Claims
What is claimed is:

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

providing a cell culture comprising;

mammalian cells that contain a gene encoding a polypeptide of
interest, which gene is expressed under condition of cell culture; and
a medium containing glutamine and having a medium charactetistic

selected from the group consisting of: (i) a cumulative amino acid amount per unit
volume greater than about 70 mM, (ii) a molar cumulative glutamine t?fcumulative
asparagine ratio of less than about 2, (jii) a molar cumulative glummgﬁe to cumulative
total amino acid ratio of less than about 0.2, (iv) a molar cumulatiyég inorganic ion to
cumulative total amino acid ratio between about 0.4 to 1, (v) a géi;nbined cumulative
amount of glutamine and asparagine per unit volume of greafé; than about 16 mM,
and combinations thereof; ,

maintaining said culture in an initial growth phgée under a first set of culture
conditions for a first period of time sufficient to allo!wf said cells to reproduce to a
viable cell density within a range of about 20%-29% of the maximal possible viable
cell density if said culture were maintained ungér the first set of culture conditions;

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

maintaining said culture for a sgéond period of time under the second set of
conditions and for a second period ?" iime so that the polypeptide accumulates in the

cell culture, /

4

2. A method of produrl;;iﬁg a polypeptide in a large-scale production cell culture
comprising the steps of: /
providing a cel¥ culture comprising;
mamz;ian cells that contain a gene encoding a polypeptide of
interest, which gghe is expressed under condition of cell culture; and
a2 medium containing a cumulative amino acid amount per unit volume

greater thayabout 70 mM; and
said medium containing glutamine; and
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said medium having two medium characteristics selected from the
group consisting of: (i) a molar cumulative glutamine to cumulative
asparagine ratio of less than about 2, (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 betweel}/gbout
0.4 to 1, (iv) a combined cumulative amount of glutamine and aspag.:égine per
unit volume of greater than about 16 mM, and combinations thegééﬁ
maintaining said culture in an initial growth phase under a ﬁr§;f°§et of culture
conditions for a first period of time sufficient to allow said cells to;é;roduce toa
viable cell density within a range of about 20%-80% of the maxxma! possible viable
cell density if said culture were maintained under the first set pf: culture conditions;
changing at least one of the culture conditions, so th;afea second set of culture
conditions is applied; |
maintaining said culture for a second period ot;tf;ne under the second sef of
conditions and for a second period of time so that th;gf;olypeptide accumulates in the

cell culture.

3. A method of producing a polypeptidgfi:ﬁ a Jarge-scale production cell culture
comprising the steps of: 7 ;
providing a cell culture comprigiﬂg;
mammalian cells that;eff)ntain a gene encoding a polypeptide of
interest, which gene is expressed under condition of cell culture; and
a medium contai;x’f;lg a molar cumulative glutamine to cumulative
asparagine ratio of less than aﬁout 2; and
said mediugﬁ'jcontaining glutamine; and
said mec}}iﬁirx having two medium characteristics selected from the
group consis‘gﬁ% of: (i) a medium containing a cumulative amino acid amount
per unit vo;tf;ne greater than about 70 mM, (ii) a molar cumulative glutamine
to cumugﬁiive total amino acid ratio of less than about 0.2, (iii) 2 molar
cumu}i‘:ive inorganic ion to cumulative total amino acid ratio between about
0.4}5 1, (iv) a combined cumulative amount of glutamine and asparagine per
uﬂjxt volume of greater than about 16 mM, and combinations thereof;
f’;maintaining said culture in an initial growth phase under a first set of culture

7
conditions for a first period of time sufficient to allow said cells to reproduce to a
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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 culmr;/
conditions is applied; /
maintaining said culture for a second period of time under the second sg{ of
conditions and for a second perlod of time so that the polypeptide accumularés in the

cell culture. ,ff/ '

/

4, A method of producing a polypeptide in a large-scale produfg,t‘{;m cell culture
comprising the steps of: , /
providing a cell culture comprising; ’ f ; ,
mammalian cells that contain a gene enoodmf a polypeptide of
interest, which gene is expressed under condition of cell (}I{ Iture; and
a medium containing a molar cumulati\;e"i ;lutamine to cumulative total
amino acid ratio of less than about 0.2; and /5
said medium containing glutamine;and
said medium having two mcdiuzgf 2haracteristics selected from the
group consisting of: (i) a medium cog}fﬁfining & cumulative amino acid amount
per unit volume greater than about 70 mM, (ii) a molar cumulative glutamine
to cumulative asparagine ratio offess than about 2, (iii) a molar cumulative
inorganic ion to cumulative total amino acid ratio between about 0.4 to 1, (iv)
a combined cumulative ount of glutamine and asparagine per unit volume
of greater than about Ig M, and combinations thereof;
maintaining said cu!tﬁe in an initial growth phase under a first set of culture
conditions for a first periqgf%f time sufficient to allow said cells to reproduce to a
viable cell density with}ﬁj a range of about 20%-80% of the maximal possible viable
cell density if said og}fure were maintained under the first set of culture conditions;
changing %}‘{east one of the culture conditions, so that a second set of culture
conditions is apptied;
ing said culture for a second period of time under the second set of

