CELL CULTURE MEDI UM COVPRI SI NG SMALL PEPTI DES BACKGROUND Cel | cul ture nedia
provide the nutrients necessary to maintain and grow cells 5in a

control | eatp 2artvi3eoei al and in vitro environment. NutriemcTfuseomioadsdsons, pH,
and osnmolality of cell culture media vary in accordance with paraneters
such as cell type, cell density, and the culture system enpl oyed.

Medi a fornul ati ons have been used to cultivate a nunber of cell types
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cultivate cells in vitro is not only important for the study of cell physiology, but is also
necessary for the production of useful substances which may not otherwise be obtained
by cost-effective means.

20 Cell culture media formulations have been well documented in the literature
and a number of media are commercially available. In early cell culture work, media
formulations were based upon the chemical composition and physicochemical
properties (e.g., osmolality, pH, etc.) of blood and were referred to as “physiological
solutions” Ringer, S., J. Physiol. 3:380-393 (1980); Waymouth, C., In: Cells and

25 Tissues in Culture, Vol. 1, Academic Press, London, pp. 99-142 (1965); Waymouth, C.,
In Vitro 6:109-127 (1970). However, cells in different tissues of the mammalian body
are exposed to different microenvironments with respect to oxygen/carbon dioxide
partial pressure and concentrations of nutrients, vitamins, and trace elements,
accordingly, successful in vitro culture of different cell types will often require the use

30 of different media formulations. Typical components of cell culture media include
amino acids, organic and inorganic salts, vitamins, minerals, trace metals, sugars, lipids,
and nucleic acids, the types and amounts of which may vary depending upon the

particular requirements of a given cell or tissue type.



30of different nedia fornulations. Typical conponents of cell culture nedia
i ncl ude am no acids, organic and inorganic salts, vitamns, mnerals, trace
nmetal s, swoansl/13B90pi ds, and nucl ei c acids, the types ane&carosunts3mB8o whi ch
may vary dependi ng upon the particular requirenents of a given cell or

ti ssue type. Gutamne is routinely used in cell culture nedia
because it has been shown to be a najor energy source for cultured cells.
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QG hers have proposed acylating a peptide, such as alanyl glutamne, to
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di pepti des eou er free dipeptides, at |east .in part, because
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usi ng di pepti des ere the N-fermnal am no acid has a free am pno group.
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30sol ubi | i t ydadyskpatisesi hedpgrias emtlictidass thOkidhdx] e, Paehd NG 5S84, B3Or
protein pr Odelfllg(;[ flogrrl]d that N-acyl alanyl glutamine was a suitable glutamine source for cell culture
media, similar to the corresponding non-acylated dipeptide (alanyl glutamine), which
was a known component of cell culture medium (see Roth et al. above). U.S. Patent
25 No. 5,534,538 further described the N-acyl dipeptides as advantageous over free
dipeptides, at least in part, because of the increased stability of N-acyl dipetides under
heat sterilization conditions. Thus, U.S. Patent No. 5,534,538 actually teaches away
from using dipeptides where the N-terminal amino acid has a free amino group.
Applicants have found that certain amino acids, like tyrosine, have limited
30 solubility at the desired concentration for maximal cell growth or protein production.
Applicants have also found that other amino acids, like cysteine, are unstable and prone
to precipitation over time in aqueous cell culture medium, particularly in concentrated

cell culture medium. Specifically, because cysteine has a thiol group, it is susceptible to

an oxidation reaction in which two cysteine residues are linked together by a disulfide
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Appl i cants have al so found that other am no acids, |ike cysteine, are

unst abl e and prone to precipitation over tine in aqueous cell culture

medi um paot2ocwizagky in concentrated cell cul ture medi urcTSseaiifossad |y,
because cysteine has a thiol group, it is susceptible to an oxidation
reaction in which two cysteine residues are |inked together by a disulfide
bond to form cystine (SCH2CH( NH2) CO2H) 2. Cystine has |low solubility in
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suppl enment conpri sing anount s°°of cystel'ne and tyrosine surficrent 'to
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concentrated nmedia may be serumfree conpositions, In one aspect, the
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high quality.
25
SUMMARY
The compositions of the invention are directed, in part, to cell culture media,
concentrated media, or concentrated feed supplements comprising concentrations of
cysteine and tyrosine that support maximal cell growth and/or protein, or viral
30 production while avoiding the problems caused by their limited solubility and stability.
In one aspect, the media, concentrated feed supplements, or concentrated media may be
serum-free compositions. In one aspect, the compositions may comprise human serum

components, like human serum albumin. In a further aspect, the human serum albumin

may be recombinant, (r- human serum albumin), derived from recombinant sources, in
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sone preferred cases, formplant sources like rice, corn, wheat, potato, or
fromfungal sources, or fromyeast or other equival ent m croorgani sns

wel | - knowwoto1i3awzed in the art (xeno-free culture). | rcarusté@nimspect,
the nedia, concentrated feed suppl enents, or concentrated nedia may be
protein-free conpositions. In yet another aspect, the nedia, 5concentrated
feed suppl ements, or concentrated nedia may be protein-hydrolys ate free
conposi tions ,
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per fornmed byth QWOWHWWWGGmPWQCH@P%@S ﬂfwéﬁre.Chee%léyedefwﬁd reyg-free,
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N-t erm nal amsmmea)quomfe tThe amhyzsltstofpieaphechtels Ipagoranefl be enyaknonm ngatlmalpn In one
enbodi nment , i ani ne or gl yci n nbqdi ment >

valtne prof fiat SRR S s PSrty af R e A A e T 50°

enbodi ment, the preganicudi, $1qblmesaﬁtehs@ro@medﬂﬁreatedaidc&lwhttueeleﬁﬁm am a
concentr at ed feed, Fegr%eg cel | ure f | enent.,, wherein thaeH medi um feed
or sufpl ementOEgHpIdd ‘Efr*?eceﬂu"‘ F &'PHI H@BRQOH]QES%P%‘F&“‘F PBH BePHYFosi ne,

X-cysteine, hiMSivdeo fix amitd aCyis,ta€ db@red lat@in theSpplicatifte TRGEforaMRPRIsEnt X | s any
am no acid, and wherein the N-term nal am no acid of the_dipeptide has a
free am no gﬁhé‘d?furq Moy A Seffure iediun, § congenirfcddecdy OT g VH.CW@H% n anot her

enbodi ment  XauipplefiRhd, RBereividhd M iuk) rﬂééd NRupASRAK bdrfprR6d She 0P nogd dataaM € aci d.
In yet another enbodi nent, the one or nore di peptides are al anyl tyrosine

and/ or al anyPensigestselepied TpmeKicayosiBg Phiarcest ol IpineG Shocit £xde- Feed! or cel |

cul t uise SUPDLA(E[E%{M] PIBRYdeRheR dy'stgfﬂle dr @Fﬁsfh%'lsofﬂly@ﬁer@\xg&ﬁﬁ ROWIRpepRiGiR1as a dry
powder nmedia (DPM "or an 5aggl onerated powdér (AGITh). In one enbodinent,

the |iquid s®lamionagids argreed-aystene- EC+ahthreséivaXns cfcr)oe a oflt thereefi pi t at e for

over 12 nont Qﬁerein X is any amino acid, and wherein the N-terminal amino acid of the short

peptide has a free amino group. In one embodiment, X is alanine or glycine. In another
embodiment X is serine, valine, proline, aspartic acid, or glutamic acid. In a particular
30 embodiment, the present disclosure provides a cell culture medium, a concentrated feed,
or a cell culture supplement, wherein the medium, feed or supplement comprises one or
more dipeptides selected from X-tyrosine, X-cysteine, tyrosine-X, and cysteine-X, or a
salt thereof, wherein X is any amino acid, and wherein the N-terminal amino acid of the

dipeptide has a free amino group. In one embodiment, X is alanine or glycine. In
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I n one enbodi nent of the invention, the concentration of tyrosine (as
conprised within the small peptide), in solution, in a nmedium feed or
suppl enenvp 20i1/i33dme greater than the concentration of tycodiseetobssto woul d
remain soluble in an identical 10solution, if the tyrosine were present as
a monormer (that is, tyrosine in a small peptide nmay nmake the solution
"supersaturated for tyrosine"). In one enbodi nent, the solution vu' |1 have
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were present as a mononer (that 1s, cysteine in a small peptide may nmake
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exanpl e, the concen on or Sl es or I'n sone cell
cul t ure nedi kastaone 2htimad, eobuk ¢ eds 1@kt aoumrﬂOemmstafbourelwotaeleam alalmodd 1 to at

| east about 5 t t 1t | bout, 1
| cast about 48t Prat! Rl b Pl ARy AR B SRR &l T 0"

| east about BfkthbdE3() tlﬁtb@ulboulltcoataéasd fdastoalmayiabdl 1ttbaeBastaaud) 1 to at
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| east about bURFsyRROUL 5(5'6’&{ leg ) apeyt 49 timgn abous BB i atAystabart /O UiglB I 40 to at

| east about &0 el GRSl HBAHE coh@erdi@ridd as RS beahapatile ®fih tHeMRhomadpout 10 to at
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| east about 90 ti m8<ne anbeftimam of themvepiinps the gpragntrativn of pysisine (@bout 10 to at

| eastysabout  dckthrsbd®Rhin BRANRA pOftide’, HEsoRIoHBh & nfHRE A of APpRAhALAIPN as
10woul d be capable with the mononer. In one embodi nent, the solution is

super sat ur at eizreaser ib dtelsolujiprndipm e gprbentyationpheysteine that would remain soluble

in an identical solution if the cysteine were present as a monomer (that is, cysteine in a
small peptide may make the solution "supersaturated for cysteine"). In one
embodiment, the solubility of cysteine (or lack thereof) would include, for example,

30 loss of solubility caused by conversion of cysteine to cystine. In one embodiment, the
solution will comprise at least, between about 1 and about 25 times, the soluble cysteine
concentration capable with the monomer. For example, the concentration of small
peptides or dipeptides in some cell culture media, concentrated feeds or supplements

may be at about 1 to at least about 5 times, about 1 to at least about 10 times, about 1 to
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In one enbodi nent, the solution will be supersaturated for both tyrosine
and cysteine in, for exanple, the ranges described above for each of
tyrosi ne wo 20ysi3gdone al one. 151 n one enbodi nent, the adectriuseoion3iche
concentrated feeds, media or supplenents descri bed above coul d reduce the
vol une of supplenentation to a culture system for e.g., a fed-batch
culture, which may already be in progress. The culture nay be in progress
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or a Tew O%rlﬁ%ahtte{%o&‘t Ei%e@a%%%t 11118 2108 D&Y %’R&Qéégﬁﬁt 1 ﬁdl %%;a%’\tga]%})&%o <

solubility o elne an rosine conpris pepti des
all ows for ttmeaeszaldmgilgmtdﬁastﬂbnlgl% tipgs tabomricieattlleat grbuf Heaises, whiuchtonmy  al so

be pH neutraj,,  whl £8) pmesp%tut‘i’to SRSl MYG on T)ngx 1 UCREL QR gy di rected in
part to preparation of 'srngle reglnen COI’]CGI’] f'eeds, concentrat ed

medi a and comoentbat &d s lapl abmnr@()mnm@ rapoutdi tngt leass bt@iun 8)0aimokst ahooisi e

corrprlsed W t p to.increase their s

SoARTErES ki Dl b ipBERbr 0 S HACRER DL LR aRBEn ¢ at e
feed or cel I3@mm&walﬁ>uswmlaelmmab&ﬁuo fghe§ ABoWDN 0 B4t GeasumBblit SPeipick,d®syt or one
or nore dipe |de piio y CO ses one or nore of t foll ow ng: a
car bohydr at e fef‘%ﬁﬂf)??t 2@“@8‘? tab‘%ﬁb i dsgefbeute pé‘l‘ﬁ?ﬁtab‘“&qglﬂ‘? fidrashg agent
and an am noa@@t@bmﬁés @osa] § totahRA® @bout HMNiMBEL a0 O0liome HasitaBout g 80 habydrate is
a hexose sugar. AIternater {)ent ose, hexose or their derivatives or other

equi val ent s a0Hal Bat liasaboul Alhes. 1dspoRBE SOls GESHCCRBENERIONGS ¢ hei r

deri vigtives WBMdBecapasdiwi@line hBRnREXASHe TBBodBie KIS S4186bH if APetshi@ragiqoup
consi sting of gl ucose, gal actose, fructose and naltose. In a particular

embodi ment, RBOBAYBBRAAYECING gl ucose. | n one enbodi ment, the

am no acid, or salf, &Q@ﬁlﬁéﬁlmeﬁtsthQEkﬁth{n vH%@s ersuddll BEhorR é"sﬁﬂ%%@e
aspartic acid, cysteine, glut amc acid d% utam ne, histidine, 1soleucine,
P

| euci ne, | ysm@mermtfhﬂ AN, th@tﬁ@ﬁ@ﬁl(&mub @Dovg)fqyleﬁqh@f tyesiay cysi¢in@oni ne,
tryptophan, fyrosine, and valine. I n one enbodi nent, the cell

cul ture nedium concentrated feed or cell culture suppl ement conprises a 1)
firstisdi pepti de, XLntOylﬁ @mb@tbmelmthaa@htﬂl(tn (tfltiwroeocfe,lltraﬁﬂfead$emdindr 5di pepti de,

X-cyst ei ne, i anpi ne, or nd wher ei n
t he al ani ne mppl%{neﬁs des%geda%o erceog ancliur(f%%flevommeog)mpglemen %yéfr CtUﬁ “such as

gl ucose, andsyBI)enafDrargl dediodtch, cudmreawmalh tnay hbasaﬂpbe inTitegressi e cattind magr a sal t
t her eof ri se.on

of , may, c Se.one T nO " rair}gras retic aci d,
cyst oi ne, o) Ut AR ESara iny BoiFol b M e SRS iy SRR
mat hi oni ne fneyintl af @a bywalnmdrﬁltyrﬁﬁne Siprid&] withih el p@ndéls(hnlbwpf@p{man
tyr Oszlone anges}/g?llolf single part concentrated feeds, which may also be pH neutral, which is part of
the invention. The invention is directed in part to preparation of single regimen
concentrated feeds, concentrated media and concentrated supplements comprising
cysteine and tyrosine comprised within a small peptide, to increase their solubility and
stability within the composition.

25 The cell culture medium, concentrated feed or cell culture supplement having
one or more small peptides, or one or more dipeptides optionally comprises one or more
of the following: a carbohydrate, a vitamin, a salt, an inorganic element, a buffering
agent, and an amino acid, or a salt thereof. In one embodiment the carbohydrate is a
hexose sugar. Alternately, pentose, hexose, or their derivatives or other equivalents

30 may be used. In some instances, oligosaccharides or their derivatives may be used; or,
the hexose may be selected from the group consisting of glucose, galactose, fructose
and maltose. In a particular embodiment, the carbohydrate is glucose.

In one embodiment, the amino acid, or salt thereof, is one or more of arginine,

asparagine, aspartic acid, cysteine, glutamic acid, glutamine, histidine, isoleucine,
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I n one enbodi nent, the cell culture medium concentrated feed or cel
cul ture suppl enent has one or nore snmall peptides, or one or nore

di pepti dewp 28uiisadwbe for culturing a bacterial cell, a yeaats2eeloBics@ pl ant
cell, or an animal cell, such as an insect cell (e.g., Drosophila cells,
Spodoptera cells or Trichoplusia ceIIs) a nematode cell 15(e.g., C

el egans cells) or a mammualian cell (e.g., CHO cells, COS cells, VERO cells,

et I R A M

culture nedlunmhavmngmbm@ or nore snall peptldes or one or nDre di pepti des

is alx fornul ati I n (P oqf the cell QQPﬂt unl's
ne em iment t %ce e medlum COl’l entra C CC| 01‘ ce ure
concentrated as a greatetr Tormu ion, CeiSsed €1Sewnhere in this

appl i cation. m@pbﬁemkﬂnmnﬁﬂhddﬁmEmPQﬁMEh@{pﬂﬁmﬂbrm@M&ham&ﬂdndpeﬁkndes or

di pepti des, such. a r05|ne stei ne rosi ne- X. or steine-X, are
o beorit 1+ RETRGR R B i G S s s o g SRR 81 o
about 16 g/ Lalaﬁb@@ﬂglﬂcn@/ﬂas hﬁe@hﬁllﬂb gﬂdﬂpgl')la caﬁb@ﬂﬁat&, s@éhlastetucadeatd B ag/ L,
about 2.5 g/L to ahout 168% bout, 0, 25about 10 /L, about 2.5
g/ L to about*Bingpeid @y salpdteoh eg"PLnotacfl bfhiatéh“%e ﬂancomP“eOf}erPranot her

aspect, the gbedfemiit, Qé’p@i'égﬁesas?arﬁ@i(J’ID@yﬁfln& kgiutemw Agd,aieigink, conpri sing
contacting the cell with the sm eptide- or pep ti de- contalnlng cel

cul'ture nmodi GHEHRE lPHEE Ls@emAhise: ReBY R ﬁ?l@&ﬁﬁ%‘i‘et fEgntMRe culti vati on

of the cell. r@ﬁMﬁﬁehhogayagevgﬂbtured according to the present nethods,
particularly bacterial cells, east cells, plant cells or aninal ceIIs

I'n one enbodi nent, InKae anbadmensdhg ceflspluggpredivng gonserieadi eyl ar6e he pr esent
met hods is aghlﬂufess%?ﬁlerﬁgﬂt bhad (ﬁreg)r mol %ﬂg@gﬁ&s Q)?Iohcser II%HQQ%Q}%&E?‘ sGiedples or

Trichopl usi a cel nemat ode cel el egans or a
mammal i an cefor cylarige a bapdiag edll, 8 yeasRllceplpat ceNERan g makcell Brh eseﬂrnl igsectAE- 1

cells, SP2/ Oce(flqle Dr&y%pﬂl{aﬁc%g%ﬁ ?F%cgoﬁfe%w%ellg Xp Hz&%%%zﬁ %!el!ls? ha IJ&'BKP%@ gello ot her

human cel |l s). I ment turing a
cel | Bonpri ses. cﬁbrategwtsicn@p)tOhenmmlrﬂalim tehl (agh 814l cetle| JOSedlls,INIER Greddlsum under

condi ti ons SUAROLAL g, 1 N\ Wbl AL O TR CELL AN SHOBERTBAL i ng the

basal cell ure “fredi ulture
suppl enent, wmrluding @hhacedlkur e feed haV|ng one or nore small peptides or
scribed..herein ne enbodi nent,..the one or

one 5or nore dipe

mor e di pept i des senlﬁﬁﬂﬁewﬁ%ﬁw?nff%”§P Sm“%?EQEF&PH@gOP?QBE?ﬁém%l or

cyst ei ne- X, gyptidessabhe dthasre afpeptivhersal IX fKrinslas@l. €6 b efmibbﬂirﬂdna,mhd”tell gl yci ne,
serine, vaI|n prol.ine, aspartic qﬁ% Iuhﬁnlc acjid an %FEIH t he
N-terfi nal affl tHE?IB iy Gycopgt g“ﬁtﬁ‘easo% Plb%rfﬁt?r% NSRS Y b i Mg oup. 1 n
anot her enbogi e Bfplichiid. PNeEerAMm dIRHo-IntInREME bAES: 1A sdhiapiphidésyrosi ne 10and/ or
al anyl cystei ne. I n one enbodinent, the basal cell culture mediumis

suppl enent eddippRtides, suag & %Wsmg,o)ﬁﬁyqteépq,@/ r%)& HEYHriee- fy#p srenent iMhe spal |
peptide, on FA@IhRARIRNCaERYncentration of about 1 g/L to about 16 g/L, about 1 g/L to

about 10 g/1, about 1 g/L. to about 5 g/L., about 2.5 g/L. to about 16 g/L., about 2.5 g/L to
25 about 10 g/L, about 2.5 g/L to about 5 g/, or about 2.5 g/L. to about 8.5 g/L..

In another aspect, the disclosure provides a method of culturing a cell,
comprising contacting the cell with the small peptide- or dipeptide-containing cell
culture medium described herein under conditions supporting the cultivation of the cell.
Any cell may be cultured according to the present methods, particularly bacterial cells,

30 yeast cells, plant cells or animal cells. In one embodiment, the animal cell for culturing
according to the present methods is an insect cell (e.g., Drosophila cells, Spodoptera
cells or Trichoplusia cells), a nematode cell (e.g., C. elegans cells) or a mammalian cell
(e.g., CHO cells, COS cells, VERO cells, BHK cells, AE-1 cells, SP2/0 cells, L5.1
cells, PerC6, hybridoma cells, HEK 293 or other human cells).
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wherein the solution may be a concentrated medium or a concentrated feed
supplenent. In certain enbodi nents, applicants may refer to the use of

medi a, fewod20li5s8gpl enents, or ot her sol utions which comrpmitseoismsdcdo
peptides (including, for exanple, solutions conprising dipeptides which
conprise at | east one tyrosine or cysteine residue). |Indeed, one enbodi nent
of applicants invention is the use of such solutions in the culturing of
cells. I'n that reslrﬁ I)thero 0 fme?k'tﬂe éﬂ[ﬁ)dt&%ulﬂr{n WcL:lll C&H [sgsc Q%Ea%tlﬁ in
certain recitati ons erein nt P o I enent ,
medi a(um, 20fedtiwoh aswmeﬂlanltureneﬂganamdamoe&laml sapm]ﬁ*tm.@rth@mjmmtlmnf t hat
could equally a to.any  .of t S, of lutl ribed.herein. For
exarrpl e, one%g QP?(I%I Siupl?lem%/ fge thet a%%ﬁﬁ unur er s qFﬁagl?ClﬁtP reecrln?dél Tdh of a
"suppl ement " caili duhura ssgpdamidnt, ©r amlrmﬂtamlfdedcbavmgsmb|oﬂmoteasmaﬁq>ﬂla;ideyommcr| be a
"feed™ with a |i onposi t.i on d vice ver . Th asal cell .culture

e iy | concatvRaBEI TR Rar BT dn el BRI ABE TR EREHIRANE orpr i se
a smal | pept ieltRted FfontK pRpiihe ec-cRRimI @rdagleme@rwndﬁre X eed santhdayf, 0, day 1,
day 2, day 3, day 4 or 5 s after startin e cell culture, andls

suppl enent edVBgFRK ‘Fﬁ%l?cé%f%@ @H‘P&@f?”ﬁaﬁiﬂ“ﬂ% V8ines RGPS gRafiC ACeOi abi | ity

of the cult ugiglathioRsd HRlviidredn BE 8-dehigkiRtadEMehe dRGr d@@;%)des dhe thasal cel |
culture nediumis optionally supplemented with the small : )ﬁtl de- or
an

di pept i de- coMti@P §TME: HetnpthelgmRpdamend g o Broredpiptidsoyot Bresscal  vol une
of the basal yf@lrlaaapld/ukige.medi um In one enbodi nent, the cell produces a
protein, a peptide, a small RNA (for e.g., m RNA S|RNA etc). By protein
is meant, a recorrblinr%ﬁ?mb%méntrfh@l@asal (‘r‘PHtCHIFLHP Wdle@cwwppmep%w@hﬁ By
protein, wheldhglon! SEAHGHDRMC A ardHBEA in alsh dTEHYhorR ilalohs hgnat h
protein or a arotn t hereo ? %tt(ilkeanaq%lrorlral 1r’rllas arrkéﬁl, qugﬁ‘?ﬁt?dﬁnchai n or
pol ypept i de Whex glﬁébﬂsplutlByHEVb@ epwcemadhmdurr@cmnﬁpmmat tural, is also
Teant AN |t LAERLH 3 o BLA S BunAR CXRTAGR A A B AL BN aRaBCRLEL o
protein, hor ine, receptofr, extracellular matrix protern, an

i mruriggl obul mppbmems pmmheoﬁohttitves whmhm@glbrcsbaﬂnalﬂlpepadesa(ufchdglgefmt exangreof .
r;:;erSSP| )S/upp(]'hﬁlogg ?(;[ngﬂnrgméld speP]tl(iTéa ﬁvénczlﬁ:or ?nse atrna% onf,:rI ros1n or C)F/)S él}éfg;eogeglhgm

i nvention. Imsﬂu@pmﬂeéd omaapimdtmenft Ofaplph&tn&hlmeqntlbins tpsrm;bef sucitiselhdodsor - an

i mmunogl obul i r than 3000 nogl obul i after at
oot 54 dny o e lEs . i g Res?t e S Rend PR ROE b Duce a
virus or a MdrhalpviditagonsibéRifappli@h®)maylréfey@ta sgmd@ppleﬂmmmﬂiﬂhm)t he cell
may pr.oduce esired cell produc i ke a vi tabol it

