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appr oxi#lat e huna eé@@’IVBSEF{S{%& di‘%rocessi ng are currently nost often used
for production oPrdthﬁrbap@UhBMpcgitipsomsdmémmoﬂ-mmﬂwetra,cﬁmases ofglriig | i nes have
si gni f| cant dr L,0g

f or menfBEVSH PRIRS %ﬁec%%ﬁé%% i B SR Bl Inck A RELE Rl PR neye

cont ai deede (Walbh2Nat Biraechs { (2@Qé)i6§ heraReHsis PEEFYEHY R aRAOher | Adv.

Eg 8?% a’(gé yvidR8Y in R&r nffvk s@ﬁe (029 9@):}; rERbky ﬁfm}éfs,th&@éok Bt RGRNSH maglﬁnery,

strial grrooteln ressi on 1y.ﬁ are

bas ed éhcly%?%?h@” i - t}lll%l‘{’e"@éﬁn?fé H‘&FW“‘{ PR S BIYPORIRIFYIS: ¥ r%qlllérﬁl cally
def i neehdmit-tandbngemeitRin of gi@amob spetifiessphraginetrésddues of the protem to ensure

proper folding and subsequent stability in the human serum (Helenius and Aebi, Science 291:
2364-9 (2001)). In certain cases, the efficacy of therapeutic proteins has been improved by

30  engineering in additional glycosylation sites. One example is the human erythropoietin, which
upon the addition of two additional glycosylation sites has been demonstrated to exhibit a three-
fold longer half-life in vivo (Macdougall ef al., J. Am. Soc. Nephrol. 10: 2392-2395 (1999)).
Most glycoproteins intended for therapeutic use in humans require N-glycosylation and thus,
mammalian cell lines, such as Chinese Hamster Ovary (CHO) cells, that approximate human

35  glycoprotein processing are currently most often used for production of therapeutic
glycoproteins. However, these cell lines have significant drawbacks including poor genetic

tractability, long fermentation times, heterogeneous glycosylation, and ongoing viral containment
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5abovenentioned Iimtations (Cereghino and Cregg FEMS M crobiol. Rev. 24:
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l ess, Qihoadt 190 Bh3d would be desirable to provide a recombinant yeast host cell that is capable of
producing recombinant glycoproteins in vivo in which the G0:G1/G2 ratio is less than 2:1.
Pichia pastoris, can use only a limited number of carbon sources for survival.
35  Currently, these carbon sources are glycerol, glucose, methanol, and perhaps thamnose and
mannose but notf galactose. It would be desirable to have Pichia pastoris strains that can use

carbon source other than those listed above.



10ratio that is about 1:2 or less. In general, the nethod conprises
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gal act ose- 1- phosphate uridyltransferase, and optionally a gal actose
penmease. Thus, the nethods and materials herein provide a selection system
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wherein the host cell is capable of using gal actose as a sol e carbon energy
sour ce. In particular aspects, the Pichia pastoris host cel
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reconbi nant gl ycoprothins that have hybrid or conplex N glycans that
conpri se gal actose residues. In particular enbodi ments, the
UDP- gal act ose-4- 25epi nerase activity is provided in a fusion protein
COfT'plr [ Sfd&gtd a&@o@?ﬁs’ﬂ mh]n@le(iﬁﬁfpdsls ﬁkl@l@&bﬁ@@&}éh bf bes tdisasiclame abheto use I
catal yti t ose- g
Che hogtioear = ougiraies By Pr BEbET S Par Dul B Bimovina ot BERRES"
N- gl ycanwyiding whowbe ofhela@isGrds@ies ﬁ:trumson*}s)rhte(sslntdﬁiéfgh@ans, either@atha 1@@1113&1
enbodi

ng?lgétﬁ eyrreglguﬁlﬂ GRPA S %‘i}i&%ﬁ Crﬁg gijd‘lﬁf@eda éL{%Sﬁ'Q@ f(ﬁ't%ﬁgﬁ‘ﬁ]ﬁ&{t aadltﬂ@?{ %f #8ninal

pr edo t)(lca fromthe group consisting. o

Gal &l cNatvAagi8 grsiduas o hmsmﬁ@f@weﬂtl@am@léwwﬁw@m@ws
NANAGaIb?%Mﬂ%&@@ CNRERy la@&h %@M@@M@n@ %vz@b@as@%@wmmmgc
NANAGa c2Ma SGlcNACZ an g % $Gé #A LJ t her
embodi MshELICIeNt @P@’@Sﬁ "ixgelé“&a’r"éféff%?é"tioé‘?ﬁ‘i‘ WAt e PRIEGT y2'a %ee"ﬂlnéc?tsé’ from
t he gr gulpctoon siastfemg afzyia hislaiNAd Mathb Gl 81 smmmag/pmmmw; and

Gal2GlcNAC el nts, the N-glycan is a
gal act Bg%zaﬁ%rgﬂ.?%%yéaéecﬁgyﬁéﬁg%kp @C%gg&%hgel n further enbodi ment s, the
N-g0yean is a si &ngleatbediningbl/bampresentaetestion isahe Weyelopment of Pichia pastoris

2010/ 0 ;.
NANAGA %glt {?S%B ‘kg %%%iﬁ%ggﬂ\;lﬁg ﬂﬁfé‘d% zﬁgih%\/}g%d%%%s@ is %resent gs the sole carbon
NANA2 Gé@zr@ cWiag Khersepdapagd methods of the Preser i Y8 HOR g Skilad fsthe 2perl o8 of

produci,pg t@ fc@@@éﬁéh&ﬁsﬁmﬁl @Ifdé@fcﬁélﬁi ﬂomnh@tr&mdnr@gﬁ@ng 8iskiosdd Wirdih using
N-glyca ave, gal act ose Les

t
provi di® C@?f E?SetB‘BFﬁfP ?ﬂur‘ﬁ’ s ‘F’gtaﬂ(zplaﬁﬁ%lmﬁlggﬁnog r IF ?‘i}ﬂe i aﬁh%rep%d to
exps essuffplying tigl gt esltina teaiiurp atitivgajactdsatthe predent mxtch‘eomcrstbeoshdi tcciapabdee of
d I
PLg t ugglr?egl}e}regg Qgﬁl&?cﬁlglagedy&%& &ﬂ%tgél Q%ﬁ&;?f)%l%?{%h h%}%bﬁlgcs?grfra gl?% Eifs Ml sgans
UDP- g hasicot Gasibespigvasticshy smgihestdd o paodyar aneaswAticpmongiaise Nrehayls

transferase acti b¥ hast @l 89 PRITRAIRAGEYiLAY and
(iii) a reconbi ngﬁ%ﬁéf(ﬁgg&oﬂ?ﬁa%{) Y aﬁlﬂ gscu};rtur?n a10 th g %Qset1 c}e& s in a

medi umeegm@ea?cm%’gﬁp&éf aéﬁlé%tékl%s"fpﬂc%%é PE-galsetortis GRIECIRIACEP e e n t hat

haQOon%aﬁétoﬁ@E@hbﬁpﬂhﬁéGﬂﬂiﬂ friRteriva\veri ga, aﬁ‘d OsBnbBs b dplastose permease activity, N
further aseﬁr? h é{]? 1 he [%E i etf4e|rmarase activity is
b ovi GRS theroSh 5l TR PBRLIST SR ERERRY EHE TP TR ORI of

gal actosyltr ansf én pardicalackspbas, ¢iat Blcyioi persideivhibst cofl hambeen further genetically
UDP- gal

et hod oo (U RRRIEOEproh e R ES Ak AR EAE g%*é%“é? LR LN s
prot ei gl ycaa@scfbmeﬁmmse B@i@@toxf,eetm@whém pasipylasembments the l&Prga%@ﬁtOS&M of the

Lebei r epﬁ‘ﬁé?mxécﬁ%y@%r&ﬁ&éd\ﬁhtalfﬁﬁo@fn%télﬁ aasp SRR theWataly i@ fAln SO € nucl ei ¢
goy%@b%t eLn and the Lel oi r pat hway

aci d nol ecul es encodi ng {jet e

enzymegaiisiosy F%%sg"ﬁﬁsel""ﬁ‘ tﬂFF‘ecaF by cRACLOSE RIMERES-{  ansf or ned
reconbi nant host iggéderalohe abm:elalmpwlebépﬂoeh@ng gRBopateinsalat haed @atplen of
the transfornmed r Qst ¢ expresses the heterol ogous

prot ei ?llyfiz?ﬂsﬁ%ﬁvhfcﬁﬁﬂbpga(ﬂggaégﬁ lg%sﬁﬁﬁaﬁlzzt Iachl eved culturing the

t ransf or med recoﬂ@pmmlalrmbochmblhts, thmglacwmdﬁeumpn’trﬂmws ntthe abavetcobebdvs t he
sokg ng %’f&@ﬁmﬁﬁiﬂ? RS seldétddRim ﬂ{e(@fb&i%bn'sﬁtlﬁg w@mﬂb}fmmaﬁﬁﬂwmg; a

r econbi exp ous protein, conprising:
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GalpGlcNAcoMan3GleNAca. In other embodiments, the N-glycan is a galactose-terminated
hybrid N-glycan and in further embodiments, the N-glycan is a sialylated N-glycan selected from
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In further aspects of the method, the host cell is further genetically engineered to
express a galactose permease. In further still aspects, the host cell is genetically modified to
produce glycoproteins that have one or more N-glycans that comprise galactose.
Further provided is a method of producing and selecting Pichia pastoris host cells
35  capable of using galactose as a sole carbon source, the method comprising;
a) providing a Pichia pastoris host cell; b) transforming the host cell with one or more nucleic

acid molecules encoding a galactokinase, a UDP-galactose-4-epimerase, a galactose-1-phosphate
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20 preparations which typically include different antibodies directed
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oper at |
7. The variable regions of each light/heavy chain pair form the antibody binding site. Thus, an

30  intact antibody has two binding sites. Except in bifunctional or bispecific antibodies, the two
binding sites are the same. The chains all exhibit the same general structure of relatively
conserved framework regions (FR) joined by three hypervariable regions, also called
complementarity determining regions or CDRs. The CDRs from the two chains of each pair are
aligned by the framework regions, enabling binding to a specific epitope. The terms include

35 naturally occurring forms, as well as fragments and derivatives. Included within the scope of the
term are classes of immunoglobulins (Igs), namely, IgG, IgA, IgE, 1gM, and IgD. Also included
within the scope of the terms are the subtypes of IgGs, namely, IgG1, 1gG2, IgG3 and 1gG4. The
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20are referred to herein as "reconbi nant expression vectors” (or sinply,
"expression vectors"). As used herein, the term "sequence of
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MaNNos w amwassf. eTl&sleEmS mgtéiwlllmay@ns}amqiwal aammd@saslebldmg full length
UDP- N- a¢¢ r ;
%Bé’lt)ﬂélléﬁﬁ?Osyspepotly@éh%p%ﬁb%ﬁﬁs, @kl@?&%ﬁrﬁl‘h%ﬁ gﬁ@é&ﬁlple bispecific

UDP- N- acet yl gal ac t'r anst er ase, si a ansf er ases

f ucdsy pritbodissh rad astibory dragments spde cﬁ&)@mw ¢ modifFaddp copiawat lgfidhe t o
a nucl gbgioacif thesegn dnmanﬁﬂam:)iadakrp clmefm ﬂxmua«sgomgxmnaanu regiby whitdt coaljrses

ei t her .t ve. or ati-v I i 0 : e e
sequen g@?ﬁal% rglyco% quon gl e%f ﬁ%o(?ﬁ% ggﬂla{ br % bﬁlﬂ%? &%ges'asv %ngfueggéﬁtﬂgﬁtggrtegﬁﬂ

mar ker agﬁnelebﬁesauﬁ@rlsirg cpﬂjeéuerﬂceegzam sbeh mlrxenmmﬂdm@msw . Ii’ebh:metl iPatenof
cells n a|n| ac nce
can al SOPE e Df AR O R b St AR AR S R e i BB EREN OO

t 01§r overing cinefprie se avebasly fagm@m Ofmﬂdaetrths Eq@mwﬁ@rﬁt @eﬁe@n@msm@tl\f*

35necessptd 1%5@21%{1 L @i splay both positive and negative selectability.
Non-limtin ? of mar ker se%pences or genes from P, pastoris include
t

ADE] , ARG, Thy Sy e ORe@entaiersia th igement wasialiamk & amice regpeyd the
kanany entibodyeompiiing thg €ipel arci OHE domemi 8Yhe framdivebry Tagman deferd the

2010/ 09 d
20101 OSREIRCIHHEATHRIAZ 08, DY BRI LA AAER 25D W SnFeTRRlLoe
t edf "operat H‘he eyl ‘imdmdlonelmube@”dmﬁd@ at ngdd Isegu erfers $o mefiibedy ob@inein kage
in wh f

D LG]SR SRLY BpSENGER hogRRL B AN hRaRene of
sequencemptisiag theqropitkation md@mcalt exgeifer possiblangtuatht ewpminganyahensdhat

i nter egy byb‘r‘esfeﬁf@mﬁ&%ﬁ&ﬁﬁéj MBHJBI&%'I A BHIRR GE hlgmy sf,@cgﬁ& %&ﬁrgmr%aa@ences
are used’i nterc a

used. herein refer r@g&% Cﬁﬁ@ﬁoug
sequen @& sEngley 1gﬁ@€é§§ aFv%teenam HLRO{IRY tR kpyvERYe y @8uences
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partner sequences.
include those produced by digestion with various proteases, those produced by chemical cleavage

and/or chemical dissociation and those produced recombinantly, so long as the fragment remains
capable of specific binding to a target molecule. Among such fragments are Fc, Fab, Fab’, Fv,
F(ab’)7, and single chain Fv (scFv) fragments. Hereinafter, the term “immunoglobulin” also
35  includes the term “fragments” as well.
Immunoglobulins further include immunoglobulins or fragments that have been

modified in sequence but remain capable of specific binding to a target molecule, including:
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The term "reconbi nant host cell"” ("expression host cell"”, "expression host
systeni, "expression systeni or sinply "host cell"), as used herein, is
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Pagkor iye RASHeER) fofer hét &ﬁpf&ﬁ@ p&%cﬁﬁpmﬁucﬂ@at bthﬂéfﬂi& Iﬁbg@s: léf mc@artenw N
preferably have at | east. one

%ment orddomal n whic (El ]@?ﬁr man origin,
such adesawsGEHE %‘HOW%%%C A IR I SERFTAN RSt 6‘2){3 W}é)rrapeutl c
val ue, enhirbrenérdigl 11ﬁiﬁf@b€£sdﬁlchqugeln§ nedyine i Gacg drédensivalhio aise eeg kell,duyare

" | Lip
z ﬁ? lrjrg p IC gﬁ ézé"%éc‘feﬁw"“p}m B}e es]cg?e %ﬁﬁe Ea? At P8§ ceﬂ I é% 185(9 fsfé‘ar%?ll %%cgﬁﬁpfngﬁﬁw%p%ll
f r ag mentayofe dnliseiated nelgolnceﬂﬁdylear@@n bectdtwmr m@t bﬁrﬁ Qfé}dwhlﬁh resides &ns livingi n t he

b BQfé?l%éoro(réﬁl‘?sme g., US Patent 6,884,602, hereby incorporated by
erenc The term"fusion B%Ota " or "chinmeric gro_tei n"

refers to a pol ypdsteras wbmpypiid wBralogdmplsaisdicalt oppreppig nglydics iggect o

het er ol @09 Whan® BRIROmARINhIISA AR 6fithal EdIBia08 lcﬁﬁ@'feakd}?et@d@ilgsef ul because they
c ntain.two..or S|re f unct nents from

can be construct to L, 0N I
two or nore di ffgﬂk?ﬁ?mb BIVES karyRlig ﬁ%lroh“%‘ﬂ PR c?%%’r‘f S %%Eﬁ’st 10
cont i guniesosBaridial alveokadsds.gf, lamflagdbiosh eptmeenpites (e, brest alganpeotpree).er abl y

t .l 30 I 60
o o7 AL 5485, 5 U PLERRCIR oS shenl A0 POr el
Fusi on%ﬂh‘dmmmemfd:egltm@u@;bwae@ yotdimitesktopPistiist nestosis, Piskiagindantina, Picként i on
have WO ézgé'o%% %?%g LikhigP Jf%}% B DR, %M& kibodiet (o'gF&yeemmﬁ@l ogous
pol ypepti de”i nclu wthin the fusion protein of the present invention is

at least 6 amno acids in length, often at |east 8 amno acids in |ength,
and usefully at -12-



| east 15, 20, and 25 amino acids in |length. Fusions also include |arger

pol ypepti des, or even entire proteins, such as the green fl uorescent
prot ei n (WGRPI0yo9gtssonophor e- cont ai ni ng prot ei ns 5havi ngpparusealoasicutility.
Fusi on proteins can be produced reconbinantly by constructing a nucleic
aci d sequence which encodes the pol ypeptide or a fragnment thereof in frane
with a nucleic acid sequence encoding a different protein or peptide and

t hen ei?ﬂjhﬁsstsﬁzdigrzy trechit spamide) BickiaherMdidenat,i Riekiy salctimis Ovhipgotreimmcan be

d h Ly.by. k h . th f
P o anor i SRS Firra et § abebionad e BRENG o R B IR o o ound
wi th pSopéntineses ipatHarsendaablgousi Slyhoseyefs sa., Jefﬂleatff@féwp’ét:f}ép@gﬂﬂldé A
non- peg}y ;065 t,ﬂ%?%'ﬁrs% rﬂ@z)efarzsj §19pel?§zlltu§ H%@F’ ﬁpergﬁ%'o‘ijﬁzag‘ TR&HHern® redsei,

"pepti dom n€E m no d and Peptide Synthesis,
Oxf or d Bisgenosium,! uptf@%n{elﬁgwwnﬂtmgFMSeﬁﬁtﬂ&fiaweV@ Wﬁt%\?”ﬁ’i‘fﬁ”%npeptl de

Li brarmﬁsco/}mm anéw@aro\ﬁﬁér@)@rlﬁ@QQ?) Bodanszky et aI , Peptlde
Chem stry--A Prag)l cal Tex

o é Spr.i neg}ertVerl%g 1199 S nth G
Peptides: A User s &ffi®fe P® aﬁt‘use CIEREIES 19 P 31?16(? ’1‘5’@ #lEvans
et al . gypicalliighs tiaheboutI: ahﬁﬂ@aélﬂig&'ﬂg anFauchpeally leédthan@bmg IResind Beids

29( 198&%1@3 \fgﬂe%eral é}c{[g@i ﬁ rxfr}:%?élmpas%gsnﬁﬁlo\% ?Ié{ﬁf?l?rhetics%hat%%ﬁng’ ?ﬁxg@t&gﬁﬁl}i th d

refere N eac are incorporated herern
r efl@r ebudogiSl dimctionpounds are of ten devel oped with the aid of conputeri zed

mol ecul ar nodel i 2?3 18P Lb ;tsqdéefeh&ﬁnﬁa%% b@fh%a%&réﬁ'ﬁbwu@ﬂiﬁg’arﬂ' ¥l urkigy-20

useful peptides the irnv on may. be used o roduce qU|vaIent
ef f ect OBMIIAE BT eRbIesIBT SHUHEY dt@BVﬁe’eba? ogsperpfy éhpelgppptide may

The t e'b@‘mdn@ﬁieﬁ@ or pSlymeeé P@’ﬂﬁ*lr 1) ;Efﬂﬁj%bﬁdé Maf c@hyﬁs&eaﬁdmbaf @ﬂ ﬂifgmm dopainki on

of the ucture cule. In the case of proteins, a
regi on® %S’ﬂ{ﬂéﬁﬂweé’fwﬁt f‘ﬁt&%tﬁ@%‘é&?ff' on of the amino acid sequence of

t has prot ei n. 25The tdrmi ‘hsola‘tdabpmtmﬂ” as‘isodsel pdypiptide’eis ersotew @ polypeptider e of
a bl ol 60l lis %Bgrgt&%tﬁéo Bl BOU) iOho SUSREELLih HAGLHI0BsBbialdae

bi onol ecul Fensrv regions or. partfons thereof;
donai nsomaynfaalt&?sfba’u a@@«pmn@yat @tltsmtwe BiBis- G0 AXiSEub 8 PUFHBHIG ARUngn gathee W%\P@c ul e.

As use bR GV &e&&&)f%mé @am&uﬁﬂ 1d1ME LU g oftdier nOt
30lim uﬂ{%’rﬁh%gagjﬁg %n?e% eptrl ﬁt él n a?m Eu%l eo Y o

nucl ei @r%mafrom the grmeERecies él‘ss‘%FBF?Sﬁ rfﬂ’“&ﬁﬁ“ eI SPEHSS O 89/‘?§tnr‘i’ét| C.
ASZUse@cé'tﬁﬁﬁ‘hﬁturd(b% tieis mﬁagﬁﬁnﬁbiseepoigfepuaer fo&hﬂ onsatstech itiaclidsmprins edd or

| t
R o T e e
i nt egemgpolPbpidarbatds bemeicaly dynthesieedor spn‘édmmdwmtdeilﬁlamysm ﬂ reph&omuibh as

"the prg H?ﬂnn\%ﬂlicﬂ 1tq{aﬁur¥m; ﬁﬂég hﬁesﬁ\%ﬁfi&rm Ld» %&lxts?:%lﬂﬂgﬁis%c@cﬁéh to mean the

gl ycan speC|es st no percent qucans or
N gl ycanmpatand:. A pelypentisepr @t(étﬂﬁ PRy S@é@rfeltdee%ﬁ sbsiaptially figo of naturall

2030/ 0%%5%%&%’%&4@%%% ﬁ%ﬁtﬁoﬁrt?s ot@ wﬂice@&eecmlqmm@ua@@waﬁmm nass

spect rosc LDI r wot ds
'pr edorft g q'i meils 15(‘? t ét?eagotd}?C?%%%rﬂW F‘Eﬂﬁ%ﬁe ﬂ(e)arttt]li‘et Rrotedy (PﬂlyPﬁ[gtd%ap??J‘gﬁ P¥ic
" pr edomsligapdptidg Iscyttefs‘cﬁbéﬂ hz8 bpereplesicallnregioad éonnind matiye eoeindnntdnan any ot her

40 mol e per cont g aaTe PR R i g fta® DINAS Bl ERESOY U TR SRR 1 1
per centdeletihe, @mnmwwnumhand@e sarb@e’d@nnwamet vlmmp@@dm a full-length
30  polypeptide. Ina preferred embodiment, the polypeptide fragment is a contiguous sequence in
which the amino acid sequence of the fragment is identical to the corresponding positions in the
naturally-occurring sequence. Fragments typically are at least 5, 6, 7, 8, 9 or 10 amino acids
long, preferably at least 12, 14, 16 or 18 amino acids long, more preferably at least 20 amino
acids long, more preferably at least 25, 30, 35, 40 or 45, amino acids, even more preferably at
35  least 50 or 60 amino acids long, and even more preferably at least 70 amino acids long.
A “modified derivative” refers to polypeptides or fragments thereof that are
substantially homologous in primary structural sequence but which include, e.g., in vivo or in
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates the N-glycosyl ation
pat hways in humans and P. pastoris Early events in the ER are highly
conser vedyoizooloedisag renoval of three glucose residues PeTAGIWOEHGIases |
and Ti and trimmng of a single specific a-1,2-1inked mannose residue by

t he ER mannosi dase | eading to the sane core structure, Mangd cNAc2 (Man8B).
However, processing events diverge in the Golgi. Ms, a-1,2-nmannosi dase;
|VhS| I, vﬂif}&mh@ﬁﬂidiaaﬁi ch@ﬁiﬁcdl,mc&hﬂcaﬁﬂhla&abyib@ﬁmqmm ayidor aitsfteatasendt; GnT

cet cos nyl t,r an S o] f Th
tWO c 0% n@;né ﬁ ggéjl Zg‘ gﬁ(glungiﬁ&sgt% ngclﬁdelvﬁ-g ex%g' asc%é;lz{ti%g?n te{ 236 15i ne
t he nonahcmatwmphosr)horylatlon glyqyjatien, 2biquitinstipatieslinher. & eyith rademvetidest e
steps Lfy Narﬂ;'ug gﬁéﬂﬁ%'rﬂ&i oR1. las @311 Be PRANY Qf‘ﬁ@m&‘t@ﬂ@? AL WiBled £ BE kNG tO

the geneti cal |neere Pi chi a pastoris sitains pfoducing the respective
gl yzan V%"Eﬁ*ﬂ@f@ﬁ@’@d% mojabelngnelapeptides Wk HatbingmiTIaves WESY 185uER r oscopy

(MB)  apapksdsarofeNkn@On & e agi dasaclhde RurRaAsEeE: 1%tgbéé%ﬂ&$as ‘K‘ii Prfvés kindrigl e 3

TN O N e
sﬁrgﬁna@mﬂ; , BRR®G:saadl gmtitipdride dviictoranGeihve s epesnfpemi:émgpm nmynhﬁr&ﬁaf f labeted .
sub] ec R o i BieL REERRRIBER e RS r et 08, SRRBa PRI, 7
whileh wesenstiility eeqmdm)%mzsmdpw@kthlml@smn%mm Methpds fé?é libpkngpidyiepsdesThe

t wo C%ﬁ/ﬁ]ﬁﬁcﬁwx ﬁ%@'h&%s %UQSHJSQISG,@%P B COMRSR PRbESIES, ABletig, BRIBHC! at ure.

ON, e mannose. ycan rod i.n GS 115-derived

wi | d- t {Beened) }18}1n%{\ps&10}@£esgﬂ% én@@pﬂgﬁlﬁ? %:Té’niog }é@[ﬁ?’édﬂc&@%eghy strain
YSH44; He@dés. 3C. N-gl ycans produced on K3 in strain YSH71 (YSH44
expressing 3 gans .pre duced on K3 in
strain RDP52 (Ygaii?ﬁtgé'i{‘prcgg’%‘?r’r‘fggeﬂﬁa?rTIcglé]?ﬁf’cﬁﬁgégs e Hefels ©d gure (3E)
N- @b y c andegidedaqethconoBrising s nucziede@Raﬁnéé{@i-fﬂzgnmpc@s}iamg hh@atldgqus SpGALE,

and Dmf{glmid%Ssg 196%;?5( ?neg!: ¥eeq%1@§cefs rﬂs é 63@10g%|f ol
chid RIS (B bfeSddrAiarudans. | |

treat nen ycans
negat i \Qénmmgq:ﬁs exr cltnfnem MQO‘EWWPH%H@S@ SO GIHITEE PR AL e Fagmeygts or

2010/ 0%8%%%@%&%@ %%Qﬁ@go@’é tcﬁh@ %t@nd%d'ﬂo%ﬂb%llrm}n%ﬁ ﬁqasz%% BerBfbiart ose

utilization p trac | ul ar a actqose 1s | (0] Vi a al act ose
per meadEpentics f@éﬂ’%é’f@é‘%“qnso F?\P‘QPS%H RGP IRAY E’Hg‘égg éﬁﬁé@ﬁh%ﬁ “%?Ct he

ac ngln nﬁ&leeéﬂi‘tﬁ: S@@ﬂdﬁﬁ? Soigpli &6 holehdl 38 @ontfiAlods hadeotides frpfmmsgﬂmal 1@ore preferably at
uri dyl

OO SIS RS SRS, SEASBATRERR R IR PR gL 0T S
past or ifmggleytonetogiaewhiet ishetaologyed t3H8intended host cell, but which 1s homologous to
the intended recombinant protein, have particular utility in the present invention. For example, a
chimeric gene intended for use in an expression system using P. pastoris host cells to express
25  recombinant human glycoproteins will preferably have at least one fragment or domain which is
of human origin, such as a sequence which encodes a human protein with potential therapeutic
value, while the remainder of the chimeric gene, such as regulatory sequences which will allow
the host cell to process and express the chimeric gene, will preferably be of P. pastoris origin. If
desired, the fragment of human origin may also be codon-optimized for expression in the host
30 cell. (See, e.g., US Patent 6,884,602, hereby incorporated by reference).

The term “fusion protein” or “chimeric protein” refers to a polypeptide
comprising a polypeptide or fragment coupled to heterologous amino acid sequences. Fusion
proteins are useful because they can be constructed to contain two or more desired functional
elements from two or more different proteins. A fusion protein comprises at least 10 contiguous

35  amino acids from a polypeptide of interest, more preferably at least 20 or 30 amino acids, even
more preferably at least 40, 50 or 60 amino acids, yet more preferably at Jeast 75, 100 or 125

amino acids. Fusions that include the entirety of the proteins of the present invention have
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1. The P. pastoris genes OCI 11, M\N4, PNO1l, MNML1, and BMI2 encodi ng Gol gi
gl ycosyl transferases were knocked out foll owed by knock-in of 12

het er ol ogwo=20ares3 i ncl udi ng the expressi on cassette fecTaserenesdichk3.
YAY578-1 i s capable of producing glyeoproteins that have

Gal 2GLcNAc2Man3GLlcNAc2 N-gl ycans. CS, countersel ect. 10Figure 6 shows a
feature diagramof plasm d pRCD977b. This plasmd is an argl..:111S1 knock
out pl @mﬁcdlaf hanityi rlhegétaioe@goiumpoiypfphdé ehadhded Witién Be fpsish pratan ARBE pyesast

whi | i
onsser DRt B% KB anits el By Rop ST I SR LA R0 of RABRL A% SXRIRSS ! OF
t r ans pdgasiers, LOIGE)S, anfind Iaclﬁ@mdt:ﬁrgts Fn@@r@\ﬂlm laelugfaiam @klynemeﬂee SG@@_IEL)
full-1 %@%Z’ o}algg LBl bR erialiRpiRsEn Joxaﬂﬁgirgi) %hféﬁio%}ibretéoﬁ&%{iﬁ Brfeidd

(SCGAL cerevil SI ae gal act os pel under the control
of ? he hPFoEPaticPgOARRY, FREmRDicinTRRn W%P%Fﬁﬁﬁ@%lamr%%%%m}@%ga TT

[ ﬁf ;9" S lnhéle?c"a@ﬂiss‘éﬁhd?lgé g%&ﬁhﬁbdh@&lh@;ﬁblﬁ%@ﬁ@@&ea fragment thereof in frafdvth/a shows
at g oengj neere sto rai ns ex cerevi
on o, aliSEa et EineRiRon bRt Rt e b R et bRt iR e eas
t he papentin2 (Al&maalveiypaﬁmmh préiincanbgipnekcaticletmailly by@osSidadg thehi ch
expr esyﬁﬁfp\,gﬂ g}egpt(ﬂell%giﬂo a%?fferﬁ% ]rlransf ormed with the plasmd
as

con al ns expr essi on Settes encodi ng ScGAL1l, ScGAL7, and
Sc(HALz Strai ns W@péernuinpnmp@@ lagafefarsdo medmpmindonita pripatioy et ereni t r ogen

base, e, or
h&llh_%&s 18 %s@ bf @Ferferé{@egﬁh@efr)g%etel [ggo%g{@% KBRS ﬁaaf akhen (SALA G

neit her gure 8 shows pastoris

Cg 09q eer ed
strai n REANMS PRmeps3er 2 (e PRaninGts” speear§ - meﬁlémefWQ B yﬂ{;eswa
knock- @xtfo@fuﬁwsiﬁatyp@gst 199 C 08, Condsiotsraf SepriubaEangabridnDidkarias: of ei ght

aman KOsk Yk S o e A el Rt Rk on o

robfist SphiegesVerlag (CDBR Bulietiv &eprades ad dserytFrode) ¢Gran edf Vé. | Bsenah endCessi ng

t | 9
shows. d07EhTR" eﬁe&f%ﬂ@ﬁaﬂﬁ%ﬁ@%s chors, SO DAL SR &?&@@3{ A d
that i Mebgr anddgeidinger, thiend Nepeastior§: §9?ﬁfzﬁ6|(198émgdmf@wamssetéqlmaﬁ of e gene.

