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15 January 2007 WD 20041008100 PCT/ US2003/ 021733 January 2007
METHODS AND MEDI A FOR CONTROLLI NG SI ALYLATI ON OF
PROTEI NS PROCDUCED BY MAMVALI AN CELLS FI ELD OF THE
wo 20000%ENp ON 5 The invention relates to net pg'glﬁsﬁ[ﬂ?ozf‘ﬁgi a
for controlling the sialylation of a protern produced
by cultured cells. BACKGROUND Proteins are useful in
a variety of diagnostic, pharnmacol ogic, agricultural,
10 nutritional, and research applications. Gven the

MESHODSSANDIMEPEA FORGONTROLLENG SSAEVLATION OF

t her a j jncre s in the
er 1 cr ROTEgF PR Ep Y B AN EBRLS o "ana
stability of a protein can be val uable. The function
and stability nd_hence the utility, of a protein

can be aff ectH PR ISVENTEION: i onal addition of
SKg Mivehi@si SRS tolrReth b B : ein.

. For _exanpl e, tt?e ad‘(gzlhi%tali:i{iaﬁk‘?f'i @ofgg?tgogﬁné%@? g?&%ﬁ%&;ati d
proteinypregugerdly quifuisdslisacchar i des attached to a gl ycoprotein
generally increases the protein's lifetine in the

bl oodstream and can, in particular cases, also affect

sol ubil'ity, ther nBACHGROUNIY, resistance to protease
[ and specific activity of sone

t ack anﬁ:']lq eni cj t)y,- . ! i
Y85 g Besr &7 2 et of oaestiar mhemgaselopic mguliural
iritioBhlparRiGBgRekch appibdioBt. 0O6RE ' o et al.
o FEEOM o e fiﬂ%iﬁ cost 8 rofibind bl
especially thegigytic navieing. syansmall ingrensesds thereffeiasicnbf mroduwtion or
: - j hally.. t ei
in the FRAA A Blbitly o ORI bDva SRR 8 b o LR "
and henph ghei uiilityn of ayotpinewm YesTovediby tandstraslagsis] sdditicaWft ur i ng

[ | ls,.sS0 5 as. to .produc pr.otein

sugar I%g&ﬁg%‘!ﬁé%%f& mé"e’?:"P&ﬂegiycPch?Eﬁ%i%ﬁ’f Siheiadditigngf ¢
terminat cinlic @id 1@fidued i pobyRadchiridel %cﬁ&i’t@%%ﬁcoﬁﬁ@ir?%e@gﬂaﬁy aci d
. content. of the protein, The inventi'on provides a
mereaserthe prgteingy lifpting indhs blgodsirea and com, inpettiorlargiasesydlsat i on of
affect s@ubilifl Gk BBk CONBY i S| ul.tyring the

- cel_l_fs-,31 i nﬁ%alpkr[r%di am %:Ig'?rﬁpbreﬁ‘gk}r?geasgea 1CT 8@@5@%51 ’faP‘Ect ose.
specificpgiivityad dpromglpenprdteins efen mgf Ge endWelnnE993)] Bioteehiadr | se

Q:

and BicthEBeh AR SCartite o B kB a B s st se can

therefore dedirable td inaimase #eislic Acidl coiltbitof 2 BREEprdtain dpedidIgR about
Iveo Ot.5tn%/lto g{%oHt 20 mVv1 from about mM to about 10 nM
glycoprafeindp Beissd Ky pharmagqlegic applicatiogs.mM  The concentration of
-1 15 January 2007 N-acetyl mannosam ne can be at
| east about 0.8 nmM optionally at |east about 2 nmM 3
m™ 4 M 5 nmM 1 BY 20 MM The protein can be a

BiRGh Rt prbHER TN s bl n%gtn?a%nnalian cells so

 as to produce a protein, optionally a secreted recombinant protein, and to control or,

optionally, to increase, the sialic acid content of the protein. The invention provides a

method for increasing production and/or sialylation of a protein.by mammalian cells
comprising culturing the cells in a medium comprising galactose and fructose. The
medium may be serum free and may also comprise N-acetyhnannosainiﬁe and/or
mannose. The concentrations of galactose, mam.lo.se, and fructose can'éach;ﬁé_fronf
about 0.1 mM to abqiit 40 mM, from about OSmM to about 20 mM, from abo'u't‘

-1 1M to about 10 mM, or from about 1 mM to about 5 mM. The concentration of
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mammal i an cells can be CHO cells. The cells nmay1Bdanuary 2007
cultured at a tenperature from about 29C to about 35C.
In a first aspect of the present invention, there is
- provided a nethod for controlling the sialic acid
N-s@neainoginise qan bé ﬁilﬁs@ﬁ&ﬂ @@Gﬂl?&b&ptﬁﬂeﬂ]ﬁ't ie@ed kit 2 MM, 3 mM, 4
0 u t he S in _sus sion in a
TSR T B 2 bl e it b oo L@ PP the
mayamlian il agebe GH@LLS. Bicollsantertingéd 4t A eenffein®t Fom Thsut

m further conprise mannose and/or N
29%%ta§?'fr§2%03am ne. In a second aspect of the present

i nvémh ﬁfsnaspéth 6f the pRsdat ipvinded] tierd e giovited Ofetibd ol Ebrfa@lling

the n%aﬁ;ﬁ%%‘% al Cg G Onpg%g'ﬁ eﬁ%g%nag@%ﬁ%? %ells Egr}ljﬁf¥sgl?g%ul?u?glg the

celd-im mpgdsmiﬁ Iilmmafﬁnﬁ eomprizing chiaétbd 288 pe@bse OfhelrEhAlc@S Bbkase
? t1€ e r0\(/ilded %‘?thOd for contro]ling

s oyt g Btedm Sn SyiEscmPesBRTS g Jor N-

acgylintmifosangnd. manmal i an cell that produces the protein

in di um cet nosam ne. and
gal i s B ﬁé&f’ ﬂ&?? Give %%"B‘eaese Propided f meqipm for qylturing
magonfientello tortdrizing zalk@bsl, frubhte SRIJnkEA0EA Thé MEAITE Can also contain

N_&o&gﬁ se mannose. In a fourth aspect of the present
AYERET SR Fhere is provided a mediumfor cul turing

meumived ihird agpettlos the @fq@emt &waglo@,ah@@ IsQEvidell b Wzt Gor cBMifdlling
th aspect of the present

R A e g RN A a¥igh celkiier @xedhong the
pratdnempmeddmcctdmsmg Naaca;/maemdsaxbme il dalbictod THRMBEL 3k

RS S R SR SO 00

f r uhteoﬁae:;th aspan 0ftg praselt mmhai; &}&Bﬁs proRRled B feditiin G@tulturing
I ,CO sze acet rmnn mne. In a sixth

-ma%%“afé% Celfy SRS gaRe bR, Pt PEIORAGy i ded a
' nmet Hod fi fth aspectiof the lpteséhg inv értien, Sheﬁlé is@rifded a GRtHod E’dr nﬂfreaﬁng

RN LGB SR, SV, FRTLL G0

corteising lcdtumng tHermmummaddianitel2 HG mhealidh CorhftistrgFRGiob nannose, and
mannose, and

I. fruc al. ose,
gﬂ%ﬁgggi Wﬂﬁ?ﬂh?ﬁgwm&ﬂ I-AcepimannesmRent  at i on of
frudd msetmaspet:he‘ tlqudesumnvsntfmmr& isCproilldd@ niethbdrTdd controlling:
. the Mﬁ{ 801({] COR{E‘:Bt Orﬂ%l??rl%r% 11 %m 61%0&@ %ng\tﬁ]g%gé b}%@‘é’gf ?nan(?:ﬂ%ﬁgt]
- expnasitho saeommnadn eromaidiit ummperahrreﬁ%ﬁh aBout 4000 55 iimediigh
: el.n .t he ncentratl cet yl nanhos n1ne |n t he
com e et B S R N A Pl RO e OB ¢ D
conptmaatmmtof ifrvtesttin dwr metllverie frbm 1M 1d & mMVIsEereh thy-
am.n 3¢ for_the preparation of
M%%%l ﬁ%%r%ﬁ%@%l@%ﬂhMWﬁW&a
conpsm’atemnnqmnoné e thel rpgfium isTROMAI0INAV t€ 810 ImM Amndewtaadh ment
opti.o aII a .ser.um medi um for
Con%?lr? l}ﬂm Naac qma%fmglﬁe g & mediug i3 A Ig‘?sﬁ{%jg ﬂg\ﬁ ‘act ose and
o fr uhtmsenﬁnmsipecb@tﬂnm&bxhtynvehﬁ@pﬁeryI:srmaﬂ&&ainsa efNan d/ or
ace@%ﬂ&?s%hm@an@ Catla%?osé for @rﬁ%%grhtlon ofa meﬁﬁlgno or con ollmg su?hc acid

~content of a protein produced by a mammalian cell. -

. An embodiment, may be a medium, optionally a serum free medium, for culturing
_ mammahan cells comprxsmg oafactose and fructose and, optlonally, N acetylmannosamme
-and/or mannose. Galactose, mannose, and fructose can bea '
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15 January 2007 concentrations from about 0.1 AfJeauary 2007

about 40 nM each, from about 0.5 nMto about 20 nM

each, fromabout | mMMto about 10 nM each, or from

about 1 mMto about 5 mM each. N acetyl mannosam ne
commdnﬁnsaﬁrormaiﬁmm efiM wtabont 40 M tach st atRbont m @ a8t 20 mM

.eac%nMJm a Q te %gtomglﬂ%t]lﬁ gagylle%c?n Q{é‘;ﬁr}r%optﬁnrfgﬁd{]cg r@ Ogl?g&lgk:ge |t1\&

ac&tyjmharomrmfle cad bp B0 @hdEen@AORATOE 561Gt AbUhtIOLE thIY 1 AMYR NG| 10 &M,
15 ? produces the protein in medi um conprising
ace yimrlr\%nnosam ne and gal actose. The nedi um can
f ur t%menmmﬂlnm hayelhrsea mRthodin BatRIlinDHeisRNAldid content of
2 mtem ase. alllnd jrannose ca e ch be present at a
pconc%ﬁ?prrg% ESHY IS ATEBTHI2M S B ¢ 0 about 4.5 M
prodnees tlmsmotam th meden ﬂﬁ@rilsfiag Ngﬁegflmz{nh?ﬁsaﬁtﬂﬁﬁnd)galéiiofsé ghent
oncen |ons e ce can be cult a
mefRfEcan Sir et oppiiss e W%‘S@a%t??a*@?%wt%ﬁdofﬂ%npv can
eam‘itbe aretsmﬂ'ﬁ!&rcah@nﬁatfon Goinaboutt] 530 tb Bboubd® M. 38 (ctos®dindf r OmM

ut 30C t bout 35C. .The_co rati on of N
mafiRR¥ a2 he it ok ROt Conffointt pf LR be Plive aCa
' tenmbmutr@fr&n H’Mut am tdi lﬂﬁ)uﬁmc,ed’jﬁlbﬁlly% a&ﬁnpeﬂgllr@ﬁf&ﬁ 515511u'trﬁ2\z°c to
about

aboTlE%S gfot er'h ‘& 3 g%n@éig?‘g%g# S'P%Toé‘?‘?’i‘" HPEN- a
acenemmmanmm in lﬂfemteﬂlum ante @tﬁéhsbe&aoﬁlfmul‘@ ghd the @nédniPatedl Jf -

gala‘Anglgse 1 %ﬂnecf g‘%ﬁgﬂ l?gs QR g)ﬁt P Sa’&@tﬂg Tgﬁgvl 'f‘heI ptrclftglh Chbea

secfdtﬁqﬁtylh Hmiﬂdsr@sansmbelaﬂrﬁﬁbtel@ piid €A 8t pivducdll 5 EHOGEIRSE an d
e nedjum Frycto

o B LR PR ettt B PR S iy
galgotbe Bmﬂﬁ-(awylmamloh&ﬂuﬁ and, (ﬁﬁlﬂﬁ‘éﬁlﬂ,t dlRtfivetdsd dnd Eﬁaﬂﬂgbl bre koabined
nno a m can e at

. t o ,about et a
it Moo R0 Hlusfosc el g enR e Rilion o By Tl BAVEs Ok
andoBamnbye caiabe @ acanegrtiontrom abcfut omnabmaboﬂx 4% @M. No about

see iR mkR L OSRP G P ECon o P pbosg) S EHestr on

at aa;nnqem;wmu édmmbbdalod hidto ﬁoﬁdﬂﬁ M The ﬁfaﬁhhﬁhf]h dalls can be CHO
jan.cells that express the protein
Cellgl%mglr My nélmccﬁ}qga?e% ftie mammalian cells at a
te nﬁe’rhat diseloded bereiaoautimpRed Bethdibiot prdd(Cingha protéiR 8Y tilturing
Q7 V\D 2004/ 008100 PCT/ US2 03/ 1733
mar @i 2o A ok SIS ProttiR GOt i SLIbe R P g ol 8t
' tempcrﬂprﬁsmgjmh%f’@ﬁceabamdfc opimana | y, al so fructose and
. mannose. The concentration of gal actose, mannose and
“fructose can be fromabout 1.5 mMto about 4.5 niv
each. The concentrations of gal actose, mannose and
fructose can be the sane as or different from each
other. The 5 concentration of N-acetyl mannosam ne can
be at | east about 0.8 mM and the nmedium can be:
serumfree. The manmualian cells can-be CHO cel I's, and
the protein can be a
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secreted, reconbinant protein. Finally, the invéntamary 2007
provides a nmethod for controlling the sialic acid
content of a reconbinant protein conprising culturing
wo 200800%%e! @an cells that express the 10 recoghi
protein at a tenperature from about 29C F%@%ﬁéﬂmygt
B ey i et naakiny Eh RS co R AR P | one

ﬁg,d N- acet yl rannosam ne erein tions
optionglfy, #lpq fuciese andmanose SEhe cangnirationad galacmosbhﬁatﬂﬁedﬂ anth ar e

fructosfe Eﬁf'ﬂe@éﬂr‘ Eboutl § nﬁw %8‘2{)‘§F H’&ﬁ ﬁ%:gm%go%g?q%rggﬁ oﬁ;g: Bm

he concentration
galactoses mann¢seasd froct@ernih belthe s s &N HifREdnPASm Shchiinic t PRE

concenfF 810 Ao iR B o o hors G5 o e
can be E:lrﬁ:ﬂ%S Thtgbﬁﬁlﬂnﬁhtﬁﬁ@ﬂ‘@caﬁ b@ @I—}@éelﬁ%ﬁ% r&m@%&{] I\JAB%/ 4 and

g to sialylation ycoprot el
Se"fete‘éé napkyoioR. * Bi ol . CeIIuI aire 35: 213 26 @ and

