DESCRI PTI ON  CELL CULTURE METHOD AND UTI LI ZATI ON OF THE SAME TECHN CAL
FIELD 5 The present invention relates to a nethod of culturing a cell and
use of the nethod. More specifically, the present invention relates to a
met hod of culturing a cell and a nethod of allowing a cell to produce a
protein utilizing the above nmet hod. BACKGROUND ART 10 In culturing an ani nal
cell to obtain a natural protein produced by the animal cell, or in

culturing an aninmal cell incorpor e encoding a desired proteinto
produce the desired protein, etc%hkggggxﬂﬁg nutrients, such as bases,
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usually added in a range of 5 to 20% for proliferation of the animl cell.
15 Fbmeve&E E@ﬁg -derived serum has a nunber of drawbacks. It accounts
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becone additional unknown factors fromthe viewpoint of stable nanufacture.
Furthernore, the serum contains nore than 500 types of proteins, thus
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20  can become additional unknown factors from the viewpoint of stable manufacture.
Furthermore, the serum contains more than 500 types of proteins, thus complicating the
isolation and purification of the desired protein, the cell product, from the cultured medium.
To resolve such problems with stable manufacture, methods using a serum-derived purified
protein such as fetuin, insulin or transferrin, instead of serum, are performed. Methods,

25  which use culture medium components extracted from mammals, are also attempted from
the viewpoint of production cost.

Recently, however, concern has been expressed over the relation between
mammal-derived components and diseases such as mad cow disease, bovine spongiform
encephalopathy (BSE), transmissible spongiform encephalopathy (TSE), and

30  Creutzfeld-Jakob disease (CID). The development of a culture medium for culturing
animal cells free from these mammal-derived components has been demanded from the
viewpoint of safety.

In culturing an animal cell, the failure to add the above-described mammal-derived

components into the culture medium causes a marked drop in the survival rate of cells, and a



| decrease in viable cell count in the culture broth, at an early stage of
culture. These events nake long-termculture or |arge-scale culture

i npossible. In order to solve the above-described problem a nmethod in which
an enzymatic degradation product of fish meat or a fish neat extract is
added to the culture nediumhas 5 been reported (Patent Docunents | and 2).
Wth this nmethod, high production of protein has becone possible w thout
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the above-described pr em e prevent 1nventors have found that 1s it
possi bl e proteih produciion etel prefeble dropr e viswpainpeiqredustion cdsht er est at a still

hi gher vyi r.m - : |yt EAr kg1 a nmedi um cont ai ni ng an
enzymat i c@ tgrét?%locfgﬁ’%%ﬂ‘pr@%&%@gmhﬁgﬁ%ﬁe\g? 9?46[325% sh neat extract added

t her el®. Phtant DachmenirZe s dapangseléexamined Basers Pahlication Mos2003-BR4068ubj ect matters
of the present invention are as described below. (1) A nmethod of culturing a
cell conprising starting culturing in an initial mediumand 25 feeding at

| east onc®ISCE@SUREE N THEANVERNION ti al nedi um during cul turing, wherein at

| east On%R%L%gpﬁL$éﬁ?T@Q#eﬁﬁ%%ﬁgﬁ iy ]q medi um cont ai ns an enzymatic

degradation pro neat extract added thereto. (2)
A net hod of cul ftis amgbject ofthe peengirinntion ®tadiotvi awgll dight produrton of Erowmdbyum
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product obf fishaheareed fishrment Extedot. meat extract to the medium during cul turing.
(3) The mﬁéﬁgs%) §(§IZVE mﬁrﬁi&fﬁ'ﬁ cell is cultured by fed-batch culture.
As a result of extensive and intensive researches toward solution of the
above-described problem, the prevent inventors have found that is it possible to allow a cell
20 to produce a protein of interest at a still higher yield by performing fed-batch culture using a
medium containing an enzymatic degradation product of fish meat or a fish meat extract
added thereto. 'Thus, the present invention has been achieved.
The subject matters of the present invention are as described below.
(1) A method of culturing a cell comprising starting culturing in an initial medium and
25  feeding at least once a feed medium to the initial medium during culturing, wherein at least
one of the initial medium or the feed medium contains an enzymatic degradation product of
fish meat or a fish meat extract added thereto.
(2) A method of culturing a cell comprising starting culturing in a medium containing an
enzymatic degradation product of fish meat or a fish meat extract added thereto and feeding
30 at least once an enzymatic degradation product of fish meat or a fish meat extract to the
medium during culturing.
(3} The method of (2), wherein the cell is cultured by fed-batch culture.
{4) The method of any one of (1) to (3), wherein the cell is a cell into which a gene
encoding a protein of interest has been transferred.

35 (5} The method of (4), wherein the protein of interest is an antibody.



(4) The nethod of any one of (1) to (3), wherein the cell is a cell into
whi ch a gene encoding a protein of interest has been transferred. 35 (5)
The nethod of (4), wherein the protein of interest is an antibody. 2 (6)
The nethod of any one of (1) to (5), wherein the cell is an aninmal cell.
(7) The nethod of (6), wherein the cell is a mammal cell. (8) The net hod of
(7), wherein the manmal cell is a CHO cell. (9) A nethod of producing a
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(16) The method of (15), wherein the mammal cell is a CHO cell.

