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DESCRIPTION
PROCESS OF PRODUCTION WITH CONTROLLED COPPER IONS

TECHNICAL FIELD

[0001] The present invention relates to use of wigya-derived culture medium additives
in the manufacture of antibody drugs, and relades method of stabilizing the quality of
antibody drugs by making use of the informationutibe copper content of the additives.
BACKGROUND ART

[0002] In culturing an animal cell in order to ointa native protein that the animal cell
produces or in culturing an animal cell transfect&ith a gene coding for a desired protein in
order to obtain the desired protein or the like, ardy basal nutrients such as salts, sugars,
amino acids and vitamins but also organism-dertugtliire medium additives are usually
added to the medium of use for the specific purmdgeoliferating the animal cell, whereby
a marked drop in the rate of cell survival in tlagly stage of culture is sufficiently prevented
to maintain the number of viable cells in the crdtbroth and enable their prolonged culture.
Further, from the viewpoint of manufacturing cdbge throughput of protein production is
preferably as high as possible and, to this erttiptdch culture is sometimes performed.
[0003] Meanwhile, speaking of the proteins suchrasbody drugs that are produced by
genetic recombination, they should theoreticallyehthe amino acid sequences predicted
from the genetic sequences but they may actuatlyde various inhomogeneous
components. This is due to either known or newivo (post-transcriptional

(translational)) modifications or physicochemiaabii-enzymatic) reactions (Harris R J., J
Chromatogr A. 1995;705:129-134). Variations inphegress of these reactions will
naturally lead to variations in the contents ofamogeneous components in proteins. The
variations in the inhomogeneous components in tbems produced as active
pharmaceutical ingredients are preferably as sasgtiossible.

[0004] Among the inhomogeneous components contamadtibody drugs, molecular

species amidated at the heavy chains’ C-termimal&r@own (Tsubaki M et al., Int J Biol
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Macromol. 2013 Jan; 52:139-47; WO2005/090405). héugh no reaction mechanism has
been unraveled for the amidation of antibody dratgS-terminals, it is known that the
copper content in a medium used to produce anatidrug by culturing animal cells is
positively correlated with the amount of the C-terah amidated species in the produced
antibody drug (Kaschak T. et al., mAbs, 3.6, 573;5811).
[0005] However, it has been entirely unknown thaew an organism-derived culture
medium additive is added to a culture medium andrditbody is produced by culture, the
production of the additive involves so great aeatiéhce in copper content between lots that
the content of the by-product C-terminal amidateecges in the produced antibody varies on
account of this lot-to-lot difference.
PRIOR ART LITERATURE
PATENT LITERATURE
[0006] Patent Document 1: WO2005/090405, titledbtgpes of humanized antibody
against interleukin-6 receptor”
NON-PATENT LITERATURE
[0007] Non-Patent Document 1: Harris R J. “Progegsif C-terminal lysine and arginine
residues of proteins isolated from mammalian adluce” J Chromatogr A. 1995;705:129—
134

Non-Patent Document 2: Tsubaki M, Terashima |, K&K, Koga A “C-terminal
modification of monoclonal antibody drugs: amidaspécies as a general product-related
substance” Int J Biol Macromol. 2013 Jan;52:139-47

Non-Patent Document 3: Kaschak T. et al. “Charaason of the basic charge
variants of a human IgG1: effect of copper con@ran in cell culture media” mAbs, 3:6,
577-583, 2011
SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0008] The present inventors first identified threlgem that the production of organism-

derived culture medium additives involves differemtetween lots that are extremely
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difficult to control to lie within limited rangesha which consequently cause variations in the
quantity of the C-terminal amidated species inahibodies produced by using such
additives. Since antibody drugs desirably havesthallest possible variations in their
inhomogeneity, the present inventors made interstivdies on a method to control the
variations in the amount of the C-terminal amidapdcies in antibody production.

[0009] An object, therefore, of the present inventis to provide a means to control the
amount of the C-terminal amidated species in tleyred protein by culturing animal cells
in a medium to which an organism-derived culturelime additive has been added.
SOLUTION TO PROBLEM

[0010] As aresult of the intensive studies madsdige the aforementioned problem, the
present inventors developed a novel method ofcedtilire characterized in that individual
production lots of an organism-derived culture rmedadditive are measured for their
copper content and the lot selected by the measaguer content as an indicator is
appropriately added to the culture medium, and laaheved the present invention.

[0011] The present invention is summarized below.

(1) A method of cell culture comprising adding #d-centaining seed medium to an initial
medium and starting to culture the cell in thei@itmedium, wherein the initial medium has
an organism-derived culture medium additive adtiedeto and the copper content of the
initial medium at the start of cell culture is n@ma than 0.02 ppm.

(2) The method according to (1), wherein the compatent of the initial medium at the start
of cell culture is no more than 0.015 ppm.

(3) The method according to (1) or (2), whereiroeganism-derived culture medium
additive with a copper content of no more than hpas been added to the initial medium.
(4) The method according to (3), wherein an organilerived culture medium additive with
a copper content of no more than 1 ppm has beesdadddhe seed medium which is to be
added to the initial medium.

(5) The method according to any one of (1) to\#)erein the method of culture is batch

culture, fed-batch culture, continuous culturechatulture, or semi-batch culture.
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(6) The method according to any one of (1) to\#)erein the method of culture is fed-batch
culture.

(7) The method according to (6), wherein an organilerived culture medium additive with
a copper content of no more than 3 ppm has beesdadd fed-batch medium which is to be
added to the initial medium.

(8) The method according to (6) or (7), whereindbpper ions derived from the fed-batch
medium are present at no more than 0.08 ppm imgaium at the end of culture.

(9) The method according to any one of (6) to\{8)erein the copper ions in the medium at
the end of culture are present at no more thap@mi.

(10) The method according to any one of (1) to\{)erein the organism-derived culture
medium additive is an animal- or plant-derived ardtmedium additive.

(11) The method according to any one of (1) to\{erein the organism-derived culture
medium additive is a fish-derived culture mediunditide.

(12) The method according to any one of (1) to\{)erein the organism-derived culture
medium additive is a fish meat hydrolyzate.

(13) The method according to any one of (1) to (&2jerein the organism-derived culture
medium additive to be added to the culture mediasldeen preliminarily measured for the
copper content.

(14) The method according to any one of (1) to (&®)erein the cell is an animal cell.

(15) The method according to (14), wherein the isedl mammalian cell.

