;e3e t" 6 T 7zC, ""'' The present invention relates generally to
nulecules such as pepti des, pepti des and proteiru which carry i t opes

and in particul 3;Jlmuwlﬂuwllllmﬂllllmtﬁfz; rom ant! 2fﬂmmml1mmulmmzf323??33?1

caonval escent or acute=pdi@se circul ating anti bodi esodo@*t he Hepatitis E Virus
and are useful in the devel opnent of diagnostic, therapeutic and

prophyl acti c agent v CTIVEEANTIGENS OF EPATITES S VaRUS of the
publ i cations referre to by author in this specification are collected at
the end of the description. Sequence ldentity Numbers (SEQ I D NCs.) for the
nucl eoti de and ﬁxno aci d sequences referred to i

dﬁfl ned fol | owi n§"¢ PrEsast B‘P’F@Wﬁws W@U&ﬂ)@?&chﬂg A BIE‘EEIESS aﬂfyggmfdégs
Compr 1 sosatgBHlebEIC Y iftopts}ad ¥ pEricHATRY delepitofi #3k! AlipAIS pRiE

stated el ergiebded by 'He@dts @ VirueUThese bRABIRS 2re prefefendally iMiundoéactive to
excl usi on of agly ot her elenent or integer or group_of elenents or integers.
cp

Vi ral hepatdomvalesasation acuterphase n:@équns@nnbewcs)%thsmeannéEst gad gsrugeful

acut o hepatPris FIEpBentYElRsss Brranpay Ap STop s ety o BB {1
B Virus (HB¥s 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 active hepatitis. The clinical and diagnostic

excl usi on of HAV, S Ie to e recoqgni tion of other hepatitides
a\t. wer e fornerﬁ@"ﬁ Bﬁégei&%@ ubECWA °ﬁsﬁ?93blﬁé}5§’9m§“ 5%%@

nce et s8t colld¥etlar theeAS bPOR &Ec tion. ende?fehtity Rmbers\SER D NG@ S
by nore than one viral agent and can be trahsmtted by el t her parentera
f ecalor al rforthe nychotide and améigDagid Bequencestfdradotadin, the apddificdtioa are dafined of
a bl ood- borﬁ“%en eirned Hepatitis C Viru:~ (HCV), led to the
devel oprrent 4 gs%‘éé’iﬂ? 0grapB¥ay for circul ating antibody to HCV (Choo et
al ., 1989; 'Kuo 5 June 2003 2 - et al., 1989; Kubo et al., 1989, Maeno et
al., 1990). This assay predom nantly detects infections at the chronic
stage, but has fRaoughont eds tspecifichtion) tless tiencadtexiGéqaires btheowisecthef wopl t o
90% of parenterally transmtted NANBH. A second epidem, ol O?I cally distinct
form of NANBPMREES'hHOR YAS#IARS Sueh @& CEPMPFSISOtan é’BF’d’é‘ﬁiﬂé a Ftood to

Pranem &t edmion R IBHE S i 3B L IGREF P Blnubids ¥y u%aé {ebige bt oty
of virus trheegelesionof angloteselenRt SNintégdes of gmp of eleftlefBtdrdntegéislir 00)

1980; wWong et al.) 1980). ET-NANBH has been cunented in India, Pakistan)
Burma, USSR) Costa Rica, Mexico and countries in Africa where epidemc

(B adi oy and ni ayFalepttdehlA TR et dGBi Wbl £ MR velf R iR
prei ous! y g ?Emn AVRILEAE SAERgRrRaS anw txe iMhgBYElo BPhlS hsmﬁfatm t6 maionand
I’I ns w ical liver enzyne el evati ons and recover

m)r phol ogi owth ﬁapams ar Virns ((HA) and Hepatitid Bk insr@{BY)ks PﬁUmstﬂequm'eb&r of
clinical specinens a erlnenta ani 1983
Andi apar i d%éoga[gagtpn °Pﬂ§8‘§? 2 agent; 8&/ t&%ﬁ%ﬁ(&ﬁﬁnﬁ’ﬁ Friifecugn fesnp§8131)

Reyes et al, 9 e | ar EAd one
fromthe vi ru?il égg%%igﬁgcfﬁeé# %ﬁ%&%ﬁ clir Hitcgédrtreg Qﬁgﬁﬁﬁmgﬂﬁlgﬁu fied
agent the Idéggmbbtid exchushdnraf A V-and HBTéhwhdec sheoresogrtiore of othkt hepatitidesthat ed
't er Chang st yorReth: Brcupeq iaseiier g soprAwaonB begattis AVARBIDNPERCS € als
capabl e of S i i fr S
Cransm sei 092 ¥ e iabll frdr, 3975 P8R 1065 JGRNERE 18 B nifte thdn YK Gial

trarnarins agemti &id ¢an tseetraisﬁﬁnedaby Witbers parefitetal fdrofétdtdYal ddblés (Beadleyd 990 and
whi ch corrprl ses a genom c nucl eotide sequence) a portion of which, at |east

i s horol ogReyes andBarnygys HRl).al |y sinilar to or capable of hybri di zi ng
under |ow stringency conditions to the all or part of the nucleotide
sequences set forth in Figure 1 and/or Figure 2. Preferred honol ogies and a
definition of st ng@fﬁ L S Was
froma Burnma iso acte of '?flgrbﬁ&rdugsmgcnggﬁ‘;bfr%m%?ﬁ\%@?he\é%&hﬁ{a@ lfdtl)inl?f&}eve
ot her di st ideetlopmentrefjatupecifis assay dor. ciftubsingrantibody tor HEY (Ghvioad afji £289; Kuo
findings are consistent with the avail able serol ogic data based on the use
of immune el ectron m croscopy and i nmunof | uorescence bl ocki ng studies that
indicate a single najor agent is responsible for the ngjority of ET- NANBH
seen wor| dwi de (Purcell and 5 June 2003 3 Ticehurst) 1988; Bradley et al.
1988a Krawczynskl and Bradl ey) 1989) Tam et al . ( 1991 ) subsequently

T Y | Y " o,
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8 5 June 2003 Furthernore, when the nucleic acid nolecule is RNA the
ribonucl eotide sequence will, in a preferred enmbodi ment) be aﬁlastag{)' 1y
conpl ementary to one or nore of the nucleotide sequences sho pRe éfgr es 1
or 2 a part, fragment) derivative, hom® ogue or anal ogue thereof. Another
aspect of this inveation is directed to a synthetic (e.g. reconbinant)

pepti de, polyp jd r protej ich is immuaolagically ipteractive with
“conval escéh?xpwé EHBPH()G e 4&}@ a0 eh §l-dld 90y SAY PETGOFRnantly detestsor e,
t he i nventiqQn:l [ t . Is mti i eptide)
pol ypepti yefgg}dr%r%tq%él Wcﬁsg‘lﬂn&é nfg‘flgélf%gﬁ ;l/&ln%?%@?lsggm VY tq%mdec uge and
conval escefiupQo90% af paenteral BtrAd3adit@b NONBH 2140 decdriti epidentyl dgidatiytdifihet Such

synt hetic -peptides, I'EOl y%epti des or proteins may) for exanple) be prepared
by reconbiferamof MANSH hes been Blyowrhéo eggurds Jiothn epidemin@sd speradia paterfioimed

brot i n' s VIRPIRE SOUPTES B0 EFETTR | B DGR, TR TOIen Hog o B Hepattis -~ "
Al ternati yErWANBHPIuO®S i GARESIYmS gg ¢l &Mﬁbﬁ)ana%bs@&db&méﬁtﬁ

Merrifield solid-phase synthesis procedure. Furthernore, although synthetic
or fragnentute pfiinfection (Kiuess 1080 Word eralsd980)b ET-MNANBH has beerdecumented