20  EFFECT OF THE INVENTION
In the present invention, it is possible to allow a cell to produce a protein of interest
at a still higher yield by adding an eﬂzymatic degradation product of fish meat or a fish meat
extract not only to the medium at the start of culturing but also to the medium during
culturing.
25 The present specification encompasses the contents described in the specification
and/or the drawings of Japanese Patent Application No. 2005-000747 based on which the

present patent application claims priority.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Fig. 1 is a graph showing the concentrations (g/L) of an antibody produced in
culture media by CHO cells which were cultured in a mammal-derived component free
medium supplemented with 5 g/I. of bonito hydrolysate (initial medium) and a
mammal-derived component free medium supplemented with 30 g/L of bonito hydrolysate
(feed medium),

35 Fig. 2 is a graph showing the concentrations (g/I.) of an antibody produced in



culture nedia by CHO cells which were cultured in a mamual -deri ved conponent
free nmedium supplenmented with 5 g/L of bonito hydrolysate (initial nedium
and a mamal -derived conponent free nmedi um suppl enented with 30 g/L of
bonito hydrolysate (feed nmediunm). 35 Fig. 2 is a graph showi ng the
concentrations (g/L) of an antibody produced in 3 culture nedia by CHO
cells which were cultured in a mammal -deri ved conponent free nedium
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extract 15 added thereto. Further, in a preferred enbodi nent of the present
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20 the’ o um aliFeRpeRn eEpRRT Bl Bl RSB Aot Rlie | vention, Tt i
possi bl e to cul nuthe presalinvesiain, silacihgmickl id stareed el initial gesdemaltd whiched as a
conventi opal,, agni nal Ll cultyre nmedi um w f hout addi,ng .. | - der,i ved
component 2t el & egoohet, el St ARt ot b TR ey

cul ture, Gednicliuensontiihd alf ehzyantit degehdbddrefrodust biifish mea of Adish meaeattract
inveni%on df@@ﬁt of these methods may be used. 25 Preferably, fed-batch
cultu of’ 9%ous culture is used. More preferably, fed-batch culture
is used. Batch FuitHetjrit d preferet|dmbodiniont bOthd prewht ddveaticiellturiigoaioéll &f seed

culture is added . . . .
starte%dln a medium containing an enzymatic degradation product of fish meat or a fish meat

extract, and at least once an enzymatic degradation product of fish meat or a fish meat extract
is fed to the medium during culturing.

20 According to the present invention, it is possible to culture a cell satisfactorily in a
medium generally used as a conventional, animal cell culture medium without adding
mammal-derived components.

Generally, cell culture methods are classified into batch culture, continuous culture
and fed-batch culture. In the present invention, any of these methods may be used.

25  Preferably, fed-batch culture or continuous culture is used. More preferably, fed-batch
culture is used.

Batch culture is a culture method in which a small amount of seed culture is added
to a medium and the cell is grown therein without feeding of fresh medium or removal of
culture broth during culturing.

30 Continuous culture is a culture method in which a medium is continuously fed and
continuously removed during culturing. Perfusion culture is also included in continuous
culture.

Since fed-batch culture is intermediate between batch culture and continuous
culture, it is also called semi-batch culture. During culturing, medium is fed continuously

35  orintermittently, but continuous removal of culture broth as seen in continuous culture is not



to a nediumand the cell is grown therein wthout feeding of fresh nmedi um or
renmoval of culture broth during culturing. 30 Continuous culture is a
culture nethod in which a mediumis continuously fed and continuously
removed during culturing. Perfusion culture is also included in continuous
culture. Since fed-batch culture is internedi ate between batch culture and
continuous culture, it is also called sem -batch culture. During cul turing,
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20 The volume ratio between the initial medium and the feed medium is not particularly limited.

Usually, when the volume of the initial medium is taken as 1, the ratio of the feed medium is

0.01-10, preferably 0.1-1, more preferably 0.2-0.3. The feed medium may be fed

continuously or from time to time. When fed from time to time, the number of times of

feeding is not particularly limited. The feed medium may be fed once or plurality of
25  times.

With respect to the enzymatic degradation product of fish meat or fish meat extract
used in the present invention, examples of fish meat include the fish meat of red fleshed
fishes, such as bonito, frigate mackerel, tuna, mackerel, pacific saury, sardine, horse
mackerel, and salmon; and the fish meat of white fleshed fishes, such as cod, Japanese sea

30  bass, right-ecyed flounder, left-eved flounder, and sea bream. The preferred examples are
bonito, frigate mackerel, cod, mackerel, salmon, and sardine.

The fish meat extract used in the present invention can be obtained by cutting the
fish meat into suitable pieces, or mincing the fish meat into a pasty form, and extracting
soluble components of the pieces or the paste with hot water (for example, hot water at 90 to

35  957°C) for several tens of minutes to several tens of hours. Specific examples tnclude stock



feeding is not particularly limted. The feed nmedium may be fed once or
plurality of 25 tines. Wth respect to the enzymati c degradati on product of
fish meat or fish nmeat extract wused in the present invention, exanples of
fish meat include the fish neat of red fleshed fishes, such as bonito,
frigate mackerel, tuna, mackerel, pacific saury, sardine, horse mackerel,
and sal non; and the fish neat of white fleshed fishes, such as cod, Japanese
sea 30 bagsde fro@bbiayRMith st pstRition &fdie Bt hﬁﬁb@ﬁﬁrau@ﬂﬂﬂ@%ﬂo&kﬁ%f The
preferred exanpl es are bonito, frigate mackerel , cod, mackerel, salnon, and
sardi ne. FRECGI08fS - neat extract used in the present i nventi on can be obtai ned
by cutting the Thd styyfRalegtadhtRonSptoditR o€ fish P&QF carPbe BbtAnbd Yol BLankpIS hyeat
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cooked fi neat as It 1s, or fish neat mnc a paste, 5 or t%e above
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pr ot ei nasef plantSpiegin f $uth exapphias cl@fm@apaﬂirebmtrﬁlabﬁ aus efitir, Mantl he1zphess @6in
rvonti on Loclude. SneTpe, Oty ke, Sty e Ghcponla, Shiagoain
bact ez0 a, exvpeptidases kminDpeptidastc b&d@y@&ﬁ@i@ﬁph@ dﬁaéptldase These enzymes can be
used alone or in combination. When they are combined, they may be added at the same
time, or progressively.
The enzymatic degradation product of fish meat in the present invention is
preferably an enzymatic degradation product of fish meat obtained by treatment with the
25  proteinase, followed by treatment with the peptidase.
The conditions for treatment with enzymes differ depending on the type of the
enzyme used. Usually, the enzyme treatment is performed at pH 2 to 12, preferably pH 4 to
8, at 30 to 90°C, preferably 40 to 65°C, for 30 minutes to 72 hours, preferably 3 to 24 hours.
The enzyme is used at about 0.001 to 10 w/w%, preferably 0.1 to 1 w/w%, more preferably
30 0.2-0.6 w/w%, relative to the protein as the substrate. The enzyme in the resulting
enzymatic degradation product of fish meat is inactivated by heating or the like, and
performing centrifugation or filtration as desired, to remove oils and insolubles, whereby the
enzymatic degradation product can be prepared.
Fish meat comprises fish guts and proper meat. The ratio between guts and proper

