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BACKGROUND OF THE | NVENTI ON : Enterical ly transmitted non-A/ non-B
hepatitis vi watosagsom (ET-NANB; also referred to her ei n ascT/ES9s/13 703t he
reported cause of hepatitis in several epidem cs and sporadic cases in 20
Asia, Africa, Europe, Mexico, and the Indian_ subcontinent. Infection is
usual |y by wat er contam nated with fece%, al t hough there is sone

evi dence of person tg, pexsan ir J: .S . VAl ale"s

cause chronic i nf'ect?%n?f.'&‘rﬁgaé’i f%f%mét?s ?%F’(E)}agi/ chr{q %Rﬁ&ﬁlﬁ%%ﬂgﬁﬁ‘g InHihgef,
denonstrat ed byF.Bnéwat (eds), MilRay AERATTHS ANDLIVER DisBASE(Wflldanas and Wilkens,sBaltimeren®
el ectron mcro c1a01.8 | EM. studi es have shown virus particles with
27-34 nm di arre?%?lsy?rsl_gsgtlé)fl s frominfected 25 individuals. The virus
part'icl es react ed wiTdarexnSidopetids Proc. Narludvdd Son USHEA1568-5631@1992xual s from

geographically distiyact regions, ,s by | hat ingle viral agent or
class is res%)onsi bl e‘y?q?ﬁguezgo" ‘E‘ﬂé’%%ﬁ??g%# Jj%t?-( E& hepatitis seen
yvo][l d}[M' ge. . {\kﬁ anti bcw;mgl, lemlv{.; aml.\l\ijasz@EmonNA' osa_%rAJGUl(Dngo Mkeumdsn.din/igmtng:qns
infected wi n{ecal | rapsnmite rus (al so known as hepatitis
C virus or HC\/)Q?J'gnEﬂ“@aﬁ f¥fg Eﬂs'giﬁ‘{?f"é"n re?gﬁgﬁ)i city between the two NANB
Eypes. ?oNANB'_ 'f tWilliMsﬁ K.R. ﬂﬂcﬁt%deQE.E.QixﬁE_ CMNTOLI "Elear(l; Pf&fﬁ_{% regaangxTwN%\ImB _
ypes o i.nf ion sho iS ni cal differences. - i's
character.i sti cdtfl_ﬁhﬁ“ﬁ&ﬂi"e&?ﬁf E’&?Poﬂ‘é'gﬁ Qﬁb ssociated ~ with fever and
arthral gi a, 1and W t hy4ebguigh] P.Of,| eSEdbgy0df SHEVAES Aeveldped dnd! @ev%to@lﬁlFScddﬂtries,"

i ver Dbiopsy speci mens _(Arankal | e, 1988). Synptons are usually
resol.ved wthi ANEERacigre RS- 131 -er al | y transm tted NANB, by

contrast, produces a hbdghCp.0X 84 9NVirdlogPe3i87908YoPl19bl)e cases. Fever
VO 96/ 12807 . T N '
PCT/ US95/ 13703 Yarbough, P.O., er al., "Assay Development of Diagnostic Tests for Hgpatitis E," In

and artfral g 3 vikg ighins 265 Lver sl BE| SETR! NRfioRE 1 SBhIB TS AR :
par enchymal di m&%&% %ﬁlg c’ours“gﬁofg)@l'l- Ng?llloldg’pp
general |y udev3ATBI0 (1984kheal t hy individual s, and the vast majority of
t hose infected recover w thout the chronic sequel ae seen with HCV.
Occasionally the course of disease can be severe, however, as was recently
shown by a human 5 vol unteer EACKGROUND OF TBEINMENTION epi deni ol ogic
feature of this dis QL. 1S the r =g i ald
observed in pr egnan?ﬁaﬁ%g?ﬁﬁﬁéeq g&r%}%glr' ehﬁp?tﬂﬁr‘ﬁk}grr@ ortﬂtgb g%gﬁgﬁﬁ%%P#eﬂed tge
on the order oherkipBHEYKisuhorepdddilcauseesfchepdtBid 3 sevetal spifiemids anyd spasadiveeses in
seen in a 4} . .0f. eni dem. ol ogj tuel : p . i

cmoxpl ai ned?® widtin AfficsmRher Mol Bhe B héluf Syl PERESH 3 G By, ware
consequence of ceortaminated mathtfeces, dthowghr thereds domerenidences appersmsto (pefsdn transmission.

(pregnant) hos or-a.reflection of the.depilitated. nat al. I f
suscepti bl e mﬁﬁ%&wss(f? m?_t seem.goo%meagﬁlfo&hc. lpgeﬁté%‘jgﬁ}ed' l%[egf??%yil? FZ’?QAQB izs been
The two viral degnnisaatediby infestiorhsf vdiuateers guith pbeled fecal isbatebpimnaine tleg@tonmit®sdops t

susceptibility, - NANB,. but. not the parenterglly trgnsmtted agent, can bhe
Cranent tted 1 &UEMD S et S pimscpRucie it 370k it Aamets, Ry Fpin fatie
i's nore reddi | yndividaBITThE eidlusd partictes edacia #ith amtiboliisin seramFFonNiNited Bidivitieis from
1987). o T . ,SUMVARY THE | NVENTI ON .
The present i nEFIPBiFalHLISIRFEEEBIPRIHEFHRE Rt 4 41p %"'(ﬁr%%‘imﬁbp{irﬁe‘ﬁf%‘a‘é"s’b‘e for
conposi tion,  the majéritg iof ETINIANB hdpatitis seeh wondwiie! \WWeestibetsy davtion @ds Sdef i deiein
car boxy-term nal 549 am ng.acids, of 20 HEV open r ad'hnvgil frﬁma (ORF) 2. The
conposi tion ma °f“ﬂ6¢‘ﬁ!ﬁ‘é§’§bﬂf§ﬁ5@p‘b’iﬂﬂ%’e'§6‘?¥%gﬁ%ﬁ‘i‘ﬂgﬁAN s (@30 knowags hgpatitis
where the pol ypekkiséeHAVY thdiaiinOa aiffertht §REiAEIRLb WM thd'voCRA ds€r M nus
of the 549 am no acid polypeptide, |n one enbodi nent, at [east one
pol ypept i dé0of the dw adsbirian: to serologicakdifferences.the by, typesy of NANB defection shove
up to about 244&akdOinicdi Gitfttdatds. BFINKNB is chaetedsticRlly sPicte MES:tiH] dtien AfsobiatelV
ORF2 pol ypepti de. Exerrpl--_ary.-polﬁgg)e_ptl des include, but 25 are not limted
to, the fol | owwithfevemmdiaphraigia, aBd witirpprtabinflammetion apd@ssopjatedbiiestasiyimlives biopsy
E?'eggh t gth'ePe%ﬁ%ns Ghrghiale 988 syiiitoCsre LARRY FesSI e Githia Six Week O BSrenterally
transmitted NANB, by contrast, produces a chronic infection in about 50% of the cases. Fever




I n one enbodi ment, the conposition of the present invention ("the 62K

ant i gertwp 96/12807conpri ses at | east two such pol ypepti des, HQ/USORAMIBe, two
pol ypepti des havi ng the sequences presented.as SEQ I D NGO 25 and SEQ I D
NG 27 or SEQ ID NO 26 and SEQ I D NO 28 ,(al so 30 including honol ogous
sequences) . The invention f"urt her includes a substantially

I sol at ed i &ibd o the
car boxy- t%&%ﬁgﬁg@%g am %gégm d@ﬁgﬁﬂhﬁlﬁx has a p rﬁoﬁw‘*’ﬂﬁy § ti

open readi ng franme

Exenpl ar y(Khutdoe 1 9803.c Thee covrpa OAEENANBH Lmensédy yroveqtfubin hsﬁawﬂeshm@ﬂs ardy

ECC)[I!? luggqulg 8% mSGHYCIC ESse! el Fecover without e Sfiodid Heduelae seen with H(5:V

I n anot heDcaasibualy tiourse lof diseaseanibe severs; howesst, 48 Wax Froealy shawn By # rmar, .
producgn gvcﬁunteer (%han uﬂfﬁb&j Ore CF\él:JliAF eﬁ@énﬁ@l@?ﬁk 'f&ﬁlt@ﬂlt thgﬁlfkegsg nmﬁ'vér' @the SUCh a

vect or“cont al ns eic acl quehce encodin tide
derived. fmmdlhélabanmwtbbsemw prmgntammﬁa this i seport Epumerous sg‘ﬂ@ﬁ“? eadi ng.

frame 2, A(?S “&Mo%%%?ﬁmﬁl Sefed 096).) 1115 FRARE Haf'b&n B ifPg €51 ON

vect or, 1) oper toa promoter able to initiate
transcri pnumher oirepaiemeilwot svﬂlesdm at(peﬁsent remens unexplairedp Whethepthiszeflectsvisghy be

I ncl uded in an.e S I ol Sinfine |

carried |Wﬂ5’g§ﬂfli§§b‘ﬁ%§%€a tC% e%fépc%grt@e Erﬂ&a ost&?:@#%}ﬂ ows nte hsg ergs[??desm on
of t ha0 pofpysgasmt) ltss ook reflection dfite gebdismed prenaral ixealthrof a|suscoptibiembloairished , t he
expression s]ystem I ncl udes at. cul ovi rus expression vector V\/nere t he
host cel | POPRIAHON Tomaimsto P& Clanifigh, - s usef ul expression vectors and 10 |

systens are known t Thé tmenrﬂl«géﬂtedan slsct bedmnugnahdl @wbmwfrpemmnost

I(&E?/)furtsqg{ig @B@g{gﬁy‘&%‘ﬁ;@% Fﬁ're"i Sfe(‘)' %‘M“g{f g‘g’?ng an |nsect (t:(gl Iv T

cont ai n| r@n&ﬂol@ﬁ@hﬁﬂﬁéyen Tl&cbﬂ'enterally traasmden;cagenbem mebe veadily ndasmittedh @ t | ons
sufficient .to express r\éggg E? ?ﬁ%ed fromthe =~ carboxy-term nal
549 af? nothifapagzess thangs, 3 Such a conposition may 15
contain at |east one polypeptide haV| ng an am no acid sequence sel ected
oo S P no 26, "o T SUMVEAREER THENIVERRGES ' 2.0 ool ogons
an onol ogous

sequences t hergng ﬁﬂésent invention includes larHepafitisal Mitus (HEVD pdiypeptikie codpositionent i on
heubar T A % st e ROTPEAS AT YS)HERR A Eposd SRR S b8 BRSO 0 Y
term pgl BEVperfdadifg Game (ORE\2. CMctdﬁlpbﬁxﬁéxemay fxiclulde polbmtlﬂes\mrradpondiﬁgct ed

| ysat e under conditions su J cient, to g]oxeérbtoer m_nal
sequencestodhis region hece epalynser %bﬂ'e amino %Fﬁ‘f ‘%geﬁ"% Xy terigius of o sent
i nventi ongmalsa9 amiab URRS papﬁuphaé Nt bﬁwlemsoaﬁmadpm msmotepalypepnae iof \the us
(HEV) pol ypept.i d t hod .a .cel.l

e conposition ("62K 8 PE& 2% '
cont ai n ofEmpgsitipm gongajns ﬁﬁﬁp‘é"-yd'é%‘l“i’] ey Ot BR &9 ?)lﬁ’“(/ f?f oxy, Ermifgl aming, | nder
condi ti Onﬁuﬁlﬁffsinalsﬁ%nﬁ&, &m@nsvsom:z d@ﬁhef PE aél‘@'y@ﬁryphlﬁﬂei inohié, ol

adi ﬂg

carboxy-term nal 549 am no acid open re -
The i R¥enareont limitedHe, the folloyirg: %ﬁmmlﬁf ERR %ﬁﬂq? égg%s

i nfect | OiheateQ ID NO24! SHA'HANO:28) ahdhomdlHolioghquéhcttd Biobé prsseleYhérein. ( HEV)
pol ypept i onposition, consisting of 30 at |east one p ;Iléggptlde iﬂerl ved

fromthe car bokyoueeemhqmemglemlw g therpreseqt yention ( A
(ORF) 2, J&)ﬁéﬁﬁ&c esttivb Rudh gt g&&@fﬂ-}} Exalnple wd ]Sdi’%?ﬁegtf'&s 'hENﬂh the 'd&iuencwe HEV

pol ypepti are then exam n presence ound an |bod In this

et hod, tplesented as psqype\wazaesd SEQURN®12Y op SEQIBANOPS 28¢ $EQID: NG
attacla§nd 01{‘%@38’ g‘gﬁé{g encéj’il d reacting I ncl udes contacti ng such

serum sal'd exam ning includes reacting the
The invention further includes a substantlally isolated nuclexc acid sequence encoding
a polypeptlde derived from the carboxy-terminal 549 ammo acids of HEV open readmg frame

2. Exemplary nucleic acid sequences include SEQ ID NO:3, SEQ ID NO 4 and homologous

jd|

sequences thereto.




WD 96/ 12807

PCT/ US95/ 137%® 96/12807 PCT/0595/13703
support and bound anti body with a reporter-|abel ed anti-human anti body. The
i, nvention al so includes a kit for asc rtai ni ng the presence of

anti bodies to HEV in a serum sanpl e taken f an indi vi dual .

Typical ly the kit ipg U&'.@? uo?]lﬁ'l-néng :ﬁEP:RzQﬁtion%& e§%f ?ﬁgsesm%gt[oﬁ?&r biiting a

wherei n t he surtace- nd ant1gens are po ypep s of
pol ypepti de ("BéidignEi Yizus' polylfeptxdnoumgm t:ompvsnﬁesc rSubbd Yegtoeicontains a nucleic acid

ol ypept i do. ARk GodiRE s BRTPeplBE SN FOTEE bR el 348 Aflnp Meich 'y
used" i n i nunicpemgpading franke 2| whiert the nucleic agjd sapbncbimatlmned iﬁto\,ﬁnraxpreédlﬁ\;@ector

t t i de d d f.rd h
Ct o e 2 SRR BB RSP L mSrt i e BScHRESIE Ko bk T L
10 present i nvexptession mrhmyfhnf includédein annexpression syseemn wherel they expressjoh atter is

carrier. The vacci,ne na I tj, des corres

o o ahere tATIEAR 5 SEable host dellv AR BolEER O 6 B BR Of i olyReptidesot
?:ar boxy terrnI rthe:paﬁc:.jm Hm:ceﬁﬁ& alth dae aﬁnbéhxmaitylﬂﬁepéxpﬁbssloﬂ Systéne isodiies!iankadilovits
east one poly ti.de of the vaccine po oSiti cont ai ns car hox

oo ol ) LBt ysfor yhere e HG e R28 TRet Gl MBI PR P RS OR T ad
sai d 549 amo nst'temsdaruEHoﬂREQmawmﬂ@tmdﬁmlaﬁd dbsceib®l Werdin. POl ypeptldes

i ncl ude, but are naqt mted tQ, thefollowng SEQ ID NQ. 15

NO 16, SEQ | D NO 297 adpeerrembodimsnt, dhe-preseng gy W"OHSE‘EBKP% aNéfPZE"s §n rus (HEV)
honol ogous Se@b%@ﬁﬂeﬁ:&nﬁd&ﬁﬁ;ﬁ PRORSEN Byt tReiin insel @11 cHMEIRIng AR eRpreRion et es

a net hod of inhibiting infectjon of an individual by HEV. 1n this

net hod, a vac@ ﬁéscﬁ'e?ﬂaéb:ﬂ"f’q Bpfepcopditions s“fﬁclfﬂb?empf‘?sﬁ\?eﬂﬂ'm?ﬂ"qesdeéﬁﬁ‘f fom Reed

to a SUbJ ect  \adbbgy-Rrhingl $49CiihG aéilly/ ot EVCdpky feadinR Yidine 208uch a c:omlgosﬂibﬁE may
i nvention also includes kits containing the pol ypeptides of

pol ypept i d®  contaiggitgeast ope Rokypentie hpyiag an raming, evid iseanenes; seé@@d fgom ke group
practice of thgnsidny or $EBCID lﬂﬁfils‘fﬁéﬁw% NO:16, SEQ ID NO: 250 sgQf 15 N(Q%E% SEQ ID

embodi nent, the present invention Includes a Hepatitis E Virus

pol ypept i de cAVRs&%i SEQHD NQ5R8, and |hngolvgmx§tsewa@§ thegewiho| ypept i de deri ved
fromthe carboxy- & l.ngJP 03

(ORF) 2, where the I|11)o e;;?e?)ttﬁ%de béiﬁ'%? lrﬁgﬁc}%?o%lgggy?g?&g?%segv}gfe of

f orm ng vi r us PPiyreptide campoisision pradmesy by mcubatmganHEV cafi¥irbdesivad antigembavingia) least
and featur i refies

the foll ovﬁggdge%%@?’égggﬁgé%?ﬁb |d(§lrcli$o¥e Eﬁev {’#gelﬁy‘lwgh?gg I'n c%% uny‘gl on
with t he uader copditions rsyfficiegtitocseave arboxy termmal sequences of the HEV capifitl giérived
DESCRI PTI ON Ogm;l' .DRAW NGS - Figure 1, presents a schematic

di agram of the genom c organi zation of HEV, show ng t he HEV genone,
the arrangement of Tbperesentdmientipn alsniscludes abdthergnetinndeof producinge BepatitisE Vitue
gg?'lgg O;egl °”%Hé9f p!)_l| ?‘9& eﬁ‘oséni%rq(‘i"ékzantégé')ﬂ'hzl ’thi?%gethoﬁnadce?lzéintain one of t¥n\9
PCT/ US95/ 25703bove-described expressnon vectors is cultured under conditions sufﬁcnent to exXpress a

Chowi ng.the. POberRE REReA Sor R SompR Rt ARy % S HTE AP ot e

(upper line) and Mexico (I ower | ine) strains of HEV,

Figure 3, presents_the am no.acid se n ow| ng, t.he no .aci d
5 sequences of th WS"%“JPEFW '\“i‘l“ﬂ'ﬁ% r“'ffg’ 86’6??’“1“? t’é‘ﬁ% é‘lg‘ctwdw

l'ine) strainsindividdal/; In this method, a Hepdtiti§ Er\ﬁ&xs‘mmgolﬂ'ﬁ’epnﬂé Cuifpokisioh,n<i§ting Of

acid sequence of ORF2, show ng the am
g %B at least one polypepude %erwed from the carboxy-terminal 549 amino acids of HEV open

reading frame (ORF) 2, is reacted with a serum sample taken from the individual. The HEV
polypeptldes are then examined for the presence of bound antibody. In this method the
polypeptides of the HEV polypeptide composition are attached to a solid support, said reacting |
includes contacting siich serum with the support and said examiniﬁg includes reacting the



aci d seguences of the ORF2 protein for the Burma (upper line) and Mexico
(1 oner WO R€12887 1 5i ns of HEV as wel |l as the am no-t @CHUSAF1EIP3 each  of
the 62K, C 2, SG3, 406.3-2 anti gens; Figure 5, presents a
schematic diagramof the construction of a plasnmd for expression 10 of

t he re-engi neered r62K antigen in bacul ovirus, showing a flow chart of the

consfj ruct is@gpoftfand bound 46Bbdyl wﬂQKrepIh&-lbl&\leﬂ anﬁpmﬁ@ aitiboly. Wmfvél&m&bs
encoding r

es 6 resent data con i ng the
gener at | oﬁ“‘gﬁe’? 2 kit t?‘eﬁﬁm'"ﬁﬁﬁégﬁ" nce o a"‘g?"(‘]feé "rﬁ] 53 gpram San| F“g ture
and cl eavagendwiduaBKTysicAlgrhe kibirclidés H4ota is@spottrwitf Qirface-bouli@ Eﬁtig%t{ﬁhéiﬁm s.

51915 "sdepaies S i sSBAARCAE o, AGER CR o

ORF2- rscl\/bmypofgtmuareg@mm herein. days post i nf ectlon (DPI) vvere anal yzed by
SDS- PAGE. The % oints to tp&sreconbl nant ORF- 2 pr.atein produc ed.
Figure 6b is e “R"r e|igveption igg) é(éccf‘}‘?é‘PmP?F"Fq“@GP’Bl%ﬁ‘gé%léﬁpr

i munobl Ohntngeﬁsséﬁﬁ@ pserft@RVERacH. Al vaecisd @nipoSifion WEd i dambfidlin gtahmdmauarrows |
point to the ration of 73K and 62K proteins, respectivel :

Fi gure 7, againshHepatijis %cV@%&%‘Qecoma"ﬂwwge polypeptide ﬂwvw ffopy the §#§W§Y‘t he in
vitro terfl nﬁfigﬂmﬁmﬁlﬁ 4R o?‘:i-ﬁi\ﬁ \Wpbn kgl raRORF) 30! Hhe %ol%ﬁépuﬁ&s%ﬁh@ to

“the 62K sol ub (S) protelin at various tine points. presence (+)
or abslencereeell; uxyﬂntmnéaleberfawlatmntﬁ nhemacaméallmpepéab&famer The vacringmee 8,

" 73- 62K Chpiige %bf?ﬁeﬁmﬁ resbbaBB 3b Us Qﬂbédjfvﬁer%é ?os OePﬁdei‘ hg%rﬁ’:ﬁfnb%@ﬂs of the

cl eavage of 73 0 62 etween The sol uble extrac

- bacul ovi r deletehfremitheicarbaxy terminug of the)549 pmingzaciddrolypaptidee dn oe %@%’Bg@ﬂﬁ nel )' :
suspensi Oféﬁﬁ %hé P&l&ﬁf)ﬁhé St the Va‘?:cxh@@&hﬂﬂ éi% cf)ﬁlﬁn??@‘y:&g termubal h@%ﬂ%@‘b&bg@t most

| anes of t anel was rever
Process GCahout 24 manngwawm;s afmnm:amd:sngf said 549 amirionapid mﬁ-:wmz polypeptide.

pur | figat EQ%Hﬁ;@%%@M{&% B&gdfgggaré |“§£r),ﬂe/ﬂ‘i§£§°’la tﬁ?ﬁéﬁ)?ﬁng G 1B w 18, %QQ?Z tn er

) ow t hr ollyIN@H67 SEQ 1RnNOZS, SEQ umuo:za;ugmpm NG27, §HQ 0 maaaanm

dard
2L AN ot b MRRE Pt b fid, 80 S i B PRBROSP S
MW st andamd@tmmmecmnd@frmnmdoﬂﬂyd-lﬁv d-Inakig eethad, aahécmnsco(moqmamofabct om:

PROSPOT Voo AR5 Prahisil o ERied i b oHEIELARGRS

55- kDa; bon| c an rase
31- kD29 soy beafih¢ inyption alsolindludes kits antakﬁiag themmdwypmles ofithie [BEEV polypeptldU\O

gECS{r/l 6%8; / mgtmn of the present invention for use in the practice of the above-descrxbed metl'gds

- Lanes 1-5, nonheslﬂmheg embodimeéntpthe; présamenveﬁmdﬁ) ;nchﬂehméltpmmsrh" Vatug (HEV)
rrercapt oet hanol..in th ar ation h

T SRRl opolptidd Shrtngsiion, sqnsREEof 1Fiesh b poIgPepate RNsA dreun /s caRba-
4-20%  termitklS49AMin0 h(ﬁdbaoﬂHEWQmaXreaﬁﬁg Blamme (ORFE 3} @hére the\fdllepriddas) d6; | ane

, Ified ., 5 c62K protfein tandards ge as follows (topto
botto# %f{)%q"ms'ygwsﬁap bégt%g%mgvxrus-ls Lfvirgfc dehydr ogenase, ~

Fi gure

64- kDa; al cohol dehydrogenase 50- kDa; car bon| C. anhydrase 36- kDa;
myogl obi n, 30- kDa; | yS0Z rot in, 6-kDa; insulin B c
4-kDa. Th&nese randj ot %/fl B‘He%sr 6&&%““! k"i“ée“'d@’bé‘f“i‘ HREQOTPe, mAe al{}'lyl n

Exanpl e 6fderstood when the fouo%.@ueeasle&héscaﬂswdf&e iRaMOPis ST EInhdictidkigEEN
el ectron mcrographs of the purified 10 reconbi nant ORF2 proteins c62K and

73K, respBeaccoppnying GgWes- 1) a has a magni fication of x95, 000 and
Figurgollb x200 000. Fi gure 1l b shows virus-like particle formation by 73K
pr ot ei n. ure 12 ression OF ORF2: 62K In Bacul ovi rus"

shows the expreSS| on ofB IEFDF\?F:RIBT N QF THESDRAVENGS - 62K i n suspensi on
culture cells. %ér presents afcthﬁtﬁ‘: ﬂa%rm &&Qggmg?é Qx'ﬁﬁl?ﬂibﬂBFHEV siviRg t he

determ nation o n I neere cl eaved c62K viral particle
si ze by sprENrgeno-@e,mr@gwmfcrpm reading iframesingbe gqpampe, and the approyimatr ticl e

SLendar O gechBA Rk 0831 ot 4B, ghEgaR | 0en. 1B, bovine

chromat ographed on a Waters



AP-2 2 x 60 cm AP-2 col um packed with Sephacryl S-1000 Superfine resin at
a superfici alw@dgnbgopear velocity of 120 cmhr. Retention ti meg, (fagy?
I VI

and rel ative absorbance (280 nm are indicated for the in
sanpl es. Fi gures™14A and 14B present the results of an analysis
of the r62-K purification process usi ng %- 20%. SDS- pol yacr yl am de gel

el ect rophoresis (14A)_.and a corresponding western blo

Figure 15 presents ré:éﬂirfssz'ﬁ%sl’cr?sa‘?‘?H{?W’Fﬂéotﬂeég%‘ﬁﬁféogpgf&é’?gﬁl?r mywnngthe
antibodi es in rGadeotide sedubiéefbt the HEWORES Ak ORFT 10 BufRd (aBet line) and Mexico (lower
Figure 16 shows. a honpl o XU:‘ onpari son between Burma (B) and Mexico (M
strains f oding)trams of HEY; ant i gen. 30 DETAI LED -

DESCRI PTI ON OF THE | IPyghd |3O$resents the amino heid QEEdeNleTbmiFB showing the aﬂﬂﬁ) acid
terms defined bel ow have the follow n% meani ng_herein
B

"Enterically X r SPAURTEE eithe,@RFAPTsio for Bursea (uppes lipe)apd M&ﬁ'é‘h E'°We""Wé)p‘aft3¥“§ pEHEV;
virus", or HEV'F!%'TE A 3nd/ 4B Up°rese¥ﬂs "tl‘rhS aﬂai\‘t@ de Qequéhdelst GRIEE ShoWing ‘el dnlino

causes wat er - borne ctious
PCT/ US95/ 13703 acid sequences of the ORF2 protein for the Burma (upper line) and Mexxco (loweg line) strains

hepatitis, (ii)of ﬂEV%’l?JP # R%hdhdinb ?erﬁ:YdﬁQ'&PL&H%f HE’HQR{@-Z @ds 5 8.2 antig
serologlcally di stinct IS Aviru atltls
virus (HBV), hepat i t Figue &umessnte H@h)ematemdiagwpaf the icenspuction ofav agpmid foamre§$log

i ncludes a g@Nopt fel: 51?}{@,:5
pl asm d pTZKF1 ETl Fgﬁ car ri e% ?\ﬁEQPHPz}aQQQ{tﬁ?uasr %\h gl%’% entg#]tl e n%ﬁ@tm of
deposit number PBBII-6ZK:1The bars represent the DNA frmmamcdmgsﬁzﬁr e defined as

viral isolates that :ﬂ?%? %a Jnﬁ%ﬁbﬁ‘égegyhatagﬁicem% the gérfét‘ iR BF éxl?&‘%ﬁ%ﬁﬁ(

preferably 70% gl obal “Sequence ence
over a | ength oprotdie lwls&lsumnmmectpmkg/nnd:k:bmagd@f s7él$umnfnan(the 2K SiﬁEias) in 89

o SEQ 1 D o 2) R G MR SERUGTEER AR ] S i s s8R S

as foll ows. limosmpéxymucdumlcdm infected veiehnteeombinand baduloyirms QRA2aAgGMNPY at various
(preferably, v1 r enone). ar to be honol ous
b one. anot her | a1 podyifiecto TbPA SR bR NG bAGES nb Brekl potos m e TR

40% pr ef ORELE M‘Oﬁﬂi’/prodmetm Rigupe 6b ds esbénfal?f)&iecﬁmé lae that/inl Figore Gaiedeept that

t he hi ghest scori i denticall ned.usi ng a ktu
1" he e autt _ uPShBlot EERY ot Gaompsf i S Roey ey arfied, B i arihspalie B o,
programis foundugrmdnhﬁmﬁfﬂi&\ﬁmrpwans JresZaeaue@e of sequence corrparl son

progranms (Pearson, e 88;. Pear son, ram | gbl.e from

WIiliamR ggar son, Figh ‘g""e %%59‘?9%!&&6?‘% 9%%8:1 9&%&%‘% ir R Shoys dhe in vitro

Jordan Hall, Chaédveget 6f5é 78R full/fehgth ORF?2 insoluble (1) fbtdﬂft@ﬂﬁ\&K%lde?@b\@fotélﬂ\@t

viruses are 1(7:1hjy honol o n%gus to each other, et e sequence
a

|
of all the viralariSPb e Reinfsy Thepresgnce (&) or ébﬁﬂ‘fel f|p§;otexgqlsggr§]1|p1§pr%‘§rpd%9ted

with 20 the vir afighfedd, e75-62R ConPér¥iBh By S S@dpehsich Cllkes CHlls" UR %ﬂﬂﬂni&ﬂ%f the
ALI GN program of the above sujte usi nglsa ktup of 1, the d

paraneters and ?Pﬂé’aﬂ%?taﬁ“ﬁ topGif hetweencthe Relyble etrapts @F wild mppénamlgmms-mfe@d (top
sinmlarity ase ppblsxhhibtafinfcRIPolomPpard va%sp%ns@ énitﬁfe%@ﬁsesmeﬁoddﬁ@%?hfésam les
bet ween the two, sequences are considered as m smatches. Alternati veI Y,
viral structural t}YPd‘tgéF'WmFté@ﬂe&ﬁ%ﬂlﬁrbéﬁom panel s gypesed. uysed t o det er ni ne
rel at edness bet we fgal » | oMK
40% or preferably gé@ﬁozgﬁooéﬁ?r?%sgg% g% 9%%2? w%g%ﬁﬁgg&é qt&gnce
identity. purification m,ocesrs/\mdrmc op |ac,4-241% §D8r andscosfespanding Wiestesmiblob, be
el ectively i, 5l S adians 3, ool SARIUR €Ly b il B 5 tne
(2) specifidal | 4flow through pr $)61 lyma‘.'r RieRadMWrstandards;ilane 6, prettﬂr&éload ygiedapooled
hyb_rl d! zation tracno& S ”ﬁ’o& {h(? 7. giq;&erd %gl thlfo%h Sﬁ%rgalla?le lb ri"romega
‘Mani atis, et al., ‘@gf

MW standards MW ﬁtandards (Promega mid-range) as follows (top to bottom): phosphory-

lase B, 97-kDa; BSA, 66-kDa; glutamic dehydrogenase, 55-kDa; ovalbumin, 43-kDa; aldolase,
40-kDa; carbonic anhydraée, 31-kDa; soybean trypsin inhibitor, 21-kDa; lysozyme, 14-kDa.



30 389, (ii) using reduced stringency wash conditions that allow at nost

about 2Ww@Ee2B@sepair m smat ches, for exanple: 2 x S&€Tnush¥eedDS, room
tenperature tw ce, 30 mnutes each; then 2 x SSC, 0.1% SDS, 37[err][C
once, 30 mnutes; then 2 X SSC roomtenperature tw ce, 10 m nutes

each, or (iii) selecting priners for us@ in typical polynerase chain

Lg?—fblsgg/s 7 %)1_-5, nonre_duc\xlg g&{d&%ﬁgnmes 6-10, reduced with beta mercaptoethanol irl 6he

under st arsiopht prepaditbh(bnﬁer('f or exanple, in Saiki, RK et al. ;' Mul lis;

Mul I'i I Nure: . w | L fJ

N e e e L

i deﬂt | tyéI SDS}EA@EedLaieon\Im? "BeetB;hml“é'cpnestamdr MW statndafrds:: g?mrz dﬁimhpmgﬁedus :c Pg m
condi ns_.of e stri ifi S _

\gasgeneyl |°§?§rp|"§ ( mgﬁﬁ Pre8 SHiee a8 ogl?’ Xﬁ%?‘? BO‘%H{}eP‘P'%ﬁ“} iSQQ:DOSB% known

i n the artkDa; glutamic dehydrog&:aséﬂ-l&ﬂﬁ‘;/al@@lhqt ﬂellydrdtenase SS(HE!I)a rRerboiie ranhydrﬂs, any

P01 PEP ! AT RN, BB rrmon T BB PR Broa B R o SEHE !

honol ogousTHeQugificddol ppsRessFePE62Keis idéscribed i detaneﬂledarbme 6Bcl ei ¢ acid that

sel ectively hyhridi zes t$ uences of, H '}s varjants 8‘B I n
anot her - embodi rFRTeS Hagat y ik S09vHIE ComparisorheowRsn SleFsommicrRBtaRhs PL BB RN | 1 | ¢
is 10 e&mﬁeﬁmbmﬁﬂraéms é&KVa’iﬂIBK'; sespétﬁvay:f IFijude 2130h48 a2 M4PnlREHMID éfes of

this group typicall er t erabl e 25, .or
pr ef er abl é‘gg@&) é%‘ﬁf ng‘EFoﬁ‘sb ’é?rqpﬂﬂb F ‘Wé '%fﬁ‘e particle fm%ﬁg%gs 4
| onger thq,laotahout 60 am no aci ds, sequence comparisons for the purpose of

determ ni ng "pol ypeptide honol o% erformed usin the | ocal alignnent
program 15 LAL IFdgyre e “Fuprpsign O ORE @&.&1&33‘?@0"(&%‘% 3o exRression STHEY

am no aci %tﬂﬂiﬂé‘%ﬁ&s%BBIII-62]@"stB{>edsfoﬁ cltirk 2dlfsS. as def| ned above, using
t he LALIGN progl:ramvmt a ktup of 1, default paraneters and the

def aul 1 pAM igure 13 "S-lmwrwwrpdhowwmmw re&nslgmwxonger

than 60 amhd@ledrdddgs2RNelrd 'panich sxié’@;n Sephacryf‘@-ffm@ Rk @kaldion m&a@gr
_preferablﬁg 70% of identically aligned amno acids is considered 20 to be a

honol ogoldrys prsfigle;standasds (vausinia viusand hevatitishsuriace antigen.iHBsAgY boyisrserym si on
1.7 Abulnfn @S A CHATTied OEIROANISEIK Pfeﬁ%ff(ﬁﬁ wWerE dirsARtographedlon a WAES:

Pear son, 1990 pr ogr am avail able TromWIIliam R Pearson, Departnent
of Bi ol ogiAPs? 2Ghethem tAR;2 celumn packed mc&nhacryl S-189 Superfiag resintab 8 wuperficial \/a)

E Apgy ynapfdr {?bﬁﬁoe 2o «.ﬂﬁﬂ vlsééentxwmnet@{nﬁ&s) lahd RfRivb Qs‘soﬁag& @so nm) are
substanti a Yy t he “sane asepal r sequence as a re I OoNn genone,
cDNA of Hmiqatedd@n’qbbm“dl@l samplesof , or if it di spl ays horml ogy as

not ed under "B de
"fragnent" is Foé{?svleg‘ a??gﬁpﬁg\x)tthf resultslosf é’? encogﬂgbgﬁpghﬁ%%ﬁ%g%‘h
readi ng f mane4dﬂ%a$D$+EMymlymws Igeloezlmreph@ws((ulﬁl)) andsyrloerpsponding Wesygrnbipt HEV

- ppl ypeptlg{g@)as noted under "B" and "D' above, or (iii) is specifically

i mrunoreactive with 30 HEV positive sera. : F. In the context
of theSpresent Fugwetﬁpresemsu'éseltgxiumsmatmguthberesemcoﬁhesteajlzm@asbddlmzx
referring ence e a protein, polypeptide, or peptide, is
meant to |thhf:{f %ﬁgg" ”g“ﬁ’a‘ era?'ﬁ‘%g ‘nucl ei ¢ aci d sequences whi ch encode
honol ogous pr otFégure l@sﬂoﬂsapmmmgprcommﬂsbnibetween Burmg (BharelsMesdcorgMl) stams t he

di scl osed S%%E&CE-Z antigen. WO 96/ 12807

PCT/ US95/ 105 { 11

30 - ‘DETAILED DESCRIPTION OF THE INVENTION
. 1. DEFINITIONS
~The terms definéd below have the following meaning herein: _
A. "Enterically transmitted non-A/non-B hepatitis viral agent", "hepatitis E virus”, or

"HEV" means a virus, virus type, or virus class which (i) causes water-borne, infectious



G An eplfope is the antigenic determnant defined as the specific

portion of anwo 96/12803Nnt i gen with which the ant I gen bi ndi ng portpcmuggk/]gm;;

speC| fic antibody interacts. The terns "i mmunogeni ¢ region" or
"epitope” are used inter changabl y. H An antigen or epitope is
speC|f|caI |y i mmunoreactive" wth HEV p05|t|9e sera 5 when the

epi t ope/ anti gen ant i bodi res HE? f k

does not bi nd epgtqfs VRS B, S% %‘s@’ﬁﬁt%]ﬁh {] ngfe " % %ae?élg%lfiﬁl% ?h[ LLA; from

about 90% pr ef ehephtitgs Aviras &lAVh&iepa‘iﬁS@B vfus (HBV), lwamsf@ mrus (HICV), cind hepatitio D

are not or have not cte i,cal |

mnor eact i ver O ) SRIEE £ Rombllc bt e RRERhAIGR tthe 192 Ky cpVA fnset i

nonocl onal or plasmx@(pﬂ‘zKFOMI BHreairodi & cokt se4in BB :agait‘mibysdpm idegsitinimber

epi topes or a thgﬁgﬁ : © An antibody or antibody corrp05|t|on

(e.g., polycl ti bod| es) is "specifically | mmunor eactive" with

HEV when the anti bodyB.or "RBVi vieiits T afep@stinkd QB vigl llmmom@caﬁavevs mast hbouc 40%

an HevV antlgen but h unrela IS viru

or HDV) ganly SO, O FOre prelssbl 0% aloba Seapesh Bpelod s Sedpuradony
are not i nmunor Qﬁﬁi hvnengm of the viral g%ﬂédxé)@ﬂ@nﬁcﬁéh&@kéqﬁetﬁée(@%ntORFZ)”W KfYwn HEV
sera. 15. .. I'n two or nore known peptide_sequences which are nore

t han about 70% POIY““ﬂ@}??GPéWGB"ef diselpsed decein 839%&@”2@’ -4 of RERJIDINOR- aci d
sequence W | {gbe "i nt'%@églﬁhéey h&ﬁ(’i\§éy‘3t ﬁn&etermmed"!siéﬂtﬁli}easkmmsseq%nﬁtﬁﬁlucle&lde

each anmino acid in the third sequénce is identical to at | east .one

the ami no aci ds SPquensss qftheusame {pseferably, the entire virgl genqme) afs @Qm@e%rtm
by" a given ani %nﬁﬁ?gusstﬁ%ﬁggﬁﬁhér 1ft\bﬁ'enetﬂ é}Qﬁhﬁfe@QlHﬁEﬂreWu%@J proP@m, over 40%,
secondary/tertlary structure of that nce I'n aqueous solutlo

K. The "anti gen PEiferably §0%. pemor%prsﬁeablyr efithe ucheic agids in dkphighsstsconing alignment

contained w thi Qf)e 1dg?tﬁ:élﬂfﬂ}ég% ggea Etﬁﬂb?i‘%@ﬁef&ﬁ@pfﬂﬁé@?%(d éﬁ?'d ulf'bkgfﬁxgd‘xx

participates in speci

anti gen cont® ning trﬁleeq&lﬁbhuomneﬁuwinthemm ¥érsidn 4.7isnite of sequencsi comparison

sequence i ncl ud @Pﬁr t f f

I's sufficient tg)?qums SM & ﬁ@gggﬁ%ggo;} elggéitprgé]m?ﬁpﬁfsawgm a@ﬁ g@c}z u\g%%:rg&

as evi denced by Depmnmt@ﬁaiqlagmayChmm Box 44anlqrdnndyalh(ﬂhaﬂottasﬁlle,nVA) human

sera sanple. The spegj f L pen) g G

substitutions V\:hl ch gredsge 2] neﬁéﬁeﬁﬁtc‘)"ﬁ Wus”?%re r9‘1Lh%jEi'(’%lr(\qqgg"&t:)sttoaena‘f: oﬁer the

| sol at ed" and punplbleesddueaceeoﬂmetue vinal peateing for one virus a'ea:ptimklbplgdnbhlly ahgned wnth
rticle

(oo oy AT DAL bl Y bbb A Ond e RIS ity of T IRR0C e

anti - HEV anti bodsmg)kapmylmedefwmakmms artd the defaulc Mndatdnt. | Regians opdissimilarity
(e.g., serum ceI I ) r.oteins, | eot s and, n

HEV anti bodi es) ° ﬁ‘ﬁ'&'s are, ppt ﬁf@&%g‘é@ 4‘% a?’f?@ égfeé?'ﬁcff’nmo n%ﬁﬁ‘ F’W&ﬂ‘t thg fwo
of corrpounds Or sequences arepsonsidéred af misifatchesst AReratil@Bg il strdefiral Wrét@inGregions are

Bg{ Iy];)la(p:)? It :jg 2 ). of Eco el & egeggx%%c}e atlegr?wst between vﬁ';l?&)%tésl YPgrﬁ; h(ly_inlaz\{ogOus viruses have

PCT/ US95/ 137833 over 40% or preferably 50%, or more preferably 70% global polypeptlde sﬂq’ixence identity.
N. "62K antigen” is the generjc termfor a protein or. mjxture of protel ns,

where the prot &n ’B&‘B‘Ece“}ch’s agmenigarg caDsidered 1 be, selectively,Rybridizahle) 4p an
549 ami no acids mﬁd?ﬂxckﬁu&ﬂf\i’f they are %?e 6@(19 dpecﬁ@@yI Rybbidizing tGrHlﬁEQ' b Rariant

NO 16 or sequences npl ogous t hereto); proteins nmay have a
conpar abl e ani néefesf g5 @wes@c#b@rmgg amlM@eraaq @awmce% @hendegtypigal bridization

a 24 amno aci daﬁiﬁ&:ﬁhi daﬂdxiléﬁsm &@cﬁ&ﬂbwhéxwénlﬂ%mﬁﬂsi . 9pag&§§ﬁ-98NQ1d2ﬁ2-
SEQ D NO 26, SEQ I D NO' 27 and SEQ | ml ar

proteins frd tA89,di} mtedeqemsmgermw mdwogwaéﬂw #fmast hout %rﬁ%rhasepalr
can be dehﬁs’r&&dﬁ@? t’ey eﬁkﬂp@@egtﬁﬁ 0.1% ST, rﬁd% eH?ure twfcﬁgétﬁ%gg g&&e

Burma or Mexi co varl ant . nt er nat | ona I catlon
filing date 05 meni2l X§§§10 mDISnB'é?Glamce;riQImmm& mmz aa‘ESQ)monssspmxce,

filed 16 June 198 %n V0 S, b2 §firsetediigd prilides b b UM Boi5He¥e chain reactions (PCR)

D



r ef erer%ﬁe)y Exenpl ary "62K anti gen" pol ypeptides include the
fol | owi'hG*YA8Dbepti des derived from the Burma and MESTUS¥I%ari ant s:
SEQ ID NO 15 / SEQ ID NO 16, SEQ ID NO 25 / SEQ I D NO 26 and SEQ I D
NGO 27 / SEQ I D NG 28, or a honol ogous s@quence therewith. 15 'Further, "62K
antigen" includes m xtures of such polypeptides, for exanple, a preparation
cont ai ni ngnddrestandird popdiiicls (forteasmple,cinfaiki.cB.Kree abj Mailisa MuBlisQet &.)N@hith and
SEQ | D NG, . . = dancl itk ; ping of "62K antigen" are
pr ot ei ns v{%lzgﬁn%eélqcaafnggﬁcﬂ"ﬁgr?yg%gmwgyﬁ;%f];nr&g“.ggf%s&go long as they contain
the just-speci fThedegmesafxhomolagy rseqaénce édpotity) discussed ablaee dap be selectbdERorGigF2.
For exanpl e, . £- | neered.. nt i " " v. optd onal |y, have an N-
20t orm iaridhetin SR BES Bl o dritee Sitlnn/ B iSRG 0PI ol

Al t er nét i gedeyijbraries (G2étherrsougesnofrgayetic materind), ge isewall ndwadn thefassi on protein

taining, f . t he car, ~terpminal 549 amino..acid .
of "HEV ORE2 | m P Y el ek e R BiPR g iy pPbpciRa Fogplggus "¢
1. HEMEANGol sieifide2 5"Homology, " asTiived herein!, iisodefitled ay follews. Mhi fiecinbodiinent,

preparing HEV antigens useful as diagnostic. ... .reagents and.in vaccine
Conbosi ¢ 8 oimpRptdeds tamilogots toran HEV P amrptidsni it ¥ 00’ By Ridie Reid Tty
GENOM C SdEélldE. M Bybridizes to sequﬂllg\;beIQBV(bﬁ}itﬁvﬁﬂéﬁma_S%fand sequences :
corresponding to the entire enong for di‘f f erept strains were
bt 5 104 acear I HRSAEs piietioa PHEPAD ' IBeEorepan REvhenigeptide o)
and as desoidiebly HEVP6Titd RirRihiRahs OéTiled Abde] ﬁﬁ?ﬁé@ﬂdédsmtﬁﬁ drb g}ﬂim date
05 April 1991) and PCT_I nternational pl i-cation US89/ 0264 (fifled ‘ '
June 1989'*fpHes, 1pp Ressgrable 25, onymore REREAPle 35n CORKISUPUE ABING Peidset Byrahies cfor
Briefly, pWpepti@dsalofighr {thaMboll€ 60 iainOhcids, G¥ieNdR! &fparisons P HEParpRY P a
known HEV infection was cloned, as cDNA fra ments, to forma fragnment

VO 96/ 128@erermining “polypeptide :h.om_oio_gy“_ are performed using the local alignment program

PCT/ U385/ LAT3N. The polypeptide sequence, is compared against the HEV amino acid sequencé 9
library, and the Ii lgr gpyp was 'qscr eened lgy di '%fer:.ent-i'al hy_b'r.?dq zau?on fo

r adi ol abeM¥OICS\REiants.3h defined ahoye,cysingthe kALIGN-nrogramwith pikup of dy default

The basepgirim&&d 4Rd B dbaufi'PAMd regions of the HEV fragments in identified
cl ones was determ ned by standard sequencLﬁr;g met hods. Wth reference

to Figure 1, HAWYpalypeptide with 4 aptimabaligamentlonsesthanéaning agidsand greptesbar kb)

si ngl e- st 4@ dsereRABE 599% %7 refel l’ﬁﬂ%gﬁﬂaﬁ'@d faligr iRPRids iV &

polarity. Th(rj‘g:eeopg'n read?ﬁg%léraﬁrf% (ORFs) hlavg atl)lgréer?.agsls,l_ %Jgég/%gg as
ORF1, 2@nctgde aghermelpgaus ppiypeptide.{ KThedwHli 16N prpgramds faund in the FASTHA Rmisiondl Y ner ase
and a ite B! d Bo o IR (bdifoR UbRhA V ogRaRShod " Rofi he

vi rus, an%lutf]?FS,?&%%sgé%gﬁ%t gf%éerﬁw( emasos’t r_u%:-lit-’yrﬁgasﬁ’_ pr ot e@n@?’bar&iﬂ;

The genonavéilablgtramzWilliam Ryf Peagson,aBepagment efsBiglogicak €hemisirya| Baye#d dordan t he
5' -term | t structural gene(s) at the 3" end. Two subgenonic
pol yadenrg?lécfljtaflger‘l%g@f:’p{t}§)'of . approximately.2.0.kb and 3.7 kb in sizes
~are detected iR Apolynudeotideisciderived from"t RE Yhifrithas thesame or substimtially e ssmels wi t h

expr 28 el pUBHS SBIATY GuHE0 ke poRAASEPE SRR RSt o

pat hogen if érdisplays horhélogy hsamatedodndBN/B Vo E' abovgper haps a separ at e genus

ithin the Cal jciviLi faml " %E I, Eﬁt'd
\émequlagceses ho.vx'/lrxl%:oﬁbéét' gg%f’@nsc?@{‘?ee&%wa“‘t 5 tdﬁ%v efgwlﬁt%rzs e_ @lﬁggi ons
of Bur nma #nBypepureading | frantes bt an dHEWX palgnuciebtids, raai (1 dispiys Homvisgy @f HEW. The

bases indicated in the, mddle,li . represent,. .conserved, nucl eotides,., The
paner | ndobperiiies s hite e B ad T3 SRR GEAD € SRR o
sequed@e.HBVigositigd spa.cOr r espondi ng to ORF2 '

F. In the context of the present invention, the phrase “nucleic acid sei]ue_nces," ‘when
referring to sequehces which encode a protein, polypeptide, or peptide, is meant to include
degenerative nucleic acid sequences which encode homolb_gous protein, pblypeptide or peptide

sequences as well as the disclosed sequence.




20 has SEQID NO 1 and SEQ ID NO 2 for the Burma and Mexi co strains,
respectivel ywdbgi2807 region corresponding to the 62 kDa anti petyubess13503Q
1D NG 3 and SEQ ID NO 4 for the " Burma and Mexi co strains,

respectlvel y. The region corirésponding to SG has SEQ ID NO 5 and SEQ
ID NO6 for the Burma and Mexican strains, re‘épectlvely The regi on

correspondi ng t 0~.40 has. D NO.7 8 far t ur.ma
and Mexico strains, 2% '?‘bs??éfeﬁ v‘é%ﬁq‘mf’ﬁ%m? 88?%" gE&@?g&ﬁN% nﬁneflﬁc&é?§hzgsm
SEQ | D NO I9 andhaSE@nl WitiN@hic tﬁ@hnnggn binding ;Btﬂdﬁeofamhbeewﬁtx lantibodly imeracts. The terms
respectively. The region correspqnding to 4 as. SEQ ID NO 11
and SEQ | D NO 12‘“’?‘8&0???8 wwamtopgxyggs%tlpgcﬁg{ggﬁ& pectively.
B. HEV AET' SEN C?EQJENCE&rBngen 01(':j epltop?' _m"mﬁwlﬁ%?umWB W esitlc HEVepgiiveliserg
to the third and second.open ing frangs .0 rma_an Xi CO. .
strains of HEV h§ngieseiiore EF" ﬁ’i‘ g%a"éfﬁgf 198 prﬁ@%‘ﬂ%@?ﬁ'&& Vyec‘r;ﬁée’a Burdo&s 5o bind
sequence |istings aﬁfb@h\l@s We&nﬁﬁx tﬁé)inhﬁ (greater than about %@rbﬁzﬂ@ gréalerattidh 9555) of
I D NO 14 corres g he am no aci uences

ErR oo ingiy

&
putative capsidS$ idygle avhey ”Fh‘l@‘lﬂﬁ e 2R/ R?é‘x*“&"&tegt‘f"éh H’%FZ Specifically
respectively. lmmume&ﬁb&Q%ﬁ7gens or epitopes may also be immunoreactive with monoclonal or
PCT/ US95/ 13703
SEQ ID NO 15 arpalys'eqﬂnaﬁlmesseneeﬁﬂ%mwﬁc HEY epitppRs o5 AptigeBquences f or
the 62Kjgant i gensaf aﬁmoa%r BhfistRy %ﬂap&ﬂ%:ﬁ(é 8l balyaoﬁﬁlianbdmp%cupwﬁmy
SEQ ID NO 17 and SEQ I D NO 18 correspond t he am no aci d sequences for
the : pept i ddamuuegesctiye”ayith HEY whey the m@p@&rav@oyy CqIBROsitign jimEunoractive| with
t he carboxyl 32 | I
L0 e S0 oo B e 8, Gl R G88S s (g, Y, FY VR BB
406. 4-2 (B) and andgns;- Fufthpr, "smesﬁeaitx inenynofqactiMer antibydiestase eoerr@n@@rmwownh
aci d sequences : SEQ I D NGO 21 and SEQ
| D NO 22 corresf)l?)ngngg'ﬂ%ﬁ@pg%eﬁ%nlgnc?ﬁﬁ?g@uences for the 10 entire protein
encoded by ORF3 of tHe Butwe ogimjonebiriopn peptidé nequences yichi ane| more than about 70%

the “Opiﬁt " hoaggb 1 i o5 5GBS el ol 18 B PSS TERERY oo

is a 42 ami no awith thelgowdsequences? if eadheantng aidrinrthé ﬂla'ddeqmgpeomdentmhpsat teast one

protein encoded tanﬁn %Ea% 'P%f %‘g%%&@ Slceg n the ORF2 - sequence (Figure
€

4). 15 S8 Con are gquences which are internally
consistent with the dbdhe: "epxtope $qreed by tal gwen]amnoensxdfslequmch ifs ftheer apitbpesproduicad by

of HEV anti ns Thes NO. 13 .NO 14, and

T ormar 1y 0 e sl erx B Sruotyns, B SubSp i ey sofReblE. 1o 20,

NO 14; SEQ | D NR. 'mt'g ' ahifigon Ibindidg sitd 'Gis dmncbgiantoémaﬁtlbpd)znmm:ﬂe eontained within
vari at i ons bet en 17. SEQ ID

5 20 |
NG 1. and e o ARaR FRiqns of 8 afthadf sttty Paicibites ib Ginding ik dyties o,
SEQ I D NG 18; SEQ | DUNQL fkﬂecnﬂi&@péﬂﬂd&@t&@n coainiin U&rdpab[ieyformed by @rspecifiindmino

No ba ' one Dt easd ssapenes alies e sooy f“thFQ‘!}ﬁgcedb‘Fligbh Deien Fheraqk mbich 3, SRAGNRt )

NO.22; SEQ 25 déﬂ:ﬁem &pitopSpfesdnbin\NBe 2fecified Gequehd@] BO¢Videnced s/ iinfinibreactivity to an
and 25 SEQ ].D NO.2

Exanpl . & he. HEGRRORY ST & DHEH S TR DL PRTRILP SPAe <0 i e amino
Fi gure 16 h&d s,;ﬁgﬁtuﬁwsrm.éﬁregwﬁ &{egmﬁfpe( M strains. The single dots in
the sequence compari son, di.cate recogni zed hi gh-probability or

"neutral " anino aci dN&ub&@@ﬁ‘!ﬂ'&d@latﬁé‘“ﬁl"awe%&@&w in severglfoptekis apd typically

non-neutral  Subgdeirleyiat Rike pattlal purification ofa® HENCARR pm.'crehcdxﬁpohaw p2lpbiynucteotide
consistent with these tvvo sequences woul d have one
30 or polypeptide), or related compound (e.g., anti-HEV antlbodles) away from unrelated or

c_:ontammatmg-components (e.g., serum cells, proteins, non-HEV polynucleotides and non-anti-
HEV antibodies). Methods and procedures for the isolation or purification of compounds or
components of interest are described below (e.g., purification of proteins and recombinant

production of HEV polypeptides).



t he sequences presented in SEQ I D NO 31. The ORF3 amino acid
sequencws®,96/128p7anmi no acids in length, for the Burnma and Npgggsnsrns strains
have an 87. 1% identity in the 124 am no acids. The ORF2 am no amg
sequences, havi ng 659 ami no acids of .overlap, have a 93.0% identity in
the 659 amino acids. WO 96/ 12807 12 |

PCT/ US95/ 13703 . . 15

C. PREPARATI ON br 192% 2R GiE\Re generic term for a protein or mixsture of projeips, whare thy

pepti de, Dptatein agpreteins afe derived &ohﬂhbdﬂb@tyl—térmiﬂﬂ 539 amino acndsdﬂ&ﬁléd be BIEW

EX le 1 bcl S-t f
wampl e 1 WAk Supe BRE NS5 b Selbl bR ok Bohpleis ek roebgert o]
t he Tam ( 1151‘9&111!«))‘nalyeh’ilﬁr £¢onparabfe amino terminusTtoehedSA9. aﬁnﬂ:(zﬁld Fr0feindma up aabost R

DeePt o8, et e b AT 0 S o, el

cont ai ns aSEQmINDamsﬁdsqumemoﬂg)the ORF2 and ORF3 for Burma strain HEV
sequence. The lified by PCR anplification, using a 5

sm d |
primer contai ni ﬂg’"&hgﬂ&" "'é%méy'?mmal aming, pgl “E‘Hﬁ?ﬁ?‘ﬁ?’n‘@“&“@ﬁ#ﬂ—ﬂ
si t e ( Sakabe)determhined @y‘ﬁhgrfmdﬂdof tha giitRints Wwith, lféksﬁrafnplé th@tBi’mhﬁ‘ or MaxichlvRridnBamH

Slte of a err ctor expr d E. coli expression system
o BET iapatinnat Aplipasion USS1 02388, Fling aapras Aest 899G dsermetiondl.

pr epar egl bypphbatﬁah s8Y/a%6y8,NSled N8 13E1949, D 7893 4B bdth Wedeth incorporated by
EcoRI - Ncol fa 3" BanH |inkers, usi ng a pBET1 cl one plasmd r(‘))nt al ni'ng the

entire- CRFrgerence) and ORF3 regions of HEV (B). The anplified fragnment was '
inserted into tm(gffa?ﬂ&meniﬁolyﬁép?x@w(ﬁd eemelfﬁﬁﬁfdl@ )gfeﬁ_tide!’ 8&Hd from

(Stratagene, La J fb%l accordin manuf ac
i nst ructi dhesBurma; and Mexie EHr‘G‘E)‘a'@}&t ,S R IEhYOrk A SEQ TRJNO116SEQ JRMNO125der t

was el eam 1Y NO:26 afll SI9G 1h ND:9 ¥ REND NOws, ﬁﬁﬂhgugolﬂngiﬂxs%%ueﬂwth&h@& The

purlfled r?‘gmant was inserted into the e of X err]
vect orl sfpr 62K antigen” anchues mintires of sush giobypeptides, cfor axample, a m‘elsaratlolued in

Exanpl & 1 cottBRing @ Ay pepiRiel %os%%ﬁ%}aﬁcep bRRVeR s SEQTONO: Y5 aﬁ!ﬁﬂ%&? b R 2EQ 1 D

20 NO 8 in place of The SE protéern (B)
was prepared sJneleded within ?!eayades;ef 163 cantigen dreprorlm which araimkerfthaneﬁPon of

the SEQ | Rmhid |

ool ot o Mok acki.sb 1GHE o8 ity cdrhall R oot el darboty] P LeclHEL AU P07
was - i nser Y WB or exmz!e,mm-mmmpd 62K @ntigen I rG2Bthayr oftionallyt leve amdd
expr eSRLd yrRifD mbthi o?aﬁi i.£XBLGRBR R §%b§£éﬁna Rlas” AnRGhY G 2 5&@3%6 5 i

‘The capsid protern
406. 4- 2( Mpe genstitedias atﬂmori xamydlacogtaimwm edarfiplelabe carkoxy-termidat S4pamind acid  was

subol oned g LR SRS Olfuch b sBNRAEL BRSAYERLAl.RERGS 1] o express

t he ntigen e The

406. 4-2(B) antigen can be prepared by PCR anplification of the Burma SEQ I D
30 NO9 from ipove}E/VP lification, using a 5 prinmer containing an
Ncol site and a3 containing a BanH site. The anplified
fragmst is i nJhist sdtiomtesctibes iethodsBiortfreparing HEV antigens wsélahe diagnostict oOr
\a;\gdgg??rzgges?edmg ahdin vgccme co'mposntogngsu? a&grd'%}{(%t\%{{} fie mqggt%rnl bed I n Exanple 1.