The pl agHid WA AL BRoBORIESRIAN b @éf%ﬁ‘eh&@s&f‘dﬁ% rpagnésm@e A dév@l&%dﬂwﬁh
cerevisj ae gal act oki_ ngse (S GAL1) .and_t full-

S. cer VI Si
gal act dRsaid pi sorBRY RS MRIEGYAT 189 Hgse‘r”%@c(l@er@ﬂﬁ%h a8 erugie EB‘I‘R’E%I“O of the
Ppbib| Thserpdputbddf the DrRek@ISmay BS@Rdld peldyce aieuplahantledhida@Shaoftai ns an
expressi on. ca etf[txte e di n 2 secretory pathway targeted fusion protein
(CO hG&P‘f‘Fﬁon‘E‘iﬁb "1%%%%11@ %1: Mit1 (Sckre2) |eader peptide (33) fused to the
N-termi nus of t h&heWtn20¢0H098153PERIEIISREBIO0CAB Y 68alhurratigGalsgortosydf the
Transf ét{l?c@lﬁrglowa bﬁ)ﬂgﬁ%ﬁ@ IH@I‘P@%&S@Q %ﬁ%%srg be®dn i Ia@ﬁfw gg(g[gt

TT ref FANSCription term nation. sequent shows
a I\/ALDIPDII!‘-@DQ@ETI%@#E!D?@P@ sefluenpeoithgl gret#s on a hunman Pc fragrrent produced in

st hgi ns PBP317- 3671aRdn R AR lsth&S hdrBid veRe th 3 sBYMMr< T Hihaleone that

contributes to a known or suspected function of the biomolecule. Domains may be co-extensive

with regions or portions thereof; domains may also include distinct, non-contiguous regions of a
biomolecule.
As used herein, the term “molecule” means any compound, including, but not
30  limited to, a small molecule, peptide, protein, sugar, nucleotide, nucleic acid, lipid, etc., and such
a compound can be natural or synthetic.
As used herein, the term “comprise” or variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of a stated integer or group of mtegers
but not the exclusion of any other infeger or group of integers.
35 As used herein, the term “predominantly” or variations such as “the predominant”
or “which is predominant” will be understood to mean the glycan species that has the highest
mole percent (%) of total O-glycans or N-glycans after the glycoprotein has been treated with
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50r in medium containing glucose or gal actose. Strains were inoculated from
a saturated seed culture to about one OD, cultivated in 800 nL of BMGSY for
72 hour s,woher/®pisdt and 100 nlL aliquots of culture brotrh3/usesie/oeans rifuged
and induced for 24 hours in 25 nL of BMW, 25 nL of BMW + 0.5% gl ucose, or
25 nL of BMW + 0.5% gal actose. Protein A purified protein was subjected to
Protein N-glycosidase F digestion and the rel eased N-gl ycans anal yzed by 10
MALDI - ai%ni‘e@ancl?tegfws@isglﬁeﬁs ahhlgieyidﬁrnﬁa@ @péchesdmrpymﬁm EenpladdéeDITOBMSai n

E[B)E‘;’ égl 3(%1 EVI?/ Efge 1%8 V\;sc ¢ tpﬁe%%‘g ucst (%elggle(?) %g;ﬁ’p mdf\/l a?grﬂﬁg%ubl?th% £ %e'alﬁc
strain p@ﬂ@mmantpgiypaﬁxmrw present aik gre&'@_MQB’fIEH(GAbM any\pihet mdw,mbm entity.j K¢mn4a,
dni nnZEQm;r}g%f gg&ﬁé‘&gtﬁ% (%ﬁzgﬂ%? gp&%!s P 40 M81eRASht gﬁaes?éagy tmaafe?)rz%ﬁts

Subsequent® knock- i heter ol a%us genes, 15 I
st rai nahipgpice Cap 25@@91@?@%%@810%19% ccrmrgr%arr %W@tﬂéﬁw&@ﬁ/é\qsmcmz to
secreted proteins. Introduction of a plasm d expressing a secreted anti body

and a i i rm of Trichodernma reesei MN\S1 yi el ded
strai nBWS%@5$@S%e@§WW§§e 12 shows a feature di agram of
pl asmi d pGLY1418Fightd biljnkasins theirs glyc@FlakbNishplapsimi lintanatind At pgradtses into
the P. g,contains
expres E%g%%ceélgsslg @Psf{é‘#?%gﬁlﬁw"{’%%uﬁ% lﬂ% dﬁ’q ? ngﬁ(ﬁ‘ﬁ%@ %%_‘Q%&% ? un ﬁer t he
cobf r oklugbsiddses Pq;ﬁmranchmmmnmem@ sprebmpeeifis | a— }.2dinked mapnape resitiiefydbaER al so
cont ai AHnAsiI@XPIAQAGRE W HeaaHelche: BReRE, M@G&QM@}(M%SB& EWVérangeéseﬁlg
fusion protein (hGa -Ir(rii’i conpri si ng t he . Schnt 1 (ScKre 5 z}delr e%k"d
fused E¥NHEVRIZE 8 e Gipdeio M, 8- Irimsanesidasetdes/] manapd %grealﬁ 0l o8-losfVal ytic
flomal namﬁ Iuc&sl&ﬁm@ﬁﬁ&r{s@éraééfl Ghe IP@QA?%@M@D&@ammwrmfem I ¥nT,

ranscr m na
VALD: - PR EST o TBY PG G A sresishesauehars Hlif Al S pra g ande &
st tai nsn fﬁE))xﬁéﬂzEneﬁalﬁrd?DPQ% 1 either induced in BMW nedium alone or in

medi um cont ai ni ng gg?el] Zaflhﬁ&%te%@%?ﬁ%&f eﬁﬁfeﬁ?atézﬂ%ﬁs ﬁi?\f %?césgla%igﬁ afllvefbs BMOY for

72 hours, then 3 uots o roths were
cent ri ﬁh@ﬁmnén@nﬁm@@defemnm th@)grrr@ﬂraﬁlyze@gmﬁm Sichnpastorpsstigins producme +

. 1% g@ﬁealgg}%g@veg ca%@ir%tu&fs (BN + 0.5%gal actose. Protein A purified
pr otein was su jecte Pr ot ase F dig i on and e rel eased
N-gl ycans anal yzgtgub“’y 'ff)f‘tesl' r}rﬁ%@ég‘zﬁ‘% PEAIQSeOPYN! WWQW?SSE f he
an.ttzc) Eogwc@@@&b@ Q:leehs&dﬁ\f -pBcahs Y RATH kifright/s SSmalala{rﬁmmh Plasaamnsgenwahe
anti bo r oduc in .strain ure i agram
of pl abtidie Tf/g 4 PSR S%rla%ﬁgﬁf Fdive Wl?@?%??@“i@?%%%@kéagﬁﬁﬂ e
cont ai ESH4de YRPIRARDE 62 entl &IDRS naxdkerifian frovondmicspamatrsriydsir-dfinigasset t e
encodi I
20101 090 PB ARG, 0587 s YA Bl ek i ﬁ%@"‘éﬁ%ﬁ?@%ﬂ%ﬁ“ Bl
pr onot MALPFTIOR MBS anelysis (mgererrmdeewqe %ﬁwegﬁw%d% shows
a heat 'df)feaﬁhé% Beh oP 0 @tﬁélﬁtﬁn BRGIRA 2ihe t%'c@re@@ﬂm&eézﬁu@ N prefdng svarel
t hat con fahe P 3@&@&% rker as well as expression cassette 5
encodi r‘?ﬁnﬁe‘g’@é %?‘8?‘?7‘ et PHE8h protein (FB8 Mannl) conpri sing
a 5 cSecl2 Ieaderf‘lgmeq:)BAdH gﬂyt&ﬁﬂpﬂoﬁucﬁdﬂ&nﬁ&léﬁﬂeﬂu&l wild-sypemoseolanimosi dase |

catal yti c donai n gBCﬁ%tgmgns ro%ﬁ&gog 3849@&@ an expression
ete

cassette encodi n Secr usi on %r;ot ei n (CONALO)
conpri si ng a PpSé‘@gDEe B@aﬁ@iycgappmdeceﬂwé%ﬁ tncStl‘t&lmeYﬁﬁfféf Hid egtresgingunan
GlgphAc 1 H.pnsferase | (G1T I) catalytic donmain under control of the PpPMVAl

pr onot er d a 10 full length gene encodi ng the M UDP- G eNAc
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I n addi tion, when the nethods herein are used wth host cells that have
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adding G eNAc to formthe hybrid internediate N-gl ycan G cNAcMan5Q cNAc2
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Thus, the present invention has solved both of the above identified problems. The
present invention provides recombinant lower eukaryote cells, in particular yeast and fungal
35  cells, that have been glycoengineered to produce glycoproteins such as antibodies or Fe¢
fragments in which the level of terminal galactose on the N-glycans thereon is increased

compared to cells that have not been genetically engineered as taught herein. The genetically
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have been described in U S. Published Application Nos. 2005/0260729 and
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transfer galactose onto complex N-glycans in a glycoengineered yeast strain capable of
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phosphorylanon of galactose to galactose 1-phosphate. Galactose-1-phosphate uridyl transferase

30  catalyzes the second step of galactose metabolism, which is the conversion of UDP-glucose and
galactose-1-phosphate to UDP-galactose and glucose-1-phosphate. Optionally, further included
can be a nucleic acid molecule encoding a plasma membrane galactose permease. Galactose
permease is a plasma membrane hexose transporter, which imports galactose from an exogenous
source. The Leloir pathway is shown in Figure 4.

35 As shown herein, when the genes encoding a galactokinase activity, a UDP-
galactose-4-epimerase activity, a galactose-1-phosphate uridyl transferase activity and optionally
a galactose permease activity into the above yeast along with feeding the yeast exogenous
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gal act ose pernease activity, which renders the host cells capabl e of using
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components of an expression cassette from an expression vector. In further aspects, further
included in the host cell is an expression vector encoding a recombinant protein of interest,
35  which in particular embodiments further includes a sequence that facilitates secretion of the
recombinant protein from the host cell. For each Leloir pathway enzyme and recombinant

protein of interest, the expression vector encoding it minimally contains a sequence, which
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The present expression vectors can be replicable in one host cell type, e.g.,
Escherichia coli, and undergo little or no replication in another host cell type, e.g., a eukaryotic
host cell, so long as an expression vector permits expression of the above Leloir pathway

35  enzymes or overexpressed recombinant protein and thereby facilitates secretion of such
recombinant proteins in a selected host cell type.
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transcription factor. Transcription factors as used herein include any factor that can bind to a
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can further include a sialyltransferase 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 Gol glouRpRabatdtrodfegiditoingbmbie ehd theRRbs affgd tehsdripeion e tbakyimizsts or the

0 A SR R s AR MR 18RS i ocuces o
NANA2 Geri b N Rdvi n3@llieNideR o teyrmuyirgr an iodudiARAGethe B A 2VEIEGLA Mredingly,
gl yeof R 1O DL bhg! ﬁg&ag@gﬁ&p@% SHERENO LR e S ik Gt ASwiteast

and fi Entous fungr, It I. sthat the host cell further include a
meahs fsdiugr elthebag celpSushinieceacsay iRgpdexyeas gphosehate, glooRel N J®an. U, S.
Publ i sheghdat, aRht, ARRIhE ald 18R, Wor c:2RRHé, Q3R HedGhdres i yemt hodhicose,
geneti call |y e%neiﬁfl ng | ower eukaryotes to have a CWMP-sialic acid

synt he8Machse AHAPE A% U S. Publ i shed Patent Application No. 2006/ 0286637
di scl oses a net h@ghnkaipt@ananiisalonsequrgiesakati angsdlael are tHoae that &rs operapleoduce

si al yl at ed gl ycopr.ot gi hgse I : . genet |
cngi pelar i ey as ] Bsl ar oernbls, st fu g‘f‘ ! B AR A e
25&pi mer ths eracitiexpteysion veradrasthos roset hogshold piditas Sued/gyemraeanyeesiase

activi 5’(%&@%778}9&5’ za&ﬁéggggcg&i&@%@u&w%%@ fi@fphl Mhdstrigtort @MgiRbridierein are

capabl e usrng. ga . car bon source and are capabl e of producing
gl ycopFouengss 4 e oot 6plbT REB AS dfPereigiy REHs NeUIBY i g SGalTact ose i s
gr e?t gﬂ‘rz'{cb@é?nﬂg'}eél@ﬁtTl?@ﬂcEi%tibIF%Emhﬁﬂfen BfuciRe mcgmee%t s@lnboy ligited nede e(cji_ to t
inclu e above-nentio oi r. pat hway enzynes. [ odi ment ,
Lhe. hoSeedarimerace proaneat trrsbslRb i m P Race o nt e FOR

G ¢NAC Wanbl d RBS 2rabbagipyion tsminatiph eequendd (Wd €33 Ty thealicbiwylosioan s émase

catal yt| i | o} ) ; ' I ' normal |y
asoc, Hels TR, RepliRite Ly SndS T BeIBL DG, 0 AP AL 075 R LhpT6

Gal act tapinatian st¢@eaee(Add 14/ T Ty theo”iehia pEROGS AGH dransgs paioa e iption§eqysase

cel . PR&sagerofhetMenih 86950 DAL FAEHRIAUSIMInAtnA¥gRnt b OER1 aT)@RE 9i 35
apparatus of t'he host tell produces a recon‘m&&% q# eoprotein conprising
pr edonifidtid pystaniel d{ aaMARUER SEPARECD SEIUFREH I T¥hese host cells when

fuppher geneti calhy cgpgisiaertbri 6f X preeas itvegtbacirokinaredagddorbly, a

UDP- gal act ose- 4- epi.nerase activit . gal.act oGt ose~ 1-. .

20101 09 KB ERIU Brope 85 pmuis nse e RSt R aralE witmerapogig
opt i onakll yo thagedlia ¢tansiermeat wishs aectot ¢aviying the stlemigiie madieeican b distonguzshed  of
usi ng gal 0 : i pent,
45115 SRR BRPIPORORHE il s DR LSRR
N gl ycansire tahienstie Smgiions lijked de heanatker aphiettingdsindhghast @elbpopgéaglpm Suehi ng
503k act; 088488 nrlds BAIConBYEE e ATy JcHEikiOs B6mBRMEIT, cGRbriUtdifigice] s hbidiey a

sialyltransferase catalyti omai n fus tq a cellular targeting signal
pept i ddo porhssze eaMeR abé‘f'o‘(‘ﬁ%élfaé&“we ﬁaflﬁg‘eclg?eal ytic domain and selected to

target sialytransfeastaskc@ableinvirksts inehideainiResistaGod warkappard atngicdindtives host
O antRoR e By hEG AT GAnes:Y GBI S ab HRNEHR, L afsfRoUeid? 2
resistance markers which are commonly used in yeast include chloramphenicol, kanamycin,
30  methotrexate, G418 (geneticin), Zeocin, and the like. Genetic functions which allow the yeast
host cell to synthesize essential cellular nutrients are used with available yeast strains having
auxotrophic mutations in the corresponding genomic function. Common yeast selectable
markers provide genetic functions for synthesizing leucine (LEU2), tryptophan (7RP! and
TRP2), uracil (URA3, URAS, URAG), histidine (HIS3), lysine (LYS2), adenine (4DE! or ADEZ),
35  andthe like. Other yeast selectable markers include the ARR3 gene from S. cerevisiae, which
confers arsenite resistance to yeast cells that are grown in the presence of arsenite (Bobrowicz et

al., Yeast, 13:819-828 (1997); Wysocki ef al., J. Biol. Chem. 272:30061-30066 (1997)). A
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produces a reconbi nant gl ycoprotein conprising a NANAGal G cNAcMan5GLcNAc2
gl ycoform 10These host cells when further genetically engineered to
express awgabmomgissnase activity, a UDP- gal act ose- 4- epPogEnss@oaeitbyity, a
gal act oct ose-1 - phosphate uridyl transferase activity and optionally a

gal act ose pernease activity as taught herein are capable of using gal actose
as a carbon source. Various of the preceding host cells further include one
or nor gusb@alt shitans pesdalcn sitds Bubide AsostBRirkirefNAC UrSiPapbsied applidadon danpl e,

Kl uyve d.Mis. nu transporter.s

Uor gap QLY 682207 Gt BePREYpI PERahRea™ i SeaTr A R Er GG da g otner

UDPgal seasosefungiandgbedseoy integmatingvecor sinfacycasiage wekhspon.tfer e&arqﬂe ssanpl e,
human s ﬁ(?(??lé‘@éé% transporter). Because | ower eukaryote host cells such as

yeast and filanentous fungi |ack the above transporters it is preferable
thal |ower eukar ybereitiotie RN SIRSHOR egfar San Side pelagiahle Bug POV De

genet | ﬁ?éfﬁi)&"o?ﬁﬂh dtn%lhtﬁﬁzhdgj@c{dﬂféoﬁtﬁﬁa\{@ EJS@@&EQJG;H@!& 8 cell populatlon Host
cells further inclu cell s that arelggaétlca %Ch nl%_ eere ity

Gl 1 m nHEeR oy UBior B M PR SO B Sk s e Weg g b e

del eti e@p}mumbcﬁ (a}3] ﬂiele&gre@ﬂ’ien o¢ctaro rAefted indubimg pransaiptiey lfitonaths fpersasiexgradsn

(Ng -9 2 0 6%% ﬂ_ Bg)éljlt:e w’zﬁg ﬁyeélggﬁilgg% %%gré%gﬁesgeé reﬁgﬁ%Lnaﬁﬁ&eﬁ%ﬁ%loﬁﬁﬁ“v%@t | on

del@t i nlgzymesdﬁhs RO istgpnelateddyy debular Betorhie m@r@@p r&@rmmm@yanltw@mfcerla@er genes
PNOL a? W’%@&é ge for exanple, U S Patent Nos. 7,198,921 and 7, 259, 007),

whi ch n aspects can al so include deleting or disruptin the M\NA A
gene. Di srupti onli yResiape ot spkapyotay tepdatypen! arraesdenest RPAhank é\géﬁ ng the

parti ciifdte® B¥ VBB bﬂidﬁ{gbt@tﬂtm cEX B 16 SHFANA Ghd tﬂlgraa@@ Bf the aibbsgnd slange or

b t d
B T TR Erbe e A b o4 S Ree B RGBS S cioate xpagesign in
i N1 &r f gedsnghdRiNAmpalitn sdlzsendbly d@ers nioheeqhirk epecilftmeldmisa_t ofmid®tidenbdiwedrher
'pQ?'t ;Jggﬁbéfbr%g %@fmﬁl}ig {iftenRuRTRAN QBH Rlofiglhes RMEhdaREOduCe
eukar y expressédn srst(eeng Howceers forseapirrsmn mj acyviast q@asrtl@nlingl}art st cedk redeiebUbal |y

modi fi edidOnCAMERA 19@&'&%9&2%@&%9& Q&Sldﬁ%nﬁlsieffp&fdgﬁe' n by deleting 35 or
di srupting one or nor roternO rra osyItr

( Dol - P- Man: Pr ot eMprecsermhﬁn)exmﬁﬁa% i pero eraa:sé@éstgeﬁteféf tﬁwrgﬂ)ncr eblong g
Papgnt uMRanshddlidadef ddquehicedl @¥ongdr e SDFmmekoﬂ@es?émmmﬁkhﬁbﬂrmmwﬂlﬁﬂé@r an

| pha- | d Publ i shed | nt
050/ ORI PR A bt S ApsE Patk L e DGO R gpoe G fides, ot rich
Di sr uptii afenimchadditicisesonptry sigichire am@dmas%@amumnmrﬁrsehﬂﬁﬁfm apitieonPnt p or
d' St “p%‘n{lg 1&‘%8{ s%ﬁﬁén%@s \%mh'a% n%?ﬁeﬂze tﬁ%@ DS liE AR Qhn AR é&gé'{ﬂe %Mé&g%'fat I on
I ng on S usin |nter erin ntlsense
RNA orprcttﬁe ttanrdetmﬁrN@Shbg@er@etuegc@aame prgferaidy useddpuar@ressipnohan grergxmsessed
af o5 emgptd B8kt RPE t:hgp%tdn% ﬁ?&gl'nflh e%&t RoRR o U‘Pﬁe r@lﬁ&ﬂc@y bhaly gayﬁa@er

struct dres. ito i.ncl ude. but are. not mted to a
benzyl .S%eﬁecetswreale&wrﬁear %weeﬂlee& r@@darlssert‘fwraaet% by RFIEEBPT 1 Yal ones
t hat canabaGarey: arne (59473). 4- bi s( phenyl met hoxy)

Ehﬂ%l ]( Teéﬂgln;rg][[ @é{})sl(mht% tée pr%)r(r%te?ir 1%2 6Sonhal vid ﬁ§ Ette anécthe position of the start
pheny| ebdmox factqrh shychi cap affydtdneleve-of xeprassidn ehtandl inhiude the adpneambe of aAci d;
an 5-

Phe?l y 1&%&11&%1 %@)essz n Vec or Tge C%We béatr 01(; i)t( V7 tor is %elre]rall tdetertéllt]néed_b toxo 2-t hi ox
0-3- t rrr:etm @r&meéeetw%lorx@n any cis-atting contrd r«%elﬁam@ ﬁ%seplatedéh%‘mﬂhé"wrs, t he

functi %ﬁa&ﬁie%ﬁh&%&de@ﬂ cl@:ﬁy ﬁ\tmﬂae%% y@.ﬁee}ﬂm %&uﬁeMmg%%gulﬁed esioatic
di srupt ed, or, . del S th unction

or_exa articular, e

or " exp b s BRI Ty T A BB JEL A P GEED SEHSE NP EhE gr oup
consi s Tcetli’tg)rmifre t MorddveRhidodidgMhe yeBMIBP fardoiPMdygenastdr san aldo oeebase the
d| upt ed el r the host cells are cultivated in the presence of

5 Cﬂ%‘i%‘l W#Ofﬁhe‘%bt grs In further enbodi nents, the host cells include
one _or more PMI gmsekidleflén theragt agn ab seadply idesign airimalkeecxpoession aktarsarhich
cul ti V%&?de' tﬁe E%e ﬁﬁ@ 8e en&@%y%ﬁm'ggﬁ B ﬁagrﬂeﬂtpfrﬁﬁra%aﬂe{b'?e Pekdrh Qij'fl ar
aspects o ese e |nent t he” host I's al so express a secreted
al pha-1, 2- mannosi dase 20Pl\/rl' del eti ons or di sruptions and/ or Pntp
i nhi bi tors control O-glycosylation by-34-



reduci ng O gl ycosyl ati on occupancy, that is by reducing the total nunber of
0-gl ycosylation sites on the glycoprotein that are glycosylated. The
further awoizniocm9B an al pha- 1, 2- mannosi dase that i s seecetusdoloy2iitbe cel
controls 0-glycosylation by reducing the mannose chain | ength of the O-

gl ycans that are on the glycoprotein. Thus, conbining PMI del etions or

di sruptions and/or Pntp 25inhibitors with expression of a secreted

al pha- iydhaBinosidkas gcié anllécales eBedliycos hatlanykRien@tua holadeypansyciand

o depr esttets ol Bhs bR ART eppd R Rk s SRR e ace 1 s
det er mweBekrempi headxpyesss! Iblammdhb@srarh éredoh @r@oqafsthg hry’cl@qb pHstendasd lebatatorand

anti bo Sal p9) ﬁ} be expressed and transported through the ol gi
appar a%@ %\nsg)ﬁgdﬁ%? % © rees of efficiency and 30 thus ma¥ require a
4R

parficul ar conbi d&e P&ﬁeﬁmeW%%@fetﬂl? Bresems invgpleny gty Rergadepi igating ihsi t or s,

and al I@B&nér@g‘l&ﬁffﬂﬂ% 6‘@@@ Leldlr wﬁmﬁén@ﬁ@@@ﬁd reg@meﬁlaﬁnﬁ@mm tROroPEr 1MOr €
endogenaus nanr(l)wﬁ%/ transfera enz nes .a This deletion(s) can be

in conBPRAFIGhIAHE ROBILTiaaR ] < %%%%%ﬂﬁ%ﬁ%%ﬂf‘fdéo PR PR SN or | PV
i nhi bi tAftes cofstraationhel theplebai exfregpiavvediony stdievesrrs atatinsformed into host cells

al ph nnosi da / t ont.ral

0- gl ycgsgwegﬁ? 8ver8}§)ﬁ§%8ége§eﬁl%1namgpm{% %&ctﬂégeloﬁaﬂ}l%a%& %bg e %gsefin t he
hod® c&dthodsifectasbuminy wiast and offer ﬂwerteukwotyq qelle woih expregsien @Iecmrs preopet | y
assenbl [ r ation
appear é{ﬁ ?\gﬂ %{t(?/%%w %‘I‘lﬁblﬁ@ﬂ@%ﬂ%g%ﬁg&ﬂ ?S 6%28%0(17 02 b%g%ioﬁe?ﬁ&ﬁ%?ﬂgct on t he
assenblEpngpmed aiesysariceBs by o sarrplgsescdures mrl 1#5%% kb prasiiae.sphepplgst,

traver %@C{rb@rm{ ghdEhiRAPREIr@nd are transported to the cell surface.
Thus, in cells in which O0- glycosylation is controlled, the yield of
properly assenbl ed anti bodies or Fab fragnents is |ncreased over the yield
obflai néfbst eelost cells in which 0-glycosylation is not controlled. 5Thus,
contenpl ated are t | e oduce
gl ycoproteins V\A‘IF}II% g%r?u‘?ﬁéis ﬁtc}'g% St]r%g‘% Pl?ﬁlg%eg]gdr;ilgh %&1 lég%d%?%fdfdﬂgy ’ﬁ%tp mgr e not
i mi te@ren@emmumme bmwoi@mwza mr%@h’ énimgh ceVd mé'émé zecrete large

Saﬁel\,lge% om{Fhf Bk%%ﬂﬁ@%ﬁ@‘&ﬂ%newﬁ% G!;&IN%@D@

eNAC(1 . . eNAC2, Gal ( n3 eNlAcZ,
NANA( 1 fagezgine sa New@féweisﬂ@gl éﬁﬂi@ Prp*éHCF OP%?%%%F @re host
c ? hbs tilahiips ACiCad@uyd eplot B g@:ﬁeﬂan aéwé}a:\marp@téi hBkidor pratidifiede afethidie
al ore nt . one

N-gl gc _ 'ga{}grteon. ; 1 1 'I;he host ﬁel | s an?3 net I;ods
her ei n 151 e Sasb iR r Do o gse s e SR R PP o LA KRG
gl ycoprofyedsnthat ﬁnaa@segahttosm@bmﬁoamedﬁéuwwm it Yioofed &t ei ns t hat can

Do L oAb 00T LRl sl Sucfﬂsgmm 454 Y621 Bt 50RO

to 15er S Interféron a, interferon 3
i nterf fgfabramaﬁdwalm @nd & gwszmz ‘émf ge aneinbley exnresiansf sdydopisteips bﬁgalﬂsgct or

( GeSF) :th@\@a%%ec&%ﬁéﬂl@tdugﬂreﬁagb@h%h%f‘}&ﬂ‘s asd waert A ré{irla!telglﬁﬁif%d a'ré%ap@ﬁl@

human pr.ot ei ant i.t hr gnbi n | 'ubl.e | ept qor. a-chai n;
oGt SHiAN B cEHiss T get Preslinty plianesabiyef preticrabuhg e

i mu noaﬁhﬁf’éhﬁdﬁ&m@ﬁést@:t jjletenFE)cﬁIu&hOﬂ sppategied Ml facibhpeas kﬁmikudillteec]ihlﬁues

recept [ ot eins. S; rd euki ns;

ur oki ngs%t ﬁ% He%ﬁlégglae QRd U lé%l SI ns?er?ﬁégbgﬁhzag% %&Bﬁ %’zng grsjot ei n;

epi der rmbSIljllO@Md:raifedmaw pr qhovglypohmcrmmm pedei prigin o€ replicatipmntexninalios usi on

prgpe @e%t?eﬂgés%kl%é ke %é%%&%dar’r}ﬁ@ dft BedvedosiAlep¥tyhifIREAABT AormAN L d
progeni t Inhibitory factor-1; osteop rotg%ﬁpﬁé%al a titrypsin; .a-feto

prot ei rgglacorRaEa ¢arb OlkffunF&L are gepgticalinaneinge FF a & %@e%%se B?‘é)‘é?ydése TNF
bi ndi ngj}pp%ta@bt@seu e %érhs%'a@tlﬁty ﬁlghﬁbioﬁgsél@-tpﬁﬁﬁﬂlateﬁh‘id@l @a@sferaselayﬁﬂhomt e

and cy CPOBMIDI AR BT T REh Brars i sl SR crbate S OLE I RGhn ot
as a carbon source.
35 Lower eukaryotes, particularly yeast, can also be genetically modified so that they
express glycoproteins in which the glycosylation pattern is human-like or humanized. Such can
be achieved by eliminating selected endogenous glycosylation enzymes and/or supplying
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The reconbi nant host cells of the present invention disclosed herein are
particul arly useful for producing antibodies, Fe fusion proteins, and the
| i ke wherwoi2o10/®9besi rabl e to provi de anti body conpositipamaSadieneiies t he
percent gal actose-containing N-glyeans is 30i ncreased conpared to the
percent gal actose obtainable in the host cells prior to nodification as
taught herein. In general, the host cells enable antibody conpositions to

be pr?) gkipesonharah %setsh@sdribw@yoﬁer@o@dtaz,@B%Ewéahampﬁhdaassmhan 2d1h
Exanmp Ies that,can t he host S ave a
ratio g@‘@?@%z ‘E?fexfl@gg P R Ciﬁiar?nﬁcﬁele&ge HSREEPETR f%’lcrl‘ﬁtafeé% B %mmn

ant i bodiaesgsyhuamsfirzedcavitieh edidsyodhiothervice aeﬂxt inbortise sesidvsaoytodhralrelycan

ant i boghgé&;ﬁg Dienn 35Canel or |lama). Specific antibodies include but are
not lim % & fol | ow ng anti bodi es recited under their ,%gqr)lerl Cc nane
(ta¥get): MironphatnecpPodanent. EpBossebpgeaeticlyicpaiagired i (anti-CD41
7E3 anthhRentaRbAibothdEBR a(c%fﬂdn s6120 a@ﬂés’cﬁ@«ﬁ:ﬁ/ﬁereﬂ?@@élbci Mﬁcﬂ@%{gm@@%@ to WO
2010/ 099153PCT U 010/ 025 Clg (ﬁ)% y)ﬁ c rrfrm?eré r}(%e nt| body),
Pal i vi Z@kaBopak ﬁwné@% picHAELPYO By Eg}} G o8/ tidber B AT L n 11 i b
(anti - Fdhedsi@Ré bah@l@iﬁé doﬂiﬁ@ﬁfﬁ:&tﬂumbei(}lﬁmttafgchﬁgs@mﬂ Ipbpmﬁe)not ﬁenmdllywmlated

{1 3 tib
bt ot R IR St W R T AR R et AR o Gty
Qi i z appepatBq aiithé hogy BelhnPassaghyof a Fomitivant ghisonretein tirouiribe BB cgérolgiat i ve of
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9l UCA0ONHRE AR A engR U QURAN LD 28l dkA0501ivAYh BRIP4/l

t her eo s di sc eln can be used to
pr oduc ectéityi mgda@scta:wdlpbosrphafgrwﬂylstramafemba@mflwranér@@ﬁmeélmga@@msagat| ng to
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enzyneappaatugofiht hberceiln Pesangde the reeombihanisglkiopsoteinghropglothedR er Gelgect i on
system.tof qiﬁgogﬁkhoﬁ ceﬁ@?mc&ad# 81% R)E[éﬁc&lﬂ isif¥Rr ess het er ol ogous

pr ot ei {EPar enet | ngi neered to
expr es $SlgiackiangFeN @Piltgﬁéoioéllnoforr eﬁ%f‘l’i}\‘?&éﬁe g@gp@%{e&j TR HRe group
consi stchmgrisihg gaddaﬁﬁzsalﬁtm a@cNA!aﬂ-aggi}&ng g{y@sﬂmmnﬁf AskatertiNb, GALARTDand 1-

h hat d t f
Dol act 958 IRt Arliratomic oy Soab e A3 P B Bl %fZ o1 oni ng
site amdkzﬁpotehpgtcesﬂs apablae$ ptadeciop eeliicaprotdie casplishoi ClgdbtMays@aipar or
enzyrresg&;g) o jk%%&%éﬁ%%e%ﬁ%gw {S: grl%%e 4l on %eiYs c%}l%[: tl%gt{éd n%zwg%ﬂhcg nprise a

Pi chi a and I'0On seqguence
f1 anki mgxamiaidese o mpducelagpiomepiaant & yaﬁﬁowhcwrt%a %ﬁ@@i &Ié\ca Zyepipem ng

S e%He n eéeoﬁos{ @Jlgﬁiﬂeg%ttﬁk‘? g&?&{?gﬁ){(&%ﬁe@%ﬁ&) 'efi;'yi{:%ra S0LANiRRe bR ea U@i cell

genone. vect or. t hat .encodes al |

three Igélaéi%‘e pEpHDRIgSCARtih & g@&atoa@@%ﬂmhaa@ammbgw@&%@c ivighiter ase, and

30gal acinsealll « RNREREPEEAE sBflvity bARSEANRER) aRRdpdebldos @ildandstaphe
cloning site’and a host cell that |acks the three Leloir pathway enzynes.

