1 PURI FI ED HEPATI TI S C VI RUS ENVELOPE PROTEI NS FOR DI AGNCSTI C AND
THERAPEUTI C USE 5 Field of the invention The present invention rel ates
to the general fields of reconbinant protein expression, purification of
rreconbi naro pé/eses Ns, synthetic peptides, diagnosis of HCV PCu/ERSSi0s03]
prophyl actic treatment agai nst HCV infection and to the
pr.ognosi s/nonitoring 1 0 of the clinical efficiency of treatnent of an
i ndi vidual with chronic hepatitis, or the prognosis/nonitoring of natural
di sease. More particularly, the present invention relates to purification

met hods f opurgREb HEPATIVIS' & EIRUE ENVEVOHECIFRDTEING FOR DIAGN@STIC| AND
prophyl axi s or'tﬁeragi of HCV envel ope proteins purified according to the
nmet hods de T; present invention, 15 t he use of single or
specific oligomeric E1l and/or E2 and/or E1/E2 envel ope proteins in assays
for nmonitoring di sease, and/or diagnosis of disease, and/or treatnent of
~di seafe. Tﬁﬁﬁ%ﬁﬁéﬁLﬁUﬂﬂ§M$o rel ates to epitopes of the El and/or E2

envel ope proteins and nonocl onal antibodies thereto, as well their use in

di agnosi s, prophylaxis or treatnent. Background of the invention The
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monoclonal antibodies thereto, as well their use in diagnosis, prophylaxis or treatment.

20 Background of the invention

The E2 protein purified from cell lysates according to the methods described in
the present invention reacts with approximately 95% of patient sera. This reactivity is
similar to the reactivity obtained with E2 secreted from CHO cells (Spaete et al., 1992).
25 However, the intraceliularly expressed form of E2 may more closely resemble the native
viral envelope protein because it contains high mannose carbohydrate motifs, whereas
the E2 protein secreted from CHO cells is further modified with galactose and sialic acid
sugar moieties. When the aminoterminal half of E2 is expressed in the baculovirus
system, _qnly about 13 to 21% of sera from sevgral patient groups can be detected
30 (inoue et al., 1992). After expression of E2 from E. coli, the reactivity of HCV sera was
| even lower and ranged from 14 (Yokosuka et al., 1992) to 17% (Mita et al., 1992).
. About 75% of HCV sera (and 95% of chronic patients) are anti-E1 positive using -
the purified, vaccinia-expressed r_ecombin'a'nt E1 protein of the present invention, in
sharp contrast with the results of Kohara et al. (1992) and Hsu et al. (1993). Kohara



2 et al. used a vaccinia-virus expressed E1 protein and detected anti-El
antibodies in 7 to 23% of patients, while Hsu et al. only detected 14/50
(28% sera using bacul ovirus- expressed El. These results show that not
only a oReds¥dasessi on system but also a good 5 = purifi pgfipessost ocol
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20 Aims of the invention

It is an aim of the present invention to provide a new purification method for
recombinantly expressed E1 and/or E2 and/or E 1/E2 proteins such that said recombina_ht
proteins are directly usable for diagnostic and vaccine purposes as single -or specific

25 oligomeric recombinant proteins free from contaminants instead of aggregates.

It is another aim of the present invention to provide 'co’m’bositioh‘s comprising
purified (single or specific oligomeric) recombinant E1 and/or E2 and/or E1/E2
glycoproteins comprising conformational epitopes from the E1 and/or E2 domains of
HCV. - |

30 It is yet another aim of the present invention to provide novel recombinant vector
constructs for recombinantly expressing E1 and/or E2 and/o.r'E1 /E2 proteins, as well as
host cells transformed with said vector constructs. ) ' '

It is also an aim of the present invention to provide a method for producing and
purifying recombinant HCV E1 and/or E2 and/or E1/E2 piotei'ns.
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31t is also an aimof the present invention to provide diagnostic and

I rmunogeni ¢ uses of the reconbi nant HCV E1 ahd/or E2 and/or E1/E2 proteins
of the present invention, as well as to provide kits for diagnostic use,
vacci nes oo bdemepeuti cs conprising any of the recombi nant MIVERISO3/ or E2
and/ or E1/E2 proteins of the 5 present invention. It is further an aim
of the present invention to provide for adnew use of El, E2, and/or El/E2

proteins, or suitable parts for nonitori si_n nse
Doty earment of b aie e s ol heresen: Vepian khroxlB BpFRIEE ph impGnbsane
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use of the 10 . reconbinant E and/ or., E1/ E2 proteins of tp_g r esent
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ai mof the dyrRsiiig bRy DAith@Reésmbinant HEVER1 and/opIE2EandYepEN (B2S prahéind ot ahe be

‘used for diagnosis of HCV infection and for raising antibodies. Such

pept i d@s rrdVeﬁ?’Ed”‘tﬁi‘t'lS‘é‘ed to isolate human nonocl onal antibodies. 15

It is also an ai mspfurfrléf!aﬁraﬂﬁwthé PMRBi idlerdtbrPiorodiae Tone akanade of E1, E2,
anti bodi es, nore ﬁart i cul ar human nonocl onal ant.i bodi es or

nonocl onal @YenR E%@rqmméhoraﬁugah'emﬁﬁzweomrdnom@é@s/pga@mfrgcfiﬁ'93%"Pﬁ El

and/ or E2 efl froftfont 8F bafiénts 98B! Mﬁﬁqméﬂfe?@rﬂtdlﬁ\%?mgrfr&ﬁww édtmal  epi t opes
conprised in reconbinant proteins. It is also an aimof the present

i nvention to proliidealposar isire efsthe resgnt jioyentign b provide, for tE? Yin GE 18Rl
ant i bpgli es rfe%mtﬁiﬁ;\épf‘@tl' gen ﬁﬁB?@i/E@rerfeufé)Bf {HaSgrasBht GhverioR th HOVCYcreening

I nfection. I's also an almof .the present invention to provide kits for
nonitori ng/mmsmwr@tlmd‘pmg to treatnent (e.g. with interferon) of

~patients sufferi g% S50k BGHY of ﬂjeeiﬁéie ..Wen{mms Efdvﬂﬁ/ ©f S5)8SED BeptitesQVhieR e

of the disease. al ns resent invention are
consi der ed ¢tan baueedfemdiagnosis ot HSVelntﬁmmnmldsfoasalgueg antibodigs ofuch peptides

c[i)le; :c g'rte:q,?nfe;*salso be used to i86late*hlRdh %n@@&hgf LitRaieserve to illustrate the

ex ressrons used resent 1 nvention.
15 - It is also an aim of the present invention to provide monoclonal antibodies, more

particularly human monoclonal antibodies or mouse monoclonal antibodies which are
hﬁmanized, which reéct' specifically with E1 and/or E2 epitopes, either comprised in
peptides or conformational epitopes comprised in recombinant prot’ei'ns.'
it is also an aim of the present invention to provide possible uses of anti¥E1 or
20 - anti-E2 r_nonodional antibodies for HCV aritigen detection or for therapy of chronic HCV
infection. ' | '
It is also an aim of the present invention to pfovide kits' for monitbring/progndsing
the response to treatment {(e.g. with interferon) of patients suffering from HCV infection
or monitoring/prognosing the outcome of the disease. '
25 . All the aims of the present invention are considered to have been met by the

embodiments as set out below.
Definitions

30 - fhe following definitions serve to illustrate the diffe;ent terms and expressions
used in the present invention. |

The term ’'hepatitis C virus single envelope proteiﬁ'_ refers to a polypeptide or an

analogue 'thereof {e.g. mimotopes) comprising an amino acid sequence (and/or amino

| acid analogues) defining at least one HCV epitope of either the E1 or the E2 region.



The term'hepatitis C virus single envelope protein' refers to a

pol ypeptide or an anal ogue-thereof (e.g. mnotopes) conprising an am no
aci d sequence (and/or amino acid anal ogues) defining at |east one HCV
epi t ope ¥f0 W4 the E1 or the E2 region. 4 These si ndiE@ERNEIBbe
_proteins in the broad sense of the word 4y be both nononeric or

hono- ol i gorreric forms of reconbinantly expressed envel ope proteins.
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am no aci ds PI tope can e re ewin nu
wi dely di meeammngdsm elngﬂgthtbfresnest nmlcemfarreamamgpbomsgmme lemgth bhe

correct eﬁ{e bito g%@ﬂg@ﬁéeqﬁgné/el éq ttc;r ur?deﬁg{rf’aggnsg ﬂ{ce it} b?ﬂg e%etﬂat

bet ween t ues d b
confl@r mat thesalepitopes angrforroéd bhehemrempeneMnaéxmmIcé thd abtigen ed.cfolding) or

b f f t h
choe )Lt e the RS b SENARH e ABRURLGR SR i AVL Lt b it s on ¢
are nai nt dispensed ealgng ¢Iyestlmgnlaes>f|threomoteduﬁenbeing; wréughe ibondhegorrgty episogent i on
it f
cssent i a ¥ BRESD Rl 1Be sPRORER B Yrulish et o b e bR SabeEpetimD e
The HCV aepitgpenmaphot be critics enthei cnmnd amn?kmeHCme dfmlmé emnt&ﬁel Boeéxamnpléopes
omai ns o

el Tevna PReRl 8L ShatRR, 21 ootR hliyeding Ao dfie o Rt e °
esti mat edcd:rifospamnrmln epitopei geovidd 38quarfcesheritidal/ tookepiesm &ioﬂfc{rh‘iaﬂbhah& et
AT i O LA RN L R AT TR IR
det er m nedonfoem&lidmaPAGitopel hay Elsdbediaringd Ly 2yt fisse ¥ssetibierdgihs of sblets eved
to span acr,q n%omoopgomer o Reteroohggr%ema ( Grakoui et aI , 1993) of t he HCV
20 The HCV_ antvgens of_the present invention c_omprise conformational epitopes
' | from thé E1 and/or E2 {envelope) doméins of HCV. The E1 domain, which is believed
~ to correspond to the viral envelope prqtein,_ is cur_rent]y estimated-to span amino acids
i92-383_ of the HCV pquprotein.(Hijika_ta et al., 1'99__1.). -Upon e_xpreséi_o_n--in a
mammalian .system (glycosylatgd), it @s_.___believed' to have an approximate. molecular
25 weight of 35 kDa as determined via SDS-PAGE. The E2 protein, previously called NS1,
is .believed to span amino acids 384-809 or 384-746 (Grakoui et al., 1993) of the HCV
polyprotein and to also be an envelope protein. Upon expressuon in a vaccinia system
(glycosylated), it is believed to have an apparent gel molecular weight of about 72 kDa.
It is understood that these protein endpoints are approximations (e.g. the carboxy
30 terminal’end of E2 could lie somewhere in the 730-820 amino acid region, e.g. ending
at amino acid 730, 735, 740, 742, 744, 745, preferably 746, 747,.748, 750, 760,
770, 780, 790, 800, 809, 810, 820). The E2 protein may also be expressed together
. with fhe_E‘l_ , P7 (aa 747_-_809). NS2 (aa 81 0-1026), NS4A (aa 1658-1711) or NS4B (aa
1712-1972). Expression together with these other HCV proteins may be important for
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~ - The HCV antigens of the present invention can be made by any recombinant
method that provides the epitope of intrest. For example, recombinant intraceilplar
2'0 expression in mammalian or insect cells is a preferred method to provide glycosylated
 E1 and/or E2 antigens in ‘native’ conformation as is the case for the natural HCV
antigens. Yeast cells and mutant yeast strains (é.g. mnn 9 mutant (Kniskern et al.,
1994) or glycosylation mutants derived by means of vanadate resistence selection
- (Ballou et al., 1991)) may be ideally suited for production of secreted high-mannose-type
25 sugars; whereas proteins secreted from mammalian cells may contain modifications
including  galactose or sialic acids.which may be undesirable for certain diagnostic or
vaccine applications. However, it may also be possible and sufficient for certain
~ applications, as it is known for proteins, to express the antigen in other recombinant

hosts (such as E. coli) and renature the protein after recovery. ' |
30 " The term "fusion polypeptide’ intends a polypeptide in which the HCV antigen(s)
are-pért of a single continuous chain of amino acids, which chain does not occeur in
nature. The HCV antigens may be connected directly to each other by peptide bonds or
be separated by intervening amino acid sequences. The fusion polypeptides may also

contairt amino acid sequences exogenous to HCV.
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"E1’ as used herein refers to a protein or polypeptlde expressed w:thm the first
400 amino acids of an HCV polyprotein, sometlmes referred to as the E, ENV or S

_ protein. In its natural form it is a 35 kDa glycoprotein which. is found in strong

_ association with membranes. In most natural HCV strains, the E1 protein is enicoded in

25

30

the viral polyprotein. following the C {core) protein. The E1 protein extends from
approximately amiho_dci_d (aa) 192 to about aa 383 of the full-length polyprotein.:
‘The term ‘E1’ as used herein also includes analogs and truncated forms that are
immunologically cross-reactive with natural E1, and includes E1 proteins of genotypes
1,2,3,4,5,6, 7, 8,9, 10, or any other newly identified HCV type or subtype.
'E2’ as used hérei_n refers to.a protein or polypeptide expressed within the first

- 900 ar_ni'no acids of an HCV polyprotein, sometimes referred to. as the NS1 protein. In

its natural form it is a 72 kD_a_glycobrotein that is found in strong association with

_membranes.' in most natural HCV .strains, the E2 protein is ,énc_oded in the viral

polyprotein following the E1 protein. The E2 protein extends from approximately amino
acid position 384 to amino acid position 746, another form. of E2 extends to amino acid

tic

The term ' fusion pol ypeptide' intends
a pol ypeptide 10 WF’CPX‘?"{"P@C?‘I@W iBfends p fhwcoptssuest amammalian indivifvdlous
@IH.Néh @AitHSpoidtN b HUnedD hafl@8Mnily @BRtHind BntiRidiLproblited By the
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dpecifically with anti-HCV antibodi es present in a body conponent from an
HCV infected individual. The term'inmune conplex' intends the conbination
formed when an anti body binds to an epitope on an antigen. 20 " El
as used hayeioginsesers to a protein or pol ypeptide expressedpeIERIN30Ie
first 400 am no acids of an HCV pol yprotein, soneti-mes referred to as the
E, ENV or S protein. In its natural form¥vt is a 35 kDa gl ycoproteln whi ch

is found in stron oci at i W t nbr anes. nost . nat u rains
Lhe 2170 r orRastan Bl TS 1T, b, 85 L Be R ORGT Bep incfe S el B g Ynissted to )
protei n. ThgaEhrdiMhRindlogidaipdsrod-@ach¥e with ABfUrsE2TBE®RI %aammo.naemns aﬂ)
192 to about aa 383, of the full-]I en%%]h ‘Fglgxprote

. .The t
herei n al somHiiple cRAong Petygen spden 3 f%erYﬁh f"ﬁﬂ?leﬁ?’éseﬁr’ rﬁm'rﬁ’8la8ﬁscé;qsﬁey

Cross-react 38€ halé Beé’rﬂréﬁo@iedﬁiv Katotkti dic{19®@s. E1 proteins of genotypes 1, 2,
3, 4, 5 6, 7 8, or any ot her neV\A |dent|f|§d HCVt%% or subig
'E2' a8 used heré"rﬁE? eﬁér%seﬂoh%l'eb\' &féfsnt‘br T 8lgRseetS dermgir & PIFiRIRSt he

first 30 - cor&Qﬂu@Tmeaﬁ%éSEpEoﬁaPoﬁm 4l atnéﬁt%he EXEsRporERs. referred to
as the NS1 protern. Inits natural formit is a 72 kDa glycoprotein that is

found in strong Zeetremdspenificligemesieht hardfor ‘F?ﬂaﬁﬂﬁ%'tE'HE? GP‘éﬁbm%ﬁi"l‘sa“eﬁ%'
the E2 protgy @& oo &BROSRméict Q‘??¥'6faﬂec9ﬂb¥ﬁﬁﬂ eéxﬁrésgéd @ axH/6Me2 Ehvelope

protel n. The protein extends from approxi ma -amno acid position 384
to am no acpréteios mhicharpa®t agatagatss. £3randdir E@zsnsﬁtf@rfdgomnarﬁnnaloa% PEpteins 7

posi thgn 809 AL di&frld td4s h@ﬁloqﬁ & 1NorPE 5 Bnv dis 5t eifd) fel BRI AAd

truncated forms ha are | nmmunol g?%’%ﬁy cross-reactive with natural E2.
For. exampl e, i ns@he itenns ‘singlenrt speiciccolitomerist Eleand/eoBa andés BiHE2 Fgwelogs

wel | as del Srtoké}ﬂé ré}gaaﬁégglgﬁ&i%nﬁagheErng? EE@’&«;R@?E&@@RR%&&#&’ séﬁ?éeoofetrheal

(1992). 5 use ernr n oligoneri-c form of
envel ope pr wloed)ras vealascspecifig oligomens E1 end/oEE2 and/pOR bR regam @!ﬂamtba%)tpf%ﬁ@éd E2

component . ISeihe MesBUEEId bEMbARIE SorEboAILOl o Rine Rt Plin LS B Sakahope

pr ot ei ns re? neric reco expressed
El andbor Bavemiwi care bprfmtherrdefmedcﬂy meéohmulngggrm@at(ét) (ER), wh@r,emx Ean be

R on ARl g Py oo LRl 8RS B 1807 rovia
that x and y are not both 0. With x=1 and y=0 said envelope proteins includ_e
monomeric E1. ' '

The term ’horrio-o_ligorher’ as used herein refers to a complex of E1 and/or E2

20 containin_g more than one E1 or E2 rhbno_mer, e.g. E1/E1 dimers, E1/E1/E1 trimers or
E1/E1/E1/E1 tetramers and E2/E2 dimers, E2/E2/E2 trimers or E2/E2/E2/E2 tetramers,
E1 p'en'tamers-and' hexamers, E2 pentamers and hexamers 6r'any higher-order homo-
oligo'mers of E1 or E2 are all 'homo-dligom‘ers' within the scope of this definition. The
oligomers may contain one, two, or several different monomers of E1 or E2 obtained

25 from different types or subtypes of hepatitis C virus including for example those

" described in an international application published under WO 94/25601 and European
application No. 94870166.9 both by the present applif:ants. Such mixed oligomers are
still homo-oligomers within the scope of this invention, and may allow more uniyersal

' diagnosis, prophylaxis or treatment of HCV. .

30 - fhe term ‘purified’ as applied to proteins herein refers to a composition wherein
the desired protein comprises at Ieast 35% of the total protein component in the
compos:tlon The desired protein preferably comprises at least 40% more preferably at
least about 50%, more preferably at least about 60%, still mor_e preferably at.least
about 70%, even more preferably'at least about 80%, even more preferably at least



The term'single or specific oligomeric' El1 and/or E2 and/or E1/ E2 envel ope
proteins refers to single nononeric E1 or E2 prote| ns (single in the strict

I

sense of “the word) as,well as specific oligoneric E1 and/or_ E2 and/or El/E2 |

reconbi n¥R954P438Sor essed proteins. These single or specifi CTEGIP] ¢
envel ope proteins according - to the presgnt 1 5 i nvention can be further
defined by the following fornula [err] wherein x can be a nunber between 0

and 100, abduty908s) dne momﬁéeearrahetaw@mebandee%of tHeOMslqftoielifbonipamhty are .

not both Wth x.= 1 = 0 _sai d envel ope protei ns i ncl ude rmnorrerl o
B The. t P SOTRASIEN BBNGONAIR OGRS RUoB S P BRSF eselb B

and/ or E2 sg@ents, @Ad i g vitRueh bitactir e bidtinifetioiITANE berc@nthgeFutif) as
di ners, E1/E1/El trimers or EL/E1/E1/El tetramers and E2/ E2 di nmers, -

E2/ E2/ E2 Mspdrbpeein Andisgioteds HEY peatpig fatesds gp %%%%%C%W%%Mss a2
pent@rmrs;@ggdgb%(gmférs or any hi gher-order hono- oflgorrers of El or E2 are

all 'hono-oligoners' within the scope of this definition. The oligoners may

contain one, twhe tem @é’l’%ﬂ"vcﬂqlﬂél’QFRtel?éan§°@F°tETSCHU"EEd §eehtirt dhes
from diff @pgide bseeforQh vithD WIS nllﬁﬁé’ds b a6 a"tfféﬂﬁpédﬁ%‘é&i‘h nHOfrhesanpl e
t hose described in an-international Il?p I cation published under WO 94/25601
and Eur op®tgteiaspre substgntially. free drom celldanproteing vegeorglasyed toretgisi efaether
Such m xegcq) lg%%ﬁﬁﬁoﬁéﬁ‘tssuédduy*iﬁégé leni ggrméaum.éﬂom&l@eﬁswet%st 8b%
i nventi on, ow nore universal diagnhosis axi s or ‘treatnment
of HAOV. 39ure. preferablv 9% anate’ pp@flerafhhea‘o"’/asnawpmne&tablw %7r°@t gione prafeeably

refers toggof ONRAS Fldf%bf’wgé%, 'hvtenfrneeswe%laag%@ b%,ﬁéellﬂg Ho?;?? G&Eréb‘f‘yﬁﬁle 35 /"(-

of the total protelin conponen rot

pr ef er abl yoe@npnatmratelm%q@uldmmndmaw by eorusngional methods MSME nor e
pr ef er abl )éngtslveea%% out 60% still nore preferably at |east about 70%
even nore pre era f | east about 80% even nore preferably at |east 8
about 90% andTthtlerrpreé@mlhlh%tbft exprestedalused WK athet ¢omtextt of ther ptesient

CO”H%”e”t Znﬁ“oﬁ; %f?%stolt thgrfagpéhaf M ﬁfo?elﬂs g? tq%ﬁ)@gﬁmq{?‘erﬁhﬁl ?ﬁn ced by

car bohydra and Ke, W 4eectl I'ng
t he deter mqmmblmnt@bcptdsenopenetendage itpon prakaryatesisardower e ighekreukiryokes &’

Ec?/epmtetl@ch&te%rmsde?ﬂl &%/wprotel n corrp05| ti on that is at 5 | | east 35%
The term ‘lower eukaryote’ refers to host cells such as yeast, fung_i and the like.

_ Lower eukaryotes are generally '(_b__ut .not necess_arilyl uni_cellular. l?_referred lower

20 eukaryotes are yeasts,' particularly species within Sacgh_gromyg es,

| Schlzogaccharomycgs 5luvgromygg S, Pichia (e.g.. Plchla ‘pastoris), Hansenula .(e.g.

Hansenula Qolymgrghgl Ygrgﬂ ia, Sghwan!omyces, Schlzosgccharcmycgs,-

| Zyvgosaccharomyces and the like. Sggcharomyce cerevrgla 2, S. carlsbergensis and K.
actis are the. most commonly usetl yeast hests. and are convenient fungal hosts.

25 The term' 'prokaryotes' refers to hests such as E. coli, _agmb_t—JQﬂM_S.

ng:gc_c_cg_us §almgn§llg,§3_§p;ggg_gg¢§, agul!us subtilis or Streptomyces. Also these

' hosts are contemplated wnthm the present invention.:

The term ‘higher eukaryote refers to host cells denved from hlgher animals, such

‘as mammals, reptiles, insects, and the like. Presently preferred hlgher eukaryote host

30 cells aré __denved from:Chinese hamster (e.g. .CHQ), monke_y_ .(_e_.g_. COS and Vero cells),

baby hamster kidney (BHK), pig kit_lne_y (PK1 _5)_,.rahbit kidney 13 ce_lls (RK1 3), the human
osteosarcoma cell line 143 B, the human cell line HeLa and human hepatoma cell lines |

like Hep G2 and insect cell lines (e g. wr_ggme&a) The host cells may be

provided in suspensnon or flask cultures, tlssue cultures, organ cultures and the like.



The termessentially purified proteins' refers to proteins purified such
that they can be used for in vitro di.agnostic nmethods and as a therapeutic
compound. These proteins are substantially free fromcellular proteins,
vect or - derni§9god3e9t € Ns or other HCV viral conponents. UsuapdyEPdsmsesl

proteins are purified to honogeneity (at |east 80% 10 pure, preferably,
90% nore preferably 95% nore preferabl y2397% nore preferably 98% nore
preferably 99% n nore preferably 99 5% and nost preferably the

cont ani nat |"Hbe’B?'(5‘f Y He E?ﬁﬂﬁe&sB'éayuﬁé‘éf’%é'taé‘ﬁg%’“"b?“'&ﬁ‘ﬁ/ent i onal nethods |ike

SDS- PAGE and_si IWte‘imaEauyaapndEl’leeﬁe%m a pEIGRIEP b amirloyadioP4rRP &S ndtTefér to
within the context of t resent 15 I nvention refers to the fact that

the prot ei rSRSCI t‘HE“Qﬁ‘é’éé'Pﬁ PRy e thisin PaPEdesy BiARPERtIYRE. PBE BFASPIAG Afe included

expr essi on WrhRAHS c@‘ﬁnitfon'cﬂ‘ T;WIW%%’EMQ'[ FRis t8fm |a%Woe§rnoli”rQﬁé?'io BHKREMOS BEstAS
di scussed in detail below. The term'|ower eukaryote' refers to host cells
such &% yeapressigngnodifigations qflthepohfamd%ékwwré% dycosytatians| aopty!#liRnsnot
necessari | yaholgah&&udahéramﬁrtﬁaemzeed CRIBE Athin_ the WATHHAIrE Bre Ak6r oXEBRBIES -
parti cul arly species wthin Saccharomyces, Schizosaccharonyces,

Kl uver orryca@lvmmnaacela,tagnngwmranwa@nelpgg?s ofianraseing peid (ieclydingafes @xamale.

pol ynor pha),, ng?urg%lﬂ %&W EQ,SﬂolyMld%g%?ﬁ Qﬁﬁé}fw{eﬁslmkages as well as

Zygosaccharonyces and' acc omyces cerevisiae, S. carlsberoensis
and K | actotbetarrmdnfmmtrmstkmmmmnluy\eue@d bpthasiatureliy SJCC@mlanﬂ@ convatiraiy
fungaiohosts & - The term 'prokaryotes' refers to hosts such as
E. col Lac%cgbé% I us, Lactococcus, Sal nonella, Streptococcus, Bacillus

subtilis or St reme)tajme‘secommrttrp@mmtestide ar eudeilctaitiqjlilamadls wipohingclehtide
Present ol bl i ss?e“rﬁswﬂ%tz% G ol i e v
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cul tures, odr@PéthetblicH &Fmatdnblitg hikr@organisths or higher eukaryotic cell lines-cultured
as unicellular entities refer to cells which can be or have been, used as recipients for a
recombinant vector or other transfer polynucleotide, and include the progeny of the .
20 original cell which has been transfected. It is understood that the progeny of a single
parental cell may not necessarily be completely identical in morphology or in genomic
or total DNA complement as the original parent, due to naturél, accidental, or deliberate
mutation. _
The term ‘replicon’ is any genetic element, e.g., a plasmid, a chromosome, a
25 virus, a cosmid, etc., that behaves as an autonomous unit of polynucieotide replication
within a cell; i.e., capable of replication under its own control.
The term ‘vector’ is areplicon further comprising sequences providing replication
and/or expression of a desired open reading frame. ' '
The term ’‘control sequence’ refers to polynucleotide sequences which are -
30 necessan.'y- to-effect the expression of coding sequences to which they are ligated. The
nature of such control 'se'quences differs dépending upon ‘fhe host organism; in
prokaryotes, such control sequences generally include promoter, ribosomal binding site,
and terminators; in eukaryotes, generally, such control sequences include promoters,

terminators and, in some instances, enhancers. The term 'control sequences’ isintended



Alternatlvely the host cells may al so be transgenic animals. The term
"pol ypeptide' refers to a polynmer of am no acids and does not refer to a

specific length of the product; thus, peptides, oligopeptides, and proteins |

are inclwdedo4mshin the definition of pol ypeptide. This tBCHERI¥S030es not
refer to or exclude post- 5 expre55|on nodi fications of the

pol ypeptide, for exanpl e, glycosylatlon acetylatlons phosphorylations

and the | C e definition are tides
cont ai ni néoiﬂgﬁlghgréttr%&gq ?gHé'{q Al d §a8 pc?ge i ‘%'}‘ﬁ?op rSﬁﬂfe(? H%ﬁfégﬁgf“ ?gl}fe%ﬁ%{ﬁp
unnat ur al ararrmay also dedu%ﬂdmboal) comppbygrapt e wetsbnwmhd\iamt&gbohsnkages
as well as ot lﬁg@d I fications in the. art,. both naturally occurring

‘and non- nA0T r(feque%%ec,su‘?'P'CEQQOVT'WeS%Cé?tt'ﬂ “r ecombi nant pol ynucl eot i de or
nucl ei ¢ aci d' Thirt mds’paorp@tley‘ﬂu@l r&mleodldeeeqmmleawmca(ts ebrﬁfm%ﬁﬁmwlsew

sem synt hetic t virt Its ori

nani pul at?ecﬁHehC?sl\S'R'\éE ﬂ tﬁgg ﬁ'gt(’ém ;ecHylgﬁassrto ﬁ'\eplgl}lf\ltgpreg\amanner
pol ynuc!| equchddawiniNAVpreductioniifitiatesosti thbafbringl frahstriptiohdDitieon stk &6k the a
pol ynucl eot.i de 15 other than that to which it is linked in nature, or

(3) does jacehit StMCIYsal88N§r e.  The term ' reconbi nant host' cetls™, 'host

cells', 'cellsthe' &qirésslidmeaperabr;«elhhkwl triefS to. %mju)&tab@é“u&uc\hhé@w&he
denoti ng m croorgani sns aor higher eukaryotic cell l'ines cultured as

uni cel | ul @MRANENES &9 Jascebed §re i Asrelitionship RErEELEE HaTethégictionsBdthal

reci @i entifitdriabd IndrfePRIcBARLI $AGEAGe %eﬁatbtwnweaam %d.aglsxéau&{c%% lig&eqand
I ncl ude the progeny of the 20 original cell which has been transfected.

It is undBrsschot wavathat pepisssigaaf e qedinanspasiepas énmaehlievad undpsycongitions (

necessar i dombRinid Wihethe! dontrdf 8dduerbed. N NOr phol ogy or in genomc or total
DNA conpl erne‘!'r?t%l asmﬂhe or(?6 lnaféd arent, due to natural, accidental, or

del i berate nutApienen rpnémseframe r@pﬁﬁ) ipaTegign ahg Wle@tiée émnceeN@Ch a
| d, t.
guf‘g IToeruég‘c&Eiéé[’) H%?%Pnnucﬁd does Yibf Uontafh &85 '@o%nfttﬁrs re%:gﬁ mwré@\’&%n?§ an

eotrde replicatiron wt capabl e
of ¥®&pli mﬂ'@hoﬁﬁd@ﬂ'ﬂgtssqymc%em itetial catieg seayanceector' i s a replicon
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desired open reading franme. The ter contro equence’ refers
pol ynucl @BNA@ndéqa@m@bsedmm:hpdmemwe whenwgee;tmr the m@tof anpeopnate
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such con erices ers ependi ng upon ani sm
pr okar yottmslaimhsmmcodﬂn stdbe S ¢ermjpus aat | § tlamslatlde qlomrmﬂen atrthieo8anal
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sequences | nc
cDNA), and recombmant polynucleotide sequences.

. As used herein, epltope or antngemc determmant ‘means an amino acid
sequence that is immunoreactive. Generally an epitope consists of at least 3 to 4 amino
acids, and more usually, consists of at.least 5 or 6 amino acids, somsetimes the epitope

25 consists of about 7 to 8, or even about 10.amino acids. As used-herein, an epitope of
a deéignated polvpéptide denotes epitopes with the. séme- amino acid sequence as the
epitope in the designated polypeptide, and immunologic equivalents thereof. Such
equivalents also include strain, subtype (=genotype), or type(group)-specific variants,
e.g. of the c_ufrently known sequences or strains bélonging to genotypes 1a, 1b, 1¢, 1d,

30 1e, 1, 2a, 2b, 2c, 2d, 26, 21, 2g, 2h, 2i, 3a, 3b, 3c, 3d, 3e, 3f, 3g, 4a, 4b, 4c; 4d, 4e,
4f, 4g, 4h, 4i, 4j, 4k, 41, 5a, 5b, 6a, 6b, 6c, 7a, 7b, 7c, 8a, Bb, 9a; 9b, 10a, or any
other newly defined HCV. (subjtype. It is to be understood that the amino acids
constituting the epitope need not be part of a linear sequence, but may be interspersed
by any number of amino acids, thus forming a conformational epitope. -



fernminators and, in sone instances, enhancers. The term ' control sequences'
I s i ntended 10 to include, at a mninmum all conponents whose presence
i s necessary for expression, and nmay al so include additional conponents
whose preswoasnimsadvant ageous, for exanpl e, |eader sequenc®CTERIHIIOZovern
secretion. The term ' pronoter' is a nucleotide sequence which is conprised
of consensus 5 sequences which allow the binding of RNA pol ynerase to

t he DNA tenpl at e nner_ such, t hat nFi_}lA r.oductiqn.initiates at the
normal transcri p'Er |h ﬁé’;}f‘{r’:ﬁ?‘i"é‘ﬂogﬁmg i Eegerfotp t ?188'[55[8? ?L;l%g%ﬁ‘(f)bsé?'?qfct?&agfe SE’H_'én.orﬁjhe
expr essi on aagier adllujar resparde, iethies alohecor] wikéralirikeidt toGncartier, én thet presence or
conponents so described.are ' hip permttin themtf\o functg_'%n
a

. I, a relation
'n Their 10305oNCR ok aR adifkaRre Nelialaionsfetel daanda ™ sd P ks e TAkRACKS
codi ng sequeiietivity, bitii@ipactiadlly os fully, af awinfddiiaus ageite s vastind’ id dreinthouhoygnic
sequencge i s achi eved un%;ir ?o[}di.tions conpat i.bl ith tq_% control
sequenCes. ARMPEHHAN cARARIA QT ICIHRE PrQtptor) againgtddl Yy WhPther BATUAL QF FRTPIel:
sequence WhiaCyaceiMeofas afsoltsd Wseelt fofl ereatiflestosisarniatiividual, dh rwisitio RasOr a9 8allddhi s
regi on may retgresent a 15 - portion of a coding sequence or a total coding

sequence. A'RYAPRYHGSERRAMf e’ is a pol ynucl eotide sequence which is

transcribed i nt o TREMRcErapedticARTbR1t6 @ coRipRdsRioR Chy MO bi HEatMyHIC VP Irf6&tibn.
under the control of appropriate regul atory sequences. The boundaries of

the coding sequefbe et aftactvarmount feters toaprampyrlpiapiiopebsaing eelvpepside

5' - L eREl NUS safiidioht L{RRLRE! B8R PiRhdgeAR rédpohB® iR’ the?Ondividh&r 1 NWRichAit is
codi ng sequence can include but is not Iimted to nRNA, DNA (including
CDNA), and pémiigriegator 36| Stheniss detretaly iemungreass in ddntanded ystasilegpe’
or " anti gen|himfRt &Isay 1 FrbierdBif he Mt ébivE BritU i§ SOHRIKR tb Etech Sreatment, as

i mmunoreactive. Generally an epitope consists of at least 3 to 4 am no_. '
acids, and defired ahayel Jhe gxactiamaunsnegessasawill varyaceordifigrie the iagalicatighefernes
t he epitope : d . IWAQiaCislS .
s usbd her g, sERTRERS S fYor 9 dondrel ot AN AR J FPeSC b
wi th filBe saexampientheaeffectivecgraoy mey vhty denending omthehspegias, gaet anf general

pol ypepti decoﬁcﬂﬂmj\ gfnflqﬂ _.igua? qH‘ieV v%ﬂ{ffﬁ B%’ te.grtditi Bg'ing.cltga\féa,et%}aﬂiaﬂar
i ncl ude strain, subtype (=genotype), or type(group)-spetiftic variants,

polypeptide selected and its mode of administration, etc. It is also believed that effective

amounts will be found within a relatively large, non-critical range. An appropriate

effective amount can be readily determined using only routine experimentation.

20 - Preferred ranges of E1 and/or E2 and/or E1/E2 single or specific oligomeric envelope

proteins for prophylaxis of HCV disease are 0.01 to 100 ug/dose, preferably 0.1 to 50

pg/dose. Several doses may be needed per individual in order to achieve a sufficient

immune response and subsequent protection against HCV disease.

25
Detailed description of the invention

.More particularly, the present invention contemplates a method for isolating or

purifying recombinant HCV single or specific oligomeric énvelope protein selected from

30 the grou.p consisting of E1 and/or E2 and/or E1/E2, characterized in that upon lysing the

transformed host cells to isolate the recombinantly expressed protein a disulphide bond
cleavage or reduction step is carried out with-a disculphide bond cleaving agent.

