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Yeast Strain for the Production of Proteins with
Ter m nal Apha-1, 3-Li nked Gal actose FI ELD OF THE

w0 MUBEMIBEAN The present invention relates to theCT/iUsd009/045446
of nol ecul ar biology, in particular the invention is
concerned with yeast strains genetically engineered to
produce N-glycans with the predom nant term nal sugar
structure Gal-al, 3-Gl- bl, 4-d cNAc- R BACKGROUND OF
THE | NVENTI ON AUmammal s except humans and certain
other primates contain glycoproteins that have
term nal al pha- 1, 3-gal actosyl (al pha-gal) glycan
structures goti v of t enzyrre
2l pha 1.3 %‘gf%@%ﬁ” Bt l‘%’r A
Bi ol Chem 263: &€ a gal act ose

residuetotermnallg@l{ocated beta 4-1 i nked
gal act ose resi due¥TERBQF THE INYED Mact ose reS| dues

USSR e i TR R s R i
is concacheptvath yeastistrains Igammlma}ﬂyeltgmaqmddk pyodues bfegigcam withehe predominant

presence of termn | pha- gal residues. Approximately
temm%)‘r?ég%?é?r&%‘ﬂfe é’t‘-‘ &P illi“n@k%%ésﬁar e directed agai nst

the al pha- 1,3 -gal actose epitope (Glili et al,
Bl ood, 82:8, 1993). Antigens that exhibit this epitope
are recogni zeBACKGROUND ORYTHE INYENGION esul ting in

B PoBHT: el Miprapd S5 o0 papsies oy tihat have
ierrmnﬂ%!l]mﬁab’ 32AHclobA (bhalBhiRbiyesh ffucBiréyleSilaNg Folrhe la&tlwty of the

onse. Targ eting an I mmune conp lex to antl

enzymp antd- gﬂja@‘éﬁlﬂ & ajed ralil lsbaln ] B@)lr@@t}s 86343, %M rithe enzyme
adds a QL1808 980, L Rl nan?n){,%c%eh Bl 12 fr ﬁ%ﬂ%ﬁ??&% e5, Bsta-14-linked

rren reco accCl nes géner roma

galactds@edsiduks sua@smfd & thanening eNinény Hsglodae of iy, iiheling those of
current vaccines often require general imune
humar1§tinu|ators known as adjuvants to elicit a sustained

a prote| ng]R S %Stéﬁwgg%tﬁﬁillﬁ_uafl g 16 GURRA e Hon@ o the

accine w't ont'ai ni'ng
presenteeofitemaihalalphadea adsahtmséphaxumdm one penceget t:ncmiﬂqmg)l\gé}s are

directetg :&gaiiﬁgt‘{ﬂijqn %s@g;l, %I-t c cg;e %E%%a(%h g? eLljll %B}ogp\ggg ﬁgg JAntzgens that

exhlblt\fhfsfélpﬁ B ar&lecl)émz@(p@ye}}cuﬁiinﬁ afBYodiss, RAGRIAS Sn BoBRMment activation,

have a 'high level of circulating anti bodi s direct ed
and theagféiciest ac&vailqreof agtiperepwsantingseldiuds an Yoy movpior-msdiatedgathway and
' o stinulate anti

the stiERG B eyt el S o ety i ik to antigen

presenfiBEAs 9ES b&MmahbRe to FaaYe 1B ¥\ndoRAteRintiBén REBEed Brelicit a T-cell
non-speci fic adjuvants. The current state of the art

respongmh| y

Current recombinant vaccines generally suffer from a lack of specific immunogenic
response. Furthermore, current vaccines ofien require general immune stimulators known as
adjuvants to elicit a sustained cytotoxic T-cell response. In a limited demonstration, a protein-
based vaccine with N-glycans containing terminal a-1,3-galactose has been reported to improve
the immunogenicity of such a molecule. (Abdel-Motal et al, J Virology, 80:14, 2006; Abdel-
Motal et al, J Virology, 81:17, 2007.) This may be because humans have a high level of
circulating antibodies directed against o-1,3-galactose residues. Moreover, because these

proteins may be able to stimulate antigen presentation via antibody-directed Fc-gamma mediated
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allows for production of such a vaccine by producing
the protein with termnal sialic acid structures (e.g.
WORNMI4B6hen renovi ng the NANA residues in vi tPOI/B§2009/045446
enzymatic digest to expose the b-1,4 linked gal actose
resi dues, and subsequently adding termnal a- 1,3
-gal actose through enzymatic addition (see, Glili, US
Patent 6,361,775). This process i s expensive,
cunbersonme, and not easily scal able. Attenpts have
: onali e
S D Bl R R e pbbt Blatg of ho at only
allows ér pabducviac of sieh ahGicdind ¥ pdoigeing 189 pteingwit Ggrminal sialic acid

strwotofg 465 NRAR Fon Birpidg o} AR R 638 R RO B o
exposte%e Bq74 ﬁﬁfed(g%pdg@se rcgm%{d Gibs&tentNYEN ) ©@Nninal o-1, % ~galactose

Accord one al m of pr esent "invention is
througlal awhmpnaddnmlﬁ (feay Gaidr, L]cﬁr Batektré ¥ pt7é3siln psgcsssaasxptmslve

cumbeERR TR R EUY B BF PR VR B 11 0 POYBE Flghe ERkepitopes on

viral pRt@siiiich @irdluefial SRk M pEIHShHBASE 8 MAVEINRS wvln’m 1182

i ncreased i mmunogenicity. The present i nventi o
(1 997)pg1t1\20débd¢1ﬁﬁef@b@c&l nét\ﬁtfd@g)a ge: 6%3“6?5 b(290p)and ﬁ’é cancer cells; Unfer
ccines using genetically
ctal, %%%gﬁgére g?ﬁgﬁns of yeast and fil anment ous

fungi . The host strains have been genetically nodified
for the producti of proteins. havin n like

Ngl ycosyl ati on. %%D’B’f-égéﬁf @M@ﬁabe used to
{/éﬁ&ﬁﬁ@ Nfe Gith g Be p%s%hﬁn%mmqs ﬁ‘fetde%loﬁﬁ@ﬁt%f@uﬁ%? Sfbtein

gl ycosyl'ated protein vacci ne produced in
expressibme sypémet ﬁoc a¢ds§s aod dilaentew fongiasush ad Esdia pexdoriw beted on improved

e B S o R T R s

immuné@&atige Wi th termnal b-1,4 galactose, termnal sialic
acid, or term nal mannose This technology is

ihsinresspl iavensionmyovidersapreyed \?%h@dﬁéﬁ@ aeTIEdsYer fie production of
e fEHEL IR0 B S R5PTRAABL LI RSSRPAPHARUR, i The o

strains hﬂvmlﬁﬁen%dnéﬁmﬂﬁmdtﬁedsfol the peizcti @uébprgeinshahimgthuman like N-
rgani sns, yeast and fil anmentous fungi, such as
glycosppl9i}- apast ori s. Gerngross, US Patent 7,029,872, the

diTBEhR8dH: %V%ﬁtl(‘!ﬁ"ééhrbe' wed & BiPotdne Eﬁ&%tﬁ%ﬁ‘a@e the art of protein-based
reference. The present inventors have devel oped

vaccindsurA plycosylrded protein mlrle@rmdqu teth @smetml@ammmlmﬁ@ms

be used for .c roduction
descritd e 5T <eRPeRe BiRtier pBicisvARH PR BE HRbhRR Afqueny jmproved
antiged Sr@entd8 chbBipiied b a&acdn&wﬂﬁte@mirﬁsﬁ 14 ysladtoseMetiial sialic acid, or
present inventors have found that vacclne

temn@hnyw@ﬁ%t disrischnglagids tpnlispbla fo nymumbeg of waccinse thahprnge
develog%ﬁy %gg%@ﬁ%ﬁ&gﬁrﬂ%gér@ﬁmegﬁ%. cells by nodifying the

I'on “mac
Recent developments allow the production of fully humanized therapeutics in lower

eukaryotic host organisms, yeast and filamentous fungi, such as Pichia pastoris. Gerngross, US
Patent 7,029,872, the disclosure of which is hereby incorporated by reference. The present
inventors have developed further modifications to produce host organisms which can be used for
commercial scale production of vaccines in which the protein produced contains at least one

terminal a-1,3-galactose glycoform.
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present in the cells. The inventors surprisingly found
that beneficial results were obtained by replacing the
whoep/1e361 ' s endogenous genes encodi ng gl ycosyPGI/USR009/045446
proteins, with heterol ogous genes encodi ng
gl ycosyl ati on enzynmes such that N glycans having
termnal a- 1, 3-gal actose residues are present on the
anti genic glycoprotein produced by the host cell. In
preferred enbodi nents of the present invention, one
e y@ghtflﬂvéﬁ?rs YENOTBnPthal %fneeg;lﬁkz% M)@élh§haﬁf%é t%rmﬁiH}:&‘ 1,3-
east and filanentous fungl or exanp
galactoRt ¢Aui Mm(hfrom'fh@mtem hosigellsy lanmbdmg thecg&mosylatlon machinery

present i % S T PP iy bRl PR Eopfif B e oy
replacﬂ'ifﬁﬂe%@ﬁ&:eﬁ% chdspdnbLe bant bﬂcoﬁlr@fgljﬂdcﬁﬂ@ﬁ&ﬂ Pridtcédths, with heterologous
cans such that the antlﬁenl ci t li mTunogenl CI ty of

genes eﬁlﬁ@im&glmsy}?ng&e@w syFlythep cﬁimﬁg tepmnBwb el Srpdactose

t t hat
residuc a3 ) B B AR08 ifH 190 ﬁ%%&gé?@ﬁ@*ﬁg%& oris,
dn prefibeel c—tngaqdf]mdus of thapedseret 1g€rejmon,rcﬁte$:rm smodify hhegg”enome of lower
e th the pr.edom nant s ies o rotein )
mm%a\ﬁ%ﬂ@ g % eat dnd ﬁ@naﬁp%@a qr&ma@s%?iﬁpmsmfo@a resulting
transfofidd BSRE QﬁHadeiiQ TR @ it H1Pk Qﬁde%ugémé bgccﬁﬁzcgqucfb?rotems with

pr otein in |'ower eukaryotl C ost cell's retainin
termina ndbgeploosytopiveydme uficienidhhigh pyorortiant digN- &xcamjmcu that the

. r.ot.ei n rodu hosts such as_insect cel
antigerfiRHEuRREIEY b e 3R ibe VR EBvR @R el SEinRp fid, g present
inventiefh@CidaRinal AlvaREes iapidt Eﬂxﬂ@@uki@d&tld:h@aﬁémr fikh a9 Pedhia pastoris,

reading frane encoding an S. scrofa al pha- 1,3

are able @azpraéwsvgapcm‘? ghyserapiges at @h&ﬁ%l&m’f pzeﬂ;)mlaant species of
hvconG} A5 E i o P 88) L8NSt ARSI ke g o
productigect the vaddiye ;bmteai indedet @ikhhyetiy hastceﬁ‘saiegalmhg thet andbgemous
i.ts activi rticul targeti.n uencscan be
glycosyéﬁ&%}éﬁaweg%%@ﬁ RSRLSHT RN IOB VS Pt & st galls or
mameIPailtceﬁQiﬂeyﬁké osicPsy M@t eins. I'n an exenplified
mbodi nent, the S. scrofa al pha-I|, 3-gal at osyl
tIn amettishlas embediment @ codommorsnied ot Pamstrsis r»afmere@bng frame

encodntlgivgﬁ: : 2 (¢} aﬁ)ﬁalll egafgaci%ﬁxgﬁ‘ansé%gﬁeﬁg)p&aﬁg%%é IS eﬁ%1pgered into a
P. past@fzsfr&rsﬁ@fayn an Y @agErr@l erhbddadvemt ma%nfﬂﬁ@@en@ﬁasérea &l be specifically
has been engjneered to produce gl ycoprot ei ns

iocaimhiat\?ﬁh@yeés elgbin eIz G- RasHpHidprggtiag tedpprogaFan be chosen
by scre@mﬂ? lﬁ%%rg&?ﬂjten?&iﬂs s iR EEEd%{l§e ﬁ{sw‘htyoétein@ Vlﬁ%'eQEﬁn%/)lxﬁed

ower e aryotic ost ce refe
embodmiqne,a‘h«t S oscrdfa Ialazﬂna-ritibg&atbsgd gahsfamst isdesdd, to wtteMaindp tiaesmembrane
ces gl ycoprotei ns having an Ngl ycan

|
Gelgztgrgmg ﬂb})g T EPHfHal  a- gal act osyl epitope, wherein

tﬂ?ﬁ)d@l‘itﬁéﬂﬁﬂbf‘@ﬁg 1n%rﬂio}i(iﬁdlude3a RAcf Qﬁlégfdti‘émoﬁtf&llgﬁl@#@preferably a
consi stin j Gal ) d cNACMEN5G cNA
%H@ﬂl hat

yeast of Hlagenioub Gleemmgineczasdo produce glycoproteins having
a predo(nﬂhgﬁ lb?%fy?m%rﬁ&%&g%%ﬁ?&g&%%gﬂ epitope.

Embodiments of this invention include a lower eukaryotic host cell, more preferably a
yeast or filamentous fungal host cell, wherein the host cell produces glycoproteins having an N-

glycan comprising a terminal a-galactosyl epitope, wherein the predominant N-glycan is selected
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Enbodi ments of this invention include a | oner
eukaryotic host cell, nore preferably a yeast or
wo 2doamszéous fungal host cell, wherein the hoseCTE$1009/045446

has been engineered to produce a vacci ne protein.

Enbodi ments of this invention include a | oner

eukaryotic host cell, nore preferably a yeast or
filamentous fungal host cell, wherein the vaccine

gl ycoprotein is derived fron1an anti viral vaccine

from tR80) Qs Bln 0 (e G CHATINERARBIATRLS (PP
Gal2GIEN L EINOHB @leNlAugea:ﬁ (hM?Z(@MDMNACm%SCQSNmz hore
preferably a yeast or filanmentous fungal host cell

inelroshimenth ef G inventioalingladecd lovep peaydiicihost gelmngre preferably a

yeast o¥ H 8 fNﬂ ﬁost Mﬂ }f&e%fl ﬁ{eﬁ&)sé/ elitlﬁg b%é}{ ér%?x%gigeg t? %duce a

proteins ar errag or ‘neuram
vaccm@pmwimr ot ei ns. Enbodl msnt s of this invention include a

eukar ic host .c , re refer bI east or
rbndimeRng! &lﬁqwmwaé{lﬁeiq ¢ lowgggp , g By ferably a
yeast oi/ ﬁ LGB rfl%l%l Rosk 8etl, rv@f&é}n Bﬁa"x%@éim? ?]g%ﬁ'&e‘i’d is ‘&%rivé@fr&n an anti-
preferably, herpes énvel ope gl ycoproteins gB, gC, and

viral vag:@ma rpeotwea:n arfivibecterigascing pltomzs of avani-&: @nezl vestind profein.

FEHRTSRS! Pl BaP b b ¢ VR el ety KRS Rrably o

yeast o¥ féienoul fdigal Rost Self, Fva¥rdiR S aﬁlﬁt‘ﬁfa‘l vEURMRYirbRin ¥ iffowan influenza
(RSV). Mre preferably viral vaccine gl proteins are
virus. Mereggelseably, 8 infuengn pqiciad Asihemagglugping ﬁéx) or neuraminidase (NA)

g;ycopfl1 Aggl utinin glycoprotein (H; and fusion
ycoprotein F. Enbodi nents of this invention include

&lxhlmmnemsl bﬁtl‘g{s)m«rmthmshcm@d 4 lowwp e&aay(ﬂfcéroab&eﬂd moyeprsferably a

or. fila f host ||
yeast OB laiapb drea) B ERh ﬁ*éhegqsig} 9%%%@% TS iRy horpes
sxmple?%ﬁ'ﬁée NVIGHe pYAEGbREhEHE! &ivlo é@fy@oﬁbﬁeﬁlﬁrg@ |gYI El'ﬂ?gD are used.

bact eri al "vacci ne YOtEIn IS an |ntegr nbr ane
ginobasiiments pf fhés lanem@mencln@mkm?@ e\dﬁa@mwrhosmeﬂu, goggpreferably a

yeast oF I #’l E‘?ﬁ% urfeace a11 gos? Wsl‘ne?e;l% I;rxgse@gll‘rhg\énfal}%accg)r}e }?ro{e%n fgﬁl{o%g resplratory
syncytlhBﬁmF(RISMJ SMokhettdinvisal Glcdifé glytdpreRins @ defteddeon the group
| ower eukaryotic host cell, nore E@ef erably a yeast or

COHSistmgl of RV bersagaividun elvseprotsin (H): apbiusion lyrepiiein Feancer
oept |d(.i]L£ %L; YRS %@ﬂtﬂm ifcl&d 4 15 E{d&g%(gﬁ HoR! ée‘?lHléﬁrezpreferabiy a

erived froma cancer cel as a
yeast oe fildnpeyus dungalihey ctlh peheorin thepmbishaatesiab taenine el lcoprotaig esderived

s R B T S b i s £
membiBSd WoRHn, Y8 35in ANEt HBABRS profgh NorRé SHGer @rﬂ@@?l@t&m% from

precursor follow ng oteln f ol di ng and ER maturation
Mycobpefiaparnser ia floonSaluoheltay or iiffdne Botralia, lee isgaory iHagmophilus.

'EHMH%&Q b SV ERAA Gud A bli&ryotic host cell, more preferably a
yeast or filamentous fungal host cell, wherein the anti-cancer vaccine glycoprotein is derived
from an epitopic peptide derived from a cancer cell such as a Her-2 epitope, a neu epitope or a

prostate stem cell antigen (PSCA) epitope.
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addi ti onal sugars such as G cNAc and gal actose to

produce conplex N-glycans. In contrast, yeast add
w@ouwpnicsal mannose with various |inkages, i ncPUKIUSRYOHUS446

outer chain, which can be conprised of dozens of

mannose residues. Figure 2. Conparison of the term nal

sugars found on N-glycans between humans and nost

ot her mamal s. I\/bst rramml s exhibit a mnor percentage

of term nal a-I 'nked gal actose, a structure
'(ﬁil?ﬂ NOf TEET g N-glycans of humans.
BRIEFIzzﬁﬁgre gepw?% no |cat| on of the yeast

TSN L T ——

Both pﬁﬁnaem BaafGloNaw@y pteegrsbmebvﬁ@rgfaieimid;ﬁg @xﬁdTERIrﬂdt&auon N-
N-gl ycan structures. A yeast strain_capable of

glycosxa%mmthw% dalferdn dhssf3efe] Wil magEmale Einyngngspainose and adding
additioégﬂhsﬁ ars &@h%g&gﬁﬁﬁ%ﬁi %Mse t‘c‘)eﬂ?ocﬂﬁ‘:e '&Bﬁjlbfe'xq\?i gf}famﬂ‘r 94 UGfrast,

yeast addaddiligy] b}aﬁad)s):z;@tlc*v%t:mﬁ/hn%es,hﬁdﬁdmgyn engi oledw,i wigcloéan be
ive, properly localized a-Gl T in the absence of
C"mpﬁéeds‘i?fg‘f%nst‘#pé?@?p’@ gdue% qures 4A & 4B. A GFI5.0

HiNEENTIRGRFSSh YARS Een%iﬂa@bﬁga@%ﬁﬁ‘@ &h NOglgcda8 bdtwees hffhans and
Ngl'ycans with term nal a-gal. Here, a nonh-optim zed

most otieupemamald , MoGahdmmals eeh@utmeemdpq:merrta@ afdernopdliond 2dihked

h d P. t strajn. This strai
slecogs g USEBE HB R DB Soat I B1- AR AR o nogen
YREGE 3¢ @%}gmée @deﬁhﬁmﬁtdfqmegyeagmlggyc@gﬁatma@ﬁ@;pt Blumanization

Secrete proteln was pro uced y I'n duction in
of yeasirbit livdied Izl ysons rbwlisrig asediesrfyepsl sirdine eapslenaf prodatingni t y

ruman i AR G BRI BR N Rt PR o RS R Ol S uchng such a

GS5.0 aténmediaye N@yd@ﬁ @B@ﬁbi&@lﬁN@&Zl/f&ﬁ3GWéﬂIﬁo@ﬁo@ﬁ@ﬁko produce a
cont ai ni ng peaks (GS5.8 and GS5.9) in a MALDI - TOF M5
uniformp GSSNANTLY oA Gab2 (@ -Galp GleiAr 2 aa Ral D3 by emgigering of an

active @50136%{{??%% g"(c%T()%é) cagl’Aﬁf%}z?%/a 3%&@%%@8‘&5%625 5A & 5B.
Pk %@t& 28. of ghi¥& ?’lﬁ@ée‘hgg‘x@b %{f@&% Yihth bQPre R @W yields N-

in"a G-I5.0 glycoengrheere stral n ‘expressin

giycansﬁw@ ki b{@@ﬂ eS{etdW e nlr;iﬁ-iobﬁl‘nm'eﬂyn@fse bhAR3MGAGT mﬁﬁgmfbﬁédamto a
use_a- 1, not codon optimzed or
non-opfigezad GBR; Oobilw%eﬁlﬂ’z &gstonig geashyraibe f i sitpip sXaggsses the Kringle 3

doma@ﬁfmmleaﬁﬂaﬁh & PURPInES offthe ﬁg&{%ﬁﬂcﬁ%gﬁgmtgﬁhewr Secreted

IS strain expresses rat reco cont rol
K3 protdin tag pﬁﬁum@yAﬁthctpndmmedmnoISemtamg nltdtdsmn,quyé'md tby BRO* affinity

chromalg ot @? ﬁ@'&gxgs:%%&g a5 ¥?$€ gy %y(%gq_f dégqs 1?]1} subjected to MALDI-
r

o Y LSR8 RO e

(GS5. &:eaxd (85, @hsarMﬁM)in@EM&@ﬂszmﬁ@écMcZa S@l(B-cont ai ni ng

Gal AN SN, S0 b el (B-Cal AN A Man3GleNAC; 5.9, (0-Gal)2(B-

Gal)2GlcNAc2Man3GIoNAG?.

