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CELL: CULTURE MEDI A FIELD OF THE INVENTION [1] The
‘gﬁﬁﬁﬁﬁpnfpventlon relates to oligopeptide- fr?@T&ﬁﬁ%%mmmz7
culture nmedia conprising at least 0.5 ng/L o

pol yam ne and to nmethods for cultivating cells in
sai d oligopeptidefree cell culture nedia conprising
at least 0.5 ng/L of a polyam ne. The invention also
relates to nethods for expressing at |east one |
protein in a mediumconprising at least 0.5 ng/L of a
pol yam ne and to nethods for producing at | east one
virus in a nediumconprising at least 0.5 ng/L of a
pol yani ne. OBAGSPRANDEFREREELNEDITURE MEDIAOr
cultivation of cells, particularly eukaryotic cells,
and nore specifically mammalian cells, there is a
constant need to use pRECTAE IRNVMENIM@NMedI @ provi di ng
nutrient substances that are required for efficient
grow h of cells and for the production of biologica
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conmponents like fetal calf serum (FCS), several

ani mal derived proteins and/or protein hydrol ysates

of bovi ne orlgBAGKGRBUNDaSFmHﬁENVENWMnblysates

" derived fromplants or yeast. WO
2007/ 077217PCT/ EP2007/ 000027 2 [4] In general, serum
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[5] Therefore, many attenpts have been nmade to
provi de efficient host systens and cultivation
Vgﬁ?%!g}ﬂlf whi ch do not require serum or ot hg _
7%}otel n conpounds. [6] Such serum fr &&THEH0Z000027
have been devel oped on the basis of protein extracts
derived fromplants or yeast. For exanple, soy
hydrol ysates are known to bé& useful for fermentation
processes and can enhance the growth of many
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each cell. [10] In sumary, the nmedia known in the
state of the art are supplenented with proteins or
- peptide extracts derived fromanimls, plants, or
yeast; or with reconbi nant versions of proteins, such
as, for exanple, insulin, insulin Iike growth factor
or other growh factors. [11] Therefore, there is a
need for a cell culture mediumwhich is free of
ani mal , herbal, and fungal proteins and/or
ol i gopeptides in order to overcone the
above-nenti oned problens. Furthernore, a current need
exists to increase the yield of expressed reconbi nant



4 optimal cell culture nmediumfor the production of
bi ol ogi cal products, such as those used as
icals or vaccines in humans. SUMVA
‘Fﬁ%@%ﬁ[ona] In a first aspect, there |SB§F@\I/:)%‘§#§%M7
an oligopeptide-free cell culture nmedium conprising
at least 2 ng/L of a pol yampne and suppl emented wth
additional Fe (11) and Cu ( [011b] In a second
aspect, there is provided net hod for cultivating
C . v
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suchals(w@l)fth(fbgto;sr opagating the cells in the rredl umto
forma cell culture. [12] It is an object of the
present disclosure to provide oligopeptide-free cell
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once atl on s acts to I ncr
This dmibagk affetts the prolfgration iof tlpér odl;caa well psahe protesl BXPTBSS!OF' of
each%%l” density. [16] Therefore, the nmedia according to
é present disclosure are nore favorable for
reconbinant protein expression, virus production and
[0101 n su%%oavr\@,hth%a}n%dla gv(:r? dmttﬁe srggte of the art are supplemented with
proteins or peptide extracts derived from animals, plants, or yeast; or with recombinant
versions of proteins, such as, for example, insulin, insulin like growth factor or other

growth factors.

[011] Th‘érefore, there is a need for a cell cullure medium which is free of animal,
herbal, and fungal proteins andfor oligopeptides in order to overcome the above-
mentioned problems. Furthermore, a current need exists fo increase the yield of

expressed recombinant proteins or any other expression product, and to provide an



5 media known in the art. Furthernore, the

ol i gopepti de-free nmedi um according to the present
di scl osure obviates the addition of protein

hydrol ysate to the cell culture nedium BRI EF
DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows a graph
whi'ch describes the effect 6f the addition of 2.0
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pyoductivity, expressed |n [Units per Liter per Day),
asBF”EE@?@°@%PT§”E@F%¥I i n BAV-nedi um over the
culture tinme, expressed |n [days]. Arrow = Day 11:

Addi ti on of Putr§ﬁ%ﬂ§1 ‘@gi iaure 2 shows
sR he eggect QJbEE
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C the volunetric and cell specific productivity (OP,
ressed in [Units per Liter per Day], qp, expressed
in [mMJ per 10EO6 cells per day]) and on the specific
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rate (4t absolute, g relative) and the cell specific

productivity (qp absolute, expressed in [mJ per 10E06
[0108| Mtsis perobgtay pf ﬂlqparmhtadnsdesurce cppreide @licppepyidofre@ D8l sulture
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and/et methwdy foathd ctifigert @kddustieciffvirasegpr oductivity (gp
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BAV- nedi um Figure 5 shows a table which conpares the
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[014] Surprisingly, the addition of at least 0.5 mg/L of a polyamine to cell culture media
provides an advantageous effect not only by promoting cell growth but also by increasing
the protein and/or virus expression per cell. Said unexpected advantageous effect can be

achieved even in oligopeptide-free media.

[015] Further, the oligopeptide-free medium according to the present disclosure allows
consistent cell growth and increased yield of desired products, particularly of target
proteins such as recombinant proteins and/or viruses, independent of the quality or lot
variations of any protein hydrolysates. The specific supplementation of cell culture media
with a specific concentration of polyamines acts to increase cell growth, cell specific

productivity and final cell density.

