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FIELD

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
, glycoproteln generally increases the protein's lifetime in the bloodstream and can, in particular

cases also’ affect solubility, thermal stability, resistance to protease attack, antigenicity, and



exanple, the addition of termnal sialic acid residues to polysaccharides
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posi ti ondofgsa GhT 1 sequence (CGenBank accession nunber: AF343963): (a) a C
to T transition at position 1015; (b) a Gto C transversion at position

130030 (Cxui o Ctransversion at position 638; (d) a Cto G transversion
at p05|t > (e) aTto Atransversion at position 8 11; (f) an
insertion at pasihingno 4G8 aEﬁe%PbitﬂlQQrés&lté}n\feﬁlﬁHﬁ wbrblide A CRIRAS HanRfer236 of

t he encoded am no acid sequence; (Q) to T transition at position 1015;

(h) a G Ovark (CHMsdeilivrickais qapdﬂ@ of)lmglzet@rot@m)&dyl@l@mcompar@ihm a widdh typre
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communis agglutinin I (RCA-I). The CHO cell may be capable of higher sialylation in the
15  presence 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 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)aGto A transition at position 258; (j)an Ato 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; (e) frame shift from position 236 resulting from



The G1T 1 gene may conprise a G1T 1 nucleic acid sequence shown in SEQ ID
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encodi ngp‘éS‘B?‘b &/'n of interest such as a reconbinant protein of interest.
The protein of interest may conprise erythropoietin (EPO or interferon- g

(1 FN-g) . TheTaEOH®L¢ll may exmdRra GET & pheteinais Ghaen th SEQUBMNG: 2ncodi ng
functional G1hT 1. The nucleic acid sequence encodi ng the protein of

inter st and t | ej;c_aci d sequencge. engodin N T

conpr sed in ﬂ’eeéeﬁ@ Lléqagncomggf%?nu R4 cﬁegl%cam n&aﬁérﬁge}l%ﬁg ng the
protein @ichl A3takesihbiad pkdi€inGlieies:. Thd proteds] bEiMGRest Y donPribeiagthrepuidtiGn T 1
may be stably transfect ed into the CHO cell. There is provided, according

to a 2nd(ER@reningrferaney QF¥<Bnt i nvention, a CHO cell line conprising a CHO
cell according to the 1st aspect of the invention. The CHO cell |ine may

conprise a JWrHe2®Ldll b SohfEROShICRI: %dé&ﬁ&wﬁbd@m@iﬁam reRty as
accessi on nunmber PTA-9657 a JWB0 cell Iine, céll line, a KFCl 5002

cell 1i napclalcmm segENLe e@qolcllngnheprosrclwtmmm@ed thelnunbnc ari¢waueecarading ne,
a KF 02%3’(:% !Qqegmaylﬁggéf%ﬁ%ej%ﬁ%m e’épd fo%rve%t KFC 15047 cell line. The

el | ed TO suspension culture. W
prOV|de according to a 3rd aspect of the present invention, a reconbi nant
prot ei n expr edbedudlyicacidloqeakt emnod@igthe plotein Dﬁmtexeﬁ@ndithtrglwblqawi 1st or

2nd as pe%et:qu%}clcet e%%oéhpl ?LI;]I;[Ctlgnal ‘GnT 1 may be stably transfected into the CHO cell.

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-v).

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.

As a 4™ 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
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h |
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cul turing I'n the presence of Ricinus conmun agglutinin I
(RCA-1) togethsewib tinmgatimi des ovtin Colwom 2 iof Ealpla®1¢ at 4 vargant, homologue, derivative

or fragment thereof.