1oy Popr ot cltrt SerobpBoRyehy Bt & el an Sabodir dspfufGrdany torkHst her
enbodi nent, &ﬂye)f@l@ltypdsbsahﬁudn§d@mwa heRi eFoh axangdd, ek of BRI iz and f eed
suppl enent conposi tions of the |nvent|on compr i se concentrations of

cyst ei ne andPyf yadersandibat a g of Fasippiemeple Mithgrsgedic #8ir0 95idal or VLP

production, @impWeXibiBdn AR beberibe QUREY With a Bfe @eAREPLRI Vbe vRFsaVacci ne
production, etc., while avoiding the problems caused by their |imted

sol ubility. 15Any Buhasahgsll geureinedisnedonabited medivn, ¢meenyeed &wd ofret hods,

for ijmst ances@ﬁﬁ:lln%ﬁt' Iﬁ’z{y &)ﬁiph% a Mﬁﬁlsﬁepﬁ&l L)lsdlpaJtlaQEOIRﬁhllng mehﬁllﬁﬁgrtfe&l%nl S or
animal cells, "Including mammal i an cells. In one enbodinent, the animal cell

for culturi n@aya{bé@)’r Hiday 2 tdey BhéaypgrasSelays afisr biodog ihs cath cilivsand iz el | (e.qg.,
oSO e FOPHANGIRREL Sl 16100 (G eOBEL 0 ool
drops below a pre-determined level (eg. 50%). The basal cell culture medium is
optionally supplemented with the small peptide- or dipeptide-containing cell culture
30 medium at about 2% of the total volume of the basal cell culture medium. In one
embodiment, the cell produces a protein, a peptide, a small RNA (for e.g., miRNA,
siRNA, etc). By protein is meant, a recombinant protein or a naturally occurring
protein. By protein, whether recombinant or natural, is also meant a full-length protein

or a part thereof (like a domain, a motif, a polypeptide chain or polypeptide fragment).
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20cells, VERO cells, BHK cells, AE-1 cells, SP2/0 cells, L5.1 cells, PerCs,
hybri doma cells, or other human cells). In one enbodinent, the cell is a
CHO cel | .wo0 2011/133%n0t her aspect provides a nethod of prepanise@1a33sed |

cul ture nmedium conprising conbining one or nore small peptides or

di pepti des, as described herein, wth a carbohydrate, such as glucose, and
at |least one amno acid or salt thereof, such as 25argini ne, asparagine,
aspartic aci i i i histi di | i . l.ysine,

et i oni e, DhERTL FRRer ALULARE ARk, BBb LIS i BELRNELRR D 7 12
trypt ophan, ¢yracgiuive proglintaandreted prateth, hatmone, cylokineeceprivodiraetitlar t he one or
mor e di pept i e iR S EhE eI 5 KOS iy KB RE I §r o LVERSL ne- %, or
cystei ne- X, or a PSar't 'nereore ereil i 9 SUMECEEd™ T ohi afahine, gl yci ne,
serine, val i thereopriutitmbly, s patdin gicklana, bedighgt witathe cell d0tuaciheliandesher ei n
the N-term nal am no acid.of éhg}pone or di Begti es [Fas afr am no group.
In andt her effSER HBAL COPRL S T REPY G P EFEP YES OLPE LI Ny r osi ne

ang/ or al anyipegiﬁshgjeaefor instance, thbIpr(ﬁéiﬂﬁfeécﬁﬂbﬁdihﬁﬁmbglobﬂlhﬁngeid gr€&idrt ur e

medi um prepare cording to this nmethod is concentrated as a 2X or greater
formul ati on, 4% 0 g?&ﬂ“@‘i"?@ B]r‘%aft‘ﬁf o Jopdd 1§8ﬁ>‘f5ilﬁa‘flf“6‘?1?n1“}?ﬂt%rtai n

enbodi ment s, e, (A coRhe piidela WRPHE HEEP QVirdliREpirticleS In wusdbias al anyl
tyrosi ne and/or al anyl cystelne, are present in the cell culture medium
prepar ed acctrfdigentdhy Wi{l@aﬁ‘é’cr‘i’fbﬁ‘?aﬁ%“ﬂm‘é%%P@{“ tret HGRER AeRPPBE: Df snal |
peptiges or g&&ﬁ)%téiﬂ,eascak%h?&%, LI|id, or R 1iPSPrdiEInTRGIne Qibolif®nt ARGLN! I at ed
medi a or feedS may be about 0.5 g/L to about 30 g/L, about 0.5 g/L to about
25 g/ L, aboutsed isigyp tq by hapessied Jihe gredia aqp éred seppdenggnf cangposiient of 48 g/ L, about
0.5 g/L to aﬂ@éﬁtio{lfgorgﬁrltse c@ﬁ%iﬁratgnéofgfygteitt@ a@obtgﬂ)tsiné ttﬁ“'up g Rukinfli o/ L to
about 4 g/L, about 1 g/L to about 30°g/L, about 1 g/L Po about 20 g/L,
about 1 g/ L gewdbleuviraer YLP proghein, ar mgximalyitgiymutrodutieqy, pr glu¢speatein, aj/ L t o
about 5 g/L, ! g/l to. 1. t t t 20
L. aboqt 28O profactolice ' QuRRHhindhciddl s SRR et By QUBRRYL 20,
2.5 d¢gbL to about S5Agy ¢ell noy telyolitre@adsogiig to theghoatt ndetlpdg/fbr insteat 5 g/ L to
about 30 g/L ac%?ofj(;[ e%{(l:‘e’ l(s) g‘rb Onlilrgl 150&%/’ llg'r}ctl(aing%)ammaégng/ L,

5 g/l to about 25
about 5 g/L to a oﬁps’fgasgﬁy,s’ pg%ngﬁ?nsfumf; abou bou g/L to

about 5 g/ L, calbolitond egbbditnontathe utindl glilfor @uttdrispacooding 5o pheentaspect

provi des a conposi.tion c risi t he smal | tide- or, . .

i pept | de- col PR hy" RETT CRu o L2 W o See et s bl HengRl 4 bast one
cell, as desghdérhmcicabweg., . eignes @Hadh mninaliaheelbt. o, €K careCoel | is a CHO
cell. et t her pect is directed to kits faor in the

cul tidati on %Fﬁs’aV]%g(ﬁFgﬁTﬁgﬁﬁeﬁs’@gl 8%]%135?'%22%06 ﬁé‘lg Ce%%ércgégﬁi’tﬁ’rdﬁ@?s

cont ai ni ng t kdls SFelher Rewinl @Bs). Of ordicp®plindar (RQeRtaimb Rgl.cel | cul ture

medi um descri bed herein. The kit optionally conprises at |east one
addi ti onal conponeffClRE PRGOS HBYhdd PFeraiing afelt e EigR: at | east one

ani mal ti ssugngisin@ebmbiinglBast meR&nAN HERdeLEARRpBIL! AGkscriBld h@as!t one
ani mal gl and extract, at least one enzyne, at |east one Erot ein, at |east

one vitani n, ik 2 cEhdtydpife seprpRIuAese. aafl af ke pncopeing pgdl ar sadttharechsiticivtte trace
el enemt, at é@ﬁiﬁk, &Bﬁraﬁﬁé,ra%ﬁlcl déld?-&ysféﬁ{ef glﬁtaﬁl@dm%ﬁﬂﬁdin@;tisohe%@iﬁé, lysine,

methionine, phenylalanine, proline, hydroxyproline, serine, threonine, tryptophan,

tyrosine, glutamine, and valine. In one embodiment, the one or more dipeptides are

selected from X-tyrosine, X-cysteine, tyrosine-X, or cysteine-X, or a salt thereof,

wherein X is selected from alanine, glycine, serine, valine, proline, aspartic acid, or glutamic
30 acid and wherein the N-terminal amino acid of the one or dipeptides has a free amino

group. In another embodiment, the one or more dipeptides are alanyl tyrosine and/or

alanyl cysteine.

In other embodiments, the cell culture medium prepared according to this

method is concentrated as a 2X or greater formulation, as discussed elsewhere in this

-



250ne buffer, at |least one antibiotic, and at | east one viral inhibitor.
The kit nmay al so conprise one or nore cells or cell types. Anot her
aspect i swoineci3g®2t o nmet hods of producing a virus or ap¢itRSosiingsehe smal |
pepti de- or dipeptide-containing cell culture media described herein.
Specifically, the nethod conprises (a) contacting a cell (e.g., a mammuali an
cell) with a virus under 30 conditions suitable to pronote the infection
of the cell % re nmedia
Gescr bed heRbheotan il 4R RRtobRnd 1t bk il BBl PablREL AT ©

Vi rus by t heascdnlyl tytcrslnelaed/errﬁbamﬂ erine, drheresak 1n thérell quhmdunmdamt he virus or
VLP is a mamrrgla{rg acggrl In ¢ 1smeﬁ A CHO cell, or an insect cell, or a plant
cell, or a ¥ % g9 AR ¥er embodi rrent a non-manmal i an virus or
VLP i s engi neer ed Eu@harhﬂﬂatthe ¢0ncfﬁl[raﬂ1(mf@(shlaﬂpd§mlldﬁﬁbrid&m:pﬁmtn amld cellf or e. g.,
ahu n cell ther as ct,.th i scl psyre 0 hds of

o odud ng a HEFGERE HIR ShETRBT Binsiitnr B0 TRIGES &L AR Ekher eof
SSI ng L hg ﬁﬁiﬂoht mept tde?ouﬁas A, w@ﬁtbdgfm@mbahtmbrga aBddt OF@/IL W DotEld a .
escri be erei S i C e ne i_S ul tiv a ce

that has bee%(igg}%ﬂygﬁlli@ %ngg @lEP“fér? &o@ﬁ‘@ Utégzloayg Qt%%?]te Fhe

di pepti de- comba, Mdag1 eAl thB&tB@QIIﬁaBUﬁﬂ@@/LQ@@H@&Q@@& atwuta )Lﬁofa@@ut%preSSl on
of the pol ypeEtl de by the c a _mamal i an

cel I, such aglathemd gty ab%*r@n%/ﬁe%%l gf&ﬁ% a‘%%lbéé{L 6‘?011{ Re gﬂn‘&?é‘ﬁ?‘i'téﬂ is

dir eclbed to g/Lc%éthlS|g§'ILJfoeabB@cd20lg'ﬁE aﬁ&ﬁ@@é/]’u% grbuf eedh., é%utﬁzoﬁg/ﬁ% rated feed
suppl enent conpri si ng | east one small peptide, said peptide conprising

at | east twoahowt Hbg/h(ﬂbﬂgt 2. 5Eriephpugd g41e8%%b051’|"|?e5 i tp H@%f‘rﬁrﬁ@ abPYsS is a
cysteine or QLtté{ LI ﬂ?g/L%hh?%/L%é Qt%% 28051t BRul HYRND L Q(?gﬂ', nReted to a

cell culture medi um concentra r concentrated suppl enent
descri bed 15abdyeabouheg/bi #hoatS g/éa@@b%lhéo oL, dtigut ¥ /fvep Abawg S afki, Alpusei ds of t he

smal | peptid t m the group consisting of alanine, glycine,
serine, val |§/L%g thﬁ“ glghs%é)?ltl c acid, and glutam c acid. Yet another

aspectts of the |nvemotm1l aspgtt pre‘aéﬁts a@nmp@ﬁtlanlwmpamag fhengaBpemdeawi ds of the
smal | pepti dgl S | ne qr CI ne not h ect the invention is

lldf: con iﬂPmlg cell él re medlum es01[*1§e he(r]eD and C??Ieast one ce

directed to arde um concen Concentrat ed feed
20suppl errentdmdmdmbd&scﬁromeﬂlb@bmwm, thA‘/mefeestIOntaa‘:elllleaS?HCD@ﬂ of the small

peptides is a dipeptide. sel ec .fro e.group consistin X- 1 yrosine,
B ystene. tyroo R ngae] S @ISR R R DRARENTS ok ThEr "X i s
sel ected fr okt inhg c@h@Lsp oRONIEE cor@aitdrs aimlﬂgtheginynpermde&erdlpapudeval i ne,
proline, aspartic acid, and i i wherein

N e nal - s b Rttt By i I8t ek Al SPee WO gr oup.
251 n one aspetadtiifienaXchiSpaleatteREe® ro@lay ©hdi®ne growth factor, at least one animal
tissue extract, at least one animal organ extract, at least one animal gland extract, at
least one enzyme, at least one protein, at least one vitamin, at least one cytokine, at least
one lipid, at least one trace element, at least one extracellular matrix component, at least
25 one buffer, at least one antibiotic, and at least one viral inhibitor. The kit may also
comprise one or more cells or cell types.

Another aspect is directed to methods of producing a virus or a VLP using the
small peptide- or dipeptide-containing cell culture media described herein. Specifically,
the method comprises (a) contacting a cell (e.g., a mammalian cell) with a virus under

30 conditions suitable to promote the infection of the cell by the virus; and (b) cultivating
the cell in the culture media described herein under conditions suitable to promote the
production of virus by the cell. In one embodiment, the cell that produces the virus or

VLP is a mammalian cell, such as a CHO cell, or an insect cell, or a plant cell, or a

-10-



In sone aspects of this invention, the small peptide may be either a
dipeptide, a tripeptide, a tetrapeptide, a pentapeptide, a hexapeptide, a
hept apeptwoesiian3met apept i de, a nonapepti de, or a decapeptiute)1108363¢ he
smal | peptide nay be at |east about two to ten amino acids in length; or in
sone aspects, the small peptide is at |east about 30ten am no acids in

| ength. In some aspects, the short peptide may conprise two, three, four,

five or six ] i . C . . ) i is a
o eol R0 Gl G RAGEn SERRENS LG 5L L GIRAL U 2 5,
above, the cehiitcumlitfgcte madnalimn hosreld horeg. echuheedell.or concentrated feed

suppl enent is a dr ygﬁ‘“’dﬁ{ O & ’.tgé’(%glﬂ at ed dcrléén?e?ho e[)fpl n a further aspect,

OLtner as OSUre prov. S roducing a
any one of the cel FOure i'Um descrihed anove nmay BC6Hpr se a

car bohydr at ep@pngpade, surhne ammitynoglobalirsal at fraghenebdreof] wsirgriee endipgpridnt , t he
car bohydrate i

a_.hexose.. 1 n ot her enbodi nen the amn cid, or salt
Cheroat s BB Rpe SRl RO B R Py S il AR Sl
cystei ne, gl tingiises @ivetindy Sdlitkkt AEs beks géretclf@ngihgesddne proaeéd oni ne,
phenyl al ani ne, proline, hydroxyproline, seripe, threaqnine, tryptophan,
tyrosi ne, anBOl\’ﬁg?PP‘ilFe‘P ﬂr"rfnéepflger%/ iR HY T RBra URdSECHpEions Uifp l%gqr
10conpri ses &pydstisibithe pol§@iptide B eIt 08 @@RIAmendthAdRliiNPmGRARakae] ement .

In some aspects described above, the cell culture nedium concentrated
feed, or conténtucheedCHOSS! suppl enent does not contain a lipid, a

hydr ol!oysat e or a fﬂﬁe@éfb@%ﬂeﬁ%e@@éﬂth&hy@ti@ﬁ Rt @etalell chiirO@hR@&imaspect s
descri bed above, the cell culture medi um concentrated feed, or

concent r at edeqneddraied fglerrenpccadieied ived supplemantromppriag dileast iqdalln 15some
preferred asSPeBLS saill ngtﬁlg Ic&mﬁl%ﬁgq{t ?eaﬁﬁféb gg})nto_cagﬂg,%{e;@ﬁ 8ed€5H of Be

reconstituted medi um conprising a sna ide may be serumfree,
pr ot ei n- f r eeaaimd Aods sy BipsOr tEropingeAnother aspectjofithgagviepiean igdireegdde vs, t he

Concent rat e e L P P e Py et e
cel | 16ul t ur eatwediwinreicgnaenineat ¢d réreaung aninoendeot thatred! fopade are
selected from the group consisting of alanine, glycine, serine, valine, proline, aspartic
acid, and glutamic acid. Yet another aspect of the invention, at least one of the
remaining amino acids of the small peptide is alanine or glycine. Another aspect of the
invention is directed to a cell culture medium, concentrated feed, or concentrated feed
20 supplement medium described above, wherein at least one of the small peptides is a
dipeptide selected from the group consisting of X-tyrosine, X-cysteine, tyrosine-X, and
cysteine-X, or a salt thereof, and wherein X is selected from the group consisting of
alanine, glycine, serine, valine, proline, aspartic acid, and glutamic acid, and/or, and
wherein the N-terminal amino acid of the one or small peptides has a free amino group.
25 In one aspect the X is alanine or glycine.
In some aspects of this invention, the small peptide may be either a dipeptide,
a tripeptide, a tetrapeptide, a pentapeptide, a hexapeptide, a heptapeptide, an
octapeptide, a nonapeptide, or a decapeptide; or, the small peptide may be at least about
two to ten amino acids in length; or in some aspects, the small peptide is at least about
30 ten amino acids in length. In some aspects, the short peptide may comprise two, three,

four, five or six amino acids.

In other aspects, the cell culture medium is a liquid solution.
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suppl ement descri bed above conprises one or nore dipeptides, which nmay be
ei ther al anyl tyrosine and/or alanyl cysteine and/or alanyl cystine diner.
In a prefwoned/aspect, the one or nore di peptides nay becpriss@nio3zmso a
concentration of about 1 g/L to about 16 g/L; or the one or nore dipeptides
may be present at a concentration of about 2.5 g/L to 25about 8.5 g/L. In
one aspect, the liquid solution stored at 2-8C renains free of precipitate
for over 12 nonths \} ted to a

met hod of culturi 18 2 Cel (ff tﬂ_&%u%ﬁlzr?%{ed Hl%@éﬂ aﬁosvﬁ%ggﬁuldé“[ﬁ%h a basal
cell cultur emnmdlmumnwr&atedcﬁ@dobrtcpmatrmrbﬁa@d mpplgmttrtas gdilytpowdériawna of the cell
and suppl errenrtarllu% he baagrl cell culture nmedium 30with a concentrated feed
or nedi um descri Igt?ove The suppl enentati on may be done during a
fed-batch cul ture; Ino:rfuplmrﬁmeatedlylcmeadﬂiebelbcuhmm aliex dectingl aibeminat;g

hedul th t at t d
o | nér oment SIGFGR ERPUBNEE GHanerORec o ol RRLdE o i EhE. &, 7PPose

cul ture nedi tibdgyrateas 5hgpbe enha@@dnidblimehethe an@e atidadrealt fheedf, @rangedi um on
nore than one day; or t.he supplenentation of the basal cell culture

medi um may  bRCREHEHP ARIANG YR FRRHE P e P BB Bl PRI b e

concent r at edisb oS, 1}@1rne rhaﬁoﬁlu@rpha{m@{d prdliRE Yy @6LprolRk ke, f rom day O,
day 1, day 2, day 4 or after starting the cell culture, and is

Suppl ement edibEEARI: g fyé?sm%ﬁlthvjﬁnﬁé@a Rugthgg enmbpdiggnt, Uit further

Ssupploement atdnghistByvikiRRQkt, abulbih @Enta&%tmégagﬁ/@lelﬁéntt he total starting
vol ume of the basal cell culture mecﬁ In all aspects of the

met hods used her ei i sOmpaspeep Flesﬁﬁlgﬁdb‘éo‘é’nthé el pre@reedien] conggntratidfegd) | nay be
a recombi nang, c%ﬁéelntratgcﬁ fieked] ?up(gﬁ:l[rlen{@%s b& c@nt%%']%lcpﬁll&drof%até &Pa £flibn MY be any

one of an ani mal, | ant n insect, an avian, yeast, algal or a fish
cel|. The anfhempf, SDU%@IOW%@%@D&H ptherrapectarescriherbdiove, blmqeﬁéultlm edive; or a

pl uri pot ent §&1§éﬁtﬁ%}d'feed' &c8f'c%£§u&ﬁ%&ﬁg&§%m%ﬂﬂd§@i n&%&ltmﬁ%?a Sn.afh%ﬁfqm' an

cell; and the manmalian’ cel tinocytes, cervi epit
cel | 51,5 br oncéuinal prefpir¢dvspéced, theetll sqltumrlacxhefal coeq;nntrhtedl feaﬂ aedcbsstitkéddney

epi thel i al celclhs %nﬁll rrlSeI;gl nal alg‘%ﬁ heemgl & m%rzze .8 tabld/shed cell lines
and their strains f) p '£593 onl% %W cél's rﬁf—iﬁfl Cell's, Hela

cervical epibhhiedlysale- ﬁ@l I s and 15PER— Co6 retl naI cell s VDBK (NBL 1) cells,
911 cells, CRFK c ang cells,

Detr ot 562 col 1 o st Bobredy 1 celtbbtyRe fum Ny g e ke cel | <.
LS180 cel | s, cdnSéln?A'Ed(f@msﬁpplé\E:lnt H—c514c&n@z&éd é?s aﬂ%PM gr&ﬁé&@orﬁmﬂdtﬁn 5W 13 cel | S,
T24 cells, W- ¥ ﬁRA cekﬂsé, % é cells IfL -MK2 cell s,
C onedM 3 cef'F¥re aSPECte f Pl cupsiage nesgliyng COW“’E‘L &t P&Conwllira@gl , LLC PK1
('\3/?: | é ZorlK( s'h@))(léﬁl@ht:ciﬁscn@bd atoeb bempristBore®r hivre digepti@éd &hich lhfey BEc2RS cel | s,

i ce S ce

alanyl tyrosine and/or alanyl cysteine and/or alanyl cystine dimer. In a preferred aspect,
the one or more dipeptides may be present at a concentration of about 1 g/L. to about 16
g/L; or the one or more dipeptides may be present at a concentration of about 2.5 g/L. to

25 about 8.5 g/L. In one aspect, the liquid solution stored at 2-8°C remains free of
precipitate for over 12 months.

The present invention is also directed to a method of culturing a cell,
comprising contacting the cell with a basal cell culture medium under conditions
supporting the cultivation of the cell and supplementing the basal cell culture medium

30 with a concentrated feed or medium described above. The supplementation may be
done during a fed-batch culture; or performed in addition to an existing feeding
schedule; or, the supplementation may be performed continuously as opposed to
incrementally with bolus additions. In some cases, the basal cell culture medium may be

supplemented with the concentrated feed or medium on more than one day; or, the
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MDOK cells, VSWcells, and TH I, Bl cells, or derivatives thereof),
fibroblast cells fromany tissue or organ (including but not limted to
heart, |iwernoiikizsoeey, col on, intestines, esophagus, stomrathis20m@08®mBoti ssue
(brain, spinal cord), lung, vascular tissue (artery, vein, capillary),

| ynphoid tissue (lynph gland, adenoid, tonsil, bone marrow, 25and bl ood),
spl een, and fibroblast and fibroblast-like cell lines (e.g., CHO cells,

TRG 2 cell s, I %—(Ib I nem a cells,
Denpsey cel I s B@}%ﬁa& (LI ]B? C&%Jﬂ%{er ot ﬁ?ﬂ?&\% ?ne \%&{HQI 525 cells,
Detroit 529 UZ&IICdbrErate@ééteﬂmIthBﬁﬁulaplle Icsnceﬁh&ttﬂfdﬁe@dsawtheelhﬁpie,rne@mmmmay 548 cel |l s,
Detroit 573 cells L 0.cells -38 cell s,
W-26 cells, O‘I\‘}I’rc‘}“heﬂE % ‘IaI/ 3@% c‘le day% tﬁe 95, cos- 3
cells, COS- 7cdwld, snd 1V&Ippleﬁ&hieé da1|3|35e163tf‘fﬂnﬂﬁ‘o1[gﬁldh§13 EAL4BbB?E&hceI l's, F9 cells,

SV-T2 cells, - BALB/ 3T3 cel | s 1 cells NCR 10

el 155 Ca | PP BCRB O R3Ot Hogt o At R e Bt By EumeST Vouse L
cells, Strai tmeBﬁklelcedllIehlﬂﬁrerﬂa)huﬁel | s, L M st rain (Mouse L) cells, L-MK-
(Mouse L) cells, NCTC cl one 2472 % iﬁ - PSA1 cel |l s, SW| S (3T3
cells, Indian rruntﬁ BXCP L egIeﬁ@ EBEIG eret‘i’H &PYf may Begp gHeerRd &

Sp2/ 0, NSO, Hhe &8lhs wRra @aﬁﬁm@af@;ﬁ 6i6hd &:lltrfizfy'&chfplaﬂt BelRBEhBSHEMby bd he
manmal i an cell may be a CHO cel | In all aspects of the nethods

used herei . AHEC CbH] aitpglya PJRRgRiasesh ap Wma@%wﬁ]ﬂﬁa&sha@ﬂf TRgRuREL t her eof ;
and tfe cel | cdiByayieQiliRalanSateel, bbAN pRRAAR. GMGkrigefeni MEHEADLOBM i N OF a

fragment thereof. Alternately, in all aspects of the methods used
herein, the eepdtsheramplcstits ba apianieslign cll Wdrthgmamvz@hyweﬂhreayé)e( VLP): and

the virus mﬂergﬁlo@){tésegéfmél%gl%elﬁﬁ' creH§ bro];@ﬁalv [th@laws Qﬁcl@df gltﬁelﬂﬂ)gelfs' mted

to an adenovi rus entiviru bacul ovi rus, sendal virus, ccinia virus, or
an engi neer ekididyrenitheliet elia pnd etinah epidiefial celip) tllhfbesai@b@@d celblénse piichieir her ei n.

10the VLP MaY ﬁﬁrég : nventf?dn(fc 19181116 cel% !HtKéyﬁg (:erﬁaﬂﬁﬁ‘ elopcéﬁggn@npt her

aspect, the presen on1s also’ |recte 1o a met preparing a
cel I 16ul t ur ePhilrdiounynat orls eDBEL @B L Pedllop 1 Lellls, CRIK wells, MinoK @ﬂmrﬁHO

conprising cop Ié1e\79cgce?lneChaP%mLeDgtnat§62%glP deazé@ ﬁ%ﬁﬁa@%’é}%dﬁ & and at

| east one ant no aci d wher el n each More smal |
pepti des conguilsSei cals, 1S 80y silse LAE/ 4drceks, Nﬂldﬁsmalk,mmmﬁéﬁbdm $WAt3, t he

o ncl o> Rt oL s2fS i OA By 2R <P FESHER: B A BLOMRIGNEST oy be
sel Ielctngd f r o@chd ®1- g(b:?upl ¢@aaissRAGgeldn:,JtT€I\/g{lil Iaﬁlls, glz@igm@L(SEKi s, val i ne,
P ot B b aoBkus e A8 LG SRR RE R R b T AR 1l ef0S

al ani ne or gMyiKeclls| nSWnRiiard PASEB1 célf@eorl’d@ﬂﬁitlﬂéﬁﬁer@m Mraddstellgry al so be
one or nore of ar gl ni ne, aspara i ne, artic aci d st el ne, gI ut am c
aci d, histi difH@any éspepicqraan (ine Intgé’m‘?ﬁé 1H11t5%f%§’a“dl¥éh¥}d§?3éﬁ?]ﬁ% proline,

hydr oxypr ol i f@xtifgSdsthagdsh§&QMIN Bourd! Fi¥dt ORRANpidaVERS) NBe, vaRd1Y alduBe. N
anot her preferred aspect of the above nethod, one or nore di peptides may be

sel ected froffiyt yibsapibary xlaypboid tsene (ypinbilang- adencid, tepdhampBlaRowor a sal t
t her %f Wheﬁﬂ%l' ‘tﬂoc?&), sﬁle@d? laﬁ(i:ﬁlﬁgblast and fibroblast-like cell lines (e.g., CHO cells, TRG-2

cells, IMR-33 cells, Don cells, GHK-21 cells, citrullinemia cells, Dempsey cells,
Detroit 551 cells, Detroit 510 cells, Detroit 525 cells, Detroit 529 cells, Detroit 532
cells, Detroit 539 cells, Detroit 548 cells, Detroit 573 cells, HEL 299 cells, IMR-90
cells, MRC-5 cells, WI-38 cells, WI-26 cells, MiCl; cells, CHO cells, CV-1 cells, COS-
30 1 cells, COS-3 cells, COS-7 cells, Vero cells, DBS-FrhL-2 cells, BALB/3T3 cells, F9
cells, SV-T2 cells, M-MSV-BALB/3T3 cells, K-BALB cells, BLO-11 cells, NOR-10
cells, CsH/IOTL/2 cells, HSDM;C5 cells, KLLN»Os cells, McCoy cells, Mouse L cells,
Strain 2071 (Mouse L) cells, L-M strain (Mouse L) cells, L-MTK" (Mouse L) cells,
NCTC clones 2472 and 2555, SCC-PSAT cells, Swiss/3T3 cells, Indian muntjac cells,
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25 from al ani ne, glycine, serine, valine, proline, aspartic acid, arginine
or glutamc acid, and wherein the N-term nal am no acid of the one or nore
di pepti dewbastiai3Bsee am no group. In a nost preferred agpeaisorosm3@l ani ne
or glycine. In a nost preferred aspect, the carbohydrate may be gl ucose.
Additionally, the cell culture nmediummay further conprise a vitamn, a
salt, a buffering agent, or an inorganic elenent; or, may not 30contain a
lipid, a hyd 0 i r t or. or nmay not
contain a pr%liﬂecly %?IE’(;%HI, e{lﬁgﬂ%ﬁeﬁ%ém&ﬁ]ﬂ% gﬁie/&(rar\f]escﬂ’ glrrsnl?fglgs qg\éﬁgg%ge(earﬁg {l%t ed as a 2X
or greater fdemrul &tomrspeot, thettvenoddancell may be dCpépdcildes may be al anyl

tyrosi ne and/or alanyl cystejne; or. t ane..qr re dipeptides are present
in the cell cul turleélla)r{rleaa?e\éulrs%ogtheéne(t%ﬁ%gsr?p?lglie%nogleg?ﬁgg%@' m‘?‘lcgi“t to about 16
g/ L; or prefamlloglobtlireorarfeagokntrereofdingalpt ¢etlasay paodacp grestentharat00a
concentration of about 2.5 . g/L to aboyt 8.5 g/L. In nost aspects, the cell
cul tuPe nedi U ?fd?lg'&n%ﬁowpgér?éﬁ@ff?g%ﬁe% of precipitate for over 12

mont hs. The pr esenAlwdrhis@inlih@n aipsctabbi@e diethead @dd hacia, wetdrehdyprodtad yzi ng a
cell culture nmedium concentra(é(:tgD f egg],ﬂ or reconstituted nediym the nethod
conpri si ng SYBPEF AV HPEFE T @S kA8 Bi° VABS BAY 8° HCCaMERF v Tie piy yeus

conpri si ng cygy BE RE iOfot LidieSioN@ alhob e, MAGIHR bdclloGRR, @086 1Ius, t he cel |
culture nedium_ concentrated feed, or reconstituted nedi um may be

serum free, [ACBINEViFIF.08an engasersAyaldsriyativg thegali Tp e aspests ylsicHCHisRIbe

per f apned byihe MU ABRYcaRPth nh&eik bl G h cafBaRrepect rometry (LCVS);
capillary el ectrophoresis and HPLC. 10The invention is also directed to a

conposi tion conpr i KiYSEANOHET gerqt uprispeiniedpl i alookieded aradheddd, or
reconstitut e&eﬁ&%‘d%ﬁ Edify él}?@(ﬂulﬁp&ﬁgenﬁ%d foel %} Lell culture supp-ﬂﬁﬁanl nvention Is

fr :
also directed to a nethod of nmaking a reconbinant protein in a cell culture
medi um conpr ¢EMigng combamgiong onmesg|smallipetideheitl @ F4rbehylraiprand geldisy ppe

concent rat edaxﬁ@@ﬁeid% scfﬁtefﬁé?&?,tJvﬂe‘ﬂéiﬁg?cg%?lh‘é%ggﬁé&jel% i g‘?&i‘é&' ?ﬂ{cbgif(fs% tivating

said cell 15under conditions suita or t r owt sal and/ or
t he e¥pressi ontegle osaitydosime bndnerrarbdiprent ticamino acids of hen¢ erveert swoall i s al so

directed to a t r.the cul.tivati.o a cel l sai.d kit

.. Ir)_leé)lﬁldes, .\rVRlCh are other [han C%SEGII’I nor%férosme ? r.refle neci/ tlotar 8].'6 remalmn% .
conprising O or "nore contal ners, erernaftirst contaliner cohtains a

medi um conpr asinngcidd) nhagds tselonal o dptgradp desamg bédadbg gl cinandrinhier ei n sai d
medi um supports 20t f the c