[016] Therefore, the media according to the present disclosure are more favorable for
recombinant protein expression, virus production and cell growth rate compared to the



6 Figure 6 shows a graph which describes the effect
of the addition of 3.6 ng/L putrescine.2HCl on the
average MVA virus titer, expressed in [TCI D50/ mlL x
1081. - : without addition of Putrescine, Putr.: wth
addition of 3.6 ng/L putrescine.2HCl. Figure 7 shows
a graph which describes the fect of the addition: of
vari ous concentrations of putrescine. 2HCI expressed
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présdMENEdIERre dbliajesOreadispael pafieih hediblyvae td 108 celbhidu@Snedium.
to an ol igopeptide-free cell culture nedium
conprising at least 0.5 ng/L of a polyam ne. [18]
Unl ess st at ed BRIEF @ESCRIPTICN e RtEIRANINGBues
i ndi cat ed throughout this docunent refer to the free
base form of the conmponent(s). [19] The term
FiguR0 |1y 8RbWE"a IehSH Swihich aitgciiest ife: @ffectp obfthdi ag@idhCof 2.0 mg/L

ol yam nes, ich are o ol,ycat.i ons deri\ve
PRSI it BoorotRE TS A B oMLY, Peasaeth e dUsfissper Liter

'percl%ﬂﬂoéﬁéD@fB éélFszafEcﬁ 1hCE§W,métlﬂﬂn kel peeqiidtime, expressed in
rise two or nore a s. ., Pol yam nes have

(dagsleh@PW TIPS hhAdIR QfivaigeanaHCh () Bidphobi ¢
skel eton. The term'enconpasses, for exanple,
mol ecul es sel ected fromthe group consisting of :
_ngﬂa&fmww taqmwh@bmon@ar@fjbemﬁgpm thes peditiomef putrescine optionally
h f 0
in QAT Wb by itcr B SuBBRRARILA i 1 08 20d €406 on tne
volunéttic laedlmdlspamlﬁopmdusmtydﬂﬂ telypréasedin [M,mts @sc Lifar, peoQay] ap,

e i on
oxoRSEEA i 65 R Bt 5h8 50 s MR BB, rorsso
as sprRdifit rewtboatdipey dag it fud] HHEDBIE ifs Chitvaiet yaB:Milened[um. .
originates froma source other than a protein
hydrol ysate. In one enbodiment, the polyanine is
Figsrg ¥ siedviCakable WHshuEatbaredy e effect of putrescine and/or ornithine on the
2007/ 077217PCT/ EP2007/ 000027
specific growth rate (p absolute, p relative) and the cell specific productivity (gp absolute,

expressed in [mU per 10E06 cells per day], ap reiatlve expressed in %) of GD8I6 cells

cuitwated in BAV—medtum

Figure 4 shows a table which compares the effect of putrescine and spermine on the
specific grow’zh rate'(p absolute, p relative) and the cell specific productivity (gp absolute,

qp relative) of GDB8/6 cells cultivated in BAV-medium.

Figure 5 shows a table which compares the effect of putrescine ahd ethanolamine on
the specific growth (u absolute, p reletive) and the cell specific produ'c'tivity {gp absolute,

gp relative) of GD8/6 cells culfivated in BAV-medium.



7 [21] In one enbodi ment of the invention, the
‘pol yam ne concentration is at |east about 0.5 ng/L

' : enbodi ment at | east about 1 ng/L, _in
¢§?W§%gg{wbodi nment at |east about 2 ny/L, |nP§T’rEF’?°°7’°°"027
anot her enbodi nrent at least 5 ng/L, in yet another
enbodi nent at least 8 ng/L, .and in a further

enbodi nrent at | east 10 ng/ L6 [22] In one enbodi nent

of the invention, the polyan ne concentration ranges

Fiauf 8RR Sl SRS B, Ty o TN of 30 mon

putrebcine REICI entibel average M\Ghviasoliter, expresged int {a'CdﬁBthl 2d 0 ]

ol AR PP TP 0 B 41

mg/L to about 10 ng/L, in an alternative errbodi nment

. frgm bout 2 out. 8 L, .an | _
Flgurglﬁg RS ¢ @ fgr?ﬁ‘\ B’b gemj’/qc_as eat%%{:fj §fn{5|/eLa HItIPH eof various
conCéfEfﬁtlum; of [pABksciie2E 0 expidsabt o ?mgﬂl]d ba ah]edvalagu evtwf\enrus titer,
: the re ' pecentrations of pure polyanine. If a
e"p’eﬁ’ﬁ?%{hﬁﬁgﬁg@ﬁ%ﬂ e or a pol yani ne conpri sing

conmpound is used, the concentration of the

pol yam ne-group s in d_ranges. For
exanple, 2 pAl LEQt'?%%éRHDe %@Fﬁém\(éﬂT to a
Putresm ne concentratl on of about 1.095 ngy/L (w thout

HC1) . ]t ‘The term " ollgopeptldefree cell

[017109n€u?5§) &f the inyeeligryreigfes dotareoligapentidefies eph cyityg medium
compﬁsi?lb%?éd%‘tbrsetﬁgf[‘afg"a‘%h‘}znﬁhedoes not conprise

ol i gopeptides, “such as e.g. oligopeptides derived

froma protein hydrolysate. In one enbodi nent, the
018" ”%Iéé@“ WRBNARLOR! | EohRnkdBATPLLdES t}ﬁ%{&  #Blighout  this

re am no acil one enbodi nent of e present

dOCUmﬁvbﬂ@f&fdn the tiee h@%ﬂi@ﬂﬁdﬁié@ sonpemsniis)-se ol i gopept i des

having fifteen or nore am no acids. In another

enbodi nent of the invention, the medi um does not
[019]ciﬁhp|terge polyiagipepefaie o mmgetgeaumf biegenicpdlymmines, which are
organgtfip% 6;3 gggnﬁ%%; ?r%g{%g%ménthc? o?eéﬁt.aﬂ“cd%%”%g& OEBwaﬁ\%es are
compased bécamnbodutmgm ard ligizsgeToand coppiise ted oy owep aimies groups.

Polyagj%%%ﬁﬂ{é%ﬁﬁfe?c{r d’g”@rrge%o%( vgoqp%:fé%e + Eg]f}}ﬁ] %ého%ﬁbog %ton The term

encomba%soforrmampwnfmemmmiedted drodi thg grm.:;accﬁnﬂlﬂhgrof cadaverme
di ment, of the .present.invention, the medi.um
E st 5eof. In one

PSR, SR SPP OB aRS e BUT e 4BY PmiGiALS

embodithéldt: of tNOIrRRAT6N) 17 bRGEFEpERFRe/ ANNR2HMediunt 2ohpiides omithine,
medi, um according to the i nv?ntl on may optionally
or PUERRHNG: O SB?”‘?'B? rﬁré’ﬁg‘béﬂ?&'f’ﬂ? hirepleast " one stable form
of gl utam ne, such as, e.g., L-alanyl-L-glutam ne.
he term "gl utat hi one" as used hferrei n descri bes a

(020]{ If FREIPPHEREBHRSSE! e SIePaRIdRER FAL CIHiE AR according (o

the inG¥ S tﬂ@ p@%nﬂhd Ehéﬁﬁaiegcf}dﬁﬁj an@ukdieotRE bR %dprf)fé" Ah@drolysate. In
glutathione, i.e. glutathione disulfide

one egthodimentothe Rﬂ'Y?é'F'”@ it siEdhedigally arogupﬁfd de’ bond bet ween
the cysteine sulfhydryl side chains during the course
of being oxidized. [26] In an enbodi nent of the o
present invention, the oligopeptide-free cell culture
medi um does not conprise oligopeptides having three
or nore am no acids, but may optionally conprise
glutat hione. [27] In another enbodi nent, the
ol i gopeptide-free cell culture nmedi um does not
‘conprise oligopeptides having two or nore am no
aci.ds, but may optionally conprise glutathione and/or
at | east one stable form of glutam ne.



