FUCOSYLATI ON- DEFI Cl ENT CELLS FI ELD [ 0001] The invention relates to a

nodi fi ed mammal i an enzyne in the fucosyl ati on pat hway, wherein cells

beari ng twe 20mdisi47ed manmmal i an enzyne exhi bit a reducedpaidscity/ose14
fucosylate a protein, and to cells conprising a genetic nodification that
results in a reduced ability to fucosylate a protein. The invention

i ncl udeFRPHBATIAN-BEFICIENALEELS 9., CHO lines) that express proteins,

i ncl uding anti bodies, with reduced fucosyl ation as conpared to wild-type
cell lines. The invention also relates to conditional control of protein
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SUMMARY

[0003]In one aspect, an isolated modified GDP-4-keto-6-deoxy-mannose-3,5-epimerase-4-
reductase (FX) protein is provided, comprising a modification selected from the group
consisting of 798, 90K, 136L, 211R, 2895, and a combination thereof. In one embodiment,
the FX protein comprises a 289S modification. In one embodiment, the FX protein
comprises a 289S modification and at least one modification selected from the group
consisting of 79S, 90K, 136L, 211R, and a combination thereof.

[0004]In one aspect, a nucleic acid that codes for a modified FX protein sequence is
provided. In a specific embodiment, the nucleic acid is a cDNA. In one embodiment, an
expression vector or a targeting vector comprising the nucleic acid is provided. In one
embodiment, the nucleic acid of the targeting vector comprises an intron. In one
embodiment, the nucleic acid of the targeting vector comprises a cDNA encoding the

modified FX protein. In a specific embodiment, the targeting vector comprises a targeting



nouse, or rat genone. [0005] In one aspect, a cell is provided that
conprises a nodification to a nucleic acid that codes for an FX protein, or
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lacks the modification. In one embodlment the ability to fucosylate the glycoprotein at the

second temperature is about 70%, 80%, 90%, or more as compared with the ability to
fucosylate the glycoprotein by a cell that lacks the modification.

[0010]In a specific embodiment, the FX protein modification comprises an amino acid
substitution selected from the group consisting of the following amino acid substitutions:
90K, 289S, 211R, 136L, 79S, and a combination thereof. In a specific embodiment, the
substitution is 289S.

[0011]In one embodiment, the FX protein is from a nonhuman primate (e.g., Macaca
mulatta), a human, a mouse (e.g., Mus musculus), a rat (e.g., Rattus norvegicus), or a
hamster (e.g., Chinese hamster, or Cricetulus griseus). In a specific embodiment, the FX
protein comprises the amino acid sequence of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, or SEQ ID NO:6, and bears one or more modifications (e.g., amino acid
substitutions) as described herein.

[0012]In one embodiment, the nucleic acid codes for a FX protein that is at least 90% or at

least 95% identical to the sequence of SEQ ID NO:1, and further comprises one or more of
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[0018]In one embodiment, comparison of a modified cell according to the invention and a

cell that does not comprise the modification is conducted under the same or under

essentially the same conditions (e.g., media, temperature, cell density, etc.).

[0019]In one embodiment, the cell is selected from a COS, CHO, 293, BHK, Hela, Vero, a

mammalian transfected with adenovirus genes, e.g., AD5 E1, including but not limited to an

immortalized human retinal cell transfected with an adenovirus gene, e.g., a PER.C6™ cell,

and an NSO cell. In one embodiment, the cell is a Chinese hamster ovary (CHO) cell. Ina

specific embodiment, the CHO cell is a CHO K1 cell.

[0020] In one embodiment, the modification is selected from the group consisting of the

following amino acids: 798, 90K, 136L, 211R, 289S, and a combination thereof. In a

specific embodiment, the substitution comprises 289S. In another specific embodiment, the

substitution comprises 288S and one or more of 78S, 90K, 136L, and 211R.

[0021]In one embodiment, the cell comprises an FX gene that encodes a protein

comprising the sequence of SEQ ID NO:1, with one or more amino acid substitutions

selected from the group consisting of N79S, N90OK, P136L, G211R, L289S, and a



substitution conprises 289S and one or nore of 79S, 90K, 136L, and 2 1 1R
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ant i genypbiaidbing iRfrRldgblih r@é@@@ha.hoﬂyom emg@lm'eﬁpmé%mmg%%bnd meaqg
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or 0.5RN8N ig erarh'ﬁf"iy%!ﬂﬁb 1HE2il9C Prerti &9 the cell is fucosyl ated. In one

embodi MBOL4] 1k BRe @H%H@i%e(af t@é‘&r’oﬁa‘?rdbé afPWéHn rﬁlbfﬁ%% Jﬁ&éfn 18 afspe@pyl ated is
measur ed by overni ght deglycosyl ation o antib rotein with PNGase F
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e.g., protein fucosylation is calcul ated based on glycan peak area. In a

speci f i&NRSBBRNtNEAENtIgaRcRIaYin@Peteig is/rafdibase of IgeAtisdtyRad by mass
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protein is provided, the net npri si ng rovi a cell 'capabl e of
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deglycosylation of antibody protein with PNGase F followed by oligosaccharide analysis via
HPLC wherein fucosyl-containing oligosaccharides are quantified by integration of glycan
peak area, and, e.g., protein fucosylation is calculated based on glycan peak area. Ina
specific embodiment, fucosylated glycans are identified by mass spectroscopy.
[0026]In one aspect, a method for making an antigen-binding protein is provided, the
method comprising: (a) providing a cell capable of fucosylating a protein, wherein the cell
comprises a modification in a FX gene that results in at least a 90% reduction in the cell’'s
capability to fucosylate a protein; (b) introducing into the cell a nucleic acid sequence
encoding an antigen-binding protein; (¢) maintaining the cell under conditions sufficient to
express the nucleic acid sequence to produce the antigen-binding protein; and, (d)
recovering the antigen-binding protein expressed by the cell.
[0027]1n one embodiment, the antigen-binding protein is an antibody. In a specific
embodiment, the antibody is selected from a human antibody, a mouse antibody, a chimeric

human/mouse antibody, and a non-human primate antibody.



capability to fucosylate a protein; (b) introducing into the cell a nucleic
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enzyme selected from the group consisting of GDP-mannose 4,6-dehydratase (GMD), a
wild-type GDP-g-L-fucose pyrophosphorylase (GFPP), a wild-type a-1,6-fucolysltransferase
(FUT8), and a combination thereof; wherein the cell comprises a modified FX gene, wherein
the cell has a reduced ability to fucosylate a glycoprotein as compared to a cell that lacks the
modification to the FX gene.

[0035]In a specific embodiment, the glycoprotein comprises an Fc. In one embodiment, the
protein is an antibody. In one embodiment, the protein comprises a sequence of an IgG. In
a specific embodiment, the sequence of an IgG is an IgG1, an IgG2, an IgG3, an IgG4
sequence, or a combination thereof. In a specific embodiment, the protein is an antibody
and the antibody comprises an Fc having an IgG1, IgG2, IgG3, and/or IgG4 sequence.
[0036]In one embodiment, the cell is selected from CHO, COS, human retinal (e.g.,
PER.C6™), Vero, or Hela cell.

[0037]in one aspect, a method is provided for making a glycoprotein, comprising
expressing a glycoprotein in a mammalian cell, wherein the mammalian cell comprises a

modified FX gene.



protein is an anti body. In one enbodi nent, the protein conprises a sequence
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coprotein, conprising expressi n% % clﬁsroteln n a
fofipwe

f
rrg;marrﬁl flagf%@éﬁo C%@r%ﬁpﬁeses e ehFRREPIRINaRETSCOVES ST Gel pele exiture
gene. [ 0488 1LimltRe BXe&IERQM) BBI¥ein. alH@{e@%&oﬂﬁeﬁaﬂﬁb'&p%s%d’@w&@?nns h&

provi ded, conprising culturing yCopr ot el N- expr essin
cul tur énﬁ"@dh%fh?%’élé/" fé‘é‘?ﬁiﬁact?%n'é‘ %‘Gﬁ“@ﬁ@ﬁﬁ”tfﬂﬂmt’%h@i@@élﬂ% 1380, %% r1e/ss t he

gl ycopr gtoed 9 fucdBflafe8C By & shadrid éapd difentCiHe &%ém ﬁrcoémlowé tauﬁ&e a@fébweft he
expressed gl ycoprotein. In one enbodi nent, the exPresse gl ycoprotein is no

nor e t HEFPSEEB G CBY, h?c%%%?lf'ﬁteé@wl”w%ﬁée em&*&aﬁ feerylating isnbrele rpiserdBbut 4%

3% 2%¢fuddbe t@rguy@o&%{eewcmwép@bme emlbed@qe'ﬁpeﬁé morar%ftaqﬂlnaﬁﬁahesm@d fber cent
fucosyl atlon IS percent of fuco In a speci

rooct sy et aieis A or TR 19 Ghores 8! fruf BY AtLA B2 & O PGcenst 0§

gl ycoprgtoedm abbil 004BCHd, abo @SSR .abbiien. 910,04 Aottt ©b7 ROODYCARYL at ed
to fucos%gated protein is about 0.90 to 0.10, about 0.91 to 0.09, about

0. 92 t -8 B0 03958P0H. B9 08107, about 0.94 to 0.06, about 0.95 to 0. 05,
about CIOQQQ%IH ogegﬂwboém%hrt tRe glﬁéﬁo@m%mpﬁﬁgé‘ﬁnQn%gn&é?o&mg%H?énoa@ﬂS't 0.99

to O. I'n one enbodi nent ?Q;‘%/)CO roteln conpri ses an

mmnogflealemh?wnmp%ﬁﬁwné—% (EBgiustbering) the Tlowpesalyaaarnaety: GENAa(ThberIthg) t he
fol I ow thh&@/é‘o%PotHWt%égh ﬁeqmﬁﬁl(dl\% éi%m@?t)ft;&mc@i NGAREQI B! fntRfPugh the

N-1'i nka nnose( rei n Mannose(1l) bears a
first dﬁﬂmsg@ééﬁwmr@t@nd W@éﬁi Aojete wher@t\ theofirel poietyrponsists assediglly al |y of

'Va”nos%fmmg%f?%ﬁéﬁg\%c@ﬂdamﬁ@rbﬂ thd16 RRE PNty RbRLids CO8kHtaNSoressent i al 1y

of Mannose( 3) . I'n one enbodi nent, the Carbohydrate noiety further
consi st'\ﬂawéﬁﬁ'l%w@c(@f Ia ot (Mbpdigmiih dhe earkpidsete Moiety furkiepeensistenbodi ment ,

t he caré},@@m;%ﬁa @éi(@)gwanurt& @?JNAEQA)S'i%ﬁotﬁérséﬂtSéd%éNt ok @réémrla)e bound to

G cNAc(4). and bound 040 I n one enbodi nent,

f ucosy|BPiElY f@’F%GBF%%"éleﬁS%ﬁlﬁyr Qfsae§a'é1>¢>|oye<érp %N@PW ape atGae) b@@ﬁq tee’

nonf ucasyhat@§l 9l ycan noi ety described in the paragraph inmrediately

precedi ng this paragraph, but also bears a fucose noiety at G cNAc(I).

[0041] [ 10R48Hz Oagﬁét?pdm@r@éﬁ@sv@hﬁw gjyaepEAtein cameeses 3 glygaromPigbddentisaltei n t he

modi fi aaé heRfubssylafPglycan moiety described in the paragraph immediately preceding this
paragraph, but also bears a fucose moiety at GIcNAc(1).
[0041]In one aspect, a genetically modified cell is provided, wherein the modification is to a
FX gene, and wherein the modification results in the cell producing a FX mRNA that
encodes an FX protein having at least one of the following amino acids: 79S, 90K, 136L,
211R, 289S; and wherein the cell exhibits a reduced ability to fucosylate a glycoprotein as
compared with a cell that lacks the FX gene modification. In one embodiment, the mRNA
encodes an FX protein comprising a serine at position 289. In another embodiment, the
MRNA encodes an FX protein that further comprises at least one of a 79S, 90K, 136L,
211R.
[0042] In one aspect, a genetically modified cell is provided, wherein the modification is to a
FX gene, wherein the modification alters a codon of the FX gene such that the modified FX
gene codes for an FX protein having at least one of the following: a serine at position 79, a
lysine at position 90, a leucine at position 136, an arginine at position 211, and a serine at

position 289. In one embodiment the FX protein comprises a serine at position 289 and at



FX gene, and wherein the nodification results in the cell producing a FX
MRNA t hat encodes an FX protein having at | east one of the foll ow ng am no
aci ds: 7980 200K414786L, 2 11R, 289S; and wherein the cel IPCefis2mionssad r educed
ability to fucosylate a glycoprotein as conpared with a cell that |acks the
FX gene nodification. |n one embodi MRNA encodes an FX protein
conpr i PR °Be 867 [vsRe At PB%%‘M%@ '%@ne ?"rP"éF.'B't‘ HEP. RS ANrAEPinne 3k BOSHHANA
encodespian FX protein that further conprises at |east one of a 79S 9CK,
136L, ﬁg% éﬁ. [0042] In one aspect, a genetically nodified cell is

provid BPE? ﬁ”\bﬁ@”’rﬁ%h“ﬁ E%Utfpgr,’«pr,eg(p{e@s%s waaéﬁréa'nmeqr eiei- t leone

nodi f i cabddaiiméit! BE FeohRfiRy Sbtdil® der@ss®,. such that the nodified FX gene
codes for an FX protein havi ngf at | east one of the following: a serine at
posi ti dR044lIn ane peibadiment, s pell Brrogpates thehier prtaiaingppetetn br doss nokn

ar gi ni N u&aniA§ ridoefate the glyBod | RePFE- b@ﬁaﬂng%é’c’eﬁ' QH a?s%gcmé Qm@&ﬁm@ﬁpom ment

the FX protein conprises a serine_ at pOSI 1 on | east one a

| ysi ne tae fysesylatiodris sboutgoirerreithan k. Pos i oh. 1%6Or %ﬁ%ja/qfﬁh%‘fvca%atwmé at
posi ti QRe gly é&yli@ﬁéboﬂt@m%@%r&%%' RiMared 38 &flthatliatik R FRYBRESSES an

Fc- cont ai m(@g protein. In one enbodinent, the Fc-containing protein is an
ant i bodVOd‘fﬂ 24] In one enbodi nent, the cel l gl ycosyl ates the Fc-cont ai ni ng

pr ot ei r[OOhyjﬂn gg@%nﬂ%m%‘r‘np%@@%ec' faYlorﬂ U&rﬂﬁﬁéﬁe@taeblgmgwgé ?’?rf?ﬁéﬂnl% ?%rou

Fc- contai ni rotein i c enbo ucosyl ati‘on |s about
no nor @n@mnbosi%\em%em@arz%o afofsicase to b@%@hawﬁemﬁumss/wraub M anotentgan

gl ycosyelga%@pz&wmtﬁ H'i@%%@t@r'@ > Aﬁ%ﬁ@@%@ﬂﬁﬁén@ tﬁ@Hollatr*PﬁtFo draGset he FX

gene no i cat’i on 0045 n one e I ment cosylation conprises a
bi ant eﬁﬁ@ra@tqnﬂawdﬁméawsy groupin tha fméylé‘i?ﬂcf@rquﬂmmg h@tmlsa"ro mare thawf fucose

to bi argbggpagg Mg rqegyqu%l 1968Ug 1:Fnono nore than about 1:20, 1:25, 1:33,

1: 50, 100, or . In one enbodi nent, the nolar ratio of fucose to
bi ant er{ﬁaﬂﬁlln phﬁambogrmengrtbejbc-pwteuh@gfnn@t@@yis an edtitfslycamt %memlwgsmtcmm nis

no nor %o%ﬁgeﬁggﬁka&m%%ty ;t;?ogmor]rQé%of ’(]ne% lr]roprggglggamgen?gﬁe H% amod h one

enbodi nent c-containing protein is an ant ycosylatlon
conpri Jeepsa tgblyeammaisitieisyrognorgdkan alyt 299, 620t habd, F!c33 |1rﬁooﬁé0én¢zrcﬂﬂ0rrém t he
mol ar rati f :20,

1 os O %e‘?‘n%dgﬁéﬁ%% 8@%9%3%% 5Fﬁbr%1e¥ tx!vg %m%gﬁPéEN&\@?% &%%qélgo#%%y %y

conpr i uantenaary winwenpsl @Nﬂaiy rgwirelnesclf of toverning nsartmpasﬁmemms;oftheu mannosyl

m)' ety, t[)%ﬁﬁcﬁkﬁm%i%%e% ond Afl\ﬁﬂ(crﬂeglahe ”W%S%\megrﬁt' B n(?éliallrjaﬁo B”ug@é’énosyl

noi ety bear o n one e rati o of
f ucose to &lANAGhe glyedres gloyaera than H80,note0, t1HBI, 1180, 1: 20.0100%001@1’8890 1: 150,
1: 200, [80&9]% ofé ag’beBCQ,Oa modified mammalian cell that ectopically expresses a glycoprotein is
provided, wherein the modification comprises a modified FX nucleic acid sequence, and the
cell comprises a fucose salvage pathway and a de novo fucose synthesis pathway and
expresses a functional FUT 8 protein and a functional GMD protein, wherein the de novo
fucose synthesis pathway is incapable of substantially fucosylating a glycoprotein due to the
modification of the FX nucleic acid sequence at about 37°C, but is capable of substantially
fucosylating the glycoprotein at about 34°C.
[0048] The individual aspects and embodiments described herein are intended to be
employed alone or in combination with any other aspect or embodiment, unless expressly

stated otherwise or unless such combination is disallowed by the context.

