Met hod for expressing sialylated glycoproteins in
manmal i an cells and cells thereof Reference to rel ated
wap@hsitecatsé ons The present application clai ms ppCDBGRP5/000139
fromU S. Provisional Patent Application
No. 60/ 567,458, filed on May 4, 2004, the disclosure of
which is incorporated herein in its entirety. Field of
the invention The present inlention relates to nethods
and systens for expressing sialylated glycoproteins in
manmal i an cells. Background of the invention A recent
survey of the Swi ssProt protein database predicted
t hatVethoe fohaxpredsingfsicayibterl KRCBPidteinBr it ®iafsmalidh cells and
__Eéﬁﬁﬁgéﬁteins’ and 90 % of these are likely To contain
ce gl ycosyl ation (Apweiler et al., 1999). Many
of these glycoproteins are produced as reconbi nant
RdiERABE 1S rél hd ells for therapeutic
aﬁ%ﬂlca |%Egﬂﬁgn gkﬁ%ng& Krummen, 2002). It is known
that glycosylation affects critical properties of the
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herglg e s @atifdtg. in vivo circulatory half life of
gl ycoproteins as sialic acid term nated glycans are

. hot rec_o%ni zed by asial ogl ycoprotein receptors (Wiss
E&‘i@éﬂwﬂ_ﬂmg), whi ch ot herw se target glycoproteins
for degradation. Hence, one of the goals of
i i ' LSt Lev .
T B e AR el Bsoe By B5B68ng sialyiatea
glyiceprotbinsanimayhywdianatetisns. d ycosyl ation occurs as a
series of enzyne catal ysed reactions in the ER and
Ba I iu p gtius reviewed in Kornfeld and Konfeld,
: > N The nucl eotide sugars, which serve
as co-substrates in the reactions, aresynthesized in

A iteentytineglof gl SHiss P ProRAPHStab8sd ?ed’ﬂ:ferooﬁ%morﬁ than half

menmbr anes. Nucl eotide sugar transporier proteins t
of @llj aukanyolic Praledtsese talycapieledns, i atel $0g% offthesetdre likely to

ool R ubaPANGTY [SPUEED o 5L 8000 930y %5 these
glycopuiteied are preducedrasakecembindratprefucts in mammalian cells for
therapeutic applications (Andersen & Krummen, 2002). It is known that
glycosylation affects critical properties of the glycoprotein such-as its solubility,
thermal stability and bioactivity (Jenkins & Curling, 1994). In particular, the
presence of terminal sugar sialic acid increases the in vivo circulatory half life of

glycoproteins as sialic acid terminated glycans are not recognized by
asialoglycoprotein receptors (Weiss & Ashwell, 1989), which otherwise target
glycoproteins for degradation. Hence, one of the goals of recombinant

glycoprotein production is to achieve maximum and consistent sialylation on
these recombinant glycoproteins.

Glycosylation occurs as a series of enzyme catalysed reactions in the ER and
Golgi apparatus (reviewed in Kornfeld and Kornfeld, 1985; Varki, 1993). The
nucleotide sugars, which serve as co-substrates in the reactions, are



step is shown in Fig. 7 of the present patent

application. dycoprotein heterogeneity results from
wo a005a031660 i n different parts of this conpl ex PCDSEH®5/000139

A ycosyl ation engi neeri ng approaches that have been

enpl oyed to nodify glycosylation profiles involve the

mani pul ati on of gl ycosyl trangf erases (reviewed in

Bailey et al., 1998, G abenhtrst et al., 1999) and

gl ycosi dases (reviewed in Warner, 1999). Cenetic

mani pul ation of the host glycosylation pathway has

been carried out to generate glycoformdistributions
SWM@'@%”%E@Y&@H eadaredmpedmeabls &t #et mictbsorper fhembranes.
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ex rE ged a2, 6-si alafl t ransf er ase( Bragonzi
geaggd utas st aét, Sowriati Hicalor 1998) or antisense mhlbltlon of
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the recorrbl nant protein. This has led to varying
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of protein glycosylation (Hooker et al., 1999). Various groups have attempted to
overexpress sialyltransferases to improve sialylation. Chinese hamster ovary
cells contain o2,3-sialyltransferase but not a2,6-sialyltransferase (Lee et al.,
1989), resulting in glycoproteins which contain only 02,3 linked sialic acids.
However, human glycoproteins contain both a2,3 and a2,6 linked sialic acids.
Many groups have thus attempted to over express o2,6-sialyltransferase to
overcome this deficiency in 02,6 linked sialic acids (Minch et al., 1995; Lee et

al., 1989). In addition, many groups have over expressed a2,6-sialyltransferase



reconmbi nant protein through sialic acid precursor

(N-acetyl mannosam ne) feeding (Table 3 of the present
wapphkilesassé on) . N-acetyl mannosanm ne ( ManNAc) haBCheem05/000139

known to be a specific precursor for increasing

intracellular sialic acid pools (Pels Rijcken et al.

1995). It was reported that step-wi se increnents in

ManNAc feeding of up to a cohcentration of 20 nMto

Chi nese hanster ovary cells produci ng reconbi nant

human i nterferon-gama (CHO | FN-g) i ncreased

intracellular sialic acid concentration. This in turn
(Bragenzbetah 52000;ninssabekalt, 2001)endiontg|3sialytraisferase (Fukuta
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th ol qi {ﬁﬁbran , .Wwhere CMP-SA is transported into
%&a&ﬂa iy ninfgrfergpraammentdiNem) (Ge ancbWang, R9§8). 7Hofvever,
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199%)..Betenbaugh and ot hers (PCT patent application
co 2liRBA WSt RPBReRuMhen 4BomM 2iierNAT srsoded tohAISO cells

da Irgbd ' : | NG ed si.alic aci
protict reomoREE RS EHISRIE, 20Bth asviabae to both
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: r. at en ication published wi e
'”Cﬁétﬁ%‘%e'ﬁ réfg‘i’@gﬂ%@éa ﬁ‘ﬂa@jat% W001/ 42492) specul at ed
about the possibility of enhancing the expression of

Cyfiine epbidshddWfratéiBialie dotf (CRRESA)Fnust be delivered into the Golgi
apparatus in order for sialylation to occur, and this transport process depends
on the presence of the cytidine monophosphate-sialic acid transporter (CMP-
SAT) (Deutscher et al. (1984) Cell 39:295-209). The CMP-sialic acid
transporters (CMP-SATSs) belong to the family of nucleotide sugar transporters.
Similar to the other nucleotide sugar transporters, CMP-SATs are integral
transmembrane proteins that reside on the Golgi membrane, where CMP-SA is
transported into the Golgi via an antiport mechanism, as shown in Fig. 7 of the
present patent application (reviewed in Berninsone & Hirschberg, 2000;
Hirschberg et al., 1998; Hirschberg & Snider, 1987; Kawakita et al., 1998).



presence of CMP-SA into the CGol gi apparatus and hence
enhance sialylation of glycoproteins in insect cells.
wab@sOSSAT gene sequence disclosed in US 2002¢D8624984d00139
A 1 and WO01/42492 was searched under the NCBI GenBank
dat abase to reveal a 100% match with 2 GenBank
entries: 1) AF397530 - Drosophila nel anogast er
CWP-si al i ¢ aci d/ UDP- gal act osé transporter nRNA,
conpl ete cds; and 2) AB055493 - Drosophila
rrel anogaster ugt nRNA for UDP-gal actose transporter
rrBaete cds. The first GenBank entry was a direct
B%’t@ ggh candbyotBetse (B&Tg patent appll(:éﬂem/bpubligaéa) wih dthehgumber
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ermﬁfsp%teebaugbtarm/mtbew (ldSaE’atEntlApplmtchthnopubhé‘lfad with the

ndfiBEF, b S2D0a R Rt et 122885 HEECHRA T ahout the
passtbilitarofienhapfy thb éﬁ;br@%@léntd“f@robbﬁhm%&ﬁ S i increase the

seq uencte1 vvas obt ai ned through a honol ogy searc
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eoti de sugar transporter gene, and found through a
genetic conpl ementati on assay and a bi ochem cal assay
ThénaCMMS AT ogene seqwrmé hysctlb@ecsumaruasraoegme%qogemﬂ and

s UDP- ac C\WP-sjalic acid
V\[é@?%%é}e W%éegf HP & é‘{(l‘n%'t GenBank datahesggto reveal a
1@@%&@ﬁ%%2@én@gﬂ(gmys42492 whi ch was supposed to

be the CMP-SAT gene, turned out to be instead the gene
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t r arffRyiePOrter geMmeteredssports into the Gol gi

UDPGal act ose, not CMP-SA. There is therefore a need in
the art for further investigations as to whether the

TI@VRes$ (}dt}Blzaracenitrjt? hmssmarréctsstﬂdrmgm@arb;bsef&wau@he& 89(20-Mar-
i uenc e
208032 and tHe second was a direct submission by Segawa et al. (15-Jan-2003).

Segawa et al. (2000) reported that where the CMP-SAT gene was cloned and
expressed, it was experimentally demonstrated that UDP-galactose was
transported, not CMP-sialic acid. In addition, they found that the encoded
nucleotide sugar transporter also transported UDP-N-acetyl-galactosamine.
Aumiller and Jarvis, 2002, disclosed that the CMP-SAT gene sequence was
obtained through a homology search and was found to be similar to what was
obtained by Betenbaugh et al. They subsequently cloned the nucleotide sugar
transporter gene, and found through a genetic complementation assay and a
biochemical assay that the protein encoded by the sugar transporter gene
transports UDP-galactose, not CMP-sialic acid. Therefore, the Drosophila gene



amount of CMP-SA being transported into the Gol gi.

There is also a need in the art for alternative
waymsanssé or t he production of efficiently siabgl/acB05/000139

gl ycoproteins. Summary of the invention The present

i nvention addresses the problens above, and in

particul ar provides an efficgent nmet hod and system for

produci ng sialylated gl ycoprbteins, which nmtigates

the forgoing problens, or one which at |east provides

the public wwth a useful choice. In particular, the
th%:esent invention provides for a nethod for the
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9lygPREARINgi t eoccupancy of the glycoprotein.. The methods
and systens of the invention are useful for pr oduci ng

S ﬁgﬁg d gl ycoproteins in mammal i an cells of
2 tﬁé%ébﬂ,btnotllmtedto CHO cel I s.

Accordl ng to a first aspect, the present invention
ThemesedsnventioseaddressesTtiRl brbleiRs bbBUE daitd ﬂgpéglcular provides

ance%ggaﬁrméh éé‘%} gg’qﬂ%é”' ﬁﬁ%dﬁmézgglﬁg‘tﬁd plycapyoteins, which
mltg%aéggméf nven :riorgﬂle or exan”p\fvnﬁgp%d%% eF?SfPo'féﬁté E@IHUb“C with a
usefibchoioenin partislsn, iheopiedest mveatibn Ipro@ded %r §)ﬁﬁF?No% for the
pregrgg%t[ﬁ% 3 §'W@C€l %O%g‘:b{?&{ﬁgb?%gpggﬁ% Iré\ail c(s:ell 'Idre cell line
compMﬁhglé]’mamliﬁq Itf??xbﬁ%sﬂﬁﬁ@f LCCRERAgeTd ﬂ%g erit%r § variant
thereof at above endogenous level. The present inventors have surprisingly
found that enhancing the production of CMP-SAT at above the endogenous
level improved the production of sialylated glycoproteins. In particular, the
method of the invention is an efficient method for maximizing the sialic content
of glycoproteins on interest, The maximum sialic acid content of glycoproteins is
defined as the maximum number of moles of sialic acid that can be attached per
mole of the glycoprotein based on the availability of sialic acid acceptor sites. In
particular, the sialic acid acceptor sites for eukaryotic cells are glycans which
terminate with B1,-4 galactose. The availability of B1,4-galactose sites in turn

depends on the extent of prior glycoprotein processing and the glycan site



transporter (CMP-SAT) gene so that the cell expresses
the CMP-SAT protein at a | evel above the endogenous

wo ewsl105136e i ncrease i n CMP- SAT expressi on al | BESED05/000139
the increased transport of the CMP-sialic acid
(CWP-SA) into the Gol gi apparatus in order to obtain
sialylation of glycoprotei n(g) at above endogenous
| evel s. Accordingly, it is pFovided at |east a

mammal i an cell, wherein the cell is transforned with a
gene encodi ng CMP- SAT or a construct conprising that
ene. In _particular, the mammalian cell is transforned
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intesest iledingnhuBnENPISAT tICHOI dblisOr @ fragment or
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fma*ﬁ%i’éﬁ%%%sg%%&&@é%ﬁ igventign, fer exanspleom Bymarnopr GHE oell.
may be heterol ogous. The gl ycoprotein may be
mammal i an, for exanple human or CHO gl ycoprotein.
Thedsntion alsp prokisiesgd pebjtinef frrexanesislin fivs foMe of 8 cell culture
n

. of ,the present jovention may be produced.
co iR srCel BBt S EMMSA ke ndosanmLsdewisor
the production of a conplex or mxture of sialylated

l.ycoproteins of interest. More in particular, the
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comprising that gene. In particular, the mammalian cell is transformed with a
mammalian CMP-SAT gene. For example, with a human or CHO CMP-SAT
gene.

According to one aspect of the invention, the increase in sialylation is achieved
by expressing a CMP-SAT protein, or a fragment or variant thereof, in the cell of
interest. Accordingly, the invention provides at least one mammalian cell,
wherein the cell produces at least one sialylated glycoprotein at above
endogenous levels. In particular, the mammalian cell produces a CMP-SAT, a
fragment or a variant thereof, at above endogenous levels, and at least one

sialylated glycoprotein at above endogenous levels. The at least one



gl ycoprotein at above endogenous | evels. The
sialylated glycoprotein may be at least IFN-g, a
wo e@gmesite or a vari ant thereof. The mammal i an Bel/BGmin5/000139
the invention may be an isolated cell |ine. According
to anot her aspect, the present invention provides a
kit for the expression of at_|least one sialylated
-gl ycoprotein conprising the fammal i an cel | or cel
line of the invention. According to another aspect,
met hods and systens for producing gl ycoproteins having
sial yl ated oligosaccharides are provided. Accordingly,
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va gI ycoprotein. For exanple, the si aI yl at ed

gl ycoprotein(s) is any IFN-g , a fragment or a variant
t hereof. According to another aspect, the invention
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[F Ny, akﬁmmn@ndngamammtltag@(ﬁ and (b) transform ng the
cell with a gene or with a construct conprising said

gene encoding at |least a sialylated glycoprotein of

t 4 oF ve npthod, the sialylated
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phar maceut i cal
least IFN-y, a fragment or a variant thereof.

