-1-* SPECI FI CATI ON CELL CULTURE METHOD USI NG AM NO ACI D- ENRI CHED MEDI UM
TECHNI CAL FI ELD [ 0001] The present invention relates to nethods of culturing
cells capabl e of producing desired proteins to obtain the proteins, and
media for use in the nethods. In particular, the present invention relates
to methods of ~culturing cells capable of producing desired proteins to
obtain the desired proteins and to nethods of producing proteins by a
serumfree culture nmethod, characterized YA that serine in a liquid culture
is maintained at a high concentration. The present invention further
relates to cell culture fed-batch SPHCGIFIGADE®NI n t he net hods. BACKGROUND
ART [0002] When a natural protein produced by an animal cell was to be

obt ai ned by GRLLWCQULTWRE METHORAI$IN Gr AMINOaA @dDi-E&NR ICHE® MPDIUM

li ke was to be prepared by culturing an animal cell transfornmed with a gene
encoding the desired protein, the culture nediumhad to be supplenented in
the range of 5-20%wth an extract derived froma manmal, specifically a
serum such BECHNIGALCEIEL®erum for the growth of the animal cell, in
addition to basic nutrients such as salts, sugars, am no acids, and

vi tami ns. TH®0ddrBhelpréscad inkeothomarehates, tohmetiveds ot wnluree dedadagabkges
that such manmal -derived sera account for 75-95% of the cost of nedia, and
t hat st abl epr@dasimg dasited prigdeimshioeokidin tibe tpyoveinis anndrmédiagioal yseyimbiong
lots. Furthernore, since sera derived frommnmals cannot be sterilized by
an aut ocl avimetrodshe [In ipartichkate the presquisigivisntionyreatesoiot meitheds oh with
viruses or mycoplasmas; although many of them are harnl ess, they nay becone
addi ti onal “Hkwdne gedlst erpatile o preducingwssingd proteinshloeobtadadbeidssirgdo0o3]
In recent years, there has_been great concern that conponents derived 2-

proteins and to methods of producing proteins by a serum-free culture
method, characterized in that serine in a liquid culture is maintained at a high
concentration. The vpresent invention further relates to cell culture
fed-batch media for use in the methods.

BACKGROUND ART

[0002] When a natural protein produced by an animal cell was to be obtained
by culturing the animal cell, or when a desired protein or the like was to be
prepared by culturing an animal cell transformed with a gene encoding the
desired protein, the culture medium had to be supplemented in the range of
5-20% with an extract derived from a mammal, specifically a serum such as
fetal calf serum, for the growth of the animal cell, in addition to basic
nutrients such as salts, sugars, amino acids, and vitamins. The sera derived
from mammals, however, entailed disadvantages that such mammal-derived
sera account for 75-95% of the cost ofimedia, and that stable growth cannot
be achieved due to variation in quality among lots. Furthermore, since sera
derived from mammals cannot be sterilized by an autoclave or the like, there
is a possibility of contamination with viruses or mycoplasmas; although many
of them are harmless, they may becoﬁe additional unknown factors from the
viewpoint of stable production.

[0003] In recent years, there has been great concern that components derived



from marmal s may be associated with nad cow di sease, or Bovine Spongiform
Encephal opathy (BSE), Transm ssible Spongi form Encephal opathy (TSE), and,
furthernore, Creutzfeld-Jakob Disease (CID), and in view of safety, an
animal cell culture mediumfree frommammalian conponents has been sought.
Further, a serumcontains at |east 500 types of proteins, and this
conplicates isolation/purification of a d\?éi red protein as a bio-product
froma cell culture nmedium [0004] To sol've"the above problens, serumfree
culture nethods suitable for «culturing animal cells in the absence of a
serum have foeanncewvmlabparhy bé astdhieiatked el iolpiead colv divedse foeBowihé ur e

nmet hods, serumfree liquid nedia containing, as substitutes for the effect
of sera, pl$pomgifoohdimsephadbparchy (BSE)NTransamiskéslei Spomwgidoahbum n, hor nones
such as steroid hornmone and insulin, growh factors, and nutrient factors
such as ambncediadepathy (TSEN msd, fiervkeebeere, (Cxenit zitedd - JahOb5SD ifeatswi(CID),
insulin, transferrin, and growh factors for use in serumfree culture

met hods ar eangliin view qfr safet nsandenimet cEHoenlgercamedivmclorbifnemt maprmakans
derived fromreconbi nant organi sns. Use thereof has the follow ng

di sadvant agempoheuighhasbéén saughbuntFurbier, agseraim contrinent deagteS0G bypes ned;
use of an expensive product is required; culture varies anong lots; and the
like. [0008)f proteémserandydus sompligatesriselation/pusifieathon of asdesjrpd prefein as
hydrol ysates have been devel oped. Such culture nethods have siml ar

di sadvant agediepreducefromavec!l gudimrponediumeri ved from an organismis
contai ned; costs are high; production varies anong different |ots; and the
li ke. ThuslG004]sTeliispivethe abave probleins ssemmdremcrHuse mgethgds syatabdeldonr e
nost adequate for the production of useful proteins. [0007] In view of the
foregoi ng, $HEYENEANMH Gellscipatitisabegncs efiptsgrem hethbgenseyglerchenileal |y

defined nedium that contains as few biol ogical 3- L .
the development of serum-free culture methods, serum-free liquid media

containing, as substitutes for the effect of sera, plasma proteins such as
fetuin, transferrin, and albumin, hormones such as steroid hormone and
insulin, growth factors, and nutrient factors such as amino acids and vitamins
have been provided.

[0005] Fetuin, insulin, transferrin, and growth factors for use in serum-free
culture methods are purified proteins derived from sera or recombinant
proteins derived from recombinant organisms. Use thereof has the
following disadvantages: though small in amount, biological components are
contained; use of an expensive product is required; culture varies among lots;
and the like.

[0006] In recent years, serum-free culture methods using protein
hydrolysates have been developed. Such culture methods have similar
disadvantages as stated above: a component derived from an organism is
contained; costs are high; production varies among different lots; and the like.
Thus it is difficult to say that such serum-free culture methods are most
adequate for the production of useful proteins.

[0007] In view of the foregoing, there have been demands for a culture

method using a chemically defined medium that contains as few biological



cohponehts as possible, is inexpensive, causes small variation anong |ots,
and can result in a boost in protein production. Recently, behavior of

gl ucose and amno acids in a culture solution in fed-batch culture was

anal yzed, and this analysis reveal ed that use of an increased anmount of
glutamate in fed-batch culture contributed to increase in an anount of
antithronbin that was produced (Non-patenf Docunent 1). However, this
finding is only based on specific CHO celfs expressing glutam ne synthetase,
and no denonstration using general CHO cells has been perforned.

Fur t her mor eomipodievitslugilposfftdef & nfexplehsivaiamseacintd] hayiatimi aleay lots,

i nvestigated. Further, amounts of proteins that are produced are still not
suf fici ent andlvas teleiteitha\b®dseén protaingp melvenots. f oRexeddyebehaeidr of a
culture process using a chemcally defined nediumthat is capabl e of
offering ghrawserdmahemdnprastids mn prodietd swlutionipfcdrhatOocubtenmt was Jour nal
of Bi osci ence and Bi oengi neering (2005), 100(5), 502-510 DI SCLOSURE OF THE
| NVENTI ON PROBZENSand tBis sorlyBhs Byv THIEd tRVENTE O 410 008 aJéd aproagd mif
invention is applicable to a fed-batch culture nethod wusing a nmediumin

whi ch bi ol ghitemiateddifgdreateposidhurs epriritifeded insraaserimamamoumidofi ns to
provi de an inproved nmedium so that when cells are cultivated by fed-batch
cul ture uskpythiembisgihahwanherednded Nodupatept Radumental).a Haheyer|this MEANS
FOR SOLVI NG THE PROBLEMS [ 0009] The present inventors extensively and

i nt ensi vel §ingdingiie @ndp basedon ppecifisoGE Q) ceblsesrprespingegiidamige syRtietastind
that specific amno acids were frequently depleted and that naintaining
such ani noaaéind’sdéftnoﬁﬁb}'ﬁ“%lﬁ%@rgtg%ﬂ“lf@h§l¥9 ¢eléepasnbeeaerarfeumed.cul t ure

enabl ed cells to produce .proteins at_a high yield, By this finding, the
present i n@gﬁtthieéﬂquﬁslgflw ual etfects of other'amino acids have not been

investigated. Further, amounts of proteins that are produced are still not
sufficient. Thus there have been strong demands for a development of a
culture process using a chemically defined medium that is capable of offering
more enhanced protein production.

Non-patent Document 1: Journal of Bioscience and Bioengineering (2005),
100(5), 502-510 |

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] The present invention is applicable to a fed-batch culture method
using a medium in which biological medium components are reduced to a
minimum, and aims to provide an improved medium so that when cells are
cultivated by fed-batch culture using the medium, the cells produce proteins
at a high yield.

MEANS FOR SOLVING THE PROBLEMS

[0009] The preseflt inventors extensively and intensively studied to solve the
above problems. Consequently, they found that specific amino acids were
frequently depleted and that maintaining such amino acids at high
concentrations in a serum-free liquid culture enabled cells to produce

proteins at a high yield. By this finding, the present invention was



conhpl et'ed. [0010] Specifically, the present invention provides: (1) a nethod
of culturing a cell characterized in that a concentration of serine in a
culture solution is maintained at 1 mMor higher at least during a certain
period after the onset of a cell growth phase, the nethod used in a process
conprising culturing a cell that is capable of producing a desired protein
to obtain the desired protein; (2) the nmefhod (1) further characterized in
that a concentration of tyrosine in the Culture solution is maintained at 1
mM or higher, and/or a concentration of cysteine in the culture solution is
mai nt ai nedcampéetedncentrati on of the cysteine in an initial nediumor at 0.4
nmv or higher at |east during the certain period after the onset of the cell
growt h phaf¥)1Qq]3$ pecifimil ym therprsentincaition provides: conpri sing at | east 1 v
of serine or a salt thereof; (4) a nediumfor animal cell culture,
conprising at | e@bta methodfof eetinagor callseliaractegizast jn Sinal 4 gonhentration
conprising at least 1 nMof tyrosine and/or at |east 0.4 nM of cysteine;
(5) a procebsetnepgnaageltiuge sobutéon a8l maiateingd atohmrMsonighen afr leagt durigng] |
capabl e of producing the desired protein, by use of the nedium (3) or (4)

to obtain tKerddsipedipbpbicsithe quet 9f recold Erew thuphase; hae aetdod useeimat hod
used in a process conprisi nﬁ culturing a cell that is capable of producing
a desired PFRResS Fomprisingarultypd@ggesetethas ispicapable e papdnedechsestedr i zed
in that a concentration of serine in.a culture solution is maintained at 1
mM or hi ghBfot&in te adtaiy the desised Hrotedn; or an entire period sufficient to

At of or an entdr eBetRe (b fRish ChabactBHARR SneiBh doTAHSERIIRR O of 1 he
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concentration of cysteine in the culture solution is maintained at a
concentration of the cysteine in an initial medium or at 0.4 mM or higher at
least during the certain period after the onset of the cell growth phase;

(3) a medium for animal cell culture, comprising at least 1 mM of
serine or a salt thereof;

(4) a medium for animal cell culture, comprising at least 1 mM of
serine or a salt thereof, and further comprising at least 1 mM of tyrosine
and/or at least 0.4 mM of cysteine;

(5) a process of producing a desired protein, comprising culturing a
cell capable of producing the desired protein, by use of the medium (3) or (4)
to obtain the desired protein;

(6) a method of culturing a cell, the method used in a process
comprising culturing a cell that is capable of producing a desired protein to
obtain the desired protein, the method characterized in that a concentration
of serine in a culture solution is maintained at 1 mM or higher at least during
a part of or an entire period sufficient to enable the cell that is to be cultured
to grow sufficiently, or during a part of or an entire period sufficient to
enable adequate production of the desired protein that is to be produced;

(7) the method (6) further characterized in that a concentration of



- e e

tyrosine in the culture solution is maintained at 1 nMor higher, and/or a
concentration of cysteine in the culture solution is maintained at a
concentration of the cysteine in an initial mediumor at 0.4 mM or higher at
| east during a part of or the entire period sufficient to enable the cell
that is to be cultured to grow sufficiently, or during a part of or the
entire period sufficient to enable adequste production of the desired
protein that is to be produced; (8) a nethod of culturing a cell
characterized in that a concentration of serine in a culture solution is
mai nt ai nedtyapsinenivi thre birttnee salutiemss ndainitaigpedaatphmMobr bigleer, emdioraperi od
of an exponential cell growh phase, the nethod used in a process

conpri si ngcenganiratign Hfceysiteintain the culbubé eobitign dslovdintpiacdddsi red protein
to obtain the desired protein; (9) the nmethod (8) further characterized in
that a coneengardrataon off theyeysdeime iman Hpitéall megdéumopuat Brf MM highiened at 1
mM or higher, and/or a concentration of cysteine in the culture solution is
mai nt ai nedleast dusimgcemarhof o the emirecpetied fafficient inenable theagsalintlat 1i gher
or at 0.4 mMor _higher at least during a part of or an entire period of the
exponent i al® Belqultyyedvionginvasaificiantly.qner dafingqa payt of of dhe eppidedieiiqhe

concentration.of serine . in the culture solution s, naintained at 2 or
hi gher at YwAigieat{e ﬁ@agli)afiFQ'b*Fteoﬁ’m‘éWt’é’rﬂ P% éh?)é‘FPHg%&mttWé‘ &%dﬁéﬂ{g\gal
cell growth ase; (11) a nmethod of culturing a cell characterized in that a

concentratP u"(’ﬂd;serine in aculture solution is maintained at 1 nM or
froma third da
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used in a process comprising culturing a cell that is capable of producing a
desired protein to obtain the desired protein;
(9) the method (8) further characterized in that a concentration of
tyrosine in the culture solution is maintained at 1 mM or higher, and/or a
concentration of cysteine in the culture solution is maintained at a
concentration of the cysteine in an initial medium or higher or at 0.4 mM or
higher at least during a part of or an entire period of the exponential cell
growth phase;
(10) the method (8) or (9), wherein the concentration of serine in the
culture solution is maintained at 2 mM or higher at least during a part of or
an entire period of the exponential cell growth phase;
(11) a method of culturing a cell characterized in that a concentration
of serine in a culture solution is maintained at 1 mM or higher at least during
a part of or an entire period from a third day to a tenth day of the culture, the
method used in a process comprising culturing a cell that is capable of
producing a desired protein to obtain the desired protein,;

(12) the method (11) further characterized in that a concentration of

tyrosine in the culture solution is maintained at 1 mM or higher, and/or a



concentration of cysteine in the culture solution is maintained at a
concentration of the cysteine in an initial nediumor higher or at 0.4 nM or
hi gher at | east during a part of or an entire period fromthe third day to
the tenth day of the culture; (13) the nethod (11) or (12), wherein the
concentration of serine in the culture solution is maintained at 2 mM or

hi gher at |east during a part of or an pg[ire period fromthe third day to
the tenth day of the culture; (14) any oné of the nethods or processes (1),
(2), and (5)-(13), wherein the cell is cultured by batch culture, repeated
bat ch cul t corcentiatdobatfodysd einteuitethe epBaredoiwiobas emiotdingdeat ont i nuous
culture, or perfusion culture; (15) any one of the nethods or processes
(1), (2), eemcgmyatiag)f thgheysdeine ireagdnitialsmedivmr edhighereer dab chmddiaiur e;
(16) the nethod or process (15), wherein the serine and tyrosine and/or
cyst ei ne ahiglescatilepst dneingud Parteos or @mi oftirnpatiodi fpa b thisd dasetputial |y
or continuously; (17) any one of the methods or processes (1), (2), and
(5)-(16), temibrdasnof ke €BINUTES transformed with a gene encoding the desired
protein; (18) the nethod or process ), Wherein the desired protein is an

anti body; (19) abldlothe Brethed (d) ﬁéd%gg_)ﬂ? Wheseidsdiescqnqentyatjon giserie. fms) ,
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wherein the cell is cultured by batch culture, repeated batch culture,
fed-batch culture, repeated fed-batch culture, continuous culture, or
perfusion culture;
(15) any one of the methods or processes (1), (2), and (5)-(13),
wherein the cell is cultured by fed-batch culture;
(16) the method or process (15), wherein the serine and tyrosine
and/or cysteine are fed into the culture solution in multiple batches
sequentially or continuously;
(17) any one of the methods or processes (1), (2), and (5)-(16),
wherein the cell is transformed with a gene encoding the desired protein;
(18) the method or process (17), wherein the desired protein is an
antibody;
(19) any one of the methods or processes (1), (2), and (5)-(18),
wherein the cell is a mammal cell;
(20) the method (19), wherein the mammal cell is CHO cell;
(21) a fed-batch medium for culturing a cell, comprising serine at a
concentration of 10 mM to 1000 mM;
(22) a fed-batch medium for culturing a cell, comprising serine at a
concentration of 20 mM to 500 mM;