The essence of these ‘single or specific oligomeric’ envelope proteins of the

invention is that they are fre_e from contaminating proteins and that they are not



e.g. of the currently known sequences or strains belonging to genotypes 1
a, 1 b, 1c, 1d, 30 le 1f, 2a, 2b, 2c, 2d, 2e, 2f, 29, 2h, 2i, 3a,
3b, 3c, 3d, 3e, 3f, 3g, 4a, 4b, 4c, 4d, 4e, 4f, 4g, 4h, 4i, 4j, 4k, 41, b5a,
5b, 6a, Woosma3ss7a, 7b, 7c, 8a, 8b, 9a, 9b, 10a, or any otpcarEPeswdogl def i ned
HCV (sub)type. It is to be understood that the am no acids constituting the
epi tope need not be part of a |linear seddence, but may be interspersed by

any nunber, of .amipo acids, thus form ng a confornmational epitope. 11
The term 'dlsr‘flﬂ.u"?figgg?f?‘gﬁ"'?eéif‘éﬂt _CPBtal’WEa%‘gi lity of a substance to cause a
hunor al and/ or Teelprotefis 4RBRING €o thERLEGT iRl ePlion Qe YEERMUInaHi§bXpPesied in
carrier, in the rﬁsence or .absence of an ad{euvant._ "Neutralization' refers
to an i - e’r%’sﬁ'@ ek epkanyotie Gells of iy Profesat %iTQ&'T"eﬁ%ﬁ‘a’Ea‘Fﬂ%’l‘% gf &he

fully, of pagzehthirR@htion SaragnBterafly ' gipcosiiaged iafid ahay %Hf&g%rﬁm%hhose-tvpe,
conpq@sition capable of eliciting protection against HCV, whether partial or

conpPet e. hx\t}r\'ﬂapeﬁ FeMpigx glveasyatiarser Upfargntially esaidantiptedns are preressesLidiom i n
whi ch casgndnimbffartéall iR@s asdRRUSARLIN detRRA thd ExarhPRs sBEIBN, R &Y PRRYSLEN as
refers to a conposition capable of treating HCV I nfection. The term

'ef fecti v BWEATNtYeapkpERias alsoAS dataiasinghe %ﬁ??‘é{?é-ﬁ?éﬁ?’l‘-ng_' pol ypeptide 1 0
sufficient to REuEetefd AEBHIIAG S e hRSBANRGentibn Ay iddekidbdbr bRorliddh 1t
is adm nistered, or to otherw se detectably Inmmunoreact in its intended
syst em (e within jcampepartsagf thepeell csuehl 38 thenERqrf thet Golgi Apparatus.sPrefarablyi ent
to fect : ' Ve, aBAYse RS i vary
accgpdi ngh%@%?%?gigﬁﬁ'ggﬁgEﬁgrg?%a{@‘gnﬁgﬁa%}éfﬁggt I ons sg[’c??%?ﬁ@ﬁévl%érls
gener at i oANdArgstgiopd imtheabl ios GolghApparatupofimammalian cells or aresesaiped in phe

ffecti t L. ( ' !
ot ot v AR a2 Lafle R Dbl PRI e ANRPZISH B e
the parti owindr mutdntpipiskden stlabci@84hmt irom mutintsfthatdnave beeraselecteddtc. |t
is al so bﬁlelaﬁ‘g%gVgFgéraégg‘;ﬁ&khgibﬁmH%&%{‘Mb#?’be found within a relatively

| arge, non-critica propriate efféctive ampunt can be readily
det @6nmi ned usi kigoorexpressisni ofeHEY Erawvelopatpactens, i) presenPingértorsedouldraipew of

E o P Y A B b s SRR s A By OIS
[err]. Sedisulphidéobrdgesayeant withdeteines ohdiosi duazixpressiongystenudenivedelega
sufficient | ANUDGrotSGRE D7 T oRfst EDSRIHRRE pPoIneCingld 898 dberdS Varll foiAs e
aspecific intermolecular bridges. This results in the formation of ‘aggregates’ of HCV
20 . envelope proteins together with contaminating prbte’ins. It was 'aléo shown in WO
92/08734 that ’aggregate.s’ ‘were obtained after burificatibn." but it was not described
which protein interactions were involved. In patent apblication WO - 92/08734,
recombinant E1/E2 protein expressed' with the 'vaccinia-virus system were partially
purified as aggregates and only found to be 70% puré, rendering the purified aggregates
25 not useful for diagnostic, prophylactic or therapeutic purposes.
Therefore, a major aim of the present invention resides in the separation of singie
or specific-oligomeric HCV envelope proteins from contaminating proteins, and to use
the purified proteins (> 95% pure). for diagnostic, prophylactic and therapeutic
purposes. To those purposes, the present inventorsha\_/e 'Been'-abl_e to provide evidence -
30 that agdregated protein complexes ('aggregates’) are formed on:the basis of disulphide -~
bridges and non-covalent prot_éin-proteih. interactions. The present invention thus
provides a means for selettiv‘ely-:cleavin_g- the disuiphid_e bonds under specific conclitio_ns
- and for separating the cleaved proteins from contaminating proteins which greatly
interfere with diagnostic, prophylactic and therapeutic applications. The free thiol groups

5



25 Detailed description of the invention Mre particularly, the present

i nvention contenplates a nethod for-isolating or purifying reconbi nant HCV
single or specific oligoneric envelope protein selected from 30 t he
group cons\iddetdaddl  El and/ or+E2 and/or E1/E2, characteri zegdriefsodostpon
| ysing the transforned host cells to isolate the reconbinantly expressed
protein a disul phide bond cl eavage or redu8tion step is carried out with a
di scul phi de bond cIeaV|n agent. The essence of these 'single or specific
ol i goneri c. &HVe P gph%fswfv ORAITEYRFBIAY OR Prdek fatPreyrRsy HWeereforamtionont

contam nat i BQuWhﬂfeE'bﬂag@sndort Ry bd okt boxifize andldli ORI JHRadehidisRs

wi th contam nants. The” protelns. accorgl ng t present invention are
r econbi nant W@Wﬁr@gge‘éﬁfm‘i'qu\hemomhgﬁmn)er|telak'@r 9©t¢f‘(§19€:%01>% thet jsHch protein

prokaryot es oha_é}ﬁerrsea?é’g%e'ﬂﬁgﬁy dfralenl ﬂ%nPJhe Q@rg 588 YesbiMyeiith 'v?@ 9%(1@%7 34 and

preferably g%écosg te contain nnose-type,
conpl e® gly 4Pl 6n8. sireethe lemllqaflqogntamndtlm raseing l%ﬂ@%ﬂ%b@sed from

mammal i an cel | Llééuﬁfggﬁpﬂaégpﬁgegabg éjﬁ‘ltag Als& e E%}ﬁu -I es section, or i 'nl

yeast such as i eas Crarne 0 as de ed 1 n the Exarrpl es
section. Thélppertfeimis amd:@p(diangntb)/ rr‘raenprcﬁsemelc racihtin ovhicm\cabe tbe qystednk or

expressed W.lgér%tjf a%g&g&ﬁpéﬁm% xgkglccgénjj {l}{llgg ot @%SFR or the Colgi

Appar-at us. Wever roterns t he present

i nvention bdaz)rsmlﬁgihysmrms&m-yﬁm-gmcmmmmmby anhnarod suiphae 184 i) togdtbeER
or Gol | Appa kls o re retained i.n o ret d from
Veast ki | e papah e BeRRIsR 2 BBt o §hish Font e Stihe, P iR PR S BHEh o
-mut ant  (Kni s:keuemee(lBaBéy andteelé) ,1988).f rom mut ant s -t hat - have been seI ected by -

f Bal | L 1991) U
oor ese on SA Aot by BRavgpLPErdsBtart siipancionars gD e PR

sonme of theclstemel bmhrh@:’rrélmé?d Qf-mébc%bﬁi-élhs'laﬁﬂﬁe ldivmldgwéolha dcid, rod-wiiich DTT
i nt er-nol ecul di sul F dges, react wt pe cyst1§f5nes 0

oy boar one 808 BeRetaprrEthang! e kPRmpHly dise  Clblate 19BAb s St BRTRESH BRI pe

pr ot ei1gs (Sbﬂgﬂue ifVendioh JWER0E the MRthddOE4R BE RRFfoFMEd iiM eW SR RAUIGHIMERT SIEeS.
Thi s resul tgél n the fornati on of 'aggregates' of HCV 20 envel ope

proteins to OsteyIf Lemans ¥Podfedei ns. 1t was al so shown in WO
-{4) Reduction by means of a.phosphine {e.g. Bu;P) {Ruegg and Rudinger, 1977).

All these compounds are thus to be regarded as alents or means for cleaving

. disulphide bonds according to the present invention. '

20 ‘Said disulphide bond cleavage (or reducing) step of the present invention is
preferably a partial disulphide bond cleavage (reducing) step (carried out under partial
cleavage or reducing conditions). '

A preferred disulphide bond cleavage or reducing agent according to the present
invention is dithiothreitol (DTT). - Partial reduction is obtained by using a low

25 concentration of said reducing agent, i.e. for DTT for example in the concentration range -
of about 0.1 to about 50 mM, preferably _about 0.1 to about 20 mM, preferably about
0.5 to about 10 mM, preferably more than 1 mM, more than 2 mM or more than 5 mM,
more preferably about 1.5 mM, about 2.0 mM, about 2.5 mM, about 5 mM or about
7.5 mM. ' |

30 Said disulphide bond cleavage step may also be carried out in the presence of a
suitable detergent (as an example of a means for cleaving disuiphide bonds or in
combination with a cleaving agent) able to dissociate the expressed proteins, such as

' DecylPEG, EMPIGEN-BB, NP-40, sodium cholate, Triton X-100. |
Said reduction er cleavage step (preferably a partial reduction or cleavage step)



92/ 08734 that 'aggregates' were obtained after purification, but it was not
descri bed which protein interactions were involved. In patent application
WO 92/ 08734, reconbinant E1/E2 protein expressed with the vaccinia virus

system ‘Wﬁ? pﬁggl ally purified as aggregates and only foupgriBediosi0% pure,
rendering ﬁe purified aggregates 25 not useful for diagnostic,

prophylactic or therapeutic purposes. Therefore, a major aimof the present
i nvention resides in the separation of single or specific-oligonmeric HCV
envel ope ipcatrsidratinreierativniraini thatrergnpe of bwink), a detdrgent us erefered detdrgent

proteins gpcﬁﬁ%%”tﬁé rdent i REROSH i§ Errﬁiré)é?'\hﬁé aghi %nﬂonﬂt o?%re?é?'ggﬁf Ssed is

pur poses. se pu poses the present-1nventors have b
provi de evetesable iBthe ranph af 1etgg‘rcbgﬁatpeelfepahbv gione- thiam 8 %x avoré ‘peafgrabhasiemit) are

f or med ong %b/eo?%%e?erggnp L?&H @é@ﬁg% es and non-coval ent protein-protein
n

i nteractions sen I nven Us provides & nmeans for sel ectively
cl edving the dA:part[dulaihy mefudsdunelmodspmhtfammg:dlmlphldeMndniba’vage smphayat | ng

t he cl eave |ns fr t ei |ch |nter ere
i en o aghBebMeEhirld ARAER' ARG Rnd!cHaFb08 aHPRCR: SRGRE KuVH BROBLC
groups. det&rgeny (&leo kdsodétaied rabuvae)s iAd gomteniplated én sthbl Wammes)rsdemrt othe
revent the.refornmat.ion of, d hi d rid be, | ef 0 oxi.djze
na ol | goHERFIE SR aRartr Slevbpementeben PRETT LS Het-pmvh gad abSuss %
hono- ol i- ?ﬁrmg_)'??d BBI|§pr]E)Oerbﬁ> ?\Mﬁrﬁbﬁ@dyb*ﬁérrmd ﬁhamm@f@hmg%%?waahe 4 s
essenti a | rent frgmthe ' escri an
w0 B0 01 iskeraent i P iafion of FeHrEANAREY AYRRULEN oL LRS! L
Sai d di sujefiitratib® aHroph oY RGRY,Sid abmel muaﬁdm R\shewhyto rédit ipahb @rcmm.aﬁl d
oxidation b ?ns of .cysteic aC|9 whi ¢ Sse t he cysteine residues are
modi f i ed qfrﬁ%*»m@\/ gimeric i pretoin AR éﬁp%ﬂa"m" Pfé i§)E1 proteig frem; epneamingtipgs. s R
[err] 2 [fbtdins fHak cause Rl J&xcfmwlﬁpcm‘ uSelinfifichéhda884ys. t oget her 10 with a
proper oxidant such as [err] in which case the cysteine is nodified jnto

S sul pho.  cystl6inBOWENPT 53 ba Hadersioed thariso anyythReeRIERINBHOGT MYAedUENG

Mer p@pt angent MdwAtn tHet 4 WithinyQetérgbHd or &tﬁéﬁdaemuﬁﬁmromethaéﬂ% m&keSthel ne,
gl ut at hi one Red, e-nercapto-ethylamne, or thi oa ycol lic acid, of whi ch DTT .

and [ er r |SYStaiRasRestelacapwibla i%alee Mithin theasere otihg RIAsentivvRDLion; inspias as
pr ef er r edsgieédiABinaflon redthes h‘lésérﬁé’ QG&!'&'&W Bn&ﬁheclmégé%s%e pPéferred
performed in_a water environnent
combination examplified in the present invention. '
Apart from reducing the disulphide bonds-, a disulphide bond cleaving means
20 - according to the present invention may also ihclude any disulphide bridge exchanging
agents. (competitive agent being either organica'or. proteinaeous, see for instance
Creighton, 1988) known in the art which allows the following type of. reactlon to occur:
R1S- SR2+ R3SH - R1S-SR3 + R2SH
* R1, R2: compounds:of protein aggregates. - i .
.25 - * R3 SH: competitive agent (organis, proteinaeous) . "
"~ The term 'disulphide bridge exchénging agent’ is.to be interpretated as including
dxsulphnde bond reformmg as. well as disulphide: bond blockmg agents. '
‘The present invéntion also relates to methods for purifying or nsolatmg 'HCV
- single or specific oligomeric envelelope proteins as set out above further including the
30 use of any SH group blocking or bihding-reagent known in the art such as chosen from
the following list:
- .. Glutathion _ _
.- 5,5'-dithiobis-(_2-nitrqbeﬁzoic acid) or bis-{3-carboxy-4-nitrophenyl)-disulphide
(DTNB or Ellman’s reagent) (Elmann, 1959)



Because the cysteine remains unnodified. (4) Reductiion by neans of a
phosphine (e.g. [err]) (Ruegg and Rudi nger, 1977). Al these conpounds are
thus to be regarded as agents or means for cleaving disul phide bonds

accor di ng resent invention. 20 Sai d di sul
cl eavage (gﬁrb r@gﬂ I ng) step of the present invention is prefe |€’8§§’g‘

partial disul-phide bond cleavage (reducingg step (carried out under partial
cl eavage or reducing conditions). A preferred disul phide bond cl eavage or
reduci ng agent ad,\lceﬂhdlnmgeimide KNEM Y Bemﬁchiet\aem'saa)'i s dithiothreitol (DTT)

reduci ng agent . NI REAURE S s GhidpRen) ribimise il ior o PSR gich
about 0.1 to aboptovidesid/colpr ¢f eieaproyeiabout 0.1 to about 20 nmM preferably
about 0.5 to abogt&}o va referatlbl or e. th 1%6 ,hore than 2 mMor nore
than 5 MM nore pretarap ?R'é’ﬁ%cfai rARFH Al about 2.5 mM about
5 nM o6 about 7. 8-vilWipyitine (Friedman aBdiKiuitli 1969 barslBe bmdtﬁ|£WMtlﬁh%F) aERY

al.so be carried F'é ’n the presence of a suitable detergent (as an exanple
of a nmeans for cMEAPYY di sul phide bonds or in conbination with a cleaving

agent) abl e-to diasststitile; cah ®edilPratsd Slerte 8E NSy aGd BYdraf/slRaWdiRHa Seibles,
EMPI GEN- BB, NP- 4Q§G§gdi um chol ate, Triton X-100. Said reduction or cleavage

step (preferably rtial reduction or cleavage step) 14 is carried out

pref er abI y &n |nNemabm.ﬁqe@cabga‘méd/\frbm)s,g,rq,eg-ﬁz@qnt A preferred detergent
accor g to the_p e‘fﬂ?‘l I nvention is Er’r‘g}I The anmpunt of detergent
used preTerab?yi thigpyriging(Gragsett apd ‘G‘"‘% 1|9|5(Zferabl y more than 3%

nor e preferabl y ahpudithbpytik @rﬂﬁe@ﬁ Eﬁd‘i\mﬁ%gh@w npi gen-BB. 5 - A
particularly preferred nethod for obtainin | sul phi de bond cl eavage

enpl oys a conbi &8 shthigdinicentinia eld| (DTPNA: Fipwa W@UM'Mngb@ent as
detai | ed above apgp: ai.ﬁﬁab%-menﬁtrwrme@ﬁo#ﬁpaUseﬁ'atanpﬁ8F71éé) §OMnMlALER | N

t he Exarrpl es sect I on e particul ar conbrnation ow concentrati on of
DTT (1.5 to 7.5 eraﬁuciwdfﬁitvagvej cpeouRdpi(Geassel and Muraen1869be a

T e gl BB o e S
sulphydryl groups will react with varying numbers of thiol groups of the same protein
or enzyme molecule. One may conclude that this variation in reactivity of the thiol
groups is due to the steric 'environmént of these groups, such as the shape of the
molecule and the surrounding groups of atoms and their charges, as well as to the size,

20 shape and charge of the reagent molecule or ion. Frequently the presence of adequate
concentrations of denaturants such as sodium dodecylsulfate, urea or guanidine
hydrochoride will cause sufficient unfolding of the protein molecule to permit equal
access to all of the reagents for thiol groups. By' varying the concentration of
denaturant, the degree of unfolding can be controlled and in this way thiol groups with

25 different degrees of reactivity may be revealed. Although up to date most of the work
reported has been done with p-chloromercuribenzoate, 'N-ethylrhéleimide and DTNB, it
is likely that the other more 'recently-deVeIoped rea‘génts may prove equally useful.
Because of their varying structﬁres, it seems likely, in fac;t, that they may respond
differently to changes in the steric environment of the thiol groups.

30 Alternatively, conditions such as low pH (preferably lower fhan pH 6) for
preventing. free SH groups from oxidizing and thus preventing the formation of large
intermolecular aggregates upon recombinant expression and purification of E1 and E2
{envelope) proteins are also within the scope of the present invention.’

‘A preferred SH group blocking reagent according to the present invention is N-



gelfiltration chromat ography, said partial reduction is shown to result in
t he production of possibly dineric E1 protein and separation of this E1
protein fromcontam nating proteins that cause false reactivity upon use in
| MMunoas3wp96/04385 i s, however, to be understood that al so apgr/EPIS®E031
conbi nation of any reducing 15 agent known in the art with any detergent
or other means known in the art to make tthe cystei nes better accessible is
al so withi sent nventlon |ns ar as said conbination
reaches thée}hém%eg % ll\%l\/l)dggla%ragp Blorliga "?ﬂ%&f/@@% §d’f“flé5tfﬁ‘tégé‘l"r"§lzlys's
conbi nat i cof tenaeq:dmlbment hast icblils pne aftBi tHe ativeiRéhtioNBa Partidl PEAUCHIEH Prékkst he
di sul phi de_bo I sul h|de bo d Cle vln means 20 according to the
oA drinidh

present inV C?Sﬁcf‘li Qedgas: Raid SH R Rigckigent s

(conpeti t ireegarganay blsbrtgz mbahﬁa \Dhlaﬁy@r&:p I Bﬁ??&mmé%edé‘télétabla%@élce
Crei ght on, rt. which al'l ows the | om ng type of

Z %nknown | Q e
react? on tegld ANy 9fepppiding g immokjiization ogsardsrqqgmplrmt ngterrF&o apgplid

corrpounds gmi;sﬁa@t, @lLd w\ﬁﬂaﬂ ANEM.S * R3 SH conpetitive
agent (organic, rot el na ous The term ' di sul Phl de bridge exchangi ngb agent’
eq

i sto be interpr¥ptedy %l'sc 9 RyStRiNPridgesand blasking ff@f‘i)lsfﬁ"?ﬁjrlﬁ’ew

di sul phi dejelaensbdalnom&bfhgnwtmeaﬁl.lan@%éﬁéll(1'ew¢nédcpﬁy <§ﬁ| (19493} eS tO
met hods for purifyi ng or isolating HCV single or speci ol rgoneric

envel el ope pr otRMeshedtoqurify ginglgins seseifie plmmwmegamh@anha god/or EZgadiot any
SH greup kd19eXi P tdins tlild&gld"ﬂ_; rt%aﬂ?é“prgsﬁ‘fmin%ht die BT Be@’ér?]ta?gy)& Ne SRRt OM

the followmng list: - Gutathion 5 57" -dithiobis enzol ¢ aci d)
or bi s- ( 3-GhArasserized-asi thmmmmwﬂye f@llemqsrﬁtges (DTNB or EllLman's .reagent)

El 1959 Sl MAK e h t(
gl rra2856) - : lys'l\lé:)g;“{odl nmet hyl am no- %2 g"%(?ﬁ?ﬂ%p%f%ﬁ ﬁ(f‘sél mde orpﬂﬁ‘gpyes

mal ei mi de whi chn ﬁrwme@f@m&bf gnoup tblv@kmgagenn such as N-ethyimaleimide (NEM),
P-chl or omer cur i pgyHaishy 5%m@tdEterEentapreferLgRrgémprgemBB

15 - recoverlng said HCV envelope protein by afflmty purification for instance by
' ~means lectin-chromatography, such as lentil-lectin chromatography, or
immunoaffinity chromatography using anti-E 1 and/or anti-E2 specific monoclonal
antlbodles, followed by, .l .. o _
- reductron or cleavage of d.lsulphlde bonds wrth a drsulphlde bond cleavmg agent,
20 _ ~ such as DTT, preferably also in the presence of an SH group blocking agent, . .
such as NEM or Brotln-NEM and,
- recovering the reduced HCV E1 and/or E2 and/or E1/EZ envelope protems for
instance by gelfl_ltrat_lon (size _exclu_slon chromatography.or molecular sieving) and
_ possibly aiso by an additional Ni“-lMAC chromatography and desalting step.
25 Itis to be understood that the above-mentloned recovery steps.may also be
| carned out using any other surtable technlque known by the person skilled in the art.
Preferred lectm-chromatography systems include w agglutinin
| (GNA) - chromatography, or_l,ugjm_u_sagglutmln (LCA) (lentll) lectin chromatography
as |llustrated in the Examples sectlon Other useful lectins include those recognizing
30 hugh-mannose type sugars, such. asmmmgu_ agglutlmn {NPA), Pisum
sativum agglutlnln (PSA) or Alhgm urslgum -agglutinin (AUA).
Preferably said method IS usable to purify sungle or specrflc ollgomenc HCV
envelope protern produced lntracellularly as detailed above.

For secreted E1 or E2 or E1/E2 oligomers, le_ctms_blndmg complex sugars such



5 - 4-vinyl pyridine (Friednman and Krull, 1 969) can be liberated
after reaction by acid hydrolysis -. - acrylonitrile, can be |iberated
after reaction by acid hydrolysis (Wil and Seibles, 1961) - NEM bi otin
(e.g. obtavgogedszem Sigma Bl 267) 10 - 2, 2" - di t hi oppet/epssm303l
(Grassetti and NUrray, 1 967) - 4,4" -dithiopyridine (Gassetti and
Mirray, 1967) - _di t hi odi ni conti it acid (DTDNA; Brown and

Cunni gham 1970 2,2" d hi obj s- (5' - ni tropyridi ne) (DINP; US patent
3597160) or@ %g—\m%ﬁ ‘t“&b‘(?ﬁﬁ NcagerrelraietifeStinsonpounds (G assetti
and Murray, 1969Thd present lnventlén SME)M.ﬁ)baﬁcdlé’}Rl Rehtdnedhieansssuntialy Shpied
that often dlfferent reagents for sul phydryl groups will react with varying

nunbers of eRPEPINGNG sV Sinaler §aﬁ‘éf'5r°89%'“ﬁ”‘6te”é?i28ﬁr@'%!“écﬁF'éCt%fémﬁaS'ﬂe

concl ude t hgroup Mo%s}s%gaéﬂ en ana/dre@ztahwotrymézt Eﬁarhbgeﬁkeara@%‘ing $soflted td?
the steric environnent of these roups such as the shape of the nolecule

and t he surPyifiedi biya greshpd agdefipehabe¥®d t heir charges, as well as to the
si ze, 20 shapge BREcATIAVERIdH mB#bepérﬁegsm rdlRe8 et ﬂfnflcgﬂon BF %@llé%%'o\f

t he presence of adequate concentrations of denaturants such as sodi um
dodecyl sul f@pembtna@aeovelmmwp@ﬁlmwhmraﬁeﬁmrewdvfmm regoinanifmanamaan cells
unfol ding of, f’é&‘itﬁbn nol ecule to permt equal access to all of the
reagents for t groups.. By varying the concentration of denaturant, the
degree of unf ol dThejptasantipversiary aléa telatasitp the mmflsatmyortinolatlorgpbcqummamt25

i TTefont JAIRsS Brdfealio bt dbvedif FRHElcBiht feugiaig 0 date most

of the work rep as been or omer cur 1 benzoat e,
N- et hyl mal ei mi delemcerEedB inventien | edually tellaxestﬂcne tle haurificetien r@rcesuﬂat;on of

devel oped rreé%g%rg ,%nga%(n B op\ée p?ﬁgﬁac%’h‘é{%ha t%gﬁe%@yéerr% Y gH&) é’a?ﬁybgctqfnal

structures Seens may respon erently to
changes in (tph&asvcmo)cceﬂmw ronrrent of the thiol groups 30
Alternatively, c ditiogi suc

preventing free L QF%SS "?""6%@%‘%? ??'ﬁtﬁmﬁ%gé %L’?‘J’IB r é{bt? "ﬁ"@mq( |gon
of latge i mmom#emnheé argapprogriate prgl@nyotics @okargotid oempalessn/mheancbromoter
purlflcatlon of enve roteins are SO with e e of
Phe. pr esent SHoFRR FARox Bt BrclanosBavests edita fe Pelbeat ot M. 808 o
t he presentspetifndligameric B and/or E2 and/or E1/E2 of the invention.
Particularly, the present invention contemplates arecombinant vector comprising
_ a vector sequence, an appropriate prokaryotic, eukaryotic or viral or synthetic promoter
20 sequence followed by a nucleotide sequence allowing the expression of the single E1
or E1 of the invention.

Particulériy. the present invention contemplates a recohbinant vector comprising
a vector sequence, an appropriate prokaryotic, eukaryotic or viral or synthetic promoter
sequence followed by a nucleotide sequence allowing the expression of the single E1

25 -or E2 of the invention. '

The segment of the HCV cDNA encoding the desired E1 and/or E2 sequence
inserted into the vector sequence may be attached to a signal sequence. Said signal
sequence may be that from a non-HCV source, e.g. the igG or tissue plasminogen
.activato_r (tpa) leader sequence for expression in mammalian cells, or the a-mating factor

30 sequence for expression into yeast cells, but particularly preferred constructs according
to the present invention contain signal sequences appearing in the HCV genome before
the'.respectiv'e start points of the E1 and E2 proteins. The segment of the HCV cDNA
encoding the desired E1 and/or E2 sequence inserted into the vector may also include
-deletions e.g. of the hydrophobic domain(s) as illustrated in the examples section, or of_



16 ethylmal eimide (NEM. Said SH group bl ocking reagent may be
adm nistrated during lysis of the reconbinant host cells and after the
above-nmentioned partial reduction process or after any other process for

cl eavi ng wodekmssde bridges. Said SH group bl ocking reagenpcifkposidsass be
nodi fied with any group.capable of, providing a detectable |abel 5

and/or any group aiding in the i mmbl liza®ion of said reconmbinant protein
to a solid subtf)%k‘r at e, Eig% hi oti nyl ated NEM Met hods for cleaving cysteine
bri dges ani"FHLKPHYaH3RIE rediat bi nes have al so been described in Darbre

(1987), Means . ambrépanridriy? tHe recdthifiht WaRehr§ ]a%gg’l)dmtgo’(d;ﬁﬁhﬁ’rgsérg IR%Ht@l‘u/ £

single or specific oligoneric reconbi-nant E1 and/ or
protei ns aB'tEIRIF & futisic priddaving AQ &Y GPNE sgement anedsting: thes pblyptdtein

characteri gﬁﬂlrﬁ}fun(iﬁmdlﬁ Békvidim Jrﬁihb%‘é’lcr'&;s?ﬁ S‘r and, 1 2 ah%%hﬂﬂﬂ &EJT%PQ%m

El and/or E2 and/or E1/ E2 expressi ng@sost ce pre era esence

of an®SH gPYYIPenIRIsitiony 2&&eand 4QQ eht H&Nmmgnrmiremra@rmmy eramnb potei bl y

t abl d
Fovenvel oSt BRGHn, P AIIRED EEPPATCRR i iy, el HCE bR

| ectin- chr@ﬁiﬁ‘t%@r%ﬁﬂﬁjﬁnssm ang fieri expressiom of ¢ive bigv slggaplﬁy prarein. Most
| munoaf f i fuefeta glbr WB%?Eﬁﬁomoﬁﬁg{ﬁt Yatior %jncgn'@?g dos b colrth r?a[}:gcﬂug efc acid

nmonocl onal ant i bodi es i on or -cleava
d| sul phi dehébmmg RHEYhcRNA| seqimenit daecbdjnd pare af/ they HEYe polypéddein starting in thech

. bl i ng . t h
2 N of BT Bestuei Bosifond )7 8645, el ity SRR gieh o7 B8 TRiiancy
E1l/ E2 enveﬂ!&ip@epm@smons 268 andh326.nioe ebyregsblh iolf HCM siaple(Bl potein CAlSSI Within ‘
h t I ddi t i I
Corr) cnr ohisbefl e Bl HuBHGY i d BmBomat Rave frefuef hyfrapflyg'dorhan
under st ooddei¢tad (pbmtlextm264rtar293)nled aremnuetayamtnepa:idmyo:afcsmshe Whikchig£g’-out

i or r o PR ALRIBHRE shd 8 s aHES codant s R0 3Afed o ich Rave'
aggl i ni ra (R Xa ceavagat o apdriyr 30to nenarefeﬂabwasilsasﬁggé WoldBhd haléApen -

(lentil) %ﬂ%%{’n chromat ography as illustrated in the Exanples section.
O her usefll ectins include those recognizing 30 - high-nmannose type

sugars, such asvibier parsisularlpsthedresambinant SeC@es Béddrting (tbll?ﬁé prédedt Mveatiby UM
agglutlnln

w00 UL 1 ek ese § bbb RSB BE bR ehipbaeSre e dosoroein
+starting in the region between amino acid positions 290 and 406 and ending in the
20 reiiion between positions 600 and 820 of- the HCV polyprotein, more preferably starting
in ;he region between positions 322 and 406, éven more'-pr_efe'rably starting in the
region between positions 347 and 406, even still more preferably starting in the region
. between positions 364 and 406 for expression of the HCV single E2 ‘protein. Most
preferably, the'present_recombinant vector encompasses a recombinant nucleic acid
25 having @ HCV cDNA segment encoding the polyprotein starting in the region between
positions 290 and 406, and ending at any position of p‘ositiohs 623, 650, 661, 673,
710, 715, 720, 746 or 809, fo_r expression of HCV single E2 protein. Also Within the
scope of the present invention are forms to which a 5’-terminal ATG codon and‘a 3'-
. terminal stop cod_oh has been added,. dr forms which have a fac_tor Xa cleavage site
30 and/or 3 to 10, preferably 6 Histidine codons have been added.

A variety of vectors may be used to obtain recombinant expression of HCV single
or specific oligomeric envelope proteins of the present invention. Lower eukaryotes such
as yeasts and glycosylation mutant strains are typically tr’ansforme‘d-'with plasmids, or

-are transformed with a recombinant virus. The vectors may replicate within the host



énvelbpe protein produced intracellularly as detailed above. For secreted
El or E2 or E1/E2 oligoners, lectin$ binding conplex sugars such 17 as
Ricinus comunis agglutinin | (RCA 1), are preferred | ectins. The present

i'nvent i on ticularly contenpl ates essentially purifi nant
ev%??ggigé . Féir/f.ﬁ%fb )

HCV si ngl ific oligoneric envel ope proteins, selected Trom
group consisting of E1 and/or E2.and/or BY E2, characterized as bei ng

i solated or 5 purified by a nethod as defi ned above. The present

i nvent i on nodepepaent!y.ubramby integratentod ohd hestpmaﬂlgenoatel on or isolat | on of

mbi whi.ch
rarmal | an col |8 SRR UG ia n sy To WL PR Soeid P o rele rRdbe e e

puri fi cati orecombirmot sirusrfoobxaraplerdrecambirbDt vac@nue/hmp.eT@crmtcmessandiacrorar e
expressed f

om reconbi n .The. sent, jnvention e
Ca at e to PhETERRRh a7 RirB N A B vBesmaRbs BRI kA I B arE A sfiize:s
. whi ch &ire efoprerasplt hormoloheso rdtonribiviationc il widd vériptplodniralt promotel seuenbes,
et or sequRReh AATEBRS eoHBRc BRd AP 0dTRh, SoEpaCes RSPy Gindncer”
vector seq r r
syntheti c pseuiieheds 206 USSISDIY Ainplifedtityy saqlerdesPialldRqbired EOE &hal haiminigiah he
expreSS| on of the single_or s{;l)em fic oljgomeric E1 and/or E2 and/or I;'l/ E2

of the i nveRIr&iFionpArg ?‘fﬁ}PB’PI’ the gt Acsiiais PRFHRATlY e TeRe Singp ypECinia halts

reconbi nantth\é%&ﬁﬁ&ssi@ﬁ@hb.’éﬂ ¢Hll protéefisl VacEiRRUS BIEE ,veﬁ\ﬂmaﬁtﬁ)bﬁé?éﬂré’d §ince it allows
prokaqléotlc otic or viral or synthetic pronoter sequence

fol | ovéd byt &eﬁﬂiﬁséﬁf‘l%@@@&@@rﬂf@te&ﬁ \MCFI‘Q"TWS&W%%%W&CW%%'@WHQF@ El

or El of thgithRHeNive PBcomBihbhtC VacHini¥ viruBEFHY eR@HatioRVEhuMmahL i 8APb2lAS 2
reconbi nant vector concErl Si \QR a vector s"e@guence an appr Opl‘l ate

pr okar yot i cANkAIR Maditiec Visus (MY agp pafisulacy iusefi ¥RBIOEY- sequence fol | owed by

a nucl eotide SeqNRBGEG A A %e&h%xﬁﬁé@én@ﬁStl-éh@fé?fvéc'?@rssdé}%ﬁ frdm2paculovirds E2
of the invention. The segment of the HCV cDNA encod mggt he desired E1

and/ or E2 shudiegrapba; salifornien  micipar heolvieedresis suifire {AENRYY tehieh tiscRebelper-a
si gnaj 5 seqypfigsandert Hrat bRSt8Ssion vector. Expression vectors derived from this system usually
' use the strong viral polyhedrin gene promoter to drive the expression of heterologous
genes. Different vectors as well as methods for the introduction of heterologous DNA
into the desired site of baculovirus are available to the man skilled in the art for
baculovirus . expression. Also different signals for posttransiational modification

20 recognized by insect cells are known in the art. ' _

Also included within the scope of the present invention is a method for producing |
purified recombinant single .or specific oligomeric HCV E1 or E2? or E1/E2 proteins,
wherein the cysteine residues involved in aggregates formation are replaced at the level
of the nucleic acid_sequence by other residues such that aggregate formation is

25 prevented. The recombinant proteins expressed by recombinant vectors caarying such
a mutated E1 and/or E2 protein encoding nucleic acid are also within the scope of the
present invention. - | )

The present mventlon also relates to recombinant E1 and/or E2 and/or E1/E2_
proteins characterized in that at least one of their glycosylation sites has been removed

30 and are -consequently termed glycosylation mutants. As explained in the Examples
section, different glycosylation mutants may be desired to diagnose (screening,
confirmation, prognosis, etc.) and prevent HCV disease according to the patient in
question. An E2 protein glycosylation mutant lacking the GLY4 has for instance been

found to improve the reactivity of certain sera in diagnosis. These glycosylation mutants



sequence may be that froma non-HCV source, e.g. the 1gG or tissue
pl asm nogen activator (tpa) |eader sequence for expression in manmalian
cells, or the a-mating factor 30 sequence for expression into yeast

cells ularly preferred constructs according to
mvenUo&sgga{‘é#% si gnal sequences appearing in the HCV ge%%ﬁg%@ e the
respective start points of the E1 and E3gproteins. The segnent of the HCV

cDNA encodi ng the desired E1 and/or E2 sequence inserted into the vector

- may al so ianebrederabiyl m.trlfmﬂ$ceonghnglfo thb@nd”mdd Giﬁblabe@lrﬁkh%lrék(eﬁi |rﬁ§ntxéﬂ ygks ated
ervariable region I. Mre

in the exa es Sec e
particul arf nB enp| tePe"&E*HB tﬁ%ﬂﬁesﬁ’etc'?‘é?'gm&c?éﬁfetﬁo L E %%“'é‘ﬂ?g FWQ'%n
enconpass agidinséreefcedihgl sicty b BY &nd/diCY &Nk BRBIYNcoSEN6H Riitsitaas well as

pol ypr ot ei n st tin he regi on between am no-acid positions 1 and 192
and endi n§ °Fh°?[?"‘i“%§f’6ﬁ5 wvith SL%& MR VEROr256 and 400 of the HCV

pol yrotein, nohe rpf@s‘eat ahwnmdlagolmuéta@ 10e FoESMBREME AR CBAIS | IncRiing?5® and
ending in the region between positions 290 and

341, even re prefer
341 for’ efEB@s's‘PBHd% %Hﬁalﬁe\fo HHPE %fhsr%mna invgptien p‘?eﬁr ressnt/invenion

present rengiElimeratparfailiaty RHRITBESHBIRaf MRIGEBERS AL réptes&itea RESEQ h@wmg a
HCV cDNA s tawgment encodln 12%;71” of the HCV polyprotein starting in the 10

regi on betwled- Bobi+1drk 2587189, 3tnip. e'-’r?'dl%4ét 43n45 ot end 48, prpartse
regi on betygeys posi tions 263 and 326, for expression of HCV single El
.protein. Also within the scope of the present invention are fornms that have
t he 10 r'st hydr dpRoBIaseAbiAYSNt9S| Slsed copiesmnlateashos4 cels Xomsfiormedowith rais 8

ani no aci %mﬁ?ﬁarftoﬁé&oﬁ gsV\fﬂdfﬁ@daab%ve WL&%Haéalﬁzgcﬁ?%ﬁ&Qsaa iucﬁe figd nal

stop codon has been adde or forns wh ave actor eavage
site and/ §equence engodipg G B pgd/er ER and/gr Rd/ESmtotein andefinedaboue ircatidition e
particul a t f h n Y n
Encompase . LA, SEIRED opke sl IR 1R S o £1 b B2 tnd 6 BT

pol ypr ot eseausngetandgcapablehef regylating tbe wapression od said HCNOET tandivs E298ndiod 406
and gndi ng4} n{))#%‘?e ir0 regi on on between positions 600 and 820 of the HCV
pol ypr ot el n, preferably starting in the region between p03|t|ons 322
and 406, even Euka,rvpt:ehesfabhﬂuge igwerrand higheérezukapiotic Hestaae deguibed imtise 347

and 406, g¥fifhiShd bbb, Loler ?xf(gll%i‘ fc Ho@tstihBidab eL& erllgq’\lapknown in the art.