The ki t“AGCPSO¥EYt her i nclude instructions, vector maps, and the |ike.
Then, the immediately preceding host cell further includes a mannosidase II

35  catalytic domain fused to a cellular targeting signal peptide not normally associated with the
catalytic domain and selected to target mannosidase I activity to the ER or Golgi apparatus of
the host cell. Passage of the recombinant glycoprotein through the ER or Golgi apparatus of the
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The follow ng exanples are intended to pronote a further understandi ng of
the present invention. 35 EXAMPLE 1 WD 2010/ 099153PCT/ US2010/ 025163

In this ewerplogn9s3Pi chi a pastoris host cell capabl e of ppraseciongsic3

gal act ose-contai ning N-glycans was constructed in general follow ng the

met hods di sclosed in Davidson et al. in U S. Published Application No.

2006/ 0040353. The net hods herein can be used to make reconbi nant host cells
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35  camel or llama). Specific antibodies include but are not limited to the following antibodies
recited under their generic name (target): Muromonab-CD3 (anti-CD3 receptor antibody),

Abciximab (anti-CD41 7E3 antibody), Rituximab (anti-CD?20 antibody), Daclizumab (anti-CD25
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The following examples are intended to promote a further understanding of the

present invention.
35
EXAMPLE 1

- 47 -



15Construction of a double ScGALI/ScGAL7 construct. The PTEFi - ScGAL/
cassette from pG.Y939 was subcloned into pGA.Y941l, a knock-in vector with
the P. pas0aniotiR&l sel ect abl e marker, TRP1 | ocus knoclkcirnse@gioesiss and

al so containing a P GApDH- hGal TI P cassette and this new vector was naned
pGLY952. The PpmAi - SeGAL7 cassette from pGLY940 was subcloned into pG.Y952
and the new vector was nanmed pGA.Y955. Finally, the 20 Nourseothricin

resi stance cassef shiy MNakiRle, waSc/su padramekhst C@h&apaﬂh,’ﬁﬂirc(dncihigmla«l:tbge-f rom

AR5 fromE S fic R | . .
Dot i eF QP Ied " E sl gt B fau 1B M he 1Y MR o navidgpn e
1999, ¥yeasl. &@ubmﬁmﬁmpmpmacpmw@@26wﬁ4(p}56d dde rmﬂtmhdrmamtwmecé BewalE gur e
12), }(’"ﬁéc%ﬁ&%%% ﬁéa@ﬁelﬂ%ﬁ ﬁ*}efrg em%%%]are e e ab%(cpif 1B AhchAS §§£ t&sol ong

W th dom nant . mar ker casset e sing
i nt @gr AeWERINH AP H&ﬂb}éﬁsi ?le %‘P‘I is capadls Qflipg ga ?S?%Sf( ?Fr’g“h?%scelfce was
transformed int om@@aﬁzc:@w@@ﬁsgve@mnm@m T HeHPAOpes BLY &1 NS

genos SAHCGRNETRBRR LS DI By DO R TN G boRA BURER AN "Lt o na

13- 1, 4kghkacDdRe(Clestc)asing FER Fiigersek (D H SEXHIQGECAFHErGA6A0SE ruct i on.
Strain e scassette encoding the
Saccha%@éécééﬂxé‘g?ev@q ﬁﬁ@q&%‘ @2%@2( eﬁl nmerase encodi ng gene

Sc GAL 16, TAGATE RS EEECECEHd G BSEABT 6 Teh SEGHERNIX g bis 2 CRrpredwe stas cfangd
strai ng,RRBARA1 vedor ﬁﬂﬂtroé’én@ﬁﬂ&séq‘ﬁ@n&gp;zﬁﬁn afis El'ﬂﬁe mogﬁd Qﬁtﬁ§®nesw

transporter. he parent al straijn, Rﬁﬁ ag

t r ansf SYaveaternygdfar thie w&& 1) & smoye adfadgite Wit ﬂ@cﬂ@&l} ie F?é%e while

( RPP635:Ialntamﬁlg 8o %}da}'pé/\ﬁb%ugﬁdq%hdém)rfb Riufedte ﬂfﬁqﬁu@iﬁﬁﬁlﬁaﬁmm ldﬂgfngfdaﬁps e,
gal act ur ce ot.oqr

I nt er ecé?efﬁgq“gogneﬁgﬁgrr?ggﬁ THY @H@’%{?I PF?Y‘@ g@yzlgc?ai{lgwp BrErg \%151 ?91
galiact asexdues Aidiané Fabl-siey atcths 5° RIOPB 2844 rekipsqlvaiye tbrmoodallvir|ciamng, ol cadisthis, | at e

90107 000 AL Rt Bh BEERL i AR FER e bing Vi%’l‘&“‘“e“ RED18 S ori s,
Howev e (CTEAGELEHEE 0OMEIHEGCCEREIES A HE Cﬂf&ﬁ?}@@f’ (§E@&IDZN Bw@c& D281 genes
wer e capagbetARATOTd@t G0 C9at@st DPWAnd the* @HA ¥ad PCRSangNHRAL ed,

ot Sa SRRy e 0Tl BLAL e etk o8 cartan Soured thece

asspni |1@$I|BIMSW%A?BAQM@OMW@@@GWACWQEE@IDrNchSe) basi c
structura not regul a nent s
assi m ﬁr 5‘5‘#%&%%9"6&@3& t%ggt)ner W’?‘Jé?%’?‘ﬁ%%@f’g&g %th—: gﬁé)ﬁr(sé gﬁt%ﬁ\slze Pesi due

297 of tﬁmcaaxcbopssﬂewﬁmg\ freginy @Eﬁgemémgdh@almwbmnsferam wﬂlﬁdhfp‘mitiﬂm apfinpunan
1 9Cs copf e nt@e Whﬂg Pkaﬂh%%'}voﬁi Lite. Iﬂ@%ﬁﬁaﬁﬁalﬁflﬁ'@l{g&gﬁ'ﬁc G&%Ql%%%@ddﬁ@bat

nunber i ng stinct from

ntains an
that ofwastchmed inte ﬂ@tm ireropdBEpERs, C @gﬂ@fla% andhggaengrdy TR BPYsRd hunan
ant25b0%sgﬁarﬁ%c§k1%s%e% Yieansd \Wtﬂ thelr @b 5i Pl rdtrRNOE eAREh@dhdARPDINA hghedtm nal

al actosge .th ed on vari f and . r reI ntain a
gl gni f iSEBHE™ asgpdpgglﬁgg dogmsirgam %ﬁg A, p&%’% gﬁa@ﬂ?ﬁﬂ%& ?8?%??@)? mh g
| evfel | qu(]%ml\?_ﬂ ﬂ&xkﬁ%u&méﬁ@adeqﬁms endoolidy-thé thaH§43 vmaalsm@megm@laéﬂangthm ﬁrﬁt t he
rofi 0 odi es produced in such a
8| ycoe%gl Ry g%ﬁ?/%}%% h?gb ?6)313 %po e&f(gﬂ)%hg past gl’l s strain that had
been geneti cal | y 4ehbianeefisdstieadpr ssduensenirginy aerevasiaehP trasierisaandgl lactisos e
(YGg02; thé?ﬁrg&' l__;ﬂH{gﬁxs 8o AUbUSIIRbE irfthe %1%&@@1%&{@%@ ﬁﬂottﬂlsa/e&b%éﬁv@er{ t}h@K138)

encodi n omaln or C-term nal of the t obul
(1gGl) f%éh@)}ﬂ Asshstesihaerusipgibesg leager ensading USRS galameﬁi"%ég?@breﬁ §gt i ve
cl one iRy ddcb@idg e RERTIES chaleid BBRHL TFh3Gbotd gustebdd m@@ﬁm li@ra4y of Thi s

strain in a shake fl.as ndu anol a ol e
car bon CoL S Tlehasraernd Ras ThE Gl b O a00e Bhio P Vo -BRd ©
subj ectreldading theN-gliycatsifom pmlﬁnfdﬁmfmnﬁeaah friamiforynanb anchddtogisipp yheiPur i f i ed
ein enar 4l nd of
heoxgsu OBl s by AL R A SIse PO pﬁgﬁé%ﬂﬁé’s%g%@a%%%ﬁd to
PNGas e lmngbsl donaiaef hahen plesinesen @@);aéawg't@ﬁﬁ upiferEn pympiRK Blycdiopm WBth the
resul t 'a!ﬁ%nh‘?xglté/ RS GIENBEL&iRRN GIRMRAVEA, RcRAcR tedpruRant Oiﬁ%?t}iéod&ﬁbét ent
with a co nan core structure with termnal G ¢NAc (GO
Glcl\lAcZI\/anBGI CNAc2), a |lesser species with a single term nal gal actose (01:
Gai G cNAc2Man3GlcNAc2), and a m nor spéfies where both arnms of a conpl ex
species are capped with gal actose (02: Gal 2GLcNAe2Man3GLcNAc2). The masses
of these species differed predictably fromthe canonical values reported in
the literature due to the lack of a single fucose




30 residue. dyeoengi neered yeast strains do not contain an endogenous
fucosyltransferase and therefore lack the inherent ability to add a fucose
to the cowe 2buwvmmsBl gl ycan structure. Anot her m nor speecedscansibent with
Man5GleNAc2 was al so observed. Strain PBP317-36 above whi ch expressed the
gl ycosyl ation activities required to assenble human-like N-glycans with
term nal gal act ose and which al so expressed SpGALE 35 (UDP-gal act ose

4- epi rre&m:@hswaﬁ MhEn@enE43cahick eengict adugch potdie cahpisit®tha Seteexogendus

| act
Dot abors Ty e fAhnotr AR RN Gritf RARLERE (FReRFRIKAR oo Ny o1
ScGAL1 tan@ﬁc@&?h@ma&#mh‘@ly@o domeln @Mizp ach @ew/ Gmﬁmﬁéﬁwsifm agde5163
consti Eé{:fdlg}{@e &)fnea%fd%e ﬁ%ﬁ(ﬁg%z)f Hes, E&Qﬁ}zﬁy%\%ﬂz gﬂe%a 2 &as tﬁi@%cﬁeﬁ&gﬁﬁf med

into t pastoris strain | asm d

upon
L0 51 n bbb amEed RS e Bl bl Misted PRAD 26 AL ODBRHT BERo3e
epi ner %@ﬁmcfpﬂglswﬁ% lihbgized wlmt%ﬂ @mgfraxwmmegaﬂna@b@f ﬁtrzﬁﬁ S@}BMI t8 glélgdrﬁen
source | + SIr C e e,.C cou use
gal act 64&n %lsg%\/\%% éﬁs‘!t:{ﬁpé Uﬁ%ﬁgﬁiﬁér’*ﬂpm fﬁ%gd t he
gal act QQ&?Q@GM%Q@O&O@&C}B ih éOMQDBMﬁeambmmﬁmmmaﬁ SgameY%H’?hbasdﬁen

transparters r |l e to transport gal actose
suffi c:ag‘qhtui 54 g)cngﬁgﬂﬁﬁs@e%ﬁlpﬁhcmnﬁﬁ\% %0%{03%?1% oris strain PBP317-36 and

RDPF83 bot h har bdys shawi in Bigneet Hg aphiaenpertion feboruti® keidbeliVrglyeane prdiead Fe
dormai ny, SEH Bl K5k HEPRRLRonREOk Sl $RIBAILGRBE & QEIngEfgaia@%séLgl ar to the

' 2?2@2 Waéﬁ'gr?ﬁ AR (D R BRSO R R g1y BBRSE and | nduced | n-the.
prese n@ihl(éch@Ldghﬁ:m GeNrandG1p8-dysn| ehitathbormsioderad ther Nglichnyet identtal to

uper nate et BPfdeh SRR EEn TR B o B A SR BN ARl Prcase
di gestlpwducahm\mkahgpzedasby MALDI - TOF M5. N-glycans rel eased fromthe human
re 15 from stral RyEChRid GlAGCA il e BobiRkL QalhOS AR L eTg%gserved

wi th PBP317-36 upon rreﬁ%ano |on al'one or pr esence of ucose
or manwsglenatigns Itn@lmbd predoRP reatrctage yewipertmoasndaawng bavels a6 e Nagd ctoss gur e

29) MY u AcfisB oMORV-8B chiUhighObe ke
par en{_k6 st ralpRH%gg%ﬁ?Qggﬁ?yﬁg ?}égﬁf’c‘gﬁﬁﬁggﬁﬁﬁ% glcRisBlo B ighPhe

gal act b§esHHESITAMS gnshtgﬁ%ﬁr?str%ﬁmfﬁé “hﬁ %ﬁgﬁfaamé% ﬁf}{n the, cytpsel to

pr Qdomtlﬁ’@ﬂ%lggh prsaediey (B r@wr&@f 1 :B16:%1&&:(11(521151l§3:|1@3|5%(3I E?&OBBE};INA@?Q etaifd].Biochem
conconmi i u al.act.ose,ca

(Gl 2Ol ERAMNR 7D AR B e e atiehe of: BrodhctR! MIEHRARERRRA) 90 ORLLEN T 0t o
t hat t {9%] $dghwa eoalc dilRSol.etgl 461089 5-a08 OIP9aYI r"i“garsp@@@ﬂwszogmlmro@ms
obser Vgﬂthv\ﬁlﬁnﬁpﬁé"t?angﬂl%%mﬁ% gﬁﬁfélng ﬂ'?a‘? FHO'E Rilafi R éﬁeééllityl 18 a%&%]o%@%%%ho nal

anti bo gFycoengi neere east |n was Figure 11,
Exanpl csyevet, rexeral xpeas yelgots t@amrterm Judipg aPo&Péqwt%ﬁtﬁaﬂwer ve bagry g n

\(NaGlegl SOt el begﬁggél@(glﬁ&térm §1§S eC?tBMHWMQﬁ&YS JOBIOUI?gll’I L(%nycga 23:912-91 8{7nS

i ter SRprOsSesast ol kb D pEaned: M- KECRIELR Kakbmaan i rolytrioh B

co tn?] i :1 t1:4mg195)‘9r) Z%ﬂson”rln eddmman]ﬂatﬂ)e\gkd Boiris SsA édd(owsaZ-Gm@ T GO@B\[AC dvEn36EE eNAC2) ,

wel | ad e p g opgegosel *ﬁ?a%%%%i%%%%*g&%ﬁf S A
Th| s datdDPgabictoist tansporter, WidiGlLiEGedhok noeedsipwno. A0 X0 AL e dloped pusttheon of

t,
r eS| due%?gstf’a@gfglﬁ?éd RPRELCYshet %H&%s@ﬁﬁ ﬁ‘le "M]@Nmt&ﬁ ég: @é;AIﬁE%J% as tf%g)w%a”e

An 1 ntegration asm &grln
PGAY1418, was corfderitg vbH. fﬁjﬁ&"éﬁ‘fl’@f@ﬁ“ﬂ”%‘?@ef r P oV RgHog45(es BERfEnSO lﬁgélieorl s
?(E) ;( Zu? g IW@%Yactdlae rr?és@d péiter aGEHRERYIB0 5549 e feroll a5 18 Dm@ﬁﬂf%{ Bdenqﬂnfsﬂr ain
al.r ea ai act i mer

F g o fhof adh adigogadio” Mé?%@é@?@é@@%ﬂgﬁﬁl% e RisRE ST 8P v
2010/ 09PitES PV WSAHRORGREABSDMUGT-5" (5'- GGCTCGAGCGGC

35 CGCCACCATGAATAGCATACACATGAACGCCAATACG-3’ (SEQ ID NO:7)) and

DmUGT-3" (5’- CCCTCGAGTTAATTAACTAGACGCGCGGCAGCAGCTTCTCCTCATCG-

3’ (SEQ ID NO:8)) and the PCR amplified DNA fragment was cloned into pCR2.1 (Invitrogen,

- 44 -



Strains YDX477 and RDP968-1 were grown in shake flasks in standard nedi a
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followed by 20 bases preceding the intron and downstream PCR primer GD2 (57~
TTAATTAATT ACTTATATGT CTTGGTATG-3’ ((SEQ ID NO:12)), which has a Pac/ site.
Primers GD1 and GD2 were used to amplify the SpGALE intronless gene from the pCR2.1
“subclone and the product cloned again into pCR2.1 and sequenced. SpGALE was then subcloned
35  between the Noifl and Pacl sites into plasmids pRCD402 and pRCD403 to create plasmids
pRCDA06 (Pocui-SpGALE-CYCITTY and pRCDAOT (Pspcs-SpGALE-CYCITT), respectively.
These plasmids have been described previously in described in U.S. Published Application No.
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transfgrmed wth plasm 2a (See Fiqgure 191) to make strain RDP616- 2.
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t hat t lkentent (bmﬁmﬂmemd%eww@smasmyh:assette encodl ng the chineric human
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e e A ACen o

gl ygangours. After counterselecti ng strain RDP616-2 to produce ura-
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0%%?% Ig)é%' ﬁ%gg%}%%sl/e Olzjg ?%(g}agﬁlggg@%%%%l rﬁéﬁ’éémd heAIP%IC—E.XB[I;I%M%r onoter; an

expressi on cassette encoding the full-length D. nel anogaster ol gi
UDP- gal act ose transporter (DnJGT) wndevipeprtrol of the PpOCHL pronoter; and

an expressi o cassetle SO DRLE bbb LD, B, pornts, VO galactose 4
was tr pasiweayiBgums 4)h Aslshswh dn BanY{ile 1bhdteroivakes stprassion of the gene encoding this
30 enzyme in a glycoengineered strain of P. pasforis resulted in the generation of an intracellular
pool of UDP-galactose as evidenced by the dramatic increase in galactose transfer in strains
expressing this heterologous gene. However, as also shown, addition of this enzyme alone did
not confer upon P. pastoris strains the ability to grow on galactose as a sole carbon source (See
Figure 7, strain RDP578-1). Therefore, the remainder of the Leloir pathway in S. cerevisiae was
35  introduced into various strains of Example 1. Thus, in this example, a Pichia pastoris host cell
capable of using galactose as a sole carbon source was constructed. The methods herein can be

used to make recombinant host cells of other species that are normally incapable of using
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domain (KD) under the control of PpGAPDH pronoter and an expression
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was tramﬂfrmrcm ttrennBV ablangral Ysmsh ané grabk eenpmpig UIN A preppation) waig RC
PG Y1138 nlenemEs f6qy!- em%@cc%}@c(ﬁxelws% ﬁms;mmmmr Q&E@TH‘RSAQTFAQ@ P.

e ArRe 2 efHte Tanite  Rapr e giEomabhel B Frdiotkis gastoren oHp 8CR0a: cu s, ac
copf er %In&i’tﬁ)ggﬂ; E)(Eiril’sbﬁi signae séqmgg‘ggidl %ﬂe g@gﬂtg@qﬂ@ngg gw@ namgci bﬁ]iawms&l@ce 3)f
B o SRS GEediba B cala F S bt i ER S RN, e RS SindloBug on

casset tPackenddbé DYy Aafrsmoend tseliblénediinio phasotié piN@Endovitsiregm Dﬁéleg’pf’déibvi si ae

| ph / ID
NO 54) PRIAGE %"t@eﬁ'tﬂﬁﬁog%&@%ﬁs %‘f‘ Fede P priion, SebiRe o
donai n thesmone prilEeBBNEhdOHEIn %@zﬁlﬁa@c@@ bEHheackpotigey qqa%m@ 55)

under thevesEQpafobhe. PpAOXL pr onoter. The fusion protein is secreted
Into the cultur eCJ?E nczlilfzglrj o1 S. -I(;grglvgla%f(?jfﬂ ulehnCSe cerevz%ae gene encoding the galactose-1-
phosphate uridyl transferase (GenBank NP_009574) referred to as SeGAL7 was PCR amplified
from S. cerevisiae genomic DNA (Strain W303, standard smash and grab genomic DNA
preparation) using PCR primers PB160 (5’- TTAGCGGCCG CAGGAATGAC TGCTGAAGAA
30 TT-3’ (SEQID NO:17)) and PB161 (5’- AACTTAATTA AGCTTACAGT CTTTGTAGAT
AATC-3’ (SEQ ID NO:18) and the PCR amplified DNA fragment was cloned into pCR2.1
(Invitrogen, Carlsbad, CA) and sequenced. The resulting plasmid was named pRCD918. The
DNA fragment encoding the galactose-1-phosphate uridyl transferase was released from the
plasmid with Nofl and Pacl and the DNA fragment subcloned into plasmid pGLY 143
35  downstream of the PpPMAI strong constitutive promoter at Notl/Pacl to create plasmid
pGLY940. Separately, the Nofl and Pacl sites were also used to subclone this ORF into plasmid

pRCD830 downstream of the P. pastoris TEFI strong constitutive promoter at Notl/Pacl to
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| D NO Description Sequence | PCR prinmer RCD192 GCCGCGACCTGAGCC
GCCTGCCCCAAC 2 PCR priner RCD186 CTAGCTCGGTGICCCGATGTCCACTGT 3 PCR pri ner
RCD198 CWAGHDIBOHBEGECCECGACCTGAGCCGCCTGCCC 4 PCR pri merCRETB2@1/025163
GGGGCATATCTGCCGCCCATC 5 PCR

create plasmid pRCD929. The galactose-1-phosphate uridyl transferase has the amino acid
sequence shown in SEQ ID NO:42 and is encoded by the nucleotide sequence shown in SEQ ID
NO:41.
Construction of a triple ScGALI/ScGAL7/ScGAL2 construct. The ScGALI open
5  reading frame from pGLY917 was subcloned into pIN702, a P. pastoris hisl knock-out vector

with the P. pastoris ARGI selectable marker (his!:: ARG, see U.S. Patent No. 7,479,389), and
also containing a PG4 pp - promoter cassette and this new vector containing the PG4ppr-

ScGALI fusion was named pRCD928. The Prrpi-SeGAL7 cassette from pGLY 929 was
subcloned into pGLY928 and the new vector was named pGLY946a. Next, the PocH-DmUGT

10 (Golgi UDP-galactose transporter) cassette from pRCD634 was subcloned into pGLY9%46a to
create pGLY956b. Finally, the PG4ppr-ScGALZ cassette from pPB292 was subcloned into
pRCDY56b to produce plasmid pRCD977b (See Figure 6). Plasmid pRCD977b contains
DmUGT, SeGALI, ScGAL7, and ScGALZ2 expression casseftes along with the ARG dominant
selectable marker cassette.

15 Construction of a double ScGALI/ScGAL7 construct. The Prery-ScGALI
cassetie from pGL Y939 was subcloned into pGLY 941, a knock-in vector with the P. pastoris
ARG selectable marker, TRP I locus knock-in region, and also containing a Piz4ppy-hGalTIp
cassette and this new vector was named pGLY952. The Ppass7-ScGAL7 cassette from

pGLY940 was subcloned into pGL'Y952 and the new vector was named pGLY955. Finally, the

20  Nourseothricin resistance cassette (NATR) was subcloned from pGLY 397 (originally from
pAG25 from EROSCAREF, Scientific Research and Development GmbH, Daimlerstrasse 13a, D-
61352 Bad Homburg, Germany, See Goldstein ef al., 1999, Yeast 15: 1541) into pGLY952 to
produce plasmid pGLY 1418 (See Figure 12), which contains hGalTIp, SeGALI, and ScGAL7
expression cassettes along with the NATR dominant selectable marker cassette.

25 The single integration plasmid harboring all three genes, pRCD977b (Figure 6),
was transformed into the P. pastoris strain RDP578-1 to produce strains RDP635-1, -2, and -3.
Strain RDP578-1 already contained the heterologous genes and gene knockouts for producing
human N-glycan containing terminal -1,4-galactose residues (See Figure 5 and Example 3 for
construction. Strain RDP578-1 also includes an expression cassette encoding the Saccharomyces

30 cerevisiae UDP-Galactose 4-epimerase encoding gene, ScGAL 10, and expresses the test protein
human kringle 3. The resulting strains RDP635-1, -2, and -3 have two copies of the DmUGT
galactose transporter.

The parental strain, RDP578-1, and the transformants with the SeGAL/, SeGAL2,
SeGAL7, and ScGALI0 genes (RDP635-1, -2, and -3) were grown on minimal medium

35  containing glucose, galactose, or no carbon source for five days and then photographed.
Interestingly, despite having the ability to secrete proteins with galactose-terminated N-glycans,
RDP578-1 displayed no ability to assimilate galactose, while growing normally on glucose, as
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primer RCD200 GATGGGCGGCAGATATGCCCC 6 PCR prinmer RCD199
CTTCTTAATTAACTAGCTCGGTGTCCCGATGTCCAC  PCR pri mer DnlUGT5'
GGCTCGAGEOCCBIGHMBEAT GAATAGCATACACATGAACGCCAATA CO 8 PCRCESREN/0EX1hiGT 3’
CCCTCGAGT TAATTAACTAGACGCGCGEECAGCAGCTTCTCCTCATCG  PCR primer GALE2- L
ATGACTGGTGITCATGAAGSG 10 PCR primer GALE2-R

would be expected for wild-type P. pastoris. However, the fransformants expressing the
ScGALI, ScGAL2, and ScGAL7 genes were capable of assimilating galactose as shown in Figure
7. As expected, minimal growth was observed on the plates lacking a carbon source. These
results indicate that a recombinant P. pastoris can be constructed that can assimilate galactose as

5 acarbon source when reconstituted with the basic structural (but not regulatory) elements of the
Leloir galactose assimilation pathway.

Determination of N-glycans at Asn residue 297 of Fc expressed in
glycoengineered P. pastoris. The Fc portion of human IgGs contains a single N-glycan site per
heavy chain dimer (Asnp97, Kabat numbering) that typically contains an N-glycan profile distinct

10 from that of other secreted human proteins. Generally, naturally occurring human antibodies
contain N-glycans with terminal GlcNAc and an amount of terminal galactose that can differ
based on various factors and rarely contain a significant amount of terminal sialic acid. After
demonstrating a high level of terminal $-1,4-galactose to N-glycans, we sought to determine the
profile of N-glycans that are observed on antibodies produced in such a glycoengineered yeast

15 strain. Therefore, a P. pastoris strain that had been genetically engineered to produce N-glycans
with terminal galactose (YGB02; See Figure 8 and Example 4) was transformed with a plasmid
(pBK138) encoding the F¢ domain or C-terminal half of the human Immunoglobulin G1 (IgG1)
heavy chain under control of the 4QX1 promoter. A selected positive clone identified by PCR
was named PBP317-36 (Figure 8 and Example 4). This strain was grown in a shake flask and

20  induced with methanol as a sole carbon source. The supernatant was harvested by centrifugation
and was subjected to purification by protein A affinity chromatography. Purified protein was
separated on SDS-PAGE and coomassie stained. A labeled band of the expected size was
observed. The purified protein was then subjected to PNGase digestion and the released N-
glycans analyzed by MALDI-TOF MS. The resulting N-glycans (Figure 10A) revealed a

25  predominant mass consistent with a complex human core structure with terminal GleNAc (GO:
GlcNAcyMan3GleNAcp), a lesser species with a single terminal galactose (G1:

GalGleNAcayMan3GleNAcy), and a minor species where both arms of a complex species are
capped with galactose (G2: GalpGleNAcyMan3GleNAcy). The masses of these species differed
predictably from the canonical values reported in the literature due to the lack of a single fucose
30 residue. Glycoengineered yeast strains do not contain an endogenous fucosyltransferase and
therefore lack the inherent ability to add a fucose to the core human N-glycan structure. Another
minor species consistent with MansGleNAcy was also observed.
Strain PBP317-36 above which expressed the glycosylation activities required to
assemble human-like N-glycans with terminal galactose and which also expressed SpGALE
35 (UDP-galactose 4-epimerase) was then genetically engineered to be able to use exogenous
galactose as a carbon source and to control N-glycosylation in a metabolically engineered
manner. An integration plasmid expressing both SeGAL!I and ScGAL7 under the control of a
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TTACTTATATGICTTGGTATG 11 PCR prinmer GD1

GCGECCCCATGACTGGTGT TCATGAAGCGACTGTGT TGGTTACTGEC GGCGCTGGT TATATA
GGITCTCATWAGI BOGTRST TTTGTTAGAAAA 12 PCR primer GD2 TTAAPTAARIAGDTAGAT
GTCTTGGTATG 13 PCR primer TTAGCGGCCGCAGGAATGACTAAATCTCATTCA WO

2010/ 099153PCT/ US2010/ 025163 PB158 14 PCR priner PB159
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constitutive promoter, pGLY954, was constructed (Figure 9) and transformed into the P. pastoris
strain PBP317-36. Plasmid pGLY954 conferred upon strain PBP317-36 (which already
contained the SpGALE UDP-galactose epimerase, Figure 8) the ability to grow on galactose as a
sole carbon source. This gal® strain was named RDP783. Because the cells could use galactose
as a carbon source even though we had not introduced the galactose permease into the cell, we
concluded that general hexose transporters endogenous to P. pastoris are able to transport
galactose sufficiently across the cell membrane.

