1 CHINESE HAMSTER OVARY CELL LINES Reference is made to US application serial number
61/098,270 filed September 19, 2008 and US application serial number 61/183,647 filed June 3, 2009,
in which inventor Song is'inventor. 5The foregoing applications, and each document cited or
referenced in each of the present and foregoing applitations, including during the prosecution of each
of the foregoing applications ("application and article cited documents”), and any manufacturer's
instructions or catalogues for anG I IDISHSHAMBIER VR C¢F2dchBYESe foregoing applications
and articles and in any of the application and article cited documents, are hereby incorporated 10
herein by referencer éfergher is aiedeld A uppaedtioitesih thisties] @08, 200dtled Signtmbitetbor reference
in documents cited in this text, and any manuf rer's instructions,o alogyes for a oducts
cited or men%%ﬂge@mfgﬂg %‘eli‘fécglrof}lsgﬁj%/l BE“L"r%fiémgg‘é@?.ﬁ%‘ﬁb‘%?}e mfo“ﬂ%};utc}xlt, g’r@%ﬁ%ﬁ/
incorporatedihmneintdsy reference. Documents incorporated by reference into this text or any teachings
therein may be used in the practice of this invention. Documents 15incorporated by reference into this
text are fiot admitteTthtofdregotiar appliEdtdds, and Tk dovenbarcirldirsdfethedibidsahhidtehnology and
molecular biglogy. The invention in.particular relates to.Chinese Hamster Ov. Il lines and their use
in recombind REBTSEAIS ISERLE SR G hofe s ghine he prpseRttion ofenelyor e forot
diagnostic, pipmtimatonis(jiapelipatohanal amithitioted|deswinests 3 ehdagmpliwatiofas uBive intitdtighs cost of
producing prateing., esnaciplly, BRIARS LSBT RIBR N SEal Jrete SR dhl W piiliciRas Al production

or in the function ang stability o?a protein can be valuable. 25The function and stability, and hence the
utility, of a prstishiscad eagtodiba wplitetipp apdasidmertntiommenii. oreigaPYderRdatdhe protein to

form a glycopeptRiny FokRKREIPIRHbRRAI PaR IR R RAL 8t ARG esid URR RRMEAGEIRsides
attached to a glycoprotein generally increases the ﬁrotein's lifetime in the bloodstream and %an, in

particular caSdEreRRE B ARCIRERTA IR IS ARy MuaRiasBESL RSB A SR talRE Y S Rty and
2 specific activjtprotisamnatglyaopenteingd bakieteyt Grunay Wsangidt3R8ybBinteaburaedintb Bideng.
58(6): 642-48; Morell et.al..(1968), J..Biol..Chem, 243 ( :155-59,Recorg%yi nt glycopratein proteins
and drugs pr% tﬂ(%edl’ﬁv%féﬁﬁéps?}gtﬁgr%gsel E?Inrgggem ’;I%ﬁ)gfgrrl%l\}sé}l)}cf)&g e(?jf sf%érﬁgggﬂﬁgonsist of
differentially thialtgstedaspteanhéngsdbetyit shaly ke astib ol therrdvtive ehibisanvindigatdlychakédife and are

thus less effigagiBlitned bitHHGIRIRIG HRSIAP S IAINLIRATE RSIBHIGARHd content of a glycoprotein,

especially a glycoprotein to be used for pharmacologic applications. Indeed, one of the major research
focusesin t 1[ technology field has been how to increase sialylation of recombinant protein drugs.
10 SUMMA cording to a Pt aspect of the present invention, we provide a Chinese Hamster

This invention relates to the fields of biotechnology and molecular biology. The

invention in particular relates to Chinese Hamster Ovary cell lines and their use in

recombinant protein expression.

20 BACKGROUND

Proteins are useful in a variety of diagnostic, pharmacologic, agricultural, nutritional,
and research applications. Given the high cost of producing proteins, especially therapeutic
proteins, even small increases in the efficiency of production or in the function and stability of

a protein can be valuable.

25 " The function and stability, and hence the utility, of a protein can be affected by the
: pos’t-’translational addition of sugar residues to the protein to form a glycoprotein. For
example, the addition of terminal sialic acid residues to polysaccharides attached to a
‘ glycoprotei{n generally increases the protein's lifetime in the bloodstream and can, in particular

L ; age oy . . . e
ca@s’gﬂs’, also:affect solubility, thermal stability, resistance to protease attack, antigenicity, and



Ovary (CHO) cell which is capable of higher protein sialylation compared to a wild type Chinese
Hamster Ovary cell, in which the CI-10 cell is obtainable by selection with Ricinus communes agglutinin
| (RCA-I). The CHO cell may be capable of higher sialylation in the 15presence of functional GnT 1.
The CHO cell may comprise a mutation in the GnT 1 gene. The mutation in the GnT 1 gene may
comprise one or more of the following mutations at the specified position of a GnT 1 sequence

(GenBank acpeesieactivibel somsgl3oaspigisaseetd - doMaag pbetoBigeding) and to C

transversion BloRgitench369-48. MR GIRAERS EIsioN @i iion§385¢de C to G transversion at
position 784; (e) a T to A transversion at position 811; (f) an insertion at position 706 resulting in a

frame shift from positi : ] j j ; jtien At position
1075 (h) a G o A B B AR e A

transversion kapBRiRyABSGHE TRbsGasweraliy sangishp E difpicatiadlavatylateddnatorp e Reglience shown

in SEQ 1D NQaliated EHR G R eUnRe exaiRsSRIaNTif RSO ERMNILRASUEr more of the
following mutations at the specified position of a GnT 1 sequence (GenBank accession humber:

AF343963): (a) AlaylqRro aROSIIATARE iR ASPrR ARALRPSHIRNAIA: () AR vakagppsiton

262; (d) Tip-' Arg at position 271; e%;rame shift from position 236 resulting from 3 an insertion at
position 706 dEHRAPRRISHIY S ived tonpharmasriegie applictigrcindest o af fissRriAr3sTaLe)
Trp-*STOP afp@eiliou@2hididchidisdyARI1ahRO SHAMER 16 le¥easé Iihl BtRinIséidmBihant pteil O cell

may express a GnT 1 protein as shown in SEQ ID NO: 2. 5The CHO cell may comprise a nucleic acid
sequence enq:%‘gﬁ"lg a protein of interest such as a recombinant protein of interest. The protein of
interest may comprise erythropoietin (EPO) or interferon-y (IFN-y). The CEO cell may comprise a
nucleic Htid &M encoding functional GnT 1. The nucleic acid sequence encoding the protein of

interest and the nucieie Agid Regeqge SnsUNg O ARIANEL GATph RAYRE AARAHERd Y one

expression vector. The sequence encoding the protein of interest and the nucleic acid

sequence erfesan{GHRDtRsHavoeTisIcapahlpefdiigher prieisiaplatan gameanrd tey wild typere s
provided, aceggling (RAXIIARLE IR ENEHNE SRNCIIVERINR oBisrAB OB N GoMPIiIBIRE A:fHO cell

according to the 1st aspect of the invention. 15The CEO cell line may comprise a JW152 cell line

(deposited atAexis ABERHNE (RSPt ThedtiQcall ceashstarabln of Behcoralyationdbecell line, a
JW36 cHl linpresekdeoibnioal]lteT a. KFC15071 cell line, a KFC5008 cell line, a JW152 cell line, a
KFC5026 cell line, a KFC20011 cell line or a KFC15047 cell line. The CHO cell or a CHO cell line may

be is adapted to SUFREEFRNEH/HHES -comprise a mutation in the GnT 1 gene.

The mutation in the GnT 1 gene may comprise one or more of the following mutations
at the specified position of a GnT 1 sequence (GenBank accession number: AF343963): (a) a
C to T transition at position 1015; (b) a G to C transversion at position 1300; (c) an A to C
20 transversion at position 638; (d) a C to G transversion at position 784; (e)a T to A
transversion at position 811; (f) an insertion at position 706 resulting in a frame shift from
position 236 of the encoded amino acid sequence; (g) a C to T transition at position 1015; (h)
a G to A transition at position 246; (i)a G to A transition at position 258; (j)an A to T

transversion at position 859.

25 The GnT 1 gene may comprise a GnT 1 nucleic acid sequence shown in SEQ ID NO:

The CHO cell may express'a GnT 1 protein comprising one or more of the following
mutations at the specified position of a GnT 1 sequence (GenBank accession number:
AF343963): (a) Ala to Pro at position 434; (b) Asp — Ala at position 213; (c) Arg —Gly at

30  position 262; (d) Trp — Arg at position 271; (¢) frame shift from position 236 resulting from



20We provide, according to a 3rd aspect of the present invention, a recombinant protein expressed by
a CHO cell or CHO cell line according to the 151 or 2™ aspect of the invention. The recombinant
protein may comprise erythropoietin (EPO) or interferon-y (IFN-y). The recombinant protein may
comprise a pKa of 4 or less, 3.5 or less, 3 or less, 2.5%r less or 2 or less or a Z-number of greater than
150, such as greater than 160, greater than 170, 25greater than 180, such as greater than 190,
greater than 20Wsefiean et Bosiian (DGotmenepdinecrlahmelvisagid sravenes EB0InorBEPP 4 into a

CHO cell as 5gliab; 350\@) FIPUSBEPIBRIBEDEPIRFESSTO At daiie) GelN-agiespandent

thereof, and optionally purifying the protein. The method may comprise introducing a nucleic acid
encoding funk4iBRe EHT 1 into the CHO cell. 5The method may comprise introducing an expression
vector comprising a nucleic acid sequence encoding the protein and a nucleic acid sequence encoding

functional GnT 1. ThykEetHdaamenpesaitiad dtatotpinass shaminEQ RN aeid sequence

encoding the protein of interest and the nucleic acid sequence encoding functional GnT 1. We provide,
according to a 56 asffedt Hteel presawnmpriendonclzinaciéisdeidct@nadingdgiryeinsdauierese shown in

SEQ 1D NO: &, 1,2 SRANBREGAMALNO0 AT HaSaRAeS RSP rOn MRS Ut

Column 2 of Table D1, or a variant, homologue, derivative or fragment thereof. he present
invention, in EEBMY &5 prtetfppnvidENTPolypeptide comprising a sequence as shown in SEQ ID NO: 2,
or a sequence comprising a GnT 1 sequence together with a 15 mutation set out in Column 3 of
Tables DI, or a varidhe, GHMokihuey demypetiv e midikagaeehsdipenasfencodingithtmepeondf thEhpresent

invention, th(gg&féhpg%gs &&%ﬁb&%ﬁé%%&%@%&m&eﬁ aftﬁeeudmgcmd@%eggip&iﬁ

g
culturing CHO cells in the presence of Ricinus communis agglutinin I (RCA-I) a ng ce!#ls which
survive e clinstiombPRE hiatyd aemPESeH PN SBCENRIENHP TS ¥ells in the presence of Ricinus
communis agglutinin | (RCA-1) and selecting cells which survive the culture. The method may
comprise exposing Tihe GielSicalid sodRéie leat @l tbe praitionbiterayeed the pgéeit asid00itg/ml, for

example Up (9,50 0I9RAHRAIRAATE P58 (QuE/mdaralg Rl ATCRGTEIOd may comprise
exposing the CHO cells to RCA-I for a period of froman™ =
There is provided, according to a 2" aspect of the present invention, a CHO cell line

comprising a CHO cell according to the 1* aspect of the invention.

15 The CHO cell line may comprise a JW152 cell line (deposited at ATCC under the
Budapest Treaty as accession number PTA-9657), a JW80 cell line, a JW36 cell line, a
KFC15002 cell line, a KFC15071 cell line, a KFC5008 cell line, a JW152 cell line, a
KFC5026 cell line, a KFC20011 cell line or a KFC15047 cell line.

The CHO cell or a CHO cell line may be is adapted to suspension culture.

20 We provide, according to a 3" aspect of the present invention, a recombinant protein

expressed by a CHO cell or CHO cell line according to the 1% or 2™ aspect of the invention.

The recombinant protein may comprise erythropoietin (EPO) or interferon-y (IFN-y).

4

The recombinant protein may comprise a pKa of 4 or less, 3.5 or less, 3 or less, 2.5 or

less or 2 or less or a Z-number of greater than 150, such aé greater than 160, greater than 170,

25  greater than 180,. such as greater than 190, greater than 200, greater than 210, such as greater
than 220 or greater than 230, or both.

Asa4®h aspect of the present invention, there is provided a method of expressing a

recombinant protein, the method comprising introducing a nucleic acid encoding the protein



hour, a few hours (such as 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12), overnight, to a few days, such as 2 days or
3 days, such as overnight. 5 The method may comprise further comprising selecting cells which
do not react with'RCA-I in an agglutination test. According to an 8th aspect of the present
invention, we provide a CHO cell or CHO cell line obthinable by a method set out above. 5The practice
of the present invention will employ, unless otherwise indicated, conventional techniques of chemistry,
molecular bidtogy GHidral elogpt, o cbovsiralomidig Aha pebieimtarbelegyressbdchiomahs itHilObdlcapabilities
of a person qe?é@l{ﬁéiytﬁgﬁgdf‘ the @ﬁlﬁoﬁm‘ﬂ&?@’ﬁﬁ%ﬂ S Hife gxplained in the literature See, for example,
1989

J. Sambrook, E. F. Fritsch, and T. Maniatis olecular Clonlng ALaboratory Manual, Second

Edition, Books 1-3, ﬂ{)CoI%S{prln Harbrcl)sr Li orator Prlec S léSAJ el é: Nhlew %Qé.qr}g eriodic
supplements; Curre ocofn VioRClIAT Bio 0gy, ?1 ig f In ons ew York,
N.Y.); B. Ro¢heJCBfabttke, and A. Kahn, 1996, DNA Isolatlon and Sequencmg. Essentlal Techniques,
John Wiley & Sons; J. M. Polak and James O'D. McGee, 1990, In Situ Hybridization: Principles and
Practice5Oxford Umhemﬁmwm Mm@inﬁdﬁmg aP8GhrdssidligentecientipesEyrd meslsicAdidactical

Approach, Irl Press D. M nd J. Iber 1992, Method tEngt){ PNA Structure
dm A rgf % ?S (g%mlc Pr

Part A: Synthe%ls angllsﬂya 37lsrllsarcl) BN‘/K?\/fet ddssecfﬁé %ez%%% ess; Using

Antibodies A Laboratory Manual : Portable Protocol O | by Edward H Iow David Lane, Ed Harlow
(1999, Cold Springﬁ&’gg}\ﬂfg%ﬁf&’?Wﬁaﬁ ?}Q&Kg fc@ﬁfa)se&uence L4 §toEry Manual
by 20 Ed Hapoeitbefiiatdrdscand thanadieditoil (881 c€ aidd8prinyrdacbar Gebdratory Press ISBN

0-87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna Seethala, Prabhavathi B.

Fernandes (2001, Nexw¥eile NYcoMiniged B eRlgepet BENhO fi2databtentin ansut iz Ball A Handbook of
Recipe Rea ents, and Other Referenc r.Use at the Bench, Edited J oskams and Linda
Rodgers, 206%“3&@%%?%‘5’%5?@ PYYSB%%% Bt@% rﬁ%ﬂ@%@f%%n?n@a%ha@ﬁﬁesecbeneral texts
is herein incoopetetedlithyarefgrtiooscBRIEFORSGR IGTTIdN OF, dHEv#iSit RéiSokigueedérisative
photograph I?% %; iently expressed erythropoietin (EPO) in JW152 cell line is sensitive to
endoglucosi ase%g% treatment. Western blot of transiently expressed EPO: from CHO K-1
cells (Lane 1), from JW152 cells Lane @ Endoglucasidase H treated EPO. from CHO KI(Lane 3),
A e

Endoglucosidase H e R&Y IEIHB a8 2 pgﬁte%) B‘*lesea"r:“t%s 2ReHive toEndo H
treatment sugjgestingSHQLIB NO: 2, or a sequence comprising a GnT 1 sequence together with a

15  mutation set out in Column 3 of Table D1, or a variant, homologue, derivative or fragment

thereof.

In a 7" aspect of the present invention, there is provided a method of providing a CHO
cell or cell line, the method comprising culturing CHO cells in the presence of Ricinus

communis agglutinin I (RCA-I) and selecting cells which survive the culture.

20 The method may comprise culturing CHO cells in the presence of Ricinus communis

agglutinin I (RCA-I) and selecting cells which survive the culture.

The method may comprise exposing the CHO cells to RCA-I at a concentration of
between 0.1pg/ml to 100ug/ml, for example up to 50 pg/ml or up to 20ug/ml, such as
10pg/ml or Spg/ml.

25 - The method may comprise exposing the CHO cells to RCA-I for a period of from an
hour, a few hours (such as 2, 3,4, 5, 6,7, 8,9, 10, 11, 12), overnight, to a few days, such as 2

days or 3 days, such as overnight.



the glycan structure found on the EPO molecule is of the high mannose type. It is hence suspected
that gene(s) from the early part of the glycosylation pathway is defective. Figure 2 is a photograph
showing that JW152 cells lack a functional GnT | gene. Recombinant EPO is analyzed by the
IEF/Western blot assay. The lane on the far left (CHOS WT) shows the EPO expressed by the wild
type CHO cells as a control. The second lane shows the EPO produced by the JW152 cells.
Incomplete glycosylBtiomdthdi/ i aetiprisediovilrs pmpimmgsdlegtingdslle vends d&ootingact with
complementgtien festaSach Risaygtalglycosylation related genes (as indicated) is co-transfected with
the EPO construct into JW152 cells. Only GnT | is able to complement the genetic defect in JW152
cells, suggesting thgsgo% nce!(l)salﬁslgk glsfugc(t)iﬁtrﬂlgl GnT é ene. (ﬁlnotperr v%{ggre taerfc (())rb dation from
this IEF results is tHat in presence% &h , RRES2 Cers swili?iafé‘g much better than the wild
type cells. Figeltdigeishiaplable yrapmethodvingotaborprovement in sialylation after co-transfecting with
GnT | is observed for JW152 but not for CHO-Kt . The sialylation pattern of EPO produced in CHO-K1,
CHO-KI $vith co-expressgractiot Giithiel pre R proehtieecwill SiloR, calisd Stlardive dita2dells with the
co-expression of GNT |. The EPO sialylation patterns, of CHO-KI with, and without co-e ion of
o | appeatib el e SO o el e S et
in sialylation sstimimuaglegy, Rbsblaswihusththeanabilities efsepascofcGaminagy\sk8biedhis astalylate
recombinant gyeieIRRRUED eLsH ik IReWikhiRg-Cols: RicalinpRamplEs IR 1w amigiase

which cleaves off sialic acid, results in EPO 20bands in the acidic region beinq reduced to the basic

region after ABAi{amRERIOSbiMaeadan§errend hiaerisrrredhorrsensk higoRiefeksd-focused
inf :che aq'xiicl M@Sp@lfﬁl@ﬁﬁ%r :E@&atérhgsma@ﬁ%%washﬁﬂéﬂﬂhth@?f%ﬁ ﬁégwﬁ&ﬁsiﬁﬁpg]@ﬁﬁﬁtwisenfe
of functional GnT I of previgusly ished Lec 1 mutant whi a GnT | defect js shown to be also
25 highly siafyt4tétd’ %’l%(ﬁ%?éﬁ’t”é‘ggf%’%ﬁf gé@fﬂ% Ol-é’f“f_felé’ iﬁ?ﬁ%ﬂ?ﬁ%ﬂﬁh ¥stSFKtion of
functional GIN.Y.}; & Rds, prevabtisty dedari&cland 9t Dadsoldepe ndé Styisalbigdhusingad different
lectin by another grou a b mel I igure 5 ot ph showing that all nine
CHO glycosy% |o%%%%£ﬁ%ﬁ?g§$ gqucm?l@%e%ﬁ njg“g?sstﬁﬁ%mct%%%’r?g ?rr? ’(??ﬁ?tlugene, lead to
incomplete siHWydzaieo PriamgrathyréhressedORE@ N dve1sy, 131W$6\,/1JEI_IVGQi,t I@ﬁlgt)ow%FCSQ%,
KFC15092, Kr15047, K Ghoh% . K5 20M L SHOAK LERQOBOVES e EHE alycosylation 7

mutants selected with RCA Tectin, each bearing a different mutafion in the GAT | gene lead to a loss in

