14 DEC 2004 WD 01/96875 PCT/ US01/ 19369 5 HCV ANTI GEN/ ANTI BODY COVBI NATI ON
ASSAY Techni cal Field The present invention pertains generally to VirgdC 2004
di agnostics. In particular, the 10 invention relates to an

anti gen/ ant i w@ly1/e8mi nati on assay for accurately diagnosing h4dsge C
virus infection. Background O The Invention Hepatitis C Virus (H IS the
princi pal cause of parenteral non-A, non-B 15 hepatitis (NANBH) which is
transmtted | argely through blood transfusion and sexual contact. The
virus is present in 0.4 to 2.0% of bl ood donors. Chronic hepatitis devel ops
I n about 50% of infections and of these, approximately 20% of infected

I ndi viduals develop liver cirrhosis which sonetines leads to
hepat ocel | ul ar carci noma. Accordingly, the study and control of the

di sease is of nedical inportance. 20 HCV was first identified and
characterized as a cause_of. NANBH by Houghten et The viral genomc
sequence df HCV i s knownHCYsANJIGEMNANIIBORY COMBRIATIONASSAYuence. See,
e.g., International Publication Nos. WO 89/04669; WO 90/11089; and WD

90/ 14436. HCV has a 9.5 kb positive-sense, single-stranded RNA genone and
is a menber of the Flaviridae famly of viruses. At |east six distinct,

but rel ated genotypes. of 25 HCV, based on phyl ogeneti c anal yses, have been
identified ( Gen. Viral. (1993) 74:2391-2399). The

al ., J.

virus encodes a Si .ein havin re than.. 3000 am no acid

resi dues (Chao et gﬁ%?“%%#éﬁ%ﬁhﬁﬁng?niﬂﬁ@%ggﬁgéggﬂ%ﬂ%%mgP&gﬁ%23H$¢ﬁ§the
Nat|. Acafl. Seiventiényelaled9d hn@BtigehrhtiBdSpeothBinta®in Msay foraBEurafif diagfRaf:
Sci. USA (1991) 88:1711-1715)_ The pgia?protei nis pEF ocessedig?o- andﬁl(é
post - t r ans| at henatitis { Yifssanfseien. 30 structural and non-structural (NS)
proteins. | 1 4 DEC 2004 WO 01196875 PCT/ US01/ 19369 In particular, as shown
in Figure 1, several proteins are encoded by the HCV genone. The order and

nonencl at ur e Bickeeurd CEVROIRVERtRAUCt s of the HCV pol yprotein is as

fol | ows: NH2- C'-_g@&ﬁE 1- E2- p7- NS2- NS3- NS4a- NS4b- NS5a- NS5b- COOH, I ni t i al

cl eavage of the pobypatsisd Yims (HeValisjthe gripgiphlssnsgeipasenteral ngn-dhndnPer at e
three stgyct up@latitis NANBH) which is transmitted largely through blood transfusion and sexual

contact. The virus is present in 0.4 to 2.0% of blood donors. Chronic hepatitis develops

in about 50% of infections and of these, approximately 20% of infected individuals
develop liver cirthosis which sometimes leads to hepatocellular carcinoma. Accordingly,
the study and control of the disease is of medical importance. ‘

20 HCV was first identified and characterized as a cause of NANBH by Houghten et
al. The viral genomic sequence of HCV is known, as are methods for obtaining the
sequence. See, e.g., Intemational Publication Nos. WO 89/04669; WO 90/11089; and
WO 90/14436. HCV has a 9.5 kb positive-sense, single-stranded RNA genome and is a
member of the Flaviridae family of viruses. At least six distinct, but related genotypes of

25 HCV, based on phylogenetic analyses, have Eeen identified (Simmonds et al., J. Gen.
Virol. (1993) 74:2391-2399). The virus encodes a single polyprotein having more than
3000 amino acid residues (Choo et al., Science (1989) 244:359-362; Choo et al., Proc.
Natl. Acad. Sci. USA (1991) 88:2451-2455; Han et al., Proc. Natf. Acad. Sci. USA (1991)
88:1711-1715). The polyprotein is processed co- and post;trans]ationally mto both

30 structural and non-structural (NS) proteins.



envel ope glycoproteins, "E1" (also known as
E2/NS1), as well as nonstructural (NS) proteins that contain the viral
enzynmes. The NS regions are termed NS2, NS3, NS4 and NS5. NS2 iSHa{T 00

I ntegral nenbrane protein with proteolytic activity. NS2, either a %ﬁné (Sr

i n conbi nat | v ydsirsNS3, cl eaves the NS2-NS3 sissl e bond whi ct],d'n.lr}?guqng#rn
generates the NS3 N-term nus and rel eases a | arge pol yprotein that 1 nc Ades

both serine protease and RNA helicase activities. The NS3 protease serves

to process the r%ﬁm@m@imm@qmﬁﬁl i‘bt@ifnslaﬁaléiﬁf)&’éﬂ ration

Is initiated by autocatal ytic cleavage at the NS3-NS4a junctioh, catal yzed
by the NS3 seenpmeplbeeoads andubmendanre ofNBe clredige rddudte af/hg EECY polypeotEiBs

Ponett ons. by ioRes: ARt OE LR o LR L B e SRS ENS 0Bt et ons,
NS3 | | ber at e%1anapir @ebanpRbreiniodakiyztaby REQ LIRS WM AL NTHA) sl

RNA- dependent RNA pol ynmerase (NS5b). "A nunber “of genera speci
pol ypept ides pusteing thgdN-termime nugicoedpsiaaoteiti @gmnesiticors”d agbmicedveloptiCV,

derived fromthe HCV palyprotein, have, be described. 20 See, e.g.,
Hought on et %tl:’.'c,‘]pﬁﬁglgg’eﬁmﬁglﬁ? #(Eg‘f’? BﬁEN@J%dem%zlféEPémﬁﬁﬂl asd2/H8D), a-‘CrYgB agt

al ., Science S8 hrdfds ; : ot ' ( - 244 362: 364
ougnton ot ap Rl el P in B b GRS, T et dfiere
Acad. Sci. UNSZ, NESRNSBmAINGI1NSA04 s inGiprsimenbakne proteinGasi proeotytidRaakp! -

- (1993) 8: 533-§§2 %i er] et al., _International Publication No. WO 93/00365;
Chien, D.Y., Y3t EHAS3ORPT 1BERMbmAtos WINONS heleames Heg 92-87S Imiestecbond which in

publ i catjgons WAy M r nerally,. .a Il as
on the nanuf ;@? E@r@g aﬁ%r{hgigggg? &ﬁ@\]} p%’gﬁg‘gﬁ%g%‘ﬁ%ﬁ%ﬁ’é@?’&a‘ky‘r‘aﬁ&@?ﬁ th

Sensitive, speundpotamst AdRNAOhelasesmivitipsaTie | tioteabd1ger6edrth ipficesOthe HCV
and HCV- cont anmi nat ed til ood.or bl oi)rg, products woul d provide an inportant
advance in KEGFRMEPOlRRoten  GREPIRos 9 Relyaratendngtpmtipn d witiated by autocatalytic
appr oxi mat el ¥1eh0% f 3 ' s accounted for up
to 90% of thes egzé@aeg‘gsﬂ?l ¢ ggtg iﬁ@g%o@?&ﬁ%@%%@iﬂ% a%(%l%%uem

01/ 96875 PCTN¥S0hed@seicl prvegesndf the HAN polyprseih appeit 16 invoEé royodattpdhrand
bl ood paﬁduct S, or ?%/1 c(il ose personal caontact require reliable diagnostic

and progriost PEI)?’BQ} HOABT PGPy Dsey P Amodecsis of amptker pobmepids dndprse f or
~the serodi agpoRtisnd NI bdrtbe &t NRB-cobffor (RSHa), t¥HBPotEhns ?ILISllb 254 R858), and an