conditions 4nd for a second period of time so that the polypeptlde accumulates in the

cell culture.
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5. A method of producing a polypeptide in a large-scale production cell cultur
comprising the steps of:
providing a cell culture comprising;
mammalian cells that contain a gene encoding a polypeptide ¢f
interest, which gene is expressed under condition of cell culture; and ~ /
a medium containing a molar cumulative inorganic ion{}éjcumulaﬁve
total amino acid ratio between about 0.4 to 1; and
said medium containing glutamine; and } /
said medium having two medium characteﬁstigs*";elected from the
group consisting of: (i) a medium containing a cumgl’&ive amino acid amount
per unit volume greater than about 70 mM, (ii) a molar cumulative glutamine
to cumulative asparagine ratio of less than abopsz, {iii) a molar cumulative
glutamine to cumulative total amino acid ragié; of less than about 0.2, (iv) a
combined cumulative amount of giutmnii}é;and asparagine per unit volume of
greater than about 16 mM, and combiqafgons thereof;
maintaining said culture in an iniﬁalfg‘:;:owth phase under a first set of culture
conditions for a first period of time sufﬁgié;:t to allow said cells to reproduce to a
viable cell density within a range of abp’i;t 20%-80% of the maximal possible viable
cell density if said culture were maiptéined under the first set of culture conditions;
changing at least one of the culture conditjons, so that a second set of culture
conditions is applied; ‘
maintaining said culgﬁe for a second period of time under the second set of
conditions and for a secopdtperiod of time so that the polypeptide accumulates in the

7

cell culture.

6. A method‘_ég% producing a polypeptide in a large-scale production cell culture
comprising thg,ﬁieps of:
proyjcﬁng a cell culture comprising;
mammalian cells that contain a gene encoding a polypeptide of
interestg,«»“’{;vhich gene is expressed under condition of cell culture; and

i

;’; a medium containing a combined cumulative amount of glutamine and
a§5amgine per unit volume of greater than about 16 mM; and

said medium containing giutamine; and
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said medium having two medium characteristics selected from the
group consisting of: (i) a medium containing a cumulative amino acid amount,
per unit volume greater than about 70 mM, (ii) a molar cumulative glutami
to cumulative asparagine ratio of less than about 2, (iii) a molar cumulative
glutamine to cumulative total amino acid ratio of less than about 0.2, (i
molar cumulative inorganic jon to cumulative total amino acid ratio/between
about 0.4 to 1, and combinations thereof; . f‘f
maintaining said culture in an initial growth phase under a ﬂrﬁt”get of culture
conditions for a first period of time sufficient to allow said celis to ;éproduce toa
viable cell density within 2 range of about 20%-80% of the maxisal possible visble
cell density if said culture were maintained under the first sct}e? culture conditions;
/
changing at least one of the culture conditions, so-tl;_:,a”t a second set of culture

7 .
7 .

conditions is applied; /
maintaining said culture for a second period ‘ogﬁme under the second set of
conditions and for a second period of time so that the polypeptide accumulates in the

£
£

cell culture. /
-/

£

f;‘

. »f! .
7. The method of claim 1, wherein said/cell culture condition in said changing at
least one of the culture conditions step is”&s“é'lected from the group consisting of: (i)

temperature, (ii) pH, (iii) osmolality, (lv) chemical inductant level, and combinations

therg:of.

;l /
8. The method of claim 1 ;,i';vhcrcin the initial glutamine concentration of said

medium is less than or equa}ffb 13 mM.

9. The method of ch{aim 1, wherein the initial glutamine concentration of said

medium is less than or equal to 10 mM.
/
10.  The mg;tﬂod of claim 1, wherein the initial glutamine concentration of said
medium is lass than or equal to 7 mM.
£

/
/
11, ﬁhe method of claim 1, wherein the initial glutamine concentration of said
mec{jﬁin is less than or equal to 4 mM.

/

/
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12.  The method of claim 1, wherein the total cumulative amount per unit volume

of glutamine of said medium is less than or equal to 13 mM. /

/

13.  The method of claim 1, wherein the total cumulative amount per unit yolufne

of glutamine of said medium is less than or equal to 10 mM. /
/

£
Fd

14.  The method of claim 1, wherein the total cumulative amount perfﬁifxit volume

of glutamine of said medium is less than or equal to 7 mM.

15.  The method of claim 1, wherein the total cumulative amgtfht per unit volume

of glutamine of said medium is less than or equal to 4 mM.

16.  The method of claim 1, wherein glutamine is only';irovided in the initial

medium at the beginning of the cell culture.

17.  The method of claim 1, wherein the conqeriiration of soluble iron in the media

is greater than 5 pM.