The mammalian cell of the invention may be an isolated celi line.

According to another aspect, the present invention provides a kit for the
expression of at least one sialylated glycoprotein comprising the mammalian
cell or cell line of the invention.

According to another aspect, methods and systems for producing glycoproteins
having sialylated oligosaccharides are provided. Accordingly, the invention
provides a method for the preparation of sialylated glycoprotein(s) in a cell or

cell line comprising enhancing the expression of a CMP-SAT, a fragment or a



t herapeutic conposition. In a further rel ated aspect,

the invention conprises a nethod for producing a
wa@sabased gl ycoprotein in a manmmal i an cel | oPCT/SG2005/000139

interest, said nmethod conprising the steps of: (a)

determ ning the carbohydrate substrates in said cel

(b) transform ng said cell m%th proteins to produce

necessary precursor substrat and (c) constructing a

processing pathway in said cell to produce a

sialylated glycoprotein. Various CVP-SAT proteins are

known. I n addition pol ynucl eoti de sequences encodi ng
vatignt toereiaat gb@veuemlqgeeduaMm Agcardurtghte aduithdsasgbect, the

s AFRR ARS8 ol AL SabSh el or

in ipartibelanr esenbvéRxpRédsith &J'GMPLSAQ“e'HrﬁﬂQf a'th?rstnaXImum

i ncl ude._ mammal i an cells and cell |ines uman cel
sialyhatiqneef dlycermoteinés)al so included in the in the cells

of interest and may be utilised. In particular, cells

of interest include nmanmalian cells that are useful in

In pheticutardtied insamedaliahecslp e iceft |mleyﬁ@|9rl§>é THO- or-rhﬁ@'f’an cell line.
be in an unnodi fied state or nay have

I.ls
Th%?w.\/@@wyﬁe@mtegus} ke éslketgralpgeup snammalian glycoprotein.
Fo? E%%@B é)ttﬁe %lauﬂal Cué@c{%@ﬁoﬁé@keﬁéa t'@ %,r%g%é?n%ﬁ Qe variant

thegkgfcoprotei ns for therapeutic use. i s envisaged
that the use of the techni ques of the present
invention in conmbination with existing techniques wll

r els of .si | ati,on,
ASBERIS: SHASRA ST Mo BrRSLA eyt hkCling =
Ieasha piabsatet glyoeprotein ey nempsienf &8l ar Wemfnnéae&ﬁpﬁ&ng the
ot I ch;Fopr oteins, which may be of therapeutic benefit.

1 cul ar the i nvention is useful where it the

I
;Irgﬁé ggédtsﬁg}- Pcé‘uﬁqﬁ%f%ﬂgﬁ%%ﬁ' tl'l % Q%S‘ é??rg%nﬁ&yﬁgcompnsmg
bl oodsﬁa@@enemn@mi;n@fa exmﬁer @tﬂnag&’ﬂérﬁ éH dWFaﬂt ehdleof, at
include inte rI‘r%)eron gﬁm”rq (IF . The net hod and
syst erfPVF §HEPIFNOLEABVE! By |on provide a further
genﬁi)ltﬁaﬁ%nﬂldbéthé%n%@ﬁ%s oS f%@ W ddhsEibE EbRBrising said

techniques to nodify a tar
gene encoding at least a SIaIyIated glycoprotein of interest.

Further, in the above method, the sialylated glycoprotein of interest may be
produced at above endogenous levels. The method may further comprise a
step (c) comprising the isolation of the glycoprotein(s) of interest. The isolated
glycoprotein(s) may be formulated in the form of a pharmaceutical or
therapeutic composition.

In a further related aspect, the invention comprises a method for producing a
sialylated glycoprotein in a mammalian cell of mterest said method comprising
the steps of:

(a) determining the carbohydrate substrates in said cell:



produce a ' human' gl ycoprotein. The gl ycoproteins
produced by cells with the nodification provided by
wo b@setibod and systens of the present inventiBOT/SG2005/000139

ar eadvant ageous as they have increased sialylation

which it is envisaged will lead to an increased
circulatory tinme in the bl oo Descri ption of the

figures Figure 1. Primer design for real time PCR To
detect total CMP-SAT expression, priner set T was

designed internal to the CMP-SAT open reading franme

(ORF) where 5" -priner was '-TGATAAGIGITGGACTTTTAGC- S

(SE h)rﬁran@fqrymagds%d -qslli with pwateins to produce necessary precursor
' - CTTCA CCTGG S (SEQ ID NO 2). TO detect
reconbl nan % essed CWMP-SAT, priner set R was

desi gned such that the 5 -prinmer was within the

CVP- @A Teairuaticigteh pratiespingnRithivag v adlidt &ﬂl t@FiEroaUée‘ahﬁalylated
pCW- Ta Iasm d sequence, as shown in the

5'-pri r@‘ QREQISIN..  CTGCAGCCATTGTTCTTTCTAC- 3° (SEQ ID

NO 3) and 3'-primer was 5' - GTATCGATAAGCTTTCACACACC- 3’

V4 e s of
RS GETBAT. protgiH Fare. i °lo ABlio B ATk L FRANGE #¥auences
engesling thes CMRGAT ﬁrdiémStlEédlmdwdlﬁélto Bhé& siethdd®eF tHe invention
n_of val,i t,0 net hioni ne was observed at am no

a%ﬁ%‘@é‘&ﬁsor Brg dfentdiedrugiag higinjaimatics searebpenthese sequences

may desdssd phegrbSentGRlétiger € transiently transfected
w th negative control pcDNA3.1 (+) (A), actual plasmd

FLAG (r)-SAT (B) and positive control
Slﬁtcﬁwe rele(ef) intarest oplude manealiargets v cwaimasesllutman cells

B 30054 1 SGE A0, R ERI BT ht Ly i

Innmm'daculae,gcells @éflnm@ébtlﬁcﬁf&eaﬁ%nﬁné%ﬁfceqlﬁeth‘é?'a're e yseful in the
prgaﬁu at i n with higher fluorescence for the ac

%tl'ﬁ'?jo #&eﬁaﬁ@UB@Qh(qopéot@mﬁ ridieseeegllscriayeby . ln 'Iareuamodlfled

sté\@z érmﬁ?félﬁé\zé:lb%@? hé {tw geéﬁpﬁpe§xpg¢%r% therapeutic

glyzmrotealmreChmsanbAamsta cwfa toahls eha P& 1
Vr\%en total CMP- SSAQFMéS?)ngEaHﬁ;UIa”y

t
\%ﬂ@ Eﬁ%gg% ft%@‘%%(ﬁ'ie&%f%ﬁhewpﬁhﬁc piesi ttiiy envisaged that
| ct ed
the é‘ﬁpﬁ?fa“rﬁ‘?sﬁeﬁé‘“ﬁﬂﬁquf‘ B'rbadft hlSutH LR 83K Bl existing
teehipagas vl pp@svsiaamd poc:imltr |Mh§1 BED%V@Xtéﬁaésdt)fﬁéld (ﬂ%ﬁm above
nes was | STI NC | er an e
enBREhOUE e o ! san

and the latter sanples had threshol d

cycles closer to
The methods and systems of the present invention may be used for a wide

range of glycoproteins, which may be of therapeutic benefit. In particular the
invention is useful where it the sialylation of the glycoprotein is desirable to
prolong the circulatory time of the protein in the bloodstream. By way of
example, suitable glycoproteins include interferon-gamma (IFN-y).

The method and systems of the present invention, provide a further genetic
manipulation process useable with existing techniques to modify a target cell to
produce a ‘human’ glycoprotein. The glycoproteins produced by cells with the
modification provided by the method and systems of the present invention are



the negative control, where reaching a threshold cycle
is caused by fluorescence due to priner-diner
wo eoosa031660. Expressi on | evel s coul d be conpar eBCT/RGH05/000139
way since an equal anmount of starting tenplate was
used in each case. Threshold cycle is defined as the
cycle when a given sanple crﬂises the Rel ative
Fl uorescence Unit, RFU val ue'of 20,000. Wrepresents a
negative control run when water is used as the
tenplate. Figure 5. Sialic acid analysis using a
nodi fi ed thiobarbituric acid assay (Hammond and
advgptagrmitscas theyrbpve Tmmreas&ﬂ awylaiuah whiclt itds epwiseigedalill lead

t I nes i.n Ies cid per nole | FNg
tolgfinEfagser sl LP A5 610,07 1C 17 -
2. 860. 16, |C30-.2830.17 IC.37 - 3.030.21, I1C. 38 -

DesdiiplioRd Iof thé figBres 2. 300. 28. Using a 2-tailed Student's
T test, average sialic acid content readings of each

.st%ta e cell Iine was conpared with val ues obtai ned
Figuign] Jrimer destander e ime\PER. Tindetect totabEMIBSA Thexbression,

o4 8B B TS THE B e (ARS8 (ome)

wherprEqeimer Wwes [ TGATAASTIGTET @@@TW?A@@QW%%' IDﬁl}J(e) 1) and

aci d cont %nh E unt r ansf ect ed
3 iinggran secd Al B AT A G ARG GHaRSE R NOWS) 5o detoct
f b
SRt LAl CMERAT, bier f ARG A et o
o' peinen wag withirp e CMP-SAT DR ahdahs R prietbr@RKeENhE. ORF and
th Mg? 5?@ ¥I at ed IF coul not be detected in the ,
?FFSNE bt 49 Rasfy rﬁGQH f 8¢ o) IIn thadigurgn§'-primer was 5'-
cm@m@c@m‘a\@“ﬁ’rcwm@%t aqs@fftsi [P % agwo'ar&?tﬁ)gw v UWas 5-

each sa ure 7. Si ram o
G%ﬁpﬁ%%ﬁ% §AGMFC5’3 4BEQ HEND:H43. transported
fromthe cytosol to the Golgi via the CMP-sialic acid
p r.S.t hr.o antiport pechanj
FIGHET 2P FheRin, PY-Bislie i andcPER el orgrd. The DNA
selqumaoel sbtaingd ewas OtraRs|gtsd fﬁﬂoﬂrbléé‘tbﬁ %nﬁ’FbéF Bt h% point
i rschberg et al., 19 . The si al ans erase

H
m&‘tﬁ@ﬁn E&fu\/ﬁh&%&o matbionie; wa%@baera@daat@mnmokmm 408. f or
transfer of sialic acid onto an incom ng pol ypeptide

G813, PAS oot SeARLSRRy 99550 Bl BN Tansenty
transtanted naith @gdatival control pcDNA3.1 (+) (A), actual plasmid pCMV-
FLAG®-SAT (B), and positive control PCMV-FLAG®-Luc (C). A marker region
M1, was used to arbitrarily define 1% of the cell population with higher
fluorescence in the negative control. This same maker region defined 16.5%

and 6.4% of the cell population with higher fluorescence for the actual plasmid
and the positive control respectively. There was thus expression of the FLAG-
CMP-SAT and FLAG-Luciferase in the respective samples.

Figure 4. Real time PCR analysis of stable CMP-SAT clones versus
untransfected CHO IFN-y. When total CMP-SAT expression was compared (A),
the expression in the positive clones was a fold higher than the untransfected

CHO IFN-y and the null cell line, IB.8. When recombinant CMP-SAT expression



acid transporter expression. To detect total

CWP-sialic acid transporter expression, priner set T
womsdedsgned internal to the CVMP-sialic acid PCT/SG2005/000139

transporter open reading frane (ORF) where forward

prinmer was 5 - TGATAAGIGITGGACTTTTAGC-3' (SEQ I D NO 8)

and reverse prinmer was 5 - CITCAGITGATAGGTAACCTGG 3'

(SEQ ID NGO 9). To detect recdmbi nant CWP-si alic acid

transporter, prinmer set R was designed such that the

forward prinmer was part of the pcDNA3.1(+) vector

sequence, 5' - CTAGCGCCACCATGGCTCAGG 3' (SEQ I D NO 10) -
wagnebmparack(B), Sxppessien imise positive ddresOMBssdislingt amgﬂer than

TCTGIGACACACACGECTGIG S
thﬁ\l@’ﬁqgwﬂ ?—‘PgﬁEeB 9?'7@ % lattsxsgmpias y&dsthaeshald fQ(yGl@(g closer to

I NSO SO R s LBt Bl e

fluoresseace odsealtcyl atumenoumgr yiopmativei @(pﬁ’és@ohef’r@\l’éls Obo@d be
CVP- si al cid transport, the surface

Co'aﬁpﬁ‘é%‘i) HBEIAY Shee 2t sse RSNt | of Startingrisraplate twas used in
eaachﬁeTCI'ﬁr‘%sﬁSIH’%ﬂléfé § 4 eQEGC 3%350%85 %t b@ﬁ’:é é{)};n sample

whi ch are Sialy I gure
Cr%&ﬁﬁbﬁﬁ@ﬁtlv@ﬂu@ememe aimiti, &Y watueaOSQestIO@d Wi fePresents a

ot R S et s asihederPlae % of the Leco

cell s stained W|th WGA- FI TC of higher fluorescence (to

Figune 6i gbialiof atibe aﬂlag& s (Lﬁ*)ing 4;9 &o%f@‘d ttﬁ%bbf(ﬁﬁjr&elqu assay

g ?r%“ at i on r esponde bi nding w res
(Ham e fad fRnengastare 1 93ﬁ1\; Tl\hp g‘mnagg sialic aeit dcmtén%fcrhe cell

indef 3 Bk SEAE, A0H Bt Pagl® IER, Vigft instedl SR oBFD .y -
2. 6depu Bt idn7 shpfgeed. 1)t l@sbef Q 834@ add } 8 by 38L091 jc.38 -

wi th PNA-FlI TC based on the ML gati nd. I s experiimeht
2.8p49. %d@a%d%?rﬂat%%n Vsingr as2:talledvsiuleolis a7 rtest, ety sialic

1 dt t
ac@i r gﬁg%ﬁg{el %l Sel0 ec?%%‘ cﬁ%ﬁg LI ﬁ\?:é‘lé?ﬁ \Prgans gaoﬁ’éh values
obmnecaﬁeﬁeahﬁdnﬁ@bwd CREIFRY. Tharg vQM'e% EFn%rd wEld less than

|ine. The fold increase in - si al cac t ranspor
05 aRRd r ieasvrements pasret camsidesed f etatisdicpty erstgrﬁﬂlﬁént The

pl 4 Rpriodn, B b e o ool e

corstenpbeer theluntesisfaitsd \@HM®© IFN(_}}I(QGSt ed twice to generate
cDNA samples for real-tinme PCR analysis. In

Figure 6. Glycan site occupancy data using MEKC. There were no distinct
differences in the site occupancy of both the overexpressing CMP-SAT cell
lines and the null cell line compared with the untransfected CHO IFN-y. O-site
glycosylated IFNy could not be detected in the IFNy obtained from some of the

cell lines. The standard deviation was obtained from duplicate runs of each
sample.