L8 AR, B UGSt BV 0 o M
I . . 0 0/, «

oot sonEbidEmid offortAd Xan gifirally e KAL) 1 FecgBirariiarioRe dARISHE ALY

pol ypept i (Bradieyrand! Maynardnifi8scBraitaye ¢ 690Y). The cansateea virahagant was previously

contenpl ates a peptide, poléggi)epti de or,  protein carrying a B cell _epitope
i nteract i SROWR thPassgervasassiufly imexnomelgus magadue(cYpe) Fikiamagias withfypical n

otr 1 gench Ve pt AUERE EaPlecBS) SEHGBRGRRAN Rufler 6 X BRIGANRL 01
forth in pagitles Forh Frdchs blidibal apedimehk ahd BNpimehlal dangls Balayahencl,y)

one aspect of this enbodinment is directed to a nucleic acid nolecule
conpri si n§983;sAndiapasidzeret alic | 28S; iBradlewier ah: 19875 Aramieallzonnlg 1888). encodes a
pepti de, potypeptide or protein interactive with acute and/or conval escent
phase antibodies to HEV; and (ii) is capable of hybridizing under |ow

stringency congielbdpsalt 0h r&de isBME A0S AGINVAR rth
in Figure 1 (SE(%S’I D I\a|0: ?ll? ?Jﬁde?ﬂ?g%ﬁog%??ﬁr}ggggybgggdaj tions. I% ééfete Ia’t‘gaed

aspect) t the vinusiresponsiblesfor; EE-NANBH, add sermed dint nevely identifiedmgentahe Hepatitisei n
interacti W 1 t hase antipodies and is capable of bridi zi ng. under
ow stri nEcreys GRSV TR eRpisdins hteniaty Brnamued Bone oaed Sembtroc e
forth in g nln s B ' | RpyP FC'E?Q i lL,eqgti de
sequence ﬁ%ﬁabl%épg%uﬁﬁx |z?nr§lg to t%g&&gﬂtg 0 %ggygﬁghgﬁcfg&gsﬁg

mol ecul e eipabt typefof vires evhiclt isxapabi¢ ef eausingrinfectibusivepatitip fogecomaminattdes t o

HEV. Most prefer atgay the nycl eotide sequence is, sequence 2.3 or 2.4 of

Figure S WAt FbHC mpslblﬁi@de%men@ﬁ;pmgq He cpremelagus maerques rand
hucl eot aREREnACA in SERLERy AP BohE AAY, 81, Y ARAIRY, B Rk ons

to all orcoaptisedfa gdmonitabcledtlidicsegaetite)s fotidh JfoNibh, 4t 16dst v Bordolofhéd toD NO:
1) or Figure 2 (SEQ ID NO: 3). This aspect of the E)resent i nvention
i ncl udes pesehstAntigly ssnilantaraseapedle of hybadizing: undsr Iew SEINECREY Gonstiansi tas

ded b b ' I i d . L d
pol ypept i He Brockedt ETE hudrdii Wi R AR OREE Lol ielt ) Tt
nucl eot i dpomeUigeatCaid & Btfiditi6mBaRrigehcy ddAtitibng lahWsd: Folth el | eot i de
sequence in Figure 1 (SEQ I D NO: 1)g of 2 (SEQ ID NO: 3) and which

derivatives are interactive with acute and/or conval escent phase anti bodi es
to HEV. For th ses of fini t he | evel of, stri ngy, ,refer e can
conveni ently bbﬁ'@t‘ %ﬁsgﬁ@a "‘%E'la 1{°I¥98’g}h°a‘f‘“ﬁa?§égg'§n§és§“§'§ ﬁﬁgh is
herein in e f eeggf{- S l ] aeshid

consi der eﬁ?%&g‘t g?’%é’?i’y&ﬁo%v i ?"r%%ﬁ%:%‘/@f ?Hgg? ﬁ]cggc\ﬂgg ‘E as l%%??llg in
4- 6X SSC/ findings Se whHnsistert with IHe 4v&labiy sétofdgic Jatd based? 0A3hé s @frisumune

Dependi ng on the source and concentration of 'nué{a@ c.,acjd,involved in the
hybri di zatice%en B¢rasGoRy rnd imauarEnaspscenge blocking,

65 thal Indicats ARIBGEMEATCh as

medi um st [ ngent [ e ' ej -he d-

S50/ 0. 25- BREH; ) esRRRHIe 07 UL oifloBb0of MENANEH WehrbBrlufiche Bustdh ead, o
whi ch are considered herein to be 0.11X SSC 0.1% wv SDS at > 60C for 1-3
hours. In yet a further aspect, the present invention contenplates a

pepti de, polypeptide or protein carrying a B cell epitope interactive with
anti bodies to HEV, said peptide) polypeptide or protein having a
substantially simlar am no acid sequence to one or nore regions of the
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of a secondary conpl ex of pol ypeptide-antibody-I|abelled antibody. Any
unreacted material is washed away, and the presence of the VP%%e

determi ned by observation of a signal produced by the reporter @@Lqpe on
the second anti body. The results may ei8her be qualitative, by sinple
observation of the visible signal or may be quantitated by conparing with a
control sanple containing | Enowm anounts of HEV anti body. Variations of

t hi s assa¥idehutstyd588; Bradiey anebukd88ss Kirawezynsitii and Boadbeys k1899 aliam| el | ed
anti body ar dded sinul tanequsly to,the bound ypept i de r reverse
Ry | WoBIhseaealErmed ar e B lesie SlamnebF e REmALEE HEY, Burmaich)
conbi ned, _,j g Sdiknrm o the bound pol ypepti de.
These tec‘ﬁiﬁ{ﬂa&l}@?a g \?\gﬁtﬂﬁtﬁ%% odt osétag@ﬁa#‘zééﬁfgﬁ the art, and the
possibility of variations will be readily apparent. The anti bodi es used

above ai ay be nopnoclonal or polyclonal. In this as;s t he, HEV, derived
pol ypept i de or HEX navaisinglrastranded gereme jof pelyadenylat ﬁwﬁtqupq;rnm@mm y

b dt | i ace. i is i

ol ymer . PHERApH AR Hast et L1 ORED Bebidmd L OR P 3BA ISR ES . )
nyl on) pob?sﬁ ydadifg friand ¥ MhdORFSr®partiallP bvériippiigdR\ifferent redingGrarflesSAh@POr t s
may be in the formof tubes, beads) discs or mcrotitre plates, or any

ot her sur &xgdhought tea¢riced¢ sructuraliproteinspfithe vims r@mmd@scgam@ 1 sontithesitherk .

The bi ndi | |~k in, th t d l, | i st of
cross- Li niiiith eRcis Fenlicegva pinisint i oyatipes DI, by ABE PEFEHA% e ol ecul e to
the insoluble carrier. By "reporter nolecule") as used in the present

spec¢ification, is nmeant a nol ecule which, by its chem cal nature, produces
an Janal yti cal | Despiterthe availability iof immunbassiysafor dvesdatbaticneofoantibodiesito somieEV
b 27Ty peS Lt B i e oEh £hAELS Rl dbReH Ll o aE oyt iy
cont ai ni n 15F HfESiokl b ) ; f

i rmunoas sg’}%ﬁfcnr yr?g' F?“%{)qﬂ%‘gé? fe%d#g ?’g&%cﬁedlgiﬁwm f%gﬁfé‘%ﬁ%%’flﬁg\éeﬁ’
gener al | yfrby bethnendetniglant anon-etelepde aveaspe Funhieartmore, Athewrdlatidnshipe detiwern

recogni sed) _however, .a wde variety of .different conjuygatign techni ques
exi st whi &Hibady IpteEAHVY 406 immpunity; 9 knirfection rempins, up¢igars, Thessoand other used

T i i B e T St S T R S
be used wheHEViefarpekich o icedzlearts erists. ORNgartitllyr, ihaoeld bomoshbeneficial to
producti on, upon hydr ol giSI s bly t he correspondi ng enzyne, of a detectable

col our chéavgep am asspnwhich epyld distinguisbhehveenspinhasy astihodiesd contemperryi n,

ant hani de . i [ 1,N i | 0.t 0

anti bod Rttt e Hh8hint 1635 \Rto B abF pORATLE M phabC HRIRGH

i 'l um natwRigh'térhbinlin ﬂhkﬁﬁla&?%&bﬁtﬂcﬁ&o@ﬁbxﬁ%ﬁhﬁd@n and may contribute

fl uorochrone-| abel | ed antibody adsorbs the |ight energy, inducing a state
of ,excita!bimmtyntotﬂqumacul e, followed by em ssion of the light at a
characteristic colour visually detectable with a |ight mcroscope. As in an
enzyme i mmunoassay (EIA)) the fluorescent |abelled antibody is allowed to
bind to the p i Al I [ [ I hi ng
ot the unbonal ?@gégé%t%# H%"ﬁe‘?rﬁip"nf‘ﬁgﬁ?‘iﬁ% ex @g%ﬁ#&g&g;&&gﬁié Menlly | i
of the apgpitpes,anéinparedudard bell egitopks, oarpeptidesc polypeptidesand priiteing erscotied:
presence of, t h&éfi_ﬁen of interest. | mmunofl uorescenpce and El A techniques
hre bot h HEY. gengme isiorder fp {TEFOXF HPom GUEFRE UABNOSHY PERCFGUISS GRG0 o

for the PE S ‘;;pof? r @.br@& r : gy e :

r adi oi sot opeg{]&%he w%ér@‘s@?égtp)m (lacullcecg&g’;oglgiso urtﬁ nest%taE%P%%El%léh may
al so be efpipessest invéntionh) peptides, patiipeptidespad grﬁtcihe, wire redombinshtiyeedpressedin haw
to vary the procedure to suit tile require purﬁ%se. Accordingly, ., one

aspect of fremenusleis agid molecuinsidsnived fosnPREisdr the HEMgrnogie. dthe pitopic and
conval escent__and/ ut hase antipodies in HEV in_a.biglogic anpl e)
cara i s e Rl bR e B R e mBlepge eArdiidgrfggoBhe B o
with an idmRRkddivRy 10 ehHReRsisgeciiE & HEAD! terkby %:aﬁ%gu&wsxs%aa%@ afgse or
conval escent phase” antibodies'to HEV tor a tine and under conditions

suf fi ci emf diagnestisplthaoapeutic eandnpropbyactio ippdcedutes foorlEYnd [stebgstiogiynghsai d
conpl ex t.o a detrecting nmeaps. The |atter conpl ex may pe de ed by), .for
o, IOHEG Fars (HEn T A7 mATOLFbb O A AIeBORS, Y 4t DRF eyt bih
reporter nolecule. Alternatively, a conpetitive innmunoassay nmay be used.
The nost conveni ent assay of this type is a radi oi nmunoassay (RIA). In
anot her assay, the AGEN red cell agglutination test may be enpl oyed (see