18.  The method of claim 1, wherein viable cell density of said culture is measured

on a periodic basis,

19.  The method of claim 1, whérein viability of said culture is measured on a

periodic basis.

20.  The method of cl\ai‘;n 1, wherein said lactate levels of said culture is measured

on a periodic basis. .

21,  The methdd 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

periog}fé basis.
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23,  The method of claim 1, wherein osmolarity of said culture is measured on a

periodic basis.

24.  The method of claims 1823, wherein said measurements are taken daily, /

/

25.  The method of claim 1, wherein the initial density of said mammalian/cells is

at least 2x10? cells/mL. /

/
/

. Vi
26.  Themethod of claim 1, wherein the initial density of said mg;t{malian cells is
at least 2x10° cells/mL. ./

£
/
rs
£
S/

27, Themethod of claim 1, wherein the initial density of shid mammalian cells is
at least 2x10° cells/mL. /

[i
rd

f
28,  The method of claim 1, wherein the initial dcasuy of said mammalian cells is

!

at least 2x10° cells/mL. /

I
/

f

29.  The method of claim 1, wherein the x}pitxal density of said mammalian cells is
at least 2x10° cells/mL. /

¢
/

30.  The method of claim 1, whepgﬁl the initial density of said mammalian celis is

at least 5x10° cells/mL.
r
/

31.  The method of c}aim,a/,' wherein the initial density of said mammalian cells is

at least 10x10° cells/mL. /
/

/
32.  The method ?ff claim 1, wherein the step of providing comprises providing at
least about 1000 L/of a culfure,
v/é -
33. The rr{e/thod of claim 1, wherein the step of providing comprises providing at
least abouyr2500 L of a culture.

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

34.
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35.  The method of claim 1, wherein the step of providing comprises providing faf'!

least about 8000 L of a culture. /

V4

4

/
r

36.  The method of claim 1, wherein the step of providing comprises prg(fiding at

least about 10,000 L of & culture. /

37.  The method of claim 1, wherein the step of providing comp;fées providing at
least about 12,000 L of a culture.

5

38.  The method of claim 1, wherein said first set of copcf%tions comprises a first

temperature range that is approximately 30 to 42 degregs"belsius.

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

temperature range that is approximately 32 to 40’{*Iegrees Celsius.

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

temperature range that is approximately 34 to 38 degrees Celsius,

41.  The method of claim 1, whe}ein said first set of conditions comprises a first

temperature range that is appro_ximately 36 to 37 degrees Celsius,

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

temperature range that)}s"{'approximately 37 degrees Celsius.

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

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

4
7
s
44.  The method of claim 1, wherein said second set of conditions comprises a

swong{émperamre range that is approximately 27 to 38 degrees Celsius.

/

J

/
48,  The method of claim 1, wherein said second set of conditions comprises a

second temperature range that is approximately 29 to 35 degrees Celsius.
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46.  The method of claim 1, wherein said second set of conditions comprises a

second temperature range that is approximately 29 to 33 degrees Celsius.

47,  The method of claim 1, wherein said second set of conditions comprises
second temperature range that is approximately 30 to 32 degrees Celsius.

!f
48.  The method of claim 1, wherein said second set of conditions cor;rf;rises a

second temperature range that is approximately 31 degrees Celsius. j’
/

P

/
49, The method of claim I, further comprising a second changing step subsequent

to first said changing at least one of the culture conditions con}ﬁ;ising changing at
least one of the culture conditions, so that a third set of oonc}ifions is applied to the

culture, /

#
£
i
£

50.  The method of claim 49, wherein the second, ﬁilanging step comprises
changing at least one culture condition selected fre{h the group consisting of: (i)
temperature, (it} pH, (iii) osmolality, (iv) chemjéﬂ inductant level, and combinations

thereof. /
/

51.  The method of claim 49, wherei(n"‘ ;aid third set of conditions comprises a third
temperature range that is approximagpf& 25 to 40 degrees Celsius.

i

7/
52.  The method of claim 49;*z4herein said third set of conditions comprises a third

temperature range that is apg;éximatcl)r 27 to 37 degrees Celsius,

£

/
53.  The method of cJaim 49, wherein said third set of conditions comprises a third

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 ra%ge that is approximately 30 to 32 degrees Celsius.
55. 7 e 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,
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57.  The method of claim 1, wherein said first period of time is between 2-6 days/
f/'
58.  The method of claim 1, wherein said first period of time is between 3-5/days.
,\f/j
59.  The method of claim 1, wherein said first period of time is approg;i}nately-ﬂl

days,

60.  The method of claim 1, wherein said first period of time is approximately 5

days.

61.  The method of claim 1, wherein said first period Qf time is approximately 6

days.

62,  The method of claim 1, wherein the total ‘ofvsaid first period of time and said

second period of time is at least 5 days.

63.  The method of claim 1, wherein i;x“ilte step of maintaining said culture for a

second period of time, the lactate level decreases subsequent to the lactate level in the

culture reaching a maximal level.

