+0123456789: ; <=>?@\e3e0_000166f (: _6p_T_?] | MMUNOREACTI YE ANTI GENS OF
HEPATI TIS E VIRUS The present invention relates generally such
as peptides) polypeptides and proteins which carry epi topﬁm@@mﬂﬂmmwnmﬁ
particular B cell epitopes fromanti gen1i C proteins encode patitlis E
Virus. These nolecules are preferentially inmmunoreactive to cOff¥/¥escent or
acute phase circulating anti bodies to the Hepatitis E Virus and are useful
in the devel opmrenIMMUNOREACTIVE AINTIGENS i OF HEPATITIS I A MIRUSigent s for

Hepatitis E Virus. Bibliographic details of the publications referred to by
author in this specification are collected at the end of the description.

Sequence ! Jentl e SMIRE el B eRirkul O bl M Sha0kd oa0d ORS¢
bi bl i ogr apiag prdteiueich éarfy ¥pho pekainkdiih patticlar BeHI BépitopBEfr6ANnEsEnik PEYInGS
ot herwi se) the word "conprise") or variations such as "conprisSes" or
"conpri si regtoded by Hepatitisl® YimsdThesei mpleguleh eare rpréfesintially fimmusioatagtive te nent
or integer or group of elenents or,integers but t the exclusipn of any
ot her el er?@ﬁt/alaccnﬁ@re@ew F@»asrgwwgﬂ@g riBadins © wr}?masaéﬁs%w aad wpseR ti s
results fr ] I L4 B -Qf I i . di terVid L2l
agents. A\}gi gb egaéér‘ra(@)? 1:\(,)\ég>;;]‘;|t glgé’&% (talg’t r'slﬁz‘aalp Ieg\é/lvé'iaﬁé pé?%ly n%és{fcsé%}l%;gd&t%yé]aé%gtgt IS
due to i nfEgis.on with Hepatitis A Virus (HAV) and Hepatitis B Virus (HBV).
HBV is required for propagation of the delta agent, or Hepatitis D Virus
(HDV); this co-infection results in a high proportion of cases progressing

to chronic acti : At S, clipical a | ] L usi . HAV
and 1BV has | e BHOPRBAF deBin ot Fo bR Sfnat s A7 By dulr BB BB eBion
grouped t QeetblbdctadSattBE oAt of Bie-dBs | tsa&ﬁmmy NEﬁibBﬁE(SEq]Hb NOstP74;
Feinstone et al.) 1975; Tabor, 1985). NANBH i s caused by nore than one
viral ageffor thednusieotide and amsmi acid dedpyenees teferreshtoein thespecificstionadre defined

rout es (Brﬁaﬁll ey, %9%8??; R%gs and Baroudy, 1991). The cloning of a

bl ood- bor AR At P& PERIPEEPEpatitis C Virus (HCV), led to the devel oprnent
of a specific assay for circulating antibody to HCV (Choo et al.) 1989; Kuo
2 et al., 1989; Kubo et al., 1989, Maeno et al.) 1990). This assay

predom nant |y dBirecgtout tiiie cpéaifisatioh, uhless i nontest sapajred othehaisef thei wbtdat ed

the identificatiqgn of HCV as the gause ,of up fo 90% of, nterall
transm t t SEOTBRER: OR VSBUA R dSrFOPBERSSIdr, QRErisings ol FEOHRIREand Has

been shownylbly BEG1uich BEk RaGRilaNE oR kAP SF Bilip AURLAS of Byl BRI

countries and Is referre as enterica ed non-
hepati ti s thedxd\WiRtibf dine other eletrentibeintémer ve giode odélextientssortintegersi ssi on and
presuned enteric route of infection (Khuroo) |I 980; Whng et al., 1980).

ET- NANBH has been docunented in India, Pakistan) Burma, USSR, Costa Rica,

traced to foecal SUIPRRTILRPUR TR e R SR nartt 6B By YR ERALAL W™
1 986; Bradpems. kOQ0MMle sdrohgioalifatsiatiowihe diaghdsis lof\Weste Mepatitisttiielto sifeerbr O
passage successfully in cynonol gus nacaques (\%yno) and tamarins with

typi cal |iwidy Hepaytie AeVinuat(Hové) andl Hepatitie B/ \GrusnGiBW)| JgBYaisl sequired fer 27

L e e m e e
Bradl ey ety Righ) prbB8rfion/¥facdsad beogedssily: to %ﬁ%ﬁ)e actiRey lEé‘paﬁiisﬁ'The( 498641 and

recently reported the isolation of a partial cDNA clone fromthe virus

r esponsi bldéagnosticaxchisiaigf BAY andHBY hiab tedrtewthy racdemitiof iof dthay bepatitides that
Hepatitis E Viyus (1-~V). The expressions " erical Ltted nop-A
non- B hepafSeE foMmepToRiIoEetag g orr & BonH hepatiisd (e NeHheE o ol

| nt er changeggh! ¥einghgd ?: 50, 1E5eTab 5’1‘?8’55)( UﬁANBﬁME%a&Ed\ng&léreMlhﬁ Bné $iral
capabl e of “causing I nfect’ious’ hepatitis tom contam nated water) whi ch IS
transmi ssiagest anidcaababbsmitted bysddier pareterdndd fegalforahmatese@radiely, 1990a;
tramarins, which is serologically distinct fromHAV) HBV, HCV and HDV and
whi ch cor‘r&q}’%énéBéé%@bﬁ t9%c! eoti de sequence, a portion of which, at |east
i s honmol ogous to or substantially simlar to or capable of hybridizing
under |ow stringency conditions to the all or part of the nucleotide
sequences set fTHd dokiRg of AWISodL berae/agEnt ke ﬁepaﬁﬁ?@ﬂr@g(HQWE,'VI@&'t@&xeand a
definition of stringenCy conditions are set forth bel ow. The HEV clone was
from a Burdenelopmieat &f afpecifis assayfor ainchilanydg antitody toH GV (Chew ¢rerde 1951 KR ve
ot her distinct geographic isolates. These nol ecul ar epi dem ol ogi cal
findings are consistent with the avail able serol ogi c data bﬂ@’ﬁﬂ"”mu’m’mﬂ se
of imrune el ectron m croscopy and i mmunof | uorescence bl ocki mat
indicate a single major agent is responsible for the majority Ofgodsdix NANBH
3 Ticehurst) 1988; Bradley et al. 1988a;
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.5a Substitute Sheet - 6 January 2003 ~ nl0leCtlle nlOre InLet'3Ctive with
acut E phase anti bodies rd ativC ~o conval c; scent phase antibodies. In
anot her enbodi nent, the nucl eotide sequence is from ORF3 or the 3' end of
.ORF2 and encodes a txtol ecule zz~oze i fttezactiwe w th conval escent phase
antibodies relative to acute phase anti bodies. The preferred nucl eoti de

f th 6,,t t t i f I,
Genatur i el Pl 1989 oKBbS PLAE Tor S1GRO 8F 6L o0 This 453 BFBRRat desects o1 «
X oVl Uy, ¢ o the: . !
b PLYn A A 0 e B T B BETEATG R s 2,
"conval escfup to Ph¥sef paentermlydrinsmitee) WANBH d@ssecond epidemiolegicallpdizdatt vel y

the period during infection (acute) and the period begipning,fromafter the
peak of i FTECef ANBE hes Pepn: shoymy ac%mézoﬁse@ﬁsmﬁeﬂ@ap@rad&s RASteMmsdinpost

i nf [ The . f_knf [ i+ b [ f
exanl ¢ 15/ BPiAE SPEFRERE § rsfisad SRR PERRIER i 26 S8 WEBLE)
the conva{EPoeANBR)oAR toStsORBRF-Bbiné MbALHS S rR@miofon X8d padtainkerenfsiRect
of the present invention is directed to a reconbi nant ﬁOI ygeptl de

conpr i si ntpute ofinfention{Khoreo, 4980 Veong ef ale §dR)c &I -NANE eeh ddcuseentedi no
aci d sequenge,.i s,encoded b | eoti de seguence sel ected fr or Within
R i d B PSR, i VS, Coita e axiam 390 S Sl ANe it

non- HEV e i , ide Ok.LhiN c?df&'ﬂirﬁ : ively
GST. Pr efﬂsr;g%ﬁ% B?ﬁg&#rcgit? Oéa%&ngﬁgsla% g?éeg%efﬁgéél fs enco ggqu- ngaH:t%he 3
end of ORfEradieg and Magrard; ciS86eBrididy, t290b) The eatsafivesizaleagentwal previoaslyEV.
Alternatively) the first amino acid sequence is fromthe 5 _end, portiaon of
ORF2 and $h9VH} OrRASEARE\PUFGRSEEY if GXNOMAl BUsHRARAGUESXRO)ANG; IBBATIBRS WS tlCAl The
presence ©of..S [ kal ly i I+ i i gens
provi des lzver}.eean Oeré(}{ag??s{]aﬁq%&?ﬁe@bi%ﬁ%&lﬁé}é%ﬂ{%@g?g&g%?ﬁ an@sg@%te

( cont enpopativles s thd fecesbf SlinivdlisBedii¥ns AT exXpériginyal dnhieals(Balagdn érpfent i on
al so extends to a nethod for distinguishing between conval escent and acute
phase i nf E283; sndispamideeyt ah, H86; Miadley eanl. . WHSTH Arenkadld erewhs LPRD. t he
reactivity of scrumto inmune interactive reconbi nant nol ecul e encoded by
ORF2 and/or ORF3 or nore preferably parts thereof. Mst preferably, these
parts include Rlgesder AN ' i of 8HArPRACONA or
is a chemcall ;!/{ ?r%sgfrfi e 9?3? Ecggd)g{-cfpjﬁlgalﬂg\lﬁlﬁﬁ?réoﬁggul e such as‘,_: tr_%%eé;r%ose
epi t opes the vims mespopsible fanBTNANSHyiand termed e qmvey ddrntified @gertdie Hepatitis

provi des Jso cleic acid nolecule sugh as or | ecul e
conpri si ngr\é‘f%%é%ﬁge%F CRRICFBOAS gBsrs HP-‘FF&“BF&‘E ’&%hﬁgFNR/Aa t'g%'%
sequence Eg@';mg’v E0¢; 0l paptyd LV fhEn g ! g cute
phase antllQ odi es’ t}geplggﬁf E?g an Azﬁet gﬁgt ?{/ccelﬁsgr%%gl nen%%agﬁ]%&%%\gtsir g{'tb 2

pol ypept i disunor fypetofivirus svhiclt srcapdble ef vausingtiafebticusrhephtits from comtiminatad ut e

phase circul ating antibodi,es to |-i EV, According|ly, this aspect of the
present i Fght W&?th}sovmssablse%@nﬁmhht ofyBrssRas & Eﬁiwﬁﬁé“;;“ﬁ%"é*ﬁ 3gdi t'ope

f | s . PEOLE ; |
part §her SaReRE hicihiEbioaRaR Wil sEHl RAY, S5V 1y BRIV RK O
froma se@bmpﬁsescagimhﬁé ROclestidd dequehcals peRiondsTS~IE3R tat tlenst is2tbnidTb¥od) tand

5106 to 5474 (ORF3) in the HEV genone using the nucleotide nunbering system
of Tam et Omsubstangielly similarsonrdapahle @f hybgdizingswnsier Lo isainggneyeangditiongtto

expr ess oAU b BRSSPy Y R i oGRS P Prlea,
The : eCORGhBRBiesRIdOs B¢fniA6E OF dirRgeid é%ﬁd&i@%&?&&ct%nﬁ%@ldﬁﬁ.esent i nvention

is generally an isolated nucleic acid nol ecule conprising DNA (eg cDNA or
genom ¢ DNA) or nRNA. The reconbi nant nol ecule nay be isolated directly

o e OS8R Bl A e S e S B BER B
stepwi se additi eot ;

i nvention t =T o : i :

manmal i ann‘%géiﬁgtgctﬁ%el tégﬁ‘zﬁto@n@d{pﬂ <'J’t ﬁﬁé%uaaglergig%%?ﬁ?nf pﬁﬁo&?}géoﬁceél A
pr ef er r edfindingsl draronsistent with e Ghiilette stlalopic davmssd ECHEY uselof inmme ~ A

preferred bacteriumis E. coli. Preferably, the nucleic, acid ml ?cul es are
DNA) at | elsstropmieresepywad immvao Bueresnsorallosking sudigs Hiabingdinata amngiamajper

correspongj o] t, of t.he nucleeti n ; ' es 1
(S 1 b NG9 5rebinefle B B mbjiRgT oF SENARBRE G GRA0R ot A
honol ogue or anal ogue thereof or one or nore sequences conpl enentary
thereto. The present invention, however al so extends to any single or
mul ti pl e nucl eotide substitutions, deletions and/or additions to the
sequence shown in Figures 1 or 2 and which still encode an epitopic region
of the HEV genone or fragnent or derivative thereof having the requisite

oy = - v n o - o o




.92 under conditions sufficient for a conplex to form between the peptide or
pol ypepti de and an anti body reactive to HEV and then detecting the conpl ex.
Preferably) the biological sanple is serum a blood derived conponent such
.as whol e bl ood) serumor plasnma or a s8cretory conponent such as saliva.
Even nore preferably, the peptide or polypeptide is immobilised onto a
solid sua_port before, during or after contact, wt rH]e serum Met hods of

1

det ect i on icghirshel §88k Rsadlew e al.nk 98836 Keawesvinskit and: Bradley: B8« i Eamnef al.

ol vi nbt SRR P POk s B B Bfer KT R SR IeR 1 P dahieg L
I ncl udes yirAecluRé togéiterivithbmk MeBudddoiming Gofd fidBenckl! s assay can be varied in

any nunber of ways wi thout departing fromthe scope of the present
i nvention. Another assay contenplated herein to be useful is the AGEN red

bresent | nvenFEY Baf 83AE SHIGEE BerABe R PobegRa A A ar obBry el br Bey
Fr agnont e Bl e Aeuih g 003 (ERE Hi1cHeta 8 ORF) YORED ORES.
scr eeni nQpas yéuding fedrhe 2 afd ORFIUGE paiialld @begiipip iordiffetedt réadiig Ramed adde

titre of antibodies in a patient's serum for exanple using enzyne-|inked

i munoasawgythewght iiensofersmataret pipteing of the simoPoey resdingnframe luon te other assay

usi ng ant]j - CO s_or..t ke, Th f pr esent

ovent | R EERR SRUSRRTS pibheibd Fod alinet ORFTRY b cetebBle Ry or

determ nation of the titre of antibodies in a biological sanple (e.g. whole
bl pod, plasma, serumor saliva) froma human subject, said method

conpri si ng coPespits thg avzilabilityrf] imminohsseppfardhe detectien o aptibadies to some
correspondi.n i tqpi g regions of, the HEV, gepone.or, a.fragnent aqr,
derivati Mﬁ@&gﬁﬁ Eﬁpﬂac‘%qewba?raeﬁﬁ%ﬂgé@m 3g§n%ntgk]9gg?téqrﬁs g’&?" ZaRidl| ex
to form idfbRioRe Riond ' : : i i o HEV
and t hen feo\teggé]ll ng toﬁ'e corrgc}‘%éﬂg’% %fﬁg{r,r%ﬁ% 0 ﬁgelg{ta?ﬁd%p%o%gfb%ke‘%ﬁ; e

whi ch hafrole dothoendethic ranidhgor-endengis . arbisef dundhbymoreheheeplaticeshiy beodeapept i de
is imobilised onto a, solid support before) during or after contact with

t he sanpiRtibedy inkeachity iaadsimypunybl {9 spinfegien spmains uRelear.n angd gthered.

Al ter nat ' | t [ : | esul t
recont | 1 by EataR O St e LA Bl fibuthod SbechubBRTbLIE

possi bl ethefHEV, for3vkishanieed ddly exit€oai pakicaat, ibabuld &8 uhést bapéfitilapse been
caused by anti bodies form n? conpl exes wth HEV thereby not being avail able
for bi nddenglaman assaywbichraonld disdeguishsberwearnaciemplase antibgdias(coptemmmvatyrmune

conpl exeg, ..S&r r er _bial ogi fluid is gontacgted wiih an.anti-HEV
ant | body ARG bHerBbd B o8B RpcREY inthetion e E3hRgfivat bhiks HheBRe

suf fi ci ewhichQemaintir¥headitcusly ah Mo S r&8Fystent didiimfdetil Aidmhaptontribhe

anti HEV antibody is first imobilised ontd a solid support. An

anti - i menisgnumity tonreifestinady) generally with a Label or other reporter

nol ecul e attached, is then used to screen for the anti body conponent of the
HEV conplex. One skilled in the art will imrediately recognise that the

assays as con{eRpjrRiiedidienpi ﬂi@)@:ﬁ&gﬁ@ﬂwnﬁeﬂ, Wet HREhtoEBAIGH Y HERRyt he

scope of the present invention. u nodi fications and variation$ of
t hese asemicpesrand ampartipalasBael gpitdpesprmepentides, polypeptides aiderptesencededf HEV

conval escent an acut e .phase anti bodies ~n a sybject!s biologicgl fluid
(such as“’%ﬁ%ﬂ @eﬁflﬁ{ﬁcﬁenwséﬁﬂ%@ URPEVeHpoOM Y TERY a@%t%@?@&‘%&ﬂ“ﬁg‘% wi de
range of gj Il : i i Nos.
4,016, 0&{:{1%%}:'@%@@%%@5@% %ﬁargggﬂgﬁ‘ﬁf%&%ﬁhﬂgg%%ﬁﬂsw@ g’@?‘%ﬁ%ﬁd

t Wo- si t etheQireseaningention, peptideaysol phepties ARl proRiAe vetd teeompixansly @gpresded as in
the traditional conpetitive binding assays, Sandw ch assays are

par ti cul Epmynusdeie acidanefesyies derivedifran is the HEY gggemean J he epitopic and

| mrunof | yo ' S I . Conpetii tive,bindi i .
radi of miineRSEpL B ARG Opleiedions SRERS besk IR PEs BT AR .
of assayofintdradtBRGNE affibddies SREFIOVHIEY, fHRFEby BEminFRthe badh Soroy Atw g’ and
t he bi ol ogi cal sanple enpl oyed. A nunber of variations of the sandw ch
assay t echliagnestisxitberapemtic and prophyilactienprededueso fore FiENwp abrtengstingly, hthe
present jnvention. Briefly,  in one assay) an unlabelled peptide, .. . .

Dol y pept ITHERH G5 CEIeHT i it A Por a0t BEUA SRpeh Yy BIRF G inkibfa! o
of preferably binding to acute or conval escent phase antibodies to HEV is
i mobi lised onto a solid substrate and the biol ogi cal sanple to be tested
for HEV anti bodi es brought into contact with the bound nol ecule. After a
suitabl e period of incubation, for a period of tinme sufficient to allow
formati on of a pol ypeptide-anti body primary conpl ex, an 14 i mmunogl obul i n

o o e - T . o o o Y




.Figure 6 shows the cloni.ag strategies for (A): HV cDNA clones; (B):

reconbi nant HEV- GST fusion proteins ORF3) ORF2.1 and ORF2.2; and (O : the

reconbi nant HEV- GST fusion proteins ORF2, ORF2.3 and ORF2.4, The

reconbi nant HEV- GST fusion proteins heétein described. The ciRAIMU8R8Yt s of

1658, 830 aad 380 by were generated after reverse transcri pEidSRUENEOPER of

HEV RNA extracted tomthe bile of an experinentally infected nonkey, while

ot her PCR products were generated fromthe clones pGEXI-AC3 and

pGEX1- AC2.2. All DNA fragnents were purified by agarose gel el ectrophoresis

and_Pr efofn (d8fe Bhsi€ fi'l 348 Pangtlof Widkndsih) Bt Sha bl Bl loriO brULlIBAL 362 ©
- pr Ot

hepatiti's Séfa agal nst reconbi nant T- ORF2. T and el ns.

Appr oxi IHEY| Integpsaholyprhe tsvenforeholk detrmitudrthmtons poitinofangolesilesadodsdhyer e
m xed and el ecttophoresed oa a 10% w v acrylam de gel, proteins transferred
to nitr codPREmsydnhibiver elerristisduercthp rpmKReeinirackvida stanvtherpertivamfitansmeas

h i d with 1. 500 di | ut.i i - 10,000 diluti
of - RPOTRPEEa hoY HEearRe: dicttinst Rt e T b 3R B bt eoma tyaising
| -1 Rl 0GRALAGAEEHD albcdaBited iR iSHTHEdts e eS By hNGSEeRE & pg‘_@%%%'s. MV

bi oti nyl at ed nolecul ar wei ght markers (sizes indicated at left);
acute hepatitis A, 11-18) acute hepatitis B; 19-23, acute hepatitis E. The

positions of [eact.ive degradati roduct.s of. 19 GST-AQtF2..1 and T- ORF3
PoTosed ang. chEmrinEsh 959 et R thd BRSSH ResPrion PraudR et BRE Belroaies

i ndi cat %ﬂc@dedr5;@&1geqquth&nﬁmﬂemwecMSﬂr@ﬁmhéoligttcogiist%Tog%%a-réacaﬁg frame
GST-ORF3 with sera _fromthree rhesus nacques experinentally infected with

HEV and (ORI &echORF 3 of FlepatatigB oV ivwst (FLEY ) efuapmsitastt of erivativgi ofesaid OBFZ arm

, ' . Th f
20 Pl ROyl P RS0 B 040 B o
col | ect ia0gqhen@eenededtidgs cémplisifg "URF3DiRtd padt af CORFR! asd lvﬁﬁcw»aiowézthlle is

markers (sizes indicated at left). Note that reactivity to GST-ORF2.1
r emai ns pasferentally imnapnolegienlly dntpmetyedia efther conyescerd phase| oz agiEs Phase metilsodies

o orr B ek hd SR et P ione bl ordne BR T RR P on

prot ei nst Fdle6iRie?s 10ddeididy SEF based ane teamihatinged nitle GRS 47 (@TF ) BOThat
el cctrophorcsed, and transferred essentially as in Figure 3. Serum sanples

are fro#egine bsginpineat sHeIRptide I7gerteading (O&P bagqsyand tarmingingdifsbasesiupseanand

'l cat on it P RREPRAA il B AR SRR e WIOR IR O T ¢ Pt
to GST-ORF2.2 during the acute phase of infection, but is boosted after

rechal | enge and subs_e&iiently remains at higher levels than that to

GST- O1ZF2. 2. Inmj gupasticwasly prefamed compbedimient f the apressat- igremptioncsT doreted 1t0 ab)
GST- A ZE :a - . 1 - T J 2S. . an

Fusi on B Sy R sEBbephdt edaed b padtlide - DHIEL LA BERAR oo AN

t L ansf ercie 26 QSEIBQiI(EI I;I@:IE&, dlarzd:i.thSEQgD Ser 1y ﬁW.QéSEQGUKOM%MoM.W' S
shown in_Figure 8; (A B C eys 1 M32 and M33. Lane MV )

b1 ot | ny (SEQEINBIE2E B clerdpe QB MR, o Rrmtiiie Via CHEYD v depletesin 2
appear s giguki £oi Bndoded Ny AR ARlde SEGHISRE EpAYEDF RPN WivhRe T G 3
and GST-liclefZ.?lz br eakygwn pr odugt sq%tﬁl GS'Ip ORF2 agﬁ{wel Inwalts «t«%ﬁ%ﬁ%{@y
GST- ORF2o8disinds @3R2CItT E2ndledtids ssquencoseleeied om domech@ ojonedal; telore 24, tlonacut e
phase sera. d 0 Z}gfm\ﬁ%ﬁ{l EPATTL S. E VISRUS AND ANTI GENS THEREFROM The
strain of fRe¢C0Sed 9 s denictedi RIS 5 sol ated frominfected i ndividual s
fromthe Xinjiang autononmous region of China during an epidem c between
Sept enber 1986 and April 1988. Aye TT et al (1992) reported that an HEV
strain i sol at’Ezt ttrmotietorbinaaidnéleciile/i id thik sorfiexs mduries Xipaptidanpplypeptids protan

regi on' of i na had ,93. 9% nuc ti de segquence, hqnol ogy with the Burpese
Ctoain Oramerica Suiyasny et L sEors B aaler e R B PH Ot e SISOy s
w th fecal..saamh Jiemd afss it g iy G weenUs) ; X-Y
et al, 1%5&). Thgﬁnr%nkeys é\if\%&éﬁé&?%iﬁ%&i nf é&élﬁ?llﬁ}[/ﬁ@%ﬂ%g@%&ﬂe
excr et ecdripnotein dnd dpdpdidanpblypaptide oopratéie ofmakdlEV Trhiginguchks butt naj dntktedas e

i solated,as,,toll in erse tr.anscri se PCR .. (, Eziractj oa of RNA
from bi |*&a@?f&-ﬁ-ﬁ%ﬁsﬁr@h«%@ﬁ)&faﬁﬂea& b‘&%o‘;%ﬁ)g%sc“i“’y %PR’ryB}#’?‘?‘fé’ ‘5%‘?‘%51%&&1’ of
as i nf eclied thbIeEMS cHRIMKEYS Bibaf@iRity éhddinabd@phy. nocul ation. An aliquot of 10
p.l of bile was m xed with 26 ~1 nucl ease Tree water and 46y.1 G T (4M
guani di ne thi ocyanate, ~~ mMsodiumcitrate, 0.5%v/v sarkosyl, 0) 1 M

2mer capt oet hanol ). An aliquot of SOp.l of 3M sodium acetate (pH5.2) was
added to the m xture above followed by extraction with 450A

phenol /chl oroform (5:1 ). After separation by centrifugation, the upper
phase was transferred to a fresh tube containing 2~1 of 10 ng/m tRNA. The

o L o — — a Y - e o o NN~
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_P4740: 5' - GTGGATCCATGOGCCCTCGGOCTAS' f T~f GT-3' (forward) (SEQ 1D NO: 11)
P3566: 5' - GTGAATTCTTAGCGGOGCGGCCCCAGCT-3' (reverse) (SEQ I D NO 12) The

second priner pair was designed to a i fy 440bp fragnent ée
) :
?%3

.overlaps AC2.3. P2: 5'-TCGTAGACCTACCACACCTG 3' (forward) (
P5019: 5' - CACAAGCTCAGAGCCTATGCCG 3' (reverse) (SEQ ID NO
Prior to PCR anplification, the RNA was reverse transcri bed |nto cDNA To
each RNA sanmple, | Opl of RT Master M xture (4pl 25mM Mgd 2) 2. 0pl | OXRT

buf Fer, 2. Op]InI S MNP WAt X e R escht RbnaOONg/Had %@N%ﬁﬁﬁtsﬁg‘lﬁ%ﬁco@er@@%ﬂ
rRNAsrn 5pl AW RT) was added. After a 60 minute i ncubation a t he
reacti orneumbmmtlrmiems SicndetheORER dnd irepastiewan the Shiepd Dﬁ@RFB rang OﬂFﬁJares

For the PCR.reacti on, Mast r M xt ure 1 nucleasefree

wat er) 3apgble 25 pferaseing @%tbp”ffnrg;’raat sFeEim’émé'ngﬁ’ W iemcﬂmenen

9 0) 1 0.3
Anpl fﬂl‘}é %%g?ey%se I%‘% gfrrgg\g%%fvg‘? ‘éﬁ?{ﬁi‘gg eréﬁg?%mfﬁ react ?Engsgnd

over | ay adtibédibs §&1epdtcdntmehcamrm parti¢lee parpé.i fAccaxtdimgmo Vs asprat bl de pratertn a

t hernocycl er, (DNA Ther mal cler 480, PERKIN EL R CETUS) . with the
fol | ow H&YCEyien; B reprsoaroame%a Rapt AEBHIG BF 99 PrPiAe Whisdds prreeasatiady  r om

1 t |

or 21225Eraﬂrhﬁlrfo%ﬁag“%é;ﬂ'aﬁr%é@m SR e b e Pla Do B 1PV SR
2 CO\ISTRHG'|IQNte@:as|§&RRESﬁJc®}cmtiBh,etl-pk'eaimpfbs’lcﬁﬁdda cbcvmbigars tpeptidgrused
in this study are shaown in FH‘%ures 5 and 6. PCR products were separated on

a 1. 0% wolypsptdewlichds preferghalit gmaﬂn%leslaeﬂmﬁerwu(eomie):wtsmwms 1)

and 165 SW vered by cutting the bands out of the gel.