WIlson et al. 1991). 5 June 2003 16 The invention al so extends to use of
the peptides and/or polypeptides) or fragments) or derivatives of the
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O tF3 and one third of the 3 end of ORF2 (ORF2.1 )) respectively. These
primers were nodified to contain BcoR restriction sites to facjlitate

cl oning. The nucl eoti de sequences of the primers) with the HE\?—‘%‘E‘@(%OP?‘C
sequences underlined) are: For ORF3: 4

5! - GTGAATTCATGAATAACATGTCZ T' 1" f GC-3' (forward) (SEQ I D NO: 5)

5' - GTGAATTCTTA CCT-3" (reverse) _ (SEQ ID NO: ~ For ORF2:

5' - GTGAATTCCAGCTGITCTACTCCCGTCC- 3' (forward) (SEQ ID NO: 7) 5'-GIGAATTC GG
CACTTCGITTA~" GATGIT-3' (reverse) (SEQID NO: 8) Athird primer pair was

desi gned.t 0. anpl i.fy. ' . al T , 1 hatin 7
nucl cot | gite B s 808 BEY TR of dihobititapburt et bR r ok s or

t ai  fo - . . . th
3 v R B e o o ot e oy o)
5' - TCTTAMOREGR G iARIBTI@A-cfier¢ise vasiuse the (BEQnpintdiktivity of Zimeber portioreof the sanewer e
desi gned on the pasi;s o ubl.i shed uenges,, f.or , June 2003 22 To
ext end tmelecle dHiy ave fur bR e Eraned Bl RRbiely <eatt mey Be oV Breome YISHE s
desi gne 0 i ' ' iBi :
or 1 mar o T B B B SRl Distiniee o asses.
facilitate cloning. The nucleotide squences pf primers) with the
5" OT GOATCCAT SRR SHS AR At Possent 3/ St o Providespserpmbingyt pisdsale
5' - GTGAAT GRS PSOIeREO SRR ad: : of GheriRBABETORE
primer pal-Erga\a/-vas designed to anpli ?;éli%fﬁsﬁ%‘ggeanqtdn%sm&%gm llc%ﬁd%l\gerl aps
AC2.3. RORE)2 BofAlxpatin G@E@) on? MUtARED depvaiive af332idORIER or

S ORES R PHOR, t PTRHT Rso o
sanpl e) JQiduente B nhtisstides Motiprisig("ORFZSM patlo? ) ORFIVEnH iEdh nd1eaie iso

2.0UL OM dN TP m.x~ure) 1.QU1200ng/Ul reverse primer) 0.5Ul rRNAsin, O.
U AW ResforpntiallyimmunglpgisallyintmcHvein cithrronnelescsnt pbesegracute phaseaatibodies was

boi I ed f Q5. _ . _ bascatbodies
et BT, AR 65 S Ml Al
3. 6U125n¥rMafdoddé 5008 cxtehding 380 basss dnBAEmIAALEG) at rbORENEI 547 @RBI Dindlikary/ v

Triton X-100)) 3.0 U 2nM QNTP} 1.0U1 forward primer) 0.3UL Anpli Taq DNA
pol ymer axsgiopirbeginning atgusicatide 81 44 xicnding 18Qbasesand; tominaling9%basas upstisamh 50

Ther i /bF EpA8) BITEREA SR Btk e oL e B ABEN T g pr oor am
94C denaturaton for 1 mnute, 55C annealing from1l mnute and 72C ext ensi on

from2 mnutes. Atotal of 40 cycles were processed foll owed \bMy a final
extension at ¥p@ pericylapynprebagred embodimenhoths presentdinventinteds wircatedaxia, to

o gest e b PR e dfend AP RS HR SOAE etk IR Ut ebnfinlfior

f rG’aEg]( Im&* nEI_ cf}@:fle Q.DZFE_Q‘ IrDDI‘iTCH?BI _ijl?naﬁﬂe(SEQaﬁﬁ-N4 O: Bﬂ)dcl_BnuZ}Zp(SﬁQsltﬂs)'?gg)zl%,sdPﬁé 2._335

p : e resulting plasm - c ai ns st 672bp nuc] eot| des
b ORF2. (SEEEID Hi0215 abis o gL (RBR IO 28 of Bemattin & fivos (RN pstdeeiogadom
fragnenty; ypﬁﬁefﬂ StideOscgihitRe RuAYTE @ gﬁ%ﬁ unfb |

full | enl-g?ﬁréj%%%ﬁ&@egg ecte ccé)l or?iqeés%fer om cacE['1 raal?ﬁgr?r?an fb\%?@ﬂgﬁﬁs

i nduced ewnditidns ap427Q\totariucleotide spquencessliccted froRicipnen 0, clorer. hedbrfe® .2, clone
expression of fusio ins ,)'..of_.the _expected sizes. EXAW LE 3

P~t ml-ﬁemekf&@#%%ﬁsﬁ%@ﬁ%%weér ansformants of pGEXI - AC3,
pCGEXI - AC2.1 and -2.2, and pGEXI (as a control) were grown for 5 h in
L-Broth medium (LB) containing SO-g/m of anpicillin. An aliquot of O Spl
of the over ni Th¢ teoul"tegombinast molecule'sindbis contextindudes apeptids, pslyseptidyipedteini n
and incubated for 6 hr | PTG %Jezﬁg ~1 og. | 00 t ock) was added and_t he
cul t ur e WesChEMGH eguivplsnpiheseotef heregpmaingat malegtle Maysarpymakbe slvcasylated | n
a bench | - mdIBEIPRlsS Bkte RS0 WM bdtWedn V4 % un
as beforgsgiﬁé)#lgié&g@hmgram ofg pagkedocel 1s, 3 i%%n of Iysdl‘cévﬂdpécrlé gg‘ggﬁtﬂ%ri S
pH 8.0, dr priviciiDan) a pedidepdlyaptide or pioteih of @ONHEV origin such as but not limited to
phenyl met.hyl sul f | fluori (PNBF) .and 80 ~+1 aof 10, np/, | ysozynme were
Pdden. | MRS e (S D B RS et Pab s, B tie a7
for an agdidmheRrahle3Qpdbl@of BldeffidlythidRatw@spponi cated for 3 min. and
centrifuged at 4000 rpmfor 15 mn. The pellet (containing nost 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 1OM Tris (pH 7.5)) and stored in
aliquots at -20. 5 June 2003 25 EXAMPLE 4 SDS- POLYACRYLAM DE GEL
ELECTROPHORESI S Each of the fusion proteins (GST-ORF3) GST-O0O1lZF2.1,

GST- ORF2. 2, GSTORF2.3, GST-ORF2.4) was thoroughly resuspended in 50 nM Tris
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Detection of anti-HEV in human acute hepatitis sera Sera from

wel | -docunent ed cases of acute hepatitis A B) C and E were assayed b
western blot (Figure 6, Table 1 ). The results show t hat none®ding goo
Hepatitis A and 18 Hepatitis B sera cdntained | gG agai nst GST- ORF3 or GST1:
ORF2.1, but 3 of 58 hepatitis C were weakly reactive to GST-ORF2.1 and ono
of these was al so reactive to GST-ORF3. Sixty-one of 66 (92% acute HEV
sera from Xinj iang contained anti-HEV I gG that bound specifically to the

GST- ORF2. 1 band_but t 1 h te] . I T). Ok th 55
50 posi i val BRorRet SRR Y EHER s Vel Hhemrindd Fieprend s
but not ratdrAbicit bleculds efdoded bf ORFeind ém particalas k3¢ ehé of DRFrRLA GRER gred

nonths after suspected HEV were reactive against GST-ORF2.1, but only 3 of
t hese weapabletofymtaraatingGuith GRETaleyeoh phasst antibedies goaHEY e tias  re&imbibarste d