,"}-J
64,  The method of claim 1, wherein in the step of maintaining said culture for a
second period of time, the gni}nonium fevel decreasss subsequent to the ammonium

level in the culture reachin'é a maximal level.

Fd
£
7

65. The method,;o‘f’t; claim 1, wherein said total amount of said produced
polypeptide is at}éfast 1.5-fold higher that the amount of polypeptide produced under
otherwise idegﬁ&al conditions in otherwise identical medium that lacks said medium

characteristic,

rd

’y‘/

66. j,f’é‘he method of claim 1, wherein said total amount of said produced
pol}ff;eptide is at least 2-fold higher that the amount of polypeptide produced under
91l;envise identical conditions in otherwise identical medium that lacks said medium

/'characteristic.
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67. The method of claim 1, wherein said cell culture is further provided with

supplementary components, /
68.  The method of claim 67, wherein said supplementary componcnts are g
provided at multiple intervals. j

!/(4
Fy

69.  The method of claim 67 wherein said supplementary componegfi are selected
from a group consisting of hormones and/or other growth factors, pﬁiicular ions
(such as sodium, chloride, calcium, magnesium, and phosphate), buffers, vitamins,
nucleosides or nucleotides, trace elements (inorganic compounds usually present at
very low final concentrations), amino acids, lipids, or gluqose or other energy source.

70. A method of producing a polypeptide in a !ange»scale productxon cell culture
comprising steps of; f
providing a cell culture comprising; {

mammalian celis that contain a {gene encoding a polypeptide of
interest, which gene is expressed under cglféition of cell culture; and

a defined medium contgifﬁng glutamine and having at least two
medium characteristics selected frogxf;‘.he group consisting of: 1) a starting amino acid
concentration greater than about]é mM, ii) a molar glutamine to asparagine ratio of
less than about 2, iii) a molar glﬁtamine to total amino acid ratio of less than about

0.2, iv) a molar inorganic ioi;to total amino acid ratio between about 0.4 to 1, and v) a

/

combined glutamine and asparagmc concentration greater than about 16 mM;
maintaining sa'id culture in an initial growth phase under a first set of culture
conditions for a ﬁrSt perxod of time sufficient to allow said cells to reproduce within a
range of about 2.0%-80% of the maximal possible viable cell density if said culture
were mamta}x{ed under the first set of culture conditions;
c@afiging at least one of the culture conditions, so that a second set of culture
conditinﬁs is applied;
/ maintaining said culture for a second period of time under the second set of
cgr;dxtlons and for a second period of time so that the polypeptide accumulates in the

/ cell culture.
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71. A method of producing a polypeptide in a large-scale production cell colture

comprising steps of} f
providing a cell culture comprising; ’ /
mammalian cells that contain a gene encoding a polypeptide of /
. interest, which gene is expressed under condition of cell culture; and

a defined medium containing glutamine and having at least three
medium characteristic selected from the group consisting of: i) a staﬁir‘;gfamino acid
concentration greater than about 70 mM, ii) a molar glutamine to aspa}agine 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 1, and v) a
combined glutamine and asparagine concentration greater thaﬁ about 16 mM;

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

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

maintaining said culture fora secor;dxperiod of time under the second set of
conditions and for a second period of time so that the polypeptide accumulates in the
cell culture. j
72. A method of producing a},,,p;)lypeptide in a large-scale production cell culture
comprising steps of; !

providing a cell culfg;i;e comprising;

mammaligﬁ/cells that contain a gene encoding a polypeptide of
interest, which gene isg,ké;(pressed under condition of cell culture; and

a deﬁiied medium containing glutamine and having at least four
medium charactq;igtic selected from the group consisting of: i) a starting amino acid
concentration gféater than about 70 mM, ii) a molar glutamine to asparagine ratio of
less than abgiﬁ 2, iif) a molar glutamine to total amino acid ratio of less than about
0.2, 1v) a?‘ﬁ{o!ar inorganic ion to total amino acid ratio between about 0.4 to 1, and v) a
combi{;éa glutamine and asparagine concentration greater than about 16 mM;

j; maintaining said culture in an initial growth phase under a first set of culture
cgﬁaiti ons for a first period of time sufficient to allow said cells to reproduce within a

/
/

95

/
s



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,;’"

f
/

condatlons is applied;
maintaining said culture for a second period of time under the second se(f:f

conditions and for a second period of time so that the polypeptide accumu]ates in the
j

cell culture.