[28] Typical proteins and/or oligopeptides that are
avoi ded in the nedia according to the invention are
@ﬁgﬁngﬁ d in serumand serumderived substances

3 albumin, transferrin, insulin ofCofEf&p7/000027
grow h factors as mell as reconbi nant forns thereof,
or ol igopeptides fromplant _or yeast hydrol ysates or
ultrafiltered forms thereof? [29] The
ol i gopeptide-free culture medi um according to the

[ [ i a :
021 LGRS PR SRR ARl ESNRANER 195t cbou
0.5 mgflavin ancther pettodimerkiat leadt aboutemnafLs in erlﬁmlmgmbodlment at least

f

abou{? g'r}lng |ﬁgs>{|g%%§g1 1§ %&%dm ek le%st 5 '?19%’5 dih?gt %aother embodiment at
leastiBmogiiaand irsafurther ambodiment aSieast thamgdhydr at e, each

i ngredi ent being present in an anount which supports

the cultivation of a cell, said anpbunts being

[022]0@menal dribddiment ©b tiae rr%ﬁﬁxm sthié | podychnmine tdmacanttatuo?riheznges from
ise auxiliary

cboul 1 B RIREh BRSO L Srol s s e tiaabock 0 3 mgi to abou

20 mgn_t 9% WARES enbodPhdrit SIS abeuicomhgn_am apaeEnmegdl, in a further
tress, or protease, inhibi

t red,
embaglRER e 2bBHY 20rmglt 18 BAULED B Ek%lowg» ﬁ?ﬂéh%rn%m%?d'me"t from about
2 mgm iﬂ 668 1 mghD iR QW7 Akl EREAb SlRRBAY fr@ﬂﬂ@’&ilt@ mg/L to about 8

et h%/JI ene gl ycol s and pol %Er opél ene col s g %
mg/Lm rthgpempodigent/Kpmcahpu é%labmr giLrindhe Medium.
errbodl ment of the culture nmediumaccording to the

resent invention the polyami ne controls DNA- and
[023] Rmhes%ﬂﬁlpﬁ@%ﬁit@nsalﬁdbcé?edc@*l’wep?@ theeFeppestive Sprpestratieng of pure
: r
polyam ﬁ% 9% & t[)%{l)’ll)](!ﬁg acjte?\g;se“‘% or'? P'Ql{yglglﬁe?)%&ﬁbrllélﬁ Ebr‘?&Bound is used, the
concmdn raé\pe pphewmwgmuans dﬁ the alp@f@swwf@ nr@ﬂge%cha example, 2
mg/LRﬂJt%@@n@%l—{(ﬂ :Q%qﬁl\)a%ﬂp‘ﬁpg BlArdsbie &‘?\lclenﬁéﬂ&nu&eam 1%@5 malL
ncreases e protein and/or Vvirus expression in

(witheuil.2hERd cells. In anot her enbodi nent, the protei n

expression or virus titer in the cultured cells can

be increased by at |east 50% by the addition of at
[024]| hsterth 'Eoliggpdzptmfe-faeqomwwwurferrtediwn agicopiime ot thednvandien refers

| | t t d
o L e R
oligofidptides deriegabtomhi  pteid bytiolysae. ils ona endasiident tHeerasthum does
not cér\ggij%q?:oﬁggp{e&tﬁg%s %pylaéb\&g?@gcgar%tprgga@aol a%gﬁnq[} é\@ embod:ment of
the pf’@éhtlrﬁveinﬂomnmbhmédﬁn‘bddemt cbh@nﬁ@ldhgspaﬁidés thaving fifteen or

productivity is jncre t thr
more SRIND° a5 it “DRlSGI TR eR CLdt (PGP, Jie meym does not
compfs® ofi§igeptiie2hAhy &N SrembRSathing dcRisamh mwémaa@.mem the medium
proteln expression and/or virus titer to at |eas

does ggogOmANSE (UBDPRRIGERDBRNIAG HEVER B4 ﬂ’%’&s?”ﬁ'ﬁb%c"{sn in_another
embo@ﬂﬁérheff JSSPRGH dRRSrisk LIgbpemRRt r@QQﬁ?f vielorambtd iR acids, in still

nbodi nent to at |east 700% [3 I n one enbodi nent
a”OthPh@@?p?é’tm#“tc't@OGﬁmPt RMPTSE Q]!ﬁépéﬁiqeﬁr'&}”%m@e@érmﬁ@ amino
acids! ﬁl&écﬁ"&iﬁﬁ% fukther @rﬂgfbélh‘éﬂt &f thalpré s invenRodTihd nfdldidn does not
e to an oligopeptide-free cell cul ture
Compﬁé%lptﬂﬁpepﬁd%ﬁ haning Yo enpete #eie, ackdsi d specific growt h
rate can be increased by 10% In still another
enbodi nent, sai-d specific growh rate can be
i ncreased by 20% In yet another enbodinent, said
specific growh rate can be increased by 50% In a
further enbodi nent, said specific growh rate can be
i ncreased by 70% In another enbodi nent, said
specific growh rate can be increased by 80% In
still another enbodi nent, said specific growh rate
can be increased by 90% In yet another enbodi nent,
said specific growth rate can be increased by 100%
WD 20071077217PCT1EP2007/ 000027