BRIEF DESCRIPTION OF THE FIGURES

[0049]FIG. 1 shows a MacVector™ alignment for FX protein sequence (from top to bottom)
of monkey (Macacca mulatta), SEQ ID NO:3; human, SEQ ID NO:4; mouse (Mus
musculus), SEQ ID NO:5; rat (Rattus norvegicus), SEQ ID NO:6; CHO (Cricetulus griseus),



[0047] In one aspect, a nodified manmalian cell that ectopically expresses
a glycoprotein is provided, wherein the nodification conprises a nodified
FX nucl eiwoaoiodi4sesguence, and the cell conprises a fuco®eTaskmagnssopat hway
and a de novo fucose synthesis pat hway and expresses a functional FUT 8

Pt haey?5 8 B kBB Hs walie 2r85 2P peBRandyfhatvh e griro el BREFofthue o
t he g})(ﬁEf(bd:aNmfn (r)1I| ;he F?(u(r;gcszl e;fl aci ?hzequence at ?bout 3;85 but CI S
obag) ToRBOTHETS Atna o putterbhaboamtem oL Sl 2b fhaaiaBE ealssietornt ended
to be empladgestamirgn@thorCAn conbi nation with any other aspect or enbodi nment,

unl ess |y stated ot herw se or unl ess such conbination is disallowed
by the lﬁﬁﬁiﬁjﬁs’- 4 BRVEF PEQERNEY tiRfosreMs-#f unstaie JA6olesls Fand hitogiRaRef a

Mac Vec t4ou4 1nposd, i20noemk zfm cEiX priakeivinsepuence (fromtop to bottom of
nonkey é&/EE cca nul atta) C%I%D NG 3; human, SE%éI D NO 4; nouse (Muis
muscul d 4 Bows fépw FUPMERAPiE g aTEMPiegISEl el aRehestodrpios of

{ Cri cetggbyssapil §64150108e0s kRN with: L@nd CHO WI th an L289S and NOOK
nmodi fication é}dem gnated cell |ine 8088), ID NO 2. [005 FIG 2 shows

f1ow cyPBRAIFG. hskawyiameytemeoistogsmeso! 4)96? , anghRPeBoBeelanltaref et 3F°€ and

after satnalgab@gef@rg Qnd—%r S[é?,q,‘éé.],wtﬂ_gA 3 shows flow cytonetry histograns of
unst ai ned 4044-1 cel nd hi stograns of 4044-1 , 6069, 2020, and 2121

ceils dPAPAEUICW §‘B\°VI/_@!5W Fomely FistRaramspioies3f T, 808& mat r191®||0§|tsogr ams of
unst al Q:%ﬁur?g% %ﬁﬂalvﬁth %grhn\'oﬁ Wﬁu&;se5g%5h!ﬁt§§r%§qs &%5&?&%8 Ztﬁﬁ ci§n St ai ned

with LCA 053 owc ytonetry togranms o and
6066- 1 reediyrg Mﬁhpvwwaom A’Hr@@ Were 53310@ pidh b and after staining with LCA

[0054] Eb&eﬁﬁ%sf'sg\ fﬂlogl\c'}éy rgtﬁ V\At Ou?éTgeI%f t%o%?éans?gczgd W%Qﬁ (ﬁf'd 10

10 cell ucose ograns
of 5055>R34@HDsart§U¢R4ﬂ‘lédamdﬁ5Qfécheﬂ$n wi t hout L-fucose. Al cells were stained

o - BoshTE S ol BB GELE T A e R il EOE e
[0056] the gbseBicslobas eglemaafmcssamme O 75y fudBkytatfan). Ab 3.1 in 8088 cel I s
oL onn RS T Lo R Sl R B RS S5 bl S e
gl ycanglyabn&ag: pr8sentsd toutbé uglaaafeécrgbgaﬂarrsmaAe repiciee nire tbpkasehterl byl ght  of
each pes%bareg t%:q'a\lﬁl%:osreergé Llljeessargﬁ’gprése éadS gyn(t:trc es; galactose residues are represented
by diamonds.
[0058]Fig. 10 shows glycan separation by HPLC for Ab 3.1 in 8088 cells grown at 37°C in
the presence of 10 mM fucose (95.22% fucosylation).
[0059]Fig. 11 shows mass spectrometry results for the glycans of Fig. 10; structures of
glycans are presented to the right of each peak. GlcNAc residues are represented by
squares; mannose residues are represented by circles; galactose residﬁles are represented
by diamonds; fucose residues are represented by triangles.
[0060]Fig. 12 shows glycan separation by HPLC for Ab 3.2 in 8088 cells grown at 37°C in
the absence of an external fucose source (5.73% fucosylation).
[0061]Fig. 13 shows mass spectrometry results for the glycans of Fig. 12; structures of
glycans are presented to the right of each peak. GIcNAc residues are represented by
squares; mannose residues are represented by circles; galactose residues are represented
by diamonds.
[0062]Fig. 14 shows glycan separation by HPLC for Ab 3.2 in 8088 cells grown at 37°C in

the presence of 10 mM fucose (95.63% fucosylation).



squares; mannose residues are represented by circles; gal actose residues
are represented by di anonds. [0058] Fig. 10 shows gl ycan separation by HPLC
for Ab 3.woOiznm0B@888cells grown at 370C in the presence eCTAB20Mo0sascoSse
(95.22% fucosyl ation). [0059] Fig. 11 shows mass spectronetry results for
the glycans of Fig. 10; structures of glgcans are presented to the right of
each pdAR63LigNAshowsirsrssspasteomeipr iesets fedthelysqonelsy. Hashederes i dues are

repr eseff &fls e GhE&itESio tqglraggttecg%gcm géékd EENAY r%f@gg%%%ggge_%qigxds ggarmnds;

fucose Tesidues are represe y triangles. F ws gl ycan
separ atSogaresy MePnGefrggidugs JeZepras@uBBbyeifdies; galensatesBizesaravreprrseatsSence of

an ext nyr@rémf)ﬁ’d\s‘?ﬁ%o%)wsf‘o%eﬁgre;rl%zé?ésgﬁ@ﬁ%ly%ég@@fzz_ [0061] Fig. 13 shows mass

spectronetrﬁ:results for t cans of "Fi structures of glycans are
pr esent[08641Fig H® sunyherizes resalth opeaks sI@Ecmetry eidibses wildetypepnéibent ed by
squar es; L e r jLeles. { j.dues
ro ronr e R Bl ik ERAR SR TS B S Pl SeER nBAh O RSBEER U
for Ab rgpeseéneg0B8irdes; lgglagiosamesidued Z0€renresantedorediamerdsnfucbee ragidugsose

95. 63% j ; 3] Fig. 15 shows mass spectronetry results for
( 4k V&&é%’éﬁdg%li%&QsB ] g p

the glycans o structures of giycans are presented to the right of
each peak. G cNAc residues are represented by squares; nannose residues are
represehtSERMPIIGN' C! €S; gal actose residues are represented by di anonds;
fucose reS|§ues are represented by triangles. [0064] Fig. 16 sunmari zes

r esul t J00B5Hemsnegndion isornttimited tauphrésulaymmethdas andpexparigehiahcdndiiosy | at i on cel |
| i nes. - i res.. n i are
repr osce gy € B} EEnBLEa ERARRRRL oy Voo Y BRp BBANREG hTSRMET Oc:

f ucose thegiighoes obdascrilpy esrintlederbodimeatsgings andDESORINEEFdEN t§ 6O B5tifbe

i nvent is‘?ﬂceitﬁe n‘%”i-”%:eﬁ%odé&asg%g ‘8%?{%: q}gmggtcmgé and experinental conditions

descri bed, as suc an ons may vary. The term nol ogy used
her ei n [0966HUniedsadgineq othervase, i semisharigppasasiusal arclueietios neanings dvat the and i s

e B BB e A6 S el EOSTRBRRE RS e
I ncl udeappaeentréamithg sorttexdttin whieh ttier tesm an dhizke &sesedhadltecadHt aiyneethods &t art,
o e os SRR PR Yo Pbetcfloe B b A RARAL AT
mat er i &hg peasant iavention gautiovddr emdtheds dridosatedas erd fmeddesonbbed Ak pablicatidrise
practi Cn%erﬂ{ongg gFe! tpegetg))f incorporated by reference.

[0067]Reference to the singular (e.g., “a” or “the”) is intended to encompass reference to

the plural, unless the context clearly indicates that reference to the plural is excluded.

[0068] The term "antibody" includes immunoglobulin molecules comprising four polypeptide

chains, two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds.

Each heavy chain comprises a heavy chain variable (VH) region and a heavy chain constant

region (CH). The heavy chain constant region comprises three domains, CH1, CH2 and

CH3. Each light chain comprises a light chain variable (VL) region and a light chain constant

region (CL). The VH and VL regions can be further subdivided into regions of

hypervariability, termed complementarity determining regions (CDRs), interspersed with

regions that are more conserved, termed framework regions (FRs). Each VH and VL

comprises three CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in

the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4 (heavy chain CDRs may be

abbreviated as HCDR1, HCDR2 and HCDRS; light chain CDRs may be abbreviated as

LCDR1, LCDR2 and LCDRS3. The term “high affinity” antibody refers to an antibody that has

a KD with respect to its target epitope about of 10° M or lower (e.g., about 1 x 10° M, 1 x 10"



the present invention, particular nmethods and materials are now descri bed.
Al'l publications nentioned are hereby incorporated by reference. [0067]
Ref er encewOaotog148ngul ar (e.g., "a" or "the") is inten®el/useo®ndEOMpass
reference to the plural, unless the context clearly indicates that
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nmoi ety trﬁai&ﬂdr m trﬂﬁnmnglﬁbutlﬂﬂséglmﬂh'atrblsmalah feﬁaﬁﬁor and/onbd Quvightepor ti on of an
i muno Iob EH ng i cal d|n r ot ei,ns, ar nti bodi es,
1 S SEE RIS i T adnstonal G S ik Beaidhy B ki BERbAIGR Ab A i ne.
traps (AeDC@p anc/yst okicne traps such as IL-1 traps; VEG- trap, etc. ) Typi cal
bi ndi n H e. not ntlbo% bi ndi |et (e.g., a
recept 31;)8%&1\?9@?&@ ?ai‘%dée&fmay § PR Ge%?fré)f? rﬁ@tr?é’ﬁf’p?%&goé’gqargﬁ variation on
a canorpof@kptidBnaegy ciptdin Bntigdhiakdiey d@rﬁﬁhﬁsp@ﬁfﬁ: fhr mBEL tABn bAatngg! obul | n(
noi ety t at f itly ¢ ri ses a QE% bul in domain (or
T agromPVPREdEo M Ees A RTing FEoteReresleas CPaRicty GHBe MATRIA FEMRGRIBEI 1\ ons
and netihadsogbbdiihearms, e.g., wherein the first arm of an immunoglobulin is specific for a first

epitope, and the second arm of the immunoglobulin is specific for a second epitope. Other

multispecific binding proteins include those wherein the second arm bears a binding moiety

(a ligand or a receptor or binding fragment thereof) that specifically binds a target that is a

protein or non-protein binding partner.

[0071] The phrase “bispecific antibody” includes an antibody capable of selectively binding

two or more epitopes. Bispecific antibodies generally comprise two nonidentical heavy

chains, with each heavy chain specifically binding a different epitope—either on two different

molecules (e.g., different epitopes on two different antigens) or on the same molecule (e.g.,

different epitopes on the same antigen). If a bispecific antibody is capable of selectively

binding two different epitopes (a first epitope and a second epitope), the affinity of the first

heavy chain for the first epitope will generally be at least one to two or three or four or more

orders of magnitude lower than the affinity of the first heavy chain for the second epitope,
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i nvention can be used to nmake binding proteins (e.g., including

i mmunoadhesi ns and traps) that bear an inmunogl obulin region that binds an
Fc receptwo 2andi4o478t hat acti vates conpl enent (e.g., a f@oTtSoN@l03@HE and
CH3 region) and thereby is capable of nediating ADCC and/or CDC. [0070]

Mul tispecific antibodies naﬁﬁge specific for different epitopes of one
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sef:;)nd a&fi@?rpfth;_féﬁatinﬁ@ﬁ@gdtei@_bbﬁbisaqthelﬁwCSQQIﬁdr:]cfdirﬂ‘g vy @h@iﬁ?ﬁﬁ@ol@@é&gzﬂe@s OE) her

mu I SPeECIT1 C 1 N n r el n I NCl ude ose rein Second arm pears a
D1 ndi g AP 2 AT SR RSP IS AR B BAR BF fep e RagHERE SEher eof ) ¢ hat
speci f iseglidéncebiendisiimy thalsgaile drlddterdrt haaBr da@i conetanb@Igidde O4red suchi ndi ng
partner.

00711 Th h " bi ifi ti body" i des. ti bod
D ) SeBTERF bt bo B SRsadn el St SRerasses BV Re b iBEFTe Aot ! bodi es
gener ?!twﬁmmgeéiﬁ@arttmedgpﬁ ﬁi\mﬁdawlchfie&wcmimr@sthrw Helavﬁal?:éfin h:emet v clhai nI
specliTl1.C | I N | er.en e-.el er on | eren ecul es
CDeel T bt N9 58 C G EaL A G ST A e B eln EhE PR
mol _e(l;ugdbn(a@w,gnd ad:irqurﬁpe@btlnﬂimitligﬁmsl irﬂﬂatémestdm rgm]g;?gené;;ito\oé-_b?mmgsp(eci ;@ c t
ant1 bo 1S .C (0] sel e lve I nNdl ng .t WO | erent . I Tope a I1rs
oot oo bttt Rk el Wt een P Ry oF th165F Peatc S BERn: 1 1 or
t he finsbvephdinped whiat targsinebad bymbee étthd egitbe® BBuUidbY e heavy tae or four or
nor e ordgrs

f magni.tude | ower than the affinity of the first heavy chain
for t hEPLaRRBCBRTTEHE, hiTaL e Srar el WiETADEETs Jealh FRar7ye BBARA %y t he
bi specidne®r 8bthi diatyhean chaindro dricorsifeesitopas di fferent target (e.g., on the
sane or jfferent protein). Bispecific antibodies can be made, for
exanp! 40078 Cust eI o1 ogaciivdl A Pateh: BEBGhAIDEON F 6% ERTURSARRS of ¢ he
same glr(tg) @213 ddnlin Q%Gﬁgﬁb@ondﬂg@_% @o&ﬁ??,dml@@ﬁ%@%t @rrwwfd:bﬁ@@easy chain
vari abl e sequepces that recogniz jfferent epjtopes o tge ame _antigen
can be PIERY G TRET Bieataii Rek IRk e YRRBAT Ry 2t hENERIuAdrohPPT P U ~heavy
chain %@[@Sdiﬂé‘r_éncfee@'umbbi?ﬂﬁb Isuaﬁ bRPELIRNSRBOERTD PRtedX Prassdafpardtl 8 a0l |t hat
expresses an i n ko in |ight ﬁgln. t ypi cal bispe |&% ant j body has
Fub. hodPsotnaT e b AEKRAM HBnPHe B SIS IR SCRREIMaTD s (i g
( N-t er rdofR@din biadEPiotsiNANRId)tha séddhddg It 3ndondaim bty 8ins a ridtatichoad redudsstbra CH3
domai n, a”%HE i,mmunogl obul in | H chaj.n that either does er
epi { op @Bl T RGO EPdn PPPEBEYShaT 2 AHAR et Aty b arer eaeh e d9% Tohai n,
or t hatexeARuA®SAT))alTAe skt dhdeied mag &vhet Banprisenal 4 8dramodifitatlinndy B0e or nore
of the epita esa? u &gﬁy t he heav hai n epito -%indin regi qns,, or that
can as<BBTET RO oF PYIMGT MR oR af ik eaRER Eeah T piound wiin the

second CH3 include 356E, 358M, 3848S, 392N, 397M, and 4221 (by EU numbering; 16E,
18M, 448, 52N, 57M, and 821 by IMGT numbering). In this format, the first |g CH3 domain is
fused to a first binding moiety (e.g., a first Ig variable domain that specifically binds a first
epitope), and the second Ig CH3 domain is fused to a second binding moiety (e.g., a second
Ig variable domain that specifically binds a second epitope, wherein the first and the second
epitopes are different).

[0073] The term “cell” includes any cell that is suitable for expressing a recombinant nucleic
acid sequence. Cells include eukaryotes (single-cell or multiple-cell), yeast cells (e.g., S.
cerevisiae, S. pombe, P. pastoris, P. methanolica, efc.), plant cells, insect cells (e.g., SF-9,
SF-21, baculovirus-infected insect cells, Trichoplusia ni, etc.), non-human animal cells,
human cells, or cell fusions such as, for example, hybridomas or quadromas. Cells that do
not naturally comprise a pathway for fucosylation may be genetically modified to contain one
(see, e.g., US Patent Application Publication No. 2010/0028951A1), and the cell can be

modified to employ a FX gene that is modified as described herein.
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one or both of the heavy chains to one or both epitopes. [0072] One exanple
of a bispecific binding protein format enploys a first immunoglobulin (Ig)
CH3 dormaiwoanty/aieecond 1 g CH3 domai n, wherein the firsPtcan$2aenseds | g CH3
dormains differ fromone another by at | east one am no acid, and wherein at
| east 0@5 Eﬁ] no acid difference reduces binding of the bi sPem fic antibody
to ProtlBPA%AN seme srparieents the gl IS pBLMeN cMankYbaes: Naske gt or &4t A8l aci d

di ff er aneeme Iemuaam@m@% fans eukdipoticiangtis ége&%@freﬂﬁr’fﬁé foibvindTe:otgbn A and
t he second I‘%&M dommi n contains a nutation reduces or aboli shes
g

Pr ot ei HeA- K DXEcH @20aVasBRENi @Péa(ﬁngonc?%i BYRUABEFEhGE 95R by | MGT

exon nuﬁpgbmagmou@@a é!@h‘ﬁ@f! Nglﬁzvmwefd)lrﬁem cENNRRIrb, B/ B kHRBY (d1di fi cation
(by EU nunberlg%gE@ nunbering), Further nodifi catl ons t hat may be

found WM |'\499’8d@  BEE@, HedasHergaNVIS$oMAC and 4221
(by EU guisdos! HBQB%@@EL 6@8Mrké{4§auoﬁ?/t\h315(zb{6ém%l>82:v bwdslvfﬁmqmrcmm | n

this format, the to a first bindin
(e.qg. C&”fWEtoepa%aﬁﬁﬁaB%@” c?cﬁ%«a%%‘hé‘t”%%?“r ?é‘éﬂm%v By a2 gelt ityraer Céth tope)

and th%\ BEEENImbBoER el @@ B Nathalwis e4ll) bAd @ cef hderiiefdioRgarioi ety (e.g., a
second gr variabl e domai n that?@ ecifically binds a second e |to e, wherein

the fi rdRreRRAleNed SecBhePrepPBpageaisetngcer é?'é‘ﬁ‘i‘?es Q6T FOrR I GeRPS Gl |

i ncl udege adlyis @eklindl Ball theSeiédsabbeirbifeneXplge SHER.CB ™ eg1pbi nant nucl ei ¢
acid s n] Cel I's include eukaryotes (single-cell or multiple-cell),
yeast i@ﬁﬁ T(h@ RiprasesFcegptaifing piateinsinchsien @ntipedigs, Bispesiic arlﬂboﬁ*éﬁ hanol i ca,

etc.), lﬁthﬂxfﬁba&@slrﬁ; ah&&ﬂéﬁ blﬁ@hé §ro€e§nsﬁthat %ﬁ&ise%ﬁ"le%lst a f@@ﬁéﬂ@bbﬁl@ﬁ of &f ect ed
i nsect cells, Thc | usi a ni, non- human ani nal hunan cells,

or cel |'mm5r@f>%'ﬁeu|§1u%2 gad Cﬁérre@?anﬂ BINCHRRGH PRrEpmgelsrs a@aahaﬁag CHSJepiont hat
do not tﬁé’ctdéﬁ%ﬁﬂcb’arpmcbﬁt@r @e @aémv@m $rCHn Ffdmsyméa 08 dRpPRiEeaRttheal 1y

nodi fied to contain one (se Pat ent Application Publication No.
201 0/ o891 oAgympligAgnt: Héth@ewZ é%thHé regien £ordding geleipnsoyubkstiiuiogene that is

modi fi eghqas 1&%%)% %?ch@ﬁﬁw%bhﬂc&t%? Hat th%@ﬁr%n%@@cﬂbﬂ@ Bhy Fc tRpkPlahd blod
human, nonkey, hanster, rat, or nouse cell. In sonme enbodi ments, the

ceI | §Jném?é9§6fﬁ\iaée @ﬁmplp@egferk@&lé%am Eh3tragion & r[‘QS\f\WWQO%I | s: CHO (e.g., CHO
rryl . O@O#G c%talﬁ{ﬁggfo@elg'@n c@s(&%&ilﬁc)a% lz)lmmﬁ}%élﬁchltha‘ﬁ{ rat

use |'oma (e. . retinal cvi ,
ki dney "Qféu ing WP«EK%ZB% moﬁglsamﬁl@ffememwofﬁ/@fmtoﬂ—faKC’ﬂoBHﬁhmng Protein a,

