PRODUCTI ON OF a-ABeta Related Application [0001] This
application clains priority to Provisional Patent
Application No. 60/604,936, filed August 27, 2004,
which is incorporated herein by reference inits
entirety. Background of the Invention [0002] Proteins
and pol ypepti des have becone increasingly inportant as
t herapeutic agents. In nost cases, therapeutic
proteins and pol ypeptides are produced in cel

culture, fromcells that have been engi neered and/ or
sel ected to produce unusually high levels of the
particular protein or polypeptide of interest.

Control and optim za?lf‘gﬂUé%(g%plF"cﬁWtﬁre conditions is
critically inmportant for successful conmercia

production of proteins | ypeptides. [0003] Many
proteins and polypeptidgggﬁﬁﬁﬁégggnin cell culture are
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(NN 59
L] }heﬂ?ieiriorlpf)%lpefptlde ?f mterﬁt W,h ﬁ%)ﬁtibav been made to improve

production of proteins and polypeptides in batch and fed-batch culture processes,

there remains a need for additional improvements.

[0004] Additionally, significant effort has been invested in the development of

defined media (i.e., media assembled from known individual components and
lacking serum or other animal byproducts) for use in culturing cells, particularly

mammalian cells. Cell growth characteristics can be very different in defined media

as contrasted with serum-derived media. There is a particular need for the

development of improved systems for producing proteins and polypeptides by cell

culture in defined media.
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Sunmary of the Invention [0005] The present invention
provi des an inproved systemfor |arge scale '
production of proteins and/or polypeptides in cel

cul ture. For exanple, the present invention provides
commercial scale (e.g., 500 L or nore) culture nethods
that wutilize a mediumcharacté@rized by one or nore
of. i) a cumulative am no acid anmount per unit vol unme
greater than about 70 mM ii) a nolar cunul ative
glutamine to cunulative asparagine ratio of |ess than
about 2; iii) a nol aS"REHY dhtheBverfiont ani ne to
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defi ned mediumin he ‘conposition o

i s KAt arotpin predicties and lpssepgemulatian ekgertein anqssiesblerfrctas

enbogdbmmogfumuagyop@gﬁ@nt i nvention, the culture
changing the culture froma first set

met i ncl ud
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tenperat ure range) at which the culture is maintained.
[0008] In certain preferred embodiments of the present invention, the culture

methods include changing the culture from a first set of culture conditions to a
second set of culture conditions so that a metabolic shift of the cells is achieved. In
some embodiments, this change is performed when the culture has reached about
20-80% of its maximal cell density. In some embodiments, the change involves

changing the temperature (or temperature range) at which the culture is maintained.



3 11AI*- r- ia*bly-:;5 wddTltionally, the present

i nvention provides nethods adjusted so that, after
reaching a peak, lactate and/or anmonium |l evels in the
cul ture decrease over tine. In other enbodinents, the
shift involves shifting the pH, osnolarlity or |evel
of chem cal inductants, such as al kanoic acids or
their salts. [0009] Cell cultures of the present
invention may optionally be supplenmented with
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using anti-G)F-8 cells, [0012 ure shows ce

gr owPRseRHAvERfiom inclugipe BIfI %H@P‘B@F@l V‘M‘Wéaqt%e Keds.um 1.
[ 00 1Zhmébriighi leReld oStheliyRy, G kiter 6 tRVxBreSed AlYepiddor ?ro?e@rl |

cultures in control and no glutam ne feed culture
conditions. [0014] Figure 4 shows cell viability of
anti-CGDF-8 cell cultures in control and no gl utam ne

feed cul ture condi 0015 ure 5 shows
amoni um | evel s of hé'ﬁfﬁeséﬁn ‘%élf lgr@ﬂ'l“lgur es in control
and W81YJ| utEigrre\bshowe d coraparisomef dedidint i amd Med[ud 02 f]shake

Fi gugkSuspBavecorai@lie | evel s of anti-GDF-8 cell
cul tnures in.control and no glutam ne feed culture

cond 9 ?dn s, Figure 2 shows cell growth and viability of anti-GDF-8 cells in Medium

[0013] Figure 3 shows cell growth of anti-GDF-8 cell cultures in control and no
glutamine feed culture conditions.

[0014]  Figure 4 shows cell viability of anti-GDF-8 cell cultures in control and
no glutamine feed culture conditions.

[0015]  Figure 5 shows ammonium levels of anti-GDF-8 cell cultures in control
and no glutamine feed culture conditions.

[0016]  Figure 6 shows lactate levels of anti-GDF-8 cell cultures in control and
no glutamine feed culture conditions.



"[O()17] Figure 7' shows anti-CGDF-8 titer in control
and no glutam ne feed culture conditions. [0018]
Figure 8 shows cell density of anti-CDF-8 cell

cultures in control and glutam ne-starved feed
culture conditions. [0019] Figure 9 shows cell
viability of anti-CGDF-8 cell cdltures in control and
gl ut am ne-starved feed culture conditions. [0020]

Fi gure 10 shows anmoni um | evels of anti-CGDF-8 cell
cul tures 1 n.control an | ut am ne-starvedq cu) tyr
condﬁ)?@ns %'g’ﬁﬁ%iﬁowﬁﬁrﬁbggg'ﬁ“eé HLARETY! 409 2t EUtpaing ?@gﬁ‘f”“re
ant i eqBdfioss.cel | cultures in control and

gl ut g4k gye- S | . it QRS . 22]. Figure 12
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gl ut slteminestagied fegd cudytetcorditiomondi t i ons. [ 0023] Fi gure
13 s ir ' - [ ' '
Vod r7 | S SRR, e B (A Sk and
denspgmise-siarvgd rdeuuisanditionrt-ani ne fed cul tures.
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cul t @ozg. [9i2s11 showdia@atd Rvahenabti--GBEFtsded chifi&lis cdnfrol and

d uta{@tmeneg&dvegcu%q%m ng.fed cul tures. [ 0028] Figure

C ions. :
18 shows anmoni um e@réltéonfn d ut amat e and d ut anmi ne

fed [082A1t urkigure [0609 anFiGIIR-$tittOin Sbrosbandphmdnsiné-ttyrvef

A ut gahel.ofitfbnd utam ne fed cultures. [0030] Figure
20 shows cell density of anti-Lewis Y cells. Each pl ot

i s t9823] av diigfel 3ghowsieonginseiesponisa lantirfinf callsimMeditra 1
Sameand Mdiutd ons. [ 0031] Figure 21 shows cell viability

of |-Lewis Y cells. Each plot is the average of
t ma@ﬁ%“ﬂe frigyeqd shpveifi!l desiteliCGhuanseand Guamine dxicultures.
[ 00RY25Fi gURigare2l3 shdvarvwsl] sidkilitr@eGlutdntate 018 Ghitdrhind RecStuYes.

cul t ., E I i S e . avera f two ake, fl asks
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is av . ' t

o 27 G AR RS i RO Chuth O R e
j unpO8bd iFiguredd-shensamimoniumUevels in Glugnes) anf Glulanein@fed
shovwsitged.| growth of anti-GDF-8 cells under various

ex [ rent condjtions. 5
p%%ﬂ? ?’&gure 1‘3 sLows osmolarity of Glutamate and Glutamine fed cultures.

[0030]  Figure 20 shows cell density of anti-Lewis Y cells. Each plot is the
average of two shake flasks grown using the same conditions.

[0031]  Figure 21 shows cell viability of anti-Lewis Y cells. Each plot is the
average of two shake flasks grown using the same conditions.

[0032] Figure 22 shows average titer of anti-Lewis Y culture. Each plot is the
average of two shake flasks grown using the same conditions.

[0033] Figure 23 shows ammonium levels of anti-Lewis Y cells. Each plot is
the average of two shake flasks grown using the same conditions.

[0034]  Figure 24 shows an impeller jump used in fed-batch cultures.

[0035]  Figure 25 shows cell growth of anti-GDF-8 cells under various

experimental conditions.



[ 1AJ'6) Ngure-L6 shows viability of anti-GDF-8 cells
under various experinental conditions. [0037] Figure
27 shows anti-GDF-8 titer under various experinmental
conditions. [0038] Figure 28 shows |actate |evels of
anti-GDF-8 cul tures under various experinental

condi tions. [0039] Figure 29 shows ammoni um | evel s of
anti-GDF-8 cul tures under various experinental
condi ti ons. [0040] Fi gure 30 shows cel | growth of
anti; 8 nder. eri ment al
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[0048]  Figure 38 shows glutamine levels of anti-GDF-8 cultures in modiﬁed
Medium 9 containing various levels of glutamine and asparagine.
[0049] Figure 39 shows anti-GDF-8 titer in modified Medium 9 containing
various levels of glutamine and asparagine. _
[0050]  Figure 40 shows osmolarity of anti-GDF-8 cultures in modified Medium
9 containing various levels of glutamine and asparagine.
[0051]  Figure 41 shows cell growth of anti-GDF-8 cells in media containing
various levels of asparagine and cysteine.
[0052] Figure 42 shows lactate levels of anti-GDF-8 cultures in media
containing various levels of asparagine and cysteine.
[0053] Figure 43 shows ammonium levels of anti-GDF-8 cultures in media

containing various levels of asparagine and cysteine.



6 [00541 - Irigure 44 snows glutam ne |evels of
anti-CGDF-8 cultures in nedia containing various

| evel s of asparagi ne and cystei ne. [0055] Figure 45
shows glutamate | evels of anti-CGDF-8 cultures in nedia
contai ning various |evels of asparagi ne and cystei ne.

[ 0056] Figure 46 shows anti-CGDk-8 titer in nedia
contai ning various |levels of asparagi ne and cysteine.
[0057] Figure 47 shows osnolarity of anti-GDF-8
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[0065] Figure 55 shows ammonium levels of anti-GDF-8 cultures in media

containing various levels of vitamins, trace elements E and iron.

[0066]  Figure 56 shows anti-GDF-8 titer in media containing various levels of
vitamins, trace elements E and iron.

[0067]  Figure 57 shows cell growth of anti-GDF-8 cells in Mediums 1, 3 and 9.
[0068]  Figure 58 shows anti-GDF-8 titer in Medium 1, 3 and 9.

[0069]  Figure 59 shows extrapolated anti-GDF-8 titers for various levels of
glutamine alone and total combined glutamine and asparagine.

[0070] Figure 60 shows cell growth of anti-ABeta cells under various media
conditions tested.

[0071] Figure 61 shows cell viability of anti-ABeta cells under various media

conditions tested.



conditions tested. 7 [0072] " Figure 62 shows | actate
| evel s of anti-ABeta cultures under various nedia
conditions tested. [0073] Figure 63 shows anmmoni um

| evel s of anti-ABeta cultures under various nedia
conditions tested. [0074] Figure 64 shows anti-ABeta
titer in various nedia conditidgns tested. [0075]

Fi gure 65 shows osnolarity of anti-ABeta cultures
under various nedia conditions tested. [0076] Figure

66 shows cel!l growth of cells expressing TNFR-1g under
vari 8942 exEé‘FrF Prethous lagtata davels @ﬂ@tt-%@wﬂ%mﬁ \@ewefamus

showﬁba@idmoggﬁe&gd cell s expressi ng TNFR-1 g under
[ eripental conditions. [0Q078 gure 68
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TNFRmedig condilions testddi ous experimental conditions. [0079]
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[0082]  Figure 72 shows TNFR-Ig relative titer under various experimental
conditions.

[0083]  Figure 73 shows cell densities of anti-GDF-8 cells grown in 6000 L and
1 L bioreactors.

[0084]  Figure 74 shows titers of anti-GDF-8 cells grown in 6000 L and 1 L
bioreactors.

[0085] Figure 75 shows lactate levels of anti~-GDF-8 cells grown in 6000 L and
1 L bioreactors.

[0086] ~ Figure 76 shows ammonium levels of anti-GDF-8 cells grown in 6000 L

and | L bioreactors.

Definitions
[0087]  “About”, “Approximately”: As used herein, the terms “about” and

“approximately”, as applied to one or more particular cell culture conditions, refer
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in the medium are harvested and optionally purified.
[0091] “Bioreactor”: The term “bioreactor” as used herein refers to any vessel
used for the growth of a mammalian cell culture. The bioreactor can be of any size

so long as it is useful for the culturing of mammalian cells. Typically, the
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stopped at some point and the cells and/or components in the medium are harvested
and optionally purified.
[0096]  “Fragment”: The term “fragment” as used herein refers to polypeptides

and is defined as any discrete portion of a given polypeptide that is unique to or
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[0099] “Hybridoma™: The term “hybridoma” as used herein refers to a cell

created by fusion of an immortalized cell derived from an immunologic source and



[0099] "Hybridoma": The term "hybridoma" as used
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single po peptide is t discrete functioning unit

and Rehaept 'Feﬁhﬂt fumctineraga Aissrete paity If e erelarcivneptideiisghe diporate

Ot héflinctioning unit and does require permanent physical association with other
polypeptides in order to form the discrete functioning unit, the terms “polypeptide”
and “protein” as used herein are used interchangeably. If discrete functional unit is

comprised of more than one polypeptide that physically associate with one another,



pol ypeptides in order to formthe discrete functioning
unit, the terns "pol ypeptide" and "protein" as used
herein are used interchangeably. If discrete
functional unit is conprised of nore than one
pol ypeptide that physically associate with one
another, 13 the term"proteinl3 as used herein refers
to the multiple polypeptides that are physically
coupl ed and function together as the discrete unit.
[00107] "Recombi nantly expressed pol ypeptide" and
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systens for the production of proteins and/or

pol ypeptides by cell culture. In particular, the
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t habtﬁé%e'rtgl{rﬁreferred embodiments of the invention are discussed in detail below.

antly

Those of ordinary skill in the art will understand, however, that various
modifications to these preferred embodiments are within the scope of the appended

claims. It is the claims and equivalents thereof that define the scope of the present



nodi fications to these preferred enbodi nents are
within the scope of the appended clains. It is the
clai ms and equi val ents thereof that define the scope
of the present 14 invention, which is not and shoul d
not be limted to or by this description of certain
preferred enbodi nents. Pol ypept4 des [00111] Any

pol ypeptide that is expressible in a host cell may be
produced in accordance with the present invention.

The pol ypeptide may be expressed froma gene that is
endodRMeBips, Wiich ip sotigadshould npt be Gimited torer by isidesctiptian of sertain
i Nt r Qg Rd ePddindnte host cel | through genetic

engi neering. The pol ypeptide nay be one that occurs in
nature, or may alternatively have a sequence that was
engmnggmed:or selected by the hand of man. An
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antrE hat can, be expreSsed

used ‘?'ﬁ"%‘r’ef%‘r‘l&‘a‘ﬁ(cf%ct% at“HgC“t birding-agertrftc. i nvention. In a .

preferred enbodi nent, the anti body to be expressed is
'gm?’ﬁél onal anti body. [00114] In another preferred

errb i t he nmonocl onal antibody is a chinmeric

ant i [Oti3] IGigdi thelﬁjge natlier bOAYbARE bitteAty RsE16 undrd

f . rom re than,one
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MO I h& prﬁseﬁ'l invhtion. Tk P frefel¥ed dmbolfrfit:, thg%tlboh%tg bAE)érgésied isa

6851% 8521 'Lakeda et al., Natureé
Cabi PPipeiopd aftibodyy s “patent No.

[00114] In another preferred embodiment, the monoclonal antibody is a cﬁimeric
antibody. A chimeric antibody contains amino acid fragments that are derived from
more than one organism. Chimeric antibody molecules can include, for example, an
'antigen binding domain from an antibody of a mouse, rat, or other species, with
human constant regions. A variety of approaches for making chimeric antibodies
have been described. See e.g., Morrison et al., Proc. Natl. Acad. Sci. US.A. 81,
6851 (1985); Takeda et al., Nature 314, 452 (1985), Cabilly et al., U.S. Patent No.
4,816,567; Boss et al., U.S. Patent No. 4,816,397; Tanaguchi e? al., European Patent



4,816, 567; Boss et al., U S Patent No. 4,816, 397,
Tanaguchi et al., European Patent 15

Pub4i cati onEP171496; European Pat ent Publicati on
0173494, United Kingdom Patent GB 2177096B. [00115]

I n anot her preferred enbodi nent, the nonocl ona
antibody is a human anti body dgrived, e.g., through
the use of ribosone-display or phage-displ ay

libraries (see, e.g., Wnter et al., U S. Patent No.

6, 291,159 and_Kawasa 658, 754) or
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for naturally occur in any antibody in any specxes in nature. These foreign residues can

em by re%rcp

be utilized, for example, to confer novel or modified specificity, affinity or effector
function on the monoclonal, chimeric or humanized antibody. In another preferred
embodiment, the antibodies described above may be conjugated to drugs for

systemic pharmacotherapy, such as toxins, low-molecular-weight cytotoxic drugs,



system ¢ pharmacot herapy, such as toxins,

| ow nol ecul ar-wei ght cytotoxic drugs, 16 biologica
response nodi fiers, and radi onuclides (see e.g., Kunz
et al., Calicheamcin derivative-carrier coniu ates.
US20040082764 Al). [00118] In one enbodi nent, the
anti body is an anti body that spgecifically binds to
the AG fragment of anyloid precursor protein or to
ot her conponents of an anyloid plaque, and is useful
in conbating the accunul ati on of anyloid plaques in

t he bipkepisaluprpense BRdifiers et fadienuslidesschee:, Kur dahase.
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4811).




