wo 2008112092PCUUS2008/002787 TITLE OF THE INVENTION PRODUCTION OF
GLYCOPROTEINS WITH MODIFIED FUCOSYLATION BACKGROUND OF THE INVENTION 5 (1)
Field of the Invention The present invention relates to the field of glycobiology, and in
particular to wethoslsifepyenetically engineering host cells that lack an endugesroesopzitsivay for
fucosylating N-glycans of glycoproteins to be able to produce glycoproteins with fucosylated
N-glycans. 10 (2) Description of Related Art Therapeutic proteins intended for use in humans that are
glycosylatadl. B THREVIENTIeN human N-glycosylation patterns. In general, it would be
advantaggeyisie PIOUSE ENERRSHROMIeG HRINYAsIFNAb ¢ RusaNIOlg fpigroorganisms because
of (a) the ability to 15rapidly produce high concentrations of protein; (b) the ability to use sterile,
well-controlled production conditions (for example, GMP conditions); (c) the ability to use simple,
chemicatrHE#HREGPH} I EHENYESHIONT genetic manipulation; (€) the absence of contaminating
humfan or animal pathogens; (f) the ability to express a wide variety of proteins, including those poorly
expressgg in cell cultgsg @Wigktg,txigity etc.; and, (g) ease of protein recovery (for example, via 20
secretion into the me(?jﬁjm : Ho¥vever, .prokz?/otes antd QW?I’ Fukﬁgotes do, not normally produce
proteins having complet KESHERYERISR A P IrSreE  riRIaloqh & & PAFATHR Wsed to
produce™§ iEesteaty oneinecring beslirgbrchptlpgkap dogamave redoray fox fernsidatinge
N-glycosyigliiempafighyeoBiditeinere bratdatophenal signifinssindrani acks Haidgingstrimal cells for
progucing therapeutic proteins. 250nly certain therapeutic proteins are suitable for expression in

animal cells (for example, those | Eél in any cytotoxic effect or other effect adverse to growth)
| (SRR LRSS

Animal céll culture systeS g very slow, frequently requiring over a week of growth under

carefully controlled cor§riBASO BFRGRINE g R R Ua M e s alicosviatadshopibbent vields
nonethetesgionipmenutifgiyvoraplytivitipdhase. flapemicio hiatdedeniationagroae ssesoducaddition, 30

cell cultyrg:sySIERSARIEAI T BHME- L BIRIR AR S XSG AUIERIS, A0 FOfAGRI ShfitiEh,AS bovine
fetfilgserlyarr}.d ur}h rm r.eh%%v(\:/tg rgggnkg% illmgteeg bﬁg}é}&ggr%q]m?d cell de?th optos{i{lﬁ).

Moreover® armmal céﬁglt%artlcu%rﬁry MammAIan ceitd) aré RgRIP SSCEBtEIE 1 iPaTS tion or
contamiFESIRLIAR SeRAEipASESHSEAMRIS: SN hernATdemDuE herRbNAY teorfpTRpisedRmiraiivth of the
culture, detfibedrgativér vades (Hecageof gamytibenanipuaiomdh ogesbamee ndesmgriligathgrapedtic protein
product snfitfon i dieadedr 8 oD R MAMEE YU ERERERS SR AMANEINe WSRO
complexdxterrergge §1rtiur§IsC%H§|ItévoeW9n|% L%glr ved gro) h %e%gla or‘rﬁfonents, which may carry.
pathogens Sch A Bovine SEongERn ShsiB o ety e??%dg T9d69PER] %ﬁﬁ%‘/ﬁ%z 7 (BSE)
pridhs. STRERHSLHHBY s dMichiPtscstaRekrIRie Uity rkmsveisrdasalirermrHsut
comproiprisingethe gionkhvingdiomplix Ahylvase]atice piwmimalitelsde: paoinde-thie rmpgebieraloteins
necessitaiens psiad i FOREORJRiIAS HHE PRI delisAlRY R BLEANEK hak hegmphgwn that lower

k iticyl 5 ticall difi that th teins. havi
A e L L e

complex n patterns that aré human-like or humaniz u

eukaryofBUEhfabs LEMRAISIRY BFARTIR§SERRSed endogenous glycosylation enzymes that are
inv&ved in producingthighcentamtseaNeglirgas s chia o tibbingnverjoessioarithinatians: i €kogenous
o selohodia-erg senoul e et anleapsnspeniu et o o
P
2004/01°PIE2H°S ORI Prodits o BeaBbI1o it PERSARE M H{daiceet R sénsdfddted or
engineenetktbelrsdapierad il entdymodyihran Sfarasecadtivltiesparicionvyoole atse dnisédadch mannose
resigluesanéaliine N-@byeas st givearcisipianddinepiigherengnaersddsringtds.th gach of the
enzymeg inyeled fargd %&%ﬁgg}g%}xgﬁmﬁ%@'g‘é‘?ir%&'é’%?%%bgrammed cell death (apoptosis).
Moreover, animal cells (particularly mammalian cells) are highly susceptibie to
viral infection or contamination. In some cases the virus or other infectious agent may
compromise the growth of the culture, while in other cases the agent may be a human pathogen
35  rendering the therapeutic protein product unfit for its intended use. Furthermore, many cell
culture processes require the use of complex, temperature-sensitive, animal-derived growth
media components, which may carry pathogens such as bovine spongiform encephalopathy
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Animal and human cells have a fucosyltransferase pathway that adds a fucose residue to the GleNAc
residue at the reducing end the N-glycans on a protein. The fficosylation pathway in humans consists
of a GDP-mannose dehydratase and
GDP-keto-d&6Xxytaidmtid3eepimerase/GDP-keto-deoxy-galactose-reduct & (F3RIp#61&ii8Y, both located
in the cytoplasm, 20 which in concert converts GDP-mannose to GDP-fucose; a GDP-fimose
transporter located in the membrane of the Golgi apparatus, which transports the GDP-fucose into the
Golgi aptEipsicand Suéh gasydiyamsiesak Hi¢R1tB) dwkichritémsidic thetducosssesideglizy means of an

1,6- Imkm&ﬂa&&%@a@ ﬂé@%@!ﬁ%&ﬁ%'%% &Qe redusing@ng Qfithe Mrgdvean. In contrast to

higher &rkargotes man lower eukar 0 xamp ? east Iac t e enzymes involved in the
f1¢ proie neces& contr (8] Gas
25fucosyliransrer uce opr tSMS that do 1ot Rontain fuccse (See for example,

Bretthauer/Catellino, g?é%eemmh%dqsm eweﬁh%@%ﬂme}%%ﬁﬂa ¥iait ®AdC Biochem.
2865 17 3hé8c2RG0))i oo tbss theylackrefsfpoasmoimglyg epropbin vhesdosgatsingunamhte

advantageiRee AN rasesa i e XARR | n'&ﬁ%ﬂ?ﬁ%ﬂﬂﬁ@@ﬁo%éi’@ﬂ@%%' @H%%!ﬁ%vé@ﬂfi“nogbbunn
moleculels ancg1 rgole&:ules |th cosT shown thattkemoval of .t eﬁfucos(e .OSH rom the

N- glycan 5? imm BUARS A %?85% 1S it BinaiT ing L select me%m Gr5=wikich effects
changeﬁﬁlﬁ?@ﬁé’r&é@w%r&rﬁﬁaswaw@eﬁuwaﬁ%ﬁmwsmenceb@dfm example,
U.S. Publidtiegldeatent Apglkcatio nMinso 2005 A2¢6841% angitutE20) 846457 Hod)udoveevgexwiile removal

Pf W05§1§€§H§ ihe hlglveansel E@@W%l@x@ﬂﬂsﬁ@@mg%ﬁtg %nhﬁﬂﬁ&éﬂﬁ@n@%ﬁ; iteafdhe
immuno. obﬂb aﬁgg%p%ggasz%ﬁgﬁ%g%ﬁ %W&H%Hofé’i gt&%irﬁ re?agfc)?otelns For example,
SR T Ehs

HeiaEdys

the deletion o ucos Itransferas efie In mice induces severe rddtion, early death

during p%%‘f%%]tgi%%ﬁ/ 30del @%é@éﬂ@f@gﬁﬁwmﬁ 4-#ke changes
in the lueggiidzestté-btadopléatde wmmme&émfarahemnmhysemmhkeophbmbeym@y@ﬁministration

of exogm%@&r&\fé@w@m@n@%&mﬁ@gﬁﬁ%@ﬂ @ﬁqwm%@%%r@%ﬁﬁ@y
rel%roduct on %the Fut8 2ne. showin that core fuc Iatlor] ial for proper functioning of
growth factor recep%lr[m %-h é%pb%iaf;aﬁcf%t%% k ?Vuét)ect Enzymol 417: 11-22
(2006). In lung t.ssue%eme#&wmé%éeym%% €B’F TRicIA BN EEHS aEcRRction of
low-densitidiip dprbeciiclilbt jawdepto thelatedipgotadtite (VR <bhsresaltingein. alediictisylandhe
endocytgﬁmfyimﬂﬁ&@e&w@&e&@e@@&%@%&%& &G@ﬁ&&b@&& h@nndsBiochem.

(Tokyo) 139; 391 Oé n Fute mouse e |bro la t 31, i rln medlated cell -
e e e e oY e B RS D  or

in fRdR eopRsst Spavers @W@?&WS@@@&%@%@% SHRGEReE! tAetEhinPse
sﬂuaﬂonswwibemelbfsﬂde@n@nl@m:pmﬂmmmmﬁmmmwhmmaMéé@@aquMMSmﬂde

antibodi@&u&bspmmimﬁwmgmﬁﬂﬁmﬂ&b%ﬁsgaee@ee@%sﬁl&@meami\dmnﬂge@‘%e in
particul_ ag;t%sn Q&gﬁ g%%e%%% péﬁvédﬁ Iggvc% k%y e% orglanlﬁr%s Is capable of
y develo t of met

producm ucosy ate tides. Accor aterlals for the
productiBtk ¥ Rifverankit V&ﬁ&lﬁi&w&ﬁs QU FEATAE mﬁgﬁ*a}?&lyggs?neﬁaeﬁa?ﬂemgﬁiwegsts such as

- Pichiia phsesiliratsienstis pathavayhersdwee iy dopititaies deatalopotarvnofig Smmtic 4fyednhexmeigeast
strains fgrdhieieeUmbIRR tHREUEHINOiUeRsYiRIa 0l BENIOE 195 2f) ﬁﬁtﬁf@&lMMﬁRY OF THE

'NVENTIJ?(%'\‘hem 286 ﬁ%of%‘%éfg)eémf Eﬁ&&z@@éﬂlﬁ%%&!‘a‘?@&%ﬁ%ﬁ’%@ﬁf s tﬁéé%' aking

lower eu aryotlc expression sys at can be used to pro ucosy ate

glycoprdfei¥e A YRIARETAR SSTERIRIERP S o AR AR RISIRIhn BraErsioR Rt SepRgelTa! &mme&f the
enzymesrimuoledintihaeleaviesaliad fledsy matseyethiivhys bacolsivermcthkbrgoty doditbe fodaprst 25have

been trapgtermes Matviocue GprsiouRcRiaRNOBeallsdbakRER: ¢apalempPpretdaingfucosylated
I COPrYUELRort k@ﬂ&?&%&e@%ﬁ&&&?yn?}g odhig &ﬁfé&g ihpdaladanied Lge&su&gxpre%'on

systems bas t and Is such as Pich ne embodiment, the
present ?ﬁ\fé‘?ﬁ @%V 8’é§xﬁiﬂﬂlﬁsc}§ Srichlishsdhatsr (eR Fé‘ﬂﬂ%ﬁ‘fﬁvggpgﬂ%ﬂ?gﬁéﬁ%st cells with one
or moreWeiAMEAZHYNG the enzymatic 30 activities for conversion of GDP-mannose into GDP-fucose
and for attachment oHuwese, tovkife Mghsan @ﬁdﬂd@&ﬁd&)ﬁ the Regyee Inifusibesaophadiments, the

pf%entaggsg}me%%@@%eﬁéu%ﬁ\xs%? eéuﬁ}gnfﬂ&gggaat&?ﬁ@%ﬁ t%% tglyjic domain

of a fucqsylation nzyme fused to a no Ive |eader uence, W es a targeting
equen BT e R R oemeaqﬁpats%ﬁ% ingcaki IH AR BTAS AR Fefoulum, the
early sm@@pmmwwﬁv@l{a@é&@é@mpﬁéﬁ@@hFd@rlemméatﬁ&é@@ﬁamxmm@n for the
fucosyltransferase is fused to a leader peptide that targets the catalytic domain to a location within the
endoplasmic reticulurn, the early Golgi apparatus, er.the late Golgi apparatus. In WO
2008/112092PCT/US2008/002787 further embodiments, the lower eukaryote host cell is transformed
with a vector encoding a GDPfucose transferase which transports GDP-fucose from the cytoplasm to
~the interior of the Golgi. The present invention provides a recombinant lower eukaryote host
cell comprising a fucosylation pathway. In particular aspects, the host cell is yeast or filamentous

5fungus, for example, a yeast of the Pichia sp. such as Pichia pastoris. In further aspects, the
hoet call fiirthar dnec not dienlayy a1 A-emannocvlirancfarace activiitvs with recnect to the N-nalvvean on A




catalytic domain fused to a cellular targeting signal peptide not normally associated with the catalytic
domain and selected to target al,2-mannosidase activity to the ER or Golgi apparatus of 10the host
cell whereby, upon passage of a recombinant glycoprotein through the ER or Golgi apparatus of the
host cell, a r8é»M#AaHCYlycoprotein comprising a fucosylated Man5G 1cRERESGIEHBART is produced.

- In further aspects, the above host cell further includes a GleNAc transferase | catalytic domain fused to
a cellular targeting signal peptide not normally associated with the 15catalytic domain and selected to
target Glohphgsrandikeadargastivityetbitipe TR @r IGofYi appanideisvefdhahest fealt; thereby, upon

oo B B B R e
recompinan coprotein.co rsing a 1icosylates AC .
further A0SR TR e, TP PR AT F L R G ALk T KEAR A TORB AR ¥ien 0
cellular B¥psHlig Qigharysiaitacnmersdunelinninsetmavainipton sccapioysicugbdaliCArkradiaeded to
target mEGiFaSkimgert lkdciddtis tBriaaroR ©17GDIgtaietus ditigaibast delvedferalyyMpani@assage of
the recopbigant A¥FORIIS RPN RS RAERAIGE ARPAAIE 9is ol €94 Aregambinant

glycoprotein comprisi sylated G1cNA¢Man3G1cNAc glycoform is prqduced. 25In further
potts g sy 2o rarah TR DA SO CERINE P4 e S AR TS
cellular GRBPgERrRIPHEIEHTR Pron bty A Hodiditeshonm (Relomblpifc 2nfiR0A6Y JolBet&d to
target GheN#ctnbnsferafbrbblastivitls ta3pe infecpin Galdi-eppasituizafiibe isasbigikddadraddy, upon

pasgageRhiiesecamhinant UnaaRiRtein tiRUGh Jhe ER QL GO '8 3RS Qldheastrel, #

recombipant glycoprptei iSi fucosylated.30 GleNAc2Man3G1cNAc2 glycofqrm is produced.
In furtheglé’gp%kg%l? ‘t%%&%%‘%%%%%bgﬁ%ﬁie%nac (883" G554 Ef}_g’f%‘fér}%g@‘f?ecgfél ﬁ?:“a% ain
fused to'd BEIfines 1BHGetn goapasiticasiterict Aorsharyraesod die antibedits tutzaaeenapesitnsand
selectechte facgnt (el actoder tatstesaseA DElTi vty tinth@He R for S0l giapidpasatiaseo iithalhigst cell;
\r/]\/hefeb?ﬁ&@&ﬁg&%ﬁﬁ&%@fﬂ@&%&?@ﬁi%@%B&Qﬁff%i%‘f‘&%ggaﬁ%‘%ﬁﬁﬁ Aeg&ﬂ@éhgo%@ %@égs of the
ost cell,,a recombinan opyotein comprising a fucosylajed Ga cNAc2Man c
o R R AR A T AR B SR RO LIS nost cell
further ifekaEis keshrsihsterhge Ragiivnd wavietndaseirwed vanat ey atificsigmarisiside not
normallyaassoeraitethevithwitnd Ctlyticedizvdapant o€ poiaitititardansial yean sfeiasdoachivity to the ER

or Golgizpharuts otdhechesiceallcydhaiehyi R Rassage of the recombinant glycoprotein through
the ER or Golgi apparatus 50f the host cell, a recombinant glycoprotein comprising a fucosylated

NANA2Gal2G1cNAc2Man3G1cNAc2 %%coforrn is produced. Transforming the above host cells with a

nuéfeic Mﬂ%HWB%QHﬁW tEAY compositions of the glycoprotein can be produced that
comprise a plurality ofgtpcdifitginghe acksely cofennvo propidsisn g ahleisimehe dbgiycton atthiatped thereto,
wh%reimma@w@qml f '@&@B}&%}p@ﬁ%@ﬂsth%f%ax s&glg@aiﬁmldﬂw@%mwgmymmﬁy@ich af
predominan rm comprises.a ired fucqsylated N-glycan. Depending upon the cific

Dy commd B B A e Ve oy Bl S PO e L

composHiGHEt nkRlKeh e avmmatenigosdrsion Refreaeardiarenmbanckbrasslls B8 80 mole
peksent kpreabeettantfemek o Siqpvedomnianbil:giyesfaris thduatherpinleadipredtsirthe predominant

fucosylated glycoproteins. The vectors, host cells, and methods are particularly well adapted to
use in expression systems based on yeast and fungal host cells, such as Pichia pastoris.
In one embodiment, the present invention provides methods and materials for

transforming lower eukaryotic host cells with one or more vectors encoding the enzymatic

30 activities for conversion of GDP-mannose into GDP-fucose and for attachment of fucose to an N-
glycan produced by the host cell. In further embodiments, the present invention comprises
hybrid vectors encoding a fusion protein comprising the catalytic domain of a fucosylation
pathway enzyme fused to a non-native leader sequence, which encodes a targeting sequence that
targets the fusion peptide to the appropriate location in the endo;ilasmic reticulum, the early

35  Golgi apparatus, or the late Golgi apparatus. For example, the catalytic domain for the
fucosyltransferase is fused to a leader peptide that targets the catalytic domain to a location
within the endoplasmic reticulum, the early Golgi apparatus, or the late Golgi apparatus. In
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15 N-glycoform may be present in an amount between 10 and 40 mole percent; 20 and 50 mole
percent; 30 and 60 mole percent; 40 and 70 mole percent; 50 and 80 mole percent greater than the
next most predominant N-glycoform. In other embodiments, the predominant N-glycoform is a desired
fucosylated N@RBIOAH2Nd is present in an amount of greater than 25 niélEefsdite2 gieater than 35
mole percent; greater than 50 mole percent; greater than 60 mole percent; or 20 greater than 75 mole
percent of the total number of N-glycans. Thus, are provided host cells for producing glycoprotein
composifivthsrconbprisingta, gitlaktyrciglygofohvg, idh tgiysiifonat cothprisiogatdeadihgrdlRylycan
attaChechI&%@i&n‘é‘f@ﬁE%‘%‘ﬂ% @M@%FM@'%&@B@@Q Wﬁﬁé mRkualibuRf fyesylated
N-glycans in which t Ijﬁaredom nantnl}lr\?%)écan selecteqéfro cgr(é#o Q%ﬂtlp% f Man5G1cNAc2,
25 GIcNACMan5G1cNAES: Man3G T ﬁic BAENAC 1cNAC2,
GalGIcNARPRRiRS & RroAtstierpeb K AR aarS. RpiA SIS K o AABEIENAC2, and
NANA2GabR6 ToNAsRbl anB@isNAeRe Pichia d4p furthes Esﬁea]msgmeater than 25 mole percent of the

. plurality of fUCOSY'ateﬁx'ﬁﬂ%@?%&&@%ﬁ&%@ﬁ%i'ﬁl%@f éo@!:cﬂﬁ)d C@-ﬁ%ﬁiﬁhﬁkg\’l’ﬁéﬁ@f&%egwcomfm
is selecte t%the ﬁ{}iﬂﬁf“%m n5§5IG Ac2,.Gl NAC gIcNACZEEManBGIcNAcZ
GIeNAcﬁ/fart }3\05 eRAC: f E;ra 8?0%‘%@ W‘an%‘fc

Gal2G 16K &M&ﬂ@é&ﬁ&é@ RigeUler e sienalenside BN Aepmaty associated with the

NANA?Z2 Gzt @ic Bncd ManiB@ikcidd cPtahadusth2nsttinasplestsyogiretes thai R smitlpensentegeéater

thag 35 MOIRRREIPRLBES QRIS Hhan R0 MOleBRIERIAL HessplRANER MRl PEIEPSIgater than 75
mole persent, Ot GreaiahL Qélngx‘%&‘&!ﬁtHﬁéﬁ?Qfg%ﬂ?&QWE@lﬁ AN IHERRSIARASIRIR feRNaly of a

fucosylated glycoform in which the glycoform is selected from the group conS|st|ng of Man5GIGNACc2,
WO 2008125092 P e1rAured008/002787 G1eNAcMan5GIONAQ, Man3GIcNAC2,
GIcNAcM8n3GIcNAch fEBitlei AgivtaBGibdikddy sCaxliGieiNATRMAeSSEENRe2ransferase 1

Gal2Glehags N@%@&Jﬁ[ﬂéﬁ% MM&@%@W&&Q&%&%@HQ associated with the

A2G AcZManB 2 Int v rotein com the ucose is_in an
¥ |.m;~‘g%a‘°f e SR e E@éﬁgﬁ% s R
at the reRfUBMBPENRF G HETRRYIVBAR Pafsage ST RAGEPAINTRE EYSPRICIE BRRYR dgRetid Ol Ehe
N-glycamapparads 3Hithedget with dredGiebisanagihe pore e docipgsapcthdhteeyMighycan, or an al,4-linkage
with a mm&smm@mmﬁdmﬂmﬁ glycan. Therefore, in particular aspects of the above
the glycoprotein comp Es?sé%gtl %f%lﬂgss[ R 9,11 3 ré<a&e oral.6- Ilr% t%?ﬁ? to

produce a glycoform selecte the rou con5|st|

clefiacippaeie f@fé\é%epﬁ?}})ﬂm%emﬁeﬁmﬂ@m R&M@@%&WA@%& the catalytic
GleNAcZneni8 @it iike (o @aIGiohiathsdh 3G it AcREER )0 1Gat26 apphtet 2didiBGIsNAC2(Fuc),
NANAGaAGINABRVBaBF 662 (e ANBIMANAR GRS RGN AR MRS G A 12 Uppadatis an

al,3-linkagreafdl ArlinkeasfusasedRinduss dnmalspionBassiacted iR DB HraNARYSisting of
GleNAc FucharJSGlcNAcZ, GleNAc(Fuc)Man3GIcNAc2, GIcNAc2(Fuct-2)Man3G1cNAc2,

GalGIcNRESIPTRRISRRITSEIGNAC2, Gal2G1eNAC2(Fuct 2)Man3G1cNAC2, NANAGal2G1cNAC2(Fuel-
2)Man3GleNAc2, andiNARhReSpé2 B 1tEk AnX(Ebeb M dnsiBt anhuiRs erbchita Ianlifekasgd fucose to

producecargiteoloiisaiactet Keamiihe aredRonsistingMfddh& akhHele lehtdadbdansheNAC2,
Gal2(Fugi @9&&&&9@%%%%%&8% é\éﬁ&ﬁ%&%@ﬁ%&%ﬁ“@&%}\@@&%%%%& and

NANA2Gal Fuct 2)GIcNAc2Man3G1eN In other spects the glycoprotein composmon of the
present ‘?ﬂ%’?‘i’fﬂ?ﬂ RS tecﬁléﬁﬂ%ﬁl?éfn%%é’?éﬁ%ﬁé’fa SURERIGR Bt ST IYEEL i ated e from
about 5 tR80 G mmnaens adthe Bosinelb peveenbinanigsoopoleipsrseptisBE wisrarbiepercent; 40 to
703tole@bpercEviroCINA Binaléopercantdueader than the next most predominant N-glycoform.

Definitions A il dacde e Mhal R Rtk drelamcala e daidliggeably and
refer to an N- Iml% ed ollgi%s&(fchand “for exam e on that(és attached RP}/ an as arr%glne N-

acetylglGEGSAIR T }frtat@fﬁgt PIOHI pRER AN AR B BPdSins contaln
an N- acé%ﬁbfﬂ@@mm%?&ﬁ%eﬂﬁké@géttﬁélmw’fmmﬁgé?ﬁéf amiadpedbimeResidatsin the protein.
The predppainritostigas ot whegloonsoippassage slunonredmimagalncgsem@alongnmese (Man),
fucgse (Eﬂq)f o %ym&%tgﬁﬁ{@%%(&ﬂl NAQLNERGEH IHGARALHNS AGIENAGC) ARYsSialig acid (for
exampl eﬁ/ NigQ é‘NAEI}I .The > Rragessing of the sugar 35groups occurs
AN R B R

co-trans at| and continues in the Golgi apparatus for N-linked
glycoprotelns



WO 2008/112092PCT/US2008/002787 N-glycans have a common pentasaccharide core of
Man3GIcNAc2. N-glycans differ with respect to the number of branches (antennae) comprising
peripheral sugars (for example, GleNAc, galactose, fucose, and sialic acid) that are added to the
Man3G1cNA¥Y ¥ &PiEture which is also referred to as the "trimannos& b 20¥desitasaccharide
core", or the 5"paucimannose core". N-glycans are classified according to their branched constituents
(for example, high mannose, complex or hybrid). A "high mannose" type N-glycan has five or more
matmose residues. Alctmpterspyps rhappoan Wptmﬂyfw@mﬁmh@@@n@i@mmmhe 1,3
marmosgoainirpfidedtiteast ainer Gleliip aitae edpitdsol o mallaseasRDhah THnamgEe " core.

Comp'emgix%%a&%@%%gg@s@%m&a% MRt 9@!@%&8@@9@{@@%}&%&7\'@{ {Rifipd optionally

modified with sialic acid or derivativ or example, eu re ers to
neuramifitalREFERYG 4RED RSP S LIBEHATC r‘ﬁﬁ‘i‘é% W@Mﬁﬁ%tﬁ{ﬁk}gg@b@ fay 8T PR HFRPPE S titutions
comfprisifghb st il GreRmbizand gyreruiesecORpasind\s Bagasytangle, when a N-glycan comprises a
bisectiniNGNAX ety Gl AtnldanpSkNarey thecsfrumtuserdndad.represented as

A G2 CLNAR MG EAC T DR S0 MR SRS P, GAIA ipose allached

to the trlmannose core, the str e may be represented as Man%'@f omplex N-glycans
may alsé H%R@%?ﬂfhlﬁ?é’@ﬂfé%é%ﬁ?@ﬁ?ﬁﬁm CERIOMER Téea%plﬁfﬂmﬁflg anteimary
glycans glycofgiid ea¢bgtjreridmscampasing mé isisNae Wighiranaitathad diatetol Bharaimtbse arm of the

trirm_anncg%ac@pf&emddﬁp@ﬁdﬂ@ﬁ&éﬁﬁaamamtﬂ@r&ﬁwamggzeaam@fﬂm Hippaivagisantore. The
various rgly%'é(fé%s alsQ §9J§I§Jrﬁ@&%ﬁ§eﬁ}¢“‘% 9£H‘5De8fendm§ ﬁa‘é@ﬂgﬁh Q%@mﬁé%{ﬁ are of

common usa art see, Tor exam tions sugars, ove
abbrevidffSite %n%ma@%f&@&%a PEFSeHhCXAREER 67 BSS a8 ey aiye BYSORFOLRS STRSHHRDS in
N-glycositisatetire (Faiammgy- gy fomn sogpressiacenronsbewenté 2ad 88aabhepeteersfers to

polynucleetide Rinstguercesihicasmnree ssalyctaaifech herquassiametcodingreg@sprges to which

they are;ppprathely dink %g PO TR LRI LSRR R R A SO RBNEER N3 6Ll ageranscription,
post-transcripti I,g}al e Ef' nd translg ion of ucleic acid sea ga%r% ?rpressmn control sequences

include BRSFSH G itk ﬁ‘“fle? R et en RAGESPEBHSICERY efficient
RNA préh@gsmg@ﬁjﬁﬁ@%@ﬁ@sf\éﬁlb@ﬁ@md Ipamgnwgémsig;faﬁsp@@osethbfe@m@ﬁosmmhze
cytoplasmiesinid M saaudces/ thsanhantepiasstation aticiancy dfefrexanols, mbeswmenpinding
sites); Sg&g@m&l@ﬁmbg@&%@%&%m&@w% AL HoRBEaE, BRARNeRR RaleRhgpce protein

secretion. Tpe& ?Os fuch contr Ise nce d'ffﬁﬁ ending upon the host organism; in
proQI?aryng% TP dorMBIe RGN A LG %Tlf’ pggp fidter, ribosomal binding site, and

transcription termlnatmwaémd%@%w}%@ﬁm@@%(ﬂlmgmb hBPdeEapsiAeIpisiag a
minimura paltdimpbgienstonwhgsadirgsenterns aressiap/ddeexpirssighcandeanaal sesipelude
addition%@?énpfa@ ﬁﬂﬁéﬁ% 98 ﬁﬁ)fﬁtﬁg\é%% % f%ﬁiféf%?l%ﬁi%@%&%%%@i%d fusion
partnermhh fr c}o 1ss ec%:% Q%’ %xgu consistin, gfﬁ@fan {}?&ﬁw jnant host cell*
ressmn ost cell expres |on ost system’ xpr Ssion systenTt or sum?) ¢ell"), as used
he MRl Mﬁ?ﬁ%@\‘}%m%}‘ﬁ%% BOUHERER It should be
underst&ﬂqhﬁémm&ﬁkﬁﬁcmténMdQNWm@W&@lhe particular subject cell but to the
progenymmuaha@m&ﬁmg&cm@mﬁmmmm&@mmm@m§mmwg generatlons due to

either mutation or en mental mfluenc ro n ntic e parent
cell, but are still inclu\cffé%grﬂ} 33%%1? ?egr)m 8E033% a%&us%ﬁr e%?%%ﬂc?& ?Oant host
Ce'é,@maféﬁ%%??ﬁ%@%%%@?ﬁg@’@mwm@;ﬁw. i e
or éfga ] fstme'e anf cQ@r ! includes insect cells,
plant celisciasvmaiansels, Flenal elisnatitlower, exliatystices®liam ;theNai, "lower eukaryotic cells”

neludesaiestoiRpalRniRacl A leaseatdie. Agrlales or siample, dinoftageliates)

odophyta (fof example, red algae), plants (for

strame rowr algae, protozoa), r
examplﬁ%ﬁ%(%gg%%ﬁ%%éﬁg I??ﬂ%s?s) and other protists. Yeast and fungi include, but are not

limited to: Pichia pastorisyfichidl futpekc greichinamétatapbipardeithpcdaaoahaa s SRictiégpercent;
m%br@aﬁ@%@ﬁ%&ﬁw@mﬁaé@%mmw@ePtﬁl@éﬁﬂl@%@@%ﬁ@hlﬁ@ iagy Fighia
thermotoler %a s?llctarla Pﬁgla uum IIChIaSch eri, Pichia sti tls h|a mFt anollca
cenit [ﬁ‘% N- g Sists esslentla v of
Pichia s E‘ ?/taé) aror‘%}mg gg,aw?ﬂ Eg s% ansenu a org uyveromyces
sp., 20 BRSYASTEHD e af Hﬁ’élﬁ? B’e‘%f ?‘fﬂ(‘fﬁfgﬁ%m& F Aspergillus
oryzae, Trichoderma reesei, Chrysosporium Iucknovvense Fusarium sp., Fusarium gramineum,
Fusarium venenatum, Physcomitrella patens and Neurospora crassa. Pichia sp., any Saccharomyces
sp., Hansenula polymorpha, any Kluyveromyces sp., Candida albicans, any Aspergillus sp.,
Trichoderma reesei, Chrysosporium luckrzowense, any Fusarium sp., and



25 Neurospora crassa. The term "peptide" as used herein refers to a short polypeptide, for
example, one that is typically less than about 50 amino acids long and more typically less than about
30 amino acids long. The term as used herein encompasses analogs and mimetics that mimic
structural and eG88HiIGical function. 30As used herein, the term "predof&RARAYSEPVEiations such
as "the predominant” or "which is predominant” will be understood to mean the glycan species that has
the highest mole percent (%) of total N-glycans after the glycoprotein has been treated with PNGase
and releGkedrglylzans & ivedyze Vby3hiad s spe oS depiariaitatmale ohdh SO FOUS Another words,
the phraggiceedminanityl s definadas anipstyigyaentity; such as a specific glycoform, is 35
present e ny other; indiyi | Ie if a composition consists
of specigﬁ%ﬁ%gwﬁ% e%ei%ga% @%%85@%%%%@%%@%@%@@%25 mole percent, the
composition comprisés PeeknytrEyeRpapes esppoRIon dBsfadame P maEn U S2Buigiee rgithe

Unless athatwise defieadciall adhiital Andysaieniificl jemasamediteteGhavadhetharedugiagning as
Commo%%%ﬂﬁé%@%?cg}{, A% R&Q?Qﬁ%émhl' k2 E0g ar {HQA’&HLQ&H&EWHQ@%{@B%,%WPWY
methodzxéacg%materl ﬁ]gge %ﬁglbed elow, adthough gﬁegliﬁd gd materials, s rr11m£$1{ or equivalent to
those d&detbEERErBI Ak AESSULERTRTREUSIEESLE & %ﬁé‘ e SRR hliGH BRAEK N Bt apparent
to those(Be NGk p threnan-tadusingientdiohthaNdebtpar references mentioned herein are incorporated by
reference in their entifeiteforegisepafRaniticiptas praseabspedit eayiaprinah cingpaeifiaitigmriss will
conifol. JOE-FRAPHAS s RO ARG CHRBAIAS A RIS INE ALY AN BRI RIEIEREI A piing. 10
SRISE Zrouo Cistiin HykhleleRAY i%%g?ﬁ'%ﬁ%%ﬁ&%i‘ﬁ%ﬂ% M%ﬂ@%ﬂ'&r&’&%&%ﬂesm n
many hi %ePeuEsaryoﬁc cells. igure’2 shows the glyco-efginegring steps reduired to produce
a recomBIRIAC)EAE UshuMiErprSHaRing Rai b shEBprdte F%ﬁﬂé%’éﬁé@écﬁﬁﬁm‘éﬂnose,
present (rekpeldS Aeddenytololasnr(Bich NaNad i GR A dsastidBiBr2thanhesd-dehydratase (GMD)
e:]nd th; ;bmgga@@emgﬁaﬁg@mgqmex ﬁh&xﬂf@,@%ﬁl&%éé&ﬁ&i@@lﬁﬂiﬂ@&%l%fs@@'%i&ﬁ%@gatus by
t - r r | h r glycan by a-1,6-
fu?cgylt?a%g%%%é é%%ﬁg&%&%ég@ﬁ?egﬁﬁgﬁﬁgé fé%ﬁé%@;ﬁéﬁgféﬁ r‘gg}e%@%%?’l ntermediates by black
text. GD@%%“E%@ AR BB HATHG b2 MRS PR G SHE ISP Aerdiecs- 20
deoxy-gaiipmrselchividntéaidicids dilthe: coMaHtabAG DPAN (il 36 NG DifFlemose. Figure
3A showsNha JGIRIOATHSAMH IN S NNPEATHTI JIeAEH HIRINS) MM=pHTIURR bicos Vipiad OhapiREQteins.
Represented is the gx&ores?on vectorI &%elj%%%i 0 Whichc}'ohe.flg.cosef biosynthetic and transfer genes
are introdtead IRTPoatRAGY. 8?{?1%“ Jenes require efgf%ﬁ%syﬁfhse?l% %nd transfer of fucose into pSH995

profucedANE G HEM s 15 BintRn B4R SHowd Vb RS E S S 2s N OWr AR i the flanking
regions Dk&IARP 2R ledbtic antbhiratbhealziias iniistnkl £ehangéroMcihe dominant selection

marker NATT; the GABQ%@X%&%&?EE@%@B%@%%@BQ&BW% F@%ﬂ%@ﬁf?@%&pﬁ&}”? 4A
shows a MALD@OF ﬁg%nno 2[3 erfyl\llg%:;&(_c?nc% I;e}lj%agegegomaghel é‘a}t ! Ogt_%%mogl%t)r%r}gotlgat Pichia
pastoriscéjtr}rl RS = (513 fs%raln R Afransrormed Wit vector §b ) containing the
fucosylRBFEPatHEY S Erie PEreRIlicERI FEIRN ebRE ST 18 At TenlA el st ENELD®eic) and
Gdl2GiohAeRlyian3cBIN02 M pglyeains e dtee thkal 26 Tekidodi arrdGidhbic AlelyciNeglycans are within
the box. Figure 48 shows a MALDI-TOF scan of the N-glycans released from the rat EPO  control
strain YTBIQE’GQ (éstrain RDP974 transformed with control vector pSH995) produced 35 afucosylated or
fucose-frée Gar2G1cNAc2Man3GleNAc2 N-glycans only. DETAILED DESCRIPTION OF THE
INVENTION WO zo%f&%@%ﬁ@ﬁ@%s%@m'w pEbSOtpTRV R oHeA e e pgatibds and

materialanfbrefetgendtidalked oligosaccharide, for example, one that is attached by an asparagine-N-

30 acetylglucosamine linkage to an asparagine residue of a polypeptide. N-linked glycoproteins
contain an N-acetylglucosamine residue linked to the amide nitrogen of an asparagine residue in
the protein. The predominant sugars found on glycoproteins are glucose (Glc), galactose (Gal),
mannose (Man), fucose (Fuc), N-acetylgalactosamine (GalNAc), N-acetylglucosamine {GlcNAc)
and sialic acid (for example, N-acetyl-neuraminic acid (NANA}). The processing of the sugar

35  groups occurs co-translationally in the lumen of the ER and continues in the Golgi apparatus for
N-linked glycoproteins.



engineering host cells capable of producing glycoproteins proteins that have fucosylated Nglycans.
While the methods and materials are exemplified in the yeast Pichia pastoris, which does not possess
an endogenous fucosylation pathway, the methods and materials may also be 5used to genetically
engineer otHEPIFNE ' @0%aryotes such as fungi, prokaryote, and those highel/Esaeapea87 which do not
have an endogenous fucosylation pathways, for example, insect cells. In other embodiments, the
methods and materials may used to genetically engineer higher eukaryote cells that have an
endogenous fixosylatidiglpethsizayr baterherenipis desichblizitocine reddarth@laNoent Sfdhieasylation

present ipely coRAISIES BIRLREREY gmgxnﬁg@@nﬁ%m@aﬁ SR

invention jnvalye cin stcell c raducin co Sh introducing
into the ﬁ%st%l;éfl %@ﬁg@ 3%(?%4%#;%598%%@55%}?2?% s c?r{ ggﬁ:zzilcr%sa |c°acf’|%|¥?él mécgjvga %érf:ne
fucosylativitipariigh ddsoiefsed dol as det itamprness cors Wik fanuesabdhaddecapebleraligproducing
fucosylatpsheiyeapoctaios: T hegh auglaie daidEinthidedian exampRIBrAvRdicacidaaRegding a