(opi dor iy getone g5y R dRp e oo PHE K= RRE R0 6ERC, | cert
BRL 3A asvity). Bdh 08dificaions inglusentut ang edtdimeiteddd,|the qunwmgmcilﬂcaaorhmm
;]}’gfgﬁe%ﬂ;t | gﬁéaﬂm?tfﬁ% eof% r&‘gcr?gg gr'u) nﬁ%rﬁ’x{;%‘?% r}»hﬂﬁoﬂ%&dh%%ﬁné&%@mﬁ”mr o
viral gegies, 238, g39, 248 249 250 252, 254, 255, 256, 258, 265, 267, 268, 269, 270, 272, 276,

278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 297, 298, 301, 303, 305, 307,

308, 309, 311, 312, 315, 318, 320, 322, 324, 326, 327, 328, 329, 330, 331, 332, 333, 334,

335, 337, 338, 339, 340, 342, 344, 356, 358, 359, 360, 361, 362, 373, 375, 376, 378, 380,

382, 383, 384, 386, 388, 389, 398, 414, 416, 419, 428, 430, 433, 434, 435, 437, 438, and

439. For example, and not by way of limitation, the binding protein may exhibit enhanced

serum half-life and have a modification at positions 252, 254, and 256; or a modification at

428 and/or 433 and/or 434; or a modification at 250 and/or 428; or a modification at 307 or

308, and 434.

[0077] The term “FX” refers to a protein that exhibits GDP-4-keto-6-deoxymannose-3,5-

epimerase-4-reductase activity or to a nucleic acid sequence that codes for a protein having

GDP-4-keto-6-deoxymannose-3,5-epimerase-4-reductase activity. Most exampies

described herein refer to a wild-type C. griseus FX or a C. griseus FX that is modified

according to the invention. However, “FX” is not limited to reference to a CHO cell. As
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the cell is aretinal cell that expresses a viral gene (e.g., a PER C6(tm
cell). [0075] The phrase "Fc-containing protein” includes antibodies,

bi speci f iwoantvfaogBes, | munoadhesi ns, and ot her bi ndi ngCprust@ioseothat
conpri se at | east a functional portion of an immnoglobulin CH2 and CH3
regi on. "functional portion" refers to a CH2 and CH3 region that can bind
an Fc r@t@é@t'@ﬂ@ el.gn a"%ﬁ%@k%ﬁa%mp@mhumw rodulusanatyieerndredgicasse i n

the actiyabd QAce reGoaR \?éﬂ?ﬂ?h dbbrekh? cg\'i?er\?al?gaqgg Hegl %]ﬁrc% Dsri¢lgl etions,

substitutions, and/or 1nsertionS or othe ificatrons t render it
unabl e Qréa'ltﬁ?’ﬁél a%Xﬁer/eﬂE‘e@ﬂ@rorBaéﬁd oaltlyy highalseeet o idantityy Bisstoderppestent , t he

CH2 ath%mB?QéqQJ@nbegdxﬁQrtenEME! %lbefv&&aq Jﬁese': éb'eE%Qtvﬁi' ﬁ%&%ﬂbﬁéma% gﬁ%&an

COI’TpI’I se nodi fications 1 n inmuno omal ns, 1 nc wher e

nodi fi cak pefiysy aPﬁf@&”CéﬁéeWeemﬂ?%gepf Rk sestuenpm 635 @D HIO: ﬂmdtﬁaﬁléﬁmspr otein
(e.g. 'n{dn?@} SE“& it R 3)af1&rﬁ§ﬁ (é'_E:(g% Wd‘ﬁj)' Rdus&edtth b 'R@ eaﬁ‘cﬁ‘?’aﬂ(@@é

half-llfe and aCIVIt fications inclu but are not

i ni t edDNO: @H@W@IW%W'%*” f&%a&%ﬁ@a’éﬂ& E5R 05 62BN 83VhE68of 07Gi t h

ref er engN Qg iRl f@?@bfﬁ?\ﬂ@o@é g rz*ﬁkl@%'z@b@bsa SRS basl JRW 9Bss 238 T 239,
248, 249 250, 252 6 267 268 269 270, 272, 276,

278 280/452880F 2885, %%16’ 2%@} 292@031%2314593#0@9@132‘295“”02@@ wiltyiype 50 301

303, 3Q5((§E§5’ID&Q531) §R90n§of%@nl§%2hur§§r5’m&%§ ar%zl%tF)'%%gque%%éscg’@@ 327, 328,
329, 330, 331 , 332, 333 5 340, 342, 344, 356, 358,

359, 36@camiipted eesaeleemsfromf difigrent gbstituiers, oe@y32383b03§46%3@@e wie 389

398, 4lt‘9pe éﬂ-i@) F)@%@que‘i@g Tﬁg’é) a ficdied 4 of ﬂ\@%veﬂ’g’gn inf38es 8Wa43% Cﬁ@rFX
exanpl e l'imtation, the binding protein r%ﬁ/c?ex hi bi t

enhanced: %&%‘@i&#d[” ¢rfag Fé?hﬁa\’r%@ '@aﬁ*r@cﬂof‘%ﬁeinﬁw \'H’th %Wéﬁ’ -Hir8 5%, a4, and

256; org|g B@an@'acﬁﬁbls@tﬂtlﬁwt sdleBe A& e @ﬁp%@ﬁ’élﬁﬁﬁg@ﬂm@r NOOKOER firC@ahdgon at
250 and/ or 428: nodi fi cati on at and 434 0077 The term

"EX" 1 289§ o b@sa'dswéﬁ'wsﬁwm SEQHPNS, eemdafteﬁe%ofeheéws%w?@nﬁ@b ag, 5.

epl Mer agey; Ao cisos 239, 3 et/a Ybtey 9%, b&%AoMtRh we%n@é;ths@y@ﬂeW@&b&ﬁges for
a protei n havi ng GDP- 4- ket o- 6- deoxynannose- 3, 5- egl ner ase- 4-r educt ase

act i vi t8 leashepe Wﬁﬂﬁ?t@@ $lestad fﬁgﬁ]tmrepmwr@p%ngp NZO%i V% )'?666'6 C¥riRseus FX

or a Carfifizeese X by ASL28YY rfnb@iﬂcaﬂ@ﬁomdéﬁﬁ)nt&sRthduW@){Hebptﬂat dirwsver,
"FX" is not limted to reference to a CHO cell. Asshown in FIG 1, an

al i gnneRPredt antealdasamiRnaTioRe 9 mase of meahﬂg'emmeat relfessatiersiege olis Fx

sequencssitio eabo,a 3ees 1, hihg hsgl%nean@stt IRAP ARG YAtV advianfiges Eeeo%%@nces
from varj ous organl sps_are very simlar. Based on this high degree of

i dent i tyith a7 M8 @'@eﬁbofé&%e&?ewnt(ﬁgt %ﬁ%ﬂ&@arg%hheﬂa%d'ftﬂdrswme% t exi st

bet weenetieseusRgties of\h hlycaRbtefybst ant i aI I y affect FX activity.
Dffere e bet ween the FX seguence Q I D NO:1) and sequences from

nonkey In® MecHs embariEent SRS X BoNgrisgs fh‘éh%@s('tSE@ Bt REBSH andrpder at

(SEQ  or more of the second substitutions.
[0079] The phrase “low fucosylation” or “reduced fucosylation” refers to a lowered or
reduced ability of a modified cell to fucosylate a glycoprotein as compared with a normal or
wild-type cell. The glycoprotein may be an endogenous glycoprotein. More typically, the
nucleic acid modification is made in a cell that is used to express a heterologous
glycoprotein, e.g., a cell that expresses a binding protein (e.g., an antibody or bispecific
antibody or an immunoadhesin or other Fc-containing glycoprotein) ectopically. For
example, a CHO or PERC.6™ cell line modified according to the invention, which also
expresses a human antibody, e.g., a human IgG1 antibody.
[0080]In general, reference to “low fucosylation” or “reduced fucosylation” with respect to a
glycoprotein does not refer to a single glycoprotein molecule having less fucose residues
attached to it. Rather, reference is made to a glycoprotein preparation prepared from cells,

and the glycoprotein preparation comprises a population of individual glycoprotein
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I D NO: 6) include the followi ng: 5H, 8M 2 1K, 37D, 51T, 55R, 59E, 62R 93M
106A, 107C, 138N, 161Y 167S, 177Y, 201 S, 202S, 202D, 212N, 225Q 235S,
266H, 266Mp 288618147873 T, 274S, 280F, 287S, 291T, 291 S, POTMS30100B%91814E.
For the 321-amino acid wild-type CHO FX (SEQ I D NG 1), any one of nonkey,
human, nouse, and rat FX sequences can be recapitul ated by selecting from3
1 di f f epelaculeyathinembesn of therpogalation havinmdffereot @yeosylatiorefeaiurelt yipr CHO FX
sequenqgy 6@%@%\‘ .nastm?fahfah@qoﬁ?&l%oﬁ%r éﬁ‘b@@ltér{?ﬁo%ﬁ&fﬂ&%&d% Wl e ¥iRGEHO FX
(e.g., Ep or an having at [‘east a %i1dentity wth a

wi | d- tﬁ%a@@dwto ”\éﬁ”%” bl@a/rﬁdﬁ@syéﬁt@nwt rqdu@%wcw!%@ne@ferrsmthe group
consi SthlePﬁuM&%f T Gal 5?&0&5‘%enn§%wh§%%&OSEQESIB@'@% dew- lﬂwtkbﬂ"@ﬁcl\iﬂcpm SEQ
IDNO 1, anodified FX of "The inventioh is at |east 1% 92% 93% 94%
95% 909§iduyof a gigogn grpogitiop L8 At thedic. \Aueh “ISrdysasyRtPT cangdeeask s at | east
one rmckuéds@eak.b@rba%eﬂeecq‘qfa%tefr&emﬁ@%mpm&m&&énbwhé& hu?e% odY9Krenkd 361,

1R, and %1 beari ng an nodi fi cation. gerson of skill
woul d é%ﬁb%%Chtqqé% ’“b?hée %iwehré% (fore%@ﬁﬁwmbeﬁs@mq gycaproteing opthepgpelaign a

smal | delfiyi1eebskhadigi drufes AtcohfRfdd ©Ne dpdbfuld%ﬁ of ihesakR: gtlﬁgprojcgdﬁma%lell

and 289 woul d nost |ikely al so provi de advantages associ ated wth an
enbodi re@tcebing hat iaﬁ%ﬁmoéﬁlcf‘f@ng” acgprgainge WEHHe iyenten. modi fi ed gene woul d

exhi bi tr;gbsq'wmai SRR, A1h G cbrdle TORIh BL O dal AR tnt hyRpBRAC b ©

enbodi X conprises a first stitution that one or
mor e ofoQW'awaﬁﬁP@ﬁﬁ%# it theciggne q‘mfemh@awlﬁs@mwmef%&@w a%iddn" or

r educqq i Pé's%tf 'FQQO rg;ﬁrottefh Q'elfﬁ%%?r%féd% tHeesqt@ﬁ’ge 28 é% Eé’mﬁgreﬁgﬂpd' fied

cel l to te a otein as co
cel | . 1th@ag10yefdﬁrfm0évlﬁh¢ra@/osgé/ednn asaagHIrndnggriddups @Q”e(ﬁfbltf&w)f%etttﬁypl cal | Y,

the nuciwbg V\ﬁﬂ‘é'tt%r GPHbtfdu%@EHe%oubémQ@QﬁFd ébrﬁ‘alﬁlﬁglprc;tgiﬁtaré ﬁJcUiﬁé{e& fh tREPress a

het er ol ogous gl rotein, e.dg., Xpresses a ndi ng protein
(e.g., ER-4pe Fg ebfheﬁaﬁ"ﬁe@nﬂif'é”%)ntl body or an i mrunoadhesin or ot her

Fc- Cont[@ggﬁgglaglm%% a‘ﬁbﬁ})orego‘a?%&ﬁcb latfoR¥ céf}xévaﬁB cﬁ1g 8 k31 &5tioRERC. 6(t M)

cell lin f1ed ording to e i nvention al so expresses a hunan
ant i bodycosglagion oba piypeaioteds redvckdabigut 99@109@% PA%geR%r 84%, Ehe®hce to "I ow

f ucosylebl QY of o50ERUERHafaunARYH| 2640 Hebiol ESRER tnd RofinghpfoRy gt ei n does

not refer to a single glycoprotein nolecule having I'ess fucose residues
at t achespetific pmbogaiehb the ﬁeéﬂ@tw@n% 8bog SRede 2% Y 36oPF-6%eb St €P4Fat i on

prepar e 79,068 §%! LiSeo. é’d/&qn E@ﬂp&‘%ﬁ%oat &{IIQhQro%QQ%@tt éo&%xﬁﬁ%ﬂ% g(?atlen In

popul ation of i ndi vi dual coproteln ecul es
popul ataneHehaRediiis QJ’WCfObmelﬁt hglry@tﬁ%lym tahont 9B AYUPBE%, 813% A8pG6 38 Tk,

i 11 ust rgytdopngaa I@@B%l bdd g4l IF?'Eom]BersoﬂQNl hgaG!:eHalH%t’cQ) g%o?&ﬂ'ﬁﬁﬁﬁﬁd ' n a

m)dl fied CHO ce accordin he 1 nvention ucosyl ati on
"r educeﬁoqlfm’e@gmlatan@tﬁer $helc p§mmd§nent the reduction is about 97. 1% 97.2%, 97. 3%

97.4%, 97.5%, 97.6%, 97.7%, 97.8%, or 97.9% in comparison with a cell that does not
contain the modification. In another specific embodiment, the reduction is about 96.1%,
96.2%, 96.3%, 96.4%, 96.5%, 96.6%, 96.7%, 96.8%, or 96.9% in comparison with a cell that
does not contain the modification. In another specific embodiment, the reduction is about
95.1%, 95.2%, 95.3%, 95.4%, 95.5%, 95.6%, 95.7%, 95.8%, or 95.9% in comparison with a
cell that does not contain the modification. In another specific embodiment, the reduction is
about 94.1%, 94.2%, 94.3%, 94.4%, 94.5%, 94.6%, 94.7%, 94.8%, or 94.9% in comparison
with a cell that does not contain the modification.