Figure 7. Simplified diagram of the sialylation process. CMP-sialic acid is
transported from the cytosol to the Golgi via the CMP-sialic acid transporter.
This occurs through an antiport mechanism where the entry of CMP-sialic acid

into the Golgi lumen is coupled to an equimolar exit of CMP from the lumen



each real -time PCR run, each sanple was run in

duplicate. Figure 12. Conparison of reconbi nant
w@rMes40Hb6 ¢ aci d transporter (CMP- SAT) transcrP@I/SGIN05/000139

sel ected cl ones and negative controls, untransfected

parent CHO I FN-g and null vector cell line. Clones 9 (

) and 15 (B), which had hi gh1e2‘|r3 fold increase in total

CWVP- SAT transcript, show correspondi ng hi gher |evels

of reconbi nant CWVP- SAT transcript, as indicated by the

| ower threshold cycles. A simlar trend was observed

inclones 2 1 g]k) and 26 (X), with a lower fold
(Hiraehkergestial., 1608 T¢M°snslg(ltramsfesas|e| then utiizes) €Q4Pisidic acid as a

cor sy O Fantsief 67 SRLE Srrelentp ar Reorigg pebipephn chain with

B1S¢E_ﬁ%\]aﬁﬁo§@bbcé¥ﬂb}§{§ were harvested tw ce to generate
sanples for real tinme PCR analysis. In each

real -time PCR run, each sanple was run in dupllcate

h d f
PIEALAER eI g IR I——
snaﬂn@hﬁélﬁn&aﬁéﬁm& é)kﬁ?8§§ioﬁvqfo Eéfgc?%éﬂap@m:élfcalabﬂ #5hdoorter

transporter when conpared to negative co
exgm&%m.f @cimer set eht WaHO delignedhridtennal tuetheor CMP-kialic acid

L L oy
TN oT CRRETEIUAQD S0 0 il ey vos 5

CTﬁé@ r%TAﬁﬁIMQQIG@ -Hc(SEQoR D D Tawl Id@ltcmtt recombinant
E’Zsﬁé@o%%ﬂ”ﬁﬁ Kot B B Y% VAR ReSbal s hat the forward
privmr anwgect qbrpar oht €O | BB+ Ul lvecast Ors&fﬂénce 5'-
Cﬂ@ﬁcﬁeﬁ\@/&%@?ﬁﬁéﬁ%@ﬁégﬁﬁt ﬁ&t 1@Ang thef feveesa primer
e i PR TeCRBRNEs) WL CHidadRiR, R .

CT&E@TGMAEAMGMGW%?&@E@ IDRN: tsfiyal i ¢ aci d

content, was carried out twi ce, where each sanple was
per for msd in duplicate. Figure 15. Reconbi nant |IFNg

Figuireeo (P BIPRACS Qhal Qi’%edfeéurfa%fez@gc?od&k)f&?ﬁéf ¥EHO-K1 and Lec2

expr essi 8 CVP- si a ic acid tr er an nega
cell® sing ¥V GArftIT&h A eand PNARITC (B-)OSchNe geambdlllelére unable to

he b f 2-N
siffiste’ts ffeapratfife aing resyons Bafret I wb b pelc eert Gansport
thd Barfaee QRUoRISRIHCHnBSess 1S VRGAJE 'aH@SmBFg HitACENALRRC as

2 to 3 mcellar electrokinetic capi
compared to surface glycoproteins from CHO-K1 WhICh are sialylated.

Figure 10(A,B). FACS analysis of Lec2 cells transiently transfected with pcDNA-
SAT (Lec2-SAT) using WGA-FITC (A) and PNA-FITC (B). An arbitrary M1
gating was set to 1 % of the Lec2 cells stained with WGA-FITC of higher
fluorescence (to the right of the plot) (A). 40.9 % of the Lec2 cell population
responded to WGA-FITC binding with respect to the M1 gating. The same M1
gating was set to 5 % of Lec2 cells stained with PNA-FITC of lower
fluorescence (to the left of plot) (B). 37.3 % of the Lec2 cell population shifted to



chr omat ogr aphy (MEKC) runs. Detail ed description of
the invention Bibliographic references nentioned in

wo b@spodasent specification are for conveni encePCT/S6E®5/000139
inthe formof a list of references and added at the
end of the exanples. The whole content of such
bi bl i ographic references is gerein i ncor por at ed by
reference. The methods of tH present invention permt
mani pul ati on of gl ycoprotein production in cells of
i nterest by enhancing the production CNP-SAT and/ or
t he siaIKIatlon of glycoproteins. By "cells of

the iefbeash had depathindiag, witbr PhaRI@ baspdaay thel Mel igating. This

i Bt nEs TRECERY) Ao @l WaWChOiala ol i nted

gl ycoprotein in that cell, 2) where it is desired to
i nprove the rate of i ntroduction of CMP-SA into the
Figase di1. Compgrisan ok tofa) GE-sielic eeid pnsnaster tearsenipein belected

ey o e
celslin yTiaé €sld hyreane 9h CNP-sidfie a@i@' ﬁar@pdg‘&%ﬁﬁ%ﬂé@ﬂntﬂe@spect

any mammal i an cell. For exanpl e,
to lé ra@sfgﬁf@dd@arent Chi IRNey wiis d 7i (he: |1 348e2D. f r 019e 5c8kH ®6@ind 2.2

t ang @36 ut%ézed accor di ng to the nethods
+  WefBT P reshedivalypiFor eanty saaplaecell pellets

ligt
we*@%yésa%%ws;@ SO Lol PLEAnk PCN Tlyor. 1
each veal-tinn@ @GR eun,i dach Symplbewas awh ired@licates. | nt ended

that the quantity of a biochem cal conprised by the

cell of interest is altered subsequent to subjecting

Fiduré 12¢ldorhparidth BEFIASbIAENE BRP '%Ya%té & trd3 pbREP

manner , the invention conpri ses nani atl ng FGVGK%N@ SAT)
trags@ipb AT selerted alorgs/hnd eme@tyeammms n(rst)ansﬂed:tbd s&eht CHO

18 el RO ik B RO o AR O i e hgner o

ﬁéa’ﬁey latte r
mCCI\/P Yl ta%é?%wﬁggg\q{ Qﬁﬁggﬂﬂfy%%@r’o e%zb%nﬂﬁfdn(?{‘gﬁér levels of

reconyriean @MH—SAT @a@ﬂ;@lp’nf aswrdltszzﬁéda)}dﬂwlowealﬂyﬁe%h@m cycles. A

sinflaf JOSE Ve DRSeRRH B FIoNRRcr 1A, 259 B ah oty @ lower fold
incREVIEIRStOR) CNIP- $RTQFQ%{IEPenCO§egMe %@?r&lg %r?%k;%ﬁ%%?nted by

product of a nucleic ac ITe
untransfected parent CHO IFN-y (@) and null vector cell line (>K) For each

sample, cell pellets were harvested twice to generate cDNA samples for real-
time PCR analysis. In each real-time PCR run, each sample was run in

duplicate. This diagram shows a representative run from the repeat analyses.

Figure 13. Western blot analysis of adherent stable clones over expressing
CMP-sialic acid transporter when compared to negative controls, untransfected
parent CHO IFN-y and null vector cell line. The CMP-sialic acid transporter was
identified as an approximately 30 kDa band based on previous references
(Berninsone et al., 1997; Eckhardt & Gerardy-Schéhn, 1997; Ishida et al.,
1998).



protein and/or the translated product of a nucleic
acid encoding a desired glycoprotein is higher than
wo b@sansiegenous | evel of that protein(s) in thectw®e2005000139
cell(s) in which the nucleic acid(s) is expressed. By
"endogenous" is intended to mean the type and/or
quantity of a biol ogical qﬁtlon or a biochem ca
conposition that is present Tn a naturally occurring
or reconbi nant cell prior to manipulation of that cel
according to the nmethods of the invention. By
"het erol ogous" is intended to nean- the type and/or
Figuwardi. RecombanantolFdy sédlicfacid tontend of adbémiﬁ@télﬂalclones over
conposi t is not presen{ in a natural

eXRIESsiNg: fr I@/? nﬁﬁﬁt?gf:aﬁ'ﬁu Hﬁﬂ?lg%ré@ﬂ W PPo?OWBa%F%memﬂﬁﬂ gsntrols,
unirBAkiebRld ?%r%ntc @@FWﬂ%n@fn\ﬂl%%&vféﬁ l%r&{‘g ) Ny sialic acid

purposes resen vention
co@tlemc ﬁmﬁswmtehﬂsefr@m @bMé@ o a5 eind’' 26 Weﬁ’@%fﬁtls@l&aw different from
gl ycopol y&@gtl de orHB \F/copr otei n expressed
the unisarsinciessparea; GHOdrber roeqrdinioeto e Students - Tash(p<0.05).
IS dlff rentfr mthe c speci es |
T AP A Bog) Jhush Pt woee Rormeyeeiiihe siag acid
cofient w&X BaRRIESL tRidE it e MRIRESe s B8FSMBAIMNGuplicate.

endogenous and het er ol ogous functions and conpositions
relevant to the invention are provided herein; and

FIGRRoT 5o SPEPFR 0L 08 A Ba%8y SF Aebi D8R Hoggs over
exﬁ@‘s%ﬁfgs aNMblsisne %ckh Qra?st)bHéP HndS hégaﬂl\% IdRtrBls, untransfected

gl ycoproteins in the cel he predent inventors
paperdfad® hFlN&*y aadlnuﬂn veatgr eelbling. Tdfe 1GB-repedsent peopbrtion of 2-N

ubst r avai | abl e for, si aIyI ation is
(%au'ls@d amﬂ. QTN %g Rlysaronites ogeviiedc N1 a'ﬁlg%op@rcentages

i I C
re;%r%%ﬁnfsg% g\éoly otq% %%rﬁréeg%%t M?Cﬁyéﬁ[ézéfﬁlr&kﬂetlc capillary
chmma‘@gua;ﬁasl\ﬂEKCIWE’mSAT to aI leviate this limtation.

This resulted in an increase in sialylation of

gl ycoproteins produced in the cells, including the

reconbi nant protein of interest. The CMP-SAT(s) bel ong
Déetfildd'8ed@Ption Ffth8uplefibhde sugar transporters whose

structures and transport nechani sms are largely

simlar (reviewed in Bem nsone & Hirschberg, 2000;
Bibliagsapinier geferenges meptionsdq r kcHber presei @@ecmcatlon are for

convenience listed in the form of a list of references and added at the end of the

examples. The whole content of such bibliographic references is herein
incorporated by reference.

The methods of the present invention permit manipulation of glycoprotein
production in cells of interest by enhancing the production CMP-SAT and/or the
sialylation of glycoproteins.

By "cells of interest" is intended, for example, 1) any cells in which the
endogenous CMP-SA levels are not sufficient for the production of a desired
level of sialylated glycoprotein in that cell, 2) where it is desired to improve the
rate of introduction of CMP-SA into the Golgi, 3) where it is desired to improve



1987; Kawakita et al., 1998). The hanster CWP-sialic
acid transporter cDNA was previously isolated through
waeeowsliesmeant at i on cl oni ng of Lec2 (Eckhardt & PCT/SG2005/000139
Ger ardy- Schahn, 1997), a CHO gl ycosyl ati on nutant cel
line that had a defect in the CMP-sialic acid
transporter (Deutscher et al 1984). The human
(Ishida et al., 1998) and muts ne (Bem nsone et al.
1997) honol ogs of the CVMP-sialic acid transporter have
been denonstrated to have functional activity and the
cl oned hanster honol og was expected to have
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mgl |?ﬁ0@n{qVGHS avfe GMBISATT andforodialylated: ofiptsirotein comprise
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| provides at |east a manmmal i an proau
GVeMP- SAT, a fragment or a variant thereof, at above
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¥ y‘ig,drslt_er e?? ga@g%ﬁ@etﬁ%ogéﬁ%%qﬂ v'gyﬁf O%ﬂﬁid-’!f “&éb i3 the host
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By C’Shhgg&qlgusc'ellslingeing%a t%r r%egkst%ei tr)]/gleuadnedollo; guantity of a biological
function or a biochemical composition that is present in a naturally occurring or
recombinant cell prior to manipulation of that cell according to the methods of
the invention.

By "heterologous" is intended to mean. the type and/or quantity of a biological
function or a biochemical composition that is not present in a naturally occurring
or recombinant cell prior to manipulation of that cell by the methods of the
invention.