GnT | functioRaliResepRAS Mabrsioh faramedagd iMVthSeader s AsSebikasirattb/oiesiwild-type
(extreme righi) 5RO HIMicalMEiaRdeE FnahRbEMadaibriROAdactinieldsimainy : Andabstatisent

mutants. 5Figure 6 is a photograph showing that all nine CHO glycosylation mutants, after restoring
GnT | functio%’lmgié)rﬁ%@iﬂgfé’é&ﬁl tﬂgg'li:“g‘@?fgr%ﬁi?%@&%g ﬂ?a%%%ﬁ@”l@l%ga [dure 7is a
photograph shewinHittak JabboowitaasiSRN G:8706964:21i0)) faltboiirly atdsabdr o RCNIaskl Ppyotein
better than Cﬁ@l{% EPQO:Fc fusion protei rodg in g wild- C ared alpngsi ith that
producgg in g Qb%?o%ét(g%’ji aaﬁledrqugs%@e&ﬁ% Q%grg’sﬁpsm %%ggg%r?ﬁ%gofﬁgogu%g#dri%s?éiﬁl/lation by
rescued JWI1G3786h 34 858vElandithok of Drug Screening, edited by Ramakrishna Seethala,

Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and

Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench,

Edited Jane Roskams and Linda Rodger_s, 2002, Cold Spring Harbor Laboratory, ISBN 0-

25  87969-630-3. Each of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a photograph showing that transiently expressed erythropoietin (EPO) in
JW152 cell line is sensitive to endoglucosidase H (Endo H) treatment. Western blot of
transiently expressed EPO: from CHO K-1 cells (Lane 1), from JW152 cells (Lane 2),
30  Endoglucosidase H treated EPO from CHO-K1(Lane 3), Endoglucosidase H treated EPO
from JW152 (Lane 4). JW152 expressed EPO is sensitive to Endo H treatment suggesting that



different model glycoprotein. Figure 8 is a photograph showing that HPAEC chromatogram showing
better sialylated glycans cleaved from EPO-Fc expressed in JW152 cells co-expressing functional GnT
|. EPO-Fc transiently expressed in CHO-KI and JW152, contransfected with GnT I, is 15purified using
affinity purification via a protein A-bound chromatografphy column. Glycans on the equal amounts of
EPO-Fc are cleaved by treatment with Peptide: N-Glycosidase F (PNGase F), and separated, using

High pH AnidbeEkesariactiedamderdhhRAmmio)leds cdibimbigh wasinessriviver lbishehecacids
attached to t%@y@qﬁaﬁé&éﬁymmr ' distnethsNiaherRasks fRrdbecd\W152 sample in the
t

4S group and lower peaks in the 1S group 20 when comparing with the CHO-KI sample. Arrows point

to an internal contrgh(afipgse  BAIRISS ARARSIRH AP SN FIAUISAIRAARGIRAAL Showing

recombinant EPO expressed by 10 fandomly picked clones isolated by RCA-I. Top gel, EPO
expressed inReoomfpiranrtR(rianahessdbe tbedid (W assateletopstn Ebpinganithe BxlrbsEOEPO

alone. Bottony gebhER QIR Pressestdtth e s a6 2P srleatnel dieadhabatR transieetsd with PEIG. This
construct expresses both EPO an Figure 10 is a gehotogra h showing that EPO produced

d GnT I,
in 10 differer9tNP18e Bl arodnsed hy Ge iy trafeiit dagamplete @bvrasuationine¥iedsslsisth EPO and
GnT I. JW153h08)I% Brectimpaiiig @it \with1ane T e catipitmbrtatitn plsdGach sapsasgtion unit

containing EPOIRES-GnT | EG%nis loned into p)cDNA3.1 downstream Q’ue CMV pr r..After 30
ronaioeton. B AT Al e AR AR S Fa S §7 s A oy 10
such randomisilichelg Ciokiéssartdcaoalynettiyrittbd Eénttie stdent ol W$S2 gellhougesstisg hebow that all

the EP@05a'@@ﬂﬁ%a@PQ@%?%%@@E{%&E@%%@%%@MHM oﬁl’i‘é}‘@?% g&ﬂ%tﬂ???éﬁr@lﬁh?%“er

sialylation is maintaine ssion of EPO In the presence of functional GnT I. Figure 11 is a
photograph $kiriBetResserspif Sidréstioh deetb ealylate PR muetneetos shary the oyilg iyarecailst is

inferior to that ofJW152 with restored GnT | function. CHO-K1 cells are transfected with expression
vector containing EFigusotling phofograph shoovmgt thatderpseventéon irGliohdatiancaiiol atetlaasidE@RD from

nine randomly;selecad SRBIE, clpRe TR o BSRS WP HEEKTneneSHR 08 Yihah 3 iRy EPO samples

produced by different stable clones é%re/b in overall sialylation but in géneral are not as well sialylated

as those in FAERecadimEHGUk, ZHO-X brdth seapivisssinnnd thrk ERS hpertivced im WS wells2 stable
cell linegthap Rpierheen deiddiath BSHSBLRRIRRRBIGNIUITUR RHOQRIDIARS PRLMEL tgGiRlylation

pattern observed for stable JW152 cell lines in attached culture is maintained in suspension culture.
with and without co-expression of GnT I appear to be the same and so, the overexpression of

GnT I is not responsible for the betterment in sialylation seen in lane 4. Results suggest that in
the presence of GnT I, JW152 cells sialylate recombinant proteins much better than the wild
type cells. Treating samples with neuraminidase, which cleaves off sialic acid, results in EPO
20  bands in the acidic region being reduced to the basic region after cleaving off sialic acid,
showing that the higher sialylated forms of EPO are indeed focused in the acidic region of the

gel.

Figure 4 is a photograph showing that EPO expression in the presence of functional
GnT I of previously published Lec 1 mutant which has a GnT I defect is shown to be also
25  highly sialylated. Transient EPO expressed in CHO-K1, Lec 1 and Lec 1 with the restoration
of functional GnT I. Lec 1 is previously reported and had been independently isolated using a

different lectin by another group headed by Pamela Stanley.

Figure 5 is a photograph showing that all nine CHO glycosylation mutants, resistant
to RCA and bearing distinct mutations in GnT I gene, lead to incomplete sialylation.
30 Transiently expressed EPO in JW152, JW36, JW80, KFC5008, KFC5026, KFC15002,
KFC15047, KFC15071, KFC 20011, CHO-K1. EPO produced in nine CHO glycosylation



SEQUENCE LISTING 15SEQ ID NO: | is a nucleic acid sequence of a
N-acetylglucoaminyltransferase | cDNA from CHO JW152 cells. SEQ ID NO: 2 is an amino acid
sequence of N-acetylglucoaminyltransferase | encoded by SEQ ID NO: 1. DETAILED DESCRIPTION
20Using a cytotoxic lectin, RCA-I, we have isolated a hovel CHO mutant cell line, JW152, from
CHO-Kt cells. Recombinant EPO produced by JW152 cells that are stably transfected with EPO
and GnT | cDnweseseledied wishighlylettin asehl bsarfmgasliBear anshtionde teibyilersielaeditines

have been adapied, iBHPRGEION MUSHEIARdAMNMAANSHNISH MSE R 1:hBSF EShpipduged 25by

these cells are analyzed by an IEF assay. The results showed that EPO produced in serum- free
medium remSHEMHERKPS (S rsrag rieh) TRRQe Haisak standagd i AR &K sttdishdstimasidtential to
become a haghigyl (¢ fdcpRdieHgaRINteins, such as highly sialylated proteins including glycoprotein
drugs. 9 The cell line JW152 was deposited on li December 2008 at the American Type Culture

Collection, 10801 Uneesity BoHlyaishiRAARAARai4h AR L01e9cdpkGtasmie]fherica under
n

the accession number PTA-9657 as the International Deposition Number under the Buggg%est Treaty
on the InternEitsReREtLb fEtFBI AR BRboSHPEIRAG G dRgLitiBRHS B Ak PlrTosakin bk -

Procedure. We therefore provide for a Chinese Hamster Ovary (CHO) cell or cell line which is

capable of higher pFigbip 3islgBhisngsarhsheadng thanly tygevahirstaad4mstbfndiep.@ddp  The
CHO cell capgfig.ek Hpber SialRtg0ERayRRIaH ¢a8d-RY arpdlabIRiSelest élx[‘ob%mgeéliﬁh as a

RCA-1 selection method. Such a method is described in further detail in 10 "CHO Cells and Cell Lines"
below. Therdfbl€, wldAYRecampared alorgsids sithchatpinducss m AN ndheiore.and Hterrseerridihg

sialylated recesulinRaidpsdREHAN tHRespsesendal {hon by. rescuddiCV B52dlesktnamedhadrsstesefore
specifically irgﬂ?ded int i rpethod?s and compositions described here. 15We therefore provide for a
Chinese Hams Srre{btvma(r)ye( 63%8 FGr cell line which is

Figure 8 is a photograph showing that HPAEC chromatogram showing better

sialylated glycans cleaved from EPO-Fc expressed in JW152 cells co-expressing functional
GnT I. EPO-Fc transiently expressed in CHO-K1 and JW152, contransfected with GnT I, is

15  purified using affinity purification via a protein A-bound chromatography column. Glycans on
the equal amounts of EPO-Fc are cleaved by treatment with Peptide: N-Glycosidase F
(PNGase F), and separated, using High pH Anion Exchange Chromatography (HPAEC),
according to their number of sialic acids attached to the glycans. The chromatogram shows
distinctly higher peaks for the JW152 sample in the 4S group and lower peaks in the 1S group

20  when comparing with the CHO-K 1 sample. Arrows point to an internal control, raffinose.

Samples are labeled as shown.

Figure 9 is a photograph showing recombinant EPO expressed by 10 randomly picked
clones isolated by RCA-I. Top gel, EPO expressed in 10 different mutant lines. Cells are
transfected with a construct that expresses EPO alone. Bottom gel, EPO expressed in the same

25  set of cell lines that are transfected with pEIG. This construct expresses both EPO and GnT 1.

Figure 10 is a photograph showing that EPO produced in 10 different JW152 clones
that are stably transfected with a construct that expresses both EPO and GnT 1. JW152 cells
are transfected with a construct called pEIG. In pEIG, a transcription unit containing EPO-
IRES-GnT I (EIG) is cloned into pcDNA3.1 downstream of the CMV promoter. After

30 transfection, stable clones are selected and picked. The sialylation patterns of EPO produced

by 10 such randomly picked clones are analyzed by the IEF/Western blot assay. The results



capable of higher protein sialylation compared to a wild type Chinese Hamster Ovary cell, the CHO
cell being obtainable by selection with Ricinus communis agglutinin I (RCA-I). In general, we provide a
RCA-I resistant CHO cell or cell line, such as an RCA-I resistant CHOKZ1 cell or cell line. 20Genetic
analysis has revealed a dysfunctional N-Acetyl-gIuco§aminyltransferase 1(GnT 1) gene in JW152
cells. Molecular cloning of the GnT | cDNA from the mutant cells identified a %oint mutation that results

in a prematufButoix selche KBQ saapirs pradvegd by diffierentstabliy donematsduichly siabdtdedvEiton of

GnT | proteinyyis eRy b3&eramninat el tsmahahdh antasinexpralsip s Mg iegtadns g’ amino
acids. 25Usi RCA-l ge have isolated many more CHO mutant lines (about 100 clones). Genetic

analyses sh R all lack functional GnT | gene. Many of them carry a different point mutation
in the coding region of GnT | gene, suggesting that they derived from different original clones. Yet,

they all dramatically igfsedved rigtagBROBE BiabTiblrssmmssirarf FRAShEEB Bhshevsife

Qutatidq@ Iin §tﬂyﬁﬂgp(ipﬁ?1]@ﬂ1§ir?Mﬁf@ﬁ? &vfﬂae%QMQs?gﬁgﬂrEaﬁ&%@ﬁhpMﬁwgﬁ{%below. 10
ccordingly, we proviae ra Inese amster vary wnicn IS capapie .o | rproteln
sialylation in TR FELERS %?M%%Bﬁ%ff*%}?f‘ YesHhpE ﬁ&%@é@ﬂh@@g ﬁlgrﬂgté%&ary cell,

the CHO cellsenjoisiOp@esnntdtisadd shé ERO flogeniae Yadhmiyarlernddebbr ddGéinesttlyssdster

Ovary (CHO) cell | line which is capable higher protein sialylation compared to a wild type
Chinase Han S B3 be A S M e P iR e
agglutinin 1 (RGXetrHsiklodanipnibin gneeeneraltiase nattieveH Fialyjeted as thophiindugrridA-in the GnT 1 gene
may comprise any point mutation, deletion, inversion, etc. The mutation in the GnT 1 gene may

encodeld partially fiigitori? i ophospfapicsiorvings tBaGPOppalypehindoud I IT2itdide dolthieesnT 1
gene may engode a truncated. GNT 1 palypepti We. provi r.C140 ce qiines
comprising gglc of ﬁw[()ees?g ?nd%Pé%tq8ﬁP§’ glg/ﬁ) fgé%%ln%l%: oﬁéspwgl %%ﬁ%@é&?g’spﬁﬁgﬁgﬁ |!r)1rtles derived
from RCA-| seatsetiovbsertiedpuiblofINd A celblifesivratiachpd cativrs iirdaipiraned tmshap@bion cells or
parental cellg, Wgeprovide 15for mutant CHO nucleic acid and polypeptide sequences comprised in
such cells or cell lines, as described in further detail below. The CHO cell or cell line may comprise a
JW152 cell lige 08y CRFREse @ JW8O0 cell line. It may comprise a JW36 cell line. It may comprise a
KFC15002 c@ﬁ%hrn'm'ay'. comprise a KFC15071 cell line. It may comprise a KFC5008 cell line. It may
compridé a 20 JW1SR@ED IN@: 1tisnayucleioptikkeseg Kdnicb 006 et dink it vaayngdimapsisease KEIRA011 cell
line. It may C%@&?ﬁ&%@é%&fg cell line. The CHO cell or cell line may be transfected with a
nucleic acid encoding a protein of interest, for example a heterologous or recombinant protein. Such a
protein might compie 3 JNERR Rieikmng scd Segarnce SF R TN RS AT RISRcSL Perusgigfected

by SEQ ID NO: 1.

DETAILED DESCRIPTION

20 Using a cytotoxic lectin, RCA-I, we have isolated a novel CHO mutant cell line,
JW152, from CHO-K1 cells.

Recombinant EPO produced by JW152 cells that-are stably transfected with EPO and
GnT I cDNAs contains the highly sialylated isoforms. Several of these stably transfected lines
have been adapted in suspension culture and grown in serum-free medium. The EPO produced
25 by these cells are analyzed by an IEF assay. The results showed that EPO produced in serum-

free medium remained highly sialylated.

These results suggest that J W152 cells have the potential to become a host cell line for

producing proteins, such as highly sialylated proteins including glycoprotein drugs.



25acid encoding a functional or full length or wild type GnT 1 sequence. As noted above, we provide
for the nucleic acid themselves, e.g., a nucleic acid encoding a mutant GnT 1 gene, or a fragment,
variant, derivative or homologue of such a nucleic acid. The nucleic acid encoding a mutant GnT 1
gene, fragment, variant, derivative or homologue maygcause a CHO cell comprising it to be capable of
higher sialylation, compared 30 to a CHO cell which does not comprise such a nucleic acid, for
example a wild typel@ssltline W HRevas dppesitedrrAddsrgmber A0St himegsa THeg comprise a
sequence shohuas G tionND80 100 @ wa§i8NB AR Jamdsiivative mn iague niiher seftsk® 1D
NO:] The coding regiop of N-acetylglucoaminyliransferase | (Mgatl, GenBank: AF343963) 5
RNA isolat IO GRS 5659 T TR AL A EEH B PRSHEAR At poston
1015 was identifee thésRodapdst bedaly dnl(BETh{eris Al BécAERTIoN GIAKIIsfuSIT of Glictsarganisms
TTGGGGTGETAT TCT GGLT GGAAT GCCCTGCT GC T CCTCTTCT
TCTGGECA&@‘&%'%@(%&&%%%’E%% SCCCCCT CAGATAGT GC TAT CGATGATGACCCT
GCCAGCCT C ACCCGT GAGGT GT T CCGCCTGGCT GAGG C T GAGGIGGAGTT GGAGC
GGCAGC GGGGGUF @‘elr? © R@&ﬂa{g&a& ese ?Iamster (ﬁ'ary ?&{8) cell or ceﬁlmc which is

AGGGAG CAFEpHIEHighies poEih GAIZIAMA CPa St A GTGZRCARSE Ha®RICB alyCEIAGCCT
GGCCCCGTGT GCCT GCGACCCCCT CACCAGCCGTGAT COCCATCCT
GGTCATTGCCTGTeACHEA Cipatilel oEh Hefztaly [atioh@fay béxiaRilicdd\ 6y Talsmihble selection
GCACTATCGGCCCTCAG GCATTTCCCC ATTGTCAGC .. .. .

CACGACT GRS SREtS ARGA RER iop e A e e escphecis foper dsiehia
CACACKCATQTBGIBLCAGACLCTHE A TRASBRECREAFERIE G$ed to isolate CHO
gg2?@?%%8%%%@%&%&ﬁ&ﬁdﬁ&%&%ﬁ@ﬁ%@ CeCBRE brbeinS Rt GleRie & CCGGCC
AAGTTCAAGITECCAGCAGCTGTGGTAGTGGAGGACGATCTGGAGGTGGCACCAGACTTCTTTG
AGTACTTCCAG

GCCACCTACCCAGUB @ FeaGAaARAEM S GOEDRCRTTitalE MChE&IGNET BEHHSBAATGACAATGG
CAAGGAGC&%&E&%‘I’ AGAGT RAAGCAAACCTGAGCT GC T C TAT CGAACAGACTTTTTTCC T
GGCCTT GGCT GGCT GCTGATGGCT GAGCT GT GGACAGAGCTGGAGCCCAAGT GGC C
CAAGGGCCTT CTGGGAT GAC T GGATGCGCAGACC GC G AAGGGGC GGGC CT
GTATT GTCCAGA&%@QF%DERK’(%‘E%A@&"A 8%&@‘1?48@%?8%@@@? ﬁ(‘g%g}ﬁGGGCAG
20 TT CT T TapableQABLHATIZTEIAAGIYIRIOA ToRAXGICoRGA QDA CHIAGT HAGRGPGTT CRILACCCAGT
TGGAT T T Glfefelfibeih &%@&e%g&é&%tﬁ M:%%%%Z%ﬁﬂmm [ RCAD) In
CCTTGCCCGTGTCTATAGTGCC C CCCTGCTACAGGT GGAGAAAGTG AG GAO CAAT GAT
CAGAAGGAEET: BemeyAl e RECETEsmtAd st acrhpesaharaRE ot reasmESEeTTT
GOT AAGGGGGell 618Nl CATGGATGACC T CAAGT CTGGTGT
COCCAGAGCTGGCTACCGGGGCGT TGT CACTTTCCAG TT CAGGGGT CGACGT GTCCACCT
GGCAGHCCCACAAML LT AGRANGGLIATIGATSGIARS NGCAATTARARW R lHhgkpiovide for

mutant GnT 1 50|ng eptides, as well as fragments, variants, derivafives and homologoues thereof. The

mutant GnT { eptiein I ypdesstlsy Mrlaeube glrnine itroRml dgiNAS caa thseem oeball
comprising it i RereaRPIMmOh SN SialvislipninGopriaietdospehiancall whishidargnatsoarprise
such a polypeptide, for example a wild type CHO cell. The mutant GnT 1 polypeptide may comprise a
sequence shEWHPRY SEPEIERZSr3 Mot oAt ORdhBIBIs: PRI e b Rg AR TRt SEQ 1D
NO. 2 Thehdv-dieatytglaCp@ninyliidhsienates 403 amiqioidin encoded by the mutated gene in CHO
JW152 cells. As a result of the point mutation (0015T), JW152 cells only produce a truncated version

of GnT pyvhich containgORYAZBS @ miatifed RS Har CPONRLBEN BrRreisines aepégjns 447

amino acids. The C-terminal portion in bold is not trans|ated in
enet% analyses showed that they a?l ?ac %unct{ona nT I gene. Many of them carry a

different point mutation in the coding region of GnT I gene, suggesting that they derived from
different original clones. Yet, they all dramatically improved sialylation of recombinant
proteins in the presence of GnT I. The mutations in the GnT 1 genes from these further CHO

30 cell lines are shown in Table D1 below.