GDP-%Q%%;%%M%&[&Q{@@&@&C&V%&? Df“h‘féﬂ}ﬂg%@@g%ﬁ%ﬁ%ﬁmﬁe or more

activity/GDP-ke OX -%ql‘actose- reducta se€ activity, a orter protein, and a
fucosy It BRAEFAZE STty ATPESY YPE D RAECRyISHION T AR GHEN A RSRFOREER B own i
Figure 11.&Dmpaaniosand, ot irastoraabdN@mctEd 4 e 147 reonoer @ DR fitammosests
GDP-4-kete-droik NaNIase indNelrasensaaiilé b Nasdesamisenifiednainuen e af20 species.
TheohuragndE G R IERHeBY e fuealids: seaupnee AN ) SRR AR el J and has the

amino agid sequence shown,in SEQ 1D, No: ,,Z.egomo ogous genes wit - mannose-(%%ydratase
activity iriciidd Eb%P&W&‘@Mb,i‘g%réf et HFTSER AT Bl CIREMRI ] B3ERycauymay alse have

(1985)), BHeHBinabbtit SR EIAD GRisBrosp b RileNMel and gerst&roGM DY SER, fos example,
Rhombesgueb R, WhEBSN.¢12¢di 2344z 200@0ti A ahidopsisnbaligRaa{RRe «8:, (zbiakayama et al.,
Glycobigleme @@&@@@%%@@ﬁﬁcﬁ@lc@?@?ﬂ%ﬁhlmgw rgyitd 2328 égé}p@)nprises
GDP-keto-degxy-mannagse-epimerase/GDP-keto-deoxy-galactose-reductase (GDP-L-fucose synthase,
Edi.l.f.?’ffigfgoa?eo%%’ﬁgﬁ It%]%%}ﬁ?&"ﬁﬁ?igﬁrﬁa@%ggﬁ%@mﬂémﬁa@B‘fFF@i.‘?ﬁér%/otes and prokaryotes.
The hurfSREBRRESEREOX G miTodaabisfnt raserse bake (U i eaigps qetlise dmaansse is called
the FX petdinfelseckimincas HiuXipk Gitébhath gl wieotide bEsiETWe: BosoHiRG e Hn& is shown

in SEQ BINR: 3n HEAERRI Qe s dheAine-Ac i ReaHRRSR ShOWDASER dPNE: 4 The
GDP-fucose transgiorte{#as been |dent|£te§d in. several spemféj.sThe, human GDP-flicose transporter
f

(hGETrHERYER AN G fift S PEF 30 35 BB N BRREP 3 S5F S r 5 685G B A @G -11) (Lubke
et Naeferefde #6:eraefqumel)). Also known as Leukocyte Adhesion Deficiency Il (LAD I1), it
appears that the disoaderseiatibasiast adishuhastedfiseasyiedinnig selectitdigandsiRoos and Law,

RN oA A MO L G S R e
is showR i nggﬁﬁlggsﬁdv?écﬁ%[}‘r{g%b@ﬁeﬁté%gg ?ﬁ‘é’ﬂﬁ- ﬁ%s@%éﬁs%ner activity have been
identified in other spedig$em CRXRECEsIORGPRAIAIFRIBERSGA Sfcrad titesinaalerl to Pedynueieptidead. Sci. U
S A5 102¢8582s HHRAB5 ) cakiver(Mhglicl anprSisisaciiapiding s&jobnChanwiith: 8253860 (1999)),
and a pylRiue GHE RN eIaa SRR Siglol QYEORIAILY sLa:R R0 BbPOGRIY the transdipimber Of

fucosyltransgrerases have bee ide{rﬁified1 See retqn.et al., Glycobiol. 8: 87-94 (1997); Betker , Lowe,
GlyconiBr DIERTHALSRRTSHE4T: RIS SPas o et disma e JomResier Beaitbie,
al,2-fuchSyfRarishariide aprtoprate SONEESHEHNIO AP ITminat o UPromeler 3andcudiAneisferase
(glycopratpiendes-tffictos\Rirh pterassng Sl sl sespiioiienhhy pdlybdentdddoanihalL9),
alxg-fuceauliransiviaaenfte &opiBanRNARASD BYGLIES) wRd AbRducasiliansiniass.{qi¢soprotein

b
6-a-L-fucosyltransferase, EC.2.4.1.68; encoded by FUT8). In general, .al,2-fucosyltransferase transfer
focose S PEHane prdind SEEE o CACHEE B ool B USSR F‘ﬁ‘é‘{éﬁ L e
al,3-fuckayrssis G PRRINASEIeHe)IrAhe fRrbise sltparR feriRlosauersesHfiAE residue at the

non-reddepegdenhpbtitbeNgltcaganism; in prolgenenal, saititetincnd wiansiesasasrilnsicnfscose by way

of an al,@siRkagauestheCGIsNIAG eidva ahtberasiicibgendiof Nuglycansiiaspaspaingdinked
Glg Ac), T&églcall){s %Jf 62{&? S Itrugsfe{ase.re%lﬁl&es terminal GIGNAc residue.at the non-reducing

end of at PEas%_ S0 6neé branc O_ ini e?f‘i%ﬁﬁrﬁlgée COré 1o Derabid s By ?L?é%%eél% e TERAE %t the
reducin§*BFFS BB SRS 1T IRdeFddttanatsriBrmE B BERSH RIS RBE A AdMantageaus. B¥minal

galactosienmsidedatstymanoasradlitisigrepadttebeeabiecasld fucose to the GleNAc at the reducing end
(Wilson a al., Biochm. Biophys. Res. Comm. 72: 909-916 (1976)) and Lin etal. (Glycobiol. 4: 895-901

(1994)) has shown that in Chinese hamster ovary.eells deficient for GICNAc transferase I, the



25 al,6-fucosyltansferase will fucosylate Man4G1cNAc2 and MansG1cNAc2 N-glycans. Similarly,
al,3-fucosyltransferase transfers to the GIcNAc residue at the reducing end of N-glycans but by way of
an al,3-linkage, generally with a specificity for N-glycans with one unsubstituted non-reducing terminal
G1cNAc restberd Ry lycan products of this enzyme are present in plBREUFI8EH82Hid some other
invertebrates (for example, Schistosoma, Haemonchus, Lymnaea). 30 However, U.S. Patent No.
7,094,530 describes an al,3-fucosyltransferase isolated from human monocytic cell line THP-1. The
human al,6-fucosyltréhsferasé¢trubiginhhesbed i idenpiftssitry hoanealiliclekpteakiofCytsigenet. Cell.

Genet. 845586 ($998ichhosnustestidmprauencriencasingdRerbimamihia is sifemp iSEQ 1D
MO ThRATHIR AQRAHERCR ALING DT i alaT f&ﬁ&%%ﬁﬂ%@ %g Mgigdeyg dencs wih

FUTS8 activity ﬁve been | entl |ed In other species, such as a rat aving the amino acid

sequen@éeéﬁ TP NS a}?@éﬁ’&&&éa%éﬁ%h%m&@éaﬁf@ﬁég SPRRA SEQ ID NO: 9;
a mﬁ)us@mf(nmﬁ&)lmﬁmm Bryivocatid SWCDoS LENRCIRROIUS 20D8/00AT&IMsEqUENCe

shown iB@E@d@rﬂb@;ﬂﬂu@ﬂ&@@ﬁ@ﬁl9&)@&5*@5}%%@%@&5%@8&&%%@%@;&@ MN@adel, and a
porcine ﬁhﬁﬁcm&m@m @%%@%ﬁﬁ%@&%@f%@g&%@%' o R0 fRAYRA By the
own in S enti In

nucleotide sequenc FU7'8 has also been i

(Yaman@%ﬁﬁ&f& & ﬁTedB‘&l é)ér?ﬁBI IBfERY 47 ST B2 64 bR edidey @édi@’?:%lls (Clarke
and Watkisus, @Iygehieh.9: 191-202 (1999)), and chicken cells (Coullin et al., Cytogenet. Genome Res.
7: 284-238 (2002)). Praching esdtaalorelyealiolo k&&ﬁ%&é&?@p@gdﬁﬁﬁ;ima thewlesingand

charactegietiameLdemiiRRREresns [AM.Coledansang L%aoc%ﬁgter Ciona intestinal,

Drosophila' pseudoobscura, Xenopus faevis, and Danio rerio putafive al fucosyltransferases have

been identified (Gené@ﬁ&%ég&s&%me%Jslgﬁidew%a%mow 35 {lag8teha AJ781407,

respectivadyysporidia, afyrolafosdfneatrmpld. fdicodipeaibite pla ey emilanéororantiitiésoare encoded by
nucleic agigls.plsiezady;|gie ReEG S ot s e %RM@&&@%MQ%W%@&&@%@@@@&NA because
1 ryeferalie. thatd e BudsicAqIla SRR AdIG LSRavIRL ANRLYRY N BED 05AG A/[J%?safe stably

integrated into e genome of the host CF The leic aC|ds encoding ucosylation pathway
enzyme&’ Ak D HiT QRIS indclslr 'ty bl ﬁif@ﬁ’@éé“fﬁ%?f%‘if% &6%‘%S|on of the
fucosylatitwigdtPRessee miyniasitehiatlintos 5 dérthie gnlaidrg, Sgarbevivicisdena piohimter and
optionally/anenhanges epsirean Pidhe pusieic Reilengodingdhe eoayistion pRiwEy enzyme or

activity gﬂ%ﬁf&»fgég%wwlﬁay%ﬁasﬁygmsstm%%m% ;%'%MLDWE me or activity.
The nucleic acid also |caéy er mclude untranslated gtpn Having a rib ome binding

sité’an ’@”ﬁ?ﬁ’i’ﬁ’ﬁg \ﬁ{‘f’dcﬁnﬁo é’&e‘ﬁ PRYEAHERES THESH R A5 i@SBﬁ" #%component
of a vectrzsach dedptamdseiricisosppticam ladfrerisdse WnienestucBsyiationpatvinesrenzyme or
activity B.8xpiessecnhnery FUnCommalio maMaEha Narkesdealianedeaionof aglls transformed with

the vec@&éﬂ%%e?m%s%wﬁ 0 ﬁulﬁf’yﬁ%ﬁ%%ﬂﬂ%%{b“@%&wwf&%ﬁﬁ&r with a

nucleic acid 25that la cjor sequenc eneral the host ceIIst stormed with the nucleic
acids e Sﬁrﬁg e IC ERITG (fgyia 7 HANIREE P aa(fﬁ’ eI |ﬁﬁfbdes one or
méfe nUMEewIHEEaEdding desired glycoprotelns L|ke for the fucosylation pathway enzymes, the
nucleic acids encodinthéherglypeptiskeins aval bpaiabbfdinked thoegoitentigese srasphaialiow

expressipn f 3R g, A AR RIRS: 5&%&4&'%@%@ cRenringh eglmeer%%mb%mghﬂed
from cell Ilge kno to expreseé% ¥écoprote|n us%%lpn%glri? tQ conse re ions of teie
glycopr&tai or ¥ EXEMPIE MATRSLE R P NST Biors EBRTSY % RrUesreland also be
synthes@e‘éjh&e‘%% Banstigron sequences in the scientific literature. Nucleic acids can also be
syathesized by extensiomsed bueitaphingrolignadaientiddg spannintpasdesh ad ‘e patdoenthas’ for

example, & @5@@&&?&9{@%&8%@?&&9@% e 100 99&})&;33 that 136 PR gfdycosylated

N- glycan structure the host cell will depend on cosylation he host cell
and the paref BEiar nfgc/o ﬁ(gf@(f e 8aq§orgt§§<5neﬁ %COW?ES%B%%’% %@%%O%

al,2- fuéé@%ﬁ@%&@%?@ér@rm%aapﬁ%mmfm@t@ﬁﬁ ﬁW@M%nWWW’% such, a
pathwayhéhaliratidiZ ps:donafativC osytiiand ter as éndieiddap retérg blchesintspettifiedlnial@atoit cell that is
cap@blepeésemug}eeé}lrgare@e&m\{m a8l Q%M&M@éﬁ%ﬂ%gzaa{m@%ﬁ?%ﬂlwcans

produced wnlltshg%/e L%%)SSE ]_IFZ Iler}tgea e to tpc% gemggg_fl‘gplac}gsre g}; sidues %

al,3- fucosy1 ransferases and afn i osy Fansierases a J5E 16 one S ?ﬁlg?e Gic ?A% résidues at
or near BREFHENTE ARRPRF &R BW&F‘??flﬁﬁdﬁﬁlglzﬁFléffﬂeﬁﬁﬁadge respectively, or for some
al,3-fucosyltransferases, by way of an al,3 linkage to the core GleNAc linked to the asparagine
residue of the glycoprotein. As'such, a pathway that.utilizes an al,314- fucosyltransferase would
preferably be introduced into a host cell that is capable of producing N- 10 glycans having at least a
GIcNAcMan5G1cNAc2 glycoform. Finally, al,6-fucosyltransferases in general transfer fucose by way
of an al,6 linkage to the core GIcNAc linked to the asparagine residue of the glycoprotein. In general,
a pathway that utilizes an al,6-fucosyltransferase weould preferably be mtroduced |nto ahost cell that
"is capable of producing N-glycans having at least a



GlcblAcMan5G1cNAc2, Man5G1cNAc2, or Man4G1cNAc2 glycoform. 15The glycoproteins that can
be produced in accordance using the methods disclosed herein include any desired protein for
therapeutic or diagnostic purposes, regardless of the origin of the nucleic acid sequence for producing
the glycopro¥éth?isgitig¥Emple, monoclonal antibodies in which the N-glydi¥28¢51ier8ylated have
increased ADCC activity; however, increased ADCC activity is undesirable for monoclonal antibodies
intended to bind receptor 20 ligands as a treatment for a disorder but not elicit ADCC activity.
Monoclonal antibodieSgesslotedwisthie fuxst, adlisdisiclisad baraiificasprsisgl thedindesydaiion pathway
will havefheasviated N-aieans Aosdailkha axnseied Jaiiave HaciaasesAR G artivily, Aggaother

example, immungadhesions (See, U.S. Patent Nos, 5,428.130, 5,116,964, 5,514, 582, and 5,455,165;
Canon G Ereraa e TR REs s Rina Bt N8B nbarhetesd ROl Beod i SRl oo
Ashken&nHaCCERYIFCGR R scTRfkhfaein canEspds peed 1) themrestkshbkstaERixtracellular
portfon dfreemiemiprdmetbmuagpasee ptahiused tkillhe fhe partioh pitdivaitiBead pthauetdenthe host
cells disgloseshhergigirararpsinshiaedusasyiation pafmanmilhaye dueosdatrg-h alysags,and will be
expecteg t%i ngogecrﬁaged @é Cg %%tlvnﬁ.c%é%gnp?%of %Ié/cggrg{gtlgsdth%},gan be eroduced

accordin o he méfﬂoé‘s]ﬁéreln 0 ﬂavg?ugosy a}'e -3 gf)l/ca’ns nciudd. DUt are not fimited to,
erythrop St {EPY eptbritdxuifed SshatémErn-a, interferon-P., interferon-y, interferon-co, and
granulocyte-CSF; coagulation factors such as factor VIII, factor IX, and human protein C; monoclonal
angpodigs 1p¢wHedarraenpior aakair JomeM. 19G, urokinase, chymase, and urea trypsin inhibitor,
IGF-binding protein, %E)idermﬁg Egé/\/éh ac}ﬁ%b rio%]/ct)h h%mone-rele sinlg fac%orhgnne%xin V.fusion
protein, angiostatin, vagcular 3bendothetia gr i %8?oryﬁi,yn?§/eeﬁ%rfd‘8r S%?’u igialaiiol ?ﬁ?ﬂ?%ctor-l,
osteopréf‘ééerin tissue, plasminogen activator, G-CSF, GM-CSF, and TNF-receptor. WO
2008/112092PCT1U$38080gR w8 the glyco-¢ngiartitugatapmbragindntspdecerarakanditiast nucleic
?cidf e%@g@&@ﬁmﬂd&fﬁtﬁﬁﬁfg m@&@%@g%ﬁl&({%ﬁoMB%BQJQWJM%&E?E@&El l‘iﬁ%_&i@, fuied

o0 atargetin ide, which targets lon pro 0 a particular regjon e cell. Typically,
the%arg%ﬁ?%g (é?(g)p%}asem\ivfﬁ ?3?"3#%%%@%%%?8?3%% o%%&“é |on°\§\ﬁ%#%wl%§g ga%‘fﬁ@_ir@’)p%f@g . The 5term
"secretorifsinhal Pnpiec Efer SHY Y RENe the REPdsrh soramestiadiinRdedicisiarpgries froteins are
modifiedha Gipamtientfarspecret{Gif. TThangdorekeris patsikaypdnsiudés theepnagpiasmiy retigdlum (ER),
the Golgi,apparatiferibe (ran G ot natyarkiRNEHEEANRIAY: sl sHo At BiemRIBaaYitgble cellular
targeting peplides sy (aget fesalalie damain to, e £, he ol appaiabis e rans-Golai
network, or secréetory vesicles. Targeting ept|8e§ V\_l%l%ﬁ i may be useful in"the present invention
inchlde ff0%¥-BRlaciBRR Biesmediaiat Ndhe wpyesson if G shassarn enb e leatsftic domain of the
fucosyltransferase is figad 3¢ attargatinypeptdesdhat digotsrihg fesiostpioteinwdneeGolgi apparatus.
The partigsdaviiaigstiogmpertide fuseetoiheifurosyfransipraseosduisins damalnivilidenssnd on the
nost cell, e AR durasy ltaneleiase AN ing dhuaapeiel Aengprodiced, Fxamples of targeting
peptides that can, 15be used for targeting t e?uc'osy transtferase abe eer?‘éllrsglosed in, for example,
U.S. Pafintithesispsd saostn lUusoms B Ret Paemdupsth taivsriebeSHd8340018590, 2004/0230042,
208%/0208617, 2004k ¢Et8a6 sIROG6I2 868617 p 3k H0200 BiHO8T 2443) are the fEnkingictgiomoids encoding

the enzyraciron astivities ihuabwestdnibeducosyatio PRAh pa ae tigatchinlovertoisnwhiskare
capable,pf peiga l}‘é@}%ﬁ ; rQ%%$£€E§Se%9;EXﬁ' %'gglﬁ%"%& i 4}'%';1&%8%1%‘?'6 regulatory elements,

which have been isolaied from ihie same species of ce nten ost cell, or which have been

isolated from other sp&gHS*HutmithMreibiiiicwe fltks dhavsmsisisesstomdmrtifetded host
cell. Typleaidysttating ey Uladloin pelgforénsdic NEH & Iréguam B REYUEmndssad wib proieroters, as well
as3¥ regeHIDY RAUSNGEIhE Rty AdiBNSLRien derminatausedEPoanyRRaEs Will typically also
include @Elﬁ@%ﬁﬁ@ﬂﬁé@@_%@@%ﬂﬁf&ﬁfnﬁl%%mkéy%3f@h§@ﬁﬁtwf%gfc§9§t ¢gds that have been
success#él (tjlia(}ggcl\tfac_in v&ﬁgﬂe V@“@%T*lec‘gggmfs are. rter nsgerred into the intended host cells, and
the resu mé Celld Sfe Screened 1ot th pr&%nce SFhe Sietabls marker, to identify those host cells
which have been sudtigssfidly shamstedbiiHRINE seaotof thndshyichmitithesd fover slsocad&ROthe vector
encodingHisfusion PENEED GRhTED BYKANIES W vath Yeagbaieallepspredeladdasgxpression of
glypoprofaingncasseihRy-£aP O8I SGRIONIcHIl soliiad, diverhighs Wglgs of protein, and when
appropriately modified are capable of producing glycoproteins with particular predominant N-glycan
structures.. Yeast, in particular, offers established genetics allowing for rapid transformations, tested
protein IBEdIH N BEASYBEIEN QITildlGn/ERGEIODUL techniques. Various yeasts, such 35 as K.
lactis, Pichia pastoris, Pichia methanolica, and Hansenula polymorpha are commonly used for cell
culture and production of proteins because they arg able to grow to high cell densities and secrete
large quantities of recombinant protein at an industrial scale. Likewise, filamentous WO
2008/112092PCT/US2008/002787



fungi, such as Aspergillus niger, Fusarium sp, Neurospora crassa and others can be used to produce
glycoproteins at an industrial scale. Lower eukaryotes, particularly yeast, can be genetically
modified so that they express glycoproteins in which the glycosylation pattern is complex or
human-like SY®EMEHIZEAE. 5 Such genetically modified lower eukaryotes E&T/HE28e318%4d by
eliminating selected endogenous glycosylation enzymes that are involved in producing high mannose
N-glycans and introducing various combinations of exogenous enzymes involved in making complex
N-glycans. Methods féheprestidaly engneeriideyeashto prod nveccain ftexid-giyegedinas been
describeg) kb PRadeNocapdd20 3 f2candikk IbeI;B}'&éIEQﬁ@t@ﬂ&&ﬁ@bﬁ@&l%‘cb@%@@%/ml%%

2005/0171%% é%ﬁ%(ﬁfég&% gaggg]#%gf%oagééofgs{g%g %h? Zé)Ofl 171826 2005492}1)8617 and

2006/018 e, a host cell is selecte eered o Z?elfgs n't 8’ mannosyl
transferggesafamﬂé%esweﬁfiﬁg?ﬂava‘tﬂémﬂeﬂ&a&%‘ﬁwﬁ&r@%a&m@%ngwaa%% i)

glycoprotsid t¢-gerexianilyl engmyeashahls @€ kiligeysee nodd es fiyimankayykdr and flimsdriabtivity. The
host cell@i&iﬁ?&esfum@ﬁ &m9&%@%@%&%@&%@&[@&%@%%@&dﬂwéva@éet 381Rroducing
comple>&h e?@nll mrg} cme rq |me t the ho(g ceII fl.{rth r mclu%grshq

al,2- mann03|dase cata omain fused 1o & ceﬁuslaral)é %lgnésla (Y)pP e not n%rmally associated
with the LARIHRAIE eI Qﬁwas&@@a%oe&rméaaﬁnﬁ%a Emavé@rédm WANREER or Golgi
apparatiscohiedhecstasit. & dsgaybida pesom birgintaiyeapaoeid utad by suwieHeR ailsolgi apparatus
of tfpe host 20 cell prq@ltg@ﬁ@@ rm{&@rﬁfﬁi %ﬁ'&%%'%&BQI@e@&%ﬁ@P@%M@@@@!CNACZ

glycoforrn m [0 ofo U.S. P and U.S.
Published ateri%ta KE; cmﬁl\é@ Nos %’% gﬁ%%)é 83?(5%61 91 &sc 0S8 gyv(g?leuﬁaryote host
cells caSaFR4iBE ﬁemwc%mwes%%%%ﬁgvaiméﬁaéfméz FipEaBtRY 2 Batorisar
embodinmért ubed imtom i Atehcpileed mgden teosd! fcathblein€ipmid scin2 3@l At ghsfaraseis(GnTI)
catalyticigeeeaincluRofitn smeriidlabiatgsting, ﬁwaimmw&amzﬁgmym%%wﬂh the catalytic

domain A0 (%% a%t 60‘8 t&a %le S%l V|t %E)(%pl?e% gggarattlu Cpf the host

cell. Passage o ée recg%%mant g‘JT\Icopro eint roug gl appara US OF 0st cell

produce’?‘&‘?@é&ﬁ?&}ﬁﬁﬁt ﬁmﬁ?ﬁﬁrﬁt &té‘%?@l’é‘i‘?ﬂ&é %@Fﬁﬂ)ﬁ\cﬁ"glycoform for
exampI@m@lcw,&éMam&chaﬁhmsM}@mmw&QaWMm ¥ig2@,872 and U.S. Published

Patent Apphcatlon N@D@qggﬂg@maodawhmmmmmaciosmipmw%@mtmmﬁ;seeus capable
of pmdgﬁkﬂﬂi‘ %%8&%}!; 'S%HQh% %Nﬁ%’%?ﬂ%% cNACa Jhg ?‘Pé{f‘mlg?u%c%’fmte'“

produced In the a ove cefl can e treated In vitro wit examinidase to produce a recomblnant

glytbprofsHSor BRSHE PR sIMPVisseecter xé?ﬁaeylﬁw&ﬁa?ﬂvagm@wm%@ﬁlambod.mem
the imm¥&laledpdphesduingrostcoe Beyetner thehwads SERARhDsidhsHehwdtegts stonsaintfifsBd-to a

cellular tasgetiagdsigRikRePAHR MEIRMIGRNY: assasiatadiiBibeicatalyiic BamriBisstselected to f
target mpngsidse a@gyd&t@&@%&rmw%g?%gggt RERCTEOO0RIL Calp geparatus o

the host cell. Passa € recom apparatus of the host

hinant g
cell prodBEEAE Pl SHhBMHE §ioptsie %qar?ﬁﬁ EX f@&s%?a@f@‘feﬂ%‘c AE1SAES ylycoform,
for%xaﬁ{ﬂ@%hﬂﬂbwm&dmcim B/CHIdT L. WdSE. Rrablithedaraten AipiitattoB: NG -

2004/0280(2aliscloses lower eukaryote-host cells that express 5 mannosidase Il enzymes and are

capable of prOdUC'”g@Bﬁ%B{th‘?éﬂﬁ %ﬁ%?&%&lﬁ}ﬁy&%@fd}iﬁ GleNagaManaGleiagglygoform. The
glycoprm oduced In h Ve C Il treated in vitro with g amlnlda e to_produce a
recomb BFB@% if@i 'l@*l"ﬁf& qﬂzéﬂ}ﬁo Sa ASRALSEHFE Mbodiment,
the mm‘éﬁi&?@%@éééﬂ@ﬁ%@!&ﬁu ﬁh@hﬁéﬂb@?ﬁ@@l@ﬁﬂ%lrmepm(@wﬂﬁ%aﬁw domain
fused todacseligddictasgeting signalcappdide: IFOL pariallylassasiated Witk Sae&eRplytie:daaedtadand

Se'ecte%4%@&6&@&%%@1@%%%‘3@&@;{'%@ iBaNeR or- R0k anRBIa AR HRSARS! £8l: Passage of
the recombinant copr gg%&n h the ER or Golgi apparatus of the host cell produces a

recombﬁ?gﬁ?%‘iyc? g a fucosylated GleNAc2Man3G1cNAc2 glycoform, for example a
1561cNAc2Mansc;|em&1@ffu@)cgmmr@r$apb&emm@tiﬁeézg Broralipegiss. HislisiaanPatent
Appl|camnmhso%@&iﬁﬂﬁ%Wﬂ&@&f&lﬂﬂéﬁﬁ%&@b&@t@&\l&f@h&%ﬁ@l&ih@&i@eﬂﬁ capable of

prcg@uc"g@y@og}quf (W&QJPWM&Q%@?%%%%@? Mol A SOPIRfGIRAroduced
in the a%as%s%sﬂ%%%mgyﬁ Eﬂ'}fﬁ'”%%%@r%t Xaminidage 10 piodu &%25%‘%% binant

fucosylation of selectin ligands. Roos and Law, Blood Cells Mol. Dis. 27: 1000-4 (2001). The
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glycoprotein comprising a Man3GIcNAc2(Fuc) glycoform. 20In a further still embodiment, the
immediately precedlng host cell further includes a Galactose transferase |l catalytic domain fused to a
cellular targetin nal peptide not normally associated with the catalytic domain and selected to
target Galac%gg HEhE-se 11 activity to the ER or Golgi apparatus of th& hbESedF P2&age of the
recombinant glycoprotein through the ER or Golgi apparatus of the host cell produces a recombinant
glycoprotein 25 comprising a fucosylated Gal2G1cNAc2Man3G1cNAc2 glycoform, for example a
Gal2G renikepdsaasenam Ao fgydofdiris BesvroiiERdR Piatehend gicansrrReld2006/0040353

discloses:{masseeifkae i Nostshelis (e Sagld D MNOO dudhghal ghes paiei mebNHDBIAGEse
ﬁ"ﬂﬁglﬁ% N@%@% AR &%ﬁg{ﬁheﬁqﬁ 91'1‘{}&0 &ﬁ%kﬂm%cﬁ%gbéﬁﬁﬁg)?ﬁféﬁézglgteegeated
GIcNAC égéﬁgh% 5 %%c{\%g(ﬂ;%&? tﬁk&fi 'STBYm. In a further
still &m bﬁﬂﬁﬂé?%giﬂe }ﬁﬁ’fh@é}i%ﬁ?e I%?;ré%%‘%ﬁr@ K22 Ve [ tevtritie deEQlsaplearSlbeasé datalytic
domain GisecbiolagselEizrampedog)signal peptide not normally associated with the catalytic domain

and Selected to targelsjalyansieies ﬁ‘z%\ék%é@em?e%&h?zé&ﬂ@é@%@%ﬁ)ﬁf mﬁ host cell.
Passag reco through th ost cell produces
a recom G*y gf@@&&%p@% g a g&s&ﬁ%@@iﬁA%%@ﬁE%{m é tNAc2 glycoform,
for exanﬁBb@OhiW@Zmiww)ﬁwm%ﬁﬁﬁmﬁeﬁfz%@@%dn@é reRded(Fuc)
glynoforby. FOT foae rRIRAYALS hﬁ&@g&%ﬂl‘emﬁeg}@m@ma@h Blanieniesssitnnglictaie JEeferred that the

host Celhfwmqr “EQ{HQ&@ m%fmfpmm §I@lfﬁc@§mg£s¥aaéé%f~:@iael NMglysately -S-

Published 78.1 729 dISC|O esa eth ene% %y e gneerlng lower
eukaryotddt %,ng %ﬁ% B3 5{%158 ﬁaﬁ%%p?ﬁ) Sh Oy G (g rf pplication No.
2006/0268‘@99,@%5&‘&% alPrfemisal el @eﬁ@qu@ﬁgqﬁ%éfﬁ@gfﬁ\ﬁaﬂé@r«a&b@téémﬁrwa@esgualylated

glycopratsidse Thenglygbpsateinwasosiimed1i thecahovia gelisralathbe b diedsivltviticfaratia and

neysaminidage (R MaaLeR & L ecoRRITAR B R @ﬁ&@!@c%ﬁ&?fé%@&@&b‘ﬁ%&!éﬁﬁ% end of the N-
Gal2G1cNAc2Man3G1cNAc2 glycoform, for example, a Gal2G1cNAc2Man3G1cNAc2(Fuc) glycoform.

10Any one Bt the preceding host cells can further include one or more G1cNAc transferase selected
from the group consistirigasrabrit-fasorniransfenses rrsicafierasn Py porued gijekisoteins having
bisectedtandidN Awitisidtersn sy fdgtingarst nfchiptecsticraadisatotarleh Gld RuyblidheciPatent

ApplicatiarstisS A0TSR ANk QUAINRAT AAENM @R oL NERSENG Aoshathafudier include
2 10" moreosu%ﬁlr Erg} Elorters such a gDF{ﬁGlcN CB‘EE)S {ranspopter 1ﬁ/&for eéame%e Klue\{lveromyces
lathis and Mus muscu/d Eﬁéﬂrﬁc rfn%pgr ers eggllace”'tose ra(h%por érs xample
Drosopﬁﬂ%%%?&ﬁ@g&sﬁéﬁ%ﬂ%ﬂ%%h%ﬁéﬁl%ﬁﬁ’d}@MF‘lgiaFcaéémltP&héb‘éﬁ‘éﬁﬁ%r example,
human staiitacidiicanspadecinBechtisbel abie ndd KaryoieohbsiGleNs\suchhasybadipad {Wikentous
fungi lack ypeﬁlaeuﬁ t@s@g RS, thnpheteradye- mtdpwe )%%MPMJO@%B%W gosys@st and
fllament %m%all)t%lOeng neered to incl u
embodl

st ¢ cee fU? Cé?nggog? R r& eere I%lfu:rt\g?é
gly%:sopré"t 8?% Fﬁ%\sﬁr% ;:@N“@ g?éﬁ?«l ﬁ%“fh mmia

P-man nmhﬁlffmwﬁémfmt(m&)@ée (Elﬁmhjlnbm&tﬁhteﬂdmml ead@xﬂ Mg 206102 ]bjLOSS) and
gchopr%mﬁawmgmﬂm&w%mmgﬁwﬁ%qy&&ﬁu@ @Jﬂmg@&&r WiuRknganratRathaf the
phosphor‘ganno%lb% g%ﬁs emgs Phtﬁ §,n MNN4 E:am le U SeSFéu llsh d Patent
Appllcatlon T Nog D004/60127 urt ers mBo imen %%%v’e host
cells, thEFRS&Y GBS AR RIRFFRYRTRRRtHf ﬁ?fcﬁi‘iﬁ’é’é]’ %?ﬁﬁfﬁé‘fé’@ %ﬁgyﬁﬂﬁn ﬁ@eﬁ}ycoprotem by
defétingtbrwisrupitir) Bateno NmGrOBE, 136 HrobfvaanRrbfefno@elttihsicdiian sodted famsforasa genes
(PMTs) M&Lﬁﬁ <Pt Ne 5, 714 ,377). 30It has been shown that codon optimization of genes or
transcription units co f [ I r increased.e 23519 of the encoded
polypeptide, that is mG(}:lggast% trans agtfggm &ﬁg%é%ﬁco mgteee%%) yxtg){) SD %ere%or% n? the

case of Fhe (yieent el st &fent-meleaid g%i%@gﬁ‘ﬁd@fsﬁ‘ié‘eé%‘f&%‘éﬁfié‘?& BEAR produce
more of th& &rcetovnaén SRS Which diw fesiddcdnt seawadrbthecibi BS N-giyearnis §E0 de

fu qsslylaw gn B5ihelsaitiexd:ek cadoropRaalio fhaﬂé%&@ﬂlﬁeﬁﬁﬁ'&@ﬁi%e@@%%ﬁ:é’?dﬁ@ﬂ% @Jfr to
translati cedi e Q tgﬁgga t the nucleotide
encodlngﬁtjr%§ KAEU@%OSII %gzgéé%ﬁ%%%%%%rgc 7%[‘?“% h c;ﬁ ﬁ@e@?ﬁn& energl)gp é{sglgﬁlsjed herein
refers t&'BOEPHHE SFAHERTRSENA Gt BN B dﬁ?@&’ﬁ&ﬁpﬁéﬁ%’@"éﬁﬁb%@lﬂj afify the

polypeptide. Codon optimization is a process that seeks to improve heterologous expression of a gene
when that gene is moved into a foreign genetic environment that exhibits a different



5 nucleotide codon usage from the gene's native genetic environment or improve ectopic expression of
a gene in its native genetic environment when the gene naturally includes one or more nucleotide
codons that are not usually used in genes native to the genetic environment that encode highly
expressed g@ LR BEr words, codon optimization involves replacing tRoS& IR codons of a
gene that are used at a relatively low frequency in a particular genetic 10 environment or organism
with nucleotide codons that are used in genes that are expressed at a higher frequency in the genetic
environrfSREBEcOTRRIMISYR SRR Wiy 2tAedansasissibn freamutiantidy stqhengesropmituSE@ & peptide) is
increasadOTlHe amisupaptian RUNGIRe TEchaoliteaatdo asiihalappeahwih NgEgenpusocy4adaghly
expressgf-geaes,are MRIERHCiEnibhbAnRIAIethiaan iHaRstide ﬁ@ﬁ%&@%@@&%ﬁ&h&?\éfaﬁ&quency

15In ge thgds for leot ns fo e depend on |dent|fy|ng the
frequenr&@ ayen: %ﬁ%heg%“é? ?mio% R S0 L02d o AN eSSty

expfess %C&H%ﬁ@’éﬁﬁr@ﬁéﬁﬁ atkéns, r@]!ﬂ&@h*@l tRodd h%l’eﬁéﬁ&@)b@@érﬁéﬂﬁk@lgéﬁé @tantbrextathat are
used witllymgefreqGenoydRibie highdy208aressgy] JesdsnyitheanuLletiidebisidonsdmt are2desfified as

being useddahauahly: X aressehoRnes Gaes fok Lﬁ-‘ekg@;%w&h% 0%9 fgpnucleotide

Probes De%uced from_Amino Amdaz?;]{bjence Data: Theoretical nd Pra tlca Considerations, J. Molec.

Biol.: 18%° 178 11855\ RIKkAIKEA F R i %"l?guﬁ@ 12606)! ‘E&'ﬁ DEHAER Expression
& Punflda{%vsﬂl@fp%gﬁeze@fswesﬂ@r@ AeethigleTdibed @m&m&ram@sgramhmmmédﬁrﬁhncany
analyze AJ830Gelkatide 48y asdA IR Lelia-agieof-éig)organism encoding a gene and suggest

it e oo e R e 9%,
with nucleoti und | i i

following S 08 AL TRRBE b AR R AR b SSARERS B G S EaBaAT
30EXANIPIaRSY it Preferafﬂ?l@Eﬁéﬁfﬂ@@ﬁ@ﬁé&ﬁé%ﬁ%r@@tf@ﬁ%f@t%ﬁ?é%‘ﬁ’é’t@ﬂ@fmmlﬁl’capabIe of

producingtiyiiyzeproteitdythat atitie fiteseivine I thd/osmn amsctu]m aiidhecghidepiiimg the
ES@Ber'@n@s?@ﬂ]@HemJaQE%ﬂ@g%rla%ﬁﬁlgs%% e %& me%@gtﬂétwg (gever B and

restrlctlo and modltlcatlg&g s .are obtained from

b
used as ec‘ferBSS‘ e manu r%trm”[a1 Ficediase %%f¥11 %?BH% ORIGRIRTEES Louis,
MO) andnalé@e &§¥é&6‘ﬁ¥rﬁ’é‘i‘1SEHOB?”thMﬂhﬂ%t@ﬁéﬁ@ﬁgﬁﬁbél@éﬁi@é§%lﬁb%m&ﬁédhﬁom Integrated
DNA Tefinsytgies faibvedyitiezyiiy. dvletdivily/eh@ 08MALZRARR CRAMRACH SIRARDIIG ebatatinge HisBind"

resin is Mﬂ@%ﬁ M&%%BO;M'Th%%ﬂ!?éié%%?&%]@!ﬁgﬁm@%&r%ﬁ‘aﬁéfﬁmega
(M%ilson WI;1 £ teln b| (()aslégllakjs are frloem |\4|II| oreé\u dfo (H’) Salts and buffering
agents are rlc ows §Rmpzﬂ|ca ion 0 Iral% Wa@/ genes.