_ s 1he aron QC. ! ?ul | .in c Itt ur e nglloog %ege SXPr ession
of 1 ecombl natiBRETHE rEPHS s gRsiph e Shupicqsl Mot predieiensi on or
i n adherent spbdtuhe€amihbacigs anérhhdmaystbide bi Hosieusé ilynigy @Mlytine. In another
20 set, the remaining amino acids may also be one or more of arginine, asparagine, aspartic
acid, cysteine, glutamic acid, histidine, isoleucine, lysine, methionine, phenylalanine,
proline, hydroxyproline, serine, threonine, tryptophan, tyrosine, and valine. In another
preferred aspect of the above method, one or more dipeptides may be selected from X-
tyrosine, X-cysteine, tyrosine-X, or cysteine-X, or a salt thereof, wherein X is selected
25 from alanine, glycine, serine, valine, proline, aspartic acid, arginine or glutamic acid,
and wherein the N-terminal amino acid of the one or more dipeptide has a free amino
group. In a most preferred aspect, X is alanine or glycine. In a most preferred aspect,
the carbohydrate may be glucose. Additionally, the cell culture medium may further
comprise a vitamin, a salt, a buffering agent, or an inorganic element; or, may not
30 contain a lipid, a hydrolysate or a fraction thereof, or a growth factor; or may not
contain a protein; or, the cell culture medium may be concentrated as a 2X or greater
formulation; or, the one or more dipeptides may be alanyl tyrosine and/or alanyl
cysteine; or, the one or more dipeptides are present in the cell culture medium at a

concentration of about 1 g/L. to about 16 g/L; or preferably, the one or more dipeptides
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The invention is also directed to a nmethod of making a virus or a viral
particle in a cell culture medium concentrated feed, or reconstituted

medi um dewonrnhed3above 25conprising: culturing a reconbipoaniS2@eloB3sdn t he
cell culture nedium described above, wherein the medi um supports the growth
of said cell under conditions suitable for expression of said virus or
viral particle. The invention is also di rect ed to a reconbi nant

DAt et e pr ol ot o PRI IEafE ot SO B8 il WtuE M1
cul ture nedi wiqureaoablamsuowtle&t%@iécb,mams freevbnstlplttmwomdizmmndmscrl bed above,

to produce a virus,or_a reconpi nan ei.n; culture P
concent rat ed 1 eed. THPPeRaReRreL ano Budhahs Bhneda b the s FEC

descri bed abmvmuchRinEsEmﬁE&;mﬂRSFIr@&niﬂ%uté’d—iﬁe@ﬁ@ﬁ)/ﬂq&l%thod compnsTﬂge acconpanyi ng
dr awi ngs, ch are ncor por at constjtute.a part

speci fi cat | o%eterf“l“ll%% B{eé Teert %’F?PCE ﬂﬁf’og’t"ﬁé’ﬁﬁ’% GSPmPﬂsénf W&*&HFPBH“’%H%

t oget her wi t a thdr@editiint In@fe d@sarﬂhpt:eblmmtu&eﬁedamﬁ,aoﬁ)eﬁdrmmfeagrot ain principles
of the invention, 5F|H(1;ure 1 ows vi able cell 31 Si tX 06 cel | s/ m)

(depi ct ed by Eufisfie nicd ¢ SRR r Ly i e g 5y B % CHO cel | 's
grown in (i )arﬁly@ﬂx?%ﬁay%'phrf@rﬂ{eﬂ%gf%uﬂﬁﬁy B0 He Qi e 1, h@k&@ﬁ%tmmnpl(ms; .ed with
either a glucose feed, and (ii) CD FOrti CHOTM + aa (concentrated amino acid
m xture wit heaPdiny desdioahesesiscapditilte and tyrosine, with gl ucose) + DP

(di peptide) feed Sﬂﬁqgwnﬁorglsﬁlzsg%}re&éd tbiaicbh 8@1&%&?@'@- Me L0t c@@Rre
o}

(concentrated amno acid m xture with | ow eveI S St ei ne and tyrosine,
wi t h gl ucosepedivppeonginyaise ifesd) orfrecepstisprbpedivm slegcppe) aboz%@d@&& Hpl es.

Figure 2 shows an %qmn%ﬁ’lsafsefdlrl:&e&ﬁ A ARARDE AR a@ec%ﬁlbﬂfahagﬂotgﬁmﬁ ai ni ng
the Al a-Tyr dipeptide, wth the Al a-Tyr dipeptide represented by the peak

at 6.172 m nm@eélscu(tbr@tmqﬂmnp@gmn)smgwmagmgea Sligtidwige el caltempiedivp. prof i | e
h I h
chr omat ogram. gf.. d@ra?eﬁ W Qe g&%&b&‘ﬁ@&ugﬁwﬁhé‘%ﬁgi%ﬁ"&ﬂﬁba‘?ﬁg BaYMi Loy the

Al a- Cys di pepti represente m nut es ottom panel ).
Fi guris 4 showsleagpnditionpiuénlye fir difei drewidxf rad tdidindon thelerpratgf sl of a
sol ution contai lnarcnman Al a- Tyr di peptide standard, represented by the peak

m TOtEIN.
at 8.8 20mi nutes P
The invention is also directed to a kit for the cultivation of a cell in vitro, said

kit comprising one or more containers, wherein a first container contains a medium
comprising at least one dipeptide described above, and wherein said medium supports
20 the growth of the cell in culture and/or the expression of recombinant protein. The
culturing of the cell may be in suspension or in adherent culture. The growth may be
high-density growth.
The invention is also directed to a method of making a virus or a viral particle
in a cell culture medium, concentrated feed, or reconstituted medium described above
25 comprising: culturing a recombinant cell in the cell culture medium described above,
wherein the medium supports the growth of said cell under conditions suitable for
expression of said virus or viral particle.
The invention is also directed to a recombinant protein produced by the
methods described above; or, the virus or viral particle produced by the methods
30 described above; or, the use of a cell culture medium, concentrated feed, or
reconstituted medium described above, to produce a virus or a recombinant protein; or,
a culture medium, concentrated feed, or reconstituted medium produced by the methods

described above.
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Figure 5 shows an exenplary profile extracted ion chromatogram of a

sol ution containing an Al a-Cys diner standard, represented by the peak at
9.6 m nutwe.2011/133902 Figure 6 shows an exenpl ary profil| eCratsadi1iosss3o
chromat ogram of an exenpl ary feed sanple containing an Al a-Cys diner and an
Al a- Tyr di peptide. 25Figure 7 shows an exenplary profile extracted ion
chromat ogram of an exenpl ary feed sanple containing an Al a-Tyr di peptide

and an Al a- Cys di Eébﬁ%% %Bﬁf ce will now be made in
detail to vari ousnggleErrlgﬁary enbo |nq§nﬁsliiE |sI g%to be understood that the
fol |l ow ng det ai | edltescompihyiog diasings ovhicleare irgogoxag:dtihend @asigunte a paml | er
under st andi n f certain odinents, .feature and details of aspects of
the i nvent 1 off BBl TSR SRR A e 3Nl Bhd Sy FRE s cope
of the i nventhkenitted dddefiptiving deonrso bxplan deatairt fraicipldef e ésenton. nvent i on may be

nore readily underst oo certajn r resfirs fined. Additiqgnal

ot t et ons ar o sekiepds h worhy BLBRohEertRe Sal: sl Bl BELih Sy g ™™ o
used her ei n, g0kl (n@Ul)t(epitedty bagd)bf OHE cenegrows id @) 4 hgalrvall adlemance of cel l's
inan artificial (e, g.,.an in vitro) environnent. It is to pe_understood,
however , tha’Ene‘?lH‘é‘ <§P3”Pm®a'é‘éﬂ> S‘éﬁﬂtlet tod with eytheraglpqoge @eﬁ‘i ﬁP‘gHg Gy be used to
enconpass t heorGUHO™ atah QednBira@a hirdfacidiikdkOwWiah 10R1 10%H I QY {t€iné £ndd.- ,
bacterial) or eukaryotic ( i | ant and fungal) cells, but also

. e.qg., .animal, 2 )
of Ui ssues, BRYMYIbHEN Iy BTV Srh sl Shor triokDURTEHIORS t or

"tissye cul t WLeonceRlrAdMarkinh ol GrixtureQrithABw IX LM Feetlidelting tyrSdine, Qi@aNot ypi ¢

cul ture” may occasionally be used interchangeably with the term"cell
cul ture." 108caseletDR édingntide)rfeqd schegdyle JghP3)k dgediimpiest he mai nt enance of

cells in an artifi ﬁfng}e 2 shows an exemplary profile chromatogram of a solution containing
the Ala-Tyr dipeptide, with the Ala-Tyr dipeptide represented by the peak at 6.172
minutes (bottom panel).

15 Figure 3 shows an exemplary profile chromatogram of a solution containing
the Ala-Cys dipeptide, with the Ala-Cys dipeptide represented by the peak at 6.631
minutes (bottom panel).

Figure 4 shows an exemplary profile extracted ion chromatogram of a
solution containing an Ala-Tyr dipeptide standard, represented by the peak at 8.8

20 minutes.

Figure 5 shows an exemplary profile extracted ion chromatogram of a
solution containing an Ala-Cys dimer standard, represented by the peak at 9.6 minutes.

Figure 6 shows an exemplary profile total ion chromatogram of an exemplary
feed sample containing an Ala-Cys dimer and an Ala-Tyr dipeptide.

25 Figure 7 shows an exemplary profile extracted ion chromatogram of an

exemplary feed sample containing an Ala-Tyr dipeptide and an Ala-Cys dimer.

DETAILED DESCRIPTION
Reference will now be made in detail to various exemplary embodiments. It is
30 to be understood that the following detailed description is provided to give the reader a
fuller understanding of certain embodiments, features, and details of aspects of the
invention, and should not be interpreted as a limitation of the scope of the invention.
1. Definitions

In order that the present invention may be more readily understood, certain
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envi ronment under conditions favoring growh, differentiation, or continued
viability, in an active or quiescent state, of the cells. Thus,

"cul tivatwontimaybe used interchangeably with "cell cultuns2oon3zmsy of its
synonyns descri bed above. As used herein, "cell culture medium"™ "culture
medium " or "nmediunt (and 15in each case plural nmedia) refer to a nutritive
conposition that supports the cultivation and/or growh of cells. The cell

cul ture medi ym Ry f&?g&lnﬁé?”ll{ﬁ&&naﬁ QJf{Hrl}o%E hQlet f}nitﬁthm#gh&h'tﬂe &Lthtyre medi um
that requires no supplenentation to culture an 1 nconpl ete
formul ati on, déscptiona cel |l cul ture medi umt hat requires supplenmentation or

may be a medi um t Nty WHiéer%fppceﬁ ”%Pure’aor} <4 NEQPRLELS Ih%rm%‘fr'ltééahfe{‘of%éns' i the
case of a 20conpl ete Tornmu atqon, nprove culture or ure results.

The terns "cal eiruﬁcuhlt(ugeamdmmnenwrcmuiehurlels el untdbr"stooﬁ Howedirutdt tgeand i n each
case gl ur al L. to uncondi t i onec!)gcel .hat has not

med
o B oot B BT 1 e 300 PR b i S TR S P RO ot " s

such, the tedirﬂﬁ of' ig@ivldugilprékar@tioeds. it terialg b dulifigone@igl IﬁhlmaQI’planfTﬁdll um (and
in each case pl ural r{)edl a) are disti n%w shed from ? pent "
%¥§ ﬁﬂ U, (

"condi ti oned®™ WHPEH UTRH7S CBHP SRRy BT OO OH B L I%E?B’ft?‘lﬂﬂnents of

the nedium @g téMﬁUtls@&: @lMRr ‘@Icg)an@ﬁluﬁ@i’ karb@f sysBhatmitt @soandogger et ed
proteins. used herein, "small peptide" refers to a chain of two

to six ani noc%t(‘:‘fedénijdllc??é’(ﬂ’ni‘lb’d&%@rmWhéle:’éa'%JY with e pabtseeuldire-equi val ent

bondso wherein at Aeasl hoes, QuidviG 2R BR @k Afidihafectdf CARIASn AifidaCy St €i ne.
Preferably the am no acids in the small pepti de, 30other than tyrosine or

cysteine, exHIVEPRMegades spngians fay opmggrewth difepentiztiont rapntsped TRBELY. i one
enbodi ment, 51{1e%t1%rbﬂglé§géng§tatb bri&e BB Hus PEREL HRn RLPBE udhan tyrosine or

cysteine, are select from al anine, glycine, serine; valine, proline,
gl ut am ¢ aci aterdepeeably ovidicel cudfluret’ amme! 1tam:noayrg$ fhiserebed phovanot her

enbodi ment, the dA?ﬁéEhH@x{gma‘rEeﬁQulﬁﬁé fe@limt8 R l]gﬁlp’tdrdﬁlg&@[ﬁl” dgr €& am no

group. In an enbodinment of the invention, the snma conprise a
non- a¥ no acinctagh ¢ake plufat medla)rmfwetogwwmvelcpmeosmdm&hmIsmponethe@ultlaatfomee

carboxylic ] m Lar ext ract”
refers to a ng%rl)” S ngth & celll Snpr ICSGIﬁnH}Pure medlum mem afcoglpzeg%fopg%l%tlon

concentr at edcqmlroepweaﬁeldmm thht rbd[lﬁresudngjpplep)snmﬁoraosu]bst adibemayt pinc al I y 5formed
by treatnent. of the _substance eit chani aLI .ge. . D ressure
7 eat mont) o CRHURE ATRPDE g &t BT at Fohr S s BRt Sy mat i c
action or hi ghy Bai medit@ahdarant )supplement an incomplete formulation or in the case of a

20 complete formulation, may improve culture or culture results. The terms “cell culture

LYY

medium,” “culture medium,” or “medium” (and in each case plural media) refer to

unconditioned cell culture media that has not been incubated with cells, unless indicated

13

otherwise from the context. As such, the terms “cell culture medium,” “culture
medium,” or “medium” (and in each case plural media) are distinguished from “spent”

25 or “conditioned” medium, which may contain many of the original components of the
medium, as well as a variety of cellular metabolites and secreted proteins.

As used herein, “small peptide” refers to a chain of two to six amino acids
joined together by one or more peptide or equivalent bonds, wherein at least one of the
amino acids is a tyrosine or a cysteine. Preferably the amino acids in the small peptide,

30 other than tyrosine or cysteine, exhibit good solubility properties at neutral pH. Thus,
in one embodiment, the amino acids in the small peptide, other than tyrosine or
cysteine, are selected from alanine, glycine, serine, valine, proline, glutamic acid,

aspartic acid, glutamine, and arginine. In another embodiment, the N-terminal amino

acid of the small peptide has a free amino group. In an embodiment of the invention, the
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As used herein, the term"ingredient" refers to any conpound, whether of
chem cal or biological origin, that can be used in cell culture nedia to
mai nt ai n wo 200p3eewet e the growm h of proliferation of celpcs/uStig/ osmBoTs
"conmponent," "nutrient” and "ingredient"” can be used interchangeably and
are all neant to refer to such conpounds. Typical ingredients that can be
used in cell culture media include amno acids, salts, netals, sugars,

car bohydr at e%ﬂféeﬁi@i@a@&% Gk a AGH Hitmo NG W?tﬂect%ree\ﬁtnqrﬁzgr&i) fAtty acids,

protei ns and I ngredients that mal nt ai n
cul tivati on ahanobinlige, exa iéviavtexglangrbe, sezh sumlenlcompomhbse of skill in the
art, in accordanceAg/\,{lSttht he pa[ tI,CU| ar X formul at.i on"

efers tO acom 0sition com I‘IS acom onent of a
refers to any aqueous SO Gt on f“ha]t contains sonme 0 llng |ngP dient's found

in a cell cuhﬂostam:er@edbmmtatmm@amoﬂOMeMUgwupm& subhience Iypitdlynmul at i on”

can refer to, for, exa e.ce | or to any subgroup of
“hor edi ont s P AR b Sus s e B BTN by rrb B R a1
sol ution is aQabaublly ke s3mmiasidhereaping@ntdnamnie aofiod draighisagr edi ent f ound
inacell culture formulation used for maintaining or cultivating cells in
vitro. A cel 88f¥re nmedi um used for the in vitro cultivation of cells is

a 1X formul ation bys G@f héretnl @B terMPraipralidbTioRfs ©hny ABIRAAERhShar& present,
each ingredient in a 1X fornul ati on has a concentration about equal to t he

concent rat i offegrca prgudloginy raginethplcan e used &t fellcyjoprg medRSaEWINER OFor  exanpl e,
-18640 ¢ U%&Hﬂb% tedbwm SRR AFon AVBNRITRL BENs cBAp&RheMndirielran@/ L
L argl ni ne, L- asparagi ne, and 0.02 g/L L-aspartic acid. A "1X
formul ati on" 1&%@% eandheiuses! lat?r%ng@emv andage ahBygentivstes haick eererndsat i ons of
f[ he_se ' ngr edTﬁﬂ&ﬁ 1ﬂgﬂed§39 {sYhde Ok bemé@m c@h@t’ﬁttfr(,elfng(ﬁlﬁ bddfhal Qmﬁlo"agr%s fsQl'tsm'” ation,
it is intended that each ingredient in solution has the sane ‘or about the
sanme concent patalsomwgars, catbahydrgem dp@oinnclpigacids hprogayes, urtemlrmedﬁttmcnet ng
described. T K i i . cel |
cul tur o medi Duenare bR ORer bt SHL EOkS P okt LRGN AR S
Cel | 1Bul tur evﬁrce@tnmelscigtyedwthmaxf el euthe ala,llnamr@wd wQa@edarﬁhéurapeCES 42-50
(Sadettin Ozturk a d u.Hu.eds. | or s raou 06),
whi ch is incor pora’thdXﬁ(glrmrug 'er err%eesdtﬁ |1hssl0 uslorer%]tafacon{amss %Br()eﬁl(r)rol ality
and/ or pH, hmgmlent,s fqmyl ida ‘ce‘lleaultuna naedihml tt@vthgtwmmtmnmaﬂéd “IX) the culture
medi um part%cullatr IIy 86‘;{ tﬂ ts are ont altned |§ %
formul at i on, OMHANOT KAR T rr?fi?‘ét e & C“}Pérﬁﬁt g Yef &P grét“%S ution
wher ei n eachingfegicedif@nhat nfediuhatrhs ednuentﬁtton sf @b@gr&dléh@ it 4 MeSolaiuras
concentrated than the same ingredient in the cell | ture medi um For
exanpe, a 18RUFBF MRS COB?G%QF’MH-OE%”’&H Gt u%ﬂl%ﬁﬂﬁ‘&?’“&ont ain, anmong

ot her i ngr edjogftistionZus6d ﬂfrhlahrtzﬁﬁlﬁéﬂidhﬁwaﬁngﬁce@éhd;rr@-sﬂ@éla@lﬂﬂtﬂa médién0. 2 g/ L
L-aspartic acid (conpare 1X fornulation, above A "10X fornul ati on" may

contain a nuRSAIOTER HatFa iAol ?f@?lé%tﬁéﬁf’(sfoﬁtul%tloeéﬁéeﬁﬁw%{t "G dbout 10

tinmes that faupds bf‘tny@&eﬁ{%{a&'{)‘résbﬁteeaﬁl?Higkéﬁlenﬁ% awiX forR@adi@adi hy apparent, " 5X
formul ation,"” "25X formnul ati on, 10"50X fornmul ation,"™ "100X fornul ati on,

"500X f or mul geeationheutenogoxiespragnErtion e hassingrdiens i sllicsliget hat
cont aisn i Ngr gEiERL $oAlxaABRURPRIT- 1887 cul@R -medhPont R0 am@ng%thel‘%@ecﬁ&tltsd

concentrations, respectively, as conpared to a 1X cel|l culture medium
Agai n, the o@,ﬂngrlahatgym@m@ Oélg/IoL apipeagmeding G@r gt Lagspaiic amdl 40h8ent r at ed

sol uti on ”ayfo‘{ﬁEMtloxﬁ of e fHrAhd 00adEYafiR AheH: the SRTP LR eiOHs Jrp@tedi ent s at

IX with respect to a
ingredients in solution. Thus, when referring to a “1X formulation,” it is intended that

each ingredient in solution has the same or about the same concentration as that found
30 in the cell culture medium being described. The concentrations of ingredients in a 1X
formulation of cell culture medium are well known to those of ordinary skill in the art.
See Cell Culture Technology for Pharmaceutical and Cell-Based Therapies, 42-50
(Sadettin Ozturk and Wei-Shou Hu eds., Taylor and Francis Group 2006), which is

incorporated by reference herein in its entirety. The osmolality and/or pH, however,
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15particul ar cell culture protocol, but at a concentration, for exanple, 2,
2.5 5 6.7, 9, 12 etc. X with respect to a different culture protocol or
di ff er entwbasa/msa2um A di mer consists of two dippgpscaess3cso, for
e.g., a diner of Ala-Cys would conprise Al a-Cys-Cys-Ala, wherein the
cys-cys are bonded by a disulfide |inkage. Al aCys-Cys-Ala could also be
referred to as N, N -di-L-Al anyl-L-Cystine. 20 1. Smal| Pepti des The

present disc . . | i.des, i

O popti des. 17 Sofy EIPEERIRAG HaRL R AR B BN, ot ng
cel | cul t ur efesedingreilicots i contaged ngheleX iforadlagomcent rati ons of certain am no
aci ds, such as tyrsinegpaffo cyshel ne rePé% o MO DE S ROPILRL S JUG fo Lhe

| ow solubility of tyrosine ARYT WLt bt y of Ccyst el ne: H”né solubility
and st abi | i t thapobiobe issmbodt 10yihes ne: @ncknoyst eianehehame ifgeeivnandhestied by

using _less than the . desired conc ration of ine or cysteine in the
nqueods. cel | SR A et i angtyormnitng of REMPEREFoRhe ¥ MRy am no
aci ds for opédnoad, a®hg o@éamgrbdiadid 2ar o/PI odrginite . DJUAL-hPBragias, AAAORIgNt S ar e
used during enl I gul téu(r)e. g%Allt hou hg usi ég I esc )?E]Lan SEhgg,,desi red,gﬂD
concentratio 'aﬁﬁartt%c%?f@paéﬁﬁxéwg“i“ﬁ‘é% )'r‘gsi@ THUEHORCBBPIABI%? aqueous

shel f life, mohbebbf idapioandngtakid dtlayondehtriRY aBhE 90 Fig@UikEfobREInARldiX | on Of
hi gher vol unes of nedia durln culture suppl enentation, for e.g., in a

. 1ng cel | I enen!
f ed- bat ch cuttyrenedianefis vl bordlyaraEsity o foradatian; viZes formpilatiopg

undesjor abl e, «qx HAguSiR ORI hufibRt BIOK, foRih1aRA/Qhd 0fdmkal i ty of the
system woul d need to be re- adjusted as well. The Brobl emwth Iarq();e vol unme
ki

suppl enent at fogRUIgEe esignidh okdiees By cuspignacdioncdnpeddeddf ¥ed Bupflenent . A
desirabl e COﬂﬁ%f)(ﬁ-?otlfgonfc&ﬁﬂtiﬁrtég&k&@%ﬁy hScd ﬂl}gdﬁb L nal lkﬁ(luﬁ@ﬁﬁ@éliﬁ%z

st oi chionetri cal ée bal anced rient additive that supplenents

5nut ri ent - depkan.dbe esuiofalityeanshpdt efifise mpdia fprinpldtignpandisopaghiraiedsodyionaiy whi ch
additional ly nd cdesidi . - P ity

bal anci ng chglrrgcgefrl stel{tlgg%%%égp 8% %I%H%gr {ng}eéd{%gt\?vagﬁ S]Bt??ﬁg?{:/&gdfé tyrosi ne
and 116w st abpdrii¢war géll oylsiteeirpiecolclomn etentonengdtidne &d exampo 2i 2.5.0n$. Wht1R hi gh

level s of Cyestg.%% Qvﬁh?‘erggefé X)rao(ﬁ%fgr%nthc%}{greE)reo%(g]coiiorccﬂ&flzrlelﬁ% & rﬁ%lup L epare.. It
generally resul'ts I n e cystelne or tyrosine comng out of solution over
time. Single 10 pAdimerpbhsreudfrab dipefreies.Sal foye.deh dingd of Ac@ynstwaidded f eeds

that are stable ha hus been difficult to synthesize. T i.rcunvent the
b obil o mut TS (iR ere S B Wiy BUGEY pi S BT R S Fas v e
been prepar edys-Cys-Ala codjgdplsb danifsrdiav as NN el esrfyltihaystint. i S possible to
substitute the free am no acids, tyrosine and cysteine, in a cell culture
medi U with smal | peptides |ike dipeptides

1. Small Peptides

The present disclosure concerns the use of small peptides, including
dipeptides, in cell culture medium. Applicants have found that preparing cell culture
medium containing the desired concentrations of certain amino acids, such as tyrosine

25 and cysteine, has not been possible due to the low solubility of tyrosine and low
stability of cysteine. The solubility and stability problems of tyrosine and cysteine have
been addressed by using less than the desired concentration of tyrosine or cysteine in
the aqueous cell culture medium, thereby making them the rate limiting amino acids for
optimal cell growth and/or protein production, as nutrients are used during cell culture.