P. pastoris strain PBP317-36 and RDP783 both harbor an integrated plasmid
construct encoding the human Fe domain as a secreted reporter protein under control of the
methanol-inducible AOX1 promoter. Strains PBP317-36 and RDP783 were grown in shake
flasks in standard media containing glycerol and induced in the presence of either methanol as a
sole carbon source or with methanol combined with glucose or galactose at different
concentrations. Harvested supernatant protein was affinity purified by protein A, subjected to
PNGase digestion, and analyzed by MALDI-TOF MS. N-glycans released from the human Fe
from strain RDP783 yielded a similar N-glycan to the profile observed with PBP317-36 upon
methanol induction alone or in the presence of glucose or mannose, with the predominant
glycoform GO (GleNAcaMan3GleNAcy) (Figure 10). However upon exogenous galactose feed,
strain RDP783 (but not the parent strain PBP317-36) yielded a dose-dependent increase in

galactose-containing N-glycans on the human Fc, with a shift in the predominant glycoform now
to G1 (GalGleNAcyManzGlcNAcy) and a concomitant increase in the fully p-1,4-galactose

capped glycoform G2 (GalyGleNAcyMan3GleNAcy) (Figure 10).

Finally, to demonstrate that the ability to control glycosylation using exogenous
galactose observed with the human Fc could be applied to a full-length monoclonal antibody, a
glycoengineered yeast strain was generated, YDX477 (Figure 11, Example 5), that expresses an
anti-Her2 monoclonal antibody. This strain was also engineered to transfer human N-glycans of
the form G2 (GalpGleNAcaMan3GlcNAcy) on secreted glycoproteins, Release of N-glycans
after expression of mAb-A revealed an N-glycan pattern (Figure 13A) consisting of a
predominant peak consistent with GO (GleNAcyMan3GleNAcy), with a less predominant peak
consistent with G1 (GalGlcNAecasMan3GleNAcy), as well as minor peaks of G2
(GalpGleNAcyMan3GleNAcy) and M5 (MansGlcNAcy). This data is similar with what was
observed for the truncated Fe portion of human IgG1 and was expected because both are N-
glycosylated at the same residue (Asn-297). An integration plasmid harboring ScGALI and
ScGAL7, pGLY 1418, was constructed (Figure 12) and transformed into the P. pastoris strain
YDX477 to make strain RDP968-1. This plasmid conferred upon strain YDX477 (which already
contains the SpGALE UDP-galactose epimerase, Figure 11) the ability to grow on galactose as a
sole carbon source.
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AACTTAATTAAGCTTATAATTCATATAGACAGC 15 PCR prinmer PB156 TTAGCGGCCGC 16 PCR

pri mer

PB157 AACTTAATTAA 17 PCR prinmer PB160

TTAGCGCCGEOAGBAATRACT GCTGAAGAATT 18 PCR priner PB161 PCT/US2010/025163
AACTTAATTAAGCTTACAGTCTTTGTAGATAATC 19 DNA encodes NMn2
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Strains YDX477 and RDP968-1 were grown in shake flasks in standard media
containing glycerol and induced in the presence of either methanol as a sole carbon source or
with methanol combined with galactose at different concentrations. Harvested supernatant
protein was affinity purified by protein A, subjected to PNGase digestion, and analyzed by
MALDI-TOF MS. Both strains yielded N-glycans similar to the profile observed previously with
PBP317-36 upon methanol induction alone or in the presence of glucose or mannose, with the
predomimant glycoform GO (GleNAcyMan3GleNAcy) (Figure 10A vs. Figures 13A and 13D).
However upon exogenous galactose feed, strain RDP968-1 (but not the parent strain YDX477)

yielded a dose-dependent increase in galactose-containing N-glycans on the antibody, with a shift
in the predominant glycoform now to G1 (GalGlcNAcyMan3zGlcNAc2) and a concomitant

increase in the fully B-1,4-galactose capped glycoform G2 (GalpGleNAczMan3GleNAcy) (Figure
13E and F).

EXAMPLE 3

Construction of strain RDP578-1 is shown in Figure 5 and involved the following
steps. Strain JC308 was the starting strain. This strain has been described in Choi et al., Proc.
Natl, Acad. Sci. USA 100: 5022-5027 (2003) but briefly, the strain is ura3, adel, arg4, his4.
This strain was rendered deficient in alpha-1,6 mannosyltransferase activity by disrupting the
OCHI gene using plasmid pJN329 and following the procedure described in Choi et al. (ibid.)
and in U.S. Patent No. 7,449,308 to produce strain YIN153. Plasmid pJN329 carries the
PpURA3 dominant selection marker, after counterselecting for ura- activity, resulting strain
YIN156 was rendered deficient in phosphomannosyltransferase activity by disrupting the PNOI,
MMN4A, and MNN4B genes using plasmid vectors pJN503b and pAS19 following the procedure
described in U.S. Patent No. 7,259,007 to produce strain YAS180-2. The secretory pathway
targeting leader peptides comprising the fusion proteins herein localize the catalytic domain it is
fused to the ER, Golgi, or the trans Golgi network.

After counterselecting for ura- activity, resulting strain YAS187-2 was rendered
deficient in beta-mannosyltransferase activity generally as described in U.S. Patent No.
7,465,577 using plasmid pAS24 (See Figure 14) to make strain YAS218-2. Plasmid pAS24is a
P. pastoris BMT2 knock-out plasmid that contains the PplURA3 selectable marker and contains
an expression cassette encoding the full length mouse Golgi UDP-GlcNAc Transporter
(MmSLC35A3) downstream of the PpOCH] promoter. MmSLC35A3 has the amino acid
sequence shown in SEQ ID NO:34 which is encoded by the nucleotide sequence shown in SEQ
ID NO:33. 57 and 3° BMT?2 flanking sequences for removing beta-mannosyltransferase activity
attributed to bmi2p can be obtained as shown in U.S. Patent No. 7,465,577, After
counterselecting strain YAS218-2 for ura- activity, resulting strain YAS269-2 is ura- and has the
mouse Golgi UDP-GlcNAc Transporter inserted into the BMT2 gene.
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| eader (53) ATGCTGCTTACCAAAAGGTTTTCAAAGCTGTTCAAGCTGACGTTCATA
GTTTTGATATTGTGCGGGCTGT TCGTCATTACAAACAAATACATGGAT GAGAACACGTCG 20 Min2
| eader (589 2MoopRESKLFKLTFI VLI LCGLFVI TNKYMDENTS 21 DNApemamsd@s/oddin® | eader
(54) The last 9 nucleotides are the |linker containing the Ascl restriction
site) ATGCTGCTTACCAAAAGGTTTTCAAAGCTGITCAAGCTGACGTTCATA
GTTTTGATATTGTGCGGGCTGT TCGTCATTACAAACAAATACATGGAT
GAGAACACGT CGGT CAS(AGTACAACEAGT Aleh TAGHOAGATWTSplasmid pRCD742b (See Figure 15),
TCCAGAGITACTCCAATAAGT ATTCATC%’%&
TGS

C'I'GACG&LWW Mﬁse alpha-1,2-mannosyltransferase
AAAGT T GAPAETHTIT TAADAR OAADETIT GCRANNCT TIRETAATERTXGAATT CasthetEtEnEt@®ea2 Mhn2

ﬁ%ﬂ%&gﬁ%ﬁkﬁw@Eﬁ?ﬁ@é@%ﬁ“&%@é@%@%@ﬂé@ﬁ%ﬁ R
Mat ? ng UradPBf lashe(Ser FhdiUSHYiBe gelnifmockequiocT orT

TG TT ﬁRFo sﬁEQT whieh meams@%d%vﬁazwms@sf asd mm@gz%!zorrh@r e

S Gl AR RbA, o 10, 2030) Q201SRECT 010 020103, seguence

encodlng the Adelp. The plasmid also contains the PpURAS selectable marker. The expression
cassette encoding a secretory pathway targeted fusion protein (FB8 Mannl) comprises a ScSec!2

10 leader peptide (the first 103 amino acids of SeSec!/2 (8): SEQ ID NO:32) fused to the N-terminus
of the mouse alpha-1,2-mannosyltransferase I catalytic domain (FB Mannl: SEQ 1D NO:54)
under the control of the PpGAPDH promoter. The expression cassette encoding the secretory
pathway targeted fusion protein CONA10 comprises a PpSeci2 leader peptide (the first 29 amino
acids of PpSecl2 (10): SEQ ID NO:28) fused to the N-terminus of the human GlcNAc

15  Transferase I (GnT I} catalytic domain (SEQ ID NO:52) under the control of the PpPMAI
promoter. The plasmid further included an expression cassette encoding the full-length mouse
Golgi UDP-GlcNAc transporter (MmSLC35A3) under the control of the PpSEC4 promoter.
Transfection of plasmid pRCD742b into strain YAS269-2 resulted in strain RDP307. This strain
is capable of making glycoproteins that have GleNAcMansGleNAcy N-glycans. SEQ ID

20 NOs:53 and 51 are the nucleotide sequences encoding the mouse alpha-1,2-mannosyltransferase I
and human GleNAc Transferase I (GnT I) catalytic domains, respectively. The nucleotide
sequence encoding the human GnT I 'was codon-optimized for expression in Pichia pastoris.
SEQ ID NOs:27 and 31 are the nucleotide sequences encoding the PpSECI2 (10) and the
SeSEC12 (8), respectively.

25 Strain RDP361 was constructed by transforming strain RDP307 with plasmid
pDMG47 to produce strain RDP361. Plasmid pDMGA47 (See Figure 16) is a KINKO plasmid
that integrates into the P. pastoris TRPI locus without deleting the open reading frame encoding
the Trplp. The plasmid also contains the PpURA3 selection marker and comprises an expression
cassette encoding a secretory pathway targeted fusion protein (KID53) comprising an ScMnn2

30  leader targeting peptide (the first 36 amino acids of ScMun2 (53): SEQ ID NO:19) fused to the
N-terminus of the catalytic domain of the Drosophila melanogaster Mannosidase I (KD: SEQ
1D NO:63) under the control of the PpGAPDH promoter. The plasmid also contains an
expression cassette encoding a secretory pathway targeted fusion protein {TC54) comprising an
ScMnn2 leader targeting peptide (the first 97 amino acids of SeMnn2 (54): SEQ 1D NO:22) fused

35  to the N-terminus of the catalytic domain of the rat GlcNAc Transferase I1 (TC: SEQ ID NO:58)
under the control of the PpPMA4 1 promoter. The nucleic acid sequence of the ScMnn2 leaders 53
and 54 are shown in SEQ ID NOs:19 and 21, respectively. The nucleic acid sequences encoding
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25 DNA encodes al pha anyl ase signal sequence (from Aspergillus niger
a-anyl ase) (DNA) ATGGTTGCTT GGTGGTCCTT GITCTTGTAC GGATTGCAAG TTGCTGCTCC
AGCTTTGEWW02610AI9ptsa anyl ase si gnal sequence (from Asper @ciriusgomiogis3

a- anyl ase) MVAWASLFLY GLQVAAPALA 27 DNA encodes Pp SECI 2 (10) The last 9
nucl eoti des are the |linker containing the Ascl restriction site used for
fu3|on to proteins of interest.

AT T TARNTART DedsbpATTAMNeTbed Ak AeAT@B0Adase 11 and rat GleNAc transferase

ATGCCCCAAAAMAI
VPRKI FRVEPTORRR PO ISR 96 NG BRATEES Schntl (KroD) (38)

ATCII:CCTCTTTCTCAGWM@@EH@DF@@AH’TW@@@B@MIWW@ pRCIE23D to produce strain

i ; : E:?WW;TT@%% T lasmid that integrates into the P.

GGA%CTAIF&W@@@@E&@QA teeENeCGEEEE B0V itonhileting the prergrggding frame
MAL FL SR d dirfpTerk AGAY eMH bbﬁ@h@WM?%M%ﬂi@@&@@ﬁ%ﬂ GiRAlication No.

20040229306) as well as an expression cassette encoding a secretory pathway targeted fusion
protein (TAS54) comprising the rat GlcNAc Transferase Il catalytic domain (TA: SEQ ID NO:61)
fused at its N-terminus to the first 97 amino acids of ScMnn2 (54) as above but under the control
10 of the PpGAPDH promoter. The plasmid also contains expression cassettes encoding the full-
length D. melanogaster Golgi UDP-galactose transporter (DmUGT) under the control of the
PpOCH] promoter and the full-length S. cerevisiae UDP-galactose 4-epimerase (ScGAL10)
under the control of the PpPMAI promoter. The ScGALI0 has the amino acid sequence shown
in SEQ ID NO:46, which is encoded by the nucleotide sequence shown in SEQ ID NO:45. The
15 nucleotide sequence of rat GleNAc Transferase I (TA) is shown in SEQ ID NO:60.

Strain RDP415-1 above was transformed with plasmid pRCD893a to produce
strain RDP523-1. Plasmid pGLY893a (See Figure 18) is a P. pastoris hisl knock-out plasmid
that contains the PpARG4 selectable marker (See U.S. Patent No. 7,479,389). The plasmid
comprises an expression cassette encoding a secretory pathway targeted fusion protein (KD10)

20  comprising a PpSEC]2 leader targeting peptide (the first 29 amino acids of PpSECI12 (10): SEQ
ID NO:28) fused to the N-terminus of the catalytic domain of the Drosophila melanogaster
Mannosidase IT (KD: SEQ ID NO:63) under the control of the PpPMAI promoter. The plasnud
also contains an expression cassette encoding a secretory pathway targeted fusion protein (TA33)
comprising an ScMntlp (ScKre2p) leader targeting peptide (the first 53 amino acids of ScMntlp

25 (ScKre2p) (33): SEQ ID NO:30) fused to the N-terminus of the catalytic domain of the rat
GlcNAc Transferase I (TA: SEQ ID NO:61) under the control of the PpTEF ] promoter. The
plasmid also contains an expression cassette encoding a secretory pathway targeted fusion
protein (XB53) comprising the first 36 amino acids of ScMnn2p leader peptide (53) fused to the
N-terminus of the catalytic domain of the human Galactosyl Transferase [ (hGalTIf43; SEQ ID

30 NO:50). The nucleic acid sequence of the PpSEC]2 and ScMNTI (ScKREZ) leaders are shown in
SEQ ID NOs:27 and 29, respectively. The nucleic acid sequences encoding the catalytic
domains of the Drosophila melanogaster mannosidase 11, rat GlcNAc transferase II (GnT II), and
human GalTI are shown in SEQ ID NOs:62, 60, and 49, respectively. This strain can make
glycoproteins that have N-glycans that have terminal galactose residues. The strain encodes two

35  copies of the Drosophila melanogaster mannosidase II catalytic domain and three copies of the
rat GnT I catalytic domain.
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WO 2010/ 099153PCT/ US2010/ 025163 31 DNA encodes S cSEC12 (8) The last 9
nucl eotides are the linker containing the Ascl restriction site used for
fusi on t owprotoaisps3of i nt erest PCT/US2010/025163
ATGAACACTATCCACATAATAAAATTACCGCTTAACTACGCCAACTA
CACCTCAATGAAACAAAAAATCTCTAAATTTTTCACCAACTTCATCCT
TATTGTGCTGCTTTCTTACATTTTACAGITCTC CTATAAGC ACAATTTG CATTCCATGCTTTTCAATTAC
GC GAAGGACAATTTTEillAly, GEAMANTP NCBACAKH EATASTERIIoHeE! @ith plasmid pBK64 to produce

Cclﬁg'ﬂ GTT%%&%&&&SM&M&B test protein and has been

. o0l 521, S SASHOL 20285027 (2003).
MNTI LT KLPLNYANYTSI\/KQ(l SKFFTNF| LI VLLSYI LOFSYKHNLHSM. FNYAKDNFLTKRDTI S
SPYWWDEDLHQITLF GNHGTKTSVPSVDSI KVHG VGRA 33 DNA encodes MhS LC35 A3 UDP-
G cNAC transporter ATGTCTGCCAACCTARXAMEGT #TCCTTGGGAATTTTGGTGTTTCAG

ACTACCAGIT CTGGT TCTOAaRi AT @P@ﬁ@'@-@%ﬁﬁ%ﬁguxe 8. The starting strain was

TTTW gg@%gf%@?@%%@ PNO] MNN4A, Mnn4B, and the
GT AGT GBEAGALSACT(SAARACAGATLCTIGEAN SARGAANXET BRTAAT used in Example 3. Strain

T CACKACAACT TR AT AR ACAT A

c@@TTAmAGGTTAc&mm@@rYwWA@mW@@MHWd pRCD742a (See Figure 19) to

$%i%%@@1W£TTTG%W {s a KINKO plasmid that integrates

CATTCT et SR TaAR ing frame encoding the Adelp.

TGTAGSPEE EM@E@{W@ATEeEG&B@m TabidGncludes expression cassettes
TGGAGITTATITT TCTT

GGATAA WQWS&W B8 Mannl), the chimeric human
TGESST mm?ma@@mmvmﬁ@ﬁ@mmmww Golgi UDP-GIcNAc transporter

DRI R
CTTGGA %ﬁ 24 GFCA 42b except that the orientation of

TTTWWWWAWWMWWWTTWS&MSC Lis in the opposite
g;\" TALH RG] 'ﬁgﬁ%@; a% £3htel shadl ¥GT 16-3 resulted in strain
AAACCT GG ARAT OACT ARG SRS Cas oS o e IRl e

MEADIL K¥isohad, LVFQT TSLVL TMRYSRTLKEEGPRYLSSTAVVWAEFLK

| MACI FLV'YKDSKCSVRAL NRVL HDEI L NKPVETL YT o .
YVAL SNLDAATYQUT YR FSFAT PR eCRAD %@%{ﬂ e ra- strain RDP641-3, plasmid

GVAFVQpRSIDISOER NSK TheB T Eaefe GG ThaGES nSGRARY YFEKIRDIGEOK Blasmid pRCD1606
SVW RNI

LS g
FLGAI Lvelaparle vavip GBI‘EWW@@H SM@ncodmg a secretory pathway
?{%@E‘F Q_Il_a- GRITAGES : A Halighoacids of SeMntlp (ScKre2p) (33)
TGTTGT & ! %@cﬂ%m domain (hGalTIf43)

2010/ 0%&&%@@b1ﬁ2&&9ﬁ@2ﬁb&8promoter an expression cassette encoding the full length D.
melanogaster Golgi UDP-galactose transporter (DmUGT) under control of the PpOCHI
promoter; and an expression cassette encoding the S. pombe UDP-galactose 4-epimerase

30 (SpGALE) under control of the PpPMA I promoter.

Strain RDP666 was transformed with plasmid pGLY167b to make strain

RDP696-2. Plasmid pGLY167b (See Figure 21) is a P. pastoris argl knock-out plasmid that
contains the PpURA3 selectable marker. The plasmid contains an expression cassette encoding a
secretory pathway targeted fusion protein (CO-KDS53) comprising the first 36 amino acids of

35  ScMnn2p (53) fused to N-terminus of the Drosophila melanogaster Mannosidase I catalytic
domain (KD) under the control of PpGAPDH promoter and an expression cassette expressing a
secretory pathway targeted fusion protein (CO-TC54) comprising the first 97 amino acids of
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CCGCATTGAAAAACT CACTGGCGAAAAAAGT CATATTCCACCAGGT GG
ATTTGCTTGATGAGCCAGCTTTGGACAAGGT CTTCGCAAATCAAAAC

ATATCTGCCMEDCAINIIRAB3 T TGCT GGT CTCAAAGCAGT TGGTGAATCT PCT/US2010/025163
GTACAGGTTCCTTTGAGT TATTACAAAAATAACATTTCCGGTACCATT

AATTTAATAGAGT GCATGAAGAAGTATAATGTACGTGACTTCGTICTI T
TCTTCATCTGCTACCGTGTATGECGATCCTACTAGACCTGGTGGTACC

ATTCCT AR AGAGT ©AIXGET BEERAAGT AGAMBCIONAA TG R s ferase 1 catalyhc domain (TC)

WMMW@%W p—

raanttrol MeiTacRms. 47: 150-168 (1983) for a review

ﬁ$¢$&é\%ﬁ%§ g %E ‘ gcT %GBOZ Strain YGB02 can make

@?}pgeq@‘emdues In this strain, the
CTCT E;M&g Hbﬂnh@nl |3WF@@°}A§F e encoded by nucleic acid

TGGGATCA @@ NTTM%CAAT@& pastoris (SEQ ID NO:64 and 59,

GCAGCH&%@EEFDG?TAACCT AACCGCCAACCCCACTCGCGCTAACEA

Xﬁ%ﬁé@%&ﬁﬁ%ﬁ“@%%%W%%%&Wm%&aﬁW& K 36

SpGAL E3MMMW@/F@WEEWWW&MM@%@ into the P.

LR R SN RS i i

PREGT SPYEFISQIEPERE P EREKRIRICSE fUAPE NG R Sriaps éﬁ@a Mating Factor pre-signal

PLA PN% ???@P D“ﬂé?”ﬁfs@@y FHEWJEEEBEIHQ\SE ERbARA c antibody fragment (C-
HVAALDY! EQVLNAF
PRRACDUTREFEABT FAREEE RO TGRS OET CBTNANIYSUER D) (PHEFRSSIE %5 TSRS odes

DTLEST Aﬂ@@k@qmmmw&m@@mmmmmw shown in SEQ ID NO:23

% of the human IgG1 Heavy chain is

CTCATGQ@&MW@GATCACGTGCCTGTTCCTGGTCTTC
AACGAGGAGGEGCAAGGAT GCCCAGAAGT TTGTACGCT CGCTGCACA
AGACCATCATTGCGAATCCCATGGACACGCT CCCC

TCGCTGGTCTATATCGT TCAAAACAATCTGCTGT CC

CAT] TGGATGCGGCCA@GEAW%@T AOCAGTTCARGATIRGTgure 11. The starting strain was

W 3 ; RRSTAFNG %G@ pRCD742a (See Figure 19) to

mm&m@w@m 8 is a KINKO plasmid that integrates
' 1

g%d%mg frame encoding the adelp. The

' e ( CELEU
CTCCaGArroabasaaaTarnbs Préfaesekrbirapabaendargydes expression cassettes encoding

AGMCT@%%% -Eqr%ﬁﬁﬁ@ ahnl), the chimeric human GlcNAc
GACCA f%@@ﬂe P%-GiCNAC transporter
%WW@KGDM% except that the orientation of

TCFCGFI%F&F%E?W W% ransferase | is in the opposite

AGT T CAGCETIABEACHIBESTPEET OAFOGIR COAT ATMIGTEIAEGL YAQ-3 resulted in strain
2030/ 098im3BAT/ 132 8104 Q2Rd8s3e of making glycoproteins that have GleNAcMansGlecNAcy N-
GCTACGATCCGGCCAGGT GCCAACTATGCATGGTCCT

GCCGRCEAFERGGAGAAGCT GCTGCCGCGCGTCTAG 38 DMUGT MN S

| HMNANTLKY! SLL TL HfNOb s SYEAR FRBGR IPRS 63T d\prbdlie ura- strain RDP641-4, plasmid

EE@E%;@@%%%@W @QP%K\L{%P 25 KDP867-1. Plasmid pRCD1006

LVI\/G VI(SEAAGITECOT SGSABGEALAAATAASSCAREQNRNL @aV‘éontams the PpURAS gene as a

A G A i, e b e S R ocing  sctory patvay

ch5| YarEoed b FlonsrendiB 335 cemydmpAriraPrRrmvpcrade! SaintbR(SckgeImMi3 Bncodes
SCCAL Ty, AR GNGEAMIGT (A b RGNS STV T AGERRET JfeM d §dmain (hGalTIB43)
AGCGCAAAGGAAT TACCAAGACCAT TGGCCGAAAAGT gCCCGAGCA
TAATTAAGAAAT TTATAAGOGCT TATGATGCTAAACCGGATTTTGT
TGCTAGATCGCCTGGTAGAGT CAATCTAATTGGTGAACRTATTGATT ATTGTGACTTCTC
GGTTTTACCTTTAGCTATTGATTTTGATATGCTTTG
CGCCGTCAAAGT TTTGAACGAGAAAAAT CCATCCATTACCTTAA
TAAATGCTGATCOCAAATTTGCTCAAAGGAAGT TCGATTTGCOGTTG
GACGGTTCTTATGTCACAATTGATCCT TCTGTGTCGGACT GGTCTAAT

—— N e ——— N [\ e g g, g p—— g g [\ —— p——— g g —— g I\ p—— g ————— e N N N A AN A




WD 2010/ 099153PCT/ US2010/ 025163

KNHEI SFVI ANTLVWSNKFETAPTNYNLRVVEVTTAANVLAATYGWLL SGKEGSS TNKGNLRDFM\V
YYARYHN1 SYOMbemosSE ERLTKM_VLV PCT/US2010/025163
EESL ANKKQG-SVDDVAQSLNCSREEFTRDYLTTSPVRFQVLKL YQRAK

HVYSESL RVL KAVKLMI TASFTADEDFFKQFGAL MNESQASCDKL YECS

CPEI DKI CSI ALSNGSYGSRL TGAGANGGCTVHLVPGGPNGNI EKVK

EAL ANERYAeYKY K DDARLENA » N B Ak 6Bl Bk pridsi biNdasenatiesdifg (BRI -length D.

21: 1@&% 1@ E%&@%W%r control of the PpOCH]

AAGACCHGHBITTAGET SAADASSAR qTS. pombe UDP-galactose 4-

?&Eﬁ%ﬁ%@%w

TGATTATGCTGCCGT TAGEaAIC el @uﬁm@a@rqié pGLY167b to make strain

CAAT GAREAEAATCTR, I}i‘ﬁ%’v‘ o LT %rzs argl knock-out plasmid that
GAGGCCAATTGITT TA‘, CA AAT

TTCCACAXH elosts aer «?m- e an expression cassetie encodlng a

AAGCAT TEAET A ¢
GCCTTT%Q@T%TW&& ] ; 00
GITGA T ' G '

TC&TA@WMKW@@@MMWMMWMMW expression cassette expressing a

M@@W@é%g%mwgi‘%%mg the first 97 amino acids of

TTGTTCSAY ROF A b5t erram Il catalytic domain under
AGAAGWXEBE@@FJ&MP Py@ﬁﬁg Eﬁﬁcﬂ%ﬁm@ﬁ@@ules encoding the mannosidase II

TTT AN TAAGTATGA AATT;‘Ireésmn in Pichia pastoris (SEQ ID

AATSIZG%EIW%BE%E&A’IFAGT STGEATC HWA‘EB@&E‘DT@S that have N-glycans that have
TACCCACC] T CTGTTCGGAAATTCTTGGTTGGT

[TTGAATTS “/T\W%GAGATTTAATTTCGGAACAAGC
TwmﬂMmmmmwmmede@kSé@@? MT AEEFDF

SSHSHR 4D Y Egg dli-in lasmld that integrates into the P.
YDPKCYL GNKRATGNLN RYESTYI FPNDYAA SeCYC]
NL KNRL PRYCEYRER derlicpipeiecsspe %ﬁr‘ﬂpX] promoter-se

DL SBREAREIrbe QsﬁENKﬁE&m%WEﬂsHSEM&@marker

FETLVT SKKKLASI SOBRERKEOAG PR HTRPR HEY BRPOUELRGHs9-1 (mAb-A) to make
QAPLNAE@EDSDEVWWEM@EWWR@@EWMEPM 15l a AR RMEBSBNHYLQRL 43

AT GO R G A TR KA AL TR AL Lo A HEAACEEEA
GCGCACANTTTIEAAREGH

m@@mtmtwwatmﬂmwes encoding an anti-HER2 antibody

GTGA G NAETIET 16Eph0 0s:68 and 70, respectively), each
AR s el IR L oS > T O s aksignal sequence (SEQ ID NO:26)
TGTTGT@QAA&@MB%@E}TH’T DQEGMACEA&' AATSe acid sequences encoding the

ATGGTA TTGTCAACGTCAGAA
ATTTT gr‘ﬁﬁaféé@"gﬁﬁ&?ﬁﬁ %WSW“W’ and the nucleic acid

GGAGATA?G@TA AARAAGEEE VOB TN EETaIieeGignal sequence is shown in SEQ ID
?§ éﬁé ATTATCATTCAAATTGCCT CTATCAACAAGTGGTA WO

2010/ 0251
CT/ US2010/ 025163 »GLY1138 to make strain

CCAATATTTCATTGET rreexedredpiation
CCCTGT G431, G dhl {d llGAT m&@%ﬁ?ﬁg'gmld that integrates into the P.
C%‘I%TT@%% CT GTT T %TTA @%contams a ScARR3 selectable

AGT TCAAMAAAGHRET IW%TW @ﬁ%’fmmﬁﬁﬁcﬁﬁ@ﬁérs arsenite resistance to cells that

$A gm C"&Wﬁ%@é{%@%&ma%zs (1997); Wysocki et

ACAAGGGT CABCAGReBAT T TSIOACENERAG TE ARG @ntains an expression cassette

ATCAT W@W%W EEREE&TSe alpha factor pre signal sequence
GGGGG;\(A%'SI'ﬁ\ill';E @ICCACCAAGA GTATTTCAACGTTTGT TGAT P pre s 1

GGGTGTGT TTGI TCAAATGT TCCAACAATTAACCGGTAACAATTATTT
TTTCTACTACGGTACCGT TATTTTCAAGT CAGT TGGCETEGATGATTC
CTTTGAAACATCCATTGTCATTGGTGTAGTCAACTTTGCCTCCACTTT
CTTTAGITTGIGGACTOTCGAAAACT TGEEECGT CGTAAATGT TTACT
TTTGGECCCTGCCACTATGATGECT TGTATGGT CATCTACGCCTCTGT
TGGT GITACTAGATTATATCCT CACGGT AAAAGCCAGCCATCT TCT AA

PPN —

R R PNT™ P NT= [\ Y= N\ Y—e g p—— N S —



45 DNA encodes ScGAL 10 WD 2010/ 099153PCT/ US2010/ 025163
ATGATCTTTACAATAGCGACAAAAAAAGT TGGAAGT TTGCTATCTTG

CGTTATTT MOCROASITFECCCCACATCCCTCTGGAT TAATCGGAGAA PCT/US2010/025163

GATCCGCTAGGTATACCAAACAATTTGT TGCCATATATGGCTCAAGT
AGCTGI TGGTAGGECCCGAGAAGCCTTTACATCT TCGGAGACGATTATG
ATTCCAGAGATGGTACCCCGATCAGGGATTATATCCACGTAGT TGAT

AGW ADCACCCRRT GECAMMAGCIAGATHEARGAA reesei (MNS1) catalytic domain
GITCTA

TTGATCPpEOAT ACAAMNGET THECEBE0AGAAGARCAGBTEATETTIE T@ture medium.
AACTTGACGGECTAAACCAGATAGGEGCCAAACGCGAACTGAAATGEC

é‘i‘%r $A W%@Hﬁ?@%&) NO:55) under the control of the

AT IO MDA NN AT T AT A NNTALDIMD.
AGACCEAGTTECACSTTGAAGACTCETGEAA AT I

ACTACFGAGAATCCTTFTTGSTTACCAGTTAAGEEETSTEGA S
ATTTT Pl TATGACGCAAGATTTGTGA%“’
TGOCGECACCAGATTTCAA CGTTTGCCAATTTGGGCGCCAGCA
TTGTTGASETIGAAAGT CAATCAGITGITCTTGGCTATGAA