PCT/ US95/ 13703 - : 16
A. HEV GENOMIC SEQUENCES _ | _
HEV genomic clones, and sequences corresponding to the entire HEV genome for
30 different HEV strains were obtained according to published methods (Huang 1992, Yarbough
. 1991) and as described in PCT International Application -US91/02368 (filing date 05 April
1991) and PCT International Application US89/02648 (filed 16 June 1989, WO 89/12462),
both herein incorporated by reference. = Briefly, RNA isolated from the bile of a cynomolgus

monkey having a known HEV infection was cloned, as cDNA fragments, to form a fragment



D. MATURE CAPSI D PROTEI N HEV peptide antigens may al so
be obtai ned fweexpesfied HEV virus propagated in pi’b"i‘ﬁfsifsnsms
hepat ocytes obtained fromprimate liver, preferably from human o

cynonol gus nmonkey |iver. Methods for preparing pri mary pri mate
hepat ocytes for culture, and culture 83 nedi um condi tions effect I ve
to preserve |iver- speC|f|c functions for extended periods in _cult

are detail ed fofibRG¥rgRd H’é&?f%%%%%cr‘?eﬁe@%’amﬁ?’émiﬂ pyridization to radlolabeled 'cDNAs from

After 3 days of jgeoat dhdildnSitbdiall Bile sbi@ecel | s are infected with a pool ed
I nocul um of HEV- i nf ect ed cynonol gus nonk stool pool (fourth

e
passage), as detail edhe Rasepair sequence of cloneg,fegions °WE%5'§’§WE‘§S Hyjdentigied Flopgs was

propagat i ng HEVd&bﬁMﬁed' By smaaﬁa%&du%n&@haﬁodze i @dar&.\ée to Figure A0 HEVNSh WRES with
i mmunof | uorescence. \Were, for exanp primary | s, are cynonol gus

cells, the 5 an approximafely 7@@%@4%6&%@#@5@&%%@% pﬁumym@/ RNA| geame, of

fol | owed by i mTHé‘s‘ﬁ'i\%%@ﬁée%la%} N Three open reading 3iiel (ORF4)-HAVEBELn! &3¢Fgned to HEV as
antibodies. Alternatively, HEV virus can be detected and measured b

y
sel ective anpl i PREA( pageding POIYPePUdeS ethhdeampinsefothe iRINA-difpatedy RNADRplymerase and a
formation, and F4R.QMBREH] dndd % Y Y broeiibt HeSirus, and O 1d potati
anplification, as detailed | nl@g ll‘t Vi rrus particl ?a’sancan ea% tlgj
from stpralipreteined human hepat ocytes in culture nmedi um - by

pelleting thg virus ghgﬁ il R
ultracentrifugation. ﬂ%g%g@l“la%? o ?stmrarg assbge’é?% ?’Eer puri g?&ég)étmfs terminus
desi red, with they gtruaswral gens(s) rat fthegdt emh tThwoo subgenomi® palysdenlatadotsanscripts of
gradi ent, conbi %}ipp&uﬂftgl i’b rkHsané %%Ed ﬂllns?%ef are defetcted in mf(ejpted hvegarn'(? Lo E?&:ﬂgtgﬁ at
for separatlng Irus I'cl'es-Tromso e cul'ture-ned um conponen

20 may be usedtheiFd? eadsamﬂi e 5 &b ifdll-leogth (gesamie trapsgriptm 'ﬂmgdnempamgadzanon and
t hrough a si ze- pent s
by size excl usi %{é?ésﬁéﬁ gmtegy of HEV s"gggsitnf flg)rir%l ﬁvbzeﬁg, r%h)eyp% %?e‘g‘) il el
medi um can B8 peiassexﬂRtNH vingporperhapd 8 sdpatater gehiowithin the Caliciviridue famisne havi ng

a 10-20 nm pore size bleof retaining viru ticl.es but . pass

Sol ut o ( E B e sl st it 2CRinsiba B2 iz ana
Thg_ ]E)_r esent | nvGRF+3chgxahd cﬁ\mmho (B)g(hmﬁﬁyds)iinddﬂeﬂmn@tskmihs fower lines)uf[HBV.OThe
nmodi fi cations

HEV ca d ol at on
fromthe viral 7PSES ipdicaed B’a'rt?e WE&@%?‘P?S«E’&F i B‘VP edenucl%tc‘%‘s'ﬂﬁl ; I
such as ion ex cﬁkam gﬁthala&nﬁarESn wmked&mane mat]méapfmye regiof cbil?ésf:‘ondmg to ORF2

purlflcatlo S tewrspar Iesmasolubl i zj.hg
medi um suc 0 ashay %?(9 tﬁ h{@ﬁ j‘gtﬁg Qn"lﬁ ’E?'é'l?r °i‘ﬁ’8 sHAgs: e'iefPeﬁ‘é‘S?lybeJrh .
puri L i Sd by af f ﬂegiogw?ﬁberp@'tmhg)ngﬂym ,kDa antlgexsg:s smglm_ymom aldOSE@{BNNDS} for the
anti bodi es-purified fr nti - antj ser radati ve, processes

may be enpl oye Yrima 3pd %“’Bé??'f‘%\lwsp?c&'ﬁ#%nt ereg CBEB%’PB‘B& Prﬁq has SEQIDNP:S

capsid protein a(naSEQ ID NO 6 for th‘é@ul‘m@&d%&@dﬁh'sﬁﬂﬂ‘st lrasp&ki0ElY C THe RERNRbR&Donding
e.g. proteases may be enpl cged Such procedure are known to
those skilled it -arhas SEQ ID NEB:DHand Ay ID NO 8 for the Burma and Mexico strains,

PCT/ US95/ 13293 respectively. The region corresponding to ORF3 has SEQ ID NO:9 and SE :iﬁ NO:10 for
E. PRODUCTI ON"OF CAPSI D ARITI GEN, "CL ED 62K ANTI GEN, AND R

NANT 62K ANTI GERe Bprpa audeMexicsestrains, respectively. The rqawrscgé’émqnéwgd@ﬁ ﬂﬁé@s EQ
production of gp Nbtijl ﬁlﬁ%ﬁﬁz@ﬁb {2/ kne l@drﬁﬁ\éﬁ? Mezilo SB8iRY, G8spectively. Of ORF2
(c62K), and re-engi neere K speci es of ORF2 (r62K), produced |n_ i nsect
cells. 5 : EXPRESSI ON OF ORF2 IN | NSECT CELLS.

General nethods, for e*wl g and. preparing bacul ovirus
vectors and bacu'l oVl raq‘"‘g\lﬁrSl‘feﬁ’@mjﬁr| as insect cell culture

procedur es, 3&r e out | Theaanine achd kégnenses eoirrespondiny/ta the diird and sBood lopen reading frames
Vectors and | nsg I Proce

1988), i ncor por gﬁﬁed JéJFaei&:Hi %1’&&, téﬁ'gsn%;ﬁg ag-esgg'gigﬁ F#M 3 %E:’u g\e/slpF%tgely The
ORF2- Aut ogr aphisequence listingd sﬁownrare:as fdliewsear Pol yhedrosis Virus (CRFZ r AcNPV)

M arabi ol gy, 81 21689 188573 g SERTBLREFS ouHgnd o e abino ace skl for e

entire putative capsid protein encoded by the Burma and Mexico strain ORF2, respectively.




reference. Reconbi nant bacul ovirus ORF2-r AcCM\PV expressi ng HEV ORF2 protei n

was wo d§thshp | nfect both Spodoptera frugiperda-9 (Sf Qﬁ M§§§i§§¢]
cul ture and nonol ayer cell 15 cultures in accordance wt he met hods

detailed in He (1993), and described in Exanple 4, . bel ow.
I'nfected cell |ysates prepared after vardfous ti rres post infection were

(PBS) so ubl e aMPY FE MY R S50 b @B Shtesbopliodnb aREP BRI ERIFS 45t oS
wer e el ect 6RKhatigns Gomth&SBbrnpand aviéxit¢oasitathcORE2 S'respattiwery were 20 either

o ocer ut ose. SHRE NP 5y P NAR bl St LR sl Bt or ) 1,

accor dance pygptides SG3 @) zﬂidFSGS (M), respectively. Ba¢h' peptidecintiudésrthé carbexyb B2V rhino <

appr oxi gt el n si.ze was observed al nost exclusively in
PBS- i ns uB‘F‘és ?fsta‘é% Py suspension culture cells from2-7 days post
i nfection SEQuID ﬁe)w MdQB’EQ IDN®DR0 t:burespardoroahmmﬁmb raeidas*eqsenmlfbr thet h

predi cted nol ecul ar we ul | 25 S rate Western
D1 o Cont i (R 2t E3.end APE 7o PR e LB Bh e  PHese,pier 3 0 ap SOBHGER| |
anti serum ghdddéd sy the ORIANI zes the extreme C-termnus of ORF2. Al though
degradation of host proteins i s obvious at |ate stages of.the infectjon

(sol ubl e fracti 8FQ i Y21 and SRQ, ID NOz22 surrespopddiorthe,amino agid spqyenegeior e ot e n

appear g¢ t gnth€ piidh bfcolie ?Jghpybf tndBukrmh 86d Mekico. strams, respectivelyien t he same
reconmbi nant virus was used to infect the Sf-9 nonol ayer cells, a 30

di fferent pattePRQID Mp3eandi THQ HANQsRE eorvrspondpp ghe EB‘}“ apid se@igpces ffor the
observi ng ?ebuuasmwi B)/anlf 406.3-2 m)ofr P&nsasec IER&h %erph& R aﬁms ed.mpeﬁrae

converted a_sol ubl e form bandi ng at, appr.oxi ma I n_size
from day 4imtheEdermingl eed region of papsid pspeiaeneodpdbisthe asrse'adrsﬁeﬁ mtthﬁeORH

I nsol ubl e ncgﬁF gre(4 3K) protein undergoes a proteolytic cl eavage to
generate a soT I"e™ or cI eaved 62K rotein, referred to as "c62K", in
t he norddl ayer cdalsoscongapiated arenseghencess p'grs:hege rmtgrfekly regnsistent with\thegghoye 807
PCT/ US95/ 1

uences from diffi rent str. ms of HEV antx ens. These include 18
around or De ow §e§ ﬁ‘ﬁa wer e a SO o serve ate st age of the infection.

The srral I eSEQr!BcN@Sl?ﬁ SEQ ID\NQ: é4wgn%taa§|iso¢0nﬁﬁt9@tweﬂ§lm betweer7$HQ B NQsilh .

2. \g?&b RRGHESSI NG OF ORF2. 5 The conversion of the
73K proter nto e sol ubl e ¢62K speci es was observed to ‘occur

progr essi vEEQ IWNG11§; $EQ IRANG:46, a0fl internally ¢oppistentivatiations, betwen SEQ &) NO:¢dul d

be the JheSiid' s 1p NO:163$ERCRS No i, CSE) 980 s; id ey Wndt S3fiHons

actrvrty during“the co edt I oh or at t
har vest, obetmeEﬂdﬂh@lbmdcﬁ‘EQMN@ B SEQIID NO: 1I8EQJD N(i20; apddnteinally cel |

| ysat es ver e r iﬁfqe ation
for variou® ntsmr?%tsvatr)ﬂ{'%?g’eprg ﬁaﬁs l‘éopl%%}"flh ﬁ%a{Nﬁgzso Werde dena?%r ggﬂt?'
73K t 0 c62NOc22yumt mtmallmsnsrmnt Valmaohsabgavees SEQrIDtNﬁiZil end SEQ ID N@:22; SEQ shown

It EeFL& | 7b{% Nk SER IR M‘?ﬂ Caag tftg%l?y éo%?xst‘ﬁﬁ%%s&?o[ﬁ%h&%kﬁﬁﬁﬁ ﬁé% )gmd?lf ter

pr esenR5maSBQIDaY02473K i nsol ubl e pol ypeptide, and very I ittle soI ubl e
C62K protein vva observe when t he incubati.on creased
ot ween 16 30, Ty SRIBPI FEHES 042 anfaarh haSF e dekemeReloa Buoiia FBHE ) <

fractions i@ forens Bdmnr m)arun iMERRb-(M) straink.y Thé singlerdotsointthe sdgaenzenomparisdbn 73K
protein in, the i nsol u e fr tlons decregsed at.i a artant
role pl ay etfd '6?“’[5?‘6’5%‘? %‘?'“@'H’e ety mg%aﬁgswﬁp%ﬁn%sql% sﬁ? “} hi s
experi nment indicate alrﬁminhai-alfsﬁtgnﬂlalﬁ) protein could be cl eaved to c62K by
proteinase activity after. cell breaka roter

observél in vi v ssguench ‘éh'%lsé%t?‘inﬁlrlr‘éw"%éte%‘%‘mh?ﬁ‘? typ éequgqges \’,‘B‘ﬁfla ‘f?é’“?@

expl ai ned @y séquendes Presdit@din WEQAID NOEFICt i on in which a significant
percent age of ceIIs wer e not vi abl e, causrnq r ase of the proteinase
#’@*’@%2 &\guymp n

activity. The ORF3 aming acid sequenges: haf amineaCigsip VI RUS
I NFECTI ON solfds fab&an 87.1% identity in the 124 amino acids, The 0RF2_am_1no acld sequences,

having 659 amino acids of overlap, have a 93.0% identity in the 659 amino acids.




The source of the proteinase responsible for the 73K to c62K cl eavage coul d
be from 25 SG, 6&ks» Paculovirus infected Sf9 cells, or both. %ﬂpgﬂﬂ
qhi s question, an extract m xing experinment was carried ou
di stingui sh bet ween t hese possibilities. An insoluble 73K preparation
from Sf9 suspension culture cells was mixed With various sol ubl e extracts
and cl eavage was nonitored by imrunobl ot analysis (Fig. 8, top panel).
Uni nfected cel | extr &t BREPARATIONGIFHHEY ANREENSensi on cul ture and nonol ayer,
had no effect on cle | t ~
viral infection. PBSq'éqggpr%etsmg%gevgaan) ﬂl?ﬂ%ef%%&ix?ﬁé%?ih&ﬁ%%bﬁ&%ﬁl%SZ _
extract from and?rsﬁlﬂbﬁét iacExample bwas alehclqmé inye the glyiathions & t&ﬂ"éf&mée@f RGEX" 8K
protein R C X

BRUE the 406.3 2(Mg antigen, AN R ARl 1f W*ﬁqa@rgﬁ (199%-b) ferBild.

accunul ati on of the c r at In a
experiment i & which Th%é@ﬁ;b-ﬂ@)mwgancepaﬁ arepared Wi £CRi amplifiggtion of the Bupypa SEQ ID

96/ 12807 R
PCT/ US95/ 13703 NO:5 from above by PCR amplification of the pBET1 plasmxd (Tam 1991-b). _JLBIS plasmid

sol ubl e extract cintaims aslxﬁ;kbnmenrcowingtﬂleeOEEZ hrgl ORF3 for Bormy strdin HEMyysquence. The

bacul ovi rus (Fi goully DA by pcl;.zta%g,?gcgtm PSS bfilef B E Ol Mol e anga 3

observed 1 hr a inc fror as
when an uni nf ecprirderc edritaining ra&_ﬂsn&u@a&a:)t utBe zimphftethefragnfeacﬁseahsenédl into the

XK D L ooloopeatBahi®Sl' ') BRRR vest, pnd. mgasset iy HEF- ¢l RO, TS

73K AND c62
expressed in badasétthedﬁmﬁxaanleqt ed cells vvere form ng conpl ex protein

Cesul ting | the T or 16t SGHELPPRE e RO R enil e b SEB DG semencs wit

prepar ati ons Wes‘q_igéﬁl- _@I%&B%ml»ﬁﬂmﬁ&&xﬁﬁ@ﬁﬂﬂl)é&hs plashiidRontZining theltatire ORF2

purification of rot s _of e
purification pri¥¢ r@yziia?eg aﬁgﬁig&@) ﬁmﬂfﬂ% f@ﬁme’*ﬁ%s Wﬁ@%ﬁ%‘k‘e —QQRIE
col um | oadi§s sifa0yMa iBlues@ipfs vhcton (Stiatagede) LSaqumeq CA); adcbriing f thdOarubudturer’s

eluted colum - fractlons shown in_ | anes 2-4 and. 7- In the | anes
where beta rrerc'&f}f‘l%?‘ﬁ‘anél ey EctPropRgpagation and ?‘P’ﬁﬂf‘& hige %?Bqé“saﬁtsW@pﬂe&Wd by

buffer (1anes 2diddstion with Nebit Balhall, dnatgemmw Theplirifiedl Grafifciwag insértellnto the

occurring within the 73K protein and that this association is readily
el i m nat ed undéﬁ@@é&ﬁlrﬁg‘e of a pEEXTi ‘chﬁﬁ»sa“d expressed in an Epgel) ekprassion System as

proteins expresssdivdl il E%nﬂl@\telmelsmms Beﬂifd@ le3 YOPpieparan iyl RHigMHS SEQ ID

expressi on systens can accunul ate insid he cell In the formof incluslon
bodi es as wd@ NO:8 igplace pE thefSFQ EDIBTO?EK pr otein. Under these conditions, it

was necessary to deVﬁkeoeapaldpf,R,g&.sﬂ{B? wiS préfired E&sﬁﬁﬁaﬁlgcﬁs' Qékcnbed above by PCR.

sol ubilization, and refoldin protein.  Standard approaches wer€ used
to isol ate and ampification dfiihg dR ftb@dl, &wom # pBEBL plagmidiusinge®\arimes| coptaiging an

contam nants f %ga\éﬁgand a 3’{% Mnek Anesifi lngg Bahtfl sk & TR tﬁﬂ]ﬁieﬁ“ﬁlagﬁ%ﬁ %Hﬂe@e&ﬁx{ﬁo

SDS as strong tur ant .denat urant™ Wwas en reno by rapi
di lution and dith¢ jﬂs.elt_z.lm-llahtemt/w@)p’r oeeom and)emmddmm E.t eolirexpressiots syatem, as

I n order toggvodegc gg%#p?o tr]ﬁelé gﬂ?ﬁ‘r}’%@ﬁ;@s* g‘g“lg‘rl}osggé.ed pol yet hyl ene

gl ycol (PEG sol vent whi ch
seened to enhance t h'Eo pepat dietPodF2(M) emBi¢, the lamhgla gt 1di 496i4r2 desarilydzh Esample 1

sol uble form I 0, gation
process in shown Isubq{oned "itﬁ-m‘[i} negt&g#‘élrase‘;ecfongﬁgzca“ lJF’]Js|odrié;cess are
described in EMS;!_J—Z(M)Bnn@n;m‘deyaﬂeﬂheEmﬁmw £f 9 ceII | ysate was spun

out and the supernat en. Ioad ont o 650

col um where 30 theﬁbefog%(&gﬁmggtbf mytf%%%?FA&agEAEfrgf G g"%}m
gurlh ty. lThEStDEAEJIOO ﬂaiadml fab?&tbym amplificatiérg mmglaeﬁ pamr edimﬁﬂiag(aﬁrh_&ghﬂfbahdaas’
ephacry - col umm racti ons. cont ai ni mthe a
300" col urm el Faipine A Hamill it DisRoaaifii Fragigm s dnssied B i RS IBEIGAY site

col um. "The prqfe PGM%;:@?%d leXpresa@PinZan®. cb# expreésSion Syteds & describee irf Exutiple 1.
purlfled protein from t he Poros HQ F col um.
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In order to facilitate purlflcatlon of the c62K protein, a reducing agent,
e.g., DIT, was added to the |ysig supernatant, foIIovved by a two-step
exchange of the reduci ng buffer to an initially | ower reducing

envi ronment (58, WATURE ¢opstb Pro®PTT) to a final nonreducing

envi ronnent. Under these conditions pot ent i ﬁ {_ ﬁb on of the %:g
protein to contBENineatide antigensimay alsq t?ﬁﬂb&?‘“ﬂrfg‘?'élp 8 ?‘g i Hus promygated B 62K
protein igihde ceg.i‘@dy{e\é Jobfifed Sl pritnate hVé}thYeferably frdth! hubna® br YASTRGISIROUS -

form Based on:Coomassie blue stain, the estlmated purity of both the
73K and cBovkey ligerei Methods fo5 poeparipg pomary, Rrimate hepatocytes for clirure, and cultugey " pDENCE

OF VLPs- BhLEGHROM M RRORCRR o piQerve liver-specififuhdtioRsifor eaeddel Paridds ideiand c62K

proteins were negative-stained and exam ned by ‘direct electron
mi cr oscoyaye fesitediprehuman hepateqytes in Framplg 2 d89¥. of c62K protein reveal ed

det erm nant paA&ﬁGi Sa,s(&'g%w:ﬂ%n /é&mgp%%al;%@hﬁfe&& Witk la"hobied Sndblhumofa0r €€s

well with publis ports describing authentic virus particles
(28-34 ndiEmemed ¢yngmolgus mnukemsml pcml é@l’@‘}’?asi%B -as detailed iReyes, 1993).

Ref ol ded rot r [ 0 nm
o bl ! Pl EnEaR Rlerbr pRYAGAL FRNYIATH BBIGh be fefredy 10

6. 10T TMm@EMmc@FM@Mf@mlw the primary cells are cywlmswalés, thek e

parti cl e iy Yl b St APLAE bl mils ﬁE‘V'aﬁ:ﬁ%&akﬁﬁb B4 ) SnftpnctSactiSh bidlS 1 LS -

solublllty sugge I's protern nay e I't a”contformati ona
st r uct ur eabhinantichuniao lg@uentimme&at ive virion; i.e., aviral particle or

virus-like pargicl t he
codi ng sequenc lte(% Vggp ﬁn 0 ctah %@Sr otern u?e‘{%’uselec éoi\ffivlﬁﬁnitgt?I subsequent
expr essi anethods $m@pedmgsiniial cDNA fouilatmn,eartilﬁﬁR araplifisationi of HEN cBNA segyences
by- pa t.h eay, roc he pr L For
this bé&a{ ﬁ'@pl%%f“é %aﬁgfta'%eéidﬂgﬁ%@&g?al ysi gﬂgﬁ%ﬁr@ leg aﬁ B %so?di&lt %’{qpr otein
“was per f GHBE¥ dnfed&d human hepatocﬁéseuseﬂpmermedmﬁ Ixyhaall'émngsthe muamrqughatﬁelﬁ
sequenced_was det

Al a- Pr o- ﬁf"éfof-? cé‘elﬂg'bg}ﬁ'ﬁl? et g‘ (%agon..r hi spesugtc?ﬂé'%se vyats’e fﬁ‘gh Frep utqﬁ ’Hg%frogous to
ani no aciby zonal centrifiigdtimsthatugh bil0g0%t sucrse glnadlemosombmmg peak vzrus(tﬁﬁmms( SEQ I D
NG 13). Thus, e cle - Thr

‘correspond to @Fr?rrfﬂedé@ﬁggf SgRarating y 'Tiﬁ&&%%&ﬁf? Fcultur Dfhefif cmb&ﬂ?ﬁus

C62K 0 otxﬁayrbermyd bBopéxamples dlalified Culiss medium gan usgmsedahiohgh asiz&exclusion .
bacul ovi rus .30 aga (ﬁ tgn vect or cont ai nbﬁg a nucl eic acid sequence
THEoY

encodi ng RtEX. 39 SeR t FORRAONERR DY Size EXCUSPR- qeneral Iy, it will be
appreci ated t hittermitivily} B ddaifiet Qaloge mdammebmpﬁsabﬂmghsmquezfneamn

t hat ding the c62K f t
172 660 durTAduls Terike 1020 T Eorbpes copsie BERHAHEL PRy P GBS

sequencegnéi: ,mt@&qnﬁ@dndawmﬂoﬁem 3 and WO 96/ 12807
PCT/ US95/ 13

SEQ 18 NO 4), %@fﬁwvﬁgwllgwaf%ﬁyéesyhﬁ'e?m Q‘PF‘RS%&“B%“&?ME@H‘“QS a

pr ot ease jyiijthet HEV capﬁlheﬁ‘b’t@int Reepsid G SavionV o thi Rithl ARt cas beél Sartied bty 62K
prot ein. her bacul oviruses ‘are known to those OfH%kl Il in

the art, stapdard amethods, sqghygq jpn exchange and size-exclusion chromatography, and
purification, after solubilization of the virus particles in a solubxhzmg medium; such as a

- - solution of a non-ionic surfactant. The protein may be purified by affinity chromatography, -
30 employing, for example, antibodies- purified from anti-HEV antisera. ‘Degradative processes
may be employed to obtain partial fragments-and peptides from the intact capsid protein (as
well as recombinantly produced proteins); e.g. proteases may be employed. Such procedures

are known to those skilled in the art.




psuedot sugata is a corrrmnl y used vector. Bacul oviruses have relatively

narr ow host FROARA are generally confined to replication i

Lepl dopteran | nsec%8 ceI |'s. Suitable Leptidopteran cell ﬂnbéréusoélﬁsms
t han Spodoptera frugi perda are known to those of skill in the art, for
exanpl e, Lamantria dispar, and Helicos Frea. It wi ||

al so be appreciated bé those skilled in the art that while the greferabl e
expressi on syst Em i sPROBUCTIONQF CABSIR ANTIGEY; GHEAXER(62K, ANTIGEN:4p RECOMBI-

sequence containing the colANt6IK ANBIGENYIN INSECE RELIS: t er ni nal 549 ani no
aci ds encoded by HEV ﬁﬁgzecéxs.%e%&ﬁaémegradha.ommlﬁ& ORF2 (731( vaéavaﬂsy)x spBofes

be expressed in other exgre55|on systens_as wel éﬁbe C eaved by
prot'ei nases i nhe?dRF3 (62l gud syenginagred 62K spesips %QRB%(@ PHedused ip inseetpely
by a bacul ovi sus infected cell extract in vitro. Further, the HEV
capsid proteins may be obt ai ned from HEV propagated in human or °
monkey |iver in vivo br i nNE¥PRESYONOFAABEF MHEISEEHEFELS. and t hat these 15
capsid proteins may bee,rekmm%aw fo e f&ﬁﬁﬂé Ok h%lnh@%ﬁ&kﬁgaﬁr@s&% Pﬁﬁls \hekz\é&a{xﬁ

to formthe 62K antl gens as t ona
cl eavage site cdweepyiea DNAI n%“@u;ﬁsuuseptr @ﬁﬂlewhtuwa};rowuws,eereaslﬂmd in A Mafual of

artifically i ”S%%;ﬁﬂgs%ﬁﬁ%% @é Vgct&glgnd‘%&g ggl'i RGP lh_g{ @Bﬁgﬁ spngm.,
expressi on syst S 10l pf oduct's.

For exanpl e, 10t §988))dmefpiocated hetremcbgrrsﬁerepcﬂ, The recerobindnt rbaalﬂovpusmmymgwphzca
Iha_t they are ge&%lgg ud:lJapsﬂr?gy%e&og E e\'/irxz'uss ((?E'II% x{lﬁ{a ) wass rf%ns%lu eg' paﬁofl%scnbed

fusi on partner or puri r SeoBIARY
of interest. Forpreviouslygxdeyyl. ee; aimé Qint Mjcrbbmlogy,usmm (1993)p herpiar incerporated by

poly histidine fragnent wh cie urified . of a
netal chel ate af Fﬁaﬁﬁ“’f"y gﬁ? l?)y Bh%\-r@%pﬁg ‘?3‘85"5?‘1’%%%1%5§mm was
Piat ent 5, 310, 663:sechar mfébtlmﬂosmbp&ﬂﬁﬁbypm&-e r(sfm Suspleiisions cultued lcalhd nfonblayee el
cl eavage sit neer.e n,t ner and. t

r econbi nant otcglt'ﬁ"e% ﬂwcwﬂs‘tcem@ ﬁ’ﬁ?"”n et S 6?@5&%" r‘?ﬁ%}’"ﬁ@?‘r@@ﬂ‘ple 4,
fromthe fusionperi ner after purlflcatlon Thus, the discovery of a novel
bacul ovi rus specific cl|eayage. site provides an alternatlve to the
conventional sites ch#ee‘ﬁ%{ c§t1 dysatgs prepared &ﬁe’r %Wbl“ﬁ%?ﬁtpoﬁr'&feé'i‘%wﬁ‘?eo%%@ﬁd i

non- bacul ovi rus ceptfifu@asion to generare both phosJH&&-Biﬂﬂ‘é@H 3slfhe mmmmclaﬁd MSOIEBIE AaLETORS
for baculovirus systens as well. For exanp f usi on E)artner usef ul

for directing tFEOwBH I8 W@ﬁﬁaﬁﬂ@s lia LAk ﬂ@t@?¥%ﬁﬁ°ﬁ§h%l’°&@°‘f¥ amide gsls, which were

cl eaved onceg N eithg seaihdaPkids Chomassie-blue solution (Hig. @R)’Bﬂﬁfﬂﬂs&‘ired% 'nﬂfd&élhﬂ&@ paper
am no acids which conprise the cleavage site may determ ned by

techni ques knowdfolayved hyacWastern|blqy apalysis:&Fig:,6B), W%%FP witk Example Senpl oy's

the WO 96/ 12807 4 prominent viral protein of approximately 73 kDa in size was observed almost
PCT/ US95/ 13703 5
use of site dir @&Qlqulmtnaﬁjt&w@mhsbl@ fraggionwef suspensiomienitureellnFoma-Ydays pasiiiafegsion
the cl eavage si tf;oa " i Vi

the mitant pept i Bo0D: Migtatioh BFER idkin Sl Vil JRUPHEHPRE Schiphint Welfnf St e
bacul ovi r us' FpedsmeicOBF: eAmgaa;atndyeswn dlot @omﬂrn@d that this 73K protein wasgeastive with

acid sequence clgsd, pg{:\ﬂ mq% Q‘%’at 3%8 &%qé}mgﬂg%@ 035*2' I gﬂlﬁdl@ﬁ

the art. 5 This wl ena e use o ernase in
form rat her thadegradationwf hoss protems 1S|qbfneus adateestdged ofshe infection (soluble fracnons from

RECOVBI NANT. P m NP
HEV ANTI GEN. 3%4 < Wil ques SR oo aba bk e BB6l3mou sy igtetion
"re-engi neer ed” 62K Mhﬁnetha sa:pecreaem,bmant virusr wisensed!do Unfed:tetheiSﬁ-9anonoﬂ&' &, cells, a
woul d result

) |
bi ochen cal  ¥ha Aren B ofPnfsnch Satbsy fLEIE 6By clobdad sy ing ap esotuble 73K
Therefore, the phdfein speues,Smé] mmq:rétemrwasrfbmmad: toda dolublé forinltandiag at aim‘d’mnately

acid of the 3 Bur strai oned in acyl ovi.rus
expr essi on vect g?q‘ﬁ’& 0828 | "°§" %’é’n@?'nmiﬁ ! fng"lgf‘gsrhssea‘ﬂ’aerﬁﬁg’e? F‘tgéﬁs“?dn‘gat the insoluble
ORF-2 (73K) protein undergoes a proteolytic cleavage to generate a soluble or cleaved 62K

protein, referred to as "c62K", in the monolayer cells. Several smaller species migrating



15 Exanple 4. A nethionine codon was incorporated at 5 end to ensure

proper wossalsa7i on initiation. After trerodosasioan and 4
rounds of plaque purifications, viral stocks and cell |ysates wer e
prepared from 10 individual plaque isolgtes. Western bl ot anal ysis was .
performed to screen for the viral 1°%ol ates whi ch produced sol ubl e r62K

L L A8 RS G e g

appr oxi matvdrg degyadagon pfoducss of the I3K peateinOne i sol ate was chosen for
anplification for further st udi es. ’ .The r62K was found to’
be conpletely soluble in the lysis buffer wwth quantitative recovery
of the nol ecul &-i n tPROTEGLYTIC\PROCESSINGOFROREZ . The | ysis. supernatant was
subsequently 2 e t ta| n
LS ILE  2ToRAEAGES b1 Wb e AR R o Ul

chr omat og rpatpgtgssmlgpdumg thnecdmem_fdn&mm EhusMelns lcordErsionEduild be the Gt

Fecovery dptsBali il find il Tl g n e Ro ol BreniCn T ORRRR .
rers]l ns ((j T@yoquhar%sﬁwﬂﬁ)cfmﬁﬁﬂ&)t n ofttheséSe\ph?{ dkoeadﬁasstl thEI%um:om,tcell Jysatéwere -
enhanced r r uted to the. "te e_ar tructure o e
E. Merck 3 gé\;egtalyg%vdé P%sé 'ffectg'on’ %Ilowe& Qy mc'l'—lﬁp gorr Vﬁﬂ?‘fs tf"c‘,ezitqe © i%fc‘ﬂl eved
usi ng H Selphiysates| wéBe Hetnred. uthe 8K o1 c62KS cansersion was nmitosed iafzyinst Gricubatioher
exchange W th sF purification. The final material was obtained
from peak e %"ﬁ% ?ﬂl ed on a Poros HQ F strong ani on exchange resin. '
The final naterWidn ceibiysitesacerbyenatnred mmaﬂlyraaemceuﬂakmerwdud @ncibatigh eat e

t han 95% 35 r d essenti al l ot oxXi bocyt e
| ysat e aos §'H§?’p‘lg—%?),l%gr %tgé agfpreseXt mﬂg}ygg ) wsﬁutﬁx pollypept e, an very titile
PCT/ CS95/ 1@3@3062]( protein was observed However, when the incubation time was increased betweén

st er the corres el npl e re diluted 1:10 prior to
SDS- P ﬁ 4o nutgs, SHpcAmgng o © g%gwgrémvgﬁéo ublg &raf insEssed ppQpoRticnaly s o

doubl et Wh.Cth GorgeSthe ambiht OK 73K pﬂﬁan in the ins6lubl® fmﬁhﬁ‘slde&eésed Thditatinf@n r 62K.
N-term nal sequence analysis, peptide mapping, spectroscopy

data suppdPROTERLrolsAlayed by grotginase after thecell breskass- ;HF ﬁ?f‘cﬁ’épﬂ of @éﬁf’é‘ﬁ?ﬂ!ﬂ%r t he

S re-engisB&rtksl 73R Brotein could be cleaved td- 662K prote@iaseediticiy affed 61 Ble@agg.at i on of
the purified 62 ;E‘?@erotel n was .undert aken using a variety of nethods

(Exanpl e 9). Tr% peorein ghserved daive ah latesipfegtions sasythaiya dn Fig. 6B, coulpher ang
subseqge nExprﬂléﬂbeatﬁé HroteigbE vieat imfe@loliSh WhicAd s@%ﬁﬁ‘c‘imt peedentaBEofERS %&%m nus

of the Da protein was intact with the exception that th

N-term nal"'ah'E{ ‘Fﬁ“ﬁ)‘ﬁg Friease, of the prasinase adiyityensure correct initiation of

transl ati on, had been renoved. The .overall yields in each of the

first five cycl es during sequencing were low, indicating that a significant
portion of the362- kﬁé)NVERSIONﬂﬁg-”!SfT@lSéBKWbYB§I¥é§%@“8 WQNSEWUS
Tryptic pept I d

HPLC. Ei ght ?’hé‘ﬂ@r{e:dtj\g{ Ig-ms%e ect %@gﬁ%@%ﬁ% td(;gdt%g?%&%%éeg%rﬁ@a%ur a

i nt eg2bt yS@rmll:p@a@lims infested $1P aellsl ax basina[To nddressubis question, ansxif & mixing 9) .

O these gj e gav fnt pe Thr ee
of these p @g‘f‘arﬂ%dj&\'/tatr%l @ﬂiﬂ [ n é’%r@ﬁ ﬁ‘?l&ee‘i? %ﬁ%ﬁj!c')l? Fef R‘%Q&E@glep?so ein as
det ermi nenreparatlonbgtorﬁcﬁf&muspe@ntudaﬂmmceﬂeme nmxwgthlaveﬂmaﬂolubpeadua% ,andjl d not
yield a s C

o ced ver SRR Fas Moty immyn G RSN Bl S ENEED. UARAIRREY Rl

tryptic peqgsh ifchen tsadpensgpn ailmren amb monolayer, hahoo affeafon tleaviage, csuggestibg that

The adDacrfioss R Refifted By Jira AP rbg 36 por Shif 45 oftdr b Bt S ) ©
- term nus whent éarat2ffomrdni igfeoted @kl pepict has useds wals abi eldavag® od BrRbT3K protein

acetyl at echs Post - source decay anal ysis by | aser desorption
mass spec B'Pfﬁqry i ndi cat ed t hat peak 65 was the am no ternnal

tryptic pepti dwhe{@ﬁa&mnecleavag%f&hmneand‘aeurmalitmtdfmaﬁsgﬁiotﬂl?k@s ﬁﬁmepeaks N

whi ch ga rise to, mult tid eci.e r | so ence
pr Iovi dgd f | ?féqted in a seglo d exlﬁang)elnt ?n \?V ich Ims%luY;Fe %l@prsepargte cl1uwas mcljxeﬁ with




confirmation that the authentic HEV sequenced was preserved.

LC- M5 dat a ( Wu9q012800) established the true nol ecul ar nasses OPCT/H895/13703
conmponent s of t he 62-kDa doubl et that. was observed by Western
blotting. Wth the elucidation of the of amno termnus in previous
experinents, it was possible fromES M5 data ?o predict the 30 putative

carboxyl ter m' n§+<l Bk Qﬁ&%ﬁr&g s§§p@lﬁ§m cnﬁﬁregaléanebt@@b} Rild g}ge BadiRASLS WFig. 8, bottom

distributed '62 cres. i cted nol ecul ar
mass- of the 62- nwl)prﬁdthem qLe,aivalgg cowld beebﬁeﬁgdééqa@we@uwon it didrnot pesyefor aplopg,
resi due 660 of kiR i fof me%factw@é N &trat 8,
to be gl ycggs?’f ﬁﬂg’b&ﬁ%%%‘ﬁﬁﬁ%&%‘é oxﬁgg'flf%n and GC- M5 aena ygltgwglj'
dat & presented bettorxpanse WD 96/ 12807

PCT/ US95/ 137Q3 24

9 suggested that a deletion occurred in the nol ecul e and t hat the deletlon
was likely at the 4.  aRURIFIGATIQN:Ob 33K IANDLI62KRROTEINS.

conmbi nation with the

suggest ed t hat ,EI‘ ﬁg%gr' oxy%n?rgﬁembgﬁ?sgl:r?é&&betxs{epgea“?%mgﬁ? "mégéﬁ%rgeeg?%ﬁ e
539- 540 and r esfaimsg ®3picx3ptotein st(umkest v well s tdeterminingithe cldavaige hnhwphmt@m

Aut opated carh t i .
Car boxy! i er m nipuTE I ;o gF O s iRy Bk, pyicel BB oebelBions e
539- 540 (preﬁaredn Ao mmﬁarabamys Suernudraing thh?lblﬂtﬁcﬂtmn of tige 7316ﬁ@tehﬁsm\a5

oot on e, ERS. Derais 3f e Fiantatof o afe festiibed 31 ERame AT TR yper Ry

of the 58. 1 kDamrdn SdadSis kﬁby@ﬁmaﬁem dn@ P @ith | subejuen\6wthiongh \ind bheedl&lumn

oL 0121 52K S35 it 00057l L RR SRS REAPE s i

:'WfisheXpL esa ed afro:hltaélsdnﬁﬂehﬁn@ﬂ&x aufdr}‘(laﬂek y 2} ﬂri§akﬂ'rthithﬁﬁadﬂﬁ%dlsulﬁdem;hd@rﬁ is
al t hough t apparent car term nal  processing,was n ntlc ate i s
processi ng Is g"&%“&l'“ﬁd‘f“‘" %&é?"‘?ﬁ”‘?‘ﬁ?@r‘gé‘r'@s\ﬁs?ﬂ fqnds 68 8‘&3{ %y“‘B‘\‘t 'I‘F@%‘F‘S\“’é%
to serve as an g@figiehd. ve antigen, for 15 exanple, the results presented in
Table 1 (Exanple 9)._In fact, the 62K ant |§gen represents an ) irrBroved

antigen in conpari s oRecombinant; rrpteins eSRusEsed 2k high levels insbott, Prekarygtic, gt bacutovirus

assays. © expression Bﬁtéﬁ&cﬂﬂ R mi B URGELHRE Celd i IR fdrﬂsonBclhﬁblﬁ baditd SCwas
were al so apparent from.t aI|ItF$K of the 62K antig reparatlonto

elicit protect |%e”?ﬁﬁ9ﬁg‘er7égmg‘és Undershesggenditiops.tiyas necessq% ¢loR, & procedure
chal | enge wpph H%e@ﬁf‘ctngﬁ%lu@ﬂuhﬁénb%ﬂé’?ddlﬂmﬁ‘e PHORRY, VSiidR¥approdsiRs veleRéd

the 20 bacul ovirus expressed protein nmay contain an inmunol ogi c structure
that closely re@dsalateand wesh the inciysion hedies in gusfanie; rempyesgeliplar contaminants followed

8. SI ZE DET{i?\éﬁnl s lﬁ}%a%n @ﬁ&xe?%c HLS%SSDS strong denatu {. Thd den@bfaRfwis

an attract ive or t ation an ana y I cCa char acterl za-
25 tion of virthen med:bxesapaisdﬂthngndrdWSiSéggll@wm prowsinuraireigld todts natives statg.

gradi ent ul tracggnfhd IPQI@LI:LIOJ'Q reFanonad?igin Qi Lok d.ﬁé‘ﬁaﬁﬁ&ko%lé‘gm 1éne’ ?‘935 l&]{i@ﬁwas

and renoval of partic or snm Ier t an esiretd’vira
particle. S@?)heﬁslﬂt;d toshel@mw&bpémqs Reoisalyentarhjchinegrhedo ekance theinefoldingeif S 13Ke

resin suitabl ej P{e AR d Sahd %Pﬁbl'erﬁ{r‘?ljn ving the separation of viral

particles, sub ik parti’c and mi crosomal vesicles such as
Percoll. The excl u3|'ﬂleﬂnahpmducmbf ﬁet&]‘Dplﬁlﬂmndn' precesoinrshewn indFig 010. t Betails of the

particl es appr r
profile of the % a'g)rn ﬁrg%Qlagggesgg%egq? %H@%:a 'eﬂ?( apﬁ 662(5/ S{Bhr%"m% %Q&ﬁ'_
purified c62K amdamﬁtﬂb(supernamnpwastthai logded on®hanvi) MacFD@AEJBMDE’iSO(S) columh whers
c62K and r6 rticles c'rr ded to aks. ha etentian
ti mes of 95%0@7716%8@33'” C4RthT 1% raf é&%’h?ﬂé‘ﬂ Epg gl“rﬂ?ért | 83?%} 5&2%”@‘?
approxi mat el y 2er8podled ard dﬁrmgeiphed' be aSepa0Q1 5a00gvlumn. Fractions containing ¢62K
" from the Sephacryl $:100 column were then purified and concentrated on a Poros HQ/F

()

column. The protein band seen in lane 2 of Fig. 10 represents the final purified protein from
the Poros HQ/F column.
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was al so calibrated with three standards; two particul ate, and one
nmononeric in structure. Vaccinia ygprus (250 nm was found to have a
retention-tinme of approximtely 48 m nutes. Hepatitis B plasma derived
surface antigefn 6&56@)¢1chpuﬂﬁ&ﬁoﬁ @AheeRK\Wroteinf otsddcihPagent @. gd, DTT, was

retention tinme of 95 m nutes vi ne serum al bu none protein
st andar d) 31’%?8 to ghe Iysis é‘fpémafa(‘}h g’fy 3 We-SIRP fYFhange oﬂhe r&{ngmg b“Eﬁ’femG‘?K

anti gens @fitidliySoweefBiding é\waﬁmen (50 M DM@ 0.5 eNC-D'ETN)Nb Adfinab idhradicing aci ds
encoded by HEV ORF2 relative tqQ the Byrma strain %arr ant and honol ogous

~ sequences environmenfs Undes thpse copditions;poteptia) aggregarion of te c¢ZK profein torconaingt

expr essi OfhgSARhRABrotdihs fseliMihateds UTRE ¥6IK §rotem is aﬁeﬁtewy fe€ovired iHBRBAIyAN and
yeast), using the HEV genom c-insert plasm ds above, with 10 anplification

of the deB¥ » BepegsAeusform,j Based op ﬁj"’!“ﬁ’(st‘f' b&“’s’!ﬂ‘{”éﬂ? é“@)@fﬁdé’é%‘ﬁb?f bpthether . The

- codi ng seqmgg@gﬁzqgs&qteh{g 1060956 9Bpdrbee F €- engi neer ed peptides can be '

derived fromthe cloning vectors described above and detail ed

el sewhere (Tam 1991-a), or from synthetic nucl eotide- "~ synthesi s using

PCR splicing nst hodgvisknce dir PLPSRDEETROR INMROEEGTENt S, according to known

- nmethods, in building up nucleotide sequences. Such modi fi cations can be
easi | YOnade by Putifiesieresambipgnt 33K iand e§2Ks Rioteiins; were pegative-stained and examined by K
antigens grQddftdod | the

Tothod | RAGURETor Bilhcopl TOORPIGRY  Bieckpl SRRgrap of LEUIOBRG riveded <

accor di ngdeterminaat pastitiesdFiged bA) aenrquately 30 mmzeewmm agyeas “pllatlmubmhed vvel I

of mcrot Ki

sol ution hh%ﬁst (ﬂéen T aurﬂbgtlpﬁ'ﬁsq’ggﬁcgg3%%%%%@@??%#8# gnndt bllel-iE%ldPe&t ig{;ﬁdr es.

The 20 uRéxssin®93nt RéfoldedE3Kaproteimgenerdted wargngeofl pleioswephicl particiedi2f340 no g ugat ed

to a n§po, o EGht h e peptrde ant i body

conpl egesglie;esogﬂ’ Lﬁe’g"b" ‘B'P%?Jr'@ tk‘ﬁﬁﬂ)ﬁgﬁgﬁk utbk)] away unbound second

anti body, by detection of the reporter nol ecul e. . 62K antigens

produced in thgs magngs nventi on, are those that

show subst ant i gﬂ ly sim oy n%{loregggt%ir(&/ﬁ%ﬂ-iw positive sera as does a

62K anti gen ha'iihmgnlsarketplamcbequemmehsplay%b}' the puifified] E62)Kr protedn; ds wall anikect

et o sampPUBHE Rkt B ABGARA Lt Pisbbust Wbl o8 The e
great 3@ tdative 80fdn; wer, e p:ra*f;mrta:hi yr gmsalilerpartim Q&%rdmgly dves dﬁsfrﬁble to

i Gent s BleSekadebaygaon i Pebegeiak o e co2K¢ prbein, sk STGARE GFRTRL

t he 62K aaxpregsion ingugpensi@scetticulture tat miy pnmttﬂxenxbrl(tptog:y-pakme El8avage process kDa

and 56. 5- | es, nd 9 ndrvr uaI epti des
SEQ I D ép%&r@)%%““%@é‘?ﬂ% é‘%fg’éﬁ F%S“NE‘F 'R%aé@ i %é@“f‘&éqe\ro 27
and. SEQ IdeK protemagq))erfdmedyed fromthe car boxy term naI 549 am no acids of

%/2 5/ 1 3703%3 sequence of . t%g /ﬁ%sthg amino acids sequenced was determmed to be: Ala-\é%-

enbodi rrenuaa’io-wmenrsw@emr-prwt AR, seqmwdaép@feemwﬁémaag&fs 16 afil &0 | gen
cont ai nin

pol ypepti des aqbtain expression_of a coding
sequence gﬂd‘feﬁs‘?é‘fngcgl ‘le§'d‘(°ER%'fﬁ1“elslz4'“a%s B)¢ (%%Q “;) NG e e ThYo %F‘?‘ﬂé&ﬂ i des
contai N GREdFMbeteeATTAR andl RlAWKieH Sorfepciidity Bmind dclis 13RBRPXY2, kQp&vaY. 549

Thus, a ¢62K protein may be produced by transfecting insect cells with a baculovirus

30 expression vector containing a nucleic acid sequence encoding the capsid protein of HEV.
- More generally, it will be appreciated that only the portion of the ORF2 nucleotide sequence,

that encoding the c62K fragment (e. ., sequences encoding amino acids 112-660 derived from .
the ORF2 73K sequence; exemplary of such sequences are represented by SEQ ID NO:3 and




amino acids of ORF2. O her expressi on systens can be used to produce the
i ndi vi dual B3VOB6MIMeEpti des or mixtures of pol ypeptides of thePETAISEH13703

i nventi on. For exanpl e, pol ynucl eoti de sequences encodi ng an
antigen or antigens of the present inventgjon can be cloned in the

pl asm d p-GEX or various derivatives thereof. The plasmd pGEX (Smth,
et al., 1983) angpeQ M #:4) ahd 16R0I6dRE Q8quehdiS tIRAWIBCReH U8 eRE4NEGEE pdteade will
cl oned insert fused in-frame to the protein glutathione-S-transferase
(sj26). In one vé&leasrthe exesss Nigermingl amigo agids, tofheic KWi%B an amino acid
sequence of 6 histidi gRgerl &cbl%xhﬂ@%%xﬁtvnttbethﬁéraoﬂl in the bl Fr"éxample, fd)ﬁgm
fusion protein. he various reconbi nant pGEX Iasm ds can

transf or ned i nt oPEHeAPIEHRAI%IS @ ‘@F‘ﬂ’&l‘lﬁs}'sed VeCtos ﬂgcul@@mesdﬁae f%i"%‘ﬂ ‘BFBW@P?F ranges
production cam bgrl ﬂé{rﬁlﬁdc&&‘m% r@(ﬁféhﬁanH L‘é{ndbﬁé_&x {rls&® BIRP YWuichtls P.eptldgpteran cell

gal act opyr anosi de) . So ubil'i zed reconbi nant fusion protein may t

purified from celmesmherltpaaﬂmdomcramtnemwn@w tathese ofsskilly inythgtast, Horosxample,
agarose affinity In the case of

[err]-gal act osi dg@&@ﬁg?@g&%?@’lgﬂcg@ ®iuch as those produced by | anbda gtl 1
clones) the fused prolterill alsape tpprécintdddlydabse skildiidliy thio prtaliat while the preferable expression
chr omat ogr aphy o S . i .
havi ng surface- bE speﬁl §aat t?ac gv'ﬁ]% ngll'essx?n 'J’sy¥t§a$e an ?Hp?égy&\ég orﬂaxﬁﬂkltﬂ &H&?g%émn
i ncluded in tlfe fambmﬁ-namund 59 amips acids emcodel by HEVs ORF2Aselative tb alnh Barngt $tfiain

pol ypept i des of TR B0, bp el T Y Rbfligh SRR ROVREIG 2t Aopysa by

NO ~ 16, SEQ ID I\Kiio%abesSEl@rédD m\lfhe%systauis SirGhey may bé)dﬂ@qﬁé’nﬂy BEGA usg Nﬁhcﬂ&vxrus

i o | ow ox pr BSHHEHEE s ek e SPfT BROTEY, S PPIeR o oo 0t mEV

control el ement spropagategein ehnmhli yr mﬁlkayde:emrpfawmt B vitrd mddcﬁbedoalbovalahd diat diese
codon, and- tr nsl| at.i.on and nscription 25 terp.nati.on se ences
Csertion i 08" PN AR, ek pereiavd B paclovirts et ingee e 5 ol heghi
DNA encodi ng t hearfigensra8Gvelint | geni c pol ypeptide can be cloned into any

nunber - of comrergbga)'l,l avai |l abl e vectors,to eneratg expreSS| n of the

pol ypeptide in the ap gthe cleavage site comtaingd inthescapsid Aratrin may ﬁéféed Huin

are not limted i@ificdllfandertbd GMhvags st LVin rbombinant FSRIMGHEMRE, eXPRbssion syRéms
al .; Beanes, et aI ;  Pharm ngen; C ontech, Palo A to, i vacci ni a 30

expr essi on ( Ear | 3% 1‘9@@‘"%%"53@ fo&p\aymg é%ﬁ PECEstS,, For,ex3mples it is beneficial o) construct

al.; Contechd, recombifinPpfsigihéich thay 8§ hre( Febraed 36 fusioh PPeteinf0 UG Benefitl Rt the
Goeddel ; Guthrie_and Fink), expression in mamal i an cells (C ontech;

G bco-BRL, G oun@sms PAGREr My)be usedjas means ferspuriiying therregnmbinant protein of jnjerests| For
l'ines ( Hf'iy nes, Fle'—@ﬁb pattRSthrly K84HiITRSon ﬂa?t%@r) is a}ﬂ@%ﬂﬂﬁ@ SARMER Which is efficiently
pol ypepti de gens can bé expressed direc or as fusion proteins.
WO 96/ 12807 puntled y means of a metal chelate affinity chromatography on NTA resin, described in U.S.

PCT/ US95/ 13703  parent 5,310,663, Ilq1erem wcorg drated bg refe nce. It is useful to have ?a7cleavage site
Expression in_yeast system; as vant commer ci al production

Reconbi nant 25 engingered in hetwagn ﬂ@lf@ﬂmﬁp}lﬂv%r@ed meaecambmmpr@em sughithas theaecombinant

dvant f b

cdvantage of el AP o o nENREESEAAR s Aok THEE Ty AR v
its wide host ramgdpw(uﬂspecrlfm ctletairagle sitersovidesanslterngsive trthe conyefitional sitéssnrrently used
Processing, f{gﬂ%bnl'ﬂgma tp?&&ﬂé’ Fouuc%ﬁﬁﬂﬁéd Bidulot) s@?:%xﬁ?b' y of recombi nant

pr ot ei ns; (|||) evel “exp re trvelry soluble
reconbi nant protei ns Tlmnllea(/agz)snamlaﬁbgmdvaapgeous fpr bnuh&cmﬁdms as wdl. eth'mxample,

o d |
Fyg\l cally i st’ﬂ? at e%s'? B %§'§S§ ngg Idfrgéﬁ)‘g%%'%‘r" ﬂé&p%’[ﬁﬁgion@al 851' eﬁ%?’f aR'FfS‘F?“%%lH -
be carried out hyeavet bm:el:in dxéa:gfophaﬂ her ei n. Ant i gens obt ai ned

by any of these neth an be ant i bo erati.on

di agnostic tests and Vic q"ﬂ@“&fé&éﬁﬂ%\%}ﬁ Sinino 53y WA compHseaWStc}F@yaggssggéqay be
the invention i nitentied 39@&hﬁlk]ﬁesadﬂbivﬁ)0ﬂlh6§e skirl yicthenal Ore siteehmdiR! employs the
di rected agai nst the polypeptide antigens of the present invention. For
exanple, purified antigen or fused antigen protein nmay be used for
produci ng monocl onal antibodies. Here the 15 spleen or |ynphocytes from an
i mmuni zed animal are renoved and immortalized or used to



prepare hybridomas by methods known to those skilled in the art (Harlow, et
al .). TWOAsHa#Te a human-derived hybri doma, a human BGEmSISay8 donor
. 1s selected. A donor vaccinated with" t he pol ypepti des of the present
i nvention may serve as a suitable |ynph yte donor. Lym phocytes can -
be isolated froma peripheral blood sanpl™e. Epstein-Barr virus (EBV) can be
20 used t Qsk GPRHel bt nmwg&esxk ymtw%ﬁauapameosaum& ﬂ%n&ng‘ 8 Icegvagggiwﬁfd can

be used to produce human-derived h domas. Primary 1n vi

sensi t i zat iSYpsegyanhtegtingAf PEQIeinase jagtivity|op F‘FGE"SPQQH‘F\“ be used in the .
generation of hUFRAHIIBHIAkd RBRIy 8ftht BRYRHus specific pmtemaseme?tbb QeeinfifiedSaar ot €d
by the imurtalized cel'l s are screened to determ ne the ones t hat

secret e antiiSBuelpis acidsequercegloged and expressed by techniques knowiptathase skilled initkgart. he

ELI SA ors Veskenili bhable 48 offRd B i PR

present S nvas; v, bl e ol SRS proteipase jn o purifict R Al fREiobkg,

t hat encoddnteqied ¢sb| lyssent i de anti gens of. the present | nvent I on.

. G SYNTHETI C PRODUCTI ON OF HEV PEPTI DES 30 In addition to the
procedures for producing the peptides descri bed above, peptides of up
‘to about fifty &mi no RESIOMBINANTIRROPUGTIONANDPUBHICATIONIORN X REENGINRERED 62K 0l i d
phase synthesis HEY ANTIGENsuch net hods are known to those skilled in

the artyy Pepti d%e%ﬁx&‘i‘i% ?Q‘ndtﬁl&dtaﬂ'tﬁ whether Hpﬂ&q -'r@%){ IH&r&OVG?{keﬂB e}ﬁo.lé)egl ed to

ot her pept | des or otern conju rmed,
f or. exanpl eefe!r%bmﬂmrﬁamslrﬂl{nwaulﬂ Lrssuttrnnphotftumatlon of a stableOfrbeRBWith similar
PCT/ US95/ 1

e Dl A 181 N}Eq_'gwtural properties to the Rx‘ocessedI fO{m d)f cg%lg CtThefeﬁ(ge,l tﬁl\sl M Aon

di rected t cequenvetfivoriantifio adidifjtRowitingiast akinei adidaif the\” eind of 0RF2 (Bhakina sftfaﬁl)tWaens

wherein H e tide anti ns ar t 0, exam i .ndi vi.dya
serum f or E%llﬁeu{)f'"g gﬁ‘%g’glﬂ"s S’fﬂr?ss SRt P@Bgf‘gﬂ as sgown in ig. ¥and" e,g\cnbeH
| MMUNORBACEkathpl 40F AHinbthidhihk (Soliéh was incorporated at 33| dndwb regsqaé @fhpei traiiatibn HEV

anti gens, Lmq ar;;Lccor dance with the invention, serum - sanples from
i ndi vi dual §"%8%n to be infected with HEV are tested for their abi lity to
bind to Su@fiten rhnsteetion arks4 ayimd$ of plague lhmiwatam @ﬂm shbmg:ennﬁawel |

k th

Knoyime- 11 R TR o it bay it Pagred Wi Wy bls Betormed v
particul ar boreentfor thb VizalfisailatésBaitiel progucadisolibdes2K ppdteitl at ta highesd 1evbl THigh QZ) Such
assays , car

For mt 20 WNERLY ot A sl Profieed seblsaBeK othe sonify eladth aabesd Hpreol |

phase. Tesappwmmatbﬁ\soau% 9ftobal iefitrattld Sle lisolatd Washotencior arBpléficatidiifon urfiier
human ant i bo%g to the peptide is neasured, for exanple, as in the nethod of
Exanpl e 8. Al ternatively, Wnen pepti des are expressed as fusion

proteins of suffh&ik6IK wad Fsuinll Qo B8 completelE5MBIE th B l?iis Bliter RO quat@ieatios N
bl ots may be used to determ ne -bhinding of the_peptid portion of the

fusi on pr otese¥ery of the melecie inthp cell lysis supernatant. Theér/%ﬁ%@er@eemauaz cnsequently

406. 4- 36M préBdsSedSHRNE e & prei (
| nternati onaI gl ﬁ‘:yg'%u on gﬁcﬁ’;}iﬁo %@é %P}#eﬁS%gﬁﬁ{ Bmtem selolding to

| nt er nat i oR¥AMB})ED.ATRe initial ichromameraphisetsp 338 performed o an & Merek DFQ\@,EWCT
Internatio C

W91/ 156osmlf)suyf)z‘lB a2 wpi&'?%%é‘f‘gw%%‘%ﬁ%ﬂ% Eﬁ'@”ﬁﬁn’fbﬁg’%ﬁ% Tesbvery of

t hese peptthe a6k relativeeior otherasinijar WPWW%C’B\DM resins (Fpyopsarin6506S), DEAE
positive hSHiSﬁﬁl- \ | e i M was
| munor eact | ve0§eef:§St (Ffl&ﬁrrétéb %%fé“i‘ é:\%@trﬁecggér ﬁggsscat?%'g?tgg% pt%etllggdggés4 2(M
was i malnostaigeird ofctheEt Memkr@rmnzg@resm even sanpl es tested, and peptides
406. 3-2(B) and [ I X
sanpl es tested eél paﬁ%&é‘lmig?ﬂe‘f’%:ﬁ r poek)l\‘{at%egglI %{bo co}‘l“enr"ie‘nk"l(l:"ecﬁ ‘iasq'fseds
descr i pti oprimarily for buffer exchange w:th some minor punﬁcatlon The final material was obtamed

from peak fractions purified on a Poros HQ/F strong anion exchange resin.
" The final material obtained by this procedure was determined to be greater than 95%

35 pure and essentially endotoxin free by limulus amebocyte lysate assay. For purposes of



of experinments leading to the above results may be found in Exanple 1.
Peptide ant i @@besaso7 was shown to be highly imunoreacti ’1W.§991137 3
infected sera (PCT International Application PCT/ US93/ 00475, fil

Jan 1993; PCT International Application PCT/US93/ 00459, filed 30 15 Jan
1993) . In the present invention, 220 evaluate the antigenicity

of apurifiedc eln - rati.on, | nmuno YA
usi ng a panel of ?‘?ffﬁ’hﬁ OLfigs g‘eﬁ’l‘?gp g‘ﬂﬂg gel samB'Sﬁ\‘)’ﬁfee‘g@?ﬁtl'b%‘g‘é‘ @gésq%gggﬁmd
duriang various hpagédth PYDE hémbeitl The r63X Sanwappads @Si dshbley which figests the Existence

I gG and 1 gM anti hodi es_t.o HEV _ acc ing to, the nethod. of |l e 8. Three
agt i gens g V\BP of%‘ge@form of the r%lg l*?-termmapsequence analysm, pepa'qg mapping, and mass

PCT/"US95/ 13703  spectroscopy data support the existence of a single primary amino acid2&quence for the
derived fromthe utatlve capsi d protein.of HEV were used: (1) SG3, 327 :

amino acids of reengineied 6KEo | D NO 17) expressed in E. coli (2) 73K 660
am no aci ds of ORF2 (Fehfirl Bbchemical\HarakRlizR6R 08 WeSplirified 534 Da ?tbfeuﬁwasaﬁtﬂeﬁtﬁén
c62K, 549 ami no acids of ORF2 (SEQ_I D NO 1% rocesse hg

bacul ovi rus pr ot#pgadariety of naethods xamples@). , frapsies pthe fesombinapt,p2-kR1 seqygnse to

and suspected heR®H dndSubseqHeSmind a@i_ﬂqetgieﬁce analysi§ §idicafRg thae‘&e%ﬁﬂf‘tehﬁmifﬁm ﬁe
| below, the c62K Brotel n expressed in bacul ovirus detected nmeasur abl e

anti body to HEV6#k aw@mmwelmagr with| the exeention shat the N-terninal mesthioning introduced do
t hat WOl deﬁkﬁi’éecog&&einﬂﬁ @F&*uﬂlaﬂé}? maalseeaqe.ﬁ% Ui Vel il AHaltP6 the
expressed in E. coli (‘Yar bough 94y Speci mens that test'ed positive

to only the c62Rrsafive ¢pstes dv@mm@ag wyrealw,lledwai@gm aignifigant peraompf the 63=kDa -
3/ 18 serum sanplgs &EZQM%C E%gﬂf%s‘mgﬁﬁiemﬂx positive uniquely with the -
, (118 s

c62K protein. For ti- 1] erum sanpl es (39% scored as anti body
positive uniquely w mmrheemﬁgknqbysatrevqaled Ramanysas 143 peaks by rewersy phase/HPLEs Eight

or obern wer o ubARnprs seRRkd fo DM felsffinl el ile Rl Shepdledifat polfrcdrafiviona
Table 1 15 modifications (Example 9). COffhase/dightpealsT foBEgAVE! rise tS BinPlemPecies peptides.