EEwaé/ra urr\gmg us?tﬁfgémé Pre- A-Gene kit (Bio-Rad, USA). Fragnents
CRFS and CRFZ O were digested with EcoRI and the restriction fragnents
(370bp or 820 bp) were, separ at ed g and urified, as above.

Appr](c)X| natel y\srrgedoherenFahw gy WDRWW@F@ Fheg‘a'trb@‘(m(i)h 10
B
. e s SR s e

E. coli agdifd _Mﬁll@mgém@ a Biotech) USA) using the Gene Pul ser
(Bio-Rad, USA), and plated on LB-anpicillin. Plasmds were prepared from

t ransf or mant s by m ni preparation and fol |l ow ng EcoR~ di gestion were

T oat od-wi ¢ n MARRAs Sy 1E RECRERLE B! SR bl MRl e GR irdnd S by RE )
Ca) uti hdrziinal) Ehe pa’meu F ORITSebif @edttidmanthointemetiVitneacor fReR amd&e& to

give the ptasmd pCR— 0. After transformation and sel ection of
r econbi hahliEY apdithefy’ éde (§1-tesroinsd) qndrr@r@m9fe©REa exlbiiagreater irBnombinttragdisity on

and the resul f urlf nd | i i | ..as
Sbove & ErveIisra apE Sabe s HEV ih rseal o B e G e O el e N

di gest eQ’chrﬁmQQﬂB' emcara 8@,&&1 tdénmbnaﬂdec&ame m’[ﬁhﬂm‘ixﬁ&h&tﬁﬁi}" oTithd CAGHRM! o
1390 byfromp was then ligated with the fragnment from

pGEXI - A@eriprsont a| n| ng the pGEX 1 sequence together with the ORF2 sequences
downstream of the Kpnl site, to generate plasm d pGEX 1-AC2.2. The plasm ds
and cloning strategy used in this study are shown in Figures 5 and 6. Three
cl ones) pGEXIAAGBIingIGEXhother adpean df mﬁE&kesAﬁZuﬁ):nW eomtOnplakddCd ectohibidant S
Iaboratory earlier. DNA from plasm d pCEXI - AC3 and pGEXI AC2.2 were

ext r act &@plpen ﬁﬁmqﬁeébaraaae%wcawé nH%‘é@P% comppringL2RF Her pagp-ful I@ngth@lsd‘x e

S300p. noeTieRt LHR By % il aP PREF o FET BEF Sl o Rtip iR "2

and |i ggberentitl ﬁﬁﬁéﬁtxvctvﬁlﬂg%mﬁa&&&nﬂbﬁﬁmaﬂtlmg to MEV 31n AeRlidtbds E’c@'ﬁxcrc
product fromc&d X 1-AC2.2 was digested with Pvu and EcoRl (3608p and

| i gat ed mpnom a recombinant msdeculegysednd Wira gquensp of m@ﬂno@dcszcompaxsmgra nBa-rﬂﬂl 1

cont a naeraty SRR SE R the 8P GBI REp bR R e AR B G fammpteft
EcoR t heprdférgatiAL m&&tﬁhwﬁmﬁte ﬁlf@@ﬁﬁmoc@is th32Bpp from pGEX2.2 to give

pl asm d pGEX- AC2, which contains full |length of ORF2. Sel ected col onies
from each transfor mant were then induced with

|sopropylth| Xanen 0 usi on
prot ei ns of t e%} %%{h?%nglﬁ’fgs Jeﬁ%&%ﬂ%pegu un d&ﬁ%&@%a NS
The transfonnants of pCGEXI-AC3, pCEXI-AC2.1 and -2.2) and pCGEXlI (as a
control) were grown for 5 h in L-Broth nmedium (LB) containing .SOp.g/m of
anpicillin. An aliquot of 0.5~! of the overnight culture was inocul ated
into 200 nL of LB plus anmpicillin and incubated for 6 hr. |PTG (200 pl of
00 mM stock) was added and the culture was grown overnight. Cells were
peIIeted at 4000 rpmfor 15 mn |n a bench centrlfuge The pel l et was
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_EX, A 11~LE 7 EXPRESSI ON OF HEV- GST FUSI ON PROTEINS C ones of putative HEV
structural proteins were constructed in the highly efficient pGEX
expression systen) giving rise to proteins fused with GST {Fﬂ? cul ar

.mass of 26 kDA}. The cl ones studied réBresent t he conpl ete % Fggggf ORF3
(GST-ORF3), and partially overlapping sequences within ORF2
GST- ORF2. 2, GST-ORF2.3) CGEST-ORF2.4) as shown in Figures 5 and 6. After
i nduction with PTG bacterial |ysates were found to contain unique
proteins of about 37, 39.5, 49) 56, 86 and 97 kDa, consistent with the
predi ct ed {Hté&@é“:@dre BESRGve wilesere dﬁtﬁh@&@h%ﬂx&ﬁ%@ﬂﬁ@% cohvbRehd phsse
not ed that pGEXI - AC2) pGEXI - ACZ. 2 and pGEXI - | encode protelns haV|ng
conmon @n‘tt@b@ﬂeﬁll I srenhersentodigenththeenucteetide seqEne® isdrorh QR oér ieFY)end of

pCEXI - AC2. 1 encodes 273 am no acids, that is the nost _Cierrninal qne-third
of O t F2ORGA nn@expf@ém amkczleﬁa@reanwwmwa|¢°@¥a1§ﬁ§mtcnhaéﬁ angivadispieiativatods,

and pGEXI- has U f ids and therefore
represeﬁFg SeﬁﬂﬁRdé gﬁ 3 %&f@&ﬂrﬂde%éaﬁﬂ%£§géﬁlt shoul d be further
noted that pCEXI -AC2, pCEX -AC2.3 and pGEXI-AC2 4 encode proteins having
common Ntermni (representing the extreme N-term nus of ORF2). pGEX -AC2.3
encodes 1509 am no acids, while pCGEXI-AC2.4 has a C-term nal extension of
110 ami no acids and pCGEXI-AC2 has a further extension of 400 am no acids or
the full-length ORF2, as above. EXAMPLE 8 DETECTI ON OF ANTI - HEV BY WESTERN
BLOT To select conditions for a sensitive diagnostic assay and to exam ne
the dynam cs of anti body responses to each fusion protein, western blots
were conducted to detect. anti-HEV IgGin sera from acute-phase hepatitis
Fatients and from experinentally infected nonkeys. . Detection of anti-HEV
in human acute hepatitis sera Sera from well-docunented cases of acute
hepatitis A, B) C and E were assayed by western blot (Figure 6, Table 1).
The results show that none of 10 Hepatitis A and 18 Hepatitis B sera
contai ned 1gG agai nst GST-ORF3 or GSTORF2.1, but 3 of 58 hepatitis C were
weakly reactive tq GST-ORF2.1 and one of these was al so reactive to
GST- ORF3. Sixty-one of 66 (92% acute HEV sera from Xinj tang contai ned
anti-1-iEV 1gG that bound specifically to the GST-ORF2.1 band but not to
the negative control {GST). O these, 5~ were also positive for 1gGto
GSTORF3, and one serumwas reactive with GST-ORF3 but not with GST- ORF2. 1.
Ni ne of nineteen sera collected between 3 and 9 nonths after suspected HEV
were reactive against GST-ORF2.1, but only 3 of these were active with
GST- ORF3. When tested using a comrercial EIA based on ORF3 of the Burnese
and Mexican strains, only one of the conval escent sera was reactive and
this serumwas reactive against both GST-ORF2.1 and GST- ORF3. 28 Both
fusion proteins were) therefore) inmmunoreactive by Wstern bl ot and
resulted in_a high detection rate of anti-HEV 1gGin epidem c cases of HEV
in China) wwth a high level of specificity indicated by the |ow reactive
rate in other fornms of viral hepatitis. Some HEV sanples strongly positive
for antibody to GST-ORF2.1 or 3 were also reactive with degradation
products of the respective fusion proteins (indicated with closed and open
circles respectively in Figure 6 and subsequent figures), but no sera
showed reactivity with the control GST protein band. Detection of anti-HEV
in serial sera fromrhesus nonkeys Rhesus nonkeys were inocul ated
intravenously with a Chinese strain of |I-iEV) and di splayed an increase in
ALT at 7-26 days indicating acute hepatitis. Serial blood sanples were
tested for anti-HEV IgG by Western blot, and the results for one nonkey
(M27) are shown in Figure 7. In this nonkey, antibodies to both GSTORF2.1
and GST-ORF3 were detected at day 16, with anti-GST-OLZF2.1 continuing to
i ncrease throughout the study period whereas anti-GST-ORF3 reached a peak
at 71 days and then declined. Degradation products of both fusion proteins
were sonetines detected in Western blots, as indicated with open circles
(GST-ORF3) or. closed circles (GST-ORF2.1) in Figure 7 and subsequent
figures. Al 7 nonkeys seroconverted since antibody to GST-ORF2.1 was
detected at day 14-21, imediately after ALT el evation. Antibody to
GST-ORF3 was first detected at the same tine or 7 days after first
detection of GST-ORF2.1 in four nonkeys, but was weakly detectable in only
one serum sanple fromeach of 2 nonkeys and in no sanples fromthe
remai ni ng nonkey. Antibody to GST-ORF2.1, therefore, appears to be a nore
consi stent marker of infection in nacaques, as was al so observed with
sanples fromnman (Table 1). Two nonkeys were rechal |l enged at days 53) 107
and 316) and a thlrd naney at days 107 and 316 after |n|t|al i nfection.
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_31 vaccine recipients who have antibodies to GST-ORF2.1 as a result of
active or passive imunisation. EXAMPLE 9 Recent infection can be di agnosed
on the basis of antibody to ORF3 and/or increasing titre of antibody to
.C-term nus ORF2 and/or antibody to t heBN-t er ni nal part of ORF2) while past
i nfection of HEV can be di agnosed by the presence of antibody to ORF2 with

or without antibody to ORE3. Antibody to ORF3 i.s ect to be, present
only in affAtBERSE P GHPIE PHAPeH domeariple B depetuing TURVEH gngena&maq then

or 11 ve) pieEHE e RROSE dosifonties T BRbGHIER iihibilten, & Bofcfiote B NS £
Lo CRF1. (Ve End oY oveP NN T i AGKd ﬁwfigozamdwt&mmmesonal

approaches to reconbi nant vacci nes genera rely on using either synthetic
peptides which are small enough to be chenlcally synt hesi sed, or

nbi nant or, fu v ot t { f th
ot gen of i nidheds 24" sBnEH BRent CHERER G B Rt VPRESh SFigG  fa e
previ 0“'%3&8?9&2 P&S&B{mﬁ%'ﬁ%&x @@ut@ﬁi‘rﬂiﬂﬂ R ARy ?roﬁ;‘ﬂfffrr heer. a

key featur esent 1 nvention e disparity Detween engt h of

r econbi nagdzkldE\hfpamjneuxtmdmgﬂﬂwmwa conwalesoent penoReto arﬁcmdrpbsnnfdcaom The
only the Ctermnal rdo[ , |S|nfact

GSTORF2. 1, rese
far nore %Fﬁﬂ% ff)wfqege@ﬁwp%@em xé¢ aOf{SWzﬁFFdiv goréxmpn npr

el act 1 BarSRL fighefe cRRRb I HE Yoo i sl of o B B bty ﬁ%?
conval esaffitperidda al nost exactly m rrors that of such N-term nal proteins

(Figure 10). Full-length ORF2, therefore, does not efficiently present the
epi topes found |n GST-ORF2. 1, which are likely to bé inportant far

i h al h iy | h
protect i ve hugtaebailobts 1F95e sa;ssgmmé‘w%oﬁvair%ﬁ ofos BB | e
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under st ood t the I nve such” vari ati ons and
modi f i catac@sequﬁm is e3zoded/ bytai muclentide anmhudeeiera&dfmm phevithie BFT end ur es)
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vectorn BteLEripspudt P AbRR g B8 o RLERGST, Pl adRe
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al . Epidem ol ogi cal and etiol ogical studies on enterically transmtted
non-A, non-B hepatitis in the south part of Xinjiang) China. Chinese
Journal of Exp@herpeedent imvedtiéa ialso garbvides ahoigylatetOBleid (a2jd ma:ula-m afs L)
KUO) G ) WEINER, A J., OVERBY, L.R_ BRADLEY, D. W, and HOUGHTON)

(1989). | BdAut ponclONA: DRplegtloncomprisingd af rsoauencs| @Sdn%m@eﬁoﬁnwd%noa

viral hepatit | s eno Science 359-.36 FEI NST KAPI KI.AN,
A7) porcsmplemelEn I 4 pedte Rt FheSdin A eptidrcpowephiar ?“Eat‘g‘mﬁémg S

associ ate t At Ah® deN

Ned 202, %%*%@?’?# RS BHEV M ABuaghil dnfodiRAL MO beplidelpobRdhide .
hepati ti sor piétsis ni)mltaragnmfwmnbmmmonmlamnhanﬂon ddute phasesirdilatieg antivaiies

post -t ransfusion non- A on B type. ﬁ?& . Med, 68, ,818-82 KRAWCZYNSKI ,
K., and BRA aeeged mg 9gbis . aspeted PIFSEntaifYAREQTL @roYadesa2 raeAmpinant

neat L gl S e ko e RS BRSO
TAKEUCH! , ofKmor® By aSpart Sleredf. MoidPticularlyPitfe seqagreniof afuchofidés isis C

Vi rus |soI ated froman inplicated donor of post-transfusion_non-A_non-B
hepat i ti ssalesterhfram a2 Neguesce comprsingay. within1mucietides 632@ t014129 (QREZrad,

mi ol ot 08P TREE) %ﬂéﬁéﬂg@ﬁ‘oﬁfﬁﬁ e % bl BBl bR 4P Tale”

362-364. ¢ ZO(IMHENGr Mnuclkoridd ke noﬁ alént, th@kt@' )Préfc%a%?ﬁ) theA

CDNA cl one cl osely associated w't h non A hepatitis. Nucl eic Acids
Res. 18, m@e%qudmec ifNppeTatdy dinked tq 29 @2presditar contrelrseQuence sych As in the
Laborator%/ al, Cold Spri ng Har bor Laboratories, Cold Spring Harbor, New
York, USABR EXRIRISIONSERSAL AN, B., and GRADY) G F., (1974).

Long-i ncubat I on post t ransf usi on hepat itis wthout serol ogical evidence of
exposure to hepatitis B virus. Lencer 2, 241-246. PURCELL, R H, and

TI CEHURST, J. RThe (.é&&&bmadfnhaiemﬂalabqorﬁrrxgn&mlﬁs e.tbcnt)nf Ahe prese® inegrationt iss;
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and SequeAqirefgrred baﬁenmnlu E| endigtRreferatdy, the nucleic aa'idrmlo yles g, DWAQ atllgast
WLSON, K. M TTEQ RYLATT, D.B. NDES PH

KEVD) 5. EEARS OEFRrE Moy s MO Soiein supsahy el rorrspendiog 1 T A o6 B o) ng
an Fab- peﬂidl&ﬁxd%%@d;\k&l@é Showh in! FTgURE N (S} M9 N0:18%r 21EEQ 19-NO: 3) or 2 part,

fragment, derivative, homologue or analogue thereof or one or more sequences

-B

complementary thereto. The present invention, however also extends to any single or
multiple nucleotide substitutions, deletions and/or additions to the sequence shown in
Figures 1 or 2 and which still encode an epitopic region of the HEV genome or fragment
or derivative thereof having the requisite antigenic profile and interactive with antibodies
to HEV. Most preferably, the nucleotide sequence encode either the 3' end of ORF2 or
the 5' end of ORF2 such that the nucleotide sequence encodes a peptide or polypeptide

which interacts preferably with convalescent phase antibodies or acute phase antibodies,



37 WONG D.C.) PURCELL, R H., SREENIVABAN) M A., PRABAO S.R, and PAVRI,
"KM (1980). Epidem c and andem c hepatitis in India: evidence for a non-A
non-B hepatitis virus aetiology, Lancet 2) 876-879. Substitute Sheet - s
‘a - - 6 January 2003 SEQUENCE LI STI NG® 1 ) GENERAL | NFORVATI ON: (i)

APPLI CANT (CQcher than U.S.): TIC |I~f ACFAR LANE BURNET CENTRE FOR MEDI CAL
RESEARCH LIM TED (U.S. only): ANDERSON, D.A. TORRESI, J. LOC.'ARIVIM S A
LI, FAN HspectiMEI¥ANG (ii) TI TLE OF | NVENTI ON: | MMUNOREACTI VI TY ANTI GENS OF
HEPATI TI'S E VI RUS (iii) NUMBER OF SEQUENCES: 24 (iv) CORRESPONDENCE
ADDRESS: (A) ADDRESSEE: DAVIES COLLI SON CAVE (H) STREET: 1 LITTLE COLLI NS

STREET (G~ O T¥irEhd T F
71 P; 30((30 (V) goww%%%ﬁ%@%@l@%‘d%ﬁ@w%ﬁ %%WF?IS% # sh%ééf( )
COVPUTER wlBNhRCpre faredadrii dimeét) bOREK Ay SYPEvherRiry DOSdeborifre( 63 the

SOFTWARE: Patcntl n Rel ease #1 0) Version #l.25 (vi) CURRENT APPLI CATI ON
DATA:  ( A) RuRbpqtide ATEUINCAUNBER Fﬁi@rama@sf@we} derivatis, bamplogue or

Ll b LR TR B ™
DATE:  15-febmbBdan( hdo PR WO Ehihélo E{léél acthfeGiAE® DR)

E JOHN L (C) REFE T | ~TUVBER: ElI—L]E&lx) T JNTCATI ON
| NFORMATI mnvatepgcnrmhgm@nebodlss tgeaexgsng 2quring BIE W Eindevtion. +Birtheraere, 20

Substitute Sheet.-.6.January,2003 | NFOR.,~T FOR, SEQ, | D N
s‘é_QEJEI(ug)E @%}ﬁﬁr & fsfuiet e ;‘ésl Peetbeolss 5&@&%&@? Z@s‘der PR qerc;'h;
aci REDNE Fandi

(genom c)pg}l X) FEATUI?I%mﬁMﬂ)g O%Acl%/@ é%%%‘?d% 'aELkggA%PZC;\I . 9ao Q(]IX
SEQUENCE dnifiB6HieF BefiivateSHRrinD HBV linfection.

ATGCGCCCTCGECCTATTTTGCTGI TGCTCCTCATGT TTCTGCCTAT(A8Met Ar gPr oAr gPr ol | eLeulLeul
euLeuLeuMet PheLeuPr oMet 152015CTGCCCGCGCCACCGCCCGEGT CAGCCGTCTGECCECCG 1CGTGEG

Go003T GG T a1 R Pk TR B BT for s B o o

Val AspSert3b 4édéabiantale WWM& o8l AR AN T AP ed 1 ther oPhe
Al al 1eProTyr || eH sProThr AsnPr oPheAl aPr oSOSSGOGATGTCACCCI:TCIIBCI:CGCIBCIJTCISACCT

CGTGTTCGreRmbinecuplrgulss Agsorihedl abaveA Thel pentide prypemtidearrapigtein may be65707

A gApa A3 "WW@%@?Wé%@MWp

ACCGOG3 3 e ade] Ak erh&stY, JREHT ik TRY AtaG M AT A FioBH eI hBbe Abymikkg
GCCCATGACA GTGCCTGATGTT %TCCCGC384VaI Al aPﬁglAl aHi sAspThr%Pr oPr oVal Pr o]

AspVal AsgSuthargens mmvmmmmmmmmms 2
Oyl ket Y 90 ARG AT SURRETY SRIELioLEY T BRbERKAGs or P Sabily

occurring epitopes or their fragments. By "biologically pure" is meant a preparation of

at least 60%, preferably at least 70%, more preferably at least 80% and still more
preferably at least 90% by weight peptide, polypeptide or protein.

Another aspect of the present invention contemplates a peptide, polypeptide or
protein carrying a B cell epitope interactive with antibodies to HEV, said peptide,
polypeptide or protein being encoded by a sequence of nucleotides capable of hybridising
under low stringency conditions to one or more regions of the nucleotide sequence set
forth in Figure 1 (SEQ ID NO: 1) or 2 (SEQ ID NO: 3).

More particularly, one aspect of this embodiment is directed to a nucleic acid

molecule comprising a sequence of nucleotides which:



TCTTCCGT GGCCACCGGTACAAACTTGGT TCTATACGCCGCTCCTCTT480Ser Ser ValAl aThr @ yThr Asn
" LeuVal LeuTyr Al aAl aProLeul145150155] 60AGCCCACTTCTACCCCTCCAGGACGGCACCA. ~i TACTC
ATATAATGECCS5?8Ser ProLeuLeuPr oLeud nAspd yThr AsnThr Hi s21eMet Al a16S170175ACAG
A ~GCTTCTAATTATGCCCAGTACCGGGTTGCTCGTGCBACAATT576 Thr G uAl aSer AsnTyr Al ad nTyr
ArgVal Al aAr gAl aThr11e180185190CGCTACCGCCCGCTGGTCCCCAACGCTGT TGGTGECTACGCCATC
TCC624Ar gTyr Ar gPr oLeuVal Pr oAsnAI aval d yGI yTyr Al azl eSer 195200205ATCTCGITCTGG
CCACAGACCACCACCAY-CCCerIdE: tide Sa ploedin piftevddtivehwith ratte Tadrs0 Thr
Ser Val AspMet 21 0215220AATTCAAT TGTTCGTATTTTAGT CCAGCCCGGCATA72QAsNn
Ser | | e~Thr Ser Theouyglessent gbasewubedzg tPHEN ;yande 225230235240GCCTCOGAGCTTGTTAT
CCCAAGTGAGCGCCTACACTACCGTAACCAA768Al aSer  uLeuVval |l eProSer G uArgLeuH sTyr. A
r gAsnd n2452502S5GGT TGGCGCTCTGT TGAGACCT CCGEGEGT GGCGGAGGAGGAGECCACC816d yTr pA
rgSer Val G uThr Ay

AT LT CACCT BT A YT TR et LR B URl Pt LT B 2 L AVAIPAS Cor Ty
r 275280285ACT AAhACAIEcTINE AGQEERCSCEC TIORRGHT GTRGSACT(SBRAOT ¢8A:2 Thrubdei Hewr o Ty
r Thr @ yAl aLeud yLeulLeuAspPheAl aLeu290295300G. T~: CTTGAGT TCCGCAACCT CACCCCCGGT
AATACCA ~. CACGCRIRAYYY Fenditlenss uPheAr gAsnLeuThr Prod yAsnThr AsnThr Ar gVal 30S3
| 0315320 TCCOGTTACT CCAGCACT GOCOGT CACCGOCT TCGT CGCGGT GCAGAT 1008 Ser Ar gTyr Ser Ser
Thr Al aAr gHi sAr gLeuAr gAr gGLyAl aAsp32S330335GEGACTGCCGAGCTTACCACCACGGCTGCTACC
CCCTTCATGAAGCATHO2 G elatedhdspect Hel mucTdutiBar sehidd o e dles"a @Eb&wtﬂdﬁﬁwaé%%%
0O Substitute Sheet- . .