RNA-dependent RNA polymerase (NS5b).
A number of general and specific polypeptides useful as immunological and
diagnostic reagents for HCV, derived from the HCV polyprotein, have been described.
20 See, e.g., Houghton et al., European Publication Nos. 318,216 and 388,232, Chdo et al.,
Science (1989) 244:359-362; Kuo et al., Science (1989) 244:362-364; Houghton et al.,
Hepatology (1991) 14:381-388; Chien ¢t al., Proc. Natl. Acad. Sci. USA (1992)
89:10011-10015; Chien et al., J. Gastroent. Hepatol. (1993) 8:533-39; Chien et al.,
International Publication No. WO 93/00365; Chien, D.Y., International Publication No.
25 WO 94/01778. These publications provide an extensive background on HCV generally,
as well as on the manufacture and uses of HCV polypeptide immunological reagents.
Sensitive, specific methods for screening and identifying carriers of HCV and
HCV-contaminated blood or blood products would provide an important advance in
medicine. Post-transfusion hepatitis (PTH) occurs in approximately 10% of transfused
30 patients, and HCV has accounted for up to 90% of these cases. Patient care as well as the
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(1989) 244:359-362; Kuo et al., Science (1989) 244:362-364; Choo et al.,

Br. Med. Bull 5 (1990) 46:423-441; Ebeling et al., Lancet (1990) ]
335:982-983: van der Poe] et al., Lancet (1990) 335:558-560: van der | bJEE 2004
et al., Lance® 1198k 337:317-319; Chien, D.Y., Internati onalpcﬁg;gob@k; on

No. WD 94/01778; Val enzuela et al., International Publication .

97144469; and Kashiwakuma et al., U S. Patent No. 5,871,904. A significant

probl em encoyntemeidn and transmizsisr ol A GladsadDlocd proatictd HEFPcloSe Bersdifl
significant gap between infection and detection of the virus, often

exceedi ng 80 ‘%98§?§t reqyie gelipblediagnostinayd progaesicgeelst Accerdiniady, ssheratiassays have

transfusion r | cleic Cld ased tests
(NAD that " aerehBeftid BRREIAOIR R Beah. UE R orBbegid Rhisree
assay viral dhﬁ%s@mi%@t%@dm eaal.l e (EXg90R3£:360.368; @lgﬁﬁetcgevquqggl Bull
See,eg50 @ \/\)4_/a6krraet al S. Patent No. 5,871,904; Beld et al.,

n

Tr ansf usi 4 @1”5‘599 alHéWé(w%é%%%ﬁﬁﬁmnadcné’ed diai., Lancet

sensitive, t ogn e 0 vi de

adequat e pat NenOc S BINE WP A8 34 10T T340 el 81731 o
and bl ood pr doisoiations]l BuplichEENPEWED 401 T8 (\aénzudld eSM Rlenafonkl M ublication
| nvention The present i nvention is based in part, on the finding that HCV

ser oconver si oW ¥Rtd lﬁ%‘lﬁ@s%ﬂgaﬂmﬁ’ﬂbﬁmﬁﬁn Scﬁﬂt@tMSﬁﬂ;%NSS (hel i case)

Accordingly, the ip ore ant| nd NS3

conbi nati on assay t%%.a}%%%t %I%%) %t e"igd“}’ﬁﬁ?fflaé fﬁsiaﬁ%ﬁltg%t tlB‘?rﬁé%‘ht
in a sanifl e ignificaat gambﬁtezesminfebﬂmtdhdneteaﬁoﬂ BEithe virs Qifén%&l@é&lu@% dayshe
subj ect invention is directed to an i mrunoassay solid support conpri'si ng

at | east one HNSASEAt BaHAY cEaaty eehiskfar blood sassfusne recipents.cTo oMevonB3hisa

epi tope boun e /

hgrel Ir[: descr:iglgélgglli:l %éﬁ?gg]da%ggﬁpﬁg%ﬁﬁ%gI}@%ﬁg%ggpmlg%@%ﬁt Hﬁ@&a& any
of the multiaptigereteits tipe afsagivival atided SMScalRsCtibedy fREpdisE, hav¥ eberaée\xettﬁ)

mul tiple epitope fusion 30 antlaen conprising the am no acid sequence

depicted in FE§S %s Kagfuwaluma et &1, HES; Baent N 03 719¥87 Belet alstunyaszs (R900)

certain gnbody the solid support conprises at |east two HCV anti-core
ant i bodi es boun t eéreto- Moreover, the anti-core antibody nay be a
nonocl onal However, there remains a need for sensitive, accurate diagnostic and prognostic

tools in order to provide adequate patient care as well as to prevent transmission of HCV

by blood and blood products or by close personal contact.

20 Summary of the Invention

The present invention is based in part, on the finding that HCV seroconversion
antibodies are typically anti-core and anti-NS3 (helicase). Accordingly, the invention
provides an HCV core antigen and NS3 antibody combination assay that can detect both
HCV antigens and antibodies present in a sample using a single solid matrix.

25 Thus, in one embodiment, the subject invention is directed to an immunoassay
solid support comprising at least one HCV anti-core antibody and at least one isolated
HCV NS3/4a epitope bound thereto. The antibody and NS3/4a epitope can be any of the
herein described molecules. Additionally, the solid support may include any of the .
mutltiple epitope fusion antigens described herein, such as the multiple epitope fusion

30 antigen comprising the amino acid sequence depicted in Figures 7A-7F.
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anti body. Additionally, the NS3/4a epitope nay be a conformational epitope,
such as a conformational NS3/4a epitope conprising the am no aci ¢4{9Equgiice
depicted in Figures 5 4A-4D. In another enbodi nent, the invention is
directed to WO tnyagmpassay solid support conprising at | east §W9369
anti-core nonocl onal antibodies and at | east one HCV NS3/4a contornati onal
epi tope conprising the am no acid sequence depicted in Figures 4A-4D,

bound thereto. 10 Incatdihlembollindnie theesoliddupmuit cothpiesds AY RALM (0 ﬂ@vc.tjrﬂie&kgd
HCV infection in a biol ogical sanple- The nethod

to a nmethod of detectin
conpri ses: ( a‘}nt&DE}WéPHgdéli‘PretPnWS‘é%a@e gofi-cgr 6dY may esmonbddnabove;
b) conbinin ol (G ' . sol.i d support. under. conditions
\(Nhl) ch al |l ow aaéﬁ/lbgﬁ i g’gir?gﬁ%nr@? giri:"% ﬁ)sg(/j‘?%?lgo\?glen e bﬁraecgoé'ﬁ'?mmmpaﬂepdfoliﬁo%}& apa
sanpl e, to bicmfomatioeahNSBsaThitopecAmiisigOme aaliho B@Idléet?ﬂﬂcé Repidfed ﬁ?{ﬁi@es
ro b der

epi t ope, esprf?l%} 'ﬂely; (c) adding to the solid support m step (

conpl ex or onditions (i) a first detectably |abel ed anti body,
wherein the first L I -ant [.body..i s det ect abl y | abe).ed HCV
anti-core anti body&%ﬁ%@%@rﬁﬁ%@%ﬁb@géﬁ enhﬂ? fg@ﬁcg%éﬂﬁpm@ﬁyﬁé}ég s¢pport
agai nst a di fdomiprising-iMesn it o eIV aRE-cbRARoAd ol bt esOR at FUkI a&%ﬁvan

anti body bound to the_ solid support; (ii) an antigen that reacts wt
HCV 20 ant i bddy3/p samfommatipnal sgiters copenrising the antinw acidisequenbed$jidikd in Figures

epi tope; and [fj iy n detectably | abel ed anti body, wherein the
second det-ecté%ﬁ?’lbgﬁkfg%r%ﬁti body is reactive wth the antigen of (ii);

d (d) Hetecti I i g0 ' N
and (d) Hetecting R emei—%@Mh%ﬁ@ﬁv&ﬁ%ﬂ@ﬁh@%ﬂ%a%%@%eg&ﬁéglI

any, as an indication of HCV infection in the biological sa 4a
epi tope nay bECY 1a&wtienineibieiaticasempie, Theuutthad comptisdsotaygroGdalg aapi t ope

havi ng the 2 depi ¢t ed. in.Fi AA- AD. t t her.