E._coli and Bacy}qyi Hé Ex%gl':ﬁ%wl&é $RnBl OfrRlul %&f{nal regids' gor n%&em% defnin

SG3

0. 895 by Edmgn B&@adation sequencing. Onelpedk,peak 65, did mbtyigld a sequence by Edman

0. 338 ' ' 1. 29 : 0,374 . EVH NPT

1 237 degra_daé(_m4 1éowever, the molecular m_aLs_sz'xgrfed very weﬁ "ﬁ%}[}‘ﬁ gredlcted mass for the

0. 397 amino terfinif@b &yptic peptide taking ifito adchu@zhe removai-bfaBe N-terminal methionine

8 iéi 20 bya celé{l%?aiﬁnopéptida'se followed 8y ié%cylation of tﬁggcyg%nt alanine residue. The

2.602 - results sdggstkhat the amino terminus of teb62K antigen polyi3ptidi8s are blocked -- probably

2.088 | . 506 2.311 Som 002

1. 357 acetylates- 616 1.301 30 Som 010

g. 482 Q@s@-&(?un.e decay analysis by l?seﬁ&&orptxon mass&pﬁ&tﬁﬁﬂetry indicated that peak
.45

1. 930 65 was (Qe gglgno termmal tryptic peptldgr£ (é@glple 9). 'I'h %gngrypnc digest HPLC

8- g ?12 25 peaks which@dve rise to multiple peptﬁle?sﬁé;‘.m were alsd S¥y0entéd and provided further

conﬁrmgi'oz 2tl?at' the authentic HEV sequenced was preserved.

LC-MS. data (Example 9) established the true molecular masses of the components of
the 62-kDa doublet that was observed by Western blotting. With the elucidation of the of
‘amino termihus in”previous experiments, it was possible from ES-MS data to predict the

30 putative c.arboxyl terminal processmg steps that gave rise to the bimodally distributed *62-kDa’
specles

The predicted molecular mass of the 62-kDa protein using the codmg sequence of
residue 112 to residue 660 of the ORF-2 region is 59.1-kDa. - The protein was not found to be
glycosylated both by.p'eri(:)date oxidation and GC-MS analysis. The data presented in Example



WO 96/ 12807 : .
PCT/ USOWOL %1287 PCT30895/13703 *Som

458 0. 206 2.441 0.257 Som
Pool #3 . 2. 305 ' 22 474 2.235

-Sudan 54 2. 159 2. 717 2.310
Sudan 60 Sletdi it uhd ikdiyat e

d rred in the molectle that the deletion was t

ELI SA FOR ANT‘l'g-gﬁé?? fhap détertot occurred in the m dotion was Jikéfy
c62K ~amino or Cafml terminus. * Bor eno S89 - 0.237
(2)- i 2471 In cogxbglgt?on with the cd: Yx'r'hxghon of the amino termmus, me‘?ss%é data suggested
o: 405 that the carbgxyl 1¢&tmirgus may*WIpppgi between residues 539-540(;n®7qsldues 536-537
8 2 ég 5 (relative to t'.hglp %cted 62-kda pﬁ%g%&ence). Automated .carboxg. %rgt@.nal.sequencmg
0.223 validated the Qarb@dyl terminal protdsEi@ 8fthe protein and firmly estalglish@tiresidues 539-
0. 892 0. 147 ¥ . NS a .
o 53 540 (2 9 amirly g5 carhoxy termird8&8n; e.¢., SEQ ID NO:25 anf} SEID NO:26) and
2.598 - 524-525 (a 230ankifid acid carboxy SermirGl deletion; e. g.,.SEQ ID NO:27 a3 8EQ ID NO:28)
g' gé? as the carboxg t%%f/)m of the 58. 1§§5n’%‘ %@?6 5-kDa proteins respectiv%lyg%cordingly, the
2.560 10 original 62K Antife8 isolated fromdnsedA@lls is composed of these two feidied polypeptide
2.463 specie 0. 863 20 Som 443 0. 411
1. 106 pecies-  0.392 - *Som 458 - 0.279 q
1.525 Thus thedrtended protein w&)éxpﬂs@ki attiigh levels and purifiedto@ééater than 95%
g gg; purity, althou]gh % Abparent carbgﬁxdgwl%processmg was not antrcr@teggé'hls processing
0.529 did not appea® ta!ibferfébe with the ability of tﬁbtpﬁgﬁh e sertd a5 dneeffettive zﬂiﬂgﬂnﬁrr at ed

| mor ovel? ueRATpIEhkdestincoraiaien s Fared |, fesamoln s TE el s gk rbedhpmrsianm

structural isipiovedvhritigeh in wncgﬁﬂwn tarbaa&?diei;ﬁssagnmﬁwhsby HEV diagfiostiemkaysodi es
engender ed duri 30 ﬁ natural infection re cl ose‘_t%/ resenbl e the rt]lative
virion as opposedietgeelisat ymynogenic qropomigs of th is, ARpigen TFIS%?BP%%‘EJH’"’ e
reconbi nantabilityoéfeth® 62K hatigeh peépataEich to/elicit protbetive Zmany tegonsdsSin Prifa@s aftérC ant

o i Gl i M YL Satn FOLLBIS ! SELSid0 e PR 1

PCT/ US9%0 134&Fovirus expressed protein may contain an immunologic structure that closely résbmbles the
B. COVPARI SON OF | MV EACTI'VI TY BETWEEN C62K AND R62K

Conpar atlvéa‘EfPI‘SWsér%%S&meWH’re performed to neasure the antigenic
simlarities between these two proteins and further support the

correspondence of the r62K and c62K
8. SIZE DETERMINATION OF 62K SUBUNIT VLPS.

Gel filtration is an attractive techmque for the punﬁcanon and analytlcal characteriza-

25 tion of viral particles as it is much less time consuming than density _grad_lent ultracentrifugation -
and permits chromatographic resolution and removal of particles larger or smaller than the
desired viral particle. Sephacryl S-lOOO-Superﬁne,hés very high:porosiry which makes the
resin suitable for applications involving the separation of viral particlee, subcellular particles,
- and microsomal vesicles such as Percoll. The exclusion limits of S-1000 Superﬁne correspond

30 to particles approximately 300-400 nm in diameter. '

The absorbance profile of the Sephacryl S-1000 Superﬁne chromatography of the
purified c62K and r62K virus particles is shown in- Fig. 13. Elutlon of the ¢62K and r62K
particles corresponded to the peaks having a retention. tlmes of 95-105 minutes. This

corresponded to a particulate size ot approximately 20-30 nm in dxameter The S-1000 column



protein prepar ations In accordance with the method of Exanple 8,

eqw val ent zwgggﬁ 5 c62K and r62K proteins were used topgRaRgsP7bde
‘antigenic sintl i es bet ween these two protein preparations. 1gG
‘anti-HEV detection with niscellaneous serum sanpl es showed t hat

cleaved (c) and re-engineered (r) 62K protei2f species were conparable in

their specificity and . sensitivity to detect anti-HEV (Table 2,
bel ow) . 10 was also calibrated with three standards; two particulate, and,|gpg mgnomenc 10’ structure. |

COVPARATI VE A ‘EENW.EEX (?HJR‘LI’E§38 tound to have a retention time of approxlmz@l'ii IZerﬁlhutes
Titrations for col i

Expressed Prot diqutms B plasma dgp_\{egAuqt@ apgigen (Hgvxg)g@mcig (22 nm) were unc[ to have a

SG3- i RAdeerld o dard) had
hile b rum albumin e tein standard)

1- 1000 retentlonlt:ﬁééé%foﬁ _nnnutes while bovi ( i Sten

1: 500 5 aretentidn the©Of 132 minutes. 1 200 K. Sa

i % 880 'l%l %ggoanugens of the pr%ent]lg\féggon (mcludmg lﬁe Czténmnal 549 amino acnds

1: 2500 - encoded by HBVOORF2 relative to the 1B1¢m@(}tram varlant g[ﬂj hemejogous sequences

1: 1000

1: 1000 therewitt] Bt ygiier ly be prepared in other3 s of expressiof eyl hreferably °"°a'y°f"-’

1: 1000 systems {(e.@ > @famalian and yeast), usirgOlBe HEV genomii-ingat plasmidsabovierwith

| gM 25 ' '

Cyno 9004 10 amplificatign of the desifesﬁequences ﬁ‘éﬂ cloning into a6&§able ex%rassion vector. TheK
Chinp Rusten - codmg Seduences used in producmg the ré-edgifi@red peptides can be derivied from the cloning

f?loo vectors dfsozg% above and detalle?d 5§1eavh§ﬁ (Tam llvgl-a?3 é)ﬂf]om synthetic nﬁcle%ﬂle
1: 200 ~ synthesisniing PCR splicfig diRthd@P to join oligonucleotide fragments, according to known
nd ABTD 80

Som Pool methods,in ppilding up nucleotu?e sequeqces Such modlt:L ca‘f—_’ ions can b%ﬁ\sﬂ)égade by ke

C. SENSI {8 VioF ¥rdi¥ary kil RE &6 afNTI GEN A snal | subset of human
and non-human primate sera was: diluted and assa¥ed for

bz . | G
and I gMto define tH{fi2KapHgenspfdugeddn thig,manngsmay, %iCé?eﬂe$$gélgg§?lFl%b{EVme o4

bel ow) . DigesétiBel MEAmPRS. tEﬁétEdth‘éﬂahﬂ‘geﬁﬁﬁ‘rh pﬁlflfiécf‘ﬁcdidmgmd the amethod detailed in
bacul ovi rus expressed. antigens. The MO 9 %
PCT/ US95/ 13703 Example 6b, and plated onto wells of mlcrotltre dls es. The polypepth)eg are washe&hv_vlltg A

endpoi nt was d%idcﬂﬁg s@ﬁltlbﬂpamg 'ﬁﬁﬂtr@ﬁedddvitﬁlkér@rkn&ﬁm 36 conthil AntiHEV anyboties.t (Fhe
a positive result in.the assa Endpoi nt. titration, dat estabI|Sﬁtlle

that the r628K pnbeuad antihodies are washedgway apde sgcppd antibody copjugated toLgRePQILFE;
m nimal |y exceggdgeprdafled winhaﬁe pépuaélﬁnﬁydy&mﬁlaemRs&uEs mEPbé clR¥iREE SRECwashing

SG3 antigen. The 5et ection of anti- M was consequentially increased
25-fol d by usi rayay ganun@swwarmbgdsem dﬁ#"‘-@‘f%‘r‘ét‘ﬁ‘%ﬁ%&“t“?@“&'& i gen of choi ce.

The 62K antigen is gogl aglﬂbén's (faﬁﬂﬁlced in this manner in accordance with the mventlon, are those that
show substantlally similar immunoreactivity to HEV positive sera as does a 62K antigen having

25 the sequence of SEQ ID NO:15 produced in insect cells. Immunoreactivity is substantial

similar when the percentage of sera samples that are reactive with both antigens is, preferably,

greater than 80% more preterably greater than 90%, and even more preferably greater than

95%.

30 F. PREPARATION OF ANTIGENIC POLYPEPTIDES AND ANTIBODIES.
As descrlbed herem the 62K antigen comprises mixtures of proteins (e.g., the 58.1-
| kDa and 56 S-kDa specnes, Examples 6 and 9) or individual polypeptldes (e.g., SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27 and SEQ ID
NO:28) derived from the carboxy terminal 549 amino acids of ORF2 of HEV. One



advancenent for detecting low |l evels of antibody directed to the hepatitis

E vi r usWo 96/12807 Tabl RCTBUSIS/13703
COVPARATI VE ANTI GENI CI TY. STUDI ES 10 Cl eaved and

Re- engi neered Bacul ovi rus Expressed Pr otgi ns

ELI SA for anti-HEV I gG ' c62K

r62K ‘embodiment of & present inventiof| inEINBA ;ﬁ&ﬁ@ﬁod of @'ﬁﬂﬂ %ﬁgéne@n&ﬂﬁng two
ABTD 80 - 2.212 2.-229 0.344 15

ABTD 86 polypeptides obtained by gxpggglon of a codmg sequence uglggpct cells (Examples 4 ang 6309
MB 2/ 88 These two polypept:de@ed?n&?n carboxy terminal deletiohs Rfative to the carboxy termhal 545

Mex F387 2.664 2. 635 1.069
Som Pool amino acids of ORF2. 1 QOthey expression systems cap bggused to produce the individugl
Sudan 605 polypeptides or mixture€of pobypeptides of the resentam?eggon 1.024 20
Travel l ers ptoypelgldem C regions pep A Zp (1/100) - 1.598

1. 887 _ For egampig polynucleotige SEUIERCES gp;ggmg an antlgen or antigensof the present

i- 88g invention Lanobé)é}gned in the pl%m@% dZé/ Joggl)anous derlvatlves theileo98?fhe plasmid

1 314 pGEX (Smithg epagip, 1988) and i denaat(vg g_)qpmﬁs the polypeptlde seqyequ;y of a cloned

8 828 insert fused mdgbré%é the proteméﬁ: ﬁgﬁ?e%-% ]t_ég?érase (s126). In ong vg?ttl)gcgﬁstmctmn,
0.122 10 plasmid pGEX-His® an amino agid $4queneg gbg)histidines is introduged @ ghe carboxy

0. 062 N . Spor adi ¢ cases-acute hepatitis 30 HEP
31 terminus of o Hgiop proten. ~0.075 . 0.078 P
HEP 35 The various rec@intidaht pGEX plasmids can b@ trarsformed into appropriate §traifs7

EEE gg of E. coli and fusion pro%‘ng)ggductibn can be induced bg ﬂ%gagditioﬁ 6f IPTG (isoprop@'—tggg 35
| V. THERMMEpﬁadd?lah) CSdlutiigd recombinant fusiohihgrotein may/then rbe puciffed fromeéelli cacy
of the F o.confer ection t a heterol ogous

chal I enfe desier g0 PRt e 1Sioe Bbhion rose ypRAR S BaBpaB 0 000
6 and 9) was usdd thecnasequ&gdlatcmda;erfum proeinse(such) ae thoseproduved byﬁanﬁrdetgtlent |y
chal | enged the heter strai The r.e

i cat o iiapee el Riores e B ot iy bY Sy Ry of 6 passi coll

PCT/ US95/ 1337§ik3matenal over a solid support having surface-bound antn-ﬁ-galactosndase antibody. 33
be useful in dev ne.t o, prevent .acu ti t‘bs E.i.n
raSt

devel opi ng counﬁ g’ g’ﬁﬁ‘?f’bt%e inventigy s, An (XD f)‘?%?'é&?"?o ‘Fg ¢ iAmbda gtl 1, q5

di sease2En@GEX v duscribed above, containing seqienuesi eneddingthe polgpyaptides i the pﬁ'ésentCRFZ

|t octi on' VBRI ErcSEa ALF L7 SRR TS s 1o ARKEL PSRN s b Bol o,

and virus mppNORat/ smlmcmm of 2)hofiRlop6is Squente bifeXewithy Ia@@ixpréksioh&:ohﬂrbier
(2) detection RNA in the feces o ser rin'éq(s seroconversion to
HEV ant i boiFmses whaqvé"wq@wﬁsmgf the °°d'"E“‘§l°§§5’sae5“f‘§’%| - nERp coutrghe{pments

infection agsbedil) inlulid & Préroté Trah@itRInSinBafiet Edoh @A draMlafibiR BAtPfrhscription
25 termination sequelices, and an insertion site for introducing th_e_inée'rt'ihto the vector.

The DNA encoding the désiréd antigenic polypeptide can be cloned into ény number

of commercially available vectbrs to generate expression of the polypeptide_ in the appropriate

-hoét system. These systems include., but are not limited to, the follbwing: baculovirus

- expression (Reilly, er al.; Beames, ét al.; Pharmingen; Clontech, Palo Alto,'CA), vaccinia

30 expression (Earl, 1991; Moss, et al.), expression in bacteria (Ausubel, et al.; Clontech),

| expression in yeast (Gellissen, 1992; Romanos, 1992; G_deddel; Guthrie and Fink), expression

in mammalian cells (Clontech;. Gibco-BRL, Ground Island, NY), e. g.; Chincse hamster ovary

(CHO) cell lines (Haynes, 1983, Lau, 1984, Kaufman, 1990). Thése_ recombinant polypeptide

antigens can be expressed directly or as fusion proteins.



devi ati ons above baseline and (2) histopathol ogy conpatible with viral
hepatl tis. Wo096/12807 Experinents performed in support of tRE/PIASHENE
'invention denonstrate that animals 10 inmunized with a reconbinant capsid
‘protein derived fromthe HEV Burma strain arg pr ot ect ed from

chal lenge with wild-type vi rus of the diverg %t HEV Mexico strain. There

‘were no signif 'é%@ms¥| ﬁ@ﬁs& g@ém'[c, Paé myﬂaﬁiﬁﬁmﬁaalﬁmummn Recombmant
e

hi'st opat hol ogi ¢ evid epatoc ul ar damage in any of the
three i mmuni zed pawtemaireducmby waacingmandhGHOCesH fline rhave B‘P@E’é’ﬂ‘:”t“lgﬁr? dgiee fagmmalian
di sease in all O, IR has several E@/anfa 1@&udnﬁ'§ﬁe
three vacci nat eoqu J}'Is}s"le?'gu%éﬁ%t %%?gn aggré]fgstsmﬁE\a}sl nfectiQn g\/\g

subst anti at ed bfoﬂdvanngIQMMldef hoserasgs; i) faithful mst-ﬁmswgﬁwnaldﬂ?%ﬁ#‘%éﬁowsm& .
viral RNA in th hela otr&ﬁﬁh Ht%in§ Lhtl tﬁH/e?b ession
ant i bodi es weér e%g@rrghsr%nsﬁ? cf‘a"lt:,gﬁqtﬁ1 %draégseg"r?w@c Mr ﬁ% é )gﬂ

The partial protofcélativelyasphiblestecomtiinant proteinsy alm&‘l)cyhé'ge macetmt@ewe@alosste tf‘Pfélgn
del ayed and trawnt presence of viral RNA in the stool, may be related to
the relatively | | evel s of measurable anti-HEV ant.i bodi es.

Nevert hel ess, in the Tiegesombinaht expressed poilfypeptideaantigens are typleaibmgwed frem dysedeplls

t hat hepatltls was prev n 1 ,

al t hough conpl et% Bﬁ &"a'ia ﬂ)“#bﬂ%ﬁ?ﬁ §$§45ﬁ&m%ﬂsttb2n§ gigs\grel | n this one
ani mal . 10 A/ihgensr eistainedeby ahp‘ﬂélﬂmsoﬁneﬂmds lcai bz iusegl fontantibadiyegeneratjon,
be increased by use of hig g Cf gf antigen and/or repeated

i nocul at i ons prldba}g"?%“’é?'?ﬁﬁﬂn r’(@‘if'%qﬂﬁe?we@ tuous virus. Such 25 repeated:

i nocul ations are cur rlﬁlﬁdth’erldﬁﬂd ﬂﬁﬂnwmlmdeospeagahmﬂmdnes @lyelosatpk monoclonal)
hepatitis AV|r [

the results, dﬂ’ﬁ@%é@’éﬁ‘ﬁ‘nﬁ"eﬂ‘ﬂ aé‘itlﬁlﬁ% ﬁl’% %F H’éesﬁ"& IH‘\B.%EOUSEF r S5ApRIS By lﬁﬂ‘m

the chal I e nggen/ Fulled Bhtigeh Proteifs wiap Ok bisddfai protheingeerioolona rmnbn‘dxdleWiere the
i nfecti on and associ ated di sea

eshal d
related to the SRiseher mpherytes ﬁ@ewww'aweﬁ P’i‘ge %&ﬁ%ﬁ“ﬁnﬂ%‘ﬁﬁﬂm& t i to

characteristics gpép a&t@bﬁd&mwrﬁ%oapmvimtndsmmeedﬁmemnqaaﬂm drbk). To produce
titration study using infected animal s, , t he e>§ er&t of hepatjti

was rel ated and athE'at"l"H‘i'Y?g hybridpmge o hb‘?‘a‘A\Z’PPE‘PWP?f% selec g°'1°ﬁv@F'§@ with

related to the apdyRip e?fldésrlf?%‘é %ﬁleh?ﬁﬁbﬂ{ﬂg may serve as a suitablé [yniph6cyt@ derone Lym-
portion of the study, the resul

W th cg@ 330 su get t hat althm b
HEV i nfection wdbogytas qn &y dyplased fromea perighesslhloqds TP VIR @p e
L?ﬁ_ ’ Usgg ) 227%0 uséfQoARimotfiZe human lymphocytes or a suitable fusion partner can be used to produce
chal | enge resul thuman-derivedihybridamas.n Pemeryon visrosersitization, with yigal ép‘iﬁgic&?@'aepndes can
| atency to onset t Ml thétocloffl lah@sdidie@n. @ shortened
duration of det ggﬁgﬁgﬁfééﬁéaﬁg% tllgluax.?dl on aﬁd tr?e absence of
characteristic feat urAmibodiessreted dy thedmaiostelized cells are screened to determige fhe £lppes faat
study (Purdy et. Jau e{gme feUB¢ alifFnY BLISABr Westerd blot
HEV Burma ORF2, F&ptﬁ’aeﬁ)%g%gtr%‘sse e&?ﬁ tﬁpe)??lgredgfé \;gérjtlhabl e dezgrgfag of
protection f2§ methodsHEV infection and disease. One cyno was reported to be
fully protected again idchiks DNA
homol ogous strain wil ﬁa{lothér%c;h {ﬁth%ﬁ)trésgﬁl_%vennon ﬁﬂg%#ﬁgﬁ&b%ﬁ& H‘F’enge d(e .£., or
t he heterol ogousRNﬂ/thMaencm tbé polypepmamlgeﬂswf}ﬂwrmeﬁhﬂ ipveptiot.ect ed. Alt hough

one i nmuni zed cyno appeared to be protected fromhepatitis, the
ani mal had evidence of viral antigen in the 10 liver and viral RNA in the
stool after heterol ogeUSYWrHEFC PRODUCAON ©FFEV PEPTIDES The data

described in_the present ecificati pn efinitiv -
first time 39 the fléélgii'ﬂg'i' fa & erocfﬁ BbPWS“cé'hg %%p %pf&d Jéés?/lgb?gla&gef h%b?idw of
hepatitis E capajplis abfut ﬁﬁ?\amdimnde lirDEﬁgth may be prodluesdtby@zonventiortahsolidipbase synthesis
di ver gent HEV strains iso

d d ch
549 am no aci ds ‘E‘B‘E‘Eﬂdéss% ?FWF%@ ggﬂ(ﬁ" o act éslt?iﬁ lfdégg% %T gep{fr#]eérpé&gg thns

am no acids 15 g R;Eéoweﬂtlytmﬂte&érdim@&dndb%pmemtobqugmes(ohimetm aaiwould
1991; Huang, et a 92) and no nore than am no aci d changes

bet ween t he nor dedpmmed) forrexpmpleregmbinantiyyin ﬁ&‘s'%rﬂﬁme'“ Paki stan strains
(Tsarev, et al., 1992). .




V. HEV SPECI FI C PEPTI DE ANTI GENS FOR HEV ASSAYS 20 Thi s
sect i onwessaesdres t he pepti de antigens which are enpl oyedrdmudosgsmssay kit

and assay nethod described in Section VI bel ow. _ In
accordance with the invention, HEV antigens, characterized as useful for
di agnosi s of HEV herein, include t 62K (B) or (M antigen consisting

of , for exanpl eyy@an L BR b teTHop S€duence sel ected fromthe group
consi sting of Ség?l Dqﬁel 1%?"}(E SEQ ID NO 16, SEQID 25 NO 25 / SEQ ID NO 26

and SEQ | D NO 271n 4 rebiedl aspechicheipyensipn is dirseted 9ponethagdeof diagpesing individpals witht h.
The 62K anty efe o | I | indiRGRPFP1 Nant
ORF2 deri V?F’Sp‘é elxlr‘#s)@em&t&ﬂ a pgg{?%eg?g,ﬁe%?gﬁgggbaﬁéyhgat%?i(r:é%uglé?Pﬁs‘m{p')‘?ot ease.
Al t er nat i ve¢rymtfhethe preseig2 iif anti-HE¥rantibgdidse r e- engi neered and expressed in a-
recombi gant expression system Re- engi neered 62K antigen or "r62K"
preferably contains a nmethionine at the Nterm nus and is 30 preferably
produced by a basul oUMMINORRACTEGTY OF HEEY ANTIGENSan i nsect cel | . :

The 62K antigen Y ﬁ&t\,h AR ] I f the
capsid pr o 8%‘91&%&%%?{30%%@0 edg?}&g{i)%gﬁ Jrc‘ééégl ngr&?{haarré%%?rag ‘atl vng to
Bur ma st r asawplesTis éndpagualsdmown to besinfectge with dEV are tested forr their abilityas bindbed i n
|§(ca§'; Iugg 5} llg%g%Xt?ge%QdAlssgysE%g%{bgd)ﬂar\llt\@e& g‘m&% Lr%%eﬂ known in.t¥|\9 aﬁ?ﬁiﬁo%@gs). _

St udi eslOc oBdlitspiase assaysyigebas edymedinkal issmmbsorbent adsay (ELISAY bindiag dssaysoare,,
denonstrate_t.hat - the 62K .antigen is eci.fic.for HEV,. i.e. 62

I mmunor eac{’ghﬁx'ﬁ?rw Q‘H?P]Bot}é’i' gfasBpg% é‘ﬂ@’%‘l"r"?@g anélge"cb%‘ﬁ{'ﬁh ?P{”Hﬁal{sn‘f‘%‘lc&d '
i ndi vi dll:al Sarriaﬂ”lﬁjt&ndllii‘@edir oomipetitive bildingbsag fdrmialc f\lnmaiéiebmgetmra the témﬁeprt]ide

may pick u 0 al se positives; i.. non-i.n t I ndi vidual s.. ..The 62K
o i ben et Bis soul Bhase. VB ot HGEY AR s5G rRepdds 56d Piosfee of
HEV can beh@mihedmtibody 10 theppri@sisimeanired] for example)iiinahe method of BkdnipldEV

DF ot 31 ar Al Y TS e o i B B Pt 558 o bo
PCT/ USO3/ Offalfed By areSDS-PAGE) vt biBTmdynbeiised ito dedimid® pindingtof alie peptide

PCT/ US93/ 00459, ;i I g‘gs 15 Jan 1993; PCT ‘nt ernational Application

PCT/ US91/ 0BOSEgn of the dupiopprowinag a;seruimeapleyrg 1/ 15603, publ i shed 17 Cct ober

1991). These pepgidnee50d. PR(MPaidt408{4-2(V) were shdWneBestode T@inbractid pBptideed i n
assays in copbiination with the rst antjgen

C .the 62K antigens. AT

in the grofFTodnternationgl, Applicaton & Tévg%sé&)ﬂévﬁl?@pﬁ dan éﬂ?q;géﬁg Iptgriational
the epibopRphiRaic BOTAUS3A065- #idd) 13enhh deod3SERCTD ieknbldnal OApplidtion
406. 4-2(M ge}ot | de (SEQ I D NO 203}’ Al so_contenpl at ed are p%l de
anti gens cBRTAIS1{03368,cfiledhix HpEl 1189 e ¥ QR}/ 15603, oppblishied 517, Qotpbet dP¥ldc e In
honol OQOUSchihﬁln%Fstuéiés wiith @hé3a Ipkptide® Biid i@ Rhal¥g@' fréth iR BiaiaVRAh, SER HEV-
NO 19 and SEQ ID NG 20. This first peptide antigen is derived fromthe
car boxyl tRsitivadigman sera (from fie gifisteat spidemicshcReptide 400Sn2 (M) arfs AmpRareAStive | A
‘second pep&,m%iﬁﬁ%f QS PenC AR Mestdd) Pefiide (408 R-2(M) was Gffafloradctive SvithOfineof ( B)

peptide (SEQ I'D NO 23) or the 406. 3-2 peptide (SEQ I D NG, 24). Al so
cont enpBb at devensamplevtestad, andheptides 406.3 and 064t waee impaynoreagtiveavith ng
the 20 epj : o, s ] ' | ' .
nt or nal |y LaRSr R lbles By BOUR 01 herGAURODEAITY OO 1h PRI,
12, A t hi ref eypgriments laadingfortheaboverresytsimay be founddp Exapple flo RepdeaptigensS@G3 ( B)
peptide ( LD Yhs . el t.i . Al
cont enpl atsgg %@%#%r%%%é@ﬁae anM’ eggﬁtn é}r‘%&%‘e%? e@{éﬁ?ﬁer&‘é‘ﬁ@%%{’lﬁ%ﬁﬁg t he
epi t ope f oPGBESEG/0047 5 filedol Salan d 9%k PEEhinterimtiond! dpplicatinn PRTAISHOMH, diledl | y
consi sr3§nt lfﬁ”‘ lé i ation between SEQ ID NO 17 and SEQ I D NO 18. These
second”and I'r a%)épt i de antigens are derived fromthe carboxyl -
t erm nus of t helnctpspresepr dtventione ne esadatd theoptigenicigydiofig purifiedf ¢c6@Kepm@teir-i gur e

Uhe ‘Sequer®E e draDRoaiay ayes e Wkl oBFF o Bl Rt b o "

Met-hods f ogonvalescent phase sera taken during various hepatitis E epidemics. Sera were tested by ELISA

for IgG and IgM antibodies to HEV accord'ing to the method of Example 8. Three antigens



obtaining the confirmatory peptides are described above and detailed in the
fol | ow ng 30 vex 9411865 - I n accordance with the presepiyuses/13703

i nvention, reactivity of antibodies in a serum sanple taken from an

i ndi vi dual suspected of being infected with a causative agent of hepatitis
to a 62K antlgen is a reliable method f 029 di agn05| ng the causative

g%?—?bsgg / T§\7/03A| tro ngle %%traglvé) capsid protein 0%61![!}3 were used: (1) SG3, 327 3“3180 acids of

the present i nveoRFmrosecn FDQIOM 7S dxphedsed B E%anm (PETKI, 666 aneRtacids oemnmr(srsqqm

th a 62K ant h th ty.and rel | f
B agnosti6 ot hoNOud ermreenl Baepns: a9 Goak, Sib i idf Ry 14 1B b5

Thi s section desgrbédagd u;sae&cgt,v,mq,r@eﬁ,mgyn c peptides and proteins of the
i nvention as - diagnostic reagents for_diagnosi ngg ﬁat itis E viral

infection and®in vaccPfemc-Bmplss;were fony gonfirmed an%,s gpatifis Eneases Hy gpdemic
frominfection WekidndEXs stiown in Table 1 below the c62@|pﬁ@m1b1@ssw-[m1ﬁiﬂ& tedcred

10 Three basjc types of di agnostlc appl i cations of the antigens
will be descri betaeasqrneleﬁw@siy to HEV ip several pedigrieed spsripiens f5om geute hepatitis E cases that

conpl enent - medi ajgfly havd g&?ﬁ%a&@& @ﬁé}{  udiig 8GY St &yt HEY ﬁli_l[%!\:/rg%essed in E| Bt

this nmethod, serumfroma test s reacted with I nfecte
cultured human (Y arbouzieb%%bcwqun ﬂtahteSfpd pasitivecto onlydhnefi2Knantigen arp denoted by an

presence of @@bty 'af*?ﬁ%,“anp% 0 BEBIGIHE /AP OEGH samples (19% F&Hd s oiBody BRsiliviAftiglely

for exanpl e, | Ue dye ex usl on. ere ce
observed, the spedi thee s62K pmtemheFturigM aEHEW! Wd&dyrufrbsampm (BEK%) seorédgasrantibody
denonstrated by r a

mxing the ser uhCoiruniguly W ht DK fE:hE Wbl el G LD Ot Wpachld e e
Ant i body speci f |aotltHEV detecteld by thedSE3/ protaini bs therit3Kaprottor wersgust ibelogethe threshiokl of
The method ? ?tBﬁ used to quantitate the antibody titre in the-
anal yte serum by ing the serum wi th increasing anounts of

anti gen concbﬁtratlon where a not| ceabl e ef.fect on the extent 20 of cell

lysis is first o .
oassay. In this nethod, a 'Etdﬂﬂl hase reagent havi ng

sol i d- phase i mu
surface-bound anfigen is reactCO@MBARAEIVE W‘G@Nmﬁﬁﬁémlﬁndl tions
hody bi ndi ng .t oE+ ¢l and: Bagulevisns Expressed Peofeins Af t er washi ng

whi ch all ow anti
@ﬁg f&rum conponents, the reagent iIs react eni
~t-o—bind reportertothe

env

f
)
|

the reagent to
with reporter-| ajpe

reagent in pIoOpPoO tion to t he arount cg(;j)ound hnt | - HegZK ant i bodmmn -t he
solid support. € TEagent S gquar T wasmed—t o T enove _unbounyTateted
ant-i body, and HJLBQWB 90f regorter 9898oci at d_wi th3the redgent 177 “
determ ned. Typi as lin the system flescri I n BExanpl e t he
reporter is a%p %lvll'y3\nhj_ch 4-S dﬂf@ﬂﬁﬁxh\l i nEu Loat-i Ag 1 EE chJJS7ﬁ
reagent in the pf &vence of a su t abl ¢, 2317uor onetric naigal or| netri ¢.247
substrate. 30 . WeVEr T adr o gbet—arnd—ot her—epor T er s Tay osed:
After reacti ng th&EVE28 vt e ser dm wi t B-39%e sol | d- phak35bound lant i g8¥7hnd
washing to t he unbqund s conppnent s ne may alte Ively
use the antlgen " %‘@/ -Hoee14 3;951\”” as—a—ld-gﬁeeu-ea:—nea-ggﬁ——
i nstead of using| EVHasL i - human. anti bodyn as a [eportra74red atjor.  0.494
“ MB0283 2.602 2.7 2.558 II
|| MBO288 2.088 2.506 2.311 I
" Som 002 1.357 2.616 ~ 1.301
30 | somo010 2.489 2.617 2.588
Som 032 '2.456 2.503 2.351
| som 0s5 1.930 2.386 1.539
| *som 428 0.284 1.687 0.312
| *som 443 0.246 0.727 0337 |
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. The conpetitive assay takes advantage of antibody bival ency. The sane
i ment of the solid-phase assay as -
NUItlpIe anti gens may be used in

reporters may be used
was descri bed above

in this enb

actr—of

conjunctio ' e pEssays esm-r'bvdﬂ'bvve—“ I n
addition, rlp38amdh8to each anti 6886 may be di std-4ui shed. For0@8R&nple,|in 5
t he soli d- se .As des¢ri bed ve, tmwo or 4 di ffer ent I gensj| may" |
be bound t Sm por A i.as-e AL ?Zgiimn 0
each anti gehsiduy sae quant |t at edy ysparate] y 2.717 Al t er nat i velsyp antifpens

| abel ed wit

the s&R64 suppErt 2.541

which are i nSedan$6r sed on _Th2.48%1id durface
r eagent b epared by known technlques for 10
at t achi ﬁg ﬁm él&' S LB OB B - C
-beads, dipl{sticks, or f| | 563 rraterl al . TdagKe attclchnent731(et hodg|
general ly i - of—the Proterm to thy
support or CMPMS%ttacment @231 he priot ei n2-337pi cal I}y thr@&ﬁ% a_frlee
anm ne ?(,g to a chem cal6 eactijve gr on the. such
as an acti |(je-ed—carboxy- -0y -t e e —gf
The third ceﬂevnluassay t/pe |soa9hom)geneous oxpsay, iff
binding to Sol T d SPUpPpPOTt_produces sone cnange T
nmedi um OKnQ\NrF‘Héﬂéral types of 0977 honngeneo®@s318ssays lof or
i nclude: (q)«spinyl abel ed reporéﬁgs whdr e antolgsdy n@hﬁg to the
anti gen i s [[deteeted—by—a—fharge—+A—reperter = 2 e
- spin PFVHt3IINg peaks); (b)obzmorescent remeters s
det ect ed bm a cha ge I 1| Uorescence 20 eTT|C|ency (¢ enz e report ers,
where anti flotB®&di ng effects ne/ subst r a0 ?ntera,tions.- and (d)
| i posone-b orters, | wher idi ng |l eads gt4acl i posPne | yshen and flel ease
of en g?gu a-ee—epo {er.eol‘ﬁ%sn'adapticn of j?gCSC a3 2marcy: G.

antigens o Sdneom esent iphvent i®508 flol | on@.598nvent onal ore8ihods fllor
preparatio geENeouf assay_reagents. » I'n eacn of (ffe
three gene 350%9 ys desc |hpdaaa/#‘ﬁ/9 it He aqquxﬁzﬁpt hadli nvol Y8 reactl ng 25
the serum fireym 833 est ind| vi dugjsmi th the ant Q%Iil _ and exammg-p;g the

anti gen foff~t+he—presence ' of—botmd HLluuuy Fr—tire—ftr-st—assay—t he
exam ni ng {lsScofiE by obsefvi ng k.32 decr dase i 8.560 ant i bodyL.28%di at e

cytol ysis, en e antibpdy 1s nd tq the gntygen. | n the ['1 d- pljase
assay, . the"'\:,ag’ﬂ?n“'}-ﬁ ng Lovol ves .q]r i)gr-'jhi ng ia | ah I% anti hurmrpgégri hod (or

| abel edganyli §@niqd O he anjipody bdi ng exaggned, pnd mepgey i ng the
anount of ' : ssay

type, the k‘éSn’rm‘iSﬁg i s donhe 'by BB®er ving t he éfiﬂéct of | anti wa bi ndifing

on a honog ou s ay repgent. WO |96/ 128Q7.,

B. - VACC I\ﬁdQ@EOSI TI ONS AND gV3pHODS 2,652 1| PRERyGRNTI ON

VACCI NE ) Therecomhrarnt—or] tigens
descri bed §iFfodan 69 e i ncorpor at €d3%nt o a 0538ci ne fo

accordnslg
5 anti gens.,

(T €5,
I n one conposit

0 enhance Tne anflgen|C|'y

t he HEV ant:i gen i s coval ent | y

i on,

coupl ed to a capnégihePther@ulls démbabirated that tﬁ&sekﬁahgd aad Ispmty oeieaMaywas and

i njected either
Al ternatnﬁéﬂ“}ﬁc

protein, td@ctural deterdifiml
protein.

I n_solution formor

agihe improed psing £H2K g8 an;j antigens porres %lsp%hssrvamonaswgﬁt&) at

HpYestht o%tcxzmecbaﬁze@rmm.mmtms&xseen@&duw ddhg | er

10 The derivatized or fusion protéin is carried

I n C

onbi

ination with..a

adj uvant .

In a

phar mad@ut4 ragralintestionymers| ctosely resemple the pative yirion as oppasedstg| the basuloyirus Blan

adj uvant,

2H B cAPexp YR TED bkt Proteins. Taken collectively, the 62K antigen is a S|gn|ﬁcant

advancement for detec.tmg low levels of antibody dlrected to the hepatms E virus.



Alternatively, the free antigen itself, e.g., the HEV 62K anti gen, nmay be
formul at ed WO%I*ﬁO‘fal umor used wt hout adjuvant. A suitable g&mg%%;

vacci neé has a preterred antigen : concentration of about 1

antigen/ng alum and not to exceed 80 ng of alum per injection. 15

2. ANTI GEN VACCI NE METHOD. In a 3kl ated aspect, the invention
is directed to a nethod of inhibiting_infection of an |nd|V|duaI by
hepatitis E virus, byBadm GFOMPARISQY "%JWOEWT&"F" BETWEEN €4%Kc AN R62K
Injection, e.g., CbMpar@V4SELISA! alysi WhrbPeBOAHR! toNmR&suteOthe dnfifenic SiiiRfities

conposi tion of the invention. Preferred 20 vaccine conpositions, for use

in the method arRetvergcthesetwainretring aad fyrther sunpgetthe meémettcﬁé’f the 162Ko adeFRZK
in the peptides %&l@m Ebﬁe‘)ﬁﬁno@ﬁ{ Iﬁﬁondiané\évalﬁue methdd & Bkdmble SSEéQNaQnNﬁlglﬁxts of
SEQ | D NGO 2 NO 27 and SEQ ID NO 28 with or w thout an am no
terninal met hfonfé3K an rGZEmOtwawe@gwé t% awasurrcthe aptigenis,gimfarities jhatwaen thesentwo
vaccine conposi t;&r@i&nd FrefirioRl afydfarnn-HEv AL il il ebRI 4R SAHPI shbwél that
series of inoculations, exa two to three injections 25 'each given
at four week intdeayed &) and re-engmeered @® GIIGPWWG%\S%@@MM%@ their spepificity and
conposition are | 1 effective anount.
Such dosages ar eégﬁﬂt' fﬁ)% dnﬂ y\g?ﬁ geg?bte!t Q’? exanpl e, based on clini cal
trial data. Exenplary dosage ran es for the vaccine conposition are about
0.05 pg to 1 pu,
may contain Psi
derived fromthe
In addition, suc
ant i geni ¢ pol ype

p y Py
gle 62K anti gen 30 rrul {ipl e poI ypepti des
549 anino aci ey, ESof HEV ORF2.
62K anti gens naF'H@'EbWBT‘H’é’Hs W"tlﬁ cotipag knovvn HEV
des for vacci ne Bagulayirss Expressed Proteis) 96/ 12507
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The 62K anti gen I?,I;EA R ‘.&EH:IEY I'F,g' eset—i-Ry-eht--er—ray—Be—rdseH—t-o——
pr event 15 epffdem cs and spdrs(dac cases of [regmatiti s E in el opi ng
countries, (ii) Protecr_pregnamnt WOEN ﬁ TTSK. TN dl sgase._endem ¢
regions, and (ii[)Cyse e protjebi9®¥h to trave I1F to thosd 1300  egions

(}P‘WP\Bs‘é‘knerl nBf®% described IW99%in can b hg% to

i mal i muni on regi e the 62K gn n
frﬁi As d| sﬁgﬁééoed above, \?A 2K anti ge 5@ t he

an I~ o ~d colna nr anar . at 1 on zi: hr\r
o o oagctT™ Il* VOL‘U\JI_TIV Ao SAS LA = A = <

tMek 387ai nst thel :p800y pept | de antlmms of the nrw(ment

i nvention can be|l ®adsh 60or passifvR100@munot her apy:5000 passi ve | 1:500

i mmunopr ophyl axi . ABYD 8podi es | 1:1000di rect ed agep5080 the ant|i peos of the
present inventio s@a;npd@e adm nilst: moed in anmouhtigseegni | ar 10 | 1:20¢ hose used
for other therapttl T agm T StT AT ONs o1 antt pbody. For_exanpt €, poor ed

The in vitro and
determne the 5
preparation.

present inventio
ant i bodi es g2her

ganmma gl obul {ELISA EORANEHEXJeM 0.02-0.1 m /I b body weight during |
the early i bagi on of other viral diseg such as r4g measl| es
and hepat | t P?JB H ind _‘i(_;;e_s_{_ahl H dnrm 1&2@\1: | rL'F -v-u b’ﬁfsl Nr-v.. T!‘\LLC

anti bodi es react} \Gyne00t4 t he 62

al one or i Nt Chimhp RAsterON Wi
infected with H

kadant i gens can| ke passively gdud ni st er ed
tdd anot her ant|41Mi00& agent tjonda host
: 1 TNe Nnost 10 [deal Wi thne

i nf ection. K.Sa  The usdftfl ness and ef i1t299 of the db¥le describe
t herapeutic net hpds Z%an _be ) vated in Vil2P80 using tHeMkel | systens
descri bed abﬂye %‘11 Vi vo,’ sddng t he ani ma l%ﬁlel SYsi£ M describ
above. 20 ana%he f ol I cvadng exanpl es, \ﬂﬁ‘ll ch illustrgtg various
nmet hods and con in the i nventiop 566(53mtendec"fioiIIustrat

sc 2] of the

but not limt th
00! -

Som

it i on. 15000 | nd
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C.  SENSITIVITY OF THE R62K ANTIGEN-

A small subset of human and non-human primate sera was diluted and assayed for ant_i-
HEV IgG and IgM to define the sensitivity of the 162K protein preparation (Table 3, below).

Diluted sera was tested with each of the E. coli and baculovirus expressed antigens. The



MATERI ALS Enzynmes: DNAse | and al kali ne phosphat ase were .

obt ai neWof9sga8Boehr i nger Mannhei m 25 Bi ocheni cal s ( BVB, RGRNSRAPEBI s, | N);
EcoRlI, EcoRl nethylase, DNA |igase, and DNA Pol ynmerase |, from New
Engl and Bi ol abs (NEB, Beverly MA); and se A was obt ai ned fromSigna .
(St. Louis, M. O her reagents: EcoRl |inkers were obtained
from NEB; @E@Sﬂbﬁcfp@mp{vhkedéfﬁ&f RGN dridfist dllutloﬁ UBEE}a t}lﬁrsmlféﬁi%uﬂed?i%dﬂftﬂe gesuiedol yl

phosphate (BCIP), br ono- 4- chl oro- 3-i ndol ctopyranosi de
(Xgal ), p-Ae ﬂlﬁ@fﬂqbnﬁndm§mwbdatw&bl%ﬁ%9we f@@{%ﬁ%@%ﬂ aa’é%ﬁf,?%%‘&? de

(I PTG wver goroRtidENe dgd R mmifdly excebdd 5SHOIM tRSIfth burrenflgl useanEl Oatikprdssed
| abeling kits are avai | abl’efrom Boehri-nger- Mannhei m Bi. ochem cal (BWMB

| ndi anapol S&3 aptigen. The detection of antcHEY) Ight wakropsegnentially,ncrgaseq gp-dol gll,?bf NSIBg
pBl uescr ph{eexrﬁﬂ( ﬂrgéﬁg prePﬁ'Qtl&easot%adnﬂEéﬁl bt &i%ice. TheobIRaAGEMNCIsE 6 mBant

Systens (La Jo G=X[err] expression vector can be obtained

from - wdyao@mensioy detectmg low levels of antibody directed to the hepatms E virus.
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Phar maci a (jReseataumby—iit—=andt=ihe—obulacti=san—iye—aitarret—Ffrom

I nvi trogen |( San Di ego, : CA) . Table3 - . | munodi agnost I C Test Kits

for Hepatitlis A Virus (HROMPARATIVE ANBIGENICITYHSFUDIES Hepatitig C
Virus (IgCV)j, are avacicabécardd Réerd¥ih@idd Bicalbviras ERpreistd Pobteingar k, 1L, [USA).
5 I mmunodi gnostlc Test Kits f%[ﬁﬂ&tﬁﬁﬁ-ﬂﬁ]ﬁ(}us (HEV) are avail alfl e

from Genel & Prarg J?l-rts—USﬁr'('Renguu u%% DEAE
EMD 650(S) [was obtai ned ff{om E. c®@¥ ck Separ at ié (Darjnstadt 73@erman ) . ‘

Sephacryl (1:00 and S-1000 xvere obt al ned from Phar maci a Bi ot ech
( Pi scat awayj, _W@"n en d—_HQ hr onpt-aak-ah e Ma-pie
obt ai ned froKBTBeg()S_ept i vel Bi osyzstzezrs 10 (Can‘atzzgge

I ngr edignt
purified o
dat a

ABTD ot ai ned|from AKRESCO (|Sol on2.398) and}| ing were
MBMRErs 650E chronzmg);graph wor kqtasti on ( Iforaj724VA) wifit h
MRRRAFSEENt proyided HgedM | | enni um 20688 sof t hare (iVoéd ord, [MA).

EXAMPLE 1 {1§om Pool ' 1.679 epar at i SG3
Ant i gens Sudan 60 A . PRGOS ON Q)

A pBET1 pl t99ta)—was dirgested Wt OR O Teregse the
i nsert 20 mveummenpﬂmw Fegipnsr om t he | i nearized plasmid by gel ‘

el ect ropho eg purified f nt - wgSgeguspendled i tandgrd

di gest buf ffe 6‘ ris HC1, pihdy 5 L |mo/n | 0 IOnMZO 2) td a
concentrati oﬁ t 1 g/ m dpgh di gesit ed Wlf | at

t-enper at ur (” abouy 5 m s. These I‘qaﬁﬁl on CJnd|t|6) wer e
det er mped |if S o] or cali-br st udy, ‘ogp" Whi ¢h theyy ubatlon
tinme r&ﬁ ey 6 uce predo tly 100-30 sepaif fra was
determned ; ial yas exitacted with p | / chl ¢r of or fore

et hanol prdcT g tion. ] : The /f nment$ in t%“#ﬁ est

m xt ure \Ilave 3 5%(19(1 and 1 i 9$§ad wi tih Frnlgr ignl(ert’~ hegl adlul t ant

fragments g&ﬁ&@ld@qtmgh@&mrophorem s (5-10V/cm on 1.2% agarosqg gel,
usi ng Phi Xi4Haett—are—tanbderHrmdtH—srzemar kersT— e 100300~ p
fracti 3@ wasHEP®ted bnto NAABL strips (Sc@®Scher and SchOE |, Kdene,

“ NH), whi ch |wHER 35hen pl aced i nt@541 5 ni 920t ube$ wi t HO-8Fut i ng
solution (¥ NER#@ , 50 nm\ argi n0.688 pH 9.0), &90i ncubat ed a@%ﬁ?[err] C 30
for 30-60 rfi HBP@8. The el lited DNO8%vas pHenol / @H83r of or n ext r&ed and t hen

preci pi t at ed Wt LWO VOl UnEs 01 el nanor. 1ne perlet was resuspended
in 20 ms TE (0. p¢. M TikeRakienc RbbLicaTions.5. 0.001 M EDTA). -

The in_vivo immunogenic efficacy of the 0RF2 62K ar;tlg_en to confer protection

against a heterologous challenge was investigated (Example 11). The r62K antigen (Examples
4, 6 and 9) was used to incoculate cynomolgus macaques that were subsequently challenged

with the heterologous HEV Mexico strain. The results indicate that this candidate antigen may
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B. ©~  CLONING I N AN EXPRESSI ON. VECTOR. Lanbda gt 11 phage
vector (Huynh) was obtained from Pr onega Biotgc (Madi son, W). Thi s

cl oni ng vector has a un| que EcoRl cl oni ng 5| t® 53 base pairs upstreamfrom

t he beta- - transl ation t
fragments from a o\'f§ g gng Avaceg W&revﬁl acu{i Rep: Lrt%%dlélod& ?’?‘I&pm a{]unmegsan %Fo
after anplificat pmmdebrcniaﬁén foraraeellers toalieaseckndemio regitms EcoRl site by

m xing 0.5-1.0 ug EcoRl - cIe ved tl 1 OS@ #the aboy
fragnents, 0.5 uF é’f & ﬂosbfﬂﬂf é’?e g‘gg\fg K péotgmlﬁroﬁ%?:tggggau(sédﬂbsequem
units), and di Stlidtéreldgmt\elldtm BEV|infedtiva and diseaseX t Acceptedi Sriteria fomevidence of HEV

i gh 4] 4 A f.ol, ' ) kagj o,
Oy ernacht 2 3LGHS el oyt 1 JEESEE AEY GREE UMY ) deeion
Eac kagﬁ/g phage \Aa’rw%ulsmde\Alimthe BéceCdr serunt; qB) sefdcomiersidfiMd IPEV @Mb%dylﬁﬁls\l{ﬁl\geg Orméaatitis .
evin ore,. al Q fo ternativel straln
avai | abl e from t%@'sease is defioed esgﬁﬁﬁ‘yﬁl'éﬂ&mapﬁw el 1@&&#@(’%@%@?&% standapd

be used. The i nfg&iaBonstideiEhdsainéRne (2) histopathdlogy camnshtiblRowitiewitdl haphtitis.ol oni es
were checked for | oss_of beta-gal actgsi dase activity-(clear pl agues)

in the presence of X-EsRerimentspeciormed in synpost of she pregsat inventiop Idﬁ’ﬂﬂ'g“é@s%%’ animals
nethod 15 (MaNiignhuhized ARA YirecomBingit chiifl fRORBRARYATEIMSthE AEVEBLrnd S§aift hre pr%ected

bet a- gal act osi dase enzyne activity - (recombi nant s
SCREENI NG FOR HEftorRe QKK Wildcyps Kiges of the divergent HEMEMexign stsgias (Bigre were no

anti serum was ohfighfiat EePmoRatd ﬁvﬁrsenhﬂfx&%ﬁdn(ﬂlifsioﬁﬁhdeﬁb' wiksd &P hEpatocellular
out breaks in |\/EXI co, Borneo, Pakistan,” Somalia, and Burhma. The sera were

i mrunor eac- dapmagesin giny |9f tUse thyee immynizedl anigalsi \aseingtios thus sopfered protestion against

other patients Vjjeheh B&inihdnszed with r62K. A lawn of E. coli KM92
cells infected w i Ese gout err| pfu 8”' he phage stock from above

was prepar edl%n a 1SG’QﬁWpIQ§ttbe thoes vaq@mseﬂ: ‘animals nfull pretgctionagaing- HBV Hofgetipnawas
37C. The ;. %Yiﬂs:%@ﬁt'gﬁv? 'Eﬂe%%ﬂ $tﬂne3§xgbﬁlé ofes 'ahl# ?ﬁﬁﬂéh & or viraRNAYn the stool.

transfer of express reconbl nant prot el rom-t e pl agues to the
paper. The pl at duather, fn thesetwownimals neluvatizing Mibq&mvnrngemonstratﬁmrbeppsew(ﬁxgmple

Pt {11 PR 955 mhe g ik g BB MBS

with A B (TBST lsefajyext andi ttdnsn&nt%geﬂcatof miral ROGA live the atpal, mayrbe TEISE to the relatively low

1215 i 1 pt ot 'Oy oFpeBbocfrt AR (it G Salied steriribanry

w th enzynme- | abehaggesnit updmarsamat hepanmtvad)pttyerttai by timmbnigdtien| witte Ihedr62Kt vdocids;
at filter sites nt ai ni ng prptides. recqagni zed antiserum After
2 {1 nal “washi ng AtboHeR PPt TrRlecdsB it fRAS0E s st dn mERRA AT i i ng

33 m  NBT (50 nowhén mguieed, mhlstdfmautmmganmma:eatmas@e intreasdd by tuse d6higher
BCI P (50 mg/ M stoc t ined at 4C) in 5 md.qf alkaline, -
phosphat ase buf fdgf%(of@bﬂ&?maﬁé/f’g repgat HoRs prior 10 ltgggel\z%p%wmous virus. Such

PCT/ US95/ 137883 repeated inoculations are currently used for vaccination against, for example,4ipatitis A virus
" (HAV) and hepatitis B virus (HBV). |
Both the results, in the vaccinated animals and in the animals used to titrate the
| challenge inoculum virus, support that the development of HEV infection and associated disease
" are dependent on a threshold effect related to the amount of the inoculum and the presence and
30 characteristics of a pte-existihg specific immune response. In the titration study using HEV
infected animals, the extent of hepatitis was related and the timing to onset of ALT elevations
was inversely related to the amount of ino‘cul.um received.
" In the vaccine portion of the study, the results with cyno 9330 suggest that although

HEV infection was not prevented, the presence of HEV specific immunity at the time of



NaCl, 5 mM MgCl12). Purple col or appeared at points of peptide production,
as recolu 9612847 the anti serum D. PCHUSBHBING
PLATI NG. 5 The areas of peptide production determned in the
previ ous step were replated at about - 100-200 pfu on an 82 mm pl ate.
The above steps, beginning with a 15-18 Thour incubati on, t hr ough
NBT- BCl P deygh&igBFidhired\ifeh ﬁm&@dqﬁ?et:ﬁ& chBraBtedRH bS'QdBL%Gll'ﬁe&wd én\éetrahaaé‘ctable _

secret i ng an antigen capabl e of reactin EV anti body.

i denti fi ed Yifuscfgelicatien.ca sharteaed durgtion of de'é‘F‘@h'%d"?‘n"ﬁBH'é?é‘@“ tand fthe absenes of | s,
P. 443).  18aracteristic featti¥as SHREVARGR I iséale. e € sel ected are the 406. 3-2 and’
406. 4- 2 cl ones whose sequences are set forth above. These sequences
were isol ated friom previgupstdy @urdymrgaalli 1993) ymmumzatwae\rlith/edrumm ersiemefn

Mexi co HEV ﬁt@%::ﬁ?%%ﬁ?ﬂ E€2! %E]ués@&:h.h%: Bl Wi 6‘2&% : eésrbftpl?(lgé?tlon for
section, polypeptides exp essed by these clones have e tes

i munor eactHEVtu;teQalganandsqhsease Onezyniwhscnepasted d@o bef @lllenmthaaamﬁwmsfemme
sera obtai rﬁg héﬁaﬂm §@é{rh8$31[og§fﬁ%ﬂgﬁt\p )P +hqllen ggwever annﬁﬁa%%ﬂ%eh i abI €

4 bel ow, 9 sera I nmunoreac exptesse
406. 4- 2, arthe &tereloaousrﬂiimMesu:otseainwemorpy)pgrpdbt prdtsctedcpAkbmxgﬂ olny 1m:tmmzhﬂ6 3-2

cl one. c a Tabl t he
vari ous hurian &%¢ geé;\n?{ Ple ? %Pec{?g% hep at?tfsl’ g%t%"%{‘ %%%g{méé\ﬁ g%g%ﬁfl{/é f the
sera reHtt divemardhvitah Rb@oinypemolcbﬁeekqmerebgmd wild-tybé ehallenge. c| one. _
| munor eacti vit yl'h\'\"rjclisataS escrxbe«P tﬁeolgrerrs%nt s%)e(c%ca%gn 8&kinkt ivel yue%ttaﬁlésgﬁseftog%e%rst time

vector. 20
| mrunor eac tthe/feagibitify ¢ftdévelepingrian effettivevadcinerfor hépatitisnE Sepable of providing cféss-a ‘

E?/lli gi Bﬁtpa gctlon (%Or'&he mg.)l\@dxvergent %IE%( Mams lso(?atg'd azngiB% 48:'61293 ﬁ% %2 | gt 11

FVH- 8  BurSé® amino audk expressed ih a "62K" ORF2 vaccine canduﬂ{fe, there are BNImmo acids+
B_Ol\/? (139 % I/.;Hq‘.iqggs betw%n the Burma and Mexico stramg_ (Tam, et al., ;991 Huang, et @!@u\hg'%) NS

Sonal i a nd more than 4-amino acid chahges between thé¢ more closely rélated Burma, Chilvd,3dnd
' + +

gg?ﬁg o %ﬁgcistan strains (Tsarev, et al., 19%1—. _ NT 30 M 36:

PAK-1 Paki st an A o+ o+ NT WD 96/ 12807

= 137 | 4
Tgllj-{ leJ 835/ 3703 V. HEV SPECIFIC PEPTIDE ANTIGENS FOR HEV A:SSAYS. 3

20 -+ This section describes the peptide antigens which are employed in the aséay kit and
assay method described in Section VI below. '

In accordance with the invention, HEV antigens, charactenzed as useful for diagnosis
of HEV herein, include the 62K (B) or (M) antigen consisting of, for example, an amino acid
sequence seleéted from the group consisting of SEQ ID NO:15 / SEQ ID NO:16, SEQ ID

25 NO:25 / SEQ ID NO:26 and SEQ ID NO:27 / SEQ ID NO:28, or a homologous sequence
therewith. The 62K antigen may be produced by .cleava:lg.e of either natjve or recombinant .
ORF?2 derived proteins with a protease, preferably a baculovirus protease. Alternatively the
62K antlgen may be re-engineered and expressed in a recombinant expression system. Re- -

- engineered 62K antigen or "r62K" preterably contains a methionine at the N-termmus and is

30 preferably produced by a baculovirus expression vector in an insect cell. _

The 62K antigens are derived from the carboxyl-terminal 549 residues of the capsid
protein which is encoded by open reading frame-2 (relative to Burma strain). These peptide

antigens can be prepared as described in Section II gbove.and in Example 4 which follows.



| mmunoreactivity of HEV Reconbi nant Proteins: Human Sera FFI -4

Mexi co A - + + + 7

. w

Voxi co A 0 96/12807 . .\ . %&ﬂ@wpsc
Mexico ~ C + o+ + + NT

Normal U. S 35

Y2 represents an am no acid sequence encoded by a 157
basepal r nucl ei ¢ aci dSQ@éféé‘?f@Eﬂed in supppg 9f thp Bresent igvengigw,discusser ahgve, damenstspte that

the HEV genone. e 62k antxgen is Es@?dri'ﬁcefo? hase s8] r@z@fn%n%}éa@t@tvﬁﬁl DEHYR& présed | the

12 days after the onset Of | at ed npt ons.
Conval escent - pha%“@é’rfé‘%\f dnfectad| @@V@Ha‘beﬂbéﬁlggw %d'ogéet%y?‘g HEY pesitivecsera, and

onset of ja , ]
fested: A acut eHﬁg pick u some false positives;” Tee., B AGHERY mdiwdﬂfPstD%%(‘&K%el%eNEem%@tﬂom

406. 3-2(M) ANSI G, M@sw stram (or - ottiee vatient 3sti2ing} of HEY semibe expestedatsobe spesifically

digested with Ec fragnment was anplified by PCR
in the presence gﬂl\ll E’%gtr";s.é lfcﬁe@%gmg@/eﬁamm site at the & f ragnent
end, and a BanmH sit eSeseral BE\3peptide gntigans leavel beenipevionslyi dharacterized (PCE| Interagtional

di gest ed éB’E et $ aPér/%%B’ﬂoo%d ﬂ'ﬁe rl&i[ﬂﬁ nafb?:t h?CI}‘IC %t’eﬁﬁﬂ“aé S'Abﬁhc%on

t he gl ut at hi one ranst erase véc éxpression vec
accordi ng to.t hePEEAIEIAO06T% filal 15nkn rlaﬁ?c |Rﬂ‘l§lnt¢{tﬁhtlonal ApPhcatmnBCﬂ'(Bﬁ{lmBﬂ filed

D a5 i ipedet e 1965 OO s bayh! P B 1991, P pHE o o

I nmunof | uor escenmesenumwagxon when amil in laiswyshin rcambmaxiunsmrlmhe 62K antigens. @ F.