ORF3 of, the B NV trai | f 1, | t
cer a wadapleses arolrRey s S of PR 8 eyt morf RberSisatil Bl fvE phaseand
GST- ORF3mtibodied %ﬁﬂ@t@@%%ﬁc B phitizie0 peP 5ot AordthE & ugb%ﬁe‘c&) o®)the present

i nmunor eactive Western blot and resulted in a high detection rate o
anti - | - liEvedtip, itheregs geavidedcagecomtiinmg\peptid<cior palypaptide ahihgls prefarkntidly
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ti bodi to bofh GSTORE2. 1 and, GST- t ,at .day 16, wth
ant | - oaTeal SLEATIoR of A FOTSEHE, BHORL B LGB Erares o1 oo It bereibF cas
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F*10%& () - 391 Qfksshy, the SRV 18478 d (Polypeptide or antigenic parts thereof is either
covalently or passively bound to a solid surface. The solid substrate is typically glass or
a polymer, the most commonly used polymers being cellulose, polyacrylamide, nylon,
polystyrene, polyvinyl chloride or polypropylene. The solid supports may be in the form
of tubes, beads, discs or microtitre plates, or any other surface suitable for conducting an
immunoassay such as a dipstick. The binding processes are well-known in the art and
generally consist of cross-linking, covalently binding or physically adsorbi.ag the molecule

to the insoluble carrier.

By "reporter molecule”, as used in the present specification, is meant a molecule
which, by its chemical nature, produces an analytically identifiable signal which allows
the detection of an HEV polypeptide-antibody complex. The most commonly used
reporter molecules in this type of assay include enzymes, fluorophores and radionuclide

_containing molecules (i.c. radioisotopes). In the case of an enzyme immunoassay, an
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, B-galactosidase
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or bioluminescent molecules may also be employed. It will be readily apparent to the

skilled technician how to vary the procedure to suit the required purpose.

Accordingly, one aspect of the present invention contemplates a method of
detecting com-ralescent and/or acute phase antibodies in HEV in a biological sample, said
method comprising the steps of contacting said biological sample with an immobilised
polypeptide preferably interactive with acute phase or convalescent phase antibodies to
HEYV for a time and under conditions sufficient for a polypeptide-antibody complex to
form and subjecting said complex to a detecting means. The latter complex may be
detected by, for example, the addition of an antimmunoglobulin antibody labelled with

a reporter molecule.

Alternatively, a competitive immunoassay may be used. The most convenient
assay of this type is a radioimmunoassay (RIA). In another assay, the AGEN red cell

agglutination test may be employed (see Wilson et al. 1991).
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Due to the nature of the epitopic region(s) of the HEV antigen it should therefore
be possible to discriminate between naturally infected individuals and vaccinated

individuals.

The present invention encompasses other forms of kits and diagnostic assays
including a kit comprising a container adapted to contain a synthetic peptide or
polypeptide corresponding to the epitopic region of the HEV genome or its fragments,
derivatives, homologues and/or immunological relatives. Preferred antigens are the N-
terminal region of ORF2 and the C-terminal region of ORF2 of 'HEV. The kit may
contain a second container adapted to contain or receive a2 sample to be tested. A third
container may be present adapted to contain reagents for detecting HEV-antibody
complexes. Alternatively, where the kit is to detect HEV immune complexes, the kit may
comprise one or more containers (e.g. wells) adapted to contain a HEV specific antibody
(e.g. a monoclonal antibody). Additional containers with the kit may then contain

receptacles for receiving fluid samples and a labelled antibody.

In further accordance with the present invention, expression of the cDNA insert
encoding the epitopic regions of HEV described herein or fragments thereof, may be

achieved in a number of different ways.



10:: 10::! 7 "10%: & ()-FuV7SE7!,Y 109%& ()- Y I/10%& ()-c -10%& ()-OF

109&' ()-F 109& ()-$10%& ()- 10| |}cl SE7!,Y 10% C10%&' ()-{4) 3_‘/& {4)
C109%&' ()-{4) Cl0%& ()-{4) CLO%& ()-{4) ClO%&' ()-{4) Cl0%& () e\ﬁfde?
CLO%&' ()-{4) CLO%& ()-{4) ClLO%& ()-{4)1L10%& ()-{4) CL0%& ()-{4)

CLO%& ()-{4{5WA{aG ) Cl0%& ()-{4) Cl0%& ()-{4) Clou& ()-{4) 010%& ()-{4)
CL09%& ()-{45WA) C10%&' () - {4vv] C)) ClO0%&' ()-{4) Cl0%& ()-{4) CLO%& ()-{4)
"CLOY& () -{45WA) AGlk: ﬂcc&%ﬁ%@xib&ix&n#ﬁﬂ@%ﬁ%ﬁs@ﬁ%é il're{e}:; 6;}@%&16)3{4)

CL0%&' ()-{45WA) CLO%& ()-{4) CLO%& CL0%& 4&
CLO%& 8 Easm&chm nzgotcmom ) {chge : {9535810#}2&0@ Whidh give

Clove (- { syorestmmol 8 @O‘%ﬁ#‘ IR RG34 4688, £-CU Bt host cels
C10v ()- E%e\%%i%é&% s e %%?a?' 5 St @) it o5 e

CLOY& () - { pOBWE}idIBEQABression 4&1&%@&@;@ £1660 ai bR Mt dellsd)ALFLONEr {uitabthSWA)
C10%& ()-{4) CLO%& () {4 010%&( {4PQ?STUV}G) Cl0% C5 g 010%& )-{4)
C109& () - { fysiamnprogein § ofns ity dygmatpgraphx vy 3lsq begmplpged syc

Crove: (- 3 PG (s*f-%@ m%%ﬁéﬁxé %%é‘%l%%%?ﬁ ba pEFEEV may be
expressed as a non-fused polypeptide, by using appropriate vector and host cell
combinations. Other vector and host cell combinations which can be used in accordance
with the present invention including a number of well described yeast shuttle vectors for

) use in yeast cells, or eukaryotic vectors useful in continuous cell lines, (eg CHO cells)

yeast cells and/or insect cells or transgenic animals.

The present invention is applicable to any strain of HEV which has a genomic
organisation comprising open reading frames equivalent to ORF2 and ORF3 as defined
by Tam er al (1991). Of the strains isolated to date, any strain of HEV is useful in the

practice of the present invention.

The present invention will now be further described with reference to the

following non-limiting Figures and Examples.
) In the Figures:

Figure 1 shows the nucleotide and deduced amino 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
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Figure S shows the cloning strategy for the recombinant HEV-GST fusion
proteins herein described. The cDNA fragments of 1658, 830 and 380 bp were generated
) after reverse transcription and PCR of HEV RNA extracted from the bile of an
experimentally infected monkey. All DNA fragments were purified by agarose gel -
electrophoresis and Prep-A-Gene at each step.

Figux:e 6 shows the cloning strategies for (A): HEV cDNA clones; (B):
recombinant HEV-GST fusion proteins ORF3, ORF2.1 and ORF2.2; and (C): the
recombinant HEV-GST fusion proteins ORF2, ORF2.3 and ORF2.4. The recombinant
HEV-GST fusion proteins herein described. The cDNA fragments of 1658, 830 and 380
bp were generated after reverse transcription and PCR of HEV RNA extracted from the
bile of an experimentally infected monkey, while other PCR products were generated
from the clones pGEX1-AC3 and pGEX1-AC2.2. All DNA fragments were purified by

agarose gel electrophoresis and Prep-A-Gene at each step.