JW152 cells. MLKKQSAGLVLWGAIL FVGWNALLLL FFWT RPAPGRPPS DSAI DDDPASLT
REVERLAEDAEVELERQRGLLQQI REHHALWRQRWKVPTVAP PAW PRVPAT PS PAVI P
LVIACDRSTVRRCL DKLLHYRPSAEHFP | IVSQDCGHEET AQVIAS YGSAVTHIROPDLSNIAVP
PDHRKFQGYYKIARHYRWALGQIINKFKFEAAVVVEBDLEVAPDFFEYFQ 40 AT YPLLRT DP

SLWCVSAWNDNGKEQMVDSSKPELLYRTIDEFPGLGWLLMAELWT ELEPKWPKAFW DDWMRRP
EdR 12 Accordingly, we provide for a Chinese Hamster Ovary (CHO) cell which is capable of

A P Y P QR PR RIS TR DR FAYGROFLARVYSAP

RTNDQICELehingseriapsisrpyamicalt she KHORIsomRriEGing p siaiar iz e feIF Res R WS L APPQTWE
GYDPSWN Sgugiiopel e BV ICHmRE H5RRedNSs M0y biddEIhdanechecthpsapiad in

suspension cylture and,gr in serum-fref% mediym. The EPO produced in se%m-frdeg 5 mefium

Q
remained higHBPSiRNAIEF AR08 LABRASIHAA Y IRV RSO RRIE LRy A% Pl H R P om
RCA-| selectteing dbizimhisiedpedecedon piizhl Ricsuspensianicyaligiieinit DR Inasdroomptidingedium.
In conclusion V\{g.havetggyélnfpledea novel method to isolate glycosylation mutant cells from CHO cells.

All CHO cellsl,ht a?%rlﬂ?eive CA-15reatment have very similar 10characteristics. First, they all lack a

functional GnT | geEE. Second, th yﬁlﬁlﬁf?l late their recombinant proteins beﬁtjr than, the wild type
CHO cells in the preS&RREBOR e 0 S TR A R RO BN HH WP AR ARSFSISbN and in
stably transfeatethealistation Tineh&EGHT dlygensydayiencodetaphaally ifolatieningtlorRGAfinstiohiag JW152

cells, ¢ pr(ﬁi recombinant.alycoproteins with high degree of sialylation as, lang as GnT | is
presen? B15T %me&%%aegtgﬁeb@%séé% %%%%?Jhge@%?:orﬁ%?ﬁglrl\%yg?%%agerét%}lﬁg a}%%wﬁ%% iialic acid content
is important felyrepgtlicacy. These proteins include EPO, IEF-y, Factor VIl etc. CHO CELLS AND
CELL LINES The CHO cells and cell lines described here may be made by any suitable means.

For example, the CWomellslafict Ciidines mral/chl jmeslcmeprising elebtidithesengaant ifablec2D
lutinati il ILitiny : : . utin h
s com b B e Sl i or

cell line, the pidugber sty ptiomgompareshtp Gl dtred orinatiee s Serdls of Ritifabeelp et sigglutinin |
(RCA-Ihand geigchRg el Witeh SUIY MR hayPaitER: LaddieS iR atlka and.ecrbnes: deqgriRed here

may be made by treating a starting or
as described in further detail below.
The CHO cell or cell line may comprise a JW152 cell line. It may comprise a JW80
cell line. It may comprise a JW36 cell line. It may comprise a KFC15002 cell line. It may
comprise a KFC15071 cell line. It may comprise a KFC5008 cell line. It may comprise a
20  JW152 cell line. It may comprise a KFC5026 cell line. It may comprise a KFC20011 cell line.
It may comprise a KFC15047 cell line.

The CHO cell or cell line may be transfected with a nucleic acid encoding a protein of
interest, for example a heterologous or recombinant protein. Such a protein might comprise a
glycoprotein. The CHO cell or cell line may be transfected or co-transfected with a nucleic

25 acid encoding a functional or full length or wild type GnT 1 sequence.

As noted above, we provide for the nucleic acid themselves, e.g., a nucleic acid
encoding a mutant GnT 1 gene, or a fragment, variant, derivative or homologue of such a
nucleic acid. The nucleic acid encoding a mutant GnT 1 gene, fragment, variant, derivative or
homologue may cause a CHO cell compfising it to be capable of higher sialylation, compared

30 to a CHO cell which does not comprise such a nucleic acid, for example a wild type CHO cell.



parent cell with Ricinus communis agglutinin | (RCA-I) and selecting cells that survive such treatment.
Such surviving cells may be further cloned and made into cell lines. The selected cells and cell lines
may comprise higher sialylation activity as described in this document. The selected cells and cell lines
may comprise mutant GnT 1 genes and polypeptides} hs described 30 in this document. 13 For
example, the CHO cells or cell lines described here may be selected by exposing a parent cell line to
Ricinus comrbarygalgifagidsncgdma theanutaniitalel @SR SYARMPTEe 4 sedtsbRe peatgtias SEQTRe

RCA-1 conceqdsaliop £oad i@ AeRTosNabuean e dkTigrhdm HRRE/M, for Sexample up to 50 pig/m1
or up to 20ng/ml. Examples of specific concentrations include 10n/m1 and 5pg/ml. The period of

incubation or exposgrtpyReA-L could be from an hour, a few hours (such as 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12), overnight, to a'few days, such as 2 days or 3 dags. In general, the period and concentration

can be adjusted to diffediagreionpimyasetyzrremisyEranstaswiddlealsGemBrky S 86 Dells,
which are resigtant igoRGA foka HETTNO mmreelrsotmri]ﬁ%ﬁ W#{ai{thﬂaiﬁs, the M%Mfﬂiiﬁﬁki@ﬁ@tﬁerliw of
exposure and selecti ay be vaged, but generally, the higher the concentration of RCA-I, the lower
the period of%%tb‘ghfé]ién Wgﬁé%éﬁ@ﬁ‘gﬁﬁcwgérb%@ﬁ The selection could be done on any suitable
staring cll o el Ine, But s il 15 qenetally be 8 CHO cellorcol lne. Any known CHO cel or cel
line could beUed &% & Stafing et Gk parer cefneinalag CHOKT- Chber Siftabic Siarting Cells
could includegdagtasgdretimiteddostiee dadoning (RécAtiacaccessiendadnlers i dragkets)akid O
(85050302), S19CH PROTE(NTE REE) (O EA2GUTP BHOCKIABE0510UB) COMOSKIHSFC(I3083607),

e
CHO/dhEr- <§%@%¥§§@Z@§@3ﬁ§’é§iﬂf eﬁ@%@%ﬁé@%@ﬁ?ﬁ%ﬁ%ﬁ%&@%@@%@§ﬁﬁ%ﬁ%@g
selection, the;sKexRANG:60NE AR AWK AroW: and o5 colonips faNewRg Which theynax-be
picked. The tomwsatiovoeddordiis anitbwaryctatanvih gerueralyc ber kangasoagir foccotenigs toagraw to a
pickabld SizeA 53 T@?%gﬁ%@ﬁﬁ@%%?é@c %?@A‘?T%ﬁ?g%ﬁ %@%TISTG?WW%R two
weeks, three {jgks r.mre. 251 i pICKIRG, May e o §a¥§aﬁ§%ﬁ, BEIEMEYBE A0SR Brough
use of robotssstiaRas:AdaONERRS (erenatixcdew Mitamrorsppsiirer ik ket Benpicked eolaties may be
further clonedAfgabercscraenat! ClaraciEisedandregiiared eIt TGGCCCTHAe GHleTiaecallsasidGbe

sincedio Bt T T b I O AR AR 1
confirm the mutaptcelisRelenaenreas é’%&ﬂ&%& %'ﬁm ACACTAGCAGAGACAGCTTCAAGGCCTTTGCT

AAGGCCCTGGGTGTCATGGATGACCTCAAGTCTGGTGTCCCCAGAGCTGGCTACCGGGGCGTTGTCACTTTCCAG
TTCAGGGGTCGACGTGTCCACCTGGCACCCCCACAAACCTGGGAAGGCTATGATCCTAGCTGGAATTAG

25 We further provide for mutant GnT 1 polypeptides, as well as fragments, variants,
derivatives and homologoues thereof. The mutant GnT 1 polypeptide, fragment, variant,
derivative or homologue may cause a CHO cell comprising it to be capable of higher
sialylation, compared to a CHO cell which does not comprise such a polypeptide, for example
a wild type CHO cell. The mutant GnT 1 polypeptide may comprise a sequence shown as

30  SEQID NO: 2 or a variant, homologue, derivative or fragment thereof.

SEQ ID NO: 2

The N-acetylglucoaminyltransferase I (GnT I) prétein encoded by the mutated gene in
CHO JW152 cells. As a result of the point mutation (C1015T), JW152 cells only produce a
truncated version of GnT I which contains only 338 amino acids rather than the normal

35  protein that contains 447 amino acids. The C-terminal portion in bold is not translated in

JW152 cells.

MLKKQSAGLVLWGAILFVGWNALLLLFFWTRPAPGRPPSDSAIDDDPASLTREVFRLAEDAEVELERQRGLLQQTI
REHHALWRQRWKVPTVAPPAWPRVPATPSPAVIPILVIACDRSTVRRCLDKLLHYRPSAEHFPIIVSQDCGHEET
AQVIASYGSAVTHIRQPDLSNIAVPPDHRKFQGYYKIARHYRWALGQIFNKFKFPAAVVVEDDLEVAPDFFEYFQ
40 ATYPLLRTDPSLWCVSAWNDNGKEQMVDSSKPELLYRTDFFPGLGWLLMAELWTELEPKWPKAFWDDWMRRPEQR



As a specific example, which is not intended to be limiting, CHO-KI cells may be cultured, for example
in 6-well plates, to confluence. Culture media may be changed to serum-free DMEM. Ricinus
communis agglutinin | (RCA-I, EY Laboratories) may be added into the media to reach a final
concentration of IOttg/ng This may be incubated withcells 5 overnight. The serum-free DMEM
contalnlng RCA I m replaced, for example with fresh DMEM with 10% FBS. Nine days later,
colonies of RAEIAE Cl e AR A A G A B R AR B e
24 well plates. These cells may be subjected to further tests, such as agglutination tests using
RCA-I to confirm th8ewtitdof dellSWIDSDHEEG sedtde Vit RiCHn! in/Vipthe fiave provigaddnmethod of 10

providing a CHQO cg{loor C@Klln%dthe method co rlsm(g CUILPE Pﬁﬁ o) leclls in the resence of Ricinus
communis aggfgtln P(Fg If Slectin tlng ceﬁlmw ich SUrvive t undre and |cﬁw 5 ot react with

RCA-1 irf an mgdiueratiomngsishighhe iyt ds Shedtwde®istroniids dotn@iar Géﬂ(hne&smaycbﬁ lested for
their sialylatioqy;ye PROAVIAUA- PXeTQEt%aWH'&%%%%%WdePJ@ES'Eh?ééﬂé%'&?@ﬁﬁﬂg %"?%quow i the

degree of 15sialylation. This may be done by the methods described in "Sialylation

therefore protBE-f8HA HFSIHBY of providing a CHO cell or cell line, the method comprising culturlng
CHO cells in the presence of Ricinus communis agglutinin I (RCA-I), selecting cells which survive the
culture and selectintn trostusiols we baveliteyslogeidh tisplayetligh teisglati @lyoesdstionmigameztiple high

Z-number OrM@ﬁb%ﬁﬁeﬁﬁéﬁ@@lﬁ%hg&mﬁ\@ﬁﬁ& gﬁ@ﬁﬁ{bﬁé’tﬁl’é@@?tﬁ%ﬁﬁ's may be cloned

and seg{uenced using methods known in the art. T gene may comprise a mutant GnT 1 gene

as des ﬂaedqh%teﬂstWeﬁﬁétrébsyeaBHa%ffwa%{ﬁaﬁ bg%\ﬁ%ﬁﬁgdathqé{@]c%ﬂlb‘@@éﬂl%e the

method competnbiabHUbHAE: fat Kotk iRai Hionmespr eeHY E@nm&mmemmlmttnms(RCA 1),
selecting cell WhICh sutvive the culture.and select hose cells or Ilnesihli Tomprlse 25

mutant GnT I°BERSRE AR DS AmE RaHRR WRN BNt & AR Cf’éﬁff_f We provide

for a CHO cell or cell line derlved from RCA-| selection, as described above. Such a cell line could

include a JWI 52 cellhfieti6r glisosy ationapipnt sdlstisplated PAMRBA beterh, ah R E &g cell line,

a JW36 cell |j Gdlﬁa&i%@ﬁﬁﬁlﬁ&l@@lwﬁﬁm@efﬁ@ﬂtﬁwgh dézeelblisialydakibR008:cal e & PitRatcell line,
a KFC5 6 [Ilne a KFC2?0011 cell line or a KFC15047 cell line. PROTEJN EXPRESSION

The CH 8&%??88&% S es D Rraduce KeepmmRimanh s RISV PR AP StaT s hibrest.
This may be ﬂlqmthyt foedrsckiicuy Thtke mtiteins ikrtrintkikERPRPIEEsipRaidc FOI@atls and cell lines is well
described in the literature, and the skilled person will have little difficulty in using the CHO cells and
cell lines desci@dRerS &% OBLS. INRKOtein expression. Thus, for example, the CHO cells and cell

lines may be transfected by means known in the art with expression vectors capable of expressing the
10protein of interesthe CHO cells and cell lines described here may be made by any suitable means. For

example, the CHO cells and cell lines may be produced by selection using a suitable
20  agglutinating agent, such as agglutinin I. The agglutinin may comprise any suitable agglutinin,

such as Ricinus communis agglutinin I (RCA-I).

We therefore provide a method of providing a CHO cell or cell line, the method
comprising culturing CHO cells in the presence of Ricinus communis agglutinin I (RCA-I)

and selecting cells which survive the culture.

25 The CHO cells and cell lines described here may be made by treating a starting or
parent cell with Ricinus communis agglutinin I (RCA-I) and selecting cells that survive such
treatment. Such surviving cells may be further cloned and made into cell lines. The selected
cells and cell lines may comprise higher sialylation activity as described in this document. The
selected cells and cell lines may comprise mutant GnT 1 genes and polypeptides, as described

30 in this document.



The CHO cells and cell lines may further be capable of expressing wild type or functional GnT 1, for
example, the sequence set out in GenBank accession number AF343963. This may be done by
transfecting the CHO cells and cell lines with an expression vector encoding GnT 1. This may be on
the same or different vector as that which contains th&315nucleic acid encoding the protein of interest
Any suitable protein may be expressed using the CHO cells described here as host cells. The protein

may comprise a het&tbrsgBRiept&hOrerllpesealh lingy daserbed daameyhpislastqsrBretipasegfrotein

may COmprisg:AtheaglITRe B RRIMIRIBoA AR AR MIMAY IQRUBUS Q15 SHEAR RiRIEnd@EXafoples include
heterologous proteins of therapeutic or pharmacological interest. Proteins which may be expressed

include anti-EBERSRAIY glucosidase, laronidase, IgCTLA4 fusion,
N-acetylgalactosamine-4-sulfatase, luteinizing hormone, anti-VEGF inAb , Factor VIII, anti-lgE mAD,

anti-CD1 la mAb, a-H&&dsitseceniratieneawd smagericam hetaser B ingmbiett0saimb s mAb, Factor
VI, tissuge pl@ﬂﬂiﬂl@%ﬁ@%g%?ﬁﬁ SN ARG JMPE L NG FREERIR duieR-frRnohMudollicle

stimulating hormone, anti-CDZ20 mADb, interferon-I3, (3-glucocerebrosidase, deoxyribonuclease |, etc.
For example,l{eedakembergigkexpression of erythropoietin (EPO), interferon-? and Factor VIII with
CHO cells and cell lines described here. We also describe highly sialylated forms or isoforms of
erythropoietin (EP Chhéperiet ofi iycabatioacioexpisex poddSAd] fromidbe @ddDer heand ealllnes described

here. 16 SIAWGACID: ¢ The fegy i 2P JRARAUS 245 e L A0 J0SRRT LAY o

, § i
nine-carbon carboxylatéd sugars. The most common %em er of the sialic acid family Is
N-acetylneuraminic.acid £2- 5 eto-Si@cet mldo-:k dldeo%%-[%ijgp(gﬂg-e ltl)n-l al egﬁg:nrgpﬁ)ﬁgyé?nos-l-onlc

acid, often abbrevialfééeélsrﬂ’etugggr,l EUAC OF f&f‘.c séednd memoer o

N-glycolfine #&Eiflicetiabid (Dlensdblea smhlep@pdriemdiichll evhichcatylegistan of NeAAddsshpdvexylated.
A third sciatic, agiel famity MEmp '%ﬁ'&%ﬁ%‘@'ﬂ@%ﬁ@ WHRSRRIGI AT A selectioflfilyBeluded
are 9-substituted5%t|(‘aqic ac%s'sucﬁlfnuas zli’Q-O-Col-CG-acy -Neu%Ac ﬂke 9-910 O-Iact)f!e: NeusAc %r
9-0-acetyl-Ne@5ab, igsasialty e kygheitba sonsentaiinn ofRGdokyhnleusnbemsHpe\AEAXBPIWE sialic
acid family, sReeBeJanyValkivitelyerBiology 2 1992 ; 25-40; Sialic Acids: Chemistry, Metabolism and
Function, R. Schauer, Ed. SIALYLATION The degree of sialylation of a protein may be

”:i?;‘;red by varioufNeaRioRtalid e b h 2-y LIRBIE QAaXR'&IFRSM GRS GG RAIN of the
P ' generally be a CHO cell or cell line. Any known CHO cell or cell line could be used as a

starting point or parent cell, including CHO-K1. Other suitable starting cells could include,
but are not limited to the following (ECACC accession numbers in brackets): CHO
(85050302), CHO (PROTEIN FREE) (00102307), CHO-K1 (85051005), CHO-K1/SF
(93061607), CHO/dhFr- (94060607), CHO/dhFr-AC-free (05011002), RR-CHOKI

20 (92052129).