4811). 17 100121] In another enbodi nent, the anti body
is one of the human anti-GDF-8 antibodies terned
Myo29, M028, and Myo22, and anti bodi es and anti gen-
bi nding fragnments derived therefrom These anti bodi es
are capabl e of binding mature GDF- 8 with high
affinity, inhibit GDF-8 activity in vitro and in vivo
as denonstrated, for exanple, by inhibition of

ActRI'l B binding and reporter gene assays, and may
inhibit GDF-8 activity associated with negative
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immunoglobulin and EGF homology domains-1 (TIE-1) and TIE-2 receptors (Sato
et al., Nature 376(6535):70-74 (1995), incorporated herein be reference) and c-Met
receptor, some of which have been suggested to promote angiogenesis, directly or
indirectly (Mustonen and Alitalo, J. Cell Biol. 129:895-898, 1995). Other non-
limiting examples of RTK’s include fetal liver kinase 1 (FLK-1) (sometimes
referred to as kinase insert domain-containing receptor (KDR) (Terman et al.,

Oncogene 6:1677-83, 1991) or vascular endothelial cell growth factor receptor 2




Oncogene 6:1677-83, 1991) or vascul ar endothelial cell
grom h factor receptor 2 18 MM 2)), ' fns-1ike
tyrosine kinase-1 (FIt-1) (DeVries et al. Science 255;
989- 991, 1992; Shi buya et al., Oncogene 5:519-524,
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19 containing protein, US 2005/0106154 Al, H I, et
al., Follistatin domain containing proteins US
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G-Protein Coupled Receptors
[00126] Another class of polypeptides that have been shown to be effective as
pharmaceutical and/or commercial agents includes growth factors and other
signaling molecules. G-protein coupled receptors (GPCRs) are proteins that have

seven transmembrane domains. Upon binding of a ligand to a GPCR, a signal is



transduced within the cell which results in a change
in a biological or physiological property of the
cell. [00127] GPCRs, along with G proteins and
effectors (intracellular enzynmes and channels which
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generators. This interaction regulates the activity of adenylate cyclase and hence
production of a second messenger molecule, cCAMP. cAMP regulates
phosphorylation and activation of other intracellular proteins. Alternatively, cellular

levels of other second messenger molecules, such as cGMP or eicosinoids, may be



upregul ated or aownregul ated by the activity of GPCRs.
The G protein a subunit is deactivated by hydrolysis
of the GIP by GIPase, and the a, 0, and y subunits
reassoci ate. The heterotrinmeric G protein then

di ssoci ates fromthe adenylate cyclase or other
second nessenger nol ecul e genepator. Activity of GPCR
may al so be regul ated by phosphoryl ation of the
intra- and extracel lular domains or |oops. [00131]
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Genetic Contro] Elements
[00136] As will be clear to those of ordinary skill in the art, genetic control

elements may be employed to regulate gene expression of the polypeptide or



rel evant host cell. Control elenents may be
constitutively active or may be inducible under
defined circunstances. Inducible control elenents are
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[00139] In general, the gene expression sequence will also include 5' non-
transcribing and 5' non-translating sequences involved with the initiation of
transcription and translation, respectively, such as a TATA box, capping sequence,
CAAT sequence, and the like. Enhancer elements can optionally be used to
increase expression levels of the polypeptides or proteins to be expressed. Examples

of enhancer elements that have been shown to function in mammalian cells include



the SvV40 early gene enhancer, as described in D jkema
et al., EMBO J. (1985) 4: 761 and the

enhancer/ pronoter derived fromthe |long term na
repeat (LTR) of the Rous Sarcoma Virus (RSV), as
described in Gorman et al., Proc. Natl. Acad. Sci.
USA (1982b) 79: 6777 and human g4t onegal ovirus, as

described in Boshart et al., Cell (1985) 41:521.
[00140] Systems for linking control elenments to coding
sequences are well known in the art (genera

ol edheISYAO prirkylzensi eohancesrd deseidbsai Piksmaphi., EMBGHS. (1983 4:
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I NCokmonat thelatter ei n by reference. [00142] For
manmal i an cells, preferred nethods of transfornmation
|nclude t he aIC|un1phosphate preC|p|tat|on nethod of

0 r t tb@lil'] %&ﬁ&ﬂ 'ﬂlﬁIMr 1&@(1&&% nﬁgzln)mnl}ﬁaahmgells nucleic acids

| son, Focus, 15; . General aspects of
rrannﬂifﬂca‘ﬁ‘t Parhievsspressign pishs p iéPﬁB‘ # Preprotejpsof inferces ans deH

dAescmog@dn iggapi\xgée foflexkingle, d%@ﬁngelﬁl@l , Mu38 99245623 SR,
u va ecnni
B Vg ko TPy LS Gan S b €l 0gp naee

N@thDU&BBmHuEbQMﬁ&H@gmn®iﬁﬁQ¢meKeomn et al., N@thods

' I 5277537 9 !

|ar. Ffbﬁéz{ﬁz re glglg IAaél °§l§2 rfffggg\;\eq})xﬂ(s) oft tiranstlg?ma%érlil {ncﬁﬁe the

r epr estaym phdsphate pescipitptios ethod sl Grabdm sndwer teyEsb, Vavlogy,
expr ?25@6%7 gf97§5QJr Ml@?i%ﬁ@m‘ﬁné} k (%g%g{%zl\/feﬁmd Hﬁﬂméf)glgg on,

ceIIs I nclu D, see
| Fosat 13754 1), Gonegilabent gbmamp v o ok oy oo
Thonﬁasfe b&h d&¥eribdd b9 Ake1 if0lS., Pa'iJNo5Q§9é3;_11?6 lssu@dlgu 16, 1%803 For]

bacul ovi rus vector such_as
I n pYaEPETPpiausferdiepterming www %‘éﬁf‘? Ia@“@ret #r Metbpds in
is smpwog;t(um;;ﬁ@smed al,/Wahddh & E’i@ﬁ%ol@| 185:5bID8EN@990),

one Ofd hgarngcl)up gtra){ I‘?’zb‘zlzrle,l 336 94§ .}‘}1 5% (?58%) %on—hmémg representative
examples of suitable vectors for expression of polypeptides or proteins in
mammalian cells include pCDNA1; pCD, see Okayama, et al. (1985) Mol. Cell
Biol. 5:1136-1142; pMClneo Poly-A, see Thomas, et al. (1987) Cell 51:503-512;
and a baculovirus vector such as pAC 373 or pAC 610.
[00143] In preferred embodiments, the polypeptide or protein is stably

transfected into the host cell. However, one of ordinary skill in the art will



recogni ze tnat the present invention can be used with
either transiently or stably transfected mammli an
cells. Cells [00144] Any mammalian cell or cell type
susceptible to cell culture, and to expression of

pol ypepti des, may be utilized in accordance with the
present invention. Non-limtipg§ exanples of mammali an
cells that may be used in accordance with the present
i nvention include BALB/c nouse nyelona line (NSOI,
ECACC No: 8511050%2 human retin St s & R.Eﬁ
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kid | .
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by 2i8 accordance w1th the present mventlon One skllled in the art will appreciate that
hybridoma cell lines might have different nutrition requirements and/or might
require different culture conditions for optimal growth and polypeptide or protein

expression, and will be able to modify conditions as needed.

[00146] As noted above, in many instances the cells will be selected or
engineered to produce high levels of protein or polypeptide. Often, cells are
genetically engineered to produce high levels of protein, for example by

introduction of a gene encoding the protein or polypeptide of interest and/or by



i ntroduction' of control elenents that regul ate
expression of the gene (whether endogenous or

i ntroduced) encodi ng the pol ypeptide of interest.
[00147] Certain pol ypeptides may have detri nment al
effects on cell growh, cell viability or some other
characteristic of the cells th2aé ultimately limts
production of the polypeptide or protein of interest
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densj apd purifying the expressed pol ypeptide.
Fegéhg¥@ﬁi@@§$ure procedures include an additiona

st e[j0WH8] sTgpsl pbcegiurepioe preddcinag ptolwedmﬂé Ghnﬁttkﬁlhb’h&ie%tbm
Sﬂtr Ir lﬁlﬁﬂ%sﬁagé‘ﬂ? thtc Sfltfuc ?nﬁzgale({]?ture pr cesaerss S 1onapy g?{lapnse
uns elllqsl!é‘elt"}sradm%mle wiodhction aeliure withed sebxh¢lldthrea>|ﬁ alpdrticidpatit h
cul sy, gko%vxﬁé'}ﬁe &‘1199&1‘5{ dofitiHs cgfcfualg?{o' cll m%ﬁeanld viability,

products whi have detrimenta ects-on
gr oRFestipg e Plrlfufﬁwheaﬁ‘tf cpiisgensh 8 isrspifisd celldepsitysand gurifying the

pol Y:ﬂﬁék%éd%ﬁlpep-fw Fmiba@@bﬁlﬁxré’lﬁ&%@ur&rnﬂ’a&&taﬁ a&dﬁ@&name\é%r
part%culanm% [ % effects are |actate and

PLRsY eRing *&r%c qefpegywithnutrienisand ptherrcomgongats that
and aglcatsaniedéuring thalgedvitls 6f the @HQEL bérietbnt and dhsalkleli frb¥dém t O
ot ot R e Cony R aRE R e SRS B BBl e
cel Iprodudis, whish havs detrimewtail effec§ omash gromitia yiability, detprodiationoot
OV e Ex};résge% p0§pg>txd&r %6 meté{bgl c%ie%%d?&? éﬁ' &%%e %rtlcalmr oved

scal e Yt hat
m n id?ﬁ lﬁﬁalﬁﬁ@tm lagtate mdeﬂmrmrﬁm W!Qbfarmmmimawdlt of

| actRtRe B ghfamine metabolism, respectively. In addition to the enzymatic

production of ammonium as a result of glutamine metabolism, ammonium also
accumulates in cell cultures as a result of non-metabolic degradation over time. The
present invention provides an improved method of large-scale production'of

polypeptides that minimizes the detrimental effects of ammonium and lactate by



sl owi ng and even reversing the accunul ati on of these
waste products in cell cultures. One of ordinary
skill in the art will recognize that the present

i nvention can be enployed in any systemin which
cells are cultured including, but not limted to,
bat ch, fed-batch and perfusion23ystens. In certain
preferred enbodi nents of the present invention, the
cells are grown in batch or fed-batch systens. Media
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defi n@aragmdpqn onit vddmengrehter than about 16 mM. One of ordinary skill in the
art will understand that “cumulative”, as used above, refers to the total amount of a
particular component or components added over the course of the cell culture,
including components added at the beginning of the culture and subsequently added

components. One of ordinary skill in the art will understand that the media



medi a. [00151] Traditional nedia fornmulations begin
wth arelatively low level of total amno acids in
conmparison with the nmedia formnul ati ons of the present
invention. For exanple, the traditional cell culture
medi um known as DME-F12 (a 50:50 m xture of

Dul becco's Modified Eagle's nme#$ um and Hanl s F12

medi un) has a total amno acid content of 7.29 nmV
and the traditi onal cell culture nedi um known as

RPM - 16 .a.total am no acid content . of, 6.
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lactate was seen as well. In certain embodiments, the accumulated levels of
ammonium and lactate are not only lower than those in control cultures, but in fact
actually decrease after an initial accumulation (for example, see Examples 3 and 7).
[00155] Boraston (US Patent Number 5,871,999) has disclosed a culture medium

in which the molar ratio of total inorganic ions to total amino acids is between 1 and



10. Boraston showed that by providing culture nmedi um
in which the nolar ratio of total inorganic ions to
total amino acids is in this range, aggregation of CHO
cells grown in the mediumis decreased. |In another
preferred enbodi nent of the present invention, the
nolar ratio of total inorganic29ons to total am no
acids in the culture nediumis reduced even further,
to between about 0.4 to 1. As shown in Exanple 13
reducing this ratio from1.75 to approxinately
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nutrients to the cells. Alternatively or additionally, special sparging devices that are
well known in the art can be used to increase and control oxygenation of the culture.

In accordance with the present invention, one of ordinary skill in the art will



understand that it can be beneficial to control or
regul ate certain internal conditions of the

bi oreactor, including but not limted to pH
tenperature, oxygenation, etc. [00161] The starting
cell density in the production bioreactor can be
chosen by one of ordinary skijil in the art. In
accordance with the present invention, the starting
cell density in the production bioreactor can be as
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cell culture is maintained in the initial growth phase under conditions conducive to
the survival, growth and viability of the cell culture. The precise conditions will
vary depending on the cell type, the organism from which the cell was derived, and

the nature and character of the expressed polypeptide or protein.



be any volune that is appropriate for |arge-scale
production of polypeptides or proteins. In a
preferred enbodi nent, the volume of the production
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requirement of the cells themselves. In one embodiment, the cells are grown for a

period of time sufficient to achieve a viable cell density that is a given percentage of
the maximal viable cell density that the cells would eventually reach if allowed to
grow undisturbed. For example, the cells may be grown for a period of time

sufficient to achieve a desired viable cell density of 1, 5, 10, 15, 20, 25, 30, 35, 40,
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known in the art, shifting temperature is not the only mechanism through which an



appropriate netabolic shift can be achi eved. For
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multiple discrete temperature shifts are encompassed in this embodiment. For

example, the temperature may be shifted once, the cells maintained at this
temperature or temperature range for a certain period of time, after which the

temperature may be shifted again — either to a higher or lower temperature. The



35 tenperature of"the culture after each discrete
shift may be constant or may be maintained within a
certain range of tenperatures. [00175] |In Exanple 16,
data are shown that denonstrate the efficacy of

enpl oyi ng two successive tenperature changes, although
it wll be understood by thosg of ordinary skill in
the art that in accordance with the present invention,
three or nore successive tenperature changes may be
used,to increase cell _viability o density and/ or
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| evel s. ssed above, the culture may be
shifted by shifting one or nore of a nunber of
cul $ubkyusrprlidibidnPndspicl udi ng, but not limted to,

t enper re, pH, osnolality, and sodium butyrate
| ev eﬁ’g ?‘}ij n eIB ﬁ%"@jﬁ'&ﬁ% FftElPresey dnverippeings the eongditionsype the cell

cul t eultereihgvedieed shifthd adAdisnssed stgvé, thetchll sulmrhosinm@intd for a
duri uent production hase he culture
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may be, harvested prior to this poi'nt, dependi ng
viability or to increase expression of the recombinant polypeptide or protein.
[00178]  Inaccordance with the present invention, the cells may be maintained in
the subsequent production phase until a desired cell density or production titer is
reached. In one embodiment, the cells are maintained in the subsequent production
phase until the titer to the recombinant polypeptide or protein reaches a maximum.

In other embodiments, the culture may be harvested prior to this point, depending



36 on the production requirenent of the practitioner
or the needs of the cells thenselves. For exanpl e,
the cells may be naintained for a period of tine
sufficient to achieve a viable cell density of 1, 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95 or 99 perceyg of maxi mal viable
cell density. In sonme cases, it may be desirable to
allow the viable cell density to reach a maxi num and
then allow the viable cell density to decline to sone
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usually present at very low final concentrations), amino acids, lipids, or glucose or
other energy source.

[00181] These supplementary components may all be added to the cell culture at
one time, or they may be provided to the cell culture in a series of additions. In one

embodiment of the present invention, the supplementary components are provided



enbodi nent of the present invention, the supplenmentary
conponents are provided 37 to the cell culture at
multiple tinmes in proportional anmounts. In another
enbodi nent, it may be desirable to provide only
certain of the supplementary conponents initially,
and provide the remai ni ng conpgnents at a later tine.
In yet another enbodi nent of the present invention,
the cell culture is fed continually with these

suppl enentary conponents. [00182] In accordance with
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necessary to%emove small aliquots of the culture for analysis. One of ordinary skill

in the art will understand that such removal may potentially introduce contamination
into the cell culture, and will take appropriate care to minimize the risk of such
contamination.

[00185]  As non-limiting example, it may be beneficial or necessary to monitor
temperature, pH, cell density, cell viability, integrated viable cell density, lactate

levels, ammonium levels, osmolarity, or titer of the expressed polypeptide or



| evel s, ammonium |l evels, osnolarity, or titer of the
expressed pol ypeptide or 38 protein. Nunerous
techni ques are well known in the art that will allow
one of ordinary skill in the art to neasure these
conditions. For exanple, cell density may be neasured
using a hemacytoneter, a Coul t3® counter, or Cell
density exam nation (CEDEX). Viable cell density may
be determined by staining a culture sanple with
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process. Lysis of mammalian host cells can be achieved by any number of means

well known to those of ordinary skill in the art, including physical disruption by
glass beads and exposure to high pH conditions.

[00188]  The polypeptide or protein may be isolated and purified by standard
methods including, but not limited to, chromatography (e.g., ion exchange, affinity,
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descri bed above) in conmbination with a

phar maceutically acceptable carrier. As 40 used
herei n the | anguage "pharnmaceutically acceptabl e
carrier" includes solvents, dispersion nedia,
coatings, antibacterial and antifungal agents,

i sotonic and absorption del aydong agents, and the

i ke, conpatible with pharmaceutical adm nistration.
Suppl enmentary active conpounds can al so be

i ncorporated into the conpositions. [00190] A
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solut*gns or di spersion. i ntravenous

adni R {ratlon sui tabl e carrlers i ncl ude
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fornul'ations are s e un
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lecithin, by the maintenance of the required particle size in the case of dispersion
and by the use of surfactants. Prevention of the action of microorganisms can be
achieved by various antibacterial and antifungal agents, for example, parabens,

chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it will



achi eved by various antibacterial and antifungal
agents, for exanple, parabens, chlorobutanol, phenol,
ascorbic acid, thinerosal, and the like. In many
cases, it will 41 be preferable to include isotonic
agents, for exanple, sugars, polyal cohols such as
manitol, sorbitol, or sodiumactiloride in the
conmposition. Prolonged absorption of the injectable
conpositions can be brought about by including in the
conposition an agent which del ays absorption, for
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li ne }alnﬁecbpolypeptlde or protein expressed from a mammalian cell line and a

delivery agent are preferably delivered in the form of an aerosol spray from a

pressured container or dispenser which contains a suitable propellant, e.g., a gas

such as carbon dioxide, or a nebulizer. The present invention particularly



delivery agent are preferably delivered in the form of
an aerosol spray froma pressured container or

di spenser which contains a suitable propellant, e.g.,
a gas such as carbon dioxide, or a nebulizer. The
present invention particularly 42 contenpl ates
delivery of the conpositions uwlng a nasal spray,

i nhal er, or other direct delivery to the upper and/or
| ower airmay I ntranasal adm ni strati on of DNA
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cells with monoc ona ar fd%g ies t(%?w 3?“"3?{? RN 7ARS
Corporation and Nova Pharmaceutlcals Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibodies to viral antigens)
can also be used as pharmaceutically acceptable carriers. These can be prepared
according to methods known to those skilled in the art, for example, as described in
U.S. Patent No. 4,522,811.



can al so be used as pharmaceutically acceptabl e
carriers. These can be prepared according to nethods
known to those skilled in the art, for exanple, as
described in U S. Patent No. 4,522,811. 43 [00198]

It is advantageous to fornulate oral or parentera
conpositions in dosage wunit f4& mfor ease of

adm nistration and unifornmty of dosage. Dosage unit
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[00201]  Inventive pharmaceutical compositions can be included in a container,
pack, or dispenser together with instructions for administration.