Figures 5A & 5B. Optimization of the upstream glycosylation machinery in a GFI5.0

glycoengineered yeast strain expressing a-GalT increases the uniformity of the N-glycans. Here
a mouse o-1,3-GalT, not codon optimized or localization optimized, was engineered into an

optimized GFI5.0 humanized P. pasforis yeast strain. This strain expresses rat recombinant EPO

-5.
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M5. 2.0, Man5d cNAc2; 5.0, (b-Gal)2d cNAc2Man3d cNAc2;
5.8, (a-@Gl) (b- Gal)2d cNAc2Man3d cNAc2; 5.9,

W@ 2008a46p&X b- Gal ) 2 cNAc2Man3d cNAc2. Fi gures GRCHEUSI09/045446
Conparison of a- 1,3 -gal actosyl transferase proteins
reveals a high degree of simlarity. Bos taurus, Sus
scrofa, Mus nusculus, Canisfamliar s a-@Gl T protein
sequences were conpared by performng CustalV
anal ysi s using Lasergene (DNAstar, Madison, W).

under dohfYI GiShd fircfle AGXR rp?&ﬁbt@f‘ Serded Hﬁt@gged%ﬁpo %t&ﬁ wWRGroduced
codon optim zation for pastoris inproves a-Ga
by inductigm &f @ﬁthaﬁiércentaumm@fbwmmﬁed buNi-noaffingy ahnommgmphy and N-

elveanBipte oo Y NI dipesonid Shighter Tnay SEDRIRIMSe otive o GalT
cen o bRy R fictle .1 DATRRE Sl (B 81d G5Y97ta MALDL

straln straln expresses r contro

TOF M$he.0s Maad GlcN A 610 (B GADXG1N AdPMLI3 G1EA R 58] (a-Gal)(B-
H s-tagged rr EPO protein was produced by induction in
Gal)2GHY ASHIRN KBANAC 18, (@R IR-GALP P RACEYIaR GIeNACRI ni t

R i o e s b
s SELA AP M BB B g v

sequenZesOyerb/ornghredBg Perfamiing ChusGAV )aR&ly sibAsiRY/ B oS adADRIA star, Madison,

5.8, (a-@Gl)(b- Gal)2d cNAc2Man3d cNAc2; 5.9,
WI. (a-Gal)2(b-Gal )23 cNAc2Man3d cNAc2. Figures 8A & 8B.

t
FHAEETATE, dar el o okl B B @ LG T opBaiftn e
pastoriNi@ e aNG-Ga tiahdbr. dbgecydm optintizéd, BRQiot ﬂ'l&faﬁzzﬁi@n@phﬁﬁzed M
a-1,3- Gl T, codon optimzed, but not |ocalization

muscul@parmmf S/\momlrﬁeﬁa}éfd G ﬁml iatis @plt ik Bovecrangit@ered into an
omim BT TE i R0 bl SRL Pl Sl P A paercomv

of the Sﬂﬂbﬁg,fmﬁﬁtﬂlt)lé AOXRT pidisoter r926gted Im@u@ggaa @rE@@Xbm&ﬁ@ ¥Rt efoduced by
Secreted Hi s-tagged K3 protein was produced

inductipp fuethapolicanisiupmmedives pisfied %Nﬁ@daf@mty shnomamaanby and N-

ot SR XSO FAGRIRR N SRS GATD RS, T

act1v1ty'\é%a@e-5%erw§i by he aﬁp@ﬁh{Ee A LI hnadind Eeaﬁ? gsy 9%%’%55.9) ina

t he appearance of "a-Gal containi ng peaks
MALDGS%YOMS. 8.0 MAaB GlcNIAGR ; IS’S (&G@l)zmmmwaicm&, 5.8, (w-Gal)(B-
) 243 ¢cNAc2Man3d cNAc2
Gaiﬁé%N@W@bi@aN 24 %M@M%&W@@N@Ww&{}@ﬁ)@( b-

Pl S RO DA P bR PRl R P 3 G ocatized
with S@¥th21585fi1aé SrmiRENEASERs E&ﬁa%%%d %thtrﬁgﬂ') n Pﬂer@axﬂ‘}'\lme a-1,3-

transferred to N-glycans. Here an ovine a-1,
GalT, eddorptapized; e dot lacalizatembptinazedrwaspnizmiered mm tah 0pt1mlzed GFI5.0

hmnamzew pas]torzs jfea\sl¥a%ra1 n%ms $ r%ﬁldexlprnesses%f?e Kringle 3 domain of human
plasminogen under control of the strong, inducible AOX1 promoter. Secreted His-tagged K3

protein was produced by induction in methanol containing medium, purified by Ni++ affinity
chromatography and N-glycans were released by PNGase F digestion and subjected to MALDI-
TOF MS. The o-GalT activity can be observed by the appearance of a-Gal containing peaks
(GS5.8 and GS5.9) in a MALDI-TOF MS. 2.0, Man5GlcNAc2; 5.0, (-



10

15

20

25

30

optim zed GFI 5.0 humani zed P. pastoris yeast strain.
This strain expresses the Kringle 3 donmain of human
wpt@smaioyen under control of the strong AOXI RCDHSN009/045446

Secreted Hi s-tagged 3 protein was produced by

i nduction in nmethanol containing nedium purified by

Ni ++ affinity chromatography and N-glycans were

rel eased by PNGase F digestion and subjected to

MALDI TOF MS. The a-Gal T activity can be observed by
Gal)2c18¢ @ﬂﬂ%@@ﬁﬁcﬁfs 8 (%ﬁ?(ﬂ%ﬁjﬂ@i&%@%%é@%&? 5, 9“(0@(3&1)2(;3

LDl - TOF M. I's mature G-l 5 strain

Gai)2thé\m&ﬁ\danBe?ﬂcNActhe predom nant N-gl ycan.

Man5d cNAc2;, 5.9, (a-Gal)2(b-Gl)2G cNAC nBGI cNAG

Eague & Dpimisghionsd| hfnle ﬁq%amfaloa@ the %ﬁagﬁtméﬁ%dﬁmo aGFD5.0
strain 1&%8&3%& ﬁ‘xe.ﬁﬂao?m%:fl igm%ngll o- %gletpa%'sfé?rgﬁ ?odNPglg&gg %gf% %.a?f 891‘24% o-1,3-GalT,

raln contal nS ovi ne

codon @;mmmdz @fd Idulizaoh dpifdtddantt SEMaEL1-36, 204 engingdrod Gite dn
an optimzed G-I 5.0 humani zed P pastoris yeast

optrml@?ir(éﬁlﬁ 0 Tpnized ifo RaveT i1y st Sige d hismeewreyes (e Kowngle 3 domain
ofhumgig R ogﬁ% Wielr @?ﬁt}oi%‘ftﬂ%ds%ﬁ ARP %%{H%&Sts*e@x‘e‘c’eﬁ I%X-tagged K3

t analysis o ure s per nat ant,
protemNVaS-lprailfCBcﬂ] by indubti@niatoghaph yongeinirfy rﬂ@thmmopmﬁedv@sN i++ affinity

chrom #ﬁ?‘{a@g} gbfgﬁ\%%@r@mgggy E&g"ras nlc_i dzgestion an%:sui\)/%cted to MALDI-
TOF l\g 'ﬁ% él W&ﬁ%gﬁr@o@ N%E?ve.dqyy%ue &ﬁeﬁ%éé & o-Gal containing peaks

(GS5.9) & £HMAIZBTGAINES Gnahacivem SH1E N6 2in, SSG0r@n be observed as the
predonmﬁ% %EE’%%% 8?2%3%'@52(%'eﬁfi“&%%ié%liﬂﬁ&ﬁ@%ﬁéﬁiﬁm’ﬁ%@m-
o CRRhRLAG MV YafRenzt 1a 9&1)5 RPRARE LAFSY and

|zat|%not|mze eng neere ?o an opti I'm zed

glycoe@ihe%r&l PyBsr @fdaslPstréﬁﬁ.Sﬂﬁs bigaiy eaﬁtuns briak o-1 E(FHI’Eﬁ(SJIdGﬂ optimized,
Hi s-tagged I nflueza HA (A/ South Carolina/1l/18
but notdmzaﬁfqn %Mﬁmn%@d f@m@,&t i ed OB Y- Wegpanifed, grastoris yeast

strain. : béSibs o?ﬁz %ur | &%71/ Vi éc%cfo)‘nam was

omat og rap te|n s subjecte
demonfidBakley Wediegelsibi zmalyamcbf M@Etllﬁ’b -si[pﬂ?nd&&taihah A ms affﬂut@ chremato graphy

purifieq Pizie s st bloahae desriionght SALRE R My Bears: 20

ManSCIENAE2: 008 | BIGAB RN R MBI N APRAG) r@@f(adeﬁ)(gast oris

yeast stra his strain contalns ovine 3-@&l T,
Gal2GteNaeMpti3Gicied2 2h, (heGalhd(B-a3d ) 2G1apAcIVMaedGicRngineer ed
i.nto an optin zed G-15.0 hurmnl zed P. pastoris

Jage 44 erfHﬁeSS’Ekl@f é% dnfbiengs Hyy %cingg@gapnqy;lw i 3BFIs.9
giycoezc?ﬁﬁﬁe%g(%{]ﬁ e sign p {1 ﬂilﬁ céﬁf[g :;;? ]pvmg 1,3 -Q?a?f}%%'d%n optimized

and 30cﬁl’ifeﬁimto@gfrﬁlﬁyeligmﬁdefddﬁdtopin@mkrﬁzMFEL(bhlﬁﬁi}ﬁiédtlﬂ pastorzs yeast
PNGase F di gestion and NMALDI - TOF MS anal }éSI S.

stain. [P ERAL HTo-Beesd Iphuczadt 4 407 ok SV BeH i Rarianthsqjodomain was
demon%gﬁ't@(g @@%ﬁ%%&gg@ﬂ% cOPAatar; Fren N+-CoAG Rhromatography

purified protein was subjected to PNGase F digestion and MALDI-TOF MS analysis. 2.0,
Man5GleNAc2; 5.9, (0-Gal)2(B-Gal)2GleNAc2ZMan3GleNAc2.
Figure 12. Expression of HSV-2 gD ectodomain protein in an optimized GFI5.9

glycoengineered P. pastoris yeast strain. This strain contains ovine a-1,3-GalT, codon optimized

and localization optimized, engineered into an optimized GF15.0 humanized P. pastoris yeast
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Figure 13. Expression of HSV-2 gC ectodomain protein
in an optimzed G-I 5.9 glycoengi neered P.pastoris
w@zms4estr ain. This strain contains ovine a-1,BeTA$ZNN9/045446

codon optim zed and | ocalization optim zed, engi neered
into an optim zed G-I 5.0 humani zed P. pastons yeast
strain. Expression of Hi s-tagged HSV-2 gC ectodonmain
was denonstrated by Western bl ot anal ysis of culture
supernatant, then N ++ affinity chromatography

stran. BAphe PR PR R RSy A B Rmdi KR R ARG Weiom bl

analysi§af yitHre NaeA B Ghai¥ie2; affniBy chromatography purified protein was subjected
a-@al ) (b- Gal G cNAc?; 9 -Gal L2( by
to PNClgiy  3idesot | ez NG e

Gal)2%%ﬂéﬁcﬁ%i' %8,&&?%%1?(??@52&%@%%@%%3%@?§.99(fa—(}ai)2([3-

RCD447, or the cloning of nurine
Gal)2@eNARMahHeltNayP. transferase | acking the putative

TR TSN RRRien of b T dof ot S0t th AR Grrs.o
y T | .
e R A T B SR St
and locaREfAeNCptihiabOengindese dantosam opinde¢ddGEB(URmuanindd X pgsioris yeast
. t odonai I, e, [ the.Cterminal tran ne
strain. EpRApD O iy 9o TR R RO B QE BN EAC o PG Dot
ana}ysiggf‘%ﬁcli:\lur ﬁfliiéﬁ%t |t N -++3affinity chromat alglﬁ%[ urified protein was subjected

& 0
NDNSTATLCL GHHAVPNGT L VKT TDDQ) Vas LVQSSSTGK| CNN
to PNGasiRF |digestion and MALDI-TOF MS analysis. 2.0, Man5GlcNAc2; 5.0, (B~

Gal Y2 RPN SN AL 5.8, TGN B Oal POTeN RS M At SO N A2 KO- Gal)2(5-

Gal)2 Gt I SERIGERNACKRGPGSG-FSRLNW. TKSGSTYPVLNVTMPNNDNFD
KLYI

WGVHHPSTNQEQT SL YVQASGRVTVSTRRSQOT ! | PNI GSRPWRGLSSRI SI'Y

BESC@@W@@E%W&S& MRSDAPI DTCI SECI TPNGS! PNDKPF

ENCE ID NOs: 1 and 2 are nucleotide sequences of RCD446 and RCD447,

. GACPKYVKONTLKLATGVRNVPEKQIRG.FGAI AGFI ENGWEGM DGAYGFRHQ
primerp&Ethe cloning of murine a-1,3-galactosyl transferase lacking the putative

transmgsRIRE CoTa! Totalization domdm (MGl D). @ o o vEer QRLEKYVE

Sequem\iWU:YAhw [Pk E3SEMNKL FEKTRRQL RENAEDMGNGCEKI YHKCD

TTGGBg@%ﬁACAGCCCAGACGGCTCTTTCTTG
ST RNGTYDHDVYRDEALNNRFQ KGVELKSGYKDW LW SFAI SCFLLCWLL

SequenG(!,:el HRE. SRR P gaeHHHHRHHRH

GGTTAATTAATCAGACATTATTITCTAACCAAATT

SEQUENCE ID NO: 3 is an amino acid sequence of the ectodomain (i.e. lacking the C-
terminal transmembrane domain) of type H3 HA protein from Influenza A (Hong Kong).

Sequence ID NO. 3
QDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVINATELVQSSSTGKICNNPHRILD
GIDCTLIDALLGDPHCDVFQNETWDLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEFI
TEGFTWTGVTQNGGSNACKRGPGSGFFSRINWLTKSGSTYPVLNVTMPNNDNFDKLYI
WGVHHPSTNQEQTSLYVQASGRVTVSTRRSQQTIPNIGSRPWVRGLSSRISIY WTIVKPG
DVLVINSNGNLIAPRGYFKMRTGKSSIMRSDAPIDTCISECITPNGSIPNDKPFQNVNKITY
GACPKYVKOQNTLKLATGMRNVPEKQTRGLFGAIAGFIENGWEGMIDGWYGFRHQNSEG
TGQAADLKSTQAAIDQINGKLNRVIEKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDL
WSYNAELLVALENQHTIDLTDSEMNKILFEKTRRQLRENAEDMGNGCFKIYHKCDNACIE

-8
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SEQUENCE D NO 4 is an am no acid sequence of
nucl eotide the ectodomain (i.e. lacking the Cterm nal

Wa rwns#sehr ane dormai n) of type H HA protein fPOIUS2009/045446
Influenza A (A/South Carolina/l/1 8). Sequence |ID NO
4
DTl CI GYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCKLKG APLQLGK
CNI AG WLLGNPECDLLLTASSWSYI VETSNSENGTCYPGDFI D
YEELREQLSSVSSFEKFEI FPKTS

SIRNGENRNHE TR AAQRRARSFVEN: b ik RSN RKE SR IIKBKENEVIMW A C
QRGN%E@S%%&WB&%SV@SWNRRFTPEl AARPKVRDQAGRVNY YW

LLEP

CERQUERNCEND MOV AFAL MRGEGSA ST SmeVHDGNEKERTREGALINGSAIn (i.c.
PEQNI HP

lacking Fr¢ EpfepRipeRenRmRMRIReE kmeis) o hae AT Agrpietdiranndsaresd

(A/Sou'dt@l%hna/ym)r
OGSGYAADOKSTQNAI DG TNKVNSVI EKMNTQFTAVGKEFNNLERRI ENLNKK

SequendOANO. 4

DTICIGPHAINNSED I VLY FREER N DHNOISHSARNL i ERSKS K MNIAK K CRBCRERYECNIAG
WLLGI@BI@@LLLTASSWSYIVETSNSENGTCYPGDFIDYEELREQLSSVSSFEKFEIFPKTS
SWPNEVESKRNET X RUVAEKSKENRIKE REVIKK RSM G ‘
VHHPWL%N%AMW@I@WRWEM R@ﬁ@\meYWTLLEP
GDTITFQ 18 A’E@iﬁhﬁ

%@M&?&Wﬁ%ﬁg

VDDGF
KCDDA

i W%YJ&SE%%%%'%&E%%E%%W&%WM@ of the

HSV-2I G EriRA RRSEKEAL RitdAoRPAACL TSKAYQQGVTVDSI GVLPRFI PENQRTVAL

Se‘!“eﬂ@éﬁ%@&%ﬁﬂﬁ#&ﬁ@%%@ﬂvmﬂ@mmmvssq eeray

H _PSI VAPHHAPAAPSNPGGGHHHHHHHHH . Sequence

KYALASPS). RcF (HRBENODS ot RPRCY KRN PSLEDPFQPPSIPITVYYA
VLERAGREXDRE

(BRSNS PEABHH DEPEURW YR DR OPER RSB Y TECP

RPEEARQETREASDEORRFATWING K MVPRETHINCAR PMWATERSLKIAG
WHGPR@WTSTLLPPELSDTTNATQPELVPEDPEDSALLEDPAGTVSsQiPPNWHIPSIQD
V APHMNESLAVER GG ORRISMMPSESAVSEDNL GFL MVHAPAFETAGT YL RLVKI NDW

TEI TQF

seque%qg%g@@m% &,amamvm@mggh%gm PENGRTVAL

KYAL ﬁ% FoPky
VLE ¢ I
YNKS 1 T NLGFLMHAPAFETAGTYLRLVKINDWTEITQF

ILEHRARASCKYALPLRIPPAACLTSKAYQQGVTVDSIGMLPRFIPENQRTVALYSLKIAG
WHGPKPPYTSTLLPPELSDTTNATQPELVPEDPEDSALLEDNQGGGHHHHHHHHH

SEQUENCE ID NO: 7 is an amino acid sequence of the HSV-2 G strain gC protein
ectodomain.



10

15

20

25

30

ect odomai n. Sequence ID NO 7 HSV-2 G strain gC protein
ect odomai n
WO 2NASRGHRT|T TVGPRGNASNAAPSASPRNASAPRT TPTPPQPRKATKISKSSTYMI 5446
PAPPPK
TGPPKTSSEPVRCNRHDPLARYGSRVQ RCRFPNSTRTEFRLQ WRYATATDAE
| GTAPSL
EEVIMWNVSAPPGGQL VYDSAPNRTDPHVI WAEGAGPGASPRL YSWGPL GRQRLI
| EEL

Seque%WW&ﬁY@WWﬂ/&%thHPMVL EGQPFKATCTA

TAPSL
A YR e DL K AT CRS T UL CRORLIEEL
TLETCRARH PR R AR S EFAATYY
PGNRAGPY RN DAY R ARIGIQORPREF TCQLTW
VAVASOTSEGRRGTARIRS BohVS YBQTENTGRLAGY RIDGESEE NG HQPPPRDPTERQ
VIRAIEGRAKeGHBEIRHWHHHhe present invention shall have the
nmeani ngs that are conmonly understood by those of

ordinary skill in the art. Further, unless otherw se
DE’I‘AH&EDlDESCR!P'EmNmTfm INVIEENTRON s shal | include the

ral .and ur al terrrs sha cl ude .t he sing
%@ﬁ%ﬂﬁ ity 15E | bt aégleagéaamﬂteelaﬂ??éé%%ﬂnwﬁﬁses&ﬁad in
connech@& Q}‘i‘th%@%fegnt biveaiaEnall 'h}ive i H&Hingg Yhat R| cBkhHly Qtritférstood by

| ul ar bi ol ogy, m crobiol ogy, genetics and protein
those Oanlmy: bldlldn thei agft. dhmtﬁms unlpssamtueﬂwskwrnemimmmnabas (smglubui terms
. her.ei,n are;t knewn d connD used.,in th
shall ingfFE i ALy SOR G Forhs SRR RLRAC b ST ciRGoih dolreRetatures
used in@@ARdckion SAHS hiidietitni@les ol Bideh@BRAY, dnByiBblokPnéleular and cellular
general ly perfaorned accordi ng to conventional nethods

biologyanieroRiedngy. genetipieangdrirotgincpndugleicacichehemisiry and hylpsidization
descrlbgcﬁ g&gfﬂ aré‘ﬂi?)s@%ﬁ og‘%ﬁ 'afn‘l 8?]1;‘&03{?2% fh ttnte1 . ?Iﬁg nfcltﬂo%g and

I'scussed t ghout Speci
techniqued @sd totiake hamgamﬂc catsadcts Séé],e peesgnt inGanion aokgenkratly .

perforr%qecﬁgrldgtgrtgagrl?\teg B’iwa; a]g,odé%gilsl&()%%qg 2d pd. %eg in various
generalhénéf mdrd 8 fic AusHRE! et az%'cn:ed Qttf &1@&&%‘3&9&@1@%& tlhenpresent

| ecul ar Bi ol ogy, G eene Pub hi ng Assocrates (1992,
siaemﬁ@ﬁdn Sulspd ethemdise indicaed2$ee, ng,IS@mb dt ahd/folpewarCloning: 4

Laborag‘)rgg/g&ru% %8 egbr Ioﬁ%é%% §1ﬁ[¢ogatt<1@§% #ﬁ@cg(ﬂnng |%arbor, N.Y.

(1989);Dxustbselra &l., CvremduelocoR ik Mo@cﬁkﬁml@lbgﬂﬁre@éfmibﬁslﬂﬁg Wssociates
Press 2003) V\brthl ngt on Enzynme Manual , Wort hi ngton

(1992 R @32(0'9 ; Haplewrasd Langydntibadigs ob kabaratory Manual, Cold
s PR SEC R AL T S oy (G6Bhoer
Introdddnbn td Gb@ﬁﬁo@gy,ﬁxféﬁﬁﬂﬁz}v Pﬁss@ﬂﬂﬁ)al%rdﬁng@)nymleual
Worthmgton Bl Se | ”%:aT'Er borFree%%?({ ﬁJo%ndgocﬁc %zocae%isﬂy: Section A Proteins,
Vol I, CRC Press (1976); Handbook of Biochemistry: Section A Proteins, Vol II, CRC Press
(1976); Essentials of Glycobiology, Cold Spring Harbor Laboratory Press (1999).