35  meat is not particularly limited and any ratio may be used. For example, the ratio disclosed



20 exopeptidase, am nopepti dase, carboxypeptidase, and di pepti dase. These
enzynes can be used al one or in conbination. Wien they are conbi ned, they
may be added at the sane tinme, or progressively. The enzymatic degradati on
product of fish neat in the present invention is preferably an enzymatic
degradati on product of fish neat obtained by treatnment with the 25
proteinase, followed by treatnment with the peptidase. The conditions for
treat ment jWWabdheSN@NIBMidd PaRht RIBREHIL NG onnstmow BEudehe enzyne used.
Usual Iy, the enzyne treatnment is performnmed at ¥o 12, preferably pH 4 to
8, at 30 to 90CWih epRich wihen compensnts P%Fheswlw%wé%m"t yseroin ther Rresent
preferabl }hvgnﬁdﬁ \ZATEA L n‘?oneﬂi@ﬁs BIY Y4 ih &ll{gﬁ?er%l %]FH&I ce{,ﬂ\g B8tute fedid GV W
preferablge 1 to | rmre‘;;referabl relative to the
protein abe s %Rﬁmﬂtﬁlye Tigyeing Q?ﬁ@lﬂonacﬂ%eVllﬁ@%l%tllpﬁfbfac@ﬁ?z)?ﬁﬁgX 8OuHeSSr adat i on
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centrifugation o tration as d to renpve ol ls an nso

wher eby t mstal elampniatshfaciunts, gt mfamr@,dmcleos;@ﬁs, dnd the ldgsamayche adilerdh rreat
conprises fish P g X er 35
meat is not par tgp‘%: Wégnﬁﬁise g%ﬂtsrlg%lh&e Qﬁ%e&pds %Jﬁ’ %gg a%n’pl e, the

rati o di sttagiede, Baspar@mﬁwpwtlh@x@mlmtemt érmfstﬁubllrgiatam Neglui2@@3- 334068
may be usgdy %Eﬁer £SRGne! 9 -QbREinS AR P@E‘t Pl {W.é hl?n&’eHL&HﬁegelF’ﬁﬂJ(tﬂm used in

t he presen on, vatious conﬁon nts 'usu use préeferably
ani mall0 ceLLQhensdhlamne Infpnbihae daserinbel tkreahing dr- tmntophaal L-tyrosiey anddl-vameani no

aci ds, actors ne e uI tors, iron
sour ces a&%%?%){i}lﬁsf eg&F "G s'ar$n adg aq#"? Lifﬁszjéglcc%crlrﬁone %(ime &ammﬁ’et al
eljgmdant sSLsgluthmi acitls ,gl)gnmwtl hhlstufxm;tlo-nsaleucme,l BdSLllcﬂi(;Es ,L-Bysnhet rha_nbthiommaﬁ be
adde ecifi.c exa onents cl.ude, am no_aci,ds, ,such as

L- al ani neB % lélf‘“i’ﬂ]%?p’i?ﬁﬂ%p[als @ IH%%JTW@ Leﬁf W%tagflﬂéyalff’tysti ne,
L- gl ut am Riamins,géuch a3i icinositol, chiotiy, Volid @cid | lipdis tacidi, nlﬁ:ouharnﬂe,l giugtinie acid,

L-leu si ne oni ne, L orni t hi n Ialanlne

L- pr oﬁ neP” a@‘%‘é‘“’}’ﬁ’é& EClﬁ’hr‘@h)WPﬂe paptoghenats. op}ﬁ'ﬁ‘ﬁbxq_ Sp’bﬁ’g ’ari’éf"ﬁ(’%q i ne,

pr ef er abl hydrbclﬂd)r&i&l, mﬁoﬂdmlﬁrt@iamllﬂ’tehydmaﬁ@ﬂfeagfitﬁlﬁm B-sab. pa,r ‘and: aqoiti; atidcysti ne,
L- gl utam n tidine, ﬂgl euci ne

[ Petici e Pefersis it Uofie drolipfle sid. Hinabrgnibaraifien Pt ineife PHidesat i ne,
L-t hr eoni Agdrothidridéptiggtiagin, thiantiye Bedrétdlore dvilamii@ Biste12, aMﬂTa@l@’rbiéacuﬂillifal’d as
O O L Mot chuRR . i SO BT 8 AP R ™
pyri doxi N@referably, choline chloride; energy sources, such as glucose, galactose, mannose, and
fructose, preferably, glucose; osmotic regulators, such as sodium chloride, potassium
chloride, and potassium nitrate, preferably, sodium chlonde; iron sources, such as iron EDTA,
ferric citrate, ferrous chioride, ferric chloride, ferrous sulfate, ferric sulfate, and ferric nitrate,
preferably, ferric chloride, iron EDTA, and ferric citrate; and pH regulators, such as sodium
25  bicarbonate, calcium chloride, sodium phosphate monobasic, HEPES, and MOPS, preferably,
sodium bicarbonate. Culture media containing any of these components can be given as
examples.
Besides the above components, there may be added trace metal elements, such as
copper sulfate, manganese sulfate, zinc sulfate, magnesium sulfate, nickel chloride, tin
30  chloride, magnesium chloride, and sodium subsilicate, preferably, copper sulfate, zinc sulfate,
and magnesium sulfate; surfactants, such as Tween 80, and Pluronic F68; growth cofactors,
such as recombinant insulin, recombinant IGF, recombinant EGF, recombinant FGF,
recombinant PDGF, recombinant TGF-¢, ethanolamine hydrochloride, sodium selenite,
retinoic acid, and putrescine dihydrochloride, preferably, sodium selenite, ethanolamine