An overQFéWQﬁ‘wiétmaéwa?kﬁw%ww% SRR FOmgeRent Ofﬁéeﬁﬁérﬂ?@a@ﬁr?gph?’ém@(@hﬁ) of
hGMD issaepplifiele fnoreill imaindivéredDdddy [BDiBpatoiaycesymalor AtidyiGA) egingssdvaniage 2
S e e ey e
an
N 15)1§n3r% G R AT BRI G0 S T PR LA 5 T TS R 2
regpectifeh/pare et FSQé}ﬁﬂSEﬂ/ a 1,139 bp product from human liver cDNA using the following
conditions: 97C for 3imgeutes!, 3% tystasitf @xGTonidd sétahd bR foidGsaching sherdde tar 2
rgmth&@@ﬂ@&ﬁ@ﬁ@ﬂ?m@%ﬁ%ﬂh@w&@iwéfmg é}&dﬁl@é@?ﬁg ROREREIL rmgggenth
arlsba S ced, and ther nt.construc esignate Si e
condltlogs%ﬁﬁ%&g H%oég 3y ?}Ir%serg tﬂi g]ccioﬂ%ﬁﬁ g é‘éﬁ& ,&Eﬁ&? %GTG
AACCCRREBEE E‘)&T‘P@‘%@ WF@N@%?F&H&%“*P@AWFWW@W@#W expesssorafGeT
CGTAGHRYySHSEDRIDINOnI®|resde etivedihatbeusgcotocanplifyrebd 86 phiffed froant étoliadsuman
kidney aiablén(@B[axBiesciBne8toBRIRIATGINE Mlindicty 20neaesRQNSISs oriiie SRERbNE Q&man FX

gene. S I ed o) equenced ddel ated

The OR%QO%?( %}Aﬁi}u%m%g&[f?aﬁﬁl%? froéng%umaﬁ%aﬁ) erﬁ\l}‘é ﬁf&a@ os?:lggl)ce Ko A o, CA)
using thée &gnaibRid BhfRvERSEL TR haﬁalffﬁe &M@@WWWIM%‘{@W@@@@@@@ECA
CCATGeHATNG G CCEETONGoANBORIG-SH{BEGE KI28rMN D@ ard $26] T ATahpR TCABACC
CQ@AT&B@_Q@@&@H@G@Q@ ﬁ@EQnggﬁ)Qz@@h);espectlvely) The resultant 1,113 bp fragment is
Gloned into pCR2.1, saaueReefls A0 ieaianalfd A ARAS, AUIFAISHIRD ol Mase FUTS

ORE, encoding amino acids 32 to Ing the nuc otldes ento e endoge 6US
transme‘fﬂﬁli‘ﬁﬁaé' ﬁ‘?ﬁéﬂﬁﬂ‘i’rﬁQa&mﬁ@d}fﬁ}m%ﬁe%éﬁgéhﬁr%arﬁl&ﬁﬂf%@’]ﬁ e d P SAMRE CA)
using the conditions outlined above and the primers SH420 and 511421 (5'- GCGGC GCGCC GATAA
TGACC ACCCT GATCA CTCCA 0-3' (SEQ ID NQ:21) and 5'- CCTTA ATTAA CTATT TTTCA GCTTC
AGGAT ATGTG GG-3' (SEQ ID NO:22), respectively). The resultant 1,654 bp fragment is cloned into
pCR2.1, sequenced, and designated pSH987. 35 Generation of fucosylation genes in yeast
expression cassettes. WO 2008/112092PCT/US20081002787



Open reading frames for GMD, FX, and GFTr are generated by digesting the above vectors with Nod
and Pad restriction enzymes to produce DNA fragments with a Nod compatible 5' end and a Pad
compatible 3' end. The FUT8 fragment is generated by digesting with Ascl and Pacl restriction
enzymes to P@alE BIIRA with an Asci compatible 5' end and a 5 Pad dSrbRame @r2as. To
generate the GMD expression cassette, GMD is cloned into yeast expression vector pSH995, which
contains a P. pastoris GAPDH promoter and S. cerevisiae CYC transcription terminator sequence and
is desigrddltiuasifratsferesdhin Ricisral géd arfissolswm Strctarmofalngz FepBOR By 0biglgdire #ourseothricin
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and 25 P& 8 %@HTR“P%B’%B‘&E?&‘& ABATIYG: ¥H€%‘ﬁ$¥€fﬁp ShATEReRSY B ARS Wﬁ?l"‘l‘%ﬂéNA
polymerarsdegiidegountyctdsiiragimsh ! subsdompdtitoft peodecing Naly¢asdtHmmitdeassapra. ),
previousiiaigedtad sGiiNath aﬁddBéideéAdztrexammmﬂItcNA@I\gAfmhtfﬁerase The resultant vector

pGlLY2143, contains E t FTr ORF operably I|n t the 5'
ené-sto a PpPMAIpron? a%n E)@é?gérgﬁ}{ﬁééﬁrl@% g)%g?gﬁég%%gﬁésgﬁ% é) a{rSﬁ(O?:F Rsrll
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softwarexaitsbéieg anvagimige d/ gy Baria starfa Rxprass R EGaneAs Rpaenshigy. Geweasy). The
resultant, Rynifalic NALQL S M%%e%ﬂuﬂ% ?&J%oﬁéa&%'%&%%‘%@f%’}ﬁhdﬁﬂ?ﬂ 3#‘1?83to¢-\30'

35restrl(§|on nzyme compatible en cloned into, a shuttle vector to produce vector pSH831.

SubSequEAt #a Us¥iEF Pfg%%gr Féé’é‘féﬁ’%ﬁmlﬁ\é@gﬁda%ﬂ% Mg?ﬁ?éoﬁai @Wﬁ‘ﬁﬁment encoding
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2008/112002MEeH NSPRABL00 A8 BAA sRrealio g ibe Hednrd rangrtingiprplide ihdageyector pSH831,

previou Zyie t g 9. To generate
the Fuﬁyﬂ%g@‘m?g?§%@£§§e§g§?£§§§$§%*52* R e P

fragmen 1 ERBRIS o RS WAt Akarag drsids Biofedhnel (yog))
digEsted with 8 $Ae)sAnhkenaz) ard<Cirmeorestitan Opdotnpsiab 91 1 86rir($ ¥ PU Peivinn2 fusion
protein congisitntetiedlhlldrMsiid fusiomemtiraaperably kpohafilia & ardtpariopasteris TEF

promotey (RRAE @@@a@iﬂ%ﬁ@& SRR z@@é&?&%ﬁﬁﬁrgﬁé%gﬂgrﬂa% Haatek g%ﬂﬁeme
(PpTEFh)1 T;g&a n cassett &%QB nked estriction sites, 10Generation of fucosylation
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cassetteg@ieAlaNef i e PaMRIIesHAD 5 HeIAnRIGRARSHL 9, 164 AERSARMEN LR,
containi Ihﬁ PM&GFT expression c ssette CIS€‘. from)%grLéﬁF using the re strlf%%ﬂ enzyme

Rsrll an sdbcfct)?wred inat%d 1088 difested R ({ﬁ% %% i é%cﬁﬁ t%é ich the
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lnt@soSFé&@a@émegﬁmgvﬂatm@sm& @&T&%ﬁ%ﬁﬁgﬂﬁé@&tqr BsdirhdheigdikEE-FUT8 and the

GAPDHE ressmn%;sgéettea éV% dlre tion is designated p8111022 This vector is
illustratét mlfug%re Heraii on (3n expres er%Ctor A truncated form of Rattus

norvegicus erythropoietin gene (rEPO), encoding 25 amino acids 27 to 192, is amplified from rat
kidney cDNA (BD 13iosciences, Palo Alto, CA) using Advantage 2 polymerase as recommended by
the manufacturer. Briefly, the primers rEPOforwardsand rEPO-reverse (5-GGGAA 11CGC TCCCC
CACGC CTCAT TTGCG AC-3' (SEQ ID NO:23) and 5'-CCTCT AGATC ACCTG TCCCC TCTCC
TGCAG GC-3' (SEQ ID NO:24), respectively) are used to amplify a 516 bp product from rat kidney
cDNA using the 30 following cycling conditions: 1 cycle at 94C for 1 minute; 5 cycles at 94C for 30
seconds, 72C for 1 minute; 5 eycles at 94C for 30 seconds, 70C for 1-minute; 25 cycles at 94C for 20

~ seconds, 68C for 1 minute. Subsequently, the product is cloned into pCR2.1 (Invitrogen, Carlsbad,
CAY ceairiencred and the recriltant econcetriiect decinnated NBE11AN2R TN Aenarate the vaact avnraccinn



WO 2008/112092PCT/US2008/002787 Generation of yeast strains and production of rat EPO.
A P. pastoris glycoengineered cell line, YGLY1062, which is capable of producing recombinant
glycoproteins having predominantly Gal2GIcNAc2Man3GleNAc2 N- 5glycans (similar to the strains
described inWP@‘Eﬁffngﬁed Patent Application No. 2006/0040353, WhiChPSPgH gséq%%%roteins
having Gal2G1cNAc2Man3GIcNAc2 N-glycans) is transformed with vector PSH692 to produce strain
RDP974, which produces recombinant, rat EPO (rEPO) with Gal2G1cNAc2Man3GIcNAc2 N-glycans.
Strain RDP974 is sintihSSahEbpsBseRinmATishitoeln 2ty eneeds fasianal-1443
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catalyic R R T S
sequen&?»ﬂmﬁemaam&%ﬁm@%ﬁ@&tn&%r{ﬁs PARSTRINAC i fe r8 S RERRTAERBIER domain
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[ i - : iSi NTI d .U.S..Published.P. t
fg;)r;l2ai%%sﬂl%ge%§s09éga/@£?§§§t\é§?ﬁ)ﬁ%érﬁl ét%gg ggficl)g% r?gﬁg%?%lglfc% %I%%a%? %@é‘ﬁelrﬁ%ﬁﬁm produce
B oo S 20T b 2 2ot
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of the caqntro 2at way plasmid pSH1022 is digested with the
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transformied with 35 pSH1022 and demonstrating fucose transfer is designate )
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and Hamdftanmet el &eieneenzd Fol 2420033 oflthe seisulibl pepkei its idaadfy etbby ok S<RAGE
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removed b)b/oln Vltr%{ié%ﬁﬂ on with a-1,6-fitcosidase (Sigma-Aldrich, St. Louis, MO) treatment, as 10
recommended I?)CS? Sr#ﬂ(fé(%ﬂlffé’ . For glycan analysis, the glycans are released from rEPO
by3¥featment with PNGw-pukansies schze 0gistaaniften mefirreddosyr IResi a8 of gjkrepraieins
analyzedabyub&/ﬂh@léﬁmeﬁﬁaﬂ@htcﬁ[@@imms sivediighnadlystofgastiin ghylcaheatﬂg@tum(@ﬁoi et al.
(2009) riguiia WAl e SR AMOUIBLIUCASY (Bl ieans aaalh o glygosidase F 15

released glycans abeled with 2-amunobenzidine (2-AB) and analyzed by HPLC (Choi et al.
(5003 PG ahEESe B SR R NROACHENLS B Oe [ AR RSB B g the
peak aré&#6f SEipiR prakizaperorsasticanad faede skt iechniques AKarais Ysghe Mlycans
produces ki dixair) XFiShi6 phspredyBadiessentalias destkihachabous shopied-deabihe shiginspdoduced
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shows the resuylts of a MALDITOF analysis of the N-glycarts on rEPO produced.in strain Y5H661,
hows (1Tt SRS A BN A BAREG AR EOh i LA A AN R s A A
Gal2G1cNAc2Man3G1cNAc2 N-glycans. The Gal2GleNAc2Man3G1cNAc2(Fuc) N-glycans are within
the box. Figure 4B, which shows a MALDI-TOF anlysis of the N-glycans on rEPO produced in control
strain 25 YSH660 (without fucosylation pathway), shows that the strain produced only afucosylated
Nglycans comprising only Gal2G1cNAc2Man3G1cNAQ. EXAMPLE 2 A Pichia pastoris strain capable
of producing glycoproteins having



30 NANA2Gal12G1cNAc2Man3G1cNAc2(Fuc) N-glycans can be made by introducing the vector
pSH1022 into a Pichia pastoris strain capable of producing glycoproteins having
NANA2Gal2G1cNAc2Man3G1cNAc2 N-glycans. For example, vector pSH1022 containing the genes
encoding th&'SbiB6r&HEs of the fucosylation pathway can be transforme 8 GTEYHERAIEIRTY SH507,
which produces rat EPO having NANA2Gal2G1cNAc2Man3GIcNAc2 N-glycans and 35is disclosed in
U.S. Provisional Application,No. 60/801,688 and Hamilton et at Science 313, 1441-1443 (2006). The
rat EPOTBREH ek 3h At dies tiss, IRUtevion smNaaaores s chen Aep htargGeNAC2(Fuc)
N-glycampsodii©ehR08d EREeR RECTHuS2R08/8182 787 The following provides a prophetic method
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14 DNA ol merase ta remoye sm trt%ndo.vertaaag Su seq ent‘%{iﬁ%%%i‘ffﬁg ments are subcloned

into the ve ore paLY ARy, VA an‘g S R S A ?ﬁl ‘i?fe%ﬁner and Nod
15and FAYCREekaafier %W%Jﬁd%ﬁ%éfdtmﬁ’ﬁf aene SoRAMS Ao MRRBORYS REHETASC IR PBHB 10,
containifigeS8 el Rpki AlptemeRpRddatittc asdeatie diandat dry Sater estiiatignmitbeadifH824,
comgalnlpg)g;§§gré@fg§ﬁﬁg§h§ﬁg fyeagsette flanked by 5' Bg111l and 3 Bamlll restriction sites;
and pGLY372, contalf;lln | ime ﬁ} §9ce1f3 ﬂtt settefagm ﬁsrll re Jrlctlon sites.
To generate the ST cata A fused 1o-a yeas o%apféfloeﬁ %Illgcf’la 1erewslg tAtgeting
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T4 DNA polymerase end g%cloneJil Cpto 6%951Y36 d(=.3;Ra1red bé’e gl gﬁﬁtl %ﬂ oeg %@ﬁx ggeslcé and
SESUSIOm

treated with T4 DNA po ymerase he Tesultant vector. contamm
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S d IeC O1C1n CO

restricti en me e resultant
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dlgestlon w aI and Hpal, and treated W|th T4 DN polymerase to remove single strand overhangs,

s subclBRYF el RPB A FREgELTpHATR ¥ A BSEnisiasE (LRI HSR AASCRIF MoaR  ehYEePHAtFPad, into
which tHeRPriRpepdaraa el anpSidsAc @nedalrigfiErPMA-SPS expression cassette, is

subgloned. The vectcmrmﬁme@nmeﬂm%ﬁk&éBiykﬁrﬁﬁﬁ&@y@ﬁese@ﬁgmsea@muglimiuwb&f;e
opposit A tage the
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URAS marker Is replaced with HIS| by. exusm e om

and repfERTFTEhHARES FHaRE6 A ‘7t #hin ipeseiananaRsidas aat i ibfdhoyme. The
resultant vector in which the HIS] ORF is allgned in the same direction as GAPDH-GNE expression
cassette is designated pSH870. Subsequently, thigavector is



10digested with Barnl-11 and the 2.1 Kb fragment from pSH824 isolated by digestion with Banilil and
Bel, containing the GAPDH-CSS expression cassette, is subcloned. The vector generated, in which
the newly introduced eXJ)ression cassette is orientated in the opposite direction as the GAPDH-GNE
cassette, is ge%%g"ﬂ%{%é%? pZSH872. Next, the 2.2 Kb expression cassette co%?g(ﬁji%zé}‘{%%mlng-ST is
digested with Sgff from 13511893 and subcloned into p511872 digested with the same enzyme. The
vector generated, in 15which the TEF-ST cassette is orientated in the opposite direction as the
GAPDH ‘et appasaits ofdhsdwgi st a psiag el the recompigant lsorpirtetp theoyah & Bleef into strain
Y SH661Gwigicipisutiien ddpabtetekppadomg satemdihavigly dopiAIGaRG ohN AT AayBGECNAC2
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ACCCCAERKEEABREERTE BprETRT e ABriEBEs RBEKARACTCTATG
CCTA I"e@aly 6FGBEEAONT e TCABBDRTNERATEPCFINGCEAGTE AACEEEANTTCTCT

TCAAT GARMIA oA FROGEBHAAGHE AT N ITCEC PhIALTEGA NN T A HGdafediaAGTA
CCTAAGRLLIACER G EAG MDIIGRR A SGTIH i &gg&@ﬁ%@tm JSREAACGAGA

. - ;
Teee A e AR R e S S enaceo o
CTTGCREAT N AMad e renbedane § SaRebidrd Ratonp fpdisesipe Bes CAGATGT

AAAGAGAGOBCGAAALIEOAGES EAAGTE RGEATCEREMGT ATAGE 6 AGGHBEIHGAAGTGG

ACTTT Gt AaSACEATRTNACHEAORSES MG AR H ROAGEE S ROEBRECGC
TTTCGATGAGCTGGT AGGGAGEQTGCISTGCACGCCGACGTGGAGCT TGAGGACAAACCCC 25

AATGCETSHSRIB\ R Bt §(¥$ﬁ?ﬁﬁ’8‘§$}§ié%&ﬁ?ﬁ\ﬁafﬁﬁ%@&i YSOREHGMD)
MARAPKEEBEAFEEE R ENERPATY P R EI3E P RE A9 BREVEYHGIVRRS SSENTGRI

EHLY KN GRANMEBGNMHENAVEDICT DSFEImKIINEVKPTEIYNLGAQSFIVKISFDLAEYTADVDGV
GTLRLLDAVKTCGLINGVE e Labbdl RY Q! Rt E AR prERR R AV XX WINYRERE

a sialytransferase catalytic domain fused to a cellular targeting signal peptide not normally

associated with the catalytic domain and selected to target sialytransferase activity to the ER or
35  Golgi apparatus of the host cell. Passage of the recombinant glycoprotein through the ER or

Golgi apparatus of the host cell produces a recombinant glycoprotein comprising a fucosylated
NANA2Gal2GleNAcoMan3GleNAc) glycoform, for example, a
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35 AYNLEAVNGILFNHESPRRGANFVTRKISRSVAKIYLGQLECFSLGNLDAKRDWGHAKDYVEAM
WLMIQNDEPEDEVIATGEV HS VREFVEKSFLHIGKTIVWEGKNENEVGRCKETGKVHVTVDLK
YYRPTEVDFLQGDCTKAKQKLNWKPRVAFDELVREMVHADVELMRTNPNA WO
2008/11209%@??%‘26??8/002787 SEQ ID NO:3 DNA 5 Homo sapian  FCT/US2008/002787
GDP-keto-deoxy-mannose-epimerase/GDP-keto-deoxy-galactose-reductase (FX protein)
ATGGGTGAACCCCAGGGA TCCATGCGGATTCTAGTGACAGGGGGCTCTGGGCTGGTAGGCA
AAGCCHfNEAEIXdB T stMfasabicrEupehrdancivdore ekasdas el s TTGT

CTCCTEERAAACABGERGATETGAGREATAGAGEABACATGAGGREECT GERT GAGHAGHTCC 10
AACC ARG AE G AT AT C T AT G AAT 8QTRBRAGSCGT ST CRGEAATATCAAATAC

e 40 3
S oo GRS oN e Bt o FERE S b R PR CHFECT AR ACAE GACCT
ACCCGhadEEHT bt eairen ralAS bt aldera Gep ramatiaGOAX I8 SEBTACT CG
TATGCe ARGATGAATD CAGREGENCAA CAGGERE GTACTITCSMNELAGRASHRMEGEACCT 15
Eié%‘%’é%ég%r %Gé@fﬁ%éég%%x%%%%%%%“@%@ggﬁggg@%%@%@%ﬁ%&
coTaTRaRERTIR AR aoa e A il Bl R R TeT

TTATCTREERPEIE RS ENGPABRI TR A F6 AL e AT CATCCTCTCCGTGGGCGAGGAA
GATGAGGTCTCCAEoAARGAGETEAENHHE G oo I{raT ethbtiaae e AT MTAGTICNACATGGGG 20

AAGTCACCTTTGATA IESRATGOGRAR L A ABACATECATTANEAGCA
GCTGAGGACCTACCTGCCCGACTT CCGGT@E@@@%CCTT AAGCAGGCGGTGAAGGAGACCT
GTGCTH’@‘@F‘T KORERBARKPR CEREEHE _ APBSFEEI R &P tein Homo
sapian GDRoReddddSx P hiifkrssRaEpimerlkadp Plie M ON458 antoTEIes (Fxtipustein)

MGEP QB SHRHEMERGSS LIS IGAQ AUADGAGHREE LY EUS SKRARLIDEADPRALREKVQP 30
THVIH L@ﬁi@@(&%kﬁ? RUKYNL z&w&%\%‘y YANENM RV RIDPVSTR T CREREL Y PID

ETMIH HNSNFGYSYAKRMIDV Y _ _
YGCTF TRV R ?Eﬁﬁﬁﬁﬁ%ﬁ%%ﬁ%%%%i@ﬁ%@%ﬁﬁﬁ%@ﬁ%%ﬁﬁéﬁ%LAQ
LFIWY LaRe Rl asi A RmperigSiior smmnle/ BusDRG BN FRTFFKEDGBIRRIST ASNSKLR
TYLPDleRafolfdHo# ¥ s Faoh \AsHERxhanE QARIKnESuS ] i K8 a¥dkk transporters, it is

2008/1150R2 RS0 ARPOR2AR e @M@%Q&%@&HW]&Q%H@ fﬁ?@cgcél%%ua
ATGAA AGGGE@%&%‘%\%% GCGGTCCAGGATCCTGCACATGGCGCTGACCGGGGCCTCAG 5

ACCCCTETEE BEERREEEEGAGAAGCCC 111 CTGCTGCGGGCATTGCAGAT
CGCGCTGGTGGTCdetyemkedmeats peike ercehoreriee baeiTeCimha TAAGTACCT
GCTGGRBAGICECTEEATCIRRAT GEATRERERON] CTRGGTEACEHETARGAGESKECTGGT

A VLY Wﬁ%ﬁ?‘é&%@% S esaelbian
10 ATCé‘&%’E% &‘Acgﬁg?: 5?6&%5&%{ %*‘E’?ES’E?E'?C&?&’K@? %Eﬁ?&‘g&%fﬁg@é‘}i’%&&\ATGT
GGEEcasdrentieg engerhaticat the phespinmemoey tylersT smesTROr cerUNNEO R A CA
CCTCCHF@aid, GCCRBGGTCARE TSP RGTANCATINGCECOGHE T8 G TNCBIGREESACC

T aT o O Ry e  GoATCT 15
GGCG STH’E?\% ; "@{%ﬁ# aﬁ?&%‘%ﬁfé@“r‘&%& WRPE W‘Fé&ﬁ@é@@é?g‘gﬁrc@g% CTGC
TcecAdraBroriiAeydhrtsehtaviris ceenEH B CechE TetudRcT T EBGGGATG
ATBACGCTGGGCAEGEHET IG6 CTTHECATORGOT ARG ECATABEAGIGHRCATRAAGTT

CACCAGH fattolid GO lepilNe O Gl ae PEDfc o MGREG I BIA SR ARG TGCTG
GCCGTGCTCTACTé\éGA AGACCAAGAGCTTC TCTg%TA%%%g%Q& EACA%}S@TGGTGCT 20

GOGCOE TR L PP S BE e s SR . ERE AGGAG
cceaceEcERAREMAs e sresseict ircuseiebrersa SE orsuo E5E idein Homo
sapian kehandal @RPHer edechiansporddap increased production of N-glycans that are fucosylated. In

T B e 0
NG K A e R B P RO R N PR P B e ik
WLGTVEGVLASLCVSLNAIYTTKVLPAVDGSIWRLTFYNNVNACILFLPLLLLLGELQALRDFAQ LG

SAHFWG MMTLGG LEGFAIGYVTGLQIKT TSPLTHNV SGTAKACAQTVLAVLYYEETKSFLW
WTSNMMVLGGSSAYTWVRGWEMKKTPEEPSPKDSEKSAMGYV 35




SEQ ID NO:7 DNA WO 2008/112092PCT/US2008/002787 HomosapMn alpha 1,6 fucosyltransferase
(hFuT8)

ATGCGGCCAT. GTTCCTGGCGTTGGATTATGCTCATTCTTTT.L ACCTTG
CTGTTTTA%A}IFﬁ‘géﬁé%TCACTTGGTACGAGATAATGACCATCCTGA?‘?E&%%%%%GAGA 5
ACTGTCCAAGATTCTGOCAAAGCTTGAACGCTTAAAACAACAGAATGAAGACTTGAGGCGA
ATGGCCGAATGCTCTICCGGATACCAGAAGGCCCTATTGATCAGGGGCCAGCTATAGGAAGAG
TACGC ?FRIJA%E/&&?A‘E’S&A%S@T%‘%SFA@W ﬁﬁA‘é&M@&%%ﬁMﬁB&&A@%@A
GACCATRERTGATOT GO CRNE eRTdng GArAPert IO AGGAGGAGGAIIGAAAATGGAGCT
AAAGAGCTCTGGITTdda0phraildt Aka s b deb SR AGARAD Al ARt I8 AN AR dt & 10

AACTCE @ﬁ&%@%&%&éﬁ& & %E%g%ﬁ%&%&%%&%ﬁ%%&%@m

ACGGATCTATACTAC TCAGACAGATGGAGCAGGTGATTGGCGGGAAAAAGAGGCCA
AACATBHERYAR CHIRE1EEE FER e BB Rt R TN EB AR B RRREA AT BRI C BRE TG CAG
CAAAGECERNAAGORGGT GG TSRS T ARDANASCTRG The @07 raGaE TG TdB@aET@ CATC
ATOTGfadre halebGdz Tth Gt A TalGGATAIN G @EA GG fdnPNC e FEnTEChTEnATIGEEAG 15

AATTG@QS&GE%E@ Qﬁ%&é&@%L@g@Né&%ﬁ%%%@%@ﬂﬁﬁ%%@Eéﬁ%@%&%@G CAC
AGACAGATCTGGCATCTCCACTGGACACTGGTCAGGTG GTGAAGGACAAAAATGTTCAA
GIGGTELKARIF FRLORN f@?ﬁé&&&w &?@&Yﬁ@éﬁ”&%ﬁéﬁ?ﬁ%ﬁﬁ%@@ﬁ?@éﬁmm

CCAGARTGNEOTE JOABATE BTG TIE CHOTOBATE GFEACEETEL AC TOTOBIT @@GTGTC
TCAG THighECAAchACT TRATRXGCH GROAR AT GOIFNIEE TAGALMBAGAADTAGAMGAAGCC 20
ACCAAGANGfich @ﬁ&g it %%%%g% G Thd QJ&@Q&C}&%%GACAAAG

TOGGAA%A#AA‘ TOCCTTCCAT GAGTACATGGTGCATGTTGAAGAACATITT
CAGCTHE Aﬁge*zf NRPEEE RERAR AR KRR B PE PRI A PE RO ERC
CTTCT FskaralAhan ouesaics aodanscivs ArpTR el o RAPFRCFGAATTTATTAGTGATAACTCT

AlITCCTGOTCAGCTI® GASTOGARAATE GATAGAGAS MNSAITCACIT EGRTERAGHSAFS@T 25

G GATAJA@AE?%EQJ §é1§gé;§ﬁa@ﬁl§ Ao GdAGISAT BT A HHHGAISCGEAGRE I%I&Q
AGTTGCTTATGAAATTATGCAAACACTACA CTGA%[gCCTCTéSt%ﬁ?AﬁCTT%CATT ITAGA

TGACATE PR AN TS E RBRATE t CRE KR FERA RIS TERERLAC
CCCGARnerte tarrarytmor tamagoands Tl crrard ATrs Blonc et S GAma TCAT
TGGGAES GETATTEIAANGS TGT GARCARGAMATEGGERA CRAGCHGRIC TATA RSRRHECTA 30
%&Sg%g;%%%ﬁ@%@ﬁ%&ﬁ%ﬁ?%%%&%@l@:@@%ﬁ%@%@&%&%@h@&ﬁ%ﬁ%ﬁTAA SEQ
. | 1aln ) U
%%é%@?ﬂﬂ%%%gz%gq% :%-lg’jﬁ%%\gs;%aﬁ(amura al.,-gﬁzc.\Q{md Res. 28: 292

2008/11
MRPW 2980 rnaissng. AV HPrsson & Pyrfistinn PbHS SR G AK T HODNEDERRM
AESLRIREDRL POGRA GRWRY bEGQIHA AR ENMKHQER NG LA KR A LIRRAUERNG ARG L WFF

Y A A A ST CG%%%E%%%%E%#?Q@‘%% e oW 5
Bl o e Sy WA

IAYGTORTLILESON
, _ _ P8 B AL BESIoA B T
GDPAVAERY/SOIeoRY (RIS O CEIEEATICKLGFICHPVIGVHVRRTDKVGTEAAFIThEEYMV
HVEEHFQLLARRMQUDKIBRAAE cAFRINR SFELiKEANT KoRo Y 1SS SISAGIHNRYFENSLR
GVILDIEESQARoYC TFSSQVCRVAYEIMQTLIEDDASANFHSLDDIYYFGGQNAHNQIAIYAHQ
PRTADEWMEPGDIIGVAGNHWDGYSKGVNRICLGRTGLYPSYKVREKIETVKYPTYPEAEK 10 SEQ
NO:9 DNA Rat 15Alpha-1,6-fucosyltransferase (rFuTS))J}
AT@CGGGCATGGACTGGTTCCTGGCGTTEEM Y REECTCATTCTTITTGCCTGGGGGACCTTG
TTGTTTTATATAGGTHCTCAPEFERT ICCAGARANT FACTARPOTBA TOACEEFNGEAGAGA

AT o o = GARGAG 20
TCCGTGTTTTAGA@%&&%@&%@%?%?@%E%&gﬂ%ﬁ%ﬁ%ﬁ“ﬁ@fﬂﬁﬁ@&%@ CA

AGCCAES R AP EFIT SEEEAnEE Ryt s AT ARebianE Aot NevEaglapdiid AbscT
ALAGABETAT, GEI TAEECGITA CAALRS TGRADTOAARRAAT TAAABSAFCEABAAGIGARATG

AACT CGANAEREMTECHENATHEONMME HseliTak He A REGARA AR LHAACGTCTATCATG

ACGG T > GGGATTGGCGTGAA GGCCA 25
oA AR R I L R e e roone
CAAAGCCAGGAAGCTGGTGTGTAACATCAATAAGGGCTGTGGCTATGGTTGCCAACTCCATC
ACGTGGTCTACTG1 11 CATGATTGCTTATGGCARAECCAGCGAACACTCATCTTGGAATCTCAG
AATTGGCGCTATGCTACTGGTGGATGGGAGACTGTGTTTAGACCTGTAAGTGAGACATGCAC
AGACAGATCTGGCCTCTCCACTGGACACTGGTCAGGTGAAGTGAATGACAAAAATATTCAA 30
GTGGTGGAGCTCCCCA11GTAGACAGCCTCCATCCTCGGCCTCC 11AC 11 ACCACTG GCTGTT
CCAGAAGACCTTGCAGATCGACTCGTAAGAGTCCATGGTGATCCTGCAGTGTGGTGGGTGTC

CCAGTTCGTCAAATATTTGATTCGTCCACAACCTTGGCTAGAAAAGGAAATAGAAGAAGCC
ACCAACAACCTTCCCTTCAAACATCCACTOCATTCCACTCCATCTCACACCCACACACAAAC




5 TTGGGATGGTTATTCTAAAGGTGTCAACAGAAAACTTGGAAAAACAGGCTTATATCCCTCCT
ACAAAGTCCGAGAGAAGATAGAAACAGICAAGTATCCCACATATCCTGAAGCTGAAAAATA 10
SEQ LD NO:10 Protein Rat Alpha-1,6-fueosyltransferase (rFuT8)

MRAWTGSWR IR AYEAWGTLLFYIGGHLVRDNDHPDTISSRELSK1LAEYERIRGBREDLRRM 15
AESLRIPEGPIDQGTATGRVRVLEEQLVKAKEQ1ENYKKQARNGLGKDHELLRRR1IENGAKELW
FFLOSELKKLICHLEGNELQRHADE1LLDLGHHE

RS1MTBheleting FTsRin priRE REARS fim Yoream Mok D5 KeRKINTNANHBTBY GCQ
LIIHVV\fﬂb?d\#lb@é(iﬁ;ﬁ@ﬁﬁthﬁgﬁa@iﬂmmGWEK%EBEMSEWH&MEMWB@&VNDKNI

QVVELRMp W@&@Mﬁﬁ#&kﬁ%@h\!@é'ﬂ&ﬂ Sigma-Aldrich (St. Louis

GDPAVWWVSOFVKYL&PQPWLEI ROk IV GV RR TV G TEAAFHPIEEYMY

HVEEELEQLLARRMOVDKKRYYLAIDDPALLICEAKTKYSNYEFISONSISWSAGLITNRYTENSLR
plid g aion AV ERSE QTLITPDASANFHSLDDIYYFGGQNAHNQIAVYPH

KPRIDEEWMEPGDIIGNAGMNERWDEY SEGHNRIGIGKEG XRENKN RIEKIET VRSP AEA 25 SEQ

ID NO: I, m@}}s Gl I%%fﬁﬁﬁéﬁi%'&ﬂi&h DBmsaences Palo Alto, CA)
ATGCGG E %TTC CGTTGGATTATGCTCATTCTITTIGCCT GGGGACCTTG

TTA111‘I‘S/3P|g BB AR PEA LR RAE R (05 BEAGAGA
ACTCT@@#J@(GAWWGéHAb?@@i%ﬂA@%fﬁG@@ﬁ@@ﬁ?@@mm@%ﬁ@ﬂéGCGA

ATOGCCTGAGT ATGUTGEAA (FHLUAGKAGaA CCATAAACBAGCAGACAGTHFAGATGEAAGAG
X(é%?ﬁ‘f&@é%@ﬁg@ﬁ I ot
R A A N o AT PR A PR S A

AAAGA
AACTcef;&m@A@’Mgéﬂ@%WARA“&@T?WAWM@@A@A@@M@%\m@m}w&we WO
2008/1120828 Glbas? BA8MORZ 3 (Invitrogen, Carlsbad, CA), sequenced, and the resultant construct
ACﬁGAJ&EﬁJé%‘@@@%TCAGTCAAACAGATGGAGCAGGGGATTGGCGTGAAAAAGAGGCCA
AAGATCT TGGTCCAGCGG AACATATCTC AT

AAGCOAG ARG MBI A e IO R ST e A PSP A R T
ACGTGEFEFAAFTEMTCRTEATPEEF AN HEECALEANECE AAEAETRRIOREIALTAREAG 5
AATTGGEGTTATEUT ACTEC TEGAT GGBAGADTG TCEUTRGAE BT, GEARGRGAGATGATG TAC

i e L
G AR R R LN AT K B30 AT o S RS D R G G ToT

CCAGTIS &G ARBemaesT ses drveatrd bR AACCTTGGCTGGAAAAGGAAATAGAAGAAGCC 10

ACCAAGAAGCTTGGBIPRAANGATGEAGETT i FipERGFOEATRTCHSACTEICACIBACAAAG

$ gggéﬁx%@&%%m@ m%c @@/&Jﬁ%@%@ﬁ%ﬁ@@@;@ &W Tg; TT .
et ta st e e arasivy s TV e s migk e ST et g il
A|ﬂén@@rt?)\@éfe@MMMJ?@é%%@%}&@ﬁ&ﬁﬁ@R@ﬁ%é@@n@r&@?@m 15
GGATARACAGEFIC TEENEAGAG GO T GA CTITOTAGKAFETAQTURETT @ATD G AGGCRSERTREG
GGTTG@J@'&@_AAATCATGCAAACCCTGCATCCTGATGCCTCTGCGAACTTCCATTCTTTGGA
TGACATCTACTATTTTGGA TGCC GAT,IGCTGTTTATCCT

T CoANCTOAMGACA T st e st DRE SR g mbiag AR SAT SOl
TTGGG&&%#&W@%@@@%&@M@%@WM@W ERbRR AeTEGE BRREReAEEBTCCT 20
ACBAAGTGE BAIG A BLTRBARACA BTIC ANG AN CESTABADATIC BT CHAGE THAAMAATA SEQ

ID NO: 1gi2oiry stgin daidssriphes, @@msyd}G rRoSEBE KAFTIGER)ICC ACCCT GATCA CTCCA
MRAWT, WGT D | EDLRRM
AsL A %@%@%ﬁa&éﬁ R ILE gﬁé%%é%%h%ﬁ%%i?ﬁ?@%%m 20
FLQSESGE %B?fft‘fﬂiiblﬁ?éﬁé R DOYY PR EREE AR KEQRBEFBLVO
RETTYE@N@@@@@(@R@A@MMEGYGCQUIHVVYCFMIAYGTQRTLILESQNWRYATGGW
ETAERPVSETCTDRSGLSTGHWSGEVNDKNIQVVELPIVDSLHPRPPYLPLAVPEDLADRLLRVH
GDPAVWWYSOFVKY| IRPOPWL EKEIEEATKKL GEKHPVIGYHVRRTDKVGTEAAFHPIEEYMV
HVEETFQU?KRRMQVE%?SKR\%’EA’HW%FEI%EKK‘I‘KYSRWEFISDNSISWSAGLHNRYTENSLR 35
GVILDIHELSQADFLVCTESSQVCRVAYEIMQTLHPDASANFHSLDDTYYFGGQNAHNQIAVYPH

KPRTEEEIPMEPGDIIGVAGNHWDGYSKGINRKLGKTGLYPSYKVREKTETVKYPTYPEAEK WO
2008/112092PCT/US2008/002787 -19-




SEQ ID NO:13 DNA Porcine 5A Ipha-1,6-fucosyltransferase (pFuT8)
ATGCGGCCATGGACTGGTTCGTGGCGTTGGATTATGCTCATTCTTTTTGCCTGGGGGACCTTG
CTA TTTTACATAGGTGGTCACTTGGTACGAGATAATGACCACTCTGA TCACTCTAGCCGAGA
ACTGTCCARG A B CAAAGCTGGAACGCTTAAAACAACAAAATGARAELEHHHABEAGA
ATGGC TGAATCTCTCCGAATACCAGAAGGCCCCATTGATCAGGGGCCAGC 11 CAGGAAGAG 10
TTCGTGCTTTAGAAGAGCAATTTATGAAGGCCAAAGAACAGATTGAAAATTATAAGAAACA
AACTAAAAATGGTCOke Galins GanFERTEMRATC @TXAIE AC SAGTHETFERAAAT GSAGCT

AAAGAGGTERGET FTHINGITAT AAGTGAGT TRARGARTTAS ARAATETAGABGAMATG
GRS L e AP R RIIE T O rhd FORGRmL et B Sl gl 10

ACGGAT ATACT% ff?’r CAGTCAAACAGA GGCAGGTGA TGG TGAAA
AAGAT B Athad ST Fercen e enie RIRFUCK @ OPr dith endsal CompaiRlk & CAEFE & AG

CARAGECTANTRAGE BAGHGTGTAATATCAACAAAGGCTGTGGCTATGGCTGTCAGCTCCATC
ATGTAGTGTACTGCibIgeAd: e AThE GRAT Abiecaion C4s6ohE; CHANG AloE GG EdB&aprdiohCAC

AATTG%&%%@@%C%QI RGP G ﬁﬁﬁﬁé@&l@&%@éﬁ%@é@%@@@m@TGCA

CAGACAGA TGGCAGCTCCACTGGACATTGG TCAGGTGAAGTAAAGGACAAAAATGTTCA 20
GG TGGHAESRPHCH (CE R PEIP RS A RN B HE A T BB B O AT A 49 PRBE CCTGGCTGT
CCCAGHxGAEETIGIARATOREACMERDCAQIGCATESICATERIC THCROPTCS TGGGTAT

CCRAGI M GHAABFACTAGHENGES GONMBAACTETQGHHBOAMANGEAAATAGAAGRE GC
CACCA?%&&QJ&%&%J %&ﬂ%ﬁc&ﬁ&ﬂﬁﬂ%@é&@%ﬁgﬁﬁ%&%ﬁ%ﬁ&;&%ﬁ“
et

GTGGG GAAGCAGCCTT GAGGAATA GAAGACT 25
T OAG i 8 e s AR KA TS FOH AN I B RSt R AARTE A

CCTGCrrarmGTIndeaiamme c¥HRRAAACAAAGTACCCCAGTTATGAATTTATTAGTGATAACTC
TATCTCTTGGTCAGI Igekafstz RACHR AT IATAEAGANAAT pSAIBT T iaehms Wall AT CC

TCGATAI ufad I %IQT%‘R%%% g%/%ﬂ T&?}G%QH&EI&%T&%%%EXCTGTA

O e A e

CCTCGAADTEnRdEReNisiiCeteAdonxbaro REesa id Amring HperoS G G GRAATC
ACTGGBATE GLIATCRTTANAGHHET TANCAGAAMCTGLEAGCCABE BGEMRTAFIATCCCTC

CTACA@&&H%H@MW AGAMEART CANRTAACECACATATCCCGABRTIGACAAG TAA
352%E N(gr 13 WO 2008/11 092P 42008t/00278lz}?r0teln Porcine 'tAt\ fih
Ipha-1 GPPuEm ACansis, ag% r p contains an FX expression cassette consisting of the

MRPWIES HWERFAWWEMG@MWR‘DR@HSD%&RE@S@IMRBMK@@NMRM 5
AESLRIREGRIIQGHABGRVRPMARQRMIAICE QHEMKIGKQTKNCPEINBAIET). RRR EPIEAIKELWF
FLQSELGKLKNIEGNE AREELSDLGEIRERSIMTDLYYLSQTDGAGDWREKEAKDLTELV

QRRITYLQNPICDC VCNINKGCG HHVV AYGT TGG
WETVFRPVSETCTSI::% ﬂ%@ﬁ&&@%&%%@ﬁmﬁv}@g&i EVR
VHEDPAsANrEeseVIKvEP Rusoew e merise iy RKLCRREHPRiS i ivRe DV ARMAFHPIEEY 10
TVHVEEEE@?IIMRRM@MB&I@E%WMNMMU%V%SMM&%EWRYTENS

LRGVILR}J#E}%QA% §£§§QY§WP%E%@%@MW PRIX ¥5 AHNQIAIYP
HQPRTE EPGD %; WDGYPKGVNRICLGRTGLYPSYKVREKIETV. i%PEADK
15SEQ fﬁf r||C|a Eﬂl\) imer'SHATE CEEEEREETE }&E‘f@ GCA

ccee@m‘t‘a’@ﬁ%@ 2btED WN@ P A Dserrand 25 CRephiiser BEMAHT AAT TAATC AGGCA
TTHGGeGFFFHOITRGHE A TEnSEQ R HNDrdstrR0i GiNes.