(16) The method according to (15), wherein the maiian cell is a CHO cell.

(17) The method according to any one of (1) to ()erein the cell has been transfected
with a gene coding for a desired protein.

(18) The method according to (17), wherein therddsprotein is an antibody.

(19) The method according to (18), wherein thebanty is tocilizumab.

(20) A method of cell culture using an initial mehi wherein an organism-derived culture
medium additive with a measured copper contenbkas added to the initial medium.

(21) The method according to (20), wherein the wethf culture is batch culture, fed-batch
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culture, continuous culture, batch culture, or sbatth culture.

(22) The method according to (20), wherein the wethf culture is fed-batch culture.

(23) A method of cell culture comprising the stefis

1) preliminarily measuring the copper content iroaganism-derived culture medium
additive to be added to a medium; and

2) selecting the measured additive with a coppetertd of no more than 1 ppm and adding
the same to an initial medium.

(24) A method of fed-batch cell culture compristhg steps of:

1) preliminarily measuring the copper content iroaganism-derived culture medium
additive to be added to a medium;

2) selecting the measured additive with a coppatert of no more than 1 ppm and adding
the same to a seed medium or an initial medium; and

3) selecting from the measured additives the oitle a/copper content of no more than

3 ppm and adding the same to a fed-batch medium.

(25) A process for producing a protein using thehmeé of culture according to any one of
(1) to (24).

(26) A process for producing a pharmaceutical casitjpm containing a desired protein,
comprising the steps of:

1) producing the desired protein by the producfimotess according to (25); and

2) producing the pharmaceutical composition by ngxihe desired protein produced in step
1) with a carrier and an additive that are pharmtcally acceptable and formulating the
same.

(27) A method of suppressing the generation of r@iteal amidated species in a desired
protein by using the culture method according tp @me of (1) to (24).

(28) The method according to (27), wherein therddsprotein is an antibody.
ADVANTAGEOUS EFFECTS OF INVENTION

[0012] According to the present invention, organisenived culture medium additives to

be added to a seed culture medium, an initial madiva fed-batch medium for use in fed-
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batch culture are preliminarily measured for tleeipper content, depending on which each
additive is added to an appropriate medium, wheveitions in the amount of C-terminal
amidated species in the produced protein can beeatieal.

BRIEF DESCRIPTION OF DRAWINGS

[0013] Fig. 1 shows the correlation between the@an(%) of inhomogeneous
components’ peaks (Sub-1 peaks) containing C-texinpirolinamide species found by ion-
exchange chromatography of an antibody proteinyred from CHO cells as cultured in a
medium, to which 15 g/L of a commercial bonito hylgizate of plural lots had been added,
and the copper content (ppm) of each hydrolyzdte lo

Fig. 2 shows the increase in the content (%) &k Speaks in the produced antibody
protein upon addition of copper to a medium, witl values of Cu (ppm) on the horizontal
axis representing the sum content of the coppescgdd

Fig. 3 shows the average values of the contenpfub-1 peaks in the antibody
proteins obtained by culture, using a bonito hygirate of either high or low copper content
for each of a seed culture medium, an initial mediand a fed-batch medium.

Fig. 4 shows a regression expression obtainedWiypie regression analysis with
the Sub-1 peak content (%) in the antibody protpmosiuced by CHO cells in the media
being the objective variable and the copper costenthe bonito hydrolyzates added to the
seed culture medium, the initial medium, and thieldatch medium being the explanatory
variables, wherein the CHO cells were culturedheyfed-batch culture using a seed culture
medium to which a bonito hydrolyzate was added giL3 an initial medium to which a
bonito hydrolyzate was added in 15 g/L, and a fatitb medium to which a bonito
hydrolyzate was added in 75 g/L.  Since no stat#i{i significant difference was observed
between the copper content in the seed cultureunednd the content of Sub-1 peaks in the
analysis, the regression expression in Fig. 4 \wb=zutated without using the copper content
in the seed culture medium.

DESCRIPTION OF EMBODIMENTS

[0014] On the following pages, embodiments of cagyout the present invention are



described in detail.

[0015] The present invention relates to a cultusthod characterized in that an organism-
derived culture medium additive with a measuredoeogontent is added to a medium for
cell culture, as well as a process for protein pobidn that uses such culture method to
produce a protein by a cell.

[0016] Methods of cell culture are generally clésdiinto batch culture, continuous
culture, and fed-batch culture.

[0017] In batch culture, a small amount of seeducalbroth is added to a medium and cells
are proliferated without replenishing the mediunthvé fresh one or discharging the culture
broth.

[0018] In continuous culture, a medium is continslgwadded and discharged during
culture. Perfusion culture is also included in tbatinuous culture.

[0019] Fed-batch culture is a hybrid of batch atand continuous culture and also called
semi-batch culture; as in continuous culture, aiomads continuously or consecutively
added during culture, but no continuous dischafdgbeoculture broth is performed. The
medium to be added in fed-batch culture (hereinaftierred to as “fed-batch medium”) does
not need to be identical to the medium already usedlture (hereinafter referred to as
“initial medium”), and a dissimilar medium may bedad or only a specified ingredient may
be added.

[0020] In the present invention, any of batch adfwwontinuous culture and fed-batch
culture may be employed, with fed-batch culturengeireferred.

[0021] According to the usual procedure for prodgca desired protein by cell culture, a
seed medium containing cells is added in a spéc#irount to an initial medium and the
cells are cultured. Further, in order to increthseproduction of the desired protein, a fed-
batch medium is added during culture.

[0022] The seed medium refers to a medium in whalls that produce a desired protein
(i.e., a working cell bank) are expansively cultumntil the necessary cell count is obtained

to transfer into a medium (initial medium) for ewaad production of the desired protein.
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The initial medium generally refers to a mediunwimich the cells are cultured to produce
the desired protein and which is used in the §itage of culturing the cells. The fed-batch
medium generally refers to a medium that is addetié medium in which initial culture is
being conducted. The fed-batch medium may be anfdieeb or more divided portions.
Alternatively, it may be added continuously or nmétently.

[0023] In the present invention, cells are subgeliun the seed medium and, thereafter, a
specified amount of the cell-containing seed medsiadded to the initial medium, in which
the cells are cultured to produce the desired proteOptionally, the fed-batch medium may
be added one or more times to the medium in whitfore is being conducted. Here, at
least one of the seed medium, the initial mediuthtae fed-batch medium has an organism-
derived culture medium additive added thereto,iaisdpreferred that the organism-derived
culture medium additive has been added to all tedim

[0024] In one embodiment of the present inventibe,organism-derived culture medium
additive is added to all of the seed medium, titealrmedium and the fed-batch medium.