Bl o8 proflold EROAGH ror A 0500500 02 48

| ecul es used 1 n the Tnven

ofa recp@b@gmotplg cgmmmgcgulmng mmalu@%%ﬂfe@ﬁ% sttRe an
ares the

mcombﬂ[a‘t‘ﬂ%tg?‘@[‘ N nl%&m?got tﬁ% 2%‘%6‘9 i‘g%%?%aé‘é'ﬁgﬁm reg| on

comprisiig fmml galmtbﬁe} &iaﬁnés@%h@ N-dc8 Bsafrﬂﬁaeg'gér ‘338 scri bed

concen éﬁl% of an ti body (TNFR: whi ch
OOt 2 ctoss, %@snmwynmn@ndmmm from)abbwtnge

L5 mM0\abTR 4 511 KA Rfheleln B OMERG BY NG LGSOl 11

media with the indicate

in the megdiam i ptigast 18 1My B roecknbytians of frietose, mbdnoss in@ddi t i ves
I ar e ared to a single batch
gelactoss cﬁﬁ%&@gﬁ?&)ﬁ}ggﬁi‘gfg}&m% éﬁ’g{‘%‘t e experinent by -

cultures grown without medium additives. 30 Figure 3

is a contqur. plat de_using the | MP conputer software
(descri be& ™ BEl uv%d@m ’fg HIGHBESs of

Mgateatsylbwgah@mfﬁi Gbélf! théﬁg}m& f . TNFR Fc
i é inted in bol deand kygxe nextRETe [%h%m Ofa poi nt
glycopr %}Hiu%%ﬁtlﬁ apthpehaust (7P hBinl. Gellulaie 8521860 Gupaat of

S e e R e T AR

inventioparp/bogeh 0yeavE Tagibidkds smd:n(h’}ita@ﬁn GORGOdcdk ks Of

I osam ne and sugars (fruct ose, gal actose,
arow °°%$3‘§‘?r‘g% Joe e AT LED DESCRI PTI ON 5 DEFI NI TIHONS An
Eigllrlekz@dm‘lpmthblﬁigﬁ sﬂ@aﬁﬂzﬂg frdcﬁo@oﬂﬁé’é:&fanlﬁfa{ fe ne' ?x of

i ns, each_of which conprises at [eas

tumor negastsgq,% qrg:f:egtpr fusedde thels regien of-an|astibodly i(BSBR:Fc, whmh

is described in US Patent No. 5,395, 760) on an anjon exchange column when
TNFR:Fc is produced by cultures grown in media with the indicated additives. All

“samples, including that produced by a culture without additives (labeled “Control”), .

are compared to a single batch of TNFR:Fc produced in a separate experiment by
cultureés grown without medium additives. '

Figure 3 is a contour plot made using the JMP computer software (descnbed

‘below) showing the moles of N-acetylneuraminic acid (NANA) per mole of TNFR:Fc

(printed in bold and boxed next to each data point sampled in this expenment and

_Iabelcd as part of each contour line) produccd by cultured cells grown in media wrth
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i mmunogl obul i n domai ns. Anti bodi es may be si ngl &5 dénlary 2007

anti bodies, dineric 10 anti bodi es, or sone higher
order conplex of proteins including, but not limted

eterodineric anti bodies and tetra i
WO 2gB00s EGtPsmosmait

ant i %)odi es. A constant anti body i nmunog

the indicBied Borl 1], | ?9[5?!@ hat is jdentical to or
subst ant | a| i géés}ik}fnlm%e%lm 0 a éa@ﬁfgmﬂfﬁ‘c OFpglagipse oy,
and maageRgl-n of human or animal origin. See e.g. Hasenmann

and Capra, | nmmnoglobulins: 15 Structure and Functi on,
in WlliamE. Paul, ed., Fundanental | nmunol ogy,

Second Editi DETAIDED BESCRHBrIONS9) . An anti body

i mmunogl obulin domain is at least 10 amno acids in
| ength, optional |y DEENITERNSt 15 20 25, 30, 35, 40,

50, 60, 70, 80, or 90 amno acids in length. An Fc
pevantibadn s nied hereinpisayprotein lon desplénofeproteins, andhrod|

ioh d ’ N [ and r
Wthh(i£ E%g %E%Iolhﬂ Ogg%tg)?l@ %3%&%31‘@5?%%993’ ar to these.
immunéglebuligidemains.i Antjbodies nida be HAFE cidariGapdies, denRca, at
. 2-213, | ycoprotein, as used herein, is a protein
muboﬁa?r%ﬁlgg h@@%ﬁ%ﬁ E‘?’FPIE’H ofproteing inclydime hub potdrmitsdéo.or nor e
heterodirperizQiiibidads @Ad telrMGédttinRBodi@SPeCi al Iy, the addition of
ne or nopre sugar residues. 25 An oligosaccharide or

oy ani-nsibpdeimmugogletutlin demainis an mmeroglabulipar
- . L S,
somain B8 WSO 8B oS EE O
domaingyf hynen erehignal edginluSeetes. Hlapmeine aid Cap) heMuAGCHAENA

I 4 N T sjalic aci as used herein,
Structud S ERBICEOE o7 e Pl s By eate bmenalownpeoncr ror o
Edition200}:210-218 (889). i mmmwginanﬁ@giaem dofHaBHE at 1§as9ﬁﬂef I C

. structure encgnpassing all known natural Torns of
amino agids i "%lbiOB“?'!@ﬁ&%lﬁﬁsthJ 093, 30 33,5107 3h 6879, BQET0 WO
amino a2@94/ 1 .00 PCTI US2003/ 021733 ~9H2ZOR1 H C8 -OR1 5

HC/-ORl RR HCIOOH 2 EORI HOR3 1043 HH
An Fc portion of an antibody includes human or animal immuno globulin

domains Cy2 and Cy3 or immunoglobulin domains substantially similar to these. For
discussion, see Hasemann and Capra, supra, at 212-213.

A glycoprotein, as used herein, is a protein that has been modified by the
addition of one or more carbohydrates, including, especially, the addition of one or
more sugar residues.

An oligosaccharide or polysaccharide is a chain of two br mbre sﬁgar
residues linked by covalent chemical bonds.

Sialylation, as used hérein, is the addition of a sialic acid residue to a protein,

~which may be a glycoprotein.

The term sialic acid, as used herein, encompasses a family of sugars
containing 9 or more carbon atoms, including a carboxyl group. A generic structure

encompassing all known natural forms of sialic acid is shown below.
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R groups at various positions on a single nol et®anuary 2007

can be the sane as or different fromeach other. Ri

can be a hydrogen or an acetyl, lactyl, nethyl,

e, 15 phosphate, anhydro, sialic a f

woz‘g’wgl%g@e or gal actose group. R2 can be a%b’ﬁ@szo&%‘%ﬁgs

acetyl, N-glycolyl, am no, hydroxyl,

N—egconI C>acety| or N-glycolyl-Onethyl group. R3

represents the precedlng sugar residue in an

ol i gosacchari de {BB20Ri ch sialic acid is attached in

t he cont ext gLé&Rproteln R3 can be gal actose

(connected a |t§ , or 5 position),

N—acetyl-gal&bfqge-ORanected at its 6 position),

N-acetyl -glucosd 20 (connected at its 4 or 6

position), sialic acid (connected at its 8 or 9

position), or -N-gl ycol yI - neur am ni ¢ aci d.

Essenti al s _of §cobi vhogy, . 15, Varki et al.,
eds., ' Cold Bpring Harbgr L@B atory Press, New York
(1999). Mor 5th 40 for b ialic acid have been
found in n re Fsse of d ycobiol ogy, Ch. 15,
Varki et alg, ea§ S§Ahg Harbor Laboratory

Press, New Yor 7 A 25 common formof sialic
acid is Nacetyjneuramnic acid (NANA), in which Rl is
a hydrogen at HlIl pofltions and R2 is an N-acetyl
group. Substantially simlar protei ns are at | east

RI grodtl 8 vhd ga;ﬂighyoﬁ sihfE R0 han HIRLLIE S of ArEIGN_ Ot her

am no e an

from eadbgﬁhcxamlecanbaa hsathrogdn@rbm adetyllilayl, ethylydulmeOf t he
Identity of two 30

phosphdiReh A B BT o, fiePe, ramlsciosk o S e B
acetyl, N@ﬁ:bm @A) Hydtbyl N~gly&§?ﬁ(§labé%ﬁ @m‘ k_p@rH?Jtﬂ al

| cul atlon or nore prete aris
group.

KRPrespnts Bpraceding susatyesiduedn amhgqm:hmde mcswmgh :aahc

S
s SR B 5 s S A T
3, 4, or f\pesiiomi hﬁ-a@r@;;d@}getosee(cmneﬂecﬂﬂn@6 mﬁﬁ@f)ﬂlﬁ%acetﬁ%%cose
Aci ds Res. 12: 387).

Nucl
(connectd e £ pe sy %(ﬁ%}?f?g%etﬂs SAB9298PD0% 100
-N-gly&ﬁjﬂ/—ﬂdﬁﬁiﬂﬁﬁb %&E&nﬁﬂﬁ %ch&ﬁél@ﬁﬁetﬁrﬁs Nafki Lie, ?dgAP

Cold S cl ude; zNeThe GCG i np I'enentati on o
old SpRHEFGAL| SRraiars s Nemarart CHao8). o Grend@farmsof 1 f or
sialic acidi@Ré bé@@&r@@gnﬁuécﬁss&ﬁgrs of @gﬂ%zﬁogi,)(:hf p§ nucl eoti des,

and the wei ghted am no acid on metrix of
Varki etdiqﬂgk@oldaﬁwdngﬂn@esbabpm%ﬁhesm@w Yohk (]@99)%65 14: 6745,

5 ff At | f
commof$onf S SUDENTN DRI And, RO iy ™ °
hydmgesammsmahs anR&S!ﬁamN-aEagﬂrgﬂm on, pp. 353-358 (1979)
ol %ngﬁ mggrrab e con‘garlson matri ces; 2)
WS DROEH profemns geet 5%53Q%d0ﬁwnﬂbtﬁtﬁaﬁiﬁ fo, penal ty
identicalab edchfoffier @Pmkins Xdi@@quén‘&e nﬁﬁfbraﬁ rn‘?‘%&ﬂgﬁ@ d

sequences, or penalt or. eacn gap an

manner g H%Oiqg%ﬁﬁbildlpﬂéhﬁ th%/lm%ﬁe@pﬁomm e’&wlpeﬁzyntbdﬂnut}mf each gap

i@ no e nal o r en
amino a éag{% t@M‘Huglgn?: f?ﬁ ﬁ%‘ﬁ?}%@ ?rau%ﬁnje pdé%%ﬂn%d 36Y1sq gTh e
mathema:tvggl. caleslatién, bfmoie\mfmhiy,&hﬁﬁoxﬁﬂaﬁhon is done by companng

sequence information using a computer program. An exemplary computer program is

 the Genencs Computer Group (GCG; Madison, WI) Wisconsin package version 10.0
prog_ram, 'GAP' (Devereux et al. (1984), Nucl. Acids Res. 12: 387). The preferred
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: er
precursor protein

are aligned by GAP for conparison are at |east 18 January 2007
am no acids long, optionally at |east 20, 40, 60, 80,
100, 150, 200, 250, or 300 am no acids |long. O her

ns ed by those skilled in the a ce
wo z@g@n%g@i sonuian aI)/so b: u:eld. OneI of skil féTfﬁ%ostogfﬁ?t

i ' . . er hosen n affect
defavitfiatamcl b0 Lot Blerdd e RAERTPHR G B3R ERn 315 1 e
unary compasseo esitriy eomtaismig mivake of Afor&denitids an@0 fdrhogly

. oo noal obul i n,domai.n. is an i nogl.obul i n domai n
identifp} o ‘}“gle?qbdéﬁﬁ%gﬁe V%?fgrﬁ%fi&*@&?mq‘ foFpAdtORipaix 6o a VL or
Gribska Mitl Biogsa (1986), KuUTBALIAY RATIATYS, 20 Hdsalifhd b? SeRABD! €

i mmunaogl obulin domain is at |east 10 am no

ant i bod
and Dagfotfieds.laf eripltperiifaSeavenrs gnd Sinucien datiars] BRmedBal 30,
i X . ] acids in . 20
RescargeRoutihiion by, oot Aty Phor Sher ChufbBR BEbirkoh Barites . 1o
(2) a pymaldy ef 3o dach giprand en additidriabpeghlysoaf b péacky Bynibol in each

el and t he suybs nt processing of these
gap forg ar'%oo c)gis a% %L%eg%estoél?e%#%é’gsbl ?%8“5’1&% , tional penaltyy,
of 3 foragach §yudol in @A gap FRPREIHER sbdueiceR (G} fenalhOdt &fa et al .,
] %¢ cul ar, Cel|l Biology, Chapter 17, H™ Freeman, New
82pS; ARk M} BB ReBalydRElopg gaps: Kae feaivnyefi the el poteips telr sor
are aligREPBEGAP fiRcbBpdRof Rkdt RELRE EJE]%IO a8t Fﬁ ,%ﬁ&%ﬂ%‘g of
b that 1 n egf E

tuni canycin, an antibiotic res h the
least 20,4 $0c80, Y, 650, 390, 350.cw 36Q arhiap ralds long cOthegprogrames sar y

- i ion.(d i hed bel ow) .. 1d. |
wed B ML R ARG SR Al R R bl '
in the ag eniHl exceghizeaharttel parameters dhosdnl vas hffect blutpeﬂcau%aﬁ?@ﬁd nor e

. rapi dl y.than | ycosyl ated fibronectin. Lodish et al.,
Wﬂldﬂg%%?&f%ﬁ%ﬁ@&@@?é%&ﬁ?%ﬁ@ ns and cell surface
ArvaiiabBantibgtlydiimalogloBalt doAsin iS4 'Eﬂ:‘iﬁﬁlﬁiélﬁ&ﬂmfdaﬁiaﬁi 'n
. .addi tion, nunerous cytoplasmc andl nucl gar proteilns
that is idgngica] prsybstantiallp siyilar ok Vil wdi Gt dosairedf humga pr @nimal

o, | : Lal o . 13. ,56..15 January 2007
o B R D PR i o a2 ™
length, guiodaliSpatileagt 1922028, 30350434, t501 60, T, 86Sor IDRWMINGCKds §41999) :
length A set of enzymes capable of glycosylating proteins is

“located within the endoplasmc reticulumand the
Gol gi, organelles that secreted and cell surface
proteins pass through on their path to the cell
nmenbr ane and beyord®ESCREEION|ent i f-i cati on of nuclear 5
‘ . b .
O R M SRCRRIE: SRS ceAitnRate BNy
proteinsipndthhiubsequsnt pOnessing of teselcarbehydadtes, cae dffect tHegbldingpr i ng

- ) Pres.s, M 999 .t hough
stability, B HcnbAP BloBLBtoara ghOiBE: Lgh f Al MOy el Bhpiaey.
Chapter 37 00/ Freemaa Ny 6ika 2B00N OBk aale, ARShedfagPhigigi NS can

b ughly djvided into two cl asses,
Eanqs % foid properly in the presence of tunicamyein, an antibiotic

~ that interferes with the production of an oligosaccharide precursor necessary for

N-linked glycosylation (described below). Id. In addition, a nq'nglycosylated form

: ﬁbronectjn is secreted normally by fibroblasts, but is degraded more rapidly than

glycosylated fibronectin. Lodish et al., supra.