Higher eukaryotic hosts mainly include ‘mammalian. cell lines-known: in the art and
include many immortalized cell lines available from the ATCC, inluding HelLa cells,
20 Chinese hamster ovary (CHO) cells, Baby hamster kidney (BHK) cells, PK15, RK13 and
a number of other cell lines. '
The present invention relates particularly to a recombinant E1, and/or E2 and/or
E1/E2 protein expressed by a host cell as defined -above containing a recombinany
-vector as defined above. These recombinant proteins are particularly purified according
25  to the method of the present invention. - | .
A preferred method for isolating or purifying HCV envelope protsins as defined
above is further characterized as comprising at least the following steps: .
- growing a host cell as defined above transformed with a recombmant vector
according to the. present invention or with a known recombmant vector
30 expressing E1 and/or E2 and/or E1/E2 HCV envelope proteins in a suitable
culture medium, ' -
- causing expression of said vector sequence as defined above under suitable
' .conditions, and, | '

- lysing said transformed host cells, preferably in the'preserice of a SH group



et ween positions 364 and 406 for expression of the HCV single E2 protein.
Most preferably, the present reconbinant vector enconpasses a reconbi nant
gucleic acid 25 having a HCV cDNA seqment encodi ng the pol yprotein
starting iwobéeussegi on bet ween positions 290 and 406, and erCH/ERYSA303ANY
position of positions 623, 650, 661, 673, 710, 715, 720, 746 or 809, for
expression of HCV single E2 protein. Als@Within the scope of the present
i nvention are forns .to which.a 5 -ternm nal ATG cadon and a 3'- term nal
stop codon has b@gﬁk'agld@f,"t‘drs“?'?)r%%{i\ﬁf“(\f‘r‘i’“ﬂ%f%dea W"E'(Y't’man%p‘tﬁs@é\(/é’gé”ggb'% 30
and/or 3 to 10, qutefeharefdatiiy Empigdiesgodons have been added. A variety of
econbi nant _expressi on of HCV si ngl e or

vectors may be used to obtain. r 5 of E
specific oli gone’reFEV%rmge?raé‘gE'%b(r?R"@f"rP? RypteimaY gf WuyRurificlen sueh 4% Bygpeans
eukaryot es such gHeot@ReiromABShrapMESIMTRINLAiINIY CRRIm §loGRIpAe uSihg ahii-Bi1 GAlijoy
transformed with plasmds, or are transfornmed with a reconbinant virus. The
vector® may repl #tiE2 SRPEiFiF Mnenasiongk entibodies. j wigh seiddestin Yeing prefarabivtestl at e
into the host cellrigep@mn, tbiighed pgukaryotes may be transformed with
vectors, or may be infected with a reconbi nant virus, for exanple a
r econmbi nant- vaccingikatign efstheTaleatriaf s pagidowa: stegr with @ disylehidp hond| depvgge
forei gn DNA i nt OrdgRei Qich b IHr, AoerdthlY f6BWBd 1y irbibdfidn VAR a! hi dup 5
for exanpl e honol ogous reconbi nation. A'wide variety of viral pronoter
sequences, possibpgkingagentasueh g8 difdhoeBicaindNENI 90d) - addi ti on sequences,

possi phy e”-hanc%ol%ﬁ%f‘tﬁﬁeﬁcéngn gsgy Qﬁé/ciﬁ@'@ﬁg%g@zfi&qr‘ an@AH ¥L GRd/of E1/E2

required for the nma an expression, are av e in the art. Vaccinla
is particul arly potdies sach 95 lyemeans phigelifiltedtion artepessihle stsooby af subsequent| |

proteins. Vacci n{as+i g&ﬁ;h r r . ki.allows 1 0 t he
expressi on of ElNgnéﬁé? %?8%3?%% 0 T-(@?/g{e(ra\ tgygﬁjgéégﬁr‘?q %‘E?Pw dual s which are
i muni zed with tAgalresudt ofetherdbonesnientiaced pracesi E'Land/BoE2\aador EA1EDprovéins
hunmans t he ' ; P fi Vi. [ i rl I
Vectors. " B8V BR AR H Rl WHlchi it et M, AbTaB bhbRERR AN
bacul b¥i r usvettivredgrivetd @oopbnérts and/r nelt¢araporeots/ih el vsid solumens tiie’geifiltiation
whi ch is a hel per- 5 i ndependent viral. expressi on. vect or .. EXpressi,on
vactor s dar RO et MAC IR 1 Mpererln TR EEaMHR, YotT o8 JRERTHS
gene pronotleidgeccldavage stbp advpntagsously @lsoheliminatesgwesfapeeactibityl es eotthe
vectors as well as . .net hod; for the introdudct,i on of .het.ﬁ_gol ogous I?I}\L&
presence of host and/or expression-system-derived proteins. The presence o M and

a suitable detergent during lysis of the cells may already partly or even completely

20 prevent the aggregation between the HCV envelope proteins and contaminants.
Ni2*-IMAC chromatography followed by a desalting step is preferably used for
contructs bearing a (His); as described by Janknecht et al., 1991, and Hochuli et al.,
1988. _
The present invention also relates to a method for producing monoclonal
- 25 antibodies in small 'animal_s such as mice or rats, as well as a method for screening and
isolating human B-cells 'that recognize anti-HCV antibodies, using the HCV single or
specific oligomeric envelope proteins of the present invention.
The present invention further relates to a composition comprising at least one of
the following E1 peptides as listed in Table 3: '
30 - E1-31 (SEQ ID NO 56) spanning amino acids 181 to 200 of the Core/E1 V1
region, _ .
E1-33 (SEQ ID NO 57) spanning amino écids 193 to 212 of the E1 _region.
E1-35 (SEQ ID NO 58) spanning amino acids 205 to 224 of the E1 V2 region -
{epitope B),



into the desired site of baculovirus are available to the man skilled in
the art for bacul ovirus expression. Also different signals for
posttransl ati onal nodification 20 recogni zed by insect cells are known v

in the aWo%%Aa% included within the scope of the present payERisiosis1i s a
met hod for producing purified reconbi nant single or specific oligonmeric HCV
El or E2 or E1l/E2 proteins, wherein the2Qysteine residues involved in
aggregates formation are replaced at the |evel of the nucleic acid sequence -
by other resi dEk384dBERHRNQER sganning eming peids 29818 227 ofgheFdnY 2 degiqhe

r econbi nant pr%giit@e g?(pressed by reconbi nant vectors caarying such a

nmut ated E1 and/ 0 protein encodi ng nucleic acid are also within the
scope of the presEntSEMIREND T3 .spaheing eaven acidav82ttoA28&ekR! ragiensdy 1t 1.
reconbi nant E1 r_kE - teins characterized in that at

| east one of thej(?:nlra[r]l(/glre égé;’}f%n?%?llﬁéi%pgépﬁgg. been renvved 30 and are
consegjuent | y t eE1vBd (SEQADNO £6) spanningamino Aside 301ation3P phthehk! Baem| es
section, differ t ts . _ ' t ' :
(scrconi ng.  cort | PAAPERND NP aeRHhig,dn{iB achfs SEFS 3974} b EA0 Fegion
according to thepiee ARt in question. An E2 protein glyeosylation nmutant

| acki ng the G.Y4 S r.Jnstance_been found . ' : : Lyvity of
certain sera i nﬂi?gdﬁg& 04 ’Q@r@e‘ma‘i‘vﬂ%m’%‘f FS'ﬁgr?]&'ltgg{??és&& Bpgﬁrgfgédﬁer{%f erably
purified accor ditgpreseritivevemtibhatbodéelatdsas edompotitien coewesingiatleast ormof the so
contenplated wthin the present inyention are reconbi nant vectors carrying
t he Hicl eifellawing Eﬂ?@??d%rﬁsollﬁt%'ﬁﬁe 2 E1 and/or E2 and/or E1/E2
gl ycosyl ati on neHvaeY oRE2vET (SEG INRE 7 2)edgasningaathian reeill péditiorsudd7 &0 416 of |
reconbi nant vector. 5 . . The present invention also,r t
reconbi nant vect§r&2 regien, @Ritpre ‘borifﬁee'ﬁ%{*%Vd8°m'%'|lﬁqaﬁ“§'§°f‘6§¥§t°§§r°f %SF t he.
present inventiggure™®, Present invention relates nore.particularly to the
reconbi nant nucleic _acids as re resenged in S%.I DNO35.7,9

tﬂgac&ir

23, 25, 27, 29, Eny16995E260 (SR PQLE‘,°4§, yspapning PoRitiqris ?91%%%3#8’%(2)1’
The pgesent i nvggpteDRgiis@piteps AYPl ates host cells transformed with a -
reconbi nant vector as defined _abave, wherejin said vector Lses a.
nucl eot i de sequEMce3 Ehé%'&yéEﬂ@'hﬂBQHWW'@?%H%%%?%@&%% rggon
defi ned above i@pﬁgﬁg;gj,on S . _ S _
| " Env 25 or E2-25 (SEQ IDNO 87) sp’anning-p‘ositibns 595 to 614 of the E2 region
- {epitope E), ' : _ o
20 ~ Env 27 or E2-27 (SEQ ID NO 88) spanning positions 607 to 626 of the E2 region
{epitope E), — S : ' '. '
- Env 17B or E2-17B (SEQ ID NO 83) spanning positions 547 to 566 of the E2
region (epitope D), '
Env 13B or E2-13B (SEQ ID NO 82) spanning positions 523 to 542 of the E2
25 : region (epitope C; recognized by monoclonal antibody 16A6E7, see Figure 19).
The present invention also relates to a composition comprising at least one of the .
following E2 conformational epitopes: ' B
epitope F recognized by monoclonal antibodies 15C8C1, 12D11F1 and
8G10D1HS, | " |
30 o epitope G recognized by monocional antibody 9G3ES, -
epitope H (or C) recognized by monoclonal antibody 10D3C4 and 4H6B2, or,
epitope | recognized by monoclonal antibody 17F2C2. -
The present invention also relates to an €1 or E2 specific ahtibody raised upon

immunization with a peptide or protein compositibn, with said antibody being specifically



to a regul atory sequence operably linked to said HCV E1 and/or E2 and/ or
E1l/ E2 sequence and capabl e of regulating the expression of said HCV El
and/ or E2 and/or 15 E1/E2 protein. Eukaryotic hosts include | ower and

hi gher eulkwbywelizsshosts as described in the definitions secpPCUEPISIOES
eukaryotic hosts include yeast cells well known in the art. Hi gher
eukaryotic hosts mainly incl ude mammal i an&el|l |ines known in the art and

i ncl ude many inmmortalized cell lines avallablefromthe ATCC, inl udin La
ol | 50 20" Heachyp 1l Hiirtt B GRIMPSPUCERS KBS SRRy inad AoN: RIS (B
cel |'s, PKl5antiioHy tseity praterBRI a ffondtidAbl &ftldodyi Nes. The present invention
rel ates parti cul gélf% to a reconbinant E1. and/or_E2 -and/or, E1/E2 protein

expressed by a h [asent iguention lsrelates © aht o 67 sRpcKicantipgy ﬁ%{ﬁ?"%fé?'ar

as defined ahahsole Ehemq.bmwﬁrbldaams & SHaReB Br #ofh BRLPUIBHAEF Mumbh iEédE by
according 25 to the nmethod of the present invention. A preferred nethod

for is8l ati A§aBs OpaPrIGEsHENRTY ik frsprspwith saidantibody baiagireaciiva e apy of the
further Chaﬁé‘%é‘ﬁtld’e@%r%pﬁ@@?%k %'eﬂge@EbJJ\f'é"Séndt\DEh fs@id! é?'VHngy PefidSpreferably a
growi ng a host cell as fined above transformed with a reconbi nant vector
accordi ng t6‘°ﬂﬁé‘°p?'eﬁ!@!bpdb'nvent ion or with a known recomnbi nant vector 30
expressing El angho:f endhdiichoh8cibhl &itBLRRSRAC RRfiol Bart b8 bR
culture nedium - causi ng expression of .sard vector sequence as defi ned
above under bgany hbrdarom tiahle ¢mbe fermed according yas¢iagsicalimpthedmisemrapianiteglis
cell sygprefeg ¥ [ ch
o 1 Py o AP anftel ol RSGS Rbylh oftaliipize 2hptlshe Y BBl
Enpi gen- BB, or peptides acoordingtp thaiiovenOdneay defines ghoveainthieyonaftiandi ayd of cells
purificatio _ b of | I p=chr [ h n Y
chr omat ogra%%% Q?lﬁéaan?lm@]? f‘haltgﬁggﬂar@, SRt a{)eé@égé bﬁgggg f&?t(' &' e
nonocl onal lyliridoots teprodudstths eiodotlensliantibediagreoghieingbhe/pdigrenitides whidth hasor
-G\‘Q; SLFLL?‘Q@%@% ifialy yged, 10 DA hiSdioh st Rk YAlgme Lhe previous step with
15 ~ The antlbodles involved in the invention can be labelled by an appropriate label

of the enzymatic, fluorescent, or radioactive type.

The monoclonal antibodies according to this preferred embodiment of the
invention may be humanized versions of mouse monoclonal antibdd_ies made by means
of recombinant DNA technology, departi'r'\g from parts of mouse and/or human genomic

20 DNA sequences coding for H and L chains from cDNA or genomic clones coding for H
" and L chains.

Alternatwely the monocional antibodies according to fhis preferred embodiment
of the invention may be human monocional antibodies. These antibodies according to
the present embodiment of the invention can also be derived from human peripheral

25 blood lymphocytes of patients infected with HCV, or vaccinated agéinst HCV. Such
human monoclonal antibodies are prepared, for instance, by means of human peripheral
" blood lymphocytes (PBL) repopulation of severe COmt-:ined immune deficiency (SCID)

mice (for recent review, see Duchosal et al., 1992). |

1"he invention also relates to the use of the proteins or peptides of the invention,

30 for the selection of recombinant antibodies by the process Of'repertoi're cloning (Persson
et al., 1991). | |

Antibodies directed to peptides or single or specific oligomeric envelope proteins

~ derived from a certain genofype may be used as a medicament, more particularly for
incorporation into an immunoassay for the detection of HCV genotypes (f6r detecting



nmeans, such as DIT, preferably foll owed by incubation with an SH group
such as NEM or Biotin-NEM and, 10 - I solating. the

bl ocki ng

agent,

HCV single or specific oligonmeric E1 and/or E2 and/or E1l/E2 proteins
as by me¥ho64H3
chromat ogr aphy fol | owed by a desalting ep. As a result of the
above-mentioned proces, El and/or E2 anG/or E1l/E2 protei ns may be produced

in a formwmhpreBetdeudeHOIVIE € EED Eﬁtléérgntdrfb?oérﬁfsgﬁ/rﬁggﬁ

|filtration and possibly also by a subsedf&&PIFE303}

such

9 il 43k gr

vector-derived conponents and/or cell -conponents in t v une o the
gel fil t r af¥ SFrERIUHERIHMS-he | MAC. col I um as illustrat ed i n the Exanpl es

section.

The diagdliively, Bd Hﬂgerﬁl IRENARR a‘l&?%}ﬁgg@@rﬂgéy&%’ét yn\fiofst?te%bome nat es

the fal se react|V|ty due to the presence

ost an

expr essi ofRegjfliqdt orck3 mnfmrn@@ql@al Fniébqslienfonthe poepauENoraefand mentirtoalss ay

det esgent idubi RigrdokMigStrl p tegené‘eet,mn@e/sge&ﬁ@x Baatdléflogt:ale%/ SHogOT giely

prevent the aggregation between

e’ prote 'AS” and

cont ani naptegargtionaf adit tarwreanosisigymoiteringeof lb(}Vedlsmmot forcths tpegparation of

Y HESE antdigt ructs bearing a [err] as described by Janknecht et
al ., 1991, and %ﬂ{mn et al., 1988. The present invention-also relates to

a nethod for pioeweesegt ventioonalso 28lates toatitel badethwdi for Smedifro aidgmakis such

pr ef er abl

as mce Oﬁetre@frl%nc ggﬁll-ltzegl élrht nﬁ&%&& qb];glg CQE% nslran %29%@?%9$]|gqqgleg§tn&e

The present

B-cells t

spetPfic tlibyingstepsenvel ope proteins of the present .invention.

i nvention furt er r t |t|o ris e ne of.. t he
following E1 p pt i dgér?t g?nq 3?@(5’"?&3?353@ e ‘"@E}Pa"y °P8'eaé1 ETEI:S?_'L E%S@Q"lf'ls NO
56) spanni ng am no mohdslodllanticdRE & defitedCabeveslordfbraletygiivan iFmERIZedEQ | D

NO 57) spanning am
58) spanni ng am no

193 t 212 1 35 (SEQ I D
B Sh83< 3o obRate . porgibs; vgych éﬁhﬁfﬂttee%?m@nsyf an

NO
22

Bl -35A (SEQ I D NO S#nmapsboinp@xan no aci ds 208 to 227 of the E1 V2 region

(epllgope

20

25

30

B). (ii)

(iii)

(iv)

_removing unbound components.

incubating the immune complexes formed wuth heterologous antibodies,

‘whlch_spec_rfrcally bind to the antl__bodles present in the sampie to be

analyzed' with sald heterologous antibodies. having conjugated to a

_ detectable label under appropnate conditions,

detectmg_ the presence of said immune complexes visually or
mechanically (e.g. by means of densitometry, fluorimetry, colorimetry).

~ The present invention also relate_s to a kit for in vitro diagnosis of HCV antigen

present in a biological sample, comprisirig:

at least one monoclonal antibod\r as defined above,. with said antibody
being preferentially immobilized on a solid substrate, .

a buffer or components necessary for producing . the buffer enablmg

binding reaction between these antibodies and the H_CV antigens present
in the biological sample, | o |
a means for detectin_g the_immune- complexes formed in the preceding
blndlng reaction, o _

possibly also including an automated scanning and interpretation device
for inferring the HCV antigens present in the sample from the observed

blndmg pattern.

The present invention also relates to. a composition comprising E1 and/or E2

L



1 bE1 (SEQ I D NO 53) spanning amino acids 192 to 228 of El regions (V1, d,
and V2 regions (containing epitope B)), 5 E1-51 (SEQ I D NO 66)
spanni ng am no acids 301 to 320 of the E1 region, El-53 (SEQ I D NO 67) '
spanni ng aW0P8604385ds 313 to 332 of the E1 C4 region (epitopBCHEPIYA30Y5 (SEQ
I D NO 68) spanning am no acids 325 to 344, of the El region. The present

I nvention also relates to a conposition rising at | east one of the 10

fol l owi ng Eg,&h1/885e@mbihattafcy BrolaiRk gur’f’f"enEﬂ:"co%ﬁn fo TR rRdthbPERNePDEINf2)
spanning amno acid positions 397 to 41 of the E2 egi on (epitope A
recogni zed ipyentinmoey dpeMpasitiph sappasingdiat (Bast cee pentides asFBpecifind above forkses9
(SEQ I D NO £3) L& amino acid positions 409 to 428 of 1 5 ‘the
E2 region (epltope ﬁ; Env 23 or E2-23 (SEQ I D NO 86) spanning positions
583 to 602 of thEhepresent ioMeliEqsi mopepa@ticuErly reltesrtoR2 coppeBta) cOMNAsBY)at

spanni g posLi.d Ons ) . ' ' ' - Env
>570r 5. 57Shtu o g diyS3factiod Bhvignd pEhits 5 f8Bpmane lsiqne protein
(epi t ope E)coripositiohB asr définetl7 Bb¢\BEFor luddOa83) vapeinai fog iposuriiziopsa sdammal, 566
of the E2 region I t ope D). 1. 3B or. E2-13B ( SEQ | D N 2) _spanni

posi 11 ong 954 EBimgHR pedins V. oS Robink Aghigierls o icRACIndBR B o,
monocl onal corhpdeitigh Pos&bTY, aseanpganipd by 1sHarmabeutiatig eatice prabienbdjomanst(s o to
relates to a gonposition conprising at |east one of the foll ow ng E2

conf or mat i ﬁ&f’“é%??b’ﬁ%ﬂeéﬁ%&aé- F recogni zed by nonoclonal anti bodi es
15C8C10 12D11F1 mioee Patidalddty, the present inveAfibh GpRitds teahgnistedf kghy of the

nonocl onal anti body 9G3E6, epi.tope o C) recogni.zed by nonocl onal . .
oot 1 body - 10ReROSRNS Rk B9Scripb HaBs eBpte forr e AP IBtOBY! AV SaTioBHay
17F2C2. Theagyvesent invention also relates to an El or E2 specific antibody

rai sed upon inmunjzation with a rPe tide or protein co ositifon,, with. said
anti body bei ng sﬁ'@&’i m%aqqs9nt invention relates to a vaccine composition for immunizing a

- mammal, preferably humans, against HCV, comprising HCV single or specific oligomeric
15 proteins or peptides derived from the E1 and/or the E2 region as described above.
Immunogenic compositions can be prepared according to methods known in the
art. The present compositions comprise an immunogenic amount of a recombinant E1 -
and/or E2 and/or E1/E2 single or specific oligomeric proteins as defined above or E1 or
E2 peptides as defined above, usually combined with a pharmaceutically acceptable B
20 carrier, preferably further comprising an adjuvant.
The single or specific oligomeric envelope proteins of the present invention, either
E1 and/or E2 and/or E1/E2, are expected to provide a parti‘cula'rly useful vaccine antigen,
since the formation of antibodies to either E1 or E2 may be more desirable than to the
other envelope protein, and since the E2 protein is cross-reactive between HCV types
25 and the E1 protein is type-specific. Cocktails including type 1.E2 protein and E1 proteins
derived;-from-séveral genotypes may be particularly advantageous. Cocktails containing
a molar excess of E1 versus E2 or E2 versus E1 may also be particularly useful.
Immunogenic compositions ma\.r be administered to animals to induce production of
antibodies, either to provide a source of antibodies or to induce protective immunity in
30 the'_anim.al. . |
| Pharmaceuticaliy acceptable carriers include any carrier that does not itself
induce the production of antibodies harmful to the individual receiving the composition.
Suitable carriers are typically |arge._ slowly metabolized macromolecules such as

proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids,



23 reactive with any of the polypeptides or peptides as defined above, and
with said anti body being preferably a nonocl onal antibody. The present

i nvention also relates to an E1 or E2 specific antibody screened froma
vari abl eworsiousssi brary in plasmds or phages or froma pop‘@ll‘&’iwwﬂél‘ human
B-cells by 5 means of a process known in the art, with said antibody
being reactive with any of the pol ypept?%es or peptldes as defined above,

and W|th 4N ckonal _anti bod e E1 or
specific rr@‘nrg)c onéﬁla Bg%{&bod&edg{ng{:ﬁ‘{%wnx geﬂﬁ%nls gﬁ ng'er 8%?u¥'3(§lg°w§n§?
hybr i domathoseluf @rdipadyeskilbinmibe aatcor di ng to cl assi cal rret hods from splenic
cells 10 of ' Ly. fro ni, 7
agai nst the H 5%'%“78 e%i%%&%é%% Fﬁgg{"éegﬂgg?gpﬁg <8 pto OPngT% 8HFgr§s
defi ned atmuemtﬂd ﬂbhealtmmemmavmtpxmladalufn)cNdecet\dHnmamyleﬂ.-dlraodeD -isbgloearoinet he
ot he han Ie b hybr i do uce
t he noc w&nﬁs og"c"i'l el HS ngaﬁ%.‘% ﬂg tanéé%%X?phb%ﬁesg i nﬁé‘sgﬁ'g‘éﬁy
initiall yusugledarﬁma (hbeMDRYL N-aeetyieturamhyk helaapi-Disoglutaminyl- L-alanme-Ihue' 2'-
anti bodi es, i nvol nth ventjon ca el | ed {
bl or - TRaMiRY RehEetd S REIEhes e onesiamye T PRy ARY Rl u Rl
ﬁnt i bodi g&mame&ﬂnea@ohmohbns mﬁcltaédﬁdnmwiarmmnoﬁﬁoédmwl WA ltaéham)e be
unmani zed . ver sj ons ocl o
r econbi nafifMVERIAtE- e@’f’%ﬁgg PR |(&'§|Lf"aﬂ?w a‘%@? %éﬂ%ﬁﬁ%ﬂh&ﬁ
gengoi c Z&nulsudaN&rﬁﬁélﬂﬂﬂ;CsScdh%dagté MPLHTOM de WS My falseNbs DBKY @longedgiomni ¢
cl ones codi nglpf or_ H and chains. Alternativel ;Ié t he nonocl onal _antj bodi es

accor di ngcqmBodipgd 2 BYe? e’M’@W@WOGF’H@ﬁFtSO‘F“%és KON dremendase Biesrigace. (

nonocl onajyopcdstéro isor SRS qsmkbﬁﬁv% @geomtrrw t@mﬁfé@e pfe@ﬁe@tmﬁm' ment
of the invention can al so be derived from human peri pher al

| ynphocyt €53 anddngasmplate; rpund’ e Adiyvant (i, may b%!&?,q ?9&1"86 h&gm"r@P"FMP“SSuch
human nmonged RRehrchPurpiidses are prepared, for instance, by means of human
‘peri pheral bl ood |ynphocytes (PBL) repopul ation of severe conbi ned i mmune
def # i ency ( SCTmgimmmynogenisicompesitions txpically wilteonteip Rbarmaceutieally acgemable The

i nventi Or\/eﬂuﬁé’s rsﬁ#:ﬁ&@ﬁlaié? §%iﬁe'~b°l€cé?5 1, biHanBl, @f@A‘&&tBﬁalﬁ\ﬁ%kiﬂSﬁ: stbstali€es,

i nvention, ection of reconbinant anti bodi es t he process
of reper twoheascw@tmmg@r emallsifying agents, pH buffering substances,’ preservatlves and the

like, may be included in such vehicles.
Typically, the immunogenic compositions. are prepared as ihj'ectables’. either as
20 liquid solutions or suspensions; solid forms suitable for solution in, or suspension in,
liquid vehicles prior to injection may also be prepared. The pre'p"arat_ion also may be
emulsified or encapsulated in liposomes for enhanced adjui_:éht effect. The E1 and E2
proteins may also.be incorporated into Immune Stimulating Complexes together with
saponins, for example Quil A (ISCOMS). o
25 immunogenic compositions used as vaccines comprise a ‘sufficient amount’ or
. ‘an immunologically effective amount’ of the envelope proteins of the pré‘se"nt invention,
- as well as any other of the above mentioned components, as needed. ‘immundlogicaily
effective amount’, means that the administration.of that amount to an individual, either
in a single dose or as part of a series, is effective for treatment, as defined above. This
30 amount ;zaries depending upon the health and physical condition of the individual to be |
treated, the taxonomic group of individual to be treated {e.g. nonhuman primate,
primate, etc.), the capacity of the individual’s immune system to SVhthe'siZe antibodies,
the degree of protection desired, fhe formuiation of the \)accine,' the treating doctor’s
_ assessment of the medical situation, the strain of infecting HCV, and other rélevant



et al., 1991). Antibodies directed to peptides or single or specific
oligoneric envel ope proteins derived froma certain genotype may be used as
a medi caneglyoeitids® Particularly for incorporation . into an i wowmEpssesay for

f he detection of HCV genotypes (for detecting 24 the presence of HCV El
or E2 antigen), for prognosing/ nonitoring@df HCV di sease, or as therapeut ic
agents. Alternatively, the present invention also relates to the use of any

of the abovtactesseltiis expegted that the agupt ryit talbincR relativey Rigag Sanes thag cap ﬁ’@

prepar at i ongefer@heldNPIRASRRAYin® 'malskUEUQIF;'r & LRiunh Gvill Ranp Frere 00 e 1BDOoOr
E2 antigen in a biological sanple, fo preparation of a kit for

prognosi ng/ HedPsSr MALE b?ft'FK‘ivf‘ﬂif@éhQél B’rW%rUQ{q?éeprepar ation of a HCV

medi cament. The RLeSGYie ?Péﬁéﬁlﬁ@ﬂhj’drﬁ&d shAiSse pRtding nﬁhyf@&’ﬂ@drvfe(h’s \l!a”bciﬁet ro
di agnosi s or detection o ant |&£ gresent in a biological sanp

“conpri §i ng aerrieemty preisentliiomologeis cell epiopgs 9r B C@Bﬁpﬁe?%HOg‘aﬁfﬁ core,
bi ol ogi cal gamp! | ﬁe|8§436}yN§§ rte@@era 3@{&&05&1&}?&{ -HEY) HRBAHsOMRlthe same

anti bodi es - as d above I'n an i mmobilized form under

appr opri at e mamndi 8$ biepatiis Btsueflacwantlm fsee Furansan Fatent ARRIGAKOR dAHIAS4). 1D 5
(i) renov nb 0, | %@‘?‘% PetimAIRING RS
f or med V\Ath!trH té? ?%Ug}go@% %?&ﬁ@hlﬁyggfe é\'/JF] Wh Cl Fgg@ Iag%?t{]ﬁmt gﬂt he e

ant i bodi es pnmsnea'resmnsmtn lsamwhseortamtigenan@l‘uyqaiad mheramgmﬁel‘f@raﬂt@gwsav

anti bqali es gg\élorq gste eutglg% ﬁ/?tgangﬁflgﬁaﬁl%ﬁgﬁﬁ??me%%l Utnrqg? b& B erit@ttﬁe gene

condi t rons, nce- or- sal I Mmun
conpl exes veawﬂuhg/emrandm E2nit atddatiof eogesnmpdmansa hyidrapdiilici regieptof yhe proteln

fl

' tro o SuRbraeBFitboiaht MoBlEIFaY LTSN Ioh hrBpStd g AiSR dbsttickis'1 101
conpri si ng: to 202), thé \ﬂZ&agianéw:dmmsshgraailnalt:ldlnndmoas 24 &ftor223) athe W3 regianh
said antibod cérS'npassmg amino acid posntlong QSW fzeé{ﬁ n%hea\/)l Yeglml% l)llnﬁggsu?&aﬁnno

solid subst#
15 acid positions 230 to 242), the V5 region (encompassing amino acid positions 294 to-

303) and the V6 region (encompassing amino acid_ positions 329 to 336). Another

useful location for insertion of haptens is the hydrophobic region (encompassing

approximately amino acid positions 264 to 293). It is shown in the present invention

that this region can be deleted without affecting the reactivity of the deleted E1 protein
20 with antisera. Therefore, haptens may be inserted at the site of the deletion.

The immunogenic compositions are conventionally administered parenterally,
typically by injection, for example, subcutaneously or. intramuscularly. Additional
formulations suitable for other methods of administration include oral formulations and .
suppositories. Dosage treatment may be a single dose schedule or a muitiple dose

25 schedule. The vaccine may be administered in conjunction with other immunoregulatory
agents.

The present invention also relates to a composition comprising peptides or
polypeptides as described above, for in vitro detection of HCV antibodies present in a
blologlcal sample.

30 The present invention also relates to the use of a composition as descnbed above
!‘for the preparatlon of an immunoassay kit for detecting HCV antibodies present in a
biological sample '

The present invention also relates to a method for in vitro diagnosis of HCV

antibodies present in a biological sample, comprising at least the following steps :



- a buffer or conponents necessary for produci:ng the buffer enabling
bi ndi ng reaction between these anti bodies and the HCV antigens present in

t he bi ol %ﬁ@ns%anpl e, - a means for detecting the i %ﬁgmls?xes

formed in precedi ng 30 bi ndi ng reaction, - possi bly
al'so including an automated scanni ng andgi nterpretation device for
inferring the HCV antigens present in the sanple fromthe observed bindi ng
pattern. The pifigsentcontactingisaid Giblogicabsarhple with a coapsitiohi comprasingy asy of) E1

According to the netfGd BFOPROBREECH: PTORER Rohe BIoca BavbogE gy on ' °

conprising at | east immmebjizpd fatesuraier appropfiawdctoabinioas fadtictuald vatheformation
medi canent. The present i.nvention re particulgrly relates to a
composi tion compri sthg i EuRe P e srid adpslfe. Sp et dognbei Bpe
pept Bdes  or a r econbictmytated \pepeige gr ploesin: whithoisi covalenaly bedridnes abote,
for use as a vaccine {)or irgr;uni Zi n&fa ma |, pr eJ.erabI humans, agai nst -
HCV, conpri si ng adniSHPETEFIAYgMEARR,Pk FETRAAYIORS A "31°°f'.??£e"88nposi tion
possi bly acconmapni ederaygvin uinbbasd tompbhentaccept abl e adj uvant (s), to produce
an i nmune respgpse. .10 . . . Mre rticularly, the present invention
relates to the?'li)se HTCUQHS}'.‘Q)F"GC'HH“EM?TE&F?‘% ’%dd’é‘g&g?‘ﬁgﬂ"@f&’rs@r‘é@ﬁ'@sf or
the preparation of avidPédid AGterslogRECANtBBEied RBYIRG cOHhBfatetiE aRieBsteibie label
i nvention relates to a vaccine conpgsition for 1 nmnizing a mammal,
pref19r ably humans, HBQ?’p@p'PRﬂEte&SHﬁ'F'PE’F'ng_ HCV single or specific
oligoneric 15 (i) PdetRtiRg We PPRIsbAGS SETai®dirhmOne t Bsmgﬂexaadb@han eoE2
regi on as described above. | nmunogeni ¢ conpositions can be prepare
accor di ng to met hod&nachanisalin (a-gebameany pe dpnsitontatrye divptgietvo RRICEBPEMI -se an
| munogeni ¢ amMwRinfivefy, tRE PréleRe ivehtiond ¥ P reldtés 30 LoMpetioFImpdUtda8sdy
specific oligoneric proteins as defined above or El or E2 peptides as,
_def i ned afynats inswhichyregeombingatly praduced priifiag siagls erasnegifiecligpmgpE @rotein

15 E1 and/or E2 and/or E1/E2 proteins as disclosed above are 'use;d':i'n-'co:mbination with E1

and/or E2 peptides in order to compete for HCV antibodies present in a biological
sample. '
The present invention also relates to a kit for determining the presence of HCV
antibodies, in a biological sample, comprising : i " '

20 - at least one peptide or protein composition as deﬁhed above, possibly in
combination with other polypeptides or peptid'es'fi_'om' HCV or other types
of HCV, with said peptide_s‘ or proteins being preferentially immobilized on
a solid substrate, more preferably on different rﬁitﬁroWéiIs of the same
ELISA plate, and eveny more pre'ferentiallv on one and the same membrane .