10 [033] In a further enbodi nent of the present
invention the mediumis chemcally defined. The term
y defined" as used herein shall ne
ﬁgﬁﬁ@%ﬁh%1does not conprise any undefi ned ?@Tmﬁﬂﬁ%mmmz7
suppl enents, such as, for exanple, extracts of aninmal
conponents, organs,‘glands, pl ants, or yeast.
Accordi ngly, each conponent “of a chem cally defined
mediumis accurately defined. [034] The present
invention further relates to a nethod for cultivating
cells, conprising the steps of: (a) providing an
[025oITihgo pregiung @dcpeé'lg:étb | the uhventenmegyueptienely diomprise glutathione
9 c - i
and/ém% ’ergnyt o g%meg%g {99%:8 Qﬁﬁga&{ 3%%’@%& %légygrl_télt]ﬁamme. The
term i“glutathibne’ as used hbiain describesanyripeptide odmpebeds of the amino acids

npl es of cell c n I
otutaeLe £V gRes 37, RS g Sl PRPIEA 4 o soltatipre. fe.
glutattidres dislifeieced |gmtalh§onbedn‘nMr fbxma‘@l By st divulfigel borm‘ between the
reconpi nant. ce|lls transforned tor for
cystei SHYAAE G Shains KHRES Uporas oL e SEARRL cct ed
with a virus for producing viral products The ceIIs
10261 TR it SORAIMI: O B0 RRSRAN I P adopRp s 5 ell culture

mediBnC&bds REOEBIAPME Biyopepliddiaving tirBe MYmMBR amino acids, but may
transforped into an imortalized status e.g. by viral

optiopgitvecampyise| et ei n Barr Virus infection. The
cells may also be for exanple primary cells, e.g.

chi cken enbryo-cell s, primary cell lines. Useful
[027]ar'fe anstthes 9w§9dm@tu§&j ofigepanydgifieeocell rquldure medium does not

comp%fg%déﬁébi)@&: %ﬁ( E!Y 6?%&8%@20 lé%ﬁfsg:lggt:g{edysoét%b%ﬁompnse

glutathitriesand@BK least pae siabixformal af glut@ring. cel | s, RAF cel |'s,
RK cells, TCWK-1 cells, LLCPK cells, PK15 cells,
LLCG-RK cells, MDOK cells, BHK-21 cells, CHO cells,
{028]N$ynicalepno@insvmyoc elig@epWeeBSDaé @re avoigpikin te medizoaccording to
e
the ififEnk8n oS 55 PoundChy HuEHhG sBRICRHICE BuRlaAd, such as ..
album:nybarhsfenmnnmysultreomthen grawéhifastags abyved ameh@dbwemefofreal thereof,

or o BE AR PSR e o gt
chenostate-cul tivation, aI | of which are general Iy
(020 IR i AORT SRR PP QLA I9R i osos on
any bmbhoddiuar smﬁsmm faamiseftst, MeturpriobeMaCos uarhREs! generally
ronfflp el S e LS A Gh SR, Shrise = rumber o
ingredients, including amino amds vitamins, organic and inorganic salts, and sources of
carbohydrate, each ingredient being present in an amount which supports the cultivation
of a cell, said amounts being generally known to a person skilled in the art. The medium
may comprise auxiliary substances, such as buffer substances, e.g., sodium
bicarbonate, antioxidants, stabilis_ers to counteract mechanical stress, or protease

inhibitors. If required, a non-ionic surfactant such as copolymers and/or mixtures of



a) providing a culture of cells; b) introducing at
| east one nucleic acid sequence conprising a sequence
at | east one protein into the cells,

1@@9@@@7&§¥the cells carrying the nucleic ac'g%Tﬂﬁ%mwmmmrr

sequence; and d) expreSS|ng the protein in the cells

in a medium conprising at gast 0.5 ng/L of a

pol yam ne. [038] In one enbddi ment of the present

i nvention, the nmediumof step d) is an

e [ t e

o SUARP Bt SBURIMREAESESS 05, % PETRSOERUA) can bo
addeidnventlon, the cells of the culture of step a) have

been grown in an oligopeptidefree cell culture nmedi um

according to the present invention. |In another
[030ke i @6 mmqimgnte@&tha)cwt@rej)nealwn @otridvgdo the mesent invention the

0 e C c 0

polyfHyhE B TNAT BifiT RAE el R B Btk andior el
differentiqtions amgjoanearﬂpummcﬁabmzhtrmg, ad/ocd ntioemiataves DéNApprataxition.

may be a vector. The vector may be delivered by a

virus or may be a plasm d. The nucleic acid sequence
[031}C6hdld’m@ émt)othh%np,rmeelaﬂdlﬁﬁy dﬁeataleaﬂemsf mgllgeﬂea @olymmine to an

i ﬂ% % cal“¥ nct|q$ part th§§$ i
oligoReRigT En et RUIYSE SPedinim iDcigaspy J1g Pl ‘EJPoﬁ‘ ‘? cH[ysyexpression in
the cattiiedecdlia! In Bfiothed eabddpeagu it pl@[énﬁ &&bMSsBJlnCdir @gus tlter in the

cutu S oo S BT B SR B BRI ot o o

polydr@hé So aRblighsHige RS éellsélﬂﬂi}rélﬁwe@fuﬁ hh %ﬂﬂ’%lnbth@r eﬂ{bo@nment said
nonocl onal “anti body.

increagR i At least @Os’*eoﬂﬂek‘ﬁ,tea’é%'h%r ?@Bgd'a‘e%éfeﬁe ﬁ'@lé 5(988'rﬁ Pregyciivity is
incre@ded §@@as@ﬂﬁ‘o—ﬁ:ﬂ@tb?' e SRIMIesr & _BYM 68 IQ@Q_U Bf @f polyamine to an

: coagul ation factof VII, coagul ati on factor
oligoperdigatieas dellf aultge mediyor. mAlAMhsnsema%rrfq@h We opfh specific

prod@&@:?f Q?K&&Z?ﬂét%’e?&%?ﬂe@%@% okl anbfﬂwé} en'n'ﬂ:oai?nent the addition of at

present invention, the nucleic acid
!eastfﬂuﬁ mgélr ot@rﬁﬂlsramlge dgesidls isajuingease diprajpineexpsession andfor virus

titer 16 YR iR !461%? S P rénsgmqﬁngﬁt%%t ReaStEH0AS inP4WTRE P mbodiment

sequences, ancers oxes transcrlptlon
to at least 60N%:dn aéwtﬂw erwqmenkf@raé least8@G%ct i on sites,

pol y- A-sequences, protein processing sequences,

sel ection markers, and the I'i ke which are generally =
[032]k froome embadipens the spedifloggtowth tates ofathe cultured cells can be increased

by the addition of at least 0.5 mg/L of a poiyamine to an oligopeptide-free cell culture
medium. in a further embodiment, said s‘p'ec;jiﬁc growth rate can be increased by 10%. In
still another embodiment, said specific growth rate can be increased by 20%. In yet
another embodiment, said specific growth rate can be increased by 50%. In a further
embodiment, said specific growth rate can be increased by 70%. In another
embodiment, said specific growth' rate can be increased by 80%. In still another
embodiment, said specific growth rate can be increased by 90%. In yet another

embodiment, said specific growth rate can be increased by 100%.