35 hydrochloride, recombinant IGF, and putrescine dihydrochloride; and nucleosides, such as



hydr ochl ori de, riboflavin, thiam ne hydrochloride, vitam n B.sub.12, and
ascorbic acid, preferably, biotin, folic acid, lipoic acid, nicotinam de,
cal ci um pant ot henat e, pyridoxal hydrochloride, riboflavin, thiamne
hydrochl oride, vitam n B.sub.12, and ascorbic acid; lipid factors, such as
choline chloride, choline tartrate, linoleic acid, oleic acid, and

chol esterol, 20 preferably, choline chloride; energy sources, such as

gl ucose, gakfsdeASstne, NRORRSAdindNdeoxtybiifboOife, alnBbiBE, abYtiincd! HEASEhe, OHADL i C
regul ators, .such as saodium chloride, potassium chloride, and pgtassium

nitrate, pidinger dnfhg prefermd smboringmisef the pressnisByriier desstibad abeve, ARigtDTA,

ferric cihichlag strEREhAUs, felcRlih-¢epoth&huh, Gnd eRbintleh, dh@ IR, b asT €11 C
sul f at e, ar(l:d feSr rliﬁc %ﬁ?r%@e, prg?erably, %lé:rric chl orﬂipge,lci ron EDTaﬁS\, and

ferric ciPhegpbRedaAgy becenddgdat or s, such as sodi um 25 bi carbonate, cal ci um
chl oriqgle, sodi ; ] ..sodi um
4 U ARORRA & M%@Séhﬁnveﬂﬁgﬁ?y % g‘gﬁf’%@{@ﬁmm

bi carbonate. Culture nmedia containing any o [ ) can be given
as exanpilessadausprgdict oh Estamester adish anrahedract tadr comppsreible agitaberll qultse net al
el ement s, P! : MEME- DUl /b

magnesi ummgétl}ﬁ?lét?%,ha%l ckeP/I @?}\*lfgf}%ﬁs&}ﬁ??ﬁﬁ@%@l@g] é%g, rragne@iulufmﬁ%ﬁr“gri de,
and sodi uthddssi’y Medified Eaglef Medibing Nugréspp dixtwrd F-d2k RPN 64% (TH@1SSFMHd
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r econtl naflaviE@en), [$ €6 (hraine SPEGH]C) neRloM§iFaHD (SgmaAldgchianol ami ne

i achlor de. AL HRHERFU: iy FRIMARSIRS Bt PSRN gttt or1 e,

r econbi nafith ek or afich pebtrextadt ieaddicd jsdroo patiadariielimant] amliaiyeoedidesnaydwch as 7
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i nvent i onmdpede rushed labpavieylagatmhamoti-dsived soraporeat fte eptiamy ohich doenhati [ 11 n-G

B o or e e L 5t BiiEns e, oo

addi ng an enzynWhis thetegiivmalat wiich af atyehtiodegtddatiomnpragducoof fishfneabometsh Iext ract
COMEr Ci alri%?ﬁna@ﬂ?(! iSceI | cul tur medi um g]s-cl{'Ch s D-VEM ecco' s

Modi 11 od BRI By oo O e e Bormr b BTGt Eagl e
Medi um  Nuuellgntie dikfoUseecdftuiad)is alifhidl BA&IvakddQoShaiR kell CAmyiol Dg&ih a CHO- SF
(o A GCheh) 15 b PO (IR B pSELeRSEaly B d R fa i (rogem). 1S
i nvengg on, the TRintiints®f M dttier sdmpoheisnt ihe calage Addibintite P.0SLS00hg/L
for amino acids, 0.001 to 10 mg/L for vitamins, 0 to 200 mg/L for lipid factors, 1 to 20 g/
for energy sources, (.1 to 10,000 mg/L for osmotic regulators, 0.1 to 500 mg/L for iron
sources, 1 to 10,000 mg/L for pH buffers, 0.00001 to 200 mg/L for trace metal elements, 0 to
5,000 mg/L for surfactants, 0.05 to 10,000 pg/1. for growth cofactors, and 0.001 to 50 mg/L
25  for nucleosides. These amounts can be determined appropriately depending on the type of
the cell to be cultured, and the type of the protein of interest.
The pH of the culture medium differs depending on the cell to be cultured, but is
generally pH 6.8 to 7.6 and appropriately pH 7.0 to 7.4 in many cases.
The culture method of the invention may be used, without any restriction, for
30  culturing various cells (e.g., bacterial cells, fungal cells, insect cells, plant cells, animal cells,
etc.). For example, a COS cell or CHO cell having a gene encoding a protein of interest
incorporated by genetic engineering procedures, or an antibody-producing fusion cell
represented by a hybridoma, such as mouse-human, mouse-mouse, or mouse-rat may be
cultured by the method of the present invention. The culture method of the present

35 invention may also be used when an animal cell is cultured to obtain a natural protein



fish meat or a fish neat extract is added is not particularly limted, and
any nmedium may be used. Preferably, a serum free nedi um which does not
contain any nmanmal -derived serum nay be used. In particular, a
manmmal - deri ved conponent free nedi um whi ch does not 15 contain any
manmal - deri ved conponent isolated frommamuals is preferred. Wien the nmedi um
to which an enzymati c degradati on product of fish neat or a fish neat

extract i grogfdadyitise MMM fTIRCuTBLI NI mA Nl b Rkd B8 chivatheBHIReARNt free
medium usually, the cell to be cultured is adapted in advance to that the

cel | can #iddiFliarelsesivedl astsbars-meponsdeellsd of conditioning cells is

vel | - known to t RGpRicalaly | Rélerable tddind kel if Chel PiscRlRHBARONOS ol THOOLNSHto
conponents in the culture mediumare 0.05 to 1,500 n%L for am no aci ds,