25 ' - strip, . ' S ' '

- a buffer or components necessary for producing- the buffer enabling
binding reaction between these polypeptides or peptides and the
antibodies against HCV present in the biological sample,

- means for detecting the immune complexes formed in the preceding

30 "~ binding reaction, , _ '

- possibly also including an automated scanning and interpretation device

- for inferring the HCV genotypes present in the sample from the observed
binding pattern. : C
The immunoassay methods according to the present invention utilize single or



20 “carrier, preferably further conprising an adjuvant. The single or
specific oligoneric envel ope proteins of the present invention, either E1l
and/or E2 and/or E1l/ E2, are expected to provide a partlcularl

vacci ne antPP81438Si nce' the formation of antibodies to elthercéfgéﬁkéb may
be nore desirable than to the other envelgpe protein, and since the E2
protein is cross-reactive between HCV types 25 and the E1 protein is

1a ype- sgefci f h;ﬁbcaﬁb@ligloaidrﬁz dntigenslfrogh thkﬁEﬂ ahdko? mrdzfnﬁnﬁsdmd nﬁintaihohéfaorg&rkcase'l
erived from severa es na artlcu r adva ous cktails
cont ai ni ng 8 P5PYfe %xg'ég %‘? orpatl é?'sﬁg 1RBes, fS! %’r §B§°'E‘i ‘?qr'ﬁ?mﬁf'goprl?ée'”s’
particul arl yecdghized by BRTHOREEN the GEAEXRSHH ihdNIBUATE N fBEted WItHIHEVE 1166l within the
animals to i nduce production of antibodies, either _to provide a source of

anti bodi es BFOREPTItRRIVENHPDI%SE FPRinsHRGRISIN!S of %C'f‘c ofigemgrif aafigens, dimeric

Phar mageut | aRtidensaas Rl al b@nibﬂrfa&:bﬁé of énﬁﬁlbl&'@pé’aﬁc sﬁ’g'drhéi‘fc érﬁ@bngoﬂﬁe HIOV E1
itself induce the groduct I on of antibodies harnful to the individual

recei vi ng t fRd E33pHaens ofithe piaseabinkention may ge gpwlavpgiin wriually apyassay|fermar

met abol i ZedtHﬁ%WWse&kHﬁn SHELPD d@’t@ét%nﬁ%od:@?'dﬁ@&ﬁg@fd fdfRat (Pt Méﬁéhﬂe@
acids, polyglycolic acids, polyneric am no acids am no acid

copol yner s: thendCVreenformatipnal epitapetsheulssbe syeided: af P‘#Qﬂfgd o €opEnen fesvig afo
those of orgy W#h\étﬁgééégs idtHal fheMdritige F E&'&E%d%ﬁ‘%”lﬁoﬁyté& @Hp&spected

ef fecti veness nposition | ut are not limte alum nim
hydr oxPde (ai mf)tammgaugt\/yantmmmwnder phmd;tm}el thet ipeuit mhannmersto mettn rank/DP)

as found ing Samfé%gg%emt i tROGn ddhentt 6 SridtRInTUL R W bicknbePiysidlogic

i sogl utam ne
N-acet yl mur emnyneratwié amylan@om@gtremgm\ using an akeessrof -antigan.- The incubation of the

) balm Loy avliel Wit i haliHEPIMBAAIENGY bRy B B fimoMLEs Efmholld of

RI Bl , which hiee conmp onent
rronophospho’d‘;el aritlgpnd A trehal ose di rrycol ate, and cell wall skeleton
CompoREnt s WPL, PERRGY Q6 HATRFEEYs F ailir sp fireat 38a!dl Vauiigh dimany
Addi ti onal | formachg umkhswsumhtkmsafﬁ Protbeusis (rﬁ‘awaarokgerrale)saseead&i szmssto&r
T o RSP Wit S g SR LR o ol e
appl i cat i onthedalskis fagdec for REMPRS 8nzymatic, fluorescent, chemiluminescent, radioactive,
- or dye molecules. Assays which amplify the signals from t'he-immune complex.are also
20 known; examples of which are assays which utilize biotin and avidin or streptavidin, and .
enzyme-labeled and mediated immunoassays, such as ELISA assays.
The immunoassay may be, without limitation, in ‘a heterogeneous or in a-
homogeneous format, and of a standard or competitive type. In a heterogeneous format,
- the polypeptide is typically bound to a solid matrix or support to facilitate separation of
25 the sample from the polypeptide after incubation. Examples of solid supports that can
be used are nitrocellulose (e.g., in membrane or microtiter well form), polyvinyl chloride
(e.g., in sheets or microtiter wells), polystyrene latex (e.g., in beads or microtiter plates,
polyvinylidine fluoride (known as immunolon™), diazotized paper, nylon membranes,
activated beads, and Protein A beads. For example, Dynatech Immunolon™ 1 or
30 immunion™ 2 microtiter plates or 0.25 inch pdlystyrene beads (Precision Plastic Ball)
can be used in the heterogeneous format. The solid support containing the antigenic
polypeptides is typically washed after separating it from the test-samplé,' and prior to
detection of bound antibodies. Both standard and competitive formats are know in the
art.



15 The i mmunogeni ¢ conpositionstypically will contain
pharmaceutical |y acceptabl e vehicles, such as water, saline, glycerol

et hanol, etc. Additionally, aUX|I|ary subst ances, such as wettin

emul si f yMR6R48% s, pH buffering substances, preservativeFCHERS ?@ll i ke,
may be included in such vehicles. Typicggly, t he i munogeni ¢ conpositions
are prepared as injectables, either as | i quid solutions or

suspensi ons; so b thofrIgBRedus forRkE ﬂﬁ@fess ghmbieq8 irldlbafid: WS RS RBinkflon bi qui d
vehicles prior to in ectlon r%‘a so be prepared. The preparation also may

be emul si- PIEIENS INSHRUILRD, Fat expmple; ftspRphe sndey conditiansshanwjlLvanipitate any .

The El andnfigerPastitidyScomiedsSWhiBR ard)fPmdal BS®Gthidfd laﬁméa &.t.w#&maw
Conpl exes .t oget her with ﬁﬂ onins, for exanple Qi l A ( CC]VE

Im*runogen?“?f EFHBSIAYS AR B iRghe/akci nes conprise a suff|C| ent armunt or
an i gnunol ogi ca{ hystsﬁé&etfwﬁatarmyramom &fh@c@rafﬁ#bee@snﬁ %@'am.geéy-

present invention, as well as any other of the above nentione corrponents

as neededComplexands dlieety mpniterede Tinsemandhenaccomplighed biedetenmining whether
adni ni str Patbb% aﬂi.-ielaage@ém 4. dridi-rInar) GhtiboMas whithirB&S d.i"e gh e?rt'&%@n%ﬂﬁe or

as part of series, Is ective for treatnment, as d I ne bove s 30
anmount vaHiCé/safH&Qémlva bmsicﬂvettﬁ@oméaxﬁnrramprp iy cempetityaiforman tog ampunt

. ndi vi duab ﬁ@vbﬁ\tfbﬁﬁﬁg%jtheté%ﬁ\ﬂlé‘é%gﬂi:& %%R.teg%q g&y@y HryRlinb Qs b 80 e

ﬁng nonhuman prinmate, prinmate I 'ndi vi dua
Ae sybindingt of aykriversiamouahtaf Jabkled ant-h@d\dégr exhepfcompeting thigendldiss theed,
the formf gﬁng% of the vaccine, the treating doctor's assessnent of the -
medi cal lon, the strain of infecting HCV, and ot her rel evant 27 .
factors. I t o sCewwwieedontnhm carhprising amitt-HEMV antiteidly (bni’nathée:laae bf/eduypdmtomd

0% L 38, 46 AR TR Y I b5 o ek D5 BT |
The si ngl techniqupecdépendaig goties Farmenty Béropeanmplet emlabelamww aotibadiee imthe
LacFore SeonpRlhhF 5P doindhd S5Bb 4 REBEHR okl o BLPRS T o'
( non- HCV) labelpfean san enzytrieclabelhe nanner as Hepatiti-s B surface antigen (see
orovt de an | miUE BBk Rop o abetBrten ety BrmALHRCRHATE FER s (o
hapt ens oHC&!nﬂntmens and the gatilbatiyt formb @ rE3 glosig tHat predigitaas frganthsegolution or
suspension and forms a visible layer or film of precipitate. If no anti-HCV antibody is
20  present in the test specimen, no visible precipitate is formed: .
There currently exist three specific types of particle agglutination (PA) assays.
These assays are used for the detection of antibbdies to various antigens when coated
to a support. One type of this assay is the hemagglutination assay using red blood celis
_ (RBCs) that are sensitized by passively adsorbing antigen (or a'ntibodv) to the RBC. The
25 addition of specific aﬁtigen_antibodies prés‘ent in the body component, if any, 'causes_
the RBCs coated with the purified antigen to agglutinate.
To eliminate potential non-specific reactions in the hemagglutination assay, two
. artificial carriers may be used insfead of RBC in the PA. The most common of these'_ are-
_ latex particles. However, gelatin particies may also be used. The assays utilizing either
30 of these carriers are based on passive agglutination of the particles coated with purified
antigens. . S
The HCV single or specififc oligomeric E1 and/or E2 and/or E1/E2 antigens of the
present invention comprised of conformationél ebitopes will typically be packaged in the

form of a kit for use in these immunoassays. The kit will normally contain in separate



10 be conjugated either by conventional chem cal nethods, or may be
cloned into the gene encoding E1 and/or E2 at a |ocation corresponding to a
hydrophilic region of the protein. Such hydrophyli€¢ regions_j he V1
fegi on (eﬁ’&%ﬁﬂg‘g‘g? ng amino.acid positions 1 91 t0.202), the’ 1?%&?%%1
(enconpassing anmno acid positions 213 tg4223), the V3 region (enconpassing
am no acid positions 230 to 242), the V4 region (enconpassing am no 15

aci d posi tizégzmaia&%()gm a&g\)e #dea‘wﬁgé@,gb@rgtrdlemwasﬁas&i-mglaaahmp@%ilﬁ@b and/or
positions 4 to and the V6 region (encaonpassing.am no aci si.tigns
D55 t o 336)1e0RHUEhJRbSIER AIDREEQHNER horASERL dPHT i BRI ITE AETS AP csiohs
hydr ophobi cgdriagdtity (cRGERTEPRSS. ErtkyRRPDEGHdFERE Cif tha NP does thoP @ehbiaté $1dalt O

293). It is shown_in the present invention that this regl_on can be del eted

wi t hout af f&tacting Tha@atike HGY RPTaYT Mayere@ireadyPornd gp & il matrix ongepgrate
antisesa. TRHRheéYeRts PRBINAIMY iFRMKE thdtiR.ahdRsttidhs (418, Wwiitten Ohpé TED-BENe dte).
The i mmunogeni ¢ conpositions are conventionally adm ni stered parenterally,
typical |y bipricajrgieg s the GFS%’XWN\Q,W'EGB(E’GH“A‘HS%O@? kBr intranuscul arly.

Addi tional for muynghiRdksaid trakubilidedtheHadtice HER! BRiFerCire ABIUNIrSSdrddring blood
include oral formulations and suppositories. Dosage treatnment may be a

si ngl e dosefos she gerarationofral supplyeframswhiph potestaiydnfestiva iy, it ckidgmdyebe
adm ni st er egle} R dBPIAILhARtYh bRt EIS5d SUBPANOSRBHEcAAE YoIROAAS StepdRedtitigent
i nvention also relates to a conposition conprising peptides or icglgg&oep_t I des
as ded@ri beaibethosampdnanti pretarably binedetaikirpdgormonentitfrase theiadyy NatiRga
biological HagR! Gitn3tey E1 andjlNBaPPRAGRE bfMAE" 4! HRehfbR!@S aliw! BR
use of a conposition as descri bed above Tor the preparation of an

i munoassayinknundlogicaleeaxtionibgt wesh HVidntibodies.jf anve and the HCY) potigag. Datecting
sanmpl e. The A I |_ s~ el 3 - t 20 Vi

i agnosi s QMRS P HrkBReL eV (B, ol Bl Tohfida o8 o tklf of the,
| east the frelatbtng.nBlost apatribut@® toithe bloarhsapnly rig femm dlopprs thftadd netephibit
wi th a_.conposi.ti.on copprisin of the,e | ope peptide or proteins as
defi niﬁ abo fb°8|'e¢§ft8rt§gI'V%Yﬁg'ac'ﬁplx%e&sf ?%é’g\é?c')r m under appropriate

condi ti ons whi chinaddseswot i eositiveeddctinitpto the HOvhantigem ipisgreferdbly to nepsat the

peptide or i%r%r?cloagsg? to l%gsé’%\ the possibility of false positives. For example, in the large scale

screening of blood for the productjon of blood products (e.g. blood transfusion, plasma,
Factor VIIi, immunoglobulin, etc.) ‘screening’ tests are typically formatted to increase
20 sensitivity (to insure no contaminated blood passes) at the expense of specificity; i.e.
the false-positive rate is increased. Thus, it is typical to only defer for further testing
thooe donors who are ‘repeatedly reactive’; i.e. positive in two or more runs of the
immunoassay on the donated oample. However, for confirmation of HCV-positivity, the
‘confirmation’ tests are typically formatted to increase specificity (to insure that no
25 false-positive samples are confirmed) at the expense of sensitivity. Therefore the
-purificatioh--method described in the present invention for E1-and E2 will be very
advantageous for including. singlo or spegcific oligoméric envelope protejns into HCV
diagnostic assays. _
The solid phase selected can include polymeric or glass beads, nitrocellulose,
30 ‘microparticles, microwells of a reaction tray, test tubes and magnetic beads. The signall
generating compound can include an eniyme, a luminescent compound, a chromogen,
a‘radioactive element and a chemiluminescent compound. Examples of enzymes include
alkaline phosphatase, horseradish pero_xidase and beta-galactosidase. Examples of

enhancer compounds inclode biotin, anti-biotin and avidin. Examples of enhancer



5 "~ biotinylated peptide or protein:which is covalently bound
to-a solid substrate by neans of streptavidin or avidin conplexes, (ii)

renovi ng“;m;fz conmponents, (iii) incubating the immune @@9 f or med
with hetero %g%h&s anti bodies, with said heterol ogous anti bodies lﬁaw
conjugated to a detectable label 1 0 32 under appropri ate

condi tions, (iv) detecting the presence of said i mune conpl exes visually
or nechantemppyndschigdindynerabers inslludichistin, mmitlniytin Bhd evidimetn yrdectﬂ ‘nipckdter y) .
Al ternati e

[ mnoassé@g%(tgro trfrahfe&ﬁa%%%ct&\ﬁggéngﬁﬁg% tﬂe % ceéf8 ?EI éécaék ﬁ%rrdltrons
speci fi c sffigientto diqukothei effed of rheﬁﬁam:ﬂfmoﬂ&eamwsmndiﬂa Th&sepecaridiiors as

di scl osed W|th /o es in order
bt aaiges BoRtfg shP 8 BARR! At 4 el R AR ARG RS Tab R r ™
i nveBt i onmattare, raatiam@.ﬂoatmgahé(muxu‘uw fm‘ea ﬁmm_aqmldngmdte_heommﬁsrmwﬂoten'ﬂfa/form
ane. pet ?%ée#oﬁrrﬁfe@rﬁ%kéﬁ% S BRtaRtall fTBs oF iFluiioid feptcdikpspbstgnos. | ©°%
E(é\r;bl nat |h on W The @i‘él?lht Pelermiont fuetber gbnﬁ@rmétdfe&hé rusen <|H(M q;rroteLdslerortpa@fss of
Wi t sal epti des ns: bein r.e enti.al i mobi | i on a
Lo o s untBrente mits Aereamaf KN sioie:or ARPBHE dioamsriel F U PHeRR s, dinedl | o
pl at e ansbcﬁ)éefbrrrmﬂrdqheméw HoV|disedBe B8N BrogRosihl) ehesd3BomByiRtATaEmaht (for
buffer or c?agonents necessar produci ng, t he buffer

enaBP| nb 'BFWd‘Pﬁd‘"F'éHEF’fBW"b@ ante ﬁléfs,f%""i!ibF’?Bb%FVdégecé'P"pﬁé’ﬂiﬂ"&@g and the

anti bodi es agal nst Mbﬁ@@'ﬁolbélcél%niﬁl@k% quatléﬁﬂwlt‘ﬁ hepatms ORA&IOnOr
detecting the inmmune co | exes fornmed in the preceding

bi ndi ng reaction, -With a"pﬁﬂs%’PEﬂ"}%F §E9tqbf’ﬁ:P‘HHF'Tﬁje%fﬂ-m§Gf M%‘%‘QWQ@%M

interpretation devi fmiafibn iof AR liminflholdifcdrieYnmpf3Ot ypes present in the sanple
fromthe observed binding pattern. The i munoassay rret hods according to the

present invention uteMQviRg ynbeynd egmponents,
15 - calculating the anti-E1 titers present in said sample (for example at the

start of and/or during the course of (interferon) therapy),
- monitoring the natural co'urse of HCV disease, or prognosing the response
to treatment of said patient on the basis of the amount anti-E1 titers
. found in said sample at the start of treatment and/or during the course of
20 treatment. _
~ Patients who show.a decrease of 2, 3, 4,.5, 7, 10, 15, or preferably more than
20 times of the initial anti-E1 titers could be concluded to be long-term, - sustained
responders to HCV therapy, more particularly to interferon therapy. It ié illustrated in the
Examples.séction, that an anti-Et assay may be very useful for prognosing long-term
25 response-to |FN treatment, or to treatment of Hepatitis C virus disease in general.

- More particularly the following E1 peptides as listed in Table 3 were found to be
useful for in vitro monitoring HCV disease or prognosmg the response to mterferon
treatment of patients suffering from HCV infection:

- . E1-31 (SEQ ID NO 56) spanning amino acuds 181 to 200 of the Core/E1 V1
30 . region, _ o :

E1-33 (SEQ ID NO 57) spanning amino acids 193 to 21 2 of the E1 reg:on

E1-35 (SEQ ID NO 58) spanning amino acids 205 to 224 of the E1 V2 region

{epitope B), _ _ . '

E1-35A (SEQ ID NO 59) spanning amino acids 208 to 227 of the E1 V2 rpgron



29 specific oligoneric antigens fromthe E1 and/or E2 domains that maintain
linear (in case of peptides) and conformational epitopes (single or
specific oligoneric proteins) recognized by antibodies in the sera from

i ndi vi dualwoidgfogsssed with HCV, It is within the scope of thecimEeessiosn to
use for instance single or speC|f|c oligoneric antigens, dineric 5
antigens, as vveI | as conbi nations of sing%® or specific oligomeric
antigens. The E1 a E2 :antigens of the present.invention may be

enpl oyed in virt (FRItPDE assay format that enploys a known antigen to

det ect anti-bodi espE ASEDUD N 53) sfﬂhﬁﬁ:g driab serisatay @s2ader Evegions (v1, C1,
conf ormat i onal gnyi 5e shoul d be avoi ded or adapted. A conmon feature of

all of these ass JegiRns (¢entaiging; qpitoPe Blkont acted with the body

conponent suspecgeg14s@a ID nb @&@p%hﬁuh@@hnﬂﬁty aditlsi 3Ties20 06 efe EDIﬁ@bnbm ons
that permit the antigen to bind_ to any such anti bodgépresent I n

conpongnt . Such EbRGSEGIP MO 74 SRAMEHI Imive AT b bia3% ehibe Gf‘éeg'BPi |

and ionic strenghbitdsé Ag, an excess of antigen. The incubation of the
antigen with the_speci men is foll owed by detection of inmmune conpl exes

conprised of theEinbEi GER IDING 68) spanningaming cigds 33%:ta 3 eHsheskY segian.
subj ect to a gregtg éc?eé uRberéfdd dafHaPEmaﬁtff}dfréE’rﬂé(ntfs%rf'Tﬁé b EmsRAYRbd Peptitfes

art. Protocols may, exarrp use solid supports, or

i munopr eci @se fall withingbe SC%WQB iPrasent iavention, Saichsmaligs dagments ¢ayplen eagily
pol ypegti de I r

Chem Tan noyeRafa B HemiCHi%yAiesis Sha SRR tLuro FUBE Hbiie SRR BT An sssay
si gnal s froas détailedrabone anhinl the &qamP&SSSP-CZIOn known; exanpl es of Whl ch

are assays whi ChTﬁé r#e%jge?'t %\%Htﬂnaglgo Pplded 16" ﬂtr tﬂéh\%ﬁh @i?.‘;l/ flisease or

enzyme-| abel ed an mrunoassays, such
I Mmunoassaypnogpodieg the tdsponsd tonireatmemt (for nnsaal’metmogaefewﬂsﬁmatlentsasuffering

hom)geneous MRl f dard or conpetitive type. In a.
het er ogeneouérg'f or rre{?f,%%flﬂ@“ﬁ\"%@ tide is typically bound to a solid matrix

or support to facilitatleasope Bl poteiafor B3 peptidbenmmrpheicﬁlﬂadmmr@ protein or

pol ypepti de after inc gatlon S of solid supports that can be used
are nitrocellul ose (e ﬁ%Eﬁﬁﬁ%i Vericrotiter well form, polyvinyl

chloride (e.g., in shaeuffepor compotdrite nevedsan) for peddiing thecoufter @nalblinggthe i n
beads or mcrotiter b{q‘t es, gﬁéﬁ”be lidine fluori.de

| nmmunol on[err]), di azBPPPA" PR these Proteios ‘%c‘ﬁ%ﬁ%d’"ﬂeﬁ@saméﬁa
Protei n A beads. For mmigg,prpgmuﬁgl"b.d;myuapgmﬂlerr]. 1 or 30

| munjon[err] 2 mcrotiter tes 25 inch styrene Preci sion
Pl'ast#8 Bal 1] can be. UeaEs fr ARBCHES M JAUBR-CTBPALS TAMBL ) fhp biRsRHre
contai ni ng the anti gepin@ingaeNERiM, i des Is typically vvashed after separating

it fromthe test sanpl e, .and grlo
possibly also an automated scanning - and mterpretatlon device for

inferring a decrease of anti-E1 titers during the progression of treatment.
It is to be understood that also Ez protein and peptides according to the present

25  invention can be used to a certain degree to monitor/prognose HCV treatment as
indicated above for the E1 proteins or peptides because also the anti-E2 levels decrease
in comparison to antibodies to the other HCV antigens. It is to be understood, however,
that it might be possible to determine certain epitopes in the E2 region which would also
be suited for use in an test for monitoring/prognosing HCV disease. - '

30 The present invention also relates to a serotyping assay for detecting one or
more serological types of HCV present in a biological sampie, more particularly for
detecting antibodies of the different types of HCV to be detected combmed in one assay
format, comprising at least the, following steps : . ' '

{ contacting the biological sample to be analyzed for the presence of HCV



detection of bound anti bodies. Both standard and conpetitive formats are
know in the art. WO 96/ 04385 30 In a honbgeneous fornmat, the test sanple
is incubated with the conbination of antigens in solution. For exanple, it
may be uwoe6/04388ditions that will precipitate any anti gen-POTEPIY0EE31

conpl exes which are forned. Both standag‘];‘j and conpetitive formats for these
assays are known in the art. n a standard format, the am)unt of

HCV antibodies in tQﬁhﬁzﬁa‘%?BPé{n@BF h%?@s&%ﬁgf%?q wﬂ{hr & |te%¥ SR BeGlh

This may be acconpli détermnin ed antl-xenogenei c
(e.g.. anti-hunman). aand/ooaﬁdemEdMEZ QMgmcpmmmt@pstoopelematamoitHeI(E\ﬂ or

anti bodies will bind,d C I rmpt i corrpet e format. the
anount of HCV ant i bga' @%p{lge g&‘}R gétl{w?s ey d@%{?ggda ov%r{)r? rﬁl&"y hin an
conpetitive effect onmbhitizddform Mdndamopﬁam dondrmnamhmt au@fw trelfetrmation

anti pody (or other ¢ N a in the conpl ex. Conpl exes forned
corrpsl sing anti - HovPhA 'BB‘&@ (CS?"Hq?fz't he case of corrpet Itive assays, the

anmount of conpéli ngrembvibg dnpowicccotapedres, by any of a nunber of known
t echni ques, For, exa d HCV antibodies

de ndi n n.the formt. | e
ntne 1 Bl BhuRRy el BrbRecoiReRs Wrmat ML EReIOuS, et BAGEne:
I g conpl exed wth avdmhbﬁ.d hétetblogouseatitizhies Boitlg) conjulyated toTABRREANE RIbkAL i ON
or agglutination ass%fornat t he r(gactlon bet ween the HCV antigens and the

anti body forms a nebORATBAPRRIIAtE CENYHPAS 65 from't he sol uti-on or suspension

andiporns a Vi giibl edbyfihg Okhd | pidsbhiced! 6CI fiid ainfmuhd  BEmpRKes Heuam | fody
s 20 present in the test specinen, ng visible precipitate is fornmed.

There currently exi Bechapigdl Vsi?e%l by meapp o d@f‘s'H%{P?'i'bl fuoriegty. |‘PP&‘?’F’B%"(’PA) (

assays. These assaygndifferingdhé presehSe BE6RLH ﬁaré)iﬁlcarﬁekéleétbﬂ&y&é)s MRisbAUS
antigens when coated to a support. One tépe of this assay is t

hermaggl-uti nati on as&ap the epsered bingipg Pekems (RBCs) that are sensitized by
passivel y adsophé fohé Dhigtethodthaftte W&srﬁ&\st&%rﬁ%ﬁs Jmfepgées usedPiidhis on

of specific antigen antibodies present in the b 4 nponent, if any,
caudes t heeHdsaregacembinanty epreresged FY%Smtflch ea@fQFQjﬁ ﬁét‘@e‘spec'f'c |

peptides. _
The present invention further relates to a kit for serotyping one or more
' serological types of HCV present in a biological sample, more particularl'y for detecting
the antibodies to these sero_logical' types of HCV comprising:
20 _ - ._at_ least one_,l;1 and/or EZ-'and/or E1/E2 protein or E1 or E2 peptide, as
defined above, -
- - a buffer or components necessary for producing the buffer enabling the
binding reaction between these proteins or peptides and the anti-E1
' anfibodies; present in a biological sample,
25 - means for detecting the immune 6omplexes formed -in the preceding -
~binding reaction,. _ _
- possibly also an automated scanmng and mterpretatnon device for
~ detecting the presence of one or more serological types present from the
observed binding pattern. ' '
- 30 ) _ The present invention also relates to the use of a peptide or protem composition
~ as defined above, for immobilization on a. solid substrate and incorporation into a
réversed phase_. hybridization assay, preferably: for immobilization as parallel lines onto
a solid support such as a membrane strip, for determining the presence or the genotype
_of HCV according to a method as defined above.. Combination with other type-specific



To elimnate potential non-specific reactions in the hemaggl utination
assay, two artificial carriers nmay be used instead of RBC in the PA The
most conmon of these are |latex particles. However, gelatin particles may

al so be us¥@9%PBSassays utilizing either 30 of .t hese caPCT@P85/¢3021 based
on passive agglutination of the partlclegﬁgoated Wit h purified antigens.

The HCV single or specififc oligoneric EI'and/or E2 and/or E1 /E2 anti gens
of the presgitigens\Rith io@ier P i TRyt

typically be 7 ckaged in the fpgrﬁ?}lpoot?ﬁ] 'QEBEQJ%“E%%JItWﬁBhégggﬁe gansrggm
The kit mnIWVQUFHhIIy contain in separate . 31 containers the native HCV
antigen, control antibody fornul ati ons (positive and/or negative), |abeled
anti body when the assay fornmat requires the sanme and signal generating-
reagents (e.g. enzyne substrate) if the | abel does not generate a signal
directly. The native HCV antigen nay be al ready bound to a solid matrix or
separate 5 . With reagents for binding it to the matrix. Instructions
(e.g. witten, tape, CD-ROM etc.) for carrying out the assay usually wll
be included in the kit. |Inmmunoassays that utilize the native HCV antigen
are useful in screening blood for the preparation of a supply from which
potentially infective HCV is | acking. The nmethod for the preparation of the
bl ood supply conprises the following steps. Reacting 1 0 a body
conponent, preferably blood or a bl ood conponent, fromthe individual
donating blood with HCV E1 and/or E2 proteins of the present invention to
al l ow an i mmunol ogi cal reaction between HCV anti bodies, if any, and the HCV
antigen. Detecting whether anti-HCV antibody - HCV anti gen conpl exes are
forned as a result "of the reacting. Blood contributed to the bl ood supply
is fromdonors that do not exhibit 15 anti bodies to the native HCV
antigens, E1 or E2. In cases of a positive reactivity to the HCV anti gen,

it is preferable to repeat the i mmunoassay to | essen the possibility of

fal se positives. For exanple, in the |large scale screening of blood for the
production of blood products (e.g. blood transfusion, plasm, Factor Vil,

i munogl obulin, etc.) 'screening' tests are typically formatted to increase
20 sensitivity (to insure no contamn nated bl ood passes) at the expense
of specificity; i.e. the false-positive rate is increased.. Thus, it is
typical to only defer for further testing



t hose donors who ar

e 'repeatedly reactive'; i.e. positive in tw or nore

runs of the inmmunoassay on the donated sanple. However, for confirmation of

HCV-positivity, the

I ncr easewspwmuyigscity (to insure that no 25

confirmed) at the e
described in the pr

‘confirmation' tests are typically fornatted to

esent I nvention for

for inclu Jn Si ql & ecific oligonmeric envel ope proteins into HCV
di agnost i

beads, nltrocellulo
tray, tesk t ubes an
i ncl ude ah'9¥ffzyne,
el enent ap@ure ghem
alkallne ho;ghatas
Ies fance
Exanples pigurnhlance
anti-biotin and avi
factor-1i K@ueaBst an
suffici enkighge Bl:ock
condi ti ons co ri se

ant i - humafigBgRc/ to f dnfirkl Bvels 1Ripgtigpts W'&’h&°ﬂ9@ﬁbé‘?ﬁpr‘?55? IR F(Fﬁﬁ"’éerftor a

mgoand pRdas ?cond

subst antially free
i nvent i onFigure Ber

mor e part pgldhbY HaYiise ' BveisGh ré%?ihél‘sctoqm%b@%leﬁt EL proteins as defined

moni toring HCV disease or prognosing the response to
tr eat ment Figor 110 Anttirs2 levels lw-mwmmw@rrﬁé@wr&)to |5hk trestmensuf fering from

above, for~Iin vitro

HCV i nf ecgi{gﬁ%qgnpr

patient w epat
t hed&of uRidere ¢and|

conpl ex, 4eno
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and/ or duFugnga the c
Figure 16:
Figure 17 :
20 Figure 18 :
Figure 19 :
Figure 20:
Figure 21:

25

30  Figure 22:

Figure 23:

d phase selected can include polynmeric or gl ass

se, m croparticles, mcrowells of a reaction
netlc b s The gener ati ng conpound can
geFU 'ﬂ@é'&%un? Bﬂ?ﬁlﬁ ‘gﬂgﬂr&om)gen, a radioactive
IReB1riz€ioa emdp cbﬂaﬁumpgﬂmmmaas of enzynes incl ude
hor ser adi s ero se. and bét a- gal act osi dase.
%eEBWHBUm ?ﬂ%‘g @‘Hﬂgtfﬁ anti-biotin and avidin.
Restrictidn GeaOLHESMIY ;deu:g'-n'enbers i ncl ude biotin,
din._In order to block the _effects of rheumatoid

ABSI-EY |pvelsdanogArspondes W ENSEIETENS conditi ons

Alrlee efévBtin 96sgdnaerseioaFN theitineht | | ke substances. These

contacting the test _sanple with a quantity of

IO 1698fshih Th@Mplé@ reSEdAdRrd RAFN P8atiient ur € product
of rheumatoid factor-1ike substance. The present

c éyiticklexelsdn meB-rasrongersete IFNGYRItAeNt or parts t her eof

f[/\%glr% }er\]/Fls in coffpita rb&dndeldi 18! 1IPRitredimearPl € from a

ection wth an E1 protein or a suitable part

Huoran anti-Bhireaptivity comnesed withgiersiles nunol ogi cal

WolfheliBiBA lbl?geaccg Wg@??ﬁt?{:"l Jmo"_ﬂ'ioclona antlbodl s w1tﬁ%b?ﬁ%§%’§ ing

present 1 n sal exarrp e star
Auntisk! (ﬁplt@pgﬂéﬂé\@l&jn)nm-rgpmmdprs to IFN treatment

Anti-E1 (epitope 1) levels in responders to IFN treatment

Anti-E1 (epitope 2) levels in non-responders to IFN treatment

Anti-E1 (epitope 2) levels in responders to IFN treatment

Competition of reactivity of anti-E2 monoclonal antibodies with peptides
Human anti-E2 reactivity competed with peptides

Nucleic acid sequences of the present invention. The nucleic acid
sequences encoding an E1 or E2 protein according to the present
invention may be translated (SEQ ID NO 3 to 13, 21-31, 35 and 41-49
are translated in a reading frame starting from residue number 1, SEQ ID
NO 37-39 are translated in a reading frame starting from residue number
2), into the amino écid sequences of the respective E1 or E2 proteins as

shown in the seguence listing.

. ELISA results obtained from lentil lectin chfomatography eluate fractions

of 4 different E1 purifications of cell lysates infected with vaCV39 (type
1b), vwHCV40 (type 1b), vaCVBZ (type 3a), and vvHCVE3 (type 5a).
Elution profiles obtained from the lentil lectin chromatography of the 4
different E1 constructs on the basis of the values as shown in Figure 22.

f al se- posi t iRCI/EPAHPI0BE are
xpense of sensitivi tés Therefore the purification nethod
and E2 w ||l be very advant ageous

(



moni t or i ng the natural course of HCV di sease, or prognosing the response to
treatnent of said patient on the basis of the anbunt anti-El titers found
in said sanple at the start.-of treatnment and/or during the course of 20

t reat nent .wbBakjog3sss who show ‘a decrease of 2, 3, 4, 5, 7, 1@cT/APSS03031
preferably nore than 20 tinmes of the initial anti-El titers could be
concluded to be long-term sustai ned respi)hders to HCV therapy, m)re

parhcularly n&gter eran therapy. is illustrated in the Exanmp
section, thEBYEe%4nti~ E?Aa§§§'§)t5rre{%}’t?)‘@eq/e?’?"hsféﬁq&'P”? ontﬁFﬁﬁn@éﬁehgg?'B'ﬁfjWBr m

25 response to | FNchroffdto@aphy @F 4 e.fﬁewﬁtmeahr.maddﬂaaiﬂdeuayﬁtyé i#8cted
di sease in general. Mre particularly the tides as _listed

in Table 3 were found™® WEHGSIY (tvre db). |‘1Y*‘\F?\HQ)("MB?N1Pbr"V MeA/type; dak @ndr

prognosing the respon$ﬁ.{¢063ql\%@f§g)on treat ment of patlents suffering from
HCV infection: El -31 (SE spanni.ng anm no acids 181 to 200 of the
Core/ E2 V1 Hgure 25: rqfklajl Qmamsifryg' lelsEtganmw E7proseinsaf Bpeak o ee 43

G L LS rﬁgamypﬁlsa?@ &%E.Qak@a'\é@uémreaeawm 3 WHclFs 205
to 224 of the E1 V2 region B), El-35A (SEQ I D NO 59) spanni ng

am no acids 208 to 22andwvtléi¥6§1 r&ﬁpepﬁgelm:npuﬂleS’SOfQ dentil dgatineand redyged (88ED | D
NO 53) spanning am no i‘aﬁhﬂé 98, %%nézﬁ?t%h%;ﬂ![gﬁﬁghgg%aﬁy}vm&%ed AR Y2 oo,

regi ons (containing epltope B spanni ng am no ‘aci ds
301 to 320 of the El amtdyidn, re;ﬁesent pure E1Eirobsin (n8EKS @eNCg@e) 24 pRhneéanyivitmi no

apanni 99 amino-aci ds A9 i GaGRio IFROEES O P2 {0 be under st bo
t hat snal | eFighmrea2@rent Silar stehmngbbaeSﬁ'SFRAGElasl dpmtbledme:edmpieﬂ-edfla rewtigsatet he

S o b bnerent R pAGDq b TR LL SRPTE b e BB G Be

used in an assay as depeadeating fractorzntO ton 17 a8 shaanph FiguselBi{lane 2), pool 2 of

the gelfiltration of vwHCV40 representing fractions 18 to 25 as shown in

15 ' Figure 25 (lane 3), and E1 pool (fractions 26 to 30) {lane 4). '

Figure 27: Streptavidine-atkaline phosphatase blot of the fractidns of the gelfiltration

of E1 constructs 39 (typé' 1b) and 62 (type 3a). The proteins were

labelied with NEM-biotin. Lane 1: start gelfiltration construct 39, lane 2:

fraction 26 construct 39, lane 3: fraction 27 construct 39, lane 4:

20 ' fraction 28 construct 39,' lane 5: fraction 29 construct 39, lane 6:

fraction 30 construct 39, lane 7 fraction 31 cbnstruct 39, lane 8:

molecular weight marker, lane 9: start'gelfi_ltration construct 62, lane 10:

fraction 26 construct 62, lane 11: fraction 27 construct 62, lane 12:

fraction 28 construct 62, lane 13: fraction 29 construct 62, lane 14:

25 ' fracﬁon 30 construct 62, lane 15: fraction 31 construct 62.