[0083]A glycoprotein preparation made in a cell according to the invention is fucosylated
only about 5%, about 4%, about 3%, about 2%, about 1%, about 0.5%, about 0.4%, about
0.3%, about 0.2%, or about 0.1% of the amount of fucosylation of the same glycoprotein

made in a cell that does not contain the modification.
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smal | er nunber of individual glycoproteins having a fucose residue on an
N-1inked G cNAc residue of a glycan at position 297 of the Fc. Such "I ow
f ucosyl atwontioor1478educed fucosyl ati on” can be charact ePCTA$2010/0869¢4r | ety
of ways (see el sewhere herein), but reference is in each case to a

| at duced mb f th t | at
havi ng OB AR SRR B e e B i P GO LRI IO ARE Same

gl ycopredogted fmd@:amnacéneé by ktHeatid bamcb@tréféd ® rrmduécbsqaa&éd)@yctdpr@tsmm dance
illustration, rotein nade

with t ventij on i
e Ee bl Tre o mate B heeti Fht S gy capr s S b ¢ ho
ls: ame gl edEsyo4 aiodifistdel Mas élréilovmf :fuibo'fs%@l%d@ejlcbprow yorﬂf%dsfjlatdmeglmb&ﬁ@hesdof
c-cont |n|n rote ate | | NVEN ar e
O B Bk St BB ey T IR BLE vl T A8 BT L oy BT o e |
I(:ar bi t rasd 1hyo@et1 $0:) 1Jam%ou‘]9he|t1mlroxo’r é@@thr@.lhdh ‘of?d he nol ecul es gf )
c-cont rotern e ucgos ate In the w unaer 1 e sane
condi ti I ion" cell
BRBbT By o o Elies 4 BB ESHTate hatrabayAtor bl Bete eaSAtan S
gg (c):/ or g i rltgjubgdz E}:Iae%yéagmgi%x/n@ by ih&r@&lﬁb@%@m @érc@ntgif Y60 0E sy Rty gi§cdpec§ibllﬁ9dt ﬁbout
0 arl so W a
ool CHAR CoBaR e M eiat Lo EAMITI RS LORTERe atet. G eRREl e FBRE eyt he
reduct i gycobotelh tepalitiod nYadeds. 2di88d 38% h&3% 6@1@:@&% E%fu&%y@%d 99. 7% 99.8%

o, %% ST B Rt B SR R e o
98. 3% AHbEdhoRBL AttcoRBathwilling tam8 B BYproasin Br%pQPétlbﬂfrﬁmrmaéluta@tnawsth a

cell that d% S tnot contain the nodification. In another specific
enbodi MER{N°iR"Yeducti on is about 97.19% 97.2% 97.3% 97.4% 97.5%

97. 6% [0088PAncHer 8y tO@ENS4ctBPied @g@@dsmatreirs&epwaﬂckh Ro el lovi higbsyiaRE” Hot
contain the npdificatjon. |n another specific enbodi nent, the reductl on is

about 9&%ceq fL@BSYi%O”Q%e'@%Oy@@ r@%""’@é”‘?%" Yéusss vglysan O@Slaﬁ% appPuYEf 90p i n
conpar if§edseb gtycém 6&thboridnabf tHe g costbteiDpYephmtidh eF sraskiafipeatn BB casdlofitot her
speci fic enbodi nent, the reductlon is about 95.1 % 95.2% 95 3% 95.4%

95. 5% ©5tEYRI BI5teres, (egh, AYPOFPS) Q@GQ%QOHV'EW%%S ngyﬁa%ah%‘l’ﬁ't'ot”r?o% does

not CordnaitRe tEarTBshprised i ahtediarpfigdidnabsys %@étgﬂ Fh &mﬂﬁ%daﬂﬁént fhBendigduct i on
is about 94 1% 94.2% 94.3% 94.4% 94.5% 94, 8% or 94. 9%

in conpgdfq %fJHC%etfﬂ QB(CE%MO'%%?t”OdB%@ thajt a*&%ﬁﬂéo 112 e1 ﬁ%d1 %? da84 dnl 00y ®083] A
gl ycopro2@. NnpheRaibatintdht, 1TREl eatiolbf &ceeé to @érﬁi@ﬁﬁbrﬁﬂlrﬁé}lr{obﬂ rhdI¥Q M hd® Mot

L I R MTIRE NI e L L
f ucosy | fatdseno @fantéhaa@anmagﬂmc;s@ormb@tﬁh Iﬂwd’%d@syﬂdlecﬂF@@bﬂ\tahh@tprdl@ﬁﬁs RBtmareNt ai n
he gL B g Q94 s AnpLher ey | Qe PR e S SRRLR A
comprises two tandem GlcNAc residues followed by a biantennary trimannosyl moiety,
wherein each of two antennary terminal mannosyl moieties of the trimannosyl moiety bear
one GlcNAc residue. In one embodiment, the molar ratio of fucose to GicNAc in the glycan
is no more than 1:80, 1:100, 1:133, 1:150, 1:200, 1:400, or 1:800.
[0087]In one embodiment, the amount of antibody protein made that is fucosylated is
measured by overnight deglycosylation of antibody protein with PNGase F followed by
oligosaccharide analysis via HPLC wherein fucosyl-containing oligosaccharides are
quantified by integration of glycan peak area, and, e.g., protein fucosylation is calculated
based on glycan peak area.. The identity (and composition) of the glycan can be determined
{and/or quantified) by any suitable method (e.g., mass spectroscopy).
[0088] The phrase “wild-type” includes reference to a cell or an activity that is not modified
according to the invention, e.g., a cell that does not contain a modified FX nucleic acid

sequence or modified FX protein. “Wild-type” FX activity includes reference to any
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"reduced fucosylation” cell is by the ratio of fucosylated to

non-fucosyl ated gl ycoprotein in the glycoprotein preparation made by the
cel | . Forwexamplse478a gl ycoprotei n preparati on made by aPproodisbéiesse®es| has a
rati o of fucosyl ated gl ycoprotein: nonf ucosyl at ed glycoprotein that is about
1:10 through 1: 1 5 1:15 through 1:20, 1: hrough 1:40, 1:40 through

1: 60, PEBNEAT S AGHVIY: (86, efzéftjetaﬁﬁ*vd}ﬁbtﬁaflls fes@b'tetstbyla natugR) of AP (NgHified f%o

[ 0085] g%ﬂ@bh@(foteyi\@YInt@nﬁ-‘déﬁh?lc\M%Hy & @ngtyymrarmt SlokiPbEPAEANY 8 Moaied "
fucosyIFa;{)l on"” or "reduced fucosyl ation is by the relative wei ght

per cent Wrot‘?ﬁhm?cd‘éIQTt\éfteegxgﬂr@@tfb‘?@tt@? H‘Oﬁé{‘?d@hﬁfamar\ﬁn‘tﬁat%t%l i.e.,

f ucosylsabeentmg tHOgH e P hatresh s@ds%?ﬂﬁ!ﬂﬂhé'sﬁ%e soQfceq¥ 3MRkMe Rl @)p)éCODr otein
preparati on made b%/%da nmodi f%ed cel| has per cent of nonfucosyl ated

gl ycopri8fEi HITHP) mﬂeréb%ﬂ%nt@!i%heaﬁmﬁ CORGHPNSRHBURCTPRHNI Akt 98%
about 9994 FXracegUEndIBodiflecsX @@trmarb@me\@htvhdttp@e SAERING Y RIGQefs IF X
preparat% {jfro a}elcell t hat ac%ﬁJ P‘D fication. 0086¥ Anot her way to
char act®HY'¥ds Breg'? Y PG RIER Yoreh éﬁnﬁﬂyfth%ﬁ?%te of SYPstaNtgN $m¥fon” or

" r educe@dndiiuends Witatahadentielldr siiSsténtialihRiehdadly¥spragpunt of fucose to glycan
or relative anount of fucose to glycan conponent of the glycoprotein

preparation. For exanple, in the case of Fccontaining proteins (e.g.,

anti boddwsyiewt he gl ycosyl ation conprises a glycan at position 297, and the
gl ycan ﬁgg@{l ses a biantennary trimannosyl noiety. In one enbodi nent, the
moi ar il Ndifeddot Bugigjc §Figd @ad pﬁ‘ﬁ?‘@tsﬁqt‘%’cﬁéaFﬁ)ﬁ”@“?ﬂ%ﬁ”@é@Utm@f@G“O@ 20,

1: 25, Yedks ida28l thht ﬂs%abl@rto S04t prbtRiroi o THRe R iMBBlaps b Jf%h'e&te@rﬁalf ucose

to bi antennary trimannosyl noiety is no nore than about 1:20,_1:25, 1:383,
1: 50, fucopgFouige aiakRys! thpha Sﬁ'bb%ﬁ*?'ﬁééﬁcl‘?@ﬁtthe m?é'f'ﬁ?attoé‘rcatne?tu%o%fﬂf%%%'§e to

bi ant ernsxaiby atsrubamﬂmwédumu %bhfty' t8 ftdagyttaté%%bbaﬁ@ds F@tt@éﬁs@héﬁ 6 RESLI N 'S
no nore than about 1:2 33, 1: 00, 200. I n one

enbodi rReHECE) P‘tﬁ‘%}??‘@éﬁt%ldé?ttp éétﬁ’)‘tﬂt'%? ?V\‘/\B”chﬁ“rﬁj%ﬁ"hv'@ %fl‘@% df GQYYRREWRY| | owed

by a blf@:@yﬂﬂt&@@bftﬁé memsxéyér dRioBFlein WRRERIbre @UP-Dfudose. AhedRary term nal
mannosy|. noieties of the trimanngsyl noiety bear one G cNAc residue. In one

enmbodi rfBiEDen {8RPSIBINES thesedyction in m?d?éstat?”' I8 RIManot Ynsugsteetigh i s no nore
than 1:18690frntQMzyhe Bi5h- 4-'ket01de59<y rMard88e-3%, %Qi@her%e 4-E&RRtask@PR)’] I n one

enmbodi nent, the anount of antib a{g rotel n made that is fucosy Iated is
nmeasur étﬁ’”lﬂpaéﬁﬁéﬁﬁh%ﬁ‘ﬁ n@t@gt%\t@wf P h‘fét"s&rﬁyﬂlﬁ@a‘;‘i fﬁfrﬁt’élqp‘?m?—tfhcqsﬁléﬁgb F

f ol | owesby-i@hd- Q%@Wﬁo@@ ¢Hé1téé$tlt|ﬁg ap-Hrldesuhah 8k isky6Pa el &PMbRd Ni Ng
ol i gosacchari des are quantl i ed p{egl nt egrati on of D&I ycan peak area, and,

0. 0 preassRIPcrRIESE) HEREROITCosHRled|RliBer B sSICH ROTHy fshsp URhaiREA. . The

i dent i tyarfcRiieCRRMOSE hbRIYatlay, h&&tﬂrﬁ@ﬁu&%@ta@@n Aedens b elk cameiert FX

quanti f| ed? by any suitabl e net hod gr mass spect roscopy}
activity cah be rescued by a salvage pathway he salvage pathway requires fucose, which

is acted upon through the salvage pathway to form GDP-L-fucose, a substrate for protein
fucosylation.

[0091] Certain modifications in FX result in the inability of a cell having a modified FX gene
to sustain protein fucosylation in the absence of a fucose source, such that a cell bearing the
modified enzyme and expressing, e.g., a recombinant antibody, exhibits a substantial
reduction in the ability to fucosylate the antibody, as compared to a wild-type cell bearing
wild-type FX gene.

[0092] The inability to sustain a sufficient rate or level of protein fucosylation due to the FX
gene modifications described herein is substantially temperature-dependent. In particular,
cells bearing a modified FX gene exhibit a substantial inability to sustain glycoprotein
fucosylation at about 37°C (e.g., 7% fucosylation of a human IgG1 isotype antibody), which

is substantially relieved at about 34°C (e.g., 70% fucosylation of the same antibody; see
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[ 0088] The phrase "wi |l d-type" includes reference to a cell or an activity
that is not nodified according to the invention, e.g., a cell that does not
cont ai n awondioi4edsFX nucl ei ¢ aci d sequence or nodi fi ed PEXUSR@®B6914

"Wl d-type" FX activity includes reference to anyparaneter of activity

(e.g., en ti Vi is exhibited . b tural or -nodi fied FX
G or T BHeDei GETS At eS0T AgH Rl X 9BEe. IBLR TS 1o0R SHIERE Bt ef n' and
activi tyiff@ence imaed abirg tdstspiobRtoprotehefucydyldioh Wpe7°cas gunideeditoagudct he
nodified FX protein are isolated in substantially the sanme nmanner from
substantially the sanme source (e.g., sane cell type, sane organi snm) and
conpar eple Node and SapiaRetPaAhwiys ftﬁGBRtfﬁcﬁ@endi tions. In conparing "wldtype"
FX aCtlﬁbﬂbélz&sg nodi fied FX activi bet ween wi | e cells and nmodified

cells 1SPSP &S HFEAtE AistaPon d'% H}eegiy‘iﬂ%%?‘“g‘df{ﬁ’é‘?’éwﬁ eAthyaY Wds e or

subst anfyt@yel donsi .mdmbp@@éwrdcb@ﬁa;onwtnrknamIf@@ayltrﬁaéfe@ée%mmeaé%& trak l:é‘h
i denti cal@g@g}oprot ein, Overview [0089] Mdified_FX nucleic acid and

prot ei nY 8 @Y CORTatEH} GRITRYISNY éi)i)n’:ecr ‘é?enGHBJP?qséatThHﬁ TPeaflifierd 9MGORIORH | t hat

i's unabfieodyRitish BPUHicidt @b@udﬂ dnrRgyiainusSbd denchtedbsERaRtHhendt £Xt er nal
fucose 59urc? at a level that a cell bearing |lacking the nodification can

suppor tSUTHRIRDT [SXPY 1@ maten gy $OPROtE NP AHHIPNI |y reduced ability to fucosyl ate

gl ycoprooeu]imheté Bretthe rd)seittrnas ta dw&&eww&&)voaﬁynmegstpgmry@wrae due to
a disruption in an enzyne activity of the de novo pathway for synthesis of

t he sub¥\24e é)%@favgﬂwaw W&W'PU&SE‘EII%@P “Bigosee be Fﬁé%éf@m % doeer

( hi ghergupbrs@iridrisircd (a r@@%&b} BNa B nbhe fueskylationddtidyy |h shdddheml or
unsubstantl al . [0090] The enzy

GDP- 4- KA RYeBk e 198edlgcaser eé‘b‘?rﬁg}ea%e@ thropahya dPagReTeEdNd iIHEPVEErP it es i n

the de mnes’g hyAYs gHatIBrharind 683 HHoYPHAE & then EcHvVEHBE b{FBFNbnidéeose from
GDP- 4- ket o- deoxrélmannose The resulting GDP-L-fucose can be used by a cell

to nakep*PﬁEQ)aﬁEH? IERNSIERSRING %@Fd‘ﬁﬁ"ﬁ@s?u@@fy'l”éf"é?fedﬁf?rb’@ﬁfe%éo GBFrfte

GDP- L- fké@@@%eayylhﬁﬁh@s%eoyp@DPlrﬁémwa e dhydhgadie MO @BPW@!@ elRduet i on in
fucosylation in cells t lack sufficient FX activi 3/ can be rescued by a

sal vageMpasRds conYREed i 5‘96@&9&? ISP 846 @ge?’ﬂ’c'@é‘@” Sk e PINeraze-&d upon

t hr oughretiii®ased|FXa9 6 DFafubysyyis taQotdit PaGRECK-mhiBREISE GMOD S IR fliabse éMErspRot ei n
fucosyl tion. 0091 GMOECP in . nodifications in FX result in thﬁj@l napility of

a cell %{9' A RUgechsedignsRRteAi RNE? Bt 18P P68 HREETUGASS 1§ & he

abSenC%&EtrﬁeﬁW@fu&@Wl@ﬁasf@ru% it fudosyRitds Ppadiptdiginghe nodi fied enzyme
and expressi ng, g., a reconbinant antibod exhi bits a substanti al

r educt .WH%HW@VMW@W eslip e eaVags Rty Tahgenseeling GRPdwesared to a
Wi | d-t yBeerRgly sUBBRd 080y dish L YRS Eﬁhg§9@age{ PARR Ly, ?Lh‘(%sb”sapéﬁépBMe& Ptopetain a

sufficient rate or |level of protein fucosylation due to
cell and phosphorylated to form fucose-1-phosphate, which can be converted to GDP-
fucose. The GDP-fucose is transported into the Golgi and is available as a substrate for the
al,6-fucosyltransferase. Fucose transport into the cell is presumably by facilitated diffusion
and by lysosomal transport, and the salvage pathway appears to be universal in mammalian
cells (see, e.g., Becker and Lowe (2003) Fucose: biosynthesis and biological function in
mammals, Glycobiology 13(7):41R-53R).
[0096] Thus, in the absence of a fucose source, cells fucosylate glycoproteins using fucose
generated by the de novo synthesis pathway. In the presence of fucose, cells fucosylate
glycoproteins using fucose transported into the cell. Therefore, if the de novo synthesis
pathway is blocked or damaged, glycoprotein fucosylation can still occur, but only in the
presence of a fucose source.
[0097] The compositions and methods described enable cell lines that provide a conditional
block in a pathway for fucosylating a glycoprotein by providing a genetically modified cell

having a modification in an FX nucleic acid sequence. In cells that contain both a de novo
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gene nodi fications described herein is substantially tenperature-dependent.
In particular, cells bearing a nodified FX gene exhibit a substanti al

i nabi | i t ywoaosusi48n gl ycoprotein fucosyl ati on at about PBTAS2¢16/086914 7%
fucosyl ation of a human g3 isotype antibody), which is substantially
relieved at about 340C g g., 70% fucosylation of the same anti body;

seeTabl @939 salvage rathway thekpls sravideeniRNeRY Yaseatitty. dRech Galls buthe BRsencedo not

exhi bi t oranl SkdRalolifc8 B RESsE, rfuéolé?laﬁ&i bid C@(lyédbrét@ﬁntc%h @e@u)sgtfap{é?nt/ %dhced
fucosylatlon at 370C as conpared Novo and Sal v%ge Pat hways to

GDP- f uct<we oY Park-Hut Befsw F@n%?"&é?ﬁw&ﬂ ahB £8ed te@ppiRtyrie AGEPEBNOt ei n

f ucosy! adsRiipP LIAWDE ratds dr%vbﬁ%ffg%gﬁr%téﬁrpf‘&f)syléhog|c\éﬁ%ﬁrs%t§ﬁéﬂ dnigpsyl ati on.
Al'l known fucosyltransferases of interest that can fucosylate a

gl ycoprRPUring Garmytaraal sguram oFticoss V@bputfra%géo thertggiperadire @t phieh dn cell is

gl ycopr@btdhdgucosyl ati on, a sufficient pool of CGDP fucose nust be
generated and maintained at a sufficient |level to match glycoprotein
production. [0094] There are two nmjor pathways to GDP-fucose: a de novo
synt hesFg mafifiosivnand a sal vage pathway In many mammal i an cells, GDP-fucose
can bed5%§§ froman externally supplied carbon source (e.g., glucose) by a
de nov bAY Isalatesinysi hars thaf angasies @enetias! papioiely se@HenFa odgYided. on,

gl ucos eﬂ%nr%& E&dtn@@!eﬁiﬂclxd &oabghn @Xtﬂré’{@ﬁl%ﬂﬁp(?r%mg %’ﬂcbn'\ﬁo SOR VeI difRatidP
D- mannose- hat e. D-mannose- 1§$ g hate i's then converted by

D- rranno%eéecied ’g §ﬁ!ﬁh%r9ép gersisfing of ¥ 8% 43@i21f B %ﬁﬁ PEA RF9EPIAIPY nannose i s

conver tggrebp lwe%m%@tn%rﬁ tHE RO LPARRSE 2By e%e@%n@@srofe @cahmn?gt ase
(GVD). GDP- 4- ket 0- 6- deoxymannose i s converted to fucose 136k
G%ﬁi seis a

GDP- 4- k¥&ipe 6t a%tm%ﬁe?nM@I@rsmﬁﬂwﬁ@mmsw%@mé@%@ee eFxy9es
pot ent &ﬁﬁﬂ@ﬂqh inhibitor of GWD. GDP-fucose enters the Gol gi apparatus
t hr oug GDP-fucose transporter. Once in the Golgi, the GDP-fucose is a

subst r aﬁ089%Thear1uo@J<f aeid spsadingrise aragified RAhPreteint igdis€Y Inanyssuipkle 6ot ei ns.
[ 0095] $tﬂtam@%fm'o@fhéﬁ}c|§o add §@;£e‘ﬁ"a9%{:>9ﬁ&§¥}@é’ Ifé)rrexg\f?@ﬁer @Ltnla@ s fucose

fron1externall% l'ied fucose al so exis In the sal vage pat fucose
i s tran8pede @bkt attq'?é hegysed ghan pHYSEHIQT Yackarder qwaﬁhrpmow@@l@cpness'on

- phOSPhﬁtaeoeHV\é'Hvﬂhch@Jh !Q,ﬁmlf'e%mf@d’ t£4 stpgmﬁ'prcé'ﬁ'd?xs Br raFQ@m@)PTS HGRREM %f a

transported |nto I's aval l abl e as a substrate for t
al, 6- fu%sﬁ“tt?@ﬁéqf@sa?#@ in¢tuds genenain $earencenviich kemedfied io§r’1§P%Wﬁabl y by

faci I'i talegtuhdE) Ltfésemmrau 'Slaﬁé)o‘igfmhstais%%&@dé fordRdmble€asAb¥@Re pat hway
appears to be universal in mamualian cells (see, e.g., Becker and Lowe

(2003) TEGHBRE (gl PR P $2raBNIATBISHGT Eaipetingribe NeweTF Aciddaaepscific
G ycobigéAy 143@@1@4& é?g5§R)eplaE99|9§br HRH ik of HRatRRIBNGE LTS AtabldCOSE

source, cells fucosylate % rot ei ns using fucose generated by the de
novo syfﬁfrﬂs'e@P%'dﬁéﬁrﬁW vererg 1}"?6 tgrass drciclsic a%&@sp%&q@caﬂea@twat e

e.g., to an FX locus, for replacement of an endogenous FX nucleic acid sequence with an

FX nucleic acid sequence according to the invention. Modification of an endogenous FX

sequence can be made at one or both alleles of the cell.