AATGAGBAAGIETRATT T GAABCCXEAFACTICTABRTCATACGCEGCASAAL
GAT CGBCAGGTATEET AATCGTATTTCGAAGGGTAAGT TTAGTTTATG
CAACAAAGACTATDAGT TAACCGT TAATAACGGCGTTAATGCGAATC

ATAGTAGTATORLR TCTTT MOd0 GO CIGT
ATTCAAAAT CCT T GAAAGGATGT TTTTACCGCCGAGTACATGCTGATA

GATAATGAGA AATTTCCAGGTGATCTATTGGTAACCAT

ﬁff’?.gm‘.’: AradBl. WAGCCGCCTGCCC
CATAGrTATTT%?’g NCAAGCCATATGGAGACACTATTGAGEG

TACGGAGATT. 3 TCAAAAAAATCTGTITGATGTCGACAAAA,

ACATGATFTCOTRCRGGT AAT MFESTEAA MGG RRFFEERECTTT
AACT CTACAANBBBAACGGT CTTAGGCCOCAAAAATCCCCAGT TTGA
TTGTTGTTTTCRGBRGEAT GAAAAT GCTAAGOCAAGT CAAATCAATA

CTCTAAACAATEART TGACCGRIAFFGUCAAGESGRTAICATCCCGATT
CCAATATTACATTAGAAGT TTTAAGTACAGAGCCAACTTATCAATTTT
ATACCEGTGATR FERHEGT CTGCTGGT TACGAAGCAAGACAAGGTTTTG

CAATT(;{?%'T Ab;\' ACATEATAA AT A AR CORT R CCGATGTCCAC

AAAGA] oo
10 MIAQLQSERE-pRLYL VT GGAGY! GSHTVVELI ENGYDCVVADNLSNSTY

E\/IDL-CHhRK AL - I\ IKENVIKA-- PSR\ /- HE A G- WEAN/

NAAACGGT GAAACT TACGEGTCCAAGAT TGTCTACAGATTTTCCTCGA 46 &Gal

[S)%Agt T \RH{LEWEJEWWQQM%WCMACACATGAACGCCAATA

Pl PEECPL GPTRIPVEHTKYAMEN LNDLYNSDKKS WKFAI LRYFNPI GAHP
SGLI GEDPLG PR PYMAQVAVGRREKL YI FGDDYDSRDGTPI RDY!I H
VWDLAKGH AAB'OYL EAYNENEGL CREVWNL GSGKGSTVFEVYHAFCKA

SG DLRPKVTERERGDVLNL TACTHFAK RETWAJTEA QUERSEKOLBK COGGCAGCAGCTTCTCCTCATCG

W TENRPFGYQL RGMEARFSAEDVRYDARFVTI GAGTRFQATFANL G

ASI VDI KVNGBWIIGFENEEGYLNPDSAY! GATI GRYANRI SKGKESLC NKDYQL TVNNGVNANHS

SI GSFHRKRFL&PI | QNPSKDVFTAEYML.I DNE

KDTEF DL LY VNV A M K TACATR AR SYF
LNKPYGEDTI E VI VREKKSVDVDKNM PTGNI VDREI ATENSTKPTVL
GPKNPQFDCC RSQ NTLNNELTLI VKAFHPDSNI TLEVLSTEP

TYQFYFSRFE

-1 G

AR 'I\I I:I')f‘DVI r\l\l N
2010/ 099158 USZOJ ﬂg@ ? ﬁﬁ?j[& 5

ATGGCAGAGAAREPECT GGTAACAGGT GGGGCT GCCTACATTGGCA encodes

GCCACACEGET ?(‘TGGAGG(‘TGG(TA("FT(T[T‘T("‘T(T‘T(“ human
ATCGATAACTTECRTAATG ' FEECAENAAGGGACTGTGTTGGTTACTGGC
primer GGCGCTGGTTATATA GGTTCTCATACGTGCGTTGTTTTGTTAGAAAA
GD1
12 PCR TTAATTAATTACTTATAT GTCTTGGTATG
primer
GD2
13 | PCR TTAGCGGCCGCAGGAATGACTAAATCTCATTCA
primer
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Gal E GAGCCT GCGGECGEEGT CCAGGAGCTGACAGCCCCCTCTGTGGAGTTTG
AGGAGATGGACATTTTGGACCAGGEGAGCCCTACAGCGT CTCTTCAAA

AAGTACAGIY O PATIGBAEEST CATCCACT T TGCGEEEECT CAAGECCG

PCT/US2010/025163

TGGECGAGT CGGT GCAGAAGCCTCTGGATTATTACAGAGT TAACCT G
ACCGGGACCAT CCAGCTTCTGGAGAT CATGAAGGCCCACGEEGTGAA
GAACCTGGTGI TCAGCAGCT CAGCCACT GT GTACGGGAACCCCCAG

TACCT GCCCOTEARAGEICCACCCCACGEGT GET TGTACCAACCT
TTACCEEAAGTRERAGT TCT RGAHFARFAAA AT A BAGEIATATAGACAGC
primer
PB159

15 | PCR TTAGCGGCCGC
primer
PB156

16 |PCR AACTTAATTAA
primer
PB157

17 | PCR TTAGCGGCCGCAGGAATGACTGCTGAAGAATT
primer
PB160

18 | PCR AACTTAATTAAGCTTACAGTCTTTGTAGATAATC
primer
PB161

19 DN*“E ATGCTGCTTACCAAAAGGTTTTCAAAGCTGTTCAAGCTGACGTTCATA
Vooo | GTTTIGATATTIGTGCGGGCTGTTCGTCATTACAAACAAATACATGGAT
leader (53) | GAGAACACGTCG

20 | Mnn2 MLLTKRFSKLFKLTFIVLILCGLFVITNKYMDENTS
leader (53)

21 | DNA ATGCTGCTTACCAAAAGGTTTTCAAAGCTGTTCAAGCTGACGTTCATA
encodes | GTTTTGATATTGTGCGGGCTGTTCGTCATTACAAACAAATACATGGAT
Mnn?2 GAGAACACGTCGGTCAAGGAGTACAAGGAGTACTTAGACAGATATG
leader (54) | TCCAGAGTTACTCCAATAAGTATTCATCTTCCTCAGACGCCGCCAGCG
Thelast9 | CTGACGATTCAACCCCATTGAGGGACAATGATGAGGCAGGCAATGA
nucleotides | AAMAGTTGAAAAGCTTCTACAACAACGTTTTCAACTTTCTAATGGTTGA
are the TTCGCCCGGGCGCGCC
linker
containing
the Ascl
restriction
site)

22 | Mmn2 MLLTKRFSKLFKLTFIVLILCGLFVITNKYMDENTSVKEYKEYLDRY VQS
leader (54) | YSNKYSSSSD

AASADDSTPLRDNDEAGNEKLKSFYNNVFNFLMVDSPGRA

23 | DNA ATG AGA TTC CCA TCC ATC TTC ACT GCT GTT TTG TTC GCT GCT
encodes S.
cerevisice | TCT TCT GCT TTG GCT
Mating
Factor pre
signal
sequence

24 1S | MRFPSIFTAVLFAASSALA
cerevisiae
Mating

Factor pre
signal
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GCCAGGCAGACAAGACT TGGAACGCAGTI GCTGCTGCGCTATTTCAA
CCCCACAGGT GCCCATGCCTCTGECTGCAT TGGT GAGGATCCCCAGG

GCATACCCARCAMIDDOAT CCCTTATAE CTCCCAGGT GECGATCAEEG

PCT/US2010/025163

CGACGGGAGGCCCTGAATGT CTTTGGCAAT GACTATGACACAGAGG
ATGGCACAGGT GT CCGGGAT TACAT CCATOT CGT GGATCTGGECCAAG
GOCCACATTGCAGCCTTAAGGAAGCT GAAAGAACAGT GTGECTCCCG

GATCTACAAQ

JEcenoe

CAGCCTATTCAGI GCTGCAGATG

25

DNA
encodes
alpha
amylase
signal
sequernce
(from
Aspergillus
niger O
amylase)
(DNA)

ATGGTTGCTT GGTGGTCCTT GTTCTTGTAC GGATTGCAAG
TTGCTGCTCC AGCTTTGGCT

26

Alpha
amylase
signal
sequence
(from
Aspergillus
niger o~

amylase)

MVAWWSLFLY GLOQVAAPALA

27

DNA
encodes Pp
SECI12
(10)

The last 9
nucleotides
are the
linker
containing
the Ascl
restriction
site used
for fusion
to proteins
of interest.

ATGCCCAGAAAAATATTTAACTACTTCATTTTGACTGTATTCATGGCA
ATTCTTGCTATTGTTTTACAATGGTCTATAGAGAATGGACATGGGCGC
GCC

28

Pp SECI2
(10)

MPRKIFNYFILTVFMAILAIVLQWSIENGHGRA

29

DNA
encodes
ScMntl
(Kre2) (33)

ATGGCCCTCTTTCTCAGTAAGAGACTGTTGAGATTTACCGTCATTGCA
GGTGCGGTTATTGTTCTCCTCCTAACATTGAATTCCAACAGTAGAACT
CAGCAATATATTCCGAGTTCCATCTCCGCTGCATTTGATTTTACCTCA
GGATCTATATCCCCTGAACAACAAGTCATCGGGCGCGCC

30

ScMntl

(Kre2) (33)

MALFLSKRLLRFTVIAGAVIVLLLTLNSNSRTQQYIPSSISAAFDFTSGSISP
EQQVIGRA
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GTI'CCAGGCTATGGAGAAGGCCT CTGGGAAGAAGAT CCCGTACAAGG
TGGT GGCACCECEEGAAGGT GATGI GGCAGCCT GT TACGCCAACCCC

AGCCT GECOEAAGABINGET CEGGT GGACAGCAGCCT TAGEECT GG

PCT/US2010/025163

ACAGGATGTGTGAGGATCTCTGECCCTGECAGAAGCAGAATCCTTCA  GGCTTTGGCACGCAAGCCTGA 48
hGal E MAEKVLVTGGAGYI GSHTVLELLEAGYLPVVI DNFHNAFRGGGSL PESL
RRVQELTGRSVEFEEMDI L DQGAL QRLFKKYSFNVAVI HFAGLKAVCGESV

QKPLDYYRVN

L3GAl QLLE

encodes
ScSEC12
(8)

The last 9
nucleotides
are the
linker
containing
the Ascl
restriction
site used
for fusion
to proteins
of interest

NEAAAHACTRSSSAT VX ENRQYA LA BEAACCGCTTAACTACGCCAACTA
CACCTCAATGAAACAAAAAATCTCTAAATTTTTCACCAACTTCATCCT
TATTGTGCTGCTTTCTTACATTTTACAGTTCTCCTATAAGCACAATTTG
CATTCCATGCTTTTCAATTACGCGAAGGACAATTTTCTAACGAAAAG
AGACACCATCTCTTCGCCCTACGTAGTTGATGAAGACTTACATCAAA
CAACTTTGTTTGGCAACCACGGTACAAAAACATCTGTACCTAGCGTA
GATTCCATAAAAGTGCATGGCGTGGGGCGCGCC

32

ScSEC12
(8)

MNTIHIIKLPLNY ANYTSMKQKISKFFTNFILIVLLS YILQFSYKHNLHSML
FNYAKDNFLTKRDTISSPYVVDEDLHQTTLFGNHGTKTSVPSVDSIKVHG
VGRA

33

DNA
encodes
MmSLC35
A3 UDP-
GlcNAc
{ransporter

ATGTCTGCCAACCTAAAATATCTTTCCTTGGGAATTTTGGTGTTTCAG
ACTACCAGTCTGGTTCTAACGATGCGGTATTCTAGGACTTTAAAAGA
GGAGGGGCCTCGTTATCTGTCTTCTACAGCAGTGGTTGTGGCTGAATT
TTTGAAGATAATGGCCTGCATCTTTTTAGTCTACAAAGACAGTAAGT
GTAGTGTGAGAGCACTGAATAGAGTACTGCATGATGAAATTCTTAAT
AAGCCCATGGAAACCCTGAAGCTCGCTATCCCGTCAGGGATATATAC
TCTTCAGAACAACTTACTCTATGTGGCACTGTCAAACCTAGATGCAG
CCACTTACCAGGTTACATATCAGTTGAAAATACTTACAACAGCATTA
TTTTCTGTGTCTATGCTTGGTAAAAAATTAGGTGTGTACCAGTGGCIC
TCCCTAGTAATTCTGATGGCAGGAGTTGCTTTTGTACAGTGGCCTTCA
GATTCTCAAGAGCTGAACTCTAAGGACCTTTCAACAGGCTCACAGTT
TGTAGGCCTCATGGCAGTTCTCACAGCCTGTTTTTCAAGTGGCTTTGC
TGGAGTTTATTTTGAGAAAATCTTAAAAGAAACAAAACAGTCAGTAT
GGATAAGGAACATTCAACTTGGTTTCTTTGGAAGTATATTTGGATTAA
TGGGTGTATACGTTTATGATGGAGAATTGGTCTCAAAGAATGGATTTT
TTCAGGGATATAATCAACTGACGTGGATAGTTGTTGCTCTGCAGGCA
CTTGGAGGCCTTGTAATAGCTGCTGTCATCAAATATGCAGATAACAT
TTTAAAAGGATTTGCGACCTCCTTATCCATAATATTGTCAACAATAAT
ATCTTATTTTTGGTTGCAAGATTTTGTGCCAACCAGTGTCTTTTITCCTT
GGAGCCATCCTTGTAATAGCAGCTACTTTCTTGTATGGTTACGATCCC
AAACCTGCAGGAAATCCCACTAAAGCATAG

34

MmSLC35
A3 UDP-
GlecNAc
fransporier

MSANLKYLSLGILVFQTTSLVLTMRYSRTLKEEGPRYLSSTAVVVAEFLK
IMACIFLVYKDSKCSVRALNRVLHDEILNKPMETLKLAIPSGIYTLONNLL
YVALSNLDAATYQVTYQLKILTTALFSVSMLGKKLGVYQWLSLVILMA
GVAFVQWPSDSQELNSKDLSTGSQFVGLMAVLTACFSSGFAGVYFEKIL
KETKQSVWIRNIQLGFFGSIFGLMGVYVYDGELVSKNGFFQGYNQLTWI
VVALQALGGLVIAAVIKYADNILKGFATSLSHLSTIISYFWLQDFVPTSVF
FLGAILVIAATFLYGYDPKPAGNPTKA

35

DNA
encodes
SpGALE

ATGACTGGTGTTCATGAAGGGACTGTGTTGGTTACTGGCGGCGCTGG
TTATATAGGTTCTCATACGTGCGTTGTTTTGTTAGAAAAAGGATATGA
TGTTGTAATTGTCGATAATTTATGCAATTCTCGCGTTGAAGCCGTGCA
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I 1 PTGGCTNPYGKSKFFI EEM RDL CQADKTWNVVLLRYFNPTGAHASGC

| GEDPQGE PNNLMPYVSQVAI GRREALNVFGNDYDTEDGT GVRDY! HW

DLAKGHI AAvBKRDHFEQOGERI YNLGT GT GYSVLQWQAMEKASCKKI P PCT/US2010/025163
YKVVARREGDVAACYANPSLAQEEL GWTAAL GLDRMCEDLVWRWKQ  NPSGFGTQA 49 DNA
GGCCECGACCT GAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACC  encodes
GCTGCAGGEECGECT CGAACAGT GCCGCCECCATCGECCAGTCCTCCG . hGal T |

GGGAG

C1CCQ

CCGGAGS

CCCCATISARAAACET ETAGEGRE AAAAGTCATATTCCACCAGGTGG
ATTTGCTTGATGAGCCAGCTTTGGACAAGGTCTTCGCAAATCAAAAC
ATATCTGCTGTCATTCATTTTGCTGGTCTCAAAGCAGTTGGTGAATCT
GTACAGGTTCCTTTGAGTTATTACAAAAATAACATTITCCGGTACCATT
AATTTAATAGAGTGCATGAAGAAGTATAATGTACGTGACTTCGTCTTT
TCTTCATCTGCTACCGTGTATGGCGATCCTACTAGACCTGGTGGTACC
ATTCCTATTCCAGAGTCATGCCCTCGTGAAGGTACAAGCCCATATGG
TCGCACAAAGCTTTTCATTGAAAATATCATTGAGGATGAGACCAAGG
TGAACAAATCGCTTAATGCAGCTTTATTACGCTATTTTAATCCCGGAG
GTGCTCATCCCTCTGGTGAACTCGGTGAAGATCCTCTTGGCATCCCTA
ATAACTTGCTTCCTTATATCGCGCAAGTTGCTGTAGGAAGATTGGATC
ATTTGAATGTATTTGGCGACGATTATCCCACATCTGACGGTACTCCAA
TTCGTGACTACATTCACGTATGCGATTTGGCAGAGGCTCATGTTGCTG
CTCTCGATTACCTGCGCCAACATTTTGTTAGTTGCCGCCCTTGGAATT
TGGGATCAGGAACTGGTAGTACTGTTTTTCAGGTGCTCAATGCGTTTT
CGAAAGCTGTTGGAAGAGATCTTCCTTATAAGGTCACCCCTAGAAGA
GCAGGGGACGTTGTTAACCTAACCGCCAACCCCACTCGCGCTAACGA
GGAGTTAAAATGGAAAACCAGTCGTAGCATTTATGAAATTTGCGTTG
ACACTTGGAGATGGCAACAGAAGTATCCCTATGGCTTTGACCTGACC
CATACCAAGACATATAAGTAA

36

SpGALE

MTGVHEGTVLVTGGAGYIGSHTCVVLLEKGYDVVIVDNLCNSRVEAVH
RIEKLTGKKVIFHQVDLLDEPALDKVFANQNISAVIHFAGLKAVGESVQV
PLSYYKNNISGTINLIECMKKYNVRDFVFSSSATVYGDPTRPGGTIPIPESC
PREGTSPYGRTKLFIENIEDETKVNKSLNAALLRYIFNPGGAHPSGELGED
PLGIPNNLLPYIAQVAVGRLDHLNVFGDDYPTSDGTPIRDYIHVCDLAEA

HVAALDYLRQHFVSCRPWNLGSGTGSTVFQVLNAFSKAVGRDLPYKVT
PRRAGDVVNLTANPTRANEELKWKTSRSIYEICVDTWRWQQKYPYGFD
LTHTKTYK

37

DNA
encodes
DmUGT

ATGAATAGCATACACATGAACGCCAATACGCTGAAGTACATCAGCCT
GCTGACGCTGACCCTGCAGAATGCCATCCTGGGCCTCAGCATGCGCT
ACGCCCGCACCCGGCCAGGCGACATCTTCCTCAGCTCCACGGCCGTA
CTCATGGCAGAGTTCGCCAAACTGATCACGTGCCTGTTCCTGGTCTTC
AACGAGGAGGGCAAGGATGCCCAGAAGTTTGTACGCTCGCTGCACA
AGACCATCATTGCGAATCCCATGGACACGCTGAAGGTGTGCGTCCCC
TCGCTGGTCTATATCGTTCAAAACAATCTGCTGTACGTCTCTGCCTCC
CATTTGGATGCGGCCACCTACCAGGTGACGTACCAGCTGAAGATTCT
CACCACGGCCATGTTCGCGGTTGTCATTCTGCGCCGCAAGCTGCTGA
ACACGCAGTGGGGTGCGCTGCTGCTCCTGGTGATGGGCATCGTCCTG
GTGCAGTTGGCCCAAACGGAGGGTCCGACGAGTGGCTCAGCCGGTG
GTGCCGCAGCTGCAGCCACGGCCGCCTCCTCTGGCGGTGCTCCCGAG
CAGAACAGGATGCTCGGACTGTGGGCCGCACTGGGCGCCTGCTTCCT
CTCCGGATTCGCGGGCATCTACTTTGAGAAGATCCTCAAGGGTGCCG
AGATCTCCGTGTGGATGCGGAATGTGCAGTTGAGTCTGCTCAGCATT
CCCTTCGGCCTGCTCACCTGTTTCGTTAACGACGGCAGTAGGATCTTC
GACCAGGGATTCTTCAAGGGCTACGATCTGTTTGTCTGGTACCTGGTC
CTGCTGCAGGCCGGCGGTGGATTGATCGTTGCCGTGGTGGTCAAGTA
CGCGGATAACATTCTCAAGGGCTTCGCCACCTCGCTGGCCATCATCA
TCTCGTGCGTGGCCTCCATATACATCTTCGACTTCAATCTCACGCTGC

AGTTCAGCTTCGGAGCTGGCCTGGTCATCGCCTCCATATTICTCTACG
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catal yti c TCCTCCCAGCCGCGCCCGEGT GACGACTCCAGCCCAGTCGTGGATTC  donmai n
TGGCCCTGECCCCCCTAGCAACT TGACCT CGGT CCCAGT GCCCCACA
CCACCGCAGYGROBOIHEBECECCT GCCCTGAGGAGT CCCCGCTCCTT PCT/US2010/025163
GI'GGGCCCCATGCCTGATTGAGT TTAACAT GCCTGT GGACCT GGAGCT

CGT GGCAAAGCAGAACCCAAAT GT GAAGAT GGEGECGECCGCTATGCC

CCCAGGGACT GCGTCTCTCCTCACAAGGTGECCATCATCATTCCATTC

CGCAA

e CCe

AGCGAGCACC

TEAAGRIAGABECTAIATAB TTUSGACCC CGAAGCCAACTATGCATGGTCCT

GGCGGCGATGAGGAGAAGCTGCTGCCGCGCGTCTAG

38

DmUGT

MNSIHMNANTLKYISLLTLTLONAILGLSMRYARTRPGDIFLSSTAVLMA.
EFAKLITCLFLVFNEEGKDAQKFVRSLHKTHANPMDTLKVCVPSLVYIVQ

{ NNLLYVSASHLDAATYQVTYQLKILTTAMFAVVILRRKLLNTQWGALLL

LYMGIVLVQLAQTEGPTSGSAGGAAAAATAASSGGAPEQNRMLGLWA
ALGACFLSGFAGIYFEKILKGAEISVWMRNVQLSLLSIPFGLLTCFVNDGS
RIFDQGFFKGYDLFVWYLVLLQAGGGLIVAVVVKYADNILKGFATSLAII
SCVASIYIFDFNLTLQFSFGAGLVIASIFLYGYDPARSAPKPTMHGPGGDE
EKLLPRV

39

DNA
encodes
ScGALL

ATGACTAAATCTCATTCAGAAGAAGTGATTGTACCTGAGTTCAATTCT
AGCGCAAAGGAATTACCAAGACCATTGGCCGAAAAGTGCCCGAGCA
TAATTAAGAAATTTATAAGCGCTTATGATGCTAAACCGGATTTTGT
TGCTAGATCGCCTGGTAGAGTCAATCTAATTGGTGAACATATTGATT
ATTGTGACTTCTCGGTTITTACCTTTAGCTATTGATTTTGATATGCTTTG
CGCCGTCAAAGTTITGAACGAGAAAAATCCATCCATTACCTTAA
TAAATGCTGATCCCAAATTTGCTCAAAGGAAGTTCGATTTGCCGTTG
GACGGTTCTTATGTCACAATTGATCCTTCTGTGTCGGACTGGTCTAAT
TACTTTAAATGTGGTCTCCATGTTGCTCACTCTTITCTAAAGAAA
CTTGCACCGGAAAGGTTTGCCAGTGCTCCTCTGGCCGGGCTGCAAGT
CTTCTGTGAGGGTGATGTACCAACTGGCAGTGGATTGTCTTCTTCGGC
CGCATTCATTTGTGCCGTTGCTTTAGCTGTTGTTAAAGCGAATAT
GGGCCCTGGTTATCATATGTCCAAGCAAAATTTAATGCGTATTACGG
TCGTTGCAGAACATTATGTTGGTGTTAACAATGGCGGTATGGATCAG
GCTGCCTCTGTTTGCGGTGAGGAAGATCATGCTCTATACGTTGAGTTC
AAACCGCAGTTGAAGGCTACTCCGTTTAAATTTCCGCAATTAAAAAA
CCATGAAATTAGCTTTGTTATTGCGAACACCCTTGTTGTATCTAACAA
GTTTGAAACCGCCCCAACCAACTATAATTTAAGAGTGGTAGAAGTCA
CTACAGCTGCAAATGTTTTAGCTGCCACGTACGGTGTITGTTTTACTTT
CTGGAAAAGAAGGATCGAGCACGAATAAAGGTAATCTAAGAGATTT
CATGAACGTTTATTATGCCAGATATCACAACATTTCCACACCCTGGA
ACGGCGATATTGAATCCGGCATCGAACGGTTAACAAAGATGCTAGTA
CTAGTTGAAGAGTCTCTCGCCAATAAGAAACAGGGCTTTAGTGTTGA
CGATGTCGCACAATCCTTGAATTGTTCTCGCGAAGAATTCACAAGAG
ACTACTTAACAACATCTCCAGTGAGATTTCAAGTCTTAAAGCTATATC
AGAGGGCTAAGCATGTGTATTCTGAATCTTTAAGAGTCTTGAAGGCT
GTGAAATTAATGACTACAGCGAGCTTTACTGCCGACGAAGACTTTTT
CAAGCAATTTGGTGCCTTGATGAACGAGTCTCAAGCTTCITGCGATA
AACTTTACGAATGTTCTTGTCCAGAGATTGACAAAATTTGTTCCATTG
CTTTGTCAAATGGATCATATGGTTCCCGTTTGACCGGAGCTGGCTGGG
GTGGTTGTACTGTTCACTTGGTTCCAGGGGGCCCAAATGGCAACATA
GAAAAGGTAAAAGAAGCCCTTGCCAATGAGTTCTACAAGGTCAAGT
ACCCTAAGATCACTGATGCTGAGCTAGAAAATGCTATCATCGTCTCT
AAACCAGCATTGGGCAGCTGTCTATATGAATTATAA

40

ScGALI

MTKSHSEEVIVPEFNSSAKELPRPLAEKCPSIIKKFISAYDAKPDFVARSPG
RVNLIGEHIDYCDFSVLPLAIDFDMLCAVKVLNEKNPSITLINADPKFAQR
KFDLPLDGSYVTIDPSVSDWSNYFKCGLHVAHSFLKKLAPERFASAPLAG
LQVFCEGDVPTGSGLSSSAAFICAVALAVVKANMGPGYHMSKQNLMRI
TVVAEHYVGVNNGGMDQAASVCGEEDHALY VEFKPQLKATPIFKFPQL
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AGT CCTGCAGCGCCAGCAGCTGGACTATGECATCTATGI TATCAACC
AGGCGCGGAGACACTATATTCAATCGT GCTAAGCTCCTCAATGTTGEC

TTTCAAGAABOCH IBAMGEACTATGACTACACCTGCTTTGTGI TTAGT PCT/US2010/025163
GACGT GGACCTCATTCCAATGAATGACCATAATGCGTACAGGTGITT
TTCACAGCCACGECACATTTCCGT TGCAATGGATAAGT TTGGATTCA

GCCTACCTTATGI TCAGTATTTTGGAGGTGTCTCTGCTCTAAGTAAAC

AACAG
GAGGA

AACCATCAA

CAAGATGATGACAT]

OIS CCT AT AT RAKIEIAXENGSNLRVVEVTTAANVLAATYGVVLL
T EANAGATIAGT RDFAGSSGAT GHNISTPWNGDIESGIERLTKMLVLY
EESLANKKQGFSVDDVAQSLNCSREEFTRDYLTTSPVRFQVLKLYQRAK
HVYSESLRVLKAVKLMTTASFTADEDFFKQFGALMNESQASCDKLYECS
CPEIDKICSIALSNGSYGSRLTGAGWGGCTVHLVPGGPNGNIEK VK
EALANEFYKVKYPKITDAELENAIIVSKPALGSCLYEL

41

DNA
encodes
ScGAL7

ATGACTGCTGAAGAATTTGATTTTTCTAGCCATTCCCATAGACGTTAC
AATCCACTAACCGATTCATGGATCTTAGTTTCTCCACACAGAGCTAA
AAGACCTTGGTTAGGTCAACAGGAGGCTGCTTACAAGCCCACAGCTC
CTTTGTATGATCCAAAATGCTATCTATGTCCTGGTAACAAAAGAGCT
ACTGGTAACCTAAACCCAAGATATGAATCAACGTATATTTICCCCAA
TGATTATGCTGCCGTTAGCGATCAACCTATTTTACCACAGAATGATTC
CAATGAGGATAATCTTAAAAATAGGCTGCTTAAAGTGCAATCTGTGA
GAGGCAATTGTTTCGTCATATGTTTITAGCCCCAATCATAATCTAACCA
TTCCACAAATGAAACAATCAGATCTGGTTCATATTGTTAATTCTTGGC
AAGCATTGACTGACGATCTCTCCAGAGAAGCAAGAGAAAATCATAA
GCCTTTCAAATATGTCCAAATATTITGAAAACAAAGGTACAGCCATGG
GTTGTTCCAACTTACATCCACATGGCCAAGCTTGGTGCTTAGAATCCA
TCCCTAGTGAAGTTTCGCAAGAATTGAAATCTTTTGATAAATATAAA
CGTGAACACAATACTGATTTGTTTGCCGATTACGTCAAATTAGAATC
AAGAGAGAAGTCAAGAGTCGTAGTGGAGAATGAATCCTTTATIGTTG
TTGTTCCATACTGGGCCATCTGGCCATTTGAGACCTTGGTCATTTCAA
AGAAGAAGCTTGCCTCAATTAGCCAATTTAACCAAATGGCGAAGGAG
GACCTCGCCTCGATTTTAAAGCAACTAACTATTAAGTATGATAATTTA
TTTGAAACGAGTTTCCCATACTCAATGGGTATCCATCAGGCTCCTTTG
AATGCGACTGGTGATGAATTGAGTAATAGTTGGTTTCACATGCATTTC
TACCCACCTTTACTGAGATCAGCTACTGTTCGGAAATTCTTGGTTGGT
TTTGAATTGTTAGGTGAGCCTCAAAGAGATTTAATTTCGGAACAAGC
TGCTGAAAAACTAAGAAATTTAGATGGTCAGATTCATTATCTACAAA
GACTATAA

42

ScGAL7

MTAEEFDFSSHSHRRYNPLTDSWILVSPHRAKRPWLGQQEAAYKPTAPL
YDPKCYLCPGNKRATGNLNPRYESTYIFPNDYAAVSDQPILPQNDSNED

NLKNRLLEKVQSVRGNCFVICFSPNHNLTIPQMKQSDLVHIVNSWQALTD

DLSREARENHKPFKY VQIFENKGTAMGCSNLHPHGQAWCLESIPSEVSQ
ELKSFDKYKREHNTDLFADY VKLESREKSRVVVENESFIVVVPYWAIWP
FETLVISKKKLASISQFNQMAKEDLASILKQLTIKYDNLFETSFPYSMGIH

QAPLNATGDELSNSWFHMHFYPPLLRSATVRKFLVGFELLGEPQRDLISE
QAAEKLRNLDGOQIHYLOQRL

43

DNA
encodes
ScGal
permease

ATGGCAGTTGAGGAGAACAATGTGCCTGTTGTTTCACAGCAACCCCA
AGCTGGTGAAGACGTGATCTCTTCACTCAGTAAAGATTCCCATTTAA
GCGCACAATCTCAAAAGTATTCCAATGATGAATTGAAAGCCGGTGA
GTCAGGGCCTGAAGGCTCCCAAAGTGTTCCTATAGAGATACCCAAGA
AGCCCATGTCTGAATATGTTACCGTTTCCTTGCTTTGTTTGTGTGTTGC
CTTCGGCGGCTTCATGTTTGGCTGGGATACCAGTACTATTTCTGGGTT
TGTTGTCCAAACAGACTTTTTGAGAAGGTTTGGTATGAAACATAAGG
ATGGTACCCACTATTTGTCAAACGTCAGAACAGGTTTAATCGTCGCC
ATTTTCAATATTGGCTGTGCCTTTGGTGGTATTATACTTTCCAAAGGT
GGAGATATGTATGGCCGTAAAAAGGGTCTTTCGATTGTCGTCTCGGT

TTATATAGTTGGTATTATCATTCAAATTGCCTCTATCAACAAGTGGTA
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WD 2010/ 099153PCT/ US2010/ 025163

TCTATATCTCGCCCAAAT CCTGT GGT CGEGAGGT GTCGCATGATCCG
CCACTCAARCGACHWVAGHYAAAAT GAACCCAATCCTCAGAGGT TTGACC PCT/US2010/025163
GAATTGCACACACAAAGGAGACAATCCTCTCTGATGGT TTGAACTCA

CTCACCTACCAGGT GCTGGATGTACAGAGATACCCATTGTATACCCA
AATCACAGTGGACATCGGGACACCGACGCTAG 50 hGal T | catal ytic doman

GRDL SRLPQUVGVSTPL QEEENSAN, COBSHEITRTAGRRRALAASBOI GG TTTGGGTGTCGGCGGCAT
PRPGGDSSPWDSGPGPASNE FSMRVRHIT Al G PAGRERSPEG XN FG AAATTGCTCCAAAGCACTT
FNVPVDL EL VAKQNPNVKMEGRYAD %B&WAGWTHERN@EH&MAGCTGATGATTACTGCAGGTAT
W YYL HPVLQRQQALDYG vg& KL M A A KX TACAAAGAGCTATTCGAACTC

CFVFSDVDLI PMNI NI NAY!