BJanuar y 2 QUeten intragtiveTwith GRS hhase aatibet 55 Gad pAren lesm Ty r P

RIS B e " FEeupr
037037SBBMéﬁG%TTGATTTCGTC(XBCTGGT(XBCCAGCTGTTCTACTCTCGTCCCI 2007hr G uLeuI | eS

er Ser Al ad yd yd nLeuPheTyr Ser Ar gPr 0385390395400GTCGT CTCAGCCAATGGCGAGCCGACTG
TTAAGCTTTATACATCTGTAL1248Val Val 5er Al aAsnGLlyGLuPr oThr Val LysLeuTerhr Ser Val 405

PLysQ yi oAl al 106t B M@Z&%&Mﬁ%@ Hdidrsa AT A
CAGACCEA e R R R R RS

C

oAl aProSe W%rtV&MOME#@EﬁW@I Altletidd GIEE'EEKKEGT EI@H QLLCoECTCC
CGAGTAT144OLe AL gAl %AsnAspVaI LeuTr pLeuSer LeuThr Al aAl a@ uTyr 465. 470475480. GA
CCAGTCCAC? CGACCGGCCCAGTCTATGTCTCTGACL488Aspd nSer Thr Tyrd ySer Ser T
hrd yPr oVaI Tyr Val Ser Asp485490495TCTGTGACCTTGGT TAATGT TGCGACCGGCGCGCAGGECCGTI TG
CCCGGL536Ser Val Thr LeuVal AsnVal Al aThr d yAl ad nAl aVal Al aAr g500505510TCACTCGAC
TGGACCAAGGT CACAAI Ity T @spectCEIC@S T EmBOGIdn8 48 I the Upeesdrit P Tvehiion/aprévides Uf\s pG

yAr gProLeuSer Thr 515520525ATCCAGCAGTAT TCAAAGACCTTCTTTGICCT CCGCGGTAAGL6
321 | ed nGIfFPREERILPSPHASRElYREREd Gumetsinensoded hY pauglegtids spauneecenabler of53GAGG

o oy SRz R0 AR LA AR 3 Gl B hBfeodd Leblbdoesset 2 v

6Januar y2@ggh 43 - FipdreA g:@élg} SESHY T Rsn
Thr Thr Al aSer Aspd nLeulLeuVal G uAsnA?36 CgéS?OS?SCAT TGCTATTTCCACTTAC
ACCACT AGCEIGeBBrancniacudsoiecembigention samtbsSa e sTyfr pitkrzy gequmn@tmmg yPr

o B R R Rl LR Sl

COCOOCATARIEE A A Ao Hhepbtid WhRR [k 'ﬁk@@&frgeﬁ%k'@&rrﬁz@ﬂe%ﬂﬂ@ JERE ehé’césdﬂﬁll%w
GT GOCGCCCOCT TGGECCT

6Z0GACTT GCTTTTI 920AspPheCysPro QIsAr
gProLeud yhpabde n&yﬁy@:&hg%éﬁ%ﬁ&@ﬁ%ﬁ@% mmgm@nqee@wn*

GAAGGT ) Ser.Thr Val Al a@ uLeud nAr Lyshet LysVal Lys64 50685
ACT CGG A%A@% W{“*FR dcﬂ?’@“‘@%’ié‘éﬁ%é"? ith Kﬁ@l@ﬁ& .*—Y%S 2

(i) SEQUENGCE WSH CS: (A) LENGTH: 660 ami no acids (8) TYPE: am no
acid (D). 'llé'%gba_ Y: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE

DESCRI PTION: SEQ I D NO:2: Met Arg Pro Rrg Pro Ile Leu Leu Leu Leu Leu Met
Phe Leu Pro Met_1 5 10 15 Leu Pro Ala Pro Pro Pro Ay A@n Pro Ser Ay Arg
Arq Arg Gy ArFacohepumgses ¢f drfining ;hedeyelseﬁsttmger@yr@ryn%mvmlymbsp

Arg Val 4 n ha Ala = RKO. Iyt .Zl:s

Pro Phe A A%g rﬁg(&) gg l\égm%tgs gsﬁl @ﬁ%zg')ﬁ? PRESS *Z’%&P w@éb glhd‘" Aﬁﬁg ,Val
Arg G n Préfefinge6@hd@ the @&hiﬁg%ep &u&%&&& w; eo{%lsér‘ed hifh myg%hy 20R3)owA3
Arg Frc Lau Gy Ser Ala Trp Arg Asp G3 G@n Arg Pro Ala VaI 85 90 95
Al a Sex Asyingegeynisgietingd Feneirmisbeitgind- M%C/thQVowﬁeﬁDsuaﬁamS&C 1002405
11Q Val Ala Pro Ala H's Asp Thr Pro Pro Val Pro Asp Val Asp 5er Arg 115 120
175 Ay Ala lle Leu Arq Arg A n Tyr Asn Leu Ser Thr Ser Pro Leu Thr Z30 135
140 Ser Ser Val Ala Thr Ay Thr Asn Leu Val Leu Tyr Ala Ala Pro Leu 14S 150
1,55 1&0 Ser Pro Leu Leu Fro Leu A n Asp Gy Thr Asn Thr H's Tle Met Al a
165 170 175 Thr Glu Ala Ser Asn Tyr AIa Gln Tyr Arg VaI Ala Axg Al a Thr I'1e

A NN AN A NN A Al o -



530 535 540 Leu Ser Phe fire Gu Ala Gly Thr Thr Lys Ala Gly Tyr Fro Tyr

" Asn S45 . 550 555 560 Tyr Asn Thr Thr Ala Ser Asp Gln Leu Leu Val Qu Asn
Ala Ala Ay 56S 570 575 HislArg Val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gy
Ala Ay Pro 580 585 590 Val Ser Ile S8P Ala Val Ala Val Leu Ala Pro H's Ser
"Ala Leu Ala 595 600 605 Leu Leu u Asp Thr Met Asp Tyr Pro Ala Arg Ala Hi s
Thr Phe Asp 610 615 620 Asp Phe Cys Pro Qu Cys Arg Pro Leu GL: Leu Gln Qvy
Cys Al a Z;lﬁn. 25p t n Ser
Thr Val %u %;%d n°‘%§° I_Sgﬁléﬂs/i?fi dl\/bbk%&fx??ﬁ@g o%@yélﬁ%%%S&ggﬁ/eggﬁ %ﬁ.r Arg
G u Leu 6BybridiZation) AéoRativaATddditi driSFofSEEfhgdackGnay de(emploipedEhitEas mcdxum
CHARACTERI STI CS: (A), LENGTH: 372 base pairs (bI;) TYPE: nucl |g: acid (O
STRANDEDNEEBSens icapditonsyhirbracy expsiderad easein(tp; |§(§QE/9’15 EY0 MRS omi ¢)

e VMt T

CCCATGGGTRE QARG TAT GROSEABNNE 86+ A B SaiubheAl aAl aPr oMet Gly5er Ar gPr oCysAl al
51015CTCGGOCTATTTTGCTGI TGCTCCTCATGI TTCTGOCTATGCTGOCO®6Leud yLeuPheCysCysCy
sSer Ser CysPheCysLeuCysCysPr 0202530CGCCACCGCCOGGT CAGCOGT CTGGCOGCOGT CR2! GGGCG

GCGCAGCGL44Ar gHi sAr gPraVal Ser Ar gLeuAlaAl aval Val Al aAl
GCGGTGGTTTCTMW ERPSERRY 1R %RF%’EPC?G P@éF 5%°3@W FThr G
! i nSor Pr o TSPLANT S8 APt BThY POy B BB et BT TaRD CoreT GO LE T aoAC

CTCGTGT TW&WE@A@@&B@MI@WM&M&M&E&MMG Rtarer oAsp
Hi s859095 Substitute Sheet - 6 Januar 2003 46 TCG CGCT.

T _GGC GIG
ACC AGG aegionsef treamine acidaeanensetest forlrinBiguset (FEQ IﬂHQ_e?a °G2y(5‘5Q Gy

G e, oo gy el LR R R R0 O

(2) | NFOr a%&@@%%o‘ﬁ&@réi&dﬂg 41t 1€ds) 735@45&4%11% b$]ﬂa€3eas€ A%
LENGTH: 123 am no aci ds . am no aci dng) TOP linear (ii

MOLECULE hormeEogy fie: éumla(rsty'g wsE@uﬂEsmems@n@ duFigee 1) 65@)1121 N%Z) gsh Asn

Phe O E{;;%cé@}é NP Faing i ke e bir/Be prflide, 3oMpetdir ol W7

Pro Val SRImpNE, the w-féhamal em\faing\{eém@ofoﬁm wHiéh Alpacﬁs“enﬁauﬁfm&henwtfr 0
Ala vVal Vval Ser Gy Letu Ile Leu Ser Pro 50 55 6a Ser @ n Ser

Pro |l e Rivatd lpbasgl mt?hodxe?:hno HEEV SeAltﬁnanﬂin tiiet p&ides polypepdd8®rproteimu Ar q
ProGIyLe val ,Phe Ala Asn, Pr H's 85 90,95 Ser . Al a Pro
Lew Gy Veamorises e ohtinal Focefhaapliopoh ORES HRE: 13 Re EgrmLptE THRECH Wil s

I(_ |e;J E{E&JSN%EE%F—%Ag ﬁl&# %@ﬁéér@(%géf%ﬁ?‘)‘%‘] ‘é@ﬁggu r %g‘?a#pnucl eic

acid (O &T;RANE)E[BNESQI lesgthdDRF eBoded GRGleE but chremzically7ar physjcallpiridified TYPE:
OVA (98O Glrupted th elipode BomTthe (- and O- terminal epitopes. © O >

The present invention also extends to a method for maintaining interactive
conformation of synthetic (eg recombinant) peptides or polypeptides wherein the synthetic
peptides or polypeptides are further purified after undergoing a denaturation procedure
and subsequently renatured. By way of example the synthetic peptide may be denatured
by adding denaturing concentrations of buffers including but not limited to, sodium
dodecy! sulphate (SDS), 2-mercaptoethanol, or urea. Purification of denatured protein can
be undertaken by procedures well known to the skilled artisan including but not limited
to procedures for electrophoretic resolution on polyacrylamide gels or size exclusion
chromatography. The denaturing buffers are removed by any number of means including
but not limited to dilution, dialysis, chromatography or by binding to a solid support, for

example membrane support or microtitre plate.



GTGAATTCAT GAATAACATG TCTTTTGC (2) I DIFOR ~TION FOR SEQ I D NO: 6: (i)

" SEQUENCE CaAR. ~CTERI STICS: (A) LENGTH. 28 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: linear ( i i. ) MOLECULE TYPE : DNA
( geno:ri c ) (xi) SEQUENCE DESCRI PTI & SEQ ID NO: 6: GTGAATTCTT AGCGGOGOGG
CCCCAGCT (2) | NFORVATION FOR SEQ ID NO:7: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 28 base pairs (S) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)
TOPOLOGY: | i negécotdinglyMahdtbdi &spdfREE th dedl€ VDN (shieripdks-AGethod of
DESCRI PTION: SEQ I D NO: 7: GIGAATTCCA GITCTAC TCCCGICC (;2) . | NFORVATI ON
FOR SEQ leBhaigisg the imsEmirecEtigisARAGT pelysaptels: of pyoteiaNorPdeddyaBE Dafrs

T, e
ST ST S ittt TR L R

LENGTH:  231ypeptidded prateiiivithétiiubstantid] N-terainal iflhitiohR AN Sindihgigd e (D)
TOPOLOGY: linear (i1) MOLECULE TYPE: DNA (genomi c) (xi) SEQGENCE

DESCR! PTlconvalsgent phasg agtibofgstadlesT ACCACAGCTG (2) | NFOR~~LATI ON FOR SEQ

I D NO: 10: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 20 base pairs (B) TYPE:
nucl eic acid (C) STRANDEDNESS:. si::gle (D) TOPOLOGY: linear (ii) MOLECUf ~E
TYPE. DNA (Gerianh Ghod ik fcHa@UIEhGIIBSCRAP liredint ShfarkiBn\dibls TETRAMRGOC
CTGAAGCTCA (2) | NFORi yf ATI ON FOR SEQ I'D NO: 11: p(nlxzfe SEQUENCE _
CHARACTERESTTIaS or Sy thetiN@E Hecatbinant peptide s pelppeptidRRr profeine¢asTaspontitgo

(xi) SEQORRBRHIRENSIRRE Pk rom e lRF Eeaiy dhalor Esapestr s i kERTTor

(2) I'NF i Gb R R | DyiNQ 22 %0 Gi mg@ wi ENGTH:
28 base gal rls (B)y TYQE:@Bnu P@iaéaé%?galf Cg ST%E%EDNES TSl %&I&%(%)IHFC;QO_OGY;
| i near Stifagtrients; derBhatiges, hofmolarunoyinditiolagicdiGeRtives thereof. By "derivatives"

is meant to include any single or multiple amino acid substitution, deletion and/or

addition relative to the naturally occurring sequence or to the sequences as shown in
Figures 1 (SEQ ID NO: 2) and 2 (SEQ ID NO: 4) and including any single or multiple
substitution, deletion and/or addition to other molecules associated with the peptide or
polypeptide including carbohydrate, lipid and/or other proteinacious moieties. Such
derivatives, therefore, include glycosylated or non-glycosylated forms or molecules with

altered glycosylation patterns.

The pi-esent invention is also directed to a method for distinguishing past (i.e.
convalescent phase) or contemporary (i.e. acute phase) infection with HEV whether or
not by natural infection or following vaccination, whereby the antisera from infected
individuals are preferentially immunologically distinguished by interactive peptides of
ORF3 or the N-terminus of ORF2. Alternatively, such antisera are preferably
immunologically distinguished by interactive peptides of the C-terminal end portion of
ORF2.

The present invention also contemplates a method for the detection of antibodies
associated with HEV which method comprises contacting a peptide or polypeptide
corresponding to all, or an antigenic portion of the epitopic regions of the HEV genome

or a derivative thereof with a biological sample from a patient to be tested for a time and



-49 (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTIaN:. SEQ I D
"NO: 12: GTG ~ATTCTT AGCGGCGCGG CCCCAGCT (2) | NFORMATION FOR SEQ ID NO 113: i
) SEQUENCE CHAr't ACTERI STICS (A) LENGTH 20 base pairs (B) TYPE: nucleic
~acid (C) STR ~.NDEDNESS: single (D) TGROLOGY: linear (ii) MOLECULE TYPE:
DNA (genom c) (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 13: TCGTAGACCT
ACCACAGCTG (2) | NFORVATI ON FOR SEQ I D NO: 14: (i) SEQUENCE

STRANDEDNERLET <craiiops cORc bRt R P PR et Bt %' b o)
(1) SeQUENGRIBRECMRIY IS KBV 10 fAGRAGEIAA, MOt T 08 Rl

| NFORMATI ON FOR SEQ I D NO 15: . (i) SEQUENCE CHARACTERI STI
1658 base spapksxs(s&)mﬂ'\@&loodwchmd: cmnp@he@C}ucﬁTaAwbela\Essd sirwgi oz fl8ma or

TOPCOLOGY: i near i L C FEATURE: . Subst i tute
Sheet - 62F5FGHY 6%59“@8 s% %’2535)53 ﬁv‘:’i k er (‘*@ F GRIYPSPY

vs T E%%Aéﬁﬁ%;%*ﬂ*sz\%i%ﬁa%’zﬁ &%fé%e)d&%@%isﬁ%ﬂ%%%@ A
Pro Thr Tivethdds Gf ydetdatioAl srePovellLiknowiirandl thclidle colorimetric, fluorometric and

Al alSlOlSCCGGCCCATGACACCCCGCCAGTGCCTGATGTTGACTCCCGCGGCGCCQ4Pr oAl aHi sAspThr P
r oPr oVal PFasiaeastiye Ages@;umsgemra@@mgpmwsmmgmm onmtrngcccc

TTACTTCTT%&]|t %H@é%%A q nTr nLguSerThrﬁetF oL hr‘% Ml‘"i. UTyr A

| aAl aPr oLﬁa@eﬁm@aa@lm&ﬁmew W%
LeuLeuProLeud nAspd yThr AsnThr Hi sl | eMet Al aThr G u6570 GCTTCTAAT AT' GCCCAGTA
COGGGT TCCla@rhafrormnthie CPrAEABS preaSs idventidy.r Anatien agsagregutemylated bedeiTior | | eA

rgTyr 80 59 GTTGGTGGCT ProLeu
Val Br oAsnR? VARG RN FUCENE VSBP G5 51 BT TOP ORI AP S AR R CO000
ACGTCCGTTGACATGA. ~. TTCA382PheTr pProd nThr Thr Thr Thr ProThr Ser Val Aspl\/btAsnSer 1
| 5120~ 25 ATA ACC TCG ACG CHAT GIT CGI ATT TTA GIC CAG CCC GGC ATA GCC TCC
430 zl e Thr Seh&hprefen Marbntikmg alsbeettendsVad tek nuder of Gheptidee odl polPpeptitidD | 35
| 40 GAG CTT GIT ATC G GAG,CCC CTA CACTACCGTAAC GGI TGG 478 du
Leu Val | FTESPanaiag t =mtgp15éegwssof1t9¢ HEV gonpmeaprantgenir tragmegtsitberepfs oo

Gu T 56t OyVar APt BTN G ety Svhiglorle vl B oy

ATG CTC Té#tedtloh 6Adeteihindidh 6 TheGlitde AR bntibddid\in A@Enent‘ﬂcx&iﬂ foe xaraple Vet
Leu Cys Ile Hs @y Ser Pro Val Asn Ser Tyr Thr Asn lao |as 190 ACA CCT TAT

ACC GGT CERngTenzyyne @k@dm@mgssaﬂoowlma@w €RRA Hechprelogyyer Thr Gy
,_Alg Sgﬁug?éﬁlé%%g%f%p“ an'At‘xlgaen-Lc%gtegbeaé's %9!? 200 20S Substitute Sheet

GAGT TCCGCAACCT CACCCCOGGT AATACCAACACGCGGGTCTCCCGT67QA uPheAr gAsnLeuThr Prod y
AsnThr AsnThr Ar gVal Ser Ar gZZQZlSZZOTACTCCAGCACTGCCCGTCACCGCCTTCGTCGCGGTGCAGAT
GGGACT71ATyr serd 8 35pesy afathg-prssensLisventipar pay yoanzxeaipuly ber crseb 0B 5EabsAGCTT

&%&Cﬂ%}% %@A%AT% é: gGI uLéuTgr ThEThré: ;AI aTshr Ar gPhe

814PheThr | mg
GCTGACACCE:TQ%GC:'EI?EF(%%?%;rﬁﬁﬁ & %@CﬁgﬁggZThr Leui‘gheAsﬁ%euAl aAsp i%r LeuLeuGE yLeu
ProThr G usiid s80pI8 SHEpHHESIORSEP Wﬁmﬁm@mﬁﬁmmwmw | e

AAGSTTTATRR RS ”MG“P“” 3B B HEY O i R R COBRGRTHSBFUOT uAsn
2%53I1I02i\l55613|€§e r oH sAspl | e%pLe%W&%@SW&%GT TATT@&BAT‘I?';YF

GACAACCAAGATTGABEAGEAT OB4GnTer Ardjdadnvalnt lof G puitepdiypolppeisid SiwitiébsiEs bekm As p34

oA aPr 0SB RAPYSPHBEIe Y T3P 5 F50545 ST e A EFRAECOTG
TOCACTT AR R P A R P Pl SR B P PR T )

yPr oVal Ty#rdadsJerdapders\vidfing8.390395ACCT TGGT TAATGT TGCGACCGECGCGCAGGCCGT TGCCCG
GICACTC1246Thr Leuval AsnVal Al aThr @ yAl ad@ nAl aval Al aAr gSer Leu40040541 041 5
. Substitute Sheet- 6

January2003 52- CACTTGAT, TTCCACCATCC~, GLz94AspTr pT
hr LysVal Thr Leuﬂ?A Eﬂa@?@ ﬁ@ﬁ: FH%R F}aé‘@%g?‘ﬁﬁtf ﬁo%&éﬁﬁ&%&ﬂ@x&ﬁ?&ﬁﬁm CC
TGOCCCT COABARACKT Gaideriag 2fek R Y/ Seishyiatkar Pakhe Vahtakzs o ke parshbyel s h-eu Ser
435440445TTTTGGGAGC- CAGGTACTACTAAAGCCGGGTACCCT TATAATTATAACL390PheTr pGI uAl aG
| yThr Thr LysAl ad yTyr ProTyr AsnTyr Asn450455460ACCACTGCTAGTGACCAACTGCTCGTTGAGA
ATGCCGCTGGGECATCGGL438Thr Thr Al aSer Aspd nLeulLeuVal A uAsnAl aAl ad yH sArg465470

475GT TGCTATTTCCACTTACACCACTAGCCTGGGTGCTGGTCCCGTCTCT1486Val Al al | eSer Thr Tyr Th
r Thr Ser Leud yAl ad yPr oVaI Ser 48048549D495ATTTCCGCGGTTGCTGTTTTAGCCCCCCACTCCGC

PNSNTT™ R SN P\ P g pog—— =~ A o~ A o s A o s A e @A o~ A o - T YL .Y VYWY




670 . 675 (2) | NFOP. MATION FOR SEQ I D NG 16: (i) SEQUENCE CHARACTERI STI CS:

" (A) LENGTH 552 amno acids (B) TYPE: amno acid (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO:16: Arg Arg Pro
Thr Thr Ala Ay Ala Ala Pro Leu Thr A3 val Ala Pro 1 5 10 15 1658 Ala Hi s
"Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Ay Ala Ile 20 25 30

Substitute Sheet - 6 January 2003 -53 Leu Arg Arg A n Tyr Asn Leu Ser Thr
Ser Pro Ledample, thera Hegativalanfibodi rebbltAoaldTidveBeyn Tatselishy hetibodids foeminky r
Ala Ala Pro Leu Ser  Pro Leu ~0 s5 so Leu Pro Leu G n Asp. Ay Thr Asn Thr
Hs Ile mmmlmaerwhlzﬂayt)\r:esbasmvbemsamlas@rfOAbwdmmﬁh%a@rﬁnwmnAﬁgswa4 Al a

Arg Ala Thr .90 95 Pro Leu Val P \l

9N e T el tpedl 8P 2000, Sinbgti VbR 080 Mdouthr ARV
Ser Val Ashiddedd WA é%ulﬂmv%béag(eg% tho@%ﬁalﬂ?{ubééﬂ ala thHnd ahd enligu Val
An Pro dy Ile Ala Ser Gu 130 13 O Leu Val Ile Pro S2r CAu Arg Leu H s

Tyr Arg AsmdiEionsGufficiem fér g HEN-amitibodlysimri Gk ﬁmnplenlto Gind. Prefe@bly, Gheyantl Al a
Gu u Qu . Ala. . Thx Ser. Gy Ley,16$S 170 ~ 17 Val Met Leu Qys Ile Hs Qy
Ser Pro \BFVA&Rtibedy wrﬁr#hfmm ilsgd ande 3 gslid owrpeR- AR apHrimaynoglobuliay Q y

pan Thr ASORRF. ExpEabE Sl Y1skbrder) gy Ry MR 10 Sl b Wiyl O

Arg Leu %g%mtmoﬁy/&ompéﬁmtcétym&'mwlo@ Pdx.Z30 , 235 240 A u Leu Thr Thr
Thr Ala Ala Thr Arg Phe Met Lys Asp Leu Tyr Phe 245 250 25S Thr Ser Thr Asn

Ay Val Gly Gu Ile dy Arg Ay Ile Ala Leu Thr 260 265 270 Leu Phe Asn Leu

Gy ay an LodefiR i Berk il shbeoleiitostie 48 dossiftrsidnaiieal) G o

Pro Thr \!‘él'elh)tﬁa)l—sél mbdifiedWith6it déphrtidoUrdiathé\sedpd YT tﬁégré’séxﬁ @xféamxon All
Substitute Sheet -- 6 January 2003 54 n Adri Asp Lys Ala Tle Pro

H s Asp Iskeh Agpdxfmanmym@waaaﬁomofmcswsayw grcvancmpassade bg theAgeséigr Asp
Asn Gn his Qu A@n Asp Arg 340 34~ 350 Pro Thr Pro Ser Pro Ala Pro Ser Arg
Pro Phe SBYeRWQR- | ey Arg Ala 355 360 365 Asn Asp val Leu Trp Leu Ser Leu Thx
Ala Ala Qu Tyx Asp G n Sex 37t7 375 380 Thr Tyr Gy Ser Ser Thr Gy Pro

Val Tyr Val Ser Asp Ser Val Thr 385 390 395 400 Leu Val Asn Val Al a Thr Gly
Ala @n AI a ValTheAbeeseircg dfHE VeeonkalesceiSarnd/Or daffe PhaseTantibbgies \ah stibject’su Asp

ey pro 149on) B (9 mBuslrvisnd dsmasdramer lysin et 1y
Var Gy ALl feRe ool Belndttheln B 8 et ?Fr‘f%?% N Tor

Thr Ser led16043, Ataz@m Bné 4/611869;93 I THes Mu&Q%&Eﬁ;z@é sifé an¥awosdite, ¥al Leu
Ala Pro His Ser, Ala Leu Al a Leu Leu G u 500 . . 510 Asp Thr Met, Asp Tyr

Pro Al a As#pdrrigh’.jassayspf tenonsgompetitivg types.cassis] as @ztse yz@mpél qompetifixe Ar g

o Lot Gile B Suable Aa e O Se TP TA04R0ish Bhady, Lo

CHP. R ACEE$dlys Saiiﬁn(uﬁinoﬂﬁblﬁﬂrkmSC&sé;jﬁ CIRAL rGorhptitiv¥PBindeC ladags aigtiddé C)
STR. ~T~1DEDNESS:. singl e % TOPOLOGY: i near
radioimmunoassays Western blot assays may also be used. The choice of assay

will depend on the sensitivity required, materials available and the biological sample

employed.

A number of variations of the sandwich assay technique exist, and all are intended
to be encompassed by the present invention. Briefly, in one assay, an unlabelled peptide,
polypeptide or protein (hereinafter abbreviated to "polypeptide") capable of preferably
binding to acute or convalescent phase antibodies to HEV is immobilised onto a solid
substrate and the biological sample to be tested for HEV antibodies brought into contact
with the bound molecule. After a suitable period of incubation, for a period of time

sufficient to allow formation of a polypeptide-antibody primary complex, an



Substitute Sheet - 6 January 2003 -55 (ii) MOLECULE TYPE: DNA (genom c)
“(ix) FEATURy: (A) NAME/ KEY: CDS (B) LOCATION: 1.,803 (xi) SEQUENCE

DESCRIP' T' 1 ON: SEQ I D NO: 17:

CAGCTGITCTACTCTCGTCCCGT CGTCTCAGCCAATGAESAGCCGACT48d nLeuPheTyr Ser Ar gPr oVal V
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enzyme is conjugated to the antimmunoglobulin antibody, generally by means of
glutaraldehyde or periodate. As will be readily recognised, however, a wide variety of
different conjugation techniques exist which are readily available to one skilled in the art.