- Most secreted proteins and cell surface proteins cbntain at least one

~ carbohydrate chain; in addition, numerous cytoplasmic and nuclear proteins are also

| glyépsylated.‘ Lodish et al., supra; Essentials of Glycobiology, Ch. 13,

';.6'
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"Essentiallof @ﬁ:@ﬁ@fogﬁ Q?h QB e\/ﬁfcﬂe@&lh 6.l ?ﬁlr?ﬁﬁﬁorigbérggef

10 O linked glycosylation and N-1inked gl ycosyl &9 awary 2007
Both of these involve the addition of oligosaccharides
to specific amno acids within a protein. Olinked

wo 209h%sRcchari des are |inked to a hydroxyl P@fﬁﬁk‘ﬁosmnm
usually to the hydroxyl group of either a’'serine of a

Vark biHL. 0981 0810'SH 36 ot KRN, e Yo U1RH) L0 SYFT Y

serine and 'threonine resi feleri
enzymgetapitie of slypostiatirtg m@ammmslocated \mﬂmethmembplavmicl 15 be

S PRk D58 L acL s 0 1 o

through po ﬂlempetht@thb el m(émbfaﬁé @:ﬁtbdybrﬂﬂ SThe ideAtBtion BEMIINES
are added one one. Often, the term nal

andlor odamie PRYERS Fipebl o eeaving il fungtiens remains yricestain.

an aspiéa%b asparaglnes are one

Press, New traek ept | de sequences ei t her asparagi ne 20

reo ine.(where X is an

ABEhU o ARBRIAMNITS Gl Rl Al o © O
carbohydryte wgiilfmﬂlom of ploteifsicasbe Dughly Hividdy krid ]tﬁrﬂﬁclasses, |

syl atio ol v ition of a conplex,

'Imk‘%%y E??I%’B ‘ENM@EI?’S?SWEB%MFW thesedpyolyedhe ng of

add1t:|oh bf 6ligosatHAGO&ER0 spiciTR BRER witifh rﬂf&m O-linked
Thi s osacceharl de is

' 1 quer{cetgrl | ucosam ne residues.
polysaqc gvl'éﬁéé% §ébjdfﬁ§f3’1£r%lﬁnltﬂﬂ@1y tathe hydmxalkerelr&a‘rl es of

. either aSk@RSor atGSMiAd Bdddd) ¢ gﬁrc ns 'g?ehr% t?dgd En q’aﬁfgsgll‘itelt on of

vari ous sugar resi due

ﬂlreomtlfeieﬁﬂmandrtbemteea fom detiunga which berinbs sitethRehisawiphar i de

b a,sialic _acid. Lodish et
be ptycifardibndif vich A% RIS Q 3RiR isiS Satpriseran
two brancies mhh:smp}s{@d ﬁfd)m ®he &) four BRARIER kinds 614 bisreéi@.{eg \ﬂﬁéﬁ
dd (Lum dat ed net of biosynthetic pat ways | eading to
are addgq,one by gne, {Jifien, e tepming] ‘éﬁ51dee e sinlic acidr by eonmrest, as

N.lmkddlpbyearcaehe& a‘ré‘at{:dcﬂééfti il Vagi%e}{\@p& aspiREge u?,glgrfi el d

nd Schauer, supra ety o are
aSPal‘agm%/@lﬁRﬁé‘ﬂPaéﬁOf\m&? obive tiptptidesequenced)eittiey adpamgins- of sial i c

C Nt t 0 cop ein | udi n
X-serin6l Sp @il KRR ORI X i onf st R proligiopre.
targets igaglamsyistam n’]]lmd faot stepeis Nlnddad @F el Riio@ i oldfihe and a

st of enz ded t g catal yze the numerous
addm""o‘?% ted branshedkpligasacobadidensistingf syees ] 008100

glucose R Ihﬁﬁ@%élﬁﬂt%%@@aééﬂﬂ@hé’cﬁ ink %smgée ’F{ﬁ’sscfh sac el the

numer ous nol ecul es i'nvol ve
is furthey PWG%*W“&Y@ACOPWEFWFI veriablerpetien C§ sinm, r&sﬁlt:lpgtrhhamemhier e

and addi(ﬁ%ﬁ o *’%ﬁ'ﬂ !tﬁﬁa’ls gtyr ‘ﬁ%"@?&%ﬁ““ %&%\é@%ﬁi& TS R van 9

- each bra@gtuqzﬁ/t@ polj*sa&oeammnast Imibﬁthﬁﬁothhﬁy@ ddialit agidof

culture mediumresults in 5

Lodish 142 5rk SRS Pl Bk oae it B ronchimoiaeidat y t ne

~ supra. cultured cells. However, the comercial utility of

N-acet yl mannosanmine i s currently limted by its
Erotign Sork bas@lucidted emet of binsyathetis pethmays leating torthot her

.addition'eﬁﬁhl%"ﬁcmg phdtatfs al¥blirebdaTh Ffure?. AEIa), figSLS

Corfield and Schauer, supra. A large variety of molecules are mvolved at various -

stages in the synthesis of sialic acid and its attachment to glycoprotems, mcludmg

g sugars such as glucose, mannose, fmctose, and galactose, nucleotldes such as ATP

and CTP and a host of enzymes needed to catalyze the numerous blosyntheuc steps .

o
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are needed. Accordingly, the invention provi des1adJanuary 2007

nmet hod for increasing the sialylation of 10 a
gl ycoprotein produced by a cell culture that conprises

' to the cell culture N-acetylmann ]
Wozgg@dg??ose. In a further enbodi nent, the ?é@%}{ﬂ:@%@m:&
invol ] ; f [ ' t sialylation
invoh G W hARINT ey SF o pbeloAEhBA il i futo
llustraiesrtpe pointsgn dud et of pashweays where negasé fosdieok prhitiiongs

osam,ne l.act ose, fructqQse, and :

know#aoﬁg%é @Oﬁ% ﬁ%‘?’sﬁgthi "x?‘é’l‘”??a ' %?F%WEF&%F %‘QS’%’B@ FREPeased
have réportddthetthé edditieh SN aceBlithsnbddmind 8 GUIFE GRIRM Siultdin
. a&glﬁg& ose ﬁnd fructose and, optionally, also
mere QR Shi Bk preducad by the galfimesseells.| Howevertheanot her

RO - j ] . L.hmr ovenment
O oy el B, AR RERTRARESY i sl B¢
therefase pultyre; qegditianmaxiothen medibinsdditivds veshpsimiar o betepefédeni N at

arenegﬂg&en'perat ure below 37C, optionally fromabout 29C to
about 36C or from about 29C to about 35C, 20 or from

afooidingBCtHednvehtiond podiks d etfod FofindfaGR MR kiglyRfon of
I n anot her aspect, theé invention

comin

N- tyl j )
2 glycopralGin BRGUCPA DY Al SVl HEAb FOMBFiscH Adding fodhe el ouigure
- N-acetGIaABIdsfhing ahl SRk BN L ASME e@rﬁ:odﬂﬁ’énﬂ%e‘%ﬁgenti%ﬂg'

,.optionally, al'so fructose and/or naEnnose.
providesyipaethad faf ingisasing the thestelilatian oba glycoproteiaprisiecedtbylacast

. I o)k . (. i onal at | east .about 2
cell cuft B b Hsthe BuleolE el ol BRI Yorn e o
galactase fiwctosth and ménnwkd. Alterdatiady, skibdationkon bBdMncRhsedby | east
t he concentrafjon of gal actose can

. t .20 nmM ..and C
cuttri B ol i, B R oo S oos SR s6 PR ARG o
also N-akwoylinarhosdvhine aiiastithanflosdMin @il ahb0E ARRRImeAt, the™ t O

: .about 3.5 mM_ The concentrations of fructose and
mventigg, HieraRasseia Amprozemaent of metherkior producinga protedr  di f f er ent
ikih @R, f.gal act ose and
B s s e T
37°C, cptionaliy fuonsabout:d9°G ¢o ihoorB3640 orfrorh abddt29°Guaibbut 351aN each,

ORL | fr bout 2 nMto .abo 4 each, or from

or fron{bU303 o stoh OB E 18 f e rieBog ﬁ%ﬂe{s@?ﬂwﬁmwey, t he

In anothenuspatt] the ipentidndRevides @kt Medieth fofmb@a BB | an .
.CeIJILIs conpri Si n% fruct ose and gal act ose and,

comprizifs N pety iAo e glasiose oaih apipmialip, 2% Tgiosednllor007 WO

- mannose0 P QRABRRAHFEIH Nf@gé?ﬂglh@%;ﬂf}e Gl )é'aﬂﬁ&b sam ne.

. I_:r uct 0se, gc_al act 0ose, mannose can eac e pr esent
0.8 millmolar(gii: aptienallpaidedsi abovt oMt atdesst sHobehmM, tdeabout 40

ebout 4340158 el B 10, et AP ETORIn v R g mdd oy
the coneeatritjonaf galhetosm cabbeifrork abdvk &tV td sboab M, DphddaRach.
nennose can 5 be present at

: Fruct ose, . gal,act.ose, and
from abpj S ot 4 TR c it ROHCERERA1A BRY: 35 mM. The
| concenttidfL3NHGRIGE ﬁﬁﬁﬁ&ﬁ@se?@ﬁenqﬁesent, can be the same as or different

from those of each other and those of galactose and N-acetylmannosamine, The
concentrations of fructose and mannose can be from about 1 mM to about 5 mM each,
optionally from about 2 mM to about 4 mM each, or from about 2.5 mM to about -
3.5 mM each. h ' o | | o
- Alternatively, the invention provides a culture médiuﬁl for mammalian célls

COIﬁPﬂSiﬂg fructose and galactose and, optionally, also mannose and/or

.
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present at a concentration of at |east about 0.8$b January2007
mllinmolar (mMM), optionally at |east about 2 nM at
| east about 3 mM at |east about 4 mM at |east about

wozo'éﬂlr?ﬁyhooat | east about 10 mMM or at | east @9855035?95’%3\/'

the invention enconpasses a cuI?ure neai

N-acctﬁﬁfmﬂ@ﬁﬂﬁé' d:?tﬁja ﬁalaanal' m%@&%%gﬁcﬂ%g g%geé“é a

act ose nose
concenmtme fromaaboutdohmddaciatoi &aﬂ 40malvh eadho aptiodally fodvh ataaeh t O

0 each tionall om about . 0.5 mM each:
05 mfdieHfo dhpn %‘H@}\C‘?&Q&ﬁl‘a Borh LM ot & pha0ail efringioy
from abb@t TiviMe&h to Sout § 1nBMack 0 FrucloshMaRaele, il ARRe can ™™
each, Fructose, gal actose, and nmannose can be present

be PIGS%IF 2 the samg.Rr déﬁferm% ponspItrationso A--asptylmennepasmina®n by one
present%?i’@&kentfaﬂﬁn b{ﬁsf kil B8t Brs%ﬁlﬂﬁﬁ%f\?&nﬁ@t B&QC %]_B{ ot fedit uring

marmmal i an cel conprising gr ure a
about 2palyinatli¢agtebonl 3 mh at ledstabobiebmMy etletst ataiut § mdhgi lesser ed

aboutlkk c{‘%‘arﬁ%t%bcﬁ{ %’H‘M and adding to the cu!ture Al o

nannos gal actose, and, optionally,
Futthet ahﬁnwmlﬂoﬁ ERCORIPASEE; cultrealie for aRREGNan dell@

nti on provide i thod for culturing a nmanmal i an
°°mPﬂS&%ﬂ ‘?“‘i‘?fat gﬂ?f’é&’%éﬁ‘i 05@95 > ERATNgSeeHRFineaB e giceet 210

concentBti@H4H6m AbHit OL1GhIN dakh 8 abBA 4O HANE QEBR! éé;ﬁx'ogﬁ y from a}: ut
N-ace)o%l mannosam ne at a tenper at uf

0.5 mMigaphtogbo2Qaelieash, a;ro:angqmﬁé&remwto ab@ltéO@Mbachm has

ﬁdmﬂ 8§, 2 ctor encodi ng
from abgﬁczl pro aglﬁ‘?]d‘é%%; e pr oe{ael nFIE:ugﬁ)g aldd sﬁr %ﬂmﬁ’ﬁa@' t he
beprese:nbattth@d;anmfordlfﬁamnu@cmmbnsprom)t er (e.g. either a

. 40
T, Bt e e R BBl
comprisifRy gbwinz i QUliuRLa MABME R el thabhds DedBid&chilFenbReResi ve

pronoter as described in, for exanple, ssen and

to prodvga PRFtein aubaddingte e cpigie N-gsgtylmangesamirgogal 54 264, 1)
optionally, Blsﬁ Pubibse drldfor ﬁﬁhﬁoséj AL, agﬁcf‘ e 1}1%n§<%i10§/§\ﬁ§est he

protei n or expresses t e pr ot
method lfwgltmqgl mmhmalahs:elhthet haf bmmtmalegrmgmeﬁed mg) A

r inis ers oodto bea tide of
produce i S deprtnd e ¢ DSEREHE y o
below 37¥aSOndlGnd %en&ﬁ:allﬁ&gn@&ed ééll is 5@611 ﬁlQb ha¢Been80, 90, 100,

or 200 amino acids in length. The

| tfﬁﬂSfOﬂBngWEP ﬁéeﬁ?%&%fevéae%ﬁnﬁﬁh%@e R&t%d@%emﬁ@bhea of the

expressédﬂiﬁﬁéﬁth@&bn@:@ﬂoﬂ%ﬁﬁﬁgc\fu% ﬁ%ﬁ%‘? téj% @gherzla offt % and

medi a of the invention can ase?he
(CMV) progioier af # &imiangfirup 4@ (SVABppromatey) qran irdiscible arochokes

