TI TLE OF THE | NVENTI ON | MPROVED VECTORS AND YEAST STRAINS FOR PROTEI N
PRODUCTI ON:  CA2+ ATPASE OVEREXPRESSI ON BACKGROUND OF THE | NVENTI ON (1)
Fiel d of wbeoiomaesasBi on The present invention rel ates toPoodatS2aelos®s3 hat
i ncl ude one or nore nucleic acid nol ecul es encodi ng a Ca2+ ATPase,
endoplasmc reticulumlectin chaperones, e.g., calreticulin (CRT) or
cal nexin (CRX), and/or ERp57 protein and their use for producing
recombi nant gl ycompptigi T KR ANRYOREFHVICF ORIPCRSXSSA Y. (2)

Description of Related Art dycoproteins nediate many essential functions

in hu n |nc udr y I i | -cell
cormuniO o ML BT A i BB e 3 e 342567 kD5 PRSEEL: of ef ns
make uapplhﬁnaﬂh@ra1t/y36qi4onﬁrbdcxyAa§ust POOY i 18 heteby gidsagoyaied bprgfarehsaim (Li s
and Sharon, Eur. J . Biochem 218: 1-27 (1993)). Many gl ycoproteins have
been ektélebﬁ“teebd for therapeutic purposes, and during the last two decades,
reconbi nant versions of naturally-occurring glycoproteins have been a maj or
part of the biotechnol ogy industgycieseaphgs of reconbi nant gl ycosyl at ed
proteins used as therapeutics include erythropoietin (EPO, therapeutic
nmonocl a

interf ?@%] qtﬂfq)g‘%l-ﬁ?apér anu orglty? eg%?rlg%rr o}aﬁa%lg?gﬁlrbf%{ég%{r rrufrzlal'g‘:}lér?:q21 actor

( GVt CShping @ndrnkmmmhalhqeaanPQRma'ﬂm aipyblhaﬁibr(ﬂﬁﬁb'i)ie:{ Bethioin tj)remcrea'smg

G ycobi ol ogy 1: 15-130 (199 |at|on in cos l.ati.on tterns of
reconbiSP?%?ﬁ‘W ‘b‘%@’&[&f@& SG‘igS;’/tc‘:ﬂB) f@re teqtQR0 @E@ﬁgﬁl‘gelﬁé ifs pjae P g% ¥ of much
at tent 'cereuraﬂng fife &fé&:@&ftth&lbeaﬁﬂm HelhybRdiZ8&PTRs RBALA de% & iR tergepl dfi@d as
potential prophylactics and therapeutics approach the clinic. general

t he gl pyesichlating thestybuidizatiess raté ofghy prabedo diertarget gposoctiar ¢idalel mthSIt\Yar y
dependi ngﬁ&rp EF host species of the cells used to produce them

Ther ap& ‘%PBtO 'R produced i n non-human host cells are likely to contain

nonans TET ' FB A rRiReaaon Skl fri S oriah I AARE b de' R pggon of
185: 44Qp4cifc Al 38Pheiddid a $Im IHCP@R 1§H§Edt%6 Ia gbhb%@leicrhcm ﬁ‘f'ﬁ@

(Cabanes Machet eau et al ycobi ol og 372 (1999));
N- gl yc dherimeeyaliamgiof indeaioitable D%p@iesverdsarﬁmleas qulymelralse it NoRRGEPR et al .

(Bor r obABES0E Ui A ERAIGR 2o iensg O3 it SR T R PGS

ol i gosa¢ eeanigeendl it 6did) RSwelf asghyﬁéuemrrﬁnme@rdwuﬁeaum Bggenfyya|n manmal i an
cells tend to be nore cl oseléy related to those of hurranékﬁéoprot ei ns, nost
%

commer desribgdyfeninstanes, ii Uat-&ap i ded8d,208- Adanararighonseaf|l

mamral i@he| SISAd' for gk?e‘éﬁ‘gﬁ?e‘é§§ 3l SPANHRED &hﬁ@)&%?ﬂ%eﬁ%ﬁ%? g}l s for
protein productl esl er ng costlil | processes for proéucr ng proteins
in rrammbllogyr(/lcmllzc)OBrlmiudSSNel@}%@ﬁS@e@mhn@t&ﬂ_N dBé3640). lyisycwidelymsed have

| ow vol umetrr ters, .and requi oi ng viral containnent and

¥ oni 1 eI el et mretenct by Averd R adslit £t oFPIBOS oner
eukar yqﬁ&u&lﬁ%tfof:ei&mé WatRBbE dtektidar RAHGS e f‘r&ﬁ%ﬁbﬁr&ﬁﬁémﬁl' smgnrs OfnjitAs W th
human-1i ke i V-gl ycosylation patterns had not been possi bl i nce then,

Ger ngr ckagnpstidsl Snefaaralysebdorension Jo@y andtigsichiwretitestingh aud parontagaichting.

reconbi nant | ower eukaryote host cells that are capabl e of making
gl ycopr 6] nChhss hahedHiom techiiqee perforymdsylatnden coetalled tahorakmys, there is
now consi derabl e interest jn_.using |ower_eukaryote host cells t oduce
o ont CREPOR i cpr e iy FRAS vaIUFon S ter ateg Pyt Pt | on
has begRe {diRnSHaR8Mel®PORUER i @0 aENE dovidel tra)RGRAFUBAN suttB€ tdreRe of O | i nked
glycosylation is not as well understood. It is known that in contrast to
TV-1i nkietfcgmy@fawhqgen@rfore@g syropleng, &t r:‘cml repidaligmmesis phmstigel eomditioayent |,

whi ch i.n g ar Ki 9 Whi | e
A consSHapLe dedetd By Ttk ShSiminbERBh Shs R PR Endt o

i V-1 nksdongszﬁm{eaﬁéloﬁs oSN Ty b mqmaﬁﬁrtotoeuﬁ%t bibter@riemypevauscoapidfandm no

aci d sequences around a_l.arge nupber of O1linked glycosylation sites of
sever alacgirgteddingfisatien efifiowearonhisEdddd frequency of proline residues at
positions - 1 and +3 relative to the glycosylated residues and a marked

i ncrease of serine, threonine, and al anine residues (WIlson et al.,

Bi ochem J., 275: 529- 534 (1991)). Stlretches of serine and threonine
residues in glycoproteins, nmay also be potential sites for O glycosyl ation.
It has been shown that yeast-derived reconbi nant proteins often bear

addi tional unnatural O glycans conpared to their natural counterpart (Van
den Steen, et al., Crit. Reviews in Biochem and Mdle. Biol. 33: 151- 208,
(1998)). These unnatural O-glycans can result in proteins that have
unwant ed |rmunogen| crty or. aberrant actrvrty Thus there is aneed to
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cells that are capabl e of producing reconbi nant proteins that have reduced
-glycosyl ati on. BRI EF SUMVARY OF THE | NVENTI ON The present inventors have
found t havoesprassBon of reconbi nant proteins in a recorbirnsneoszss cel |
wi th reduced O glycosyl ation can be effected by overexpressing an
endogenous or exogenous Ca + ATPase in the reconbi nant host cell. Host
cells that overexpress an endogenous or exogenous Ca + ATPase produce

r econbijo@s] mlaﬁabpﬁca%hbstmeﬂqﬁﬁda Pugcarldcaiar Saaypaéspite tie latleofsane cel |'s
that do not_overexpress the Ca + ATPase. As shown in the exanples,

r econb|CH%‘?“%%‘?OTPG%?HV@G’W%twhﬂﬁ§Pld@éﬁqy§ afeahout o pafdEith lahm@&%r essi on
casset o%aﬁﬁg apabl e of
produc%%3§$§%%#%%ﬁgﬁ?ﬁ%g%?§?%s egggﬁ9Pﬁeﬁg§§V§§g§u§%§§g§%%§ﬁ@%§ reduced
by up ttechdiques ﬂ)rcthm(hagmmstaf baetietigl mfeaﬁordfrdmrt(ssu@sﬂmmespnélsstedtmmgenous or

exogenou + ATPase, i nv ovi des
oo Shetofh gtert g paisitiva g 4 72 BT ce e e s SE oM ot | east

one endggrsIReIS (2002 LX0689180). Gag; iMpRARE PCR sditiRHy ¢ gbdltisr &QQIoFPﬁ@r essed in
the host cell, wherein expressr on of the Ca ATPase is ectopic

parti cuapid da@pfe(m@ethpﬁ% + ATPase i s encoded by an open reading franme
operably linked to a heterol ogous regul atory sequences, which may provide
const i t{0@06}e Signal egfwliﬁnia/memamsrarmajei limitatiiont ¢fehECsesitidiiRPas eny BOB askaych i s
operable_in the host.cell.  1n fu er i ?ct t he .| ower eukaryotic host
ol - P Plas R s TSRS PRI MRS drt meping MRS P e pect s,
t he hoshd @flouni &F atn gl ¥Argbt iR R ©adtRAS tWhil @§ubfraadian & the sidkaRasbori s. I n
particul ar aspects, the Ca2+ ATP isselected fromthe group consisting of
the Pi dhiogespensetmp negabivRicontrel rt:avélom%gﬁnémﬂiyruﬁed eadciceum feamn-speeifitur t her
aspect %I’ybh(éf%atl Owﬁ{ls Sl%hi%rdy 81111 Iggl%t act% étsllI?Htll{ r‘lﬁe io@ye??lﬁ:' ld?‘[lrgoﬁrﬁ fa} her
transfo Scombr nant vVecto '§n ry nucl eot i de

Sequen(iﬂﬁclﬁ@Edrgéi@uéll‘eilrﬁlﬁﬂ\belpr@wktaﬁbﬁidrCoﬂ%)&tte(ﬂai S and a codi ng sequence
encodi ng a selected mammalian protein to be produced by the above host

cells. In certain aspects,_th L e | i protein is a therapeutic
protein, and nay be a gl y&%@éﬁ?f&ﬁgﬁqﬁﬁmﬁ not Iin1 ted to an

anti bod In further enbodi nents, the host cel I may yeast

fil arrer{b/Qﬁ?s] fRrayided hersin ig eimpethed ffor d%ctwgﬂr@ﬁldazab%%r lafogleé@rlrlelqaﬁl%r ch a

B S e R S L i

expr es sfsostaining ®iacgeh oudeivnlrlowitiea dxbnhdrnsrc]reg acibypriobt dray hyhridiastwitiethe

sequences derived .fr or functio Pichia pastor is | 1s oper ably
 ied eGP O (LEdrHE T S @b g RSt NG A THefeRPOHRrSpaLR second

gl ycoprtélhﬁérﬁturé W‘}ﬁr% RN einpedture Wb &Br than kHE%Q&}&Q% EfhRe; d(ISF host cell.
It has al so beén found that overexpressing a calreti cu in and an ERp57
pr ot ei realcnlating thegwaie o€ (ik theylahet ithensity ebthe dirstitepetfuectodd) the Fabdliotensity #tn

compr 1 b ERECEberi W B AR RO TR ol B ARG Cof e i 7

and/ or nubleERRAY RrOfutther stitesdeinBnt] h@psﬂbpﬁlﬁi (¥ aRtIrep&AeddoR il €8l tluMceeX[ﬂraeSSE‘d I'n
further enmbodi nents, the host cells include a nucleic acid nolecule

encodi rgrtkgr en@&étm%ét@ﬁdbb@mg}sarére@%géﬁﬁwa@ﬁ fipst gppbgecond fprapeaptyres.
expres yot e
oot oo Tpipyneiint et i BR forbikr ket oo bR Bletheastcn U SUARITD 21
pr ot ei nempérawie omvigaydrsa ulnar fusthgrestwdientathg nyetiagl ioissdas aguscPCRN f ur t her
aspects, i s .an t.i bo olglﬁgra nt thereof sucggﬁs Fc or Fab. In further
enbodi MEHFEEON Eginighe et the gpqthedsTugthen spmunmises MGarEag L o

el i m nagk tdignsttyRedil Cg@ taﬁpéﬁm}@ﬁ%tor(?ﬁt%e%ﬂl@gﬁﬂﬁﬁ@ 61 15t RcePBS 8O dnd 4gene
encoding a protéin mannosyl transferase (PAdT) protein to provide a host
cell t Ha@onrds, af@pﬁi@l sempfe lmbkquggt togbosdid reanpiergivist din p gurtzey iendpodisatnt, dhie

O gl ycos ared to host. cells tha ve function enes.
Furt herneiagt e QRSsEE mcB R inf BbuGple b Al r A EnpRa Rl ePER hg of
PMTI anﬁioreligﬂ;ﬂusmrmﬁwsh&}egs AIPEI, and Bheeddadd. cells are further contacted
with one or nore inhibitors of PMI gene expression or PMI protein function.
In further enbodi nents, the gene encodi ng an endogenous chaperone protein
i s reduced, deleted, or disrupted and-2a nucl eic acid nol ecul e encoding a

het er ol ogous chaperone protein is introduced into the cell. In particular
aspects, the chaperone protein is the PDIl protein. In further aspects of
t he above host cells, the host cell is selected fromthe group consisting

of Pichia pastor is, Pichia finlandica, Pichia trehalophila, Pichia
kocl amae, Pichia menbranaefaci ens, Pichia mnuta (Ogataea mnuta, Pichia
lindneri), Pichia opunti ae, Pr chr a ther nmot oI erans, Pr chr a sal i ct arr a,
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t hat have functional PMI genes, hi further aspects, the PMI protein is
sel ected fromthe group consisting of PMIl and PMI4. In further aspects,
t he host wel2bw/|ra3further contacted with one or nore i rorhista9®s3263 PMI
gene expression or PMI protein function. 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 heterol ogous chaperoneprotein is
i ntrodyessd] i nh oné Babedihlent, hRatiR6 1t dt Cadk©0.9 A5HIEREsthe e dP HeABGePII&EE N 1S
the PDII protein. In further still aspects, any one of the host cells
di scl 08€id- herein can be grown in the presence of an inhibitor of a PMI
gene. The nethods herein are particularly useful for producing proteins of
t her apdQRO9t \alkuether embodiineny, thatfirsidempératureid below tha{linbobibe éabe%dumcmcovi ded
is the f V1. One he_host. cel | reidy f i.ng. (ot.ei n of
therapgﬁgﬁggﬁﬁﬁﬁéhefﬁog F%ﬂ?ﬂ 5F1%§%333%$fﬁ§%t0 Béﬁgégﬁéggﬁgp e ‘%é cells
her ei n affafthgpreatbddinignt 2he rst kdd@styatuderis hbtndt 16T Castre i 8° Of aboae4Zthovdbotet hods,
the host cell is selected fromthe qéoup consi sting of Pichia pastoris,

I

Pi chi aff? hfapkAut44° i 2aaubdET erabosbhif’ G, 2bpitdy £ 1abeut A8 £, abput P C, about

menbr argefac) ol chi ' aga y AR Rt o) PhGhi a
opunt i gg, (g%‘éﬁllﬁ}?lt %?ﬁ%‘?éﬁé%h@o&g&% g?oélgﬁ %If:té’a? |Oz|§1?§ oia%’hgfggﬂgﬂdez(élfﬁ%& Pi chi a
pi j peri57° B athuua 58t Cpaltous 59T cdbioat 6t Giabobt &1&,C, Bbailtié2° S abo AL Rarmmpces

cerevisiae, Sac onyces_sn., Schizgsacch es , chj zgsacchar onyce
ponbe, %ﬁgﬁs% t(é?(g{c;i %F g@a,& %OHQ&er(gn%Pé% géﬁ% “hg@oe(r‘{f’%?ﬁte OQI c?qtioél,t

Candi dgjathireaos.72A%per gi | 1 us ni dul ans, Aspergillus niger, Aspergillus
oryae, Trichoderna reesei, Chrysosporium | ucknowense, Fusarium sp.,

Fusari amf Iﬁﬁ?a-' d%gnE i o
hburosggpgﬁcgggggﬁhgfc ighgg?%ggﬁgégacc E?%%g?gﬁkégg#aggﬂégﬂﬁigﬂg%?vhnrpha,
any Kl 8§%€s ampnt 88° €pabouiBy’ Gsgbeny?(° Cisabspt 91°TC, iabbatdf Kh abad K8 C, about
Chrysoggggiunhjugﬁggﬁense, any Fusarium sp. and Neurospora crassa. Further
provid r & $%€LbMDi ant  protei ns produced by the host cells disclosed

herein. In particular enbodinents, any one of the afogorenenti d host cells
can  ul¥d " Thencthe eglébpé'ementﬁaiswoeatt%h%ra%lﬁalﬁ B0 Co RROW ST Ceati ¢ o

pr oducg 79y eiRk 88 eCNFHIIRYS> B! ALAOEAN B uPRPlc, GHb@92Y 19l ¥6RD38 ] HEdudr €S
thereon or particular mxtures of TV-glycan structures thereon. For

exanpl 84° Cher #hwwt 958C1 s have been genetically engineered to produce

Ngl ycans having a Man3d cNAc2 or Mansd cNAc2 core structure, which in

parti c0@i2] adpandthern embaditacminthe dirsttanperaniek isiaboat! 508 Uhardsths seonds G cNAc,

Gal act ose, or siaLic ggid on the nonreduci ng end, and optionally fucose on
the G FRRErYPreifabeyidacing end. Thus, the jV-glycans include both

bi -antennary and nulti-antennari glycof orns and gl ycoforns_that are

bi sect d4013¢x dnpnethergmbogdingpite thgdatielsd nygleiprpid probe spmpripsia fupresgent label.

ol & c B IR Mg T R e ARV s B R R

- 4) Man A arbéh2 em@asicnl of t4Y Bhakscta( label4)athaGvb&tAh2 qubidial miolecdleGal ( \

_4)d cNAc 4 N3G cNAC2. . finitioons Unl ess otherw se i ped herein,
sci ent Eﬁf’ﬁ“ﬁ‘ﬁ%ﬁ %Sgﬂﬁ i"&ael(fatl"élYDrﬂiosfrﬂio’ﬁﬁP’e‘(sg? P! e%???fé’c‘?fﬁ{ﬁ?uﬁw’rﬁﬁ’ef‘he

pr eseniayeM4aindeitablo@k bt Ray fesk ABt-PBBRItRASwWhAhe JhsrcherTBRLYc hger st oodby
those of ordinary skill in the art. Further, unless otherw se required by
cont extluomsiserntilabel are natingtheselproximiitydén & ferther gmbbdiarent, phemugleic e¢idpradigal |
incIudﬁségglshﬁggé%r.OGE%%EQIIg‘anonenclatures used in connection with, and
t echni ques 0 I éhgﬂlg?ry,réﬁ]§nnlogy, nol ecul ar and cel | ul ar bi ol ogy,

m cr obi ol ogy,, genetjcs. an rotein and nycleic, acid chem stry and

hybr i di[@i]t“?or}n ggg 8‘?1}08@81%8#15% tﬁrggi Eu‘ﬁﬂf)g‘é‘ld\)x%ﬁh\&kﬂb “and commonly used in
the art, The nethod nd techni ques of the present invention are generally
per f or iiShc dBrar ﬁ@%@n@ah@@ AYFTBBERte FRUEHARA PRel QPRI RESHETERG. as
described in varjious general and nore specific references that are cited
and di 48QK4 e dn pipheycabodiment thedquepsuringisidope flloyringa PERsreadtionr wi se

i ndi cated. See, e.g., Sanbrook etal. Mol ecular Coning: A Laboratory
Manual , 2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

N. Y. (1989); Ausubel et ah, Current Protocols in Ml ecular Biology, Geene
Publ i shing Associ ates (1992, and Suppi3enents to 2002); Harlow and Lane,
Anti bodi es: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N. Y. (1990); Taylor and Drickamer, Introduction to

d ycobi ol ogy, Oxford Univ. Press (2003); Wbrthington Enzynme Manual
Wort hi ngt on Bi ochem cal Corp., Freehold, NJ; Handbook of Bi ochem stry:
Section A Proteins, Vol 15 CRC Press (1976); Handbook of Biochem stry:
Section A Proteins, Vol I, CRC Press (1976); Essentials of d ycobiol ogy,
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"gl ucosi dase" which all refer to peptide JV-glycosidase F (EC 3.2.2.18).
The term "vector" as used herein is intended to refer to a nucleic acid

nol ecul e wapatwm@7sB transporting anot her nucl eic acid mpCeask@owss2éhi ch it
has been |inked. One type of vector is a "plasmd vector”, which refers to
a circular double stranded DNA | oop into which additional DNA segnents may
be ligated. O her vectors include cosm ds, bacterial artificial chronpsones
(BAC) dAbl7]edstangther ¢mbodimenty rtherBEBmeactiol AQNprisesd) bertadtinge sampleect or is a

viral vecto er.ein ditional, DNA. se nt be ligated i.nto the viral
genome LHE eﬁs‘)?éamf‘wl%a\%s tﬁg‘?té}uFlebcealcb‘abV%q&er ]?’B‘Tq%‘}l{}‘é‘g‘fl&a%%é’tr&edaﬁabl e of

aut ononlifiioh @Bmbeigink 8fitdble ?rillﬂel%t erfz§irles bAd Subshhiedtd OB aGERtioRiiRAMS @Hd{ €. 9.
vectors _having an origin o repilcatlon whi ch functions in the host cell).