Cell Lines with Low or Reduced Fucosylation

[00100] Compositions and methods for low fucosylating cell lines are provided. The
compositions include nucleic acids and proteins that, when present in a cell that lacks or
substantially lacks a native or wild-type FX activity, confer upon the cell a reduced ability to
fucosylate a glycoprotein, e.g., an Fc-containing glycoprotein such as, e.g., an antibody. In
various embodiments, such cells include cells that exhibit a substantially reduced ability to
fucosylate a glycoprotein at a first temperature (e.g., about 37°C), but retain the ability to

fucosylate the glycoprotein at a second temperature (e.g., about 34°C). Thus, cells are
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gl ycoproteins using fucose transported into the cell. Therefore, if the de
novo synthesis pathway is bl ocked or danaged, glycoprotein fucosylation can
still ocowo,20tm41498ly in the presence of a fucose sourc@CT[U30@Bjo36Pne
conpositions and net hods descri bed enable cell lines that provide a
conditional block in a pathway for fucosylating a glycoprotein by providing
a genetRrewfeqthabert beegrowa|at arisst itergreraivriingt sdegosmlation-iahibitikgnand eowthaci d

sequenc&ngdkibnE B e E%be&%qé @éébnla%rlﬂf)éaﬁﬂ@%@% c@sy%%r\(gg pajdvay, the

cells provide enhanced versati | n such $n the absence of an
ext er nal0048d} ce dfovf fiyeesytating @ébb@ﬁsmahm roddequsgihy @mpsuitebiercetsin be

subst ant éJ ft,nlctYor{ RS d}?tloﬂggn& Wa@tdéggnbela%ﬁmt Féru%éﬁvg{gé ok ¥t 5)?\9 ed at

a secon erature. ternatlvely, essenti a rates -or evel s
of gl chfrbthﬁﬁ'@me afiyieelklinleatcp manirerpeload in dmﬁemaomfabtyrqowfcmnﬂwanga@amtnea&$ er nal

source e | is
mai nt ai c%a’éwdﬂ I% & C&%%ﬁ%ﬁ%‘?\f%%m Xn'lalﬁsso 1 ateq %g@ﬁgﬁ%u‘g@b%ﬂﬁ@% Sgﬁ\b:,odes a
modi f i ddcexiayporel inesardersabed hpresv ptheth arFinbvioss bateadinarplaeint budiaseencodes
an FX i ti S t-ad e group
cons! sty et o rEGEh 3 bA AT BT B B I REN S 68, HRTas PRI (harh?® |

one entrsdis meeise aehe afe shabe genetisely modifed asdestived sarefxtogeoeeita cosfpl | SI ng

a seri i i i one of
2 o5, "BUTheRARb Lo A0\ R I RO RSN AR 3 0, B R

modi f i éﬁoqﬁ&"}@raﬁ‘@@’ﬁ allgle gk g FXhgensydusup theeksefvatian tf&ﬁﬁ*ﬁbﬂ(lawv'fafappﬁ@sf orm
of the t@%%lfﬁr\cﬁloﬁﬁfyquag%ﬁpr\qﬁhéj drbothere8iis tﬁ&rexﬂ%ﬂ%ﬁctloﬁw didBl af s

i ncl ude can use in an expression vector
ext r acHPblpssvmalthesiicesancoran ke mapaulatedby Wiiashdcme Miealiar w@v atedifiedt a

speci figx hogat bae,seeueﬁc@%@%yr)be'dme%lﬁag@nfm] fo@tr{éeééconéggmgé)e% forms

al so include a genom c sequence, IS nodi to enco

subst i taleleopsplag @gchoﬂbféﬁam?%wrﬁh aS‘Lﬁoﬁf@ﬁIFé( feieie agif seqianck @ddeséripedexanyl e,
a targetdrtg sequence (e.g., one or nore targeting arns) for targeting the
nucleic acid to a specific location in a genone, e.g., to replace one or
bot h alli08M82] of Resuttingseksdingledethosainthabe EXfastivity i$ wbblyder substgetidling vect or s

that tay ?%ctér,}@d'a ﬁmueo%tggt Ghat i ptﬂs'c&w ﬁe@?&tb'e%'anfg a@fygsvdld ofa Qijg- L0 an

FX Iocu acenent of “an en 0genous nucl el uence with an
FX nucltéIP%Fé@Tcdelg@qadﬁlééy%ﬁ:%thﬁd10M@V©m&a aellernidenan mpmnat@wmlooforan

endoge%%ffaﬁdﬁ.%ﬂyg@eag@e 8 1R afa% o @gqg@gotﬁ%q}égb@&%bsaa&anggﬁa&gA Cel |

Lines wth Low or uced Fucosyl a t| 0 ositrons hods for
| ow f ucfeesaylate aglyeedrptein (ges, air BC-perieinite ¢lycvpimtein) at anywhere near the level

that a corresponding cell with altogether normal FX activity can fucosylate the same
glycoprotein.

[00103] Comparison of a cell according to the invention and a cell that does not
contain the modification is conducted under the same or under essentially the same
conditions (e.g., media, temperature, cerI density, efc.). For example, in various
embodiments the cell will exhibit an ability to fucosylate no more than 10% to no more than
1% of the ability to fucosylate that a wild-type cell exhibits. This comparison can be done,
for example, by preparing a cell having the modification(s) described herein, and comparing
the level of fucosylation of a glycoprotein expressed by the cell (e.g., expression of an
antibody from an expression construct in the cell) to the level of fucosylation of the same
glycoprotein expressed by a wild-type cell. For the comparison, the cells are grown at the
same temperature and under the same conditions. Fucosylation level of the glycoprotein
can be ascertained using any suitable analytical method known in the art for quantitating the

amount of fucose present in a glycoprotein preparation.
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conpositions include nucleic acids and proteins that, when present in a
cell that lacks or substantially lacks a native or wild-type FX activity,
confer upso20tel4ceBl a reduced ability to fucosyl ate a @Cyaspoionaioms e.g.
an Fc-containing glycoprotein such as, e.g., an antibody. In various
enbodi nents, such cells include cells that exhibit a substantially reduced
abi | i t y[00d08Lcosyingeteraining haypmusk phthatolysoprotein istfarqsulatacuthe qreount of about

3700), fubsd |§E%Ba%5§vlﬂ@|thértt)ﬁe %%ouHP&%gtBﬁlfco%pﬁelgloy IQ\@H él?é Jfﬁrﬁglg'ur"f}tof 81% ggrond

tenperature (e.g., about Thus reprov t can”be grown
at a fiokeineefipartag piotein. hat |s fucosyl ati on-inhibiting, and growth
conditions can be changed to a second tenperature that is

fucosyl ati on-perm ssi ve. [|00101] Low fucosylating cell lines can be nade
usi ng afycosylatigprdeficiant Calld-igesj unction with conpositions and methods

descri bfm'an ei nfﬁﬁ%PﬁmmﬁTg@S?eg%h??ﬁa%% AAbgbth] Gl%tb?e% fucHl !afeel | Tines

comonl y enpl oye e manu I ophar ceutlca S can used.
Cer t ai nd/yearraieiss Aace keanpddater o Revelopmerirad &rdonyatarcteficint c¢lilines hns béerl as

I ow fucggyuhatien bg?rlel néédﬂ@%a%%ngﬁé&éé ﬁ?ﬂa&?(u?b&lat@hhw ﬁb@aLé‘s REvLgus or

readi |y apparent hose ski | e art escription.
Human clgr9sylatien gan n‘lélél_aée ampRrdy-6 erendentead- Wedlﬁﬁlﬁ)%@tdx@lty RDSE) teebeiter et c.

can be tgswcbgﬁétwamdé E’W‘ﬁ) 9@%&{5.9@9% w@ éc%}o@?nﬁﬁ e’ thgef ul cel

line. In the case of ucosylation cell line
can be fﬁﬁ@ﬂéteb‘w(ﬁ%@?ﬁv ia1g tfﬁirgfpfﬁjl"@hlhldﬁﬁta@l%f?a!ttlh@’aﬁwa@fméleattlfeattcgmph%e

obser Va@dr@BletrQ@EngFQ ﬁ?ﬁ{e? o dells. a@ Raha 4@ UPQ?JE 'ﬁf]ﬁﬁcbﬁﬁﬁé lg%{(ﬁ@ﬁrEL?WSda In t he

case of other cel |b|t a unctlona o d e ocus,
t he ot h‘fé?ler WS, US@dm w@ d@dﬁlppmleaitw mynufegivigcf agtiknskesrxr thetapleatiovses. a

di f I out the
second Ly Pl type o bRl HaRE Ry A AR et e R RN BT REIL B P11c o P
nucl ei cc@i@nmtsléqudnwym d@lycopriotedh. hlé'ncmignut dgf @cﬂmposﬂéwbtarauy EélgB)s i IncI ude
th ant i ed as | ow
fugzgy\ll\% 'Eﬁﬁ%%ﬂ”mgw %@Sf%[:)ﬂ)necgae ?%[ygo%ré’%b 'et?ﬁ‘% 3{556‘9”3% | dt ype
FX pr otféﬁidebydratam K@MDy[muﬁé(lrgbemabthevmk,e Gm@@@lt¢—6medw-mnnmpfrmri ate

conditi .0., a selected tenperature)-should be
unabl e %?P?ﬁ ﬁth%%%ﬁxﬁg t0 fucosylate a glycoprotein (e.g., an

Fc- cont [@0r DA}y gI yIﬁmpspatmnMnoakomw\lm&treamaﬁrG[DFhaJcloey&irmbﬁmt eqy. COT,6-espondi ng
e_the sanme

cel vm h ah}a(r)] fr—;t her FX (r:tl \r/tl(t) caar|1v f ucogf/l at sa
gl ycopr f%ﬁy ?&f’fﬁé(f‘ @ﬁ)ﬂ%alc?% Srrto e JaNVAgE &2 % ficoRpdatenyventi on and a
cell t @yco@msmmtthecprﬁsahce b exdethali facdsieGBUICS. qmmdu(bbeailsumm@blo&ms sanme or
under  SHAGTH AL b5, S5 RUREL SRR Suliak TR o SRS e ™ o
an abi | pdtywdys rhestoIb@t@e Needing eeltshipst hb0&stch aandaxbat wikrefucose will not

rescue glycoprotein fucosylation. Thus, a1,6-fucosyltransferase knockouts offer no simple

route to selectively manipulating a cell’s ability to fucosylate a glycoprotein.

[00108] Fucosylation knockouts upstream of GDP-fucose formation, e.g., GMD

knockouts, can theoretically resort to the salvage pathway to fucosylate glycoproteins. This

is because the block occurs before formation of GDP-fucose. Feeding such cells with

fucose will theoretically rescue glycoprotein fucosylation. Cell lines that contain knockouts,

however, lack versatility.

[00109] The inventors have found that a selective disruption of the de novo

fucosylation pathway prior to formation of GDP-fucose will generate a cell line with a defect

that is rescued by providing a source of fucose, or rescued by maintaining the cells under

conditions that are permissive for fucosylation. The inventors have modified cells to have a

defect in the de novo pathway upstream of GDP-fucose and that can be grown in the

absence of fucose under a first condition and exhibit a substantially reduced ability to
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1% of the ability to fucosylate that a wild-type cell exhibits. This
conpari son can be done, for exanple, by preparing a cell having the

nodi fi catworfB)14tscri bed herein, and conparing the | evelCTafS2610006y4 at i on
of a glycoprotein expressed by the cell (e g., expreSS|on of an anti body
froma eXEG S|on constr

in the cel to the |l ev ucosyl ati on of
the sa plyeA el H@%e@édmg?/ %S%of‘ C?%%Orbt@?lce'ﬁl%ﬂ” ?f{?ét"(:%%/rpari son,
t he Ce:fhzsos@raﬁe @g@wpraf@rié\enlsram dbe B GHtanr sxtarnsl fwué@rsomag Sageacondi tions.
Fucosyl ation | evel e coprotein c scertai ned u an
o e abErie Bl SE a8 ed Ve el s Shefe SE e ARG Sttt il 16 o Rhount of

f ucose Iinéfbselhtrd)llﬂwg&hg|ay@¥albmt3/tcﬁialﬂ q&feemrsauncer@f fd&eéé)(b]r alslmtgl@é &Idak&i ng how
much of the(gLéug rotein I@%Y -0 ated t he anount fucose |s conpar ed

with eifRgys ﬁ‘ﬁ“”8fce a W&b’?&%i’ﬁ%‘?s“(ﬁ ‘E°Fi‘ ’ﬁ% OB ADIRIEY'BY g1 ycan
obt ai neddfitiemmohbigiopr ot ei n. Fucosyl ati on-deficient Cell Lines [00105] A
nunber li.an cell nes that are altogether unable to fucosylate

gl ycopr@bém CHRER W%b?‘éﬁ eectively dissie (ﬁ edte HQYe RN iTOnCHEBT i ci ent

cell | lfnafsefs@smbgeay bangeling & uekaed by nhbk@lc%%dséc@eﬁ@é(ﬂ@ﬁx besbies 4 hat | ack
fucosylati on. bodi es, t hat | ack. fucos élon can ned

ot i bodU AR GE T SiHetch e R RS e &3 PYHPRRNT e Cometty! 1ups

f ucosyldinemnasy, E&QﬁigeﬁDPChJﬁetb@ eﬁé&%@@bt&eﬂd«mlApradprﬁdérﬂG@mc%e
tter are therefore S|rabI%

Ant i bodi di ate ADCC b
bart i oty vw@?ﬁ? BRIE! P eL B FALEbs el kel BOPBPONE CRECUEaSadPet urror
cell's. FGebdre it h@hly&fo@sélﬂé@vﬂnétﬂsfréﬂé@té)d'n&‘tfﬁa 194ty aegrees 6f inentiy end Sikmaiy del y
used in #gg)devel ment fact antlbodl for th rakﬁutlc uses.
0061 FR GBSt Pk LT R B ot RS o SAlBih ea FER S et ©eoult
in a Ca‘bﬂxct@nhmﬂlbmlmélsy Glybobwmyi:e(mmwwcqno@ttﬁé Bata fnuaieidtin @bnnection
07 SR BNGhS RS0 el S sehebln s bbb Aok Aisse ()
resultsmhékaedbnablllty to nake GDP 4- ket 0- 6- deoxy- mannose from

n t de nqgvo 00107] Fucosy] ati on knockouts
downst &Qﬁﬁﬁf GDE%FL?@&CBV? Li'pcS'Fi“ PEPvipes anenganeqisEsatitiy aplire pliws @
knoc kOLﬂrﬁcmls@ém@alsfa%orot inhibitt fm@oéwétma%@ Mﬁt@%tg 3 eulfuks asytirat @nfplel@Rr ot ei ns
in the e of an external Hcose source. This is because the block is

di st al “6"" %F“FB?VHPP&X inapmotie gulkre gha Sﬁ%"c”&l}%mp?ré‘“ﬁ? 3Rt he de novo

and salesgrirnaiwaysusiRedd byTh afoafies &X g{e@x@dWﬁ&eﬁﬁhé Pnddifebtidhednsrides aa
knockout w. th fucose

Kot o 5038 Wl 0% eseue, 8 yeppotob oyl aliongalius,

nani pulNdOKN@1861C &34 11R, abd hicbinbinatibnitieeads alrevariogé ¥S0pdifteRisNthe[F0108]