[42] In one enbodinent of the invention, the cells
are selected fromthe group of CHO cells, 293 cells, -

Il's. [43] According to another e '
‘g’p%f)ﬁg%zﬁgsent invention the foll ow ng cell ”&%ﬁ@?@%moy
be transforrred with a reconbi nant vector for the
expression of the respective_products: CHO cells for
t he production of reconbi nam® coagul ation factors, -
for exanpl e factor VIl, and/or factor VIII, and/or

[033 rpoclf r &ﬂ{)&&ﬂ% Bf tﬁglﬁer%gérlntén(/%{tlo‘\hghgrrﬂgéﬁﬁﬁ{ N chemically
reconol nan ery ropo e arr Vi

defiredaiisé mrme'dhemivatly defineziids hluadxhe@rcsfndilsném thdtdhe medium does

roduction o tibo |es Usef.ul ceII xﬁ_tel

not GhR1Rp 1 18aPT PPRRERG: Soina (B pERbpla, Bidtpfisror animal
comparingg, ofghhs, @d@d@elplﬂs;oajglyleastl Grcchatitigly, Whdh co@iﬂﬁnent of a

DAMTS13 and 293 cel |l s/ :
cherggallyelrpomartiie 5 Sokratefdefned o thor Cenbodi ment
of 'the present invention, the expressi on of the at

1034 AR R (N st B MRS GHivaing Sete, comprising

the stapsdfased when conpared to the expression-of the
protein by cells not being.cultivated in-a nmedi um of

(@t weovidieg aneligeranidpdiee qai cafieiaasd *WWM&ME? ¢nvention, and

(b) EPHY §hr§§ﬂth'e5céll§ﬁﬂ%§ﬁgd il to @) §28il cdiRi¥e. accordi ng
to a t enbodi nent for at |east 50% [45] The

present invention further relates to a nethod for

[035Prﬁ1%u§fb5&1t%vérﬁlﬁﬁtls %@ |.m.tea%o %rnﬁyp% Sﬁééllso?awés &f cell types

VI Ir'us, conpr|3|ng he st eps o rovi
mcludenlrmamreaban cells, dnselef Cpil, @ytam@eilﬁhba@emlsca}lﬁt andweast cells. The

cells Lrﬁ%f ée ‘?Jalﬁed?éggdf% Pgeg% é:gﬁ.ils ﬁg T’%{%&ﬂgﬁ%%t \ﬁbﬁéjﬁahé?gﬁr‘?éoegnth a vector for

) | east one virus
recomhi@aok igese i expressiati, uon celiptiagisiegiedt Withaa tvirugOor producmg viral

producgg 7'!/' e7c79%.l; acng élgg %onfg( (Q.Qé)r%lg c%zﬁs producing a prot'ein of interest without
recombinant fransformation, e.g. a B-cell producing an antibody, which may be
fransformed info an immortalized status e.g. by viral infection like Epstein Barr Virus
infection. The cells may also be for example primary cells, e.g. chicken embryo cells, or
primary cell lines. Useful are cells that are used for in vitro virus production. Specific
examples of useful cells include BSC celis, LLC-MK cells, CV-1 cells, COS cells, VERO-
ceils, MDBK cells, MDCK cells, CRFK cells, RAF celis, RK cells, TCMK-1 celis, LLCPK
cells, PK15 cells, LL.C-RK cells, MDOK cells, BHK-21 cells, CHO cells, NS-1 cells, MRC-
5 cells, WI-38 celis, BHK cells, 293 cells, RK cells, Per.C6 cells and chicken embryo

cells.

[036] The cells used according to the present invention may be cultivated e.g. by a
method selected from the group of batch-cultivation, feed-batch-cultivation, perfusion

cultivation and chemostate-cultivation, all of which are generally known in the field.



0.5 ng/L of a polyam ne. [46] In one enbodi nent of
the present - invention, the nediumof step d) is an
[ j de-free nedi um according to the pr
‘$h§en@?%%% In a further enbodi nent of the priiﬁﬁ%ﬂmwmmmn
invention, the cells of the culture of step a) have
been grown in an oligopepti€ free cell culture nedium
according to the present invention. |In another
enbodi nent, steps a) to d) are conducted in an
|hoRE0L A5y lor Gibtadr EWBY A6F WciddinCat least
(037 T BEBont @Hé’{tﬁ’?ﬁﬁrﬁg&\?u{#@ i in_tﬁe Betdin o Jeast one
protedr; camctli asgeigo a heterologoits on anigiodows angtelni pu, resgatpingnt protein,
for anpl e, cpoxviruses, for exanple vaccinia-or
CD"“E%F@ﬁﬁ%ggﬁg&ﬁbcinia vi ruses; coronaviruses, for

a) eypeovidiey SABFureiafeslls;or t homyxoviruses, for exanple

influenza A or, B virus: paramyxovir - -

) ¢ BEVPAE LSSt Bp® iRl € SRIENR GEPSigg spauae coding for

f af leexieshd proféors mtdineetellgi rus; fiaviviruses, for

exanpl.e Vst N |le .virus el | ow Fever Virys, or FSME
o) v Felelng the celip Erte ME vSh atiertsre aof
d) eRkereayihg Wse Brotdiarin exaBEilsLinnepadivm BorpNising it least 0.5 mgh. of a

pi cornaviruses; arenaviruses; herpesviruses; or

- a@8l8WiNeses. In one enbodi ment of the present

invention, the virus is Mdified Vaccinia Virus.