Ot her vBeyeing sithrepetiqnmigurg pbdenafiiring meglinmins extengiondempereturesspiseble
i ntrodygt &ﬁﬂlilﬁ%ﬁ@n%f‘ﬁle@%&trﬁ%éic a&@d are thereby replicated along with the
r cer

host genone. eover, aln preferred vectors are capable of directing

t he ex [ f gene o which they.are operatively. |linked..Such vectors

are 1 o Pa see PED AR oS blscHp a5 s BEE R Geation L st

" expr esgidostobentiay target nigeivaeid cB@pEkiRg (4)Rntalfifg 2 SLRNIEREHeBEd bht erest” or

"gene of interest” refers to a nucleic acid sequence, tgpically encodi ng a
Dr1

pr ot ei FONHERE p targRsmuplsicragid yith adeheteddnucleie #ad arebe thas hybridipes with theds

di sclo I; l | Cli i f e, c of

it or oo eor kRl Bt} 1EHIRRRALAR by Ao B APERpRIINRREER T

Non- | i rec) ¢ahgpl aiogrthe slopobf the dpbehimesmisng as @ fevcasii of ik uThae srgueinges encodi ng

one or Jymre polypeptides having an enzymafic ag¢tivity, .e.g.,.an enzyme

whi ch HREEREPOIRE gf) 9@STPS§{;°HF irbgrR (rci Braone u 9 ispdharaimeRnAiang 98 fler ases,

Nacet ylcgff%gtst@ﬁ%g%{lﬁé§nsf erases, UDP-N-acetyl glucosam ne transporters,

gal actosyl transferases, UDP-N-acetyl gal actosyltransferase,

st aly! [beis’ ShasEAnEUhiGRN, 4 DARNARARAiHBE Bl PHRE REIHENGE" OF
mar ker gene" refers to a nucleic aclid sequence ¢ pal%?e of expressing an

act i vi tagidtwaben tht irdevssitgiof ke sigas ptrievaedby thedaltdlademeddieadid probieanertdses pr esence

or absence.of the sequence within a host cell. For exanple, the Pichia
past or i%YU#RS WB@H QOF’g}jté’rfg? kagget &B&Elcﬁé compatedp thenteasitypf ‘ﬁi% siggplect ed for

by the gahirhiclbyThe hBtled nGABLACIH f18bd WReIR ANt BoGAPW B td:B& MBBRRNER. Oh
uracil. Its présence can also be selected against by the inability of cells
cont ai i fagherrmanbpdinaentoa geaalive ar zdte slope dslivatesdhe ssEmt. ofthe taeget sadjeiencids or
genes do not necessarily need to display both positive and negative

sel ect 48030]t yin aNorthéri embodngergxthophdsicatidmobeis aspojuanadsacon genlasaf r om

Pi chi azgﬁ%stori s include ADEl, ARA, H S4 and URA3. For antibiotic

resi st ZhEE" mar ker genes, kananycin, neonycin, geneticin (or (418),

par ono i nd hygronjycin resistance genes_are conmmonly used to allow for
gr owt hrﬂ‘&]ﬂhg‘“p?l“%§g]i?8@n3ﬁlt’tth%@égeéﬁkl‘?q6‘?é’?’idd§ DN/ogeRN-vel y 1i nked"
expression control sequences refers to a |inkage in which the expression
cont r ol[09%2d udR oae embedinrang il megiuring isdongshwangisothermpleonditions dn arfaitherhe

gene of, i t | - j S . act .in trans
oot SRLFAGE he Bl £ o RNGRReIP CRPLA0 Rl AHHEP ah BB el

cont r olmenegpirenis €dmpletéd eghinabhotiye petooldnlt hteaboaeto mitnaecfoliogagthy and as
used herein refer t ol ynucl eotj de sequences which are necessary to affect
the ex§PBOSTSH ngheclpo%ﬁ Ageuey u]g‘rﬁ@%?roerah’ﬂdg‘ﬁe?th@? mGaguIHeels dong af lgast fi¥ked.
EXpr es i @dtesQiniOtn $ROURRCERhE St AAHERCES n%%m qge&a&h 15N%p Lhangcri ption,
post-transcriptional events and translation o n&c el c aci d sequences.

Expr es stwmds dntovong hegaepbationiof ®ICRde appropriate transcription initiation,

term nation, pronoter and enhancer sequences; efficient RNA processing

si gnal 40823 h lasnstbbd entiglimoat, piod PER eeactiah compsiey iy icontasapesmgse t hat
stabilize cytoplasni c MA: sequences that enhance translation efficiency
{e.qg., SPWSB‘%@ﬁ@cﬂftﬂalrﬂgdnﬁéfaf%eé)“}lagl&fﬁ@n%’é]%%eﬂélfel‘?éﬂ?ﬁ#é‘éa‘ﬁaﬁﬁeﬁn 8tability;
and Wheglueies bbBfrisifi e SHBBESSith &8l enSHed) SEbsRfaRl BhdbEF& 18 b a relifoat ure of
such control sequences differs depending upon the host organism in

pr okar yekaise; agd ¢ih) eyshng sdid seagliehmegurgat dendtinng, aaeatieg padensension ri bosonal
bi nding site, and transcription term nation sequence. The term "control
sequences” is intended to include, at4a mninmm all conponents whose
presence is essential for expression, and can al so include additional
conponent s whose presence i s advantageous, for exanple, |eader sequences

and fusion partner sequences. The term "reconbi nant host cell" ("expression
host cell", "expression host system', "expression systent or sinply "host
cell"), as used herein, is intended to refer to a cell into which a

r econbi nant vector has been introduced. It shoulpl be under_stood t hat such
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simlar or equivalent to those described herein can also be used in the
practice of the present invention and will be apparent to those of skill in
the art. wDI20publri4eati ons and ot her references nenti one@Charseéns/0a3263
incorporated by reference in their entirety. In case of conflict, the
present specification, including definitions, will control. The materials,
nmet hods, and exanples are illustrative only and not intended to be limting
i n any témpeistures Sinkdbie -PlIATAON (DtheltabzeDRAMERNGS dFirgatiotter eAbadicheh tihow t he
geneal ogy of yeast strains described in the exanples for illustrating the

i nvent PBREaENg andextension, leppsragyes #6 hoiedter uct i on of plasnid vector pGLY642
encodi ng the human PDII (hPDI) and targeting the Pichia pastoris PDI I

| ocus. [§024lir dn8n¢ pmbedimgent she Hepeds pelevlated ibyiaking predispt derivatdtent thidabelo32

encodi ae h ; E i i chi j S¢ PrBl
Focus, et o Tl S Bl T A UhobBlrAGh, AP1bpaneh Gl 2 PRSLAN 73
encodi mignd b ealbulard bGREBHsquatkstfatigethe igbel hrersitg Measyramtts s a Rifedoh of us.
Figure 5 illustrates the construction of plasm.d vectors pd.Y1896 and

pGFI 2o7¥neehb6§wlp@r gRBogtment dhgsslopg ig © culateH gy dtine %?ﬁi\hqgmtggﬁa ABFEe a-1,2
ManNosiglasien i i idH) DX Bl 6 R RS9 Tabsl iRRAHP &UStimEl gur e 6
illustrat egntoﬁgﬁggﬁﬁer%c?wgﬁ%?g%ﬂgm dxvelg’t or rpG?\}l a162l enclo}gi ng l¥tnhe T.
reesei amd in 2 theslopsi dase (TrMNSI) and targeting the Pichia pastoris PRO

| ocus. Figure 7 is a map of plasm d vectors pGE.Y2260 and pGLY2261 encodi ng
t he anf0023KKlIn arfuitie dyhbodanent ahehybr{diFatioh Qidetian of thie ddbicledhmicleid 48kd prdbbe) and
targeting the Pichia pastoris TRP2 | ocus, and. targeting,the_ Pichi astoris
TRP? | G4 targgtingelere agid aasgd RBecHORS] of Selinjericy s ﬁ&“@%&% %ﬁ%mfhéf {ihe
Pichia pastoris PVMRI and targeting the Pichia pastoris URL6 |ocus. Figure 9

is a map of plasm d vegROEFr PESYIGBRTIGRGHTAS HRA WAl dopsi s t hal i ana ECAI
(AtECAI') and targeting the Pichia pastoris URA6 | ocus. Figure 10 is a nap

of pl aﬁ]@éﬁy%&}%i %Xéﬁ%m %ﬂaﬂ%bbﬁlemp%aﬁl@@éﬁbwﬂgbéﬂew%
ERp57( hERp57) and targeting the Pichia pastoris H S3 | ocus. DETAI LED
DESCRI Eividid FhE HiEotdShaE vaiNeT stevp tlesteaton fime Roisiive patmsi(dpweredowmbdniznt

host cells that are.capahl,e of . pr. i ng .recopbj nant proteins.that have
Feducedo ISRl SR b T b RE PERh Aot Swea RS o
genet i GRldyiheiBlbpRElWehpdfis, dhd abeHiRe ritRis€l)werk fouddT8F @ntroPsfvpleLHar €
reconmbi nant host cells cog‘&gl sing one or nore nucleic acid nol ecul es for

ect opi dackrp Péstsmptetef Thie hehoavsdhat darvis s 18io elersennbs ue o paTIRElYs and
the usgle%f_ctg %JE:S s&%ﬁ%@ﬁtﬂ%@%bﬁé«%} s éfﬁn cﬁif%rg{n%{%fgeﬁis% gpQLei ns that have

reduce yCcOSsy I'on. e overexpression of an endogenous

or exo S 2 TPase in.reconbinant. host cells enabled ys to uce
reconb!gfﬁ(gﬁgI J&gi[ gis VR ﬁlgtresﬁlgﬁ Ofgﬁﬁsélg&g&ﬁ @8%%?/@5? ﬁg?feﬁcgﬁ'ﬁea‘r’%]destog eﬁgo'gtﬂ cells
that dininBRs oPMRENPIS S OnBaRIPRIBANUENOB R RPRIGthe Gargdt BERATE, shdwedhhown
in Exanples 3 and 4, overexpression of Pichia pastoris Golgi Ca + ATPase

( PpPM Poyitige slapeshi dopsi s thal i ana ER Ca2+ ATPase (AtECAl) effected greater
than a 4-fold reduction in 0O-glycan occupancy conpared to the host cell

st rai nd0028&kt KGd3 shewethgresis of PABrretipns parfersed (T Hetstmine sdwihientabel host
cells that .include one or re | ej ¢ _acid .nol ecul es encodin n

endogerdaas b L8 Fofiifa es FEfH o ftEseRL Gm e raliis SO 1 BT arpase i s
oper ablpyesehdtsfth thetnitdi€ hEIH OUMLSeip bEHRP&ific PrlahthpaxQ whele nhiafhizi@!thise t hat
are capabl e of produci ngreconbi nant gl ycoproteins that have reduced

O gl ycds§itixes. obhe residts showy dhat @athrax wweﬁ@blmééwctﬁé-r produci ng recombi nant
proteins in which it is desired that the ampunt of <9-glycosylation on the
pr ot ei 109291+ dGec 4 ghowx theresuiis of RCRasentionh perfermeddedetgmniae ivdethgrtabplut ar e

not limted to. hunan SERCA2 r in (ATP2 ATPase orting,
car di adbEdy @ P FbPRES AP GG EnR SATedRER R sty abieBTEPY
(honol ggerenddf ofaaarpebsiwuigic @sdCened¢is had siEdig for Galbfeaiia, orttilem{ntiRizing flsa
mul tifunctional protein that acts as a najor Ca(2+)- binding (storage)

pr ot ei POpiivenelheysaftsshoy faat dHarsplaYas EPhtaE]tYl detge It is also found in the
nucl eus, suggesting that it may have a role in transcription regul ation.
Calreticulin binds to the synthetic peptide KLGFFKR (SEQ I D NO 47), which
is alnost identical to an am no acid sequence in the DNA-bi ndi ng donai n of
the superfam |y of nuclear receptors.-5caireticulin binds to antibodies in
certain sera of system c |upus and Sjogren patients which contain
anti-Ro/SSA antibodies, it is highly conserved anong species, and it is

| ocated in the endopl asm ¢ and sarcoplasm c reticulumwhere it nmay bind
calcium Calreticulin binds to m sfolded proteins and prevents them from
bei ng exported fromthe Endoplasmc reticulumto the Gol gi apparatus. O her
proteins that are suitable include but are not limted to human UGGT
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di sul fide-containing proteins (Puig and Glbert, J . Biol. Chem 269:
7764-7771 (1994)). As shown in the Exanples, cells in which the endogenous
PDI | chapeocnw/gess@ has been replaced with a human PDI ebhapscanesypéhe had
reduced O gl ycosyl ation. 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 O glycosylation (See
Exanpl es 3 an®E)AILEUBESTCRIPREON OFCTHE AR EFERRIOR EMBODIMENES ect opi cal |y
express a CA2+ ATPase and/or CRT and/or ERp57 protein and wherein one or
nmor e gRINBA| ©BSCALEIFicaridegbge asmesttapeligorudddtide iwhidinis Rdee0r Ddlethat or

di srupted and a nucleic acid nol ecul e encoding a h$teiologous chaper one
prot ei 1 demplereeniany te thedareesepnence @p pus hykndizessipsrifisally iRdhe Regftr one

pr ot ei t her odi i t - j iftgnonal
het er OP%}&E%(%. rgglgﬁg%ge%r%%g% %&gislél:te{rﬂfgé Hggtghé}gslﬁ%%%ﬁ e@?&@%?@eﬁ%ﬁ4 pr ot ei ns
are al sotexmoassadong Optomatlyl the prabeas labuledy fpotxanple linkedstocih least one
Saccharomyces cerevi s'iaeI Caﬁdi da al bi cans, 1anuﬂ Pi Ctgi a Haskﬁ%ri S gont ain a
fani | ydeFCtgRlRaePorishmeestlen 2o flRprsEieRATEL I PatS Fat e Wed epfiF§P R ol ved i n
the trapsdctle. OfhcTRISRQSENt ko REYhaPPélattdthePRYdnel @ iof URSolFons@EstRIcARY a
proteins. W found that Pichia pastoris cell |lines, which have been

genet i fabteyceat qesnebertmolesyle tssthe onposite end pbthigokiganyciestide sed thatrwhendhaper one
genes, are better able.t ol er at e. del,etd on_of W th
Prer erdptign S an Flasf Prfinady [0 G bilimngy el Rl Fu Wfelln AR ADoRENTR: ¥
be del @dashartilylimeorBM by t helidMtus RFdsing i Rdbable siggalndtlad repdttarhi a

pastoris host cells in which both the OCH] gene and t&jhe_PMT gﬁ;ng ii del et ed
ei t her Thesvnplserescastd boplsebe attachedyo the insermak partier of 1BA gligamsiaette Tk ¢ he
OCH g ' ar - ' ' Gh ©r) aadhost
el 15 TR B e Ao e A A e,
Becaus gesults irsthd @sibedial i@ gtathi gited dibekintansiiy whky boprdatb éhersirgeh aiershawhemide or

O gl o Thedt VR PSS A R o REHITE aCieBe rE Bty Pe R et o
capabl ugifopﬂﬁﬁg, INRQnQ%Min%!%Q@E% 8] OSBRI GReMY BRdnihinki@est¥ntGhyleaiss, Thus,

in further e ments, provided are host cells that further include
del et i effinty tdgs rupthiedikeofybridizetiomef the prbede Hestargehcanherdaloulatedhesing | t he

overexpressed gene product is.a secret ene pf e f

obser v?‘?‘@’%ﬁé‘?ﬁgﬂuaﬁwnﬁgﬁ?‘%&mtg% o gﬁg&lﬁg%%eﬁgﬁbe?ﬁﬂg%g?%% g% ag'lr#g&?ég Py
avai | aleet(@063)s151811bl18d0 AW hich #her&tHr inforpoiated, byGefgerk in {tEeht)rety990, Gene
Expressi on Technol ogy, Methods in Enzynol ogy, Vol 185, Academ c Press, and
Sanbr 0({’60351?) ByL98AeclYR RaBdRP it G ARAM G prébd AROKA sequenbBsuaplem¥aths, tolthd, Col d
Spring Harbor "Press, N.Y., provide procedures for detecting secreted gene
pr oducttargetiio teewiddleofthe prabeexith e dsisthlogavs sprusaectt thhd andst cads, which

cul tivated under, condi tions sufficjent secret essed
gene p?%‘alﬁﬁcat Sqergi}%p %&%‘frf iwglr?g%ilen%rf’h%lles I%nggr%%nrd:ttg t;d‘r'?(]‘;efap EI? IE(} fg%? agn egagp{e

densi t et tefeasyd TR bT e lstint stabiret The céyiplelentag) dequidueed termolsad br
conditions are conditions under which can perforg%oté))rasi c.cellular

t he cell
funct | dRebegnay barideast B2 Yoont least A%} attlpash da%eatdsast §44- eirlest 8@ AsAFaSn one
cel | ul ggo e a ’ Sk tisan.
Mor eov?rb,/ggdgpﬁéﬁlgﬁg%%? }59{}}2%6@5 Elh?lﬁglga%rg}g ilsggg]mg& ge%ﬁ% Zéélldé (ﬁarﬁéeioﬁ oduct can be
det ect gdoximityhsllomihg tearepatkr uml gs@dheomokcwltaionintracy reswltingingrredenst host
cells. The, cul ture nedium can be separated fromthe hgst .cells by known
proced di‘t@i }nt?rﬁityeilé’ﬁﬁ E’é‘}drp%geﬁf: 14x gﬁgﬁ‘?ir‘éﬁ?rﬁf a‘f’({ HYP5P9T SR ae%§%0W8W8 Teéssed
gene predgiatalfAing REAnRecrdfbe tbeintdsity € TR@) freé Hdchlak bedcBndTBékdTR fittlet aki ng
advant age of known properties characteristic of the overexpressed gene
pr oductor nSsignal wiple malesnlardiea¢ans Ithed ere eand it thertenget sepuensk dayecamucknzymat i ¢
or physical .pr rties,of the agverex Sse . prod [ le, if
an overgé??g?relgkéeig‘ﬁﬁrésﬁté’ *‘bf%‘&’&éat%“‘i‘?%&e% Oghglﬁﬁvetﬂ‘é%?gﬁg%g& %}1% ;?g%ﬁngs g@ for
t hat addybmil! Mdlédul®ep@n Robatrowell kaoetlii tHeartmediaenessabledin Nivas bioa!,
cells. Moreover, when antibodies reactive against a given overexpressed
gene pr&ities Cheraicavisia @BP@, 363¢3n0% Aoy ¢¥8MiPl&s can be used to detect the gene
product in any known inmunol ogi cal assay {See Harlowe, et al, 1988,
Ant i bodi es: A Laboratory Manual, Col d-@6pring Harbor Laboratory Press). In
addition, a secreted gene product can be a fusion protein wherein the gene
product includes a heterol ogous signal or |eader peptide that facilitates
the secretion of the gene product. Secretion signal peptides are discrete
am no aci d sequences, which cause the host cell to direct a gene product
t hrough internal and external cellular menbranes and into the extracellular
environment. Secretion signal peptides are present at the iV-termnus of a
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meant to include humani zed and chineric anti bodies. The present nethods can
readily be adapted to enhance secretion of any overexpressed gene product
whi ch carwbeouwsads4as a vacci ne. Overexpressed gene prodBCTaSavobs26un be
used as vaccines include any structural, nenbrane-associ ated,

menbr ane- bound or secreted gene product of a manmalian pat hogen. Manmmal i an
pat hogens i nclude viruses, bacteria, single-celled or multi-celled

par asi [(ﬁsé]\/mBy‘h‘liﬁ@dii pré¥egtit isaheant b pedbeaharhurmd parfionlaeseanpdagy stviatare. vacci nes
can include vaccines 9gainst vi ruses such as QUnan gnnun deficiepqﬁ Vi rus
(H V) , Tie prope Ry s L00% eoseplementargyip the target giopnly prniigly cappigBigpipsto the

i nflue [ L. S A jitd { , atl@RAOPZ Eat BeRNGBRNal i ti s,
Var i ce{g%%t 'zfg)glt% gg}r%lﬁlgytthgﬁé%%ﬁg&\){ %éuaz,l%tegg)t%?%{?esa\égoo?b%ta%r us, as well as

vacci nadeaya8%sor atileat 9Mosomptemdntdre td thadargetsease, neasl es, yel | ow fever,
munps, rabies, herpes, influenza, parainfluenza and the |like. Bacteri al
vacci nE@38pn Unhsh btherwise speeifiedatmobestrefoacsaneiadlysoe mudlsicVicks probg ol er ae,