For purposes the present invention, by "a heterologous glycopolypeptide or

glycoprotein” is meant as a glycopolypeptide or glycoprotein expressed (i.e.



the in the cells of interest and may be utilised. In
particular, cells of interest include manmalian cells

WO bas/ 168166 usef ul i n the production of therapeuP@T/SG2005/000139
gl ycoproteins. These cells may be in an unnodified
state or may have been previously nodified to express
a therapeutic glycoprotein. i nese hanster ovary
cell s have been found to be ﬁgrticularly useful in the
producti on of glycoproteins for therapeutic use. It is
envi saged that the use of the techniques of the

B esent invention in combination wth existing
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produces a CMP-SAT, a fragnment or a variant thereof,
at above endogenous |l evels, and at |east one
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he at | east one glycoprotel n nay
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.may be used for the production o conpl ex
siahie” A y|t&?trt§@oglleycd§| -SATS. oAcburtchng!y,t.tHaH)_rprégﬁnt inventors
system t hat s ysed_in the _
ovBRhpIet e, ENPIAF o Eg ek dfis; [Titatioon Vals eoted in an
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reciPingat pralgingidatesestused. Further, other forns of
I FN, for exanple |IFN-al pha or - beta nay al so be used.

IFN-g is a secretory glycoprotein with antiviral,

Thar®Mp-BATI(s) beiong tenthe familyosPautiabeAY saekl Yidr
& Schrei ber, 1993) mThere are ?gg{‘émﬁsgﬁrters whose

F
SrETS 08 atisIROT HoabaNEmSDAen damsiy OBiratarc Hraviewed in
B Somsanb i 20087 HRSEHES BCot B° 108 ARESp & Shider,

198%; Khwakit9as)al.,Atee8)diTrgl Hamstee QMPESRIiOtRIiM tRfnsporter cDNA
IEFN-g , a fragnent or a varlgnt

wa%%g?%@fﬂély&%ﬁpkf%ﬂgn%’% 8 pkgma onyeloning of Lec2 (Eckhardt &

Gerardy-Schahn, 1997), a CHO glycosylation mutant cell line that had a defect
in the CMP-sialic acid transporter (Deutscher et al., 1984). The human (Ishida
et al., 1998) and murine (Berninsone et al., 1997) homologs of the CMP-sialic
acid transporter have been demonstrated to have functional activity and the

similarly cloned hamster homolog was expected to have similar functionality.
The membrane topology of this transmembrane protein has also been studied
extensively (Eckhardt et al., 1999).



a variant thereof, it is intended a fragnent and/or a
vari ant expressing the biological activity of the
wo BENsgosidecor di ngly, the mamalian cell or cel pCt/sam08MH00139
the invention may be transforned with a gene encodi ng
a CWVP- SAT and/or a heterologous protein or with a
construct conprising that ge For exanpl e, the cel
is transforned with a gene e codlng at | east an | FN-g,
a fragnment or a variant thereof. Therefore,
t hei nvention conprises the genetic engineering of
cells with a CMP- SAT gene so that the cell expresses
Then presantgryeption esalves thel prodleradcaddressedridogrenevsr art and
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ceﬁsr anscripts. In addition, plasm ds that incorporate

mul ti pl e foreign genes |nclud|ng some under the
control of the pronoter or early pronoter are
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gses O e invention can used to cre

Ce'EuFP'{‘J)QHP'@gc% MEcPAT Tﬁefrﬁgamt or na ewaiiamt eher@mﬁaﬁesbove
%?%onpas%ggrsugﬁ% ﬁ\ E ggﬁn{ﬂ gﬁe%w §H@§g'8fm€‘€HF%'@7 cell
forttbemmpbsesembttlmssquresemflndeﬁﬂldrﬁcfo%aﬁrﬁe laNhGRid PSOPUI"% cell.

Th%?ﬁl\&r@duall on of, a ete ol o%ous gl ycoprotein o
0 alsg Provides @eq:e§) lingy fek examplevie- thaTfosmdoba celieculture

coreiphisiagr et prodicihgt 5

Spran w8l ol < bS8 RSB Sheorrempo o
lnterﬁs’th@t &bove| rendogenoua levetseqSaittblel cells of interest include
mammalian cells and cell lines. Human cells and cell lines are also included in
the in the cells of interest and may be utilised. In particular, cells of interest
include mammalian cells that are useful in the production of therapeutic
glycoproteins. These cells may be in an unmodified state or may have been
previously modified to express a therapeutic glycoprotein. Chinese hamster
ovary cells have been found to be particularly useful in the production of
glycoproteins for therapeutic use. It is envisaged that the use of the techniques
of the present invention in combination with existing techniques will provide

glycoproteins with above levels of sialylation above endogenous levels.



transformati on strategy may routinely be devel oped for

produci ng stable transformants that constitutively
wezpsasasene or nore di fferent heterol ogous geP€FSG2005/000139

simul taneously. In particular, the mammalian cell or

cell line of the invention nay be a CHO cell, isol ated

cell or cell line and the cel,] produces CVMP-SAT, a

fragnent or a vari ant there&ﬁ at above endogenous

| evel s,wherein the cell produces at |east one

sialylated gl ycoprotein at above endogenous | evels.

The sial yl ated gl ycoprotein nmay be at least IFN-g, a
Aceorsting 9 Ope aspest Chihe tr‘n@n@on theniecreaseaini saalydmldn isfachieved

oy B ATE GPTRATIAE B! LB B s o o

intdtieist.f @rocbidinglyprtass irventibn aproviRs! @neasi alnd %Sﬁ’\lmallan cell,
Wh%r%coprot ein conprising the mammal i an cell or ce

B &re el |Wf@éHF$%nat Agaslr @neg sialylatest rglycaprptain, at above

GRAPS BYeIT R ERchEl, BeSPARRRE| AR BrOMiC sl SAT, o

fragtmant mreatvamanprtbared;ésaaahew%cfo@@nbhg l@f/@l@ara’ﬁﬁ' é’tnle%fst one
yl at ed coprotejn(s) in acell or cell line

S'ai)'c!)%& el Fg'ﬁk‘/%ﬂmaﬁgapﬁ\ée eﬁﬁﬂ@ggn@ﬁi o'IeV§|SCIV§hSA'H’E deast one
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f Ghe/ |
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siatylafieql glyeaprotejns pf iteiest.s) nmay be a het erol ogous

manmal i an gl ycoprotein. For exanple, the sialylated

n afra ng or a vyariant
Mk df B e o St et wlsiis Bty er o o
the lresaiithiHventieAowast bﬂ@VI(FNi p%e%::n H“é?{]stbﬁ quary cell line
expr essi on above endogenous evel) anste
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rove r ssi 0 ead to an
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and emmﬂantrmdallatomeIacampeea@:farte? BMIchYSiber,ah9b3}.i PRere are 2
dur.i roteln product i on. Accordi ng

conbj nant co
pofetighoNialicEaAen. RS Ahvas-Pon apfosnca anhisonaos variably
océlIrS?Q@PW%naéccupled, the oligosaccharides are predominantly biantennary

(Gu et al., 1997; Hooker et al., 1995). Accordingly, the glycoprotein of interest
may be any IFN-y, a fragment or a variant thereof. With the term “a fragment or
a variant thereof”, it is intended a fragment and/or a variant expressing the

biological activity of the IFN-y.

Accordingly, the mammalian cell or cell line of the invention may be transformed
with a gene encoding a CMP-SAT and/or a heterologous protein or with a
construct comprising that gene. For example, the cell is transformed with a

gene encoding at least an IFN-y, a fragment or a variant thereof. Therefore, the



| east a sialylated glycoprotein in a mammalian cell or

cell line conprising the steps of: (a) transformng a
woromsabiiaen cell with a gene or a construct conpCi/SGTys/000139

said gene encoding a CVMP-SAT, a fragnent or a vari ant

thereof, at above endogenous |evels; and (b)

transformng the cell with a _gene or with a construct

conprising said gene encodinﬁgat | east a sialylated

gl ycoprotein of interest. Further, in the above

nmet hod, the sialylated glycoprotein of interest may be

produced at above endogenous | evels. The nethod nay

mvanttdmeﬁomonpes dlee gesetip engjnesvimor ofscally whie 4 SMRISAN gene so
The jsol ated

th t nt 1.
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further rel ated aspect, the invention conpris
Ofr@ﬁhGMRﬂallpr@@dcﬁ PeSA) mtgltheeﬁomx apparatus m: orda to obtain

SPRNBh F" Bloudeil Rl i rPoves SotpBRgtR de oIS scritindy, it is
prowdedlai l68dtia mdmnialiangell] WhBekis @Ih@' ceflid tr%&ﬁ)rﬁ‘u}eeg\ﬁl'tﬁ‘% gene

to produce necessary precursor substrates; and
encepig ¢MPrA gf&mstfgctpaomwm tls@t. genel Ilntrmartlcular the

t |
mBfTERIER el 1 VB SRrb B L Bamhishs GMBES AL Bhe. For
exanepléwith a humaddrtCle0 EUIPLSATI gfid, de sequences

encodi ng the CMP-SAT proteins used according to the
met hods of the invention are knovvn or are identified

Expre8doni QbANG" BRIMGEpRE BaREGHL :
)Sjsied in the gr esent T hvent] o §I'he ng%(ﬁﬁ‘gs an% Ské%COd'ng

CP-2AE @ndéentglyenpsatainn nfaynieeests)edmfca snghedesaﬂamge using

h_may_ be of. t herapeuti c, be
tofiniGuds DRIFAT Ftne" W dnd0ibe’ defltierditonReny FRovhdne desired
s@ylahahateamnoﬂfs bhe/d Y& ofsthiebN thesed g8 hEMNE N?cehnatlvely, co-
rolong the circulatory tine of the protein in

injscHeA A realim Wi Mulfips Visuseseingstsichalsiuesgkyawpriottbnart can
aldd PeHt8ed Mbe SIS piddiNe dmlitiple recombinant transcripts. In

addition, plasmids that incorporate multiple foreign genes including some under

the control of the promoter or early promoter are commercially, publicly, or
otherwise available for the purposes of the invention, and can be used to create
suitable constructs. The present invention encompasses using any of these
techniques. The invention also encompasses using the above mentioned types
of vectors to enable expression of desired CMP-SAT in cells prior to production
of a heterologous glycoprotein of interest. Alternatively, genes for CMP-SAT
and/or the glycoprotein(s) of interest may be incorporated directly into the host
cell genome using vectors known in the art. In addition, a sequential
transformation strategy may routinely be developed for producing stable
transformants that constitutively express one or more different heterologous
genes simultaneously. In particular, the mammalian cell or cell line of the
invention may be a CHO cell, isolated cell or cell line and the cell produces

CMP-SAT, a fragment or a variant thereof, at above endogenous levels,



In particular, the present inventors have established

a novel strategy for inprovenent of reconbi nant
w@er@sads15&6i al yl ati on. The inventors have her ei PCT/SG2005/000139

confirmed that overexpression of CVMP-SAT lead to

I ncreased sialylation in CHO cells, through the use of

their nodel cell |ine, %EN-g . The increase of 4

to 16 % I FN-g sialylation by“the cl ones overexpressing

CVP- SAT was conparable to existing glycosylation

engi neering approaches. In fact, it is also

denonstrated that overexpression of CWVP-SAT alone is
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More in particular, in the present invention, the authors report the
overexpression (that is, expression above endogenous level) of the hamster
CMP-SAT in CHO IFN-y. The present inventors herein proved that
overexpression of CMP-SAT lead to an improvement in the sialylation of
recombinant IFN-y. As this glycosylation engineering approach in CHO cells is
not known to be reported elsewhere, it represents a novel approach to improve
sialylation during recombinant glycoprotein production.



sialylation that is involved, ias well as the rate of
its production or specific productivity. It should be
wameasdoiibat t he parent CHO | FN-g produces | FN-BCWSGEN05/000139

relatively high levels of sialylation (Table 2). This
could be partly attributed to CHO IFN-g being a | ow
yielding cell line, with a sgall nunber of reconbi nant
protein nol ecul es passing t 1ough the Gol gi per unit

time, resulting in low sialylation demand. It is
subrritted that the strategy of CMP-SAT over expression
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stepgsycfoprotein that is used. In addition, the results
denmpnstrate the possibility of consi der i ng CMP- SAT
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thérapegmﬁc@mpogm@ﬁea5| ng the in vivo circulatory half
litfe of a protein; producing a desired quantity of the

protein; increasing the biological function of the
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theastepklog: | i ke. Such proteins may be naturally occurring
cherri cal | y synt hesi zed or reconbi nant proteins.

@qu% rote| ns that benefit fromthe
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erythropoietin, interleu and 1 m
substrates; and

(c) constructing a processing pathway in said cell to produce a sialylated
glycoprotein.

The cell may be an isolated cell or cell line.

Various CMP-SAT proteins are known. In addition polynucleotide sequences
encoding the CMP-SAT proteins used according to the methods of the invention
are known, or are identified using bioinformatics searches. These sequences
may be used in the present invention.



exanpl es of such proteins include, but are not limted
to, those described in International patent
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contents of which are herein incorporated by
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descri bed bel ow. By way of exanple, different” vectors
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s Manmmal i an cel | %j nes and nedia. A CHO cell |ine

Met hod \ .
IFNsy ptites SCAgPFRMR ANARRIApChIBgamaxImal siplylationgel the seceralinant
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o R 624 BEcHCan ALk Sfaiohf SPETH 868 c
sialiedidnsyivEaNp avibilabititydigehe Galginithrdsga@MPNAlic acid transporter
sug | enent ed . . , ,
overe BreSSIon was sufficient to fully sialylate the recombinant IFN-y in some of
the chosen single cell clones. This is the ideal case in recombinant protein
production, since fully sialylated glycoproteins have prolonged in vivo circulatory

half-life.