LSKQQFLTI NGFPN

M RESRDKKNEPNPQRFDR) A é%q
human| GnTl| cat al yti

TCAGTCAGTGCTCTTGATGFBEAZ S

TATGTTTCGCTTGGTCATTATT

L RERS e B e

CCGTCCAGGCCGAGTTAGATCTG

—DDD K

GATTA 3ATTGGCCCAAGAOﬁWﬁW@@@@AAAACTGGCTGGCAATGCGTCCTG
GGACT GCTGOAGCAAAT CORGGBANIG P K CRARGAASTACCAAAGTATTTCAACGTTTGTTGAT
GGTGOCTACAGCAGCT CCTOCASIAGAGTTT AGACPGLAT GTEACEA CAATTAACCGGTAACAATTATTT
CTGCACCAGATGT GATTCCTATCT TAGTIATGGIBKEIGRTATATCTA AGTCAGTTGGCCTGGATGATTC
CTGT TAGAAGAT GT CT GCACAABTTATA SCATTACKGAGTARCTEUITGTAGTCAACTTTGCCTCCACTTT
GAGT TGT TCOCTAT CAT COT FAGT GRNEART E6 CALACEAGRAMMC TTGGGGCGTCGTAAATGTTTACT
TGCCC'iAGCCATCGCCTCCT%@%W@@T@W@&%E@%%@TTGTATGGTCATCTACGCCTCTGT

AGCCTGACCTIGTCATCTATT GGTAAAAGCCAGCCATCTTCTAA
CAAGGT TACTACAAGATCGE

] CTTTACCTGTTTTTATATTTTCTGT
AGTCTTCAGACAGTTTAGA

A ; . CCTGGGTCATCACAGCAGAATC
ACTTGRAGGTGGCTCCTGAC STACTT
CATTGET GAAGGCAGACCCA oS TGTATGGCGTTGGCCTCTGCTTC
GACAACGGT ARGGAGCAAAT EBTECHeEET TGCATTTITCACCCCATTCATCAC

GTACAGAACCGACT TCTTTCATEI e CAEATAST T T AEEK R ATGTCTTCATGGGCTGTTTGGT
GTTGTGGECT GAGTTGGAG:@G&K@I’E@EWRWW TTGTTCCAGAAACTAAAGGCCTA

ACTCATGAGAAGACCT GAI &
ACCT GAGATCTCAAGAACO\WTET

EACCCIPAIATSATATGGGAAGAAGGTGTTTTACCTTG
CATCCAGAAGAGGTAATAATTACG

ACGGT CAATTCTTTGACCAAGAGTIKAAGTIATATCRAGATAPCRAGACAAACCGTGGTACAAGGCCATG

CAATT"GTCI:ACTTCACCOW@FCTTACTTGCAGAGAGA

GeCeT e e SPTAGED A9E SKDSHLSAQSQK YSNDELKAGESG
QTCAGQEAGT A c(T3(< PRI G O CVAFGGFMFGWDTSTISGFVVQT
g ' TV AIFNIGCAFGGIILSKGGDMYGRK
%&%ﬂ%&%( @*flf LS FIGRIISGLGVGGIAVLCPMLISEIAP
> ‘3 , v,,‘%-. ELANT QWRVPLGLCFAWS
CTTGGETCCT CCACCTACT TEGARGER AT SRR - i k
catal ytic ¢l onp SVS/ AEV/BRPROR QAELDLI
AAPPAQPRVHVTPAPAVI Pl LMGVFVOMFQQLTGNNYFF

QDCGHEETAQAI ASY&SAWMWEL@@WPD@S@WW S&NWTFFSLWTVENLGRRKCLLLGA
WAL GQVFRQF RFPAAVVVE DRI MR YE RS WP TRBDPBICKSLPSSKGAGNCMIVEFTCFYIFCYATT
SAVWNDNGKEQWDASRPEL Il WmmmmsmmsASNWVWGFLIAFFTPFITSAINFY

AFVDDY\WRRPEQRQGRAC! R

L &GLSLEEIQELWEEGVLPWKSEGWIP

NQQFVHFTQL DL SYLQREAY @BW@%MEW@L&B

Ry Y He DDA AL UM KGRV Wk BPRAY AR GO G R TGG T T

2010/ Q99158P
GAGCCPGCTGA
AGATGATGACK

2010,

(€1

QT CACACACTGTGGTAGAGCTAAT
' KFAACCTGTCGAATTCAA
AGGTCTTGACCAAGCATCACATTC
CCTTCTATGAGGTTGATTTGTGTGACCGAAAAGGTCTGGAAAAGGTT
TTCAAAGAATATAAAATTGATTCGGTAATTCACTTTGCTGGTTTAAAG
GCTGTAGGTGAATCTACACAAATCCCGCTGAGATACTATCACAATAA
CATTTTGGGAACTGTCGTTITATTAGAGTTAATGCAACAATACAACGT
TTCCAAATTTGTTTTITTCATCTTCTGCTACTGTCTATGGTGATGCTACG
AGATTCCCAAATATGATTCCTATCCCAGAAGAATGTCCCTTAGGGCC
TACTAATCCGTATGGTCATACGAAATACGCCATTGAGAATATCTTGA

"i‘v
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Mm Mani TTGAACGAACTGAAACCTATATCAAAAGAAGGCCATTCAAGCAGITT catal ytic
GITTGGCAACATCAAAGGAGCTACAATAGTAGATGCCCTGGATACCC  donman
TTTTCATTAVGGHDADPAAAGACT GAAT TTCAAGAAGCTAAATCGT GG PCT/US2010/025163
ATTAAAAAATATTTAGATTTTAATGTGAATGCCTGAAGT TTCTGI TTTT

GAAGT CAACATACGCTTCGT CEGTGGACTGCTGTCAGCCTACTATTTG

TCCGGAGAGGAGATAT TTCGAAAGAAAGCAGT GGAACT TGGGEGTAA

AATTGCTACC
TGAATATGAA

TGCATTTCA]
AAGT GCGAT(

ACTLCOTCT CEAA AKX TTGAE M ABAAAGTTGGAAGTTTGCTATCTTG

0 P SR I BECHECHEACATCCCTCTGGATTAATCGGAGAA
GATCCGCTAGGTATACCAAACAATTTGTTGCCATATATGGCTCAAGT

AGCTGTTGGTAGGCGCGAGAAGCTTTACATCTTCGGAGACGATTATG

ATTCCAGAGATGGTACCCCGATCAGGGATTATATCCACGTAGTTGAT

CTAGCAAAAGGTCATATTGCAGCCCTGCAATACCTAGAGGCCTACAA
TGAAAATGAAGGTTTGTGTCGTGAGTGGAACTTGGGTTCCGGTAAAG
GTTCTACAGTTTTTGAAGTTTATCATGCATTCTGCAAAGCTTCTGGTA

TTGATCTTCCATACAAAGTTACGGGCAGAAGAGCAGGTGATGTTTTG

AACTTGACGGCTAAACCAGATAGGGCCAAACGCGAACTGAAATGGC

AGACCGAGTTGCAGGTTGAAGACTCCTGCAAGGATTTATGGAAATGG
ACTACTGAGAATCCTTTTGGTTACCAGTTAAGGGGTGTCGAGGCCAG

ATTTTCCGCTGAAGATATGCGTTATGACGCAAGATTTGTGACTATTGG
TGCCGGCACCAGATTITCAAGCCACGTTTGCCAATTTGGGCGCCAGCA

TTGTTGACCTGAAAGTGAACGGACAATCAGTTGTTCTTGGCTATGAA

AATGAGGAAGGGTATTTGAATCCTGATAGTGCTTATATAGGCGCCAC
GATCGGCAGGTATGCTAATCGTATTTCGAAGGGTAAGTTTAGTTITATG
CAACAAAGACTATCAGTTAACCGTTAATAACGGCGTTAATGCGAATC
ATAGTAGTATCGGTTCTTTCCACAGAAAAAGATTTTTGGGACCCATC

ATTCAAAATCCTTCAAAGGATGTTITTTACCGCCGAGTACATGCTGATA
GATAATGAGAAGGACACCGAATTTCCAGGTGATCTATTGGTAACCAT
ACAGTATACTGTGAACGTTGCCCAAAAAAGTTTGGAAATGGTATATA
AAGGTAAATTGACTGCTGGTGAAGCGACGCCAATAAATTTAACAAAT
CATAGTTATTTCAATCTGAACAAGCCATATGGAGACACTATTGAGGG
TACGGAGATTATGGTGCGTTCAAAAAAATCTGTTGATGTCGACAAAA
ACATGATTCCTACGGGTAATATCGTCGATAGAGAAATTGCTACCTTT

AACTCTACAAAGCCAACGGTCTTAGGCCCCAAAAATCCCCAGTTTGA
TTGTTGTTTTGTGGTGGATGAAAATGCTAAGCCAAGTCAAATCAATA

CTCTAAACAATGAATTGACGCTTATTGTCAAGGCTTTTCATCCCGATT
CCAATATTACATTAGAAGTTTTAAGTACAGAGCCAACTTATCAATTIT
ATACCGGTGATTTCTTGTCTGCTGGTTACGAAGCAAGACAAGGTTTTG
CAATTGAGCCTGGTAGATACATTGATGCTATCAATCAAGAGAACTGG
AAAGATTGTGTAACCTTGAAAAACGGTGAAACTTACGGGTCCAAGAT
TGTCTACAGATTTTCCTGA

46

ScGalll

MTAQLQSESTSKIVLVTGGAGYIGSHTVVELIENGYDCVVADNLSNSTY
DSVARLEVLTKHHIPFYEVDLCDRKGLEKVFKEYKIDSVIHFAGLKAVGE
STQIPLRYYHNNILGTVVLLELMQQYNVSKFVFSSSATVYGDATRFPNMI
PIPEECPLGPTNPYGHTKYAIENILNDLYNSDKKSWKFAILRYFNPIGAHP
SGLIGEDPLGIPNNLLPYMAQVAVGRREKLYIFGDDYDSRDGTPIRDYIH
VVDLAKGHIAALQYLEAYNENEGLCREWNLGSGKGSTVFEVYHAFCKA
SGIDLPYKVTGRRAGDVLENLTAKPDRAKRELKWQTELQVEDSCKDLWK
WTITENPFGYQLRGVEARFSAEDMRYDARFVTIGAGTRFQATFANLG
ASIVDLKVNGQSVVLGYENEEGYLNPDSAYIGATIGRYANRISKGKFSLC
NKDYQLTVNNGVNANHSSIGSFHRKRFLGPIIQNPSKDVFTAEYMLIDNE
KDTEFPGDLLVTIQYTVNVAQKSLEMVYKGKLTAGEATPINLTNHSYFN
LNKPYGDTIEGTEIMVRSKKSVDVDKNMIPTGNIVDREIATFNSTKPTVL
GPKNPQFDCCFVVDENAKPSQINTLNNELTLIVKAFHPDSNITLEVLSTEP
TYQFYTGDFLSAGYEARQGFAIEPGRYIDAINQENWKDCVTLKNGETYG
SKIVYRFS
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GOCAGCAGTATCCTGECCGAATTTGGAACTCTGCATTTAGAGYI TAT
GCACTTA CCCACTTATCAGGAGACCCAGICTTTGCCGAAAAGGTTA
TGAAAAT TCGEAAQABDHBI GAACAAACT GGACAAACCAGAAGECCTT PCT/US2010/025163
TATCCTAACTATCTGAACCCCAGT AGT GGACAGT GGGGTCAACATCA
TGTGTCGGT TCGGAGGACT TGGAGACAGCTTTTATGAATATTTGCTTAA
GGCGTGGT TAATGT CTGACAAGACAGAT CTCGAAGCCAAGAAGAT GT!

ATTTTEAT GATIT ACAGCCCATORGAGAGXATGATTIGARGRCANGGTGGGGCTGGCTACATTGGCA

encodes
human
GalE

GCCACACGGTGCTGGAGCTGCTGGAGGCTGGCTACTTGCCTGTGGTC
ATCGATAACTTCCATAATGCCTTCCGTGGAGGGGGCTCCCTGCCTGA
GAGCCTGCGGCGGGTCCAGGAGCTGACAGGCCGCTCTGTGGAGTTTG
AGGAGATGGACATTTTGGACCAGGGAGCCCTACAGCGTCTCTTCAAA
AAGTACAGCTTTATGGCGGTCATCCACTTTGCGGGGCTCAAGGCCG
TGGGCGAGTCGGTGCAGAAGCCTCTGGATTATTACAGAGTTAACCTG
ACCGGGACCATCCAGCTTCTGGAGATCATGAAGGCCCACGGGGTGAA
GAACCTGGTGTTCAGCAGCTCAGCCACTGTGTACGGGAACCCCCAG
TACCTGCCCCTTGATGAGGCCCACCCCACGGGTGGTTGTACCAACCC
TTACGGCAAGTCCAAGTTCTTCATCGAGGAAATGATCCGGGACCTGT
GCCAGGCAGACAAGACTTGGAACGCAGTGCTGCTGCGCTATTTCAA
CCCCACAGGTGCCCATGCCTCTGGCTGCATTGGTGAGGATCCCCAGG
GCATACCCAACAACCTCATGCCTTATGTCTCCCAGGTGGCGATCGGG
CGACGGGAGGCCCTGAATGTCTTTGGCAATGACTATGACACAGAGG
ATGGCACAGGTGTCCGGGATTACATCCATGTCGTGGATCTGGCCAAG
GGCCACATTGCAGCCTTAAGGAAGCTGAAAGAACAGTGTGGCTGCCG
GATCTACAACCTGGGCACGGGCACAGGCTATTCAGTGCTGCAGATG
GTCCAGGCTATGGAGAAGGCCTCTGGGAAGAAGATCCCGTACAAGG
TGGTGGCACGGCGGGAAGGTGATGTGGCAGCCTGTTACGCCAACCCC
AGCCTGGCCCAAGAGGAGCTGGGGTGGACAGCAGCCTTAGGGCTGG
ACAGGATGTGTGAGGATCTCTGGCGCTGGCAGAAGCAGAATCCTTCA
GGCTTTGGCACGCAAGCCTGA

48 | hGalE

MAEKVLVTGGAGYIGSHTVLELLEAGYLPVVIDNFHNAFRGGGSLPESL
RRVOQELTGRSVEFEEMDILDQGALQRLFKKYSFMAVIHFAGLKAVGESV
QKPLDYYRVNLTGTIQLLEIMKAHGVKNLVFSSSATVYGNPQYLPLDEA
HPTGGCTNPYGKSKFFIEEMIRDLCQADK TWNVVLLRYFNPTGAHASGC
IGEDPQGIPNNLMPYVSQVAIGRREALNVFGNDYDTEDGTGVRDYIHVV
DLAKGHIAALRKLKEQCGCRIYNLGTGTGYSVLQMVQAMEKASGKKIP
YKVVARREGDVAACYANPSLAQEELGWTAALGLDRMCEDLWRWQKQ
NPSGFGTQA

49 DNA

encodes
hGalT 1
catalytic
domain

GGCCGCGACCTGAGCCGCCTGCCCCAACTGGTCGGAGTCTCCACACC
GCTGCAGGGCGGCTCGAACAGTGCCGCCGCCATCGGGCAGTCCTCCG
GGGAGCTCCGGACCGGAGGGGCCCOGCCGCCGCCTCCTCTAGGCGCC
TCCTCCCAGCCGCGCCCGGGTGGCGACTCCAGCCCAGTCGTGGATTC
TGGCCCTGGCCCCGCTAGCAACTTGACCTCGGTCCCAGTGCCCCACA
CCACCGCACTGTCGCTGCCCGCCTGCCCTGAGGAGTCCCCGCTGCTT
GTGGGCCCCATGCTGATTGAGTTTAACATGCCTGTGGACCTGGAGCT
CGTGGCAAAGCAGAACCCAAATGTGAAGATGGGCGGCCGCTATGCC
CCCAGGGACTGCGTCTCTCCTCACAAGGTGGCCATCATCATTCCATTC
CGCAACCGGCAGGAGCACCTCAAGTACTGGCTATATTATTTGCACCC
AGTCCTGCAGCGCCAGCAGCTGGACTATGGCATCTATGTTATCAACC
AGGCGGGAGACACTATATTCAATCGTGCTAAGCTCCTCAATGTTGGC
TITCAAGAAGCCTTGAAGGACTATGACTACACCTGCTTTGTGTTTAGT
GACGTGGACCTCATTCCAATGAATGACCATAATGCGTACAGGTGTTT
TTCACAGCCACGGCACATTTCCGTTGCAATGGATAAGTTTGGATTCA
GCCTACCTTATGTTCAGTATTTTGGAGGTGTCTCTGCTCTAAGTAAAC
AACAGTTTCTAACCATCAATGGATTTCCTAATAATTATTGGGGCTGGG
GAGGAGAAGATGATGACATTTTTAACAGATTAGTTTTTAGAGGCATG
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GTIGGGGGACTAACGTACAT CGCAGAGT GGAAGGEEEGECCTCCTGEA

ACACAAGAT GEECCACCTGACGTGCTTTGCAGGAGGCATGT TTGCAC
TTGCEECAGRD GBI BEGEGAAGCCCGEECCCAACACTACCTTGAA PCT/US2010/025163
CTCGGAGCTGAAATTGCCCGCACT TGTCATGAATCTTATAATCGTACA

TATGTGAAGT TGGGACCGGAAGCGT TTCGATTTGATGGCGGT GTGGA
AGCTATTGCCACGAGGCAAAAT GAAAAGTATTACATCT TACGECCCG

AGGTCA
AAGTA(

[T CGAGACATACAT
CAGGACCT GGGECCT

GTACATANELGACTA T SACACITGR TCGGGAGGTGTCGCATGATCCG
COEAMERGEE GRAGECRGTAAAAGTIGAACCCAATCCTCAGAGGTTTGACC
GAATTGCACACACAAAGGAGACAATGCTCTCTGATGGTTTGAACTCA
CTCACCTACCAGGTGCTGGATGTACAGAGATACCCATTGTATACCCA
AATCACAGTGGACATCGGGACACCGAGCTAG

50

hGalT 1
catalytic
doman

GRDLSRLPOLVGVSTPLOGGSNSAAAIGQSSGELRTGGARPPPPLGASSQ
PRPGGDSSPVVDSGPGPASNLTSVPVPHTTALSLPACPEESPLLVGPMLIE
FNMPVDLELVAKONPNVKMGGRY APRDCVSPHKVANIPFRNRQEHLK Y
WLYYLHPVLQRQQLDYGIYVINQAGDTIFNRAKLLNVGFQEALKDYDYT
CFVESDVDLIPMNDHNAYRCFSQPRHISVAMDKFGFSLPYVQYFGGVSA
LSKQOQFLTINGFPNNY WGWGGEDDDIFNRLVFRGMSISRPNAVVGRCR
MIRHSRDKKNEPNPQRFDRIAHTKETMLSDGLNSLTYQVLDVQRYPLYT
QITVDIGTPS

51

DNA
encodes
human
GnTI
catalytic
doman

Codon-
optimized

TCAGTCAGTGCTCTTGATGGTGACCCAGCAAGTTTGACCAGAGAAGT
GATTAGATTGGCCCAAGACGCAGAGGTGGAGTTGGAGAGACAACGT
GGACTGCTGCAGCAAATCGGAGATGCATTGTCTAGTCAAAGAGGTAG
GGTGCCTACCGCAGCTCCTCCAGCACAGCCTAGAGTGCATGTGACCC
CTGCACCAGCTGTGATTCCTATCTTGGTCATCGCCTGTGACAGATCTA
CTGTTAGAAGATGTCTGGACAAGCTGTTGCATTACAGACCATCTGCT
GAGTTGTTCCCTATCATCGTTAGTCAAGACTGTGGTCACGAGGAGAC
TGCCCAAGCCATCGCCTCCTACGGATCTGCTGTCACTCACATCAGAC
AGCCTGACCTGTCATCTATTGCTGTGCCACCAGACCACAGAAAGTTC
CAAGGTTACTACAAGATCGCTAGACACTACAGATGGGCATTGGGTCA
AGTCTTCAGACAGTTTAGATTCCCTGCTGCTGTGGTGGTGGAGGATG
ACTTGGAGGTGGCTCCTGACTTCTTTGAGTACTTTAGAGCAACCTATC
CATTGCTGAAGGCAGACCCATCCCTGTGGTGTGTCTCTGCCTGGAAT
GACAACGGTAAGGAGCAAATGGTGGACGCTTCTAGGCCTGAGCTGTT
GTACAGAACCGACTTCTTTCCTGGTCTGGGATGGTTGCTGTTGGCTGA
GTTGTGGGCTGAGTTGGAGCCTAAGTGGCCAAAGGCATTCTGGGACG
ACTGGATGAGAAGACCTGAGCAAAGACAGGGTAGAGCCTGTATCAG
ACCTGAGATCTCAAGAACCATGACCTTTGGTAGAAAGGGAGTGTCTC
ACGGTCAATTCTTTGACCAACACTTGAAGTTTATCAAGCTGAACCAG
CAATTTGTGCACTTCACCCAACTGGACCTGTCTTACTTGCAGAGAGA
GGCCTATGACAGAGATTTCCTAGCTAGAGTCTACGGAGCTCCTCAAC
TGCAAGTGGAGAAAGTGAGGACCAATGACAGAAAGGAGTTGGGAGA
GGTGAGAGTGCAGTACACTGGTAGGGACTCCTTTAAGGCTTTCGCTA
AGGCTCTGGGTGTCATGGATGACCTTAAGTCTGGAGTTCCTAGAGCT
GGTTACAGAGGTATTGTCACCTTTCAATTCAGAGGTAGAAGAGTCCA
CTTGGCTCCTCCACCTACTTGGGAGGGTTATGATCCTTCTTGGAATTA
G

52

Human
GnTI
catalytic
doman

SVSALDGDPASLTREVIRLAQDAEVELERQRGLLQQIGDALSSQRGRVPT
AAPPAQPRVHVTPAPAVIPILVIACDRSTVRRCLDKLLHYRPSAELFPIIVS
QDCGHEETAQAIASYGSAVTHIRQPDLSSIAVPPDHRKFQGYYKIARHYR
WALGQVFRQFRFPAAVVVEDDLEVAPDFFEYFRATYPLLKADPSLWCV
SAWNDNGKEQMVDASRPELLYRTDFFPGLGWLLLAELWAELEPKWPK
AFWDDWMRRPEQRQGRACIRPEISRTMTFGRKGVSHGQFFDQHLKFIKL
NQQFVHFTQLDLSYLQREAYDRDFLARVYGAPQLQVEKVRTNDRKELG
EVRVQYTGRDSFKAFAKALGVMDDLKSGVPRAGYRGIVTFQFRGRRVH
LAPPPTWEGYDPSWN
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ACTGCAGAGT GAACGCGAGGCTACTCAGECTTACGEGATGT TTACATT
GCCCGTGAGAGT TATGACGAT GT CCAGCAAAGT TTCTTCCTGGECAGA

GACACT GAAEDAITOIIGIAGET TGATATTTTCCGATGATGACCTTCTTCC

PCT/US2010/025163

ACTAGAACACTGGATCTTCAACACCGAGECTCATCCTTTCCCTATACT
CCGTGAACAGAAGAAGGAAATTGATGGCAAAGAGAAATGA 54 Mm Mani
EPADATI REKRAKI KE1VI MTHAWNNYKRYAWGLNELKPI SKEGHSSSLFG cat al ytic

NI KGA’
FVGAE_

I'6YDA
L SAYY

L DXL MG
| b sFRK
Mm Manl
catalytic
doman

KGEECEAK S TKKYC GERVARVBVEEN AGAAGIRAGGCAAAGATCAAAG

KAV YKIT G ARAEE R PEG TRVVEAAVKIF TA TAAACGCTATGCGTGGGGC
TTGAACGAACTGAAACCTATATCAAAAGAAGGCCATTCAAGCAGTTT
GTTTGGCAACATCAAAGGAGCTACAATAGTAGATGCCCTGGATACCC
TTTTCATTATGGGCATGAAGACTGAATTTCAAGAAGCTAAATCGTGG

ATTAAAAAATATTTAGATTTTAATGTGAATGCTGAAGTTITCTGTTTTT

GAAGTCAACATACGCTTCGTCGGTGGACTGCTGTCAGCCTACTATTTG
TCCGGAGAGGAGATATTTCGAAAGAAAGCAGTGGAACTTGGGGTAA

AATTGCTACCTGCATTTCATACTCCCTCTGGAATACCTTGGGCATTGC
TGAATATGAAAAGTGGGATCGGGCGGAACTGGCCCTGGGCCTCTGGA
GGCAGCAGTATCCTGGCCGAATTTGGAACTCTGCATITAGAGTTTAT

GCACTTGTCCCACTTATCAGGAGACCCAGTCTTTGCCGAAAAGGTTA

TGAAAATTCGAACAGTGTTGAACAAACTGGACAAACCAGAAGGCCTT
TATCCTAACTATCTGAACCCCAGTAGTGGACAGTGGGGTCAACATCA
TGTGTCGGTTGGAGGACTTGGAGACAGCTTTTATGAATATTTGCTTAA
GGCGTGGTTAATGTCTGACAAGACAGATCTCGAAGCCAAGAAGATGT
ATTTTGATGCTGTTCAGGCCATCGAGACTCACTTGATCCGCAAGTCAA
GTGGGGGACTAACGTACATCGCAGAGTGGAAGGGGGGCCTCCTGGA

ACACAAGATGGGCCACCTGACGTGCTTTGCAGGAGGCATGTTTGCAC
TTGGGGCAGATGGAGCTCCGGAAGCCCGGGCCCAACACTACCTTGAA
CTCGGAGCTGAAATTGCCCGCACTTGTCATGAATCTTATAATCGTACA
TATGTGAAGTTGGGACCGGAAGCGTTTCGATTTGATGGCGGTGTGGA
AGCTATTGCCACGAGGCAAAATGAAAAGTATTACATCTTACGGCCCG
AGGTCATCGAGACATACATGTACATGTGGCGACTGACTCACGACCCC
AAGTACAGGACCTGGGCCTGGGAAGCCGTGGAGGCTCTAGAAAGTC

ACTGCAGAGTGAACGGAGGCTACTCAGGCTTACGGGATGTTTACATT
GCCCGTGAGAGTTATGACGATGTCCAGCAAAGTTTCTTCCTGGCAGA

GACACTGAAGTATTTGTACTTGATATTTICCGATGATGACCTTCTTCC

ACTAGAACACTGGATCTTCAACACCGAGGCTCATCCTTTCCCTATACT
CCGTGAACAGAAGAAGGAAATTGATGGCAAAGAGAAATGA

54

Mm Manl
catalytic
doman

EPADATIREKRAKIKEMMTHAWNNYKRYAWGLNELKPISKEGHSSSLFG
NIKGATIVDALDTLFIMGMKTEFQEAKSWIKKYLDFNVNAEVSVFEVNIR
FVGGLLSAYYLSGEEIFRKKAVELGVKLLPAFHTPSGIPWALLNMKSGIG
RNWPWASGGSSILAEFGTLHLEFMHLSHLSGDPVFAEKVMKIRTVLNKL
DKPEGLYPNYLNPSSGQWGQHHVSVGGLGDSFYEYLLKAWLMSDKTD
LEAKKMYFDAVQAIETHLIRKSSGGLTYIAEWKGGLLEHKMGHLTCFAG
GMFALGADGAPEARAQHYLELGAEIARTCHESYNRTYVKLGPEAFRFD
GGVEAJATRONEKYYILRPEVIETYMYMWRLTHDPKYRTWAWEAVEAL
ESHCRVNGGYSGLRDVYIARESYDDVQQSFFLAETLKYLYLIFSDDDLLP
LEHWIFNTEAHPFPILREQKKEIDGKEK

55

DNA
encodes Tr
Manl
catalytic
doman

CGCGCCGGATCTCCCAACCCTACGAGGGCGGCAGCAGTCAAGGCCG
CATTCCAGACGTCGTGGAACGCTTACCACCATTTIGCCTTITCCCCATG
ACGACCTCCACCCGGTCAGCAACAGCTTTGATGATGAGAGAAACGGC
TGGGGCTCGTCGGCAATCGATGGCTTGGACACGGCTATCCTCATGGG
GGATGCCGACATTGTGAACACGATCCTTCAGTATGTACCGCAGATCA
ACTTCACCACGACTGCGGTTGCCAACCAAGGCATCTCCGTGTTCGAG
ACCAACATTCGGTACCTCGGTGGCCTGCTTTCTGCCTATGACCTGTTG
CGAGGTCCTTTCAGCTCCTTGGCGACAAACCAGACCCTGGTAAACAG
CCTTCTGAGGCAGGCTCAAACACTGGCCAACGGCCTCAAGGTTGCGT
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RNWPWASGGS S| LAEFGT LHLEFMHL SHL SGDPVFAEKVIMKI RTVLNKL