B e e T

 for exangplg Ges®n and Bﬂjatd’{diM) Pioe. NahtAcad. Sof. 8% 5547-81)g pronot er,

a viral _pronoter,_ and/or

s S Ueh for exa
Typxcallgéﬁg&e@]é@qeag yg}(%eSé Hherelgingy ezéprepé%sggeggotplﬁ@gﬂm as an

at very 180 8V@M (fnthe aﬁsexaceefgén&rﬁ; cnB@iderings! ement. Exanpl es of
usef ul expression vectors that can be used to

A protein is generally understood to be a polypeptide of at least 10 amino
acids in length, optionalljr, at Jeast 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 125,
150 175, or 200 amino acids in length. The proteins produced using the methods and
media of the invention can be secreted proteins. - '

‘The methods and media of the invention can be used to inerease the sialylhﬁon

of just about any protein, and is paftiqularly advantageous for polypeptides whose

9
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 leukemignhilptary fagipr, gregstatin-M;

produce proteins are disclosed in International 15 January 2007
Application WD 01/27299 and in 5 McMahan et al.,
(1991), EMBO 110: 2821, which describes the pDC409

. Ge [y, th t hods of the i [
wozﬁﬁ@sﬁ{o for Pﬁgﬁclﬁg thg gfodgcfl gn 01Ee Irﬁ%ﬁﬂ%?%&ﬁﬁre
oxprestlh HRHE e Brdlofh ShhR okl B PP GRS FHose.

promoten mpdfmspuhgaeptrdem thatezé ehcd LR C8SksAgd @itk hasah aliéhoOiral
all or part of one of the

t |
'umFegF ?flﬁg"ﬁr%’f O?Hsc F@’rﬁs’é’&ﬁ’aﬂ?fééhai@nd’ééléﬂ tBed in

roduc 09641132&3&361 i fhatibe@ AGpIf rﬁ‘ﬁl@% S Patent
? V‘@ 087, 32%8e 1eryt ﬁropmg f%ﬁo ro opo?é:l?illﬁJ

McMalmeéak SHI%), 7.r10: 2821 pwhichadesxifes thetiDIEAD9 Gecsor.
AT
SEan T B PARRNEND i RGN P Efoe
of recomhinaht p@mdpudes dRrotelinG drat camcbe pradncedOtithvtas méth@ds anliF- kappa
mema&t& % enki S a\%rl bed .i.n WO 01/36637), tunpr_necrosis
Tkoid 5 (08 SomPESing BTG SF1E SPavaRes HigniiGalianed
substmﬁlilﬂWlhﬂaﬁG al eﬁﬁzﬂ o2 @ﬂe bﬁﬂaé/‘falla‘ﬂr@pﬁ?t@ﬁls 4Ilfltr3rﬁgﬁnd (as
desmbén%}% cf 9% %rga opoi etin, granul ocyte col ony
e I P 2830 P e ¢ Bt h&jﬂé(\%ldé@?b@immmhage col ony
No. 5037 B@I&%ﬂgm@g‘g% Q%G%ch@mqq%%nhﬁrg in Australian

Pat ent 88819 mast’ ce Hctor, stem
angiopajefin-2 as d@ﬂcnbﬁddn'tl\émso(ngﬁse o 99T, Seicgoe LIK(SIB2R 5060,

incorpobfledhefel by’ RbereloBC PR, Rt o telhol sbRaCE e b
NF-kappaBt(RANKIP, gadacsibed t wmw%sanlduﬂﬁy ﬁéc@&liﬁﬁﬁt?rf(@mf

I NSul 1 n I NSUl I NOTLTropl n
related g g8 GRS RALnGh Gregab5g M%9?’81®3)=W3®ne
stroma-Ues @8 1yhyhopoibtie 18&&&&@%ﬁﬁﬁmt ) fact}ﬁa gf’aﬁm i d | : Sgd

consensus I nterferons ose

' Hmcroph%ﬂeéﬁlonmnuimrﬁ@@tmel\@ﬂﬁ /o5 d&TAll in Aostralied wantch are
o SuIOPRARCEN B RERELD ok FLACRNRE DELE. AR Bl 2ot or

braln
Patent Ny:6,30x, Sﬁﬂagmrpexhﬂe& herahmyeef&&ncﬁeﬁleﬁid&n@ growth factor,

neur ot r Iuc , |nterleuk|ns 1 through 18,
keratindd g R e e, S DL and Ao eROD RANIS

_growth BerE1oAs, |11&uﬁ1§‘iﬁs§ﬁncﬁf5ﬂ’ﬁ msu]inﬂﬂ&%mvﬂh Fd D] g&%y roldCt or,

oncost ati n- various |igands for surf ace
hormong,interferprsinghugy %ultqr@wn@smwrfar@nméconsg@snsjmtefcﬁorons

(such as8REs HBdAb&LN ‘USQ%E%ENQJ 4166563 } and &E%?%f lhg ({]%P \{vhlgix are

proteins that can roddce
incorpofatpddpteintey m@tdnc.ﬂj,semagro&@ tretof, d»mmddd:rfv,ed haro

factor, s%ﬁd&aﬁﬁ ?E%Pro nls wgggagfrgr f glggag%rs 1r|1t€r|};§1im's

1 throughl I8cdolelylstisalagneastors FmphotoaR-, wdr née?o%?s)fact@(%?

Fact.ors:. A Practical roach (McKay and Lei gh,
@gﬁ vagigias hgaméwowlwurfac@gs) and

07 WO
molecu%%%%dgli[ OHO]@ PdgTad/Q %%g%&#@f\%g §é1 %}ﬁ&%ﬁlé%g Academ c
Descriptigns §§ proting theit eagde p@AucetioRddrding kd the fnvedtive Imeﬂroels may -

"be found i[ﬂci%f‘ &%ﬁﬁe?glum g eloigmgy I-fa bool??or%asm and Clinical

- Research, Vol. II (Aggarwal and Gutterman, eds. Blackwell Sciences, Cambridge, -

- MA, 1998); _ Growth Factors: A Practical Approach (McKay and Leigh, eds., Oxford
 University Press Inc., New York, 1993); and The Cytokine Handbook (A'W.

.10
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Further proteins that can be produced using the15 January 2007

nmet hods and nedia of the invention include proteins
conprising all or part of the am no acid sequence of a

WO 2004/hBE@PL Or for any of the above-nentioneggﬂggbﬁhﬂ§msan'

antagoni st to such a receptor of any of

Thomp¥BR\A:, eBS: o br Phid S5
oS8, TR SO SRS /160, o by L B B
herein dprefepomiest s. These receptors and antagoni sts incl ude

f f, t i f t TNFR,
AR 3 ¥hs ot con K Pindloc B e ot nEelinolE® ' pat ent
inventidi inchudd ProteihconipeisivialPat it of i anfin® A 24Snce of a

Izterleuki n-1 (1 1) receptors 10 (types'| and II;
Tecepioy dQrny 96 theiaho yepugngiprgsk progeins, on 48R @S to Sush Precenter afio.

any of ﬂae%@_gveﬁﬂzmoﬂ&gpm S,Pzﬁ]lh%? gg/ﬁ}?tee%ng SJb@?antgi)a(iﬂ?lstn%Fr toogucl\{\’h ch

are | ncor_por at ed ereln rence recept or
receptorh orapingonists. Thase recepgors bndataosisisimvbdei hothforBaicént No.

, [ ated hereip. b ference),. -1

tumor Seerbl 4Gk reocp D PENE, Soebied oot s PR g8 aSsetbtin g 1

Patent NB. 305760 ahaTIS FasedB¥o. 560,299 BfterkaBin- 18000 1 P 1222,
orated herein 5,767,064), by

| f. whi A ' h
(eymes Pt 3P Setbed in P afeat Mo 44 B4BL T8 Pitais o 6,868 6ids an

 US Pag@ . 51769,054) afE Bt WRER Bk id¥drpofucfif: bty RALedS, flagent No.

5,856,296), |L-15 receptors, [IL-17 receptofs, IL-18
receptor agtagangstss(sughras thopaodspertedinc US FatanfdNe 6/33R97%t i nul at i ng

incorp ) Rin B EARE R, IR GraSBRANY o) R

describedinkdgSrPatentMNuis 07,9811 A1 3§ GOICOI28, adSTE 202, allloF Waichhreof
. NE- a K escr | 20 in WD 01/36637 and US
incorpafipd FRER 7oL 6D By s6EpRee) dF cmremtobty B RecpMomss bod i n

. described . EP Ritent Rat @867 3¢8.an8 18 T013880. 9,8%620001021 & %%%X?rﬁ’

refer ence% , receptors for TRAIL (incl udi ng
IL-17 rpeepiops -4 8 teceptors grangingytaymacsphiagesolopy stimsuletingtfagompr i se
' G0 A S Fple
o Bl SRRyl MIRLRT S AN 00
and leukernia dnhithitoryacton dsepindactieatonof NF-k4ppa B ZB ANRY desctibel

. I t el NS.C i,sing all or . t of the am no

in WO ggﬁ%&;}gﬁg Qﬁc%gm@o'%g%ﬁPgé)egﬁt?oé’fqt‘iﬁ‘?n’ga{chﬁ@’ﬁg N&&ferred

US. Patent Nus 6005 9B8) lisfofpdiatsdl bylrbetehcd)] oepebss fof TRAM Bhdlsding
imlar to either of these. Such

| bst antia] |
B R e e

Fasor@%gm&%@g?@qmih I nt ernati onal Wrkshop and
f Ki shi

nf erence, hinoto, Kikutani et al., eds., Kobe,
Mowaproteins g candierprodaicedaBing,tist méthedsanémddiadi tel osed in

i GHERRRY5 T O EO0 BEBTBLEE e 3 e B PFE

differentifmemtig¢rSlRRred gerdD foRhs) bbditligalicor)protsiayer al  of

'substanﬁaﬁgi CD.anti. englfI %g' nbers of the TNF receptor

sppplar i eipyGr i Pieah gtigens arpisclorrd imkawkocytre

Typing Ml gRReGedis® o0hs BIR: DRSS!, ' as are
R e January Halcna W%&%B%g%%&&’

Kishimetesiikaanices plo 2dsz.380bei Ygnan 19960 §ixdler CDganteins decor di ngl vy,

disclosedBTAfbketulit ofnd N BRI R ul bl & Snct? cp22, cD27,
CD30, CD39, CD40, and ligands thereto (CD27 ligand, CD30 ligand, etc.). Several
of the CD antigens are members of the TNF receptor family, which also includes

- 41BB and OX40. The ligands are often members of the-TNF‘family, as are 41BB -
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al so be produced using the present invention. 15January2007

Enzymatically active proteins or their |igands can
al so be produced using the methods and nedia of the

wozdomﬁi%iﬂo' on. Exanpl es include proteins CO"P(H‘[&%ZH&/O‘H'T!B or

5 of one of the foll owi ng proteins or

hgand |aht9@m§ li Jndar\gEd}Bﬁ ¥ome ep%‘lg s n% %Xﬁncf*‘m ?;{Imhgs %%He of

hese: t al prot egrin
also bﬁ/l&ﬁtﬂlm@ummlassent:mvgimnocer ebr osi dase, super oxi de

t t t VI,
bRy oy PO G Bt 5 e B e e
methodyl anli lnnﬂxa oft the JihveBtiGH) (EX@@Pies includb Pfsink comphidihd MPsipast
a Converting Enzyme, ligands for any of "the

of one Sgl‘z?s 201 s REpfelgs oatheip h%@f a Iaﬁ@mﬁ sehstentinlly Gimilar to
one of ﬁ{ééé‘ rﬁ@ta]ﬁ?ﬁ)t&ﬁb%é &shﬁ%ﬁﬁ@&u LP, ﬁgﬂ I@%@(gls #idsegedi a of
0 be

the i nvention can al uce chineric
glucocerelrosifass, sgpﬂremd@dismutasm tissoe pl@sxﬂunasg&n nctivatos Ractpf VI,

di f h h
s e S R T
MHWYWTU Walﬂﬂ/@ﬁ%ﬁn@msmt Jngmd@ foB arfyfof B dbb N SBeri-OREE of

i meric_antibodie anti bodi es 15 havi ng
eﬂzym‘fﬁui’mﬁ“‘l&f&mgﬁﬁf@m@ﬁc@ theirHgavdst obul i n donai ns coupl ed

The @idho¥ andheia dTulkd AGentidh ARG lfé%édbtg g%bducc chimeric
i unog| obul i n donmmi n, fragnents there

o pr.otemg ﬁﬂ;@qte&]ﬁtl ,wgmtg, bind tqg mgqaxﬂp tangas protein %mdemr:bfwhu dctofityt he

such as' YR @Eécﬁﬂeﬂht%%%@&yﬂb%ﬁ%négg& 8 ﬂ’gﬁ%S SRy W ates

conprising an antl OX1C "or "1um nescent

00/2478st amtibediesSuhrtions theesf andchndric ahtitddies,1RYintibsdigse
nt er ot ox (such as a 20

t h ;.
having ﬁ‘éﬁa‘%&“@%‘b&&é‘?ﬁiﬂmﬁm ulip Someias %Pﬂeém%@gmegeuch as
munnelvﬁﬂﬂahlkﬁanhB&;)y mﬁlﬂthbglﬁﬁlili!lrﬂolﬂaﬁlofrﬁﬁﬁeits(tﬁéf&ff ﬁ%uﬂ’s%ﬁ%[? '
ani ne_fl uorochrones (such as Cy5. 8y :

similar ploias,Ehe afhed of S B?ﬁlaﬁiﬂlﬁ%b(@gémm@dweugam n,

conjug& RHpRsin®fin AABES d?nd%ﬁ*)c/totm%lﬁiﬁes%m s QOFLES- 1N

vitro-selected ¢ | proteins

- substanggstinciudey /mﬁytaosmqiamvmves Eoch ddoyi}; umamtmim I(sck asg ugat es

d h d nedi f
s S B B S B PR 5,2,

_ 1sotopea(smil‘n:‘fsl’]Taéﬁ@m);rbyﬁﬁm@ﬂﬂir@dhminesl(Eifeh 4AC RS, lguﬁndiﬂiosdmén ted

he above- nenti oned protel ns and/ or the

mactwalnag Pﬁ’\% IhSéSlg 25 B(&ggmn nmgggsapm 6)cEzamplesiafa,  CD14,

Ch44, CD52,
antibodfek)5R 1 vz(t%%@f%cte%%enc %%gh CD147 ’fﬁ%pl L-10,

antzbodyllu:gnqﬂy@g copjugates tha_tcan bq lm:o@meﬂ Lsige thQ memdS_LandZnedla

IL-6 to I L-13
of the nixfeéfét?dﬁtﬁélude tto % g{a?fegg z[g:rang' 81% Iatchrn% a ?{péqji?}“sanal 0gs
includmgnbmte:of limi¢egito,lang of thh abevedasiCibhddgtottins 4d3/dratiee nt Nos.