To generate the FUTS catalytic domain fused to a yeast localization signal, the
first 36 amino acids of S. cerevisiae targeting region of Mnn2 are analyzed by the GeneOptimizer
software and codon-optimized for P. pastoris expression {(GeneArt, Regensburg, Germany). The
resultant synthetic DNA for ScMnn2 amino acids 1 to 36 is generated with 5° Nofl and 3° Ascl

35  restriction enzyme compatible ends, cloned into a shuitle vector to produce plasmid vector
pSHS831. Subsequently, the vector pSH987 is digested with Asel and Pacl to liberate a 1.6 Kb
fragment encoding the FUTS catalytic domain ORF, which is then subcloned in-frame to the

-20-



Artificial PCR primer SH414 GGCGG CCGCC ACCAT GGGTG AACCC CAGGG ATCCA TG 35 SEQ
ID NO:18 DNA Artificial PCR primer SH4l 1 TTAAT TAATC ACTTC CGGGC CTGCT CGTAG TTG 5
SEQ ID NO:19 DNA Artificial PCR primer RCD679 10 GCGGC CGCCA CCATG AATAG GGCCC
CTCTG AACEEBHFEEMAD NO:20 DNA 15Artificial PCR primer RCD680 PETARI4BAAE ACACC
CCCAT GGCGC TCTTC IC 20 SEQ ID NO:21 DNA Artificial PCR primer SH420 GCGGC GCGCC
GATAA TGACC ACCCT GATCA CTCCA G 25 SEQ ID NO:22 DNA Atrtificial 30 PCR primer SH421
CCTTA BitsencodipgtherSerm BT osAsBil A e TSo@®SEBE) .| Dravd:i2dy digested with the

same enzymes. The resultant vector is designated pSH989. To generate the FUT8-ScMnn2
expression cassette, pSH989 is digested with Norl and Pacl to release a 1.8 Kb fragment, which
is subcloned into the vector pGLY361 (Hamilton et al., Science 313, 1441 {2006)) digested with

5  the same enzymes. The resultant vector, pSH991, contains a FUT8-Mnn2 fusion protein
consisting of the FUT8-Mnn?2 fusion ORF operably linked at the 5° end to a P. pastoris TEF
promoter (PpTEFprom) and at the 3” end to a P. pastoris TEF transcription terminator sequence
(PpTEFtt). The expression cassette is flanked by Sgfl restriction sites.

10 Generation of fucosylation engineering vector.

Vector pSH994 is digested with Swal to release a 2.5 Kb fragment containing the

FX expression cassette, which is subcloned into pSH997 (contains the GMD expression cassette)
digested with Pmel. The resultant vector in which the PMA-FX and GAPDH-GMD expression
cassettes are aligned in the same direction is designated pSH1009. The 2.7 Kb fragment

15  containing the PMA-GFTr expression cassette is excised from pGL Y2143 using the restriction
enzyme Rsril and subcloned into pSH1009 digested with the same enzyme. The resultant vector
in which the PMA-GFTr and GAPDH expression cassettes are aligned in the same direction is
designated pSH1019. Finally, the 1.8 Kb TEF-FUTS cassette is excised from pSH991 using Sgfl
and subcloned into pSH1019 digested with the same enzyme. The resultant vector in which the

20 TEF-FUTS and the GAPDH expression cassettes are aligned in the same direction is designated
pSH1022. This vector is illustrated in Figure 2B,

Generation of rat EPO expression vector.

A truncated form of Rafttus norvegicus erythropoietin gene (rEPO), encoding

25 amino acids 27 to 192, is amplified from rat kidney cDNA (BD Biosciences, Palo Alto, CA)
using Advantagé 2 polymerase as recommended by the manufacturer. Briefly, the primers-i'EPO-
forward and rEPO-reverse (5’-GGGAA TTCGC TCCCC CACGC CTCAT TTGCG AC-3°
(SEQ ID NO:23) and 5°-CCTCT AGATC ACCTG TCCCC TCTCC TGCAG GC-3" (SEQ ID
NO:24), respectively) are used to amplify a 516 bp product from rat kidney cDNA using the

30 following cycling conditions: 1 cycle at 94°C for 1 minute; 5 cycles at 94°C for 30 éeconds, 72°C
for 1 minute; 5 cycles at 94°C for 30 seconds, 70°C for 1 minute; 25 cycles at 94°C for 20
seconds, 68°C for I minute. Subsequently, the product is cloned into pCR2.1 (Invitrogen,
Carlsbad, CA), sequenced, and the resultant construct designated pSH603. To generate the yeast
expression ifector, pSH603 is digested with EcoRI and Xbal to liberate a 506 bp fragment which

35 was subcloned into pPICZaA (Invitrogen, Carlsbad, CA), which has previously been digested
with the same enzymes. The resultant expression vector is designated pSH692. The rEPO in
pSH692 is under the under the control of the AOX methanol-inducible promoter.

-1 -



35 DNA Atrtificial PCR primer rEPO-forward GGGAA TTCGC TCCCC CACGC CTCAT TTGCG AC
SEQ ID NO:24 5 DNA Atrtificial PCR primer rEPO-reverse CCTCT AGATC ACCTG TCCCC TCTCC
TGCAG GC 10 SEQ ED NO:25 DNA Atrtificial PCR primer ScMnt 1 -for
GGGCGGCHEBEBXUWARTGGCCCTCTTTCTC AGTAAGAGACT GTTGAK TSSEW 13 ®0D: 26 DNA
Artificial 20PCR primer Selvintl -rev CCGGCGCGCCCGATGACTTGTTG
TTCAGGGGATATAGATCCTG WO 2008/112092PCT/US2008/002787 WHAT IS CLAIMED: I.A
recombinant lower eukaryote host cell comprising a fucosylation pathway. 5 2. The host cell of Claim |

which is @@@@tagbﬁilammm@mr}gﬁsmgdﬁaﬁ)ﬂ@ﬁm Claim 2 wherein the yeast is a Pichia sp.
104.The host cell of Cla iC S, ell of claim 1
wherein the hast cell fu }m %me%%g % ga%gffs ge%ﬁégﬁgséﬁ?{)@la‘%;%% :Rpgc%ﬁqrgsjpﬁct to the

N-ahcar i G50 o o e et :
glycans (similar to the strains descnbed in U.S. Published Patent Application No. 2006/0040353,
which produce glycoproteins having GalpGleNAcoMan3GleNAcy N-glycans) is transformed

with vector PSH692 to produce strain RDP974, which produces recombinant rat EPO (rEPO)
with GalpGicNAcoMan3GleNAcy N-glycans. Strain RIDP974 is similar to stain RDP762

described in Hamilton ef al., Science 313, 1441-1443 (2006), which produces rat EPQO having
10 GalaGleNAcoMan3GleNAcy N-glycans.

The RPD974 strain has deletions in the OCHI, PNOI, MNN4B, and BMT2 genes
and includes DNA encoding the full-length Kluyveromyces lactis UDP-GleNAc transporter, M.
musculus UDP-GlcNAc transporter, S. cerevisiae UDP-galactose 4-epimerase, and D.

melanogaster UDP-Galactose transporter; and DNA encoding a M. musculus «l,2-Mannosidase 1

15 catalytic domain fused to DNA encoding amino acids 1-36 of an S. cerevisiae MNN2 leader
sequence; DNA encoding the H. sapiens B1,2-GlcNAc transferase 1 (GnTI) catalytic domain
fused to DNA encoding amino acids 1-36 of an S. cerevisicze MNN2 leader sequence; DNA
encoding a Drosophila melanogaster Mannosidase 1 catalytic domain fused to DNA encoding
amino acids 1-36 of an S. cerevisiae MNN2 leader sequence, DNA encoding a Rattfus norvegicus

20 B1,2-GlcNAc transferase II (GnTII) catalytic domain fused to DNA encoding amino acids 1-97
of an S. cerevisine MNN2 leader sequence, and DNA encoding an H. sapiens B1,4-
galactosyltransferase (GalTI) catalytic domain fused to DNA encoding amino acids 1-58 of an S.
cerevisiae KRE2 (MNTI) leader sequence. U.S. Published Patent Application No.
2006/0040353 discloses methods for producing Pichia pastoris cell lines that produce

25  galactosylated glycoproteins in lower yeast (See also, U.S. Patent No. 7,029,872, U.S. Published
Patent Application Nos. 2004/0018590, 2004/023 0042, 2005/06208617, 2004/0171826,
2006/0286637, and 2007/0037248, and Hamilton ef al., Science 313, 1441-1443 (2006).

Strain RDP974 is then used as the host strain for introducing the fucosylation

pathway in vector pSH1022. Briefly, 10 ug of the control plasmid pSH995 or the fucosylation

30 pathway plasmid pSH1022 is digested with the restriction enzyme SfiI to linearize the vector and
transformed by electroporation into the host strain RDP974. The transformed cells are plated on
YPD containing 100 ng/mL nourseothricin and incubated at 26°C for five days. Subsequently
several clones are picked and analyzed for fucose transfer onto the N-glycans of tEPO. A strain
transformed with the control vector is designated YSH660, while a strain transformed with

35  pSHI1022 and demonstrating fucose transfer is designated YSH661.

Typically, protein expression is carried out by growing the transformed strains at

26°C in 50 mL buffered glycerol-complex medium (BMGY) consisting of 1% veast extract, 2%
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al,2-matmosidase catalytic domain fused to a cellular targeting signal peptide not normally 15
associated with the catalytic domain and selected to target al,2-marmosidase activity to the ER or
Golgi apparatus of the host cell whereby, upon passage of a recombinant glycoprotein through the ER
or Golgi appHaIEHF &2 host cell, a recombinant glycoprotein comprising @M fUeg S etes’
Man5G1cNAc2 glycoforrn is produced. 206.The host cell of Claim 5 further including a G1cNAc
transferase | catalytic domain fused to a cellular targeting signal peptide not normally associated with
the catappiicaem hrovopriaseivatphospharg buGiophctifansiébaseapuriivigenddse EX op-SYigi
apparatgsotihthachvz gelznherebyowponghssadedidthe woambinarpghkapiofeidmesghthe ER or

Golgi appar the host call TeFTal ine singea
GlcNAC"‘H%%%??ﬁ%ci Lo GRS e 98 AR o g

mannostiasad domain fused to a cellular targeting signal peptide not normally associated
withSthe catalytic domBasaminsalatiBe 18 targetsatbanrissiibed Rbaustivng Mo-chel#Rcoh®wlgi apparatus

of the hesii¥Reasl desetebyn Uoh pass@yscoNhe reeanidnansglypoprsten twyahdhemRar Golgi
apparatys of tag hast:esll; 94@%6}55}%9%8&9&9%%@9@?5&%% %ﬁ?gﬁi’f‘?g}E aemmli,
GleNAc anS%]%NA@Zf% fgg;g |s,%§dﬁuced. . . 8..The host ¢e€ll of Claim 7 further including a
GleNACYARS e P N R P dserlizacn M CREERG Lbal PEBEGS TR GImally
associatetiiirend esstigyticidombiiaersisarscitimrtaideelc R N A s diSferseanenicavity to the ER or
Golgi appasattsafdhbyhasneellifnsaateby, upon passage of the recombinant glycoprotein through the
ocoprajern comprsig &1 o%%%%%o&%%m T e
host ce?ﬁ%ﬁﬁ% %J:?t?r‘tﬁ'é? iréfg}d(’l}*\ %L‘?&’c%ggl @ﬁ&ir@%{%gﬁ%ﬁﬁ’é FS AR TGS to a cellular
targetind/Sdtall paptiaé ishhdrial y essoerttetolithterrewiamml ircao Amiehans (Sdieicted/to target
Galactogr)ra))sfesapaudtian vy idathe: BRonGd giapparelysohibpresitctt Miaeralydaspen passage
b L R R G SRR e A G el
o 0 S B B S AT G5 DS S0 B, I HGHIATH R SEPRAE e
targeting'8iperll pepwdsasbrnemerdmsiassnd aféer Rieasdesestedirientomain and selected to target
sialytransferase activitnitytheoEReQV-@otgirappadatied of shail¥SIoed] plateby crpatppssage of the
recombinapglycaprosein ueueh e kRqi Gl ARRAFIHRAGRPH . ARSHERL @ recombinant
9spPIoiEiISARRLSINGAMECRUAAL AN AGRIZGIENAC WA G NAG dpolarmppiggiuced
ap of glyeot or

11. A gl)é%%protem comgosmon comprisin uralit ¢oforms, each glycoform comprising at

least onéN-ghalssisAfdtn duaheratonihBfeiPradecss o prateil oo nbovitiSitHe slgicomprises a
pluralityrsp e daatyhans sivhngisesdtSietpGic DEvadieamaGiahiof the platicdiN g omisdvasist
P A R P A P iy P YOS
ehlAcMa C : cNAc2, an3Gle : an Ac2,

GG N MR A R O 8 s A e 8 Qe N AR T8 a2, and
NARIA2ESTSEI N bow Sivosylation patipwy), shows thatithe srpbbprestarscomhpelisrnylated im 11
whereingiieafiscessptatsiag\giicaak GleheaMann Sicb®atole percent of the plurality of N-glycans.
13. The glycoprotein composition of Claim 11 wherein the fucosylated N30 glycans are greater than 75
mole percent of the plurality of N-glycans. E 1\;%4 Ege glycoprotein composition of Claim 11
wherein the fucosylated Nglycans are greater ﬁ%‘éxn 6‘ mole percent of the plurality of N-glycans.
3515.The glycoproteift gé?%fﬁb%?ﬁ&ﬁ%ﬁ%r?@ﬂ%@ﬂ%&lé’dé@@?ﬁ gYi%linkage with the
GIla\/AANHE kesdfeinly & peMynpiel s gigeEiic ez oasy tapbo prdsTyY Bpodetdanthe Mector

pSH1022 into a Pichia pastoris strain capable of producing glycoproteins having

NANA2Gal2GleNAcoMan3GleNAc) N-glycans. For example, vector pSH1022 containing the

genes encoding the components of the fucosylation pathway can be transformed into the strain
YSH597, which produces rat EPO having NANA2GalpGleNAcoMan3GleNAc) N-glycans and
35 1isdisclosed in U.S. Provisional Application No. 60/801,688 and Hamilton er al. Science 313,

1441-1443 (2006). The rat EPO produced in the strain upon induction will include
NANA2Gal2GleNAcoMan3GleNAcp(Fuc) N-glycans.
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16. The glycoprotein composition of Claim 11 wherein the fucose is in an al,6-linkage with the
G1cNAc at the reducing end of the N-glycan. 17. The glycoprotein composition of Claim 11
wherein the fucose is in an 5al,2-linkage with the Gal at the non-reducing end of the N-glycan.

18. The glycHi§tétesi B¥fiposition of Claim 11 wherein the fucose is in anBCEASHRBGETIth the GleNac
at the non-reducing end of the N-glycan. 1019.The glycoprotein composition of Claim 11 wherein the
fucose is in an al,4-linkage with a GleNAc at the non-reducing end of the N-glycan. 20. A
hybrid vector comprisily {el) i neeyidksto pyophaticmethahiehisiredimgtidn ahinee ionwerdegkheyotic host
cell operativaliplinkeshto ) BNA eodism seausnte 15encoding a fusion protein encoding (i) a targeting
sequence; and (b) a Bl ARMALOKR ARSIAHAD RN SIANDGmine-2.cpifdddig vector of

Claim 17 wherein the fucosylation :Ppathway enzyme |s a fucosgtransferase T GFO028Y -

sequendS MY RRUTEN ST D SRR HERREs RS R ErG BHOHON OF
GL Y COPRET ENS ST bt i O DR EC $) B SVIsafrORNMPr S e @Rboaghora0S o190 sndns <151>
2007-03:8ds29060 2026l TR hastSEQ dak Winskews: VErsion A 7ed191ht S&kbpiiiikd satbreDNA

<213> ﬂﬂmmp@ﬁﬁlé&?%ﬁ%&m?&ﬁré%%ﬁ?dé[)ep&%Jré'e%lm;@%?o‘éx%’ni}ﬁ' appoRgHighydratase
(FIGM gynthetic DNAs for GNE, SPS, CSS and CST are generated with 5° Bsal and 3° Hpal restriction sites,

cloned into a shuttle vector and designated pGLY 368, 367, 366 and 369, respectively. The synthetic

10 DNA for ST is generated with 5° Ascl and 3° Pacl restriction sites, cloned into a shuttle vector, and
designated pSH660. To generate the SPS, CSS and CST expression cassettes, the vectors pGLYBé’?, 366
and 369 are digested with Bsal and Hpal to excise 1.1, 1.3, and 1.0 Kb fragments, which are treated with
T4 DNA polymerase to remove single strandoverhangs. Subsequently, these fragments are subcloned
into the vectors pGLY359, 17, and 363 previously digested with Nofl and Ascl for the former, and Noi

15 and Pacl for the latter two, and treated with T4 DNA polymerase. The resultant vectors pSHE19,
containing SPS in a PpPMA Iprom-PpPMA 11t cassette flanked by Pacl restriction sites; pSH824,
containing CSS in a PpGAPDH-ScCYCtt cassette flanked by 5° Bglll and 3° BamHI restriction sites; and
pGLY372, containing CST in a PpPMA lprom-PpPMA 11t cassette flanked by Rsrll restriction sites, To
generate the ST catalytic domain fused to a yeast localization signal, the S, cerevisiae targeting region of

20 Mnl is amplified from genomic DNA using Taq DNA polymerase (Promega, Madison, WI) and the
primers ScMntl-for and ScMntl-rev (5°-GGGCGGCCGCCACCATGGCCCTCTTTCTC
AGTAAGAGACT GTTGAG-3" (SEQ ID NO:25) and 5*-CCGGCGCGCCCGATGACTTGTTG
TTCAGGGGATATAGATCCTG-3’ (SEQ ID NO:26), respectively). The conditions used are: 94°C for
3 minutes, 1 cycle; 94°C for 30 seconds, 55°C for 20 seconds, 68°C for | minute, 30 cycles; 68°C for 5

25  minutes, 1 cycle. The resultant 174 bp fragment containing 5° Nodl and 3’ 4scl restriction sites is
subcloned in-frame 5 to the codon-optimized ST, creating the vector pSH861. Subsequently this vector
is digested with Nofl and Pacl to excise a 1.3Kb fragment, containing the ST-fusion, treated with T4
DNA polymerase and subcloned into pGLY361 prepared by digestion with Notl and Pacl, and treated
with T4 DNA polymerase. The resultant vector, containing the ST-fusion in a PpTEFprom-PpTEFtt

30 cassette flanked by Sgfl restriction sites, is designated pSH893.

A yeast expression vector pSH823, containing a P, pastoris GAPDH promoter and S.
cerevisiae CY C transcription terminator, is designed to integrate into the Pichia genome downstream of
the 7rp2 ORF. The 2.6Kb fragment encoding the PMA-CST expression cassette is excised from |
pGLY372 using the restriction enzyme Rs#Il and subcloned into pSH823 digested with the same enzyme.

35  The resultant vector in which the PMA-CST and GAPDH expression cassettes are aligned in the same
direction was designated pSH826. Subsequently this vector is digested with the restriction enzymes Noil

and Pacl and the single strand overhangs removed with T4 DNA polymerase. Into this linearized
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gca cgc tgc ccc agce gee cgg ggc tce ggg gac 48 Ala Arg Cys Pro Ser Ala Arg Gly Ser Gly Asp 1015
Ccc agg aac gtg gcg ctc atc acc ggt atc aca 96 Pro Arg Asn Val Ala Leu lle Thr Gly lle Thr 2530 tac ctg
gct gag ttc ctg ctg gag aaa ggc tatl44 Tyr Leu Ala Glu Phe Leu Leu Glu Lys Gly Tyr 4045 gta cgg cgg
tcc agt tca ARG 1E2Ecgal92 Val Arg Arg Ser Ser Ser Phe ASn Thr G KE§BEEWHAEY aat ccc cag
gct cac att gaa gga aac atg240 Lys Asn Pro Gin Ala His lle Glu Gly Asn Met 707580 gat ctc act gac
agt acc tgc ctt gtg aag atc288 Asp Leu Thr Asp Ser Thr Cys Leu Val Lys lle 9095 ccc aca gag atc tac
aac ctt (ryasgeet-chelatfc3BacPeot PAETH, Nelams oo 1YY MialigisiSevitioBsd ondtdrad. etd gct gag tac
act gcg gaadtivha33EINANR Keprhe oAb Gk isThgle Batill avigRndali Aapd 212 516g aesthicia gat gea gtt
aag act [t eﬁ%%ﬁ%z%rgshﬂédue&l AR AR E}Lh 43&5?%%941/ G bR LAO2 HGciae £aR J6G fea aca

1501551 PCT - ence listing.txt aaa gt cag gaa ata ccc
23; %ZZC L ﬁ&g% »SREO &‘?g?féggf‘% g%oﬁygggssgn cassette 1sss%gcljoned '}"?wl vgctér produ% % in %}gch the
5

PMA-SPS expression cassette is aligned in the opposite orientation to the GAPDH expression cassette, is

designated pSF830. At this stage the /RAS marker is replaced with HIS! by excising the 2.4 Kb URAS

fragment from pSH830 using X#ol and replacing it with the 1.8 Kb fragment of HIS! from pSH842
digested with the same enzyme. The resultant vector in which the HIS! ORF is aligned in the same
direction as GAPDH-GNE expression cassette is designated pSH870. Subsequently, this vector is

10 digested with BamHI and the 2.1 Kb fragment from pSH824 isolated by digestion with BamHI and BglT],
containing the GAPDH-CSS expression cassette, is subcloned. The vector generated, in which the newly
introduced expression cassette is orientated in the opposite direction as the GAPDH-GNE cassette, is
designated pSH872, Next, the 2.2 Kb expression cassette containing the TEF-ST is digested with Sgfl
from pSH893‘and subcloned into pSH872 digested with the same enzyme. The vector generated, in

15 which the TEF-ST cassette is orientated in the opposite direction as the GAPDH-GNE cassette, is

designated pSH926.

The pSH926 vector is transformed into strain YSH661, which is then capable of
producing rat EPO having NANA2Gal2GleNAcyMan3GleNAey N-glycans.

20 EXAMPLE 3
A Pichia pastoris strain capable of producing a human EPO having
NANA2GalyGlcNAcayMan3GleNAc2(Fuc) N-glycans can be made by introducing the vector

pSH1022 into a Pichia pastoris strain capable of producing human EPO having
NANA2GalpGleNAcoMan3GleNAc) N-glycans. For example, vector pSH1022 containing the

25  genes encoding the components of the fucosylation pathway can be transformed into a strain that
is capable of producing glycoproteins having NANA2GalpGleNAcyMan3GleNAc) N-glycans,
such as strain YSHS597 disclosed in Hamilton et al., Science 313, 1441-1443 (2006) or YSHG661
of Example 2 comprising the genes encoding the sialylation pathway enzymes but replacing the
DNA encoding rat EPO with DNA encoding the human EPO. The strain will then produce

30 human EPO having NANA2GalpGleNAcpMan3GleNAcy(Fuce) N-glycans,

While the present invention is described herein with reference to illustrated
embodiments, it should be understood that the invention is not limited hereto. Those having
ordinary skill in the art and access to the teachings herein will recognize additional modifications
and embodiments within the scope thereof. Therefore, the present invention is limited only by

35  the claims attached herein.
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Lys Val Gin Glu lle Pro Gin Lys Glu Thr Thr Pro Phe Tyr Pro Arg 165170175 tca ccc tat ggg gca gca
aaa ctc tat gcc tat tgg att gtg gtg aac576 Ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp lle Val Val
Asn 180185190 ttc 0(13t ag gcg tat aat ctc ttt gca gtg aac ggc att ctc ttc aat624 Phe Argl Glu Ala Tyr
Asn Leu Ph&*RIZ¢4 A@ﬁ Gly lle Leu Phe Asn 195200205 cat gag agt ccg%szi&‘g/% 8éct aat ttc gtt
act cga aaa att agc 672 His Glu Ser Pro Arg Arg Gly Ala Asn Phe Val Thr Arg Lys lle Ser 210215220
cgg tca gta gct aag att tac ctt gga caa ctg gaa tgt ttc agt ttg720 Arg Ser Val Ala Lys lle Tyr Leu Gly Gin
Leu Glu Cys Phe Ser Leu 225230235240 gga&até®ygBfgcc aaa cga gat tgg ggc cat gce aag gac tat
gtg768 Gly Asn Leu Asp Ala Lys Arg Asp Trp Gly His Ala Lys Asp Tyr Val 245250255 gag gct atg tgg
ttg atg ttgrepghaghgat gag ccg gag gac ttc gtt816 Glu Ala met Trp Leu Met Leu GIn Asn Asp Glu Pro
Glu Asp 5‘5] Val 260265270 ata gct act ggg gag gtc cat agt gtc cgg gaa ttt gtc gag aaa tca 864 lle Ala
Thr Gly Glu Val His Ser Val Arg Glu Phe Val Glu Lys Ser 275280285 ttc ttg cac att gga aaa acc att gtg
tgg faa HREHEGHAt gaa aat912 Phe Leu His lle Gly Lys Thr lle Val Trp Glu Gly Lys Asn Glu Asn

290295 300Pgdangigegigbyda@atg (l8@RIPRg acc ggc aaa gtt cac gtg act gtg gat960 Glu Val Gly Arg Cys
Lys Glu 1hs6ds ExeMalddisoi AG6 ¥R eR-2Ae 330340 I RAGIBE 4AE BREEAAT R gac it

in Gly. A

e e T T,
Lys Leu FGCTRETEOARAANGEET Id PHEFCATGGAATTGTACGGCGGTCCAGTTCATTTAATAC
10 GGGTCGAATTGAGCATCTGTATAAGAATCCCCAGGCTCACATTGAAGGAAACATGAAGTTG
CACTATGGCGATCTCACTGACAGTACCTGCCTTGTGAAGATCATTAATGAAGTAAAGCCCAC
AGAGATCTACAACCTTGGAGCCCAGAGCCACGTCAAAATTTCCTTTGACCTCGCTGAGTACA
CTGCGGACGTTGACGGAGTTGGCACTCTACGACTTCTAGATGCAGTTAAGACTTGTGGCCTT
ATCAACTCTGTGAAGTTCTACCAAGCCTCAACAAGTGAACTTTATGGGAAAGTGCAGGAAAT
15 ACCCCAGAAGGAGACCACCCCTTTCTATCCCCGGTCACCCTATGGGGCAGCAAAACTCTATG
CCTATTGGATTGTGGTGAACTTCCGTGAGGCGTATAATCTCTTTGCAGTGAACGGCATTCTCT
TCAATCATGAGAGTCCCAGAAGAGGAGCTAATTTCGTTACTCGAAAAATTAGCCGGTCAGTA
GCTAAGATTTACCTTGGACAACTGGAATGTTTCAGTTTGGGAAATCTGGATGCCAAACGAGA
- TTGGGGCCATGCCAAGGACTATGTGGAGGLTATGTGGTTGATGTTGCAGAATGATGAGCCG
20  GAGGACTTCGTTATAGCTACTGGGGAGGTCCATAGTGTCCGGGAATTTGTCGAGAAATCATT
CTTGCACATTGGAAAAACCATTGTGTGGGAAGGAAAGAATGAAAATGAAGTGGGCAGATGT
AAAGAGACCGGCAAAGTTCACGTGACTGTGGATCTCAAGTACTACCGGCCAACTGAAGTGG
ACTTTCTGCAGGGCGACTGCACCAAAGCGAAACAGAAGCTGAACTGGAAGCCCCGGGTCGC
TTTCGATGAGCTGGTGAGGGAGATGGTGCACGCCGACGTGCGAGCTCATGAGGACAAACCCC

25 . AATGCCTGA

SEQID NO:2
Protein
30 Homo sapian
GDP-Mannose-dehydratase (hGMDY)
MAHAPARCPSARGSGDGEMGKPRNVALITGITGODGSYLAEFLLEKGYEVHGIVRRSSSFNTGRI
EHLYENPQAHIEGNMKILHY GDLTDSTCLVKINEVKPTEIYNLGAQSHVKISFDLAEYTADVDGVY
GTLRLLDAVKTCGLINSVKFYQASTSELYGKVQEIPQKETTPFYPRSPYGAAKLYAYWIVVNFRE
35 AYNLFAVNGILFNHESPRRGANFVTRKISRSVAKIYLGQLECFSLGNLDAKRDWGHAKDYVEAM
WLMLONDEPEDFVIATGEVHSVREFVEKSFLHIGK TIVWEGKNENEVGRCKETGKVHVTVDLK
YYRPTEVDFLQGDCTKAKQKLNWKPRVAFDELVREMVHADVELMRTNPNA
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340345350 gag ctg gtg agg gag atg gtg cac gcc gac gtg gag ctc atg agg acal104 Glu Leu Val Arg Glu
met Val His Ala Asp Val Glu Leu met Arg Thr 355360365 aac ccc aat gcc tgalll9 Asn Pro Asn Ala *
370 <210> 2 <211> 372 <212> PRT <213> Homo sapians <400> 2 Met Ala His Ala Pro Ala Arg Cys
Pro Ser Ala &g B/ S¥PEly Asp 151015 Gly Glu Met Gly Lys Pro Arg AsRCTAIAIBUEY™/e Thr Gly lle
Thr 202530 Gly Gin ASp Gly Ser Tyr Leu Ala Glu Phe Leu Leu Glu Lys Gly Tyr Page 2 PCT GF0028Y
- sequence listing.txt 354045 Glu val His Gly lle Val Arg Arg Ser Ser Ser Phe Asn Thr Gly Arg 505560
lle Glu His Leu Tyr Lys Asn Pro Gin Ala His lle Glu Gly Asn Met 65 70 75 80 Lys Leu His Tyr Gly Asp
Leu Thr Asp Ser Thr Cys Leu Val Lys fie 859095 lle ASn Glu Val Lys Pro Thr Glu lle Tyr ASn Leu Gly
Ala Gin Q9110 His Val Lys lle Ser Phe Asp Leu Ala Glu Tyr Thr Ala Asp Val Asp 115120125
Gly val G hr Leu Arg Leu Leu Asp Ala Val Lys Thr Cys Gly Leu 130135140 lle Asn Ser Val Lys Phe
Tyr Gin R%{‘Ser Thr Ser Glu Leu Tyr Gly 145150155160 Lys Val Gin Glu lle Pro Gin Lys Glu Thr Thr
Pro Phefiopmdagiarg

GDP-keto-deoxy-mannose-epimerase/GDP-keto-deoxy-galactose-reductase (FX protein)

ATGGGTGAACCCCAGGGATCCATGCGGATTCTAGTGACAGGGGGCTCTGGGCTGGTAGGCA
AAGCCATCCAGAAGGTGGTAGCAGATGGAGCTGGACTTCCTGGAGAGGACTGGGTGTTTGT
CTCCTCTAAAGACGCCGATCTCACGGATACAGCACAGACCCGCGCCCTGTTTGAGAAGGTCC
10 AACCCACACACGTCATCCATCTTGCTGCAATGGTGGGGGGCCTGTTCCGGAATATCAAATAC
AATTTGGACTTCTGGAGGAAAAACGTGCACATGAACGACAACGTCCTGCACTCGGCCTTTGA
GGTGGGGGCCCGCAAGGTGGTGTCCTGCCTGTCCACCTGTATCTTCCCTGACAAGACGACCT
ACCCGATAGATGAGACCATGATCCACAATGGGCCTCCCCACAACAGCAATTITGGGTACTCG
TATGCCAAGAGGATGATCGACGTGCAGAACAGGGCCTACTTCCAGCAGTACGGCTGCACCT
15 TCACCGCTGTCATCCCCACCAACGTTTTCGGGCCCCACGACAACTTCAACATCGAGGATGGC
CACGTGCTGCCTGGCCTCATCCACAAGGTGCACCTGGCCAAGAGCAGCGGCTCGGCCCTGAC
GGTGTGGGGTACAGGGAATCCGCGGAGGCAGTTCATATACTCGCTGGACCTGGCCCAGCTCT
TTATCTGGGTCCTGCGGGAGTACAATGAAGTGGAGCCCATCATCCTCTCCGTGGGCGAGGAA
GATGAGGTCTCCATCAAGGAGGCAGCCGAGGCGGTGGTGGAGGCCATGGACTTCCATGGGG
20 AAGTCACCTTTGATACAACCAAGTCGGATGGGCAGTTTAAGAAGACAGCCAGTAACAGCAA
GCTGAGGACCTACCTGCCCGACTTCCGGTTCACACCCTTCAAGCAGGCGGTGAAGGAGACCT
GTGCTTGGTTCACTGACAACTACGAGCAGGCCCGGAAGTGA

25 SEQIDNO4 -
Protein
Homo sapian
GDP-keto-deoxy-mannose-epimerase/GDP-keto-deoxy-galactose-reductase (FX protein)
MGEPQGSMRILVTGGSGLVGKAIQKVVADGAGLPGEDWVFVSSKDADLTDTAQTRALFEKVQP
30 THVIHLAAMVGGLFRNIKYNLDFWRKNVHMNDNVLHSAFEVGARKVVSCLSTCIFPDKTTYPID
ETMIHNGPPHNSNFGYSYAKRMIDVQNRAYFQQ
YGCTFTAVIPTNVFGPHDNFNIEDGHVLPGLIHKVHLAKSSGSALTVWGTGNPRRQFTY SLDLAQ
LFIWVLREYNEVEPIILSVGEEDEVSIKEAAEAVVEAMDFHGEVTFDTTKSDGQFKKTASNSKLR
TYLPDFRFTPFKQAVKETCAWFTDNYEQARK
35

SEQ ID NO:5
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165170175 Ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp lle Val Val Asn 180185190 Phe Arg Glu
Ala Tyr Asn Leu Phe Ala Val Asn Gly lle Leu Phe Asn 195200205 His Glu Ser Pro Arg Arg Gly Ala Asn
Phe Val Thr Arg Lys lle ser 210215220 Arg Ser Val Ala Lys lle Tyr Leu Gly Gin Leu Glu Cys Phe Ser
Leu 225 230%W83309%01Z8W Asn Leu Asp Ala Lys Arg Asp Trp Gly His Ala LBGSTAS3M#02#7245250255
Glu Ala Met Trp Leu Met Leu Gin Asn Asp Glu Pro Glu Asp Phe Val 260265270 lle Ala Thr Gly Glu Val
His Ser Val Arg Glu Phe Val Glu Lys Ser 275280285 Phe Leu His lle Gly Lys Thr lle Val Trp Glu Gly
Lys Asnl@¥éd Asn 290295300 Glu Val Gly Arg Cys Lys Glu Thr Gly Lys Val His val Thr val Asp
3053103i&ss2&pigu Lys Tyr Tyr Arg Pro Thr Glu Val Asp Phe Leu Gin Gly Asp Cys 325330335 Thr Lys

Ala Lys gin. Ly by Asn JInlys Pro Arg Val Ala Phe Asp 340345350 Glu Leu Val Arg Glu Met Val
His Ala ﬁpGVal Glu I_Ceu Met Arg Thr 355360365 Asn Pro Asn Ala 370 <210> 3 <211> 966 <212>
>