Figure 7 shows 2 Western blot of human acute hepatitis sera against recombinant
GST-ORF2.1 and GST-ORF3 proteins. Approximately equal masses of each recombinant
protein and unfused GST were mixed and electrophoresed on a 10% w/v acrylamide gel,
proteins transferred to nitrocellulose, and the membrane blocked with casein. The
membrane was then incubated with a 1:500 dilution of patient sera or 1:10,000 dilution
of HRPO-streptavidin (marker lane), and immune complexes detected using HRPO-
conjugated anti-human IgG and enhanced chemiluminescence. Lanes: MW, biotinylated
molecular weight markers (sizes indicated at left); 1-10, acute hepatitis A; 11-18, acute

hepatitis B; 19-23, acute hepatitis E. The positions of reactive degradation products of



CLO% ) ClO%& ()-{4) CLO%& ()-{45WA) Cl0%& ()-{4) CLO%& ()-{4)
CLOY& ()-{4}G) CLOU& ()-{45WA) CLOU& ()-{4) CLOW& ()-{4) 010%& () 4
CLOY& ()-{4) CLO%& ()-{4}c-5WA) CLO%& ()-{4) CLO%& ()-{4) CLO%® %‘
CLOY& ()-{4) CLOU& ()-{4) CLOY& ()-{4}qibWA) CLO%& ()-{4) CLOY& () {4)
CLOY& ()-{4) CLOU& ()-{4) CLOY& ()-{4) CLOU& ()-{4) CLO%& ()-{4wjO))
CLO%& ()-{4) CLO%& () {4) Cl0%& ()-{4) CLO%& ()-{4) CLO%& ()-{4)

CLO%& () - {”(%W O@Q'I‘(Q)R{#)(cfaw/%c()o ét@cu@k@%&s ectivély C@@f&aﬁa eh
CLO% ()-{4 010%&() Td{aG) CIOv& ()-14) e e e

CLO9%& () - {ﬁmp@mmr@)m@aatcd:mmt() {4 {\B—) 0100/«&) CLO%& () -{4)
CLOY& ()-{45WA) CLO9& ()-{4) CLO%& ()-{4) CLOU& ()-{4}1G) CLO%& 5WA)
CLOY& ()-{4) CLOY& ()-{4) CLOY& ()-{4) CLO%& ()-{4) CLO%& ()-{4y_E) CLO%& )

Crove ()-{4) c1onE°[s SeovsRoinea BieiofeoToREst S GPTIORE s fom )
C10%&' () - { 4hreeTliests(mackhdes EXpebiificniallf AhfaaRd (With {-EE\\B)!.M @&%dnﬂy{r):challenged
CLo%@ ()-{4) CLO%& ()-{4) CLO% ()-{4) CLO9%& () §

CL0%: () - { 4¥ith eliquqts Bf theoigaal § qcyv@_om),(@){ﬁ @141%:4 M3LgvAg and M33,

CLO%& ()-{4 - (

CL0%: () - {4{%598%‘8 ?ﬁ‘{ g%"-"cﬁ‘%@‘%‘g‘“éi i “%’ %X&%&@ﬁ %{?ﬁ° days of
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(sizes indicated at left). Note that reactivity to GST-ORF2.1 remains at high levels and
is boosted following rechallenge, whereas reactivity to GST-ORF3 declines with time.

Figure 9 is a Western biot of GST-ORF2.1 and GST-ORF2.2 with sera from
infected macaques. GST and fusion proteins GST-ORF2.1 and GST-ORF2.2 were mixed
in equal proportions, electrophoresed and transferred essentially as in Figure 3. Serum
samples are from the animals shown in Figure 8. (A), (B), (C) monkeys M31, M32 and
M33, respectively. Lane MW, biotinylated molecular weight markers (sizes indicated at
left) Note that reactivity to GST-ORF2.1 is weaker than that to GST-ORF2.2 during the
acute phase of infection, but is boosted after rechallenge and subsequently remains at
higher levels than that to GST-ORF2.2.

) Figﬁre 10 is 2 Western blot of (a) GST-ORF2, GST-ORF2.1, (b) GST-ORF 2.3
| and GST-ORF2.4, with sera from infected macaques. GST and fusion proteins were
mixed in equal proportions, electrophoresed and transferred essentially as in Figure 3.
Serum samples are from the animals shown in Figure 8: (A), (B), (C), monkeys M31,
M32 and M33. Lane MW, biotinylated molecular weight markers. Note that the
reactivity of GST-ORF2 appears to lie in the N-terminal sequences overlapping with
GST-ORF2.3 and GST-ORF2.4: breakdown products of GST-ORF2 as well as the
shorter GST-ORF2.3 and GST-ORF2.4 fusion proteins are strongly reactive with acute

phase sera.
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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 et 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 ul nuclease free water and 465ul GIT
(4M guanidine thiocyanate, 25mM sodium citrate, 0.5% v/v sarkosyl, 0.1M 2-
mercaptocethanol). An aliquot of 50ul of 3M sodium acetate (pHS.2) was added
to the mixture above followed by extraction with 450ul phenol/chloroform (5:1).

)

After separation by centrifugation, the upper phase was transferred to a fresh tube
containing 2u! of 10 mg/ml tRNA. The RNA was precipitated in 750 p! 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 10yl 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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(SEQ ID NO: 5)

5'-GTGAATTCITAGCGGCGCTGCCCCAGCT- (reverse)
(SEQ ID NO: 6)

For ORF2: 5-GTGAATTCCAGCTGTTCTACTCCCGTCC-3 (forward)
(SEQ ID NO: 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: 5'-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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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, 10ul of RT Master Mixture (4ul 25mM MgCl,,
2.0ul 10XRT buffer, 2.0u! 10mM dNTP mixwure, 1.0pl 200ng/ul reverse
primer, 0.5u! rRNAsin, 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 (19.1ul nuclease free
water, 3.6pl 25mM MgCl, 3.0ul 10XTaq Buffer (500 mM KCl, 100mM Tris
pH 9.0, 1% v/v Triton X-100), 3.0 pl 2mM dNTP, 1.0ul forward primer, 0.3pul
AmpliTaq DNA polymerase (Promega) was mixed with the cDNA reaction and
overlayed with 50 pu! 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 1 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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380 bp (ORF3), 830 bp (ORF2.1) and 1658 bp (O 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 £coR1 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 pGEXI vector £coR1 cut, dephosphorylated, (Pharmacia Biotech, USA) to give the
plasmids pGEX1-AC3 and pGEX1-AC2.1, respectively, transformed into £. coli strain
NM522 (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 BamH1. 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, pPGEX1-AC3, pGEX1-AC2.1 and pGEX1-AC2.2, were
constructed in this laboratory earlier. DNA from plasmid pGEX1-AC3 and pGEXI1-
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 BamH]1 and EcoR1
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SDS, 5% v/v 2-mercaptoethanol, 8% v/v glycerol, 0.01% v/v bromopheno! blue. [n
each experiment, unfused GST (prepared as above) was mixed with the fusion proteins
before electrophoresis. The protein mixture was heated at 100° for 5 min and loaded
on SDS-PAGE gels in a minj-gel apparatus (Bio-Rad, USA) with a separating gel of
10% wiv acrylamide, 0.267% wiv bis-acrylamide, using the discontinuous buffer
system of Laemmli (2% w/v SDS, 5% v/v 2-mercaptoethanol, 8% v/v glycerol, S0
mM Tris[pH 6.8], 0.01% w/v bromophenol blue). The gels were electrophorested at
75V for 20 min then 150V until the dye reached the bottom of the gel. The proteins
were transferred to nitrocellulose membranes (Hybond-C extra, Amersham) on a Semi-
Dry Transfer Cell (Bio-Rad, USA) in transfer buffer (0.15M glycine, 0.025M Tris [pH
8.5], 20% v/v methanol). Biotinylated marker proteins (Bio-Rad) were run in

reference lanes.

EXAMPLE §
WESTERN BLOT

The nitrocellulose membranes were blocked with 0.1M Tris (pH7.5), 0.1M
NaCl, 0.3% v/v tween-20 (TBST) containing 3% w/v casein and 0.01% w/v sodium
azide at room temperature for 1 hr. Test sera were diluted 1:500 in TBST plus 1%
w/v casein and preabsorbed with 1% w/v) GST lysate suspension at 37° for 1.5 hr.
The diluted sera were incubated at 35° with agitation for 1 hr with the membrane,
using the Mini-Proean Multi Screen apparatus (Bio-Rad, USA). The membranes were

washed three times for 5 min in TBST, incubated with horseradish peroxidase

' (HRPO)-conjugated rabbit anti-human IgG (diluted 1:5000; DAKO Co. Denmark) at

35° for | hr, then washed as before. Biotinylated markers were detected using HRPO-
conjugated streptavidin (diluted 1:10,000; Amersham). Enzyme complexes were

detected by enhanced chemiluminescence (ECL; Amersham). The membranes were
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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
acute hepatitis B (positive for anti-HBc IgM, Abbot Diagnostics) and 58 hepatitis C
Y (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. [t 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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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
y 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-HEYV 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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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 study 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.]) 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 serum 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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observed previously was due to virus replication.

Antibody to GST-ORF3 was &etccted at high levels in M31 and MBZ between
days 17 and approximately 60, but waned thereafter. Interestingly, antibody to GST-
ORF3 was boosted after the second fechallenge 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 sample

~—

b A dald

from M3,

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-OKF2.1 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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' 10%&&' () -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

Y reactivity in sera from experimentally infected macaques against the full-length GST-
ORF2 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 CRFZ 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 of the greater reactivity in 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.