Following selection, the surviving cells are allowed to grow and form colonies
following which they may be picked. The time allowed for this will vary, but will generally be
long enough for colonies to grow to a pickable size. Examples of such times are 5 days, 7

days, 9 days, 11 days, 13 days, one week, two weeks, three weeks or more.

25 The picking may be done manually, or it may be automated through use of robots,
such as CLONEPIX (Genetix, New Milton, Hampshire, UK). The picked colonies may be

further cloned, further screened, characterised and cultured, etc.

The selected cells may be subjected to further tests. For example, they may be
subjected to agglutination tests using RCA-I to confirm the mutant cells no longer react with
30 RCA-L



We therefore provide for protein expression using the CHO cells and cell lines described here, such
protein expression comprising highly sialylated forms or isoforms of proteins of interest. Protein
expression from CHO cells and CHO cell lines described here enables production of proteins such as
glycoproteins, for example erythropoietin (EPO), 20 iﬂférferon-y and Factor VIII, which have high
Z-numbers or low pls, or both, Z-number ~ The parameter Z-number provides a measure of how
many of the antennd¥ 8FRsE EaAaMpR ittt neSINEAdgH Eobe dmiting STHAdrd cqllemiaube, such as
sialic acid. TeelatRiaNioELampRIAK-REIGRERM B wBRIetiEesIARe rRlarsas fRmnthedaptide, as
25above, and labelled, jf [ S& The mixture is then separated by ion exchange chromatography,
allowing the §8Bg?é§8?1ﬂ?ﬁ§§4 B FRBHEIS TR, WS AslidY drrbrraterisnlmaydAddttay be by

virtue of a lakiatp alsemediionadaabhafmabeonesniatiby soroggihar Theshag, Sditiwtateiasaispaiirometry.

17 A chromatagram.is then analyse integrating the peaks associated with mpno- ditri-and
tetra-chasrcgea0 &y lghty %‘?5%‘6@2%5% %%?%’&ﬁ%&‘&grgéﬁg {B?Xngarﬁ?ch rzﬁ’é %ﬁgﬁ%ﬁ{%gW%ach
species can thdfEdé wigkd Qb deBSulbies dayshalver adoordinfithe Cidé0alidie/ihat equuatécthe RCAH'Mono + 2
P'di + 3 P'tri ' imZ i r, ' AR'd) ith.and P'tetra are the percentage
of total carbo%é@%%ﬁﬁéyg{ﬁg%{ |-,Qtl¥llfg%%’ tﬁg‘%ﬁ%}g& ?eqé}%lg tlé/%Ty A high Z-number
indicates that a large,number of antennae bear charged residyes, and that.the glycoprotein will
therefore be highly ?ﬁ‘g?aée , Sarﬁlayirl?(iﬁléb ea%%gg sﬁféﬁ‘c& atgls(ﬁsrgg%‘&és% ?:lf&fé.gfﬁﬁ%ég & ?e{ﬂé escribed
here are cap&b@ﬁmmesmwmtemmgaradatgiwﬂhgtéedf WaltHettedore Phorddédoexarathle] tie CHO
cells may eXprESRRIL FEIAMIn AL INTRERUAES Sigh A% SRIST I Sl arggater than
an ert 0, t

160, greater than 170, greater than 180, such as greater 90, greater than 200, greater than 210,
such as greafdriisatocangneitegghuinindREA - sielsetiagselisothich suvieitseleldericapdintbiph of a

protein may alsadigddsediarrroNaanuttapiiisisiabdatign. The higher the degree of sialylation, the more
acidic it is and the lower its pi. Proteins expressed by the CHO cells described here have significantly

lower pi profiles thadh R R RALGAHCIRIPAIS wFLoHTWA RRALSIRS: B CQUAIBIALLRIAAIS FXpressed
20 by wild type CT-JO cells. For example, the proteins expressed by the CHO cells and cell lines
described hebshdguiekie IIXEPI BIPESSHIS dPPETiBOkissessicind detesmipipg thedeespaobs, 4.0 or
less, 3.89r lesay Bfolr 1858 My HRIJSRSby tReQhéBRRIsUE BB In 2eRaBf146057 BAW. less, etc. The pis

may be of individual protein molecules, or a batch or fraction of them, or an average pi of an

expressed lot of projeieRffE IPIESRES HAIRES PRV REPAIRITE FarsABN i SRy ARqiQs using a

number of

comprising culturing CHO cells in the presence of Ricinus communis agglutinin I (RCA-I),
selecting cells which survive the culture and selecting those cells or cell lines which display

high sialylation behaviour, for example high Z-number or low pl of expressed proteins.

20 The GnT 1 gene in such selected cells may be cloned and sequenced, using methods

known in the art. The GnT 1 gene may comprise a mutant GnT 1 gene as described here.

We therefore provide for a method of providing a CHO cell or cell line, the method
comprising culturing CHO cells in the presence of Ricinus communis agglutinin [ (RCA-I),
selecting cells which survive the culture and selecting those cells or cell lines which comprise

25  mutant GnT 1 genes as described herein.

MUTANT CHO CELLS AND CELL LINES

We provide for a CHO cell or cell line derived from RCA-I selection, as described
above. Such a cell line could include a JW152 cell line, or any of the cell lines set out in Table

D1 below, including a JW80 cell line, a JW36 cell line, a KFC15002 cell line, a KFC15071



methods that will be known to one skilled in the art. For example, isoelectric focussing,
chromatofocussing or ion-exchange chromatography may be used to separate the isoforms on the
basis of pl. The different fractions can be analysed for sialic acid content, and the desired fractions
selected for use. 18 MUTANT GNT 1 SEQUENCES!3 We disclose mutant GnT 1 sequences
comprising mutant GnT 1 amino acid sequences and mutant GnT1 nucleic acid sequences.
Example mutstitl@a® KEq{iAoSxsld lseryadVébRindiudhe th&KEE§0eh cellSinsnm IKEELY) 1D NB: 2, as
well as the sgguengesp@MRisiag the mutations shown in column 3 of Table DI below. Example
mutant GnT 1 nucleic acid sequences include the sequence shown as SEQ ID NO: 1, as well as the
sequences cgmpéﬁhrﬂgi}pségyimions shown in column 2 of Table DI below. 10Table DI shows the
mutations in the GnT 1 sequence of clones isolated from selection with RCA-I, as described in the
Examples below. ThEoHeEspehdiag titethlicrs snayebtalatbis @alariisifte stipessionrefpechugdmicleotide

'?hnedrigﬂﬁo amfiin e%%{lof@lgrgrgaggg%ble ocatlgn %the ql'15 Ué)at}?n in secondary structure/interaction or

ing [0SS In"amino acids in the thdE s s?(‘avpr)lco on mutation. 15A minimum of 4 bacteria
colonies were sequenced to ensure that the mutations found were not ciauee to PCR error. 19, Mutant
CHO Cell Line DNARISRFSRTESIIBphdEMELBH fﬁﬁ&ﬂﬁ%ﬂ? f}&afi%ﬁﬁl 3 i syt and
the skilled person will have little difficulty in using the CHO cells and cell lines described
here as hosts for protein expression. Thus, for example, the CHO cells and cell lines may be

transfected by means known in the art with expression vectors capable of expressing the

10 protein of interest.

The CHO cells and cell lines may further be capable of expressing wild type or
functional GnT 1, for example, the sequence set out in GenBank accession number
AF343963. This may be done by transfecting the CHO cells and cell lines with an expression
vector encoding GnT 1. This may be on the same or different véctor as that which contains the

15 nucleic acid encoding the protein of interest

Any suitable protein may be expressed using the CHO cells described here as host
cells. The protein may comprise a heterologous protein. The protein may comprise a
recombinant protein. The protein may comprise an engineered protein. The protein may

comprise a glycoprotein.

20 Examples include heterologous proteins of therapeutic or pharmacological interest.
Proteins which may be expressed include anti-EGFR mAb, a-glucosidase, laronidase, Ig-
CTLA4 fusion, N-acetylgalactosamine-4-sulfatase, luteinizing hormone, anti-VEGF mAb,
Factor VIII, anti-IgE mAb, anti-CD11a mAb, a-galactosidase, interferon-p, anti-TNFa mAb,
erythropoietin, anti-CD52 mAb, Factor VIII, tissue plasminogen activator, anti-HER2 mAb,

25  TNFa receptor fusion, Factor IX, follicle stimulating hormone, anti-CD20 mAb, interferon-f3,

B-glucocerebrosidase, deoxyribonuclease I, etc.

For example, we describe the expression of erythropoietin (EPO), interferon-y and
Factor VIII with CHO cells and cell lines described here. We also describe highly sialylated
forms or isoforms of erythropoietin (EPO), interferon-y and Factor VIII expressed from CHO

30 cells and cell lines described here.



G1300C Position 434 Ala 3Pro Domain 2 1314 JW36 A638C Position 213 Asp 4 Ala Disruption of DxD
Motif, similar to JW98, JW191 ICFC15002 C784G Position 262 ArgGly Domain 1 136, similar to
KFC15008 (aka 15008), KIC7501 (aka 7501) and IC_FC12008 KFC15071 T81 1A Position 271 Trp 4
Arg Domain 1 137 KFC5008 706C Insertion at 706 b_|56Frame shift from 236 aa Asp-->STOP Stop

codon generated at 245 a.a.
SIALIC ACID

The term “sialic acid” is intended to refer to any member of a family of nine-carbon |

carboxylated sugars.

The most common member of the sialic acid family is N-acetylneuraminic acid (2-
5  keto-5-acetamido-3, 5-dideoxy-D-glycero- D-galactononulopyranos-1-onic acid, often
abbreviated as Neu5Ac, NeuAc, or NANA). A second member of the family is N-glycolyl-
neuraminic acid (Neu5Gc or NeuGe), in which the N-acetyl group of NeuAc is hydroxylated.

A third sciatic acid family member is 2-keto-3-deoxy-nonulosonic acid (KDN). 17

Also included are 9-substituted sialic acids such as a 9-O-C1-Cé6-acyl-NeuS5Ac like 9-
10 O-lactyl- Neu5Ac or 9-O-acetyl-NeuSAc, 9-deoxy-9-fluoro-Neu5Ac and 9-azido-9-deoxy-
Neu5Ac. For review of the sialic acid family, see, e. g. , Varki; Glycobiology 2 1992 ; 25-40 ;
Sialic Acids: Chemistry, Metabolism and Function, R. Schauer, Ed.

SIALYLATION

The degree of sialylation of a protein may be measured by various means, such as

15  using Z-numbers or expfessing the isoelectric point of the protein.

We therefore provide for protein expression using the CHO cells and cell lines
described here, such protein expression comprising highly sialylated forms or isoforms of
proteins of interest. Protein expression from CHO cells and CHO cell lines described here
enables production of proteins such as glycoproteins, for example erythropoietin (EPO),

20  interferon-y and Factor VIII, which have high Z-numbers or low pls, or both. -

Z-number
The parameter Z-number provides a measure of how many of the antennae of the

carbohydrate moieties in a glycoprotein bear charged residues, such as sialic acid.

To determine Z-number, the carbohydrate moieties are released from the peptide, as
25  above, and labelled, if desired. The mixture is then separated by ion exchange
chromatography, allowing the separation of species on the basis of charge. Visualisation of
the eluted peaks may be by virtue of a label, as mentioned above, or may be by some other

method, such as mass-spectrometry.



JW152 C1015T Position 339 G1n4STOP 108 a.a. missing from C terminal KFC5026 G246A Position
82 Trp->STOP 365 a.a. missing from C terminal KFC20011 G258A Position 86 Trp4STOP 361 a.a.
missing from C terminal KFC15047 A859T Position 287 Lys-)STOP 160 a.a. missing, similar to
KFC15026 and KFC15072 Table DI. Table of mdthtions found in GnT1 mutants from clones
derived from RCA-I screening (Example 10 below). Nine CHO glycosylation mutants with different

mutations in the GrfF £ljematasEim intheriidyrsd indteerstag e Redicrrsves B RLNEN MRRGr disll lines
(JW80, JW36;i ik aaQRakECIHROIH AP QiR BISEHiGR @B B fitht WEERebalipdat a stop 5 codon

was found in KFC SOOE Mutations.leading to a premature stop.codon were also found in another four
cell lines. ( JVVf%?,e %%,%ﬁ%ﬁ(?ﬂ ,t%ag éigfflg‘ _ cal%lﬁatg Zc-number according to tﬂe %(r)]llowmg
equation : Z = P'mono + 2 P'di + 3 P'tri + 4 P'tetra wherein Z is Z-number, and P'mono, P'di,
5  P'tri and P'tetra are the percentage of total carbohydrate that is mono-, di-, tri-and tetra-

charged respectively.

A high Z-number indicates that a large number of antennae bear charged residues, and
that the glycoprotein will therefore be highly charged, and in the case of sialic acid residues,

acidic.

10 The CHO cells described here are capable of expressing proteins with a high degree of
sialylation. Thus, for example, the CHO cells may express proteins with high Z-number
values such as greater than 150, such as greater than 160, greater than 170, greater than 180,
such as greater than 190, greater than 200, greater than 210, such as greater than 220, greater
than 230, et. |

15 Isoelectric Point
The isoelectric point (pl) of a protein may also be used as a measure of its sialylation.

The higher the degree of sialylation, the more acidic it is and the lower its pl.

Proteins expressed by the CHO cells described here have significantly lower pi
profiles than their normal counterparts, e.g., native prdteins, or counterpart proteins expressed
20 by wild type CHO cells. For example, the proteins expressed by the CHO cells and cell lines
described here may have low pls, such as pls of 4.5 or less, such as 4.3 or less, 4.1 or less, 4.0
or less, 3.8 or less, 3.6 or less, 3.4 or less, 3.2 or less, 3.0 or less, 2.8 or less, 2.6 or less, etc.
The pls may be of individual protein molecules, or a batch or fraction of them, or an average

pl of an expressed lot of protein.

25 The expressed proteins may be isolated from a mixture of isoforms using a number of
methods that will be known to one skilled in the art. For example, isoelectric focussing,
chromatofocussing or ion-exchange chromatography may be used to separate the isoforms on
the basis of pl. The different fractions can be analysed for sialic acid content, and the desired

fractions selected for use.



MUTANT GNT 1 POLYPEPTIDES The CHO cells and cell lines comprise mutant GnT 1 polypeptides.
We therefore provide generally for a mutant GnT 1 polypeptide, together with 10 fragments,
homologues, variants and derivatives thereof These polypeptide sequences may comprise the
polypeptide sequences disclosed here, and particularl§ in the sequence listings. 20 The mutant
GnT 1 polypeptide may comprise one or more changes compared to the wild type GnT 1 sequence.
Such mutatioM3 T @3HId PERUENFESodons being introduced in the encoding nucleic acid sequence
and consequent premature terminatio ranslation of the GnT 1 m The mutant GnT 1
olypeptide may e Th S Ayl GRS SR SRR AL ORE b MGG e BB i
type GnT 1 paidpeuthideGiht terigib asfidisequeneast GnT 1 polypeptide may be 90% or less, 80% or less,
70% or less, etc than the wild type sequence. For example, a mutant GnT 1 polypeptide may be
missing 5, 10, 15, 2BxatbplB@naantdGnH3, pinbdackdGefientOs ifo] 38, tBSseRc, HIOnaNBEQ Dterminal
o O 40\ A S e B Tod RONRSRIAR e ML T b ppocptide
may for éxample comprise a sequence LEPOHTIN"S - 2. This Is the mutant GnT I polypeptide
sequence frobalthve cell line JW152. The mutant GnT 1 polypeptide may comprise a GnT 1 sequence
comprising a mutation set out at column 3 of Table DI above. 15It will be understood that the mutant
GnT 1 polypeptide aguphcendirdbget heleianeidcéduaiiad inctde phssegienseshuences IQ fiddth in
the sequencaJisting, or fiagments Sreol. aeSausREss, ARiansE am, MulaNt SHTAAIBFiN, but also
include homologous 'sequences obtained ﬁo any source, for example related cellular ﬁomologues,
homologues hddawother species and variants or derivatives thereof, provided that they have at least
one of the 20biological activities of mutant GnT 1, as the case may be. This disclosure therefore
encompisses variahitbldDsHogs dsanuatimativatheoGitie laijnenecid skegueisoksedet-dortieiection

sequence listings \_/Yell va igcrln;s,tﬁogu%lgl Hes gt gerivatives of the amino acid sequences
encoded by tﬁvég}lll}gée\oﬁgg%s%gaﬁ%ncgs dﬁISC)fOSgde %e?e(? Such a sequences is generally referred to as a

"mutant GnT 1 sequence”. 25The length of the mutant GnT.1 polypeptide may be 90%. or less, 80% or
less, 70% or less, e c°fhegﬂ°£§d8%‘éﬁ%i°dﬁ?@'m8%% §}e°d\§é\g{83m/‘euigor? %%?8%&8}‘%‘%‘&%&? énT 1
nucleic acid rraineacdewativutand m.ﬁﬂlqjok;qﬁepthfelm&tsmmmgesomstrﬁﬁu%n&@aaﬁmo, 45,
50, 55, 60, 63; {0 (LRufRs BRs W amntc L3R MRL S Sse SF TURG (683 iStation.

15 A minimum of 4 bacteria colonies were sequenced to ensure that the mutations found

were not due to PCR error.



21 Biological Activities

express proteins with higher sialylation compared to wild type GnT 1 5Homologues

In some embodiments, the sequences comprise at least one biological
activity of mutant GnT 1, as the case may be. The biological activity may comprise improved ability to
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Table D1. Table of mutations found in GnT1 mutants from clones derived from RCA-I

screening (Example 10 below). Nine CHO glycosylation mutants with different mutations in

the GnT1 gene. Point mutations leading to loss in function were found in four cell lines

(JW80, JW36, KFC15002, KFC15071). A point insertion resulting in the generation of a stop

in another four cell lines. (JW152, KFC5026, KFC20011, KFC15047).

MUTANT GNT 1 POLYPEPTIDES

The CHO cells and cell lines comprise mutant GnT 1 polypeptides.

We therefore provide generally for a mutant GnT 1 polypeptide, together with

10

codon was found in KFC 5008. Mutations leading to a premature stop codon were also found

fragments, homologues, variants and derivatives thereof. These polypeptide sequences may

comprise the polypeptide sequences disclosed here, and particularly in the sequence listings.