PRODUCI NG THE 406. 4 06. 4-2 d f
above was di gested wi P%&B%e“dha‘ egrwpof P’éeé{ ﬁ'l‘:‘(/acteme“%ﬁiﬁg?fsm ns E&r{‘ams

1155 5 oy et e it
expressi on of t h@t&b@ B.'Oz{bg ﬂEX % W?Qép' are e Wf‘ﬂ"zi‘f’“geas £PpRAInInE Gie 6pjione 156?5%91)y

the 406. 3-2 fifisi ﬂfanﬂﬁ@ﬁdldiﬁaquence ho§iogthaé WiB G an internally consistent variation between SEQ ID
PCT/ US95/ 13703

G PRODUCI NG P94 SEQrRAVQ:20. This first peptide grigenisgerued from %%aﬁw&lpta%&w
by first anplifysfige lsrb@m%'i&dewbwsb& rsmgavfm-w A Bec5nd peptlde axﬂﬁ&ﬁionﬂiﬁ@ lthe?pHope

3" BanHl priner- él nkers | one plasm d _containin

Dhe ot o e ORI Ahe 804 SAE) teptie ) 1D G20k Bt Fre 406 2O peRideASEY ID

inserted into thgo:23). ﬁmFﬂdnﬁﬂiﬁHkm%staese@Jndapepﬁmagéd 2 peptiak aﬁﬁg‘eweomammg the
(Stratagene, La Jol | a, fﬂé‘% according to the manuf act urer’
i nst ruct i ons 20 AfepitPPe, for byr Hbd'@ﬁ'?l Q‘r‘n‘f’ sgeyenca potagags, With orciny HE‘H“#IWS%Q“F‘“’—“‘

was rel eas eﬁn@ﬁorﬁl‘)&ﬁ&h'@b w No: N ald ﬁ@ I]E“'Nﬁ"'ll Qnﬂlrﬂ%ptmérahﬁéeﬁ%nf{ﬂ@ the

purified fragnent was inserted into pGEX[ err

vector, and expreP¥erajtormed; iy ghe §GB(B) @kﬁ!dés@ﬁgnm No: I'Qﬁttb?nsc"ﬁﬂﬂi P’ﬂé‘de (EQ I

% pr ?3 :: 82 0‘; E Ihgoﬁ@? AR bolfenfsted hdh kitfd pépiild Rhigd 26 p&pRde hftigehd Corfiifing tre
. pep epitope formed by an amino acid sequence homologous with or an internally cons:stent

25 variation between SEQ ID NO:17 and SEQ ID NO:18. Tlme second and third peptide
antigens are derived from the carbole terminus of the capsid protein encoded by open reading
frame-2. Figure 3 sl{ows the seqhence of the 406.4-2(3) and (M) peptides and figure 4 shows
the seqﬁence of the 406._3-2(8) and (M) and SG3(B) and SG3(M) peptides. Methods for

.obtaining the confirmatory peptides are described above and detailed in the following

30 Examples.
In accordance with the present invention, reactivity of antibodies in a serum sample
taken from an individual suspected of being infected with a causative agent of hepatitis to a 62K

antigen is a reliable method for diagnosing the causative agent as HEV. Also forming part of



H. PRODUCI NG THE CAPSI D PROTEI N. The capsid protein (B) was

prepareWa BNt i al | y as descri bed above by PCR anpbpcT/usezmws of the
SEQID NO 1, froma pBET1 plasmd using a 5 priner containing an 15 Ncol
site and a 3' prinmer containing a BanH gite. The anplified fragnent was

Inserted into | the Ncol/BanmH site of a pGEX[err] vector, and expressed

in an E. cahé pR¥E BReMtA AU r];bﬁnown ﬁ@aa%ga: .nrceﬂﬁﬁdaoé Mm%éx%@; par |y
pr epar ed. i, D PURI El ,

pepti de antm@'emammﬁ%?@tys@ﬂuémélty af isp dasnosnc meﬂleé dﬂscgbwlm:oes 3-2,

were purified by polyacryl am de gel electrophoresis of bacterially

expressed whole cell |ysates. Crude |ysate preparations were | oaded on 7.5%
SDS- PAGE gel s VI an€TiLiRY unt| | size markers corresponding to the -
pr edi ct si ze : gel
runni nge%uffer \af/ahs&r lg?:éé }E@}b?g{séﬁﬁgg%ﬁfg g(ril tﬁ%@étexfi@Sﬁhg?ﬁ gntml '
cont i nue tcshagmﬁnpdﬁagsntsrfqmmpmaehepms E visd infestion and umgaclgmpfcempmzpns for

col l ected af4ehingaf Indiv}l é%l'n infection?With 8R! aced with fresh buffer. The
fractions were dralyze concentrated, and each fraction tested for
| mmunoreactivity to a pGEX[err] fusion partner, glutathione S-transferase,
speci fi ¢ nonocl

HH’I@IB ve fractions were. pool ed.
Al ternatively, t e pepf‘l B en e&%r”éggeﬁ as GST fusions (pCEX[err]) were
purifield by 30 Thotelbasic cypemfuiuaggomphgplmstmngotﬂmattigbmsnallSepémnhsie Thé Birst

(Phar maci a; ) Lefl T {Uusi on ns \were
washed avvay Fr Om@r& n%ﬂcogﬁ%h%%tuﬁfneéhaﬁerdotanétlrbr?ﬂy\-g’gpe{x ﬂe gcytoly 85 g?’ @{e ﬁmﬁﬂ‘ h ‘
| OnM gl ut aﬂmltlnmmeth,BﬁhmmTrom; attést imivi@ual is reacted with HEV-irifecsed cutised Himiian

Cbr ese{ nBURle T pHE0R B For iR ol of iy, SREE e Sitmmt o

french-predbg celTH;sxs, as Ju&@d,‘)ﬁitlﬁ&ﬁﬁle by trypan blue dye exclusion. Where cell IYSIS is
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| ysat e \/\g/as%Psgyeegetae Shecificiyef the,anyrHEY antjbody §°58}°31E\éﬁ‘&'8§5{§ﬁ3g905§366b¥ Brtin a
J- 20 rot or reanting the serumBeick esress hafigenc theh miking ehef serunbwith thet @Hs inlthe pRBédcet was

6 M ur og comeiement gl Sar-Sh s oty 8o nfa B sl Sk RBF o

m nut es annhemeaehﬂ als®te u§EH€to qﬁant.musme amibody vias irf thbraﬁmyxd sérdi By fitratidy de UM
filter (Nal%g Kent ;l | oaded on an I.IVA co um (Phar maci a)
cont ai ni ng withy 'B?X/eééﬂ‘éla Pry 0 ﬁ%f'r‘i?g‘ée["gf’tﬂ" “(*ﬁﬁ"a? ?Fﬁ'(?F‘%?J Qd@dh’vx'/?"fﬁt 3

col umm 200l uhee 19§is & tﬁacah[s&wd sol uti on according to the manufacturer's

i nstructions. e bound 115% n.was eluted with a 2 col yum

gradi ent of 6 MIfF éﬁ“‘hg?{?f"’{jhaasﬁﬁbﬁyﬂ"e's a solid-phase, impunagssay, dn disypethgdy4s8lie i n
PBS wit h aplpkt rapgR hating s&ti&.@-b@ulﬁ anI Q@n mbaaéa Wiﬁﬁarﬁly'ié gp@f, dfdier Yhrdhtiods 1 M

EDTA in PBSha d the f t|o s anal yzed; % the ELI SA pr ot ocol
detailed i} ich allow anti mggtodhe fgngen on the reagent After washing the reagent to
EXAMPLE 2 remove unbound serum components, the reagent i rf@d%teﬁﬁhﬂﬁfe}iox’f@ﬂ?&e%%ﬁ»ﬁuinﬁ)
Culture 15 | SOLATI ON OF "HEPATOCYT

Hepat oyt edntihadytq Qwﬂa&ewer 1 e [R3SENt |in \PE‘?POHt?Pa'PrFB%I ampysh of bownd jagti-HEV
Uni ver si tYaxmgduF Bﬁ the so!x Cﬂiti)b@r‘i 'ﬂ_ﬂlerehge\‘l? is m& @ﬁh@?rto Qﬁ'ﬁcg\lésﬁﬁoﬁrfh Fabél?iUSI on

exci sed as a_wed usion in [aboratory.- he initi per

was per f or #ii§ody ra"@_@erﬁﬂ%l“ég reportgaspaciatedrwithsthp geagent d deferminggy{ dypirally; av
Hanks'  bal Angedyseh' asaisd AERHPR B! Aot ahlerYnEllich {Pllectet G O- S
'incubating_ the solid reagent in the presence of a suitable fluorometric or colorimetric substrate.
30 However, radiolabel and other reporters may be used.
After reacting the analyte serum with the _soii_d-phase bound ar_lt'igen .and washing to
remove the unbound serum components, one may_alternétively use the antigen itself bound to

reporter as a detection reagent instead of using an anti-human antibody as a reporter mediator.




20 [ethylene bis(oxyethylenenitrillo]-tetraacetic acid. Perfusion was
conti nued fowagslizgeonal 20 m nutes using WIllians' nedi uPCTHU$ANE)03
suppl emented with 10 nmM HEPES (pH7. 4) - and 100 U m col |l agenase (type
I, Sigma Chemical Co., St. Louis, M. 7 After perfusion the

| i ver capsul e was renoved using fine forceps,”and hepatocytes were

di sl odged by ge e?g?:@%h%ﬁss%ﬂtaﬁ&' aH@aEsz@@%? iﬁbdytﬂi%ncﬂjh?hél‘iﬂ@?ﬂﬁﬁkﬁ mayvt\alie used

suspensi on was fi rough eral Tayers of” gauze and m xed th
an equal vol une ipfthivikmbedimentiofithegotidrphase assay as was desaribad abpyeum ( FBS) .

B Sotipantea. | o SRR Ao LA pOBaBhebD ¥ 8 ety et M

and resuspended in . atocytes were sedinente

resuspended in tdescribadabaves by additipd ienadtionad each artigen Max be distinguishpd. For example, in
pr epar ati-on S en L r . r ar < PoF:"Iv4 .
bef ore exam \é\?ng&%%&rlﬁs{ha{@e i +%a?yd%%§ﬁb?\dga%°&€/ﬁg’§%€I"@g¥8¢ﬁten£%¥1§é&§8éy wer eﬁ% foafoél
at a density of phase ibOjeparate loamtibns spethatGf@action Ro ieadhr angigen smap de(quantisated separately.

Bect on Di cki nson = Lin. es. ~CO W I !la[ge .
(Col | aborati ve F@égggpgﬂ? ’ %ﬁ‘ﬁ?’%ﬁa‘%‘?ﬁi@p‘y{“‘ M&ngg Isitie %58’%] u?é’g%\%\er e Jlltnegtu%lg e
at 37[err] C i n SehiciCGreimérspersed dnhisaodid tsappaktl ow att achnment and the -

ﬁg' Sor um f fggnged ' %Q%ﬁé%g%%&er%agfegtr TUh2beR A0 i€'pFiphred by krowh \ElARuES For
PCT/ US95/ 13708 attaching protein material to solid support material, such as polymeric beads§ dip sticks, or -

formul ati on was WVE- based, nedi um suppl enented with.gromh factors, .

hor nones, 10 rer'Eher mateFEE’E%hfsﬁﬁﬁ?‘%’!enqg‘ﬁsﬁ )/ ?ﬁ"eﬁ‘m’]f‘?ﬂfﬁe i'\?f"sﬁ?aff?a%&’smﬁ?f’ of the
descri bed (Lanf gigteink88E) support or covalent attachiffent of tafprbieih| ¢fyidally kiirdiigh- SRt hrhine
PROTEINS. 5 H manﬁ’gepat o,c%te cul t res,%\gre mai nhai ned i.n
serumfree medi &P %gﬁ"ﬁ Y J&3oHyg group on ge splid suppars, pugh s & 4gfiyated carboxyl,
[[err] S]-nmethi omyi@x§iQbr Adel¥de grobpe Nedi um was adj usted to contain 1

mvi' PMSF, 1 EDTA, d 1 % NP40. Anti bodi es specific for ﬁ,he dlffer,eg,t-
plasma protelhs  MERHrSRH YRS i4NOMOSEPELSSHye fyNHich Auitody hieding to 2

washed wi th PBSsold @upportOprdtivee®fsom¥ @hange in! B bR Ribiinm. WK wnNgeheal @bel OF
16 hrs at 4[err]Cwith the anti boda/hbead conpl exes. The 10 beads were

washed 3 tines RPMASeReoysrassays popesad hergigforadnqindes, (a) seinilsheled spnogtessp where aptibody

proteins were elpifdffd ¢ thd aftfilen 3 6GEEAPOE SRdnge %ﬁfgﬁbﬁer%tf’ﬁtg GRAIRINY the Pin
SDS and 2% 2- _.mercapt oet hanol . Sarpl es were anal yzed Dy cgr adi ent

SDS- PAGE (4 to 3pligingpraksylibfuaresset seporters, whergbinding i .detected bya hange in fluorescence
EXAMPLE 3 20 efficiency; (c) enzyme reporfefs, WhkreQniiliod bﬁﬁﬁ%&ff&!& NeymE/bbRkate fntdtFBons;
Hepat ocyt es - AT BEV T NFECTI ON_EE HUVAN HFTPAyrochl_zs.

The HEV-i nf ect ed@nd olipnsgue-bodiceeporters whese | binsding leadsoter lipespme dygie pndvaelease of

as an i noc W)=Yy o : ' StHOdR ‘gqﬁe ' ;
anounts of i nocg*‘é&ﬁ%u?/\ggéd ﬂg@&ﬁ% Pﬁtggddﬁlil%rpﬁf%g? ser%n@?%‘esg%ye [ un?r}%iléil\jw?ﬁ "
applied to the d&ellowsenventionalymathgdshfor preparatian efrhomogenepusrdssay reapefts. sol uti on
was then suppl enenteq, W thed 0, - ' ) :
was i ncubat ez% O\égl’ ni g'ﬁg&l%éenméﬁéeaééfégggﬁéﬁn@ﬂr%glag%f @@\%ﬁlg?}gm%é%@g&\ymestrﬁa%
(10 MM EPE®, sepiy frdin « tost individal withake antigers laad gadhiniog theastigeBHM theipresénce
1 WLNORL CoresceRE R Arkprge HBR foh sl 8 Wrdifaing 3 done b, cbecrving Ble depresse i
hepat ocyt es wer entitody-atedidted rogitofyisixi edien thetantibody is bbundrte the antigph.atie thevsolidrphase
col | agen-coated_coverslips .as.described. l.s.0on. coversl.i I nf ect
wth o Cart herSphang e RiniPE rERE oEion g e ALDRISRLEE CE Lo
‘NI H nor mal hunarthesartibudy B8ing exuntdsedd aydsmeabiring thedniduat offrépotenigpund focthe slidcupports
vere allowe d!»Ot © ARG Y &%%if-do z{ssazy lt‘)’/\f)ae? ﬁse'examining is done by observing the effect of antibody binding

on a homogeneous assay reagent.



Cells on coverslips were fixed in 90% acetone at roomtenperature for 1
m nut e. W96/12807 coverslips were then air-dried. The covaCIVUS98/1¥908

bl ocked in 1 % goat serumin PBS for 1 hour, washed with PBS three
times, and incubated with a m xture of é bbit antisera agai nst HEV
reconbi nant proteins 406. 3-2(B), 406. 4- % and 406. 4-2(B) at room

tenperature forg,  VAGCHE daMEbsITIONS AND METHODS
PCT/ US95/ 13703 47

3 hours. The colePREPHATIRY OF YASCHELAYRWITPYh PBS 3 times and reacted with
fluorescein  Tpe lre%%hin%y&r@éaee@ em %ﬁééﬂg dedchiBéd) abiRd tard HcbrpbARA into a

lgG HtL) (Zyned) diluted in PBS-1 % goa serum for 30 mnutes. After
t he cover sY4Cpige GRMROSIHAR.ASEPTHINE 19 l‘lI’B‘EG“ Ptﬂce@fﬁsr ieeshanprthe pntiganicitseof the injected hey
were mognt gglig mst h FITC glycerol solution and exam ned under. a fl uorescent

m cr oscope. C. REVERSE TRANSCRI PTI ON/ POLYMERASE CHAI N
REACTI ON ( RT/ Pd"!) one composition, the HEW¥\gniigende covelentdy cqypleddp ¢ caryien protaimsuehacaque
hepat ocyt eg '%%‘@“@' : £ il ﬁﬁyp«

synt hesi s an wt @gsﬁglns%_df&}&t%gmg{)?f ?@gqﬁﬁ%@é g?‘[ﬁaﬁ&rw

ful | -1 engt 3djuvent. cmnitwalm where ghe HEYoantigen is poepated appanvof 3 fiiiugp@in, tiet

6578- 6597 I ty f th
CRF2 1 ogi O o= AT e e piceth Hay A0 ab B ot Gefin 0150108 7127) and
HEV3. 28R2 '(‘hﬂdemit&edf ©97t)smrmotamtls s@ried iz pharmaceutically widepiable tchrier eycloas

Fol | owi ng lﬁ)gbﬁlﬁ&; blo@ a?xfadin%rﬁl su%ﬁlaji %n%rt%rﬁr om HEV-infected cells using

one-ste ure or I'nfected supernatants accordi r‘
to the rret hod oNt@huweWymme,e amtigendtselfy| e.g.( GledRY 62Kiantigeh Miay balfornnbdtal of

RNA sarrple t at , 95 5 . m nut es nd ..

subj ect ed f‘ oa%\%érug%t ] 35%“30 Pﬁgl onAast“[t?% %ﬁﬁ'“ﬁ%ﬂ rafit% hq‘so*f erﬁeﬁLﬁ"ggenand
42C for  concefiffationroftabsut U shgantig@/mgniung ape notrte @xdeed80 mig ofhluit- pee Wigéction.
transcgiptase (BRL) in a 20 ul reaction volune containing 20 units of
RNasi n ‘}(Pr onega), 1x PCR buffer (Perkin-Elner Cetus, Nor wal k, CT),

w th a concent rat AemiGEN \dA(rm:em:inudnoxyrl bonucl eot i de (Perki n-El mer Cetus),
20 and25uMof nmer.. ction,.m.x en
heat-treated at §5rE‘EV %rasf’ec‘ dPeSm?‘ﬁ"HB'[‘ ‘? é%éf‘l?f“&dt"hé'“‘fﬁmﬁ pieggqnstéfan
transcr i ptiadieidual by hepatitis E vnru'Eeby aﬂmmislehhgt(smefsulijém Wﬂem@tﬁt inpedon, pignduct
was used f.or PCR.in a final valu uM HEV3. 2SF1
primer, 1. BEmHsEylar Gfdﬁ"ﬂ?ﬂ(’"ﬁd‘?’ﬁ%f”a@ﬁ "f‘f&ﬁ‘ﬁlcPﬁ‘B?f"'deqilg'%m"e“"o“ El ndE et ys) |

gnd | xz(lPCRabeu’ief @inposities) fof e il thé mahodl brethosdiin hith e HEV aRfigenufidiames @@ t 0 40
5 cycles o

<2 nut desbenssn e pefeides goulied e SEQTBINGHIS: S HANO: . SERuD Nods, $b8a por

pr oduct thamoadesmm NDL2? BT SEQ 115 WO: 28 with or wiioud 8 hfifko ftéeRiraP Rk@ionide x 1
m nut e; ?&q? m nutes; 72C x 30 secqnds) in a total val une of
con

50 ul ‘tgﬁlés iSPAUERGEs,| theseyaith, | The antigapsvaceine compositiom is gyreferably

First- anddmesede: mrdmdsdolally ih aQbGdsor iRichlao] fF Rengl8) #0ab @it6e injections
el ect ro horesis, 30 ethidi um brom de stai ned and photographed under W/

li ght .2 oGP‘H‘e&‘YF“tqtiﬁ’fgf"éePk\fﬁ%‘VﬁE'rfor med and filters were hybridized
with [[err]P- dgilighaRespes bmh@r\ﬂ@émeoédh%sﬁ'@/ %Fﬁ'nﬁmﬁéfeh Us 'thﬁ eu}ncallgot he -

primers (nt 6782-6997), and autoradi ogr a[t)) per f or ned
PCT/ US95/ £ffegtiye amount. Such dosages are determmed y physxclans, for example, based on4:t;mcal

EXAVMPLE 4 i3] data. Exemplary dosage ranges for the vaccine composmon are about 0.05 ug to 1 mg,
preferably about 0.1 ug to 30 pg. Individual dosages may contain a single 62K antigen

30 polypeptide or multiple polypeptides derived from the 549 amino acid carboxy terminal region

of HEV ORF2. In addition, such 62K antigens may be combined with other known HEV

antigenic polypeptides tor vaccine formulations.



Preparation of a 62 kDa HEV Antigen ' The 62K antigens were
produced by awﬁééﬂml rus expression systemin insect cells as PCT/US95/13703
foll ows. 5 A CONSTRUCTI ON OF RECOVBI NANT BACULOVI RUSES.
Reconbi nant bacul ovi rus -~ ORF- 2-1 AcNPV exggessing the entire ORF-2 of
Burma strain of hepatitis E virus was constructed as descri bed
previously, He, J., etrh@l62K ahtigdd ﬁr@parMoﬁrdeh@ bfegent identiohOrhay b@Aseful to (i) prevent

herein incorporat ed by reference. Constructi on of reconbi nant

bacul ovi rus pBBI PRI é’i@pFl?é’S%q“hﬁasF%ﬁf tenagm‘-nlamesﬁgpmg °°““é’rﬁsn(§")a9‘i°ff§‘ pregnant

ORF2 is descri bedoﬁsn hOhdIOMSdifaleRNdGRIe ré%lmﬁﬁﬁdzﬁﬁb provitié Grotéetion B Ravefibrs 16 those
204 base- pair )thNA fragment cont ai ni ng nucI eoti des 5480 to 5684 of
eson

ORF-2 fromthe Brfgms e insyifrgjapd Br viygeRxperimenty eficherein, Fanrhecysed i dptgrmipe the
pol ymer ase chai Nogf ihflinitalokedtfie wih'he/62K antigePblepdniri d L opl ate

pBBII1-ORF2, together wt primers (5 priimer EQID NO 29 15 and 3
prinmer, SEQ | D NO 30) As mseussed qbpveméhe @dnantigensof themement igyentiom pan herusedin vaccine

D 2% a1 go BBl Fobit, (Rl KRl uBSS pORRRLEN i o O,

expressi on vect onvenEpy Bche ysed tqn\paaswegamunmapy or pa@ivsgm)numr@phth bnsibodies

Dl asmi d pyzi (el e SfBEhs'of T drklehDRy ERGR B4Rk 16 ibung, gt
fragment, cod®estodhase mged for Gtheptherapautic adminlStrations of @ribody. Fer examplee podiedogamuna

previ ously const '

pl asm d pYZ1l at %lﬁ%ﬁ'ﬁﬂ?\ +'ﬁ?ﬁ%e??dgﬁfa obdf'g?rjﬁgylﬁgb%fl # Fgrhi)gugrb ggt\li/w?re %J@? ¢ ‘z'ibr?u?n P f other
vector pBBIII- 62¢{xal dlseasemich:m iabies,ubeaskqumdlbepatuseﬂjtu interfeseowith establishmentiof infec-
construction. eotl .sequence m PCR i s .confirmed b
oA sequenct ng. SR TReSca PR SRRttt S antigane,oh BF prepipl dested Bone'de
insert in pBBII Ima&ﬁunmoueﬁmfanaﬂerWtwv&at dgentito @hodiigfeséd with HEM tg 2hisance the ability
Transfection,.pl rification, and virus anplification of

feconbi nant ba Lﬂ%%ﬁel?qﬁgt"ég”?#wﬂégﬁ‘ Y8t ri ed out according to

protocol s described (The usef@8$ andasffidaty @b)the above described therdpeutic rhéthdds can be

CULTURE AND EXPRESSI CONDI T) odopt raf_ru | perda (Sf9
CelI's in suspensivBHated,fn vire %1ﬂ%k%°eaé¥5ée'?ﬁa4°ﬁ‘ifﬁﬁ?5wv ran W‘Vo’q's ng thecgn .r%)del

i nsect nmedi um Stﬂgﬂbﬁm&tﬁ&dvubb%,S% fetal bovine.serum (v/v), 50 ug/nL
gentanycin, and 0.1%Pluronic F-68. Al culture ingredients wer e obt ai ned
from G bco/ BRL "~ (Gaithersburg, MD) and cells were cultured according to

protocol s deg@ribed bphetfafiowin exaiaﬂw‘ agHieh ﬂrust(-zitéwhﬁmqm(;dbamd dengosniaﬂi in the
Viable cells with a density or 2 101err]/rere WD, 96/ 12807

PCT/ US95/ 13703 invention, are intended to lllustrae but not limit the scope of the invention. 49

pel leted by centrifugation. The cell pellet was resuspended in 1/10 of the
original volune of medi um cont ai ni n the reconbl nant virus,

BBIII-62K, at a mutiplicity of infectio L&que : formng unlts
(PFU) per cell. |nfecgij,0R.0eNA 'iﬁddeaﬂcaﬂHépﬁo@dha@%@n&@bﬁtanﬁé&t’ﬂﬂh‘bo&%ﬁ%r M eim

The infected cells were | ut ed density wth

nmedi um and n&l ntBipdhemicals @M%rl{n]:l@napglls f10D; EcoRlg BeaRlymehylass, t NAoligase sang 5DNA
rpm. Onge‘i&qu%Fnlslg%p Enkl%@ﬁb‘léﬁ@ (REB WQML@MA) Gl 'RNa8E R was obtained

described in protocols su 8/ I'nvitrogen,
EXAMPLE 5 10-  from Sigma (St Lou-s, ) .SDS PAGE :and Im"runobl ot .of ORE2 Produced

in

Other. reagents. EcoRI linkers were obtained from NEB; and nitro blue tetrazolium

“(NBT), 5-bromo<4-chloro-3-indolyl phosphate (BCIP), 5-bromo-4-chloro-3-indolyl-B-D-

30 galactopyranoside (Xgal), p-Nitrophenyl phosphate, and isopropyl B-D-thiogalactopyranoside

(IPTG) were obtained from Sigma. cDNA synthesis kit and random priming labeling kits are
évailable from Boehringer-Mannheim _Biochémical (BMB, Indianapolis, IN). _

Cloning and Expression vectors such as pBluescript™ (pBS), can be obtained from

Stratagene Cloning Systems (La Jolla, CA), the pGEX™ expression vector can be obtained from



Sf-9 Suspension Cul ture and Monol ayer Cells I nfected cell

| ysat es™Q %M2887anpl e 5, above, prepared after various ti neeTuses1370¥ ection
-were separated by centrifugation to generate both phosphate-buffered saline

(PBS) - sol uabl e and . i nsol ubl e fract |tgp Proteins fromboth fractions

wer e el ectrophoresed on SDS-pol yacryl am de 15 gels, which were either
stained w tl“haﬁﬁ&ﬁmuﬁa@iwquf%ﬂntﬂe%lﬁﬂ:ahﬁl ca@% oﬂfal R ﬁi_x%gentﬁ Diego,
nitrocel |l ul ose paper fol West ern bl ot a yS|s 63 £
follows. CA). A ANTI -HEV ANTI SERUM Two rabbi t

pol ycl onal anti Sl?rfnﬁmo@ %ﬂosﬁe@ﬂs ?&tﬂegé %sAwr?ﬁﬂgeng'?ﬁrﬁ%ﬁq“g B8 \;lﬂ.& (ﬁBX&,

portion 20 of ORF-2, and 42 am no
C-t er mi nus HepatiygCV 1f‘!5dﬂq\ﬁe are availgble frons Abboth DiagnosEics é%bbdesﬂark dEed USA).

previ ousg y Ifn}ﬁ%ﬁ&ﬁ% sticd si‘tl.st &@%‘Br Hgﬁzft‘?lk "E %ﬂﬁ{}r g-ﬂf\?)t e ?\)ﬁllable frorn? (G Cre

B. SDS- PAGE AND | are protern nples
SDS- PAGE, dbasr@mq&disei QleQWQOth[tBr@l}) bacul ovi r.us-i nfect ed Sf 9 cells

were pelleted i EVAS & S ul of
phosphat e- buffe;b l?ﬁ g(?(lgﬁ’ ﬁ%%"?‘ggl g‘?@gesgl}@b%?g%mﬁf“’ fismmany) ot e
was subj ectSephaczyl S0 rand Scj900 were obtained from Pharmacie BiotechL@iscaiwayCNIRPoids N n.

The supern n I [e se rated and, denat ur ed .in_protein
denat ur at i gﬁ o gﬁ@gn%'%};nn%ﬁms% % TP & feplglbtémgéi,#‘l'ﬂ@g ?Sﬁ‘g'r"ﬁam%ﬁ’@fﬁq‘énol ,
2% 30 @S(Cam%dg(:,vMA)volB)mgﬂ ;ngmdmhts werel dbtalne&g:‘rm manspbeqsoionbbm and

Protein sa r.ese 20% S gel s
whi ch wer egﬂﬁﬁs B \r,?geg%ﬁ%ﬁroma °g%%‘?' égg rﬁ%‘ﬂf@fg\ﬂﬁ 8% | ‘i
out using mabtgememqirpv:tle‘mhy Miltenhimar 2010 @sfewarb eMilfdad,veAaNd

chem | um nescence detection assay (ECL kit of Amer sharr) V\D 96/ 12807
PCT/ US95/ 13703 ' - 50

EXAMPLE 6 REXAMPLEL] on of 73K, c62K and r62K ORF2
Pr oduct A.. PURI FI CATL ON, O FU L- H ORF2 (73K).

Reconbi §ant bacul ovi r us FEpgREtion of#00.3-2, 406 : Y&&0E were resuspended
in 5 phosphat a.buf fProsotction oﬁRA@B&S)me Bk.&KjMérrBM EDTA, 1 ug/ni

aprotinin, 10 u ept i / fabl oc_SC, and 10 ug/niL
pepstatin at a 3&%@&@5"!'9%& ‘91?(6\%}?) Wg%ﬁteﬁﬁﬂ%@gﬁéﬁ&r elgase e inset g by
three passwbieh wal parifia feonMtienmbirived prasmidivy gef dletndprdRbsidVt THeGarifikd fragment 2
liquid pressure of 4,000 PSI followed by centrifugation of the |ySate at

10, 000 X g“pbiusaepded i a siandard digestibubfer. (0. 9NE TrisgHCI, pH 7.5; 1ymg/mi BS: 1Q@mMt was
decant @0 aNMmClPBoiatdfdeihrfonioElabii 1mBTMB BRI EH G el WidDNAE d'rodm temperaiire PH

8.5. The Si.l gen3| on was re-centrifuged under the sane conditions an t'he
washed pel OB gbout> migues, Jhessdeacromepngigion werRideterinad o a poorsaliaron swidy) f or

30 m nut esinayhicthe @Adubation tuﬁ@?ﬁ@ii@f‘Mrﬁoduzé‘?re@&nfnﬁﬁhﬁfbmq{ak bir AR gments

centrlfugedfor 30 m nutes at eratlire with

the resul t % %wwﬁaﬂ'aﬁma@@ﬂavateé@awm phenel¢ehipreform beforerethapol@irediditpH 8. 5

15 in 8M gyrea. This material was .chromat ographed on a

Hyper-D-S (Bi oSepra, Fram ngham M) strong cati on exchange colum in

the saf® buff er The fragmenisdp theedigest mixuse weredhlunsiendedsmd Bigged with EcoRI linkers.

Fol | owi-ng T1RadkdiGnes h, C{éplnlﬂ e ed in

a linear gradient " &m§ &y agj%%h%%%a F\és?ﬁg@g#e%%fif E‘%V\?g%ﬁé E&]

The 73K prusing FhiX bi¢/Hachi ngd rarx&da/H@miHI size matkess. Hihecl00£308 bp dtaction wassr eduted

di al yzed r oll d, by

centrif uggcgl?doﬁig? rH)g (%Lh?{?%f}é §§1 %EC%%B %HWh%h were dpengpqaceﬁ mto 75wl
‘microtubes with eluting solutlon (1 M NaCl, 50 mM arginine, pH 9.0), and incubated at 67°C

30 for 30-60 minutes. The eluted DNA was phenol/chloroform extracted and then preclpltated
- with two volumes of ethanol. The pellet was resuspended in 20 ml TE (0.01 M Tris HCl pH
7. 5, 0.001 M EDTA).



x g at 4 C. The supernatant was di scarded and the pellet extracted with

0.5% SDS in Tris pH 8.5. Solid deland s Reagent ( ﬁ)" ded
to a concent‘?gtg%%f 50 mM and t he solution heated to 18 fsor t

m nutes fol |l owed by i medi ate dilution into a 100 fold 25 volunetric
excess solution containing 50 MM glyci ne pH4110.5, 10% glycerol, 5 nM

gl ut at hi one (reduced). 0.5 nmM gl utathione (oxidized), and 1 g/L PEG 3500.
The sol ution was B.al | dVtINGOINAN EXBRESNION VEGERi ght . Fol | owi ng

oxi dation, the sol uti & Ddct R B ey s o) sobtamed'ﬁ%fﬁ Ibrbﬂéﬁblbﬁéc {MaEn] W),
Cross f|OWf||trat|0n%F’bw€gﬂW g t( %’ A he material was further
concentrated by Thntlenifg yegdtor Has laafﬂiqll? r&ﬂmoﬂoma@ site 53 base pairs upstream from the beta-
PREPARATI ON' OF ﬂg@ P atibh Ebdd, Chné m@ n@zf(om above, provided
ANTI GEN. %&o&xﬁg‘g@ 8 Hﬁifs&?n{?ect ed with reconbi nant bacul ovi r s
BBI | | - 62K wer% reitbarsijrecttyefcbm coding seqyehess phalftes amplificetienotsNeverepigpduced into

cont ai ning | ug/ t 1139,3-3 GLSFARL bid eﬁasmfrhgm&
Mannhei m | ndi arr?’_ &% Hy@kﬁﬂingg}) y%@?leg%?réc Boehr i nger Y

96/ 12807 0 S5ul lOX ligation buffer (above) 05ul llgase (200 umts), and distilled water to 5 ul. The
PCT/ US95/ 13703 ° k e to standard
Mannhei m), 10. ué‘?lﬁtﬂr %?'P?%ed(‘g hlt?]tglérc "°‘Y1°" b|¥)m wtrogac 5 "(l:ge’r?%crozgt l|:lgon sof
20% (W v) .- The methods cmhdmisatwa%,l@pﬂfﬁrZIBB) was lysed in a Mcrofluidics

mcrofluidiz ,

Lysed cells re cent \f%@éed( R"a"g%)dff}[&“sgg tﬂ['%ffg]%%ﬁﬁﬁngvgg. a{f%éﬁ%om Dr.
‘cel lul ar super naieamtmms mmx (Pile Altb cGA R chlteynacivkly 5. (olisfrais 311090, available from the
di t hi othreotol (DTT

dialyzed initi alﬁ'ﬁ"ré@b 8@8’&5" ¢ Illq&ﬁ.@g(ﬂ%?éqgmgﬂcen o °fh Ojng'%%d %&%ere

Nadl , ang ]9 5 ”MaQETaﬁdgth% BestiRatt scolahleélh?fer r}hﬁckgd for loss of beta-giTngrad)s,Lj?ses amsy-(clear
continued for anot her ours ainst fres u in

two step dial ysiPlaqpes) i dbg Ereé‘ij’ggé’&&i‘g'ﬂ sy Tﬁ@“%‘aﬁé v?g‘ﬁﬂ pﬁ"B%??f%pW‘f%%say méthod
contam nati ngs CgMakihdis). About SOQVON}@pB%e\Wa‘E]ué@ showidd 1bgs of bettrigaladtasidasderzymé Retivip
protein was found to be conpletely soluble in 10 the lysis buffer with
quantitative red®eURBINAS)t he ol ecule in the cell lysis super nat ant .

The dialysate was prefiltered through a MIlipore 0.22 mcron filter and

t hen | oaded directly onto a DEAE_EMD 65 colum (E. Merck)
equilibrated in 10 m#-Tri §C|BFF"8N@F'3%)HEV RE‘FHMH(%%B!' PROTEINS-62_ kDa protein was

eluted in a linear grpgy %&f afdbcemOinntitutl WA RbiaineY Gom!fatients infécedd iifiny @bduiRsited
at a superficial linear velocity of 100 cm hr. The 62-kDa protein el uted

early 15 ineQ hé‘IEj( eutbrepks in Mexlco, Borneo, Pakistan, §9 #8nad Byrmgydhe serp @rpx(:;g@amnoreac-

62-kDa was Conf' P%‘ﬁ? ok | Ifl‘BHI &th &Qk\l'émlother at“Eﬁt@WithmANEHepatltls
rabbit polyclona antl b G gp Yar bough, et al 199 p , an _antibod

rai sed agai nst tm&awmfbﬁ)xcﬂl I{M39ﬁ smfe‘g#dowth)ﬁbquhé dﬁ\‘é‘ﬁfh"'@%?m"k from
protein. n Th

wer e pool ed, Coﬁg%vr?twag}pe@a{)eg%gé% (&a&k Pfa@%sg &G zittéraa Vgt?éragﬁr}c}g 1%%%%)“@ ®
Beverly, M. Thawr €& dvedaip molhel nurmaulomshm.rcammg tranafer of expressed HEW regpmbinant

exchanged o 60 cm Se cr 0 P, [ R ,
equil i gr at e p%elfh\fqrﬁﬂg pYaﬂ“% é’ 9'(’ 5‘9 a&% ﬁ?‘ga ﬁaﬂgeﬁp‘g% ?&@g If?rlr\ljgl)gtr‘:hmg

vel ocity of 30 cofrésponding plaEramthltmsmom ai ni ng 62-kDa were pool ed and
concentrated by centr, f uItr flltrat. _ h M NaCl,
Bﬂﬁ Frﬁ'ra? s gg twicg | |+ ?BSTBH?% go mMSfr%p pElESb $50 mM Na

procedure was utiliz er ex
The 62-kDa cont @i oswgwpémon‘ blotket dth AIBAUBSD buifer wxdnsm;gglaiuédwashed agains in' BT,

ani.on excha ol u

Bi osyst ens, Cani3P Hﬁ&bﬁﬂn&’e‘mght éﬁqufiﬁlpﬁf’ggm&f?ﬁ' @ll\}t?‘%ﬂsé %K%ﬁ?—l‘ﬁ%ﬂ/ Ie)-
7.2) at a super frheishéet was Gpishedetwice inyTBST 3AtDthen wbitacted with edZymeclabelednantistmman
washed with 5 col um vol unes_ of buf

li near gradi ent aBtibagytg ajtaqly the dgbele &P‘é‘?"%id’t Eﬁ‘%?ﬁfs \?B?twg)pq’u‘ha%ﬁﬁﬁoé?m% byrfhe

62- kDa protein 3gighith eakctta fﬁﬂmﬁhingﬁﬁ@hltetm dmlwnadubstmm&ﬁmy:omhmmg 33
r62- kDa was buffer exchange

I fl
using a spiral WJYRIT 59mg gmggtguk(qgfqnpp%gn el&}ilé:gbélrg%snesd thhoxﬁ xin‘ ﬁéid; (éb%[gyx% stock

Eedf ar d, MY. AghflbsmaihadiRd af 49€) &25 D6 diafiheptdsyitass Wilfel §100 &M Teis. 05,5100 mM
ase _ :




upon SDS- PAGE and Western bl otting. WO 96/ 12807

PCT/ US9¥/01%5713807 PCT/US95/13763 2

In the purification steps described above, buffer conductivities and pH s
wer e nonitored with a Radi oneter penhagen CDM 83 conductivity neter.
(West | ake, OH) and a PHM referencé standard pH neter, respectively.
Al buffer N4ess mifEC - and
determned to be essent ?m?lﬁdﬂdggg%eaﬁleatep&ﬁtgkﬁ&gﬁws&gaqg%%{%E%:gé'ﬁ{&lb?;sate
assay. the antiserum. Fyriher, for the quantitation of recovery of 62K
antigen frominsect cell | ysat es the -~ follow ng doubl e anti body

sandwi ch (ELI SA)_technique was utilized. Anti-1L6 antibody, a

pol ycl onal rabbiR- antSOBBENINGPL&ENGd agai nst the carboxyl terni naI port|on .
~of the GRF-2 proth@iafbas of peptide}Sdudiéd (ie'té?ﬁimmf er ﬁ@glee\/%usestﬁ?gggg Ce P it Of

chr omat ogra&?g and coated onto mcrotiter -
1.6 ug/ nL 0@ pfu gmanc82 monplate: The abdye rst,eps heginhing withf a &5-18vhetr mglbam:h

bl ocki ng, waa&'mgb#%@dgyggﬁmeé k' Ll B pR0le hF bkl Dtk

process sanpl es wer dtot |'at'e and
fol d dil ut pEigen cmablsrofurmanathbmh@HENh@nhm Jbe identified plaqiesveete picked and econd

anti body, gt 1§% antffglgwa%g"g %I n was added to the plate and

incubated. The S corr s to the carboxyl term nal 328 am no
acids dP the 62T“'D58ubkba88pwbt0b|\mere\$&keuwglm thet 406.3-2 4rd9406.4-Zhélones whkdsat i on

was follo | taV|d|n d horse
radi sh pem@% %ﬁée@ar@ ter gglaﬁegrslﬁweh&s S 't@%?‘g wgan éﬁi&ﬂﬁe‘{;ﬁﬂgﬂ% Tary he ‘
pl at es wer derived droat a awnabmxioamﬁiél sxbolé‘sﬁét:lmen Using the techniquefda3ti§bed in this
(Pror o - b, 31, DO gl 55 AP b e B ot For Tt hSrede R Bt

EXAMPLE 7 anumber of different human HEV-positive sera obtamed from Ebﬁ@ésr aﬁﬁhdm thé Q6. py
I ds, and st ai ned

Protel sarrpl es Qf var - coat ed car '
with 2 ur awowa{’cgp‘lefb@ 093?% PO BTk e W“%&e@g{yﬁwﬂée SXPrEssedhe t hey
were vi evvelliedﬁ6 &-Zelamd:s sera iBmunoreated SeitDgolypépite dxkpressel 69 06! L2 bioh&d.,

protein sanpl escwere fixe Eut aral dehyde for 30

B
min. Buffer exchan FgEPes "’t‘ﬂ%ﬁabd%ﬁch%gagtf’g&%yeéﬁf ?’?’1‘%‘8 Fpiserawith the non

Cent r i con-@fciufakipeptitle Y2V Onlyyoddf the seth asugrRd Wit tﬁawbpephué ‘e%es*s&i b{Phis

EXAVPLE 8
ELI SA was '3%"e°d Nt"d'“é‘%‘ﬂﬁb‘&?‘é“’t‘hé*"ahﬁ‘iei"d%‘n‘f“é?‘?‘;ﬁxafeswfﬁﬂwse?fﬁhbs%ere%r

expresged in E coli and bacul ovirus. Snal I scal e panel i ng of coded
sera was ysed.to define angd pe of a
di agnosti g i ncorporati ng bacul ovi rus %ﬁégssed prote| ns. P807
PCT/ US95/ 3703
A. HUVAN S lmmunoreacuﬂtymfrﬂE\érkcamm Preins: OHedarpSerel s previ gisly
col | ect ed [gtH+Rgrr-aFeus—ep-gori-6s—o —E-at-various
geograph| gal S¢nocct iSans. | Sepen | f4004MPD 14bﬂ.mm mosrm:ta;s wsseEf | oM cly pas
Trwa fmm [ 2| - | - | = | = T
25 " FVH8 | Burma | A + - . NT NT + .
|_ BIgG | Burma c + + 4+ + NT | -
“ SOM-19 | Somalia A + 4+ + + . .
SOM-20 | Somalia A + + o+ + | - .
- IM-35 Bomeo A + + NT NT ' "
30 " IM-36 | Bomeo A 'NT NT
* PAK-1 | Pakistan A + + NT NT .




and chinps experinentally infected wwth the hepatitis E virus at the Center

for Di sease (39602807 5 Atlanta, GA B. ELI SA. PCT/US95/13703
The proteins used for inmunodi agnosi s incl ude: (1) S& encoding 327 amino
aci ds of ORF2 expressed as a fusion prOt&E in E coli (SEQID NG .

17), (2) 73K encoding 660 am no 10. aC| ds of 2 expressed in bacul OVI rus,

and (3) 62K encogi=reg—54e y .
Antigens were codted i ndl Vi dual I y onto the WEAbis 4 of poI ystyrene
mcrotiter plated (Yar boug Eac incubag ed
overnight at 4[efr]C with ““°fea°"‘ﬁij Qﬁ"%\é q’d’f‘@? h“’f"ﬁ“sl APHE M
sodi um car bonat e IPFCIS (I 59" P Nal TS T2 93T NaHCOerr1 1 0- 2%
sodi um azi de, pHJ9. ¥ br|iMgie? of 1000411 ) buffpr. After vvashl g i PBB-0. Q5%

15 pol yaxyet hyl ne_(29)| jronor urat € Tween zul ST (Srgny) and DI OCKIING

with 200 ul of 1q "F R FHe berim al btini n| (BSA) ijn PBS fdr 175 hpurs at'—“

roomtenperature, anpl ep P dlTuted 1: 100 1 njanti body l{uent

(1000 M Tris bquere ﬁq%e 4gemv| TrispH75 M INadh, Bdg'lm )
t on V, [10 g norf fat m |k

(Carnation), | glgelatin (EI'Ay|grade, and Of 2 g thi|mersol (lpreservt i'vq
see Antibody | Jdent 20 Progoctror, |Ur|UV\mﬁﬂ=ﬁﬁﬁWSﬁ=
mnutes at 37C. After renoval of the primary anti body -and washi ng
renove any unbound 1stYZ§Piesrntsan amine agid sequeprerancqded a1 Etbasepair pgcleic acid sequence
mnutes at 371 er i e fil SBEPRARDY i3k WP BRHEYIgENGRRNI ugat ed goat anti - hurman

| gG (gamma chain specific) goat antli-hdman [gM (nu chain specifi c?
After final washing, M@tm&eéeme a@@e@d&meembam 12 days witercthe opsgt of HEN-related
absorbance of 25 lgg gm Sera produci ng an O D. value of 0.300 or greater
were scored posi t| ve ?1 "~ antibodies. This concurs with a P/ N
ration of greter t ha@osvﬂesammasmsmamxm coflectedsbetwiebar 30 and 90 dlayd afdércthe onset of
above the nean Oﬁaumi@e nor mal sera. ~C. ANTI BODY DI LUENT
PRODUCTI ON. 30 Anti body Diluent was nmade as follows: 200 m of
TBS was heated to 60[ ekr.rfe@tiana-, bg reaction; gNT,atot testeds| A catuteh € ednvalesteat. vol une
was brought to 1000 mM with TBS. 10g BSA was added when t he
tenperature had cooled to 40[err]C. The m xture was stirred at room
t enperature until E. PR@UBS}GW%rS-E(M)meEN 30 ul of goat serum was
}Dg(.la_? Uggg/eg?,];olgl wed by 'Ilhh%Gag qlggfl pqasmld from ab\c%% was ciL gesteZ with EcoRI and tgereleased HEV
t hi meresol to 0. @28mentiwas amplifbxit bycRCR th the peesance df finkerst witichadzled amm:_dl[merai ﬂieS’
: : . . o
H :,]8{ etso use, m lt‘rlz(lgment end, ‘4.{%3 a _g'_li-lrlesge Iatnt:hé 9’ f1 agéie%% end Qfﬂgi&%fg? L utrega]fv(.r)ars dlgested
Further Char act ewiith NdobandoBanilEaridZlsefied inge the __QI/MH! sne ofAhe glutathxone S-transferase
CHARACTERI ZATI O\IRWI NANT. 62- KDA PROTEI N BY S §
AM DE GEL ELECT 525 HOEFSHRB YRSHIG: AfCPFiENe the manu actuzer s '“W&‘B%Ssed

fractions of 20he 62 k Ple PGEXS pI as{uEer&mEhﬂ@d to RaEfoPR)E. V!@hehodefwkumﬂdceﬂsldvmch are

goat serum 10 QLQMMG sggum pl bunin, frac
g

anal yzed by SDS- é’s | am de el ectrophoresis. Briefly, sodium
dodecyl sulfate- ﬁ% iHﬂ?‘?‘?’ H’é‘h(ﬁq Pcé‘f"é VoS s idemtified iy “B@P?Qﬂ"ﬂ’é&cmce’ using
according to theaﬁtrngmnﬁpsnd?sggz procedure (Schagger and von Jagow,
1987). Western blotting was performed as previously
F. . PRODUCING THE 406. 42 ANTIGEN. _
25 - The 406.4-2 gt11 plasmid from above was digested with EcoRI and the released HEV

fragment was amplified by PCR, and the amplified fragment was inserted into the Ncol/BamHI
site of the pPGEX™ expression vector, as above. Peptide expression of the 406.4-2 peptide was
similar to that described for the 406.3-2 fusion peptide.



descri bed (Yarbough, et al., 1994). A rabbit polyclonal antibody directed
to the Wardsa28a7- termnal regions of ORF-2, 1L6, waspaweshbstisroaval uate
purified protein (Exanple 5). The tricine buffer systemwas used in
order to obtain higher resolution and m_nimze interference 15 wth Edman .
reagents in solid phase sequencing f r on"PVDF (pol yvi nyl i dene difluoride)

. menbr anes. Jhe. S anal ysis of the r62-K
purification pr(()}(':ess Pﬁg})l}%ﬁﬁ%ﬁ%&b&ﬁﬂ%&n pol yacryl am de gel

el ect r ophor esi s Taei8G8 peptide pas pitepared\by ficst amplifying shrecdSEQ HY 86X € sequenchwith 5 s

[ysate: 1 ahaeyicol LS, gt o AE ihhor) N P HEROMET (b doni) Bificing TC1

Sephacry| thekdire|@RHR and QRF3|regienstof HEV (B)Pdhe smpiified fragmientpwas|inseived intather
. k B Pre: i d TP Di CA
s, TSk R, O PP, BB RA B, o RS

d ut anmi ¢ dmbydscngenis istrudiénd DA fter\Vertwn propeigdtiod raod) banyesting Sthe lcRmpd @aerb wvas C

anhydr ase, _36- . kDa: . | Qbi N, 30~ kDa, S ' 16- kDa, rotinin,
6- kDa; | ns[f?ﬁaﬁedé’ycﬂﬁfsﬁsh Ztvl\%ﬁgﬁ?gd 2 U é.'%lﬁ%)éﬁﬁéggﬁ%e guvé)% feréﬁ“ vatas of
| anes 1- 6 fnserted dito e NSABamER siseofea plGEXY eectdrS addéxpressed in pit Eotolt expfisod® AGE

and transfer, 1 anti body. was used as.the initial antiba

Anal ysi s oPSEfe L?"r?f'g? Q}PFE‘%‘PP 0? 9’§§(%1§’ Repf .w¥4wh7riﬂé€aé)deﬁcﬁg%ﬁc@f&f 4962 t he
62- kDa 1pr ofugion peptide. Was ‘adequat el y expressed i-n the bacul ovirus expression
system and suitable for further processing. The cell lysis
supernatant (Fig. 14A, lane 3) appeared to yield essentially 30
guantitative regover préfudifE TR CKRdD PROFERI.N as a sol ubl e product. The DEA!
pool (Fig. 14A, | ane 4) vielded a significant purifjication of the

62- kDa from t heThf Sansil grqsia a@ ‘%‘Hp@'reﬂaéff‘bﬁt‘bs‘a“"a"ypégIdeW'PFId- 2heveshph iR v
S-100 and fgi#Raldr’ &t thé SRBGADOROAR vons b PBET! Xﬂdlnﬁd iing & 57 primbeéontaining an
purification of the 62-kDa protein (Fig. 14 | anes 5 and 6). | .

One curt? oukic sjseand 13" Rrieer gantaiping @ SitesThe gmplfied fagimant Wasdnseped ingh
purificati@eNebi/BanHI iR of 4 psBX~habdr,and axp}fygw iatan.-ET\h;%i ésSiold syitéd. The

illustrated in Figure 14B contains a 15 fo 96/ 12807

PCT/ US95/ 1¢apsid protein (M) was similarly prepared. 55
dilution of the sanples run on SDS-PAGE in parallel. In the Western bl ot,
the protein was visual i zed as a doublet with the | ower band appearing
to accunul ate olver t REPTIRERURIFIGATION. purification. However, proteolysis
appear ggl to be fiQidiBlide ahttbens Wik ers YOGS, Qe Kat the .~ protein may

exi sts. as a heterogenous species. through potential side chain nodifications
such 5 o467 cod \A0813-Hnwene- pusifiell iy polyacrytamide rgieh glectsephpresis .afi kagterigliye

foll ow ng i X o i ; S f the
ot er ogone el VElctel Bisdies. Copde ik pihaciiins M- AT 4 SOSTAGERIP
COVPCSI TI @wd run until size markersT¢psregponding tq)mgmeqdiptqﬂgsize gmh\queiwlave nearly run -
SDS- pol yac 1.de : 0 R 1.0 (B LICAHNIRES 10 CA
menbr anes.({#k%ﬂ]zﬁ%ﬁngﬁégfqug%%g‘gﬁ rﬁ%d&n‘?r lﬁn%ﬁgﬁ%gr%%{ﬁ%e gl;'lsequentt:oes

wer e d@$ eroontime té6 am fohs mimuge intenvals. The gel running byffer mas callecked aftqs eadhtinterval

anal ysi s carri.ed. 0 Be | v '

i on- excha\rll%é i ﬁlgéepun%lﬁ# Je?%:ﬂ}’g%‘ nghg%%%gﬁer%?g‘?%%é# és%glﬁcgﬁkﬁfdérar“f cég%hn 100
ul of 6N Helction tested GoO Rtnydoeenotivityl wsa RGEXD| fusion Ipammer N glutafioriecSHirangferase,
hydrol ysis, the sanple re dried on a 15 . edv nd the resulting :
am no aci ?e‘dg"s§‘81’%%'a‘sﬂ’\4\@ﬁ‘8”uﬁ'g§%r %fé‘fﬁ?ﬁ?&%&(@g’& han, Ful | erton,

. CA) contai'ni ng Alenaivelypte pegtidecwher dxptdseed o GBSTdusiors (pGEXMywere parifietiynd
intern

-standard to i.ndaependently noni transter of t |l e onto
e andd y oAty uping o husthions Sephagiss 46 enenRTE FRbaRyaX,ND- B¥RKy o¢ oo
with a 2 nisnlGST Risidheprodeins wen® washied away dronfithecgohmat el bound pacreiarwhisrdyert 0 t he
manuf acturers specifjcations. Aqn Cl 0 ition analysis was used to
20 acc-urzf?‘g?‘%/wglﬁgh?‘h QP@&Q‘? t‘%%&oﬂﬂ%ﬁﬁgﬁ%@s in sanples.
Insoluble HEV peptides, such as SG3, were purified as follows. Cells induced to

express the pGEX™ fusion protein were lysed with two passes through a french-press. The



Am no-term nal sequencing was carried out on either an Applied Bi osystem

470A or wWOss/1e83st er City, CA) that was equi pped with on- IHGTAUSIMEI08
for the identification of the resul ting phenylthi ohydantoin (Pth)
am no acid derivatives. Prior to sanple appl hgati on 25 pnol of a 16

resi due internal sequencing standard peptide With the formula: [norleucine-

25 (succinyl - | sl ar.r - i | :
sequencing filt &r&t?gla% ?Jgtg %el! [ogta iﬁw%ﬂfg%h%mym aﬁ%?‘i‘%ﬁ%ﬁﬁﬁ‘% 9.2 tor in a
i nstrunents wer Beqkp@ﬂ 422 cenyifuge tgp@ minuses. f EherneHet was resusnended in &BS dhen tepelleted.