Commonly used enzymes include horseradish peroxidase, glucose oxidase, f-galactosidase
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sequence YErSEEhY28d/oings<s cellp on ransgenioaNmalsy) | ¢l one 2.3 (SEQ I D NO: 21)
and clone 2.4 (SEQ ID NO:23) as set forth in Figure 5 and wherein said
second am no acid sequence is a non-HEV encoded peptide, polypeptidc or
protein. 5. A rBfeoient identioP® ¥Psikfabletod&fyOstehin @f HE V| whih hds ehenshiic sai d
first amno acid sequence is interactive with conval escent phase anti bodi es
to HEV. 6organisstiombpmarising opgpegading fraces eqiivglentbtocORF2| and SRFs agidefined
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sai d secoRgh-#dk @9@%@5@Q%ﬁ5ﬁ5ﬁpe i s glutathione-S-transferase (GST) or a
part or derivative thereof. 8. An isolated nucleic acid nol ecue conpri sing
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SEQ ID NO 17) ,clone 2.3 (SEQ TD,,NO: 21 d, cl qne 2. D NO: 23), as
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i sol ated i ' [ t laimsS furth i si
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second nucl eoti de sequen or “‘conpl ementary to a sequence encodi ng
a peptide, polypeptide or protein of non-HEV origin. 10. ,A zz iso0).ated
nucl eic acid n&lecuke according to elai~zx 9 wherein the second nucl eoti de
sequence encod 5 thy 18TSonpl enentary to a sequence W uch encodes GST or a
part or derivative thereof. 11. An expression vector having a nucleotide
sequence according to ciaizn 8 or 9. 12. A nethod for detecting HEV
interactive antRipoek Bsshowsahdinatlegiidebnd dediced aaiinb acid sequence of the 76kDa

protein encoded by Open Reading Frame 2, of the strain of hepatitis E virus isolated from

an epidemic in Xinjiang autonomous region of China.
Figure 2 shows the nucleotide deduced amino acid sequences of the 14kDa protein
encoded by Open Reading Frame 3 of the HEV genome, of the strain of hepatitis E virus

isolated from an epidemic in Xinjiang autonomous region of China.

Figure 3 shows a Western blot of sera taken at differing time points from an



met hod conprisinb contacting a reconbi nant pol ypepti de according to any one

- of clainme 1 to 7 wth said biological sanple for a tinme and under

conditions sufficient to permt a conplex to formw th HEV anti bodies if
present in said biological sanple and18hen detecting the conpl ex wherein

" the presence of said conplex is indicative of said HEV interactive

anti bodies. 13. A nethod according to claim 12 wherein said HEV interactive
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as set for &n/ph3imBseny proteios PO 2y RQUEEN3 (SEQ ID NO: 21) or 2.4 (SEQ ! D
NO:23) in FiaTttre 5. 14. A nethod for, detecting HEV acute phase
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sai d bi ol opiesenit inventidrtomateenisens samptastirom anidusgalign Aboriginal populasiongversus
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anti bodi es are HEV .conval escent phase anti bodi es and sai d pol ypeptide is
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29. The lcit according to claim 27 wherein said polypeptide conprises one
“or nore ORT2 pol ypeptides of HEV produced by expression o.f a sequence of
nucl eotides as set forth in clones 2.1 (SEQ ZD NO:17), 2.3 (SEQ I D NO: 21)
.or 2.4 (SEQ 1D NO:23} in Fi~ure 5. 30.1A recoirbi nant pol ypepti dc according
to a~~y one of clains 1 to 7 or an isolated nucleic acid nol ecul e accordin?
to any one of clains 8 to 10 or an expression vector according to claim11l
or a net ho@SFeORFAingnd GITDRFIe(ddbsed| aidnepen2citde xespectivelyh @8Tandi eaght o
clainms 24-26,or a \vaccipne,accozdinb to claim?26 or a kit according to
claims 27 MSIOTOPIOIE AEmindigated 18Ry ej nbef ore described with reference to
the Figures and/or E.canples.
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10H 10H e strain of HEV used in these studies was isolated from infected individuals
from the Xinjiang autonomous region of China during an epidemic between September

1986 and April 1988.

Aye TT et al (1992) reported that an HEV strain isolated from infected individuals
from the Xinjiang autonomous region of China had 93.9% nucleotide sequence homology

with the Burmese strain (Tam et al., 1989).

Virus was cultured by infecting rhesus monkeys with fecal samples from infected
individuals, using known methods (Cao, X-Y er al, 1991). The monkeys were acutely
infected, with the HEV being excreted into the bile and faeces of the monkey.

The viral antigens were isolated as follows using reverse transcriptase PCR.:

-(a) Extraction of RNA from bile. Bile specimens were collected directly from the
gall bladder of an infected rhesus monkey at day 7-14 after inoculation. An
aliquot of 10 pl of bile was mixed with 25 pl nuclease free water and 465ul GIT
(4M guanidine thiocyanate, z5mM sodium citrate, 0.5% v/v sarkosyl, 0.1M 2-
mercaptoethanol). An aliquot of 50ul of 3M sodium acetate (pHS5.2) was added
to the mixture above followed by extraction with 450p! phenol/chloroform (5:1).
After separation by centrifugation, the upper phase was transferred to a fresh tube
containing 2ul of 10 mg/ml tRNA. The RNA was precipitated in 750 pl of ice-
cold isopropanol at -20°C for a minimum of 2 hours, then pelleted at 13,000 rpm
for 15 minutes, washed with 80% v/v ethanol and repelleted as above. The dried
pellet was resuspended in 10u! of nuclease free water and incubated at 65°C for
10 minutes, then stored at 4°C ready for RT-PCR. A similar method may be used

on faeces.
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5'-GTGAATTCITAGCGGCGCGGCCCCAGCT- (reverse)
(SEQ ID NO: 6)

For ORF2: 5'-GTGAATTCCAGCTGTTCTACTCCCGTCC-3"(forward)
(SEQIDNO: 7)

5-GTGAATTCGGCACTTCGTTTATTTGATGTT-3 (reverse)
(SEQ ID NO: 8)

A third primer pair was designed to amplify approximately two thirds of ORF2,
terminating 27 nucleotides from the carboxy terminus (ORF2.0) This PCR product did
not contain modified restriction enzyme sites, and instead was cloned using the 3° A

overhang.

ORF2.0: -TCGTAGACCTACCACAGCTG-3" (forward)
(SEQ ID NO: 9)

5'-TCTTAAGGCGCTGAAGCTCA-3' (reverse)
(SEQ ID NO: 10)

These primer sets were designed on the basis of published sequences for HEV.
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P4740: 5'-GTGGATCCATGCGCCCTCGGCCTATTITGT-3" (forward)

(SEQ ID NO: 11)

P3566: 5'-GTGAATTCITAGCGGCGCGGCCCCAGCT-3" (reverse)

(SEQ ID NO: 12)

The second primer pair was designed to amplify 440bp fragment of ORF2

which overlaps AC2.3.

P2: 5-TCGTAGACCTACCACAGCTG-3" (forward)

(SEQ ID NO: 13)

P5019: 5'-CACAAGCTCAGAGGCTATGCCG-3' (reverse)

(SEQ ID NO: 14)

(¢)  RT-PCR. Prior to PCR amplification, the RNA was reverse transcribed into
cDNA. To each RNA sample, 10pu] of RT Master Mixture (4pl 25mM MgCl,,
2.0pl 10XRT buffer, 2.0ul 10mM dNTP mixwure, 1.0pl 200ng/pl reverse
primer, 0.5ul TRNAsin, 0.5 pl AWV RT) was added. After a 60 minute
incubation at 42°C, the reaction was boiled for 5 minutes and quenched in chip

ice for 5 minutes.

For the PCR reaction, 30ul of PCR Master Mixture (19.1pl nuclease free
water, 3.6pl 25mM MgCl, 3.0u! 10XTaq Buffer (500 mM KCl, 100mM Tris
pH 9.0, 1% v/v Triton X-100), 3.0 ul 2mM dNTP, 1.0ul forward primer, 0.3pul
AmpliTaq DNA polymerase (Promega) was mixed with the cDNA reaction and
overlayed with 50 pl mineral oil. The amplifications were carried out in a
thermocycler (DNA Thermal Cycler 480, PERKIN ELMER CETUS) with the
following cycling program: 94°C denaturaton for 1 minute, 55°C annealing
from | minute and 72°C extension from 2 minutes. A total of 40 cycles were

processed followed by a final extension at 72°C for 7 minutes.
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5678dYNC 10 10 %fe plasmids and cloning strategy used in this study are shown in Figures 5

and 6. PCR products were separated on a 1.0% v/v agarose gel. Fragments of about
380 bp (ORF3), 830 bp (ORF2.1) and 1658 bp (ORF2.0) were recovered by cutting
the bands out of the gel. The DNA was purified using the Pre-A-Gene kit (Bio-Rad,
USA). Fragments ORF3 and ORF2.0 were digested with EcoR! and the restriction
fragments (370bp or 820 bp) were separated on a gel and purified as above.
Approximately 6ng of ORF3 or 16 ng of the ORF 2.1 DNA were ligated with 10 ng
of pGEX1 vector EcoR1 cut, dephosphorylated, (Pharmacia Biotech, USA) to give the
plasmids 'pGEXI-AC3 and pGEX1-AC2.1, respectively, transformed into E. coli strain
NM3522 (Pharmacia Biotech, USA) using the Gene Pulser (Bio-Rad, USA), and plated
on LB-ampicillin. Plasmids were prepared from transformants by minipreparation and
following EcoR1 digestion were examined for inserts of the expected sizes. Fragment
ORF2.0 (20 ng) was ligated with 50 ng of dephosphorylated vector pCR (Invitrogen,
San Diego, Ca) utilizing the T overhangs on plasmid and A overhangs on PCR
product to give the plasmid pCR-AC2.0. After transformation and selection of
recombinants, purified plasmids were subjected to partial EcoR1 digestion and the
resulting fragment of 1670 bp purified and ligated into pGEX1 as above to give
plasmid pGEX1-AC2.0. This plasmid and pGEX1-AC2.1 were digested to completion
with Kpnl and BamH]1. The restriction fragment of 1390 bp from pGEX1-AC2.0 was
then ligated with the fragment from pGEX1-AC2.0 containing the pGEX 1 sequence
together with the ORF2 sequences downstream of the Kpnl site, to generate plasmid
pGEX1-AC2.2.

The plasmids and cloning strategy used in this study are shown in Figures 5
and 6. Three clones, pGEX1-AC3, pGEX1-AC2.1 and pGEX1-AC2.2, were
constructed in this laboratory earlier. DNA from plasmid pGEX1-AC3 and pGEX1-
AC2.2 were extracted by minipreparation and used as templates for PCR to amplify
two overlaped fragments. A PCR product from pGEX1-AC3 (ORF2.3), which
contains 330bp nucleotides of 5’ end of ORF2, was digested with BamH1 and EcoR1
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EXAMPLE 3

PRODUCTION OF GST FUSION PROTEINS

The transformants of pGEX1-AC3, pGEX1-AC2.1 and -2.2, and pGEX1 (as a
control) were grown for 5 h in L-Broth medium (LB) containing 50pg/ml of
ampicillin. An aliquot of 0.5ul of the overnight culture was inoculated into 200 ml of
LB plus ampicillin and incubated for 6 hr. IPTG (200 pl of 100 mM stock) was
added and the culture was grown overnight. Cells were pelleted at 4000 rpm for 15
min in a bench centrifuge. The pellet was washed in 10mM Tris (pH 7.5) and spun as
before. For each gram of packed cells, 3 pl of lysis buffer (50 mM Tris pH 8.0, 1
mM EDTA, 100 mM NacCl), 4 ul of 100 mM phenylmethylsulfonylfluoride (PMSF)
and 80 pl of 10 mg/ml lysozyme were added. The suspension was incubated at room
temperature for 30 min then 37° for an additional 30 min. The solution was sonicated
for 3 min. and centrifuged at 4000 rpm for 15 min. The pellet (containing most of the
fusion proteins) was washed with ice-cold 1M NaCl, 10 mM Tris pH 7.5. The
protein pellet was resuspended in 3 ml of 10mM Tris (pH 7.5), and stored in aliquots
at -20°.
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Human acute hepatitis sera

Sera from other viral hepatitis cases in Australia were used as negative
controls: 10 acute hepatitis A (positive for anti-HAV IgM, Abbot Diagnostics), 18
acut;s hepatitis B (positive for anti-HBc IgM, Abbot Diagnostics) and 58 hepatitis C
(positive in second generation HCV EIA, Abbot Diagnostics). Sixty-six sera were
collected from acute phase patients in Xinjiang, China during the Hepatitis E epidemic
of 1988.

Serial sera from infected monkeys

Serum specimens were collected approximately twice weekly from 7 rhesus
monkeys (M27, M31, M32, M33, M34, M35, M36) experimentally infected with
HEV. Samples were stored at -20°.

EXAMPLE 7
EXPRESSION OF HEV-GST FUSION PROTEINS

Clones of putative HEV structural proteins were constructed in the highly
efficient pGEX expression system, giving rise to proteins fused with GST (normal
molecular mass of 26 kDA). The clones studied represent the complete sequence of
ORF3 (GST-ORF3), and partially overlapping sequences within ORF2 (GST-ORF2.1,
GST-ORF2.2, GST-ORF2.3, GEST-ORF2.4) as shown in Figures 5 and 6. After
induction with IPTG, bacterial lysates were found to contain unique proteins of about
37, 39.5, 49, 56, 86 and 97 kDa, consistent with the predicted molecular masses of
these translated sequences. It should be noted that pGEX1-AC2, pGEX1-AC2.2 and

pGEX1-AC2.1 encode proteins having common C-termini (representing the extreme
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represents 660 amino acids or the full-length

pGEX1-AC2, pGEX1-AC2.3 and pGEX1-AC2.4 encode proteins having common N-

termini (representing the extreme N-terminus of ORF2). pGEXI1-AC2.3 encodes 1509

amino acids, while pGEX1-AC2.4 has a C-terminal extension of 110 amino acids and

pGEX1-AC2 has a further extension of 400 amino acids or the full-length ORF2, as

above. “ '
EXAMPLE 8

DETECTION OF ANTI-HEV BY WESTERN BLOT

To select conditions for a sensitive diagnostic assay and to examine the
dynamics of antibody responses to each fusion protein, western blots were conducted
to detect anti-HEV IgG in sera from acute-phase hepatitis patients and from
experimentally infected monkeys.

Detection of anti-HEV in human acute hepatitis sera

Sera from well-documented cases of acute hepatitis A, B, C and E were
assayed by western blot (Figure 6, Table 1). The results show that none of 10
Hepatitis A and 18 Hepatitis B sera contained IgG against GST-ORF3 or GST-
ORF2.1, but 3 of 58 hepatitis C were weakly reactive to GST-ORF2.1 and one of
these was also reactive to GST-ORF3. Sixty-one of 66 (92%) acute HEV sera from
Xinjiang contained anti-HEV IgG that bound specifically to the GST-ORF2.1 band but
not to the negative control (GST). Of these, 55 were also positive for IgG to GST-
ORF3, and one serum was reactive with GST-ORF3 but not with GST-ORF2.1. Nine
of nineteen sera collected between 3 and 9 months after suspected HEV were reactive
against GST-ORF2.1, but only 3 of these were active with GST-ORF3. When tested
using a commercial EIA based on ORF3 of the Burmese and Mexican strains, only
one of the convalescent sera was reactive and this serum was reactive against both
GST-ORF2.1 and GST-ORF3.
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(indicated with closed and open circles respectively in Figure 6 and subsequent

figures), but no sera showed reactivity with the control GST protein band.

Detection of anti-HEV in serial sera from rhesus monkeys .

Rhesus monkeys were inoculated intravenously with a Chinese strain of HEV,
and displayed an increase in ALT at 7-26 days indicating acute hepatitis. Serial blood
samples were tested for anti-HEV IgG by Western blot, and the results for one
monkey (M27) are shown in Figure 7. In this monkey, antibodies to both GST-
ORF2.1 and GST-ORF3 were detected at day 16, with anti-GST-ORF2.1 continuing to
increase throughout the snidy period whereas anti-GST-ORF3 reached a peak at 71
days and then declined. Degradation products of both fusion proteins were sometimes
detected in Western blots, as indicated with open circles (GST-ORF3) or closed circles
(GST-ORF2.1) in Figure 7 and subsequent figures.

All 7 monkeys seroconverted since antibody to GST-ORF2.1 was detected at
day 14-21, immediately after ALT elevation. Antibody to GST-ORF3 was first
detected at the same time or 7 days after first detection of GST-ORF2.1 in four
monkeys, but was weakly detectable in only one serumn sample from each of 2
monkeys and in no samples from the remaining monkey. Antibody to GST-ORF2.1,
therefore, appears to be a more consistent marker of infection in macaques, as was

also observed with samples from man (Table 1).

Two monkeys were rechallenged at days 53, 107 and 316, and a third monkey
at days 107 and 316 after initial infection. All monkeys have sﬁown biochemical
evidence of hepatitis after primary inoculation and less severe hepatitis after the first
rechallenge. Only one (M32) of two monkeys appeared to be infected after the second

rechallenge, suggesting the acquisition of partial protective immunity after each
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limited viral replication or at least partly from viral antigen present in the inocula. It
should be noted, however, that in both M3! and M32 no further increase in reactivity
was detected following a third rechallenge, which suggests that the increased reactivity

observed previously was due to virus replication.

Antibody to GST-ORF3 was detected at high levels in M31 and M32 between
days 17 and approximately 60, but waned thereafter. Interestingly, antibody to GST-
ORF3 was boosted after the second rechallenge in monkey 32, and in monkey 33 the
only sample positive for this antibody was after rechallenge. The reactivity with GST-
ORF3 closely reflects that observed using a commercial HEV EIA based on ORF3
synthetic proteins, in which the day 151 sample was also the only reactive samp@e.

from MZC.

Comparison of GST-ORF2.1 and 2.2

The fusion protein GST-ORF2.1 contains only the carboxy-terminal one-third
of the coding sequences from HEV ORF2. In order to examine whether additional
sequences from ORF2 would show greater reactivity, sera from monkeys M31, M32
and M33 were reacted with GST-ORF2.1 and GST-ORF2.2, having an N-terminal
extension of 294 amino acids. In the acute phase of infection, the extended protein
was indeed more strongly reactive, although no samples were positive only for this
protein. However, interestingly, the peak reactivity of the extended protein was in fact
much lower than that of GST-ORF2.1 in each of the animals. In addition, the
antibody was found to decline with time and was only weakly boosted after each

rechallenge.

These two proteins were also used to screen some of the sera from patients
with acute hepatitis A, B or E as described above, with no difference observed in the
proportion of reactive sera, although in most cases the signal for GST-ORF2.2 was
stronger than that for GST-ORF2.1, as also seen during the acute phase in monkeys
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3 and 7-10, the shortest of these, GST-ORF2.1, is the most reactive with convalescent

hepatitis E sera and therefore is the best protein for expression of the epitopes which

are involved in protection from reinfection.

GST fusion proteins GST-ORF2, GST-ORF2.3 and GST-ORF2.4 are partially
overlapping with common amino term (Figure 5). As shown in Figure ld, the
reactivity in sera from experimentally infected macaques against the full-length GST-
ORF?2 closely approximates that seen with the shorter GST-ORF2.3 and GST-ORF2.4
proteins: that is, they are most reactive with acute phase sera and poorly reactive with
convalescent phase sera. The reactivity of full-length GST-ORF2 therefore lies within
the region b5147 to 5477 in bR.FZ according to Tam, and no reactivity is seen against
the sequences b6326 to 7145 which overlap with GST-ORF2.1. The sequences b5147
to 5477 as in GST-ORF2.3 or GST-ORF2.4 are therefore suitable for the detection of
acute phase antibodies to HEV, and on the basis uf the greater reactivity 1n macaque
M33 compared to that against GST-ORF3, we claim that these proteins will enhance

the detection of acute hepatitis E virus infection.

Taken together with the lower reactivity of GST-ORF2.2 and GST-ORF2
compared with GST-ORF2.1 (Figure 9, Figure 10), this again suggests that the
inclusion of amino terminal sequences of ORF2 inhibits the reactivity of carboxy
terminal sequences which may be included in the same protein. It would be expected
that they might also reduce the immunogenicity of similar proteins, and we therefore
claim that proteins containing sequens between b5147 and 6325 are suitable for
diagnostic reagents but not for vaccines unless they can be demonsrated not to

interfere with the reactivity of the sequences 6326 to 7145.

[t is further claimed that antibodies to GST-ORF3 and/or GST-ORF2.3 and/or
GST-ORF2.4 could be used to detect clinical or subclinical infection with HEV in
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Recent infection can be diagnosed on the basis of antibody to ORF3 and/or
increasing titre of antibody to C-terminus ORF2 and/or antibody to the N-terminal part
of ORF2, while past infection of HEV can be diagnosed by the presence of antibody to
ORF2 with or without antibody to ORF3. Antibody to ORF3 is expected to be present
only in a proportion of individuals infected with the virus, and notin individuals who are
exposed to viral antigen in the form of an inactivated or live, attenuated vaccine. This

is also likely to be true for antibodies to ORF1.

EXAMPLE 10 -
DEVELOPMENT OF VACCINES AGAINST HEV

Conventional approaches to recombinant vaccines generally rely on using either
synthetic peptides which are small enough to be chemically synthesised, or recombinant
or fusion proteins representing as large a portion of the antigen of interest as possible.
Consequently, most work on HEV has previously foéusscd on full-length open reading
frame (ORF) 2. However, a key feature of the present invention is the disparity between
the length of recombinant HEV proteins and their reactivity. Recombinant protein, GST-
ORF2.1, representing only the C-terminal 1/3rd of ORF2, is in fact far more reactive with
convalescent sera than is a full length GST-ORF2 protein. Furthermore, the reactivity of
the full-length protein is most likely attributable to the N-terminal sequences, as its
reactivity with convalescent sera almost exactly mirrors that of such N-terminal proteins
(Figure 10). Full-length ORF2, therefore, does not efficiently present the epitopes found
in GST-ORF2.1, which are likely to be important for protective humoral immunity.

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It is

to be understood that the invention includes all such variations and modifications. The
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Ala Ser Glu Leu Val TIle Pro Ser Glu Arxrg Leu His Tyr Arxrg Asn Gln
245 250 255

GGT TGG CGC TCT GTT GAG ACC TCC GGG GTG GCG GAG GAG GAG GCC ACC Bl6
Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu Ala Thr
: 260 265 - 270

TCT GGT CTT GTT ATG CTC TGC ATA CAT GGC TCA CCT GTA AAT TCT TAT Be4
Ser Gly Leu Val Met Leu Cys Ile His Gly Ser Pro Val Asn Ser Tyr
275 . 280 285

ACT AAT ACA CCT TAT ACC GGT GCC CTC GGG CTG TTG GAC TTT GCC CTC 912
Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly lLeu Leu Asp Phe Ala Leu
290 295 300

GAR CTT GAG TTC CGC AAC CTC ACC CCC GGT AAT ACC AAC ACG CGG GTIC 960
Glu Leu Glu Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg Val
305 310 315 320

TCC CGT TAC TCC AGC ACT GCC CGT CAC CGC CTT CGT CGC GGT GCA GAT 1008

Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala Asp
325 330 335

GGG ACT GCC GAG CTT ACC ACC ACG GCT GCT ACC CGC TTC ATG AAG GAC 1056
Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Axg Phe Met Lys Asp
340 345 350
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GCG CTT ACC CTG TTT AAC CTT GCT GAC &CC CTG CTT GGC CGGT CTA CCG 1152

Ala Leu ?hr Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro
370 375 380

ACA GAA TTG ATT TCG TCG GCT GGT GGC CAG CTG TTC TAC TCT CGT CcC 1200
Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg Pro
385 390 395 400

GTC GTC TCA GCC AAT GGC GAG CCG ACT GTT AAG CTT TAT ACA TCT GTA 1248
val Val Ser Ala Asn Gly Glu Pro Thr Vval Lys Leu Tyr Thr Ser Vval
405 410 415

GAG AAT GCT CAG CAG GAT AAG GGT ATT GCA ATC CCG CAT GAC ATC GAC 1296
Glu Asn Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His 3asp Ile Asp
420 425 430

CTC GGG GAG TCT CGT GTA GTT ATT CAG GAT TAT GAC AAC CAA CAT GAG 1344
Leu Gly Glu Ser Arg Val Val Ile Gln Asp Tyr Asp Asn Gln His Glu
435 440 ) 445

CAG GAC CGA CCG ACA CCT TCC CCA GCT CCA TCG CGC CCT TTT TCT GTC 1392
Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser val
450 455 460

CTC CGA GCT AAT GAT GTG CTT TGG CTT TCT CTC ACC GCT GCC GAG TAT 1440
Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu Tyr
465 . 470 475 480

GAC CAG TCC ACT TAC GGC TCT TCG ACC GGC CCA GTC TAT GTC TCT GAC 1488

Asp Gln Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr Val Ser Asp
485 490 495

TCT GTG ACC TTG GTT AAT GTT GCG ACC GGC GCG CAG GCC GTT GCC CGG 1536

Ser Val Thr Leu Val Asn Val Ala Thr Gly ala Gln Ala Val Ala Arg
’ 500 505 510

TCA CTC GAC TGG ACC AAG GTC ACA CTIT GAT GGT CGC CCC CTT TCC ACC 1584
Ser Leu Asp Trp Thr Lys Val Thr Leu Asp Gly Arg Pro Leu Ser Thr
515 520 525

ATC CAG CAG TAT TCA AAG ACC TTC TTT GTC CTG CCG CTC CGC GGT AAG 1632
Ile Gln Gln Tvr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Gly Lys
530 535 540

CTC TCC TTT TGG GAG GCA GGT ACT ACT 2AA GCC GGG TAC CCT TAT AAT 1680
Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr Asn
545 550 555 560
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() - &f # 0% (Thx: ’qg.Jt IAdRTE5: Leu Gln Arg Leu Lys Met Lys Val Gly Lys
#WK{ KKKKKK_?8418F &f #10(%4@& ()-: & #10%-$&830 - : &f #10%-$& () S5&f #10%$& () -
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#&F #109%6-$& () - : &F HHOUEBE: (r)uc:LKKcKIﬂG(K ?2841&f #10%$& () : &F #10%+$& () - : &f #10%
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&f #10%"%5’6:(:( LTT0cdd d;\c&"l-@rc; GTT TCT GGG GTG ACC GGG TTG ATT CTC AGC CCT
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109%#& ()- & 310%t& ()- 8&9Z 10%t& ()- &F 10%+#& () - aWNNWWAXCX| [ : AA10~#&
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T $1096B& ()- (9 : $1098B& ()-(9 : $L09B& ()-(9 : $109B& ()-(9 : $10%6& ()- (eeff

fff_2vU5 9 :9 : $10%8& ()-(9 : $10%& ()-(9 : $10%& ()-(9 : $10%B& ()- (9

L $1096& ()-(9 : $1096& () - (fFfffQ6_2vU5 9 $10%B&'() (q d}untw 7$9

T$1096& ()- (9 @ $1098& () - (F1f FIT"f&f pT45 9 : $1096& () - (9Su tﬁ%&‘i% (9

: $1098& ()-(9 : $1098& ()-(9 : $1096&' ()-(9 : $100/$&'() (9 -6January2

- $1098& () - (& ' F(F)F*f. f/fOpr85 9 $10‘V$&'() (9 :$10%B& ()-(9

L $10%8& ()-(9 : $10%B&' ()-(9 : $10%B&'() (9 :$10%6& ()-(9

. $1096& () - (Of 1f 2f 3f 7f VBpT85 9 : $1096& () §q d}unow 7$9 : $109%8& () - (9