DKPEGL YPNYLNPSSGONGOHHVSVGEL GDSFYEYLLKAW.MSDKTD

L EAKKMYFDXOQAIEDHSE RKSSGCELTY! AEVWKGGELLEHKMGHL TCFAG PCT/US2010/025163
GVFAL GADGAPEARACHYLELGAEI ARTCHESYNRTYVKLGPEAFRFD

GOVEAI ATRQNEKYY! LRPEVI ETYMYMARL THDPKYRTWAWEAVEAL

ESHCRVNGGYSG_RDVY| ARESYDDVQOSFFLAETLKYLYLI FS DDDLLP

LEHW [

-NTEAHPFPI LREQ

KEEIAZXKERTEE AANWCGGTGTCCCGGACCCTACCGTCTTCTTCAACCCTA

CTGTCCGGAGAAGTGGTGCATCTAGCAACAACGTCGCTGAAATTGGA
AGCCTGGTGCTCGAGTGGACACGGTTGAGCGACCTGACGGGAAACCC
GCAGTATGCCCAGCTTGCGCAGAAGGGCGAGTCGTATCTCCTGAATC
CAAAGGGAAGCCCGGAGGCATGGCCTGGCCTGATTGGAACGTTTIGTC
AGCACGAGCAACGGTACCTTTCAGGATAGCAGCGGCAGCTGGTCCGG
CCTCATGGACAGCTTCTACGAGTACCTGATCAAGATGTACCTGTACG
ACCCGGTTGCGTTTGCACACTACAAGGATCGCTGGGTCCTTGCTGCC
GACTCGACCATTGCGCATCTCGCCTCTCACCCGTCGACGCGCAAGGA
CTTGACCTTTTTGTCTTCGTACAACGGACAGTCTACGTCGCCAAACTC
AGGACATTTGGCCAGTTTTGCCGGTGGCAACTTCATCTTGGGAGGCA
TTCTCCTGAACGAGCAAAAGTACATTGACTTTGGAATCAAGCTTGCC
AGCTCGTACTTTGCCACGTACAACCAGACGGCTTCTGGAATCGGCCC
CGAAGGCTTCGCGTGGGTGGACAGCGTGACGGGLGCCGGCGGCTCG
CCGCCCTCGTCCCAGTCCGGGTTCTACTCGTCGGCAGGATTCTGGGTG
ACGGCACCGTATTACATCCTGCGGCCGGAGACGCTGGAGAGCTTGTA
CTACGCATACCGCGTCACGGGCGACTCCAAGTGGCAGGACCTGGCGT
GGGAAGCGTTCAGTGCCATTGAGGACGCATGCCGCGCCGGCAGCGC
GTACTCGTCCATCAACGACGTGACGCAGGCCAACGGCGGGGGTGCCT
CTGACGATATGGAGAGCTTCTGGTTTGCCGAGGCGCTCAAGTATGCG
TACCTGATCTTTGCGGAGGAGTCGGATGTGCAGGTGCAGGCCAACGG
CGGGAACAAATTTGTCTTTAACACGGAGGCGCACCCCTTTAGCATCC
GTTCATCATCACGACGGGGCGGCCACCTTGCTTAA

56

TrManl
catalytic
doman

RAGSPNPTRAAAVKAAFQTSWNAYHHFAFPHDDLHPVSNSFDDERNG
WGSSAIDGLDTAILMGDADIVNTILQY VPQINFTTTAVANQGISVFETNIR
YLGGLLSAYDLLRGPFSSLATNQTLVNSLLRQAQTLANGLKVAFTTPSG
VPDPTVFFNPTVRRSGASSNNVAEIGSLVLEWTRLSDLTGNPQYAQLAQ
KGESYLLNPKGSPEAWPGLIGTFVSTSNGTFQDSSGSWSGLMDSFYEYLI
KMYLYDPVAFAHYKDRWVLAADSTIAHLASHPSTRKDLTFLSSYNGQS
TSPNSGHLASFAGGNFILGGILLNEQKYIDFGIKLASSYFATYNQTASGIGP
EGFAWVDSVTGAGGSPPSSQSGFYSSAGFWVTAPYYILRPETLESLYYA
YRVTGDSKWQDLAWEAFSAIEDACRAGSAYSSINDVTQANGGGASDD
MESFWFAEALKYAYLIFAEESDVQVQANGGNKFVENTEAHPFSIRSSSRR
GGHLA

37

DNA
encodes
Rat GnTII
DNA
(TC)

TCCCTAGTGTACCAGTTGAACTTTGATCAGATGCTGAGGAATGTCGA
TAAAGACGGCACCTGGAGTCCGGGGGAGCTGGTGCTGGTGGTCCAA
GTGCATAACAGGCCGGAATACCTCAGGCTGCTGATAGACTCGCTTCG
AAAAGCCCAGGGTATTCGCGAAGTCCTAGTCATCTTTAGCCATGACT
TCTGGTCGGCAGAGATCAACAGTCTGATCTICTAGTGTGGACTTCTGTC
CGGTTCTGCAAGTGTTCTTTCCGTTCAGCATTCAGCTGTACCCGAGTG
AGTTTCCGGGTAGTGATCCCAGAGATTGCCCCAGAGACCTGAAGAAG
AATGCAGCTCTCAAGTTGGGGTGCATCAATGCCGAATACCCAGACTC
CTTCGGCCATTACAGAGAGGCCAAATTCTCGCAAACCAAACATCACT
GGTGGTGGAAGCTGCATTTITGTATGGGAAAGAGTCAAAGTTCTTCAA
GATTACACTGGCCTTATACTTTTCCTGGAAGAGGACCACTACTTAGCC
CCAGACTTTTACCATGTCTTCAAAAAGATGTGGAAATTGAAGCAGCA
GGAGTGTCCTGGGTGTGACGTCCTCTCTCTAGGGACCTACACCACCA
TTCGGAGTTTCTATGGTATTGCTGACAAAGTAGATGTGAAAACTTGG
AAATCGACAGAGCACAATATGGGGCTAGCCTTGACCCGAGATGCATA
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CGCGCCGGATCTCCCAACCCTACGAGEGECAEGCAGCAGICAAGECCG  encodes Tr
CATTCCAGACGT CGTGGAACGCTTACCACCATTTTGCCTTTCCCCATG  Mani

ACGACCT CGROCCBBHIDAGCAACAGCT TTGATGATGAGAGAAACGEC  cat al y®PCE/US2010/025163
TGGGECCTCGTCGECAATCGATGGCTTGGACACGCECTATCCTCATGEG  doman
GGATGCCGACAT TGT GAACACGATCCTTCAGTATGTACCGCAGATCA

ACTTCACCACGACT GCGGT TGCCAACCAAGGECATCTCCGTGT TCGAG

ACCAA(
CGAGG]

CATTC
ICCTT,

GGTACCTCG
TCAGCTCCT?

CIrCACGASCTTTENEEABTGRCCTGTREACTTTCTGTACTTACGATGATTA
T RN AABECAGNCACTCRTARMCAGTI TTGACTCTAGCTTGTCTTCCTAA
AGTCTGGAAAGTCTTAGTTCCTCAAGCTCCTAGGATTTTTCATGCTGG
AGACTGTGGTATGCATCACAAGAAAACATGTAGGCCATCCACCCAGA
GTGCCCAAATTGAGTCATTATTAAATAATAATAAACAGTACCTGTTIC
CAGAAACTCTAGTTATCGGTGAGAAGTTTCCTATGGCAGCCATTTCCC
CACCTAGGAAAAATGGAGGGTGGGGAGATATTAGGGACCATGAACT
CTGTAAAAGTTATAGAAGACTGCAGTGA

58

Rat GnTII

(TC)

SLVYQLNFDQMLRNVDKDGTWSPGELVLVVQVHNRPEYLRLLIDSLRK
AQGIREVLVIFSHDFWSAEINSLISSVDFCPVLQVFFPFSIQLYPSEFPGSDP
RDCPRDLKKNAALKLGCINAEYPDSFGHYREAKFSQTKHHWWWKLHF
VWERVKVLQDYTGLILFLEEDHYLAPDFYHVFKKMWKLKQQECPGCD
VLSLGTYTTIRSFYGIADKVDVKTWKSTEHNMGLALTRDAYQKLIECTD
TFCTYDDYNWDWTLQYLTLACLPKVWKVLVPQAPRIFHAGDCGMHHK
KTCRPSTQSAQIESLLNNNKQYLFPETLVIGEKFPMAAISPPREKNGGWGDI
RDHELCKSYRRLQ

59

DNA
encodes
Rat GnT 11
(TC)
Codon-
optimized

TCCTTGGTTTACCAATTGAACTTCGACCAGATGTTGAGAAACGTTGAC
AAGGACGGTACTTGGTCTCCTGGTGAGTTGGTTTTGGTTGTTCAGGTT
CACAACAGACCAGAGTACTTGAGATTGTTGATCGACTCCTTGAGAAA
GGCTCAAGGTATCAGAGAGGTTTTGGTTATCTTCTCCCACGATTICTG
GTCTGCTGAGATCAACTCCTTGATCTCCTCCGTTGACTTCTGTCCAGT
TTTGCAGGTTTTCTTCCCATTCTCCATCCAATTGTACCCATCTGAGTTC
CCAGGTTCTGATCCAAGAGACTGTCCAAGAGACTTGAAGAAGAACGC
TGCTTTGAAGTTGGGTTGTATCAACGCTGAATACCCAGATTCTTITCGG
TCACTACAGAGAGGCTAAGTTCTCCCAAACTAAGCATCATTGGTGGT
GGAAGTTGCACTTTGTTTGGGAGAGAGTTAAGGTTTTGCAGGACTAC
ACTGGATTGATCTTGTTCTTGGAGGAGGATCATTACTTGGCTCCAGAC
TTCTACCACGTTTTCAAGAAGATGTGGAAGTTGAAGCAACAAGAGTG
TCCAGGTTGTGACGTTTTGTCCTTGGGAACTTACACTACTATCAGATC
CTTCTACGGTATCGCTGACAAGGTTGACGTTAAGACTTGGAAGTCCA
CTGAACACAACATGGGATTGGCTTTGACTAGAGATGCTTACCAGAAG
TTGATCGAGTGTACTGACACTTTCTGTACTTACGACGACTACAACTGG
GACTGGACTTTGCAGTACTTGACTTTGGCTTGTTTGCCAAAAGTTTGG
AAGGTTTTGGTTCCACAGGCTCCAAGAATTTTCCACGCTGGTGACTGT
GGAATGCACCACAAGAAAACTTGTAGACCATCCACTCAGTCCGCTCA
AATTGAGTCCTTGTTGAACAACAACAAGCAGTACTTGTTCCCAGAGA
CTTTGGTTATCGGAGAGAAGTTTCCAATGGCTGCTATTTCCCCACCAA
GAAAGAATGGTGGATGGGGTGATATTAGAGACCACGAGTTGTGTAA
ATCCTACAGAAGATTGCAGTAG

60

DNA
encodes
Rat GnTI
(TA)

AGGAAGAACGACGCCCTTGCCCCGCCGCTGCTGGACTCGGAGCCCCT
ACGGGGTGCGGGCCATTTCGCCGCGTCCGTAGGCATCCGCAGGGTTT
CTAACGACTCGGCCGCTCCTCTGGTTCCCGCGGTCCCGCGGCCGGAG
GTGGACAACCTAACGCTGCGGTACCGGTCCCTAGTGTACCAGTTGAA
CTTTGATCAGATGCTGAGGAATGTCGATAAAGACGGCACCTGGAGTC
CGGGGGAGCTGGTGCTGGTGGTCCAAGTGCATAACAGGCCGGAATA
CCTCAGGCTGCTGATAGACTCGCTTCGAAAAGCCCAGGGTATTCGCG
AAGTCCTAGTCATCTTTAGCCATGACTTCTGGTCGGCAGAGATCAAC
AGTCTGATCTCTAGTGTGGACTTCTGTCCGGTTCTGCAAGTGTTCTTT

CCGTTCAGCATTCAGCTGTACCCGAGTGAGTITTCCGGGTAGTGATCCC
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CCTTCTGAGGCAGGCTCAAACACT GGCCAACGECCTCAAGGITGCGT WO
2010/ 099153PCT/ US2010/ 025163

TCACCACT GE0AEDBAI 133 CCCCGACCCTACCGT CTTCTTCAACCCTA

PCT/US2010/025163

CTGTCCGGAGAAGT GGTGCATCTAGCAACAACGT CGCTGAAATTGGA
AGCCTGGTGCTCGAGT GGACACGGT TGAGCGACCT GACGGGAAACCC
GCAGTATGCCCAGCTTGCCCAGAAGCECGAGT CGTATCTCCTGAATC

CAAAGEGAAGCCCGGAGGCARGATRA BEGCTEATA GESAII TEERGAAGAATGCAGCTCTCAAGTTGG
AGCACGAGCAACGGT ACCT TTHCAGEAT ACBAGCRCCBEATIOETCOBGA CTCCTTCGGCCATTACAGAGAG
CCTCAT GGACGAGCT TCTACEAGTACKA GATEAREA] CAACAIAA BABCACTGGTGGTGGAAGCTGCATTT
ACCCGETTGCGTTTGCACATWM@@F@@E&@T@@@TCAAGATTACACTGGCCTTATAC
GACTOACCATTGUCCATCT _ AGCCCCAGACTTTTACCATGTCT
CTTGACCTTTITTGTCTTCGT. p s
A ¢ GCAGGAGTGTCCTGGGTGTGAC
AGGACATTTAGCCAGTTTT
CCATTCGGAGTTTCTATGGTAT
TTCTCCTGAACGAGCAAAA T
COAAGECTTOGOGT COGT GRACAZ LS EX GCATATCAGAAGCTTATCGAGTG
CCGCCLTOGTICCCAGT CCAEERFETAT AGTOGEHEEAT FEAGEETEOATTATAACTGGGACTGGACTCT
ACGGCACCGTATTACAT CCT AR HAGER THANEABEPTCTA CCTAAAGTCTGGAAAGTCTTAGT
CTACGZATACCGCGTCACGmﬁmmwGCTGGAGACTGTGGTATGCATCA
GGGAAGCGT TICAGT GCCAT? HECATOGB. CCCAGAGTGCCCAAATTGAGTCAT
GTACTCGTCOATCAACGACE XETEECTTGTTTCCAGAAACTCTAGTTATCG
CTGACGATATIGCGAGAGCTT WAGW@%@TM@MTTCCCCACCTAGGAAAAATGGA
TACCT‘JATCTTTW@W@W@WGAACTCTGTAAAAGTTATAGAAG
CGGGAACAAATTTGTCTTT. TTAGCATCC
GITCAFEATG o AP PP B I GITER A VARBVINBS KR BEVPAVPRPEVD
RAGSPINPTRA CAEP
Ve o o VSR
SLATNQTLVNSLLRQAQTLA S L
VPDPTYFFNPTVRRSGASSNRVAESBER %BM?\#%%X YPDSFGHYREARFSQTKHHW
KGESYILLNPKGSPEAWPGL | BTSHENGIEBDE BLED YK APDFYHVFKKMWKLKQQ
KMYL YIDPVAFAHYKDRW/L m@gﬂmmb@wfmmgam B TWKSTEHUNMGLALTRDAYQ
TSPNSGHLASFAGGNFI L GEKILIBEQRYFOEGIND KN VEY AT GPKVWKVLVPQAPRIFHAGD
EGFAVW/DSVTGAGGSPPSSQEGRYBEAGEIARFIYS A RPESLIESNXKA Y LFPETL VIGEKFPMAAISPPRK
YRVTGDSKWCDL AVEAFSA
MESFWFAEAL KRAYLT FAEES
Gi Tl DNA LTCNHe Tm;ﬁﬁ@ﬂé@ﬁf@éﬁ%@%@%@lﬁﬁ%@f@%ﬁ%@%m
%EAFSGA éGGGT - GCATGTCCTTCAAGGACATAGAT
ShocA R T ok AACATTAAGTACGATCCACTGA
AAAA B AR \ AGTCTTCGTTGTGCCGCACTCG
TCTGGTCGaCH g
COGTTCT oA CTTT CGTTTGAGGAATACTACCAGCA
AGTTTCCGEGTRETGAT COTAERSAFT A AGRAAEETEAREAAG TGCACTACGGCATCTGCACGACA
AATGC/\GCTCTCAAGTTGG%?@@Q@A@P@@M@T/IW@CGGAAATCTCCTACTTTGCTCGGT
CTTCGECCAT SAABASTEACRAAAAGCTGCAGATGAAGTCCATT
GOTGOT GRAAGCT GOATTTT GTATGSGAMIS G CAITGRAGAN GTGACTGGAGGATGGGTAATGCC
GATTACACTGGECCT TATACT GG SGARTACAATTACTACTGAEIA AACGTACTGCTGCAGCTGACCG
CCAGACTTTTACCAT GTCT T GAAABBCATEH CEAMTTTIGAMECGEEAT TCATGAATGTCACACCCACTGCT
GGAGT GTCCTEEGTGT GAC‘W@@AW@WAGAGTCCCACTATGCCGTACATT
TTCCHAGTTTCTATGGTAT] F@@WM@M@WMHGHMTCCAAAGGACGCACTA
AAATCEACAGACCACAAT AT ot 3 &b CGACAGCTTGAGTTCCTGT
2010/ 09915BPCT/ US201 0/ )= &
(3 A GGGACACAGCTCTCTTCACCCAC
TCAGAAGCTTATCGAGT GC/ ACAC
TCCTCATACCTGTGGTCCAGAT
TAACTGGGACT GGACTCT T
als CAAACGAATGGGCTCCTTCGGT
AGTCTGGAAAGTCTTAGT T X
AGACTET GGTATGCATCACKA AGGA GERCCGCGTACAATCAGTGATCAAAA
GTGCC(:AAATrGAGTCATT;\TW@%ME%%E@W@GTTGATCAGTGGAAGAAGAAGG
CAGAAACT CTAGT TATCGGT GGG T HEBTCIECAAARG T TEET CCTGATTCCGTTGGGTGACGAC
CACCTAGGAAAAAT GGAGGE TECESCETAABAG A CASCAHTCABESHTGGGATGTGCAGCGCGTGAACTA
CTGTAAAAGTTATAGAAGACTIEAGA GG GBI REE GAIACATBTCRGCAGCCAGGCCCACTTCAATGTCC
SLVYQLNFDOVL RNVDKDGTWSPGEL VL VWQVHNRPEYLRLLT DSLRK

AQG REVLVI FSHDFWSAEI NSLI SSVDFCPVLQVFFPESt QL YPSEFPGSDP
RDCPRDL KKNAAL KL GCl NAEYPDSFGHYREAKFSQT KHHWAKL HF
VWWERVKVLQDYTG| LFLEEDHYL APDFYHVFKKMAKL KQQECPGCD
VLSLGTYTTI RSFYG ADKVDVKTWKSTEHNMGLAL TRDAY(QKLI ECTD
TFCTYDDYNVWDWI L QYL TLACL PKWKVLVPQAPRI FHAGDCGVHHK

1 7T I\ ST 7~ A
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59 DNA encodes Rat GhT |1

(TG Codon- optim zed

TCCTTGGTTTACCAATTGAACT TCGACCAGATGT TGAGAAACGT TGAC

AAGGACGGWO BRI BEITBECTGGTGAGT TGGTTTTGGT TGTTCAGAE T

PCT/US2010/025163

CACAACAGACCAGAGTACTTGAGATTGT TGATCGACTCCTTGAGAAA
GCCTCAAGGTATCAGAGAGGTI TTTGGTTATCTTCTCCCACGATTTCTG
GICTGCTGAGATCAACTCCTTGATCTCCTCCGI TGACTTCTGI CCAGT

TTTGCAGGTTITTCT TCOCAT AGKRECAT ACAAT G ABCATTFGAGKIAATACTTTGATGCAGTGCACCAG
CCAGG] TCTGATCCAAGAGAGTEICEAAGRGACGUMCAAGACGAGTTTCCCACGCTAAGCGGTGACT
TGCTTTGAAGT TGCGT TGT ATCAARCET CAATACAGAT CATOCIBTAACTATTGGAGTGGCTACTAC
TCACT/§CAGAGAGGCTAAGFE@W€&@"&M§£&T@ME%@EMGGACCGCGTCCTGATGCACTA
CGAAGI TGCACTTTGTTTGS ; hGOARK Qs AECGCCTGGCACTCCTGGGACGGTA
ACTGGATTGATCTTGTTCTTG <
GCAGGCCCGCAGGGAGCTGTC
TTCTACCACGTTTTCAAGAA >
A ACTGGCACAGCAAAAACGCACG
TCCAGBTTGTGACGTTTTGG j_
TAG ATGCAGGAAGCTTTAAAAGCCTGT
CTTCTACGGTATCGCTGACAAG
CTGAACACAACAT GEGATT SRS TACCGATTGCTGACAAAGCCCTC
TTGAT(:GAGTGTACTGACAC@WWE@@H&FOGTACTTTACGCTCGACGACTC
GACTGBACT TTGCAGTACT TEASKITGREC PSTGAGETAAANETFPAG GACAGTCGAACCACCATAATAC
AAGGT TTTGGT TCCACAGCC TOCA AGRATIGA DSASEI ESICRCTER GCATGTGGTGATGCACAACACC
GGAATGCACCACAAGAAAAC GAEIECSGUIGGTGGACTTTTATGTATCCAGTCC
AATTGAGT CCT' TGT TGAACAAGANCAAGSSCTATTACTTACINGAGAA AACAATCCCGTGGAGGCTCAGG
CTTTGET TATCCGAGAGAAGT HICCAAT GEETRCI AL GTGOSARCAA CGACACACTCACAAAGACTATC
GAAAGNAT GET GGAT GGG r@%@@é&%@&%ﬁ@@@ﬁﬁ@@%ﬁ&@%@%ﬁ%«%ﬁ%@é@r@@
DNA encode Ay & Pl WEAACT EFoA R
ACGGGETGCG
CTAACGACTC
GTGGACAACC
CTTTGATCAG _
CGGGGHRAGCT AT
CCTCA<BGCTG:TGATAGACrMﬁ@W@@W@%@CAAGWCCTCMGMTGGCGTTCG
AAGTCCTAGT :ATCTTTAG:@&T@@}ST@Q@&@@@@@@@@M@CTATCTGTTCCTGCCCAATGGAC
AGTCTGATCTCTAGTGTGGAC GASCTIGGTEAGCCAGTGGTCCTGGTGACTAAG
CCGTTCAGCATTCAGCTGTA A COEEIAGFRARCET TAOGACTTCCGAGCGTGGTGCA
2010/ 999158PCT/ US201 @/(QABA6BATAATGCGCGGTGGTGCACCTGAGATTCGCAATCTGGTGG
AGAGATFGCCLCAGAGACCT AAACARGAATIENTGACMTT AGGGAGATCGTGATGCGCTTGGAGACG
GGTGCATCAA TGCCGAATA‘W@EWHM%@%@W@G&KWAATGGATTGCA
GCAAACCAAACATCACTGGI G W@W@&@@@HMT
CTECETTATAC TTTTCCTG Xﬁé%ﬁ@’é(:AATACGCGAC
TCAAAAAGATGTGGAAATT _
GGGTGGATCTTCTCTGGCCTCGG
GTCCTCTCTCIAGGGACCTA
CGTCGCCTGGCCAGCGATGATGAA
TGCTGACAAAGTAGATGT GA
GGACAcrrTTchTACTTAaJﬂé&Fﬁ%&S&K&‘&ﬁﬁ\ GTTAACAACTGTGTCCGACCGTCAA
TCAATATTTGACTCTAGCT T&KS TTCARRAT S CORAABSTATTOMSFAAGTGCCGCACACAAAGCATCG
TCCTCAAGCTCCTAGGATTT CREATCETEG I T STEEPAITTERCAAGTTTATATTCGCTGAAAATGA
CAAGAAAACAT GT AGGCCAT CIARGEA GACPOATTTGGTGGCGATCATCCTTCGGCTC
TATTAAAT AATAAT AAACAGTATEI GG RN ATAAAGTCIAZIGATGAG (GAGSITTA SCTARGSACTCG
CATTTCCC CAC CT. AGGN\@W@&AAM@G@Q@TA@WW@GWT@T@MC
ACTCCAGTGAG t a 61 RAIGEXATGCTRICACTCCAGAGGAGCATACACAGAAGCTGGATGTGTGC
RKNDAL APPL L DSEPL RCAGHEGASY it RROINDRAM AV CGAGCGCACGACGCTGACTTT
NLTLRYRSL VY QL NFDQVL R P ENRRESR GEANPGGTGGCGCCGGAAGTGT
SLRKAQG REYLVI FSHDF\ I 3 Fiphr B RACTC A AGCTGA
I:P 2 COr [

RDCH ;fﬁ'g“ 1 VAR VADVPNVDVOMLELYDRMSFKDIDG
%&*{NLSE{V | ;g?" ALUQ(Y FVVPHSHNDPGWIQTFEEYYQHD
KLI ECTDTECT i ] AR WMW%MKSWKN
AQ ESL L NNNKGYRPETL Jz e W‘EIL@QN@QL% 2 ncddesS Wi n
Manl | |cat all D¢ domaAIPDREGHSBIBACEATICHARMNGNCSORIEACT Y OGETEREAG
GOCAGGGCAAT GCCAAGAT CREGRREFRTACET BOOGRAY SYERIRHEGCGPDPK VCCQFDFKRMGSFGLSCP

TACAGAT GCTGGAGCTATACGATCGCATGT CCTTCAAGGACATAGAT
GGAGGCGT GTGGAAACAGGGCT GGAACAT TAAGTACGATECACT GA
AGTACAACGCCCATCACAAACTAAAAGTC TTCGTTGIGCCGCACTCG
CACAACGATCCTGGATGGATTCAGACGT TTGAGGAATACTACCAGCA
CGACACCAAGCACATCCTGT CCAATGCACTACGGECATCTGCACGACA ATC CC
GAGATGAAGT TCATCTGGGECGGAAATCTCCTACTTTGCTC GGT
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WD 2010/ 099153PCT/ US2010/ 025163
AGGCGCAGT TCGECACACTGCAGGAATACT TTGATGCAGT GCACCAG

GCGGAAAGEOGHBAGHAGCCGAGT TTCCCACGCT AAGCGGT GACT

PCT/US2010/025163

TTTTCACATACGCCGATCGATCGGATAACTATTGGAGTGGCTACTAC
ACATCCCGCCCGT ATCATAAGCGCAT GGACCGCGT CCTGATGCACTA
TGTACGI GCAGCAGAAATCCT TTCCGCCT GGCACT CCT GGGACGGT A

TGGECC
ATTGT]
TAGI({
CAAAT(
CATCT
CCGCT¢
TGGEECS
CTGC(
GITTG]|
TGTCCS
CACCCA
GGT X
CAAG
ACCCH
GGCCEAT
GGCCTT
TAGCC(

DGCAT]
CCAG
5T CGA
SGTAA
ACAGT:

CACACCTCG

KIIECT BOWK KK AELYRTNVLLIPLGDDFRFKQ
sﬁmmwmwmmvQAQFGTLQEYFDAVHQAERAGQ
\ABEATECABIMGAITABRAGESTER TSRPYHKRMDRVLMHY VRAAEM
CEGA STACHE N ARIGARMAOEE CSLFQHHDGITGTAK THVVVDYEQR

CCCGACT TCAGTY SLRRDY ng'%g ﬁ@rﬁéiYSPDFSFSYFrLDDSRWPGSGVED
GGATCTGGT Gtk ;‘; 0 ‘;1?’% «‘,:ww WREQLVDEYVSSPEVSVTDLANNPV
MA *'!iv AG v§ & "F! AT TR YRIFKARVPPMGLATYVLTISD
T AGCCACTS e‘!}."\g}‘ o i { Y PEDVKFGDPREISLRVGNGPTLAFS
T OCAGET B _‘.@‘t; ESTE) qﬁ.. SRR, -fa GVRSHGDRSGAYLFLPNGPASPVE
GCTCCACCAW%MW%WQTIMRGGAPHRNWDIGSLDNTEI
AT GOOCT T GLERRLE ABE P AR GEEQEARRERLDKLPLOANY YPIPSGMFIEDAN

TARGCTA

RMANRRLASDDERGLGQGVLDNKPVLHI

@RRLTKSSAKTQRVGYVLHRTNLMQC

WEW@%VWM@WLHLQNLEHLDGMVAPEVCPMET
AWMQ‘CCTCAAGTATGGCGTTCG

AT
CAGCTT
GGCAA
CCAGA(
ATATA(
CATAT(
ATTTAT
ATTAT(
TCACT(

ATC

TR ¥ %@SATTGAAGGTTGCTAGATCCCCAAG
e,‘mf;::" "1?’ ci ,$ X5 A m n PTCAGGACGTCCCAAACGTTGATG
el 3 AGAATGTCCTTCAAGGACATTGAT

‘c’l‘

%:}'J j AACATTAAGTACGATCCATTGAA
Reroletn RGGTCTTCGTTGTCCCACACTCCCA

-ﬁ@@&Mﬁﬂ@ﬁ}W@?CTTCGAGGAATACTACCAGCACG
[ AT BTG CATTIEAECATEIEARTAGEEEARE TTTCGAGACATTTGCACGACAAC
\CCAT SOEMSF CTTCATII GOTCES AAATCTCCTACTTCGCTAGATTC

ek

A
A

GCGAGETAGAGAT TAT GCAAGATITSTCGAT THGRBATCAETATSAG AAGTTGCAGATGAAGTCCATCGT
CGCGGECT GERACAGGET G TRIGGA! STATASTCACTGGTGGATGGGTCATGCCAG
TTATGmGﬁwa%@KWGT@WK%ACGTTTTGTTGCAGTTGACCGAA
AGCTTCATCCITGCCGECTA EWAQW%%MT@@ATGAACGTCACTCCAACTGCTTC
CAGTCACT GCT GGATCCACT (5 %f«%’f%ﬁ%ﬁl@ﬁCTCTCCAACTATGCCATACATTTT
gg@%ﬁ% GTTGATCCAGAGAACCCACTACT
-\ AGAGACAGTTGGAGTTCTIGTGG
GCCAAAACCCAGCGAGTAG
&R a TGACACTGCTTTGTTCACCCACAT
GCAATGCGGCACT CCAGAG
CACCTACTORCAATGT G , TCCTCATACCTGTGGTCCAGATCC
CCTGCAGAAT rTGGAGCAC'W@@@KW&CAAMGAMGGGTTCCWGGGTTT
GCCCCAT GGARACCGCCCCT F KITARCASTO T ERAGE A 6 8 THUAARE A TEdLAIGA TeAdWRFCT
(KD) RDDPI RPPLKVARSPRG XD A BVEVGE TISINVEBADOBE TGCGAAGAAGAAGGCTG
GWIKQBWNI KYDPL KYNAHHAKVES VR ESE ADECAASIG EEYYGHD GATTCCATTGGGTGACGACTTCA
TKH LSNAL RHUI DNPENMKFIGASET GX B AREAGBDAGANEET KNS MENTGTTCAGAGAGTCAACTACGA
GQL EF\'T GGW/MPDEANSHVWRM/L: A QI GHEGOTE KQANMITPTABIMC TCAGGCTCACTTCAATGTCCAGG
Al DPFGHSPTMPYI L QKSGF KN A @RTERSMAE T ARIGBAEANRACTTCGATGCTGTTCACCAGGCTG
VDNKGDTALF rHMVPFYSYD'APKH@MW@@@EQE@@V@WAA@CTTGTCTGGTGACTTCTTC
2010/ Q99158PCT/ US201 TGATAGATCTGATAACTACTGGTCTGGTTACTACACTTCC
msm Sﬂmgﬁ%: C GAGTCTTGATGCACTACGTTAG
QRVNY P MSISCACTCCTGGGACGGTATGGCTA
AEFPTLSGDFETYADRSDNY
d Wyed CTAGAAGAGAGTTGTCCTIGTTC
L SAVHSWDGMARI EERLE &g
NCEAL RACOV/MOOSVYRL 1| FIBaG: TGCTAAAACTCACGTTGTCGT
SRTTI I|LGEDI L PSKHVVMHIGEE: WW?@W@@EES&WCTTTGAAAGCTTGTCAAATG

