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selected fromthe group consisting of the Pichia pastoris PVMRL and the
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In further enbodi nents, the gene encodi ng an endogenous chaperone protein
is reduced, deleted, or disrupted and a nucleic acid nol ecul e encodi ng a
het er ol ogwo=0mmapsrone WO 2010/ 019487PCT/ US2009/ 053247 PpTatSed09/05 3247
introduced into the cell. In particular aspects, the chaperone protein is
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In further aspects, the PMT protein is selected from the group consisting of PMT1 and PMT4. In
further aspects, the host cells are further contacted with one or more inhibitors of PMT gene
expression or PMT protein function.

In further embodiments, the gene encoding an endogenous chaperone protein is
reduced, deleted, or disrupted and a nucleic acid molecule encoding a heterologous chaperone
protein is introduced into the cell. In particular aspects, the chaperone protein is the PDI1
protein.

In further aspects of the above host cells, the host cell is selected from the group
consisting of Pichia pastoris, Pichia finlandica, Pichia trehalophila, Pichia koclamae, Pichia
membranaefaciens, Pichia minuta (Ogataea minuta, Pichia lindneri), Pichia opuntiae, Pichia
thermotolerans, Pichia salictaria, Pichia guercuum, Pichia pijperi, Pichia stipitis, Pichia
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WO 2010/ 019487PCT/ US2009/ 053247 by those of ordinary skill in the art.
Further, unless otherw se required by context, singular terns shall include
t he pl ur avoanth/qbasral terns shall include the singul ar. PGESR@LI0§3247
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enzynol ogy, nol ecul ar and cellul ar biology, mcrobiology, genetics and
protein and nucleic acid chem stry and hybridi zati on descri bed herein are
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Figure 2 illustrates the construction of plasmd vector pG.Y642 encodi ng
the human PDI1 (hPDI) and targeting the Pichia pastoris PDH | ocus.

Fi gure 3 wDl2oskrasdses t he construction of plasm d vect or PpEUS2A8A52AT0di NQ
the human ERO a (hERO la) and targeting the Pichia pastoris PrBl | ocus.
Figure 4 illustrates the construction of plasmd vector pG.Y2233 encodi ng
the human GRP94 and targeting the Pichia pastoris PEP4 | ocus.
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pr oduc#agtylglucosamine imkage to an asparaglne residue of a polypeptide. N-linked glycoproteins
contain an N-acetylglucosamine residue linked to the amide nitrogen of an asparagine residue in
the protein. The predominant sugars found on glycoproteins are glucose, galactose, mannose,
fucose, N-acetylgalactosamine (GalNAc), N-acetylglucosamine (GlcNAc) and sialic acid (e.g., V-
acetyl-neuraminic acid (NANA)). The processing of the sugar groups occurs cotranslationally in
the lumen of the ER and continues in the Golgi apparatus for N-linked glycoproteins.

N-glycans have a common pentasaccharide core of ManzGleNAc, (“Man” refers

to mannose; “Glc” refers to glucose; and “NAc” refers to N-acetyl; GlcNAc refers to N-
acetylglucosamine). N-glycans differ with respect to the number of branches (antennae)
comprising peripheral sugars (e.g., GlcNAc, galactose, fucose and sialic acid) that are added to
the Man;GlcNAc, (“Man3™) core structure which is also referred to as the “trimannose core”, the
“pentasaccharide core” or the “paucimannose core”. N-glycans are classified according to their
branched constituents (e.g., high mannose, complex or hybrid). A “high mannose” type N-glycan
has five or more mannose residues. A “complex” type N-glycan typically has at least one
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7764-7771 (1994)). As shown in the Exarrpl es cel | s in which the endogenous
PDI | chaperone gene has been repl aced-®i-th a human PDI chaperone gene had
reduced O gl ycosyl ati on. Wen these cells further include ectopic

over expressi on of an endogenous or exogenous Ca2+ ATPase and/or CRT and/ or
ERp57 protein, there was a further reduction in 0-glycosylation (See
Exarrpl es 3 and 4) Thus further |ncI uded are host ceI I s that
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In further aspects, the overexpressed gene product is a secreted gene
product. Procedures for observing whether an overexpressed gene product is
secr et ed woeorogadisfry avail able WD 2010/ 019487PCT/ US2009C0AB32¢h%/053241 he
skilled artisan. For exanple, Goeddel, (Ed.) 1990, Gene Expression

Technol ogy, Methods in Enzynol ogy, Vol 185, Academ c Press, and Sanbrook
etal. 1989, Mdl ecular Coning: A Laboratory Manual, Vols. 1-3, Cold Spring
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e NnNosS C S.
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are di Sepals iches folickey @%ﬁéﬁ@égtwwgw Sefreacasibatisibilize gyfop rect a
gene pﬁlmtse &Hn@esgthaﬂ dﬁh@xﬁd@afan@aﬂoxeaﬁmreﬁaﬂr (eC§J ﬂstamermiﬂiﬁ@a@) ae@enmso t he
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to speC| I1C a | ONn secr |on S| gna

N- t er nemainatipny muelwpt’l’hdé@rm EHG]ESSQHWG$’ ap dended do igiusleott agppimumeali o
about 30, aH-AQ vﬁﬁ:’sg ?re‘é‘éﬂc@hs @s@éhtiaﬁf&reﬁﬁ%gﬁ&l BMd BarbA1S6 Incﬁﬂ@rag@ﬁoﬂzﬂ”al n of

about tmo t o abaqut 0 am no eover, t.he SI e de | S resent
at t heCPRPRERISITIOSS Pregeiice lw%ﬁf@g%oua E¥lP ?=d?ad§é agﬁ[‘ hi Mf, t he

parti csqgaengequence of a signal sequence is not CI‘I ti cal but si gnal

hydr ophobi “ - :
valine (Val) o 1 b el FEGFBIRELEf BN PiEionieY Al Epiatot ib), 2 an ne
(Phe) , systeppt, bptpaasss(om Spf)tg?mﬁnt iy Hes( o), aamedthe;eelm,uk mtendggdto refer to a cell
(1 chall nr apeent R0 g b s ST B e B e
yeast asiitepdridp refermat onjpeigdhe PW@Flﬁfa%‘bleCh‘F?él Fmt.éo (e pseeeny Pﬁé‘iqli‘ra g nal

pepti dBécéaéé/é‘er&%%oaﬁicM%éyoe&aﬁ BIsALQAOME PR rytﬁxﬁi@.tdue@o 6i@thr ALitdtRGI @ns and

used succgessf ul or secretion of the heterol ogo pep tid e for
et SN ISRRSTE Tfluonessy e 3o B g 800 T Sh Do ARG 1og I Pareas el GRF e B of
6: 181giilfthded 9»8&)11 thaRebpBrodiie: tetm &host Belbcas ublad hereiAc adrec&nbma;hﬂtbs&iﬁll
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over exfissms edrggeism. pr oduct whi ch also has a si gnal peptlde at the 5'-end.
Exanpl es of overexpressed gene products which are preferably secreted by

t he present nethods include nanmal i an gene products such as enzynes,

cytoki nes, growth factors, hornones, vaccines, antibodies and the I|ike.
More particularly, overexpressed gene-pr-oducts include but are not limted
to gene products such as erythropoietin, insulin, somatotropin, growh

hor mone rel easing factor, platelet derived growh factor, epidermal growh
factor, transformng growh factor a., transformng growmh factor 13,
epidernal gromﬁh factor fibroblast growth factor _nerve gromﬁh factor
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WO 2010/ 019487PCT/ US2009/ 053247 di phtheriae, Mycobacterium | eprae,

Nei sseria gonorrhoeae, Neisseria neningitidis, Coccidioides immtis, and
the |i ke.wo0 2010/019487 In general, the overexpressed protrermns2ab/osirze7 present
invention (for exanple, Ca2+ ATPase, ERp57, calreticulin) and reconbi nant
protein are expressed reconbinantly, that is, by placing a nucleic acid

nol ecul e encodi ng an overexpressed protein or reconbinant protein into an

expr essi on cassefieRernPtsifkaRdtiEX RIGS & AudtasERddl IorBr Finienh,|ayd Geudlidis fisseet

regul atqQry. se fnce whi.ch eﬁfects expr &ssion of .th rﬁ)t ei n when the

sequerf@gsﬁ mﬁgé SaBRaRR &Y ?’@ﬁn%ﬁéﬁse@ 8‘5’%“'%7”8@&?% %ncodi ng t he

protei n. The exprlessinoflosassdtareticselliianciudeserasdnd dionentowsdiogi. Seekt as a

Pl asm Salillhefai AhSAnGRAL Bla@%8) 88 o: PHANEBhSonid, e/l AABICH! Pichia
ation “serectapl t

replic e ndrkers, transcription or termnation signals,
cent r dndrbyhilauliohisriedsmaepPickiatmaenbrgeepiedienssPickisanime (G9eeaeadiffévi de an

expr esp.p; IMBELSY Pichia opuntiae, PichiD tRFRIORIS RS PBGk 94liG@a Facka kRBLLEAD! e or
a nhon-repliilca

eplicabl e expression. ?{_ect OE;' A repl .cablg, expressi on vector can
repl i cHe@agiiprdrLichgsBBIahicriy Bethadicadgriashe W@&F{KW@F\W 6¥S'B&cause such
a vectQicchasmisep!, StkithsabdHarbngdes g Sciulvwsarchanimsice Poihbe, Afriseriggr at i ng

expressi.on vect conpri ses targeting sequence t a

expr eSEBHONY g@t@rr“y YRR FAR g{hyﬁ?%mfﬁ‘%? fol ﬁﬁ”‘?‘ﬁ% a%gé%ng’c’%%?;‘%%%%ﬁgul\%%r e

t he vedtpergillimenigemtieuratiles ordpor richvégretrees, iy popaiure icknobirsosomal  DNA
such ?‘ﬁus%%‘i@%e%;'ﬁ&%ﬁﬁ &m%%n,lp B RnShdidal PhakosiR B Rhe,PMd retains the
nucl ei ¢ aci I'ecul e €ncodi ng_the overexpressed or reconbi nant protein and
a segniserrostore Brassm Fatie st ERpTasearom e sonElosia i dsd@ied™r econbi nant

Pr ot ei RuIHEHSERTS, aﬁms;@xgn%@i,mfa@a&@gasreb@ﬁ,ea:myﬁqapmb@n IrpenBEdnlyy
integrating or chyonosonal noni nt egrati ng expressi on vectors.
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are over expr essethd funatidiosfta geok lendndingnd pratkice ts sail tofbei‘ radegedd twhey thoat gene

noni ntegratin r 1.on [S: 1N : . - j
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est abl yghed sw SBdgReRsdH. U THd MBtonasf 4 gflbehddldihgexpoassisatid todstclon@ated’

het er ol pgous chaper,one pr ip. An ressi.on vector encodin ch

ot oductheb g eets Bedsegs BReR i br RePER ReaT AR, MEFLRh BRBOR REal B lERBE
I ncr easetbrseat eilitlootidss, tkb tlow dreexpdiéed gehegmnedegsraguiotein which has at least 90%le

pr esengq SSi: h A , e.g.,
Bechor o BVERIAR (APRRETAC AReRE, of B SRR RoBAB, S heakDont IR, oot e
type, estiyity, wheukeasyrsdiip alstedardasay, sseammaeedds tmpretahr ercoPehbX 8¢t or pernits
expreSédrfegg&fdiﬁ@gen@\cﬁmpmﬁ%iﬂ&aﬁroﬁponbi nant proteins and thereby

facilitates secretjon of suc ene products in.a | ect ed st.cell type.
Expr essi on vect opédeé%o gIEFG @eaﬁg?ﬂnpﬁiﬁﬁ%glﬁﬁ%ﬁ?mwe%?@@a& ﬂf%at
have begf: @BgiiNesy @hhoily camdrsobd by oax pf @dRianrskil irethd egito edidehs,intdntibni s,

a gene_encodi t he overexpressed. or reconhi pLot.eins,

a1 S0 CPEBHS OrEEY BT e ET S JOLOPL O P G B RS dad Rl
segnensisilahbréyuvadent pethakd gestiipdddibreio caualsebe usediia theoiredtiseod themewnhg t he
OV e X BvERtdH %rwiﬁi%%%%?él%% B3RP ST in L AbAY 8?5151459% Ihd h& ERMNEX

means at such segnents can effect expression nuclei ¢ acl d nol ecul es
encodi mgntereddieieisipenseerasd by sefsreraibeip eriretyndn cassed sonfliet dherarenyy
sequengesififbt IS RNBERifonsS WMIRBSRICY, THPRafLRIS, SRHUS) antleRABPIS are
transcr] ption fr&gto s or é{%ﬁregsw .binding sites, termnation signals and
ot her BlUsHihie ?‘E{f"ﬁé??e e F‘%ﬂ@@?&gé?%’in‘% in the contenpl ated host
cell. Preferably the vectors are vectors, bacteriophages, cosm ds, or

Vi ruse i of the present invention function in
yeast @P‘%Rﬁéﬁﬁ%@@%@ﬁ%}“%&sﬁs can include the yeast 2p circle and
derivatives ther Efuresyidastd U chay theasoerdogyplyeas strains dersribersinthp pxamitleon
Seq“eni&%llu%ﬁﬁﬁ%ﬂf?im&ﬁ%ﬁ.msOnes’ any yeast integrating vector and the
like. conprehensive listing of many types of yeast vectors is provided in
Parent et al. (Yeast 1: 83-138 (1985)). El ements or nucleic
acid regul atory sequences capabl e of ef(ecting expression of a gene product
i nclude pronoters, enhancer el enents, upstream activating sequences,
transcription term nation signals and pol yadenyl ation sites. Al such
pronoter and transcriptional regulatory elenents, singly or in conbination,
are contenplated for use in the present expression vectors. Moreover,
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WO 2010/ 019487PCT/ US2009/ 053247 hor nones, heat, cold and the |ike. For
exanpl e, commonly used inducers in yeast are glucose, gal actose, and the
like. WO 2010/01948Tr anscri ption term nati on sequences t lratr/ise@onedett ed are
those that are operable in the particular host cell selected. For exanple,
yeast transcription term nati on sequences are used in the present
expression vectors when a yeast host cell such as Saccharomyces cerevisiae,

:<I uyver prr%'_ces It aﬁg{n‘é,zt i_ﬂlﬁstféit@shh@cm&h@t&dr?%ﬂ ;ﬁamedgmep(ﬁas'téammﬂl | ing thc;,1
ranscri pti nat,i on sequences Wo ed in host cells such as
Asper é}ﬁ@sﬁﬂﬁlé@ﬂ)@ﬂﬁgﬁ%}g&ﬂ&?é@é%?asg?fl#ﬁ{;@%g‘f% reesei. Transcription
term nati on sequépoes illngtraickethb vdnsauetioroef flasmit edectoopGh¥ 2SHavadiomiioe s
cerevisj NIl i ] J CYC TT), the Pichia
past or T B4 LRIGSTARY el BLMO PRI, IRAG 1RRRS Tk, 2nd Pichia
pastoris PMAl t riEgserd ifostetestbe pomauren @%ﬂ%ﬁ@ﬁéé’e?‘[%}!@{ﬂz 39 encoding the
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identifiable traf 13“?9&0‘#“%%%%’%‘@ gnsrugdon ﬁéﬂaggg IV§CW¥SM%§“%WI%O7\%M or
car ryi figoding txel eetsebh-a , ymbkersidasd(ThBNM Stahd guiushed I mannosidase FanEB6s med
ceIIs.m%ﬂplu iog??j a sequtgﬁbﬁ mar ker into a vector can also be used to
ensur "¥h4 e@@% it CHERETEREIRKBY to the marker are retained in the host
cel | popul ati on.Figuelt $lebteatesitbt eomtimkeersoigaasnudveetor plil Ya 463 éncofngribe i ed
dom nant, 11 a4 : ' ; iz ize or

ank sd; 43 % fnl?]ﬁn@slda% ?ﬁﬂ\ﬂﬁg i )sinngr{fsx%gtn}%g ?i?éﬂz& D¥stbRs PXBUDES!

nmet abol 1ze cé ar nutrients ‘a Yeast sel ectabl e

mar ker s i ncl ude Gigue Tisgimanmelctasmid vestersatd- Yeidand p(lncdod secedngeal | ow
the yeastiDRESarkiBblly héuvs ¥RAiRGSFEA 0B s6M iRl cheiel (GHAIL Y uhd tegdting tife Bich@ni No
aci ds. EXU%}tgﬁéftance nark%%Qanlq are,czg?ng used in yeast include

chl or PFHER] > logusaryh fsegtin SereRaE s ?%‘é‘neti cin), Zeocin, and the
| i ke. Cenetic f uRigtedis anhacdl @hdnad velter y@RY682baicodmiglthd Bickinpdyesisze
essent | cel,l ul ar Iy, 0 it h avail abl e yeast strains having
auxotr%@%ﬁ&?ngﬁﬁﬁ quﬁéf?é%éiiwggﬁﬁggggﬁ |% enom ¢ function. Commobn yeast
sel ect abl e mar keFiguprbisiadeayei@aingidiveeior p hgf%%? enppaingdBe Zigbidapsisci ne

LEU2 ; : i ; il (URA3, URAS5,
(o) LRI g R o s |

S ly ( , e (ADE1 or. ADE2), d the
li ke. Cther yeasFi2yg ’é?ciﬁ aphap Heiasapd vester pige Y At %RR%‘“%@F@“’F‘?%W%?
cer evi GiCEer) anhhtiat PRpBTGERPSG N Elaf REhS URIEAHL Payioas HISEldess.t hat are grown
in the presence of arsenite (Bobrowicz et al., Yeast, 13:819-828 (1997);
Wsocki etal., J. Biol. Chem 272:30061- 30066 (1997)). A nunber of
sui t abDETANLEDGIT2E S CRIPTIIONSOF METHIVENdHeNenunerated in U S. Published
application No. " i I or
Sacchar onyces Cef@%@%g%%35%5“@?ﬁ£$ﬂ§§§%§H@§HPL%§f9ﬁﬁg%ﬂ%%% gﬁﬁfhtegrating
vect or proinging yasambinanepraksins thatdwne rddgpediaiynosylaiecammiredigthogt colls that

7, 479, 38R/ noV9AQEh3R865 engﬁeleréﬂé HSA0Q8/mERTE Om Jexaan nesviadd drd S@bbansi t es
i ncl ude, Qék are not limted to, .Pic nes; .Pichia.TRP. (i ncl udi ng

ia Al
TRP1 t Pshag)is CPRIPHSINGEORE OF W%ﬂ?%elwgd’éﬂééf@ PEFIAPIETRPIGEIILOL 98 O PP HEP
genes; elRiogbics BRBx@eness CaridA PPabi and thblugesiahe rébbmbRiaathast Al to pndiudRGA
genes ve been q§%crib§d iﬁéL'n Cﬁre hino etal., Gene 263:159-169 (2001)
and U, SYRREPSET $H0 TR "fk%?@?y%t 47 Patent No. 4,818,700, the H S3 and
TRPl genes have Basmvddsund thadverexprssmoban aldogenvaa st exopesds-G67 ATRBE) |
H S4 hgs..b n%rﬁégéﬂn%%ﬁge IhISEREBPRoANEE BB inBihahP roﬁ@stg had reduced O-

Therefore the expressi on-vectors can enco ect abl e narkeéé
whi ch alyeosylsipnicompprel dehest peisThathd nAER APHISH A FRANSEROUSOR LRPEFRARS hRST
cel I's wirphid) £ G@k/n iR FRUPlcs 3nB e & etbx rbssinl df Wi hia phsrsANG oL CALTRTRASES

sel ect abl rkers. can .alsp be_us t ' the_.co nu r of
expres@ﬂﬁﬁJ & S abigprsis the @@%Eﬁéﬁgﬁgﬁggggb¥&%kiwf%%@?%gr Egggﬁf“%ﬁgEession
vect or geduttiqir iadughcanodMpareyeodipagdan thaiersecdbr siadadhaidid sotanpiesseithepr ot ei n,
t he RNA i ansl-at ed by .cel | ul ar t t . ed or
FecombAnt ThAg: i retombitu ol oe B GElrEnisd oRE BEHGR MM UAN BGIRZT 0T o
of a nesmdimgem cRNAgenNRNA)exogenas (Godgied BR/Cad ba$Bamel whemii thy Cad™ 8 iscap
of the @%Hﬁy' i ' j : FRNA j UG
start codon %ﬁg?gkggﬁé%g%??%ghgﬁﬁF%§§§§M§gﬁkgggf%ﬁ§%&pre§§%§khﬁﬁﬁgggggﬁénd
mammal i an cells generally does not require specific nunber of nucleotides
between a ribosonmal -binding site and anlinitiation codon, as is sonetines
required in prokaryotic expression systens. However, for expression in a
yeast or a mammalian host cell, the first AUG codon in an inRNA is
preferably the desired translational start codon. Mor eover ,
when expression is perfornmed in a yeast host cell the presence of |ong
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The expression vectors of the present invention can be nade by ligating the
overexpressed or reconbi nant protein coding regions in the proper

ori ent at iwo 20wm/tbB7pr onot er and ot her sequence el enent s POEIUSGOHEIR4T O
control gene expression. After construction of the present expression
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over expressed gene product and the overexpressed or reconbi nant protein can

bel lex %é‘&ﬁlﬁﬁant lﬁ@m?€ kAaséRiced (Dggl &)%?Ian@:ﬁlg’fﬁésh%bsﬂ @WNe EarEihtkaey G tch

ce S W EX res Ol’l Vecl oIS n re | val e

SR 1 T diodii R pisa R wBi ﬁ'ﬁgée@ﬁeﬂﬁtﬁ“&fﬁ? Amb R e ePERuI A na ot o

yeast melchsishydaad. OﬂmséhkfAﬁPamsd&daﬁﬁmﬂMdemMﬂthnnaﬁhumhnawémahepm1

spher O%ﬁé%mb gk&@h (RepieL) fgase 30d+ i F%%QF%%MS% slow twitch 2) and ffgast host
i'C {o)

cells st re e expression vectors I ncl ude
any wiPidhioyygstosis GER Anroten (lmmpl@guﬂwf chapprsyces seneippls| ). secretion. Such

strains can be defietlii ((%Tﬁ@%%ﬁhﬂfrﬁﬁ&% pEREIR Yhat1a88 as mm Bt)-
ha, Kl uy veronyces acti Pi chia pastoris, accharonyces

pol yr nar
ponbe, binding. EUPTRET)i RSRIEY i dhe ug}?&ﬂrsf dhegudgp &fsgc%?mygfa‘éta SO R dhey |
usef ul mpueugsdstial Bst afmyyctast airolelin den@hpaomﬁ:gwleh h‘,aheucad:g@neism the

el ect SpbtrarRi KhaFrRRTRECTH RO MR it B 0 0B he 06T he Feast
Genet i egudice akthediy Arbiiding demainalf theagupesfamily of pucdéar yeagptotal Colrstinilan binds
per kel @mib@litd in A8 W &@ﬁﬁéﬁg&g@%%ﬁ%%r%&ws SR e6fth AN

ter CC), the National
Col | ecantkbﬁdm, W@élggh Iounseived apppe SPaRkss ealddhis peted lé}tﬂéﬁ @I@@P}@éfgﬂ qaMe, Norwich