DNA <2 3SR SHGEAE Lo D54 495 POEH S G EHCIHEE) SS5HECTGACCGGGGCCTCAG
GDP-ke thRG SR RNCHCASIHERRBABD R HEAGSNGaRETT L Al RORBAEXTIIORIGA T
CGCGCTGGTGGTCTCCCTCTACTGGGTCACCTCCATCTCCATGGTGTTCCTTAATAAGTACCT
GCTGGACAGCCCCTCCCTGCGGCTGGACACCCCCATCTTCGTCACCTTCTACCAGTGCCIGGT
GACCACGCTGCTGTGCAAAGGCCTCAGCGCTCTGGCCGCCTGCTGCCCTGGTGCCGTGGACT
TCCCCAGCTTGCGCCTGGACCTCAGGGTGGCCCGCAGCGTCCTGCCCCTGTCGGTGGTCTTC
10 ATCGGCATGATCACCTTCAATAACCTCTGCCTCAAGTACGTCGGTGTGGCCTTCTACAATGT
GGGCCGCTCACTCACCACCGTCTTCAACGTGCTGCTCTCCTACCTGCTGCTCAAGCAGACCA
CCTCCTTCTATGCCCTGCTCACCTGCGGTATCATCATCGGGGGCTTCTGGCTTGGTGTGGACC'
AGGAGGGGGCAGAAGGCACCCTGTCGTGGCTGGGCACCGTCTTCGGCGTGCTGGCTAGCCT
. CTGTGTCTCGCTCAACGCCATCTACACCACGAAGGTGCTCCCGGCGGOTGGACGGCAGCATCT
13 GGCGCCTGACTTTCTACAACAACGTCAACGCCTGCATCCTCTTCCTGCCCCTGCTCCTGCTGC
TCGGGGAGCTTCAGGCCCTGCGTGACTTTGCCCAGCTGGGCAGTGCCCACTTCTGGGGGATG
ATGACGCTGGGCGGCCTGTTTGGCTTTGCCATCGGCTACGTGACAGGACTGCAGATCAAGTT
CACCAGTCCGCTGACCCACAATGTGTCGGGCACGGCCAAGGCCTGTGCCCAGACAGTGCTG
GCCGTGCTCTACTACGAGGAGACCAAGAGCTTCCTCTGGTGGACGAGCAACATGATGGTGCT
20 GGGCGGCTCCTCCGCCTACACCTGGGTCAGGGGCTGGGAGATGAAGAAGACTCCGGAGGAG
CCCAGCCCCAAAGACAGCGAGAAGAGCGCCATGGGGGTGTGA

SEQ ID NO:6
35  Protein
Homo sapian
Human GDP-fucose transporter
MNRAPLKRSRILHMALTGASDPSAEAEANGEKPFLLRALQIALVVSLYWVTSISMVFLNKYLLDS
PSLRLDTPIFVTFYQCLVTTLLCKGLSALAACCPGAVDFPSLRLDLRVARSVLPLSVVFIGMITFN
30 .NLCLKYVGVAFYNVGRSLTTVFNVLLSYLLLKQTTSFYALLTCGHKHB“NLGVDQEGAEGTLS
WLGTVFGVLASLCVSLNATY TTKVLPAVDGSIWRLTFYNNVNACILFLPLLLLLGELQALRDFAQ
LGSAHFWGMMTLGGLFGFAIGYVTGLQIKFTSPLTHNVSGTAKACAQTVLAVLYYEETKSFLW
WTSNMMVLGGSSAYTWVRGWEMKKTPEEPSPKDSEKSAMGV

35
SEQ ID NOW7

DNA
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<400> 3 atg ggt gaa ccc cag gga tcc atg cgg Met Gly Glu Pro Gin Gly Ser Met Arg 1 5 ggg ctg gta ggc
aaa gcc atc cag aag Gly Leu Val Giy Lys Ala lle Gin Lys 2025 ctt cct gga gag gac tgg gtg ttt gtc Leu
Pro Gly Glu Asp Trp Val Phe Val 3540 tcc tct aaa gac gcc gat ctc144 Ser Ser Lys Asp Ala Asp Leu
45 Page 3 POMESROUPSY - sequence listing.txt acg gat aca gca cag accRGEGee S atsgag aag gtc
caa ccc acal92 Thr Asp Thr Ala GIn Thr Arg Ala Leu Phe Glu Lys Val GIn Pro Thr 505560 cac gtc atc
cat ctt gct gca atg gtg ggg ggc ctg ttc cgg aat atc240 His Val lle His Leu Ala Ala Met Val Gly Gly Leu
Phe ArgHsi? Hep®8707580 aaa tac aat ttg gac ttc tgg agg aaa aac gtg cac atg aac gac aac288 Lys Tyr
Asn Leusp RhrchepidagteseABRuTal His Met Asn Asp Asn 859095 gtc ctg cac tcg gec ttt gag gtg ggg

00105 A e PIEUEACTIENE b
Pro Asp UL T TATOIE RA Sl 2T SESTASE HOATAA Gl S ATk A At G g aat
gogrtac fEgiSP AR TECTHEO N SRR IS PGS TR S &CASK PR ERE AN R TITARE S0
ATGGCCGAATCTCTCCGGATACCAGAAGGCCCTATTGATCAGGGGCCAGCTATAGGAAGAG
TACGCGTTTTAGAAGAGCAGCTTGTTAAGGCCAAAGAACAGATTGAAAATTACAAGAAACA
GACCAGAAATGGTCTGGGGAAGGATCATGAAATCCTGAGGAGGAGGATTGAAAATGGAGCT
AAAGAGCTCTGGTTTTTCCTACAGAGTGAATTGAAGAAATTAAAGAACTTAGAAGGAAATG
10 AACTCCAAAGACATGCAGATGAATTTCTTTTGGATTTAGGACATCATGAAAGGTCTATAATG
ACGGATCTATACTACCTCAGTCAGACAGATGGAGCAGGTGATTGGCGGGAAAAAGAGGCCA
AAGATCTGACAGAACTGGTTCAGCGGAGAATAACATATCTICAGAATCCCAAGGACTGCAG
CAAAGCCAAAAAGCTGGTGTGTAATATCAACAAAGGCTGTGGCTATGGCTGTCAGCTCCATC
ATGTGGTCTACTGCTTCATGATTGCATATGGCACCCAGCGAACACTCATCTTGGAATCTCAG
15  AATTGGCGCTATGCTACTGGTGGATGGGAGACTGTATTTAGGCCTGTAAGTGAGACATGCAC
AGACAGATCTGGCATCTCCACTGGACACTGGTCAGGTGAAGTGAAGGACAAAAATGTTCAA
GTGGTCGAGCTTCCCATTGTAGACAGTCTTCATCCCCGTCCTCCATATTTACCCTTGGCTGTA
CCAGAAGACCTCGCAGATCGACTTGTACGAGTGCATGGTGACCCTGCAGTGTGGTGGGTGTC
TCAGTTTGTCAAATACTTGATCCGCCCACAGCCTTGGCTAGAAAAAGAAATAGAAGAAGCC
20 ACCAAGAAGCTTGGCTTCAAACATCCAGTTATTGGAGTCCATGTCAGACGCACAGACAAAG
TGGGAACAGAAGCTGCCTTCCATCCCATTGAAGAGTACATGGTGCATGTTGAAGAACATTTT
CAGCTTCTTGCACGCAGAATGCAAGTGGACAAAAAAAGAGTGTATTTGGCCACAGATGACC
CTTCTTTATTAAAGGAGGCAAAAACAAAGTACCCCAATTATGAATTTATTAGTGATAACTCT
ATTTCCTGGTCAGCTGGACTGCACAATCGATACACAGAAAATTCACTTCGTGGAGTGATCCT
25 GGATATACATTTTCTCTCTCAGGCAGACTTCCTAGTGTGTACTTTTTCATCCCAGGTCTGTCG
AGTTGCTTATGAAATTATGCAAACACTACATCCTGATGCCTCTGCAAACTTCCATTCTTTAGA
TGACATCTACTATTTTGGGGGCCAGAATGCCCACAATCAAATTGCCATTTATGCTCACCAAC
CCCGAACTGCAGATGAAATTCCCATGGAACCTGGAGATATCATTGGTGTGGCTGGAAATCAT
TGGGATGGCTATTCTAAAGGTGTCAACAGGAAATTGGGAAGGACGGGCCTATATCCCTCCTA
30 CAAAGTTCGAGAGAAGATAGAAACGGTCAAGTACCCCACATATCCTGAGGCTGAGAAATAA

SEQ ID NO:8
Protein
35  Homo sapian
alpha 1,6 fucosyltransferase (hFuT'8)
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tat gcc aag agg atg atc gac gtg cag aac agg gcc tac ttc cag cag 480 Tyr Ala Lys Arg Met lle Asp Val
Gin Asn Arg Ala Tyr Phe GIn GIn 145150155160 tac ggc tgc acc ttc acc gct gtc atc ccc acc aac gtt ttc
ggg ccc528 Tyr Gly Cys Thr Phe Thr Ala Val lle Pro Thr Asn Val Phe Gly Pro 165170175 cac gac aac
ttc aac atc gR§ Gatdjge’eac gtg ctg cct gge ctc atc576 His Asp Asn Phe ABRTI{ESEIIPA%T®GIy His Val
Leu Pro Gly Leu lle 180185190 cac aag gtg cac ctg gcc aag agc agc ggc tcg gcce ctg acg gtg tgg624
His Lys Val His Leu Ala Lys Ser Ser Gly Ser Ala Leu Thr Val Trp 195200205 ggt aca ggg aat ccg cgg

agg cag MBRNGIEWEPG Rt AV Jdd B Y GG MR ARDHSIRELG Wi B IFERhE Q@NEPRRNMeu Asp
Leu Ala 2EOPREZ2(PIQGHA IIFAIR VI E BT S ARG GRNacEs! RIRG 1YY DAT CRRAEAZOARIR ety Phe lle

Trp Val kA& AR %M@iﬁﬁﬁ%kﬁi%ﬁ?@%ﬁ%%%%%m %@Wt 9ag

gtc tcc atc aa cc(68 lle Leu SerV L

55000 B S o bl o B e e S QY X SR He bt SON MR 04O Glu Al
Met5AsMQH¥WM$WGM%H@HW%WBLMEQQA@%M aca gcc
agt aac GWAHWWSWVMM@W@E@HH@M@WSWWMMWMWOZ85

Ztr% ?ﬁeﬁ'ﬁﬁ Pro he L In Ala 2%%295300 iﬁﬁgﬁﬁ%@%%%&ﬁﬁﬁg%gg{ ac aacEtfﬁzfﬁ;Jg F(’:gz
o0 g0 LD A TSR Y LB L AN SEISH KTNSO NOLYAIE0 Pace 4
PCT GFm?@BWMMﬁWGYSKGVNRKLGRTGLYPSYKVREKIETVKYPTYPEAEK

i0

SEQ ID NO:9
DNA
Rat
15 Alpha-1,6-fucosyltransferase (fFuT8)
ATGCGGGCATGGACTGGTTCCTGGCGTTGGATTATGCTCATTCTTTTTGCCTGGGGGACCTTG
TTGTTTTATATAGGTGGTCATTTGGTTCGAGATAATGACCACCCTGATCACTCTAGCAGAGA
ACTCTCCAAGATTCTTGCAAAGCTTGAACGCTTAAAACAACAAAATGAAGACTTGAGGCGA
ATGGCTGAGTCTCTACGAATACCAGAAGGCCCCATTGACCAGGGGACGGCTACGGGAAGAG |
20 TCCGTGTTTTAGAAGAACAGCTTGTTAAGGCCAAAGAACAGATTGAAAATTACAAGAAACA
AGCCAGAAATGGTCTGGGGAAGGATCATGAACTCTTAAGGAGGAGGATTGAAAATGGAGCT
AAAGAGCTCTGGTTTTITICTACAAAGTGAACTGAAGAAATTAAAGCATCTAGAAGGAAATG
AACTCCAAAGACATGCAGATGAAATTCTTTTGGATTTAGGACACCATGAAAGGTCTATCATG
ACGGATCTATACTACCTCAGTCAAACAGATGGAGCAGGGGATTGGCGTGAAAAAGAGGCCA
25 AAGATCTGACAGAGCTGGTCCAGCGGAGAATAACTTATCTCCAGAATCCCAAGGACTGCAG
CAAAGCCAGGAAGCTGGTGTGTAACATCAATAAGGGCTGTGGCTATGGTTGCCAACTCCATC
ACGTGGTCTACTGTTTCATGATTGCTTATGGCACCCAGCGAACACTCATCTTGGAATCTCAG
AATTGGCGCTATGCTACTGGTGGATGGGAGACTGTGTTTAGACCTGTAAGTGAGACATGCAC
AGACAGATCTGGCCTCTCCACTGGACACTGGTCAGGTGAAGTGAATGACAAAAATATTCAA
30 GTGOTGGAGCTCCCCATTGTAGACAGCCTCCATCCTCGGCCTCCTTACTTACCACTGGCTGTT
CCAGAAGACCTTGCAGATCGACTCGTAAGAGTCCATGGTGATCCTGCAGTGTGGTGGGTGTC
CCAGTTCGTCAAATATTTGATTCGTCCACAACCTTGGCTAGAAAAGGAAATAGAAGAAGCC
ACCAAGAAGCTTGGCTTCAAACATCCAGTCATTGGAGTCCATGTCAGACGCACAGACAAAG
TGGGAACAGAGGCAGCCTTCCATCCCATCGAAGAGTACATGGTACATGTTGAAGAACATTTT
35 CAGCTTCTCGCACGCAGAATGCAAGTGGATAAAAAAAGAGTATATCTGGCTACCGATGACC
CTGCTTTGTTAAAGGAGGCAAAGACAAAGTACTCCAATTATGAATTTATTAGTGATAACTCT
ATTTCTTGGTCAGCTGGATTACACAATCGGTACACAGAAAATTCACTTCGGGGCGTGATCCT
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aag tga966 Lys * <210> 4 <211> 321 <212> PRT <213> Homo sapians <400> 4 Met Gly Glu Pro Gin
Gly Ser Met Arg lle Leu Val Thr Gly Gly Ser 151015 Gly Leu Val Gly Lys Ala lle Gin Lys Val Val Ala
Asp Gly Ala Gly 202530 Leu Pro Gly Glu Asp Trp Val Phe Val Ser Ser Lys Asp Ala Asp Leu 354045
Thr Asp Thr$B2BFITHPArg Ala Leu Phe Glu Lys Val Gin Pro Thr 505568Hi3S2868[€0HRES Leu Ala Ala
Met Val Gly Gly Leu Phe Arg Asn lle 65 70 75 80 Lys Tyr Asn Leu Asp Phe Trp Arg Lys Asn Val His
Met Asn Asp Asn 859095 Val Leu His Ser Ala Phe Glu val Gly Ala Arg Lys Val Val Ser Cys 100105110
Leu SerGGa ByEAfeARAE FEeASp O TIITOACITIRIDAET A3 GAC TT 5T POA 26 Rin G dIRGHISGASN Gly

Pro Pro #tigrAcu SerissuRhe ShGEwaaerct3i3std0 Tk Adebys Asa et dierAen valGirrAsn Arg Ala

T roi AR R PR G A o T R A e et T AT R E S R Lo v
oo L ou L AT L A ARG GG S A SO AR P GRORS T RAMACAA ain Phe
lle Tyr w&%wwwmm?a@mmcmwmmmmwg@qmwmmm|u Pro

lle ACAAAGTCCGAGAGAAGATAGAAACAGTCAAGTATCCCACATATCCTGAAGCTGAAAAATA
G

10 SEQID NO:16
Protein
Rat
Alpha-1,6-fucosyltransferase (rFuT8)
MRAWTGSWRWIMLILFAWGTLLFYIGGHLVRDNDHPDHSSRELSKILAKLERLEQQNEDLRRM

15  AESLRIPEGPIDQGTATGRVRVLEEQLVKAKEQIENYKKQARNGLGKDHELLRRRIENGAKELW
FFLQSELKKLKHLEGNELQRHADEILLDLGHHE
RSIMTDLYYLSQTDGAGDWREKEAKDLTELVQRRITYLOQNPKDCSKARKLVCNINKGCGYGCQ
LHHVVYCFMIAYGTQRTLILESQNWRYATGGWETVFRPVSETCTDRSGLSTGHWSGEVNDKNI
QVVELPIVDSLHPRPPYLPLAVPEDLADRLVRVH

20  GDPAVWWVSQFVKYLIRPOQPWLEKEIEEATKKLGFKHPVIGVHVRRTDKVGTEAAFHPIEEYMV
HVEEHFQLLARRMOQVDKKRVYLATDDPALLKEAKTKYSNYEFISDNSISWSAGLHNRYTENSLR
GVILDIHFLSQADFLVCTFSSQVCRVAYEIMQTLHPDASANFHSLDDIYYFGGQNAHNQIAVYPH
KPRTDEEIPMEPGDIIGVAGNHWDGYSKGVNRKLGKTGLYPSYKVREKIETVKYPTYPEAEK

25
SEQ IDNO:11
DNA
Mouse
Alpha-1,6-fucosyltransferase (mFuT8)

30 ATGCGGGCATGGACTGGTTCCTGGCGTTGGATTATGCTCATTCTTTTITGCCTGGGGGACCTTG
TTATTTTATATAGGTGGTCATTTGGTTCGAGATAATGACCACCCTGATCACTCCAGCAGAGA
ACTCTCCAAGATTCTTGCAAAGCTTGAACGCTTAAAACAGCAAAATGAAGACTTGAGGCGA
ATGGCTGAGTCTCTCCGAATACCAGAAGGCCCCATTGACCAGGGGACAGCTACAGGAAGAG
TCCGTGTTTTAGAAGAACAGCTTGTTAAGGCCAAAGAACAGATTGAAAATTACAAGAAACA

35  AGCTAGAAATGGTCTGGGGAAGGATCATGAAATCTTAAGAAGGAGGATTGAAAATGGAGCT
AAAGAGCTCTGGTTTTTTCTACAAAGCGAACTGAAGAAATTAAAGCATTTAGAAGGAAATG
AACTCCAAAGACATGCAGATGAAATTCTTTTGGATTTAGGACACCATGAAAGGTCTATCATG
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225230235240 lle Leu Ser Val Gly Glu Glu Asp Glu Val Ser lle Lys Glu Ala Ala 245250255 Glu Ala Val
Val Glu Ala Met Asp Phe His Gly Glu Val Thr Phe Asp 260265270 Thr Thr Lys Ser Asp Gly Gin Phe
Lys Lys Thr Ala Ser Asn Ser Lys 275280285 Leu Arg Thr Tyr Leu Pro Asp Phe Arg Phe Thr Pro Phe
Lys Gin Ala 980298389%al Lys Glu Thr Cys Ala Trp Phe Thr Asp Asn TyPGIV &34 &7g 305 310
315 320 Lys <210> 5 <211> 1095 <212> DNA <213> Homo sapians <220> <221> CDS <222>
(2)...(1095) <223> GDP-fucose transporter <400> 5 atg aat agg gcc cct ctg aag cgg tcc agg atc ctg
cac atg Q6 AT RRYE A CLTC SFD028 K CABHIEREGISNGE O METGHPOAIANA LG AGGTYS Arg Ser

Arg lle LemGﬂSF(MEIAMaMGG&@T@%G%Q@MW&W&TQG&G%DE@W gag aag -

96 Thr %m&%é@héé&ﬁ&%ééﬂ?r@%&%ﬂ'ﬁ@%@&%%@ﬁ&?&? o 69y gca tig
cag atc c tce ctc tacld eu Gin lle Ala Leu Va Va Ser Leu
T R R e R T AT R AC AP CLATAG AL A Eed TSP AT EEAR Ser Met

Val 5:he%’gmg{:9@@5@5@9@@(}{@@%TGGGAGACTGTGTTTAGACCTGTAAGTGAGACATGTAc
AGACAGATCTGGCCTCTCCACTGGACACTGGTCAGGTGAAGTAAATGACAAAAACATTCAA
GTGGTCGAGCTCCCCATTGTAGACAGCCTCCATCCTCGGCCTCCTTACTTACCACTGGCTGTT
CCAGAAGACCTTGCAGACCGACTCCTAAGAGTCCATGGTGACCCTGCAGTGTGGTGGGTGTC
CCAGTTTGTCAAATACTTGATTCGTCCACAACCTTGGCTGGAAAAGGAAATAGAAGAAGCC

10 ACCAAGAAGCTTGGCTTCAAACATCCAGTTATTGGAGTCCATGTCAGACGCACAGACAAAG
TGGGAACAGAAGCAGCCTTCCACCCCATCGAGGAGTACATGGTACACGTTGAAGAACATTT
TCAGCTTCTCGCACGCAGAATGCAAGTGGATAAAAAAAGAGTATATCTGGCTACTGATGATC
CTACTTTGTTAAAGGAGGCAAAGACAAAGTACTCCAATTATGAATTTATTAGTGATAACTCT
ATTTCTTGGTCAGCTGGACTACACAATCGGTACACAGAAAATTCACTTCGGGGTGTGATCCT

15 GGATATACACTTTCTCTCACAGGCTGACTTTCTAGTGTGTACTTTTTCATCCCAGGTCTGTCG
GGTTGCTTATGAAATCATGCAAACCCTGCATCCTGATGCCTCTGCGAACTTCCATTCTTTGGA
TGACATCTACTATTTTIGGAGGCCAAAATGCCCACAATCAGATTGCTGTTTATCCTCACAAAC
CTCGAACTGAAGAGGAAATTCCAATGGAACCTGGAGATATCATTGGTGTGGCTGGAAACCA
TTGGGATGGTTATTCTAAAGGTATCAACAGAAAACTTGGAAAAACAGGCTTATATCCCTCCY

20 ACAAAGTCCGAGAGAAGATAGAAACAGTCAAGTATCCCACATATCCTGAAGCTGAAAAATA
G

SEQID NO:12
25  Protein
Mouse
Alpha-1,6-fucosyltransferase (mFuT8)
MRAWTGSWRWIMLILFAWGTLLFYIGGHLVRDNDHPDHSSRELSKILAKLERLKQONEDLRRM
AESLRIPEGPIDQGTATGRVRVLEEQLVKAKEQIENYKKQARNGLGKDHEILRRRIENGAKEL WF
30 FLQSELKKLKHLEGNELQRHADENLLDLGHHERSIMTDLY YLSQTDGAGDWREKEAKDLTELVQ
RRITYLONPKDCSKARKLVCNINKGCGYGCQLHHEVVYCFMIAYGTQRTLILESQNWRYATGGW
ETVFRPVSETCTDRSGLSTGHWSGEVNDKNIQVVELPIVDSLHPRPPYLPLAVPEDLADRLLRVH
GDPAVWWYVSQFVKYLIRPOQPWLEKEIEEATKKLGFKHPVIGVHVRRTDKVGTEAAFHPIEEYMY
HVEEHFQLLARRMQVDKKRVYLATDDPTLLKEAKTKY SNYEFISDNSISWSAGLHNRYTENSLR
35  GVILDIHFLSQADFLVCTFSSQVCRVAYEIMQTLHPDASANFHSLDDIY YFGGONAHNQIAVYPH
KPRTEEEIPMEPGDIIGVAGNHWDGY SKGINRKLGKTGLYPSYKVREKIETVKYPTYPEAEK
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505560 agc ccc tcc ctg cgg ctg gac acc ccc atc ttc gtc acc ttc tac cag240 Ser Pro Ser Leu Arg Leu Asp
Thr Pro lle Phe Val Thr Phe Tyr Gin 65707580 tgc ctg gtg acc acg ctg ctg tgc aaa ggc ctc agc gct ctg
gcc gee288 Cys Leu Val Thr Thr Leu Leu Cys Lys Gly Leu Ser Ala Leu Ala Ala 859095 tgc tgc cct ggt
gce gtg gac WOREBEIMY cgc ctg gac ctc agg336 Cys Cys Pro Gly Ala VB KEpEREEE Ser Leu Arg
Leu Asp Leu Arg 100105110 gtg gcc cgc agc gtc ctg ccc ctg tcg gtg gtc ttc atc ggc atg atc384 Val Ala
Arg Ser Val Leu Pro Leu Ser Val Val Phe lle Gly met Ille 115120125 acc ttc aat aac ctc tgc ctc aag tac
gtc ggt gtg gcc ttc tac aat432 Thr Phe.Asn Asn Leu Cys Leu Lys Tyr val Gly Val Ala Phe Tyr Asn
1301351HpdyNge gc tca ctc acc acc gtc ttc aac gtg ctg ctc tcc tac ctg480 Val Gly Arg Ser Leu Thr
Thr Val Rag Asn Val Leu Leu Ser Tyr Leu 145150155160 ctg ctc aag cag acc acc tcc ttc tat gcc ctg ctc
acc tgc %%tm?tg528 Leu Leu Lys Gin Thr Thr Ser Phe Tyr Ala Leu Leu Thr Cys Gly lle 165170175 atc
atc ggg ggc fie tgg ctt ggt gtg gac cag gag ggg gca gaa ggc576 lle lle Gly Gly Phe Trp Leu Gly Val Asp
Gin Glu ERhalbdieeairasBias 15t Bc ctg tcg tgg ctg gge acc gtc ttc gge gtg ctg gt age cte tgt624
Thr Leu Se6TqgsCea EgATVal Pha1@giattes Ala SEEC ROV T95200205 gedeg alccaggcc ate

tac acc QeI LG SACRIrSLIrBIERCEH 2 YR REL EENASICNRMECTHARY Al¥ Ayl d gy Lro Ala
Vel Ash ZMRIR A0 L AR 190 g Rl saL il o CRE QR S AT B RS A B 1o TP

ATGGCTGAATCTCTCCGAATACCAGAAGGCCCCATTGATCAGGGGCCAGCTTCAGGAAGAG

10 TTCGTGCTTTAGAAGAGCAATTTATGAAGGCCAAAGAACAGATTGAAAATTATAAGAAACA
AACTAAAAATGGTCCAGGGAAGGATCATGAAATCCTAAGGAGGAGGATTGAAAATGGAGCT
AAAGAGCTCTGGTTTTITICTACAAAGTGAGTTGAAGAAATTAAAGAATTTAGAAGGAAATG
AACTCCAAAGACATGCAGATGAATTTCTATCAGATTTGGGACATCATGAAAGGTCTATAATG
ACGGATCTATACTACCTCAGTCAAACAGATGGGGCAGGTGATTGGCGTGAAAAGGAGGCCA

15 AAGATCTGACAGAGCTGGTCCAGCGGAGAATAACATATCTTCAGAATCCCAAGGACTGCAG
CAAAGCCAAGAAGCTAGTGTGTAATATCAACAAAGGCTGTGGCTATGGCTGTCAGCTCCATC
ATGTAGTGTACTGCTITATGATTGCATATGGCACCCAGCGAACACTCGCCTTGGAATCTCAC
AATTGGCGCTACGCTACTGGGGGATGGGAAACTGTGTTTAGACCTGTAAGTGAGACGTGCA
CAGACAGATCTGGCAGCTCCACTGGACATTGGTCAGGTGAAGTAAAGGACAAAAATGTTCA

20 GGTGGTTGAGCTCCCCATTGTAGACAGTGTTCATCCTCGTCCTCCATATTTACCCCTGGCTGT
CCCAGAAGACCTTGCAGATCGACTTGTACGAGTCCATGGTGATCCTGCAGTGTGGTGGGTAT
CCCAGTTTGTCAAGTACTTGATTCGCCCACAACCCTGGCTGGAAAAGGAAATAGAAGAGGC
CACCAAGAAGCTAGGCTTCAAACATCCAGTTATTGGAGTCCATGTTAGACGCACAGACAAA
GTGGGAGCGGAAGCAGCCTTCCATCCCATTGAGGAATACACGGTGCACGTTGAAGAAGACT

25 TTCAGCTTCTTGCTCGCAGAATGCAAGTGGATAAAAAAAGGGTGTATTTGGCCACAGATGAC
CCTGCTTTGTTAAAAGAGGCAAAAACAAAGTACCCCAGTTATGAATTTATTAGTGATAACTC
TATCTCTTGGTCAGCTGGACTACATAATCGATATACAGAAAATTCACTTICGGGGTGTGATCC
TGGATATACACTTTICTCTCCCAGGCAGACTTCCTAGTGTGTACTTTTTCATCGCAGGTCTGTA
GAGTTGCTTATGAAATCATGCAAGCGCTGCATCCTGATGCCTCTGCGAACTTCCGTTCTTITGG

30 ATGACATCTACTATTTTGGAGGUCCCAAATGCCCACAACCAAATTGCCATTTATCCTCACCAA
CCTCGAACTGAAGGAGAAATCCCCATGGAACCTGGAGATATTATTIGGTGTGGCTGGAAATC
ACTGGGATGOCTATCCTAAAGGTGTTAACAGAAAACTGGGAAGGACGGGCCTATATCCCTC
CTACAAAGTTCGAGAGAAGATAGAAACAGTCAAGTACCCCACATATCCCGAGGCTGACAAG
TAA

35

SEQ ID NO:13
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225230235240 ctc ttc ctg ccc ctg ctc ctg ctg ctc ggg gag ctt cag gcc ctg cgt768 Leu Phe Leu Pro Leu
Leu Leu Leu Leu Gly Glu Leu Gin Ala Leu Arg 245250255 gac ttt gcc cag ctg ggc agt gcc cac ttc tgg
ggg atg atg acg ctg816 Asp Phe Ala Gin Leu Gly Ser Ala His Phe Trp Gly Met Met Thr Leu 260265270
PCT GF0028{3288& e listing.txt Gly Gly Leu Phe Gly Phe Ala lle GlyPEANRMIOER] Leu Gin lle
275280285 aag ttc acc agt ccg ctg acc cac aat gtg tcg ggc acg gcc aag gcc Lys Phe Thr Ser Pro Leu
Thr His Asn Val Ser Gly Thr Ala Lys Ala 290295300 tgt gcc cag aca gtg ctg gcc gtg ctc tac tac gag gag
acc aagH§€iCys Ala Gin Thr Val Leu Ala Val Leu Tyr Tyr Glu Glu Thr Lys Ser 305310315320 ttc ctc
tgg tgg degeage aac atg atg gtg ctg ggc ggc tce tcc gcc Phe Leu Trp Trp Thr Ser Asn met Met Val Leu

Gly Gly Rejh §% Bandaae (HE.REF tgg Tyr Thr Trp gtc agg ggc tgg gag atg aag aag act ccg gag

gzg ZZZ%@% at WW&%@#@&SL{E @%%%rﬁ]{%g Pro 340 345 B%C[)@ a?c cce aaaL ac igg gag

<2131> %ﬁséf\ @QQE&§§R¥M@%@MWQ§WBW@W@W@ lle
Leu His MESAIKEKAK N EGNETQR BADARL SPL AMPEROISEDAYE ROARGAIGINRAER Ay Glallys 202530

Pro PhediaibetoNsridadiei@iniaicbes Yao R/ -REF A Y GTOR TLALESHNWRYATGG
WETVERPVSETCTDRSGSSTGHWSGEVKDKNVQVVELPIVDSVHPRPPYLPLAVPEDLADRLVR
VHGDPAVWWYVSQFVKYLIRPQPWLEKEIEEATKKLGFKEPVIGVHYRRTDKVGAEAAFHPIEEY

10 TVHVEEDFQLLARRMQVDKKRVYLATDDPALLKEAKTKYPSYEFISDNSISWSAGLENRY TENS
LRGVILDIHFLSQADFLYCTFSSQVCRY AYEIMQALHPDASANFRSLDDIY YFGGPNAHNQIAIYP
HQPRTEGEIPMEPGDIIGVAGNHWDGYPKGVNRKLGRTGLYPSYK VREKIETVK YPTYPEADK

15  SEQIDNO:15

DNA

Artificial

PCR primer SH415

GGCGG CCGCC ACCAT GGCAC ACGCA CCGGC ACGCT GC
20

SEQ ID NO:16
DNA
Artificial
25  PCR primer SHA413
TTAAT TAATC AGGCA TTGGG GTTTG TCCTC ATG

SEQ ID NO:17
30 DNA
Artificial
PCR primer SH414
GGCGG CCGCC ACCAT GGGTG AACCC CAGGG ATCCA TG

35
SEQ ID NO:18
DNA
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354045 Trp Val Thr Ser lle Ser met Val Phe Leu Asn Lys Tyr Leu Leu Asp 505560 Ser Pro Ser Leu
Arg Leu Asp Thr Pro lle Phe Val Thr Phe Tyr Gin 65 70 75 80 Cys Leu Val Thr Thr Leu Leu Cys Lys
Gly Leu Ser Ala Leu Ala Ala 859095 Cys Cys Pro Gly Ala Val Asp Phe Pro Ser Leu Arg Leu Asp Leu
Arg 1001050 ¥¥PAIZ% g Ser Val Leu Pro Leu Ser Val Val Phe lle Gly METHS248/44209725 Thr Phe
Asn Asn Leu Cys Leu Lys Tyr Val Gly Val Ala Phe Tyr Asn 130135140 Val Gly Arg Ser Leu Thr Thr
Val Phe Asn Val Leu Leu Ser Tyr Leu 145150155160 Leu Leu Lys Gin Thr Thr Ser Phe Tyr Ala Leu
Leu Thr 8y€GH) lle 165170175 lle lle Gly Gly Phe Trp Leu Gly Val Asp Gin Glu Gly Ala Glu Gly
180185 ¥k Prkrdeester Trp Leu Gly Thr val Phe Gly Val Leu Ala Ser Leu Cys 195200205 val Ser Leu

Asn Alafle Ty TR Tor dysrahbenPra- Al il £18215220 Gly Ser lle Trp Arg Leu Thr Phe Tyr
Asn Asn Val Asn Ala Cys lle 225230235240 Leu Phe Leu Pro Leu Leu Leu Leu Leu Gly Glu Leu Gin

Ala Leu Arg 245250255 Asp Phe Ala Gin Leu Gly Ser Ala His Phe Trp Gly Met Met Thr Leu
260265270 Gly Gly Leu Phe Gly Phe Ala lle Gly Tyr Val Thr Gly Leu GlIn lle 275280285 Lys Phe Thr
Ser Pro $eu ifhretimAsn Val Ser Gly Thr Ala Lys Ala 290295300 Page 7 '

DNA
Artificial
PCR primer RCD679
10 GCGGC CGCCA CCATG AATAG GGCCC CTCTG AAGCG G

SEQ ID NO:20
DNA
15  Artificial
PCR primer RCD680
TTAAT TAATC ACACC CCCAT GGCGC TCTTC TC

200 SEQIDNO:21

DNA

Artificial

PCR primer SH420

GCGGC GCGCC GATAA TGACC ACCCT GATCA CTCCA G
25

SEQ ID NO:22
DNA
Artificial
30  PCR primer SH421
CCTTA ATTAA CTATT TTTCA GCTTC AGGAT ATGTG GG-

SEQ ID NO:23
35 . DNA
Artificial
PCR primer tEPO-forward
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PCT GF0028Y - sequence listing.txt Cys Ala Gin Thr Val Leu Ala Val Leu Tyr Tyr Glu Glu Thr Lys Ser
305310315320 Phe Leu Trp Trp Thr Ser Asn Met Met Val Leu Gly Gly Ser Ser Ala 325330335 Tyr Thr
Trp Val Arg Gly Trp Glu Met Lys Lys Thr Pro Glu Glu Pro 340345350 Ser Pro Lys Asp Ser
Glu Lys Ser WR Bt IGKPYal 355360 <210> 7 <211> 1728 <212> DNA <PXRUSHIIRABTans <220>
<221> CDS <222> (1)...(1728) <223> alpha-1,6-fucosyltransferase (hFuT8) <400> 7 atg cgg cca tgg
act ggt tcc tgg cgt tgg att atg ctc att ctt ttt48 Met Arg Pro Trp Thr Gly Ser Trp Arg Trp lle Met Leu lle
Leu PheGEBIRAT HEC I yyracsGig oy Gaiataaggh gt cac ttg gta cga gat 96 Ala Trp Gly Thr Leu
Leu Phe Tyr lle Gly Gly His Leu val Arg Asp 202530 aat gac cat cct gat cac tct agc cga gaa ctg tcc aag
att ctg gcal44 Asn Asp His Pro Asp His Ser Ser Arg Glu Leu Ser Lys lle Leu Ala 354045 aag ctt gaa
cgc tta aaa caa cag aat gaa gac ttg agg cga atg gcc 192 Lys Leu Glu Arg Leu Lys Gin Gin Asn Glu
Asp Leusﬁ%}?rﬁ /8t Ala 505560 gaa tct ctc cgg ata cca gaa ggc cct att gat cag ggg cca gct ata 240
Glu Ser Bd& Arg lle Pro Glu Gly Pro lle Asp Gin Gly Pro Ala lle 65707580 g a aga gta cgc gtt tta gaa

gag cag it giiadag gcc aaa gaa cag288
PCR primer rEPO-reverse
CCTCT AGATC ACCTG TCCCC TCTCC TGCAG GC

10 SEQID NO:25

DNA

Artificial

PCR primer ScMntl-for

GGGCGGCCGCCACCATGGCCCTCTTTCTC AGTAAGAGACT GTTGAG
15

SEQ 1D NO:26
DNA
Artificial
26~ PCR primer ScMntl-rev
CCGGCGCGCCCGATGACTTGTTG TTCAGGGGATATAGATCCTG
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G y Arg Val Arg Val Leu Glu Glu Gin Leu Val Lys Ala Lys Glu Gin 859095 att gaa aat tac aag aaa cag
acc aga aat ggt ctg ggg aag gat cat336 lle Glu Asn Tyr Lys Lys Gin Thr Arg Asn Gly Leu Gly Lys Asp
His 100105110 gaa atc ctg agg agg agg att gaa aat gga gct aaa gag ctc tgg ttt384 Glu lle Leu Arg Arg
Arg lle Glu ASa @pp/M20%ys Glu Leu Trp Phe 115120125 ttc cta cag agt geEivgf2ue/@azstta aag aac tta
gaa gga aat gaa432 Phe Leu Gin Ser Glu Leu Lys Lys Leu Lys Asn Leu Glu Gly Asn Glu 130135140
ctc caa aga cat gca gat gaa ttt ctt ttg gat tta gga cat cat gaa480 Leu Gin Arg His Ala Asp Glu Phe Leu
Leu AspWEIAGRS disAdM I 145150155160 agg tct ata atg acg gat cta tac tac ctc agt cag aca gat gga
gca 528 Arg Ser lle Met Thr Asp Leu Tyr Tyr Leu Ser Gin Thr Asp Gly Ala 165170175 int gat tgg cgg

gaa aaa gag gcc aaa gat ctg,aca gaa ctqg gtt cags76 Gl éAs Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr
Glu Leu Val Gin 180135190%5%’8% Bﬁ%’%’f@ﬁgﬁgwoé ﬁﬁncc?épﬁgff%’&fﬂ%é@%&%lﬂ?%ca tat ctt cag
aat ccc Ea@j‘ﬂ%}‘: tgc agc aaa gcc aaa624 Arg Arg lle Thr Tyr Leu Gin Asn Pro Lys Asp Cys Ser Lys Ala
Lys 195200205 aag ctg gtg tgt aat atc aac aaa ggc tgt ggc tat ggc tgt cag ctc672 Lys Leu val Cys Asn

lle Asn Lys Gly Cys Gly Tyr Sy ks &bt et 24 (21023 %Gl cAL SRS HG G Am gt att gea tat ggc
acc cag cga aca720 His His Val Val Tyr Cys Phe Met lle Ala Tyr Gly Thr Gin Arg Thr 225230235240

ctc atc ttg gaa tct cag aat tgg cgc tat gct act ggt gga tgg gag768
99 93. q"he host cell of Claimg wherein the yeast is a Pichia sp.

10 4. The host cell of Claim 3 wherein the Pichia sp. is Pichia pastoris.

5. The host cell of claim 1 wherein the host cell further does not display
al,6-mannosyltransferase activity with respect to the N-glycan on a glycoprotein and includes an
- al,2-mannosidase catalytic domain fused to a cellular targeting signal peptide not normally
15 associated with the catalytic domain and selected to target al,2-mannosidase activity to the ER or
Golgi apparatus of the host cell whereby, upon passage of a recombinant glycoprotein through

the ER or Golgi apparatus of the host cell, a recombinant glycoprotein comprising a fucosylated
MansGicNAc) glycoform is produced.