The present invention, in a 6" aspect, provides a polypeptide 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 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 ug/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 nethod may conprise culturing CHO cells in the presence of Ricinus
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capabjlities a person, of ordinary skill in the art. Such pechni ques are
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Edition, Books 1-3, Cold Spring rlzli'atrbor.l'_abora ory Press; Ausubel, F. M et
al . (1998ndingmpeologyd ivhichgrp wathemths ca@bilitiasof Ppersor of erdinarhlik suthgrartsi ol ogy,

ch. 9, 1 and, 16, John W.l ey. ns York. N..Y.) o.B:. Roe . btree,
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Hybri di zati on: Principles and Practice; Oxford University Press; M J. it
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T e
Enzynol odyY.)AB aRlesyl cCiidbees andJsi. Kghiynt99B 0N soldtidradvat Seqoencing tisedntial
Por bl Nl RS ik B o ot Sl (1999 1o
Labor at oy,pMaRHAbn: Pinciples and Practice; Oxford University Press; M. J. Gait (Editor), 1984,
15 Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. J. Lilley and J. E.
Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A: Synthesis and Physical
Analysis of DNA Methods in Enzymology, Academic Press; Using Antibodies : A Laboratory
Manual : Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold
Spring Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by
20  Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press, ISBN
0-87969-314-2), 1855. Handbook 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 Rodgers, 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
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the EPO NbDebawe thesElgp expresserl Bh theatilb e GFff celis asiacontrpk dhe segead fads ¢ hat
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| anes. For the conplenmentation test, each of several gl ycosyg{%atlon rel at ed
geneb (asellsdaikcafuadtionat Gnd-ligensn gfnothes demyi imiportht obpedvatamsirer ¢his 1B tesuliyis52

cells. ly. GaT. ] i | 9 h net j fect.in. 52.cells,
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observation fromthis IEF results is that in the presence of G7T I, JW 52
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phot ogr apk i ng.that, i nt _i.n siAl i on .after -tr ecting
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| . The Brd igildY 1a2%¢gells withdhe eq-prepressiogedGaT 1. The EPO sialylation patterns of CHO-K1

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
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showi ng that JW 527 "wth restored GhT | function, also sialylates EPO Fc

fusion protein better than CHO Kl . EPO Fc fusion protein produced in CHO
wi | d-type conpiitess® ilaomgiesaephshoninghat HPAE{chepmatogrom showing batter and af t er

(egs | PRARE gy EIOOeE RO b b o il S g it
GnT 1. EPO-Fc transiently expressed in CHO-K1 and JW152, contransfected with GnT [, 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-K1 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 . 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
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15 SEQ ID NO: 1 is a nucleic acid sequence of a N-acetylglucoaminyltransferase I cDNA
from CHO JW152 cells.

SEQ ID NO: 2 is an amino acid sequence of N-acetylglucoaminyltransferase I encoded
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 JW152 cells have the potential to become a host cell line for

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



with IEF. The results show that all the EPO sanpl es produced by different
stable clones vary in overall sialylation but in general are not as well
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Such a selection method is therefore specifically included in the methods and

compositions described here.

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

K1 cell or cell line.

20 Genetic analysis has revealed a dysfunctional N-Acetyl-glucosaminyltransferase I
(GnT I) gene in JW152 cells. Molecular cloning of the GnT I cDNA from the mutant cells
identified a point mutation that results in a premature stop codon. As a result, the JW152 cells
can only synthesize a truncated version of GnT I protein with only 338 amino acids, rather

than the normal protein which contains 447 amino acids.

25 Using RCA-I we have isolated many more CHO mutant lines (about 100 clones).
Genetic analyses showed that they all lack functional GnT 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 1. The mutations in the GnT 1 genes from these further CHO

30 cell lines are shown in Table D1 below.
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i s capabl e of Wi proeideforo€HOrcells alhcyd:eitliim comptifieg paahsﬁmhnsenfutdrmﬁ{(i)onlal GnT