JNR|4 7 %rcdﬁl@sn@d‘ﬁtlgigﬁmcglgr%gf}??ﬁ%ﬁ@ dal¥ R, SARIIIRA BIAIS w ﬁ&f&lh{@@gﬁotdﬂm?/azﬁ: on,

uli anal aan 67a enera ower
eukat yEfF‘é%m% R fé‘é‘n;’@’&gtexﬁ‘?"éedd%@fl'\lgl? hﬁﬁ%p&?#%@gls'ﬂ)lﬁmot? thy (e L% AL because
t hg_yf cegxebprmmm arakhiyablintiude dut ge viet Ihgdd i heinds, UGGd (\Nfﬁhl aplpr op][ :c ately
modi f i are.ca ticularly offers
est abl ¥ gﬁ@ﬁg&@ﬁggg%ggRF?%&?%%R¥§mgﬁ%%$%X%f%%ﬁ %ﬁ?f% Bgﬁtested protein

| ocal i zati on strBRpyl s Cdanplerﬁmpmﬁllgeﬁ@e tené;mlasnu@ retisghim dabintersys wibl e

vectorg Mgﬁa @f&ﬂé@é%eams‘rpﬁ{d&% §ﬁ%‘?ﬁk§§§ate RHGR %wmr@hﬁeﬁzed ncl udi ng
3- phosp og Cérate kinase o ot

lg ytic nz nes, %Wég gi n of
repl|c%h@QWPwF@fﬁﬁﬁﬁﬁﬁ%ﬂ“@é@ﬂ@h@@gg i@l ?ﬁ@h?ﬁﬁﬁh%§ed%§ﬁ?@ﬂlt PBUs yeast s,
such agenférdyiRn MR GRSprbRat dctuall F?liﬁb pﬁ)t@ﬁﬂlsﬁfﬂc& 1sd?h@*ﬂ$eaacﬁeitjﬂ a'm@dsl, e, ERysd

o ow 15 BT SFrEgeH e srdoanmicoBipdia (R it Rt pobe s a XRitan:
pr ot ei Bomkiake @R fanhilyt. airrthought than genmp]smmfa&tms ped gu:*. proscimimgdiate ratsar i um
sP, Nef’&rlcﬂﬁg 8% %rot%cﬂﬁli%ﬁﬁg to'?%ﬁs%ii‘&%rbo%ﬁs 568 TgBchﬁx%E&'z? ?ul@crét%@ PiQ%gst 19f

t he i nven i al ower eukaryotes,
parti cachetynal ?@é,sERpi?amteb@tsgm@ﬁc@Ié)r with mewly Ei}’é‘dle%l@@{i glseoprpigipsexpr ess

gl ycoprot ei ns i nywy.ch ﬁh%r %%ﬁQﬁét'o%feﬁﬂreE’ﬁéﬁ 81 the hEmBA TRF AidBm@n ERpS7
humani zed. Such can be chi eve |n1nat| sel ect ed endogeno

gl ycosip Ziehigwagasiy lect @FB¢a§H%HF?fﬁﬁudV¥¥Q 5Wﬁ¥§¥§?ﬁ§?7B§%®@§5@53247
exogenﬁﬂﬁnﬁ@ﬂuﬂﬁﬁi@ﬁed@&&ﬁh@ﬁ@RﬂMmﬁHﬂﬂﬁﬁgs et al. . US 20040018590. For

exanpl e, a host n be s ected 0
1, 6- mannosyl tr aﬁg q@gr B9 %h n@%&%ﬁf%ﬁ id %‘gr@%%%%g F&%ge Au%ielc
r esi dusdd anfleutes enwdyhg/maclreunulm giom prdioiiRpS7 protein for ecmplcrexgre@smn m the

enbodi t fLlAr tic
domai nipeely PhesDB3cffy Son 1D for o ggi#gﬁsf@%%%“ﬁ@“%?9?3’?%3?5%%@45%0. at ed
wi th t et tharatopns of @ahispsylain @eth@@f(é@ntl%retiwe&etwh%t g host_cgH ppghide

acti \rq) bile &?néﬁe%ua&co{czﬁ%gzﬁu@pa@doaiﬂgsﬁn%dbg%g’l(w@ﬁh&@blo oi?@@%gﬂﬁpésea el
reconbi_nan ro rou or, g ar e hast ce
b oaucsennoLed iR Rrthey ERF et by s NRABGR AP PERTORER T or
exanpl &,coﬁibfrﬁ,lﬁﬁlﬂ%% eeahm.eugdv,emmmﬁ eﬁthempmlbgemscnﬁbmman@omm@mmt ly a
Man5Gl cof.orm_ _For ten

Pubi | shid SIEekrAgur Bt sd RoRurantPuniBugRku oo Ot

| ower ﬁut&ar yeduetidndsttha@tdlycosyptin ef retombinanigiretging pridpcepbotheibasioshpri sing a
Man5CGlg ely
pr ecedl ng ost @R{\?&? g(r)m}alr?c i éq’gcﬂlséH@hA%lFr%gﬁgfglrg?;@délpgmﬂ Hduf
catal ytic donmai n fused to a ceIIuIar targeting signal peptlde not nornally
associated wth the catal ytic domain aft selected to target G eNAc
transferase | activity to the ER or Col gi apparatus of the host cell.
Passage of the reconbinant glycoprotein through the ER or Gol gi apparatus

of the host cell produces a reconbi nant gl ycoprotein conprising a
a eNAcNhnSGﬂcNAcZ_g!ycofonn for exanple a reconblnant glycoproteln

R A ™~ o~




In a further enbodi ment, the inmedi ately precedi ng host cell further

i ncl udes a mannosi dase |l catalytic domain fused to a cellular targeting
si gnal pepLi2d®/mets7noi mal |y associ ated with the catal yt ipcTasa®ons2AT
selected to target mannosidase Il activity to the ER or Col gi apparatus of
t he host cell. Passage of the reconbinant glycoprotein through the ER or
Col gi apparatus of the host cell produces a reconbinant glycoprotein

Cfmggl c?ﬂg?&n% %ﬁ%@h@ﬁ%ﬁ%&%ﬁﬂ@ odls Yt Qxewn&wgrsé %[d SIRhGe AuklBRR MaRbules

gl ycop I I I Si

Oy o Rearfing s GAT BB LR PRTEIn 270i0D 80 BRES 4 AEPIOP-a T PEISTIOR SRS CBL G e A BTAcEss | on
No. Zogﬂﬂddpzc&@i(ﬂéfaumlrs@icesexgilymlatleukaryote host cells that express

mannosi dase || nd are s havi ng
predom nantly a%@%@’é%ﬁ ?\&8 aﬁf*ﬁ%%f%lgﬁ?%ﬁgﬁ&% Sr%‘g‘{“’?%"%% oduced in
t he abamibodies.| @nealmpbwnt pedtiadn partivilar, ProfeintDiaulfids svmerae<BDDofipcodnsde a

reconbl I n
LT B BRI B O i e
GLcNAcPoieimdisaliids somerasa 1Y) %p&d £ & Substatial 1 m%r%%ﬁ of @ spbstattiel flegFeapaityet i ng
si gnal thpeRbl o&!@isulﬁli@o%ﬁéhﬁl{zggl&%&wﬁwé&&%é&&Saﬂﬁhél@;&dﬁedlﬁédmaﬁm af ed

th th t t ted. t f |
hct i vi igh GG EREReR G PHRIN iF Bty LERES e eBif TobiESXpES T phe
r ecgrrbdmaﬁﬁegdmmnprgqt@ems(m;gug?Ch}lbert,ERBwi Chégi 2@pFasaiiiEl @b94heskost cel |
uc c
produces. & if, g2a3iANt gloig ohral nan?&%&%ﬁﬁ*ﬂ@ RSN ENA0Zced

gl ycoform orrp St on con rising
pr edonwitatipan PGI@ PVErE @ badhrsAuedy/@ @B@ﬁ)ﬁﬁla@@ When these oddls fipflge9, 872 and
U. S. P‘ﬂ@l‘uﬁé Q&Qplg%bé@kp@%d&@érﬂéhﬂe DR us 8084 91%@5%@4‘“@@@339%/&1@@#53&/&

di scl ose | ower” eukaryote host cells capabl e ducing a gly rotein
ples 3 afﬁ g

conpr i BRpRY %Foﬁ‘ﬁsﬁlﬁ‘é?%ﬁgéu@m&@”@Tl%ﬁlf 1 COS ¢ 6P uced in
the above cel | s Tag, hether Rl e okt dells iat bctap:hﬁlgaéﬂpmsaas:euw\mp@séuce a

mbi t j Ypr i Si Man3d f I
oo AP0 SORT ST SRIPLLP, A9 SR AL VSR o
a gal adtapsrph¢ painsh haaa]s@n@iatesddymdasmiﬂnmamddu&édcaadanmiecmlublmodmraget| ng

I d
glelgggth &8fog9€s &%@eﬂéﬁ{ gﬁ:'té&(h t?éaéir‘}'s g@%;:&eﬂ gugtel ¢ 1c“e§c¥3?e|s§‘1hh 8&%@%&%}@&
appar amrgy-pubeurH@rn@ edigwhis, mphlgg Higeaboie eells W@@ﬁﬁﬁﬁlﬂﬁﬂa@eﬁ%@pg@ﬁéﬁon t hr ough

the EF%}faFer@Qé Blot@RD 36 HE100- Ih%dfb?ﬂ&e GRbY4 mo@ahg:@fé aBoleRBRIRUNARMe cells.
gl ycoprotein co r|S|n a Gal G cNAe2Man3G ¢

c2 or (312 l(\égnSGlc
gl ycoform or ‘t‘ﬁ‘?@ HaPio el sHcly F’@lraweeé&ﬁffﬁvwéﬁﬁ gﬁ%@%ﬁ FRS
CorrpOSPichlatlpa@WI ¢t a}ﬁ:{rﬁdﬁ)ﬁf s kiyovan &pClktNGaRMans@iehdedsg!(P84lspr m or

55 BYS AN ARSI o iR OINRN A Bt FIEEEL ol BRUERY B () oses

| ower ﬁuukétlw)f’echhqwmei dey lmapafdhdn bave;he@d goictigally étewﬁdpmp@smomrpmm ng a
Gal 2GL I?c#%é%ﬂé S, a}-@ﬁet%}' ¥GIRRS R)tl@rhﬂ% dRIBdH 6 Ond & hbe

cells can e trea actosi dase to roduce rec |nant
gl ycopgqmmﬂbl@tﬁﬁpr 89 gy %%M%m%m&zp@ﬁy%f geﬂ@whb% AEYdea

r ecombidda@nd in@dliae VDL, NI Z FIPDSE | AIDS) 260 M@Im@eﬁé@ﬂmﬁw stdrishost cells in

d cNAc?2 d.e cof or urt her t he
o SRR polie gfi?f%}ﬁ%@d% P gepsis et ifhet Bigveragr bl Agh ST s e

cat al yDeieudonmﬁmctf]mEkindoﬁoat afehd Ob‘éﬂ deae gﬂtelc&gaf;n fgnednspeq:ﬂngdecmm!bmmt inally
assoc e a

oy ol ot Plefiblolodis WS A M LR AL RROERS B b RIS ke Aalvoans, |
PassagBewfisa i és de@c@fﬁt)tmmﬂuf@l Iymmrgiycewmtmmf mggmeh@ ERedIcedH- gwcwﬂ@aﬂm us

of th [
or e doﬁghﬁfaéﬁ%af t6dil 4 Réﬁ%\g%a ?i%g &?eaﬁ@ fRIA h%l%%?ﬁ:&g%nqg r@c?n&)g?ﬁ?ﬁdﬁ \PRShia pastoris

mm&hez@g@l%@m@&%@@ of mmlr«@grhuman xepaw@mwtaapmwe Poglgpans.

eukar yphe, hofttheadmhisodstents, asovi@abire dbst il daBRlOUsinklidgdeletibn bediwagfion t hat
the host cell fur r include a means for providing CMP-sialic acid for

t r ansf &roF AT SE4N. U.S. Published Patent Application No.

2005/ 0260729 di shi fosther aapentd, e vieorx pgseeel denea ptodueng asearicd gehomeduct.

pat ont L Re e e SRR bR RS PRy AR pRodRL BBl R pae e
engi neering | ower eukaryotes to produce sialylated glycoproteins. The

gl ycoprotein produced in the above cell3s can be treated in vitro with a
neur am ni dase to produce a




WO 2010/ 019487PCT/ US2009/ 053247 reconbi nant gl ycoprotein conpri sing
predom nantly a Gal 2GLcNAc2Man3GlcNAc2 gl ycof orm or Gal A eNAc2Man3GLcNAc?2

gl ycof or mvorzorovodp4sre t her eof . Any one of theppraseavngs2hpDst
cells can further include one or nore A cNAc transferase selected fromthe
group consisting of G T IIl, G T 1V, G1T V, GT VI, and G1T | X to produce
gl ycoproteins having bisected (GTO 111) and/or rnultiantennary (GT IV, V,

X:o | ang theSkilNddHriigan P;éié éﬁbﬁﬁ 8&,@%@3818(%)0 Howe G@ﬁeaxp@sé;bﬁecmublogﬁ,?ﬁémeag ent
plicatjon Nos. . .a ur r
i EreEnb DR Vs oAt rE st 3ad SaRBhfl e ar 408e. Molerup iR

pr edorfiabanitdry MArzhA3 N 3 Gl ENAE Spmhgﬂmanﬁrefsu N.Nerprovidé pbesdumes for detecting

gal act r catal ytic domain fused to a cellular targeting signal
pept i g‘?%{oe? g%ge?{ﬁrlg)ldﬁygassom ated with the catalytic domain and selected to

target Gal act osyla sesresd an essexauessed gspetrsodusbtbERogcelids giltisgpdpedess of the

host Q%hhmoﬁﬁwgﬁnﬁor E&?etfo%‘?ﬂ'mé mxp%sy&ﬁ%h@tp%dﬂlci m&H%Bnalﬂﬁnﬁchﬂe Gol gi
appar at us of host prod uces a reconbi nant oprotein ¢ i ng
pr edorFFIﬁ‘Q?F?We tnﬁgle@?a ‘é Ko Tt pegtibsseetion v the oo qrﬁov§: ’fsl'J‘ her

enmbodi gmaditiont Be configdhalueley \amicﬂ,ﬁaﬁ@lwigcqu&tfoﬁﬁ Iblasit belluljr fadetived offl ycopr ot ei ns

R R R e RS AL

t ar getaragneignethe pkiied dgismot nor mal |y assom ated with the catal ytic donmin
and sel ect ed toeﬂ/lﬁfe%%r '%&%ﬂ@éhﬁr s%?l?ed%?ﬁéaﬂ'at%c&&d Re Fi3a0E: SRbLI!

apparatus of th assage of the reconbi nant gly oprote| n t hrough

t he ERlegcteddndhe apiss @@@wnbwseti ﬁénﬁa@w@éwvﬁh@m@@ host eslls by

gl yco%@dlﬁinrbaﬁ%%éﬁéétwﬁ@rrﬂm% Wﬁ%ﬂﬁ@é@é\dﬁ@% Qir)éﬁg’hpm cenmﬁlgatlon
Vari ous f t he .pr ecedi St celqﬂifurther sugar

t r ans pYrit @?téons ér S & PI99RRG58 Flﬂeé’rl%el c%fqg?e%égg%?e r fr W omyces
| act i SmadldeystaImng adivansageoPEhohidprdpesies pharhaestic difiR @aalr@mr@scai ganansporters

f d
. o BRI spel SRRRTE Sl ”'ﬁ&?ﬁé’ﬁ‘%%&%gﬁ%ﬁ%%% P ARROBEEa T )
Becau smepm ofghk avqr@tme&s@cé gereairpduosuBer cxemples dftangrygrexpressasricoe srodueidias| ack
the abé)éﬁﬁ a&g&g t?@ﬁ%» arl ésséysfop H%ft @éta@dyecaa BabelfMRa RUkaEYIake nitafin 684l S

such as % | anent gus enetl cally engi neered to include
the ab®W thP%r‘@ rMgfegver, when a‘mbo 1‘L’Slfiﬁia IF PEAIRS @G QYSHFRErestdi87Be above

thst Cftolisot aiehﬁah&sé teh higitRdeesica bh asedgedetetians gyneqﬁgdm&r &t vl | m nat e
gl ycoprotein

d I
i 2 UpEPhG s 35510 SEs T i er 068 S pighn S PGPy N b R e
Pat entHﬁqbptLaiamtory INess).2006/ 0211085) and gl ycoproteins havi ng
h h
Bhﬁiﬁhmﬂﬁii " RER, DechBh o Bucbbal ) SR8 aRRERImRGLE B perd®
Pat ent privdict includes adeterelagoup, s%@l oUwyder peptidgrthdidaciBletas thesessdivpehths gspe ¢ he
Zlbm e nﬁg?géctcgiaérg%%rg é}%ﬁ? gﬁﬁuﬁ Ia}eSd@Jr&e faulf%c?gﬁd Qé%f%{ajde'@ gltvilﬁﬁh OB fa:leggﬁg ﬁnng e
or nor® ‘B‘fe"ft%%enﬁr%? CW@‘?%‘HWSEW g‘i‘% ?ré‘la]a‘?b )(ab\é] fr%‘? ﬂ‘e( Ser/ Thr)
g/gg 8 ?S%Jtraggma;%ggglgn/aﬁn ggér;:(lawh@ﬁal péﬁ?d%s reSprefomt arthe Noter:hintd 4f BfRper WO
rown .in [ as
ot 1 DRRPLe e Pt raesd A SReich, AFuBhEE SRR ekl bl St
Appl i Clat presenNalon¥\GeRlsteptdsdhainef thogtme product in the fornThfiearbgydudteientagiied host
cells gozbggmﬁggﬁlﬁ sg%‘?ﬁ*a&@}ihﬁoﬂ@@eﬁbg%g&ﬁspr oduce gl ycoprotei ns wherein

t he predom nant éan ereon 1 nclu ut_are not limted to

MangG cNAC2, I\/anff@ zlgnvbn%ﬂésr\m@ ide ey draphaiie domeinsNadneinidde aRhp 30
S""'NSnS,W%A’?@ AR 4&@&&@@ NoGVERE NG Rin MBRE 6NA@Zabod TNASIb
1-4)@ Fh I\ﬁowymﬂ%@ ket %}%M@%ﬁéﬁ?ﬁwﬂs et pradeld %%ﬂ(esrfarduce

gl ycopsetcgions Id faterdhatie ppaictlacsdgaendiof hyignsl efjudrve isdarcenesitbuosieshIN- gl ycans
ther eosnequences are rich in hydrophobic amino acids such as alanine (Ala) , valine (Val), leucine (Leu),
isoleucine (Ile), proline (Pro), phenylalanine (Phe), tryptophan (Trp), methionine (Met) and the

like.

-14 -
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PCT/US2008/13719. Examples of insertion sites include, but are not limited to, Pichia ADE
genes; Pichia TRP (including TRPI through TRP2) genes; Pichia MCA genes; Pichia CYM
genes; Pichia PEP genes; Pichia PRB genes; and Pichiq LEU genes. The Pichia ADE] and

ARG4 genes have been described in Lin Cereghino et al., Gene 263:159-169 (2001) and U.S.
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gl ycosyl ation occupancy and an increase in N-glycosylation. Table 1 GS2.0
Strain yA.Y2263 (control) yG.Y3647 yA@.Y3628 Pichia pastoris PDI1 WIld-type
Knockout wWocoloaupv4sHunan PDI None Over expressed PCT/US2009/053247

Patent No. 4,818,700, the HIS3 and TRPI genes have been described in Cosano et al., Yeast
14:861-867 (1998), HIS4 has been described in GenBank Accession No. X56180.

Therefore the present expression vectors can encode selectable markers which are
useful for identifying and maintaining vector-containing host cells within a cell population
present in culture. In some circumstances selectable markers can also be used to amplify the
copy number of the expression vector. After inducing transcription from the present expression
vectors to produce an RNA encoding an overexpressed or recombinant protein, the RNA is
translated by cellular factors to produce the overexpressed or recombinant protein.

In yeast and other eukaryotes, translation of a messenger RNA (mRNA) is
initiated by ribosomal binding to the 5' cap of the mRNA and migration of the ribosome along
the mRNA to the first AUG start codon where polypeptide synthesis can begin. Expression in
yeast and mammalian cells generally does not require specific number of nucleotides between a
ribosomal-binding site and an initiation codon, as is sometimes required in prokaryotic
expression systems. However, for expression in a yeast or a mammalian host cell, the first AUG
codon in an mRNA is preferably the desired translational start codon.

Moreover, when expression is performed in a yeast host cell the presence of long
untranslated leader sequences, e.g. longer than 50-100 nucleotides, can diminish translation of an
mRNA. Yeast mRNA leader sequences have an average length of about 50 nucleotides, are rich
in adenine, have little secondary structure and almost always use the first AUG for intiation.
Since leader sequences which do not have these characteristics can decrease the efficiency of
protein translation, yeast leader sequences are preferably used for expression of an overexpressed
gene product or a chaperone protein in a yeast host cell. The sequences of many yeast leader
sequences are known and are available to the skilled artisan, for example, by reference to Cigan
et al. (Gene 59: 1-18 (1987)).

In addition to the promoter, the ribosomal-binding site and the position of the start
codon, factors which can effect the level of expression obtained include the copy number of a
replicable expression vector. The copy number of a vector is generally determined by the
vector's origin of replication and any cis-acting control elements associated therewith. For
example, an increase in copy number of a yeast episomal vector encoding a regulated centromere
can be achieved by inducing transcription from a promoter which is closely juxtaposed to the
centromere. Moreover, encoding the yeast FLP function in a yeast vector can also increase the
copy number of the vector.

One skilled in the art can also readily design and make expression vectors which
include the above-described sequences by combining DNA fragments from available vectors, by
synthesizing nucleic acid molecules encoding such regulatory elements or by cloning and placing
new regulatory elements into the present vectors. Methods for making expression vectors are
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Over expressed Hunan ERO1 a None Expressed None Hunan GRP94 None None
Expressed Piehia pastoris PRB1 Intact Knockout Intact Pichia pctstoris PEP4
Intact WO 2010/019487 PCT/US2009/053247

well-known. Overexpressed DNA methods are found in any of the myriad of standard laboratory
manuals on genetic engineering,.

The expression vectors of the present invention can be made by ligating the
overexpressed or recombinant protein coding regions in the proper orientation to the promoter
and other sequence elements being used to control gene expression. After construction of the
present expression vectors, such vectors are transformed into host cells where the overexpressed
gene product and the overexpressed or recombinant protein can be expressed. Methods for
transforming yeast and other lower eukaryotic cells with expression vectors are well known and
readily available to the skilled artisan. For example, expression vectors can be transformed into
yeast cells by any of several procedures including lithium acetate, spheroplast, electroporation,
and similar procedures.

Yeast host cells which can be used with yeast replicable expression vectors
include any wild type or mutant strain of yeast which is capable of secretion. Such strains can be
derived from Saccharomyces cerevisiae, Hansenula polymorpha, Kluyveromyces lactis, Pichia
pastoris, Schizosaccharomyces pombe, Yarrowia lipolytica, and related species of yeast. In
general, useful mutant strains of yeast include strains which have a genetic deficiency that can be
used in combination with a yeast vector encoding a selectable marker. Many types of yeast
strains are available from the Yeast Genetics Stock Center (Donner Laboratory, University of
California, Berkeley, Calif. 94720), the American Type Culture Collection (12301 Parklawn
Drive, Rockville, Md. 20852, hereinafter ATCC), the National Collection of Yeast Cultures
(Food Research Institute, Colney Lane, Norwich NR4 7UA, UK) and the Centraalbureau voor
Schimmelcultures (Yeast Division, Julianalaan 67a, 2628 BC Delft, Netherlands).