Ankara (MA). The virus can be propagated accordi ng . '
[038]; ¢h Pre SRRSHTPEOT B ATRESTBEIPN olRegnegUALShslepi g an oligo-
peptigé%bnﬁeditgh%com Yo {H&SpréB¥ntiRvehtivh! B4 YiReheY ishvSodirént of the

attenuated virus, a reassortant virus, or a . .
presens doebliomiibe gelisuefl the cuus ofateRakhavedieast growngn an oligopeptide-
free BhIf BOMAESHe@0R %@é“d?ﬂfﬂg%nﬁ’le prBs@dGhidfidn. 1R Hn8fér Embodiment,

actual virrons being Used to infect cells with a )
stepsva)rtast) as condustad Buan eligsipeptidesieelcell evturenayediem @seerding to the
invenﬁBhit virions may al so be used. [49] The nethod for

produci ng a virus may be used for producing
, I Mmrunogeni ¢ conpositions conprising a virus, a virus

antiqen, .or .a_yirus-|ike- j . o
03915 3 ¥Rrei o f et B # Seuence otk e SEleat on protein
may bbea peeiseriThd neaat may badehecrsd|byca aifus rostrnay e gmdagmid. The

o GER oS T 1% ST ATSES 842 o7 ooty
functiorhioshirmieteof tih@neadrhisodimedt the pratein i¥\6t least a biologically active part -

o 5008 Pt o LORSOEE BB ] B S

protefelieied i ahe t fredgetnm oforesll $tdodg celfs \dado angibhsnerisl such as
chi.cken enbr¥|o cells.. [51] Useful conbinations of
erythgpoptingpr  mpnpgioaal "’F'H'rbob)"oduci ng a virus or part of a
virus are, for exanple, Vero cell/attenuated
vacci nia, Vero cell Naccinia, Vero cell/Hepatitis A

[040}vé an eEbiodiment; hexsiols AEId SequnseCANITAgS @ Sqaugnee coding for at -
Ieast&n(euﬁrote\ﬁe:js@leﬁ_@d:(fr%ﬂﬁg\@rb%,ofl\(,%/égulﬁﬁcbd fated YW ESaRflation factor
an S

irus, chi cken enbryo cel SME virus. In one
VIIl, eapgytatip factestiXs W R, MRANT SH3. andduldel | / vi r us
conmbi nation is chicken enbryo cell s/ Mdified Vaccinia
Virus Ankara (MWA).



[52] Useful cultivation nmethods include
batch-cul tivation, feed-batch-cultivation, perfusion

ﬁf%lz{)b?Yo&}H on and chem)st at-cul tivation. [53]
resent ‘tnvention wll now be further illust rP:éQﬁl 2007000027

the foll owi ng exanples, w thout being linted

t heret o. EXAMPLES Exarrpl e 1:. Preparation of

BAV- nedi um Qi gopepti de- fr medi um ( BAV- medi um) was
prepared with basal DVMEM HAM s F12 (1:1) nedium

[041]0%' éhBQdiHé‘ﬂf %? & ?@éeh§’mv%ml&9 A6 fliieit/ 'atcmdﬂﬁteﬁ'&@mpnses

er conponents e technol ogles 32500 Powder).
otherAswaadaec$uvteb!e for @I oontrdlled prﬁmlqrgpt)a pretainraich as promotor

sequ?@%%v%ﬁgg%ge’é%efm gké%;tﬂé%sé@fhoﬂ thlaﬁpg?eﬁ) BbRiitkers, restriction
sutesﬁptdyﬁ«mmjehyeasx@atn priocessimg sequahceseseteatiop pharkerst and the like
: to t I | t H2 /
whicty e sl e 6 PSP D ERRAS %120 gL,
L- Proline 35 rrg/L L- Tr ypt ophan 20 ng/ L. Exan'ple 2: :
104215 T R eieBasof B Iyl oo art SHRkBd ol e graug of cHo

cells gigzh@iisbandBMRideNg With a CASY(r) cell counter as
descri bed by Scharfe et al., Biotechnologie in W
2007/ O77217PCT1EP20071000027 15

[043] Accordmg to another embodimenit of the present mvent:on the following cell imes
may be transformed with a recombinant vector for the expression of the respective
products: CHO cells for the production of recombinant coagulation factors, for example
factor VI, and/or factor VIli, and/or monoclonal antibodies, BHK cells for the production
of recombinant‘erythropoietin Epstein Barr virus transformed, immortalized human B
cells for the production of human antibodies. Useful cell/ protein combinations are, for
example, CHO cells/coagulation factor VIil, CHO ce[is/coagulatlon factor VIF .CHO
cells/ADAMTS13, CHO cells/furin, and 293 cells/ coagulation factor X,

[044] In a further embodiment of the present invention, the expression of the at least
one protein by cells being cultivated in a medium according to the present invention is
increased when compared to the expression of the protein by cells not being cultivated
in a medium of the present invention. In anbther embodiment said expression is

increased for at least 10%, according to a further embodimeﬁt for at least 50%.

[045] The present invention further relates to a method for producing at least one virus
or at least one prart'of a virus, comprising the steps of:

a) providing a culture of cells; ‘

b) infecting the cells with at least one virus;

c) selecting the virus-infected cells; and

d) propagating the at least one virus in the cells in a medium cbmprising at least



LaborPraxis 10: 1096- 1103 (1988), or by citric acid
extraction and fluorescent staining of the nuclei
y countl ng with a Nucl eoCounter(c)
‘%‘gﬁAOW%P The specific growmh rate (5) T{EE2007/000027
cal cul at ed from the increase of the cell densi t| es
(X1) and/or the dilution rat (D) of the steady state
of chenpbstat cultures of suSpensions cells over a
certain tima interval (t): p =D+ 1In (Xt/X0)/t
P ggg%;rﬁmenatl on of FVI1 | activity The
actlv Factor VIIlI (FVI11) (cf. Figures 1 to 5)
was neasured by a chronogeni ¢ assay (Chronogenic,
) f -
[046]( ggﬁg s tﬁ}ﬁlﬂ.ﬁ%pec ﬁ@la%érrﬂggh\éétﬂlﬁeﬁ th%hﬁe%li%l’rﬁﬂ?&trebcd) is an oligo
peptidelreretediomprcoduding td the grepntiisventibaulnaa &ther gmbogiment of the
presERbUSL G b 1ol Fulir S RS, daehEgrob B Soligopepie
free cell bul&peohédiuompacrdmmg\iﬁottyne(mp$emtsnmﬁ:onedk1 amottiee embodiment,

stepsf]%ﬁgg)lag? g%nrgd’J cg Cglélr rhgi%%%%gté%pf) %:;QII élgljtrugée ngeg%llllrﬁ %cc?rldmg to the

invergighf ure conditions Cell cultures of reconbinant
mammal i an cells (e.g. CHO cells stably expressing
Factor VIIIl, such as 008/6 cells) were grown in