" sotowidg e o WP e BB oo oo coBEG Bn 1 Us

CD23, (EBP.&% WDIOCD40, 2852456858 DD REY. 15, @mt@v 2),egnayocyte
rovvthfactor osteoprotegerin’|ligan interferon.

Lo, T 250 R BBt Hr Nl IL¢ngeptorALsbremptomn o

IL-6 rec@ﬁa': IL—I%’[OI‘ m1g ge%epl@rrﬁugﬁﬂts 2I%EF—B and analogs thereof

 (such as those described in US Patent Nos. 5,272,064 and 5,149,792),, VEGF, TGF,

TGF-f2, 'TQF-BI, EGF receptor (including those described in US Patent

 No. 6,235,383 B1) VEGF receptor, hcpatobyte growth factor,‘ost‘coprotegeﬂn ligand,
interferon gamma, B lymphocyte stimulator (BlyS, also known as BAFF, THANK,

12




10

15

20

25

30

WD 2004/ 008100 PCT/ US2003/ 021733 TALL-1, and zTMWe-danuary 2007
see Do and Chen-Kiang (2002), Cytokine G owth Factor
Rev. 13(1):19-25), C5 conplenent, |IgE, tunor antl gen

wozo@ﬁéo% tumor antigen MJCL, PEM antigen,, &9‘@ F:hl S
a gene product that is expressed in association W

TALLUYER ;1RFACEE Do obFn.ichnk TR0, BSRR5k B 6fhy HaUBORL Pt o1 1

TAG the SK-1 anti gen; assocl ated epitopes
13(1): 19250, %ﬁ@npﬂmhﬂgﬁ? mura(bmag@cCA@Seﬂumor amtipbeMEET1a of

pent I 6 (0 A RSB e g

cancerbmsl a tummi—asmcxmlgf{tiﬁépﬁ)tdiﬂAG ! B8 SHt Pantipa) @ikt | C,
g or ki dney cancer cells and/or on nelanona
assocuaéq%:qg

U e BresTt Hsslewsieddenelsdn the pera plckationts witheplen of a
andlorg fic ééﬁ&&%ah&r—aﬂo@ﬁt%d% i E@or%not%ﬁ?gﬂpfgsﬁgr h%m%%lARANK

integrins, TRAIL recept
colon, paapgrOWS| g aostappancreatindurg] hasordkidnep bancer cells i/t on

o e SN D B ot

alpha 44 lzewoo thetimggrimVLadhBS llmagﬂnb,eTRAEI et@torgl, Ycopmauei n gp

AN AN 130 i £ e sl WA ) Sl colshesion

“moleculd C(Egem\@ St rdeBtlhOdhesidfHholboule-8 ACAMAE ﬁﬂ%k&%gﬁ fin antigen

ha-fetoprotein (AFP), tum)r necro factor
adhesn&ﬁlc Yeopraicin gpAfHie, casdiac myesin keayyechpin, parathyroid

.h°““°‘*ﬁ{*2\“?%’§9¥‘8‘%b€?}99@?°%& FEEOP s R M I N

carcinoRabiypnie ansigen GYIA), alph¢~fet¢prwtus (Ammmor nerroaiydadtdCi ency
' Sy 1V).. hepatitis B virus (HBV), .St tococcus
(INE), rrum éw]hé%b §1°g§ﬁf"&ﬁtio’3@@l§ %(E?raéiélateﬁﬁ@ugfé 5§95l and
receptoﬁEﬂLPaDRfl(IH&& HDAEDR iaftipe AN scléchif, IPRT- WR@Q&@QDS%H&P al |
part 20 _of a protein that is an anti i otypic

Virus, e pREyslefigiency yaus (HIVa hepatitis B ias (5% BY, Streptocdccus

mutans) ﬁgls%h@&,cgﬁktduréﬂl otypi ¢ anti bodi es against: an
anti body targeted to the tunor antigen gp72; an

ahe liﬂbtb@@s and aied@tof thﬁen\gan@i Gapgisd be @88 to mndatll oo iyt

of a prq ?&3@%} an ?Ii L}T%Iul ﬂ’dcfy T aﬁéﬁs@n{‘ﬁ‘lﬁ’ Iﬂﬁatr%l'é‘gén’and medi a

mcludmg‘anhhﬁoﬁypttanﬁbcﬂ&s @gdinsk| &0arkiBodjafgdetb@oRAORHGE arﬁ@ﬁn

8072 SRR AP S g R 05 S A By aons ar

GD2; oMrﬂb&héb%ubd%ﬁfuaWﬁﬁHhetotﬁeﬁéonb' nant fusion proteins
conprising one of the above-nentioned proteins plus a

[ Itl¢th%ds|azéme@ﬁ of|&enéri viention ca alss baused mrmce zi pper, a

I n or a
mconﬁ}ﬁ] t;ﬂt% gon GPS r%r%“% {E'elgl?wovg %ﬁ&}?g B‘h?fed usi ng
substanuzulg singitan pdmenzm d*orredm;:leo tectinbinam Visiinl ppiteinSeEn@isthy 30 WO

. 4/10308:..L0 19 3 259:
one of ez%’g"??s%“‘mﬁél’“ﬁ?#‘v Pi!fs ’P?B@@é?n & (5@3{] SPrbas 2dencine

zipper, 4 4d1kd B6l, afriBE Portiyn @Fan%ﬂbcfd%g&%)sub%hh! iﬁsﬁﬂgrp@&ei%g
Hakansson et al (1999), Structure

can be prpriueqd ysing q’%/mPthQCFS@Gé gedineh glesllj@htlﬂm deoapi nant fusio n
WO 94/26908 L LB%eiY & aP ! hiryPer B

TNFR ![o‘P ARG ?jug atgoz\ggnﬁg% ef%%jr Pl Pﬁfdgﬁfl body
Science @WRF&OF@S-&MW aﬂ:c()994]'NFdﬁlrEB71 80-83;
Hékansson et al.(1999), Structure 7: 255- 64,. Speclﬂcally included among such
recombmant fusion proteins are protems in which at leasta porhon of TNFR or

RANK is fused to an Fc portion of an antibody CTNFR Fc or RANK:Fc). TNFR:Fc-
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-13 15 January 2007 WD 2004/008100 PCTI US2003/ 02daa@ry 2007

conprises the Fc portion of an antibody fused to an
extracel lul ar domain of TNFR, which includes am no

woz@g@,(gwgequences substantially simlar to gy |
163, 1-185, or 1-235 of Figure 2A of f%ﬁﬁgﬁﬁ'hp’?’

compnm theFc3foption/ S n af¥YGy Fiked o %%ichﬁlﬁgr dolddin V%P TRFR36637.
5 Suitable cells for practicing the present i nvéntion
which inglgfesgaminmicid ssapencesrebstantiellcsimilamgb poosydcak ¢-168,0t ei ns,

1165, 2P @ PRI, e, Sl B0s RN g nough

mWOtOWéG@&?venH on can al so be used to produce
the cells are

gn‘gl nant, B ﬁ_jgel ns. Pr eferabga/

SBTRBIESRIG Lor DEreticine e gresenkineisndnalideap pell i that Fimes
1 t€ proIWnrefe 2 [ ter
S A g T S Y
31131113?’@%1]06@3*(3@ Rjoteis@ihougighy inventiontasalewbd usedrmypristacas ed.

‘non-reds Smw@}ﬁe@g' 'tP(r)éférQﬁ tﬂék%h§ g&g% NGBl aﬂth'eggﬁy can

ractice i nes’
Numerels siritabte dell dines :hekmdmmn theeint [Ebmdmp!be Chideseiamses 0

ovry EHCh 3505, BRo PP L SEBER b ML S i LY

NSD), of 1138 &efls wh$ bp usedy ElybRdbnef cell @iﬁ@.ﬁﬁéﬂ]}?&ﬁue@ﬁrp&rﬁb cafr- 9-
oki nes, clotting factors, and anti bodies Brasel

t
also beiged 1o pragtics gl m"@“@@;dc@lhhn@ darived frop: thiahevermentonedt

cellsaréﬂlﬁﬁs%ﬁtabléfcﬁ'p?icu&ﬂ Fn 352-6362; MKinnon et at
, J Mol End crlno 231-239; Wod et al.

qrggrlarly prefetredhentls hre HO cesmwhﬂoaxs )mdemy tkieliyatniaf ol at e

produof iy EoBpiohip bt . Qs Al epPS. sdanffode’ .
(Brasel ZﬁaM(m%) /1364 38:20040012; TR el&l o3 Aitbl Chém usef ul

ff t DHFR sel ectabl e and i fiabl
2636300 RI K BB ¢4y SHs G FoRornpih 8% Wendohth nant
(1990), BRI BISPSEA9000). A DR fciBhlc é&%ﬁm@c #90) .

. Enzynol -566). In addrtion, these
mutant Ef‘éll 11“§ (Hrlenbegg gy (I%Ohﬁmc{iﬂﬂthﬁeada§01aﬂﬁér'7€mmmm),s pensi on

o P P P PR e

amplifiablergees smdessmn sysem swe h%ﬁ IebeBn&c@ﬁlhﬂm Ftb@ény expression

in these c%ﬂf ﬁﬁa@iﬁ&?@?&é{ %\I/Ie 5’? %é&b}n F@&ulﬂ?l:@%ﬁgy

cells are@§Ne ln@upuﬁ‘f&&faﬁhé}&ltbﬁs&ﬁh%s@ﬁ @@lﬁ.ﬁ‘és AnB¥E0bit

manmal i an host cell is cultured under con ti o%s t hat

good gepgiis Hapiity. HeH el andiresambmantipeotpinpespiessagfin ﬂmnehaest
been extéﬁﬂl\%'fy Siafhclfizé ind AR l% i:fvetrll r%? oﬂ%mﬁgl:co %}ceall n.

Basal™ cell culture orrru ions

maﬂufac&!mntglh}'lrﬁgllatmmmnm ceI I s are well known in the art.

Fresh Cells; A Manual
S5ty o ERR ienS. - s Ppion L T8 s bt
conditiohhateprorhats ae pRetuctdofMRGrdteinfof bRl WiRAScdbe a5 Ki | | ed
artisan will add conponents such as

antibody or a recombinant protein, Basal cell culture medium formulatlons for
culturing mammalian cells are well known in the art. See e.g. Freshney, Culture of
Animal Cells: A Manual of Basic Technique, p. 69-84, Wiley-Liss (1987). To these
basal culture medivum formulations the skilled artisan will add components such as

amino acids, sals, sugars, vitamins, hormones, grthh factors, buffers, antibiotics,

~ lipids, trace elements and the like, depénding on the requirements of the host cellsto
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ami no acids, salts, sugars, vitam ns, hornones, 1gdavuany 2007
factors, buffers, antibiotics, |Ilipids, trace elenents
and the |ike, depending on the requirenents of the

wo 20980s150€! | s to -14 15 January 2007 WD 2
e 003/ 021733 be cultured. The ski ||g%ﬁg$2t9?’i"gﬁ’3‘"’rray

o i dual i zed
be cultdted. Tﬁé‘ﬁma}lﬁaﬂﬁﬁyﬁ e ESG’ItG% Bean evgﬂ%g

medi a fornul ations™ t ave ed to
mdlwdnﬁ;gpdﬁpémdgwul@omat havcdyleh deveddped toiyaximizd tal growth,

cell v1a'i)ﬁ1‘i)? 9re£ rﬁﬂlﬁﬁﬂi Brotc%ﬁﬁtglﬁzb&gglce{o?a&ﬁqgﬂ lh{u%ﬁéa]i urient

methods lavmdimgn) ﬂmyurhﬁt inseddon Ma {iBHtﬁelﬁ ?ﬁ d:(ﬁlﬁblﬂdélbﬁ‘ with h
culture media or w a

Ter cj avai |l abl e ce
commeAy taHighls IR AR 8t WHh oHbEHIY Moy itk pocn
individhAllyehAliREed fRisd o Makiibufar @@ﬁ fu'lec WRLHIGRS hnedibd Fra J/Tgre

cul'ture medi um may ‘or nay contai n serum an
or may HpiRaafain segyn ﬂmﬁqlr@r@e;m@wtabw cormmhrcaallmediaunkﬂudemzﬂ 1641

1641 MU ?ul@&%ﬁg%&%&ﬁﬁ%% h\@ﬁ ipor R b ”'Nb”aoloy. .

Eagle, BA2Kiadi ﬁm MeéiuhpicCay’'s 5A- M&illhﬁ,d].dlﬂﬁvﬂﬂ-’@ Lasdvedaipm f r ee

and s i i s CEL LR Sl B B i ner . i i

BioscieG&Hs, D&ﬁleﬁzi}ll@héﬁ qjﬁﬁ)oﬁéﬂg%theﬁ'f%i(ﬁ%ﬁn ﬂ—é/ cﬂﬁangﬂl ff’dﬂ{ fhe

Col I ection or JRH Bi osci ences, as wel as ot her

Americg, fyRs Gulture, Collaetion e dRHBipssigncesngs vellns O&hbméors 0 use
PNesiGfled i?@ lsQ gl?o\’)béjtg%lfé &?edof tﬂgexﬂé.ﬂ 13(18{19?1’3]1% ons
ee n vel ope

t hat have 0 maximze-’ce gro cel |
media foinalatiang fhat have bmdibwoped combxindaztce}) gtowie pell @iebﬂlty,

a cul ar cul ur d st cell. The
andlor B6RNEI Bhvbdbife B8l tn Ynular cifppaiobstintle no- used
methods m:comiﬁg toald cifrentiifiRntichGAREELIsad incombRaticiPhien cel |

ture dia or wwth a cell culture nmediumthat has

COHHHEWQB{ avilabie,fet Gulieg medis o vih %epllf%litu@s@dwm ﬁatélas been |
1nd1v1d1i%ﬂ§;tfbxﬁﬂﬂla¥d ofhde WithAparticRiar @e?élal{ml for 4 & i GRfheqmedi UM

hat coul d support increased pol ypepti e pro ucti on
medmnhtayt cevlfprast incredssd pmsqaeﬁlmieqfrodumOmamnn@mmmmm al

of two d}%ﬂrgc% on_gllem? edih S‘f‘cgtasgf[ ance Ceggﬁé i lalez

media combingd 7 rhtis si1clf{1raslf05e16hn@1el 1:4, 1:281:3,014, 15\1 m up, @ od: 15

oenn s 18 B YRR e S e "

the addifl6h BOMAGIIES sih 2P BB0LO B8ds gt%ﬁe AndBd ﬂ:léﬂé&g g‘f 'ﬁ\%ﬁ of®f

its cor onents With the exceptions note can be

its compogeR}s Wi &%ﬁé@@uowmwdubp@wagme us@tsatrgmwnﬂm iteusual,
c 5X. 6X, 7X,
recommgl%é‘a%eﬁéeﬁ&ﬁtﬁﬂ fof %{amrn‘ﬁfé%?ﬁk | g sgi( Agfl §§ear &R ei n.