0. 001 to Whichg/gen¢ gcoding rarefein of interesithas hegnitrangferred. pildhe pru¢ippEinterest is 20 g/ L
for energ ; ; e [ 500
g/ L or 1 JARIRRY 1ihita 80 A R s e SR b R L 10800,y L
for tracemglsculpr eredranibady, chimeric tibody, hgmanirest andibpdaeica or ¢ phpsigsgieally10, 000
g/L for g a n 00: .50 G255 Hor, S hese
anount s céﬁ%g’ rﬁ@%“e%%“z"&”%p‘g"r@ rsﬁli‘%%ﬁ‘)gq%%ﬁéi ng lf))_h %ﬁeﬁlgﬁ)ltc glgzﬁ%ﬁh?%e cel |
to be cul calprdstimuating factorn/(6eM-1SH).ezythropoistim inferfenen cintssleukimivechpisl Ibfl ethe

cul ture diu i %EE g iﬂg : |t ured, t.al s
general | gﬁ“pbl ghg’ HS) . gsg appr ogﬁrli @F@q %8%313}7‘8%%%8&;6%% n%n%% E(':llaisaens. The
cul t ut@ netttbody sfespgehiplly prefamelon may be used, w thout any restriction, for

30, cultur ng VALl e S i @ndl, prodBlioh) A ShbRuof YRSRM 58 he el ReCt

cells, plant ce ani na rexa cel
cel | havi myertiogeineudn aotdénty nsonpelon i antibddiésndesived tfrom aiorajsosuab ed hognagenet i ¢

engi neerin rocedures, or. an anti bady=.produci ng.£fusjon I represented by
a hybri doﬁ%}l % ﬁ%’h %S?%EE%IE’HB Y oﬁ&%lél{%rr@%saisf) %Pﬁ?@l}'slé@ &lglfé ﬁ%&’”ﬁ%mcm tured
by the netitidddies sidheaspthéseitt antibvdies, ihomaniZdearcibbdius, dispediio dntdfodieher ireesent 35
i nvention.may ..al so be yse en animal..cell is cultured to gbtain a
nat or b1 pbBY oie Wgmreslintn B phfe-&RHRriad pol rEtlatl Wkt el Wy o
be used f ay cladst suich ng IPHKIEE], | I[8G2 andi3idgG4,cat.),slgas 1yl IgFasghhe the like.
above- nent,i,on cells. . articul ar referahl e ani.mal .cell_in t pr esent
vent | on VR giecRgbed i< G g AipimBEEct dEcia FPBGEY P ey oot
has been Fiieherk! B anilivdy Pif tHeSpraseaf inv&rtioh @atorhsassed nopénlp wWhbleCankibadies | 1 mi ted
and may bg an roteip such as an ant] (,nat,ural antibody, | qw ol ecul ar
a1 zed ant puctep, TR Friehik G, P dha Gt B RIRgIoeule S gnbpdle.
pfgéls Igo ogt.gakingle dhani F«e(spmth RIFV)§,Ht@nuf eobt@lacd ondivalchddloratipig vhiagdeor
( ) 81‘2%&3& g)(r: ugk?ﬁgn\?a%gglg re?g?cﬁ'ls of antibodies with a linker such as peptide linker.
The culture conditions differ depending on the type of the cell used, and preferable
conditions may be determined as desired. For example, when the cell is a CHO cell, it may
be cultured usually in an atmosphere with a CO, concentration in a gas phase of 0 to 40%,
25  preferably 2 to 10%, at 30 to 39°C, preferably about 37°C, for 1 to 14 days.
Cuiture can be performed using various culture devices for animal cell culture, for
example, a fermentor type tank culture device, an air lift type culture device, a culture flask
type culture device, a spinner flask type culture device, a microcarrier type culture device, a
fluidized bed type culture device, a hollow fiber type culture device, a roller bottle type
30  culture device, and a packed bed type culture device.
High production of protein becomes possible by culturing a cell (preferably, animal
cell) according to the method of the present invention.
To produce a protein in an animal cell, mere culture may suffice, or a special

procedure may be required. The procedures, conditions, etc. may be determined, as

35  required, depending on the animal cell to be cultured. In the case of a CHO cell



colony-stinulating factor (GWCSF), erythropoietin, interferon, interleukin
such as IL-1 or [|L-6, t-PA, urokinase, serumal bum n, blood coagul ation
factor, etc.). Among all, an 10 antibody is especially preferred. Exanples
of antibodi es produced by the production nethod of the present invention

i nclude not only nonocl onal antibodies derived from ani mals such as human,
nmouse, rat, hanmster, rabbit, nonkey or the |like but also artificially

modi fi ed faeeHiaVih a aBbi &Qﬂhﬁﬁg 8§46kt @isodi éTﬁ{ohEe RithdnPsth@f anfibeB byz ed

ant i bodi es, bispecific antibodies or the 1 ﬁgwﬁg é? gl obul'i n cl ass
of these &HfneHpaNHRCeriBe ﬂmratwarfqreml%nwulﬂerﬁﬁ oma ythg Of%{?ﬁrtlevegss such

as 19G (| G(@ldjtlolnﬁl%erébg% rbﬁ%f ififefest) can b8 Obtaln@Pin the Eultdrél Me@funt in@bbitke.  Wen

t he antlbodx is to be pharmaceutical, the class is preferably 1gG

or IgM fu Hé}fwreéeralflhén @h@wtb%ay1%fday%éfhsn,e@erwltilrﬁve¢ﬁ'%ns sWeRtgh®ses not
onl y whol i%oﬁﬁ&ﬂ %ﬁ@llﬁﬁlﬁcm& @;l %en@eﬂhbmqﬁetﬁ&ﬁg@@@tf%r (XHGPle@ntfductfcoaPio F(ab) 2)

and | ow nol ecul ar sized anti’bodi es, g., single sc(FV) 2,
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cultu $ng a cell (preferably, animal <cell) according to the nmethod of the
prese invention. To produce a protein in an animal cell, nere culture may
suffice, @XAMBHESial procedure may be required. The procedures,

conditions, etc,, may be determ ned red, de t he ani nal
colt Lo be cul ¢ HeBTbeRS: ff oresaatieni wilgPe ARAT S marE BERT Il RS oc or
cont ai ni ng megﬁfﬂewﬁichﬁHm;geﬂamtbll&&réimaeﬂkaﬁipllerrerrlﬁseaameymbymtead@lenﬁti c
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af or enent L e Breser inyRRtion gad natfy limy g1%$@?%9% OPEPT BYE can be obt ai ned
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[EXAMPLE 1] Fed-Batch Culture Using a Bonito Hydrolysate

The compositions of the media and the method of preparation thereof are as

described below.