30 Although using less than the desired concentration of tyrosine and cysteine may result
in an acceptable aqueous shelf life, solubility and stability, it may also require the
addition of higher volumes of media during cell culture supplementation, for e.g., in a
fed-batch culture system to achieve desired productivity. This is undesirable, as the

stoichiometric balance, pH and/or osmolality of the system would need to be re-
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15al anyl -tyrosi ne, glycyl-tyrosine, alanyl-cysteine (which forns a
disulfide diner, | AlaCys12), or glycyl-cysteine (which forns a disulfide

di mer, [ Gv@QysIld)9020r ot her small peptides conprising OMETAIS20MNB36BY T 0Si Nes
or cysteines. Cell culture nedium containing these dipeptides, or other
smal | peptides, provides cells with concentrations of tyrosine and/or
cysteine sufficient to support maximal cell growh and/or protein
20production(ﬁﬂh%k ﬁrding the solubility and stability problens

associ ated w ree yrosi ne and/or cysteine. The smal | peptides of
t he invention haveThwmolﬂcmsiilh lagé vmuraciud)plenmtati@i andt alldrestd pneingfa t he

am no aci ds 1%a S RLe Alndy Lo g, AN MENS LN HER] Aing am no aci ds
can be any amno acl ﬁlgrera I The am 1o ac ds i RPRAES el | pepti de,

ot her than ZﬁnyM@mnwanqmmcw@kﬁmmenuﬂﬂﬁbhhmagmnﬂmsa&h@wﬂhmyumM@mﬁmiies at
neut r I n S in the s e other
han Byr o nRuaFEsaEr RUCE bl de f BBl e SR foreBrll §

Vﬂ.| i ne, prol ﬂefsﬁablglmratyame:a@?rpdrharﬂrau@s(@arolan@ ‘t?ﬁ‘anﬁmg bﬂfar?dmfsh@r Hewbedi rrent :
the N-termn 0 ac of the sma e has a free anl 0 group In
an enbodi menfuedp ¢ rﬁeﬁ%wrﬂrr@}r&ywérrmserreanéﬁ%r? Ptg‘ﬂiégﬂf geqies CORPRIAddEd” five or

si x 30am no amhEdSitioRRRYitCRIBR v 8§ ofcydRie ahd Heosaeindvate a Bhdllk SR (8 BteP@edr oup,
| i ke ethanol anmine, or a free carbox§J|c group, or_a_simlar conpound that

can cont ri buti@neglly rEwhs indhe GEIHe Of HIeHSIRBNNSAMH BHOMYAR OV HBCSHARE pept i de

ey CNPri Sepdd plgelal UHERIdaARde fied cdenididldf bl thORMd staP¥@alOthus been
cystei ne- cysgerne di nmeri zation (cys-cys) dinerization, although the snal

pepti des of ¢iHEvithyomthesre. &pélrerérquaé@e ableay gi-part wggategfeeds that 6 ani no

aci ds, theremgngQ%rggﬁngb;éQQ§ &Pg%dresult in longer peptides due to
spont aneous cysteine-cysteine d He Ization that may occur within a nedia or

feed of the inventAmﬁwmsmwwedéﬁw@ﬁﬁd@ﬁaﬂ%mﬁmbbt@@ﬂﬁ@h@tmévémnhm>h|gh
trat
concentrati 0 i o‘?ﬁgm@% Rine?fn c%ﬁ'gl?lluﬁéﬁrl %ﬁu}ﬁ'\%ﬁ{ sgnatﬂ}b% @ Hie 8{3 pérlas havi ng

i nvention. |nents he sna Ped
two a’ no acﬂd&iandnmegbeﬁewpsdeb%nwhamkmﬁnuh@hﬁmm$ydm@ﬁde@nkmcysterne

0% e X, BHRFA IEK Sl AU G STl PR, o el

and wherein am no aci ree am no
group. Thus, mhﬂﬂxﬂu@ﬂpbmﬂﬁsmﬁME(ﬂhﬁ%ﬂmﬁtnﬁgﬁﬂwﬁhﬁaﬁKEﬂyhhﬂépﬁﬂmndes
di scl osed in

Pat 4. 53 whi.ch requir r.oup
Tocoval ent | ycBBRIBETES LRt ST S BPORReP R oE il St
Accordi ng tomUMSmnPakEm&yhbne5ﬁ53&n588mpmtnhﬁnhh&mgmﬁ&ﬁmmﬁoq&o&he acyl
group that confers t r ili perties to.the epti des.
B of GPabl y, ROVEUIH A porae B¢ anvtyoontaBlaBT I B e B one
enbodi ment, Xrdsfeahdbt BeteE. glycrne I n anot her enbodinent, X is serine,
val i ne, proline, | utam c acijd, or aspartrc acid.. 15l n one enbodi nent, the

smal | peptides are SH@Htpp]afglgs ﬂ%tb? H]delft’r% hayg 8 tQ ik agnno acids, wherein at

least one of the amino acids is a cysteine or tyrosine, and where the remaining amino
acids can be any amino acid. Preferably the amino acids in the small peptide, other than

25 tyrosine or cysteine, exhibit good solubility properties at neutral pH. In one
embodiment, the amino acids in the small peptide other than tyrosine or cysteine are
selected from alanine, glycine, serine, valine, proline, glutamic acid, or aspartic acid. In
another embodiment, the N-terminal amino acid of the small peptide has a free amino
group. In an embodiment of the invention, the small peptide (di, tri, four, five or six

30 amino acids) may comprise a non-amino acid with a free amine group, like
ethanolamine, or a free carboxylic group, or a similar compound that can contribute to a
peptide bond. In another embodiment, the small peptide may comprise cysteine
dimerized via the sulfide bond. Due to cysteine-cysteine dimerization (cys-cys)

dimerization, although the small peptides of the invention are defined as having a length
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and the one or nore dipeptides of the invention are selected from
X-tyrosine, Xcysteine, tyrosine-X, and cysteine-X or a salt thereof,
wher ei n Xvo=2oampg3ari no aci d, and wherein the N-term nal pamuseoiaoss3of the
di peptide has a free ami no group. In one enbodinment, X is alanine or

gl ycine. In another enbodinent, X is any am no acid, 20derivative of an
amno acid, a non-amno acid that has an am no- group, |ike et hanol am ne.
In an aspect ,0of to%%ﬁn X@&dﬂh&%%a:y bteQSmg&sﬁ-‘t Jnk Eh%ﬁre ﬁ]%r%&l né% h&es% cted from
the group: serine, artic aci Re am ne, or
gl utam c aci d)onﬂamqamoystﬁare caatbmdldnmntzatldnhbatmlobcm&pmlmbemechaerfeerd @epti des
having thr eethg‘m notlo%5 clh com lsgrgzla 19 l?kﬁef (\)llll’lll% cotnr InP t[i)(;[rlls da% as
X—X—tyr05| ne, Rl%n €ine, p yr03| nas Sg f‘yr05| ne- X- X,

cyst ei ne- X- Xsuch)rareaccmaﬂettelpheuhﬁnﬁe soapesfahia 1r>(zen1$onany am no acid. In one
enbodi_nent, the N m no acid of t f.ree am no
or oupS Pr et er anl y. Inpes o aho RIS Bom RS s BE R AFvEy s sbET 1 oo 1
one enbodi meadids a)(dlréi)re’séraﬂl tethefor@uMe Xagrosing, Beoddiar, neohindX n@nyseiXel s
serine, valipe, rollne | utam c aci d, am i nine, or aspartic

lu
acid. In a c§r?raﬁsﬁ &?H@EtWh& el K ds d\AERRY i ap % Hﬁﬁ$?€if‘6‘ﬁ’§‘ Y8R r i bed

above that cgd aiihé i geptmh@mee@adnd %’rb@é;lﬂﬁlsltﬁe &lp@duhe@ﬁ@msﬁmfrba twsed to
i ncrease protei nﬁg{;oductl on in referred aspect of the

i nvention, tNe&<y} e@%{%f‘édhsﬁloéﬁdépﬁ} $§) alept %5.’536&98 t%?h PRSI hi gher
titerg t han ERVaRRE Bonkd J&thatarﬁl'ﬂ@ RUBRbE th® fPLAE RS -anfio LR CoRM] b ey
production is neant about O. E to about 10 g/L, about 0.1 g/L to about 5
g/ L, about oPaeryNo. P §3Aa§ft§utt 1szth«5pr@$qyce eltbrutcyberoupyphat qoafeagdbmuping/ L,
preferably aQQ{Hﬁty rcﬁye}tleg R)tﬁ@@igéptl%lgs g’,réfera rﬁ 1@5194&5@?41& wﬁp% 2 g/L to
about 8 g/L, and”so on. i'ng on the cell and the inteided use of the
cel |, one orsonley prampities. gnpe@@mﬂéhm@rt @iswémriedéglygmeth@n@@m culture

medi um feed, &o‘aﬂﬁ&@t)&%tsgﬁne”‘éﬁn?p%l Jee Hearr déefcld Miskarﬂ%&&m' l'y be present at
concentrati ons stoi Chi Onet 17 ¢ a bal nce to' optfmze cell culture

per f dismance. For ebnampbmboctlmentctbﬂs:faadt p@tldﬁmrmdlpmuéeﬂmvmglt\eo gmablacigept i des
or di pepti des centrated feeds nmay be
2t about 0. s P TR pEE dnfgh Y Bl Pl s E FEPEER AR F T Rnout o'

O abou
g/ L to aboutcy®@img/ ﬂyrosﬂlbd(ltan(ﬁ)cﬁtemb@( grirh silOthalbOi,lbvhéhGin@[ Ls,angbino abidbargl/ L t 0

about 10 g/L,,about 0.5 g/l to abhqu 0.5 g/L to _about 4 g/L,
Shout 1 grv thARR g Sugm Lk B 307 8 g e Ao R treSitg ooty o/ L%t o
about 16 g/ Lemisdaidtknt,IX @/alanine oabuine. 1 agbtlher a’mhh@tlime'ht « ik ahpamipoutids g/ L,

about. 2.5 g/l to ab ut 30 9 about %L to about 20 /L about 2.5 g/L
to adfut 16 ’IYa“V§ dg aping {j‘llaLal Y- %[]E)‘Bﬁf‘c“i aphas an ARg\er EHUR ‘é‘FL to about 5

g/ L, or abouthahotunghd- It £h RPQUbS this2nBbdimedS b PrtiferRed@hlind Ridibeuéctad0 g/ L,
about 5 g/L to about 25 g/L, about 5 g/L to about 20 g/L, about 5 g/L to

about 16 g/L fromy jhy; group: é‘?r’Lnet‘@ i85 B m?LO‘SI&“EC acigly gigtning, élzu anyigp, ghypmE o/ L,

about 5 g/L fgq.about 4 g/L, and so on. In sonme nedia fornulations or
prototype nedia formul ati ons, one or nore small peptides, and/or one or
more di peptides mekp apetheyreathenimeat. the seeH oentidentt grpeptides Baine HIss agiin t o about

8.5 gL in tNERELAng theRbRSARY RpepRAL:AX. ﬁ%@&%ltko)@%%té{ne %%sﬁ@’@@d' nment s
of the invention provide nethods of prepari'ng "auto-"pH ned |a or feed

powder s whi cK-catieioen heesineyXa% eyetinaXcosir pedl herepfpyherein X is any amino

rehydration/ AR
o LS AT UL Al L 2SR BNty
advanced pov@reup (IAPIyably Xa@lmaatrmad agd auith|gatd seduhilgy propkoigy I@A@') or inliquid

form embodiment, X is alanine or glycine. In another embodiment, X is serine, valine,

30 proline, glutamic acid, glutamine, arginine, or aspartic acid. In a certain aspect of the
invention, the compositions described above that containing cysteine and tyrosine in
small peptides is used to increase protein production in a cell line. In a preferred aspect
of the invention, the increased protein is an antibody that is produced in higher titers

than in media without the small peptides. By higher antibody production is meant about
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25Ani mal cell culture nmedia or feeds prepared by the present nmethods wll,
upon reconstitution, preferably have a pH of about 6-8, or about 7-8, or
about 6. OW6.2811(M38%¥02i nsect cells), nore preferably about P¢TUS2010/03mBOUL
7.2-7.4, nost preferably around 7.0; and plant cell culture nedia or feeds
prepared by the present nmethods will, upon reconstitution, preferably have
a pH of about 4-8, preferably about 4.5-7, 5-6 or 5.5-6, 30or preferably

about 6.0 to, ? i to %)O%gplgﬁ?’ab(ﬁlpbl opalﬁiowgt%r%/ﬂ VI E'u’i %o%tﬁ'?g L;m to be

used on a par eterm ne Irica by one of
ordi nary sKki Mjouu@;i ad- tarab@dmcgwm pradi¢rhigyl shoup | g@etblabwllf)tgﬂerﬂmtvraﬁmb\lycel I
culture rredi /iq(grgt())u§g R{ r?ds%uorﬁber of ingredients and these

i ngredi ents vary From one® éur fUr'€ Wedi um to another. As noted above, a cell

cul ture nedi um nayD&:;&ndingomleeéleaﬂdahmmkeaﬁa:ma of the cell, anced thore wmbllir e medi um
that requires nqg supple culturecl be .an i.ngonpl ete
tor muPat s on. ypides o AR e Gt huituition 4660 bt ats Sh AR AT on or
may be a supwhmmmany bapremyat&uméh@mﬁ stallh15me@10ﬂm telacddab bpliaize o611 or i n
the case of a con{gl ete fornul ati rov% culture or culture results.

n,
General |y a GBI IEHPHAES n%ﬁleﬁarﬂllaf ﬂPe ‘P?&?Fé‘“ M A Q8° o BYEPVAUPTRIE T vent . The

sol utes proviigetiass somé tal Ju@teenddd (fi&iﬂlead'(bﬁ&entrﬁt@d 0PhhEbPL @B DS ACT 0SS t he
cell nmenbrane (or wall). Additionally the solutes wll Frow de nutrl ents

for the cell% BWéOEGnGPWQét%LW fpulre lhehredhs &/l Aoyt 2kadl 1 dhpg0-5

oper afoi ONS;  SPNE atdt 16 SNt SolBY.S Qma%m@gm a:&o%tégrg/maeab@lﬁlslg/mb&ﬁe in
anabol i sm sone nutrients my machi nery such as enzynes or carrilers

that facilit@&p é/%@lapwtérg/lw@b%dlgﬂsma@w Autapperitedl ﬁﬁbobtezotﬁ/lﬂdb% lagent s
that bind a”Q/LQHEIEo%'E 16 Dar %’u@ LA, 1 %ou??(ﬁ &/Lua%%upf %/ihghta&'tt Eg/LOEbo%?%eSt er

del eterious Cell produtts. pendi ng the ce I'nt ended use of
the cell, theLitpghatp@eis abcfuttZﬁg/Ie@l 4b0@t1j2|0tgblp eaborg @i gl v 4bouolst §/hedbPyt be

present at_ cosGant[ AL NS 0IhARSIUL R MBI /2 S GEM G i Sofles§ g mance.

Perf or mance W e rreas i'n-accordance a oné ‘or nore
char a6t eri st ates; S §/brto ebranpl gL, gwht 5 glutbebqut eeb/L, swes) g/Eab hbmhea@g/tLy, 02

consurit o yGNSHRLL80: 8 o BHLESEE LR L ey 8 lbsgp o 2
formation of amunagleo ph)cﬁndmgtL and foyonp Moshnot media @rmumtlmtoapmtatype meget i vity on
an indicator fO?IElul%.l!l rs]a(gner(g?lm%?euslm%ﬂl p%[t)tldes ang/gr one or more dipeptides may be present
at a concentration of about 2.5 g/L. to about 8.5 g/L. in the media or prototype media.
20 Additionally, some embodiments of the invention provide methods of preparing “auto-
pH media” or feed powders which automatically are at a desired pH upon
rehydration/reconstitution with a solvent. In accordance with the invention, such media
or feeds may be in powdered (dry powder (DPM), advanced powder (APM) or
advanced granulating technology (AGT) or in liquid form.
25 Animal cell culture media or feeds prepared by the present methods will, upon
reconstitution, preferably have a pH of about 6-8, or about 7-8, or about 6.0-6.3 (for
insect cells), more preferably about 7-7.5 or about 7.2-7.4, most preferably around 7.0;
and plant cell culture media or feeds prepared by the present methods will, upon
reconstitution, preferably have a pH of about 4-8, preferably about 4.5-7, 5-6 or 5.5-6,
30 or preferably about 6.0 to 6.3. Of course, optimal pH for a given culture medium to be
used on a particular cell type may also be determined empirically by one of ordinary
skill using art-known methods.

2. Cell Culture Medium

A cell culture medium is composed of a number of ingredients and these
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or a selection of the ingredients will thus preferably optimzed to a
wor ki ng concentration for the intended purpose. Culture nedia or feed
suppl enenwve 20f1/t3B®2i nventi on may be available in a dry 26frarsoet/o8isad
requires only addition of a solvent such as water. Preferably the dry
format powder is prepared by at |east one nethod selected fromthe group
consisting of mlling, I rrpacti ng, extruding and cutting or breaking, wet
granul ati on, r j . ul i d bed
aggl oner at i Olngfegé)r}é P%Sf frog‘g &?: %ﬂggl%dglu ag&ﬁ%o tA%tno%H ta@tﬁgtiielﬂ qult&r%
format (DPM mecaglglnmyé]eatcenhp(emcwmmtfomr imata, ceﬂdvlamemddlamphmm@ulrm a (APM
or other sui ;[ abfe d[I(:,lt¥O re celf)r el eaatr)lllgdom ??efovnwlal‘tlgtli n aeg((:je %illtl(l:“eSSOl ution
shoul d occur 88 mﬁ? e resUIP%ant |IQUIPCF can be 1 ]I?Ere added
directly to ﬁlh(diume]hdt qurémmlemasryath oadhay bt armqiplem'Ehethatemrssppléméredn medi um
pared in variabl e tities and

1 1 d
O e & SRR TR P e R R A il Jor i SR o i st ¢

i rradi ation. or MuR@dshltsl 33902PCT/ US2011/ 033630 a. Carbohydrates Cel |
culture rrediuming edl ntsli{ncall |ncl carb(gdrate a i no aci ds,
salts, trace el ene ?Ig’ra X agel Pelams medivpgyill ‘f’ﬁ?ﬁ“iteéﬁls qum splkent. ]ilen

car bohydr at esdhg@brbdEa] dsnfotit tdiéco MBI theSostobE Pssurd Rk teley suppl ement ed
at 5to 25 nM See Cell Culture 5Technol ogy for Pharnaceutical and

Cel | - Based THeMEEReWr wgH). (%Q&Wf‘]llwhﬁﬁ(ﬂl%ﬁe%wémo‘(}@? nugriels fapthsgsll Somgy) or and
Francigs G oup,gdd6\il Her&h@rﬁféhltfhg@oﬂc@llﬂbﬁf?p@ﬁﬁonsa%ehﬁ%&%@s thi rﬁl@' actose,
fructose, or mannose or a conbinati on of these nay be use I n addition,
manmal i an ceMpieriglafor hesisl] (rese g trahpHsH SeEe BIAK] PR EhaPiinebu Pl as G ut ani ne
is often i “Cé&?ﬁgs &tcaﬂfe%hﬁa{t FRANGE R BB ol ARk Hﬁhe@t@n@?b@&h&iﬁg( 2-8 MV .
However, as no above, gl utam ne can spontaneously break down to form
ammoni a and wn&sahahbl@éland lpufﬁ:églg}:ﬂd@mﬁé@r eghhsnerahat hder sequpsitesldelesioexi .
Therefore, glyy t § and gl utam ne di pepti des have been used as substitutes
for gl utam ne to reduce the build up of toxic anmonia in the cell culture
medi U b. Am no Abemsdimgmmhn@ela@liddbe 'alteeadd:dmepf @ntell, thegegredientd ofthe nedi um

for maintainj he tabol c.fu noI the cul tur cells. .Cell culture
U ture 1 m will optima TeSCn at concentrat1 NS balances tO ptimize .
medi um t ypi cae1 y i ncludes ess n‘ﬂ) alc'a acl ds %I . €., those am no
aci ds that acal dunumf@bﬂfgmmocte S)yerfbﬂmemcezeﬂll bermaasuted inyalcmadmmé sj)thasnawd | as
certal n non- essedntl I amtno aci.ds. Alnon essgntl iﬂ aC| dQ s typically
ncl uded in PRE CEF BUPCUFEHEdiCoMB's thay és C% Babl e of

consumption, consumption of a culture ingredient, such as glucose or a nucleotide,

20 production of a biomolecule, secretion of a biomolecule, formation of a waste product
or by product, e.g., a metabolite, activity on an indicator or signal molecule, etc. Each
or a selection of the ingredients will thus preferably optimized to a working
concentration for the intended purpose.

Culture media or feed supplements of the invention may be available in a dry

25 format that requires only addition of a solvent such as water. Preferably the dry format
powder is prepared by at least one method selected from the group consisting of
milling, impacting, extruding and cutting or breaking, wet granulation, high shear
granulation, pan granulation and fluidized bed agglomeration. Dry formats include, but
are not limited to, dry powder format (DPM), agglomerated (AGT™) format, advanced

30 powder media (APM), or other suitable dry formats. Preferably, once water is added,
dissolution should occur quickly and the resultant liquid can be filtered and added
directly to the cells without any pH adjustment. The reconstituted medium or
concentrated supplement may be prepared in variable bulk quantities and is amenable to

sterilization, particularly by ionizing or ultraviolet irradiation.
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20synt hesi zing the amno acid or if the cell |ine cannot produce sufficient
quantities of the am no acid to support naxi mal growh. Exenplary am no

aci ds i novoaetit3adoani ne, Largi ni ne, L-asparagi ne, L-aspacrius2@aiossc3o
L-cysteine, L-glutamc acid, L-glutam ne, glycine, L-histidine,

L-isol euci ne, L-leucine, L-lysine, L-nethionine, L-phenylalanine,
L-proline, L-hydroxyproline, L- serine L-t hreoni ne, L-tryptophan,
L-tyrosine, and L- 25valinec,6 . ﬁ@ Salts are added to cel

culture mediumto maintain isotonic conditions and prevent osnotic

i mbal ances. The os@@leﬂmﬁwnﬂﬁmshgnmamdtnmaﬂahmame@@m%omuhaum&mnamumn1is

about 300 msip kg, él'th%%n ePlormal A Gl LR SLALS RN i rﬁ%{r' mat el y
30 10% variation of this va Fhe “08HOMS yo’f SOfe TRt ¢cé cul tures

tend to be hm@leﬂbultdnfamdiﬁ)& ghﬁamd kcgulnamduﬁpltﬁnsenmaylt bhe . B Sck%ellllore5% 5-

10% 10-15% 0- 25% th k t
oo e BRI o PR Y LY LA R 3P RSB e o5t
a-, 5042-, W@ﬂ-ShQu [aunelish@aBor 4nd. [@ancisCatl22006Cn aldiGdn toNatdeidBanyNR2EELRO4) .

Therefore, t} sired osnolality for a cell culture pediumfaor. .
cul tivation BLOEE S Ok@ﬁfrn%f %‘&1“&11%0%1%‘“’588%PﬁP%‘?ﬁdné‘ﬁ‘BP&’fi cal |y by

one of ordi naamnﬁmd detté éhntah'!s%u@églutaﬁﬁﬂena@ a@djorleAEN sdilden @llstamphe lif\eitegani ¢
El emrents O her_ i nor%anl c elenents that are present in serumin trace

anount s can Weludsdat Piggerropeenirafqns thap pleramigapdity (Casmibs Hepped 85 Roed

2005/192876665h00h 'gmarhﬁe bar I\%Qﬂiaﬁeﬂﬁsg'r 9@51@@(%41 BYoiBNSME end RrthihcI@dsr et y.
They include M, e, Fe, Ca, My, Si, and Ni. O her

i norgani c el @rﬁéw@@nmmta ihserewhislis (el eﬁleﬁfo@eglllta@ﬁqetaml glugggdnedipertfieshough
not as fr equﬁfﬂ% h¥en ds@&és%qgstf&ltes f'glgglutgﬁhne% red® th(,cgulldeof onw%m&ma Rb, and

Zr. Many of these elenents are involved in enzymatic activity. They may be
provi ded in tilgpﬁbcqltgreml@hurgm ts such as CaCl2, Fe(N33)3, MyCl2, MS04,
MhC12, NaCl, NaHCQ3, mll'ﬁ(p pons of the trace elenents, such as,
sel eni um vanadi um and 2| nc ese trace el ements may be provided in a
vari etsy of forns, zbmafoeucalbhly: importaneinfcol pulofre maditm feuudtinta'sliﬂ‘gaﬂfseOS NH4AVO3,

etc. These i nor g(ﬁlé ful’lC%l(a)'la tgtsthe fll Elrecf’iceﬁs l\*e?lm%ﬂure mn%{%rp%/vc?ﬁ 1nc ugescﬂ?mmr ciall y

for exanple FFom Ssour |
Vit am ns ar eessgmpiacahihy adidsgtle. bho@elnliso asdsaiodt aretrmrrﬁally'lﬂmesynﬂteamdwn waqui r enent s

of each cell_line v r.eat | al t hou enera extra vitamns.are
edad i 1ot n war Bl B SR s R SRR AT bt AR e R i€ £ e
celI's are growpially ffncgiale@lﬁnﬁd: &aﬂ cuElxlemﬁHdaaﬁrylfwetoamlﬂslslnﬁcdapdﬂe@ﬂ otin, choline
chl or| de, foli g?am d -1.nosi t| nan de, 20D ant ot henalt e,

oyri dxal , 1 PBBETADE Hhe R 1f (g ool Aot od e suficiral dunitigg of

amino acid to support max1mal growth. Exemplary amino acids 1nclude L-alanine, L-
arginine, [.-asparagine, L-aspartic acid, L-cysteine, L-glutamic acid, L.-glutamine,
glycine, L-histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine,
L-proline, L-hydroxyproline, L-serine, L-threonine, L-tryptophan, L-tyrosine, and L-
25 valine.
C. Salts
Salts are added to cell culture medium to maintain isotonic conditions and
prevent osmotic imbalances. The osmolality of standard mammalian cell culture
medium is about 300 mOsm/kg, although many cell lines can tolerate an approximately
30 10% variation of this value. The osmolality of some insect cell cultures tend to be
higher than 300 mOsm/kg, and this may be 0.5%, 1%, 2 to 5%, 5- 10%, 10-15%, 15-
20%, 20-25%, 25-30% higher than 300 mOsm/kg. The most commonly used salts in
cell culture medium include Na*, K*, Mg**, Ca**, CI', SO4~, PO,”, and HCO5 (e.g.,
CaCly, KCI, NaCl, NaHCO3, Na,HPQy). Therefore, the desired osmolality for a cell
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B12, C, D3, E, K, and p-am nobenzoic acid (PABA). f.Serum Serum the
supernatant of clotted bl ood, can be used in cell culture nediumto provide
conponentwotzhati13proenot e cell growth and/ or producti vityPCThS3@®1983630M
25conmponent s i nclude attachnent factors, mcronutrients (e.g., trace

el enents), growh factors (e.g., hornones, proteases), and protective

el ements (e.g., antitoxins, antioxidants, antiproteases). Serumis

avail abl e fr | . ani_nal incl udi i equi ne. Wen
el uded 1 n Syt BRI Bl yRTR pRRUIERRY o6 ol 18 ROl
concentr at i oempficly bY%ne Qeortlianny skidllih thewaktt esing arekliosynanehsler um fr ee.