é O(r:rg ?nglr Besapnﬂgzll(\é[\n{elﬁ %{t %Fpevtl oggﬁe%i me@@l r?\reyi froerrll kCA Pselectlon and capable
of higher sialylation compared to wild type or native CHO cells or parental cells. We provide
15  for 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 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.
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20  TTCTTTGATCAGCATCTTAAGTTCATCAAGCTGAACCAGTAGTTCGTGTCTTTCACCCAGTTGGATTTGTCATAC
TTGCAGCGGGAGGCTTATGACCGGGATTTCCTTGCCCGTGTCTATAGTGCCCCCCTGCTACAGGTGGAGAAAGTG
AGGACCAATGATCAGAAGGAGCTGGGGGAGGTGCGGGTACAGTACACTAGCAGAGACAGCTTCAAGGCCTTTGCT
ARGGCCCTGGGTGTCATGGATGACCTCAAGTCTGGTGTCCCCAGAGCTGGCTACCGGGGCGTTGTCACTTTCCAG
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
REHHALWRORWKVPTVAPPAWPRVPATPSPAVIPILVIACDRSTVRRCLDKLLHYRPSAEHFPIIVSQDCGHEET
AQVIASYGSAVTHIRQPDLSNIAVPPDHRKFQGYYKIARHYRWALGQIFNKFKFPAAVVVEDDLEVAPDEFFEYFQ
40 ATYPLLRTDPSLWCVSAWNDNGKEQMVDSSKPELLYRTDFFPGLGWLLMAELWTELEPKWPKAFWDDWMRRPEQR
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mut ant
15  This method can be used to produce recombinant glycoproteins in which sialic acid content is

important for the efficacy. These proteins include EPO, IEF-y, Factor VIII etc.

CHO CELLS AND CELL LINES

The 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.
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The selection could be done on any suitable starting cell or cell line, but this will
15  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-K 1. 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
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The RCA-I selected CHO cells and CHO cell lines may be tested for their sialylation
behaviour, by for example expressing a protein of interest and determining the degree of

15  sialylation. This may be done by the methods described in “Sialylation” below.

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 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 Riciniis communis agglutinin I (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 JW8O0 cell line, a JW36 cell line, a KFC15002 cell line, a KFC15071
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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-f, 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.
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a-gal act osi dase, interferon- b, anti-TNFa mAb,
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.
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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.
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Corresponding mutations are tabulated alongside showing respective nucleotide and
amino acid mutation and possible location of the disruption in secondary structure/interaction

or the resulting loss in amino acids in the case of a stop codon mutation.

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

were not due to PCR error.
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JW152 C1015T 108 a.a. missing from C

terminal

KFC5026 G246A 365 a.a. missing from C

terminal

KFC20011 |G258A 361 a.a. missing from C

terminal

KFC15047 |A859T Position 287 160 a.a. missing, similar to

Lys->STOP KFC15026 and KFC15072
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
codon was found in KFC 5008. Mutations leading to a premature stop codon were also found

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

comprise the polypeptide sequences disclosed here, and particularly in the sequence listings.
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column 3 of Table D1 above.

15 It will be understood that the mutant GnT 1 polypeptide sequences disclosed here are
not limited to the particular sequences set forth in the sequence listing, or fragments thereof, or
sequences obtained from mutant GnT 1 protein, but also include homologous sequences
obtained from any source, for example related cellular homologues, homologues from other
species and variants or derivatives thereof, provided that they have at least one of the

20 biological activities of mutant GnT 1, as the case may be.

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.
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aci d | evel ovénthetcohteasef tBOpresent doewman, a nologoussequgOcaen heanclegugsis wikeh GnT

th na f exanpl ne | Sty ng, herei n.
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or 500 a%l%ﬂl. ?rﬂhg%omeg(pofttnﬁ FOERHENRCE h&Lol@QJus]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
15 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

20  sequence identity is determined relative to the entirety of the length the relevant sequence, i.e.,

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.

25 % 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).
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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 ef 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 BLOSUM®62 matrix - the default mat:rix for the BLAST suite of programs. GCG

Wisconsin programs generally use either the public default values or a custom symbol
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Polypeptides having the amino acid sequence shown in the Examples, or fragments or

15  homologues thereof may be modified for use in the methods and compositions described here.
Typically, modifications are made that maintain the biological activity of the sequence.
Amino acid substitutions may be made, for example from 1, 2 or 3 to 10, 20 or 30
substitutions provided that the modified sequence retains the biological activity of the
unmodified sequence. Amino acid substitutions may include the use of non-naturally

20  occurring analogues, for example 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:
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10

epitopes are well known in the art. Fragments will typically comprise at least 6 amino acids,

such as at least 10, 20, 30, 50 or 100 amino acids.