[00201] Inventive pharmaceutical conpositions can be
included in a container, pack, or dispenser together
with instructions for adm nistration. 44 [00202] The
foregoi ng description is to be understood as bei ng
representative only and is not intended to be
limting. Alternative nethods 4nd materials for

i mpl enenting the invention and al so additiona
applications will be apparent to one of skill in the
art, and are intended to be included within the
accoh§9aPRli nghedpragaing depxiniign iaty be Brderigod ag beinmrrrpipscatgtive
Medi yaty dnd 19 hotaMidded e BmbtRe- RAdEARIvEMSRERSInd ABLAA for

Tradi tional fed-batch processes for cultivating cel

| negnrﬂ%{wn%tbt‘ew&?mmammaeqlé%ﬂqnhl@m&?ﬁws Wébqqpﬁaéerémfne
ef f obf skilEifi thelaftthntl @reaslerided Bihe inclub&d Wightihe ait8mpdning 6RBE.
for special equipnent in |large-scale bioreactors. The
obj ective was to develop a batch nedia for the
production of proteins of Exampleest in | arge-scale

bi oreactors that requires mninmal feeds. Materials
and Met hods [00204] STRAINS AND MEDI A: Chi nese Hanst er
Ov aEyaniplCH@ nhapeed [Medivan éfor@ng-i%ii Eed-bycleRpacesss a
rTDHOdele m&h&}ﬁﬂ%d QQ@H ﬂ?&tessgsrfgy\éﬂna% ééllfl B&rhg‘mée\%'dlon

factor "anti - GDF- ) (see V

Neut P@WP% Geluging ‘B%H’P%@dﬁﬁfaﬁt frgvlred@)@@nlatﬁﬁht@e@ and the

Ther gfeattor SW%D%M&?@ fr s}ale b%ﬂeéctcﬁ]:fh% oEﬁétiv@ willo@evelo 5
used [% o%new bat c di um

Ve

ver e? f Profrstion qut%"ts o glter‘f%m?ﬂ%ffﬂc bipregptors
cel | tlﬂeﬁ@m’eymmnﬁhlmeml lity. The conpositions of these
nmedia, as well as Medium 3 are listed in Table 1.

Medi a are nmade by adding all the conponents save for
FeSareriél9 @nd Métkodsredi a i s then adjusted to pH 7.25, the
0S MDfasdal Y SM§WDQ@%&%§%&W@&W ceftes cad derl:
[ 00205] L TURE CONDI TI ONS: For flask experinents,

ant i engmesred togkpress aW@P@k@P‘@mquh a&ﬂﬁ&k@rowhasckélffamwtwn

passngeds (cé Eﬂtielell)FJS B (RRVelihidf 60! g Néutﬁm@l Azxﬂﬁealés Against
o pp Rl s et TR Dinke K50y 4 pire e o
Medi wshahed batch iedid. WiRdjuba bhret Mgdiwa 2 Wﬂebymy&éd»lﬁﬁthaf ablifiies
vor 1 8 %uhols FBRIl ehoiB s ViaY. e doBbotity of i aitaihiié iy
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acid, vitamn, iron, at e} UCOSG
| ey eleeordedgnd FeSO47H,0 arc then added
[00205] CULTURE CONDITIONS: For flask experiments, anti-GDF-8 cells

were grown in shake flasks and passaged three times. For bioreactor experiments,

anti-GDF-8 cells were grown in media for 12 days, supplemented daily with either |
2% by volume of 20X Medium 4 feed medium (Table 3) or 3% by volume of 16X
Medium 4 (Table 4) after day 5. For the first 4 days, cells were grown at 37°C. On
day §, cells were shifted to 31°C.

[00206] SAMPLE ANALYSIS: Daily samples were taken from the cultures and
were analyzed for amino acid, vitamin, iron, phosphate, glucose and glutamine

levels.



Table 1. Conpositions of Medium 1, Medium 2 and Medi um
3. Medium3 Medium | Medium 2 Am no Acids ng/L mm
ng/L mnmnmg/L MM alanine 96.03 1.08 17.80 0.20 24.87
0.28 arginine 1186.99 6.82 347.97 2.00 423.43 2.43
aspar egi neH20 713.59 4.76 75.00 0.50 173.90 1.18
aspartic acid 318.53 2.39 26.245 0.20 52.72 0.40

cystei neHCl H20 70.01 0.40 70.19 0.40 70.01 0. 40
cystine2HCl 297.09 0.95 62.25 0.20 62.09 0.20

glutam c acid 158.59 1.08 29.40 0.20 41.08 0.28
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phenylalanine 428.62 2.60 65.99 0.40 98.81 0.60
proling | 372.25 324 68.99 0.60 96.40 0.54
sefne | 904.71 862 | 126.00 720 | 273.07 2.60
threonine 513.39 4.31 94 99 0.80 132.81 1.12
Yryptophan | 159.32 .78 18.00 0.08 28.99 0.4
tyrosine-2Na-2H;0 | 560.81 245 | 10378 040 | 145.10 0.56
valine 505.36 4.32 93.99 o8| 13117 112
Vitamins mg/L um mg/L ui1 mg/L pM
biotin 2.00 8.21 0.20 0.82 0.36 1.49
calcium pantothenate 22.02 4627 224 471 303 4T
choline chionide 8767 630.74 548 6460 1647 | 115.92
folic acid 25.95 58.84 265 8.01 476 10.80
inositol | 123.39 68547 12.60 69.99 2264 | 125.79
nicolinamide 19.60 160.70 2.02 16.56 361 2062
Pyridoxai-HCT 199 9.63 2.00 9.85 1499 9.63
pyridoxinesHG! 16.06 87.67 0.03 0.5 167 .10
ribofavin 2.20 5.85 022 0.59 040 106
thiamine-HC! Z1.51 63.84 2.7 6.44 3.02 1164
vitamin B12 6.93 5.12 0.78 0.58 1.34 0.99
fnorganic Salts mg/L mM mg/l mM mg/l m
CaClz | 115.78 104 [ 116.08 | 105 115.78 1.04
Kai 310.94 417 317 418 | 31094 417
NazHPO4 70.81 0.50 70.99 0.50 70.84 0.50




pyri doxi neHCl 18.06 67.67 0.03 0.15 1.67 8.10
riboflavin 2.20 5.85 0.22 0.59 0.40 1.06 thiam neHC
21.51 63.84 2.17 6.44 3.92 11.64 vitanm n 812 6.93 5.12
0.78 0.58 1.34 0.99 inorganic Salts ng/L mmng/L mm
ng/L mm CaCl2 115.78 1.04 116.09 1.05 115.78 1.04 KC
310.94 4.17 311.77 4.18 310.9446t. 17 Na2HPO4 70. 81
0.50 70.99 0.50 70.81 0.50 46 NaC 1104.96 18.92

5539. 00 94.85 3704.96 63.44 NaH2PO4H20 636. 33 4.61
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(NH4)eM07024+4H,0 1.86 1.50 1.24 1.00
NH,VO; 0.98 8.33 0.65 5.56
NiSO,+6Hz0 0.20 0.74 0.13 0.49
SnCiz2H0 0.18 0.80 0.12 0.53
Other Components mg/L pM mg/L HM mg/L UM
Hydrocortisone 0.23 0.64 0.04 0.10 0.09 0.24
Putrescine-2HCI 6.48 40.22 1.08 6.70 2,48 15.39
linoleic acid 0.22 0.80 0.04 0.14 0.06 0.20
thioctic acid 0.56 2.73 0.10 0.49 0.14 0.69
D-glucose (Dextrose) [ 16039.43 | 89107.92 6150.72 | 34170.64 | 11042.24 | 61345.76
PVA 2560.00 2400.00 2520.00
Insulin 54,00 10.00 14.00
Sodium Pyruvate 54.85 498.63 §5.00 499.95 54.85 498.63

Results and Conclusions
[00207] Figure 1 shows that growth rate of anti-GDF-8 cells was similar in both
Medium 1 and Medium 2 in the flask experiments.
[00208]  Figure 2 shows that in bioreactors, Medium 1 exhibited a significant
increase in final cell density and viability over Medium 3. The final titer also
increased significantly, from 551 mg/L for the platform process to 976 mg/L with
Medium 1(data not shown). Temperature was shifted from 37°C to 31°C on day 5:
Due to the unexpected high cell growth, the cultures were fed daily after day 5 with
either 2% by volume of 20X Medium 4 or 3% by volume of 16X Medium 4. Thus,
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concentrated feed media was developed in order to circumvent this problem.

Materials and Methods and Results
[00214]  Table 2 lists the compositions of Medium 4A-1, Medium 4B, Trace B
and Trace D used in the formulations of Tables 3-7.



GDF-8 cells in fed-batch process. [00213] In Exanple
1, a batch process for culturing anti-CGDF-8 cells
using Medium 1l was devel oped. Due to the high cel
density that resulted during the process, it was
determ ned that supplenentation of nutrients in
addition to glucose and gl uta# ne was stil
advant ageous. However, supplenenting the batch with 8X
Medi um 4 feed nmedia would result in excessive dilution
of the culture A nore concentrated feed nedia was
,ﬁﬁ¥elo i.n order to circunvent this problem
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lysine-HCI 182.00 1.00
methlonine 59.60 0.40
phenylalanine 82.50 Q.50
proline 69.00 0.60
serine 158.00 1.50
threonine 95.20 0.80
tryptophan 32.60 0.16
tyrosine+2Na-2H,0 104.00 0.40
valine 93.60 0.80
Vitamins mg/L uM mg/L v mgiL mimt mg/L mM
biotin 0.41 1.68
calcium pantothenate 4.50 9.45
choline chloride 17.90 128.78
folic acid 5.30 12.02
inositol 26.20 140.00
nicotinamide . 4,00 32.79
pyridoxinesHCI 4.10 19.80
riboflavin 0.45 1.20
thiamine-HCI 4.40 13.06
vitamin B12 1.40 103
Trace Elements ug/l ni\ mg/L uht ua/l nM ua/L aM
(NH4)sM07024°4H,0 124 1.00
Cuso, 0.43 2.69
CuSO.5H.0 7.49 30.00
FeSO.,7H,0 834 3000
MnSO4+H,0 0.17 1.01
Na,Si03:9H;0 140.00 492.84




Vitamins ng/L NMng/L }IMng/L mmng/L mm biotin 0.41
1.68 cal ci um pantot henate 4.50 9.45 choline chloride
17.90 128.78 folic acid 5.30 12.02 inositol 25.20
140. 00 ni coti nam de 4.00 32.79 pyridoxi neHCl 4.10
19.90 riboflavin 0.45 1.20 thiam neHCl 4.40 13.06
vitamn B12 1.40 1.03 Trace El4nments tig/L nMng/L pM
pg/L nM pg/L nM (NH4)614107024.41-120 1.24 1.00 CuS™4
0.43 2.69 CUSO4. 5H20 7.49 30.00 FeSO4.7H20 834 3000
MhSO4H20 0.17 1.01 Na2Si 3. 9H20 140. 00 492. 84 49
NHAVC3 0.65 5.56 N SO4. 6H20 0. 13 0.49 SnCl2. 2H20
0.12 0.53 ZnSO4. 7H20 230. 00 801. 39 863 3007 O her
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wor ksheet [ ohponent Amount  Uni di um
linoleic aci ~/ | 42.00 0.15
téno%lc acg I 105.00 0.51
D-glucose (Dextrose) 1000000 5555.56
20X Medium 4.

[00215]  The first concentrated media was developed as 20X Medium 4. The

media formulation for 20X Medium 4 is provided in Table 3.

Table 3. 20X Medium 4 feed media worksheet.

Part Component Amount Unit

| Medium 4A-1 31.120 g/L
Nucellin™ 40.000 ml/L
H/P stock 20.000 ml/L
Selenite Stock 2.000 ml/L
PVA 2.400 g/L
NaH,PO4H,O 2.610 g/L
MgSO4'7H20 0.430 g/L
Aspartic acid 1.330 g/L
Glutamic acid 0.588 g/L
Linoleic acid 0.840 ml/L
Thioctic acid 2.100 ml/L
Tyrosine-2Na (Mw 225) 1.790 g/l
1000X Trace B 6.000 ml/L
Glucose 100.000 g/L
Glutamine 14.600 gLl -
pHto 7.0
Record Osmolarity 1064.000 mOsm
. Add 108 ml Trace D, 0.25 g
I FeSO47H,0 to 280 ml Cysteine
Cysteine (400 mM) Stock
I Folic acid 720 ml 6 mM Folic acid

Note: Nucellin'™ is manufactured by Eli Lilly (Indianapolis, IN, USA); H/P stock = 0,036 mg/mL
hydrocortisone, 1.08 mg/mL Putrescines2HCI.




Nucel i nTM 40.000 mM /L HP stock 20.000 mM /L Selenite
Stock 2.000 m/L PVA 2.400 g/L NaH2PO4 H20 2.610 g/L
MySO4. 7H20O 0. 430 Aspartic acid 1.330 dutamc acid
0.588 Linoleic acid 0.840 m/L Thioctic acid 2.100

m /L Tyrosine2Na (Mv 225) 1.790 1000X Trace B 6. 000
m/L ducose 100.000 g/L G usam ne 14.600 g/L pHto
7.0 Record Gsnolarity 1064. 000 nOsm Add 108 ml Trace
D, 0.25 g Il FeSO4. 7H20 to 280 m Cysteine Cysteine
(400 mMV) Stock 1lIl Folic acid 720 M 6 nmM Folic acid
Not e [Odﬁmﬁ,]el"'ﬂ‘heniﬂ!did formEatioh aatsists of3 payts:H) 1, Ui Paryl is the

(I ndi G

hy i SORPRfclSersblor gy Bl toaly HaitbolBUrppedin
The ﬂﬁ@mpffehmicbdup émth@ enggrrstof thefsolgbility of this vitamin| Partihis
Par L iton 5tSckd Bfice B e&p&w @Et@ﬁc Y&Jvéid%sssﬁe &%.ﬂ&ﬁ%mﬁn if

he i ndi vi du nponent s_ of ium 4B exce
f oI [ éddé’é inpa e P %rbmc 1B é’“&é‘ﬂé éP‘?‘FsPaé'fI 13 Wéeds%fﬁ’ Bbi"‘l’l}“f‘?d*’b‘f/
this Sfﬂ’tﬁ'\gm fay SRR barld 1T £nd m mrAd@eH @fidé.on Eﬁ;amgéﬁla Math Part L

aci di si bl tion of

7 on 1S et Do be oo B waR e Ralip o ey ws
stoc lnboqu&t mOsirs A2d6ifeed Q%rbsjdltuﬂi AgTeglckaikd, ¥ 2 neNI &iltdnfige oid
day art and_l.Il ar.e added once on day 5

t oge her Wlt am?'"}crease[tﬁh‘ff"?ﬁ ®I'he final pH of the
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Table 4. 16X Medium 4 feed media worksheet.

Part Component Amount Unit
I Medium 4A-1 24.896 g/L
Nucellin™ 32.000 ml/L
H/P stock 16.000 ml/L
Selenite Stock 1.600 ml/L
PVA 2.400 gL
NaH,P04H,0 . 2.088 g/L
MgS0,-7H,0 0.344 g/L
Aspartic acid 1.064 g/L
Glutamic acid 0.470 g/L
Linoleic acid 0.672 ml/L
Thioctic acid 1.680 ml/L
Tyrosine-2Na (Mw 225) 1.432 g/l
1000X Trace B 9.000 ml/L
Glutamine " 6.280 g/L
"pHto 7.0
Record Osmolarity 295.000 mQOsm
II Add 108 ml Trace D, 0.25 g
FeSO4-7H,0 to 280 ml Cysteine
Cysteine (400 mM) Stock
11 Folic acid 720 ml 6 mM Folic acid

Note: Nucellin™ is manufactured by Eli Lilly (Indianapolis, IN, USA); H/P stock = 0.036 mg/mL
hydrocortisone, 1.08 mg/ml, Putrescines2HCI,



20X Medium 4 (2% by volune daily) to 16X Medium 4 (3%
by volune daily). The nedia formulation for 16X
Medium4 is provided in Table 4. Table 4. 16X Medium 4
feed nmedi a worksheet. Part Conponent Amount Unit |
Medi um 4A-1 24.896 g/L NucellinTM 32.000 mM/L HP
stock 16.000 ml/L Selenite Stogk 1.600 m /L PVA 2.400
g/L NaH2PO4H20 2.088 g/L M SO4. 7H20 0. 344 g!'L
Aspartic acid 1.064 g/L dutamc acid 0.470 g/L
Linoleic acid 0.672 m/L Thioctic acid 1.680 m/L T
osi ne2Na (Mw 225) 1.432 g/L 1000X Trace B 9.000 m /L
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1] bfthé edunédia i§ 20w 295 BOsAM Fol i ¢ acid Note: NucellinTM
is manufactured by Eli Lilly (Indianapolis, IN, USA);
H P stock = 0.036 ng/ L hydrocortisone, 1.08 ng/nL
Put B.d$XiMmdinCl.. 51 [00219] In this nodified 16X
Medi tiher
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addi tion each feed. Additionally, glucose was added

back 10,01 e Ruchie Plob AU LRRoSVET Y feed. The

Part Component Amount Unit
I Medium 4A-1 24.896 g/L
Nucellin™ 32.000 ml/L
H/P stock 16.000 ml/L
Selenite Stock 1.600 ml/L
PVA 2.400 g/L
NaH;PO4H,O 2.088 g/L
MgS0,-7H,0 0.344 g/L
Aspartic acid 1.064 g/L
Glutamic acid 0.470 g/L
Linoleic acid 0.672 ml/L
Thioctic acid 1.680 ml/L
Tyrosine-2Na (Mw 225) 1.432 g/L
1000X Trace B 9.000 ml/L
Glucose 50.000 g/L
Glutamine 7.300 g/L
pH to 7.0
FeSO47H,0 (1 mM stock) 15.000 ml/L
Record Osmolarity 607.000 mOsm
I Folic acid 720 ml 6 mM Folic acid
I Add 108 ml Trace D, 0.25 g
FeSO47H,0 to 280 ml Cysteine
Cysteine (400 mM) Stock

Note: Nucellin™ is manufactured by Eli Lilly (Indianapolis, IN, USA); H/P stock = 0.036 mg/mL
hydrocortisone, 1.08 mg/mL Putrescines2HCI.