20 6. The host cell of Claim 5 further including a GlcNAc transferase [ catalytic
domain fused to a cellular targeting signal peptide not normally associated with the catalytic
domain of and selected to target GlcNAc transferase I activity to the ER or Golgi apparatus of the
host cell; whereby, upon passage of the recombinant glycoprotein through the ER or Golgi

apparatus of the host cell, a recombinant glycoprotein comprising a fucosylated
25 GleNAcMansGlcNAcy glycoform is produced.

7. The host cell of Claim 6 further including a mannosidase II catalytic
domain fused to a cellular targeting signal peptide not normally associated with the catalytic
domain and selected to target mannosidase II activity to the ER or Golgi apparatus of the host

30 cell; whereby, upon passage of the recombinant glycoprotein through the ER or Golgi apparatus
of the host cell, a recombinant glycoprotein comprising a fucosylated GleNAcMan3GlcNAe?

glycoform is produced.

8. The host cell of Claim 7 further including a GIcNAc transferase II catalytic
35  domain fused to a celluiar targeting signal peptide not normally associated with the catalytic
domain and selected to target GlcNAc transferase II activity to the ER or Golgi apparatus of the
host cell; whereby, upon passage of the recombinant glycoprotein through the ER or Golgi
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Leu lle Leu Glu Ser Gin Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu 245250255 act gta ttt agg cct gta agt
gag aca tgc aca gac aga tct ggc atc816 Thr val Phe Arg Pro val Ser Glu Thr Cys Thr Asp Arg Ser Gly
lle 260265270 tcc act gga cac tgg tca ggt gaa gtg aag gac aaa aat gtt caa gtg864 Ser Thr Gly His Trp
Ser Gly Glu W&l 209814391 ys Asn Val Gin val 275280285 gtc gag ctt ccc atCyesgms/agrett cat ccc cgt
cct cca tat tta912 Val Glu Leu Pro lle Val Asp Ser Leu His Pro Arg Pro Pro Tyr Leu 290295300 ccc ttg
gct gta cca gaa gac ctc gca gat cga ctt gta cga gtg cat960 Pro Leu Ala Val Pro Glu Asp Leu Ala Asp

Arg Leu apahditgs Valldiea3Dba1 @32E37P: agit ghaesiofta githigBiiggigdeliaag tit gtc aaa tac ttg

atc1008@NASPNPAR BRIV ALT Bl IshoMak Sab&iseLhe Val Lys Tyr Leu lle 325330335 cgce cca cag cct
tgg cta gaa aaa gaa ata gaa gaa gcc acc aag aag1056 Arg Pro Gin Pro Trp Leu Glu Lys Glu lle Glu

Glu Ala Thr Lys Lys 340345350 ctt ggc ttc aaa cat cca gtt att gga gtc cat gtc aga cgc aca gac1104 Leu
Gly Phe Lys His Pro Yal lle & Yest el A Az durtherispl ab5300385ck0ss Gigsiasadh gaa gct gec
ttc cat ceataftgatgat sl goaigdihbarypdmlGlynhhpdptidAtaMarRhatHis et vGid G Tyr Met Val

37037538068k Ali9a7 GRRERkItGRYCUF 6058 69629888 LAAIGIGAS DR LT ¥algu Glu His Phe
Gin Leu Leu Ala }C{Z,Aﬁ?’ Me Glr}PVa As 38539039548)(&) aaa aga agggégt% tat té% CcC aéga at gac cct
tet tta ttd RS YRS B Is MR TR MR P BaSE U KIS RO B LY Ot ("%05410415
ER or Golgi apparatus of the host cell, a recombinant glycoprotein comprising a fucosylated
Gal2GlcNAcaMan3GleNAc glycoform is produced.
10
10. The host cell of Claim 9 further including a sialytransferase catalytic
domain fused to a cellular targeting signal peptide not normally associated with the catalytic
domain and selected to target sialytransferase activity to the ER or Golgi apparatus of the host
cell; whereby, upon passage of the recombinant glycoprotein through the ER or Golgi apparatus

15 of the host cell, a recombinant glycoprotein comprising a fucosylated
NANA2GalpGlcNAcayMan3GleNAc) giveoform is produced.

11. A glycoprotein composition comprising a plurality of glycoforms, each
glycoform comprising at least one N-glycan attached thereto, wherein the glycoprotein
20 composition thereby comprises a plurality of N-glycans in which greater than 25 mole percent of

the plurality of N-glycans consist essentially of a fucosylated N-glycan selected from the group
consisting of MansGleNAc), GleNAcMansGleNAcp, Man3GleNAco, GleNAcMan3GleNAca,

GleNAcp)Man3GleNAcp, GalGleNAcoMan3GleNAcey, GalpGleNAcaoMan3GleNAc),
NANAGalhGleNAcyMan3GleNAc, and NANA2GalyGleNAcaMan3GleNAce).
25
12. The glycoprotein composition of Claim 11 wherein the fucosylated N-
glycans are greater than 50 mole percent of the plurality of N-glycans.

13, The glycoprotein composition of Claim 11 wherein the fucosylated N-
30 glycans are greater than 75 mole percent of the plurality of N-glycans.

14, The glycoprotein composition of Claim 11 wherein the fucosylated N-
glycans are greater than 80 mole percent of the plurality of N-glycans.

35 : 15.  The glycoprotein composition of Claim 11 wherein the fucose is in an
al,3-linkage with the GlcNAc at the reducing end of the N-glycan.
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gca aaa aca aag tac ccc aat tat gaa ttt att agt gat aac tct att1296 Ala Lys Thr Lys Tyr Pro Asn Tyr Glu
Phe lle Ser Asp Asn Ser lle 420425430 tcc tgg tca gct gga ctg cac aat cga tac aca gaa aat tca ctt

cgtl344 Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu %435440445& a gtg atc ctg
iS

gat ata cat ¥ &% Iéiaq'\{ﬁ”'g]ca gac ttc cta gtg1392 G y Val lle Leu Asp lle PhE8ISE Gin Ala Asp

Phe Leu Val 450455460 Page 9 PCT GF0028Y - sequence listing.txt tgt act ttt tca tcc cag gtc tgt cga
gtt gct tat gaa att atg caa 1440 Cys Thr Phe Ser Ser Gin_Val Cys Arg Val Ala Tyr Glu lle met Gin
465470475480 aca cti-cat CAEGEYFRUGHESBRLHoR af el Jhrdsceirdbadicasiis BLaRis Pro Asp
Ala Ser Nl AwaphevidisiBdrlclb Aspiinsrsdle ug30d04 95 tieglaitatt. ggg ggc cag aat gec cac aat caa att
gcc att tat gct1536 Tyr Tyr Phe Gly Gly Gin Asn Ala His Asn Gin lle Ala lle Tyr Ala 500505510 cac caa

ccc cga act gca gat gaa att &t iS;Gi0.P h Asp Glu lle Pro
Met Glu Pro GI% Asp ,ﬁg 515?280%{%9%%@ S%?‘ ﬁ%%ﬁ%%@téﬁ%%?%@%ﬁé{%% é%?%tc aacl632

lle Gly \Epal RAIP e FrH ALY ERP TSI S ey A-AYE%80535540 agg aaa ttg gga agg acg
ggc cta tat ccc tcc tac aaa gtt cga gagl680 Arg Lys Leu Gly Arg Thr Gly Leu Tyr Pro Ser Tyr Lys val

Arg Glu 545550555569, aagriaped peletic angdaaGceradaitatiochBagigsha st aaastandy 28 Lys lle

Glu Thr ol kit ¥R FDGIAER % G AR P S EFHOR o,

10 19.  The glycoprotein composition of Claim 11 wherein the fucose is in an
al,4-linkage with a GlcNAc at the non-reducing end of the N-glycan.

20. A hybrid vector comprising (a) DNA regulatory elements which are
functional in a lower eukaryotic host cell operatively linked to (b) DNA coding sequence
15 encoding a fusion protein encoding (1) a targeting sequence; and (b) a catalytic domain of a
fucosylation pathway enzyme.

21.  The vector of Claim 17 wherein the fucosylation pathway enzyme is a
fucosyltransferase. '
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<210> 8 <211> 575 <212> PRT <213> Homo sapians <400> 8 Met Arg Pro Trp Thr Gly Ser Trp Arg
Trp lle Met Leu lle Leu Phe 151015 Ala Trp Gly Thr Leu Leu Phe Tyr lle Gly Gly His Leu val Arg Asp
202530 Asn Asp His Pro Asp His Ser Ser Arg Glu Leu Ser Lys lle Leu Ala 354045 Lys Leu Glu Arg

Leu Lys Gin Gin Asn Glu Asp Leuy Arg,AygMet Ala 505560 &%ggﬁeu Arg lle Pro Glu Gly Pro lle Asp
Gin Gly Pro Ala lle 65 70 75 80 Gly Arg Val Arg Val Leu Glu Glu GIn Leu Val Lys Ala Lys Glu Gin

859095 lle Glu Asn Tyr Lys Lys GIn Thr 26@UENRFGTENGly Lys Asp His 100105110 Glu lle Leu Arg

Arg Argolle GULASH GlyiAtRLys Glu Leu Trp Phe 115120125 Phe Leu Gin Ser Glu Leu Lys Lys Leu
Lys Asn Leu Glu Gly Asn Glu 130135140 Leu Gin Arg His Ala Asp Glu Phe Leu Leu Asp Leu Gly His

His éﬁ%ﬁ@gg%ﬁﬁ%ﬁ&%&%ﬂ% Leu Tyr Tyr Leu Ser GIn Thr Asp Gly Ala 165170175
Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Leu Val GIn 180185190 Arg Arg lle Thr Tyr Leu

GIn ABIPProR0PI Psp Cys Ser Lys Ala Lys 195200205 Lys Leu Val Cys Asn lle Asn Lys Gly CyS Gly

Tyr GlY =Yg 674h5e44210215220 His His Val Val Tyr Cys Phe Met lle Ala Tyr Gly Thr Gin Arg Thr
<151> 2007-03-07

<160> 26
<170> FastsSeEQ for windows version 4.0

<210> 1

<211> 1119 .

<212> DNA

<213> Homo sapians

<220>

<221> CDS

<222> (1)...(1119

<223> GDP-Mannose-dehydratase (hGMD)

<400> 1

atg gca Cac gca €cg gca cge tgoc €CC. age gcc €gg gge tec g%g gac 48
Met Ala His Ala Pro Ala Arg Cys Pro Sig Ala Arg Gly Ser Glg Asp

1 5

ggc gag atg g?c aag ccc agg aac gtg gcg Cctc atc acc g%t atc aca 96
G%y Glu Met Gly Lys Pro Arg Asn V%S Ala Leu ITe Thr 63% Ite Thr
20

ggc cag gat g?t tce tac ¢tg gct gag tte ctg ctg gag aaa g?c tat 144
G%y GIn Asp Gly Ser Tyr Leu Ala Glu Phe Leu Leu G4g Lys Gly Tyr
35 40

gag gtc cat g?a att gta cgg cgg tcc agt tca ttt aat acg ggt cga 192
Glu val His Gly Ile val Arg Arg Ser Ser Ser PES Asn Thr Gly Arg
- 50 55

att gag cat ctg tat aag aat ccc cag gct cac att gaa g?a aac atg 240
Ile GTu His Leu Tyr Lys Asn Pro GIn Ala His Ile Glu Gly Asn Met
65 70 75 80
aag ttg cac tat g%c gat ctc act gac agt acc tgc ctt gtg aag atc 288
Lys Leu His Tyr Gly Asp Leu Thr Asp 535 Thr Cys Leu va ng Ite
85

att aat gaa gta aag ccC aca gag atc tac aac Ctt g%a gce cag agc 336
Ile Asn Glu val Lys Pro Thr Glu Ile Tyr Ash Leu Gly Ala Gln Ser
100 105 110

cac gtc aaa att tcc ttt gac ctc gct gag tac act gcg gac gtt gac 384
His val Lys Ile Ser Phe Asp Leu Ala Glu Tyr Thr ﬁ%? Asp val Asp
115 120

gga gtt g?c act cta cga ctt cta gat gca grt aag act tgt g%c ctt 432
G%y val Gly Thr Leu Arg Leu Leu Asp Ala val iig Thr Cys Gly Leu
130 135

atc aac tct gtg aag ttc tac caa gcc tca aca agt gaa ctt tat g%g 480
Tle Asn Ser val Lys Phe Tyr GIn Ala Ser Thr Ser Glu Leu Tyr Gly
145 150 155 160
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225230235240 Leu lle Leu Glu Ser Gin Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu Page 10 PCT
GF0028Y - sequence listing.txt 245250255 Thr Val Phe Arg Pro Val Ser Glu Thr Cys Thr Asp Arg Ser
Gly lle 260265270 Ser Thr Gly His Trp Ser Gly Glu Val Lys Asp Lys Asn val Gin Val 275280285 Val
Glu Leu Pro lle Val Asp Ser Leu His Pro Arg Pro Pro Tyr Leu 290295300 Pro Leu Ala Val Pro Glu Asp
Leu Ala Asp Arg Leu Val Arg valdiisS80BERK031533:ady AspHrgy Adatval Trp Trg?\éal Ser Gin Phe Val
Lysi??% Il a@zg ‘3(?{3’5 ) %?93 9 ?"G Eyﬁi@l e 616 &¥9 Ala"Fhr Lys Lys
3403453 %?LeganG y%’hg;ﬁy?&s ro@ﬁ allie @5& F—Hg a ?’gt&?g %;rl;r?r ?ﬁ% 355360365 Lys val Gly
Thr Glu AIaCAIa Phe His Pro lle Glu Glu Tyr Met Val 12:%70375%80 His Val Glu Glu_ His Phe Gin Leu Leu
Al AGE ATV H YA RSS580Sn 400 LIS USRSty At Rop Pro Ser Leu Lew
Lys Glu 405410418Ala Lys Thr Lys Tyr g6 Asn Tyr Glu Phe lla&er Asp Asn Ser lle 420425430 Ser
Trp er AlatGéé Leucyi%a%snaAtr%JyrtTQr Glu Asn gecr Leu Ar 435C4404C145agcaly Va| 4IIe Leu Asp lle His
Phe bl ST G AlpoAshrPRien LBtV 43045848 0hEy T hr Fide eer S & VaPCls Arg Val Ala Tyr
Glu lle met GiP5 200 :

cat gag agt ccc aga aga g?a gct aat tte gtt act cga aaa att agce 672

Gly

His Glu Ser Pro Arg Arg Ala Asn Phe val Thr Arg Lys Ile Ser
210 215 1220

205

cgg tca gta gct aag att tac ctt g?a caa ctg gaa tgt ttc agt ttg 720
Arg Ser val Ala Lys Ile Tyr Leu Gly GIn Leu Glu Cys Phe Ser Leu
225 230 235 240

g?a aat ctg gat gcc aaa cga gat tgg g?c cat gccC aag gac tat gt 768
Gly Asn Leu Asp %Ta Lys Arg Asp Trp 85% His Ala Lys Asp ;yr Va
45 55

gag gct atg tgg ttg atg ttg cag aat gat gag ccg gag gac ttc gtt 816
Glu Ala Met 328 Leu Met Leu GIn Asn Asp Glu Pro Glu Asp Phe val
265 270

ata gct act g?g gag gtc cat agt gtc cgg gaa trt gtc gag aaa tca 864
ITe Ala Thr Gly Glu val His Ser val Arg Glu Phe val Glu Lys Ser
275 280 285

tre ttg cat art g?a aaa acc att gtg tgg gaa g?a aag aat gaa aat 912
Phe 588 His Ile Gly Lys ;Bg Ile val Trp Glu go% Lys Asn Glu Asn

gaa gt g%c aga tgt aaa gag acc g%c aaa gtt cac gtg act gtg gat 960
Glu val Gly Arg Cys Lys Glu Thr Gly Lys val His val Thr val Asp
305 310 315 320

ctc aag tac tac cgg cca act gaa gtg gac ttt ctg cag ggc gac tgc 1008
Leu Lys Tyr Tyr Arg Pro Thr Glu va §§8 Phe Leu Gln Gly Asp Cys
325 335

acc aaa gcg aaa cag aag ctg aac tgg aag ccc cgg gte get ttce gat 1056
Thr Lys Ala ;ya GIn Lys Leu Asn gzg Lys Pro arg val %13 phe Asp
4 _ 5

gag ctg gtg agg gag atyg gtg cac gcc gac gtg gag ctc atg agg aca 1104
Glu Leu ggs Arg Glu Met va gég Ala Asp val Glu Leu Met Arg Thr
365

aac ccc aat gcc tga 1119
Asn Pro Asn Ala ~
370

<210> 2

<211> 372

<212> PRT

<213> Homo sapians

<400> 2
Mit Ala His Ala Pgo Ala Arg Cys Pro SSr Ala Arg Gly Ser Ggy ASp
1 1
Gly Glu Met géy Lys Pro Arg Asn val Ala Leu Ile Thr Gly Ile Thr
2

5
Gly GIn Asp Gly Ser Tyr Leu Ala Glu Phe Leu Leu Glu Lys Gly Tyr
Page 2



465470475480 Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp lle 485490495 Tyr Tyr
Phe Gly Gly Gin Asn Ala His Asn Gin lle Ala lle Tyr Ala 500505510 His Gin Pro Arg Thr Ala Asp Glu
lle Pro Met Glu Pro Gly Asp lle 515520525 lle Gly Val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly Val
Asn 530535540 Arg Lys Leu Gly Arg Thr Gly Leu Tyr Pro Ser Tyr Lys Val Arg Glu 545 550 555 560
Lys lle Glu Thr Val Lys Tyr Pro /T THR&y GlusAlu &icel y$ 865570875 <210> 9 <211> 1728 <212>

DNA.52135 RAtus novegicus 52080 5224> GRS s22%% <iin-<ﬂrz28a§§zsg

alpha-1,6-fucosyltransterase (rF5T8) r<9400> 9 atg cgg gga tgg act ggt tcc tgg cgt tgg att atg ctc att ctt
ttt48E§’ﬁét¢{F{] UAEY T%’W@%Séﬁ‘ﬂfrﬁ'ﬁr@mpmé rt; $ L6l |ré1ue919hésmi§§q5 gcc tgg ggg acc ttg ttg ttt
g o

tat afq gqtoticat Hor-oH1G0A YRR ART IR Gl Fhitewleu Bhe Iyriig GGl His Leu Val Arg Asp
202530 aat gac cac ccg§at cac tct agc aga géa ctc tcc aag att ctt gcas144 Asn Asp His Pro Asp His

Ser & ARy @WL%Q&S@’ LY ReThEUCA BEATXS L5 cﬁeﬁa‘é]é’gﬂ@ @Hh 884 caa aat gaa gac ttg agg

cga aig 0ai192/kys e &plupRegalspurleys 430 S0 Ash Ghy Asp Lalp ArgiAkgpnet Ala Page 11 PCT
GFOO%SY - séqﬁence listing.txt 120 125
Gly val Gly Thr Leu Arg Leu Leu Asp Ala val Lys Thr Cys Gly Leu
130 135 140
ITe Asn Ser val Lys Phe Tyr GIn Ala Ser Thr Ser Glu Leu Tyr Gly
145 150 155 160
Ltys val Gln Glu Ile Pro GIn Lys Glu Thr Thr pPro Phe Tyr Pro Arg
165 _ 170 175
ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp Ile val val Asn
180 185 190
Phe Arg Glu Ala Tyr Asn Leu Phe Ala val Asn Gly Ile Leu Phe Asn
195 200 205
His Glu Ser Pro Arg Arg Gly Ala Asn pPhe val Thr Arg Lys Ile Ser
210 215 220
Arg Ser val Ala Lys Ile Tyr Leu Gly GIn Leu Glu Cys Phe ser Leu
225 230 235 240
Gly Asn Leu Asp Ala Lys Arg Asp Trp Gly His Ala Lys Asp Tyr val
245 250 255
Glu Ala Met Trp Leu Met Leu Gln Asn Asp Glu Pro Glu Asp Phe val
260 265 270
Ite Ala Thr Gly Glu val His Ser val Arg Glu Phe val Glu Lys Ser
275 280 285
Phe Leu His Ile Gly Lys Thr Ile val Trp Glu Gly Lys Asn Glu Asn
290 295 300
Glu val Gly Arg Cys Lys Glu Thr Gly Lys val His val Thr val Asp
305 310 315 320
Leu Lys Tyr Tyr Arg Pro Thr Glu val Asp Phe Leu Gln Gly Asp Cys
325 330 335
Thr Lys Ala Lys Gin Lys Leu Asn Trp Lys Pro Arg val Ala Phe Asp
340 345 350
Glu teu val Arg Glu Met val His Ala Asp val Glu Leu Met Arg Thr
355 360 365
Asn Pro Asn Ala
370

<210> 3

<211> 966

<212> DNA

<213> Homo sapians

<220>

<221> CDS

<222> (1)...(966)

<223> GDP-ketoxy-deoxy-mannose-epimerase/GDP-keto-deoxy-
galactose-reductase (FX protein)

<400> 3

atg g%t gaa ccc cag g?a tcc atg cgg att cta gtg aca g%g g%c tct 48
Met Gly Glu Pro GIn Gly Ser Met Arg Ile Leu val Thr Gly Gly Ser

i 5 10 ' 15

ggg ctg gta g%c aaa ¢g¢c atc cag aag gt% gta gca gat g?a gct gga 96
Gly Leu Val Gly Lys Ala Ile GlIn Lys val val Ala Asp Gly Ala Gly
20 25 30

Ctt cct g%a gag gac tgg gtg trt gtc tcc tct aaa gac gcc gat ctce 144
Leu Pro Gly Glu Asp Trp val Phe val Ser Ser Lys Asp Ala Asp Leu
35 40 45
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505560 gag tct cta cga ata cca gaa ggc ccc att gac cag ggg acg gct acg240 Glu Ser Leu Arg lle Pro
Glu Gly Pro lle Asp Gin Gly Thr Ala Thr 65707580 gga aga gtc cgt gtt tta gaa gaa cag ctt gtt aag gcc
aaa gaa cag288 Gly Arg val Arg val Leu Glu Glu Gin Leu val Lys Ala Lys Glu Gin 859095 att gaa aat
tac aag aaa caa gcc aga aat ggt ctg ggg aag gat cat336 lle Glu Asn Tyr Lys Lys Gin Ala Arg Asn Gly
Leu Gly Lys Asp His 100105116@aariieXts aggaggragy htsgasgaakyga gct aaa gag ctc tgg ttt 384

Glu Ley ey Arg AT ALg Ied&IucAén E;Ay&l Lys ‘JJ1 TIe Phg 115 20125 titcta caa agt gaa ctg
aag 2 lﬁapaaam%atmg%arggmg@t %B@é}.ﬁ Phe gelé L@%é i ?Lwiyaﬁgiys i Lys His Leu Glu
Gly Asn G 130135140 ctc caa ada cat gca gat gaa atbétt ttg gat tta gga cac cat gaa480 Leu Gin Arg

Hi | is Hi 5 t tctatact
i A S s e B Ao 8 MBS T AL o ey Ko Con Thr Ach Gy Al

165173175 ggg gat tgg cgt g&a aaa gag gcc aaa gat ctg aca gag ctg gtc #4576 Gly Asp Trp Arg Glu

Lys Gl AlacLysAspd-@Hcl fiFt6|HdgeHg\éa|a@énaéb%0é8§1<9&cgggaﬁ§ca@a§0£é@t Cleg@g aat ccc aag gac
tgc dgts abwr gegragge 2xsarghard fie Fhe TysLesnGla lAshsPHeL yssAshsCyssBer Lys Ala Arg 195200205
aag ctg gtg tgt aac atc a2 aag ggc tgt ggc tat aat tgc caa ctc 672 Lysgéeu Val Cys Asn lle Asn Lys Gly

Cys @y tyy GlyCysoGiad et 214321 5230908t gac gtg: giadagigt diyatgattget tagygc acc cag cga aca
720 ¥AS HRVVA W@%yﬁ@yf%é?\%eﬁ‘l %z% TYRGIEY THISGYR h¥e225230235240 ctc atc ttg gaa tct
cag aat tgg cgc tat gct act ggt g atgg gag/68 Leu lle Leu Glu Ser Gin Asn Trp Arg Tyr AlaThrGly Gy

Trp Ghg tcc acc tgt atc ttc cct gac aag acg acc tac ¢cg ata gat gag 384
Leu Ser Thr Cys Ile Phe Pro Asp Lys Thr Thr Tyr Pro Ile Asp Glu
115 120 125

acc atg atc cac aat ggg cct ccc cac aac agc aat ttt g?g tac tcg 432
Thr Met Ile His Asn Gly Pro Pro His Asn Ser Asn Phe Gly Tyr Ser
130 135 140

tat gcc aag agg atg atc gac gtg cag aac agg gcc tac ttc cag cag 480
Tyr ATa Lys Arg Met Ite Asp val GIn Asn Arg Ala Tyr Phe Gln Gin
145 150 155 - 160

tac g%c tgc acc ttc acc gct gtc atc €CC acc aac gtr ttc g?g cce 528
Tyr Gly Cys Thr Phe Thr Ala val rle Pro Thr Asn val Phe Gly Pro
165 170 175

cac gac aac ttc aac atc gag gat g%c cac gtg ctg cct g?c ctc atc 576
His Asp Asn igg Asn Ile Glu Asp GSy His val Leu Pro Gly Leu Ile
185 190

cac aag gtg cac ctg gcc aag agce age g?c tcg gee c¢tg acg gtg tgg 624
His Lys val His Leu Ala Lys 386 ser Gly Ser Ala %eu Thr val Trp
195 05

g%t aca ggg aat ccg cgg agg cag ttc ata tac tcg ctg gac ctg gcc 672
Gly ;gg Gly Asn Pro Arg érg GIn Phe ITe Tyr Ser Leu Asp Leu Ala
15 220

cag ctc ttt atc tgg gtc ctg cgg gag tac aat gaa gtg gag ccc atc 720
Gln Leu pPhe tle Trp val Leu Arg Glu Tyr Asn Glu val Glu Pro Ile
225 230 235 240

atc ctc tcc gt g?c gag gaa gat gag gtc¢ tec atce aag gag gca gocc 768
Ile Leu Ser va §4§ Glu Glu Asp Glu ggé Ser Ile Lys Glu Ala Ala
255

gag gc¢g gtg gtg gag gcc atg gac ttc cat g?g gaa gtC acc Ttt gat 816
Glu Ala val \2/%0 Glu Ala Met Asp gge His Gly Glu val Thr Phe Asp
5 270

aca acc aag tcg gat g?g cag ttt aag aag aca gcc agt aac agc aag 864
Thr Thr Lys Ser Asp Gly Gin Phe Lys Lys Thr Ala Ser Asn Ser Lys
275 280 285

Ctg agg acc tac ctg ccc gac ttc cgg ttc aca ccc ttc aag cag gcg 912
Leu %gg Thr Tyr Leu Pro Asp Phe Arg Phe Thr Prg Phe Lys GlIn Ala
295 30

gtg aag gag acc tgt gct tgg ttc act gac aac tac gag cag gcc cgg 960
val Lys Glu Thr Cys Ala Trp Phe Thr Asp Asn Tyr Glu GIn Ala Arg
305 310 315 320

Page 4



245250255 act gtg ttt aga cct gta agt gag aca tgc aca gac aga tct ggc ctc 816 Thr Val Phe Arg Pro Val
Ser Glu Thr Cys Thr Asp Arg Ser Gly Leu 260265270 tcc act gga cac tgg tca ggt gaa gtg aat gac aaa
aat att caa gtg864 Ser Thr Gly His Trp Ser Gly Glu Val Asn Asp Lys Asn lle Gin val 275280285 gtg
gag ctc ccc att gta gac agc ctc cat cct cgg cct cct tac tta912 val Glu Leu Pro lle val Asp Ser Leu His
Pro Arg Pro Pro Tyr Leu 29029530@& 0228t gcigiteneeghasgdoaitga gat cga ctc gta aga gtc cat960
Pro 'aSH Ala Val Pro Glu Asp Leu Ala Asp Arg Leu Val Arg val His 3053103153%g§gt gat cct gca gtg
tgg tggsgtgrtce cag ttc gtc aaa tat ttg att1008 Gly Asp Pro Ala Val Trp Trp Val Ser Gin Phe Val Lys Tyr
Leu lle Page 12 PCT GP0028V - sequence listing.txt 325330335 cgt cca caa cct tgg cta gaa aag gaa
ata gaa gaa gcc acc aag aag1056 Arg Pro Gin Pro Trp Leu Glu Lys Glu lle Glu Glu Ala Thr Lys Lys
3403438504ctt ggc ttc aaa cat cca gtc att gga gtc cat gtc aga cgc aca gac1104 Leu Gly Phe Lys His
Pro gﬁ%@a gﬁgz Val His Val Arg Arg Thr Asp 355360365 aaa gtg gga aca gag gca gcc ttc cat ccc atc
gaa gagtagighg gtadiks2 Lys Val Gly Thr Glu Ala Ala Phe His Pro lle Glu Glu Tyr Met Val 370375380
cat gttgg\a gaa cat ttt cag ctt ctc gca cgc aga atg caa gtg gat1200 His Val Glu Glu His Phe Gin Leu

Leu AMELENVak ﬁ%?%@@%ﬁ%@@ Aga 937 393 YR lahGlgget acc gat gac cetget tig tta
aag gagl1248 Lys Lys Asg Val Tyr Leu Ala ThiAsp Asp Pro Ala Leu1su Lys Glu
Gly Leu val czsoy Lys Ala Ile GIn Ez_%fs val val Ala Asp <35(1Jy Ala Gly
Leu Pro ggy Glu Asp Trp val zge val Ser Ser Lys Asp Ala Asp Leu
45
Thr ;;{s)p Thr Ala GIn Thr ggg Ala Leu Phe Glu Lys val G1n Pro Thr
60
His val ITe His Leu Ala Ala Met val Gly Gly Leu Phe Arg Asn Ile
65 70 75 : 80
Lys Tyr Asn Leu Asp Phe Trp Arg Lys Asn val His Met Asn Asp Asn
85 90 95
val Leu His Ser Ala Phe Glu val Gly Ala Arg Lys val val Ser Cys
100 105 110
Leu Ser Thr Cys ITe Phe Pro Asp Lys Thr Thr Tyr Pro Ile Asp Glu
115 120 125
Thr Met ITe His Asn Gly Pro Pro His Asn Ser Asn Phe Gly Tyr Ser
130 135 140
Tyr Ala Lys Arg Met Ile Asp val GIn Asn Arg Ala Tyr Phe GIn Gln
145 , 150 155 160
Tyr Gly Cys Thr Phe Thr Ala val ITe Pro Thr Asn val Phe Gly Pro
165 170 175
His Asp Asn Phe Asn Ile Glu Asp Gly His val Leu Pro Gly Leu Ile
180 185 190
His Lys val His Leu Ala Lys Ser Ser Gly Ser Ala Leu Thr val Trp
195 200 205
Gly Thr Gly Asn Pro Arg Arg GIn Phe Ile Tyr Ser Leu Asp Leu Ala
210 215 220
Gln Leu Phe Ile Trp val Leu Arg Glu Tyr Asn Glu val Glu Pro Ile
225 230 235 240
Ile Leu Ser val Gly Glu Glu Asp Glu val Ser Ile Lys Glu Ala Ala
245 250 255
Glu Ala val val Glu Ala Met Asp pPhe HMis Gly Glu val Thr pPhe Asp
260 265 270
Thr Thr Lys Ser Asp Gly GIn Phe Lys Lys Thr Ala Ser Asn Ser Lys
275 280 285
Leu Arg Thr Tyr Leu Pro Asp Phe Arg Phe Thr Pro Phe Lys Gin Ala
290 295 300
val Lys Glu Thr Cys Ala Trp Phe Thr Asp Asn Tyr Glu GIn Ala Arg
305 310 315 320
LYyS

<210> 5

<211> 1095

<212> DNA

<213> Homo sapians

<220>

<221> CDS

<222> (1)...(1095)

<223> GDhP-fucose transporter

<400> 5
atg aat agg gcc cct ctg aag cgg tcc agg atc ¢tg cac atg gcg ctg 48
Fage 5



405410415 gca aag aca aag tac tcc aat tat gaa ttt att agt gat aac tct att1296 Ala Lys Thr Lys Tyr Ser
Asn Tyr Glu Phe lle Ser Asp Asn Ser lle 420425430 tct tgg tca gct gga tta cac aat cgg tac aca gaa aat
tca ctt cggl344 Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn ser Leu Arg 435440445 g c gtg
atc ctg gat ata cac ttt ctc tct cag gct gac ttc cta gtg1l392 G y Val lle Leu Asp lle His Phe Leu Ser Gin
Ala Asp Phe Leu val 45045546mgt6§ﬁ&28mat6@mﬁ1f%1\?§% s_‘%; %m%t tat gaa atc atg caal440 cys

i

Thr Pie S8F S&P G%}FV%Q“C%‘NQ’ Val B>t SR 25480 acc ctg cat cct gat gec tct
gca aac ttc cac tct tta gat gac atc1488 Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp

lle 4852 DEscheR tegga%fod chd st @%gsa' 8 ae ttaa¥ ae¢536°%yr Tyr Phe Gly Gly
Gin Z\E'ﬁ Rig I—ﬁiaAgﬁr r%‘l;ePA aVal ‘@? rgUS’b égl%ﬁgaé Sa%? t%%ga et gat gag gaa att cca atg
gaa cct gga gat atc1584 His Lys Pro Arg Thr Asp Glu Glu lle Pro Met Glu Pro Gly Asp lle 515520525

att gﬁﬁyéﬁctﬁéﬁaﬁﬁcﬁ‘% %5%%%33’5%3%@% B oEl e 9aB 103 e Gly i AlaBly Asn His Trp Asp

Gly Tyr Ser Lyg{sly val Asn aga aaa ctt gga aaajgca ggc tta tat ccc tcc tac aaa gtc cga
gag 1680 Arg Lys Leu Ely Lys Thr Gly Leu Tyr Pro Ser Tyr Lys Val Ar%GIu 545550555560 aag ata
a

gaa 488 §irialtaicod poata Gefodztoshhanaallindf TRy S R Bl £8F vartys Tyr Pro Thr Tyr

Pro Glu AlB0GIu Lys * 565570575 %210> 10 <211> 57560

agc ccc tee ctg cgg ctg gac acc ccc atc ttc gtc acc ttc tac cag 240
Ser Pro Ser Leu Arg Leu Asp Thr Pro Ile phe vVal Thr Phe Tyr Glin
65 70 75 80

tgc ctg gtg acc acg ctg €tg tgc aaa g?c Ctc agc gt ctg geo gec 288
Cys Leu val Thr Thr Leu Leu Cys Lys Gly Leu Ser Ala Leu Ala Ala
85 90 95

tge tge cct g?t-gcc gtg gac ttc ccc age ttg cge ctg gac ctc agg 336
Cys Cys Pro Gly Ala val Asp Phe Pro Ser lLeu Arg Leud Asp Leu Arg
100 105 110

gtg gce cge age gte ctg cec ctg tcg gitg gte ttc atc g%c atg atc 384
val Ala Arg Ser val Leu Pro Lea Ser val val Phe Ile Gly Met 1le
115 12 125

acc ttc aat aac ctc tgc ctc aag tac gic g?t gtg gcc ttc tac aat 432
Thr Phe Asn Asn Leu Cys Leu Lys Tyr val Gly val Ala Phe Tyr Asn
130 135 140

gty g?c cgc tca Cctc acc acc gtc ttc aac ¢gtg ctg ctc tcc tac c¢tg 480
val Gly Arg Ser Leu Thr Thr val Phe Asn val Leu Leu Ser Tyr Leu
145 150 155 160

ctg ctc aag cag acc acc tcc ttc tat gcc ctg ctc acc tge g%t atc 528
teu Leu Lys GIn Thr Thr Ser Phe Tyr Ala Leu Leu Thr Cys Gly Ile
165 170 175

atc atc g%g ggc ttc tgg ctt ggt gtg gac cag gag.g?g gca gaa g?c 576
Tle 1Te Gly Gly Phe Trp Leu Gly val Asp Gln Glu Gly Ala Glu Gly
180 185 190
acc ctg teg tgg Ctg g%c acc gtc ttc ggc gtg ctg gct age cte tgt 624
Thr Leu Sgr Trp Leu Gly Thr ga1 phe Gly val Leu Ala Ser Leu Cys
195 00 205

gtc tcg ctc aac geo atc tac acc acg aag gtg ctc ccg geg gtg gac 672
val geg leu Asn Ala Ile g{g Thr Thr Lys va Egg Pro Ala val Asp
1.

ggc age atc tgg cgc ctg act tic tac aaC aac gtc aac gcc tge atc 720
Gly Ser Ile Trp Arg Leu Thr Phe Tyr Asn Asn val Asn Ala Cys Ile
225 230 235 240

ctc tt¢ ctg ccc ctg ¢t ctg ctg ctc g%g gag ctt cag gcc ctg cgt 768
Leu Phe Leu Pro Eeg Leu Leu Leu Leu 35% Glu Leu GIn Ala Leu Arg
4 255

gac ttt gcc cag ctg g%c agt gcc cac ttc tgg g?g atg atg acg ctg 816
Asp Phe Ala gég Leu Gly Ser Ala gég Phe Trp Gly Met ggg Thr Leu

ggc ggc ctg ttt ggc ttt gCcc atc gge tac gtg aca gga ctg cag atc 864
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<212> PRT <213> Rattus norvegicus PCT GF0028Y - sequence listing.txt <400> 10 Met Arg Ala Trp
Thr Gly Ser Trp Arg Trp Ille Met Leu lle Leu Phe 151015 Ala Trp Gly Thr Leu Leu Phe Tyr lle Gly Gly
His Leu Val Arg Asp 202530 Asn Asp His Pro Asp His Ser Ser Arg Glu Leu Ser Lys lle Leu Ala 354045
Lys Leu Glu Arg Leu Lys Gin Gin Asn Glu Asp Leu Arg Arg Met Ala 505560 Glu Ser Leu Arg lle Pro
Glu Gly Pro lle Asp Gin Gly ThiPATaGr®0887 0758 @lycArdi\sal Aggtwal Leu Glu Glu Gin Leu Val Lys
Ala [§¥ SV C51856608 e Bfu Adh T3 ¥ LTSGR AN Ar§IKshBIf [ Bly Lys Asp His 100105110
Glu Leu Leu Arg Arg Arg lle Glu Asn Gly Ala Lys Glu Leu Trp Pile 115120125 Phe Leu Gin Ser Glu

Leu E%@ [ L_gtf}l:?%tl-@q_él]:‘@ GI%%sﬁaGllB (ﬁf%g%@ Beg %ﬁ Aﬁ%}ﬁwa A%} Glu lle Leu Leu
Asp R ﬁ HIY |§'éﬁfi4ﬁ“5é 55 [ ﬁ\sra <& IFeeK/I%%fhr ,&sp el ?r Leu Ser Gin Thr Asp Gly
Ala 165170175 Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Leu Val Gin 180185190 Arg Arg

lle T@E?;&iﬁe@%@|?%@ﬁcf§§:%§\§p€§%sf§gr%{s ﬁ% Joce %%@0§}§§%§u \Hilcys Asn lle Asn Lys