In general, lower eukaryotes such as yeast are useful for expression of
glycoproteins because they can be economically cultured, give high yields, and when
appropriately modified are capable of suitable glycosylation. Yeast particularly offers
established genetics ailbwing for rapid transformations, tested protein localization sirategies and
facile gene knock-out techniques. Suitable vectors have expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other glycolytic enzymes, and an origin of
replication, termination sequences and the like as desired.

Various yeasts, such as Kluyveromyces lactis, Pichia pastoris, Pichia
methanolica, and Hansenula polymorpha are useful 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 Aspergillus niger, Fusarium sp, Neurospora crassa and others can be used to
produce glycoproteins of the invention at an industrial scale.

Lower eukaryotes, particularly yeast, can be genetically modified so that they
express glycoproteins in which the glycosylation pattern is human-like or humanized. Such can
be achieved by eliminating selected endogenous glycosylation enzymes and/or supplying
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I ntact Knockout O-glycan (Cccupancy: H2L2) 23.7 9.2 10.0 EXAMPLE 2

Cell Gowh conditions of the transfornmed strains for antibody production
was generabDI29104894861 | ows. Prot ei n expressi orCrars2anms3247
transforned yeast strains was carried out at in shake flasks at 24C with
buffered gl ycerol -conpl ex medi um (BMGY) consisting of 1% yeast extract, 2%
pept one, 100 nM pot assi um phosphate buffer pH 6.0, 1.34% yeast nitrogen
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Par ame{@lain and selected to target the a1,2-mannosidase activity to the ER or Golgi apparatus of the

host cell. Passage of a recombinant glycoprotein through the ER or Golgi apparatus of the host

cell produces a recombinant glycoprotein comprising a MansGlcNAcy glycoform, for example, a

recombinant glycoprotein composition comprising predominantly a MansGlcNAc; glycoform.

For example, U.S. Patent No, 7,029,872 and U.S. Published Patent Application Nos.

2004/0018590 and 2005/0170452 disclose lower eukaryote host cells capable of producing a

glycoprotein comprising a MansGleNAcy glycoform.

In a further embodiment, the immediately precéding host cell further includes a

GleNAc transferase 1 (GnT I) catalytic domain fused to a cellular targeting signal peptide not

normally associated with the catalytic domain and selected to target GIcNAc transferase I activity

to the ER or Golgi apparatus of the host cell. Passage of the recombinant glycoprotein through

the ER or Golgi apparatus of the host cell produces a recombinant glycoprotein comprising a
GlcNAcMansGleNAc) glycoform, for example a recombinant glycoprotein composition

comprising predominantly a GleNAcMansGleNAc) glycoform. U.S. Patent No, 7,029,872 and
U.S. Published Patent Application Nos. 2004/0018590 and 2005/0170452 disclose lower
eukaryote host cells capable of producing a glycoprotein comprising a GleNAcMansGicNAc)
glycoform. The glycoprotein produced in the above cells can be treated in vitro with a
hexaminidase to produce a recombinant glycoprotein comprising a MansGleNAc, glycoform.
In a further embodiment, the immediately preceding host cell further includes a
mannosidase II catalytic domain fused to a cellular targeting signal peptide not normally
associated with the catalytic domain and selected to target mannosidase II activity to the ER or
Golgi apparatus of the host cell. Passage of the recombinant glycoprotein through the ER or

Golgi apparatus of the host cell produces a recombinant glycoprotein comprising a
GlcNAcMan3GleNAc) glycoform, for example a recombinant glycoprotein composition

comprising predominantly a GlcNAcMan3GleNAc) glycoform. U.S. Patent No, 7,029,872 and
U.S. Published Patent Application No. 2004/0230042 discloses lower eukaryote host cells that

express mannosidase Il enzymes and are capable of producing glycoproteins having
predominantly a GlcNAcyMan3GleNAcy glycoform. The glycoprotein produced in the above

cells can be treated in vitro with a hexaminidase to produce a recombinant glycoprotein
comprising a ManzGlcNAcy glycoform.

In a further embodiment, the immediately preceding host cell further includes
GlcNAc transferase I (GnT II) catalytic domain fused to a cellular targeting signal peptide not
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normally associated with the catalytic domain and selected to target GleNAc transferase II
activity to the ER or Golgi apparatus of the host cell. Passage of the recombinant glycoprotein

through the ER or Golgi apparatus of the host cell produces a recombinant glycoprotein
comprising a GleNAcaMan3GleNAc; glycoform, for example a recombinant glycoprotein

composition comprising predominantly a GleNAcyMan3zGleNAc) glycoform. U.S. Patent No,
7,029,872 and U.S. Published Patent Application Nos. 2004/0018590 and 2005/0170452 disclose
lower eukaryote host cells capable of producing a glycoprotein comprising a
GleNAcaManzGleNAcy glycoform. The glycoprotein produced in the above cells can be treated
in vitro with a hexaminidase to produce a recombinant glycoprotein comprising a Man;GlcNAc,
glycoform.

In a further embodiment, the immediately preceding host cell further includes a
galactosyltransferase catalytic domain fused to a cellular targeting signal peptide not normally
associated with the catalytic domain and selected to target galactosyltransferase activity to the ER
or Golgi apparatus of the host cell. Passage of the recombinant glycoprotein through the ER or
Golgi apparatus of the host cell produces a recombinant glycoprotein comprising a
GalGleNAcoMan3GleNAcy or GalaGleNAcyMan3GleNAcy glycoform, or mixture thereof for

example a recombinant glycoprotein composition comprising predominantly a
GalGleNAc)Man3GleNAcy glycoform or GalpGleNAcoManzGleNAc) glycoform or mixture
thereof. U.S. Patent No, 7,029,872 and U.S. Published Patent Application No. 2006/0040333
discloses lower eukaryote host cells capable of producing a glycoprotein comprising a
Gal,GleNAcyMan;GleNAc; glycoform. The glycoprotein produced in the above cells can be

treated in vitro with a galactosidase to produce a recombinant glycoprotein comprising a
GleNAcyMan3GleNAcy glycoform, for example a recombinant glycoprotein composition

comprising predominantly a GleNAcayMan3GleNAcy glycoform.

In a further embodiment, the immediately preceding host cell further includes a
sialyltransferase catalytic domain fused to a cellular targeting signal peptide not normally
associated with the catalytic domain and selected to target sialytransferase activity to the ER or
Golgi apparatus of the host cell. Passage of the recombinant glycoprotein through the ER or
Golgi apparatus of the host cell produces a recombinant glycoprotein comprising predominantly
a NANA»GalpGleNAc;Man3 GleNAcy glycoform or NANAGalpGleNAcyMan3GleNAcy
glycoform or mixture thereof. For lower eukaryote host cells such as yeast and filamentous
fungi, it is useful that the host cell further include a means for providing CMP-sialic acid for
transfer to the N-glycan. U.S. Published Patent Application No. 2005/0260729 discloses a
method for genetically engineering lower eukaryotes to have a CMP-sialic acid synthesis
pathway and U.S. Published Patent Application No. 2006/0286637 discloses a method for
genetically engineering lower eukaryotes to produce sialylated glycoproteins. The glycoprotein
produced in the above cells can be treated in vifro with a neuraminidase to produce a
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Extract 10 o/ L KH3RHer bhbddBhents HRbsteedl that produces glycoproteins that have
predominantly GIcNAcMansGlcNAcy N-glycans further includes a galactosyltransferase

catalytic domain fused to a cellular targeting signal peptide not normally associated with the
catalytic domain and selected to target Galactosyltransferase activity to the ER or Golgi
apparatus of the host cell. Passage of the recombinant glycoprotein through the ER or Golgi
apparatus of the host cell produces a recombinant glycoprotein comprising predominantly the
GalGleNAcMansGleNAco glycoform.

In a further embodiment, the immediately preceding host cell that produced
glycoproteins that have predominantly the predominantly the GalGleNAcMansGleNAcy N-
glycans further includes a sialyltransferase catalytic domain fused to a cellular targeting signal
peptide not normally associated with the catalytic domain and selected to target sialytransferase
activity to the ER or Golgi apparatus of the host cell. Passage of the recombinant glycoprotein
through the ER or Golgi apparatus of the host cell produces a recombinant glycoprotein
comprising a NANAGalGleNAcMansGleNAcy glycoform.

Various of the preceding host cells further include one or more sugar transporters
such as UDP-GlcNAc transporters (for example, Kluyveromyces lactis and Mus musculus UDP-
GleNAc transporters), UDP-galactose transporters (for example, Drosophila melanogaster UDP-
galactose transporter), and CMP-sialic acid transporter (for example, human sialic acid
transporter). Because lower eukaryote host cells such as yeast and filamentous fungi lack the
above transporters, it is preferable that lower eukaryote host cells such as yeast and filamentous
fungi be genetically engineered to include the above transporters.

In further embodiments of the above host cells, the host cells are further
genetically engineered to eliminate glycoproteins having e-mannosidase-resistant N-glycans by
deleting or disrupting the f-mannosyltransferase gene (BM72)(See, U.S. Published Patent
Application No. 2006/0211085) and glycoproteins having phosphomannose residues by deleting
or disrupting one or both of the phosphomannosyl transferase genes PNOI and MNN4B (See for
example, U.S. Patent Nos. 7,198,921 and 7,259,007). In further still embodiments of the above
host cells, the host cells are further genetically modified to eliminate O-glycosylation of the
glycoprotein by deleting or disrupting one or more of the protein O-mannosyliransferase (Dol-P-
Man:Protein (Ser/Thr) Mannosy] Transferase genes) (PMTs) (See U.S. Patent No. 5,714,377) or
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grown in the presence of i inhibitors such as Pmt-1, Pmti-2, and Pmti-3 as disclosed in Published
International Application No. WO 2007061631, or both.
Thus, provided are host cells that have been genetically modified to produce

glycoproteins wherein the predominant N-glycans thereon include but are not limited to
MangGleNAcy, Man7GlecNAcy, MangGleNAcy, MansGleNAc2, GleNAcMansGleNAca,

GalGleNAcMansGleNAc, NANAGalGleNAcMansGleNAc2, Man3GleNAc), GleNAc(] -
4Man3GleNAc, Gal(1-4)GleNAc(1 -4)Man3GlcNAc), NANA(1-4)Gal(1-4)GleNAc(] -
4)Man3GlcNAc2. Further included are host cells that produce glycoproteins that have particular
mixtures of the aforementioned N-glycans thereon.

In the following examples, heterologous human proteins are expressed in host
cells of the species Pichia pastoris. These examples demonstrate the invention with respect to
specific embodiments of the invention, and are not to be construed as limiting in any manner.
The skilled artisan, having read the disclosure and examples herein, will recognize that numerous
variants, modifications and improvements to the methods and materials described that are
possible without deviating from the practice of the present invention.

EXAMPLE 1

This example shows the construction of a recombinant Pichia pastoris that
produces recombinant proteins with MansGlcNAcy N-glycans.

Construction of expression/integration plasmid vector pGLY642 comprising an
expression cassette encoding the human PDI protein and nucleic acid molecules to target the
plasmid vector to the Pichia pastoris PDII locus for replacement of the gene encoding the Pichia
pastoris PDII with a nucleic acid molecule encoding the human PDI was as follows and is
shown in Figure 2. ¢cDNA encoding the human PDI1 was amplified by PCR using the primers
hPDI/UPI: 5 AGCGCTGACGCCCCCGAGGAGGAGGACCAC 3' (SEQID NO: 1) and
hPDI/LP-Pacl: 5' CCTTAATTAATTACAGTTCATCATGCACAGCTTTC TGATCAT 3' (SEQ
ID NO: 2), Pfu turbo DNA polymerase (Stratagene, La Jolla, CA), and a human liver cDNA (BD
Bioscience, San Jose, CA). The PCR conditions were 1 cycle of 95°C for two minutes, 25 cycles
of 95°C for 20 seconds, 58°C for 30 seconds, and 72°C for 1.5 minutes, and followed by one
cycle of 72°C for 10 minutes. The resulting PCR product was cloned into plasmid vector
pCR2.1 to make plasmid vector pGLY618. The nucleotide and amino acid sequences of the
human PDI1 (SEQ ID NOs:19 and 20, respectively) are shown in Table 9.

The nucleotide and amino acid sequences of the Pichia pastoris PDI1 (SEQ ID
NOs:21 and 22, respectively) are shown in Table 9. Isolation of nucleic acid molecules
comprising the Pichia pastoris PDII 5' and 3' regions was performed by PCR amplification of
the regions from Pichia pastoris genomic DNA. The 5' region was amplified using primers
PB248: 5' ATGAA TTCAG GCCAT ATCGG CCATT GTTTA CTGTG CGCCC ACAGT AG
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3' (SEQ ID NO: 3); PB249: 5' ATGTT TAAAC GTGAG GATTA CTGGT GATGA AAGAC 3’
(SEQ ID NO: 4). The 3' region was amplified using primers PB250: 5' AGACT AGTCT
ATTTG GAGAC ATTGA CGGAT CCAC 3'(SEQ ID NO: 5); PB251: 5' ATCTC GAGAG
GCCAT GCAGG CCAAC CACAA GATGA ATCAA ATTTT G-3' (SEQ ID NO: 6). Pichia
pastoris strain NRRL-Y 11430 genomic DNA was used for PCR amplification. The PCR
conditions were one cycle of 95°C for two minutes, 25 cycles of 95°C for 30 seconds, 55°C for
30 seconds, and 72°C for 2.5 minutes, and followed by one cycle of 72°C for 10 minutes. The
resulting PCR fragments, PpPDI1 (5") and PpPDI1 (3"), were separately cloned into plasmid
vector pCR2.1 to make plasmid vectors pGLY 620 and pGLY617, respectively. To construct
pGLY678, DNA fragments PpARG3-5" and PpARG-3' of integration plasmid vector pGL Y24,
which targets the plasmid vector to Pichia pastoris ARG3 locus, were replaced with DNA
fragments PpPDI (5" and PpPDI (3"), respectively, which targets the plasmid vector pGL.Y678 to
the PDI! locus and disrupts expression of the PDI] locus.

The nucleic acid molecule encoding the human PDI was then cloned into plasmid
vector pGLY678 to produce plasmid vector pGLY642 in which the nucleic acid molecule
encoding the human PDI was placed under the control of the Pichia pastoris GAPDH promoter
(PpGAPDH). Expression/integration plasmid vector pGL Y642 was constructed by ligating a
nucleic acid molecule (SEQ ID NO:17) encoding the Saccharomyces cerevisiae alpha mating
factor pre-signal peptide (ScaMFpre-signal peptide (SEQ ID NO:18) having a No#l restriction
enzyme site at the 5' end and a blunt 3' end and the expression cassette comprising the nucleic
acid molecule encoding the human PDI released from plasmid vector pGLY618 with Afel and
Pacl to produce a nucleic acid molecule having a blunt 5' end and a Pacl site at the 3’ end into
plasmid vector pGLY 678 digested with Nofl and Pacl. The resulting integration/expression
plasmid vector pGLY642 comprises an expression cassette encoding a human PDI1/ ScaMFpre-
signal peptide fusion protein operably linked to the Pichia pastoris promoter and nucleic acid
molecule sequences to target the plasmid vector to the Pichia pastoris PDII locus for disruption
of the PDII locus and integration of the expression cassette into the PDIJ locus. Figure 2
illustrates the construction of plasmid vector pGLY642. The nucleotide and amino acid
sequences of the ScaMFpre-signal peptide are shown in SEQ ID NOs:17 and 18, respectively.

Construction of expression/integration vector pGLY 2232 encoding the human
ERO1a protein was as follows and is shown in Figure 3. A nucleic acid molecule encoding the
human ERO1a protein was synthesized by GeneArt AG (Regensburg, Germany) and used to
construct plasmid vector pGLY2224. The nucleotide and amino acid sequences of the human
ERO1a protein (SEQ ID NOs:23 and 24, respectively) are shown in Table 9. The nucleic acid
molecule encoding the human EROla protein was released from the plasmid vector using
restriction enzymes Afel and Fsel and then ligated with a nucleic acid molecule encoding the
ScoMPpre-signal peptide with 5" Norl and 3' blunt ends as above into plasmid vector pGLY2228
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digested with Notl and Fsel. Plasmid vector pGLY2228 also included nucleic acid molecules
that included the 5" and 3' regions of the Pichia pastoris PRBI gene (PpPRB1-5" and PpPRB1-3'
regions, respectively). The resulting plasmid vector, pGLY2230 was digested with Bg/Il and
Notl and then ligated with a nucleic acid molecule containing the Pichia pastoris PDII promoter
(PpPDI promoter) which had been obtained from plasmid vector pGLY2187 digested with Bglll
and Notl. The nucleotide sequence of the PpPDI promoter is 5-AACACGAACACTGTAAA
TAGAATAAAAGAAAACTTGGATAGTAGAACTTCAATGTAGTGTTTCTATTGTCTTAC
GCGGCTCTTTAGATTGCAATCCCCAGAATGGAATCGTCCATCTTTCTCAACCCACTC
AAAGATAATCTACCAGACATACCTACGCCCTCCATCCCAGCACCACGTCGCGATCAC
CCCTAAAACTTCAATAATTGAACACGTACTGATTTCCAAACCTTCTTCTTCTTCCTAT
CTATAAGA-3' (SEQ ID NO:31). The resulting plasmid vector, pGL Y2232, is an
expression/integration vector that contains an expression cassette that encodes the human EROla
fusion protein under control of the Pichia pastoris PDII promoter and includes the 5' and 3'
regions of the Pichia pastoris PRBI gene to target the plasmid vector to the PRBI locus of
genome for disruption of the PRBI locus and integration of the expression cassette into the PRBI
locus. Figure 3 illustrates the construction of plasmid vector pGLY2232.

Construction of expression/integration vector pGLY2233 encoding the human
GRP94 protein was as follows and is shown in Figure 4. The human GRP94 was PCR amplified
from human liver cDNA (BD Bioscience) with the primers hGRP94/UP1: 5°-AGCGC TGACG
ATGAA GTTGA TGTGG ATGGT ACAGT AG-3'; (SEQ ID NO: 15); and hGRP94/LP1: 5°-
GGCCG GCCTT ACAAT TCATC ATGTT CAGCT GTAGA TTC 3'; (SEQ ID NO: 16). The
PCR conditions were one cycle of 95°C for two minutes, 25 cycles of 95°C for 20 seconds, 55°C
for 20 seconds, and 72°C for 2.5 minutes, and followed by one cycle of 72°C for 10 minutes.
The PCR product was cloned into plasmid vector pCR2.1 to make plasmid vector pGLY2216.
The nucleotide and amino acid sequences of the human GRP94 (SEQ ID NOs:25 and 26,
respectively) are shown in Table 9.

The nucleic acid molecule encoding the human GRP94 was released from plasmid
vector pGLY2216 with Afel and Fsel. The nucleic acid molecule was then ligated to a nucleic
acid molecule encoding the ScaMPpre-signal peptide having Notl and blunt ends as above and
plasmid vector pGLY2231 digested with Notl and Fsel carrying nucleic acid molecules
comprising the Pichia pastoris PEP4 5' and 3' regions (PpPEP4-5' and PpPEP4-3' regions,
respectively) to make plasmid vector pGLY2229. Plasmid vector pGLY2229 was digested with
Bglll and Notl and a DNA fragment containing the PpPDI1 promoter was removed from plasmid
vector pGLY2187 with Bglil and Notl and the DNA fragment ligated into pGL Y2229 to make
plasmid vector pGLY2233. Plasmid vector pGLY2233 encodes the human GRP94 fusion
protein under control of the Pichia pastoris PDI promoter and includes the 5' and 3' regions of
the Pichia pastoris PEP4 gene to target the plasmid vector to the PEP4 locus of genome for
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disruption of the PEP4 locus and integration of the expression cassetie into the PEP4 locus.
Figure 4 illustrates the construction of plasmid vector pGLY2233.

Construction of plasmid vectors pGLY 1162, pGLY 1896, and pGFI207t was as
follows. All Trichoderma reesei 0-1,2-mannosidase expression plasmid vectors were derived
from pGFI165, which encodes the T. reesei 0-1,2-mannosidase catalytic domain (See published
International Application No. W02007061631) fused to S. cerevisiae tMATpre signal peptide
herein expression is under the control of the Pichia pastoris GAP promoter and wherein
integration of the plasmid vectors is targeted to the Pichia pastoris PROI locus and selection is
using the Pichia pastoris URAS gene. A map of plasmid vector pGFI165 is shown in Figure 5.

Plasmid vector pGL.Y 1162 was made by replacing the GAP promoter in pGFI165
with the Pichia pastoris AOX1 (PpAOX1) promoter. This was accomplished by isolating the
PpAOX1 promoter as an EcoRI (made blunt)-BglIl fragment from pGLY2028, and inserting into
pGF1165 that was digested with Notl (made blunt) and Bglil. Integration of the plasmid vector is
to the Pichia pastoris PROI locus and selection is using the Pichia pastoris URAS gene. A map
of plasmid vector pGLY1162 is shown in Figure 6.

Plasmid vector pGLY 1896 contains an expression cassette encoding the mouse o-
1,2-mannosidase catalytic domain fused to the S. cerevisiae MNN2 membrane insertion leader
peptide fusion protein (See Choi ef al., Proc. Natl. Acad. Sci. USA 100: 5022 (2003)) inserted
into plasmid vector pGF1165 (Figure 5). This was accomplished by isolating the GAPp-
ScMNN2-mouse MNSI expression cassette from pGI Y1433 digested with Xhol (and the ends
made blunt) and Pmel, and inserting the fragment into pGFI165 that digested with Pmel.
Integration of the plasmid vector is to the Pichia pastoris PROI locus and selection is using the
Pichia pastoris URAS gene. A map of plasmid vector pGL Y1896 is shown in Figure 5.

Plasmid vector pGFI207t is similar to pGLY 1896 except that the URAS selection
marker was replaced with the S. cerevisize ARR3 (ScARR3) gene, which confers resistance to
arsenite. This was accomplished by isolating the SCARR3 gene from pGEI166 digested with
Ascl and the 4scl ends made blunt) and BgfTl, and inserting the fragment into pGLY 1896 that
digested with Spel and the Spel ends made blunt and Bg/Il. Integration of the plasmid vector is
to the Pichia pastoris PROI locus and selection is using the Saccharomyces cerevisiae ARR3
gene. A map of plasmid vector pGFI2071 is shown in Figure 5.

Construction of anti-DKK1 antibody expression/integration plasmid vector
pGLY2260 and pGLY?2261 (Figure 7) was as follows. Anti-DKK1 antibodies are antibodies that
recognize Dickkopf protein 1, a ligand involved in the Wnt signaling pathway. To generate
expression/integration plasmid vectors pGLY2260 and pGLY2261 encoding an anti-DKK 1
antibody, codon-optimized nucleic acid molecules encoding heavy chain (HC; fusion protein
containing VH -+ IgGym4) and light chain (LC; fusion protein containing VL + L constant

region) fusion proteins, each in frame with a nucleic acid molecule encoding an a-amylase (from
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Aspergillus niger) signal peptide were synthesized by GeneArt AG. The nucleotide and amino
acid sequences for the a-amylase signal peptide are shown in SEQ ID NOs:48 and 49. The
nucleotide sequence of the HC is shown in SEQ ID NO:27 and the amino acid sequence is shown
in SEQ ID NO:28. The nucleotide sequence of the LC is shown in SEQ ID NO:29 and the amino
acid sequence is shown in SEQ ID NO:30. The IgGym4 isotype has been disclosed in U.S.
Published Application No. 2007/0148167 and U.S. Published Application No. 2006/0228349.
The nucleic acid molecules encoding the HC and LC fusion proteins were separately cloned
using unique 5'-EcoRI and 3'-Frsel sites into expression plasmid vector pGLY1508 to form
plasmid vectors pGLY 1278 and pGLY 1274, respectively. These plasmid vectors contained the
Zeocin-resistance marker and TRP2 integration sites and the Pichia pastoris AOX]1 promoter
operably linked to the nucleic acid molecules encoding the HC and LC fusion proteins. The LC
fusion protein expression cassette was removed from pGLY 1274 with Bg/Il and BamH]1 and
cloned into pGLY 1278 digested with Bglll to generate plasmid vector pGLY2260, which
encodes the HC and LC fusion proteins and targets the expression cassettes to the TRP2 locus for
integration of the expression cassettes into the 7RP2 locus. The plasmid vector pGL Y2261
contains an additional LC in plasmid vector pGLY2260. (Figure 7).