4. 16X Medium 4.




media fornulation for this nodified 16X Medium4 is
provided in Table 5. Table 5. 16X Medium 4 feed nedi a
wor ksheet. Part Conponent Amount Unit | Medium 4A-1
24.896 g/L NucellinTM 32.000 mM/L H P stock 16.000
m/L Selenite Stock 1.600 m/L PVA 2.400 g/L
NaH2PO4H20 2. 088 g/ L MySO4. 7THED 0. 344 g/L Aspartic
acid 1.064 g/L dutamc acid 0.470 g/L Linoleic acid
0.672 mM/L Thioctic acid 1.680 mi/L Tyrosine-2Na (Mwv
225) 1.432 1000X Trace B 9.000 m /L ducose 50,000

g/ L (0622 anflére the fagonegial(16XMedipm #) wasmaadein cpmbinedimegip
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Medi priovided ibZablf €0221] Here, the feed nedia (16X Medi um
4) was nmade in conbined nedia instead of 3 separate

feeds as in the | ast several batches. Tests were done
t o endebles. 16K Medfugl 4 eecmédip waskiheetbe di ssol ved at t he

COINCETIT, ]iﬂ ggenqequr ed angmm nerther 1r O g}
folie s tha‘rcu' vz&s*%ﬁgl ULI?IT aLISr OT age—
B e 1 O A1 il PR P 5 T
H/P stoc! 16.000 m
Selenite Stock 1.600 ml/L
PVA 2.400 g/L
NaH,PO4-H,O 2.088 g/L
MgS0,47H,0 0.344 g/L
Aspartic acid 1.064 g/L
Glutamic acid 0.470 gL
Linoleic acid 0.672 ml/L
Thioctic acid 1.680 mi/L
Tyrosine:2Na (Mw 225) 1.432 g/L
Glucose 66.700 g/L
Glutamine 7.300 g/L
Folic acid 70.560 mg/L
Acidic cysteine (400 mM) 6.250 ml/L
FeSO, Stock (1 mM) 23.000 ml/L
1000x Trace B 9.000 ml/L
1000x Trace D 3.300 - ml/L
_pH expected 6.11 Adjust to 7.0
Record Osmolarity 724.000 mOsm

Note: Nucellin™ is manufactured by Eli Lilly (Indianapolis, IN, USA); H/P stock = 0.036 mg/mL
hydrocortisone, 1.08 mg/mL Putrescines2HCI. C

[00222]  The final osmolarity of the media is 724 mOsm, with a daily glucose
addition of 2g/L and glutamine addition of 1.5 mM.

5. 12X Medium 4.

[00223]  Here, several changes were made to the feed media. Medium 4B powder

was used instead of addition of each individual ingredient in Medium 4B. Medium



provided in Table 6. Table 6. 16X Medium 4 feed nedi a
wor ksheet . Conmponent Anount Unit Medium 4A-1 24. 896
g/L NucellinTM 32.000 mM/L HP stock 16.000 m /L
Selenite Stock 1.600 m/L PVA 2.400 g/L NaH2PO4H20
2.088 g/L MSH. 7H20 0.344 g/L Aspartic acid 1.064
Gutamc acid 0.470 g/L Linolesc acid 0.672 m /L
Thioctic acid 1.680 m /L Tyrosine2Na (Mv 225) 1.432
g/L ducose 66.700 Gutamne 7.300 g/L Folic acid
70.560 ng/L Acidic cysteine (400 m6.250 m/L FeSO4
St 0cAB gorvdeavyas pixed 3ith glucese anddisselved seperately andpp basig gonditions
100 Haﬁ%%e[%oﬁm&% pH 1olos. R@l@ﬁQ%ﬁf&n@ and thdHitéSterd O
Osnol arity 724.000 mOsm Note: NucellinTMis
g@tseﬂc%&‘e By ingpgid E'M Vitgmin aagfysisespplis showed fese(ep) -y p
St O%mo&n@%reﬁ@b‘aﬂhed tk}MﬁleE SRS fddpate pro&esQ&Jﬁ@ﬁF MX Medium 4

Putrescin The a of the
ot e RIS bR I g RUDRama A s of
29/ fommudhatigh for 32X Medianldii$ providefin TatBe ®M 5. 12X Medi um
4. [00223] Here, several changes were nade to the feed

medi a. Medi um 4B powder was used instead of addition
of eakableiTntlX/Mediurh 4ifeegmediagrorksheet. Medi um 4B. Medi um 53

4Bwom‘éomp3lnegpl XEeur W T g UL,thl:‘ dngl ul ;b?ll’JIAVCLUDl* -
sepat A ot ATA t67 onS—oOy—tt+tt+att++ tHe

sol ution 10 pH 10. 25. Additional asparagi ne a

t h{am ngy e 24.000 ml/L
H/P stock 12.000 ml/L
Selenite Stock 1.200 ml/L
obvA o oo} 0 T 24000 0 ) oL T
Asparagine. H20 1.620 g/L
NaH2P0O4.H20 1.566 g/L
MgS04.7H20 0.258 g/L
Glutamine 5.475 g/L
Thiamine 0.040 g/L
PPredissolved Medium 4B &
Glucose ~175 ml/L
Acidic cysteine(400 mM) 4.688 ml/L
Record pH
Adjust pH to 7.2 with 5N
HCI
FeSO4 Stock (1 mM) 17.250 mVUL
1000x Trace B 6.750 ml/L
1000x Trace D 2.475 ml/L
Record pH (expect 7.18)
Record Osm 566.000
Predissolved Medium 4B &
Glucose * (for 1L feed
media)
Water 150 ml
Mix Medium 4B (14.5g)
with glucose (38.3 g) Add in
Adjust pH using 25%
NaOH until dissolved (pH
about 10.25)

Note: Nucellin'™ is manufactured by Eli Lilly (Indianapolis, IN, USA); H/P stock = 0.036 mg/mL
hydrocortisone, 1.08 mg/mL Putrescines2HCI.



added since the amno acid and vitam n anal ysi s
results showed these two conponents were exhausted by
the end of fed-batch process. Use of 12X Medium 4
further reduced the osnolarity increase when fed to
the culture. The nedia fornulation for 12X Medi um 4
is provided in Table 7. Table 34 12X Medium 4 feed

nmedi a wor ksheet. Conmponent Ampunt Unit Medi um 4A-1
18.672 g/L NucellinTM 24.000 mM/L H P stock 12.000
m/L_Selenite Stock 1.200 m /L PVA -2.400- - - - -
1085 i SR gAY 65360 B0 gaiksteeriot vk b gy gives
My SOén aplpetfRinthte2fsBolgritl incfdaitlof B M iferéhddin @lubose $igANAHARN
0.040 a/l . redi SSO%IV?d i g@ﬁf & %cosfe A m {S%
Aci di"¢ ey SRR O WM £ gast Medipm i armylasas et pH
t o 7kipwinias Medilin SHElediuResS©4asBtoondke tompdyed 1072 @EMedilih 4 or
1000 ce D 2.475 mi .
Recor 0 Wb bl B b DR B aRGL or '

redi 3¥61P@i Medi um 4B & G ucose * (for 1 L feed
nmedia) Water 150 ml M x Medium 4B (14.5g) with

glucose (38.3 g) Add in Adjust pH using 25%
Example 3: Glutamine Starvation Fed-batch Process for anti-GDF-8 Cell

Culture
[00225] CHO cells require glutamine in the starting media to survive.
Traditionally, initial glutamine levels are high and glutamine is fed daily after day 5
until the end of the fed-batch process. Traditional fed-batch processes normally
result in high lactate and ammonium levels in the cell cultures, which are known to
have inhibitory effects on cell growth, cell density and recombinant protein
expression. Fed-batch processes in which glucose is slowly added to the culture
have been shown to lower lactate production and improve cell growth, cell density
and recombinant protein expression. However, prior art methods for manipulation
of glucose addition are not practical for large-scale manufacturing. Here, by
utilizing culture media with lower starting levels of glutamine and eliminating
glutamine from the feed, it is shown that lower levels of ammonium and lactate are
produced, leading to increased cell viability. Additionally, in glutamine-starved
cultures, recombinant protein expression is increased and final osmolarity is

reduced.

Materials and Methods

[00226] STRAINS AND MEDIA': anti-GDF-8 cells were cultured in a fed-batch

mode in Medium 1 in 1 L Bioreactor. '
[00227] CULTURE CONDITIONS: Cells were grown for twelve days in 1L
Bioreactors. Temperature was shifted from 37°C to 31°C on either day 4 or day 5
depending on the cell growth. Three fed-batch processes were tested: a normal
(control) process, a no glutamine feed process and a glutamine starvation process.
Pertinent details of these processes are [isted in Table 8 and Table 9.

Table 8. Fed-batch process in 1L Bioreactors with no glutamine feed process.



NaOH until dissolved (pH about 10.25 Note: NucellinTM
is manufactured by Eli Lilly (Indianapolis, IN USA);
H P stock = 0.036 ng/ L hydrocortisone, 1.08 ng/nL
Putresci ne2HCl . 54 [002241 The final osnolarity is
566 nOsm A daily feed of 4% by volune gives an
approxi mate osnolarity increasgsof 8.6, an increase in
gl ucose of 2g/L and an increase in glutamne of 1.5
mM The 12X Medium 4 nedia fornulation is also known
as dium5,. Mdiun5 is easy to nmake conpared to 20X
Medi um 4 or 16X Med®amtrolprocassd st abl|NoghesmihOfeekhy s
eitther _at roomtenperature or at 4C|(pdmess not shown).

Exengﬁlﬂ@ gaed@ ut ami niel3seMr vati on Fed-|Batdh Pr ocess f ol
antigl ( ure [00225] cells require
gl wChusmige fead t he st ¥ mMoe Davdi gt o J Nofpedeof glutamine _

Tr a&PGBRE |y, ini t|i1\41=d1 O 3 | ey Medivay Bwithiagh and
gl { M glitamipe)day 5 ming he end_of
t he Epsdgehsdile n nr oc A% datly fomDayida| | d¥ deily from Bapbess|
nof %Fat“rPé@ﬁltq i f PAvdh | act at e and Dawfoni um | evel s

in e cell cultures_  which are known to have

inh bltggFld gcts on cell] growh, cell density and
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iniwhi ch glucose I'S Gonf¥Wpyocaddde€d T O TB® shdinlitl RocettaV
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for_l arge-scal e manuiMehutaniine). Her e gltaminét i | i zi ng
cu| Feedechedidé a Wi t h |Meandily fbmmay §g | ew@ldailpfor@Day fmM N
angdTemperatinashifn gljdapi ne fromthe|Deesl, it 1S show
thad!°Cower | evels of ammoni um and | actate are
produced, leading to increased cell viability.
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CULTURE CONDI TIONS: Cells were grown for twelve days
i N ResultsBind Cenutisons. Tenperature was shifted from 37C
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[00230]  Figure 4 shows percent cell viability in cultures grown in either no
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-

glutamine feed or control fed-batch conditions. The no glutamine feed culture
showed a markedly higher cell viability toward the end of the experiment, beginning
on day 6.

[00231] Figure 5 shows ammonium levels in cultures grown in either no
glutamine feed or control fed-batch conditions. The no glutamine feed culture

showed a marked decrease in ammonium levels toward the end of the experiment,
beginning on day 4.



Pertinent details of these processes are listed in
Table 8 and Table 9. Table 8. Fed-batch process in IL
Bi oreactors with no gl utam ne feed process. 55
Control process No glutam ne feed process Starting
media 13 MM 13 MM Gutamne (nryl) dQutamne feed 5
nmMVion Day 4 No feed of glutam pe Feed nedia Medium5
(with 37.5 Medium5 wi thout nM glutam ne) gl utamn ne
Feed schedule 4% daily fromDay 5 4% daily fromDa 5
Tenperature shift to Day 4 Day 5 31C Table 9. )
Fed- h¥Re3] pFiewe § shaws lactate igyelsriverdurss sroyn itheithernoghitaneine

st ar Y&l bPdnR6l9EREh cHRININY| LPERISEE weRWIig Y IAME: Rthe no
process . Starting nedia nM 4 nM d utam ne (mMV)

dia 13

a ut Shiamdnerferd guiirerayshastie oourss of Be erASKMEtut ani ne
Feed [goash]a ngﬂ'e ABAdwvs (amii-GDF:WanﬁladHl? @t'teugi/fn ogltwisi ga?wﬁ in eggér ng

| ut ami ne ut amn schedul e 4% y, fr.
T06 o A e A SR el BRRPERRS. Erdlept PR Ar RO g
31C hjgb2PB¢ nGAVPIniBe AdALMEleS: Dai |y sanpl es were taken
fro CU. - I .cell density,
cel | 102817 bl R the SRERAMEARRE ghctn 1 ioier ER0RI:
| evebtgrvednricentrobfed drtph eenditidnsa dn botigRFesgoet ensisp wys simiar over

al S0 IRRRW 7 the dRielithentRESUl t's and Concl usi ons [00229]
Figure 3 shows the cell density of cultures grown in

ei théP02Hg gignrafshoas colbdabily incyliuresorowiin-ifhar ghytamine-
c ondistaiv@ét corltid! RAHRCIE ShBFionsC B botHlBS] de VB FitySWAY stnfifar over
over .the cquyrse af the experinent. [00230] Figure 4

showde SR fhe gxpefimgatapi | ity in cultures grown in
ei t hr0236 Mhuté 8008hoes amachiah led€lfinlcOlturésagovadinGlither

oS Ry AT o B ol BB

ex pestioweda marsedydenmisa dn ammetdym Bvels throughout the course of the
experiment.
[00237]  Figure 11 shows lactate levels in cultures grown in either glutamine-
starved or contro! fed-batch conditions. The glutamine-starved culture showed a
marked decrease in lactate levels throughout towards the end of the experiment,
beginning on day 4.
[00238] Figure 12 shows anti-GDF-8 antibody titer in cultures grown in either
glutamine-starved or control fed-batch conditions. Final anti-GDF-8 antibody titer
was higher in the glutamine-starved culture.
[00239] Collectively these results indicate that decreased glutamine levels are
beneficial to cell cultures by reducing the amount of ammonium production,
increasing cell viability and increasing titer of expressed anti-GDF-8 antibody. In
addition, in the glutamine-starved cultures, low lactate levels were observed,
possibly due to the decreased glucose consumption rate. Decreased ammonium and
lactate levels also have the effect of reducing total osmolarity. Elevated osmolarity
is also known to have inhibitory effects on cell growth and viability, Low initial
glutamine levels together with the elimination of the glutamine feed also has the
positive effect of reducing ammonium produced as a result of non-enzymatic
glutamine degradation in stored media. Elimination of glutamine in the feed also

simplifies the process of culturing anti-GDF-8 cells.



[00231] Figure 5 shows ammonium levels in cultures
grown in either no glutamne feed or contro

fed-batch conditions. The no glutam ne feed culture
showed a mar ked decrease in ammonium | evels toward the
end of the experinment, beginning on day 4. 56

[ 00232] Figure 6 shows |actatestyevels in cultures
grown in either no glutamne feed or contro

fed-batch conditions. Lactate |levels were slightly
lower in the no glutamne feed culture throughout the
course of the experinment. [00233] Figure 7 shows

ant iExtiepre 4, BOh Bhe %ﬁp&isg 6f ankilGIS LK QHLS?E‘NQBQM‘I 48 MbdilhG".

%Qé &m ne feed or control f condi ti ons.
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cell in either glutam ne-

st ar V& S&B‘rs“gtgﬁ’f’?g‘%cfegﬂ'%gg GBIHE‘?U ons. In both
cases, cell density was simlar over the course of
the}\ﬁ?‘e‘?ﬁfs'ﬂ?ﬂfemo&OOBQ Figure 9 shows cell viability
in cultures grown in either glutanm ne- starved or
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f ed- hﬁﬁﬁhd@pCQDExonS The gl utam ne-starved culture
showed a marked decrease in amoni um | evel s t hroughout
the course of the experinent. [00237] Figure 11 shows
| acResules dne\DohSusiars cul t ures grown in either gl utam ne-
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Materials and Methods
[00244]  The experiments were performed in 10L bioreactors at pH 7.1, 30%
dissolved oxygen, and a starting temperature of 37°C with a shift to 31°C on day 5.
Sparge and headspace gasses were 88% of a 93% air/7% CO, mix and 12% oxygen.
The starting media in all experiments was Medium 1, which contains glutamine.
Feed media and feed schedule including supplemental glucose and glutamine feeds

are shown in Table 10. Columns labeled “Glutamate” were fed with modified
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grom h and viability.
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and Met hods [00241] Anti-CGDF-8 cells were cultured in
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on day 6.

[00246] Figure 15 shows cell viability of the glutamate and glutamine fed

cultures. Viabilities remained higher during the second half of the process in the

bioreactors containing glutamate fed cultures.

[00247)

In Experiment 1, anti-Lewis Y titer is similar between the glutamate and

glutamine fed cultures. Figure 16 shows that in Experiments 2 and 3, anti-Lewis Y

titers are lower in the glutamine fed reactors. The lower anti-Lewis Y titer observed




58 Medium 5, containing no glutam ne, but containing
a nol ar concentration of glutamate equal to the nol ar
gl utam ne concentration in standard Medium5. Col umms
| abel ed gl utam ne were fed with standard Medi um 5.
Tabl e 10. Feed schedul e. Day 9040-44 9040-56 9040- 64
GQutamate | Qutamne | utant@e 2 d utam ne- 2
GQutanmate 3 Gutamine 3 01 2 3 45 nmMgln 5 nMV
gln 3 g/L qucS 7.7 m\/lgln 2.99/1 glue 5 3.6 g/ glue
5 MMgln 3.5 g InSg/LqueS /'L glue
5.5 gh thegreastos cgvlg b@%éo @e &lg%exés/eflmtqﬁ%uz @oshown in
16X|\/tm| o XMedi um Medi um 5 16X|\/Ed| u Medium5 Medium 5
4 MMIn 8 9 2.5 ue 10 10%10%8%
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V|ab|I|ty of the glutamate and gl utamne fed . ]
not have a significant effect on cell density. However, cell viability is lower in the

Bioreactors fed with glutamine. Ammonium, lactate and osmolarity are lower in
‘the Bioreactors fed with glutamate compared to those fed with glutamine. On
average, anti-Lewis Y titer is higher in the Bioreactors fed with glutamate and

activity is essentially the same under both conditions.

Example 6. Substitution of Glucose and Glutamine in the Anti-Lewis Y Cell
Culture Process.
[00251]  The purpose of this experiment was to test the effects of substitution of
glucose and glutamine with the feed media listed in Table 11 below in the culturing

of anti-Lewis Y cells (see Bogheart et al., Antibody-targeted chemotherapy with the
calicheamicin conjugate hu3S193-N-acetyl gamma calicheamicin dimethyl

hydrazide targets Lewisy and eliminates Lewisy-positive human carcinoma cells
and xenografts, Clin. Can. Res. 10:4538-49 (2004)). Cell density, cell viability,

anti-Lewis Y titer and ammonium levels were measured.