Sal nonel | a typhi, Bordetella erﬁfs is, gtngp 0GOCCUS ﬁneunnniae sses a

He nophmolgsuleq peasenzad adingat Proge-uh QLREaMeTIS.Ca %ebaé&‘tsgq A BIORDRFSEY!

My CObagt GLEYB EREAE iyt BebRndBRPY ifGE BRObeNAISS SthbAviBPEcagict di's,
Cocci di o1 des |ﬁh\tfs, and the like. In general, the overexpressed proteins
of the ent ion. (fon. ; , te@Ubihp) and
reconbpﬁéﬁf %?b%%%%q%¥gﬂ%§%$e§§§ ré?g%a ﬂﬁgﬁgﬁg?agﬁg?%ﬁg?égegplacing a
nucl ei eheanhtplémérrayPCRepimdisnnd protey.eThe pirgs sey herN 4| snchrasigeeantsi nant
protein_into an expression cassette. ch an _.expr i assette mnimlly
cont ai RN baé@ﬂﬁlart)ﬁﬁf Vgé]q]a@ﬁ’cép‘\ﬁﬂflglrpggf 85?@“5‘(‘8@@& gﬂeg%rg?[ﬁréaygbreot ei n when
the SCRIGHGE:H 8 ARNARRNA RKAM viigl RNAYGhREal RNAL dFel G eRRIAC Bliniged he
protein. The expression cassette is thén inserted into a vector such as a
pl asni dosthiningthe taage aucleivt azidmaylie fiooreiy sehesge Stieh sanxlesonpiyin biofgeical
replication, selectable markers,. transcri.ptio r.term i i l's,

cent r oREPRES: RV MBTIYSAMBISS: %%?aiﬁm%%a%é’ﬁz’é@?%a%ﬁ“ the T ée&tgh %os?g\;/}i de an
expr es gk ffiplke FbPéxantBle, AUPEDF T ésdan \Bifedons @ Mdderiad suspptted abbangr a
non-replicable expression vector. A replicable expressjon v ctpr ﬁgﬁ

repl i cabetaminatestwith dbissraitane pgenbf SBRsHiC C@MPplesiof HFELAWE ey BEMedilse such

a vect e %0%§il’rlliFeJ[(l§g,rrﬁ;[CFe§1C 5&‘&%&38&156 %ﬁehst% oHTRSATRE adthix, t%'[br&rﬂfa?ﬁfa@ﬁé, ng
0] etin e

expr esdl vector conprises a tar g sequence that targets t

expr es $h@pa e6hdPoxtgenamparMethoafor leptatiingthé mddie atid dtont sich sgmplesdornher e

the vector then integrate?. Upon integration intq host cell chronmosonal DNA

such ahm%Xb?@%§W8H°W%€F8W1&@med§§“§5ﬂ@‘ PLRE Ul el enents but retains the

nucl eic acid nol ecul e encoding t he qverexpresse reconbi pant .pr.otein and
£

d .
a segndf®3skhiRspbesand erinesy may Eﬁ%ﬁiﬁﬁxe@ftot‘lﬁ@%@%‘i@g{lﬁ‘r YS'BEbI 4 ¥eohbi nant
POt o TR B Qo 1RCRKPLESSH A AR PEADIY BiTlrchpAke nchETBREl ¥

i nt egr ating or g%ronbsona orfi ntegrating €xpression vectors. In a
f ur t herthepiobes tiendetecd fies targetsonay lowe delgremtd steadis, suchr aschifferientaflworpphvres, ns ar e

overexpressed_ in a host cell . int uction of integratin r

noni nt eYFatRhiedypiages Bﬁ‘y\}’&glt‘j%’tngmisﬁg’ge e B8y re@%ﬁl?r? ‘le—](f:h I%%H%dgs are well
introd q&ﬁ)wqﬁ e A shQPRIhORKEN YA 3P BeRnY&E: 8F. JeORR diffegpabl. |(26G) one
overexpressed or reconbinant protein, thée gene product is then

over expile86d 449. manthergmbogmeent; differsnt sets fiuisemss wilk agehity dHewat B8t ne

gene product, .or by.introduci into, th i r
ancod rEeleAcBn SRR i QRSETIEe bhge i iaF st IRRLSaG ANAURERET |
whi ch cpsépHordsi V[Qﬂefr&fes icaslighridiye #xipifass tampéraasds, whichhdioes ehdgmube to
chaperone_ protein. An expression vector encodin tQF gﬁgeggfo qﬁl to be
over expreeligiguishablpin tesene reagtien derpHe te qamleili”@g LS S8R P froughld &ised
SecretH%&ﬁﬁkxh%ﬁg?§ﬁ§&%ﬁhﬁ§ﬁ&9 gene product. The present expression vectors

can be repficCa one st cell type, e.g., Escherichia coli, and
undergo little or no replication in another host cell type, e.g., a
eukaryotic host cell, so long as an expression vector permts expression of

t he overexpressed or reconbi nant proteins and thereby facilitates secretion
of such gene products in a selected host cell type. Expression vectors as
descri bed herein include DNA or RNA nol ecul es that have been engi neered for
control |l ed expression of a desired ger&, that is, a gene encoding the

over expressed or reconbi nant proteins. Such vectors al so encode nucleic
aci d nol ecul esegnents which are operably |linked to nucleic acid nol ecul es
encodi ng the overexpressed or reconbi nant proteins. Qperably linked in this
context neans that such segnents can effect expression of nucleic acid

nol ecul es encodi ng the overexpressed or reconbi nant proteins. These nucleic
aci d sequences include pronoters, enhancers, upstream control el enents,
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the particular host cell selected. For exanple, yeast transcription
term nation sequences are used in the present expression vectors when a
yeast hoswoceld01zu48h as Saccharomyces cerevisiae, Kl uyvecomsees/osassi s, or
Pichia pastoris is used whereas fungal transcription term nation sequences
woul d be used in host cells such as Aspergillus niger, Neurospora crassa,
or Tricoderma reesei. Transcription term nation sequences include but are
not |i[UoBeH Whadithaalbaealiaplerytsncandestds Chentfommsltiplqraigets, suwhmspat i on
sequence (ScCYC TT), the Pichia pastoris ALG3 transcription term nation
sequens@eqibrRatiiqyenicergampER ha $ARRIS P élswweftqsagg Teﬁ&?%’ﬁ REM nation
sequen | 4 the present invention can
FE LR mblwell RitnBE RECSRRBM ¥SCLRNDIAE

al so enco érs. Selecta rkers are genetic functions
that c nadentifiaple trait P@eti i@ £65lths probe.
transf @@kﬁj \;ﬁ\nyt é;!)aepl\?(taec ot gtal%ryl ntéﬂgﬁlglpselagégg%ﬁkeénﬁarier can be _pro ©

di sti ngué pheidulbr siphddetettednsfl depad onaht probenEbusianmplgffluarsednecmabbbe nar ker

into a vector can al so be used.to ensure t enet | nctjons linked to
t he mafgestedfar anspbs labeled Wltpﬁef_]%%stc?r&éﬂrq’bepggh?%?ﬁl%tﬁgig’r?sgdeﬁ’r8§? abl e
mar ker ?abgﬁ{g,?zﬁ;g gﬁclnfs‘?%/ )1/ Obén‘l’iohﬂQ@EHefdrﬁQmQQ%d?ﬁiﬁ_tpréHe&b tthe @rgdt asll, Ug

resi stance, synthesize or netabolize cellular _nutrients and
t he | i Kerefieaptopseioastt taltheameurk ef targetdh thtsanipley lrikewise. arliea afdNRer s and

geneti ¢ functions which allow the yeas st celd t t. i tial
cel | ul é‘fterﬁa?’i‘?%‘ﬁ”?gr,teré?‘ eCUf§ el UG as %YEE( (IL’reegP’sflllué)ﬁ%sggﬁr/rcgrl %?%Séﬁﬁe@ﬁ%gr e
commonkyoused ihdbry&art ih tHelnedey-sittRdsaien e tble @iranded TN C Thereftt the tabeht e,
(418 (geneticin), Zeocin, and the like. Genetic functions_ which allowthe

yeast Hdensityshn be usesyastaredns do deferaping ahether thaitargetmycleieafd isgresegsi@dhey t n
avai | abl e yeast strainsg hayi 1.G tatd Il ondi ng
genom 8@3%&@0%%10@%6 %I\gét[s}]? Og{éé?%eté? geg etqrﬁawfék%%{g penp?Fod\g ??j%ﬁgg’ﬁtgé i[a?é?unct i ons
for symitb@styZai@e cemparae td d dtaddaf) cuive ppharpiednsicg RROwa aohoTRE DY thepgarget, ne

(PRA), uracil (URA3, URA5, URA6), histidin HS3 | ysi he (LYSZ),3 ,adeni ne
( ADEI ~ dnterRpsing grrgsuliand desermining the Amaynt oE et e SWRP e, o LIRS he
ARR3 ¢ eyf:lﬁ?ﬁ%vﬁlint‘ﬁgﬁﬁyi siae, which confers arsenite resistance to yeast
cells that are grown in the presence of arsenite (Bobrowi cz et ah, Yeast,
13: 819- (2997); i .£e R 1@ 066 (1997)).
A nunbé&‘%’?ff] ;Iﬁ is?%tlg IeeW()lgEr?l%lgégﬁ1 Fsa%lipg(tr}cyslﬁltltevga %cqsﬁgg@{élﬁ%@e&g%%gltagg in US
Publ i sh&ensPIFoe akirmyple Nodev2inaPRE2 62 racnel thedlunrkscdnoeriooys flueresasot  known

for Saccharomyces cerevisiae and ot her cxeast ot funglﬁ. I\/Etlhodas bfeor
i nt egr PrebfEsAaRartERdarvieltass, ebis Proxy URKY YOlRRB HHIMS BECIER SHPPR'S €8S°U. S, Pat ent

No. 7, : 5, and PCT/US2008/1 37 19. Exanples of insertion
sites féég?lg%gd th\é?tgl@%rﬂgté%% ‘limted to, Pichia ADE genes; Pichia TRP

(i ncl ugj TRPI ot Ar h . TRP. o PLC B cleblighi RnfbYM genes;

Pi chi aqh@]g?”p esl?ﬁﬁlﬂ%i éggéééaé‘gﬁggf?t%%ﬁ%egﬁ%ﬁ e o o & ADE
and AR®mgenesirdidwe doelsln sttestedipobaiucieotider Terregleigarids mahbGBNA 06RNA59- 169

(2001) and U. S. Patent No. 4,8 700 I d TRP| .genes have been

Gesor | od may fer anoaarn a RNABR of IS 1B oG st Rl g st

descri Qfde is&n@%‘lgﬂmﬂsfb‘?ﬁfﬁﬁﬁfzgﬁbd\ﬁ seqiRBdSEecitiRenRf ME Ridebies PrIBHEdizattupr essi on
vectors can encode sel

ectabl e markers which are useful for identifying and
mai nt aican by celeclated-usvgt sasenpnrhordosequetadn, s desonbed by Taoyrkisors gl dYucoAciBF esent

in cul | | ect abl <
a1y S TRLE P RRSER, PBLER RS, EPASTR R iteb oo 0

t r anscriipdtico Bf hysHuiidiRnRas ERO be @XlplREAINY MR AN thetflnopssoet decrease RNA
encodi ng an overexpressed or_ reconbinant protein, the RNA is %:ngrisl ted by

cel | ul anoleadaidhegcermoysr signecdiringdtsyBrdizpi A5 OhBROIPEUS SEAUFRRE DrBtETHRT | n
yeast and . oth kar vot : ' it TEMAChES

initi aﬁ)eegc nyls(r?%bt?ge;d oogrla a bﬁ?‘ﬁm l%@?g&t@#gﬂgmg%gglegﬁ §t§ ﬁ%%r% m gr atri on of

t he ri basko®ealsnig mbkcalNbedcon hileridizasso itAdGnplearentacy skomendeethe repsiriepept i de

synt hesi s can begin. Expression in ast and na |{an cells gene |y does
e s PO N I € et A R e T et A

and an initiation 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 nRNA is preferab$y the desired translational start
codon. Moreover, when expression is performed in a yeast host cell the
presence of |ong untransl ated | eader sequences, e.g. |onger than 50-100
nucl eoti des, can dimnish translation of an nRNA. Yeast nRNA | eader
sequences have an average | ength of about 50 nucleotides, are rich in
adenine, have little secondary structure and al nost al ways use the first
AUG for initiation. Since | eader sequences which do not have these
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Drive, Rockville, M. 20852, hereinafter ATCC), the National Collection of
Yeast Cultures (Food Research Institute, Col ney Lane, Norwi ch NR4 7UA, UK)
and the GeEotosaliuseau voor Schi mrel cul tures (Yeast Di viPsirars2o0do53izanal aan
67a, 2628 BC Delft, Netherlands). In general, |ower eukaryotes such as
yeast are useful for expression of glycoproteins because they can be
economcally cultured, give high yields, and when appropriately nodified
are cafkaisties of hyuidizatibe cgl then by hehswed asvibasate paflnoresdeat inyrease wsirsg the

establ i grgtrlelé al.lowing for rapid transformations, tested protein

| ocal i 2 P%and facile gene knock out techniques. Suitable
vect or e _ex ssion control sequences, ch as promoters, _Including

3- phosﬁﬂ‘g@ glffﬁm ?faglensrenaﬁqﬁwrem ’§/E§dP§Pcnit eéﬁf?Q‘FFé’élre airhigh SO fithe of
repli C%;mr}noltean@@ ﬁ@h&&”dl%&ﬂﬂé%%@ﬁn&f@c hdigs, it 585 @I%b;r%e e YOS yeasts,
such as Kl uyveronyces lactis, Pichia pastor is, Pichia hethanolica, and
HansenmI:raalpcfteynms@haorarmaEquah be onlculeted, fomlekampleesing the formeya Ame=abl e to

grow t i ensities secrete itie onbi nant
o ot ef APk RaECh B AtloirPallY sRGHE rhorsin SRR sh i e R Rucar t um
sp, NepugmperaleilkEsRofNg i9WRAKSo%aRWilEn theagh. t 0 produce gl ycoproteins of
the invention at an industrial scale. Lower eukaryotes, particularly yeast,

can be [geA§t IEa*doperdhd lasél if@ndifAds atfﬂﬁéhcﬁmft%e‘? 19Is¥ﬁ&ﬂf @esidpe deB ki ch the
glycosyl atl on pattern is human-|i'’ke or humani zed. Such can bé achi eved by
el i mi nahdtiga plet eﬁtﬂleélab@hum@@rmusclgﬂngcUslybdtlnt@mlw;arfusctmdifanne As the

For o hsBgeihe PR A peRa iy by SN RRE o P it LR T

1, 6- mapn@sytimd pe’iﬂﬁfrﬁdir@%@omybvidizleﬁﬁmth%rﬁ;ﬁlaWhiéh@éshﬁﬁ W &fingfdsgmnose
residues onto the i V-glycan on a 9_5%/1} rotein. In one enbodi nent, the host

cel | f dhoprseence Elabeldatensity) pyer tipg slapgimaay e measgredias IRy Vel a
cel | ul r I i.d r i

cat al y e §AEAN SRAN o RE Rk 3P PR R be KRR, A SRenlbERy e,
t he ERtl fiGbdgivatippaf the mesbebfntttrisﬂy hos Ifurrcebh of t?mssl@g@l@ﬂatmgrthe teakti snaarts

gl ycop tel n h the ER or apparatys of th cel | roduces a
Pecombifh tl%%ﬁ@? LY eRSHHPPYS a% SinohiAg ERAY By ea@%@% ¥ npl e, a
reco ”b'd'at%rhts a%x&mr&ttﬂaommm%)@q\ugﬁam ry S 39 QI\@B’&Q‘IZIJ@@I%EMnt%nL\I’%“ G CNAc2

glycoform For exanple, U 'S. Pate 7,029,872 and U.S. Publishéd Patent
Appl i cas ilmn, amdsn i9(06 4/0pe.1 859 Guitatde REUBIGNTEA5E thyi agma@sb@ usedvisr degarinamey ot e

host c b cln y a n53 cNAc2

o1 ycof S ore i fedBb AR o B Bht T FARD hodar e e MBS, “Cel
furt hernublléi‘d dédﬁﬁlaﬁlb&ﬂbﬂi@teﬁ bassif o tBs Slope 6QaEe1I1hteﬁ§tyads>at fuGcté@naitind ased to a
cellular targeting signal peptide not normally associated with the

cat al ytﬂinénlfé‘ﬁﬁ n and selected to target G cNAc transferase | activity to

t he ER or i apparatus of the host cell Passage of the reconbi nant

glyc opr{@ﬂ@] n rsiapglofafime @rlined Wopgintsdpparand<xnf.)tdan bhdstermisled upingduces a
reconblﬂgeapruogl t%Pml?l[ ein conprising a G cNAcMan5A cNAc2 gl ycoform for
exanpl € a recorfoi nan gl ycoprotein conposition conprising predom nantly a
€] cNAcI\/IanSGI cNAc2 glycoform U.S. PatentyNo, 7,029,872 and U.S. Published
Pat ent Application Nos. 2004/ 00185’90=de—5005/ 0170452 di scl ose | ower
eukaryote host cells capabl e of produc'I ng a glycoprotein conprising a