Included are fragments comprising, such as consisting of, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,

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
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1251, enzymes, antibodies, polynucleotides and linkers such as biotin. Labelled polypeptides may

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.
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MUTANT GNT 1 NUCLEIC ACIDS

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.
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As used here in this document, the terms “polynucleotide”, “nucleotide”, and nucleic
15 acid are intended to be synonymous with each other. “Polynucleotide” generally refers to any
polyribonucleotide or polydeoxribonucleotide, which may be unmodified RNA or DNA or
modified RNA or DNA. “Polynucleotides” include, without limitation single- and double-
stranded DNA, DNA that is a mixture of single- and double-stranded regions, single- and
double-stranded RNA, and RNA that is mixture of single- and double-stranded regions, hybrid
20  molecules comprising DNA and RNA that may be single-stranded or, more typically, double-
stranded or a mixture 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.
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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.
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such as at least 99%:i y. Nucleotide honolo .
15  derivative thereof, or to the complement of any of the above. Nucleotide sequences are such

as at least 15 nucleotides 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 with a complementary strand through base pairing” as well as the pfocess 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
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15 (e.g. 65°C and 0.1xSSC {1xSSC =0.15 M NaCl, 0.015 M Na; Citrate pH 7.0}).

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.
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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 or ¢DNA 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,.



in general will be capable of selectively hybridising to the sequences
shown in the sequence listing herein. Such sequences nay be obtai ned by
probi ng cdAolod3smsi es made from or genomi c DNA |ibrari esTfSGaonombésas ani mal
speci es, and probing such libraries with probes conprising all or part of
SEQ ID NO. 1 under conditions of nmediund2o high stringency. Simlar

consi derations apply to obtaining species honol ogues and allelic variants

of mutant GnT LJec1T.|3%engtne@q%ﬁgbta{rgﬁﬁdgepisﬁhb&gy PRIE SePaAIBSeidsRiPr oduce a
priner, e.g. a PCR priner, a prinmer for an alternative "anplification

r eact i on,Cadlege obMedicine, Nabhahd edtwid in ce MEM&libavy stpridernersed wish PeelinedAG|
nmeans usin di oacti or nop-radioactive | abels, or the pol ynucl eoti des
may be cﬂﬂggg PWPBgWgéﬁgpia“gﬁpﬁ% i mers, probes and other fragments will
be at |east 15, such as at |east 20, for exanple at |east 25, 30 or 40

nucl eot i d&xaniple Relsglaltion af RGA-d-Résistarg(CldOpCEaised by t he term pol ynucl eoti des
as used herein. Fragnents may be | ess than 500, 200, 100, 50 or 20

I i des i P i i d
probes mmy be IOGULa S S T T it o PR bk SRR

avai | abl ehapetihe s@udtfrekDMEMNRichas ashmunibayglobyind|(RCABE Y kubeearbxlesyisindar d
techniques. In general, prinmers will be produced hy synthetic . neaps,

i nvol vi ngddedsingnthgimedia e reacha finad corcentrationd il Pugy/ny apd ancubafed B"@é’ﬁﬁ%nce one
nucl eotide at 1@ tinme. Techniques for acconplishing this using autonated

t echni ques aﬁ%'readily avail able in the art. Longer polynucl eotides wll
general ly be produced usi ng reconbi nant neans, for exanple usin

PCR
(pol ynmer ase cHdicn thessgeurndiey RVIEM eqptaieiog Rrd s replared with fresth DMEM witlki ng a
pai r 18f Riob'ER .I(Ill‘ire%?ysolfat&bc%‘lgni S%fttl?e (?HOncLéﬁ%ﬁl% Elﬂ'@ﬁ)eflftﬂea@&qure%trﬁgﬁ Lpn of
t he sequence ich it’1s desired to clone, bringing the priners Into
contact widkad afiNéuleured [N wbll piategd from an ani mal or human cell, perforning
a polynmerase chain reaction under conditions which bring about

lificati f the desired . region, isplati h ifjed . 0.
by puri fyi ng. (65t s ROReRP R Binekinlenie YTnd R |-Sonbhf Gt ©

anpl i fi ecdeldNfs lohpér eadtRAEISROAYL. be designed to contain suitable restriction
enzyme recognition sites so that the anplified DNA can be cloned into a

suitabl e ]LCxla(Pnn[hQ 9, ﬁgg}e(s)srii)n Constructs

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 1 is called pEIG. To ensure efficient translation, a Kozak consensus sequence