(23) the fed-batch medium (21) or (22), further comprising cysteine



and/ or tyrosine; (24) the fed-batch nedium (21) or (22), further conprising
cysteine and tyrosine; (25) a nmethod of culturing a cell by fed-batch
culture, conprising adding any one of the fed-batch nmedia (21)-(24); (26) a
process of producing a desired protein by culturing a cell, conprising
culturing a cell using any one of the nmethods (1), (2), and (6)- (20); and
(27) a preparation process of a nedicanenz conprising as an active

i ngredi ent a protein produced by the process (5) or (26). ADVANTAGES OF THE
| NVENTI ON [ 0011] The present invention can be conveniently used in the
productiomnuﬂorpyyeﬁobogicalIy active peptides or proteins. A feature of the
present invention is that cultivation using a chem cally defined nmedi um
free from bi ol o@4ahecisdpbatslt meidsumead@d )nan €2k duidicir o nafriping ey stsine
Furthernore, because the fed-batch mediumfor use in the present invention
cont ai ns %ﬂ@ﬁYﬂH%Bmﬁly pure am no acids, the nmedium conposition is clearly
defined, and the nmediumis of unlforn1propert|es with | ess variations anong

lots. Use of theetimatheAsth eslteriag acphdefed drtehicnbiuie properisies woul d

be obtalned as well, thus the nediumis suitable for industrial

manuf act ur dddingpaey peAf the fﬂrﬁjebﬂ% H‘rﬁdg? ddd)y2¢dntributes to, for exanpl e,
mass supply of 0@ i bodi es for har maceuti cal use. BRI EF D SCRI P IO\I OF
THE DRAW NGS [ 008 acpgfe.%sswfsa qIRg & aﬁ§P PSRN RpAUBNTINE R 554l of

anti bodies during th culture eriod. ows t
transiti onCYPPISIDG |GUtPTiRG A1 HSIRZ AR roélcp ﬂl' met%%ﬂ%{ﬁﬁf’e&} af—‘fngSe 3
shows t he {(ﬁ?%htlon of concentrations of lactate during the 8-
(27) a preparation process of a medicament comprising as an active
ingredient a protein produced by the process (5) or (26).
ADVANTAGES OF THE INVENTION
[0011] The present invention can be conveniently used in the production of
physiologically active peptides or proteins. A feature of the present
invention is that cultivation using a chemically defined medium free from
biological components is made more productive of proteins. Furthermore,
because the fed-batch medium for use in the present invention contains
significantly pure amino acids, the medium composition is clearly defined,
and the medium is of uniform properties with less variations among lots.
Use of the medium ensures that a protein of uniform properties would be
obtained as well, thus the medium is suitable for industrial manufacture.
Specifically, the medium greatly contributes to, for example, mass supply of
antibodies for a pharmaceutical use.
BRIEF DISCRIPTION OF THE DRAWINGS
[0012] Figure 1 shows the transition of concentrations of antibodies during
the culture period. (Example 1)
Figure 2 shows the transition of viability during the culture period.
(Example 1)

Figure 3 shows the transition of concentrations of lactate during the



culture period. (Exanple 1) Figure 4 shows the transition of concentrations
of anti bodies during the culture period. (Exanple 2) Figure 5 shows the
transition of viability during the culture period. (Exanple 2) Figure 6
shows the transition of concentrations of |actate during the culture
period. (Exanple 2) Figure 7 shows the transition of concentrations of

anti bodies during the culture period. (Exanple 3) Figure 8 shows the
transition of concentrations of serine during the culture period. (Exanple
3) Figure 9 shows the transition of concentrations of tyrosine during the
cul ture pecultare p&viadpl e(Byampbuide 10 shows the ami no acid sequence of a
hanster taurine transporter and the nucl eotide sequence of a gene encodi ng
the sane. (Refefiguce £shopkahe)trFigtioa dficehoswdrations wdtantibafies daringrst er
taurine transporter. (Reference Exanple 1) Figure 12 shows a structure of
an expr essthgncyltarenperipdly g/ (Bxamplg Rpf er ence Exanpl e 2) EMBODI MENT OF THE

| NVENTI ON [ 0013] The fol | owi ng specifically describes enbodi nents of the
present inventibgurpdoshpwa thetthasitiont ol viptitishtduring th¢ enltuge period.
characterized by conprising maintaining, when cells capable of producing
desired pr@i’éﬂ%ﬁleaz)a cultured to obtain the proteins, serine in a culture
solution at a high concentration. Specifically, the nethod is characterized
by mai nt ai ni ng tﬁkgueérﬁ:éh@watt#sﬁrwm i9ar pheonecntrations oflactse Gurie the 1 mv

or hi gher, preferahl 2 M or hi er, 9-
J cxPlture pelplo)é. (Example %S]

Figure 7 shows the transition of concentrations of antibodies during
the culture period. (Example 3)

Figure 8 shows the transition of concentrations of serine during the
culture period. (Example 3)

Figure 9 shows the transition of concentrations of tyrosine during the
culture period. (Example 3)

Figure 10 shows the amino acid sequence of a hamster taurine
transporter and the nucleotide sequence of a gene encoding the same.
(Reference Example 1)

Figure 11 shows a structure of the hamster taurine transporter.
(Reference Example 1)

Figure 12 shows a structure of an expression plasmid pHyg/TauT.
(Reference Example 2)

EMBODIMENT OF THE INVENTION

[0013] The following specifically describes embodiments of the present
invention.

[0014] A method of the present invention is characterized by comprising
maintaining, when cells capable of producing desired proteins are cultured to
obtain the proteins, serine in a culture solution at a high concentration.
Specifically, the method is characterized by maintaining the concentration of

serine in the culture solution at 1 mM or higher, preferably 2 mM or higher,



at least during a certain period of tinme after a cell growth phase has
started. [0015] Accordingly, one aspect of the present invention is an
animal cell culture nediumconprising at least 1 mMof serine or a salt
thereof. In the present invention, the expression "animal cell culture

medi um conprising at least 1 mMof serine (or a salt thereof)"” refers to
not only a nmedium conprising serine at a9concentration of 1 mMor higher in
an initial medium but also a nedium adjusted such that a concentration of

26%" ne in %{:gera? b@%{%afﬁrgaﬁhgé‘ergéq g)g'tg{g?gﬂ?%egfcﬁa B0 BhoNStys %Fagrgrg ably
[0016] ThelibRnARERHg1yr B RopBEL BT 0 BrP ST inP salioh, Sciy afliaf Pellr

conpri si ”gcl?ltt'{?Pé E{E"d}EhPQo@ ﬁisqgg;#rlgaﬁf%%l\/%f‘é‘eEifﬁeté(rr Q%Qeth%??{)@r %%h? ne,

in addition to serine containe h™concentration. Speci al | he

concent ratb%eﬂ iﬁ%x?ﬁbﬂetﬂé"e&ﬁf‘eos?%ﬁ ub i 2 Héfl%lhf‘rc%ieghﬁh%qn is of

hi gher andfor the concentratio cysteine I's nmaintained at a conceritration

of the cyS{isnq it 'gresdrid (61 aWRHH HERGH P WHEFS A nbPBRy Akl certain

period fromor after the onset of a c growt h phase. Since

concentrat i:@ﬂtp?i‘singxé%}ﬁien& hRohnentrationdbf THAM B K ghef tRlahYindQl in ddiflm™
the concentration of cysteine in the culture solutron my be 0.4 nM or

hi gher, preheaRy ¥ ndedinPadjk¥ted Yuchathak 986dnditidido @ of QetBicNiPHd ealithfom or
after the start point of the cell growh phase, regardl ess of the

concentrat i@mtin ¢/ fifa@hfintd at NemiMidr RighefEgrédrab GO thMPGEAigheglby
anot her aspect of the present invention is an aninmal cell culture nedium

conpri si ngaddindwof i tHiebathh aRdinm 6f tive $iklet att RAGeAlringnd cattaih efodl MM or
hi gher of tyrosine and/or 0.4 nmM or higher of cysteine. In the present

i nventi on, friohe o@xqft @stieoonsenofele celllgromthupleaseedi um conprising at least 1

nmv of tyrosine" refers to not only a nediumconprising tyrosine at a

concent r at [ @0l @ff The mvedrodhofjinkee preseart invehtialn isecharacterizeal by farthedi um 10
comprising supplementing the culture solution with tyrosine and/or cysteine,
in addition to serine contained at a high concentration. Specifically, the
concentration of tyrosine in the culture solution is maintained at 1 mM or
higher and/or the concentration of cysteine is maintained at a concentration
of the cysteine in the initial medium or higher at least during a certain period
from or after the onset of a cell growth phase. Since the concentration of
cysteine in the initial medium is normally about 0.4 mM, the concentration of
cysteine in the culture solution may be 0.4 mM or higher, preferably 1 mM or
higher, at least during a certain period from or after the start point of the cell
growth phase, regardless of the concentration of cysteine in the initial
medium.
[0017] Accordingly, another aspect of the present invention is an animal cell
culture medium comprising 1 mM or higher of serine or a salt thereof, and at
least 1 mM or higher of tyrosine and/or 0.4 mM or higher of cysteine. In
the present invention, the expression “animal cell culture medium comprising

at least 1 mM of tyrosine” refers to not only a medium comprising tyrosine at

a concentration of 1 mM or higher in an initial medium but also a medium



ad]ustéd such that a concentration of tyrosine in the culture solution is
mai ntained at 1 mM or higher by addition of a fed-batch nmediumor the |ike
at least during a certain period fromor after the onset of the cell growh
phase. Simlarly, the expression "animal cell culture medium conprising at

| east 0.4 mM of cysteine"” refers to not only a nedi um conprising cysteine at
a concentration of 0.4 nMor higher in ang nitial nediumbut also a nedium
adj usted such that a concentration of cysteine in the culture solution is
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ot least dbustrdstEh thens SoRFeRtieRign of Resind in 806 AR SOTIERAF  growe n
h ) 00181 If t t t f t d/
P b Loumatnaingd 3 1R QOIL%%E.% il ok s bARR BedRNR STy BkE, 0
| t d, t / th
oI scﬁ casf AUEEY & X Bl Her2d xfiip Getty SR GRSLREEE BN, (D 1"

at |east d %ﬂg aSlﬁWfatr fth% ﬂegglo%udgﬂlﬂaqnéeli%u?{ﬁqglnqe&%lrﬁ%g‘ngﬁrhﬁre {0

be cul tur 0 'grow su iclen uring a par peri o i ent

to enabl e ﬁg@gg@f %Mpﬁf)gyg%lﬁ)@’ fe‘?ﬁb e oq{lgtaem%dnhﬂ%?%ﬁls%g%tbgr]sl%iﬂguﬁed1

enabling t sto uce the proteins yl e

Accor di nglycoﬁeeﬁi}ﬁhoﬂs&fﬂ ta of t@@hglﬁag%tad 'i'f{ﬁmvlﬂ@dhﬁnamg‘%l?@% fedium

culturlng cell s capabl e o produci n sired proteins to tarn t e proteins
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tyr05|ne d/or cysteine) is nmaintained at a predeterm ned concentration or

hi gher.  AgGoRQiRNGA ¥t 0240GhNEDr AFPREL b?fadfdhﬁoﬂrcﬁsﬁ'IEdIHh\fQHtmé)d‘iu'ﬁ o tREQPES S
of producing desired proteins, which process is characterized by conprising

cul turing geldast dapatl 8 Rrtd1hQSiiso dFrdhedeREr ehle RMOELHNShdY e USEr oW than
animal cell culture nediumconprising at least 1 mMof serine or a salt

thereof. phadeher aspect of the present invention is a method of producing

desired proteins, which nethod is characterized by conprising culturing

cells - 11[0018] If the concentration of serine (and tyrosine and/or cysteine) in the
culture solution is maintained as described above while cells are cultured, the
concentration of serine (and tyrosine and/or cysteine) in the culture solution
is maintained at a predetermined concentration or higher at least during a
part of a period sufficient to enable cells that are to be cultured to grow
sufficiently, or during a part of a period sufficient to enable adequate
production of desired proteins that are to be produced, enabling the cells to
produce the proteins at high yields.
[0019] Accordingly, another aspect of the present invention is a method of
culturing cells capable of producing desired proteins to obtain the proteins by
use of a medium adjusted such that a concentration of serine (and tyrosine
and/or cysteine) is maintained at a predetermined concentration or higher.
Accordingly, another aspect of the present invention is a process of
producing desired proteins, which process is characterized by comprising
culturing cells capable of producing the desired proteins by use of an animal
cell culture medium comprising at least 1 mM of serine or a salt thereof.

Another aspect of the present invention is a method of producing desired

proteins, which method is characterized by comprising culturing cells



capabl & of producing the desired proteins by use of an animal cell culture
medi um conprising at least 1 mMMof serine or a salt thereof, at least 1 nM
of tyrosine, and/or at least 0.4 nM of cysteine. [0020] In the present

i nvention, the period during which the concentration of serine (and

tyrosi ne and/or cysteine) in the culture solution is maintained at a
predeterm ned concentration or higher as clescri bed above may be a part of a
period fromthe start point to the end b(}i nt of the growth phase, or an
entire period fromthe start point to the end point of the growth phase, or
an entire capdilared perdusdng [tBO2tEsirEdep Bxtpinssby arse"afnaetan{mal stHr¢ulpaient ) of
a growt h phase" as used herein refers to a transition period froma |ag
phase to amedieml eompediphasdeassfl gtwhsefincuirtaiseld theré¢af, aTHeastal meM, of he
phase noves fromthe accelerated RPase to an exponential growth phase, a
decl i ne phtgesing, andiot ahdeastghdsmM afcyskeimea deat h phase. (Takeshi
Kobayashi and Hiroyuki Honda, " Sei butsukagakukogaku" (Bi ochem cal

Engi neer i nf0201oky thekpsesent ipsppHonApe pesiod derigei which the rescentragor of | n
anot her aspect of the present invention, the period during which ¢the
concent r at $UANS{(aB Ay FeSipaidd/9r 6¥5tednahin dhe epliuae sejutipnipangigtaiped at a
solution is nmaintained at a predeterm ned concentration or higher in the

cul ture nePHstetermingd pOREUHT atinD Mt higherdy drscaibss aboye Brayape anpartofzer i od
sufficient tq gnable cells that are to ae c,uItEred to g ow sufficiently, or
a part of PeHOdfram theesiast paintis thepahipaint ghibe &raw Em&taéeppbaacq%w of
desired proteins; specifically, the concentration may pe maintained at a

br edet er i REIOH GRRER AR P15k DBHY thich e BOMONG! BT SBF E1OW B PRASE: PB BTGRP 1 om
the start Eoftnt to it ge end point of the growmh phase of the cells that are
cul tured. FY'PECBEPEErally inportant to maintain the concentration of serine

oncent rat |07 Br THEGRBFEHIPRng e T aFH b FORSt § arb B anfhsk” e T 0 day
of 12 herein refers to a transition period from a lag phase to an accelerated phase
of growth of cultured cells. Thereafter, the phase moves from the
accelerated phase to an exponential growth phase, a decline phase, a
stationary phase, and then a death phase. (Takeshi Kobayashi and Hiroyuki
Honda, “Seibutsukagakukogaku” (Biochemical Engineering), Tokyo Kagaku
Dojin, Applied Life Science Series 8, 2002.)