' $1098& ()- (7f:f A TG KI O 285 O - S10U8& (- (9 : $1096& ()- (9 : $LO%B& ()- (9

L $10988& () - ( ;)$§:ﬁ6ﬁ‘3§ac(a)aﬁ§)cm$&@&$&s@); tORBEW [ f_fcfgf 285 9 : $1096& ()-(9

L $1098&' ()-(9 : $109B& 9 :$1098& ()-(9 : $1098B& ()-

. $10%& ETSAAPTE f\Sf 6% FETFIRHEHE ()- (9 : $1096& () - (9 28
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 28 base pairs
(B) TYPE: nucleic aciad
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GTGAATTCTT AGCGGCGCGG CCCCAGCT 28
(2) INFORMATION FOR SEQ ID NO:7:

(i} SEQUENCE CHARACTERISTICS:
(2) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GTGAATTCCA GCTGTTCTAC TCCCGTCC : 28
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 30 base palrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GTGAATTCGG CACTCCGTTT ATTTGATGTT 30



T $1098& ()-(9 : $10%8& ()-(9 : $10%B& ()- (9 : $10YB& () - (
L $1098& ()-(9 : $10%& ()-(9 : $1098& ()-(q d}urrf,\/v 7$F 1 f
: $1098& ()-(9 : $1098& ()- (9 : $1096& ()-(9 : $1096B& ()-(9 : $
- $1096& () - (fffffff 285 9 :9 : $1098& ()- (9 : $109& ()-(9 : g
: $109%8& () - (9 : $1098& () - (9 : $1098& () - (ffffqu 285 9 : $109 ‘j umow
7$9 1 $1098& ()- (9 : $10%6& ()- (Ffififffo085 9 : $T0%& ()- (-9 $10fy$&'() (9
L $1098& ()- (9 : $1096& ()-(9 : $10%& ()- (9 : $109%B& () - (9
- $1096& () - (FFFfffffpT85 9 : $1096& () - (9-2$10%B& ()- (9 : $109B& () - (9
: $1098& ()- (9 : $L09B& ()- (9 : $1096& () - (9 L $10988' ()- (fffffV6pT85 9
 $10%8&' (3> (WWRGRUATION7 SOR : BOIBRQP-+(9 : $1098& () - (TFIfff 285 9
: $1098&' () - (9,4, SIOMB& L) c Qi S1OIBEL) - (9 :$1096& ()-(9 : $T09%B& ()- (9

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

wfxf|fffrR2_?85 9
fff_?85 9 9

(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
TCGTAGACCT ACCACAGCTG 20
{(2) INFORMATION FOR SEQ ID NO:10:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TCTTAAGGCG CTGAAGCTCA 20
(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
GTGGATCCAT GCGCCCTCGG CCTATTTTGT ' 30
(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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GTGAATTCTT AGCGGCGCGG CCCCAGCT 28

(2} INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTZIRISTICS:

(a)

(B)

(C)
(D)

LENGTH: 20 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
TCGTAGACCT ACCACAGCTG 20
{(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:

- {A)
(B)
(C)
(D)

LENGTH: 22 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

{1i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CACAAGCTCA GAGGCTATGC CG 22
2) INFORMATION FOR SEQ ID NO:15:

' (1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1658 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPQLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION: 2..1658
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T CGT AGA CC"" ACC ACA GCT GGG GCC GCG CCG CTA ACC GLCG GTC GCT7T 46

Arg Arg Pro Thr Thg Ala Gly Ala Ala Pro Leu Thr Ala Val Ala
1 10 15

CCG GCC CAT GAC ACC CCG CCA GTG CCT GAT GTT GAC TCC CGC GGC Gee 94
Pro Ala His Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Gly Ala
20 25 30

ATC CTG CGC CGG CAG TAT AAC CTA TCA ACA TCT CCC CTT ACT TCT TCC 142
Ile Leu Arg Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu Thr Ser Ser
35 40 45

GTG GCC ACC GGT ACA AAC TTG GIT CTA TAC GCC GCT CCT CTT AGC CCA 190
val Ala Thr Gly Thr Asn Leu Val Leu Tyr Ala Ala Pro Leu Ser Pro
50 55 . 60

CTT CTA CCC CTC CAG GAC GGC ACC AAT ACT CAT ATA ATG GCC ACA GAA 238
Leu Leu Pro Leu Gln Asp Gly Thr Asn Thr His Ile Met Ala Thr Glu
65 70 75

GCT TCT AAT TAT GCC CAG TAC CGG GIT GCT CGT GCC ACA ATT CGC TAC 288
Ala Ser Asn. Tyr Ala Gln Tyr Arg Val Ala Arg Ala Thr Ile Arg Tyr
80 o 85 80 95

CGC CCG CTG GTC CCC AAC GCT GTT GGT GGC TAC GCC ATC TCC ATC TCG 334
Arg Pro leu Val Pro Asn Ala Val Gly Gly Tyr Ala Ile Ser Ile Ser
100 105 110

TTC TGG CCA CAG ACC ACC ACC ACC CCG ACG TCC GTT GAC ATG AAT TCA 382
Fhe Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp Met Asn Ser
115 120 125

ATA ACC TCG ACG GAT GTT CGT ATT TTA GTC CAG CCC GGC ATA GCC TCC 430
Jle Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly Ile Ala Ser
130 135 140

GAG CTT GTT ATC CCA AGT GAG CGC CTA CAC TAC CGT ARC CAA GGT TGG 478
Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln Gly Trp
145 150 155

CGC TCT GTT GAG ACC TCC GGG GTG GCG GAG GAG GAG GCC ACC TCT GGT 526
Arg Ser vVal Glu Thr Ser Gly Val Ala Glu Glu Glu Ala Thr Ser Gly
160 165 170 175

CTT GTT ATG CTC TGC ATA CAT GGC TCA CCT GTA AAT TCT TAT ACT AAT 574
Leu Val Met Leu Cys Ile His Gly Ser Pro Val Asn Ser Tyr Thr Asn
180 185 190

ACA CCT TAT ACC GGT GCC CTC GGG CTG TTG GAC TTT GCC CTC GAA CTT 62
Thr Pro Tyr Thr Giy Ala Leu Gly Leu Leu Asp Phe Ala Leu Glu Leu
195 200 205

(5]
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TAC TCC AGC ACT GCC CGT CAC CGC CTT CGT CGC GGT GCA GAT GGG ACT 718
Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala Asp Gly Thr
225 230 235
GCC GAG CTT ACC ACC ACG GCT GCT ACC CGC TTC ATG AAG GAC CTC TAT 766
Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp Leu Tyr
240 245 250 255
TTT ACT AGT ACT AAT GGT GTC GGT GAG ATC GGC CGT GGG ATA GCG CTT 814
Phe Thr Ser Thr Asn Gly Val Gly Glu Ile Gly Arg Gly Ile Ala Leu
260 265 270
ACC CTG TTT AAC CTT GCT GAC ACC CTG CTT GGC GGT CTA CCG ACA GAA 862
Thr Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro Thr Glu
2758 280 285
TTG ATT TCG TCG GCT GGT GGC CAG CTG TTC TAC TCT CGT CCC GTC GTC 910
Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg Pra Val Vval
290 295 300 :
TCA GCC AAT GGC GAG CCG ACT GTT AAG CTT TAT ACA TCT GTA GAG AAT 658
Ser Ala Asn Gly Glu Pro Thr val Lys Leu Tyr Thr Ser Val Glu Asn
305 310 315
GCT CAG CAG GAT AAG GGT ATT GCA ATC CCG CAT GAC ATC GAC CTC GGG 1006
Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His Asp Ile Asp Leu Gly
320 . 325 330 : 335
GAG TCT CGT GTA GTT ATT CAG GAT TAT GAC AAC CAA CAT GAG CAG GaAC 1054
Glu Ser Arg Val val Ile Giln Asp Tyr Asp Asn Gln His Glu Gln asp
340 345 350
CGA CCG ACA CCT TCC CCA GCC CCA TCG CGC CCT TTT TCT GTC CTC CGA 1102
Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser Val Leu Arg
355 360 365
GCT AAT GAT GTG CTT TGG CTT TCT CTC ACC GCT GCC GAG TAT GAC CaG 1150
Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu Tyr Asp Gln
370 375 380
TCC ACT TAC GGC TCT TCG ACC GGC CCA GTC TAT GTC TCT GAC TCT GTG 1198
Ser Thr Tyr Gly Ser Ser Thr Gly Pro val Tyr Val Ser Asp Ser Val
385 390 395
ACC TTG GTT AAT GTT GCG ACC GGC GCG CAG GCC GTT GCC CGG TCA CTC 1246

Thr Leu Val Asn Val Ala Thr Gly Ala Gln Ala Val Ala Arg Ser Leu
400 405 410 415
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CAG TAT TCA AAG ACC TTC TTT
Gln Tyr Ser Lys Thr Phe Phe

TTT TGG
Phe Trp

ACC ACT
Thr Thr
465

GTT GCT
Vval Ala
480

ATT TCC
Ile Ser

GAG GAT
Glu Asp

TGC CCG
Cys Pro

ACT GTC
Thr val

435

GAG GCA
Glu Ala
450

GCT AGT
Ala Ser

ATT TCC
Ile Ser

GCG GT'T
Ala val

ACC ATG
Thr Met
515

GAG TGC
Glu Cys
530

GCT GAG
Ala Glu

GGT
Gly

GAC
Asp

ACT
Thr

GCT
Ala
500

GAC
Asp

cGC
Arg

CTT
Leu

670 .

(2) INFORMATION

FOR

(1) SEQUENCE

(A)

(9 $10°/$&'

ACT ACT
Thr Thr

CAA CTG
Gln Leu
470

TAC ACC
Tyr Thr
485

GTT TTA
Val Leu

TAC CCT
Tyr Pro

CcCcC CTT
Pro Leu

CAG CGC
Gln Arg

GTC
val

A2A
Lys
455

CTC
Leu

ACT
Thr

GCC
Ala

GCC
Ala

GGC
Gly
535

CTT
Leu

CTG
Leu
440

GCC
Ala

GTIT
val

AGC
Ser

ccC
Pro

CGC
Arg
520

CcTC
Leu

AAG
Lys
675

SEQ ID NO:l6:

9 :$10%%& () - (hhhhhV600B59 : $10968&’ (
(hhhhhhh_?359 $1o%&'()

:$10%B&'() (9 :$109B& ()-(9 : $109%& ()- (952$10ty$&'() (hhhhhhh 2359
(9 :$1098& ()-

(9 :$10%& (

CcCG
Pro

GGG
Gly

GAG
Glu

cTG
Leu

CAC
His
505

GCC
Ala

CAG
Gln

CHARACTERISTICS:

CTC

CGC

GGT AAG CTC

Leu Arg Gly Lys

TAC
Tyr

AAT
Asn

GGT
Gly
490

TCC
Ser

CAT
His

GGC
Gly

LENGTH: 552 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY:

(1i) MOLECULE

(xi) SEQUENCE

Arg Arg Pro Thr Thr

1

Ala His Asp Thr Pro

20

5

linear

TYPE: protein

cCT
Pro

GCC
Ala
475

GCT
ala

GCG
Ala

ACT
Thr

TGT
Ccys

DESCRIPTION: SEQ ID NO:16:

Ala Gly Ala Ala Pro Leu Thr Ala vVal Ala Pro

Pro Val Pro Asp Val Asp Ser Arg Gly Ala Ile

25

1lo

TAT
Ty
4560

GCT
Ala

GGT
Gly

CTaA
Leu

TTC
Phe

GCT
Ala

-540

445
AAT
Asn

GGG
Gly

ccce
Pro

GCA
Ala

GAT
Asp
525

TTT
Phe

30

Leu

TAT
Tyr

CAT
His

GTC
val

TG
Leu
510

GAC
Asp

CAG
Gln

15

9 :$109%B& ()-(9 :$109B& () - ((9 $10°/$&'() ((9 %1
-(q d}unmCw 7$9

(9 : $1098& ()-(9

TCC
Ser

AAC
Asn

CGG
Arg

TCT
Sar
485

CTT
Leu

TTC
Phe

TCT
Ser
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1342

1390

1438

1486

1534

1582

1630

1658
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S 450 Gly ngsgsn Leu Val Leu Tyr Ala Ala ng Leu Ser Pro Leu () (9

Leu Pro Leu Gln Asp GlY Thr Asn Thr His Ile Met Ala Thr Glu Ala
65 70 75 80

ger Asn Tyr Ala Gln Tyr Arg Val Ala Arg Ala Thr Ile Arg Tyr Arg
85 90 85

Pro Leu Val Pro Asn Ala Val Gly Gly TyT Ala Ile Ser Ile Ser Phe
100 105 110

Typ Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp Met Asn Ser Ile
115 120 125

Thr Ser Thr AsSp val Arg Ile Leu val Gln Pro Gly Ile Ala Ser Glu
130 135 140

Leu Val Ile Pro ger Glu Arg Leu Eis Tyr Arg Asn Gln Gly Trp Arg
145 150 155 160

ger val Glu Thr Sex Gly val Ala Glu Glu Glu Ala Thr Sex Gly Leu
165 170 175

vzl Met Leu Cys Ile His Gly Ser Pro val Asn Ser Tyr Thr Asn Thr
180 185 150

pro Tyr Thr Gly Ala Leu Gly Leu Leu asp Phe Ala Leu Glu Leu Glu
195 200 205

Phe Arg Asn Leu Thr Pro Gly Asnh Thr Asn Thr Arg val Ser Arg TyrT
210 ] 215 220

ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala Asp Gly Thr Ala
225 | 230 . 235 240

¢lu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp Leu Tvr Phe
245 250 255

Thr Ser Thr Asn GlY val Gly Glu Ile Gly Arg Gly Ile Ala Leu Thr
260 265 270

Leu Phe 2Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro Thr Glu Leu
275 280 285

Tle Ser Ser Ala Gly Gly Gin Leu Phe Tyr Ser Arg Pro Val Val Sar
280 285 300

Ala Asn Gly Glu Pro Thr val Lys Leu TYT Thr Ser Val Glu Asn ala
305 310 315 320
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2Siiii]
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i

Ser

Pro

Asn

Thr

385

Leu

Trp
Thr
485
Ala
Ser
Asp
Pro
val

545
(2)

J
Arg

Thr
ASP
370
TYT
val
Thx
Ser
Glu
450
Ala
Ile
Ala
Thr
Glu

530

Ala

Val

Pro
355
val
Gly
Asn
Lys
Lys-
435
Ald
Ser
Ser
val
Met
515

Cys

Glu

val
340
Ser
Leu
Ser
Val
val
420
Thr
Gly
ASD

Thr

Ala

Ile Gln Asp Tyr

Pro

Trp

Ser

Ala

405

Thr

Phe

Thr

Gln

TYyx

485

val

500 .

Asp

Arg

Leu

Tyr
Pro

Gln

Ala Pro

Leu Ser
375

Thr Gly
380

Thr Gly

Leu Asp

Phe Val

Thr Lys
455

Leu Leu
470

Thr Thr
Leu Ala
Pro Ala
Leu Gly

535

Arg Leu
550

Ser

360

Leu

Pro

Ala

Gly

Leu

440

Ala

val

Ser

Pro

Arg
520

Leu Gln

Lys

%551Ag§v@piﬂﬁﬁb TS OMBRIL R - X TP

Asp
345

Gln
Arg
425
Pro
Gly
Glu
Leu
His
505

Ala

INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:

9 :$109

d5gice
Asn Gln
Pro Phe

Ala Ala

Tyr Val
395

§ A S0 g O

10988& () - (9

KEis Glu Gln Asp Arg

Ser

Glu
380

Ser

Ala Val Ala

410

Pro Leu
Leu Arg
Tyr Pro
Asn Ala

475
Gly Ala
490
Ser Ala

His Thr

Gly Cys

(A} LENGTH: 803 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

Ser
Gly
Tyr
450
Ala
Gly

Leu

Phe

val
365
TVr
Asp
Arg
Thr
Lys
445
Asn
Gly
Pro

Ala

Asp

525

Ala
540

Phe

350

Leu
Asp
Ser
Ser
Ile
430
Leu
TYL
His
val
Leu
510

Asp

Gln

Arg

Gln

Val

Leu

415

Gln

Ser

Asn

Arg

Ser

495

Leu

Phe

Ser

Ala

Sex

Thr

400

Asp

Gln

Phe

Thr

val

480

Ile

Glu

cys

Thr
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: $1098& () (9ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..803

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

CAG CTG TTC TAC TCT CGT CCC GTC GTC TCA GCC AAT GGC GAG CCG ACT 43
Gln Leu Phe Tyr Ser Arg Pro Val Val Ser Ala Asn Gly Glu Pro Thr
5 10 15
GTT AAG CTT TAT ACA TCT GTA GAG AAT GCT CAG CAG GAT AAG GGT ATT 96
val Lys Leu Tyr Thr Ser Val Glu Asn Ala Cln Gln Asp Lys Gly Ile
20 25 30
GCA ATC CCG CAT GAC ATC GAC CTC GGG GAG TCT CGT GTA GTT ATT CAG 144
Ala Ile Pro His Asp Ile Asp Leu Gly Glu Ser Arg Val Val Ile Gln
35 40 45
AT TAT GAC AAC CAA CAT GAG CAG GAC CGA CCG ACA CCT TCC éCA GCC 192
Asp Tyr Asp Asn Gln His Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala
50 55 60 ’
CCA TCG CGC CCT TTT TCT GTC CTC CGA GCT AAT GAT GTG CTT TGG CTT 240
Pro Ser Arg Pro Phe Ser Val Leu Arg Ala Asn Asp Val Leu Trp Leu
65 70 75 80
TCT CTC ACC GCT GCC GAG TAT GAC CAG TCC ACT TAC GGC TCT TCG AcCC 288
Ser Leu Thr Ala Ala Glu Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr
85 90 395
GGC CCA GTC TAT GTC TCT GAC TCT GTG ACC TTG GTT AAT GTT GCG ACC 336
Gly Pro Val Tyr vVal Ser Asp Ser Val Thr Leu Val Asn Val Ala Thr
100 105 110
‘GGC éCG CAG GCC GTT GCC CGG TCA CTC GAC TGG ACC AAG GTC ACA CTT 384
Gly Ala Gln Ala Val Ala Arg Ser Leu Asp Trp Thr Lys Val Thr Leu
115 120 125
GAT GGT CGC CCC CTT TCC ACC ATC CAG CAG TAT TCA AAG ACC TTC TTT 432
Asp Gly Arg Pro Leu Ser Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe
130 135 140
GTC CTG CCG CTC CGC GGT AAG CTC TCC TITT TGG GAG GCA GGT ACT ACT 480
Val Leu Pro Leu Arg Gly Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr
145 150 155 150
AAA GCC GGG TAC CCT TAT AAT TAT AAC ACC ACT GCT AGT GAC CAA CTG 528

Lys Ala Gly Tyr Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu
165 170 175
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ACT AGC CTG GGT GCT GGT CCC GTC TCT ATT TCC GCG GTT GCT GTT TTA 624
Thr Ser Leu Gly Ala Gly Pro Val Ser Ile Ser Ala Vval Ala Val Leu
195 200 205

GCC CCC CAC TCC GCG CTA GCA TTG CTT GAG GAT ACC ATG GAC TAC cCcT 672
Ala Pro His Ser Ala Leu Ala Leu Leu Glu Asp Thr Met Asp Tyr Pro
210 215 220

GCC CGC GCC CAT ACT TTC GAT GAC TTC TGC CCG GAG TGC CGC CCC CTT 720
Ala Arg Ala His Thr Phe Asp Asp Phe Cys Pro Glu Cys Arg Pro Leu
225 230 235 240
GGC CTC CAG GGC TGT GCT TTT CAG TCT ACT GTC GCT GAG CTT CAG CGC 768

Gly Leu Gln Gly Cys Ala Phe Gln Ser Thr val Ala Glu Leu Gln Arg
245 250 255

CTT AAG ATG AAG GTG GGT AAA ACT CGG GAG TTA TA 803

Leu Lys Met Lys Val Gly Lys Thr Arg Glu Leu
260 © 265

(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 267 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(x1) SEQUENCE DESCRIPTION: SEQ ID_NO:IB:

Gln Leu Phe Tyr Ser Arg Pro Val Val Ser Ala Asn Gly Glu Pro Thr
1 5 10 15

Val Lys Leu Tyr Thr Ser Val Glu Asn Ala Gln Gln Asp Lys Gly Ile
20 25 30

Ala Ile Pro Eis Asp Ile Asp Leu Gly Glu Ser Arg Val val Ile Gln
a5 40 45

Asp Tyr Asp Asn Gln His Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala
50 55 60

Pro Ser Arg Pro Phe Ser Val Leu Arg Ala Asn Asp Val Leu Trp Leu
€5 70 75 80

Ser Leu Thr Ala Ala Glu Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr
85 90 95



- $1096& () -
. $1096& () -
: $1096& () -
F $10968
 $1096& (
 $1096&
. $1098& () -
. $1096& () -

~ ~
vvvvvvvv
NN NN AN NN

: $10%&

3k
9 :
9 :$10%& ()-(9 :$109%& ()-(9 : $10‘V$&'() (9 $ %2 et
9 :
9 :$10%& () - (CkUkYk]kakeklk 7459 $10%$&f() (9

9 :$10%& ()-(9 :$109%B& ()-(9 : $109$&f() (|knquukyk}kk ?459
9
kk

4k5kek: k; k<k=kpT859 : $109& ()-(9 : $109B& ()- (9 : $1098B& ()- (9

L $1098& () - (9 : $1096& ()-(9 : $10%& () - ( k>kBkaDkEkaJka459

$10968 () - (JKKKLKMKCKVBPT459 : $1096& (

05 (9

:$1o%&'() (9 :$1098& ()-(9 :$10%& ()-(9 : $10%& ()- (9
kkk_?459 : $1096& ()-(9 : $1098%& ()-(9 : $10‘V$&'() (9

: $1096& ()- (9 : $1098&' ()-(9_: $109B&' () - (kkkkkr R2 2459 : $1096&' ()- (9
(ﬁé? =YY 08’ %qsed‘} ﬁﬁhﬁef%g%ﬂ?ﬁkbémé’él 3en gg@%ké (I§r2r(g

c$109B& ()-(9 :$109 ()-(9 :$1098& (

9 : $1098& () - (

: $109B& (Fry lektlek ik X2450a1 Ala rg Ser Leu Asp Trp Thr Lys Val Thr Leu

115 120 125

Asp Gly Arg Pro Leu Ser Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe
130 135 140

val Leu

145

Pro Leu Arg Gly Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr
150 155 160

Lys Ala Gly Tyr Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu

165 170 175

Leu Val Glu Asn Ala Ala Gly His Arg Val Ala Ile Ser Thr Tyr Thr

180 185 1380

Thr Ser Leu Gly Ala Gly Pro Val Ser Ile Ser Ala Val Ala Val Leu

195 200 205

Ala Pro His Ser Ala Leu Ala Leu Leu Glu Asp Thr Met Asp Tyr Pro
210 ‘ 215 220

Ala Arg

225

Gly Leu

Ala His Thr Phe Asp Asp Phe Cys Pro Glu Cys Arg Pro Leu
230 ) 235 240

Gln Gly Cys Ala Phe Gln Ser Thr Val Ala Glu Leu Gln Arg
245 250 255

Leu Lys Met Lys Val Gly Lys Thr Arg Glu Leu

(2)

260 265

INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1686 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPQLOGY: linear

(1i) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION: 2..1687

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:195:

T CGT AGA CCT ACC ACA GCT GGG GCC GCG CCG CTA ACC GCG GTC GCT

Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala Val Ala

5 1¢

15



T $1098& ()- (9 : $1096& ()- (9 : $1096& ()-(9 : $L0%B& ()-(9 : $10%& ()- (9
: $1098& () - (kkkkkQb_?459 :$1096& ()- (g d}umOw 7$9 : $1096& ()- (9
: $1098& () - ( kkkkkkkkI P459 : $1098& ()-((9 : $1o%&'() (9 : $108H&1t ha EReet
- $1096& ()- (9 : $109B& ()-(9 : $1096& ()- (9 : $109%8& () - (kkkkk %

) - (

 $1096& ()-((9 : $109B& ()- (9 : S10%B& ()-(9 : $10%6& ()-(9 : $

- $1098& ()-(9 : $10%& () - (kkkkkV60CB59 : $1096& () - (q d}urrc,w 7$9
 $1096& ()-(9 : $1098& ()- (Kkkl |11 2359 : $1008& ()-(9 :$1006& ()-(9

. $1098& ()-(9 : $1098& ()-(9 $1o%&'() (95%10%&'() (||||| | $1 2359

. $1096&’ ( 100/% o SH00BE ( $100/$&'() (9
: $109%& ( 153 %ﬁé CG$ % ;% %é C() (9 94
- $10%B& % §§E§$ o% §TOS10088" (5§§ 3551 85& ()-(9