Figure 28:  Siver staining of an SDS-PAGE gel of the gelfiltration fractions of vwHCV-

39 (Els, tybe 1b) an.d' vwHCV-62 (E1s, type 3a) run under identical

conditions as Figure 26. Lane 1: start Qelfiltration construct 39, lane 2:

fraction 26 construct 39, lane 3: fraction 27 construct 39, lane 4:

30 fraction 28 construct 39, lane 5: fraction 29 construct 39, lane 6:

fraction 30 construct 39, lane 7 fraction 31 construct 39, lane 8:

molecular weight Iharker, lane 9: start gelfiltration construct 62, lane 10:

fraction 26 construct 62, lane 11: fraction 27 construct 62, lane 12:

- fraction 28 c'onstruc':tl_elz, lane 13: fraction 29 construct 62, lane 14:



The present invention also relates to a kit for monitoring HCV disease or
prognosi ng the response to treatnent (for instance to interferon) of
patients sufferlng fromHCV infection conprising: 15

| east ondV@6M4383 ein or E1 pepti de, rmre particularly an. EEC'BFBQSQP??IN El
pepti de as defined above, a buffer cg’%onents necessary for producing
the buffer enabling the binding reactlon etween these proteins or peptides

and the anti-El antihaehi@S30c0aRkct 62,3akt 9508h&fn §ﬁ%9h§tfu&%z .
means for ’gge‘tjr%cél ng the immune conpl exes fornmed in the precedi ng 'bi ndi ng
Y

réaction, SBossVisstera |Bles anglvsis: e @et- E§c'5!ﬁh$%g‘°§ﬁ€fof‘ﬂtﬁ§\t'bp §F1éﬁ°

devi ce for lnferrl ng%amgeé:eaaﬁet@&vewfew §ltre Edlﬁi"fl%aﬁlbﬂ btebie. EEHéJﬁeéﬁ:'d@n of
treat ment. is to be understood that al so rotein and peptid '

accor di ng to t he prc¥edte. bane 2: flayetirpegh ehiemi CU%’@?Q“GQ@DBW %neh3d@(jisbe to
moni tgr/ prognose HCViwith & pigek ﬁaftemé;ﬁ.i %ﬂrﬁbassrafpﬁr Lhse &l Emaes edfrlémﬂr

pepti des because al so the anti-E2 | evel s decreaseé I n conparison
anti bodi es to the ot¢wpmatography. 4ene 5: Flow thf@‘éﬁ"b@"mﬂd@f@?bﬁdﬂom@ﬁ/méenﬂlt hat

it mght be possibl eyl acdetpenighepsdtt bRigy ShidrOBRS Ech}uBSn Eéh{o%%tgg[égﬂ{'(:h

woul d also be suited for use in an test for nonitoring/prognosing
di sease. . lgelfiltgatjardsent i nvention al so relates to a serotyping

assay for FQ@LrS 419 8BS, Yo' Gk 8L Ihsabs inERI et BRERSDLo o e2

bi ol ogi cal artirc tectrng an
diff¥ent types of I-I@Vt&l@ fsemd 8Kd 8t edlis anflectedd with owvélCASERyY Therdatted line

O a0 an APPSR, of bcpeni ) 2EEI A BBl OFLo5! .
of one or Figure 3ek:0l BD}sc alprafilpedcontiriviouat lineasbf onbe oﬂerttihﬁeclﬁi: agalfilonatibd
Omposi 1 ona. hs " dot | EARRAE2 Plordh pbSfiiam S 2 enk s Rer S PR b e,
appr opri ate conditi dnswhibhahe &Rl ool i epgliedrinimetiatély on the gelfiltration coldman
m“%e conpl ex, : (non-reduced condltrons) The dotted line represents the E2 reactivity as
. _ detected by ELlSA (as in example 6).
Figure 31B: OD g0 profl_le_ _(q_ontmuous line) of the lentil-lectin ge_lfiltration
| | chromatography Ez_protein pool from RK13 cells infected with vwHCV44
in Which th_e. E2 oooi .vv:as reduced and blocked according to Example 5.3
20 ' (reduced conditions). The dotted line represen_t_s the E2 reactivity as
~ detected by ELISA (as in example 6).
.Fi_g'ure'3'2:- NiZ*-IMAC chromatography and ELISA reactrvrty of the E2 protein as
expressed from vaCV44 after gelflltratron under reducmg conditions as
o o shown in FIQUI‘B 31B
25 Figure 33:  Silver staining of an SDS PAGE of 0 5 g of purified E2 protein recovered
| by a 200 mM imidazole elution step (lane 2) and a 30mM lmrdazole ‘wash
_ | (lane 1) of the Nl“-IMAC chromatography as shown in Figure 32.
Figure 34: OD profrles of a desaltrng step of the purlfled E2 protein recovered by
| 200 mM rmmldazole as shown rn Figure 33, intended to remove
30 ' _imidazole.
| Figure 35A: Antibody levels to the dlfferent HCV antrgens (Core 1, Core 2, E2HCVR,
' NS3) for NR and LTR followed durmg treatment and over a period of 6to
12 months after treatment determined by means of the LIAscan method.

The average values are indicated by the curves wrth the open squares.



(i) renoving unbound conmponents, (iii) incubating the inmune conpl exes
formed wth heterol ogous anti bodies, wth said heterol ogous anti bodi es

bei ng conjugated to a detectable | abel under appropriate conditions, 10

(| V) detwolosmgesshe presence of said i nmune conpl exes Vi supb’m;m/ososl
mechanically (e.g. by neans of densitometry, fluorinetry, colorinmetry) and
inferring the presence of one or nore HC®Sserol ogi cal types present from

t he observ binding pattern. It is to be understood that the conpositions’
of protein B%ﬁtﬂ i dg'ét'tl?é’:!{ge'fﬂs f‘hﬁ'@ different Hi arvigens NS NP Elafid §2) for
expr essed type speci fNR savETRAGIdWE Aufisy AeatBSr SMEGVES 6 &@@BI&E@ mThz
present invention further relates to a kit for serotyping one or

serol ogi cal types of Whﬁﬁé@éﬁﬁa‘i’?\e’ﬁdBY%WH{ﬁd(Pé(Im%%ﬂﬁﬂféhe Hﬁﬁ@a’b@ﬂho@u'rh‘?l y

for detecti g the antadwgheaﬁalmesrakm.e.esﬁe*oonbgomecalwéwgﬂﬁtr@foddﬁ\éq%r&rI si ng:
20 at | east one E1 and/or and/ or E1/E2 protein or El1 or

E2 pepﬁlde as defined above, - a buffer or conponents necessary for

produci ng trigurd We:er %E%é BY dnitiBold) NEH AX) &RPED Iaﬂﬂb&ﬁ} m)tuskﬁ‘e‘i@.rpﬂ@ @f@s

or peptides and the anti-E1 anti bodies present in bi ol ogi cal sanple
means for @OHNRBRYPShe i mune conpl exes forned in the precedi ng bi ndi ng

reaction, -igure gqossutb\L aGdsSe aaat.aa,qmﬁm |§9§§'%|nﬂor‘?r5§8bﬁﬁ ERN% &ht98n

device for detecting the presence of® one or nore serological types present
fromthe observed bi rtarmgemnﬂerrdeTBDfor type 1b andTthee @eesent invention al so

el ats L0 fdife whe OfngtaRiihnad BoBlioRt Bt Bida iRER FRdcaPSdisiddicd above.

for immobilization on a sol ate and 1 ncorporation into a reversed
phase hybr ifiurat38on Rastigl, dmlwmmm ébri-lGanblelnNelabeomomn pdhel lysatel bhes

TR Sl mePber | M SRR H Eafe Wl T, b bR
wi t h ot her  type-specidoncentratgims of glycosndases accordmg to the manufacturer’'s
instructions. Right panel: Glycopeptidase F (PNGase F). Left panel:
15 ' Endoglycosidase H (Endo H).
Figure 40: Partial deglycosylation of HCV E2 envelope proteins. The lysate of _
| | vvHCV64-infected (E2) and vwHCV41-infected (E2s)RK13 ceils were
incubated with different concentrations of Glycopeptidase F (PNGase F)
according to the manufacturer’s instructions.
20 Figure 41 in vitro mutagenesis of HCV E1 glycoproteins. Map of the mutated
sequences and the creation of new restriction sites.

Figure 42A: In vitro mutagenesis of HCV E1 glycoprotein ('part 1). First step of PCR

' ' amplification. _

Figure 42B: In vitro mutagensis of HCV E1 glycoproteiﬁ {part 2). Overlap extension

25 _ and nested PCR. | -

Figure 43: In vitro mutagesesis of HCV E1 glycoproteins. Map of the PCR mutated
fragments (GLY-# and OVR-#) synthesized dunng the first step of
amplification. '

Figure 44A: Analysis of E1 glycoprotein mutants by Western blot expressed in HelLa

30 (left) and RK13 (right) cells. Lane 1: wild type VV (vaccinia virus), Lane
2: original E1 protein (vvHCV-10A), Lane 3: E1 mutant Gly-1 (vvHCV-81),
Lane 4: E1 mutant Gly-2 (vwvHCV-82), Lane 5: E1 mutant Gly-3 (vwHCV-
83), Lane 6: E1 mutant Gly-4 (vvHCV-84), Lane 7: E1 mutant Gly-5
(vwHCV-85), Lane 8: E1 mutant Gly-6 (vwHCV-86).



antigens from other HCV polyprotein regions also |liies wthin the scope of
the present invention. 36 Figure and Tabl e | egends Figure 1:
Restriction map of plasmd pgpt ATA 18 Figure 2: Restriction map of

- plasm d napocbisssl8 5 Figure 3: Restriction map of pl asdfEpoBAyEs396
Fi gure 4: Restriction map of plasmd pv HCV-11 A Figure 5: Anti-ELl

| evel s in non-responders to IFN treatne® Figure 6: Anti-El1 levels in
responder tr.eat nent ure 7. Anti-El levels in patients with

“conpl ete @é’fﬁ)ﬁég t SEPNS at nBlYgpsylations; gytantg-vaccinja j virses e ¥l PG

i nconpl et e responderaauiuﬂcétﬁwutets&aiﬂaiﬂntLaﬁbgw @19(vad\ﬂt1 oak2 dsprel sLdng 2:

non-responders to | g (él[eat nment Féﬂ Ant i - l'evel s in responders
to IFN treatment Fi Flr@Yrd vvHGEN; EfsPé\’/é%‘elﬁ ﬁ%(‘!&h’ﬁl\’ei@‘\)r eSAsdnbans5t o

| FN treat nent Fi gur e1:l@.v 2 (Anﬂcvl:'ﬁzﬂ wel/SLark ?OEPH?MCVBI%IQ”%%E? Eﬂ\e' EN
treatnent 1 5 nl-Elreact|V|\;¥ﬁco npeted wt

pept Pdes Figure 14 %1 %YnﬁéYY'ﬂq:‘éT?%f SeehdaneilOyEbiveliRY-10A) nSitle Lamml 1:
antibodi es W th pepghdsisy-kifgkicvE), StzﬁnﬂéneEﬂ-s (P ABY-19A], 85 BL

- non-responders to | EN treatnent Figure : nti - ope 1 \bevel's in

responders to | FN t FAlneRtveiGYn8S)1$me /, L@ﬂlﬂ%ﬂdéﬂﬂé\éﬁ&ﬁﬂ) Stk bane 17
non-responders to |ENGE\&@QUW@:V2&) Stuly) L%'\reeS 1% 9Anlt2 Egi (I?o%ﬁ\?é?gcﬁgr

level s in responders to | FN treat ment Fi gure
reactivity of anti- WeighrdarkenanBlugacrint 8Kes MMM pept i des F| gure 20:

Humag ant kg 462Ct BB Yol GATNGHESD Yite] &Po% %%&-ﬁ&g&%b%%m Ez'ésig.le%& feid

sequences of the present Invention: e nu c el c aci d sequences nco I ng an
El or E2 protein acwolmngulptegm @réwn in leucine selective m'edlmmtorm may (

pe transiated (SEQ hid Moyilifed Py 2 dmoidte %%g.gé\l Aftefh§ dai @ | BhGR & 2

reading frame starting rromresi ue nu
translated in a reaﬁBﬁ@ fredium samptesnrgerbrtaherr é’ﬁe(hmmusﬂr:@lf 280, ut lolfltcoltudee

am no acid sequencegur% nétgﬁt cSﬁ@eenCthX& b%lsgereaj\zl%c pvrvgé %arlised on the gel. Two
15 independent transformants were analysed. -
Figure 46: SDS polyacrylamide gel electrophoresis of recombinant E2 expressed in
-a glycosylation deficient S. cerevisiag mutant.- innoculae wefe Qrown in
leucine selective medium for 72 hrs. and diluted 1/15 in complete
medium. After 10 days of culture at 28°C, medium samples were taken.
20 | . The equivalent of 350 ul of culture superhata‘nf -concentrated by ion
exchange chromatography, was loaded on the~ gel. :
‘Table 1 : Features of the respective clones and. prlmers used for ampllfucatnon for
' constructing the different forms of the E1 protein as despected in
o - Example 1. _
25 Table 2 : Summary of Anti-E1 tests
+ .. Table 3 : Synthetic peptides for competition studies

- Table 4: Changes of envelope antibody levels over time.
Table 5:  Difference between LTR and NR
Table 6:_ Competition experiments between murine E2 monoclonal antibodies
30 Table 7: - - Primers for construction of E1 glycosylation mutants:
Table 8: Analysis of E1 glycosylation mutants by ELISA -



'shown in the sequence listing. 30 Fi gure 22: ELI SA resul ts obt ai ned
fromlentil lectin chromatography eluate fractions of 4 different El
purifications of cell lysates infected with vwHCV39 (type 1 b), vvHCV40
(type 1 bWOQ&#438%2. (type 3a), and vvHCV63 (type 5a). Fi gur%c P9SI03430 it | on
profiles obtained fromthe lentil lectin thomatography of the 4 different
El constructs on the basis of the val ues as shown in Figure 22. 37

Figure 24:  EL| $RambRSY! EfankialH g%%régsﬁm of‘c{h@%bﬁ%}s @Qﬁﬁkrﬁggro?éﬁer
gelfiltration chromat ography o ITTeren puritrcati ons o

| ysates infected with vwHCV39 (type 1 b), vvHCV40 (type 1 b), vaCV62 (type
3a), and VVHREGRLENDE of Bhecimia virus Fb@thiingion vedibdl 1 | €S _obtai ned from
purifications of EL protelrns of f“yp"_‘I_%—%%—_t'y“"pe 3a (2), and type 5a (3)
(fromRK13 cells infected with vvHCV39, vvHCV62, and vvHCV63, respectlvely,

purifigd on | entiro deseAt i 8U8ciARES BIRgidh ;ﬁgﬁﬂul.seaaog.f.ed%ao A18

standard (4). Th ndi cat e , -represe t pure E1
protein pedﬁml‘(f'@ebe@ e}mhe"&&& E_Tmhrwaa;tdlmrtay inse@ion containing the E. colimianthjne n

Le2ct) oo Mhehile Blesobis Hsielel 48t i ATy S Ve 1y
pool 1 of timermedibtd mm&taterr(F(gbra/WHCWé@lasepd pgSNTA NG V\fasauohstmsted(bytmselﬁngas
o FibieRREhARE igler BR'se 5 NS ! LintlinfAb' 8o Yoattd WER ttyee
(I anel®), aeadifyg fraos, into eet Panand &mmn-am pATANS véltor Fliys: ceeazed an extra Pac

St t d I he f t] f th

gelr 1? PI ? \r/:at :'ggs%f’#%ls'é%l‘#) Wﬁ?‘[ﬂstrs@ °('93’7ﬂ't H'fﬂﬂ f%{%dwég%f’t fF%imga) The proteins
“were labelled with NEMbiotin. Lane 1: start gelfiltration construct 39,

| ane 2: fraction. 26 construgt, 39, ofr ion 27 construct 39, |ane 4:
20 rb"gonPFlﬁe?‘?% nkeg VPHhSE&d@tNéé%‘%'ane 5: fraction 29 construct

39, lane 6:55‘fracti om @ATevrateT AaBfarirane 7 fyraction 31 construct 39, | ane
8: noi%cul & weiAFRTC RETREG TTCGAe TUAATTRArTCGdel fS'l tration construct 62, |ane

10: fraction 26 Wt#ﬁ%—ﬁﬁg—#&ﬁ%ﬁon 27 construct 62, Iane 12:

In order to facilitate rapid and efficient purification by means of Ni2* chelation
20 of engineered histidine stretches fused to the recombinant proteins, the vaccinia
recombination vector pMS66 was designed to express secreted proteins with. an
additional carboxy-terminal histidine tag. An oligonucleotide linker with SEQ ID NO 2/95,
containing unique sités for 3 restriction enzymes generating biunt ends (Sma I, Stu | and
‘Pml I/Bbr PI) was synthesized in such a way that the carboxy-terminal end of any cDNA
25 codld be inserted in frame with a sequence encoding the protease factor Xa cleavage
site followed by a nucleotide sequence encoding 6 histidines and 2 stop codons (a new
Pac | restriction site was also created downstream the 3’end). This oligonucieotide with
SEQ ID NO 2/95 was introduced between the Xma I and Pst | sites of pgptATA18
(Figure 3). ' .
30 Oligonuclectide linker with SEQ ID NO 2/95:

‘5’ CCGGG GAGGCCTGCACGTGATCGAGGGCAGACACCATCACCACCATCACTAATAGTTAATTAA CTGCA3
3’ . C CTCCGGACGTGCACTAGCTCCCGTCTGTGGTAGTGGTGGTAGTGATTATCAATTAATT G-

Xmal _ '  PstI
a5 _ . o _



fraction 28 construct 62, lane 13: fraction 29 construct 62, l[ane 14: 25
fraction 30 construct 62, lane 1 5. fraction 31 construct 62. Figure 28:

Si ver staining of an SDS- PAGE gel

39 (E's, wioyssaedds) and vvHCV-62 (El's, type 3a) run under i RORERISN3031
conditions as Figure 26. Lane 1: start gelfiltration construct 39, lane 2:
fraction 26 construct 39, lane 3: fractl én 27 construct 39, lane 4: 30

- fraction
fraction
nol ecul ar
fraction
fraction

9 c nstruct -39, lane 6:
2t ruct 39, | ane ‘8:

of the gelfiltration fractions of vvHCV-

wei ght marker, lane 9: start gelfiltration construct 62, |ane 10:

26 _construct 62; .|la 11: fracti construct 62, lane 12: -
M%%M%MMM 0 forgnt fdhe ruct 62, |ane 14:

96/ 04385 38 fractlon 30 construct 62, lane 1 5 fraction 31 construct 62.

Fi gure 29:

5El ARO giving &© i\gﬁ%ﬁg‘% &‘W%ﬂ?%’ﬂ% @prh %h yee ﬂl#‘?fﬁdg’?’ %Ergm %%h%lggdy

WO

crude |y5%fyeRMﬁafb€ep"araﬁerV§th§Mhu@rﬁt kmsd-tradiwmgnomam asadesciibedvash

5
El uat e of

Chr omat ogr aphy
line) of tliegtpgd

profile

npi g entil rorrato

aresiensly (SARD Gl o g RYIbL JAbIeS! SIHGRMAPBUARE DU EGoHESHERRETSE | on
of the | e%H'thS'ﬁéﬂ&s ubé@%ﬁamﬁﬁ‘ﬁiatn@ﬁ THe atReffagﬁhdr&s etk Wsdried into the Sma

elfiltration). ure 30; [err |Ie contlnuous
2|(Progagah Plﬂ‘if’tﬁﬁat rfajigyingrcienes ‘LW% se

i ABR 10 N GREEHER 1Sk 15 N 0, HoTLA e Jorhg ! bnd

chr omat og r@pog%sﬁ.b%% 1@?9& dé&@i@d%kéu&ehh SchN‘AQFHgﬁfén\f‘é kdhiinirg\hd EnR

whi ch the

( non- r educedingoedions avesy cledied by Ecely ﬂ'\drﬂén‘ﬂ'@ﬁ?%@ém%f'?ﬁ'ethEze%&E‘(? pPPY2 as

det ect ed
(conti nuous
185

20

25

30

I's applied imediately on the gelfiltration colum_15

ectin tration
vector (described in example 1), downstream of the 1 1K vaccinia virus late promoter.

The respective plasmids were designated pvHCV-9A, pvHCV-10A, pvHCV-11 A, pvHCV-
12A, pvHCV-13A and pvHCV-17A, of which pvHCV-11A is shown in Figure. 4.

asﬁhb§'%ngqﬁs% Ehoe?fﬁmﬁglE_@%Rllﬂhgw &nﬂgp%ATfAefé habéinfl rb@ombmatlon

2.2. Hydrophobic region E1 deletion mutants

Clone HCC!37, containing a deletion of codons Asp264 to Val287 (nucleotides
790 to 861, region encoding hydrophobic domain 1) wasgen_erate,d as follows: 2 PCR
fragments were generated from clone HCCI10A with primer sets HCPr52 (SEQ ID NO
16)/HCPr107 (SEQ ID NO 19) and HCPr108 (SEQ ID NO 20)/HCPR54 (SEQ ID NO 18).
These primers are shown in F_i_gufe 21. The two PCR fragments were purified from
agarose gel after electrophoresis and 1 ng of each fragment was used togsether as-
template for PCR by means of primers HCPr52 (SEQ ID NO 16) and HCPr54 (SEQ ID NO
18). The resulting fragment was cloned into the Sma I-cut pSP72 vector and clones

containing the deletion were readily identified because of the deletion of 24 codons (72

" base pairs). Plasmid pSP72HCCI37 containing clone HCCI37 (SEQ ID 15) was selected.

- A recombinant vaccinia plasmid containing the full- Iength E1 cDNA lacking hydrophobic:

domain | was constructed by inserting the HCV sequence surrounding the deletion
(fragment cleaved by Xma | and BamH | from the vector pSP72-HCCI37) into the Xma
[-Bam H | sites of the vaccinia plasmid pvHCV-10A. The resuiting plasmid was named

ected or msert|orb|n6? ein

fromq RK13,68h ceréJPriﬁ?ﬁétf‘cﬂ\ %&ﬂarélvrhﬂz’% (Jie |§0Nbesl> |Hoe|1mp(mmmwofm E2

reactivity as

(



chromat ography E2 protein pool fromRK13 cells infected with vvHCV44 in
whi ch the E2 pool was reduced and bl ocked according to Exanple 5.3 20
(reduced conditions). The dotted line represents the E2 reactivity as.

det ect ed bywobkbsaas(as in exanple 6). Figure 32: [érr] chr powiEpgs/aspsy and
ELI SA'reactivity of the E2 protein as expressed fromvvHCV44 after -
gelfiltration under reducing conditions &3 shown in Figure 31 B. 25

Fi gure 33: AY of an SDS- PAGE . o urifi.ed
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(El Ab) | evels for non-responders (NR) ong termresponders (LTR) for

type 1 b antesblfipg phesmid wpas namacgmléc‘g@9 and@n;talmé clong HISIBRI(SRC 1BING RB).
ti-E2 | cv
ant i mongged gaak f%&?ﬂ ysa Ieg\} vﬂé@i&xkﬁv &% Q)e&%%%yyﬁmﬁ I%* W?nc‘?\f the

E1l envel ope protein I nfecte
i ncubat ed wstigkydindseveratfilled with Klenow DNA Polymerase | (Boehringer)) and subsequently

by EcoR | (6’ cohesive end). This sequence was inserted into the EcoR! and Bbr Pl-cut
15 vector pMS-66. This resulted in clone HCCI40 (SEQ ID NO 27) in plasmid pvHCV-40,

containing a 6 histidine tail at its carboxy-terminal end.

-2.3. E1 of other genotypes

20 : C_lbne HCCI62 (SEQ ID NO 29) was derived from a type 3a-infected patient with -
. chronic hepatitis C (serum BR36, clone BR36-9-13, - SEQ ID NO 19 in WO 94/25601,
_ and see also Stuyver et al. 1993a) and HCCI63 (SEQ ID NO 31) was derived from a
type S5a-infected child with post-transfusion hepatitis (serum BE95, clone PC-4-1, SEQ
1D NO 45 in WO 94/25601). o '

25
2.4. E2 constructs
The HCV E2 PCR fragmeﬁt 22 was obtained from serum BE11 (genotype 1b) by
means of primers HCPr109 (SEQ ID NO 33) and HCPr72 (SEQ ID NO 34)- using
30 techniques of RNA preparation, reverse-tranécfiption and PCR, as described in Stuyver

‘et al., 1993b, and the fragment was cloned into the Sma I-cut pSP72 vector. Clone
HCCIi22A (SEQ ID NO 35) was cut with Ncol/AlwNIi or by BamHI/AlwNI and the sticky
ends of the fragments were blunted (Ncol and BamHl! sites with Klenow DNA
Polymerase | (Boehringer), and AlwN! with T4 DNA polymerase (Boehringer)). The



concentrations of glycosidases according to the manufacturer's

I nstructions. R ght panel: dycopeptidase F (PNGase F). Left panel: 15.
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15 2.5. Generation of recombinant HCV-vaccinia viruses -

Rabbit kidney RK13 cells (ATCC CCL 37), human osteosarcoma 14 3B thymidine
kinase deficient (TK) (ATCC CRL 8303), HeLa (ATCC CCL 2), and Hep G2 (ATCC HB
8065) cell lines were obtained from thé American Type Culture Collection (ATCC,
20 _Rockville, Md, USA). The cells were grown in Dulbecco’s modified-Eagle medium

(DMEM) supplemented with 10 % foetal calf serum, and with Earle’s salts (EMEM) for
. RK13 and 143 B (TK-), and with glucose (4 g/l) for Hep G2. The vaccinia virus WR
~ strain (Western Reserve, ATTC VR119) was routinely propagated. in either 143B or
RK13 cells, as described previously (Panicali & Paoletti, 1982; Piccini et al., 1987;

25 Mackett et al., 1982, 1984, and 1986). A confluent monolayer of 143B cells was -
infected with wild type vaccinia virus at a multiplicity of infection (m.o.i.) of 0.1 (= 0.1
plaque forming unit (PFU) per cell). Two hburs later, the vaccinia recombination plasmid
was transfected into the infected cells in the form of a calcium phosphate coprecipitate
containing 500 ng of the plasmid DNA to allow homologous recombination (Graham &

30 . van del: Eb, 1973; Mackett et al., 1985). Recombinant viruses expressing the .
Escherichia coli xanthine-guanine phosphoribosyl transferase (gpt) protein were selected
on rabbit kidney RK 13 cells incubated in selection medium (EMEM containing 25 ug/mi
mycophenolic acid (MPA), 250 ug/ml xanthine, and 15 ug/mi hypoxanthine; Falkner and
Moss, 1 988: Janknecht et al, 1991). Single recombinant viruses were purified on fresh
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cont ai ni ng with recombinant vaccinia viruses _

15 ' A confluent monolayer of RK13 cells was infected at a m.o.i. of 3 with the
recombinant HCV-vaccinia viruses as described in example 2 . For infection, the ce_ll
monolayer was washed twice with phosphate-buffered saline pH 7.4 (PBS) ar_xd the
recombinant vaccinia virus stock was diluted in MEM medium. Two hundred ul of the
virus solution was added per 10° cells such that the' m.o.i. was 3, and incubated for 45

. 20 min at 24°C. The virus solution was aspirated and 2 mllof complete growth medium
(see example 2) was added per 10° cells. The cells were incubated for 24 hr at 37°C

during which expression of the HCV proteins took place. . '

Example 4: Analysi recombinan ins by means of western blotting
25 - _

The infected cells were washed two times with PBS, directly lysed with lysis
buffer (50-mM Tris.HCI pH 7.5, 150 mM NaCl, 1% Triton X-100, 5 mM MgCl,, 1 ug/ml
aprotinin {Sigma, Bornem, Belgium)) or detached from the flasks by incubation in 50 mM
Tris.HCL pH 7.5/ 10 mM EDTA/ 150 mM NaCl for 5 min, and collected by

30 centrifuéation (5 min at 1000g). The cell peliet was then resuspended in 200 ui lysis
buffer (50 mM Tris.HCL pH 8.0, 2 mM EDTA, 150. mM NaCl, & mM MgCl, aprotinin,
1% Triton X-100) per 10° cells. The cell lysates were cleared for 5 min at 14,000
rpm in an Eppendorf centrifuge to remove the insoluble debris. Proteins of 20 ul lysate

were separated by means of sodium dodecyl sulphate-polyacrylamide gel electrophoresis



guani ne phosphori bosyl transferase gene under the control of the vaccinia

~virus 13 internediate pronoter (Figure 1). The plasm d pgsATA18 was
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15 performed at room temperature.

Example 5: Purification of recombinant E1 or E2 protein

20 5.1, Lysis

Infected RK13 cells (carrying E1 or E2 constructs) were washed 2 times with
phosphate-buffered saline (PBS) and detached from the culture recipients by incubation
in PBS containing 10-mM EDTA. The detached cells were washed twice with PBS and

25 1 ml of lysis buffer (50 mM Tris.HCI pH 7.5, 150 mM NaC_l, 1% Triton X-100, 5 mM
- MgCl,, 1 ug/mi aprotinin '(Sigma,- Bornem, ‘Belgium) containing 2 mM biotinylated N-
ethylmaleimide (biotin-NEM) (Sig_ma} was added per 10° cells at:4°C_. This Iysaie was
homogenized with a type B douncer and left at room temperature for 0.5 houré. Another
_ 5 volumes of lysis buffer containing 10 mM N-ethylmaleimide (NEM, Aldrich, Bornem,
30 Belgiu'm)' was added to the primary lysate and the mixture was left at room temperature
for 15 min. Insoluble cell debris was cleared from. fhe solution by centrifugation in a
Beckman JA-14 rotor at 14,000 rpm (30100 g at r,,,) for 1 hour at 4.°C.' o



previously (Stuyver et al., 1 993b). Table 1 shows the features of the
respect i ve clones and the prinmers used for anplification. The PCR fragnents
were 'cloned into the Sma |-cut pSP72 (Pronega) plasmds. The follow ng

cl ones werwoglogsssed for insertion into 10 vacci.ni a r eonmpcoaEPISN3031
vectors: HCCI 9A (SEQ I D NO'3), HCC110A (SEQ ID NO 5), HCO 11A (SEQ I D NO
7), HCCI12A (SEQ ID NO 9), HCC 13A (SEQ 149 NO 11), and HCC 17A (SEQ I D NO
13) as depi tzeq | ure 21. thNA fragnents containing the El - coding

regi ons mré—e&&ﬁﬂ%ﬁ%@&%d Hindl Il restriction fromthe respective
pSP72 plasm ds and inserted into the EcoRI /H ndl || -cut pgpt ATA-1 8 vaccini a
reconbi nation 1 vec ed I.n-exanp treamof the 1 1
K vaccini a vi rus?h%lFIE (ﬁ‘?ﬁﬂ‘gate ‘I"ﬁé qadef Bt air3te °5I15g]2ﬂ"85°"vﬁe$§ RYeL? grdiesyl-
pvHCV- 9A, pl‘ébW'prQérosBVMD%nNPWHWra) %&%a@ﬁ@péunﬁ&a@é&jvﬁtﬂ'@\bﬂrﬁn of
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Figure 21. The two PCR fragnents were purif from agarose
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t hi s vect orvyHCVBA Itypb Bapakigoe ZB'SEﬁWRthe prafil@ssbitained from the values shown in
Figure 22. These results show that the lectin affinity column can be employed for

envelope proteins of the different types of HCV.
20

5.3. Concentration and partial reduction

The E1- or E2-positive fractions were pooled and concentrated on a Centricon

25 30 kDa (Amicon) by centrifugation for 3 hours at 5,000 rpm in a Beckman JA-20 rotor
at 4°C. In some experiments the E1- or E2-positivé fractions were pocled and
concentrated by nitrogen evaporation. An 'equivalent o-f 3.108 cells was concentrated

to approximately 200 1. For partial reduction, 30% Empigen-BB (Calbiochem, San

Diego, CA, USA) was added to this 200 4l to a final concentration of 3.5 %, and 1M

- 30 DTT in H,0 was sdbsequently added to a final concentration of 1.5 to 7.5 mM and
incubated .for 30 min at 37 °C. NEM (1M in dimethyisulphoxide) was subsequently

added to a final concentration of 50 mM and left to react for another 30 min at 37°C

to block the free sulphydryl groups.



11) and reinserted into the Eco R and Bst Ell-cut pvHCV-11 A plasm d. ‘This
construct was expected to express an E1 protein with both hydr ophobi c

domai ns del eted and was 5 naned pvHCV-38. The E1-codi ng region of clone
HCC 38 iwgobgpssgsented by SEQ ID NO 23. As the hydrophilicpéfigipsdpzgdn t he E1
carboxyterm nus (theoretically extending to around am no acids 337-340) was
not conpletely included in construct p#dCV-38, a |larger El region | acking
hydr ophohij ¢ domsu n I was isolated fromthe pvHCV-37 plasmid 1 0 by

EcoRl / Bard-# Jaten CRromatogkaplyi nt o an EcoRI / BanHl - cut pgsATA- 18 vector.
The resulting pl asm d was naned pvHCV-39 and contai ned clone HCO 39 (SEQ ID
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(Boehri n%we@ﬁssﬁsﬁ)@mgm -BE. BHe E@&Beh r{.émreq}osﬂ g&ctg@m ! 2. 5F 500 Y 1HApiE N

was inserted tnto the Eco and Bbr Pl -cut
resdi t ed 199 ef hrecSmatSystgnsiharmagia) amy HBﬁlé%a%nplaep@ﬁcnnfm wa;s)m:iaadnﬂong a6

hi st i di. nGyolge %@Q b ng%nt&rwerealecaﬂf{&ed frot B, OHILaREAY YRES 20

Cl one H was deriv omaty e3a|n ecte pat 1 ent
wi t h chr sereenhe for thei reencearf ih BRBS prateioras mﬁbed irGexaHE 16D NO 19 in WO

ot ved 1 r om £175 2380 NRELKSH Sl Soopal BRI, RGO EOSER BipfrplaR o

‘(ser um BESEmMatograph@f4 diffetéi® B Dpdidicklions oV\@eH)Nsat'ﬁ&Omjectélﬁwﬂhmvr-EWBQ

ooty patpb b foHcid (ol 1B TERIC i 8 BB P RTS8 b 2% o

I D NO 34)showisrthe dlofiles bbrdnedoires ‘mirifichons apBt proteins ofaypes &bl Banawr 5t i on

loned | 8T B S goie. TSI yEHE o, eVl XV PEYEY EoRestFias

cut vmb]t h pNﬂgéag’ Ah\bfﬂtil méctgnyamdglamﬂhéé\i adin ﬁl&dpréheus "exsrhyleend!heqfeakklmdidfagzlre nts
wer e unt, , a a s|tes e
CBoanri ot 058 ot SiPtasenbbaR Y Arbiat PASE ERdeRT IRy infractions,,

15 26 to 30). These peaks show very similar molecular weights of approximately 70 kDa,

corresponding to dimeric E1 protein. Other peaks in the three profiles represent vaccinia
virus and/or cellular proteins which could be separated from E1 only because of the
reduction step as outlined in example 5.3. and because of the subsequent gelfiltration
step in the presence of the proper detergent. As shown in Figure 26 pool 1
- 20 (representing fractions 10 to 17) and pool 2 (representi_ng fractions 18 to 25) _contain
contaminating proteins not present in the E1 pool (fractions 26 to 30). The E1 peak
fractions were ran on SDS/PAGE and blotted as described in example 4.. Proteins
labelled with NEM-biotin were detected by streptavidin-alkaline phosphatase as shown
in Figure 27. it can be readily observed that, amongst others, the 29 kDa and 45kDa
25 contaminating proteins present before the gelfiltration chromatography (lane 1) are only -
_presént at very.low levels in the fractions 26 to 30. The band at approximately 65kDa
- represents the E1 dimeric form that could not be entirely disrupted into the monomeric
E1 form. Similar results were obtained for the type 3a E1 protein (lanes 10 to 15),
which sljlows-a_'faster mobility on- SDS/PAGE because of the presence of only 5
30 carbohydrates instead of 6. Figure 28 shows a silver stain 'of_ an SDS/PAGE gel run in
. identical conditions as in Figure 26. A complete overview of the purification procedure
is given in Figure 29. | ' "
The presence of purified E1 protein was further confirmed by means of western
blotting as described in example 4. The dimeric E1 'proteih appeared to be non-

’-
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-BanmH / AlWNl cDNA fragnent was then inserted into the vaccinia pgsATA-1 8
vector that had been linearized by EcoR |1 and H nd IIl cleavage and of .
whi ch t he cohesive ends had been filled with Kl enow DNA Pol yner ase
(Boehr i ng&ayg oedddgs r esul ting plasnid was named pvHCV-41 and porepssisedhe E2

region fromamno acids Met347 to G n673, 5 i ncl udi ng 37 am no aci ds
(fromMet347 to Ay383) of the E1 protei |49t hat can serve as signal
sequence. The sane, HCV S inserted_into the EcoR_.l and Bbr ]P
vector pMsE99regasEd 1Ay F98e (FERAWNHIEN THRURYDLERRIETP it RTIEPIEN BT iESdA from

Pol yner ase. wﬂm/ar@wééteagem ﬁﬁ:ﬁ’rdﬂng’ﬁ&haaﬁ&ﬁé RYERY-wWias AfidoRrmmhaleegleshcadi no
acids 347 to 683, _The Ncol/ fragnent was inserted in a SI%| argﬁv@

into the sAfakf{EP em'nﬁaa'mmeqwcef a'i@a?‘iﬁﬂtﬁﬁ/t%ﬁf)“ta'ara asingsas, WSt 1
vectors ( p"i‘ﬂ@tﬁﬂﬁrmé&’ﬁ@( tha Eﬂngro@é’lh'%‘lﬂe&nélem Byt siypbidpeptfithst &t @e Of

"the HCV pol yprotein, of which am no acids 364 to 383 were derived fromthe
natura® cardsegt Besiionbatwge M 18 andeY E92) Jrasp its §iasALIRAURRCE- Ndis pefHisms the

sequence f oindidy oPAGKAE 1%1.8G999) 3R thdaRindtérmibliCoMbeth &uRZE P pRitBinstarks 5
2.5. Generation of reconbinant HCV-vaccinia viruses Rabbit kidney RK13

cel | s (ATC@t@mMIngAcid pRAiten d82eosar cona 143B t hyni di ne ki nase defi ci ent
(TK) (ATCC CRL 8303), HeLa (ATCC CCL 2), and Hep G2 (ATCC HB 8065) cell
lines were obtained fromthe American Type Culture Col |l ection (ATCC, 20
Rockvi | | e, 38, Pusilgationiaf the|B2<prateim grown in Dul becco's nodified Eagle
medi ump (DVEM) suppl enented with 10 % foetal calf serum and with Earle's
saItSfQEI\/EI\/p for RK 13 and 143 B (TK-), and with glucose (4 g/l) for Hep
G&2. The vacci ni aThd E2iproféindaminonadidse 384 to 6R3k was eurifiad comqulg)cel}m@fected

(Pati oY GhBRSPRETA4 Bl EiEmBles¥H o 55! Moy a0 BREL BROBLEYfME! Y
1982, 1984, (cammmsm)\e)éfttmnéﬂmlemnnmmmhamranﬂy Ihelotxeﬂlhsevmesmftemaa&

o 1" 0. TORRunICSs Befhetny Y ERisApeds el bl Stk tng Shenrarits
vaccitga r mmaibemaidnogelpltaamnobmaaatdgwmfyemﬂtad lemu@dﬁneez ptbcddsedengedel 30\ n
bl asn d DNRAES st WERTBRBG A BBGR dhep i fbamitnads: s sot Qs eiaf g,
1973; Macked.B.,edndopart omﬂﬁah mBequftydmas, appliets 65 tixgolemai Both partEsttter EZhi a
el ct o oPPhBETa TR arhepaFats 9ol dton cakRRR. o BEPUEBT ST RLHA e e
cont ai ni ng cdvalentiylinkdE AREAIYatdsC withi Eorithiiyating Setoteind Jif N@We&htﬁ&m aadbésn

[ err]_hypoxant hi ne; Fal kner and Mos 1988;  Janknecht et al, 1991). Rgl e

recortf nantpevﬁol"l‘j‘g@s %reerppn eﬂ‘ Oﬁlopk@gh the majority of contamlnatmg protei

segregated into the V, fraction. Other contaminating proteins copurified with the E2 -
protein, were not covalently linked to the E2 protein ény more because these
. contaminants could be removed in a subsequent step. Figure 32 shows an additional
Ni2*-IMAC. purification step carried out for the E2 protein purification. This affinity
25 purification step employs the 6 histidine residues added to the E2 protein as expressed
from vwvHCV44. Contaminating proteins either run through the column or can be
removed by a 30 mM imidazole wash. Figure 33 shows a silver-stained SDS/PAGE of
0.5 ug of purified E2 protein and a 30 mM imidazole wash. The pu're E2 protein could
be easily recovered by a 200 mM irﬁidazole elution step. Figure 34 shows an additional
30 desalting step intended to remove imidazole and to be able to switch to the desired

buffer, e.g. PBS, carbonate buffer, saline.