73. A method of producing a polypeptide in a large-scale produgﬁ;n cell culture
comprising steps of;
providing a cell oulture comprising; ,
mammalian cells that contain a gene encodmg a polypeptide of
interest, which gene is expressed under condition of cell culture and
8 defined medium containing glutammg, charactenzed by: i) a starting
amino acid concentration greater than about 70 mM, n) a molar glutamine to
asparagine ratio of less than about 2, iii) a molar gfﬁtamine to total amine acid ratio of
less than about 0.2, iv) a molar inorganic ion to total amino acid ratio between about
0.4 to 1, and v) a combined glutamine and asparagme concentration greater than about
16 mM;
maintaining said culture in an mmal growth phase under a first set of culture
conditions for a first period of tlme sufﬁment to allow said cells to reproduce within a
range of about 20%-80% of the maxunai possible viable cell density if said culture
were maintained under the ﬁxst set of culture conditions;
changing at least onég)of the culturs conditions, so that a second set of culture
conditions is applied;
maintaining ggié culture for 2 second period of time under the second set of
conditions and fox;a":éecond period of time so that the polypeptide accumulates in the
cell culture. /
74. A method of producing a polypeptide in a large-scale production cell culture
compnsmg the steps of:
/ providing a cell culture comprising;
) J mammalian cells that contain a gene encoding a polypeptide of
E;’f;;terest, which gene is expressed under condition of cell culture; and

/
/
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a medium containing glutamine and having a combined cumulative

amount of glutamine and asparagine per unit volume of greater than about 16 mM,i

maintaining said culture in an initial growth phase under a first set of culﬁxre
conditions for a first period of time sufficient to allow said cells to reproducq\i‘vithin a
range of about 20%-80% of the maximal possible viable cell density if said"bulture
were maintained under the first set of culture conditions;

changing at least one of the culture conditions, so that a secopd’fset 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 that the polyj:}eptide accumulates in

the cell culture.

75.  The method of claim 1, wherein said medium ﬁmprises a medium containing
glutamine and having a medium characteristic selegtéd from the group consisting of}
(i) a starting amino acid concentration greater than about 70 mM, (ii) a molar
starting glutamine to starting asparagine ratio pf less than about 2, (iii) a molar
starting glutamine to starting total amino aqidfatio of less than about 0.2, (iv) a molar
starting inorganic ion to starting total arnvin‘(rﬁ acid ratio between about 0.4to 1, (v) a
combined starting glutamine and startiné asparagine concentration greater than about

16 mM, and combinations thereof.

76.  The method of any onefo'(t~ claims 1-6 or 70-75, wherein:

lactate [evels a’?e lower than those levels observed under otherwise
identical conditions in otl;é;wise identical medium that lacks said medium
chafacteristic; é

ammgri"‘ium levels are lower than those levels observed under otherwise
identical conditior}sf{in otherwise identical medium that lacks said medium
characteristic; ;gn"&

total amount of produced polypeptide is at least as high as that
observed gt{ﬁer otherwise identical conditions in otherwise identical medium that
lacks sgiﬂﬂ medium characteristic.
r’j;; )

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

),éaditional components over the course of producing said polypeptide.

/!

/

/

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

additional glutamine over the course of producing said polypeptide.

4
/

7

79.  The method of claim 1, wherein the glutamine concentration in said culture is
substantially depleted prior to said step of changing to a second set of culfgre
conditions. : /
/
/£
£

80. The method of claim 1, wherein the glutamine concentra}%‘n in said culture is
substantially depleted at approximately the same time as said grép of changing to a

£

second set of culture conditions. /

£
ya

/
81. The method of claim 1, wherein glycylg]utam}ﬁ; is substituted for glutamine
4

&

in said culture.

/ g
82,  The method of claim 1, wherein said xyéﬁium contains: (i) a cumulative amino
acid amount per unit volume greater than apgut 70 mM, (ii) a molar cumulative
glutamine to cumulative asparagine ratio,;é;f less than about 2, (iii) a molar cumulative
glutamine to cumulative total amino acid ratio of less than about 0.2, (iv) a molar
cumulative inorganic ion to cumu!gt!"i;c total amino acid ratio between about 0.4 to 1,
and (v) a combined cumulative gﬁ{;)unt of glutamine and asparagine per unit volume

greater than about 16 mM. gf’
Vi

i

7/
r .
83.  The method of c}zﬁm 1, wherein said medium contains: (i) a cumulative amino

acid amount per unit yéume greater than about 70 mM, (ii) 2 molar cumulative
glutamine to cumu}a’tive total amino acid ratio of less than about 0.2, (iii} a molar
cumulative ino;gélic ion to cumulative total amino acid ratio between about 0.4 to 1,
and (iv) a copa‘éined cumulative amount of glutamine and asparagine per unit volume

greater thz}n/f about 16 amM.
{é

84. / The method of claim 1, wherein the cumulative total amount of histidine,
isgleucine, leucine, methionine, phenylalanine, proline, tryptophan, tyrosine, and
/riiine per unit volume in said medium is greater than approximately 25 mM.
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85.  The method of claim 1, wherein the cumulative total amount of histidine
isoleucine, leucine, methionine, phenylalanine, proline, tryptophan, tyrosine,

proline per unit volume in said medium is greater than approximately 35 m

86.  The method of claim 1, wherein the initial total amount of his!ijéine,

isoleucine, leucine, methionine, phenylalanine, proline, tryptophanyt’;rosinc, and

proline per unit volume in said medium is greater than appmxirqpfgly 25 mM.
ff;