The effectiveness of CMP-SAT overexpression strategy depends on the cell-
type variations in glycosylation machinery as well as cellular demand for sialic
acid. There is a variation in endogenous CMP-SAT expression in different cell
lines and this strategy should therefore prove more effective in cell lines with
low amounts of CMP-SAT. Alternatively, if the supply of CMP-sialic acid is
artificially increased through exogenous feeding, for example through N-
acetylmannosamine (ManNAc) feeding, the overexpressed CMP-sialic acid

transporter serves to transport the increased CMP-sialic acid substrate into the



with 10 % (v/v) fetal bovine serum (HyCd one, Logan,

UT) and 0. 25 mM net hot hrexate. The net hot hrexate was
wa@dasdosise mai ntai n the sel ection pressure in thPCEHESGMIR000139

cell line, but this was renoved during the initial

Geneticin selection period for stable cell lines,

which is nentioned | ater. Ce#éas were grown as
nonol ayers in stationary T-ffasks and incubated at 37C
under a 5% CO2 at nosphere. Cells were detached from
T-fl asks by adding 0.05 % (v/v) trypsin/EDTA sol ution
(Sigma, St. Louis, MO during regular sub-culturing.
Catgil with Pegsible DRAreyarmerisinssiaylatio oKy h ibisatombh et Spproach.
d fr .CHO. K1, by the SV Total RNA Isolation
It SHREAT SN et oiven vieshisvedr in nif N through CMP-SAT
ovERSXprEsHio edlofiel il Stall s gy Lpti o
. _reagents were from &’roneggl.%n%c: f‘%ﬁﬁ hl%@gl\l%]%zts i no r}urther
Imgipyenent af gialglatign Mol oney Muri ne Leukaemi a Virus

Reverse transcriptase (MMV RT) for 1 hour at 42C in
a reaction mx containing 5x MMV reaction buffer,
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1 a used . as a tenplate to anplify the
thegggﬁ%gofﬁ g%?%%”mywpﬁﬁ pioducedaged bengs ither smount of
i i eldatl TP MNP ! 8Y| I t - SAT .
Sla?ggéﬂL_h_ar dt and Schadl’?ﬁ,gyl\gg@)éé g{aé:r:—?fgaﬁgqﬁ ﬁg?(ﬂ'\@on or specific
pradestivitys tlf should: lee noted thatttheharedt GpRD IeRM Brstiuces IFN-y with

ream of the.codi.n egj on for subsequent

rel%ﬁ@g?mqhggv%g?@éﬁ%ﬂogr&ﬁg gbebhiferould beapadigrattiiuted to
CF@T@Q%%@A@% 5), :@n 3'-PCR primer

used was GACA‘?ZC%%’ %@M%syﬁt §E@qq5 fﬁrdeé?rnbmant
praigier xalécles tpassing dhroestr g iIGIgs pee uri ﬁmg]d%§u!tfh§din low
.an.thgel ncarporat ed codi ng regions of the CMP-SAT are
sialylation) demapg. pcR reagents were from Promega. The
reaction mx contained 2 m of DNA tenplate, 1x Pfu
buffer, 250 mM of each dNTP, 1 nM of each priner and a

It i$a$41t;vn§tte§othaieth§setraiegy(aibmml_?ismT edverdkPresEieR is generally a
us%f%ﬁfgéfe@&s@ﬁ%ﬁsm ?oiroglphlﬁtp?\ %%ﬁéienio%ggﬁﬁgljybﬁnm;m line
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compared to the model glycoprotein that is used. In addition, the results
demonstrate the possibility of considering CMP-SAT together with
glycosyltransferases for genetic manipulation of the glycosylation pathway, as
well as nucleotide sugar feeding in a multi-prong approach to improve
glycosylation. For example, N-acetylmannosamine feeding coupled with CMP-
SAT would allow increased transport of the increased CMP-sialic acid substrate
into the Golgi with possible enhanced improvement in siaylation. Such multi-
prong approaches can be applied to a wide variety of recombinant glycoproteins
and also allow the achieving of maximum and consistent sialylation in
glycoprotein production using mammalian cells.

The invention encompasses expressing heterologous proteins in the cells of the

invention and/or according to the methods of the invention for any purpose



The PCR product was first subcloned into

PCR(r)-TOPQ(r) (Invitrogen, Gand I|sland, NY) for
wae@aamasang, where it was conpared with the preei/eGH05/000139

cl oned hanster CMP-SAT sequence for any nutations. The

expression vector chosen was the pCW-Tag vect or

(Strategene, La Jolla, CA), containing a FLAJr)

epi t ope ( DYKDDDDK) ( SEQ | D N&47) at the N-termnus. The

verified PCR product was subcloned into pCW-Tag and

sequenced again. Since a fusion protein was to be

produced, it was inportant to ensure the FLAGr)

bmeﬂtmgl ¢mvssich exbressiomi Stich Beurpee tholetis) budfis hB?Ilmlted to,
CVP- SAT for cqQrregt expression. The final pI asm d
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th%\g erm ned in earlier titering experinments. The cel
mai ntai ned in the selection nedia for 3 weeks,
where the untransfected cells in the sel ection rredi a
died within a week. After 3 weeks, Geneticin-resistant
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wa@'&ﬂﬁmﬁﬁﬁatbﬂ aAHeré neRinMBsied REDO iRt 6L the! te¥BSt invention.

renoved

EXAMPLES®

Standard molecular biology techniques known in the art and not specifically
described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New
York (2001).

Those skilled in the art will be familiar with various techniques useable to
introduce a gene for a CMP-SAT protein into a mammalian cell of interest.



FACS anal ysi s FACS anal ysis was carried out by

| abeling cells intracellularly with anti-FLAGr) M
wonusaosmaocl onal anti body (Sigma, St. Louis, MI/SGLISN00139

IFN-g was transiently transfected with the follow ng

vectors: pcDNA3.1 (+) (Invitrogen, Gand Island, NY),

pCW- FLAGr) - Luc (Strat egenﬁzg La Jolla, CA) and

pCWFLAG (r) - SAT usi ng Fuge 6 transfection reagent.

pCW- FLAG (r)-Luc is apositive control vector that

results in expression of FLAGr)-Luciferase protein.

Appr oxi rratel?/ 1.5 mllion cells were used in each FACS

Spgedisaliwithe follqwingc establiskes aneataaptablePRsraadh which we have

i D i nal. [ | ' . Thi
ol VRS (LR et B Mo oo
CNIRSAT ht Gal dbRer @ﬁ@c&géncﬁl@tlla@él afid tHeraby ﬁﬂachlevi-:- 3 silylation of

Labor at ori es Burlinganme, CA). They were then
Q'X%PPFP eiNg7at an| akevsh eaﬂoaﬁmcpunex@ar)Asfmhmsséuned in the art will

PERRER L ae) ot Sholfberto, B\BEieea el he achined using
metBSA thst giiftdr im tREE detatl Bt RBS)e adasdritedb BbRAy, Wi BE way of

ution of secondary anti-nouse |1gG FITC (Dako
exwag%ﬁﬁ%%rﬁn t pepioks RNd oSt egllsinaythesused.t he dark. After
a final wash in 1% BSA/PBS, cells were resuspended in

EXANePhE1f 0 BSA/ PBS and anal yzed using the
Tbur(tm System (BD Bi osciences, San Jose, CA).

Resul ts were anal yzed using the acconpanyi ng
Maierialgans Methofdsysi s tools. Total RNA extraction and

cDNA synt hesi s from CHO | FN-g cl ones Approximately 10

L ly: r | | ected fromstable cell |ines
Meﬁ%’n'eu&ﬁ‘cﬁ s dndipé cted using TR zol (tm reagent

(Invitrogen, Grand Island, NY) as follows. Cells were

A CESusplelide dxpressimg haah IFNY (SBhhilleaggnY
syringe-sheared 5%@t| mes W tk((a 2 l1G need| 92@91&5]3 Ysed for the

CloRéNgWPHE ulis eglidine; sefiermedrnipeasaCiH@ IFNry wppramivmeinedylbecco’s

Mt} BHOR Meshs @S?Dg@%wﬁdbw°vﬁt%£é@aé%ﬁ£%‘f£?@a%Quéplemented
witRi qoowg(%ﬂ/)a?etéﬂ R RBhS (ARCIBr €5 ﬁﬁegtﬁﬁ@gf 025 uM

upper aqueous l|ayer was tran
mettmtbr@@deanTlmqumIetthmxatlewasoaddedntﬂ mwamtamdade BRction

Presbhes e OHERR ol fibeduidntiyes ratfewsbaurog thadnial Genetiin

sel?}:tgﬂﬁrgf)gﬂ%ﬂ&@ﬁ seté’ﬂaleogé]l ik, MiHicH B MeMibRsd #tef Wend\were grown

as monolayers in statlonary T-flasks and incubated at 37°C under a 5% CO,
atmosphere. Cells were detached from T-flasks by adding 0.05 % (v/v)

trypsin/EDTA solution (Sigma, St. Louis, MO) during regular sub-culturing.

Full length cDNA synthesis from CHO-K1

Total RNA was prepared from CHO-K1 by the SV Total RNA Isolation System
(Promega, Madison, WI) according to manufacturer's instructions. All reverse
transcription reagents were from Promega. Full length ¢cDNA was synthesized
using Moloney Murine Leukaemia Virus Reverse transcriptase (M-MLV RT) for

1 hour at 42°C in a reaction mix containing 5x M-MLV reaction buffer, 10mM of



was seen at the bottom of the tube. The supernatant
was aspirated and pellet was washed with 0.5 ml of 75
wor{a/1v315€t hanol . The pel l et was then m cr of ugrdr/a62005/000139
14,000 rpmfor 2 mnutes at 40C and the et hanol
renmoved. The RNA pellet was air-dried and dissolved in
35 m of DEPC water. A sarrphg was taken for RNA
gquantification using the GefieQuant (tn) Pro RNA/ DNA
Cal cul at or (Amersham Bi osci ences, Piscataway, NJ). RNA
qual ity was assessed using the absorbance ratio of
260nmto 280m where a ratio of 1.9 and above was
eaciodbiTieard 2 uhitsliof seeombihafNRNWisin® sbdhudeass inhibitary .
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transcriptase and 0.5 ng of Random Prinmers (Promega,

Thé/RONARPreMirkdatorh20G0-RN t6R RNIWLRS @b ia@niflate to amplify
manufacturer's instructions. The reaction was
the; epdinadeaignael thecCMi-SATneRNAe Dasad dre Drimera slesigaedt foom the
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The [eaction byffer of 100 m 1x XtensaM x-SG&tn)_
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cofeFSalt oo GHPSAPYS ARGl AT PERY TeRg@ wero from
PreraspheThasepctigrantx cahtaired Sarufd3NAntedtblate, alxi Puobhsfer, 250
were run in duplicate during each run. Priners for

uMy&f eea¢ih NPt ot M ciipegalr BrMerF canshid ikan-Pju edglymssrase mix

- oned..as shown Ln, Ei.g. .1 (SEQ |
(ergteiislel50) BERIRERIIIT VEIE. Bt 0 cpinties folipwed by 35
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O B Coraf P IR IO, R Bh Y D CIRS! PRRUE and
finalegkitensidhat ¥2&6Ifer Blnoinatesanal yzed were | C. 17, |1C. 30,
IC. 37, 1C.38, and 1B.8, as will be described bel ow.
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The PCR product was first subcloned into pCR®-TOPO® (Invitrogen, Grand
Island, NY) for sequencing, where it was compared with the previously cloned
hamster CMP-SAT sequence for any mutations. The expression vector chosen
was the pCMV-Tag vector (Strategene, La Jolla, CA), containing a FLAG®
epitope (DYKDDDDK)(SEQ ID NO:7) at the N-terminus. The verified PCR
product was subcloned into pCMV-Tag and sequenced again. Since a fusion
protein was to be produced, it was important to ensure the FLAG® sequence
was in frame with the coding region of the CMP-SAT for correct expression. The
final plasmid pCMV-FLAG-SAT, was purified using the Maxi Plasmid

Purification Kit (Qiagen, Hilden, Germany) and its concentration quantified for



density of the cultures. The collected supernatant was
pool ed from2 flasks and used for subsequent |IFN-g
wan@kmeiise | FN-g anal ysis was carried out usi nBCT/RGE0OS/@00139
opti m zed anal ysis procedures in Bioprocessing
Technol ogy Institute, based on previous work by Gu
(MT, PhD Thesis, 1997). In mmary, the supernatant
was i munopurified for IFN-g’ This purified | FN-g was
then quantified using reverse phase HPLC, where
standards of known I FN-g concentration had been run
and conpared with the actual sanples. Total sialic
tragsfectipasniee@sQ #iNysi ng a nodified version of the
t hi obarbituric acid assay (TAA) (Hammond and

Pager“_r%séer 1 purified IFN-g is

ealomal ONAWPLCHOAIFNY aci d is
cl eaved froml FN—g usi ng si al i dase (O 0025U each)

Befiec g Hagsl tlrﬁ%‘fe'bﬁ&g ®49) cdr ggt Dg {;F{gfr}ggm\ggs titered
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éarrled out twice. Results Estab
in evell platrsswith (Gh5 snibiesxgslls ss avetivimds trahisfected dith approximately

1 A4 AR Do R BB bAcRt b0, Fhaut B PpEamlex was
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sequence obtal ned was al nost 100% sim

t"aﬁﬁi@lcﬂgﬂéﬁa@@'ﬂdghd@ DNA e} ratior a poi nt mJt atl on of
valine to nethionine at am no acid position 103 This
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protein struct ure of
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sub- cl oni q
untransfected cells in the selection media died within a week. After 3 weeks,

Geneticin-resistant colonies were observed and these colonies were randomly
picked and subsequently expanded to stable cell lines. These cells lines were

maintained for 6 passages in selection media before Geneticin was removed.

FACS analysis

FACS analysis was carried out by labeling cells intracellularly with anti-FLAG®
M1 mouse monoclonal antibody (Sigma, St. Louis, MO). CHO IFN-y was
transiently transfected with the following vectors: PcDNA3.1 (+) (Invitrogen,
Grand Island, NY), pCMV-FLAG®-Luc (Strategene, La Jolla, CA) and pCMV-
FLAG®-SAT using Fugene 6 transfection reagent. pCMV-FLAG®-Luc is 1



A FLAGr) - CMP- SAT fusion protein was chosen for

expression since the presence of FLAEr)
waledosaodand | at ed t he reconbi nant CMVP- SAT from t PE€r/SG2005/000139

endogenous protein. Mreover, the FLAGr) fusion

protein facilitated protein detection work since the

anti body agai nst the actual otein was not avail abl e.