Starting from about 50,000 cm? of RK13 cells infected with vwHCV11A (or
- vwwHCV40) for the production of E1 or vwHCV41, vwvHCV42, vwHCV43, or vvHCV44 for
- production of E2 prote_in; the procedures described in examples 5.1 to 5.5 allow the
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45 nonol ayers of RK1 3 cells under a 0.9% agarose overlay in selection

medi um Thym di ne ki nase deficient (TK)

and then plaque purified on fresh nonol ayers of human 1 43B cells (TK-)
the presayees@s®5 [err] 5-bronp-2'- deoxyuridine. Stocks pfrpessiobesed
reconbi nant HCV-vaccinia viruses were prepared by 5 infecting either
human 143 B or rabbit RK13 cells at an #Po.i. of 0.05 (Mackett et al,

' t.he H in the reconbi nant vaccini a
s hﬂggtic%ﬂr %ﬁﬂx'mﬁt%ﬂ 36?9 (’;Sg?%é‘?ﬁeﬂ angt 018, @0 §2 prpgeife after the
MPA sel ecti on byshMaISMbeI?élﬁavue‘dhhhhﬁedbéﬂeﬂ_fﬁ"zsprblﬁ#ﬁi(éd?rsﬁhﬁi‘ﬂﬁ doPRoxiRaRAFt i ve

1988).
Vi ruses-

HCV fragrr%raté ‘;63

naned accordlng

Th

vacci nj a- HCV viruses were

H‘é’)cP ﬁ“"a‘“FéE%'ﬁJ?fj r{a'E"P’dﬁ chigcterized by sagreoatefpEmatien g
t he recombéanarary vmexpemtmonsn ushevséﬁ@/prbb% V@ﬁwuﬁ%hé@ﬁb E:nﬁrﬁms@e:“e‘?é@tﬁ“ i the

reconbi nant viruses were sel ected

in

| d t t CV- 10 d. Ex : fect f
\(,:Mel S zmpfﬁgggie% ﬁa’ﬁtbe\Péﬂé'gF?llaalj\ﬁq%g asm arrpA conf: Eeﬁf Imc))goloayer

of RK1 3 cells was infected at a mo.i. of 3 wi'th the reconbi nant

HCV-vacci nia viruses as described in exanple 2 . For infection, the cell
monol ayer was washed tw ce with phosphate-buffered saline pH 7.4 (PBS) and

the recongkarple 6:FELISA k6 the detectionDf anBE 10or HHEER b
[err] of the_virus solution was adde err] ce
gtEhonfenigtaing

was 3, an L t 45 20 mn at [err]. The virus. solution was
aspipated and 2 nl of conplete growth nedium (see exanple 2) was added per
106 cells. The cells were incubated for 24 hr at [err] during which
expr essi on of Meagisotamigrewell platasdbinng, %lld%mmaek)MerAnabtpshvstm1 volume

r econbi naa;tg PBOLEMDPA ﬂ%@%goﬂer‘(\ﬁéltoqrarb Pé/ bﬂﬂnoﬁ%f g{d;ucﬁéf Lfdebgﬁlgtlﬁm

were washed two tines wt

directl

Tris. HC M@annheim) im §BENPNA Blhouns %4‘r¢t00rﬁ0r)<1 bOOOat 37 nﬂm I[\Ium]atlvély [theryells

- aprotini nwerd eided RAFHE Yo
i ncubation in 50 nM Tris.

col f8ct edSQSKWfB(Fa"bO"aF:%h'ﬂfrfe'ml'g&tﬁ tar 16havirs atit*C o@@@g) hodihat 3%14. Ipehd edsenwas
then r esmﬁ%dﬂ{h A, [tﬁé Hatésywﬁb% \Qﬂiﬁe%rz hTaéﬁ {LIH @L\gv%g‘épg %g}nﬁon

EDTA, 150 mM Na

cells.

Eppendor Fsurfiadls iétdbid ket OWRN G .56 2 0510/ 6F K&

| ysat e

20

25

30

apr ot
quetheér\mﬂey%u@é/sAhéH d,tltdlmlenletqur Z'ivmrdreeht Bslgi06M. Upbound custing

0.1% NaN, in PBS) for 1 hour at 37°C or for 16 hours at 4°C. Blocking solution was
aspirated. Purified E1 or E2 was diluted to 100-1000 ng/ml {concentration measured at
= 280 nm) or column fractions to be screened for E1 or E2 (see example 5), or E1
or E2 in non-purified cell lysates (example 5.1.) were diluted 20 times in blocking
solution, and 1 volume of the E1 or E2 solution was added to each well and incubated _
for 1 hour at 37°C on the Streptavidin- or GNA-coated plates. The microwells were
washed 3 times with 1 volume of Washing Solution of the Innoté_st HCV ‘Ab I kit
(innogenetics, Zwijndrecht, Belgium). Serum samples were diluted 20 times or
monoclonal anti-E1 or anti-E2 antibodies were diluted to a concentration of 20 ng/ml in
Sample Diluent of the Innotest HCV Ab lll kit and 1 volume of the solution was left to
react with the E1 or E2 protein for 1 hour at 37°C. The microwells were washed 5

times with 400 ul of Washing Solution of the Innotest HCV Ab Il kit (Innogenetics,

Zwijndrecht, Belgium). The bound antibodies were detected by incubating each - well for
1 hour at 37°C with a goat anti-human or anti-mouse IgG, ‘peroxidase-conjugated

- . secondary antibody (DAKO, Glostrup, Denmark) diluted 1/80,000 in 1 volume of

Conjugate Diluent of the Innotest HCV: Ab Il kit (Innogenetics, Zwijndrecht, Belgium),

mgssolﬁ u% % q%/ﬁ Cc):asequ aﬁﬁr ]

ctighdr ed

(

S 3 F bl SRS el B BRAT KoM, ana



wer e separated by neans of sodi um dodecyl sul phate-pol yacryl anm de gel

el ectrophoresi s 46 (SDS-PAGE). The proteins were then

el ectro-transferred fromthe gel to a nitrocellul ose sheet (Anershan) using
a Hoefer Rgbokhaasfer unit cooled to [err] for 2 hr at 100 ¥Wcrepsso3od:

vol tage, in transfer buffer (25 nM Tris. HCO pH 8.0, 192 nM gl yci ne, 20%
(v/v) methanol). Nitrocellulose filters Wdre bl ocked with Blotto (5 %(vv/v)

fat-free 5 i nstant m | k powder in PBS; Johnson et al 1981) and
| ncubat ed viTEHFT FRYS|PPRRNt GRS BRalR AP TEY GRIBSTETeLO bR BRIESOHCY Ab

Usually, a mtkrmuhriagsaéﬁaée zwﬁ.arézh Sﬁnymn%.mwam{.mes paﬁ vBlimd Bf SGhsFhea t h
HCV were 200 tines dil ut and prei ncubated f 1 hour roomtenperature

with 200 tiSRistien Phﬁf@daneat HONAR Helit Hﬂ%pgﬁnpue& .Zwmwtc@'g'uwga& 20 min

order to de&rﬁﬁs@ah@?vm%ﬂm%pﬁcdh@ﬂat%'Ediu'ﬂgs vidH ﬁbo"m%*F'VVQsHMd Boﬁ'tu@htd?/tﬂe %
10 Tween 20, the nitrocellulose filters were incubated with al kal |ne

phosphBit asdnaeigst HEVeAR dil httlltmoaenqncédzwnn@eéht &e@ium).op Tween 20. After
washing with 0.1 % Tween 20 in PBS, the filters were incubated with

al kal i ne phosphat ase substrate solution (1 00 mM Tris.HCI pH 9.5, 100 mM
NaCl, 5 mM[err], 0,38 [err] nltrobl ue tetrazolium 0.165 [err]

5- brom) 4- e N

el ectrotranster per ' Exanpl e 5:
Purification of reconbl nant E1 or E2 pr otel n 20 5. 1. LyS| s Infected RK1
3 cel N (cafrlyw)g“ ' . yashed 2 tines with

phosphat e- romthe culture recipients by

incubation in PBS containing 10 nM EDTA. The detached cells were washed
ECE T 753 0, B poboll Sl TG USRI Rl ok ol st 1
Bel gi um catreEninggn@ cﬁMnh\naﬂdmy{ thecprebenczt bfy HOW antibodiees( [Suchiassdis\Mio not
() e B Ee i afot o et B R SR RS A e,
vol unes of dugsorae btiflisessec Bovavet, agisltie: &%é\ioehéwdtmslBedmdéﬁo(\ bEB/huaMtﬂrcanm
B0 e 30 ekl SRPoRES S e FrovP e Rl i R E r TA°S
the sol uti ahe byossibilityi 6lUgRs ive® of anti-BeClnEILIYAtifed &t @hticH2 bAtIDEYY titen as
(30100 g FitprLger'corstci]c)m;r%rslforh gtlljtitome o[f ﬁepgtltls Cdisease, a senes of IFN-a treated patients
with long-term sustained response (defined as patients with normal transaminase levels
20 - and negative HCV-RNA test (PCR in the 5’ non-coding region) in the blood for a period _
of at least 1 year after treatment) was compared with patients showing no response or
showing biochemical response_with relapse at the end of tréatm'ent.
A group of 8 IFN-a treated patients with long-term sustained response (LTR,
foliow up 1 to 3.5 years, 3 type 3a and 5 type 1b) was compared with 9 patients
25 showing non-complete responses to treatment (NR, follow up 1to 4 years, 6 type 1b
- and 3 type 3a). Type 1b (vwHCV-39, see example 2.5.) and 3a E1 (vwwHCV:62, see
example 2.5.) proteins were expresséd by the vaccinia- virus system (see examples 3
and 4) and purified to homogeneity (example 5). The samples derived from patients
infected with a type 1b hepatitis‘ C virus were tested for reactivity with purified type 1b
30 E1 protein, while samples of a type 3a infection were tested for reactivity of anti-type
3a E1 antibodies in an ELISA as desribed in example 6. The genotypes of hepatitis C
viruses__infecting" the different patients were determined by means of the Inno-LiPA
genotyping assay (Innogenetics, Zwijndrecht, Belgium). Figure 5 shows the anti-E1

signal-to-noise ratios of these patients followed during the course of interferon |



47 5. 2. Lectin Chromatography The cl eared cell

of 1 m/m

nona0.8by 10cmLentil- lectin Sepharose 4B col um

| ysate was | oaded at a rate

(Pharmaci a) that had been equilibrated with 5 colum 5 vol unes of lysis

buf fer atwe9smedassof 1 m/mn.

10 col um
KCl, 5% gl
( KWANT, Be
subsequent

Enpi gen- B&r(o@aéd)lapmhedaclmg ant}E1 iedie poith Compldté\negabdiatiad 013 das%;)Dem'yllePEG

TR e T T R S

The bound
phosphat e

vol unes of buffer 1 (0.1 M potassium phosphate pH 7.3, 500 nM
ycerol, 1 nmM 6-NH2- hexanoic adi4, 1 nM[err], and 1 % Decyl PEG

Pl e O 3 1 Oy SHRSHY LR LI b By

Enpi gen- BEE1 dand dde Shdvh én ThbleRtdsydverayer8YNyratiow SIB)(me'a“dnanta-LEutt&dr)n'ﬂﬁeaamtal

0ot o o by e oDl g Vot B A SR P e Sl TR Y e 2

results 158. obtal ned fromlentil lectin eluate fractions of 4 different

El purlflcatlo of cel] | a es infecte vvHCV39 e 1 vvHCV40
(type 1 by, vigtshe edd ot Faarary: potked cireneen coud b PEscdd pariseno
profiles qlﬂb«'zl dredpd.ranu- EhenﬂmmeMédaedﬁeawsna%s il DeRBut &8yt 5 tivfeaw

that the |

the differBMNR-AtFBe epf ofggiovop ot

ectin affinity colum %an be enpl oyed faor envel ope prateins. of

30 kDa (Am caon) by centrifugation for hours at 5, pmin a Beckman
JA- 20 r ot din Hiesg dgta.|dectesse °é>@ﬂ8rﬁ1n@m’§3dﬂH%VﬁdU@?9 E@nﬁegns 0§ &FN-g 2henagy s

wer e pool %réﬁ&e&%ﬁﬂ@hé@éﬁﬁi é@x\été?:'\éd %Béhs%vﬁ&?éa‘%ﬁieﬁ{‘ TH arRAE %@éeﬁ‘%a?iae

[err] cel
reducti on

this 200 [Haer ra},Fg @a;#gtoggg?&rpntratlon of 3.5 % and 1 M 30 DTT in H20

was subsequent

s was concentr at ed &ﬁrom mately 200 [err]. For parti al
,vepp usetnhiag @FPQBBS(SGilkmgo r@rfﬁsmemp é‘g\btre@mem&zotomt@am thg

inal concentration of 1.5 to. 7.5 nmM and

i ncubfat ed f.or 3Cnigdfindiag Wwas nqt eprRetednOnthe cartrany} thel ipyentpisd)ad expected the

subsequentgny; gl Qﬁﬂbécﬂ/ Rvéis 'i@':nd?é’&%edﬂnhﬁtth&’ Rolfset 1AV tRBEbA ih dabiehfeAithf OF

anot her- 30 m n at

20

long term response As is the case for hepatltls B, the virus is cleared as a consegquence
of the seroconversion for antl-HB_sAg antibodies. Also in many other virus infections, the

virus is eliminated when anti-envelope antibodies are raised. However, in the

. experiments of the present invention, anti-E1 antibodies clearly decreased in patients

with along-term response to treatment, while the antibody-level remained approximately

at the same level in non-responding patients. -..Aflthough the outcome -of these

.experiments was not expected,, this non-obvious finding may be very important and

- useful for clinical diagnosis of HCV infections. As shown in Figures 9, 10, 11, and 12,

25

30

anti-E2 levels behaved very differently in the same patients studied and no obvious - .

decline-ir titers was observed as for anti-E1 antibodies. Figure 35 gives a complete
overview of the pilot study. - _ _ | _

As can be deduced from Table 2, the anti-E1 titers were on average at least 2
times higher at the start of treatment in long term responders compared with incomplete
responders to treatment. Therefore, measuring the titer of anti-E1 antibodies at the start
of treatment, or monitoring the patient during the course of infection and measuring the
anti-E1 titer, may become_a useful marker for clinical diagnosis of hepatitis C.
Furthermore, the use of more defined regions of the E1 or E2 protéins may become

desirable, as shown in exampie 7.3.

The lentil-lectin colum wasrpomEhesh3ossth 5 to

8. a“t&’rﬁ?cfé‘i?ﬁ 79 derligad by grfartar of RtV HR The
El- p5 E2-fehtd withfdudedihg fospBhss mpbeéh aiyﬂqun@rea&éoamdﬁ OfhétefeRl basea@n 25

(



t'o bl ock the free sul phydryl groups 48 '5.4. Gel filtration

chromat opr aphy A Super dex-200 HR 10/20 ctol urm-( Phar naci a) was equi | i brated
with 3 colum vol umes PBS/ 3% Enpi gen-BB. The reduced mixture was injected
i'n a 500 [®ydosmap! € 5 | oop of the Smart System ( Phar nagcajepesiesopBS/ 3%
Enpi gen- BB buffer was added for gelfiltration. Fractions of 250 [err] were-
collected fromJ[err] to [err]. The fracti®hs were screened for the presence
of E1 or E2 prote| n.as sc._rlbed in exanple 6 F| gur.e 24 shows ELI SA
results obt& Y13 Ssaniinodiesda §r19oNeL: i on chr onat ogr aphy
of 4 different El purlflcatlons of ceII Iysates |nfected wi th vvHCV39 10
(type 1 b), vvHCV40 (type 1 b), vvHCV62 (type 3a? and vaC\/63r§§ é{pe ?{gg
Figure 25 shows fRe R¥Phistyds Ieas: menéweﬁ?%?ntﬁu?‘?'\c@&t'fr@ﬁ's'rbm?ﬂ' POHA HSof
types 1 b, &empRidly eraldd, lem&octﬁu-@\l ShRfdRGpridelrs dh%h@@&oréﬁéﬂ@&ﬁﬂwanand

vvHCV63, respectively; purif on lentil lectin and reduced as in the
previ oBs exafihadiss tqﬁéeﬁ@%@s CPW(:ﬁ"tS'&f‘EW Vitydied HHCV  antigegs,qwith E1, anfihodiag

pure EL probRidbiff@bst &.Eéfongacwevth&asfw.ﬁ&nudédhsfe&%é @B%n& 38- .nfem?e@ LR aHe) -
These peaks showvery simlar nol ecul ar wei ghts of F roxi mtely 70 kDa,

cor r espondi fiithes suppliemmented) ther eaherthwithxhanatghedissrips o tSHP'ééhﬁerﬂ“i‘ |9gaUPS
represent Vﬁ%@g@gﬁsﬁéb%ﬁtﬁ@géﬁ Sifib bt rﬂp@h&érgs(PﬁhbﬁJ‘ré%BHhE’erQQNlﬁ?Pééé’sreed

fromEl only ere uctron step as outlined in exanple 5.3
because of (AR werexalsp amalyzed: fi | tratlon step in the presence of the pr oper

deterggnt. As SthgUre' 86 ﬁ{aﬁlﬁgse?\?e‘?a E‘ni@:g:y (51%\83925&%2%%8& [E3) Pl O

17) and pool 2 (represen ractions contaln contam nating
prot ei ns nothegsEsemd NRrgrotses &rd [Febles @fandcd slow thestagisticyl anglyees=1n phis karger

fractions ] DS/, PA <
Proteins | ‘Qgcé r{égﬂ%&?ﬂ?rﬁhﬁ\tfbﬁﬁt'%%m%@;edgﬂ e@ﬁ’gggpywe%e 5ei'°.|osto g'v:E I n- aﬁ'k (Pne
phosphat ase0a3)s$iove muchFigher €12ntibody lesels veere ehsbrizgd mirype Bednfebted patinotsgst
ot hers, the_29 k nt.a nat prot n f.ore
Che el 111t FATPBROCRIEPOBTRFed 2rtend EREH 3 Pt Sl S lags ifto
| evel $5i n t becduna(Tabtend). 2Bithia tB@typEEb-bﬁactedtgrmnpltﬂ'ﬁlatmHécyhlﬁﬁkrEEﬂ antibody
represents for uId |reI dlsr
t he rmnomer\te(\felél ?'?)hﬁeatéﬁ?rﬂ"é? 'qne% Fﬂ’p §b$§5§ t&‘ I'H} Rfoéﬁg\édeég
protei n (| anesctéd NROdid Mot anbwdiaﬁmaﬂalilﬁs.t er mobility on SDS/ PAGE because
of the presence 8& aR'RLXdySIevels monitored in LTR during the 1.5-year follow up period, only
E1 antibodies cleared rapidly compared with levels measured at initiation of treatment
20 [P = 0.0058, end of therapy; P = 0.0047 and P = 0.0051 at 6 and 12 months after

therapy, respectivelyl. This clearance remained significant within type 1- or type 3-

. infected LTR (average P values < 0.05). These data confirmed the initial finding that

E1Ab levels decrease rapidly in the early phase of resolvement. This feature seems to

be independent of viral genotype. in NR, PR, or RR, no changes in any of the antibodies

25 measured were observed throughout the follow up period. In patients who responded

- favourably to treatment with. normalization of ALT levels and HCV-RNA negative during

‘treatment, there was a marked difference between sustained responders (LTR) and

- responders with a relapse (RR). lﬁ- contrast to LTR, RR did not show any decreasing E1

antibody levels, indicating the presence of occult HCV infection that could neither be

30 demonstrated by PCR or other classical techniques for detection of HCV-RNA, nor by
raised ALT levels. The minute quantities of viral RNA, still present in the RR‘ group.'

during treatment, seemed to be capable of anti-E1 B cell stimulation. Anti-E1 monitoring

- may therefore not only be able to discriminate LTR from NR, but also from RR.



30 carbohydrates instead of 6. Figure 28 shows:a silver stain of an

SDS/ PAGE gel run in identical conditions as in Figure 26. A conplete
overview of the purification procedure is given in Figure 29. The presence
of purifyygdemdssr ot ei n was further confirmed by nmeans of yeg/Epssispsotti ng
as described I n exanple 4. The di neric E1 protein appeared to be non- 49
aggregated and free of contam nants. Tis# subtype 1b E1 protein purified
from vvHCV40-i nfected cells accordl _ng to the above schene was

am not er Hs3aManitwERg of aptibedies, af definanoregions.af|the E1xseteihcer and appeared to-
contain a tyrosine as first re5|due This confirned that the E1 protein had
been cl eaved by the signal peptidase at the 5 correct position (between
Al 91 and Y1 ﬁvhqmmwtnsolm@ﬁdqlolg@qalmeoacmfsdmwlng mEM mng‘emmwedf

Hijikata gt Er%]m
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The 2 prioteune geraemiog 2fies1 Bdibrarigs grejomingntyvididestlimeasrapRiipes disgersed -
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the [err] cont 1 nuous Aronarogr ap
The dott &g awmteclpepgea@dmrqsh@nm the&&tﬁameggonae nmlammehardc&jvs Emrssnp(mb

Séfim ?rg L nyc ron%tgo\gﬁgph?/%&hgﬂw?l féf L’ﬁ g‘"ﬁ"‘f‘:rk g‘%ﬁés?t?ejte gu'ro e30),

par t of vnhg:ohs wad alreatiydegnanappeddarkeebe faccitvedienpheong bEthesgenooéc snsucsmte out

arrpl and part of ch S, di ately l.ied t.0.th
ot 15 par ety SitopBEzn ptehotding antiReudd Hiieh 3o iy PRRELE Belioind G LI T
coul d be wienmesevealbpthehhaid/ealfowvetithe devdleprhént-dfi disgribstig @ sayatveish mmdsal (
contam natin rgte I’leIf n reduﬁ} n ha bagﬁ\nréo, erformped. After
reduct | o' MAOHTEGHYTCAE (R PHDYAIGS t BeREE S Evrier e s seqr egat ed
i nto the Aeno]HAEY aattings oftdws allowingntlindal dingnosit eindsprognosis b ﬁdpﬂittd‘lCt he
E2 protei wer e not !ﬂy)val ent]y |linked.to.the E2 protein an geause

these corfiSARSAA? &ValANGTsiaY, Ma?tﬁ'%?t%‘b%fe‘ﬂ{?éﬁf“’é'?%?) reqﬁ/@?@ogg Hows

an gldi t iimfiine]strvdillgnide imidysigrificantiyeantrivuté ®xhevitird stionk ireHEY didgposisand
purification. This affinity 25 purification step enploys the 6 histidine

resi dues P4 % the E2 protein as expressed
 Several 20-mer peptides (Table 3) that overlapped each other by 8 amino acids,

were synthesized according to-a previously described method (EP-A-O 489 968) based

“on the HC-J1 sequence {Okamoto et al., .1 990). None: of these, ‘except peptide env35

20 (also referred to as E1-35), was able to detect antibodies in sera of approximately 200

HCV cases. Only 2 sera reacted. slightly with the énV_SS peptide_. However, by means

of the anti-E1 ELISA as described in example 6, it was poé_,'sible to discover additional

epitopes as follows: Thé anti-E1 ELISA as described in example 6 was modified by

‘mixing 50 ug/ml of E1 peptide with the 1/20 diluted human serum in Sample diluent.

25 Figure 13 shows the resuits of reactivity of human sera to th’e'rec'om'binant' E1

(expressed from vvHCV-40) protein, in the presence of single or of a mixtufe of E1

peptides. While only 29 of the sera could be detected:by means of E1 peptides coated

on strips in a Line Immunoassay format, over half of the sera contained anti-E1

- antibodies which could be competed by means of the same peptides,' when tested on

30 the recombinant E1 protein. Some of the murine monoclonal antibodies obtained from

Balb/C mice after injection with purified E1 protein were subsequently competed for
reactivity to E1 with the single peptides (Figure 14). Cleariv, the region of envb3 -

contained the predominant epitope, as the addition of env5.3 could substantially

compete reactivity of several sera with E1, and antibodies to the env31 region were also



from vvHCV44. Contamninating proteins either run through the colum or can
be removed by a 30 nmMim dazol e wash. Figure-33 shows a silver-stained

SDS/ PAGE of 0.5 [err] of purified E2 protein and a 30 nM i m dazol e wash.
The pure ®bewoasss n coul d be easily recovered by a 200 nM RETEF2PIO3L| uti on
step. Figure 34 shows an additional 30 desalting step intended to renove
i mi dazole and to be able to switch to th&%desired buffer, e.g. PBS,

car bonat e f i Staktl ng.fro Q0

ot et od wiblogti i RBng-va i iffplray Qg it HedTihe ShIS BrpEshEENSE,
VVHCV42, vehivAZanyaeastiniky\hen epatedatinectly oo the s@@ phraseei n, t he procedures
described in ex les 5.1 to 5 5 3|l ) hEd ' :
approxi mat el y 1%@°@f'pﬁ'dﬁﬁo\?%rfﬁsy3n sggg u%ng()@cﬁrgélg§»6? glgér{%f’?g ysla"l%pd|lc(ajntal o)
be renar ke@révidislys in \eOeaB/EBOP4A Dt Terfollowimgt peptites gveap pyathesineds| y 30- 40%
60-70% being in the intr lLylar form is chracterized by aggregate -
formatd on (cont PEPYIE §MY '(?foglni ons). The sane problemis thus posed to
purify secreted E2. TNH,-SNSSEARDMIMETPEL\GGKbmeinp@EC iDeNO%1)di scl osed

b . Ex | 6: ELI SA f, t he det ' tig | - ' |
or Tor Che det ect | on Saenpind gimeyaciis,20p 8 234 of e HEY 5oy RG et el o
fNuni_:, Ro;(l;i)l ?e,pe )mrdﬁ)q-élﬂlavlsef(caﬁﬁoﬁdmmh 1 vol une (e.?. 5? [err] or 100

err] or err er  we a r Vi, di
(Boehringer Mannhei m;)bi?WﬁEﬂ%&W@MW&#ﬁ%&@F'Q'f@?%@%Qr%{t [err].
Al terpgatively, the V\gﬁhﬁnm@ra?niﬁ@%ﬁﬁ 16l 318 bf BaRWTEthefHEV [petypfotein BatharEhus

nivalis agglutinin ( in 50 nM 15 sodi um car bonate buffer pH 9.6 for
16 hours at [err] or "@P"1 hour at [err]. In the case of coating with GNA

t he pl ates \Aereﬁé?ﬁggqbgjt(iémgpwat)h 400 [‘err] of Washing Solution of the
| nnotest HCV Ab 111

kit (lLnnogenetics, Zw jndrech el qj nho :
coating surfaces -vveré‘*ﬂN'BE\(BN%mYHYTQDF§“§%%Y%QNEMP&P%'ﬁf "gg'ltaggﬁ)%
(0.1 %casein and 0. lygogggrr] in PBS) for 1 hour at 37 C or for -16- hours at-
.4 C. Bl ocking solution was 20 aspirated. Purified El or E2 was %ii | ut ed

to 106 1000 ng/ni ( ccmenning amiomaridad 82 se 288 ohthe HEY PRProfeindp thef region

non puri 11 S0%0e P PRLA ooh Tl Shey et PR dhite e o oati ng
. TPTVATRDGKLPATOLRRHIDLL, SEQ ID NO 54) and E1b-BB (biotin-GG-

TPTLAARDASVPTTTIRRHVDLL, SEQ ID NO 55) which are deriVed from the same region

of sequences of genotype 1a and 1b respectively and which have been described at the

20 IXth international virology meeting in Glasgow, 1993 (‘epitope C’). Reactivity of a panel

of HCV sera was tested on epitopes A, B and C and epitope B was also co'mp'a'_red with

env35A (of 47 HCV-positive sera, 8 were positive on_epitopé B and none reacted with

env35A). Reactivity towards epitopes A, B, and C was tested directly to the biotinylated

peptides (50 ug/mi) bound to streptavidin-coated plates as described in example 6.

25 Clearly, epitopes A and B were most reactive while epitopes C and env35A-biotin were
much less reactive. The same series of patients that had been monitored “for their
reactivity towards the complete E1 protein (example-7.1.) was tested for reactiVity
towards epitopes A, B, and C. Little reactivity was seen to epitqpe C., while as shown
in Figures 15, 16, 17, and 18, epitopés A and B reacted with the majority of sera.

30 However., antibodies to the most reactive epitope (epitope A) did not seem to bredict
remission of disease, while the anti-‘l bE1 antibodies (epitope B) were present almost
exclusively in long term responders at the start of IFN treatment. Therefore, anti-1bE1
(epitope B) antibodies and anti'-env53' (epitope A) antibodies could be shown to be

useful markers for prognosis of hepatitis C disease. The env53 epitope may be
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no response o
The anti-E2 response would clearly blur the anti-E1 response in an assay measuring both

kinds of.antibodies at the same time. Therefp.re, the ability to test anti-envelope
antibodies to the single E1 and E2 proteins, was shown to be useful.

-2.4. Mapping of anti-E2 anti

25

- Of the 24 anti-E2 Mabs only three could be competed for reactivity to
recombinant E2 by peptides, two of which reacted with the HVRI region (peptides E2-

. 67 and E2-69, designated as epitope A)-and one which recognized an epitope competed

30

. epitopes could be .grouped according to their relative positions as follows: the IgG .

by peptide E2-13B. (epitope C). The majority of murine antibodies recognized
conformational anti-E2 epitopes (Figure 19). A human response to HVRI (epitope A), and

_to a Iesé_er extent HVRII (epitope B) and a third linear epitope region (competed by
peptides E2-23, E2-25 or E2-27, designated epitope E) and a fourth linear epitope region

(competed by peptide E2-17B, epitope D) could aiso frequently be observed, but the
majority of sera reacted with conformational epitopes (Figure 20). These conformational

>



Showi ng bi ochemical response with relapse at the end of treatnent. A group
of 8 IFN-[err] treated patients with |ong-term sustained response (LTR,
followup 1 to 3.5 years, 3 type 3a and 5 type 1b) was conpared with 9
patients 3§50 9604389\ ng non-conpl et e responses to t.reat nent POREPISHB0IW up 1
to 4 years, 6 type 1 b and 3 type 3a). pe | b (vwHCV-39, see exanple 2.5.)
and 3a E1 (vvHCV 62, see exanple 2.5. ) p tei ns were expressed by the
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Example 8: E1 glycosylation mutants
25 ' .
.. 8.1. Introduction
The E1 protein encoded by vwHCV 10A, and the E2 protein encoded by vvHCV41
to 44 egcpressed from mammalian cells contain 6 and 11 carbohyd_rate ‘moieties,
30 respectively. This could be shown by incubating the lysate of vwHCV 10A-infected or

vwHCV44-infected RK13 celis with decreasing concentrations of glycosidases (PNGase
F or Endoglycosidase H, (Boehringer Mannhein Biochemica) according to the
manufacturer’s instructions), such that the proteins in the lysate (including E1) are

partially deglycosylated (Fig.. 39 and 40, respectively).



|l ong termresponse. As is the case for hepatitis B, the virus is cleared as

a consequence of the seroconversion for anti-HBsSAg anti bodies. Al so in many
other virus infections, the virus is elimnated when anti-envel ope

ant i bodi &0 sgia3ssai sed. However, in the 20 experi ment s mfr/EMsogu3EsSent

I nvention, anti-E1l antibodies clearly decreased in patients with a

| ong-term response to treatment, while BBe antibody-1evel remained’
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30

glycoproteins (see reviews by Rose et al., 1988; Doms et al., 1993; Helenius, 1994).
After alignment of the different envelope protein sequences of HCV genotypes,
it may be inferred that not all 6 glycosylation sites on the HCV subtype 1b E1 protein
are required for proper folding and reactivity, since some are absent in certain
(subjtypes. The fourth carbohydrate motif (on Asn251), preéent in types 1b, 6a, 7, 8,
and 9, is absent in all other types know today. This sugar-addition motif may be
mutated to yield a type 1b E1 protein with improved reactivity. Also the_ type Zb
sequences show an extra glycosylation site in the V5 region (on Asn299). The isolate
S83, belonging to genotype 2c, even lacks the first carbohydrate motif in the V1 region
(on Asn), while it is present on all other isolates (Stuyver et al., 1994) However, even
among the completely conserved sugar-addition motifs, thé_ presence of the
carbohydrate may not be required for folding, but may have a role in evasion of immune
surveillance. Therefore, identification of the carbohydrate ad_ditio'n motifs which are not

_réquired for proper folding {(and reactivity) is not obvious, and each mutant has to be

analyzed and tested for reactivity. Mutagenesis of a glycosylati'on ‘motif (NXS or NXT
sequences) can bg achieved by either mutating the codons for N, S, or T, in such a way

that these codons encode amino acids different from N in the case of N, and/or amino
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(



- @.03). Since nuch higher E1 anti body | evels were observed in type
3a-infected patients conpared.with type 1 b-infected patients (Figure 37),
the genot ype was taken into ‘15 account (Table #): Wthin the type 1
b-infecte LTR al so had higher E1 antibody |evels th he
|n|t|at|o§”§f Ip'?’gat ment [P < 0.051; the limted nunber of t?%%mg’s?‘h.inf ected
NR did not allow statistical analysis. Ogganti body |evels nonitored in LTR
‘during the 1.5-year follow up period, only El antibodies cleared rapidly
conpar ed wiachds| cﬁfietamﬁms@r@dT ot thencdseatfi Dandfin thecedsessft T. 2/&lterna{\¢ely; He0058,
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PR, ors5 RR, may bhavagles i n any of the antibodies 25 measur ed were

observed t hroughout the follow up.period. In patients who responded -
favourably to treatnment with normalization of ALT |evels and HCV- RNA

negati ve dug,pnMukddenesRif the BerRotems a nmarked di fference between sustained
responders (LTR) and responders with a relapse (RR). In contrast to LTR RR

di d not show any decreasing E1 anti body | evels, indicating the presence of

occul t HOV i nf ecdii eiitdtitis wekel sbriteined&in #12 B0sequedeswelonatOCh APERDID
ot her_classical techniques for detection of HCV-RNA nor by raised ALT
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Anti-E1 nonitoring may therefore not only be able to discrimnate LTR from
NR, but al S5 BRGSANRR Primem 4 (designaiash Gl nyitht # Jieprasentieg the wEpheiepf the

regi ons of g\higshhtioh Aifel Lebl #.]&0!4@51 oReaiRG 8! @sirBl b8! SHingBPRY 86G&th Bhe
i dentifying HCV anti grens resu i n unprecedent ed breakthrough in the

devel opmentméRgenasis. TieAinGLY # cyimersclengh RReritie f5 a givemahypesyieioscsiion yese

[err]ig i brapi LkigRed" sedpmdrant |y yielded Iinear epitopes dispersed throughout
the core ang non- structural regi ons, and analysis of the envel ope regions
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epitopes to t enve reg |ons een mapped Tong ore
deci pher.i ngbath amlemgﬂmdmar@ riautltal:taud @pntam non-polar residues, glutamine has a longer

side chain (one more -CH,- group).