3 pnol Pth stan j 4s k! sequences were searched via
t he BLAST %%’Fﬁﬁ@éft%hsggl%t eg § the National Center for

Bi ot echnol ogy | ffMrgnanadine. in PBS pH 8.0 with Tihmogenization for ShmimuesaandgeepelietedenThe
inthe firstegfi ' ) i I \

Suggest i ng t Rt aPEch S MG SRR K0TS fier Meldind: i 1L RYEhd [ RTATS
N-term nus. Thecolemnn hermasin) spnaiging Fostrlew Ghelating Senhatose™|(Phagmadia) 1pgded sl
formof the 62- i O OE i f qeing the
full Tength cre by SERedhd S088, WtuRnighngly o e inElu SRRRRAE | 1P
bacuol ovi rus i nf-ect efhedpaung ptdtein wlag eluted wither Nealemmgradient of 6 M urea\6 MuaRddE,
PCT/ US95/ 13703 404 hetween 0-1 M imidazole,in PBS, with a pH range of 8.0 t0 6.0 column Wi stripped
met hi oni ne introguce(f Fnto the eodl ng sequeﬁce i {%'e r econbi nanfnnprotselpﬁ
to ensure cd@r eeith 0.1 M EDTAst PBS aminthefradtioasadabizedya.g., by the ELISA protocol dgtailed in
TRYPTI C PEPTI ANAH_Y%I ? 5 One hundred and two pnol es of the
62-kDa protein é’eaig s‘lrelg'in Ssitu with trypsin in an excised

pol yacryl am de gel slice. A blank gel slice and a gel slice containing 50
pnol es of transferrin were al so dmd anal yzed in parallel as
controls. The resulting peptides ved by reverse phase HPLC
In gel enzymatic digestion was CHuharEPrimarly Hépaotvtesig Quind | | i ans and St one
(WIlIlians and Stone, 1995%, usin erfusion in an approximtely 1:5
(enzyme wei gt . substfat e 1¥@HAJIPY OF HEPATOLYTES of ppdified trypsin (Promega,

Madi son, W) and di gBégatdeires Wére Zblaftd o Iiman Tib&'oblafned frbM Stanford Unfersity Midical
pepti des were reduced/ carboxyl net hyl ated, .extracted with 0.1 % TFA,  60%

CH3CN andsorsn The Byes e githes Perfispcinsicy o exciserhas asyedee fos pertysiondp labartory.

the anount and TiRMNsiday périlion was pePlofh& foF MOl Minhiks aC 60 iinhif uSif a1 alg* "trden
both of the paraneters serving as valuable criteria to 15 Jgudge t he
probabi | ity of Hakscbalansed salb Splgtiem svnplpmented cwith AQimM BEPES (@RI iand ghS mM

anal ysi s wagg [ethyleﬁ@ﬁigéoﬁ tlﬁ#@néﬁﬁ’il%ﬁ-ﬁ&ﬁﬁ&ﬁ@'aﬁ@p\Pﬁrfusion was continued fREMRItARal 20
phase HPLC was carried out on a Hew ett Packard 1090 HPLC .sksjtem
B

Pal o
Alto, CA) equi gpastespsing ¥illipmeanediva E OYME) sunplemsated Mwithol0 H§P§§ @HT -9 andc
C 18 (5 iigB h . Aag; iognfd! EHEhi 1 oui 2qui librated with
98% buffer A ((?08&%6&'%%?@?%%‘%2%#@ acl é&H{elﬁz,%%a%bAils;%%ﬁf fer B (0.052%
TFA, 80% acet oni t ri | Afferpertesionshe lived capsule was repjoved using fing dorerpsnand hegpymytes were

Peptides were t A ; ' di M '
mn (2-37% buf f‘{‘;s}%b&@, H%gg'ﬁ@' 8?1‘1&&;‘{ g‘ﬁ@%ﬁ#ﬁ;}@é‘?a@) e °”8’t’5’?%§ﬁg&”%'°(‘7‘%"-59‘"§%)“
buffer B) 25 throtgheaverali bayerstof gaury andh@iixedawith ab equak veiume 0 WiVAW einitaining 40 %f
digests in the g, I e r 1O : i I
i et or (1D) GRS Rl BRE Hepuoclel el AleRlaf o aitRngudor W 4K WP
capl ess Eppendanibutes) bk resuspended in WME cOotaindig 3% RS i Blepatoaytes |wepé s@igmentedpandc
pepti des and 1 ot end.i eaks.. s I I
el ysi s of t ndseiranaRh e RS SrhaERIHaL s, o el R paBGE G By e
desor pti on masdhrepgcseverat lagsrs ©f gauze beferd-EXafinpng for viabilitg ysing m_ypambiue.t The eells
Eig‘é; DEac d ofe%s plated Wﬁ%ﬁ %@S&r_ O HR3ariS Dlates (Falcon / Becton Dickinson,
: _ Franklin Lakes, NJ) pre-coated with collagen (Collaborative Research, Bedford, MA).
Cultures were incubated at 37°C in 5% CO, for 3 hours to allow attachment and the

medium was changed to:a serum-free formulation and every 48 hrs thereafter. The serum-free



Peaks 45, 50, 62, 65, 73, 82, 101, and 116 were further eval uated by LDVS.

LDVS WO96R80%sed to resol ve. several issues: WO 9BCT/B813703

PCT/ US95/ 13703 ' 57
(i) whether the peak was an artifact pggk or was in fact a peptide? The
anal ysi s confirmed that none of the peaks were artifactual;

g i) W?et {f@trmu}[liﬁhi%n Rask vmatbaseaex]gbdm ﬁ:pbmamemamgmldﬁzmwamgabaa?snm f
enonstra at ew.cas akKsS m Xtures o
pept i des: HEFRES @H7.4), 100 “g’m'(ﬁ"fa)“'%e‘ls é’o‘ffﬁs%d @éﬁ%’ﬁ‘fa‘% ‘ness was

conpar abl e to the predicted nmass which was derived fromthe predicted
am no aci d sequence encode RNA? I n all cases t he mass

d by the_viral
of the peptide Bras STEGH P%W&FWW@CW%H'F‘EF@H mass, with the exception of -

peak 6% Whing h%ﬁWeletﬁr@s P6relManfidifdd in serum-free medium fr Serious PeBods
anal'ysis allows the read }; deternination of a_rll_x post trans|ational nodifica-
@

10 ti ons Of time and labeled witl §*$j-pethippine fu34 hys. iThe, medingy wasadiusied t0 erndain do| at ed
via rever yimM phaTe 1 U EDEL eana 1% Nﬂdﬂmnm.&qpecmc for mh d&fere?aapmxﬂrﬁotems

cyano- 4- hydr oxy c¢innanic acid mat ri x_ sol ution t hat was

spotted oMEE ROUR{P prateeh-agapse h?gdps@fhetwsmq* Washesh with PBSnand aliquets pf the

repeat edl Yapejed meBitni \N@ﬁ inf\®aRa T f5 hAlA 43(3%199(91@|ahhl5‘tﬂlyllfeadc téihplékes. The
m cropi pette. The sanples were then all owed to aif dry at room

t enperi®k ubeads wra\mslwdc} simss ot abufen m%plmas |1%t AYP48; andyispmunppeaginiated once.
The al pha gﬁﬁ ! Péle%ﬁhd}ﬁs‘?sp nfpik Blffer &ﬁ%ﬁ.@tm?m“adgfzé% 20

- mg/nmL in 0% % TFA (trifluoroacetic aci was use
af ter vor mexdapigethangl. sS n‘qfﬁfaﬁﬂlyaedfmfadlent SR$-RAGE(4 twhi%]andguipumosm wer
stored fop, ){31 maxi mum of 2 days at -20[err]C. The calibrants used for
external cdlibration of peptides were gramcidin S (mz 1142.5) and
insulin (mz = 20 5734.5). Both calibrants were stored at -20[err]C as 10
prmol / yle stocks in either 50% CH3CN, 1% TFA, or 0.1% TFA. LDMS was
carri;i out on a V@ Fisons Tof Spe Err)é'@gé’%elctrorret er (VG O gani cs,
Manchester, U K ) thafze Wao HiEV bnj smar Hepatocytes npde at an
accel erating vqltag gg,q. th a mtrogen | aser (337
nm) and a O. 65% ?uﬁlf }'%garoglg e"géﬂxp Ew ~ Routinely, 30 shots
wer e aver aged fToe HE&C:hfesqaé cynommigms ronkeyG#73 pwok poal Howrth pasaigé)uvas aseihas an
sanpl e. redi SS nt e S| ngl y
o1 o onat edorleg of WPulR°G L FuRR Sepatitl. . HanBl iRl Sk o8

Post - 20ur dmtdlaoaynl&m seremefraegnedium (StFMa) andh a;tplhed oahd amhremurmpdé hmnchbahhe

adr onocor PR 1 BRGR M AgRERE AR S SERER Wgﬂ@me epfce gyinare

Peaks 65, wiSincillied @vathighl.6 Thppestrdagl, tall hendiagetsalére vtfasireddmﬂeWMB bt ng as

Poaks 45, HBBES 6B 4} frghren s apd Branbed” S 5E s iy PRCaifech e S Aok

appear ed infertais thesehfewres t hat woul d opti mal I y require HPLC V\D 96/ 12807
PCT/ U§35/ 13703 _

B. = IMMUNOFLUORESCENCE STAINING ASSAY.

Primary cynomolgus monkey hepatocytes were isolated and plated in tissue culture
plates with collagen-coated cdverslips as described. Cells on coverslips were infected with
either the HEV-infected cynomolgus monkey #73 stool pool or an NIH normal human serum

30 three days after initial plating. The infections were allowed to proceed for 2 weeks.

Cells on coverslips were fixed in 90% acetone at room temperature for 1 minute. The
coverslips were then air-dried. The coverslips were blocked in i% goat serum in PBS for 1
hour, washed with PBS three times, and incubated with a mixture of rabbit antisera against
HEV recombinant proteins 406.3-2(B), 406.4-2(M), and 406.4-2(B) at room temperature for



58 repurification'prior to individual sequencing, it was decided to

directly sequggogiiggese m xtures in view of the known W&?@Tmsgsn;no;;
information and predi cted am no acid sequence.

SEQUENCE ANALYSI S OF LDVs PEPTIDES. 5 Pepti de 65 di d not yield an-
interpretabl e sequence. Upon further exanm nat$on, the mass observed by

LDMS was consi st t he term nal N Wth
addi tion of an I\Ethg‘l’% rﬂie "85"&‘? Yo aeMh }Wsi’ﬁ‘f 'gdﬂb%gmﬁs fﬂ*’f‘%ﬁ%{ gﬁg{l}grescem
1785.5 Dal t ons .sothmejaﬁx@:é%eﬁjugmrmmcp@adlang-rébbxtangma.)O(aymeder)luteEwaPMI % @oat
of a tryptic peptide ta base ing the . r ence of

62-kDa protein risHmf ? dﬁ‘l“ﬂ?“"%ngﬁ ‘ﬂ%F‘Wﬁésﬂ)‘P? Hé'%t g‘%’& tipey ap au'-dned
mol ecul ar wei ght»:hé)r RereGibRnted Wh428C gl E’astsomium&idie:awd andel ¥ Ausresceianitostope.
t hat Peak 65 i ndeed the pr egl cted amno termnal tryptic peptide.

Sequence anal |s of the peptides corresponding to peaks Peaks 45 50, 62,
73, 82, 101, andcl16 RevRst FRANscRIBTONPOLYNIERASE BHAINGGRUETIOR
predi cted 62K protein_was intact. Briefly, Peak 73 matche e5|dues

327-355 of the known §Eé{u@fﬁ@@n ommxexnm%ﬁé&cwsh%@gﬂi%mfzﬁuaﬂbbﬁﬂ?ﬁs

known sequence. Regk ThépimbeIedDNeEs .sé&ftpéﬁlvepé bas&ﬁo.mgml&mueéaﬁaw of
Peak 45 matched reSi dues 412-423 of t uence W th E)re icted

mass of 1396. 49 the full-lepgth HEY cDMNA KTagp eﬁﬂ’td?@!ﬁ’ r18% bé&uB"é“‘S‘i&A‘ il (L5785
P
sequence. Pegf 6aqGPEYRD (xﬂ 6650-66@%5 of saﬁpgblgﬁtyrﬁ'&hqgﬁ é)ﬂolifzhttegtemo?qyé;'ﬁﬂ

mass of 749.84 Daltons nmat-ch resi dues 3-

sequence. Peak gEEnQmeand HE'%‘! 2RI @f 7108174 27) 3o HENS 2SRR ént 7048~ 2097 hare patisense primers
residues 424- 437 0% | mgq.géj sequence); residues 438-466  (secondary sequence),
and residues 555- 8 (tertiary sequence). Taken together these

resul ts indicate thatFalowingnextnaetitin afgotabeatlvlar RNA fiom HEV-ipfectéd eellsdusb@ione-step

RO YPOPL e anp ol Bt MRt plobfife DR il ERENA,
eval uat e t helhateamé Ghotmiapnskiz- 1982), plhqum of 8o kamplesbwene hsat-depat®Rd- P ASEC for 5
the purified 62- r}ﬁ%epﬁn%tsﬁb @ct%é rg@}s%qﬁﬁ%‘%ﬁ&hﬁ%@ﬂteﬂ)&%ﬂ&?ﬁfo?&§m {n§§2°C for

phase capillary pea el ng
eval uated by el eﬁ@tm—ps axymgﬂﬁe umts persyeaction MM Viie@erddSiransEiptasei (BRLP 2n k28 ul

Phase. col umm. usi RBREroIRAE B 24 R oE Rt Blolpeen. o3 KR P gl s,

per mnute. The Mnrwal&; CTyyaethcdvoncantrandpnagft enMi eacledeexyribetnclasy{de merlmi-l-:ﬁnet Citus),

S trer wastiald 25w SRR g P eiibg e g i HeiSisale e 0520 for
toa VGBioQtr |5p:hmur¢snaddenpmi-eathmmwpevms&mmrptasé@ Or gani cs,

Manchester, U K.) op ati.n t jon electro Qni atl 0
Tode. The 52 kD < TeR bRt ardls GERA svatErste i s bR bck iy s Baayglume of
(I; gr ; leg gg ?cli |3 ggSt S0P with @ SluMHEVEKRBF1 primer, 25%6{ts PADIBNA polymerase (AmpllTaq, Perkin-

The predicted nﬁ"é&"u?%ﬁs)nﬁ%"s]’br CRhuttge oyeslayed withiSq uhof Hljnefﬁé’"eéﬁq ﬁguected to 40

sequence of 25 cyclése@rmt;m.nlaiﬁerkm-mmst a&um&%ierqbstme 1@iite; 5220 02 nhﬁutes, 72°C x
59. 1- kDa. These _data sugq,est ed curred in th
|

ion o
mol ecul e and t haP 5¢Bdge é‘H”éﬁﬁ"’%ﬁﬁ "ngﬁ'qt‘lr%@pf C&Pl'thlgt éﬁ’? W‘*BY""E%H"BGRW cycles

term nus. The pro%&'té’d P@@S@C xf lonlr\ﬂ\‘dtet 8549Ex 8/ nYif@esy |7Q°@9’! 3b%&ébn@§) l@ﬁidtﬂ%ﬁuﬁne of
oxi dati on and GC- M5 5 anal Mol e nass

det ermi nati on by0mbcaptainiag {"}Pp‘i‘%ﬂal PCR PUE‘%S(%EM%%FZ é'td EEV3 28833) .
Wth the confirmati o }ntlese@tmd%uﬁdepﬁk%du&sh@ergguﬁﬁct 8Pt a gﬁeaéc%roﬁlgﬁésls,

't he car boxyl term nus nay | 1 pped between reéesi dues -
resi dues 5363053pthl¢um@mlé@stglaq:mphomgraphed under UV light. Southern transfer was performed

and filters were hybnchzed with [**P-dCTP]-labeled internal probe HEVORF2-7 exclusive of
the primers (nt 6782-6997)_, and autoradiography performed.

¢,

. )




term nal sequencing was perforned using intact 62-kDa to confirmthe
put ati vav@a6/128%| 10 term nal processing. FRET/A8MIT3ed
~C-termnal sequence analysis, protein sanples were applied to Ztex
menbranes (Norton Perfornmance Pl astics, yne NJ) pre-treated with
| sopropanol and inserted into inert Kel-F columms (Norton Performance
Plastics, \Wayne NJ). The sequencer CeXAMPLE 4 was installed into a ,
Hewl ett Packard GLOO9A sequencer (Palo to CA for chem cal coupling 15
and cyclization. The coupl edBspaiionef;s RDabEvorMIZend cyclyzed product was
cleaved to the  The 62k dnfibdhs Ridke ﬂrB&uRQd’Gﬁ%ﬁHulbvﬁ-ﬁi DPraGbssyshAl MUfseandnd »%r
short ened pe tide using an al kali salt” of . trimethyl'si|anol ate
The deri vatfp -sanpl e was anal yzed by an Hew ett Packard. 1090 l'i qui d
chromat ograph (Palo Alto, CA) with filter photonetric detection at 269 nm _
usi ng a Hewl ett Packard specialty (2.1 mmx 25 cm) reversed phase PTH
anal ytical HPLC Aol unfONSTRUCTION OF RECOMBIRANTBACHLOVIRUSES: y gecqmbipant bauigvinise nt
A | Phosphalepisl-ABNPY Phpfessing B Ui GRF-2 of B ts}f]u.ﬁ o | ebartdls! £ 1 ViAG G k!

P & eve(fo e m no

sul fonate as an 1 on palrfring agent was
aci d st andapustrugted 29 gessribedepraoesiy i Ji.cet . aﬁdghlﬂl M@romelosmaaly@ﬁé (199313

initial Seqllél%nffg&g'Potated bg)fgljel%a&lave. rise FO t wo very. strong peak_s

. correspondi ng utam ne an ysi ne neither of which are | ocated at
the prelf) cted ce(idnmqphon of ricombinaift batidovdis lpBBIIDO2K ekpressiifg the C-terminal SRBe

second cyc laﬁur{ Q{.ﬁﬁl ?%R%ZYseé%crﬁatea Q0 ﬂ)lllgws gquw BH@%uﬁ)mJtﬁ%!ﬂz inrﬁg pseaﬁ bri E CZ@&' ng

t he presence o eucrne ide mX
third cycl $as,mxrs(bp1)elnNAttragment mniamylgm;sledmdas 5480 mcﬁﬁﬁaef OgF@afu:d«g muBuima

However, sent t Di r t h
oi ther & grbnsr BES T 2 ShESFRh vaile boTmerhed o oo e
supports t kDNaxplasned cempbdte pBBHl—ORB@,emgaﬂmr wlith uwe ptimers((5 Ojrimher, SBQ ID NO 29 V\D

gg{r} 6%8‘:7,5/ 1 g%% primer, SEQ ID NO:30). The 5’ primer contained a BamHI site and the 365nmer has

EXAMPLE 10a HindIll site to facilitate plasmid 6nitRetibicV Tie PGRNpidduti wa digastedr withrul |
Protection

ai nst Het.er ol H I n
o 0" BamHHindII agd g o kAP Srpb . PR el e Sl ",
10% st ool Dicgopwhichrhal been prdvipusly digestedpeitis tie samé eestrixtion ehdongclsdseso\form

epi dem ¢ Mexi co (Vel azquez, et al., 1990) has previously
been reporP@fﬁ"’i‘icpn’ééué'J Hg’pat itis ' E in experinentally infected cynos
(Purdy, 2foet al . Alia9&)|¢»baE@;szméI (klbp)sum@m ]ﬁlﬁgtMnﬁﬁtaLdrﬁé@QﬁldﬁngSB, poitdlfonlcg‘éfwr |
pairs of c wer e i njecte wi t | i 0 o) 0 St 00
suspensi on}/ﬁ?: 18 ﬁ?“éﬁa e |arP’b‘1ﬂ?}§';¥h‘é’f‘§“l§EFFfpa?sBH‘? Bﬁﬁlﬁgﬁ ﬁﬁg o8 up of
two recei vplsmidrgYDrF acthé rmﬁdm&[ne k6 Form the nnmwﬁlb]musl@&ﬁfef ]vect&rpﬂﬂmmzld

di |l utions. s were nonitored for evidence of infection by:
1) serum | é%‘f’éssa'Pseﬂ'teF"&Hifqﬁ“ reconalpipgst "'2‘)5 ﬂ%WF%éﬁf bﬁ”&‘ﬂ? fagpenge desiveEy,  3)
sheddi ng ofrolEPCR B cofiirnfed 9 DNA seieiichizl dn@ theXorrect oriehimiorATthORAIITHIAAS
liver, and 5) hi st@pat hol ogi c. changes (Tabl e 5). The data in

Tabl e % dewamtma& Fﬁl‘a’csl veiifigd byheestiistion: digestion=analysisc u Teanstegtion; -plagye 15
was assayegudiicafidd, Sd VilaY a%fﬁlilgﬁi'an'd? ﬂeédﬁﬂfma“@%a&ﬂvﬁﬁi %Iﬁ%ZK is carried out

I mmunof | uor escent assay of |'iver biopsy specinens. Liver biopsies were
exani ned uaksasdingJaProtegolsdeseritied (Inyissogers Spn Diego).changes. ALT | evel s were
assayed by.standard nmethods (Purdy, et al., 1993).

Table 5 20 TI TRATI ON OF HEV | NOCULUM - MEXI CO STRAI N
T B. CeLL CULTURE AND EXPRESSION CONDITIONS. )
30 Spodoprera frugiperda (S9) Cells in sus_pension culture flasks were maintained at 27°C

in Grace’s insect medium supplemented with 5% fetal bovine serum (vlv), 50 ug/mL
gentamycin, and 0.1% Pluronic F-68. All culture ingredients were obtained from Gibco/BRL
(Gaithersburg, MD) and cells were cultured according to protocols described by the

manufacturer (Invitrogen, La Jolla, CA). Viable cells with a density of 2 x 10°/mL were



Cyno No.  Inocul um ALT El evation H sto-  HEV Anti - HEV

J Dilution WO96/12807( days) - pat h. Ag in (day of SRGEUSIS/13703

nge Peak _ o liver conver si on)
(val ue)’ 9218 - 10[err] 23-65  37(5.4) +
+ days + day 20 13- 28 0¥ 9o 10[err] " 16-58
30(7. 8) lleted b .{1&&‘ tiorit THEY%el? ljet was resuspended in 1/10 of the otiginal ¥Slumé of
25 gp14 | Pelieted B ERiRgarion TheXe £ Belfer was resuspended i 5520
10[ err] megdigm3:pntainingthe @):ombmant vu:us BBIII-621¢,- 8 multiplicity @fayfeggm of 2 plaque
20, 27 fi ] 1 R 5?& Jhour without 'stfrring. Th
+ day 35 o?%i'r%z%ts (PFU)lf}Jre%f[I nﬁecnon w “%"505 % O%S without 'stirring. The
+ day 49 infected xells were diluted 1@91@ ioriginal densxgy| wigh, fresh mgﬂnm and maintained at 27°C
9212 10[ er g] 7 I val ues from 30 9217
10[err] 5 tor 2 c}ays with atgltatloﬂ (?3’ 95 ﬁgn) i VO
96/ 12807 ' Procedures for infection of monolayer cells are descrlbed in protocols supplied by
PCT/ US95/ 13703 61

= peak val ue/ nlenérgx{olg% lgcut of f (99% confi dence I evel ) : Weekl y

serum speci mens were tested for al anine aninotransferase (ALT) and for
anti - HEV anti bodi es by ELI SA. Bot i $ (cynos #9218, 9219)
i nocul ated with a 10[err] .dilution ated ALTs and
seroconvertdd for anti-HEV wSDSi Erio Pe ghin Only 5 one

of the two (50% cynos inocula Sugpeiisi mfr o : had el evat ed

ALT Thi |, t ed f
Wi e both ani mal s i S RHL GO BFey Va%ve?veﬁé‘raf ?f?éeﬁ vm@\a?wéﬁos ppfepfon
transi ent .and nwere8eparafdd byekmyifigationto géﬂemebdmliﬂ(ﬁpiﬁteébliﬂé&ﬂ sﬁlﬁﬂlﬁB&)deluable and

9215) did however convert at day .3 nd 49. There re no [
2ot i hody L BE SR Ghroftins Sy ot Bftopverh FRrophoiisd an SO polyapamie
10[err] dil usi ogels, Waaid )Ivel'd ¥itler QiaﬁﬁﬁWl&DCo&ﬂﬁﬁlbisMIoﬁ (ﬂg’:ﬂ&}ib?dransferred to

hi st opat hol ogi cal | y,and b nofl uor scent a
prescence of HE'V“'%%'I I"Q%P‘P{’F‘I %ﬁuﬁﬁ 3b‘I‘ Bies ﬁ'giﬂ!g/‘ ’ghgb)I fows,q

hi st opat hol ogi ¢ changes = - were concordant with the el evation of ALT and
observed only in cynos #9218 9219, and 9220. HEV RNA in cyno stools
was assayed by RT-PCR A NTI-HEV ANTISERUMhe titer of the stock (CiDerr]) was

defined as the concepy %bﬁ?cl?éloﬂ%tﬁ%%tﬁ%%d Ati-106,Qerd Snerated BB Yorfide

cynos tested. The C D[err] of the Mex #14 inoculum was estimte

at 10[err]/ 89 DEQRF-3n 387 ard2aming acidsindengihihageg.the sareprsermius 06 ORFr framithe
one of tWO CYNOSyrma straih P %@&%éﬂb@p@v%% f’ [(Fdrbdligh 499 Oio), ﬂéi‘@in Wi‘ﬂf%ﬁ{ed by

human st ool suspension. A suspension dil to confarn

cynomol gus i nf deferangs doses (ClDerr]) vvas used for 1.V. chal I enge of the
vacci nated and control cynos. 20 . B. I NFECTI ON OF CONTRCL AND
VACCI NATED TEST ANI MALS. - 1. | MMUNI ZATI'ON AND CHALLENGE OF
ANI VALS. B. SOSrRAGE ANDAMMUNGBI®Thacaques (cynos) were used in the

present stugly. ' Eig htT&%@&ﬁ‘e protein samples for SDS-PAGE, approximately 2 x 10° baculovirus-infected
Sf9 cells were pelleted in mircrocentrifuge and resuspended in 150 ul of phosphate-buffered

saline. Cells are lysed by sonication. The lysate was subjected to centrifugation in a

microcentrifuge at _4;C for 15 min. The supernatant and pellet were separated and denatured

in protein denaiuration buffer containing 20 mM Tris (pH 6.8), 10% 2-mercaptoethanol, 2%

30 SDS. 30% (volivol) glycerol, and 0.1 mg/ml bromophenol blue. Protein samples were
electrophoresed on 4-20% polyacrylamide-SDS gels which were then transferred to a PVDF |

membrane. Imrhunoblot was carried out using rabbit polyclonal antisera described above and

a chemiluminescence detection assay (ECL kit of Amersham).



wer e in'smgt'ed |.V. with dilutions of a 10% stool suspension of the Mexico

14 suspH@INBY: 25 HEV for titration of the chal | enge sPEERS{HEW3above) .
Six cynos, three vaccinated and three not vacci nated, were used to
test for in vivo efficacy of the r62K andyg gen (Exanples 4 and 6B). The
- nonkeys were housed under BSL-2 bi ohazar contai nment at the Center for
D sease Control and. Prevention EXA g GA) for the duration of the
- study. - Ani np ' J\Wweeks and serum

speci nens were col | ect ed=wee Y S weeks to
establ i sh basel ine mﬁipwmmnfdermLLTLmaﬂusjm (7EK) or to virus

i nocul ati on and vacc nation all se re tes ed for the presence of
anti bodi es reactq"\‘fgm inant W‘EIHV‘PE\%@?F?‘%& Pellgts - were gpyuspe %(%i‘rrpl es
1 and 8)5 Alhbsphite Hakisredeakine TPBS) contaimitg] b(im mmt umg/rar.lapfottnﬂl | 10OGg/mBt | ON.

WO 96/ 12807
PCT/ US95/ 1deupeptin, 0.5 mg/mL Pefabloc SC, and 10 ug/mL pepstatin at a cell density of 20%; fw/v).

The 162K (malsﬁdp&si@&vm b Bl ioN4Bes ?EP& Rficrin@ads mcrmﬁd.eémimos ated
with alum | ow ng standard prot 0co The BlFOtel n-al um conpl ex was

stored at 4 léi“fdlll‘,‘eﬁﬁl“iecﬂ“ 00 el followed by, pentrifugatiop of thelysate 2 JAORG Xo& oorddnkeys
(Cynos #933@nu&32%'c9340) served as control ani mal s. Each of the
animals received I.M injections of alumon day 0 and d%y%?)l. Three 5

cynorl Bus nmonk s sereyasst wasdepantgbad theigspiyblepalist resysnended in 25 mM RICINE
| nj ection b g0 The guspel eh%ﬂvéé%-ﬁérﬁﬁﬁl@é& lﬁidsﬁ%ééa%{é &lﬁ&ih@ds%a EheQna'éh Ipeﬁét

buffer on day 0 and sl x of e ani nals we
chal | enged ewlractedaim @5 emM Bc!CINE icoptaiginga 0.5 SRS/ vy tfon|30 minutesyatpambiemsn.

cont ai'ni ng D} .

wnekg | O thi¥inice 16 Ehurfabed bl KRPeMEIER BFI ol B S0 « it
COLLECTI ONtemperature with the qﬁsﬂtauttmp@ngm sepaiaed|agd didwsetl 1:51in 25 mMABIGINEQ@H 8.5e
Mexi co GhaMl ppe stock, 1.5 -nl ‘blood -sanpl es were taken tw ce

weekl y. “For e SI'x ani rral s used for the vacci ne phase of the study,
1.5 m bl ood sar%isetgatmaiemadhmmmmhyd oBladdypec-B-$ (BioSepns, FraminghamdMA)r  at

I t 120 .

(AT, oo S carloh ol 3G R YRR a4 ajoiiciln ARLSP GolBTly UM, 2
ant i body Kolawieg 1aading aod ﬁwangcnﬁtﬁledmﬂmm Itﬁen‘i_SlK proteinA!m edute is!aCtDear gradient
activity. wg%gosa&p!nwplggl #ncq; ga%cmu%gl mal using pre-inocul ati on val ues.

Needl e bi opsy speci were col | ected weekly. Speci nens were
di vi de0f or Thh7$!( pmammo:dnmgyngahntttmnhdm meﬂaperdh-Smblumtweyedlalyﬂdmgams

k f 20 | .
ool - ane st vBilme SRE i@ Ralignd Forloh® by Srhun SRAKRTSS dlhilidhd 2 A6, 0
and storedxgat4 (atTheEO{)ernatz}rﬁiwamﬂisbarMadn;i shespetibt extracaéd RNAO(SWISBItm 25 mM

T - eV, 1o R 8 57 SRt Gleand s sagent MR s gaded 1o gt of S o e

pr Fw ousl ysagﬁhgiAebﬁld tdEhﬂO‘l!I €irahiee minutes foﬁbgma)bﬁ irﬁmedlgé aileiies intoatleol e
pO ySt rene at es as anti ens i nc . _ ou
P! YS! B Votimppric Bisfis  pufin aiagE 50, MM EhGine P10 Lrt0%, gytetolrdopid, o

were | ncubgmfadum (PadlitegR 0.5 MM gdtamddeqoxndxeéd) e d gbupeamseo Cirhé mxﬁmﬁGvaﬁl c
HRP- conj uga goat 30 .. anti-human Sout h San Franci sco,

The si gnal Qﬁ”eﬁdpsaé" Qxiflige oyespight. ng"‘B‘ét'Bé] OX'da""“pé'?( sqlutipny vag ?"(S'He"é‘ﬁ@&%n was

cal cul at edg@filtdrBELPRAGMBANEEs AowABRatioR 162 M A riDYHIS. The maRASAGIRFN@Rr At
490 nm for the pre-inocul ation sera for the sane aninal. Baseline anti-HEV
val ues wer eonseERisdihyreptrifigyl ultgafiitragiont he nonkeys with their five weekly

pre- I ng@ul ation serum speC| nmens.

l'b

B. PREPARATION OF CELL LvsA'rE AND PURIFICATION OF RECOMBINANT 62K
ANTIGEN.

Frozen Sf9 cellé infected with recombinant baculovirus BBIII-62K were resnspended
in phosphate buffered saline (PBS) containing ldg/mL aprotinin, | mM EDTA, 10 ug/mL
35 leupeptin (Boehringer Mannheim, Indianapolis, IN), 0.5 mg/mL Pefabloc SC (Boehringer



WD 96/ 12807

PCT/ US95/ 13770 96112807 | CTIPR31370:
The cutoff for anti-HEV reactivity was defined as 0.200 CD[err'], vl\}']l!l@(%: -
correlated with ~a S/'N value of 3.39 and greater than 30 standard
devi ati ons above the nean of the pre- iHocul ati oh O D vaI ue.

Anti body titers re determned by.serial 2-fold dilutions w

endpoi nt titers %’&‘ﬂ tg@ itﬂ?é'gt& We%]g??fﬂlf't'ﬂ Diah3 FQS'ﬁe'}"r"f“%n ‘szfo& @v/v). The
di lution sanpl e ¢ehalar ﬁispédsmnuasl e@inctqd:cadnuian@ miofoflaidiZeC R 1 0D (N orl, D&Y Byl two
2. POLYMERASE CHAI N

transcri pt ase- po‘?aﬁ?g?saaégrﬁ P%l T é‘&%’?lcﬁlﬂr‘ VeEe °F’l§ﬁ5“g%9 lﬁdﬁb%ﬁﬁvﬁs%lao migytes); The

Vang, et al., 19Q0\larapethaRih && 866 Pob-tfe@fed B dadbiGh bﬂsdﬁﬂﬁﬁthﬁ)ﬂﬁ&it& (D%smland
were perforned 10 using HEV specific primers derived from publishe

sequences (Tafy 6442 "°E%§E5"°“ of 50 mM qad dialygedinitially against 190 vgl “mesl‘gdﬂ)‘nM Tris

3. IMVUNG:LUCBESGEI\QB rﬂﬁﬁﬁ?((:l andOSmM DTT fdr8htaey ssuocescent assays for
hepatitis E virus antigen_i.n liver biopsy tissue were 15 Eperformed

according to KrawczynQidlysinds epnsiapeshfor angthey 8 hours against fresh buffer pinusBAFr) Hying this

I N NON- | MMUNI ZEQuwoNkdgPBisysis procedure aggregafibR ©f @il Gﬁkbﬁgﬂnéﬁx Withl Qetamifvih %lﬁﬂ’ar
of hepatitis was observed in two cynos (cynos , 9219) inocul ated

with a 10[err] RTPigns ¥ias wirtualieelimingtedo nBLe T§HSPR Protein pas foupd i hesampletely solyberin
20 elevationg WBE BsRBAARENSRN Glantitdfivd %c V&E& tw@ﬁbﬁ O mb @ap%ﬁtshl%amt

Necr oi nfl ammat ory changes col ncli bi oc em cal evi"dence
hepat ocel | ul ar danageThergalysare: waseprefiitecedtbrough gd/mlrpore 0.22 mieron ffilteq ’e‘nddheft loaded

K W
T oheerved by et gifo BREAE BN 6300 Chbutin B"Merdi] iuipRALa0 il Telipred B30
by day 20. By dayMeN¥aGlLThe eszeiDa prawdinas elhaghm xlineaogsadions Of 604560, BACl over 15
clearing of the gy, i ﬂﬂﬁ’efsaﬁéﬁlgyﬁ‘{c&i‘lu?efar% 3£ 100 cmyh. The 62-6D ﬁ%ﬂeemt 1y
VI dence ro

and histologic e rve Yhriee con ani nal's
(cynos 9338, 19330 theggadignt nocul ated with a 10[err] d| | uti on of the

chal | enge stock in t w sz?s\é,l,%%f ORF- f&l; |l BRDS #w"!eﬁ b&%éte{rﬂ- Bidlefag Bk column

The data presented i course
non-i nuni zed arfthcGdhs w:timabbmqadlydpmbsannﬁdy,e&&:ﬂanbmgh,re al.i89) z end adgibody Mlsed .
injection with Q. .62K protein on day

o e uay a1 s apnd ekt gl Tesion o ihB RESHRRER Broukin of
Wi | d-type.Mexico HEV ruvesmm)mmmg dratiohsd froAnthe DHAE vuhemi sereyodledy cdntdntibted by

ey spom B Gl 5557 e VI BB RG DGR 98 Pl i

necr oi nf | amrat orayd dafferg exchanged dney 60 cmVSephaeryh 841600 column (Phi¥hddfa/ PRABatdway, NJ)

PCT/US95113703 equilibrated in 25 mM Tris, pH 7.2, (5 X 100 cm) at a superficial linear vel%f:lity of 30 cm/hr.
Fractions containing 62-kDa were pooled and concentrated by centrifugal uitrafiltration. This
step in the procedure was utilized primarily as a buffer exchange step. _

25 The 62-kDa containing pool from the S-100 column was applied to the strong anion
exchange column Poros Q/F column (4'.6 X 10 mm) (Perseptive Biosystems, Cambridge MA)
equilibrated with buffer B (25 mM Tris, pH 7.2) at a superficial linear velocity of 3000 cm/hr.
The column was washed with 5 column voldmes of buffer B. The 62-kDa was eluted with a

~ linear gradient of 0 to 1 M NaCl (total 10 column volumes) in buffer B. The 62-kDa protein

30 eluted at approximately 300 mM NaCl. If necessary, the r62-kDa was buffer exchanged by
tangential cross flow diafiltration using a spiral wound cartridge (Millipore Prep TFF;
Millipore, Bedford, MA). At this stage, the 62-kDa protein was nearly homdgeneous based
upon SDS-PAGE and Western blotting. '



by standard nethods. HEV RNA was detected by RT-PCR (Purdy, et al., 1993;

Kawasakiwo 96/12807et al .; Wang, et al., 1990). PCT/US95/13703
Table 6 5 HEV VACCI NE EXPERI MENT: CHALLENGE W TH HEV
VEXI CO Animal I muni zation Anti-HEV at El evated Alt

El evated Alt (u/l) No. (69K anti gen) Chal | enge
(u/l)

Range -( days) . lwi;/f%ﬁéﬁ%on Stép s 'describe%\ﬂ?g‘ﬁ b“ffeﬁ S‘Z“‘E‘ti“tﬁ‘&“ and pH;;%s‘ﬁ'T ve

24-87[ err] monitored wiB a Radibn@ter Copenhagen QDM:;a@onduchipy gery(Westlake, Ofidaad a ve

;4;] é?g[ err] pum retgtf%g:e sTné.rE p]l-P meter, r&éig%grgl]y A& (5%(9 f?gstltuents wergpgxﬁeél' ve

11-14 biotechi@pgy or4 USP grade and det@v§i8&0to b\l e_ssen( Aly2pyrogen free rbgghhulue
20- 34 ' . CY9340 Alum (X 2) _ negative

27-31 > amebocé% lysaéfzs‘gy Ani mal - Hi st opat hol ogy (necro-
HEV Ag in Fidfthér RfdA thenqubtitation of recdvery of 62K antigem fromninzecoce}l Iysuesghe )

liver : (day) following dsogglgtaﬁtllgo%y slndwxch @Ll%ﬁq%%mas utilized. Ant1-lb6 ant%ody,

negative I've

negat i ve polyclonal raBBx; antibody directed agdiné®tha tarboxyl terminal portion of@he ORF-2 protein,
ngat lve was puriﬁeﬁgn g? g%o:tﬂ\fr? OSepharose a@pgggé%rsnatography and coatecb@lgts Hic%;ét?ter plates
14,20 10 at a concenfiatifh of 1.6 ug/mL fer %21 Gn carbonate/blcarbonatﬁthﬁfféﬂ. VAfter washing and
14, 20 el evati ons

ot det er i Hagkingy gurifid 62-kDa sxigendpiiaren R S R ATRLST B Bropst samples e ¢
S |h glnial / cut ](c)édﬂed aiuﬁe:p%we"gﬁ dibgted lt;&des af nvovld dnlunohs}f/ltthfr Qﬁtubﬁibhsoﬁ" Iﬂibszlntlgen

chal l enge for ea otecotro eys roinfla can

cor et dog vV ENa AR SBUoHE -Gl HaaRist o R ArIaGbto the Plsts and

HEV ant i geninvddatedetThe Sad ahfg&xherrhspuﬁrs&o €le daivox méxﬂﬁnaaazsr&hﬁm%’abbﬂmbw
weeks p: enge. ding in the stool was observed

RT- PCR iét kha VOégla ﬁ@%ﬂbw t @P4h6g'sd!%P4‘@ﬁg‘@S folloped by  figal %-h@tmm%

ani mal s. stt@btaﬁhﬁﬁﬁdh}ﬂ@at&hﬁtﬁ)rﬁﬁ&lﬁi pskidAE. After ﬁlﬂgw&ﬁnﬁgh&fb@trate was ¥3eKand ALT -
| evel's retu ned to baseline day 38 ost chal | enge each of the

unvacci nat g€ plates werg read Q‘a“mfb‘ﬁ’d?°f 02 of HEV was measurabl e withi n

three weeks postppteiflcdn¥iierations of YhPlEY Werd Rétablished using the Bradford assa éPxerce,
PCT/ US95/ 13703 %

chal | enge fRACKOELHLYf the control aninals. One aninal, cyno #9340, also
nount eda@ coi nci dent i ORF3 anti body response, Concomi t ant
with resolution of disease, antibody to ORF2 of HEV peaked by day 36-

41 and persisted for at |east 12 weekZAMRBIE 7 chal |l enge. Antibody to ORF3

was short lived with 5 antibody gigMfinSMERisbdpY N9 by week 12 post
chal l enge. One control animal, cyno exprred bet ween weeks 15-16
post - chal | enge. Prateincsamples oyere| applied yp Formyvag-geated cagbaangrids and stainsd twith 2V
infection. ;Hig G&H4 Bt P8 SnoSpHORINERcSacidC Y065 O8etbre AR wers Yiewkdbndf GibéeRin"9

but still
25 microscope. When fixation was required, protein samples were fixed in PBS containing 2%

glutaraldehyde for 30 min. Buffer exchange was then carried out by centrifugation in
Centricon-30 (Amicon, Beverly MA) to change the sample buffer to PBS. |

EXAMPLE 8

30 _ ELISA Assays
ELISA was used to compare the antigenicity of HEV protem products expressed in E.
coli and baculovirus. Small scale paneling of coded sera was used to define the sensitivity and

specificity of a diagnostic incorporating baculovirus expressed proteins.



measur abl e anti-HEV anti body after 21 weeks post-chall enge. 10

E. COVPLEY& o8 ECT! ON AGAI NST HEPATI TI'S E I N VACCI NATED Cybffvs9s/13703
Three cynos (# 9327. 9331, and 9330) were inmunized twice with 20 ug doses
of alumprecipitated r62K ORF2 (Table 6). Anti-HEV anti body directed
to ORF2 was initially detected 1-2 week33following the initial

| mruni zation. An anti.- ORF2 antibody titer as hi gh as 1: 2000 was
achieved in all the i HMaN$ERYnos. Anti-HEV titers continued to rise 15
after the boost i mMumpjuaRhiserd wesd frét Sordd parelapravidddyl colléeted during vasisusspideinics of
measurabl e in cyno #9330 but t.h | bo l.evel s h D

the 6 week peri BEPatis ﬁébY?’PH%g*gWBlF'“Swé‘?ms ggramgx q9pchu %%P g"ﬁ’gpe S%L*ﬂ e%'ngs
Cyno 9327 and 93wilchivagh expérirhentaMe infedt&l WittDthe AepatiiNE viewsraoth® Eafiter for Disease Cantrol
| ower titer aof 1:2500 XTabI e 7). 20

Table 7 5 Atlanta, G SERUM ANTI - HEV | NVERSE TI TERS: VACCI NATED
ANI MALS _ Cyno Speci nmen . Anti gen
Reactivity : anti - 62K anti - SG3
anti-4-2 day BofE’elﬁél | enge 5, 000 1, 000
;0 éOO 25 Si X ‘l’ﬁ@ gﬁ:té?&sdsed for |mmunod1aFn Eﬁhél@d&g €1) SG3 encoding 327 AmiCacids of
400 ORF?2 expreged agpfusion progein ¥‘V\E€¢Q€‘ (EEQtIDgNO‘ 17, @ 723‘%%‘&?4’%6@ amino
20, 000 10 acids of éRﬁ?Qt %r&ssed in baculovirus, ]anQQQ 621( encodmg%m Qinirfo" adidsCHIOORF2
5, 000 b Si X weeks Post-
35 chal Bmgged in baculovirus. Anpigggwere coated mdmdually ontgcthe wells of polystyrene
< 100 WO 9 0

1994). Each well was incubated overnight at4 C with 200
PCT/ USO5/ 13703 ﬁ{lc}gtﬁggplates (Yarbough etal., ). Each well w g oF

After chall engensvwﬁ reaqiooat@n b 90891 BS M sodiumeeasbasgis e 8- §1-59 BeNpEDs, 2193 &
| evel s of Bﬁ s&ﬁ&rh%ﬂé/ pH d. S%‘%%@ t§ fodal Butt! Aeit Glltag!if PRYOROS

9327 and 9331. was an appar ent
anammesti ¢ rl&s ppolyayedhsbna/(%) monelamamﬁh@emaet’”” (figma) ragd bloc mg witin 20004 rof 1%

titers rose nea 10-f ol r

' anti - ingqEin afpuibth, ) o S ot 318 Bl gt IR SEHDelalt, bl sdnffsi o
ORF3. dlluted /Nlﬂhomgimlmdy ldbumiy (lueomls'rmomffemsleaalma)(wu BM Tds pHHBS nbM
four weeks, thi brupt|y t degr

antibody to HEV ?q é@ fg %@&% SEFY 1 ﬁa%véngeﬁea%é’n E RSV E@/gteﬁ‘?ée2 nlﬁgtd
dr opped si gni f i (@aithdtmn),n LaelatinqBRBO); graate} andlﬂa/gthxmensel (pmvatle'd), sesrntibndy Piluent
cyno

_ 33 9
wweks 16- 21 oo Protucen. tiani at eitatidpe ) Bbues Y 3P AR el of He'fififhry
unrelated to t hentiol¥y and @ashingno réhovdlanyambicund 1st antibadyt tlmméllsevnye ;ncclymnd for 30

#9327 showed sl oWl ¥ deehd N AP Bdas Sty fiRbSnihfuecdFom anf AR G (ghhiBh Shain
' specific) or goat anti-human IgM (mu chain specific). '

After ﬁnél washing, substrate was added and the plates were read at an absorbance of

25 490 nm. Sera produung an O.D. value of 0.300 or greater were scored posmve for HEV

antibodies. This concurs with a P/N ration of greater than 3.0 and a minimum of 5 standard

devmnons above the mean of the normal sera.

C. ANTIBODY DILUENT PRODUCTION.
30 Ahtibody Diluent was made as follows: 200 ml of TBS was heated to 60°C and 1g
.gelatin melted therein. The volume was brought to 1000 ml with TBS. 10g BSA was added
when the'temperéfﬁre had éobled_to 40°C. The mixture was stirred at room temperature until

the BSA was in solution. 30 ul of goat serum was then added follwed by the addition of



have only varied 2-fold. At 21 weeks post chall enge, #9330 had no
measur abye ogmigehody to ORF3 and the the antibody ti t¥fris9s/ ¥z had
dropped nore than 20-fol d. For all of the vaccinated ani mals,
ALT | evel s were near baseline for the duration of 15 the study. There was
no detection of antigen in the liver, no54 were there any observed

necroi nfl a Tabl e 6 f.the no V.I.r us
was not de?ﬁe{ Br{.erés%I &,h@a?%y 1&3‘? cﬁ uld bg gov%e@' t"f%wﬁel‘fgngéuctz'hg"?m%i’é'h‘
cynos, Vi r awassttiediim@ Vit dembieamperatnte fon 30 minutesshort duration. As there was
no bi ochem cal or histopathol ogi c evidence for hepatocellular damage
in any of the three immuni zed ani mals, vaccination seens to have conferred
protection 20 against. disease in al IEXIAJ’M: PIC A0S i mmuni zed with r62K

F. EVLDENCE FOR " BREAKTWPATI TIS_E | XZT | ON W THOUT DI SEASE.

The appearance of antibody .%ggﬁéagﬁiﬁggue 23t i'n cyno #9330, at

si x weeks pAast cOahrArgRzATIOY G RECSMEINMNT 620D APRATEIN BVOSDS-POCEAERYL-

i nfected with the chahl®edFELVEIEESROPHORESISZAND DS BERKEBIOATMNGAS Subst anti at ed

by the amestic anti baody r.espons ORF2.. Viral  sheddi t he st ool
of cyno 9330 Was];1 TRERssed; TEAgtioRs W@Bﬁ?‘%gw é@p‘%ﬁ?&ﬁ‘@&’r%@%s

of Shainhiggedd by B8DSPolyRr@hrhide P a&ﬂbﬁrﬁ;lresem rmlieﬂ y{ oliuf Gddeci Sifatd

t hese f| di ngs are consjstent - wi t h breakt hrough 1nfection: limted and
del ayed! . rRefyarryjamide, gplo pleptropherssis pkasn pafosmed;jageosding to the tricine SDSRAGE

parti al Scelibre (SHagden ahd wsﬁ bwomgm wvésen%?ﬁi%&nwas%eﬁﬁéa%tﬁ@hé@ry by

t he fact 3 that the animal had | ower |evels of anti-HEV prior to

chal | enge. degsFibed R¥arbaugh, F’n“lt’h'@g%sérfé@“ polyclomal aptibpdy rimqtmssbwvbw&ng X |

or bi ochemgdlinde teglGMCS @lﬁFJ@eﬁﬁg' WhSuselt tro 3PAERE uﬁmtprotem %@ﬂ@%‘%
damage and hepatitis were prevented by i muni zati on. 807
PCT/ US95/ 13rigige buffer system was used in order to obtain higher resolution and minimize interfgrprice

Nt 53y iman resgens in s pse gspenios i R R BRARHhR R0

Sera from Jeembearienat ed and VaCCI nated cynos (described in Exanple 10) were

Lgai (ragl i zat i I)ﬁr Qg‘gt Fem“(ssee&g%ﬂﬁ)lg 6%?&%3&&%&%&1“&0&&& \ﬁgirgéco?q Desd for
5 weeks pr ipglya¢rylamigecgeh slerwopharesis agd mrese@ldm wieskasn alopra@ memmdseﬂgum

pool . Sera 1AL §3B S B; %ﬁﬂi lAC! fafke ?%IBEW&B& nfatiaks; %]ﬂ%é%li Wsate q%uhe 3,

i nocul ati on of the ani
cont r ol 2Qyr eeib Lyshte tshpeseatzuni lawd 4 DEAE peak 30613 |an® 33 Septageyd §- 108 peakwol; elahelti)

Do O kB O o2 e kTSGR B PRl POSREID. ©

colum chromato I oSystens
f rom vacci (SandRiegmnidry)lapd #:Hge 7s ﬁthdws}(f@@l top teebottom): Myosin,\250kBla} BSH98-EDxd f or

oni 1 1 uga AT eBephinEd, bREDRTARbRT RRogE e SHLAER SRS

Equi val ent kBap Myoglobin, GBRkDa; Eysizyme, mmhwmofnnxnmmh Insglip @othai; 4-kidg.e

010X S s W o DS S5 S8,

i sol at ed f priot toi SBS-PAGEmd hiangfeary . llbﬁeam'batyy\t/amsedasthb\mmalphﬁﬁoﬂgl at a denS| ty

'n vitro cul 1 ur &bssBEeoryaie tine Ela 18 et BRRUAT fahy S dDmardifcn

suppl enent eds wideduaity expessid ira@ieomumﬁumxmssm sW@lf&maSndj&ﬁ&blebﬁiﬁ faftiernp! €
2). Plated |iver cells relnoculate iﬁ Ef%t'solﬁt'on with

ei ther a KREARPSIORE edPe GBS LS, SYRTERAANG (Figr léApﬂaé*e rivield, essentially o
test argp qu&tﬁé\?’cdﬂd@'&t tht 62kDa protem as a soluble P_ ﬁudtnmﬁb' bENBiﬁdw %ﬂng’rlﬂEV

chal | enge of ‘the hepatocytes was i nfecti ous e obtai ned rom cyno

11708. Thi éanam mdeﬁaoﬁlsj’éfé%mesege"mmfém FPF &romethe prevous 1 1%%%1?%1'%
suspensi on pool with the Sephacryl S-100 and Poros HQ/F chromatography steps resultmg in further

purification of the 62-kDa protein (Fig. 14A lanes 5 and 6).
One curious aspect of the gel electrophoresis protiles was the apparent purification of
35 the 62-kDa band as 4 doublet. The Western blot illustrated in Figure 14B contains a 15 fold



25 fromthird passage stool, cyno #73 (HEV Burma strain, Bradl ey, et al .
1987, Purdy, wWo 082807 1993). lgs from each pr . fbgol
and chal | enge pool” were incubated separately with the Vi rus | nocu
for 1-hr at 37[err]C with gentle shaking. Warm serumfree nedia (SFM was
added to the ant| body-virus m xture and used 550 i nocul ate the cul tured
hepat ocyt es. |l ete 30 nmedi um chan&as were performed after 24 hours and

at 48 hour |nt erdjlyrien ofshp sampleserupean SDGSPAGE in parallelt JB WheoWesiem Mets thidretein vy

to exam ne the pghsifeials Hasivid! widd i B BirdYappbarR@ad ABIMIIAEover the course of
preparation throughout the experinment RNA prepared from nedi a

and tissue cul t (uEfiestions Hpwevar aretealysis appearprbtosbeminimal. oFhis result suggested, thatthy

\r;ve)g gg ; \{ 383 t7 rand felipin G Bistd 18 MGofthod s%&éxéﬂgroﬁél?ﬁdtgdtﬁl §de Eiskh MSdiRYations such
PCT/ US95/ 13708 as glycosylation, N-terminal, or C-terminal modification. The following experiments were

B I N VI TRO NEUTENel 6THoQueRRinkfaRATLE St e Hef2hiBoity SERUM ANTI BCDI ES
FROM VACCI NATED ANI MALS. g purified from unvacci nated

and vacci nated cynos were exam ned for the presence of potentlally

neutralizing antibodigs w&-ﬁ/k@m §E Ué;,:éﬁg\k?l;ﬁgm% gented S5 in

Figure 15 show the in V|tro neutra tron o atitirs |rus by serum

anti bodi es from The§2-«Daatratein uas ml\sed by SDS-pOlyacrylamldg@eb and gmsfmd to PVDF
control groug of el e weehd Crarmi

medi a and ti i[sbsu Fﬁ fﬁﬁ%%?i S@Qarves ogngghﬁ%f%?%&?g{:t ?%inmmo terminal
anal yzed for th@eqmemwmg determmed)iorpbe;pnowm and negative strand HEV RNA by

the use of a strand-s .

obt ai ned prior to vac@ﬁﬁg |'§)n p"?@%@é%&a}g‘gf@d?nﬁ%ﬁg‘{k M’E?l Qdﬁﬁﬂémn’
in vitro HEV i nfGAgtioreexchétigg umseruthbnt fdlﬂmangxlh/lémour-hydmtysmatddr(bynm 'ul of 6N HCI,
2y, The oboeDad Bisaol,plgs 2 bnl dppefeitfe f otowing HydtolyHe, BRSnhles re ARRLARS
observed foris nfSpeddeat mdl the rresultingt antihe atnbsamsm\red inamomuid)t‘ouimpm buffer (Beckman,
absence of any 1 . . Pooled 1qGs fr unvacci nat ed cynos, .
(9358, 9330 b2 Kl Py compiing 2 mRhoibgdneiviyt S nomYRne R o R tpremet
i nfection of thetandard wmdhpbmaapﬁ:yshm tfahsferuofahel Sampleconed ihelaMydW(Rvjmad,)etal

Once again, the e PCR rodu s correlated wth the anoynt roduc

observad for 199 bE sttt g B RO Bk £ 0! Hiais BERG AR AR v pprEsid
absence of any heGkding to the manufacmreﬂs&ﬁﬁclﬁc%ﬁm Amind Qcill icoMmpaditioalimhilysis gas {ived
two of the vgccinated cynos (cyno 9327, 933Q) 20 appeared to have nounted

a neutralizifg PYFHARLY H@B%@@Mﬁ?“@“ﬁ@"&b‘hﬁ@f%i y bl ocki ng virus
infection in vitro ('ﬂnﬂhﬁ-&rrﬁﬁlal se%%’l\bi‘n@%@ cAe¥8B 3uft 'ondidtler’ ANAY 1w%snga§3%A or

By the positive readout. there were no

product s t her ebﬁuléFrqu‘)'/ |Crﬁ'g FI‘?@ thigt v equipged with onsfine HPLGTs forytheidantificationof; thy

the neutrali zi n%s@lﬁgg \bhényitRiohydakidmh @) anitht bd® derdatives. Prior to sample'aB?lE!aﬂéH 25
15: | anes designate N' “contai ned no sanple; two hépatocyte control |anes

25 . are shoun, pmal pf anhbaresidug intgraal 1sequeneing ﬁ@ndardzepnﬂdamﬂu#@ formulg:nmogeucine-

froman "i nfzsct @dcciny 1-1ysﬁgnLr.ﬁkleuc%@lwasﬁwz§¢&@a oﬁtaﬁxelsaigendﬁf‘g&mp@ﬁ&: ePhll h993)
is a pOSItlve control to s S|gna t hat COU d

he maxi num 0SsSI
be obt ai ned fr odhe #10A and 47T instrementy were mat@dq@sa&w mapufacyrer’s eppemmendations gnd
used for quanti §m&w@&n§w Wale! Oty LLA. ngpéﬁﬁhéegwr@géa{md Yid gxe BLAST

p05|t|ve strand OSItI e stran neg ative
strand RNA.- 30 Network Servncvlqweted)bs greNatiooal Cepter &arRivtechnology bitmwm cal "and

hi st opat hol ogi ¢ evi d%gg%vgllsj% amino acﬁ?é gxr?ﬁle ?q-% 1 ﬁ%%ﬂ%ﬁﬁé@y 10-fold

vacci nation with the anti gen prep on ne VIiTUS |
and conf er s 3fr otoset tham expgeted suggesting tiai majanpbrsurbdehp,@awajmebaéewas blocked at the

N-terminus. The sequence obtained appeared to be. identical to the processed form of the 62-

h

kDa originally produced in SfO cells expressing the full length ORF-2. _Presumably a

methionine aminopeptidase present in bacuolovirus infected Sf9 cells cleaved the N-terminal
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69 SEQUENCE LI STI NG L

I NFCRIVATI 6“2807 (1) APPLI CANT: (A) NAME: Gé%’uggﬁﬁ%

Technol ogi es, | nc. o (B) ADDRESS: 505 Penobscot Drive

(O ATY: Redwood City (D) SBATE: CA (E) COUNTRY: USA
(F) POSTAL% 94063- 4738 (i) TITLE OF I NVENTION: HEPATITIS E.