87.  The method of claim 1, wherein the initial total amount of histidine,

isoleucine, leucine, methionine, phenylalanine, proline, t:;yptophan, tyrosine, and

proline per unit volume in said medium is greater than :épproximately 35mM.
/

88.  The method of claim 1, wherein said meq;ﬁ}n has a medium characteristic

selected from the group consisting of: j/

(i) 2 cumulative total amount of hi sgiéine per unit volume greater than

S

Fi

approximately 1,7 mM; /

(ii) a cumulative total amount Q.f%isoleucine per unit volume greater than
appfoximateiy 3.5mM; {

(iii) a cumulative total ampi;nt of leucine per unit volume greater than
approximately 5.5 mM; ‘

(iv) a cumulative totgl"gmount of methionine per unit volume greater than
approximately 2.0 mM;

v)a cumulativg:ﬁf;)tal amount of phenylalanine per unit volume greater than
approximately 2.5 mM,

(vi)a cum’p!gtive total amount of proline per unit volume greater than
approximately 25 mM;

(vii) gééumulative total amount of tryptophan per unit volume greater than
approxim%tégiy 1.0 mM;

}xfiii) a cumulative total amount of tyrosine per unit volume greater than
apprg;{imately 2.0 mM; and

/ (ix) a cumulative total amount of proline per unit volume greater than

gé)roximateiy 2.5 mM.

//

/
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89.  The method of claim 1, wherein said medium has a medium characteristic
selected from the group consisting of: /l
(i) an initial amount of histidine per unit volume greater than approxime:’sia’:;/

1.7 mM; /;
(ii) an initial amount of isoleucine per unit volume greater than appggﬁimately

ra
£

3.5 mM; /
(iii) an initial amount of leucine per unit volume greater than gp’f)roximately

5.5 mM; /
/
(iv) an initial amount of methionine per unit volume greater than

Z
z

approximately 2.0 mM; /
(v) an initial amount of phenylalanine per unit volgxf{; greater than
approximately 2.5 mM;
{vi) an initial amount of proline per unit volugfé reater than approximately 2.5
(vii} an initial amount of tryptophan pex;t:’iiit‘volume greater than
approximately 1.0 mM;
(viii) an initial amount of tyrosine, p”ér unit volume greater than approximately
2.0 mM; and
(ix) an initial amount of pro]irié per unit volume greater than approximately
2.5mM.
90.  The method of claixsp’i‘, wherein the cumulative total amount of serine per unit
volume in said medium j,s/grcater than approximately 7 mM.
91. The mcthoc}fgf claim 1, wherein the cumulative total amount of serine per unit

volume in said r;xédium is greater than approximately 10 mM.
y

92. T@e’&cthod of claim 1, wherein the cumulative total amount of asparagine per
unit vo{}rf;)e in said medium is greater than approximately 8 mM.

/‘f!f
9}{f The method of claim 1, wherein the cumulative total amount of asparagine per

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

/
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f/

94,  The method of claim 1, wherein the initial total amount of asparagine per unit

volume in said medium is greater than approximately 8 mM. /
/

95, The method of claim 1, wherein the initial total amount of asparagir;e";)er unit

volume in said medium is greater than approximately 12 mM. / !

1,7

7

96.  The method of claim 1, wherein the cumulative total amougt”bf phosphorous

per unit volume in said medium is greater than approximately ZSmM

7
¥

97.  The method of claim 1, wherein the cumulative togaf‘amount of phosphorous

per unit volume in said medium is greater than approxigfﬁtely 5 mM.

98.  The method of claim 1, wherein the cumu[afive total amount of glutamate per

unit volume in said medium is less than approxiﬁaateiy 1 mM.

99,  The method of claim 1, wherein tpé;cumulative total amount of calcium

pantothenate per unit volume in said méaium is greater than approximately 8 mg/L.

100. The method of claim I, whérein the cumulative total amount of calcium
pantothenate per unit volume :irf said medium is greater than approximately 20 mg/L.
101. The method of c}leﬁ?m 1, wherein the cumulative total amount of nicotinamide

per unit volume in sa;idfmedium is greater than approximately 7 mg/L.

102. The meg}x“gd of claim 1, wherein the cumulative total amount of nicotinamide
per unit volqmia in said medium is greater than approximately 25 mg/L.

103. Thc method of claim 1, wherein the cumulative total amount of pyridoxine
andjp&ridoxal per unit volume in said medium is greater than approximately 5 mg/L.

/
7

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

j

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 pe
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 riboffavin 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 apgfoximateiy 7 mg/L.