In another aspect of the present invention, the period during which
the concentration of serine (and tyrosine and/or cysteine) in the culture
solution is maintained at a predetermined concentration or higher in the
culture method of the present invention may be a part of or an entire period
sufficient to enable cells that are to be cultured to grow sufficiently, or a part
of or an entire period sufficient to enable adequate production of desired
proteins; specifically, the concentration may be maintained at a
predetermined concentration or higher during a part of an entire period from
the start point to the end point of the growth phase of the cells that are
cultured. It is especially important to maintain the concentration of serine
(and tyrosine and/or cysteine) in the culture solution at a predetermined

concentration or higher during a certain period from or after the third day of



T R

t he' cul t'ure, because an am no acid content of the initial nmediumis depleted
on and after the third day of the culture. Accordingly, in this aspect of
the present invention, nore specifically, a period in which it is required
to maintain the concentration of serine (and tyrosine and/or cysteine) in
the culture solution at a predeterm ned concentration or higher nay be at

| east a part of or an entire period fronhéhe third day of the culture to a
phase from the decline phase to the stafiidnary phase of the cultured cells,
preferably a part of or an entire period fromthe third day of the culture
to a phase threocnltohs tecponenn ahinelacidcontdntpifate trdtinhen cdiom e dphksed
[0022] In a further specific aspect, it is preferable to naintain the
concent r at i @m aod aféer tHee (hind dayr oStne caltdteor cAec@idingly,rint thés espeatref the
solution at a predeterm ned concentration or higher during a period from at
| east 4 dayBreapntinyenioml mprespaaificaldy, aperigd)n mHucbtiais rpguneddp t he
cell growh phase (nornmally around day 1 of culture), preferably a period
fromat | ea®aigaimyhe &Wépn{rﬁmﬂ gedne dapd4ysesiagl angd/ey qyﬁtens@ﬁm tg@i nt of
the grom h phase, nore preferably a period fromat |east 2 days after
(nornal |y ofttlgute solytionat apredetqimiaed qongsnitatinn pphighexmayphadt leasten
nore preferably a period, fromor after the start point of the growth phase.
Further, itP3d ofc@ppp&atits Perfﬁ?‘gtfé‘i’lﬁ thgthirsh daniqfatheopmlbpres e Prrgw(sarfaom

concent rat1 B BrCHRG RUACK (o fos Satbedy Bhas of bht Godlurka ST grelRrabbuRt ur e
It 3 day Rt oA R R gfod HEoB e dnird PRy LB ATRE fo R hede Septhr o
o longer tiharerhpreaacel o YTF SRk da B8 Festie PHeSthe concentrat on of
or edet er m g ACRARH oK PHE ghbelde it Befberpllte BYMHAME St cure
pref erably uihddn B S5y eRRLA P SRS 1hBRCH LIS HOLS BIELR ¥ian

until 4 days Dbetore e end of ure, evemnr nore’pr 'y u
days 13 - ata predetermined concentration or higher during a period from at least

4 days after (normally on day 5 of culture) the start point of the cell growth
phase (normally around day 1 of culture), preferably a period from at least

3 days after (normally on day 4 of culture) the start point of the growth phase,
more preferably a period from at least 2 days after (normally on day 3 of
culture) the start point of the growth phase, even more preferably a period
from or after the start point of the growth phase. Further, it is required to
maintain the concentration of serine (and tyrosine and/or cysteine) in the
culture solution at a predetermined concentration or higher at least until

5 days before the end of the culture, preferably until 4 days before the end of
the culture, more preferably until 3 days before the end of the culture, in
cases in which the culture period is not longer than two weeks; in cases in
which the culture period is longer than two weeks, it is required to maintain
the concentration of serine (and tyrosine and/or cysteine) in the culture
solution at a predetermined concentration or higher until the tenth day of the
culture, preferably until 5 days before the end of the culture, more preferably

until 4 days before the end of the culture, even more preferably until 3 days



before the end of the culture. [0023] In another aspect of the present
invention, it is preferable to continuously nmaintain the concentration of
serine (and tyrosine and/or cysteine) in the culture solution at a
predeterm ned concentration or higher at |east during a part of the
exponential cell growh phase. A specific period is a period from4 days
after the start point of the exponenti al 1gromh phase, preferably a period
from 3 days after the start point of thé exponential growh phase, nore
preferably a period fromthe start point of the exponential growth phase.
As used hebefare thhenkpf ¢bsicohtute. part of an exponential cell growth phase"
refers to a part of the exponential growh phase, an entire period fromthe
start poi nf0423 ]t heapathgscispecopdftthe prespuinintenaiongribs prpfeasble tr an entire
culture period, during which the concentration may be maintained. [0024] In
typi cal cefonidnneusly makpetain 4he coacantietionhef sxpiopdanddlyreyioetandifhse is
normal |y around day 3 of culture. Accordingly, in another specific aspect
of the presksieingvidntheonultype sebHiemat étli’k?%%?fﬂ%@reidn@flcr?ﬂttfﬁél%fuptfd’rléhcr at
solution is maintained at 1 mM or higher, ?referablx 2 mM or hi%her, at

| east durlesgt dupiig adgrarhpf 4Re eppiomentigl colles W ilopNasOm theP Rt PEEPdof

the culture. In cases in which the concentrations of tyrosine and/qr
cyst ei ne a%seaamewda ﬁrmf‘a%»éﬁjagterrsﬁe&é%rérnﬁlﬁé@fééﬁééfmn&w@ﬁsgrewtﬁilﬁﬁépg t he

P gher ancPOReTHIY LBREH Fiaf Sron EHEr hRatiit RMhOLIRed gongntial T O
trati f th tei i initial [ hi gh t | t
duri ng & pere O PbRSenhart pretesaplind s FRmr oI HP O Way of the
culture. Si nce & tfiilp' cal tA_lr(iogcer!t rg%l an (?fh G S_ttﬁl ne in t.ge dni tr:%aolg nmedi umis
about 0.4 FAPORHEYSPPEChRRAY T at ith DT 8{/% i e FRTTIORu Rt of'Lti on
be 0.4 hj : I [ i
entire cul FRPRrEurbOEaT asBNERTEReY Tt 6 = ediPOEipe SXEbIPadaF B bel of e

concentrat Lo Of, CYFHEL PEridl Fdt thE Stah JBHt ¥othd 4nd point of the

exponential growth phase, or an entire culture period, during which the
concentration may be maintained.

[0024] In typical cell culture, the start point of the exponential growth phase
is normally around day 3 of culture. Accordingly, in another specific
aspect of the present invention, the concentration of serine in the culture
solution is maintained at 1 mM or higher, preferably 2 mM or higher, at least
during a part of or an entire culture period from the third day of the culture.
In cases in which the concentrations of tyrosine and/or cysteine are also
maintained at predetermined concentrations or higher, the concentration of
tyrosine in the culture solution is maintained at 1 mM or higher and/or the
concentration of cysteine is maintained at a concentration of the cysteine in
an initial medium or higher at least during a part of or an entire culture
period from the third day of the culture. Since a typical concentration of
cysteine in the initial medium is about 0.4 mM, the said concentration of
cysteine in the culture solution may be 0.4 mM or higher, preferably 1 mM or
higher, during a part of or an entire culture period from the third day of the

culture, regardless of the concentration of cysteine in the initial medium.



[ 0025] "As used herein, the expression "at |east a part of or an entire
culture period fromthe third day of the culture"” refers to a culture
period fromthe fourth, fifth, sixth, or seventh day of the culture, or a
culture period fromthe start point of the culture or fromthe first or
second day of the culture including a part of or an entire culture period
fromthe third day of the culture. [OOQQM_In the cases in which the culture
period is not longer than two weeks, if i's preferable to continuously

mai ntain the concentration of serine (and tyrosine and/or cysteine) in the
cul ture so[@A3dnAstusgdpirergén cthe eepressinm éat teasit anpant ofi gghan eatireeadturgnt i |
5 days before the end of the culture, preferably until 4 days before the
end of thepeupddrem thy thigd afagrabilie gniture’3refkeys tpef ovldurnperiod pm hee
culture. In the cases in which the culture period is |Ionger than two weeks,
it is preftoumhefifth,cdnth.nebseygntiedait af the saltugenee st ¢Etusnperioddrometheand
tyrosi ne and/or cysteine) in the culture solution at a predeterm ned
concent r at $'@At BPIH; ¢fhthe gultneeof frpm; the Hast ehpsecond day afnthe eultusg e,
preferably until 5 days hefore the end of the culture, npre preferably

until 4 davgcqsém& & Raik Ogrﬂi Ht epHge &HEE“JPé’,eré‘?/‘gﬁr%rtgeﬁlhé’fdeflébl%f Wetil 3
days before the end of the culture. [0027] Accordingly, in another aspect
of the preSEHPT§nvention, the concentration of serine in the culture

olution i i.nfained at 1 .0 hi r, preferably .2 nM ar higher,  at
Ceast duri YD IRGFagss i Wieh b AR5 Ferafis met dindtr Biar hEO ke ont n
day of the,.culture, ases | he concent r.atioce)fns of g%/é si ne

Ln.the ikn _which
and/ or cyslte'isn%rezSFreaba\FSEB G th(flf?é& rﬁ?mtﬁ}ne & SPREHEE2 USRS LTS or

hi gher, th ncentration.of tyrosine.in th culture Lution i,s maintained
at °1 it or EHOSRES A Birc e\ Rin Dt nei Fultlen e o ot B e St rilRskS nod et a

concentt L Lof B n HABIAE 4 1A L et L7, s MADERISRR! 1, o

the cul tur ek 0§ LRE1 SNARDEAL M UnLYBERL RG1tuTe! Bort Prekdlably until
3 days before the end of the culture. In the cases in which the culture
period is longer than two weeks, it is preferable to continuously maintain the
concentration of serine (and tyrosine and/or cysteine) in the culture solution
at a predetermined concentration or higher at least until the tenth day of the
culture, preferably until 5 days before the end of the culture, more preferably
until 4 days before the end of the culture, even more preferably until 3 days
before the end of the culture.
[0027] Accordingly, in another aspect of the present invention, the
concentration of serine in the culture solution is maintained at 1 mM or
higher, preferably 2 mM or higher, at least during a part of or an entire
period from the third day to the tenth day of the culture. In the cases in
which the concentrations of tyrosine and/or cysteine are also maintained at
predetermined concentrations or higher, the concentration of tyrosine in the
culture solution is maintained at 1 mM or higher and/or the concentration of
cysteine is maintained at a concentration of the cysteine in an initial medium
or higher at least during a part of or an entire period from the third day to the

tenth day of the culture. Since the concentration of cysteine in the initial



medi umi's nornal |y about 0.4 mM the concentration of cysteine in the
culture solution may be maintained at 0.4 mM or higher, preferably 1 mM or

hi gher, during a part of or an entire period fromthe third day to the tenth
day of the culture, regardless of the concentration of the cysteine in the
initial mnmedium [0028] As used herein, the expression "at |east a part of
or an entire culture period fromthe thiﬁ day to the tenth day of the
culture"” refers to a culture period fromthe fourth, fifth, sixth, or
seventh day of the culture, or a culture period fromthe start point of the
cul ture or MmedinmHe rfarmxllpabgut Ondl miMy tbt coneentuatiam ef cyetledne ny thepart of
or an entire culture period fromthe third day to the tenth day of the

cul ture. (0odoyrel splupwnapayebaspdatained at0.4unM oirdrighen paeifpradily k peM or
concentration of serine (and tyrosine and/or cysteine) in the culture

sol uti on athighepr dueingrapatidooh@antntits peried fpghtie third dagt togthe teath daar t
of or an entire period fromthe third day of ,the culture. Even when the

cul ture per®foths sultupmriegardlesn of ghggoancentratign of themystaingindhesi@itiak (and
tyrosi ne and/8r cysteine) in the culture solution is maintained at a

pr edet er m N88"MBncentration or higher during a part of or an entire period

fromthe thir ay of the culture, this is enconpassed w thin the scope of
the pr esentlQRd ks afed hegs ] e ArRTER Hg e oAt 98y BT QD BRI IHRE et

| vent | on a8 Sl A WiEL 80 oLl e P L RR OB 0 D SLBTREL
i nt i ni ng? RO dEmree Sl BFR Sk Srosr b RE BT DY et micpdieren
ci'thor by sRTelfkOR B fabl FRE ALy uRRERF 2L b8 e Sr ROl EERS) o0
i 1 on of g FRSECTLEIn £ (BRL o o AEnlre chfiuEHor Y KldthThethirt day
to the tenth day of the culture. '
[0029] In the above aspect, it is sufficient to maintain the concentration of
serine (and tyrosine and/or cysteine) in the culture solution at a
predetermined concentration or higher at least during a part of or an entire
period from the third day of the culture. Even when the culture period is
shorter than 10 days, if the concentration of serine (and tyrosine and/or
cysteine) in the culture solution is maintained at a predetermined
concentration or higher during a part of or an entire period from the third day
of the culture, this is encompassed within the scope of the present invention.
[0030] Culturing cells by the method of the present invention enables
high-yield production of proteins that are bio-product from the cells, and the
proteins are isolated from the culture medium and purified to obtain desired
proteins.
[0031] Culturing cells while maintaining the concentration of serine (and
tyrosine and/or cysteine) in the culture solution at a predetermined
concentration can be achieved either by addition of a high concentration of
serine (and tyrosine and/or cysteine) to the medium at an early stage of the

cell culture, or by addition of a medium comprising a high concentration of
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serine (-and tyrosine and/or cysteine) during the culture to supplenent the
mediumwi th am no acids. [0032] A preferred timng of commencing

suppl ementing the culture solution wth amno acids to naintain the
concentration of serine (and tyrosine and/or cysteine) in the culture
solution is at least within 3 days froma tinme when the amno acids in the
culture solution reach a predeterm ned concentration or |ower, preferably
within 1 day, nost preferably before the-dfino acids reach a predeternined
concentration or |lower. Supplenentation of am no acids nay be carried out

once only, §driRHi(&RESyPRIHEMNEbI ¥XysQinEPALMOUR Yultufd IE5PpIE M. thiehe
initial nmediummay contain a total "anmount of amno acids required for

mai nt ai Ni NgmlcAeuAMVIKh FmiAlS adlidPr edet erm ned concentrations. [0033] In
general, cell culture nethods are classified into batch culture, continuous

cul ture, anfhd®y- Rap@lefréldt tiffing|dT ¢ nidRidIR sqbplé}ﬁeﬂﬁﬁgemb cudlfviedd1fionany
of these culture nethods can be used, but fed-batch culture or conti nuous

culture is wigf 2maRb aciéeds misiatdin RIcHREaRrLbh Wesdrin CFHRT tAldsYne and/or
preferred. [0034] Batch culture is a culture nethod in which a small anount

of seed cutysteendOinutieotultir@ddadid® i9 alelidtny fheh Geddvs Bioen Gr @i whehout
any addition of a new nedium or discharge of the culture solution during

the culturthe hihdaci@sén ohe kailfigetsheutiahodeachla preal et &rh e doé @s¥iitration
invention, the nediumconprises a high concentration of serine (and

tyrosi ne andf bswetypiederehlyfwomian dayt mdist prefpeably bbforeethle mbidaiaeids[ 0035]
Continuous culture is a culture nethod in which a nediumis added and
di schar ged oeatthi npoeddteroiinedgonbentration er Idkes cGupplemeatamdinod amina udes
perfusion culture. [0036] Fed-batch culture is also called sem -batch
cul ture becacisis mhyibe chricdent bacelomdyl inbatanes soqidnticdly, cukontiauotsiyt he
fed-batch culture, a nediumis fed continuously or sequentially during
cul tivati onAlteunatinel kethtehimifizl medium may contain a total amount of amino acids
required for maintaining the amino acids at predetermined concentrations.
[0033] In general, cell culture methods are classified into batch culture,
continuous culture, and fed-batch culture. In the method of the present
invention, any of these culture methods can be used, but fed-batch culture or
continuous culture is preferably used; use of fed-batch culture is especially
preferred.
[0034] Batch culture is a culture method in which a small amount of seed
culture solution is added to a medium and cells are grown without any
addition of a new medium or discharge of the culture solution during the
culture. In the case of using the batch culture in the present invention, the
medium comprises a high concentration of serine (and tyrosine and/or
cysteine) from an initial stage of the cell culture.
[0035] Continuous culture is a culture method in which a medium is added
and discharged continuously during the culture. This continuous method
includes perfusion culture.
[0036] Fed-batch culture is also called semi-batch culture because it is