Fucosyl atdlfcl)cgncl)(r?ggnks?s st gsslépr)\"cslél{y of a mgdlf%g’ﬁor]: gglggtgd ]:‘rgrrn élgPorEJp congstmg%\f/D
L289S, L289S/N90K, L289S/G211R, L289S/P136L, L289S/N79S, and a combination
thereof,
[00112] As those skilled in the art know, certain cells that are diploid display
phenotypes that reflect activity of only one of two alleles at particular loci, e.g., CHO cells,
and with respect to those loci appear to be functionally haploid (or hypodiploid) from a
phenotypic perspective. In such cells, modification of even a single allele as described
herein may result in a phenotype that essentially reflects the activity of the modified allele,
even in cases where the phenotype is not a dominant phenotype. For example, in CHO
cells, modification as described herein of a single allele will likely result in a FX phenotype
essentially as described herein, presumably due to nonexpression (or hypoexpression) of
the wild-type FX allele.
[00113] In various embodiments, the FX is an FX that is not from a CHO cell, and the

modification comprises a modification selected from the group consisting of a modification
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knockouts, can theoretically resort to the salvage pathway to fucosyl ate

gl ycoproteins. This is because the bl ock occurs before fornmation of

GDP- f ucoswo 2pediiatg such cells with fucose will theoretiPpcaiusgomwm3EUL

gl ycoprotein fucosylation. Cell lines that contain knockouts, however, |ack
versatility. [00109] The inventors have found that a selective disr upt| on

of the @t GeaeePInge i3 iedondrH@aPtindle pHConodificatigpsistedabefe. Eaptespenstng wi | |

gener atRodi@bhs LS Wkhiticd Liefigsh EMHDW Srofnesedénbd ik dhnGingr seuUr ce of
fucose, or rescued by maintaining % he cells under conditions that are

per m ssieguencsrofinigies h|%w'thth@apﬁU@h@@H@nm%m)eumuefq ed9enarplPURPSRave a
def ect mmn&@%e&%n@@\éﬁgrﬁﬁérh\é?bn%%&% @lﬁst@\‘WMtH%%lt%ﬁFﬁrﬁ&@r‘s (@@n e grown
n

in the absence of fucose u first condition and exhib

subst arftymaAn (PCresirdip: A8 G076k e skipp et B\caessl %N‘hr‘b‘b%ﬂ?ze\)\ﬁér W9 under a
second gasictdrony e £a)airsisean offdtecdthiv 8 fod Hgg?ﬁvyérﬁfsﬁeéél gh¥eeRs pdraith even
uch

in the absence of an external fucose source, a particularly versatile
cel | |ihéd-Bredensteannralptiloh nyfting Ganmgt ‘f‘ﬁ@és‘%ﬂ%‘tga@rpeﬁﬁ‘%r 181% extand he cel |

l'ine byyapqina®) Lb@dél@?dﬁ"éﬁgénﬁblsb%t Ma@&e@d?atﬁ?ﬁtcﬁétaﬁée SQUKSEndPad UCOSE (Or a
sui tabl e fucose precursor) row ng cells un

f ucosyl%Pﬁ@ﬁorbéﬁgﬂ'é%’ﬁﬁ’ﬁé"f@d??ﬂ'?kt‘?%r?”grhyﬁrofpg@6§9’P%ﬁ'?%ﬁ‘?&]@1"%‘i‘%?ﬂs'd@6ﬁd| tion.
[001 10p3keQERRENt Ors have sel ectively disrupted the tie novo pathway for
GDPf ucose s nt hesis by generating a nutated FX nucleic acid sequence. The
FX protl@PM18k a ths zpEchem Aatiepiaheting a sphigeicegdenaegrinepP RRIPAK Ttohe C3

hydr oxyde@ng Nd'¢ af@ 308h WAC\@E@W%SQ‘T tABRARFRe afiiRiiYefault parameters will
GDP- 4- ket 0- 6- deoxygal act ose. DIgH- dependent” reductase activity of the

bi f unctifH C‘éf?ﬁ??f@'@%@‘?ﬁ"‘i%‘éu&ﬁ@ Stuhlé"ck%eﬂ‘iﬁ @t‘“jf"‘%*btofrﬁ?‘?ﬁ repfigalieasal The FX

gene i S,J3jtighs ¥qt9@£?§|’ﬁrt8% CM@'N??@ N§Or!ﬁ‘féae@2€?‘ii érﬂ:l 2 hbdbrdegr ees of
identity and simlarity in prot ei ns. Becker and Lowe (2003)

Fucose: biosynthesis and bi oI ogi cal functl on | n marmal s, d ycobi ol ogy,
13(7) : AdiyBopdfeindhus, the data presented in connection with FX mutations in

CHO cel |l S is applicable to corresponding FX nodifications in a wide variety
of cel I[§0118b1 11hemoapositiens premEods sampe user 1orooditidBe Bgoaraingcabdity

ver sat 'Af'c%h’s to%hfébe ﬁM Ql%sy?atﬂﬁ%@%w {;I?&ﬁfrotﬁﬂ 4 'uﬁ&%gp rAl‘ch% fh fHal rP%Bmty 0

fucosy ation y mal nt al ni N a Cu at a first era ure, ut a
f ucosy| thisidieldsyrerglans aﬁVﬁgtagﬁ%ofcrarimﬂdefuaqsvb@h@@mulbpéﬁ@éhgbam@ts @fﬁhe/ar i ous

embodi NBSioh BFeSndthikitad E@érﬁ@o@ﬁés aAW@fn@!nﬁ%r&éngﬁé\%eaM Bt Dahdfhere are

modi fication conprises a nodification selfected fromthe group consisting of
(for a 'CRRY. PRNYHGESIoH UtRigoding Rpdeins-NogKbe pragde lusingthe anPesHi@na 28énbi nat i on
t her eof methBay §ith@weRidrodi ment s, the FX nodification consists essentially

of a nodification selected from the group consisting of
[00116] A typical glycoprotein that can be made with the invention is an antibody

(e.g., a human, mouse, or humanized antibody) that is glycosylated and, under normal
conditions in a wild-type cell, fucosylated. Examples include, by way of illustration and not
by way of limitation, human antibodies of the [gG1, IgG2, and IgG4 subtypes. Glycoforms of
such antibodies include those with a glycan moiety at position 297. Typical glycoforms at
position 297 include an N-linked GlcNAc, followed by a GlcNAc, followed by a biantennary
trimannosyl moiety, followed by (on each of two mannosyl moieties of the biantennary
trimannosyl moiety) one or more GlcNAc residues, optionally followed by a galactose
residue on one or more of the GIcNAc residues attached to the antennae of the biantennary
trimannosyl moiety. Fucosylation of the glycan normally occurs at the N-linked initial GIcNAc
residue, where (normally) a single fucose residue is linked via a fucosyltransferase to the
297-glycolated antibody. In various embodiments, the molar ratio or percent or extent of
fucosylation of the antibody is measured with respect to this fucose residue in relation to the

amount (or moles) of antibody and/or the amount (or moles) of glycan or glycan substituent
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L289S, L289S/ N9OK, L289S/ &R21 1R, L289S/ P136L, L289S/ N79S, and a conbi nation
thereof. [00112] As those skilled in the art know, certain cells that are
di pl oi d dwvepbayi4pitenot ypes that reflect activity of onl yCons2ab/oses al | el es
at particular loci, e.g., CHOcells, and with respect to those |oci appear
to be functionally haploid (or hypodiploid) froma phenotypic perspective.

I n such(ec@| tegtivenyies of fedose:antibasly eer ta fgdongiGicNAd el facess: rdewosebed herei n may
result j . j Vi he

o 1 o g Bl e e S e G Y sh¥nledi 0,

phenot ypépargen ektaimgH &on wildomee cells & fronber!isicompriang asnetbfiask Fbeeci¢iereidn of a

singl e aldueh&e Wdckoldhh&l Yith eYhlentini@d FX phenotype essentially as described
herei n, presunably gue t o nonexpressi on (or hypoexpression) of the

wild-type FX allele. [001 13] In various enbodinents, the FX is an FX that

i's not fg@MeodyidisifEHo BREs the modification conprises a nodification
sel ected fromthhe group consisting of a nodificationthat corresponds in the

non- CHAGR 17D t heABMCuspsiildtion 43 @ fige ies censtaioteddronCEHCRIS b oeitsi augpted to
nodi fi cat, he .1 14 : i.gni t ., sequence

W th argoanersRt il SSdhLy Bl At e CHELIE CLdbBh FRTG

al i gnnme®dos) geitaiged @nd289Q sgkatittiah iplhegds@ Ftdenepl A recemqmbinane aatitiogn thents

al gorit . i : . (a.

(Accesst ouRe P GREL Yaftodtibdh afhRklid B RRRY ARy %) a0 FberdERint Ui ng
Mac Vect @itibogy that iszeohuaman |9 thatli specificaliv irétds reetallisurfate [sriotein off drgimmeme @pieed,
open ga = i t = 0.1 A i :

cori co. PoRERR) Dvere Mydn GGG 3haRr g Belbrortind CHOYHH R Gz SRR ¢, e
= 30% kaprosiEfisatian (desigorted Amrcé044) 4s depwibeddh tharexseplasatleds were grown for

residu Ik i : il ties (hydrophilic residues
GDSND(EIQ%%)EQJ[S(I)%?L 1%%' ‘5{3@3"?"5?2{3? Pb(éa a%%t(%éeérﬁ,aqg??%hi ng a subj ect sequence
agai nst[08H®8] D NCELallsghatsre the Ry aneamddificaion mniVesMessast Antippdudi ng t he

pairw s i t i i [ r Lr sitions
'h 1 he. ConpAAR B cBal 3 o NSRRI Ut and TR S8R BRI AR

equi val ehgreaintthe aGHOCRPOIheNBOMORifig@®N o8l futosydated BRBY 898563 dayssor

A ycopr Lk 358[%08% d%?l) (:FQB qgnposi tions and net hods can be used to nodify
the fucosylating abifi'ty of Cells to achieve | ow fucosyl ation of any

gl ycopr®0diA] of i Gelisrtbatthoredhetiolgenet medifistion iany eppreséidsAmticady @sure ref ers
nvent | Da e PAPRANEEY H5REK M, ot 5 SRRy BT BRI  hat bears an
Fc- and mbdfieataneselrafugosyrmen;aliouh 85%aB deys)orlabogli 168162 eayss (Tabie be nade
usi ng tl!b%1%8rp05i AI;OQHGSF Ig‘vvgucosylation CHO line was made from CHO K1 cells that
contained an L289S and a N9OK maodification of the CHO FX gene (designated line 8088).
Antibody 1 expressed in these cells exhibited only about 0.96% fucosylation (3 days) or
0.71% fucosylation (12 days) (Table 2).
[00121] Another low fucosylation CHO line was made from CHO K1 cells (from 6066-
1 cells, which have an L289S FX gene modification) that contained a P136L substitution
(designated line 2121). These cells expressed Antibody 1 that was only 0.82% fucosylated
at 3 days (Table 2).
[00122] Two further low fucosylation CHO lines were made from CHO K1 cells (from
6066-1 cells, which have an L289S FX gene modification) that contained a N79S
substitution (designated lines 2020 and 6069). These cells expressed Antibody 1 that was
only 0.94% fucosylated at 3 days (2020) or only 0.86% fucosylated at 3 days (6069) (Table
2).
[00123] Temperature dependence of fucosylation for Antibody 1 was tested using cell
lines 4044-1 (no FX gene modification) and cell line 6066-1 (L289S FX gene modification).
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met hods of the invention. [001 16] A typical glycoprotein that can be nade
with the invention is an anti body (e.g., a human, nouse, or humani zed
ant i body)wohato/i4s47§1 ycosyl at ed and, under nornal condi t iPOCmAIS2O10A368i14 d-t ype
cell, fucosyl ated. Exanpl es include, by vvay of iIIustrati on and not by way
of I|mtat|on human anti bodi es of t ] | g&4 subt ypes.
3 ycof G nGROGE PR bEBY 45 IAEPIRIE LS Y BORUIGI e BROPEA B SEC

posi ti Oafienaﬁhé 4oI¥nl éi(ﬁibltgél M@&h(ﬂﬁé@arﬁé fUReSY4tioRN929E%) BEbSHB7aN ahY bneraked
G cNAc, gl | owed by NAc, followed by a biantennary tri m‘:mnosg98 noi ety,

fol | owd908¢4Y on eTél%fUB\“ert'% fyrasHaton C%i“é? weee Bpde filamisich Hee ARGH -2

tri minWVNQUW'ﬂ%t%&p@@%&%o@ﬁf&er@aﬁh&%é@t@'tﬁé‘%eQRJ\A}tH’%'tdr)(ecfé?)ltdrOM\@d by a
gal act ose residue on one or nore of the G cNAc reSidues attached to the

ant ennae’ 8nd Hhe-Hi AftRrSFEPY far thrradALS Y STiBiethy. Presrdes (§aiaoe maliivayher gl ycan
nor mal | 3psef&iR dlo b’é‘tﬂw%‘y)' éf'?t'.f&@e' @yéanadon@o&w&@ aﬁ@ﬁJcQé’@coM@ﬁro?trféWd&W ly) a

Si ngI e fucose residue is linked via a ucosy transferase to

297- gl V&35 dteraningst i IDaRabseAcs af fuerpe. @%@Hl“ﬁ%sn@@du‘iwq%?%tﬂ&7 /fooror per cent

or ext er3Rfudodpiagon, axhbﬁéasqﬁthtefweswcélapgwektgrn@e@saweeébmé#acéé%ywl%ﬁtwago this
fucose residue In relation to the amount (or noles) of antibody and/or the

amount "E¥PredP 8k leasiioSAdre n9BP3 Gt ycan substituent (e.g., relative noles of
fucose: anti body, or to fucose: d cNAc or fucose: mannose or

fucose: trimanngsyl noiety or fucose: gal actose of the 297-1inked glycan, in
an anti PH':- paration obtained fromw ld-type ceils or fromcells

corrprl sE,(wn,geﬁmtmG)@i"E){néycl ei ¢ acid sequence in accordance with the
i nventi on% Lowfucosyl ation CHO Lines [001 17] A | ow fucos%l ation CHO |i ne

was corl@Priéel ed A ¥ ®HQ ceblines, iglatacediracty g ibdirealy SagperiSitsiedlis a

serum f4egebd@e8asisy nmedium The CHO Iine (designated |ine 6066) contained
an L289S substitution in the CHO FX gene. A reconbi nant anti body that is a
human 1[§8126hat JH@€19 Celis.| Jhe Chi@scalidine 3083 wes keneratesdsno EHOMRE Eollscs 1) and

a I eCordysBay f@r”h?@qgkéeﬁshlﬁtué Ba PPNW%@%% BQ@O %ofré@@'b{/)’?{gfeﬂ a cell

surface protein o I mmune ce e ce i ne,
and in %ﬂ&ﬂbr@*é@d@n@ﬁ“ﬁg’e@-@a@éItﬂanﬁf’ﬁﬁfédW@tVGP@CREEiFPﬁeaﬂDb@QMG/TBat| on

(desig %ﬁ%glsh)“erré%ééteé‘éelfé%é ls@r%gnéd”' yamel g@exc.b@uﬁ%&gagofgr own for

t hree m_ys in ers or days in a |or ctor ch at [00118]
Cel | s thigrRband ankeslqnx wasreelanirl it fiserio Aredd 48@d30Gh ¢aleaere

fucosyl @ed pLip PRkobkh Al RENELZSRKSLpS about 7 or B (thr e

days) o ereas I1nt sence of t FX nodification cells
f ucosyl [Qﬂéa7hbout5089 s ( 308ayslls ave Calip Kl cBlls tBet a2 keay sjagt@did grot)in [ 001

191 Celd 5pd Mtn RQERunt RE B5rR0E Bl MedfPp. and expressed Antibody 2
[00128] 4044 Cells. 4044 cells were derived from RGC16 cells described in
International Patent Applicatiqn Publication No. WO 2008/151219 A1 filed 04 June 2008,
and US Patent Application Publication No. 2009/0124005A1 filed 04 June 2008, each
hereby incorporated by reference, and which contains a loxed cassette at an enhanced
expression and stability (EESYR) locus. The EESYR locus in 4044 has, from 5’ to 3’ on the
coding strand, a loxP site, an SV40 late promoter, a puromycin-resistance gene, a CMV
promoter, an IRES, an eCFP gene, a lox2272 site, a CMV promoter, a DsRed gene, and a
fox511 site. 4044 cells further contain a stably transfected pcDNAB/TR vector.

[00129] Other Cells. The 7077 cell line was derived from 3033 cells without the use
of exogenous recombinant nucleic acid. 6066, 8088, and 1010 cell lines were derived from

4044 cells without the use of exogenous recombinant nucleic acid.
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fucosyl ated Anti body 2 only about 3.6% whereas in the absence of the FX
gene nodification cells fucosyl ated about 95% (3 days) or about 76.8% (12
days) (Tawbeo)1414780120] Anot her | ow fucosyl ati on CHO | iPa@/Usaslomeedes f r om
CHO K 1 cells that contained an L289S and a N9OK nodification of the CHO FX
gene (designated line 8088). Antibody 1 expressed in these cells exhibited
only abexampleP6oBriodoctign af Reﬂor(lbinaayéhtibodiesTrl%-lfQjeetkyl ation (12 days)

(Tabl e 012 t he m CHO K 1
ol s (BR130E 050 vactars e JeBltig ERTMEhL 05U Ba LB R FRIITSR) ¢ hat
cont ai nbd relatreIBdcesnans bf thah‘eabmree dagespradcedith rerseecﬁl@ﬂk)e cotingstraaeé ) lisged 5’
expressgd, Antibody 1 that was only 0.82%fucosylated at 3 days (Table 2).
[00122] Two further |ow fucosylation CHO lines were made from CHO K 1 cells

(from 6[@9331] cel | ER4000I e huhav el hpro2B8S, FYergeaeonvdithé bedvyampintdiab 2,

cont ai n d v desi nated | i nes 2020 and 6069 These cel ls
express%dsg‘ué\llg Fc’fy%?E haqat?/\ﬁ%g é’m)” esés @/%cfe&eggyl ated at 3 day)s (2020) or
only O. W@E}Jcosyﬂmm athuBad ;@6%% 4 Jadd encoping[ted g3 khdiespab @t bif e
depende ng! £€fuco§ atjion for Anti C)éﬁ 1 was tested using cell I|ines

2044- 1 {1 Ble EREEhAGT BUPITSAT "STRIT0R o  ne 6066-1 (L289S FX gene

modi f i cRiM@8) . Cel pR4G0282 6OBB site, @qmrﬂmrienvwbryﬁot%%afg&@sedcaa:h@meaieas 0C, and

about % f uc | at j at 340C. CeII ne_4044-1 exhi bited about the sane
fucosyl‘glaf'b A(%Q% 6*)3%&?*%?@0@7@@ aﬁwlcPX§§62C§'€[00124] Two further |ow

fucosyl mionaa] cel | pRRigVBS 2 VKB 7VBHE, 4 ARITLEOER- rééxasnc%og%%e b (HES acERNROK) t hat

expressed tvvo different antibodies to the sane actor receptor, Ab

3.1 and?SR§ 3hgmanGMY PipmRiEmE 988 eptrding tﬂéﬁl%mﬁha@Tﬁébl% apfi@ Loxetletitee

(salva OHQBPMY)pmiOOQb§ﬁ@WO Qé!@%)w&elpﬁhhﬂ@)ﬁné’énéo‘dﬁﬁs@re 8 HRRas
conposition and fucose content o can was determned. In the absence

of fuco§ee WRE0e&13131PAdsheselatineaosia Yal"ﬁfﬁﬁ”cf)m% or 5.73% fucosyl atl on,

vvhereas e pr e t
Fost o aOr by PaRREEa Py ae Rl CUYATRTRRP S SROTHRS B 7, s

[00125]CM'Wr4ﬂ§t39d)bT (ALHO. é§\440“$‘fﬁ@§0m¢t§blaaﬁ @d—%i?ﬂé’cﬂ%/ or indirectl y fr om
3033 1[5 gengr at @;@gcg esrtgl %Jrgtg (Zlgléec%% qg?‘l l %bgl-l%?cg@s in U|SI "
Pat ent 9&ne, Fhumgn BB/ pf@@vcé@yalgncmp@dmgetde bgavyefraireofcdh 1, Bindef Lox51Cei. K 1
cell's v@o938f 20! Yordsh 86k it QY HCE Ry RIRSRP Lk PSRMARS TR light

chain of Ab 1, a SV40 late promoter, a gene encoding the N terminus of the hygromycin

resistance protein, and a Lox2272 site.