VI RUS ANTI niggHintroduced into the coding sequence of the recombinaptsprotein-forgnsunR correct

(iii) NUVBhistonJrQaidielos; 31 (i v) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Dehlinger & Associ ates (B) STREET: P.QO Box 60850
(O CaTY: Palo Alto (D) STATE: CA (E) COUNTRY: USA
(F) ZI P:. 94306- @85%Pryrric PertribE AFARSEER READABLE FORM _ (A MED UM
TYPE: Fl oppy di sk COVPUTER: | BM PC conpati bl e (O

(B)
OPERATI RG SYSTEf(ne handnesspngwppgoles of the 62- kDa(nyytelsarewmestedpatsmwith tRpsimase

#1.0, VerSipsh dkdi 2&5 IyacryldnYit bRRELA T4y 50 pmbIaY
WPPLI CATI i ah Shel IS polyacry dn¥il ég ek plan DATE a% ce contztu&;xg pm

CLASSI FI CAYf msferrm porei alsp digeveskmyinalyzedrin| pratiel\sTeamols. The resulting pAYtides\VE:

Fabi an, Ga ( TRATI ON NUVBER 33, 875 (O
ROPERENCE) i Tesoived by srverse s R C T (ix) TELECOMMUNI CATI ON

| NFORVATI ON:  In gel enzymatig dizmgpmmm)ac@mdnmammm and Stone (WjllidiE EFAX:

(415) 3g4- Q%Gﬁone(, %95)'\'@%\/&%% Fl‘%l %%J.Bm@i? 1:5 (enzyme weight:substrate weight) -

ratio of moditied trypsin (Promega, Madison, WI) and digestion for 24 hours at 37°C. The ‘
resulting peptides were reduced/carboxylmethylated, extracted with 0.1% TFA, 60% CH,CN
and then subjected to hydrolysis/amino acid analysis so that the amount and density (ug

protein/mm®) could be determined, with both of the parameters serving as valuable criteria to
15 judge the probability of success of the impending digest. Amino acid composition analysis was
carried out as described above. :
Reverse phase HPLC was carried out on a Hewlett Packard 1090 HPLC system (Palo
Alto, CA) equipped with an ISCO Model 2150 Peak Separator and a 25 cm Vydac C-18 (5
~micron, 300 Angstrom) column (Hesperin, CA) equilibrated with 98% buffer A (0.06%
20 Trifluoroacetic acid'; TFA) and 2% buffer B (0.052% TFA, 80% -acetonitrile) as described in
Williams and Stone (1995). Peptides were then eluted with the following gradient prbgram: 0-
60 min (2-37% buffer B), 60-90 min (37-75% buffer B) and 90-105 min (75-98% buffer B)
and were detected by their absorbance at 210 nm. Aliqﬁots of digests in the 25-250 pmol range
| were fractionated on 2.1 mm internal diameter (ID) column eluted at 0.15 ml/min. Fractions
25 were collected in capless Eppendorf tubes.. _ '
Out of a possible total of 38 tryptic peptides and 143 potential peaks detected by
reverse phase HPLC analysis of the digested 62-kDa protein, 8 peaks were selected for laser
desorption mass spectroscopy since the HPLC profile suggested that these peaks appeared to
contain only one major species.
30 _
D. LASER DESORPTION MASS SPECTROSCOPY (LDMS).
Peaks 45, 50, 62, 65, 73, 82, 101 and 116 were further evaluated by LDMS. LDMS

was used to resolve several issues:



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 2049 base pairs

(B) TYPE nucleic acid (C) STRANDEDNESS: doubl e gD‘)’
TOPOLOGY: |i n¥29612807 (i) MOLECULE TYPE: DNA (genomic) (iRGTyUS95/13703
HYPOTHETI CAL: NO (vi) ORI G NAL SOURCE: (O | NDI VI DUAL

| SOLATE: Hepatitis E Virus (Burnma strain) 57 ORF- 2 (xi)

SEQUENCE DESCRI PTION: SEQ ID NGO 1: ATGCGCCCTC GGCCTATTTT GTTGCTGCTC
CT CATGT TTT TGCCTATGCT, (lmﬁeak was an @RifacpbdkCorGhdsCin ACiCaSpeptide? The analysis

(IIIIII%IS(:A (ISSE}(:GGI 12 . 12807
PCT/ US95/ 13703 confirmed that none of t%e peaks were%Grtll-facmal 0 70 TTC\'I/'\gG%gI'G 80

ACCGGGTTGA TTCTCACCCGiiY WhthéMitldgeak Sohtaindd hofe thid s peptidle? The analyBid demonstrated that,

CCCTTCGECCC CCGATGT CMGGGGCF%AC CT%!GTTCG CCAACCCGECC 240
CGACCACTCG CGCT (EeREESeRIad MUk eaMdCTCACGTCGT 300

AGACCTACCA CAS3CT GGG GhifetHeSREA DNIS chich sk 5domast Griscbinpiabl A ed Saith
CCAGTGOCTG ATGTCGACTC CCGCGROGCC. ATCTTGCGOC GGCAGTATAA CCTAT Ao s
TCTCOCCTTA CCTC™RsEenveddrem theprediotedraming aeids sqapenceeasaded bytheveraldtiNA? In allgases

(TO0CTT TACHaTi8h (e S AR GO i ot
GCTGTCGRCG GTTAMhigvappearesqTiettockedr CTGGCCAC AGACCACCAC CACCCOGACG 660
ICTICHTA TN SN HISHIER SR SIS Yo moffl
GTCGAGACCT CHEGHORGGC TGAGGAGGAG GCTACCTCTG GTCTTGITAT GCTTTGCATA
. To perform LDMS, 3 ul aliquots of peptides isolated via reverse phase HPLC were
added on top of 1 ul of an alpha cyano-4-hydroxy cinnamic acid (alpha CHCA) matrix solution
that was spotted 6nto a new target. Mixing of the matrix was accomplished by repeatedly
pulling the sample into and expelling it from a micrdpipette. The samples were then allo§ved
15  to air dry at room teniperature. To avoid cross contamination, all targets were used only once.
The alpha CHCA matrix solution was prepared at a concentration of 10-20 mg/mL in 40%
CH,CN/0.1% TFA (tritfluoroacetic acid) and was used after vortexing and standing for a few
minutes. Matrix solutions were stored for a maximum of 2 days at -20°C. The calibrants used
for external calibration of peptides were gramicidin S (m/z ‘= 1142.5) and insulin (m/z =
20 5734.5). Both calibrants were stored at -20°C as 10 pmol/ul stocks in either 50% CH,CN,
0.1% TFA, or 0.1% TFA. LDMS was carried out on a VG/Fisons TofSpec mass spectrometer
(VG Organics, Manchester, U.K.) that was operated in the +ve linear jon mode at an
accelerating voltage of 25kV and was equipped with a nitrogen laser (337 nm) and 2 0.65 m
linear flight tube.
25 B Routine'l'y,l 30 shots were averaged for each spéctrum with 3-6 spectra acquired for each
sample. The predicted masses were based upon the average isotypic, singly protonated mass
apd the expectéd mass accuracy was about + 0.25% .
Post-source decay sequencing was done in the reflectron mode with the ladder
sequencing calibrated to a 2 pmole sequence of adrenocorticotropic hormone fragment ACTH
30 clip fragment 18-39. . '
 Peaks 65, 73, 101, and 116 appeared to be suitable for direct sequencing as the LDMS
results indicated the presence of only one major species. Peaks 45, 50, 62, and 82 were also

sequenced. Although the peaks appeared to be mixtures that would optimally require HPLC



CATGGCTCAC TCGTAAATTC CTATACTAAT ACACCCTATA CCGGTGCCCT CGGGCTGITG 900
GACTTTWTGA GTTTCGCAAC CTTACCCCCG GTAACACCAA T %Z 03 960
TCCCGTT CTGC TCGCCACCGC CTTCGTCGCG GTGCGGACGG GACTH 1020
CTCACCACCA CGGCTGCTAC CCGCTTTATG AAGGACCTCT ATTTTACTAG TACTAATGGT 1080
GTCGGTGAGA TCGBCCGCGG GATAGCCCTC ACCCTGFECA ACCTTGCTGA CACTCTGCTT 1140
GGCGGCCTGC CGACAGAATT GATTTCGTCG GCTGGTGRCC AGCTGITCTA CTCCCGTCCC 1200
GT TGT CT CAGreperficptimrprior arindivisinalsequencing. dmpasAlecidedcty dirpetx sequanretiesamixtures 260
CAGGATAA AT oS REA T, GGTTATT 1320
CAGGATTA% n%%IA-éCAACiO wﬁ%awgggdﬂ CCCATCGOGC 1380
CCTTTCTCTG TCCTTCGAGC TAATGATGTG CTTTGGCTCT CTCTCACCGC TGCCGAGTAT 1440
GACCAGTCCA CTTAEGGCT CTGACTC TGTGACCTTG 1500 -
G TANTOITO CoAchooco MR AN R EBME PR T A AC CanoTCACA 1960
CTTGACGSTC GCCCPeprids 65 MMMnmmwem&@mmmWem@mmme mass] 620

680
AT ARCAC B R L B Wi dste S e Wirerhind Sk SR ypbidin wity S 40
ATTTCCACT TaddBaCACIAS-eDTIGHGESY 20up CORGEEH U@A?Tmﬂt:@s: VeGTS G785 Daltong 800
TTAGCOCCCCG . : C 860
CATACTTTTOH %%% UVU&% W°WW§“ t""'}920
CAGTCTACT @rédiSel GAGaEe DCACHEXDATProRBAEGRARGONFGEE A ACHHSBREAGT Sidilar inl 980

CAGT LAY TSechl 7 Wariat ((ellek Ao Wzs)] PosPRTubéd aeldy draty il Tevehfelrdlal Pelies wa S0

2049
(2) | NFORMATde@ihe-aRdiGEMainRoNE@ndnal tryptic papd@6/ 12807

gﬂgﬁ?géﬁg;?%equeme analysis of the peptides corresponding | to peaks Peijs 45, 50, 65 ')3 §EQJE|\‘E

101, and 116 confirmed that the internal sequence of the predicted 62K protein was intact.
Briefly, Peak 73 matched residues 327-355 of the known sequence. Peak 101 matched residués
15 123-139 of the known sequence. Peak 116 matched residues 424-431 of the known sequeénce.
Peak 45 matched residues 412-423 of the ORF-2 seduence with a predicted mass of 1396.49
Daltons. Peak 50 matched residues 334-348 of the ORF-2 sequence. Peak 62 contained a
short 6 peptide residue with a predicted mass of 749.84 Daltons which matched residues 513-
518 of the ORF-2 sequence. Peak 82 was a mixture of three peptides that were matched to
20 residues 424-437 (pfimary sequencé), residues 438-466 (secondary sequence), and residues 555-
578 (tertiary sequence). Taken together these results indicate that the internal sequences of the

. predicted 62K polypeptide appeared to be intact and colinear with the predicted sequence.

F. LC-MS aND CARBOXYL TERMINAL SEQUENCE ANALYSIS

25 In order to evaluate the nature of the 62-kDa protein doublet observed by SDS-PAGE,
the puriﬁéd 62-kDa protein was. chromatographed on a Vydac C18 reverse phase capillary
column (Hesperin, CA) with the eluting peak being evaluated by electrospray mass
spectrometry (ES-MS). Purified 62-kDa protein was chromatographed on a fused capillary
Vydac C18 reverse phase column using ABI Model 410 syringe pumps at a flow rate of 50 ml

30 per minute. The protein was chromatographed in a solveht system of 0.1% TFA in water (v/v)
to 0.1% TFA in acetonitrile. An in line flow splitter was used to divert peaks at a flow rate
of 10 ml per minute to a VG BioQ triple quadrupole mass spectrometer '(VG Organics, |
Mancheéter, U.K.) operating in the positive ion electrospray ionization mode. The 62-kDa

protein resolved into two primary peaks by ES-MS corresponding to 56.1 and 58.6-kDa.



(A) LENGTH:
STRANDEDNESSw¢ 6612867
TYPE: DNA (genom c)

| NDI VI DUAL | SOLATE: Hepati‘ti.s E Virus (Mexico Strain)

(9

ORF-2 region

GGOCTCTTTT
AGCOGTCTGG
ACCGGGTTGA
CAGACGTTGC
GCTCCACTTG GCGA
CAGCCGGEGEC
ACGTTGATTC
CATCCTCTGT
TGCOGCTGCA
AGTACCGGGT
GCTATGCTAT
TGAATTCCAT
TGGTCATCCC
CTGGTGTTGC
CAGTTAACTC
TAGAGCTTGA
CCAGCACGGC
CTGCAGCCAC
TCGGOCGOGG
CGACAGAATT

2058 base pairs (B) TYPE: nucleic acid (O

(D) TOPOLOGY: i near (1) MEAeSHda703
(iii1) HYPOTHETI CAL: NO (vi) ORI G NAL SOURCE:

(xi) SEQUENCE DESCRI PTI ON: 9%EQ | D NO 2: ATGCGCCCTA

COG00T GRS P ok e B ey wsing WS godoi ey o

TTCTeé&idueQ ITT&GE.MIGGD CCTATORF Chregioch AWNSICAADa. Thesel 841a siggestadl thaiCe

COCABHSRE BT B Gl o AR B kel abf amBERE Ao

TCCCrerininhss mmm&m tdBaghy oyt BotH sy periodatSdidatioh aHd GBS
m ‘ATTCTACGCC GCCAGTATAA TTTGICTACT - 420 TCACCCCTGA

ACTAATTTAG TCCTGTATGC AGCCCCCCTT 480 AATCCGCCTC
GGACGGTACMARTAE HabCdetdrnink

e ok m&@s&@(ﬁcﬁﬁm 0.01% WbleMW§$%8
ATOCRHREBY COTAmRTE P the-peng CeTRin A Chaci NS data sugggg thaf
E&"F

TACT eeaad m! rieefr TS b A5 14630 hiiedilies 536-537 2Rutorkshied SEF
AAGCGAGCGC ACC GCAATCAAGG TTGGCGCTCG 780 GITGAGA!
demwwwmm igtact S2ckDarig confirm ghe) pu@smm‘wb
quTégmg,T _TATA CCGGTGCCCT TGGCTTACTG 900 GACTTTGCCT
CCT GTAACACCAA TACACGTGTG 960 TQOOGTTACT

GTTTCGCAA
CCGTCACCG@ cemmipbeemMenss amAlyNiGEoAin samples were applisdtn@itex

@TAGE%%%% M e e NI ed wieh §Bon G
AATTiREGners KetF golvamsiNppar Performance Rizstiesoc¥(agne NI)L 2@he sequencer column

was installed into a Hewlett Packard G1009A sequencer (Palo Alto, CA) for chemical coupling

15 and cyclization. Thé coupled peptidylthichydantoin and cyciyzed pmduct.was cleaved to the
C-terminal thiohydantdin—amino acid residue and the shortened peptide using an alkali salt of
trimethylsilanolate (KOTMS). The deri\)atized sample was analyzed by an Hewlett Packard
1090 liquid chromatograph (Paio Alto, CA) with filter photometric detection at 269 nm using
a Hewlett Packard specialty (2.1 mm x 25 ¢m) reversed phase PTH analytical HPLC column.
20 A 39 minute binary gradient (Solvent A: phoéphate buffers pH 2.9; Solvent B:
acetonitrile) utilizing alkyl sulfonate as an ion pairing agent was developed. Thiohydantoin-
amino acid standards at 100 pmole were used to standardize the analysis. The initial sequencing
cycle gave rise to two very strong peaks corresponding to glutamine and lysine neither of which
are located at the predicted cafboxyl terminus of the 62-kDa protein.
25 " The second cycle revealed a very strong (> 200 pmole) leucine peak indicating the

presence of more than one leucine in the polypeptide mixture. The third cycle"was somewhat
- ambiguous due to increasing bacfcground. However, arginine was clearly present in the -third

cycle along with either a glutamic acid or glycine residue. The cafboxyl sequencing data

supports the exisfenée of a heterogenous, truncated protein. '

30



GTTGTCTCAG CCAATGGCGA GCCAACCGTG AAGCTCTATA CATCAGTGGA GAATGCTCAG 1260
CAGGATAAABGTZS¥T GCTAT CCCCCACGAT ATCGATCTTG GTGATTCGCG TCPEGUsAdizes 1320
CAGGATTATG ACAACCAGCA TGAGCAGGAT CGGCCCACCC CGTCGCCTGC GCCATCTCGG 1380
CCTTTTTCTG TTCTCCGAGC AAATGATGTA CTTTGGCIGT CCCTCACTGC AGCCGAGTAT 1440
GACCAGTCCA CTTACGGGTC GTCAACTGGC CCGGTTPATA TCTCGGACAG CGTGACTTTG 1500
GTGAATGTTG CGACTGGCGC GCAGGCCGTA Gcmﬁgg,aTGACTGGTC CAAAGTCACC 1560
WD 96/ 12807 . . PCT/ US95/ 13703
1620 Tvee B in ANGRISGGTTA TCCTTATAAT
1680  TATAATACEA CTGGEA Wﬁ G CTGCCGGCCA TCGGGTCGCC
1740  ATTTCAACCT ATACCACCAG CG CCATTTCTGC GGCCGCGGTT
1800  PTGGCTCCAC QEFROGHEENSIGHOVIET ¢13) GraBn GRATACIHT Rl GATiFA ICHESCHERGGECG

1900 CACTCRAGHE WERiRr XA St S o SRR P i e it

1980  TAGF T APFIIMEREGINGSEe caBS (RTHY,AF GAT (HGL T EANTHTACT OF i TRal BEEEISEock] CT

gggg (2) %&Wﬁ lgﬁseﬁl bVN&ng: dilutions of 3 I\/Sexg%&r__lﬂ&stool suspension

CHARACTERI BFPaSI in phosphate butfered\salinEXIHS). Eheh Frobpettwaadecedved 1 ml of either 10B)
TYPE: 18918 107 ditutions. . () STRANDEDNESS: doubl e (D)
TOPOL Y | hear’ 9% MOLECULE TYPE: DNA (genoni c) (iii)
HYPOTHETI CAL N&nimals wergungnitoFed GoNedidéick B tufection by: 1) serurf Gvels\iP Afl Pk

! SO-ATE F?IE‘E 2t) dgveE)p\r/n'errnuosf aglﬁ‘sj ody t?) I-{EQ? l35)aﬂeddmg of HEV in the feces, 4) detectlon of ‘

HEV antlgen in the lwer and 5) hlstopathologlc changes (Table 5).

The data in Table 5 demonstrate titration of the Mexico 14 HEV inoculum. Anti-HEV |
15  was asSayed by ELISA. HEV antigen in liver was detected by immunoﬂuoreséent assay of
liver biopsy specimens. Liver biopsies were examined under code for necroinflammatory
changes. ALT levels were assayed by Standérd methods (Purdy, er al., 1993).
Table 5 | |

20 TrrrATION OF HEV INOCULUM - MEXICO STRAIN

. _
— .
Inoculum |  ALT Elevation is _ " Anti-HEV
Dilution (days) . i (day of sero-
: "Range  Peak T i _conversion)

(value)!
23-65 37(5.9)

9219 10° 16-58 30(7.8) | + | +days| + day20
| | 1327
25 lk 9214 | i0*  no ALT elevation - - -
9220 10° 3037 34(4.6) + + days | + day 35
| 20,27 |
9213 |  10° 3752 S2(1.1) | -+ . + day 35 l
9215 10° 4952 49(1.3) - - + day 49
9212 107 | elevated values from - - -
day 3 _ '
30 9217 107 no ALT elevation - - -




FI GURE 2 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 3: GCGGTCGCTC
‘CGGCCCATGA GWOOICIBOCA GTGCOCTGATG TCGACTCCCG CGGCGCCATC GCT/USSSABEOCEC
AGTATAACCT ATCAACATCT CCCCTTACCT CTTCCGTGGC CACCGGCACT 120
AACCTGGITC TTTATGOCGC CCCTCTTAGT CCGCTTTTAC TCAGGA CGGCACCAAT 180
ACCCATATAA TGGCCACGGA AGCTTCTAAT TATGCCCAGT "ACCGGGTTGC CCGTGOCACA 240
ATCCGTTACC . o) Teheo JenbERPATCTC CATCTCATTC 300
TGGCCACAGA CCACCAi&A V%ﬁ °Gr($! iTEAéTHGAE ATTCAATAAC CTCGACGGAT 60
GTTCGTATTT TAGTCCAGY® errEdiorampeeminotrasiraecaA and for anmzo
CACTATCGTA A C %@%@ 102 dilutidB0
aocTeraaTe TraAT o b Ry .gAAAM 5?? c;CTE 2R it T 5
CCCTATACCG GTGhatslerrdai)i Gradaa@cmveasor aai-NEN vt T Thred wexks mostTinfection. Omdpo
ACCCCCGGTA , : - T mhic anin@60
CETOCOGRTG oA PP EAIRE R idefbe TRCitliioh o HAg AT, s anim))
GACCTCTATT TTAcxrsz FOrACOOETEN On @3y G3\GusT BEecBoTCYGHEADth BIaLY @aodated with 1080
CTGTTCAACC T ‘ , T 0
GoTeareAGe TaT TR o gl nly ettt et HARRNS el i Trgoos #9213 i
WD 96/ 12807 = 9215) did however seroconvert at day 35 and 49. There were no APTTiseiSob6 Adtiboop

360 | GROCTOGAS PR e e AR SR IR R b, R e

1020 CCGAGGCCIpkcifERCAGRCEGRIVTECRISICRERoIdgIGNETAIGY TROGAATIRceTGATHEEGCHT the
1080 TGGCTCTICIC T CGAGIATGAC CCACTT AT CT. CM
1140 GTTTATGT’?‘F‘%?%%?@%" @S’F%@g °§Q$g§f“f‘ﬂif®i“ @6%&@& e
1200 were concordant with the elevation of ALT and observed only in cynos #9218 9219, and 9220.

15

HEV RNA in cyno stools was assayed by RT-PCR. _

. The titer of the stock'(CIDso) was defined as the concentration of HEV shown to be
infectious in 50% of the cynos tested. The CIDs, titer of the Mex #14 inoculum was estimated
at 10°/ml based on biochemical and histologic evidence of hepatitis in one of two cynos
inoculated with a 10 dilution of the 10% w/v human stool suspension. A suspension diluted
to contain 1000 cynomolgus infectious doses (CIDs,) was used for I.V. challenge of the
vaccinated and control cynos.

20
. B. INFECTION OF CONTROL AND VACCINATED TEST ANIMALS.
1. IMMUNIZATION AND CHALLENGE OF ANIMALS. _ _
Fourteen cynomolgus macaques (cynos) were used in the present study. Eight cynos
were injected I.V. with dilutions of a 10% stool suspension of the Mexico 14 suspension of
25  HEV for titration of the challenge stock (see above). Six cynos, three vaccinated and three not
vaccinated, were used to test for in vivo efficacy of the r62K antigen (Examples 4 and 6B).
The monkeys were housed under BSL-2 biohazard containment at the Center for Disease
Control and Prevention (Atlanta, GA) for the duration of the study. _
Animals were quarantined for six weeks and serum specimens were collected weekly
30 for the following six weeks to establish baseline volumes for ALT and SICD. Prior to virus
inoculation and vaccination all cyno sera were tested for the presence of antibodies reactive
with HEV ORF2 and ORF3 proteins by ELISA (Examples 1 and 8). All animals were HEV

antibody negative prior to inoculation.



CGGTCGCTCG ATTGGACCAA GGTCACACTT GACGGTCGCC CCCTCTCCAC CATCCAGCAG 1260
TACTCGAW@ 96iagghCTTTGT CCTGCCGCTC CGCGGTAAGC TCTCTTTCTG Gapéefeéiseres 1320
ACAACTAAAG CCGGGTACCC TTATAATTAT AACACCACTG CTAGCGACCA ACTGCTTGIC 1380
GAGAATGCCG CCGGGCACCG GGTCGCTATT TCCACTTACA CCACTAGCCT GGGTGCTGGT 1440
CCCGTCTCCA TTTCTGOGGT TGCCGTTTTA GOCCCCPACT CTGOGCTAGC ATTGCTTGAG 1500

GATACCTTGG ACT ‘m TTGATG ATTTCT. w 1560
T TG00 TTCAEIRE kbl gs 4 coddp s @halumy 5o
ATGAAGGT GrolldwihdAftardsr 616 The protein-alum complex was stored at 4°C prior to the 1647

2) | NFORVATI ON EOR Tl CS:
§A§ LENGTH‘“‘T%‘A‘?“B’&s?E‘E%ﬁ ‘ryé'°“‘°'g“s monkeys }‘E&“WW %é?*?@ﬁf as control
(O STRANDWIRS EaclDobihe ammals received I(ND) mm%‘ﬂuni omesy 0 and day(3 1.) Thed ECULE

FC(;DEI NDF VI %ﬁ%ggﬁal‘ﬂ‘?ﬁys (—‘f(e‘ﬁ'ﬁ ﬂf@?g@ nized gy :H;M mjectlon w:thS RCE:

.rC'Grélé:g%AT(F;lA ECACC?EI? et (r%CG TTGATTCTG?G&%&X‘%@ P3O GCTCTGI\CGCCGCC
AGTATAATTT GTCTAEPPCR! Bednpglonerecehptiengsdsiith aridicdilunion of a 10% i'EB'a" stool

AATTTAGT Clsugy € m@@f;l xi S HEGCMEe 1955 E weeks 180
ACTCACATTA T‘%CCACAGA w ﬁq TATGCACAGT ACCGGGTTGC 240

ATCCGTTACCierthedinphimmunizatiddhTGCA GTTGGAGGCT ATGCTATATC CATTTCTTTC 300
TGGCCTGHAA CAACCACAAC CCCTACATCT GTTGACATGA ATTCCATTAC TTCCACTGAT 360
GTCAGGATTC TTGTTCAACC TGGCATAGCA TCTGAATTGG TCATCCCAAG CGAGCGCCTT 420
CACTACCGCA ATCAAGGT TePECIMENTCOILEFTIQNGACATCTG GTGTTGCTGA GGAGGAAGCC ﬁﬁo

0

ACCTCCGGIC TTGTEd kel égﬁE%mTfo%ﬂ% QIMQGI&%@QWT%% blood
CCTTATACCG GTGCCCTTGG CT TACTGGAC TTTGOCTTAG AGCT TGA 600

ACCACCT GT AampissmagTaken Agicr @pekhoCF e riciimals assidorthe s cine smeofthe study, 660

1.5 ml blood samples were taken weekly. Blood collections continued for at least 120 days.
15  Each specimen was tested for alanine aminotransferase (ALT), serum isocitrate dehydrogenase
(SICD), and anti-HEV IgG antibody. A baseline and 99% confidence limit for ALT and SICD

activity was established for each animal using pre-inoculation values.
Needle biopsy specimens of liver were collected weekly. Specimens were divided for
histopathology and identification of antigen. Biopsies were taken for at least 30 days after liver

20  enzymes return to baseline. |

Stool specimens were collected daily, for at least 90 days after challenge, and stored

at -70°C until analysis of viral RNA content.

C.  EVALUATION OF C(')LLECTED SPECIMENS..
25 I. ELISA FOR ANTI-HEV.
. The anti-HEV ELISA was a modification of a previously described EIA protocol
(Example 8). Proteins coated to polystyrene ELISA plates as antigens included: ORF2 SG3
(Yarbough, et. al., 1994), ORF3 4-2M (Yarbough, et. al., 1991), and ORF2 r62K. Test sera
‘were incubated in antigen coated wells, followed by gamma chain specific HRP-conjugated goat
30 anti-human IgG (Zymed, South San Francisco, CA). The signal to noise value (S/N) for each
| post-inoculation specimen was calculated as the absorbance at 490 nm divided by the
absorbance at 490 nm for the pre-inoculation sera for the same animal. Baseline anti-HEV
values were established for each of the monkeys with their five weekly pre-inoculation serum

specimens.



CGCCGAGGGG CCGACGGGAC TGOGGAGCTG ACCACAACTG CAGCCACCAG GTTCATGAAA 720

WO 96/ 12807 WO 96/12807 PCRCT/8998/1830630 3
74 GATCTCCACT TTACCGGECCT TAATGGGGTA GGTGAAGICG GCCGCGGGAT AGCTCTAACA -
780 TTACTTAACC TTGCTGACAC GCTCCTCGGEC GGGECT CAGAATTAAT TTCGTCGGCT
840 GGCGGGCAAC TGITTTATTC CCGCCCGGIT GICTCA ATGGCGAGCC AACCGTGAAG

060  CATCTTGOTG ATTCLTR! AR CY AR o s Pl Rl S g0 wit

1020 . CCCACCCCHH SUSGEREQECC3IN aaT GRAECThah TI0T SI@RIACISMAOOCaAA theSAEST ACTHE pre-

1140 GITTATATCTOC RO KL S e kbl ) ST A e i

1200 CGATCCCT T@dpaRCBEGECGARukAEHE G4 DERCIEate SBEBGIHBGCECT CEUGAIIuTiG FaBipBChAL still
1260 TATT JT CGIGGCAAGC TCTCCTTTTG GGAGECCGEEC
1320 %& @%ﬁ%@ d{ a?%é%-q')‘ﬂ’ATAC'I' ACTG CTAGIGACCA GATTCTGATT
1380 GAAAATGCT G CCGGECCATCG GGTCGCCATT TCAACCTATA CCACCAGGECT TGGEGEECCGGT
1440 CCGGTCGCCA TTT&T%MG GCT CCCCCCTAEEXC TCTCCTGCRAG
1500 GATACTTTTG ATTAT \TG ACTTCTGCCC TGAATGCCGC
1560 GCTTTAGGCC T@A@a@n@ﬂmﬁm&mmmmmmmm

1620 GITAAGGT
1647 (2) | NFOR g&m ‘B% agsay for HEV RNA BEPRRICR's CARRINE TRy Rstiopmed
(A) LENGTH: 1984ush1’gsﬂEWa$p@§ﬁc primers derive®)¥romY piblisiddCHEV Csequenéks (Tam, IgtCUal {991a,

STRANDEDNESS: doubl (D). TOPOLOGY: |i near (| 1)
TYPE: DNA (geno él} Mc.Caustland et al., 1991). ,

3. IMMUNOFLUORESCENT ASSAY.
Immunofluorescent assays for hepatitis E virus antigen in liver biopsy tissue were

15 performed according to Krawczynski and Bradley (1989).

D. HEePATITIS E IN NON-IMMUNIZED ANIMALS.
Biochemical and histologic evidence of hepatitis was observed in two cynos (cynos
#9218, 9219) inoculated with a 10 dilution of the challenge stock in the titration study. ALT
20 elevations were observed at two to three weeks post inoculation. Necroinflammatory changes
coincided with biochemical evidence of hepatocellular damage. HEV antigen was detected in
the livers of the monkeys at two to three weeks post-inoculation. Virus shedding in the stool
was observed by RT-PCR. | _
Antibody to ORF2 of HEV was measurable by day 20. By day 65 ALT ievels had
25  began to decline followed by clearing of the virus and resolution of disease.
Biochemical and histologic evidence of hepatitis was observed in three control animals
(cynos 9338, 9339, 9340) inoculated with a 10? dilution of the challenge stock in the in_vivo
eﬁu.at.y study with r62K (Table 6).
_ The data presented in Table 6 show the course of Hepatitis E in non-immunized and
30 immunized cynos. Three cynos were immunized by 1.M. injection with 0.5 ml of 20 ug alum-
precipitated r62K protein on day 0 and day 31. Six cynos were challenged with 1000 CIDy,
'of wild-type Mexico H EV (Mex #14) at day 74. Anti-HEV was assayed by ELISA. HEV
antigen in liver was detected by immunotluorescent assay of liver biopsy specimens. Liver

bidpsies were examined under code for necroinflammatory changes. ALT levels were assayed



(iii) HYR CAL: NO (vi) ORI G NAL SOURCE: INDIVIDUAL
' | SOLATE! (1(-% g@ﬂt is E Virus (Burma strain) SG3 PCT’{’ s?sp
(xi) SEQJENCE DESCRI PTION: SEQ I D NGO 5: GGIGCGGACG GGACTGCCGA GCTCACCACC

ACGGCTGCTA CCCGCTTTAT GAAGGACCTC 66y TATTTTACTA GTACTAATGG TGTCGGTGAG -
ATCGGCCGCG GGATAGCCCT CACCCTGITC 120 AACCTTGCTG ACACTCTGCT TGGCGGCCTG
CCGACAGAATHYTSHIBTIOaRb dSCH G RBIAC was detet@0by RIBCRAPULy, ACHCA093 (Kaviasdki GT CTCA
GCCAATGGCG ?m GT AT 240 ACATCTGTAG AGAATGCTCA GCAGGATAAG
GGTATTGCAA A 300 GGAGAATCTC GTGTGGTITAT TCAGGATTAT
GATAACCAAC ATGAACAAGA . TCGGCCGACG 360 CCTTCTCCAG CCCCATCGCG CCCTTTCTCT
GICCTTCGAG CTAATGATGT GCTTTGECTC T 06 TCTCTCACCG CTGCCGAGTA TGACCAGTICC
ACTTATGGCT CTTCGACTGG CCCAGTTTAT .. 339 WO 96/ 12807

PCT/ US9%/ 13703 HEV VaccINE EXPERIMENT: CHALLENGE WITH HEV MEXico GTTTCTGACT

CTGTGACCTT ea=baa Ll L Gl Gl L G el b CO AL LG T L] (
CTCGATTGGA ICARGET TSGR 600
AAGACCTTCT TG'R(;‘,CT G " GTI '
660 ‘ AT,
720 A.ee-_-ge-__e.-_-__.,g_l___e ACT _TAd
780 . TCCATT CE@Q@CITT@C)‘@@' ug e.omt CA(
840 TTGCGACACE-ETEEEEEcec—EEeAT SSSS oS
900 - GGCCTT A"bz GTQ%&@VeGTCGCT.W*I’TCA
960 AALA OCGA Y AG . _ :
984 m X331 Ay gg) , n ,\quw.ve_ single . 97 1.5 .
- CY9338 | Alum (X'2) negative : 11-14 20 45 -
" CY9339 | Alum (X 2) negative 20-34. 27 4.7
I CY9340 | Alum (X 2) | negative 2731 27 25
Animal Histopathology (hecro- HEV Ag in HEV RNA in

15 No. inflammatory changes) liver (day) stools (day)
CY9327 0 o ‘hegative " negative
CY9330 | 0  negative 30,34
CY9331 0 B negative " negative
CY9338 ' positive 14 g
20 CY9339  positive 14,20 8-20
CY9340 positive 14,20 | nd
1 = single day, isolated elevations
2 = not determined
25 ALT elevations with peaks in excess of 2.5 signal/cutoff ratios were exhibited at two

to three weeks post challenge for each of the control monkeys. Necroinflammatory changes
coincided with biochemical evidence of hepatogellular damage.

HEV antigen was detected in the livers of the three animals within two weeks post

- challenge. Virus shedding in the stool was observed by RT-PCR as early as one week after

30 challenge in the three control animals. Viral shedding was sustained for as long as three

weeks. ALT levels returned to Baseline by day 38 post challenge for each of the unvaccinated

animals. Antibody to ORF2 of HEV was measurable within three weeks post wild-type.



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 984 base pairs

(B) TYPE: nuwiosi6(12807i d (C©) STRANDEDNESS: doubl e PCT/US95/1370D)
TOPOLOGY: | i near (ii) MOLECULE TYPE: DNA (genonic) (rii)
HYPOTHETI CAL: NO (vi) ORI Gl NAL SOURCE: ~ (O I NDI VI DUAL

| SOLATE: Hepatits E Virus (Mexico strain). Scﬁ regi on

(xi) SEQUENCE DE%@%LAQ?RQM éﬁﬁ% éd}?trblqnﬁnals Cﬁﬁmﬂm nSBOST RIS olaiedd A\ CHident
ACTGCAGCCA CCAGGT CACTTTACCG GCCTTAATGG

GGTAGGTGAA GTCG@BE@@@@GATW AACATTACTT 120 AACCTTGCTG
ACACGCTCCT CCEOCECTE,, m&m&w&m&m@m of HEVfL ed by day 36-
CAACTGTTTT ATTCCCGCCC GGI TGl

240 ACATCAGTGG hapeaistaifocadespirrekeafiescidienge. ?@@M@:@R Aﬂ@@qrcimd with

360 CooTOOCTC BT e By 2 b A, ettt Fbal P smoird

420 TCCCTCACT @atweneaabT 19 - anscraiage AT aos3t deaticnas\essantial  oouelaed wthe HEV

540 CTTGACTG cCm A, el S A S MR e
340 CTTGACT GO "R T EIC A i en t il
600 AAGACATTCTmEsGREE ROGCH EXCamtbei A 2AGCEGTREFCHAaNGEGAGCC CGGCACAACA
660 AAAGCAGGIT ATCCTTATAA TTATAATACT ACTGCTAGIG ACCAGATTCT GATTGAAAAT
720 GCTGCCGGECC ATCGGGTICGC CATTTCAACC TATACCACCA GGCTTGEEEC CGGTCCGGTC
780 GCCATTICTG CGGCEGCGCToMPIEIEPRGOATORCAGUSHCHEA GBI ETCVRACCRACSATARDS
S T AT A S L Tes dynos (#9357, 9531, At $330) Sdre Simimhized hvicd Witk 30 vl Goses of
PCT/ US95/ 13703 alum-precipitated r62K ORF2 (Table 6). Anti-HEV antibody directed to ORF2 was initially

detected 1-2 weeks following the initial immunization. An anti-HEV ORF2 antibody titer as

- high as 1:2000 was achieved in all the immunized cynos. Anti-HEV titers continued to rise
15 after the boost immunization for cyno 9327 and 9331. Anti-HEV was still measurable in cyno
#9330 but the antibody levels had dropped during the 6 week period between the final boost
and the wild-type challenge. Cyno 9327 and 9331 had estimated titers of 1:5000; cyno 9330
had a lower titer of 1:2500 (T able n.

20 | _ Table 7

SERUM ANTI-HEV INVERSE Trrens VACCINATED  ANIMALS
Cyno Specimen - Antigen Reactivity j
_ anti-62K - anti-SG3 anti-4-2
I
F day of challenge 5,000 1,000 <100
25 ]| six weeks post- ' o l
challenge 2,500 500 _ <100
|| day of challenge 2,500 400 <100
30 six weeks post- : _
challenge : - - h
' 20,000 2,500 o 1,000
day of challenge 5,000 - L0000 ' <100
: six weeks post-
35 |

challenge 2,500 500 <100




76 GGECCTCCAGG GITGTGCTTT CCAGICAACT GITCGCTGAGC TCCAGCGCCT TAAAGITAAG

960 GCIrWO4s80Y CTCGGGAGTIT GTAG PCT/US95/13703
984 (2) I NFORMVATION FOR SEQ I D NO 7. (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 147 base pairs (B)ggTYPE: nucleic acid (0O
STRANDEDNESS: doubl e (D) TCPO_SGY | i near (i) MOLECULE

107 s T e ) o LTt st 9 S
ati tl s I rus ur ne
goé 3-2  measurahl *)a'@EQﬂyER@pE%E’s%ﬁb‘rFm?abwa'B% nd 933 bhoweyeGTfor cyno

ACCCT GCCCGo83e. (thé¥E Abas dnl 4; e@ﬁ-ﬁﬂ-arﬂ-rg Gim weeks AB\OSt QHailenge;

GGCCTTC AGBRCTGCGC TT ACTGT AGCTTCAGCG CCT
gg AAGGT ERgBpint Wi’d’ﬁf@,ﬁ@l 20,000 (T able 7). Concomitant with the rxse in anti-

147 (2) | MESRORF Q¥nb %@E@w@amtﬁodﬁresqpnsé bikecRlaBNE, CHARACTERI STI CS:
(A) LENGTH: 147 baseé pairs E: nucleic acid (O
STRANDEDNESS d Althpegh antibody levels qopti awor Fherr@atr four weekg, this wasIabptlF

TYPE: DNA 4 59)1 contmumfs' debrease Y iAtEdY 12 weeﬁsvdf)eg G Y e ard/RCE:

(O INDIVIDUALI atitirs E\/rus-- cosr
406.3-2  HEV t(tkrﬁﬁa@e@m(smmmm lwwrzq\?%@a:ynﬁﬁv\ms remA@XITCON 4K for cyno
CONE

T acocoroc A o4 Dnt Salliflhds Rk el Fithveenuesien [ pose

120 10  challenge. The cause of death was essentially unrelated to the HEV infection. At 21 weeks

post challenge, cyno #9327 showed slowly declihing antibody directed to ORF2; endpoint titers- |

have only varied 2-fold. At 21 weeks post challenge, #9330 had no measurable antibody to ‘
" ORF3 and the the antibody titer to ORF2 had dropped more than 20-fold.

For all of the vaccinated animals, ALT levels were near baseline for the ‘duration of
15 the study. There was no detection of antigen in.the liver, nor were there any observed
necroinflammatory changes (Table 6). In two of the immunized cynos, virus was not detected
- by RT-PCR in the feces; in one of the immunized cynos, viral shedding was delayed and in
short duration. As there was no biochemical or histopathologic evidence for hepatocellular
damage in any of the three immunized animals, vaccination seems to have conferred protéction

20  against disease in all the cynos immunized with r62K.

F. EVIDENCE FOR "BREAKTHROUGH" HEPATITIS E INFECTION WITHOUT DISEASE.

- The appearance of antibody directed to the ORF3 of HEV in cyrio #9330, at six weeks

post challenge, suggested that the animal was indeed infected with the challenge virus. Thfs

25 observation was substantiated by the amnestic antibody response to ORF2. Viral shedding in
the stool of cyno 9330 was detected by RT-PCR but was delayed in appearance and was of
shorter duration relative to control animals (Table 6). Overall, these findings afe consistent

with breakthrough infection: limited and delayed viral réplication in the absence of disease.

The partial protection against infection in cyno 9330 may be accounted for by the fact

30 that the animal had lower levels of anti-HEV prior to challenge. Nevertheless, in the absence
of necro-inflammatory changes or - biochemical evidence of hepatitis, it appears that

hepatocellular damage and hepatitis were prevented by immunization.



AAGGTGGEGTA AAACTCGGGA GITGTAG 147

(2) | NFORVATMONGAZBOTSEQ | D NO. 9: (i) SEQUENCE CHARACTERI mwsusm
(A) LENGTH. 372 base pairs- . (B) TYPE: nucleic acid (O
STRANDEDNESS: doubl e (D) TOPOLOGY: ngonear (1) MOLECULE
TYPE: DNA (genom c) (| i ) HYPOTHETI CAL: (vi) ORI G NAL SOURCE: .
WD 96/ 12807 XAMPLE 11 PCTI US95/ 13703
77 (O |1 NDI VI DUAL | SOLATE: He%t_l%_s'E_\ﬁ rus (Burma Strain)
ORF- 3 region (xi) SEQUENCHIDgeHEN infeetiompand Newtralizagion ATGAATAACA

TGICTTTTGC TGOGOCCATG, GGTTEREGAS W g@q;gﬁg, y 60 TGTTGCTGCT
A ¥ 120

CCTCATGITT TTGCCT. ATGC jlcosscoce
GCCCCCGTCG TWW'W@W'@MGW) were tesgd

coucToces oot et R AR RSl SRR werifl

SRCT AR GGOCGABDIECcAEOBIBETY GeS PHACET GECTARNOGTACIINARGOTBACH pre-bleed 360
(2) | NFO?I\/A?IAO\I Rogk SRS ARI yefg sollected on phe A prsheleee RIRHR AEeutt oighe anithd

(A) LENGTH: 372 witsBENai r s (B) TYPE: nucleic acid (O
STRANDEDNESS: - doubl e Sera from the-cc{n%l grgpoo%%e anln?a?sa(cyno #9338, 9339, 9340) were pooled
10 prior to affinity pﬁriﬁcation of total immunoglobins (Igs) by protein G column chromatography
(Perseptive Biosystems, Cambridge M_A)." Sera from vaccinated animals #9327 and 9330 were

individually purified for Igs.
' Purified I'gG samples were concehtrateci by speed-vac centrifugation prior to use in the
in vitro neutralization assay. Equivalent amounts of ORF2 reactive antlbody from each Ig pool
15  were approxnmated by normahzmg according to ELISA end-point titer against the ORF2 SG3
protein. '

Normal pfimary'cyno hepatocytes were isolated from liver wedge biopsy. Hepatocytes
were platéd ata deﬁéity of 1 X 10° cells per ml in each well of collagen-coated 6-well plates.
In vitro culture of hepatocytes in a serum free medium (SFM) formulation supplemented with

20 gro_wth factors and hormones was as described (Example 2). Plated liver cells were inoculated
six days post iéoiat’ioh with éither a known infectious HEV inoculum or a pre-incubated mixture
of test ant'ibodies and virus stock. |

The inoculum used for HEV challéngé of the hepatocytes was infectious bile obtained
from cyno 11708. This animal had been experimentally infected with a 10% stool suspension

25 from third passage stool, cyno #73 (HEV Burma strain, Bradley, et al., 1987, Purdy, et al.,
- 1993). '

Igs from each pre-bléed pool and challenge pool were incubated separately with the
virus inoculum for 1 hr at 37°C with gentle shaking. Warm serum free media (SFM) was
‘added to the antibody-virus mixture and used to inoculate the cultured hepatocytes. Complete

30 medium changes were performed after 24 hours and at 48 hour intervals. Duplicate wells of
hepatocyte cu_ltufes were used to examine the potential neutralizing activity of each antibody
preparation throughout the experiment. |

RNA prepared from media and tissue culture cells was analyzed for the presence of
positive-and negative strund HEV RNA by the use of a strand-specific RT-PCR assay.



(ii) MOLECULE TYPE: DNA (genonic) (iii) HYPOTHETI CAL: NO (Vi)

ORI G NAWGSW/ 287 (C) I NDIVIDUAL | SOLATE: Hepat i PCHUSS3T03S
(Mexico Strain) ORF- 3 region . (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NG 10: ATGAATAACA GGT TTGC TGCGCCCATG GGTTCGCCAC -
CATGCGCCCT AGGCCTCTTT 60 TGCTGITGIT CCTCTTGITT CTGCCTATGTI TGCCCGCGCC

ACCGACCCGT . CAGOEGTCT @y viTro NEGPRALIZAPIONGE ﬁ,@pﬁm BYSEd M RIeoDiES
COGGCGGTGG TTTCTC{{IFERQQ%T'{% AnmmaLsl80  ATTCTCAGCC CTTCGCAATC

CCCTATATTC ATCCAACCAA CCCCITTGCC CCAGACGTTG 240 CCGCTGCGTC
CGGGTCTGGA CCTCToal igGsquridisddmarunzainetcnt vacxnatd gynys were examingd for the

GCSACAT A GOOCCAL I A AR S i P U RO A Fosomea 360

CTGCGGCGCT 372
(2) | NFORVATFigRreHSRhSEChe Iy, wiey ngutralization of |1'§GPBE§15EM€ES mhmmanms(f@m

A) LENGT . B) TYPE: | d - (C
(STlQANDEDNE’é"a‘;@‘%ﬁ@&I %l%“ml o (D) .-T(CP)O_OGY: |f‘ﬁ2a?'.c ac! (i) I\/D_ECUL(E )

TYPE: DNA (genoferayrom the cqntiol group@tOnTinged anisds were popled.) RNAI peepeedd fFROURCE:
(C) INDIVI er ahcﬁ%s@é ﬁlltuﬁe&ﬁs halrl/éteﬁ ol(da)” P4 ﬂcl%y{n%tlérl &/ﬁ' mly%ff)ﬂgs gy%?% 3

gg/ 12807 of positive and negd(é: straBd HEY BNA by the use( ofia)strahdXehGE RIEBCRIafRay.ON:  SEQ

D Na '16: 1gGs (pre-bleed) cbtained prior to vaccination for all cynos were lncapable of blocking

in virro HEV infection (Figure 15, pre-NV (non-vaccinated) cynos”, "pre-CY9327" and "pre-

CY-9330") as determined by positive strand PCR assay. The observed l_’CR product cor_related ‘

with the amount of product observed for infected culture controls that were carried out in the

absence of any IgGs. | '

15 Pooled IgGs from unvaccinated cynos (9338 9339, 9340) at the tlme of challenge dld
not block the in virro infection of the cultured hepatocytes (F igure 15, “challenge NV cynos").
Once again, the observed PCR products correlated with the amount of product observed for
infected culture controls that were carried out in the absence of any IgGs.

IgGs taken at the time of challenge from two of the vaccinated cynos (cyno 9327, 9330)

20  appeared to have mounted a neutralizing immune response capable of completely blocking virus

i infection in vitro (Figure 15, "challenge CY9327" and "challenge CY9330") By the positive
strand RT-PCR readout. there were no detectable products therehy verlfymg the absence of
HEYV viral RNA and validating the neutralizing actlwty ot these cyno antibodies.

In Figure 15: lanes designated "N" contained no sample two hepatocyte control lanes

25 are shown, one from an "uninfected control” cell culture and the other from an "infected
control” cell culture; the lane designated "spike” is a positive control to show the maximum
possible signal that could be obtained from the inoculutn itself; and the "RNA control" lanes
were used for quantitation and evaluation of the .RT-PCR reactions -- 1 fg positive strand RNA,
.10 fg positive strand RNA and 100 fg negative strand RNA.

30 These observations strengthen ‘the biochemical and hrstopathologlc evxdence that
antibodies mounted in response to vaccination with the 62K antigen preparatlon neutralize the

HEV virus and confers protection against infection and subsequent disease.



GCCAACCCGC CCGACCACTC GGECTCCCCTT GGCGTGACCA GECCCAGCGC CCCGCCGITG 60

CCTCACGTCG TAV@NG§ABAGEC ACAGCTGGGG COGOGCCGC PCT/US95/1370399
(2) 1 NFORVATI ON FOR SEQ I D NO 12: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 99 base pairs ' (B) TYPE: nucleic acid (O
STRANDEDNESS: doubl e | (D) TOPOLA&EY: i near (ii) MOLECULE
TYPE: DNA (genonic) (iii) HYPWHESQO%@QST me (Vi) ORI G NAL SOURCE:
(C© I NDIVIDUAL | SOLATE: Hepatitis E Virus Xi Co strain)

406.-4- 2 r egi1J0NGENERAL INFIORMBEQUENCE DESCRI PTI ON: SEQ I D NO 12 GCCAACCAGC
CCGGCCACTT GGCT AGATCA GGCCCAGCGC CCCTCCGCTG 60 CCTCCCGTCG
CCGACCTGCC ACA ' abs Technologies, Inc 99 (2)

I NFORVATI ON FOR SEQ(hDNNﬁhﬂs’k 505 Penébgcod CE CHARACTERI STI CS:

(A) LENGTH 660 ami Kl‘é) z&'éll‘ﬂs Redwood City (B) TYPE: anmino acid (D)
TOPOLOGY: | i near ) FEQJLE TYPE: protein (ii1) HYPOTHETI CAL:
NO (vi) ORI G Nﬁ_ obEe 94063~ 47(;9 | NDI VI DUAL | SOLATE: Hepatitis E
Virus (Burma strain) F-2 (xi ). SEQUENCE

DESCRI PTI ON: SEQiIiID TKILEOF INVENTRON: Ar‘ngPFU'IAr IRYS | ANTICENS PEB Leu Leu Leu

Met Phe Leu Pro Met 1 Eg THEREFOR 10
15 Leu PgoiiAl ﬁuﬂ’m chsganmﬁsy &n Pro Ser Ay Arg Arg Arg Ay Arg
30 ArgSerGyGySerGy

A?Sy éy ghﬁ -Ig gvghzjyg Eggwggbogigui‘gﬁsgh%ssﬁ%atﬁ?r Asn Pro Phe Ala Pro 0

(C) CITY: Paloc Alto
(D) STATE: CA

(E) COUNTRY: USA
(F) ZIP: 94306-~0850

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
{C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fabian, Gary R.
{B) REGISTRATION NUMBER: 33,875
(C) REFERENCE/DOCKET NUMBER: 4600-0293.41

{ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (415) 324-0880
{B) TELEFAX: (415) 324-0960
(2) INFORMATION FOR SEQ ID NO:1l:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2049 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Burma strain)
ORF-2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
ATGCGCCCTC GGCCTATTTT GTTGCTGCTC CTCATGTTTT TGCCTATGCT GCCCGCGCCA 60

CCGCCCEGTC AGCCGTCTGG CCGCCGTCGT GGGCGGCGCA GCGGCGGTTC CGGCGGTGET 120



50 55 60 Asp Val Thr Ala Ala Ala
Ay A aWOI9%/12803 Arg Val Arg An Pro Ala - 65 - PCTIUS9517/83

75 80 " Arg Pro Leu Ay Ser Ala Trp Arg Asp A n Al a
Gn Arg Pro Ala Val 70 85 90

95 WD 96/ 12807

PCT/ Utftrcb8dH3 ACCGEETTGA TTCTCAGCCC TTCGCAATCC CCTATATTCA TéSaaccafk:a Se%%ob‘r g Arg
Arg Pro Thr Thr Ala Gy Ala Ala Pro Leu Thr Al-a

105 CCCTTCGCCC CCGATGTEAR) CGCTREAGCA| GEASFECIRC CTFFCRTPS THAAGICSCPr 0 Va0 Pro Asp |

Val  Asdhceférddy Qc'rcccc-r'rc ccetdatcac GCCCAGCGCC ccqlghcéggcc c Ac TCGT 300-2°

Gy Ala lle Leu Arg Arg @ n Tyr Asn. eu Thr 130

135 AGACCTACCA CAGCTGGGQD cccc%cmea:ccqaqsswsacchcq:ga rmcmmcceu vaso Leu Tyr -

Al a Aaghs o cbﬁ‘é é%%

GT TC CCGCGGCGCC, ATCTTG GGCAGTATAA A c 0

160 ger f Igr ?_ E;l Ks Gﬁ1 ﬁs ‘fﬁ?’ﬁhg?le I\/ﬁ Al a

165 'rc'rccccr'ra CCTCTTCG_C?I') GGCCACCGGC ACTAACCTG&;?ﬁrc'rT'I_‘Ii‘UC Gecoirarter Asgo Tyr Al a

Gn-%ré& ajt cc AlgThE:”?r ATA T G 189 C 185

190 i NG "I'-“"F CEACSFAPCRIPTAST AAP S TAMICCEFAS BFRAGRFTICH 5 | P49 Ser

195 AATTATGCCC AGTACCGEEN TGCCCGTGCC ACAATCCGT2‘0§CCGCCd:&CQ' S€tcddagad I P Pécfb A@n Thr

Thr Thr Thr Pro Thr Ser Val Asp Met 210

220 CCTETCEGEE STIACCEFAT S@?C“F}?FC%STGCWCCAFQAQHC@EW %‘FCCGFHCCPr 0 GGP Ile

225 TCCGTTGATA TGAATTCRXAXD AACCTCGACG GATGTTCGTZ‘?‘ISI‘TTAGTCCA G%:ccccA'rA 2405, Al a Ser

Gu Leu Val Ile Pro Ser Qu Arg Leu H's Tyr Arg As

245 GCCTCTGAGC TTGTGATg‘gD AAGTGAGCGC CTACACTAT2SBraaccAleg grgucacyecSer Vao Gu T

Ser R‘g %g 26

270 Srtadhegh Srcdiniac pikdbalbie Eiimcercap ongraon 0ot G 40 1yr

275 CATGGCTCAC TCGTAAA@&OCTATACTAAT AcACCCTATRS:ﬁ:GGTGcccr CGGGCTGTTG 900 '
GACTTTGCCC TTGAGCTTGA GTTTCGCAAC CTTACCCCCG GTAACACCAA TACGCGGGTC 960
TCCCGTTATT CCAGCACTGC TCGCCACCGC CTTCGTCGCG GTGCGGACGG GACTGCCGAG 1020
CTCACCACCA CGGCTGCTAC CCGCTTTATG AAGGACCTCT ATTTTACTAG TACTAATGGT 1080
GTCGGTGAGA TCGGCCGCGG GATAGCCCTC ACCCTGTTCA ACCTTGCTGA CACTCTGCTT 1140
GGCGGCCTGC CGACAGAATT GATTTCGTCG GCTGGTGGCC AGCTGTTCTA CTCCCGTCCC 1200
GTTGTCTCAG CCAATGGCGA GCCGACTGTT AAGTTGTATA CATCTGTAGA GAATGCTCAG 1260
CAGGATRAGG GTATTGCAAT CCCGCATGAC ATTGACCTCG GAGAATCTCG TGTGGTTATT 1320
CAGGATTATG ATAACCAACA TGAACAAGAT CGGCCGACGC CTTCTCCAGC CCCATCGCGC 1380
CCTTTCTCTG TCCTTCGAGC TAATGATGTG CTTTGGCTCT CTCTCACCGC TGCCGAGTAT 1440
GACCAGTCCA CTTATGGCTC TTCGACTGGC CCAGTTTATG TTTCTGACTC TGTGACCTTG 1500
GTTAATGTTG CGACCGGCGC GCAGGCCGTT GCCCGGTCGC TCGATTGGAC CAAGGTCACA 1560
CTTGACGGTC GCCCCCTCTC CACCATCCAG CAGTACTCGA AGACCTTCTT TGTCCTGCCG 1620
CTCCGCGGTA AGCTCTCTTT CTGGGAGGCA GGCACAACTA AAGCCGGGTA CCCTTATAAT 1680
TATAACACCA CTGCTAGCGA CCAACTGCTT GTCGAGAATG CCGCCGGGCA CCGGGTCGCT 1740
ATTTCCACTT ACACCACTAG CCTGGGTGCT GGTCCCGTCT CCATTTCTGC GGTTGCCGTT 1800
TTAGCCCCCC ACTCTGCGCT AGCATTGCTT GAGGATACCT TGGACTACCC TGCCCGCGCC 1860
CATACTTTTG ATGATTTCTG CCCAGAGTGC CGCCCCCTTG GCCTTCAGGG CTGCGCTTTC 1920
CAGTCTACTG TCGCTGAGCT TCAGCGCCTT AAGATGAAGG TGGGTAAAAC TCGGGAGTTG 1980
TAGTTTATTT GCTTGTGCCC CCCTTCTTTC TGTTGCTTAT TTCTCATTTC TGCGTTCCGC 2040
GCTCCCTGA 204_9

(2) INFORMATION FOR SEQ ID NO:2:



Thr Asn Thr Pro Tyr Thr Ay Ala Leu Gy Leu Leu Asp Phe Ala Leu 290

295 w0 96/12807 300 du Leu Gu Phe Arg Asn Leu Thr ProPCryusssmsir

Asn Thr Arg Val 305 310 : 315

320 %rAm1w'%rSm'mrNaAm}ﬂsNngJNgAm(HyNaAw

$ﬁ5 Mo Al The A gﬁo 385 @y Thr Ala du Leu Thr Thr
r a a r Ar e 340 . 345

350 Leu Tyr Iihé%ﬁ" c&ﬁ&jﬁﬁﬁ;‘igy@sey Gulle dy Arg Ay Ile

355, OYPE: nucleic acid Ala Leu Thr Leu Phe Asn Leu

Ala Asp Thr Leu Leuc@l %@M@;Wr@uble 370 375

380 Thr Gu Leu 1{Pa ¥: AlB®3y Ay A n Leu Phe Tyr Ser Arg Pro 385

390 _ (ii) MOLE®®E: TYPE: DNA (genomic)400  Val Val Ser Ala Asn Gy Gu

Pro Thr Val Lys Leu Tyr Thr Ser vaﬁ 405

ﬁ_loAS . (1ii) HYPQ‘.{'SETICG'UNRsn Ala dn Gn Asp Lys Ay Ile Ala Ile Pro
I S p e 425 : 430

Leu Gy Qu éZ(rQL')A\rogl;é(\;/é ﬁgtgggﬁirﬁ IEHJEATAS PeebAk i iS EABITuel (Mebliso Bturain)

435 440 ORF-2 region 445 G@n Asp Arg Pro Thr Pro Ser

Ea)./ 'SISSS}Drl%gggu')o‘rs%Qﬁﬁﬁcf QSS&E‘{”Y&L SEQ ID NO:2 M0 96/ 128050 450

455

480
485
Val

505

ATGCGCCCTA GGEOfLTTTT Gcrbmmgcﬁmcm psq;r:mcn@acmqscsau Se f0Leu
Thr Ala Ala Gu

S aPORHIETIG COEFEIISET SETOFRICASIPETAR, CORSTONET oo 122

TTCTGGGATE AGS&EeTTGA TTCTCAGCCC TTCGRRRTCC CCTAﬁSQTcAﬁﬁccﬂKUCAheLI Vahs®sn

CCCTTTGCCC

Ala Thr QG y Ala G n Ala Va

CAGAGETTGC

Arg Pro LeyseRhetfd cerceacrte

525

CGACCTGCCA
CCCGTCCCGG
TCACCCCTGA
AATCCGCCTC
AATTATGCAC
GCAGTTGGAG
TCTGTTGACA
GCATCTGAAT
GTTGAGACAT
CATGGCTCTC
GACTTTGCCT
TCCCGTTACT
CTGACCACAA
GTAGGTGAAG
GGCGGGCTCC
GTTGTCTCAG
CAGGATAAGG
CAGGATTATG
CCTTTTTCTIG
GACCAGTCCA

GTGAATGTTG

CAGCCGGGGC
ACGTTGATTC
CATCCTCTGT
TGCCGCTGCA
AGTACCGGGT
GCTATGCTAT
TGAATTCCAT
TGGTCATCCC
CTGGTGTTGC
CAGTTAACTC
TAGAGCTTGA
ccaccAcch
CTGCAGCCAC
TCGGCCGCGG
CGACAGAATT
ccaATGécca_
GTGTTGCTAT
ACAACCAGCA
TTCTCCGAGC
CTfACGGGTC

CGACTGGCGC

Al a A

rg

CGCS§¢GWS€UG9$ﬁSTq?ﬁ? ?HQquggchQCAﬁ$ﬁAGEgL, APy

GCGAGmG

TGCGGCGCTG
TCGCGGTGCA
GGCCTCTGGC
GGACGGTACT
TGCCCGCGCT
ATCCATTTCT
TACTTCCACT
AAGCGAGCGC
TGAGGAGGAA
CTATACCAAT
GTTTCGCAAT
CCGTCACCGG
CAGGTTCATG
GATAGCTCTA
AATTTCGTCG
GCCAACCGTG
dcc¢CACGAT
TGAéCAGGAT
AAATGATGTA
GTCAAciécc

GCAGGCCGTA

GCCCAGCGCC
ACGGCTGTGG
ATTCTACGCC
ACTAATTTAG
AATACTCACA
ACTATCCGTT
TTCTGGCCTC
GATGTCAGGA
CTTCACTACC
GCCACCTCCG
ACCCCTTATA
CTCACCACCT
CTCCGCCGAG
AAAGATCTCC
ACATTACTTA
GCTGGCGGGT
AAGCTCTATA
ATCGATCTTG
CGGCCCACCC
CTTTGGCTGT
CCGGTTTATA

GCCCGATCGC

cerececPEd cTCeCeTeGC

CGCCTGCCCA
GCCAGTATARA
TCCTGTATGC
TTATGGCCAC
ACCGGCCCCT
AAACAACCAC
TTCTTGTTCA
GCAATCAAGG
GTCTTGTCAT
CCGGTGCCCT
GrAacaccAA
GGGCCGACGG
ACTTTACCGG
ACCTTGCTGA
AACTGTTTTA
CATCAGTGGA
GTGATTCGCG
CGTCGCCTGC
CCCTCACTGC
TCTCGGACAG

TTGACTGGTC

TGACACCTCA
TTTGTCTACT
AGCCCCCCTT
AGAGGCCTCC
AGTGCCTAAT
AACCCCTACA
ACCTGGCATA
TTGGCGCTCG
GTTATGCATA
TGGCTTACTG

TACACGTGTG

GACTGCGGAG

CCTTAATGGG

CACGCTCCTC
TTCCCGCCCG
GAATGCTCAG
TGTGGTCATT
GCCATCTCGG
AGCCGAGTAT
CGTGACTTTG

CAAAGTCACC

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



Ile Gn An Tyr Ser Lys Thr Phe Phe Val

530 WO 96/12807 535

Gy Thr Thr Lys Ala Gy Tyr Pro Tyr Asn

555 - 560.