G cNAciansG cNAc2 gl ycof orm  The gl ycoprotein produced in the above cells
can be [90434t édlqr%nw theplope af the hesand i ﬁ’ézsé“ltli)ecb‘lab%@@ ke ereployist anant

gl ycopr r nt,
S heCP PR ORI oA SN Pt BINE Tine ch Be it o IEL o RIREH E®
cat al yteqjoatibaran bebplslmd tb determnielthd dopd mr gdtermgivsiygthelslqpeph calteberot nornal |y
associ ated, wi t he délfl ¢ donmmin nd sel ected to target mann05| dase |1
I

acti vi f?lCPIGtefiﬁgr FRIGPET RERTE aad e velies Rupecddy ﬂeteﬁa@g&@@paf % he

r econbishRBlenBbYFHRREO R grbﬁeml@ll&marcnﬁau%%ﬁém% ggm%ea«aNka{ %Beﬁtﬁ?nhost cel |
produces a reconbi nant gl'ycoprotein conptising a cNAcMan3G cNAc2

gl ycof ¢img. for exanple a reconbi nant gl ycoprotein conposition conprising
predom nantly a A cNAcMan3d cNAc2 gl ycoform U.S. Patent No, 7,029,872 and
U.S. Published Patent Application No. 2004/0230042 di scl oses | ower
eukaryote host cells that express mamfosi dase Il enzynes and are capabl e of
produci ng gl ycoproteins having predom nantly a G cNAc2Man3d cNAc2

gl ycoform The gl ycoprotein produced in the above cells can be treated in
vitro with a hexam ni dase to produce a reconbi nant gl ycoprotein conprising
a Man3d cNAc2 glycoform In a further enbodi nent, the i medi ately precedi ng
host cell further includes G cNAc transferase Il (GiT Il) catal ytic domain
fused to a ceI I uI ar tar getl ng Si gnal pept| de not nor rral I Yy assom at ed WI t h

T | . M o Y o




pat hway and U.S. Published Patent Application No. 2006/ 0286637 discl oses a
nmet hod for genetically engineering | ower eukaryotes to produce sialylated
gl ycopr otwprne10/0i3gl ycoprot ei n produced in the above celrase@s/ o253 reat ed
invitro with a neuram ni dase to produce areconbi nant gl ycoprotein
conprising predomnantly a Gal 2@ cNAc2Man3G cNAc2 gl ycof orm or

Gal A cNAc2Man3d cNAc2 gl ycoform or m xture thereof. Any one of the

pr ecedijomtdhoBy ‘Gbbhis’ it & méant bhvatueiting lisitie imdieatal vaiog, lusioe WAaud fiesdremase

sel ectog fromthe group consisting of GiT I, GIT IV5GiT V, G1T VI, and
T | X §abVylitice gl ycopr ot ei ns havi ng bi sect ed (GT 111) and/or
rrultiantennar &GnT IV, V, VI, and I X) V-glycan structures such as

di scl od@45In Hyy CR3{ 1 1§ opas apgnedibive mppatinggleicosidvsaplifxpban oragisygbased on

SPSZ/C)grgg%él ﬁcmﬁ'tba th%t H'g) %5%8)?#2%%% ??ngﬁﬂﬁgﬁlﬁgﬂéém@ rlﬂéfg%lycans further
i ncl udesmplegaDaA pslyfhtet‘ﬁaSlflc&rBSqumﬂﬁhgrhieOordm}mhﬂatfsmpdlpmarasegIat lelastr

targeting si naI eptide not normally assocjated with the al ytic.domain
and seBEPEE faortlﬁlrﬁlétt%toat teggﬂttaraﬁer soRBlmBEr ioe eplifiel eerion Sto gi

appar attl‘rbstaget tdaxRRleoSiat tnpf@;?]}%?&emﬁf a ltatﬁ?errsgfﬁﬂm? 'c&ﬁﬂﬁsﬂé Hﬁ@ﬂ:‘h@&zﬁioﬂs t hrough

the ER or I'gi  appar at us e host cell produces a redonbi nant
gl ycoprSuitehla comepiratyingdopthe domperzants are twhlal k@aivalie wmmmgijgﬂtgcb of orm

In a further odi nent, . the imme pr at pr oduced
ol ycop Eraig 5 REhERkbize Bt FRRRERy Ttk EhPE G o iFhee SR

Gal A chitedvhnseh 6NF- 2o0NgT Yogaedink st BG0 *Cheddiélesgation ladh(-75 P@n FHacli 48§ may

catal ytic donain fused to a cellular targeting S|gt1nal pepti de not normally

ass|OC| &ed8-30tspeands langs prefarplly d8riglveemds s dihecxad tlepftrattlgfetf the steps mayI )
Pass ageeor e Dl e Yo Bpl i okt SRicin P R i bR S Pt U

of t he ilxva@icectht hnrpabinlg tmspemtmempmermmnpgtaym pppiorimatelgrfiNa biweg than the
NANAGal GI cNAcMans G ¢NAc2 ch u ft pr ecedi n ost cells
Fur t horl ™ AL AETSAS "GHhGre gcafat%aaﬁ@ o aos, hﬁwa%arew gre
transpofighms @é?fab%@l@ulaﬁﬂ%ﬂw% PN IGeRp Eﬁﬁﬁé%ﬁHQPW%téggS%&}U%&w&‘ cNAc

transporters), UDP-galactose transporters (for exanple osophi
mel anogamlpese wDFlgatsadtecﬁ;et Sttmbmlpg)detrletll)ratlcalmld@»?s@pad ptep qemnbliningthe por t er

(for exa nsialic r. r_sukaryote host
el | 5° cabRRg 2P Repedic ¥ e Hiasthb, ARG ive TR AR B L BB Y or o,

i s prefigdadddefor 1 staBWROlyRRbEaCY. opatﬁwsa fieg Ieloslgstttﬁhstasnmge akb bem@bltdddaae nt ous
fungi be genetically engineered to i ncl ude the above transporters

f ur t herengihb eely rﬁ@rm@neﬁlntgkestrab@@ﬁleDNé\smolsérlpss fullyexieaded. cenecticaratopels tﬁrrer
genet i t in

a-nann sh%éggggggfg%gg?l ‘g@@ﬁ%$%3*%§?8§?%%db§“grsr %ﬂ?ﬁé”?ﬂ"

b- nannc}sytotcbbmﬁMﬂéwezrgieabgf BAf1) 2088 P rind. ISSN PLSA4- 3638¢ OREihe IRSMPPB#cat i on
No. 2006/021 1085) and gl ycoprotei ns havi ng phosphomannose resi dues by
deletrﬁé ok di srupting one or both of the phosphomannosyl transferase genes
PNO and MNNUB (See for exanple, U S. Patent Nos. 7,198,921 and 7, 259, 007).
In fur P46] s TheP(Rrirsgtiompyclessrn b shapegrzadasberg sady, leweanﬁégta %qus are
fur ¢ et ORGCalet YoBBA P nb Rk ER o0AKE o deat NEASH AL Olubi he
glycoprotern ng or srupting one or nore o protel

O mannaagkt sreqmtfce veaes. ( Do teaBbfitn arcFixhinestad, (}ﬁeedc‘ﬁbn)enmﬁtihesaté stigamsf er ase

enes MI's See U Patent No.. 5, 714, 377). rovvn in.t esence of |
Phhi bi) € rg%r oesofgnf hig Staﬁﬁﬁ sometigiey Cétﬁdi tﬁ% ingar fage hayEh ‘gﬁ BT shed
| nt er naii@n hafmlgh% eelafb&abh@y%@@l@éég@?)a@peaamlg%hhe IM%bmW omhded are

host cells hat have %ﬂeen genetically modified t6 produce g opr ot ei ns
wher ei nedgeatspnd golyimeazse perfoghansandhe fisalestageiing pbd%utatrwhmhelof%rthtm tpigeed to

Gl O c ARG O B (iR A Ea NG FEca s RAL S M3l oNAC2,  Of GNAG( -
D iy ar RN Real e Rber e%éﬂtpwga%&?@&%?g%ew&erale)qeﬁstbesr oduce

gl ycopriel MhutcRade FER AsR! debiAhedfunhg! El%ﬁaIQEeﬁé?ﬁe@B?E}%r@lﬂthﬁ'@d
JV-glycans thereon. In the follow ng exanpl es, heterol ogous hunman proteins

are expressed in host cells of the spé@ies Pichiapasloris. These exanples
denonstrate the invention with respect to specific enbodi nents of the
invention, and are not to be construed as limting in any manner. The
skilled artisan, having read the disclosure and exanples herein, wll
recogni ze that numerous variants, nodifications and i nprovenents to the
met hods and materials described that are possible w thout deviating from
t he practlce of the present |nvention EXANPLE 1 Th|s exanple shoms the

oy -~ 1 - o




vector pAY678 to produce plasm d vector pGLY642 in which the nucleic acid
nol ecul e encodi ng the human PDI was placed under the control of the

Pi chi apasworoe/(@&&RBH pr onot er ( PpGAPDH) . Expressi on/ i nt egraiSe@/opi2asm d
vector pGA.Y642 was constructed by ligating a nucleic acid nolecule (SEQ ID
NGO 17) encoding the Saccharonyces cerevisiae al pha mating factor
pre-signal peptide (ScaMrpre-signal peptide (SEQ ID NGO 18) having a Notl

restrigkhvige 80Z WA 188 &1 Frbbé 18bebintevity paetireg the IRUR Hactord Hinckighed expr essi on
cassette coml Si n?ﬁ the nucl ei ¢ acid npl ecul e encodi n%Ft he. human. PD
s

r el easgenefat apageeafithe Piobe g lﬁnbf’]ﬁn%oé alEese Bcep‘tsé?ﬁ‘ﬂ’é’émﬁ‘a ucl ei c
aci d t%gg{n%ulq %gt}tg@ 541 %Iggle\?mg%é 1%?? Off gaﬁflé fedlgnbh® howand into

pl asm @ V&E Pad. The resul ting
i nt egr atanduﬂdsenwaﬁscﬁmonf ptmmedeméntlmrsam@c\fﬁa)zb@mmrrmm@t an expression
cassette encoding a human PDI |/ ScaM-presignal peptide fusion protein

oper ab{004B8] NkEAdgonttPTR’ thannga BFéro o mepdupinmg tties lahﬂdnuenmt}ehchakatajorrtbiabc ul e
sequences to target the

asm d vectaqr. to the Pichi a ﬁ ﬁIDII Iocus for
di sr upstagholghe repstigm) Comélﬁf‘se"élﬁ‘t%ﬁqoﬁtoé&%earteﬁ%ﬁ’i‘tsdﬁ npHieq ?5# (\é@} pHClaesbt t e
into t pg%&]}le e 64 E&s%y hhérgﬁ'aﬂ%gl%é tﬁlgﬁle@t%%rc%!ﬁﬁ)h&ﬂ t@f‘eaphﬁ)‘ém d

vect or e nuc ot| m no-aci d sequences of the
ScaMFpPERs ilgtalgeplepthicee maxina tyamplified SHQWiDE NEgobusy detaetionf its@seseett i vel y.

Construyction of expression/int tion Y2232 encodi ng the human
ERO apfBe 41 gigaerdbup ‘1“?"8\?\%“&4&9"1{ a%mﬁh‘f%@% &%8 3. Anucleic acid

nol ecul e encodi ng t he_human ERO aprotejn was synt hesi ze eArt AG
(Regend¥#Ph, “davimeaity PaRd resedo dbifs ‘ﬂE?uiﬂﬁagﬁf er\e;)étéa[ ‘X’P 99%4. The

Noo! S9bixdify A B aguagfcé REfRAA th8otfeR e GRFRMNy FRALRAG A HCRRR oD

NGs: 23 ectiv are shown in Tabe The nucleic acid
nol ecultie tefgeodmh@c 'ahd manmmpﬁﬁlfddaqyrustmg mlargesexeess od theprimesrfor e pretamed d

vector using res enz Fsel d then.ligated with a
nucl e @u%ll&ﬁcg‘c%l ﬁllléa ’ﬁ‘ggfﬁét@?fgﬁ%ﬁ% W&l Ovﬁ%bnthaggwth 5' NotI and
3" blunt ends as above . int | asp.d, vect or pGALY2228di gest and
Fsel . u@(bﬁé’h @W@@Pé‘ﬁt\éﬁ@‘:’_ tgt?g aalpgléefi il?ég%&‘aé[’l&lﬂ%% lgﬁlténg;a ape ?ﬁﬂ ﬁ‘%&qreayo t hat
i ncl Ud% Qgpéons Q%arcﬁessr(ﬁg%ﬁyﬁ tf?lfle &fhrﬁezf) hﬁﬂg ﬁﬁel%él”iﬂténsﬁﬁzm gene (PpPRBI -

ect

and P res ively). The resulting plasm d vector,

pPeL¥2 ﬁi{? > PEIOEH GEptdihcBa Ly AN NP drrBBGLILNER bl S Wk DB oA3BC ei C

aci d ecul e con hi apastoris PDI| pronoter (PpPDl pronot er)
whi ch Redil flaesn Ahémaﬁesiy,fthohcmrammd nveg(haperﬁo&l&@mﬁa?ﬁddgegaldddwlm i 2gl 11

UMK RN, STE NI MR

TAGAATAAAAGAAAACT TGGATAGT. AGAACT TCAATGT. AGT Gl TTCT ATTg! CTT ted automatically

W%W&@%W%%%TmCTTCTT@&%&"E%‘/&‘?A‘RSE\? 3 (s£Q

| D NO: 3it9 detdhed, raad tild dunputolf dsisriletectiomtio trangpGit¥@ RB2processemfor data
expression/integration vector.that contains a XPression S e that
encodednieul ﬁ%nafwwésqrm 8@%&6?@?%5%%8@?&3&% f ?mfsctg aﬁﬁ%% apastoris
PDI | prppmiRh), gﬂl hichCdr‘{ﬁﬁér B r&ablaBepat to' RIS IPbththenkidifkats ahs heri S

PRBI gene to et the plasmd vector to the PRBlI | ocus of genone for
di sr uptqbdmnSJtﬁletSigaaIRRBInSIItso@&]@ a@mammbgqsalw data granvaly. bhsrdatissad r’Pecasset te

into the P

vect or PEY: %é‘?mpei%%‘f?% #mgxp?ngaglgid}rll ﬁofsgoq?é EH el%gt or’ Y2233

encodi flqldrdS%fﬂ’BJEﬁ@EG%i’Sgraﬁf mdmmng/\aﬁ 2867 frakioans and |s shown in F| gure 4.
The human GRP94 was PCR anplified from human |iver cDNA (BD Bi osci ence)

with t heoB3] "B ohe REARBAMNAE] the h nd‘i‘%oT@M@@leﬁ-Eﬁ%kl@T@roFGﬁﬁ ATgET ACAGT

AG 3'; (SEQ ID NO 15): and hGRP94/LPl : 5' - GGCCG GCCTT. ACAAT TCATC ATGTT
CAGCT Cﬁm@c ﬂd:xsaietec@m mERSNANE ﬂ@)labeméerrs@méétrhw P ditfreend taprerayicie of
950C f ut es seconds,
ona_7ocnE el mémetl Phppies ainacihe 20 AE TR RPCod BhipER SOOI

The PCRaigreDﬁiuwIélc weid vﬁﬂoa‘l&delledil aclpicasidi Iﬂohveamadlybplﬁ%s withahertekeet pliclsiei d

vector r@G.Y2216. The nucl eoti de and am no acid sequences of the human GRP94
(SEQ I D NGs: 25 and 26, respectively) dde shown in Table 9. The nucleic acid
nol ecul e encodi ng the human GRP94 was rel eased fromplasm d vector pAY2216
with 4 1 d Fsel. The nucleic acid nolecule was then ligated to a nucleic
aci d nol ecul e encodi ng the ScaMPpre-signal peptide having Notl and bl unt
ends as above and plasm d vector pA.Y223 1 digested with Notl and Fsel
carrying nucleic acid nol ecul es conprising the Pichiapastoris PEP4 5' and
3 reglons ( PpPEP4-5' and PpPEP4 3 reglons respectlvely) to nake plasnld

e N TN NN PN ~ o e .Y V. I 1



gene. A map of plasmd vector pGFl 207t is shown in Figure 5. Construction
of anti-DKKlI antibody expression/integration plasmd vector pGE.Y2260 and
pCGLY2261 Wbi2guvee7343 was as follows. Anti-DKKlI anti bodi epCars2@niosizedli es

t hat recogni ze Di ckkopf protein 1 a ligand involved in the Wit signaling
pat hway. To generate expression/integration plasmd vectors pG.Y2260 and
pG.Y2261 encodi ng an anti-DKKlI anti body, codon-optim zed nucleic acid

ol eculaesl @nlonekisngng drMybet hratensitly HC fifst séroperptund #idrat 6 eedoat BémgerMaret | gG2ma)
and light chajn.(LC fusion protein containing VL + LI constant region)

f usi on%%?’@iatﬂﬁ%ﬁr(séﬁgweﬁurﬁﬂ%ﬁésWF“E‘H‘C&SCFRI@I tempergtyrgongsveieed-e encodi ng an
a-anyl ase_(fromAspergillus niger) signal peptide were synthesized by

GeneAr tI00F4] Thee ratie pseendubpted anithe dabsbingansidy atethe davees sernprratureedizidedpl slce
i gnal i de i D-NOS: l.eoti de
of °t he PERERS eI Rl T 0 Gk (8 recl a0 hHighEl 0CF

SEQ | D thx@Rentfdtmnrufedrget dodmisddn ercreadfont Mhelspedific $a1060f the r&QuunkbeNO. 29
and the, anmi po aci d sequence is.shown in SEQ ID NO 30, The | g&mt isotype
has peﬁpmﬁwm?%%g?%@%mw%m@e Aﬁlbq?il ghyteale of Bsonstoraei BYingnd” U. S,
Publ i shgdd ARRAGIE 8t hreRteMNhan SR064DZAR A% v PN OHRLEICE oRficdarTRl afb&S encodi ng
the HC and LC fusion proteins were separately cl oneg usi ng uni que 5'-EcoRl
and 3' -orgwdingenty s rathe of ehaut 89s1.0n1.pl b8, 2;6c1 @r20pBLmIR ates tHeapresepbasmi d

vectors Y1278, and . Y1274 5 respectiyvel These plasm d vectors

cont ai r?gg%rﬁgtz?é%eé‘f n ‘ng‘%faélr?cc@nﬁgf’ E’&us%%iﬂ’ %Klglaée ﬁ‘ﬁ?ﬁtﬂ“ﬁ& ‘i’tgtﬁrggf PEEL NG t he
Pi chi a JuehhadetarBind@h cii BORhes bPBehpding thé RIRE td Raddi&isNBflRh@pRCi d

nol ecul es encodi ng the HC and LC fusion proteins. The LC fusion protein
expr es SMheE ARt nedeigraipiagdheatie inshisasios Yaemasance pf Btpreet andeaeid is gnd

cl oned 4 : ' | : - ] ect or

G v22 s R B LA ot R o h B R B R i

expr essabed hasost o€ thetassdyh @ rhiRPdetenminimgf the presémglofitirget natleldwiddeuRissd on
cassettes into, the EPZ i OC%?o' The plasm d vector pGA.Y2261 contains an
addi t | orfimere stapdayd _aHO etgF t}t?G_‘??SZ’Q .exﬁrpplﬁul"eso’?)e.en‘%’é@f‘eﬁt?aéﬁs?‘%_r mat i ons
Wi th t hediaRMeaneREGRS 0P Mrg&tnﬁgl'é%})dcgiig RIS 461 18Sorf 13! $:M6re s{%ﬁ%}ioda

pastor is strains were grown in L YPD nédi @ (yeast extract
pept onaleyRtipns ahoxe theswite2 Bpendieg oh ¢ivt probe asedOibe @mobet meg alsabeuslcilaidt o 6.