:$1o%&'() (9 $1o%&'() (q

ATC CTG CGC CGG CAG TAT AAC CTA TCA ACA TCT CCC CTT ACT TCT TCC 142
Ile Leu Arg Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu Thr Ser Ser
35 40 45
GTG GCC ACC GGT ACA AAC TTG GTT CTA TAC GCC GCT CCT CTT AGC CCA 150
Val Ala Thr Gly Thr Asn Leu Val Leu Tyr Ala Ala Pro Leu Ser Proc
50 55 60 |
CTT CTA CCC CTC CAG GAC GGC ACC AAT ACT CAT ATA ATG GCC ACA GAA 238
Leu Leu Pro Leu Gln Asp Gly Thr Asn Thr His Ile Met Ala Thr Glu
65 70 75
GCT TCT AAT TAT GCC CAG TAC CGG GTT GCT CGT GCC ACA ATT CGC TAC 286
Ala Ser Asn Tyr Ala Gla Tyr Arg Val Ala Arg Ala Thr Ile Arg Tyr
80 85 S0 95
CGC CCG CTG GTC CCC AAC GCT GTT GGT GGC TAC GCC ATC TCC ATC TCG 334
Arg -Pro Leu .Val Pro Asn Ala Val Gly Gly Tyr Ala Ile Ser Ile Ser
100 105 110
TTC TGG CCA CAG ACC ACC ACC ACC CCG ACG TCC GTT GAC ATG AAT TCA 382
Phe Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp Met 2Asn Ser
115 120 125
ATA ACC TCG ACG GAT GTT CGT ATT TTA GTC CAG CCC GGC ATA GCC TCC 430
Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly Ile Ala Ser
130 135 . .140
GAG CTT GTIT ATC CCA AGT GAG CGC CTA CAC TAC CGT AAC CAA GGT TGG 478
Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln Gly Trp
145 . 150 155
CGC TCT GTT GAG ACC TCC GGG GTG GCG GAG GAG GAG GCC ACC TCT GGT 526
Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu Ala Thr Ser Gly
160 165 170 175
CTT GTT ATG CTC TGC ATA CAT GGC TCA CCT GTA AAT TCT TAT ACT AAT 574
Leu Val Met Leu Cys Ile His Gly Ser Pro Val Asn Ser Tyr Thr Asn
180 185 130
ACA CCT TAT ACC GGT GCC CTC GGG CTG TTG GAC TTT GCC CTC GAA CTT 622
Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu Glu Leu
195 200 205
GAG TTC CGC AAC CTC ACC CCC GGT AAT ACC AAC ACG CGG GTC TCC CGT 670

Glu Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg val Ser Arg
210 215 220
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GCC GAG CTT ACC ACC ACG GCT GCT ACC CGC TTC ATG AAG GAC CTC TAT 766

Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp Leu Tyr
240 245 250 255

TTT ACT AGT AC& AAT GGT GTC GGT GAG ATC GGC CGT GGG ATA GCG CT7 814
Phe Thr Ser Thr Asn Gly Vval Gly Glu Ile Gly Arg Gly Ile Ala lLeu
260 265 270

ACC CTG TTT AAC CTT GCT GAC ACC CTG CTT GGC GGT CTA CCG ACA GAA 862
Thr Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro Thr Glu
275 280 285

TTG ATT TCG TCG GCT GGT GGC CAG CTG TTC TAC TCT CGT CCC GTC GTC 910
Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg Pro Val val
290 295 . 300

TCA GCC AAT GGC GAG CCG ACT GTT AAG CTT TAT ACA TCT GTA GAG AAT 958
Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser vVal Glu Asn :
305 310 315

GCT CAG CAG GAT AAG GGT ATT GCA ATC CCG CAT GAC ATC GAC CTC GGG 1006

Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His Asp Ile Asp leu Gly
320 325 330 335

GAG TCT CGT GTA GTT ATT CAG GAT TAT GAC AAC CAA CAT GAG CAG GAC 1054

Glu Ser Arg Val Val Ile Gln Asp Tyr Asp Asn Gln His Glu Gln Asp
. 340 345 350

CGA CCG ACA CCT TCC CCA GCC CCA TCG CGC CCT TTT TCT GTC CTC CGA 1102
Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser Val Leu Arg
355 369 365

GCT'AAT GAT GTG CTT TGG CTT TCT CTC ACC GCT GCC GAG TAT GAC CAG 1150
Ala.Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu Tyr Asp Gln
370 375 380

TCC ACT TAC GGC TCT TCG ACC GGC CCA GTC TAT GTC TCT GAC TCT GTG 1138
Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr Val Ser Asp Ser val
385 390 395

ACC TTG GTT AAT GTT GCG ACC GGC GCG CAG GCC GTT GCC CGG TCA CTC 1246
Thr Leu Val Asn Val Ala Thr Gly ala Gln Ala Val Ala Arg Ser Leu
400 405 410 415

GAC TGG ACC AAG GTC ACA CTT GAT GGT CGC CCC CTT TCC ACC ATC CAG 1294
Asp Trp Thr Lys Val Thr Leu Asp Gly Arg Pro Leu Ser Thr Ile Gln
420 425 43¢0
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TTT TGG GAG GCA GGT ACT ACT AAA GCC GGG TAC CCT TAT RAT TAT AAC 1390
Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr Asn Tyr Asn .
450 455 460

ACC ACT GCT AGT GAC CAA CTG CTC GTT GAG AAT GCC GCT GGG CAT CGG 1438
Thr Thr Ala Ser Asp Gln Leu Leu Val Glu Asn Ala Ala Gly His Arg
465 470 475

GTT GCT ATT TCC ACT TAC ACC ACT AGC CTG GGT GCT GGT CCC GTC TCT 1486
val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gly Ala Gly Pro Val Ser
480 485 490 495

ATT TCC GCG GTT GCT GTT TTA GCC CCC CAC TCC GCG CTA GCA TTG CTT 1534
Ile Ser Ala Val Ala Val Leu Ala Pro His Ser Ala Leu Ala Leu Leu
500 505 510

GAG GAT ACC ATG GAC TAC CCT GCC CGC GCC CAT ACT TTC GAT GAC TTC 1582
Glu Asp Thr Met Asp Tyr Pro Ala Arg Ala His Thr Phe Asp Asp Phe
515 5§20 ‘ 525

TGC CCG GAG TGC CGC CCC CTT GGC CTC CAG GGC TGT GCT TTT CAG TCT 1630
Cys Pro Glu Cys Arg Pro Leu Gly Leu Gln Gly Cys Ala Phe Gln Ser
530 535 540

ACT GTC GCT GAG CTT CAG CGC CTT AAG ATG AAG GTG GGT AAA ACT CGG 1678
Thr Val Ala Glu Leu Gln Arg Leu Lys Mek Lys Val Gly Lys Thr Arg

545 550 555
GAG TTA TA 1686
Glu Leu
560

(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 562 amino acids
{B) TYPE: amino acid
(D) TOPCLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala val Ala Pro
5 10 1s

Ala His Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Gly Ala Ile
20 25 30
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Ala ng Gly Thr Asn Leu Vg% Leu Tyr Ala Ala ng Leu Ser Pro lLeu

9

Leu Pro Leu Gln Asp Gly Thr Asn Thr His Ile Met Ala Thr Glu Ala
65 70 75 840

Ser Asn Tyr ala Gln Tyr Arg val Ala Arg Ala Thr Tle Arg Tvr Arg
85 50 a5

Pro Leu Val PIO Asn Ala val Gly Gly Tyr Ala Ile Ser Ile Ser Phe
100 105 110

Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp Met Asn Ser Ile
115 120 125

Thr Ser Thr Asp val Arg Ile Leu val Gln Pro Gly Ile Ala Ser Glu
130 135 140

teu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln Gly Trp Arg
145 150 155 160

ser val Glu Thr Ser Gly val Ala Glu Glu Glu Ala Thr Ser Gly Leu
165 170 175

val Met Leu Cys Ile Hig Gly Ser PIo val Asn Ser Tyr Thr Asn Thr
180 185 190

Pro Tyr Thr Gly Ala Leu Gly Leu Leu Bsp Phe Ala Leu Glu Leu Glu
195 200 205

the Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg Val Ser Arg Tyr
210 . 215 220

ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala Asp Gly Thr Ala
225 230 235 240

Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp leu Tyr Phe
245 250 255

Thr Ser Thr Asn Gly Val Gly Glu Ile Gly Arg Gly Ile Ala Leu Thr
260 265 270

Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro Thr Glu Leu
275 280 2885

Ile Ser Ser Ala Gly Gly Gln Leu phe Tyr Ser Arg Pro val val Ser
290 295 300

Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser val Glu Asn Ala
305 310 315 320



. mmmmmmt X<:

:$109B& ()-(9 :$10%B& ()-(9 :$109B& () - (MMMIVR%T10$9 : $10%B& () -(q

d}unmtw 7$9 : $109%& ()-(9 :$10%& () - ( mmmmmmmmr V: $9 _

: $(10%& () - F(1098&' () - F(1098& () - F(109%& () - F(10%& () - FPulusiiige @;Eﬁ10$10$m
$9 - 6 January 2003

L $( 10988 () - F(1098& () - F(10%8& () - F(109%& () - F(109%8& () - F(10%& () - F( 10%&

() - Fmmnnt X<: $9

:$(109%8$& () - F(109%8& () - F(109%$& ((109%$& () - F(109%8& ()-F(109%& ()-F(109& () -

Fnnnnnnr V: (10%$&' () - F$( 1098& () - F- (10%$&k%) - F- (109%&' () - Fg+# ! D¥{ nn nnn

nnnt X<0%8& () - F$( 1098&' () - F(109%8&' () - F( 109%5&’ ( 21 %100/&&' EG - F(1098& () - F(10%

$& () - FLA%&: (spFornmnp$npP20e6el § )Prp%ﬁ%&( BER (Y2F i 0%E ()- F(1096& (

) - F(109%8& () - F(1098& (RSF(10%$& () - F$n? ‘n(n)nrV: (10%&& ) - F$(1098& () - F(

1098&' ()-F(1098&. () - Fq+# sp Tyr Asp Asn Gln His Glu Gln Asp Arg

| D% ) n’(kzﬁﬁﬁ,(h%/%’ﬁé%a 13608 O (THae() - F- (1096& () - FOL0%B& () - F(1096& () -

F(109%& ()-F(10%& () - F(109%8& () - FAn5n6n7n8n9n: nt X80%%& é} (p"l]g’/&S&' ()-F-(10%

$& () - F(eLRY& (ProF6dNuka' £)a Fro0seR ALy- ALY VE@ 1o¥B&7E) 2R n;

N?nCnGNNK. t X80AES096& ( ) - F( 1096839 - F( 10988 () - Fqt

I DY GhKnOnSnW[.n_n_ 280% 10% 1.0%&; V4 &a (d1FF0%:Y GLr 098 () - F(10%

$& (E) - F(Afeo/%a( ?Fﬁ%‘t%é:%k’g%%%ﬁ%‘g@i% (1%%)/? 10(&0( §T d F( 10‘V&%§ (ij{ F( 10(%3&' (§- F(

1098& () - F(1098& () - F(109%&' () - Fwn| nnnnML ?80‘%0%5&":%%%g+ .

| D% (10%B& £3r RLL08ER SEX- Fmn N Ar» 88 %‘Wg?o ' OyP 9 é%c F(109%$& ()-F

(1096& (IB5F( 1096& () - F( 1098 () - Fnnnnnnn_280% 10% 1096&' () - F( 1096& () - F( 10%

$& () - F(10%& ().~ F(10%&' b7 RLLOMBS dih- Krnvan_280%E3 094rl 08B () - F( 10968 () -

F 10 T B OB ) L1 Sha 8 ) S SO0a8 () - Fnnnnne V: (18582 ()- F( (10568 1)

-F(10%$& () - F(109%%&' () - FOoq+# — n

! Dg/( nnnmt(@)nmmgﬁﬁ% %%'&gf‘) Aep169%478) R 168a37 " F(ﬁlﬂf/&p(c)u- FD(109%88& ()-F

(1098&' () - F( 1098& £39 FnnnnnnnpT3098&CT098& () - F( 1098&' () - F(10%8& () - F( 1098&

"() - F( 10%@&'§Q 1998 &ne) piré TMOUBRE( )Brien hem i, @nzsé%g 16988 ) BN 10968 () - F(1

098& () -Fq+# 435 440 : .

| DY nnnnnno_?30% 109 10%$&. () - F( 10958 ( )} 73 O%E& Y F(109%6& ()-F

(10§/$&' (ynwééboﬁgoﬁz?%o%ﬁ%@% )Jiij@%?% %6%%9%%85&;% 0)- F’?ﬁlO‘Vé&' ()- F§ )10%

$& () - F(10988° () - Foo$0%0) oML_730% 10%6& () - F1q+# ,

| D% (10958 () 2 FbO¥BS! ) Epo-wnSeDoSeASST? IR 203(CIHvER® (FIF IDose () - F(10%

$& () - F(44088& () - F( 10958 GYIF(10%& () - FAoEb"oMpQoUoYo ?30% 109 1096&' () - F( |

109%$& () - F(10988&' ()= F(10YB&" (v Yh {L0UBR Hrlo- F¥D]sEa0sbé 02309 10% 1

0OBE: (). FAL GBS TEE LN E ) T TO%D (OB L0V () F( L0MBE () FTogohoi of or

Vi 230% ( 1098& () - F(10%& () - F(1098& () - FOq+ s Glu

| D% j onfa(g@,pcpqer x(agznw(;acmm/@(le%;%l(@ (WPF@’%)%&%?EE FEL oS - ¥ (1698 & () - FD( 1098

& ()-F(10%& () - F( F398& () - Fwoxoyozo~0000pT80% 1098&" () - F( 10;@?‘ () - F(109%8&
- F(1098&' ()~ F(10%&' L)+ RrLOXSE Ary- E(4 04B&TYY -FReobID ARPPIBOSY 10968 () - F(10 .

((yé&, E)_ é%i%t(ﬁé‘é tégl%%#@} R ;(2)(;) t {3 FReobir () - K

I D% 0000000 _?80% 109 10%8$&' () - 098&. () =4k IB& A PrECIAY& @hrF(109B& () -F

( 10‘5@&- (pxﬁﬁo&aé%ﬁ_ﬁs}@o%io‘e)%%@ é*e(‘) gk*%)l%%é%?ﬁwé i'il?:)fyé&' 0)- FE ?owé&' ()- FE )10%

$& ()- F(109%6%8 Y ) - FoooooML_?80% 10%& () - Flq+# lu

| D% ( 109§ (ArFG1lQ%isi GLaFmop Geoolyr s MBE 1997 gg Y FYE(FERET (e 10988 () - F

(1098&' ()54B(10%&' () - F(10%& () - Fooo0000_ ?80% 10% 10986& () - F(10%& ()-F(10%

$& ()-F(1098& ()-F(10%& ()-F(10%& () - Foppp

p_?80% 10910968 () - F(10%8& () - F(1098& () - F(10%& () - F(109%%& () - F(10%& () -

F ppp PprMG_28R%%he¥8x ok BEQ QeB&0(ILF( 1098& () - FOq+#

| DY ppppPPPPPP 180% 1098& () - F( LOYHE g%ﬁF (1098&' () - F(10%& ()- F(109%& ()-F(1

096& () - F(109%6& (SEQFBYHH SHPRMNTTAIOTE0% 10968 () - F(109$& () - F- (10%& () - F(10

9B& ()-F(109%8& ()-(Ii 10988(.) 35 AU JrsFYP&P* p. p2pnN. pTBO% 10%B& () - F(10%

& ()-F(109& ()- Fas} Tvpe: nucleic acid

| DY 2p6p: p>pBpFpJp._?80% 10% 10%B& () - F(109%& () - F( 109%& () - F(10%& () - F(10%

$& () - F(109%& () - FIpNpRpVpZp~pbp_?80% 10% 1096& () - F(10%$& () - F(10988&' () - F(

109%$& () - F(1098& () - F( 10%b& () - Fopf pkpl pppML_?80% 10%$& () - F1q+#

I D% (1098&' () - F(1098& () - Fppt pxp| pppp_?80% 10% 1098$&' () - F(1098& () - F( 109%&

() - F(109%8& () - F(109%& ()- F(10%& () - Fppppppp_?80% 10% 109%6&' () - F(109%8& ()-F

(1098&' () - F(10%& ()-F(1098& () - F(109%&' () - Fppppp_?80% 10% 10%6&’ () - F( 1096&

" () - F(10988& () - F(10%& ()- F(10%%& () - F( 1096& () - Fpppppr R6_?80% 10%%& () - F(1

0%& () - F(1098& () - FOq+#

| DY ppppPPPPPPT80% 10968 () - F(10%& () - F(1098&' () - F- (10%& ()- F(109%%&' ()- F(1

096& () - F(109%& () - FpppppppppT80% 10%& () - F(1096& () - F(10946& () - F- (1096& (

) - F(1098&' () - F( 10%& () - F(10%& () - FpppppnN. pT80% 109%&' () - F( 1098& () - F(10%

$& () - Fg+#

! Do/é ?)ppgppp_?80°/¢( 109 1096& () - F(1098& () - F(1098& ()- F(109%& ()-F(109%%& ()-F

NN NN 7



Z"10% & ()-# ~9 Z"10%E+ E& ()-# 10%' & () - 2wKwwbxxx|[:vU4s  ~10% & () -
10% & ()- C10% & ()- 9 Z'109B& ()-# N9 Z'10% & ()-# J9

Z"109%& () -#xayyEzzzzzz| obUd "" 109%Z#Z& ()- 10+ 10+ 10+ ~ 10%ystifute Sheet
"10% & ()- T10% & ()- " 10% & ()-zz{{{] | |[:bU4  GLOYZHZ&'d Janbary 20
GLOYZ#Z& ()-$ ) GlOWZ#Z&' ()-$ GLOWH#Z&' ()-$ 7 GLO%HE& ()-$ 109Z#Z& () |q}

~i ~—~#M [:bU4  GLOWZZ& ()-$ GLOWZHZ& ()-$ GLO%#bE& ()-$ GLOYZHZ& ()-$
GLOYZHZ& ()-$ GLOWZHZE& ()-$MoVUA  10%$& ( 2 "10%$& ()-10Z"Z710Z"710Z2"Z
1109%Z" Z& () -' 1109%Z#Z& ()-' "yl 10%#Z& ()=-63S~|\ <vU4

E$10%$& () -t &$10%$& () -t | F10%$& () - & 10% & ()- & 10%& ()-

10(y?$& () VLJ4 (S; ’?‘SP EgEgNESS singl

8$10%$& () - i &$100R 38, 3 i ds10be e () - &$10%$&' () - nt' &$10%$& () - nt &$10%
>$& ()-m'_?vU4i) MOLECULE TYPE: DNA (genomic)

&$10%$&' () - nt &$10%$& () - nt &$10%3$& () - m' &$10%$&' () - ' &$10%$&' () - nt' &$10%
>$& () - - _2JiAYy EEPATRE. $8$10%$&' () - nf &$10%$& () - nf &$10%-$& () - i dDvU4q
~vnf A&$10%$& () - L &$10% ()ch‘ &$10%>$& () - &$10%$& () -t &$10%$& () -t
&$10%$& () - _?v g&§6CA£%§§ 1.

&$109%-$&’ () - nt &$109%$&’ () - 2S100688 ()-nt &$100/(>$& () - n &$10%-$& () - N &$10%
>$& ) mc’?\/U& SEQUENCE DESCRIPTION: SEQ ID Ni

il e 1 e ?ﬁ%&-é&i‘i‘&%‘y B SRR ma

~vnfAV $ 1
0080%>$&§%§L0%>$& éﬁ?m &$10%>$& ) 1 &%10%>$& é) ' &$10%>$& é ) -t &$10%>$§> 0
-t &$10% 0 n' &$10%$&
() - &$i‘6 65’/ ? (&% ?? ﬁ%iﬁg/(%ogi ﬁ? nN. pT309&$1
0%$& ()-nt &$100/(>$& () ' &$100/(>$& ()- m q ~vnfrV $' +/ 37;
?_230%8$ COURBAD TS TAT STXVESEFT) THE ZETOISBELAC) COt SHTORBZ) - N 8$1AW$&
') - nt &$20963F € Yrﬁl’rcém@éw%s@&f}go%mww (1’559@%%5@ (Gt 8$10%$& (
) -t &$10%$& () - At &$10%3$& () - m' &$T0%$& () - ' X\ ?230%&$10%$& () - nt 1q
~vnf AV caAG ccc TTC GCA ATC CCC TAT ATT CAT CCA ACC AAC CCC TTC GCC CCC
$&$10%-$&1% ) Pry’ 854 WS &L ¢ )Pyl Ok pihe| HPSXRSTORS1096S&he) ATd &Ed0Y$& () ’m &
$10%>$& ()- mwlo%ﬁ& ()-nt 8&$10%$&' () - ' &$10%$8& () - nt'| _?30%&R$10%&$10%$&
()-nm &$1 ( 1 10%$
”300/&$1%6§£%4§‘(’/£ %@%&% @ﬁleg/f%T%é%gﬁ QG@%%@ ﬁ - nf &$15§/é$&
() m &$10%$& ()- m rV _?230985&$10%$& () - ' &310%$&' () - ' &$10%e$&' () - m' 0q

$§§?82ﬁ‘$§§ o Mt SheIa B BEia B Bhicesth

&$10%>$& () m' &$109%$& () - m' &$109%$& () - ni &$10%>$& () - i nN. pT800/&$10%$& (

- &$10@}§$ GG GCC GCG CCG CTA A i3l
’>80%&$fé ag&?o%% X Aﬁ?@%;g}o@;/gggh(r)%&i’o%%&le) PTR ?goww () - i 8$10%$&
() m' &$10%$& () - m 7800/&$100/&$100/<> () -t &$10%$& () -nt &$10%$& () - nt &$1
0%$& () B SHFOREELF) rmmww P+t ML_?8098$10%$& () - nt' 1q ~vnf AV
$8$10%$&' () - m 1 gg; geﬁ%ﬁ «&$10%>$& ()-nt &$10%>$& () -t 8$10%$&
() - it &$10%$8 (Y - THBS10% %’g‘*i‘f 558 () -t #' +/ 3_?80%R$10%R$10%$& () -
nf' &$10%3$& () - nt &$10(%3r$&316c)?mﬁ 854 Q¥ $HE {dicet &$10%$&' () - ni' &$10%$& () - i 37;
2@ 980%&$1ocy&$10%>$8rsgxmmm$mm&c(i): m &$10%$& () - nt 8$109%6$& () - nt &$10%$
& () - &$10%-$& () nfiP DIGYPSUREBI0%$& () - M &$10%$&' () - m' &$10%$&' () -m
"0q ~vnf"V
$FGH IMNOpT80%ES 1 FSREEPTS - THFES 1BO3 62" () - nt - 8310%-$&' () - nt 8$10%-$&' () - nt &$10
% $& () - M’ &$10%eHSSHQUENE BRAIHIURSEL 10N MY P TDUNGWZEB09RS10%$& () - M &$10%$& (
) -t - &$109%$&' () - nt &$109%$&' () - nt' &$109%6-$& () - nf' 8$109%6-$&’ ( %/ ' &$10%>$& ()-nt
XYnR6pT8Y OBER HEP- RFQ SBFOIBBE YY) DAY 188109830t (Fhgnlgu
$t x<00/&&$1 %$& () - m &$160/(>$& () - &$109%3& () - nf &$10%$& m &$10%$& () -
M &$10%-$& () - n' &$10%-$& () - ni't X80YR$10%-$& () - n' &$10%-$& () - m' &$10%-$& () -
m' &$10%$&' () - n' &$10%$&' () - n' &$10%$&' () - n' &$10%$&' () - ' r R2t X80%&$10%-$&'
() - nt &$10%-$& () - Nt &$10%-$& ()-n-q ~vnfAV
$_?80%R8$10%$&' () - nt &$10%$&' () - i &$10%$&' () - nt &$10%$&' () - i &$10%$&' () -
M &$10%-$& () - m'_?80%&&$10%-$& () - n' &$10%-$& () - n' &$10%-$& () - n' &$10%-$& ()
-t &$10%$& () - ni &$10%$& () - i b_?809&$10%$&' () -m'q ~vnf AV
$8$10%$& () - nf &$10%$& () - nf 00B0YRS10%$&' () - m - &$10%$&' () - ' &$10%$&' () -
M &$10%-$& () - N &$10%-$& () - N &$10%-$& () - ' &$10%-$& () - ni' pP40YRS10%$& () -
M &$10%-$& () - n' &$10%-$& () - n' &$10%-$& () - n' &$10%-$& () - n &$10%-$& () - ' &$1
0%$& ()-n V6pP40%E$10%$& () -t q ~vnf AV $&$10%$& () - ni &$10%$& () - ni
| 9% 24098$10%$& () - m &$10%$& () - ' &$10%$& () - m &$10%$& () - ' &$10%$& () -
m &$10%$& () - i %) - 159=_240%8$10%$& () - n &$10%$& () - nt &$10%$& () - nt &$10%




-~vnf AV
$&$10%$& () - nt' &$10%$&' () - M dDOYA0>$8$158&$10%#& () - Ms&$S10%#&' () - M5 &$10%4&
()-M &10%t& () - Substitute Sheet
&Y" s10%t& () - 10>$10>$_?D0%L0>$s&$10%1& () - Ms&$S10%1& () - M &S g UUkidark )20hE &$10%
#& () - Ms&S$10%1& () - Ms&$10%t& () - M ?2D0%L0>$s&$10%4&" () - Ms&$10%#&" () - M5 &$10%4#
& () - Ms&S$10%#&' () - Ms&$10%H&' () - Ms&$10%1& () - MML_?D0%.s&$10%¢#&' () - MLg vnf | UM
YHs&P10%& () - M5&$10%#&' () - M ?D0%s&$10% &$10%1& () - Ms&$10%#& () - M5 &$10%#&
() - Ms&$L0%1& () - Ms&$10%4#&' () - Ms&$10%4&" ()M
| _?D0%As&S$10% &S 10%H&! ( 7%ﬁhlvls&$10%#& () - M5&$109%4& () - Ms&$10%&' () - Ms&$109%#&' (
) - M6&$10%E& EFe Mg F S RITVEET 1099 85T ) S vk 231 PAFe: &ﬁ -WeRI9%4& () - Ms&S
10%:&' () - Ms&S10%+& ( FEMs&$109%¢&' () - M 0T23r V: _2D0% s&$s 8310948 () - M5 &S$10%H&!
() - VB &S1QY#&S ey -d cYnfddMcYB3TROGLY Phe Trp Gly Asp Arg Val Asp Ser
?2@080%4 s &$10%1& 35) - M5&$10%4#& () - MARS109%4&' () - Ms&S109H&' () - Ms&S$S10%#&' () - Ms&
$10%t& () - Ms&$109%4t M@BCGH! JpT80%4,s&310%#& () - N5&$L0%#&’ () - Ms&$S109%6+& ()
- Vb &$10%4F&( )’r 16%&“’6 PRR &FF0FaR - %/E%Lé“%/é%g‘ (F)”"l\/ﬁk‘bé\}&ﬁl\lz’b T80%s &$10%1&
() - Ms&S$10%&7 1) - Ms&$109%&' () - N vnf | UM
YW _cgkas380es &&%0%&&31&0/#& (C1y VR RS Y Br o )aryb @Il Q% &G D -AYB&BID Y& () - M5 &S
109%4& () - B6&$10%t& () - Mosw{ 78096 &$10%68&$10%FE () - Ms &$10%4#& ()squ&$10%¢&' 0)
- Ms&$10%8&" () - Ms&$10%1& () - 48 280 0% g vnfl UM
s &$10VRET %rﬁ\/éﬁlﬁ%% %) “kﬁ?ﬁ% é%%f%és%b‘&/&&a%&ﬁﬂé&%%% - M5 &$10%4&" (
) - Ms&$10°/e#& () - M5&S100%&" () - M6 &$10%48" () - M ’>8O°/cs&$10°/cs&$100/#& () M5 &$109%4&
() - Mb831006&5 1) A SBIDPHE’ Pyo MHESLOYALE (GLUVBES LAIFE:ETE) LM 280%6 8$10%6 8510968,
()-I\/B&$10%#& () - Ms%E#10%18& () - Ms&$109B& () - M5&$10%#&" (H2M&$10%& () - M V6_?