In another embodiment of the present invention ptiganism-derived culture medium
additive may be added to only the initial mediunin still another embodiment of the
present invention, culture medium additives derifrech different biological species may be
added to the seed medium and the initial medium.

[0025] To give an exemplary culture method, celture is started in the initial medium
and further the fed-batch medium is added at l@ast to the medium in which cell culture
is being conducted, wherein an organism-derivetliiimedium additive with a measured
copper content is added to at least one of thalimtedium and the fed-batch medium.
[0026] Another exemplary culture method that camtbepted is characterized in that cell
culture is started in a medium to which an organirived culture medium additive with a
measured copper content has been added and fartleeganism-derived culture medium
additive with a measured copper content is addézhat once to the medium in which cell
culture is being conducted. This culture methoohis embodiment of fed-batch culture

(involving the addition of only a specified ingredt).
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[0027] While the ratio between the amount of thedsenedium to be added to the initial
medium and the amount of the initial medium is pantticularly limited, the volume ratio of
the seed medium, relative to the volume of theahmedium which is taken as unity,
generally ranges from 0.1 to 1, preferably fromt0.2.6, and more preferably from 0.3 to
0.5. The ratio between the amount of the initiadimm and that of the fed-batch medium
(i.e., the total amount of the fed-batch mediurbécadded to the initial medium in one
performance of culture) is not particularly limitezither, but the volume ratio of the fed-
batch medium, relative to the volume of the initr@dium which is taken as unity, generally
ranges from 0.01 to 10, preferably from 0.1 torild enore preferably from 0.2 t0 0.3. The
fed-batch medium may be added continuously or cwisely.  When the fed-batch
medium is added consecutively, the number of amlttis not particularly limited and the
fed-batch medium may be added either once or aieid®eb or more divided portions.

[0028] The present invention is notably charactatim that the organism-derived culture
medium additive to be added to the seed mediuniniti@l medium and/or the fed-batch
medium has been preliminarily measured for its eogpntent. The respective organism-
derived culture medium additives to be added tcst#eel medium, the initial medium and the
fed-batch medium may come from the same produdtioor different production lots. If
desired, organism-derived culture medium additives different production lots may be
used in admixture. Since the copper content irotjanism-derived culture medium
additive is measured before preparing the medibenway in which the respective lots of
organism-derived culture medium additives to besddd media are used (e.g., in the seed
culture medium, the initial medium, the fed-batchdimm, or use in admixture) can be
determined in accordance with the measured copgeet prior to media preparation.
[0029] Hereinafter, the respective organism-derigeitire medium additives to be added
to the seed medium, the initial medium and theldfatth medium are sometimes referred to
as the organism-derived culture medium additiveterseed medium, the organism-derived
culture medium additive for the initial medium, ath& organism-derived culture medium

additive for the fed-batch medium.
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[0030] The present inventors investigated how thgper contents in the respective
organism-derived culture medium additives to beeddd the seed medium, the initial
medium and the fed-batch medium are related tatheunt of C-terminal amidated species
in the produced proteins. As it turned out, thepsr contents in the organism-derived
culture medium additives exerted greater effecttheramount of C-terminal amidated
species in the produced proteins when they weredatidthe initial medium than when they
were added to the seed medium and fed-batch meditttence, in order to control the
variations in the amount of C-terminal amidatedcggsein the proteins to be produced, it is
desirable that the copper content of the organienved culture medium additive for the
initial medium should vary by smaller degrees ttt@ncopper content of the organism-
derived culture medium additive for the seed meduurfed-batch medium. It is also
desirable that the copper content in the organisnmved culture medium additive for the
initial medium is not higher than a specified cartcation.

[0031] An exemplary embodiment of the present imenis a process for producing a
protein by culture using either one of the seediomgdthe initial medium and the fed-batch
medium or two or more of these media, wherein argyaf the seed medium, the initial
medium and the fed-batch medium has added themedoganism-derived culture medium
additive with a measured copper content which tshigher than about 3 ppm. A preferred
embodiment of the present invention is a procesprimducing a protein by culture using
either one of the seed medium, the initial mediuch the fed-batch medium or two or more
of these media, wherein at least the initial mednas added thereto an organism-derived
culture medium additive with a measured coppereamnihich is not higher than 1 ppm,
preferably not higher than 0.8 ppm, and more padigrnot higher than 0.7 ppm.

[0032] In short, it is desirable that the coppenmteat of the organism-derived culture
medium additive for the initial medium is not highlean 1 ppm, preferably not higher than
0.8 ppm, and more preferably not higher than 0i.pp

[0033] Itis also desirable that the copper contérithe organism-derived culture medium

additive for the seed medium is not higher thamih ppreferably not higher than 0.8 ppm,
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and more preferably not higher than 0.7 ppm.

[0034] As for the organism-derived culture mediutdiéive for the fed-batch medium, its
copper content is desirably not higher than 3 ppm.

[0035] To measure the copper content, any methwtsare already known to skilled
artisans may be employed. For example, measuresaarie performed by emission
spectro-photometric analysis using high-frequencdyctively coupled plasma as a light
source.

[0036] In the method of the present inventionsitlesirable that the variations in the copper
contents of medium ingredients other than the asgauderived culture medium additives to
be added are smaller than the variations in the@&opontents of the organism-derived
culture medium additives to be added. Alternaiyvitlis desirable that the medium
ingredients other than the organism-derived cultueelium additives to be added have
smaller copper contents than the organism-deriudidre medium additives to be added.
[0037] When culture medium additives derived framo tor more organisms are to be
added, the culture medium additive(s) derived fthenorganism(s) already known to have
low copper content(s) can be used without takimgttbuble of measuring copper content.
[0038] According to the present invention, at lears¢ organism-derived culture medium
additive to be added to a medium is measureddarapper content and this makes it
possible to control the amount of the C-terminaidated species in the proteins to be
produced.