30g. Gowt h Factors d Tﬂm%&%ﬂﬂﬁg C%|| gromh in the absence or serum or

in serum reduced media,“ one Oreore of t he fol |l owi ng pol ypepti des can be

added to a cell cubtharieongede elmedtothaeaapiebany infsetunoinltasd argeumwtdan bact or
(FGF), includin cidic FGF apd basic FGF, | | insul.in-1i ke growth
factop (1) melfsia g i PR esrP e TS oot heelr °( e

pl at el et - der inv@gor@te0 W fefératdeaf it{ EMOGFY ., TRy AndliRNH, AruVAaM s Heacd,or
(TGF), including TG nd TG-, any cytokine, such inter]eukins 1, 2, 6,
granul ocyte Y g‘u?%‘tl}%n theg dpogganiq ‘iﬁk%?&% & bayfegh f‘%%ét%fhtcli ¢ EFE Metc. In
certain enboging®sd ot ad heuesly, ifelblat Wi,eadred] BICdoEs RO, GeONRS| dhdazrgr oWt h
5factor. In protein-free nedia, insulin may be replaced with zinc or a zinc
containing c tirBese Smgais afeiipedvednn Gy IaioEg sy Wisy ayibe PHyidshn

i ncorgpor at edmBYorhefrefianGe zisrCaiCtl2§F&ka)@,%%@lz,m/lgi(bﬂi\/ﬁ}_@lzgqlﬁCQNaﬁ@b%, l'ipids can
al so be added to a cell culture nedium Serum 10typically contains I|ipids,

such as fat t Yad#iQfs apdiogs of thy egegleacaiei weh ps prdmani.caprdiun ang7archildewi ¢ aci d,
palmtoleic @@e@len%h@'nﬁy%%tpfhvid%@liﬁ’@ efy A%hhs @@Qéa@r ihattymasi s of 12, 14,
16, 18, 20, or 24 carbon atons, each carbon aion1br3hched or unbranched),
phosphol i pi dgich pelpShOn NthNOp skt Teppe tleedapige)lts aad draesrddnesntsapd] be

' ceram fr ol Bart i TRAR QMR bR AR BOGLRARERY 7S Sere T
. ysophHosphatidic acid
sti musat e the growt h ofe. cer Varmiranchor age- dependent
Vitamins are typically used by cells as cofactors. The vitamin requirements of
each cell line vary greatly, although generally extra vitamins are needed if the cell
culture medium contains little or no serum or if the cells are grown at high density.
Exemplary vitamins include biotin, choline chloride, folic acid, i-inositol, nicotinamide,
20 D-Ca™"-pantothenate, pyridoxal, riboflavin, thiamine, pyridoxine, niacinamide, A, Be,
B, C, D3, E, K, and p-aminobenzoic acid (PABA).
f. Serum
Serum, the supernatant of clotted blood, can be used in cell culture medium to
provide components that promote cell growth and/or productivity. These serum
25 components include attachment factors, micronutrients (e.g., trace elements), growth
factors (e.g., hormones, proteases), and protective elements (e.g., antitoxins,
antioxidants, antiproteases). Serum is available from a variety of animal sources
including bovine or equine. When included in cell culture medium, serum is typically
added at a concentration of 5-10%. Certain cell culture media are serum free.
30 g. Growth Factors
To promote cell growth in the absence or serum or in serum reduced media,
one or more of the following polypeptides can be added to a cell culture medium: for
example, fibroblast growth factor (FGF), including acidic FGF and basic FGF, insulin,

insulin-like growth factor (IGF), epithelial growth factor (EGF), nerve growth factor
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cells, such as MDCK, nouse epithelial, and other kidney cell lines, while
phosphati dyl chol i ne, phosphati dyl et hanol am ne, and phosphati dyl i nosi tol

sti mul at evohetligsweh of hurman fibrobl asts in serum freepoedisaoi1@sisanol am ne
and chol esterol have al so been shown to pronote the gromh of certain cel
lines. In certain enbodi ment, the 20cell culture nedium does not contain a
lipid. 1. Carrier Proteins One or nore carrier proteins, such as

L u%ﬁéﬁ%ﬁ@leﬁ—@é&l&d g{oxx}tﬂ ARSE & ﬂ(‘fpg an‘deé{aﬁé’f&?ﬂaggro@zﬂtdﬁ%f @‘dfhe el

cul ture nedi roteins can he ain
nutrients orintlding TéiFermchfF§FB BSAcyskinyg pidedsliytetisiguhs ds2, @ granyloayte of

2511 pi ds, su b i ch are insoluble in aqueous
sol uti on. é:um ES[{H? fa&or%,&koc ‘Ele in 1%1t0 er\tloer%]alsp\s\%tccar rier for certain netal s,

such as Fe, Cu, ania chtain bmbqsmmém mha‘deﬁeulftlﬁe nmﬂmM®a§notlmnalamigmthderi ved
substi tutes for A, such as .cycl odextri can i.d carriers.
TransPerrin S0 APAYRE TR Rr G GRORT e en BtR S PoniidiiGinge 1
certain casesqmﬂa)uma,ras gatittadah BSOS, WiticiB tesBAmyohofated B hderendetih vat i on
of cells (for. ., such as in xeno-free (XF) culture) desirable for
products gen‘ésr%]ttl ‘for downstream t herapeutic use. In other instances,
reconbi nant hunman serum al bugpiy may be used in the cell culture nedium for
the cultivation of cells. In particular cases, the reconbinant human serum

al bumin may be derP%ed nF‘F%HfPlﬂT’ apmralsor gddeddp a pelhgpiipredpeivesSEWRh as ri ce,

Cor n,10pot at Oy piIBALonaEM DI EASH as BltFacidsQe.gPliRNEE Beifl AnoRAicHBi; Or i gi n free
(ACF) culturl ng of cells. In protein-free formul ations, transferrin can be

repl aced by #a¢hidapicaash primitelercagy daicpeid, nedveaeis eeiflwd/or friyeriderioges4, whi ch

i s hereby i “P@rleqfsaé@%r ?Nca{rﬁ‘éneart&ﬁkfl@ac'hréafbkﬁ at%ﬂltﬂrérﬁhéfd or¥nb@ndi¥@y Oxypyri di ne
derivative, as described 007/0 8, which is hereby T ncorporated

by refer enceptsispholipis’s, émthnlép@ophmieﬁlpmalaw chalestgpelor’dlemativede ofioemul at i ons,
insulin can e, elrg?f&l lﬁﬁds%%n%é ﬂl%ludg@&asqt)%i@ﬁa{ts Qlbah-SM hapl. ePh‘éEp‘ﬁ%ﬁE't salts.

j. Attachnments Protei or nore at nment proteins, suc
fi brodect i n, adidaidiyseph@pbhtigrcoasictinm]ate the growth ofmanalalamblotage defgedent 0 a cel |

cul ture nedi um to he note the.a nt . of anch ge- dependent
Cel | s to a SUebé’tSIu%. I\HEEE%IHPFSC epﬁlehﬂltgan Oﬁrg‘ ney ce]Iphnes W%lla

phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol stimulate the
growth of human fibroblasts in serum-free media. Fthanolamine and cholesterol have
also been shown to promote the growth of certain cell lines. In certain embodiment, the
20 cell culture medium does not contain a lipid.
. Carrier Proteins
One or more carrier proteins, such as bovine serum albumin (BSA) or
transferrin, can also be added to the cell culture medium. Carrier proteins can help in
the transport of certain nutrients or trace elements. BSA is typically used as a carrier of
25 lipids, such as linoleic and oleic acids, which are insoluble in aqueous solution. In
addition, BSA can also serve as a carrier for certain metals, such as Fe, Cu, and Ni. In
protein-free formulations, non-animal derived substitutes for BSA, such as
cyclodextrin, can be used as lipid carriers. Transferrin is involved in transporting iron
across cell membranes. In certain cases, human serum albumin may be necessary for
30 the cultivation of cells (for. e.g., such as in xeno-free (XF) culture) desirable for
products generated for downstream therapeutic use. In other instances, recombinant
human serum albumin may be used in the cell culture medium for the cultivation of
cells. In particular cases, the recombinant human serum albumin may be derived from

plant, algal or fungal sources such as rice, corn, potato, wheat, even yeast, etc. to
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The cell culture nediumcan optionally include one or nore buffering
agents. Suitable buffering agents include, but are not limted to,

N[ 2- hydrwoyetim3dopi per azi neN 42- et hanesul foni ¢ aci d] ( IFEPESR11MES) MES,
phosphat e, bi carbonate and ot her 15buffering agents suitable for use in
cell culture applications. A suitable buffering agent is one that provides
buffering capacity w thout substantial cytotoxicity to the cells cultured.
The sel ectio f i i t ordi nary
TREL T net hoPafhe B A GiBHELE IO C%gﬁmagmfé‘%]uls\é\’[ og}b‘gé’l & ‘?‘F’gjrln%tc%corrpounds
20Pol yani oni carmfen}umay@atmpdma@by:tmpmmdm fem&vns wte,\aerit:scnbml ic Y0 98Bk cl unpi ng
and promote growth,of the celles, | RUSRERRLAf S5 R R8L08334, which i
her eby |ncorporaf (?ebiﬁ reference th 1ts entire y al':%? V%Yry pol yani oni c
conpounds | nd:drudtevepaﬁ desatibbd mal' e dO(ﬁ'VOQ;Sd;?o suwhichisddredo momnda,tedshyqbfe&ace
hepari_n, dextran sul . heparan su an sulfate ndr0|t| n
culfate. pentalantir ulieBaB PGSy uliioBT SRR i acE By

addition to ilh@vslﬁmldm@emeirdﬁ&bmrdlmd@emtsdes descri bed herein, the ceII

cul ture nedi um conpri ses om}:&é ?}’ i nlg‘r edients, such as those |isted
above. In one enbodi nedt, a‘é’éﬁ‘qnts dPERY e nmedi um conpri ses one or nore

smal | peptides or @ﬁ&eorqﬁora@ﬂt@hﬂlem@mtm@such&g 8RR EdtinDR G TR 284 Pronédiid,
optionally conprises one or nore of the 30follow ng i nquedl ents:

et hanol am neSan3ligIPGatd o pppEs!tureqagdiym © heIngreRE & tachyrent ¢l - 6) , heparin,
dext r@an sul f afcBorabd MPLRicht @A Bra dubfAiec acid, phenol red, PLURONI C(r) F68,
putresci ne, sodi um pyruvate, transferrl n, L-al anine, L-arginine,

L- aspar agi ne, L-aspartik aCB@ffergngc@.g,qn@ ne, L-glutam c acid, L-glutanine,
glycine, L-histidi "ﬂ’fécei-} chl%lﬂ(l: ﬁﬂé@l'uﬁll%an Eﬂ)tﬁdﬁgfl}pﬁclu&e (l)r)é%r 'fh%re l&ufféﬁhghéémsne

L- phenyl al ani ne, L-proline, L-serine, hreonine, L- tryptoph

L-tyrosi ne, S_mwalemqé“erutg agethinchg buhee @@ﬂ lmltedéo PDLQGaLdpacry@tbylﬂm@rpata@nef olic
acid, i-inosjyt [ Mitamin
312, one or NopesApRAAR TRy, ARG S pRAGCHAL Rack B ThDer BT,
one db nore befrgagesatssaltibd; foNaCHn mmxeampmm Aonvgalde buftiriag sgdneni um
salts, one Ors orr{g{hat rov1§ sbuﬁ]er5 Sacat Sc1tandth01r11 suﬁ)st nt1a c % x1(:1t S[ L ecellsI n one
enbodi nent, tHe one or éngp B% des are se é/d)? om X- yrosi ne,

X-cyst ei ne, d:lyuurmu ke éelecanﬂoﬁ:spshlﬂe b feXing agenss is azithmtﬂhmamm‘qf ondigargskill X i s any
am no acid, agg V\/pfreg 1tthe N-term nal am no acid of the dipeptide has a
free am no g’tn MY oRE 8 rbodi ment, X is al anine or glycine. In another
enbodi ment is serine,l val IPB]@am@fﬁObi P@ycadaspacbmpoumds d, or gl utam c acid.
10The medi a descrl d herein can. be a 1X for mul ati o e concentrat ed

as arfft hi ng gr eat erOYAAR LT PROFYIOMYI REPOHIS FUFPreves ?861“;@“&0 FRIEX, 10X,

20X, 50X, 50 préiord ORW¥h BEEE Lus fiiPsusbnsibh Bee 80 HRBS S Which isthe®y Of t he
i ndi vi dual conponent s allow If the individual nediumingredients are

prepared as SEPAPALE Dy GitEeiR{SeRUERY-CEXHATY By APHOTIRPRIS1aGlds ¢ ent )

anount of ea ys‘ﬁﬁﬂl@&@éﬂtd}%%@/sdlﬁte@(%mb&% Wich Bs, Bepadin, ®kirieiifalehephgluce a 1X
medi um forrmul ati on. pically, the diluent used i s water but ot her
sol utions i n&figei @Pgmatqméld@se phemfleitin sulfpgasns ol agprqtenglycar oot her

agueoMds sol ufL@pRs may be used.

In addition to the small peptides or dipeptides described herein, the cell culture
medium comprises one or more ingredients, such as those listed above. In one
embodiment, the cell culture medium comprises one or more small peptides or one or
more dipeptides, as described herein, and optionally comprises one or more of the

30 following ingredients: ethanolamine, D-glucose, HEPES, insulin, a cytokine (e.g., IL-
6), heparin, dextran sulfate, linoleic acid, lipoic acid, phenol red, PLURONIC® F68,
putrescine, sodium pyruvate, transferrin, L-alanine, L-arginine, L-asparagine, 1.-aspartic
acid, L-cysteine, L-glutamic acid, L-glutamine, glycine, L-histidine, L-isoleucine, L-

leucine, L-lysine, L.-methionine, L.-phenylalanine, L-proline, L-serine, I.-threonine, L-
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The nedi a descri bed herein can also be prepared in different forms, such as
dry powder nedia, a granul ated preparation (which requires addition of

wat er, buwonoir/B@d8meher processing, such as pHing), |iquipdTresdéia/nsses@s nmedi a
concentrates. 3.Serum Free Medi um Potenti al problenms associated with
serum including batch to batch variation, high protein content, risk of

contam nants (e.g., viruses, nycoplasma, prions), limted availability, and

hi gh t, h ' y . ' t h ,
I gh cos g%lpgo Or h,‘rig@(r) ﬁg.l%hlg-ﬁ?ﬂ%%bt‘?{! R ShidAnd ﬁﬁéa*”%g}ét@%rfa% fiiiher more

i nproved | ev fotei’n expressidn can ar ned from

cell s grown aaid,s-@rogielf msenamedi, pymidoxek atiboflevinothiaend, eivamhin 8>, engprresse on seen
in cells gr OV\e’lrll ullmn g%d%ex%g)u enen(;[re%rf\:/\'i L hnesslgrl’ll%gilts( gaé[(;[rin%rg‘ rl?'ané]s'e et al.,
Am Biotech Tap"™i2™™ 63 ( 9956) h URESE et um T e Med & S&r um can be
repl aced wi t tulte Nbefli Mgt (o NapRE),, @te o8 @hay seien@incadk toae bsmos waimdasn H TES or

| TES, which contajn hydrocortisone, insuljn, transferrin, ethanolam ne, and

sel enite. Al T4 AL T Jioms e sl Jikops Podiing: DERNeeS moxt HioeigRt Be f act of

extracts frosaendoon Xeyghiad)dScysturhtyasine/X, dad citeierX fdrkabihagbf, gr owt h

factors. Seru f,rgﬁ, medi a,_can .al so_contaipn ot her corrponer}ts S a_ substitute
i'ng r‘l'%"rff

for serum i WEFHEI" g 2PUFTIOP At G OERTE QAT HENNE AR Y] i§ePlifiept ones,

am no aci ds, hdsRQfegamie Galp In oA AIEL, 0fs aRhABbr Pyehe! Msab®er (or
fractions thereof). Serumfree nmedia may be chenmically defined or

undef i ned. | FRRNERE X 1F ertes ey PHRYEF #sPA e b BN P PIOEG he conponents and

thei ripamount s ar e ROWia MRERA Bl aR BPLIXK S mivtatibh Wcah B coNeRtfdd sy
undefined nedia. Chemcally defined nedia, 5therefore, are designed, in

part, to redipydinhercaerdhangt 1% smakiionairexanriotas 2 pddut el Batek Y- bat ch
variation. Chem %ﬁiio\éxq{%édhﬂl?ﬁ)rﬁkiﬁﬁ&%"tﬂé Siftifles 6Ae R AHAEG PSR! | cul ture

medi a include growth factors, hornones, carrier proteins, and/or attachnent
factors. | n aloyr df deinividynd ogilimeringrediprds drapedpaiee ds wniras sanaghtrdicd he nmedi a or

feeds conpri gj I i = } - i n i n anot her
preferred en@é@?ﬁi%a f)qrﬁé&iéo(g%ﬁlgfgﬁ? ?13?121‘5 g%%l% l:ééntf Pﬁﬂakﬁgg%ﬁ@gé%%%%ncent rated
feed 16f the dimeeriporlugonpX neiling fomailitiopePypicds, thedibdesioused is water but

chem cal | y-de inep.conH g;tion. |.n %el another.grqferred nbodi ment, the
other sqglutions 1 (gu Hﬁ% ac*ue?ursl bu fers, argll%leous salint solution, or othier agqueous. , .
concentrated teed or medi um o e I'nvention conprising small peptides

i ncl udi ng cysfl@ionemante ¢s¢dosine is a single part feed and is

chem cal | y-define | n_anot her aspect || the apove.conpositiaons
conpr i ai g sl 1 pBTRBLR TG ARG < Ry b bR RN BRI aut o- pH
and aut o- osnadyabivtigt ralia b gdulaled pyephragdtothath ragipecidditinlof aer, dbome
conpasi tions [ ides includin steine and tyrosine are

; : tﬁorgl?r Ies L N9 S gals | glegﬁl 1d :med S Ca/ncentrates.
stoi i omet r PESITYFeRAI RS P pligeid i sd fiedh &
3. Serum-Free Medium
Potential problems associated with serum, including batch to batch variation,
high protein content, risk of contaminants (e.g., viruses, mycoplasma, prions), limited
availability, and high cost, have driven the production of serum-free media.
25 Furthermore, improved levels of recombinant protein expression can be obtained from
cells grown in serum-free medium, relative to the level of expression seen in cells
grown in medium supplemented with serum (Battista, P. J. et al., Am. Biotech Lab. 12:
64-68 (1994)).
In these serum-free media, serum can be replaced with a defined hormone, or
30 hormone cocktails, such as HITES or ITES, which contain hydrocortisone, insulin,
transferrin, ethanolamine, and selenite. Alternatively, the serum-free media can contain
growth factor extracts from endocrine glands, such as epidermal or fibroblast growth
factors. Serum-free media can also contain other components as a substitute for serum,

including purified proteins (animal or recombinant), peptones, amino acids, inorganic
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Serum free nmedi a contains reduced anmounts of protein as conpared to cell
20cul ture nedi a containing serum However, serumfree nmedia may still

contai n oweori/IBye of a variety of aninmal-derived conpeaenisso1tiosssBudi ng

al bumi n, fetuin, various hornones and ot her proteins. The presence of
protei ns makes purification of reconbinant protein difficult,

ti me-consum ng, and expensive and can also |l ead to reduced product yields
and/or purit g ulture 25nediumis
protein fr ee§/alts aﬁh‘ﬁmmﬁpor%'i'eﬁlt ﬁ#ﬁ?& éa@@&r’fratcggnsqgré%?fal ned by methods known in
the art, such as bYerwerpyinediaamy heehaninilyylepfinat @indefinedningbemivnily ee nedi a.

Wi | e the removal af. s roteins fromthe cell cultur rredl can inpair
the medi a s ST pgoipat QefPbFhdPrbatt A GkumSls At Rl ViR, Shaec

to the nedi ath'EOp[msitd: gantue fdrhherﬁlfcilgaind@ffmedamdm mgleﬁi(a:hhpdqunecﬂ aedia, from t he

nedi a.. For i scussed abpv extrin can.re SA a nd

o 8al s oo R B0 R g BPR ine SR RO B 0T 1 BB B

ot her cases, todatcABhridtios S URerficalpl c&nhed‘smgplelhlyﬁattﬁ&aﬁ o addeded ¢dinsltiber eof )
otein-free nedia. 5. Fed-Batc ivation

have been used to pl ement pr

Fed- bat ch cu’iI]Pﬁh?l&‘ch“gE Wt%gf‘logg P%mioi}‘i?r &%’i“i’r?“?}%‘&%i a’f“g?r qUachrasnt Faéi Orspinoductl on
of bi onol ecu} ﬁ&fert@ﬂléﬂﬂb&ﬁm@ﬁt%@bﬂ& mé®urh ngerdaaﬁﬁh@ﬁlhdha@pﬁ@@%ﬁ@hmg and to
extend culture lifetine for i gh product concentration and vol unetric

product i vi t ySMatREPdes dtp %Plt“iﬁ‘}l)ééeﬁm?%‘l‘e@@nt Feanodist Pisfarsd cmbelimednthes one or

nor e jut ri enfcheedudieli RO EQILM Bédif SQdficAMN:E ReBYHE ARERIA cBMbﬁél@QJﬁallt hat are
quickly utilized by cells such as glucose, am no acids to basal nedi um

The nut ri ent peplidesds psq pcheapgailyidetingg cgmpoitipnoin yehanodir Pfeﬁqmeflur e by
attenpting t inEHd‘?r}{&Rtthé‘é&lEén%&d @é%ﬁ 'o?hfe&’iﬂmad?qleq}{%ﬁ%‘ Op%‘é g@hﬁkl@_t I on,

i mportant paraneters, such pH, osnolality and tration, within
| evel s t hat pﬁp@ﬁ@v@cl@@ng cygietmtahd pirostriens Mlzée ol fee@lélaitlhclmrlc%tdeﬁmd- pr oduct

expressi on. I Q[ TBGS Cel | - Based
Ther api es, 3@%%8)@%1] J(S%%eal%l?llgenab tur 9“ 8%?115% U egH&ésq@lu and
Francliss G ouwsma)ld tyE&sam: ardreng- pH@dd M@@hn@iallllttv balem:edflnefm anelmd aspéch hi gh
concentratio met ah osmol al it

rﬁthe above COIPP%Sll {ohs [ ({Iﬁpnmqglsma g%{qu}f) 1nglug}n% cgstﬁlne ang%%rosme

eventual ly are 1nco

typically usadsﬁoahlon&tmhbmbaimed)f a cell culture, and can 15conprise a
nunber of ingredients, Ltd ﬁr;@ &am no acids, vitamns, organic and

i norgani c salts, stgar ﬁIB SYnEF "% onponent s, each ingredient being present
in an anount whi ChS(ﬁ'uﬁﬂﬁéfn&dfahent@ink tdduaddiaaivumt of pretetedslcomparvd torcell Basal

nmedi a _useful for karyotic cell. cul ture ingcludi bacterial and
ar cheéfact eri g™ Y‘%)P%%F”%uﬁ?\‘ﬁ?@% Se‘BP’af%‘Ee‘B E}mﬁmtb{ﬁ%mﬁ WEEEt cel |

cul ture, mangBlelAA V@@ét& ofC4hlithAllRri Gancopontmedindiutifhg talb@mSdT®dthin, various
hormones and other proteins. The presence of proteins makes purification of
recombinant protein difficult, time-consuming, and expensive and can also lead to
reduced product yields and/or purity. Thus, in one embodiment, the cell culture
25 medium is protein free.

Protein-free media can be obtained by methods known in the art, such as by
removing any remaining proteins from serum-free media. While the removal of such
proteins from the cell culture media can impair the media’s ability to support cell
growth, other components can be added to the media to mitigate the effect of removing

30 the proteins from the media. For example, as discussed above, cyclodextrin can replace
BSA and iron salts or a hydroxypyridine derivative can replace transferrin. In other
cases, animal tissue or plant hydrolysates (or fractions thereof) have been used to
supplement protein-free media.

5. Fed-Batch Cultivation

9.