0%3&$10£ ANFONBEPARP 86 (és%@ﬂ@%& ()-Mq vnfl UM
UBpT80Us &$10%4#E&' () - Me&SL10%HE () - M s&$10%#& () - Ms&$10%#& () - Mb&$10%#& () - Mb&
$10%+&' () - Vb &81 0880 ERITIHES: () - M5 &$10%#&' () - M s&$10%#& () - Ms&$10%
#& () - M5&S10%+& ( 3) é@ﬁ%i@%& () - MaN. pT80%s &$10%1&' () - Ms&$10%#&
'() - M5&$10%t& () -

_280%&$10% &$10% by Pe ke IR 8$10048" () - Ms&SLO%E' () - Ms&S10%4&! () -

|vs&$10%¢& ()-M% _ 980(Vs&$10%&$10%¢& () - Ms&$10%#& () - Ms&$10%#&' () - Ms&$10%#&

' () - M5 8&$ 1094481 ) MMARRYLEVBFEER:) DNp - (bEBRBLIIZ0%5 &$10%#&' () - MLg vnfl UM ‘
%S &$10%4#& (%INEW & () - Mb: >BFIN_?80%s&$10%s &$10%+& () - Ms&$L0%H& () - Ms&$
10%#& () - Mb& Me&$10%#& () - Ms&$10%+& () - MNRVZAbf _280%s &$10%s &$10%1&

' () - Ms&$10%H& () - MISIBOBHREY:) cE 8$10%4& () - Ms&$10%& () - Ms&$10%t& () -Mjnrs

_?80%&$10%6 835109 CPENERBT09#& 1D - Ms&$10%+&' () - M5&$10%#&' () - Ms&$10%#&’ () -
M5 &$109%4& () ? D& s 1996:&' () - Ms&$10%+&' () - MDg vnf | UM
°/$z{|}pT80°/cs %@%& N’g%@f%%& 0)- &iﬁg@#& () - M s&$10%t&' () - Ms&$10%t& ()
- M5 &$10%RS (QeCVEES KB LT ) AID T8O %8 TOGAEC( FTMVRES]1 DB &TE) SO &FE00%48, () 40 S&
$10%+& (vewmlew&r(q) PF%&E’LFO%‘& e MBRSTRIR! Matl\/ﬁﬁ\ﬁ PPE0SERIEO%E () - MB&SL
09%4& () - Ms®$10%¢& () - My ¥nfl UM
9%%_?780%6 &M PUeidSa W& € Nk 5898 ( )cccb/lsn%le&#&et) cbb &BT0ES l- M5 &$10847& (
) - M5 &$1024& K- M2 50%s 884 (BRS1D%BAE FYo NeaSEDsAsa( Ird/es 1004 &x6) - M5 &$10%1&
() - Ms&$10%¢#&' () - Ms&BPOY%#&' () - MML_?8098$10%¢+& () - MLg vrifl UM
Ybs &S10%&. ( Y186 ) add_280UEHS 1RYGRB1 R &n) cE GHTOMRE o MB&SLOYHE (
) - M5&S10% o ﬁ&wﬁé@]& e (3 %’ve&ﬁmw&h &)T B0 UBSSALHEAS 1R Gek) - PersLi o
() |vs&$10%¢& ()-M883$10%#&' () - Ms&SHBY%H&' () - Ms&$10%#84%) - M_ osocys&$1ocys&$10%¢&

() - MsESL0%68 ( g 0%t U8, (VBRI () -
%/ifé}ég@%;@c $%§%ﬁ é%ééégéfﬁ%éé ?Qq%%%ﬁ%ﬁfgw%? &FS I\/P/cs&$1(1)°/#& (

) - |vs&$10%¢& 0)- |vs&$10%¢& ()-M&*+, - . 230CB0%s &$10%#& () - M S&$10%#&' () - Ms&$10%

#& () - Mo@BL CEEALT -9ATES %%ﬁ@ g GW&P;E@%/#&T E TMEESTOTEEL %CW8<@1N. oBBDYs &

$10%¢& (95%/5\7&16%8} & 1a g%'SVal Arg Gln Ala

9B @HLPTX 0°/G&$100/G&$100/#;§ ()- Ms&$10°/e#& () Rees10%& () - vsedlovsa () - Ms&s
10%+&' () - Ms&$10%¢&' () - MX\ "~ dhl p_?30%8$10%&$10%+&' () - Ms&$10%#&' () - Ms&$10%4#&
") - Ms&$10%H&' () - Ms&$10%#& () - Ms&$10%#& () - Mot xy} ML_?30%&$10%+&' () - MLq

vnf | UM

9Bs&PBL0%HE& () - Ms&$10%#& () - M _?30%8$10%&$10%1& () - M5&$10%#&' () - M5 &$10%4#&

()- M5&$10%#& () - Ms&$10%#& () - Ms&$10%+& () - M ?30%s&$10% &$10%+#8 () - Ms&$10%+&

") - Ms&$10%&' () - Ms&$10%#&' () - Ms&$10%#&' () - Ms&$10%#&' () - M ?30% &$10% &$10%4#

& () - Ms&$10%t&' () - Ms&$10%4#&' () - Ms&$10%#& () - Ms&$10%#&' () - Ms&$10%t&' ()-M V: s

8&$10%t&' () - Mbs&$10%#&' () - Ms&$10%#& () - Ms&$10%+& () - Mq vnfl UM

Y$00B80%#&s &$10%#&' () - Ms&$10%#& () - Ms&$S10%+#& () - Ms&$10%+&' () - Ms&$10%#&' () - M5

8&$10%+&' () - Ms&$10%#&' () - MpT30%+&s&$10%#& () - MB&$S10%#&' () - Ms&$10%#&' () - Ms&$1

0%+& () - Ms&$10%+& () - Ms&$10%#&' () - Ms&$10%+&' () - MM<sR1pT30%¢# B, 10%&' ()- @

L*, 1096&' ()- @&$10%+& ()-My vnfl UM %B<_}|[:30% B L %10%& ()- L#

rlf\f\Msnl A NN N AT



)L ?1308%8/5 ()- (L $109%& ()- (L $1096& ()- (L° $10%& ()- (L $109%6& ()- (L° $10%& (
c %q

L $1098& () - (L' $1096& ()- (L $1098& ()- (L' $1096& ()- (L $10ty$ & (
_(rV6c?80%L" $1096& ()- (L $1098& ()- (L $109%& () - (g §“$§“‘gd’ S%g%

] SpTB0%L $1098& () - (L $10%6& ()- (- L $10%8& ()- (L’ $100/$& O~ PPWEER3 ) - (L
C$1096& ()- (L $109%8& () - (pT80%L" $1096& ()- (L $109%8& () - (- L $109%8& ()- (L $1

0988 ()- (L $1096& () - (L $1ocy$& ()- (L $1098&' () - (nN. pT80%IL" $109& () - (L $10

o8 ()- (L $1098& ()-(q {

1% "80%1&%& "6’%6‘ ééc Gor¥heE B dad eallQFdal) cdd- RAOREE L) (1 $19384

()-(L %1 Ser Ala Trp Azg ASp Gln Ala Gln Ar la va

S 280%gL° $1004 T $10086 1) da $T00me (- (1~ 530088 ) (%1893 Yot $10%B& 0

T(L$1098& () - (# (, ML_?80%L" $1096&’ () (1q {O

] $L° $10965¢C( TC& LCAF1 GOBRATH CCT OHB< @A gﬁGW@cglm&u)aqqcmo%& (33g L

$10%B& ()A1(3L3${GW&AE3 ;(ng Hef’/@’&‘ (TV 25 PhyER 3 H13 Eﬁ-qLOPT _TRB0MR " $10%. $10%
$& ()- (L $1098& () - (L°$1098& ()- (L' $1%& () - (L $109&tY - (L $1098&8 ()-(\ d
hi _?80%lcr$16804 EEOWEE dir Ghe HHRYBEE (dea( br& L¥PEA1 Jorl o fd GUBScEg - (L~ $1O9BE&

() (L $108BEATS Hrio] knorERE REHYi: SAQWKE VAL (Aro$Aa9@ai( sy lseS1086& ()- (0g {Q
] $opqr uvwxpT80YEL5$1096& () - (L $1828&' () - (L $10968&1@5- (- L' $1096& ()- (L $10%

swe () (L Hbde (1 %@é&% ?ﬁ“@%ofﬂ&?%ﬁiﬁ%@fﬁ%ﬁ CE il proosessio

140
]$ ’?SO%]L $10% $10‘V$& (L $10‘V$& (L $1098& () (L $1098& ()- (L $10%6&

§L $1@%%¥ z’;’*(’t% %ﬂ?ﬁfﬂhs%g& )G“(Ich e %1%%* O () - (L 4920%

$ $100 & ()- (L $1096& ()1 280%]L $10% $1 Ve ()- (L $100/$81‘6(’) (L $109%88&
)- ( " $1006& ) CfT SROVBE €C EhSSTRVBEE (Acq ARBOML CH1 00t SIOMBR' () - ( L 5880%
(- (L $a0REE (v?u(ILe‘%fa v()?leLAE@lG%@ g "BRrOBGR J1e- Me2@0%g L $10%.° $10
988 ()- (L $1098& () - (L81008&" ()- (L $109%EE ()- (L $10%8& (}IIL $10%6& () (
NR6_?80%gda ThAYBET (Do ha® OB &ct )cald rRd QEEEGEY -dcd £6% cce aca a

| $pTBOYats s FOUD&1 § ) Selel A4 OBERIA() -Gl SLOMEE' (32 (ALaSAOIBI( Tk [ es100@8” (5 - (L
 $10%8& () - (L $1ocy$1&0() (1"0080%L $1896&' ()- ((L $1096&9()- (L $1098& () - ((L

$10%‘>& ( $&8¢@;%( + 0%L" $10%B&

Sl S g o Gl il
230%L $ M.s 1098& ()- (L $10868& () - (L $T098& §9s (L $1098& () - (L $10%8&
(L $10ty$& ()I?Amosv\% osocy L $10% $10%B& C@(L $10W$€L%&TéL $10‘V?%Z()

L' $109% & PIS 3 1 1

]($L $109 @1 ERS 1 _.38%(5*%1 154 ?% 1* $F ()3/&(& ?) (L $1

0968 ()- (L $10‘V$& () - (L $10‘V$& ()-(L‘ $10Y6& ()- 730%]L $10%.° $1098& ()- (L

$10%6& ()2) [INSOBUARIGN) FOR SEDOTBAIQ:R4¢ L $1096& () - (L $10%8& () - (_?30%jL" $10%

L $109%& () - (L $ ( {1 $1098& () - (L $109& ()- (L $1096& (
)-(rV: L $1096& ¢ ﬁ@ﬁ%@?@% %6@& ()-(L $10%& ()-(0q {Q

] $00B09BEL" $109B& ( )(af LLMUAUEEE9 <phn1OMBE () - (L $1098&' ()- (L $109& ()- (L
T $1096& () - (L' $10%5&BY ) TYREE368%® 3$10%5& () - (L' $10%B& ()- (L $10%8& ()- (L $1
0%& ()-(L $1098& ()‘D LTGRUBNEE (})m(eEr$10%& ()-(nN. pT30%." $109%& ()- (L $10%
$& () - (L $10%%&: (Judi@ebi® tver: protes

1$_?30%. $10%. $1o%& O (TR BRE°0- (L $1098& ()- (L° $109%8& () - (L' $10%8& (
)< (L $10968&' ()ack) 2FQUENSE (HSTLOIB: ( 35 LrSHO9ZBS () (L $10968& () - (L $10%&

()- (L $1098& g) (L $10‘V$&I( (ML_230% " $1o%& {Lf

1$L° $100)$%5“0 %1‘6%@5% 16-# @ruasfe‘%ée%f@@@i &Pl%ﬁ} B BA0dsR () - (L $10%
& ()- (L $T098& ()- (L $10%& ()- (L $1096&() - (+ 37;

;C(_'730%_L§5ﬂ-@¥¢b P1OWHE fro (Hrodd DI n( pré Lse¥l OUb&rg) afd aEE04BRALY- (L $10%B& (

0

520’“'_'

L> $1098& () - ( CGKE@R_?3094" $1004" $1098& ()- (L $10%6& @GP- (L $10%& ()- (L $1
o8& ()-(L $10%& ()- (L $10%8& () - (PQRSTrV: 2?3094 $L $109%6& ()- (L $1098& ()
-(L $109%& ()-(0gq {Q
$TYZ[\] aboCBO%.> $1096& () - (L° $1096& ()- (L' $10%& ()- (L $109%8& ()- (L $1096&

Y()- (L $1098& () - (L $1098& () - (bedei j ki pT80%." $10%6& () - (L $109%6& ()- (L $10

o8& ()-(L $10%& ()- (L $109%8& ()- (L $109%8& ()- (L $1098& ()- (| myuynN. pT80%."

$1096& () - (L $1098& ()- (L $10%& ()-(q {Q

1 $y}

() -

& ()-
L
(L

(

)

- d

_7280%. $1094" $1098&' ()- (L $109%8& ()- (L $109%6& ()- (L $109%6& ()- (L $10965&
(L $109%8& ()-(_?80%. $10% $1098& ()- (L $10%& () - (L $1096& ()- (L $10%
(L $109%& ()-(L $10%& ()-(ML_?80% $10%6& () - (1q

$1096& ()- (L' $10%& () - (_280%  $10%. $1096& ()- (L $10%$& ()- (L $10%& (
$1096& ()- (L $1098& ()- (L $10%& ()-(_?80% $1094 $10%& ()- (L $10%6&
L $10%8&' ()- (L $109%8& ()- (L $109%6& ()- (L $1096& ()-(_?80% $10%. $10%$&
(L $109%& ()- (L $109B& ()- (L $10%& ()- (L $1096& ()- (L $10%& () - (rV6_?

ANA NN AT

1$
) -
(

)-
“()-(L



bZRIB: n $3$10%&' () - 3$10%& () - abf ghi | npT40% . . .
L3$10%&' () - 3$109%&' () - 3$10%& () - 3$10%&' () - 3$10Y& ()-3$10%&S u( gsﬁ%%elg % () - nogr
f?ﬁ'o%p}y‘i -3$109%& () - 3510%& () - 3$10%& () - 3$10%& () - 3$10%&'6(Jan88M0ORR3( ) - yz{ |
V6l P40% L3$10%: ()-q bZRIB: n $3$L09%& () - 3$10% () - _240% 0
L3$100@&" ()-3$10%&' ()-3%$10%& () - 3$10%& 8 - ggig% 8 - ggig% 8 - _3218 (Q
() - () - %8 ()-3$10%& ()- - -7
tggigfﬁ' 8 - g%iggjg 8 - g%igé& 8 - 3$10%& ()ssg%gg/f;' ()-3$109%&' () -1 R2_?40%
L3$109%&: () - 35109%& () - 3510%& () - bZRIB:n $ 240% . o0 5 ~a00
' ' oLy -y 808 Tp- SHi0¥R 112 3108 (V- _240%
tiiiig?;%r% 35’:%?%8‘3%18 ?ggi%% %? 3’@10%&'?— 3$10%& ((y ) - 3;:;10;/«{;4;1 ( P)r-oMl_?40%
L3$109%& ()-1q bZRIB n $3$100& () 340 Thr GGA0 o he A _ v (). oTao
L3$100/&'G@1-B§$81@%' ha égio%%@ ﬁ‘)ﬁsﬁlom ()-3%$10%&9( ) - 3510%& ()A13$1o & ()-p
E/Os$1ocy&' - 3810%& {1 354084 (G)lymmy(smsé;?%@l(f‘?%ﬁld’v/«ﬁri’)-g%ﬂslocy&'()-#vep
T80% L3 é%@()-‘a BZRIB n BB$10%&' () - 3$109%&()-# +/ 37; _?80% .
0%& - 38100& () - 33109 () -3 %@iﬁ(anﬁ&ig‘)f&dhr&W/&lg)Va,l?CG(OS_.080%)
LSiigw& vg;-smc;%' %gx 06/%()’? %%“8% ()9B$10%& () - 3510%&2¢) - SW _f _?809/0 0
t§$1ow&'p€‘) -3$109& () - ﬁ%ow ()-3$10%& ( %,,1 3$10W%2’D}§$,}g/%g) sigkosr R2_?80%
L3$109%& (,).- 3SL0%E £ IFHOLES (m)h:qﬂbnzgggz BOME PE0% - 110 | ]
33$1098" -§3$10°/&1Q3-3$100/&' ()-39109: () -3810% () - 3310%& () - _280%
L $10% () - 3$L0%E. () - 3SLQYE )~ 35 GUE (3T 3HHOBRS (\lr)al:mm%r(?}ietgl_?som
nglow&'\(a)l-al% #%25%18@%' -B540%& ()-pT80% 125 | .
t3$10%&' ()-3$109& ()- 35109 () - 3%19%@11( ) - 3RL0%E { )se3$3AYE) TREL10% () - pT8
Gln 0 |
0 o TY %ﬁo%/l@ ?)au 3?19'0%?(1)3-5%10%' ()- 3$1ocyféf()- 3$109%& () - 3$109%& () - QLpT
coo LD 1((32/&()- bZRJB: Q%R -HeASTOYBISY) TyR B, Ala Pro’
Egé)légfos EFF 3 b@g%&sggw ()-3$100& ():59$10%& () - 3810%&"{ ) -_780%
L3$13$1019§ ()-3810%& () - 35109& () - 3S10%&, () 1 IB2OUR:i() TBSIAMRALS - _.804) i
L3$13$109& Pro3520%eh (F=3$e0oRT P*B$160E, )-3%009/«5;0& )- 310 ()- rR2_?80%
' () - () - ‘n $"& .2 _280%
L3$1ooo/e§;&'()_?$$gcyf} y %}2&%3&%& %yﬁ@@ﬂo@@a(?)rﬂs ROR () 26: >BFJ_?280%
tgggiow«&m %-Cgﬁlgﬁfﬁ'ﬁg -3$109&' () - 3$100&P ()-3$10;g¢(zZ E 1)ngr E oég)/ﬁ e( )S-e INCPQQE_280%
L3$109%& ()-q bZRIB:n $33109& () - 38109 (Y QRET% P Ve ()-3510% ()-[\"a
tsgﬁo%/«i‘é((;qu%%@:ow%v@l( % ﬁ}ﬁwﬁ ()- 35109%& ll() szzl\?abi&l\i ; 38 0 k
3$10%’ () ' 0 ) TR FE9eE 10 ~3510V8" () - 3$109%& () - hi |
' (h- Vi r( TheSIooEnT ) T FE0&;
t@?é%‘%%&i%? ( § ?a§§§%§$%§$10(y&' 8 - 3318% 8 - gg\ﬁ[) 0_/;4(();/? o aons
L3$10% () - 3$10%& () - 3$10% () - 38109 () -3 () Ve () -_240%
() - () - &' ()-3$10% () -3$10%&' ()-3$109& () - _?40%
Eedie R o HE T HE e R
() - () - o ()-q bZRIB: n $_?40%
ngégoo/f/(&'( % ) f”%g(’o/f/‘&.( % ) ?%%cy&'( % ) E13$1ocy«&' ()-38100%& () - 38109 () - _240%
t§3$10%&' ()-3%$10%&' () - 3$10%& () -3$10%& (g - 3%83& ()-3%$109%&' ()-C6_?40%
L3$10% ()-q bZRIB: n $3$100& ()-3$10% () - pT80% L L
L3§10%&' 8-g$1ocy&' ()-3$10%& () - 3$10%&' () - 3$109%&’ () - 3$10%& () - 3$10%&' ()
D38100 ' () - () - % ()-(3$109%& () -
() - %8 ()-3$109& ()-3$10%& () - 3$10%&' () - 3$10%&' () - (
\L/?’iég‘(’)/f/‘o %3&?3(}/25/?)91 b%RJB: nQ$3$10%&' () -3$10% () - -$(—??°’22f10%&- 0. ( oss<@
L3&#10%& () -: S#10%& () - : &#109&’ () - : &#10& () - : &#109%&' () - :(,
230% o o - oo
[38#10%& ()-: &H#109& ()-: &H10%&' () -: &H10%&' ()-: &#109& ()-: &#10%& ()-: @HLPV_
230% o o Ve () - dr R
() - () - &H10%E () - &H109&' () -: &H109& ()-: &#109%&' () -: VW
Lsé&#loowf&;t)loiyg(l?iy&&;)loiyg(l)- : &;6)10%&' ()-:q{ skoBO( > #dhl ptx| _230% 0
2"'30A3>/&' --&#10%'&'()--&#10%'()-:&#10%'()-:&#10%'()-:&#10%()-:|_?30/%
t%igw 8 L &#109& () - &#L0U& () -: &#109& () -: &#10%& () - : &#10%& ()-: GB_?30%
' ' () - "()-: pT40%
L&#100& () - of skCBO( > #&#10%& () - : &#109%: ()-: pTA0% N e
L&#109& 8-:&#10%' ()-: &H10%&' () -: &H#109& () -: &H10%&' () -: &H#109& () -: &#10%& (
i one: () - () - o0& ()-: &H109& ()-: &#10%& (
() - () - &H#109& () -: &H10%&' () - : &H109%&' () -:
)L ?‘#333%83@ Lﬁigﬁﬁﬁ-&q{ skCB(()% > #&#&/g%?')()@ fg&/gy«(&')()@ Igos/gy% - o800
: () - () - g ()-: &H#H109& () -: - -7
tgigfﬁ' Eiizﬁigﬁfﬁ- Ei-zﬁigéﬁ- 8-:&#10%' ()-: &#10%& ()-5&#18% ():Er_t;go%%%
LE&H100& ()-: &#10%& () -: &#10%& ()-: &#109& ()-: &H10%& ()-: &#1 ()-:TR2_"

~ 7
P, T NN PN
A NN 11 A IO 11 A I~NAZOT o
'



.~ XPH@B0

| o " #$((Va&* +00B0%&s( 10%! () - S(10% () - 5( 109’ () - S(10%: () - ~S( 109 () - S( 10%
()-S(10%: ()-+, -.234pT30%&s( 10% ()-SEL0% ()-s(10%: ()- s EiBiitute SHAQYE ()
2S(10%& ()- S(10%& () - 459=AnN. pT30%s( 109 () - s( 100& () - S(10% JahuSy003

* XPH@BO(

| ~94 AEI MQUY_?30%( 10%( 109%& () - S( 109%& () - S(10%& ()-s(10%& ()-s(10%& ()-s(10
9% ()- Y] aei my_?30%(10% ( 10%& ()-s(10%& ()-s(10%& ()-s(10%& ()-s(10%& ()-s(
109/ ()-quz{ML_?30%( 10%&' ()-1gxph  XPH@BO(

(1058 () SBGLAMS DEFR PG aﬁf&%@&m 15 T0GROHT) 5100 () s( 109

"()-s(10%&' ()- 2309 (10%( 10%& ()-s(10%&' ()-s(109% ()-s(10%& ()-s(10%& ()-s
(109 () -rV: 230%(S(10%: ()-S(10% ()-s( 109 ()-0qxph ~XPH@BO(
| ~94 0080 10%A (co{iRE Gy pefMBicodeciiyl DREEI¢tidesteh Q8RS s oste ki (tl).e H§t10%

T A L R L
s e Lo st gfi,amxmwg(@mgéqmom O ) - S(10% ()-_

240% (1096 (10%& ()-s(10%& () -s(10%&' ()-s(10%& ()-s(10%& (J-s(109%& () -
Lol _?40%s( 109%&' () - 1gxph ~ XPH@BO(

|~ s( 10% 10%& = 24095 ( 10%s( 10% 7 10%&: 10
o () (1006 (P SEIOPETESt TABIEUA AORLIAY 100 (- Spae R Srorgukined
10%& () -s(10%& rﬁ«)}e&&la%ﬁte&hw}vawﬂ%é&@%/ ﬁavse%mamaéq%@vo s(109%& () - s(
10%& () -s(10%& ()-s(10% ()-bcdeir Ve 940%(100/& ()-s(10%& ()-s(10%: ()-0gxp

h * XPH@B0(

L SPTORYS )i ool SDIR RIS Daatdfe

) -s(10%&' () - s( TBemal} 4s}iﬂmmqnmwmmwr(a)se axftilenRs(td HEMO%&' () - gxph ° XPH@O(
| 9§ 2809 (10%( 10%& ()-S(10% ()-s(10% ()-s(10% ()-s(10% ()-s(10% ()-_
280%s ( 10%s( 10%&' () - s( 10%&' () - s(10%&' ()-s(10%& () -s(10%& ()-s(10%& ()-ML_?80

o6 ( 109 () 1 :
.~f(%(s( Food 0 Xg? 10%"‘-@ BRI o TORE 15 T3 B ST5 o AT BT RYSREE) - s
(10% ()-s( 1ocy«&~1@e):emoma/stm0%@n@%m PEGEROVES (neadetiObg, 1 nusledOEE: euarca0%R

J I & T

i&jf(yg DTSO%B( 109RSERy mﬁ OO 30 )as Sdel 84 (in -Figfr 09@End ) wisdrd B3 %6aid )se&dnlO%&iHo) a&{10%
| " #$pT80Ys ( 109@eqYenst ImoT- ﬂEéf( asged pentide; polEpeptids 1 @uatein) - s( 109&' () - s 10%
& ()-$%8= SRIpT80% y&10% & ()-- Lf#10% & ()--s(10%&' ()-gxph * XPH@BO(

| 0§ }S|[:80% LO10%& ()-1 V. FI0% & ()- . 10%& ()-P ) 10980& ()-T )