Gu Asn Ala Ala Ay

575 oreeackhSc %'E;gcé@bcgé‘l éAJTl’s‘?TG%%r cMmIc\f&sggﬁcmcr
580

600

05 e
Al a FF%FAFHAC*Q}CT%&%?GTQA CCAGAT¥EES AT

540

545

565

du

Asp Thr

Ser

Leu Pro Leu Arg Ay Lys

Leu” Sepciigssisfpd u Al a

Leu As

TGAAAATG CTG CGGC%ﬁg.‘CGGGT GCC

570

Tyr

Lleu Ay Ala Gly Pro
TSTOSECSF e é@? Al a Val -

Al a VETTAGIGGEH AGPTCrddrs 1scGACGrCcLeccABAACAA AAGCAGGTTA TCTITATAAT
Leu Leu

Tyr Agg Thr Thr Ala Ser Asp G n Leu Leu Va

1680
WoNaAm
1740 620

Asp PRETTCASCEY G\Tﬁ:dAc@(S a%Tgc&fd@cL@curchdeeegcﬁﬁc&d dorécicarPhe 1800 625

TOP
o AR

| D NO

Vi rusCQFWBQ¢Q9§ SrecuTa)

Ce Hd LS

Leu;)PISle%mEPcdeb@Eﬂ'ﬂsFrI&y G n . Pro Ser

GI ly @y Phe (D) AEAtsinaLit

(D) TOPOLOGY:

QK%§§4ID NO:

(i) SEQUENCE

ORF- 2

5

(A) LENGDH: 1647 base pairs

dou
linear

V&Fgfésp Ser

(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatitis
FIGURE 2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GCGGTCGCTC CGGCCCATGA CACCCCGCCA GTGCCTGATG

. TTGCGCCEGC

AACCTGGTTC
ACCCATATAA
ATCCGTTACC
TGGCCACAGA
GTTCGTATTT
CACTATCGTA
ACCTCTGGTC
CCCTATACCG

ACCCCCGGTA

CGTCGCGGTG

GACCTCTATT
CTGTTCAACC

GGTGGCCAGC

AGTATAACCT
TTTATGcccc
TGGCCACGGA
GCCCGCTGGT
CCACCACCAC
TAGTCCAGCC
ACCAAGGCTG
TTGTTATGCT
GTGCCCTCGG
ACACCAATAC
CGGACGGGAC
TTACTAGTAC
TTGCTGACAC

TGTTCTACTC

ATCAACATCT
CCCTCTTAGT
AGCTTCTAAT
CCCCAATGCT
CCCGACGTCC
CGGCATAGCC
GCGCTCCGTC
TTGCATACAT
GCTGTTGGAC
GCGGGTCTCC
TGCCGAGCTC

TAATGGTGTC

TCTGCTTGGC

CCGTCCCGTT

CCCCTTACCT
CCGCTTTTAC
TATGCCCAGT
GTCGGCGGTT
GTTGATATGA
TCTGAGCTTG
GAGACCTCTG
GGCTCACTCG
TTTGCCCTTG
CGTTATTCCA
ACCACCACGG
GGTGAGATCG
GGCCTGCCGA

GTCTCAGCCA

30

630 A n Ser Thr Val
Leu Cf‘?FGRFﬁcﬁ_ceﬁcf?%‘;cﬁﬁT QGFTCTEATC (FARGAFACTT TTGATTATCC GGGGCGGGCG 543860

650 - cacacarrTe ATGACTTC@@Q:CCTGAAT-EBrcﬁ!’c%ﬁp}é k8&rconcee
I NFORMVATI ON FOR SEQ
(A) | EXEFRACTS BCRIAABCR SPageaceTT AARCTTARBS TOGUZAABMG (TOGGRAGHTC

FoRREL ngﬁﬁi‘“&{%&#&%ﬁﬁﬁ hr

(xi) SEQUENCEz0s8
th Arg Pro Arg Pro Leu Leu Leu Leu Phe Leu

CHARKCTER STI

10

E virus (Burma) féZkDa,

TCGACTCCCG
CTTCCGTGGC
CCCTTCAGGA
ACCGGGTTGC
ACGCCATCTC
ATTCAATAAC
TGATCCCAAG
GéGTGGCTGA

TAAATTCCTA

AGCTTGAGTT

GCACTGCTCG
CTGCTACCCG
GCCGCGGGAT
CAGAATTGAT

ATGGCGAGCC

CGGCGCCATC
CACCGGCACT
CGGCAéCAAT
CCGTGCCACA
CATCTCATTC

CTCGACGGAT

TGAGCGCCTA

GGAGGAGGCT
TACTAATACA
TCGCAACCTT
CCACCGCCTT
CTTTATGAAG
AGCCCTCACC
TTCGTCGGCT

GACTGTTAAG

5 2

1980

Ay Arg Arg Arg Ay Arg
Arg Ser Ay Ay Thr Ay
35

60
120
180
240
300
360

420
480
540
600
660
720
780
840
900

(D
HYPOTHET! CAL:
E: 2%ﬂ)atiti_s E

Ala du

40



WD 96/ 12807

81 Gn Prwo¥esn28dm [le Pro Tyr Ile H's Pro Thr Asn Pro Phe BCHUSY5113703
50 55 _ 60 Asp Val Ala Ala Ala Ser Ay
Ser Gy Pro Arg Leu Arg Gn Pro Al a 65 e 70

75 80 Arg Pro Leu @y~Ser Thr Trp Arg Asp G@n Ala @n
Arg Pro SerppAh@TacarT cTGTAGAGAA TGCTCAGBRG GATAAGGGTA TTGCAATCCEUGCATGACATT 960
95 Ala Ser Arg Arg Arg Pro Ala Thr Ala Gy Ala Ala Ala Leu Thr Al a

100 . GACCTCGGAG AXSTCGTGT GGTTATTCAG GATTRFGATA\AGCAACATGRr ACARGATERS AskP2Phr
Ser Pro Val Y & 1o 120,080
125y KPR SR REER Rregtcdocr spcrotarce roangomg rogezagey Ty
130~ TGGCTCTCTC TGECGCTGC CGAGTATGAC CAGUECCACTT SWCGSTeTTYabAQYcacS C 124Dhr
Asn Leu Val T a Ala Pro Leu 14 15

155 o " lamhkahh ChdioforERonion; Metroseh croaR SHREROR RO
H s |l e MetcedrescTce aTTecaccan ceTcacad®b caceeTecee ccercrecat/EaTeCcAGCAG 1260
175 Thr G u Ala Ser Asn 'I;yr Ala Gn Tyr Arg Val Ala Arg Ala Thr Ile
180 TACTCGAAGA GGUJCTTTGT CCTGCCGCTC CGé@RFAA C AFCIFRCTR, SPASCEAGES, Val326r o
Asn Al a Valacwhori@n¥ dotcethéed ream@hTaT aacaccactd Pracceacca acreerrere 2001380
205 Ile Ser Phe Trp Pro @ n Thr Thr Thr Thr Pro Thr Ser Val Asp Met

210 GAGAATGCCG GCRGGCACCG GGTCGCTATT TCOBGYTACA QOACTRGCCT| QEGTRETERTY Thi¢4fsp
Val Arg | @ch&bbrdéd ' ' _

35 Wk SOt S T, SRR TSR T LA s
Tyr Arg ASIGATGAGCTTGG ACTACCCTGC CCGCGCRAAT ACTTTTGATG ATTTCTGCRB(OAGAGTGCCGC 1560
255 Gy r Val Gdu Thr Ser Ay Val Ala Qu Qu Ju Ala Thr

560 cIE&Ef%cgc GGGCTG CGCTTTCCAG TC GTCGEﬁgﬁAffﬁfcﬁeﬁfqﬁngﬁﬁft LeﬁfZEys
Ile Hs G nré&exccree dfahrAcrceSesacys o 275 2801647
285  Thr Asn _Thr Pro Tgr Thr G}/‘loAala Leu Ay Leu Leu Asp Phe Ala Leu

PCT/ US95/ 13703

(2) INFORMATION

OR SEQ ID

(i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 1647 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatitis

r62kDa,

FIGURE 2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GCTGTGGCGC
CTACGCCGCC
AATTTAGTCC
ACTCACATTA

ATCCGTTACC

TGGCCTCARA

GTCAGGATTC
CACTACCGCA
ACCTCCGGTC
CCTTATACCG
ACCACCTGTA

CGCCGAGGGG

CTGCCCATGA
AGTATAATTT
TGTATGCAGC
TGGCCACAGA

GGCCCCTAGT

CAACCACAAC

TTGTTCAACC
ATCAAGGTTG
TTGTCATGTT
GTGCCCTTGG
.ACACCAATAC

CCGACGGGAC

CACCTCACCC
GTCTACTTCA
CCCCCTTAAf
GGCCTCCAAT
GCCTAATGCA
CCCTACATCT
TGGCATAGCA
GCGCTCGGTT
ATGCATACAT
CT?ACTGGAC
ACGTGTGTCC

TGCGGAGCTG

GTCCCGGACG
CCCCTGACAT
CCGCCTCTGC
TATGCACAGT
GTTGGAGGCT
GTTGAéATGA
TCTGAATTGG
GAGACATCTG
GGCTCTCCAG
TTTGCCTTAG
CGTTACTCCA

ACCACAACTG

E virus (Mexico strain)

TTGATTCTCG
CCTCTGTGGC
CGCTGCAGGA
ACCGGGTTGC
ATGCTATATC
ATTCCATTAC
TCATCCCAAG
GTGTTGCTGA
TTAACTCCTA
AGCTTGAGTT
GCACGGCCCE

CAGCCACCAG

CGGTGCAATT
CTCTGGCACT
CGGTACTAAT
CCGCGCTACT
CATTTCTTTC

TTCCACTGAT

CGAGCGCCTT

GGAGGAAGCC
TACCAATACC
TCGCAATCTC
TCACCGGCTC

GTTCATGAAA

120
180
240
300
360

420

480
540

- 600

660
720



290 295 300 G u Leu Qu Phe Arg Asn Leu

Thr Thr vg9e/fgso7 Thr Asn Thr Arg Val 305 PCTRUS95/13703
315 320 Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg
Arg Gy Ala Asp 325 330 .

-335 Gy Thr Ala Qu Leu Thr Thr Th* Ala Ala Thr Arg Phe Met Lys Asp

340 oH r a eu Asn
ay VacTAT&rccagr 'rvciccgﬁc?r KPATG&GGTI? lccrcmcr%é cccgé@ék kéc@%ﬁagzp ')’e:gg

365 TTAb'aTAHEO ﬁacrbsmcLeurdksnctewcAbmo&sp dﬂmtmﬂem@cyc@ y LeasaoPro.

370 Thr |l e Ser Ser Ala
Ay chcgj;%caegurcﬁ?gwqwc ggc,;cc&f;arhcgcrc%ﬁ ATGGCGAJEc mé’cs’rggzgro

395  cTcTATACAT cacTeGHEMR TecMAkcMscaDRAGobre TimeTAToccCheadéaoatdir Vadeolys Leu -
Tyr Thr Ser Val WO 96/ 12807 _

PCT/ USHEFEEG$TC ATTCGCGTGT GGTCATTCAG GATTATGACA ACCAGCATGA GCAGEATCGG 1020

405  cceacceceT ceeeredddd arcrceecer TTrTeTeTTéd lftccaceaan fEArcAserd a {dgp G n Asp
Lys Gy Val Alalle Pro Hs Asp Ile Asp 420

425 TGGCTGTCCC TCACTGCARR)CGAGTATGAG FAGTSCAREP AGSECPGRFC\AACIPEFCId ¢ GFIO0ASp Tyr
Asp I S
445 A%Q‘Tﬁ%rr?&AcsGSA ;r\?gcclgr SAWF Gﬁ;lr‘Go Aég‘?rTlgrc SA ﬁTgGI%?%gcgerG(ic?gA%r 0 Ph%azoger Val

450 CGATCGCTTG ACTGGTEEA AGTCACCCTC GACGGGCGG@&ECTCCCGACL‘EGETAA@CHH a AHGOAsp Val

Leu Tr r
475 TRT&’@&A§R caqu'g'r;rﬁ;gocc&cccgm cgzrgé'cf 'nﬁg'légi?rr'rc chAcgcccqacer 'IJF#Z’GI y Pro
Val TweaAdraa®ercads8PTATCC TTATAATTAT AATACTACTG 4ﬁ5c'rGAccz-\ GATTCTGATT 491380

495 . Ser Val Thr Leu Val Asn Val Ala Thr e)éc'r a dn Ala Val Ala Ar

500 GAAAATGCTG CCGGCC% GGTCGCCATT: TCAACCTATS ﬁACCA S’.ECT’GGESEGGESp TJ,A&OSer Ly s
\5/213 TlectRiccOR Fh‘i@'ck‘cﬂs%SE’é&cb‘FﬂrdD c@rddlceer coceeereee TAAERTGGAG 1500
GATACTTTTG ATTATCCGGG GCGGGCGCAC ACATTTGATG ACTTCTGCCC TGAATGCCGC 1560
GCTTTAGGCC TCCAGGGTTG TGCTTTCCAG TCAACTGTCG CTGAGCTCCA'GCGCCTTAAA 1620
GTTAAGGTGG GTAAAACTCé GGAGTTG ' - 1647
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 984 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:
{(C) INDIVIDUAL ISOLATE: Hepatitis E Vzrus (Burma strain) SG3
region
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GGTGCGGACG GGACTGCCGA GCTCACCACC ACGGCTGCTA CCCGCTTTAT GAAGGACCTC 60 - .

TATTTTAéTA GTACTAATGG TGTCGGTGAG ATCGGCCGCG GGATAGCCCT CACCCTGTTC 120
AACCT&GCTG ACACTCTGCT TGGCGGCCTG‘CCGACAGAAT TGATTTCGTC GGCTGGTGGC 180
CAGCTGTTCT ACTCCCGTCC CGTTGTCTCA GCCAATGGCG.AGCCGACTGT TAAGTTGTAT ‘240
ACATCTGTAG AGAATGCTCA GCAGGATAAG GGTATTGCAA TCCCGCATGA CATTGACCTC 3o0
GGAGAATCTC GTGTGGITAT TCAGGATTAT GATAACCAAC ATéAACAAGA TCGGCCéACG 360
CCTTCTCCAG CCCCATCGCG CCCTTTCTCT GTCCTTCGAG CTAATGATGT GCTTTGGCTC 420

TCTCTCACCG CTGCCGAGTA TGACCAGTCC ACTTATGGCT CTTCGACTGG CCCAGTTTAT 430

‘a



PhepG1/pss3/13703 a

600

@25

ﬁu;%O(] u

Val Au d@n Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Gy Lys

530 WO 96/1280035 540 Leu Ser

@y Thr Thr Lys Ala Ay Tyr Pro Tyr Asn 545 550

555 : 560 "~ Tyr Asn Thr__Thr Ala Ser Asp Gn lle Leu lle
Gu Asn Ala Ala Gy Bes 570

575 3 Ead T ochb Sk detUr@dablds O ¥ 20
280 Hirgrbbdho¥ éﬁ@cﬂcéﬁe cCbfantBEr B gg&rcc G &T g Toeckec1d AI 540
Al a.Val LelcTabarieca ¢CrAGEECACARGTTGARCHT LCCCCCCTCT CCACCATEGS GCAGTACTCG

600 60 le T dy.Arg
Ala Hs Th rmﬁﬁcécm:&'ga TTGT%CTGCC giﬁ:cléc&&u Agcé"ré%%gr Itygigék%cés&cubf&p sgﬁo
Asp- Phe CyaaRtecddew Q&TM@AAII'MMUA& WcherraGra p@cp@yx:rﬁ&a‘d@hmr

630 640 G n Ser Thr Va

Leu G n Ar §OCEEPEGE Q}%HGGEWCVQFT@C{]A‘EE/ JACACCACTA GCCTGGGTGC TGGTCEGGTC

650 TCCATTTCTG cd¥®ceoeT TTTAYCCAED cibteTe@bc TAGCATTGCT TGAGGATACEOO

| NFORVATI ON FOR SEQ

| D NO 15:

(i)

SEQUENCE CHARACTERI STI CS:

(A) LENGTHTTSAACTARF rRFGAEF@RSC CCATACTTTT GRIGAIDET GERFMIACAE| @eoccCeeTT

STRANDEDNEGS
TYPE: prot
(O
r62kDa, FI
PCT/ US95/ 1

e|n

%gEI NA%‘ORMAT IONV\POR9 % 218 0 ZIO 6:

DESCRI PTI ON: SEQ)! §EQUBNED :CHARACTERISTICS :
(A) LENGTH: 984 base pairs

(B) TYPE:

nucleic acid

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

{ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatits E Virus (Mexico strain) SG3
region

(xi) SEQUENCE DESCRIPTION:

GGGGCCGACG
CACTTTACCG
AACCTTGCTG
CAACTGTTTT
ACATCAGTGG
GGTGATTCGC
CCGTCGCCTG
TCCCTCACTG
ATCTCGGACA
CTTGACTGGT
AAGACATTCT

AAAGCAGGTT

- GCTGCCEGCC

GCCATTTCTG

TTTGATTATC

GGACTGCGGA
GCCTTAATGG
ACACGCTCCT
ATTCCCGCCC
AGAATGCTCA
GTGTGGTCAT
ccccAchcc
CAGCCGAGTA
GCGTGACTTT
CCAAAGTCAC
TTGTGCTCCC
ATCCTTATAA
ATCGGGTCGC
CGGCCGCGGT

CGGGGCGGGC

GCTGACCACA
GGTAGGTGAA
CGGCGGGCTC
GGTTGTCTCA
GCAGGATAAG
TCAGGATTAT
GCCTTTTTCT
TGACCAGTCC
GGTGAATGTT
CCTCGACGGG
CCTTCGTGGC
TTATAATACT
CATTTCAACC
TTTGGCTCCA

GCACACATTT

SEQ ID NO:6:

ACTGCAGCCA

GTCGGCCGCG

CCGACAGAAT

GCCAATGGCG

GGTGTTGCTA

GACAACCAGC

GTTCTCCGAG

ACTTACGGGT
GCGACTGGCG
CGGCCCCTCC
AAGCTCTCCT
ACTGCTAGTG
TATACCACCA
CGCTCéGCCC

GATGACTTCT

83

CCAGGTTCAT
GGATAGCTCT
TAATTTCGTC
AGCCAACC@T
TCCCCCACGA
ATGAGCAGGA
CAAATGATGT
CGTCAACTGG
CGCAGGCCGT
CGACTGTTGA
TTTGGGAGGC
ACCAGATTCT
GGCTTGGGGC
TGGCTCTGCT

GCCCTGAATG

(e4b

(%ep
di\?& EG(STGIEW&F Eﬁ}fc%ﬁ;&ﬁgf%ca% ”ﬁ-@&\gc&c'r -{AAE&%ECUL%O

| NDI VI Bopeec1a88h ATiecceagrat 6TAs E virus (Burma strain)

(xi) SEQUENCE

GAAAGATCTC
AACATTACTT
GGCTGGCGGG

GAAGCTCTAT

TATCGATCTT

TCGGCCCACC
ACTTTGGCTG
CCCGGTTTAT
AGCCCGATCG
GCAATATTCC
CGGCACAACA
GATTGAAAAT
CGGTCCGGTC

GGAGGATACT

CCGCGCTTTA

60
120
180

- 240
300
360
420
480
540
600
660

© 720
780
840
906



Ala Val Ala Pro Ala Hi s Asp Thr Pro Pro Val Pro Asp Val Asp Ser 1

5 WO 96/12807 10 15 Arg Gy BCEUSIsa3tesu Arg Arg
@ n Tyr Asn Leu Ser Thr Ser Pro Leu _ 20 25
30 Thr Ser Ser Val Ala Thr vy ;’gr Asn Leu Val Leu Tyr Ala Ala.Pro
35 40 45 Leu Ser Pro Leu Leu Pro Leu
< ncé&ﬁ'c@xé/c bR rd cablréadcrCoPiicroace Te@fdcecer TanacTTARG 960 L
60 Ala Thr Qu Ala Ser Asn TyrAaGn Tyr Arg Val Ala Arg Ala Thr 65
70 GTGGGTAAAA CTCGGGAGTT GFAG _ 80 Ile Arg Tyr Ar g9ﬁo Leu Val
Pr o] Y, alle - 85

(ﬁSQN%&A¥%N Fol %%IE lsos'e%dr Ile Ser Phe Trp Pro A n Thr Thr Thr Thr Pro
Thr Ser (.VB_ISEQQWCE CHARACTERISTICS{00 : - --105 110
Met Asn Ser (Bg Eﬂgi’“séﬂ;ﬁﬁa Agﬁl”\?al Arg Ile Leu Val Gn Pro Qy
115 (C) STRAND SS: double — 125 Ile Ala Ser Gu Leu Val Ile
Pro Ser d U(Ai grdpeUOcHl :S 1iydarArg Asn - 130 . 135
140 Adn E\{ p Arg Ser Val Qu Thr SerGyVaI AIaGuGuGuAIa
145 (ii) MOL CULE TYRE ODNA {genomic) 155 - ) 160 Thr
Ser G(yil_)elmy@fndw&ﬂ,euo@s Ile H-s Gy Ser Leu Val Asn Ser o
165 175 Tyr Thr Asn Thr Pro Tyr Thr
Ay A &vbe@RIFINALe GP‘L """ 185
160 Leu &L I@@gvggﬁﬁﬁm HeRSuisiotRVIERS RAGEEH) Ash Thr “Arg
195 205 Val Ser Arg Tyr Ser Ser Thr
Ala Arg Hs Arg Leu Arg Arg Ay Ala - 210 215
220 Wps@V“ﬂﬁrD%%IQWNLeWQTHP N47:Thr Ala Ala Thr Arg Phe Met Lys '

22 )CCTTEGACT ACCCTGCCCE SECCCATACT TTTGATGATT TCXSRCCAGA G'rccccccc &+0-  Asp
Leu Tyr Phe Thr Ser Thr Asn Ay Val dy Qu Ile d éy

2452TTGGCCTTC AGGGCTGCG FUTCCAGTCT ACTGTCGCTG AGUTECAGCG pgrmn'r_ceu Th¥20Leu Phe Asn

%WT%IH éES&LL%T&e S(e;‘ry léreu:b\l a dy Ay anﬁgu Phe Tyr“‘ger Ar 9265

_2732) INFORMATION FOR SEQ(QID NO:8: 285 Pro Val Val Ser Ala Asn Gy

Gu Pro ThrSEg/ NclﬁngAlﬁggTE;r IrST;rGhSr Ser

(A) LENGTH: 147 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: double -
(D) TOPOLOGY: linear o

(ii) MOLECULE TYPE: DNA (genomic) —-
(iii) HYPOTHETICAL: NO -
(vi) ORIGINAL SOURCE: o

(C) INDIVIDUAL ISOLATE: Hepatitis E Virus- (Mexxco straxn)
406.3-2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

. ACTTTTGATT ATCCGGGGCG GGCGCACACA TTTGATGACT TCTGCCCTGA ATGCCGCGCT 60 -
TTAGGCCTCC AGGGTTGTGC TTTCCAGTCA ACTGTCGCTG AGCTCCAGCG CCTTAAAGTT 120
AAGGTGGGTA AAACTCGGGA GTTGTAG T 147

(2) INFORMATION FOR SEQ ID NO:9:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 372 base pairs-
(B) TYPE: nucleic acid . -
(C) STRANDEDNESS:.  double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic) - ' i

(iii) HYPOTHETICAL: NO

(Vi).ORIGINAL SOURCE: —-



290 295 300 Val Ju Asn Ala G n A n Asp

Lys Gy |l epddsizey Pro His Asp Ile 305 310PCT/US95/13703
1315 320 Asp Leu Ay GQu Ser Arg Val Vval Ile @n Asp Tyr
Asp Asn A n H's 325 330
225 Gu Gn Asp Arg Pro Thr Pro Ser PFb Ala Pro Ser Arg Pro Phe Ser

0 6
PCT/ US95/ 13703 (c) %&Dégﬁg;\teéfgmm Hepa%:.Q:.s E Virus (MQm% ééz%fiﬂz/al Leu Arg
Al a  Asn Asp Val Leu Trp Leu Ser Leu Thr AI aAadGu 355
360 365 n Ser Thr Tyr Ay Ser Ser Thr 4
Pro Val Tyr i) KRQUENCE DESCRIC?%X“ 8 13 ID NO:3: 375y 4 380y

Asp- Ser Vﬂ&sﬁhﬁn&ﬁ&c’fa&mﬁ%a Mﬁccé&ﬁcﬁhm@sycﬁ @Aﬁdccétm de‘abc'ﬁlmr 6885

390 400 9 er Leu Asp Trg Thr
Lys Val THPTIGSHCHR FCQ?TGAFQ W@ctwcsﬁqcccccccc ACCGCCCGGT CAGCCATCRGy

410 GCoeeCaTe recédacec accedBécrr chgcﬁsﬁcﬂ TFYéTcdeET lgascddyrTBhe Pheo Val
Leu Pro Leu Arg y - 425

430 ATTGTCAGCC sgwcmwrcgpmmm%aryc}kw FRFCTRFGCAICECRRISTEDr  pr 348y r
435 S&derthr Thpo Al a
Ser Asp Feeqrscese ccééﬁ?cr&m %\S'rccﬁrrc Afccm%ééec ccsAccﬁE'i‘c Tder rf I2‘360

420 cédgrehicen Ar;gcckkdccél ecdekesSer cdtuactyee ThGAdaF\CSeECAEG'EGG@Fy Al éGG y
465 475 480 Pro
Val Ser | FESECEEFCHY &AVaI Ala Val Leu Ala Pro His Ser Ala Leu 372
485. - (2) INFORMATIONOrOR SEQ ID NO:10: 495 Ala Leu Leu Qu Asp Thr
Leu Asp Tyr Pro Alg%uééq Al a I—(I;s Thr Phe 500 :

505 (i) s k) CHARACT, e Cys Pro Qu Cys Arg Pro Leu G
Leu Gn Gy Oys Sé’ LE‘JET“nuiifgésﬁ@a“s 520 ’
525 Phe dn 3 NUBDNEYsA ddublbeu G n Arg Leu Lys Met Lys Val Gy

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mexico Strain)
ORF-3 region ' '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

ATGAATAACA TGTGGTTTGC TGCGCCCATG GGTTCGCCAC CATGCGCCCT AGGCCTCTTT 60

TGCTGTTGTT CCTCTTGTTT CTGCCTATGT TGCCCGCGCC ACCGACCGGT CAGCCGTCTG : 120
GCCGCCGTCG TGGGCGGCGC AGCGGCGGTA CCGGCGGTGG TTTCTGGGGT GACCGGGTTG - 180
ATTCTCAGCC CTTCGCAATC CCCTATATTC ATCCAACCAA CCCCTTTGCC CCAGACGTTGl 240
CCGCTGCGTC CGGG&CTGGA CCTCGCCTTC GCCAACCAGC CCGGCCACTT GGCTCCACTT 300
GGCGAGATCA GGCéCAGCGC CCCTCCG?TG CCTCCCGfCG CCGACCTGCC ACAGCCGGGG 360
CTGCGGCGCT GA | | ' : 372

(2) INFORMATION FOR SEQ ID NO:11:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 99 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

~ (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatxtls E Virus (Burma straln)



530 535 540 Lys Thr Arg GQu Leu

545 (2)wobéiIshATI ON FOR SEQ | D NO 16: (i) SEQUENCEpgiiRe&ssd STI CS:
(A) LENGTH 549 am no acids (B) TYPE: amino acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE

TYPE: protein ~ (iii) HYPOTHETICAL: 7RO  (vi) ORI G NAL SOURCE:
(C | NDI VI DUAL ISO_AA‘BIE patltIS E virus (Mexico strain)

r62kDa, Fl GURE 4 *SEtYJENCE DESCRI PTION:  SEQ | D NG 16: - Al a Val
Ala Pro Ala His Asp Thr Ser Pro Val Pro Asp Val Asp Ser 1

5 (xi) SEQUENCE DE§CRIPTION: SEQ ID NO:11:1§ Arg Ay Ala IIe Leu Arg
Arg CoBoahocd® echitcne®t ddbrca§drT bcdrad GCCCAGCGC c
25 30 G feorfioen A'a Ser °q c‘%}% psn *Peu Val
Leu TQETONCGTES SAPRCCTACC ACAGCTGGGGBBCGCGCCGC 40 99 45
V\D 96/ - PCT/ US95/ 13703

éﬁgis ISmN R TR R R A@n Asp Ay Thr Asn Thr Hs Ile Mt

50 (i) SEQUENCESEHARACTERISTICS 60 Ala Thr Au Ala Ser Asn Tyr

- Ala dn Tyr Ar(g)\ﬁegggﬂﬁa zflire age patis 65 : 70
75 () STRAng;NESSflgguEEQ Tyr Arg Pro Leu Val Pro Asn Ala Val @ y
Ay Tyr Ala |l{®) ToroLogY: linear 85 90
95 Ser Ile Ser Phe Trp Pro @ n Thr Thr Thr Thr Pro Thr Ser Val Asp
100 (ii) MOLECULE TYPE: DNA (genomic) 110 .

(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE: '
(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mexlco strain)
406.4- 2 region
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
GCCAACCAGC CCGGCCACTT GGCTCCACTT GGCGAGATCA GGCCCAGCGC CCCTCCGCTG 60
CCTCCCGTCG CCGACCTGCC ACAGCCGGGG CTGCGGCGC oo 99
(2) INFORMATION FOR SEQ ID NO:13:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 660 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatxt;s E Vlrus (Burma straln)
ORF=-2 .
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Met Arg Pro Arg Pro Ile Leu Leu Leu Leu Leu Met PheILeu Pro Met
1 o 5 10 15

Leﬁ Pro Ala Pro Pro Pro Gly Gln Pro Ser Gly Arg Arg Arg Gly Arg
. : 20 25 30

Arg Ser Gly Gly Ser Gly Gly Gly Phe Trp . Gly Asp Arg Val Aép'Ser
35 40 45 . :

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

Asp Val Thr Ala Ala Ala Gly Ala Gly Pro Arg Val Arg Gln Pro Ala
65 70 75 80

Arg Pro Leu Gly Ser Ala Trp Arg Asp Gln Ala Gln Arg Pro Ala Val
o 85 90 95



Met
115
Pro
140
145
Ser
165
dy
190
195
Al a
220
225
Leu
245
Leu
270
275
du
300
305
Leu
325
Ser
350
355
Ser
380
385
Ser

Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val G n Pro Gy

120 125 Ile Ala Ser G
Ser Gu %r ;S %8UO7HI s Tyr Arg Asn 130 Ws/\@)m
GInGIyTrpArgSer Val Qu Thr Ser Ay Val Ala Au Qu Au A a
150 | 755 160 Thr

Gy Leu Val Mt Leu Cys Ile H's GTX’! Ser Pro Val Asn Ser
Ala Ser 1#R§ Afg Arg Pro Thr r %Gly A-Ils;r A%[Pr%sirfu-rﬁpr Igrls Tyr Thr
Aa Leu Ay Leu Leu A2) Phe Ala 180 185
Leu G wdlealdRroPhta Alig MenThePréhprolNal Grs Kan VEhrashssed rgAr g
296 120 205 Val Ser2Arg Tyr Ser Ser Thr

‘Arg H' S Artgl aYa A.rlg ﬁw Ag;ylu‘%l 81n Tyr Ag'llgeu Ser Thr Ser Pro Lgl.;]'%h

Asp Ay husd\l a d u Leu Thrai3sr Thr Ala Ala 4o Arg Phe Met Lys

240 Asp
H's Phe TH P D’é& e ThY )F;*ga'lrhﬁﬂ?“d"ﬂ‘ Vat "%yTXEr §igApa Pro Leu
250 255 e Ala Leu Thr Leu Leu Asn
Al a Asp Thserleto li@u Lau pﬁ:yz.eluemn aAsp .Gly Thr Asn2fY} His Ile Met Ala 265
Pro Thr Qu Leu Ile $F Ser Ala Ay AY dn Leu Phe Tyt?’Ser Arg

5 I Asn d
Pro Thr Va hrL%u ng igw MH"lr'ryée‘rua‘ Gin fﬁQBrg \)2501;1\@5;1-‘}/?;838&,9?12 " Y

Val Gu Asn Ala G n d@n Asp Lys Gy Val Alalle Pro Hs Asp Ile
Arg Tyr 3§? Pro Leu Val Pro Asn ApgVal Gly Gly Tyr Ala I §er Asp
Ay Asp Ser Arg Val IIeGInA&BTyr AspAsnGIﬁo?—|
Ile Ser P8O Trp Pro Gln Thr Thr Th¥OThr PG%LEHQ BeA\MALAKED Be® Thr Pro

Pro Ala Pro S&¥0 Arg Pro Phe Se2is - 345
Val Le r As al . Le rp L u.Jhr
qz\zs gefb‘léga'qﬁ\r Sep 'g\ég Asp Ua l%g ﬂ'le %i. \}'a GerPro I’ igé Tyr Ay

Ser Thr Ay Pro Val Tyr Ile Ser
Asp SePlgaferTHlu iy Val IASnP%BeAICdUWQ Cey HisaTQ Arg| %FﬂxlﬁllnAl a

390 245 3952%0 2%00 Ar g
Leu Asp TquySﬁrp hy§ 8@ vihicikethAser @1y M0 aPs G1ket1Piclu ala Thr
260 265 270

Ser Gly Leu Val Met Leu Cys Ile His GlyISer Leu Val Asn Ser Tyr
275 280 : 285

Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu
290 205 300

Glu Leu Glu Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg Val
308 310 315 320

Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala Asp'
325 330 . 3358

Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp
340 345 350

Leu Tyr Phe Thr Ser Thr Asn Gly Val Gly Glu Ile Gly Arg Gly Ile
355 360 365

Ala Leu Thr Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro
- 370 : 375 380

Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg Pro
a8s 390 395 400

Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser Val
40S 410 415

Glu Asn Ala Gln Gln Aép Lys Gly Ile Ala Ile Pro His Asp Ile Asp B
420 ' 425 430

Leu Gly Glu Ser Arg Val Val Ile Gln Asp Tyr Asp Asn Gln His Glu
435 440 ' 445

Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser Val
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86 405 410 415

Thr Va |w&9"‘8n Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu A’CgT"{ﬁ’?m”

420 425 430 Lys Leu Ser Phe Trp GQu
Ala Ay Thr Thr Lys Ala Ay Tyr Pro 8oyr 435

440 445 Asn Tyr Asn Thr Thr Ala Ser Asp An lle Leu
lle Gu Asn AF& Al a L A%) 460 455 - 460
Gy Hs Ag ¥al mAhaadd %§%Jbéu T Y slbrLeér&uL%tfaqﬂs é\L@ y 465 .
470 465 _ Pro Val a IIe Ser Al a
Ala Ala Val Leu Al a Pro Ar(g Ser Ala L

490 Asp Gln Ser Thr @yr Gly Se"AISSrL’é‘lf ggg; ?’G’u"“ﬂsﬁyﬂ“h‘f"lpﬁ%ﬁﬁ Tyr Pro Gy-
Arg Ala H's Thr Phe 50

510 se&spa]Aserﬂ:re: @y Anovdl BlEymhrAcly Ala ¢euAGh walemiGargd y Cys Al a

515 S00 505 525 ' PHP2A n Ser Thr Vval Ala
Au Leu L LY - 535
540 g%@"?“%?i\‘?ég‘yé‘%/a‘fsum \ﬁ% 1 5 AR oLy &Eﬁ%lﬁu FR"8EQ 1D NO 17:
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 327 amino acids

(B) TYPE:'1&n§lfhCagityr Ser Lys Thy B}lemd{ﬁ@r‘ew%jgea?u Arg GYy {Lys MOLECULE
TYPE: protein (rii) HYPOTHET CAL:  NO (vi) ORI A NAL SOURCE:

(O | NDI \deDUsdr h»SQ:y%Ecm-iapatMy ShE Mirl Ligs (ABurcnna; ${f &rd) TaGAsn
reg|0n §45 §50 560

Tyr Asn Thr Thr Ala Ser Asp Gln Leu Leu Val Glu Asn Ala Ala Gly ' '
565 570 . 575

His Arg Val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gly Ala Glj Pro
580 585 ) 590

Val Ser Ile Ser Ala Val Ala Val Leu Ala Pro His Ser Ala Leu Ala
595 : 600 605 :

Leu Leu Glu Asp Thr Leu Asp Tyr Pro Ala Arg Ala His Thr Phe Asp
' 610 615 620

Asp Phe Cys Pro Glu Cys Arg Pro Leu Gly Leu Gln Gly Cys Ala Phe
625 : 630 635 ' . 640

Gln Ser Thr Val Ala Glu Leu Gln Arg Leu Lys Met Lys Val Gly Lys
645 ' 650 655

Thr Arg Glu Leu
660

(2) INFORMATION FOR SEQ ID NO:14:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 660 amino acids
- (B) TYPE: amino acid-
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
{(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mex:.co strain)
ORF-2

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: ' :
Met Arg Pro Arg Pro Leu Leu Leu Leu Phe Leu Leu Phe Leu Pro Met
1l 5 10 15 -

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

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



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 17: Ay AlaAsp Gy Thr Ala Gu

Leu Thr Thr. a Thr Arg Phe 1 5

10 Wgsﬂzﬁoﬂ Met Lys Asp Leu Tyr Phe Thr Ser ThrCTAls]sgslésglosv I
Gy ulle Ay 20 25

30 Arg Ay Ile Ala Leu Thr Leu Phe A&ln Leu Ala Asp Thr Leu Leu Gy

35 Gy Leu Pro Thr Qu Leu
Ile Ser Ser Al EIG%"C}“;F @LA {@ngyTy;-le H:.s Pro By Asn Pro Phe Ala Pro gg

60 . Ser Arg Pro-Val Vval Ser A ASn Gy GQu Pro Fhr Val' Lys Leu Tyr

65 Asp Val7fla Ala Ala Ser Gly Ser @Dy Pro Arg Leu Arg Gln P80 ala Thr
Ser Val Qu AsfS5Ala A n An Asp7@ys Gy Ile Ala T9e Pro Hi s 80

85 - - I Au
Ser Arg Val Vaf\r? lPronenu X:SLB S rr'r r F')I'rB\SPIsqrg ggp gén AﬁSEn’\ A%gf_’ggo ISEP lgay

105 ' - 110 - WO 96/ 12807 .

PCT/ US95/ 137033Ala Ser Arg Arg Arg Pro Ala Thr Ala Gly Ala Alagsia Leu Thyy3laHi s G y
G@n Asp Arg Pro Thr Pro 88 Pro Ala Pro s&fs Arg Pro - 10 115

120 val Ala Hr¥DAla His K&E TserSe\éaan@uwf@ A&a VASNadiS BeValrgleu Trp
Leu Ser Leu Thr Al a 118 130 120 125 140
/]A.\|58 Gu Tyr ASQ]. S%’fSIQ‘E A-I;-grArg %1r§elryr8§%rb-£ s%ry'rf % alL,&.So u Tt\:iall4.5|_hr
Leu Val Asn Val AIaThr GIyAIaGInAIa 165

170 Ser Ser VdAGAla Ser\@ly Aha A@arngLseNaLeTtﬁuAEpr Flp Mw PEysT-GVaI Thr
Leu Asp Ay ArdtPro - 180 185 '
190 - Leu Sedn Bhs !erLg ri::@ Deul ¥in SBH bi/ﬁ TRBradANenPhe s Vale ket R0 Leu
195 165 5170 Arg Ay Lysiteu Ser Phe

TrpGIuAIaGIé(hrG Thr Lys Al a 215

290 u Ala Ser Asn Tyr Xla Gln Tyr Arg V;% Ala Arg Ala Thr 1Ile
- 180 185 190

Arg Tyr Arg Pro Leu Val Pro Asn Ala Val Gly Gly Tyr Ala Ile Ser
195 o 200 205,

Ile Ser Phe Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp Met
210 . . 215 _ 220

Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly Ile
225 _ 230 235 - 240

Ala Ser Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln
245 o 250 255

Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu Ala Thr
260 265 270

Ser Gly Leu Val Met Leu Cys Ile His Gly Ser Pro Val Asn Ser Tyr
275 280 285 .

Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu
290 295 300 -

Glu Leu Glu Phe Arg Asn Leu Thr Thr Cys Asn Thr Asn Thr Arg Val
305 ) 310 315 320

Sef Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala Asp
' 325 " 330 _ S 335

Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp
340 345 350

Leu His Phe Thr Gly Leu Asn Gly Val Gly Glu Val Gly Arg Gly Ile
355 360 : 365 .

Ala Leu Thr Leu Leu Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu Pro
370 375 380 :

Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg Pro
385 390 395 ' 400

Val vVal Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser Val



Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp G n Leu Leu Val Gu Asn 225
230 WO 96/12807 235 240 Al a Al acEiéodrisSesr 9 Val
' 245

Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gy _
250 255 Ala d %%Pro Val Ser Ile Ser Ala Val Al a Val

Leu Ala Pro His Ser 60 265 _
270 Ala Leu Ala Ley,leu Gu Asp Thr,leu Asp Tyr Proﬁla Arg Ala H's
275 280 85 Thr ..Phe Asp Asp Phe Cys

Pro G u Cgdu/sy Pro Gleuc)d psbeduiysGily @ay Ala Ile Pro2@is Asp Ile Asp 295

300 Cys Ala Phé2@8 n Ser Thr Val 43Fa G u Leu G n APY Leu Lys Met Lys I
305 - . 20 Va
Ay Lys Thr Arg &5 588 hrg val val aa0 0" asbloys pev 12 SHEEH oN For SEQ -
I D NO 18: _ (i) SEQUENCE OHARACTERISTICS: (A) LENGTH: 327

ami no aci §° 2sp Arg Pro TrpiSeraficndlacizg Ser Arg Pro Py SPOPERIOGY: | i near
(ii) MLECWE TYPE protein *°° (iii) HvporHeffBaL: N0 (vi) ORIGNAL
SOURCE: Leu Arg Alg @pn|a¥pl VADWAL T:50LAd ESerHepatrht imaEa) faus fy¥exi co strain)
SG3 regi oft63 (xi) SEQUEMCE DESCRI PTION:4BEQ ID NO 18: 480 GFy Al a Asp

Gy Th h - ' >
v | hé Gull sfiniliayte e N ME A PO e S MR hen @y
Val dy du Val 0 25

dy : 2 _
30 AP &Y Threley Faflebsmripl |2 GA¥ P lacGlmiAdapésl BAp Arsy Leu Gy
VD 96/ 1280? y 588 ke - 5?3. PCT/ US95/ 13703

Ser Leu Asp Trp Ser Lys Val Thr Leu Asp Gly Arg Pro Leu Pro Thr
515 520 , 525 ' ‘

Val Glu Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Gly Lys
530 535 - . 540

Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr Asn
545 550 555 560

Tyr Asn Thr Thr Ala Ser Asp Gln Ile Leu Ile Glu Asn Ala Ala Gly
: 565 570 575

His Arg Val Ala Ile Ser Thr Tyr Thr Thr Arg Leu Gly Ala Gly Pro
580 585 590 | |

Val Ala Ile Ser Ala Ala Ala Val Leu Ala Pro Arg Ser Ala Leu Ala
595 600 605

Leu Leu Glu Asp Thr Phe Asp Tyr Pro Gly Arg Ala His Thr Phe Asp
610 . 615 620

. Asp Phe Cys Pro Glu Cys Arg Ala Leu Gly Leu Gln Gly Cys Ala Phe
625 630 635 640

Gln Ser Thr Val Ala Glu lLeu Gln Arg Leu Lys.Val Lys Val Gly Lys
' ' 645 ' . 650 655

Thr Arg Glu Leu
: 660

(2) INFORMATION FOR SEQ ID NO:15:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 549 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Hepatitis E virus (Burma strain)
r62kDa, FIGURE 4



88 35 40 45 - Gy Leu

Pro Thr G u WQ9912807Ser Ser Ala Ay Ay dn Leu Phe Tyr PCT/US3/13703
5. - = 60 © Ser Arg Pro Val VaI Ser Ala Asn Ay GQu Pro
Thr Val Lys Leu Tyr 65 - 75

80 Thr Ser Val Gu Asn Ala A n dn Rsp Lys Ay Val Alalle Pro H s
85 (xi) SEQOENCE DESCRIPTION SEQ 1P%o:15: Asp lle ASp Leu Gy Asp
Ser Arg Val Val Ile An As pTr

105 - Ala val pjy Pro Ala g PPTIPST'G §re FEOASH AF ﬁpov?hr“glﬁr *%er Pro
Ala Pro Ser Arg Pro 115 120

125 Phe 3eg dial ALaeulérgeuAlaagA&n @5p TyalAdpeledspr LTt Ser HreuLehhr Al a
130 - 135 20 230 ~Ala Au3%yr Asp A n Ser
Thr Tyr Qy Serrh§e§erTQ£r @‘aX EfaOTf@lcégy'f‘hr Asn LJE%S 1 Leu Tyr Ala Ala 1315:9

155 r4d>\sp Ser Va"iI Thr 4zu Val Asn Val Al a
Thr Ay Ala dn Al a - 170

175 Val AF% J8°gPIRrietehPuaBEe Fey Set AE?SGIVa'Fh”I' REn LB Ash deyMet g Pro
180 185 Leu Pro Thr Val u dn
Tyr Ser Lys ThalPrm;erm ¥ah derunbl @ykeMa Gln Tyr Arg Val9%a Arg Ala Thr

200 205 g Gy Lys Leu S&¥ Phe Trp Gu A8 dy Thr
Thr Lys Ala G 1 1 220
Pro Tyr Asn Ty?f {ZhrrgTﬁFr fﬁ? Agj Q?ervai‘spmd\sn Iﬁ 521 EHeGlé EY’?AsSéa Ile 225 -
230 235 240 ~ Ala Ala @y His Arg Val
Ala |Ile Ser Thﬁerrytrle‘[‘.ﬁﬁr ?hp 'lp;rng;_%@l 'g,hr Thr Thr Thr Pro Thr Ser ¥ai Asp

250 255100 - "Ala @y Pré®%al Alalle Sertfa Ala Ala val
Leu Ala Pro ArgetS@lsn ser Ile Thr Ser Thrm Val Arg Ile Leu valZ26in pro Gly

270 Ala Leu Ala 18u Leu G u Asp TR0 Phe Asp Tyr PrldsGIy Arg Ala Hi s
I%Zg Gu Qs Arg %\l?lgl_§er &lu ILeu v?j Ilg; Pro ger Glu Arfg lf:).s ASB.rg sn Ph(2395Q/S
300 Cys Ala Phe dn Ser Thr Val AI a Qu Leu 4 n Arg Leu Lys Val Lys
305 iig Gly3Nxp Arg Ser Xgl Glu Thr 8¢ Gly gg; Ala Glu Glu cggcgég

Thr Ser Gly Leu Val Met Leu Cys Ile His Gly Ser Leu Val Asn Ser
165 170 1758

Tyr Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala
180 185 - 190 .

Leu Glu Leu Glu Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg
135 200 205

Val Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala
210 215 220 .

Asp Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys
225 230 : 235 _ 240

Asp Leu Tyr Phe Thr Ser Thr Asn Gly Val Gly Glu Ile Gly Arg Gly
245 250 .~ 255

Ile Ala Leu Thr Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu
260 265 270

Pro Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg
275 280 285

. Pro Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser
290 . 295 300

Val Glu Asn Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His Asp Ile
305 - 310 315 320

Asp Leu Gly Glu Ser Arg Val val Ile Gln IA'sp Tyr Asp Asn Gln His
325 330 335

Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser
340 345 350



Val dy Lys Thr Arg GQu Leu 325 (2) | NFORNVATI ON FOR
SEQ | D WO 9502807 (i) SEQUENCE CHARACTERI STI CS: PCTi13BGTH: 33
am no acids (B) TYPE: am no acid (D) TOPOLOGY: |i near
(ii) MOLECULE TYPE: protein (ii i4) HYPOTHETI CAL: NO WD 96/ 12807

PCT/ US95/ 13703 89 (vi ) ORI A NAL

SOURCE: | Y1 .DYA Eeu s d urma strain)

406.4-2 Le'(‘xa?)"( g}z@%g 2 DES%ZI%E%% ol g Eg'kéﬁ‘fg MR GRS

Asp H's Ser Ala Pro Leu G'tY Val Thr Arg Pro Ser : 5 i
yr Asp n Se r Tyr

10 Tyr Asp Gln Sendh ﬂ&? q’r"os?’? G'hEe‘EP'YP§§° Pfad ?ﬁéﬁ V%Lls%p Leu Pro

Adn Leu Glylgro Arg - 20

30 Aigp sef Nall RORMATVAONAERORaSEA d DPhN@130Ala Gln AXd )laSEQHENCE .
CHARACTERFSSTI CS: 399A) LENGTH. 33 aifi’no aci ds 400 (B) TYPE

TS SR o Momke e oY e AR dspreld o PRSI TR UV

| SOLATE: Hepatitis E Virus (Mexico strain) - 406. 4-2
Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Gly

420 425 430

Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr
435 440 445

Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu Leu Val Glu Asn Ala Ala
450 455 460 '

Gly His Arg Val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gly Ala Gly ‘
465 470 475 480

Pro Val Ser Ile Ser Ala Val Ala Val Leu Ala Pro His Ser Ala Leu
485 490 495

Ala Leu Leu Glu Asp Thr Leu Asp Tyr Pro Ala Arg Ala His Thr Phe
500 505 ~ 8510

Asp Asp Phe Cys Pro Glu Cys Arg Pro Leu Gly Leu Gln Gly Cys Ala
515 520 525

Phe Gln Ser Thr Val Ala Glu Leu Gln Arg Leu Lys Met Lys Val Gly
530 535 540

Lys Thr Arg Glu Leu
545

(2) INFORMATION FOR SEQ ID NO:16:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 549 ‘amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:
. (C) INDIVIDUAL ISOLATE: Hepatitis E virus (Mexico strain)
r62kDa, FIGURE 4
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Ala Val Ala Pro Ala His Asp Thr Ser Pro Val Pro Asp Val Asp Ser
1 5 ' 10 - 1%

Arg Gly Ala Ile Leu Arg Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu
20 25 30

Thr Ser Ser Val Ala Ser Gly Thr Asn Leu Val Leu Tyr Ala Ala Pro
35 . 40 45



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 20: Ala Asn An Pro Gy H's Leu

Ala Pro Leu ¥O\06807| [e Arg Pro Ser 1 5 PCT/US95/13703
10 ' : 15 Ala Pro Pro Leu Pro Pro Val Ala Asp Leu Pro
An Pro Ay Leu Arg 20 o< 25
30 Arg (2) | NFORMATI ON FOR SEQ I D NO 21: - (1) SEQUENCE
CHARACTER! STI CEeu asn Pro pro (Al hENGIH c1h24s 2 B190TRCASS Thr His Tle ¥dB) TYPE:
am no acid 50 (D) TOPOLOGY: ski near (i1i1)eMOLECULE TYPE: protein
(iii.) HYPOTHET] CAL: vi) ORI A NAL R(:Efi : | NDI VI DUAL
| SOLATE: Hepat £} lsThEN%‘.“r i (S%ﬁr ST ft )Gﬁ,%r Arg val Ala A'Eﬂ%@% i\*lo" (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 21: Met Asn-Asn Met Ser Phe Ala Al a
Pro Met Ay SefleArggPrywr &yg Piogleu Val Pro Asn Ala Val Ghy Gly Tyr Ala Ile 10
15 Leu Ay Leu Phe Cys 8ys Cys Ser Ser &Ps Phe Cys Leu CJ3 Cys Pro
20 ser IleZ&er Phe Trp Pro Gin Thr S¥ Thr Thr PréNQh96ééE28Qf'Asp )
PCT/ US95/ 13703 100 105 _ 90 110 Arg H's Arg
Pro Val Ser Arg Leu Ala Al a Val Val GIFg/s G%/ Ala Al a 35
40 st Asnser Ile Thy Sen/ghr g Wh ARl 1iGaPesdal FY UEP M Qy
Leu Ile Leu Ser Pro . 50 55 60
Ser A n Ser Priid RdaRBee Ele Lehrvdl oldmroPsexr 8¢n A2GOLEYy @ibkktyrSerg Asn 65
70 130 75 135 80 140

Gln Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Giu Glu Glu Ala

145 ' 150 155 160

Thr Ser Gly Leu Val Met Leu Cys Ile His Gly Ser Pro Val Asn Ser
: 165 170 175

Tyr Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala
180 185 190

Leu Glu Leu Glu Phe Arg Asn Leu Thr Thr Cys Asn Thr Asn Thr Arg
195 200 205

Val Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala
210 215 220 '

Asp Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys
225 230 235 _ 240

Asp Leu His Phe Thr Gly Leu Asn Gly Val Gly Glu Val Gly Arg Gly
245 250 255

Ile Ala Leu Thr Leu Leu Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu
260 265 _ 270

Pro Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg
275 . 280 285

Pro Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser
290 - 295 _ 300

Val Glu Asn Ala Gln Gln Asp Lys Gly Val Ala lIle Pro His Asp Ile
305 310 315 320

Asp Léu Gly Asp Ser Arg Val Vval Ile Gln Asp Tyr Asp Asn Gln His
325 330 335

Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser
340 . 345 350 .