It 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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#10% ' ' & (9f ORF2; whﬂwm infectignyafoHEV' can(be diagnpsed by, the preserps, of agtibpdy to

#10% " & (HRFE AR or §htﬁgut dntiBdly 1°ORKF3. Antibody PURF3 is expected to be present

only in a proportion of individuals infected with the virus, and not in 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 focussed 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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) (xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATG CGC CCT CGG CCT ATT TTG CTG TTG CTC CTC ATG TTT CTG CCT ATG 48

Met Arg Pro Arg Pro Ile Leu Leu Leu Leu Leu Met Phe Leu Pro Met
1 S 10 15
CTG CCC GCG CCA CCG CCC GGT CAG CCG TCT GGC CGC CGT CGT GGG CGG 96
.Leu Pro Ala Pro Proc Pro Gly Gln Pro Ser Gly Arg Arg Arg Gly Arg ’
20 25 30

CGC AGC GGC GGT TCC GGC GGT GGT TTC TGG GGT GAC CGG GTT GAT TCT 144

Arg Ser CGly Gly Ser Gly Gly Gly Phe Trp Gly Asp Arg Val Asp Ser
35 40 45

CAG CCC TTC GCA ATC CCC TAT ATT CAT CCA ACC AAC CCC TTC GCC CCC 192

Gln Pro Pha Ala Ile Pro Tyr Ile His Pro Thr Asn Pro Phe Ala Pro
50 55 60

GAT GTC ACC GCT GCG GCC GGG GCT GGA CCT CGT GTT CGC CAA CCC GCC 240
Asp Val Thr Ala Ala Ala Gly Ala Gly Pro Arg Val Arg Gln Pro Ala
65 70 75 80

) CCA CCA CTC GGC TCC GCT TGG CGT GAC CAG GCC CAG CGC CCC GCC GTT 288
' Arg Pro Leu Gly Ser Ala Txp Arg Asp Gln Ala Gln Arg Pro Ala val

85 S0 95

GCC TCA CGT CGT AGA CCT ACC ACA GCT GGG GCC GCG CCG CTA ACC GCG 338

Ala Ser Arg Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala
100 105 110

GTC GCT CCG GCC CAT GAC ACC CCG CCA GTG CCT GAT GTT GAC TCC CGC 384

val Ala Pro Ala His Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg
115 120 125
CGC GCC ATC CTG CGC CGG CAG TAT AAC CTA TCA ACA TCT CCC CTT ACT 432

Gly Ala Ile Leu Arg Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu Thr
130 135 140
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?R84q’ Tyr Arg Pro Leu Val Pro Asn Ala Val Gly Gly Tyr Ala Ile Ser

195 200 205

) ATC TCG TTC TGG CCA CAG ACC ACC ACC ACC CCG ACG TCC GTT GAC ATG 672

Ile Ser Phe Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp Met
210 215 220
AAT TCA ATA ACC TCG ACG GAT GTT CGT ATT TTA GTC CAG CCC GGC ATA 720
Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly Ile
225 230 235 240
GCC TCC GAG CTT GTT ATC CCA AGT GAG CGC CTA CAC TAC CGT AAC CAA 768
Ala Ser Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln
245 250 258
GGT TGG CGC TCT GTT GAG ACC TCC GGG GTG GCG GAG GAG GAG GCC ACC 816
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 B64
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 Leu Leu Asp Phe Ala Leu

j 290 295 300
GAA CTT GAG TTC CGC AAC CTC ACC CCC GGT AAT ACC AAC ACG CGG GTC 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 Thx Arg Phe Maet Lys Asp
340 345 350
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INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 660 amino acids
(B) TYPE: amino acid
(D) ,TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Arg Pro Arg Pro Ile Leu Leu Leu Leu Leu Met Phe Leu Pro Met
5 10 15

Pro Ala Pro Pro Pro Gly Gln Pro Ser Gly Arg Arg Arg Gly Arg
20 25 30

Ser Gly Gly Ser Gly Gly Gly Phe Trp Gly Asp Arg val Asp Ser
35 40 45

Pro Phe Ala Ilae Pro Tyr Ile His Pro Thr Asn Pro Phe Ala Pro
50 55 60

val Thr Ala Ala Ala Gly Ala Gly Pro Arg Val Arg Gln Pro Ala
70 75 80
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
Met Asn Asn Met Ser Phe Ala Ala Pro Met Gly Ser Arg Pro Cys Ala
1 . 5 _ 10 15

Leu Gly Leu Phe Cys Cys Cys Ser Ser Cys Phe Cys Leu Cys Cys Pro
.20 25 30

Arg His Arg Pro vVal Ser Arg Leu Ala Ala Val Val Gly Gly Ala Ala
35 40 45

Ala Val Pro Ala Val Val Ser Gly Val Thr Gly Leu Ile Leu Ser Pro
50 55 60 :

Ser Gln Ser Pro Ile Phe Ile Glan Pro Thr Pro Ser Pro Pro Met Ser
65 70 75 80

Pro Leu Arg Pro ély Leu Asp Leu Val Phe Ala Asn Pro Pro Asp His
85 90 95

. Ser Ala Pro Leu Gly Val Thr Arg Pro Ser Ala Pro Pro Leu Pr6 His
) 100 105 110

val val Asp Leu Pro Gln Leu Gly Pro Arg Arg
115 120

(2) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genocmic)
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GTGAATTCTT AGCGGCGCGEG CCCCAGCT 28
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) 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 pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (gencmic)
{(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GTGAATTCGG CACTCCGTTT ATTTGATGTT 30
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TCTTAAGGCG CTGAAGCTCA 20
(2) INFORMATION FOR SEQ ID NO:ll:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
1 (ii) MOLECULE TYPE: DNA (genomic)
(x1i) 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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&3T#109%! & () - Sz~_?VV6, Y #109%& &&' ()-Y #109%& &&' ()-Y #109%& && ()-Y
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#1008 &&' ()-Y #10%&' &% ()-Y #10%&' && ()- V*A100& && ()-Y #10%& &&' ()-Y
#109&' &&' () - \V & %R &&' ()-Y #109%&' && Y

#109&' &&' () - ¢Zglgg%ﬁéb Q4§E#&%&£}§é§%§455VV6q dY #10%&' && Eg Y
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#109&' &&' ()-1qg d\ @ﬁ TORHYOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
TCETAGACCT ACCACAGCTG 20
(2) INFORMATION FOR SEQ ID NO:14:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CACAAGCTCA GAGGCTATGC CG 22
2) INFORMATION FOR SEQ ID NO:15;
. (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1658 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genocmic)
(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION: 2..1658
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#1098 &&' () - 6789<rV6 780%&Y #1098 &&' () - V31008 && ()-Y #10%&' && ()-0q

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 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 GTT GCT CGT GCC ACA ATT CGC TAC 286
Ala Ser Asn. Tyr Ala Gln Tyr Arg Val Ala Arg Ala Thr Ile Arg Tyr
80 S 85 50 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 Asn 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 GTT 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

180 185 150

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
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Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala Vval Ala Pro

1 5 1o 1s

Ala His Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Gly Ala Ile
20 25 30
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Pro Leu Val Pro Asn Ala Val Gly Gly Tyr ala Ile Ser Ile ser Phe
100 1095 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 Leuy vVal Gln Pro Gly Ile Ala Ser Glu
130 135 140

Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln Gly Trp Arg
145 150 158 160

Ser Val Glu Thr Ser Gly Val ala Glu Glu Glu Ala Thr Ser Gly Leu
165 170 175

Val Met Leu Cys Ile His Gly Ser Pro val Asn Ser Tyr Thr Asn Thr
180 18s 150

Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu Glu Leu Glu
185 200 20s

Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg Vval Ser Arg Tvyr
210 . 215 220

Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala AsSp 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 Cly 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
275 280 285

Ile Ser Ser Ala CGly 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
308 310 315 320
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370

ger Thr CGly Pro val Tyx
390

Thy Tyr GlY Ser

385

Ala
405

val Asn Val

Leu Thr CGly Ala Gln Ala
410

Lys Val Thr

420

Thr

Trp Leu Asp Gly igq Pro

S

Lys-Thr Phe

435

Ser

Tyr Phe Val Leu Pro Leu
440

Thr Lys Ala Gly T¥T
455

Glu Alada Gly Thr

450

TP

Leu Leu Val Glu Asnh

470

Thr Ala Ser asp Glon

465

ser Thr Tyr

485

Ile

Ala Thr Thr Ser Leu Gly
4

90

val Rla val
500 .