enbodtnent , RS AN ER PR Ffha ok thE fortpining: s bibidigea Agople with

infection in the bold agiposd uRRFRbMiticHRVITEL DAy SRPLhSESs aﬁé)anf?lﬁagﬂésﬁjmgan
odal es

I munoassay solid support with at |east two HCV anti-core anti ound
thereto, as RIessatinbg biglegisel aptple; tmbinditetheant Biast ong aal-caanptibodyi 4dd thhe

ahen pr eaont NTeREPRR apekvaY: (& Beked e il Epers §95 wer uamen mpex
:glrrm rené to bifotining dondititns (Hasirst dbechibly 1BOES aAMbdROUnBRIARL AleadBRild
’ labeled antibody is a detectably labeled HCV anti-core antibody, wherein the labeled
anti-core antibody is directed against a different HCV core epitope than the at least one
anti-core antibody bound to the solid support; (ii) an antigen that reacts with an HCV
20 antibody from the biological sample reactive with the NS3/4a epitope; and (iii) a second
detectably labeled antibody, wherein the second detectably labeled antibody 1s reactive
with the antigen of (ii); and () detecting complexes formed between the antibodies and
antigens, if any, as an indication of HCV infection in the biological sample. The NS3/4a
epitope may be a conformational epitope, snch as a conformational epitope having the
25 NS3/4a sequence depicted in Figures 4A-4D.
In yet another embodiment, the invention is directed to a method of detecting
HCV infection in a biological sample. The method comprises: (a) providing an
immunoassay solid support with at least two HCV anti-core antibodies bound thereto, as
described above; (b) combining a biological sample with the solid support under

30 conditions which allow HCV antigens and antibodies, when present in the biological
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respectively; (c) adding to the solid support fromstep (b) under conplex
formng conditions (i) a first detectably |abel ed anti body, wherein the
first detectably |abeled antibody is a detectably |abeled HCV anti -ldoBf 2004
anti body, whewesmwegise | abel ed anti-core 5 antibody is direct e‘ic‘%ﬁﬁoﬂﬁba@
different HCV core epitope than the anti-core antibodies bound to the
solid support; (ii) an epitope fromthe c33c region of the HCV pol yprotein

fused to an hSfpland bindaitke fSEHENGLintROSe bhiibodie asxaqwﬁbsé;ﬁiaf'{pﬁﬁpé,y- | abel ed

antibody, wherein the second detectably |abeled antibody is reactive with
the hSCD ani H§SREEHYElYs(Ed addingto thp golidisuppertdsmi sigp Conpidex esmplen feanibet ween

t he anti bodi i S| n s .an_jndicati.o | nfection
in the biol OS‘:.%SQP%_S?% per "'_"eec{ﬁ’é‘,@/ 1%838 gy ey 658 detsetaaly Bhee

epi t ope, suchmtibody Bandaediaily tbsled S0V QRE-cBAVANEG o4 SyNESH 4Re 1:PERHEAE S ore
depicted in Falyglures 4A-4D. I n any of the above enbodi nents, the anti-core

ant i body ey adbady isdizestedggpinsita diffaromt HEMeoralepitensi than tife antiecdrCshitmyiees

antigen, suc i -.amno,_ acids 10-53 of 15 HCV,. nu r elative to
the HCV1 pol 3’6)?%9 gﬁgﬁle;%&ﬂéﬁ@é),m §ﬁa§“o?pl H"e_ﬁ&@ttgﬁf’ _ 5‘731%3? %I%lé(ﬁfqtﬁléore
anti body may figediorRHSID afdRld fqbeh@ M i)£§é&bﬂ&‘d&@ct?§?l'&ﬁe&8{tﬁgdhw1

antigen, such as am no acids 120-130 of HCV, nunbered relative to t
pol yprot ei n Seprendbe segoné detestably habelad: antjbody Isateactesowh tiet S GP akiGNo acid

‘anti body from.the biologi.cal.sanple may be fromthe regi on, such as an
epi tope fromt ﬁ‘ée“é%sﬂé’%r@gfi%ﬁ"% cgglpi%gs CB&FWB?]& #ﬁﬁ’f?&legé‘ﬁgﬂ@hg%e‘g
with a homan sypsy axndRatdos e VanfR eGP (habidlgiaal JURRCR |

enbodi nment, t hgpsecond get ect abl ynl abel edthgﬁ?g%g% Sig%jﬁ%rqeact i §%ﬁ4\?\/ie%ﬂ6€ehrgay
hSOD ami no adiech epaderarationall epitaprs S asendsadinmetionaltepsopebantg tre WS3/dar ect ed

to a nethod qf detecti.ng .HCW. infection in a biological sanple. The nethod
conpri ses: (szq'?) \7%811” %dé’ﬁq‘lf%'@%é@ay 25 solid support including two HCV

anti-core nonocl onglangRifitiROHLS caBEdithenRNHR BRI HHBRY heRLL LANRddSIBRt he
am no aci d sequence depicted in Figures 4A-4D;, (b) conbining a biol §g| cal

sanpl e with taRdNdemniinalyagion of thedtleY covratitigemsacines against homd@idsal-byehs and
o000, R, BRSRERD HI5 AL SR Rl g Bl sl
respect i vel y,;H@Wdinligdre afititdy oddythedrestéARQAinst 4 QTS8R rESibn WIS HCYNRIreX
formng conditions (a) a first detectably labeled 5 1 4 C 2004 WO
01/ 96875 antigen, such as amino acids 120-130 of HCV, numbered relative to the HCV1
~ polyprotein sequence. Moreover, the antigen that reacts with an HCV antibody from the
biological sample may be from the NS3 region, such as an epitope from the c33c region
20 ofthe HCV polyprotein and can be fused with a human superoxide dismutase (hSOD)
amino acid sequence. In this embodiment, the second detectably labeled antibody is
reactive with the hSOD amino acid sequence.
In another embodiment, the invention is directed to a method of detecting HCV
infection in a biological sample. The method comprises: (a) providing an immunoassay
25 solid support including two HCV anti-core monoclonal antibodies and a conformational
epitope comprising the amino acid sequence depicted in Figures 4A-4D; (b) combining a
biological sample with the solid support under conditions which allow HCV antigens and
antibodies, when present in the biological sample, to bind to the at least two anti-core

antibodies and the NS3/4a conformational epitope, respectively; adding to the solid
30 support from step (b) under complex forming conditions (1) a first detectably labeled
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PCT/ US01/ 19369 anti body, wherein the first del ectably |abel ed antﬁQqﬂx a@‘a
detectably | abel ed HCV anti- core anti body, wherein the | abeled anti-=co
antibody is directed against a different HCV core epitope than the at

| east two antweepp@7anti bodi es bound to the solid support; (ii¥c?ﬂmoﬁﬂﬁkgpe
fromthe ¢33c region of the HCV polyprotein fused to an hSOD am no a0|3
sequence; and (iii) a second detectably | abel ed anti body, wherein the

second det ect attibody| wheteiitherfirsthiethetably Fabeled bEboytiB asit<htdbBORERE HERSLA.
sequence; detectin (i)rrpl exes _ formed between the antibodi es and anti gens,

c
if any, as anc‘?rﬁd’f“g'a? Yorvhsreipthe lebslet mntbponentibpdy tsidiestpdsgrins tanifferent FICV

certain enbodj | - core..ant i badi are directe
agai nst 10 ah&ﬁ_’éﬁ;g?# {rﬂfg? %%ee%tﬁ‘g%{ S’#%&Qﬁ&\%%‘?%es&ﬁ? %%ﬁgﬁfﬂﬁi %’QP%APS%
am no aci ds l1epifpedfom HE\E33eusken efthed i@V 6t &AL I f2hifb Beigand
t he det ectabl gqqlgabel ed HQV anﬁg— core ant ip\go y icgh%isrectaelgﬂg%gi%gﬁbgcm