or even conce
higher cotoghtrativmss At heed shemmd axd mmnsma tslraﬂdarcbcﬁnncer@{ﬁon meEans

s o B 058 Rl 2 T B sbScmbrs nc  o

componé&itf that caaSuBRAlYaffeSiWeRORELS fichSs s@ rHﬂﬁ’ﬁot Q@mk:féﬁsreﬁas ed
in concentration so that the osnolarit y of the nedium

in concepipiian s9,thaf theosmplagiy ohthe apndise Ellgoutsidnglan aTeeptablea
range. THRS!] HBRATEA malyYor EKAAPR! G 820 Gidl Foshbd: B Jch%Bn%SBen%so al

conponents
except salts, which can be present at only 1X. An enriched medium may be serum

free and/or protein free. In this context, “protein free” means free of proteins of at
least 15 amino acids, such as insulin or insulin-like growth _fact_or. “Protein free”

medium can contain hydrolyzed proteins, such as are found in peptones (from yeast,
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 acids ca@d)gtu
1989 Mﬁléﬁ t ook et
(1989), $lde iéa#l*@ld}ﬂzgpﬂ%%fo%sﬂdaﬁ% It VRSes, 'oa@@}?{%a

except salts, which can be present at only I X AnxJanuary 2007
enri ched nedium nmay be serum free and/or protein
free. In this context, "protein free" rreans free of

wosz@&s‘?d ns of at |east 15 am no aci ds, ?&@063@2g35n

or |nsuI|nI|ke growth factor. "Protein

soy, o%r%&ﬂ&é% WM%%&@%%&%@& eltn e f 0und T

pept ones (from yeas anuary 2
mediumy/ t@@&pﬂ@nmﬁ/pbﬁﬂ:@@ﬂ& d2dvHiBe Ho 2 c@]tur@is Imﬁﬂintﬁﬁw toes) ,

rptenif o bR ot B BR T Gt St 1 ne

vitamihd, BRin® aCidb,tabd refabolitiprdtdbiRe AstiPknoWRh 8 b Niiff&ghUM
copmponent s that can becone depl eted such as, for

media gratures may hivesomawhat gitfeaen aifecsyren difiarens o¢ll kines,
and thddaffe\thRin? anﬁ&nf;e?atﬁr@% rlofpd éﬁﬁv\lﬂé f aﬁi #{u filgnt 5 nedia

and tenperature ve Sone erént effects
orhegnetlfads efthe taértion mesoful fanihdbding &ap:mdmlon ofn and

itable f
recomtifPRiofils R BRuRB weirk dheioiie et by fiprochRadt ng
genetict d‘mgmpern@u ahé moéeneﬁmﬁeem@&efa@ & @fedfng, RaGeERhgant

oteins elns roduced t he rocess of
transfo, é’t‘?r&‘“l%%ﬂ?lﬂgé?q Tt aﬁ%éﬂf{l'@ﬁ%ﬁt P@‘éﬁ@l@@g #Kg"
to causk HeQEB td el &Ip?é%&bl{‘&f 2 démr&@ﬁ'nngrgso Qrfiohy HI%B@ r g

t ransduci ng [l with a‘reco nant polynucl eo |de

| recomhmnémlm@ou@gmlmle@msqs mgcleie latids encedingthe gropeieesi on

. imereoXpe ek Bt Ble oD ARG NG HERT a8 i c

“expressiondecteridutd iwhish theaupleint aeids enfodiniz tieqyr@sih oD PEHr&® hig
inseﬁe%i nked to suitable regulatory sequences, which are
art of an "expression vector" into which the nucleic

Mdtlitsls @id edionfof StRetiialy 8 ﬁne@ﬁn% 18 by oM ﬁnesjfg?
inserted. Methods and vectors Tor genetically

CXPIeSS RPN iHere arorlldnawn o beselskilloisshe at, fowgsmesﬂs a |
vanousRE 'uéb é?% 1Ilh§ﬁa€erd§§blﬁ‘érﬁ PRRb o1 hifr BiARs Sk' ITed in

Ausubal I?ll aJs t:dsaﬂﬁﬂby &1 Sdiwr NethoE{ ,AD88; ah&quaﬂelﬂphpﬂaﬂak)ar Bi ol ogy,
So

SambroAﬂgy%e e Ty opaat e sP e @]‘gpvgﬁg?‘a W%%SSI ar
Press, 1@8@)§1a1r@{azmnb;am]t %@'e}&c&@mwm i BRliRg19epor at ory

ée}? 1989%t and_ Kauf nan, Large Scal e Mammal i an
pp- 15- na prefocolsyising Cﬁﬁlmei%alb@vmkélﬁ fﬁﬁg@ﬁ&ls“‘é? astthol s

cationicAfid baSRREPOFAC T XVRNA™ 3t %%EE i\ TM _Stphos the
catl oni c |]&E§ reagents LI Al
LIPOFK( (whpgho@n bo purcnasammmm/hmwm. ch

o tfm% oHF PUEELRAL 1Bl P Nab 40 Yoy BB B3
ad&non&ehdl‘opﬁmuon bﬂibnﬁ)érdmkﬂﬂ\ﬁﬁﬂ thicfoprbjectiléddittd ®1th nucleic
ectﬁlotgnora | on_or bonmbardment with m croprojectiles

Goh s peing propegures.scthas thase in Samnbreokies plect

Mol ecul ar C oni ng or at-or nual ,
Harbor é#wrféo’y FWSF, and F@Pﬁ@@kM@éthﬁgl%Z), Biotechnology (NY)

10(9):1036-40. Genetic engineering techniques include, but are not limited to,
transformation of cells with expression vectors, targeted homologous recombination

and gene actlvauon (see e.g. U.S. Patent No. 5,272,071 to Chappel), and trans

~activation by engmeered transcription factors (see e.g. Segal et al. (1999) Proc. Natl.

' Acad Sci. USA 96(6) 2758-63).
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Har bor Laboratory Press, and Fitzpatrick-MEl | i §odanuary 2007
(1992), Biotechnol ogy (NY) 30 10(9):1036-40. Cenetic
engi neering techni ques include, but are not linmted

' wo 200800s100" @ansformation of cells with expres%ﬁﬁsz\‘&%ﬁ@

targeted honol ogous reconbi nati on and gene activation

(45851 @nébdiny/ a%ele&%l gfarlépxs oferfded DFkcifiQediarrel ) . and

trans activation engi neered transcription factors
identificajion of ragombigapd cellstand s, th¢ref80)f(en Brebided Maikpressickc ad. Sc i

vectors; SEIAE st ttatE b b st AR o fich A% or,

examplsethe dihgéibfolanaeirtase SDHFR posledt@tichene aedsistdndé & t he
i.dentifjication of recomhinant cells and is therefore
cytotonid G- o ok 15B0H Mot Prhzyelogn i &5 8B E (A on of

su1tablé ﬁ@ﬂﬁfaﬂ{ f@?DI—]FR%é@ctﬁﬁ c@ﬁ bd, 96 ? 1 EREmpS b Rl fP ch as,

exggg hydr df ol at e reduct ase
which i 1§ épﬁfmﬁt EElﬁeWEla@r andé_“ghagn £1980), Pmcchuiz tAoed>Scic UGA ugs.

rml o) 185:
77 421%%%2@?&%A Sgle% &E%@cﬁbix?ﬁag]fe linﬁlu Bi"%ction can
resistarige o #ntibiotiosasmoh es G&ﬂlﬂthygtomya)HB 11 V\,hl ch is
Proc.

i n DHFR. b.and. Chasin (1980),
8 peRuRbhy petusgbts sengipioaty deaes oo prametsian. SWiahBh os of
viral, agd@brafdeattefes "Bk A %lés bﬂ@éﬂﬂ&y@é@%&e?fﬁ@ﬁl@é frhrﬁgn tlonal
resistance to antibiotics, such as myci n

promotess, opgraigst 2rdMEE Sy bosewe bindiag sises Gety 91 ,m Kmak;(l i ved
7. Biol. I0He T IEHeh : 51@8702}&&?1%9&% that el dofitrol n%Hs%S{lorlaP%?t

genes. Exanples egulat ory sequencesti nc
franSIattOﬂl@lrt@mnnananHladenglaMm signads (seppey. Mobaschlaared ale(ibaspc ers,

Nucleid, ?sslgeéhg:b 55%96%9 %@%@‘@f@‘&sﬁ SRS é‘lgﬁ%% can

Phi- Van:emii r(0988Y, Md1SC4ll. Bidlorial3e2ray; stieeddal aoRg)) Nature
‘;fqgimntlon olyadenlatlon SI%]&JS see e.g.
341:34 et (90 B B: 28A3-38Y Nuclegtide-segyencessare 16

operabl?ﬁﬁ]%d%ﬁ)en tRELuTRb I équ%ﬂc@ fﬁ?cﬁt)éﬂl:y%l%e% ﬁ%‘iﬁ%ﬁ‘ﬂfems' tes

see Phi-Van et al. (198
coding segpence 7Sucksequbnags caul be s Y cis hioin trems asIdidg B4i%y35:

Sunctiofd 1 fthe Bloteint doRse gl s Fne Sl B ory

sequencs esqmpembﬁj linkedtol mabin)boﬂlﬁ k adqaenck & thdyRoRbRE fidlkeoti@®di Ng
Such se can be present in cis or in

qu
sequencFrc ar 1‘5%1@ Fﬂiﬁ@@&ﬂgﬁg’f) cogng SreEcenaltiopsh Bl1288Y e to the
sequende$ &ipeble Oﬁﬁgiﬂﬁtﬁlg%ﬁ%@&'ﬂﬁle sucmﬂk‘ﬁfgmgte{%r SRLURLr Seieiseot | de

sequence 1 s Eera I i nked rotein codi ng

when p@f@f@h@m thisneedeot ghways bethe sesel E@taxeteplesmt;@dmg ROt r ol s
h
present iﬁ?ang Bﬁg ey C@I&Q 010\; 1{1:% g?r%dexglgfs%[%q ﬁ'gp tg g pSrtAJz élﬂg)%?; such

S cap

SClenceé’QGdﬂéﬂfﬁBers exert the|r effects V\,hen present in

t.his need not always be the c For exa

Cosfimeie ) PRSI SRRt soauAnce? ah ety mﬁ&% at e

virus, adsho @R 2NERiad SHBs AX 6§ Iaﬂd]huu%@%y@nﬁgaﬁlﬁmcm@OZ) |
Scj ence 296: 1260-

For example, the human CMV promoter/enhancer of immediate early gene 1 may be

used. See e.g. Patterson et al. (1994), Applied Microbiol. Biotechnol. 40: 691-98.

DNA sequences derived from the SV40 viral genome, for example, SV4O origin,

early and late promoter, enhancer, splice, and polyadenylatlon sxtes can be used to

provide other genetic elements for expression of a structural gene sequence in a |

mammalian host cell. Viral early and late promoters are particularly useful because

=17-
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Commonl y used pronoter and enhancer sequences af®January 2007

derived frompolyoma virus, adenovirus 2, siman

virus 40 (Sv40), and human cytomegal ovi rus (CI\N). For
woz(fé o€, the human CW pronoter/enhancer @t | |
gene 1 may be 30 used. See e.g. Pa? erson e aI

both a&%%)obtaﬁ@@ kb gﬁer ab %B#nrg as a ﬁh@ﬁeg\/%ﬂéh caftQiso Okais) §

DNA Sequences viral genone,
viral ovgin apieplicaBum (Fiess pigil. nNatuiea?WB M 131978; é(@frpmiriﬁ@@,ﬂv{eth

oo G o 0| S L TR g o grszsi o

providaf tha a@mmﬁtenyzﬁso up @alusme ¢£8fdng Rord the Ve Bl b1ﬂaf’c0\hﬁ§t
Viral earl |.ate pronoters are particularly

the Bg’ﬁ%ﬂ&? Lﬂcatstéeéh%%‘“‘iwai grigig ﬁ@%@?&waﬂe@ site ivmebidest/ 008100
m&&%@%o&%%Zﬁ%p?&ﬁdﬁteq{aﬁv@&%e{eﬁd@% 9&1 Cﬂuﬁg‘ a
vira enone as a ragnen ontain a

(1eader\$¢ftuenceg ﬁang]qcnn@rpqr@gi intoeemi e@pﬂ.‘eQSEbnewestomto pdomptel\lat ur e

extraceﬁlé]%{ %;f’%?m}%r?rtg? Toer olrmﬁt Q{Oée g%ﬂ.!gﬂ‘{ gEen ﬁéeho Tal s o b e

leader depentls onjitedtypecefdiostfeelisin ml ﬂﬁfc@dlﬂblﬂdiﬁpﬁthﬂﬁﬁ gaence
site toward 5 the Bgl |

prodog] g P el ore eciond it iAoy B GeBRt i on

includethd &grab sdgiisilct 87 thterbuRROLEN ST IQBERAIR YIS eaPPr OPri at e
nat i ve or het erol ogous signal peptide (|eader

No. 4,984 B thesjgnakbsequracy mtqsbulan@deqemood@mnbeﬂpn essi on
Cosmal §iGA. ngatu;e%lﬁﬁﬁgolbgtl tﬁ&ﬁhfeﬁg'ﬂ&ﬁ le&%?tﬁfs%n 'ﬁd@f t he

reconbl nant prote pepti de or
describedinddt Pmpﬁncﬁﬁ'!cﬁﬁﬁithetypy binteleukind treceplok signad peytideh t he

cescrivh TS S MBSy sl Pl eomimk I ot

peptideqiebdribed in/BP Ryttt Nbe46Bisgpal sequence for interleukin-7
(IL.7) described in US Patent No. 4,965, 195, the

- $dgitignal cenitobpraBerceT ShoWR & TmERYereX prepinneqsheterainsoes i bed
genes floth meAHIRM eﬁgreé’s!mn ve%}ﬂﬁ&u&]s%cgéél1e%§§%%@%s%

i nterl eukin receptor signal pepti in EP
augmerfing sqquenqo clegei (BASE) dériyed fipm CHO n¢lkr(Ments et all, ie ecept or

animal L TR0 RO TR b N kT e et

No. 6,087,9151US Haent Nol& 309;&41 BYpshdithe dopariad lesder {¥P1) 460V 346.
con sequ ces shown_ to |nprove
gene Rﬁgﬁh sbfcéﬁm’b"lus hé TELG §1985b deok Cheitmammal | an

257:13875A3888 Bfler{A¢ib84cind eﬁ&y g]leﬁ@e%&f% A%ribi .
expressi on augnenting sequence ement (EAS derl ved

allow dlrcrsgﬁmem@h?eq tp be rapstatedeeiigiendlly. (Oh iand Somow (1948), Cairinz

ono AP A SRR S M, v

Acids R@seaﬁﬁ 28269R2700). alichréskien bf a WIb]log@lslcmeﬂs ;(aiﬁl%hih and VA

: Adenov rus.2 1982),
aiisroffE B Folewepy (s goerionlce stk F e e eome

shownr.arimpwv@tr&ﬁfeeﬂaﬁiﬁzﬂma%xﬁésswnro@khe%teadls%ouel | ow
dicistronic nR to be translated efficiently (Ch and

cDNA &apimsn of alod290), Methedsin Enzymol. 185: 487-511). Exemplary
expression vectors that employ dicistronic mRNAs are pTR-DC/GFP described by |

Mosser et al., Biotechniques 22:150-161 (1997), and p2A5I described by Mortis et al.,

in Animal Cell Technology, pp. 529-534 (1997). o .
Examples of useful expression vectors that can be used to 'pr'oduce proteins are

those disclosed in WO 01/27299 and the pDCA409 vector described in McMahan e dl.