between batch culture and continuous culture. In the fed-batch culture, a

medium is fed continuously or sequentially during cultivation, but unlike the
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continuous culture, discharge of the culture solution is not carried out in
the culture. The nmediumto be added in the fed-batch culture (hereinafter
"fed-batch mediunt) does not necessarily have to be the sane nedium as that
already used in the culture (hereinafter "initial nedium); nanely, a

di fferent nedium may be added, or only specific conponents may be added.
[0037] As used herein, the term™"initial npedium generally refers to a
medium used in an early stage of cell cullure. Note that in the case in

whi ch the fed-batch nediumis added in nultiple batches, each nmedium before

the additi&htpdudieciRdrdadicbhavd Mm@ ub@ré 8beitiel it Aod<adficdnbdt Bl the
medi um [0038] In the case of enploying the fed-batch culture or continuous

culture igultive.pr #henmedMBNbI B1adlbe inRde Uedt Batchi cultrebeheadiindteturi ng the
culture may contain a high concentration of serine (and tyrosine and/or

cystei ne) ,“fed-batchi gedhontpdbestnoomerkssatilynhatand teythessdiee aneldiaim ayst ei ne)
may be contained in the culture nediumfroman initial stage of the cell
culture. thhatalieadynpsed anthd sultaregheidnaftehe isdidentdimd)) odmsky,ine, or
respective concentrations of serine and tyrosine, or respective

concent r atdidfisreat nseadiune mante aysdicd] e, onmdy spespfictdonepemsnte mh i yibiecadd ealf,
serine, tyrosine, and cysteine, at a predeterm ned concentration or higher
at | east d@037d Aspmseddtesein,nhd termginitihl thediow’t gergradly dfscs thad above.
To realize the foregoing, for instance the concentration of serine (and
tyrosi ne amddormayssdeiman eianlyt Stageuwd ft celd cudniret | oNotayhdteinnthe caveeth t o

adj ust the concentrations of these amno acids in the nediumto be added so
that the cwhtanthafidibatof méebse isaddeddndsultipletascbes,t each meldivinon can be
controlled. Alternatively, a nmethod in which, for instance, a stage of a
cel | grow befoue beiaddddparafi thedfeshbateh mediwmomayhlee refigntrst tofs @@l indtiah t he
culture to control the supplenmentation of the am no acids can be enpl oyed.
[ 0039] Themfdiu®mwi ng describes in detail serine, tyrosine, and cysteine in

the 18
[0038] In the case of employing the fed-batch culture or continuous culture

in the present invention, the medium that is to be added during the culture
may contain a high concentration of serine (and tyrosine and/or cysteine), or
a high concentration of serine (and tyrosine and/or cysteine) may be
contained in the culture medium from an initial stage of the cell culture.
What is important is to maintain the concentration of serine, or respective
concentrations of serine and tyrosine, or respective concentrations of serine
and cysteine, or respective concentrations of serine, tyrosine, and cysteine, at
a predetermined concentration or higher at least during a predetermined stage
of the culture, as described above. To realize the foregoing, for instance
the concentration of serine (and tyrosine and/or cysteine) in the culture
solution may be monitored to adjust the concentrations of these amino acids
in the medium to be added so that the concentrations of these amino acids in
the culture solution can be controlled. Alternatively, a method in which,
for instance, a stage of a cell growth curve is determined on the basis of the
number of cells in the culture to control the supplementation of the amino
acids can be employed.

[0039] The following describes in detail serine, tyrosine, and cysteine in the



culture solution, by which the present invention is characterized. [0040]
Any of serine alone, derivatives thereof, and salts thereof can be used.
Nat ural serine, synthetic serine, or serine produced by gene reconbi nation
can be used. The concentration of serine in the culture solution is, for
exanple, 1 mMor higher, preferably 2 mMor higher at |east during a
predetermned period in the culture. A cqmventionally used nedi um
conprising serine typically conprises about 0.5 nmM of serine; thus it is
recogni zed that the concentrat tﬂeOf seripe in.the p esent .dnyention is

si gni fi canfYYUHi SRIULERR-DRE dick thempreasmhinygntign & & 9%6 CH39% (1959),
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during a pte erm ned perio ureé e case of

el 0yi g L6 s pats ecwgagz,lg;ac%nsg@ PLRg: 6 ot SHELAReCRl S the

present |nven 1 oNn,-serine-an I 0SlI or cysteine are ﬁISSO VEd at

hi gh Concepéd!gggu?&fﬁfé@ i @ﬁée‘iﬂ zft ibf o Je‘?ﬂléofﬁ ?IPT ??%ge'ﬁmln@@EHGn igd- batch

mediumi s COﬂ I nuous sequen urin e culture so

h h
that the copeenthaliianRnanifieeoar ”?r@%&aem B S fFBIGE £ 508l (1059

predetermn conce ns or higher of “exa

f ed- bat ch W%@Mémﬁmfo%ggl ('}9%?'2’3@ }concentratl on of about 10 1000 nM
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fed-batch [Wmﬂrmlrﬁ‘hta?fyﬂaatdyvﬁf YyrRihA&d1 HRd, CderTeati Ve CIEROE ShRY safls thereof
can be used. Natural tyrosine, synthetic tyrosine, or tyrosine produced by
gene recombination can be used. Similarly, any of cysteine alone,
derivatives thereof, and salts thereof can be used, including cystine, which is
a dimmer of cysteine. Natural cysteine, synthetic cysteine, or cysteine
produced by gene recombination can be used. The concentration of tyrosine
in the culture solution is 1 mM or higher and/or the concentration of cysteine
is at a concentration of the cysteine in the initial medium or higher at least
during a predetermined period during the culture.
[0042] In the case of employing the fed-batch culture as the method of
culturing cells in the present invention, serine and tyrosine and/or cysteine
are dissolved at high concentrations to be enriched in a fed-batch medium
and a fed-batch medium is added either continuously or sequentially during
the culture so that the concentrations of these amino acids are maintained at
predetermined concentrations or higher. Specifically, for example a
fed-batch medium comprising L-serine at a concentration of about 10-
1000 mM, preferably 20-500 mM, more preferably 50-200 mM, may be used

as the fed-batch medium. Alternatively, a fed-batch medium comprising



L-tyrosine at a concentration of about 0.01-1000 mM preferably 1-200 nM
nore preferably 10-100 mM or a fed-batch nedi um conprising L-cysteine

hydr ochl ori de nonohydrate at a concentration of about 0.01-500 mV
preferably 0.1-50 nM nore preferably 1-10 mM may be used as the fed-batch
medi um [0043] In the case in which the fed-batch nmediumis added to the
culture solution in the present inventiqm,.an anount of the fed-batch
mediumto be added sequentially or continuously over a culture period or
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nore preferably 3 days before. ses in the ' culture period is
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until the tenth day of the culture, preferably until 5 days before the end

of the cul fouei] Pt pr&fedit abb¥ntiBhi b perdey 9RatWRIi1iBa HOthe fed-batch
medium to the culture solution includes at least a part of or an entire period
from the start point to the end point of the cell growth phase of the culture.
A preferred period is a period from at least 4 days after the start point of the
exponential growth phase (normally around day 3 of the culture) of the cells
being cultured, preferably from 3 days after the start point of the exponential
growth phase, more preferably from the start point of the exponential growth
phase (normally around day 3 of the culture). It is preferable to start
feeding at least within 3 days from a time when the concentration of the
amino acid in the culture solution reaches a predetermined concentration or
lower, preferably within 1 day, most preferably before the concentration of
the amino acid reaches the predetermined concentration. In the cases in
which the culture period is not longer than two weeks, the feeding may be
carried out or continued at least until 5 days before the end of the culture,
preferably 4 days before, more preferably 3 days before. In the cases in
which the culture period is longer than two weeks, the feeding may be carried
out or continued at least until the tenth day of the culture, preferably until

5 days before the end of the culture, more preferably until 4 days before the



end of the culture, even nore preferably until 3 days before the end of the
culture. [00451 Conponents that are commonly used in nedia for culturing
cells (preferably animal cells) can be appropriately used as ot her
conmponents in the culture solution for use in the nethods of the present
invention, including amno acids, vitamns, lipid factors, energy sources,
osnoregul ators, iron sources, and pH buffgers. In addition to the foregoing
conponents, a mnor netal elenent, surfactant, growh cofactor, nucleoside,
or the like my 3 %dded Medi um conponent s, |nclud|ng characterlstlc
conponent s¢n¢ of theeultyrey Ky eBreeEnPreitsahly BAtikdydpes BE(RIGbe eitiof 1BG nay
be added se arately to be used in the cell culture Specifically, for

i nstance a© bﬁsconcentratlon of serine al one and nmedi um conponents nay be
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acid, lipoic acid, nicotina cal ci um pant ot henat e oxaf
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ascorbic acid; lipid factors su as choline chloride, choline tartrate,

l'inol ei c aptdhsed!ifi theacdlfl cuide Cho§ g&di€icallly, 4br instance a high concentration
of serine alone and medium components may be used in the cell culture either
at the same time or at different times.
[0046] Specific examples of the other components in the culture solution
include: amino acids such as L-alanine, L-arginine, L-asparagine, L-aspartic
acid, L-glutamine, L-glutamic acid, glycin, L-histidine, L-isoleucine,
L-leucine, L-lysine, L-methionine, L-ornithine, L-phenylalanine, L-proline,
L-threonine, L-tryptophan, and L-valine, preferably L-alanine, L-arginine,
L-asparagine, L-aspartic acid, L-glutamine, L-glutamic acid, glycin,
L-histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine,
L-proline, L-threonine, L-tryptophan, and L-valine; vitamins such as
I-inositol, biotin, folic acid, lipoic acid, nicotinamide, nicotinic acid,
p-aminobenzoic acid, calcium pantothenate, pyridoxal hydrochloride,
pyridoxine hydrochloride, riboflavin, thiamine hydrochloride, vitamin B12,
and ascorbic acid, preferably biotin, folic acid, lipoic acid, nicotinamide,
calcium pantothenate, pyridoxal hydrochloride, riboflavin, thiamine
hydrochloride, vitamin B12, and ascorbic acid; lipid factors such as choline

chloride, choline tartrate, linoleic acid, oleic acid, and cholesterol,



preferably choline chloride; energy sources such as glucose, gal actose,
mannose, and fructose, preferably glucose; osnoregul ators such as sodi um
chl oride, potassiumchloride, and potassiumnitrate, preferably sodi um
chloride; iron sources such as iron EDTA, iron citrate, ferrous chloride,
ferric chloride, ferrous sulfate, ferric sulfate, and ferric nitrate,
preferably ferric chloride, iron EDTA. 2and iron citrate; and pH buffers
such as sodi um bicarbonate, calciumchloride, sodiun1dihydrogen phosphat e,
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deoxyadenosi ne, deoxycyti Xyguanosi ne, nosi ne, cytidine,

guanosi nebl@&'?goﬂﬁﬂed'c@?cmlnp cﬁl@rflﬁé r ?&d%'@?hf@rdﬁent Eosﬂ{aqéepltEPE‘S’eQﬁd on
descri bed above, antibiotics, such as streptomycin, penicillin G pot assi um

and gent aNf@PB, pREftrRbly g\@dﬁﬁﬁq,qgartﬁ,lﬁghe as phenol red, may be contai ned.
[0048] The anount of ot'her conponents in the culture sol ution are normal | y

inthe ra Jofn adiitadh Yo Qhe ¢tk labdVieN @ha@uditure- sHPdtide W@/ L vi t ami ns,
0-200 nmg/L lipid factors, 1-20 g/L energy sources, 0.1-10000 ng/L

osnor egul abMpsise) far éﬂenfpgéj_mm@ﬂ nS€14l @3 mén (:000¢h ay/ck peh Ruffaes s,

0. 00001-200 ng/L m nor netal elenents, 0-5000 ng/L surFactant, 0.05 - 22
manganese sulfate, zinc sulfate, magnesium sulfate, nickel chlorid, tin
chloride, magnesium chloride, and sodium silicite, preferably copper sulfate,
zinc sulfate, and magnesium sulfate; surfactants such as Tween 80 and
Pluronic F68; and growth cofactors such as recombinant insulin, recombinant
IGF, recombinant EGF, recombinant FGF, recombinant PDGF, recombinant
TGF-alpha, ethanolamine hydrochloride, sodium selenite, retinoic acid, and
putrescine hydrochloride, preferably sodium selenite, ethanolamine
hydrochloride, recombinant IGF, and putrescine hydrochloride; and
nucleosides such as deoxyadenosine, deoxycytidine, deoxyguanosine,
adenosine, cytidine, guanosine, and uridine. In preferred examples of the
present invention described above, antibiotics, such as streptomycin,
penicillin G potassium, and gentamicin, and pH indicators, such as phenol
red, may be contained.

[0048] The amount of other components in the culture solution are normally
in the ranges of suitably 0.05-1500 mg/L amino acid, 0.001-10 mg/L vitamins,
0-200 mg/L lipid factors, 1-20 g/L energy sources, 0.1-10000 mg/L
osmoregulators, 0.1-500 mg/L iron source, 1-10000 mg/L pH buffers,
0.00001-200 mg/L minor metal elements, 0-5000 mg/L surfactant, 0.05-



10000 ug/L growt h cofactors, and 0.001-50 ng/L nucl eosi des, but are not
limted to these ranges and can be appropriately determ ned dependi ng on the
type of the cell cultured, the type of the desired protein, and the liKke.

[ 0049] The pH of the culture solution depends on the cells to be cultured,
but normally is pH 6.8-7.6, and may often suitably be pH 7.0-7.4. [0050] In
the present invention, cells can be cult®2d using a conplete synthetic
medi umin which the foregoing conponents are dissolved. It is also possible
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In cases ofoeMhily isNOHERLE.VnldeHnH GBn saitably Be FHCNO0-7.4.
commerci al l y-avai'l abl e medi a can be“used as the initial medium at an early

stage of t@OSEH In ¢hé pHESNtTIAQ cAAR, TRMisUAABe uethrad dsifg iantdmpletenedi um
may be concentrated and supplenmented with serine and tyrosine and/or

cysteine agghfhieeit meddudsin #hiiedhdIbedpdTaEi ¢t pbRORE] arthEissolviedr € DMeishods
of the present invention can be used to culture various cells (e.g.,

bacteri al aBlo possibhged uselassa bassleme diehl & copl antiofigllly Skno vauiafdin at ekells)
wi thout any limtation. For exanple, reconbinant COS cells or reconbi nant