All publications, patents and other references mentioned herein are hereby incorporated

by reference in their entireties.
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Al'l publications, patents and other references
mentioned herein are hereby incorporated by reference
WO 20oph4i362 entireties. The follow ng ternms, unl eBGI/US2009/045446
ot herw se indicated, shall be understood to have the
foll owi ng neani ngs: As used herein, the terns
"JV-glycan"and "gl ycoform' are used interchangeably
and refer to an i V-linked oligosaccharide, e.g., an
ol i gosaccharide that is attached by an asparagi ne- -
AGRIB G S SAE Rfeds! JRF R RRLEVRET) sRdlPbe understood to have the
-acetylglucosan1ne resi due of the oligosaccharide and
following magapigagi ne resi due of a polypept|de The

Q{ﬁe ds)%% 1%‘]‘% gfel'ltggs(s‘c%—%ﬁmgnn%ﬂd géﬁé/co [ aerle ]ﬂg’ 1&% %&H 5 O%% and refer
to an I\f‘hrﬂ{eﬁto)ﬂgg@cdidrﬂs,&ﬂg Ngn éi@b&&%ﬁ&nde\thmewzkgb& Bps@magmew-

R o
an aspJE@n@fe@ at | o% ﬁ) }}ftfal@ EIEQ@ edgfn%éﬁ ‘%%%L{EE‘% on, glycoproteins are

co-trans unen o
glucose @it:), rgahstosen((freﬂ)s nﬁtnh@e (dpparfatass (Far), Macetikdgelactosamine (GalNAc),
C an
NacergE SRR G A L it B Rt ryipis fSiANA) and V-

glycelyvlﬂn%ﬁrahﬁ‘ﬁl@ Q6id (NGN A, Hﬂg’ﬁﬁfceé%fng%ﬁm&%ﬁr %mﬁﬁﬁéﬂ%ﬁﬁ)c&translanonal}y

npri si %perl pheral sugars . al act ose
in the lﬂm@@ obthgrdiR andednéinges ig the Gelel @m@rﬁ%@a Melinked @chozvmtems

ggr??lg g’é&g a(:ml}{?rﬁ)% }T?ﬁ{l&&&%hé’id@%%%@u %%Cﬁg\f AS,. %-%&cans differ with

I mnnose

respect tp ehiﬁ 1R BAlee 8 bragiehes ar@Enme) ctqumsh@mmmbﬁgaﬂqé g , GIcNAc,
cans are C|aéflfled ccordln to their brang

ed
galact% $qs¢ gt piglig acid) thatiare pdded o HeaMapiSHgNEs2 §rM ﬁ%?P‘&F structure
which R aid¥ SR-B “&M{P&nbéé ryca{é §ac¥ Qe cBRF Sr the

mannose r esi ues conpl e -g ycan
“paucimygyiasa kbrg” h&sglptank ms:ﬁassuﬁed @:@NAug &t theic rehchal ¢ometituents (e.g.,

3 mannose .a “ | east aqne ched to
high mips3, PR e BLEN A BEn AR Ly ogn s TGP mannose
res1duésVA9‘|‘c)6ﬁﬁﬂ§< e RlohRak %?%aﬁ?h%itQ%t 6né@ie@Ac°&[ttached to the a-1,3
-acetyl gal act osani ne "("Gal NAc") residues that are

mannoSpdrhoas] alt)l!eanuo‘hefﬂ}lebmm attlacl@idad} 'tfm c&d;Gdn&r[nodeanm/aif a \temannose”
NA" or u r ef e s.to
core. é@ﬂ%ﬁWﬁ% cage |“EPYé‘|1§'gﬁ‘ D galﬁ@f)%fr(s G@ﬁ'e a&f&%??ty lgalgoggpine
(“GalN’AFJ”?fe%uﬁJQS ﬁ‘l@t &e olit:for{a'llg keshigel Rk SRkc Q&Q OF Qerﬁ% 1vés](e g., “NANA”
refers to a b~l ed gal act ose. JV- gl ycans
or “Nemay e héaxﬁ reﬁetsrtamhmammu Iaatllahdlt‘Ao’h&fm npazoegalh d'a-Gal" refers to

"bi secting” NAc and core fucose, ex Ngl ycans
an o1 geljpksl gélaﬁfa%m% Pegll ectemtten ﬁa]e“‘(l)lﬁk%dn&ﬂlaqf@ﬁe nﬁ@mk}é N-glycans may
also ha%? ﬁzﬁracheﬁf; ts%&txhﬁ{?ﬁg é&ga{lﬁ gfﬁtgsae%ﬂ ezian?rbr&?er Hicose. Complex N-

glycanbm@r amémaed mahipwartt@nw en tlmnmé@iamtdsg ceml( dfentréferrad fo & “multiple
mannose arm of the tri mannose core and zero or nore

antenngiy givsgas” oh oheida Mglgeandion gkleag one SkaNé\qqtﬁaﬂwﬁﬁ%I@ nonreducing
end of B 1 STAFAURE b AV ASR0E 36 Sn 8 of SIE b5 BRihe oL
mannose arm of the trimannose core. The various N-glycans are also referred to as
“slycoforms.”

Abbreviations used herein are of common usage in the art, see, e.g., abbreviations of
sugars, above. Other common abbreviations include “PNGase”, or “glycanase” which all refer to
peptide N-glycosidase F (EC 3.2.2.18).
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Abbrevi ati ons used herein are of common usage in the
art, see, e.g., abbreviations of sugars, above. O her
waenepigs3ebbr evi ati ons i ncl ude "PNGase", or " gl BCEUS®E/045446

which all refer to peptide -glycosidase F (EC
3.2.2.18).The term "marker sequence" or "marker gene"
refers to a nucleic acid sequence capabl e of
expressing an activity that allows either positive or
negative selection for the presence or absence of the
SgRUYSRECEnMENcGuéhcBost “hikér JeRE” RXBIR Lnuddi€adld sequence capable
pastoris URA5 gene is a marKker gene because its

of exprpsséngarcastiviiy thee albeyetithetipgsaiivenyr nepativgiselertign of theairesence or

i ni th ene to.0row in the,absence.o acil..
aenc BEE B e s B e B R T o o
gene béoaadd itd pritsebe el Yeeleotet fortiynfe hibitityosMell$ corgdifiNgithe §diR to grow in
presence of 5-FOA. Marker seguences or genes .do not .
the absgrsesd sy Jispeegniesap jalsgl bsyelseie agmast by Wee 1aakiliafselly gontaining
. kAL ¢ _
o g4 SR oo RO MO ALK BRI g necesrly e
to displaRB6éth pdisBiieand nefRAile séloctakility. Not-lmitingsixemales ef markee sequences

es,, kananycin, LN, tgi r.18). . .
or sendRS 1 SIS ot IR Sk, BB Pt £l G i rsiance
markerGRABD RhyaniR et nbénddih BihétRin Wr@1R), I PardrhénRi€ 88NERrShycin
. these antibiotics. "Operatively |inked" expression =~
resistanseg pepest are eguanelygisedtosallo v for arovith ke preseigsi affthasp entibiotics.
) o h . i . _
SRS TR Ol SETHE b OA RS b bV e
expressient tor®] eoqueRSSE omtipaoiy with sieoiehs oeiitdrbato atrol thetdedd 81 interest,
or at a_distance to control the gene of interest. The
as welliag expregsigf fUSIobTRIRERAEF Hiat 8d duérbLer @ distupgita egipl the gene of
interess€duences” are used interchangeably and as used herein
refer to pol ynucl eoti de sequences, which are necessary

tihedériebaxptdssor xprtes seqenaf” @ ithignptapgeupenes” ae uskd ch

interchtglggf%lé]ﬁ%glg %gﬁ%%&%% ﬁeé!glstg Eﬁgpu%‘ﬁi&gs?ﬁl?q%g&? (]Vthgc%l are necessaty to
affect thé 8Q5edsidt dfRBinR 88duchEédNs Whildh theak opyafvdy &Rked. Expression
transl ati on of nucleic acid sequences. Expression

controlseaganges aye geaieces that epnfed thyproprintiane pestdiestripgona gvents and
. . | 4 .
wanslal bRl Bacid BEABLARS. BRpreRi A Rirflor e HOR AR spproprite
transcripioh dhitigtiar) terpirayiad giryinater and silgnadrsequeaciseaffierent RBIA processing
. stabilize cytgplasm c. mMRNA, sequences {hat ephance )
signalsspciha selic g 281 PP {ptiog .Slg%?l,als;r%eea%ﬁ%&laﬁ fﬁ%h*ﬁ@e Siteriasmic
RNAS SSHRRGE Shdt RatantO HaRERioRIPE Gy L. 8D Hbbiome &G :
o desired, sequearﬁlces t halt qnhancgs(pgétlei n seecr etnygﬁ%)ﬁ%uemes
that enhexice peotein stabdiy;codtwheh degpdesruenagh fifag exhadeppmothimspcretion. The
upon, t he host orgapism, i n . prokaryotes. such caontrpl
nature YRR CBed] P ARGIR LendhaMariRB YRS A% pRES e R PrbRaryotes, such
control¥efietindes Sent@lly anthide R 6fet, Mbosdmilasifding kite) And BERLRAFEon
. The term"control sequences" is intended to include,
termingfionseqyencen, hhe grm “g BREEBCESA @S@tepql@st@ Ar@udes at a minimum, all

compoﬁ%@?ﬂ%% eﬁrés%ﬁcee?é %Es%ﬁﬁél(}ﬂr e@%sﬁ)ﬁfﬁlﬂl cafl ast %&ﬂfe additional
components whose presence is advantageous, for example, leader sequences and fusion partner
sequences.

13

The term “recombinant host cell” (“expression host cell”, “expression host system”,

“expression system” or simply "host cell"), as used herein, is intended to refer to a cell into
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conmponent s whose presence i s advantageous, for
exanpl e, | eader sequences and fusion partner
wGayeeases. The term "reconbi nant host cell™ PCT/US2009/045446
("expression host cell", "expression host systent,
"expression system or sinply "host cell"), as used
herein, is intended to refer to a cell intowhich a
reconbi nant vector has been introduced. It should be
understood that such terns are intended to refer not
which QFQCXIH% a}lp@ecﬁﬁrhta% GitnahirSHRES Ck shiglid b? Uﬁdérﬁo&&‘ﬁlapﬁﬁﬁ ®&hhs are
suc a cel ecause certaln nodifications my
intendeddo wefer motonticledbk paytigdaesubjecbeed! it the peigehe nf snehatdebnBecause
. or vironnmental influenc h not, in
certaingodificaons Fan PR I 145 CPRIMEAEPERTIOREAYe 10 g berhuaer oy
envirotR&ltMAd8GudMcEd) kit hi 6 MRS Mk, ih Ifﬁ)tt&rlﬂéntﬁgﬂb tﬁ@ﬂ)drent%%ll but are
used herein. A reconbinant host cell nay b

still inqledsidawidiin ghel scopg olcthe ferm ”ihestg:plé Wi ysad befetny rr‘b r@mxba;ﬂnbhost cell
U TORSB00 M 8Pl B SeP L RE BB o e
tissue @fcPgamism  and |ncludes I nsect ceIIs - pl ant ceIIs

R LRI L A T ——
plant YRR S lcel€ Ghin cél#@&%'lb@&xe&ka%ﬁé egRori di a,

veol ates . | agel 1 ates),” stranenopil es
(&egﬁzmb‘r‘iowm aﬂ@a@nc pelts” ozdudes yleam),cfgpgycq:ila(-&agellatqsemicrosporidia

atveolsi 8 P Ry BT Haps TR o P un BleP pe By 0T g

red aighé)Ciﬁluﬁlt@ {e. ngre@ﬁ 8loR8 tpldnt GeIise thok®): anﬁ’loﬁfék profigs! Glehst and filamentous
ia finlandica i chi a trehalophlla Pi chi a

fungi indedsrit arpnetiailedbion P isfrisaraedrinBichis firidien, Righia trehalophila,
Pichia %5&2}1195 %%9 gibggrjtaa%nﬁic?eg!? 'ﬁgﬁ]ﬁ rnlzz?mz‘a (b%gzlaga %?ME& | AEhia lindneri),

ra’therno I'chi'a sa
Pichia gpenting|\RichRi thbineot@lefqpe) Pichidisalictariat Pipbiaguefuni Bichia pijperi,

met hanol.ica, .Pichia_s es cerevi
Pichia sijptisy Bickin uethangfica, %ﬁwﬁpcg@r%ﬁ ﬁ%rewmaery%c@w%%es sp-,

| Hanserﬁﬂa polShidYRY W%@%ﬁy@é‘stsl IS K1 %ﬁ)@%rﬂ@eﬁja@& mdzda albzcans,

Aspergi | I'us’ ni dul'ans, Asperdi |l us niger, Asperg
Aspergdhy'zra@laﬂsr Usprogidsraigen e@gergtl@srong pBMhsPdeﬂnwrenmAe@fg'eSOSporium

Fusar i.um sp. Fus Fusar i enat
tucknolgfi R B 1o AR Y TRl M Rl BB ER e patens
and Ne@Pospord\haSiac PRATOPY, @8$ SedthardnaRe£p.| mmﬂmmpb@hz@rpiﬁn Yny

Kl uyver omyces sp Candi da al bi cans, my Aspergillus
Kluyvengcewr c @@édqrﬁlbrcgé& &y Agrargiips g r TTishadanatiretisehrysosporium

[ucknoﬁ;gy)ésgf#jgﬁﬂsu%ﬁﬁ NBYLOs g;agscpr assa. The term

55 “UsBd fer el re ers to a short
Pidieytprapt peghide easgised heraim refeat toiasshbyt mot;@bpt;deL egs ohhtat is typically

abqut am no, aci ds |l.ong and re typi ly. 1 ess than
tess et Soaiinorgi Al e ST B drm D out0REp ot long. The
term a@ﬁh%@ ‘E@éﬁ%&ﬁoﬁﬁﬁés@gélaﬁg‘g afll MRkdeRSs thRdhinti QirGetilal Mt MORbiological
and thus biol ogical function.
function.
The term “polypeptide” encompasses both naturally-occurring and non-naturally-
occurring proteins, and fragments, mutants, derivatives and analogs thereof as indicated by the
context of use. A polypeptide may be monomeric or polymeric. Further, a polypeptide may

comprise a number of different domains each of which has one or more distinct activities.

-13-



10

15

20

25

30

The term "pol ypepti de" enconpasses both
natural |l y-occurring and non-naturallyoccurring
wpeopesass2 and fragnents, nutants, derivati vesP@ERUS2009/045446

anal ogs thereof as indicated by the context of use. A

pol ypepti de may be nononelic or polyneric. Further, a

pol ypepti de may conprise a nunber of different donains

each of which has one or rmore di stinct activities. The

term"isolated protein" or "isolated pol ypeptide" is a

o ol

IR PR b iy B pOU UL TR EirolohP i e that by

virtue afatswrigid 9r seygeof dtl@ditlon ﬁb)cm oot assodiated wdh@aplaaiw dssodiated

it ative state, .[2).exists urity. not
compor B3t aefFmphSifin ey Ble” byl miefiy R G B, where
purity dafi®eRERFIBOC RitR hespbdies tHeqirésehed oAk Icbhlad a@rial (b§ fig f€e of other
of other proteins fromthe sane speC| e

S
proteing Kigpeibe seme spesics B(3) i5 exprasseddivig ealldie pi?e@ré%t speies 45 (4) does not

occur iff ﬂsﬁu‘er%ﬁ apﬁ% ﬁd&ﬁqe&lﬂﬁ{ﬁﬁz{a oulﬁrgepﬂde fodn%i I%llé Fiu e‘;&gﬁﬂg@ig Cinaﬁo acid

anaiogmaiemgsuws ndefousd in mesrernolinkagendthien thaatsmnéard mpeptidedagds). Thus,
a polypﬁBql r%ptg%tgg g]égr{u% yasgygxt et glgqyi% %gi%g:ﬂ eilg{jlr gystem different from the

cell froﬁyﬂhf&ﬁ?rt! r?a@&allﬁoﬁglﬁz%é H’ilPBe %ﬁﬁm ﬁb&f@sﬁﬁﬂfraﬂf é’s%éﬁl@d
fromwhich Tt natural orlg@nates W |

Comporlergsal fameb‘pelﬁtrd@mr |pt<§e1nanayraé$d lgz rgpewed mb@@nu@bpmmﬁr@wﬂiy

assoc1a§ 3’%&5’2’?‘? dIF f) spfag : els? ”%?eg} ﬁ‘iflfgzgélg Pe%ﬁ%\gges W %in the art,

As thui’d’eﬂ:fé@ ‘Ggdlaed” disk REt Iiﬁb@is@ml@ regifitefth@abd protdig (}J@[}Ip@p@ie peptide or
well known in the art. As thus defined, "isol ated

oligopegide s gescrbedbkasdern physisglly Fanqued drophis pativesprironment.

Bt AE A ep PR a I RRERE s S D LAE R AR o
deletioffeg.§ ®r amihpdbmpagltandbr ﬁacrhgxgetetﬁuras deistéch dmaqmreml toeffelldength

polspebicn BB EHHRET SRE BT SR TER A FAHm L sopfsuous sequence n

which @ ABAEALid 9 eﬁdé' df‘tlheeﬁ‘ R MBARE] @ahe ber&pHiBAEPSSEbns in the
enbodi nent , Er ol ypeptide fragnent is a contiguous

namaibfmm sse@uaw chragimenty mella@ir@atslwué,rﬁ; d, &9 ethld) amino acids
fong, prefe %lﬂg% lef'isct Fﬁpt16 0?'1 8tag1ntu;]§<:1§sol Eg,sxﬁgﬂég)r%agﬁ at Eea?é”fo amino

y-"occurring sequée

acids ldngpm&i ﬂazysfewﬁy At ledseaS130535,640 c?t 458amﬁlocamdbpe\amnﬁm prifetably at
on prefer aiq y at_least 12, 14, 16 or 18 am nq aC| ds
least 59 | arpgp @cids dgs ansl §rerimare REaferably ahlead Hamge Peifigylong.

fragmeﬁpﬁlg)é%rﬁ ﬁé'eadkﬁdfnﬁﬁ% %tﬁx'éu Qﬁﬁe , 40 or 45, am no

en nore pre era ast 50 or 60 ami no
dci‘medifiod ggn‘axme’éméers tmpcéynmpeﬂ@rqﬂfreygm*[sl thersof tHgx m:ri;uhstantially

aci ds | on nment e.a domai n wt .
homol G Feriny SHBe R Fenee i SRR ey V8 G & g chemical
and bidcRerBREYRESHcARHs OF whidABRpSrate@hiBO heillilat A€ R0t found in the native

subst anti al Ity honol ogous_in primary structural

polypegiidsu sveb mngi p@wnplﬁée,lfa@exampée ac¢thlaw>m sadoxylationt r o
a C 0
o ARG PB RSO RGP p0h y a voins
enzymﬂﬁimu@ﬁpﬁidﬁp,astmﬁ&)e ré&dlly appﬂéblhteda:iylthxmﬂ: skilled iithe attOrA variety of
t | a b | at
methodsé rnID Lelm yp%ptxéels%?ld 0% ?&bsg%(u)ént% olr ?ab’els useful for such purposes are well

known in the art, and include radioactive isotopes such as 125{, 32 P, 358, and 3H, ligands which

bind to labeled antiligands (e.g., antibodies), fluorophores, chemiluminescent agents, enzymes,
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phosphoryl ati on, glycosylation, ubiquitination,
| abeling, e.g., with radionuclides, and various
weyneissr nodi fications, as will be readily PCT/US2009/045446
appreci ated by those skilled in the art. A variety of
nmet hods for |abeling polypeptides and of substituents
or | abels useful for such purposes are well known in
the art, and include radioactive isotopes such as I,
P, S, and H Iligands which bind to | abel ed antiligands
and anfiBesids vk ARYHES he sfebHRIARRAE Bar m%ﬁl%@i‘Sl oA BBSIEe Nzand. The
agents, enzynes, and antiligands which can serve as
choice 9p el depeinisni thy sqmaitmtprmmmeé dasg ofconjigetieni with glaaprimer, stability

requlre"trggl[???lg i o!glg 1%?&%%)8 end%ﬂ%\?ﬂs ?&H' lixslﬁ m{gfpbfézggytldes are well known

in the &, aﬂéle' 3 QYAﬁl&ﬂjél ERATR %Srenﬁﬂﬁbt&\bw ﬂn@l@bl@cdlﬁSBbwm&éh@Bubhshlng
Met hods for_| abel | ng pog%éeptl des are well known_ in
Associgtge (1992, andeaipplemgnts indQbbdhereby Hicorporatedb refsrencstol s

oqQYy« .
g EE Pt ek 8 cHESORU TR SOIHe s 3RS Ebipotide
sequencet@nprivieg a nﬂ'dieottcb rsequeabe orefragmeape nelplat to"onbiomerorcheterologous
cleotlde uences" refers t nucl eot i, de uenc
nucleoPifgsngIoRy GRTE Sedee R b don e Fragmitr o BaaR Bt tcins.
Chnneﬁ@ 268 0P EhilRR nheke Rl s‘éﬂ@é&e%‘é& 85 CHBpSQRANRNE fore fragments or
Chineric sequences are useful for the expression of

domairfsytiioln alprlmt@emingousmh ireeinicodesblass cei]r andh whinhi reayhaye dongitpeal

eque S f S
poper G P HE oo EREBIRELS B4 Rt CRATERLS Bimer
nucleofi@d dequemid ¢ Fﬁ&s@%aﬁﬁﬁﬂ&dﬂﬁ@ﬁéﬂs@iu&lmﬁcﬂ@ et b @énd, foré prferably at

gﬁoductlon of . het er ol ggous reconpi nant prot.eips.
least 6¢RHe a1 pre RuckRtides |th’ﬁ19’é1> autleiicle seqpirapseviighbavest deagt one
fragmeln? 31?& g G 1? H%ﬁ)i %1'8 GeSndedd MU EecBCRG w fs homologous to
prefera y at Teast or nor e nucl eot |
the int«@iiedeeciombinant p@teimiéas@mrémdesutﬂhy ohthh @memnnvmn boexample, a

ment or, domai.n which is hetero
chimer R AU ROT Rl 5 BT S RN daleei PgSlcglls o express
recombifidR MM B ?@té’@%xl]ﬁfr@fc@dﬂ[& hl@\4e 1R dnk Erakdentdri dolnta¥n which is
in the present invention. For exanple, a chimeric gene
of hurmiant estglechitsr the smaindea nf thephuseicgens ysil emfersbbigept 7. pastoris
origin pastoris host cells to express reconbi nant hunman
ig ‘gl ycoproteins will preferably have at | east one
fTiRgem@n t fusion esrein refised aipslypépthilerampoisingiapolyeplide (bﬂ’fﬂgment
remai nder of the chd meric gene wll preferagﬁ){)’abe of
couplegb to Beigrolgoys ainfng; aqid serBencet nhusiQigRrgivig st wsehil bpgauss they can be
constric®edo Qgh Hﬁﬁsto' % 9'39§1fe§'fﬁﬂctf?m9@lééﬁ@1ﬁ§ a8 Vo drnftdeBterent
coupl e et er ol ogous am no aci d sequences. Fusion
proteinsr :ﬁt fision pawteinuwefpuisess deast B0 ¢higiguosranneo edds frouct paypeptide of

. on ired functional e S
imteres] REprE PITHED 8 KRBT DB er ROTS RVEPBPrEBD, H 1630, 50 or 60
amino ﬁ&ﬂp e @reAbrelefd®) at16asE PAI00WRUSS amimdtacalsl FwsibhoMadinclude the
eptide of interest, nore preferabl 3{ at | east 20
i

en’tzretb pf érg PaQFRIRG OB Bic AECSCRAIBYFIOR élam BB tgi 1&( Tlaﬁa%qter@@,gous
poiype?ﬁ%@fgfﬁgicg%tﬂﬂl A kil§o Sﬁ%ﬁen{@f tfie B eﬁérﬁ ] nc o de Jtt Eé%ltéi dino acids

Am no° ac gt usi ons
in length, often at least 8 amino acids in length, and usefully at least 15, 20, and 25 amino acids

in length. Fusions also include larger polypeptides, or even entire proteins, such as the green
fluorescent protein (“GFP”) chromophore-containing proteins having particular utility. Fusion

proteins can be produced recombinantly by constructing a nucleic acid sequence which encodes
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entirety of the proteins of the present invention have
particular utility. The heterol ogous pol ypeptide
WO pwbuaese wi t hin the fusion protein of the preRENUS2009/045446

invention is at least 6 amno acids in length, often

at least 8 amno acids in length, and usefully at

| east 15, 20, and 25 amino acids in Iength. Fusions

al so include | arger polypeptides, or even entire

proteins, such as the green fluorescent protein

[

e o b e B e g B € o < T epsadipe o differen
proteinrog poptitderrandtthgn dgiyorezssmg theufusion grateinu eﬂil‘ematfaclwda fepngmetein can be

producf%] el equ%%rgé'{)]% ¥1‘%&? Elplrpgga %Wcae&%g{g%g%\? g S gr%ther protein.