C-terninaP retfiWARG: 2Rk diiHevecosd detgatablydabeled aititasly, wheiens theaetom detdctbly

120-130 of H : ive to t 1 pol tei . 15 1
anot o embod SeiTARERES, i reRiansubed RO Y kRl Statbes Redgimpaimmiontey
infection in foriedbegveenlthe aiftodics ihe 2Rl AR AT GOV 2598dicAfion &gﬁ&%ﬁ&%é’ﬁ‘m

I mmunoassay solid support which includes a multiple epitope fusion
antigen; (b) ®B6hielagisel sammlel ogi cal sanple with the solid support under

condi tions which a HCV_ant.i gens,.an ti bodi es, en_.present in the
bi ol ogi cal sanpl e, H%%@nﬁmﬁgéqrﬁggapelag%qgﬁ Atqre e&%dz AR d1ped agaipd

NS3/ 4a epdt ops Naeﬂnma&e?qéintdmh@m é&eﬁnﬁﬁ% QA dedBRi arhfio ;fclﬁi@ 1;0)9§§ gr the

solid support_from step under conpl ex m ng conditions | I'st
det ect abl y | aBEiVe@umbsradirelatiye thibe dIGV 1 helybiatsin, atet thetdetrciablyalabtled HAIV ahody

ot - cor o ant 15t Pirte@lbend A GRip rediom oD e Cy e pitengechaan
the at |east guaéseBbinCRids BIY1 TPSHHOVUREMb Gl REaSA! ioths URPPT bhol }a't%mf! rst

25 and second antigens that react with an HCV anti body from the-bi ol ogi cal
sanpl e react i 38Ut h t he NS3/4a epitope and the multiple epitope fusion

wher i n he: SecondibietR atopoinket a8 SR FubRBree e achrbed af friesung Hov
L S0 oS o mar s i 0 gt
sanple. 6 1 4 9@ suppprt which includes a multiple epitope fusion antigen; (b) combining a .
biological sample with the solid support under conditions which allow HCV antigens and
antibodies, when present in the biological sample, to bind to the at least one anti-core
20 antibody, the NS3/4a epitope, and the multiple epitope fusion antigen; (c) adding to the
solid support from step (b) under complex forming conditions (i) a first detectably labeled
antibody, wherein the first detectably labeled antibody is a detectably labeled HCV anti-
core antibody, wherein the labeled anti-core antibody is directed against a different ﬁCV
core epitope than the at least one anti-core antibody bound to the solid support; (ii) first
25 and second antigens that react with an HCV antibody from the biological sample reactive
with the NS3/4a epitope and the multiple epitope fusion antigen, respectively; and (iii) a
second detectably labeled antibody, wherein the second detectably labeled antibody is
reactive with the antigens of (ii); (d) detecting complexes formed between the antibodies

and antigens, if any, as an indication of HCV infection in the biological sample.



WO 01/9687-5 PCTI US01/ 19369 The anti-core antibody may be directed agai nst
an N-termnal region of the HCV core antigen and said first det ectfpb

| abel ed HCV anti-core antibody nay be directed against a Ctermna g%ifﬂﬂh
of the HCV cwweomssisgen, as described above. Mreover, the fippglysaiid;gen
that reacts with an HCV anti body fromthe biol ogical sanple may conprise 5
an epitope fromthe c33c region of the HCV polyprotein, and may be fused

with an hSOD ani nOhegitdedie antibods mayrbet difedtedaiphiust an NhermeebrEicleifekd B
| abel ed antibody is reactive with the HOD anmi no aci d sequence.

Addi ti onal | y,corhantigss gnd saiftfirgelsteciably lpkeled HGY anti-gere anchodnmiayddditeetisd t he

bi ol ogi cal s ' (¥ Ty ramt he . egi,on t he

pol ypr ot ei n, aﬁs%%ﬁt Eargytglﬁﬁggﬁe%%g%g (t)l%%!f[ %}. C%éé gﬂﬁ%’ E e eggml)_%g%b(o Ve gjoéﬁqvf?é’l}lgl\?/
the 10 HCV pofisgpamaigeh that Wabfd witifel BCVomtiebd AReAy'the biblagibbskriglélinag RoRbbrikeU
for Trp at position 44, nunbered relative to the HCVI pol yprotein

sequence.’ TheanegpitoppEomeie 533 1ggiel oftheHCYrpdinapteaniand mai bt Reediwithen hSOD

., th detect abl y | tj body i ] i th the hSOD ani
201 4 Deuen ool oS Ahletek B sBR, kbt ORI et rebhS, R
aci d sequencewfii feHSesD hfifd 4 SRudie’ Eﬁ;ddlt%ﬂaﬂ%r}’&ta secd‘xfdrahngén AEPRALERALL an
In .

the invention is directed to a nmethod of detecting HCV infection in a

bi ol ogi cal sddpMeantibedyiframithe biodagst sanplg Iaygonproeiadiepgopnroimire ndh sagign
solid support i onprises t HCV anti - core .nmonocl onal, anti pbadi es,... an
OV N3 an. c I FG BHAPIoBT-CHL= O IPLY FOPREDE AT AUt Ebeierite of e
depi ctedi i N HEVGHIGTorth, Hth AdlletnBf ArbRY Bnd®R SHEMHRHoHSd fATkudE Tﬂﬁzgc position

conprising the anm no aci d_20 sequence depicted in Figures 7A-7F, bound
thereto; (b) 4ombinbened reabvolodhd BV Igmipreteimsdquendee Bl dpitope ppybe fusederith

diti whi | ow HCV.ant i ti bodi t.in th
b o 0gi cal. S AROD Rl T SEMERE" 3t S drEeng deiffol SR eFiRgy infoaithé
NS3/ 4a conf oryih HRNEOIS BinkikPRid Sdddeddae mlﬁ%ﬁﬂ% PRoPOARIdrlfitiFen Y/ G&iprise

respectively; (c) adding to the solid supp fromstep (b) undef conpl ex
f or m ng condithe emang dc)d sequpnastdepBtadan Fagraes YAt7dbel ed anti body, wherein the

first defectably l.ab ti body. i detectably. |abel ed HCOV anti -
ant § body LS wher ef n PG F SBLI Gy gt e B FrtsBs Yiret B P £ Puetiod el
di ff erent HOICWriafedRbh @PEbioliical Benpit, JaRPSEHOWROAPEETEO(S p?d’ﬁiiiilﬂgtﬂhes bound

to the solid support- (ii) an epitope fromthe c33c region of the HCV_
pol yprot ei n figgBenaagsaysolit Seporwhich ewnprises dwie eV ant-care mpnedpral pnidbadiese

C22 1 5 on ol g ey AR PR HE By B0 RIS RIS

' Figures 4A-4D, and a multiple epitope fusion antigen comprising the amino acid

20  sequence depicted in Figures 7A-7F, bound thereto; (b) combining a biological sample
with the solid support under conditions which allow HCV antigens and antibodies, when
present in the biological sample, to bind to the at least two anti-core antibodies, the
NS3/4a conformational epitope, and the multiple epitope fusion antigen, respectively; (c)
adding to the solid support from step (b) under complex forming conditions (1) a first

25 detectably labeled antibody, wherein the first detectably labeled antibody is a detectably
labeled HCV anti-core antibody, wherein the labeled anti-core antibody is directed
against a different HCV core epitope than the at least two anti-core antibodies bound to
the solid support; (ii) an epitope from the c33c region of the HCV polyprotemn fused to an
hSOD armino acid sequence and an epitope from the ¢22 region of the HCV polyprotein

30  fused to an hSOD amino acid sequence; and (iii) a second detectably labeled antibody,

7




7 1 4 DEC 2004 WD 01/96575 PCT/USO 1 /19369 wherein said second detectably
| abel ed anti body is reactive wwth said hSOD am no acid sequences;1 4([&; 2004
detecting conpl exes forned between the anti bodies and antigens, if any, as
an indi cati orWEf01M@75i nfection in the biological sanple. In thpgrusereszes
enbodi ment, the at |least two anti-core antibodies may be directed agal nst
5 an N-termnal, regian of the HCV core antigen, such as against am no acids