Yeast transformations with the above expression/integration vectors were as
follows. Pichia pastoris strains were grown in 50 mL YPD media (yeast extract (1%), peptone
(2%), dextrose (2%)) overnight to an OD of between about 0.2 to 6. After incubation on ice for
30 minutes, cells were pelleted by centrifugation at 2500-3000 rpm for Sminutes. Media was
removed and the cells washed three times with ice cold sterile 1 M sorbitol before resuspension
in 0.5 ml ice cold sterile 1M sorbitol. Ten pL linearized DNA (5-20 pg) and 100 pL cell
suspension was combined in an electroporation cuvette and incubated for 5 minutes on ice.
Electroporation was in a Bio-Rad GenePulser Xcell following the preset Pichia pastoris protocol
(2kV, 25 pF, 200 Q), immediately followed by the addition of 1 mL YPDS recovery media
(YPD media plus 1 M sorbitol). The transformed cells were allowed to recover for four hours to
overnight at room temperature (24°C) before plating the cells on selective media.

Generation of Cell Lines was as follows and is shown in Figure 1A and 1B. The
strain yGLY24-1 (uraSA:METI ochlA:lacZ bmt2Ar:lacZIKIMNN2-2 | mnndLIA::lacZ/
MmSLC3543 prol AmmndA::lacZ met]6A::lacZ), was constructed using methods described
earlier (See for example, Nett and Gerngross, Yeast 20:1279 (2003); Choi ef al., Proc. Natl.
Acad. Sci. USA 100:5022 (2003); Hamilton et al., Science 301:1244 (2003)). The BMT2 gene
has been disclosed in Mille et al., 1. Biol. Chem. 283: 9724-9736 (2008) and U.S. Published
Application No. 20060211085. The PNO! gene has been disclosed in U.S. Patent No. 7,198,921
and the mnn4L] gene (also referred to as mnn4b) has been disclosed in U.S. Patent No.
7.259,007. The mun4 refers to mnndL2 or mnnda. In the genotype, KIMNN2-2 is the
Kluveromyces lactis GIcNAc transporter and MmSLC35A3 is the Mus musculus GlcNAc
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TGTG-3"; (SEQ ID NO: 9); and PpPDILPi-2, 5°-CACAA CCTTT GAAGA GGCAT CCTCA

TCATT GGCG-3% (SEQ ID NO: 10). Thus, the absence of PCR product indicates the knockout

. of PpPDI1. The PCR conditions were one cycle of 95°C for two minutes, 25 cycles of 95°C for
20 seconds, 58°C for 20 seconds, and 72°C for one minute, and followed by one cycle of 72°C

for 10 minutes.
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by t hearsiplifadation pAriusiida aomrea';aimkimg?oahheha‘dhd ieverdof aknedkoneor RpBkRIosr At ECAL

into s ra'tge%ggr e34&11?L{nerg§ugﬂ§@%%gyhke&% orb RG] AodddbsfolineOmal i on

occupa%é@ to's expr SS|ng rn place of
t he Pilkhvisibgastoris PDI1 or strain yG.Y2263 expr essi ng only the endogenous

1t A5l o St Aot emon
AN éggmmpﬁw%nb@m T RO R b P %x@%@@%i GreateiA pase
will peadiee AhsTEEARKNS; (BT Bt dsy MdGiPYianIecsuganiG AGRHGE 7 Strain
yayz 2813}"[((1@(? rétdﬂé} PY”[%—K‘?’, ?éﬁQ ID NO: 14); encoding human PDI. The PCR conditions were
one cycle of 95°C for two minutes, 25 cycles of 95°C for 20 seconds, 58°C for 20 seconds, and
72°C for one minute, and followed by 1 cycle of 72°C for 10 minutes for PpPDI]1, and 1 cycle of
95°C for two minutes, 25 cycles of 95°C for 20 seconds, 50°C for 30 seconds, and 72°C for 2.5
minutes, and followed by one cycle of 72°C for 10 minutes for human PDL
Strain yGLY733 was generated by transforming with plasmid vector
pGLY 1162, which comprises an expression cassette that encodes the Trichoderma Reesei
mannosidase (TrMNS1) operably linked to the Pichia pastoris AOX1 promoter (PpAOX1-
TrMNS1), into the PROJ locus of yGLY704. This strain has the gene encoding the Pichia
pastoris PDI1 replaced with the expression cassette encoding the human PDI, has the PpAOX1-
TIMNS1 expression cassette integrated into the PRO/ locus, and is a URAS prototroph. The
PpAOX1 promoter allows overexpression when the cells are grown in the presence of methanol.
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WO 2010/019487 PCT/US2009/053247

Strain yGL'Y762 was constructed by integrating expression cassettes encoding
TrMNS1 and mouse mannosidase IA (MuMNS1A), each operably linked to the Pichia pastoris
GAPDH promoter in plasmid vector pGFI207t into strain yGLY733 at the 5' PRO/! locus UTR in
Pichia pastoris genome. This strain has the gene encoding the Pichia pastoris PDI1 replaced
with the expression cassette encoding the human PDI, has the PpGAPDH-TrMNS1 and
PpGAPDH-MuMNSI1A expression cassettes integrated into the PRO/ locus, and is a URAS
prototroph.

Strain yGLY2263 was generated by transforming strain yGLY645 with
integration/expression plasmid pGLY2260, which targets an expression cassette encoding the
anti-DKK1 antibody to the TRP2 locus.

Strain yGL Y2674 was generated by counterselecting yGLY733 on 5-FOA plates.
This strain has the gene encoding the Pichia pastoris PD1 replaced with the expression cassette
encoding the human PDJ, has the PpAOX1-TrMNS1 expression cassette integrated into the
PROI locus, and is a URAS auxotroph.

Strain yGLY2677 was generated by counterselecting yGLY762 on 5-FOA plates.
This strain has the gene encoding the Pichia pastoris PDI1 replaced with the expression cassetie
encoding the human PD], has the PpAOX1-TrMNS1 expression cassette integrated into the
PROI locus, has the PpGAPH-TrMNS1 and PpGAPDH-MuMNSI1 A expression cassettes
integrated into the PRO/ locus, and is a URAS auxotroph.

Strains yGLY2690 was generated by integrating plasmid vector pGL Y2232,
which encodes the human EROla protein, into the PRBJ locus. This strain has the gene
encoding the Pichia pastoris PDI1 replaced with the expression cassette encoding the human
PDI, has the PpAOX1-TrMNS1 expression cassette integrated into the PRO! locus, the human
ERO1a expression cassette integrated into the PRB1 locus, and is a URAS prototroph.

Strains yGLY2696 was generated by integrating plasmid vector pGLY2233,
which encodes the human GRP9%4 protein, into the PEP4 locus. This strain has the gene
encoding the Pichia pastoris PDI1 replaced with the expression cassette encoding the human
PDI, has the PpAOX1-TrMNSI expression cassette integrated into the PRO/ locus, has the
PpGAPDH-TrMNS1 and PpGAPDH-MuMNSI1A expression cassettes integrated into the PROI
locus, has the human GRP94 integrated into the PEP4 locus, and is a URAS prototroph.

Strain yGLY3628 was generated by transforming strain yGLY2696 with
integration/expression plasmid pGLY2261, which targets an expression cassette encoding the
anti-DKK1 antibody to the 7RP2 locus.

Strain yGLY3647 was generated by transforming strain yGL Y2690 with
integration/expression plasmid pGLY2261, which targets an expression cassette encoding the
anti-DKK1 antibody to the TRPZ locus.
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flasks at 24°C with buffered glycerol-complex medium (BMGY) consisting of 1% yeast extract,
2% peptone, 100 mM potassium phosphate buffer pH 6.0, 1.34% yeast nitrogen base, 4 x 10-3 %
biotin, and 1% glycerol. The induction medium for protein expression was buffered methanol-
complex medium (BMMY) consisting of 1% methanol instead of glycerol in BMGY. Pmt
inhibitor Pmti-3 in methano] was added to the growth medium to a final concentration of 18.3uM
at the time the induction medium was added. Cells were harvested and centrifuged at 2,000 rpm

for five minutes.
SixFors Fermentor Screening Protocol followed the parameters shown in Table 2.

Table 2
SixFors Fermentor Parameters
Parameter Set-point Actuated Element
pH 6.5+0.1 30% NH,OH
Temperature 24+ 0.1 Cooling Water & Heating Blanket
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WO 2010/ 019487PCT/ US2009/ 053247 Strain y@.Y8241
by transformng strain yG.Y3693 with integration/expression plasmd
pGLY3827 woconimgisthe At ECAL and targeting the URA6 | oceeT/USb@9ogssreal ogy of
the strains described in this exanple are shown in Figures | A and 1B.

The above strains were evaluated to see whether the addition of hCRT and
hERp57 to the humani zed chaperone strains expressing PpPMRL or At ECAl of

was gener at ed

t he prley.i ous mpl ¢ _m ght eff
of theel\%ﬁstoﬁ)egms ol 8fuced. As
expressi ng hCRT and |hERp57 al o

0- gl ygan occupancy, [which was 1

heampeddp d 20@gprabeertfirst 12 hrf dien

t hat further—expressed—PpPWVRL

"Hiifi PR L SR )

jl ycan occupancy
GLY3693
decrease in

BLL e 1 98Gh8aseR- i hdePofi40ld in strains
At ; ggest that

yeast strains that express its endogenous PDI1 and overexpress a Ca2+

ATPase wi || prodyegm@loy ek 98 BbRs

éawtmomm&@gi@ogd el QRAINRABGY0 miabl e 8

Stral nm %KZ(QS%@’ T(a&%né Ige?cl)\kr) 13/195' X‘%Gg?yce}‘/o?'\f\ye%g ?n%cglate %thA;Eg?E &f interest. A small
dose (0.3 mL of 0.2 mg/mL in 100% methanol) of Pmti-3 (5-[[3-(I-Phenyl-2-hydroxy)ethoxy)-4-
(2- phenylethoxy)]phenyl]methylene]-4-oxo-2-thioxo-3-thiazolidineacetic Acid) (See Published
International Application No. WO 2007061631} was added with inoculum. At time about 20
hour, a bolus of 17 mL 50% glycerol solution (Glycerol Fed-Batch Feed, See Table 7 below) plus
a larger dose (0.3 mL of 4 mg/mL) of Pmti-3 was added per vessel. At about 26 hours, when the
glycerol was consumed, as indicated by a positive spike in the dissolved oxygen (DO)

concentration, a methano] feed (See Table 6 below) was initiated at 0.7 mL/hr continuously. At

the same time, another dose of Pmti-3 (0.3 mL of 4 mg/mL stock) was added per vessel. At time

about 48 hours, another dose (0.3 mL of 4 mg/mL) of Pmti-3 was added per vessel. Cultures

were harvested and processed at time about 60 hours post-inoculation.

Table 3
Composition of Media A
Martone L-1 20 g/L
Yeast Extract 10 g/l
KH,PO4 11.9 o/L
K,;HPO4 2.3 g/L
Sorbitol 18.2 /L
Glycerol 40 g/l
Antifoam Sigma 204 3 drops/L
10X YNB w/Ammonium Sulfate w/o
Amino Acids (134 g/L) 100 mL/L
250X Biotin (0.4 g/L) 10 mL/L
500X Chloramphenicol (50 g/L) 2 mL/L
500X Kanamycin (50 g/L) 2 mlL/L
Table 4
Glycerol Fed-Batch Feed
Glycerol 50 % m/m
PTM1 Salts (see Table IV-E below) 12.5 mL/L
250X Biotin (0.4 g/L) 12.5 mL/L
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WO 2010/019487 PCT/US2009/053247
Table 5
Methanol Feed

Methanol 100 % m/m
PTMI1 Salts 12.5 mL/L
250X Biotin (0.4 g/L) 12.5 ml/L

Table 6

PTMI Salts

CuS04-5H20 - |6 o/L
Nal 80 mg/L
MnSO4-7TH20 3 g/L
NaMo0O4-2H20 200 mg/L
H3BO3 20 mg/L.
CoCI2-6H20 500 mg/L
ZnCI2 20 o/L
FeS04-7TH20 65 g/L.
Biotin 200 mg/L
H2504 (98%) 5 mlL/L

O-glycan determination was performed using a Dionex-HPLC (HPAEC-PAD) as
follows. To measure O-glycosylation reduction, protein was purified from the growth medium
using protein A chromatography (Li et al. Nat. Biotechnol. 24(2):210-5 (2006)) and the O-glycans
released from and separated from protein by alkaline elimination (beta -elimination) (Harvey,
Mass Spectrometry Reviews 18: 349- 451 (1999)). This process also reduces the newly formed
reducing terminus of the released O-glycan (either oligomannose or mannose) to mannitol. The
mannitol group thus serves as a unique indicator of each O- glycan. 0.5 nmole or more of
protein, contained within a volume of 100 ulL. PBS buffer, was required for beta elimination. The
sample was treated with 25 pL alkaline borohydride reagent and incubated at 50°C for 16 hours.
About 20 pL arabitol internal standard was added, followed by 10 uL glacial acetic acid. The
sample was then centrifuged through a Millipore filter containing both SEPABEADS and AG
50W-X8 resin and washed with water. The samples, including wash, were transferred to plastic
autosampler vials and evaporated to dryness in a centrifugal evaporator. 150 uL 1%
AcOH/MeOH was added to the samples and the samples evaporated to dryness in a centrifugal
evaporator. This last step was repeated five more times. 200 pL of water was added and 100 uL.
of the sample was analyzed by high pH anion-exchange chromatography coupled with pulsed
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b Mannitol assay. WO 2010/019487PCT/ US2009/ 053247 Table 9 BRI EF
DESCRI PTI ON OF THE SEQUENCES SEQ ED NO Descri ption Sequence 1 PCR pri ner
hPDI / UP1 WOCEDIEAMBGCCCCCGAGGAGGAGGACCAC 2 PCR pri ner hPPBCIIR209a053247

electrochemical detection-Dionex HPLC (HPAEC-PAD). Average O-glycan occupancy was
determined based upon the amount of mannitol recovered.

EXAMPLE 3

This example demonstrates that occupancy of O-glycans in proteins produced in
the above strains expressing the human PDI in place of the Pichia pastoris PDI1 can be
significantly reduced when either the Pichia pastoris Golgi Ca2+ ATPase (PpPMR1) or the
Arabidopsis thaliana ER Ca2+ ATPase (AtECA1) is overexpressed in the strains. In this
example, the effect is illustrated using glycoengineered Pichia pastoris strains that produce
antibodies having predominantly MansGlcNAcy N-glycans.

An expression cassette encoding the PpPMR1 gene was constructed as follows.
The open reading frame of P. pastoris Golgi Ca®* ATPase (PpPMR1) was PCR amplified from
P. pastoris NRRI.11430 gendmic DNA using the primers (PpPMRIfUP: 5'-
GAATTCATGACAGCTAATGAAAATCCTTTTGAGAATGAG-3' (SEQ ID NO:36) and
PpPMRI1/LP: 5-GGCCGGCCTCAAACAGCCATGCTGTATCCATTGTATG -3' (SEQ ID
NO:37). The PCR conditions were one cycle of 95°C for two minutes; five cycles of 95°C for 10
seconds, 52°C for 20 seconds, and 72°C for 3 minutes; 20 cycles of 95°C for 10 seconds, 55°C
for 20 seconds, and 72°C for 3 minutes; followed by 1 cycle of 72°C for 10 minutes. The
resulting PCR product was cloned into pCR2.1 and designated pGLY3811. PpPMRI1 was
removed from pGLY3811 by digesting with plasmid with Ps#l and Fsel and the Ps¢I end had
been made blunt with T4 DNA polymerase prior to digestion with Fsel. The DNA fragment
encoding the PpPMR1 was cloned into pGFI30t digested with EcoRI with the ends made blunt
with T4 DNA polymerase and Fsel to generate pGLY3822 in which the PpPMRI1 is operably
linked to the AOX1 promoter. Plasmid pGI. Y3822 targets the Pichia pastoris URA6 locus.
Plasmid pGLY3822 is shown in Figure 8. The DNA sequence of PpPMR1 is set forth in SEQ ID
NO:32 and the amino acid sequence of the PpPMR1 is shown in SEQ ID NO:33.

An expression cassette encoding the Arabidopsis thaliana ER Ca** ATPase
(AtECA1) was constructed as follows. A DNA encoding AtECA] was synthesized from
GeneArt AG (Regensburg, Germany) and cloned to make pGLY3306. The synthesized AtECAI
was removed from pGLY3306 by digesting with Myl and Fsel and cloning the DNA fragment
encoding the AtECA1 into pGFI30t digested with EcoRI with the ends made blunt with T4 DNA
polymerase and Fsel to generate integration/expression plasmid pGLY3827. Plasmid
pGLY3827 targets the Pichia pastoris URA6 locus. Plasmid pGLY3827 is shown in Figure 9.
The DNA sequence of the AtECA1 was codon-optimized for expression in Pichia pastoris and is
shown in SEQ ID NO:34. The encoded AtECA] has the amino acid sequence set forth in SEQ
ID NO:35.
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CCTTAATTAATTACAGT TCATCATGCACAGCTTTCTGATCAT 3 PCR prinmer PB248 ATGAATTCAGCC
CATATCGGECCATTGITTACTGIGCG CCCACAGTAG 4 PCR priner PB249 ATGITTA

AACGT GAGGMO PADTNBGEBGATGAAAGAC 5 PCR primer PB250 AGACTAGPCTARING@E347
ACATTGACGGATCCAC 6 PCR pri mer

Integration/expression plasmid pGL Y3822 (contains expression cassette encoding
PpPMR1) or pGLY3827 (contains expression cassette encoding AtECA1) was linearized with
Spel and transformed into Pichia pastoris strain yGLY3647 or yGL Y3693 at the URA6 locus.
The genomic integration of pGLY3822 or pGLY3827 at URA6 locus was confirmed by colony
PCR (cPCR) using primers, 5AO0X1 (5'-GCGACTGGTTCCAATTGACAAGCTT-3' (SEQ ID
NO:38) and PpPMR1/cLP (5-GGTTGCTCTCGTCGATACTCAAGTGGGAAG-3' (SEQ ID
NO:39) for confirming PpPMR1 integration into the URAG locus , and 5'AOX] and
AtECA1/cLP (3-GTCGGCTGGAACCTTATCACCAACTCTCAG-3" (SEQ ID NO:40) for
confirming integration of AtECAT1 into the URA6 locus. The PCR conditions were one cycle of
95°C for 2 minutes, 25 cycles of 95°C for 10 seconds, 55°C for 20 seconds, and 72°C for one
minute; followed by one cycle of 72°C for 10 minutes.

Strain yGI. Y8238 was generated by transforming strain yGLY3647 with
integration/expression plasmid pGL. Y3822 encoding the PpPMRi and targeting the URA6 locus.
In strain yGLY3647, the Pichia pastoris PDI1 chaperone gene has been replaced with the human
PD1 gene as described in Example 1 and shown in Figures 1A and 1B.

Strain yGLY8240 was generated by transforming strain yGLY3647 with plasmid
pGLY3827 encoding the AtECA1 and targeting the URA6 locus. The genealogy of the strains is
shown in Figures 1A and 1B.

The strains were evaluated for the effect the addition of PpPMR1 or AtECA] to
the humanized chaperone strains might have on reducing O-glycosylation of the antibodies
produced by the strains. As shown in Table 7 the addition of either PpPMRI1 or AtECALI into
strain yGL Y3647 effected a significant reduction in O-glycosylation occupancy compared to
strain yGL Y3647 expressing the human PDI in place of the Pichia pastoris PDI1 or strain
yGLY2263 expressing only the endogenous PDI1 but capable of making antibodies with a
MansGleNAcy glycoform as strain yGIL.Y3647. The results also suggest that yeast strains that
express its endogenous PDI1 and not the human PDI1 and overexpress a Ca2+ ATPase will
produce glycoproteins with reduced O-glycan occupancy.

Table 7
Strain yGLY2263 | yGLY3647 yGLY3647 + Ca®* ATPase
(control) yGLY8240 yGILY8238
AtECA1 PpPMR1
O-glycan occupancy 23.7 9.2 5.5 6.2
(H2+L2: anti-DKK1)
O-glycan occupancy was determined by Mannitol assay.

EXAMPLE 4
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PB251 ATCTCGAGAGGCCATGCAGGCCAACCACAAGATGAATCAAAT TTTG 7 PCR pri mer
PpPD1/ UPi -1 PCR prinmer PpPDl/LPi-1 GGTGAGGTTGAGGT CCCAAGTGACTATCAAGGTC
GACCTTGAMO RO FBBGACCT CAACCTCACC 8 9 PCR priner PpPPCIWRR2002/053247
CGCCAATGATGAGGATGCCTCTTCAAAGA TGTG 10 PCR primer PpPDI/ LPi -2
CACAACCTTTGAAGAGGCATCCTCATCATTGECG 11

A DNA fragment encoding the human calreticulin (hCRT) without its native
signal sequence was PCR amplified from a human liver cDNA library (BD Biosciences, San
Jose, CA) using primers hCRT-BstZ171-HA/UP: 5'-
GTATACCCATACGACGTCCCAGACTACGCTGAGCCCGCCGTCTACTTCAAGGAGC-3'
(SEQ ID NO:45) and hCRT-Pacl/LP: 5-“TTAATTAACTACAGCTCGTCATGGGCCTGGCCG
GGGACATCTTCC-3' (SEQ ID NO:46). The PCR conditions were one cycle of 98°C for two
min; 30 cycles of 98°C for 10 seconds, 55°C for 30 seconds, and 72°C for two minutes, and
followed by one cycle of 72°C for 10 minutes. The resulting PCR product was cloned into
pCR2.1 Topo vector to make pGLY1224. The DNA encoding the hCRT further included
maodifications such that the encoded truncated hCRT has an HA tag at its N-terminus and HDEL
at its C-terminus. The DNA encoding the hCRT was released from pGLY 1224 by digestion with
BstZ171 and Pacl and the DNA fragment cloned into an expression vector pGLY579, which had
been digested with Nofl and Pacl, along with a DNA fragment encoding the S. cerevisiae alpha-
mating factor pre signal sequence having Notl and Pacl compatible ends to create pGLY1230.
This plasmid is an integration/expression plasmid that encodes the hCRT with the S. cerevisiae
alpha-mating factor pre signal sequence and HA tag at the N-terminus and an HDEL sequence at
its C-terminus operably linked to the Pichia pastoris GAPDH promoter and targeting the HIS3
locus of Pichia pastoris.

A DNA fragment encoding the human ERpS57 (hERp57) was synthesized by
GeneArt AG having Noil and Pacl compatible ends. The DNA fragment was then cloned into
pGLY 129 digested with Nodl and Pacl to produce pGLY1231. This plasmid encodes the
hERp57 operably linked to the Pichia pastoris PMA] promoter.