Hfdsed BereinD ﬂiéttﬁrbﬁ;?r(ébn%ﬂbhﬂ%nﬁﬁ& adifeihdek ik astsbvigHsi&ollow
f usi on prot eln ternati vel y, f usi on prot ei n can be

convengiprd yeese- e fwure/9obyd Syigheiis (kalweancherensdy.pBipaperedspciates,
Sunder?aﬁlﬁrl?l\%ggff{g“& %cg ﬁ\?g E ?N?)l%glqy el orfﬁécp%e% nt g’or‘?ﬁgiéé?lrgg 881 Bidmers (e.g,
D-amirideidsy bﬂthlemwentjf obhvanticad umidd avidd, unrsagel ant@e acids such as o-,

SO T TS SR G CCTEANC T
also belsAAIPOEAP ST I BUDIHE! SR BRsorBhfloR bR BRIDIESHY

D-am no aci ds vventy conventi onal am no aci dS
unconvgninertal painosagidsonceded $-hydotxyawliae, v-eartiyghsamatet ed

am acids,. a ot her.
NN AT 0RRT R e el RphaRnd De i ioee
Nuformcyﬁﬁmmm@3&xwthypmkﬂdaﬂ@tSqugeﬁe;@ﬁystﬁeeNnhaﬁﬁatglmﬁy entlioBier similar
npl es .of unconventi onal am no_ acids I nc|ude
amino grmqiﬁ,zmdd;wm tfidele. - %}@)ﬂ]@@;@gplgﬁ:&nﬁl{t@e pelypentide notation used herein,
the leﬁi : g gg%l 5?%%5%53%@%0 Flfe amz"lﬂs & Iitga)fh I%ir'l]g ,Qnds{_?l;er?léﬁts 1 1nluscmlu é:r(lﬁ‘esponds to
the carboxyyteirmoiyl ensl] me;ccol’damt\mh gamgland neage alﬁdjccﬂtvhﬁloml m | ar
no agi ds ,and imno, aci.ds, { roI in
e dera St g gl o i st et gt R primary
structuRYF a0R6HSRRABIR: the chQrPRItERs lekpon M d&Md 894 cbiiguous portion of
ri ght-hand end corresponds to theé carboxy-term na
the amigadcid ssquesco pihatprowin.h st andard usage and conventi on.
ter j 0 used. her ei n refer t.0_a
-pl)ihl?ﬂ%/ st?réna osr/naéxg 5 usclaj(g}lsl%relg I¢ ersotr(]) aosftru{:tﬁzre % 1?118 oiegwtlle JI%EF SP%tnbutes
to a kn®¥m ar mspmaéceﬁmb@on ofithé bpneAsRlNfD@Ehsheas be aoxegghgiﬂe indth regions

defined %’Ff? conti gluous portion of the amno acid
or portiggg thefred: domainsapsler Bichide Aitingle poR-coRSiaIP TS Tegiong §bg biomolecule.

ey gba g&%fneﬁx% th%h SmSlebiie* H{e&s% gi gfmi %fclllt!xcﬁn% %ﬁnot limited to,
contributed to a known or suspe unétion o
a smallohdeulleqebde, Porteinsigam pudeotils; sudl@nsiidglipid tdic.; &gl sonk a
or.tions the&%ﬁ?&udomi ns may al so incl ude

Compom%&%nat%%lr?ré ous regions of a bionolecule. As

Usacel BERIN theltBign t‘@hﬁﬁns@bﬁ%‘iaﬁon%ﬂ 8s adbyn;ﬁﬁepwn‘eempnsmg :
including, but not limted to, a small nol ecul e,

will bepegersiged pirenle i, indugan of » sleled duteers or grvpeif éntegsrsibut not the
exclus]_g{} §¥ %’e}@ (Iﬁégf mteg&dorsg!f’&fﬁ & if2pRgun d can be natural or

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 N-glycans that can be identified after the glycoprotein has been treated with
PNGase and the released glycans are analyzed by mass spectroscopy, for example, MALDI-TOF
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As used herein, the term"conprise"” or variations such
as "conprises" or "conprising", will be understood to
WO pebAr4a3be i ncl usi on of a stated integer or grRURUSK009/045446
i ntegers but not the exclusion of any other integer or
group of integers. As used herein, the term
"“predom nantly" or variations such as "the
predom nant" or "which is predom nant” will be
understood to nean the glycan species that has the
1HOER AT RhE toREpRIAbminght Of dbRAH aslad 18V RIBMSntiRAkudAR ifi
MS. h{t}%e %znrt ??%le(?ﬁﬁ ?er {n&e gl ycoprotaégl nlha{"s beerﬁlltB?e% ted & specttie
glycofomint, thaPNGassentindre¢ae mat pasedt tpn/aywmsheiedividaslyentity. dior example,
Mass. spect.r 0S¢o for ampl e LDl =T I n, ot her
i 2 coraRion (OREE £F M5 ATBr AU A Pe g TSRS bl Pefteht and
species MEH Y3 Siapd pepdtint, lsPeciGUR s ‘PPeddnfiRaR! fheCofiph&ab0Esmpiideat
is present in greater nole percent than any other
"predompgnily dirgkiceAt ity. For exanple, if a conposition
C b f i £ '
é%\fsm)i? ééreg}, E}%ﬁ? exgac@inb @fogé%n{ég} &od @Bﬁg{}fw réfrg%g n\t%?l R Ulderstood
to meass ﬂﬁm: 'tlﬁS‘vécdlm prpteﬁﬂ’mﬂ“nmine glprnﬁapbm ihtendedciorprutidiesd as a

om n y' .species A As us her ei the term
- vaccmwﬁe wHay ? rewtlp E]F Q@@%@%W@@Bﬁ? Beended i | | pe

clicit abf RERRLAL AQ oﬁs@ t&ﬁﬁ?r&t@ﬁ&tor 1\6?&1@ LR RLABEFhCCAE protein” or
vaccl ne gl ycoprotein” Is |n ended to be utilized as a

“vaccinegiydopeqteintii The mim@r@dm qmvgcmmaglecqmothm%scowe a full-length
clt. an_ | mmune

native BT of At SRR S § s cofiohis? e RIAE dGRRRIRTabE bR native

proteinfUr @lyRoProtéh. THaC&LRR pRbteRaphvat@hdglyecotieteatg Beutilized in a vaccine
pratein or vaccine glycoprotein may conprise a

togethep writh otbergiepcinapiolansATIResiRe BlceiryieBsr st welhas iglompulptgns
o t
comprlgﬁggﬁ&%%naﬂ%@ 19(‘!‘ %H{S%n&%pﬁq%ﬁlabig ((::latr{%%érr%)t 'giilfﬁteﬂﬁ R/XC%IHG proteln
or vaoe:mecglmpgitgm’bmap b ibe wegd intereltangeabbywitin thee torac Carget protein” or
“ et her. with other vaccine proteins or vaccine
target 5%8 Yfeins, as well as in formulations conprising
agldidell BBRIN t%@ ftériﬁe‘ BHGRY SeRAMO e RIBLABESHZBA that is capable of
carriers. The term "vaccine protein" or "vaccine
elicitinglag doproe e¢snonsemy capable ﬁé)eu&eracqm?@d tiangedbndy. Wpigapes frequently

consmtlj)g gd:toﬁ]glgmgtlé{la%f%nm%l fe Qs 8l 5] a 1§sp é:arbofx ertr S%ﬁé‘i&@/ﬁéﬁto ?th Eﬁ%opes that
are ref@fedad aglibégERqldnly do&m@ dﬁ&lﬂﬁ en@kopek E(ﬂdinglibga@f’otmm‘rﬂﬁla)pes that

resq%onse or. capabl e of Dbei n? recogm %‘ %
dependgy thp GERPCr Eﬂqims k3 pfoftf*éa @@W eééﬁ@% canlggmaion etee thsrepitope is
only px‘%gemﬁw}léﬂﬂe r@t@rﬂ i Bﬁ)trl%a jety(ies) or

prtopes t at a erre to as |near

fAeaHaa htdeih, de: 1ok " @-@ahﬁldvsﬂmpiwlﬁﬁﬂ enicahoh tirmgnad balactose remdue linked
protein. Epitopes that depend on the proper foldi ng
a-1,3 tg aseennd galagiose residaesthelsecond galedaseoienidue bring lipleaddid 4 to an N-

sccty! PERBPYRY PSRBT BY HatTROR: A eh eunrdre] fhilops anpisfethe
followmg'bg%lcﬁ&f gﬁgén d&%ﬁﬁ&%@ﬁ&tﬁ%ﬁ)@i@&%&ﬁ!ﬁ&?&m&@ $&-Gal)(p-
Gal2GlcNAc2Man3GleNAc2; and (a-Gal)2(B-Gal)2GleNAc2Man3GleNAc2. See also GS5.7,
(GS5.8 and GS5.9in FIG. 3. As used herein the term “adjuvant™ refers to a compound or
substance capable of increasing the immunogenic response o a vaccine or vaccine protein
without baving any specific antigenic effect itself. Adjuvants can include bacterial

lipopolysaccharide, liposomes, aluminum salts and oils.
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a-1,3 to a second gal actose residue, the second
gal actose residue being linked b-1,4 to an Nacetyl
wW@tweosam ne resi due. Exanpl es of gl ycans w t hPGE(US2009/045446

a- gal act osyl epitope include the follow ng branched

gl ycan structures {a-Gal)(b-Gl)d cNAcMan5G cNAc?2;

(a-Gl) (b- Gal)2d cNAc2Man3d cNAc2; and

(a- Gl ) 2(b-Gal)2d cNAc2Man3d cNAc2. See al so GSb. 7,

GS5.8 and GS5.9 in FIG 3. As used herein the term

tﬁﬂééé\()?r[éfrwmé 9&&?} , WPt RhECARAH G A StRAS BRAReFAPAR8he same
I ncreasing the | munogeni c response to a vaccine or

meamngaars cpmmq@immreiemtwdtbym o avdingy akuyl is preecdrf foowlapl thyemivention

ect itse

prin, 5SS A0S 5 S R s i

similar@r k§uilIbRss tRish ﬂéé@h’é@d p&binnef alsalbe u%&Pi'iiﬁh@@JacﬂéBi)f the present
scientific terns used herein have the sane neanin

inventien AR besrparest tdgossyolskil pthe g, ﬁ&rwlbhwuons ppd w%er references
|
mentiofit o WX Borblfed AR B BlekThfipy, AR abutic thepresent
specificatiohpigisiuding d&ﬁhmbnalvml&bmrdﬂa rThe meaeteyisls ateghnids} amdtdxa&@les are
descr.i bed herei a % sO be used in the practice of
Iﬂusmflﬁ%mﬂﬁ’ég Rét Wv@?ﬁcﬁﬂ% uNUng 1 $0Y82 8 5har ent to those of
skill in the art. Al publications and ot her
ref erences nentioned herein are incorporated by
I. Genepdlerence in their entirety. In case of conflict, the

O iR RE lf B e BialfSlalohof i Bl Yepine eiveoproteins
havingio-liM&ldr@ldeRe %hyre@cﬁﬁblﬁg& Hobtt @6 8shitRrl8mbindht i hc@.gcélrg have been

any manner. |. Ceneral The i nvention provi des net
transfopnell with eedtatssenéading mcmmr@gmsO whefacgameglymeproteins resuit in

improviy YEABY Ot e Reobdle oot iR o R BRGNS sl Rk gell, piigularty

increasB@UBmALE Fesporab Sbai¥e drom VitcR Gl RbproddifOptolGoedds eidtecombinant
roteins. The vaccine glycoproteins result in inproved

host Ceﬁ&ﬁﬁﬂ&fw‘f@ﬂd witiethegcwstithant gl ycoprotei n produced from
t .
P 0 SRS RO B
organisnes padticularly yéess thayedah alst ba psdceticerkioh hAglteln etlvegeicwegdndsss and

Al 't hou t.he t hods,. ar e e |f| h respe 0.,.
bacterify, TROBGIHGH OGRS BaREEFot Colb P irieic 255 Boiegpls rhich
encodeY 88 BhproVBEVak AR RO, BHeBRBEk kERShd d) Jﬁpﬁﬁﬁh AHKRENBY, vehen the

organi sns and bacteria. The nethods |nvolve
host cells ardfapsivrmed wuhtan(c&pﬂess1m vdvtar encmling & saxcitell giptauotem, the o-
encodes nproved, vacci ne._ protein, eci al | )
linked LG ke S oS b SRtova Hogire PR ot S ged elvoprotein,
partqua%ﬂy' ﬁlcﬁﬁﬁ‘edtlﬁfi‘ﬁiﬁi‘e‘?édgﬁﬂsé%ttﬁb ﬁﬂd@é&ﬂraﬁﬁgélﬁ@giyé‘@r%in.
encodi ng a secret coprotein, the a-
g“a}carshngﬂ irrgyeferoatk embndinents,gbe ﬁpﬂ@d&df e @rasm}t ipfentipp may be

used mrrﬁcgoo n‘!t%){ %&ﬁ%gsﬁénegryggg% nl}égl pc(rg,ﬁ W‘léﬂ% l)'% ¢ Eéegn%lg% neérg% for production

of the iglp¥e@fdrsetreict vaccine glycoproteins.

I1. Expression of Vaccine Proteins

Nucleic Acid Encoding the Vaccine Protein or Glycoprotein
Glycoproteins described above are encoded by nucleic acids. The nucleic acids can be

DNA or RNA, typically DNA. The nucleic acid encoding the glycoprotein is operably linked to
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Accordingly, in preferred enbodi nents, the nethods of
the present invention may be used in reconbi nant
wWeppeesinn systens using cells which have beeRCT/US2009/045446

engi neered for production of the inproved secreted

vacci ne glycoproteins. |IL Expression of Vaccine

Proteins Nucleic Acid Encodi ng the Vaccine Protein or

A ycoprotein A ycoproteins descri bed above are encoded

by nucl eic acids. The nucleic acids can be DNA or RNA,

| . .

reaulat N R Lo MRt ofid Al TS Pledpiiein, Sach regulatory
sequent:dmfncia% @w(mxﬁcmdlopnomﬁky Eslemhatciennpsdxﬁamha 5", to the nucleic acid

encodlgg ﬁ}%&:{%of el a&f#lg%wéﬁoﬂ;férgﬁr?aé Hg gen%@s | Cl ] ep‘Latge nucleic acid

encodih@ ey dpft@h CTHRCH LopRESHicas bé R EuskhiDbiBteh. @BQ séreted glycoproteins,
transcription ternination site 3lor downstream from

the nual¢ie apid dyricadlydeeludes adentien sequpecegingedipg alaafler orpigmal peptide. The
leader 81} é{g&ﬁ’ Eag,%tﬁie'is f r}%ﬁalé‘f r‘ﬁg&ﬂlg‘{gé’@%&&% };{F f?x% aﬁﬁr%ﬁ)ﬁgte ge%ular

el ns, nucl
compai’tm&ﬂt% rof ﬁwaﬂmey ﬁsnhwdy fog gaycb@&atﬁm aml‘d s8¢r@1ﬁ\(&i tyeellydiee endoplasmic

The | e r.or si gn pept | de responsi bl e for )
reticulyrg og the; @3%& W@% Wﬁle’(ci?élda%fﬂ 'afa%c?%af &0gr Q. aptransiated region
hav;ng%%l’)&%ﬁfd&g‘%&e%@ a%eﬁﬁtﬁfn@faiéd%’él ?‘hé Alcleic aca] ? often a

gl ycosyl atiom and secretion cally the en asm c
componattiof alvammphmlmlcglls applawhthxgiycwmmu ad @ipmem@d. dl'he vector can

<o B RSO oSSR, S Pl s

particul i yeug @h@e@ﬁt&sﬂﬁ&llﬁfr&@mrﬁlea@ﬂﬂpmmel@fma 1a6REdpQxtraneous vector
replicable in cells in which the glycoprotein is

SCquengsér essed. The vector can al so contain a marker to
%l}l(i?&l(f‘ ESQ?&WGE %e&{edtg%lg&yoqél gancﬁel(L am&?ﬂ@ﬁﬁ% v rﬁlosggrces
ce ypes, par icu eas can be success

cDNA seqraascar He winplified froiwlcell dmas:k:d)vlrramlerxpg:seﬁ:b rg@rmpmﬁem using

ect or sequence N cI c, aci ds _encodi es| )
primer A AOg S St LIRS e b o Bk n L F- B sl g 18R, Nucleic
acids caPNRo BEGHARGERd %%o&ﬁb&%&ﬁ’ bh Eécﬁlénéé’s oM bientifid) ﬁt%ré%&k@"\muclew

to express the | ycoprotein using primers to conserved
acids cpegliso gg smgg@weé extepsipi of eerlappipg dligtyiucleBlides, spagling @ @esired

sequené%g )e)ogﬁ @lééiga aI‘;roﬁan} ﬁ@gnlg%‘!nzl%t Pf 3§¥ @%p Z?dé)t%) d ﬂ%esuedo nucleic

acid selliglced @nael dd&on:aptnaiz&@ ab@réing i pefered cb&orﬁdﬁa@é‘f&.’b%@ t®fmprove
aover | appi ng ol i. gonucl eoti des spanni ng a desired
expresyigg ifcthe Bo:(@@]é of fednventign (g6, - Ghang pb,ta@ﬂg;rzc Food Chem. 54:815-

[ ) S

822 (2(%6"3 d?gtgighlre‘(%lc%iia%gg% e@tggtg 91938/ r%cr{rl]nfef epc{ggc %@%g Jﬂﬁé ﬁlo?em when it

is prodpecef andrsecteted thp theusdig o wbiee sudhdoldingy ma;enca)h@resmmahnlqnder to use
e host cell of the invent h n.(see, e.q., Changl. et

the pro%ﬁm as zjv%:ﬁmeé)rotg% réﬁgﬁylet—)\ﬂ g&%l cpiopep Qggyéﬁrest ar¢’linear, The

presenc?er m&&‘ﬁhh&lr&lﬂfa- BeLhMSosH ﬁéﬁﬁﬁésﬁhﬁj PSrelfBiYed R4 Hhﬁlﬁn@ge%%?t& ofa

ding of the protein when it ‘i s produced and
Vaccm% @dﬁ@r@@m 97 R cRiwnre the immanegerdittotithe wicaipergiyeonmicipebeing
ggsent ial in order to use

produc

I11. Viral and Other Vaccine Targets

Vaccine targets which may be appropriate for the present invention include those to

which an antigenic response may be boosted by attachment of an alpha-gal moiety to the end of
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the protein as a vaccine protein, for exanple, when
the epitopes of interest are linear. The presence of
wa 2000vit43b62 al pha- 1, 3- gal act ose resi dues nay be PEHUS2082045446

for imunogenicity of a vaccine glycoprotein, or may

enhance the i munogenicity of the vaccine

gl ycoprotei ns being produced. IH Viral and O her

Vacci ne Targets Vaccine targets which may be

appropriate for the present invention include those to
an anu%%Ht. (aﬂg ﬁr?régeﬁé?f ézﬁ?da nll'n%et%@ gﬂgg&%:hdg%?tgﬁt\gﬁfbﬁgﬁgﬁpx gF%tlde or protein
derivedafnomgbmtargen Pheetaeget sgretbli adintase ved’w, vahcis nevips ofiegws,

bacten?,é)ﬂr gg}er gﬁﬂgge% a]?lég!%g‘ e 8?%‘}%‘?%%}33 e ggpf I Ortﬂa{: Jc}pe of cell, such

as a cafde€ Bel R SWHacHdxiphsisesl ARG, epﬂ@ﬁk%{)@de \thcﬁt:ﬁiﬂ’)e Hed a8 ﬂﬁ:- target
I n other enbodi nents, the tar be a particul ar

protein; \ige exnple| nrefeged ﬁ)lwu‘epqpaﬁesenalcbr scleajidd feom dhqpareyp eensisting of a
t e target
Her-2 %’“8%%; a%lu fr?ﬂ)ﬁ;exog‘n?;gf{rbﬁﬁe re e‘%r1 lgaglﬁg Psgf‘%’ e%e '?des may
Wed‘s&bdamtrﬂdarﬁgete taclide tbassewprusesrisroa&u togawk dischies m?humans and/or
pi t ope, .a neu, epi tope.Q prost a m cel | ntr
ammalf R infpengp airugss &¢-gy Brt Al 105@51 SFReF P PR EdESes (HSV,

I /
oo, HSYILERTSOMAHD AL ARSI B, ooy

syncytigl rarus}(lRlSY)),, parmniilﬁwzs ivimplee XPTM, mgséﬁV(tH&/III)mrgnen papilldmaviruses

nd i h '
@V, RIS wiPh Gy R ARSI it ARG T GE-PRdbirus
adenovh@kd] Rithatehdaunidetsiescy(Whides @1V, whith\s hispeiatel With AMRNand

gg}rllomavrruses (HPV, e.g., HPV- 16, which may be
human gxomeealosusAGMY b driamy viEuses &uph aEB@eea&smB&tﬁd wiihyyemps and

measle%h E%ﬁ)ﬂurs&s R@evzﬂﬂ@@n%ﬁ?ﬁx@%ﬁ%&%ﬁ%@ q‘gé{“ﬁﬂsraﬂa e1drhlo Tick Fever

IS assocl até
virus)an;zlt;mﬁregmhsasu rus (CW), paranoxyviruses (such as those

Bt FadLiaacl FOREN g PR i e e BB P g coat protens,

structufad bﬂﬁélﬂ@ aﬁcﬂ 6theF F6RINSANRILE Ina@ e aBQEiBNIth URSmuQystem, especially
preferred target proteins for viruses include capsid

those pmt@ne rwrh@h aseipdtaally glyaosybated. eDne or morerdtlisioanl gimtselahen sites may
he elns which .na cessib
be engmeere&) Intg {hseﬁﬁelﬁnh S lbegge %rﬁodmtgh he %I%:? 8{02?1?13 ere ﬁreléﬁla igno natural

glycos;ﬂaidﬂ ﬁﬂel dneldr iedrs yttdiced gly@i@rlzﬂfon@té@m@jﬂ Ué bh@nddred into a DNA
ycosyl ation sites nmay be engineered into the DNA

Seq“eﬂé"e%ﬂféﬂ’é’é tesrerst Prgtaimel iy ateses RGO ng e fagee! REy@nimay be cloned
or syntﬁ%%ﬁé@t d3hayRbd/GRENLEE fof @%&bés?on iA7fe R, Héé{s?fgﬁédhkée% fvention.