10-53 of  HovVISH spdgesand detestablniabeied putbodyds yerctiveiwith sith$@B amino acid

detectably | al ' s directed againsg a Cterm nal
regi on of the %ﬁg‘l’gggd) Zdrﬁéﬁane%?@B@E‘Eéa@%é%h?‘?@t"ﬂ fwgbggﬁﬂgn gj12£84) 1bany,
HCV, nunber edas e atdicatich®f HEV HIdctlonda thebieldRidal s gence. Moreover, the

epi tope fromthe ci& regi on _may conprise amno acids Lys,, to 10 Ser49 of
the HCV pol ypr ot ei i hif Erbadiment then least ygati-aord 2atibutist inbyibe directtd kgtindtor

Tip at pesit LR . e Fye to.the HCV1 pol yprotfein sequence. In

ot her enbgdi mhﬁﬁséé?#ypéﬁ%nn&%ﬁﬁév §7 e S sie ‘fﬁ%ﬂﬁ%ég‘?fﬁ’@ﬁ@ﬂqsd hef Kits

conpri si ng t hHQVymunsesstlfob OV hollesatinbesh &Qfa\éﬁ:ctaﬁ atag%hgf\}' QBS
odi ne

for conducting the i munodiagnostic test.” 15 In still further e S,

t he i nvent i onc9T§ aBiibedyt isdlineptedragaineta Gterprinal wegioy ofithe H@Vheormmsizyn sokh ds

t, |.SJ - . - [ dj l.id L; b). . bi ndi t
support, SO ishadaloft LS RGPS ST g (R bt
one isol at ed $queiNG3Mte@RiIrtBOBpildIRITRNR thedddd Igggisl?ﬂ%g)‘nfgﬁg %]Iﬂfiltld Rlis Eg-.%,g fre

fusion antigen thereto. The anti-core antibo opes an
mul ti pl el@pi t 8Fe Hube BICV polymroteigewish adeletion dé dcgd e mdubutitutibn oflidh Firorna!

nmbodi ts, j ti LS .di t t |.tipl i t f usi

ant gen compr T eRaRHRR LR 0 Gl B e St e 7A7F, or an
| co Boom T S e _ %

amino acid sequenbeotet fmBidiheAs] m@%&ﬁ%@}ﬁ&d&ﬁp%@%ﬁﬂ%ﬁg rtﬁ%f?_]qﬁg,

nmore sequence identity, thereto which reacts speci
anti bodi es pr&Sepsig the ipinginogssey soléhsypipertssdriterthabovdiaM imsfracii®@d for

i ndi vi dual . | nﬁﬁﬁtﬁr?ﬁj) gerbo@é%gﬁ(iggchh multiple epitope fusion antigen

consists of the am ( _ _ icted in Figures 5A-5F. In further
enbodi meri s, the ihvaill fubfhet EmbbdiRehRhE SRnRok KWFRA SRR LRI 91 an
a

codi ng sequence for the nmultiple epitope fusion antigen above,
recombi nant \iBERW@Raassay sohd support, comprising: (a) providing a solid support; and
{b) binding at least one HCV anti-core antibody, such as one or two or more, and at least
one isolated HCV NS3/4a epitope thereto, and optionally, a multiple epitope fusion
antigen thereto. The anti-core antibodies, NS3/4a epitopes and multiple epitope fusion
20 antigens are as described above.

In additional embodiments, the invention is directed to a multiple epitope ﬁsion
antigen comprising the amino acid sequence depicted in Figures 7A-7F, or an amino acid
sequence with at least 80% sequence identity, such as 90% or more sequence identity,
thereto which reacts specifically with anti-HCV antibodies present in a biological sample

25 from an HCV-infected individual. In certain embodiments, the multiple epitope fusion
antigen consists of the amino acid sequence depicted in Figures 5A-5F.

In further embodiments, the invention is directed to a polynucleotide comprising a
coding sequence for the multiple epitope fusion antigen above, a recombinant vectors
comprising the polynucleotides, host cells transformed with the recombinant vectors, and

30 methods of producing a recombinant multiple epitope fusion antigen comprising:
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conprising the polynucl eotides, host cells transformed with the reconbi nant
vectors, and 30 met hods of producing a reconbi nant nultiple epitope fusbh 2004
antigen conprising: 8 1 4 DEC 2004 WO 03/96875 PCT/USQO /]9369 (a) providing
a popul ati orwofoipess cel |l s as above; and (b) culturing the popgtakien:ef
cells wunder conditions whereby the nultiple epitope fusion antigen encoded
by the coding sequence present in the reconbinant vector is expressed.

These and ot he) pasiing 8 populatien pf lesecdlisiaawbotd; and @)lculibegone poyhldas o £dpe
5 reference to the follow ng detail ed description and attached draw ngs.

Bri ef Descri pidsheiditions wheshnge npilple eptopesfugioniapgsanaeded nethe seding at i on
of the HCV g ILCt il | s I-eql f the polyprotein from
whi ch t he pr:sggﬁ%cg s%?ﬁtiﬁelggee%?gm?%}%ﬂt‘g#ﬁosr]é;%*dﬁgs%‘aaanti bodi es) are derived.
Figure 2 is a scheTimdstandbthist agpeoks ofl tHegpeeachivahtiorewlbdcb@d i Right gon

conmbi nation assay under the_ invention Figure 3 depicts the amno acid
sequence f deiEpicede Hedollowingsiptaled d@mfﬂghoﬁfﬂﬂdéﬁéﬂheﬁﬁﬁ“g@gﬁ-for use in the
present assays. The bol ded al anine at position 15 182 is substituted for
the native serine nornmally present at this position. Figures 4A through 4D

depi ct the Di¥riefNeseApti®sobihd Digwiigsno aci d sequence of anot her

representative NS3/4a conformational antigen for use in the present assays.
The anino acids atFigei k serdagremmatig rqugseatation g thedGX genewaglepiptingdls esent

" substitution f Pro.for nd.lle for r f t native .am no. aci
sequence of ﬁé@f’ E.Er‘%b&%i ng-gﬁép%%rs e Prang‘rvguaﬁo eﬁrﬁseenggﬁgfﬁagﬂtﬁ Eﬁrgttems an

pd. HCV1al(ns 3nmhdbllies) fre geied IS a di agrammatic representation of MEFA 12.

Figures 7A-7F depict the DNA and_correspondi ng am no acid sequence of MNEFA

12. Figure 8 is a Benemhisidschemolhdrapingokaispreseniatine apbodianiess saxbingtien

the 25 inventj 8“1 | bg[: 12. Detail ed Description of the Invention The
practice of ﬁ]sg préfégn anéﬁpi on will enploy, unless otherw se indicated,

conventional met hopigusd 3 @886k e dminbiadidefhsice ¥ a Fpe@iadWSEMA t echni ques
and conformational antigen for use in the present assays. The bolded alanine at position
15 182 15 substituted for the native serine normally present at this position.
Figures 4A through 4D depict the DNA and corresponding amino acid sequence
of another representative NS3/4a conformational antigen for use in the present assays.
The amino acids at positions 403 and 404 of Figures 4A through 4D represent
substitutions of Pro for Thr, and Ile for Ser, of the native amino acid sequence of HCV-1.
20 Figure 5 1s a diagram of the construction of pd HCV1ans3ns4aPl.
Figure6isa diagrammaﬁc representation of MEFA 12.
‘ Figures 7A-7F depict the DNA and corresponding amino acid sequence of MEFA
12.
Figure 8 1s a schematic drawing of a representative irnmunoassay under the

25 mvention, using MEFA 12.