20pepti de Exanpl es of basal nedia include Eagle' s basal nedi um (BME),
Eagle's mninmal essential nmedium (EMEM, Dul becco's nodification of Eagle's
medi um ( DvaP11/1G8wsgow s nodi fication of Eagle' s nedi umpCENVEM1,1/03386 i k' S
nodi fied Eagle's medi um Al pha nodified Eagle' s medi um Roswel | Park
Menorial Institute (RPM) nedium Fischer's nedium Lei bovitz L-15 nedi um
Trowell's T-8 nedium 25 WIlians' nmediumE, Biggers' nedium Connaught

Fi2 o um 1 scovel &t S BT Rekdb PR IRR i iRBEME0N "vooe Lo,

MCDB 153, Mebibunied9&, sNERCprob8msnednarense enliccowdepmranisinhing tnedindrrulBe 752/ 1. For
CHO cells, p err.ed sal dia ingclud i m. and CD
Forti CHOTm (flﬁlm? rf%r?]hﬁ%q’fpro%nﬁmnﬁemﬁ%%r} 85, qt:f)orepm,pr(g:?a?lrC %h’a%t)ch Preferred

concent r at edcdleed nszup/pltlmrm)ntrslleﬁ(addlmai&famle los moreatuutbars, inube @re oﬁﬁztedsl imted

t o, CHO CD Ef i ent FeedTM A No.. . A10234

EFF i CBont Peotiieh B Frae ppgens et 9eRp5Bkn oY Rensanch BaEPs, S0 PeedTm
kit (Invitrogen t@&basahi@ed1ﬁi02ﬁa&itﬁ1ent@1£§ fol c@h@(blttllrEeQdWM dEttAGHmﬂ(dr@w t rogen
Cat. No. A1327501, Life Technol o e ,Cor‘F , Carls

f ed-batch cu Xfi‘tﬁ?a’tpfl%to pg%weptsnug}eél ugap ‘llby@f‘%\%t 3138“‘9‘83%“(:18}?93?‘% ti rre poi nt

i n bat ch nodgarkiféeg, s@clb@s%ﬂ«i o%@hlﬂ%n@@b%&ﬁl@&ﬂﬁah&n @hm&m&wh@ae nt
(concentrated feed nprising concentrated solutions of a sin

mul tiple nut folleRp (08 MBI °f desiolor eiesipalPFAdEFesPressny Seq:t sl ?r?l%r‘ﬁg vol ume

incregse or ¢ahhobgy Bt Phirn@RuiMN e ¢dIEBased TRILMED SMPPEREREd Gzg@lded to
basal nmedium it inproves cell culture, as exhibited, for exanple, by nore

rapid cel | gPUWVR-Shoedhedsefadiaans Frges G QQp@heEVeaél?ﬁneﬁ?éBPtéh edwEst y of
cell's, or i GRATRGHHER baReRfubh&idufihidh) ATRLARL! & AN mARIRLAL N, e -
antlbody or other protéins of therapeutic interest. ATcell culture rredl um
or concent r a¢vedtupletie ofcompaiiblawighedllomabilgyi t abl e for use i n 10suppl enment i ng
a basal nedium co . . ne or nore
di peptides, as des}gﬁ%lg%§§§?1lg@g? Er?{bc e ggﬁualﬁgﬁfrl%q}?n% fliljgr}lﬁ!(l)l%dgﬁccgntrat ed

f eed Gonpri smmg)rtsysnembm Otharetlscntssmdedmgymme aoids,ivamainkyorgeg@chniln conj uncti on
V\'i t h anot herll’lt)l‘e amb Sﬁﬁ?y gar, Ot r}tCI(’)I%t gne.n S eacl"ijm re(alen?bné' no l‘gs%{’ltdls ! hat n’ay
conpri se one 0 ot %ﬁ ol T owl i ngredi ents: ader he, efhanol am ne, a
car bohydr at ears@ut Whlc(l syphrtate aulheamaef fhb Icellkez mdz higasalghediosseful frannose,

gal act ose, fructose, ina ar.i a buffering
agent . hydr kBRI G e er s PeRaBr B AL HE e b uprEe vl ot Brtne.
putresci ne, pl@ﬂlcumlpy]w vigt@ cell asultureo dﬁmhmnanctemeultﬁrh ym Ih wsed wltRleRiae,

L- ar gi ni ne, raine, L- asparti am c acid,
Latuim ne' girad RETuctir i fRRER e fidlsy bt RiEhm Toy ok A

L-1 euci ne, Lmirﬁ(ﬁihlﬂ:@senhal n?eamm mmme)ulﬁecwemmlﬁb@ﬁhr@eﬁagle pheliupe, L-serine,
L-t hreoni ne, L- t]rx]ﬁpt ophan, L- tyrosin L-val i ne N-acetaél -cystei ne,

bi otin, chol {MEMA Gasegy’s @%Cﬁ&%%@%%%dw%ﬁw\é& JKlikis macfisd; o)

ni aci nam de, gy s geXiume Alphh BREHRY EAglet Ricalin) Roswdif BTk MeBbaal IRldd©ONI ¢ F68,
reconbi nant insulin, a calciumsalt, Cu504, Fe504, FeCl3, Fe(NXB)3, KC1, a

magnesi um saﬁPMIém?ﬁW@aﬁ@%l@féa}eﬂmns beibarizde 1 medivmngoyell RdHmediuNa 2 HPOA,

25Na2304, a gehienb’ L{Hécﬁlﬁhii B%géf's | h&iin S@dnha §ﬂt IOiQJhXQ%EBéYBhSL%&mtoﬁeN anadi um
salt, a nickel salt, atin salt, ZnCl2, Zn504 or other zinc salts.

Thus, the cot@dRL} Hi66anedivet. it oF 1 0amedien ddind s Tl wedite, kepplsemsifiedt he basal
e Ty OBl AR ST AU PR b pt oo
cont ai n one BETRORE nefliunhhend Waymouth’s medium MB 752/1. For CHO cells, preferred
basal media include CD CHO, CD OptiCHOTM, and CD FortiCHO™ (all from Life
30 Technologies, Corp., Carlsbad, CA). Preferred concentrated feed supplements for CHO
cells include, but are not limited to, CHO CD EfficientFeed™ A (Invitrogen Cat. No.
A1023401), CHO CD EfficientFeed™ B (Invitrogen Cat. No. A1024001), CHO CD
EfficientFeed™ kit (Invitrogen Cat. No. A1024101), CD EfficientFeed™ C AGT™

(Invitrogen Cat. No. A1327501, Life Technologies Corp., Carlsbad, CA).
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30fol l ow ng: a carbon source, vitam ns, trace elenents, and further, may be
chemcally- defined in that it does not contain any |ipids, hydrol ysates,

or growt hwbaotiorse2l n sonme i nstances, the concentrated mCrtuse@10836a0m no
acids may contain animal origin free hydrolysates or a fraction of a

hydrol ysate, for e.g., a plant hydrolysate. Any commercially avail able
concentrated m xture of ami no acids can be used, for instance, CHO CD

Ef ficient FeedTM A (| 4 [ Cl € eedTM B
(I'nvitrogen Cat. fg%f%%4%§% %N%b @h@%@ %é‘%’%eé:ggl\ﬁg%lg (nlfeﬁd\??rmlggen Cat .
No. A1024101dgtchGiodefusingiadasaFeeditiv. (Sulé@@rl[ﬂ'amly | e divio gepleGant (cmenmalz 7501,

Li fe Technol %g@ec%mcgglg ¢tong tral.seg sdlimons of s1n e%p %u eonqllt rgralps i3 (]Gt CySt eine
and tyrosine conta n% eT 1 SurYur € med ncentrat et eed of the

i nvention, spiotiddheritms, vm1e mlmnﬁz_mgwcemmmmbmgseaar bﬁiﬁﬁé dilmeidh.UWheh ghepr ot ei n

free. In anothr enmb ture nmediu r _concentr tedfeed
of “the | nvenPrarmaURBaBroPrgfeiie Bl mEdishi L Rt 16 e Baear Han G

protei n freecangleadydinbteatsit kyll gioaaq aairea@emrttoablmgl tinf, ﬂf.‘gherhkéﬁié@ib}ésc&hﬁ@ or a
fraction thereo or. growt h 10f act erefore woul d be_caqnsi dered
chemical | y- d‘éﬁ“ieﬁ%ﬁr%‘e%‘mdﬁ Wé)ré&%&tftbl ‘f‘ﬁe SERBDRICHERE & f“i’f@‘ﬁ%ﬁ ei ne and
t yrosi ne con@tgéﬂyr&gmg@ﬂthergpgutlwn@ragedl um or concentrated feed of the

i nvention may optional | y contain one or nore of the follow nlg a carbon
source, vitanins, frabelerenedivg or cpagentigiet fesd of gynysatem iR RITPYISEEY | ned in
that qot doess@@fenﬁﬁ’cﬂfg@t‘ HasAmed uhrplc&ﬁ risRY HeQlr ViR AL §all Rptidk AW h @RS -
156. Cel | s Medi'a cont ai ni ng tli)'ue cysteine and tyrosine containing
smal | pept i de8reskipeghigns pisidgeesiberbaeipbldy chikpdivee Behumposepnsentighddeado culture a
variety of cglh iinROML Ry bOG RN MIE HRAhNRY AR ihesdigedescr i bed
herein can be apzrrsin\%yt ?om \3%)(/) pr ok Bérygl%te H%HJSudl ng J{étirct ebaltct erlg al gae,
yeast, fungubedgihaacondensiet mixgng pigdnino 20dyhafneayabmpriee avarmabre it nost
preferably I dto

Ul tur o eukal ot iyt AR n BB R R ER R PR Rl Fia
mamelSi an celitessithés gwoseemasnOSE,rwélctosa:éhttsse a)np‘l‘nnlalcambmﬂlcbrsthaﬁoféxvi an cells.
Ivamm' I an Cefll %lrll’tl a%u %{] bg% ¢ dl‘OC ﬁlsone 1 01ca ld nﬁeno e%eSCI'I bed her el n
i ncl ude prlrra Flr| 15 Ces {) ; At ﬁ)cy cervical epithelial

cells, br oncbhoaﬂ)hoemamdmhmalpuﬁ&cmlej @dlumlamhm&l trEIpﬂd)thﬁbnlﬂé th;elhlﬂmﬁ, Iki dney

epithelial | I.s nd retinal elia el S ISh cell Tines
ohd thei 1 st Papin TR &R Chiriie G b PR L P Lo
cervi cal epl tlhahiml glgehd, 3 - lﬁﬁtthBEB—hgﬁro&ﬁirblﬁt&l Lﬁﬁ)ﬂduSme I\IDBKm(leNBL}yi)le eell's, 911

cells, CRFK cells, CHO . cel cells, cells, Detroit
Se2 01 e Lo DanS e e IBE 1 Srinp b g YR RE hs. L S180
cells, |-5174t-§r(53;31|e| S-valt¥e] N-a38t-848ine Sibisn, cIiREME cRA65@, DEKIJa{JrSpaMéIﬁteca l's, T24
cells, W-28 VA13, 2RA cel | s, WSH cells, BS-CI cel | s, LLC-MK2 cells,

O one M 3 cefali§ acid. ifpositah piacingepide. parifiexinereipplaying dyqngne. vigmigdiips, L LC- PK1
cel I's, PK(15p1uffild 1%8, RbémiGilnt fsulfd B caglhSsalt L@s@ﬁlﬂreso4,me@13l?ﬁé(ﬁ@§30el I's,

MIlClceIIs XC ceils, MDOK cells, VSWcells, and TH ceIIs or
derivatives Khbrewrpesiyn gliphmasganes|sply Sf"ﬁb‘ﬁﬁ%‘}»‘e’trﬂ@d‘éﬁﬁob%ﬁ? Qi nel udi ng
but nat i mi N§2@04, a selenium salt, a silicon salt, a molybdenum salt, a vanadium salt, a nickel

salt, a tin salt, ZnCl,, ZnSO, or other zinc salts.

Thus, the concentrated mixture of amino acids used to supplement the basal
medium may be made up of a stoichiometrically balanced mixture of amino acids, may
or may not contain cysteine and tyrosine, and may optionally contain one or more of the

30 following: a carbon source, vitamins, trace elements, and further, may be chemically-
defined in that it does not contain any lipids, hydrolysates, or growth factors. In some
instances, the concentrated mixture of amino acids may contain animal origin free
hydrolysates or a fraction of a hydrolysate, for e.g., a plant hydrolysate. Any

commercially available concentrated mixture of amino acids can be used, for instance,
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to heart, liver, kidney, colon, intestines, esophagus, stomach, neural

ti ssue (brain, spinal cord), lung, vascular tissue (artery, vein,

capi | | ar ywo 2byimpbed ti ssue (| ynph gl and, adenoi d, tonsipcT/useme/os®se ow, and
bl ood), spleen, and fibroblast and fibroblast-like cell lines (e.g., CHO
cells, TRG2 cells, IMR-33 cells, Don cells, GHK-21 cells, 5citrullinema
cells, Denpsey cells, Detroit 551 cells, Detroit 510 cells, Detroit 525

cell S Bt T obfuoRg Rl e Byl BER SE N BEHOE) PR By B 5 o5

cells, W -26B¢RNMtuSgedM £t No.eloRs001CHPI@ eDl 1stficieMEdedvekit Gnvid@enCa€aNd. s, COS- 3
cells, COS-7 cells, Vero cells, DBS-FrhL-2 cells, BALB/3T3 cells, F9 cells,
SV-T2 cel | s, ANV AP B BerentieVsC AITBACBYigapansCat N3 B0¢ dlifes,  NOR- 10
cells, CGH I QThhdo g;@ @%f&)el I's, KLN205 cells, MCoy cel |'s, Muse L
cells, Strain 2071 (M e L) cel L-Mstrain (Nbuse L) cells, L-MIK(Muse
L) cebls, NCTC cl omesge zﬁlﬂmlﬂamj %5536%1@@@-‘1 PEpsinccaoniagingistlsgligT ledig}, S,

| ndi an nunt | &ﬁroﬁ&ﬁlh&md b Ez%tﬁé’ iy 131tlog_%; §1H>§oru ﬁsr] Jﬁuﬁ%hé‘sal rﬁ@cﬁé.ﬂ NSO,

NS1 cells or rivatives thereo tur acco Ing tot
met hods di scisqps@@in tree. einrnothgr duémdmrenatlhe cdl dudpredinsiaas @d cogkbitsedtfealndf or med

cells, mt an{he lu}ventldn suRe{E?e Ilor usel Fué)plegneeﬂet Iacba‘e1salll¥neec1 ! rllse per{)t%l% eTeelaln , germ
cells, stemc

rrecur sor yoni ¢ ce ich may be
est abl i shed midlttdnalﬂ;sdc@s mﬁcbome]lnlhpldsngfslrccbysawbb]aa ok thamoﬁ a;t goskh sour ces.

Cells may be.used fo eri tal .Qurposes f ction of sef ul
compafont s T BerhsEBualER fnsBER ARG e Bheodt Pidiak Ped ol o he
product s andthisssnboliinel, kit dysieiaehdduly@kint b@n:ﬁmng%ll Eﬂl‘t&reﬁﬁddhuin Joay al so be

cultivated for pr telnp ducti on incl udi ant j body pr ctlon for small
RNA product i ‘c‘ﬂﬁ‘c{)ﬂ tajee ‘?ﬁdﬁﬁl&‘edweg?%\%y OWIBPQ&CPH@“&“W%O F‘l‘fsf()]ll(?VIQBg
particle) proeusdn lsce JRARIN] rR0 eRMdnts, 2@l alrives) nf b%nqmwcreﬁhedﬁﬁct ors, for
nucl eic acid_production, for vitam n production, for desirable netabolites,
bi of uel synt Walsif does @ptcontsim aqy RS- AyAoBIsHEN T SN A2 described herein is
used {50 cul ture Chinesegganster Ovary (CHO) cells. CHO cells have been
classified as both epithelial and fibroblast cells derived fromthe Chinese
hamst er ovary. A cMpdiacongniag frercagicine gif iiprine sentHaing twpll RRPEASH o CHO- K1)

(Kao, F.-T. ﬁB&)tlﬁE’sc&)scn-Bed PereinRbRlso Nedskd tAGRGre a%%het Hﬁ&ll@oCelisggwn 1281

(1968) has been in culture for many years. Mbst |ophar maceutical s
current|y 30piiredheeulwromedivg apdfegiydeswsibed hdrein cambrdegisiohiieages t hat t he cel |

line has preﬁio%%&Qﬁ%xudhr F@aueﬁgsa@g chGalh pgé&fmnéﬁ E&ﬂﬂﬁf‘ li ke

gl ycosyl ati o atterns, oW ri r tran sion of human viruses. 7.
Cul ti2Pat i on prie@dly sm@einhk alsiﬂpp&bpteé@aﬂiya tivesecu lathumen. Miading rmbleBoreitbed her ei n

can be cul ti ?Eneegl Ceah Aty £eQ eultt()fn}rotl%)% nsut'a gplé%@{)‘ldﬁn'ﬁhﬁ%énsd%cﬁu&“ ned by

t he investigato “he exanp east ohe ncti onal
set of cul t umemo@hch ¢eilmﬁ'sh u@bfmtecf @itls,caiphibieatceldsorafiag e¢ltsai N manmal i an

gﬁ: ![ 3r eI E)OIHZI E ?ogs ulgl?n%%aslg(?e@%ﬂlag%vﬁé I(L,ué‘fciqw{ﬂ%/%‘g Irbe tdlﬁgah%@ée??tﬁl %H]’%ﬁy one of
ordi nary primary epithelial cells (e.g., keratinocytes, cervical epithelial cells, bronchial epithelial
25 cells, tracheal epithelial cells, kidney epithelial cells and retinal epithelial cells) and
established cell lines and their strains (e.g., 293 embryonic kidney cells, BHK cells,
Hel a cervical epithelial cells and PER-C6 retinal cells, MDBK (NBL-1) cells, 911
cells, CRFK cells, MDCK cells, CHO cells, BeWo cells, Chang cells, Detroit 562 cells,
Hel.a 229 cells, HelLa S3 cells, Hep-2 cells, KB cells, LS180 cells, LS174T cells, NCI-
30 H-548 cells, RPMI 2650 cells, SW-13 cells, T24 cells, WI-28 VA13, 2RA cells, WISH
cells, BS-C-I cells, LLC-MK, cells, Clone M-3 cells, 1-10 cells, RAG cells, TCMK-1
cells, Y-1 cells, LLC-PK; cells, PK(15) cells, GH; cells, GH; cells, L2 cells, LLC-RC
256 cells, MH;C; cells, XC cells, MDOK cells, VSW cells, and TH-I, B1 cells, or

derivatives thereof), fibroblast cells from any tissue or organ (including but not limited
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5skill in the art using only routine experinmentation. For routine nonol ayer
culture conditions, using the cell culture nedia described herein, cells
can be plwbediions®w2t he surface of culture vessels w t horCTaist@aloszsad
factors. Alternatively, the vessels can be precoated w th natural

reconbi nant or synthetic attachnment factors or peptide fragnents (e. g.,
col l agen, fibronectin, vitronectin, lamnin and the |ike, or natural or

10 t het , ial .

A L e

(Rochester, Nk@nkmghaymkﬁbmmynﬂw@Caumnmm@@y)waawumhMSEﬁ@ﬁnmnmde|gna (St.

Louis, M sso c{englgi tons11I I?o Canarrz?‘)lwS gnchi esdﬁzgn aﬂé ﬁbroﬁla&%%g fi rogfeilst'(‘j{kg‘lc
re

synthetlc t hi'&e nensr ona suppor I'X’such as a or e 1?agen gel
or a synt het limeslo¢.apOHPreNs, TRGE2 edlis AMR- Eﬁ)bellsu]émem;ls c[ﬁHK&dublﬂs vation, cells

t ypi [ 1 d d
e oaD e YiRRREALET, LOhetafty R SRR DERST SO T s Mhe col 1
i N suspensi ODetr&UENY caBs, DeGPit Fedell§, DRSSt SpLEdlINIDORIFAP aFIB] D&roild73bi or eact or .

156- 174 (Sacteits W IR LR V- Dl sulT R b P g AT i) € oup

2006) . I n SOOHOCRBESV-$6HR, C6%alced, CaB-3 aemls crrom ctam,ev&%r@n@ @B@nﬂhme
suspended cells is necessad%ﬁﬁpgltatlon

denat ur at i onc<y: vl & Sahd2 §?4@aMrM§Vo‘?AIEWéT% é‘?ll Ktﬁﬁlrl?‘lﬁfﬂs

cul tijpation. BLO-11 cells! R@l@@(b Lerg aedi/marT AR, HSeM ((Q telRARNNSXRENE, MR R
condition can be optim zed for the specific cul'ture conditions bei ng used.

For routine fdndYlayel el Sypie 29711 Mlerse [ecedlsd eIy wrajne@dapa L) ¢effs.iInViliKg|
seedi ng de”S{MéﬁSQL de1m, ﬁcﬂﬁ@féﬁ&' 251/7%% TRy dske{'cgs PS&H %élﬁbéﬁpss/%j ée%s251(‘)0f

suspensi on cultlva I on, her seedi ng . 5
cells/nil) nh@wbéﬂmgéd£HSSUi thhﬁmﬁﬂk&mddémﬁ@C@kéﬁﬁ#@ﬁ@@lNQI%ﬂﬁ@ivated in
a cell incub ably at about 37 C, but it could be anywhere

bet ween 30C %%Rég%gﬁﬁ%%B manmal i an cells may have other preferred

t enpelsat ures for c@etltswuhltrﬁotmcm@tﬂgtto mtmedmd@ﬂlscilammemmm ®ondrelirmmal i an
cells can bedl(sjf%nedcle S orrne]c (():flgllsl rr1]1131t Sgﬁlat%nC%HS g%%c qlt %lﬁelngze% Opt | mal
cell grow h, at ano er Eure opti nar prot ei ? i de/

fragnment or MﬂEQ&H@bﬂﬂuﬂhhoﬂh ﬁh@nmmcﬂbawemh@bmns@hemsxmamuhembmm(ﬁfied

and may contaln bqut 3- OW on d| .de in air ferably about
5 1056 war bon PUgAS e S P AR LR Bl 50 BATBon i oxi de
inair, a|thﬁﬁ@hﬂ@ﬂﬁﬁhﬁ@hﬂ@ﬂp@ks&Gbi@b&xﬁehbf&mﬂ@&ﬂmﬁMmﬁﬁqmuﬁﬁuﬁs much as
20% car bon di oxi de in a or. optimal results. | ture. medi H may be in
a p(; éPerred ?aﬁﬁgg’e&@ﬂéﬁ&{ i SHWH]F%GS&‘@? the progucts gngruse oboelly @ o ‘Tﬁ‘gout 6-8.5,

preferably abetpicd The télls indy,aldbe RuENQERIR Yrodd®prodictibn trRludind,an@odgOr €

preferably about 7.1 to 7.3 or preferably about 6-6.3 for insect cells.
production, for small RNA production (like miRNA or siRNA), for virus or VLP (virus-

like particle) production, generation and isolation of DNA or viral vectors, for nucleic
acid production, for vitamin production, for desirable metabolites, biofuel synthesis, etc.
25 In one embodiment, the media described herein is used to culture Chinese Hamster
Ovary (CHO) cells. CHO cells have been classified as both epithelial and fibroblast
cells derived from the Chinese hamster ovary. A cell line started from Chinese hamster
ovary (CHO-K1) (Kao, F.-T. And Puck, T. T., Proc. Natl. Acad. Sci. USA 60: 1275-
1281 (1968) has been in culture for many years. Most biopharmaceuticals currently
30 produce proteins in CHO cells for many advantages that the cell line has precise post-
translation modification such as human-like glycosylation patterns, and low risk for
transmission of human viruses.
7. Cultivation of Cells

Cells supported by the culture medium described herein can be cultivated
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5Cells in closed or batch culture should undergo conpl ete nedi um exchange
(i. e., replacing spent nedia with fresh nedia) when the cells reach a
density oWoabowi3zg25 - 2.0 x 106 cells/m. Cells in periasiuseoiaoBicas e (e.
g., in bioreactors or fernmenters) will receive fresh nedia on a
continuously recirculating basis. 8.Virus Production 10In addition to
cultivation of cells in suspension or in nonolayer cultures, the present

medi a may be Viih qaﬁﬂgl' el ls.
such et ho dsacgglﬁlgl Hé%&&?%en a?&%nmtf?)qy&ét&ﬁlﬂneg bk’% 1nvers'9@m,na cX ﬁ(!ﬂ.@@ﬁ? ) with a
vi rus under bﬂmﬂd@n@mgmgurmaDMEfhmxmndmmnécmkmwcmmmmmsmnﬁmﬁﬂthbvnéml by the
virus; and (b ul tivati.n e.cell in.t .

dlpeptlde coﬂ%gﬁﬁPﬁgngm??QCd$tgf%m%g P%“Sggggﬁﬁ“ﬁpﬁ§¢e| pTg ﬁ%mngconditions
suitable to ando:mjme cbubtiqus Geflagtiveanninfal vélr tgqse byt bt detemeihdd bdene oCeldinarpay be

cont a ted\Mtéh Vi rus ehther rior ﬁgt % 6gt‘r f ol h? cultlvatlon
of the cell @ﬁ??%ﬁ%?Xﬁﬂi eﬁfﬁ@‘ flioRe fHigHE eSO 86? W§ a mammal i an
cell with a Mjnﬂiﬂ@n@hﬁng\ﬂﬂebell kin@ymedia dderitad he@idcadls lchn lepliadidid &fe t o one of

ordi nary skill |nfected mammal i an cell s cultlvatﬁd in the culture
medi a descrl %’é@c‘h Cé} t‘r’fer‘(ﬁ%?e I & 1ay taaEeridacion HIEMICEY PRSP RE titers
(e. 9., precoaled, withGraurad Orecondfinant &Gynthd@0xttackdRBt fac®Br pefide 1000- f ol d

hi gher tlters) than cells cultivated in a cell culture nedia other than the
cel | cul tur eT#RANE Gk rltpen Hupnspiin. vitronectin, pinip andehe, B oA B used t o

produge a Vaginfiedc fhorRITRESN WHiIdhUSE Sy aQiblY bdMi&SiaRdRP t 21O AT Eet
mammal i an cells, viral like particles and viral vectors, 25including but

not limted T‘%?ha‘éi@ﬁ%ppﬂls@ﬂé‘?ﬁﬂl €A9.iRAP Sysems, sy gschesigadinesssdci at ed
viruses and é@ﬁ%&@k@&ﬁﬁ%@@wé‘sgéohugeﬁbfa%'s{gﬂﬁ%t 206 q\q{skdﬁﬁs g&ﬁ Abggsof

| entiviruses and derivatives thereof, Insect viruses ik acul ovi ruses and
deri vati ves bdusededfinto oepmiap ngturaer sxn@iet@rethre@altm%@nfalhewr@@fmatlah gicB@s on.