20 - The intréduction of silent mutations in one or several of the codons downstream of the
glycosylation site, in order to create a new unique or rare {e.g. a second Smal site for
E1Gly5) restriction enzyme site. WitHdﬁt‘ modifying the amino acid sequence, this
mutation will provide a way to distinguish the mutated Sequences from_the original E1
sequence (pvHCV-10A) or from each other'(Figute 41) . This additional restriction site

25 may also be useful for the construction of new hybrid (dot.nble, triple, etc.) glycosylation
mutants. | '

- 18 nucleotides extend 5’ of the first mismatched nucleotide and 12 to 16 nucleotides
“extend to the 3’ end. Table 7 depicts the sequences of the six GLY# primers ov‘erlapbing
the sequence of N-linked glycosylation sites. _ _

30 For site-directed mutagenesis, the ‘mispriming’ or ‘overlap extension’ (Horton,
1993) was used. The concept ie illustrated in Figures 42 and 43. First, two separate
fragments were amplified from the target gene for each mutated site. The PCR product
obtained from the 5’ end (product GLY#)_was amplified with the 5’ sense GPT primer

(see Table 7) and with the respective 3’ antisense GLY# primers. The second fragment



10 Such epitopes and correspondi ng anti bodi es often had neutrali zing
activity useful for vaccine devel opment and/or allowed the devel opment of

di agnostic assays with clinical or prognostic. significance (e.g. antibodies
t o hepat wass/B3asur f ace antigen). As no HCV vaccines or teRGI/ERSOWShY
clinical diagnosis and prognosis of hepatitis C di sease are avail able
today, the characteri zatlon of viral enf ope regions exposed to 15
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means of fhauligRt quaptitiesof ek Glet Bepdygts3ter cloning vwase gaperasast inm third (
pr ot ei n. ﬁgﬁ%y%eéﬂsﬂnfrﬂ%’dnﬁkﬂoﬂm Whtéﬁél'rﬁ@f@ﬁm@% at ﬁlﬁs@ tqu{HvBQMNeps mce

after injection with purified El protein were subsequently conpeted for
reacti vi t §ret"eseactiyel oyeytappinggthe geﬂt“? @é3he pgeipia 1 Pf@é%ﬁfl(y‘ensteh@PTé’gl on

of env53 mnselaﬁacih&fseeaa%@% oaé&msnh&rﬁme eﬁagehnecaéi@dn&.s%ﬁx EhYameroul d

substantlall nme reactivity of several sera wt 1, and antibodies to.
tz_lw

t hel®nv31s8& IEPGR s@nditions wese petfaumedras éesqnﬁeﬁ ﬁgswyeserr #r (19999,
since the env5g;angs GRS PERP @raoaﬁétshwas r&?éne%hewcaav/ssﬁ.mtdnéfavtayewnenﬂfeoat ed

directly to the solid phase.. Therefore peptides were synthesizeéd using
t echnol ogfcafdGamtieautinpcainia Yasden containinguthieyoriginel Bb seauarsEsipy HCYhEOA).

fol I ow ng PePt v SeEiel cHRk Wié 4R4lyzed for length of insert by EcoRI/BamH | cleavage

and for the presence of each new restriction site. The sequences overlapping the

20 mutated sites were confirmed by double-stranded sequencing.
8.3. Analysis of E1 glxcosy: lation muta n;s

Starting 'fro.m tne 6 plasmids' containing the mutant E1l sequences as described

25 in example 8.2, recomblnant vaccmra viruses were generated by recombination with wt
vaccinia vnrus as described in example 2.5. Briefly, 175 cm?-flasks of subconfluent

RK13 cells were infected wrth the 6 recombinant vaccinia vxruses carrying the mutant

E1l sequences, as well as wrth the vaCV-1 OA (carrymg the non-mutated E1 sequence)

and wt vaccinia viruses. Cells were lysed after 24 hours of infection and analyzed on

30 western blot as described in example 4 (see anure 44A). All mutants showed a faster
mobility (corresponding toa smaller molecular welght of approxrmately 2 to 3 kDa) on
SDS-PAGE than the orlglnal E1 protein; confirming that one carbohydrate moiety was

. not added. Recombmant vrruses were also analyzed by PCR and restriction enzyme

analysis 10 conflrm the 1dent|ty of the different mutants anure 44B shows that all

@



5 pepti de env35A- bi otin NH2- SNSSEAADM MHTPGCV- Gkbi otin (SEQ I D NO
51) spanning am no acids 208 to 227 of the HCV polyprotein in the El region
pepti de biotin-envb3 ('epitope A) biotin-GG I TGHRVAVWDVMVNWEPTTAL- COCH ( SEQ
I D NO 52) 4/ 96104385 ‘spanning anino acids.t.0:31 3 of pg3apadedebe HCV
pol yprotein 1n the E1 region peptide 1bEl ('epitope B') [err] NO53) 15
spanning amno acids 1 92 to 228 of the HQV polyprotein in the E1 region
and conpared with the reactivities of peptides El1 a-BB (biotin-GG
TPTVATRDGKLPATRIRIES Brewn dEdigure 4 1Noontaed tisdexpeetast @Rlitignsl sestrictiyn sites.

TPTLAARDASVEAJFL Bt the S ddts WAsT3b Wit 1 u%agﬁ\?i{Wﬁihgﬁg?%ﬁ@néﬂﬁ? by

regi on of sglguences of genotype 1 a an respective \ave
been descr i Bld8Aalhe lysates were [djtuted 3@ imesigndaddeditd micoyyelptates nepted withabgow,

1993 (' epit TRV [ r .

cpi topes. A PBoNA =S ER KN bt eRimfle CRbuRba LMaRGE RSB AR 15 0
HCV- poBi t i vieasewith Z)-times diutadt $era ob 24chiCY apfecBdapadientmas desteibed invexample
env35A). React.i vit.y t ' i re tg the
bi ot 1 nyi at e S eRAES AR SRR ol PGt e b 5, chE ShlulghE Gid 1 e
descri bed i shoowaimpTablé8. Phie tableChlemshows ti ratpebetverndS/B values ofSLY# et El ve
while epito .C apd e S5A- hi ot | [ ch | reactd v a eries
of pati ont PR TaM LS HoAp R Snd Bep S B b G Y onan aF R B
conpl et e Elmptariteifor doew@arisbe of rdactivitgavitrepatishtfsera mageésult inyobisematidss that

epi t0p§S A B, and C was, seen {o

, . Little reactivit i tope..C i | e.as

Shownt¥n £ b8 Epaseausncs ¥ cifdtehexmrted G 1s3SR tafter BerL BRE TR, 4R sy sach
maj-ority ofdisfjuties3€an be ldveroeie bRpurifiesticsot thel di€fersdt tmitaaty by despitede
(epitope A did ngt seemto. -pr_gdi ct remssio ?f glci,ﬁease while the anti-1
BEL ant | bodEOREEr AGHEY By RBrEeERL BN ER AL Il Ehec TET-PEE] ProTeISnHovaY S
respgnger S ik feBEItSsA6NOIh 1dbMd sramaavnhdicmgfraft Qéﬁmlvgn%ﬂ tﬁlethtl(Glemb)t e B)
anti bodi es an nti-envh i tope A) antibodi es coul d be own to be .
oet ur - rar KO Fond, B 1T EP b ShSifian Motits (eisas SSactKaY S ieT et By
be 15 removal of the 2nd and 5th site does not. Removal of GLY4 seems to improve the

reactivity of certain sera. These data indicate that different patients react differently to

the glycosylation mutants of the present invention. Thus, such mutant E1 proteins may

be useful for the diagnosis (screening; confirmation, prognosis, etc.) and prevention of

" HCV disease.

20

Example 9: Expression of HCV E2 protein in al cos lation-deficient yeasts

The E2 sequence corresponding to clone HCCL41 was provided with the a-

25 maﬁng factor pfe/pro signal sequence, inserted in a yeast expression vector and S.
' cereViéiae cells transfor_med with. this construct secreted E2 protein into the growth
medium. It was observed that most glycosylation 'sites wére modified with high-
mannose type glycbsylations upon expression of suc_:h a construct in S. cgrevfsiae

strains (Figure 45). This resulted in a too high ievel of heterogeneity and in shielding of

30 reactivity, which is not desirable for either vaccine or diagnostic purposes. To overcome
this problem, §.'céreVisiae mutants with modifi.ed gly_cosylaﬁon pathways were
generated by means of selection of vanadate-resistant clones. Such clones were
analyzed for modified glycosylation pathways by analysis of the molecular weight and

heterogeneity of the glycoprotein invertase. This allowed us to identify different



WD 96/ 04385 56 advant ageously used for the detection of cross-reactive

anti bodi es (anti bodies that cross-react between maj or genotypes) and
antibodies to the env53 region may be very useful for uni anti gen
det ect i oWCi**&¥Pum or 1iver tissue. Mnoclonal antibodi es\‘?’ﬁ%@?@! ni zed
the env53 region were reacted with a rasdomepitope library. In 45

cl ones that reacted upon i nmunoscreening with the nonocl onal antibody 5E1A
10, the ssgcosytationGiEsicieats grme\nsla Baoeeme Thei 3 p&afdrrogyas/\llshbséd”uently

uni ver sal __HCV sgq_ﬁence {esegerﬁt%cr éﬁl‘l ants in the env53 reﬁwon
sequence ARFTETIMEUGRLT ths W“{%SEQ% t 0Pl ACR O IONREA LIRS

Cr 0Ss- 1 eaqs deseribed imexample Jpon WhseRNM3L as ldesdrivedah sRameRt fiMgua 4@l iabl e
regi on which nay contain an epitope in-.the amino 10  term nal sequence

- YQVRNSTGL- (SEQ I D NO 93) and may be useful for diagnosis. Env31l or E1l -31
as shown in Table 3, is a part of the peptide 1 bEl. Peptides E1-33 and

El -51 also reacted to sone extent with the nurine antibodi es, and peptide
E1-55 (containing the variable region 6 (V6); spanning am no acid positions

329- 336) E"ﬂaﬁr‘b 1& qagt;gﬂe',\yi ghiiﬁoms of the patient sera. 15 Anti - E2
anti bodies clearly owed a different pattern than the anti-E1l

anti bodi es, especi al I y in patients with a |long-termresponse to treatnent.
Therefore, it +15% Grb&aH: rbdlis shbe HEERRBHEY 4 BodbikprESNSH g@%erﬁw begiagpogoul d
not be measured as efficiently wth an assay: enploying a reconbi nant E1/E2
pr ot@i n arificatiomprotersl erefqavirgditogpagtha highzegnttytyion theTHeV @y elope prateipdns e
woul dcl egith HuklaWpdildRt 86th! TR daR BRYBRSinbd ugiRg 3RS wam

ki nds of anti gongeps la te‘ﬂe sarreatl nme. Tﬂerlej%o?e ?Kedégbl t%@&?gn -
anti - envewpeesmt sper@me andfprt h@"fglarﬁ'ghepilglo%gl%l CEthi!ﬁr cnresem mmstloshomcltlo be

useful . fU%hr He Ehé‘gal‘?%er@‘&ldn g.é«JBPél 51 of the protein ard. &léeptﬁéf%ggﬁ E2

Mabs onl oul e co reactrvity to reco nant

pept i des,protgsolst ofv\thecmeseuonwtwnt whwh@uamtee ae ehm(rraevpmqie@nmineﬂnand
E2- d t C a0 :

corr%gt ed%ﬁg g%p | de e%%?eggg“@s?%e %1&({ orl tng% ﬁﬁ?’fﬁgkgﬁgl %\(/le es

r ecogni zenvelopé orqtamso'ﬁlae ampumtsed pepiled)l:lsy enPelgoe eratein neadad ferdiagrogtinse to
v o SRR gosB0E ain sho el o RARE o8P o Velding BUIRO8E Sk il
desi gnat ethamits open@lomoraei’r\oumuld be neeadedeﬁ'hecq@erer_ ¢bp gacdivie vires exystem
pept) i, T iEoadioh el ek iRt S ALl B ST bl Wi
corffor matlarga{slcale expression and purification of single or specific oligomeric envelope proteins
containing high-mannose carbohydrates may be achieved when expressed from several
yeast strains. In the case of hepatltls B for example, manufacturmg of HBsAg from
mammalian cells was much more costly compared with yeast-denved hepatitis . B
vaccines. _
25 ‘The punflcatlon method dlslcosed in the present mventlon may also be used for
'viral envelope protems in general Examples are those denved from Flavrvrruses, the
newly duscovered GB-A, GB-B and GB-C Hepatrtls vrruses, Pestrvrruses (such as Bovrne
" viral Dlarrhoea Virus lBVDV), Hog Cholera Virus (HCV), Border Disease Virus (BDV)), but
" also less related virusses such as Hepatms B Virus lmalnly for the punflcatlon of
30 HBsAg) _
' The envelope protein punflcatlon method of the present mventlon may be used
for intra- as well as extracellularly expressed protems in lower or hngher eukaryotlc cells

or in prokaryotes as set out in the detarled descnptlon sectlon

<



#*

epi topes coul d be grouped according to their
57 anti bodies in the supernatant of hybridonmas 1 5C8C1, 1
D1H9, 10D3C4, 4H6B2, 1 7F2C2, 5H6A7, 1 5B7A2 reco

conf or mat i onare epl topes were purified byoBTeans of ‘protei n ARAERISPIP.
f

the 1gG

2D11F1,

9

chr omat ogr aphy ang._}

bor at e

buffer in

IGs vwere biotinylated in

1

bi ot i ny ctions were diluted 1 00 to 10.000 tines. E2

proteir bRem@ damet Neuaifel | d phasey Lect ed by t g ?ﬁ I | p

the prgsence of 100 tines the Qﬁﬂﬁﬂkn&? non- bi ot i 3 g‘égﬁp kﬁ%ﬁm Bﬁl ody

and sul sequerntry gftected 'Uy - Rat-e plluopllaL aserHabeted—st+

Per centlad®$iC¥r 1% onpet i tE¥n ar ¢ gi végoR h- Fablile 6. 3as,elr720_lr57t hesq‘agmet& 4

conf or rat |. | t|-E2 epitopg regio (ep1topes G__Hand ff) courd p

ol oo PR A S22 Ry OPE L TOROR LR APE o> [ #reiean o | horadans |

l'i near |epp¥HpE8ANO] repgesent.pd by Egm, P&k |m:|es used gaR 1R S Al

4H6B2 qnu IoD3CACTpnpeted—TeagtT vty of—t—6A6E-—7ptrt un{ ke %g\%él, I\?E.

di d not|_rR¥HEYni A peptikle E2-|l 3B. E¢¢féBeHlmd ] Mabs 6aageorfecqgngmamaura nt s

of the|s: | ar eplt e (epitop on cogni ge a_confornatronal

of 16A Elwt-lovtﬂm B- 13&1 egi oh (epgg,gppp_ ﬂ;-,l),d ,,,20 Exarrpl7g3§'62 El Jabysiesx!lsat Jon

mut ant $ Z5 Q. I. ' protermencoded—hy—vvHE ; e

E2 pro elpHHEth‘@ded by GRAEEVA 1| t 0Aqa! EprEgeR & (KIf r om maASMBOan |cpgdtaTAABE i n

6 and drate Leti e 30 spectivelly. Thl s _coulld be shownj by

i ncuba %ngﬁfﬁg ?yc o éthJ;QA_LﬁieEEe% : VVFFVA£§$HPZPTde@ﬁﬂT%1§P l's

W th décrmasivagsc nc&IUH@M ons of gl x@g)su@ases ( PNGaﬁe_;ol,':,gbr Engmky&qgl lase

H, (Boghringer NVEMNNE T _Br OCHEmnt ca)_accor ur gt o e memuf-actor-er-

instrut] \’.‘3%uchc9ﬂ5rﬁ1‘?-h_§ r otEseRd - BamHH&KIl ysajt e 1332¢352di g EMS -88 e

partially, fiRq) y6 oYk 1f fed 39 elh Ao (RFPECH] V& Mbiaze pMS-66
pvHCV-37 E1A Xma |l - BamH | 711/239 pvHCV-10A
pvHCV-38 Ells EcoR | - BstE II 553/183 pvHCV-11A "
pvHCV-39 E1Ab EcoR | - BamH | 960/313 pgsATA-18 "
pvHCV-40 E1Ab.his EcoR | - BamH | {Kl) 960/323 pMS-66
pvHCV-41 E2bs BamH | (Ki)-AlwN 1 (T4) 1005/331 pgsATA-18
pvHCV-42 E2bs.his BamH 1 (Ki)-AlwN | (T4) 1005/341 pMS-66 “
pvHCV-43 E2ns Nco | (KI) - AlwN | (T4) 932/314 pgsATA-18
pvHCV-44 E2ns.his Nco [ (Kl) - AlwN | (T4) 932/321 pMS-66
pvHCV-62 Els (type 3a) EcoR 1 - Hind Hi 625/207 pgsATA-18
pvHCV-63 E1s (type 5) EcoR ! - Hind Il 625/207 pgsATA-18
pvHCV-64 E2 BamH | - Hind il 1410/483 pgsATA-18
pvHCV-65 E1-E2 BamH | - Hind il 2072/691 - pvHCV-10A
pvHCV-66 -| CORE-E1-E2 BamH | - Hind Il 2427/809 pvHCV-33 "

nt: nucleotide aa: aminoacid Kl: Klenow DNA Pol filling T4: T4 DNA Pol filling

Position: aminoacid posmon in the HCV polyprotein sequence

* SUBSTITUTE SHEET (RULE 26)

relative positions as follows:

ni zi ng

- ant vas aRlasmids 2 wer e
separated fromfree biotin by nmeans of gelflltratlon chrorrat ography Pool ed



58 Mutants devoid of sone of their glycosylation sites could allow the

sel ection of envel ope proteins with i nproved i munol ogi cal reactivity. For
HI'V for exaghfssdpl20 proteins |acking certain selected sygappadisiodd on
notifs, have been found to be particulgfly useful for dragnostrc or vacci ne
pur pose, The addition of a new 5. ol rgosacchari de side chain in the
hemaggl utinin protein of an escape mut ant of - t he- A Hong Kong/ 3/ 68 ( H3N2)

i nfluenza virus prrape & e
(Skehel et al, 1984). V%en novel glycosylatron sites were introduced into
the |nfluenza henaglutrnrn protern by site- specrfrc nutagenesrs dranatrc

analyls J‘;he 8 crbothﬁeate-drtroerboat}

Tmrrn- Leukenta Vi rjus wer

t he af

f or Sablllzat On of *QH TQr eTT|C|en TOldlr]P
preve i eHSMB3m il ol Bl 5 LY;E’M nf’gygﬁ?* ] e#YHS

ol i gofrer h4rhig4, [oi OEP'QGE\ah a thltyscoﬁn%atrrmnsport otsabxforrmwﬁoﬁ(s

dobiNahivad il WidsiidsZnl Girgdegoc| onal anti body

revi efis—byRose—gt —1988;

al i gnirenpvH§ivV-8he |di fIEe‘r ek 5env{e| ope ﬁspBlt-eBamltequen es78>3/26{CV cprlrlﬁ\&% 0

it m be errgdd that .not. aljl 6 glg' sy a on Si tles_ g e pé

b E1l IDLL_( ll j l:__.- W-Yaluilm -- ’n_J_ Qpnoy n -n. =..____ .___ﬂel _- n"n- re :

absent in certain (sub)types. The fourth carbohydrate notif (on Asn251),
present in types 1 b, 6a, 7, 8, and 9, is absent in all other types know

todayn LS sS4l gar-addrt n m)tr.{[ﬂaobs t bed tO'P'i-erlér% % , 1 b E1
prot eigh mn@% %yg f nmCtF\eFIF g/%(fo o sg:eﬁ Feb'ég 2b 2% _@e_%gﬁé'gs show an
extra glycosyl.a fon Asn299). The isol ate S83,

bel onging to genotype 2c, even | acks the first carbohydrate notif in the Vi
region (on Asn), while it is present on all other isolates (Stuyver et al.
1994) However, -even anong the conpletely conserved sugar-addition notifs,

t he presence of the carbohydrate may not be required for foIdrng, but may
have a role in evasion of imune : - .

SUBSTITUTE SHEET (RULE 26)



80 surveillance. Therefore, identification of the carbohydrate addition
notifs which are not required for proper folding (and reactivity) is not
](\)/Bw ous, and each nutant has to be anal yzed and tested for reactivity.
tagenesis of a glycosylation notif (NXS or NXT sequences) hi eved
by either Wﬂl?‘iﬂ"?‘fé the codons for N, S, or T, in such a vva (:;’2%9%?1&?
codons encode am no acids different figgmN i'n the case of N, and/or -am no
59 acids different fromS or T in the case of S and in the case of T.
Al ternatively, the X poJiable® msu.hmarqt of erhti-Elfotddtssince it is known t hat
NPS or NPT are not frequently nodified with carbohydrates. After
est abl i shing whi ch carbohydrate-addition notifs are required for folding
and/ or reactivity and which g T%(mQMhﬂgqltﬂg of such nutations 5
may be made. 8.2. Mitagenesis oﬁt e El protein | nmutations were
perfornmed on the E1 sequence of clone HCCL10A (SEQ I D 10 NO. 5). The
first round of PCR was perforned using sense prinmer 'GPT" (see Table 7)
targetting the GPT sequence | ocated upstreamof the vaccinia 11 K late
pronoter, and an antisense prl mer (desi gnat ed GLY# with # representi ng t he

nunber af-the glvcosylation cil a_coo Cloo 4l conta ase
change go obtain {hegg Qﬁﬁ"e‘ht The Ehdoﬂré’#m@éﬁtﬁers (eafliowpapi fic for a
gi ven gliiycosyl ati ¢n site) were 1 designed such tlhat: Mdificatibn of

t he codg EA'@?COO“ ngy gﬁQ%;Eezgk gl ycos Vhated Ay t(fggs)or 28)) Lt 9 (@ 1ygofion

(CAA or a ut W4S™ chosen pecause’ it I's very siniTar to asparpgine
(both arfi no aci ds|dt=94@ut ral and cpntai n non-pol ar reS| dues, gl utam ng has
a | ongeffl—si-de_chailn (one nore| er+r}-grotp)—=20 The—i-at :’Cduu“ e

silent nugyations i, wne,. cgnsever al p6.291e gmEons dowrlsé.08am &73t he
gl ycosyljjation sit¢, in order to crepte ew uni que qr.r (e.g. a sefond
h/flrélag t”[‘rﬁ%ﬁ)yi ng the ajfn no

Smal sitle for El Gly518H3triction ep Ite. Wtho

aci d sec ' i ted
sequences fromthe original El sequence (pvHCV-10A) or from each other
(Figure 41) . This additional restriction site 25 may al so be ‘usef ul

];n(i'[ a;[] g Lcl'chnSt rLuo(nz'xtg'-t(t)-zpm,o ];us%meg' ¥QJpOQSé %’r“r%% thraﬁ'1py§ar etc.) glycosylation

NR : No response, response with relapse, or partial response



- 1 8 nucleotides extend 5 of the first mismatched nucleotide and 1 2 to 1

6 nucl eotides extend to the 3' end. Table 7 depicts the sequences of the
six GLY# priners overlapping the sequence of N-1linked glycosylation sites.
30 _ woo9e/ifa9ds site-directed nutagenesis, the 'm sprim nger/PeesSiss! | ap
extension' (Horton, 1993) was used. The concept is |Ilustrate In Figures
42 and 43. First, two separate fragnemBs were anplified fromthe target
gene Eor each nutated site. The PCR product obtained fromthe 5 end
(pro
with the respective 3' antisense GY# prinmers. The second fragnent 60
(product O\/R#) was arrplrfred with the 3" antisense [err] prinmer and the

: ntides ¢ petitionQ¢tdiepr i ners, see Table 7, Figure 43). The
" OVR# prr nmer s target part of the GY# priner sequence. Theref ore, the two
groups of PCR products share an overlap region of i‘dentical sequence. \Wen
these 5 internmedi ate products are mxed (GY-1 with O/R-1, GY-2 with
OVR-2, etc.), nelted at high tenperature, and reanneal ed, the top sense

st r an@ROTEMN oducpEhE canmmNGACIbSEAYENCE | sense spogidoR Praed b NaVRH
(and vice versa) in such a way that the two strands act as priners-for one

anothe (see Fige14d. B.) . |pscensirasSfavRistapeal ed ouerdqp by kg
pol ymerase during two PCR cycles created the fuII-Ien th mutant ‘10

nol ecul e E1 d y#E1&8i ch. ca@YF@§TﬁheHWN&th@4$$iest royf @-2t1r2e gl yEhsyl ati on
'site nunmber #.  Spffsci ent r@b@ﬁtssrmmomﬁrﬁ' CLY# phegugts fagg cloning

wer e generated inathird means of a commopn set of two |nternal
nested primers. Eh@§é two W'HWEWN@TP%M%H vel§8-@23r | apfithg the 3

end of the vaccipjayll K m&mfﬁbeﬁ%&)ﬁhﬁﬂg pri rreﬁhargg theég end of
ocus i mer,

the vaccinia thym | ne ki nase antisense TKR-2
Table 7). Al POR-89nditi (ﬁtéﬁﬁﬁiﬂ‘éSBGW\b%MﬁﬂTﬂﬁ\TdeschM%n St Biver et al .

(1 993). Each of se P

t he EcoRl / BanH -%ttb'qvacc%'gﬁ.w%or con a| ning the ori gr equence
(pvHCV- 1 OA). ThE48el ect é-(ﬂ’Pd'IQ:hﬁ’&ﬂWelr‘éGSAanged for25&»ﬁgt2h of @xsert by
EcoRl /BamH | cl egyvgge and e;,r;(? each n tric pelt site.
The sequences over | gppl ng Ltwséﬂ'%é)‘(" ?C@é\sll tes végryserzggnflr d by
doubl e- st randed Bed8enci nALFIFFSPRAMM TTBRGCNLSEL gl yc283-388i on &K ant s

E1-51 TQGCNCSIYPGHITGHRMAW ~ 301-320 66
E1-53 ITGHRMAWDMMMNWSPTAAL 313-332 67
E1-55 NWSPTAALVMAQLLRIPQAI 325-344 68
E1-57 LLRIPQAILDMIAGAHWGVL 337-356 69
E1-68 AGAHWGVLAGIAYFSMVGNM 349-368 70

E1-63 VVLLLFAGVDAETIVSGGQA - 373-392 71

Y#) was anplified with the 5 sense GPT priner (see Table 7) and

Q‘r@ﬁ‘ﬁ‘ﬁ by Ecoiy 6”1‘“ (gszeavage into



Starting fromthe 6 plasm ds containing the mutant E1 sequences as

descri bed 25 in exanple 8.2, reconbinant vaccinia viruses were generated
by reconbination with wt vaccinia virus as described in exanple 2.5.
Briefly, Wopedigasgd -f!asks of subconfluent RK 3 cells were iptfieErosd3osith the
6 reconbi nant vaccinia viruses carrying the nutant El sequences, as well as
with the vvHCV- 10A (carrying the non- mf7at ed E1 sequence) and wt vaccini a
viruses. Cells were |lysed after 24 hours of infection and anal yzed on 30

west er rgbl ot as descgy bed i ggevspms A ORRELINITQUr e 44Ap7-/Ald nutamts showed
a faster mobility gcorrespondi ng to a snaller nolecul ar wei%ht of

approxi mately 2 t §2%%Da) oRNYPINFNGSWHEYSTAN or i gi n4POE2&r ot ef 3;
confirm ng that oggbg:ﬁ bohydyakesifreiwwrasLaiHedded 42RegqgTbi napd vi ruses

were al so anal yze PCR and restriction enzyne analysis to confirmthe

identity of the diERFEYRNt nACAMAHKINIREEPERAIEShows 't H3P-4R8  TRD 96/ 04385
61 mutants (as shewgn Fi gdEpeAilAsE ﬁﬁﬁ'bﬂ?d?m? expegigthAddi tipgal -

restriction sites. Another part of the cel %[;ate was used to test the
reactivity of theE2r3Berent TREPRGWGRISMANGSGAPR | ysatt€3-48% e diTlted 20

tinmes and added te,ndgerovel k”ﬁ@%ﬁ%\ﬁﬁ%kbct he | ggk @{EISIASa-;B descri bed

i
in exanple 6. Captured (muta ['ycoproteins were | eft r eact
with 20-times dil E2eB ser a WHYRPKROGIVRAKSVEGRYAt i ent $8d5Qfescri bd in

exanple 6. Signal 5‘22?1 oi se Qg%g@ﬁ*wwc;ﬁ\(#/ oegfs 1) foggthe six

nmut ants and El1 ar own in e tabl e al so shows the ratios
bet ween S/ N val ue€2eof1BGLY# BEBVEYGITORSIGAPTYISWEhoul d5Ad-aaer st®bd t hat

oact Vi ty with pRa iR ser GARLySTLGEIBTOKFUERET. .t oReoied 1 02 e the
consequence of i EZETEIL cxONNEGOTWAANSTOITIGGA {eS7caf [ vi 931 evel s
agcdescri bed in _efo%rﬁg?é 5, §Eﬁ2g§6%§m%&f\§§m-‘?cal q&gﬁtﬁé es o&all t he
di L f ertegttﬁét p;gt @3221 O]['b\tAﬁIGGAGNNQ'LHGSWDCfRKHB\AQSi) n 5ah+E9® ?Igr_&sxgiy
Iglnylcggyl ation m)m%fzéi? educe?D&EéEé?g&%’sﬁ:wser ;a, %&gr‘?@w ggr enoval

of the 2nd and 5t lg2s24 e doesRoGsSGPVEIMPRELVDIYPERY4 sees@st® 4 npr o82 t he
reactivity of certain_ sera. These gata indjcate that %i ferent pagtients
Dot e 0785

react differently E2?? he gl 9&89}’% Pof t he B8/ & i nvention.
Thus, such mutant ghla@r ot ei pETIRWTIFKIRMYVGGVEH 619-638 89
| E2-31 MYVGGVEHRLEAACNWTPGE 631-650 90
E2-33 ACNWTPGERCDLEDRDRSEL 643-662 91
E2-35 EDRDRSELSPLLLTTTQWQV 655-674 92



be useful for the diagnosis (screening, confirnmation, prognosis, etc.) and
‘prevention of HCV di sease. 20 Exanple 9: Ex ression of HCV E2 protein in
glycosylation deficient yeasts The E2 sequence corresponding to clone

CCL41 MBS!%FOVIded with the a- 25 - mating factor pre/pro signal
.sequence WOH0485ed in a yeast expression vector and S. cePSIERPHB303L) | s
transformed with this construct secreted E2 protein into the growh nedi um
It was observed that npst glycosylati%% sites were nodified with high-
mannose type gl ycosyl ati ons upon expression of such a construct in S
cerevisiae strains (Figure 45). This resulted in a too high |evel of _
het erogeneity and in shielding of 30  reactivity, which is not desirable
for either vaccine or diagnostic purposes. To overcone this problem S
cerevisiae nutants with nodified glycosylation pathways were generated by
means of selection of vanadate-resistant clones. Such clones were anal yzed
for nodified glycosyl ation pathways by anal ysi.s of the nol ecul ar wei ght and
het erogeneity of the glycoprotein invertase. This allowed us to identify:
different = 62 glycgsylation deficient S. cerevisiae mut ants. The E2
protein was subsequemtly 3§§%essed in sone of the selected nutants and | eft
to react with a nnnoglond%«dﬁtlbody as described in exanple 7, on western

bl ot as descri bed |nmexahpkao4 (Figure 46). 5 Exanple 10. Gener al utility
The present results showit hat TOt only a good expression systembut also a
good 1 0 purificai onf guocoqol are required to reach a high reactivity
of the HCV envel ope @rotetgsgwith human patient sera. This can be obtained
usi ng the proper HCVidéhvedepse protein expression system and/or
purification protocols of the present invention which guarantee the _ '
conservation of the ﬁqgu<§lﬁiolding of the protein and the purification
protocols of the presé;pt 2 Bvnti on which guarantee the elimnation of
_contam nating 15 rot €2 8BS and which preserve the conformation, and thus
the reactivity of the‘qu envel ope proteins. The anmounts of purlfled HCV
envel ope protein needed [ or dinnostlc screening assays are in the range of
grams per year. For VaE:c=,p'g ®uf poses, even hi.gher
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amounts of envel ope protein woul d be needed. Therefore, the vaccinia virus
system may be used for selecting the best expression constructs and for
limted upscaling, and 20 large-scal e expression and purification of

Si ngl e or vepenesBs ol i goneri c envel ope proteins containi ng MGHERYEMIdSse
car bohydrates may be achi eved when expressed from several yeast strains. In
the case of hepatitis B for exanple, magafacturing of HBsAg from manmal i an
cells was nuch nore costly conpared with yeast-derived hepatitis B

vacci nes. 25 The purification nethod dislcosed in the present
invention may al so be used for 'viral envel ope proteins' in general.
Exanpl es are those derived from Fl aviviruses, the newy discovered GB-A,
GB-B and GB-C Hepatitis viruses, Pestiviruses (such as Bovine viral

D arrhoea Virus (BVDV), Hog Cholera Virus (HCV), Border Di sease Virus
(BDV)), but also less related virusses such as Hepatitis B Virus (mainly
for the purification of 30 HBsAg). The envel ope protein purification
nmet hod of the present invention may be used for intra- as well as

extracel lularly expressed proteins in |ower or higher eukaryotic cells or

in prokaryotes as set out in the detail ed description section. 63 Tabl e
1: Reconbi nant vaccinia plasmds and viruses Plasm d name  Nanme
cDNA subcl one - Length (nt/aa) Vect or used construction
for insertion pvHCV-13A El s EcoR I - Hnd 111l .
472/ 157 pgpt ATA- 18 pvHCV- 12A Els EcoR |1 - Hind Il
472/ 158 pgpt ATA- 18 pvHCV- 9A El EcoR |1 - Hind Il
631/ 211 pgpt ATA-18 pvHCV-11 A Els EcoR | - Hind Il
625/ 207 pgpt ATA- 18 pvHCV-17A Els EcoR | - Hind Il
625/ 208 pgpt ATA- 18 pvHCV-10A El EcoR | - Hind Il
783/ 262 -pgpt ATA- 18 pvHCV- 18A COREs Acc | (KI') - EcoR
(KI') 403/130 pgpt ATA- 18 pvHCV- 34 CORE Acc | (KI') -
Fsp | 595/ 197z pgpt ATA- 18 pvHCV- 33 CORE- E1 Acc
1 (KI) 1180/ 3803 % & pgpt ATA- 18 pvHCV- 35 CORE- Elb. hi s
EcoR | - BanH | (KIX. |[SER& 352 pMVB- 66 :
w < O00O0
=4 .
® 8 0 2
<3 |8 39
w2 |0 oo
Z
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w2 o oo
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e
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pvHCV-36 - CORE-El1 n.his EcoR 1 - Nco | (KI) 1106/ 376

pMs- 66 pvHCV- 37 El[err] Xma .| - BanH | 711/ 239
pvHCV- | V- 38 [err] EcoR | - BstE || 553/ 183
pvHCV- 1?&@%{'}%’%9 - Jerr] ' EcoR | - BanHI PCT/EP95/03031960/ 313.
pgsATA- 18 pvHCV- 40 ' [err] EcoR | - BanH | (KI) 960/ 323
pMs- 66 pvHCV-41 E2bs - BaH | (KI)-AIWN | (T4) 1005/ 331
PgsSATA- 18 pvHCV- 42 E2bs. hi s BanH | (KI)-AlWN | (T4) 1005/ 341
pM5- 66 pvHCV-43 E2ns Nco | (KI) - AAIWN | (T4) 932/ 314
pgsATA- 18 pvHCV- 44 E2ns. his Nco | (KI) - AAIWN | (T4) 932/ 321
pM5- 66 pvHCV- 62 Els (type 3a) EcoR 1 - Hnd I 625/ 207
pgsATA- 18 pvHCV- 63 El s (type 5) . EcoR | - Hnd |11 625/ 207
pgsATA-1 8 pvHCV- 64 B2 BanH | - Hind |11 1410/ 463
PgsATA- 18 pvHCV- 65, El- E2 BanH | = Hind Il 2072/ 691
pvHCV- 10A pvHCV- 66T CORE-El -E2 BanH | - Hind Il | 2427/ 809
pvHCV- 33 nt: nucl egti d¢ aa: amnoacid  Kl: Klenow DNA Pol filling T4:
T4 DNA Pol filling=Posiftion: am noacid position in the HCV po]yprotein
sequence SUBSTI TUTE SHET 2REBE 25) 8 80 96/ 388 58 Table 1 kg eoqt i nued:
Reconbi nant vaccinia plasmds and viruses Plasmd . |
HCV cDNA subcl one Vect or Name ; Nane
Construction S Lengtg o uaed for (nt/aa) insertjion pvHCV-81
CE *-GLY 1 2 Eto -YBaBH IS 2 o #83/862. PVHOV-[KA BVHOV- 82
El *-QAY 2 ~ EtoR - BanH | 783/ 262 pvHCV-10A pvHCV-83
El *-G&Y 3 ~ E¢oRl - BanH | 783/ 262 . pvHCV-110A pvHCV- 84 ‘
El -GY 4 Q EfoRl - BapHl, o o 783/262 . pyHCV-1OA pyHCV- 85
El *-GY 5 — EtoOR -<BaRH I+ =2 «~ 3/ 262z PpvHCV-{t04 PVHCV- 86
El *-GY 6 EcOoRl - BanH | 783/ 262 . pvHCV-i10A nt:
nucl eoti de aa: am'lcﬂﬂoac d KI: Klenow DNA Pol filling - T4: T4 DNA Pol
filling ™
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nore than 1 year

sponse for

or parti al

Synthetic peptides for conpetition studi es PROTEIN

SEQUENCE

Long-term sustained re

response with rel apse,

(1:1978) LTR
No response,

AM NO ACI D
58 E1- 35A
61 El-41

64 El-49
67

66 Table 3

.WUUUP<OUUO<U<Uhuoo<h<uowsm

HDAI LHTPGCVPCVREGNVS
TQGCNCSI YPGHI TGHRVAW

229- 248

QVRNSTGLYHVTNDCPNSSI

205- 224
LPATQLRRHI DLLVGSATLC

PEPTI DE
265- 284

El- 31

,£-D9199129299IVVIVIIIOOVOO-.G

7

response
313-332

,£-DIV LY VIVHIVIIVIIIILDIIIID-.G
£-0D0DV199913913920TI3VH-.G
.£-9909VIDOVDIVIDIOLLYIIIIO-.G
£-DVDIVYDIVILOLYIOVLDLYIDDII-,G
VIOILlVLiVILVILYIDLIIVIIIIIDDVIOLLIDIIDOOVI-.S

59 E1-37
62 E1-43
65 E1-51

L¥CDOLCGSV

3]

56 E1-33

AMTPTVAT
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SEQ | D NO El
181- 200
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agent conprises a conbination of classical disulphide bon T@I‘%%J%gg-a@gent

such as DIT, and a detergent, such .as Enpigen-BB. 7. Methpd.acc
any of clainms 1 to 6, further conprising the step of bl ocking dlsulphlde
Bond ref orwetdemusssi t h an SH group bl ocking agent. 8. Met hoBCEW@PNg

claim7, wherein said SH group bl ocking nt is N et hyI mal ei m de (NEM. or -

a derivative thereof. 9. Method accordi to claim7, vvut:l ermsaid step of
bl ocki ng the di sul phide bond reformation is brought ab quaQWeeQ'lie ]aced
conditions. 10. Method according to any of clains 1 to

characterized by at |east the foll owi nElaiMss: Iy5|n | H El;
and/ or E2 and/or E1/E2 expressing host cells, p055| bly i of
an SH bl ocki ng agent such as N-ethyl nalei mde (NEM, - recoveri ng sal d

HCV envel ope proteins by affinity purlflcatlon such as by neans of

et i - ChrTERRHGANAY puTHAll Aokl 1 biBlecd SRBHRCUABMGe Shvblypgeans of

I nmunoaf fi : specl onal an | bodi es.
- r educt imntemms sélected Jonofthe bmumcsnmlsnfstld@ ob&ﬂdmdwftﬂi énfﬂgfsﬁl/;ﬁﬁp de bond

| caving cogactita BanRiapost VBN R napdlothel hobP Ea 3EAGR Bk A7 SH

bl ocki ng a recovering the reduced
E1l andgor Er%camdtrfahuﬁbkﬁfbsee‘d/ﬁmae godistiphids Hond giddviahe paréductiandtgroissi bl y

al so by a subsequent N - hy and desalting step. 78 11.
Conposi ti oncq{B?r‘gPP%?"’h'é‘ %QMA‘HH"& l?‘{/T%p“ag Bgd’gf'@tconbl nant HCV single or
specific oligoneric recombinant envel ope proteins select ed fromthe group
consisting of El and/or E2 and/or

E1l/ E2, characterized as bein sol te by
a method aceoMHRY FCFORHINS &9 cl?l"aﬂmé” r¢ig sftﬁ’a 'i‘fpﬁ'és %?élﬁg?(%recglgh?r(\jls d’?o
claimll, fé&h@@buﬁhﬁda%ﬂélmVnge bhAddusRigiconarmmbi nant HCV envel ope
proteins are expressed fromreconbi nant manmal i an cells such as vacci ma.