cosyl ati'on sites may engrneere
§é1q weomee ﬁntwdusrw@luin thetpmesgat inperoionimay Nfrise gllenfregments of one
cl one

di t.he t et pr tei or . . o
or morE G B AtsviEE ViR e oG SEIRR P et B of entify additonal
suitabld Pigal BRSHEInS © Eéi"ez‘éflcé tBQhepécﬁﬁiﬁﬂﬁliy XA hO Piral RBoMACHIAWAses, such as
protein use in the present ‘invention may conprise

the Welaqatp o ﬁhefln@grﬁlﬂngl Cbﬁnrgﬁf@e on Taxonomy of Viruses: The Universal Virus
Database, version 3; http://www.ncbi.nlm.nih.gov/ICTVdb/ICTVdB/ and

http://www.virology.net/garryfavwebindex html#specific.
In preferred embodiments, one or more viral proteins or glycoproteins may be used
together as part of a compound vaccine. The compound vaccine may comprise multiple vaccine

proteins from the same target virus, as well as multiple vaccine proteins from distinct target
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or nore of the following viral proteins. One skilled
inthe art may | ocate or identify additional suitable
W@ 20094146360t ei NS by reference to the conti nual | BCT/US2009/045446
expandi ng viral genom c dat abases, such as the website
of the International Commttee on Taxonomy of Viruses:
The Uni versal Virus Database, version 3;
http://ww. ncbi . nl mnh. gov/ I CTvdb/ | CTVdB/ and
httr://ww. virol ogy. net/garryfavwebi ndex. ht m #specific
viruses. TH@ f@ﬂ&h %%ﬁnfﬂﬁﬁi %‘% glg@ BEHR tarTB Brudd Ad VB, Pgl%'té?ﬁ’s which
or glycoproteins may be us together as part o
may set\erag dunvhcviae piotein i e wevsporehticacci ne may conpri se

Teifra S5 e ) QFsnsfin PrushptntGtp Hp) ivcoproten

matrix pRSt&aL Milrpisem; MNgrofedd; MWpREeia! ich@prdtéifl @Qm%eﬁtWPAeﬁotem
of the target viruses and viral proteins

PB1 pretein/and@B3 hr@teelad%quréofsrrth@eMWmﬂWeanérM@léhBmdw@n}/ 4+ Bht:281-294
(1983) YA P URERCATRITRAOL el A1 iyg opr of ei b

heuram nr dase ycoprotein, matriX ot ei n;

a’pewirusl‘(&emdihg iHi:rpMﬂSxﬁfgﬂéﬁVﬁusM@%ﬁie@hﬁviﬂE’és) Envelope
pepti de; tein; PBL rote| n and PB2 pr 5e| n;
glycopiptgig igﬁ’c‘)@f@@lw%éé]é?é ledn¥iP Dglycomspisire P 732 2 BQCOQIPWZB prvp171;

enveio%%%lﬁl%(f}&gﬁ)ﬁ eh%f@p@;ﬁ_g@é&yroteﬁf @C&R’E ogﬁggg nﬁﬁien{-ﬁAcnv%ﬁ)p%

74 (198 esvi rus Her pes
gl}’COp@if&ip Iesnviope gkysopanisinCy eova oz glyaqpmt@s)K eﬁwlep@glgmpmtem L;

envelofly SESRPOEE VI taGiobe e Pl o e ST At Bisicins

VPIl/m Waapriat §1Pn2 Ean® e/ mnss; gzlmga,wpzaelwz@; [NV 10P85; ICP47. See,
rotein |; envelo e

coprote| n H_envelo lyco
Roizmgh, oot i 95 (G Bb: oﬁ@egf N3 bp (908 Whitle R ofgeman, J. Clin.
I t J
invest SIYGBPLALENT o) B OF SLSSRT RLEH 8 Vs 1811998514228 (2005).

Herpesplinikes diso 1nMBﬂl&NhaeﬂéF’18étél4(caM chizheh MB:)SdﬂcﬂE’ﬁs'tein-Barr virus.
VP19c; VP23, VP26, |CP 1-2; |CP3 47. See,
rdruikies (egh caginflude Rengye virys V@et ng 9 wie: hapegifis viruses; and GB

viases B9 B 0TS PIREIn 1 See Chln SR, poggf e o

Microhi@logy 442849142028 99&]) (B()patiﬁsmﬁa‘isem l(mnhlda’igdl;B (0% lrllE)I suafdce antigens,

o R, TR A Bk S e Ge33/Geso

preS1; BROGYES Iyﬂoféa%,pvmsmpbs (NBSRIS p2D pltoltesn)vnmﬁﬁzzi qug-pz'z
Den 8 r ot Pro

viruses Protei n eln M

See Sekbpet, al.CHY %Aéﬁg@DS - 100%, (LP817); Rksermonncsit ah & Nomi‘agyo@%ﬁ%-

4020198 8 s@"ﬂ%n ?%éfgé%gr%%ogégﬁ%gééifg 1 (gbtlﬁjﬁggalfeﬁ#g G é?;_}gig%%y 63:798-

808 (I%lGroHBQZdt apAlicétrBady]. $2B63- W@DO@Z%@E& @3&8@8@ 90:9016-
reSl "pre- S2; S protein; p68 (NSSB) p20
9020 (f%?-é;%r arust Fyvelanomg ot EHBJA@ORWJP!H &2e Seg1 Myergptfetal, J.

Virol 5% 444 . 0 O7szkeermarmet al., J.

TR o og)/jﬁsgg%? %8%5 %382?&(%%457 gv??kl neta., J.
\Barminggwiriiiﬁe/ﬁaﬁ&né‘ns&fin(s;2ﬁﬁEJ)lmgSBhf':ahﬂuenzaairuseslPlV), such as
¥jI{IO| y .63:.798- . .

human PIV-1 &gespnovzrus) and human PIV-2 and -4 (Rubulavirus); Pneumovirases such as

respiratory synctial virus (RSV); Morbilliviruses, such as Mumps Virus and Measles Virus;

Henipavirus, such as Hendravirus and Nipahvirus; and Metapneumoviruses. Typically, the

genome includes genes encoding both a nucleocapsid (N) protein; and a nucleocapsid

phosphoprotein (P), both of which may serve as the viral vaccine protein. See, Collins, US Patent
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808 (1989); Gottola et al., Liver Transpl. 8:443-448

(2002); Casey et al., PNAS, USA; 90:9016- 9020 (1993).
WERYil4a3e2 envel ope proteins: El gl ycoprot ei n; PGRAUSZB8%045446

Muer hoff et al., J. Virology 7 1:6501-6508; Bukh et

al ., WO2000/075337. Par anyxoviri dae/ Paranoxyvi pis;

i ncl udi ng: Parai nfl uenzaviruses (PIV), such as human

PIV-1 (Respirovirus) and human PIV-2 and -4

(Rubul avirus); Pneunoviruses such as respiratory

6,264 @we&ﬁa@ﬁ olvink gémé@% irusbla &b'cbheéidyﬁééamﬁl;tﬁagagéAW%n which can

Vi I‘US and Me Vi Ius,; Heni pavi rus SucC
serve apidredvizal vaagsnegmotelx lpam/pnem 1m¢1%tﬂmemsﬁmqumb@1so carries

hemag%%gplggga%gﬁi Iglsm%gglge Irat%%ngdﬁgasi‘g Hﬁgsee gvglc dn x%%%?e \%ral vaccine

proteinlghosphoprotein (P), both of which rmy ‘serve as the
viral vaccine protein. See, Collins,

Adwean papBlengarusess(HEY ¢ Hf H?Heléparhmhyn@wer@s%ate@wb cervical
cancerf; 9&% ﬁd e&\(/)?m CHE A Cﬁsﬁld(L@o‘)E’iparnﬁ%ﬁrg@B pUdg ﬁe%aé]ar?e? tre%/ 8. J Virol.

vacci rotérn in i AVen
80: 466M€220063; Haseapaentl. yViadlegy 83T:B3i66s7h@0ag)gl uti nin (H)

ﬁ’ﬁf'rlil’?@o@?cﬁ%)m& %fgg ?{%8%%{1% o0 tsrpjur frggeef, p\rl\(l)hre!:zghVP«@O VP24,
and Gmgeplghy%ge&aw§ée ﬁd‘[@!Naﬁmg MedlrLP & 4:18. zvvtﬁﬂ @éij mype%nm Virus

associ'ated wth cervical cancer), capsid protei
Researemgédd® 3992 and L2; E7 anti gem C pepti de See Carter

4664- 72 06),;. Past
Sk ers P 0 308 SR B SR oy s e
Base PEREh&; yib@ﬂﬁﬁotelhlﬁs%oiéﬁﬁwl Rl yRIESEleko® MIAS FblyﬁéBﬁ@es) See,
VP24; and 551% rotein. See Fol ks, Nature

Russel Ml dpenemd VZII‘Oi%Yl&I 4 (20 Rewsanat ahAnusRRe M;anObwi 53:577-
. ' t
628 G%&’o&ng}y%éeﬁ%ﬁg)sqe r b el %Régéﬁ 9 Bglﬁlgl Ilsl a}gﬁégfnbtgg

BaagivRueéss sutd)as Fhirhsi llﬁ’lmhedéﬁdléhcyﬂﬁﬂisest (&Sse\ﬂaxed\/(kdtlh Bequired
imm ad X (Hexon M nor_ Pol ypepti des). See, Russell

?@%CYW%?I@@&A& )éﬁgfe@@etgb(czwmms (FURe padh (ié’ﬂl)amrai capsid
e
proteink €hatj Re\u@@&?} Ssuﬁﬁalaélmmrs N Tﬁmnﬂﬁ‘égbluimwiahilg}aﬁeﬁvo. AIDS 3:
supp 1 5 385580 Mol Gy e o BT AL e o oAty

\Bd@avﬁ'ml (chﬁfdﬁingm@&ﬂﬁ);) enWIéb@ gry@ﬂﬁbéuﬁr(gty@éﬁ@teﬁﬁ%m

d p7); and matrix protein ( ator%
GP2); I?H“éﬁf)@ﬁﬁ’%d proteins (ReaseinRBf See Sel@naimnret abtiséinn Birol. 698949-1955

(1988)H| V genone variability in vivo. AIDS 3: supp 1; 13-9
(1989); and Ratner et al., Nature 313:277-84 (1985).

Bﬁﬂyﬁvﬁieis daerdpanirubeti @ Adpterigirusesy)(irRdehOfuses associated with
ycoproteins %}g}l ycopraoteins GPl.; GP2); nucl eocapsid
severe 5@5@ ESAEPSEREPReFARSYe S éﬁﬁh%g]pfwo’rgm),aﬁ (envglopepsptein); M

(MembYMecélycogﬁJtélﬁ)d,’ %nd %Haemagg}utlmn»esterase); N (phosphoprotein). See, Pyrc et
al., Virology J., http://www.virologyj.com/content/1/1/7 (2004).

Reoviridae, (including Rotaviruses, reovirus and Colorado Tick Fever virus): 1,
o2, and 63; pnlc; VP1, VP2, VP3, VP4, VP6 and VP7). See Joklik, Microbiological
Reviews, 45:483-501 (1981).
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(1988). N doviruses (Coronaviruses and Arteriv ruses):
(including viruses associated with severe acute
WO 2pigaénry syndrone (SARS)). S (spi ke gl ycopr@r/esan99/045446
E (envel ope protein); M (Menbrane glycoprotein); and
HE (Haemaggl ut m n-esterase); N (phosphoprotein). See,
Pyre et al., Virology J., :
http://ww. virol ogyj.eom content/I/1/7 (2004).
Reoviri dae, (including Rotaviruses, reovirus and

Cl"‘qL(anﬁgﬁidgeC#ﬁcl’ﬁ@i{%@o\ﬂo@ﬂ'ﬁ}es S¥iral cfsid pl%&qin§ $P1, FP2CVP3 and

VP6 and See” Jok
VP4. SdecKobh andigodaThRdalemdar Bislogs 3% Baliovirus. Sprmger—Verlag/Weln (NY,
(1981). Pi cornaviridae, including Polioviruses: Viral
capsid proteins: VPl VP2; VP3 and VP4. See, Koch and
Koch, The Mbl ecul ar Bi ol ogy of Poliovirus.
Spri nger - Ver | ag/V\él n (NY, 1985). |IV. Bacterial and
1V. Bactenial and OtheroVaeginglargetsef erred bacterial targets in
t Sfeﬂf:(?ﬁgﬁéne{q 'ﬂifngég in ?ﬁ%ﬁfqﬁvéﬁ 8 ﬁmhﬁ%%s'é $nGGH IS cause diseases
i seases I n or ani nma as
in hunMs{:aml&&taefmalm s@a}umubmmum @nlmwlomj eogy; chronic infections);
i nfect,i hi l us i.nfl uenzae, (Respirator
Haemoplyilus ip mﬂzaﬁ{#ﬁSﬁg?Wsmfeeaﬂ% H@Plf\gi‘ftsug §@nJ§trP&w&}So¥hﬂncrmd)

MycoﬂW%@P{&gjﬁk l(p%teﬁ{ﬂﬁbﬁ%l uIBg@:H ﬁif&r_tloy%ggﬁaliﬁég ajx food poisoning);

Baci rax; pol s
Salmoelan@iyphdid f{vﬁypﬂntarﬁhs;‘ food ppisening); ilogridiumo T @mxsobmmgsm, gas

Clostrid Tet t .

semgropt SReiPisTIa, Trapansmis g Ro s DR R0S: s )

Ureapfa@i{ﬁr((}p#é!ﬁiﬁnéﬂcﬁﬁéﬁéﬁtai Me%a&hﬁssmpmewchy E!léﬁ hBscesses;
ur ogeni i nfecti ons St a | ococcus in

Oppoﬂ@tbstmmgonsapﬁmntumcsus (Strepft@@aﬁ ms»therwpeplomcmfmens skin and

t hr oat d oth f ect
otber afighbS8 OHRA s8R BbOTnlESRRCAO RN ot ERtosPie:
Campylﬁﬁﬁ%# G!Ji‘é?emﬂaﬁ@ig@ﬁﬁﬂe tRcl ihGROS) Helkdbakter ¥l pbast er

(Urogenital/di ?est ive tract infections), I obact er

Pseudqipenns; (Fripreseras] infesions dnorayopuisilagjon qllac{Pneumoma respiratory
ot R SEAARS (OPHe: HEMIRY, nb SO R s

(Conguﬁﬁimﬁg; Brscellﬂ a(smutbabyi@p Balrdetelle (Whomsing ccbdgrhwia{ahexseﬂa
Conjunctivitis); Brucella (Brucellosis); Bordetella

(Tularecwb dFhgyichit &Pﬁ;porwﬁﬂe infeqiions pirenlen and Giher stegkh Shigella {Bacterial
dysentéé% ) lﬁéfﬂ%ﬂ%ﬂgtgpez ra:ﬂér?%.hii/ glélﬁ% ; %Eﬁh%aggx%?,eﬁtg%ba%'téﬁ%pommwtm

mfectxc(ﬁﬁh&rﬂatm (@pamanistic efegtions ) Prrofent ¢Urinarydjact infections);

Ent er Qbact er portuni sti.c infecg errat
Providepyia i 6vd bPRRICisn e ar Bt o R b PRl (Summer
diarrheh NottuRBRA inféiOMH IO RAifa ((}‘%g{ﬂéj n?éggntg’(% gurrlrg%e?&ﬁﬁs? Bpticemia);

urinary tract infections) rganell a (
Vibriod Capletes asuto paatioentaiigs)i Bastem@lia i(ofiesfipnsvessadinted withlcatyaed dog-bite

woundgse cal tl&ﬁlagobax{?ﬁ%j@a}xﬁlgma 1§£u1neﬁg)nhaa)rdnerella (Vaginitis); Eikenella

(Wound infections); Streptobacillus (Infections associated with rat-bites);

1985).

Bacteroides/fusobacterium (Oral, digestic, respiratory and urogenital infections; wounds and
abscesses); Veillonella (oral microbiota and abscesses); Rickettsia (Typhus; Rocky mountain
spotted fever; rickettsialpox); Rochalimaea (Trench fever); Coxiella (Q fever); Bartonella
(Oroya fever); Chlamydia (Trachoma; inclusion conjunctivitis; non-gonococcal urethritis; parrot

fever); Peptococcus (Postpartum septicemia; visceral lesions); Peptostreptococcus (Puerperal

-23.



10

135

20

25

30

Vibrio (Cholera; acute gastroenteritis); Pasteurella
(I'nfections associated with cat- and dog-bite wounds);
wazoymaénbact eri um (G anul oma i ngui nal e) ; GarRECIBEUSI0DH045446
(Vaginitis); Eikenella (Wund infections);
Streptobacillus (Infections associated wth
rat-bites); Bacteroides/fusobacterium (Oral, digestic,
respiratory and urogenital infections; wounds and
abscesses); Veillonella (oral mcrobiota and
fever; @Qﬁ&ﬁé ﬁﬁ’é&uongi' zlasttt;ﬁtanﬁéf @Mﬁﬁﬁtmﬁep& RN b & aﬁadsagtﬁaﬁ%stena
fever; ricketfsial pox); Rochalimea (Trench fever
(ListeriOsis); dirysipotothiniy éﬁir)ftlpﬂardt),oﬂmnabmmvm (Deplehdria and skin
rachoma:...inc n co nct | Vi

Chl di
opportygSr b Batbar et a ( PRI IR P ), Ratetsiptn (Qrot and
other uﬁgﬁﬁﬁlﬁfi Al B Rés (%%ﬁh@my(‘/dsé@eﬂﬁ&arldmﬁﬂdtems mycetoma;

Pept ost rept ococcus ( Puer per al f ever; pyogeni c
abscesgenk; ead Permytophilys Hai lasions)- (M crof | ora of digestive

Elrh%gntr fgz%gc% t‘é?%%'t B%ﬂ)}%ﬁf@%é (!t iy ﬂl%fd.&ajé ?{r{t}a&gg)z%rtse)éjrcﬁtg}%s, structural proteins,
and ot}(eE)pﬂi&ghEew?ﬂh ang t&@c&;@gpﬁbtﬂw}inﬁhﬁﬁe ngi‘émp b@ﬁmbﬂjg}ﬁ);‘sdt pméems
t E t
e RS, B e g o
into thé\ﬁ%%g%gg pnce R dﬁ%}%ﬂe ?aégé%ﬁ%&%@rg?l‘&?%r%?g))gauﬁ%wcosy}atmn site,
one or proot stifisial gycdsakanen Bidesi mayl luﬂ;mlgmm@dante adPNAaseqesnce encodmg the

target SR eHC o treP RS e int BBe et gV SOBRE o fivid, herein

the polPda@éiRiias oipidnsf dhtinedl ioaldedived ﬂ@lﬁ%)ﬂ@%tsﬁ&haﬁﬁ‘@oﬂﬁ ihech
addi ti onal glycosylation sites é be ‘engi neered |nto

naturalhreronadsses gieqnselaien desdregt baskeriea Sm@n@ﬁsﬁnc%‘héﬁ the target

proieln rH élgn oorlg tHE gliﬁ’(fr(ﬂ%y %@Bpt 1 :17§%t‘c§ ex 1%?31(91{ i gﬁ%@ ﬁ?st cells of
iclra coSy Qtion s na i neere
thepreﬁ:nlf)hlﬁreﬁlﬁﬂuence encod| ng the target protein. The target

al so conpris ptide fused to a pol ride

% C|Vapfige PRRffs E?eﬁmtl’ﬁ %%P%@B}@é’ﬁgtqnd%ayo@mﬁ F’&ﬁﬁ’é agments of the
target B%efehﬂpﬁrt)ﬁélrp@r [#6feinée b sRMed ilP HeiPaR 5 REAE Sy Rfenﬁfgrpddgttlonal

whi ch "naturally surrounds or encapsulates the t
suitablp bantertal arotemswbxse@emee ﬂwrmﬂnm@lyteheartcha@mtqmbgmomm databases,

such a e RfC g heS Bl TSR COHE by ocent i nvent i on.

(hﬁp//%%@ﬂd@ﬁlk@t@{e@tsﬂ%ﬁ&fcﬂﬁ) in the present invention
conprlse all or fragments of the target bacteri al

In PI‘Ef?}"fftﬁtf‘éil dispergs. omeopBrorepretasial proddns of ZyrePENteinggy be yaaddogether
as part 85‘ 3 6Md%/va gﬂée t tgfg%?dmnﬁctttnp %’Q&&né%éﬁ Séﬁl@hse%ﬁhgte%ca}{e proteins

ere 0 y expan
from t@e;ammtwgetaiaaﬂeaams as welt bs maltiMcmz @rdtabt; &ront disthret target bacteria,

bsite of the Sanger Cente
as well R VAR RERIGITS TR P B VIR B ot SPiAAPiS BARPS, Suqhyps epitopes to

cancer E&st e qeI SRR ‘Até‘iﬁjﬁtﬁmlt %x%PIE@ bPabRe bl mﬁr&kﬁzhﬁﬁprotems
| ycoproteins nay be used together as part of

which m@ ousrd agdlcyaseine Prieiodarieunesevtiogéntonmy conpr | s e
rgzjzll ﬁ)elﬁl (V[aylgﬁetg %et%r % ?erttzs food poisoning). Envelope proteins (envA; envD;

envZ/ompB/tppA/tppB) Outer membrane proteins (ompA; ompC; ompD; ompF; ompH; ompR;
pefC; pss; rck; spvA; tetA; tetB); Outer membrane porin protein (nmpC); Outer membrane
protease E (pgtE); Outer membrane phospholipase A (pldA); Phosphate limitation-inducible

outer membrane pore protein (phoE); Spermidine and putrecine transporter (potA); membrane-
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fromthe sane target bacterium as well as nultiple

vaccine proteins fromdistinct target bacteria, as
wawelob/1es6xacci ne proteins fromtarget viruses RCT/U$1009/045446

epi topi ¢ peptides, such as epitopes to cancer cells.

The follow ng are non-limting exanpl es of target

bacteria and bacterial proteins, which nmay be used as

the vaccine protein in the present invention.

Sal nonel l a (Typhoid fever; enteritis; food poisoning).

bound Eé}/\l SRRy @&&éé&s(a]%e%)\/ﬁenﬁﬁé&@*bo%ﬂa Zér@ﬂp(ﬁf@mpﬂemaﬁk bound
Qit er merrbr ane %\rz ei'ns
i

ompC; onpD onpH
attachresnp Rite (5440 ngg s Wy etlal, ﬁw&en@]ctl R 4’(25}43327 (@ﬁ@@r see also:

nb otein (nmpC); CQuter nenbrane protease
S r?oﬁle E?g/%gfél{é]lrc /irenbr ane phosphol i pase A (pl dA);

NIp&adiceiunh (Titatduliis, [@mm}ﬁomu iigfectiBRP regalnaé@brane proteins
pr ot ei n (phoE); Sperm_dine and putrecine transporter

(amt; apsds @B L; ARBT ARCLEREPaAy FYSARFYROY dnn: dapter dgd drifpe See Camus

etal, MRFHARET PAUSGERPRIB00R R o JRER6R193389004 (1995).