[0039] Still another exemplary embodiment of thegant invention is a culture method in
which cell culture is started in the initial mediamd further the fed-batch medium is added
at least once to the medium in which cell cultsréeing conducted, wherein organism-
derived culture medium additives with measured eogpntents have been added to the
initial medium and the fed-batch medium, respetyiv& that the amount of copper ions in a
medium at the start of cell culture or at the ehdutture is adjusted to be not higher than a
specified concentration. For example, at the stiacell culture, the initial medium

preferably has a copper content of not greater @@2 ppm, more preferably not higher than
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0.015 ppm; at the end of culture, the medium padfigrcontains not higher than 0.1 ppm of
copper ions; the amount of copper ions derived ftloenfed-batch medium is preferably not
higher than 0.08 ppm.

[0040] The organism-derived culture medium addgit@be used in the present invention
may be exemplified by culture medium additives wistifrom many animals and plants, as
well as microorganisms including yeasts; specitiameples include culture medium additives
derived from mammals such as cattle, pig and shedfore medium additives derived from
fishes such as bonito, sardine and cod, culturauneddditives derived from plants such as
wheat, soybean and rice, and culture medium additilerived from microorganisms such as
yeast; preferred are additives derived from fistrgslants, and particularly preferred are
additives derived from bonito, wheat, soybean, yaakbt.

[0041] In a preferred embodiment, animal or plagrived enzymatic decomposition
products may be used as the organism-derived euttedium additives in the present
invention. The enzymatic decomposition productslma obtained by a process comprising
enzymatically hydrolyzing the animal or plant tissas the starting material and purifying the
resulting decomposition product by centrifugatifitration with a filter and the like. The
common form of use is a spray-dried powder. Fangxe, as for an enzymatic
decomposition product in which fish is used asagtisiy material; the decomposition product
may be produced by the process described in Jap&atent No. 3822137 titled “Additives
for Animal Cell Culture Media and Processes fordeimng Proteins Using the Same.”
[0042] The animal or plant derived enzymatic decosiiion products that can be used in
the present invention are specifically exemplifiigdthose derived from mammals such as
cattle, pig and sheep, those derived from fisheh as bonito, sardine and cod, and those
derived from plants such as wheat, soybean angdpieéerred are those derived from fishes
or plants, and particularly preferred are thosévddrfrom bonito, wheat, rice, and soybean.
[0043] Further, as is apparent from the Examplesrglater, the fish derived hydrolyzate to
be used in the present invention has great vanisiio the content of copper ions among

production lots, so the culture method of the pnegesention proves to be effective.
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[0044] In the present invention, commercial organderived culture medium additives
that are suitable for each protein production pseas cell culture method may also be
employed appropriately. Exemplary commercial oigiarderived culture medium
additives include those which are derived from bm(e.g. Hy-Fish (FL) manufactured by
Maruhachi Muramatsu, Inc.), wheat, soybean, yeasasamals (cattle, pig, sheep, etc.)
[0045] Suitable concentrations at which the organiterived culture medium additives are
added to the seed medium generally range fromob g/L, preferably from 1 to 20 g/L,
and more preferably from 2 to 10 g/L. Suitablecamtrations at which the organism-
derived culture medium additives are added tortii@l medium generally range from 1 to
30 g/L, preferably from 3 to 20 g/L, and more prefdy from 5to 15 g/L. Suitable
concentrations at which the organism-derived caltoedium additives are added to the fed-
batch medium generally range from 5 to 150 g/Lfgyebly from 10 to 120 g/L, and more
preferably from 20 to 90 g/L.

[0046] In particular, when fish-derived culture med additives are used, they are
preferably added to the seed medium at concentsatib2 to 5 g/L, preferably added to the
initial medium at concentrations of 5 to 15 g/Ldareferably added to the fed-batch
medium at concentrations of 30 to 75 g/L.

[0047] As for other ingredients in the media toused in the present invention, those
commonly used in cell (preferably animal cell) neediay be employed appropriately.
Examples include amino acids, vitamins, lipid fast@nergy sources, osmotic pressure
regulators, iron sources, and pH buffers. In aaldito the ingredients listed above, for
example, trace metal elements, surfactants, groweftictors, and nucleosides may be added.
[0048] Specifically, the media to be used in thesgnt invention may contain the following
ingredients: amino acids such as L-alanine, L-angin_-asparagine, L-aspartic acid, L-
cysteine, L-cystine, L-glutamine, L-glutamic aaidlycine, L-histidine, L-isoleucine, L-
leucine, L-lysine, L-methionine, L-ornithine, L-ping@alanine, L-proline, L-serine, L-
threonine, L-tryptophan, L-tyrosine, and L-valiméth L-alanine, L-arginine, L-asparagine,

L-aspartic acid, L-cystine, L-glutamine, L-glutanaicid, glycine, L-histidine, L-isoleucine,
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L-leucine, L-lysine, L-methionine, L-phenylalanineproline, L-serine, L-threonine, L-
tryptophan, L-tyrosine, and L-valine being preferreitamins such as i-inositol, biotin, folic
acid, lipoic acid, nicotinamide, nicotinic acidapminobenzoic acid, calcium pantothenate,
pyridoxal hydrochloride, pyridoxine hydrochloridéoflavin, thiamine hydrochloride,
vitamin By, and ascorbic acid, with biotin, folic acid, lipacid, nicotinic acid amide,
calcium pantothenate, pyridoxal hydrochloride, fidan, thiamine hydrochloride, vitamin
B1,, and ascorbic acid being preferred; lipid factrsh as choline chloride, choline tartrate,
linoleic acid, oleic acid, and cholesterol, witftotihe chloride being preferred; energy
sources such as glucose, galactose, mannose uahok, with glucose being preferred;
osmotic pressure regulators such as sodium chlgrmtassium chloride, and potassium
nitrate, with sodium chloride being preferred; isurces such as iron EDTA, iron citrate,
ferrous chloride, ferric chloride, ferrous sulfdeeric sulfate, and ferric nitrate, with ferric
chloride, iron EDTA, and iron citrate being pretstr and pH buffers such as sodium
hydrogencarbonate, calcium chloride, sodium dihgdrphosphate, HEPES and MOPS,
with sodium hydrogencarbonate being preferred.