Gly Gys Gly Tyr Gly Cys Gign

ttc ctc tgg tgg acg agc aac atg atg gtg ctyg g%c g%c tcc tee gee 1008
Phe Leu Trp Trp Thr Ser Asn Met Met val Leu Gly Gly Ser Ser Ala

325 330 335

tac acc tgg gtc agy g%c tgg gag atg aag aag act ccg gag gag <cc 1056
Tyr Thr Trp val Arg Gly Trp Glu Met Lys Lys Thr Pro Glu Glu Pro

340 345 350

age Cccc aaa gac age gag aag agc gcoe atg g?g gtg tga 1095
Ser Pro %ys Asp Ser Glu Lys Ser Ala Met Gly val *
55 . 360

<210> 6

<211> 364

<212> PRT

<213> Homo sapians

<400> 6
Met Asn Arg Ala PEO'Leu LYS Arg Ser ggg ITe Leu His Met Ala Leu
1 15
Thr Gly Ala Ser Asp Pro Ser aAla Glu Ala Glu Ala Asn §1y Glu Lys
20 25 0
Pro Phe %gu Leu Arg Ala Leu Gén ITe Ala Leu val val ser Leu Tyr
4 45
Trp g81 Thr ser Ile ser ggt val Phe Leu Asn g%s Tyr Leu Leu Asp
Ser Pro Ser Leu Arg Leu Asp Thr Pro Ile Phe val Thr Phe Tyr GlIn
65 70 75 &0
Cys Leu val Thr g?r Leu Leu Cys Lys géy Leu Ser Ala Leu Ala Ala
95
Cys Cys Pro Gly Ala val Asp Phe Pro Ser Leu Arg Leu Asp Leu Arg
100 105 110
val Ala Arg ser val Leu Pro Leu Ser val val phe Tle Gly Met Ile
115 120 125
Thr Phe Asn Asn Leu Cys Leu Lys Tyr val Gly val Ala phe Tyr Asn
130 135 140
val Gly Arg Ser Leu Thr Thr val Phe Asn val Leu Leu Ser Tyr Leu
145 ' 150 155 160
Leu Leu Lys Gln Thr Thr Ser Phe Tyr Ala Leu Leu Thr Cys Gly Ile
165 170 175
ITe I7e Gly Gly Phe Trp Leu Gly val Asp GlIn Glu Gly Ala Glu Gly
180 185 190
Thr Leu Ser Trp Leu Gly Thr val phe Gly val Leu Ala Ser Leu Cys
195 200 205
val Ser Leu Asn Ala Ile Tyr Thr Thr Lys val Leu Pro Ala val Asp
210 215 220
Gly Ser Ile Trp Arg Leu Thr Phe Tyr Asn Asn val Asn Ala Cys Ile
225 230 235 240
teu Phe Leu Pro Leu Leu Leu Leu Leu Gly Glu Leu GIn Ala Leu Arg
245 250 . 255
Asp Phe Ala GIn Leu Gly Ser Ala His Phe Trp Gly Met Met Thr Leu
260 265 270
Gly Gly Leu Phe Gly Phe Ala Ile Gly Tyr val Thr Gly Leu Gin Ile
275 280 285
Lys Phe Thr Ser Pro Leu Thr His Asn val Ser Gly Thr Ala Lys Ala
290 295 300
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210215220 His His Val Val Tyr Cys Phe Met lle Ala Tyr Gly Thr Gin Arg Thr 225230235240 Leu lle
Leu Glu Ser Gin Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu 245250255 Thr Val Pile Arg Pro Val Ser Glu
Thr Cys Thr Asp Arg ser Gly Leu 260265270 Ser Thr Gly His Trp Ser Gly Glu Val Asn Asp Lys Asn lle
Gin Val 275280285 Val Glu Leu Pro lle Val Asp Ser Leu His Pro Arg Pro Pro Tyr Leu 290295300 Pro
Leu Ala Val Pro Glu Asp Leu ARCASF®BYeu Vahregoeall His BB53%0315320 Gly Asp Pro Ala Val Trp
Trp Y8 PG PIEVARLySH ALRU G 333%’(5@%26«6}%8@“? Bro“¥Pp 1%y Glu Lys Glu lle Glu Glu
Ala Phe LysuLysB40345835G:4 e GiyvMehereys\Hit Pea \Glllelysdalddis Wil Arg Arg Thr Asp
35536036 Lés val clalgh’ihr Glu Ala Ala Phe @@PLro lle GILEGIU Tyr (%\gét Val 370375380 His Val Glu
Glu HE PRE GIfF LﬁbLe;ﬁgA?a%\rgrﬁ\rg M%in Xral )@p §‘§5 5‘63%%4 ULys ?_ys Arg Val Tyr Leu Ala Thr
Asp #sp Bo Ala Lap Letr LybuGlyAG84 18014 3étadys Tor Lys Tyr Ser Asn Tyr Glu Phe lle Ser Asp
Asn Ser lle 436425430 Ser Trp Ser 244 Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu Arg 435440445
Gly Val lle Leu Asp lle His Pile Leu Ser Gin Ala Asp Pile Leu val 450455460 Cys Thr Pile Ser Ser Gin
Val §§'%g§rq7\/2%l Ala Tyr Glu lle Met Gin

<212> DNA )
<213> Homo sapians

<220>

<221> CDS

«222> (1)...(1728)

<223> alpha-1,6-fucosyltransferase (hFuTg)

<400> 7

atg cgg cca tgg act ggt tcc tgg cgt tgg att atg ctc att ctt ttt 48
Met Arg Pro Trp Thr Gly Ser Trp Arg Trp Ile Met Leu ITe Leu Phe

1 5 10 15

gcc tgg ggg acc tig ctg ttt tat ata g?t ggt cac ttg gta cga gat 96
Ala Trp Gly Tgs Leu Leu Phe Tyr Igg Gly Gly His Leu V%é Arg Asp

aat gac cat ¢ct gat cac tct agc cga gaa ctg tee aag att ctg gea 144
Ashn Asp His Pro Asp His Ser Ser Arg Glu Leu Ser Lyg ITe Leu Ala
35 40 4

aag ctt gaa cgc tta aaa caa cag aat gaa gac ttg agg cga atg gcc 192
Lys Leu GIu Arg Leu Lys GIn Gln Asn Glu Asp lLeu Arg Arg Met Ala
50 55 60

gaa tct ctc cgg ata cca gaa g%c cct att gat cag ggg cca gct ata 240
Glu Ser Leu Arg Ile Pro Glu Gly Pro Ile Asg Gin Gly pPro Ala I%S
65 70 7

g%a aga gta cgc gtrt tta gaa gag cag ctt gtl aag gcc aaa gaa cag 288
Gly Arg val Arg Vg? Leu Glu Glu GIn LSS val Lys Ala Lys G;g Gin
3

att gaa aat tac aag aaa cag acc aga aat ggt ctg g?g aag gat cat 336
ITe Glu Asn Tyr Lys Lys Gin Thr Arg Asn Gly Leu Gly Lys Asp His
100 105 110

gaa atc ctg agg agg agg att gaa aat g?a gct aaa gag ctc tygg ttt 384
Glu ITe Leu Arg Arg Arg Ile Glu Asn Gly Ala Lys %;g Leu Trp Phe
115 120

ttc cta cag agt gaa ttg aag aaa tta aag aac tta gaa g?a aat gaa 432
Phe Leu Gin Ser Glu Leu ng Lys Leu Lys Asn %23 Glu Gly Asn Glu
130 1

ctc caa aga cat gca gat gaa ttt ctt ttg gat tta gga cat cat gaa 480
Leu GIn Arg His Ala Asp Glu Phe Leu Leu Asp Leu Gly His His Glu
145 150 155 160

agg tct ata atg acg gat cta tac tac ctc agi cag aca gat g%a gca 528
Arg Ser Ile Met Tgr Asp Leu Tyr Tyr 5?8 Ser GIn Thr Asp $7¥ Ala
165

g?t gat tgg cgg gaa aaa gag gcc aaa gat ctg aca gaa ctg gtt cag 576
Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu ng val GlIn
180 185 1
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465470475480 Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp lle 485490495 Tyr Tyr
Phe Gly Gly Gin Asn Ala His Asn Gin lle Ala Val Tyr Pro 500505510 His Lys Pro Arg Thr Asp Glu Glu
lle Pro Met Glu Pro Gly Asp lle 515520525 Page 14 PCT GF0028Y - sequence listing.txt lle Gly Val
Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly Val Asn 530535540 Arg Lys Leu Gly Lys Thr Gly Leu Tyr
Pro Ser Tyr Lys Val Arg Glu 545 550-88%60 kygutaciul Tht-Mal. kys Tyr Pro Thr Tyr Pro Glu Ala Glu

Lys 570575 <210>.11 <211> 1728.<212> DNA <2 >Musgnuscu|us <220=>.5221> CDS <222>
(2)... ?gzﬁﬁ%ﬁﬁhﬁ,éﬁé@%ﬁ%&%ﬁ%&%ﬁ@&bﬂi ﬁﬁcaéﬁgcaﬁtzgg act ggt tec tgg cgt

tgg att atg ctcl& ctt ttt48 met Arg Ald0Prp Thr Gly Ser Trp A@p Trp lle Met Leu lle Leu Phe 151015 gcc

t9g Qg ttg Hadittal.ata,ggt gt cat.ttg gtt 96 Ala Jrp,Gly Iy Lep LegARBhe Tyr lle Gly Gly
His Lte% B&A%%Asg_gz&zﬁsmaah naagacg%t gtcgf::a cwag%gbgg(%a&%tgcﬂec aag aztt ctt gcald4 Asn

Asp His BF& Asp His Ser Ser ArdiGlu Leu Ser Lys lle L&Y Ala 354045

cat cat gtg gtc¢ tac tge ttc atg art gca tat g?c acc cag cga aca 720
His His val val Tyr Cys Phe Met Ile Ala Tyr Gly Thr GIn Arg Thr
225 230 235 : 240

Ctc atc ttg gaa tCt cag aat tgg <¢gc tat get act g%t gga tgg gag 768
teu Ile Leu Glu ggg Gin Asn Trp Arg gyr Ala Thr Gly Gly Trp Glu
' 50 255

act gta ttt agg cct gta agt gag aca tgc aca gac aga tct g%c atc 816
Thr val pPhe Arg Pro val ser Glu ng Cys Thr Asp Arg S;g Gly Ile
260 2 2

tcc act gga cac tygg tca g?t gaa gtg aag gac aaa aat gtt caa gtg 8§64
Ser Thr Gly His Trp Ser Gly Glu val Lys Asp Lys %gn val Gin val
275 280 5

gtc gag ctt ccc att gta gac agt ctt cat ccc cgt cct cca tat tta 912
val Glu Leu Pro Ile val Asp Ser Leu His Pro Arg Pro Pro Tyr Leu
290 295 300

ccc ttg gct gta cca gaa gac ctc gca gat cga ctt gta cga grg cat 960
Pro Leu Ala val Pro Glu Asp Leu Ala Asp Arg Leu val Arg val His
305 310 315 320

ggt gac cct gca gty tgg tgg gtg tct cag tit gtc aaa tac ttg atc 1008
Gly Asp Pro Ala val Trp Trp val Ser GTS Phe val Lys Tyr teu ITe
325 33 335

CgC Ccca cag cct tgg cta gaa aaa gaa ata gaa gaa gCcC acc aag aag 1056
Arg Pro GIn Pro Trp Leu Glu Lys g?u Ile Glu Glu Ala Thr Lys Lys
340 45 350

ctt g?c ttc aaa cat cca gtt att g?a gtc cat gtc aga cgc aca gac 1104
teu Gly g?e Lys His Pro val Ile Gly val His val %rg Arg Thr Asp
5 360 65

aaa gt g?a aca gaa gct gec tte cat ccc att gaa gag tac atg gt 1152
Lys val Gly Thr Glu Ala gﬂa Phe His Pro Ile (3;;3 Glu Tyr Met va
370 75

cat gtt gaa gaa cat ttt cag ctt ctt gca cgc aga atg caa gtg gac 1200
His val Glu Glu His Phe GIn Leu Leu Ala Arg Arg Met Gln val Asp
385 390 395 400

daa aaa aga gtg tat ttg goc aca gat gac cCt tet tta tta aag gag 1248
Lys Lys Arg val Tyr Leu Ala Thr Asp Asp Pro Ser Leu Leu Lys Glu

405 410 415
gca aaa aca aag tac ccc aat tat gaa tft att agt gat aac tct att 1296

Ala Lys Thr Lys Tyr Pro Asn Tyr Glu Phe ITe Ser Asp Asn Ser Ile
420 425 430

tcc tgg tca gct gga ctg cac aat cga tac aca gaa aat tca ctt cgt 1344
Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu Arg
435 4490 445

g?a gtg atc ctg gat ata cat ttt ctc tct cag gca gac ttec cta gt 1392
Gly val TIle Leu Asp Ile His Phe Leu Ser GIn Ala Asp Phe Leu Va
450 455 460
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aag ctt gaa cgc tta aaa cag caa aat gaa gac ttg agg cga atg gct192 Lys Leu Glu Arg Leu Lys Gin Gin
Asn Glu Asp Leu Arg Arg Met Ala 505560 gag tct ctc cga ata cca gaa ggc ccc att gac cag ggg aca gct
aca 240 Glu Ser Leu Arg lle Pro Glu Gly Pro lle Asp Gin Gly Thr Ala Thr 65707580 gga aga gtc cgt gtt
tta gaa gaa cag ctt gtt aag gcc aaa gaa cag288 Gly Arg val Arg val Leu Glu Glu Gin Leu Val Lys Ala
Lys Glu Gin 859095 att gaa aattac aefasa casegokaga aas goiciyggg aag gat cat336 lle Glu Asn

Tyr Lys G rg Asp Gl ly_Lys Asp Hi 1 tc tta a g agg att gaa aat
000 01 A oAt R A e o o b A Ly SliCou T Phe
1157#0125 ttt cta caa agc §a8 ctg aag aaa tta aag“cat tta gaa gga aat g@&32 Phe Leu Gin Ser Glu

Leu Lys loxa Lakt LS His L @i Sl Bly AsEly- 3435140 ¢l cgaagacakgca gaggaa att cit tig gat tta
gga thac catgais480olespGai AgeHis alanfspriduie Leur et AsipLesp@yeHis His Glu 145150155160

agg tct atc atg aca gatt2 tac tac ctc agt caat®h gat gga gca528 AffSer lle Met Thr Asp Leu Tyr Tyr

Leu Gar @i Tk q¥$t@ag6ﬁt7@k25@@gmt 196 Cotar aan gaghgCgRaa gatetg aca gag ctg gtc
cag536 GlyrABETER AFY GI6l Dys Bl MaHiys Asp G eu Thr Gla Ligke ialrGial80185190 PCT GF0028Y
- sequence Iisting.% PArg Arg lle Thr Tyr %L Gin Asn Pro Lys A%JpOCys Ser Lys Ala Arg 195200205

aag ctg gctgatg(c(aac@atcaat gaa ggc tgtgoatatgot day cgaactoﬁ?@%/Sgbeu‘—Nal Cys#sn lle Asn Lys Gly

Cys &5 ¢ F‘C@%’C%QGTH Téd azfé@lg%ot&ét RER Y& g‘%&%agg@t‘i atgratf tRt tat gge acc cag cga
acar20

att ggt gtg gct gga aat cat tgg gat g%c tat tct aaa g%t gtc aac 1632
Ile g3g val Ala Gly Asn g;g Trp Asp Gly Tyr geg Lys Gly val Asn
4

agg aaa ttg gga agg acg g%c Ccta tat ccc tcc tac aaa gtt cga gag 1680
Arg Lys Leu Gly Arg Thr Gly Leu Tyr Pro Ser Tyr Lys val Arg Glu
545 ‘ 550 555 560

aag ata gaa acg gtc aag tac ccc aca tat cct gag gct gag aaa taa 1728
Lys Ile Glu Thr ggé Lys Tyr Pro Thr E;g Pro Glu Ala Glu §¥§ ®

<210> 8

<211> 575

<212> PRT

<213> Homoc sapians

<400> 8
Mit Arg Pro Trp T?r Gly Ser Trp Arg Isp Ile Met Leu Ile Lgu Phe
1

Ala Trp Gly Thr Leu Leu pPhe Tyr Ile Gly Gly His teu val Arg Asp
20 25 30

Asn Asp gés Pro Asp His Ser Ser Arg Glu Leu Ser Lys Ile Leu Ala

Lys %SU Glu Arg Leu Lys gén GIn Asn Glu Asp %gu Arg Arg Met Ala

Glu ser Leu Arg Ile Pro Glu Gly Pro Ile Asp Glin Gly Pro Ala Ile

65 70 _ 75 80

Gly Arg val Arg val Leu Glu Glu Gln seu val Lys Ala Lys Glu Gln

85 0 95

Ile Glu Asn Tyr Lys Lys Gin Thr Arg Asn Gly Leu Gly Lys Asp His
100 105 110

Glu Ile Leu Arg Arg Arg Ile Glu Asn Gly Ala Lys Glu Leu Trp Phe

115 120 125
Phe Leu GlIn Ser Glu Leu Lys Lys Leu Lys Asn Leu Glu Gly Asn Glu
130 135 140

Leu Gin Arg His Ala Asp Glu Phe Leu Leu Asp Leu Gly His His Glu

145 150 155 160

Arg Ser Ile Met Thr Asp bLeu Tyr Tyr Leu Ser Glin Thr Asp Gly Ala

165 170 175

Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Leu val Gln
180 185 190

Arg Arg Ile Thr Tyr Leu GIn Asn Pro Lys Asp Cys Ser Lys Ala Lys

195 200 205
Lys Leu val Cys Asn Ile Asn Lys Gly Cys Gly Tyr Gly Cys GIn Leu
210 215 220

His His val val Tyr Cys Phe Met Ile Ala Tyr Gly Thr GIn Arg Thr

225 230 235 240

Leu ITe Leu Glu Ser GIn Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu
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His His Val Val Tyr Cys Phe Met lle Ala Tyr Gly Thr Gin Arg Thr 225230235240 ctc atc ttg gaa tct cag
aat tgg cgc tat gct act ggt gga tgg gag768 Leu lle Leu Glu Ser Gin Asn Trp Arg Tyr Ala Thr Gly Gly Trp
Glu 245250255 act gtg ttt aga cct gta agt gag aca tgt aca gac aga tct ggc ctc 816 Thr val Phe Arg Pro
Val Ser Glu Thr Cys Thr Asp Arg Ser Gly Leu 260265270 tcc act gga cac tgg tca ggt gaa gta aat gac
aaa aac att caa gtg 864 Ser ThrGlydA® TP Sercabe@ia Vab A Lys Asn lle Gin Val 275280285

9t 936 o5 8101 CAP 295 e CoNECANCEOK! o g Jaga2alp) €1 Ly Pro lle val Asp Ser Leu

His Pro Arg Pro Pegdyr Leu 00 geg ctg gct gtt cca gaagac ctt gca gac cga ctc cta aga gtc cat
960 Pe6 b /g \/‘éﬂlSPFG‘@I%?AS@TMegmlafﬁﬂsﬁ)ﬁﬁrg"@éu’-bﬁéu%% Yad| K9 3061310315320 ggt gac cct gca
tgd I

9tg tggigg gid &Ecisan 1 0inaardacslt AUA0RR Gl ARPPEL R Al T Tup val Ser Gin Phe Val Lys
Tyr Leu 1E9825330335 cgt cca ¢aa cct tgg ctg gaa aagdgha ata gaa gaa gcc acc aag aagl056 Arg Pro

Gin BEQ HHLAIACIA LTS GRI He SR st Ald TP LY5 y$1845948880VEtt g¢ tic aaa cat cca gt att gga
gtc catyoiesagareod RCa gRcl-D4 dew SBlysRheashysHris P1o vaklle ely ¥al His Val Arg Arg Thr Asp

355360365 aaa gtg gg&aca gaa gca gcc ttc 3 cce at¢ gag gag tadabg gta 1152 Lys Val Gly Thr Glu
Ala Afégp%’"eol—ﬁiq?%gl%fﬂu%ﬂﬁ& et @;gs‘%’afﬁﬁsﬁ%&a t gaa §%3 E&Ptit cag ctt cte gea cge aga

atg omgmg)ga’!ia?%sl—lisivwﬁlwsiuj%l% Fhe Gih bes kel AiagZA«ggAwg Metfsin Val Asp 385390395400
aaa paa tat ctg gct act tg%a ctact ttg tta a % 8 Lys Lys.Arg Val Tyr Leu Ala Thr Asp
a7 4113 ¢1e 001 80t 431 9BRect ACtlg 1 20g 0RP40 s b d

Asp rs(’) Leu Lys gCa aag acaxag aat tat gaa ttt att agt gat aac tct

att1206 val Glu Glu His Phe Gln Leu Leu Ala Arg Arg Met GIn val Asp

385 390 395 400

Lys Lys Arg val Tyr Leu Ala Thr Asp Asp Pro Ser Leu Leu Lys Glu
405 410 415

Ala Lys Thr Lys Tyr Pro Asn Tyr Glu Phe Ile Ser Asp Asnh Ser Ile

420 425 430
Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu Arg
435 440 445

Gly val Tle Leu Asp Ile His Phe Leu Ser Gln Ala Asp Phe Leu val
450 455 460 :

Cys Thr Phe Ser Ser Gln val Cys Arg val Ala Tyr Glu Ile Met Gln

465 470 475 480

Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp Ile
485 490 495

Tyr Tyr Phe Gly Gly GIn Asn Ala His Asn GIn Ile Ala Ile Tyr Ala

500 505 510
His GIn Pro Arg Thr Ala Asp Glu Ile Pro Met Glu Pro Gly Asp Ile
© 515 520 525
ITe Gly val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly val Asn
530 535 540

Arg Lys Leu Gly arg Thr Gly Leu Tyr Pro Ser Tyr Lys val Arg Glu

545 550 555 560
Lys Ile Glu Thr val Lys Tyr Pro Thr Tyr Pro Glu Ala Glu Lys
565 570 575

<210> 9

<211> 1728

<212> DNA

<213> Rattus norvegicus

<220>

<Z221> CDS

<222> (1)...(1728)

<223> alpha-1,6-fucosyltransferase (rrut8)

<400=> 9
atg cgg gca tgg act g?t tece tgg cgt tgg att atg ctce att ctt ttt 48
Met Arg Ala Trp Thr Gly Ser Trp Arg Trp Ile Met Leu Ile Leu Phe

1 5 10 15

gce tgg g%g acc ttg ttg ttt tat ata ggt g%t cat ttg gtt cga gat 96
Ala Trp Gly TSS Leu Leu Phe Tyr Ile Gly Gly His Leu val Arg Asp
25 30

aat gac cac c¢ct gat cac tct agc aga gaa Ctc tcc aag att ctt gca 144
Ash Asp His Pro Asp His Ser Ser Arg Glu Leu Ser Lys Ile Leu Ala
35 40 45

aag ctt gaa c¢gc tta aaa caa caa aat gaa gac ttg agg cga atg gct 192
Lys Leu Glu Arg Leu Lys GIn Gln Asn Glu Asp Leu Arg Arg Met Ala
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Ala Lys Thr Lys Tyr Ser Asn Tyr Glu Phe lle Ser Asp Asn Ser lle 420425430 tct tgg tca gct gga cta cac
aat cgg tac aca gaa aat tca ctt cggl344 Ser Trp Ser Ala Gly Leu His ASn Arg Tyr Thr Glu Asn Ser Leu
Arg 435440445 ggt gtg atc ctg gat ata cac ttt ctc tca cag gct gac ttt cta gtg1392 Gly Val lle Leu Asp lle
His Phe Leu Ser Gin Ala Asp Phe Leu Val 450455460 PCT GF0028Y - sequence listing.txt Cys Thr
Phe Ser Ser Gin Val Cys Arg Vel AlerT9e &1u-lleduetrGm HobdiF@d 5480 acc ctg cat cct gat gec tct gcg
aac ttc carfit ttg gat gac atc1488 Thr Leu His Pro Asp Afa Ser Ala Asn Phe His Ser Leu Asp Asp lle

485404 9ot acttatdihggeageeCaanqigece cac aateag ath g@%@tht@t getd 236 Tyr2kyr Phe Gly Gly Gin
Asn A 5 I%PJ"AES‘?PG’iﬁQIIéWIa"%IW Ry SU@SGESKﬁa@TaaQ oetTegasdet gas gag gaa att cca atg gaa
cct gga gat atc1584 His Lys Pro Arg Thr Glu Glu Gld Ile Pro Met Glu Pro é?y Asp lle 515520525 att

ggt gigegetiggataacotatigy gat ggbtabict can ggt ataraand GR2 llea&lyddalcAta GlygAsn His Trp Asp Gly
Tyr §g’ L%fsqdfﬂlé*%%r’{%d‘ﬁ%ﬁ b 544 48 étg g4 hde &c%@gb&?a(fégc%ftcc tac aaa gtc cga

'0ag1680 Arg Lys Leu Gly Lys Thr Gly Leu Tyr Pro Ser Tyr Lys Val Arg Glu 545550555560 aag ata
gaa ath g aayttdtaCceé AL A4t cengagcgetyai Aagotagly28daysdle &Glu Thk Valddgs Tyr Pro Thr Tyr
e E16 SR 3 SABE s A LGS oy S Byaeu 1y Tys Asp s

110

gaa ctCc tta agg agg agg att gaa aat g%a gct aaa gag ctc tgg tit 384
Glu Leu i;g Arg Arg Arg ile G%g Asn Gly Ala Lys Glu Leu Trp Phe
1 125

ttt cta caa agt gaa ctg aag aaa tta aag cat cta gaa g%a aat gaa 432
Phe Leu GIn Ser Glu Leu Lys Lys Leu Lys His Leu Glu Gly Asn Glu
130 135 140

CctC caa aga cat gca gat gaa att ctt ttg gat tta g%a cac c¢at gaa 480
Leu GIn Arg His Ala Asp Glu Ile Leu Leu Asp Leu Gly His His Glu
145 150 155 160
agg tet atc atg acg gat cta tac tac ctc agt caa aca gat g?a gca 528
Arg Ser Ile Met Tgr Asp Leu Tyr Tyr Leg ser GIn Thr Asp Gly Ala

165 17 175

g%g gat tgg cgt gaa aaa gag gcc aaa gat ctg aca gag ctg gtc cag 576
Gly Asp Trp ﬁgg Glu Lys Glu Ala ng Asp Leu Thr Glu Leu val GlIn
1 190

€gg aga ata act tat ctc cag aat ccc aag gac tgc agc aaa gcc agg 624
Arg Arg Ile Thr Tyr Leu GIn Asn Pro Lys Asp Cys Ser Lys Ala Arg
195 200 205

aag ctg gtg tgt aac atc aat aag ggc tgth g?c tat g%t tge caa ctc 672
Lys Seg val Cys Asn 1Ile %s? Lys Gly Cys Gly ggg Gly Cys Gin Leu
1 1

cat cac gtg gtc tac tgt ttc atg att gct tat g?c acc cag cga aca 720
His His val val Tyr Cys Phe Met Ile Ala Tyr Giy Thr Gln Arg Thr
225 - 230 235 240

ctc atc ttg gaa tct cag aat tgg cgc tat get act g?t g%a tgg gag 768
Leu ITe Leu Glu %er Gln Ash Trp Arg Tyr Ala Thr Gly Gly Trp Glu
45 250 255

act gtg ttt aga cct gta agt gag aca tgc aca gac aga tct g?c ctc 816
Thr val phe ggg pro val Ser Glu EEE Cys Thr Asp Arg Ser Gly Leu
270

tcCc act gga cac tgg tca g%t gaa gtg aat gac aaa aat att caa gty 864
Ser Thr g?y His Trp Ser Gly Glu val Asn Asp Lys Asn Ile Gln val
75 280 285

gty gag ctc ccc att gta gac age cte cat cct ¢gg cct cct tac tta 912
Glu Leu Pro Ile val Asp Ser Leu His Pro Arg Pro Pro Tyr Leu
290 295 300

cca ctg gct gtt cca gaa gac ctt gca gat cga ctc gta aga gtc cat 960
Pro Leu Ala val Pro Glu Asp Leu Ala Asp Arg Leu val Arg val His
305 310 315 320

ggt gat cct gca gty tgg tgg gtg tec cag tic gtc aaa tat ttg att 1008
Gly Asp Pro Ala val Trp Trp val Ser GIn Phe val Lys Tyr Leu Ile
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<212> PRT <213> Mus musculus <400> 12 Met Arg Ala Trp Thr Gly Ser Trp Arg Trp lle Met Leu lle
Leu Phe 151015 Ala Trp Gly Thr Leu Leu Phe Tyr lle Gly Gly His Leu Val Arg Asp 202530 Asn Asp
His Pro Asp His Ser Ser Arg Glu Leu Ser Lys lle Leu Ala 354045 Lys Leu Glu Arg Leu Lys Gin Gin
Asn Glu Asp Leu Arg Arg Met Ala 505560 Glu Ser Leu Arg lle Pro Glu Gly Pro lle Asp Gin Gly Thr Ala
Thr 65 70 75 80 Gly Arg Val ArgtVat: e Btu-Ghe@ienteul Vat Liys. At Lys Glu Gin 859095 lle Glu Asn
Tyr Lys Lys Gin Ala Argzﬁxsn Gly Leu Gly Lys %@p His 100105110 GR#fle Leu Arg Arg Arg lle Glu Asn

Gly At LysaGliad eut d rpgbPherd 152Q235d2heakaudain Gar Gld laey las Lysd eulloss His Leu Glu Gly
Asn 819 £301851 éﬁm;ilrﬁmgmiérmagégpfém ﬂéULéﬂJULé&aAgn_éux;MHis His Glu 145150155160

Arg Ser lle Met Th 4 sp Leu Tyr Tyr Leu Ser Gin Thr Asp Gly A 965170175 Gly Asp Trp Arg Gilti Lys

Glu Atx Lg?A LemaTha‘Gh;aegmvathnggaogB‘Slm ﬁg‘g]:Aa dledhratyr ¢su GihlASI, Pro Lys ASp
¥A %l

; ; g
Cys ‘&t eA‘I‘éﬁ@'B?OB’ZDB’ﬂ/SE}%%U s Wsh e A‘%E%%%WC)&S@W Tyr Gly Cys Gin Leu
210215220 His His Val Val Tyr Cys

e Met lle Ala Tyr Gly ?1r Gin Arg Thr 225230235240 Leu lle
e ASER ag tac atg gta 1152
Leu gg ?;/%E cg% ThrTg ?%gﬁgl%@%yglg %F‘g C(g;;gg 218 Tyr Me% \%aﬂ

cat gtt gaa gaa cat tit cag ctt ctc gca cgc aga atg caa gtg gat 1200
His val Glu Glu His Phe GIn Leu Leu Ala Arg Arg Met GIn val Asp
385 390 395 400

aaa aaa aga gta tat ctg gct acc gat gac cct goct ttg tta aag gag 1248
Lys Lys Arg val Tyr Leu Ala Thr Asp Asp Pro Ala Leu Leu Lys Glu
405 410 415 o

gca aag aca aag tac tcc aat tat gaa ttt att agt gat aac tct att 1296
Ala Lys Thr Lgé Tyr Ser Asn Tyr G;g Phe Ile Ser Asp Asn Ser Ile
420 4 430

tct tgg tca gct g?a tta cac aat cgg tac aca gaa aat tca ctt cgg 1344
Ser Trp igg Ala Gly Leu His ASB Arg Tyr Thr Glu Asn Ser Leu Arg
44 445

g%c gtg atc ctg gat ata cac ttt ctc tct cag get gac tic cta gt 1392
Gly val Ile Leu Asp Ile His Phe Leu Ser GIn Ala Asp Phe Leu Va
450 455 460

tgt act ttt tcea tec cag gte tgt cgg gtt get tat gaa atc atg caa 1440
Cys Thr Phe Ser Ser GIn val Cys Arg val Ala Tyr Glu Ile Met Gln
465 470 475 480

acc ctg cat cct gat gco tCt gca aac tic cac tot tta gat gac atc 1488
Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp Ile
485 480 495

tac tat ttt-g%a g%c caa aat gec cac aac cag att goc gtt tat cct 1536
Tyr Tyr Phe §05 Gly GIn Asn Ala Hés Asn GIn Ile Ala val Tyr Pro
505 510

cac aaa cct cga act gat gag gaa att cca atg gaa cct gga gat atc 1584
His Lys Egg Arg Thr Asp Glu g%g Ile Pro Met Glu Pgo Gly Asp Ile
' 525

att g%t gtg gct g%a aac cat tgg gat g%t tat tct aaa ggt gtc aac 1632
Ile Gly val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly val Asn
530 535 540

aga aaa ctt g?a aaa aca g%c tta tat ccc tcc tac aaa gtc cga gag 1680
Arg Lys Leu Gly Lys Thr Gly Leu Tyr Pro Ser Tyr Lys val Arg Glu
545 550 555 560

aag ata gaa aca giC aag tat ccc aca tat cct gaa gcet gaa aaa tag 1728
Lys Ile Glu Thr val Lys Tyr Pro Thr Tyr Pro Glu Ala Glu Lys *
565 570 575

<210> 10
<211> 575
<Z212> PRT
<213> Rattus norvegicus
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245250255 Thr val Phe Arg Pro Val Ser Glu Thr Cys Thr Asp Arg Ser Gly Leu Page 17 PCT
GF0028Y - sequence listing.txt 260265270 Ser Thr Gly His Trp Ser Gly Glu Val Asn Asp Lys Asn lle
Gin Val 275280285 val Glu Leu Pro lle Val Asp Ser Leu His Pro Arg Pro Pro Tyr Leu 290295300 Pro
Leu Ala Val Pro Glu Asp Leu Ala Asp Arg Leu Leu Arg val His 305310315320 Gly Asp Pro Ala Val Trp
Trp Val Ser Gin Phe Val Lys Ty?Qle GA3P5333388BeArg ProsGindRkxTrp Leu Glu Lys Glu lle Glu Glu
Ala Thhhysbys 340345350 Leu Gly Phe Lys His Pro Val lle Gly Val His Val Arg Arg Thr Asp
3553603abgy3 &/alr@ly ihcBGlusiia Ata Rhe Hip Prodledsiu @lurlyr Met kad 370375380 His Val Glu

/(f!é '&}}p@% %Lr[]]’r’

Glu
65

Gly
Ile
Glu
rhe
Leu
145
Arg
Gly
Arg
LysS
His
225
Leu
Thr
Ser
val
Pro
305
Gly
Arg
Leu
Lys
His
385
LYS
Ala
Ser
Gly
Cys
465
Thr
Tyr

His

ser
Arg
Glu
Ley
Leu
130
GIn
Ser
Asp
Arg
Leu
210
His
Ile
val
Thr
Glu
290
Leu
Asp
Pro
Gly
val
370
val
LYS
Lys
Trp
val
450
Thr
Leu
Tyr
LYS

Leu
val
Asn
Leuy
115
Gln
Arg
Iie
Trp
Ile
195
val
val
Leuy
Phe
Gly
275
Ley
Ala
Pro
GIn
Phe
355
Gly
Glu
Arg
Thr
ser
435
Ile
rPhe
His
Phe

Pro
515

u Ledl Ala Arg A
LL;'L‘" L%euu L%/%UG% %4
Asn Ser Her 20428480\ SerHi s Bar Ata GpLelvHisAseA

Gly Yol "@e\:eé%lfasmg

Arg
Arg
Tyr
100
Arg
Ser
His
Met
Arg
180
Thr
Cys
val
Glu
AFg
260
His
Pro
val
Ala
Pro
340
LYS
Thr
Glu
val
Lys
420
Ala
l.eu
Ser
Pro
Gly

500
Arg

Ile
va’l
85

Lys
Arg
Glu
Ala
Thr
165
Glu
Tyr
ASh
Tyr
Ser
245
Pro
Trp
Ile
Pro
val
325
Trp
His
Glu
His
TYI
405
TYr
Gly
ASD
Ser
ASD
485
Gly

Thr

Pro
70

Leu
Lys
Arg
Leu
Asp
150
Asp
Lys
Leu
Ile
Cys
230
Gln
val
Ser
val
Glu
310
Trp
Leu
Pro
ala
Phe
390
L.ey
Ser
Leu
Ile
Gln
470
Ala
GIn

AsSp

Glu
Glu
Gin
Ile
LyS
135
Glu
Leu
Glu
GIn
Asn
215
Phe
Asn
ser
Gly
Asp
295
Asp
Trp
Glu
va'l
Ala
375
Gin
Ala
Asn
His
His
455
val
ser
AsSh

Glu

Gly
Glu
Ala
Glu
120
LYysS
Ile
Tyr
Ala
ASnN
200
Lys
Met
Trp
Glu
Glu
280
Ser
Leu
val
Lys
Tle
360
Phe
l.au
Thr
TYE
Asn
440
Phe
Cys
Ala
Ala

Glu
520

Pro
Gin
Arg
105
ASnN
Leu
Leuy
Tyr
Lys
185
Pro
Gly
Ile
Arg
Thr
265
val
Leu
Ala
ser
Glu
345
Gly
His
Leu
Asp
Glu
425
Arg
lL.eu
Arg
Asn
His
505
Ile

Ile
Leu
90

Asn
Gly
Lys
Leu
Leu
170
ASD
Lys
Cys
Ala
Tyr
250
Cys
Asn
His
ASD
Gln
330
Ile
val
Pro
Ala
ASD
410
Phe
Tyr
ser
val
Phe
4390
Asn

Pro

SRR

Asp
75

val
Gly
Ala
His
Asp
155
serp
Leu
Asp
Gly
Tyr
235
Ala
Thr
Asp
Pro
Arg
315
Phe
Glu
His
1le
Arg
395
Pro
Ile
Thr
Glin
Ala
475
His
Glin

Met

3853903

thi Lys

Gin
Lys
Leu
LyS
Leu
140
L.eu
Gln
Thr
Cys
Tyr
220
Gly
Thr
Asp
LyS
Arg
300
Leu
val
Glu
val
Glu
380
Arg
Ala
Ser
Glu
Ala
460
Tyr
Ser
Ile

Glu
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A Ser

480 Lys Lys Arg Val Tyr Leu Ala Thr
aﬁ ArgAéﬁpl'yr Glu Phe lle Ser Asp

FyETEhL@luMAsn Ser Leu Arg 435440445

Hig Ppe ke S8 GUD NSO PIEH Y3 §IAEHGO Cys Thr Phe Ser Ser Gin

Val Cys Arg Val Ala Tyr Glu lle Met Gin 465470475

Gly
Ala
Gly
Glu
125
Glu
Gly
Thr
Glu
sSer
205
Gly
Thr
Gly
Arg
ASN
285
Pro
val
Lys
Ala
Arg
365
Glu
Met
Leu
ASp
Asn
445
Asp
Glu
Leu
Ala

Pro
525

Thr
Lys
Lys
110
Leu
Gly
His
Asp
Leu
190
Lys
Cys
Gin
Gly
Ser
270
Tle
Pro
Arg
Tyr
Thr
350
Arg
TYr
Gln
Leu
Asn
430
Ser
Phe
Ile
Asp
val