In addition, it was shown t FLAGr) did not affect

the localization and functional activity of CMP-SAT

(Eckhardt and Schahn, 1997), unli ke other epitope tags

i ke the hennaglut|n|n tag (Berninsone et al., 1997).
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| I nes

FLA f th I ]
(‘3?@%'9'1‘% 3‘27 éﬁg (@gﬁs%ﬁéek%%mmt@wwmemo dilution of
seSorilary airitomoasal e PITCTgﬁ?ﬁ%?%al raar, gb for ‘F 5 minutes

described in the“next s
in hecdarkpAdtes @dﬁr{amiavasmln t%BSA/RBSNESIY Wefe résuspended in fresh

19 d |
/%: g??\?gggt %ﬁ(d Iab% Ct si &g@c@/@%@ﬂae ;%égé?éa Binsciences,

Sahr dosd, e dR‘@ddIt% wé?eaa I
t r ansf eg?gd wi th pcDNA3. 1 Ylgl sedoécfﬁgﬁ#ﬁﬂ%’lmg software’s
anglyeisdpolscw- Tag was not used SI nce the FLAG(r) epitope

woul dstill be expressed and detected by FACS. In

Tof fUNA R%rabf o) s 4 te r}ie arﬁqié@@ﬁl%?i yr ocl:lor%gél >
transfection nmade a better control than untransfected
Appl@.ixiraateT)haU esilibhScalls WB?é Eﬁf@t@aaﬁaﬁf §ta‘ft’ﬁ§e c%ﬂol%és and total

%/' 3. The results obt were as ex
RN@S 26 PrAGied d4irg S?RIZQI a'eagem (Iawtmgbar Graldqelalivf@, NY) as

%pf th
f°”*‘\§§u?§??3’ﬁ9$ﬁ%%’%ﬁe?‘w sein) JBL%& Z“pr%%%é%%ég%ﬂm@ sheared
50 dioms a¥ith EhP$Gs avedrRiCdlls’ fete rin&ﬁéétasdatafbdrﬁ Yefitrtatle for

16.5 % of the cell population for the
approximately 10 minutes. 200 pl of chloroform was added and mixed

vigorously for 30 seconds. The samples were then microfuged at 14,000 rpm for
15 minutes at 4°C. The upper aqueous layer was transferred to a new RNAse-
free tube and an equal volume of isopropanol was added. The tubes were then
incubated at -20°C for 2 hours or more. Tubes were subsequently thawed on
ice and microfuged at 14,000 rpm for 15 minutes at 4°C. A visible RNA pellet
was seen at the bottom of the tube. The supernatant was aspirated and pellet
was washed with 0.5 ml of 75 % (w/v) ethanol. The pellet was then microfuged
at 14,000 rpm for 2 minutes at 4°C and the ethanol removed. The RNA pellet

was air-dried and dissolved in 35 pl of DEPC water. A sample was taken for



transfected with pCW-FLAG (r)-SAT, indicating the
expression of FLAGr)-CWVMPSAT. In addition, an increase
wo 20061d9%60f the cell population in the positivECTS62008D00139
i ndi cated the expression of FLAGr)-Luciferase. Wth
t he above results fromtransient transfection
experiments, it was expected that stable cell |ines
woul d result in a nore si gm?q cant shift of the cell
popul ation to contain higher fluorescence. As such,
this FACS procedure could be used to screen the clones
for relative expression of CMP-SAT. However, the
Rl}siAmelmrit'rBinaﬁhhf tusing!l theotGdreQiemiét FabedRNA/DRA FASRulator
Nevert hel ess, the
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expressers for further analysis wth real-
cosisigleyedandndisatonafiRNA Withssuféisieht pdrmyn the 4 cel |
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r detection of
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method to detect |ow transcript Tevels (
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Si of CMP-SAT in the overexpressing CHO | F
c‘fbg g”\)%? Qﬂ@“ﬁ?eaﬁ?ﬂrﬂmgs?%ﬂtaéwf@il@fqrbl\u‘@trumons The reaction

w%rﬁ#ﬁg}ed %T%&’& fbg gd’ﬁﬁ'@?% Igl?'lgn@ﬁ.t&ﬁ}galﬂéeug S%@QUQM real-

yl ng selecte

tinen POR 6BEYsisD NOS: 1-4) as described in the earlier
section would all ow conparison of total and

rzg.onb'l Ezgt expression of CMP-SAT. Results of the
Regldim PCR are found inFig. 4. The results obtained
for the stable cell lines fromreal-tine PCR were nore
10,4t S
REQARMSTION WRTREEBRd Sut Db AR RARFIC Bidlahr efproutes, )
Coaﬁﬁﬁgsof Stref¢ssareHengiPlesn  Foali $Singapoee-Migr @nn@]déouNgt,onal
each of the 4 clones IC

UrH\?ersﬁ §§'n9‘?’9c§A3 EFQ (IaRI @%’@'Qﬁ‘éd"’%"emgﬁag for Beinsites, followed by

HOSYEES 1050 O OY SHERRATBRACED b RGO LALSoRd FE or o0

seoondsinBluesssnCHfeteetidrg WaEh%ﬁléaubmts JUBRE tBXEHNMEIR
appar ent when reconbi nant CMP- SAT expr es% on nas omng phase.

TheeagHar bulier ofJON 16 1% Kiensablis: s s (RinBEORKS) eostaimed 2mM

MIBE" §8rh&iSorward and reverse primers, 1.0 U DyNAzyme II (Finnzymes
Oy, Espoo, Finland) and 5 ul of cDNA from CHO IFN-y samples as prepared
above. Samples in 40 pl aliquots were run in duplicate during each run. Primers
for detection of total CMP-SAT and recombinantly expressed CMP-SAT were
designed as shown in Fig. 1 (SEQ ID NOS:1-4).

Siélvlation analysis of IFNy

Cultures of stable clones and untransfected CHO IFN-y were seeded at 2.5E6
cells in a T150 culture flask with 25 ml of media. The stable clones analyzed
were 1C.17, 1C.30, IC.37, IC.38, and IB.8, as will be described below. The



untransfected CHO IFN-g and I1B. 8 had threshold cycles

simlar to the negative control perforned using water
w@sg00a/10|a8pl at e, where reaching a threshol d cycPer/862005/000139

caused by fluorescence due to primner-dinmer formation.

This confirmed reconbi nant CMP- SAT expression in the

cl ones, which resulted in ag overall increase in

expression of total CMP-SATYFn the positive clones.

Sialylation analysis of reconmbinant IFN-g in stable

cell lines Overexpression of CVMP-SAT was expected to

i nprove the sialylation extent of | FN-g produced by
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Establishment of CHO- IFN-y cell lines with overexpressed CMP-sialic acid
transporter

The PCR amplification of the full length CMP-SAT was carried out based on
primers designed around the CMP-SAT cDNA as described earlier. The
sequence obtained was almost 100% similar to the published sequence, except
for a point mutation of valine to methionine at amino acid position 103 This was
repeatedly detected during separate sequencing runs for different clones
obtained during the sub-cloning procedure (Fig. 2).
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respectively. Table 1 shows the IFN- g site _
sialylation data. The maxi mum percentage i ncrease in
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Some control cell lines were produced together with the actual cell lines
containing overexpressed CMP-SAT. CHO IFN-y was transfected with the null
vector, pPCMV-Tag and 14 colonies were picked and subsequently expanded to
generate cell lines. One null vector cell line, IB.8 was used for subsequent
sialylation analysis. A set of untransfected CHO IFN-y cells were grown together
with these cell lines to maintain passage history. 39 colonies were picked from
transfected cells containing pCMV-FLAG®-SAT. 4 of these cell lines, 1C.17,
IC.30, IC.37 and 1C.38 were chosen for subsequent sialylation analysis. The
“selection basis” will be described in the next section. '

FACS analysis of overexpressed CMP-sialic acid transporter in_transiently

transfected cells

FACS analysis was carried out to detect FLAG®-CMP-SAT expression in
transfected cells. As a negative control, cells transfected with PcDNA3.1(+) was

used. The null vector pPCMV-Tag was not used since the FLAG® epitope would



of sialic acid precursor, N-acetyl mannosam ne achi eved
a 15%increase in sialylation in IFNg (Qu & WAng,
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conparabl e to past approaches. This approach is thus
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reconbi nant gl ycoprotein thé?apeutl cs. EXAMPLE 2
Mat erials and Methods CHQ cell lines and Media A CHO
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lines being selected for analysis as described in the earlier section.

Real-time PCR for detection of overexpressed CMP-sialic acid transporter in

stable cell lines

Real-time PCR is considered a sensitive method to detect low transcript levels
(Bustin, 2000). It was thus considered suitable for comparing the expression of
CMP-SAT in the overexpressing CHO IFN-y clones versus the untransfected
CHO IFN~. In addition, due to the specificity of the primers in amplifying
selected gene regions, the 2 primer sets T and R (SEQ ID NOS:1-4) as
described in the earlier section would allow comparison of total and
recombinant expression of CMP-SAT. Results of the real-time PCR are found in
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hanster ovary cells (CHO K1) Total RNA was isol ated
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transporter cDNA used for cloning was anplified from

SihBid aRENls S138e0mPihdRitIPRLS i SRANEG) fiigm the
previ ously ransporter

( Eckhar dt & Gerardy Schahn, 1997). Nhe | and EcoR |
Ovemprésgionof GBS AEveas ekpe«:ied dd inpsdvee thie 8ladlylation extent of

PSSP OHTRUDY e GTaP NI phi EATeas 8 i@SSBO abilty of the CMP-
sialic acid into the Golgi would lead to an increase in the CMP-sialic acid pool
inside the Golgi for improved sialylation. This was found to be the case for the
stable cell lines over-expressing CMP-SAT as described below. Fig. 5 shows
the results obtained from the TAA assay that measured average sialic acid
content of [FN-y, where the amount of sialic acid was normalized to the amount
of IFN-y analyzed. As can be seen, there was an increase of between 8.6 % to
16.1 % in average IFN-y sialic acid content of all the positive cell lines chosen,
when compared with the control untransfected CHO IFN-y (2.61+0.07 mol sialic
acid per mol IFN-y). Moreover, the average sialic acid content of the null cell
line, 1B.8 was lower than CHO IFN-y, showing that the effects of sialic acid

increase was due to the overexpression of the CMP-SAT, rather than clonal



GAGCTAGCGCCACCATGCCTCAGECGAG 3' (SEQ I D NO 12) and
the reverse priner used was 5'-

w0 GOSASTICT CACACACCAATGACTCTTTC - 3' (SEQ | D Nexw/8%2005/000139
where the introduced restriction sites are underlined,
and the incorporated coding regions of the CMP-sialic
acid transporter are in bold., All PCR reagents were
pur chased from Pronega (thi&on, W) except for the
primer stock (Research Biolabs). The 50 ml PCR
reaction mx contained 4 mM CHO K 1 cDNA tenplate, 1x
_Pfu buffer, 250 nmM dNTP, 2 nM of each priner and a

diffesigne®as pol ynerase ni x of approxi mately 10U. Cycling
conditions were an initial denaturation of 94C for 6
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TABLE 1: IFN+ SIALIC ACID CONTENT

, Average sialic acid content Numb Site sialylation
Cell line (moleiialic acid/mole IFN-y) p:ng;r-yaof glycans (molecules sialic acid/site) % increase®
IFN-y® 2.610.07 1.79 1.46
1C.17 2.86x0.16 1.78 " 1.61 10.3
IC.30 2.83x0.17 1.74 1.63 11.6
IC.37 3.03z0..21 1.80 1.68 15.7
1C.38 2.8510.21 1.74 1.64 12.6
iB.8 2.30+0.28 1.77 1.30 (10.7)

:Nu.mber of glycans per IFN-y was calculated based on site occupancy data. Its formula is the denominator of (1.

% increase was the percentage increase in site sialylation as compared with the untransfected CHO IFN-y

® IFN-y represents the untransfected CHO IFN-~y.
This approach to overexpress the CMP-SAT to increase sialylation in
recombinant glycoprotein therapeutics has not been reported elsewhere, to our

best knowledge. Similar genetic engineering approaches to improve sialylation



| FN-g respectively) characteristics when conpared to
the original parent popul ation. El ectroporation was
wo b@s/1es56 i ed out using the Cell Line Nucl eof eB¢BGXI05/000139
T (Amaxa, Gaithersburg, MD) on the Nucl eof ector Device
(Amaxa). Cells were passaged 2 days before
el ectroporation and nucl eofected at 80 to 90 % :
confl uency. Approximtely 1@)5rrg of linearized plasnids
per 1 mllion cells were used. Four days after
transfection, the culture nmediumwas replaced wth
medi a containing 700 ng/ M (418 (Signa) for selection.
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sialyiadian iprregaebinant ghycaoproigin thaiaPeuticsd parent CHO | FN-g
and cells transfected with null vector pcDNA3. 1(+)
were al so mai ntai ned as negative controls. In

EXtArmbﬁ‘Et;r case, null vector cells were also isol ated

e clones and one was randomy chosen for
further analysis. CWP-sialic acid transporter
Mdtaralsiamadiliethodexper i ment The expressi on construct
containing CMP-sialic acid transporter, pcDNA-SAT was
transfected intq Lec2 cells via electroporation as
Qbéé&ﬁﬁﬁ@am. Three days after transfection, the
cell's were anal yzed usi ng FACS. Each single cell
[ ol 8 i {B\C =\ ;
A BERDER IR el MR N b B e R T tScanil o
al. Bu983 nwasriseGApr dne BMAreXpTesitve of @M Pedialicaaciditeer)spatrter. This
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Théoaéher6h} ceRding waswaaintaineduinebulbsicog'st Medified Eagle Medium
(Dzl%/lCECI\% (ﬁ\r\]/)l(tlrcg]ggens,oéwr% ?slgﬂg,l W)Ssagﬁlersﬁen?ee(? lvilih{ % E’>/S:Fiv/v) fetal

bovine serum (HyClone, Logan, UT) and 0.25 uM methothrexate (Sigma, St.