[0049] In addition to the ingredients listed aboloe,example, trace metal elements such as
copper sulfate, manganese sulfate, zinc sulfatgnesaum sulfate, nickel chloride, tin
chloride, magnesium chloride, and sodium silicai#&) copper sulfate, zinc sulfate and
magnesium sulfate being preferred; surfactants aschween 80 and Pluronic F68; growth
cofactors such as recombinant insulin, recombii@hkt recombinant EGF, recombinant
FGF, recombinant PDGF, recombinant TGFethanolamine hydrochloride, sodium selenite,
retinoic acid, and putrescine hydrochloride, witklism selenite, ethanolamine
hydrochloride, recombinant IGF, and putrescine bghloride being preferred; and
nucleosides such as deoxyadenosine, deoxycitidetsyguanosine, adenosine, citidine,
guanosine, and uridine may be added. In the pesfexxamples of the present invention
mentioned above, antibiotics such as streptomysnicillin G potassium and gentamicin, as
well as pH indicators such as Phenol Red may adsmwhtained.

[0050] In the present invention, the media to whitod organism-derived culture medium
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additives are to be added are not particularlytécheand any media may be employed.
Common basal media contain copper in amounts appab&ly ranging from 1/100 to 1/10

of the copper content in additives for the medid sunch amounts alone are insufficient to
affect the homogeneity of the antibody. For exanfhle copper content in basal media free
of organism-derived ingredients and used in theniptas to be described later ranges from
about 0.001 to about 0.01 ppm.

[0051] The media to be used in the present invartan be prepared from commercial
animal cell culture media, such as D-MEM (Dulbesddbdified Eagle Medium), D-
MEM/F-12 1:1 Mixture (Dulbecco’'s Modified Eagle Meath:Nutrient Mixture F-12), RPMI
1640. CHO-S-SFM Il (Invitrogen), CHO-SF (Sigma-Atdr), EX-CELL 301 (JRH
biosciences), CD-CHO (Invitrogen), IS CHO-V (IrviBeientific), and PF-ACF-CHO
(Sigma-Aldrich), with the organism-derived cultunedium additives added thereto.

[0052] Other ingredients in media are suitably eorgd in the following amounts: 0.05-
1500 mg/mL for amino acids; 0.001-10 mg/mL for mias; 0-200 mg/mL for lipid factors;
1-20 g/mL for energy sources; 0.1-10000 mg/mL fmotic pressure regulators; 0.1-

500 mg/mL for iron sources; 1-10000 mg/mL for pHfers; 0.00001-200 mg/mL for trace
metal elements; 0-5000 mg/mL for surfactants; A0800ug/mL for growth cofactors; and
0.001-50 mg/mL for nucleosides. These amountdeathetermined as appropriate for
various factors including the type of the cell ®dultured and the type of the desired protein.
[0053] The pH of media varies with the cell to hdtered and suitable values are generally
between 6.8 to 7.6, in most cases between 7.Gtto 7.

[0054] The culture method of the present invenisonot particularly limited and can be
used to culture a variety of cells (e.g. bactefialgal, insect, plant, animal cells and the
like). For example, COS or CHO cells into whicimge coding for desired proteins have
been incorporated by genetic engineering proceduréssion cells typified by antibody-
producing hybridomas of mouse-human, mouse-mousasearat and the like can be
cultured. The method of the present inventionalan be used in culturing animal cells

with a view to obtaining native proteins they produand it can even be applied to culture
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cells such as BHK and HelLa cells other than thosetioned above.

[0055] Animal cells that are particularly preferiedhe present invention are CHO cells
transfected with genes coding for desired proteifihe desired proteins are not particularly
limited and may be of any types including antibsdie.g. native, low-molecular weight,
chimeric, and human antibodies), as well as phggio&lly active proteins (e.g. granulocyte
colony stimulating factor (G-CSF), granulocyte ntgrdrage colony stimulating factor (GM-
SCF), erythropoietin, interferons, interleukinsisas IL-1 and IL-6, t-PA, urokionase, serum
albumin, blood coagulation factors and the lik@jjlzodies are particularly preferred.

[0056] Antibodies that can be produced by the petidu process of the present invention
include not only monoclonal antibodies derived franimals such as human, mouse, rat,
hamster, rabbit and monkey, but also artificiallgdiiied gene recombinant antibodies such
as chimeric, humanized and bispecific antibodieBhe immunoglobulins of antibodies are
not particularly limited and may be of any classesh as 1gG (e.g. IgG1, 1gG2, 19G3, IgG4
and the like), IgA, IgD, IgE, and IgM, with IgG ahgiM being preferred when the antibodies
are to be used as pharmaceuticals. In the prasanttion, the antibodies does not need to
be whole antibodies and may include antibody fragseuch as Fv, Fab and F(ah$ well

as low-molecular weight antibodies such as monegrchigher-valent single-chain Fv (e.g.
scFv or sc(Fw) which have antibody’s variable regions connedttegbther by peptide- or
other linkers.

[0057] Some animal cells simply need to be cultucegroduce proteins while others
require special culture procedures for protein pobidn; in the latter case, the specific
procedures or conditions may be determined as pppte for the animal cell that is to be
cultured. For example, given CHO cells transformgdjenetic engineering procedures
with a vector including a gene coding for a mousaxan chimeric antibody, the antibodies
can be obtained in the medium under the condititessribed later. The resulting product
by the culture is then isolated and purified in tiseal manner (see, for example, KOUTAI
KOGAKU NYUMON (Introduction to Antibody Engineeringpublished by Chijin Shokan,

p. 102-104; Affinity Chromatography Principles & Meds, Amersham Pharmacia Biotech
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Inc., p. 56-60) to obtain the desired protein.

[0058] Since the culture conditions vary with tlgpd of the cell to be used, suitable
conditions may be determined in an appropriate mannCHO cells, for example, may
usually be cultured in a gas-phase atmospher€&baoncentration of 0-40%, preferably 2-
10%, at 30-3%C, preferably at about 3C, for 1-14 days.

[0059] Various types of culture devices can be usezlilture animal cells and they
include, for example, fermenter-type, air lift-tymailture flask-type, spinner flask-type,
microcarrier-type, fluidized bed-type, hollow fibspe, roller bottle-type, and packed bed-
type culture devices.

[0060] By culturing cells (preferably animal celis)accordance with the method of the
present invention, the amount of the C-terminaldat@d species in the produced protein can
be predicted. Hence, proteins that have a posgibflgenerating C-terminal amidated
species can be controlled in terms of the amoutite@C-terminal amidated species to be
generated.

[0061] For example, by culturing CHO cells by tle#l culture method of the present
invention to produce antibodies, humanized antibardygs (IgG1, I1gG2, IgG3, and IgG4)
can be controlled in the amount of the C-termimaidated species.