(GCCACQCQ) 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.
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cultured in a- suppl énent e Prol 1 ne
(1 nvi t r ogeidc@dodbg c@rwdnﬁﬂ&mEBSrecExmbthEE() in ewhatansfiactoi s|Ofld arRdsiesthaned CHO

Cells el.l re cul | ates to confl uence before
cul turma*aé’g ﬁd‘éﬂ‘&%gﬁfﬁfgﬁt&& Ri ci nus comuni s agglutinin |

(RCA-I, EY Laboratorles) is added into the nedia to reach a final
concent r &xiaoplos. IboélthhMFoausin'g (iﬂlbaﬂhﬁdysid of ERQ@[Aroducedrbyi Wild TYpe@HOe

seru Is replaced with fresh DVEM wi th 10% FBS.
Ni ne ay ef'é?@iliﬂ‘]%g%gﬁﬁg@%ﬂ] St he CHO cel I s that survived the RCA-I
treatnment are picked and cultured in 24 well plates. These cells are then

subj ected to ghgkiatyilatini pmeme@f EP0Osih mlﬁfd?ﬁﬁsbmbms aendnalyzed be [BRIfdlviveddlyl s no

Ionger react with RCA-|. Exanp res Il on_Constructs |

regi ons %?St%ﬁﬁ’r‘iaelaﬂ‘?{"’r?ﬂlélﬁélieﬁqbﬁd 6%¢Qf'g g@@ér@?“@"@@@é?lzgt%l@ﬁ% gﬂ}ft ed
genes arg s T @ 3 {36 0PCDNA3. 1 vect or (I nvitrogen). A DNA fragnment that
cont ai ne the open readr ng frame of human EPO foll owed by the internal :

ri bosone ent r)‘ site of the Encephal onyocarditi s Virus (ENL\? and t he
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(EpoleEﬁeQQ&n'tCI-ﬂRCEJQ in short) is also cloned into pcDNA3. 1. The
resulting vector that expresses both EPO and

For each cell line, 1x10’ cells are pelleted and rinsed in PBS. Total RNA is extracted
from the pellet using the RNAqueous kit (Ambion). cDNA is then synthesized through reverse
transcription using Moloney Murine Leukemia virus (MMLYV) reverse transcriptase

(Promega) according to the manufacturer’s recommendations

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 peDNA 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 1. 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 _analysis and the sialylation patterns of the recombinant EPO

expressed by each cell line are analyzed with isoelectric focusing.
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Total RNA is extracted fromthe pellet using the RNAqueous kit (Anbion).
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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 1, mannosidase IA,
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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express human EPO. The reconbi nant EPO produced by JW52 cells is treated
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1 shows that JW 52 expressed F’%) Is sensitive to Endo H treatnent,
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obser vat | @Rrexpréssion o GRMIAS h@ﬂe%;%ﬁhble&’oﬁﬂlé Ibe@étnieut in shaﬂylfaﬁbﬁ sdef it theildhe
addition to the EPO construct 52 cells are co-transfected with several

genes on lebdedgHQ-Edynles Gohl.
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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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 $-Gal residues. Theoretically, as long as the cells
do not express B-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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As shown in Figure 6, EPO produced in nine CHO glycosylation mutants, each
bearing a different mutation in the GnT1 gene, have a sialylation pattern that is superior to

CHO wild-type after rescue.

15 Figure 7 shows the results of an experiment with isoelectric focused samples of a
different 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 vector with a different coding sequence.

The left hand lane shows expression of EPO-Fc in CHO-K1 cells transfected with an
20  expression vector containing EPO-Fc coding sequence. The middle lane shows expression of
EPO-Fc in JW152 cells transfected with an expression vector containing EPO-Fc coding
sequence. The 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
containing functional GnT1 coding sequence. As shown in Figure 7, superior sialylation by

25  rescued JW152 is maintained even with a different model glycoprotein.