Louis, MO). During selection for stable clones, 700 pg/ml Geneticin® (G418)
(Sigma) was added. The non-recombinant CHO-K1 cell line was used as a
positive control in the CMP-sialic acid transporter functionality experiment as
well as for generation of cDNA template used to amplify CMP-sialic acid
transporter cDNA. It was obtained from the American Type Culture Collection
(ATCC number CCL-61) (Manassas, VA). CHO-K1 was maintained in DMEM
supplemented with 10 % (v/v) fetal bovine serum. The CHO glycosylation
mutant, Lec2 was used to test the functionality of the recombinant CMP-sialic

acid transporter. It was obtained from the American Type Culture Collection



Singl e strand cDNA was synt hesized from stable CHO

IFN-g cell lines as well as the negative controls as
wor®sdesss i bed above and used as tenplate in tP€r/SG2005/000139

real -time PCR reaction. Real-tine PCR was carried out

using the ABI PRISMr) 7000 Sequence Detection System

(Applied Biosystens, Foster City, CA). The PCR

conditions were an initial d8naturation of 95C for 10

m nutes, followed by 40 cycles of 950C for 15 seconds

and 600C for 60 seconds. The reaction buffer of 25 ni

1x SYBR(r) Green PCR Master M x (Applied Biosystens)
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deﬁ@@bm fepm Baflasks dnoatidiagt 0. 05p¥eabutv)dtrypsin/EREA srfiutian (Sigma)
n rocessi ng Technology Institute) were
duﬁﬁé&églg% u%’&HBP@'ggand standards were run in duplicate
for each run. Using the acconpanying software anal ysis
t ool ha threshold cycle & was defined as the cycle at

g intheasid o ginese danstesdvant dells (CEKR &g e
vaI ue, V\/nere G is thus proportional to t he amount of

Tofdl ?%ar\ﬁl,{xsfga%létgggvrh ?Rﬁ@f’ Rt Rl Bl Rleny s fBISWS. T8 million
CHmer pellaivede th@r\fésm@d tfﬂm @Qm@%rﬁdi?éégkwg@hdbﬁ fn Lﬂnhfﬂgw‘rmzm@

anpl es. Each total and reconbi nant sialic aci
rquea\ts]sl@@ cells werie shtinge-sbaaress5h times Usied avs nﬂ siytiage and a 21

Lve Qi actin. concentratjon, . from
ool EFEREn AV b dobaPGon 18 A0amiiiige c20Pny” rdiREuar grade
chl@%f@rrﬁo\ﬁaéfaﬂhéoebﬁa'tﬁé éé?nbleewagfd@hmfageg at 14,000 rpm for 15
concentrations obtained fromthe untra ect ed par é’H?

migHes| El\ngOsa'ﬁlpe euppfmrt agoebes [dyerepiisdthen tré:msferred tcr>] a new
ERVI D NO. 16 r ondi ng to the

RNASE PR Lo g GrAn oAb VRS & eReal BEEds feppropandl was
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synt hesi zed and r I't anti-serum agai ns
thatpa stglaleemblmtwasi(sa@/dsm btet gepteifudetioncatatd 000 Kbir) forals minutes

e
at 298 ﬁ'ﬁls pellet was washed with 75% (v/v) ethanol, air-dried and dissolved

in 35 pl DEPC water. RNA quantification was carried out using the
GeneQuant™ Pro RNA/DNA Calculator (Amersham Biosciences, Piscataway,
NJ). RNA quality was assessed using the absorbance ratio of 260 nm to 280
nm, where a ratio of 1.9 and above was considered an indicator of RNA with
sufficient purity. Reverse transcription of 10 ug RNA to first strand cDNA was
carried out in a 40 pl reaction with 2 pl ImProm-Il reverse transcriptase
(Promega, Madison, WI) and 1 pg oligo dT (Research Biolabs, Singapore) at
42°C for 1 hour according to manufacturer’s instructions. The reaction was

terminated at 70°C for 5 minutes. The cDNA prepared from CHO-K1 mRNA



(Open Bi osystens, Huntsville, AL). Sonme of the crude

serum was al so peptide affinity-purified to enrich for
w@rMes403b6 ¢ aci d transporter polycl onal anti boRCESG2005/000139

(Open Bi osystens) and this hel ped to reduce

non-speci fic binding during Western bl ot anal yses. The

anti-rabbit 1gG anti body (Jackson | munoResearch, West

G ove, PA) was used for secéﬁdary detection. Actin

expression was used for normalization and the nouse

nonocl onal anti body against actin (Abeam Canbri dge,

UK) was used with anti-nouse |1gG anti body (Abeam as
washesak @sndateynplate fodangiliScNGEE o ntle VVEMPsmIB! atid transporter
D al ysis Approximately 10 mllion cells were collected -
c m stable CHO IFN-g cell lines as well as the

negati ve controls and washed twice with ice-cold PBS.

The ceII peI I et was .| ysed and reduced for

: Ita(1: aaiiodd P GRnAimpl ificatiothesfoC MBksialiy aBickinamsiiorter
& Gerar dy Schahn (1997). Equal amounts of protein

The SRl e 2Bt RahRion ERNA SergrF P ging: ashagIdbed from
CHO-KS0cDNAMYae et i pamens Bedidned FRInY 3% YIaabasy %r%iﬁémster
SDS- PAGE anal ysis. The fractionated proteins were

CMP-siglicoBeigt traasr@mft%r éEWaIdhﬁnﬁqﬁmx-acbam 19@7);uNbe | and

EolfS | neaictB S ROE e AR, BBl anpcoPyadlitalp b the

codungon?gmm dot subsahaemtgeubdﬂoﬁmbycﬁm{l%n@til ;taﬂﬁert&ks’éd Yas 5'-
I i bod Oor NDNOCI Ona antl -acti n

oA LA CERRA e EbeitRe %swwar BEQ ©® NO:1Rk and the
reVihss phiftier JEIEP1ARS- HICURRIIETCACRE ACBRAT AL CPITC- 3

(SERPD:s NA:113), acheret thenisfrodtesd r@strlemm siteslaee Laerlined, and the
diJuted 10,000 fold in

. anti bod é&et ecti.on o% act IM\%
incRrRRRlech colnEoe T BF 4t SNBrslisaafid dTarisrosier prdndsaid. Al
Pdm%agsﬁt@ @?F@?&Shé@éﬁl %ﬁm#ramwggg%@vggc%g Jpr the

Weéste tection reagents
primec aitocin (Resedrch Bioabs)cTheed0 sl iIPCR rmeatiiomsmixTéntained 4 pl

ein Rgtgd intensities were quantified using
CFEQ&?‘{ AIRjates 1%0%1@@(%0%%% ayTPae ;@dwfmﬁhmmer and
I
@ PAGEHTAeRrRe Rtk ofit of KRR R "cRbyic ehaiogs were an

mnmwarmusraabnld?wmmrd@mnhﬁﬁ RoIRRSHIbY 3@ Gycles of 94°C for 1
cosgll ation anal ysis of IFNg has been descri bed
mlnute 59°C for 1 minute, 72°C for 4 minutes, and a final extension of 72°C for

8 minutes.

Construction of CMP-sialic acid transporter expression vector

The PCR product was first subcloned into pCR®2.1-TOPO from TOPO TA
cloning® according to manufacturer's instructions, and the sequence of the PCR
product was verified by comparing it with the previously cloned hamster CMP-
sialic acid transporter sequence (GenBank accession number Y12074) and
found to be 100% similar. The verified PCR product was then subcloned into
pPcDNA3.1(+) (Invitrogen) expression vector. A scale up culture of the clone

containing the sequence-verified plasmid was then performed and the final



previously (Wng et al., 2005). Briefly, supernatant

fromstable CHOIFN-g cell lines as well as the
wme@atipiies cont rol s were harvested when cel | s reerkezhos/000139

confluency in batch cultures. The supernatant was

filtered (0.22mV) and purified through an

i munoaffinity colum made fyom purified nouse

anti-human 1 FN-g cl one B27 ( Phar m gen, San Di ego,

CA). Quantification of IFN-g was carri edout using

reverse phase HPLClwhere standards of known |FN-g

concentration (Research Diagnostics Inc., Flanders,
plagmidhaeDNéeRATuwaanputiied arsiny Whe QIAften®Idemi¢ V@kieiagen,

a 8 by 250mm. col s used (Grace Vydac, :
Vel AT iy THE, BAn&ERERIS, of e Plewpittaves spaeurad tsing the
DU(Bhi B3tz uLifeor BeleticeoNUVIYist Gpeta® S s

e(laat ed over a 30 m nute Ili neapr grggibgor@g%}ﬁo?r?géw Coutter,
Fullerten, €4) bsfoye (transfedsiontiato BH@BIFNgr A1 0.1 % (v/ V)

trifluoroacetic acid (TFA) in HPLC grade water; buffer

B: 0.1 %(v/v) in HPLC grade acetonitrile) at a flow

GeirgticH{ of PO TEA BlonBaSyi solbis ' RkHERE o § U Gl Shic acia

g was en measu
trankpottéi. obar bi t uri ¢ aci d assay (Hammond & Paper mast er,
1979), after the sialic acid was cleaved fromthe

ToRi4 il AT S oSSR, o S o
coEsl Nk MO s, S ORBLA 0o YA . T

single ¢ellrdosgdracsifiPgEATth The25meelersed 10.022v8r GPsingle cell
CVWP-sialic acid transporter.

| EN- t aj d
clope ¢ Hadeatel 1iO: (5 Neioiesportiealyx aaddF tler povdustionn@.1 x 10°
uofel i ks ST o J07ABR it Y BS 0ofBa-and parental cHO

IFNVPr8$8dctiveByi Bharaapsiickewrrind é:’ogrﬁgaréﬂa'f@ pﬂ{é\grisqi%?li parent

activity was not just due to th ogenous
popeliaions ahlsstpperations weat itbered camidd eout tirsingedBecaddll Line

Lj ' . ant gcel,] line t is ynable to
Nl SO B, S8l b R NG grector Devcs
(Amarak l@élis_aﬂ/efb?FéﬁadéB?Q_t@éﬁeﬁefBFe @Iectr_oé%%?on and nucleofected
Transfection of a functional CMP-siI ali acl d

at ﬁpawsg@r%eeowﬂuqncyoﬁp@roxiMelyeﬂbqtg ahdineasdzed plasmids per 1
i R LSS e e BBkt o8 ot rm was
erecs Nt W1S8 GnRE 0GR B4 Ghrid) Brciblpton. T
G4l8c 2etegtibacwas maintained for approximately 2 weeks before stable
transfected cell pools were obtained, whereas untransfected parent CHO IFN-y
exposed to G418-containing media died within a week. The transfectants were
then isolated as single cells through limiting dilution to generate adherent cell
lines with stable overexpression of the CMP-sialic acid transporter. A total of 36
single cell clones were screened for CMP-sialic acid transporter overexpression
using real-time PCR and Western blot analyses as described below. Four
clones were selected for subsequent sialylation analysis of the recombinant
IFN-y product. A set of untransfected parent CHO IFN-y and cells transfected

with null vector pcDNA3.1(+) were also maintained as negative controls. In the



gl ycoproteins before and after transfection of the

CWP-sialic acid transporter expression construct.
wob@atiesyes m aggl utinin (WGA) and peanut aggl ut PEI/8G2005/000139

(PNA) conjugated to fluorescein-isothiocyanate (FI TC),

whi ch binds to sialicacid (lIshida et al., 1998) and

gal actose (Aoki et al., 200r1%4 respectively, were used

in a FACS anal ysis. To deno rate that the lectins

had the ability to differentiate between sialyl at ed

and non-si alylated gl ycoproteins for this experinent,

surface glycoproteins produced by CHO K1 and Lec2

latben basewemdl dettec toalls userRyaMEAsblatéd a@%lﬁ%#éccgbii%:‘ihggone was

FACS a 9A, B). As expected
raaW’@Bb&b‘{’ %’r&%ﬁ?"e%%alﬁ'ﬁdl ng with WGA-FITC (Fig. 9A)
and nore binding with PNA-FITC (Fig. 9B) as conpared
to CHO K1 surface glycoproteins, as denonstrated by
CMPResiakg acidvirargposter ifomctmnatis éxnwmératl ons with | ower
and hi gher fluorescence respectively. Transient

TPLer ggérfel%g nOF?ﬁ{;[[Hqcc rﬁéﬁr{g‘g e W,C@ecl‘,|l gtﬁ%niesspuolr%eerd pchNA SAT
waltraaglectdd o Id2 £l Vi él@@trbb&%ﬁo?‘“a%_‘?_ﬂ%%%ﬂﬂzédTga%?. Three

used for the FACS anal ysis (Fi
daysraftest rarsiaction theneellsgwere Qnalwedumng;lm@r &aehnsingle cell

suSBehoiBh, (i AR PoT W et it in T ABHE il 20 waymi WGA-
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results were confirned en a converse e
at fpem t@ﬁ&)@rﬂﬁwwcm@gannatﬁs@wsmmgsumuehﬂfmmd with 1 %
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the defect in Lec2 ceI |'s. The results obtained con
WefE R MRWR 8§89, theepraarepanyfing seftwarsnanaigsiatibolst y of
the CVMP-sialic acid transporter to correct the defect
in Lec2 glycosylation nutants (Aoki et al., 2001 ;
RdadtimmaPe&R al ., 1998). Thus, a simlar transfection of
pcDNA SAT into CHO IFN-g woul d | ead to overexpressi on

nctlo sialic acid transporter. Detection
S'Qﬁle r@}nde‘;([s&@s@’éé ﬁ@)@%@d froge stable &HHQ@JFNey cefl lines as well
asStheHe&y ok cdritfdfs ﬁ\§t\ﬁgé %le%@ﬁt?&fnébggé;@ﬁg @%%L %&%@t? in the

vectors into the host chronoso

rediytime RCR reh ol RealcimbiPCR ivids aadicdt Sut Liglﬁgrtﬁé ) PRISM®
70&bt es are randomly distributed (Kaufman,

tFePHanse PelactieRSyrien (Pgomdpgr%lasmmms, tFoahsr CitysCA). The
PCIEEBRERbNs Werd Urf ftidl MenStiPatiGiVo? 80 1S/ mu?es, followed by

40 cycles of 95°C for 15 seconds and 60°C for 60 seconds. The reaction buffer

of 25 pl 1x SYBR® Green PCR Master Mix (Applied Biosystems) contained 7.5
pmol forward and reverse prime;s and 1.25 ul of cDNA témplate. Primers for
detection of total and recombinant expression of CMP-sialic acid transporter
transcript were designed as shown in Fig. 8. Primers for detection of CHO B-
actin was 5-AGCTGAGAGGGAAATTGTGCG-3' (SEQ ID NO:14) as the
forward primer and 5-GCAACGGAACCGCTCATT-3' (SEQ ID NO:15) as the

reverse primer. Standard curves were generated simultaneously for each real-



CWP-sialic acid transporter overexpression.