£

/

#

/
108.  The method of claim 1, wherein the cumulative tota}/amount of thiamine
hydrochloride per unit volume in said medium is gmate:j an approximately 35 mg/L.
if
109. The method of any of claims 1-23 or claims;,éSJS or claims 77-108, wherein
the polypeptide is anti-GDF-8. /

£
Vi
/

110, The method of any of claims 1-23 gr’élaims 25-75 or claims 77-108, wherein
the polypeptide is anti-LewY. ’

111.  The method of claim 24, whéfein the polypeptide is anti-GDF-8.

112.  The method of claim 24, wherein the polypeptide is anti-LewY,
/;’

113.  The method of cléim 76, wherein the polypeptide is anti-GDF-S.
F

Vi
£

rd
114. The methq{d’ﬁbf claim 76, wherein the polypeptide is anti-LewY.

102




Claims

1. A method of producing a polypeptide in'a large-scale production cell culture

comprising the steps of:
providing a cell culture comprising:

mammalian cells that contain a gene encoding a polypeptide of interest, which
~ gene is expressed under condition of cell culture; and '

a medium containing glutamine, having a cumulative total amount of histidine,
isoleucine, leucine, methidnine, phenylalanine, proline, tryptophan, and tyroéine per unit
volume greater than 25 mM, a cumulative amino acid amount per unit volume greater than 70
mM, a molar cumulative glutamine to cumulative asparégine ratio of less than 2, and having
a medium characteristic, wherein said medium characteristic is: (i) 2 molar cumulative
glutamine to cumulative total amino acid ratio of less than 0.2, (ii) a molar cumulative
inorganic ion to cumulative total amino acid ratio between about 0.4 to 1, (iii) 2 combined
cumulative amount of glutamine and asparagine per unit volume of greater than 16 mM, or a
combination 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; ’ i

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 the polypeptide accumulates in the cell culture.

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

providing a cell culture comprising:

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

a medium containing glutamine, having a cumulative total amount of histidine,

isoleucine, leucine, methionine, phenylalanine, proline, tryptophan, and tyrosine per-unit
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volume greater than 25 mM, a cumulative amino acid amount per unit volume greater than 70
mM, a molar cumulative glutamine to cumulative asparagine ratio of less than 2; and

said medium having two medium characteristics, wherein said medium characteristics
are: (i) a molar cumulative glutamine to cumulative total amino acid ratio of less than 0.2, (ii)
a molar cumulative inorganic ion to cumulative total amino acid ratio between about 0.4 to 1,
(iii) a combined cumulative amount of glutamine and asparagine per unit volume of greater
than 16 mM, or 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 the polypeptide accumulates in the cell culture.

3. The method of claim 1, wherein said cell culture condition in said changing at least
one of the culture conditions step is: (i) temperature, (ii) pH, (iii) osmolality, (iv) chemical

inductant level, or a combination thereof.

4. The method of claim 1, wherein the initial glutamine concentration of said medium is

less than or equal to 10 mM.

5. The method of claim 1, wherein the initial glutamine concentration of said medium is

less than or equal to 4 mM.

6. The method of claim 1, wherein the total cumulative amount per unit volume of

glutamine of said medium is less than or equal to 10 mM.

7. The method of claim 1, wherein the total cumulative amount per unit volume of

glutamine of said medium is less than or equal to 4 mM.
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8. The method of claim 1, wherein glutamine is only provided in the initial medium at

the beginning of the cell culture.

9. The method of claim 1, wherein the initial density of said mammalian cells is at least

2x10° cells/mL.

10.  The method of claim 1. wherein the initial density of said mammalian cells is at least

2x10° cells/mL.

11.  The method of claim 1, wherein the step of providing comprises providing at least

about 1000 L of a culture.

12.  The method of claim 1, wherein the step of providing comprises providing at least
about 10,000 L of a culture.

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

temperature range that is approximately 30 to 42 degrees Celsius.

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

temperature range that is approximately 37 degrees Celsius.

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

temperature range that is approximately 25 to 41 degrees Celsius.

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

temperature range that is approximately 29 to 35 degrees Celsius.

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

temperature range that is approximately 31 degrees Celsius.

18.  The method of claim 1, further comprising a second changing step subsequent to first
said changing at least one of the culture conditions comprising changing at least one of the,

culture conditions, so that a third set of conditions is applied to the culture.
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19.  The method of claim 18, wherein the second changing step comprises changing at
least one culture condition, wherein the at least one culture condition is: (i) temperature, (ii)

pH, (iii) osmolality, (iv) chemical inductant level, or a combination thereof.

20.  The method of claim 18, wherein said third set of conditions comprises a third

temperature range that is approximately 27 to 37 degrees Celsius.
21.  The method of claim 1, wherein said first period of time is between 1-7 days.
22.  The method of claim 1, wherein said first period of time is approximately 4 days.

23.  The method of claim 1, wherein the total of said first period of time and said second

period of time is at least 5 days.

24.  The method of claim 1, wherein in the step of maintaining said culture for a second

period of time, the lactate level decreases subsequent to the lactate level in the culture

reaching a maximal level.

25.  The method of claim 1, wherein in the step of maintaining said culture for a second
period of time, the ammonium level decreases subsequent to the ammonium level in the

culture reaching a maximal level.