Materials and Methods
[00252)  The experiment was performed in 250 m! shake flasks at a starting’
volume of 75 ml. All shake flasks were seeded at 0.25 x 10° cells/ml in Medium 2.
The flasks were incubated at 37°C in a 7% CO, incubator for 14 days. On days 3
and 4, the flasks were fed with 5% by volume of Medium 6 feed medjum. The
composition of Medium 6 is listed in Table 11. On days 5-13 the flasks were fed
with 5% by volume of one of the feed solutions listed in Table 12. Each condition



cultures. Viabilities remai ned higher during the
second half of the process in the bioreactors
containing glutanmate fed cultures. [00247] In
Experinment 1, anti-Lewis Y titer is simlar between
the glutamate and glutamne fed cultures. Figure 16
shows that in Experinents 2 and03, anti-Lewis Y
titers are lower in the glutam ne fed reactors. The
| ower anti-Lewis Y titer observed 59 in these
reactors could be .,due to the high |levels of |actate
pr odWakRstfopRetan diplicatsy Sapplgtiyere teken dagy Sor oqll qpmss BLECERE%
run Widd3sagé fof anmbriurh,ElichR, dn@@dnatgedi a have a | ower
amoni um concentration (Figure 18) and a | ower
osmolarity (Figure 19). [00249] The binding ELI SA
as sTablanHs Clmmdsmcm of edivadt i vity of sanples fromthe
Theo

a 1

Sctlm""“ Ailing Kiits | _Vﬁrq‘,l!"f‘ Moy b Thee%{?ﬁs o | oo |
a LI;E ne 1 %i,f,"r% e WAM 12360 bt YRMISSRAE | 040.00::231.35

d dtamate 1 " ¢528.84} a8d@d! shown) SU§025044het 51
sulst i t B¥PFa%Ns0d| wsasmt e7hor gl UEYER¥EHECI(n t nesk 30.00
exper i mengwatkrsy | neab4dipveoa) si gnTRPeERP |ef fmes | om1s
celil denseystine-2bevas oo Cehlst Vi abi InSDy7H8 || owebs | Nesbh
Bi ar eact oguganfietid t 35 g Ut agp he. Ammasortucn| Tagtafe,gn
osrol ari Ty giamineQWedoo hd\| 36DF| B OR&SBIOLe;S [T €0 Wi T, 54
gl JTamare COgpEReE %26’0} TOS 0 | Gl 3L R BT AT 115, T U o
AV T AGRistidREHEFB M Sepd o1 T TS [ T OMRIAYAT [T o T 566

11 W o and

Bi greactor ?soe c‘fhew t ||4? -t &S 2 20\ Hy— S AQ

essent | al | \yl lllll nlzz ali h WaXaYal 1 S—

ot tuti snPianet asaze | 2020 2200 || he02 ] 053
Antli- L ew sY¥"CHEY) 146880 ur 800 ocessA'C'f%Q 1] TR 497
purpose of MUHENE oy par danens.20AS t O t e&8NG e eb.frlct soof
subst i t uPiesreiRsine | gleacsssle aoml| gl ut BaFeCai t h 265 f eesl
medi a |i st edpllireTalpses1lil bed ow in the Kallt uromgy b
antli - Lew s Yseekl si2688 Boghear t Cati B5H0Q 228| 899

Anti body- t argeined GhesDft NgLAPY W TBCH-6H0 [ Cal b Lhegppel n
32 ?'izé

O

CONJUGAt € igBsrbl - Nafils mT 20
di et Wyoﬁnmﬁg’&éd)”?%ﬁ ri' WSy —anthgETrm ||i£ es
o RS 200c199,02 |

wn el l o '\14 AV

Lewrsv= PosStT+ T CatH &
o MRS LD s 9 VT i
r

Vi #\,bm_(__y_,__an_L ilewis Y ti 1} d :-'LIIII'MI um 0}:7\/p| £02
vele_neasur@@™ R moita)ls mibd] Vet hods REMP52] 1.3hfe 10.01
experiment vwa¥Berfos2eeld b.on 250 AOSHRKR |f | astes| av.om
st ar $i°he PaRigenae | of 3&@ |nd 0.08dl | shake flasks werle

see¢ded i@ clgidg | 106 cgl | s/ in MediQmr®. Thel fl asks
vee—-reubated at 3741, 50 OMpENARIS{ oghgr| W
days. On daP®258] aneeas | o0 lf | o EWECRRFRS | oy apaln &ue by

volune of MRS 6 20688d nbtd lum PHeseine2HC 8000 | 49.66

eul e danwf  50%) |
n

nicotinamide 32.02 0.26 linoleic acid 336.25 1.20
pyridoxinesHCl 3282 | 0.16 thioctic acid | 84063 | 4.08
ribofiavin 360 0.01
thiamine-HCI Other
35.22 0.10 Components mg/L mi
vitamin B12 D-glucose
11.21 0.01 (Dextrose) | 33005.99 | 183.37
PVA | 2400.00
Inorganic Salts mgiL mM NucellinT™ 80.00

KH.POs | 1635.00 | 12.02
MgSOs#7H0 | 17198 | 0.70




conposition of Medium6 is listed in Table 11. On days
5-13 the flasks were fed wth 5% by vol une of one of
the feed solutions listed in Table 12. Each condition
60 was' perfornmedin duplicate. Sanples were taken
daily for cell counts by CEDEX and assays for
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1080. 60 7.20 CuS04.51-120 7.49 30.00 asparti c acid

53214} 5. Péédfﬁﬁiljg s 91, %?&nf%@%dﬁ%léconﬁmhb ﬁé’mﬁ@

1.51.7ZnS04 Q421 alutam c _aci 1.60

MhSO ﬂgﬁlnﬂ -MOGIfMGW‘JI‘H? "a'jﬁj{!eg' “g?d'dfﬁ g%lg&fme (control)
Na2S| €4 oHp OMpdifipd Mggumb+ 439/ elycase +1483 s pluamaty

( NH4) @INASP0 24 Madifieg Mgdiym &3 43 9/lpglucoss +4 I @lLfera@ei®®0 588. 32
2. 80| FHANGIB | Blodifd Hedign § £ & Pudicpse 34 9B-2lygyidhiamine

NI SAGIBEIR0 OM!:GF e N&@umﬁeéﬁtg/mwlal@%%gwu%ﬂr@nd 2 2H20
0. 12 GaiG@ 1] Cliod 855 J00500 ST

nmet hf@mlne

660. W v ' c ‘ "o , _l E f\JI f]‘ I_LL 1
AT ”S?Jﬁf?.t”"?%iﬁif?éléfé‘é é’“ﬁ‘ﬁé"zf éé‘r
10.00 tryptophan 260.94 1.28 Crd3 0.32 2.02

t yr Seuka@Na2hi2eid82. 62 3.19 NaF 4.20 100.02 valine

o L2k e gty s fin Undeidarife o i Blefiine,
3. 22wes ybstituted fer ghtrmpianindhansesance oBethgslerogsor ghladtosadn the

chl ofde@ipedt. h@eru dm&y 43s denBr31yTOWRQR 8RR tcBlndrds fBdMuitf Ol 1 C

cid 42.43 dro ortisone 288 0.79
a glucose/glutamme galactose glutamme or glucose only (Figure 20). Final viability

was highest in the cultures fed with glucose only, followed by the cultures fed with
glucose/glutamate. The lowest viability was seen in the cultures fed with glutamine
or asparagine combined with either glucose or galactose (Figure 21).

{00254] Day 14 titer was highest in the glucose/glycylglutamine and the
glucose/glutamate fed cultures at about 700 pg/ml. Titer was lowest in the
galactose/glycylglutamine and the galactose/asparagine fed cultures at about 500
pg/ml. Titer in the glucose/glutamine control was about 570 pg/ml (Figure 22).
[00255] The lowest ammonium levels were seen in the flasks fed with
glucose/glutamate or glucose only. The flasks fed with galactose/glutamate,
glucose/glutamine, glucose/glycylglutamine, and glucose/asparagine showed
intermediate levels of ammonium. The flasks fed with galactose/asparagine,
galactose/glycylglutamine, and galactose/glutamine had the highest levels of -
ammonium (Figure 23).

[00256] Glucose levels remained above 1 g/L in all flasks fed with galactose until
day 11. From day 11 through day 14, the glucose in these cultures was never
completely depleted, remaining between 0.6 and 1 g/L, with no significant
differences between the different cultures.

[00257]  Glucose levels increased in all flasks fed with glucose or glucose

combined with another substrate until day 10. From day 10 through day 14 in these
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may have been depleted by the cells or may have degraded during the batch. These
feeds create complications when the process is scaled up to be used in larger
reactors, such as the need for an impeller jump (see Figure 24). Furthermore, the
feeds dilute the amount of anti-GDF-8 already secreted into the culture and
therefore affect the harvest titer. The use of a batch process would allow
inoculation of the bioreactor at full volume, instead of at a partial volume so as to
accommodate the feeds, which would remove the necessity of an impeller jump and
greatly reduce any dilution effect on productivity.
[00261] Glutamine is one of the most important reasons that a fed-batch approach
is used since it is not stable at 37°C and it had been thought that it needed to be
replenished during a batch culture. However, results of Examples 2, 5, and 6, in
which a glutamine starvation strategy was tested, showed a significant increase in
productivity compared to a control reactor that was fed glutamine. This result was
combined with the batch process to create a glutamine starvation batch process that

was tested in this Example.
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[00265]  3) Batch glutamine starvation.

- Inoculation medium new batch medium with only 4 mM of
glutamine (see Table 13).

No feed medium.

No glutamine feed.

Lower the temperature to 31°C on day 4.
Add 5g/L of glucose on day 8.
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-isoleucin 131.0 | ‘4.76 10.8 2.83
L-leucine 131.0 6.52 15.6 4.7
LysineHCI 182.0 5.20 12 5.2
L-Methionine 149.0 1.96 4.8 2.6
L-Phenylalanine | 165.0 | 2.60 6 2.2
L-proline 115.0 3.24 7.2 4.1
L-serine 105.0 8.60 18 8.6
L-threonine 119.0 4.32 9.6 3.2
L-tryptophan 204.0 0.78 1.92 1.04
L-tyrosine
2Na+2H,0 261.0 2.16 4.8 1.75
L-valine 117.0 4.32 9.6 4
Vitamins uM uM uM




- Feed Medium 8 without glutam ne, fed on days 5, 7,
and 10 (see Table 13). - No glutam ne feed on day 4.
- Lower the tenperature to 31 C on day 4. [00265] 3)
Bat ch gl utam ne starvation. - Inoculation nedi um new
batch mediumw th only 4 mMof glutam ne (see Table
13). - Na feed nedium - No glgg am ne feed. - Lower
the tenperature to 31 C on day 4. - Add 5g/L of

gl ucose on day 8. 64 [00266] 4) Batch gl utamn ne _
starvation nted on day 8 - lnaoculation nmedium
new batch fedi iBatioith |0a#40 4 mMdtof) 204t Ani ne (jee
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0.2 L- ArliRiididhedich. 0 65784 |1337 4 ks AS| arp,i néH20
150.0 4.76( 2Lidnileh LiAspd U1 Cy@CI|d 1330 %, g0 6 1.65

L- Cyst ei neHCl HZO 17670 0. 40 0 04 L-CBT1 Tezi—ifll 313
0.95 1.875 *mﬂg’n}é‘s%a cacid &7 0168 2418
NaCl 585 |18.8mM
KCl 74.6 4.2 mM 4.19 mM
CaCl, 111 1.06 mM 1.05 mM
Sodium Seienite 173 27 ug/L | 60 ug/L 60 ug/L
NaH,;PO,4-H,0 142 468mMM | 11 mM 4.68 mM
Na,HPO, 138 0.5 mM 0.3986 mM
_MgS0o, 120 1.15mM [ 1.05mM | 1.15 mM
MgCl, 95 0.3 mM 0.3 mMm
FeS0,7H,0 278 9uM 124.675 uM 9uM
Fe(NQs)a*SH,0 404 10.125uM 0.124 um
ZnS047H,0 287 9.2 uM 17 uM 9.2 um
CuSQ, 160 0.05uM | 0.074 uM | 0.064 um
NaHCOQ, 84 23.8 mM 23.8 mM
Others
Glucose 180 169/l | 38.3gL 15 g/l
Polyviny! alcohol 256 g/t | 2.4g/L 2.56 g/l

Hydrocortisone 363 0.23 mg/L|0.43 mg/L| 0.28 mg/L
Putrescine«2HCI 161 64mg/ll | 12mg/l. | 7.7 mg/L

Sodium pyruvate 110 500 uM 500 uM
linoleic acid 280 0.81uM | 1.8uM 0.81 uM
thioctic acid 206 2.7 uM 6 uM 2.7 uM

Nucellin™ 4 mg/lL 1120 mg/L| 50 mg/L
1000x Trace B 1.5mllL |6.76mi/L| 1.5 milL

Results and Conclusions
[00267]  Cell growth for the first 4 days was similar for the control and batch
processes, while the glutamine starved fed-batch process had a slightly lower cell

density and remained a little lower for the rest of the batch. Both batch processes
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[00268] Cells cultured in either glutamine starved batch process or in the
glutamine starved fed-batch process outperformed the same cells cultured in the
control fed-batch process in productivity. The control fed-batch process had a
harvest day titer of 685 pg/mL, as expected, while the glutamine starved fed-batch
process had a harvest titer of 1080 pg/mL, about 58% higher than the control. This
is similar to results seen previously. The glutamine starved non-supplemented batch
process had a harvest day titer of 960 pg/mL, 40% higher than the control, similar to
the glutamine starved fed-batch process, while the supplemented glutamine starved
batch process had the highest titer at 1296 pg/mL. This is an 89% increase over the
control (see Figure 27).

[00269] When the inhibitor levels for the four conditions were analyzed the
results showed that the lactate and ammonia levels for all three glutamine starved
processes were significantly lower than the control. In fact, after day 4, those three
conditions either stopped producing or started consuming lactate while the control
continued to produce lactate throughout the batch (see Figure 28). As expected, the
ammonia levels were much lower in the glutamine starved processes and declined
after day 4, while the control continued to produce ammonia (see Figure 29).
[00270] In this Example, combining a batch process with a glutamine starvation
strategy resulted in a 40% improvement in productivity over the control fed-batch
process for anti-GDF-8 cells. The data also suggest that with some optimization of
the batch medium, an almost 2-fold improvement in productivity can be attained.
This improvement in productivity can be attributed to two factors. First, glutamine
starvation increases productivity either directly or by keeping ammonia and lactate
levels very low. Second, because of the absence of feeds, the titer is not diluted
during the batch. Increased productivity together with the ease of operation inherent
in a batch process makes this an attractive option for producing recombinant

polypeptides.
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Amino Acids mg/L mM Trace Elements _pglL nM
alanine 17.80 0.20 Sodium Selenite 69.16 | 400.00
arginine 696.00 4.00 Fe(NO4)3*9H,0 50.00 | 123.76
asparagine't,0 | 3000.00 | 20.00 CuS0, 10.24 | 64.00
asparticacid | 549 45 165 CuSO4+5H,0 99.88 | 400.00
cysteine-HCI-H,0 7040 | 040 FeS0,7H;0 4170 | 15000
cysteine«2HC! 468.75 1.50 ZnS0,7H,0 2640 9200
monoscdium MnSO4,H0
__glutamate 33.80| 0.20 33.80 | 200.00
glutamine 584.00 4.00 NazSi03°9H,0 284.07 1000
glycine | 11550 | 1.54 | (NH)eMorO2*4H:0 | 54750 | 200.00
histidine-HCIFHO [ 47460 | 2.25 NH,VO;, 2.34 | 20.00
isoleucine | 57073 | 438 NiSO4-6H,0 5.26 | 20.00
leucine | 103070 | 7.87 SnClyr2H;0 0.90| 4.00
lysine*HCl | 140140 | 7.70 AlCl-6H,0 0.97 | 4.00
methionine | 33740 [ 260 KBr 0.48 | 4.00
phenylatanine | 50700 | 307 CrClk | 15.83 | 100.00
proline | 53950 | 4.69 NaF 0.17| 4.00
serine | 4052.00 | 10.02 GeO, 0.42| 4.00




harvest day titer of 685 gg/nL, as expected, while the
gl utam ne starved fed-batch process had a harvest
titer of 1080 gg/nL, about 58% hi gher than the
control. This is simlar to results seen previously.
The gl utam ne starved non-suppl enented batch process
had a harvest day titer of 96(83g/ nmL, 40% hi gher than
the control, simlar to the glutam ne starved
fed-batch process, while the suppl enented gl utam ne
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Culture Days | 12
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shift (37- ¢ ¢ Y
31°C)




Base Medium 9 conposition is listed in Table 14.
Experinental variations on this base conposition are
listed in Table 15. The cultures were incubated at 37C
for the first 5 days with the exception of Reactor 4,
whose tenperature was 30C for the first day due to
tenperature control problens. 6fhe cul tures were
shifted to 31C on day 6. On day 7, the cultures were
fed once wth 5% by vol une Medium 5 Iack}ng .

Iu e, l ures were neasured daily for ce
gen {%pa%ﬁfh CUPRBS titer, lactate and anmoni um
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Materials and Methods
[00276]  Anti-GDF-8 cells were cultured for twelve days in 1L Bioreactors in
modified Medium 9 with differing concentrations of glutamine and asparagine as
listed in Table 16. The cultures were incubated at 37°C for the first 3 days. The
cultures were then shifted to 31°C on day 4. On day 7, the cultures were fed once
with 5% by volume Medium 5 lacking glutamine. Cultures were measured
periodically for cell density, cell viability, lactate, ammonium levels and glutamine

levels, anti-GDF-8 titer, and osmolarity.

Table 16. Glutamine and Asparagine conditions tested.

Reactor 1 | Reactor2 [Reactor3 | Reactor4 | Reactor 5 | Reactor 6
Celi line anti-GDF-8
Media Batch media (Medium 9)
Glutamine 4 mM 4 mM 13 mM 13 mM 13 mM 13 mM
levels
Asparagine 20 mM 20 mM 20 mM 12 mM 12 mM 8§ mM
levels
Seeding 0.3t00.35
density
(x10%/mi)
Feed media Medium 5 lacking glutamine, 5% on Day 7




biotin 2.68 0.01 Hydrocortisone 540.00 1.49 calcium
pantot henate 21.92 0.05 Putresci ne2HCl 15000 93.11
choline chloride 158.46 1.14 linoleic acid 290.00 1.04
folic acid 25.93 0.06 thioctic acid 716.00 3. 48
inositol 163.98 0.91 nicotinamde 26.23 0.22 O her
Components nmg/L nm pyridoxal H@ 2.03 0.01 D-glucose
(Dextrose) 15000.00 83.33 pyridoxineHC 36.13 0.18
PVA 2560. 00 riboflavin 2.41 0.01 NucellinTM 50. 00

- thlam neHCl 0 39.43 0.12 Sodi um Pyruvate 55.00 0.50
CelreiayR10721_17 002 Inorganic Salts ng/L mm CaCl?

| ‘55‘“1" OBPYRCI 3IPBY40 4. Pay Na2HPOay 56. 60D&. 40 Nee@d

T00 0018 80— Nat2PO4H20-645-84—4-68My3SH4—138. 0
1.15 I\/gC12 28.50 0.30 NaHCG3 2000 00 23.81 Tabl e 15.
d utRéfﬁ’ﬁé”‘éﬂ‘d”c%‘ﬁ’a’r agi ne conditions tested. Reactor |

React[o0272] ReautaB4,35 Fi%aﬁ o, 34arﬁ94@%6w the cﬁgﬁ fﬁm GDE-8

Cell line anti.- qqgﬂg di a Batch nq ia Me ,
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As parghgsinriae BvetdyhrtilADRR!iRH, ad/bstroMey] fedpddiv ,tlﬂé(}ﬂghéuﬂh@l s
nedl a

I\S/Egld 'c&gge oé’i;he e%[)ﬁ%mcnts gg}%r ﬁ]l %&9&%&%%@ goe Vgs 12
[00278]  Among all the conditions tested, only Medium 9 containing 13 mM
glutamine and 20 mM asparagine showed significant adverse effects on cell growth
and titer. Glutamine is exhausted in all the cultures at approximately the same time,
regardless of whether the culture begins with 4 mM or 13 mM glutamine. The
highest anti-GDF-8 titer is obtained in cultures that contain 13 mM glutamine and
12 mM asparagine. All culture conditions exhibit decreased lactate and ammonium
levels near the end of the culture. Ammonium levels were highest in the culture

containing 13 mM glutamine and 20 mM asparagine.