[0062] To give a more specific example, the celture method of the present invention
may be applied to the production of a humanizedlart receptor antibody from cultured
CHO cells, whereupon the humanized anti-1L-6 remeghtibody can be produced with a
controlled amount of C-terminal prolinamide speciedn even more specific example is to
perform fed-batch culture with a fish meat derievetture medium additive (such as a bonito
hydrolyzate) being added in specified amounts éardspective media of interest (seed,
initial and fed-batch media). Here, productiorslof the fish meat derived culture medium
additive to be added to the initial medium are sy selected so that its copper content
will not exceed 1 ppm. While the fish meat derieetture medium additive with copper
contents between zero to about 1.0 ppm can beinset of the seed, initial and fed-batch

media, those with copper contents between a coratemt higher than 1 ppm (ca. 1.1 ppm)
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to 3.0 ppm can only be used in the fed-batch mediufhe fish meat derived culture
medium additive with copper contents higher th@dhphm are desirably not used in the
production of antibodies.

[0063] If the proteins produced by the method ef phesent invention have biological
activities that warrant their use as pharmacewjthkey may be formulated by being mixed
with pharmaceutically acceptable carriers or adegito produce pharmaceutical
compositions.

[0064] Examples of the pharmaceutically acceptablteéers and additives include: water;
buffers; surfactants acceptable as pharmaceutickties; pharmaceutically acceptable
organic solvents; and others such as collagenypullyalcohol, polyvinylpyrrolidone,
carboxyvinyl polymer, carboxymethyl cellulose sadiypoly(sodium acrylate), sodium
alginate, water-soluble dextran, carboxymethylcstaodium, pectin, methylcellulose,
ethylcellullose, xanthan gum, gum Arabic, casegarapolyethylene glycol, diglyerin,
glycerin, propylene glycol, petrolatum, paraffiteayl alcohol, stearic acid, human serum
albumin (HSA), mannitol, sorbitol, and lactose.

[0065] From the above list, actual additives maékected either alone or in appropriate
combinations depending on the dosage form of aifsppbarmaceutical composition but of
course are not limited to the list. For exampleewthe pharmaceutical composition is to
be used as an injectable preparation, the punpfietein may be dissolved in a solvent such
as physiological saline, a buffer solution or acglse solution and to the solution, and there
may be added an anti-adsorbent such as Tween &grira0, gelatin, or human serum
albumin. Alternatively, the purified protein mag freeze-dried to prepare a formulation
that is dissolved for reconstitution prior to uaed exemplary excipients for freeze-drying
include sugar alcohols such as mannitol, and siggenis as glucose.

EXAMPLES

[0066] On the following pages, the present invanigodescribed specifically by means of
Examples and Referential Examples, which are gioeilustrative purposes only and are

by no means intended to limit the scope of thegaremvention.
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[0067] [Example 1] Correlation between Copper Cohie Bonito Hydrolyzate and the

Amounts of Inhomogeneous Components in the Anté®&iroduced by Batch Culture

Using the Bonito Hydrolyzate

The following describes composition of the medid greparation procedures
thereof.
[0068] Seed medium: To a medium free of animaplant-derived ingredients (12.3 g/L
charged in powder form), a soybean hydrolyzate/l(3 and a wheat hydrolyzate (1 g/L)
were added and dissolved to form a solution whieb sterilized by filtration.
[0069] Initial medium: To a medium free of animat-plant-derived ingredients (15.6 g/L
charged in powder form), a bonito hydrolyzate (15 gvas added and dissolved to form a
solution which was sterilized by filtration.
[0070] In addition, the copper content of the borydrolyzate was measured.
[0071] Cells: CHO cells capable of producing hureadiPM-1 antibody (generic name:
tocilizumab) that is a humanized anti-IL-6 receotibody prepared by a modification of
the method described in Referential Example 2 di8f9902 A using the human
elongation factord promoter described in Example of WO 92/19759 As #ntibody is in
the class of IgG1.
[0072] The initial medium was charged into a flagge cell culture device; to the initial
medium, the above-described CHO cell line culturetthe seed medium was added at
varying concentrations between 3.5 to 4.5xddlls/mL and culture was started under
conditions of 37C and 5% CQ@ Of 50 mL of the culture broth, 10 mL was occubly the
seed medium and 40 mL by the initial medium. At daf culture, the culture supernatant
was subjected to affinity chromatography on a pnofecolumn to purify the product
antibody protein, which was then analyzed by catijmomatography to measure the content
(%) of peaks for inhomogeneous components (Sulakg)ehat contained C-terminal
prolinamide species as peak area ratios on themndtograms. Cation chromatography was
performed by using a column with cation-exchangetevhere peaks were separated and

eluted in a buffer with a concentration gradiensait. An ultraviolet and visible
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spectrophotometer was used to detect the peaks.

The copper content of the bonito hydrolyzate wagasared by emission spectro-
photometric analysis using high-frequency indudgivupled plasma as a light source.
[0073] The content (%) of Sub-1 peaks was plotglrest the copper content (ppm) of the
animal or plant derived hydrolyzate (bonito hydmaie) used in the culture and the
constructed graph is shown in Fig. 1.

[0074] A positive correlation (Radjusted for the degrees of freedom = 0.58) wasmied
between the copper content and the peaks for ingermemus components.

[0075] [Example 2] Correlation between the Amouh€Copper Addition and the Amounts

of Inhomogeneous Components in the Antibodies Rredibby Batch Culture Using Bonito

Hydrolyzate

The following describes composition of the medid areparation procedures
thereof.
[0076] Seed medium: Same as in Example 1.
[0077] Initial media: Same as in Example 1, exdepthe following: A bonito hydrolyzate
containing 0.5 ppm Cu (Lot A) was used either alon@ admixture with copper sulfate that
was added in such amounts that the calculated cappéent of the bonito hydrolyzate
would be equivalent to 3.5, 7 and 10 ppm, and ceiivas performed as in Example 1; a
bonito hydrolyzate containing 3.5 ppm Cu (Lot B)swesed either alone or in admixture with
copper sulfate that was added in such amountshbatalculated copper content of the
bonito hydrolyzate would be equivalent to 7 ancgfpfh, and culture was performed as in
Example 1.
[0078] The final concentrations of copper in thiéiah media were calculated to have the
following values: 0.0075 ppm Cu for the additiortleé bonito hydrolyzate containing
0.5 ppm Cu; 0.0525 ppm Cu for the addition of thaito hydrolyzate containing 3.5 ppm
Cu; 0.105 ppm Cu for the addition of the bonito toygzate containing 7 ppm Cu; and
0.15 ppm Cu for the addition of the bonito hydralie containing 10 ppm Cu.
[0079] Cells: Same as in Example 1.
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[0080] The experimental method was also the sanie Bsample 1.