CHO cel | s caltnye ngedivggnendteodiedjum dagi beduppbdmentedpwetharhedclbyragesréstic
engi neering, or fused cells producing antibodies, exenplified by hybridonma
such as nouoempoments fopuseinvhe presemt invensior. at Examplee cfutdmmedcialhe
nmet hods of the present invention can be wused to culture animal cells to
obt ai n nat availablepbagalonedimsthdtiatant he usad sl thi23animal cell culture medium
include: D-MEM (Dulbecco’s Modified Eagle Medium), D-MEM/F-12 1:1
Mixture (Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12),
RPMI1640, CHO-S-SFMII (Invitrogen), CHO-SF (Sigma-Aldrich), EX-CELL
301 (JRH biosciences), CD-CHO (Invitrogen), IS CHO-V (Irvine Scientific),
and PF-ACF-CHO (Sigma-Aldrich). In cases of culturing cells by fed-batch
culture, such commercially-available media can be used as the initial medium
at an early stage of the cell culture. The same medium as used as the initial
medium may be concentrated and supplemented with serine and tyrosine
and/or cysteine and then used as the fed-batch medium.
[0051] The culture methods of the present invention can be used to culture
various cells (e.g., bacterial cells, fungal cells, insect cells, plant cells,
animal cells) without any limitation. For example, recombinant COS cells
or recombinant CHO cells carrying a gene encoding a desired protein
prepared by genetic engineering, or fused cells producing antibodies,
exemplified by hybridoma such as mouse-human, mouse-mouse, and

mouse-rat, can be cultured. The methods of the present invention can be

used to culture animal cells to obtain natural type proteins that the animal



cells produce, or to culture BHK cells, HeLa cells, and the Iike as well as
the <cells described above. [0052] Especially preferred aninmal cells in the
present invention are CHO cells in to which a gene encodi ng a desired
protein is introduced. The desired protein is not particularly Iimted and
may be any protein such as antibodies, such as natural antibodies, antibody
fragments, small antibody fragnents or-"23inibody", chineric antibodies, and
humani zed anti bodies (e.g., anti-IL-6 receptor anti bodi es, anti-glypican-3

bodi - ' ; di |I
ant i bodi eI prodi: drtd REhER BHER de1 30 BllceRiaB® ke kPl sl dhe

anti bodi es anti bodi es, anti-RSV anti bodi es, anti-CD33
ant i bodi escel%%ihs%%ggé gﬁltdrvﬁodr es, anti-IgE antibodies, anti-CDlla

ant | bodi espog Ayt bhagghies afdi-eYiv¥h ARG bPadineS w2RoRDE!clres cal 1y

active pro ern ranul ocyte colony-stinufating facto
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interferon, inter ur oki nase, serum

al bumi n, bc'l £k & paetel ﬁltxk%tﬁ?ﬁh‘%larl?lﬁmlﬁﬂtdxhpﬁia%sb@ra% RACIALhYh as
preferred [ 0053] Anti bodi es produced by the nethods of “the present

i nvention iMebodiRs, aeéhQ@IIvatﬁmoa:mnahle@nhhﬁe@uqqrdgﬁre\fxeﬂ $heM ANied . such
as human, nouse, rat, hanster, rabbit, and nonkey, but al so

artifici al frﬁﬁﬁmiiitf, lo@d‘xﬂﬁﬂﬁoﬂ?comnﬁl@ﬁ& a&hlﬁibobﬁés esnd fuathrdse € Aink@oidées
ant i bodi es umani zed anti bodi es, and bi speci fic antibodies. The

i mmunogl obd.g1) athgs.- 6freaapmtaxhaﬁydﬂes anti-glppitand anfiyoliosi hadi-COA may be
any of 1gG such as 1gd, 1g&, 1gG, and 1g&4, 1gA 1gDb IgE, and IgM but
| gG and | gaitabedieseheatir ed)zmaphabdmmmrra}mubasna ihebadi¢QaditbTNF t he
present invention include not only whole antibodies but al so antibody
fragment s, astibbd s, Buti-EARS antibol{ed))adti-&(EF Ri anthblodies, ahticHes2/@esi ngl e
chain Fv (e.g., scFv, sc(Fv)2) with wuni-, bi- or multi-valent binding in
whi ch var i aifibodiegi eanti-BSV hatiboudibodngs-CRA33 antibodies, anti-CDS52 antibodies,
anti-IgE antibodies, anti-CD11a antibodies, anti-VEGF antibodies, anti-
VLA4 antibodies) and physiologically active proteins (e.g., granulocyte
colony-stimulating factor (G-CSF), granulocyte macrophage colony-
stimulating factor (GM-CSF), erythropoietin, interferon, interleukin such as
IL-1 and IL-6, t-PA, urokinase, serum albumin, blood coagulation factor), but
antibodies are especially preferred.
[0053] Antibodies produced by the methods of the present invention include
not only monoclonal antibodies derived from animals, such as human, mouse,
rat, hamster, rabbit, and monkey, but also artificially-modified gene
recombinant antibodies, such as chimeric antibodies, humanized antibodies,
and bispecific antibodies. The immunoglobulin class of an antibody is not
particularly limited, and may be any of IgG, such as IgG1, 1gG2, 1gG3, and
IgG4, IgA, IgD, IgE, and IgM, but IgG and IgM are preferred in
pharmaceutical uses. The antibodies of the present invention include not
only whole antibodies but also antibody fragments, such as Fv, Fab, and

F(ab),, and minibodies which are single chain Fv (e.g., scFv, sc(Fv),) with

uni-, bi- or multi-valent binding in which variable regions of the antibodies



are connected by linkers such as peptide |linkers. [0054] Since culture
conditions differ according to types of cells to be used, suitable
conditions can be appropriately determ ned. For exanple, CHO cells may be
cultured, normally, in an atnosphere of CO2 gas at a concentration of
0-40% preferably 2-10% at 30-39C, preferably about 37C, for 1-50 days,
preferably 1-14 days. [0055] Various bior actors for animal cell cultures
can be used; for exanple, fernenter- typg tank bioreactors, airlift

bi oreactors, culture flask bioreactors, spinner flask bloreactors,

m crocar riae ¢omreded dryslinkers sicleds lpegptisieotieketors, hol l ow fi ber

bi oreactors, roller bottle bioreactors, and packed- bed bi oreactors. [0056]
Cul turing (09544 $mcefcsrlalbﬂwcmlmn50dailff@r) aggorndieg fetthipds offcelisetapbesisad,

i nvention enabl es h-yield production of proteins. [0057] Sone proteins
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producti on of sonme other proteins requires a special operation. The
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cells to be cultured. For exanple, in the cas I ls transforned by
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[0056] Culturing cells (preferably animal cells) by the methods of the present
invention enables high-yield production of proteins.

[0057] Some proteins can be produced merely by culturing cells that produce
the proteins, while production of some other proteins requires a special
operation. The operation or conditions may be appropriately determined
according to animal cells to be cultured. For example, in the case of CHO
cells transformed by genetic engineering with a vector having a gene
encoding a mouse-human chimeric antibody, the cells may be cultured under
the foregoing conditions so that a desired protein is obtained in the medium
within 1-50 days, preferably 5-21 days, more preferably about 7-14 days.
The resulting protein may be isolated and purified by methods well known in
the art (refer to, for example, Kotaikogakunyumon (Introduction to Antibody
Engineering), Chijinshokan Co. Ltd., (1994) p. 102-104; Affinity
Chromatography Principles & Methods, GE Healthcare, (2003) p. 56-60) to
obtain the desired protein.

[0058] The present invention enables high-yield production of recombinant

antibodies (e.g., natural antibodies, antibody fragments, fragmented



anti bodi es, chineric antibodi es, humani zed anti bodi es, bispecific

anti bodi es), gene reconbinant proteins (e.g., granulocyte
colony-stinulating factors (G CSF), granul ocyte nacrophage
colony-stinulating factors (GMWCSF), erythropoietins, interferon,
interleukin, such as IL-1 and IL-6, t-PA, urokinase, serum al bumn, bl ood
coagul ation factors), and the like. [0059s5 1ln cases in which a protein or
pol ypepti de produced by the nmethods of the present invention (the protein
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pol yvi nyl pyrrolidone, carboxyvinyl po sodi um “Car boxynet cel | ose,

sodi um pol ygg39] Bf @asSOH WRighd P?&t‘ém %tﬁfl ﬁ@ﬂ)HBEeprOQQEEH%‘} tlx%oﬁll'e%ds of
car boxynet hyl starch, pectin, I"ul ose et hyl cell dl ose, xanthan

gum gum aﬂeéopﬁese@l@ssv@nuage(rthe rgﬁbveqhmficpnﬁe vam,lpudédhﬂé Y6Rkfime Ot sfepred
propyl ene glycol, Vaseline, paraffin, stearyl alcohol stearic acid, hunan

serum al bugg as(th%)rotmrtm tHd pr&RnPiihoentibAy hase bild 1<‘§allﬂrzﬂ°c<'ﬁﬁilﬁgnﬂ$attéﬁi are
accept abl e as pharnaceuti cal addl tives. [0061] An act uaI additive is

sel ected f boritiliged as agphangna&idthed], shona Protein o€ POy peptide mAcbemixed to a
formof a therapeutic agent that is a pharnmaceutical of the present

i nvention, with aiphatefdceutielayl ynatcdptableedatroert wadditivetaad fabmudatedoro
exanple, in cases of using as a formulation for injection, an additive
prepar ed bpradssoh\medicanpunti f i Brbtpods/pephe qieeserntanaresulomeramd muditansents
physi ol ogi cal saline, a buffer solution, and a grape sugar solution, and 26
comprising as an active ingredient the proteins of the present invention are
also encompassed within the scope of the present invention.
[0060] Examples of pharmaceutically acceptable carriers and additives
include water, pharmaceutically acceptable organic solvents, collagen,
polyvinyl alcohol, polyvinyl pyrrolidone, carboxyvinyl polymer, sodium
carboxymethyl cellose, sodium polyacrylate, sodium alginate, water-soluble
dextran, sodium carboxymethyl starch, pectin, methyl cellulose, ethyl
cellulose, xanthan gum, gum arabic, casein, agar, polyethylene glycol,
diglycerol, glycerol, propylene glycol, Vaseline, paraffin, stearyl alcohol,
stearic acid, human serum albumin (HSA), mannitol, sorbitol, lactose, and
surfactants that are acceptable as pharmaceutical additives.
[0061] An actual additive is selected from the foregoing, either alone or in
combination, according to a form of a therapeutic agent that is a
pharmaceutical of the present invention, but is definitely not limited to those
listed above. For example, in cases of using as a formulation for injection,

an additive prepared by dissolving a purified polypeptide into a solvent, such

as physiological saline, a buffer solution, and a grape sugar solution, and



addi ng an adsorption preventive agent, such as Tween 80, Tween 20, gelatin,
and human serum al bumi n, nmay be used. A freeze-dried additive may be used
to realize a formthat dissolves and restructures before use, and for
exanpl e sugar al cohols and sugars, such as nmannitol and grape sugar, nmay be
used as excipients for freeze drying. [0062] An effective amount of

adm ni stration of the polypeptide is appoepriately selected according to a
type of the polypeptide, a type of disease to be treated or prevented, an

age of a Bﬁhhgé‘tan :?tf%‘égpii{oﬁe&? %?Fv%sz?%entag ch 3§ T\Ken 87P '%dv@éﬁ %C elét” Cases

in which t otelrn resent nventron'is an anti

ant | -9t YPuGah Alkh edm Al 51*&%@5 (3559 48 udRUN ?quegémﬁb&tm%w@ Ih 3¢l ect ed

fromthe range o per one ogram of body wel ght per

adm ni strakk@no rEBﬁz%rHJP&tm%at aPHE'o'Nést hAY ireBtradfures RELECLSE, AR@HE he range
of 0.01 to 100000 ng/body of a patient. The ampunt of adm nistration,

hovever, egafQfle! slur@a} %qicépolfshﬁld § 95 £Q0is06h afs%ﬁahltwalﬂgd@ra@fe s’ifEHrnhﬁiyf Bé&ion

of phar I’TB.CGUtI cal s of the pr esent I nvention be either ora

adm ni st r k@ saECipAMBer dreMin}iak! ati on, but par ent er aI adm ni stration
is preferred; specific exanples include injection (e.g., general or |ocal

admi ni st rqlooefq Dyn e Pelc@iv@NOMS un hjo€ cidmeihistrativanaisthd polypepitRie ison,
intraperitoneal injection, subcutaneous injection, or the like), transnasal

admi ni st r appesprihtely swmﬂaldsatdc@trdmg t@mdyper@mtlwwpomaepaﬂm i gtpeadf on.
EXAMPLES [0064] The present invention is described in detail below, with
ref erence discasthe kxanplted canteRehtrdsmeagx aifpd pstieh)esevekitpvafndisExserpl es
and the Ilike illustrate the present invention wthout, however, limting
t he presennd theviekei orFamhbrséance,[ip0&Ees[iBExahpiletlid pFetdibatfcheqresemte usi ng a
f ed-bat ch nmedi um 27
invention is an antibody, such as an anti-glypican antibody, the effective
amount of administration is selected from the range of 0.001 mg to 1000 mg
per one kilogram of body weight per administration. The amount of
administration can be selected from the range of 0.01 to 100000 mg/body of a
patient. The amount of administration, however, is not limited to the
foregoing.
[0063] Methods of administration of pharmaceuticals of the present invention
may be either of oral administration and parenteral administration, but
parenteral administration is preferred; specific examples include injection
(e.g., general or local administration by intravenous injection, intramuscular
injection, intraperitoneal injection, subcutaneous injection, or the like),
transnasal administration, lung administration, and percutaneous
administration.
EXAMPLES
[0064] The present invention is described in detail below, with reference to
the Examples and Reference Examples. The following Examples and the
like illustrate the present invention without, however, limiting the present

invention thereto.

[0065) [Example 1] Fed-batch culture using a fed-batch medium




conprising serine, cysteine, and tyrosine at high concentrations and having
a lowpH (a CHO cell strain transfornmed with an anti body gene) A
conposition of a nmedium and a nethod of preparation are as follows. Initial
medium A commerci al |l y-avail able animal cell culture nediumwas dissolved
and then sterilized by filtration. Fed-batch nmedium An animal cell culture
medium for use in the initial nediumwas2di-ssol ved such that a
concentration of the animal cell culture mediumwas three tines the

concent r at igf, By sid\e <b Pinfel ) (MY il éRGrations T}
cystei ne hyt 0 e _ = ) YT OSTTTE S

a pH was dggr straifn! @ ahirblmedCw i hi A FABRAY Blme)VEr €
conpl etel y™0 arouna. p TO). ALE 2 s
medi um conponent ' I lat b g ' was
sterilized by fi?%?g?ﬁgﬁ?ﬂggﬁ%s:Mﬁﬁﬂgﬁfgggqﬁg%??g%fﬁﬁgfygﬁggﬁ?%&ygk

anti body) - ppadus. Nng CHO cell strain (refer to WO 2006/ 006693 panphl et).
[ 0066] The initial mediumwas charged into a jar-type cell culture

apparatus, — gagihDfedinG A | nRkeciatidedy 2Bk ARiSl delf chPfure&hba{uth W
start cultivation wunder conditions of 37C and 10% COQ2. During a 14-day

cul ture pedig®blved and@fen! dtetiliZAfd b{gilRFaty@s. automatically controlled to
7.0, and a concentration of dissolved oxygen was autonatically controlled to

40% Fromtifed-batch fayieh:tAS Gialicel]l éhufethditahfordid m Wes ihrthlat a
constant flowrate (1.0 g/hour with respect to 1 L initial mediun), and the
cul tivati omediam eaiRtdidsell edéudh tha 4 conteerthtiodayf theanmpin algcetdutarei ed
out at the beginning of the cultivation and on the third, fifth, seventh,
tenth, twelmddinm and theee tares bheayaceflthtioneo s threimatadmiediaim t heThagpecti ve
sanples were subjected to affinity chromatography using protein Ato
measure cofcaM rodtseoivse, of . 8amM lodidhi ysse inlealt y dwerch | pridd unenoh gdiytecand t o
trypan bl ue 28

14.5 mM of tyrosine were added, and a pH was decreased with hydrochloric

acid until the medium components were completely dissolved (around pH
1.5). After it was confirmed that the medium components were completely
dissolved, the resulting medium was sterilized by filtration.

Cells: Humanized IgG (anti-glypican-3 antibody)-producing CHO cell
strain (refer to WO 2006/006693 pamphlet).
[0066] The initial medium was charged into a jar-type cell culture apparatus,
and the CHO cells were added so as to be 2 x 10° cells/mL to start cultivation
under conditions of 37°C and 10% CO,. During a 14-day culture period, a
lower limit of the pH was automatically controlled to 7.0, and a
concentration of dissolved oxygen was automatically controlled to 40%.
From the third day of the culture, the fed-batch medium was fed at a constant
flow rate (1.0 g/hour with respect to 1 L initial medium), and the cultivation
was continued until the fourteenth day. Sampling was carried out at the
beginning of the cultivation and on the third, fifth, seventh, tenth, twelfth,
and fourteenth days. Culture supernatants of the respective samples were
subjected to affinity chromatography using protein A to measure

concentrations of antibodies that were produced, subjected to trypan blue



staining to neasure survival rates, and subjected to i mmobilized enzyne
nmethod to quantitate |actate. As shown in Figure 1, in the case of the
fed-batch culture (Control) using the fed-batch nediumthat was not enriched
with serine, cysteine, and tyrosine, the concentration of the antibody that
was obtained as a result of the 14-day culture was about 1.6 g/L. On the
other hand, in the case of the fed-batch8culture (Set, Cys, Tyr) using the
fed-batch nmedium having a | ow pH and conprising i ncreased anmounts of

anti body YRuTndcte BRPal v ETITar btk en AU BT ogh €0 REET IO 2. 2
0L ine  FEPREDLe TaARBTA e RY ARRH, i BeuHL U5 (e I0US, S
y (survival rates durlné e’culture period.
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cysteine, and tyrosine, o the ture usi'ng the

f ed- bat ch I t I} ' i in si ne.
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serine, cygdfd, " tlf'%nélaste%f)?ﬂé]?edﬂba*ﬂ&lgQu%@&E{SEE,aCinPTyﬁﬁqsiﬂ'gaiﬂéqﬂe@-bh% pH
(a CHO cell strain transforned with an anti body géne “and hanster taurine

transpor t emed @) h £via P A I I n@f cdm PRI AN AOEE a3 e ABINMOE R 0§ APRE AL | ON are
as follows. Initial medium A commercially-available animal cell culture

nmedi um wascydlt el ateidt yaodidd@Nhfdieebht&fdati¥nt | tHe 86 h&htr f9en RAL Aty um
An animal cell culture mediumfor use in the initial medi um was di ssol ved

such that ghatonseobtahe@nsof rédigt afithal14acahly cltinerwas ABAUUD.1QILE fliee tines
the concentration of the initial medium Then, 50 nM of serine, 1.8 nM of
cyst ei ne hyeshcxaht ationlev aohighedrtat eboand022  Figure 2 shows the transition of
viability (survival rates) during the culture period. Further, as shown in
Figure 3, the concentration of lactate transitioned at a low level from the
third day of the culture in the fed-batch culture using the fed-batch medium
having a low pH and enriched with serine, cysteine, and tyrosine, as
compared to the fed-batch culture using the fed-batch medium that was not

enriched with serine, cysteine, and tyrosine.