After inacubation,on . ice. for 30 mnutes,.cells re pelleted by

centri %rgegt?}i’ %ﬂmgpe %’GOWMHFMfSFOIgﬁ‘?W&?t%ﬁS% was renoved and the
ool L= RHC i GoatfER A 58] SRy b S RELOE: o ot o
(5-20 nBd panRculOHpibatcs, lancﬁéiﬁﬂ&ﬁlé%rﬁﬁer%?es%@ﬂ%b REMi1Y RaRMafliSH Jn@RPSRTI ON

cuvette and incubated for 5 m nut es on ice. ectroporation’was In a
Bi 0- Radn therpsulheeselegtden pf teoiperairagywilhdeponéd setheThind spastor ofthppabecol (2

kV, 25 i iately followed by.the addition of YPDS recovery
medi a ﬁg%%rgr%gf\{%hep 1%552‘? %ngecg %Iret ‘éﬁlit.’e ﬁ‘ﬁ%te’[yﬁhaﬂ?%? GPERe; dRP OV owed t o

r ecov ettethperafuedwilhigeiless then T b@tHe prbbd. A8 EbIG RRMBOAINMUNE, (RAQerbef or e
plating the cells on selective nedia. Generation of Cell Lines was as

f ol | ownderapdatute wHbbgatilppstabput B0Cxandrhe lopver terapeseties willig abpat $0°Ciarden: : VETI
ochl v. . 't'é];;&%ll}l =21 I ° N
MﬁL@g{ngﬁaﬁEnﬁgzg@%ac tﬁ"éic ?rfgég%%als\tl\gg"dégﬁfﬁ 1118 gdoﬁls}ong’ ar‘r%% Bds

descr i bederdampératuré Saebd HIC,dX0EED 1 £ °C N C, a5 EC G0 YBOSE, 40 ok 43X, 1279
(2003); Choi etal, Proc. Natl. Acad. Sci. USA 100:5022 (2003); Ham |lton et
al , Scijeofod 30 Sorh24mbodiNE3)s) intdilsaieBMIL be e@suias ahiaek tHibeI PR Afelafurdd. Ue et
al., J_Biol. Chem 283: 9724-9736 (2008) and U.S. Published plication
No. 2006bSEmMpiggntertily Presureqamts saderden ap destoweend, andithsd temperatureso .

7,198, I e . .

i scl oag st AR s ERCybBR RGULAR o o LRI TN, g,
| n t he tgeparatyps arddhiidaiveofi spetifie bifidinge rSimylaegaliésatah Sne@h chlkes thaadgRoby er and
MrTSLC35A3 istth S _nmuscul us CQI/CNActrensnp{)(}er. The URA? del etion renders
the yGR9ZHTF RAn207% R RUE N o-mormeredhan ({Se‘é”@?@.th%% % BHEWTGEARi cati on
No. 2004/ 0229306) and was used to construct the humani zed chaperone strains
that follow. While the various expression cassettes were integrated into
particular loci of the Pichia pastorirB-genome in the exanples herein, it is
understood that the operation of the invention is independent of the |oci
used for integration. Loci other than those di scl osed herein can be used
for integration of the expression cassettes. Suitable integration sites

i ncl ude those enunerated in U S. Published application No. 20070072262 and
i ncl ude honmol ogs to | oci known for Saccharonyces cerevisiae and ot her yeast
or fungi. Control strain yG.Y645 (PpPDIl) was constructed. Strain yG.Y645

S S o R A 1N o -




over event) or as a 'roll-in" (i.e., a single integration of the plasmd
vector into the genone, can be dependent upon a nunber of factors,

i ncl udi ngwvohelomuumaser and | engt h of honol ogous regi ons beCEasA009®63263 s and
t he correspondi ng genes on host chronpsomal DNA, selection markers, the
role of the gene of interest, and the ability of the knocked-in gene to
conpl enent the endogenous function. The inventors found that in sone

| NSt angRs of £A-HBAANRSY. B eBicRhasdg 8 ramtted bl Rnpeaswreoued, theesofiddnagin n

repl acement of the endogenous PpPDI gene with human PpPDI, while in other
cases,thphesubesafrshezmme&gqﬁ-d vector was integrated as a single integration,
resulting in presence of both the endogenous PpPDI| gene ané al hyman PpPDI
gene. [0958} d@he rasiodian b wgleiletedins pppenseyprak poigtsdn tige. Hioe cxaRlflabd uti | i zed

PCR priners of Seguence S, t i i f the
PpPDI H’é‘?{‘éﬁ% & ﬁeelg‘ﬁaﬁpé‘fdafiloﬁB N?néfat %eF‘Rirn ‘%"é??ﬂ ‘u}%ﬁmg?é ﬁ?@? %&%@ %ﬁ gg{s m d
vect or nudaBRLidGhdt WbtherdbjeRRftRI/RER relictiont Fe tabel ineensint eamredo RpRBIsurddi ng
sequen

ce, will result in an anplificatjon preoduct and orrespondi ng band.
I'n t hebeloena PER rgacking ésesiforpied o by Blie “A“ﬁ’é‘é{QSgg‘F,pr?sﬁ’é%ee&ﬁﬁ? {?@&ei BV@F’F not
result i. A L fq i ragplp@ orrespondi ng band wi Il be
vi si bl %JleFﬁ%tp%?ﬁ)&% %1'1%?516%}%%4 \I\ﬂfé t@gﬂ%{‘?ﬁ%ﬁ with the priners; PpPD/UPi-1

(SEQ | and PpPDI i .2 - : ' (Pl adwepPDl / UP
5 - ool Ehoqhe B RERR e Plde RIS RO BT g AP

5' - CCTAmpehEes GG afenAG ATEI B rdaBi@s kih bixakés )t the hvoationdighenan PDI . The
PCR conditions were one cycl eelgf 950C for two, m n%.lﬂt es, 25 ;F:%cl es of b95C for
20 sectmepsratzmrndihs valpesdvermged, SUhRVoREIng a0 SR ase I Hrevent {0 SPYssed by 1
cycle ?Jcoéé&r‘égq'in O mnutes for PpPDIl, and 1 cycle of 950C for two

m nut es, cycl'es of 95C for 20 seconds, 500C for 30 seconds, and 720C for
2.5 m , rand : lei | FHLER ifQhrdotiman PDI .
Strai nw@?ﬂé% %é*%{g’éﬁﬁﬁg%% %%F%éﬁ!%"f%f;n%a%gl%h% e%lqgfsan%} d Vvect or _gge_vllez,
whi ch @Qélpic ssRBeanbeaikcrd diyanesassethealdphaf labakinthesity #rea fimciookiime Reesei
mannosi dase ( Tr MNSI ) erably linked to the Pi.chiapastoris AOX not er

( PpAOXIB-ecq‘PSRAi@ JMmQK @?Faﬁ%et mplesqputasping @Wdﬂqeaﬁﬁ? Qved 1S @eﬁgg’ Q{lﬁe gene
encodi IS BLidi REBHRE tasedtBlLr B R BERI1aBbL iRtchiify S PRBSHIDIT thaseai t e
encodi %g‘“% Hg)bﬁ&%g%@%%?é tﬁgtﬁ%&ﬁe J:ngtA_OXI - Tr I\z}I\ISI1 expgyessi on_ cassette

i nt egr dteded totdetarnéneRROpresomeof target i ¢ samplRAM greotas: the lbel Mirasity acK|

et handindonat Ry peaoie Cmet e Bebribe B B PRl el 0SS U

nmet han ntegrati ng expression cassettes
encodi pgefdclf¥o! and nouse mannosi dase | A (MUMNSI A), each operably linked to
the Pichia pas foris GAPDH pronoter in plasmd vector pGFl 207t into strain
YGLY7330860]t " one RBOHInAE Y8e HERol RoMpfilistoRASHNl 4 Sarngsle ompecttos strain has
the gerie encoding the Pichia pastor is PDI|l replaced with the expression
casset teontiningla taggdt maclaisrasid With 2 lahetedirivel eiyaadbpraby thatiBy bridizs DH MuMNS

1A expression, cassettes integrat i.nto. I . i

pr ot ot r'YSHt n@%?%?ﬂgﬁfvfﬁ%ﬁmgé@e %g%lenrltgﬁsé%g Ff?e?gr%)?) gir{?r;‘}nntgﬂg't 4rrgtel %OeGLYMS

Wi th i RhembaltihRALBXEF Efatesh ¢ tahdisdndickX22G0othwhe prestrargdtis targeempi@ssi on
cassette encodi ng the antj-DKKl antibody to the TRP2 | ocus. rai.n .yGL.Y2674
was gersibanddhokingternidhahytardizatign péfhezabetq the fopget BP%IFIQ§.°‘th§Htp§°1§F?1 Pn has
t he gene [ : | &hi (oA I iBPeRsRSSH ON
casser o S e R e O e st t e

i nt egr ahegrobetimrédes WRA hytowized tatie tages alRABegativeor agrh slaperrdipatgsthy 2677

was generat ed by counterse] ecti Y762. on.5-F ates. This,straln has
the gerfPSEKESE F%%Cttnﬁgleﬁ 3(9l‘d ‘é{ﬁ%@g J)%%;gmﬁﬂs}ty nglieé’égé’cfp E%S?S%hegj}b?ré é%%‘ogn
casset L& .nEeHdigobdR g&%ﬁa&eﬁ’@{h $a81at1 9 anERORX EAMNSE uRdRG Gsteindine dRSSet t e
i nt egr at into the P | ocus, has the PpGAPH-Tr MNSI and PpGAPDH- MUINSI A
expr esskinetios @ bghridizationtusipgar ddknawokinglic @R@toPspcus, and is a URAS
auxotroph. Strains yG.Y2690 was generated by integrating plasmd vector
PGLY223B061jhi The somoaktBe tabel intemsity ERCfuaptiat eff time can ke ealeulabBin angcus. This
strain has th ene encodi ng, the Ri chi.a pas i s PDI i he
expr essTBPE Qgg’gﬁ @@ﬂ%@?ﬁ%ﬁtw’é A Hnlg% ar% ﬁ%og etx?irélp‘ﬁpﬂ%% &%ﬁiﬁ\‘@t& data
expression cassette integrated into the PRO |ocus, the human

ERAO aexpression cassette integrated i1lBe the PRBl |ocus, and is a URAS
prototroph. Strains yG&.Y2696 was generated by integrating plasmd vector
pAY2233, which encodes the human GRP94 protein, into the PEP4 |ocus. This
strain has the gene encoding the Pichia pastoris PDI| replaced wth the
expressi on cassette encodi ng the human PDI, has the PpAOXI - Tr MNSI
expression cassette integrated into the PRAO |ocus, has the PpGAPDH Tr IMNSI
and PpGAPDH MUMNS 1A expression cassettes integrated into the PRA | ocus,
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the sane tine, another dose of Pnti-3 (0.3 nL of 4 ng/nL stock) was added
per vessel. At tinme about 48 hours, another dose (0.3 nL of 4 ng/nL) of
Pmti-3 wawoadoad7yer vessel. Cultures were harvested an@Cprusc@odsitsat tine
about 60 hours post-inocul ation. O glycan determ nati on was perforned using
a Di onex- HPLC (HPAEC- PAD) as follows. To neasure 0-gl ycosyl ation reduction,
protein was purified fromthe growh nedi um using protein A chronmatography
(Li et caifbd\ated Witlh 868 08thg kAW R huRddfedd n{cRHS) ThevednéthedsOnghyeckas rel eased
fromand separated fromprotein by al kaline el i(n' nat i ors }gbgﬁ%g -elim nation)
§), Defy ik expion

( Har veyquargsdutimpeth brest pgd peny|1ac), higear sagressiom(y(F1989) al so

reduce € : j 1erm Hiheoki GASER ol ofgign (el t her
ol i gong%rﬁ{g’s%l glxrgiufgrérﬁ%%}e%g’ %‘%gér:%ﬁ%g%%ﬁﬂ? e%n%%nﬁ% {}o%{egr oup t husﬂserves as a
uni quelabebineatioy canfbesatdulaied, githaranalycdlyrorolugesically by foflingrtbe 8rsh, cont ai ned
within a volu of . 100 PBS byffer, was.required.for beta.,ellmnation.
The ‘safgivArEST iHedised iheitass SEchamirpRieed SrBRgas o ars Sefaf g
incuba{]?)g 8 9aPGhEQf. 16 hours. About 20 nL arabitol internal standard was
added, ofl owed by 10 nL glacial acetic acid. The sanple was then

centri - | ' BRI GoRAlibnHRABEARS tand AG
50W X8idr{g2 n@%%ﬁﬂ%#@ﬁ%ﬁ&%@gi&% es, ionclludi ng wash, were

t r ansf emiedattnes plestd antndinsatngl kbehMnthsityamdasavemprntsare tekep atiz §inglss in a

centrifugal evaporator. 150.mL 1% A VeOH was added to | es and

t he saﬁ%’l‘@éatlé’if’agﬁflﬁ?t i etng)bodlr“%’gs%é)e il%a:{néeéﬁ{ty fl}eﬁaléfmg%/{%ﬁ%nr %{%lr(ér?%{ﬁi s | ast

step Vairdeneahsdatitase msetuhﬁ{]fe&ﬁ/ 3 Alirifg thé&b@ﬁn%:&sheaddgdf @RGR100 ni of
r

the sanple was anal yzed by hig ani on- exchange chromat ogr aphy coupl ed
Wi th potastioriddurebhestianeihetierample, the lebel intensifyicen beprgeurpmnd) ditereal age

O gl ycan occupan s determ npy
recovergrrripres o A6 GLE IR IR BH M SRR KBRS | cans
i N proldgiapims egdusadkénatithefinbavgerdiira) TE, follgrabsy nagingheulhplaataAdintsn pl ace
of the Pichia pastoris PD | can, be signifi C(agl?f“ rigluced when Lﬁit er the
Pi chi a 2pthstserand teppgjpturs T2. Bpseden tyvo ghitferrd shopsh CapbsslcWHSt 988 ER
Ca2+ A #1S ' 1tAS Bylvarfifé theeXxanpl e, the
ef f ect Iﬁ%@%oﬁé%?@%ﬂeeg lu%%?%g&g?&;%%z% I #gg}ggg%f’g%"éégﬁ agt olr_'}:iﬂzg strains that

pr oduc eerapdrathedit echittalabelgnensadoiineanired, th@hmeﬁztsm‘ﬁhagﬂﬁzgtnwn@.e spyglied.
expressi on cassette encoding the PpPVRI gene was constructed as foll ows.
The opg@063xaditegniechsfEmedsunpmss @nibe tdlengi aGAGmAT Phs encaRpyBilBhty cavalse PCR
anplified fromP. pastoris NRRLI_1430 genom ¢ D%%@%t he Igri nmer.s

( PpPMRitEkgp: foBowingRARrentrkonc e AT AR IRSCPTRORER CSUPEEY 115 NO, 36)

and Ppk /ig'aie th : CPRA LT FIALRCATT SIABGrak 3 (nSER, KRrNO: 37) .

The PCR conditions were one cycle of 95C for two mnutes; five cycles of

950C f ahretOwseconttsminne G liaving @CRe cloras enmbadinkdC measugmentsiretakend cycl es

of 95C for 10 seconds, 55QC for. 20 seconds, and 720C for ] :

fol l ow@go 1]515683/g&éeco’fanafgée?'oihiﬁm&%ﬁmegg mefﬁ%e?lggtglc?? V\%&PEQZP g%aggﬂ%t was
cl oned 4 kR RRents 8heIRphARAIEht 1@k idBE10 P MhbutuBses. comabedt 10' e pGLY381
1 by digesting with plasmd with Pst and Fsel and the Pstl end had been

made bl ThetmedsuiemEatspimm also betkeade ramd secession QySE sqempsiadPitieRs . The DNA
fragment encoding the PpPMRI was cloned into pGFBO di gested wi th EcoKl
Wit h t He06HdsTiradentier of intevisith measuDdacpts cymelsayeryakienrrally, ingreasn st e

pA.Y3822 i.n ch the PpPVR is operably.li.nked t > I

Pl asmi qMRESY85982 painfa 1?%8&8&?&%@&&32?%& b q(}élté%@?é%sargnf%%f%szz is
shown iqatdp@nisRaBbe t6Q tDbchamdeRcgosd. IRREMBlenibddEmints, oW fthien, @HQud D NO: 32
and the am no acid sequence of the PpPVR is shown in SEQ ID NGO 33. An

expr es dlagnpaints sea wsed émdeiammige theesloReabi dopsi s t hal i ana ER Ca2+ ATPase
(AtECAl) was constructed as follows. A DNA encodi ng At ECAl was synt hesi zed
from GeneArt AG (Regensburg, Germany) and cloned to nmake pGLY3306. The

synt hesi zed At ECAl was renoved frofXAGPMIZ6 by digesting wwth Myl and Fsel

and cloning the fragment encodi ng the | i.nt G-BOx digested with
Ecoki wixampled: éf?‘ggcﬁggls%l’%?v%%yﬁn &u%ébgﬂg} ?lg'sag t&ﬂae‘%%%%“?e& gener at e
i ntegration/expression plasmd rA@Y3827. Plasm d pGLY3827 targets the
Pichia pastoris URA6 | ocus. Plasmd pA.Y3827 is shown in Figure 9. The DNA
sequence of the AtECAl was codon-opti+i#zed for expression in Pichia
pastoris and is shown in SEQ ID NO 34. The encoded At ECAl has the am no
acid sequence set forth in SEQ ID NO 35.1ntegration/expression plasmd
pG.Y3822 (contains expression cassette encoding PpPMRI ) or rG.Y3827
(contai ns expression cassette encoding AtECAI) was |inearized with Spel and
transfornmed into Pichia pastor is strain yG.Y364 7 or yAY3693 at the URA6
| ocus. The genom c integration of pAY3822 or pG.Y3827 at URA6 | ocus was




nodi fications such that the encoded truncated hCRT has an HA tag at its
N-term nus and HDEL at its C-term nus. The DNA encodi ng the hCRT was

rel eased woemop@zi224 by digestion with BstZl 7 1 and Pat/tsaaonbesONA
fragment cloned into an expression vector pAY579, which had been digested
with Notl and Pad, along with a DNA fragnent encoding the S. cerevisiae

al phamating factor pre signal sequence having Notl and Pad conpati bl e ends
to cree[ﬂ%SQG_P\Glectid'ﬂsi Werplpaﬁfoimhditsdatenhniee;@tmhdrd)erﬂelammrsﬁﬁhmwwl asm d that
encodes the hCRT ({1 f vi si.ae al ha- t| n ctor, pre. signal
sequendEMBHANIR P8 eéife tRERIrpEPhEeE therResshe gﬂ ¢ig agid while