Detailed Description of the Invention

The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, recombinant DNA techniques and

30 mmmunology, within the skill of the art. Such techniques are explained fully in the
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30 i nmmunol ogy, within the stall of the art. Such techni ques are expl ai ned
fully inthe 9 1 4 DEC 2004 WO 01/9687- PCT/USO /19369 literature. Seﬂ DEC 2004
e.g., Fundanental Virology, 2nd Edition, vol. I &Il (B.N Fields" an

D.M Kni pe, W@IMI8THandbook of Experi men tal | munol ogy, Vol SPCT/'U'SV]A@GM

Wir and C. C. Blackwell eds., Blackwell Scientific Publications); T.E
Creighton, Proteins: Structures and Mol ecul ar Properties (WH. Fr eeman and
Conpany, 199@1}&3@@_ Se&, eghdiungementl Bublogy strdyEdiNén, tviol. I?l&)[[] @ET Bielddvnd,

t addi Mol a A_Labor at
Vanual (2nd. A IGHEE Tahd) Mk oo aneyaohonyiolqes, Vel bR 4 Mnthat and
Kapl an eds. @@aE%kﬁreﬂre§§S}31akmeﬁ Scﬂeﬁhﬁ@d?ﬁb]ﬂﬁtl&%t)eﬁﬁ E?%%ht%g,,ﬂm g i this

speci fication and the appehded clai ms ar " f oF %A% and
"t he" incl udérpriwred arrdeMefeeulastp&sss Widl. dmttumtazﬂl@taﬂﬂ)ahy 1997} atiat es

LTS8 mosBright Bt (AT PRRnbdnorrm S e Semdver er.
a0br vt 2t onssa AUy, NIy U ol oM o e IR
Leuci ne: Leu(§. L@olowkﬂdﬂxddﬂriéap]mdsQMcaa&nRrR}béspﬁlc)Pro (P) Threonine: Thr

(T) Tyrosine: Tyr &éz rgl n| ne Aspartic acid: Asp (D
Gutamne: An (QY tyaw)ed l!léléﬁ anreifivetion ped theyappended claims, the

singular forms “a” “an and “the” include plural referents unless the content clearly
10 dictates otherwise. Thus, for example, reference to “an antigen” includes a mixture of
two or more antigens, and the like.

The following amino acid abbreviations are used throughout the text:

Alanine: Ala (A) Arginine: Arg (R)
Asparagine: Asn (N) Aspartic acid: Asp (D)
15 Cysteine: Cys (C) Glutamine: Gln (Q)
Glutarmic acid: Glu (E) Glycine: Gly (G)
Histidine: His (H) Isoleucine: Ile (I)
Leucine: Leu (L) Lysine: Lys (K)
Methionine: Met (M) Phenylalanine: Phe (F)
20 Proline: Pro (P) Serine: Ser (S)
Threonine: Thr (T) Tryptophan: Trp (W)
Tyrosine: Tyr (Y) Valine: Val (V)

1. _Definitions
25 In describing the present invention, the following terms will be employed, and are
intended to be defined as indicated below.
The terms “polypeptide” and “protein” refer to a polymer of amino acid residues
and are not limited to a minimum length of the product. Thus, peptides, oligopeptides,
dimers, multimers, and the like, are included within the definition. Both full-length

10



Lysine: Lys (K) Phenylal anine: Phe (F) Serine: Ser (S) Tryptophan: Trp
(W Valine: VvVal (V) 1. Definitions 25 In describing the present 4%@?@&%
the following terns will be enployed, and are intended to be de]f

i ndi cat ed biewéé%g et erns "pol ypeptide" and "protein” refer E’ﬁ@ﬁffﬂ?ﬁw

of am no ac ues and are not limted to a m ninmum | eng
product. Thus, peptides, oligopeptides, diners, nultinmers, and the |iKke,

ar e i ncl uded pabfettisand fiogthehisthdre@Mre Bfiofpaskeli blyah@adlinifiod. FhOkemd AR iMude
01/96875 PCT/USO /19369 proteins and fragnents thereof are enconpassed by

the defi niti @estexpressien modeicstonstheipolypepsidedor exsnplp, ghyeslaion; anstylaion he

P e s e
" pol ypept i de"“pbgzlfpéﬁtﬁet’(?e@rﬂb%t;%t!éiﬁ"@hi%ﬂ iﬁdﬁﬁie@ﬁﬁﬁiﬁ?@h@ﬁbﬁ&%ﬁ&lﬁ 8 8clefotEh as

del etions, 5 additions and substitutions (generally conservative in
nature), X o tadditioas andsustimtinoe(geserally oopenvativhm pataicito theanaitvaiseguanbe so

desired tivity. Th nodi.ficatj ) be del.ib t . th h,.
ol terdi r oot edon F e RIFE MapairRy b BSSHER FEIBHD A LheSt R iRy K Qe RSreis
of hosts whighnRp el s&%ﬁ&%edoﬁlgtgge&b%is% B5¥ B Scciigitdl O Bs Ak hﬁ?&ﬂoﬁé&\o/f An

HCV pol ypeptide 1 s a pol ypepti as defined above, derived fromthe
10 pol ypr ot eihosts Wiaclppiodpepthe geotaine dr exodrs kdee phSRaatpiyicdeon.ved from HCV,

.but may be synthetigally or recanbinantly, produced.. Moreover, the

pol ypept i de may beﬁwéﬁ\(@%ﬁwm%%y%@em& %Sach%élﬁg ahpNg, g?’?‘é?%g?m%‘éﬁca\é
fromstrgns fe?@f' : |

regi ons Izldre Q’rl?%‘ﬁo’ﬁ%r \?\fehecﬁ)%%e e %?fé%%ghys@%%ﬁgigﬁgédéﬁgnfﬁgwm %&ggi d
sequences of sepibetigly dtecdonsdndntiyrprodiese. Mageaowes, the bblyheptiieanhy bhdeaegdee of
15 sequence honol ogy

. 0., ] id h | f h 0
oref orably . OB SO AHe0ROUNGR v, HPTSVEHGa8 FORCUTIRT b b Bl HIGNudk MEgPer
exanpl e, theﬁggag%e&éa%{a%aﬁ%{%q&gs&%@;ﬂ ﬁétazefsﬂtﬁa@é gﬁlﬁné\%,‘}ﬁgéﬁm @y of

t he various rains, as 4a anal ogs, nuteins an
i Mmunogeni ¢ fansigoecid sequesiceladfiep@dpdsuietined bl these regions will have a high degree of

15 sequence homology, e.g., amino acid sequence homology of more than 30%, preferably
‘ more than 40%, when the two sequences are aligned. Thus, for example, the term
“NS3/4a” polypeptide refers to native NS3/4a from any of the various HCV strains, as
well as NS3/4a analogs, muteins and immuncgenic fragments, as defined further below.
The complete genotypes of many of these strains are known. See, e.g., U.S. Patent No.
20 6,150,087 and GenBank Accession Nos. AJ238800 and AJ238799.

The terms “analog” and “mutein” refer to biologically active derivatives of the
reference molecule, or fragments of such derivatives, that retain desired activity, such as
mmunoreactivity in the assays described herein. In general, the term “analog” refers to
compounds having a native polypeptide sequence and structure with one or more amino