Plasmid pGLY1231 was digested with Swal and the DNA fragment encoding the
hERp57 was cloned into plasmid pGLY 1230 digested with Pmel. Thus, integration/expression
plasmid pGLY1234 encodes both the hCRT and hERp57. Plasmid pGLY 1234 is shown in
Figure 10. : '

Strain yGLY3642 was generated by counterselecting strain yGLY2690 in the
presence of S'FOA, a URAS auxotroph.

Strain yGLY3668 was generated by transforming yGLY3642 with

) integration/expression plasmid pGLY1234 encoding the hCRT and hERp57 and which targets
the HIS3 locus.

Strain yG1.Y3693 was generated by transforming strain yGLY3668 with
integration/expression plasmid pGL Y2261, which targets an expression cassette encoding the
anti-DKK 1 antibody to the TRP2 locus.

i Strain yGL.Y8239 was generated by transforming strain yGLY3693 with
integration/expression plasmid pGL Y3822 encoding the PpPMR1 and targeting the URA6 locus.

-37 -



PCR prinmer PpPDI -5/ UP GECGATTGCATTCGCGAC TGTATC 12 PCR prinmer hPDI -3 '/LP

CCTAGAGAGCGGTGG CCAAGATG 13 PCR pri ner

hPDI / UP GTGGCCACACCAGGGEEEC ATGGAAC

14 PCR prwoen10nR?Dis73' / LP CCTAGAGAGCGGTGG CCAAGATG 15 PCRCprisenw/0bsZRP94/ UPL

Strain yGLY8241 was generated by transforming strain yGL'Y3693 with
integration/expression plasmid pGLY3827 encoding the AtECA1 and targeting the URAG locus.
The genealogy of the strains described in this example are shown in Figures 1A

and 1B.

The above strains were evaluated to see whether the addition of hCRT and

hERp57 to the humanized chaperone strains expressing PpPMR1 or AtECAI of the previous

example might effect a further reduction in O-glycan occupancy of the antibodies produced. As
shown in Table 8, in strain yGLY3693 expressing hCRT and hERp57 alone, there was about a 2-
fold decrease in O-glycan occupancy, which was further decreased up to a 4-fold in strains that

further expressed PpPMR1 or AtECA1. The results also suggest that yeast strains that express

its endogenous PDI1 and overexpress a Ca2+ ATPase will produce glycoproteins with reduced

O-glycan occupancy.

Table 8
Strain yGLY2263 yGLY3693 yGLY3693 + Ca®* ATPase
{control) yGLY8241 yGLY8239
AtECA1 PpPMRI1
(O-glycan occupancy 23.7 10.4 5.5 7.8
(H2+L2: anti-DKK1)

O-glycan occupancy was determined by Mannitol assay.
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AGCGCTGACGATGAAGT TGATGTGGATGGTACA GTAG WD 2010/ 019487PCT/ US2009/ 053247 16
PCR primer hGRP94/LP1 GGCCGGCCTTACAATTCATCATG TTCAGCTGTAGATTC 17

Sacchar omyeesiooap#svi si ae mating factor pre-signal pepti @#eT(UShiNp/02E& AGA TTC
CCA TCC ATC TTC ACT GCT GIT TTG TTC GCT GCT TCT TCT GCT TTG GCT 18
Saccharon2yces cerevisiae mating factor pre-signal peptide (protein) MRFP S

| FTAVLFAAS SALA 19 human PDI CGene ( DNA)
Table 9
BRIEF DESCRIPTION OF THE SEQUENCES
SEQ Description Sequence
1y

NO:

1 PCR primer AGCGCTGACGCCCCCGAGGAGGAGGACCAC
hPDI/UP1

2 PCR primer CCTTAATTAATTACAGTTCATCATGCACAGCTTTCTGATCAT
hPDVLP-Pacl

3 PCR primer ATGAATTCAGGC CATATCGGCCATTGTTTACTGTGCG
PB248 CCCACAGTAG

4 PCR primer ATGTTTA AACGTGAGGATTACTGGTGATGAAAGAC
PB249

5 PCR primer AGACTAGTCTATTTGGAG ACATTGACGGATCCAC
PB250

6 PCR primer ATCTCGAGAGGCCATGCAGGCCAACCACAAGATGAATCAAAT
PB251 TTTG

7 PCR primer GGTGAGGTTGAGGTCCCAAGTGACTATCAAGGTC
PpPDI/UPi-1

8 PCR primer GACCTTGATAGTCACTTGGGACCTCAACCTCACC
PpPDJ/LPi-1

9 PCR primer CGCCAATGATGAGGATGCCTCTTCAAAGGTTGTG
PpPDV/UPi-2

10 PCR primer CACAACCTTTGAAGAGGCATCCTCATCATTGGCG
PpPDVLPi-2

11 PCR primer GGCGATTGCATTCGCGAC TGTATC
PpPDI-5°/UP

12 PCR primer CCTAGAGAGCGGTGG CCAAGATG
hPDI-3’/LP

13 PCR primer GTGGCCACACCAGGGGGC ATGGAAC
hPDI/UP

14 PCR primer CCTAGAGAGCGGTGG CCAAGATG
hPDI-3*/LP

15 PCR primer AGCGCTGACGATGAAGTTGATGTGGATGGTACA GTAG
hGRP34/UP]
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GACGCCCCCGAGGAGGAGGACCACGT CTTGGT GCTGCGGAAA
AGCAACT TCCCCGAGECECT GECGECCCACAAGT ACCCELCCG

GI'GGAGT TGZAREOTABT GGT GT GGCCACT GCAAGECTCT GG

CCCCTGAGTATGCCAAAGCCCCT GGGAAGCT GAAGGCAGAAG
GI'TCCGAGAT CAGGT TGGCCAAGGT GGACGCCACGCGAGGAGT
CTGACCTAGCCCAGCAGT ACGECGT GCGCGECTATCCCACCA

PCT/US2009/053247

AT ACAGET LR AEACEC TG AT AR GCA GRATO TTCAGCTGTAGATTC

ATACA
AGAAGCGCACEGRESUIFIT GCCACCACCCT GCCTGACGECG
CACCT! A G

TCGTTCT]

(A g@_'ll‘TC ACT GCT GTT TTG TTC GCT
CCA

TTTGIAGGCACZAGNBECCAT WWK@TTT@@‘T

CACTTCCAACAGH

GTTCTCCAAATACCAGCTCGACAA

AGATGGEGT TGTCCTCTTTAAGAAGT TTGATGAAGGCCGGAA
CAACTTTGAAGISSEARBET CAQCAAGGAGAACCTGCTGGACT T
TATCAAACACAS@NECCCTTGT CATCGAGI TCACCGAG

CAGA

GATTTI

ATCCTGETGT éﬁefeﬁmcmm

AACT GAGCAACHEGABAACABCAGCCGAGAGCT TCAAGGGECA
AGATCCTGT 1%&%%@%¥%ACAGCGACCACACCGACAACC

AGCGOATCCT

BGCCTGAAGAAGGAAGAGTGCC

CGGCOGT GCERSTFEMRCACCT TGGAGGAGGAGATGACCAAGT
ACAAGCCCG‘ﬁ'g GGAGCT GACGECAGAGAGGATCACA

GAGTTICTGC
CTGAT

GAT

CTTCCTGGAGGGECAAAATCAAGCCCCAC WD 2010/ 019487PCT/ US200
GAGCCAPIREE T GCCOGAGGACT GEGACAAGCAGCCT.

0/ 053247

Gr CgCET CChiaid ECAAGAACTGTCAACBAGTASTATGEACCACGTCTTGGTGCTGCGGAAA

e T s,
T GCBOCETACAAOTACECGCCD

GAGAGACGTACAAGGACCAT GATAGEAT CBTCATGCOCARGHGTGTGGCCACTGCAAGGCTCTGG

TGGACTCGACT GCCAACGAGH TG
GCTTACCCACACTCGEGITCT

ave t" P c(:}CTGGGAAGCTGAAGGCAGAAG

GGTCATTGM'TACAACGGGGANW@A@Q?EWAGGTGGACGCCACGGAGGAGT
?AG:AQ lg éggg%é‘g Cgmgﬁ@émGGCGTGCGCGGCTATCCCACCA
GG.A&M@(@T@&AWM@M@%W%WGﬁECEBFCéé%G%T 0
DAPEEEDHVI VL RKSNFAEALAHAM@WEECIA@?\WWGATGACATCGTGAACTGGCTGA

oG e RIS ERRARRESATFccaccacceraccToaciocs
SLVESSEVAVI GFEKDVESDS WMWW@G@W@CAGCGAGGTGGCCGTCA

KI' QL DKDGVVL FKKFDEGRNN WW%AwWAGTCGGACTCTGCCAAGCAGTT
EFTEQTAPKI|[FGGELKTHI LLFLPKSVSDYDGKL SNFKTAAESFKG

K1LFI

EELTAERI TEFCHRFLEGKI

NFEDVAFDEKKNVFVEFYAP DKL GE
NI VI AKVDST ANEVEAVKVH%%E&E@ A W%%MGTTTGMGAAGGCCGGAA
DGFKKFL ESGGUDGAGDVDDLEDA FEREERRNEGODDGEENT A COES GEA (A ABCEGOES GAOTT

Gene

FI DSDHTDNQRI L EFFA KIKERS AR N EER At YKPESTCACATACCATTTGGGAT

KRB LEDNBEQRIOARNVGIC TCCAAATACCAGCTCGACAA

o i et
CCGCTCTCACACTAGCACAACQ%WQ TETCARIGAGTTCACCGAG

CTCCAGAGGACT CTCAT GT CGTCABATRGACTGAHESTAET TITGGAGGTGAAATCAAGACTCAC

TGAGT CTTTC,‘ATCACCAGTAATQ@@@@%H@F@@@H’G’AGTGTGTCTGACTATGACGGCA
TTTGOCCCTTGGTGTGGTCAQT GTAAGAAGT TGEGECOCT

TTGT T T GT GOOGAGAT CTT MM ABAATGAARAGE A GCAGCCGAGAGCTTCAAGGGCA
AGATTGCTCAAATTGATTGT ACKGAECACOACCAATTATETCGACAGCGACCACACCGACAACC

ATGGTGAGGTTGAGGT CCCA

AGAGCLCAAA(Q
CCCCT{GTCAG
CAATCGCCEA
CGGAAGATGC

e e A B ooccmomonscomororoce
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GAGTTGCCGGTACTCTCAGAGAGAAATTCACTTTTGICTCCAC
TAAGTCTACTGATTATGCCAAAAAATACACTAGCGACTCGAC

TCCTGCCTAVO1260T0EESCAGACCT GGCGAGGAACCTAGTGI T

TACTCTGGTGAGGAGT TAGATGAGACTCATTTGGTGCACT GG
ATTGATATTGAGI CCAAACCTCTATTTGGAGACATTGACGGAT

CCACCTTCAAA. TCATATGCT GAAGCT AACATCCCTTTAGCCTA

CTATT
TATTA
CTTI g
AACTT
ATGAT
AAGAA
TCATC
TTCCA
AGGECQ
AGTCA
GCCTC
GAGGA
ACTTT
CTTTG
GTATG
AAGEA
ACCA(Q

TCTA

TTAAA
T 1 G
IAAACA
TTGGT
T TGAGCGAACAAAGATC
IGCAGS
GAAAT
ICACH
AGTAC
CTGCT
TGCCT
GAAC(
ATCCT
ATGH
GAGAC
ITCGA(

CTTAGATGCCGT
\TGGATGAAGAG
GAGCAACAAH

PAGAGGCAGAA(
' TCAAGAAGAG

-TACGCCCCTT(
TATGAGGAATT
CTTCAAAGGT T
PAT GT CGACAAC
TTATCCACCT G 64,
\TCTCGTGACCT]

BGAAGAAAAGEH

AT AR
SR TAGTA EACASAT GGCTCCCATTTGGGATAAACTGG
DAATAGA

\AAGT CTTCAAGCTA
\TGAAGT TGTCTTEE Y G ATES AAR
R AT AT AT P OGEGAMT T TTCCTGCCAGTGCCGACAGGAC

SRR

IGTWTMG’CA@%T&WE@TWCCAAGATGGGGCAGGGGATGT

SGAACCCACAAAGTESAT
\AGCTGAAGAAGAAGCTGAAA  GTGAGGCAGACGCT CACGACGAGCT]

3 AL Aq GGAGGACTGGGACAAGCAGCCT
WMMTWAACTTTGAAGACGTGGCTTTT

FTGTGGAGTTCTATGCCCCATGG

COM T AAGAEREAATGAGAACATCGTCATCGCCAAGA
TGGAGGCCGTCAAAGTGCACG

AACGCACGCTGGATGGTTTTAA

%WAAGAAGCAGAGGAGCCAGACAT
AGAAAGCTGTGAAAGATGAACTGT

AGAATCATT

PCT/US2009/053247

TTAA 22

Pi chifa
MOFNVIRF
FI TSN
DCTEE
MLKQS
TFYQV
VYSGH

TTGTACTTGATCGAGT TGAGA
TCTTCLAGAGACCAGACTTCG
CCAGGACGAAGAGAACAAGAT

as
TV
PHVLA
KEL CQ
| PPV

Ttoris _PDI I

AsesRPI AG
Efdnd

,EI NATKDLDDT

ACGACATTCAA

AGGCGAACTTCT|

AT TGCACGCTT]

GYEl KGYPTLK
R

TTI GTGTGTTGASAK

3T TGCAAGAGAG

A APEON R RUFASEAHK YPPVEFHAPWCGHCKALA
KRS A/SAREKIAKDNEMMKA RCD A TEESDLAQQYGVRGYPTIKE

ﬁ@%%é@WLMMGPAATTLPDGAAAE

AR ESBYTERVEDVEPREARGFLQAAEAIDDIPFGITSNSDVES
%&@b@%ﬁ%ﬁ&%ﬁﬁ%@%ﬁwmmwrmmmmw
I"NFVGLDAVKI GKHAKNLN
ARGERG EIK BREL RS VSDYDGKLSNFK TAABSFK G
%M@EM@E&NWEGPAVRL}TLEEEMTKYKPES

e R AR B SR B ERERBY LS

DACARAKCK SEFEEFTACAGIIERCLABEW DRDGETYKDHE

%&@%@ %&FPTLGFFPASADRTVEDYNGERTL

OB T S EEQRRGNPRNRIALEDLEEAEEPDMEEDDDQK AVH
q;ggAGATACTACAAGGTTAA

HDEL 23

CTGGAACGACATTTCCCAGT GI
AECCARETCAAF BTN TAAAACTGTGGCAAGTATTTTGT

AGACGGIAT TARGT CCEIGCET ACAAGTAGTCHEM G CAAGTGATCAGGAGGCTATTG

-%WGTCAAATTGACTGMGCCACTTT

CEAAGATTCCTEDGACSAGTMATCCTCACGTTTTGGCAGAGTTT

A GAACCCAGAGX@'%%%@CTGTAA@AAGTTGGGCCCTGAAC

GGAAGAT TTGGARBET TR TSTAAACAGARC TTAAAGGACAATGAGCAGGTTA
ICACAGACT AT CAAGA

& AAAGETET ACGGAGGAGAAGGAATTATGTC
GAAGAGAACACTT%Q—%ETATCCTACTTTGAAGGTGTTCC
QMWG@WGTGACTATCAAGGTCAAAGAC
. A A %&TATATGCTAAAGCAGAGTTTAC
A@EMGAQQI‘B’FMWTGCAACCAAAGATTTAGACGACA

d— CCCGTGATTGTGCAAGTACTAC

S SR AATAD

G CA PGPS IGTAACERGGAATCTAACACCACATITTACG

CGAGATCAAGTCCTTTCCATTGCACTTCGACGAGAACTCATTT
TTCGCCTGGT GACAAGAAAGAAGCT CACAACT TGAAAGAEGAC

TTCAGATTGCACTTCAGAAATATCTCCAGAATCATGGACTGT G
TTGGT TGTTTCAAGT GTAGATTGT GGGGTAAGT TGCAGACTCA
AGGATTGEGTACTGCTTTGAAGATTTTGTI TCTCCGAGAAGI TG
ATCGCTAACATGCCTGAATCTGGTCCATCTTACGAGT TCCACT

AR NI A LA LNA R NR N AT NN
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human ERO u, Gene (protein) EEQPPETAAQRCFCQVSGYLDDCTCDVETLDRFNNYRLFPRLCKI
L ESDYFRYYKVNLKRPCPFWADI SQCGRRDCAVKPCQSDEVPDG

| KSASYKY SEBANNUEEGEQAERL GAVDESL SEETQKAVL QWT

KI ADDSSDNECEADDI QSPEAEYVDL LLNPERYTGYKGPDAWKI W

PCT/US2009/053247

NVI YEENCFKPQTI KRPLNPLASGQGT SEENTFYSW.EGLCVEKR
AFYRLI SGLHASI NVHLSARYLLQETW.EKKWOHNI TEFQQRFD WO

2010/
G LTE
QDEEN
11FRN
ESGPS
GATGA
GGAAA
CAGAQ
TCCCA
TTCCA

TCCTT

AACEC
GACT(Q

0194

YEFFI

TAAGA
TGA
CTT

TTGA
TGCT
TCAA
GCT

GEGPF
| CMLL
| SRI N

TGAA(
GICT/
AGAGE
IAAT CA
IAGCT(
GTACA
TTCTC
ACGAA
TCAA(
CTGGI
ACT.
AAGATIGACT(
GGI(
CAAC
CATT
CCCAA

7PCTT'US2009
RRLKNI NFLYLI
LElI LHEI KSFF
VDCVGCFI CCRL
LTRQEI VSLEN
5T TGACGT TGA(
\GAGAGGGT TC(
SAAGAGCCTATT
\GAGAGI TGAGA
PAGGT TAACAGA
MGAACAAAGAC
SACGCTTTGGAC
MACGCTTTGTC
5T GTGACAAAGH,
GITGGAATGAG
ATCGCTAAGTC
PAGGCT CAAGAA
LAGTTCGGTGT T
5GT TATCGTTA(
TGGGAATCCGEA
A\GAGGTAACACT

ACTTT

ACACT]
ACTT(Q
TGITAQ
AGAAA
GAAGA
TGITT]
GCAGA
CITTC
TTACA
ATCTT]
AGTAQ
AAGAG
GTACT|
CCATT
TTGAA
ATGAT

2010/

GGTTT
ATCAA
ICCAAT
AGGAA
GAGH
AGAAA
GGGAQ
GACCA
TACAA
TCCAG
GTTCq
GGTT(
IMT CAT]

TGAAAGAAGAG
\GAACTTGGITA

\CCAATGGAAGAA
\ATCTGACGACA
VAGAAGCCAAAG
[TGGGAGCT TAT

GICCTTCTCCA
TTCACTGCTGA
oI TCCAACTTCT
[TAAGAAGT CCG
CACTGACGACT|

APREAHTANTELGRECA A
CAGTTGGACGGAT TGAACGCT

CTATGTTTGGTG&RT,

TCCAAAGAGGTTX

/ m%@EéﬁgﬁE@Eﬁg@{}AMTTCACTTTTGTCTCCAC

’IEEEEEIW’KENW&CKEMAATACACTAGCGACTCGAC
p ANMP

GGCGAGGAACCTAGTGTT

GECTCTATTTGGAGACATTGACGGAT

AN RAAAFBEFGAAGCTAACATCCCTTTAGCCTA
VETIGATIGRANTTTRTAATCAAGAACAACGTGCTGCTGCTGCCGA

Wﬂ@%@asmcmwmmwm

SPGTOFTTAAATTCGGTAAGCATGCCAAG
%ﬁ% iE%%A%GAAACTCCCTCTATTTGTCATTC
AT AT C AP ADGAAGTTTGGAGTTCCTCAAGACC
W@%XMQMIGTGACCGAGCTGATTGAGAAAT

ARG

CAATTGTGAAATCAGAGCCAA
TIMCCAATAAST TCAAGARIANTAAAGTCTTCAAGCTAGTCGGAA

WWTCGATGAATCTAAAGATGTTCT

NERNGTACTECCACELCATOAGGTGTGGTCACTGTAAGAGAAT

ﬁéﬁ%@GGAATTGGC’EACTCTTTACGCCAATGAT
GAAGAGGECTGCTAAA

A@ﬁq}@@@@ﬁ@ﬂ@m@g@wm@mTGCAAAACTTGATCAC
MWKWACGTTGATATTCAAGGTTATCCTA

; GTGATAAATCCAATCCTCAACT
AAGRKT SOREAGATCCCANPEET AGAATCATTGGCTGAGTTTGTA

%@%&W&AMGGAMCCCMGCACTCAG

A ATCRARCTOMAE ARG AAGCTGAAGAAGAAGCTGAAA
| GEACGATAE AR EXANAGACGAGCTTTAA

TGAAU
GRACGTT
GGTTA
CAAGA
01948

LT TCGT TAAGEG
b G
TFCAGARMGAAA

? %TOOQ

sl GI TG TGA] TCUCGATGACT TG
ASRESMATHQASDQEAIAPEDSHV VKL TEATFES

GIT SHITAGAAABATWTGBAR K LGPELVSAAERILKDNEQVKIAQI
HPATAR AT & A TP TR QRERB SRR
MLKQSLPPVSEINATKDLDDTIAEAKEPVIVQVLPEDASNLESNT
TFYGVAGTLREKFTFVSTKSTDYAKKYTSDSTPAYLLVRPGEEPS
VYSGEELDETHLVHWIDIESKPLFGDIDGSTEKSYAEANIPLAYYF
YENEEQRAAAADIKPFAKEQRGKINFVGLDAVKFGKHAKNLN
MDEEKLPLFVIHDLVSNKKFGVPQDQELTNKDVTELIEKFIAGEA
EPIVKSEPIPEIQEEK VFKLVGKAHDEVVEDESKDVLVKYYAPWC
GHCKRMAPAYEELATLYANDEDASSKVVIAKLDHTLNDVDNVD
IQGYPTLILYPAGDKSNPQLYDGSRDLESLAEFVKERGTHK VDAL
ALRPVEEEKEAEEEAESEADAHDEL

23

human EROlu

GAAGAACAACCACCAGAGACTGCTGCTCAGAGATGCTTCTGT
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TGGAAAGAGT TCGGAACTAACATCAAGT TGGGTGT TATTGAG
GACCACTCCAACAGAACTAGATTGGCTAAGITGTTGAGATTC

CAGT CCTCMIOROTeRACT GACAT CACT TCCTTGGACCAGT

ACGT TGAGAGAAT GAAAGAGAAGCAGGACAAAATCTACTTCA
TGGCTGGT TCCTCTAGAAAAGAGGCTGAATCCTCCCCATTCGT
TGAGAGATTGT TGAAGAAGGEGT TACGAGGT TATCTACTTGAC

TGA
GA

TT

GAGAA
GCTTT]
TTGAQ
GGAGT
AAACT]
AGAAA
ACATQ

G
CGAAT
AGAGT
GAAGG
TGAAT
GGTAA
GGAAA
ACTTT
ITTGAC

G

TCGAGCCATT(
BACAAGAT CGAG
CCCCATGI GCT]
\CATGGAAAGAA
\GGACATCTCCA
CGAGATCAACC
AAGAAT CAAAG

G TTT
GATCC
GAAT(Q
ACGCT]
ACTCCG
GAAGA
AAAGG
DDEVD
| RELR
LDKI R
EELVK
AFLVA
TI TLV|
PMVEEE
LMNDI
EVTFK
NI MPK;
TLDM
LDQYV|
LLKKG
EKTKE
2010/
PRHPL
AYCGDR
anti -
under