Example 10. The effect of asparagine and cysteine levels on the observed

decrease in lactate and ammonium levels in anti-GDF-8 cells cultured in Medium

9. .
[00279] In Examples 2, 5 and 6, it was found that cultures grown under
glutamine starvation conditions exhibit decreased lactate and ammonium levels at
the end of the culture process. However, cultures grown in Medium 9 under non-
glutamine starvation conditions still exhibit decreased lactate and ammonium levels
at the end of the culture process. This effect was not observed in other media such
as Medium 1, where glutamine starvation appears necessary for the decreased levels
of lactate and ammonium. Medium 9 and Medium 1 differ in the levels of
asparagine (20 mM in Medium 9 versus 11 mM total in Medium 1 plus feed) and
acidic cystine (1.5 mM in Medium 9 versus 0.95 mM in Medium 1). This example
tests whether these two components were responsible for the observed decrease in

the lactate and ammonium levels at the end of the culture.

Materials and Methods
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cultures were started with 4 mM or 13 mM glutamine (see Figures 42 and 43). In

contrast, Medium 1 only exhibited decreased lactate and ammonium levels at the

end of the culture process when the cultures were started with 4 mM glutamine (see

Figures 42 and 43). Addition of extra asparagine and cystine to Medium 1

containing 13 mM glutamine did not result in decreased lactate and ammonium

levels at the end of the culture process (see Figures 42 and 43).

[00282]

Cultures that exhibited decreased lactate and ammonium levels at the .

end of the culture process (Medium 1 with 4 mM glutamine, Medium 9 with 4 mM

glutamine and Medium 9 with 13 mM glutamine) were also observed to have lower

total osmolarity at the end of the culture process (see Figure 47).

[00283]

Medium 9 with 4 mM glutamine exhibited the highest anti-GDF-8 titer,

followed by Medium 9 with 13 mM glutamine fed on day 4 (see Figure 46). Taking

the effect of dilution of the feed into account, Medium 9 containing 4 mM




| evel s Seeding 0.3 to 0.35 density (x10e/m) Feed
medi a Medium 5 | acking glutam ne, 5% on Day 7 70
ureDas im Tenperature Day 4 Day 4 Day 4 Day 4 Day 4
Day 4 shift 37-31C Results and Concl usi ons [00277]
Figures 34, 35, 36, 37, 38, 39 and 40 show the cell
growh of anti-CGDF-8 «cells, gercent viability of
anti-CGDF-8 cells, lactate |levels, amonium | evels,
glutam ne levels, anti-GDF-8 titer, and osnolarity,
_respectively, throughout the course of the

exper i gfaamine hadkanivalbrs anaGDB Bt xpedine Atcaltaigiog i mMons.
[00278 iRy al | the conditions tested, only Medium9
containing 13 mM glutam ne and 20 nM aspar agi ne
showed significant adverse effects on cell growh and
titerExapid ﬁm’m@ effset SPaRANSEFad dVidhlin feh&s M&Eﬂs@ﬁ'e@t

appr %Fmatel t he sarre tinme regardl ess of h '
the c{fereasedn fsticad gmmpnjnm jovels mfsﬂrﬁxﬁ’%ﬁ Gellsepitured imMedium
hi ghekst antl-GDF 8 titer is obtained in cultures that

tal t

o il A LB P AL R
anmmoni levels bletw:ai Medigail abdidediod 9ofere ragponsitid for the o¥sevehdddrdase
| | t 1
gl ut ani SEtf o GRS DR o 8 e iR S it
of aspkasaghstaeved et nglm ri@NdS@vteltrrsnetdnhd.t thesediiges werd not
d

ecr eagfohsibld @Pﬁt@Blﬁeﬁ%c@t’g@nf/ﬂg&ﬁg] aﬁ{i ﬁ&e@m@qﬁo d@E néhelr

cells cyltured in Medium 9. gﬁ
and 6,270 4RKand KIATN faneRniTeipne. Fisexgnpinsesta ether differences in

gl ut aninfid BidaEnGAithRiA cERYBALHEIbRBSWRENTh e twdREdi£ S Rponsible
| act atte”g\ q) ammdrgl umlevels at the end of the culture

pr ocess. reift ures grown in Medium 9 under
non- gl ut am ne st arvation conditions still exhibit

decr apssel A98BIE2aNd ammoni um [ evel s  at the end of
the culture process. This effect was not observed in

ot her [PR287la 4nEPDFisceNewi¢re aulturediih Hy BioBkagtozsiont? days. (diells

of 1 Vé‘?ﬁ%‘“?@ﬁf%ﬁ?ﬁﬁ%@é%ﬁ?ﬁﬁ;& A s A

"n t hdsRE B QU FAPEeFB! BGLFAsisd NETngrFe gs, Vi
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and iron were added to the various experimental Medium 1 conditions such that the

levels of these components were equal to the levels in Medium 9. Samples were

taken daily and saved for titer analysis by Protein A HPLC.

Table 18. Amino acid and vitamin conditions tested.

Media Gin (mM) Asn (mM) Feed Day § Day 7 Day 10 Day 11
8% Medium  12% 8%
Medium 1 13 5 Medium 5 30% total 5 mM Gin, day 4 5 Medium 5 Medium &
8% Medium  12% 8%
Medium 1+AA 13 15 Medium 5 30% total 5 mM Gin, day 4 5 Medium 5 Medium 5
Medium 8% Medium  12% 8%
1+Vit, H/P,E,Fe 13 5 Medium § 30% total 6 mM GIn, day 4 5 Medium § Medium 5 4g/L glucose
8% Medium  12% 8%
Medium 1+all 13 15 Medlum 5 30% total 5 mM Gin, day 4 5 Medium § Medium § 4g/L glucose
Medium 9 with 13 mM 8% Medium  12% 8%

Gln 13 20 Medium 5 30% total 5 mM Glin, day 4 5 Medium § Medium §




acidic cystine (1.5 mMMin Medium9 versus 0.95 nMin
Medi um 1). This exanple tests whether these two
conmponents were responsi ble for the observed decrease
in the lactate and anmonium | evels at the end of the
culture. Materials and Methods 71 tti-02'8" 0] Anti.
GDM cells were cultured in IL78i oReactors for 12 days.
Cells were initially cultured at 37C and were shifted
to 31C on day 4 or day 5 at 8- 10x106/m . Table 17
lists the various experinmental conditions tested.
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Results and Conclusions

[00286] All conditions tested exhibited decreased lactate and ammonium levels at
the end of the culture process except for Medium 1 containing added amino acids,
indicating that increased amino acid levels in Medium 9 compared to Medium 1 are
probably not responsible for the decreases in lactate and ammonium levels (see
Figures 49 and 50). However, Medium 1 containing added vitamins,
hydrocortisone and putrescine, trace elements E and iron exhibited lower lactate and
ammonium levels at the end of the culture process compared to Medium 1
containing added amino acids (see Figures 49 and 50). This indicates that these
components may be responsible for the observed decreases in Medium 9.

[00287] Cultures grown in Medium 1 containing added vitamins, hydrocortisone
and putrescine, trace elements E and iron exhibited the lowest levels of ammonium
throughout the experiment due to the lower total amounts of asparagine and

glutamine in the starting media (see Figure 50).
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osnolarity at the end of the culture process
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Medium 1+E+Vit 13 15 total day 4 5 mM Gin, day 4 5 Medium 5 8% Medium
Medium 9 with 13 Medium 5 30% 8% Medium 12%
mM Gin 13 20 total day 4 5 mM Gin, day 4 5 Medium 5 8% Medium
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5S MM Gn, day 4 5 Medium5 Medium5 4g/L glucose
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Example 13. Comparison of Mediums 1, 3 and 9 on cell growth and anti-GDF-8
titer.

[00292]  This experiment was performed to measure the differences in cell growth

and anti-GDF-8 titer using Mediums 1, 3 and 9.

Materials and Methods
[00293]  Anti-GDF-8 cells were cultured in various media and under feeding
conditions as listed in Table 21. Pertinent media information is listed in Table 22,

Celis were grown in 1L Bioreactors for 12 days and were shifted from 37°C to 31°C
on day 4.

Table 21. Media and feed conditions tested.

Feed

Media Asn Gin Day 3 Day 4 Day § Day 6 Day 7 Day 10 Day 11
3.3%
) 3.3% Medlum | 3.3% Medium |3.3% Medium| 3.3% Medium | 10% Medium Medium| 3.3% Medium
Medium3 | 14mM | 4 mMm 5-Gin 5-Gin 5-Gin 5-Gin 5-Gin 5-Gin 5-CGin
3.3%
’ 3.3% Medium | 3.3% Medium |3.3% Medium| 3.3% Medium | 10% Medium [Medium| 3.3% Medium
Medium3 | 14mM | 4 mM 5-Gln 5-Gin 5-Gin 5-Gln 5-Gin 5-Gln 5-Gin
i 8%
) 8% Medium 54 12% Medium [Medium;
Medium1 |14 mM | 4 mM Gin 5-Gin 5-Gln
5% Medium 5-|
Medium9 | 20 mM | 4 mM Gin

Note: Medium 5-Gln — Medium 5 lacking glutamine.

Table 22. Media summary.
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test in order to determine the optimum level of glutamine alone and the optimum

level of total combined glutamine and asparagine. Table 23 summarizes some

relevant experimental conditions and end results for anti-GDF-8 cells grown in
Medium 9.

Table 23. Relevant experimental conditions and end results for anti-GDF-8 cells
grown in Medium 9.

Media [Gin (mM) Asn (mM) (Day Shifted Feed Iter (ug/ml) [Titer/1200 [Total Gin [Total Asn [Tofal
Medium 9 1 8 6 §% Medium 5-Gin 615.2 0.51 1 9
Medium 9 1 8 3] 5% Medium 5-Gin 857.1 0.71 4 4]
Medium 9 1 12 6 §% Medium 5-Gin 947 Q.79 1 13
Medium 4 12 4 §% Medium 5-Gln 1184 0.99 4 13




Medium 1+VIt 13 15 total

Medi um 5

day 4 5 nM G n,

day 4 5
8% Medi um Medium 5 30% 8% Medi um 12% Medi um

1+Fe+E 13 15 total day 4 5 MM Gn, day 4 5 Medium5 8%
Medi um Medium 5 30% 8% Medi um 12% Medi um 1+Fe+Vit 13
15 total day 4 5 MM G@n, day 4 5 Medium5 8% Medi um
Medium 5 30% 8% Medi um 12% Medium 1+E+VIt 13 15 t ot al
day 4 5 mMMGn, day 4 5 Medium5 8% Medi um Medi um 9
with 13 Medium5 30% 8% Medi um 12% nM G n 13 20 total

' 0
ey 4,5 Gn, days%nﬂs&ml\é%nl um 5 8A)7I\g_ed| m, £ lnN%t en
Tr 3 nt s rg_n_g 1Si nn§ [100290]
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conditions as listed in Table 21. Pertinent nedi a
i nf orReatltsond Cenclusioted i n Table 22. Cells were grown

In 1L a ) W ¥ al r 1 (9) 13} [~} O
A to@gl C? Cﬂ;gu;essgf 95 J&tgp%y&dqmcq%aﬁé%m}bsg {0 of

condi t§lypraing é‘g'eee%fd tot#é%bmq@wtaamwd @paragiag Brblogy shows the

Day 5 relits 6f DRiestbolabarih nbiailiZed tigdr SPPlutaanidd/feddptictiBes 2 304 15
Medi um 3. 3% Medi,um 3. 3% t?usum 10% Medi um Medi um 3, 3%

NVedi u r.HlMan glutamine levels outside range. Table 25 shows the results of a T-test
comparing normalized titer of combined glutamine and asparagine levels between
16 and 36 mM and combined glutamine and asparagine levels outside this range.
[00297]

between the two groups that were compared. Cultures grown in Medium 9

Both T-test results indicated significant differences in anti-GDF-$ titers

containing between 2 and 15 mM glutamine and between 16 and 36 mM combined
glutamine and asparagine exhibited higher anti~-GDF-8 titers than cultures grown in
media with glutamine and combined glutamine and asparagine levels that fell

outside these ranges. In all experiments, asparagine levels were greater than 9 mM.

Table 24. T-Test results comparing normalized titer of 2 mM<GIn<15 mM versus
GIn>15 mM, GIn<2 mM conditions.

Normalized Titer Gln>15, GIn <2 2<GIn<15
Mean 0.724649917] 1.033147493
[Variance 0.013326655| 0.036834109
Observations 7 12
Pooled Variance 0.028537361




Medium 3 14 MM 4 nM5-Gn 5-Gn 5-Gn 5-Gn 5-Gn
5-G n 5-Gn 3.3% 3.3% Medi um 3. 3% Medi um 3. 3% Medi um
3. 3% Medi um 10% Medi um 4Medi um 3. 3% Medi um Medi um 3
14 MM4 MM 5-Gn 5-Gn 5-Gn5Gn5-Gn 5Gn 5-Gn
8% 8% Medium5 12% Medi um Medium Medium 1l 14 nM 4 nM
Gn5Gn5-Gn 5% Medium5 Mgdium9 20 MM 4 nM G n
Note: Medium5-G n - Medium5 | acking gl utam ne.

Tabl e 22. Media summary. 76 Media Asn G n Feed
AA(Starting)l(Total) lon/Total AA Mdium3 14 mM 4 niv
34 % yeitiestzad BeaGiDifeddkenM 164 nVoll. 75 Medi um 9 20 nM 4
mM &% Medium5-Gn 91.4 M 194. 3 nM .74 Medium 1l 14
mM st 31. 6% Medi un S5-4daprofdge™™ 196. 4 |MM . 74 Not e:
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[00298] This example investigated the performance of three cell culture medium

variations at intermediate scale utilizing high density seed cultures. All of the media
tested were expected to show improvements over the Phase 1 medium (Medium 10

fed with Medium 11 feed medium), based on small scale bioreactor data.

Materials and Methods
[00299] CHO cells expressing a humanized anti-Abeta peptide IgG1 monoclonal
antibody (“anti-ABeta cells”) were tested in various media, as shown in Table 26
(see Basi et al., Humanized Antibodies that Recognize Beta Amyloid Peptide,
W002/46237). The pH low end set point was 7.0 controlled with 0.95M Na,CO; +
0.05M K2COs3, except for Phase 1, which was controlled with a solution containing
sodium bicarbonate at 0.58 M and sodium carbonate at 0.71 M. Dissolved oxygen
was controlled at 30% by sparging on demand with air, agitation was at 60 rpm, and

the feed medium was Medium 5 (with or without glutamine, as noted). All cultures
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* The Phase 1 process was fed with Medium 12, which is not as rich as Medium 5.

Table 27. Compositions of Mediums 10, 11 and 12.

Medium 10 Medium 11 Medium 12

Amino Aci‘ds mg/L mM mg/L mM _mg/L mM

alénfne 2487 | 028 14248| 1.60 17.80 0.20

arginine | 42343 | 243| 1528.84| 8.79| 696.00 4.00

asparagine-H,0 | 17390 | 1.16] 1080.60| 7.20] 1500.00| 10.00

aspartic acid 5272) 040| 532.40! 4.00| 21945 1.65

cysteinesHCI-H,0O 70.01 0.40 70.40 0.40

cysteine-2HCI 62.09| 0.20] 470.00| 1.50| 31250 1.00
glutamic acid 41.08] 028 23538| 1.60

monosodium

_ glutamate 33.80 0.20

glutam_ine 116240 | 7.96 | 6000.00 | 41.10| 584.00 4.00

glycine 35.92| 048] 120.07| 1.60 115.50 1.54
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P <=t one-tail 0.001430281 Critical one-tail

1.739606432 P <=t two-tail 0.002860561 Critical
two-tail 2.10981852 Exanple 15. Effects of Medi um on
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linoleic acid 5669 | 0.20| 336.25| 1.20| 290.00 1.04
thiocticacid | 14171 | 069| 84063| 4.08] 716.00 3.48

I
ri

Other Components

mg/L mi mg/L mM mg/L mM

D-glucose (Dextrose) | 11042.24 | 61.35 | 43005.99 | 238.92 | 1500000 | 83.33
PVA | 2520.00 2400.00 2560.00
Nucellin™ 14.00 80.00 50.00

Sodium Pyruvate 54.85 0.50 55.00 0.50

Results and Conclusions
[00300] Media changes led to steady improvement through the course of these
experiments. In terms of cell growth, viability, reduced lactate levels, reduced
ammonium levels, and titer, reduced glutamine levels were better than elevated ones

(see Figures 60-64) and balanced (batch) medium was better than rich medium
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and Batches 5 and 6) show very good run-to-run reproducibility (see Figures 60-65)

>

increasing the confidence in all of the data gathered in this campaign.

Example 16. Production of TNFR-Ig using Medium 9.

Materials and Methods
[00302]  CHO cells expressing a dimeric fusion protein consisting of the
extracellular ligand-binding portion of the human 75 kilodalton (p75) tumor
necrosis factor receptor (TNFR) linked to the Fc portion of IgG1 (“TNFR-Ig cells™)
were seeded at high density from a perfusion bioreactor and diluted to 3x10° viable

cells/ml in Medium 9 for the production bioreactor step.