Overexpression of CVP-sialic acidtransporter was
wa@lewsavdads at the transcript |evel using real -tPOESELBS/000139

and at the protein |level using Wstern bl ot anal ysis.

Real -time PCR anal ysis was chosen to conpare

CWP-sialic acid transporter transcript levels since it

has proven to be a useful asgby for detection of |ow

abundance nmRNA (Bustin, 2000). It has a wide dynam c

range of quantification of 7 to 8 logarithm c decades,

a high technical sensitivity and a high precision
tln(eKF’QR] rurz dio) was rcaamlseﬂ but;nmheheaesémaltduatlerp@@lfbbDNA(-sJ!(T and a

| ect ed t
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acid transporter expression In fhese c ones
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The fold increase in total |c acid trans
transcript (Fig. 11) generally resulted in |ncreased

A Qibggggort er protein expression (Fig. 13) which would

cted if no regulation existed during the
processes of CMP-sialic acid transporter transcription

A @@@tlaea(r@wmnsr(mmmn GIES 3nge: 1¥) EQrdsh @&31% the C-

©1n transporter transcrlp l evel s (approxi mate
tergmngs| Eaian d Oﬁ othe elamsteirn (H\/IE’rStalimramdngmnspofter d(SW|ssProt

T e e
peptide sccegmgaé:tbdswm kéydolé rl?ﬁﬁﬁt'l@émbwdrﬁﬁSG(LH) K)\Pés generated
cator of protein expression and

(OB BiSsveSRae Hupts oo Sohes ek ressaklensernues aiso et
oAt Bhid or SAFFIPEEE el S HFHEREP losies
(Open Biosystems) and this helped to reduce non-specific binding during
Western  blot  analyses. The anti-rabbit IgG antibody  (Jackson
ImmunoResearch, West Grove, PA) was used for secondary detection. Actin
expression was used for normalization and the mouse monoclonal antibody
against actin (Abcam, Cambridge, UK) was used with anti-mouse IgG antibody

(Abcam) as the secondary antibody.



conpl exity, since proteins that are successfully
transl ated do not necessarilymature to functi onal
wo evosioFisenal |y, a functional protein nust al soPOESG2005/000139

targeted to the correct |ocation before it can perform
its role in the cell. One of the postul ated reasons
for this lack of correlation between transcript and
protein |l evels of CMP-sialli Haci d transporter
overexpression is the saturation in the expression of
the transporter protein by the cells. Though the
CWMP-sialic acid transporter is a relatively small

d evq Bt &nal®s kDa, it is a transmenbrane
protein (Eckhardt and Cerady- Schahn, 1997) whi ch needs
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protein. This would result in ctron
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over expressi on on | FNg gl vcosyl ation Two quantitative

i ndices were used to conpare the extent of sialylation
Glygosylation analysis of IFNy

The detailed procedure for glycosylation analysis of IFNy has been described
previously (Wong et al., 2005). Briefly, supernatant from stable CHO IFN-y cell
lines as well as the negative controls were harvested when cells reached
confluency in batch cultures. The supernatant was filtered (0.22uM) and purified
through an immunoaffinity column made from purified mouse anti-human IFN-y

clone B27 (BD Pharmigen, San Diego, CA). Quantification of IFN-y was carried



reconbi nant | FN-g between the cl ones over expressing
CwP-sialic acid transporter and the negative controls,
wantsanafect ed parent CHO | FN-g and nul | vect oPCT/862005/000139
line. The IFN-g sialic acid content (Eq. 2) neasures
t he average amount of sialic acid on the protein. If
IFN-g i s assuned to have conglete site occupancy and
only biantennary glycoforns a theoretical naxi mum of
4 nol ecules (or noles) of sialic acid per nolecule (or
nol e) of IFNg can be cal culated for this glycoprotein.
. . Moles of sialic acid (2) IFNg sialic acid
outcmihg meverse B s HAL G, Midyerdastanédirdstdfekridving lmgN&ﬂﬂer\trahon
i cat or

I's never 100 % Thus, a nore direct
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assay( Harmnopan® yPagerhidster, |197991tafwmhetsﬂﬂsd acid ewafs gleaoed from

s of oligosaccharide transfer onto
thepPBE'&ﬁ'? -vuﬁ%mPL%ﬁ‘ﬁk@gme lidgsgl fFealimesH. f@c@@@Jpaanof IFN-y

wap e R S o R R etk §%€qpa¥f%9§§$@

sialic acidcontent of IFNg is cal culated to be 3.5
nol es of sialic acid per nole of IFN-g . This becones
maxi mum | FN-g sialic acid content that can be
achieved in CHO | FN-g . Adherent batch cultures were

TeBfid RS ;. bR e SHBINAnSEMP-Eiafi€ abidL i ARESor NCMP-SAT

negati ve controls. Each of the 4 clones exhibited an
Thenoneded e ciaih lifdl @H@allFN-pc¢mtath e;mtjogbmjusomﬁlf—’eﬂbltd) acid
ive controls (Fi expect ed,

t he
trapmrgers 1WA PEGREFRY tgg,a%ns%re that transf ction of the CMP-sialic acid

transporter expression construct would result in expression of functional

recombinant CMP-sialic acid transporter and that transporter activity was not
just due to the endogenous CMP-sialic acid transporter. As mentioned earlier,
the Lec2 cell line is a CHO mutant cell line that is unable to sialylate
glycoproteins due to a CMP-sialic acid transporter defect (Deutscher et al.,
1984). Transfection of a functional CMP-sialic acid transporter will correct the
defect and result in sialylated glycoproteins. An assay to test the CMP-sialic
acid transporter construct could thus be designed based on the characteristics
of this cell line. Lectins were used to detect the difference in Lec2 surface
glycoproteins before and after transfection of the CMP-sialic acid transporter
expression construct. Wheat-germ agglutinin (WGA) and peanut agglutinin
(PNA) conjugated to fluorescein-isothiocyanate (FITC), which binds to sialic



not affected significantly by CvP-sialic acid

transporter overexpression (Fig. 15). The extent of
wor@sanjsessi on of CMP-sialic acid transport er P@ESG2005/000139

conpared with the normalized IFN-g sialic acid-content

in ternms of site sialylation (Table 2). There was 4 to

16 %relative increase in IEN-g site sialylation of

the single cell clones over “xpressing CVMP-sialic acid

transporter when conpared to untransfected parent CHO

| FN-g. Clones 9 and 15 which had a higher fold

increase in CVMP-sialic acid transporter protein |levels
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nol es of sialic aci
an@réﬁ@f%ﬁé@'%r\ﬂllﬂbrpNAﬁZE@ (FII@n@B) aSeccpmpat:&d ty CHO-K1 surface

o SERTBRECBE S o UL et Bt o el 3o i
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bindieylegtiah FAGshanalleisqiFig. 10%). Jiva demonststest freifuristonaity of
the CMP-sialic acid transporter expressed from pcDNA-SAT, which was able to
correct the defect in Lec2 cells. The results obtained concur with previously
reported analyses on the ability of the CMP-sialic acid transporter to correct the
defect in Lec2 glycosylation mutants (Aoki et al., 2001; Ishida et al., 1998).
Thus, a similar transfection of pcDNA-SAT into CHO IFN~y would lead to

overexpression of functional CMP-sialic acid transporter.

Detection of over expressed CMP-sialic acid transporter in stable cell lines

Stable integration of expression vectors into the host chromosome occurs
almost purely by non-homologous recombination and its integration sites are
randomly distributed (Kaufman, 1990). As with other cell engineering
approaches, it was thus necessary to screen the CHO IFN-y sub-clones for

CMP-sialic acid transporter overexpression. Overexpression of CMP-sialic acid



Clone 26 3.36 0.10 1.70 1.98 4.8 1.78 aJFN-g sialic
acid content is the average sialic acid content of
wo BENsgosiae plotted in Fig. 14. b The nunber of pgl/gGz05/000139
was cal cul ated using IFN-g site occupancy neasurenents
based on the fornula shown on the denom nator of Eq.
3. 0 The percentage increase .in IFN-g site
sialylation was conput ed reldtive to the IFN-g site
sialylation of untransfected parent CHO IFN-g d The
rel ati ve expression of CMP-SAT protein was determ ned
by densitonetry analysis of Western blots (Fig. 13).
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also detected at the protein level using Western blot analyses (Fig. 13).

The fold increase in total CMP-sialic acid transporter transcript (Fig. 11)
generally resulted in increased transporter protein expression (Fig. 13) which
would be expected if no regulation existed during the processes of CMP-sialic
acid transporter transcription and translation. However, the range of fold
increase in transporter transcript levels (approximately 2 to 20 fold) did not
result in a similar range of fold increase in transporter protein overexpression
(approximately 1.8 to 2.8 fold as shown in Table 2). It is established that
transcript increase is not always a good indicator of protein expression and
hence the need to profile the expression at both levels (Cox et al., 2005).
Moreover, the existence of post-translational modifications adds further

complexity, since proteins that are successfully translated do not necessarily
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of the recombinant CMP-sialic acid transporter for degradation instead of its
retention as functional protein. This would result in the detection of a lower
range of fold increase in transporter protein overexpression as compared to fold
increase in transcript expression. However, it was eventually more important to
consider whether the current levels of CMP-sialic acid transporter
overexpression was sufficient to improve sialylation of the recombinant protein

product IFN-y, which is what that will be presented next.
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a direct measure of the effectiveness of CMP-sialic acid transporter

overexpression in improving the sialylation process in the cells.

IFNy sialic acid content
0.01[2(%2N) +1(%1IN) + 0(%0N)]

IFNy site sialylation = (3)

where %2N, %1N and %ON is the percentage of 2-site, 1-site and O-site
glycosylated [IFNy respectively. Since CMP-sialic acid transporter
overexpression affects sialylation, the site occupancy of IFN-y is not expected to
vary since the process of oligosaccharide transfer onto the protein is upstream
to the sialylation process. Thus, by using average site occupancy values of 78.5
%2N, 18.0 %1N and 3.5 %ON (Gu, 1997), the actual maximum sialic acid
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maximal ~sialylation. These results thus verify the hypothesis that
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sialylation in Chinese hamster ovary cells.
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1.

10.
11.

12.

13.

14.

Ser Lys Gu Arg Val lie Ay Val 1 5 10 15
A mammalian cell producing a CMP-SAT, a fragment or a variant thereof,
at above endogenous levels.
The mammalian cell of claim 1, wherein the cell is a Chinese Hamster
Ovary (CHO) cell.
The mammalian cell of claim 1, wherein the cell is a human cell.
The mammalian cell of claims 1-3, wherein the cell is transformed with a
gene encoding CMP-SAT or a construct comprising that gene.
The mammalian cell of claims 1-4, wherein the CMP-SAT gene is a
mammalian gene.
The mammalian cell of claims 1-5, wherein the CMP-SAT gene is CHO
or human gene. ‘
The mammalian cell of claims 1-6, wherein the cell produces at least one
sialylated glycoprotein at above endogenous levels.
The mammalian cell of claim 7, wherein the glycoprotein is heterologous.
The mammalian cell of claims 7-8, wherein the glycoprotein is
mammalian.
The mammalian cell of claims 7-9, wherein the glycoprotein is human.
The mammalian cell of claims 7-10, wherein the glycoprotein is any IFN-
v, a fragment or a variant thereof.
The mammalian cell of claims 1-11, wherein the cell is transformed with a
gehe encoding a heterologous protein or with a construct comprising that
gene.
The mammalian cell of claims 1-12, wherein the cell is transformed with a
gene encoding at least a IFN-y, a fragment or a variant thereof.
The mammalian cell of claims 1-13, wherein the cell is a CHO cell, and
the cell produces CMP-SAT, a fragment or a variant thereof, at above
endogenous levels, and wherein the cell produces at least one sialylated

glycoprotein at above endogenous levels.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

56

The mammalian cell of claims 1-14, which is in the form of an isolated
cell line.
The mammalian cell of claims 1-15, wherein the mammalian cell is

included in a kit for the expression of at least one sialylated glycoprotein.

- A method for the preparation of sialylated glycoprotein(s) in a cell or cell

line comprising enhancing the expression of a CMP-SAT, a fragment or a
variant thereof, at above endogenous levels.

The method of claim 17, wherein the sialylated glycoprotein(s) is
expressed at above endogenous levels.

The method of claims 17-18, wherein the cell or cell line is Chinese
Hamster Ovary (CHO) or human.

The method of claims 17-19, wherein the sialylated glycoprotein(s) is a
heterologous mammalian glycoprotein.

The method of claims 17-20, wherein the sialylated glycoprotein(s) is any
IFN-y, a fragment or a variant thereof.

A method for producing at least a sialylated glycoprotein in a mammalian
cell or cell line comprising:

(a) transforming a mammalian cell with a gene or a construct comprising
said gene encoding a CMP-SAT, a fragment or a variant thereof, at
above endogenous levels; and

(b) transforming the cell with a gene or with a construct comprising said
gene encoding at least a sialylated glycoprotein of interest.

The method of claim 22, wherein the sialylated glycoprotein of interest is
produced at above endogenous levels.