The 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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experinment was conducted with a protocol as set out above for EPO
expression and | EF analysis, only with an expression vector with a

di f f er entwoadiongsmsquence. The | eft hand | ane shows expressicamomhoa®O Fc in
CHO Kl cells transfected with an expression vector containing EPO Fc codi ng
sequence. The niddl e | ane shows expressddn of EPO-Fc in JW 52 cells
transfected with an expression vector containing EPO Fc codi ng sequence.
The ri ghtunbaipduﬁl&uqo SHWpeifie lefibotRien®y 1HdR6d, Maribil MWifieatidn8lof the described
co-transfected with an expression vector contai ni ng EPO-Fc codi ng sequence
and an exmadss firearryiegtont theanveatinn mdnichiase eb G to trose skiblgd irymetegqulen bielogxs
shown in Figur ial W 52 is maintained
even with orreq(LJi ?Pélﬁgﬁ%p%hgdt%b%c%llﬂ?%#he%ggﬁfgﬁgglggﬁ?s denonstrate that the
superior sialylation by rescued JW 52 is maintained even with a different
nodel gl ycoprotein. Figure 12 shows that the sialylation pattern observed
for stable JW 52 cell lines in attached culture is maintained in
suspension culture.In conclusion, we have devel oped a nethod to isol ate
novel CHO gl ycosylation nmutant cells. As long as RCA-I is used to treat CHO
cells, the surviving cells will have a genetic defect in their GiT |I gene.
When co-transfected with GhT I, these RCA-I-resistant CHO cells express
reconbi nant gl ycoproteins with highly sialylated N-glycans. Exanple 11.
HPAEC Chr omat ogram Figure 8 is a photograph show ng that HPAEC chr omat ogram
showi ng better sialylated glycans cleaved from EPO Fc expressed in JW 52
cells co-expressing functional GhaT | . EPOFc transiently expressed in
CHO KI and JWL52, contransfected with GaT I, is purified using affinity
purification via a protein A-bound chromat ography colum. dycans on the
equal amounts of EPO Fc are cleaved by treatnment with Pepti de:

N-d ycosi dase F (PNGase F), and separated, using H gh pH Ani on Exchange

Chr omat ogr aphy (HPAEC), according to their nunber of sialic acids attached
to the glycans. The chromatogram shows distinctly higher peaks for the JW
52 sanple in the 4S group and a | ower peak in the IS group when conparing
with the CHO KI sanpl e.
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RESTRI CTED CERTPCﬂr;;'?!ggEY OFEDEPOSI T
Singapore 138668

Deposited on Behalf of: n r Sci | n h

Date of Receipt of seeds/strain(s) by the ATCC®: December 11, 2008

Identification Reference by Depositor: ATCC ®Patent Deposit Designation:
Chinese Hamster ovary cells JW152 PTA-9657

The ATCC® understands that:

1. The deposit of these seeds/strain(s) does not grant ATCC® a license, either express or implied, to infringe the
patent, and our release of these seeds/strain(s) to others does not grant them a license, either express or
implied, to infringe the patent.

2. If the deposit should die or be destroyed during the effective term of the patent, it shall be your responsibility
to replace it with viable material. It is also your responsibility to supply a sufficient quantity for distribution for
the deposit term. ATCC® will distribute and maintain the material for 30 years or 5 years following the most
recent request for the deposit, whichever is longer. The United States and many other countries are signatory
to the Budapest Treaty.

Prior to the issuance of a U.S. Patent, the ATCC® agrees in consideration for a one-time service charge, not to
distribute these seeds/strain(s) or any information relating thereto or to their deposit except as instructed by the
depositor or relevant patent office. After relevant patent issues we are responsible to release the seeds/strain(s) and
they will be made available for distribution to the public without any restrictions. We will inform you of requests for the
seeds/strain(s) for 30 years from date of deposit.
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1 Effécti(R€AsRt e 11/ 06/ 2008 Page 2 of 2CLAIMS 1. A Chinese Hanster Ovary
(CHO cell which is capable of higher protein sialylation conpared to a

wld typg Chi eéﬁhdé@%%rdﬁ/g%klg | ,wisigh as in the presence of functi onal.