25 acid additions, substitutions {generally conservative in pature) and/or deletions, relative
to the native molecule, so long as the modifications do not destroy immunogenic activity.
The term “mutein” refers to peptides having one or more peptide mimics (“peptqids”),
such as those described in International Publication No. WO 91/04282. Preferably, the

analog or mutein has at least the same immunoactivity as the native molecule. Methods
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The conpl ete genotypes of nmany of these strains are known. See, e.g., U S
Pat ent No. 20 6, 150,087 and GenBank Accessi on Nos. AJ238800 and AJ238799.
The ternms "anal og" and "nutein" refer to biologically active deri vhéileeJ00f
the referengg mmigsul e, or fragnents of such derivatives, that retain
desired activity, such as imunoreactivity in the assays des&FTHBIVREIS n.
In general, the term"anal og" refers to conpounds having a native

pol ypeptide s F 4G, .th one or .nore.am no, 25 aci .
bl ¥ ons, - subaaors BOGmPhEUClcRs thd hualfs e KHRHE iR T oA dseribed
del eti ons, rehatheybelotno the native nol ecule, so long as the nodifications

do not destroy imunogenic activity. The term"nutein" refers to peptides
havi ng one or nor ePpistialy nrefered apalpgpingluds shbstitutiots thas aphommedrtive inhedure)
I nt er nati onal ; Pull | ' No, 1/04282.. .Preferably, .the. analog or .
mutein has at” _ég]g%&?%ﬂgﬂ @&WESPWSQ%CFWWQE@HE% imAacidy betare relpjed o ds
11 14 DEC5200their\8aeQHa218 7 SpdddidatiS QhrhifS 36 sl 08 1R Ueh Gl Era O
and nut ei ns are_r.knovvn in tﬁ% artaugnd are dessagr i%gdm%ﬂdﬁgr%}%e l(!;r\j&vﬂ. 23)
Particul arly pHdicer apartaiceandgdutameten(R) tesiost Iysine anginite) i stialiree; ¢Hinmerpoddri-ve
in nature, i_.e.. those substi.tutions that take place wwihin a famly of
ani no aci ds t HApg, VAImg, %P‘élﬂe’i by gucg%ipp:“gred %Wéﬂqﬁgms%‘éé%%WPPhﬁ; apd
aci ds are gengnahtharsédbetad i Gnd L | 18Scn; L di.G. 2 3

and gl ut amat e(;iﬂ)(Z) bgii% i I%T/S?si né?gt;arrggiﬂnél’r%lsﬁlﬁuﬁl St ?’%ﬁtﬁ%’@f%}w ﬁ%ﬁ?ﬁﬁﬁ‘f’éﬁg?@e-
al ani ne, val i Resnyladanghedryptemiae aidrtgrosprecire panetphewlbsifisd erometidiminone,
tryptophap; and, (4) uncharged pol ar_- glycine, asparagine, glutam ne, .
cyst ei ne?aser?cﬁ%s' tw&’fﬁfr’lﬁgﬁ 1 F%§‘PW§IY pisfisiAple thahamsolafed ssplagement of hncine
tyrosine are SansdddRSnCdASFink i t ' | : anpl e,
it is reasonably predictab eh%’hﬁfasg%tﬁﬁémtde u@ﬁ%@%ﬁ%ﬁ”@i%ﬁ%’%th
i sol euci ne orsivalar cEsenvatias pepdadeatent of drharaingladidawih @ stractihulgasiand athinb adid,
serine, or a aim’lar conservative repl acenent of an amno acid with a

structural l'y VI I_é‘?té’&"ﬁﬁilﬁ@‘}% B! on {9 iojagicanadtbity- gy 6xarepicetie nolypenede of

bi ol 0gi cal acinteféd YnayFAEIAE TR Boodk B PANBSREL G Rl cdILRLASE fIRRG d0F! U

up to about 5-10 conServative or non-conservative am no aci

subst i t ul$ onssubstituions; onevemumioatiout 55-25 constseativator wen@onsBvatdeaeny adiive

am no acid St{lgsttli#utions, or an% I nt e%er between 5-25, so long as the

desired functT'BRYRORHET ABY BUESE PebNSER S-SR 25 thp degreddipetion of theymolgeple

may readily dehfidtiffct €OhOBBsI if R A0 i19Hetehi] E%r i

tol erate change by refcerence Ffo II-IIE){S%/ V\bogg%aaﬁg%gf/tt e- g?@%?%g%cg@?w}e of
interest that can tolerate change by reference to Hopp/Woods and Kyte-Doolittle plots,

well known in the art.

20 By “fragment” is intended a polypeptide consisting of only a part of the intact
full-length polypeptide sequence and structure. The fragment can include a C-terminal
deletion and/or an N-terminal deletion of the native polypeptide. An “immunogenic
fragment” of a particular HCV protein will generally include at least about 5-10
contiguous amino acid residues of the full-length molecule, preferably at least about 15-

25 25 contiguous amino acid residues of the full-length molecule, and most preferably at
least about 20-50 or more contiguous amino acid residues of the full-length molecule,
that define an epitope, or any integer between 5 amino acids and the full-length sequence,
provided that the fragment in question retains immunoreactivity in the assays described
herein. For example, preferred immunogenic fragments, include but are not limited to

30 fragments of HCV core that comprise, e.g., amino acids 10-45, 10-53, 67-88, and 120-
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well known in the art. 20 By "fragnment” is intended a pol ypeptide
consisting of only a part of the intact full-length pol ypeptide $édhéngs
and structure. The fragnent can include a Ctermnal deletion and/or an
N-term nal debeirensof the native pol ypeptide. An "inmmunogeni er/ER@TEMRt "
of a particular HCV protein will generally include at |east about 5-10
contiguous am no acid residues of the full-length nolecule, preferably at

| east about 130 3Bthdpot@itbictii@pRop-Na @Fiid NSHH fahe {18 dedbine) &7@Nas

nol ecul e, and nost preferably at |east about 20-50 or nore cont’i guous

ani no aci d r definfgespitopes gasivedifrom Bredilh ERotBedNS3), cl RAIING4Y, INGS/4anandpi$ ope,

' ‘ ' id he full - h :
ot ovi ded 1 Al 8 FTRGHEAT PhBrfE R o alF ot e crbo et FOMEHS Fiempfied
assays descr ifeadthe HRC Vigdlygrofeir XSuepe. ., (Bieaf @ bl S0 "NHANOBRR Scif UBATERLS .,

include but are not limted to 30 fragments of HCV core that conprise,
e.g., anPno 88il8911-00455; Gloeng, al67-G&iroantl Heparol 1393) FHI3-2802hi0etcal, 96875

PCT/ US01/ 193 130 of, I ' it -1;1. (in th . [ f
the viral golineroa faffedBoift Ve dhaflis (R visierPriel Ribliseea 5.

c33c (NS3), WOO4HNIAE; UNSHads WBE NS 08728@)R 10020, he HCV pol yprotein, as
wel | as any of the other various epitopes identified fromthe HCV

pol yprotei n. See, Taederm Gipitope’eas wsed he@morsferivia 4 seqcnat. of 8t leastubpui(A®9R) 5

89: 10011-10015:; i | J t. t ol 993) 8:.533-39:;. i
S A bty ot B 10,01 RGO e bt 1. O itho ¢igh or any intcger
| nt e1 nationalneResabinGah Wichcfind s YL ATRR: bl ok Bt oMl %ars b7 and

6,121,020. The term"épitope" as used herein refers fo a sequence of at
| east about Binds i&an aptiksfdyrgebkmatedin mespsngedo sachosequdnceaddiersos nowritical ipper

about 1,000 am.no .acids . .(of..a i nteger . 10 t herebetwee I ch, def.ine a
Sequence 1 haltt o BE gt OF w8 BhebPhCHTen diy L BSRERTEART M rllafieln SF e

anti body gengfatia@edibnce RVER 2 i SGBLHLHHBREEng TAEbLmbe GRtopd fbmdhe UPPET
limt to the | ength of the fragnent, which nay conprise nearly the

ful | -1 engt h BICY pelypprtemeiAn euippederaisean thevsehjeat usitng 1p not learedondpri si ng

Subj act rveRLP BRI P Erec St RRclsl B Pbiop ot AR OR ot S A"

sequence of fidwrped! Ifikedf vitdl @emah@re B OhteiedfoMMMTiugkhmidiconiat @#eEday ed.
| ndeed, viral genones are in a state of constant flux and contain several
vari abl e don¥pmablodemainsvineh exiikif elatipelwhigh grergesefowsiability hetnapr isplages.

between i sol FfS the term “epitope” encompasses sequences identical to the native sequence, as well
as modifications to the native sequence, such as deletions, additions and substitutions
20 (genérally conservative in nature).

Regions of a given polypeptide that include an epitope can be identified using any
numnber of epitope mapping techniques, well known in the art. See, e.g., Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E. Morns, Ed.,
1996) Humana Press, Totowa, New Jersey. For example, linear epitopes may be

25 determined by e.g., concurrently synthesizing large numbers of peptides on sohd
supports, the peptides corresponding to portions of the protein molecule, and reacting the
peptides with antibodies while the peptides are still attached to the supports. Such
techmques are known in the art and descnibed in, e.g., U.S. Patent No. 4,708,871, GeYsen
et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998-4002; Geysen et al. (1985) Proc.