Cter mﬂﬁﬁﬁnﬁﬁ@ﬁﬁé ¥o§1tlvése@th%q>dmeaaa&ﬁ' RhRASSE Q§uLG€d°HFLIe 4R850 1bRE hade
targeting the H S3"1ocus of Pichia pastoris. A DNA fragnent encoding the
human ghle(In@mRrt 7 privees seguentrssisedateldgsaBbae i Tabd&2havi ng Not | and Pad
conpati bl e ends. The DNA fragnment was then cloned into pG.Y129 di gested
with Notl and Pad to produce pG.Y1231. This plasm d encodes the hERp57
operably| linked to the Pichi aTagri o PERAEctighoMOt er. Pl asm d pAYI231was

di gest ed| ¢ohihonvd and the L'I\w\oltuh?egrrent encodi g Ffig Ohifentration C' ofed into
pl asm d Sted w RSFF' T Thus, T nteyr@t T ons expresston pfasm d
pG.Y1234 EQ%?%S%D% t he hQ and hERpr5‘7h Plasmid rGLY1234 is showp in
Figure 1 St VY 3642w generated—by—eoeurterselecti-ng-—strain
Y& Y2690 %"M@NH BnBERor [UEEh & URAS auxot |G A n yG Y3668 was
gener at ed89Ct r ansf ormi ng yGLY3642 with integratli on/expression plasmgid
pG_Y1234MMh_e_h%mH5WRDS7 and which t|@&mMs the H S3 | ocls.
Strai n yQiveeosindd dreectyt edl ply transform ng st{rie2 pM/@cN3668 wi t h

i nt egr at | PahplE®Nai on pl asnj 21 pGhyRgbited whi ch tlarget's an expressi on
cassett el PREAGHMEBITSA BRo@nt 1 - DKKb_@pll body to the [TRPnfiocus. Strain yG Y8239
was genef phadp f@gsf ormng straln yGLY3693 wiit h i ntegration/expression
pl asm d t 2?dlr<| and—targeting the URE6tocus—Stirai n
y@LY8241| was generat e ransformng strain y@EY3693 with
i ntegratjon/expression plasnmd rA@.Y3827 encoding the At ECAl and targeting
the URA6 | ocus. The geneal ogy of the strains described in this exanple are
shown in Figures | A and | B. The above strains were evaluated to see whet her
t he additiof of NCRT a € erone strains
expressi ng PpPMRL _or Atn]Fla W?Seqq%n%%?g?%ﬂg@%éa%n{é&% ght effect| a further
reduction irn m@GTEéZﬂ"GMT@aW@ﬂTGM%AGbOdl es | B@dumétthg As shown in
Table 8, injstrain yG_Y3693 expre55| ng hCRT and hEIRpﬁYeraI one her e was

t
about a 2- ftol= A —occupancy—wh rther decreased
up to a 4-fcﬁ§¢7ﬁ62?§g\ ?ﬂgf:% HEr expressed P XCS‘?S APE‘E‘AJ . The
results al so Baggest that yeast stralins that expres;itescggndogenous PDI |
and over expr eSEC@AGAA GTRaeTOGTTh AN Ldaee @ ysepiot eins with reduced
O gl ycan ocauypgacy. TI TLE OF THE | NVENTI ON: POLYMERI C COVPCSI TI ONS
COVPRI SI NG PER( PHENYI ETHYNYl ) ARENE DERI VATI VES CROSS- REFERENCE [TO RELATED
APPLI CATI ONS [ 0001] This patent application clainms the benefit of
provi si onal patent application US Serial No. 61/088,176, entitled

" Pol y m$006d] Cdivposats bf)dupliﬁammdcsibmgwaersetpi}ewxltaénihg ttieyfo)lawarpeaniemisveft | ves"

Di sl odbls aieH e gy [T Retnteseo o P SN ELiERg ™ iy e %%E ynyl)

arene deeivRtbNEweRAcIeaB s BitnddSRAN bétWec¥ SR 0500 1Y BEIWRES sGEHRPE
applications such as; but not Iimted to, three dinensional (3D packagl ng

for | CTlde |r?ﬁ0él§@%wmelth@ refucsd tolbeloWdbe dmeofthe beong besvaso#pPQ sichgD°Carnre.

mat or | S o pH R A P e S b PR L S R ROl el voe

f or 3Dhpatek agbatgeai 80°C biog @asEfite | £Seco®YRM S verd thiken) €l theds dTakeri al s
conpatﬁﬁpllty and dimensional stability over a wide range of conditions not
only ddergedce A e te /8" G divided by the HeorgsrenerpatBOre He9S prase sheavmbelew i t i ons
| eadi ngrahR £ he finished integrated circuits, have presented significant
probl ens. The properties of polyneric naterials should conformto the rigid
manuf acturing requirenments for integrated circuits or mcrochips in the

el ectronic fabrication industry. One of the problens has been to nake a

pol ymeric thernoset system This probl®m has been a difficult one to sol ve,
particularly for those high Tg polynmers wherein the desired tenperature for
reaction (cure) may range from 200-450 OC. [0004] Polyneric materials can
have e values in the range of 1.9-3.5, which is highly dependent on the
structure. It is inportant that the polynmeric material chosen for 3D
packaging for IC chip and other applications, such as, for exanple,
nultlchlp nDduIe packaglng, encapsulatlon and flat panel dlsplay
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reaction between Al |ines and fluorinated polyners at el evated
tenperatures; Solubility of Cu in sone polyners * No sol vent absorption No
swel | i ng woeoton1pdIst or esi st sol vents. * Conpati bility wpCh/USMeIDE2Z6NdS upon
ultimate 3D process used (chem cal - mechani cal polishing) [0005]
Crosslinking has been recogni zed as one way to address the requirenments of
electronic materials polyners. Past attenpts used various different
approaches for crosslifnking pol yner gapie3e such attenptl i s described, for

exanple, in U S PatertB@oTeI{qpngU, FridrestBitdN, Rereseligned to the assignee of
the present applicatign. The " 170|patent dgscrifgs the use of poly(arylene

et her) pol yner conposirtt o3 ihé%”’i Ny aRof 10 cWeifU%B %cfted on the

pol y(aryl ene ether) bg = > for crosslinking of
the polyners in a teny e—ob33romh 200 45dC. U S. Pat ent
5,658, 994, which i s al 30 ass®®ned o thd®asdi gnd8@t the present
application, describeg thet@¥e of |pol%8&rylleneS69Hers) as | ow dielectric
interlayers for the ellect6@h0as i ndus2.7y wher ei6B0%he pol y(aryl ene et her)
may be crosslinked, for exanple, by crosslinking itself, through exposure
to tenperatures of greater than approxi mately 3500C, or alternatively by
provi dijggh7p A A8sesdeki 8o PSR 1 iddicadd ol thi@Bt ndchic ad@4vapdichifedah sk t eaches
end cappi ng the polymer with known end cap agents, such as phenyl et hynyl,
benzocyeictiputvenls, a Badrgsepnt ratiel abavier]j indicafes st rrvﬁl@wra@fdeweﬁ@éﬁld%dtﬁer g, F.

L.; Arnol d 4 E. d. Pol Sei . s 7-19 and

i hadRisted jodvel Thye R g Bhmponsiiielfile oEfliPas il ot dGLQhesd plafREad? 0

2653- 65 defotel rélladlyplistmathatratiys defcribel hpfedny| qui noxal i nes wi t h pendant

phenyl et hynyl groups and their thermal cure via intranol ecul ar

cycloaddition and the heating of the 2,2'-di (phenyl ethynyl)biphenyl noiety

to pro : i i L nhances the Tg of
P d%*%g‘r‘f&?b g%@?&)%gdlﬁgé&r e{tﬂegl)emeaglﬁﬁ%ngbmt@ﬁsvty\mmne. g

t he po rences Hergenrother, P. M; Macronol ecul es
p

(1981) ( -897; . P ' : =l 1)
g, oy’ SR R e PR IS REIE AL e shcller RO TRG B 55

cont ai Rif fighepouldiest uspl engdterintiyaribe pyesengasofad tarpgt hindeibaclbBOR reattemes wehese
material s, were prepared for eval uation as precursors for high thermally

st abl e PeHerpk at §¢SC{15%§]0V9}H§. £l No. 5,138,028 and EP Pat. Appl. No.
443352 A2 910828 describe the preparation of polyim.des, polyam c acids,
pol yanil@069di dThegatde of thedlugresenivalaes hilpw rhebsscem fmdipided biiiheluorescence

di aryl t r it 1 on of

el cct r oY il ne BEESR Yip el ARRRS, GRS, SCEel Y pEBERREHEL) 00165

di scl osekRulesdi ratiss fou tie RQIh eengti etish yPogitive catjas wile founid ohlyciarthbsampdesd f or
coating a wi.de vari eté o%, substrat es. such_as g@gtnguter 'Chi‘g‘fs,ﬁ [ 0010] The

r ef er ereBtaipg the tsraplate, whilpgncgativeratin Was found &f)thaneepfive ool jestri bes
the preparation of carbon | adder polyners via the cyclization reactions of
acetylenes. [0011] U. S. Patent No. 5, 179 188 describes polynmers (oligomners)
such as those described in Q. S. Patdiablest 114, 780|whi ch are end-capped with
reactive groups havi ng doubleggnitntylatp! eFhefddsent | 0012] WO 91/ 16370 (1991)
descri bes crosslinkable fluprinahgds aromatggigt hg¢r conpositions. [0013]

PCT/ US96/ 10812 teaches prepgqratiofn of phenypethynyl ated nononers for use in
preparing polynmers which can therél@;ally Cros; 51ink d. [0014] Integrated
circuit and chip manufacturjng rbﬁ)% ire suitgél e fpol ynmeric coatings and
materials for packagi ng andjoth Bpl i cati %n wever, despite various
attenpts to provide appropr slinking of pol yners for these

appl i cahpf). LRI RkdnsitPwval Qlso FRAGHEH iRy ?QM& shihBleB R URIAAfid RHQONEHIN T
polymeric rmaterials that fulfill at |east one of the follow ngU

r equi r e mensplatemSpeciidallyp sifkfwigtegrawdst sanhpdesrarkreaup an sheddiopGUBLUS npr oved

har dness, i nproved adhesi.qn.resj St e erei.n qne .or ,all of th

requi r RY n‘%t’ Wlaglhfsea\yé’ia% #ﬂ&!#mﬁﬁsglﬁ atﬁ%}incgﬂ{lg ﬁaaérémglA EhStT arflgagsdhesi on,
t her malOsd saliplé feteived nétie pbR@ETpantpit 1dvefedrein@@g 29) dnddhdfmediting fiee
incorporated herein by reference in their entireties. BRI EF SUMWARY OF THE
| NVENTISempjes0a®w) vea pesitiyeBG powdsnsesannlesdabdeshpin Eignd)- alis 2apl§50YSffer chosen
froma poly(arylene ether) polyner including polynmer repeat units of the
following structure: - (O- Arl- O- -A2- O)m (- O- Ar3- O- Ar4- On-
where Arl, Ar2, Ar3, and Ar4 are identical or different aryl radicals, mis
Otol, nis 1-m a polysulfone; a polyimde; a poly(etherketone); a

pol yurea; a polyurethane; and conbi nati ons thereof and a second pol yner
conprising a per(phenyl ethynyl) arene polymer derivative. Cured filns
containing the polynmer can exhibit at |east one of the follow ng
properties: Tg from 1600C to 180C, a dielectric constant below 2.7 with

T o o T " o —




conposition that does not conprise the per(phenyl ethynyl)arene derivative)
and conbi nati ons thereof. The aforenenti oned properties can be obtai ned

wi t hout aweignivifiraant | oss of substrate adhesi on, ther meCTAS2M0I053283 or
both of the polyneric conposition. [0019] In one particul ar enbodi nent,
there is provided a polyneric conpositions that consists essentially of a
first polynmer chosen froma poly(arylene ether) polyner conprising polyner
repeat cyolied §5 diines Hionf bétiveen &@’(Bandlmt?ﬁltcebetweéﬁ(-PCﬁamd -70€C - The 2eacﬁl>n) m (- O -

Ar3- O,- Ard- On re, Ar r2 identic |fferent

aryl r PRIRLTESHY ‘?rgvl%ntrﬁd“fe&ff’ ﬁeslow t@ %’303 F‘PIE?n etwgen gy ﬁa HRARY

pol y( etfhRrdsedi A@ts wardRk¥iié 1§s&%é!§1fo?tlb%ﬂﬁute§mﬁh&f?ﬁ@}b&%hﬂ Ifaaémg@er eof ;

and a second pol ymer derived Trom a per(phenyl ethynyl)arene or a

per ( phéakendtamy mpnytes Birel (Uwclle\mwf-\dem | sn:attm Hotpaditheslbpe wesrbadclilatediby t he
furt.her add tional. di ents provided

|
!to ga%/n?rﬁiéﬁ%%%g}tag%nuasfngﬂhnﬁ edrent e dT(;11 ?pe ¢ ]§(§ Q}W&"f 1Cg{,1egée| east one of the

fol |l ow erties 4000C or W th mninal t |oss
(0. 5 wiPgl" PGS ot lonsEist i dheersng Tope it o Qoo SERCk Ve
conpar hged © def@minkEvhéihers tbfg@ﬁseqhé%qyﬁx‘ésé?ﬁr NoGaRe pbsiives WAQL YSRR! C
conposi tion has a hardness that is greater than an equival ent polyneric
conposi tion that does not conprise the per(phenyl ethynyl)arene derivative)
and cofample 3nh Redneipg éilse poopEs by mepairngahd dptersity oy Fmiane and pedifferest
provid g,%@a at consists of a first polyner chosen
from a?%g y a%éér@aﬁetﬁgt er) §B§<;Oy%%% conprising polyner repeat units of the
foIIovvl Ard- On-

wher e A lgﬁi ﬁaﬁtlong n‘%ﬁerﬁup ﬁ#%%edc% élA‘tePBIé]Ie &J}et}lf’& M‘bqr lélFﬁnS‘z¥ %qwroadl cals, mis

0to 1,terﬁperstuﬂesm1 two @idfeyciiy tifrB ean Be MRl Yo BEiiteld doRllthe bhaek@IdTAgrge
pol yurea; a polyurethane; and combinations thereof; and a second polymer

der i veduflelsracyl WaHg piumy#ing Fjiemopitivenc len PERseactiphs i Wyie2Sphreasts
derivatjy, (?escx[llg)eQizdjol)vg IPate % DA ﬁe?%&qhér{c@?h eﬁta'ré) H'esgﬂb éc{]ﬁelml 1¥ meric
net wor k a conposition conpri si ymer conprising a

pol y( arligbkerfe et her) pol yner and an additi onal or second pol yner conpri sing

a per ( phery! et hyn"! ) arene derivative that forns—a sem nnnnf rati ng p0| ymer

network. The term " deriV3hIP Se'(Scquepeesprad’ & ) d®EMRSes a pol yrer [that is
derived frlom a per (phenylethynyl)arene polyner. [00 )NnthTrQ)@
per (phenyljet hynyl )arene derivative can be added(tﬁ 1 gﬁ yrﬂﬁl%conposi tion
in a variet %@%‘ﬁc t tyl t phen thyny rene
derivati ve ﬁ%ﬁabe orrre ﬁ#@?ﬁA(}’@?ggﬁQg@@g? enbodi ﬁlegt t he sgcond
polymer i§ added to the polyneric conposition via t 1e\nthra)s| tu formation of
the second pol yner, such as, for exanple, by the Belgrom Eywbd zatijon of

1, 2, 4, 5-t etTaC alranA @CMgmA A RacaaeAtGat |1 s depi ct edphithereacti on Schene 1.
[0023] In W%MWW may be
attached t/doh&18r nore perg henyl et hyn I%rarene derivative polynmerls at the
| ocat i ons |depRECEPGAACHAY \T/(%%@l AAGETHGt | Awthrex net wor k |i n t he
reaction prlb‘rthwlt of the Bergrran Reaction. In this orp&Ohereagobodi ments, the
per ( phenylethynyt)arene derivative potyner—may be—atsoattached—to t he
first polynmer at one or nore of the dots such as the poly(aryl ene et her)

Pol yur 4726 TR 2cBE: Al PO o HerueRoRiebisc spaesa B glriReticnar yrer i
net wor karg@he\oRinttyiMyiktrA1€ teasteral et anH @r@&@h&ﬁ}ﬂés (ﬁfi@@@'fﬁ?é?ﬁlal §bg second

pol ynmer or per(phenyl et hynyl)are ne ymer derivative (e.

1, 2, 4, betwaen apppiding (ROB) 40| 8 negati EG)scaéldd“émthr@esamplm rtlsat cpouaywénoml chis
at | ea | ene.. et her

pol yearPtas BRTnaalEs £ dyl TR LAY PRSI STTB s et hane.
and coriD,080 anthsaxt feacmeicopy equivetans @nédulés g5t snd 6)@v@eo(spdhﬁ§y1rﬂé Nyay! ) ar ene

derivatiye polynmer is ms le with the first polymer which created cross
| i nks \RP]¥ eﬁ/ pogptiye ﬂBPeyWBrf ﬁ’ﬁé)rpscﬁﬂl]és how aé’)@éﬁ%PéIOBF Theslgpepar at i on of

1,2,4
her nfal‘éﬁliaf:%?%%ﬁ%‘* B A b b O e S R e
Et3N 1, 2,4, 5-tetra(phenyl et hynyl ) benzene 80 C C38H22 MW 478. 58 [ 0025] The
follomjng structure is an exanpl e of -t’he per(phenyl et hynyl ) arene pol yner
derivative that can be added to the first polyner to provide the polyneric
conpositions described herein. In the above structure, Rl, R2, R3, and R4
are each independently selected fromthe follow ng groups:In certain
enbodi ments, at least one of Rl, R2, R3, and R4 is a different group. In
ot her enbodi nents, at |east one of Rl, R2, R3, and R4 is the sanme group.
[0026] In certaln enbodlnents the flrst polyner conprlses one or nore