[00139] pR4008: a Lox2272 site, a gene encoding the C terminus of hygromycin

resistance protein, an IRES, an EGFP gene, a human CMV promoter, a gene encoding the

heavy chain of Ab 1, and a Lox511 site.

[00140] pR4009: a LoxP site, a SV40 late promoter, a hygromycin resistance gene,
an internal ribosome entry site (IRES), an EGFP gene, a human CMV promoter, and a
Lox511 site.

[00141] pR4010: a LoxP site, an SV40 late promoter, a hygromycin resistance gene,
an IRES, an EGFP gene, a human CMV promoter, the wild type FX gene, and a Lox511
site.

[00142] pR4010: a LoxP site, an SV40 late promoter, a hygromycin resistance gene,

an IRES, an EGFP gene, a human CMV promoter, and the mutated FX gene having
mutations L289S and NOOK.

[00143] Fucosylation proficiency in CHO cells was studied by cell surface LCA
staining and by analysis of recombinant antibodies produced from CHO cells. In one study,

7077 cells were used as the host cells for the expression of Antibody 2 (Ab 2), a human
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(I'nvitrogen). Transfected cells were screened for doxycycline-inducible
expression of hFcg RI, and one clone was selected to give rise to the 3033
cell 1inevo20B834teB8l s were adapted to grow i n suspensi oRCEMISRAI0®O3G9Mm4
serumfree Medium 3 . [00127] 5055 Cells. 5055 cells are CHO K 1 cells that
have been ada ed to grow in suspension in serumfree bioreactor nedium

Medi um 9G] %ﬁga 2 hpgrn & celloaeenis fodovias @ ethpd desaribedindRPetartl | s

descri brg 7 Jted maehe@%gmrpoﬁ’ﬁwap r&a@hb&aérnew Pebbn £t s Dere tHRsFREY 15121
9 A1l filed 04 June 2008, and US Pat ent Appli1cation Publication No. 2009/01

24005A1%ith PlagmigPRAGAE (25 chala ity dhepyaiy rastssasicabang RRA (figtehaince, and

whi ch cembmias r@r,ldtmsiuga?ﬁ@ue%taﬁm@w (ﬁﬂh%@@ﬁdcé‘r?&%@s@\ Oﬁrr@nﬂanaea%' ity
(EESYR) | ocus. The EESYR locus in 4044 has, from5 he codi ng

st r and, CHUIesWeTe selgcted wite g nﬂ'a&ogrqmsé%ﬁwéerowcwmrﬂﬁcmﬁrww&nce gene, a

CW pr opmb@ysin @BcH BEEWO ﬂ@el&@ﬁ?m%&hun@cérﬂé%@@a 094 fcBal cBIf SMMnPr GdRLR. @
DsRed gene, and a lox51 1 site. 4044 cells further contain a stably

t r ansf eSHWHEHRARGABD MRS BRQIBH toIEthen o] Weserralaptss] tp grovimia SPereNsiQRt in SEiUfE was

deri vedsidd 9530:3BmealuhBMBlitiROUT EXdiessitHEof M cAIQRAN AN Ly IRD L AN srucl ei ¢
aci d. 6066 8088, and 1010 cell lines were derived from 4044 cells w thout

the usedQWCHENRRyIOBRSUER SfsitafY thise Faye Ehe indusespylteres wergingderted with of
Reconbi nanfigrAlrhbambbe Sgd rbr@lsmo(;esl Arsor tPQ330, WECE@DS, fr;(&%emeo%%ét descri bed

herein have the features indicated, where the rel a?| [ acement of the

f eat ur eROyoNG} B EngasiHdafacantidiseat Fa antibady @@ekm lm@ﬁaesqeargm e’ to 3
[ 00131] GRRAOBKY;. ﬁe%ﬂ@ﬂe%lﬁé@mﬁﬁ{ow%e@%&%h@@%@é Win PRS &%@&va&%i § of Ab

2 , an SV40 | ate pronoter g nmyci n resi stance gene
pRA001: bYaf'%%?m%cowMﬁﬁ%TrM Ce&S@@i F@ﬁ@@&mﬁgc@hewisgmh eeRI ATEF Ab 2 , an

SVA0 | aduprdycendt |ﬁfens@;ﬂﬂ tﬁ’e fbﬁér@w%gtdt@!%eﬂtpéﬁﬁghmére S[Opfgé?f‘;ﬂ P%% a LoxP
site, a huma encodi ng the heavy chain o an

SV40 | a3 m%mﬂ 916 Joiaﬂmﬂwgﬁwapmmpo6mméweohum@x5@7pzo@qo’ree a

hygr orryr@b@nb@@rhtset@zﬂqwgar@us dRrd &eded ahs KGOPARMSEL MR CMMGiRF AARL er, a
gene encaoding_the |lig ain of Ab 2, and a Lox511 site. [00135] pR4004

an SVAQRLS4te B'Fr(?ﬁ‘rc?@é? 'aéﬁ{dfh?r?@n%?f@déﬁ%w“wsaoée%%B%MM pEasRin WD 2008/ 1

5 12 19}9&eremhﬁs@ﬂb’ﬂéd‘§PPﬂﬁéxﬁ§Aeﬁﬂw dhedrestegaghy. [00136] pRA005S: a LoxP site,

a huma gnw ene encoding the light chain of Antibody 1 (Ab 1),
a SV40nﬁ0 id 4£r or’rtf’toéf1 a”ﬁ 6@ GHsx ogiip vese pged ppayd zplipRatheEXPEesEiOR2DAR 2si te, a

hygr onygianag €S BiR&E R ACSHRIbo@NaddiePa HithaR @ fkine receptor. Briefly, to express Ab
2, 2 x 10° 4044 and 2 x 10° 6066 cells (each having a loxed cassette at an EESYR locus)
were each transfected with pR4002 (heavy chain in a loxed cassette), pR4003 (light chain
and hygromycin resistance in a loxed cassette), and pR4004 (encodes Cre). To express Ab
1, 2 x 10° 4044 and 2 x 10° 6066 cells were each transfected with pR4005 (light chain in a
loxed cassette), pR4006 (heavy chain and hygromycin resistance in a loxed cassette), and
pR4004 (encodes Cre). Transfected 4044 and 6066 cells were selected with 400
micrograms/mL hygromycin for 10 days in F12 medium containing 10% FCS. Surviving
cells were adapted to grow in suspension in serum-free Medium 1 for seven days. Cells that
have undergone Cre-mediated cassette exchange at the EESYR locus expressed EGFP but
not DsRed or ECFP. Cells positive for EGFP but negative for DsRed and ECFP were
collected by cell sorting using a MoFlo™ sorter. The 4044-derived cells that were
transfected with Ab 2 and Ab 1 genes were designated 4044-2 and 4044-1 cells,
respectively. The 6066-derived cells that were transfected with Ab 2 and Ab 1 genes were
designated 6066-2 and 6066-1 cells, respectively. 4044-2, 6066-2, 4044-1, and 6066-1 cells
were expanded by cuituring in Medium 2 for seven days. To produce recombinant

antibodies, the four cell lines were seeded at 4 x 10° cells/mL medium 2 in a shaker flask at

26



gene, a human CW pronoter, a gene encoding the heavy chain of Ab 1, and a
Lox51 1 site. [00138] pR4007: a LoxP site, a human CW pronoter, a gene
encodi ng wheolo/ght7schai n of Ab 1, a SV40 | ate pronoter, PaTgse@opsdodi ng t he
N term nus of the hygronycin resistance protein, and a Lox2272 site.

[ 00139 4 2272 sit ene encodi ng the term nus of
hygronyscﬁﬁ q_géqes(?adﬁg%er Plﬁ*tCé’i”fl"%o'?ﬁi" %Rﬁg Weéﬁ"@@@%dg%wéhe EROPNFEMW pronot er
a gene &maeabﬁmetéiﬁwzb&ap’%ﬂébayPr&tém%afimttﬁdﬂdor@ai@@@h 1 site. [00140]

Psite, a SV40 |ate pronoter, romycin resistance gene, an

P oy malOBARBEE o A g TG0 A faliwera aiopisd GhAast Colm I Ere DRASESL or

and a Lax$1Bhefsi texdrddIbl], DRIGIEY8sBNONP1 6 1080 Bl WG dcat@nsesrpter, a
hygronyc @/’Iﬁ Si s %gﬁgal ene, an | RES, an EGFP gene, a human CW pronoter,

the wi 14t And fitst pBYi8A of hygreraycin (Rpisigr|ce A IMa loxef Gagselipt e,  an
SV40 IaiF&lquQﬁé&\@rchala éhm&é@éwdatldre@ﬂr@bmmng@gi@tana@gé:@ﬁalaiaecEG:P gene, a
hunman CM/ not er % cz aving nutations L289S and
NOOK. [G6% %? ‘Sﬂg ?er?db‘ %Bﬁegf aﬁdéﬂ@téé“l Juevivipessalgaian #dh 9O cel |
fsur fac %xb%lrfrhﬁml H’ygroari%nhhéer%m?gw‘%di’to gfow @Qs@@r&nwéhtm @@iunﬁb@ﬁé Wftédﬂﬁﬁiuc fed

rom S , ce s were used as e NnosS cells or
t he egp;él%ggli‘%ﬁXBPSfﬁfEQEEg’“}Zl”?tﬂ?&?ﬂOr GilmiEem s iransfe dRs O8R4 1% hunan B
cel | re@@pnwatecﬁWE@mm@ommde@aaMeb@desughét& &aﬁsenbanoZM% 533,
hereby in by I cells were

or par ference. Briefly, 1 x 10
t r ansf e‘&ff"g‘t?ev@c%’[ rf?ioég 1@1’@8 1Ph€%ﬁ}'§ “t%%?ﬁ?chqy@rsﬁ?ﬁ%ﬂﬁshs@éidf%%?nce) and
pRA001 ddlié/gint 'Ithh@é @ayspatéomwe:&mtureemie&rewg):oue%téagaddl tR@hect BNk éng)
(I'nvitrogen C%rl sbad, CA% transfected cultures were selected with 400
m cr ogrpé’?fg?%y %?'B%ﬁflrﬂm tﬁaraf Ymi crograns/ nL puronycin each for two weeks
in F 12 medium containing 10% fetal calf serum Cells that survived
sel ection re pooal e oget er and mere adapted to grown in suspension in
serqu%’@”\&ﬁS?’eMngﬁkﬂf? A ARAYS!S Expressi on of hFcgRl was i nduced by
t he addoonae] of otaw@whmamgcm amowbtdﬂélﬁs W@ﬁa IHWbﬂﬁde%ﬂ'bgﬁat@aM\ﬁth The
induce Itures were jincubated with grra nm. ra for 18 hours

pri or A 6 R RSPAUR P npBioR l(%ér?e%@so%m'ﬁ Gt aﬁSI%f‘%‘?\@llth 1% NP-40)

FITC cqmscgwt E@h @HBIO\KMWMteEOeWMeb@dU of J aﬁ&sgani/mmwoﬁgsfe@boé}m Wsst G ove,
PA). T re stai ned for hour then washed twice with prior to

anal ysi eﬂﬁ eF‘F &%fﬁﬁw?yﬁe&f'uar%wtwqwa%rﬂ|W'@cﬁn6h§?mh%ff'@ ab%@ |C.fﬁrs1 cO) .
Cel I s wdduh m&arrlﬂléEQvérblyb% e@@@ém& rembed skdeds aRthtdiflict R fYyedt Withenkrtal cel |

popul at(sasm WEILELG‘B r{rldges | ﬂ;[e oligo achande mixture was then analyzed by reversed phase
HPLC, using 0.5% TFA in ddH,0 as mobile phase A, and 0.045% TFA in 90%
acetontrile/10% ddH,O as mobile phase B. The glycans were resolved on a Thermo
Hypercarb™ (Thermo Fisher, Waltham, MA) column (dimension of 100 x 2.1, particle size of
3 micrometers) through applying a gradient from 30 to 40% B over 40 minutes. The signals
were detected using a fluorescence detector with an excitation wavelength of 230 nm, and
emission wavelength of 425 nm. Further analysis of the HPLC-separated glycan peaks
through mass spectrometry revealed that they were separated into two main groups; non-
fucosylated bi-antennary glycans and fucosylated bi-antennary glycans. Within each group
(fucosylated vs. non-fucosylated), the glycans were further separated into digalactosyl (G2),
monogalactosyl (G1) or agalactosy! (GO) forms. Integration of the peak area corresponding
to different glycan forms allow for the quantification on the populations of each individual

glycans on the monoclonal antibody.
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was named 7077-1 cells. 7077-1 cells were expanded for 10 days in Medium 2
. To produce reconbinant Ab 2 , 7077-1 cells were seeded at 4 x 105
cel | s/ m. Wwbdnuwm42478n a shaker flask at 370C. Three daysPCatuse)10i0be@14
condi tioned nedi um was coI | ected and the Ab 2 protein wherein was purified

by Prot |nA i nit raphy. 044 and 66 CHO cel l s were
used as ge%fegu? %35’3 f ‘%gs)(ﬁé% ﬂb"%e JapgRRlten gy

anti bodsUBDGENes a human cytokl ne receptor. Briefly, to express Ab 2 , 2 x
106 404@8529]62 X 106 6066 % ch haV| n a | oxed cassette at an EESYR
| ocus) ach trPf§H‘§fE‘é‘EP tﬂ“ ngﬁ? WSEWQP?PQW?ré‘”I P eisset te),

PRA003 4k icaborsdtad memmwd@wam pSétﬁWé;l a@é‘cﬁ;eh@esaoﬂtﬁé(ﬁﬂ &%ﬁ@&rtpea;f Fand
pR4004 (enco 6066 cells

D008 ey SED b a9e SBididozt T 1asBoSndral. 2P0 GUaR el 6nde0se® . om0

(heavy @hgidhdargudnegs @ﬂ%@lnmaj@etsan%b?i@emercmol deneth saasetdoeh.1, a0t RRE004
6066 cells were selected with 400

(encod . Trapsfected 4044 an

m cr ograélﬁglrc S W?@r%ﬁm'q?df oYeHBNEERE thempipbiraRse 'Bﬁe(’fB'iﬂsé?%fr?f@ thebl FEs.

Sur vi Viangd GBbligcose trangstier §6hd Re@rA¥% ddleSisEeiNSI0qn-1i shassuset ddiee Medi um 1

for sev$a1g§,g Cell s that have undergone Cre; medi at ed cassette exchange at
us t

the eed & ishede@bREArRs R atgg trops Re d OoF HECess ugisp Micradst iTkeK f or
EG-P buzotxwa(qmeogfearc%%%d oAy &SNS feptR f@@lfh@&ety%@ohgeﬁ@ Wergorting using a

MoFI o( t sorter. The 4044-derived cells that were transfected with Ab 2
and Ab S¥n{eRiged fx&méﬂ%@%#&m&@'mﬂ 35 hR@Primenand SeeerSsrirtdbEptcitrandl y. The

6066- desynwee@.sc@sténwim{vmgé@) tERIDSITNA ®Es WCRNarRifidd 3BRg AR mbrPenes were
desi gnat ed 6066 and 606 cells, respectively. 4044-2, 6066-2, 4044-1 ,

and 60EE-AFa@EFFS YA CERPANIRE by ECUID NP N 3 m.aaﬁwag drttssgehddays. To

pr oduc?ti BCerl mANb: st SodA s HATe ahBlifedCRidg drinies swere-sagded at 4 x 105
cells/ medium 2 in a shaker flask at370C. Three days |l ater, the

condi t i BHEGAEER - Re’e T IRMQ:RI28HE  throtriakerBi hearconvorhaet s SERRI n
ver e pwibhbedonLsResd Shnkprtef DA s BRIFOARERREARMY-prikfPd 451 %%f«aeg 10 10

CHO cells were al so used as host cells for the expression Briefly,
to expre&sggapcda -3 ' 1¥eR Yo dW dhand s5k- i%cr@mcc‘ecrd@qmrté ‘em‘:h3 't ST ect ed

with pRAGQT.16! iFgfe c@mwa@ﬁéRfannam 2805k BFnfs ,y_grg,@xggg%(g f%{a%ttggg% ene in

a | oxed cassette c% g R4008 (heavy c ain second rti cin
resi st afcg-§ersEQ D O ke TasgatteepcaamttpR4004t (&nGddSEQ IO ¥P:14. The

Transt gﬁﬁﬁgo@ﬁw'elra%eé DaLy FURY PYede3BiRS IR0 2 Woltd 149%@%%9 L hygronycin

were a row I n suspension 1 n serumfree d|um IIs t hat
expr ess(tmrlt@@m amltclq’mi Hjs@fdatege@d:m@lfaoﬁhﬁt) hBCRr ringicie wers 18068d afier de010

were | %%c%’rgﬁqorgéﬁs(\aﬁh '&Eﬁga Ht(g' CQQ 1%%@5'”0@(@& (?ﬁgg@&%ﬁﬁoﬂﬁﬁh%@ ed 8088-1 and

1010-1 . roduce e|n re seeded in
shaker marwéa(gurgf s psiructions. Cloned DNA products were transformed into electro-competent

DH10B cells. A minimum of three bacterial colonies from each transformation were picked
to inoculate three liquid cultures containing LB and 100 micrograms/mL ampicillin. Plasmid
DNAs in these cultures were purified using QlAprep Spin Miniprep Kit™ (Qiagen).
Sequences of the cloned PCR products were determined using the M13 primers located on
the vector and the respective 5 and 3' PCR primers. These sequences were compared to
Genbank sequences for FX (accession number AF525365), GMD (accession number
AF525364), GDP-fucose transporter (accession number AB222037), and FUT8 (accession
number BD359138) mRNA from C. griseus.