109% & () - B. (10Q/o{r€¢«(n)blﬁxmpblyp_cp1ﬁ§’mb&dér)g- 1o tmmml(e)em said first amino acid

et -G I iy oo 0 ¢

10%Bm&' () -*MA) *+, | [ NA4 10rr$ml0rr$ml0rr$m |_ 10%T$m& () *| L 10%T$m& ()-* L

10%rBme ()-* L 1ocy m& ()-* L 10%vBne& ()-*, NSW _c

10rr$rr9610‘f$& (A erebigat pplmgmdﬁ)mownwc@mﬁ O(f)’S wb@m@&! fiyst amino acid
T1098& ()-cg

ORI 0 (;ggi%@&%%@e 3etivs ighace shags A badies B B oosa () - 2oc1008& ()

- &{ _?2NA4

10nBDGLOYB & &IGLOYHE& &IGLOYHE& Q%% 9 0%3& 0% &

- &x\ @smgéfové?@ (S°°§g’éﬁ&/&§}’ﬁ§1&%ﬁfﬁ%§&ﬂm’§ﬁ§é‘& @lazn sai Sec°n amino 0
d\ TLDEoOB9G10° 9 &9
GLOTDE. () 4OGIONRE () SroChsC DOBCTOTRE 1) Al DSBarry BASHbSEe T doct boes.
() - 89GLOYBE () - &RIGLOYBE& () - 8IGLOYBE () - & T4poCBIGLOYOGLOYSE. () - &IGLOYHE& ()
- &9GL0Y8 &’ &k

o\ TLDE 23 Eooisie Mrelgisasidamelegis sempiaiee @ seayenssonanysleotisen solxted ) - &
9GL0%&' () - & 230461 ARORSLOUERti Y oROGROZPR(SBO &BGEII@W&, £ bnéGLEMETHINGIE] 096

& () - &9GLOYB& ( o%& 098&’ () - &k
d\ TLDE9GLO%&' ( d%&%%ﬂ%wﬁ}é&g El MU 096& () - &DIGLOYBE () - &
9GLOYSE () - &IGLOYGE () - &IGLOYGE () &sto%&gmo%&' () - 889GLOYSE () - 8IGLOYBE

() - &Q9GLOIBE () - &IGLOWBE () - QIGLOWBE () - QIGLOIBE () - &

t T4pT3096&IGLOYSE () - RIGLOYB&' () - RIGLOYB& () - &k

d\ TLDE" & . ?30%$&99GLO%& () - 89GLOYSBE () - ROGLOWBE () - ROGLOYSE& () - &IGLOYB&! (
) - 89GLOYBE () - & 26: >BF_?30%B8&99GLOIBE () - ROGLOYBE () - BIGLOYS& () - EIGLOYB&! (
) - 8OGLOYBE () - 8OGLOYBE () - &FIKLMEW _?30%$8&9GLOYSE’ () - SOGLOYSE&' () - &K

d\ TLDE9GLO%B&' () - &MORSTUYZ0OB0%$&IGLO%B& () - &&IGLOYBE () - RIGLOYBE () - &DIGLO
%B& ()-8IGLOMBE () - &IGLOYBE () - &IGLOYB&: () - &Z[\] abcdpTBOYBEIGLOYBE () - £9GLO

NS OO - - — YO\ TINA NN NN A IS M NSNS PA I\ M NN PNA NS L NN A IS M




. d\ TLDEKLM bA910" 9 9 1096 & ()- 9&10%"& ()-0 910%"& ()- 910%"& ()-
"S10% A" & () -10"10" 1 9 - 1~A>A910"

9s$10%" & () - Ms$10%" & () - M5$1096" & ()= Ms$10%" & () - M 9310 %

& () - 159=AEl _?A910" b %g’bft't(fe szﬁé‘e‘?
9s$10%6" & () NE$10%6" & () - Ms$S10%" & () - Ms$10%" & () - Ms$10% " 8PP N8 B0s &
) - M MQUY] a_?A910"

9531006 & () - M5$109%6" & () - M$L0%6" & () - MSSL0%" & () - M6S109%6" & () - M5$10%6" &
() - Madei nOL_2A910s$10% " & () - Ms$109%" & ()-MLq | | O(

#5$1096" & () - Mruy} _?A910s$15$10% " & () - M$L109%" & () - M5$1006" & () - M5$S1096" &
() - M6$1696" & A1) ishhBADAACI it @idvhSleaNe adtndingee Lairy K- MERAOCHHRiSGHE MR " &
()-M5$109%" & () - M6$10% " & () - Ms$10% " & () - ML_?A910q | | OGD(

#s$1096" & () - NsEOYele S2quERe erEggEngeer(op @q§$mu%§ce)enmcm>%peahés Ms$

10%" & () - M6$ 6" & ()-Ms$10% " & T891095$10%
Ag () - %$10W6¥%§§P€§“§%§‘b@‘§ﬁﬁf§b%%% () - ﬁ/%s$100/& & () - ﬁ/%s$¥g%‘ '8 ?) VS
io?sﬁog;a() '(V;Spmgigq/g N I)OGO % 109910967 & () - M6FL0%" & () - M
S 0 0 0 S 0 -, 0

$$1096" &%@) goplate: ‘}‘u‘wggl @0%&%1%@6 q)’ﬁm%a% ‘m%ﬁ%lg% sggopfl- Vs $
10%" & () - Ms$ N 9 %@ s$10
06" 8 () eS0T B NERRIR B Nl OOp ek f%“‘%%&"%ﬁé% ‘?%“W%L%%?&%&?

R2 98910qs$10%31&b()npamm%ivmdv@)thwsmow & ()-My |

##_2891005S$10%" & () - Ms$L0%" & () - M$109%" & () - Ms$10%\" & ()-M6$10%" & () -
MESTO% " & ()- M +/ 37;

2_28910q35$10%y gbssw%ﬂ&v(n)gal\&ﬁl&%e&%M&l:@%néﬁt&élax%ﬁ%g%\ & ()-Ms
$1096" & () - MPCDEFCE_2891095$109%6 " & ()

#S$10%" & () - Ms$1098" & () - MFGHKLMNOPT8910gs$10%" & () - Ms$10% " & () - Ms$10%4"

o & (1w s @ sV 9 ReCrbln Y gt ORI pC IR MR i )

-Ms$10% " & ( mdvBbd }:&Mﬁﬁﬁﬁgbﬂqﬁﬁﬂé’/& r&edmibidint Ipol)(ﬁﬁde according to any one of
-#s$10%‘ & () - Ms$1096 & _Vaej mouy. 93910 s¥10%“ & ().- Ms$109% " & () - N5$10%" &
- M6$10%\" &’\C/E%Lm%lﬁfo'b thy seyd iglosised ﬁFﬂS@E df% grogrdigions SNEFIaYe " &

(Néas?%ﬂié"?(f‘ R Y S ‘W %E‘”%Wéf? GRSl 1 e da0lo

9s$10%" & () - Nhﬁab@/&ﬁ&‘t}(e)l ddtdctingsthe complax Whe®lED ¢he presence of said complex is

# 73910qss$10%‘ $109 ) - M5$10% " & () - Ms$10% " & () - Nb$10%4" & ()-Ms
$1098" & () - M 374 ie}é fsb?fo)ﬁgv& é"ﬁi’s%li’e%“‘%%s Ms$10%" & () - Ms$10%" & () - Ms$1

096" & ()- Ms$10%‘ & ()-MB_ 93910qs$10%‘ & ()-My | 1060(

#s$109%" & () - Ms$10% " & () - MpT49100s$10%" & () - Ms$109%" & () - Ms$109%8" & () - M6$
10%" & ()laNs$1®m\eﬂ&»ct 9&%@@@@«:@@ Y2 igreinsaid HEV Nptess1iog sgtiondieseare JHEW $10%
At Ms$1096." 1 09 0% M6
pnggqum% a& e #%ﬁ@f}s Gha "B Boflpébrial Mtk o ORFYERIP D O
#s$10%" & () - dL&eﬁ)bnyﬁﬁﬁiﬁﬁﬁhQ%d&cé))i Wadi2O8dEs&is (spt fdthliQ%lon® 1) - M5 $

10%‘ & () IVB$10
-1 98910qs$1§1§&1§ﬁp %é%SEé fB}%%iﬂ%-&@@%@ﬂ@%’)&ﬂ?wmiﬂow & () -
Ms$10%‘ & ()-MLS9=A_?8910qs$10%6" & () - M5$109%6" & () - Ms$10%6" & () - M5$1098" & (
) Ms$109%" & () Ms$109%6 " & () - MABFJNr R2_?78910qs$10%" & () - Ms$10%" & () - Ms$10%
"& () - Mj4] | @omgethod for detecting HEV acute phase antibodies in a biological sample said

L A ol L I ek e o

1096 & () - M5 $ La%indar donhdskd Whridnt 1 %ﬁ&%ﬂﬁﬁ&&i@&*&n&w&daﬂmvhnm@és
#5$10% " & () - Ms$10%" & ( |vboe910qs$ %" & ()-Ms$10%" & ()- Ms$10%" &ag/s
$109%" & () - Msgpresgat dn spidvbiplegigal gamplovesd oher deleyung Huo tofplexovherain( Jaidk $10

oo TsotbasesondbtEpinh HERR ) ONES' Rt AP BV cohibad BRRRA ) -
#s$10%6 " & () - MeihO %618 303-690 28 DRRLSFAOHEpHEe Of HIB10%6 " & () - M5$109%6" &' () - Mb$
1096" & () - M5$10% " & () - M6$109%" & () - M _?89100s$109%68" & () - M5$109%6" & () - M5$10%
A& () - Ms$109% " & () - Ms$109%" & () - Ms$109%" & () - M ?89100s$10%" & () - Ms$10%" &
8 &gigé@ g%&@&é&@dﬁd&e&aﬂ%@ﬁm%@m& hhsVBritUlesdin(d v EReal SAPRSSIP Y " &
# 98910qss$100mt&m4 )commam%waza(:ynMQ ogicgl)saivipd] 09 e ol ypebb$d Y ting ) - Vb
$10%"& ()-M

_?8910qss$10%" & () - M$10% " & () - M5$1096" & () - Ms$10%" & () - M5$10%" & () - Ms$
1096 & () -M "#&QL_?8910s$10%" & ()- My | * | O(

#5$10%6" & () - Ms$1096" & () - M& () *-./pT8910s$10% " & () - M6$10%" & () - M5$10%6" &
() - Ms$10% " & () - M5$109%6" & () - M5$1006 " & ()-Ms$10% " & () - M 0145678pT89105$10
%" & ()-Ms$10%" & () - Ms$10%8" & () - Ms$10%" & () - Ms$1098" & () - Ms$10%" & () - Mb

ANA NN A AP A ™=~ N\ A N A AN



+$10%CQ G&' () - Z10#L10#104L%#10%&' () -q h> X< # i nguy~">30% 4

$1099s$10%&' () - 9s$10%&' () - 9s$10%&' () - 95$10%&' ()- $109& ()-z L

$10%t&' () - zy} _?30% 4 Sub t,tute S
‘$10‘V<9$$10%& ()-9s$109& () - 9s$109%& () - 0% $100& ()-9s$109& () - gg O b3 _?30%

$10%35$10fy& ()-9s$109%& ()-9s$10%&' ()-9s$10%&' () - 9s$L0%& ()- 9s$10%& () - nQL_?
30% 9s$10%& ()-9s$10%& ()-1q q$9s$10%& ()-_?30%

95$19s$10%&' () - 9s$10%& () - 9s$109%& () - 9s$10%& () - 9s$10%& () - 9s$10%& ()- 930%

195$10% 10% % % 10% ?

SeSISES IO () S (OSSR (1 S0 () 0500 BRI (), 70
9 $10% () - SSRIE: kel Sh e QU o SRS SRSt 0407
q95$10%& ) - 959%1 tide cOBPrAEn( QRIS SLORp(ide 65 HEW/Srdductb bt QX fictiod 96 20 Y&
()- :pT40% qq 95$10%& -9s$109& () -9s$10%&' () -# _240%

qq9s$10%& () - @s@ld)m*tle)l Q)BJ%LN@195$10%& ()-95$10%& () - 9s$109&' () - #' +/ 37;
_?40% qg9s$10%&' () -9s$10%&R' ()-9sP10%R ()-9s$10%& ()-9s$10%& () -9s$10%&' () -
20GKO_?40%

qgq9s$10%&5( ) - 95 FiddRG for-desBing@ Y cOsGlavat(Phads Stibgics)in astfio DRl jarplEX\ r R

2 ?240% q9s$10% 10%& () - 9s$10%&:
q959s$10%! () sggfé?&et??@ epmguligenytios ki B S a4 Bgewa%id@fow 24
0% and under condmons sufficient to permit a complex to form wit
g9s9s$10%&' () - 95$10%& ()-9s$10%& é) 95$10%& ) 9s$10%&’ ()-9s$1 0%& () QS ?240
% 9s$10%&' () -agtibodies $fl peesext) mes& ple and then detecting the complex

0, 0, 0, 0, R 0,

?)9 _S?)S-}-go/f/; ()-93 1:9'4% }d po@pgp/f& de 25 pro%ucecf&b‘g')expr %s]ign/qgé 22 nucf'g%:oaﬁ:xd(&olccu 10%&
q9s$10% () - 95$ %&i“f{ﬂ%ﬁa 8 ofr) of TR DIBIGL: 95 S10%: () - 95$10%! () - 95$10%
()-V6pT80% q9s$10% ()-q q$9s$109%& () - 9s$10%& ()- _?80%-

q9s$10%&' () - 95$10%& ()-9s$10%& ()-9s$10%& () - 9s$10%&' () - 9s$10%& () - _?80%

9s$10%&! oO o (). %
39:$10%& %) 9¢ w&%ﬁccgﬁ%&é&cl?&}m 353‘%‘%@“% ﬁ?g’f{%ﬁ g?‘ﬁ g%?g“(%" ?_@9’?80%
q9s$109%& () - 9sDaOMBS kNt Pldbt QiRbOJies andiSaid WiPpeptide is produced by expression: of
q9s9s$10%& ()-9s$10%& () - 9s$10%& () - 9s$1QY&' (3 95$109&' () - 9s$10%& () - 2
80% nucleotides as'set forth in clone 2.1 in Figure

09s9s$10%& () - 9s$10%R' () - 9s$10%&' () - 9s$10%&' () - 9s$10%&' () - 9s$10%&' () - . 2345Q
5_?80% q9s$10%& ()-q q$9s$10%& () - 9s$10%& () - 59: ; <=ABoOB0%

q9s$10%&'18) - - 95 $aedBeR) for esBifgRIRY <Ol Gvait(phaSs Sithulliss)in ASBARYRAL Jandd$10%&

BCDEI JKLpT80%

(SR 51008 () - boeHOMEhES COmETISAE OPIsTRY 5V HSlosieR RS b BRvRERIE dest 0
() - LMNOSV6pT8Q %8 I8 1@%4kr (donditiot$ WlAUR {0 poshil 0Y8ompiefWo_ St WBAYHIEY
09s$10%&' () -9s$10%&’ ()-95$10%&' () - 9s$10%& (f 9s$10%&" () - 9s$10%& () - kosw{ _?8
0% q9s$10%&' ()angbgdies®f pyeserBInsEd (Yiohewabsgmple. gul eurdgtyctimstou@niplex 280%

95$10%&' () -9 % 0 $ 9 280%
392$10%& 8 93% }ﬁ %egxd gpsiiﬁ @dé)co%ﬁﬁgs%s/%ogﬂﬁ% fﬂgl%‘e;gt}de 3?%@ Qnszsﬁrzlg
09s9s$10%&’ ()-@sﬁzﬁ@ﬂ&o@mﬁm%sax&ﬂm&@))Ly@sﬁwwHEWsMow& ()-_?80%
09s9s$10%&’ () - 9s$L0%R () - 9s$10%&R' ()- 9s$109%&' () - 9s$109%&' () - 9s$10%&' ()- QL_?80
% 95$10%&' ()-q 0$9s$10%& () - 9s$10%& () - pT80%
;95$%g°0/«§/4 (1b; 95 Q4khdd aReRERYE £hin? 38 WAIReih )sa IR V4B afacti D8 BRI ds) ird a9 V& (
95210%& () - 9s Fhosgantbalies gk siy- mﬁmm&e (CPrpsise0 R QRFD o pv@tide) oDEFEN IR (

ésa?isli??ﬁ/is?io‘é/%éé%w%seﬁ@@ Sty 8 bkl bosgldtiey 1 SERmNG 22 -

80%
9s$19s$10%& () - 9s$Q10%& OF 9s$10%& ()-9s$109%& ()-9s$10%& () - 9s$10%& ()-)- 159
280%

95$19s$1Q%& ( 0% % S 109&:. s$1 %& - >BF
Ro. 300 8551 0hE Db RPbUEE 19 ML b P RE S bplbeiad i 10
9s9s$10%& () - Qsﬁdlemo(:l) plasiid.eing or S8BHROYEK' () - 9s$10%&' () - 9s$10%&' () - “bf j nsw
?80%

959s$10%& () - 9s$10%& () - 9s$10%&’ () - 9s$10%&’ () - 9s$10%&’ () - 9s$10%&’ () -wW |}~
280% 9s$10%& ()-q q$9s$10%& () - 9s$10%& () - ~pT80%

9s$10%&' () - 9s$10%&' () -9s$10%&' () - 9s$10%&' () - 9s$10%&' () - 9s$10%& () - 9s$10%& (
) - | PO0%

95$10%&' () - 95$10%& () - 9s$10%& () - 9s$L0%&R () - 9s$10%& () - 9s$10%& () - 9s$10%&' (
) - V6l P00% 9s$10%& ()-q $9s$10%& ()-9s$10%& ()- _?00%

95$10%& () - 9s$10%& () - 9s$L0%R () - 9s$L0%& () - 9s$10%& () - 9s$10%& () - _?00%

~N ANA NN N ANA NN N ANA NN N ANA NN N ANA NN N ANA NN NN\ 7

\




yY(10%H& ()-9 9 &H10%H& ()- 9 #10%H& ()- 9 '@10%#& ()-( 9 @

109%#&' () -Vv[ 6789| [ NAA& 10X#10X#10X#9 96- 109#&' ()-9 935#10%H& ()- 9

1t 109%KH&E () - 9 90#10%H& ()-( 9 - 109E& () -97. | [: NAA& 10 9'Rhsidtd Shéet- 9
O@10N & ()-9 9°Y YI0N & ()- 9sf 10WE& ()- 9sf#10% & () - - January 2003
M5S10% & ()-EY@[: NAM4& 10 9 & f 10% & ()-39 9%10% & ()-9 9y 100/roy&' ()-F
9@ #10%W & ()- 9 10% & ()-( 9 10% & ()- @] obU4& 911109 & ()-"10)10)10)9
% 8#10% & ()- 9°S2S 10% & ()-F 9s0@10% & ()-( !'-#10% & ()-5@[: bU4& 9 9sf
109 & ()- 9#10% & ()- 9 9sS 10% & ()- 9-#10% & ()- 9° 10% & ()-(

&ss10% & ()- @hASQ [: bU4& 9 9s3F10% & ()- 9ss0- 10% & ()-9 9.#10% & () -
9s(- 10%H.()-A TeatlicDW&rding3to ahy or0%f &lgimsGl 24208 whe@in 084’ reyombinant

S 109 & ()- 9F: 10% & ()-M 9l “10% & ()-s10) 101) 10) ( 46#10% & ()-z:¥) [:vWa& 9
9 & #10% & () - PYYpeptde (irthergomprisyy gsqguenceofamipoypgids)iroma nogelEV( peptide;r

109 & () - V99| L; ' Q& ()- 9(310% & ()-9 /%109 & ()-9
L0, Sobl I () Seiena (0 S0 )
91 "10% & ()-s10)10)10)9 95 109 & ()- 9 93#10% & ()- 9/ 10N & ()-( 9s-@
109 & () - bud& 9 *LSH109 & ()- ,9&109%9 & ()-9 9 f 109 & ()- 9 9S
10 O;g & Eg_ﬁ/\gx%m@&%‘d agor IDS/&COG%%H 8 _vgmau[xﬁ% crgamxlpgﬂ%%éo&u?éc%e is %ST or
9&10% & () -9 94 pirt $PABrévative tRr&3, 109 & ()- 9 SKI0N & ()- ( 9f 109 & ()-

Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

"Def aul t raggaph..Font #nB% z/ 7ALI Q' [ dZnBy. A2#G&/0\ K: . ..

39Q?DINRYVZi bj M‘&ﬁﬂg&‘m %{‘5‘&65?&%‘%9’&@%%&?&%@8%%Wpﬂ‘WE‘FN

) M G@ 6C/ QA Pasicl 926@MBCERRRGIHi K \ORPEIUMYERE @ any one of claims 1 to 7 and
#nA( 0} 2: DLPZcl s/ Ax~:]1$?!j UHBa8n7kR 3)osnm&bz ! 0 = U mu ~

111 (1] 1 G ! o! | 9n9 Qrmdne cariers angyor jlygnts sustable foruse da: myaeqinom####$. $5$BSLS
SPkI$PF$5 5558969/ % YBRBEREA80

&' & 8GALAYSDEPASSAZRIEE ' * B O g ' (LC (5020 (VOO )9 Q)
w | ))))) )N * * *Wss vBaAesdrhbinant polypeptide Recefdingtw+any- oxe of MaitisH 1o 17, in the, , , ,
Y ANR i 0-Vegemeioo S < MT.A DU LIV WOl {L/l]]]]0-0:0
20L0U0b0Z ooooo@é@‘é@‘i@%ﬁﬁ@ﬂ‘iﬂi‘g{lﬁ&%m% paYs1 E@Qgﬁ{?@ﬁ?ﬁ%@ 3b303t 333
33333444#4- 4: ARA] 4x444444444 '
5535K5X5_5i 5555555555666#6* 6A6F6NB" 61 61m6X66666667777* 7B7Z7h77777777778#8;
8H8 OB YSc &B38508885 20 ORBLIIohaeod¢0od HEY £ogsiFing pf amino acids 394-660 in the
<>@BDGIH [1t11 1111113 I6INIF Imivd I ]3I IIK o

KK" K) KAKYK] KR R‘?{R{&‘L‘? "L‘EE%E%(E&’EjféU{“EL‘E%’EWQF BB A G 11117
ANNOR[ AGN_AKAAAAANAAA & > K O Z ¢ p CC@Me ) aa+a2a<aGa

Tal aaaaaaaaaab( b5bNbebr bvbbh! cdeeeeeef f & Of 7f Of gf Wi fff ff flflg%&g>ng‘dgjbgt g~g
gggggghhi’?‘s- Use of a polypeptide comprising an ORF2Z polypeptide of produced by

O R RARbL L L 2ieei oL L d di L L i L i L it b j i KKK

kkkkkkk| $I 51 Bl 7 r%éﬂdﬁ‘%fla|%$:e+%%dr¥%drﬁidﬁﬁlfnhwmmmw§hnnm&gf@ﬁ IbN?ﬁ%%%r#ﬁ‘gé}mﬁgﬁnnnn

noo) oAoYof oj ownedioarment for the treatment and/or prophylaxis of HEV.

PPPY%P2pJpbpppppppppppag+qCaPgWjaqna{ qqaqqqqqrrr 7rOrJrurrrrrrrrrssOs=sDsGsYs

s{t=u?wxz| M ?Xd| 3@OX %Mr +2; FNf ~ 0=Unt #- 4Meu

,@?}# c % ? @B \Z/W)ﬁgﬁ%%&aﬁaﬂﬁggdrﬁiﬁodies TN Reddoet éSmprisGiT B s0rMrtn @M ShiDat % 6
* an ; S . . . . .

2JQ ho( @/d| 7>KUst STPRIERENT PIPFIITAR SSRNBYR: IOl rptids atcomiizade BEY ORS$ of

Sku$, 9BOg 8BLVG{K1d 2 ANE,~ + f = . -

Ot 5BLSR) SR oL SRy SRR VDT o ekt Gh B esp cepile s
" H#SYR' () * +, - . SudBBAB6IG6cting antibodies.

<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$9& () *+,-./0123456789: ;

<=>?@AB GHI g Kl AT > g ; : :
g (CDJ@F); A | AARPRCERTIANNYS ; bk o AR ARl bdch PRQREISIIRMNZokdl Torm a
<=>? @\BCDEFGHI {Jist MNOPEREBFUNNIOIR[Sir e an QIRFTepa)pgpkilenod pTE ¢ comsisting{dshentially
P"H#HEUR () *+, -.

o AP G SARREREIE PRI ATHEY g s 5 R R IS §PEPRRRAY £pmerising

agents suitable for detecting antibodies.

O




ol "HSUR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$9& () *+,-./0123456789: ;

'<=>?@BCDEFGH JKLMNOPQRSTUWKYZ[ \ ] »_* &bcdef ghi j ki mmopar st gLt SofiTi mes

New RomanAri al Courier New'h Root EntryWrdDocunent _

I"H#B9& ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

" #S9R ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" H#EUER (294, - . THELRR4R6d@hg to claim 27 wherein said polypeptide comprises one or more
<=>7?@A\BCDEFGHI JKLM\ICPQQS'I"UVV\XYZE{]] ~_"abcdef ghi j k| mopqr st uvwxyz{|}~

| #$0R () *+, - . DBE2 pobiprptdes of HEV produced by expression of a sequence of nucleotides
<=>? GA\BCDEFGHI T [ J 4 I %
e Ty e MRS YA (SEQ OO A3 (SEQRING 1YY 2 (skQ 1D
<=>? GABCDEFGHINGLINGPRIZRFe SVKYZ[ \ | " abcdef ghi j kI mopqgr st uvwxyz{| } ~

" H#S9R () *+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

" HSU& ()t - AQL Solypentide ing to_z f claims 1 to 7 i
<=2 GBI oH TN RCELRCTNRPSEE RSB 2, 796 S Sim iy pyoleed
" #SUR' () * +, - .28 48 7@0lecule according 1o any one of claims 8 to 10 or an expression

=>7 CDE MNOP N 11 ~
,< ;$%B () * EGHI \}]c'é{'or acco ngLi\é"é’i(Q.%[ H ora ?r?e% cﬁ{ gcrclzlou(ukg?oo q}t %}18 \S}Mc(lyaﬁ% 12 to 22
or a use according to claims 24-26 or a vaccine according to claim 26 or a kit

according to claims 27 to 29 substantially as hereinbefore described with reference

to the Figures and/or Examples.