10as few gaps as possible - reflecting higher relatedness between the two compared sequences - will
achieve a higher score than one with many gaps. "Affine gap costs" are typically used that charge a
relatively high cost for the existence of a gap and a smaller penalty for each subsequent residue in the
gap. This is the most commonly used gap scoring syggem. High gap penalties will of course produce
optimised alignments with fewer gaps. Most alignment programs allow the 15gap penalties to be
modified. However, Eherdefnibudlbesypeptiste gudovhise sneesmdiseianesedoppagd inthe
comparisons, faneaHe WiReei R GHBWissorsin BesTiQACas (e halowldthasefaul

gap penalty for aming acid sequences is -12 for a gap and -4 for each extension. Calculation of
maximum % HE TSR RErMisacit SagHRaGE AR SARSTHUA PETRAGIS {eon BHieR T ArgsiiaR ofdlfng into
consideratiorGgap perElaies. A suitable computer program for carrying out such an alignment is the
GCG Wisconsin Bestfit package (University of Wisconsin, U.S.A.; Devereux et at, 1984, Nucleic Acids

Research 12:387). fxamplgs 6heth piedh: %&%R&rtﬁsmﬁm%w@m ispepstillachyde, but
are not limited to, the BLAST packaggg(gé%Ausugel et al., 1999 ibid - Chapter 12%%A (Atschul et

at, 1990, J. N8 Bsat. trupestestvarminnf il type (e M oplkesrtidte Dredsneantlls BuRSHE BLasT
and FASTA astypepilabladpbotincoandsysineosearsiog (seaAuriiheh eiavild 9 kbgugages 7-58 to
7-60). Although the final % homology can be measured in terms of identity, the alignment process
itself is typically notrasgahgilaR Al tHRIDGNMFRIBRALEEONRSEAS, Fsesled ity sapre
matrix is generally used that assigns scores to each pairwise comparison based 30 on cf}ggical
similarity or e‘\?ol?ﬁicﬂ?aﬁpn@tgr% > 0Bl of 80 oh Mo i eunASHIgrGE sormRared BLU8s ume2
matrix -1the defigthtonaitiktipe HRTBLAHpaptit.of programs. GCG Wisconsin programs generally use
either the public default values or a custom symbol 23 comparison table if supplied (see user manual

for further details). The Rublit dgiaviboiahepado et campiekaathriv i dapisasasalRiharsEgtware, the
default matrix, such as BLOSUMG62 m%%/ be used. Once the softﬁ/are has pr\%)/;jlﬁgegd an optimal

alignment, it 10 PQsthiEs ts:Heansh @l ohrslsBspidsor densediamdhi St e are
typically doemikimaspait gilipepside ueiceoaphiyect iGam areqgeaneradapasingnaaricaticessdt oMteriants and
Derivatives Th? terrg;s : i?nlt)" or, "derivative" in relation to the amino acid sequences as dekribed

C 0 U\I{aalh e D1 abov

. umn 3 of " e . . .
here mcludes%ny subs on of, variation of, modification of, replacement of, 10 deletion of or addition

of one (or more) amino, acids from or to the sequence. For example, the resultant amino acid

sequent? retains sﬁb@’fﬁrﬂ?&fﬁﬁﬂﬁ%"é’gfﬁ@%{ Vira ﬁfgdrﬁﬂg'cﬁ’l‘fféeﬂf%é%ﬂ}gﬂﬁﬁs, @6&'855%%{&?@ at least
the same actiityim$tét eonthet paiticuldr tepodypepitd éosthaw thérsdhpeesedistingedidiingseRothpepficdes
having the aming acid seguente, shown e Fxamplas, oL IBIMenEor S Ramelodues thereof may
be modified o1 USe M the Methods an composPtlons yeéschibed here. yplcﬂ)y, modifications are
made that mahttaiad fieiietygicutcactivigxohtiersképderetalan imimolagiee s loselagnes fieay dsbemade, for

example frong.Lo2 Ofd ki AeriOagvOSHUR SRRMLaNALIIG B adilsd srAliaRee retains the

biological acti\éiéy of the unmodified sequence. Amino acid substitutions may include the use of
non-na#ftallyrideeical arvitissiobuatntdiekdnds e SIscRRa%sReblood plasma half-life of a
therapeutically

This disclosure therefore encompasses variants, homologues or derivatives of the
amino acid sequences set forth in the sequence listings, as well as variants, homologues or
derivatives of the amino acid sequences encoded by the nucleotide sequences disclosed here.

Such a sequences is generally referred to as a “mutant GnT 1 sequence”.

25 The length of the mutant GnT 1 polypeptide may be 90% or less, 80% or less, 70% or

less, etc than a corresponding wild type sequence.

For example, a mutant GnT 1 nucleic acid may encode a mutant GnT 1 polypeptide
that is missing 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or

more C-terminal residues.



administered polypeptide. Natural variants of mutant GnT 1 are likely to comprise conservative
amino acid substitutions. Conservative substitutions may be defined, for example according to the
Table below. Amino acids in the same block in the second column and in the same line in the third 25
column may be substituted for each other: 24 ALIPHATIC Non-polar GAP |LV Polar - uncharged
CSTM NQ Polar - charged D E

10

15

20

25

Biological Activities
In some embodiments, the sequences comprise at least one biological activity of
mutant GnT 1, as the case may be. The biological activity may comprise improved ability to

express proteins with higher sialylation compared to wild type GnT 1

Homologues
The polypeptides disclosed include homologous sequences obtained from any source,
for example related viral/bacterial proteins, cellular homologues and synthetic peptides, as

well as variants or derivatives thereof.

In the context of the present document, a homologous sequence or homologue is taken
to include an amino acid sequence which is at least 60, 70, 80 or 90% identical, such as at
least 95 or 98% identical at the amino acid level over at least 30, such as 50, 70, 90 or 100
amino acids with GnT 1, as the case may be, for example as shown in the sequence listing
herein. In the context of this document, a homologous sequence is taken to include an amino
acid sequence which is at least 15, 20, 25, 30, 40, 50, 60, 70, 80 or 90% identical, such as at
least 95 or 98% identical at the amino acid level, such as over at least 15, 25, 35, 50 or 100,

such as 200, 300, 400 or 500 amino acids with the sequence of GnT 1.

Although homology can also be considered in terms of similarity (i.e. amino acid
residues having similar chemical properties/functions), in the context of the present document
it is possible to express homology in terms of sequence identity. In some embodiments, the
sequence identity is determined relative to the entirety of the length the relevant sequence, i.€.,

over the entire length or full length sequence of the relevant gene, for example.

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available computer

programs can calculate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence is aligned
with the other sequence and each amino acid in one sequence dir;ectly compared with the
corresponding amino acid in the other sequence, one residue at a time. This is called an
“ungapped” alignment. Typically, such ungapped alignments are performed only over a

relatively short number of residues (for example less than 50 contiguous amino acids).



KR AROMATIC HF WY Fragments Polypeptides disclosed here and useful as markers also
include fragments of the above mentioned full length polypeptides and variants thereof, including
fragments of the sequences set out in the sequence listings. 5Polypeptides also include fragments of
the full length sequence of the mutant GnT 1 polypeptide. Such fragments may comprise at least one

epitope. Methods of identifying epitopes are well known in the art. Fragments will typically comprise at
least 6 amino acidsATOuglhisiSe eassimploandepnsistent egherhi it ladake infpefngidgraianragments

comprising, sHeh fos SQRPRR0A bthertiskAddficabpalroflsdqléhces) 0dd indertidn o2 deléfior?FilRdauds, 29,
30, 31, 32, 39,%1%1141, 42, 43, 44, 45,46, 47 48, 49 58, b1, 52, 53, 54, 55, 56, 57 64,65, 66, 67, 68,
69, 70, 71, 7e/9lloying-amino seid sesidues iybeputont ghaligament, dbispotentialy. resulting ina lagge | o
105, 110, 11%edi2fod 25 hotdoghOxhdh 4 globa, aEgnBéntIs paiodtd3Bob@qbtBOmHlL $quéee 83, 84,
85, 86, 87, 88, 130..135 0,145 por. 150, or more residuges.from utant GnT 1 inq.acid
cooncs, sapmpaiseiinafitus e Alighdh ShMALE ERRMERIAN ATUFRNE SHRTDABEE
thereof may costik psertomsrorkdecios; Wohas penabsingwindtity) iy arelldworndagy ispsertibhis 1sncluding
conserved supgj indVREE> SHRSH HRYS, AR AREH Y R HARRALUEIROASRIEPIE in different

species, such as less than 50%, 40% or 20% of the amino acid residues depicted in the sequence
listings are altered. g@hutant G, {.and HaIMERS s%‘é’gg%'ogaggpsgn\éﬁf@“lé A gag{ﬂﬁt%%ﬁrs'ﬂ?y be
made by recombinant means. However, they may also be made by synthetic méans using techniques
well known tdhsidligonmpatsonbas fentkesssmkchpmberosjdanicakamine gnidsedtequencaigiecprvdiliced as
fusion pygteing, oy %;g%%ssg%@d&h@eﬁ%qﬁ R ARALRURES R RIS SR MSIPR RIGISIS -Partners
include glutathione-S-transferase (GST), bxHis, GAL4 (DNA hinding 25 .

will achieve a higher score than one with many gaps. “Affine gap costs” are typically used that

charge a relatively high cost for the existence of a gap and a smaller penalty for each subsequent

residue in the gap. This is the most commonly used gap scoring system. High gap penalties will

of course produce optimised alignments with fewer gaps. Most alignment programs allow the

15  gap penalties to be modified. However, the default values may be used when using such software
for sequence comparisons. For example when using the GCG Wisconsin Bestfit package (see
below) the default gap penalty for amino acid sequences is -12 for a gap and -4 for each

extension.

Calculation of maximum % homology therefore firstly requires the production of an
20  optimal alignment, taking into consideration gap penalties. A suitable computer program for
carrying out such an alignment is the GCG Wisconsin Bestfit package (University of Wisconsin,
U.S.A.; Devereux et al., 1984, Nucleic Acids Research 12:387). Examples of other software
than can perform sequence comparisons include, but are not limited to, the BLAST package
(see Ausubel et al., 1999 ibid — Chapter 18), FASTA (Atschul et al., 1990, J. Mol. Biol., 403-
25  410) and the GENEWORKS suite of comparison tools. Both BLAST and FASTA are
available for offline and online searching (see Ausubel et al., 1999 ibid, pages 7-58 to 7-60).

Although the final % homology can be measured in terms of identity, the alignment
process itself is typically not based on an all-or-nothing pair comparison. Instead, a scaled
similarity score matrix is generally used that assigns scores to each pairwise comparison based

30  on chemical similarity or evolutionary distance. An example of such a matrix commonly used
is the BLOSUMS62 matrix - the default magrix for the BLAST suite of programs. GCG

Wisconsin programs generally use either the public default values or a custom symbol



and/or transcriptional activation domains) and 13-galactosidase. It may also be convenient to include a
proteolytic cleavage site between the fusion protein partner and the protein sequence of interest to
allow removal of fusion protein sequences. The fusion protein may be such that it does not hinder the
function of the protein of interest sequence. Proteins ?ﬁay also be 5obtained by purification of cell
extracts from animal cells. The mutant GnT 1 polyépeptide, variants, homologues, fragments and

8

derivatives dissnpssancableipunpliisd(sagosermmannal Jordtathes detaitsyilhserubliefsfawl takies uch
polypeptides @jaydheeipadiuiih saiinis QLinants whishwilhoatinafereiwitidheiplendesaarpose
of the protein and still be regarded as substantially isolated. A mutant GnT 1 variant, 10 homologue,
fragment or d&X/BSiVEfhay also be in a substantially purified form, in which case it will generally
comprise the protein in a preparation in which more than 90%, e.g. 95%, 98% or 99% of the protein in
the preparation is aQregdhe softwarhas REaducsd o opéipabpigERcph ISR s IR eRledatta@ments and
derivatives digglosisghharennay,Reqabrledwith. axe ealngeahwtallyasavaalinglabsf may be any

suitable 15label which allows the polypeptide , etc to be detected. Suitable labels include
radioisotopes NPT ad ZepRsas BBRifALIESles and linkers such as biotin. Labelled
polypeptides may be used in diagnostic procedures such as immunoassays to determine the amount
of a polypeptide in & @damiarBAlgHE@itss or labelled polypeptides may also be used in serological or
cell-mediated immungeassaySviaidie sietesivim e immrikieradelyiiniacsaitd pedypaRiddes in 20 animals
and humans éojesjn standard i)r tocols. .Mutan;.GnT 1 ol¥pegél?.e, variapts, omologuges,
fragments arits TARGEMTES DRSS ARHMRS I BHIS ANy AL AL My ARG B Rl RS ESHY Phase, for
examplétthe delfdme ddforadditionndassayrwelta) adipstiakd Sfrom lattellbd sqdéoréntivmobitispde, the
polypeptides may be packaged into_ kits i i tain ong: wi [ ts, controls,
instructions arﬁsdlﬁg?lﬁ?gmf!s%ﬁ% e%‘% y%eerg%(?%?sggtﬁ%%%q%%egéﬁgﬁ #\Y%E[hmo%g%{)gg%%:ion of
antibodies tostaugnskypephidebaying eirledse e spmp eetsty afishsmiaiinbasbagrtide fiwaribassay
methods aretyy@gehggygg lifgt;ﬁgsart and will generally comprise: (a) providing a polypeptide comprising
an epitope bindable by an antibody against said protein; (b) incubating a biological sample with said

polypeptide under GofoiaNaeRIGR R -IRM & AYGImALe D Bl AT AL Ak BANAR L EOMAIR 6,2 (©)

determining wheth y-antigen complex comprising said polypeptide Is formed.” 26

mutant BnT hosetjesyssdeerseframtderpedified fieisuse ap the methers aedicempesiiss|dacarsrberfay be

used in in Viti, gicimyi YRR GHIHE GrRMRE B AP dhR Bl it e AOfESPARANEAGREES and
homologues thereof in cell function, including their function in disease, For example, truncated or

modified polyPEHRIREHTHDSHETIARS RAYRF Mrsie f05IE¥EBRIS IR the RE AR R which occur in the
cell. The polypepiitdes¥pyobridatied ees ddifdh ecgadnby ietsiis thx pickgical atifvenpefypeptide from a

recombinant expression vector (see.below). The expression v %tf(’) optionally carries.an inducible
promoter to éﬂ’r\%p(%lfsﬁél 8%‘?%?&6?\%%%“8)051\-}%5&%1 25 hE ﬁ%ceﬁlo é%%%%ﬂg[é‘ﬁé‘%%ael , such as insect
cells or Z0ammaliaingeiis] iguespfectechmple to increase blood plasma half-life of a therapeutically

administered polypeptide.

Natural variants of mutant GnT 1 are likely to comprise conservative amino acid
substitutions. Conservative substitutions may be defined, for example according to the Table
below. Amino acids in the same block in the second column and in the same line in the third

25  column may be substituted for each other:



10to provide for such post-translational modifications (e.g. myristolation, glycosylation, truncation,
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to confer optimal
biological activity on recombinant expression products. Such cell culture systems in which the mutant
GnT 1 polypeptide, variants, homologues, fragment52a4nd derivatives disclosed here are expressed
may be used in assay systems to identify candidate 15substances which interfere with or enhance the
functions of the pgWIgpEIEEID the qeMoMpIANT GNT 1 NUCLEIG ARIDS The CHO cells and cell
lines comprise mytant GnT 1 nucleiq acids. We therefore pPrQiag generally fpr a mutant GnT 1
nucleic acid, togefher with fragmentg,-homologues variants andiderivatives thereqf These nucleic acid
sequences may 2Pencode the polypgputie seaphergsds disclosed |her8,TaMt particufarly in the sequence
listings. The pplynucleotide may [comprise a mutant GnT 1 ndiglei§ acid. The mjutant GnT 1 nucleic
acid may comprisg one or more poirttmutations-the-witd-type-Grt1-seguenee{Such mutations may
result in correspopding changes to thé’%‘fﬁnébéﬁédsequence, or [nkdtluce stop coffons and premature
termination of trarslation of the GnT|1 mMRNA. 25The mutant GnJ g Rucleic acid njay comprise a
mutation resultingrima stoptodom, whichresults mamutant G T3 pojypeptide beling shorter than a
wild type GnT 1 p ORI ¥he lerdgth of the mutant GnT 1 pal rh-%fi{%fj?mav be H0% or less, 80% or
less, 70% or less, ep;ggﬂgng}ge wild type sequence. 27 For example, a mutant GnT 1 nucleic acid
may encode a mutant GnT 1 polypeptide that is missing 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, Febxsptdes disrieied befapnthuefubnrrakeranunsieds frements ol i Nay for
example Congife A8 Sl GAREHSSSI PpEpRdSER Oy AR N tHerEbiSi it KB Bitamhéat bt giereid
sequence from the,ce“line JWlSéZ. The mutant GnT 1 nucleic acid may comprise a GnT 1 sequence
comprising 2’ OEIBASSEBLTSE CSHAEH 2 of Table DI above. In particular, we provide for nucleic acids
or polynucleotides which encode any of the GnT 1 polypeptides disclosed here. Thus, the term "GnT 1
sequence” should HPbBsEtIRSRH0 %&&%ﬁ?@%@%ﬂf@%@#ﬁ%ﬂ%&@@%ﬁ% ByeRUdRblide may
comprise a Spélypemals etk g HELD iaahl Eniprize atdesuencepinpeinglrds dfiedentifpiigonding
polypeptide, and a fragment homo.lo%ue, variant ortderh/%}ive ﬂf such %SQ“%H%L%t id..Tgec? Jove terms
therefore ma§PEEREIEEN Y HFEP YA Hhd 3%%33%%%8%.5,&'31 LSBE Hers INRIE Joctmentthe teimis
"polynucleotisigth dsacleatid®; 28n30n 6eleid Abaauit aredntended to be synonymous with each other.
"Polynucleotide" generally refers to any polyribonucleotide or polydeoxribonucleotide, which may be
unmodified RNA or indiii&d sroftifieaeRNdapiking, SRalynucieitidgsTjischide sydihout limiatiin single-

and doyhle-stranded D S ixtyre.qf si --ang.d - regi ingle- and
couble-Wrandaulinig, Hd RivA a1 Tt o sadie. w2 Ao e S et 20
molecules calfptising, BNA3aAd, RN AGHE, ¢ heGindlSXthandbd br y b Ipfahy, dbueststranded

or a mixture ¢fysygigs 3Hdgdopblanstiangleg 1egions 1 990i40ny REINIUEIEQEdE] refers 187, gs,
triple-stranded tegion$ cémprising RNA or DNA’or both RNA’and DNA. The term
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145 or

150, or more residues from a mutant GnT 1 amino acid sequence.

15 Polypeptide fragments of the mutant GnT 1 proteins and allelic and species variants
thereof may contain one or more (e.g. 5, 10, 15, or 20) substitutions, deletions or insertions,
including conserved substitutions. Where substitutions, deletion and/or insertions occur, for
example in different species, such as less than 50%, 40% or 20% of the amino acid residues

depicted in the sequence listings are altered.