[0081] The results are shown in Fig. 2.

[0082] CHO cells were cultured in the medium to e¥vhi5 g/L of bonito hydrolyzate Lot

A (Cu content = 0.5 ppm) had been added and imdium prepared by adding copper
sulfate to Lot A in such amounts that its calcudatepper content would be equivalent to
3.5, 7 and 10 ppm, as well as in the medium to Wk g/L of bonito hydrolyzate Lot B (Cu
content = 3.5 ppm) had been added and in the mepliapared by adding copper sulfate to
Lot B in such amounts that its calculated coppeteat would be equivalent to 7 and

10 ppm; the antibody proteins produced in thoseianeg the cells were purified by ion
exchange chromatography and the content (%) ofsosknhomogeneous components
containing C-terminal prolinamide species (Sub-dkgg was plotted against the Cu content
derived from the bonito hydrolyzate as well as agaihe sum of this content and the added
Cu content.

[0083] As Fig. 2 shows, the amount of the peaksrifbomogeneous components increased
with increasing copper content. Thus, Examples® ahowed that the amount of
inhomogeneous components in the antibody increagbdhe increasing copper content in
the media to which the bonito hydrolyzate had hesgated.

[0084] [Example 3] Effect of the Copper ContenBionito Hydrolyzates Added to the

Seed, Initial and Fed-Batch Media on the Amountlhbbmogeneous Components in

Antibodies Produced by Fed-Batch Culture UsingBbaito Hydrolyzates

The following describes composition of the medid areparation procedures
thereof.
[0085] Seed medium: To a medium free of animaplant-derived ingredients, a bonito
hydrolyzate (3 g/L) was added and dissolved to farselution which was sterilized by
filtration.
[0086] Initial medium: To a medium free of animat-plant-derived ingredients, a bonito
hydrolyzate (15 g/L) was added and dissolved tmfarsolution which was sterilized by

filtration.
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[0087] Fed-batch medium: To a medium free of animaaplant-derived ingredients, a
bonito hydrolyzate (75 g/L) was added and dissotegdrm a solution which was sterilized
by filtration.

[0088] In a separate step, the copper contenteobtimito hydrolyzate was measured.
[0089] Cells: Same as in Example 1.

[0090] The seed medium was charged into a jar-tglleculture device; to the seed
medium, the above-noted CHO cell line was addédeatoncentration of 3xf@ells/mL

and culture was started under conditions 6CG3@nd 20% C@ At day 3 of culture, the
seed culture broth was added to the initial mediuah had been charged into a jar-type cell
culture device, in such an amount that the voluatie of the seed culture broth to the initial
medium would be 1:2.2, and culture was continuetdkuonditions of 37C and 10% C@
Starting at day 2 of culture, the fed-batch medwas added in a cell-density dependent
manner. Out of 1 L of the final culture broth, 28Q was occupied by the seed medium,
550 mL was occupied by the initial medium, and 2@l0was occupied by the fed-batch
medium. At day 7 of culture, the culture superntteas subjected to affinity
chromatography on a protein A column and ion exgbashromatography to purify the
produced antibody protein, which was then analymedation chromatography to measure
the content (%) of peaks for inhomogeneous compsr&ub-1 peaks) that contained C-
terminal prolinamide species.

[0091] The copper content of each bonito hydrolgzahs measured by emission spectro-
photometric analysis using high-frequency indudgivupled plasma as a light source.
The bonito hydrolyzate lot containing 1.3 ppm Cuswlasignated as a high-Cu content lot
whereas the bonito hydrolyzate lot containing 6 Cu was designated as a low-Cu
content lot.

[0092] The high-Cu content lot (1.3 ppm Cu) or kine-Cu content lot (0.6 ppm Cu) was
added to the seed medium, initial medium and fadFomedium in amounts of 3 g/L, 15 g/L
and 75 g/L, respectively, and the resulting 8 corations were measured for the content (%)

of Sub-1 peaks in the antibody proteins producdtemmedia by the fed-batch cultured CHO
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cells; the results are shown in the following table

[0093] [Table 1]

Seed cUlture | jtia| megium | FeShatch Sub-1 (%) | U Oqpeenrane
Cu content high Cu content high| Cu content high 13. 4 0. 0312
Cu content high Cu content high| Cu content low 9.8 0. 0207
Cu content high Cu content low | Cu content high 7.7 0. 0254
Cu content high Cu content low | Cu content low 6, 4 0. 0149
Cu content low| Cu content high| Cu content high 11.9 0. 0307
Cu content low| Cu content high| Cu content low 10. 6 0. 0202
Cu content low| Cu content low | Cu content high 6.9 0. 0249
Cu content low| Cu content low | Cu content low b, 8 0, 0144

[0094] The “copper concentration” in the rightmostumn of the table refers to the final
Cu ion concentrations after the addition of thgeesive initial and fed-batch media.

[0095] Fig. 3is a graph showing the average vati€&aub-1 peak content (%) as obtained
by culture, wherein seed culture medium, initiakimen and fed-batch medium were added
the bonito hydrolyzate of the high- or low-Cu caritkot, respectively.

[0096] The Cu content in the bonito hydrolyzateréegk small effects on the Sub-1 peak
content when it was added to the seed and fed-ipagcla whereas it exerted large effects
when it was added to the initial medium.

[0097] From these results, it was shown that thmpeo contents in the seed, initial and fed-
batch media caused varying effects on the con%ho{ peaks for inhomogeneous
components (Sub-1 peaks) that contained C-termpnadihamide species in the produced
antibody proteins.

[0098] [Example 4] Correlation between Copper Cohie Bonito Hydrolyzates and the

Amounts of Inhomogeneous Components in the Antim&iroduced by Fed-Batch Culture

Using the Bonito Hydrolyzates

The following describes composition of the medid areparation procedure

thereof.
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[0099] Seed medium: Same as in Example 3.

[0100] Initial medium: Same as in Example 3.

[0101] Fed-batch medium: Same as in Example 3.

[0102] In a separate step, the copper contenteobtimito hydrolyzate was measured.
[0103] Cells: Same as in Example 1.