ST
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Ranmesh et al. (1996), Nucleic Acids Research
24:2697-2700). Expression of a heterol ogous cDNA as

wo 20dhds1@f a dicistronic nRNA followed by a
sel ectabl e marker (e.g. DHFR) has been ﬁﬁu%&%ﬁﬂ;{

(1991)1 NP wrm@f gﬁ&@&mv@ ?){]?Hpe%mgﬁ)%c &%@gg?fﬁ%gfﬂogg

he het er ol ogous
been dﬁwr@dz@yrfdbsleﬂ@ gL (939), 5‘.&11 ¥9: Eﬁéﬁ&l Athgr SPressipn ESKIrON

dj tr TR
for sl R B0 Ry D0 Ty
Berg (Mb!a%)] Biaha: QL&QABQSBQDGS'CﬁSehﬂdysEbm fubstablehigh levkl . i N

Cel|l T 0 ). 529-534 (1997 Exampl e
eXpresgjpn @B@B@ﬂ@%ﬁf’i‘@ f»?%‘é@ﬂ?%mwm@ﬁ&he@él ‘%?Q%@fmt s
consu&ﬁ&@u&%nﬁ%&@&&n%@by EHeSR egﬂsﬁkﬁsﬁﬂzuhﬁl yPQ%'/ 2729_9

09 vector described in an et

(1986)15Ayaﬂﬁldémgh ezgwwowm@mmmm@mmw@n@mvam

oo 812 AR ey AL B, o,

mammwlml ee;presﬂorﬂtectofsh%&)s?nt@d lih BB Paterid . &4&67@25 @lid .

on vecto or .use i n.mammal i an ost cells
WO 013759 The raiprian beideriyen FOR BNy Ealysol trmatveser o
signal .(ehﬁﬂdnce @@kleroldHons mgr&l sé@]ﬁ@nc(e @ﬁﬁ@aﬁdeﬁsﬁéﬁ% Hle sipyat em for

| e high Ievel ressi on of manmalian CcDNAs in

b
sequengey g Apspabas A Rrtesp NoH o II5ei9S b fighat saqupne for IL.2

18

I e T e e L R

describegt pyERSBatent Npe3A7¢i66; Be/yee ] -1 kbeptoesigmal peptdbiesGitrdan et
. | 1 Nat.ure 312: 768, ha eotda
in US Pty N 5B oot 1 Bed eremtor e pfc BRpaet on

EP Patere Moo460),846e described in EP Patent No. A 0 367 566 and
|JS \@ﬁ 01/ 27299.. The vectors can be derived from
uit tyesondijionsgnd for mpmmalian pellsiagednown imike ateSesence,

" oz Anfmile e
e-g- Arfnll SUIPERRON a ol Wpr LA 215 fRE, fof ARG Bpn@ldf? 2

Press, Neyv Yarkd$992).o8lamyfaliars¢edjs alay be qultreidn fsuspeﬂsi.onZ)r while ept or

t al Nat 2: 1984
atachofl EAFLNE §lbelrlle RRBAGE Ml bl et 5
examp]Bﬁﬁ fbkEed bétbbmxy,m:)rk Hollow fib&rasgtators ipgdkal b@ept i de
e T by e g e, 15 19
bloreacRﬁ‘fI Qith oNGithd® Bi@b6&urrieay! 'aﬁ@@ﬂ)&at&ﬂhtallfaﬁh e gietd, Ons a nd

for mammalian cells are known in the art. Sée e.g.
continuaps, peani-colinuods, pr parsiopnmdact i cal  Approach, D.

?&9@%‘8& mﬁ%epa%ﬂt@;ﬁe}gﬁ&ﬁ/&ﬁége&énﬁ ur eigh tﬁlgrsn&%%élﬁm on

or medigm agiitives, memlt)ahdme dhat mcmam@rodhcsmbatstahﬁlmon of a
Ilan ceIIs may. be cul red, for

- . Furt
proteing Ht SR8 B (TR Bonil oy 1 20t P P by

40°C, opliGaBp Eb@raboutP8ek RrhbB@ch7 °@ | RIPAMOIFC 15 hRLPyCoed
bi oreactars, roller bottles, shake flasks, or stirred
from aboyg#9°C to about 35°C, or from about 30°C to about 33°C. Moreover
substances other than N-acetylmannosamine, galactose, fructose, and mannose can be
added to the medium. Such substances include, but are not limited to, histone

deacetylase 1nh1b1tors butyrate mchostatm caffeme and hexametheylene

- b1sacetam1de -

o
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bi oreactors, with or without mcrocarriers, and!SJanuary 2007

operated in a batch, fed batch, continuous,
sem -conti nuous, or perfusion node. 25 The net hods and

woO 200B6hsivo Of the invention can be conbi ned V\i,élegg(Bﬁ, 1733
met hods or nedium additives, especially those t

'TRE hiRADEs &E&@Hfgttb e g?éserﬁ hﬁrleﬂﬂo%txhag‘rbe%edato i thé- For

exanpl e, I's “can grown at teémperatures from about
titer anélgrﬁlalmlaamftprotqms:m gt singlephiage afmdmmlfaﬂc)plkasﬁamureo about

f bou m about Cto
processaf, i o'y R AR o it oSS bt g ol R BB 1
and the@fschsdaihethodsand tfedia atdtaipldyed daring thedHNgs pisdition
ala o§e fructose,, and nannose can be_ added to the

phase, eifgf PLOFES: Solls & cplfged igdwo Bt mong distingiPhasetyi t ed
For exaﬁ@le d%l]§ hﬁ? 8e cﬂﬁ@éﬁﬂ’ﬂ i gro'\xﬂh%lﬁké Qhder eﬁ’&ﬁo\iﬁﬁﬁt@l

trichosta f el ne, exarret he | ene
conditippjsdlant eqaamlépecell m@f%uwmé aiahiling Gien nmzfem@m @08 100

o 0 A Al
proteins Itahylhphpbasecpfocpsses the msthbds zindttﬂedml angprding teethepraseglt

. .mul t C u roces In a single phase
Inventigh “E% y'%%% tafﬁ@‘% {IPB Bi?ﬁ%\%ﬁé’a B0 a cul ture
' E‘Hald:ﬂaﬁifyl& Present@lbldw e HotSmbRRE ¢ ﬁﬂaéxhﬂﬁﬁv@é}qo R are

loyed during_ the single roductlon hase. In a
scope oﬁgg ¥

elw,sméonst%é phutisg wﬂé en egstane ghag moﬂﬁac@twns At wo or

'vanatloﬂpﬁr@ plishid i Qfghm%we tgzg:ﬁl gﬁ APLRen %r?dfﬁ:am aRf

cultured fir In a gro ase, envi ronnent al

variatioppare inténged to eawithimbe néope oﬁhb invgrtmlm Adlrrefetences aitetl
en transf r.oducti on phase,
herei, %tg?urp rcon%"ﬁéﬁ‘? RR rﬁlc!?%eg’slé‘ t@%%ﬂﬁ%f on and/ or
sialylation of a protein. In nmultiple phase processes -
the nmethods and nedi a_according to the present 10
i nvention are enpl EW&ItEieast during the production

CoMPAYISHEOR MAﬂﬁ%ﬁArﬁbﬁ‘@ﬁF&ﬁ@ Ahﬁ 'camﬁ LB iﬁﬁﬁﬁ%ﬁded

to be exhaps EW%E%P cope
i nventi on. The ski ’%A |san W | F under st and t hat

nodi fications and variations are possible in [ight of
Theefoliruimg exmmehnga doasnie) dstenhinerotlich icarbbdhydrse and

, . [ a 0 be Wlth the scope of the
| combin "%\l}é’ﬁ g dr)&?qs afl ‘é‘%ccé‘&ur& mediymy s 2 rt%ﬁnﬂuc% MO ypr a
sialylatiom o TNFR T ﬁfdﬁcddﬂﬁr%dﬁéﬂﬁt‘ﬂié rélBR eﬂteh{bfts NatioRMak r et y.

MPLE 1 COVPARI SON OF THE ABI LI TY OF VARI QUS SUGARS

 dolormipgqryY THRITIA FRCIRES o e ERGRR moﬂmm@zasmwmm oF

cuts AR fon SRR, SO oA ESiRknlES OPAYE (0

determ ne whi ch car of
provideg mropgihypgasairecef theokieent ofaxahéatiombmwwmommsl withhmicse abl e t o

- sialic acﬁ]rgtlflﬁlee tlﬁ&c@aﬁl{ concentration for elution from an anion exchange

coluron.

About 2.0 x 10° cells of a CHO cell line that had been genetically engineered
to produce TNER:Fc were inoculated into each of 12 flasks coﬁtajning 30 ml of
serum-free medium with INTRALIPIDS™ (a sterile emulsion of fractionated soybean
oil and f;actionated egg phospholipids in water), insulin—_likc growth factor-I, and

7 : blityfate and without any added carbohydrates (labeled “control”) or with the

carbohydrate additives indicated in Figure 2 at a concentration of 4 mM each. _

a20-
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sialylation of TNFR Fc produced by the cells. ThadJanuary 2007
relative extent of sialylation was determ ned by
nmeasuring the fraction of TNFR Fc produced by a cell

wo 200hdsigoe that 25 elutes from an ani on excpapges 65:91)'2}‘7?31
only at a high salt concentration. This provi

Culturds GHEinBRARKT i 'PéaIyE heoe b Eh&inéfzﬁ i‘éo@e%lh@aﬁﬁ P&C ause

proteins Wt sialic acid require a higher salt
minutec JRERNF Y wasi harvested fresh [Lhel mﬁﬂuﬁn efter aevea deyrof grostiaange

c cel | t hat
Pfe'Pmﬁf%é‘“bﬁ'é’é%@Slef“‘né@mtif &8“%6%%1’%& SM%NFR Fc
protem\mn@ntrﬂtmuiratdeldmuﬂédbyﬁﬁ&huﬁfg abﬁ)rl.f)dna@ 5280 amiodiettkNg 30
g}: %}g medi um wi th | NTRALI PI DSTh (a sterile
The Co’é‘??ﬂTr%t}OSr? G Bhisneres 2dipped e abery0-Tae/m Bt t i onat ed
mluuo@&%mﬂﬁadzsle bp water), insulin-like growth
factor-1, and but rate and wit hout any added

MW@W&%CC@% G diametst and Hrmui high) Whaerun as
F
follow BN S Gl dPndr B ERLES pihily Al fnci
samplem@ﬂg DOBIAO oPﬁindﬁi@@Bjtﬁﬂs]cba&uﬁhg 0.25 mglmﬂabﬁaemn cubat ed
d t 3 Ki t
o g R bl 2 e BB o cr
CorporB@eSt. Hauis, Miksiifi U A). @nghmfw EupYs D60 BT s Bkﬁir@was A

affinity chrorratogra hereafter, the purified
applicd gt ol s LR bR oAAD Ml HGA by

(Buif concgﬁ??%{f?’%%‘%?@?ﬁg“%ﬁﬁ%% EPAEED fanin e |

columnee @ ete Of @S migrimi AtRE.1 winkites |thaerg1ad1em v&@cmpletm addel e, pH

colum%%%% 1@(}]‘% %\Rggl?ﬁ Eﬁng@ &%6?%?18 gr a %ﬁlg‘]ﬂﬂ% d| amst er and

absorbahad: http8a hasbnibedrd) alxed Grash msafﬂemamaﬁfslv@ﬁuﬁmer i ment al
l es u3|n a mxture of two control proteins

‘ (fclatl"% & e ﬂ&loe DE) WA§ Forprdgd pusematically as the piotein ¢lwpditemr and

the colifnrP mfa!ﬂuxdlﬁ‘elht%h lBHHi‘e@o% gt {}yﬁ%m 1ﬁhlﬂﬁ& (Bﬁd'\ﬁ/Fls 1.2 minutes

Si gma- Al drich Corporation, souri, USA).
as comprreshiaf & nyihutey). tRete@0 rynscthe cddumn maxclmdhmmjecawl i ed

02l SENAES, (BRHERy 98 el PEREng G Oy BETRER) € o -

followelVbiia@Einal widhGvith Bulfef Aer B) vvas run through the colum
rate o . 8 mJm n 2.1 m.nutes, the radi ent
Al pdh ottt oS et TRRE Siss Bou Tt o

the anidR-exBRadd Gk, 2R StiflaRgiBiEnt ARk ShRREh B camﬂmtaQr i ng

absor bance at 280 nanoneters, and a graph of these

explaingghaboye. eﬂtﬂrﬁoghomf ST NHRYEC peek dhabelintpd aftes soyhean trypsinof
1nh1b1to|r %gb fé@%o 8 Qtr aﬁ u II‘E %dtﬁ%@ ulr:n ﬁ‘ﬁﬁg]ﬁc Ii'heat &g&%@ f{{ n

elute From e coT ut ed or e
high sal¢ wbéwmﬁneylrbglcmnpming Ithetma tpedrahd cutde Ratrdluied afier  as

