/CIP
: e Temp: 25°C
Operating Conditions. Pressure: 22.04 psi
Purchase Cost: $117,000
Reference Page: 508

-137-



Flexible Manufacturing Facility for Biopharmaceuticals

Diafiltration Unit (P-47 / DF-203)

To filter out 2-MEA and small Fc fragments and to switch the Fab’
Function: fragments from Reduction Reaction Buffer to WFI while maintaining a
concentration of 10 mg/ml.

Vendor: Sartorius Stedim Biotechnology
PFD Reference: PFD-10A
Operation: Batch
I nput: Quantity (kg/batch):
2-MEA 8.00
Dead Biomass 0.03
EDTA, Sodium 178.18
Glucose 0.03
Glutamine 0.00
Impurities 0.27
Inorganic Salts 0.07
Lactate 0.22
Materials Handled: MAB 0.06
MAD Fab Fragments 16.67
MAD Fc Fragments 041
Sodium Acetate 0.31
Sodium Phosphate 227291
TRISHCI 7.28
Water 0.56
WFI 3781.30
TOTAL (kg/batch) 6266.31
Cassette Model: Sartocube® 302 144 59 30 E-BSW
Membrane: Hydrosart (stabilized cellulose based)
o Filter Area per Cassette: 3.0m?
Characteristics: Filter holder: Sartocon 3
Maximum feed pressure: 58 psi (4 bar)
Sterilization: SIP/CIP
Number of units: 5
Total Filter area: 12.415 m?
Operating Conditions: Filter MWCO: 10 kDa
Temp: 25°C
Pressure Change: 14.5 psi
] Didfiltration Housing: $ 11,141
Purchase Cost: Diafiltration Cartridges: $ 41,870
Reference Pages: 514, 516, 518, 520
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Pump (P-48/ PM-210)

To transport the Fab’ fragments from the Didfiltration System (P-46/ V-

Function: 205, P-47 | DF-203) to the Protein-A Chromatography (P-49 / C-201).
Vendor: Watson-Marlow Bredel
PFD Reference: PFD-10A
Opera