[00149] Mutations in consensus FX transcript sequences resulting in codon changes
from the Genbank reference sequence (AF525365) were identified in 7077-1, 6066-1, 2121,
2020, 6069, 1010, and 8088 cells (Table 1 and 2). Sequences of the GMD transcripts from
4044-1, 6066-1, 1010, and 8088 cells matched GMD sequences reported in GenBank
(accession number AF525364). Sequences of the GDP-fucose transporter and FUT8
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cells/nmL. Three days later, the culture nedia were collected and the Ab 1
therein were purified by Protein A chromatography. Exanple 3: Anti body
Fucosyl atworrovwiah47si s [ 00146] Purified human 1 gd anti bedy/ysecabosesss wer e
initiall y degl ycosyl ated with PNGase F under denatured condition (0.5% SDS,

2mM T ked 1% NP- pH 8.

pr ot ei Yaé‘ﬁﬁ %ﬁ%ﬁlk?‘%’ F%??r%r@dqﬁ?f{feépe%t*f@éeﬁﬁ}cﬁ?é%ﬁme?ﬁb rel eased
gl ycanSGMamktabmnf(éu@ws:@ammbyrsoh@zztzam ZediBDBSEM BNt hrani | ic acid at 800C
for 1 hour. The sanples were pre-cleaned to renove excess anthranilic acid
reagent with Waters Qasis(tn) HLB cartridges. The oligosaccharide m xture
was t heExanmsle Bz Edc oy latreinsedo mraisianéPluith aiSing: 028%% Mirdtion iddtr&EXas nobi | e
phase % and 0.045% TFA in 90% acetontril e/ 10% ddH20 as nobil e phase B. The
gl ycans %%t e resol ved on a Therno Hypercarb(tn) (Therno Fi sher, \Waltham

MA) | col [oon5QYi rf?ﬂ%‘dl&t}“ve@ucos%@l@tlw ﬁrgﬁ}meBmﬁh BOZ:B(S muzeaa?sfa BndTT ET7OREES @ksd through
a | a ~adl ent. rom taQ 0 over mnut S were
Pt d e il 3 Selsidbe lacus Lps ah eaee i G bEe At of 230
a rFr)1LCand1 0 rDss gmwwaine m@i@e&xfﬁ iAdibafen wittusibite L CAMabster ISatdtfatbds, ]
~S at e eaks tnro SS S I’OITEtI’ t the
wer e s%ﬁlﬁ %ﬁ%( 8{3{' Crﬁ@?ﬁ‘sﬁ?lot;‘gémgﬁBWf L&@é)}’l’%’("@ﬁ‘%w'g‘rﬁ %‘?L‘rrfg‘? 4 chang
and fuomayhr&meﬁkebwtarpmmwtymgbmagmed Wédmmlﬂmd@kgj’rﬂuﬁndrfomgéa’rblﬁi)tfed VS.
T Bl g o B B0 1 o S R e B e R
peak a][sme,cc_ensr a&pmvﬁi dagJs vergdéthihed am? FOTG-CeR ngrféSho&ilr I V@e}lﬁh%ﬂ twit8eand
uanti ficati nthe t n C | VI can n the
T onc] dinan-edBy BT BRR e, 2 Sl ARRE Rord ol 7Y 2ce VR sPinsd S,
GDP- fudmseef JcAaszpoid ietensianeh E06B8areTOTS c[eOQWéﬁe]sx@m&iae{tmﬁle@mmﬁ&dthblmhe FX,
CDP-fucose tran ter es are onents the e. Novo
sy oiaigs S 20 0% 560 uofle T 2 i 8o e TR VR 4t e v oo
88:3:3 IIffJ]&SyEO&Bm 8B4 4nd 7077 0di6-than in6lB8-ahd,4034 24lls. RORmitdaBethdOd0odd , and
ce

n nces of th j.or.transcr.ipt, of the. ene in 4044-1
O 066- 20 7078 B8l ST e s 1B sl uStiot e mtern et ARt eotn; or
t r anscrfugise oem@hestsedarhd 60648 dé‘ﬂ&ls kdi8stany tfbbfeticdagi® éxlpaa%srarpﬂﬁmwﬁaeAWer e
also d er i 44-1 an 001 riefly RNA was
sob at et M e iR CElEy B e, B ERP LR ARSI RS s e AL e
(I'nvit rE)@BmIe marers:baﬂbmaWb 2D f aerd ﬂsredlicredrfrofnumssdnatebtm dgﬁmrasthmer e
synthe mtot S h i S rs ript 111
vt 4o St A SRte v Ry eh 0t s FedisPRrulliee P ed
usi ng pﬁxb heese ;S.lrlﬂed from the conditioned media and the levels of their fucosylation were

determined by HPLC (Table 1). As shown in Table 1, 7077-1, 6066-1, and 6066-2 produced

recombinant antibody with fucosylation level between 3.6% and 8% in shakers and

bioreactors at 37°C.

[00151]
Table 1
Hogt Cell Produqtion Consensus Reporter Fucosylation in Fucpsylation

!._me _ Cg!l Lm_e FX‘ Antibody shaker in bioreactor

Designation | Designation | Mutation (%) (%)
4044 4044-1 None Ab 1 89.3 85.8
7077 7077-1 L289S Ab 2 4.0
4044 4044-2 None Ab 2 95 76.8
6066 6066-1 L2898 Ab 1 7;8 6.14; 6.86
6066 6066-2 L2898 Ab 2 3.6
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ctacaatctt ggtgcccaga gc-3 ' SEQID NO 7 and 5 ' -tccagttcag tttctgctge g-3
' SEQ ID NO 8. FX cDNA was PCR anplified using prinmers 5 ' -ttccctgaca
agaccacctwoteny@31478SEQ I D NO 9 and 5 '-tagttgtcgg tgaaceaggs2@0/036914 SEQ | D
NO 10. CGDP-fucose transporter cDNA was PCR anplified using prinmers 5
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profi C'@E&Vla‘h&w %Qr?é?detérq‘ﬂﬁ%d l@pﬁﬁchﬁ%!g 9)77AﬁC9rl|cJ\A§1 HeaBield bsd tr§r¥s?"%t§§j by

stalnlngot e cells wth 't | ectl ens cullinaris agglumln
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After two washes wt S, the ce were | ncubated with
phycoer@PAbfth- corfjusgait@ibnarrefigiangy indfG69( 362k 2471 telisuvasReseeaxariiped after

purification of Ab 1 protein produced in shaker flask cultures. Table 2 shows that these three

cell lines produced Ab 1 with fucosylation levels ranging from 0.82% to 0.94%.

[00155]
Table 2
Host Cell Line Production FX Reporter Fucosylation | Fucosylation
Designation Cell Line Mutation Protein in Shaker in Bioreactor
Designation (%) (%)
8088 (8088) 8088-1 L2898, Ab 1 0.96 0.71
N9OK
1010 1010-1 L2898, Ab 1 0.94 0.53
G211R
2121 L.2898S, Ab 1 0.82
P136L
2020 L2898, Ab 1 0.94
N79S
6069 L2898, Ab 1 0.87
N79S
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Example 8: Fucosylation of CHO Cells Cultured in Media Supplemented with L-fucose

[00158]

In mammalian cells, GDP-fucose can be produced by the de novo synthesis

pathway and the salvage pathway (Becker and Lowe (2003) Fucose: biosynthesis and

biological function in mammals, Glycobiology, 13(7):41R-53R).

In cells grown in culture

medium lacking L-fucose, GDP-fucose is produced by GMD and FX proteins from GDP-

mannose. In medium with L-fucose, GDP-fucose can be generated from L-fucose by L-

fucose kinase and GDP-L-fucose pyrophosphorylase. GDP-fucose produced from either

pathway is transported to the Golgi apparatus through GDP-fucose transporter. In the Golgi,

the fucosyltransferase protein FUT8 converts glycoprotein into fucosylated proteins with

GDP-fucose. Fucosylation proficiency of 6066-2, 8088, and 1010 cells grown in culture

media with and without 5 mM L-fucose was examined. 6066-2 cells expressed the Ab 2

antibody and carried the L289S mutation in the FX gene transcripts (Example 2 and Table

1).
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By HPLC analysis of purified Ab 2, 6066-2 cells grown in shaker flasks produced AB 2



fucosyl ation were determ ned by HPLC (Table 2). As shown in Table 2 , the
transfected 8088 and 101 O cells produced reconbinant Ab 1 antibody with
f ucosyl atworroloemed78bet ween 0. 53% and 0. 96% i n shakers amdThiSosiemsdns s at
340C. [00154] Fucosyl ation pr ofi Ci ency in 6069, 2020, 2121 cells was al so

exam ned afte urifijcation of rotein pr oduced i n shaker flas
cul t ur e4th ’frar(f @BQS%M” Mesiury %é’été “Prﬁdééd tdgose; %0%%6@9@%‘2&8”519%}”%

f ucosyliakhader |f|§é4\%||ﬁod@@§wb92 \f\/lﬁl@% Q%&@%éy&tl@n il Q@-ﬁﬁip@?ﬁéﬁ?&&wﬁh 5
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ef fect "BY *1‘%??68¥ 51"%?@&%5 tBﬂ tb? 8RIGA9F RAiURY ToRBEE UeAssRYBEeEiSc IRl s was

exam ne@nbyudoeétrshg@dmengananﬁle Py Tapadtyies werf fuhttedayihaobe2 fis Ab 1 protein
FIG 5 shows the LCA stains of 4044-1 and 6066-1

pr oduc aég t hese cel ls,
cells 358 E]t bots 8iRb¢s WRasYiRtion Profisieacies GEPYE3. §Pedu 047 ERECaRthE%$70C wer e

st ai nec:ews g?olv@rth&MlnL%lth@Q\@@v%oGﬂHﬂﬂ Lgfru@&f\é'é @ére%@%mmt&@ﬁg alitha | evel
t hat was s”%nl ficantly er than 6066-1 cells grown 370C. Table 3

shows tife {RAGeP)- §p39656§98%9?'5rPOPﬁd Alnilgr EW%'F@? KC r%@lﬁf’é’d"”ﬁ"r%h"r #5922 1 and

6066- 1 spblementatishaker7, Bbas kanaWobgcess ®dund4RrifRBsky3mhdie LW dferd gl if
produced AB 1 with 96% and 95%fucos | ati on when grown at 340C and_370C

r espectT§ER With prnMdniveass thag gegedia igaxing Lpr“ﬁ%‘if‘ceﬂ“'%’i?sﬂ't iqgesEubelt /070% and 7%

f ucosy | guiBB0sh 80834 s aawlfdﬁzmar esPeibbieatanspditrantgsndtibna i @ale@id hat the
fucosylation level in 6066-1 cells is tenperature-dependent. [00157]

Exanmple 8 : Fucosylation of CHO Cells Cultured in Media Supplenmented with

L- fUCOE(Mé@SFuJ:&WWNMBanﬁec@@%ﬁWFX%rﬁan be produced by the de
novo syn Qi/s pat hway and t he sal vage pat hway (Becker and Lowe (2003)

Fucose:l nt he'$i @NETY thett Bieggf vead fieasyietion sval seemimBase alls wasidsrdyy,

13(7): 4de m):x deReQRith B2EHPIY N@or@muwbﬁs)nma H/Pk |IFACHd Rt e the! Fet
GDP-fucose is produced by GWD a X proteins from mannose. | n nedi um

with L- '?)%%%ﬂseewe@ﬁxp'feﬁé%@ 808A CBU§ @éﬁé*?’attréﬁs*'\e?% andrthempisopyationucose ki nase

and GD%&J@%»%&@W&@@%@Q@W%%exarﬁé?é’d BV@%%%{D@%%G\%H LER @isther pat hway
i's transported to the Golg paratus throu fucose transporter. In

t he Golgntrol R8E ¢ris¥ere F%@té'ﬁé@éSfﬁP@?é’Y'W tmt@&ﬁ@o@sl%ﬁ@%ﬁéﬁﬁ% eininto

f ucosylmt nSrwsttah &%&é‘mpsepp RESWetdrOBRRO A5 bsd SREY1105onBHE6- 2,
8088, and h?bwc S ¥ in cultur @é%s reand W th gﬁt Sr?i{]/Iqucose

was exdnf Hid tvpeo%%g%ecam tEe L4ERNERY F%rﬂ@nmlazeam befwagn HieCMNmroraetet he

L289S rautaké 0ox51M sitBén anﬁésbé@tns@r lsnss célipimRfeRted ipRadd4ent)eith8y HPLC
anal ysi s%of purified Ab 6066-2 cells 8rovvn i n shaker flasks produced AB

2wi t h PRFO9P¢RREED) artrf%‘wﬂrwqosa?'a%ﬁéwn@ MOCTREEES DL Mye s N A thnt r ast
6066- 2 29t | sh@eawnhatunabaledt CHd-aelmtddl adusiededRardgabit HE SR aXprbsgersy! at i on

In NEdléjéTilebgtu oFt)lE(\a(rl;%mT%g cVeMIIs trnat5were EGFP-positive but EYFP-negative were isolated
by cell sorting. After expansion in tissue culture at 34°C, the sorted cells were sequentially
stained with biotin-LCA and PE-streptavidin. 8088 transfected with the vector pR4009 and
pR4011 exhibited the same level of LCA staining. In contrast, 8088 cells transfected with
pR4010 exhibited a level of LCA staining comparable to 5055 cells (FIG. 7). In summary,
wild type FX protein, but not the L289S N9OK mutant FX protein, was able to restore the
fuscosylation level in 8088 cells as assayed by LCA staining. This result indicates that the
lower fucosylation level in 8088 cells was due to the L289S N90K mutation in FX protein in

these cells.

Example 10: HPLC and Mass Spectrometry of Glycans: Abs 3.1 and 3.2
[00161] Cell line 8088, the CHO line having the FX gene modification that codes for
an FX protein substitution L289S and N9OK, was separately transfected with plasmids

encoding heavy (human IgG1) and light (human kappa) chains of two human antibodies with
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mM L-fucose. This result indicates that the sal vage pathway for GDP-fucose
synthesis, the CGDP-fucose transporter, and the FUT8 proteins were

functi onawoizn106Q6682 cells. [00159] The rel ative fucosylPariuspolpoadilci enci es
of 3033, 5055, 7077, 8088, and 8088 cells grown in Medium2 with and

wi t hout 5nmM L-fucose were exanined by staining wwth LCA (FIG 6). 3033 and
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columns in the last three rows of the table of FIG. 16). In the presence of 10 mM fucose,

total fucosylation for Ab 3.1 was 95.22%; in the presence of 10 mM fucose total fucosylation

for Ab 3.2 was 95.63% (sum the corresponding columns in final three rows of the table of

FIG. 16). These data establish that the low fucosylation cell lines fucosylate no more than

about 1.87% or 5.73% in the absence of fucose, but that fucosylation can be recovered in

the presence of fucose up to at least about 95.22% or 95.63% fucosylation.

[00165] For glycan analysis, 100 microgram aliquots of each of the two antibody

(Antibody 3.1 and Antibody 3.2) samples were resuspended in 45 microliters of denaturation

buffer containing 50 mM Tris (pH 8.0), 2.0 mM tris(2-carboxyethyl)phosphine (TCEP), 0.5%

SDS. The protein was denatured by heating at 80°C for 7 min. The N-linked glycans on the

antibody were released following incubation with 10 mU of PNGase F and 1% NP40 at 37

°C overnight. The released glycans were fluorescently labeled by addition of 200 microliters

of derivatization solution (30 mg/mL anthranilic acid (AA) and 20 mg/mL sodium

cyanoborohydride in methanol containing 4% (w/v) sodium acetate and 2% (w/v) boric acid),
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0C overnight. The rel eased glycans were fluorescently | abel ed by addition
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7. The cell of claim 6, wherein the glycoprotein is an antibody.

8. The cell of claim 6, wherein no more than about 6% of the glycoprotein is fucosylated
when the cell is grown at a temperature of about 37°C in the absence of an external
fucose source.

9. The cell of claim 8, wherein no more than about 2% of the glycoprotein is fucosylated
when the cell is grown at a temperature of about 37°C in the absence of an external

fucose source.

10. The cell of claim 1, wherein the cell fucosylates at [east 70% of the glycoprotein when
the cell is grown at a temperature of about 34°C in the absence of an external fucose

source.
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3 . The cell of claim1, wherein the FX protein is at |east 95% i denti cal

to SEQID NO 1 and conprises a serine at position 289. 4. The cell of claim
1, whereiwotzhw/aei’8 i s a Chinese hanster ovary (CHO celPCT/UB20100b@1€cel | of
claim1l, wherein the FX protein is a hanster, nouse, rat, nonkey, or human
FX protein. 6 . The cell of claim1, wherein the cell expresses a

gl ycoprotein that conprises an inmmunoglobulin CH2 region and an
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gl ycoprotein when the cell is growm at a tenperature of about 340C in the
absence of an external fucose source. 12 . The cell of claim1l, wherein the
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gl ycopr ot epurcavhen t he ceII is grown at a tenperature of about 370C in the
presence of an external fucose source. 14. An isol ated nucl eoti de sequence
encoding an FX protein, wherein the FX protein conprises a serine at

posi ti om. 28%olatsd anm@otids@qu@@ere\nebcﬁm bAlexseslRNGAe@in Bk &EXprdtkin Wherei n t he
FX protein encoded bg E q L?%%tl de sequence further conprises a serine at
posi tion 7YPGESE IH/EF AP tion 90, or a leucine at position 136, or
an argi n| ne at position 2 11 or a conbination thereof. 16. The isol ated

nucl I iml4 odi n.FX tein that at | east
9200/0 Iegg %Isg%%(ﬁ @%@tl %)gme_[lcé o?c gl?ndu],%vherem thepg)?proter}n encodedsby
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or a leucine at position 136, or an arginine at position 211, or a combination thereof.

16. The isolated nucleotide sequence of claim 14, encoding an FX protein that is at least
95% identical with SEQ 1D NO:1.

17. The cell of claim 1, further comprising a nucleotide sequence encoding an

immunoglobulin gene.

18. A method for making a glycoprotein with reduced fucosylation, comprising:
culturing a mammalian cell that comprises a FX gene that codes for a FX
protein with a serine at position 289, at a temperature of about 37°C and in the absence
of an external fucose source, wherein the cell expresses a glycoprotein that comprises
an immunoglobulin CH2 region and an immunoglobulin CH3 region; and, isolating the

glycoprotein from the culture.

19. The method according to claim 18, wherein the FX gene codes for an FX protein having
an amino acid at a specific position selected from a serine at position 79, a lysine at
position 90, a leucine at position 136, an arginine at position 211, and a combination
thereof.
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17. The cell of claim1l, further conprising a nucleotide sequence encodi ng
an i nmunogl obulin gene. 18. A nethod for naking a glycoprotein with reduced
f ucosyl atwonpiocemygi si ng: culturing a mamal i an cel | thacTase@oios®ss a FX
gene that codes for a FX protein with a serine at position 289, at a
tenperature of about 370C and in the absence of an external fucose source,
wherein the cell expresses a glycoprotein that conprises an i mrunogl obulin
CH2 regilomhandtian of rraimag| eheteinth€G§ comrgicdnis aanativé®ol ati ng t he

gl ycoprotein fromthe culture. 19. The nethod according to claim 18,
wherein the FX gene codes for an FX protein having an amno acid at a
specific position selected froma serine at position 79, a |lysine at
position 90, a leucine at position 136, an arginine at position 2 11, and a
conbi nation thereof.0. The nethod of claim18 , wherein the glycoprotein is
an anti body.
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