NLGTI

DKK1

GGATT
GGITA
GAGAQ
AAGGT
TGAAC
GATCG
AATCG
VDGT'V
EKSEK
1 SLT

DKVI \
| KEEA
EAAKE
KPI W
SER=Y
YLNEV
KKI AC
ERVKE
YEVI Y
SREAV
01948
RDML
ERM

i ned

TGECTGITGIT]

PAATGT TGAGAT]
TGAAGAAGAAC
ATACTACTGAG
ATGT TGGTACT
ACTGCTGAACA
'EEDL GKSREGS
FAFQAEVNRWV
DENAL SGNEEL
AKSGT SEFLNK
MSKEI NNDTQH
SDYLELDTI KN
EKEESDDEAAV]
RPSKEVEEDEY
PTSAPRGLEDHE
KGVVDSDDL PL
DKYNDTFWKER
KQDKI YFMVAGS
LTEPVDEYCI {
EKEFEPL LNV
7PCT/ US2009
RRI KEDEDDKT!
RL SLN1 DPDAK;
Heavy chain
(DNA) ACG

(%Q%%g@ﬁﬁ%éééﬁgﬁ@ﬁﬁ&ﬁébGACTGTACTTGTGACGTTGAGA

CCGAAAAGACT

2@%%?#%§$%§$$@@@§%%§?ACTTCAGATACTACAAGGTTAA

TSR G SCCATTAGEAAT CTGGAACGACATTTCCCAGTGT
S,

CTAACTACTACGCT TCOCAGA
CAREACHEEEAPT

AGHCEAGCACGAGANITIAAGAGTGTGAGCAAGCTGAAAGAT

CTTGT TGCCACA’%%

ARAM AT BCTAGAGRCBETERC TACAGATTGTTCCCAAGATTGCA

dARETTAAGCCATGTCAATCCGACGAA
ALFAAGIS CGCTTCCTACAAGTACTCTGAAG

%%Q%%%Q@gﬁTGTCCGAGAGACTCAGAAGGC

WWWKHMMACGATGATTCCTCCGACAACTTC
' TCTCCAGAGGCTGAGTACGTT

GMﬁﬁﬂﬁﬁﬁﬁ$$@ﬁ@ﬂ@Q@§AGAGATACACTGGTTACAAGGGT
CEACGACH CETAR 22606 ARG AREE4 T EE 0E ACHTANGAGAAC

R RS ARRREA E LR TN AGHGACACCATTGAACCCATTG

TOET KODEEKNAGAOAATTMEMEAAGAGAACACTTTCTACTCTT

g LR T B e A RPAGAGAGCTTTCTACAGAT

ED&KWGIF$GﬁPﬂ?@ﬂB@KﬁEﬁﬂ@@TCAACGTTCACTTGTCCGC
EEEEEREKKTGififdE

KR@M@%@E;GGTTGGAAAAGAAGTGGGG

KAFYKSFSKESDDPNAYI EFTA
N EESAREAAR DRGNS AGAGATTCGACGGTATTTTG

NVSREA W QATIHAAGYT REKASRAGATTGAAGAACTTGTACTTT
R S G R BT TORCAE R o dAAGS PrIPaccaT

KLPERDEKREQIVAKEVEKIFDESAATTGTTCACTGGTAACAAGAT

Ao SRR M ISR T RGA

A

 STNYYASS

v@@ﬂﬁﬁﬂg@gﬁ&ﬂg%ﬁiﬂggijﬁeACTTCGACGAGAACTCATTT
VFRM&H%&@GAﬁ@%@%ﬁ%Gﬁ@@dﬂ%@@%ﬂ@i¥§£ﬁi&%ﬁ@%@ﬂ

A%VH + Gznn% sa- g;laﬁg encggl%%$%§%%§9ﬁ§ﬁ3
TTGGTTGTTTCAAGTGTAGATTGTGGGGTAAGTTGCAGACTCA
AGGATTGGGTACTGCTTTGAAGATTTTGTTCTCCGAGAAGTTG
ATCGCTAACATGCCTGAATCTGGTCCATCTTACGAGTTCCACT
TGACTAGACAAGAGATCGTTTCCTTGTTCAACGCTTTCGGTAG
AATCTCCACTTCCGTTAAAGAGTTGGAGAACTTCAGAAACTTG
TTGCAGAACATCCACTAA

PCT/US2009/053247

KKTFEI' N
ADEL 27

24

human EROla
Gene (protein)

EEQPPETAAQRCFCQVSGYLDDCTCDVETIDRFNNYRLFPRLQKL
LESDYFRYYKVNLKRPCPFWNDISQCGRRDCAVKPCQSDEVPDG
IKSASYKYSEEANNLIEECEQAERLGAVDESLSEETQKAVLQWT

KHDDSSDNFCEADDIQSPEAEYVDLLINPERY TGYKGPDAWKIW
NVIYEENCFKPQTIKRPLNPLASGQGTSEENTFYSWLEGLCVEKR

AFYRLISGLHASINVHLSARYLLOQETWLEKK WGHNITEFQOQRFD
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TCGCTGCACCTOCTTTGECTGAGGT TCAGT I GGTTCAATCTGG
TGCTGAGGT TAAGAAACCTGGTGCTTCCGT TAAGGT TTCCTGT

AAGGCTTCOBO R0 ADAGIBT TCACT GACTACTACAT CCACT GGG

TTAGACAAGCT CCAGGT CAAGGATTGGAAT GGATGGGATGGA
TTCACTCTAACTCCGGTGCTACTACTTACGCTCAGAAGI TCCA
GCCTAGAGI TACTATGTCCAGAGACACTTCTTCTTCCACTGCT

TACAT
ACTTT
TTACT
TTG
jpcee:
TTCTT

GGAA
TGITC
GITT(
['TCCA]
TGITI
GGAA(

Id CCAGAT T

CCAGAGAGGACT
CCTCCGCTTCTA
[GTTCTAGATCXC
GGTTAAGGACH
CTCCGGIGCTTT

%—1:7 r RALSKVLPFFERPDFQLFTGNKI
\QUAAGEOECCCEICHEIIRPLEEAENSFFAGDKKEAHKLKEDFRL

ff{ WQTQGLGTALKILFSEKMANMP

@&mﬁwm@@mf%iSTSVKELENFRNLLQNM

CAGCTIGEMZ
GI TAC%I’T/
GITAACGI TG
CTGTTIGAGA(
TCCAC
CCAAA
TGIGI|
TCAAC
CTAAQ
TTTCQ
AGAAT
CATCG

GGACA
TGTT(
ITGGT A
HCCAA(

ACAA(
AAAAC

ICAGTT

IGTI TT

b R
\CEATIREICAT XA
SAAAGTGTTGT(

A\CTTTGATGATC
ST TGACGTTTC(
\CGT TGACGGT G
PAGAAGAGCAGT
GACTGITTTA
5T GTAAGGT TTC
SACTATCTCCAA

GCCAQG
TAAGA
CCATd
GAGAA
GGI'TC
GATGG
GCCTT
2010/
(prot
GLEWWV
ESDDT|
SESTAAL GCL
YSLSSWTVI
PPCPAPPVAG
VQFNWYVDON
NCKEYKCKVS
KNQVSLTCL\
FFLYSKLTVE

AGGI
IACCAG
ICGACA
CAACI

CAACA
TGCAC
01948
ei n)
BN HS
Al V1Y

CTTCTE

TACACTTTGCC
SGT TTCCTTGAC
AT TCCTGI TGAG
ACAAGACTACT
TCTTGIACT CQARKGT

EA%@Q&M GPTERTEF9EA CGGTACTGTTGAAGAGGACTTG
ACTCAGACTTACACTT
AGAFAGKARFCCAGAACTGACGACGAAGTTGTT

TM@W@@@M@TQA{}TTC}GACGGATTGAACGCT

T(MWGAGAAGTCCGAGAAGTTCGCT

LRGN CITAGEBEARCAGRATGATCGAAATTGATTATCAAC

ﬁ‘%ﬁ?&%@mGATTTTCTTGAGAGAGTTGATCT

LA TTCTIGEARETETARACAAGATCAGATTGATCTCCTT

ICCGGTAACGAAGAGTTOACTGT
\GACT AAGGGACAACCAAGA

W%MWAGAAGAACTTGTTGCACGTTAC
TTIACRIGAOAEGARRCTAC TAGAGAAGAGTTGGTTAAGAA

%’%MCT@GTACTTCCGAGTTCTTGAAC

GATGGTCAATCCACTTCCGAG

N

\GGGTAACGTTT
FAACCACTACAC
7PCT/ US2009
EVQLVQSGAEV
INSGATTYAQKF
'FCSREDYWGX]
VKDYFPEPVT\
SSNFGTQTYTC
5PSVFL FPPKPKD
EVHNAKTKPRE
INKGLPSSI EKT
KGFYPSDI AVE

KSRWOQGNVES

W@%@G%gﬁgﬁmﬁmmm

/THIANCAAGET TATCETHIRIT THEAAP e ACANEAA Y &2
KKPGASVEN PEXAEGX T BRI AEEG TTCTCCGTTATT
z@éﬁ?@%@&’%mmmwemmmmﬂc
Sxmmﬂm@mvmm(:ﬁcCGACTACTTGGAGTTGG
DICAY AAGTACTCCCAGTTCATCA

E@RBJWHWFMTCCTCCAAGACTGAGAC
%MR%E@MGAAGAGGCTGCTAAAGAAG

M&R

NNYKT PPM_DSDGS
, ANRER G

S APBAGGCTGCTGTTGAAGAAGAG
GAAGAAGAAAAGAAGCCAAAGACTAAGAAGGTTGAAAAGAC
TGTTTGGGACTGGGAGCTTATGAACGACATCAAGCCAATTTG
GCAGAGACCATCCAAAGAGGTTGAGGAGGACGAGTACAAGG
CTTTCTACAAGTCCTTCTCCAAAGAATCCGATGACCCAATGGC
TTACATCCACTTCACTGCTGAGGGTGAAGTTACTTTCAAGTCC
ATCTTGTTCGTTCCAACTTCTGCTCCAAGAGGATTGTTCGACG
AGTACGGTTCTAAGAAGTCCGACTACATCAAACTTTATGTTAG
AAGAGTTTTCATCACTGACGACTTCCACGATATGATGCCAAA
GTACTTGAACTTCGTTAAGGGTGTTGTTGATTCCGATGACTTG
CCATTGAACGTTTCCAGAGAGACTTTGCAGCAGCACAAGTTG
TTGAAGGTTATCAGAAAGAAACTTGTTAGAAAGACTTTGGAC
ATGATCAAGAAGATCGCTGACGACAAGTACAACGACACTTTC

PCT/US2009/053247

)
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29 anti-DKK1 Light chain (VL + | anbda const ant

encodi ng sequences underlined) (DNA)

ACGATGGTGBORIBBIESTCTTTGI TTCTGTACGGT CTTCAGG

TCGCTGCACCTGCTTTGECTCAGT CCGT1 TTGACACAACCACC
ATCTGITTCTGGTI GCTCCAGGACAGAGAGT TACTATCTCCTGT
ACTGGTTCCTCTTCCAACATTGGTGCTGGT TACGATGI TCACT

regions) (a- anyl ase

PCT/US2009/053247

GGTAT
CGGT T

CAA

TGAGA

GI'TGCCAGGI

IACTCCAACAGACCAT(
GGTTATAAGT

CTGGTGCTTCT@EANATKT

CCAGATGACGAGCCTC
ACAAGTCCT T

'GTCCTCTTAC(

GACTGTTTTGTCCCAGCCAAL

TTCCGACCAT

CTTCCGAAGAA

TGGTT
GCTTG

TGl

GATCTCCGACT

GAAGECTGATGGT TCT

ACTACTAAGCCATCCAAGCAC

AGCTOTTACT

TGTCCTTGACA

GATCOTACTCTI GTCAGGTTA
30 anti-DKK1 Light ch

M&WATCAAGTTGGGTGTTATTGAG

GATCSTTCOCAAACGACTIAAIATTGGCTAAGTTGTTGAGATTC

W%QACATCACTTCCTTG@ACCAGT
D

\ AT FASCARBTEOPHRTGAGAAGCAGGACAAAATCTACTTCA

\GH AT AT AR IAGRGAGGCTGAATCCTCCCCATTCGT
TCTACCCAGGTIGCTGITACTGI T

OEASTHGAEERT EGPA P CTTACGAGGTTATCTACTIGAC
MWM@BJPGMWGTATCCAGGCTTTGCCAGAGTTT

éfWQMGAAE@@ﬁMW&@B@MG@@T@WK%66@’?65?1“
GAGAAMAGAGTTCGAGCCATTGTTGAACTGGATGAAGGACAAG
GCTTTGAAGGACAAGATCGAGAAGGCTGTTGTTTCCCAGAGA
TTGACTGAATCCCCATGTGCTTTGGTTGCTTCCCAATACGGAT
GGAGTGGTAACATGGAAAGAATCATGAAGGCTCAGGCTTACC
AAACTGGAAAGGACATCTCCACTAACTACTACGCTTCCCAGA

AGAAAACTTTCGAGATCAACCCAAGACACCCATTGATCAGAG
ACATGTTGAGAAGAATCAAAGAGGACGAGGACGACAAGACT

GTTTTGGATTTGGCTGTTGTTITTGTTCGAGACTGCTACTTTGA

GATCCGGTTACTTGTTGCCAGACACTAAGGCTTACGGTGACA

GAATCGAGAGAATGTTGAGATTGTCCTTGAACATTGACCCAG

ACGCTAAGGTTGAAGAAGAACCAGAAGAAGAGCCAGAGGAA
ACTGCTGAAGATACTACTGAGGACACTGAACAAGACGAGGAC
GAAGAGATGGATGTTGGTACTGACGAAGAGGAAGAGACAGC

AAAGGAATCCACTGCTGAACACGACGAGTTGTAA

GTTCCTAA

26

human GRP94

Gene (protein)

DDEVDVDGTVEEDLGKSREGSRTDDEVVQREEEAIQLDGLNASQ
IRELREKSEKFAFQAEVNRMMKLINSLYKNKEIFLRELISNASDA
LDKIRLISLTDENALSGNEELTVKIKCDKEKNLLHVTDTGVGMTR
EELVKNLGTIAKSGTSEFLNKMTEAQEDGQSTSELIGQFGVGFYS
AFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNTLGRGT
TITLVLKEEASDYLELDTIKNLVKKYSQFINFPTY VWSSKTETVEE
PMEEEEAAKEEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWE
LMNDIKPIWQRPSKEVEEDEYKAFYKSFSKESDDPMAYTHFTAEG
EVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLY VRRVFITDDFHD
MMPKYLNFVKGVVDSDDLPLNVSRETLQOQHKLLKVIRKKILVRK
TLDMIKKIADDKYNDTFWKEFGTNIKL.GVIEDHSNRTRLAKLLRE
QSSHHPTDITSLDQYVERMKEKQDKIYFMAGSSRKEAESSPFVER
LLKKGYEVIYLTEPVDEYCIQALPEFDGKRFONVAKEGVKFDES
EKTKESREAVEKEFEPLLNWMEKDKALKDKIEKAVVSQRLTESPC
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QSVL TQPPSVSOAPGQRVTI SCTGSSSNI GAGYDVHWYQQLPGT
APKI | | YGYSNRPSGVPDRFSGSKSGASASLAI TGLRPDDEADYY

CQSYDNSL SSu\R6EERE TVL SOPKANPTVTLEPP SSEEL QANK

ATLVCLI SDFYPGAVTVAVKADGSPVKAGVET TKPSKQSNNKY
AASSYLSL TPEQNKSHRSYSCQVTHEGSTVEKTVAPTECS 31 PpPDI 1 pronot er
AACACGAACACT GTAAATAGAATAAAAGAAAACT TGGATAGT

AGAAQ
CITTA
ACCCA
CTCCA
AATTQ
ATGAC

Il

GATT(
CTCA/
TCCCA
AACA(C
AGCTA

TGIAGIGITT

SCAATCCCCAGA
AAGATAATCTAC®
AGCACCACGTC(
PGTACTGATTT(
\ATGAAAATCCT

e

CEREDDKTVLDLAVVLFETATLRSGYLLPDTK

AP AAT AT e oD

DEEBACKATOREET CASASEAEHDEL

TCTTC
AGICT|
AAGAG
AGGAC
TGGAA
CAAGT
CCCTG
TCTATICACTA
TTCAAGAGTA
AGT TAGTCC(
CT
GGAT
ATT
GIGAA
GI'GAT]
GTATA
GICAT]
AAAT(
AGCCT]
CGCGAA
AGACO
TTCGCT]
TCTTG
GTICAA
GITAT
ATGAQ
TTCTT]
AACCG
ACAAT
ACCCA
TTTG

T{EAAT
TA/
TTTCARREGEATEGT
IATCGI.
GICH:

TGATT,.

TTCQ

AATHA
GACC(
TGEX
CCGA/
ATGAG
ATGCHA
TCATC

AAGA(
CTGTA
CGITA
GAAAA
GATA(
GCCAA
ACTCA
AGGAC

TTCT. /\W

CTGI
CCCTT

CTGGT
GCGAT
CTCTT

'V"H'ECGGAGG'I

P

AN M AP P T TG TTTCTGTACGGTCTTCAGG
CICGAICAGGICATAG =

NGCRGCRMGOCEFGAGGTTCAGTTGGTTCAATCTGG
WWGTGGTTGCGTTAAGGTTTCCTGT

GTALLT Wﬁ%@s@&%@TACTACATCCACTGGG

AGSTEIT TTGAT
T TTACK
\f%@
FRDOBEAAGC]

Ldcl el
5GT TCGT

CAC
TGAGT
MCCAGTTTCTA

LACTTTAGI TCG
\CAGCCAAAAAG
BCTCTATTGAGA
\TAAACTTGGT A
JGCCCTTATTTG
TGGAAATGITA
TCCAGAAGGT(
GGTGTGITGCC

T TGAACAAGEG
IGCTAAAAGT TG
VATATTCAAATG
TATTGCAATTA
AT TAGAGCAAC

LAAACATTCCCT

[TGCCTAGIGIT

ACACATTATCAL TGP AT

TEGATTC
ANEKANCAM GCRTCATEIGABAGGATTGGAATGGATGGGATGGA

W@%@&MCTM&CTCAGAAGTT(:CA

TCTAAET AEAAARGEESAALAGACACTTCTTCTTCCACTGCT
AT AT CRATGACAAERFPLGAATCCGATGACACTGCTATGT
SAATT COGGCT GATGTGAGAATT

A ORI EARCARRAF EACTGGGGACAGGGAACTTTGG

TR CTAAAGGGCCCTCTGTTTTTCCA

TGO EATEATTE C11CCGANTCCACTGCTGCTT

ACKEA TG TEECHCTERGERAG ACTTCCCAGAGCCAGTTACTGT

W@%ﬁ%@(ﬁTTCTGGTGTTCACACTTTCC

GG & T ATERREEFGTTTGTACTCCTTGTCCTCCGTT
A ETETHAAT I TEEAACT TCGGTACTCAGACTTACACTT

TTCCTA
A A CABAGARUATE CCACACTAAGGTTGACAAGA

E@ANTIGAGEGA RACATETIATTGTTGAGTGTCCACCATGTCCAGC

%ﬁ%ECCGTTTTTTTGTTCCCACCAAAG

TCCAGAACTCCAGAGGTTACA

AP B AT AR BT EACCAAGAGGACCCAGAGGTTCAAT
TWQWTAM%TTGAAGWCACAACGCTAAGA
AAPEEBEAEABTNGIATAGAGAA G TIOAATTU R OABTIXTAGIBPG 0
TTTCCGTTTTGACTGTTTTGCACCAGGATTGGTTGAACGGTAA
AGAATACAAGTGTAAGGTTTCCAACAAGGGATTGCCATCCTC
CATCGAAAAGACTATCTCCAAGACTAAGGGACAACCAAGAGA
GCCACAGGTTTACACTTTGCCACCATCCAGAGAAGAGATGAC
TAAGAACCAGGTTTCCTTGACTTGTTTGGTTAAAGGATTCTAC
CCATCCGACATTGCTGTTGAGTGGGAATCTAACGGTCAACCA
GAGAACAACTACAAGACTACTCCACCAATGTTGGATTCTGAC
GGTTCCTTCTTCTTGTACTCCAAGTTGACTGTTGACAAGTCCA
GATGGCAACAGGGTAACGTTTICTCCTGTTCCGTTATGCATGA
GGCTTTGCACAACCACTACACTCAAAAGTCCTTGTCTTTGTCC
CCTGGTAAGTAA

PCT/US2009/053247

3247

D/ 053247
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TCCATTTTCTTCGI CCAAGAAATAT CAGGCCGTCAGIGITCAC
TCTGGAGACAAAAGCAAATCTGAAATTET TGT TAAAGGCGCT

CTGAACAAALD RO TEEMIAGAT GT TCAAGATATTACAATGCCT

GAAGGTATCGCCACT CCACTCACAGATGAAATTAGAAGAAAA
TCCTTGCAAATGGCCGATACGT TAGCATCTTCAGGATTGAGAA
TACTGTCGI TTGCTTACGACAAAGCCAATTTTGAAGAAACTG

GCERA

GAACG
TTCAT
CAGAA
TAATT
TAGAT
ATTGI
CATTG
GACT(Q
CGACA
CAAAC
ACAAT
ACAT(
TGCTC
AATCC
TGGAT
TAAAG

AATT

TTTTA
ATCAA
TTTAC
CAAGA
ATACT]
ACTAQ
ACTGA
TATCG
ACGTQ
MI'ANE
QrbGL
PLI LL

2010/

VRI TH
MGTLM
DKL GK
GLPI N
TLTON
TGN V
LEI PF
SLQWA
SDM F
VAKQV]
Pl UWSH
GTDVA
| AALS
AVMNK
EVTAR
SVAAS

Ar abi

GGA
AT

CATCGGATAT
L CCTAGACCATC

TCTTTTGTGGTCT TTTAGGTAT

CFGFAAGFAAATCAATTTTFGAAA

La =

GBGAG
TCCA(
GACA/
GCTAT
TCTGI
T AAGA
iGTGA(G
TCGGA
AGCC
CTTAT
CAGA/

ATTCGA
GGACK
ICTGT(

el 50RET T CAC

. TCCAGCTCAGI

\CTTTTTAACGT
TTTCGT TAATTGCTCI

' DGS

PAT GAACAAACC

EM@W@Q@KVBCKASGYTFTDYYH{WVRQAPGQ

AYA
ARG

WNSGALTSGVHTFPAVLQSSGL

PCAGAGGAGATAT TGI TGCAAT
\TCECSHFNEM S PNRGART BEENVDHKPSNTK VDK TVERKCCVEC

SPRAPA P BEEGACCEATITKIRD TLMISRTPEVTCVVVDVSQEDPE

W\%ﬂg EQENSTFRVVSVLTVLHQDWL

TR TR BARGLEAAIERAESK TKGQPREPQVY TLPPSREEMT

FFET GRETEDRORF ORGNFEACS VMHEALHNHY TQK SLSLSPG
ACCAAGAAAGOGAAATGATAA

PCT/US2009/053247

GWI

Cl\/D
VAl

TGAC/
TEOATT
AGAT /
ATGCT
CACCA
ATGTT
GAGCT
ACCT
AGTT(
AGCAGACGH
NPFEN
KGLCN
L MGSA
01948
ASHL S
RDGNC
DL SAF
TVI LA
HMVT' \
NNAKY
SSSKK
DI LAS
CGLLG