: . 15. 4 m nut t th |
soybeat BUBSE Bnhct i e Plb b ihase B 3V ORI Vo o1 | owec

compar€@y/inteaéh &ed witkh sinlifefrabh HEmWHARE Sf TNFR-HBpkddaEs iflaand B
separate experiment by a cell culture grown without mannose, .fru.ctosc, galactose, or
N-acetylmannosamine. _ o

The results are shown in Figure 2. The fact that the control culture from the
present experiment without added su gars is only very shghtly above 100% indicates
that the sialylation of TNFR:Fc can be almost constant from batch to batch. These

data also indicate that cultures grown in N—acetylmannosalmne fructose mannose,

, ;21-
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followed by a final wash with Buffer A A vol unid danugsy 2007
to 200 pl (at about 0.25 ng/m ) of TNFR Fc was | oaded
onto the ani on exchange columm, and a |inear gradient

wo 2W@Redisyy through the colum as expl ained
portion of the TNFR Fc peak that el uted a??@%%g%ozgéén

| at h| gh

and sl et of P B EBRR SRR ibhdirlen ™ g
sialylagean of TSR :He veangrionihel c&n;abmmmn tdsted. deheﬁ MeERIFudesm t he
cultureS Urve t@{;\{h? ted after . soybean SI n .1 nhi bi tor

SRS i g foliow e qmbgtions cH SUgats INEEREEP was
sialylaBGMTNAY Sedackdie €B6A) (DR hrlll Riladiodd; |(33rfnfcfo§§ Bhiddode! OM a

batch of TNFR Fc produced in a separate experinment by
and mapnpses and(d) Nueeylgreenaamine fodigalsgitsnose, fruct ose,
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shown in Figure 2. The fact that the control culture
fromthe present EXpPLER WIthOUt added sugars is
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concentrations for N- acet nosam ne an
phosphalipidois avate) thsylin-liketgrewthi far:tcgﬂo mtdbubeate with flermediom

y f TNFR: Ec t al
addiivisIAEERE A CS bl Pk ecealiis faE achi eves (he
acetylnrmsdsamirglayd/et 4 aBar@bokENFEnkning Eduihbler dnBS bf &ictose,

lact onccgmtrau on of N-acetyl mannosam ne. About 2.0 x 106
FHACOTeMS B %fhe same CHO cel|l line used in Exanple | were
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Figure 3, and eight other cultures each produced the data for one of the eight axial

ose,

. points of Figure 3. TNFR:Fc was harvested from the medium after 7 days of growth

at 30°C with shaking at 150 sevolutions per minute and pre-purified by Protein A
affinity chromatography. The number of moles of N-acetylneuraminic acid (NANA) -
per mole of recombinant protein was determined as follows. Fﬁllowing Protein A
affinity chromatography, the concentration of TNFR:Fc was determined by reading
absorbance at 280 nanometers, and protein concentration was adjﬁsted to 1 mg/ml by

~ dilution info phosphate buffered saline. Sialidase (obtained from Glyko, Inc. of

Novato, California, USA) was diluted to 1 mUl ul (where 1 unit is the amount of

. '-22_- 7. _
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ct d prevent
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65r|nental sanpl es ‘usi ng known anmounts of NANA
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M ssouri, USA. The system for perform ng high
per f ormance ani on exchange chromat ography and pul sed
anperonetric detection was purchased from Di onex
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results, which are shown in Figure 3, were plotted"
using a conputer software for statistical analysis
and ‘gr aphi cal presentation of data (7MP, available
fromSAS Institute, Cary, North Carolina, USA). The
hi ghest 1evels of sialyl atl on of
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TNFR: Fc were observed at 3 nM each fructose, 15 January 2007

gal actose, and mannose and slightly over 5 nM

N- acet yl mannosanl i ne. However, when 3 mM fructose,

gal act ose, and 20 nannose are added to cultures

containing slightly less than 3 nM N-acetyl mannos-

amne, levels of sialylation are al nost equal to those

seen using about 5 nM N-acetyl - nannosam ne. -23 15
CLAé&guary 2007 CLAIMS 1. A nethod for controlling the

lic acid content of a protein produced by
mamal i an cell s cowprising culturing the cells in

su penS|on a um.conpri s al act ose nd
£ 1 het ood eof 0t SREINENEGRRE 1 et A Boprot i um
mamfngliantvells upmppxihmﬁumnhmés in Suspdis®en ired hathmfongirigiogalactise
and flctolierei n the medi um further conprises N-acetyl -
mannosam ne. 4. The nethod of any one of clainms 1, 2,
or2.3, whemeitwdiofidaimeld wberein shegedinm furtiee compisesHhaanoset hod
of 3.any %éﬁtod%k hittF1 2, \gher(gﬁ thd memglrﬁﬁl&{ér ¢ Iﬂﬁmses -acetyl—
concentrations o gal att ose, nannose, nd
mannggagigeach from1l mMMto 10 mM 6. The nethod of any one

of4.cl ai 1/ ndd o@any‘@!ﬂ@&%‘[a‘ﬁnst he, &%n\‘%ﬁ&l&ﬁ ak IITQBIUQI i3 serum free.
N-acetyl. mannosamine in the rediumis at |east 0.8 mV

2 v Tl'ﬁmlet}@d ALY DDA clalrgs ¥y ordy whepgin fhg/iconpentrifigus of

galactmt h@ﬁbo@é aBducRREar® tach IF3nMBmNI ¢b 90 &M, Wherei n the
reted r ecombi nant &%otein.,S. The

tei
“hod %33?38 Y gpe Sjclaits’ 1 5y whepein Hip gpnsprprationeet
N-acdnymmaiosaammc.e kHeSnediug: S Qast(03inRE S exMHRTRNIES m 8 k%), 10 mM, or
2Om&[ells 9. The nethod of any one of clains 1 to 8,
Wwherein the cells are cultured at a tenperature from
29C t 0 BEGethb of ahyoBeldeniithsON to GLivlididin the proeiaB b bafetedg! | S
g gal actose, fructose, and nannose. it. The
Ieamﬁﬁgﬁﬁ; P clai m 10, further conprising
N-facet ylhoesthod afviny ene df2lairdshleto Mpdhein G mpnaialiankellscire QRO
entrations of gal actose, mannose, and
(Chlng\%ag%?igglébga?sg%gg%h froml mMMto 10 mMM 13. The nedi um
of9- ¢l aiThe mpthed ofjzpy ongvdclaings It th 8, wiereieht rals prulofed at a
: umm&h@gg%ﬁb@@p&@gqﬁlne in the mediumis at least 0.8 nM
. The medi um of any one of clains 10 to 13, wherein
t HQ med} WAdPE fof splpwng mammaliapsellyxomprsigatagiose, fructose, and
mmm@@ntroll|ng the sialic acid content of a protein

coqpr|5|ng gulturln%
. he medium of claim™10, further comprising N-acetylmannosamine.
12. . The medium of claim 10 or 11, wherein the concentrations of galactose,

. Thannose, and ﬁ_'uctose are each from 1 mM to 10 mM.
- 13, The medium of claim 11 or 12, wherein the concentration of
N—ac'etylman_nosamine in the medium is at 1east 0.8 mM.
14, The medium of any one of claims 10 to 13, wherein the medium is serum free.
15. A method for controlling the sialic acid content of a protein comprising culturing
a mammalian cell that produces the protein in medivm comp'ris.iﬁg N-acetylmannosamine and
galactose. _ |
_ 16. The method of claim 15, wherein the medium further comprises fructose and
mannose. _ | o
24




a mammalian cell that produces the protein in nmidiamyary 2007
conprising N acetyl mannosam ne and gal actose. 16. The

nmet hod of claim 15, wherein the nmedium further

conprises fructose and mannose. -24 15 January 2007

17. The nethod of claim 16, wherein the concentration

of fructose in the nediumis froml1.5 MmMto 4.5 nM and
mherein t he concentration of nmannose in the nediumis

?fno 1?hex€\%}ﬁé of slaxflh]glggffr{:l;h %g;%fptgtg?flan fgf%grgseoxfl th%ln%d% is
fromtlén!ertaﬂJj ] ﬁmdmhe%ﬁhe cond@Eatich®f mhie sl thratkdiiin i@ fiymane
oM Qfa £Lpd ™ 15 to 18, wherein the concentration of

acetyl mannosamine in the mediumis at |east 0.8 nM

anB.wh et methddenyoroédtimatl 5 ont ToWhergja hactlbis euliuredtahe
tempBRRtd Bk SoobhPfBed. S MM to 4.5 nM 20. The nethod of any

one of clains 15 to 19, wherein the protein is a

sek% et eBbe mathodef sny onq of cirtires Hetp H Bidvhofeirethy copemtratfonof ai s
N.acatﬁnia@ma&zmanﬁe%eammg aRedt &4 M &a@n@éﬁqm&}&m@m of
galac\%ﬁm ej n. he net hod any one al s to 21,

%P&WTWE@IO}“ ll%m%i[t@#léné\éi |. 23. A nedium for
CUR. Ur | THg nieBBaR g Rne&ll lamE B9, Sﬂrh@ﬂuﬁﬁé ,%s&msea secreted
tfruct ose, and N- acetyl mannosam ne. he nedi um of

Prole®k 3i m 23, wherein the nedium furt her corrprl ses

Me2inos eTheZiethod bLanfak ¢iladths 15l 18 OIwAdreinthker6tbiA id \8combinant
roteconcent ration of fructose in the nediumis from1.5
PIO®Mto 4.5 mM and wherein the concentration of mannose

| 22 he Trediethod bSanf oogiof Llabns m%nn wfheﬁmmM cell &.a GH®@ celi.

f I
o an? oA e Mieiog SaB R it SrbRind BEER Rl A v
acetylmanhesamine.0. 8 mM and vvher e| n the concentration of
-9 ai4aCt Ofife rﬂeﬁl];ﬂnn)? cl%?&u%érgﬁp Eﬂeqxgdé]ESquE %&npmes m%“:{lnos%7

he nedi um of any one the
na%mal i s mediumof glpim 240pMiBreip tesoncp@ratifinef ﬁm@smmlmfmedm;n is

from 0B\ fo £4 Md%;ﬁerteﬁ tifecondfdih Br 808 Hiny pn]g}:&ﬁm is from 1.5
serumfree. 29. A nethod for increasingt
thﬂF'gC%Mtl on of a protein by culturing mammalian cells
thst expe ﬁﬁ&uﬁlfwa@w& 8f Jlaim} 2£t0 78 L AREF@IRnbedk b, of
Iturln manmal i an cell's in a medium conprising
N—ac:f:?yhJ neﬁxéﬁlﬁ

gedum isa4 legs0 &d%‘%‘s"éd whegein the gonpgatragen eff
galactobedh mea&dmm@fr&hm 5tiM toeslin f urt her conprises N

27. The medium of any one of claims 23 to 26, wherein the mammalian cells are
CHO cells. o o |
28, The medium of any one:;':of claims 23 to 27, wherein"the medium is serum-free.
29. A method for increasing the production of a protem by cultunng mammalian

- cells that express the protein, the method comprising culturing the mannnahan cells in a medium
compnsm_g_ﬁ'uctosc mannose, and galactose. .
30. The method of claim 29, wherein the medium further comprises N-
acetylmaunosanune
31. The method of claim 30, wherein the concentration of galactose in the mediurm is
 from 1.5 mM to 4.5 mM, wherein the concentration of mannose in 'the medium is from 1.5 mM to
4.5 mM, and wherem the concentratlon of fructose in the medmm is from 1 5 mM to 4 5 mM.
- 25- '




acetyl mannosamni ne. 31. The method of clai m 30, WhdemiaRy 2007
the concentration of galactose in the nmediumis from

1.5 MMto 4.5 MM wherein the concentration of nmannose

in the nediumis from1.5 Mto 4.5 mM and wherein

the concentration of fructose in the nediumis from

1.5 mMMto 4.5 MM -25 15 January 2007 32. The nethod

of claim30 or 31, wherein the concentration of

N- aget yl T@ﬁt&ﬂﬁaﬂf (ﬂﬁm|30 of f‘lew'ﬂ?réth %cb&gﬂaﬂ!}@&st 'cl)'h8 ™
e

ﬂﬁ%‘%&%@&@%} thaﬂ&dw lmtéqaﬁtbﬂ SxgM; pmish 3 H%é‘rf@MhS ik 10 mM, or

20mddi umis serumfree. 34. The nethod of any one of

cl aj to.33, . wherein the ma ian cells are CHO

ceﬁjs.s %'3’.‘" mFF?Sg REH 8eF ?ﬂglaa’ﬂff?%%@?gﬁbefsp themedyig if gpragprtree.

whe¥ei n fhia erethod bixing ohesof laRe0@d T wherkift e FinARNLN cells are
caBaiein. 36. A nethod for controlling the sialic acid

content of a reconbi nant protein conprising culturing

manddal i dire methbdoftdanzbneaof plams 2 td, whenthe paimdin io b Géodtad,
recdibifnt fGREr ature from about 29C to 35C in a nmedi um

co rising fructose, gal actose, mannose, and N

| Wﬁbﬁﬁ?@n“m@ fralic hed mmﬁaﬂabmbmamﬁ)rotem

confpf;éiﬂé &ﬁﬁ'lﬂg%ﬁﬂﬁ%b%&ﬂﬂﬂht’ &prggs%r%cogbﬂﬁ\ﬂt Eax%te‘,}_’n zﬁ %araMe from

\Agsg n_the concentration of galactose’int
about<1C tg 7L 1p 2 mefling cgmprising fruciapre addcipse, Mantosn eehlNT at i on
acetiianSenihd) t he nedi umls from1l.0 mMMto 5.0 M and
wher.ei n he concentration N-acetyl mannosam ne in the
medT i1 14° cepoopizaion ofiustass/n thoamedivyig frpmtl HoMde S AmPlone
of véleginthe chndeftrflion dbgalaRtodein @le n%@wm‘ﬂ@ﬁérﬁ'l 0 NI $6 AM, C
rotein is increased. 38. Use of

t he
. afhereiRt oftsaiion Boaliet b Siedertieut Fom |00V SpaMhEn
of valelgmdheLmncfemtatloﬁ chétgallrﬂahﬁbgaxﬁheﬁh it n@ingh i€ ONERIT.S AM. a
pragein TRE Iggtﬂgdeoqa 9’ oné oﬁanns 1 toag] lgt |£2 or 35 wherein the sialic acid

content of the protein is increased.

38. Use of N-acetylmannosamine and galactose for the preparation of a medium for

controlling sialic acid content of a protein produced by 2 mammalian cell.
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