}Wemégﬂﬁl;ué Yni’ffue(nﬁﬁé)@qspﬁaer)ahﬁa@nomiz\meeﬂi_gltimn ed)ﬂ]&@tlgius, chancroid).
Outer FRBAPE PIGHREL | QRap Vi RE B (6 0 (LRb: HPILE RECRACAE26; DIS;

transfeﬁrﬁ%m(ﬁﬁé g}ot%f?{ g% s Iﬁﬁﬁ:@xe bGn b?l’hﬁl% pI%Y&J(HﬁM@VWaCCine proteins

g reC See Canus
may bel\llrdqeém p@lgos;msh@@ew( 130 (aeBs ﬂ@dn@g@tlcm of thigvagcane protein.

see FoR R 37 P lol A T PR R S B K e rgsin Gepa

outer nidhgbiacole orcﬂiéﬁﬁteﬁﬁﬁbs“p@ﬁ%n&fg%ﬁ pfdﬁeﬂﬂ(’for@ pidtedd-export membrane
; PS5 (d) PAL; protein ; PCP, OWP26; D15;
proteing Kéﬁ?b’ Seeh) ngammfa %gdprrotﬁaﬁégﬁé PEYeasEn See:

hﬁp.//cﬂirﬂ%.@%[ﬁ A RbY dh‘ﬂ%”s@&edﬂ@%ﬂ%ﬁlse&%@ﬁbn drgd! %ﬁl—;@ﬁl&fegﬂ( BPe=ORF;
0 I'1 poolTgosacchari des 0 INcrease The
Webstart algednHeotaohemfCittbehewaik 82&384}2 @10@6);1 Ses BleisEhxwel indeAdams,

Scienc 59 A 10 L1 Rl st Rarersph Sl Sl LRGN, 75127282735 (2005):

Green ét9€.CRIfQ% IniBRh 3ber] 91 13308 Pyt ).ener gi zer protein (TonB);
pr ot ei n-export nenbrane protei nsm&SecD SecF); Hap and

PXExeoplagunp(Adpibiesli preuppaip cingenital oppm)mebra&mtems p32, p67

MOAL SR T WO Bl LR LA EEM SR B0/ ACRIRY Shia.

cql 7ub org_"v bster

associafed hkbmboas prowdiyd @Q@ﬂlﬁ)’;’)@e%l% 0842, Qiﬁﬁ%)ﬂfe&ﬁﬁs Dlseases, 36:1246-53
Fl ei schmann and Adans, Science, 269:496-512 (1995);
(2003)Ber enson et al., Infection and | mmunity, 73:2728-2735

' ; = 3 :
(B Rem ] SRS fimbral Bt GAENR 8534803 brne anigen,
pathogembmecificofysl); tasithnembrape piotdin §ippHh); b& rigMBahe proteips/(TpnS0;
Jan, et al ot ei n. onadPur ic | on;
tmpB; S R e GRS UGS Sl S AIPBY 1B b o lagellar hook
protem(f?@@l%%ellg%ﬁ@gﬁ-@asﬂ by confgldxprofein A1, @lﬁtgélﬁz&" $adal BERSRA proteins
flgB; flgC; flgF; flgG; ageﬂar basal body rod medification protein flgD; flagellar P-ring protein

flgl; flagellar protein flgJ; flagellar hook-associated proteins flgK and flgl; flagellar M-ring
protein fliF; flagellar protein fliJ. See, McKevitt et al., Infection and Immunity, 73:4445-4450
(2005).

Borrelia (Relapsing fever; Lyme disease): Outer surface proteins (OspA; OspB; OspC).
See, Anderton et al., Infection and Immunity, 72:2035-2044 (2004).
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Treponema (syphilis): nmenbrane protein (tnpA); Tp33
protei n; nmenbrane antigen, pathogen-specific (tpd);
whagbed4asearbr ane protein (tpn39b); outer menbr alET/US2009/045446

proteins (tpn50; tnpB; onpH); nenbrane |ipoproteins
(tmpC); lipoproteins (tppl5; tppl7; tpn32); flagellar
hook protein figE;, flagellar hook-basal body conpl ex
protein fliE flagellar basal body rod proteins flgB;
flgC flgF, flgG flagellar basal body rod

+RiPg protein
'ﬁi‘&'c&!é? rh&'ko@i&})tﬁfté} M'l:&?mg% bf’%&?; + ggg?ﬁxgr@!lﬁ

agel l'ar” protein
See Cama@ko a@o tifettima qaddmanmgy;‘ TEgK)@ﬂ&D%BI(@QQ.‘S);‘ Meajed OBPs Omp25

oMP3 il Ofhefbole S bunaied P § Sl OB bt i s 238 Sbasig
hpopoi&é’&@l@hde E?J;Jg’gb L)%e ((ﬁ@éoﬁ@@ft Biga.; f @&ﬁ%{éﬁ dﬂ\&ﬂf@:a (%ﬁ@iﬁl):eratory

tmmunalogat 6 6547-609 &999) | AidistpTbndeibla W@beram PI0SiB (Aop See

29 B UAF LA UIEL 5p0) oM KABERIAOA B €55 Foron

Press(IOﬂ?m)Lnlty 73: 8079- 8088 (2005); I\/Iaj or owps Op25 OMP31

ess .abundant, OWPs ,. an nrl9;
?REPP%%'&W dSFBB HBP%&@ OHSF r@aelr%f@wup%fﬁo@eék@aa efhspplpsesses;

g r
puerpel%'l fé%r IS 61?&1%% é: 1%%(1:(%15? 1$| rll)%lﬂaglgg igegl}%kgrs ity erQ}h lepA. See

Zhang p‘fraii; BIQ‘ﬁe((Iﬁlgip)’/ lﬂ@el?’lf)l@@'fl)a Mol ecul ar and Cel | uI ar

A8 reutb et B ins ekl 18 NP R p e dengO oaROteins which

are knovasieibedh@futed BY 8RtHa0RE:, SlédlalBNHoRIWAGE RS 6 Elﬁe%ént on or near the
puer peral  fever ortunlstlc i nfections

surfacef dlacchagterigl ewen Igg@grapﬁ sudy fhatfbetapges peptige r @gAemg@ay be accessible
to antibzola?éfg 9r @ f‘btxw % ?l'isevgfﬁ'cﬁ have be]eﬁ Zxﬁzfgﬁt&f rgéo%glzz?e the Q?I%t peptide or

erred target vaccine prote
mqwtmumhude peptides or proteins which are known to be
produced by the bacteria, especially those which may
be present on or near the surface of the bacteri al
V. HosPdleflf nenbrane such that the target peptide or protein
may be accessible to antibodies or cytotoxic T-cells
oweh etﬁ@p@t@eﬁgm a@m;swe prsferesgldgnéxpzession of gbgeprotems because they
tlde

can be BERLPSG e el GG BhSI s o MR LameRprPi Y Wi are rpatle of

su1tabl@§ly§d)8¥’l3i®lﬂﬂ otyeasm ﬁ:a@ﬁﬁl@ﬂ? effehiaytabBshel @eRA1RB aNb Wil fyr rapid
cul tured, %cgl ve high yields, and when_ appropriately
transfopptiomE.dast gwé%mﬁlézaapn stintegips endgegileoesyre knp %ow@&@zques

soaBEI B et 1o SELLSEE TR AR
phosphsg]lyae;re’@|kmmsandothacgly®lgmzymes; kndat otigiotf irgpliestion, termination
sequences and the like as desired.

Various yeasts, such as K. lactis, Pichia pastoris, Pichia methanolica, and Hansenula
polymorpha are preferred for cell culture because they are able to grow to high cell densities and
secrete large quantities of recombinant protein. Likewise, filamentous fungi, such as dspergillus
niger, Fusarium sp, Neurospora crassa and others can be used to produce glycoproteins of the
invention at an industrial scale. Other suitable hosts include Pichia finlandica, Pichia
trehalophila, Pichia koclamae, Pichia mernbranaefaciens, Pichia minuta (Ogataea minuts,

Pichia lindneri), Pichia opuntiae, Pichiiz thermotolerans, Pichia salictaria, Pichia guercuum,
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Sui t abl e vectors have expression control sequences,
such as pronoters, including 3- phosphoglycerate
wk20008436x ot her gl ycolytic enzynes, and an orP@i/tiS2909/045446
replication, term nation sequences and the |ike as
desired. Various yeasts, such as JL lactis, Pichia
pastoris, Pichia nmethanolica, and Hansenul a pol ynor phs
are preferred for cell culture because they are able
to grow to high cell densities and secrete | arge
Ptchza?vy?éﬁz | Bl g sﬂﬁmf th@ﬁlﬁhol@fdopﬁlhfb Ip'—'ﬁ&@é%a?@myces cerevisiae,
nt ous fungi, such Aspergi I'l'us ni ger, Fusarium
Sacchag ey dde up. oHpmeauh;zrsgs g’ﬂuja)ndamjtchem;, @ca’mizcbealbgzew tAgpergillus nidulans,
Asperef TR P TRRN L R T el sl Rt P garom sramineum,
FusarilfinGBhadakuih antiPBacodtirellin@atenehal ophi la, Pichia
koclanae Pi chi a nmernbranaefaci ens, Pichia mnuta

Y gakaryaters particpagyiyeast alﬁbﬁlemeytoupﬁagb&a% bei ﬁenegeally modified
s0 that ?lljeé{gg ﬁersr% g?%ﬁﬂ&@ﬁfs%?%}uéﬁ t@@ gﬁcg‘s?' a!tl‘?)h ?nlt&n ﬁﬁﬁlﬁﬂél?hke or humanized.

la pij ra-“stip
Such caebhashidvied &y el?nmkatlag sﬁectecsmﬁhigmnmygﬂ;@esﬁﬂrcemmymes and/or

Supply BB AP G0N SRR o AETRPG] 1 S Rioht Fedve U SANBPOF4sP e disclosure

of whlélf ¥ HeRby Tﬂcb&m&.@d A& Selerddit Y BOSd:@frp %Ihﬁgtm@ﬁ\&ﬁ@ € selected or
Fursarium gram neum Fasari um venenat um and

engineéiag scomimpagied in patiatng o- Lo6wemnespzanstres, ac’pxat}t QOtatelr ahdiy initiation)

. ea nd. fil amenf ous fungi et|c
wit el fo B6 et WLt Bbreyolkb P iGNy S AEPREAIR whi ch
dohch)t PﬁMg& wragsmt@tA@npmbha{ym al1S3 RdiBdyltiak Srefie Qéiﬂ%}' %BRh would
Such can be achi eved by e |n1nat|ng sel ect ed

otherwisnadd armouesegrsiduss pnta the IN-glyeamarsa gliemspteiny Epﬁlﬁrn@mh a host cell,

partlcu%%%dg%gé@ gﬂé%ﬁg? us. ling dagzllgjs{tlecgg,fsho ld(e;%{al% S %rsbe ekz)a)%meered ta:%J esxpress a

mannokidgRrapoviat @@hhe be A, DinanedsidLa T fotivitp) mexaRdass Il acthast
cell can be selected or e %]neered to be inpaired in

mannopigase; 1t atiyity and glassalHfaannopidasecEying éIO&E@qlkﬁ pajtigyaplpyeast and
fungal ﬁ{?ﬁé Rrd 54 &RhhRRR tWe%?r sﬁaﬁ@ﬁ%ﬁ 1%%1&518 g@lﬁkg&%sél (GnT) activity

ycdoprotel i, or is
such asdGhTI: ﬂp-m- N IMEIGVe NATY PRI0G land Kﬁpﬂ“[ﬁ Hingly, enzymes to generate a

poo o YRS PR 6 Sl Hobnt sl § 5! lin o
Galact&yV GHRFQLR (@ & PIGAYEY, yich§ Rod shARth4 8 dapaBlRoF hﬁhﬁf&"rﬂnﬁ a
a yeast or fanentous fungal host cell, shoul

complexxfypebumat Ntﬁ)’@ﬁg’iﬂﬂe@ﬁ@@ﬂ lékgﬁl@é@ea(f}ﬁbmgz g@aﬁ,e Glycobiology;
14: 757a§6tq125b£%asuch as an a-1,2 nmannosi dase | activity,

oSi‘dase Il activity, mannosi dase Hx activity and
class Il mannosi dase activity. Host cells,

artl cuI arI

east anij f ungal

'r

host% . are al so

rod ‘ L Imio LACHEIREE aa producing Yeast
Suanﬁrewsferase I (G1T) activity such as GhTI GnTI
=TI, GTIV, GTV, GTVI and G1TlI X. Fi naI ly, enzymes

tA glgzemrgaieerea bio pa&toﬂf stti{iﬁ’ilgia b@@été@}ﬁﬂte&ﬁpﬁdﬂﬁlbﬂlh&h@ lhgbrid N-
nmenbr.ane tranajﬁg Iég ene enco lb
elycanyenigipge jirmiral (drafs st % ol BERSARITY bY 9]i11E‘FfE‘“8H Rbg portion of 2
yeast tﬁ)terl@ 'gi}ct)%tm'n‘c(m%% l?"p@(ﬁh)taﬁﬁ @)%;glggsﬁﬁgn& &1,2-MNS1 and GnTI enzymes
properly localized in the endoplasmic reticulum (Choi et al, PNAS, 2003; Bobrowicz et al.,
Glycobiology; 14:757-66 (2004)). Further, a strain that secretes hybrid mammalian N-glycans
with terminal -1,4-galactose, such as RDP39-6, is generated by further expression of h-Gal Tl
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conpl ex-type human N-glycan with term nal
b-1,4-gal actose. (Bobrowicz et al., 4 ycobiol ogy;
WA2009846365 (2004)). VI. Introduction of a-Gai TPATHUS2089/045446
A yeoengi neered Hybrid N-glvcan produci ng Yeast Strain
A gl yeoengi neered P. pastoris strain that secretes
proteins with mammal i an hybrid Ngl ycans cont ai ni ng
term nal A cNAc such as PBP3 is generated by
elimnation of a portion of a yeast type
as weH"dE @W@%ﬁké bejlg(xﬁéfﬁ& @mviRGTH ., 8RD LR Q\%ﬁbﬁ%n@@ﬁ@fﬂ%%ﬁ
enzymes properly localized in th
the diS@ﬂM@bﬁWlﬁCb iy srélryUincorp¢1@kedi heetin)a Exprepsks) o0DB:Gal tranSporter can

further GURRE - CHp T (BB O ohy B PAARARGISASRY 200610040353

oo Q5 ) S LT o APRSEAZE B i ccrsing

- a-1,3-dakctaab Tlikasfonsb tha s éﬂ%ﬁﬂi&%&td&&@ tie- @dbplasraRectidiivth dS@dsformed

et al., US Patent Application 2006/ 0040353, the
into thig Psh-aelacosoterminatad hybrif &F-glygan produqieg siraénl Fransformants are

f h h
selectedf S SRR el st E Ruece? PRl B8 ¢S BB N Ge FARARET
Hygrom¥aith f&aﬁhﬂmﬁ%ﬁ@é&ﬁ&ﬁﬁ a rekixt0RE gédt MdtcefttialegRink were

%yl act OSﬁ| g e expressing strain, a further
screen prsaed] P@ﬁﬂ@bu@n@ﬁ@%hs% seeged dforfaetegnabexpression of

properly M o, PRl SR B b gL T R AR v

digest $¥thé béﬂ:ré‘bb@fe}ﬁ@@ér RoeiusicRgs KBh3iMatrikr ARitarmmeat Bes%[]ﬁlon/lomzatlon
sel ect ed on standard yeast selective nmedi um such

Time of KiightddpssdipartrmetuddabbhrliCdi MSor Ceyrgetadyition of or1, %gabhtose to

the hyqrﬁteﬁgg 4ag??1%cgqﬁggm a@pédqugéae %ﬁ, yggnc 5 1%121211’(1 {;"]glgr 1%5:{;;%% at are observed
consistBROAIPAJRHS ?faé' Endid grhrﬁc%ﬁ eré&g dé 1%51?(1%‘3 ?ﬂﬁ‘i.s N-glycan (B-

expression of properl get e act osy

GaI)GzemaMaﬁmmm oafrmmea @ga PeldltieBRES.T @:keas»)qsi by PNGase
st of the secreted reporter protein such as K3

GaI)GIWANg@WQLCM J¥elciser Desorption/lonization Tinme of
Fl i ght Mass Spectronetry (MALDI - TOF MS). Correct
addition of a-1,3-galactose to the hybrid

VIL VhedinedCombpasitiose ter m nated acceptor N-glycan is

TRV BRIl b Bt ALY G R @ BipHih deceine

o Sl a0 e S SR SIS GEMAZ S

glycozmifgn y@abﬁ fovnulateda@ﬁi ﬂ'@eﬂd‘r&p@@te@ltl@ﬁﬁ Hch@tatéwmtlve agents and/or
I‘ es entlon

mactlvg g%cg}%xgtts (g(fb() \}sacégg gfyﬁ%prgﬁeg{ (‘é n}%()m lé)Ha, ? ?Sz}cg}rgrg?%c&pro%ems

compoﬁﬂbmbﬂ’fﬂ@p@senv asehfieh @rynrde raﬁﬂ*@—%ljf&an ddieprikdgCa Reminal o-galactosyl
protein or g ycoprotein can be fornmulated wth other

remduephwa?eﬁtaw PR1S. DSBS RR HIEPEYRG § ETRgBhegalistpsPresidue is the

predominant N-glycan, In preferred embodiments, the predominant N-glycan comprises at least
30 mole percent, preferably at least 40 mole percent and more preferably at least 50 mole percent
of the N-glycans present on the glycoprotein in the composition. In particular preferred
embodiments, the predominant N-glycan is selected from the group consisting of (a-Gal)( -
Gal)GleNAcMan5GleNAc2; (a~Gal)(B-Gal)2GleNAc2Man3GleNAc2; and (a-Gal)2(B-
Gal)2GleNAc2Man3GleNAc2.
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i nactive excipients to form vacci ne gl ycoprotein
conposi tions. The vacci ne gl ycoproteins conpositions
W@R0oohe3pr esent i nvention conprise an N- gl ycanPCT/US2009/045446

conprising a term nal a-galactosyl residue. In certain
enbodi nents, N-glycan conprising a term na
a-gal actosyl residue is the predom nant N-glycan, In
preferred enbodi nents, the predom nant N gl ycan
conprises at |least 30 nole percent, preferably at
8@ Shod 68?1'11?059%519 %&“Ehegiﬂ&eﬂﬂh@er%ﬁ ?eff@x*%bgr c%hﬁri%@%&ccﬁ{é
nol e percent t he cans present on

glycopxylt@m @«ﬂmhtle pﬁvurad or hectenatpoigint. i Gre. vabmn@gkymmmear is preferably a

etveon3icin S s PR N GeoU SoADPSERTRI R ytlislEpictein may
compngé'iil %L?c@ﬂ%&hﬂﬁ@ﬁdé IN&&Zsynthetically produced, and in partzcular rnay comprise a

Gal ) 2d cNAcZ2Man3d cNAc2; and (a-@Gal) riéib’
glyccp@ﬁn} z@émhmé Pramaardoally Znginecrod toepwe eBHPIOBPES Nrgdycgpylation sites

not othglfmseo rgsse 2 Ifnﬂl’h%?tﬁ} Iﬁgte elél%%&%lhérrn%gﬂﬂiég?se g?éa&%ﬁ&ﬂg compositions
may coﬁfmsy ac eplttqmgj)@mdp ﬂaﬁmdrfmrﬂ cqricef edilgb ﬂxytlascgd:mb@hmemm the vaccine

which is naturally y ated. Alternativel
compoyeR MY calinpewpéo crﬁﬁxﬁ B eI GRS B el peptide
from a Eﬁﬁef)@&fbﬁ%%f‘%ﬂ ﬁgfé&‘é@ em%&ﬁrﬂeﬁtspﬁﬁ%tebﬁb&é‘ beﬁ’(ﬁié is
onprise a gl ycopro eln i ch has been geneti call
selecteé frgmmise ggmmconmm@ adtie-Depitepe.c: Mugipitops o éapnostﬁteatm sell

thermns sent r ot ei
antiger2SE 2 AFHsS dn REFEE Proshed AR RRE 85 Befiod sorhggtion may
compn@@ﬂ@émp@.uﬂrva&ﬂhé efthgospem tolapaahd matipld emchRPeEbins or vaccine
cells._ In these enbodi nents, the vaccine conposition
glycopwni’c éﬁﬁlﬂ‘?hs@s% thepiaceipe Ef%“r‘l?%@fp‘éﬁﬁ?mﬁ 8lyseRgteinsangerquise
r
multzple %I?@dé}r&ﬁing g?g{ﬁé# ﬂ)gtgg E%ﬂ% %I%tg E§E§ bﬁﬁtkﬁuﬁ or 'i)'tﬂé? Epltopic
peptidep eplnayi eomgr1&e¢aecﬂ1e dlycopoteiizaligeed po omttgils ﬂlsngcto'ﬁruses bacteria

ope, ey epito [ rostate s em cel
andlor G qpif AR ISP BL PPRF e Riraqi Pl OF ihorcell.
mmt@,exmﬁm agfll PEccHRERDbEERs ﬁeséxﬁ&g%auﬁ Bod cells of the
T@ound vacci ne conposition, conmprising multiple
SpeCIeS\iézc upestpriet Ehess esrmplse demensifatedhp inyertionswith respent fo specific
t he vagci.ne protei.ns. or, va C|ne | [ O
preferre emg’odlments 0?816 1{1venI 18n,\/a§1((:ica.renré0tglﬁrr)1/1 g 1 Ir}é%nrp - ié%{ g%lied artisan,

havmgtr@adtth@ dﬁs@lﬁﬁlﬂa and) é)tarlvplésl‘ierezb aeileetepmiRrthatieler@pi viatiphs,
peptide; or may conprise vacci ne gl ycoproteins

modifigxtiopt anchimmso Yameni e dhemethodt andmpigaials dessaibed prepoasiblegrithout
dev;atzﬁ%frb&ﬂ%&g&@ﬁéé ﬁe Hﬁﬂnﬂ%nﬁﬂ topi c peptides directed

ncer cell tunor ce In the foll ow ng
exanpl es, viral vaCC|ne gl ycoproteins are expressed in
host cells of the species Pichiapastoris. These
exanpl es denonstrate the invention with respect to
specific preferred enbodi nents of the invention, and
are not limting in any manner. The skilled arti san,
havi ng read the disclosure and exanples herein, wll
recogni ze that numerous variants, nodifications and
i mprovenents to the nethods and material s descri bed
are possi bl e w thout
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deviating fromthe practice of the present
i nvention. EXAMPLES: |. doning of Alpha 1, 3-Gal actosc
waemwnddasnse The gene encodi ng a Mus Miuscul us BET/US2009/045446
1, 3-gal actosyl transferase but |acking the putative
transmenbrane Gol gi |ocalization domain (MmaGl T) was
anplified by polynerase chain reaction using nouse
Ki dney cDNA (Clontech) as a tenplate and priners
RCD446 ( TTGECGCECCAACAGCCCAGACCECTCTTTCTITG (SEQ ID
EXAN %%{.) and RCD447 ( GGTTAATTAATCAGACATTATTTCTAACCAAATT)
D NO 2). The resulting product was cloned into
the pCR2. 1 Topo vector (lnvitrogen), sequenced, and
I. Clomiag®d AMCDES G alhbesdpsmlidragene was di gested from
pRCD680 using Ascl/Pacl and cloned into plasmd
PRCD5C8, a pUCL19-based plasm d containing the human
t”ﬂﬂe g&tmgmcadtngw\m Mapafierad S-galackesal (ranséerasrhait fncking the putative

transm@;gﬁq F% leqg %%%g@ﬁ%&{m&ﬂj%%%qg%d %@g}@fymerase chain
reactioR ﬂ&hg%dug@mcﬁ{eykbﬂmefﬂ@é}gw Q8Smpall PriardiDagene,

enco i n-frane Nt er m nal transnenbrane (ol

(TTGG%@GC%A@AG@@%@AWWEﬁTQTE@ (rRIDONPDH aln"1%(31)447

(G BLBRART B S CLAS EAAL AP D v g

producpﬁ@i 6bh& ifRGhe PERE. 1@ BoI Wectth €k Atdger), sacpemceanﬂldt H@ned. pRCD6S0.
pastoris H SI gene as a_sel ectable marker. This

he Mgy aerm@asm@dﬁmg@%ag uging |Ad;§1/8aqi>|ggd ghgmpdginto plasmid

PRCDf@?payij?é?rhasefQ@%% o s Ppa A PR PERT ARG Ponrayic

domanﬁﬂﬂal&ﬂ @y CIREIAP A kitesdei¥diufadfdohiah Nﬁﬁéiﬁ'hs'Ed@ﬂi tHegirékent construct), the
, pPRCD683 was digested with Sfil to |inearjze
57108 an%leq’nd@é pﬁthﬁ Sprehaperigs peretisiar VN genen erepdimgyin-frame the N-

I f
termm&si tFAl §r& eﬁx?.é% I@g.:lléé 2(%0% ga&oﬂgi?%%fﬂﬁ %1?6 z*chza%?{??%@_ Ibuﬁé)ﬁ&noter and S.
cereviswmbﬁanmmaamemgnater ifianiihg zediqr8-tg ﬁhmkt cuB ¢heal. gastoris ARG

e o B P ATHR) Sl R i

was nahi%H %R@R%S@taﬁd %fiél&!@c{ P}E&g@ kA bibr@ﬁldrﬁfoﬁhﬁﬁt containing a fusion gene
4-gal act oSe. These tg%lycans result from conpetition

encodmg)ﬁletyh@sti@ﬂhﬁzmn dl@malmo cerevisisie Nhyn2pi aaid theepdalgticademyain of the
el
MimaGf SbleT DAL UG SRIPEL Lk B SR TRUARSL TR he pUCIS
bacteriglaidinoeriior endnmunies e ¢l gdstbas.pr oduce conpl ex type
human N-glycans with term nal b-1,4-gal actose, but
specifically lacking SialT,A gl ycoengi neered P.