GGTAAGGT AT

p

3 VI NDPPRF'

A RCID-NLA

GFFREREGTACH
M EASKARCACA

ey

Cai¥ERT TTCCQ

RS oans

CAGTEFCGATTG
¢ T

[EL TGSSESAPF
(SEENCRAPRRSVH
\in&ErLiAGINI| DDA GAAVRE T VW TVCRVQEXBSERBLCGADGGTGGTACTCAGTT
7 US2009
TGENE

KA VI GTAKNT
SFG | GLI CLV
LGVl RVAKQRAI
NRL WI'VDMGDH
'SNEKEKYL GNF
(YQAVSVHSGDK
SGLRI LSFAYDC
SUEKEICREVRCGEVET TAVMGTERSERS BV GGGTTCTACTGTTGA
SKYAVLSGDE

IU—V—V—\Lii:I/—\bI/—\LJ—V—V—\bI/—\b
PRSI AAE TTGTTICTGTACGGTCTTCAGG

W@T@@@BT@G@@CAGTCCGTTTTGACACAACCACC

%%%% ACAGAGAGTTACTATCTCCTGT

> A TAGGTGCTGGTTACGATGTTCACT
T

@& %&}ﬁ WCTGCTCCAAAGTTGTTGATCTA

WWW CTGGTGTTCCAGACAGATTCTCT

AL ESKTGESL KYCKYTV EEF CTTGARTATGANIAT
PERACEAEAIGAG A CGETSACTACTACTGTCAATCCTACG

PR EEoR B NGAdY g A FCCRACHEY TRE TS

AFGCS\ENMSBL ERPRGRAGAAV TGCAGGCTAATAAGGCTACTT

%F@D%%/H L&VN@%%MIFBEACCCAGGTGCTGTTACTGTT

FERT BAA A GRGHGATNG IR K§CAGTTAAGGCTGGTGTTGAG
TAL P CESh EKER QD ARGERM CAATAACAAGTACGCTGCT

AR SR YL ER R AT AT LA EEA R teccaca

)

Lgﬁ'é\,/ @Mwmrmaﬁi‘m

KEAA|

dopsi

LI ALS
PPRKR
DTTMI

LG

v_\l A\ B | VI'\IVII

L-TBOOFSTI

R i

S ‘[hag i ana
regions

{protein)

F(’r’@mmbﬂﬂrl\
N SI FG

VGDRI PAD

LSHY IQE@@VIS‘MI’(@QF&VT’FIQES‘CFSS SNIGAGYDVHWYQQLPGT

W&E@M%ASASLAHGLRPDDEADYY

mNﬁKFSQPKANPTVTLFPPSSEELQANK
WEﬁL\ﬁbﬁ@bﬁ@bﬁMﬁm&ﬂbﬁP RAGMRRRDASIONG
Aﬁ%é&%&%ﬁ?ﬁk&&&&frﬁﬁeE’H}Ek?vmh&' s)

vV 34

31

PpPDII

promoter

AACACGAACACTGTAAATAGAATAAAAGAAAACTTGGATAGT
AGAACTTCAATGTAGTGTTTCTATTGTCTTACGCGGCT
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ATGCGAAAGGE TCCGAGGACCTGGTTAAGAAAGAATCCCI G
AACTCCACTCCAGI TAACTCTGACACT TTCCCAGCTTGGECTA

AGGATOT TGEO GABIIBLEBAAGAGCACT | CGTTOTTTCCAGAG

AGAAGGGT TTGT CCTCCGACGAAGT CTTGAAGAGACACCAAA
TCTACGGACT GAACGAGT TGGAAAAGCCAGAGGEGAACCT CCA
TCTI CAAGCTGATCTTGGAGCAGT TCAACGACACCCT TGTCAG

PCT/US2009/053247

#@CI;H :@#MWTGGMTCGTCCATCTTTCTCA
TTGAd PEAYOTT A CSTAAAGRUTATCAGACATACCTACGCC

OGTTC TR %GCGATCACCCCTAAAACTTCAAT
aaCCT '

AGATG WWWCAAACCTTCTTGTTCT

CCAGG ARG EFAANAASGT TCCA

GCCGA TTGATCTCCTCCACCT TGAGAG

TTGAAGRAGHPPRMBT GACT GRS T ERAEPSTTTECAN TTTGAGAATAGAGCTGACAGGA
GACTACTAAGCACGT TGACGAGAGEG TR OAT SAGTIAATGCATTGGAATCGAAGACTGGAG

AAAGTIGCATGGTTTTCGCOGE m
TGCATICTGTTTGGTCACTGAG: @m&%TMCGmGATCAGGTCATAG

CVDA20G0ATTHIRTRPAT IISAD0
CTGTTCATGGGCCAAATGAAA

TTGATICAACGT CAAGT ACT TC TSR T ECCAATASHTIAARARGAGTCTTTITTCGAAATTCTTGT
GATGGCCAAGAAACT TCAAGT Tl LT FREAGAAGEGAACCA TTGATTCTGTTACTGATGGGTTC

GGTAGAGT TCACT CCCAAAT CQAREAA!
GAGEA CACCCCATTGAAGAA(%
GGTCTITGACCATGATCATCGG

ACTACTTCGAGATCCCTGTTGCT TTGECTGI TGCT

AGAGAGATTGCCAGCTGTTATCACCHERGEEY ‘I‘%@r?&%GTCTAACATTGATGATGCGATA
ACTAGAAAGAT GGCT CAGAAGAROGORAT (HTAGBAAGTAGGATCGTTGTCACAGTTGGATTTG

CCATACGTTGAGACT TTGGGTTGIACT. WE

ACAAGACTGGTACTTTGACTA&%&Q %MTCATTGGAGGCMTGAACA

AATTGGTTGOCATGGGTTCCA m@m@&mﬁATCTAACTAGGAATGGGAACA
AG ' ’TéAACCTAGTCCCAGGAGACTTGGT

GATTGCTAAGATCGCCGCTAT @@MWM@@#@&GAATTCCGGCTGAT GTGAGAATT
GCAATICCGAQCAACAGT TCGT TAERACAGERAT CERARET A TATCGACGAGAGCAACCTAACTG

CAACGT CGAGGGAACTTCTTTTL
TGAGGACTGBCCAATGGGTAGAA

GCCTACCTTGAAGGT TTTGGT CGAGAAGAT

A@TTWC@G&TTUTCI%@MMAAAGACAGCAAACCTGTTGAAA
TTGCAGACT AT GGAGT GAGT T G GEAGA GAARAATTT U TTGAACAGCCGTTCATGTATTGG

S Ao O L AT A o TocTasToeAGararr
GAAAACGT TTTGGAGAGAT COACTOATATGBASIIIS PFABNEACACAGCTTTTGGCTCTIGTTTTCG

GG TCCAAGAGAGAATTGOAGCAGK 'ﬁglg G Aﬁ@ﬁég}AAACCAAAGACTCCTCTTCAAC

TTGCAGT CCTTGAGAGACATGT

TGGGT|T TCGATTACT CTGACGTTCEAT SEEATT S INGT I ACGATTTGTCTGCTTTTTCCTT
GCTTGGTTGGTGTTTTTCAAGGT

GGTT$ w&gg%@zmg&%@%@*GATCTCTGTATCCTTGGCTG
CAGGOCATCACTGAT T GT AGAACRBCOREEATOBGAGR AT CTTCCTATTATTGTGACTGTGAC

GICATCACCGGAGATAACAAGT. (3
GTATGGCTAAACAGAGGGCCATC
AGAGAEAT CAGT T TTCAGE T AT AT L O
AT SBACET IO INSERET TGAAACTTTGGGATCCGTCAAT

AAGAACCACTTGAGACAGACOQEH R ¢ 16T A GTLATAU AT GGGAACATTGACCCAAAATCAT

CGATGEGT TCT|GAGGAT CAT CCAGKH:

AGATCCCTGACCGGTATTGAQTS

GCCGAACCAAAGCACAAGCAAGAGAT TGTCAGACT GCT!

GAGGACGGAGAAGT TGTTGCTIMFEAGEERT AANGAF A CACTGTGGATATGGGCGATGAA
GACGCOCCCAGCT TTGAAGT TCCETCAGA SBET GG RACTATEBGAGTCCTATGCCAATTATCTCA

GAATTTCOGATACTGAAGTTG T
TI TTGECT CGACAACTTTTWM%TGCWCTGGTAATATAGTCA

AGAAGGTAGAAGTATCTACAACABBATGASAGCOA MATONST GIOAATLDY DA 9 AZARCTUS00¢

WO 2010/ 01/9487PCT/ US2

0
EVAS! FLTAAL G PEGWINGLL WKL 01 DOPBATA G TOAATCTTTAGAAAAATTGA

| MKKPPRRSDDSL | TAW | FRYRMTGEAGESSHIENGAGTMECAAAGGAAAGAATCTTGGAGAT

D/ 053247

)/ 053247

FM3 DL SQDGHSLVSYSQLAHWEQCSSWEGFKVSPFTAGSQTFS
FDSNPCDYFQQGKI KASTL SLSVLVAI EMFNSLNAL SERGSLVTM
PPW/NPW._L L AVAVSFGLHFV1L YVPFLAQVFG VPLSLNEW. L
VLAVSLPVI LI DEVLKFVGRCTSGYRYSPRTLS TKQKEE 36



PpPMR1/ 131) GAATTCATGACAGCTAATGAAAATCCTTTTGAGAATGAG 37 PpPMRL/ LP
GGCCGECCTCAAACAGCCATGCTGTATCCATTGTATG 38 5' AOX1T GCGACTGGT TCCAATTGACAAGCTT
39 PpPNVRIWOLP10GBEIBECT CTCGT CGATACTCAAGTGGGAAG 40 At ECAl / @CP/UuS2009/053247
GI'CGGCTGGAACCTTATCACCAACTCTCAG 41

TCCATTTTCTTCGTCCAAGAAATATCAGGCCGTCAGTGTTCAC
TCTGGAGACAAAAGCAAATCTGAAATTTTTGTTAAAGGCGCT

CTGAACAAAGTTTTGGAAAGATGTTCAAGATATTACAATGCT

GAAGGTATCGCCACTCCACTCACAGATGAAATTAGAAGAAAA
TCCTTGCAAATGGCCGATACGTTAGCATCTTCAGGATTGAGAA
TACTGTCGTTTGCTTACGACAAAGGCAATTTTGAAGAAACTG

GCGATGGACCATCGGATATGATCTTTTGTGGTCTTTTAGGTAT
GAACGATCCTCCTAGACCATCTGTAAGTAAATCAATTTTGAAA
TTCATGAGAGGTGGGGTTCACATTATTATGATTACAGGAGATT
CAGAATCCACGGCCGTAGCCGTTGCCAAACAGGTCGGAATGG
TAATTGACAATTCAAAATATGCTGTCCTCAGTGGAGACGATA

TAGATGCTATGAGTACAGAGCAACTGTCTCAGGCGATCTCAC

ATTGTTCTGTATTTGCCCGGACTACTCCAAAACATAAGGTGTC
CATTGTAAGAGCACTACAGGCCAGAGGAGATATTGTTGCAAT
GACTGGTGACGGTGTCAATGATGCCCCAGCTCTAAAACTGGC

CGACATCGGAATTGCCATGGGTAATATGGGGACCGATGTTGC

CAAAGAGGCAGCCGACATGGTTTTGACTGATGATGACTTTTCT
ACAATCTTATCTGCAATCCAGGAGGGTAAAGGTATTTTCTACA
ACATCCAGAACTTTTTAACGTTCCAACTTTICTACTTCAATTGC

TGCTCTTTCGTTAATTGCTCTGAGTACTGCTTTCAACCTGCCA

AATCCATTGAATGCCATGCAGATTTTGTGGATCAATATTATCA
TGGATGGACCTCCAGCTCAGTCTTTGGGTGTTGAGCCAGTTGA
TAAAGCTGTGATGAACAAACCACCAAGAAAGCGAAATGATAA
AATTCTGACAGGTAAGGTGATTCAAAGGGTAGTACAAAGTAG
TTTTATCATTGTTTGTGGTACTCTGTACGTATACATGCATGAG

ATCAAAGATAATGAGGTCACAGCAAGAGACACTACGATGACC
TTTACATGCTTTGTATTCTTTGACATGTTCAACGCATTAACGA

CAAGACACCATTCTAAAAGTATTGCAGAACTTGGATGGAATA
ATACTATGTTCAACTTTITCCGTTGCAGCTTCTATTTTIGGGTCA

ACTAGGAGCTATTTACATTCCATTTTTGCAGTCTATTTTCCAG

ACTGAACCTCTGAGCCTCAAAGATTTGGTCCATTTATTGTTGT
TATCGAGTTCAGTATGGATTGTAGACGAGCTTCGAAAACTCT

ACGTCAGGAGACGTGACGCATCCCCATACAATGGATACAGCA
TGGCTGTTTGA

33 PpPMR1 MTANENPFENELTGSSESAPPALESKTGESLKYCKYTVDQVIEEF
QTDGLKGLCNSQDIVYRRSVHGPNEMEVEEEESLFSKFLSSFYSD
PLILLLMGSAVISFLMSNIDDAISITMAITIVVIVGFVQEYRSEKSL
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Hurman cal reticulin (hCRT) ATGAGATTTCCTTCAATTTTTACTGCTGITTTATTCGCAGCATC
CTCCGCATTAGCTTACCCATACGACGT CCCAGACTACGCTTAC

CCATACGAGHD CoABMST ACGCT GAGCCCGCCGT CTACTTCA

AGGAGCAGT TTCTGGACGGAGACGGEGT GGACT TCCCGCTGGA
TCGAATCCAAACACAAGT CAGATTTTGGECAAATTCGI TCTCAG
TTCCGGCAAGT TCTACGGT GACGAGGAGAAAGATAAAGGT TT

PCT/US2009/053247

ﬁﬁg%ﬁmw ! VLAANLVPGDLVDESVGDRIPAD
GT TCACGGT GAAACAT GAGCAGARAEATSI G/ TP ETSGCIERERY SKDSKPVESDDPNIPLNSRSCIGY
TGTGACOCT GGCACCAAGAAGBRIENTRIF AR OIS ACT REXFQGRPWLEMFQISVSLAVAAIPE
AGCGCEIAAGAACGT GCTGATCA, | TECSHOGARGR AIVKRLPSVETLGSVNVICSDKTG
ATGATIGAGTTTACACACCTGTACACACTGATTGT

ACAACACCTATGAGGT GAAGA BREK EFLKIEQGESYANYLKPDTLKVLQ
CCGGOTCCT TGGAAGACGATT NPTDIAIESLEKFDLODIRATKERM
ﬁ%&%t&%¥gg U ESKSEIFVKGALNKVLERCSRYYNA
ACTGAGACAAGCCCGAGCATA ABDALASSGLRILSFAYDKGNFEETGDGP
AGCCC%tﬂ?TWCWWKSEKFMRGGV}WHGDSESTAVA
CCCCGGCAGAT CGACAACCCACKYAFEABRIRNAST PO SFPDIDAMSTEQLSQAISHCSVFARTT
CACCCAGAN}TTGACAACCCCWQ’W@Q@A@ITGDGVNDAPALKLADIGIAMGNM
ATCTATGCCTATGATAACTTT %‘g Y

GGCAGGTCAAGT CTGGCACCA

CAACGAT GAGGCATACGCTGA mmmmmmmemmmmo
GGGCGTAACA

AGGACGAGH A
AAACGCAAA(SAGGAGGAGGACSCE"ZSKEEOI@BIM7&@5&@(‘%’0‘-@@NALTTRHHSKSL“UELGWT‘H‘ITI\’HFI\TF
TGAGGACAAAGATGAGGAT GAGHHXAT. CCCCGG&%?@’A%%@ TEPLSLKDLVHLLLLSSSVWIVDE
AGGAAGAT GAGGAGGAAGATGT GCTGTAG 42 Hunman cal ret
(hCRT\ MREPSLETAVLEAA [ N‘ PONYESEIWMA

ESZQISEM %g:%%%ﬁigﬁﬁ@&@ﬁﬁ@m@cmmﬁmemwﬂccCTG
L FPNSL DQT <&y MmﬁgﬁﬁmACACTTTCCCAGCTTGGGCTA
L1 NKD ETHLYTLI VRREOA YEVKGDNS@EHSESLEDDMGCACTTCGTTGTTTCCAGAG
DFLPPKKI K PEDVDE

DAKKPE i GTCTTGAAGAGACACCAAA

VH PE
DEAYA
KEEEE

YBPDRSH Y ONFCIA G GAAENRSCAFTRFEF ANAAGCCAGAGGGAACCTCCA

WK@MK%CAGTTCAACGACACCCTTGTCAG

EDKEEDE

pastoris)

AATTTTG?IT{“_(I})C\}IE%(\{ICGCTGTTAT%TCCTT@% CCTGGCTTTIT
TTGATGGTGACGAGGGTGGTGAAATGGGTATCACTGCCTTCG
TTGAGCCTTTGGTCATCTTCCTGATCTTGATCGTTAACGCCAT
CGTTGGTATCTGGCAAGAGACTAACGCTGAAAAGGCTTTGGA
GGCCTTGAAAGAGATTCAATCCCAGCAGGCTACCGTTATGAG
AGATGGTACTAAGGTTTCCTCCTTGCCAGCTAAAGAATTGGTT
CCAGGTGACATCGTTGAGCTGAGAGTTGGTGATAAGGTTCCA
GCCGACATGAGAGTTGTTGCTTTGATCTCCTCCACCTTGAGAG
TTGAACAAGGTTCCCTGACTGGTGAATCTGAGGCTGTTTCCAA
GACTACTAAGCACGTTGACGAGAACGCTGACATCCAGGGTAA
AAAGTGCATGGTTTTCGCCGGTACTACCGTTGTTAACGGTAAC
TGCATCTGTTTGGTCACTGACACTGGAATGAACACCGAGATC
GGTAGAGTTCACTCCCAAATCCAAGAAGCTGCTCAACACGAA

0/ 053247

culin
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ATGCAATTCAACTGGAACATCAAGACTGITGCTTCCATCTTGT
CCGCTTTGACTTTGCECTCAAGCTTCTGACGTTTTGGAGT TGAC

TGACGACAALD RPRBABIBCAGAAT TTCTGACACTGGT TCCGCT

GCGATTGATGITGGT TGAGT I CTTCGCTCCATGE GTGGTCATT
GTAAGAGAT TGGCTCCAGAATACGAAGCTGCTGCTACTAGAT
TGAAGGGTATCGI TCCATTGECTAAGGT TGACTGTACTGCTAA

CACTA
TTGAA
GaE CC
CAACC
TTCAA
TCTTC
GGCTQ
AACGI
GGTAT
AGGAC
GAAAQG
GI'CCA
AGGAC
ACGCT|
TTGCT

2010/

GGATT
GAACT
CCAGAGAT
TCGAQ
CAGAA
ACTT(Q
TCGAG
GCCAA
AAACA
CCATC
CCCCA
GGTAQ
GCTACQ
Human
M NEF
TCNKY
ASVPL
NYRFA
KMI'SG
KNAKG
DEGLE
DGNLK
APWCGE
VRGFP
Bst 21

hCRT-

PCT/US2009/053247

VACAC

GATC]
AAGA/
TGGT(
GAAG]
GACGH
CTTCG
TGAG]
CATC]
AAGA(C
ATCAA
CACAT
HTGIT
AAGEH]
AAGA/
01948
GGAAT
GCTA

GGTAA
TCTAA
GACGH
TTTTA
AGTAC
TCGTT
CCCAT.
GCTAA
AGAAT
TAATC

ERpS
FAPW(
GVSGY

[ GTAACAAGT A
[ CAGAGATGGT
ANCTGCTGACGGT.

[ TCATCTCCGAG.
ATTCTTTCTCTC
CAACTTGAGAMA
[CCTTGGT TAAC
 TGTTCAGACCA
CAGT TGCTTACA

GACTGAGGAC/
GATCGCTTACT
STTCCAACTACT
\GTTCTTGGAC
7PCT/ US200¢
CCACTGCTGG
\GGGAGAGAAGT
SAAAGGCTTTGA
\CTTGAAGAGAT
\CGACGGTCCAG
\GATCGTTAACA
\CGCTCCTTGG]
SAAGGAAT TGOGHGAMANET:
ATCGCTAAGATGGA
ACGAAGTTAGAKSTHY
\CAAGAAGTTGA
TGTCCGACTTG,
"CACCAGTTAT(
7 MOFNWNI KT
PGHCKRLAPEYH
PTLKI FRDGEEA

71 -
Pacl /

I EEH
HTNVE
Kl KKE
SNYW:
STACE
RYLKS
HCKNL
Tl YFS
I_

'FKKFI SDKDAS| MégH
SLVNEYDDNGE
| QENI FG CPH
NRVMWAKKEL
| ' WAI RTAK
EPI PESNDGP\
EPKYKEL GEKL
PANKKLNPKKY,
A/ UP GTATAG
LP

CCACGCTTCTGIT

~

ARG
HCETCACAA%TTEAACT

%%@W@AAGCWMO@AGWC@GAGA

SAMAGABGGATTGATCTGTGCCCTGGTCTGG

@@%%TTGTCGTGG@AATACGTTGATG
CGCTTCTATCGTTGGT
@WMTCTCCTTCGAGAAGTGCACCT

Al

AGAAGIACASM G LECEERGACECTTTGGCTGTIGCTGCTATTCC

m@m CACCACTTGCTTGGCCTTGGGT

A\GTOACEACASGATGRO T ATAGAACGCCCTTGTTAGAAAGTTG
\GAAGTTTATCC,

W%TTGTACTACCGTCATCTGTTCCG

ACAEGAT RO TACEAERACKACCAACCAGATGGCCGTTTCCA
é@@ﬁ@@AGAATCGGTACTCTGAGATCCTT

/FEFATLCA WE@W@%@%O

\GAHRFTACAGGTCRRICIATINGAATGGACGCCAACTTGCAGAT

e

%@%ﬁ% TCTGTAACGACGCTAACGTTGA

ABTAENOCGFSCCABGCBAATITIG TTTCCAGAGGAATGCCAACTGA

%@@m@TCGAGAAGATGGGTTTCCCAGA

G’!@@[@RM@&WCGATGGTGACGTCTTGAGATG
THECAACIN AT TGGAGCAGAGAATCGCTACTTT

@@%%GTQCATGGGTGTCATGGTTGA

BB TTGTTGTTGGTCAAAGGAGCAGTT

%EX%%MW&&&&&%&G

\GET TEMAGCAQASAA HIGENEESRASHTCAAAGACTTGATC

A@%ﬁ: AR IR TCOT TG TCCGCCTTGAGATGTT
RTADG VS

HL KKQA
RGAERITBECATCCGATTTCGCTACTTA

C@@Af@&@ttw}&ﬁmcmmCAACAGTTGCTGAA

W@#@%@XEMTCCAACCTGATCTTCGTT

GERFYMERESRDCGKALGRGAQOYRACCAAGAAAAGAAGTTAGA

%ﬁﬁ@ﬁngmmGTATCAGAGTTATG

EEERELSHFC SYAQREATNRIVE TEC EKPRIKIRANEEA UBT GCR|

KA BXAFeSASNTASASEACREEAISACA T AT RAAT

AGATCCCTGACCGGTATTGAGTTCATGGACGTCCAAGACCAG
AAGAACCACTTGAGACAGACCGGTGGTTTGTTGTICTCCAGA
GCCGAACCAAAGCACAAGCAAGAGATTGTCAGACTGCTGAAA
GAGGACGGAGAAGTTGTTGCTATGACCGGTGATGGTGTTAAT
GACGCCCCAGCTTTGAAGTTGGCTGACATCGGTGTTGCTATGG
GAATTTCCGGTACTGAAGTTGCTAAGGAAGCCTCCGATATGG
TTTTGGCTGACGACAACTTTTCAACTATCGTTGCTGCTGTCGG