20 Mutant GnT 1, and fragments, homologues, variants and derivatives, may be made by
recombinant means. However, they may also be made by synthetic means using techniques
well known to skilled persons such as solid phase synthesis. The proteins may also be
produced as fusion proteins, for example to aid in extraction and purification. Examples of

fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA binding



polynucleotide also includes DNAs or RNAs containing one or more modified bases and DNAs or
RNAs with backbones modified for stability or for other reasons. "Modified" bases 25include, for
example, tritylated bases and unusual bases such as inosine. A variety of modifications has been
made to DNA and RNA; thus, "polynucleotide" embra&es chemically, enzymatically or metabolically
modified forms of polynucleotides as typically found in nature, as well as the chemical forms of DNA
and RNA chanfes imscoiptivnskactiviiior lomens) ant Ratlietosideseftomar absediatonligrinntto

polynu CleOtiqﬁélu(ag%'b{@t?orlsﬁQ E‘?e%ai@ Qilfg BQH&!&P%%?:&? protenl\f{Mgr Hﬁ]&j fle B?Q&R%é%;éléﬂﬁ@d

person that numerous different polynucleotides and nucleic acids can encode the same polypeptide as
a result of theldatsarsé ta @l o asaee of dusintepmicar siavendess kbetfasinmieieitio s deskgle thglersons

may, using reuiing feeRnidgsage %ﬁkﬁ‘oﬂl_!ﬁiﬁﬁf t&ﬁb%i%@&@ﬁs@&%ﬁ’&.@%ﬁéﬁ%ﬂ}%ﬁ@'U@eptide _
sequence encoded by the 5polynucleotides described here to reflect the codon usage of any particular
host organisPPHAIDRiRK BHE RN plicribexteds Fomanimal sallfuutant GnT | Variants, Derivatives and
Homologues The mutant GnT 1 polynucleotides described here may comprise DNA or RNA. They

may be single-stranthSoBH¥H h1d-S fpalydertiden¥grisms: Arapoleepeny fnglestitiarddeititivesude 10 within

them syntheiigseroRadifiednayveaiislemsthiimp aorkdiferanitwir dOlmediteatiea sadligonucleotides
are known in the art. These inclugde methylphosphonate and phosphorothiogte backhones, at%&ition of

acridine or pBR/NRIREIER FIAY b THECY R EF BB RISDRSAL NBRLHL 1o MistigE iR e dpigndeftesent
document, it peitsobedfmisiepsdainl dhdttilichp edymdetbadisléstdatiaiibidlinede in maynp Shmodifiedhy any
methodlavailﬁlbrlne in the fart. Su%h 1 mo?ificationﬁ mgé/.be catr)r'%ed oHt in ar e(?r 0 enhange,the in vivo

activity Of life Spar BF POlTHLCTat e AV AR AP 8B F Tt Sttt 1 Ha e L At Ed Bt Strands
of the duplexit @itHeeiredillid ceiprisei the pmisimatiarpreperatnaom pdusk thbie thenfiethats 86%, 98%

composition%gg%rmqmei}{vimﬁg f:'?@pB%lY&Pﬁ'ﬁ fice;s single-stranded, it is to be understood that

the 20 complementary sequence of that polynucleotide is also included. The terms "variant",

"homologue" or "derivative” in telation to a pucleotide sequence include any substitution of, variation
of. modifeation of, LA LG S S RS MR SOTRDS, ot e

sequence. T_kli;crb)s_grlltimgf_aseq_néﬂt@aﬂed/%@@apwﬂé?gﬂmbdaingewmpépdid@mbﬁ@hﬁs@ap&ble of
mediatipg highey JRMaiewitR &;’E&?e%% . 2060 BALHGIR SRS VEDIE RRARRABRYBPES dentity, a

"homologue” has for example at'least 5% identity, at least 10% identity, at least 15% identity, at least

20% identity, ab RISy, alyaudeaiss rsHinkerasishes siindabstrdaoiaeptidsssaentity, at

least 45%  be used in diagnostic procedures such as immunoassays to determine the amount of a
polypeptide in a sample. Polypeptides or labelled polypeptides may also be used in serological or
cell-mediated immune assays for the detection of immune reactivity to said polypeptides in

20  animals and humans using standard protocols.

-Mutant GnT 1 polypeptide, variants, homologues, fragments and derivatives disclosed
here, optionally labelled, my also be fixed to a solid phase, for example the surface of an
immunoassay well or dipstick. Such labelled and/or immobilised polypeptides may be packaged
into Kits in a suitable container along with suitable reagents, controls, instructions and the like.

25  Such polypeptides and kits may be used in methods of detection of antibodies to the polypeptides

or their allelic or species variants by immunoassay.

Immunoassay methods are well known in the art and will generally comprise: (a)
providing a polypeptide comprising an epitope bindable by an antibody against said protein;
(b) incubating a biological sample with said polypeptide under conditions which allow for the
30  formation of an antibody-antigen complex; and (c) determining whether antibody-antigen

cofnplex comprising said polypeptide is formed.



identity, at least 50% identity, at least 55% identity, at least 60% identity, at least 65% identity, at least
70% identity, at least 75% identity, at least 80% identity, at least 85% 30identity, at least 90% identity,
or at least 95% identity to the relevant sequence shown in the sequence listings. 29 There may be at
least 95% identity, such as at least 96% identity, such&s at least 97% identity, such as at least 98%
identity, such as at least 99% identity. Nucleotide homology comparisons may be conducted as

described above. AiqnBEE GBI EAIBRPHASE MRRItIRTRY PR es dEraang s @RS aiTaESPSIn Bestfit

program desgribrdeatrye mhhdsefauthseorirgonatixnhasiasrarishsiaidecdld, itk eahdretical
nucleotide and -9 for each mismatch. The default gap creation penalty is.-50.and.the default gap
] d hereddneed dlogi

extension peHA§TRONSIRGSSAEHARA AeBlRgues t CHRRe REUSRZ B BAS9%Blynucleotide
has at least Wmar Morexsaglcntadsieddiyniodified podpeptilewapbeShifddirddGnth atdl moutant GnT 1

polynucleotide may have 60% or more, such as 65% or 70% or.more, 75%.0r more, 80% or
ove. aave TG BN e Wb SRo ATl SUSbEIR Sl b LG G
a sequence $hoeetl by BED KXGsian PRBRICYBATIHE Krave figrdrabidercekpecasitane@mstenucleotide

sequences thgf e %ﬁ@@?ﬁegéimg’&bﬁi%gtﬁthléﬂgixﬂefe@aﬁwdqmg SRMRACRTPEESEHHEd herein, or any

variant, fragment or 15derivative thereof, or e complement of any of the above. Nucleotide
sequences afsPEeRsiPRSBRBRYPSPHBIeotides in length, such as at least 20, 30,40 or 50 nucleotides
in length. The term "hybridisation” as used herein shall include "the process by which a strand of
nucleic acid joins witheansooiprarepnizteyhgstaasiisishgh baew grlisingmammeliaaseie prowessiedf

amplificafion g$,¢REHE GO YhA PAYIRRRHANHDIRRARS R NARMIR R AT PlYEBisIaqbkes capable of

selectively hybridising to the nucleotide sequences presented herein, or to their complement, will be

generally at [E2210% 1anidptian ardduasss orapATIhsaBs RhasRhesY 6598 s 2%, Motredsd Hus to the
correspondingAfeGatifs SRAGEDSER VRS SAIRIIIHRIMMO¥SIrasRAIProahat |Sash 261 suklras at least 25
or 30, for instance at least 40, 60 or 10(89% moye con(geguous nuEIeoti es. Z%I'he term "selectively
hybridisable'sﬁ’?gé?%l?n‘gblﬁpeﬂbeow}\ﬁefe itid PREBCRUE YIS NQBQ 08NS LaRE» & Where a target
polynucleotidie iz dduedidisciyded dicre soetbrep e miyabe usddigafsanniiytaloie dmeifg anddaikhe

back d hybridi . t leoti f le, in th
coNIA o pen R B s L e ignal

generated by jnteracti ngb een the probe and a 30 non-specific DNA member of the library which is
less than 10@%%5%85’ IggUt%'a‘HCl%g%ﬁd as

The CHO cells and cell lines comprise mutant GnT 1 nucleic acids.

We therefore provide generally for a mutant GnT 1 nucleic acid, together with
fragments, homologues, variants and derivatives thereof. These nucleic acid sequences may

20  encode the polypeptide sequences disclosed here, and particularly in the sequence listings.

The polynucleotide may comprise a mutant GnT 1 nucleic acid. The mutant GnT 1
nucleic acid may comprise one or more point mutations in the wild type GnT 1 sequence.
Such mutations may result in corresponding changes to the amino acid sequence, or introduce

stop codons and premature termination of translation of the GnT 1 mRNA.

25 The mutant GnT 1 nucleic acid may comprise a mutation resulting in a stop codon,
which results in a mutant GnT 1 polypeptide being shorter than a wild type GnT 1
polypeptide. The length of the mutant GnT 1 polypeptide may be 90% or less, 80% or less,

70% or less, etc than the wild type sequence.



30 intense as the specific interaction observed with the target DNA. The intensity of interaction may be
measured, for example, by radiolabelling the probe, e.g. with 32P. Hybridisation conditions are
based on the melting temperature (Tm) of the nucleic acid binding complex, as taught in Berger and
Kimmel (1987, Guide to Molecular Cloning 5 Technigttes, Methods in Enzymology, Vol 152, Academic
Press, San Diego CA), and confer a defined "stringency” as explained below. Maximum stringency

typically occurs at disgexImrBC (Bt owlthadosio peidmepsagodighnstkang emdy lapdpertEe to 10C
below Tm; infgrmegiatensteNaensy 75, 3504, K8C4E0 £)GoDsk0w0] 83, 20070 WeSEHI98NsY, abglput 20C to

25C below Tm. As will bé 10 understood by those of skill in the art, a maximum stringency
hybridisation™B&¥s be'er8daxd$8HRfy or detect identical polynucleotide sequences while an
intermediate (or low) stringency hybridisation can be used to identify or detect similar or related
polynucleotide sequidastant Gnjh bnygleia gssbmay dadiexamicrioaipptele sayersices eHbincaRybridise

to a mutant GRb el AL AuadramaiuerRalasugwatisRb A HerMrive ihersefriader
stringent conditions 15(e.g. 65C and 0.1xSSC {1xSSC = 0.15 M NacCl, 0.015 M Na3Citrate pH 7.0}).

Where a polyRtiarédtiib Ibelsisiacidrmaicampeis akiarab SATEESrRRISRR & THERVICR: S, o8t 3h
combination,alengnNe@mpassesl ydhe present disclosure. Where the polynucleotide is
single-stranded, it is to be understood that the complementary sequence of that polynucleotide is also

disclosed and encofmpasseh2 R AT HRIALNIE AP AR ARUINNAIREHSa: iy saiences
W

disclosed here but fall within the disclosure can be obtained in a number of ways. Other variants of the

sequences dS&dribeetyRsRiIAsHdvalRsshisTRe bty teARimIe B ok SERERERN ADRE RESNTHEfrom a
range of dndivigeadsndBr, Ecavenle, sdivicualeit aciddifipsBmupleptitiians chmpelskitioseqathee vétaldvacterial,

or cellular hom rtjcularly cellular homologugs found in mammalian cells (e,g. rat, 25 mouse,
bovine and p?ﬁ%?t%@slﬁé{ #Ta%/r Bge SBtAIed" %?rtla]én §L§% hgrﬁ%ﬁf)eﬁ %%é%ﬁop ?33{88 glﬁ?s %%e%?gnm Eg;,;rtlatheral
will be capabliemblsgiectaebnhybdetisitiy tofsecheruettesdtoline abdve tsvysidroegdistingyHerein. Such

sequences mgay.pe qbfained, by an@éggegDNA libraries made from or genomic DNA libraries from other
animal species, and probing such libraries with probes comprising all or part of SEQ ID NO: 1 under

conditions of medium to hjgh stringency. Similar 30 considerations.apply to obtaining specjes
homologues and alréléls\%ﬁléa’rr\ 3% rlrsu?izfn rﬁ%ﬁﬁe ™S PP ﬁ'é%%f)??l‘ggéoﬂ%go eScr eg(]n Hcelf:écmay be
used tolgrodacid arprireaded. . ke BYRRnpmmer yitlpeavie ptior ofP alyorcitdrslehgphiticdlionfrenttiany, a probe

e.0. labelled Wi ey eRlng. DB Y SARGANOSH AR IR e RGN PR R AsieRG e labels.

or the polynucleotides may be clonéd into vectors. Such primers, Erqbes and other fragments will be at

least 15, suchedifigdE&NAPPENS: chabripreletidasstindudy withoih tRIesngleeapddaticare also

encompassegRydhertIA PRXNHEISOHIRR @ WTRMhAS! i @t aRRIRPX H61E Shit1anar@0, 200, 100,
50 or 20 nucleotides in length. ﬁI}c{iﬁ/nucle‘otides such as a DNAé)oI)inucleotiges and %lrobe may
tHB

be produced $edIfERadGH)] ¢ By P nglesipad WPl risEansEd KRB R YT hey
may alszp10hgotdonies doynpiaitia DINACHHI RIS thatgencsakingleeranddl loe, produgpiddly sysibletic

means, invo“s’é%%cﬁ:c? toerpaaniilsx‘:f\ure of single- and double-stranded regions. In addition, “polynucleotide”
refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The term
polynucleotide also includes DNAs or RNAs containing one or more modified bases and
DNAs or RNAs with backbones modified for stability or for other reasons. “Modified” bases

25  include, for example, tritylated bases and unusual bases such as inosine. A variety of

modifications has been made to DNA and RNA; thus, “polynucleotide” embraces chemically,
enzymatically or metabolically modified forms of polynucleotides as typically found in
nature, as well as the chemical forms of DNA and RNA characteristic of viruses and cells.
“Polynucleotide” also embraces relatively short polynucleotides, often referred to as

30  oligonucleotides.



manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques for
accomplishing this using automated techniques are readily available in the art. Longer polynucleotides
will generally be produced using recombinant means, for 15 example using PCR (polymerase chain
reaction) cloning techniques. This will involve makinng§ pair of primers (e.g. of about 15 to 30
nucleotides) flanking a region of the sequence which it is desired to clone, bringing the primers into

contact with mRNA bmabReandssiaad tronskiHedmrrsanohri AHEsrers diEsrethpriy g 13 chain
reaction undefueRiiiaRTmMsERE RE sharbaficRian otdhe dery ackraaian: ésalrtingdhe amplified

fragment (e.g. by purifyjng the 20 reactign mixture on.an agarose gel) and recqvering the amplified
ONA. The prfFS BSOS B PEEFARY LA RN YRE LB IS o that the

amplified DNAadiambe clideschbatoum s thbtel ¢ hastiaffece die pdEpAPMRL feGuEncarampieded Ge ihe ulture
25Chinese hamster pvary-K1 (CHQ-KO cells,are, originally gbtained from. Dr. Donald K..MacCallum
(Ornverarty of NTESEEs RS SEAT CE o Ras b A T R o BB g
JW152 cells aveiduthgrealyipeDilpeerds b oriffess@agle Media (DMEM) supplemented with 10% fetal
bovine serum (FBS) at 37C in a humidified incubator with 5% CO2. 32 Lecl.3 cells (Lec 1 cells)

are kindly provided bfudont BnBtakiteinaisiobet kanstain@ dlege gfeledicine, NY) and cultured in a-MEM

(Gibco) supplementggwith, By @W1§§§1§Eﬁé%ﬂﬁ¥i%@9&iﬂ&‘RS@W&Q%%E%NE@WX%A@?'a“O” of

RCA-I-Resistant CHO Cells 5SCHO- s are cultured in 6-well plates'to confluence before culture
media is chamydbeosinetensirarsdemdaubIRistiandedodheiumay A bermely reteatides whigh greldees) is

added intp thg,medigeiR {aRrbiR nAbancenititinaf AQua{pel AaskineHPaieg vithsrtisavaryght.
Then the serum-free DMEM containing RCA-1 is replaced with fresh DMEM with 1010% FBS. Nine

days later, cold8RueeHdeEMpkaane iRdhe aryildestHacReAnARMSRANH A d and cultured in 24
well plates. phdshRe@balisctackibencsiijaiion 40 regittivapolyasis tsing R @R 3 enderfimendse mutant

cells 10 ongctIEE M REA L EXample 3 Peoression CORSIE' ELLS:9eloay Baiop for human
erythropoietin a5t Several dglycosyiation 8ISt
polynucleotides described herein may be modified by any method available in the art. Such
15 modifications may be carried out in order to enhance the in vivo activity or life span of

polynucleotides.

Where the polynucleotide is double-stranded, both strands of the duplex, either
individually or in combination, are encompassed by the methods and compositions described
here. Where the polynucleotide is single-stranded, it is to be understood that the

20  complementary sequence of that polynucleotide is also included.

2

The terms “variant”, “homologue” or “derivative” in relation to a nucleotide sequence
include any substitution of, variation of, modification of, replacement of, deletion of or addition
of one (or more) nucleotides from or to the sequence. The resulting sequence may be capable of

encoding a polypeptide which is capable of mediating higher sialylation in a CHO cell.

25 As indicated above, with respect to sequence identity, a “homologue™ has for example
at least 5% identity, at least 10% identity, at least 15% identity, at least 20% identity, at least
25% identity, at least 30% identity, at least 35% identity, at least 40% identity, at least 45%
identity, at least 50% identity, at least 55% identity, at least 60% identity, at least 65%
identity, at least 70% identity, at least 75% identity, at least 80% identity, at least 85%

30 identity, at least 90% identity, or at least 95% identity to the relevant sequence shown in the

sequence listings.



genes are cloned into the pcDNA3.1 vector (Invitrogen). A DNA fragment that contained the open
reading frame of human EPO followed by the internal ribosome entry site (IRES) of the
Encephalomyocarditis Virus (EMCV) and the coding region for Chinese hamster
N-acetylglucosaminyltransferase | (EPO-IRES-GnT I; 3r 20 E1G in short) is also cloned into
pcDNAS3.1. The resulting vector that expresses both EPO and GnT | is called pEIG. To ensure efficient

translation, a Kozak Be1<BA% S ddatifee idrtitkaeshiasablcast dp&idsntitss tHehpaaklet A St codon

ATG in eachigensiyUsiclExaan Rigsto sPeansiant, Exdt assiasaef $desaiviinaMudiestias orolégyParental and
Mutant CHO Cell Lines 25U Ies?ﬁgfi%ﬁe 1 !}lg f DNA construct that exgresses EFt'ﬁ) and %ug of
DNA construfTIRATEIF BRE s EoRFLse s SrRePg| oo SFOPETe SP PRRE A RO AT S Ko the

wild type or Mmmtwmmmmmfm@mmmmm todtgz matnixfhatarer's
protocols; 33.,.c, DGAPIS filerIANSIRENRINAIANEY Rillus medadiomdhednslseted cells are

collected. The concentrations of recombinant In each transfection samp 8 are mined by
standard ELrSAtgsipenaliyds B0 s tiesicRoliizap. extansigmptaally sod e wisiRawleifide(IEF) Analysis of
EPO Produced by Wild Type CHO 5 Cells and JW-152 CHO Cells The sialylation patterns of EPO
in different sampledaseranetytretinpntE & folowed DY Yebstariedidd bes pr&aih 38k destnibed (Schriebl et

a1 2007, Elecoplioreqis 48,2 00: 1 FNSRHLIANIGOFECS 2 9 Ban A PIS Gnbilsler Cloning

and Sequencsiencb ef&lnally&s NA |r?VF$I&:A-I10 Resistant CHO Cells ach cell line, I x107
cells are pellatedhand ¢{16au MOPBSICIT @81 SN teoEk ARt orn, (HY pellBotsiRg e RNAGMouUS kit

(Ambiofy. CONM 3L SYNHSEI 239 BF RIGE, B GEEAD SPIRIPE: RIRIsMAQLRRE YabAiNR heukemia

virus (MMLYV) reverse transcriptase (Promega) according to the manufacturer's recommendations
15The GnT I%ﬂh‘ﬁﬂ&%ﬁhﬂ%aé 1NRed: cDNA is obtained through polymerase chain reaction
(PCR) using PFX (Invitrogen). This is then cloned into pcDNA 3.1 expression vector and sequenced. A
minimum of HYBRIBEETINMN each mutant line are sequenced. All plasmid purifications are carried out

using mini or midi- ration kits.from Promega. Constructs are sequenc ' Bl Prism 3100
Geneic Analyser (AL SIS e B e ORST ARSI B A MR IO B e
Biosystems) hybedising|sslaet wiptoraait TibeesBjuamssareseatehhepinsolanyyaiatafiagmeahefected

CHO Cel LingSivative tEMSKbE Rt @ HARREHE M AOIITH R RA ot RRRERE Hrt AlRReE Whilst

mutant JW152 cells are transfected with pEIG to express both EPO and GnT |. The transfected cells
25are select@d Wit hA Budestifsiin lerathniyshag et least i 40012 siisdeeliflesid gl transfected
pools are cultured in 96 wells using limiting dilutions. Stable cell lines derived from single transfected

cells that expressed ER@mrthybiisisedondiigpsed betsiorshablipsiudmchnersrespatiovhishreerisandidhe
recombinant ERQ EXIERHRWIh 8 pRIHIES SaRAEEL W BESISRAIREA G QeSIfthe process of

amplification as carried out in polymerase chain reaction technologies.