Val Leu Arg Ala Asn Asp val Leu Trp Leu Ser Leu Thr Ala Ala Glu
355 360 : 365

Tyf Asp Gln Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr Ile Ser
370 _ 375 380

Asp Ser Val Thr Leu Val Asn Val Ala Thr Gly Ala Gln Ala Val Ala
385 © 390 395 400

Arg Ser Leu Asp Trp Ser Lys Val Thr Leu Asp Gly Arg Pro Leu Pro



Pro Leu Arg Pro Ay Leu Asp Leu Val Phe Ala Asn Pro Pro Asp Hi s

85 WO 96/12807 - 90 95 Ser Al a Pcoukssas@sy Val
Thr Arg Pro Ser Ala Pro Pro Leu Pro Hi's 100
105 110 - Val Vaé6 Asp Leu Pro Gn Leu Ay Pro Arg Arg
A x 115 120 (2) I NFORVATION FOR SEQ ID _
NO 22: (i) SEQUENGE CHARACTER! STI Q§o (A) JhENGTH. 124 ami no
aci ds (B) TYPE: am no acid : (D) TCPC]_OGY | i near
(i) MOLERWLFa@lYRE: G G‘lyelﬁher Lys Thirj Phe HYP(YPIJJEWICREO MO Arg Glyvi ) ORI G NAL
SOURCE: (#5° I NDI VI DUAL | SERTE: Hepatitis E*¥ rus (Mexico Strain)
ORF- 3 Lys L&h)sePERAENCE AESER BIVOMir 2ER dyl? NQ 32y 2¥E prdbiyrASn Asn Met
Trp Phe Ala Ala4Bs50 Met- Ay Ser B0 Pro Cys Ala 4451 5
igu oys cﬁlsg E,g@ Asn Tlrg'rSThr AlaLger Azé Leunl?g LegIleQéS %&- gﬂ‘ Ser Gys Phe Q/S
55

30 Arg H's Arg Pro Val Ser Arg Leu Ala A?a Val Val Ay Ay Ala Ala
35 ‘Gly His Arg VaflQAla Ile Ser Thr Tyr THS Thr Arg Abw OIF AH @1l a Val Val
Ser Ay W Thr Ay Leu 11¥%eu Ser Pro 475 50 480 55
gg £er vl ngeflepfsgr 14,8 Khe ahbovsd ﬂeLPrAQaTWo REQ deUald Q.eg n Thr L(FE)U_
. 048s . 495 ro
Leu Arg Pro GL}/ gLeu Al a Phe AIa Asn Gn Pro Hi s 85
90 la Le L‘?“ Gl“9 sp Thr 'b%“ﬂ?agglsr Brié’ﬁyd’iﬁ éllilg eT‘N Fhero Ser Ala
Pro Pro Leu Pro Pro 105
110 Adpl AdY Rhédsqysleto Bno = APy ml@l ;lev.LGlleAregl ALg cByXcys Ala 1%:3-
120 (2) | NFORVAIPON FOR SEQ | D RéP23: - (i) SERUENCE CHARACTERI STI
(A) LENGBﬂe fﬁ; %Q]_- nﬂ'nraGépsAla Glu Leu Gln Arg Leu Lys Val Lys Val Gly

535 540

Lys Thr Arg Glu Leu
545

(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 327 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE: :
~{(C) INDIVIDUAL ISOLATE: Hepat;tzs E Virus (Burma strain) SG3

reglon

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

Gly Ala Aép Gly Thr Ala Glu Leu Thr Thr Thr Ala.Ala Thr Arg Phe

1 5 ) 10 15

Met Lys Asp Leu Tyr Phe Thr Ser Thr Ash Gly Val Gly Glu Ile Gly
- 20 25 : : 30

Aré Gly Ile Ala Leu Thr Leu Phe Asn Leu Ala Asp Thr Leu Leu'Gly
. 35 - 40 45 :

Gly Leu Pro Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr
50 : 55 60

Ser Arg Pro val val ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr
65 : 70 75 80

Thr Ser Val Glu Asn Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His
85 ' 90 95 :

Asp Ile Asp Leu Gly Glu Ser Arg Val Val Ile Gln Asp Tyr Asp Asn
100 : 108 ‘110



(B) TYPE: am no acid (D) TOPOLOGY: 1i near WO 96/ 12807

!PCT/ US95/ 1374d 96/12807 . o 91 . PCIU995/13703
*MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO (vi) ORI G NAL
SOURCE: (C | NDIVIDUAL | SOLATE: Hepat|t| s E Virus (Burma strain)
4F1)06. il-z o A (Xh) SEQJEE{?E BESCRI PTI ON: 8EQ I D NO 23: Thr Leu Asp Tyr
ro a Arg S e p, As 5
(130 o V‘lgl ui 4} AR M) AP{E‘S?‘% E’gp P y“%eé’zzasﬁ”e’“;g Cys Ala Phe
n. Ser r Va
gg. Ala Ghe Ben Yalnley @rueﬂulaLﬁn Msp Yais Lo Tre) §§r1*rﬁ" By 2Ry Leu
' %20 45  (2) I'NFORVATION FOR SEQ I D
NO: 24: (Ada SRQIENCEs CIOARMCEERL ST ESe 1y ser ser Thx A)y LENGTAt 48 ani no
aci ds 145(B) TYPE: ani nol#cid (MBF TOPOLOGY: |iné&P
o ko O e B v e b4 el VT i oy e G SRS T
406. 3-2 region (xi) SEQJENCE DESCRI PTI ON: SEQ | D NO 24 Thr Phe
Asp Tyr Pro Gv¥alAhga Airg S#zs L?hrAﬂ?héerAIngSPhb Thy sLew §sp Cl’lylp‘rg Pro
5 10 1 :
Leu Ser Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu
195 200 205

Arg Gly Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr
210 ) 215 220

Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu Leu Val Glu Asn
225 _ 230 - 235 _ 240

Ala Ala Gly His Arg Val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gly
- 245 250 255

Ala Gly Pro Val Ser Ile Ser Ala Val Ala Val Leu Ala Pro His Ser
- 260 265 270 '

Ala Leu Ala Leu Leu Glu Asp Thr Leu Asp Tyr Pro Ala Arg Ala His
275 280 - 285

Thr Phe Asp Asp Phe Cys Pro Glu Cys Arg Pro Leu Gly Leu Gln Gly
290 295 300

Cys Ala Phe Gln Ser Thr Val Ala Glu Leu Gln Arg Leu Lys Met Lys
305 310 315 _ 320

val ‘Gly Lys Thr Arg Glu Leu
325

(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 327 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
{(vi) ORIGINAL SOURCE: .
. (C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mexico strain)
SG3 region
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18

Gly Ala Asp Gly Thr Ala Glu Leu Thr Thr Thr- Ala Ala Thr Arg Phe
1 5 10 15

Met Lys Asp Leu His Phe Thr Gly Leu Asn Gly Val Gly Glu Val Gly
20 25 30

Arg Gly Ile Ala Leu Thr Leu Leu Asn Leu Ala Asp Thr Leu Leu Gly



Gu Cs Arg Ala Leu Ay Leu dn dy Cys Ala Phe @ n Ser Thr Val

20 WO 96/12807 25 30 - Ala G u pepusssnsfizg Leu
Lys Val Lys Val Ay Lys Thr Arg d u. Leu 35 40
45 (2) I NFORMATION FOR SEQ I D NEIZS%S - (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 540 am no acids . (B) TYPE: am no acid (O
STRANDEDNESS: si gl e (DyoTOPOLOGY: lineags .  (ii) MOLECULE
TYPE: protein (iii1) HYPOTHETI CAL: NO (vi) ORI d NAL SOURCE:

(O | NDI VicdyAley 8ep ATE: GHepati Iies Sr \Serully By ridysSimilgyp Phe Tyr

r62kDa, 58.1 ¥ba (xi) SECUENCE DESCRI PTI&¢ SEQ I D NO 25: WO

96/ 12807 ser Arg Pro Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys LePuC¥§1-J895/ 13703

92 Alaédal Ala Pro Ala Hos Asp Thr Pro Pre Val Pro Asp VaBoAsp Ser 1
5 10 1 - Arg. Gy Ala |le Leu Arg Arg
dn Tyr ASRE LT &Rl THr e MY nLELR Aep 55 gly_va'l gba lee, ge° 118 25

30 Thr Ser Ser Val Ala Thr Ay Thr Asn Leu Val. Leu Tyr Ala Ala Pro

35 Asp Ile Asp I4Q Gly Asp Ser Arg Val Val5Ile |Gdp By TPr Rsdpedsieu Pro Leu
An Asp Ay Thr Asn*fAr Hs I1e Mt 195 50 110 55
60 Al a &bh HdsUchl F1RCAs RPg TBHo Ph@ pEbNsely brd\adaVido AbR Agdpfd @ Thr _ 65
70 115 75 120 80 |l exdg Tyr Arg Pro Léu Val
ProAsnAIgVaI G]}/Gy'lt}/r Ala lle 85
90 - FRe 250 V3T LeyRArd &l AfncAwp VapHeurTiP B WM ITRTPFhRLhr Thr Pro
Thr Ser Val AsSp 3o | 105 110
Ala Glu Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr
145 150 155 . 160 - ‘

Ile Ser Asp Ser Val Thr Leu Val Asn Val Ala Thr Gly Ala Gln Ala
165 170 , 175

Val Ala Arg Ser Leu Asp Trp Ser Lys Val Thr Leu Asp Gly Arg Pro
180 185 o 190

Leu Pro Thr Val Glu Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu
195 _ 200 205 N

Arg Gly Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr.Lys Ala Gly Tyr
210 215 _ 220

Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp Gln Ile Leu Ile Glu Asn '
225 230 _ 235 - 240

Ala Ala Gly His Arg Val Ala Ile Ser Thr Tyr Thr Thr Arg Leu Gly
245 250 "~ 255

Ala Gly Pro Val Ala Ile Ser Ala Ala Ala Val Leu Ala Pro Arg Ser
260 265 270 |

Ala Leu Ala Leu Leu Glu Asp Thr Phe Asp Tyr Pro Gly Arg Ala His
C 275 280 ' 285

Thr Phe Asp Asp Phe Cys Pro Glu Cys Arg Ala Leu Gly Leu Gln Gly
290 295 300 '

Cys Ala Phe Gln Ser Thr Val Ala Glu Leu Gln Arg Leu Lys Val Lys
305 310 315 . 320

Val Gly Lys Thr Arg Glu Leu
. 325

(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO



g/tlatS Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val G n Pro Gy
WO 96/12807 120 125 Ile Ala Ser G BCras9s/d703 | e
Pro Ser Gu Arg Leu H's Tyr Arg Asn 130 135
;140 Gn Ay Trp Arg Ser Val -G u Thr SergGIy Val Ala Qu Gu Gu Ala 145
(152 e Hs Ay s 155\@&'_ s S 160 Thr Ser Ay Leu Val Met Leu
Vi S8ks %§ n Ser 165 _
328 asp Phe A:al) (C) Ix§Ivm XL IEBLA%“HZ{S&;EEQ ET)(I[i.rJ_shr(Ba'rbé Akgaigu Gy Leu
. 406.4-21 190
Leu u Leu Au Phe Arg Asn Leu Thr Pro Ay Asn Thr Asn Thr Arg .
i\l‘gg Ag H s AEILER Lﬁ%gspl\arsscgpnora SEQ ID %@519 Val Ser Arg Tyr21§er Ser Thr
3:2%8 Asp Ay ﬁhrAé\h a;?;rd.%ap'ﬁus géw AThrPrN gelAlGéY'W‘ﬁrl Ay ng%ﬂbtse\{ys 225
24 Asp Leu Tyr Thr Ser Thr
Asn Gy Val GlylaGPyo lPIr% lguyp%g-hg Yal val Asp Leu Pro Glrféu Gly Pro Arg
ESO —— 25520 gGél a Leu Thas Leu Phe Asn LewoOAl a Asp Thr Leu
eu y y Leu ' : 265 270
;;g Thr Gu L9 1le gg(r) Ser Ala Ay Ay dn Leu Phe Tyr Ser Arg
. 285 Pro Val Vval Ser Ala Asn G
;? u Pro Thm\/a&rohysriomupd‘glrssahm Ber20: 290 295 g
300 Val Gu Asn Al GIyIIeAIaIIeProHlsAs Ile 305
SEQU cmxmcré?ushc P
3;:) e an As(pl)-ry§ ;‘ggﬁ < 3 2 f‘% acids 320 Asp Legzgy Gu Ser Arg VaI
B P m )
ifo Bro Phe S (D) 38BoLAGYE ElnleaAsp Arg Pro Thr Pro Ser Pro Ala Pro Ser
g Pro e Ser 345 ' 350
val Leu Arg Af‘d"AE?F‘EA%’BE\féﬁPELe‘KF*Fb“ Leu Ser Leu Thr Ala Ala Gu WO
96/ 12807 ~ (iii) HYPOTHETICAL: NO - PCT/ US95113703

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mexico strazn)
406.4-2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Ala Asn Gln Pro Gly His Leu Ala Pro Leu Gly Glu Ile Arg Pro Ser
1 5 10 15

Ala Pro Prb Leu Pro Pro Val Ala Asp Leu Pro Gln Pro Gly Leu Arg
20 25 30

Arg

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

(A) LENGTH: 124 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Burma Strain)
ORF-3 _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

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 0ys 0ys Pro
20 o 25 : . 30 -



93 355 360 365 Tyr Asp
A n Serwohsi1dsoy Ay Ser Ser Thr Ay Pro Val Tyr Val Ser 'PCTIUS95/1 73;0

375 380 Asp Ser Val Thr Leu VaI Asn Val a Thr Ay
Ala dn Ala Val Al a 385 390 395
400 Arg Ser Leu Asp Trp Thr L>99' Val Thr Leu Asp Gy Arg Pro Leu Ser
ﬁsg ﬂfg Bhs A§3|P oegabrSer AL? '&eu I-&a Ala JVSal Val Gly Q‘!l Ik%gln Gn Tyr Ser
425 430 Lys Leu Ser Phe Trp Au Ala Gy Thr Thr Lys.
Ala Ay 'N.la JoPy rAla val Val Ser Giggyal Thr Gly Leu Ile Lgq(QSer Pro
445 Tyr Asn Thr Thr3%l a Ser Asp A n §%u Leu Val GQu Asn Ala Al a
450 Ser Gln Ser pré5Dle Phe Ile Gln Pro Th46Q0 ser pr&n¥oHist ALH _Val Ala lle-
Ser Thr 'F»}r Thr Thr Ser L&a@ Gly Ala Gy 75 465 : 80 470
Iir7(5) Hi s ﬁu AE% Pr0891y Leu Asp ge alsglg 4@23 ASs%r Pro %rgagspAIHai\glgl Leu Al a
495 AI a Leu Leu G u Asp Thr Leu Asp Tyr Pro Ala Arg Ala His Thr Phe
500 Ser Ala Pro Leg(Gly Val Thr Arg Pro Ser5A@a Pro Pmp.e)a\sp:qDﬁés Cys Pro Qu
Cys Arg Pro Leu dy%®eu @ n ady oys RPa 1395
520 Val Val Asp LeudPm Gln LeBhggP@'oS@zrg Ipé &al Ala Gu Leu Gn Arg Leu
Lys 53015 540 (2) | NFORMATI ON
FOR SEQ (1) .. SEQUENCE CHARACTERI STI CS: (A) LENGTH:
540 &gp%’ggﬁgg” FOR SEQ ID(¥3:2fYPE: amino acid ~(C) STRANDEDNESS:
single (i) seEQUENdEDcuARNdDERXSF1ckt Near (ii) MOLECULE TYPE: protein
(iii) HYPOTHE‘I*I; G&NETNO 124 aming pcigd G NAL SOURCE: (O I ND VI DU

_ : a . !
L[S)aO_ATE. Hepafgu)tggogogwq§ng;\gexuco strain) | r62kDa, 58.1

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
{(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mexico Strain)
ORF-3 .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

Met Asn Asn Met Trp Phe Ala Ala Pro Met Gly Ser Pro Pro Cys Ala
1 5 . 10 : 15 :

Leu Gly Leu Phe Cys Cys Cys Ser Sé’r Cys Phe Cys Leu C-ys Cys Pro
20 25 30

Arg His Arg Pro Val 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 Gln Pro Thr Pro Leu Pro Gin Thr Leu
65 70 _ 75 80

Pro Leu Arg Pro Gly Leu Asp Leu Ala Phe Ala Asn Gln Pro Gly His
- 85 20 95

Leu Ala Pro Leu Gly Glu Ile Arg Pro Ser Ala Pro Pro Leu Pro Pro
100 105 © 110

Val Ala Asp Leu Pro Gln Pro Gly Leu Aré Arg Glx
115 120

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 48 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: lLinear



(xi) SEQJENCE DESCRI PTI ON: SEQ | D NO 26: Ala Val Ala Pro Ala His Asp Thr

Ser Pro Val- val Asp Ser 1 5 : nal0
15 Arg Ay A@H?I e Leu Arg Arg G n Tyr Asn Leu Ser Thr Serrgigs%_sgam’
20 30 Thr Ser Ser Val Al a Ser
Gy Thr Asn Leu Val Leu Tyr Ala Ala Pro 91 35 o 40
45 Leu Asn Pro Pro Leu Pro Leu A n Asp Ay Thr Asn Thr His Ile Mt

50 (ii) MOLEGULE TYPE: protein 60 Ala Thr Gu Ala Ser Asn
Tyr .Ala G n 'I('yh,b\rngpe,@}m%ﬁ,‘A Al a Thr 65 - 70

75 V\D 96/ 12807 - '

PCT/ US95/ 13703vi) ORIGINAL SOURCE: 94 9 Tyr Arg
Pro'Leu Val Pro AsrﬁcNIﬁ"’%g””éllz‘ylﬁl‘ﬁ'r‘i‘yr”eﬂ?%\itl"ﬁeg Virus (B“r'“a Stra n)

90 er I1le Ser Phe Trp Pro A n Thr Thr Thr Thr Pro
Thr Ser Val Asp 100 105 _ 110
Met Asn Ser | NELITIFEQURNCETRESCRIPTIAN: 2BQ IPI¥C:#28s Val G n Pro Ay

115 e 1 Val Ile
Pro Ser Gu Arg rLéﬁu% T‘)’/‘E g&rogA%Aasﬁrg Ala &%63” Al Aé& %s§e§heefg§?%

140 An dy Trp Arg Ser Val Qu Thr Ser Ay Val Ala Qu GQu Gu Ala 145

150 Glu Cys AmgoPro Leu Gly Leu Gln G?GGYS Aa, Plﬁﬁl. §pr|_gar VRl Vet Leu
Cys Ile H's Ay Ser Pro A Asn Ser 165

170 ala Glu rkd5clin Ryg m L{S methryd%ell'wy ¥y Thkyary slhaeud y Leu

Leu Asp Phe Al a 35 40 185 45 190

Leu Gu Leu A u Phe Arg Asn Leu Thr Thr Cys Asn Thr Asn Thr Arg

195 (2) INFORMATESMOFOR SEQ ID NO:24: 205 Val Ser Arg Tyr Ser Ser Thr

Ala Arg H's Arg Leu Arg Arg Ay Al a 210 215

s CTGRISTEGS :
220  Asp @y (FRr %ﬁﬁgg@sqﬁlng@cj_ggr Ala Ala Thr Arg Phe NEt Lys

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE: .

(C) INDIVIDUAL ISOLATE: Hepatitis E Virus (Mexico strain)
406.3-2 region
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Thr Phe Asp Tyr Pro Gly Arg Ala His Thr Phe Asp Asp Phe Cys Pro
1 5 10 15

Glu Cys Arg Ala Leu Gly Leu Gln Gly 0ys Ala Phe Gln Ser Thr Vval
20 25 30

Ala Glu Leu Gln Arg Leu Lys Val Lys Val Gly Lys Thr Arg Glu Leu
35 40 45

(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 540 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Hepatztxs E virus (Burma strain)
r62kDa, 58.1 kDa

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:



225 230 235 240 Asp Leu

H s Phe wape/fdsg7 Leu Asn Ay Val Gy Gu Val Ay Arg GY  per/usesiisie:

245 250 255 Ile Ala Leu Thr Leu Leu Asn
Leu Ala Asp Thr Leu Leu Ay Gy Leu 260 265.
270 Pro Thr Qu Leu Ile Ser Ser AI%?GIy Gly G n Leu Phe Tyr Ser Arg

275 Pro,  Va [JaVaI Ser Ala Asn Ay

du Pro Tel \Yall la P%S@Lryf_hsrh Thr Pro Po;z‘:g al Pro Asp 1 As ezv95
300 Val d u Asn AIa Gn @n Asp Lys Gy Val Ala lle Pro Hs Asp Ile 305

310 Arg Gly Ala Ilgqlpu Arg Arg Gln Tyr Asn3beyp Sep\s'lfj'anggr @r? ¥p Ser Arg VaI
Val Ile An Asp Tyrzg\sp Asn Gn His 2% 3%o5 :

330 Thr Ser Ser vaB3ha TKI G1{d ThrARen Aled \FHlOLIhrTyBrﬂlaS@ﬂaF‘F& Ala Pro Ser -
Arg Pro Phe Ser 35 34080 350
Val Leu n Val L Trp e

355 ALQ.\ éL@ lﬁ% é%g. Lro %gu ({1 kgp G§§6'gxr xgn hlrh'&:% stiélllie%t Thr Tyr Ay
Ser Ser Thr Gy Pro Val Tyr IIe Ser 375

380 AspAlselThVeﬁluTh%a [Seg Azd Tﬁsrﬁl‘#aﬁerlTarmg @Yy MhaAr@ AlAlThrVal Al a 385
390 395 70 4850 Arg Ser Leu 8sp Trp Ser Lys
Val Thr Leue As§ 'QrYAPé @rgrﬁbd-ehll Ry asn ala val Gl r0R1a 1le

410 _ Thr Val GQu @n Tyr Eys Tks Phe Phe Val Leu
Pro Leu é"( gh Sfr Tr Prong .F‘ﬁx TE Th sr Thr f_l,?b 30
Lys Leu Ser Phe rpgguﬂl F g Ty sThA cG?‘I‘Eﬁ" Appr VO
96/ 12807 . PCT/ US95/ 13703

95 Met Asn Sef3ble Thr Ser Thr Asp Val4@rg Ile Leu Val Gln Prdl4fly 'Asn 1‘
Asn Thr Thr Aladér Asp An 1le 228 I1e Gu Asn A35Al a 450

455 Ile Ala Ser Gld4§Qu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn

130 135 140

Gln Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu Ala
1458 _ 150 155 . 160

Thr _Se-r'Gly Leu Val Met Leu Cys Ile His Gly Ser Leu Val Asn Ser
- 165 170 175

Tyr Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala
180 185 _ 190

Leu Glu Leu Glu Phe Arg Asn Leu Thr Pro Gly Asn Thr Asn Thr Arg
195 200 - 208 '

Val Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leﬁ Arg Arg Gly Ala
210 . 215 220

Asp Gly Thr Ala .Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys
225 - 230 235 : 240

Asp Leu Tyr Phe Thr Ser Thr Asn Gly Val Gly Glu Ile Gly Arg Giy
245 250 . 255

Ile Ala Leu Thr Leu Phe Asn Leu Ala Asp Thr Leu Leu Gly Gly Leu
260 265 270

Pro Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg -
275 280 . 285

Pro Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys Leu'Tyr Thr Sser
290 295 300

Val Glu Asn Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His Asp Ile
305 - 310 315 320

Asp Leu Gly Glu Ser Arg Val Val Ile Gln Asp Tyr Asp Asn Gln His
325 330 . ...,335

Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser
340 ' 345 350

Val Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu



Ay Hs Arg Val Ala Ile Ser Thr Tyr Thr Thr Arg Leu Gy Ala Ay 465

470 WO 96/12807 475 480 Pro Val Al aptrase®i37éd a
Ala Ala Val Leu Ala Pro Arg Ser Ala Leu 485
490 495 Al a Leu Le‘d;G‘ u Asp Thr Phe Asp Tyr Pro Gy
Arg Ala H's Thr Phe 500 7 505
510 Asp Asp Phe Ggg Pro G u Cys AggoAla Leu Ay Leygddn Ay Cys Ala
515 _ 520 525 Phe A n Ser Thr Val Al a
G u Leu A n Ar¢ykebsd ¢dn Ser Thr TyE3@ly Ser Ser Thr Gly Pr§3wal Tyr Val Ser
540 (2) | NFORVATI 8 FOR SEQ | D NO ¥¢: (i) SEASENCE CHARACTERI STI CS:
(A) LENGTH. 525.gmdlovati#h reu val asn (B) alXPh: 81 NQa861dla1a val a1a (O
STRANDEDNESS: sieagl e © (@B TOPOLOGY: |ineas (i) MOLESAJLE
TYPE: protein (iii é HYPOTHETI CAL: NO (vi) ORI.G NAL SOURCE:
(C) 1 NDI VI DUAL AF8FSATERY I—'it?ﬁ’a%%}i’%r Y Vs TPBUW"%? (di¥njr9 Pro Leu Ser
r62kDa, 56.5 kDa - (xi) SEQUENCE DESCRI PTION: SEQ | D NO 27: Al a Val
Ala Pro Al a H ghAspleTBin Rla B0 s¥alLyier ohAPpe\ietle Aep L8@rPro Léu Arg Gly
5 10 420 ' P35 Arg Gy Al43%le Leu Arg Arg
An Tyr Asn Ley,s&leulBEr 38 FfPckE%ia 61y Thr Thr Lys 212%1y Tyr Pro Tyr 25
30 Thr Ser Ser Vags Ala Thr 'y ThagoAsn Leu Val Leusgbyr  Ala Al'a Pro
35 _ 40 45 Leu Ser Pro Leu Leu Pro
Leu Gn Asp G PoTHY=ARSR i Th ALt Sogeber Gln Leu key Val Glu asn Ala Ala 5g
60 Ala Thr Au Ala Ser Asn Tyr a @n Tyr Arg Val Ala Arg Ala Thr
65 - - Gly His/Brg Val Ala Ile Ser Thr T9r Thr Thr Ser Leu Gly a3@ Gly Il e
Arg Tyr Arg Pré%%eu Val Pro Asn4Ma Val Ay Ay 318 Ala lle 480
85 9 ' er. Il.e Ser_ Phe Trp Pro
Sn Thr Thr ThETSHeipeer Fae T AV ASh' v e aifbrbl s 22% Le
105 ' Ala Leu ggﬁ)clu Asp Thr Leu Asp Tyr Pro Ala Arg Ala His Thr Phe

500 505 - 510

Asp Asp Phe Cys Pro Glu Cys Arg Pro Leu Gly Leu Gln Gly Cys Ala
- 815 ' 520 525

Phe Gln Ser Thr Val Ala Glu Leu Gln Arg Leu Lys
$30 - : . 535 - 540

{2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 540 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:

" {C) INDIVIDUAL ISOLATE;'Hepatitis E virus (Mexico strain)
ré62kba, 58.1 kDa ' ’

(Xxi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
Ala Val Ala Pro Ala His Asp Thr Ser Pro Val Pro Asp Val Asp Ser
I 5 ' - 10 : : 15

Arg Gly Ala Ile Leu Arg Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu
20 C : 25 30

Thr Ser Ser Val Ala Ser Gly Thr Asn Leu Val Leu Tyr Ala Ala Pro
35 : 40 . ' 45

Leu Asn Pro Pro Leu Pro Leu Gln Asp Gly Thr Asn Thr His Ile Met
S0 : 55 60 :

Ala Thr Glu Ala Ser Asn Tyr Ala Gln Tyr Arg Val Ala Arg Ala Thr
65 : 70 75 80



Met Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gn Pro Ay

115 WO 96/12807 120 125 I1e A @&%sg%”oseu Val
Ile Pro Ser Qu Arg Leu H's Tyr Arg Asn 130 135
140 Gn dy Trp Arg Ser Val Glu Thr Ser Gly Val Ala Qu u GQu Ala .
WD 96/ 12807 ' PCT/ US95113703
96 14 : 160

Thr Ser &% YU ™A RRiIL Le"'('Xlal Ffe ﬁfli“s‘;kﬁ yabd lyL W UEF Rt

165 170 175 Tyr Thr ‘Asn Thr Pro Tyr Thr.
Ay Al a ISeg ey SeePheeTrmdpso fHa Ay Thr Thr Thr Pro Thigger Val Asp 185
190 Leu G u Leu G% Phe Arg Asn LGS Thr Pro Ay Astti®hr Asn Thr Arg

195 Met Asn Ser I11806hr ser Thr Asp Val Arc2@De LeMata1Sein Afxd 61@ Ser Ser Thr-
Ala Arg H's Arglleu Arg Arg Gy M@ 210 125 15

220 Asp.dy Thr a u Leu . Thy Thr Thr eNEtLys 225
230 F}].e lklla Qer @1“2%%‘ Va? I;: £ro Iler & g\lﬁ% IfngHS ﬁ l%' Ehe Thr Ser Thr
AsnGyVaIGyGuIIeGyArgGy -245

250 Gln Gly Trp Arg2%#y Val |GQuArkr [Sen Gﬂthﬁbd\lPh@UAfrhu [y Al%l Asp Thr Leu
Leu Ay &% Leu 150 260 155 265 270
Pro Thr Ghi deRUcly Q.esesfalsﬂét Aed & 16k YuiE B - THI A36M sé¥ g

275 17028 Pro Val \als Ser AI a Asn Ay
Gu Pro Thr Leu T){‘r Thr

300 | Valres R AR ABE Haon Ry PHASSI 48 GrY PP AP BSRABe Acp 116 305
310 315 , 320 - Asp Leu Ay Gu Ser Arg I
Val |l e Genm Ga.gp ?IIGlAsgheAsm @sn kéw Thr Thr Cys Asn Thr Asi82AHr Arg

330 335 Qu & Asp Arg Pro TH®Pro Ser Pro Ala Pro Ser

Arg Pro VQP s%@rhrg Tyr Ser Ser 'I%%OAla Arg His Arg Leu F?l'%SArg Gly Ala 350
215 220

Asp Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys
225 - 230 _ . 235 240

"Asp Leu His Phe Thr Gly Leu Asn Gly Val Gly Glu Val Gly Arg Gly
245 250 255

Ile Ala Leu Thr Leu Leu Asn Leu Ala Asp Thr Leu Leu Gly Gly'Leu
260 265 . 270

Pro Thr Glu Leu Ile Ser Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg
275 280 285

Pro Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyf Thr Ser
290 . 295 300 ' :

Val Glu Ash Ala Gln Gln Asp Lys Gly Val Ala Ile Pro His Asp Ile
305 310 315 320

Asp Leu Gly Asp Ser Arg Val Val Ile Gln Asp Tyr Asp Asn Gln His
' 328 330 335

Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro'Phé Ser
: 340 345 : . 350

val Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu
. 355 -360 365 ' '

Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr Ile Ser
370 . 375 . 380

Asp Ser Val Thr Leu Val Asn Val Ala Thr Gly Ala Gln Ala Val Ala
385 ' 390 395 400

Arg Ser Leu Asp Trp Ser Lys Vél Thr Leu Asp Gly Arg Pro Leu Pro
405 410 415

Thr Val Glu Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Giy
420 425 430

Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr



Val Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Gu

355 * WO 9671280860 365 Tyr Asp Gn SerrE*i'fus;éﬁnﬁy
Ser Ser Thr Ay Pro Val Tyr Val Ser 370

380 Asp Ser Val Thr Leu Val Asn Val Ala Thr Ay Ala A n Ala VaI Ala 385
390 395 9300 Arg Ser Leu Asp Trp Thr Lys
Val Thr Leu Asp Gy Ar%sPro Leu Ser 40 5

410 4 Thr 11e @ n*@n Tyr Ser Lys r Phe Phe Val Leu

Pro-Leu Arg G gsn Tyr Asn Thr THk2Bla Ser Asp Gln Ile Lél23le Glu Asn Ala Ala 430
Lys Leu Ser Phe Trﬁ’iOG u Ala Gy Thra5%hr Lys Ala A y4%89r Pro Tyr

o A n Leu Leusgla lsc_f Xsal a4#$ a?er_ Thr igg Thr% I¥<5 [é%nciryﬁghélﬂ a Ser

Asp’ 47s 480
460 Gy His Arg Val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Ay Ala Gy 465

470 Pro Val q% Ile Ser Ala Ala 2ala ngg,eup!p@ \95_? PS@I‘ Seqy %J.?ell.eupd a Val
Ala Val Leu Ala Pro H s Ser ﬁsa Leu : 485

490 Ala Leu BEDc1& mspl @b lpad ﬂwwﬁmImm_ﬁug AQR Hyd Theoprd a Arg
Ala H s Thr Phe 500 500 505 510 510
WO 96/ 12807 ' [/ UR95/13703
97 Asp AsPeRREPERE 6Y8 TEeuCHy SYA RSP 8 B LER A B Peve Al

515 520 525 (2) I NFORMATI ON FOR SEQ I D
NO 28: (F"}e SE hCHARABTERL S THe@SE1n Arg Leu Ly A) LENGITH 525 ami no
aci ds TYPE: amino aci®d® (O NDEDNESS: si ngl e

(D TOPOLQGY: Ihl*‘dl@xﬁhom For (¢80 1M=L E TYPE: prot ein (iii)

HYPOTHETI CAL: NO
(1) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 525 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Hepatitis E virus (Burma strain)
r62kDa, 56.5 kDa
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

Ala Val Ala Pro Ala His Asp Thr Pro Pro Val Pro Asp Vél Asp Ser
1 5 10 15

Arg Gly Ala Ile Leu Arg Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu
20 25 30

Thr Ser Ser Val Ala Thr Gly Thr Asn Leu Val Leu Tyf Ala Ala Pro
: 35 40 : 45

Leu Ser Pro Leu Leu Pro Leu Gln Asp Gly Thr Asn Thr His Ile Met
50 55 60 -

Ala Thr Glu Ala Ser Asn Tyr Ala Gln Tyr Arg Val Ala Arg Ala Thr
65- 70 75 80

- Ile Arg Tyr Arg Pro Leu Val Pro Asn Ala Val Gly Gly Tyr Ala Ile
85 90 95

Ser Ile Ser Phe Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp
100 - 105 ' 110

Meﬁ Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly
115 _ 120 125

Ile Ala Ser Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn
130 135 ' 140

Gln Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu Ala



(vi) ORI G NAL SOURCE:
( Mexi co wo pei2sp7

(O

r62kbDa, 56.5 kDa

| NDI VI DUAL | SOLATE: Hepatitis E virus
( XiprT/osddhF

Pro Val

DESCRI PTI ON:  SEQ | D NO 28: Ala val Ala Pro Ala H's Asp Thr Ser

Pro Asp Val Asp Ser 1 5 10

15 Arg Ay Ala lle Leu Arg Arg dh Tyr Asn Leu Ser Thr Ser Pro Leu
20 25 30,55 Thr Ser Serls\éal Ala Ser

Gy Thr Asn Leu Val

Leu Tyr AI a Ala Pro

35

40

45 Lehr Aen RAyOLEw ValleMetPiLeu lays G e HASS 1@ gediieu/dal Bhn ddrs | | e Met
50 55 165 1780 Ala Thr 3@ u Ala Ser Asn
Tyr Al a q?ﬁ: THE P@‘ng'rlyialPré‘l '?yr.A'i‘gr @l@ Ay Leu Gl@SLeu Leu Asp Phe Ala 70
75 l'e Argiggyr Arg Pro Leu M Pro Asn Al a Val
Gy Gy Tyt Alallec, o ord5s
95 Frd lg(gr Bh&ntrir ppen g T hr TnRsTIRzphse FhF "ser val Asp
100 105 110 ﬁ/ét Asn Ser Ile Thr Ser
- Thr Asp Wl Sey ArgeTy:ese¥aserGrhr Bne Kg/His Arg Leu Argliry Gly Ala 120
125 l1e2Ma Ser Gu Leu 943 Ile Pro Ser G Arg Leu His Tyr Arg Asn
130 Asp Gly Thr Al3?1y Leu Thr Thr Thr ald4da Thr a8l brld Med tReAT 9 Ser Val
Gu Thr Smt a¥ Val A a Gased o &6 R 53548 % et ™ I 0
155 160 Thr Ser Ay Leu Val Met Leu Cys Ile Hs Ay
Ser Pro \kﬂp ;ﬁ%"h Tgérphe Thr Ser Thr Asn Gly Va g3y Glu Ile Gly Arg Gly70
175 Tyr Thr Asn TR> Pro Tyr Thr Gly a Leu Ay Leu 220 Asp Phe Al a
180 ‘Ile Ala Leu THir8Beu Phe Asn Leu Ala Asg 3Br Leu Lb@W1Y &1} @dul U Phe Al'%
Asn Leu Thr Thr Cys28&sn Thr Asn Thr 2&%5g 299
205 Pl per, 1€‘r19e le 8L SEI rAIg 9 eu Ar Arg Ay A a
210 Sae % e r Ser 12\28 G-ly 1 l_i!.e% Se::I_ Al a du Leu
Thr Thr Thr Ala Al a Thr Arg Phe Met Lys 225 230°
235 Pro Val Val SerpApa Asn ngsﬁlteﬁrowfsr Mad g%fgr Lep \IykeThiAS§ardy Val Gy
Gu Val dy %\?g Gy : :
Val Glu Asn Ala Gln Gln Asp Lys Gly Ile Ala Ile Pro His Asp Ile
.305 310 315 : 320
Asp Leu Gly Glu Ser Arg Val Val Ile Gln Asp.Tyr Asp Asn Gln His
325 330 335
Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser
340 345 350
Val Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu
355 360 365 .
Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr Val Ser
370 375 . 380
Asp Ser Val Thr Leu Val Asn Val Ala Thr Gly Ala Gln Ala Val Ala
385 390 395 400
Arg Ser Leu Asp Trp Thr Lys Val Thr Leu Asp Gly Arg Pro Leu Ser
: 405 410 : 415
Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Gly
420 425 . 430
Lyé Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr
. 435 . 440 445
Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu Leu Val Glu Asn Ala Ala
450 455 460
Gly His Arg Val Alaz Ile Ser Thr Tyr Thr Thr Ser Leu Gly Ala Gly
465 _ 470 4175 480
Pro Val Ser Ile Ser Ala Val Ala Val Leu Ala Pro His Ser Ala Leu
: 485 490 495
Ala Leu Leu Glu Asp Thr Leu Asp Tyr Pro Ala Arg Ala His Thr Phe
500 505 510



VO 96/ 12807 " PCT/ US95/ 13703

98
I1e
260
Ser
280
Lys
Val
310
Val

330"

Ser
350
355
Ay
380
385
Ser
405
Lys
425
Al a
445
450
Ser
475
Pro
495

Al a
Al a

Leu

.Gu

Val

Arg

Ser

Leu

Thr

Gly'

Thr

Arg

WO 96/12807 245 250 PCT/US95A 3193
Leu Thr Leu Leu Asn Leu Ala Asp Thr Leu Leu Ay dy Leu
265 ,;70 Pro Thr Gu Leu Ile Ser

Gy Gy An Leu Phe Tyr Ser Arg 275
Asp Asp ng%ys Pro GlErrS’/sVﬁ]!'g \@L L%%r Gﬁ; %ee‘stplng y Gu Pro Thr Val

Tyr Thr P der 515 520 5 525 300
AsnAIaGInGInAsE GIyVaIAIaIIeProHlsAspIIe 305
(2) INFORMATION(ROR SEQ 13 Nor28: 320 Asp Leu Gy Asp Ser Arg
Il e GR) AsiduiNds ORRRATRRfATICEL S 325
(a) BENeTH: 525 QninoGamd%sp Arg Pro Thr Pro Ser Pro Ala Pro
Pro Phe SdB) TYPE: amino acid 345
Val Leu () g(?gg wsﬂgps’\’)&f‘eLeu Trp Leu Ser Leu Thr Ala Ala Q'u
g.% © 2 365 Tyr Asp A n Ser Thr Tyr
Ser Tht) GOLEFVLE VEPE:Tprotdim Ser 370 375
Asp . Ser r.eu Val Asn Val Ala Thr Gy Ala G n Ala Val' Al a
(Q.J..LF HY¥8J§I§%I}CA{T. l{\lo 395 400 Arg

Asp Tvp) Smrciys YabrcEdr Leu Asp Gy Arg Pro Leu Pro
(C) 4INPIVIDUAL ISOLATE: Hepafiifis E viruFh¢MeyaFo Gtgya@n Tyr Ser

Phe Phe Val Leu Pf¥Paredt® §°8H y 420

430 Lys Leu Ser Phe Trp Gu Ala Gy Thr Thr Lys
Tyr [PrD) BEQUENCE DESCRIPTIONI3SEQ ID NO:28: 440 :

Asn“l'ilr"aAsﬁlal' WF°'I§'?-F Ala ASErT*)QsEeGPrfI Y& Peq AsPeVdl BsSBsTPTAl a Al a

455 Ay Hs A Val Alalle
Tyr Thfg-Eh& AP heudd MrdMA&gcinh Tyr Asﬂﬁfku Ser Thr Ser Pro Le&h/0

48@0 Pro Val AR&a Ile Ser Ala Al3 Al a Val Leu Ala
Ser N.l‘ﬁr %g Ser Val Alz Ser Gly Thr Agrg‘r}..eu Val Leu Tyr Ala Zﬁa Pro

35 40 45

Leu Asn Pro Pro Leu Pro Leu Gln Asp Gly Thr Asn Thr His Ile Met
50 55 60 '

Ala Thr Glu Ala Ser Asn TyrIAla Gln Tyr Arg Val Ala Arg Ala Thr
65 ' 70 75 . 80

Ile Arg Tyr Arg Pro Leu Val Pro Asn Ala Val Gly Gly Tyr Ala Ile
85 S0 95

Ser Ile Sef Phe Trp Pro Gln Thr Thr Thr Thr Pro Thr Ser Val Asp
100 105 ) 110

Met Asn Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly
115 o 120 125 :

Ile Ala Ser Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn
130 135 140

Gln Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu Ala
145 _ 150 155 ' 160

Thr Ser Gly Leu Val Met Leu Cys Ile His Gly Ser Pro val Asn Ser
. 165 : 170 175

Tyr Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp Phe Ala
180 185 190 : :

Leu Glu Leu Glu Phe Arg Asn Leu Thr Thr Cys Asn Thr Asn Thr Arg
195 200 : 205

Val Ser Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg Arg Gly Ala
210 215 220 .

Asp Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe Met Lys.
225 230 235 240

Asp Leu His Phe Thr Gly Leu Asn Gly Val Gly Glu Val Gly Arg Gly



Ala Leu Leu Gu Asp Thr Phe Asp Tyr Pro Gy Arg Ala Hi's Thr Phe

500 WO 96/12807 505 ' 510 Asp Asp Pro GQu
Cys Arg Ala Leu Ay Leu @n 515 c%"lf'sg%ﬁo,
525 (2) I NFORVATI ON FOR SEQ I D NO 29: (1) SEQUENCE CHARACTERISTICS:A
(A) LENGTH 43 base pairs 98B) TYPE: nucleic acid (C)
STRANDEDNESS: si ngl e (D) TOP Y. |inear | | ) MOLECULE
“TYPE: DNA  (iii) HYPOTHETICAL: NO A1) ORIGNAL S (0
‘| NDI VI DUARe | 5@ A& ThidEde b 'LeprasteLeu Ala asp TWO 126/ 18@Ty Gly Leu .
PCT/ US95/ 13703 260 - : 27099 (xi)
SEQUENCE | &1,
AT OAAREY o E11 W PskD 0 5898 Glg ;( 2§i‘| NFCR\%%%O&%% ID NO. 30:
(1) SEQUENCE RACTERI STI CS: LENGTH. - 27 base pairs
(B) TYPEF Rufpel?t g6F fla Asn Sly cf fSﬁ-%&N 3G | Ror Ser (D)
TOPOLOGY: |i near (i) I\/d_éCULE TYPE: DNA (ii1) HYPOTHETI CAL: NO
(vi) ORIl ©RNA1uSERIRGEa Gln Gln Asp (%5 GhNBiaVl DUAInéSQoAEEs AdpVie priner
(xi) SEQEENCE DESCRI PTI ON31&EQ | D NO 30: 31 320
Asp Leu Gly Asp Ser Arg Val val Ile Gln Asp Tyr Asp Asn Gln His
325 330 335
Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala Pro Ser Arg Pro Phe Ser
340 345 350 :
Val Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu ' '
355 360 365 .

Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr Gly Pro Val Tyr Ile Ser
370 - 378 380 :

Asp Ser Val Thr Leu Val Asn val Ala Thr Gly Ala Gln Ala Val Ala .
385 390 : 395 : ' 400

Arg Ser Leu Asp Trp Ser Lys Val Thr Leu Asp Gly Aré Pro Leu Pro
: 405 410 ' - 415

Thr Val Glu Gln Tyr Ser Lys Thr Phe Phe Val Leu Pro Leu Arg Gly
: 420 425 : 430

Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr Lys Ala Gly Tyr Pro Tyr
- 435 440 445. :

Asn Tyr Asn Thr Thr Ala Ser Asp Gln Ile Leu Ile Glu Asn Ala Ala
450 455 _ 460

Gly His Arg Val Ala Ile Ser Thr Tyr Thr Thr Arg Leu Gly Ala Gly
465 _ 470 : " 475 - 480.

Pro Val Ala Ile Ser Ala Ala Ala Val Leu Ala Pro Arg Ser Ala Leu
485 ' 490 495

Aia Leu Leu Glu Asp Thr Phe Asp Tyr Pro Gly Arg Ala His Thr Phe
500 505 ' .. 510

 Asp Asp Phe Cys Pro Glu Cys Arg Ala Leu Gly Leu Gln
515 520 . S 525

(2) INFORMATION FOR SEQ ID NO:29:
(i) SEQUENCE CHARACTERiSTICS:
(A) LENGTH: 43 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
{iii) HYPOTHETICAL: NO'

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HEV 5’ primer



ATTAGAAGCT TCCGITGGCCA TTATATG 27

(2) | NFORVATHANer2Bh7SEQ | D NO 31: (i) SEQUENCE CHARACTERp&ISSE/13703
(A) LENGTH. 33 ami no acids (B) TYPE: am no acid (D)
TOPOLOGY: |i near - (i) MOLECULE TYPE: protein (iii1) HYPOTHETI CAL:
YES (iv) ANTI-SENSE: NO (v) F NT TYPE: internal (vi)
ORI G NAL SQURCE: - (C) INDIVIDUAL | SOLATE: internally consistent
sequence of ;) spouENcE DEscatI‘#‘PIdﬂEstc?@DAfm?-zﬁnt i gens (i x) FEATURE:
(A) .NAMVE/ KEY: Modified-site B) LOCATION: 3 (D OTHER
| NFORVAT| (PECCLHRATS=CATHTRSFBCKTECFECOGEHrCARTCACACC( €69 FEATURE: 43 (A
NAME/ KEY: Modified-site (B) LOCATION:. 5 (D) OTHER

| NFORMATI Q) ARFSRTION@bR Sfa1h vde3ef D' (i x) FEATURE: (A
NAVE/ KEY: Modi ]!cqilo)tegﬂgilft e ' TF%IS(E'IIB)@? Lg:ATI O\I( 7) CEATURE (D) OTHER (A
| NFORMATI ON: / ! I X : _

NANE/ KEY: Mbdi fi ed <g;?¥§§g§"ﬁiszs§@yrﬁmn oN 12 (D) OTHER

| NFORVMATI ON:  / not e¥c) WTRARDESNBSS S slin@le V' (i x) FEATURE: (A
NAVE/ KEY: Modi fi ed{B} {I9POLOGY: Vide@§/ 12807

PCH7'J595/1370§11) MOLECULE TYPE: DNA 100

(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HEV 3’ primer

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
ATTAGAAGCT TCCGTGGCCA TTATATG : : 27
{2) INFORMATION FOR SEQ ID NO:31:

(i) SEQUENCE CHARACTERISTICS:
" {A) LENGTH: 33. amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: YES

(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE: .
(C) INDIVIDUAL ISOLATE: internally consistent sequence of
two HEV 406.4-2 antigens

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 3
(D) OTHER INFORMATION: /note= "where Xaa is Q or P"

(ix) FEATURE:
(A) NAME/KEY Modified-site
(B) LOCATION: 5 i
(D) OTHER INFORMATION: /note= "where Xaa is G or D”

(Lx) FEATURE:
(A) NAME/KEY: Modxfzed-s;te
(B) LOCATION: 7
(D) OTHER INFORMATION: /note= "where Xaa is L or S"

(ix) FEATURE:
(A) NAME/KEY: Mod;fled-szte
(B) LOCATION: 12 :
(D) OTHER INFORMATION: /note= "where Xaa is E or V"

{ix) FEATURE:
(A) NAME/KEY: Modified~site



(B) LOCATION: 13
(i.x) FEMI&/¥i12807

(D) OTHER | NFORNMATI ON:
(A) NAME/ KEY: Modified-site

/ not e= "V\/nere Xaa is | br T

Ho () AR 2

(D) OTHER | NFORMATI ON: /note= "where Xaa is P or

(A) NAVE/ KEY: Modified-site (B) LOCATION: 24 (D) OTHER
| NFORMATI ON: /note= "where Xaa is A®P V' (ix) FEATURE: : (A -
NAVE/ KEY:  Modi G ePoc?x‘r (B) LOCATION: 29 (D) OTHER

| NFORVATI ON: /(akut@mm o@umnl S A%tgc lwheréues)a CEATURR . (A)
NAME/ KEY: Modified-site (D) OTHER

| NFORVATREEON: FEPﬁB‘BFe— "where Xaa | s or

| D Na 31 Al g AStbeRasonT §°‘3<afatei1r§1txaa

Leu Pro Xaa Val
25 (ix) FEATU
PCT/ US95/ 1370
| S CLAI MED:
conposi tjon;

car boxy{ & FE &,
2. A pol ypept sle Leeﬂéﬁﬁ«
cont ai ns a
term nal .

3. Apof

B) LOCATION:

corTRprl sing at | east one

Qo AGH

d
t N o?g_ﬁl

?gﬁg ds of said 549 am no

(B) LOCATION: 31

(D) OTHER INFORMATION: /note- "where Xaa is L or P"

(D) DTHER INFORMATION: /notedO
Xaa Asp Leu Pro G n Xaa Gy Xaa Arg

RE:
A) NAME/I?!-R’ ﬁocgifxed -site VO 96/ 12807 . :
(D) OTHER INFORMAh'IoA. Hepaté4 trwhiefe WahUSs HEV)v-pol ypepti de

P" (X|) SEQUENCE DESCRI PTI ON: SEQ'

Ala Pro Leu Ay Xaa Xaa Arg Pro Ser

15 Ala Pro Pro
20

'where Xaa is P or H"

101 | T

pol ypepti de derived fromthe

ﬁ__ HEV open reading frame 5 (ORF) 2.
arm1, where at-
(D) OFHERXYWFORNATION! /detei i"onesd xdp fs0padoul 24 car boxy

| east one pol ypepti de

acid HEV ORF2 pol ypeptide. 10

SAFRGS tzké?ﬂ'lf@éu—%'; im1, where said conpositi on contains a

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

Ala Asn Xaa Pro Xaa His Xaa Ala Pro
1 5

Ala Pro Pro Leu Pro Xaa Val Xaa Asp
20 25
Arg

Leu Gly Xaa Xaa Arg Pro Ser
10 15

Leu Pro Gln Xaa Gly Xaa Arg
S 30



pol ypepti de having the se as SEQ ID NO 15 or a honol ogous
sequence d $¥512807°- Tﬂmﬂmmlﬂ ﬁm [rﬂllpol ypepti de corrposr tACHussSi@l M
|, where sarg conposi tion contains | s * pol ypeptide having the sequence
presented as SEQ ID NO 16 or a honol ogous sequence t her et o.

5. A pol ypeptide conposition of claim1, whtlle said conposition contains a

20 pol ypepti de _havi %the sequence present ed as SEQID NO 25 or a

honol ogous seqﬁ'En EL IMER:her et o. _ 6. A polypeptide
conposition of claim1. where said conposition contains a pol ypepti de
havi ng the sequence pr esented as SEQ I D NO 26 or a honp| ogous sequence 25

t her et o. . A7Hepatiip | B, Virys (HEVY palypatige GampRsitiong comprising, at least gng
conposi tion co bebébadadenvedr?mnmer&rba@y Qﬁﬂhmgsm%lﬁﬁmmwegemsdin@&mﬁﬁ
ID NG 27 or a hofbl ogous sequence hereto. 30

pol ypept i de Scof@REI 2.ion of claim1, V\/nere sai d conposition contains a
pol ypepti de havi ng the sequence present ed as SEQ I D NO 28 or a honol ogous

seqguence t her et o. WO 96/ 12807
PCT/ US95/ 13703 2. A polypeptide composition of claim 1, where at least one polypepl@g contains a

9. A pol ypept SORRRRAL i 1 ]
t wo pol yggg?r des ﬁ%alvdre%nmph&aﬁsg’qduggwcze‘s&gﬁégee'r?]?lhﬂl grgm?%?di %)P%C‘)pg)? :g*rl]lgé
SEQ I D NO: 27, #&id HEV ORﬁem’DlYnglds- sequences t hereto. 10. A
pol ypepti dggconposi tion of claim 1, where said conposi t| on contains two
pol ypepti des havi ng the sequences presented as SEQ ID NO 26 and SEQ I D

NO 28, or honDBogmwolypqmrdnoampohmnebﬁ claim 1, where said corifosition contains a
substantially c i e

of 107cl ai s 1PgpPAHES VIR BeCsoBidnbe BRAURACE, SEGE) NG, 57 HBFRIGeRH Handd
Hepatitis E Vithestpol ypepti de anti gen conposition, conprising

a nucleic acid sequence encoding a polypeptide of any of clainms 1-10, said
nucleic acid 15 sequence inserted into an expression vector, where said
nucl ei ¢ acild sequenéde iAs polypeptide \ompositith of clairh ol awperematdecwmhismohoaontams a

initiate tr ansgol'y eptu?e havrnlngathséeJegfetngedprrr]egeshted asl éEQ ID NO:16 or a homologous sequence

_ thereto.

5. A polypeptide composition of claim 1, where said composition contains a
20 polypeptide having the sequence presented as SEQ ID NO:25 or a homologous sequence

thereto.

6. A polypeptide composition of claim 1. where said composition contains a
polypeptide havmg the sequence presented as SEQ ID NO: 26 or a homologous sequence
25 thereto.

7. A polypeptide cr)mposition of claim 1, where said composition contains a
polypeptidé having the sequence presented as SEQ ID NO:27 or a homologous sequence
thereto.

30

8. A polypeptide composition of claim 1. where said composition contains a
polypeptide havmn the sequem.e presented as SEQ ID NO:28 or a homologous sequence
thereto
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13. An expression system for produ |ng a Hepatitis E Virus polypeptide

ant i genwo 96/1280%pQ Immﬂmlmn‘ﬁlllﬁui‘g 20 a nucl ePCT/ESISH3BIUENCE
encodi ng a polypep ai ms 1-10, 'said nucleic acid

sequence inserted i Ato an expression v wherein said nucleic acid
sequence is operably linked to a zg“ormt er able to initiate

Lransort ot on 191 3 FFEEE SRBbISH by oA ) whes sid compUREBIRN
syst em of mlmmdzg hayipg fthe wmc@xw&eﬁ@ﬂoﬁ SRs,fétIBr NP25aana SEROA N§s27, or .
expr essi on, %Qn?e Rierligst cell is an insect cell. 15.
"A Hepati ti s I rus IEEV) pol ypepti de conposition produced by a process
conpri sing, 30 culturlng an insect cell containing an expre55|on
vector $f clainy ff S

bt ypep“ sohal o2 .gaj fepfél"Cnlo@in of clinf U, tfek id ©BmFdspioRSShnfhing ins two.
of . cl ai m pelypegtidess havieg theewguenmepfpvhscpeﬁgtsm IBf NOIRS andn’éb@llﬂ Uﬁ) 28, or has

an am no %SW%/L&?@%B‘#%&&&M fromthe grogp consi sting of SEQ I D NG 15,

SEQ I D PCT/ US95/ 13703

103 : NG 16, SEQ I D NGO 25, SEQ ID NGO 26, SEQ ID NO 27, SEQ ID NGO 28,
.and honol ogous ce i tifis E
Virus (HEV) pol ypeptq\‘l?gag‘ﬁ%p l(%SIa&%I o%cq%l)}d%% ﬂéee%w?)"e em.odu&a gol%egtu@%ﬁ%%@sc}fhg

a) obtHI nichimabh-16iEV capsid derived antigen haV| ng at |east 549 carboxy
‘term nal am no acids of an HEV capsid protein; and b)
i ncubating the antigen with a baculoviral infected |ysate under conditio
suf ficient 12t oAnIeaﬁuemmﬁt'hﬁxytot eraduciag asHepadc €s Viriis pbiypégiite angigend
derived anti 18 A met hod of producing a Hepatitis E

Vi rus (HE\??mg%ftVﬂeb‘fo?me’orrpom tio conprising the steps of:
culturing a celalnuelenmaaiulequgndeh&oemgraq)s@qudveﬁirqrotoraunzd Ri0Nsdid nueleie acid

T R a5 b B R o

Vi rus i nf ecé pmotdt able tb liiate chamkriptimnipaissieqted host cell.. reacting a
serum sanpl e taken fromthe individual wth the Hepatitis E \/ irus (HEV)
pol ypepti de conposition of any of clains 1 to 10; and b)

_exam ning a poligpeph |eﬁ|ﬁb€$funt $1RtemOfP Poidutiap af Bépatitie EOVEE mﬁ@l@p@iwb@nﬁg&n
anti body. 20 . The nmethod of claim 19, erein pol ypeptides

of the HE?"BQﬂs}ﬂ%pH"E%'S’"g' conposition are attached to a solid support:

sai d ra@acting iamGkida&id SQREMREehddding UGl ypaItdEbIry!df claims £1® said pRAsiE ag@d sai d
exam ni ng i ncludes reacting the support and bound anti body wth a

reporter- seqyence dnssried lqtfuﬁlhﬁ)(l&ﬁ%‘()ﬁdagﬁor wherein said nucleic acid sequence is operably

linked to a promoter able to initiate transcription in a selected host cell, and

said expression vector is carried within the host cell.

25 14. An expression system of claim 13, where said expression vector is a baculovirus

expression vector and said host cell is an insect cell.

15. A Hepatitis E Virus (HEV) polypeptide composition produced by a process
comprising,
30 culturing an insect cell containing an expresqmn vector of claim 12 under condmons

sufficient to express a polypeptide encoded by said nucleic acid.

16. A composition of claim 15, wherein at least one polypeptide of the composition

has an amino acid sequence selected from the group consisting of SEQ ID NO:15, SEQID



i vidual . conprising: PCT/US95/13703 a

Lhg the presence of antibodies to HEV
‘R!Es wherein the surface-bound

25 21. A kit for ascer
in a serum suop&mzmaker'mulwu uMh
solid support w th surfl48d% "

antigens are . pol ypeptides of the HEV quypept i de conposition of any of
clainms I to 10. 30 22. A vaccine conposition used in inmunizing"
an i ndi vi dual aﬂgl1’&,S§EHGIBfiﬁbF2'5.SsEQ\{be'é:26, SEQ (DEO:29 0S8 115 IN:28, and homologous
an HEV pol ypeptide conposition of ‘any of claims | to 10 in a

phar macol ogi cal fequences thesewitipt abl e carri er. '

104 23. A vaccine conposition of claim22 where at |east one

pol ypepti de of the conposition has an amino acid sequence selected fromthe
group consisting of BEQA Hepgitis 1B VioEQHEY) NOlypeBide SE@ppsitipOproguced ity # [process
NG 26, SEQ 1D '\Qm%iisin?EQ I D NO 28, and honol ogous sequences therew th.

a) obtaining an HEV capsid derived antigen having at least 549 carboxy terminal amino
acids of an HEV capsid protein; and .
b) incubating the antigen with a baculoviral infected lysate under conditions sufficient
to cleave carboxy terminal sequences of the HEV capsid derived antigeh.
10
| 18. A method of producing a Hepatitis E Virus (HE_V) polypeptide composition,
comprising the steps of: _
culturing a cell containing the expression vector of claim 12 under cdnditions sufficient
to express a polypeptide sequence encoded by said nucleic acid.
15 _
19. A method of detecting hepatitis E virus infection in an individual, comprising: ”
a) reacting a serum sample taken from the individual with the Hepatitis E Virus (HEV)
polypeptide cbmposition of any of claims 1 to 10; and
b) examining a polypeptide of the composition for the presence of bound antibody.
20 | |
20. The method of claim 19, wherein polypeptides of the HEV polypeptide
composition are attached to a solid support. said reacting includes contacting such serum with
the suppbrt and said examining includes reacting the support and bound antibody with a
reporter-labeled anti-human antibody.
25 | |
21. A kit for ascertaining the presence of antibodies to HEV in a serum sample taken
from an individual. comprising:
a solid support with.surface-hound antigens wherein the surface-bound antigens are
polypeptides of the HEV polypeptide composition of any of claims 1 to 10. |
30
22. A vaccine composition used in immunizing an individual against Hepatitis E Virus
(HEV) comprising.
an HEV polypeptide composition of any of claims | to 10 in a pharmacologically

acceptable carrier.
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23. A vaccine composition of claim 22, where at least one polypeptide of the
composition has an amino acid sequence selected from the group consisting of SEQ ID NO:15,
SEQ ID NO:16. SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, and

homologous sequences therewith.

24. A method of inhibiting infection of an individual by HEV, comprising:
administering to the subject a vaccine composition of any of claims 21 to 22 in a

therapeutically effective amount.
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