[0067] [Example 2] Fed-batch culture using a fed-batch medium

comprising serine, cysteine, and tyrosine at high concentrations and

having a low pH (a CHO cell strain transformed with an antibody gene

and hamster taurine transporter gene)

A composition of a medium and a method of preparation are as

follows.

Initial medium: A commercially-available animal cell culture medium was
dissolved and then sterilized by filtration.

Fed-batch medium: An animal cell culture medium for use in the initial
medium was dissolved such that a concentration of the animal cell culture
medium was three times the concentration of the initial medium. Then,

50 mM of serine, 1.8 mM of cysteine hydrochloride monohydrate, and



14.5 m¥ of tyrosine were added, and a pH was decreased with hydrochloric
acid until the nedi um conponents were conpletely dissolved (around pH 1.5).
After it was confirned that the nedi um conponents were conpletely
di ssol ved, the resulting nediumwas sterilized by filtration. Cells:
Humani zed 1 gG producing CHO cell strain transformed wwth a taurine
transporter gene. [0068] The initial nedi was charged into a jar-type cell
cul ture apparatus, and the CHO cells wer¥® added so as to be 2 x 105
cells/nL to start cultivation wunder conditions of 37C and 10% CO2. During a
14- day cul {4rSemddrofodjroaind owee aldideilt aofl 4 pH whls wiesreaseadnwt ihchy d yoahdatircol | ed
to 7.0, and a concentration of dissolved oxygen was automatically controlled
to 40% Faoidt vitdl tihé mediayn odmpomeats ware,completteld- distsohv ark GdnomndapHf ed at
a constant flowrate (1.5 g/hour with respect to 1 L initial nediunm, and
the cul turé.3das Adtartitrwves canfirmednihat dhetmedium ¢ompSwnibiverevesmplateled
out at the beginning of the culture and on the third, fifth, seventh,
twel fth, aftbsofeashttbsrmesultayg madijum eassisetizadahy filbratioe r especti ve
sanpl es were subjected to affinity chronmatography using tpr otein Ato
nmeasure con&&hls: Hymagizggd é&@rmmil@gns Hald Oneeld spradn teersfosmsdewitlda t o
trypan blue staining to neasure survival rates, and subjected to
i mobi | i zetRUWEHYS HROSRRTYRE BRSNS - quantitate |actate. As shown in Figure 4, in
the case o ed-batch culture (Control) using the fed-batch nedi umthat
was not ent‘?@?@dﬂwlflh“%'eﬂeﬁ'é‘}mc?’%éi%%ége‘ghﬂ“’t 9rJa§1txa9 EHCbhtCAPPHRI B of
t he anti body,t hat S bt ai ned, as, a result qf e l4-day culture s about
13 oL oAt nBE HE cells e an fo o aSdodte Zre 1Peseianal @bt ullenioRy s
Tyr) using the fed-hatch dji.um ising increased apounts of seri.ne,
cyst ef ne. updes 6B RRTet ARG A0 GO oA i Ry SLNB(Y BFoEna
concentration of. the ti bqd t hat S _obt ai ned,.as .a sult, of the 14-day
culture vva_Lo‘%%roth‘mé: SlleLl?ﬁt%gs agg%rg\é\ﬁtcf"gtyi %?flr}\ﬂﬁlsleaitahfe‘ ’ Bﬁdaaoout 54% As
shown in F'cgﬁléeent?atibrq (;[fh(?isgglsv%dsgxygen was automatically controlled to 40%.
From the third day of the culture, the fed-batch medium was fed at a constant
flow rate (1.5 g/hour with respect to 1 L initial medium), and the culture was
continued until the fourteenth day. Sampling was carried out at the
beginning of the culture and on the third, fifth, seventh, twelfth, and
fourteenth days. Culture supernatants of the respective samples were
subjected to affinity chromatography using protein A to measure
concentrations of antibodies that were produced, subjected to trypan blue
staining to measure survival rates, and subjected to immobilized enzyme
method to quantitate lactate. As shown in Figure 4, in the case of the
fed-batch culture (Control) using the fed-batch medium that was not enriched
with serine, cysteine, and tyrosine, the concentration of the antibody that was
obtained as a result of the 14-day culture was about 1.3 g/L. On the other
hand, in the case of the fed-batch culture (Ser, Cys, Tyr) using the fed-batch
medium comprising increased amounts of serine, cysteine, and tyrosine at
high concentrations and having a low pH, the concentration of the antibody

that was obtained as a result of the 14-day culture was about 2.0 g/L; the

concentration was higher by about 54%. As shown in Figure 5, in the case



of the fed-batch culture using the fed-batch nediumthat was not enriched
wth serine, cysteine, and tyrosine, the survival rate was 52% on the
fourteenth day of the 14-day culture. On the other hand, in the case of the
fed-batch culture using the fed-batch nedium having a | ow pH and conpri sing
I ncreased anounts of serine, cysteine, and tyrosine at high concentrations,
the survival rate was 78% on the fourteeldtbh- day of the 14-day «culture; a
high viability was mai ntained. Further, as shown in Figure 6, the
concentrat j k Ay ) t ik y of
6P&eohf'¢]gﬁ?cgl§j_%ggt{ugﬁﬁféﬁ+g@ﬁg £84 @atk?\ﬁ%&ﬁgﬁﬁ gééfgﬁ)atrsrer}gpt JHII%&)C%
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contribution o 1 g concentrations of serine, cysteine, and tyrosine to
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I
with an antibody gene and a hanster taurine transporter gene) A conposition

of a medi ugdARdisin FBhERAsEH 4 EPAAS T 9YiRE Ecpsteid Ol diVByrokitd 'hﬁhigﬂadi um A
commerci al l y-avail abl e animal cell culture nediumwas Tdissolved and then

sterilizedcdycdrtkdtighs,Othe SRS PAL flle WA 98VA S8Tthe Douurtebdith daYo ATHTRY - £8) |

culture mediumfor use in the initial nediumwas dissolved Such that a

concentr at ¢@itufd; 4 ReglRiaWillityoehs ntdintained "EdF WitheaSad Bhé® ntin"Egurb&, the
concentration of the initial medium Then, 50 mM of serine, 1.8 mM of

cystei ne hysiicanrstionefriabphydiadsdtioard atldtldwrivvef fiomahkenhirkedey addhd, and
a pH was decreased with hydrochloric acid until the medi um conponents were
conpl et el yculitssoliv ehile fad hardh ghltukeS)singftherfedtbaveh medfummaihpat laveH

medi um conponents were conpletely dissolved, the resulting nedi umwas
sterilizedahy enhirichedt with. se¥ine, cysteine, and tyrosine, as compared with the

fed-batch culture using the fed-batch medium that was not enriched with
serine, cysteine, and tyrosine.

[0069] [Example 3] Fed-batch culture showing contribution of high

concentrations of serine, cysteine, and tyrosine to achieve high-yield

production of antibodies (a CHO cell strain transformed with an antibody

gene and a hamster taurine transporter gene)

A composition of a medium and a method of preparation are as
follows.

Initial medium: A commercially-available animal cell culture medium was
dissolved and then sterilized by filtration.

Fed-batch medium (Ser, Cys, Tyr): An animal cell culture medium for use
in the initial medium was dissolved such that a concentration of the animal
cell culture medium was three times the concentration of the initial medium.
Then, 50 mM of serine, 1.8 mM of cysteine hydrochloride monohydrate, and
14.5 mM of tyrosine were added, and a pH was decreased with hydrochloric
acid until the medium components were completely dissolved (around pH
1.5). After it was confirmed that the medium components were completely

dissolved, the resulting medium was sterilized by filtration.



Fed- bat ch nmedi um (Ser, Cys): An animal cell culture mediumfor use in the

initial nmediumwas dissolved such that a concentration of the animl cel

culture nmediumwas three tines the concentration of the initial medium

Then, 50 mM of serine and 1.8 nM of cysteine hydrochl ori de nonohydrate were

added, and a pH was decreased with hydrochloric acid until the nedi um

conponents were conpletely dissolved (ac@und pH 1.0). After it was

confirmed that the nedi um conponents were conpletely dissolved, the

resul ting medi Fili Jhtrat.ion. Fed-batch i [,. Tyr):
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such that a concentration of the aninal cell “culture mediumwas three tines

the ConcenE:dSl?inoii@n%c wiehe cb?riﬁlic?élyna?QEHWed g_d}%'ﬂndjpﬁ lf!‘i‘ﬁ).Of AMeE ¢l Rais
hydr ochl ori de” nonohydrate and 14”5 nM of yrosi ne were added, and a pH was

decreased wbafirnydrihahltRé nvedant coifpdnenlt€ wdredidip ABROARRLE HEtde
conpletely dissolved (around pH 1.0). After it was confirned that the

medi um commenhg med e v efeellyzéd sgofimeskiohhe resul ting medi um was
sterilized by filtration. Cells: Humani zed | gG producing CHO cell strain
transformed Wedhbatchtedivig (SeapIpey:t An ganeal dedDéD]tufbenddiuim &br aBeliinm was
charged into a jar-type cell culture apparatus, and the CHO cells were
added so athd mnibial 2n&dil@d wasl dissolvddssélathatcalconeanhiraniod2of the animal cell

culture medium was three times the concentration of the initial medium.
Then, 50 mM of serine and 14.5 mM of tyrosine were added, and a pH was
decreased with hydrochloric acid until the medium components were
completely dissolved (around pH 1.0). After it was confirmed that the
medium components were completely dissolved, the resulting medium was
sterilized by filtration.

Fed-batch medium (Cys, Tyr): An animal cell culture medium for use in
the initial medium was dissolved such that a concentration of the animal cell
culture medium was three times the concentration of the initial medium.
Then, 1.8 mM of cysteine hydrochloride monohydrate and 14.5 mM of
tyrosine wcré added, and a pH was decreased with hydrochloric acid until the
medium components were completely dissolved (around pH 1.0). After it
was confirmed that the medium components were completely dissolved, the
resulting medium was sterilized by filtration.

Cells: Humanized IgG-producing CHO cell strain transformed with a
taurine transporter gene.

[0070] The initial medium was charged into a jar-type cell culture apparatus,

and the CHO cells were added so as to be 2 x 10° cells/mL to start cultivation



under conditions of 37C and 10% CO2. During a 14-day culture period, a

lower Iimt of the pH was autonmatically controlled to 7.0, and a
concentration of dissolved oxygen was automatically controlled to 40% From
the third day of the culture, the fed-batch nmediumwas fed at a constant
flowrate (1.0 g/hour with respect to 1 L initial nediun), and the culture
was continued until the fourteenth day. 38anpling was carried out at the

begi nning of the culture and on the third, fifth, seventh, tenth, twelfth,
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cul ture (Ser, using the ted-batc Ium having a | ow pH an
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concentrations, the concentration of "'the anti body that was obtalined as a

result of b&@nhingldY the! dudideVad énaﬁeq/hlﬁdiﬂftmb%eeeﬁﬁl,%ntmwa@gx@aawh

culture (Ser, CyS) using the fed-batch nedi um havi ng a |l ow pH an

conpr i si NgfourfedMBSRL saND Wdng e Atra$Rmis"Ef @MAbeY Rdseihag vadrehp @AueeaGandlaiieons,
the concentration of the anti body that was obtained as a result of the

14-day cudipyraatits bfAhedespettive Ranres vdret e aé @dddiey alffigidyt ure (Ser,
Tyr) using the fed-batch nedium having a | ow pH and conprising increased

amount s of chioai atograplly ugins ppetedh A gild concentradiionens, amiwo aofdseriekiatel on of
the anti body that was obtained as a result of the 14-day culture was 1.41
g/ L; and iand hgrosimseinofhe belthed sbpeaiatandst of chd speclivre) sampleg woee
f ed- batch nedi um having a 33
measured by amino acid analysis using an ion exchange column. As shown
in Figure 7, in the case of the fed-batch culture (Control) using the fed-batch
medium that was not enriched with serine, cysteine, and tyrosine, the
concentration of the antibody that was obtained as a result of the 14-day
culture was about 1.16 g/L. On the other hand, in the case of the fed-batch
culture (Ser, Cys, Tyr) using the fed-batch medium having a low pH and
comprising increased amounts of serine, cysteine, and tyrosine at high
concentrations, the concentration of the antibody that was obtained as a
result of the 14-day culture was 1.87 g/L; in the case of the fed-batch culture
(Ser, Cys) using the fed-batch medium having a low pH and comprising
increased amounts of serine and cysteine at high concentrations, the
concentration of the antibody that was obtained as a result of the 14-day
culture was 1.47 g/L; in the case of the fed-batch culture (Ser, Tyr) using the
fed-batch medium having a low pH and comprising increased amounts of
serine and tyrosine at high concentrations, the concentration of the antibody

that was obtained as a result of the 14-day culture was 1.41 g/L; and in the

case of the fed-batch culture (Cys, Tyr) using the fed-batch medium having a



| ow pH and conprising increased anounts of cysteine and tyrosine, the
concentration of the anti body that was obtained as a result of the 14-day
culture was 1.18 g/L. The results suggest that high concentrations of
serine, cysteine, and tyrosine contributed in this order to high-yield
production of antibodies. The results al so suggest that addition of high
concentrations of serine, cysteine, and 3¥rosine all together to the
fed-batch nediumin the sane instance nost significantly contributed to

hi gh-yi el dj &L]ﬂﬁ—?%tn'dogorﬁé ristl 1991%'a§§d a[n%)lm'l]s cﬁ’ gy{t%fné*aﬁﬂq PosiREW

transitions o he conc I ons Of Serlne I osl ne ur|n *1 14- day

cul ture peewéemwu;)neofcmtmllboamgapmgﬁmaﬂ{%oog? %freﬁﬁr'&@tﬂ@yf & and

the concentration o rosi ne was on t ift

concentrat l':ﬁ’ﬂg?é wa qeg 0. ”ﬁhcm}/«l: lts EQ Estﬁﬂ%ttm et a@fdrfénopgerlﬂe

tyrosi ne was nM or wer fromt t ecuture

ot her handc §t*é@n&0£‘&d?E‘#fﬁ%ﬁhé"&oﬁirlﬁﬁféd"ﬁl tH‘ﬁSom'r%%l ﬁd ﬁetldi)rﬂﬁ’hefloﬂ'(ﬂ""er
the culture’using the bat ch medi um suppl enent ed ¥ rine, and the

concentrat hRfibeHidsy)r OFihReredasts" Ak Olshigedt tipdt ald diModr oPh tohBeAtietioHS lofr €
usi ng the fed-batch nmedi um suppl enmented wth tyrosine. 10072] The foll ow ng

Ref erence kxAHp| e§s@es€ AP t{RiN APRIAdtROr 66 thOYoRIHAEH nh &fFuli 9alyreé ng CHO
cell strains transformed with a taurine transporter gene that were used in

Exanpl es 2ssmd idsciarse mbed s anti¥rank et & gitwe e Baanpigh- ?t]elﬂhﬁ‘@ldlil@u@fn & hanst er
taurine transporter gene derived from CHO cells Total RNA was extracted

from cel | saptibddéésng anti-1L-6 receptor antibody (JP HO8-99902 A), obtained
by transformng an anti-I1L-6 receptor antibody gene into CHO DXB1l cells.
Ther eaf t er [0@D] y Rigieparfiantl & Ehdw thastraysithvas aBthe Aohagmtreriohawfiseeine
transporter (Hanster TauT) gene was obtained by PCR using as a tenpl ate
cDNA fragnenddgrasinehheéng yhed deflag4ulture period. In the control, the
concentration of serine was 0.63 mM and the concentration of tyrosine was
0.34 mM on the fifth day, and the concentration of serine was 0.4 mM or
lower and the concentration of tyrosine was 0.4 mM or lower from the
seventh day of the culture. On the other hand, the concentration of serine
was maintained at 2 mM or higher in the culture using the fed-batch medium
supplemented with serine, and the concentration of tyrosine was maintained
at 1 mM or higher in the culture using the fed-batch medium supplemented
with tyrosine.
[0072] The following Reference Examples describe the preparation of
humanized IgG-producing CHO cell strains transformed with a taurine

transporter gene that were used in Examples 2 and 3 described above.