Results and Conclusions
[00303] Figures 66, 67, 68, 69, 70, 71 and 72 show cell growth, cell viability,
residual glucose, glutamine levels, lactate concentration, ammonium concentration,
and relative product titer, respectively. Under the range of minor modifications to
the process, all conditions yielded good cell growth, high cellular viability, and high
overall final titer.
[00304]  For all the conditions of this experiment, the metabolic inhibitory
byproduct lactate was either consumed, or the concentration plateaued, suggesting
that lactate production was arrested. Similarly, for the inhibitory metabolite
ammonium, levels rose initially, but at some time after the temperature shift the
ammonium started to be consumed by the cells. In this Example, the TNFR-Ig cell

cultures were subjected to the chemical inductants sodium butyrate, and HMBA..
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these characterxstncs Both lactate and ammonium levels began to decrease after the
temperature shift on day 4. This example demonstrates that the size of the culture

does not affect cell density, cell viability, lactate levels and ammonium levels when

the cultures are subjected to the same growth conditions.
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asparagine ratxo of?ess than about 2, (m) a molar cumulative glutamine to cumulative

total amino acid ratio of less than about 0.2, (iv) a molar cumulative i inorganic ion to
cumulative total amino acid ratio between about 0.4 to 1, (v) a combined cumulative
amount of glutamine and asparagine per unit volume of greater than about 16 mM,
and combinations thereof:

maintaining said culture in an initial growth phase under a first set of culture
conditions for a first period of time sufficient to allow said cells to reproduce to a
viable cell density within a range of about 20%-80% of the maximal possible viable
cell density if said culture were maintained under the first set of culture conditions;

changing at least one of the culture conditions, so that a second set of culture
conditions is applied,;

maintaining said culture for a second period of time under the second set of

conditions and for a second period of time so that a-ABeta accumulates in the cell

culture.

2. A method of producing a-ABeta in a large-scale production cell culture
comprising the steps of:

providing a cell culture comprising;

mammalian cells that contain a gene encoding a-ABeta, which gene is

expressed under condition of cell culture; and

a medium containing a cumulative amino acid amount per unit volume
greater than about 70 mM; and

said medium containing glutamine; and
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first medium (Medium1l with high Gn) resulted in

| ower titers Sthmadigm aa‘tlwﬂetwemegiumaqham@wselecswom the

Fi gure 6#dup cbhsistig 8t 6P xW@lﬁr Qihuplld élutﬁrgmé @%hﬁhﬁtl%pt ake
after the ten erat g n‘ésee gure 62).

suggest s PHACTHIE eﬁ%tt&a PO S ’)§B’8|aé° unive 819‘?1“3?13\79 th
this nmﬁnmtﬂlve'ﬁbuasanﬁmid.tﬁﬂldﬁf lésSthSMﬂj@Qtr(Iﬁ@quolar '

smal | - sc runs

With t hecgler)%}agl% nga iC 1fm to cgrg}xlétlv )I?}%Wﬁf'g re(t@gap’gveﬁrbatbout
S h own) . Orhie 1} G0ercombipeti avmufatveranioabt of plstamirtetand aparagieqRs
gl ut am NG WeLKe Qpérea‘?c@ ﬂ?&h%o\ﬁ? léxglglggrggj)mbumlons ?}E)rr:ci) Clat ed

these experiments (see Figures
pr oc es s dRRITHEBING Faicsculturg anGnitialrgdovRh pleisesder adfivst s@)of st

V e r yon@ﬁ)@ﬁ’s forkfirktQrefidi b tgR s QALiEAR Jlllotlvysalﬁ%ﬁﬁ & #eSH; e (t:{)

l}l “I creas Lng the confidence in a at a
gat ¢ FB 67| SR PEh B4 98¢ GEboRe 2 R0%oN0% ofghe pcisenl pessible visble
TNl dgnsitg nﬂk@ﬁd WﬁiatdiﬁéeramNﬂk@ﬁﬁcﬁ" the AREkeMICRARS n@HFR2]

CHO cel |, ric f.usion protein
consi st | ﬁaéggl a ﬁaé © g)?? W%E‘gﬁ'ﬁﬂ%‘;‘t‘?‘isgﬁﬂﬁt hierendsgf of culture
por eanditionsfis 4ppiednuman 75 ki | odal ton (p75) tunor

necr osi r_(TNE ed to the Fc

port | on%giﬂﬁlgsa{dﬁgﬁﬁé??ofageco cﬁge“fé vé%e u§ g@osecé‘f’d it gh
derrondifiorsaationa greeridipsiiashofitime se thet A Beta decainbilate €1l therell
3x1Gurei able cells/mM in Medium9 for the production
bi oreactor step. Results and Concl usi ons [00303]

Fi gures 66, 67, 68, 69, 70, 71 and 72 show cell

gr dat h, Aamdthod\of piodilcingys-ABéteRmiaditad-sclle PrdadS&ion Bd1LufTL NE

I eve jng 1511# ﬁe&e oncentration, amoni um concentration,
and 1Bl F¥8uct titer, respectively. Under the
range oProwﬂmgacvtbdnitﬁmcahprang,to t he process, al |

dit [ | Wt h h 1 ul .
U abi |ty A 880 8alGhieindlelbh Rrodhal S e 3 opasis
al |SXRrpsedyndericonditipn of pelkduitgreismper i ment, t he met abol i c
i nhi bi tory abﬁfcﬁfuﬁ%%lnin@% & cﬂmatﬁ}etglﬁ?amu%eﬁg {S:’Llfl mé% Vgt o

the concentratjon plateaued, suggestin
pr SWPSWt‘ﬁﬁgle%fﬁlPaé§P%2 Binilarly, for the inhibitory

nmet abolite sadHBALHIONAISMELStamBREangni ti al 1y, but at

sone tine aftg %hete erature shift the anmonium

started to B8 EEHYY H%Vd’?%‘?’°ﬂ?@‘“&’éihﬁfé?terlsﬁcstswge@mﬂice,

t he TNFgReupgonsistihg of: (i) a medium containing a cumulative amino acid amount
per unit volume greater than about 70 mM, (ii) a molar cumulative glutamine

to cumulative total amino acid ratio of less than about 0.2, (iii) a molar

cumulative inorganic ion to cumulative total amino acid ratio between about
0.4 to 1, (iv) a combined cumulative amount of glutamine and asparagine per
unit volume of greater than about 16 mM, and combinations thereof;
maintaining said culture in an initial growth phase under a first set of culture

conditions for a first period of time sufficient to allow said cells to reproduce to a
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repr oduge dafr fhan about 16 mM, and combinations thereof:

maintaining said culture in an initial growth phase under a first set of culture
conditions for a first period of time sufficient to allow said cells to reproduce to a
viable cell density within a range of about 20%-80% of the maximal possible viable
cell density if said culture were maintained under the first set of culture conditions;

changing at least one of the culture conditions, so that a second set of culture
conditions is applied;

maintaining said culture for a second period of time under the second set of

conditions and for a second period of time so that o-ABeta accumulates in the cell
culture,
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aspar agi ne ré{"fieledjflmlce@@n!nmaintambmxandz (ii) a nolar

cunul ative glsatt a@HiRg hlé»‘:?ng tCVU m'éh?]:n' c%?ra&&ts@%s A% ACHE

ratio of less than about
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cunul at i ve a ne and ar.agi ne per

unit volgSem twé P%Pg{ﬂglse ?H%E} less thap ala_c@t i) 3 mglar cumulative
combi natglaargint tveumoktive toealiantimi a0idRgioSoR 1eds tﬁAH dbbiit®. 2| (iv)'CLn

initial r.st set of culty
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possi Je vj abl e el | densit
mai FRPAHR °iﬂ~.%fétrpeil<r¢e°f fime §‘Efﬁ§@tt togllogyshid gells tcwpmducp tmas
ch awgbmgeuarendl@ aGthin QRO bf dbbR 2094L80% §F e QRBlintal B&%Fle %gble

t ha t of culture conditions 1Is
o, Sl eRR ﬁng's. fups ¥ org Peiniged updedho it SSatimresondisions

under t lchangimg erichss@ie obthe cutirettohdifidns, sa it REond sSREQAMNdre

perég o that a-ABeta accumulates in the cell
Ou?lgg&égépgﬁr?z hod of producing a-ABeta in a

I ar ge- s eintainngwidonltgn for e bdcomd fletiod &f tinwaiger ittise@nd REof
St effdifibris and for a second period of time so that a-ABeta accumulates in the cell
culture.

6. A method of producing a-ABeta in a large-scale production cell culture
comprising the steps of:

providing a cell culture comprising;

mammalian cells that contain a gene encoding a-ABeta, which gene is
expressed under condition of cell culture; and

a medium containing a combined cumulative amount of glutamine and
asparagine per unit volume of greater than about 16 mM; and

said medium containing glutamine; and



providing a cell culture conprising; mammalian cells
that contain a gene encodi ng a-ABeta, which gene is
expressed under condition of cell culture; and a

medi um cont ai ning a nol ar cunul ative glutam ne to
cumul ative asparagine ratio of |ess than about 2; and
sai d nedi um contai ning glutamgge; and said nmedi um
havi ng two nedi um characteristics selected fromthe
group consisting of. (i) a nedium containing a
cunul ati ve am no acid anount per unit volunme greater
t han about 78&idmediym hgving tyve madium gharaceristics sefbatdefivinntbe
to cumul gﬁiub‘é@nstsﬁﬁg%f @)‘H BRURE el drufthulat 1€esa§mflg]?c'ih 1d gmount

about 0. 2, Ilﬁlll nol ar cumul ative 1 norganic 10
cumul at iF§EtgPlyme §FFF‘ﬁbth%IbﬁbG“tr79t“?\6’ (b2 melercugtylstive gl@lamme

to 1, ( ItNQun&lﬁn@HﬁBpﬁl@Qn&ﬂde&faésk Wn mtmf(m% mgiayéu?rmhﬂee
uni t han about

and asp VO ater
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of cult bdut 0.4 ¢F aﬁ& &%maﬁg ﬂ]ereofSt period of time

sufficient to al'l ow sai o reproduce to a 86
vi abl e &winainiegsgidioplty innrinital gemgieptase taidmﬂﬁrét@%osa%xfef

t hecoR@itbi¥ar ARt SEidSf Wn@ QJfﬁcxenQ E{’IAHO?%QTE 35 tc% re 15 Quce tQ a
cul t, re. maj nt ai ned under Brociltur
cond? L{’tl‘i ‘i‘}ﬁgensl%ﬂﬁ'@‘l‘ A fpnge ofj abeus L0%G 8% tlteh@xcnﬂl pQﬂSléle v1able

c on@ll Herditwif _sﬁd)cdlth@twe?e Sac@nek §Rkr R St dHcBiture conghtxons,
condltloh mai nt ai njng said culture a

second p&PF PIB%I atg%gttq“ﬁﬁf tﬂﬁﬂ’é‘f"et"ﬂ‘éd‘%cé‘é’éﬁ thakpsecqyd set of culture

coredindifiaya és appltkdf or a second period of time so that

a- ABet a t hod
of pro dﬁ?@%gr@ %B%?lture foras oned d)gn%{%g tlgleﬁpgﬂmsfa@g?%ﬁ
culcprititions anskfpr 4 ssiang perirg 0§ tlepso thét qpABeth aicnigulatecialtie cell
culctilire conprising; manmmalian cells that contain a
gene encodi ng a-ABeta, which gene is expressed under
condition of cell culture; and a nmedi um containing a

nol7ar curmﬁandd\beclglhut IKER shi@ Cgm{'ln%tcbﬁéﬁtl(;n dxﬁ &la chQIEH idp%t

acidrati | ess than about 0.2 sai

oot heg?“&?fg PTEHONSHep is SheqiisSamihs era Ggsisting of: (i)
e timperating (i pHe (i xisin6lalitg g ve Cheatcal fnGﬁBtzInh RvelHnl ¥bmbinations
Copglesfing of. (i) a mediumcontaining a cumulative
am no acid anount per unit volune greater than about
70 MM (ii) a nolar cumul ative gl utam ne

8. The method of claim 1, wherein the initial glutamine concentration of said

medium is less than or equal to 13 mM.

9. The method of claim 1, wherein the initial glutamine concentration of said
medium is less than or equal to 10 mM. |

10.  The method of claim 1, wherein the initial glutamine concentration of said
medium is less than or equal to 7 mM.

11. The method of claim 1, wherein the initial glutamine concentration of said

medium is less than or equal to 4 mM.



to cunul ative asparagine ratio of |ess than about 2,
(iii) a nmolar cunulative inorganic ion to cunulative
total amino acid ratio between about 0.4 to 1, (iv) a
conbi ned cunul ati ve anmount of gl utam ne and asparagi ne
per unit volume of greater than about 16 nM and
conbi nations thereof; nmaintainggg said culture in an
initial growh phase under a first set of culture
conditions for a first period of time sufficient to
allow said cells to reproduce to a viable cel

dendit y ‘Wietrkithed gt ¢lzipigle whéreia o tiotal 208 8DA0aoburtt per vt bk
POS 9 Bl@mibe 3Pdafl m&find is HSOGLL & ehlfa]l 23hgul ture were

mai nt ai ned under the first set of culture conditions;
changi ng at | east one of the culture conditions, so

thati3a sHEfefthod Gf clﬁ& ICWhérMﬁ fhe 6t REGh AR Smbsnt ﬁ%nit @aume
naln gi.nin or a second period, of

und8 i’tﬁ'@mg 8’?: S‘r‘ild“g?é‘f" ‘6¥ess BHRIPLRLRIO I for a second
perlod of tlne SO that a- ABeta accunulates in the cel
cul § ethod fAcl 1m1 g thg u0| a-ABeta in a
Iarge sdg1e producton™ & Eﬁﬁﬁ? Eﬁﬁﬁ??@Pﬂ@mFH@“me
st ep%glldﬁmmppmnddnedgmas leed thancw Equarte 7eeMipr i si ng;
manmal i an cells that contain a gene encodi ng a- ABet a,
which gene is expressed under condition of cel

cul 13ur e;Thamethad pfecdrim h whengimihe foted cemuiasive Rmountpérahit velume
| NOBOEMRARiné SF¥aill theBMALL l@gs'tﬂa% or b éﬁh 43‘[&1”0 acid ratio
bet ween about 0.4 to 1; and sal um cont ai ni ng

gl utam ne; and said nedlun1haV|ng two nmedi um

char@ct dhe siethcdofelit ¢ vadrdid Qiah e is dalyPrdvide! rl‘?‘t'hé‘nlltﬁg
um co gﬁa cunul ative am no acid

d
anouﬁi&nper eﬁm?m%SthW§ fer than about 70 mM (ii)
a nol ar cunmul ative glutan1ne to cumul ative asparaglne
ratj;o o umul.a
o1 Uy e Fod ST P Sert i bR Fioeic Ry e vt
t hah8sMeithand . (iv) a conbined cumul ative anount of
glutan1ne and asparagi ne per unit volunme of greater
th t 2§3F and conbi nations thereof,
mai Mt a| $getR0g f clapm | \hereinyyiakie celh ensisy of grid welhurgis asesured
undmmgmﬁm¢m$mset of culture conditions for a first
period of time sufficient to allow said cells to
reproduce to a viable cell density within a range of
abodt 2TBéBABGdaI cline!l, neheichmliabPissti shid Gulttirei hRasufe@loh a
dengkiddic safissai d cul ture were maintai ned under the
first set of culture conditions; changing at |east one
of the culture conditions, so that a second set of

CUl2bUr €The method of claim 1, wherein said lactate levels of said culture is measured
on a periodic basis.

21.  The method of claim 1, wherein said ammonium levels of said culture is

measured on a periodic basis.

22,  The method of claim 1, wherein said titer of said culture is measured on a
periodic basis.



conditions is applied; maintaining said culture for a
second period of time under the second set of
conditions and for a second period of tinme so that
a- ABeta accunul ates in the cell culture. 6. A nethod
of producing a-ABeta in a |large-scal e production cel
culture conprising the steps @f providing a cel
culture conprising; mammalian cells that contain a
gene encodi ng a-ABeta, which gene is expressed under
condition of cell culture; and a medi um containing a
conB®i-nedhemethod ef %mdrmtmm ofmadrityt efivkid eulturedis measured on a
asppéragichasiPer unit volune of greater than about 16
mVvi and said nmedi um containing glutam ne; and 88 said
medi um havi ng two nedi um characteristics selected from
t he2gr oume arMsH Stdldgs 06-23, (Whireid siTB ﬂlle&me&%lx &k B4R
cunul ative anino acid amount per unit vol unme grea¥er
than about 70 mM (ii) a nolar cunul ative gl utam ne
t 0 2unuiTat metodsizdaiad) wierdimthe it ddnsigSofbhi@mamakin celis is
(i 2 mul ati ve glutamne to cunul ative
otghmgégﬁggggl ‘ratio of |less than about 0.2, (iv) a
wolar cunul ative inorganic ion to cunul ative total

am 2'63 aghémbddd & cR&h Wrelmg {ftiaPae %sn!y C?f g'dl(? Enammahaﬁ cglls is

|nat|ogs t hereof; maintalning sa
|n|actrl°3f Zélrooﬁﬁlﬁ/“t}hase under a first set of culture
conditions for a first period of time sufficient to

al lpw sajd cel reproduce to a viable cell

denés]ll ty%\ﬁ ‘Pﬁ‘ﬁ?fj "3 F béﬂkﬁfﬂf&%@tﬂab@%@@f/&%ﬁ mepypalipy ¢ llvas
posiiehit 8x\F edil/enL. cel | density if said culture were
mai nt ai ned under the first set of culture conditions;
changing at | east one of the culture conditions, so

t hd8- a Skeomstepdaéelaiof 1, odkteinrtle initiontdhdity oNid manapgiah edls is
Maiaffedk P 108cehdingl cul ture for a second period of tine
under the second set of conditions and for a second
period of tinme so that a-ABeta accunulates in the cel

cul2pur eThemmethod®f BB hh&tkinGhedhihibens g‘? 6f ﬁgidqna?lﬂﬁaqlaﬁ: g%llls is

cul ndi n in said changing east one
thé{%ﬁf?ﬁs b g1t|ons step is selected fromthe group

consi sting of. (i) tenperature (||) pH Ull)

osRpl al Y, i,nduct |, and . )
Egl naﬂ{qtlﬁ%n éﬂo d ﬁ%l?"en w gem'ftf?é Hﬂt{?i gy Sa’é‘l’%ﬁ‘qﬁai‘?“ cells is
V\hé‘rlei}shﬁtlﬁecellsﬁmh al gI ut am ne concentration of said