20 Polynucleotides capable of selectively hybridising to the nucleotide sequences presented
herein, or to their complement, will be generally at least 70%, such as at least 80 or 90% or such
as at least-95% or 98% homologous to the corresponding nucleotide sequences presented herein
over a region of at least 20, such as at least 25 or 30, for instance at least 40, 60 or 100 or more

contiguous nucleotides.

25 The term “selectively hybridisable” means that the polynucleotide used as a probe is used
under conditions where a target polynucleotide is found to hybridize to the probe at a level
significantly above background. The background hybridization may occur because of other
polynucleotides present, for example, in the cDNA or genomic DNA library being screened. In
this event, background implies a level of signal generated by interaction between the probe and a

30  non-specific DNA member of the library which is less than 10-fold, such as less than 100 fold as



34 Example 8. Results: Isolation and Characterization of RCA-I-Resistant Mutant CHO Cell Lines
RCA-I, a plant lectin that is known specific for (3-linked galactose residues on glycoproteins or
glycolipids, is used to select glycosylation mutants from CHO K1 cells. Most 5CHO cells are killed by
RCA-I after an overnight incubation. Nine to ten d¥ys later cells that survived RCA-I treatment had
grown into single clones. These clones are picked and cultured in 24 well plates. One of the clones is
named JW15mtense as the sisavacividrastine oepptd wishabe iiargeld e |iHke Dta58Y elinicrdiommasected

with a 10 coqgmggs{gegxgleééﬁgm% Rt R piBiap: BR(R #poduced by JW152 cells is treated
with endoglycosidase H (Endo H). The results are shown'in Figure 1. Figure 1 shows that JW152

d EPO i itive t JT ' \ gl
found on the PO B S SR T T A R e

early 15part bindiegpyomiskats tapghhindersadansckimmel (I982cdudetvidVishearaafideniag
complementatiop fastiSvafiticf %ﬁﬁ%?o Sty i} ?ﬂﬂiﬁe&@nﬁb@éﬁggﬂm@@b&wmgﬁf& are

co-transfected with several genes on the Nglycosylation pathway. These genes include glucosidase |,
glucosidase AehrshnyERasasA2STEPleineARSHYSIdase 1, GnT | and GnT Il. EPO samples produced by
JW152 cells in these co- 20 transfection experiments are analyzed by isoelectric focusing (IEF)
followed by WesterMpfdmum stringeratiipigatlshesnrs i stiguirém-5Tad Ighddevriberdmet teHO WT)

shows the ERQyexnressad By Ine i ine R QusellR /% Ao ok RE A28 ey G152

shows the EFBO produced by the JW152 cells, showing the incomplete glycosylation of EPO. The rest
of the lanes 8@ ttHOEPEBlprodosaaddovstibmerdisatphont dCE- tahste el witmafifatebg

25glycorylatignRRergenaesiatitalatl o, ADRIAISORIERIRBHIRANEER bisgbig o restore

the sialylation pattern of EPO produced in JW152 cells. Theseé results suggest that JW152 cells lack
functional Gridenglfs degsct idengigaheqlymydeetide spaesmess S HeIc oA e IRWE ASTRgSBRYassay is

that in the pregeRgRaabEeah belV¥ekbrd rRiisisidy RiecER i ushdatie psiamina widdyRencel!s

(comparing with EPO produced by the wild type cells). To confirm that this difference is due to a

unique feature ofIVWp6eellsdathes AR dhfuckirdll QL AURLEHRICER bR fo igeutedProel lines

are analyzed by co-transfecting them with a GnT | construct. The recombinant EPO in conditioned

media are coMSAERSARASREBEHhAmologue; iR FqrHeThyalive iRieeh rAder stanesHEMionst improve
EPO siglylatiQnyis vttt 63ts {¢es80a40a $anasaClieX Yy Mans Cidale\WH 7.0pnT 1). The EPO

sialylation patterns
Where a polynucleotide is double-stranded, both strands of the duplex, either individually
or in combination, are encompassed by the present disclosure. Where the polynucleotide is
single-stranded, it is to be understood that the complementary sequence of that polynucleotide is

also disclosed and encompassed.

20 Polynucleotides which are not 100% homologous to the sequences disclosed here but fall
within the disclosure can be obtained in a number of ways. Other variants of the sequences
described herein may be obtained for example by probing DNA libraries made from a range of
individuals, for example individuals from different populations. In addition, other viral/bacterial,
or cellular homologues particularly cellular homologues found in mammalian cells (e.g. rat,

25  mouse, bovine and primate cells), may be obtained and such homologues and fragments thereof
in general will be capable of selectively hybridising to the sequences shown in the sequence
listing herein. Such sequences may be obtained by probing cDNA libraries made from or
genomic DNA libraries from other animal species, and probing sﬁch libraries with probes
comprising all or part of SEQ ID NO: 1 under conditions of medium to high stringency. Similar

30  considerations apply to obtaining species homologues and allelic variants of mutant GnT 1. ~



10 of CHO-K1 with and without co-expression of GnT | appear to be the same and so, the
overexpression of GnT | is not responsible for the betterment in sialylation seen in the lane labeled
CHO-K1 plus GnTI. GnT | dramatically improved EPO sialylation in JW152 cells (Lane JW152 +
GnT 1). In the presence of GnT I, JW152 cells sialylatélEPO much better than wild type CHO cells 15
(comparing lanes CHO-WT and CHO-JW152 + GnT I). Figure 3 shows that, in the presence of
GNT I, IW152 cells $hapeliaveiestidsidssrihestanme Mayds yeatde praduase Ry S ce RERpaatfhg
samples witha\eHiRpTit tha 8Reridlieh GABRHES A Sllio R G e binabinel Ratdsrivdiita a8t begion
being reduced to the basic region after cleaving off siglic acid %h WS %att e h?i]ggher si%ﬁed forms of
EPO are indecé’ﬁ‘%ﬂ%’ﬁi@& Hng Aty BPEEYeIc i ARt oins pRbTHERTHSs R PRy P.
Stanley and ttleyedriatsnevtiorsOSkatipEimdrs piivhis. aht e e fraitemsofilE BEdrastice subly dsed leastls (Led)
is similarto that of EPO produced,by,JW152 EPO. prodyced,by Led | cells that ar -transfected with
GnT | shcs)tw ?@irﬁﬁfrx S yeffftglci;lerﬁl spt)dezlsfgré\%]iﬁzt %fgcf()?rl((?e ulgeﬁné/h t%‘élav?/frda %/%é;n%)&8a<s:%l s(?’ YZ@‘T‘E‘???S shown
in Figure 4. Thrisnwilgatides sheethgreinEiragmspiransiobeileshibian8a 268, dPfl AL wo ARINGeigotidds

previously puﬁliﬁggﬂLec 1 mutant which has a GnT | defect is also highly sialylated. 36 Example 9.
Results: Stable Expression of Recombinant EPO in .IW152 Cells in the Presence of GnT | Data

presented in Figure 2 and EFigure 3 are all transiently tfrans T | the sialylation
pattern of EPO proﬁocg%gﬁ%%tg slgu%%ss?e@'tge%l%(g g g‘\?éli{gigglaﬁg%ggs S?I%fggfgrégel\({?%\%ith pEIG and
selected withre:ondinaftdy, yothetiedly ofrdnicorioncasinyeilelin tostoe pfakddinthe etitlber a2 alsoel|

plates fqptwo,MQEReskEhEeItARigRIsCtion pressure of G418. EPO produced by 10 randomly
picked such stably transfected clones are analyzed by IEF. As shown in Figure 10, all the EPO

samples produced i t . [ [ [ | .are very similar
to that of EPOUprod?}({:gg%é%:%%%&%%%%i@%ﬁ%%ﬁ%%& %&5&%@8& apﬂTéhe(gHr%sultsVs h)(/)vvln iln

Figure 11 demensaeftsehhthalferiect molejg anidesqnense et ipleidea e skapid edbrigyeafervary in overall

sialylation bufpAgRIIAIRNRIRSWSH AR Yekatas thoaady4ouisHkdn ir Btample 10. Results: All
the CHO cells that Survived RCA-I Treatment Have Dysfunctional GnT | Gene and they all Sialylate

their Proteins Better gn GOANSIERRMHILEATY be profiEr QMR SRSHLGRIN bind 13-Gal

residues. Theoretically,"as’ long as the cells do not express 13-Gal as the terminal sugar on their

surface Hlycopranaisdisingy R eprysgrasostmintradieoni clofiag igsbpiatet Hasizalbidpks makingat clones.
We isolated paifefahd0BUAN 19 60088175 GAiand RRAG AR MR RBAMERATY genetic

mutations in different genes. Surprisingly, when the complementation __ .
desired to clone, bringing the primers into contact with mRNA or cDNA obtained from an

animal or human cell, performing a polymerase chain reaction under conditions which bring

about amplification of the desired region, isolating the amplified fragment (e.g. by purifying the
20  reaction mixture on an agarose gel) and recovering the amplified DNA. The primers may be

designed to contain suitable restriction enzyme recognition sites so that the amplified DNA can

be cloned into a suitable cloning vector.

EXAMPLES

Example 1. Cell Culture

25 Chinese hamster ovary-K1 (CHO-K1) cells are originally obtained from Dr. Donald K.
MacCallum (University of Michigan Medical Scholl, Ann Arbor, MI).

Parental and mutant CHO cells including JW152 cells are cultured in Dulbecco's
Modified Eagle Media (DMEM) supplemented with 10% fetal bovine serum (FBS) at 37°C
in a humidified incubator with 5% CO,.



test described in Figure 2 is carried out, all the clones that survived RCA-I treatment are confirmed to
have dysfunctional GnT | genes. 25Furthermore, as shown in Figure 9, EPO produced in these clones
are all highly sialylated when co-transfected with GnT_|. The mRNA is isolated from some of the
mutant lines and reverse transcribed to cDNA. The cgaing region for GnT | is amplified by PCR using
the cDNA as template and cloned into pcDNA3.1. 37 Sequencirgé%nalyses revealed 9 different

point mutations in th&@ rTeelehe s parsdenAbipreyidssgyeRing tHarisre\ A heR EAPRSIR different

original mutagbaels ¢seedichie, NyahayehQrRME of MEM.([kBcdY\clpRletdiiic A vwigh RrotHatim that
results in a premature stop codon. Others carry a mutation that changes an amino acid residue in the
GnT 1 codind&gibiny rageiirsm ik O%aER with a different mutation in the GnT | gene are
transfected with pEIG. EPO produced by all nine lines are all highly sialylated when analyzed by 1EF
(data not sholi¥ampletnhielatemsed BiGhok Resitant SHINGEY and Other CHO GNnT1 Mutants As shown

in Figure 5, incomplete sialylation of EPO is observed in nine CHO 10glycosylation mutants selected
with RCA lectin, eadbHée&rIres ks diferdivred undtiovelirptaiesemivn Jeeneddwdivmg ddtarfovsdis GnT1 function,

as compared g, HAYId:hiRCee DMIVEIOWRIEHIS S o EMARIAAREER N PING bR AG GSYation

mutants, each bearing a different mutation in the GnT1 gene, have a sialylation pattern that is superior
to CHO wild-Bdeding sspsdiartsrrgehe fingl sansentatian nk 19nemd gpd insebateoiteselisctric focused

samples of a(;:{jg%qgm glycoprotein molecule, EPO-Fc, essentially a erythropoietin fusion protein. The
experiment was conducted with a protocol as set out above for EPO expression and IEF analysis, only

with an expression ygeroj, Wil dier BRIERFLHSRHERER- TG Al AaRA dAREENMEMXRHgSSIon of

EPO-Fc in CHO-K1 cells trartsfected with an 20 expression vector containing EPO-Fc coding
sequendf. THOmitRffe Nine dayshies golesigoaf g celln ey pypviakthaRSid égapmenbif expression
vector contaipipeelr Bifd-EutGRAINY[SHLIEPRResT he right hand lane shows expression of EPO-Fc in
JW152 cells co-transfected with an expression vector containing EPO-Fc coding sequence and an

expression vector ceptainingfunclignalanth enm SEANNEES ASIPRUA NGNS £ (RURRAGH

sialylation by 25rescued JW152 is maintained even with a different model glycoprotein. The results
demonstrate ¢k BdUESEFBESER oMby rescued JW152 is maintained even with a different model
glycoprotein. Figure 12 shows that the sialylation pattern observed for stable JW152 cell lines in
attached cultiixampleadnEExpeession SpRIENSES culture.

15 The coding regions for human erythropoietin (EPO) and several glycosylation related

genes are cloned into the pcDNA3.1 vector (Invitrogen).

A DNA fragment that contained the open reading frame of human EPO followed by
the internal ribosome entry site (IRES) of the Encephalomyocarditis Virus (EMCV) and the
coding region for Chinese hamster N-acetylglucosaminyltransferase I (EPO-IRES-GnT I, or

20  EIG in short) is also cloned into pcDNA3.1. The resulting vector that expresses both EPO and
GnT I s called pEIG. To ensure efficient translation, a Kozak consensus sequence

(GCCACQ) is placed upstream of the translation start codon ATG in each construct.

Example 4. Transient Expression of Recombinant Human EPO in Parental and Mutant

CHO Cell Lines

25 Unless specified, 1 ug of DNA construct that expresses EPO and 1 pg of DNA
construct that expresses GnT I or another glycosylation related genes are co-transfected into
the wild type or JW-152 mutant cells with Lipofectamine (Invitrogen) according to the

manufacturer’s protocols.



38 In conclusion, we have developed a method to isolate novel CHO glycosylation mutant cells. As
long as RCA-I is used to treat CHO cells, the surviving cells will have a genetic defect in their GnT |
gene. When co-transfected with GnT |, these RCA-I-resistant CHO cells express recombinant
glycoproteins with highly sialylated N-glycans. 5 Exarﬁ‘;le 11. HPAEC Chromatogram Figure 8 is a
photograph showing that HPAEC chromatogram showing better sialylated glycans cleaved from

EPO-Fc expressed h9\iays i sapsiestion sewdjtiondionsirenydia fom the Fiansietsthreioprssed in
CHO-KI and JYNd&2 COiERSIRRIRBNYIT RedkbitiRUBPE i ng TN H LRI By e R REGIEIN
A-bound chromatography column. Glycans on 10 the equal amounts of EPO-Fc are cleaved by
treatment WitWﬁ@H%&'éq. ﬁ“—@@é’ﬁ’s‘?@ SFBRG g%(EﬁCB#d separated, using High pH Anion Exchange
Chromatography (HPAEC), according to their number of sialic acids attached to the glycans. The
chromatograﬁ?“émﬂfsﬁdkﬂﬁwmdﬁépﬂééﬂﬁg) tabipis SOEROPrady e s Wil ByAs {3 1Bwer peak
in the 1Ssgrogriwhad sownisoawiteiile CHO-K1 sample. 15 REFERENCES Weikert et al.
(1999) Engineering Chinese hamster ovary cells to maximize sialic acid content of recombinant

glycoproteins. Natuiig BIQICERIAI8Res bEEPO in @GR G RPBICAIAP:a1Y RAtSRIRMENBPned in

this document, and each document cited or referenced in each of the above applications and patents,
including durNgHRE Dl brbBEigRsGesehe b SearishbREai gy ke ashesepiagIR AR it
documents")lﬁméaagwm}aggf@quﬁer@ instructions or catalogues for any products cited or mentioned in
each of the applications and patents and in any of the application cited documents, are hereby

incorporated BeRIpIY IeifRARS: ENMRETINS hdRHIERLR oA Oril P DN RCkAlgcuments

cited or referenced in documents cited in this text, and any manufacturer's 25instructions or
catalogt@s fdRetisfamtddiQLEMEd or mentioned in this text, are hereby incorporated herein by
reference.  Various modifications and variations of the described methods and system of the

invention will be apPareaehsaeldiss. drilleacellsrsepelemsoanddimadind BonT ot BOWbés sxtasiift of the
invention. Altﬂe&&h&@ai&%?&@mk GEotleRA RSB OERAIRNNML BysRRGE SR BIRIFEOE se

embodiments, it should be understood that the invention as claimed should not be 39 unduly limited to
such specifictéfiseatineHEngdeleney iwine fotifritivies SMNE- YR LEHBETARYERSF carrying out the

invention whighoiegabyicosiiggthode sialiefdiurmoiaetbainiatibgymr related fields are intended to be
within the scope of the claims. 40

15 The GnT I amplicon from each cell lines’ cDNA is obtained through polymerase chain
reaction (PCR) using PFX (Invitrogen). This is then cloned into péDNA 3.1 expression vector
and sequenced. A minimum of four clones from each mutant line are sequenced. All plasmid
purifications are carried out using mini or midi-preparation kits from Promega. Constructs are
sequenced using ABI Prism 3100 Genetic Analyzer (Applied Biosystems) after cycle

20  sequencing with Big Dye 3.1 (Applied Biosystems).

The results are shown at Table D1 above.
Example 7. Isolation of Stably Transfected CHO Cell Lines

CHO-K1 cells are transfected with a construct that expresses EPO alone whilst mutant
JW152 cells are transfected with pEIG to express both EPO and GnT I. The transfected cells
25  are selected with G418 (0.8mg/ml) for two weeks.

Stably transfected cells from the transfected pools are cultured in 96 wells using
limiting dilutions. Stable cell lines derived from single transfected cells that expressed EPO
are selected using a dot blot _amalysis and the sialylation patterns of the recombinant EPO

expressed by each cell line are analyzed with isoelectric focusing.
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JW152.

To characterize the genetic defect in this cell line, JW152 cells are transfected with a
10  construct to express human EPO. The recombinant EPO produced by JW152 cells is treated
with endoglycosidase H (Endo H).

The results are shown in Figure 1. Figure 1 shows that JW152 expressed EPO is
sensitive to Endo H treatment, suggesting that the glycan structure (N-glycans) found on the
EPO molecule are of the high mannose type. It is hence suspected that gene(s) from the early

15  part of the glycosylation pathway is defective.

Based on this observation, a complementation test is carried out. In this test, in
addition to the EPO construct, JW152 cells are co-transfected with several genes on the N-
glycosylation pathway. These genes include glucosidase I, glucosidase I, mannosidase 1A,
IB, IC, mannosidase II, GnT I and GnT II. EPO samples produced by JW152 cells in these co-

20 transfection experiments are analyzed by isoelectric focusing (IEF) followed by Western blot.

The results are shown in Figure 2. The lane on the far left (CHO WT) shows the EPO
expressed by the wild type CHO cells as a control. The lane under CHO-JW152 shows the
EPO produced by the JW152 cells, showing the incomplete glycosylation of EPO. The rest of
the lanes show the EPO produced in JW152 cells that are co-transfected with a different

25  glycosylation related gene as indicated.

Among the genes tested, only GnT I is able to restore the sialylation pattern of EPO
produced in JW152 cells. These results suggest that JW152 cells lack functional GnT I gene.
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GnT I dramatically improved EPO sialylation in JW152 cells (Lane JW152 + GnT I).
In the presence of GnT I, JW152 cells sialylate EPO much better than wild type CHO cells
15  (comparing lanes CHO-WT and CHO-JW152 + GnT I).

Figure 3 shows that, in the presence of GnT I, JW152 cells sialylate recombinant
proteins much better than the wild type cells. Treating samples with neuraminidase, which
cleaves off sialic acid result in EPO bands in the acidic region being reduced to the basic
region after cleaving off sialic acid, shows that the higher sialylated forms of EPO are indeed

20  focused in the acidic region of the gel.

Lecl cells are previously isolated by P. Stanley and they are known to lack GnT I
activity. The IEF pattern of EPO produced by Lecl cells (Lecl) is similar to that of EPO
produced by JW152. EPO produced by Lecl cells that are co-transfected with GnT I show a
similar sialylation pattern with that produced by the wild type CHO cells.