[Reference Example 1] Cloning of a hamster taurine transporter

gene derived from CHO cells

Total RNA was extracted from cells producing anti-I1L-6 receptor
antibody (JP H08-99902 A), obtained by transforming an anti-IL-6 receptor
antibody gene into CHO DXBI11 cells. Thereafter, polyA-dependent cDNA
was synthesized. A hamster taurine transporter (Hamster TauT) gene was

obtained by PCR using as a template cDNA fragmented by three types of



restriction enzynes, Sall, Xhol, and EcoRI. A PCR priners containing 5, 3
conservative sequences which are common between known Rat/Muse TauT were
desi gned and used. After nucl eotide sequence of the cloned gene was
determned, it was confirned that the gene encoded Hanster TauT, based on
honol ogy wi th known TauT from ot her biol ogi cal species (Figure 10). The

am no aci d sequence of Hanster TauT was -h34Rkly honol ogeous wth that from
Mouse (96% ldentity), Rat (96% ldentity), and Human (93% Ildentity);

therefore, nj:§tri’%§oﬁ1§?ﬁ§%g%§§ﬂeﬂ?ﬁg&{%;fﬁcgﬁqT VRSPéFtﬁngF%gQrcto%rtain@ﬁ‘%isng 12

t rans- menbr ane erence Exanple reparation of CHO

cell strains a'oraﬁsermwfgr%mwmé@uf% 0Bt haR P Eeh IGfdVn IkGat) Migugguced An

expression plasmd pHyg T (Figure 12 pronoter was constructed

by addi ng gaq7 @k e @QYEI hid Wied HAMRER: ndldoH8B& equRREEIITAMERIond@UT")
obt ai ned by the cloning in Reference Exanple 1. CHO cells expressing

anti-glypi ggpe3vanttRedhineads it WasRYNTm &d 'il%t%he(%@ﬁ@%n&@dé@f?@ﬂ@l’e@qsﬁgﬁ
panmphl et), were transfornmed by el ectroporation with the plasmd pHyg/ TauT

or a contr Gaséd dnThEmpBIygy Wit h ko Wi T'hu TCRIIng othé ABSd10gI@A s/pe?clileggﬁ ure
expression plasmd were Selected in the presence of Hygronycin ( 0(% ug/ m),
foll onwed by0gxpankt amiab @il segulenst rofi MamSPOWTAGT wh&Uhli £h19r By 16 @édgy TauT:
8 strains, pHyg: 7 strains). After TauT nRNA was prepared, the TagMan
procedur e vwish pRif froie MO OsS €96%t Idemiityd] Rat (95BM déntstipeandrH empme@3%n
over the parent strain to obtain cells transforned with pHyg/ TauT. An

aver age ambdemtitf); tiRekefexprtssavnpefulatédd thatHahmsterTaodl Was @/trahspome) was
about 40-fold the control (7 strains). FREE TEXT OF SEQUENCE LI ST <SEQ I D
NO 1> SEQhaRimO121trshowsembeaimdomsagsid Rcgumf 1h).gene encodi ng a hanster
taurine transporter. <SEQID NO 2> SEQ ID NO 2 shows the am no acid
sequence of a hafBeterencg@FExample 2] Preparation of CHO cell strains into which

a_hamster taurine transporter gene is introduced

An expression plasmid pHyg/TauT (Figure 12) with CMV promoter
was constructed by adding a Kozak sequence to the Hamster TauT gene
(hereinafter “TauT”) obtained by the cloning in Reference Example 1. CHO
cells expressing anti-glypican-3 antibody, as the parent strain, (refer to
WO 2006/006693 pamphlet), were transformed by electroporation with the
plasmid pHyg/TauT or a control plasmid pHyg without TauT. Cells
transformed with the expression plasmid were selected in the presence of
Hygromycin (400 ug/ml), followed by expansion of all cell strains showing
stable growth (pHyg/TauT: 8 strains, pHyg: 7 strains). After TauT mRNA
was prepared, the TagMan procedure was performed to select 7 strains
showing superior expression over the parent strain to obtain cells
transformed with pHyg/TauT. An average amount of mRNA expression of
the transformed cells (7 strains) was about 40-fold the control (7 strains).
FREE TEXT OF SEQUENCE LIST
<SEQ ID NO: 1> SEQ ID NO: 1 shows the base sequence of a gene encoding
a hamster taurine transporter.

<SEQ ID NO: 2> SEQ ID NO: 2 shows the amino acid sequence of a hamster



taurine transporter. 36- CLAIMS 1. A nethod of culturing a cel
characterized in that a concentration of serine in a culture solution is

mai ntained at 1 mMMor higher at least during a certain period after the
onset of a cell growth phase, the nethod used in a process conprising
culturing a cell that is capable of producing a desired protein to obtain
the desired protein. 2. The nethod of Clagm-1, further characterized in that
a concentration of tyrosine in the culture solution is nmaintained at 1 mV
or higher, r ntration of cysteine in the culture solution is
naintainedtg?ﬂégégﬁggﬁﬁ?éfion of the cysteine in an initial nmediumor at 0.4
mv or higher at |east during the certain period after the onset of the cell
growt h phase. 3. A nediumfor animal cell culture, conprising at |least 1 nV
of serine or a salt thereof. 4. The nediumfor animal cell culture of Claim
3, further conprising at least 1 nMof tyrosine and/or at |east 0.4 nM of
cysteine. 5. A process of producing a desired protein, conprising culturing

a cell that is capable of producing the desired protein, by use of the
mediumof Claim3 or 4 to obtain the desired protein. 6. A nethod of
culturing a cell, the nmethod used in a process conprising culturing a cel

that is capable of producing a desired protein to obtain the desired
protein, the method characterized in that a concentration of serine in a
culture solution is maintained at 1 mM or higher at |east during a part of
or an entire period sufficient to enable the cell that is to be cultured to
grow sufficiently, or during a part of or an entire period sufficient to
enabl e adequate production of the desired protein that is to be produced.

7. The method of Caim6, further characterized in that a concentration of
tyrosine in the culture solution is maintained at 1 nMor higher, and/or a



37 concentration of cysteine in the culture solution is maintained at a
concentration of the cysteine in an initial nediumor at 0.4 nM or higher at
| east during a part of or the entire period sufficient to enable the cel
that is to be cultured to grow sufficiently, or during a part of or the
entire period sufficient to enabl e adequate production of the desired
protein that is to be produced. 8. A net3®d of culturing a cell,
characterized in that a concentration of serine in a culture solution is
mai ntai ned at 1 mM or higher at |east D&ﬂg a part of or an entire period
of an exponential cell growth phase, t § used in a process
conprising culturing a cell that is capable of producing a desired protein
to obtain the desired protein. 9. The method of Caim8@8, further

characteriged inu Hnaenkja@d %? Pﬁﬁﬁg' 8 ell ¥narXERFAG i tid1% ?b‘hééﬁt‘?aﬁ&?h‘b ! 0”

is maintained at 1 or a concentration o cyst erne 1n

culture Sog&'ﬁhgrln 'u?é @bﬂﬂ‘#oﬁ‘tls %&%@Qﬁ{&tdr A %‘MOB *Pg'l%&ryﬁt FlalE dufi

initial I um or er hi gher at during a pa of

or an enti E@rtﬁ% :g@gl()Qlf aft@?tﬁé‘%‘ﬁ@@pbf%l cél? rowdh a@eph?é%xetﬂgd ukkq ixef hod of
Claim8 or 9, rein the concentration of serine in the culture solution

i's maintai ?e@c@sts CofIPiQin Bl @ik a|&4ﬂhzﬂulrs'é‘%)a%l@%rftpr%tiucﬁ[ g AN RMdd" €
period of the exponential cell growth phase . A nethod of culturing a

cell, char pesRih28bbtaind finé desiredcsdiéition of serine in a culture solution
IS nalntalned at 1 mMor higher at least during a part of or an entire

period froma thithed feyhddod Glaimhl deyrtbér theractdrizé®.intthet arsdhnedtrdsea in a
process conprising culturing a cell that is capable of producing a desired

protein toofhyrasintla thesiuledrepsalueion islhaidtadénedanddmM oel keighei,land o taher
characterized in that a concentration of tyrosine in the culture solution
i s maint ai cedcemtratioh aff cystgimes in ahe/caituae sobmdentis ahaimanfedcytsaei ne in the
culture solution is maintained at a
concentration of the cysteine in an initial medium or at 0.4 mM or higher at
least during the certain period after the onset of the cell growth phase.
3. A medium for animal cell culture, comprising at least 1 mM of serine
or a salt thereof.
4. The medium for animal cell culture of Claim 3, further comprising at
least 1 mM of tyrosine and/or at least 0.4 mM of cysteine.
5. A process of producing a desired protein, comprising culturing a cell
that is capable of producing the desired protein, by use of the medium of
Claim 3 or 4 to obtain the desired protein.
6. A method of culturing a cell, the method used in a process comprising
culturing a cell that is capable of producing a desired protein to obtain the
desired protein, the method characterized in that a concentration of serine in
a culture solution is maintained at 1 mM or higher at least during a part of or
an entire period sufficient to enable the cell that is to be cultured to grow
sufficiently, or during a part of or an entire period sufficient to enable
adequate production of the desired protein that is to be produced.

7. The method of Claim 6, further characterized in that a concentration

of tyrosine in the culture solution is maintained at 1 mM or higher, and/or a



38 concentration of the cysteine in an initial nediumor higher or at 0.4
nmv or higher at least during a part of or an entire period fromthe third
day to the tenth day of the culture. 13. The nmethod of Claim1l or 12,
wherein the concentration of serine in the culture solution is maintained
at 2 mMor higher at least during a part of or an entire period fromthe
third day to the tenth day of the cultur-e3714. The nethod or process

according to any one of Clainms 1, 2, and 5-13, wherein the cell is cultured
by batch c epe fed-..hat. lLtyre, [ epeated
f ed-batch gbf‘?é&é?{lggnﬁ ﬁﬂ%@gﬁ%&fm‘% téi“‘@’r“’ﬁg’??tdgﬁc}g%g‘u t%ﬁlreg at1 . The net hod

or process ' t - of . I8, . 13, b E e,cell
75 Pultor edoficehdign o AL AEIRE yFaR ilBtikl nfedi@BfoPatie sCOEhTe o C
A aim 15, yhakeiyti [ ' dagllgg’ . ' ' t he
cul ture sol ut itgind}llélgﬁu]?ﬁtp({}go%g%cﬁltébsiwggg&ent | aff)‘f?ﬁg?& ?ggts}ﬁﬁgeué?ﬂ;th?{?% The

met hod or pg %e&ﬁt@ﬁ‘?ﬂ(ﬂ'g?&wt&xf@mem?, gf ,d@r?ﬂ%ﬁ ;;art &f AWl eSenkbre pﬁ‘!‘ﬁ@&ei n
the cell is transformed Wwith a gene enhcodi ng the ‘desired protein. 18. The

met hod or RHPGERNtAb A8 atiEquitiepfddudtien @EsheaftsPredt fidiei tiddt isat hdody.
19. The method or process according to any one of Clains 1, 2, and 5-18,
wherein therg@ht¢ed.s a manmal cell. 20. The nethod or process of Caim 19,

wherein the mammal cell is a CHO cell. 21. A fed-batch mediumfor culturing
a cell, co@prisiagnfghbdefaduleuriagneeelly ahamctofizéd inlhao alddedMatibh of
fed-batch mediumfor culturing a cell, conprising serine at a concentration

of 20 nM t eefifi@ iM cdBurd seliiddn Hatnedinveihiedmatol riMabmh2ghar alast dutrigy a

conprising cysteine
part of or an entire period of an exponential cell growth phase, the method
used in a process comprising culturing a cell that is capable of producing a
desired protein to obtain the desired protein.
9. The method of Claim 8, further characterized in that a concentration
of tyrosine in the culture solution is maintained at 1 mM or higher, and/or a
concentration of cysteine in the culture solution is maintained at a
concentration of the cysteine in an initial medium or higher or at 0.4 mM or
higher at least during a part of or an entire period of the exponential cell
growth phase.
10. The method of Claim 8 or 9, wherein the concentration of serine in
the culture solution is maintained at 2 mM or higher at least during a part of
or an entire period of the exponential cell growth phase.
11. A method of culturing a cell, characterized in that a concentration of
serine in a culture solution is maintained at 1 mM or higher at least during a
part of or an entire period from a third day to a tenth day of the culture, the
method used in a process comprising culturing a cell that is capable of
producing a desired protein to obtain the desired protein.
12. The method of Claim 11, further characterized in that a concentration
of tyrosine in the culture solution is maintained at 1 mM or higher, and/or a

concentration of cysteine in the culture solution is maintained at a



39 - and/or tyrosine. 24. The fed-batch nmediumof Caim?21l or 22, further
conprising cysteine and tyrosine. 25. A nethod of culturing a cell by
fed-batch culture, conprising adding the fed-batch nedium of any one of
Clainms 21 to 24. 26. A process of producing a desired protein by culturing a
cell, conmprising culturing a cell using the nethod of any one of Clains 1,
2, and 6-20. 27. A preparation process-&8 a nedi canent conprising as an
active ingredient a protein produced by the process of Claim5 or 26.

VETHOD Usi K AT KT B ke e L Ol PO B st e o

2007- 11742 2 S 2 < t <a10> 1
<211> 1860 ST TSR Sy GpalicPl Py nGe e F8HBR {50 PR Ha 1T

aggagaagct tfiadHt 61 $haasackt cc acaaagacat cctgaagcct 60 tctccaggga
agagcccagg cacacggcct gaggat gagg ct gaggggaa gccccctcag 120 agggagaagt

O ot S LTI e B L B A el S0l et
ttattttcct tigf thngeagbl Becrigecdiatdigettdtt T i MogRBYi Ikt & A9t during a part of
or an entire period from the third day to the tenth day of the culture.
14. The method or process according to any one of Claims 1, 2, and 5-13,
wherein the cell is cultured by batch culture, repeated batch culture, fed-
batch culture, repeated fed-batch culture, continuous culture, or perfusion
culture.
15. The method or process according to any one of Claims 1, 2, and 5-13,
wherein the cell is cultured by fed-batch culture.
16. The method or process according to Claim 15, wherein the serine and
tyrosine and/or cysteine are fed into the culture solution in multiple batches
sequentially or continuously.

17. The method or process according to any one of Claims 1, 2, and 5-16,

wherein the cell is transformed with a gene encoding the desired protein.

18. The method or process of Claim 17, wherein the desired protein is an
antibody.
19. The method or process according to any one of Claims 1, 2, and 5-18,

wherein the cell is a mammal cell.

20. The method or process of Claim 19, wherein the mammal cell is a
CHO cell.
21. A fed-batch medium for culturing a cell, comprising serine at a

concentration of 10 mM to 1000 mM.
22. A fed-batch medium for culturing a cell, comprising serine at a
concentration of 20 mM to 500 mM.