Fol | owi ng cu] tj i i di a descri bed
herein, the h%fé)\éﬁ%duﬁﬁﬁg% g%gﬁl aas%tgg&ce&s& ?‘?,nlle\?llcrnghstéerg? X S&S;é&% drrﬁg be a
recontdi nant vﬂﬁu&pnw£M%meQ@EﬂﬂysmpwﬂwhmlmaRMhmhﬁﬁﬂubﬁummpbnemwsdthereof
(proteins and cleic.acids and/ or _F for a variety
of " pur poses, M RUATHE GuBE el AT MR E DR o BY AR o RREEA B 7, P
nol ecul es | i ehns Rﬁp@nnesﬂmdppermlon apparanduattia@pacafr. e @Gdll (\‘hﬁmta)Texhﬁcnguse in

Ctudy of vi G PpPBeREH anby SR bS8 ot P anilesshil  ver y

viruses, VirHbed¥eCta9los andiriuddlis Gop LIRS Inome enpanRemnt fvtingagiofionaythe

optlonally be i.sol at ed fronlt e used cul ture nedi um accor t.0 techni ques
for pPotein ‘é‘ﬁ%lf‘&‘i“? ‘5166‘?58?"616% 1§19 ErssATY o HGR TR PE B OI%%‘P to one of

ordi nary ski ddnatufuibh 6f @edia cohfonoite aﬁl‘@h@zﬁ'in@"‘bﬂ the cElthiu@lﬁJg bsitipiiegduce VLPs.
"VLPs" or "virus- Ilke articles" are vehicles far del |ver|ng one or nore

conpounds, i ncl udi Ry Bt srediedamsitipgderepch epsimentalsopditipnsan be SpHRESAr at es,

protei ns andfopufelsBiEiA&%idR coftifos ®king usdd P&rodRIRIADH Fer tinG ilm¥stibe
delivered with VLPs include dyes ée.g fl uorescent, dyes), labels (e.g

f1 uor escent SHUFaWrsketn Piial widingyensignel 197 5de celd/qn’ mayrheisifereblesvivle

anti-xiral ageQisdnsiolleFRivaik, SRBRLRbYnGRALGI gatS JPRRP OMEnY nfa§lhe PT Ot € N.
Typically, a viral protein surrounds the conpounds. However, in”particul ar

i nst ances, c@ﬁ@ounds to be delivered can be associated wth a VLP by neans

other than by incl MR iAd ey)%d:callggﬁltﬁ% | Qenl HROBRS fe%ér fe attached
(e.g., covalently or non-cova ttac to a viral protein, or can be
i nt egrat ed |ﬂkmt$h%3@wMekmbﬁmmewhﬂpb@seﬂt%PCMDaﬁé akpecmmnwlﬁgmﬂay
may have other preferred temperatures for cultivation. Cultivation of mammalian and
30 non-mammalian cells can be done in steps, for instance, at one temperature for optimal
cell growth, and at another temperature for optimal protein/ peptide/ fragment or virus
production. The incubator atmosphere may be humidified and may contain about 3-10%

carbon dioxide in air, more preferably about 5-10% carbon dioxide in air, and most

preferably about 3-8% carbon dioxide in air, although cultivation of certain cell lines
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15be associated with various types of nucleic acids (e.g., heterol ogous
nucl ei ¢ acids) such as DNA, RNA, both RNA and DNA, or RNA/DNA hybrids, or
derivati wee 2kniomsooen the art. Exanpl es of VLPs include wycralS2@ansicsd e
products produced by using VI RAPOAERTM adenoviral and lentiviral vector
kits (see, e.g., Invitrogen Corporation, cat. nos. K4930-00, K4940-00,
K4950- 00, K4955-00, K4960-00, K4965-00, K4967-00, 20and K4985-00). Vruses

whi ch may be, used §0.Rh&RAL 509/'1:51% b B Lfdg a1 f%¥ Jsﬁl% Ei]ned(

even phages line g i phage, 5) T

bact er i ophage!! phiy2@jn 4 prfeded pamgeg@epemtmg c)n, (hbagibpay lfcrruzsasple aﬂfémom Base es

adenoassoci af e%ra%brra#) S°71 leNg I YL LRSS, (848 | (M) oney, M o 8ra%1 gukemi a virus,
P

H V1, HTLV- | P Senddl PVt esS, poOX Vviruses, avVi't uses
(e.g., Seniki7. F@T}E&‘Erabﬁyrabmt683 mﬂBlmedtfbelus etc.). Add| tional exanples of

vi ruses which may are V| hods .f or preparing
VLPs 8re " descr | bec gl SRt S RURBRSrg het sRBriSis B oD e SR s0E Pon” 30The
present cul tefeplaEdi speiByicdd #0h beshus@lia)iwhefieieltolSreicdra dehgtyir asict ison of

[ above, preferably i

reconbi nant protein romcells_describe mal i an
cells, and pgpf‘l @u?eijffw (E%,l 5 prefvvan cupTe st #sindiy tqrﬁorsfﬁlgrf%?‘?ggﬁ? Because
the present guitdifr@hiRdiabnl QHiifRuiiPFecrapithg thiigh- density suspension
cultivation of manmmalian cells, the present nmethods facilitate enhanced

production of recofrbi nafifispresleiohs. By protein is meant, either, a

ful'l -doengt h prot ei @,adaiiPh Rf @ldVafisAETBM in s@pPRRI Hén m@n(ﬁi}%ﬁé’lﬁﬁre@rtﬁ& ein
product, a cross-linked protein product, tagged-peptide or proteins, etc.

By protein iBeunsyedigamy wﬂedﬂwé@%ﬁfomr@@mmg Valieps dfonemagmaliatcsins
i ncl udi ng r egQirh) IR colipis@d) 1co§tQ&f ?%%El‘?@y g. %%ﬁlhﬁm Shycaps %Q'ulﬂéer

| i poproteins, active, processed eins, etc. The Sprotein may
natural |y exmﬂééls)esjsumbltz Fepreapte tl@rln@etllqn qf|th¢@ellby thepyerugsgingl (b)|cn1éwf#a5g be

engi neered tQ.eXPLERS A1 g 629 o8B0 é—goxﬂeﬁﬁ'ﬁ 'c@l adiN6&kd RYcREads known
ut’hot. imted to o o

in the art including ection, transduction,
el ectlsopor at vk amﬂmons'mliaablemrbmqg tlprpm‘bcmcnormf VpepbydheccihyTﬂwebmab/fi ed or

isolated to de urlty rohslis t r their
fragnents, tﬁeaO CaR béth%hevrlﬁlcszgl DPIEYR rdélgg%gr usl?wmgcﬁhv%(ﬁ)goéﬁlgcglggllor feed

conposi t i onsthotulttnemicdiv. eﬁpumai maledds e 1nﬂa¢1tng arrmrmm:_thah icetl tvella tviys are
oxtyacel |l o Lo B 55T B PSR AR S
etc., peptideahonimness tillketddis uielcmturE’BdﬂB de€fibed hdréih hAag 8k bipeard pr ot ei ns
el 0 Termnene, RLeLeLG, Lepeplors: yauglonl Broyglng, epdoplgaIe
or light ¢ hafontsmgﬁer tibes) ahichiaditivaRd and tcgien]de ARG s tan @e D thifure 2
chi meri c media described herein.
These methods may be used to produce a variety of mammalian viruses or
viruses adapted to infect mammalian cells, viral like particles and viral vectors,
25 including but not limited to adenoviruses and derivatives thereof, adeno-associated
viruses and derivatives thereof, retroviruses and derivatives thereof, lentiviruses and
derivatives thereof, insect viruses like baculoviruses and derivatives thereof, sendai
virus and derivatives thereof, and so on. Following cultivation of the infected cells in
the culture media described herein, the used culture media comprising viruses, which
30 may be a recombinant virus, viral vectors, viral particles or components thereof
(proteins and/or nucleic acids (DNA and/or RNA)) may be used for a variety of
purposes, including vaccine production, production of inhibitory RNA molecules like

miRNA, siRNA, etc., production of viral vectors for use in cell transfection or gene

therapy, infection of animals or cell cultures, study of viral proteins and/or nucleic acids
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anti body etc. A chineric antibody nay be a species/species chinmera or a
class/class chinera. The expressed protein or polypeptide that may be

pr oduced wei2op/i3b@2conposi tions and nedi a/ feeds of thepcmuseiilosssey be a
human or manmal i an derived protein sequence that is expressed in a
non-animal cell line, like a plant cell, in order to 20produce ani nal
origin-free proteins that are free of adventitious agents for downstream
use in thera rding to
t he |nvent|oﬁﬁﬁgéﬁgﬁégwnﬁJVdgg%ﬂ&ggmg (Q%VEMQQHQRQ8I gﬁg§%§%§Pthat has
been genetlcamyymem@hd&eméﬁaiﬁomnmﬂuebmamgnhyb@paumehmnnt@bmgmaHbrpeptide-
or di peptide-c¢ ntal i ng.cel 25descri bed herein.un er

condi L1 ons. <t Cabrey B aEiie SR Gr TR o0 RS RN eRUEr P o i e
met hods for genetically englneerlng a nannallan cell to express a

polyp ptide of interest and will. therefqre be
P PEbr e one of fisraenBrgmé b SIRERE VIR AT EiF s b RS ey Tor
Phar maceut i cak vamdeTet HelBasadonthe hapi @ﬁ}poﬂlﬁiséﬂclﬁ(ﬁﬁgleﬁ)ldgf&aﬁﬁitbhﬁdis okl
Wi - Shou Hu eds and Franci s

2006 s 30ma
genetically %ﬂ&lﬁe@%yﬁrﬂe&rpr?tﬁm%%Hdtl}“aﬁi‘laB‘rﬁlS e %%cﬁﬂﬁf ePnyrou eW}il?'R/ent i on,

or they may hey béastee v Wilpk inchiie d?és (BRY, BuEXRIANPLL, 1a6Kd @Igc aci d
nol ecul es after being placed_ into culture in the nedia, Cenetical

engi neer ed cHEYIESCRR{pT Bicagive IS and g Spraufapiics O Pt HE Agsaisk Viher as

monol @yer CU&&M&@?cmﬁ&nH@%ﬁn@&ﬁﬁﬁlﬁ%kﬁl@% ﬁﬁﬁp%&@hﬂﬂwﬁﬂkﬁﬂ&ﬁ@sﬁﬁcordlng to
t he nmet hods descri bed above. Foll ow ng Ftlvatlon of the cells, the

pol ypepti de 6¥m¥ﬁ@@réEW@WQymdBﬂWBhémﬂ?mﬁéCB@PW%ﬂéH”ﬁKBHW¥%B”@@FIs and/ or
the used cul Es%&até@%ﬁ‘g‘v@? grn%aﬂ&otfl& tﬁa%%?'?ﬁc%&%ﬁl iRthePFIQL GidR ek SQ@L | on that

will be famliar to one of dinary skill in the art. 10.Detecting Snal
Pepti des i n ewpoynds mascheattaghed fe. &m@@'émt}yaqre@ln tealpntls Tirshednid 2 vipdpt | des and

di peptides d@%&:ﬁﬂ Ble&nfi)% 'r%at%‘& e BRLR! O?E %eﬁ%&é@&lta[ﬂﬁné RpRY! Ih wn in

the art for tecdting acl ds and I nc but not
limtiéd to, aft:aseloctrw@ir\wltlymﬁsms lypepuif dudéir acias @gr. dnpﬂay),log?amdc:leme}mdS) Such

el ectrophor es'ﬁNgBﬁﬁg}lb(ﬁfl Rﬁ]lﬁzﬁlél%N&h or%/bﬁg%lﬁ‘s o?gerlva? Ves k%851li HPLC (van

Wandel en et Al ectronetry
Aci d hydroly&manomwp@hﬁmﬁeSPinmmm@mhﬂpmaﬂe@nmphspmﬂm&ﬂysmsnpf am no acid

conpositions an tration is wel arison of the
chr omat ogr ap R@ BWBIFW Iagjgnovfraf d 1V RY Vglé?rgkv\%égﬁs %glpe?rgg%lnqgo T aci d
hydr ol ysi s cedn. noﬁld{@aOGOtlh@40®I®pK)$95()L(ID)nKa9ﬂ$ @0 Rae6it-0(R Ki4o65-00, Kawbnoo,aci ds,
and therefore %gﬁ) geptldes in a nedia, feed or supplenent. For instance,
if ot 05|ne sk PdSnt in a small peptide in a nmedia, its concentration

woul d increase in Vﬂ@emhfdhhﬁweﬁ%y@ﬁleparefvmbﬁlcrﬁaehfar &ampleg phiQr e.g., the
tyrosi ne peak hejight and/or area of the peak) conpared to the peak helght/

area of the fedent {EAPhagsYieas- SIRIRE: B of adbRlage (fyserld| Bhagss te.). By way of
exanpl e, thepalcayia g& ¥hioS A8 AMHaR] aBY/baslisiRkacadheREdsIRRnslesCr i bed
herein were detected using the nmethodol ogy described in van Wandel en et
associated viruses, lent1V1ruses (e.g., Moloney Murine leukemia virus, HIV1, HTLV-III,
25 etc.), sendai viruses, pox viruses, and alphaviruses (e.g., Semliki Forest Virus, SindBis
Virus, etc.). Additional examples of viruses which may be used to prepare VLPs, as

well as methods for preparing VLPs are described elsewhere herein.

0. Recombinant Protein Production
30 The present culture media may also be used in methods for the production of
recombinant proteins from cells described above, preferably mammalian cells, and
particularly from mammalian cells grown in suspension. Because the present culture
media provide for rapid, high-density suspension cultivation of mammalian cells, the

present methods facilitate enhanced production of recombinant proteins. By protein is
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20al ., J. Chrom (1997) A, 763: 11-22, which involved the HPLC (H gh

Per f ormance Li qui d Chromat ograph) separation of

6- am noguwoabyl3bdsokydr oxysucci ni m dyl carbamate (AQC) - pdenise@tiozzdo am no
acid m xtures on an AccQ Tag UtraTM (Waters Corp., MIford, MA) col umm
(2.1 x 100 mm 1.7 pm). The detector paraneters were set as follows:

wavel engt h node: single wavel ength; wavel ength: 260 nm sanpling rate: 2520

(points/sec) y b @ﬁh&o{]ﬁltllglpﬁg;t%gmgé?ng% B?FO%‘[QE}Y’J‘%‘%IJ‘?{%’Q‘%} BP&SE Q%ﬁgﬂ&ﬁs in an

exenpl ary run, a sanple yro epfl a peak elution
time of abouprOGuCLmrmmmmwersm@rﬂugwtaggezl)pepﬁcrlﬂmdxrcaela& yicaBy protdinis i nt er nal

standar d (AA%A%I’H ar‘1rt]dll pes o Ot tEl?r S eﬁ{rpl s telrné'mﬂcéu gpom%l Oafnt ! h ?l anyl .
cyst ei ne di pep on f m hut ween | ysine

and tyrosi neer@aaaeﬁlcgmachQcho@ﬂ)Thns hpm@eﬂiaga'mewwtmsdd\ﬁMtans e@oTlma ,

M| ford, MA) Pre-Col ivatiz |.t ra Hi gh Perfor nce Liquid
Ch ont ogr abROFCHI Bl piged o A bbeed i S FES REFS S el 6
medi a or feedlgﬁiéaﬂeﬂﬁﬂﬁdpfesiﬂ)uﬁﬁg,esthﬂdatdtgeﬁ&f&teﬁi'gﬂﬂ&rﬁlg&[midds Ial(itmn idehecpr i si ng
cystei ne or tyr stance the di t| des, al an tyr si ne or

al any! cysteinﬁ]é} m%ﬂlé’tg%{ﬁ’é“ ﬁ@f%&an WPy U’é‘Pg‘U E}E‘é{ﬂ’p‘f’r&tlg‘éﬁ‘@ct Bt her smal |
peptides, | nﬁals&lﬁ'ﬁ%ﬁo@lnhﬁ@eﬁld@m@lb@@ﬁnﬁéd dridoRi@ISh a desired level dF pa#igl tihen, the
di pepti des described herein can al so be quantified with Iiquid

chr omat ogr apPy 'S CAPTRKESS %‘ﬁ‘éﬁé&ff%ﬁ’ﬁflﬁsyth%}éﬁ%l%? Prasiced ey «Wsyesseéélﬁag 4 on was

per f apned Wi fRgik @N&ér&@ed@&ﬁ%@sdlérﬁw the GhVRHGH QAL AP BYt a6OAJd Mhitkfoqui ty UPLC(r)
HSS T3 1.8-p m 52.1-mmi mm at 400 coupledtoagﬁadruple

time-of - f | i ghtrapeiiar goecinss bfetpmminsviaprepestip.)in GNP S HDNETIRC SRty

Mlford, M proF ereg lsHQt’[ﬂsHlakﬁgseQ Q{P@&Q&Xl DSIA@@S' 9[0 ééf)@ld@h(gmon&qkt@: Hﬁégﬁrp pent anoi c
aci d) was used as the ion B\ZI ring agent fof optinum separation of polar

conpounds (J PJT]H@ eleyintaprdlulAg Py el mBUiBMUdiRgoNeTPraRy] mgtexm regeptproheddpdui  Yang,

Anal . Chem, X e 10in its
entirety). ﬂ% enéé%das%ﬁg%uéa gppf%g]?ng%% cahglgol% gtag%ogg/f{ag&ﬁtﬁggopent anoi c
aci d 15n wat eheavracrml llgmmhhles phbssiBodasn @nt@% bmrhrmg siteagi btdndchim@s9%

perfl uor openf ano ac 80%. a eton tr| E§J ent s LC/ M5 grade.
U tra-perfor nglrrq)céey T qélcglmeﬁl? Srrlrtwlabtog ra y fqﬁlgf pec1e%§hu%e Was S?Crllaesér over

1- 45% of nobéHimephEmexBrewet bro&u@oﬂpoly]tlbt[denheft Irrmwbe @:toelucfedmsﬂlg them MaSS s pect ra

was collected every 0. 70- 1000 15 n_conti nuu osi ti

6l ect rospr ay Ry find ryfa et o B gn ey B o bt iapon Bty © and
pr ot onat ed Lpra{eam,éhudneé MAEAS expResk@lis a\neﬁememt ¢edldinedike raqmnt aflialn dradi to
chromat ograns _as 383. 105 .&%3031) Da and (? 0 03) (g) ctively.
Ret erf®i on t i FESUCAPINYY BEBATeaof Lt &Hﬂe 8%% & %téouaF‘%Fé‘FS g “8‘?%‘%38}1& ed
L-al anyl - L- t ye@s indRpbdids Wer e 9 60 (0.03) mn and 8.75 (0.03) mMm
respectively (Figures 4 to 7 Unl ess ot herwi se defi ned, all

[ eohrical Cand sor cHEmpivol perdrEinga SRlYRREFIEs FeRRVE 19 His IRYCHROMORNITNY as

comonl y undgfigarea By @RE a@fandhiaR @&l usH hdd bebMgdnb@eady bngihdersaase of
conflict, the present specification, including definitions, will control.

It will be r Padiey Pappeairtdain o siypbPaptidenod ipgptifesntpining el pdyremediant art s
that @ther syistalli§erein under conditions suitable for expression of the polypeptide by the cell.

Optimal methods for genetically engineering a mammalian cell to express a polypeptide
of interest are well-known in the art and will therefore be familiar to one of ordinary
skill. See e.g., Cell Culture Technology for Pharmaceutical and Cell-Based Therapies,
15-40 (Sadettin Ozturk and Wei-Shou Hu eds., Taylor and Francis Group 2006). Cells
30 may be genetically engineered prior to cultivation in the media of the invention, or they
may be transfected with one or more exogenous nucleic acid molecules after being
placed into culture in the media. Genetically engineered cells may be cultivated in the
present culture media either as monolayer cultures, or more preferably as suspension

cultures according to the methods described above. Following cultivation of the cells,
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25nodi fications and adaptations to the nmethods and applications descri bed
herein are obvious and may be nade w thout departing fromthe scope of the
i nvent i orwworoang3®ebodi nent thereof. In addition, the neCenisadiz/o3szemde hods,
and exanples are illustrative only and not intended to be limting. All
publ i cations, patent applications, patents, and other references nentioned
herein are incorporated by reference in their entirety. 30 EXAMPLE 1:

Production o LN 0o Gl tdr | ary cell
cul ture nedi {51%?01% télflg:g%g% Pah'glh%{ (8%8%1 ebg pg yt}eé:glllsnegldéilm g@gﬁ) and

al anyl cyst ecul@remétligh a¢q9rdin:g @ t@ilsiqhefS|otﬂerodalmBoLatl¢rﬁdha®g/i§ bR Yanntiar tpoagar ed.
Speci fical l Yor trcrlle di {?‘ﬁ% 1des al anyl tyrosine and al anyl cysteine were
added as dry po yowder “t'o an aqueous basal cell culture medi um cont ai ni ng
glucose and a m xture dieiwdngsmhll Btpeidesimicniouragiedia oamtontenaated fetdd

di ssol_ved. Al anyl r os S ed to the cell culture nmediumat a
Concert rati on of abnl teriEr sy dyferEherv B TRd wiAe B

cul ture nedi l&tﬂhrﬁtﬁue&n@@ﬂﬁﬁﬁ& ﬁrﬁfdrﬂé'te@fngabmuiacB]sQn(gbﬂ_smaﬁhﬁptﬂbs efidl@ting
solubilities 50f the dlpe in.water were determn ned to be about 15.4
g/L for Al aT{Ht poslingigrg t&/E‘IE 8“’ S‘éc&‘ﬂé’l AR ypgarRnygCap! Mg‘F%IPPIP%?%SQ/slz
dinmer. By V\/@-(}Br@iﬁ/n@zQﬂpW(]@&ﬂ (1991¢Ased51ub17¢ b83), @PLL (vhY VPSidBIen b/ WAt er is about

0.38 g/L at 20C. Fre Qé ne is easily oxidized into cystine,.
L- Cystei ne h9WP8’cH|987)i‘%Ive7 Hc%i)ﬁs‘?ré%s%ﬁiﬂegﬂq{?ﬁ“é{ SYelbydralysisH Peitjdgs f?raqueous

sol utjgon, buthrbifiald C%’H{%Hl@-imagrsm%k ki@l nb R8I *EAMPAH NS AN InORSratidd is We11&hS®n
converted 10to i ne aerobic oxidation. The solubility of L-Cystine

in water vvasméb?ﬁlt C@mpiﬂsgmpf the chpmatogRpiPpEides atdy aprpiridneesks hedore

Integrat ed f%ﬁiﬁ@%é‘c‘fhﬁﬁ%&lywcaml&% tBQEJ%sM%h%%éoﬁ%n%QM'aﬁﬂno%Qsce' I's
grown 15 in a basal cul ture m Ort1 CHOTM (I nvitrogen Cat. No.

A- 1148301 an@dch@@f@m S&aﬂ@kptmﬂimﬁm(a fqudfoé supplemeol by isgarCoriptyros@ar | sbad,
T curve w CRrPRRgl G PEL i RERER: (A PRI MR PR 5 97
W thi& mxt uh@r@ﬁsawmf(t@rmercm Bdlp&rﬁfcn@ gachayrmisiut peak heighhardéwatee wéths of
et um or 1 el Stisa g abhctRARE ol LB WREPR P ol PR B2 Foeu Fr2
and FP3; seeh)l‘ﬂ’rcgmse 1. (FP2) curve w t h filled circles () and unfilled bar
() (FF3) surve, a4 ot opore ang baplmee Sl oo oar ().
with | ow | evédseritetl hentiit vedre getadndl dsinpalsd methodildely dgdcibasia.vaiWhadelbagal cel |
cul t uzroe medi %.,%F éllgior%.d(l\gg’;)eA, %I6§hﬁ EQQthig?El’ngnge }%EC%I%h Performance

Liquid Chromatograph) separation of 6-aminoquinolyl-N-hydroxysuccinimidyl

carbamate (AQC) — derivatized amino acid mixtures on an AccQ-Tag Ultra™ (Waters

Corp., Milford, MA) column (2.1 x 100 mm, 1.7 um). The detector parameters were set

as follows: wavelength mode: single wavelength; wavelength: 260 nm; sampling rate:

25 20 (points/sec); time constant: 0.4000 (sec). Using these parameters, in an exemplary

run, a sample of the alanyl tyrosine dipeptide had a peak elution time of about 6.172

minutes (see Figure 2), immediately after the internal standard (AABA), and in another

exemplary run, a sample of the alanyl cysteine dipeptide had a peak elution rate of

6.631 minutes, between lysine and tyrosine (see Figure 3).

30 This AccQ-Tag™ Ultra (Waters Corp., Milford, MA) Pre-Column

Derivatization with Ultra High Performance Liquid Chromatograph (UPLC) method,

thus, provides one way to test any sample media or feed supplement to see if it contains

a small peptide comprising cysteine or tyrosine, for instance the dipeptides, alanyl

tyrosine or alanyl cysteine. The same method could also be used to detect other small
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25all fromLife Technol ogies Corp., Carlsbad, CA (data not shown). The
preferred nmedi umused was CD FOrti CHOTM Exenplary m xtures of concentrated
am no aciwe 2ar33foer i nstance, CHO CD Effi ci ent FeedTM Ap(irrusedainogssso Cat .

No. A1023401), CHO CD EfficientFeedTM B (I nvitrogen Cat. No. A1024001), CHO
CD Efficient FeedTM kit (Invitrogen Cat. No. A1024101), CD Efficient FeedTM
C AGTTm (Custom Stock A- 30115255A, Life Technol ogies Corp., Carlsbad, CA).

The cystei ne%ﬁ%gg%st %ﬁgﬁgi%lggglgp%lpgétﬁj@&ﬁ%%tl peptides in the cell culture

medi a or sup N e invention are designed to be used with
any exenpl ary basaln additibn,chd dipapedeseidsanitred hdréih canatscebeayuphteieyd with liquid

stoichionetri,cally-bal anced, m xture of conc anm no aci gs a)
oot onal 1y wrn B aReGas LS EPERTAR) Cp BRI PR (he
growt h of a dasidvede plelst liquip ehromstographyhelaee@eduibyUpine” BR$ TBad-im, t he art.

The cells we rown .i_n DasG, p..bi oreactors . with 50 wor ki ng volune, with
e Gont r or 2L SR 150 5 PG PR HEFE ool bR e T RS et o 00
C:—IO 5cel \|Ms1 swﬂb@?ﬁmmlmw Hhmfﬁwcsysl t@mV\Blr‘;lﬁ)dra,EMQ/DT‘E%fﬁaﬁilfOihatecf Tadaoaylg{ allcicof o
ucose enever e ucose I ev reache . ce S. Su enent e
\?vi th di pept i% e-%ﬂ?ﬁjﬂ‘%%é?l’én%%f %“d‘?)e St“éedta\ﬁéhef%fga"i“ﬂ‘gg %gc‘?ﬂtefah‘i’Pé‘él?“”Fﬁ the first
feedi ng schegdgh@uidb&olat Botiuids (QHQEWiMEr AW and) @uan FRY ZhufiOnaehis were fed
2% of the dipeptide-containing nmediumdaily fromday 4 to day 13. In the
Second sched heedyi SeBe AR o 20 i W24 Aerepintompeaied by Sipisceel | s ver e

fed 2% of thg iQieH@@gi).q\_%tﬁQ el Res G tgmidadid ¥nd §.09% Ba¥iuSropuddy 14.
Cells grown in CD FOrti M medi um and suppl emented with gl ucose had

conpar abl e otcih@Ewas, ang@qhile gahrseBvasd. (4 omiggsid andiHa Epleperen@raTM (Li f e

Technol 0gi S, 4B aCRhLFRAN QherCPCHPofalil AL BRNRLAGIR S COT P-
Car | sbad, CAaccliarI sb%%(l:, O&) basreegé)}néd-%at c@@?ocessgsﬁ(data noi;El 1'shown). CHO

cell's grown ¢ongcmapyr(UPEEOmeianidvas dippi enemt €xfe af mpbileipbasedhwehedat ed ami no
acids and th I i de- t al ng ' i AT ¢

Vi abi 1ty af Pl Egoy M8 TG ANRE SRR AT P PEA TR 0p PP R PITYR S | ver
of abbut 320DangJontifpyndaysit®, clagopoypakbed andV amdegiEotonited Lafangblout 1600

mg/ L for CD EQrti CHOIM + (3 uc ‘at day 15 (Figure 1), the two feeding
sohedul es o ESeE e i Pl Bt SpB R st mhRRI, ked el
and showed cdmpaitagrh@s he3Bdl195¢f0.03gBGapnadddit i8ar0.0Tea, FdR3Beqivaf i Regentiadl a
better maintaine | ucose. | eve] and .a re constant. level -of |19G.production
Chan FPD. whiPE DRSS iy bt BRCeriigneRsda e s

Not abl y, t heweliepejoticles)anintaad 8175 ¢-00E) mif Wspetti@elfedigtras ¥ ket)ded enhanced cel |
density and productivity levels at a significantly reduced volunetric feed

proportion, providing 25yet anot her advantage of using the
di pept i de- cont ai ni D@eGRkHerGivé ddfined, M dupARSE kdiditfic ReMELkd herein have

the same meaning as commonly understood by one of ordinary skill in the art. In case
of conflict, the present specification, including definitions, will control. It will be
readily apparent to one of ordinary skill in the relevant arts that other suitable
25 modifications and adaptations to the methods and applications described herein are
obvious and may be made without departing from the scope of the invention or any
embodiment thereof. In addition, the materials, methods, and examples are illustrative
only and not intended to be limiting. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their entirety.
30
EXAMPLE 1: Production of Dipeptide-Containing Culture Medium
An exemplary cell culture medium containing the dipeptides alanyl tyrosine
(AlaTyr) and alanyl cysteine (which forms a disulfide dimer, [AlaCys],) was prepared.