- o o o " S ~ 2




fabrication of m croel ectronic devices. They do not have carbonyl noieties
such as am de, imde, and ketone, which pronote adsorption of water. They
do not bewo 2helogesas such as fluorine, chlorine, brom necramsdomoosizaeg whi ch
can react with nmetal sources in netal deposition processes. They are
conposed of essentially aromatic carbons, except for the bridging carbon in
the 9,9-fluorenylidene group, which has nuch of the character of aromatic
car bonsn BMEBLOwhich i®bexSuth{(¥ - W g ey + Avely)D ¢ Sumés. - Aoy (x})Cﬂ)pm]scesxmsf t he

pr esent i nvention, that carbon is deened taq Iat ed carbon. In
t he cadhe fistld rrbﬂowhéttqoeﬁ’arrs the KyFeaidin %é‘nétyﬁéa) f?f’d&%@ h%t’ have

br i dgi @(gorg Fl%{lltg @&H ﬁslﬂ'gteQBzﬁ% r%h)irg at Wteﬁfﬁ@?atﬁ@@&‘t‘ttvb(@fféﬂéntt hey do
not have Sul I nkages. ther e ts, the polyarylene ether

pol ynetlmewhan:he Hﬂ‘ed tgaea‘utrzﬁelyairemcf the préseme] of a[t@@@ﬁ}uc&mremlﬁ whilexzimmigingf t hi s
grafti %g%ocess for grafting a poly(arylene ether) is as follows:[0029]
The so OSftee8a| ect ed from the group consisting of tetrahydrofuran,

gl yci ne, ethyl et her, butyl ethyl ether, tert-butyl nethyl ether,

2-meth et hyl et hyl en coI t hyl . et her and

t her eoﬁ‘)—‘/‘%ﬂ%&] 'r‘r%n%g’éﬁ&?‘tﬂ éé‘v(s?tﬁYgt %%‘I”E? ﬁ’g nd%/ns’s%@g?rft ({ntrffef;fer% § ch can
be gratg ,@lggrgg;eg“gihqﬁgmlgreﬁ%y s and | end thenselves to thermally induced
crossli nkr ng are as foll ows: DETECTI ON ALGORI THM FOR PCR ASSAY [0001] This
appl i ¢ s drt Yerf SR 13 BetbhminE whethb? {811 infenbltyat tRHOVI si onal
applic t qigquga t135 Oérloi‘efr led 8 eAugu;lt " 80 V\/nrlchnr sysaer eby

i ncor pmempeaatutw at B‘fcemﬁimmt times tan eawsed éd yccuBA@K@@JNDe posore of hdargelesent

applicati on re ener.al to the flel f detection of i G, aci ds
usi ng BUFIITEAC @%@%HW@&%M%@OFI%‘% Jrhlertlgcgﬁfﬁc 1A i n&p‘rv?)r\?i §EL% ’hods for
incr ea%ten&sérﬁt%lﬁet&r IVTaRe 4, dddanephamer Sgnéides Uiddyare 8ésctibed @eTabtd 6.0n of
target nucleic acids using PCR by calculating the effect of tenperature on

the hybridization of a | abeled probe to the target, and by cal cul ating the
hybridization rate of the probe to the target as a function of |abel

intensity|as a functiorlable bi iSequefB3ire Sheo MpPirimerat i on of nucl ej ¢ aci ds
has been an invaluable tool for the detection of speTiulhfeminUdhéting @ci ds in

a sanpl e. | RECGTAMTSATT RCAT GG AGECTacihARiA aci d usPrget her nocycl j ng of a
heat stablie  DNA"polymerase, such as Taq pol ynerase,| Tilaienlif aEkéeRs

conpri si ng “si.il AI—F& 'ICTCETGI'@FC@” rrers for DNA %glrrer ization| that are
conpl enentaty e s—wett—as the necessary
nucl eosi des ¢ fqr ance, .S. Pat.
No. 4, 6832 N A SOLE “C)({jev f‘iﬂﬁmlﬂnbe@ﬂlzp fic
needs, such as can be found in Current Pr otocols in Nbl ecul ar Br ol ogy
(Apri I 2008, Print |SSN. 1934-3639; Online |ISSN. 1934-3647). It is a wdely
used td@Wﬁ]qLFegtirgﬁ shiews the Tegpltstod thn reeaskeements. [(Fuscidisal RIDe vavesdn &1t or a

vari et Ses d| n f r ex ex vivo and
From exrer ARt el frras Bope YRR SxorhRL HBDAHRAGHRL a0

f or ensivesvech@qmbsaive(FEAR)i add latnepative(€BG)) B@l Tinothpeersamipkeg ¢hdt eshthingd np0004] PCR
has evol ved fromtechni gue perforned ON@IyCd qder control l ed | abor at or
Cq

condi t i lo¥aremin tsmplaghanefiidesys & and Pagave lss tThg ghreq-paraples, Bpteantiinghs been
made pO%%‘déb%‘?&feﬁlgx eﬁgx\ﬁ%%p% denaie o R AP'%Vhﬁ‘neé) ~UPeysces sy be
particularly suite 5or etection of pat Rogens, forensi c sanpl i ng, or
even r aje BlNEGig&lbﬁewatfndg&tﬂW;ﬂd)pmkﬁdﬁ thie dnisd Nﬁt}mﬂtshotweaw@eklpbmhvtesdpmtsr ve,

time co d | abor.i ou roc srn of . PCR in the
field it tdg’agﬁlaﬂ%ﬂ‘tifg F‘? qpcggﬁzg[r&f ‘tsr‘,-'?f’%o"r‘”i1 %@egﬂﬁgeanr api d and
accur atifudt8bh bf t}{é%blégi‘o&ﬁd i QWSRO Zay. SPOS léﬁﬂéiéhohoé)ﬁ&lu\% g, amelsiopat i ons
still require a robust and accurate assay, despite t | ack of a controlled

| abor at\mswabmlntqddrmttle 2p¢h pnd4thj datapairtshpwnan thezabeve plots ystig the s18r¢ abor at or y

? ?Zgryts |€8ﬂ d%tlg re ’t"‘(’a}%:1 1%1}%52§ ’x t‘lﬁgigf)l*gﬁosrc{g(@ﬁa bsgcﬁ AI\{IE{ ?#ecti on

from tiwlssex ssame lfieRd inrstbpeatiech tchealﬁ’me rxedobaﬂﬁatmxﬂ Y Bdlse ﬁeidsﬁt tlopewhivhn a 72

hour | aboratory culture (Emanue| et M cr obi ol 2002

41: 689-99BY1S trpy §0°rﬂtﬁ§FQ§vgde PERlts érrg?tstr@rettpat 1gbe} ngasrtynbtwcu@weaf“ﬁ@atr api d
detection nethods. [0006] Signal specificity remains a nmgjor |[imtation of
the sensitivity of any PCR assay, parlBcularly when using fl uorescent
reporter nolecules for neasuring the reaction kinetics and anount of
anplified target in the reaction. Wile subtraction of the background
fluorescence in a negative control reaction is generally used to account
for non-specific hybridization, this nethod remains crude, at best,
limting the | ower threshold anbunt at which a target nucleic nust be
present |n order to be detected SUNNARY OF THE INVENTICN [0007] Provrded

N -, =




87 C, about 88 C, about 89 C, about 90 C, about 91 C, about 92 C, about 93
C, about 94 C, or about 95 C. [0012] In another enbodinment, the first

t enrper at Wwe 208/@bat 50 C and the second tenperature isPabaseo9sHs3253 [ 0013]

I n anot her enbodi nent, the | abeled nucleic acid probe conprises a
fluorescent label. In a further enbodi nent, the nucleic acid probe further
conpri ses a quencher nol ecule that absorbs the em ssion of the fluorescent

| abel swe Qiffdiait timk8Rak BE usHIaD Gb&IrateB! REdet thedshehbd 6 La4RNAudIADatid atflel N
relatively close proximty, the fluorescent em ssion of the fluorescent

| abel mynigHgegdelsapostlives. at | east | ess detectabl e than when the quencher

nol ecul e and fluorescent |abel are not in close proximty. In a further
enbodi ment, the nucleic acid probe is a nol ecul ar beacon or a |linear probe.
[0014] In one enbodinent, the target nucleic acid is DNA or RNA. [0015] In
one enbodi nent, an average ratio is cal cul ated based on repeated
nmeasurenents. [0016] In a further enbodi nent, the neasuring is done
following a PCR reaction.[0017] In another enbodi nent, the PCR reaction
conprises i) contacting a sanple suspected of containing the target nucleic
acid with the | abel ed nucleic acid probe in a solution conprising suitable
primers, enzynes and substrates to forma reaction mxture; and ii) cycling
said reaction m xture at denaturing, annealing and extension tenperatures
suitable for anplification of the target nucleic acid. [0018] Further

provi ded herein is a nethod for detecting hybridization of a |abeled

nucl eic acid probe to its target nucleic acid conprising (a) contacting a
sanpl e suspected of containing a target nucleic acid with a | abel ed nucleic
acid probe that hybridizes with the target nucleic acid; (b) measuring the
| abel intensity at least two different points in tine; and (c) cal cul ating
the slope of the |abel intensity as a function of tinme. The neasuring at
different points in time, as done in step (b), can be done under isothermc
conditions or at different tenperatures. [0019] In a further enbodi nent, a
positive slope indicates the presence of the target nucleic acid when the
intensity of the signal generated by the | abel ed nucleic acid probe

i ncreases over time when bound to the target nucleic acid as conpared to
the intensity of the signal generated by the | abel ed nucleic acid probe
when it is not bound to the target nucleic acid. In a further enbodi nent, a
negative or zero slope indicates the absence of the target nucleic acid
[0020] In a further enbodi nent, the nucleic acid probe is a nol ecul ar
beacon or a linear probe. [0021] In one enbodi ment, the target nucleic acid
is DNA or RNA. [0022] In one enbodi ment, the nmeasuring is done during

i sothermal conditions. In a further enbodi nent, the neasuring is done
following a PCR reaction. In a further enbodi ment, the neasuring is
conpleted within the tine period of about 1 to about 10 m nutes foll ow ng
the conpletion of the PCR reaction. In a further enbodi nent, the measuring
is done at least five different points in tinme. In a further enbodi nent,
the neasuring is done at 15, 30, and 45 seconds followi ng the conpletion of
PCR. [0023] In another enbodi ment, the PCR reaction conprises (i)
contacting a sanple suspected of containing the target nucleic acid with
the | abel ed nucleic acid probe in a solution conprising suitable priners,
enzymes, substrates and buffer to forma reaction mxture; and (ii) cycling
said reaction m xture at denaturing, annealing and extensiontenperatures
suitable for anplification of the target nucleic acid. |In another

enbodi nent, the annealing and extension tenperatures are the sane. [0024]

I n one enbodi nent, the slope is calculated by taking the first derivative
of the | abel intensity as a function of time. In a further enbodi nent, the
| abel intensity as a function of tine is cal culated by | east squares
fitting the label intensity neasurenents as a function of tinme. In a
further enbodinment, the slope is calculated by fitting the |abel intensity
data as a function of tinme to the following equation: y = nx + b, whereiny
is label intensity, x is tinme, and mis the slope. [0025] In a further
enbodi nent, the hybridization kinetics of the | abel ed nucleic acid probe
and target nucleic acid based on the-§-ope of label intensity is calcul ated
as a function of tinme. BRI EF DESCRI PTION OF THE DRAWNGS [0026] FIG 1 is a
graph showing the ratio of the fluorescent val ues bel ow t he beacon Tm

di vided by the fluorescence val ues above the beacon Tm Positive ratios (+)
were found only for sanples containing bacillus globigii (BG tenplate,
which is a surrogate organi smfor studying biological weapons, and negative
ratios (-) were found for control sanples that |acked BG tenplate. Thus,
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[0031] By "nol ecul ar beacon,” it is neant a probe that has sequence
conplenentary to the target in the mddle of the probe, with a heterol ogous
sequence WO 20tv13B43and 3' ends, which fornms a stem | oopPsTrusetanss2dhen t he
probe is not bound to the target and is at a tenperature bel ow the
effective TMof the stem structure. The conpl enentary sequence of the

nol ecul ar probe may be at |east 85% at |east 90% at |east 95% at | east
97% at |east 98% or at |east 99% conplenentary to the target. The

stem | oHAT INQEAIMED'ISANd 3' ends in close proximty, allow ng the
reporter and quencher nolecules to interact, resulting in a reduced | abel
intensity. Upon binding the target, the reporter and quencher nol ecul es
becone 1 mor e Adingthad for detdcting Rgbridizatidn of Aditebsiathclabadid prubensits yargethus, free
nol ecul ar beacons generate little or no signal, while nolecul ar beacons
that aPuclpi§dad OBPIEE ar get sequence have a much greater |abel intensity
at tenperatuynes I : fasawitghoet hybrid.
Mol ecul ar bggcon@%?%%g%xgﬁgﬁ&%%Fﬁﬁﬁ%aﬁﬁ%%&%lgg%?%ggﬁgcgre deggﬁﬁbed in

Mar as &tbekd .nucleld atidcprob érit hgbrititea Wik Yarg@3udBicGRid;f or exanpl e. [ 0032] By

"linear probe," it is. nean probe th as no particul ar secondary
structure. %e p%@rwgﬁi?‘b%g%n ﬁZﬁ;@{l&eglrp)?r ef‘ﬂ‘iattaasreﬁgl?for only
parti altérﬂ{})e%)cﬁﬁl GHBRLANY i@ tthferb@FIBUess FiRh B &BBhE@ tentpteatiiepbe may be at

|l east 85% at [east 90% at |east 95% at |least 97% at |east 98% or at
| east 99% céapl enelnulatipg the ratieof @) thedabe] mosity eifhe fisst derpRargiEcdoSBbET i ed,

PO S St L B RBIR o TPl Pgmeage o

nucl el of gfeltaropt Mldkic acigol ecul ar beacon, and a |inear probe unless otherw se
speci fi ed. [(%034] By "target nucleic acid,” it is nmeant the nucleic acid in
a sanple to be detected using the conplenentary PCR priners and probes. The
target omay @eBMhoBsdlaiAS], 3aedTh @ rdlYof 4 acike0.0 ahdiEAWA, thy breatncblftheepi sonal
DNA, or synthetic DNA The target may be RNA, such as nRNA, rRNA, tRNA
viral mRNactygleieddid] RNA, or synthetic RNA. Sanpl es containing the target
nucl eic acid may be from any source. Such sanpl es include biol ogical

sanpl es, environnmental sanples, clinical sanples, in vitro sanples,  and

ti ssue 3sanp/The mateed eficdaiml b, wiraein dhedfinst temperadurs axRalex theahmod i labded a

mat eri al spe i ] i J - Ppecific
exanpl &g C%?o E{‘):%a(f rgge %Edc eisg&ggﬁgﬁﬁé&ﬁﬂﬁédlggb%% tﬂg?gp %@}(P{@Fﬁfbﬁe@ e Q%Oi’bt, acrl{ﬁcl eic
aci ds emsdi ng at |east a portion of the anthrax, tularem a, plague, and
pan orthopox genones. Methods for extracting the nucleic acid from such
sanples for use in PCR reactions are well known in the art and may be used.
[ 0035] 4Pr obemheanslhdd ofdtiisn Fayhddein Ruild ise@indxedpératutieisabbutrfs’ €, ahaut 86AE, t ar get
inasingle reaction. In general, different sefs of priner i1l anplify

di f f er @heutr GeebonidBRCe 2BRUt§S, Cakput RR” br ot o1 h(étabBBEg%t atf'\geuft% ﬁts may
have di reRt~ | sgch as different fluorophores, such that the two

t ar get sai)fr)rln?yﬁbtg’g?gﬁlﬁgai ghabl e in the sane reaction. Such nethods are well
known in the art, such as those described in Belanger et al. J. din.

M crobigol . (300%dndPof s 3 AHreihBaRRbNER GERALITEBL: 4iid EbaAM g5t S Of
primers w !l anp |?y ditterent ?arget AUCI BT C ac S, and t'he probes that
det ect abbet 42aQ@bsutcidn Chabeut ke Cs abmmt HAHE| shous 46HCaabonti€ift C.cabout 48° C,

a1 1 ovs BAEHTO} CoB RO On HEE) s SRR b SBE e PEHY! o BLAT T ¢ ne

same | algeht 56Ptt Sb6@B7PE, LHAHIRE CObAS STUCT ARu@¥NA, ddut ETET bl 62° C,
space. [ 0036] Additionally, multiple reactions can be used to screen for

nul ti plabout3§dt, showtifdfi CagbeutH6F €eabdus 66DET e AT tCorbH0SHE, RhPus 68%6pl e or

di sease,ge .~ Such tions e perfornmed in a nultiwell format, for
exanpl eabgmg@-%\%1 ?#)OBFZ e."Ir(fg%”}'t]r%be"l abel intensity,” it is neant the
anplitude of the signal detected fromthe probe. The particul ar signal

ot cot & 1 or 1" BRORCT Bl s R saAaF BoReRt b SBRCSGRERR did too0fd

FRET- basgdeafi@®dr dbalesorg, | abel intensity is proportional to the anmount of
bound probe to the target and, therefore, proportional to the anount of
target in the sanple. Likew se, when -20DNA intercal ati ng reporter nolecul e
is used, such as SYBR Green, fluorescence increases as nore reporter is
incorporated in the new y-synthesi zed doubl e stranded DNA. Therefore, the

| abel intensity can be used as a neans to determ ne whether the target
nucleic acid is present in the sanple, and optionally, the anmpbunt of target
present in the sanple. For instance, the |label intensity can be conpared to
a standard curve generated using known anounts of the target, interpolating
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this manner. [0042] The slope of a line defined by points (X1, yi) and (x2,
y2) can be determned using the follow ng formula: [0043] where mis the
sl ope of twe 20iwma7&ad Xi x2. This equation can be enpl oy@dTarsgomunizes of
ways by one of skill in the field. For exanple, a |line can be fit to data
and then the equation can be applied to determ ne the sl ope m
Alternatively, the slope mcan be calculated for a nunber of different

poi nt s 7and tripe methddest chigr BeeRrdin sdéldelidirckisddPprobé Bomptigesambodi ment s,
the slope will be calculated repeatedly using data points sequential in
tine. [ Boawpcanylabghout " it is neant a value that is the indicated val ue,
plus or mnus five percent of that value. [0045] By "PCR' it is neant a
repetitive target nucleic acid anplification reaction based on seri al
cycling of (lhe meshgseafplaime’, athezein s2id npelgicasidnre Atheneonpisge s quelitneh nay
be I ORASRMbEbSrpbhe BRLHERERHE RURRAR 1R A RANINIRR B Pduebit! heat
stabl e po?ynerase; at least one pri mer conﬁ1enentary to the'target; a probe
conpl emeiéateyartdahidnescamibbel hredn plost porximftythe flnaregent erdssiwy fidleeosi de

tri phosphates; and a huffer solution c risi di val ent .cations. Suitable
concen?ﬁﬁqufﬁ% la%SE‘Stuﬁ clegae RE AL §asépeés %Blwhgﬁgﬂﬁq‘feﬁ‘c q{émal?‘iutl% may be

adj ust eRhoASERN HbBDark QoKL PRSAifigat | on parameters. Each cycle typically
i ncludes three steps: denaturation’at 85-100 0C, annealing at 37-60 C, and
el ongation at 40-75 C. Each step nmay be 10-300 seconds |ong, preferably
30- 120 gsecongs mellby @ 1, SAREGALHE Bullbicf HbEPR dMYlebfalidatsitlodg cor di ng
to the sequence of the target according to well-known paraneters. For

i nst andipgartfnebeanneal i ng tenperature nay be a tenperature approximately 5 C
| ower than the Tmof the primers, which can be cal cul ated as descri bed
above. There are many software prograns avail able for cal culating the

opt i mal10t enfideatath@bofoflaitrthy ER:s tleptsrgetaudicic ycides Daid\.conpri se t wo st eps:
the first step being denaturation and the second step conbi ning the
anneal i ng and el ongati on steps together. An optional initial denaturation
st ep nmay. be Theahetkeboff ddaim' hothesdiathe tarpet yudeiased.is RdA.her, a fi nal

el ongation step nay al so be included to ensure any remai ning single
stranded DNA nolecule is fully extended. Specific protocols for performng
PCR ar g2wel IThemostiiod of dlfien Brwheaeid (eandlie) drowepatatell @t leastawjdee, i n Current
Protocols in Ml ecular Biology (April 2008, Print |ISSN. 1934-3639; Online
| SSN: 1934- 3647). [0046] The PCR reaction cycles can be characterized as
bei ng aar | y, THeah@hahef dlaifal 2, SitrgEs an hverhgreradatd galailaigebased potientepedted
anplification occurs as near 100% efficiency of doubling the target
sequend@CBWERCBIS. As reagents are exhausted, the reaction enters the late
stage and efficiency drops off. This stage is sonetines called the |inear
stage, though the reaction actually has a high degree of variability at
this stldge, ‘depasthodhef dpm hevhgran( i(e)arsfenepied AbRGSATS ﬁéﬁ&ngéﬁ’%? rase
perfor naas&amidie final stage is a plateau at which no further target
sequence accunul ates due to exhaustion of the reagents and enzyne. [0047]
"Real time PCR " also referred to as quantitative or QPCR and originally
descrihed a ; - - aggﬁ [ '

genera?gd bin%ﬁgﬁg%%§ﬁ%%§€§$gﬁ%@ggﬁgﬁxgmgﬁégﬁﬁg%gFe p#%%gg%fgﬁgﬁhﬁ
intensity) during the PCR reaction. The signal generated by the cl eavage of
t he praghe i i t t i ional to the
amount 181 1 aept B Saa0 iR FhARh BEFCRNRD BRARRE, 0T inal to-known
st andards, tihe armufattingf a baiglekugpeeseof conaihing thanot nudyiclaeiddeitiethei ned.