Initial Medium: The bonito hydrolysate prepared in Reference Example 1 was added to a
25  mammal-derived component free medium at 5 g/L.  After dissolution, the resultant medium

was filter-sterilized.

Feed Medium: The concentrations of the components in the mammal-derived component

free medium used as the initial medium were made about 2-fold relative to the initial

medium. The bonito hydrolysate (30 g/L) was added to the resultant medium and dissolved,
30 followed by filter sterilization.

Cell: Recombinant anti-ganglioside GM3 human antibody (L612)-producing CHO cell

strain disclosed in International Publication WO 2005/005636. The class of this antibody is

IgM.

The initial medium was added to a jar-type culture device. The above-described

35 CHO cell strain was added thereto at 2 x 10° cells/mL. Then, culturing was started at 37°C
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to 14 days, preferably in about 7 to 10 days. Then, the culture nmediumis
subjected to 5 isolation and purification by conventional nethods (see, for
exanpl e, Introduction to Antibody Engineering, Chijin Sho Kan publishing
conpany, pp. 102-104; Affinity Chromatography Principles & Methods,

Amer sham Phar maci a Bi otech, pp. 56-60), whereby the protein of interest can
be obtained. According to the present invention, it is possible to produce a

r econbi naghdea % lasly Inl3d{barh Yhlalre, A feDRA¥diuRR s BaDt afcbﬁ@imnbw riteWonp| ecul ar

si zed antlbo hi mer h ni ed_ant | bod S CIfIC antlbody,
etc.), gt ﬂrgi?fﬂléwme(faf Bkl 13c P amginecahie HJWFF&

(G CSF) of 2O GMd Qt UBES 9Phao® 46011any TRE 'cﬁlﬁh@tsh?é}nzitﬂﬁtcﬁ‘f eack %@SF\):as
erythropoietin, interferon, interleukin such as 1 or IL-6, t-PA

ur oki nasesubjesisd i %?%G’Fﬁl%mnbﬂﬁ%m@é@@]w i defermuge thy cor@ﬁmloaroft%bwym at a
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described in nore detail r ef erence to the foll ow ng Exanpl es and

Ref er encecihphen tim dead @rs@dm aas Hiob fecht e@nihie togher jhandiswhen éhe palutitnesent
i nventi onc.apdnin gtthetl%nitb 3rofy|§§e GO R&I, BlghlRGb&Y gﬂ:%ﬁsgntﬂa%rgohﬁrbe ARl dXAVPLE 1

] Fed- Batch ure Using a“Bonito Hydrol ysat he conpositions of the nedia
and the nélt%g/aoesmqﬁ@baﬂ dayssulture pedbéxcegdingals 7 gdieatier 1 hdays pdiwsey. 1 niti al

Medi um The bonito hydrol ysate prepared in Reference Exanple 1 was added to

a 25 mammal -derived conponent free nediumat 5 g/L. After dissolution, the

resul 1&nt [Fe4MPE 2ja FefliBatarCuuer Vsing e Bonifkeldyfirtlysitam  The concentrations of

o um 4B SORROTRERE {1 s, ST Alhog 1 RBRAI ARG af0es T o

boni t o hydesetibsldielow 30 g/ L) was added to the resultant madi um and di ssol ved,

30fo||o S k| . e I.osi de GVB
human ant Irﬁt%&%{%&%‘h p{r)oo ucﬁlyﬁg’wég%péegﬁkd lgﬁge(%&n;%g%gsedkwaggﬁ&tdég%at I onal
Publ i cat i oami@l-2e0&H0mGSBent The: oledssn af 1Shp4.. antfidoodissolusion,| thivl reJiliant ni ti al
medi u was dded f}ﬁtea are tépe culture device. The above-described 35 CHO
cel | rafy Tth&€Eto at 2 x 105 cells/nL. Then, cul turi ng was
started aFe&l?Méihum. The concentrations of the components in the mammal-derived component

free medium used as the initial medium were made about 4-fold relative to the imtial
medium. The bonito hydrolysate (75 g/1.) was added to the resultant medium and dissolved,
followed by filter sterilization.

20  Cell: Humanized PM-1 antibody {anti-human IL-6 receptor antibody)-producing CHO cell
strain prepared using the human elongation factor I promoter disclosed in Example 10 of
International Publication WO 92/19759 based on the method disclosed in Reference
Example 2 of Japanese Unexamined Patent Publication No. H8-99902. The class of this
antibody 1s IgG1.

25 The 1nitial medium was added to a jar-type culture device. The above-described
CHO cell strain was added thereto at 1 x 10° cells/mL when the feed medium was to be fed
and at 0.5 x 10° cells/mI. when the feed medium was not to be fed. Then, culturing was
started at 37°C under 10% COQO,. In fed-batch culture, the feed medium was fed at a
constant flow rate from day 2 of culture, and cells were cultured until day 10. Sampling

30  was performed at the start of culture and at days 3, 5, 7 and 10. The culture supernatant of
each sample was subjected to affinity chromatography using a protein A column to determine
the concentration of antibody produced. As shown in Fig. 2, the antibody concentration
was about 0.5 g/L. after 7 days culture when the feed medium was not fed. On the other
hand, when the solution containing the bonito hydrolysate was fed, high antibody