31.  The method of claim 1, wherein the initial density of said mammalian cells is
at least 10x10° cells/mL.

32.  The method of claim 1, wherein the step of providing comprises providing at
least about 1000 L of a culture.

33.  The method of claim 1, wherein the step of providing comprises providing at
least about 2500 L of a culture.

34.  The method of claim 1, wherein the step of providing comprises providing at
least about 5000 L of a culture.



mediumis less than or equal to 13 nM 9. The net hod
of claim1, wherein the initial glutam ne
concentration of said nediumis less than or equal to
10 MM 10. The method of claim1l, wherein the initial
gl utam ne concentration of said mnediumis |less than
or equal to 7 mM 11. The nethpd of claim1l, wherein
the initial glutam ne concentration of said nediumis
| ess than or equal to 4 MM 89 12. The nethod of
claim1, wherein the total cunulative anmount per unit
volume of glutam ne of said nediumis |ess than or
equgd, t orhd defiM oflchi k Ll i
t ot gl cumul at i veé%ﬁ%gg‘tghﬁé mggtfé) éf\}ﬂ\ﬁadﬁ%@ Clog?) Y%%B?’g{réfnﬁea
of E&F BPWEAODMmofacyle®s than or equal to 10 M 14. The
met hod of claim1l1l, wherein the total cunulative anount

per ,unit_ vol f glutam ne of said nediumis |ess
th a%& or Lr@& H‘gf%mf%f °Si)ﬂ"ﬁ1%‘l wherein tre, sten fiPRRYdfling copypgseg providing at
wheleast aboutk®, 000 Lak a cwnirel at i ve anmount per unit vol une

of glutamne of said nediumis |less than or equal to 4
nM 16. The nmethod of claim 1, wherein glutanine is
onl 37. pr db¢ nettiod of ctaime 1, whicteirathe stepeafipravidatg comprides pioviding gt
of foliPatofl I, 0801 bHS Qunyk?- The method of claim 1,
wherei n the concentration of soluble iron in the nedia
is greater than 5 M 18. The nethod of claim1,

wheggei NTHE Abh& &t@lalm H6MRictnsafdltirst i oS
neasured on a Ete,rain(l)d’i C t?assiag.ﬁrs.‘ctlgé.tg'frﬁié&h{rnrgésﬁ:ggﬁﬁes% lf';lsltm

1, SRRSTEYTR rapes Y it approgimately 39 te A2 egress Celsiveasured on a
periodi ¢ basis. 20. The nethod of claim1l, wherein

saigd lagtate levels of sajd culture_is neasured on a
per?bdi gﬁeorgeé{’%d%\%ﬁlﬂm El)’ﬁvé’erﬁlé‘tsﬁ‘g 3" et of condifiqns copmprises first
saitempemtteianga thasadpgrogifnaghi 1t te ¥ dagrees Casiugmeasured on a
periodi c basis. 22. The nethod of claim1l, wherein
said titer of said culture is nmeasured on a periodic
badls. Gy meshpd of plaimyb wherdingtid Eirstsetroficonditiensepmprises a first

OS R&hRFanfry raffe tﬁé%iisqiﬁﬁr'dkiw{cﬁl J4%o f@%g}é%g@el%,eraei peri odic

basis. 24. The net hod of ¢l ains n said
nmeasurenents are taken daily.

41.  The method of claim 1, wherein said first set of conditions comprises a first

temperature range that is approximately 36 to 37 degrees Celsius.

42.  The method of claim 1, wherein said first set of conditions comprises a first

temperature range that is approximately 37 degrees Celsius.

43.  The method of claim 1, wherein said second set of conditions comprises a

second temperature range that is approximately 25 to 41 degrees Celsius.

44.  The method of claim 1, wherein said second set of conditions comprises a

second temperature range that is approximately 27 to 38 degrees Celsius.

45.  The method of claim 1, wherein said second set of conditions comprises a

second temperature range that is approximately 29 to 35 degrees Celsius.



25. The nethod of claim1l, wherein the initial density
of said manmalian cells is at |east 2x102 cells/nL.
26. The nmethod of claim1l, wherein the initial density
of said mammalian cells is at |east 2x103 cells/niL.
27. The nethod of claim1l, wherein the initial density
of- said nmanmalian cells is at9j east 2x104 cell s/ nL.
28. The nmethod of claim1l, wherein the initial density
of said nannalian cells is at |least 2x105 cells/nL.
29. The et hi claiml1l, wherein the initial density
of &%id °f’ ahclw I} wherein seig} sepqad sqt obsondigionsepmeriset a
30. scthi temperathe edngcthaiigapproxivhariyeiono s gtedd tdighs, densi ty
of said mammalian cells 1s at |east 5x106 cells/ni.
31. The nethod of claim1l, wherein the initial density
of 4ai d Thenetlbd afcladell] \Sheir(ﬂn saftt setoma Sdt oﬂ&%&ﬂ&s@&hbr&éiﬂ-

32. f
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of a culture. 33. The met hod of claim1l, wherein the

t f bout
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whe1eE9nd tempperagiregngsrtha iseppraximgtely dindesress €elsivovi di ng at

| east about 5000 L of a culture. 91 35. The method of
cl aj wher e he . s of providing conprises

pr o)1 di FF §¢ 5‘65“’4 %%f@ﬂ éb‘{s'ﬁ*ier SARAYSipE B fecandchpngingstep sepseqpent
et taditst exfid diaﬂgmgdal leastlory efithe dulge Mnﬂ?io%coﬂlgﬂémgjdh&%ng at
co [ | ng a u

coi Pk 3RS BBUEd Bhoftns BRES w4 or o whleede s
of @twei di ng conprises providing at |east about
12,000 L of a culture. 38. The nethod of claim1,
mhereln said first set of conditions conprises a first
t enffler afhg Bethedrislainhdd wherein isrsescndreliantiyg € compri@s

deghaRmg@tlesst bike. cufﬁﬂe cohBfBion Rl froh tl‘fé g%dﬁ‘c&nsns%f&fe{xﬁ

sai d first conditions caonprises a firs

t erfFRERHEd! és%é% &a) petalitys(hg shamical fpduciany lewed, 208 cmmbmatxons
deghee®E Cel sius. 40. The nethod of claim1, wherein
said first set of conditions conprises a first
tenperature range that is approximately 34 to 38

dedd eesTi@ghgthadof cldiin 49T whereip sdidithird fet of @hditidns cofigrised Dithird

S iy detabind raﬁgetthaﬂ is a%&%%n% LR35 § mrgrlegseéels?usf. st

52.  The method of claim 49, wherein said third set of conditions comprises a third
temperature range that is approximately 27 to 37 degrees Celsius.

53.  The method of claim 49, wherein said third set of conditions comprises a thlrd
temperature range that is approximately 29 to 34 degrees Celsius.

54.  The method of claim 49, wherein said third set of conditions comprises a third

temperature range that is approximately 30 to 32 degrees Celsius.
55.  The method of claim 1, wherein said first period of time is between 0-8 days.

56.  The method of claim 1, wherein said first period of time is between 1-7 days.



tenperature range that is approximtely 36 to 37
degrees Cel sius. 42. The nethod of claim1, wherein
said first set of conditions conprises a first
tenperature range that is approximtely 37 degrees
Cel sius. 43. The nethod of claim1, wherein said
second set of conditions conpr9ses a second
tenperature range that is approximtely 25 to 41
degrees Cel sius. 44. The nethod of claim1, wherein
said second set of conditions conprises a second
tenperature range that is approximately 27 to 38
degy7ees Thhahdtfof cthin 1, WiRreidaldQtst BLriddl bk s betdAEH f |6r(]iays.
said second set of conditions conprises a second
tenperature range that is approximtely 29 to 35
dediBees Themahasdsof cRin 1 Afherein shiddiripédvads afne & b’é‘wmeﬂ% S days.
wherei n said second set of conditions conprises a :
second tenperature range that is approximately 29 to
33 Mdegr Eeomd@idgif alsim 4 Wherkinesaideird petiodlof dneistpproxiwarlysi N
saig.second set of conditions conprises a second
tenperature range that is approximtely 30 to 32
degrees Cel sius. 48. The nethod of claim1, wherein
saigl, SeeRketislor Qlfampp WhefelnQ03 £ Pafold %Fﬁmg aggrg)?l[}lgtely 5
tenperature range that 1s approxfnately T grees

Cel98YSus. 49. The nethod of claim1, further conprising
a second changing step subsequent to first said

t. one f ulture condjtions

coRby] ThgPaaRE FA b hereladsi Thesron of Has lapeiarately 6
condmtlons so that a third set of conditions is
applied to the <culture. 50. The nmethod of claim49,
wherein the second changi ng step conprises changing
at 6P-easthegrrthod of ¢leimel, eberdinttheantalsd ket fistpekind of dricangsaid p
COBbad pefifd ftimelik At lea‘étejm gature, (ii) pH (iii)
osnmolality, (iv) chemcal inductant |evel, and
conbi nations thereof. 51. The nethod of claim 49,
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samdtutehpercdmgetnamiina!:lam.l tions conprises a third
tenperature range that is approximately 27 to 37
degrees Celsius. 53. The nethod of claim49, wherein
saftl t Hihe shethed oblaimdnwhereio irsthe sepofinsdrsaining kuid chlture for a
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degrees Cel si
salc¥elithihe epl@@treqshmgem}(mablﬁgel .conprises a third
tenperature range that is approximately 30 to 32
55. The nethod of claim1, wherein
o TR el Pisieiait. v P il aeauit o 554 grageced soihera is
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ti mﬁdmgns u? E)t erwise }dentlcaf%edlum that lacks said medium characteristic.

66.  The method of claim 1, wherein said total amount of said produced a-ABeta is
at least 2-fold higher that the amount of a-ABeta produced under otherwise identical

conditions in otherwise identical medium that lacks said medium characteristic.



93 57. The nethod of claim1, wherein said first
period of tinme is between 2-6 days. 58. The nethod of
claim1, wherein said first period of tinme is between
3-5 days. 59. The nethod of claim1, wherein said
first period of tinme is approximately 4 days. 60. The
met hod of claim 1, wherein saighfirst period of tine
is approximately 5 days. 61. The nethod of claim1,
vvherei n sai d first period of time is approximately 6
57 grrethod of claim1, wherein the total of
sal §?mﬁ Pq ftladp Ltheeinasaid cslé?tdmressa@@hﬁpmﬁethbf
ti rrmpplsmattaryaﬂquon&tsdays 63. The nethod of claim]1,
wherein in the step of maintaining said culture for a
second period of tine, the |lactate | evel decreases
sub&fqudhe method éfelainm 67, atherein@até buppmeAigry coipdniitSare
re level . 64. The method of claim 1,
V\hg?rg‘:"%&an tgﬁékq?éwalsof mai ntaining said culture for a
second period of tine, the ammoni um | evel decreases
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reachi ng a maxi mal | evel
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said total anpunt of said produced a-ABeta is

| east 2-fold higher that the anbunt of a-ABeta
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charaité,\atlsgfr%lsse |§c 94 67. The nethod of'claim1, wherein
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a-ABeta i.n .a | arge-scal e production ce
maintaining said culture in an mxtlal growth phase under a ﬁrst sct of culture

conditions for a first period of time sufficient to allow said cells to reproduce within a
range of about 20%-80% of the maximal possible viable cell density if said culturc
were maintained under the first set of culture conditions;

changing at least one of the culture conditions, so that a second set of culture
conditions is applied;

maintaining said culture for a second period of time under the second set of

conditions and for a second period of time so that a-ABeta accumulates in the cell
culture,



conprising steps of, providing a cell culture
conprising; mammalian cells that contain a gene
encodi ng a- ABeta, which gene is expressed under
condition of cell culture; and a defined nedi um
contai ning glutam ne and having at |east two nedium
characteristics selected fromofe group consisting of
i) a starting am no acid concentration greater than
about 70 mMM ii) a nolar glutam ne to asparagine ratio
of less than about 2, iii) a nolar glutamne to total
am Ao ach methed plprasicinga-dBetaime latgergeale modnctiangypll eultyes ar
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greater than about 16 mm nmaintaining said culture in
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sai d cul t ur @nammalian cells that contain a gene encoding a-ABeta, which gene is

expressed under condition of cell culture; and
a defined medium containing glutamine and having at least four
medium characteristic selected from the group consisting of: i) a starting amino acid
concentration greater than about 70 mM, ii) a molar glutamine to asparagine ratio of
less than about 2, iii) a molar glutamine to total amino acid ratio of less than about
0.2, iv) a molar inorganic ion to total amino acid ratio between about 0.4 to l,andv)a
combined glutamine and asparagine concentration greater than about 16 mM;
maintaining said culture in an initial growth phase under a first set of culture

conditions for a first period of time sufficient to allow said cells to reproduce within a



were mai ntai ned under the first set of culture

condi tions; changing at |east one of the culture
conditions, so that a second set of culture

conditions is applied; maintaining said culture for a
second period of tine under the second set of
conditions and for a second pegjg od of tine so that

a- ABeta accunul ates in the cell culture. 72. A method
of producing a-ABeta in a |large-scal e production cel
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were maintained under the first set of culture conditions;
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changing at least one of the culture conditions, so that a second set of culture
conditions is applied;
maintaining said culture for a second period of time under the second set of

conditions and for a second period of time so that a-ABeta accumulates in the cell
culture.

74. A method of producing a-ABeta in a large-scale production cell culture
comprising the steps of:

providing a cell culture comprising;

mammalian cells that contain a gene encoding a-ABeta, which gene is
t
expressed under condition of celf culture; and



asparagine ratio of less than about 2, iii) a nolar
glutamne to total amno acid ratio of |ess than
about 0.2, iv) a nolar inorganic ion to total am no
acid ratio between about 0.4 to 1, and v) a conbi ned
gl utam ne and asparagi ne concentration greater than
about 16 mM maintaining sai®@xulture in an initial
growt h phase under a first set of culture conditions
for a first period of tine sufficient to allow said
cells to reproduce within a range of about 20% 80% of
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ammonium levels are lower than those levels observed under otherwnse
identical conditions in otherwise identical medium that lacks said medium
characteristic; and

total amount of produced a-ABeta is at least as high as that observed
under otherwise identical conditions in otherwise identical medium that lacks said

medium characteristic.

77.  The method of claim 1, wherein said culture is not supplemented with

additional components over the course of producing said a-ABeta.



starting glutamne to starting total amno acid ratio
of less than about 0.2, (iv) a nolar starting
inorganic ion to starting total amno acid ratio

bet ween about 0.4 to 1, (v) a conbined starting
glutam ne and starting asparagi ne concentration
greater than about 16 nmM and8&onbi nati ons thereof.
76. The nethod of any one of clains 1-6 or 70-75,
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The met og be clfaim:ll?w erein said medium contains: (i) a cumulative amino
acid amount per unit volume greater than about 70 mM, (ii) a molar cumulative
glutamine to cumulative total amino acid ratio of less than about 0.2, (iii) 2 molar
cumulative inorganic ion to cumulative total amino acid ratio between about 0.4 to 1,
and (iv) a combined cumulative amount of glutamine and asparagine per unit volume
greater than about 16 a mM.

84.  The method of claim 1, wherein the cumulative total amount of histidine,
isoleucine, leucine, methionine, phenylalanine, proline, tryptophan, tyrosine, and

proline per unit volume in said medium is greater than approximately 25 mM.



83. The nethod of claim1, wherein said nmedium
contains: (i) a cunulative amno acid anount per unit
vol une greater than about 70 mM (ii) a nolar

cumul ative glutamne to cunulative total am no acid
ratio of |ess than about 0.2, (iii) a nolar

cunul ative inorganic ion to cugaul ative total am no
acid ratio between about 0.4 to 1, and (iv) a

conbi ned cunul ati ve anmount of gl utam ne and asparagi ne
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hi stidi ne, 1isoleucine, |eucine, nethionine,
phenyl al ani ne, proline, tryptophan, tyrosine, and
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appge%iegﬁg,ggyrﬁoa? s 88.. The nethod of claim1,

wherein sai WL edi um characteristic
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cumphbaskinagelyt ©F A, anmount of hi stidine per unit volume
greater than approxi matel¥ 1.7 mM (ii) a cunulative
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(vi) a cumulative total amount of proline per unit volume greater than
approximately 2.5 mM;

(vii) a cumulative total amount of tryptophan per unit volume greater than
approximately 1.0 mM;

(viii) a cumulative total amount of tyrosine per unit volume greater than
approximately 2.0 mM; and

(ix) a cumulative total amount of proline per unit volume greater than
approximately 2.5 mM.



approximately 1.0 mM (viii) a cumul ative total anount
of tyrosine per unit volune greater than

approximately 2.0 nM and (ix) a cumul ative total
anmount of proline per unit volune greater than
approximately 2.5 nM 100 89. The nethod of claiml1,
wherei n said nedi um has a nedilgom characteristic
selected fromthe group consisting of. (i) an initial
amount of histidine per unit volume greater than
approximately 1.7 mM (ii) an initial anount of
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appr oxinMfahy 12 mM

(ix) an initial amount of proline per unit volume greater than approximately
2.5 mM.

90.  The method of claim 1, wherein the cumulative total amount of serine per unit

volume in said medium is greater than approximately 7 mM.

91.  The method of claim 1, wherein the cumulative total amount of serine per unit

volume in said medium is greater than approximately 10 mM.

92.  The method of claim 1, wherein the cumulative total amount of asparagine per

unit volume in said medium is greater than approximately 8§ mM.

93.  The method of claim 1, wherein the cumulative total amount of asparagine per

unit volume in said medium is greater than approximately 12 mM.



101 94. The nmethod ot'claim1l, wherein the initial
total anmount of asparagine per unit volune in said
mediumis greater than approximtely 8 mM 95. The
method of claim11, wherein the initial total anmount of
asparagi ne per unit volune in said nediumis greater
than approximately 12 mM 96. 1Hhe net hod of claiml,
wherein the cumul ative total anobunt of phosphorous

per unit volunme in said mediumis greater than
approximately 2.5 nM 97. The nethod of claim1,
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total ampunt of riboflavin per unit volume in said

mediumis greater than approximately 1.0 ng/L. 106.
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per unit volume in said medium is greater than approximately 25 mg/L.

103.  The method of claim 1, wherein the cumulative total amount of pyridoxine -

and pyridoxal per unit volume in said medium is greater than approximately 5 mg/L.

104.  The method of claim 1, wherein the cumulative total amount of pyridoxine

and pyridoxal per unit volume in said medium is greater than approximately 35 mg/L.
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105. "The method of claim 1, wherein the cumulative total amount of riboflavin per

unit volume in said medium is greater than approximately 1.0 mg/L.

106.  The method of claim 1, wherein the cumulative total amount of riboflavin per

unit volume in said medium is greater than approximately 2.0 mg/L.

- 107.  The method of claim 1, wherein the cumulative total amount of thiamine

hydrochloride per unit volume in said medium is greater than approximately 7 mg/L.

108. The method of claim 1, wherein the cumulative total amount of thiamine

hydrochloride per unit volume in said medium is greater than approximately 35 mg/L.