11. GelR@36i08 'b Pa Xl?i‘?&?ﬁ_le %crlﬁ'e& %N_% sﬂ%#%o?faeéaﬂn whi ch the

nodi fied to

iNat-adarpNagduaes Eatithivingitaiihal toe tl, 3 aalmtostlag] opaabex-type N-glycans
First, deletion of the yeast gene OCH elininated the

generated by pedisien of pr ¢ I ¥plserkgaitciose gesidus e @rmasprapkian N-glycan

intermediate structure containing terminal -1,4-galactose. These glycans result from
competition for the terminal B-1,4-galactose by SialT and a-GalT. To eliminate such
competition, a glycoengineered yeast strain was chosen as the starting strain. The strain contained
the enzymes needed to produce complex type human N-glycans with terminal 3-1,4-galactose,

but specifically lacking SialT.
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gl ycosylation {Choi et al, Proc Natl Acad Sci US;
100: 5022-7 (2003)). Subsequently, a nmannosi dase |

W@ MNstye3gene and A cNAc transferase | (GnTl) geCBUSRINE045446
engi neered into this strain and properly localized to

the secretory pathway to efficiently generate

manmal i an hybri dtype N-glycans (Choi et al, 2003). In

a further step, a rarnosidase Il (MNSII) gene and

G cNAc transferase Il (GhTll) gene were engi neered

| . .

o Rl R P PR ialn RCR AR I O e ypical yeast-type
N-glycosyﬂqjioa»v&symaixﬁbcgtqﬁeam iirbiduiel ftldy sielylaadd hBeareN egbycaBe 1Fitst,
deletio% ﬁ?&ggﬁgégﬁ@e’ﬁ% { Eﬁ!:ﬂ}ig&ﬁ%ﬁégﬁ@gﬂu I gg%ge 04 claslfi])ce)relsritig%orl 'Qitxtgr chain'
glycos;kﬂalf’mg@jms;ém %oamzq%u@w(}ﬁom} 3enbr @oeshr smqaén@z Sa

nd ene encodi n Gal act osyI transferase (B-Ga
mannogdgs@;j{g I} agns emggﬁg]gﬁ@ itrangeraphbtGnld) sensapire emmeered into this

strain a%&l 33%5}{] gl&rlg&]g %i t(f)clﬂg C%%gegé%%ﬁg%ﬁwe%%r%ﬁ %Pnc\:%tte hammalian hybrid-

type N@lmﬁsb((dio@ ayal, 204}37 Slzr frthafe), h meAnysidak VNS gene and GIcNAc

wansfeli? HLAEa T Bire werF aninessed Bpitg glirémﬁiné @é?naelfl? Jesehesc@dhe secretory
pathwagf’lé Gglfﬁ_lf_:'ie%nﬁl? glegeraetmafﬁnaw@adoﬁl 1d- *gg %?%Qﬂh&ﬂtdhfet al, Science;

d ycoengi neer rain RDP109 iS a
301:12A4-6J(200B AnE ir@ﬂiydne&uqhmmeﬁmg masihmsi@ustnzams tchgemerate a pool

of UDP- g%lfxgct S rrgtg&a#? ﬁ‘ygmi Bnqmrgj{nﬂgtf %tge %@g% g mg B-Galactosyl

transfe@86 G¥-6LEY, Dyeasl dtiiiRhd %Hmefaftedttﬁﬁ iy €@fable of transferring a complex-type
mannosyl transferase Cc

hwnanaﬁaéfﬁﬁbmth fgjaal FehbRalaioss (Relrapiszehal Ffﬁi{yrﬁpbzalﬁﬂy, 14:757-66

(2004)# u% Iygzhsg Sié&ll‘cq @50 f églgcﬁrée Rﬁ{%@ﬁﬁ?t hm%aéynég %Posge aﬁuztabie host strain

torece%@'ﬂmp TbdalizBt SRhiT ali?%cﬁ‘&‘é& -cagrgenes encoding Gol gi
¢ and UDP- ransporters and UDP- Gal act ose

4 epl merase (See CGerngross, US Patent 7, 029, 872;
d [ 2006/ 0040353;

III. I N ﬂ l AL "‘ ; RH] 021 1085
tIﬂ?P FU9~°1§ Ld%%‘ﬂrﬁutﬁlfn MO@E@%&@@P Cﬁbsﬂﬁ{s%gﬁm' tﬁ&%@&@fe@bﬁﬂems with
herein). al'so expresses the Kringle 3 donain of

mammh]@ﬁmnml%ﬂrgiweﬂ cqk@ninggermind dr bt edlactopor RBP 10 vaegenerated by

.. (Choi. .et
climing B v e SRt T e B R U sferpsig ondbp
and Pnbl S dinted@iidn 00 sécefibry patiBeyd 6dSiz¥e s e S8R @ dodig the
replica-plating transformants to nmedi um | acki ng

mammakigyi fmZW@f:S MM, Sind 1, MdSHabind HnB-Halkl es Wﬁé as genes eneling Golgi

A AT —

Patent V 6129 8$E(Deb.bid£h|@ﬂ§1§ @@I;geﬁttAﬁﬂlc&ﬂitﬁl g2 )] (EMGB*S? @R BoBfowicz, US
X- ASS]

Patont Ripplisation ap e oSS he AREloRLp ok whish oot ?@hthemgnwrporated herein).

I
ROPIGRAEL LMLy ASTBAHTRCNSs s
proteimfﬁkheb& alygtrec Nna’ e#mé Scm@&sﬂ@ﬁti@ﬂﬁ WG(BB);ldﬂiah‘sibnnm‘fts oee selected on
medluxﬁlqj:lkyﬁﬁ tdbll‘e el;talggegrsa%tsr“?e% g(lflrggneh %y rep. 1ca-p|1at1ng transformants

to medium lacking arginine. HIS+/arg- recombinants were then screened for functional

expression of properly targeted o-1,3-galactosyl transferase by analyzing N-glycans released by

PNGaseF digest of the secreted reporter protein K3 by Matrix-Assisted Laser
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Gal ) 2@ cNAc2Man3d cNAc2 of RDP109 to yield the GFI5.8
(a-Gl) (b- @Gal)2d cNAc2Man3d cNAc2 and GFI 5.9
W@ 2008346p&21 b- Gal ) 23 cNAc2Man3d cNAc2 N- gl ycans PCT/US2009/045446

respectively (see FIGS. 4A-4B). IV. Optimzation of

Leader Localization Sequence for b-1,4-GIT via a

conbi natorial library The N glycans produced by

strains RDP109, RDP241 and RDP242 i ncl ude significant

amounts of hybrid-type N-glycans (see FIGS. 1, 4A-4B).
Desorpfi0f i ifon Thrleldp FREM MbsseabdifieAMALBRITSE {@)Seeen

or an opti nal er localization sequence for human
transfolyndnts -desjghaied BBJPIZN anb RBP4 vweré hisntthedr ln)wl@sh miakses wege observed

consis 1y G ForLo e o R Sl fabiarpeniiess BeCERaheaean (5

h term nal
a2 R o N O R TR A LY ST g
Gal)ZGIQGAbZMQQB(HNNﬁLZ GhEF GOUS e Y o-CRB2(R- G@DZGMM&ZM@MNAGZ N-glycans
=drosophila), hGiTIl and hG1TlI Vb gene fusions into a
respectg\teha{sge F&W&ﬁfi} he yeast N-glycosylation machinery
(PpOCH (Pp = Pichiapastor is), PpPNO, PpMNN4B, and
PpPBS2) was elimnated. This strain was transforned
Iv. ogg'imiza@ioﬁeifmadaf LEQISAlioIE S 6que@bé fir'B-19-Goll ¥ agRndfingorial
i Ifferent |eader/localization domains fused in frame
librar¥ o0 the hbGal TI. Previously (Davidson et al.
[
Y ona L R0 SEORSE o g g

amountfofthiptiad-fiipeaé-givehis (as: FIﬁiS hGAAHB). ahMSfdre, aditolarglo etrains was
here for hGhTIV. This resulted in a significant

createdfaserept By anoptimablepderd WZ@}%@&%H&% fpr B-kAt ennary

TR S ST L b 8059 i

PBP23Gf dast fad that W@@glyb@ﬁ@n‘derea_ hﬁp@dﬁ@&fdﬂnﬂﬂe@ﬁmﬁtehﬁﬁ? afammalian

hbGal TI constructs reveal ed several ;in which t

N-glycagrowitl texmiial GAMNA & n Hhip sEin &1ae gegeraied by édipdugiag éocahzed mMNS1
t
m—miué%?ﬁggan@-‘lgfg&&) DE8EI néﬁfoﬁtgﬁﬁiﬁ) %Bﬁtflﬂ’dnﬁétﬁﬁ“fl{fﬁ%gﬁ@ﬂmwns into

‘ennary cont ai ne
a straimg@nehieinthe ey N~ngc<ﬁdytaﬁbmmhm6ﬁra(ﬂp6€}8 (Ppet Bichizi pmeroris),

PPN BTN S 24 56 b d RS e PO iy sries of

consu&@src%%&lﬁlﬁg fiRfAPdchbs bRAABInBRANSNSES zAR oAl dodalhs fused in frame to the
-2, was created which secretes proteins with

hBGalHo rﬁrbxaxus}ﬁ@eahdmn eNalg Y& 2A86MMI40BTHaa Fusidngrog eneding the N-terminal

3600 ohf e aiyas Mkt webes Wgri?a' G oﬁﬁ%é IHGE s sikwlor AOATIL

dMN Sﬂeﬁﬁit dldo/RGe fﬂir%'(}fmﬁy IT‘?ﬁs' zﬁﬁﬁﬁa ‘¥’n 5§1@hﬂ§>§ﬁ9pe¥&ﬁﬁ|gb 6? brld—type
fusions of raWNSI, GnTl I, and hb

glycanBarbalsobiantaanarp hiagimqm@{ Néﬁ hmcﬂwawyd thet Gesmighh be ﬁm@! cpmpetmon
betwedghelia oA LSS NG AR0s T Lnd Roatr? AREELEEAN S tibrary

of hBGalTI constructs revealed several in which the hybrid N-glycans and biantennary N-glycans

were reduced. One of these constructs that yielded reduced hybrid and biantennary N-glycans
contained a fusion gene encoding the N-terminal 58aa of S. cerevisiae Mntlp (ScMntll-58)
(Sc=S. cerevisiae) fused to hpGalTlL.

Using the data from the combinatorial library screen for hfGalTI leader sequences a

strain, RDP699-2, was created which secretes proteins with complex mammalian N-glycans with
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i nproved | eader |ocalization, this strain has
significantly reduced hybrid-type N-glycans conpared

WQ 200/1436%/1 ous generation strain such as RDP1OBCT/BEX0891045446
and RDP242. Strain RDP699-2 al so produces rat
Eryt hropoeitin (rEpo) as a secreted reporter protein
and i s argbecause the PpARA gene was been del et ed.
Plasm d p3A.Y1443 contains a fusion gene encodi ng
Scwntl1-58 fused to the catalytic domain of maGal T

e N P e L

glycoengifie@ral tb&hmuRlﬁPﬁé)@th@pahﬁgl’grﬂ&pan Hﬁﬂw@rmeﬂosﬁized thestons of

RN TR T T KU ——

[o] 1 |
hﬁealﬁ ggﬁsh&fd&_ﬂg ag%ga &xxztgi%@h d Qcaﬁfave%gs%aﬂgadgge;eg%

lmprOV@: Iader 1pealiz@ion, b siGih haGignificaivhnedicedhpiridyge Y glysans

5B ddi t f t
compafe{ 49 g ieiqus eenditen wi Rish ERIFAPo iBs R rERA L SRl
t _
RDPGSZ? 48 HiRuc ouentOthvoddenin e s EE?‘*&”?%E‘?’%S?@‘S%%W s arg

because ke4tpARG heaor &Rs b @eé?ted r Blagmnid pfgl Y F413 qomiainsaplusipagene

encoding P SH Al o B i oo TR b AR PR escrted

above zil’hdbfohﬁm&l}b}ﬁm@l 85 selbctabld Refkeng Pﬁis#mcbp@ww&s @aé transformed into
3-Gal Ts I nproves Ct-Gl Transfer pastoris _strain

strain RIRP6R9-1 90d transéarmants veqrersslegted on Reﬁeggla@mgvagne% dgsslfing in strain

RDPI( SESHES PSP 1 SRR k6 Sotensrox

reveale@ahd O RB&h SHTS BAG 54BRP-Ghl) 2B ASIMarl3GIsNScL ahd GFIS.9 (a-
has been gl ycoengi neered to elimnate yeast-ty

ype
Gaiﬂ(lMgl)QG&sé%«eﬂM@ﬁ ehdAek Drgluerss (Flok 4B) viaddiliioboh enoand two o-1,3-

salecteb By oAy S0 O AC APARHD TR e Bofver, e

hybrid N-lglly@e{hs@@c%@nﬁﬁ FOAS NPA-FBMRé héariBmasteatable Gadmpgat FIGS. 4A-4B with
Because of the i ng)poved | eader | ocalization

FIGS. M@)snesrdtm\g fram e gaprvedlocalization 9?:@?1341%?11@1”?%5@513( from

reduce%%gaﬁﬁggg%ggam lghod@ﬁ@&%d% RS tghgggg@é%&?g

shown). This strain is also ura- because the PpURAS
gene has been deI et ed. Pl asm ds vvere creat ed
= : ‘ $ L 3¢548 fexs fused to

RS OTD, RIS BB o B OB s

proteln‘s Gkﬁthf @n{p@ﬁ-ﬁi&ﬁﬁtﬁaﬂh@gl@&{m séithnetnhiaali B 1 APIGEE %9141);1;036 (B~
| asni i ds contai n the PpURAS gene, as

Gl N BRSPS 50, A B T@w@gglzas brgm glycaenginpgtyd to climinate
yeast-tHfR%. éyée?%&%ﬂ%ﬁ e'xBIeQ e§t16c%l Ped¥ibiths hGnTIL, dMNSIL, hGnTII,

{'e Wera salected on mawum ng uracil
and hpGeklll] Basgl dmths bombmatoﬁ@.ﬂﬂrﬁ%pre\!ﬁaﬂd ﬁBGalTém fﬂ@oﬁgﬁﬁ«? gncoding

ect These. styains e each nsformed with .
soMnt ST b Siabtion dpRa e & BeHEPBHER IR ToRHGR Gt ghis srain
has significantly reduced hybrid-type N-glycans compared to a previous generation strain such as
RDP109 and is thus similar to RDP699-2 (not shown). This strain is also ura- because the

PpURAS gene has been deleted. Plasmids were created containing gene fusions encoding
ScMntl1-58 fused to the catalytic domain of various a—GalTs (FIG. 6A-6B) including those from
Mus musculus (pGLY 1892), Sus scrofa (pGLY1893) and Canis familiaris (pGLY1894). These
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secreted reporter, and the shBLE gene as a sel ectabl e
mar ker. Plasm d pSH692 was transfornmed into strains
WOorglowh46368 YGLYl 785, and YGLYl 787 and N- gl ycREIBUS2009/045446
rel eased by PNGaseF digest fromthe resulting
transformants were anal yzed from secreted r EPO by
MALDI - TOF. The N-glycans were simlar to that obtained
fromstrain RDP1030 (FIGS. 7A-7C). However, an
incremental inprovenment in the a-gal transfer was
pzasml@sbaﬁﬁédfﬁﬂn fﬁ{e%wa&i géﬁé% 'a%@ze%blétfﬁarﬁ&f ‘?’fle%nﬁ@éd{{(lé%% 1893, and
T) conpared U, as Judged he relativé
1894 Wem @quryledﬁntp @t;klg Y;@)E:Yé Sf_OUn@H; gete selected on medium

lackmgétgﬁieg és %{@é ﬁ %%ﬁtﬁg‘l@'@s d%ﬂ‘(’?’?iﬁ? respectively. These

strains GpRrd8lch Zbhsfoahdd26atk PReANBFIG EINESain{nb! aend thodﬂi-g tEPO asa

Optim zat i on of Leader Localization Sequence f

secreteégwgﬁrm the hBEbrEsha as o pelegtatie siager. LPbﬁlardypSIﬁ@%wStransfonned
into stBmnFY ﬁm%f 111785 %ﬁ-{d* L YTREPHR Iéﬁ%gcgﬁ&%f’e%?ed by PNGaseF

trans er, rar asnm ds was t0 sCreen
digest framn tbqsteismiﬁhg ltra&danndnm:\ad:m zatlyzn fsagueneted rERO bdaBDFTOF. The

N-ely RV SO SO e e Eamitze RDBONE (F1GH- B-SLGaPipmever, an
increm@ﬁtﬁﬁﬂ‘g)%o%ni/e%?ﬁlt thb QS 'ti%ﬁstfé%m%r\]@d EEH{ m’tr@ cﬁ]@ﬂ ofSus scrofa

restriction sites

aGalT Qmiﬁﬁcohﬁmd&% MRocaggaejudgetbglihegelbove ihmtsﬁi ahgRkd O
the am no?5 gcosn de Nourseothricin) as a selectable

correspengingto GKI3.0 o-Gal)2oicNINEMang (delcAe?, HTd8i (a3l dBst

B o N N

resulting plasm ds naned pG.Y2169-33 - pGLY2169- 756.
: This library of plasmds vvastransformed into P.
V1. Opgisivatiors ofL.ealen 1isDMizididnHeduenafof SsoGallsviaar €ombinatorial Fusion
sel ected on nedium | acking uracil. Strain RDP1482 has
Libranydmpraxes erlad daansle ocret e proteins with conpl ex

[T FETEN TR NN R——

opti mdd@waﬁgétﬁﬁ;é bR SEdSA1TNBased o WShid PENTH169. Pi id
plma dWNSI I, hGnTl | e@g(ﬁld hbGal TL Agalsn 0basedioig@tJ he s

pGLYZi@ﬁ‘@Dntahls theagenk iehealing the catelytic thmainh@lsdGal swithéui siyeast
tocaliz& I ARDN S BoDALUS PL S BEEAN Sy Ned Abih A0e) "8a alsgicgntains the

- NAT gdR Qe (cHebBhD iR fredMiaRE t{Pﬂﬁ%ﬂlesﬁé NbUrRBRCR) as a selectable

protein under control of the pronoter. K3 was
markerp PolibrestoflyNArdgesnaes awbding geasblovelidatinn domging (wuohkered 33-67,

1 0 n n S pur
745755 PlBP RoRBHE AN D HBSL ABHERT BOLE IuliGE hihlid Sfned
pGLYHi6ge33t— pEL ¥2 b6al 36 €Thib YbAL A pldsbids WaetrigSamied into P pastoris
i ndi cat ed t hat when the Scwntll-58- SsaGal T fusio

strain Rk Sgepg érﬁmfe%@ds wereselepted onmgdivn dcking|usagl. Sc‘aranrsR@P1482 has

L T T

linked HOu@yRI(GSS &}/(@F@ﬁl)i(ﬁaﬁf@bﬂld@ﬁmlcm& OEIGJI ONBint ek Tocalized
fl,lsmnsfoufsfrlﬂ\%&% ! hn(gs:rll'fjld SrIIe\lgG?zTHdand hpGalTI. Again, based on the combinatorial
library screen, the hfGalTI is a fusion gene encoding ScMntl1-58 as a localization domain.
Strain RDP1482 has also been engineered to secrete the K3 domain of human plasminogen as a

reporter protein under control of the AOX1 promoter. K3 was produced by inducing cultures on
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significant increase in a-gal transfer as judged by
the ratio of GFI5.0, GFI5.8 and GFI 5.9 nasses
woeenysed For a single | eader-SsaGal T fusi on,PCT/US2009/045446

Scwvhn21-36- SSaGal T, GFI5.9 was the only peak that was

observed, indicating alnost quantitative transfer of

a-gal to the b-1,4-gal actose substrate (FIG 9). VII.