[047]S URB&MSE ARel in thet ARuist atcoedihg Wb end imvaltidn may be any virus, such
bi oreactors. The cu}ture candi ti ons of ‘g ’t%cgﬁf\é?g
as, fohQXPRPIG NPOYHHSEH AT HEXENEP!E oVarCiia, & caiRIBE Rt viruses;
cororﬁ?lﬁ“u%ﬁ FoH S@niRs SAﬂsjﬁl'use@rtﬂbm&x@m@@wtfaﬂéxémﬂd lm‘fuenza AorB
AV- medi um Exanp Effect of th ddl&)Oh of

wruspgqm@g}wﬁ@r@ﬁs,Fmtroytr% rsga)@qnpledgp VLS| IRMINSSSy %example

Rossﬁv@rr\ﬁ%sﬁé\ﬁwﬁ}éle& UG ekanple M ebt MAOGRRC W@Ho@?ever Virus, or FSME
scribed in rrpeSV\/lthacontlnuousfee

- virus HaR- tighd bamer encepbaliiy yirugle £HIrPYigses Br RREMPR ét@patltis A virus;
picorRaARMEL! éﬂalti%v I_%Ee< Hegng%mg%e%f 2AEqifueBs. Qh one embodiment of the

UthSCI ne vol unetric
PreSEFCWImweGidpm be |VUHS|I$1M@§UVWW8@OW§ dmkarg (VA).1hhe virus can be

prop%@?i%&%}%lx? %%’Hl%a oS tiR fBloﬂr'nleq)r@(ﬁJc%bﬁ BF b Yedgiehbd {A&she.

ctor of cell specific expression for
the GDS/ 6 cell Iine.

[048] The virus may be a wild-type-virus, an attenuated virus, a reassortant virus, or a
recombinant virus or combinations thereof, e.g. attenuated and recombinant. In addition,
instead of actual virions being used to infect cells with a virus, an infectious nucleic acid

clone may be used. Spiit virions may also be used.

[049] The method for producing a virus may be used for producing immunogenic

compositions comprising a virus, a virus antigen, or a virus-like-particle.

[050] The cells used in the method for producing a virus according to the present
invention may be selected from the group consisting of mammalian cells, insect cells,

avian cells, bacterial cells, and yeast cells. In one embodiment, the cells used in the



WD 2007/ 077217PCT/ EP2007/ 000027 16 Exanple 7: Effect
of the addition of a polvamne and Fe (11) and Cu
EVIII expression GD8/6 cells were qr '
‘%h@%@% Tculture.in a 10 L bioreactor as de%g?ﬁ%%dg%‘m”
in Exanple 5, resulting in an average productivity of
271 UL/D, with low cell spgcific productivity and
specific growh rates. By addition of Putrescine.2HC
(2my/ L) the FVI II expression increased to 870 U UD,
[
metnBB 8, Motk > A BRARANG T 1K) breSRRChEfton aro getogtpgfrom the
groupnens@ing lof yermc@iisandc@mheatan&wmgella is otherw se
typically conprised in soy hydrol ysates was | eadi ng
to an increased specific gromh ratée of approximtely
[051]0 LB@fut chmbarations of cekewille visfisashior pedducingea ivirlg or part of a virus

e GERTATRR R R OB R AR 0 s .

Veroptéad ueflusnzay Vivlis,oVero 2885Vedt UEDIeWaBruBe a.tdte dcelSARBt Neus, Vero

celil\}rﬁrﬂg\aj%tv?m?{wst, gxgduﬁg:‘ke%%n I 5@/ ﬁ:ﬁlw Q IR o\rﬁgleynrgeodlmgnt of the

inverMioh Ut Eélpvifusogon@binatibly i9fchitkem Yenity go Gie}ls/aﬂceilfed Vaccinia Virus
conpr.ising medi um under conparabl e fernmentation
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Exanple 8: Small scale cell culture conditions Small

scal e experinments with GD8/6 cells in suspension
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acid (20uM}, ethanol amine (25 pM) Synperomc ® (SERVA) (0.25 g/L), sodium selenite
(50 nM). Additionally essential amino acids were supplemented fo the cell cuiture
medium: L-Asparagine.H>O 20 mg/L, L-Cysteine. HCL.H20 15 mg/L, L-Cystine.2 HCI 20
mg/L, L-Proline 35 mg/L, L-Tryptophan 20 ma/L.

Example 2: Determination of cell counts
Cell counts from suspension cells or immobilized cells were determined either by

counting with a CASY® cell counter as described by Schirfe et al., Biotechnologie in



WD 2007/ 077217PCT/ EP2007/ 000027 17 and i ncubated at a
cell density of about 1-2E06 cell/m wth defined
‘gﬁqbﬂ%}ﬂ” %Jppl enmented with ethanol am ne, putrescine
i @17 and/ or spernine as indicated in Fi §GraE20§7/000027

4, and 5. Ornithine, which is a precursor of

putrescine in the pathway of15bi ogeni ¢ am nes, could
~partially substitute putrescine in a
concentration-dependent manner. The addition of

Labdi’matxhs' @ woedi f1o3r @B88)K @R 69 Hthid hbianstragtid 8ndBidbmscent staining
nprising putrescine. 2HCl ‘resulted in gn additional

of thenawéals@"@weépfe\mepwatlma\/wfh BriverieaGunteres(GrmepeigenDK). The
specfﬁ%tgqﬁw{rpfate m.rﬂfér Ealdat HQW%&'E e SLAROLFARE Rl d@?l'sfﬁgs I(R,) and/or
- e accor |ng to the present inventio
the dﬂuu:brdrah@(ll)}m‘rthe efslady staieof ebonoslal eulangs @fcml@eﬁmslms enils over a
certalrm{r% ljxtgﬂ/ta?g nor an increase of the ethanol am ne
conc trati }1 in medi um conpri sing putrescine
resulted i-n a signifi gD + mcFAOEt of vol unetric
productivities or specific growh rates (cf. Figure
5). A further experinment under simlar conditions
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bioreactors. The culture conditions of 37 °C, oxygen saturation 20%, and pH 7.0 to 7.1

were kept constant. The cultures were supplied with a constant feed of BAV-medium.