Ala

Ser Leu Adla Pro Hi
0

505

Thr Met ASD

Asp
515

TYr

Glu Pro

530

| Pro Ccys Arg

§35

Gln Arg Leu Lys
550

val Ala Glu Leu

545
(2) INFORMATION
) SEQUENCE CHARACTERISTICS:

FOR SEQ ID NO:17:
(3

LENGTH: 803 base pairs
TYPE: nuclelc aclid
STRANDEDNESS: single
TOPOLOGY: linear

(A)
(B)
(€)
(D)

i . 1
3zrv: 23008 ' & T10% & ()-Z&

"10%' & () - ' oo ' 'R
¢ & ()78 109 Y b A0 pESONE rhont=d (3 38

g Ser Ala Leu
Pro Ala Arg Ala His Thr Phe
520

Leu Gly Leu Gln Gly Cys Aia
540

Yo 5090V LpuZerd 208G &

' ez & ()-2&
100(* ! ] 1

Yo' & 3683 Z& ' 10%+' &' () -Z pT80%&

i s O

Thr
400

val Ser Asp Ser Val
395

val Ala Arg Ser Leu

415

Asp

Thr Ile Gln Gln

430

Leu Ser

Lys Leu Ser Phe

445

Arg Gly

Pro Tyr Asn Tyr Asn Thr

460

val
480

Ala Ala

47%

Gly His Arg

pro val Ser Ile

495

Ala Gly

ala Leu Leu Glu

510

Asp Asp Phe
525

cys

Phe Gln Ser Thr
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109%- & () - ZMQUVZML_?80%. ' 10%" & ()-Z1gW0 &?7 $' & ' 10%" & ()- Z&

10% & () - ZZ"bf j nr _?80%. ' 10% ' 1096 &' ()-Z& '10% & ()-Z& ' 10% & ()- Z&
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' 10% & ()-2rV6_?80% ' 10% & ()-Z& ' 109" ¥ ()-Z& ' 10%" & ()-Z0gWD G?7
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' 10% & () - Zan;%T ) ! z& 109% & ()-Z& ' 10% & () - ZqWD G?7
$' 7809 ' 10%& ' 1053 E&g Uha& ()- 28 ' 10% & ()-Z& ' 10%" & ()-Z&
1096 & ()-Z& ' 1007 & 8008 1008 ' 10% & ()-Z& ' 10% & () - Z&

' 10% & ()-Z& ' 10% &'() Z& ' 109%' & ()-2Z& ' 10%' & () - ZML_?80%&
' 10% & () - ZUehD SBRIPENGE PESCRURTIQN( ) SRR IDIRYATE () - Z_?80%8 ' 10%&

1 0 1 1 - 1 0 1 1 -
10% & QA(;Z %TG% Tﬁ‘c(QC‘IZ(E‘GT 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 Gln 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 bCA 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 ACC 288
Ser Leu Thr Ala Ala Glu Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr
85 90 95
GGC CCA GTC TAT GTC TCT GAC TCT GTG ACC TTG GTT AAT GTT GCG ACC 334
Gly Pro vVal Tyr Val Ser Asp Ser Val Thr Leu Val Asn Val Ala Thr
100 105 110
\ GGC GCG CAG GCC GTIT 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 TrT 432
Asp Gly Arg Pro lLeu Ser Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe
130 135 140
GTC CTG CCG CTC CGC GGT AAG CTC TCC TTT TGG GAG GCA GGT ACT ACT 480
Val Leu Pro Leu Arg Gly lys Leu Sar Phe Trp Glu Ala Gly Thr Thr
145 150 158 160
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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1096 & ()-Z& ' 109 & ()-Z& ' 10% & ()-Z& ' 10% & ()-Z $(, ?80%& ' 10%&
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10% & ()-Z, 0489 ?80%& ' 109%& ' 10%' & ()-Z& ' 10% & ()-Z& ' 109xuRre 2P0% g

10% & ()-Z& ' 10% & ()-Z& ' 10% & () Z9:: ?@R6_?80%& ' 10% & () - Z&

10% & ()-Z& ' 10% & ()-Z0gqWD G?7 $' @BCGHI JpT80%&. ' 10% & () - Z&
10% & ()-2& '10% & ()-Z-& ' 10% & ()-Z& ' 10% & ()-Z& ' 10% & ()-Z&
10%+" & (- ZJKOPQRSTpT80%& ' 10%+ & ()-Z& ' 10% & ()-2& ' 10% & ()-Z- &
10% & ()-Z& ' 10% & ()-Z& ' 10% & ()-Z& :10%" & ()- ZTUY] anN. pT80%&

10% & ()-Z& ' 10% & ()-Z& ' 10%' & ()-ZqW0 G?7 $' aei nquy_?80%& ' 10%&
10% & ( prd&errl @t BN keddecTl 808 & Pe@%TT1804 AT (hed Sion DY é'g()' Z& g9g
109 & ( pedyyal?80Gasnl Y& AYR0SEY &) AZE ValOMbd &1¢) Seik ThiObgr &
10%+ & ()-Z& "10% 189 ) - Z& 10%+ & }Bilvu ’>80%& 10%1&0() Zqu\D G?7 $'&

TR e T

10%+' & ()-Z_780%& ' 10%& ' 10%} & ( -Z& 10%} &' )-Z& 10%} & ()-2&

10%+" & ( CZ&CCIQW T&C( C‘Z&TAIG%FT&G T 8R6 G’EO%@F AIGY/EAQ TAL- 28T 672

10% & ( @*-"016% Ser (M des g L°$ 6% Aepolhr o) A, 'I‘on%o & ()-2&
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 Fro 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: protain
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

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 His Asp Ile Asp Leu Gly Glu Ser Arg Val val Ile Gln
35 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
65 70 75 80

Ser Leu Thr Ala Ala Glu Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr
85 90 9s
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10% & ()2 22~ 2309R1000% ' 10% & ()-108 ' 10% & () - 2& 110006 &
' 10% & ()-7& T 10% & ()-Z& ' 10% &

'10% & ()HFeRtd éﬁé

109 & ()-2& ' 109 & ()-Z& ' 10% ¥

% . z&
L-ZrV: & '10% & ()-Z' & ' 10% & () - Z&
é-f‘aeemmg& Throdys &4l) Thg Ler0os &' () - Z&

Y220 Ass7Se
()-2& ' 10% & ()14%&

1 10% & ()xsfPdBP Rrgddro T sér ThrZfie ERR0CIE Cyr Bor LPI0mnE Sl £%e

"10% & ()-Z&13d40% & ()-Z& '1Q%¢ & ()-Z& ' 10%+'1&'0() - ZnN. pT30%&

'10% & ()-Z& ' 10% & ()-Z& '10%*'&f(%-é%mp G?7 $'  ?30%& ' 10%&
e eq

' 109 & ()\Vazelew Fop key pragSly hyg Le
' 10%- & 81-’% Rt A

'GRu (Flay Gly 1Tue TRE () - Z&
230%& '1605? (¥ 1850

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
180 185 190

Thr Ser Leu Gly Ala Gly Pro Val Ser Ile Ser Ala Val Ala Val Leu
195 200 205

Ala Pro His Sexr Ala Leu Ala Leu Leu Glu Asp Thr Met Asp Tyr Pro
210 ) 215 220 .

Ala Arg Ala His Thr Phe Asp Asp Phe Cys Pro Glu Cys Arg Pro Leu
225 230 235 ' 240

Gly Leu 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
260 265

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 1686 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(1x) FEATURE:

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

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:19:
T CGT AGA CCT ACC ACA GCT GGG GCC GCG CCG CTA ACC GCG GTC GCT 46

Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala Val Ala
1 5 10 15
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10(y: &. ( alzala % % g gg( euzgr ﬁ?@ Ala Leu Ser Pro

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

3y GCT TCT AAT TAT GCC CAG TAC CGG GTT GCT CGT GCC ACA ATT CGC TAC 286
Ala Ser Asn Tyr Ala Gln Tyr Arg Val Ala Arg Ala Thr Ile Arg Tyr
80 85 90 85

CGC CCG CTG GIC 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 Serxr Ile Ser

' 100 105 110

TTC TGG CCA' CAG ACC ACC ACC ACC CCG ACG TCC GTT GAC ATG AAT TCA g2

Phe 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 TcCC 430

Ile 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 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
Laeu 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 622

Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu Glu Leu
185 200 205
GAC 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 Sar Arg
210 215 220
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3 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 Val Glu Asn :
308 310 315

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
. 340 343 350

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 Vval
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
420 425 430
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' 10%K &&' §)T lecr 1OBK'TRE XQT ITAC 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
480 485 430 495
) ' 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
515 520 ' 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 Met 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:
(A} LENGTH: 562 amino acids
(B) TYPE: amino acia
(D) TOPOLOGY: 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
10 15

Ala His Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Gly Ala Ile
20 25 30
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Pro Leu Val Pro 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
130 138 140

Leu 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 His Gly Ser Pro Val Asn Ser Tyr Thr Asn Thr
180 185 190

Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu Glu Leu Glu
155 200 205

Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg Val Ser Arg Tyr
210 . 218 220