35  concentrations could be achieved (1.1 g/L or more after 7 days culture and exceeding 1.4 g/L.
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10 under 10% CQX2. In fed-batch culture, the feed nediumwas fed at a
constant flowrate from day 3 of culture, and cells were cultured until day
14. Sanmpling was perfornmed at the start of culture and at days 3, 7, 10 and
14. The culture supernatant of each sanple was subjected to size exclusion
chromat ogr aphy to determ ne the concentration of antibody 5 produced. As
shown in Fig. 1, the anti body concentration was about 0.6 g/L after 10 days
cul ture whes 10lagys@Rgkeredi um was not fed. On the other hand, when the
solution containing the bonito hydrolysate was fed, high antibody
concentrations could be achieved (1.2 g/L or nore after 10 days culture and

exceedi ng[EXAMPLE Af (RE-Bhfthd@)@rCUsihg!s Bonitoiydr LE 2] Fed-Batch Culture
Using a Bonito %rol ysate The. conpositions of nmedi a, and t he net hod of

preparation t helBorompesitipns qa“etberm%’@d%Weﬂwﬂtqfamremwanﬁherrﬁ%mﬁo%ﬁ to
hydr ol ysafigcbRmaned i n Reference Exanple | was added to a namul -derived
conponent free mediumat 15 g/L. After dissolution, the resultant 15 medium
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made about 4-fold relative to the 1niti medi um The bonito hydrol ysate
(75 g/ L) was filierceatilized. t e & eanitol.athe saraeimediuamerithows e bendto hydelyseigediashy
filter stgrdylization. 20 Cell: Humanized PM1 antibody (anti-human IL-6
receptor anti body)-producing CHO cell strain prepared using the human

el ongd® i oheddadedinmt a The conseutratighsef the eomponemsampheemaromal-derived egmpaniepinal

2'of  Sapaice SOpRE, BRA 8 (ERRE BT BE] Al RIS ARG TR ERER e (T €

ant i body |Tbe begiio. hy@®lyEhte (3thgA) adas adeil tovibeassubiaid eatdivum and @ssotvyflxefoﬁmmdjr e
col | o/ ERECHEIPERE' | A5 ol R R bl SRR HE Bt Rkt doh, *hen

the feed medi umwas not to be fed. Then, culturing was started at 37C under

10% . o f edsbat cul tur.e um was _f nstant fl ow
0% 7. Kyt bt e i 0 LR SRR o gl 1o
30 was peb§ themsthaatdidclosedindnternafiormbiPablicaticmrWO2006/8§603, 5, 7 and 10. The
culture skrl.gfﬁrgn# antt of each sanple was subjected to affinity chromatography
using a p ﬂ:ﬂéol um to determ ne the concentration of antibody

produced. As sh®kinitial Megiun?was hddednd i lpadypecaitoendevizti oThe above-described
CHO cell strain was added thereto at 3 x 10° cellsmL. Then, culturing was started at 37°C

20 under 10% CQOs;. The feed medium was fed at a constant flow rate from day 3 of culture,
and cells were cultured until day 14. Sampling was performed from time to time during
culturing. For the culture supernatant of each sample, the concentration of protein was
determined by BIACORE method using the part of MPL amino acid sequence to which
sc(Fv), binds. As shown in Fig. 3, the protein concentration after 14 days culture was about

25 450 mg/I. when the feed medium without the bonito hydrolysate was fed. On the other
hand, when the solution with the bonito hydrolysate was fed, a high protein concentration

(exceeding 760 mg/L after 14 days culture) could be achieved.

[REFERENCE EXAMPLE 1] Preparation of an Enzymatic Degradation Product of

30  Bonito
A commercially available bonito was used as fish meat. To 840 kg of minced
bonito, 1,200 kg of water was added. The mixture was incubated for 1 hour together with
3.2 kg of plant-derived papain at pH 6.0 and at 65°C for enzymatic degradation. Then,
enzymatic degradation was further carried out with 3.2 kg of mold-derived exopeptidase for

35 15 hours under the above conditions, whereafter the system was heated at 95°C to inactivate
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was about 0.5 g/L after 7 days culture when the feed nediumwas not fed. On
the other hand, when the solution containing the bonito hydrol ysate was
fed, high antibody 35 concentrations could be achieved (1.1 g/L or nore
after 7 days culture and exceeding 1.4 g/L 11 after 10 days culture).

[ EXAMPLE 3] Fed-Batch Culture Using a Bonito Hydrol ysate The conpositions of
the nmedia and the nethod of preparation thereof are as 5 described bel ow

I gld t Id alt MadieHme Elhegﬁmu{eg, yEvE s eetifughd BRPfiRGed ﬁatra%% %E&%igmamllg 1 was
added to a, mammul -deri ved conponen ree ium a er

di 5ol ut | Ohe TCPHES WELSEHTRIARRIP R 2 %«a& 1p9 ke @g afg@éymﬁtw%&rada&owe@m #ol, the
same nedi gg mkdiiRIrito). he bonito hydrol ysate was wused. 10 Feed Medium The
concentrations of the conponents in the mammal - derived conponent free

medi um used as fH@UDlifatENS) PARI BrhpRISAEADRHEABODS qits( hereis agg IngaIPegted hereimi t i al
medi ung Ep@ﬁganhpm@ygﬁggysate (30 g/L) was added to the resultant nmedi um
and di ssolved, followed by filter sterilization. As a control, the sane
medi um wi t hout the bonito hydrol ysate was wused. 15 Cell: MPL- blndlng single
chain (Fv , reconbi nant CHO cell prepared by the

met hod digg?ggggﬁyﬁg%nternatlonal Publ i cati on WD 2005/ 056604. Cul ture

Resul ts: The i nAc¢adingntalihgrprossst malerdignt b impssible ppaliorgl a celestaldy ivgthoutThe

one oot b SO pakahid' 5, 8 AR U SRRl belf? PR

fed alla Emﬂmname, by owlturiag @ detlamculdiylg %o e methediplethe predend anvegtiow miskced t ur ed
until day Iy F t u i ng.