Example 6: Effect of the addition of a polyamine on FVHI expression

‘GD8/6 cells were grown in chemostat culture in a 10 L bioreactor as described in
Example 5 with a continuous feed of BAV-medium for 11 days, resulting in a decreased
productivity of < 100U/L/d. By addition of putrescine.2HCI (2 mg/L) the volumetric FVII-
expression increased by 800% (cf. Figure 1). Accordingly, putrescine could be clearly
identified as the driving factor of cell specific expression for the GD8/6 celi line.
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Example 8: Small scale cell culture conditions

Small scale experiments with GD8/6 cells in suspension culture were carried out in
.Techn_e spinner flasks at 200 ml working volume in batch refeed mode at 37°C, without
pH and pO; control. The cultures were supplied with BAV-medium as defined above
additionally supplemented with Putrescine.2HCI, Ornithine.HCI, Spermine.4HCI, or
Ethanolamine or combinations thereof in the range of 0-18 mg/L (equivalent to 0-10
mgIL of the biogenic amine without .HCI (cf. Figure 3 to 5).

Example 9: Effect of the addition of several polyamines and combinations of polyamines

- on FVIII expression
GD8/6 cells from a culture with BAV-medium as described in Example 8 were

centrifuged and transferred to Techne Spinner flasks with a working volume of 200 ml



synt hetically produced. 4.The oligopeptide-free cell
cul ture nedium according to claiml1, wherein the
I ' is present in the culture nmediumi
‘@gﬁg@ﬁ%&%i on ranging from2 to 30 ng/L. 5. Tﬁ’(ﬁ’mmﬁ7/000027
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6. The ol i gopeptide-free cell culture nmedi um according.
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groy\m? Fjdté'éftéf.sﬂ‘é&%r%)? %wévgé? fétljpa%%mmine, which is not a polyamine according
to the present invention, could neither replace puirescine in any concentration
investigated, nor an increase of the ethanolamine concentration in medium comprising
putrescine resulted in a significant increase of volumetric productivities or specific growth
rates (cf. Figure 5). A further experiment under similar conditions showed that spermine,
another intermediate in the pathway of biogenic amines, could also substitute putrescine

ina cbncentration—dependent manner (cf. Figure 4).

Example 10: Effect of the addition of a polyamine on MVA virus production

Primary cell cultures of chicken embryos were cultivated in Techne spin‘hef flasks
(working volume 200 mi) using a peptide free medium (FM-Medium} without and with

supplementation of 3.6 mg/L Putrescine.2 HCI. _

" FM medium was prepared with basal M199 medium comprising inorganic salts, amino
acids, vitamins and other components {Life technologies, 31150 Powder). Also added
were NaHCO3 (ad 4.4 g/L), Gentamycin.S04 (50 pg/L) and Neomycin.SO4 (50ug/L).

Cell cultures were infected with MVA virus and supernatants were analysed for virus titer
in a TCID50 assay. By the addition of Putrescine, the average virus titer {n = 16 samples

each) could be increased by approximately 50% (cf. Fiéure 6).

Example 11; Effect of the addition of several doses of a polvamine on MVA virus

production




9. A nethod for cultivating cells, conprising the
steps of: (a) providing an oligopeptide-free cell

‘&ﬁéa'}g@ﬁzgdi um according to claiml1, (b) pro&ggﬁé}%@%omﬂ

in the nmnediumto forma cell cultu
The nethod according to claim9, wherein the cells
are selected fromthe group,gonsisting of mammal i an
cells, insect cells, avian Eglls, bacterial cells,
and yeast cells.

Primary cell cultures of chicken embryos were cultivated in Techne spinner flasks
(working volume 200 ml) using a peptide free medium (CEM-Medium) without and with

supplementation of 3.6 and 9 mg/L Putrescine.2 HCI.

CEM medium was prepared with basal DMEM/HAM's F12 (1:1) medium comprising
inorganic salts, amino acids, vitamins and other components (Life technologies, 32500
Powder). Also added were NaHCO3 (2 g/L) L-glutamine ( 800 mg/L), ascorbic acid
(20uM), ethanol amine (25 uM), Synperonic ® (SERVA) (0.25 g/}, sodium selenite (50
nM), FeS04.7H20 (600ug/L), Gentamycin.SO4 {50 pg/L) and Neomycin.SO4 (50ug/L) .
Additionally essential amino acids were supplemented to the cell culture medium.
Additionally es_sential amino acids were supplemented to the cell culture medium: L-
Asparagine.H,0 20 mg/L, L-Cysteine.HCI.H,O 15 mg/L, L-Cystine.2 HCl 20 mg/L, L-
Proline 35 mg/L, L-Tryptophan 20 mg/L.

Cell cultures were infected with MVA virus and supernatants were analysed for virus titer
in a TCID50 assay. By the addition of Putrescine with 9 mg/L, the average virus titer (n =
4 samples each) could be increased by approximately 60% (cf. Figure 7).
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Claims

An oligopeptide-free cell culture medium, comprising at least 2 mg/L of a polyamine and
supplemented with additional Fe (Il) and Cu (l}).

The oligopeptide-frée cell culture medium according to-claim 1, wherein the polyamine is
selected from the group consisting of cadaverine, putrescine, spermidine, spermine,

agmatine, omithine, and combinations thereof.

The oligopeptide-ffee cell culturé medium according to claim 1, wherein the polyamine is

synthetically produced.

The oligopeptide-free cell cuiture medium according to claim 1, wherein the polyamine is
present in the cuiture medium in a concentration ranging from 2 to 30 mg/L.

The oligopeptide-free cell culture medium according to claim 1, wherein the medium does
not comprise oligopeptides having twenty or more amino acids.

s

The oligopeptide-free cell culture medium according to claim 1, wherein the medium does
not comprise oﬁgopeptides having three or more amino acids, oplionally comprising

glutathione.

The oligopeptide-free cell culture medium according fo claim 1, wherein the medium does
not comprise oligopeptides having two or more amino acids, optionally comprising

glutathione and/or at least one stable form of glutamine.

The oligopeptide-free ceil culture mediﬁm according to claim 1, wherein the medium is

chemically defined.

A method fpr cultivating cells, comprising the steps of:

(a) providing an oligopeptide-free cell 4culture medium according to claim 1,
(b) prbpagéting the cell‘s in the medium to form a cell culture. 7

The method according to claim 9, wherein the cells are selected from the group consisting of
mammalian celis, insect cells, avian cells, bacterial cells, and yeast cells.