25 This is shown in Figure 4. Thus, Figure 4 shows that EPO expression in the presence
of functional GnT I of previously published Lec 1 mutant which has a GnT I defect is also

highly sialylated.
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The results shown in Figure 11 demonstrate that all the EPO samples produced by
different stable clones are vary in overall sialylation but in general are not as well sialylated as

those in Figure 10.

15  Example 10. Results: All the CHO cells that Survived RCA-I Treatment Have
Dysfunctional GnT I Gene and they all Sialylate their Proteins Better when Co-
transfected with GnT I

RCA-I is known to specifically bind 3-Gal residues. Theoretically, as long as the cells
do not express -Gal as the terminal sugar on their surface glycoproteins, they should survive

20 the RCA-I treatment and be isolated as a mutant clones.

We isolated more than 100 mutant CHO clones using RCA-I and hoped that they
should carry genetic mutations in different genes. Surprisingly, when the complementation
test described in Figure 2 is carried out, all the clones that survived RCA-I treatment are

confirmed to have dysfunctional GnT I genes.

25 Furthermore, as shown in Figure 9, EPO produced in these clones are all highly
sialylated when co-transfected with GnT I. The mRNA is isolated from some of the mutant
lines and reverse transcribed to cDNA. The coding region for GnT I is amplified by PCR
using the cDNA as template and cloned into pcDNA3.1.
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Sci ,Technol d

clence, fechno Ogyl“ﬁe? results demonstrate that the superior sialylation by rescued JW152 is maintained

even with a different model glycoprotein.

Figure 12 shows that the sialylation pattern observed for stable JW152 cell lines in

attached culture is maintained in suspension culture.
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In conclusion, we have developed a method to isolate novel CHO glycosylation
mutant cells. As long as RCA-I is used to treat CHO cells, the surviving cells will have a
genetic defect in their GnT I gene. When co-transfected with GnT I, these RCA-I-resistant
CHO cells express recombinant glycoproteins with highly sialylated N-glycans.

Example 11. HPAEC Chromatogram

Figure 8 is a photograph showing that HPAEC chromatogram showing better

sialylated glycans cleaved from EPO-Fc expressed in JW152 cells co-expressing functional

GnT L. EPO-Fc transiently expressed in CHO-K1 and JW152, contransfected with GnT I, is

purified using affinity purification via a protein A-bound chromatography column. Glycans on
the equal amounts of EPO-Fc are cleaved by treatment with Peptide: N-Glycosidase F
(PNGase F), and separated, using High pH Anion Exchange Chromatography (HPAEC),

according to their number of sialic acids attached to the glycans.

The chromatogram shows distinctly higher peaks for the JW152 sample in the 4S
group and a lower peak in the 1S group when comparing with the CHO-K1 sample.
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Each of the applications and patents mentioned in this document, and each document
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prosecution of each of the applications and patents (“application cited documents”) and any
manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby
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instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific

preferred embodiments, it should be understood that the invention as claimed should not be
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unduly limited to such specific embodiments. Indeed, various modifications of the described
modes for carrying out the invention which are obvious to those skilled in molecular biology

or related fields are intended to be within the scope of the claims.
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acccgtgagg tgttccgect ggctgaggac 180 getgaggtgg agttggageg gcageggggg ctgttgcage aaatcaggga
gcatcatgct 240 ttgtggagac agaggtggaa agtgcccacc gtggecccte cagectggec cegtgtgect 300 gegaccecct

caccagccgt gatccccatc ctggtcattg 1

CLAIMS

1. A method of expressing a protein of interest from a Chinese Hamster Ovary (CHO)

cell, the method comprising:

(a) introducing a nucleic acid encoding a protein of interest into a Chinese Hamster
Ovary (CHO) cell comprising a mutation in the GnT 1 gene (GenBank Accession
Number AF343963) leading to loss of GnT 1 function, which CHO cell further

comprises an introduced nucleic acid sequence encoding functional GnT I; and

(b) allowing the protein of interest to be expressed from the CHO cell or a descendant

thereof; and
(c) purifying the protein.

2. A method according to Claim 1, in which the protein of interest has higher sialylation

than a protein of interest expressed by a wild-type Chinese Hamster Ovary cell.

3. A method according to Claim 1 or 2, in which the protein of interest has a pKa of 4 or
less, 3.5 or less, 3 or less, 2.5 or less or 2 or less or a Z-number of greater than 150, such as
greater than 160, greater than 170, greater than 180, such as greater than 190, greater than
200, greater than 210, such as greater than 220 or greater than 230, or both.

4. A method according to Claim 1, 2 or 3, in which the protein of interest comprises a

glycoprotein, erythropoietin (EPO), interferon-y (IFN-y) or Factor VIII.

5. A method according to Claim 4, in which the nucleic acid sequence encoding the
protein of interest and the nucleic acid sequence encoding functional GnT I are comprised in

one expression vector, which is preferably stably transfected into the CHO cell.

6. A method according to any preceding claim, in which (i) the mutation in the GnT I
gene is selected from the following mutations at the specified position of a GnT I sequence
(GenBank accession number: AF343963): (a) a C to T transition at position 1015; (b) a G to C
transversion at position 1300; (c) an A to C transversion at position 638; (d)a Cto G
transversion at position 784; (e) a T to A transversion at position 811; (f) an insertion at
position 706 resulting in a frame shift from position 236 of the encoded amino acid sequence;
(g) a G to A transition at position 246; (h) a G to A transition at position 258; or (i) an A to T

transversion at position 859, or (ii) the Chinese Hamster Ovary (CHO) cell expresses a GnT I



cctgtgaccg cagcactgtc 360 cggcgctgct tggataagtt gttgcactat cggccctcag ctgagcattt ccccatcatt 420
gtcagccagg actgcgggca cgaagagaca gcacaggtca ttgcttccta tggcagtgca 480 gtcacacaca tccggcagcc
agacctgagt aacatcgctg tgcccccaga 43

protein comprising one or more of the following mutations at the specified position of a GnT I
sequence (GenBank accession number: AF343963): (a) Ala to Pro at position 434; (b) Asp —
Ala at position 213; (c) Arg —Gly at position 262; (d) Trp — Arg at position 271; (e) frame
shift from position 236 resulting from an insertion at position 706 of an encoding GnT I
nucleic acid sequence; (f) GIn—STOP at position 339; (g) Trp—STOP at position 82; (h)
Trp—STOP at position 86; or (i) Lys—STOP at position 287.

7. A method according to any preceding claim, in which the Chinese Hamster Ovary
(CHO) cell comprises a GnT I nucleic acid sequence shown in SEQ ID NO: 1 or expresses a

GnT I protein as shown in SEQ ID NO: 2.

8. A method according to any preceding claim, in which the CHO cell is comprised in a
cell line, such as a JW152 cell line (deposited at ATCC under the Budapest Treaty as
accession number PTA-9657), which has preferably been adapted to suspension culture or

growth in semi-solid medium.

9. A method according to any preceding claim, in which the Chinese Hamster Ovary
(CHO) cell comprising a mutation in the GnT 1 gene is obtainable by selection with Ricinus

communis agglutinin [ (RCA-I).

10. A method according to Claim 9, in which the selection comprises culturing CHO cells
in the presence of Ricinus communis agglutinin I (RCA-I) and selecting cells which survive
the culture, in which for example: (a) the CHO cells are exposed to RCA-I at a concentration
of between 0.1ug/ml to 100ug/ml, for example up to 50 ug/ml or up to 20ug/ml, such as
10ug/ml or Sug/ml; or (b) the CHO cells are exposed RCA-I for a period of from an hour, a
few hours (such as 2, 3,4, 5,6,7,8,9, 10, 11, 12), overnight, to a few days, such as 2 days or
3 days, such as overnight, optionally further comprising selecting cells which do not react

with RCA-I in an agglutination test.

11. A CHO cell comprising a mutation in the GnT I gene selected from the following
mutations at the specified position of a GnT I sequence (GenBank accession number:
AF343963): (a) a C to T transition at position 1015; (b) a G to C transversion at position 1300;
(c) an A to C transversion at position 638; (d) a C to G transversion at position 784; (e) a T to
A transversion at position 811; (f) an insertion at position 706 resulting in a frame shift from

position 236 of the encoded amino acid sequence; (g) a G to A transition at position 246; (h) a



ccaccgcaag 540 ttccagggtt actacaagat cgccaggcac taccgctggg cactgggcca gatcttcaac 600 aagttcaagt
tcccagcagc tgtggtagtg gaggacgatc tggaggtggc accagacttc 660 2 tttgagtact tccaggccac ctacccactg
ctgagaacag acccctccct ttggtgtgtg720 tctgettgga atgacaatgg caaggagcag atggtagact caagcaaacc
tgagctgctc780 tatcgaacag acttttttcc tggccttggce tggctgctg4a tggctgagct gtggacagag840 ctggagccca
agtggcccaa ggccttctgg gatgactgga tgcgcagacc tgagcagcgg900

G to A transition at position 258; or (i) an A to T transversion at position 859, in which the
CHO cell further comprises a nucleic acid encoding a protein of interest comprising a
glycoprotein in an expression vector and a nucleic acid encoding a functional GnT I sequence

(GenBank Accession Number AF343963), preferably comprised in one expression vector.

12. A CHO cell according to Claim 11, in which the protein of interest comprises a

glycoprotein, erythropoietin (EPO), interferon-y (IFN-y) or Factor VIII.

13. A CHO cell according to Claim 11 or 12, in which the CHO cell comprises a JW152
(deposited at ATCC under the Budapest Treaty as accession number PTA-9657).

14. A method of providing a CHO cell or cell line comprising a mutation in the GnT I
gene (GenBank accession number: AF343963), the method comprising culturing CHO cells in
the presence of Ricinus communis agglutinin I (RCA-I), in which a recombinant protein of in
interest expressed by the resulting CHO cell or cell line in the presence of an introduced
nucleic acid encoding functional GnT 1 comprises a higher sialylation than a protein of

interest expressed by a wild-type Chinese Hamster Ovary cell.

15. A method according to Claim 14, in which: (a) the CHO cells are exposed to RCA-I at
a concentration of between 0.1ug/ml to 100ug/ml, for example up to 50 ug/ml or up to
20ug/ml, such as 10ug/ml or Sug/ml; or (b) the CHO cells are exposed RCA-I for a period of
from an hour, a few hours (such as 2, 3,4, 5,6, 7, 8,9, 10, 11, 12), overnight, to a few days,

such as 2 days or 3 days, such as overnight.

16. A method according to Claim 14 or 15, further comprising introducing a nucleic acid
encoding a protein of interest and a nucleic acid sequence encoding functional GnT I sequence

(GenBank Accession Number AF343963), preferably comprised in one expression vector.



aaggggcggg cctgtattcg tccagaaatt tcaagaacga tgacctttgg ccgtaagggto60 gtgagccatg ggcagttctt
tgatcagcat cttaagttca tcaagctgaa ccagtagttc1020 gtgtctttca cccagttgga tttgtcatac ttgcagcggg aggcttatga
ccgggatttc1080 cttgeccgtg tectatagtge ccccectgeta caggtggaga aagtgaggac caatgatcagl140 aaggagctgg
gggaggtgcg ggtacagtac actagcagag acagcttcaa ggcctttgct1200 aaggccctgg gtgtcatgga tgacctcaag
tctggtgtce ccagagcetgg ctaccggggcl260 gttgtcactt tccagttcag gggtcgacgt gtccacctgg cacccccaca
aacctgggaal320 ggctatgatc ctagctggaa ttagl344 <210> 2 <211> 338 <212> PRT <213> Cricetulus
griseus <4085 NieFLelAyd'Eys GIn Ser Ala Gly Leu Val Leu Trp Gly Ala lle Leu 151015 Phe Val Gly
Trp Asn AlaLeyLeyLed ey Bhe Phe Tip ThrArg £10 202330Ala,Prq Gly.Arg Pro Pro Ser Asp Ser
Ala lle Asp Asp Asp Pro Ala 354045 Ser Leu Thr Arg Glu Val Phe Arg Leu Ala Glu Asp Ala Glu Val Glu
505560 Leu<GhYArgiBimArg Gireeal ey Bin Git llelArg Glu His His Ala

<130> P000041wWO1l

<150> US 61/098,270

<151> 2008-09-19

<150> US 61/183,647

<151> 2009-06-03

<1l60> 2

<170> PatentIn version 3.3p

<210> 1

<211> 1344

<212> DNA

<213> Cricetulus griseus

<220>

<221> C to T point mutation

<222> (1015)..(1015)

<223> C to T point mutation

<400> 1

atgctgaaga agcagtctgc agggcttgtg ctttggggtg ctatcctctt tgtgggctgg 60
aatgccctgce tgctcctctt cttctggaca cgcccagccce ctggcaggcce cccctcagat 120
agtgctatcg atgatgaccc tgccagcctc acccgtgagg tgttccgcecct ggctgaggac 180
gctgaggtgg agttggagcg gcagcggggg ctgttgcagc aaatcaggga gcatcatgcect 240
ttgtggagac agaggtggaa agtgcccacc gtggcccctc cagcctggcecc ccgtgtgcect 300
gcgaccccct caccagccgt gatccccatc ctggtcattg cctgtgaccg cagcactgtce 360
cggcgctgct tggataagtt gttgcactat cggccctcag ctgagcattt ccccatcatt 420
gtcagccagg actgcgggca cgaagagaca gcacaggtca ttgcttccta tggcagtgca 480
gtcacacaca tccggcagcc agacctgagt aacatcgctg tgcccccaga ccaccgcaag 540
ttccagggtt actacaagat cgccaggcac taccgctggg cactgggcca gatcttcaac 600
aagttcaagt tcccagcagc tgtggtagtg gaggacgatc tggaggtggc accagacttc 660



65707580 Leu Trp Arg GIn Arg Trp Lys Val Pro Thr Val Ala Pro Pro Ala Trp 859095 Pro Arg Val Pro
Ala Thr Pro Ser Pro Ala Val lle Pro lle Leu Val 3 100105110 lle Ala Cys Asp Arg Ser Thr Val Arg Arg
Cys Leu Asp Lys Leu Leu 115120125 His Tyr Arg P;é) Ser Ala Glu His Phe Pro lle lle Val Ser GIn Asp
130135140 Cys Gly His Glu Glu Thr Ala GIn Val lle Ala Ser Tyr Gly Ser Ala 145150155160 Val Thr His
lle Arg GIn Pro Asp Leu Ser Asn lle Ala Val Pro Pro 165170175 Asp His Arg Lys Phe GIn Gly Tyr Tyr
Lys lle Ala Arg His Tyr Arg 180185190 Trp Ala Leu Gly GIn lle Phe Asn Lys Phe Lys Phe Pro Ala Ala
Val 1952002059817 aF GG Rsis AS LELPGRT V&l AlaTPre 287 PherPRETGRT Tyr Plé 240215220 Bin

Ala Thr Tyr Prod-eu L-eu Arg TAsp R, Serden TIPS yal:

caagcaaacc tgagctgctc 780
tatcgaacag acttttttcc tggccttggc tggctgctga tggctgagct gtggacagag 840
ctggagccca agtggcccaa ggccttctgg gatgactgga tgcgcagacc tgagcagcgg 900
aaggggcggg cctgtattcg tccagaaatt tcaagaacga tgacctttgg ccgtaagggt 960
gtgagccatg ggcagttctt tgatcagcat cttaagttca tcaagctgaa ccagtagttc 1020
gtgtctttca cccagttgga tttgtcatac ttgcagcggg aggcttatga ccgggatttc 1080
cttgcccgtg tctatagtgce ccccctgcta caggtggaga aagtgaggac caatgatcag 1140
aaggagctgg gggaggtgcg ggtacagtac actagcagag acagcttcaa ggcctttgct 1200
aaggccctgg gtgtcatgga tgacctcaag tctggtgtcc ccagagctgg ctaccggggce 1260
gttgtcactt tccagttcag gggtcgacgt gtccacctgg cacccccaca aacctgggaa 1320
ggctatgatc ctagctggaa ttag 1344
<210> 2
<211> 338
<212> PRT
<213> Cricetulus griseus
<400> 2
Met Leu Lys Lys Gln Ser Ala Gly Leu Val Leu Trp Gly Ala Ile Leu
1 5 10 15
Phe Val Gly Trp Asn Ala Leu Leu Leu Leu Phe Phe Trp Thr Arg Pro
20 25 30
Ala Pro Gly Arg Pro Pro Ser Asp Ser Ala Ile Asp Asp Asp Pro Ala
35 40 45
Ser Leu Thr Arg Glu Val Phe Arg Leu Ala Glu Asp Ala Glu Val Glu
50 55 60
Leu Glu Arg Gln Arg Gly Leu Leu Gln Gln Ile Arg Glu His His Ala
65 70 75 80
Leu Trp Arg Gln Arg Trp Lys Val Pro Thr Val Ala Pro Pro Ala Trp
85 90 95
Pro Arg Val Pro Ala Thr Pro Ser Pro Ala Val Ile Pro Ile Leu Val



225230235240 Ser Ala Trp Asn Asp Asn Gly Lys Glu GIn Met Val Asp Ser Ser Lys 245250255 Pro Glu
Leu Leu Tyr Arg Thr Asp Phe Phe Pro Gly Leu Gly Trp Leu 260265270 Leu Met Ala Glu Leu Trp Thr
Glu Leu Glu Pro Lys Trp Pro Lys Ala 275280285 Pr§ Trp Asp Asp Trp Met Arg Arg Pro Glu GIn Arg
Lys Gly Arg Ala 290295300 Cys lle Arg Pro Glu lle Ser Arg Thr Met Thr Phe Gly Arg Lys Gly
305310315320 Val Ser His Gly GIn Phe Phe Asp GIn His Leu Lys Phe lle Lys Leu 325330335

100 105 110
Ile Ala Cys Asp Arg Ser Thr Val Arg Arg Cys Leu Asp Lys Leu Leu
115 120 125
His Tyr Arg Pro Ser Ala Glu His Phe Pro Ile Ile Val Ser Gln Asp
130 135 140
Cys Gly His Glu Glu Thr Ala Gln Val Ile Ala Ser Tyr Gly Ser Ala
145 150 155 160
Val Thr His Ile Arg Gln Pro Asp Leu Ser Asn Ile Ala Val Pro Pro
165 170 175
Asp His Arg Lys Phe Gln Gly Tyr Tyr Lys Ile Ala Arg His Tyr Arg
180 185 190
Trp Ala Leu Gly Gln Ile Phe Asn Lys Phe Lys Phe Pro Ala Ala Val
195 200 205
Val Val Glu Asp Asp Leu Glu Val Ala Pro Asp Phe Phe Glu Tyr Phe
210 215 220
Gln Ala Thr Tyr Pro Leu Leu Arg Thr Asp Pro Ser Leu Trp Cys Val
225 230 235 240
Ser Ala Trp Asn Asp Asn Gly Lys Glu Gln Met Val Asp Ser Ser Lys
245 250 255
Pro Glu Leu Leu Tyr Arg Thr Asp Phe Phe Pro Gly Leu Gly Trp Leu
260 265 270
Leu Met Ala Glu Leu Trp Thr Glu Leu Glu Pro Lys Trp Pro Lys Ala
275 280 285
Phe Trp Asp Asp Trp Met Arg Arg Pro Glu Gln Arg Lys Gly Arg Ala
290 295 300
Cys Ile Arg Pro Glu Ile Ser Arg Thr Met Thr Phe Gly Arg Lys Gly
305 310 315 320
Val Ser His Gly Gln Phe Phe Asp Gln His Leu Lys Phe Ile Lys Leu
325 330 335

Asn Gln