EAQVSRVWSWHF| DTL TKTI| ST G CARARVORUIAGAOAT TS TGACTAAGCCATCCATCTAC

SKPEHTSYASNL L L RKNPT $SRHIGAREBVRACIRRET BLRVGISCIIARSCTTTGGACGACTCCAGATGG

EQGLLKSI QL TQDSPHVPVHFKFLKYOVRSHGDRSGAYL FLPNGPASPVE LGQPVWLVTKGKLES

SVSVGLPSVWHQT T MRGGAPEI RNLVDI GSLDNTEI

=75 -

VMRLETHI DSGDI FYTDLNGLQFI KRRRLDKLPLQANYYP! PSGVFI EDAN
TRLTLLTGQPLGGSSLASGEL El MQDRRLASDDERGL GQGVL DNKPVLFI |
YRL VL EKVNNCVRYSKL HPAGYL TSAAHKASQSL L DPL DKFI FAENEW
GAQGQFGGDHPSAREDL DVSVVRRL TKSSAKTQRVGYVL HRTNLMQC

PN e ——) p—ge~a 70 P\ NP1 1 1

™R R
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CCAGGTTCTGGTGT TGAGGACTCTAGAACTACCATCATCTTGGEGT GA
GGATATCTTGCCATCCAAGCATGT TGTCATGCACAACACCTTGCCAC

ACT GGAGAGRACABIDAEI TGACT TCTACGTCTCCTCTCCATTCGTTT PCT/US2010/025163
CTGTTACCGACT TGECTAACAATCCAGI TGAGGCTCAGGT TTCTCCAG
TTTGGICTTGECACCACGACACT TTGACTAAGACTATCCACCCACAA
GGTTCCACCACCAAGTACAGAATCATCTTCAAGECTAGAGI TCCACC

AATGGET TTASCTACCT ACGTTRREATTAT GGG AGEXGCTAGAGAACTACCATCATCTTGGGTGA
GCACACCT COT ACGCT TCCASTIA A TCCTTAGMPCAABCANCHF TCGTCATGCACAACACCTTGCCAC
CTTGCCAT TGEGT CAAT ACCAAGASEAGATAACRTGETGRTGAAN TCTACGTCTCCTCTCCATTCGTTT
GAGAGATCT CCTTGAGAGT T e A& GatAS I GBI ATIKA CTEBAGTTGAGGCTCAGGTTICTCCAG
ACCAGEGTTTIGT TGAAGT CCAT TR AG %@,‘ﬁ@ COACATEGACTAAGACTATCCACCCACAA

TTCCAGTTCACTTCAAGTTCRE TCTTCAAGGCTAGAGTTCCACC
ATAGATCTGGTGCTTACTTG > :

ATACATCTCOTOCT TACT TEARTIALE h: ACCATCTCCGATTCCAAGCCAGA
S as L R a sl é’q TTGCTTAGAAAGAACCCAACTTC
ACAGET OGT AT CCAGAGAT GATGTCAAGTTCGGTGATCCAA

GACAACACT GAGAT CGT CAT EREAFPAGAAASTEITAPSEALTEF EAA COCTCCAACCTTGGCTTTCTCTG
TGATATCTTCTACACT GAT T AEATGOATTIGSARIG AT A GABERA GTTGACTCAGGATTCTCCACATG
GAAGATTGGACAAGT TGCCATTECACE TAACTACHNECCAAT TOBM GTACGGTGTTAGATCTCATGGTG
TCTGGTATGTITCATTGAGGATGEIAATATCAIKTTCAST TTGITEAIG CCAAATGGTCCAGCTTCTCCAG
GGT CAACCATT GGGT GGAT CTUGAT BEG G RF GAGT TR BATTGGTCACTAAGGGTAAATTGGAG
ATGCCAAGATAGAAGAT TCELT TG TEATGAT CAPAGAGETTITIGETT BACTGTCGTTCACCAGACCATCATG
GGGT Gl TTTEEACAACAAGCLEASA (i TECATAT TE ARG AGBRGAA ATTTGGTCGATATTGGTTCTTTG
GGAG%GGTTAACAACTGT‘W&@AE%&@RW@M@TTGGAGACTCATATCGACTCTGG
GITACT TGACTTCTGCT GCT AG STTETURGIETA LS N FGGATTGCAATTCATCAAGAGGA
CATTGEACAAGT TCATCT T e AGGCTAACTACTACCCAATTCCA
GGTCAATTCGGTGGTGATCY

q AATACCAGATTGACTTTGTTGACC

TCTFSJETquAC-IC;'IG' ?‘?‘?’&Gﬁ-&g ACCAS ACTGGCTTCTGGTGAGTTGGAGATT

AGGAGTATACT CAGAAGT TEAAFETERETEA T HA 4G CATGATGAAAGAGGTTTGGGTCA
GCTA@\TGTGAGAGAACTAC@&@&@TTTWM@@&@@&F TTTGCATATTTACAGATTGGTCTT
CTTGGATGGTATGGT TGCT CCAGNSEATRET DEAAPESARBECEC G £TTAGETIHET TCPCASIETACTTGA
65 DNA encodes human GIE AXTTBACTACAGCIGCT CATAMACTIA TACM GT CTACCA TRGIEETC
AGCTCCTGAALT TCT GGGT GGAMATCAGRAIG CTTGTUTTCAITPAAA AATGAGTGGATCGGTGCTCAG
ACCAAAGCGATACCCT TATGA GG T AGAACTHTIGAAGRAANTCTETCTGCTAGAGAGGATTTGGATGT
TTGITGTTGATGI TTCTCAT GARGAT A COAGTAAGETTIOMCT ®AGTCTTCTGCTAAAACCCAGAGAG
éﬁgj?;ggg &Gzéﬂ IF%W%MW%TTGATGCAATGTGGTACTCCAG
NG CTGTCACTTGTTGCCAAATGTT
CATCAAGAT TICCTGAATG ACTTTCTTGCAGAATTTGGAGCA

13

A
%E&%ﬁi AGTTTGTCCAATGGAAACCGCTG
GAACT GACTALGAACCAAGT ST N EFELEATIAANETF A
TATCCA PO NPT CCT G R R P EAA LT o (MG ACTCATACATGTCCACCATGTCC

AAACAACT ACABGARETACT CAtCTeT TePSEATRCTARFEGECEN TCAGTTTICTTGTTCCCACCAAA
CTTCCTTTACTOmANGET TASKETASATANST ACACK TAASAACEACEAGAACTCCTGAAGTCACATGTG
TAACGT CTTCI CATGTTCCETTSTSA TRRAGCT T TS A MGSATII CCTGAAGTCAAGTTCAACTGGT
CACTCAGAAGT CTCTTTCCCREXETBCAGGTARAT PAARE FEOMHABI GCTAAGACAAAGCCAAGAGAA
AEPKSCDKTHICPPCPAPEL IBGRSYRTPARPKRE DM (SRTAENTAMVIG TRDC TGTTCTTACTGTTCTG
2010/ Q99158PCT/ US201 Q1 ORBARBATTGGCTGAATGGTAAGGAATACAAGTGTAAGGTCTCCAA
VSHEDREVKFNWYVDGVEV HNAKAT KEREENSTARYY O ANV EHERGAAAACCATTTCCAAAGCTAAAG
W NGKEEYKCKYSNKAL PAP ROAAE RRRRIFETKNC A CCTTGCCACCATCCAGAGAT
QVSL TGL VKG-YPSDI AVE 1RR\U TGACTTGTCTGGTTAAAGGTTTC

VDKSRVNQ9 GNVFSCSVMHEA N “ c

GAGGT(CAATTGGTTGAATC GecilictRhictTeaaccaca
R T TATS - GTTCTGGATTCTGATGGTTCCTT
allA Fari IRRISLELSS. ATAAGTCCAGATGGCAACAAGG

TTGCTAGAAT CTACCCAACCARGESTTaEACEAAALC G BAT P& ATGAAGCTTTGCATAACCATTA
TTAAGEGTAGATTCACCATT WMWKWWWCAGGTAAATAA

ACTTGCCABAT CGHAGREFET (5 AV FLFPPKPKDTLMISRTPEVTCVVVD

TGTTCCAGATGOGGTGGTGACGGTTTCT ACGCCATGGACT ACTGGEGEG
TCAAGGTACCTTGGTTACTGICTCTTCCGCTTCTACTAKGGGACCATC
CGTTTTTCCATTGECTCCATCCTCTAAGTCTACTTCCGGTGGTACTGCT
GCTTTGEGATGI TTGGT TAAGGACTACT TCCCAGAGCCTGI TACTGT T
TCTTGGAACTCCGGTGCTTTGACTTCTGGT GT TCACACT TTCCCAGCT
GITTTGCAATCTTCCGGTTTOTACTCCTTGTCCTCCGT TGTTACTGITC
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CAACTTTCGGTCAAGGAACTAAGGT TGAGATTAAGAGAACTGT TGCT
GCTCCATCCGITTTCATTTTCCCACCATCCGACGAACAATTGAAGTCT

GGTACACCWCCHEDIGATRI GT TTGT TGAACAACTTCTAC C C AAGAGAG

PCT/US2010/025163

GCTAAGGT TCAGT GGAAGGT TGACAACGCTTTGCAATCCGGTAACTC
CCAAGAATCCGT TACTGAGCAGGATTCTAAGGATTCCACTTACTCCTT

GICCTCCACTTTGACTTTGT CCAAGGCT GATTACGAGAAGCACAAGG
ITGAGGTTAG ABES ¥ 7
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DNA
encodes
anti-Her2
1C

DabTg Gk A NBITOT (BEFECToT6 ST B 5QGE GIaIhDAETETOY (S0GCTe.
ﬁ:é’fc g@w R T LE0R mbmm’@t&A@@ﬁMc@ﬁm
%@’6@& U o ?ﬁ(}ﬁ PRGABRT AAAGTCCTGT
% K@@ABRC%TGAT
ST TEATOTHOAGCGT TS TCA
fé@aé?é?

Afh@ﬁcz“ AMAGCCAAGAGAGGAGCATRHRAGASCTICLACET
s TREAG A BTG IBHLCEE T T GASHrGE B HeCAC GAGTGAF TGGTTGAAC
D A AVAINAGA KA G ASTMIISIE CAACZC 1A GGNPCABATRIEGAGE GCCA
NARZG T B BacNAC M0 3 GLANACC A A 2 G a AT MO BEIAGNAC2C A
TGTTGAGTGGGAATCTAACGGTCAACCAGAGAACAACTACAAGACTA
CTCCACCAGTTTTGGATTCTGACGGTTCCTTCTTCTTGTACTCCAAGTT
CCGTTATGCATGAGGCTTTGCACAACCACTACACTCAAAAGTCCTTGT

CTTTGTCCCCAGGTAAGaa
ARIYPTNGYTRYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCS
RWGGDGFYAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
LGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTK
KGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
GACATTCAGATGACaCAGTCTCCATCTTCTTTGTCCGCTTCCGTCGGT
GATAGAGTTACTATCACCTGTAGAGCTTCCCAAGACGTCAACACCGC
TCTACTCTGCCTCTTITCTTGTACTCCGGTGTTCCATCCAGATTITCTGG
TICTAGATCCGGTACCGACTTCACCTTGACCATCTCTTCCTTGCAACC

@WW@CAM@WG@?T@@%CQ@dTT@@CQ?@@dWGT@ACTGTTC
d@éﬁﬁ%ﬁﬁd&y
%%%ﬁﬁ@ Cﬁa‘h@%@é‘&%@%‘i@ LGAAG
atl E@G&AC
) OEARAAGE AGTAC AAGTGTAA QB BUPCEARL A4 GHE TFTGCCAGCTCC
SEONAERG CBnd ANANAR G GT T NAGMBAIGLOMATCC ATCCGACATTGC
GACTGTTGACAAGTCCAGATGGCAACAGGGTAACGTTTTCTCCTGTT
EVOLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWV
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKA
TQKSLSLSPGK
TGTCGCCTGGTACCAACAGAAGCCAGGTAAGGCTCCAAAACTTTTGA
AGAAGACTTCGCTACCTACTACTGTCAACAACACTACACTACTCCTIC
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256. The ho

7. The hos
30 hybrid
N-gl ycan i

st cell

t cell
N- gl ycan.

8. The host cel
s a sialylated N-aglvcan selected fromthe group consisting of

of claim2, wherein the N-glycan is a
gal actose-term nated N- glycan selected fromthe group consisting of
Gal G cNACWBnNSBIGNAG2; CGal 2GLcNAc2Man3GL6NAC2;
of claim2, wherein the N-glycan is a gal actose-term nated
of claim2, wherein the

and Gal 2GreRAS2NMRN3E4E NAC2.

NANAGal Gle
NANA2
wherein th
eryt hi opoi
2010/ 99915
gr anuli ocyt
such as fa

NAc Man5GL

| 2GLcNAc2Man

e reconbi
etin (EPQ
3PCT/ US20
e-col ony
ctor VIII
sol ubl e

> NACYC T NANAGH IC2GL ONAC I BAB CLENAGRO AN A GAGAACTGTTGCT
BGUINACRTCBETTTTCATTTTCCCACCATRCOGAC (el CANT IWE AAGIZT

N T At X SOITUIEENTGI TS STaqrEr d 4 AMAAET DEDAR CCRNSG A G AT

@T@dﬂ’ééﬂ@:ﬁ@@

U |ns SUC

GO ABUTIE AUTOCAA GOTECRE DACECTTTRIA ATOUGGTANOTC
L@t%@éﬁ%?d@@ffﬁ@?@%cﬁ@@Aﬁ@mﬁmmCQQQ“TACTCCTT

T
aAmef@Apo

t hr onbi n, ;

'l- lf\r\r

AACheA A6E
?‘G éﬁ’ﬂ %&FT&
thronbin, ;| sol ubl e | Qe feEEpLan o m A ob <+ e
pr ot ei AR supRtAerZ o W@%ﬁfﬁiﬁ-ﬁ%pﬂ FJT‘; w KIdiign
proteins; ihterleuki A&SFLY ok %@QFT%W S ‘é?fH?QQhWEIF?BTFGQ
| GF- bi| ndi ng pr ot ei n| CAEGEKR V §ABWVINTEERSLEQLEPGRAR M FYBREA HGWKV
factor; annexin V f JQN)%L@$6N§Q’ESVM@@K@STIYSm§§b§L§K@fﬂﬁKH&\fmC§NEMQ
facton-2; nyel oid pr 6gSSPVAKISENRGECory factor-1; osteoprotegerin; a-1
-antitrypsin, a-feto proteins; DNase Il; kringle 3 of human pl asm nogen;
gl ucocerebrosi dase; TNF binding protein 1; follicle stinulating hornone; 10
cytotoxic T | ynphocyte associated antigen 4 -1g; transnenbrane activator
and cal ci um nodulVéhibrthapesoy dhephion issdebérgrddieregt wishgdarchédie ipnstgidn 1; and
1L-2 v %ﬁl%gazﬂ{an?sgﬁ@i% be understood tha th%aneﬁ‘tl %@illﬂﬁcﬂe@@l H)C' sé‘hé\ﬁﬁggjgggm

gl yeoprotein 1n’a |a pastori s ycans t av

resd du@%dm%ﬁ]é!ﬂr%ﬁﬁ}rw APt he tqw&hanﬁﬁ bvﬁm \wgl raccrg@t?@@léflﬁlaﬁ@i rh@fgﬁcai@m

that hagd bassdigRAWigAh the 8HEH MEBHE dTRePefBXPR PPesent invention is limited onl by a
glycos | at.i.on pathway that renders the host cell capable of producing
reconbﬁﬁéﬂ?nﬁﬁ$: ¥iths that have hybrid or conplex N-glycans that

conpri se galactose resi dues; 20(ii)a gal actokinase activity, a

UDP- gal act ose- 4- epi ner ase activity, a gal act ose- 1- phosphat e uri dyl
transferase activity, and optionally a gal actose pernease activity; and
(iii1)a reconbi nant glycoprotein; and b)culturing the host cells in a nmedium
cont ai ni ng gal actose to produce the 25reconbi nant gl yeoprotein that has one
or nore N-glycans that have gal act ose resi dues.
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11. The method of claim 10 wherein the UDP-gal act ose-4-epi nerase activity

is provided in a fusion protein conprising the catalytic domain of a

gal act osywonargbersase and the catal ytic domain of an PCT/US2010/025163

UDP- gal act ose- 4- epi nerase. 30 12. The method of claim 10,

wherein the GQ: G /& ratio of the N-glycans is less than 2: 1.

13. The nmethod of claim 10, wherein the reconbi nant gl ycoprotein has 35

pr edomWdnfll ip GrANGDycan sel ected fromthe group consisting of

Gal GLeNAcMan5GLcNAc2; NANAGal GLcNAcMansGLlcNAc2; Gal G cNAcMan3GLcNAO2; WO

2010/ 099153PCT/ USZOlO/ 025163 NANAGal A cNAcMan3GLcNAc2;

Gal G cNAC2Man3G GNAc2A Cisip@reins PReabréngtesms braneasti sdlyemainomefh G eNAC2;

\(md NA'%@QJ}( @éﬁl&ﬁ%@ﬂdﬁf@@&ﬁl@'ﬁ%\@l’ galactose-4- epz?qe}aase &é’tzwﬂ_fh@ gé!ﬁétb@di t@ﬁ%s@]bﬁbm g-g
erein can.i.s a aacose rmnate n.s cte romthe

or ohip S e S A <P RRURRS creleblo Peeorsneiuds brse BRAEs Scl

Gal 2GLcNAGRMENSHzeNhcse asasole carbon enetgy. solive. met hod of claim 10, wherein

the N-glycan is a gal actose-termi nated hybrid N-glycan. 10 16.

The nmethod of claim 10, wherein the N-glycan is a sialylated N-glycan

sel ected from th8. gr odpe boviselof elginot, mhm@wmmso@mMr engineered
NANAGa %@@%aﬁfé%’i’%ﬂﬁi@éﬁ@'@&%m%t 2114 Ghe NAGAINRGH cIRBlex Jf@é@cérrﬂe

nmet hod of clai.m V\hereclr“rg the reconbi nant gl ycoprotein is selécted from
t hd0 gr &b cogpEsestlastPseFspidiEdpoi eti n (EPO): cyt oki nes such as interferon u,
interferon 13, interferon y, and interferon w, and granul ocyte-col ony

Factor 11X Cand hdnan SRGPATACILOT SR CREiE 1o P e RGeSl gt g
r ecept o pravidhdimg fusiommaoginchulprssigdhe tatagtid ddnaih 96a Erlagoeyitssidrge a20 the
f usi O”%at?_ﬁ@g dB&M m@g%@ﬁ&og@ﬁ_eﬁ%r%her Fe fusion proteins such as

sol ubl e recep or - sion proteins; RAGE-Fe fusion proteins;
i nferl euki ns; urokinase; chymase; and urea trypsin inhibitor; |GF- bi ndi ng

\p/r ]Qt ein; epi fle_r gl gr Q%Posft%@l‘l ef clalh Qmﬁbrgigrtﬁ@ﬁﬁtlﬁst E]ﬁl ﬁ%&&\ﬁ&ﬁ g}iy%@ @femzsékﬁélex' n
usi on protein i 0S Y endotf hel i al. gro act or

myel oi gaﬁ?‘fﬁﬁ%\ﬁ?}f @frg?Y‘%ﬁ?Bi‘f’%‘F{}]ﬂfea(gﬁg"ﬂ/@i Tahigpy &@P%&ém n; ct-l-antitrypsin;

a-feto proteins; DNase II; kringle 3 of 25human pl asm nogen;

ol usocer ebros! dage’ TNEBAULADCBAAHS! Dndiiy L KAPLE, ShATL AN R rone:

ando c alhevingpredduonkisnty aan@glgwl sobhiemfmm thganaip ainsistagoel | i ke protein 1; and
| L-2 1 ehe@lcRIA AR Gﬁ!NAc 8%m@b@aﬁmw1&@wmg @alRQOABRHTVIRACH a

(20 or SRR deaekoe f RS, SRR et oAl R BN AR s

one or NNNAG@WA@QMMMI&SAS@Iaﬁdﬁ\éﬂ\l}kﬁ@ﬂpﬁb@@g@l@ﬁdﬁﬁ&@t| ng of

gal act oki nase activity, UDPgal act ose-4-epi nerase activity, and gal act ose-
1- phosphate uridyl transferase activity; (b) transform ng
theshost cell wih on&@hehosteek oficlainel cwiatid thoNedytaess 8palencedemgnitoe V-

het erol g@%&‘?elé&&iﬁéxﬂtﬁ@ oﬁ%‘@oﬁs&%)ﬂg% 1(%@1%)& §42E§{Mtc99 group in step (a)

t hat atg not__expressed
GalyGleNAcoyMan3GlcNAcy; and GaIgGlcNAczMangGlc Ac).

7. The host cell of claim 2, wherein the N-glycan is a galactose-terminated
30 hybrid N-glycan,

8. The host cell of claim 2, wherein the N-glycan is a sialylated N-glycan
selected from the group consisting of NANAGalGlceNAcMansGleNAcy;

NANAGalpGleNAcoMan3GleNAcy; and NANA2GalyGleNAesMan3GleNAcy.

35
9. The host cell of claim 2, wherein the recombinant glycoprotein is selected
from the group consisting erythropoietin (EPO); cytokines such as interferon ¢, interferon B,
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WO 2010/ 099153PCT/ US2010/ 025163 (c)culturing the host cells in a medium
contai ni ng gal actose as the sole carbon source to provide the reconbi nant
Pi chi a pawsoaniohsst cell that expresses a heterol ogous Ppratsedn/028&9. The

met hod of claim 18, wherein the host cell is further genetically engineered
to express a gal actose pernease. 20. The nmethod of claim 18, wherein the
host cell is genetically nodified to produce glycoproteins that have one or

nmor e Nimfkrforans, atdantecfornpra;sed galnatcgseoloh sBtnulatime ook (ﬁcﬂfﬁpﬁhltﬁﬁﬁ and
sel ect 'cQ%}i'ﬂtﬁQ'fQﬁ}&@%E&Lés?a&ﬁ?rs{/ll?%&c?r 62 RAPL G 1‘6?&;15‘@ g ACLRSE 95 a sol e

carbon s ng Pi chi a

pct st ofthremiest sodeblg IgEﬂ)?cqpﬁcarvsﬂ@mnnﬁgwm@omgts suel) s I&Gs Eg%ﬁégmqmtﬁﬂg@ nucl ei ¢
aci d ngphgsidl a8 Iéﬁ@ RSaAinDaIRs9A M&Kér%%s@ﬁbtd%ézhé’sucﬁ as soluble TNF receptor-

UDP- gal_act ose- ctl vit Iose ate urid
U or e Selot i TG Fe Sionmmateing kg S Fakisbrin SRage: dhd ea trypsin ()
CE| tur :uujgbmd”relﬂl? amﬁfrrgrpmdmhep;ﬂemﬁaﬁ ksvah famrt)ragmdhl hmmmralleammmfagair iact ?ﬁ et as
tesoecar OU el e st, ce S a
o or ainSa PR BOH 8 Abfhstatin: vascutor crac BkiBEH N Al IomUgS i Sicnfiot |
22. A caﬂp‘mmry lfewmrcb@pheowmegelan,gﬂ y@mptm:tsm, a- fvxmenrenSmsIBbfaﬁaﬂ,l lgingle DO 01/ 02
gl ycof q’iﬁfnﬂﬁ Efa@ﬁg] Qlll ﬁuéo@&%bﬁ%gsezﬁdf‘ H?ncﬁnggﬁwﬁémqefbtlﬁ‘%glsﬁ ul%ﬁ%ﬂérﬁglng

g C

carrier. oproteins co ositio claim er el

%opucﬁ&omxw T drmaphoshieispegiptedeamigend —fgdrmnsmengraae poiewigiasd celgiust ant i - Her 2

ant I boghodufidr anRIY165IEER liERII bMicBIORA Wi pRbteM I; WS 1RDLERPEY ag@dtl - | NFa
anti body, anti-VEG- antibody, anti-CD3 receptor antibody, anti-CD41 7E3

anti body, anti-CD25 anti body, anti-CD52 antibody, anti-CD33 anti body,
anti -1 gE anti bodyd. antA méBod df prodnting e dyconmiant HgEopreepharPant iphadys and

anti - CRzQ gt N%?)Q%Ixs t%gpha%g\égfakl%gé I%Si‘ﬂt}gsl: §8H method comprising;

15 a) providing a recombinant host cell that has been genetically engineered to

express

(1) a glycosylation pathway that renders the host cell capable of
producing recombinant glycoproteins that have hybrid or complex N-glycans that comprise
galactose residues;

20 (ii)  a galactokinase activity, a UDP-galactose-4-epimerase activity, a
galactose-1-phosphate uridyl transferase activity, and optionally a galactose permease activity;
and

(iii)  arecombinant glycoprotein; and
b) culturing the host cells in a medium containing galactose to produce the
25  recombinant glycoprotein that has one or more N-glycans that have galactose residues.

11. The method of claim 10 wherein the UDP-galactose-4-epimerase activity
is provided in a fusion protein comprising the catalytic domain of a galactosyltransferase and the
catalytic domain of an UDP-galactose-4-epimerase.

30

12. The method of claim 10, wherein the G0:G1/G2 ratio of the N-glycans is

less than 2:1.

13.  The method of claim 10, wherein the recombinant glycoprotein has
35  predominantly an N-glycan selected from the group consisting of GalGleNAcMansGleNAcy;

NANAGalGleNAcMansGleNAcy; GalGleNAcMan3zGleNAco;
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24. The gl ycoprotein conposition of claim22 wherein the glycoprotein is an
Fc fusion protein. 3525. The gl ycoprotein conposition of claim24 wherein
the Fc fuwoaniopmotsei n is etanercept. WO 2010/ 099153PCTPUSABIO002G863 26. A
reconbi nant Pichia postoris host cell that has a genotype that is the sane
as the genotype of reconbinant Pichia pastoris strain YDX477.

NANAGalGlcNAcMan3GleNAcy; GalGleNAcyMan3zGlcNAcy; GalpGlcNAc)Man3zGleNAce);
NANAGalpGleNAcyMan3 GleNAcy; and NANA2GalpGleNAcyMan3 GleNAc).

14, The method of claim 10, wherein the N-glycan is a galactose-terminated
5 N-glycan selected from the group consisting of GalGlcNAcMansGleNAc):

GalpGleNAcaMan3z GleNAcs; and GalpGleNAcoManzGleNAc).

15, The method of claim 10, wherein the N-glycan is a galactose-terminated

hybrid N-glycan.
10
16.  The method of claim 10, wherein the N-glycan is a sialylated N-glycan
selected from the group consisting of NANAGalGleNAcMansGlcNAcy;
NANAGalyGleNAcyMan3 GleNAcy; and NANA2GalyGleNAcoManyGleNAc).
15 17.  The method of claim 10, wherein the recombinant glycoprotein is selected

from the group consisting erythropoietin (EPO); cytokines such as interferon o, interferon f3,
interferon v, and interferon o; and granulocyte-colony stimulating factor (GCSF); GM-CSF;
coagulation factors such as factor VIII, factor IX, and human protein C; antithrombin III;
thrombin,; soluble IgE receptor a-chain; immunoglobulins such as IgG, IgG fragments, IgG

20 fusions, and IgM; immunoadhesions and other Fe fusion proteins such as soluble TNF receptor-
Fc fusion proteins; RAGE-Fc fusion proteins; interleukins; urokinase; chymase; and urea trypsin
inhibitor; IGF-binding protein; epidermal growth factor; growth hormone-releasing factor;
annexin V fusion protein; angiostatin; vascular endothelial growth factor-2; myeloid progenitor
inthibitory factor-1; osteoprotegerin; o-1-antitrypsin; o-feto proteins; DNase II; kringle 3 of

25  buman plasminogen; glucocerebrosidase; TNF binding protein 1; follicle stimulating hormone;
cytotoxic T lymphocyte associated antigen 4 — Ig; transmembrane activator and calcium
modulator and cyclophilin ligand; glucagon like protein 1; and IL.-2 receptor agonist.

18. A method for producing a recombinant Pichia pastoris host cell that
30  expresses a heterologous protein, comprising:

(a)  providing a host cell that has been genetically engineered to express a one
or two enzyme activities selected from the group consisting of galactokinase activity, UDP-
galactose-4-epimerase activity, and galactose-1-phosphate uridyl transferase activity;

(b)  transforming the host cell with one or more nucleic acid molecules

35  encoding the heterologous protein and the enzyme or enzymes from the group in step (a) that are

not expressed in the host cell of step (a); and
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() culturing the host cells in a medium containing galactose as the sole
carbon source to provide the recombinant Pichia pastoris host cell that expresses a heterologous
protein.

19.  The method of claim 18, wherein the host cell is further genetically

engineered to express a galactose permease.

20.  The method of claim 18, wherein the host cell is genetically modified to
produce glycoproteins that have one or more N-glycans that comprise galactose.

21. A method of producing and selecting Pichia pastoris host cells capable of
using galactose as a sole carbon source, the method comprising;

a) providing a Pichia pastoris host cell;

b} transforming the host cell with one or more nucleic acid molecules
encoding a galactokinase activity, a UDP-galactose-4-epimerase activity, a galactose-1~phosphate
uridy! transferase activity, and optionally a galactose permease;

c) culturing the transformed host cells of on a medium containing galactose
as the sole carbon source; and

d) selecting the host cells that can grow on the medium containing galactose
as the sole carbon source.

22. A composition comprising a glycoprotein wherein the ratio of G0:G1/G2
glycoforms thereon is less than 2:1 in a pharmaceutically acceptable carrier.

23.  The glycoproteins composition of claim 22 wherein the glycoprotein is an
antibody selected from the group consisting of anti-Her2 antibody, anti-RSV (respiratory
syncytial virus) antibody, anti-TNFea antibody, anti-VEGF antibody, anti-CD3 receptor antibody,
anti-CD41 7E3 antibody, anti-CD25 antibody, anti-CD52 antibody, anti-CD33 antibody, anti-IgE
antibody, anti-CD11a antibody, anti-EGF receptor antibody, and anti-CD20 antibody, and

varianis thereof.

24.  The glycoprotein composition of claim 22 wherein the glycoprotein is an

Fe fusion protein.

25.  The glycoprotein composition of claim 24 wherein the Fc fusion protein is

etanercept.
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26. A recombinant Pichia pastoris host cell that has a genotype that is the
same as the genotype of recombinant Pichia pastoris strain YDX477.
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