Specifically, the dipeptides, alanyl tyrosine and alanyl cysteine were added as dry

-390.-



A liquid cell culture nmediumor feed solution containing the dipeptides

al anyl tyrosine and al anyl cysteine can be stored at 2-8C, has renuai ned
preci pi t awe 2brigs3doer over 10 nonths, thus denonstrati ngPsirgrsediilmasssé y

| onger liquid stability than expected 30for such a concentrated sol ution.
Al'l patents, patent applications, and published references cited herein are
hereby incorporated by reference in their entirety. Wiile this invention

has been part i rly hed with. ref ® t efeerred
embod: ment o PhaPLar oy SIS EEREE LBty bRk B B BIORR S BRI LT L
various changesentmteflemmoeedls det mixed untylisselveradelatyh eyredime wastaddutto tepar t i ng
fromthe scopg OfutNSaliVgat r?c%nﬁ‘%%%%?os?iﬂo%ﬁ.t EnARPEaged. Clald. S5 What
is clained: PR TSP EOTTOre HE3IUW1COﬁprISI g at "T'east one snal |
pepti de, sai the pdptildde mahpn hisd gcatrati@astabéuns.Ogfi.. ndheadhsased wiheklgien at | east

one of the amipo.,acids is cyst ei ne. or 10t yr.Qsi 2. .The cel

SO PRA R I R R S T e B N 11

aci ds of thefosmaddyspeptbsle sared. sel sarted, finem Bheagoismpandaj @ti ng of

al anine, glycine, serine, valine, proline, aspartic acid, and glutamc

aci d. sol .111t5|‘H§L'éré(F(TSl“8&"|‘ PR’ At QggéfL %tﬁﬁl(ft‘n 1%% mﬁt&inﬁ 1Sa‘?:gas Yast one
of the remi gliMmgediaabyiitheatiCswedfe HybecmoRdd is PaRideABly Sorak@hkt tearor gl yci ne.
4. The cell culture nmediumof claim1, wherein at | east one of the small
peptides is acidie @ﬁ?‘i‘scféluél@m’é’& ‘é‘dle‘_f‘tfaéﬁ{ tlkading pgHepUCHHEIORS: itigales COR-V?I’SFfio_si ne,
X- cysiipei ne, {oMr-0$4iRe bikacrdb oSl NBe Hlulliy df Batykitdigvarh wagdbunbigrein X is
sel ected fron1the(g£oup consisting of alanine, glycine, serine, valine,

prol i ne, asp&@ft¥&°4cid, and glutamc acid, and/or, and wherein the N- 20
termnal amno acid of the one or snall peptides has a free am no group.
5. The cell culture nediumof claim11l, wherein X is alanine or glycine.
6. The cell cul t urBXAdRLE2oFedBytchdestvfg cl ai ns 1-5, wherein the cel

cul ture nmedi umgj Eaul Ut . ) e medi um
o any one-of " olfed LA R ertomaduing iy froafFs AL ccitubthl U
powdels orin abgabrillcaliwd madipmpciniferiCHO™ (InvBrogdh@atcldd.|A-¢ U8Bar andn@diomm of any

2 cart ¢ norgart ek LR iR FoRd Rl O Ry i fer ci '« e
car bOhydrg?l}cgsei (%DaFoQt?éﬁég\’[ + Glucose; Figure 1: curve with filled squares (— ™ ) and forward
slash-filled bar (2) or, with a mixture of concentrated amino acid mixture with low levels of
cysteine or tyrosine, with glucose + the dipeptide (DP) containing culture medium or feed,
20  described in Example 1 (CD FortiCHO™ + aa + DP Feed FP2 and FP3; see Figure 1: (FP2)
curve with filled circles (™® ) and unfilled bar (3J); (FP3) curve with filled diamonds (—)

and backward slash-filled bar (N). “aa” in Figure 1 refers to a mixture of concentrated amino

acid mixture with low levels of cysteine and tyrosine, with glucose.

Other basal cell culture media studied were either CD OptiCHO™, CD CHO;

25 all from Life Technologies Corp., Carlsbad, CA (data not shown). The preferred
medium used was CD FortiCHO™. Exemplary mixtures of concentrated amino acids
are, for instance, CHO CD EfficientFeed™ A (Invitrogen Cat. No. A1023401), CHO
CD EfficientFeed™ B (Invitrogen Cat. No. A1024001), CHO CD Efficient Feed™ kit
(Invitrogen Cat. No. A1024101), CD Efficient Feed™ C AGT™ (Custom Stock A-

30 11525SA, Life Technologies Corp., Carlsbad, CA). The cysteine and tyrosine
containing small peptides in the cell culture media or supplemental feeds of the
invention are designed to be used with any exemplary basal cell culture medium, with

any exemplary, stoichiometrically-balanced, mixture of concentrated amino acids (aa)
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WO 2011/ 133902PCT/ US2011/ 033630 10. The cell culture nediumof claim8 or 9,
wherein the amno acid, or salt thereof, is one or nore of arginine,

aspar agi g 28spasioec aci d, cysteine, glutam c acid, histPcaiuseoiiosssBeuci ne,
| ysi ne, methionine, phenylal anine, proline, hydroxyproline, serine,

t hreoni ne, tryptophan, tyrosine, and valine. 511. The cell culture nedi um of
any one of clains 1-10, further conprising a vitamn, a salt, a buffering
agent, or e um of any
one of clai ms[5 t@ﬁ?wﬂ&lﬁ%ﬁ%@?% %nntszefalce eleﬁ}‘%n t? -emrre fille @g'!gé g{?gzttﬁg%dnt ain a
lipid, a hydd@irgds@ﬂleyp:er asacah badeened by lvee goled 1mtheamgr owt h factor.

13. The cell cult di um of any,.o rein the cell
culture 10 medi um (f’ecs hot' - &éon nm)basalﬁrbé?reac{ors Vit %Oolm&f%frllﬁlﬁ% geIP? culture
medi um of any/ith)an@:bnmdlaetrmmleﬂ”BQ +iberseind a pHe comtdl sa pbinusfe3Oiediam i s

concentrated a or mul at i cell culture
medi urh of any’ Bﬁlé)p 68 eg%ﬁ@ Cﬁf W‘W‘l%?tglinﬁt“iapr‘éfegﬁegﬂof)}aﬁoée yPPEstitdes are
al anyl tyrosplaése and/rodachal agpyl OH(Stsfﬂ]s @@pl@ﬂmﬂfearmaﬂca@phd@ysp} weedi mer .

1516. The cel |l cul ture um o ny ope_of cl -6 or_8-14, wherein the
one or nore YPEEEHIYEE ! ?‘fé“gpﬁclé%]@%f f”@bﬁ‘?ﬁqéﬂ% gg?‘f”&%(S‘EﬁF%‘HSitmi g/L to
about 16 g/ Leurve and bar: ¥P2), Th®) &8k lx/efélﬂzd W &f R dipeplif coafyhiNgedim ahii N5 4- 6
or 8-14, wherein the one or nore dipeptides are present at a concentration

p
of about 2.5gRday b gle- & e é?CEnd Enbdule, (opg Tizyree- gwrp oy #harrBal um of

any ope of ctAD®ISWEE & W7 of m@afp@ptmetct;ﬁtaini@%&n&@aa yLEranHaySi @rcﬁ 14t 2-8C
remains free of precipitate for over 12 nont . od of

culturing a cell, €dhlprivelinglebetiabO™ gedive a@élsmppiﬁmernteé Vb@lﬁlicoéfehaﬂ culture

medi um under condl i ONS ortl and
suppl enent i ng Htlpﬁlrab eaogg ugy pmd\l Qm *&%ogm%) (i O@Ené&%}?&ﬁ ted feed or

medi um accor iidzdhgolbglesa@wpqr(hﬂ@ﬁadcde) osCI1 CH®) (L1fe Technologles, Corp., Carlsbad,

CA Carlsbad, CA) based fed-batch processes (data not shown). CHO cells grown in

15 CD FortiCHO™ and supplemented with the concentrated amino acids and the
dipeptide-containing medium of Example 1 had improved viability after 12 days and
doubled productivity levels, with an IgG titer of about 3200 mg/L. by day 15, as
compared to an IgG titer of about 1600 mg/L. for CD FortiCHO™ + Glucose at day 15
(Figure 1). Of the two feeding schedules for CD FortiCHO™ + aa + Dipeptide (DP)

20 Feed, both worked well and showed comparable levels of 1gG production. The FP3
profile had a better maintained glucose level and a more constant level of 1gG
production than FP2, while the FP2 profile promoted a higher peak cell density.
Notably, the dipeptide-containing cell culture medium yielded enhanced cell density
and productivity levels at a significantly reduced volumetric feed proportion, providing

25 yet another advantage of using the dipeptide-containing cell culture medium described
herein.

A liquid cell culture medium or feed solution containing the dipeptides alanyl
tyrosine and alanyl cysteine can be stored at 2-8°C, has remained precipitate free for
over 10 months, thus demonstrating significantly longer liquid stability than expected

30 for such a concentrated solution.

All patents, patent applications, and published references cited herein are
hereby incorporated by reference in their entirety. While this invention has been
particularly shown and described with references to preferred embodiments thereof, it

will be understood by those skilled in the art that various changes in form and details
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2520. The nmet hod according to claim 19, wherein the basal cell culture
medi um i s supplenmented with the concentrated feed or nmedi um on nore than
one day. wo.20he3s®ehod of cl aim 20, wherein the suppl emeatraisean/osde3s he
basal cell culture mediumw th the concentrated feed or nedi um occurs
either fromday 0, day 1, day 2, day 3, day 4 or day 5 after starting t he
cell culture, and i's supplenented daily thereafter through day 13 or

the basal cort SRR aT08 ot Ebind ot tne gL GUSYARLSRRNAY Ee"f

t ot al startim@am@mmnbﬂ@msSthe basal cell culture nmedium 23. The
nmet hod of any one of clainms 19-22, wherein the cell is an animal, a plant,
an insect, an avian, yeast, algal, or a fish cell. 24. The net hod of

claim 22, wherein the cell produces an imunogl obulin or a fragnment
theregf. 1025. The net hod of claim 24, wherein the cell produces greater
than 3000 ng/L of immunoglobulin or a fragnment thereof. 26. A nethod of

pr epar i ngvigat @edldimedtl t ure nmedi um conpri sing conbi ning one or nore smal |
peptides with a carbohydrate and at | east one am no acid or salt thereof,
wherein each of the one or nore snmall peptides conprises a cysteine or a
tyrosi ne. 1527. The nmet hod of claim 26, wherein the am no acids of the one

or nore smal | 1peptAqgl%ulfa}m&dlﬁrﬁ@&nﬁﬁ{s%gqt'ﬂﬁst%eEﬂiﬁlpﬁépﬂge sl pepRlected from
al ani ne, glycine, serine, valine, proline, aspartic acid, ar gi ni ne,

gl ut am n@ompngngﬁtéwtdwa@mo 2Bls THrereie Aot ofe of Ithe aminyacidsier eistFinets 2am no
acidqﬂoft%ggn@ne or nore snal

2. The cell culture medium of claim 1, wherein at least one of the remaining
amino acids of the small peptide are selected from the group consisting of alanine, glycine,

serine, valine, proline, aspartic acid, and glutamic acid.

3. The cell culture medium of claim 2, wherein at least one of the remaining

15  amino acids of the small peptide is alanine or glycine.

4. The cell culture medium of claim 1, wherein at least one of the small peptides
is a dipeptide selected from the group consisting of X-tyrosine, X-cysteine, tyrosine-X, and
cysteine-X, or a salt thereof, and wherein X is selected from the group consisting of alanine,
glycine, serine, valine, proline, aspartic acid, and glutamic acid, and/or, and wherein the N-

20  terminal amino acid of the one or small peptides has a free amino group.
5. The cell culture medium of claim 1, wherein X is alanine or glycine.

6. The cell culture medium of any one of claims 1-5, wherein the cell culture

medium is a liquid solution.

7. The cell culture medium of any one of claims 1-5, wherein the cell culture

25  medium is a dry powder or a granulated dry powder.

8. The cell culture medium of any one of claims 1-7, further comprising a

carbohydrate and an amino acid, or a salt thereof.

9. The cell culture medium of claim 8, wherein the carbohydrate is a hexose.
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pepti des, other than cysteine or tyrosine, are alanine or glycine. 2029. The
nmet hod of claim 26, wherein the one or nore snall peptides are one or nore
di pepti desoelecs®d from X-tyrosine, X-cysteine, tyrosi ReTXS2@n/08363¢ ei ne- X,
or a salt thereof, wherein X is selected from al ani ne, glycine, serine,
valine, proline, aspartic acid, arginine or glutamc acid and wherein the
N-term nal am no acid of the one or dipeptides has a free am no group.

2530. The neth of €] I n 31. The
met hod of any?gne 0 (ﬁpghﬁge5%@§%§kmﬁ§?gﬁﬁgfﬁgh£§g% ﬁ%%xgkggvgkglucose

32. The mmﬂhﬁdsomuamyﬂanhnghuml@mm&ymﬁasmmwmh@r@mmumigmwmsﬂwEMe the am no
aCi d’ or s%ldltnetlpo I’u%Of éll’sle (I)Il% 101’11 C, en fejlfamne 1‘0 eh Cf’i Xp ?gé rS]eel”ineaSparti ¢

aci d, cysfelne ? h?c acl 7 B dIHE, f U ne y]iysme iret hi oni ne,
phenylalamnmﬂm;pymbﬂmﬁuyhymaomypﬂnklne, serlne, t hr eoni ne, tryptophan
tyrosine, and valine. 33.The nethod of any one of clains 26-32, wherein the
cell gulture ppdi Uﬁﬂefdéflwlﬁfre FRIBA TRy Gne\df bR - 1@ rS@let eon’GZpr]%Hic f £ring agent,
or an inorganic elenent. 534. The nmethod of any one of clains 56 33, wherein
the cel | vianingd ealtpe Huffaring seent.moen orgagicsleaepi pi d, a hydrol ysate or a
fraction thereof, or a growth factor. 35. The nethod of any one of

cl ai mr;] 26- 3;1 ém,h;arHien:enIaelt@ehlb?lemldfuﬁ}eoﬂmﬂbummpes, mﬁtencmlaltcai crhlltarepr ot eidn.
36. The nethod of any one cl ai erein_ the ce cul ture nedi um
is 10 cofedH} ‘é(feéa‘“ef?mém?%lpé‘? aé’?/%rnfyé?te ot ﬁiﬂ“&? fhgpeof. or a growsyfaciphe et hod of
any one of clains 29-36, wherein the one or nore dipeptides are al anyl
tyrosi ne and/ 3. aIEmwkﬂcybnehméumxﬁanyomﬁﬁcmhmshélhddmmﬁhanylamsmnf cl ai s
29- 37, “h%%ﬁh?d%gﬁtcotmna qq£%>dipeptides are present in the cell culture
medi um at’ @ concentration lof - about 1 g/L to about 16 g/L. 1539. The net hod

of any one of clalns 29-37, wherein the one or nore dipeptides
4. The cell culture medium of any one of claims 1-13, wherein the cell culture

medium is concentrated as a 2X or greater formulation.

15. The cell culture medium of any one of claims 4-14, wherein the one or more

dipeptides are alanyl tyrosine, and/or alanyl cysteine, and/or alanyl cystine dimer.

15 16. The cell culture medium of any one of claims 4-6 or 8-14, wherein the one or

more dipeptides are present at a concentration of about 1 g/L. to about 16 g/I..

17. The cell culture medium of any one of claims 4-6 or 8-14, wherein the one or

more dipeptides are present at a concentration of about 2.5 g/L. to about 8.5 g/L..

18. The cell culture medium of any one of claims 6 or 8-17, wherein the liquid

20  solution stored at 2-8°C remains free of precipitate for over 12 months.

19. A method of culturing a cell, comprising contacting the cell with a basal cell
culture medium under conditions supporting the cultivation of the cell and supplementing the
basal cell culture medium with a concentrated feed or medium according to any one of claims

1-18.

25 20. The method according to claim 19, wherein the basal cell culture medium is

supplemented with the concentrated feed or medium on more than one day.

21. The method of claim 20, wherein the supplementation of the basal cell culture

medium with the concentrated feed or medium occurs either from day 0, day 1, day 2, day 3,

43



are present at a concentration of about 2.5 g/L to about 8.5 g/L. 40.
The nmet hod of any one of clains 29-39, wherein the cell culture nmedi um
stored atwd-28G/13s89wai ns free of precipitate for over 12 momtuss011/033630 41.
A method for analyzing a cell culture nedium concentrated feed, or 20
reconstituted nedium the nmethod conprising determ ning the presence or
absence of a short peptide conprising cysteine or tyrosine in the nmedium
42. The 4 110 ] sate-free,
cei | cul 1oF Roha{aBPRAKEL R B SRE NI S Soro M b B B R L s
wher ei n tlRer&hal yzing is perfornmed by a nethod selected fromthe group
conprising: mass spectronetry 25(LCVS); capillary el ectrophoresis and HPLC.

43. The net hoth f orrianadiidd stAnRosesremihy 8821, Rttt Me fippRmeAkdsPIMBAL e-f T ee,
cell culture nmedium concentrated feed, or reconstituted nediumof claimi4l

wher ei n thawl st tus anpdivaeis @bihept 5ad% ¢ gboyt Rradée, of g fotalstagengoelugieofani no

aci ds; WRA0LM.433904P6ddi1/52011/ 033630 44. The nmethod for anal yzing
a nmedium of claim4l wherein the short peptide is a dipeptide. 45,

The net hod of ¢l aim 23, rein the CHO | produces a virus 46.
The method of 2% al TcBengliang) find flerghs L E5) oBRPeng il B ak e hR ngiopy

Vi rus- Slahk@eq@adntavianeycadl #al, or a fish celd7. The net hod of clai m 46, wherein the
virus is an adenovirus, lentivirus, bacul ovirus, sendai virus, vaccinia

virus, or an %:'g' ntﬁﬁe;lﬁ%%i (gf%iailg§5,i V}él.l?e%uY ﬁg}c@?é@?tféc.es an immunogg)jou (?ramst hod of

claim 46, wherein carri es nuc e net hod of
cl ai m 48 fraghenteharedfhe nucleic acid is RNA. 1050. The cell culture medi um of
claim9, wherein the hexose is selected fromthe group consisting of

gl ucoge, gal agt osernd hdirdOSTRIaANA4 @S fre cell produced dreay GEA BooPWhd/ULE Medi um
concentrated feed, or reconstituted nediumconprising a small peptide

conpri si ngEpegieulia obt fregmens fheol.wher ei n sai d cel | cul ture medium
concentrated feed, or reconstituted nediumis serumfree, protein-free
and/ or hydr ol g&6at eA method of preparing a cell culture medium, comprising combining one or

more small peptides with a carbohydrate and at least one amino acid or salt thereof, wherein

each of the one or more small peptides comprises a cysteine or a tyrosine.

15 27. The method of claim 26, wherein the amino acids of the one or more small
peptides, other than cysteine or tyrosine, are selected from alanine, glycine, serine, valine,

proline, aspartic acid, arginine, glutamine or glutamic acid.

28. The method of claim 27, wherein the amino acids of the one or more small

peptides, other than cysteine or tyrosine, are alanine or glycine.

20 29. The method of claim 26, wherein the one or more small peptides are one or
more dipeptides selected from X-tyrosine, X-cysteine, tyrosine-X, or cysteine-X, or a salt
thereof, wherein X is selected from alanine, glycine, serine, valine, proline, aspartic acid,
arginine or glutamic acid and wherein the N-terminal amino acid of the one or dipeptides has

a free amino group.

25 30. The method of claim 29, wherein X is alanine or glycine.
31. The method of any one of claims 26-30, wherein the carbohydrate is glucose.
32. The method of any one of claims 26-31, wherein at least one the amino acid,

or salt thereof, is one or more of arginine, asparagine, aspartic acid, cysteine, glutamic acid,

44-



15free. 52. The cell culture nedium concentrated feed, or
reconstituted nmedium of claim51 wherein said small peptide conprises two,
t hree, fowp,20f1/n88900r si x am no acids. 53. A cel | pcuiuseoia/oszsdé um
concentrated feed, or reconstituted nediumof claim11l that supports the
production of a reconbinant protein. 2054. The cell culture medi um
concentrated feed, or reconstituted nediumof claim53 wherein the

reconbin I 55.
A compooi Ty 4R dk ke AR, WITHIRR BRI Rk Rol AR REIFER e coq o
reconstlt@t@dﬂnﬂﬁpuﬂmoﬂym$mmnmdVdnd.a cell. 56. A nethod of making a

reconbi nant protein in a cell culture nmedi um 25conprising: contacting a

cell with thesgel | TicUhddE IR DML cEANEENST AR B Qlltufe@f@n | t ut ed
medi um of Claim1; and cultlvatuw%?sald cel’l under conditions suitable for
&

the growtHthsf cappriseceyifantmdy/sal. A NECRNIEESs Pl IBPr2aus deP@tonbi nant pr ot ei n.
WO 2011/ 133902PCT/ US2011/ 033630 57. A kit for the cultivation of a cell in
vitros said k4. cdﬁmﬂlahcngof@nﬁomarofmIes 2O}, athaeisthe whbrudtre raediunt Sdes

contai ner contain \m co |S|n | east 0o di peptide according to
P Al m 1 g Bt SR G ORI IS SPOOGKE Lhe cerl 1 curture

and/ or the expression of reconbinant protein. 5 58. The kit of claim 57
wherein sai d ¥l t utte ghidofzng pendichimp?o-p4 vddiver @atcll @GureThrgivai doesf ¢l ai m
57 mheregﬁtéﬁ[ gromh is high-density growth. 1060. A nethod of making a
virus or viral particle in a cell culture nedium

The method of any one of claims 26-35, wherein the cell culture medium is

10  concentrated as a 2X or greater formulation.

37. The method of any one of claims 29-36, wherein the one or more dipeptides

are alanyl tyrosine and/or alanyl cysteine.

38. The method of any one of claims 29-37, wherein the one or more dipeptides

are present in the cell culture medium at a concentration of about 1 g/L. to about 16 g/L..

15 39. The method of any one of claims 29-37, wherein the one or more dipeptides

are present at a concentration of about 2.5 g/L. to about 8.5 g/L..

40. The method of any one of claims 29-39, wherein the cell culture medium

stored at 2-8°C remains free of precipitate for over 12 months.

41. A method for analyzing a cell culture medium, concentrated feed, or
20  reconstituted medium, the method comprising determining the presence or absence of a short

peptide comprising cysteine or tyrosine in the medium.

42. The method for analyzing a serum-free, protein-free, hydrolysate-free, cell
culture medium, concentrated feed, or reconstituted medium of claim 41 wherein the
analyzing is performed by a method selected from the group comprising: mass spectrometry

25  (LCMS); capillary electrophoresis and HPLC.

43. The method for analyzing a serum-free, protein-free, hydrolysate-free, cell
culture medium, concentrated feed, or reconstituted medium of claim 41 wherein the short

peptide comprises two, three, four, five or six amino acids.
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concentrated feed, or reconstituted nmediumof claim1 conprising: culturing
a reconbinant cell in the cell culture nediumof claim1, wherein the

medi um suwpantigiztdee growt h of said cell under conditi ongcsuist@blogscBor
expression of said virus or viral particle. 61. A reconbi nant
protein produced by the nmethod of claimb56. 15 62. A virus or
viral particle produced by the nethod of claim60. 63. Use of a cel
culture nediu c tHt.ae [ lto
roduce a virik or T el EFulfBths sHed B ARSI 4 A e A
concent r g@iredtideced, or reconstituted nedlun1produced by the nethod of claim
26. 65.The cell culture nmediumof claiml or 64, wherein the small peptide

is either a dipeptiganeBod siicRERLE Afherdn HRITAPENAL frd@icePa PARE apeptide, a
hexapepti de, a heptapeptlde an oct apepti de, a nonapeptide, or a

decapepti de. e nedi 64, wherein the
St | pept § e e atrugyd offrh Y5 R ah P a3t Dubughy it af bR

67. The dﬁbbmﬁub(uLEynedlun1of claiml or 64, wherein the small peptide is
at | east about ten am no acids in |ength. 68. The nethod of claim

22, wherein sayd SHRRhGRRIGAiR 6! Whet QR e ML A%n adnBHius3RRANGE, cul ture.

baculovirus, sendai virus, vaccinia virus, or an engineered viral derivative thereof.
48. The method of claim 46, wherein the VLP carries a nucleic acid.
49, The method of claim 48, wherein the nucleic acid is RNA.

10 50. The cell culture medium of claim 9, wherein the hexose is selected from the

group consisting of glucose, galactose, fructose and maltose.

51. A cell culture medium, concentrated feed, or reconstituted medium comprising
a small peptide comprising cysteine or tyrosine, wherein said cell culture medium,
concentrated feed, or reconstituted medium is serum-free, protein-free and/or hydrolysate-

15  free.

52. The cell culture medium, concentrated feed, or reconstituted medium of claim

51 wherein said small peptide comprises two, three, four, five or six amino acids.

53. A cell culture medium, concentrated feed, or reconstituted medium of claim 1

that supports the production of a recombinant protein.

20 54. The cell culture medium, concentrated feed, or reconstituted medium of claim

53 wherein the recombinant protein is an immunoglobulin or a fragment thereof.

55. A composition comprising the cell culture medium, concentrated feed, or

reconstituted medium of claim 1 and a cell.

56. A method of making a recombinant protein in a cell culture medium
25 comprising: contacting a cell with the cell culture medium, concentrated feed, or
reconstituted medium of Claim 1; and cultivating said cell under conditions suitable

for the growth of said cell and/or the expression of said recombinant protein.
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57. A kit for the cultivation of a cell ir vitro, said kit comprising one or more
containers, wherein a first container contains a medium comprising at least one dipeptide
according to claim 1, and wherein said medium supports the growth of the cell in culture

and/or the expression of recombinant protein.

58. The kit of claim 57 wherein said culture is in suspension or is adherent.

59. The kit of claim 57 wherein said growth is high-density growth.

60. A method of making a virus or a viral particle in a cell culture medium,
concentrated feed, or reconstituted medium of claim 1 comprising: culturing a recombinant
cell in the cell culture medium of claim 1, wherein the medium supports the growth of said

cell under conditions suitable for expression of said virus or viral particle.

61. A recombinant protein produced by the method of claim 56.

62. A virus or viral particle produced by the method of claim 60.

63. Use of a cell culture medium, concentrated feed, or reconstituted medium of

claim 1 to produce a virus or a recombinant protein.

64. A culture medium, concentrated feed, or reconstituted medium produced by

the method of claim 26.

65. The cell culture medium of claim 1 or 64, wherein the small peptide is either a
dipeptide, a tripeptide, a tetrapeptide, a pentapeptide, a hexapeptide, a heptapeptide, an

octapeptide, a nonapeptide, or a decapeptide.

66. The cell culture medium of claim 1 or 64, wherein the small peptide is at least

about two to ten amino acids in length.

67. The cell culture medium of claim 1 or 64, wherein the small peptide is at least

about ten amino acids in length.

68. The method of claim 22, wherein said supplementation is done during a fed-

batch culture.
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