26.  The method of claim 1, wherein said total amount of said produced polypeptide is at
least 1.5-fold higher that the amount of polypeptide produced under otherwise identical

conditions in otherwise identical medium that lacks said medium characteristic.

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

conditions in otherwise identical medium that lacks said medium characteristic.

28.  The method of claim 1, wherein said cell culture is further provided with

supplementary components, wherein the supplementary components are hortnones and/or
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other growth factors, particular ions, buffers, vitamins, nucleosides or nucleotides, trace

elements, amino acids, lipids, or glucose or other energy source.

29.  The method of claim 28, wherein said supplementary components are provided at

multiple intervals.

30. A method of producing a polypeptide in a large-scale production cell culture
comprising the steps of:
providing a cell culture comprising:

mammalian cells that contain a gene encoding a polypeptide of interest, which
gene is expressed under condition of cell culture; and ‘

a defined medium containing glutamine, a cumulative total amount of
histidine, isoleucine, leucine, methionine, phenylalanine, proline, tryptophan, and tyrosine per
unit volume greater than 25 mM, having a cumulative amino acid amount per unit volume
greater than 70mM, a molar cumulative glutamine to cumulative asparagine ratio of less than
2, and having a medium characteristic, wherein said medium characteristic is: i) a starting
amino acid concentration greater than 70 mM, (ii) a molar glutamine to total amino acid ratio
of less than 0.2, (iii) a molar inorganic ion to total amino acid ratio between about 0.4 to 1, or
(iv) a combined glutamine and asparagine concentration greater than 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 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 the polypeptide accumulates in the cell culture.

31. A method of producing a polypeptide in a large-scale production cell culture
comprising the steps of:
providing a cell culture comprising:
mammalian cells that contain a gene encoding a polypeptide of interest, which

gene is expressed under condition of cell culture; and
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a defined medium containing glutamine, characterized by: 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 1, and v) 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 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 the polypeptide accumulates in the cell culture.

32.  The method of claim 1, wherein said medium comprises a medium containing
glutamine and having a medium characteristic, wherein said medium characteristic is:

(i) a starting amino acid concentration greater than about 70 mM, (ii) a molar starting
glutamine to starting asparagine ratio of less than about 2, (iii) a molar starting glutamine to
starting total amino acid ratio of less than about 0.2, (iv) a molar starting inorganic ion to
starting total amino acid ratio between about 0.4 to 1, (v) a combined starting glutamine and

starting asparagine concentration greater than about 16 mM, or a combination thereof.

33.  The method of any one of claims 1, 2 or 31-32, wherein:

lactate levels are lower than those levels observed under otherwise identical
conditions in otherwise identical medium that lacks said medium characteristic;

ammonium levels are lower than those levels observed under otherwise
identical conditions in otherwise identical medium that lacks said medium characteristic; and

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

characteristic.

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

components over the course of producing said polypeptide.
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35.  The method of claim 1, wherein glycylglutamine is substituted for glutamine in said
culture.

36.  The method of claim 1, wherein the cumulative total amount of histidine, isoleucine,
leucine, methionine, phenylalanine, tryptophan, tyrosine, and proline per unit volume in said

medium is greater than approximately 35 mM.

37.  The method of claim 1, wherein said medium has a medium characteristic that is:

(i) a cumulative total amount of histidine per unit volume greater than approximately
1.7 mM;

(ii) a cumulative total amount of isoleucine per unit volume greater than
approximately 3.5 mM; _

(iii) a cumulative total amount of leucine per unit volume greater than approximately
5.5 mM;

(iv) a cumulative total amount of methionine per unit volume greater than
approximately 2.0 mM;

(v) a cumulative total amount of phenylalanine per unit volume greater than
approximately 2.5 mM; ,

(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; or _

(viii) a cumulative total amount of tyrosine per unit volume greater than

approximately 2.0 mM.

- 38.  The method of claim 1, wherein the cumulative total amount of serine per unit volume

in said medium is greater than approximately 10 mM.

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

volume in said medium is greater than approximately 8 mM.
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40.  The method of claim 1, wherein the cumulative total amount of asparagine per unit

volume in said medium is greater than approximately 12 mM.

41.  The method of claim [, wherein the cumulative total amount of phosphorous per unit

volume in said medium is greater than approximately 5 mM.

42.  The method of claim 1, wherein the cumulative total amount of glutamate per unit

volume in said medium is less than approximately 1 mM.

43.  The method of claim 1, wherein the cumulative total amount of calcium pantothenate

per unit volume in said medium is greater than approximately 20 mg/L.

44,  The method of claim 1, wherein the cumulative total amount of nicotinamide per unit

volume in said medium is greater than approximately 25 mg/L.

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

pyridoxal per unit volume in said medium is gréater than approximately 35 mg/L.

46.  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.

47. 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.

48.  The method of any of claims 1-47, wherein the polypeptide is anti-GDF-8.

49.  The method of any of claims 1-47, wherein the polypeptide is anti-LewY.
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