510
Gly

Ala
Glu
95

Asp
Trp
Asn

His

Gly

175
val

Ala
GIn
Arg
Trp
255
Gly
Gin
Tyr
val
f.eu
335
Lys
Thr
MetT
val
Lys
4158
Ser
Leu
Leu
Met
Asp
495
Tyr

Asp

Thr
80
Gin
His
Phe
Glu
Glu
160
Ala
Gin
Arg
Leu
Thr
240
Glu
Leu
val
Leu
His
320
I'le
LYS
ASp
val
Asp
400
Glu
Ile
Arg
val
Gin
480
Ile
Pro

Ile



Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp lle 485490495 Tyr Tyr Phe Gly Gly Gin
Asn Ala His Asn GIn lle Ala Val Tyr Pro 500505510 His Lys Pro Arg Thr Glu Glu Glu lle Pro Met Glu
Pro Gly Asp lle 515520525 lle Gly Val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly lle Asn 530535540
Arg Lys Leu Gly Lys Thr Gly Leu Tyr Pro Ser Tyr Lys Val Arg Glu 545 550 555 560 Lys lle Glu Thr Val
Lys T;( Thr Tyr Pro GIu AIaFGlLﬁ §2§6’55Y% DERBROY 05 931 RQ.ITKE 3{728 <212> DNA <213> Sus
scrofa &> CNachy 255,418 TTP $58) €00 3Y BighG- E-i¥sYitrantferase (pFuTs) <400> 13

atg ogg cogstgg@act lggt.tegy aglytg@attratg eto a&bctm\,thBynetaQrg«&rosTup Thr Gly Ser Trp Arg Trp

lle !\{EﬁSL lle.Leu Ph cc t tt t 4 ttg gta cga gat96 Ala Trp
Gly 5 L§el]ju L%et Ft’tle 'I‘%/%gdle )(fly Iylglglgs %%e% géEArg Aag:i) gg g‘ E @c cac tct gat cac tct agc cga

gaa ctg tcc aag att ttg gca 144 ASF1 ASp His Ser ASp His Ser Ser Arg Glu Leu Ser Lys lle Leu Ala
354045 fag £tg gaa cgc tta aaa caa caa aat gaa gac ttg agg aga atg gct 192 Lys Leu Glu Arg Leu Lys
Gln GiniAsnGh Asp Leu Arg Arg met Ala 505560 PCT GF0028Y - sequence listing.txt gaa tct ctc cga

z %ﬂé’ggc ccc at cag ggg cca gct tca 240 Glu Ser Leu Arg lle Pro Glu Gly Pro lle Asp Gin
GIy ro eresy

<220>

<221> CDS

<222> (1)...(1728)

<223> alpha-1,6-fucosyltransferase {(mFuT8)

<400> 11
atg cgg gca tgg act g?t tcc tgg cgt tgg att atg ctc att Cctt ttt 48
Mit Arg Ala Trp T?r Gly Ser Trp Arg ng Ile Met lLeu Ile Lig Phe

gce tgg g%g acc ttg tta ttt tat ata g%t g%t cat ttg gtt cga gat 96
Ala Trp Gly Thr Leu Leu Phe Tyr Ile G y His Leu VgT Arg Asp
20 25 0

aat gac cac cct gat cac tcc agc aga gaa ctc tcc aag att ctt gea 144
Asn Asp Hés Pro Asp His Ser Seg Arg Glu Leu Ser Lyg Ile Leu Ala
5 A4 4

aag ctt gaa cgc tta aaa cag caa aat gaa gac ttg agg cga atg gct 192
Lys Leg Glu Arg Leu Lys Ggg GIn Asn Glu Asp ng Arg Arg Met Ala
5

gag tct ctc cga ata cca gaa ggc ccc att gac <ag ggg aca gct aca 240
GTu Ser Leu Arg Ile Prg Glu Gly Pro Ile Asg GIn Gly Thr Ala Thr
65 7 7 80

gga aga gtc cgt gtt tta gaa gaa cég Ctt gtt aag gCC aaa gaa cag 288
Gly Arg val Arg val Leu Glu Glu GIn Leu val Lys Ala Lys Glu Gln
85 90 95

att gaa aalt tac aag aaa caa ¢gct aga aat g?t ctg g%g aag gat cat 336
Ile Glu Asn Tyr Lys Lys G1n Ala Arg Asn Gly Leu Gly Lys Asp His
100 105 110

gaa atc tta aga agg agg att gaa aat g%a gct aaa gag ctc tgg ttt 384
Glu Ile Leu Arg Arg Arg Ile G18 Asn Gly Ala Lys G;u Leu Trp Phe
115 12 125

tTt cta caa agc gaa ctg aag aaa tta aag cat tta gaa gga aat gaa 432
Phe Leu GIn Ser Glu Leu Lys Lys Leu Lys His Leu Glu Gly Asn Glu
130 135 140

ctc caa aga cat gca gat gaa att ctt ttg gat tta g%a cac cat gaa 480
Leu GIn Arg His Ala Asp Glu Ile Leu Leu Asp Leu Gly His His Glu
145 150 155 160

agg tct atc atg aca gat cta tac tac ctc agt caa aca gat g?a gca 528
Arg Ser Ile Met Thr Asp Leu Tyr Tyr Leu Ser Gln Thr Asp Gly Ala
165 170 175

g%g gat tgg cgt gaa aaa gag gcc aaa gat ctg aca gag Cctg gic cag 576
Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Lgu val G1In
180 185 190

Cgg aga ata aca tat ctc cag aat cCt aag gac tgc age aaa goc agg 624
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gga aga gtt cgt gct tta gaa gag caa ttt atg aag gcc aaa gaa cag 288 Gly Arg Val Arg Ala Leu Glu Glu
Gin Phe Met Lys Ala Lys Glu Gin 859095 att gaa aat tat aag aaa caa act aaa aat ggt cca ggg aag gat
cat 336 lle Glu Asn Tyr Lys Lys Gin Thr Lys Asn Gly Pro Gly Lys Asp His 100105110 gaa atc cta agg
agg agg att gaa aat gga gct aaa gag ctc tgg ttt384 Glu lle Leu Arg Arg Arg lle Glu Asn Gly Ala Lys Glu

Leu Trp Phe 115120125 ttt cta Bga é@@@?ttﬁ seqHaneettai r&attvti gaa gga aat gaa432 Phe Leu
Gin 887 &Y ngf LY LIS &G s AL BILEIy Ao EIb§80155 146 (E%aa aga cat gea gat gaa tit
cta tca gat ttg gga cat cat gaa480 Leu Gin Arg His Ala Asp Glu Phe Leu Ser Asp Leu Gly His His Glu

145 1559_? fcffata g%"tactgﬁ?l%@ﬁc € a;gfc a ? a 328 Arg Ser lle Met Thr
Aspﬁé%u E—]‘% ?r% L SSﬂ\esrnGln %%slpyély A\(IaciéSgI%sz 6 g%g@tygcg; g?%tg gcm aag gag gcc aaa gat ctg
aca gag ctg gtc cagﬁ576 Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Leu Val GIn 180185190

coo G55 5 451916500 H GRe R Rkidk hoeheBlice g o430 11 Fhr Tyr Leu Gin Asn

Pro Rys Asp Cys Ser Lys Aldd.ys 195200205 aagada gtg tgt aat atc aac as@ ggc tgt ggc tat ggc tgt cag
ctc672 L ey Val Cys Asn lle ,Aascn tL S GIX Cys GMT i Gly Cys Gin Leu 210%/{165 20 cat cat gta gtg
; § A e 8

sL
tac 5 TEA PR S s dJadeatzp JyaEyrey<dihe Metile Ala Tyr Gly Thr

Gin Arg Thr 225230238220 ctc gcc ttg gaa tckgac aat tgg cgc tac gatsact ggg gga tgg gaa768 Leu Ala

Leu I T ra Tyr Al r [ 24 55 act ttt cct gta agt gag acg
'[296002%% jga%é gg%ﬁg%gégéééﬂ%&%%@éé%& é&%@%%%{% r Aé})?&irg Ser Gly Ser

tce act g%a cac tgg tca ggt gaa gta aat gac aaa aac att caa gt 864
Ser Thr Gly His Trp Ser Gly Glu val Asn Asp Lys Asn Ile Gln va
275 280 285

gtc gag ctc ccc att gta gac agc ctc cat cct cgg cct cct tac tta 912
val Glu Leu Pro Ile val Asp Ser Leu HWis Pro Arg Pro Pro Tyr Leu
290 295 300

cca Ctg gc¢t gtt cca gaa gac ctt gca gac cga c¢t¢ cta aga gtc cat 960
Pro Leu Ala val Pro Glu Asp Leu Ala Asp Arg Leu Leu Arg Val His
305 310 315 - 320

ggt gac cct gea gtg tgg tgg gtg tCC cag tit gtc aaa tac ttg att 1008
Gly Asp pro Ala val Trp Trp val Ser Gln Phe val Lys Tyr Leu Ile
325 330 335

cgt cca caa cct tgg Ctg gaa aag gaa ata gaa gaa QCcc acc aag aag 1056
Arg Pro GIn Pro Trp Leu Glu Lys gTu Ile Glu Glu Ala ghr L.ys Lys
340 45 50

ctt gge ttc aaa cat cca gtt att g?a gtc cat gtc aga cgc aca gac 1104
Leu Gly g?g Lys His Pro val %ég Gly val His val ggg Arg Thr Asp

aaa gt g?a aca gaa gca gcc ttc cac cce atc gag gag tac atg gta 1152
Lys Val Gly Thr Glu Ala Ala pPhe His Pro Ile g?u Glu Tyr Met val
370 375 80

cac gtt gaa gaa cat ttt cag ctt Cctc gca Cgc aga atg caa gtg gat 1200
His val Glu Glu His Phe GIn Leu Leu Ala Arg Arg Met GlIn val Asp
385 330 395 400

aaa aaa aga gta tat ctg gct act gat gat cct act ttg tta aag gag 1248
Lys Lys Arg val Tyr Leu Ala Thr Asp Asp Pro Thr Leu Leu Lys Glu
405 410 415

gCca aag aca aag tac tcc aat tat gaa ttt att agt gat aac tct att 1296
Ala Lys Thr Lys Tyr Ser Asn Tyr Glu Phe Ile Ser Asp Asn Ser Ile
420 425 430

tct tgg tca get gga cta cac aat cgg tac aca gaa aat tca ctt cgg 1344
ser Trp Sgr Ala Gly Leu His Asg Arg Tyr Thr Glu AS? Ser Leu Arg
435 44 44

gyt gtg atc ctg gat ata cac ttt ctc tca cag gct gac ttt cta gt 1392
Gly val Ile Leu Asp Ile His Phe Leu Ser GlIn Aéa Asp Phe Leu Va
450 455 460 '

tgt act trT tca tcc cag gtc tgt cgg gtt gct tat gaa atc atg caa 1440
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tcc act gga cat tgg tca ggt gaa gta aag gac aaa aat gtt cag gtg 864 Ser Thr Gly His Trp Ser Gly Glu Val
Lys Asp Lys Asn Val Gin Val 275280285 gtt gag ctc ccc att gta gac agt gtt cat cct cgt cct cca tat tta
912 Val Glu Leu Pro lle Val Asp Ser Val His Pro Arg Pro Pro Tyr Leu 290295300 ccc ctg gct gtc cca
gaa gac ctt gca gat cga ctt gta cga gtc cat960 Pro Leu Ala Val Pro Glu Asp Leu Ala Asp Arg Leu Val

Arg Val His 305310315320 t’gﬁ é&f?é&\f tagvﬁ ft@ C aag tac ttg att1008 Gly Asp
Pro %@s va ‘:I'%Eel"rf)e\'fa §'ér§g?n e Va I_A§§ ?fﬁ%ﬁﬁ?@ 40335 éé‘gzOOZSY - sequence
listing.txt cgc cca caa ccc tgg ctg gaa aag gaa ata gaa gag g acc aag aagl1056 Arg Pro Gin Pro Trp

Ceu o €58 AL ISR ERr 98 13 SHOASIAEE IO 48 chtcca i goa g cat o

aga cgc aca gacl1104 kes Gly Phe Lys His Pma/al lle Gly val His v§9§rg Arg Thr Asp 355360365 aaa
gtg %%?G gﬁ(:ﬁ;gaa gca gcc ttc cat ccc att gag gaa tac acgt%t 1152 Lé/s Val Gl AI?&%{ES Ala Ala Phe His

Pro IbeLYETh Vel STDI3E0 Al Otk Bad e YecaTecag Bt §b cgc'aga atg caa gtg

gat1200 His val Gie@lu Asp Phe Gin Letidseu Ala Arg Arg Met 8l val Asp 385390395400 aaa aaa

agg %% t%%tgc@%cc%ggﬁ%ggg 1%%3%%%% 24 914 %8&!%5 %éfg‘si 8?5& VR TYr {6t Ala Thr Asp Asp

Pro Aig Ligks Ligtb Ly, yGaraaapacavaag gaa i att agt gat aac tct atc 1296
Ala Lys Thr L§35Tyr Pro Ser Tyr Glu#2Re lle Ser Asp Asn Sebdlle 420425430 tct tgg tca get gga cta cat

aat tatac qattca cit-cogd ETaRSesAlaGly Ley His Asn Arg Tygkhr Glu Asn Ser Leu
Arg %%%%%g%%cmg %aé%m;%fg@ﬁtttg (o4 tu:szrca‘.g% ggwga%%cﬂa 91‘59113926

aga aaa ctt gga aaa aca g%c tta tat ccc tcc tac aaa gtc cga gag 1680
Arg Lys Leu Gly Lys Thr Gly Leu Tyr Pro Ser Tyr Lys val Arg Glu
545 _ 550 555 560

aag ata gaa aca ¢gtc aag tat ccc aca tat cct gaa gct gaa aaa tag 1728
Lys Ile Glu Thr val Lys Tyr Pro Thr Tyg Pro Glu Ala Glu Lys *
565 57 575

<210> 12

<211> 575

<212> PRT

<213> Mus musculius

<400> 12
Met Arg Ala Trp T?r Gly Ser Trp Arg Igp Ile Met Leu Ile igu Phe
1
Ala Trp Gly ;i{w}r Leu Leu Phe Tyr g‘ée Gly Gly His Leu \3/81 Arg Asp
Asnt Asp His Pro Asp His Ser Sgr Arg Glu Leu Ser Lys Ile teu Ala
35 4 45
Lys Leu Glu Arg Leu Lys GIn GlIn Asn Glu Asp Leu Arg Arg Met Ala
50 55 60
Glu Ser Leu Arg Ile Pro Glu Gly pPro Ile Asp GlIn Gly Thr Ala Thr
65 70 75 80
Gly Arg val Arg val Leu Glu Glu Gln Bgu val Lys Ala Lys Géu Gin
85 9
ITe Glu Asn Tyr Lys Lys Gln Ala Arg Asn Gly Leu Gly Lys Asp His
' 100 105 110
Glu Ile Leu Arg Arg Arg Ile Glu Asn Gly Ala Lys Glu Leu Trp Phe
115 120 125
phe Leu GIn Ser Glu Leu Lys Lys Leu Lys His Leu Glu Gly Asn Glu
130 135 140
Leu GIn Arg His Ala Asp Glu Ile Leu Leu Asp Leu Gly His His Glu
145 150 155 160
Arg Ser ITe met Thr Asp Leu Tyr Tyr teu Ser GIn Thr Asp Gly ala
165 170 175
Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Leu val GlIn
180 185 190
Arg Arg Ite Thr Tyr Leu GIn Asn Pro Lys Asp Cys Ser Lys Ala Arg
195 200 205
Lys Leu val Cys Asn Ile Asn Lys Gly Cys Gly Tyr Gly Cys Gln Leu
210 215 220
His His val val Tyr Cys Phe Met Ile Ala Tyr Gly Thr GIn Arg Thr
225 230 235 240
Lteu Ile Leu Glu Ser GIn Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu
245 250 255
Thr val Phe Arg Pro val Ser Glu Thr Cys Thr Asp Arg Ser Gly lLeu
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Gly Val lle Leu Asp lle His Phe Leu Ser GIn Ala Asp Phe Leu val 450455460 tgt act ttt tca tcg cag gtc
tgt aga gtt gct tat gaa atc atg caal440 Cys Thr Phe Ser Ser Gin Val Cys Arg Val Ala Tyr Glu lle Met
Gin 465470475480 gcg ctg cat cct gat gcc tct gecg aac ttc cgt tet ttg gat gac atc1488 Ala Leu His Pro
Asp Ala Ser Ala ASn Phe Arg Ser Leu Asp Asp lle 485490495 tac tat ttt gga ggc cca aat gcc cac aac
caa att gcc att tat 5%1536 Tyr PH PHOGIEGly merareeAlA HisB8sh*Gin lle Ala lle Tyr Pro 500505510

cac eap 6¢lCg8\Auk 4aR-993:.8ag1CHeC % 43R GChI0p:0aLAERB4E H{sVgin Pro Arg Thr Glu Gly Glu
lle Pro Met GRY#ro Gly Asp lle 515330525 att ggt gtg gct gifa aat cac tgg gat ggc tat cct aaa ggt gtt

aaci@éZ%%Gl?“\/ﬁTNyGI)y ﬂs@%@isﬁifp Yedh K TP ABLYSGRF Yal Wsrt 680535540 aga aaa ctg gga

agg peg 086G APatalace teCdds adp b woa agPRAP AR VisehenrglyAyg:Thr Gly Leu Tyr Pro Ser Tyr
Lys M{{%_Glu 54?550 53580 aag aba I:gfaa aca gtbbaag tac ccc aca tat é%@ gag gct gac aag taa 1728
i Yol prercal

Lys fieGRIAH O 135 3yr BRo TH B Cly Al AsH'Lys* 5655 Afl75 10> 14 <211> 575 <212>
PRTaxg 18>0 Seiserofa il 0@ 1 uPG/E GRFO0ZRY ¢isegliencealisting iyt MesArg Pro Trp Thr Gly Ser

T Arg TR VYt Renile hev Phe LRI Al TR SHATIY ey g Jyr lle Gly Gly His Leu val
Arg Asp 355 360 365
Ltys val Gly Thr Glu Ala Ala Phe His Pro Ile Glu Glu Tyr Met val
370 375 380
His val Glu Glu His Phe GIn Leu Leu Ala Arg Arg Met Gln val Asp
385 390 395 400
Lys Lys Arg val Tyr Leu Ala Thr Asp Asp Pro Thr Leu Leu Lys Glu
405 410 415
Ala Lys Thr Lys Tyr Ser Asn Tyr Glu Phe ITe Ser Asp Asn Ser Ile
420 425 430
Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu Arg
435 440 445
Gly val Ile Leu Asp ITe His Phe Leu Ser GIn Ala Asp Phe Leu val
450 455 460
Cys Thr Phe Ser Ser GIn val Cys Arg val Ala Tyr Glu Ile Met Gin
465 470 475 480
Thr Leu His Pro Asp Ala Ser Ala Asn Phe His Ser Leu Asp Asp Ile
485 490 495
Tyr Tyr Phe Gly Gly GIn Asn Ala His Asn GIn ITe Ala val Tyr Pro
500 505 510
His Lys Pro Arg Thr Glu Glu Glu Ile Pro Met Glu Pro Gly Asp Ile
515 520 525
ITe Gly val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly Ile Asn
530 535 540
Arg Lys Leu Gly Lys Thr Gly Leu Tyr Pro Ser Tyr Lys val Arg Glu
545 550 555 560
Lys Ile Glu Thr val Lys Tyr Pro Thr Tyr Pro Glu Ala Glu Lys
565 570 575

<210> 13

<211> 1728

<212> DNA

<213> sus scrofa

<220>

<221> €DS

<222> (1)...(1728)

<223> alpha-1,6-fucosyltransferase (pFuT8)

<400> 13

atg Cgg cca tgg act g%t tcg tgg cgt tgg att atg ctc att ctt ttt 48
Met Arg Pro Trp TEF Gly Ser Trp Arg T]:"-B ITe Met Leu Ile Leu Phe

1 15

gece tgg ggg acc ttg cta ttt tac ata g%t g%t cac ttg gta cga gat 96
Ala Trp Gly ng Leu Leu Phe Tyr I%g Gly Gly His Leu Vgé Arg Asp

aat gac cac tct gat cac tct agc cga gaa ctyg tcc aag att ttg gca 144
Asn Asp His Ser Asp His Ser Ser Arg Glu Leu Ser Lys Ile Leu Ala
35 40 45

aag ctg gaa cgc tta aaa caa caa aat gaa gac ttg agg aga atg get 192
Lys Leu Glu Arg Leu Lys Gin Gln Asn Glu Asp Leu Arg Arg Met Ala
50 55 60
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202530 Asn Asp His Ser Asp His Ser Ser Arg Glu Leu Ser Lys lle Leu Ala 354045 Lys Leu Glu Arg
Leu Lys Gin Gin Asn Glu Asp Leu Arg Arg Met Ala 505560 Glu Ser Leu Arg lle Pro Glu Gly Pro lle Asp
Gin Gly Pro Ala ser 65 70 75 80 Gly Arg Val Arg Ala Leu Glu Glu Gin Phe Met Lys Ala Lys Glu Gin
859095 lle Glu Asn Tyr Lys Lys Gin Thr Lys Asn Gly Pro Gly Lys Asp His 100105110 Glu lle Leu Arg
Arg Arg lle Glu Asn Gly Ala ngﬁeg e PHEQUBTR01 PSIPRE: E¥L Gin Ser Glu Leu Lys Lys Leu

Lys &b bep G0 GRRARTEGIRGLE BlpGLedtaniBiodit &5 Asg QP Led Ser Asp Leu Gly His

His Gii 145150155160 Arg B&r lle Met Thr Asp Le@d5Tyr Tyr Leu Ser Gin Bhr Asp Gly Ala 165170175

Gly 2%3 -éé% %Géaéﬁgﬁélays%ifﬁpcg%@&% ﬁe%u 9& gg %%1}%%%90 ,%g Arg lle Thr Tyr Leu

Gin Asiy i SeIULYSARE LY§1H9540 ey Y, lle ASn Lys Gly Cys Gly
Tyr Gly Cys Gin Leu 218215220 His His Val V8P Tyr Cys Phe Met lle a Tyr Gly Thr Gin Arg Thr

225230232240 LepAlad ey Glu Seriis Asn Tap /é% Taera% hGly Gl Tep Glisg45250255 Thr Val
Phe #irg 10 Mah SerrGlysThy €ysl 7 hrhkSpyArgssec GlyrSer 2652¥¢hSersThr Gly His Trp Ser Gly

Glu Val Lys Asp L§790Asn Val Gin Val 275880285 Val Glu Leu P#Qle val Asp Ser Val His Pro Arg Pro

Pro dys L8kt cta agg agg agg att gaa aat g%a gct aaa gag ctc tgg ttt 384
Glu tle igg Arg Arg arg Ile %;8 Asn Gly Ala Lys %Sg Leu Trp Phe

ttt cta caa agt gag ttg aag aaa tta aag aat tta gaa gga aat gaa 432
Phe Leu Gln Ser Glu Leu Lys Lys Leu LyS Asn Leg Glu Gly Asn Glu
130 . 135 14

ctc caa aga cat gca gat gaa ttt cta tca gat ttg gga cat cat gaa 480
Leu GIn Arg His Ala Asp Glu Phe Leu Ser Asp teu Gly His His Glu
145 150 155 160

agg tct ata atg acg gat cta tac tac ctc agt caa aca gat gog gca 528
Arg Ser ITe Met TEE Asp Leu Tyr Tyr Egg Ser GIn Thr Asp G?g Ala
1 17

g%t gat tgg cgt gaa 2ag gag gcc aaa gat c¢tg aca gag ctg gic cag 576
Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Giu Leu val Gln
180 185 150

Cgg aga ata aca tat ctt cag aat ccc aag gac tgc agc aaa goc aag 624
Arg Arg Ile Thr Tyr Leu Gin Agg Pro Lys Asp Cys %er Lys Ata Lys
195 2 05

aag cta gtg tgt aat atc aac aaa g?c tgt g%c tat g?c tgt cag ctc 672
Lys Leu vVal Cys Asn Ile Asn Lys Gly Cys Gly Tyr Gly Cys Gin Leu
210 215 220

cat cat gta gtg tac tgc ttt atg att gca tat g%c acc cag cga aca 720
His His val val Tyr Cys Phe Met Ile Ala Tyr Gly Thr Gln Arg Thr
225 230 235 240

ctc gcc ttg gaa tct cac aat tgg cgc tac get act g%g g%a togg gaa 768
teu Ala Leu Glu ger His Asn Trp Arg ;gg Ala Thr Gty Gly Trp Glu
45 255

act gtg ttt aga cct gta agt gag acg tgc aca gac aga tct ggc age 816
Thr val pPhe ggg Pro val Ser Glu ;Eg Cys Thr Asp Arg S;S Gly ser

tcc act gga cat tgg tca g%t gaa gta aag gac aaa aat gtt cag gt 864
ser Thr Gly His Trp Ser Gly G;u val Lys Asp Lys %sn val GTn va
275 280 85

gtt gag CTC CCC att gta gac agt gttt cat ¢ct cgt cCt cca tat tila 912
val Glu Leu Pro ITe val Asp Ser val His Pro Arg Pro Pro Tyr Leu
290 295 300

cce ctg gct gtc cca gaa gac ctt gca gat cga ctt gta cga gtc cat 960
Pro Leu Ala val Pro Glu Asp Leu Ala Asp Arg Leu val Arg val His
305 310 315 320

g%t gat cct gea gtg tgg tgg gta tece cag ttt gtc aag tac ttg att 1008
Gly Asp Pro Ala val Trp Trp val Ser GIn Phe val Lys Tyr Leu Ile
325 330 335
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290295300 Pro Leu Ala Val Pro Glu Asp Leu Ala Asp Arg Leu val Arg val His 305310315320 Gly Asp
Pro Ala Val Trp Trp Val Ser Gin Phe Val Lys Tyr Leu lle 325330335 Arg Pro Gin Pro Trp Leu Glu Lys
Glu lle Glu Glu Ala Thr Lys Lys 340345350 Leu Gly Phe Lys His Pro Val lle Gly Val His Val Arg Arg
Thr Asp 355360365 Lys Val Gly Ala Glu Ala Ala Phe His Pro lle Glu Glu Tyr Thr Val 370375380 His

Val Glu Glu Asp Phe Gin Ley ﬁ?jg%rg W@MW&M@‘SSS&DOBQMOO éélf Lys Arg Val Tyr
re

L& AG
Leu ffg Bt ASth AR PrpAlad & oty £161 61 D @A L081E ATa 13is- T V5 T yr PTG Ser Tyr Glu Phe lle
Ser Asp Asn Ser 14320425430 Ser Trp Ber Ala Gly Leu His Asib@rg Tyr Thr Glu Asn Ser Leu Arg

435440445 G Ll ' L in Al Val 4 5460 Cys Thr Ph
Ser%égﬁg é%ﬁé%;gﬁﬁ?§/%W§ g%&gﬁggg&ﬁ%ﬁg Jgh&la: gpc?Hisg%ér% Asp AliallsSerrAlae

Asn Phe Arg 82t Leu Asp Asp lle 488490495 Tyr Tyr Phe &® Gly Pro Asn Ala His Asn Gin lle Ala lle

Tyr B 5&)%’5 219-Hi$, ZINyPLOA i Glu Gh: Glekllg Rro, Met (luR AspHe 515520525 lle Gly
Val /gbas GSA%A%%w%%Ews%@@r?éﬁmm Bly Vé{b%ﬁ%%fﬁ%ﬁfg;%%%l

cac gtt gaa gaa gac ttt cag ctt ctt gct cgc aga atg caa gtg gat 1200
His val Glu GTu Asp Phe GIn Leu Leu Ala Arg Arg Met Gln val Asp
385 390 395 400

aaa aaa agg gtg tat ttg gCcc aca gat gac CCt ger ttg rta aaa gag 1248
Lys Lys Arg vVal Tyr Leu Ala Thr Asp Asp Pro Ala Leu Leu Lys Glu
405 410 415

gca aaa aca aag tac ccc agt tat gaa ttt att agt gat aac tct atc 1296
Ala Lys Thr Lys Tyr Pro Ser Tyr Glu Phe Ile Ser Asp Asn Ser Ile
420 425 430

tct tgg tca gct g?a cta cat aat cga tat aca gaa aat tca ctt cgg 1344
Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu Arg
435 . 440 445

g%t gtg atc ctg gat ata cac ttt ctc tcc cag gea gac ttc cta gtg 1392
Gly Va& ITe Leu Asp Ile His Phe Leu Ser GIn Ala Asp Phe Leu val
45 455 460

tgt act ttt tca tcg cag gte tgt aga gtt get tat gaa atc atg caa 1440
Cys Thr Phe Ser Ser GlIn val Cys Arg val Ala Tyr Glu Ile Met Gln
465 470 475 480

gcg ctg cat cct gat gcc tct gcg aac ttc cgt tct ttg gat gac atc 1488

Ala Leu His Pro Asp Ala Ser Ala Asn Phe Arg Ser Leu Asp Asp Ile

485 490 495

tac tat ttt g?a ggc cca aat gCcc cac aac caa att gecc att tat cct 1536
Gly

Tyr Tyr Phe Gly Pro Asn Ala His Asn GIn Ile Ala Ile Tyr Pro
500 505 510

cac caa CCt cga act gaa g?a gaa atc ccc atg gaa cct g%a gat att 1584
His GIn Egg Arg Thr Glu Gly 2;3 ITe Pro Met Glu ggg Gly Asp Ile

att ggt gtg gct g%a aat cac tgg gat g?c tat cct aaa g%t gtt aac 1632
Ile Gly val Ala Gly Asn H;s Trp Asp Gly Tyr Pro Lys Gly val Asn
530 ' 535 540

aga aaa ctg g%a agg acg g%c cta tat ccc tcc tac aaa gtt cga gag 1680
Arg Lys Leu Gly Arg Thr Gly Lau Tyr Pro Ser Tyr Lys val Arg Glu
545 550 555 560

aag ata gaa aca gtc aag tac ccC aca tat ccc gag gct gac aag taa 1728
Lys ITe Glu Thr val Lys Tyr Pro Thr Tyr Pro Glu Ala Asp Lys ¥
565 570 575

<210> 14

<211> 575

<212> PRY

<213> sus scrofa

<400> 14
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PCT GF0028Y - sequence listing.txt Arg Lys Leu Gly Arg Thr Gly Leu Tyr Pro Ser Tyr Lys Val Arg Glu
545550555560 Lys lle Glu Thr Val Lys Tyr Pro Thr Tyr Pro Glu Ala Asp Lys 565570575 <210> 15
<211> 37 <212> DNA <213> Artificial Sequence <220> <223> PCR primer SH415 <400> 15
ggcggcecgcc accatggceac acgcacécghgc ac 3}53037 <210> 16 <211> 33 <212> DNA <213> Artificial

A

Seq%@cggzlgzpf g %Pgﬁypp eﬁfl% igﬁﬁ%eé['@it@]éﬁééﬂg%ﬁgggtw gtttgtccte atg33 <210> 17

<211% 37 A K13>"Artificial Sequenge <220> <223> PCRiprimer SH414 <400> 17
ggcdgécdce dcoatfifgtyeiatedc8hg g atcdadiy T X B> HIg <dpeu Y33 A ASIDNA <213> Artificial

. 0
Sequencess2RP> se3x PAR Pemer SHALT sA90%d & aattpattiactteqagag ctgctogtag tg33 <210> 19
<211> 36 <2BZ> DNA <213> Artificiad Sequence <220> <223> PCR primer RCD679 <400> 19

gcgdeCeEd &Htg‘é‘éﬂab%’géééc%@ 535 chRBE Lo fop 73 xvalicder MOABENA <213> Artificial

Sequenceer Leu Arg Ile Pro Glu Gly Pro Ile Asp GIn Gly Pro Ala Ser
65 - 70 75 80
Gly Arg val Arg géa Leu Glu Glu Gln Sge Met Lys Ala Lys g;u GIn
ITe Glu Asn Tyr Lys Lys GIn Thr Lys Asn Gly Pro Gly Lys Asp His

100 105 110
Glu Ile Leu Arg Arg Arg Ile Glu Asn Gly Ala Lys Glu Leu Trp Phe
115 _ 120 125
Phe Leu GIn Ser Glu Leu Lys Lys Leu LYS Asn Leu Glu Gly Asn Glu
130 135 140
Leu GIn Arg His Ala Asp Glu Phe Leu Ser Asp Leu Gly His His Glu
145 150 155 160
Arg Ser Ile Met Thr Asp Leu Tyr Tyr Leu Ser GIn Thr Asp Gly Ala
165 170 175
Gly Asp Trp Arg Glu Lys Glu Ala Lys Asp Leu Thr Glu Leu val GlIn
180 185 190
Arg Arg Ile Thr Tyr Leu Gln Asn Pro Lys Asp Cys Ser Lys Ala Lys
195 200 205
Lys Leu VvVal Cys Asn Ile Asn Lys Gly Cys Gly Tyr Gly Cys GlIn Leu
210 215 220
His His val val Tyr Cys Phe Met Ile Ala Tyr Gly Thr GIn Arg Thr
225 230 235 240
Leu Ala Leu Glu Ser His Asn Trp Arg Tyr Ala Thr Gly Gly Trp Glu
245 250 255
Thr val Phe Arg Pro val Ser Glu Thr Cys Thr Asp Arg Ser Gly Ser
260 265 270
Ser Thr Gly His Trp Ser Gly Glu val Lys Asp Lys Asn val Gin val
275 280 285
val Glu Leu Pro Ile val Asp Ser val His Pro Arg Pro Pro Tyr Leu
290 295 300
Pro Leu Ala val Pro Glu Asp Leu Ala Asp Arg Leu val Arg val His
305 310 315 320
Gly Asp Pro Ala val Trp Trp val Ser GIn Phe val Lys Tyr Leu Ile
325 330 335
Arg Pro GlIn Pro Trp Leu Glu Lys Glu Ile Glu Glu Ala Thr Lys Lys
340 345 350
Leu Gly Phe Lys His Pro val Ile Gly val His val Arg Arg Thr Asp
355 360 365
Lys val Gly Ala Glu Ala Ala Phe His Pro Ile Glu Glu Tyr Thr val
370 375 380
His val Glu Glu Asp Phe Gin Leu Leu Ala Arg Arg Met Gln val Asp
385 390 395 400
Lys Lys Arg val Tyr Leu Ala Thr Asp Asp Pro Ala Leu Leu Lys Glu
405 410 415
Ala Lys Thr Lys Tyr Pro Ser Tyr Glu Phe Ile Ser Asp Asn Ser Ile
420 425 430
Ser Trp Ser Ala Gly Leu His Asn Arg Tyr Thr Glu Asn Ser Leu Arg
435 440 445
Gly val Ile Leu Asp Ile His Phe Leu Ser GIn Ala Asp Phe Leu val
450 455 460
Cys Thr Phe ser Ser Gln val Cys Arg val Ala Tyr Glu Ile Met Gln
465 470 475 480
Ala Leu His Pro Asp Ala Ser Ala Asn Phe Arg Ser Leu Asp Asp Ile
485 430 495
Tyr Tyr Phe Gly Gly Pro Asn Ala His Asn Gin Ile Ala ITe Tyr Pro
500 505 510
His G1n Pro Arg Thr Glu Gly Glu Ile Pro Met Glu Pro Gly Asp Ile
515 520 525
Ile Gly val Ala Gly Asn His Trp Asp Gly Tyr Pro Lys Gly val Asn
530 535 540
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<220> <223> PCR primer RCD680 PCT GF0028Y - sequence listing.txt <400> 20 ttaattaatc
acacccccat ggcgctcttc t€32 <210> 21 <211> 36 <212> DNA <213> Artificial Sequence <220> <223>
PCR primer SH420 <400> 21 gcggcgcgcec gataatgacc accctgatca ctccag36 <210> 22 <211> 37 <212>
DNA <213> Atrtificial Sequence <220> <223> PCR primer SH421 <400> 22 ccttaattaa ctatttttca

etcpRl Q9IA0RE 52407 2T TRSR K2 A BV S PRI Sequence <220- <225 PCR
primesFEPO-forward <4005523 gggaattcgc tccceegggc cteatttigeg ac3Z <@ap> 24 <211> 32 <212>
DNA-%218e Axtificiar Mée@@ﬁkﬁbeﬁzgiﬁrﬁriﬁ%@r Péﬁ’@-‘{%\% e <400> 24 cctctagatc
acctgtcccc tctcectgcag 2 <210> 25 <211> 5, <212> DNA <213> Artificial Sequence <220> <223>
PCR primer ScMntl-forward <400> 25 gggcggccgc caccatggcc ctctttctca gtaagagact gttgag46 <210>
26 <§g%l$@<212> DNA <213> Artificial Sequence

<212> DNA
<213> Artificial Sequence

<220>
<223> PCR primer SH415

<400> 15
ggcggecgec accatggcac acgeaccgge acgetgce 37

<210> 16

<211> 33

<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer SH413

- <400> 16
ttaattaatc aggcattggg grrrgtcctc atg 33

<210> 17

<211> 37

<21Z2> DNA

<213> Artificial Sequence

<220>
<223> PCR primer S$H414

<400> 17
ggcggccgeo accatgggtg aaccccaggg atccatg 37

<210> 18

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer SH41l

<400> 18
ttaattaatc acttcoggge ctgctcgtag ttg 33

<210> 19

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer RCD679

<400> 19
gcggecegeca ccatgaatag ggeccctctg aagegg 36

<210> 20

<211> 32

<212> BNA

<213> Artificial Sequence

<220>
<223> PCR primer RCD680
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<220> <223> PR primer ScMntl-reverse <400> 26
listing.txt ccggcgcegcec cgatgacttg ttgttcaggg gatatagatc ctg43

PCT GFOQ28Y - sequence listing.txt

<400> 20
ttaattaatc acacccccat ggegetettc tc

<210> 21
<211> 36
<212> DNA
<213> Artificial Sequence

<22(>
<223> PCR primer SH420

<400> 21
gcggcgegec gataatgace accctgatca ctccag

<210> 22

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer SH421

<400> 22
ccttaattaa ctattttica gcttcaggat atgtggg

<210> 23

<211> 32

<212> DNA

<213> artificial Sequence

<220>
<223> PCR primer reEPO-forward

<400> 23
gggaattcge tcccccacge ctcatttgeg ac

<210> 24

<211> 32

<212> DNA

<213> Artificial Sequence

<220> )
<223> PCR primer rEPO-reverse

<400> 24
cctctagatc acctgtccee tctectgeag go

<210> 25

<211> 46

<212> DNA

<213> Artificial sequence

<220>
<223> PCR primer ScMntI-forward

<400> 25

gggcggecge caccatggee ctctttctca gtaagagact gttogag

<210> 26

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer ScMntl-reverse

<400> 26

Page 23

PCT GF0028Y - sequence

32

36

37

32

32

46



PCT GFO028Y - sequehce Tisting.txt
€Cggegegee cgatgacttg ttgttcaggg gatatagatc ctg
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