GhT 1, in"whic ce I's obt ai nabl'e by selection with Ricinus
comuni s agglutinin | (RCA-1).
(i) comprises a mutation in the GnT 1 gene, such as selected from the following

mutations at the specified position of a GnT 1 sequence (GenBank accession number:

AF343963):
10 (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;

15 (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;
20 () an A to T transversion at position 859,
or which

(ii) expresses 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;
25 (b) Asp — Ala at position 213;
(c) Arg —Gly at position 262;

(d) Trp — Arg at position 271;



2. A CHO cell according to Cdaim1, which: (i) conprises a nutation in the

GhT 1 gene,

such as selected fromthe follow ng nutations at the specified

posi ti on WH ro@3dosy sequence (GenBank accessi on nunber: pAra¢3§Panizasa) a C
to T transition at position 1015; (b) a Gto C transversion at position

1300; (c) an Ato C transversion at poséBion 638; (d) a Cto G transversion
at position 784; (e) a T to Atransversion at position 8 11; (f) an

insertion at posit i@?gZB@ shiftSHrh He‘sgsi&gz% {e(%lﬁﬁﬁ?% ?ﬁghlf &n{i}ée%rf& okiiBA 7%%%;

t he encoded am no ac

sequence, nsi on a osition

(h) a Gto A transidnemnodihg gl It netei®dbd s¢quenee; G to A transition at
position 258; Q an Ato T transversion at position 859, or which (ii)
expresses a T 1 pROGR-PSTORRE pssititth 33%¢ or nore of the follow ng nutations
at the specified position of a GhT 1 sequence (GenBank accessi on nunber:

AF343963): (a) Al a_(%pT%_gS@?g%@?@,stiﬁ&pgﬁM; (b) Asp Ala at position 213; (c)

Arg ->dy at position

Ip Arg at position 271 ;(e) franme shift

from position 236 r(ﬁ?ﬂr}_i_,ggoi)rag)g&q@m{ ggertion at, position 706 of an

encoding GhT 1 nucle

c ‘aci'd sequence; (f) dn STOP at position 339; (g) Trp

STOP at position 82(i) Igy@Lg”f(BPng%git?otnz%‘;}.Si tion 86;

10

15

20

25

3.

A CHO cell according to Claim 1 or 2, in which the GnT 1 gene comprises a GnT 1

nucleic acid sequence shown in SEQ ID NO: 1, or which expresses a GnT 1 protein as shown

in SEQ ID NO: 2.

4.

6.

A CHO cell according to Claim 1, 2 or 3, in which the CHO cell comprises:

(a) a nucleic acid sequence encoding a protein of interest such as a recombinant
protein of interest, such as erythropoietin (EPO) or interferon-y (IFN-y); or

(b) nucleic acid sequence encoding functional GnT 1; or

(c) a nucleic acid sequence encoding the protein of interest and a nucleic acid sequence
encoding functional GnT 1 comprised in one expression vector, such as stably

transfected into the CHO cell.
A CHO cell line comprising a CHO cell according to any preceding claim.

A CHO cell line comprising 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.

7.

A CHO cell or a CHO cell line according to any preceding claim, which is adapted to

suspension culture.

8.

A recombinant protein expressed by a CHO cell or CHO cell line according to any

preceding claim, such as comprising erythropoietin (EPO) or interferon-y (IFN-y).

9.

A recombinant protein according to Claim 8, which comprises 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



(1) Lys STOP at position 287. 3. A CHO cell according to Claiml or 2, in
which the G1T 1 gene conprises a T 1 nucleic acid sequence shown in SEQ

I D NO 1,wenowhissdzsexpresses a G1T 1 protein as shown i pcPE@200900us2. 4. A
CHO cell according to Caim1, 2 or 3, in which the CHO cell conprises: (a)

a nucl eic acid sequence encoding a protéd#dn of interest such as a
reconbi nant protein of interest, such as erythropoietin (EPO or

| nterferqpsg do g%a&)f 'thaﬂg@,g%re&%h% ?86"5&&1% Hﬁé&%ﬁaﬂ@(ﬂ%&&rftﬁﬂﬁ%ona' GnT

1; or (c) a nuéfFeic aci uence encdding the protein Interest’ and a
nucl ei ¢ ageadersbap2il; sudhras@icatg than220i ayigadatédian230popbatbed i n one expressi on
vector, such as stably transfected into the CHO cell. 5. A CHO cell Iline