Expression of Influenza A HA protein in a G-I 5.9

strain DNA sequences encoding the ectodomain (i.e.
metharlo®5K4 et:zgﬁoﬁ:s&ﬁéénaﬂéguﬂefr %ﬁﬁfg‘t’&ﬁ%s Qﬁﬁéc[‘}roﬁftransformants and

several representativ l'ue HA protel ns
N~glycanm1@d$adg)y%@mghgeshgel(emmlyzaﬁyy MﬁE,@IFU)NOThS}qsuMndlcated that

when 16 BENISH6BY Sl i Bl B NSRS & St SV L5 0, GFIS S

and GHISPNESRRAR WM obﬁ?ed"&on%rdﬂrt%@foﬁﬁaﬂtﬁ of sehin Y (HA 1785 (FIGS. 8A-
Beijing (pG.Y2760) Cal cedoni a (pG.Y2759), HA

813) Howevetn sqyerd Iqade Iooatization demsin-Ssefoelil fasipey inglading revealed a

s R B L s AR S R FTBRS masses

observé(ﬂtllﬁoraa singl rﬁ)@%@l&rs GRNPRBRD QEMUSEIL96-SERAIRI GFIBD \tvﬁk.ethe only peak
AOXI “pronbter and ShBLE drug resistance narker and

that wdswbegtved) iddiening wirhdst quritiatbe)yrantfes ea-gtl wnhspdphpalactose
tides, including the S. cerevisiae a-Mting Factor
Subs“aﬁ'&é909)secr etion signal. GFI5.9 gl ycoengi neered P.
pastoris strain YG.Y2229 was transformed with each of
the Influenza HA-containi ng expression plasm ds and
colonies were selected on m nimal nmedi um cont ai ni ng

a0 Lon (4 flue \ LOLs !
@Nﬁ de@uénbéwéxﬂoaiﬁg 'thH‘@c‘MdoBlaﬁi v @eraahngﬁletch@erﬁ@ﬂme traAdi@fbrane
source, then centrifuged and resuspended in nedi_um

domainyjafsevesal mepresentpsive frflucaraA dareddh P@omoéeensaﬁgluﬁ%&%mg Kong
porv3yoBTEBNEY R BB PRI SR s pa e
York (p@tayys@, i A zsrlomm@mmm@pam sdverad r?m:temmm' type H1 HA
protcingspahuBob 5 (o L BT e Eh SR g SEP B A Pl o

(pGLY2261), By BAPS K85 €drolifiR @PSYQFPéﬁ' YEGIBWN O] &éf@%ﬁﬁﬁés?ééh and

was ‘Subj ected to Ni-affmty purlflcatlon
cloneddﬁgmsﬁnt di.@)o Haghrolthepé @lasmxdm was auhlavied Ento ﬁd: pwﬁoms expression

o e BB ARES 50 SR PRED o SRR R e

with a i t"@raﬂf of RbRfoh %hﬁq)epﬁ@esaﬂlcﬁf@ hes. Jﬂr@)zﬁ&@&%&ﬁﬁr@rﬂ actor prepro
o

['uenza A HA Kong fused in frame with th
secretlmeszgmls iGEdS. algﬂ»rn:aemaengi P.gesstoris ptrapr\fﬁk‘&l@t wwtr@m@mbd with

922 ssed in YAY, Fl G 10). -
cach o R R HA TR STPIS T U e 4 8 BB Gtscelebtjon minima
medlulﬁft%h@[dlﬁg s{!l(rnag/n 266t 3 8L deriasankformahte WdRdseldctdd Rd@hltibted in 96

t he | nfluenza HA-cont ai ni ng expression plasm ds and
well deeg|witdi riatesyiqrg2h at 26 C in liquid medium with glycerol as the sole carbon source,
then centrifuged and resuspended in medium with methanol as the sole carbon source and
incubated at 26 C for 24 hours. Cells were centrifuged and 7ul of supernatant was subjected to
standard Western blot analysis under non-reducing conditions and probing with a pre-labeled
anti-HIS (H3 HIS probe, Santa Cruz) antibody. A band of appropriate size was observed for
each HA expressed. Approximately 600ul of supernatant was subjected to Ni-affinity

purification, PNGase digestion to remove N-glycans, and MALDI-TOF MS analysis. N-glycan
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sel ected on m ni mal nedi um cont ai ni ng 300ng/ L Zeoci n.

Several transformants were selected and cultivated as
W@Rwee46360l | owi ng Ni -affmity protein purificatPORPS2009/045446

PNGase digestion to renove N-glycans, and MALDI - TOF M5

anal ysis. N-glycan masses corresponding to GS5.0,

GS5.8 and GS5.9 gl ycoforns were observed for all

I nfluenza HA proteins tested in ratios simlar to

ot her reporter proteins. As an exanple, N-glycans from

masses| d&f‘ﬂekﬁﬁéﬁlg% @‘SSSEP i3, fgﬂ{cpd}S@ 8 oBXBIRMS Abrd 6bs¥ﬁeg3&1egi Influenza

are shown 11 Expressi on of HSV-

HA prcml@s éﬂswm ﬁ\sam@xmsp ' Iéltgimans DR %GWﬁéeHAeH@w%ﬁgg fused in frame
with thgléS{ cere maa% Xl\%ﬁe}% én%gﬁ% ?eL t(;rrf)?%ag@g%cget%n s?%% ni;{%gg g}%ﬂ}essed in

YGLYDHQY3285H0\&D(FIGGL€Y)2758 (GeneArt LLC) [SEQ | D NCS:
t wo constructs |fferredﬁ:¥)¥ the | ength
T

tﬁ%@ﬂ@m Feptimized Erle el W@ev%aaeeé RASEEtSHaaY LY3812 was
transfogg%@gnﬁ%hﬁof%ﬁe ﬁ%ﬁﬁ&%%ﬂt&%ﬂ Bt t%szﬁrcﬂias%ué? lonies were

I'ng a shorter version wt term na
selected onmiinima madoina comsinig- BOGgdn dedan| &cjueneg tiangformants were selected
t erol agous Asn_ and ded.,.t

a5 SRS BB e e B RSB emove

N-glychite @1 M AL HOFWAS afAlp6s, ON%qiydaﬁtnihsébs RorrBgsoh@inb %o GS5.0, GS5.8 and
expressi on vector containing the AOXI pronoter and

GS5.9 glyelorms wgraebseed froallfalweza Hfdpiotedesiestad o ates similgr to other

epor i 81 LR SR L8 A e 0o
YGLYBS Vraenmiwedi&d1P. pastoris strain YGY3812 vvés '

transfornmed with each of the HSV-2 gDcontai ni ng
expression plasmds and col onies were selected on

VIIL FigredSin SEIISV £0Dr-édef i Q@grg/sgm oci n. Several

T1ranstor nant s SEel ecte i vat ed |n96 wel | _
dbl‘é.ﬁ seglences enceding owo didferent V@Gm@s DfﬁheiH:ﬁN-@ GretdainigDprptein

ectodofiatt iR seRBrirad £ cfooff bl bt Ry PR g nean, L)

[SEQ IDENDSN5 $PUTES tvad brisGatd aifﬁekeauayz& lengtllof & O\@dHrSnus, one encoding
Cells were centrlfuaed and 7ul of supernatant was

the entiy pytaderaging amige apida o308 §218 PR Y Arvd) 91d & sqgpaé encoding a shorter

versior, EHG) 38, GO b A0 BT S P A0 Ot RS ERTH Ehgrofgmons

amino agify, dpniaat €1s, appenizd totisdl-wethimaraftooLéu 36 (zhe? 06N pdiisY2758).
Each 02&@?&‘5@?5{31 2 gv%%lsu@? qeaéllgtga %ftggg%g%m%gg %E)I?tgllmng tﬁe AOX1
promofd} Qxfcf/%}?lgﬁ‘ﬁ Hﬂlg,lr BN AR Fused M ﬁg{%leg ; Oé@'\@egevzszge a-Mating

ana ycan nmasses coOrrespon
Factor pfstsefregby sighdrand named pOby2o6@ dnd pGLEAPEGI , vespsdtorly. dEFIGD

glycoeagﬁlger}ri? pé?%pg BNt or @S&%ﬂ%ﬁ)edoén Wi QffebsV2 en-
containthg &ﬁeﬁ%ﬁ%‘ﬁﬁ%l&ﬁ&%ﬁ gelﬁé@d biPMiidin{al et RN c@faining |

protel n ect odomai n was synt esi zed
300mg/L. Zeocin. Several transformants were selected and cultivated in 96 well deep well plates

for 72h at 26 C in liquid medium with glycerol as the sole carbon source, then centrifuged and
resuspended in medium with methanol as the sole carbon source and incubated at 26 C for 24
hours. Cells were centrifuged and 7ul of supernatant was subjected to standard Western blot
analysis under reducing conditions and probing with a pre-labeled anti-HIS (H3 HIS probe, Santa

Cruz) antibody. A band of appropriate size was observed for both of the versions of gD
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and cl oned and nanmed pGLY3640 [SEQ ID NO 7] (CeneArt,
Inc., Toronto, CA). The DNA sequence fromthis plasmd
waB9Isuided oned into a P. pastoris expression VBCE/U$2009/045446

contai ning the AOXI pronoter and ShBLE drug resistance
mar ker and fused in frane with the S. cerevisiae a-

Mati ng Factor pre secretion signal and nanmed pGA.Y3653.
GF1 5.9 glycoengi neered P. pastoris strain YAY3812 was
transfor med with the HSV-2 gC- contai ni ng expression

expresd¥da N Ppfo godaml E5suPBIMBtaBEWELHAFEcRA TN BRIty RS fléAiion,

cont ai ni ng 3 /L Zeocin. Several transformnts were

PNGasg dj gesti@togparore tgimdmd MABEDIIOF MSemalysisi Noplacasmasses
correspog{imé%g r(r?j 2hdGéd gly%b'fogmm&u lﬁ’gegg C}%‘E}?{}&Lmﬁss%l{ e@? with the

0N Sour ce; en centri resuspén
GS5.9 plycofoeth usthe gredomibaafolm d9GL h2). sol e carbon source and
i ncubated at 26 C for 24 hours. Cells were centrifuged

and 7ul of supernatant was subjected to standard

{ : LS, ng condi tions and
IX.EX%T\F%S hibf HV 23R Veikin i AAGRIS. S g (oS oo

s‘aﬁﬁ\éﬁ Wzl)ceamnmcﬁngi the S Yard s@zﬁin@ﬂwo‘mn edtedanae waasynthesized

and clo§18 Siined Ol O XmSEY 955@8) 73 PlieeARe E”ah%ég%t‘”a&\) The DNA

sequenéié ﬂ@ﬁﬂthiél])latsﬁndi QB Yighchbrt Y8 AP, paneriVBkddbssiddveM®r containing the

anal ysi s. can masses corresponding to GS5.8 and
AOX1 &Bn@egﬂ;ﬁo%ﬁ%! geesistaiys enarke and fised e fr@ss vdth the S. cerevzszae o~

Maring R o ecfetigh Bl SURPRSEY 5531 §F 0B agaeresgig posori

strain YGLYRR12 \iraéftrﬁtﬁsl&ﬁﬁ%éd vﬁﬂ} 894369 2L - oA e@ﬁ&@&md\(pﬁﬂaémﬁtand
al J Virology, 81:17, 2007 Al.tschul eta

coloniesjwsire selepterha mirgmal modipmpgonisining 389mafl, Zemm e‘iecyembtrwformants

7 r f:
o ROy A S AAAR, 6 b2 PSR v
glycero?amt}maolwarbmnl\dbbme,u:hat c@i@ﬁug@ﬂ/an@eaﬁpmcﬁd bh brﬁsﬁimgwﬁh methanol as
the SolGFaT00T S PBARE R AT 9" 7 807 265 B Er copipBEed and Tul of
supemﬁ%@?a%%ﬁﬁge@&d & stand28P W SRS MR Fs¥s dhdBr ﬁﬁﬁéxﬁ@ 'condltlons and
Text book, E}rl nger Verlag (1993) Bobrow cz et

probmg;wtb@mr@ﬂabg o amﬂ;%ﬂlédﬂ@gﬂ@m SBafh Cawhentibodty . anfo@md of appropriate
2006 B
size i} RPPRg (T Badtansieliin S cMuSTi) RINF Mgy porifcation.

PNGasbldl’gegﬁﬁh Brremsvd R0Odans, and MALDI-TOF MS analysis. N-glycan masses
corresponding to GS5.8 and GS5.9 glycoforms were observed with the GS5.9 glycoform as the

predominant form (FIG. 13).
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mannopylgersderpeesclivity with raspods tp Swogtyen aniks glycoprgtelist or
filamentous fungus host cell that can produce
reconbi nant gl ycoproteins having N-glycans that have
dfhel lmastellafe€lbiar inwhaleirathg&bstaed Sy dinapishaipe. deletetine

3.
., hgost cell i erein,said host cell is.
‘*01lch¥“ﬁ%‘éf‘?fg)!fn§§fl‘iﬁ%‘fa%“§i’1]aﬁw ¢ 163 MERROYITARIEHSE APthl-
activity with respect to the glycan on the

gl ycoprotein. 3. The host cell of Claim1 wherein the
4. nhidsthoseddl] afCleinnd mihstentisabd holé pelbexptesses a mannosidase

... doli chy= P- - Man5d eNAC 2. PP- ichyl .a-1,3 .. .
cotvieh Rorierom FRCoePREEERREOT i o122 Il 1 vy
manno&idade Tl AMRely enansRiddsd s hetbelyl an@ xRk eHE Rantositasn agivilgs e

activity selected fromthe group consisting of an
a-1, 2 mannosi dase | activity, mannosidase Il activity,

i das : Mk I Ldase
5. TR GARG CHpE e LB gt rce
glucostnBike takferasx p((@sBestiaty Npapbtripkylgtanslesaei fr&alT) activity, and a UDP-
transferase |, (tg;T) activity a b-gal act osyl
galactqsp-A FfBPIAEAHBNGal T) activity, and a UDPgal act ose-

6. The host cell of Claim 1 wherein the host cell is selected from the group

consisting of Pichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamae,

Pichia mernbranaefaciens, Pichia minuta (Ogataea minuts, Pichia lindneri), Pichia

opuntiae, Pichiiz thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi,

Pichia stiptis, Pichia methanolica, Pichia sp., Saccharomyces cerevisiae, Saccharomyces

sp., Hansenula polymorpha, Kluyveromyces sp., Kluyveromyces lactis, Candida albicans,
Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae, Trichoderma reesei, Chrysosporium
luchnowense, Fusarium sp., Fursarium gramineum, Fusarium venenatum, Physcomitrella patens

and Neurospora crassa.
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4 epinmerase activity. 6. The host cell of daim1l
wherein the host cell is selected fromthe group
wesitgBéng of Pichia pastoris, PichiafinlandiREE/US2009/045446
Pi chia trehal ophila, Pichia koclamae, Pichia
mer nbr anaef aci ens, Pichia mnuta (Ogataea m nuts,
Pichia lindneri), Pichia opuntiae, Pichiiz
thernotol erans, Pichia salictaria, Pichia guercuum
Pichia pijperi, Pichia stiptis, Pichia nmethanolica,
7. 3%%mbﬁxﬁkanﬁa&ﬁQ@%QHyﬁﬁﬁeﬁ&éﬁ%ﬁ§ﬁﬂ§nu§@&ﬁhﬁmﬁﬂﬁﬁ§hcmabnc
sp., Hansenul a pol ynorpha, 'Kl uyveronyces sp
domalwfw\ﬂegalnv@ﬁefétranaﬁrass Li i actaregting peptisle thes mg@s fhefgsion protein

| us niger, Aspergillus oryzae,
tOﬂm}ﬁéorﬁgg%Pﬁéﬁ k Chrysospori um | uchnowense, Fusarium

Fursari Um gr am neum Fusarium venenat um

Physcom trel]la patens, and Neurospora crassa. 7.
8. Hésthogitcel |ohrlam dhwheich tbﬁ Bogi sl P&@Bﬁ‘%é]éfé@rateﬂiﬁél%fﬁg a N-glycan

comprigiﬁgta%rpmﬁﬂ 'q)%diédt 1 é}n nirélg tﬂ@ﬁ@&&hﬂxtanm p gycglé %ﬁ a structure

al act os rans eras a targeti
selected fratn thapgetpsohtigtifousit on pr otein to the ER or Col gi of

t he host cel |l The host cell of claim1l, wherein
(QJEﬂKﬂékﬁﬁgﬂﬁééwhnﬁgkﬁﬁﬁg gl ycoprot ei ns having a N-glycan

(a-Gmﬁg@aazﬂé%A%MgﬁﬁigﬁAcg &ﬁ' act osyl epitope, wherein

ycan has a structure selected from

-Gal 2GR BR N ATNISIICNEN AE?.
(o a}j@@Gal))g(b Gal ) d cNAcMan5d cNAc2;

(a-Gl) (b-Gl) 23 cNAch\/anSGI cNAc2; an

o ghedPa o it o ROEREMERET SRR pesT e ERG! milip vaceine

proteint 0 produce a vacci ne prote| n. 10. The host cell of
claim9, wherein the vaccine protein is selected from
the group consisting of an anti-viral vaccine

10. g{hg GO 11 Biaifd, FRkieiLRAE Ve cpr}ﬂéﬁ{: s@@le&%% %&[ @k gh(ﬂlg consisting

an anti-cancér vacci ne gl ycoprotein
of an an‘ltd}mrp]rmdtme gbycaprotsi, aoehli-bacpatllvacdhe plyoshrofengand an anti-cancer
ns that have term nal a-gal actosyl residues,
‘mcmn%%ﬁﬁ%¥% (a) providing a reconbi nant yeast or
fllanentous fungus host cell capable of producing
N-gl ycans that have at | east one term nal a-gal actose

11 d’nmﬁ@drfwrpé@m@g abosnell edpablecof mrefdugingdN-chicany thyt
have tenn napgumlacg?sﬁl al&l SoRGlifngncoding an fusion protein

(a) pr0v1d1ng a recombinant yeast or filamentous fungus host cell capable of

producing N-glycans that have at least one terminal a-galactose on the non-reducing end
of the N-glycan; and

(b} introducing a nucleic acid encoding an fusion protein comprising the

catalytic domain of an a-galactosyltransferase linked to a targeting peptide that targets
the fusion protein to the ER or Golgi of the host cell into the host cell to provide the host

cell producing N-glycans that have terminal o-galactosyl residues.

12. A method for producing a polypeptide having N-glycans that have at least
one terminal o-galactosyl residue, comprising

(a) providing a recombinant yeast or filamentous fungus host cell capable of
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catal ytic domain of an a-gal actosyltransferase |inked

to a targeting peptide that targets the fusion protein
wa 2000he38R or Gol gi of the host cell into the POBUSW@/045446

to provide the host cell producing N glycans that have

term nal a-gal actosyl residues. 12. A nethod for

produci ng a pol ypepti de having N-glycans that have at

| east one term nal a-gal actosyl residue, conprising

(a) providing a reconbinant yeast or filamentous

producfﬂérlglgfycaﬁ@haﬂ?ﬂv]e 2FRRARKE (@D LR Bod |ﬂyeclﬁﬁ§reﬂﬁélﬁg end

have at | east one term nal a-galactose on the
of the Neghyoaduci ng end ofthe N-glycan; (b) introducing a

(b) mtreg C(%u%gl %85?6 Gl 8(?} § 095(9 19% ﬂ]@%gg%l %t’i)@eo Bg)gl ¢ 58%1%&1 he host

hé host cell;

(c) expBiting the ﬁ&ﬁﬁ:‘pﬁﬂd; ﬁghé hestpellyddpt i de from the host cell s
wherein the paly ?e pt i dﬁ has,_ at Ieasé one N- can
Y

(d) recoyraing Sk pAimrePHES romy the Aatt callywherend polwg@qt as 13. A
| host
at least(r: @I% lq\ﬂfg}yg%{h&e%ﬁ%at %%}%Fr}éféﬁ%ﬁgaﬁé%%i r@igdeungal hos

Ccl ng human coprotel ns, the host cel
conprising a nucl eic acid encoding a fusion protein

PR LR IRR RO B TR RRROE SR e
glycopﬁité:ﬁ@ sRCKRdRaEdIHo N a @Jcle’:w adid GhycaRny @ﬁiéidﬁgpr@temhcapable

mannose core of a glycoprotein produced by t
of tran:rf@@tng@@ q~galwmeé¢saduer@th|a termkeadl Podaiagtnse seskrhieiod en Bi-Haled

oligosid e P AT NESY TR re PR 2R IR

produc&&l b theGalsbdel 4 whbeMAhbIN- hﬁkdmﬂ@losacﬁhar&lﬂﬁéncﬁ-lﬁ 6 Mfacture selected
4Manal , 6; and Gal bl, 4-d cNacbl, 6- Manal ,6 14. A
fmmﬂ?%@%?%’fﬁm%@coprotel n produced by a yeast or

Galpl4- @E%mﬁfﬁl@uﬁaﬁdﬂﬁﬁal host cell, wherein the N-glycans of

sai ycoprot éin conprises a predoni nant N-glycan
Galﬁlfbﬁidlqﬂfksﬁln@h/éaméﬁm nal a- gal actosyl epitope. 15. The

I [ t. gl ycoprotein of claim 14, wherein the
Galﬁié—%@olg% EQETM%S%I’ can has a structure selected fromthe
Galpl gr@@ﬂA@gnamhun@ &d (a- Gal ) (b- Gal ) G cNAcMan5d cNAc2;

S‘ ) (b- Gal )ZGT cNAc2Man3d cNAc2; and
Galpl, GIcNacBl 6-Manal,6

14. A recombinant glycoprotein produced by a yeast or filamentous fungal host cell, wherein
the N-glycans of said glycoprotein comprises a predominant N-glycan comprising a terminal a-

galactosyl epitope.

15.  The recombinant glycoprotein of claim 14, wherein the predominant N-glycan has a

structure selected from the group consisting of
(0-Gal)(B-Gal)GlcNAcMan5GleNAcZ;
(o-Gal)(B-Gal)2GleNAc2Man3GlcNAc2; and
(o-Gal)2(B-Gal)2GlcNAcZMan3GlcNAc2.
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(a-Gal)2(b-Gal)2d cNAc2Man3d cNAc2. 16. A vacci ne
conposition conprising a vaccine glycoprotein produced
whoy1ysexst or filanmentous fungal host cell, WhErES009/045446

the gl ycoprotein conprises a predom nant N gl ycan
conprising a term nal a-gal actosyl epitope. 17. The
vacci ne conposition of claim 16, wherein the
predom nant N-glycan is selected fromthe group
consi sting of (a-Gl)(b-Gl)d cNAcMan5Ad cNAc2;

16.  (AviRln(Bdnimakiidh 4R3I sop@dtBin produced by a yeast o
(a-Gal)2(b-Gal ) 2d N R T BrdorRiein p v yeaster
filamentous fungal host cell, wherein the glycoprotein comprises a predominant N-glycan

comprising a terminal a-galactosyl epitope.

17.  The vaccine composition of claim 16, wherein the predominant N-glycan is selected from
the group consisting of

(o-Gal)(B-Gal)GleNAcMan5GleNAc2;

(o-Gal)(B-Gal)2GleNAc2Man3GlcNAc2; and

(o-Gal)2(B-Gal)2GlcNAc2Man3GleNAc2.

-43 -