[ 0048] "Endpoint PCR' typically refers to neasuring the |label intensity in
t he | atlébedsd ucieig addd ppbedn 2 splktipR sempoTing %@f@@%&ﬁ%@??ﬁfldwgftﬁes
reagen i q t . ile the target in the sanple nmay be | ess
precisgﬁﬁhghgﬁ%g?ﬁgﬁbﬁggth?his met hod as conpared to real tinme PCR, the
target has bden myxiimgddidreantpin mixtare ahl¢ranirmg, dmrealinharst exdetsont i on of its

present _due to it reater undan in the final, stages of the PCR

react i 3?"{‘11’?6%‘5,‘3@]3“3%@%?%31@%%O{rctg? &F%etPBCISICﬁ&Q't echni que used to
preferentially anplify one strand of the target nucleic acid nore than the
other. Generally, preferential anplification of the target nucleic acid is
acconpl i shed by using a | arge excess -8f-the priner for the preferred
nucleic acid. Specifically asymmetric PCT protocols are well known in the
art. [0050] Specific detection of the anplified target remains a limting
characteristic for all PCR reactions regardl ess of type or tine of
measuring the |label intensity. [0051] PCR can be perforned in any suitable
t hernocycler and format, such as 96 or 384 well plates. Alternatively, the
PCR reaction may be perfornmed in a field-suitable device, such as a

NI NN~ 2 _ \ N Y. L ~ 1 a0 F A=~ ——y I



Specifically, the higher tenperature will be greater than Tm of the probe,
and the | ower tenperature will be |l ess than the Tmof the probe. In sone
enbodi nerwe,20tdia73aBgher tenperature will be at | east abear/i30@20s32d3 t he
| ower tenperature will be about 500C or |ess. For exanple, the higher
tenperature can be at |east 95C, 1000C, 1050C, or 1100C, and the | ower
tenperature can be 5 0C, 10 0C, 15 0C, 20 0C, 25 0C, 30 C, 35 0C, 40 0C, or
45C. [Q056] A methotHodsbatinBpbisdizativn@sTeilhbeal mididic bed pRbeUs & tapetmor e t han
two tenperatures. For exanple, intensity neasurenments can be taken at a
first,n§@@@ﬁ@“1%ﬁﬁﬂﬁﬁu¥d t enmperatures, wherein each of the first, second,
and third t iJ: -al l: eratures
are indi cat @%‘gt?}gfa{ %dngjilé %ﬁﬁg&&]s Oﬁadrlﬁ\g}%\f‘%g&?laﬁfeﬁi%ﬁd &g ues that
differ lh)pladmunterceactdtpnmbéﬂ% hymdtmsemtthﬁm tdrg@onuctzicanids t han 10% no nore
than 5% no re than3% nore than 1% i ncreasi t he nunber of
t enper at ur e§brsﬁs e(ﬂnea'?‘ﬁglgctbﬁiqbﬁgﬁ‘{:eé‘st%att RS FER Gl&f/egen(t Qﬂmgsemqﬁ%‘?’ é3ed. [0057]
The ratio cgp be grlpHhgIRGIGE df'i'l?e 1@&13&\4@4@ asROuAdtonl O tikdTe.  For exanpl e,
| abel intensity can be feasured following a’PCR reaction to deternine the
presence of a target nucleic acid that is the subject of the PCR reaction.
The | a@gl | AteRHoG Stlaif F2 “hr%rét?:slgetlﬁde 06HOmRiAtcFER freamtd ONtht Sarget
performed. Aratio indicative of the presence of the target nucleiC acid
may t henefwragidavhovthe mtelmtlyszfrtlye PgRl gencpagtediby ﬂweldbelfd)m&@ﬁ]lc 7¢id prabeiis can be
cal cul ate ingle readi ng, at eac and | ower
t emper & ‘i??eéé’v Nk OPWe%at?‘f’ é"gﬁ%ftqu\? 1¢ ??l?ﬂ s C&né“arf‘é‘ota |tﬁ%1§1te@§ hﬁgk%lﬁloat t he
| ower QendthigB 8y theRPaE@hUE1E cABH ;trts& VR s @ BbagED. théuﬁget aveleR@icllg can be
used to prevent errors caused by incorrect readings. [0059] In one
enbodi ment, the hybridization of a |abeled nucleic acid probe to its target
nucl ei qoaci drreaiethéd SledIAgt £ wWhérdiR 8 abEdtRE of ReroslapRenditattatighbienteobthty as a
function of tine. Because the amount of target in sanples containing target
i ncr eadagetoweleiq i@ due to PCR, nore probe hybridizes to the target over
time. Thus, label intensity as a function of tine can be used to determ ne
the presence of target in a sanple. Mreover, the |abel intensity as a
functi @0. of Hhemeethethothdains BY wherade thertaigatenudieic agidis BNAat i on kinetics of the
probe/target interaction. [0060] In one enbodi nent, the nethod conprises
contacting a sanple suspected of containing a target nucleic acid with a
| abel e@lnuclTdieanetbodiofpelaibel 7, dterdiy Brei teigebmuoldic hcid heRNA: get nucl ei ¢ acid and
measuring the label intensity at different points in tine. The slope of the
| abel intensity of a function of tine is indicative of both the presence of
the target nihelmétbodel daianty, wherdin Hetlabgdedfiuddie adig iprobdiis afuoresedntlyhe pr obe
o the ta ucl ei c |d Specifically, a positive slope indicates the
presené%b%égaq? 16 3¢ BF’ﬁucIelc acid when the |abel intensity of the probe
i ncreases when hybrldlzed to the target, and a negative or zero slope

i ndi cates t abs t nucl.ei c acid. whe |nten5|ty of
the profe ddhedndBal G freerdh sl e Gecid oyt ABBETh RS 11 ve

Wit h. $hghha55y, t he slope aIso can be used to determ ne the kinetics of
hybri di zati'on using wel | -known kinetic equations. [0061] The slope of the
| abel intensity as a function of tine can be calculated in any nunber of
ways readi | YrHenaihod 8f Qiign Of, whtkdih tﬂé'ln&{%ﬁnﬁé Is do'ﬁ@'ﬂuﬁﬁ@fé@hﬁrmﬁl%nhl@@ﬁi
intensity datacan be fitted wth a |ine usihg known nunerical methods.
These nethods include |east squares fitting (both Iinear and non-linear),
li near xseqr eﬁl%'r{?éthéd’of“clé‘ﬁh 17, Qﬁ)her@ﬁ‘ﬁ{e ﬁméésuﬁff?%%‘ﬁ% IfloveiHE ¥ PCIONAGKHG | C
regression, cubic regression, and pol ynom al regression. The sl ope of the
| abel intensity can be cal cul ated, either anaIytlcaIIy or nunerically, by
findinggt he r tQ mat i cal
conmput gzt i onsjfﬂaerngéthgdf{)f %%&)ﬂv\%ﬁ"g{e{ %ggleel %?a%sthé fs g&igﬁt?m é%%%fﬁ%ﬁ% | abel
|ntensuﬁybmaﬂtbebnmdQUnemumﬁd&mmmgduhmmndﬂuunﬂhhtPGRsemnwat di fferent
tenperatures. In one enbodinent, all |abel intensity nmeasurenments are taken
at a single tenperature. In another enbodi ment, the |abel intensity
measurenents can be taken at different tenperatures. This situation may
occur during the cooling or heating of a PCR reaction m xture. In yet

anot her exanple, the | abel intensity -22n be nmeasures at different
tenperatures. Based on this data, different slopes can be cal cul ated. For
exanple, multiple data points can be taken at the first tenperature, TI,
followed by taking nmultiple data points at the second tenperature, T2.
Based on this data, two different slopes can be cal cul ated, one
corresponding to the Tl data and one corresponding to the T2 data. By
varylng the tenperature at mhlch | abel |nten5|ty |s neasured t he klnetlcs
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calculated ratios for the PCR reactions. Positive ratios were found only in
the sanples containing the tenplate, while a negative ratio was found for

t he negatwoeomantr¥el . Tabl e 4 BG Tenpl ate Fl uorescent Copiras20aszs3 0 -0.5
60 3.25 6000 5.5 600,000 8 [0070] Label intensity was al so measured using
powder sanples that did or did not contain BG tenplate. Specifically, six
whi te powder sanples were run on the Bioseeq PLUS instrunment, which is

avai | abhe f maemihddef JREHEDT, Whrein feleabiirdh dis ignd\aSlayst ﬁoeamatt@smtme
sanpl e recei ved negative pomder (sanple labeled - in Fig. 2), and the

remai nitiMg-fi ve sanpl es received positive BG powder (sanples |abeled + in
Fig. 2). The sanples werecycled 55 tinmes from between 85C and 95C to

bet ween 500C and 700C. The reaction tenperatures were then reduced to bel ow
the Tm28f t Hdemestleashef claie e amenaothe BRO®N eavaprisesior escent reads were
taken every 15 s 1 en from
m nutes 3t 1]) \%élﬁ)tgapr}goat anépq%%ﬂsgé'éstgi Corﬁ?al'ltuhg %eetg%%ﬂﬁu(ﬁ‘ﬁggga&gtsﬁ@gl cul at ed
by fit ﬂdb&gadtrimeleﬁﬁéo&?d pobagn & sslaaen canpresiisg m,abrEtprﬁnest @peynied, ebstrates dwn i n
Figure 2. [0071] This exanple denonstrates that nmeasuring |abel intensity
over t PHEeQforR paeactigr MUXYES; 38&d t o deterni ne whether a target sequence is
present. | s r gggﬁgl | se positives
by neasuri né;qaa %?IBQ%%L&;L%? ?Y%lvrglr)(futﬁ?%gdean %}nf%?lerent C%Xgls%?at ures with

t he AntémpetatpXGlsuidahdafor af@hifizitid?CGR thetacgdt onsleivecsl. per f orned t o det er ni ne
whet her | abel intensity at two tenperatures at two different tinmes can be
used to accurately detect the presence of a target nucleic acid while

m ni m 2Png fTaalesmetltmiscbﬁdlazimsN WherdaCRersbapetis calsylataf by thakieg tieBstideanative ar e

describ boye .in Tab the prinmer sequences used are descri bed
bel ow © ﬁﬂ"ﬁgﬁli’%@ens[“@f(??é t’@&rogtlﬁ’ hows the results of the neasurenents.
Speci fically, the values in the target rate colum |IIustrate the on-rate
sl ope and ar e of e differential seen bet SItIV PCS)
and a négat i tnigbrl’i@‘efq’l‘i‘ gtﬁ% tersity g3 @ ﬁ&ﬁ“eﬁac ﬁ‘%

tenpl atyg 1&d§p§tﬁiaﬁe§ fiktirde @RGabd) ird@NRy NeGizahbits ad Qﬁlﬂchsﬁefﬁa@pl es that
cont ai néd ~60, 000 anthrax genone copy equi val ents (nodules 4, 5, and 6)

gave PCS calls. The NEG calls show a negative slope while the PCS calls
show a 3posi t’[*h\é?ne?fl&pﬁf claliﬁﬁl’ﬁlvﬁ{%?elﬂ"?rﬁa S eqykﬁéﬁgteﬂﬁ&qgtlﬂéﬁegﬂﬁl Aichsftyh dat a
p0|nt shown in the above pldts using the slope funttionin EXCEL, which is b
= Sun( (deta-as Avgiction of tifye to tmgn(llp)v)tr)g ¢quationf:(x - Avg(x))L2) where x is the
field in sIo PE that contains the x coordinates and y is the field in slope
that cdnt 3Fns®the y coordinates. The results denonstrate that |abe

i nt ensiviherdh ylivRbtIERRAsIRE wIie SRl add/8 idlitefskypent tines can be used to
accurately detect t he presence of a target nucleic acid while m nim zing
fal se positives. Exanple 4: Reducing fal se positives by neasuring | abel

i nt ensizby ovEje hdth®d éNdaidt 1 HiviHebdiR e IPERATA N §8ali1hted LkiAg W RHATIa assay.
[0074] PCR reactions were perforned to determ ne whet her Iabel intensity at
two tenperatures at two different tlnms gan be used to accurately detect
the presence of a target nucleic aC|dxyhute m nimzing fal se positives. The
PCR reactions, which were 25nL each, are described belowin Table 1, and

t he priwhete sdagtestgr dfskdlisg, €x,des and edyid)nrelihblatlefst tiv0 @ifbdreftipmimein3 shows
the results of the nmeasurenents. Specifically, the values in the target
rate céFWhﬁnghlﬁgtrate the on-rate slope and are exanples of the
differential seen between a positive(POS) and a negati ve(NEG call. The
three sanples that contained no Tul aremi a tenpl ate

3
gave NB& callhe methed efglaim L7 dprthes comprisiag ﬁtﬂ&P]ﬁEHg ﬂ)@((tyt;t;élzmralﬂa?ﬁca 03 enozre
Copy eQﬁéol\éﬂelg@ hic16iTRgi! S;f?(é)%eeanvt\ihstlaﬁ ﬁ]@lc aE @%nctﬂ{: IFI%E%EY‘BbelntTeH tyasEG

W a negative NEG ca OWs a weak “positive
slope tfhadtionofitigleow t he t hreshol d used for a POCS call, which in this case
was 0.002. This is an illustration of the background noi se of the assay.
PCS calls show a positive slope. The slope was cal cul ated using the 2nd and
4t h data point shown in the above plots using the slope function in EXCEL,
which is b = Sun((x - Avg(x)) * (y - Avg(y))) / Sum((x - Avg(X))L2) where X
is the field in slope which contains the x coordinates and y is the field
in slope which contains the y coordi nd3es. The results denonstrate that
| abel intensity at two tenperatures attwo different tinmes can be used to
accurately detect the presence of a target nucleic acid while m nimzing
fal se positives.WHAT IS CLAIMED I'S: 1. A nethod for detecting hybridization
of a | abeled nucleic acid probe to its target nucleic acid conprising: (a)
contacting a sanple suspected of containing a target nucleic acid with a
| abel ed nuclelc acid probe that hybrldlzes mnth the target nucl ei ¢ aci d;
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fluorescent |abel are not in close proximty. 9. The method of claiml,
wherein said nucleic acid probe is a nol ecul ar beacon or a linear probe.

10. The mwohod/wafs4dl ai m 1, wherein the target nucl ei c aeCca/usgo@s2511. The
met hod of claim1l1l, wherein the target nucleic acid is RNA. 12. The net hod
of claim1, wherein (b) and (c) are repeated at |east twice. 13. The nethod
of claim 12, wherein an average ratio is cal cul ated based on the repeated
meas lﬁr enent S“].che Metho'ﬁ‘(gf dlmtnhmc;i whikreinh thiefd dke avleast@wo rl:(ble)ed<’:tﬁlldlccja(d:éfcidi]lfn(bbéf peat ed

at the same first and second tenperatures,. 15. The nmethod o aiml3,

wher ei #ha geehivREdizength s didisrat fasest relsly asidpend pasiein %’ﬁﬂ Pigpe th?Elg’r%Ei #od of

cl ai ns in the PCR reaction conprises: i) contacting a sanple
suspec?é@ﬁg?mééﬁpggﬁﬁﬁg the target nucleic acid with the |abeled nucleic
acid probe in a solution conprising suitable prinmers, enzynes and

substrages S{‘é{efn?’é'ﬂ‘fﬂdaofr G L9 HLH H{ﬁqébe@&ﬂldcie)ic £ bl dbgs é@éh%a@@ﬁﬁtég@g £ or

m xt ure  at naturing, annedling and extension tenperatures suita
anpl i f labet.i on of the target nucleic acid.17. A nethod for detecting
hybri di zati on of a | abeled nucleic acid probe to its target nucleic acid
conprising: (a) contacting a sanple suspected of containing a target
nucleic acid with a | abel ed nucleic acid probe that hybridizes with the
target nucleic acid; (b) measuring the |abel intensity at |east two
different points in time; and (c) calculating the slope of the | abel
intensity as a function of tinme. 18. The nethod of claim 17, wherein a
positive slope indicates the presence of the target nucleic acid when the
intensity of the signal generated by the |abeled nucleic acid probe is
greater when bound to the target nucleic acid as conpared to the intensity
of the signal generated by the | abel ed nucleic acid probe when it is not
bound to the target nucleic acid. 19. The nmethod of claim 17, wherein a
negative or zero slope indicates the absence of the target nucleic acid 20.
The met hod of claim 17, wherein the target nucleic acid is DNA. 21. The

met hod of claim 17, wherein the target nucleic acid is RNA. 22. The net hod
of claim17, wherein the | abeled nucleic acid probe is a fluorescently

| abel ed nucl ei c acid probe. 23. The nethod of claim 22, wherein said

nucl eic acid probe is a nol ecul ar beacon or a |linear probe. 24. The nethod
of claim 17, wherein the neasuring is done during isothermal conditions.
25. The nmethod of claim 17, wherein the neasuring is done follow ng a PCR
reaction. 26. The nethod of claim25, wherein the nmeasuring is conpl eted
within the time period of about 1 to about 10 minutes foll ow ng the
conpletion of the PCR reaction.27. The nethod of claim25, wherein the
measuring is done at least five different points in tine. 28. The nethod of
claim?25, wherein the PCR reaction conprises: (i) contacting a sanple
suspected of containing the target nucleic acid with the |abeled nucleic
acid probe in a solution conprising suitable prinmers, enzynes, substrates
and buffer to forma reaction mxture; and (ii) cycling said reaction

m xture at denaturing, annealing and extension tenperatures suitable for
anplification of the target nucleic acid. 29. The nethod of claim 17,
wherein the slope is calculated by taking the first derivative of the | abel
intensity as a function of tinme. 30. The nethod of claim?29, wherein the

| abel intensity as a function of tine is cal culated by | east squares
fitting the label intensity neasurenents as a function of tinme. 31. The

met hod of claim 17, wherein the slope is calculated by fitting the |abel
intensity data as a function of tine to the following equation: y = nx + b,
wherein y is |label intensity, x is tine, and mis the slope. 32. The nethod
of claim 17, wherein the slope of a line is calculated using the fornula:
X2 1 where mis the slope of the line, (X1, V1) and (x2, y2) are the at

| east two different points in time, and X1 x2. 33. The nethod of claim 17,
further conprising calculating the hybridization kinetics of the | abel ed
nucl ei c acid probe and target nucleic acid based on the slope of |abel
intensity as a function of tinme.34. The nmethod of claim 17, wherein there
are at least two | abel ed nucleic acid probes that each hybridize with a
different target nucleic acid, and wh&ein each probe hybridizes at a
different tenperature. 35. The nethod of claim 34, wherein the |abeled

nucl eic acid probes each have the sane | abel.