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
275 280 285

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
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Asp Thr Met Asp Tyr Pro Ala Arg Ala His Thr Phe Asp Asp Phe Cys
515 520 . 525

Pro Glu Cys Arg Pro Leu Gly Leu Gln Gly Cys Ala Phe Gln Ser Thr
530 535 540

val Ala Glu Leu Gln Arg Leu Lys Met Lys Val Gly Lys Thr Arg Glu
545 550 855 560

Leu
(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 331 base pairs
(B) TYPE: nuclelc acid
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GGT TCC GGC GGT GGT C TGG GGT GAC CGG GTT GAT TCT 144

Arg Ser Gly Gly Ser Gly Gly Gly Phe Trp Gly Asp Arg Val Asp Ser
35 40 ' 45

CAG CCC TTC GCA ATC CCC TAT ATT CAT CCA ACC AAC CCC TTC GCC CCe 192
Gln Pro Phe Ala Ile Pro Tyr Ile His Pro Thr Asn Pro Phe Ala Pro
50 55 60

GAT GTC ACC GCT GCG GCC GGG GCT GGA CCT CGT GTT CGC CAA CCC cCC 240
Asp val Thr Ala Ala Ala Gly Ala Gly Pro Arg Val Arg Glmn Pro Ala
65 . 70 75 80
CGA CCA CTC GGC TCC GCT TGG CGT GAC CAG GCC CAG CGC CCC GCC GTT 288
Arg Pro Leu Gly Ser Ala Trp Arg Asp Gln Ala Gln Arg Pro Ala Val
.85 90 100
GCC TCA CGT CGT AGA CCT ACC ACA GCT GGG GCC GCG CCG CTA A 331

Ala Ser Arg Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu
105 110 115

(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 110 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

Met Arg Pro Arg Pro Ile Leu Leu Leu Leu Leu Mat Phe Leu Pro Met
1 5 10 15
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Arg Pro Leu Gly Ser Ala Trp Arg Asp Gln Ala Gln Arg Pro Ala Val
85 90 95

_ Ala Ser Arg Arg Arg Pro Thr Thr Ala Gly Ala Ala Prp Leu
) 100 105 110

{2) INFORMATION FOR SEQ ID NO:23:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 672 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

-(A) NAME/KEY: CDS
(B) LOCATION: 1l..672

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

ATG CCC CCT CGG CCT ATT TTG CTG TTG CTC CTC ATG TTT CTG CCT ATG 48
Met Arg Pro Arg Pro Ile Leu Leu Leu Leu Leu Met Phe Leu Pro Met
1 . 5 10 15
! CTG CCC GCG CCA CCG CCC GGT CAG CCG TCT GGC CGC CGT CGT GGG CGG 96
Leu Pro Ala Pro Pro Pro Gly Gln Pro Ser Gly Arg Arg Arg Gly Arg
20 25 30
CGC AGC GGC GGT TCC GGC GGAT GGT TTC TGG GGT GAC CGG GTT GAT TCT 144
Arg Ser Gly Gly Ser Gly Gly Gly Phe Trp Gly Asp Arg VvVal Asp Ser
35 40 45
CAG CCC TTC GCA ATC CCC TAT ATT CAT CCA ACC AAC CCC TTC GCC ccc 192
Gln Pro Phe Ala Ile Pro Tyr Ile His Pro Thr Asn Pro Phe Ala Pro
50 58 60
GAT GTC ACC GCT GCG GCC GGG GCT GGA CCT CGT GTT CGC CAA CCC GCC 240

Asp Val Thr Ala Ala Ala Gly Ala Gly Pro Arg Val Arg Gln Pro Ala
65 70 75 80
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3. A recombinant polypeptide according to claim 1 or 2 wherein said recombinant

molecule is interactive with acute phase antibodies to HEV.

| 4. A rccombinant polypeptide comprising first and second' amino acid sequences
wherein said first amino acid sequence is encoded by a nucleotide sequence
selected from clone 2.1 (SEQ ID NO:17), clone 2.3 (SEQ ID NO:21) and clone 2.4
(SEQ ID NO:23) as set forth in Figure 5 and wherein said second amino acid
sequence is a non-HEV encoded peptide, polypeptidc or protein.

5. A recombinant polypeptide according to claim 4 wherein said first amino acid

sequence is interactive with convalescent phasc antibodies to HEV,

6. A recombinant polypeptide according to claim 4 or 5 wherein said first amino acid
scquence is interactive with acute phase antibodies to HEV.

7. A rccombinant polypeptide according to claim 4, 5 or 7 wherein said second amino

acid sequence is glutathione-S-transferase (GST) or a part or derivative thereof.

8. An isolated nucleic acid molecule comprising a sequence of nucleotides selected
from the list consisting of clone 2.1 (SEQ ID NO:17), clone 2.3 (SEQ 1D NO:21)
and clone 2.4 (SEQ ID NO:23) as set forth in Figure 5.
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DTI(| :[;ﬂuqo’ﬁ‘&'a(e)i' nucleit 0364 thdtecfe’ J&%@%ﬁé ko clédn B4dikin the second
nucleotide scquence encodes or is complementary to a sequence which encodes

GST or a part or derivative thereof.
An cxpression vector having a nucleotide sequence according to claim 8 or 9.

A method for detecting HEV interactive antibodies in a biological sample said
method comprising contacting a recombinant polypeptide according to any one of
claims 1 to 7 with said biological sample for a tirnc and under conditions sufficient
to permit a complex to form with HEV antibodies if present in said biological
sample and then detecting the complex wherein the presence of said complex is

indicative of said HEV intcractive antibodies.

A method according to claim 12 wherein said HEV interactive antibodies are HEV
acute phase antibodiecs and said polypeptide comprises an ORF2 polypeptide of
HEV produced by expression of a sequence of nucleotides as set forth in clone 2.1
(SEQID NO:17), 2.3 (SEQ ID NO:21) or 2.4 (SEQ ID NO:23) in Figure 5.

A method for detecting HEV acute phase antibodies in a biological sample said
method comprising contacting said biological sample with a polypeptide for a time
and under conditions sufficient to permit a complex to form with HEV antibodies if
present in said biological sample and then detecting the complex wherein said
polypeptide comprises an ORF2 polypeptide of HEV consisting essentially of
amino acids 394-660 of ORF2 polypeptide of HEV.

A mcthod for detecting HEV acute phase antibodies in a biological sample said

mcthod comprising contacting said biological sample with a polypeptide for a time
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- 109%8& ( )13. Y A method for detecting HEV convalescent phase antibodies in a biological sample
said method comprising contacting said biological samplc with a polypeptide for a
time and under conditions sufficient to permit a2 complex to form with HEV
\ antibodies if present in said biological sample and then detecting the complex

wherein said polypeptide is produced by expression of a nucleic acid molecule

comprising 2 3' end portion of SEQ ID NO:1.

17. A method according to claim 12 wherein said HEV interactive antibodies are HEV
convalescent phase antibodies and said polypeptide is produced by expression of

nucleotides as set forth in clone 2.1 in Figure 5.

18. A metbod for detecting HEV convalescent phase antibodies in a biological sample
said method comprising contacting said biological sample with a polypeptide for a
time and under conditions sufficient to permit a complex to form with HEV
1 * antibodies if present in said biological sample and tﬁcn detecting thc complex
wherein said polypeptide comprises an ORI'2 polypeptide of HEV consisting
essentially of amino acids 394-660 of ORF2 polypeptide of HEV.

19. A method according to claim 12 wherein said HEV interactive antibodies are acute
phase antibodies and said polypeptide comprises an ORF2 polypeptide of HEV
consisting essentially of amino acids as set forth in SEQ ID NO:18, SEQ ID NO:22
or SEQ ID NO:24.

20. A method according to any one of claims 12-19 wherein said biological sample is

whole blood, plasma, serum or saliva.
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25.  Use of an ORF2 polypeptide of HEV consisting of amino acids 394-660 in the
manufacturc of a medicament for the treatment and/or prophylaxis of HEV.

26.  Use of a polypeptide comprising an ORF2 polypeptide of HEV produced by
expression of a 3' end nucleotide sequence of SEQ ID NO:1 in the manufacture of a
) medicament for the treatment and/or prophylaxis o€ HEV.

27. A kit for detecting antibodies to HEV, said kit comprising in compartmental form a
first compartment comprising a recombinant polypeptide according to any one of
claims 1 to 7 comprising one or morc further compartments comprising agents

suitable for detccting antibodies.

28. A kit for detecting antibodies to HEV, said kit comprising in compartmental form a
first compartment comprising an ORFZ polypeptide of HEV consisting essentially
of amino acids 394-660 of HEV and one or more further compartments comprising
agents suitable for detecting antibodies.
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