13. Conposition according to claim1l, further characterized in that said
10 3. Method according to claim 1 or 2, wherein said disulphide bond cleavage agent is

dithiothreitol (DTT), preferably in a concentration range of 0.1 to 50 mM, preferably
0.1 to 20 mM, more preferably 0.5 to 10 mM.

4. Method according to c|aifn 1, wherein said disulphide bond cleavage agent is a

detergent.

15 5. Method according to claim 4, wherein said detergent is Empigen-BB, preferably at

a concentration of 1 to 10%, more pr_eferably at a_concentrétion of 3.5%.

6. Method accor'ding to claim 1 or 2, wherein said disulphide bond cleaving agent
comprises a combination of a classical disulphide bond cleavage agent, such as DTT,

and a detergent, such as Empigen-BB.

20 7. Method according to'any of claims 1 to 6, further comprising the step of b'lock_ing

disulphide bond reformation with ari_ SH group blocking agent.

8. Method according to claim 7, wherein said SH group blocking agent is N-.

ethylmaleimide (NEM) or a derivative thereof. .

25 9. Method according to claim 7, wherein said step of blocking the disulphide bond

reformation is brought about by low pH conditions.
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SuiSiapiEER Rk HCV envelichbest cgn Beplaced expressed from reconbi nant yeast
el:l sREPLACEEONpPOSi ti E claim 11, further characterized in that
sar =pagat: HCV Rins are the expression product of a
reconbi ngRteJesdsOr conprising a vector seqUe_nce.’,:. galj_n appr OH{gll‘gELP@S/ososl _
prokaryotic, eukaryotic or viral -pronoter sequence foll owed by a nucl eotide
sequence al l owi ng the expression of a siggle or specific oligoneric El
‘and/or E2 and/or E1/E2 protein. 15. Method accordijpg to any of claims 1 to
10, furt hE}- Megodcaceprdiegitaany gfpieings Agoal. fueher chidnectuzddoy aylesses: -
gr owi N9 Fo[ORingC&bps:t ransformed with a reconbi nant vector conprising a’
vect or sequence, an appropriate prokaryotic, eukaryotic or viral pronoter
sequence fol | owed bysiagmeedrebinarkeE s endion€ad amidiw\fi1ig2 ehpreesipg dosi oslisof a
single or specific SlJGRTRY i friseHeddifan e R SobhEe B RN [0 2
sui table culture nmedium - causi ng expression-o ,sal_ﬁ vector sequence -
unde¥ suitabl e condéthiloraleimigded(NEM), | ysing said transfornmed host cells,
preferably in the p af ¢ L O Qup: i n ent . ..such as
N ot hyl mal e mide ( NERFYoINS SHid E’gé’\?ée_'l}‘ﬁ%h Lés%?ge? , gﬁ'@ﬂﬁ?&p"e"f%ﬁﬁ?’éfﬁ%?s
affinity purifi catinmegnsrefilestiofchfamatogedphnc sudhess lentitlectinat ogr aphy or

i munoaffinity chronatography using anti-ElL and/-or.anti-E2 specifi

nonocl onal ant i bodicg"‘s%?mahgﬁgasi.ﬁ'i’(?r P CT??FSb‘Ei'H‘gﬁ"'ﬁ}oéffé}@bﬁ}”?_Eﬂﬁ“%ﬁ-aqdz%'ti n,
foll owed by, - | a2 spexifio indrbeloablartttbodfest he previ ous step with a

di syl phi de bond cl eayage agent, suc s DTIL. preferabl I dn th
prellsjdence of an SH dfgﬂ%m& %c????u"gagaﬁzﬁﬁ? disyffige REWE gﬂeﬁj‘ﬁhd Eﬂmgand,' -

i sol at i ngbt he HCV Sc;tclwiiﬁ _e?er&pe\_@dﬁ bsogrri gm_e:gibrs/'_&iio aﬂﬂ{eq:"re&'%ucarufi/ahrsﬁll E2
protei ns by neans Qgg iltratiqn an P{gosg,l ¥“ so py neans of an
additional [err] | ’I’ﬁB%ﬂtoa‘r'ébﬁi/ OBIOHN Eﬁﬂ; @%p. 16. An E1 and/ or
E2 SDSPific noenocl ?eaévqamyitﬁdyduofgmd%w%neilz BRY/G g/EGYEZééZhWIGd’e_ ?p?é?ﬁ@ﬁﬁition
according to any o ai.s 11.to : .. An and/ or specific

monocl onal ant i bodﬂéofl&rﬁ%ﬁ‘ Agd PBS%P'é{i%ﬁ%%V P(?t”%ﬁ%‘lé’eaé NislMB&i cament, nore
parig cul arly for i rshesmefoaraghy art Gesaftingngtepoassay kit for 79

11. Composition comprising essential!y purified recombinant. HCV single or specific
oligomeric recombinant envelope proteins selected from the group 'c_on'si'sting of E1
and/or E2 and/or E1/E2, charécter_iz'e‘d as being isolated by a method according to
any of claims 1 to 10. '

20 . 12. Composition according to claim 11, further characterized in that said
' recombinant HCV envelope proteins are expressed from recombinant mammalian
cells such as vaccinia. |

13. Composition according to claim 11, further characterized in that sa'id'

recombinant HCV envelope proteins are expressed from recombinant yeast cells.

25 14. Composition according to claim 11, further characterized in that said
recombinant HCV envelope proteins are the expression product of at least one of the

recombinant vectors according to any of claims 15 to 24.

5. ;Recombinant vector comprising a vector sequence, an appropriate prokaryotic,
\ét_xyéryoﬁc or viral prbmote} s'equehce_ followed by a hu‘cle’otidé sequence ailoWihg the

30 expression of a single or specific. oligomeric E1 and/or E2 and/or E1/E2 protein.

*




I
detecting the presence of H
di sease or for HCV t Ve
anti body according to
for det eciiggolied E1 il for the preparation ofpcanieososodr

prognosi ng/ moni toring of HCV di sease or for the preparation of a HCV

medi canent. 19. Met hod for in V|tro di agf®si s of HCV antigen present in a

bi ol ogi cal | e | | east the follow contacting
sai d bi ol ob‘f?a'g?" ‘(ﬁ“?‘ﬁ 9?°Ed1'“%ﬁ‘al3l?r‘m é?f Sy pel ifu ﬁ{‘}ﬁgaﬁ? 8%% Yenghaeldy
~accordi ng ttﬁarad:tanmdlﬁ.l,rtmf@f eiaall gndodend s-rﬁgmlsidv zecbrét@rrnstuftd@rmaﬁprrémﬁm ate
condi tions,_which allowt eforma{m ) an | ﬁﬁn']élex renovi ng

" unbound coRFSRERAMING3C(d) POSiQNSAT PR Ries q:eé 2T

het er ol 0gos&id pokitibASII2SD, anki 400 Sabik ﬂi@il@ulﬁﬂpgﬁﬂh&g &M%hebfdéhcﬁﬁbéﬁ)dé@ poRijongat ed
to a det ec%ggl e | abel under é:f gd%\,' ate conditions, (t detecting th

(awgz antigen, for progno"si \
m of an El and/or E2 specifi

he preparation of an |nnunoa‘§36ry--ku i

fat S

presefice of293Nd 34ImeNeEn Senrp Pasietably ending {n te fegtona E’&PPFOS'?'G“ an
det er m ni ng4{ he presence of HCV antigens present in a hiological sanple
conprising: - at | east one E1 and/or E2 specific nonocl onal anti body

according to claim 16, preferably in an immbilized formon a solid

substrate, 17, RecbrRbihaR vé?:"torCéHHBFH?ﬁg?Tté clAff 9%5 &ith 548 n%EFéGHEé @Qqﬁéih%etﬂéfrfger
enabl i ng bi ndi ng reacti on between these anti bodi es and HCV anti gens

present i ncRaipetepzes Bythealin thatil encodes agingehiC\t BY pd@péb!‘etaﬁg'gt'ﬁéhe Aedier
conpl exes f QiR drfinb %n&ﬁmsnﬂﬁbﬂﬁh 39 5rﬁjaﬁ'§d|ﬂ§ﬂ'm reﬁloﬁ%‘?@ééﬁ b¥ho

according to any of clains use as a nedi canent

conpd§i ti o@F'é@@é‘F'QFﬁéaﬁanQ)fm@!eeﬁﬂfﬁcqliﬂl! gmimgﬂ@thm@@'%bﬁwﬁ&a@ﬁémér

I muni zi ngg0 RETRg, Preferably humans, agai nst HCV, conpri sing

admi ni strating an effective anount of sald composi tion possibly acconpanied
by pharmaceutical |y acceptabl e adjuvants, to produce an i mune response.

23. Use of 18 GOURAShLR ARG A AIdy 1O A Yr Blairil 36" 17 With 1 dleotibE
preparatlon of a vaccine for inmuntzing a nmammal, preferably humans,
agai nst HGggqueoos beisg ipacatténzedtfucthemig that i fehecddsva singleudCVE1 pratein

conposi ti og, hogs] Qélgtif%: 6P m%aﬁljs? Hy&@¥bphobic domain between positions 264 to 293,

15 plus or minus 8 amino acids.

19. Recombinant vector according to claim 15; with said nucleotide sequence being
characterized further in that it encodes a single HCV E2 protein starting in the region
between amino acid positions 290 and'406 and ending in the region between amino
acid positions 600 and 820, more particularly starting in the region between

20 positions 322 and 406, even more preferably starting in the region between position
347 and 406 and rhost preferably starting in the region between positions 364 and
406.

20. Recombinant vector according to claim 19, 'with said nucleotide sequence being
characterized further in that it ends at any of amino acid positions 623, 650, 661,
25 673, 710, 715, 720, 746 or 809.

21. Recombinant vector according to any of claims 16 to 20, with said nucleotide
sequence being characterized further in that a 5'-terminal ATG codon and a 3'-

terminal stop codon have been added to it.

30 22. Recombinant vector according to any of claims 16 to 21, with said nuclectide

(LT




phar n'aceUt| . 1 Wpt a | e aq}hlb‘ﬂlﬁ&tfﬁs B(—ERRJ Ce ah [ mn,lne response. 24.

Vacci ne ,{m@e‘éﬁ h@@for nuni Zi : preferably hunmans, against
HCV, con | ective ﬁﬂﬂ& i osi tion according to any of
clains 1 possi bly acco € AMaceltical |y accept abl e

adj uvant ¥O 90485 25 A conposition. a6 ng to any of cldi Pfi"’:f”al 14, for

in vitro detection of HCV anti bodi.es: prg@’ent in a biological sanple. 26
Use of a conposition according to cclainmsfil ‘to 14, for the preparation of
an i m‘runosmmaycé(belnbmhachmeﬁzteurfgrthlé}\/nathbtebddd:teSXlalcﬁié?e@/labeIsﬂe anbloelso@l ta|

sanpl e. in v n05| .a i es esent ina
bi ol ogi ca‘fregeéﬂgl’cehd hé%}%rpq 5‘?‘#@5’ glavle ﬁ%glao'lt?r ?r]é{ 19 PpLod g)reg@ﬁ\t acti ng
sai d bi ol ogl caI sanple with a conposi t i on . .according to any of clainms 11 to

14 fe bilized f d t t whi ch
1T o o2 TR AR SRR RS o ShebeRees BE et BB W Apdnent s

(iii) incubsting 3, e, zanes; zogs,exes8s, @7EY, vl B3habeugl A0S, @pdriodi es,
wi th_said het erol ogous anti bodi es being conjugated to a detectabl e |abel
under app'ih f%'ate conditions, (iv) detecting the presence of .said inmune
conpl exes visually or rrechanl cally. 28. Kit.-for determni ng t he presence of
HCV anti bodi es present in a biological, sanple, conprising., - . at | east one
peptide of4 &w%n%msqrtq%w"&w%%nw chrela&pﬁréﬂ"ﬂtq glaim 23.
preferably in an impbilized formon a solid substrate, - =~ a buffer or

conponents necessary for producing the buffer: enablln% bi ndi ng reaction
bet ween t#HesReqemilinamis/estoragserding tuaty phelaing | Boai2s Tughemeharagerizaddsent

in said bthQLQﬂle%Q’l oﬁé"Hp{H’e glycosyl’htlﬁﬁaé‘:%sfp?ése‘n?l@%lbrtg S bITMAas PEBhexes
formed in the preceding binding reaction. conposi tion conprisin
‘E1 pr ot ei @50xed @t dheguelgicaand Ievek| ai ns 11 to 14 rmre particularly HCV

single E1 proteins or El peptides, for in vitro nonitoring

10 26. A host cell transformed with at least one recombinant yectbr 'acccrdin"g' to any of
claims 15 to 26; wherein said vector c0'mprises a nuclebtide s_eqijence encoding HCV
E1 and/or E2 and/or E1/E2 protein as defined in any of claims 15 to 23 in addition to
a regulatory sequence operable in said host cell and capable of r_egula'tlng exp.ression
of said HCV E1 and/or E2 and/or E1/E2 protein.

15 | '27. A'recombinant E1 and/or E2 and/or E1/E2 proteln expressed by a host cell

according to claim 26:

28. Method according to anv of claims 1 to 10 further charactenzed as compnsmg
at least the following steps: ' ' '
- growing a host cell as defined in claim 26 transformed with a recombinant
20 vector according to any of claims 15 to 25 in a suitable culture medlum,
- ' causing expression of said vector sequence as defined in any of clalms 16 to
25 under suitable conditions, and, _ B _
- lysins said transformed host cells, preferabl\r ':?': the presence of an SH group
block:: :; agent, such as N-ethylmalelmlde (NE:. ,
25 - - - recovering said HCV envelope protein by affinity purlflcatlon by means of for
instance Iectm-chromatography or immunoaffinity chrormatography usrng antl-
E1 and/or anti-E2 specrfrc monocional antlbodles, with said lectin belng
preferably lentil-lectin, followed by, _
-~ incubation of the eluate of the previous step with a disulphide bond cleavage

S




I nterferon, of patlentTél m HCV 1nf ectlon conprisifg: -f
i ncubating a biological pat ient. with HCV i nf-ect.i o w
prot ei n ofygodigibssabl e p _ der conditions allow rlgcmmms[rat :
of an i munol ogi cal conpl ex, - removi ng unbound conponents, -

‘cal cul ati ng the anti-El titers present i%!said sanple at the start of and-:

~during the courge f trea noni t or, t he nat ur course aof HCV
di sease, or pr oag%ed’ | AT ﬂsegﬁ-gls H{eEblyise E‘at"t‘?e‘ﬁ?sed‘lceso i tgf%ﬁ’tb'%k't‘?te
basi s of the anagart, sudh aMEM :bretmsuﬁmwml ard,sai d sanple at the start of
treatment and/or _durin course of treatnent. 81l Ki t J

roni tor g Hov pEthe e He: SBRSH wperite TeEaiia &1 e tioraes tipr E7VE2
particularly wi ;brbtelﬁé ey freg a3, of Gfelfptratien bAd s;uéémmat@dtw AivahEYf 'aﬁfaeﬂi&llbﬁﬁll
conprising: - st. one E1 rote ptide, nmore particularly
and E1 protein W '@T%eﬁ?’i"ﬂ?t%é ?‘G?ﬂ%gﬁﬁalﬁﬂ% %P claims 11 to 14, - a
buf fer or conponents necessary for producing the buffer enabling the

bi ndi ng react i on between these proteins or peptides and the anti - El
ant i bodi es?Pr 2 SEAPOSHIOR ITRTNL AN leashRecof the follpwing Blopnd{at EE PPRKAESe

i mune conpl exest.3ar @gd INNDNEB)NPRARKIAL HniRb REIdA0 §1EACLOOBS the CoRISEMII Y

al so an automated scanning and interpretation device for inferring a
decrease of anti®MEM.titers during the progression of treatment. 31. A
serotypi ng assayfar(sgef @Nb@?)%‘%nﬁhg@?ﬁuﬁo S8fdR! 14 &b 15 VP& B rddioh, Present

in a biological _sanple, nmore particularly for detecting antibodies of the
di f f dPent typesEbﬁ5I-@Q'@ Ne 2Rtspeneing Eombe aeidsi 3P Sotve2ed 9hYhe BT ek region
conprising at Ipe? ? followi ng steps: (i). contacting the biol ogical
sanple to be ana zed or the presence of HCV anti bodi es of one or nore
serol ogi cal typet 354 (SFEGID NOaB?) sneenind aripo Btidsk&ro B27 shdheoFl MR E2
protein conp05|,t6|gg;p,s(egﬁ8‘9(_.'(gt ng to any of clainms 11 to 14, preferentially in
an

HCV di sease or prognosii ﬁr es'dnlsceito treat ment, particuyl 7.'
IS Ly

1bE1 (SEQ ID NO 53) spanning amino acids 192 to 228 of E1 reg_lons V1,

15 C1, and V2 regions (containing epitope B), |
E1-51 (SEQ ID NO 66) spanning amino acids 301 to 320 of the E1 region,
E1-53 (SEQ ID NO 67) spanning amino acids 313 to 332 of the E1.C4 region
(epitope A), '
E1-55 (SEQ ID NO 68) spanning amino acids 325 to 344 of the E1 region.

- 20 Env 67 or E2-67 (SEQ ID NO 72) spanning amino acid positions 397 to 416 of

‘the E2 region (epitope A},
Env 69 or E2-69 (SEQ ID NO 73) spanning amino acid positions 409 to 428 of
the E2 region (epitope A}, '
Env 23 or E2-23 (SEQ ID NO 86) spanning positions 583 to 602 of the E2

25 region (epitope E), |
Env 25 or E2-25 (SEQ ID NO 87) spanning positions 595 to 614 of the E2
region (epitope E), . |
Env 27 or E2-27 (SEQ ID NO 88) spanning positions 607 to 626 of the E2
region (epitope E), '

30 Env 17B or E2-17B (SEQ ID NO 83) spanning posmons 547 to 566 of the E2
region (epitope D},
Env 13B or E2-13B (SEQ ID NO 82) spanning positions 523 to 542 of the E2
regien (epitope Ct.

e
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i mobi | i-zed—form.under appropriate conditions which allow the formation of

i . »eﬁi’r‘cb’["'gi, Thiisi Sheet BosBebnReplastgound conponents, (iii) incubating the
i munie...corfsPe for Hilol ogous ant.i bodies, with said
het er bl-ogrses/@akds bod !’ugat ed to a detectabl e |miyetposnoshai

(rv ;tirng the presence of said i mune

conpl exes visually or mechanically (e.d2by neans of densitometry,
fluorinme col ori netr and inferring the presence of aone or nore HCV
ser ol ogi@f‘fﬁ@?"ﬁ?‘&‘e MRS ?%'@aﬁtb%'%r?/’fe]@‘?’tff’ ing Efaferdprmatgnal ki ¢ or
ser ot ypi ngpiegpesor nore serol ogi cal types of -HCV present -in a biol ogical
sanple, nore particularly for detecting the antibodies to these serol ogical
types-of HCV cBRIAPEST FRF© D"S‘?“bffé%%‘i“ﬁﬂfg' BRtBRRIRSOF OEBCAndAB TEL 8 protein
accordinng to aggiobiglbai ms 11 to 14, - a buffer or conponents necessary for
produci ng t he ‘buffer_enabl.ing the binding reaction bhetween these proteins
or peéptides an2Ptape %lﬁ?WQEfFegrﬂVi BeRPEensl AptBadY PR3EChi ol ogi cal ‘sanple, -
neans for det eglitdp@ i@ CMEEBEniseTBY SxdcloPaNBstidodidsheomse4 adl e ndi ng
reaction, - possibly also an automated scanning and interpretation
devi ce for det@¥tapgd ’Pﬁ@%‘f@s@hﬁ@“@?'%ﬂeﬁ’ﬁwo%r1€Fg§|20I ogi cal types present
fromthe observed binding pattern. 33. A peptide or-protein conposition
according to any of clainms 11 to 14, for irmmobilization on a solid
subst r at e3 hnfin iEfcandderr B2 FrRFifimenacipadicangibgdy haised HR®R iNAMERIZAYED X4EhF
preferab'%M&aﬁdﬁ@@é&h%&ﬁb%% dPa! 118t 44 BR290RIgp.a Solid support such
as a nenbrane strip, for determning the presence or the genotype of HCV
according to a nethod of any of clains 27 or 31:.  35. ‘Kit for determ ni ng‘

the,pr ese@f.eAquEﬂ_M/@rnéi gﬁéb?ficprn%ﬁgabnélnarﬁib%Qlaggérgmg SIBHES1. for use as a

medicament, more particularly for incorporation into an immunoassay kit for

detecting the presence of HCV E1 or E2 antigen, for prog‘nbsis/monitoring of disease
or for HCV therapy. - . ' '

33. Use of an E1:and/or. E2-specific monoclonal antibody 'accp'rdin'g to claim 31 for
15 . the preparation of an immunoassay kit for detecting HCV E1 or E2 antigens, for the
preparation of a kit for prognosing/monitoring of HCV disease or for the preparation

of a HCV medicament.

34. Method for in vitro diagnosis of HCV antigen present in a biological sample,
comprising at least the following steps: . - o '

20 (i) . contacting said biological'sampl_'e-_With an E1 and/or E2
specific monoclonal antibody accordirig to claim 31,
preferably in an immobilized form under appropriate

. conditions which allow the formation of an immune
complex, '

25 ' . (i) removing unbound components,

(iii) incubating the immune cbmplexes formed with
' Het_ero_logous antibo‘diés, with said heterologous a_ntibodies
being conjugated to a detectable label under appropriate
conditions, b

30 (iv) detecting the presence of said immune complexes yisuallv

I

or mechanically.



tonprising: at |east o 2_speci fi c monocl onal  ant|Thmdice
according to clai m 3 RELHAHAD! n an i mmbilized form.on @ F

substrate, 5 dor conponents necessary .

i he buf f eweeswdabasng bUM’HMH n bet ween these anti bdooﬂ'(wli%?ﬁm(whe H
antigens present in s

i mmune conpl exes formed in the precedlng

: sarrplg a nmeans for detecting the
_ in
conposi ti 0gg agﬁ(?é\xdhg't%rrtnﬂu gregér%&nggg%\/tagtlée Oﬁre%gnt ifl asigilfo?fcap§§n6\§ a

ding reaction. 10 36. A
medi cament . COmpos! t1 0n ‘accor 14or 29 to
30 for usecaspasingcci ne for inmunizing a manmal , preferably humans, agai nst
HCV, conprising adm nistrati-ng an effective anount of said conposition
possi bly acconpani ed by 15 pharmaceutically acceptabl e adjuvants, to
produce an i mmune reapmasmném ddgéor @2 speciditposnddiomel @otbedl agedrdingrity  of

claims 1 1 to 14 or 2%"8 X E%? P;{Pu\%me §r£$gglﬁ£%£&é®fo@a%gﬁg Ht?stIa%

i uni zi ng a manmal , ns, agaln
adm nisstrati ng an ef %etﬁtffeve:ra:bmmhem% riegkessary figraebticng masbmfcbéryermbmgrpaﬂi ed

by pharnmaceutically cce t abl e adj uvant duce

response. 39. Vacci n ‘E??Ff'?%ﬂg?%"rer\ %fpﬁ%"o ?H%he%gfa@?ﬁ%
humans, agai nst HCV, pﬁésmaf |r5$a1@]bwlbgi!éa°leab1pwe amount of a corrp05|t|on
accordlngto any of clainms 11 to F. 29 to 30 g%siQI%n%gc nganle%nb
phar maceutical | y acc@dPe#ise °é&FE?\F5'H9§ © pmuRe &8 eEi'D i EETY Gy
of clainms 11 to 14 obindthd @adflonfor in vitro 25 detecti on of HCV

anti bodi es present in a biological sanple. 41. Use of a conposition
according to clainms 11 to 14 or 29 to 30, for the preparation of an

I mun@assagegkiat chﬁﬁoﬂ%rﬁEééd?&nb‘@U aARtof RN S 1PloeBLBE 2BtoBdidIuRgisea
sanpl e. 84 42. Method for in vitro diagnosis of HCV anti bodi es present

in a biol ofledidamestpl e, conprising at |east the foll owing steps:

37. A composition according to any of claims 11 to 14 or 29 to 30 for use as a
vaccine for immunizing a mammal, preferably humans, against HCV, comprising.
administrating an effective amount of said composition possibly accompanied by

15 pharmaceutically acceptable adjuvants, tc produce an immune response.

38. Use of.é composition according to any of clai.ms 11 to 14 or 29 to 30, for the
preparation of a vaccine for immunizing a mammal,_ preferably humans, against HCV,
comprising administrating an effective amount of said compbsition possibly
accompanied by pharmaceutically acceptable adjuvants, to broduce an immune

20 response.

39. Vaccine composition for immunzing a mammal, preferably humans, against HCV,
comprising an effective amount of a cpmposition according to any of claims 11 to 14

or 29 to 30 possibly accompanie_d by pharmaceutically acceptable adjuvants.

40. A colm'position according to any of claims 11 to 14 or 29 to 30, for /n vitro

25 detéction of HCV antibodies present in a biological sample.

41. Use of a composition according to claims 11 to 14 or 29 to 30, for the

preparation of an immunoassay kit for detecting HCV antibodies present in a

biological sample. . —_——
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éééntmﬁts},@guﬁ&d. Repriée@gi cal sanple with a conpositi on

conmponen i ncubéting the i nmmune conpl orned with
10 - het efol aggous. anti bodies, with said

het er ol ogous anti bodi es bei ng conjugated to a detectable |abel under

appr opri a2 Methedtfooitsvitrpi dijgnosis of HCV antietiies torespnt Irea piaegioa saofplsai d

I mune CO&%%WB?{J% fgﬁo‘m?] t@g‘gsgal ly. 15 43. Kit for determ ning
anti

the presence o odies present in a biological sanple, conprising:
- at | eastlilone pepti de ocompacting said bipjogcsdli sampde eathda ngmposiday of

clainms 11 to 14 or 29 to 30, pref.erably i n_i.mmopil j zed formon a solid
substrate, 20 I a@c&?%ﬁé_?%rax&o?gar%gmgJIJrL]&r:ggstr “for .
proddici ng the buffer enabl i ngrelerablyrig anémaidbiiizel fbome @ndéhageopiareei ns or

pepti des and the anti bodi es agaj.nst HCV. present Jin_said piological sanple,
; AR N oI ReseTaRet o AT (B B ecedi ng

a means for detecting ¥ _
bi ndi ng reaction. 25 " 44. tisaplek, conposition conprising El proteins
according to a(n)ﬁ of claims 11 to.140' or parts thereof raccording to claim
29, more partitularly HOV si®gI% e YRReNG; SRRANSEES: pept i des, for in vitro
nmoni t ori ng HC\iiigi sease or pripgoseingoth heniepsorsslexds for@al Wit |,

partjcutarly with interferon, of patients suffering.fromHCV infection
coms:)éi sing: 30 - '.‘etef tqrﬁ'§0 .l Wl'tbgﬁ%&%ﬁf‘e@%%‘sf%ﬁf’g'es
patient w th HCV infection wdifig abnjbdaRlabeal det@EtadleSldbélalider BEsrbplister eof
under conditions allowing the formation of an inmmunol ogi cal conpl ex,

renovi ng unbound conponent s, conditions, | |
(iv) . detecting the presence of said immune c_omplrexes visually -

or mechanically.

15 43. Kit for determining the presence of HCV antibodies present in a biological
sample, comprising: ' '
- at least one peptide or protein comboéitio'n ac'co'r'ding tb any of claims
11 to 14 or 29 to 30, preferably in an immobilized form on a solid
substrate, ' ' ' A
20 ) - a buffer or components necessary for producing the buffer 'énabling |
binding reaction betWe'en'th_e{s_e proteins or peptides and the antibodies
against HCV present in s-aid't_':'i"c'il'ogi(:al' sample, -
- a means for detecting the immune complexes formed in the preééding'

binding reaction.

25 44. Use of composition comprising E1 proteins acc_:éidiri’g to any of claims 11 to 14,
or parts thereof according to claim 29, moié'particulariii'HCV single E1 proteins or
E1 peptides, for in vitro monitoring HCV disease or prognosing the response to
treatment, patticularly'\}vith interferon, of patients suffering from HCV in’feé’tion
comprising: - ' - ._ o -
30 - incubating é biological sample from a patient with HCV infection. with
an E1 protein or a suitable part thereof under conditions _éllowing the

" formation of an immunological complex,

- removing unbound components,

._* C L “ S d *

&

“of cl or 29 to 30, 5
Lamob der appropriate conditions which allow
5 z:,%;jgg;(l i) ; r enné,!?ggi,?g}mypd
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"85 cal cul ating the-anti=Etftiters present in said sarrpl e at therg

and during the cour g Qfe.ifatHabiaceiONi tBFing the natural ‘ coufse g,,% As BEEN-
_di sease, or prognosin to treatnent of said patle ala ,
basi s of weoe96HIBRSNt aﬁl‘mﬂmﬁmn‘ Eﬁ - El titers found®QWERMI3Lanpl.e
at the start of treat ri ng él?e course of treatnent. 45. Kit
for nonitoring HCV disease or prognosinng the response to treatnent,
particularly with InE@eLr%E.ﬁam&gmﬁz@a'tﬁeﬁssprégﬁrié% 55 Jahii Hond BEAGH AP
conprising: - east One Protel n or pept | nor e partlcu arly
an E1 protein or 10 during the course of trgatnpasit i de accor di ng to any of clains
11 to 14 or 29, _- Y, ng the
buffer enabling the B]O%(}BHM ?éeag%ﬁug%%gg%%ergg?ﬁgg%ggé oren% rPJS%%B{eHSt i des and
the anti-E1l anti bodi wppn@stmtreanm@t loff shidgpatight eamlpxb basis of the amaust éngi-
detecti ng the i mmune {0 t

bi ndi %g reaction, - E?QHQ s%ﬁﬁ? geﬂﬁ@an’nﬁle é}ethg ?&e'ggggrgﬁﬁr?ent anddpr during
interpretation devi cﬁwe‘mursmﬁbtreawm decrease of anti-El titers during: the
progression of treatnent. 46. A serotyping assay for detecting one or nore
serol ogi cal types of HCV present in 20 a biol ogical sanple, nore

parti cul ar #§. Kiorfodmbaitbdimg HOM dibeabecs mbgmMgdt'rfefresmmsettyspmtmanC\/ to be
det ected conhbin ormat, ¢ risin t .l east the f.ollow ng
Steps (1) PoGHBL Y MRS PoTHaRte BT FomaeCY 5Tt cPapneng

pr esence of HCV- ant i borassord EDDEbtéih dT[HEpQﬁrdél ﬁgir@@hrttdﬁpﬂls' an\E1 Bratinl @ast
one oé ‘3 and/ or éc? El/(EZ gr otein

conpddi ti ons accor di h{ PEBY ‘?‘l?cfﬂrd'é‘PéPr?é'y mf41 10?0 1o &9t one of the E1
or E2 peptide COWDOSbtbluﬂﬁ&Soﬁ@@n@bdrﬁélﬁsh@c@és@h}’l‘fcﬁ%rodlfo&fgeﬂ%rﬁuwdr|éf1abrhg31fhe

I mobi |i zed form under approgrl ate condjtions which allow the format ] on of

an i mune conpl ex, 3pinding reaction betweendhess POTeIRG BLARPIASSAEShe antitk | )
i ncubating the i mmnsnmmésemegermﬁ masloldhichl fb@e.0! ogous

- means for detecting the immune complexes formed in the preceding

15 binding reaction, _
- possibly also an automated scanning and interpretation device for
inferring a decrease of anti-E1 titers during the progression of

treatment.

46. A serotyping assay for detecting one or more serological types of HCV present in
20° a biological sample, more particularly for detecting antibodies of the different types
of HCV to be detected combined in one assay format, comprising at least the
following steps :
{i) contacting the biological sample to be analyzed for the presence of
HCV antibodies of one or more serological types, with at least oh_e of
25 the E1 and/or E2 and/or E1/E2 protein coa:npositions according to any
| of claims 11 to 14 or at least one of the E1 or E2 peptide compositions
according to claim 29, preferen_tially in an immobilized form under

appropriate conditions which allow the formation of an immune

complex,
30 (i)  removing unbound components,
(iii) incubating the immune complexes formed with heterologous

' antibodies, with said heterologous antibodies being conjugated to a

N

detectable label under appropriate conditions,



dete ga:p,le@ él under appropriate conditions, 86 (iv) detecting the
Copr §‘é\‘ncaiﬂf‘ sai-é~TTmune conpl exes visually or nechanically (e.g. by neans
~.of \densi4wOrsd/oqgss f1 uorimetry, colorinmetry) and inferring tPEI/BPR43%de of
one or nore HCV serol ogical types preseﬁg fromthe observed binding
pattern. 5 47. Kit for serotypi ng o nore serol ogi cal types of HCV

present in a bi| Ogld%gér%.l%ggl L BredehEe P lﬁl_lwﬂelcyorﬁﬂéx&e\; &Gy the

anti bodies to these s types o riesin at | east one
El and/or E2 and/ or nEighEpicpliviednbyoweos of ngnilwr@myv cffuwmtm cmtprmtm/zl or

El or E2 peptide aC%R?ﬁ'ﬁf%gn th(t\aI ;ﬁ'b@%rﬁ% CB‘]O%F or more, HCV ser%ogl gl g react i on

conponent s necessar SauCi enabl 1 n

bet ween t hese pr ot eiprsseot fqoerpthedmisewudi blhémarptattem anti bodi es present in a
bi ol ogi cal sanmple, - means for detecting the inmune conpl exes formed in
t he precedi ng binding reaction, 15 possi bly al so an

aut omat ed 4scwtrf|onge@m¢bmg1bee [or efcre mmlazbwalctepéa)of id6Verresery it ladigipgisaince of

one or nore s roIo pr.es Ser R¥:§]a‘g trern.
R " AT A el PRI PR R SRR SRR T,
or 29, foHgvreelblisiagti-on on a solid substrate and [ ncor por at ion into a
reversed phase 20 hybri di_zat i feraFL for bilization as
parallel |inesonto aé'%%F Pge 53 ?‘E’ %3 %g%giﬁﬁe’?{ﬂ eé'ﬁgcg?%"ggq fnvy ot
determ ning the preseiime 1qrtotheogenqir>a®pe:ﬁudb|@écaamcgab olgint asa met hod of
any of cl ai ns 42 or 46.
a buffer or components necessary for producing the buffer enabling the
~ binding reaction between these 'prote_i_ns or peptides and the anti-E1
antibodies present in a biological sample,
- means for detecting the immune complexes formed in the preceding
binding reaction, -
15 - possibly also an automated scanning and interpretation device for
detecting the presence of one or more serological types present from

the observed binding pattern.

48, A peptide or protein composition according to any of claims 11 to 14 or 29,
for immobilization on a solid substrate and incorporation into a reversed phase

20 hybridization assay, preferably for immobilization as parallel lines onto a solid support
such as a membrane strip, for determining the presence or the genotype of HCV

according to a method of any of claims 42 or 46.
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