conpri si a el|l according to an recedi,ng claim 6. .A CHO,cell |ine
Commr o 8.8 AiReBastibRind P inl i T A o fisith, MHUEENE P ot o
as accesjueRidusiP&icoRhe1BEPrblein fitd Y8RP &1l adcbritng @ ahVRE CTAHs 1/th Ueall(ﬁvil%; a
5002 cell line, a KFC15071 cell line, a KFC5008 cell line, a JWL5E2 cel

line, Sa KimOpOKEn tebd exprasecd BomHE2OHO cellog|aldepiendens thaseq{Fodigtionalisel | | ne.
adapt e vorEiiRd s rdkim, i s b0 BeREE GtR PN PERR BB LT oy o
cel | or GHosfeelidg 4 hideiaaeidedédding fanétivhapGaAT ddntodthe CRIOTelbsih ag i he g 6f ng
erythropoietin (EPO or interferon-g (LFN-g) . 9. A reconbinant protein
accor di nGNESPPHPIHYEStonGompEiSHIg ATRIckeissacyd spaense enceting thegrotgingindanugleic 3 or

| ess, 2'icﬁrSféﬁaﬁeQﬁCO%if%rftUhgtﬁ&lf%nf‘I-Z'”””ber of greater than 150, such as

greaterthan greate greater than 180, such as greater than
190, greater than 200, greater than 210, such as greater than 220 or
greatlér tlHan 2806ucleic abidtdomptiSing A sreuemoc]shwiwnein ity ED N al , oee serviencent
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protei n tarikg, BXAGIBESE defivAive b GrafhiéhtaRérbofOr @ descendent thereof, and
optionally

12. A polypeptide comprising a sequence as shown in SEQ ID NO: 2, or a sequence
comprising a GnT 1 sequence together with a mutation set out in Column 3 of Table D1, or a

15  variant, homologue, derivative or fragment thereof.

13. 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, in which for example:

(a) the CHO cells are exposed to RCA-I at a concentration of between 0.1ug/ml to
20 100pug/ml, for example up to 50 pg/ml or up to 20ug/ml, such as 10ug/ml or Spg/ml;

or

(b) the CHO cells are exposed RCA-I for a period of from an hour, a few hours (such
as2,3,4,5,6,7,8,9,10, 11, 12), overnight, to a few days, such as 2 days or 3 days,

such as overnight.

25 14. A method according to Claim 13, further comprising selecting cells which do not react

with RCA-I in an agglutination test.

15. A CHO cell or CHO cell line obtainable by a method according to Claim 13 or 14.



purifying the protein, the nethod further optionally conprising introducing
or stably transfecting a nucleic acid encoding functional GT 1 into the
CHO cel | woohioas3dse the form of an expression vector copphjsgh0@08033%Cl ei c
aci d sequence encoding the protein and a nucleic acid sequence encodi ng
functional GiT 1. 11. A nucleic acid codpprising a sequence shown in SEQ ID
NGO 1, or a sequence conprising a G1T 1 sequence together with a nutation
set out i Col I e
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mut ati on set out in |l uym 3 of Table DI, or a variant, honol ogue,
derlvatlo@a%WOWPQ@ﬂ@h’aPWéFeof 13. A nethod of providing a CHO cell or

cell Iine, the nmethod conprising culturing CHO cells in the presence of

Ri cinus communis agglutinin | (RCA-1) and selecting cells which survive the
culture, in which for exanple: (a) the CHO cells are exposed to RCA-I at a
concentration of between Ol ng/m to OO/ mM, for exanple up to 50 ng/m
or up to 20ng/ M, such as | Orm/mM or 5mg/m; or (b) the CHO cells are
exposed RCA-I for a period of froman 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. 14. A method according to Claim 13, further

conprising selecting cells which do not react with RCA-1 in an
agglutination test. 15. A CHO cell or CHO cell |ine obtainable by a nethod
according to Claim13 or 14.16. A CHO cell, cell line, reconbinant protein,

met hod, nucl eic acid or pol ypeptide substantially as herei nbefore descri bed
with reference to and as shown in Figures 1 to 12 of the acconpanying
dr awi ngs.