TGATTTC

TAG 44

r-
CAGC 46

AGAAGGTAGAAGTATCTACAACAACATGAAAGCCTTTATCAG

Z 5] -



TTAATTAACTACAGCTCGTCATGGGCCTGGECCGEEGACATCTT CC 47 Synt hetic peptide that
bi nds CRT KLGFFKR 48 Al pha anyl ase si gnal
GITCTTGTACOGBANIEBAAG TTGCTGCTCC AGCTTTGECT WO
2010/ 019487PCT/ US2009/ 053247

pepti de ATGGTTGCTT GGTGGTCCTT
PCT/US2009/053247
(from Aspergillus niger a-anylase) (DNA)

ATACATGATTTCCTCCAACATCGGTGAAGTTGCCTCCATTTTC
TTGACTGCTGCCTTGGGTATTCCTGAGGGAATGATCCCAGTTC
AGTTGTTGTGGGTTAACTTGGTTACTGACGGTCCACCTGCTAC
TGCTTTGGGTTTCAACCCACCAGACAAAGACATTATGAAGAA
GCCACCAAGAAGATCCGACGATTCCTTGATCACCGCCTGGAT
CTTGTTCAGATACATGGTCATCGGTCTTTATGTTGGTGTTGCC
ACCGTCGGTGTTTTCATCATCTGGTACACCCACTCTTCCTTCAT
GGGTATTGACTTGTCTCAAGATGGTCATICTTTGGTTTCCTAC
TCCCAATTGGCTCATTGGGGACAATGTTCTTCCTGGGAGGGTT
TCAAGGTTTCCCCATTCACTGCTGGTTCCCAGACTTTCTCCTTC
GATTCCAACCCATGTGACTACTTCCAGCAGGGAAAGATCAAG
GCTTCCACCTTGTCTTTGTCCGTTTTGGTCGCCATTGAGATGTT
CAACTCCCTGAACGCTTTGTCTGAGGACGGTTCCTTGGTTACT
ATGCCACCTTGGGTGAACCCATGGTTGTTGTTGGCTATGGCTG
TTTCCTTCGGATTGCACTTCGTCATCCTGTACGTTCCATICTTG
GCCCAGGTTTTCGGTATTGTTCCACTGTCCTTGAACGAGTGGT
TGTTGGTCTTGGCCGTTTCTTTGCCAGTTATCCTGATCGACGA
GGTTTTGAAGTTCGTTGGTAGATGCACCTCTGGTTACAGATAC
TCCCCAAGAACTCTGTCCACCAAGCAGAAAGAAGAGTAA

35

AtECAL

MGKGSEDLVKKESLNSTPVNSDTFPAWAKDVAECEEHFVVSRE
KGLSSDEVLKRHOQIYGLNELEKPEGTSIFKLILEQFNDTLVRILLA
AAVISFVLAFFDGDEGGEMGITAFVEPLVIFLILIVNAIVGIWQETN
AEKALEALKFEIQSQQATVMRDGTKVSSLPAKELVPGDIVELRVG
DKVPADMRVVALISSTLRVEQGSLTGESEAVSKTTKHVDENADI
QGKKCMVFAGTTVVNGNCICLVTDTGMNTEIGRVHSQIQEAAQ
HEEDTPLKKKLNEFGEVLTMIGLICALVWLINVKYFLSWEYVDG
WPRNFKFSFEKCTYYFEIAVALAVAAIPEGLPAVITTCLALGTRK
MAQKNALVRKLPSVETLGCTTVICSDKTGTLTTNQMAVSKLVA
MGSRIGTLRSEFNVEGTSFDPRDGKIEDWPMGRMDANLOMIAKIA
AICNDANVEQSDQQFVSRGMPTEAALKVLVEKMGFPEGLNEAS
SDGDVLRCCRLWSELEQRIATLEFDRDRKSMGVMVDSSSGNKL
LLVKGAVENVLERSTHIQLLDGSKRELDQY SRDLILQSLRDMSLS
ALRCLGFAYSDVPSDFATYDGSEDHPAHQQLLNPSNY SSIESNLIF
VGFVGLRDPPRKEVRQAIADCRTAGIRVMVITGDNKSTAEAICRE
IGVFEADEDISSRSLTGIEFMDVQDQKNHLRQTGGLLFSRAEPKH
KQEIVRLLKEDGEVVAMTGDGVNDAPALKLADIGVAMGISGTE
VAKEASDMVLADDNFSTIVAAVGEGRSIYNNMEAFIRYMISSNIG

52 -
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Al pha anyl ase signal peptide (from Aspergillus niger a-anylase) MVAWASLFLY

GLQVAAPALA Wil e the present invention is described herein

wi th ref ewenom/tiousr| | ustrated enbodi ments, it shoul d bepromdseeavosit4t hat t he
invention is not limted hereto. Those having ordinary skill in the art and
access to the teachings herein wll recognize additional nodifications and

enbodi nents within the scope thereof. Therefore, the present invention is

i mtled ofly by the ¢lal #ﬁ’?b@ﬁ W
2010/[019487PCT! US2008 IR AGEAFEEVEF SRy PR AR host  cel |
conprii sing a nucleic M@Hﬁ%wséI@nWMWIGH%%YAﬁﬁéV&M”&RﬁJs or
exoggnous | Ca2+ ATPaseW AHwEBE %ﬁgﬁﬂ%@%‘%h@df@ host
cell Jis e¢topic. 2.THh ower ote ost ce F ai m erein the
nucl €i ¢ a¢i d nol ecul @ FWWQ@W%E&H?H@EWW%YW Ca2+
ATPase operabl y |inkegpiwovapWel EAMAOGHG HIVGDPVEFLAGVIOB/ HIBMIE VALK ar yot e
host [cell {of Claim1, e i a nucleic acid
nol ecul-e—encodi-ng—a r%@,{iﬁﬁ%ﬁéﬁéﬁ%@ﬁﬁLﬁQQ
36 PpPMR1/UP GAATTCATGACAGCTAATGAAAATCCTTTTGAGAATGAG
37 PpPMRI/LP GGCCGGCCTCAAACAGCCATGCTGTATCCATTGTATG
38 S'AOX1 GCGACTGGTTCCAATTGACAAGCTT
39 PpPMRI/cLP | GGTTGCTCTCGTCGATACTCAAGTGGGAAG
40 AtECAl/cLP GTCGGCTGGAACCTTATCACCAACTCTCAG
41 Human ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATC
calreticulin CTCCGCATTAGCTTACCCATACGACGTCCCAGACTACGCTTAC
(hCRT) CCATACGACGTCCCAGACTACGCTGAGCCCGCCGTCTACTTCA

AGGAGCAGTTTCTGGACGGAGACGGGTGGACTTICCCGCTGGA
TCGAATCCAAACACAAGTCAGATTTTGGCAAATTCGTTCTCAG
TTCCGGCAAGTTCTACGGTGACGAGGAGAAAGATAAAGGTTT
GCAGACAAGCCAGGATGCACGCTTTTATGCTCTGTCGGCCAG
TTTCGAGCCTTTCAGCAACAAAGGCCAGACGCTGGTGGTGCA
GTTCACGGTGAAACATGAGCAGAACATCGACTGTGGGGGCGG
CTATGTGAAGCTGTTTCCTAATAGTTTGGACCAGACAGACATG
CACGGAGACTCAGAATACAACATCATGTTTGGTCCCGACATC
TGTGGCCCTGGCACCAAGAAGGTTCATGTCATCTTCAACTACA
AGGGCAAGAACGTGCTGATCAACAAGGACATCCGTTGCAAGG
ATGATGAGTTTACACACCTGTACACACTGATTGTGCGGCCAG
ACAACACCTATGAGGTGAAGATTGACAACAGCCAGGTGGAGT
CCGGCTCCTTGGAAGACGATTGGGACTTCCTGCCACCCAAGA
AGATAAAGGATCCTGATGCTTCAAAACCGGAAGACTGGGATG
AGCGGGCCAAGATCGATGATCCCACAGACTCCAAGCCTGAGG
ACTGGGACAAGCCCGAGCATATCCCTGACCCTGATGCTAAGA
AGCCCGAGGACTGGGATGAAGAGATGGACGGAGAGTGGGAA
CCCCCAGTGATTCAGAACCCTGAGTACAAGGGTGAGTGGAAG
CCCCGGCAGATCGACAACCCAGATTACAAGGGCACTTGGATC
CACCCAGAAATTGACAACCCCGAGTATTCTCCCGATCCCAGT
ATCTATGCCTATGATAACTTTGGCGTGCTGGGCCTGGACCTCT
GGCAGGTCAAGTCTGGCACCATCTTTGACAACTTCCTCATCAC
CAACGATGAGGCATACGCTGAGGAGTTTGGCAACGAGACGTG

-53.



4. The | ower eukaryote host cell of Caim3, wherein the reconbi nant protein
Is an anti body. 5. The |ower eukaryote host cell of Claiml, wherein the
functi on wb 2ato/diem3t one endogenous gene encodi ng a chapemrarseoonsi2e? n has
been reduced, disrupted, or deleted; and a nucleic acid nol ecul e encodi ng
at | east one mammal i an honol og of the chaperone protein is expressed in the
host cell. 6. The | ower eukaryote host cell of daiml, wherein the host

cell further i _ncI ud_e< (?Gq%l(% EAEA%(%}%@&HA A Q\@MG W ot ei n

and/ ar a nucleic acid ul'e 'enco a ca leulinpro A met hod

for produging a recomﬂGﬁwﬁGﬁﬁﬁﬂﬁqﬁ@@.Gﬁ@TAé@@ﬁQﬁ@ﬁGQﬁﬁ&ﬁﬁA
conprii si ng: MA&@@ARA@‘AG@A@G&Gb%WC@E‘K@GX@@&d@&@Gﬁ@GW' sing a

nucl €i ¢ ac¢id nol ecul 8 encodi ng at | east one endogeno r _exo Ca2+
ATPasle wherei n expr egsitHGAC qé%ﬁﬁgﬁﬁﬁgéGﬁéébéﬁé%gg é%éﬁ%ctopic
(b) ijntroduci ng a nuglAGEAAGATGRTIENGEAGATG TUIE dGERIC AeGtceatading the

reconbi nant protein: %Q&i (c) growing the host cell und

condi {ti-eng--st-t-abl-e-+6 ?Euuu..g t+he—r-econbi-nant—prot-ei-p—8~The—ret hod of
Clai mf, winebhn the |[NRFESIETSCLEAABSSCAYRY DOUHPY AAPYTAMPIBHEIPANE . ng f rane
encodi ng t + ATH r.. WO
5010/101948 t}%&%@g@ 00d %@}W@%&&RWI@@KEBF@K@%%@!@%B&E@%@

(hCRT) TSQDARFYALSASFEPFSNKGQTLVVQFTVKHEQNIDCGGGY VK
LFPNSLDQTDMHGDSEYNIMFGPDICGPGTKKVHVIFNYKGENV
LINKDIRCKDDEFTHLYTLIVRPDNTYEVKIDNSQVESGSLEDDW
DFLPPKKIKDPDASKPEDWDERAKIDDPTDSKPEDWDKPEHIPD? |
DAKKPEDWDEEMDGEWEPPVIQNPEYKGEWKPRQIDNPDYKGT
WIHPEIDNPEYSPDPSIYAYDNFGVLGLDLWQVKSGTIFDNFLITN
DEAYAEEFGNETWGVTKAAEKQOMEDKQDEEQRLKEEEEDKKR
KEEEEAEDKEDDEDKDEDEEDEEDKEEDEEEDVPGQAHDEL

43 IﬁmmnERp?ﬁ ATGCAATTCAACTGGAACATCAAGACTGTTGCTTCCATCTTGT
CCGCTTTGACTTTGGCTCAAGCTTCTGACGTTTTGGAGTTGAC
TGACGACAACTTCGAGTCCAGAATTTCTGACACTGGTTCCGCT
GGATTGATGTTGGTTGAGTTCTTCGCTCCATGGTGTGGTCATT
GTAAGAGATTGGCTCCAGAATACGAAGCTGCTGCTACTAGAT
TGAAGGGTATCGTTCCATTGGCTAAGGTTGACTGTACTGCTAA
CACTAACACTTGTAACAAGTACGGTGTTTCCGGTTACCCAACT
TTGAAGATCTTCAGAGATGGTGAAGAAGCTGGAGCTTACGAC
GGTCCAAGAACTGCTGACGGTATCGTTTCCCACTTGAAGAAG
CAAGCTGGTCCAGCTTCTGTTCCATTGAGAACTGAGGAGGAG
TTCAAGAAGTTCATCTCCGACAAGGACGCTTCTATCGTTGGTT
TCTTCGACGATTCTTTCTCTGAAGCTCACTCCGAATTCTTGAA
GGCTGCTTCCAACTTGAGAGACAACTACAGATTCGCTCACACT
AACGTTGAGTCCTTGGTTAACGAGTACGACGATAACGGTGAA
GGTATCATCTTGTTCAGACCATCCCACTTGACTAACAAGTTCG
AGGACAAGACAGTTGCTTACACTGAGCAGAAGATGACTTCCG
GAAAGATCAAGAAGTTTATCCAAGAGAACATCTTICGGTATCT
GTCCACACATGACTGAGGACAACAAGGACTTGATTCAGGGAA
AGGACTTGTTGATCGCTTACTACGACGTTGACTACGAGAAGA
ACGCTAAGGGTTCCAACTACTGGAGAAACAGAGTTATGATGG
TTGCTAAGAAGTTCTTGGACGCTGGTCACAAGTTGAACTTCGC
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9. The nethod of Caim8, wherein the reconbinant protein is an anti body.

10. The nethod of daim7, wherein the function of at

| east one end

ogenous

gene encoalDrgiceniedsaper one protei n has been reduced, di sPraptusdiooos32del et ed;

and a nucl eic acid nol ecul e encodi ng at
chaperone protein is expressed in the host cell.

| east one mammal i an honol og
11. Th

of the
e net hod

of daim7, wherein the host cell further includes a nucleic acid nplecule
encoding qn ERDST pr ot@yfr@ffr@rAvkARbACET e ToRLR @@A% B fre
calreticullin protein. | ower eu ost ce
conprli sing a nucl eic é%ﬁﬁTﬂ%@ééﬁpgAéﬂE%HK%bN%ﬁGEﬁ$§ Aﬁﬂgﬁgﬁﬁcgﬁaxﬁk a
nﬁcl eic agid nol eﬁul ﬁ @MQdGOQAAGC;@M@M}M&IGII‘TIFCQH‘@A@G@AMK%@GHG?XQKe55' on of
the proteiins in the ha ect 0
eukarjlyot e |host cel | (:5§ﬁ§§h61§% éﬁfﬁ?@@éﬁéQﬁEQQHQﬁﬁTﬁéﬁﬁiA cl udes a
nucl e ¢ ac¢i d nol ecul ¢ BHeAUGGFAATTT 6AMGAINET £OTDGEAGTECHAGOYENTLS| Ca2+
ATPasle wherein expressi 89% j } ct ppi c.
14. The | ower eukaryc?%ﬂﬁ%gﬁcigﬁF 0 q%%?ﬁ#ﬁifh§§§F2§ﬁ&?ﬁgbkggéﬁ%é
further includes a nychEIECGEPAARBIEETITE AAHEYIMGAACASEBIMITGERETGA OF i n.
15. The | guer EUk?ryCtﬁbé%@fTﬁ*%éG@fCé*ﬁG@Té%GGWQ@K%K&V&Q@AA@@@G@%ﬂa”t
protein ig an anti body he | ower eukaryote host cell of
Cl ai m 12, |wherein the(ﬁa%%@ﬁgﬁAgﬁﬁﬁG4%%E@G§ﬁ§ Agktodi ng a
Chager Olne plr otein gas AJ&QOATFGdlll‘ilfﬁ!ifcG@TM@T)’@MA@GCﬂECEG@@AA@MT&}mCI eic
aci d inol egul e encodi n {¥¥Eb erone
protein ig expressed %#%}ééﬁﬁ%{XQGﬁgﬁﬁqﬁdﬁﬂb- q@gcggﬁéfﬁgﬁ?égr
produci ng ja reconbi ngriiCECAGETAARAMGAN FENuEAACOAAGIGAPIEIAGEAGHGaONPT i Si ng:
(a) priovi dilng a | ower AN hasir Tﬁﬁ(%b d#%ﬁ ébﬁ@A@ @gkgcule
encodi ng gn ERp57 prcﬁg#n anS%A' nuc el c aC| fﬁe enco a
calreticullin protein\Mﬁﬁéﬁ?ﬁé?@@é@@ﬁSﬁTéﬁQQ&§QﬁQ@éﬁﬁ§GQCﬁ¢ﬁﬁ Sticell is
ectopic, |WO 2010/01%@2@&2&6@2&&@@%@@&@%6“@% (b) introducjng a
nucl ei'c agi d nmol_ecul e i nto tigﬁnost Cel'lencodi ng the reconbinant pfotein:
and |44 | Human ERpeY | JYIQHNNGY ARG JEACATRIG NEESISDEGSAGH b f or
produci ng |t he reconbi|MaNVERFARWCGHCKRLAPEYEAAATRLKGIVPLAKVDCTANTN
TCNKYGVSGYPTLKIFRDGEEAGAYDGPRTADGIVSHLKKQAGP
ASVPLRTEEEFKKFISDKDASIVGFFDDSFSEAHSEFLKAASNLRD
NYRFAHTNVESLVNEYDDNGEGILFRPSHLTNKFEDKTVAYTEQ
KMTSGKIKKFIQENIFGICPHMTEDNKDLIQGKDLLIAYYDVDYE
KNAKGSNYWRNRVMMVAKKFLDAGHKINFAVASRKTFSHELS
DFGLESTAGEIPVVAIRTAKGEKFVMQEEFSRDGKALERFLODYF
DGNLKRYLKSEPIPESNDGPVKVVVAENFDEIVNNENKDVLIEFY
APWCGHCKNLEPKYKELGEKLSKDPNIVIAKMDATANDVPSPYE
VRGFPTIYFSPANKKENPKKYEGGRELSDFISYLQREATNPPVIQE
EKPKKKKKAHDEL
45 hCRT- GTATACCCATACGACGTCCCAGACTACGCTGAGCCCGCCGTCT
BstZ171- ACTTCAAGGAGC
HA/UP
46 hCRT-Pac/LP | TTAATTAACTACAGCTCGTCATGGGCCTGGCCGGGGACATCTT
CC
47 Synthetic KLGFFKR
peptide that
binds CRT
48 Alpha amylase | ATGGTTGCTT GGTGGTCCTT GTTCTTGTAC GGATTGCAAG
signal peptide | TTGCTGCTCC AGCTTTGGCT
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18. The method of Claim 17, wherein the host cells further includes a
nucl ei ¢ acid nol ecul e encodi ng at | east one endogenous or exogenous Ca2+
ATPase whwoentn/maqsressi on of the Ca2+ ATPase in the hostctaliskoiomszet opi c.
19. The method of Caim 17, wherein the reconbinant protein is an anti body.
20. The nethod of Claim 17, wherein the function of at |east one endogenous
gene encoding _a chaperone protein has been reduced, disrupted, or deleted,
and a nucliejgnaci d mgl ecul e encoding at |east one mammalian honol og of the

chaperone |[protein is |expressed in the host cell.
Aspergillus

niger Cl-
amylase)
(DNA)

49 Alpha amylase | MVAWWSLFLY GLOVAAPALA
signal peptide

{from
Aspergillus

niger O

amylase)

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

1. A lower eukaryote host cell comprising a nucleic acid molecule encoding
at least one endogenous or exogenous Ca2+ ATPase wherein expression of the Ca2+ ATPase in

the host cell is ectopic.

2. The lower eukaryote host cell of Claim 1, wherein the nucleic acid
molecule comprises an open reading frame encoding the Ca2* ATPase operably linked to a
heterologous promoter.

3. The lower eukaryote host cell of Claim 1, wherein the host cell further
includes a nucleic acid molecule encoding a recombinant protein.

4, The lower eukaryote host cell of Claim 3, wherein the recombinant protein
is an antibody.

5. The lower eukaryote host cell of Claim 1, wherein the function of at least
one endogenous gene encoding a chaperone protein has been reduced, disrupted, or deleted; and
a nucleic acid molecule encoding at least one mammalian homolog of the chaperone protein is
expressed in the host cell.

6. The lower eukaryote host cell of Claim 1, wherein the host cell further
includes a nucleic acid molecule encoding an ERp37 protein and/or a nucleic acid molecule
encoding a calreticulin protein.

7. A method for producing a recombinant protein having reduced O-
glycosylation comprising:

(a)  providing a lower eukaryote host comprising a nucleic acid molecule
encoding at least one endogenous or exogenous Ca2t ATPase wherein expression of the Ca2+
ATPase in the host cell is ectopic;

(b) introducing a nucleic acid molecule into the host cell encoding the
recombinant protein: and

{c) growing the host cell under conditions suitable for producing the
recombinant protein.

8. The method of Claim 7, wherein the nucleic acid molecule comprises an
open reading frame encoding the Ca2+ ATPase operably linked to a heterologous promoter.
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9. The method of Claim 8, wherein the recombinant protein is an antibody.

10. The method of Claim 7, wherein the function of at least one endogenous
gene encoding a chaperone protein has been reduced, disrupted, or deleted; and a nucleic acid
molecule encoding at least one mammalian homolog of the chaperone protein is expressed in the
host cell.

11. The method of Claim 7, wherein the host cell further includes a nucleic
acid molecule encoding an ERp37 protein and a nucleic acid molecule encoding a calreticulin

protein.

12. A lower eukaryote host cell comprising a nucleic acid molecule encoding
an ERp57 protein and/or a nucleic acid molecule encoding a calreticulin protein wherein
expression of the proteins in the host cell is ectopic.

13.  The lower eukaryote host cell of Claim 12, wherein the host cells further
includes a nucleic acid molecule encoding at least one endogenous or exogenous Ca2+ ATPase
wherein expression of the CaZt ATPase in the host cell is ectopic.

14.  The lower eukaryote host cell of Claim 12, wherein the host cell further
includes a nucleic acid molecule encoding a recombinant protein.

15.  The lower eukaryote host cell of Claim 14, wherein the recombinant
protein is an antibody.

16.  The lower eukaryote host cell of Claim 12, wherein the function of at least
one endogenous gene encoding a chaperone protein has been reduced, disrupted, or deleted; and
a nucleic acid molecule encoding at least one mammalian homolog of the chaperone protein is
expressed in the host cell.

17. A method for producing a recombinant protein having reduced O-
glycosylation comprising:

(a) providing a lower eukaryote host comprising a nucleic acid molecule
encoding an ERp57 protein and/or a nucleic acid molecule encoding a calreticulin protein

wherein expression of the proteins in the host cell is ectopic;
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(b)  introducing a nucleic acid molecule into the host cell encoding the
recombinant protein: and

() growing the host cell under conditions suitable for producing the
recombinant protein.

18. The method of Claim 17, wherein the host cells further includes a nucleic
acid molecule encoding at least one endogenous or exogenous Ca2t ATPase wherein expression
of the Ca2* ATPase in the host cell is ectopic.

19, The method of Claim 17, wherein the recombinant protein is an antibody.
20.  The method of Claim 17, wherein the function of at least one endogenous
gene encoding a chaperone protein has been reduced, disrupted, or deleted; and a nucleic acid

molecule encoding at least one mammalian homolog of the chaperone protein is expressed in the
host cell.
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