For the cilture superna¥§8¥g rgggﬁgséhggiyhﬁﬁkh§gn@%§ : %#Q%; ﬁﬂﬁé%{eln was
det erm necbcbylyBiaA(B@dﬁnmbtbdmdusaﬁagmphamemticalfs d&ﬁ’lbeqmdwechamcﬂsmlmbmce to
whi ch sc&f%) thds As shown in Fig. 3, the protein concentration after 14
days cul t GFE WA §%out 25 450 ng/L when the feed nmedium w thout the bonito
hydrol ysate was fed. On the other hand, when the solution with the bonito
hydrol ysate was fed, a high protein concentration (exceeding 760 ng/L after
14 days culture) could be achi eved. [ REFERENCE EXAMPLE 1] Preparation of an
Enzymati c Degradation Product of 30 Bonito
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A commercially avail able bonito was used as fish neat. To 840 kg of m nced
bonito, 1,200 kg of water was added. The m xture was incubated for 1 hour
together with 3.2 kg of plant-derived papain at pH 6.0 and at 65C for
enzymati c degradation. Then, enzymatic degradation was further carried out
with 3.2 kg of nold-derived exopeptidase for 35 15 hours under the above
conditions, whereafter the systemwas heated at 95C to inactivate 12 the
enzynes. Then, the systemwas centridugpdsand filtered to renove insol ubles
and oils. The residue was concentrated to obtain about 150 kg of an
enzymatic degradation product of fish meat (bonito). Al publications,

patents and pat?ntA%ddQﬁ’fchHﬁlﬁl éeﬂ@o&%ﬁﬁh stafiifie CIAMNB RN &4 BftidI Ble@iuth S by
reference in their entirety. | NDUSTRI AL APPLI CABI'LI TY According to the

present i AYbfeedigg at lepst |0§cepa)£@ii medivimg t e dnjfid raedian dugng, enltpring ¢ in aysi ng
expensive ldAEtO(Sxﬁ:' 6‘[Sthe SHif ARdit é.l {HRORED %eﬁﬁﬁﬁ' Dontdis GR & atfl’ &rdhtibd

quality. Furthernmore, by culturin accordlng o the nethod of the
present |nv@nﬂmﬁﬁdlnm@m&aé$h@©ﬁﬁawmm <kdﬂmmﬁ@h abnormal prions or viruses
whi ch have becone serious problens recently can be elimnated, and safe

bi ophar maceuticals can be produced and supplied in large quantities. 13
CLAIMS 1. A nehod Amethad: off culgring aetdll cmmpisingi stagtisg sultinmg o mediung i n an

tial t d
dur i g, curATE ", RESELA0 aBhedBBR prQRECoP SUPFtal B il Aed Wt i) TECL LM
medi uid cothtesitor ench feeding yatrktastoonde gn adzymatic depradationt product o fisnewet @ra st i sh
nmeat ext r%e%&&ﬂ'g&QO&lg%{e%lgndmngcuﬁ%[%Od of culturing a cel | conpri sing

cu med con

starting uring rum ning an enzymatic degradation product
of fish neat or a fish neat extract added 10 thereto and feeding at |east

once an enzynatic at.i on uc xtract
to the mediumd Tiﬁ% ﬁ'[oﬂraicﬁod g O’f{?g’?r?ef”ﬂlgffl% 1%aul§|.g JSP% ?ﬂaéat%Merel n
the cell kslteel tured by fed-batch culture. 15 4. The met hod according to
anyon?sof clainms Ito 3, wherein the cell is a cell into

4. The method according to any one of claims 1 to 3, wherein the cell is a cell into

which a gene encoding a protein of interest has been transferred.

5. The method according to claim 4, wherein the protein of interest is an antibody.
20
6. The method according to any one of claims 1 to 5, wherein the cell is an animal

cell.

7. The method according to claim 6, wherein the cell is a mammal cell.
25

8. The method according to claim 7, wherein the mammal cell is a CHO cell.

9. A method of producing a protein by culturing a cell, comprising starting
culturing in an initial medium and feeding at least once a feed medium to the initial medium
30 during culturing, wherein at least one of the initial medium or the feed medium contains an

enzymatic degradation product of fish meat or a fish meat extract added thereto.
10. A method of producing a protein by culturing a cell, comprising starting

culturing in a medium containing an enzymatic degradation product of fish meat or a fish

35  meat extract added thereto and feeding at least once an enzymatic degradation product of fish
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whi ch a gene encoding a protein of interest has been transferred. 5. The
nmet hod according to claim4, wherein the protein of interest is an anti body.

20 6. The nmethod according to any one of clainms | to 5, wherein the cell is
an animal cell. 7. The nethod according to claim®6, wherein the cell is a

manmal cell. 25 8. The nethod according to claim 7, wherein the mammal cell
is aCHOcell. 9. A nethod of producing a protein by culturing a cell,

conpri si NGestlofk tikNeateiirddd fd the mediuaMturiRb bilélrin gEdl um and feeding at |east
once a feed nediumto the initial nedium 30 during culturing, wherein at

| east one of the initial nmediumor the feed nedium contains an enzymatic
degradati on profuctrh@imdihcahctBaing @ cRinh 16 wWhEah tﬁ‘e‘(ééllai@éulﬂﬁgfgy tdaedho- 10. A
met hod of produ0|ng a protein by culturlng a cell, conprising starting

cul turi ngClIWIea medi um contai ning an enzymati c degr adation product of fish
meat of a fish 35 neat extract added thereto and feeding at |east once an
enzymati ¢ degradati on product of fish 14 neat or a fish neat extract to the
medi um duri ng cli-t diiemegthotiaccardimg e ajoencad stairds Ade 1 b vdlessimthedell el n t he
cell is cybd® t hod according to any
one of cligtglwrrlsfugﬁj gé[nleﬁg()d%&}meﬁweﬁg{éé h?%ﬂ%ncgﬁ? lAi:elanto whi ch a gene

encodi ng a protein of |nt erest has been transferred. 13. The net hod
according to claim r i body.
4. “The met hod Scgs RARG] Shbrdinf (Peple B, Wneld Helifoud of ekl 8% PP
an aHl madntibedy.. 15 15. The nethod according to claim 14, wherein the cell

is a mnmmual cell. 16. The nethod according to claiml1l5, wher ein the manmal
cell is a CHOcell. 15
14. The method according to any one of claims 9 to 13, wherein the cell is an
animal cell.
15 15. The method according to claim 14, wherein the cell is a mammal cell.

16. The method according to claim 15, wherein the mammal cell is a CHO cell.
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