[0104] The seed medium was charged into a jar-tglleculture device; to the seed
medium, the above-noted CHO cell line was adde@@ating concentrations between 1.6 to
2.5x10 cells/mL and culture was started under conditimi37°C and pH 7.00-7.20. At
day 3 of culture, the seed culture broth was addéke initial medium that had been charged
into a jar-type cell culture device, in such an amtdhat the volume ratio of the seed culture
broth to the initial medium would be 1:2.2, andterg was continued under conditions of
37°C and pH 7.00-7.20. Starting at day 2 of culttime,fed-batch medium was added in a
cell-density dependent manner. At day 7 of culttire culture supernatant was subjected to
affinity chromatography on a protein A column and exchange chromatography to purify
the produced antibody protein, which was then amal\by cation chromatography to
measure the content (%) of peaks for inhomogeneanponents (Sub-1 peaks) that
contained C-terminal prolinamide species.

[0105] The copper content of each bonito hydrolgzahs measured by emission spectro-
photometric analysis using high-frequency indudgivupled plasma as a light source.
[0106] In Fig. 4, one dot represents one produation In each production run, the
respective media (seed medium, initial medium a&addatch medium) used different bonito
hydrolyzate lots, which were measured for theirpaontent before each medium was
prepared.

[0107] A regression expression was obtained byiplaltegression analysis, with the
content (%) of peaks for inhomogeneous componé&hib-( peaks) containing C-terminal
prolinamide species being the objective variabkd the copper contents in the animal- or
plant-derived hydrolyzates (bonito hydrolyzatesjextito the seed culture medium, initial

medium and fed-batch medium being the explanatarialles.
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[0108] Predicted Sub-1 (%) = 2.13 + 3.83 x [Cu eobh{ppm) in the bonito hydrolyzate
added to the initial medium] + 2.78 x [Cu contegayir() in the bonito hydrolyzate added to
the fed-batch medium]

The present Example showed that the copper comidiné seed culture medium
exerted no effects on the objective variable.
[0109] As Fig. 4 shows, the copper contents inbiieito hydrolyzate added to the initial
medium and fed-batch medium can be used for piaditte content (%) of peaks for
inhomogeneous components (Sub-1 peaks) containiegn@nal prolinamide species.
[0110] It should be noted that all publicationstgpéis and patent applications cited herein
are incorporated herein by reference.
INDUSTRIAL APPLICABILITY
[0111] In accordance with the present inventiomnges in the amounts of C-terminal
amidated species of protein drugs due to variatiotise content of copper in organism
derived hydrolyzates used for production of thegdraan be controlled, enabling the supply

of protein drugs of consistent quality.
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CLAIMS

1. A method of cell culture comprising adding d-celntaining seed medium to an
initial medium and starting to culture the celklire initial medium, wherein the initial
medium has an organism-derived culture medium aediidded thereto and the copper
content of the initial medium at the start of allture is no more than 0.02 ppm.

2. The method according to claim 1, wherein thepeogontent of the initial medium
at the start of cell culture is no more than 0.pfBn.

3. The method according to claim 1 or 2, whereim@anism-derived culture medium
additive with a copper content of no more than hpas been added to the initial medium.
4. The method according to claim 3, wherein an migga-derived culture medium
additive with a copper content of no more than hpas been added to the seed medium
which is to be added to the initial medium.

5. The method according to any one of claims 1, ishkrein the method of culture is
batch culture, fed-batch culture, continuous celtiwatch culture, or semi-batch culture.

6. The method according to any one of claims 1, ishkrein the method of culture is
fed-batch culture.

7. The method according to claim 6, wherein an migga-derived culture medium
additive with a copper content of no more than S1pyas been added to a fed-batch medium
which is to be added to the initial medium.

8. The method according to claim 6 or 7, whereendbpper ions derived from the fed-
batch medium are present at no more than 0.08 pgheimedium at the end of culture.

9. The method according to any one of claims 6, wl&rein the copper ions in the
medium at the end of culture are present at no iihare 0.1 ppm.

10. The method according to any one of claims 9, twwherein the organism-derived
culture medium additive is an animal- or plant-ded culture medium additive.

11. The method according to any one of claims 4, twwherein the organism-derived

culture medium additive is a fish-derived culturedium additive.



-27 -

12. The method according to any one of claims 9, twwherein the organism-derived
culture medium additive is a fish meat hydrolyzate.

13. The method according to any one of claims I2towvherein the organism-derived
culture medium additive to be added to the cultneglium has been preliminarily measured

for the copper content.

14. The method according to any one of claims II3towherein the cell is an animal
cell.

15. The method according to claim 14, wherein #leis a mammalian cell.

16. The method according to claim 15, wherein tlaenmalian cell is a CHO cell.
17. The method according to any one of claims I6towvherein the cell has been

transfected with a gene coding for a desired pmotei

18. The method according to claim 17, wherein tbsireéd protein is an antibody.
19. The method according to claim 18, wherein titébady is tocilizumab.
20. A method of cell culture using an initial mediuherein an organism-derived

culture medium additive with a measured coppereamritas been added to the initial
medium.
21. The method according to claim 20, wherein tle¢hod of culture is batch culture,

fed-batch culture, continuous culture, batch celter semi-batch culture.

22. The method according to claim 20, wherein tle¢hod of culture is fed-batch
culture.
23. A method of cell culture comprising the steps o

1) preliminarily measuring the copper content iroaganism-derived culture medium
additive to be added to a medium; and

2) selecting the measured additive with a coppatertd of no more than 1 ppm and adding
the same to an initial medium.

24. A method of fed-batch cell culture comprisihg steps of:

1) preliminarily measuring the copper content iroaganism-derived culture medium

additive to be added to a medium;
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2) selecting the measured additive with a coppetertd of no more than 1 ppm and adding
the same to a seed medium or an initial medium; and

3) selecting the measured additive with a coppetertd of no more than 3 ppm and adding
the same to a fed-batch medium.

25. A process for producing a protein using thehmetof culture according to any one
of claims 1 to 24.

26. A process for producing a pharmaceutical comipascontaining a desired protein,
comprising the steps of:

1) producing the desired protein by the producpimrcess according to claim 25; and

2) producing the pharmaceutical composition by ngxihe desired protein produced in step
1) with a carrier and an additive that are pharmtcally acceptable and formulating the
same.

27. A method of suppressing the generation of Gviteal amidated species in a desired
protein by using the culture method according tp @me of claims 1 to 24.

28. The method according to claim 27, wherein tbsireéd protein is an antibody.