23. The fed-batch medium of Claim 21 or 22, further comprising cysteine



at aggccagt acacct caga agggggaatc acctgctggg agaagatctg ccccttgttc 360
tctggcattg gctacgcatc catcgtcatc gtgtccctcc tgaatgtgta ctacattgtc 420
atcctggcct gggccacata ctacctattt cactccttcc agacagagct tccctgggcc 480
cact gcaacc acagctggaa cacaccacat tgcatggagg acaccctgcg taggaatgag 540
agtctctggg tctcccttag cgcctccaac ttcacctcgc ctgtcatcga gttctgggag 600
cgcaatgtac tcagcctgtc ttccggaatc gacgaacc3y-gcgctctgaa atgggacctt 660
gcgctctgece tceccectcttagt ctgecttgtce tgttttttct gcatatggaa gggtgttcga 720
tccacaggcaaﬁgg%t Skfhcttcaccgee actttccegt ttgeccatget tctggtgetg 780
ctggtccgtg gactgaccct gccgggtgct ggcgaaggca tcaaattcta cctgtaccct 840
gacat cagee Hqect { gagoR 664U MISALISRE 2106092286 RO IElE Aeine
tcctatgcca tctgcctggg ggccatgacc tcactgggaa gctacaacaa gtacdagta
aactcgtacaaggg§95g5@§ gctgctggga tgcctgaaca gtggtaccag ttttgtgtct 1020
ggcttcgcag ttttttccat cctgggcttc atggcacaag agcaaggggt ggacattgct 1080

gat gt ggct g23gt Ca%hf&hbﬂ&ﬁtéxﬂgﬁﬁngté? BEN35F Fe AlbatER AV rk JEGRPrAiAg hliddng
atgccgctgc ccaccttttg gtccattctg ttttttatta tgctcctctt gcttggactg 1200

gacagccagt thé ged GAAeh ROHIN JE A bR GACllimisoBt t@atact ttacccgtcc 1260
ttcctaagga agggttatcg tcgggaagtc ttcatcgcca tcctgtgtag catcagctac 1320

ct gct ggggc 269t coX gedca’Cabpatiicifgaigdiatd protdindppehltakidgaciedlc 1380
tatgcagcta gtggtgtatg ccttttgtgg gttgcattct ttgaatgttt tgttattgcc 1440

t ggat at at g congjptti gialgaculct tiagad geld QdhatthgagetirbbpahygthecdaiGlignastl, 250ad
gggccctgga tgaagtacag ctgggctgtc atcactccag ttctctgtge tggatgtttc 1560
atcttctctc6t-2Qt caagta tgtacccctg acctacaaca aagtctacgt gtatcctgat 1620
tgggcaattg ggctgggctg gggcctggec ctatcctcca tggtgtgtat ccccttggtc 1680 2
att gccat cc 2t/cct ctAgpeep acipgapgyxss oftd oxgld gamgag@atpodsiagacscagactive740
acccccaggg agcccaaccg ctgggctgtg gagcgt gagg gggccacacc cttccactcc 1800
cgcacaagcc ingradianyagprotgjogemaiucedt i flae peacegscel Glzian S5t gt ggagacc 1860
atgatgtga 1869 <210> 2



<211> 622 <212> PRT <213> Cricetulus griseus <400> 2 Met Ala Thr Lys Qu
Lys Leu G n Cys Lau Lys Asp Phe Hs Lys Asp 1 5 10 15 1Ile Leu Lys Pro Ser
Pro Ay Lys Ser Pro Ay Thr Arg Pro Qu Asp 20 25 30 GQu Ala Au Ay Lys
Pro Pro Gn Arg Qu Lys Trp Ser Ser Lys Ile 35 40 45 Asp Phe Val Leu Ser
Val Ala Gy Ay Phe Val Gy Lau Gy Asnal 50 55 60 Trp Arg Phe Pro Tyr
Leu Cys Tyr Lys Asn d $quBicy LATWGAl a Phe Lau 65 70 75 80 1Ile Pro Tyr Phe

Il e Ph a e u Pro Val Phe Phe 85 90 95 Leu du Val Ile
Il e 33"8 ;b”%'rs%% @@S”@ i y Gy Ile Thr Cys 100 105 110 Trp Gu Lys Ile

Cys Pr ¢12De (CERNYLTSREr METEPO, US| NGAN O WCTPYENR IZHERMEBEM | | e 115 120 125 Val Ile Val
Ser Lel{w#__r))eq:m%ﬁlﬂoa}(f%l Tyr Tyr Ile Val Ile Leu Ala Trp 130 135 140 Al a Thr Tyr
Tyr Leu Phe H's Ser Phe Gn Thr Qu Leu Pro Trp Ala 145 150 155 160 His
Cys Asg}gg ngégvrﬂ WY Asn Thr Pro His Cys Met A u Asp Thr Leu 165 170 175 Arg
Arg As P8 e Trp Val Ser Leu Ser Ala Ser Asn Phe Thr 180 185 190 Ser
Pro VaKisby @ Qu Phe Trp Qu Arg Asn Val Lau Ser Leu Ser Ser

{170> PatentIn version 3.1

210> 1

<211> 1869

<212> DNA

<213> Cricetulus griseus

<400> 1
atggccacca aggagaagct gcagtgtctg aaagacttcc acaaagacat cctgaagcct 60

tctccaggga agagcccagg cacacggecet gaggatgageg ctgaggggaa gecccctcag 120
agggagaagt ggtccagcaa gattgacttt gtgctgtctg tggccggagg cttcgtgget 180
ttgggcaacg tttggegttt cccgtacctc tgctacaaaa atggtggagg tgctttecte 240
ataccgtatt ttattttcct gtttgegagt ggcctgectg tgttittcct ggaggtcata 300
ataggccagt acacctcaga agggggaatc acctgctggg agaagatctg ccccttgttc 360
tctggcattg gctacgecate catcgtcatec gtgtccctcc tgaatgtgta ctacattgtc 420
atcctggect gggccacata ctacctattt cactccttcc agacagaget tccctgggece 480
cactgcaacc acagctggaa cacaccacat tgcatggagg acaccctgeg taggaatgag 540
agtctctgge tcteccttag cgectccaac ttcacctcge ctgtcatcga gttctgegag 600
cgcaatgtac tcagecctgtc ttccggaatc gacgaaccag gegetctgaa atgggacctt 660
gegetetgee tcctecttagt ctggettgte tgttttttct gecatatggaa gggtegttcga 720
tccacaggeca aggttgtcta cttcaccgee actttccecgt ttgecatget tctggtgetg 780
ctggtccgty gactgaccct gecggetget ggcgaaggca tcaaattcta cctgtaccct 840
gacatcagcc gecttgagga cccacaggtg tggatcgacg ccggaaccca gatattettt 900
tcctatgecca tctgectgegeg ggccatgacc tcactgggaa gectacaacaa gtacaagtat 960
aactcgtaca gggactgtat gctgctggea tgcctgaaca gtggtaccag ttttgtgtct 1020
ggcttcgcag ttttttccat cctggecttc atggcacaag agcaaggeggt ggacattget 1080
gatgtgectg agtcaggtcc tggcttggce ttcattgect atccaaaage tgtgactatg 1140
atgccgetge ccacctttig gtccattctg ttttttatta tgectcctctt gettggactg 1200
gacagccagt ttgttgaagt cgaaggacag atcacatcct tggttgatct ttacccgtcc 1260
ttcctaagga agggttatcg tcgggaagtc ttcatcgecca tcctgtgtag catcagctac 1320
ctgctggeec tgtcgatggt gacggagget gecatgtatg tgtttcaact ctttgactac 1380
tatgcagcta gtggtgtatg ccttttgtgg gttgcattct ttgaatgttt tgttattgec 1440
tggatatatg gtggtgataa cttatatgac ggtattgage acatgattgeg ctatcggect 1500
gggccctgga tgaagtacag ctggretgte atcactccag ttctctgtyge tggatgtttc 1560
atcttctctc ttgtcaagta tgtacccctg acctacaaca aagtctacgt gtatcctgat 1620

tgggcaattg gectgggctg gegectggee ctatccteca tggtgtgtat ccccttggte 1680



195
210
225
Al a
Ay

Tyr
Tyr
Leu
Leu
du
Thr
Leu
Ay

200 205 Gy lle Asp Au Pro Ay Ala Leu Lys Trp Asp Leu Ala Leu Cys Leu
215 220 Leu Leu Val Trp Leu Val Cys Phe Phe Cys Ile Trp Lys Ay Val Arg
230 235 240 3 Ser Thr dy Lys Val Vval Tyr Phe Thr Ala Thr Phe Pro Phe
Met 245 250 255 Lau Leu Val Lau Lau Val Arg Gy Leu Thr Leu Pro Ay A a
Gu 260 265 270 Gy Ile Lys Phe Tyr, Lau Tyr Pro Asp Ile Ser Arg Lau Gu
Pro 275 280 285 G@n Val Trp Ille Asp Ala Ay Thr Gn Ile Phe Phe Ser

Al attpecatco O@tores gorgaseed et sere tRapashfca apgseteathr 188r Lau Ay Ser Tyr Asn Lys
LY Sccldtbzee B amddc 13kt e BRR ggﬁEac;rYrctt@{agtcASQS@/S Met Lau Leu Gy Cys
Asn Ser Ay Thr 325 330 335 Ser Phe Val Ser Phe Ala Val Phe Ser Ile
G yePHeEcibietcAlear ceskenc s eaRsera (§ofatsay teigFief v "?ﬁeﬂl Asp Ile Ala Asp Val Al a
SentgdeygaPro Gy 355 360 365 Leu Ala Phe Ilagdla Tyr Pro Lys Ala Val

Met Met Pro Leu Pro 370 375 380 Thr Phe Trp Ser Ile Leu Phe Phe Ile Met
Lay,kat, Lau Ay Leu 385 390 395 400 Asp Ser Gn Phe Val Qu Val Qu

G ]aih} es2hr  Ser Leu Val Asp 405 410 415 Leu Tyr Pro Ser Phe Lau Arg Lys

21 R
62]% ggrhggms grlseus Phe Ile
<400) 2

Met Ala Thr Lys Glu Lys Leu Gin Cys Leu Lys Asp Phe His Lys Asp
1 5 10 15

Ile Leu Lys Pro Ser Pro Gly Lys Ser Pro Gly Thr Arg Pro Giu Asp
20 25 30

Glu Ala Glu Gly Lys Pro Pro Gin Arg Glu Lys Trp Ser Ser Lys lle
35 40 45

Asp Phe Val Leu Ser Val Ala Gly Gly Phe Val Gly Leu Gly Asn Val
50 55 60

Trp Arg Phe Pro Tyr Leu Cys Tyr Lys Asn Gly Gly Gly Ala Phe Leu
65 70 75 80

lle Pro Tyr Phe Ile Phe Leu Phe Gly Ser Gly Leu Pro Val Phe Phe
85 90 95

Leu Glu Val Ile lle Gly Gin Tyr Thr Ser Glu Gly Gly lie Thr Cys
100 105 1

Trp Glu Lys lle Cys Pro Leu Phe Ser Gly lie Gly Tyr Ala Ser lle
115 120 125

Val Ile Val Ser Leu Leu Asn Val Tyr Tyr Ile Val lle Leu Ala Trp
130 135 140

Ala Thr Tyr Tyr Leu Phe His Ser Phe Gin Thr Glu Leu Pro Trp Ala
145 150 155 160

His Cys Asn His Ser Trp Asn Thr Pro His Cys Met Glu Asp Thr Leu
165 170 175

Arg Arg Asn Glu Ser Leu Trp Val Ser Leu Ser Ala Ser Asn Phe Thr
180 185 190

Ser Pro Val |le Glu Phe Trp Glu Arg Asn Val Leu Ser Leu Ser Ser
195 200 205

Gly lle Asp Glu Pro Gly Ala Leu Lys Trp Asp Leu Ala Leu Cys Leu
210 215 220

Leu Leu Val Trp Leu Val Cys Phe Phe Cys Ile Trp Lys Gly Val Arg
225 230 235 240



420
435
450
465
Ile
Thr
Val

Ile
Pro
Phe
Trp
Leu

425 430 Ala Ile Leu Cys Ser Ile Ser Tyr Lau Lau Ay Leu Ser Met Val Thr
440 445 du @y Ay Met Tyr Val Phe Gn Leu Phe Asp Tyr Tyr Ala Ala Ser
455 460 dy Val Cys Leu Lau Trp Val Ala Phe Phe Gu Cys Phe Val Ile Al a
470 475 480 Trp Ile Tyr Gy Gy Asp Asn Lau Tyr Asp Ay Ile Qu Asp Mt
485 490 495 dy Tyr Arg Pro Ay Prg Trp Met Lys Tyr Ser Trp Ala Val lle
500 505 510 Pro Val Lau Cys Ala Ay Cys Phe Ile Phe Ser Leu Val Lys Tyr
535 g0 flygesVal paloTyr £he Tt LT She Phesto If&ﬁsgég/a!ﬂ Tyr Val Tyr Pro Asp Trp Al a
Gy 530 535 820 4 Leu Gy Trp Gy Leu Ala Leu Ser Ser Met Val Cys lie
Leu Val 545 550 555 560 Ile Ala Ile Leu Leu Cys Arg Thr Au Ay Pro
Ar gAY VAR e da oS G@??”EI’?’S“”@(%“'T}NS Y861 e Thr Pro Arg Qu Pro Asn Arg
Ala Val u Arg 580 5 g 590 Au Ay Ala Thr Pro Phe His Ser Arg Thr Ser
95 600 605 Ala ImeuuAslé/l;FO Lys Pro Ser His Val lie Val

Val t Asn
ThF"kﬁ? IZ-MPG gi)éeub?yg 2@6p ITe Ser Arg Iz.gg

Gin Val Trp 1le Asp Ala Gly Thr Gin Ile Phe Phe Ser Tyr Ala lle
290 295 300

Cys Leu Gly Ala Met Thr Ser Leu Gly Ser Tyr Asn Lys Tyr Lys Tyr
305 310 315 320

Asn Ser Tyr Arg Asp Cys Met Leu Leu Gly Cys Leu Asn Ser Gly Thr
325 330 335

Ser Phe Val Ser Gly Phe Ala Val Phe Ser |le Leu Gly Phe Met Ala
340 345 350

Gfn Glu GIn Gly Val Asp lle Ala Asp Val Ala Glu Ser Gly Pro Gly
355 360 365

Leu Ala Phe Ile Ala Tyr Pro Lys Aia Val Thr Met Met Pro Leu Pro
370 375 380

Thr Phe Trp Ser lie Leu Phe Phe [le Met Leu Leu Leu Leu Gly Leu
385 390 395 400

Asp Ser Gln Phe Val Glu Val Glu Gly Gla lle Thr Ser Leu Val Asp
405 410 415

Leu Tyr Pro Ser Phe Leu Arg Lys Gly Tyr Arg Arg Glu Val Phe lle
420 425 430

Ala Ile Leu Cys Ser lie Ser Tyr Leu Leu Gly Leu Ser Met Val Thr
435 440 445

Glu Gly Gly Met Tyr Val Phe GIn Leu Phe Asp Tyr Tyr Ala Ala Ser
450 455 460

Gly Val Cys Leu Leu Trp Val Ala Phe Phe Glu Cys Phe Val [le Ala
465 470 475 480

Trp lle Tyr Gly Gly Asp Asn Leu Tyr Asp Gly Ile Glu Asp Met Ile
485 490 495

Gly Tyr Arg Pro Gly Pro Trp Met Lys Tyr Ser Trp Ala Val (le Thr
500 505 510

Pro Val Leu Cys Ala Gly Cys Phe 1le Phe Ser Leu Val Lys Tyr Val
515 520 525

Pro Leu Thr Tyr Asn Lys Val Tyr Val Tyr Pro Asp Trp Ala Ile Gly
530 535 540
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Leu Gly Trp Gly Leu Afa Leu Ser Ser Met Val Cys ile Pro Leu Val
545 550 555 560

Ile Ala Ile Leu Leu Cys Arg Thr Glu Gly Pro Phe Arg Val Arg lle
565 570 575

Gin Tyr Leu tle Thr Pro Arg Giu Pro Asn Arg Trp Ala Va! Glu Arg
580 585 590

Glu Gly Ala Thr Pro Phe His Ser Arg Thr Ser Leu Val Met Asn Gly
595 600 605

Ala Leu Met Lys Pro Ser His Val |le Val Giu Thr Met Met
610 615 620