30 Natl. Acad. Sci. USA 82:178-182; Geysen et al. (1986) Molec. Immunol. 23:709-715.
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Thus the term "epitope" enconpasses sequences identical to the native
sequence, as well as nodifications to the native sequence, such fgpfg 2004
del etions, additions and substitutions 20 (generally conservative in
nature). RewiOonwesfs a given pol ypeptide that include an epit @ea g 1R

I dentified using any nunber of epitope mapping techniques, well known in
the art. See, e.g., Epitope Mapping Protocols in Methods in Ml ecul ar

Bi ol ogy, VolUsngssycliteshniqiesMonumiser o epitopet 89B)C HiawebeeRr dasifiedoSeres.g New
Jersey. For exanple,  li r epitopes y be 25 determ ned by e.g.,
concurrent| ﬁg?ﬂ?tﬁi's il)ﬂazggpﬁ?%ea%ﬁ”@ﬁse&%%qd’@s3%913%@“6 fudhgshslave., t he
peptides co ' POt - | I : .reacting
Phe  popt | demra ok By PaL e Ay LB I h e PR BB fin IRGER" o Pre
supports. Sgohformetiémpfiammosacidsisncives by) etghex-aiytcronglisiesshiy HRAD- imerBidhal

u. S Patsent No. 4,708,871, Geysen et al. (1984) Proc. Natl. Acad. Sci. USA
81: 399874003 1CkeaN ABNEYIC Tggonapde §35F, ¢80 Epitamy Mapking Rratwcoksciupra)SAntigenic

82:178-182; . : | L 709- . . L.13.1 4. DEC
5004 v 01 SRYE ﬁ@&?ﬁéﬁ?ﬁﬁé@#ﬁ&%ﬁ%@ﬁ%ﬁdﬁ%@ﬁﬁ3%%}@8?&% t opes
of HCV have pbegrsucldenthiokt eslculSied usiggk.g., tHeldmizaslerdbn 1.0\Mof@lardf9Ratd! s and

Li ver Di sease .i%%%) pp. 320-324, and further below. Simlarly,
conf or mat | oA%® @fe’aégeé})féondé\éaﬁewyaﬁ Geavpi fihésicangputen mpgtiam srgplopathel

conformatio g@gb I ds S 9. -d.ay,oGr, |-1,04 d
2- di nmensi ongdﬂ% nu@%org%ﬁoghgﬁgﬁ?tcﬁf gg%dné\r%gg‘.ib‘géé{a )QS’B dséé;.-%?ﬁ%éﬁ%ﬁb
Protocdls, degnainidnantenicty prefleqnsd @i RYRIBSIIRIE dthlqse, Reteicdent ) firsd
usi ng standard antigenicity and hydropathy plots, such as those cal cul ated
usi ng, e.g. ﬁ"flh@%?r?ééz:\}@?d3%@@)@@@?%@@ program available fromthe

Oxford Ml ecul ar 1Jhl wi.er- pragram enpl o t he / Vo

met hod, Fopp et 4 e heih YRR SRS MRet s s m el Bl 10
det er mi ni ng lanpth pedia] énanpmaldgl o sautéin dhdrber, Kanliny Reedtintal featlr@ChUIVES theyt €

et al., J. Ml . Biol. (1982) 157:105-132 for bydropathy plots. As used
herein, the2PBR¢Rod SeAUSDAR EREEES thperitape withan gresfulldength spturaproteina Wative

| engt h qar ot gj I.n:_t-hereof, having.structural features
nat Lve P01 faveul (BRR0 e b B R hlG B Mo A B PR e 3

ful I -1 engt hsmattureal Therlehgthrof thdadpitepe défirihg sjudhc@ cah@RisUbfRSt foReide dariatidtls ar e
not limted to,eagl ycosyl ation and three dinensional structure. The | ength

of the epit8pHIaeFRINNTE aEhleredkiobsfomredshinihe dhree wlimiprpsonad shapeiodtlee antigen

(e.g., folding). Thus, amino acids defining the epitope can be relatively few in number,

but widely dispersed along the length of the molecule {or even on different molecules in
20 the case of dimers, etc.), being brought into correct epitope conformation via folding.
The portions of the antigen between the residues defining the epitope may not be critical
to the conformational structure of the epitope. For example, deletion or substitution of
these intervening sequences may not affect the conformational epitope provided
sequences critical to epitope conformation are maintained (e.g., cysteines involved in
25 disulfide bonding, glycosylation sites, etc.).

Conformational epitopes present in the NS3/4a region are readily identified using
methods discussed above. Moreover, the presence or absence of a conformational
epitope in a given polypeptide can be readily determined through screening the antigen of
interest with an antibody (polyclonal serum or monoclonal to the conformational epitope)

30 and comparing its reactivity to that of a denatured version of the antigen which retains
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as these epitopes are believed to be fornmed by the three-dinensional shape
of the antigen (e.g., folding). Thus, amino acids defining the epitbb8Easi
be relatively fewin nunber, but wi dely dispersed along the length of the
nol ecul e (or wayemedrs di fferent nol ecules in 20 the case of di FefrAISOEISE)

bei ng brought into correct epitope conformation via folding. The portions
of the antigen between the residues defining the epitope may not be

critical to bilg lmenfepiwptd @aly).Sli sich giRerihg ufigg @BiyeRRA] aftModRX 30BLE be
del etion or substitution of these intervening sequences nmay not affect the

conf or mat i onatd@plagens torabsart dep Rlvflenad seruny first with thedengturedantigsntaod wea ifon

el _ _ . 5 . . £ disuLf i He bondi
are a1t A efl iy Sing S S USHLON HE "o BB SRR i 1o
region are remdldopiel wigiah ptdseehesite RgtivéBInIGsatidh $GH 25:Rha?b PYSteashangover, the

presence or absence of a conformational epitope in a %I ven pol ypeptide can
be readily detritoralBchelisprspayaymaticetiviitpst Ructaantiviftas cah beidatested 3151ng enpyraatic

ant i body (pol Xe%%:gs’,‘?ﬂd St%{‘v{;q g{@gp‘%ﬁél onal to the confornmational epitope) 30

and conparing | reac ¥ of a denatured version of the anti gen

which retains 14 1pff&dably2d0dntWihdtcdeBepitopsislireiuoed FRtbiRalt, dnldn€8kpressed

epitopes (if any). In such screening using polyclonal antibodies, it may be
advant ageous ¥ efdsioems wlieh gas edtastehle wndeuennditross whiiehhprehervel gm desireddtructural
antigen and s I f Lt .retains antibodi.es to th nt i.gen.of . nterest.

Addl £ onal |y iy & e yAB G Stalhion 4 ok Bat So el S AT e ve
conf ormaipon iMsédt, AldSAamiaeBa £6llse BxPredfidy and RBlatieA A kécontMehint asFoRAZWIR] | C
activities. Such activities can be detected using enzymatic assays, as

descri bed f ur ¢émtapepEpovihe BHEY pplyprojsinarednstapadenieanantemmitionpbPitdicptiotNoed

inder "condi 11 S SaiPRRTRPEREFGLr T v Tsu AT Al RS 1 pSssibie
W t hout denat i @lprédB t1ef ardtideneadt faRBer robkthreG8d pidtdimafitid@cdrsy.Cliligalsyeast, 10

i nsect, and manmalian cell's. Expression and isolation of reconbinant
conf or mat i onatmdesgpediatchangpalshethefdyvmey isp poveincenfemetinngl duvigen mimitgpes

| nt er nat ypnal ,,P ication. e MD,96/.04301, MD 94/ 0177 WO 95/ 33053, WO
051 06794 15 A t P BobE RO B nalf R ReR"s fondlimatitnd fplfbpe D 00 5305

further renature tiTRe pirl ‘@hiltiplelepitop o tigdit” or SMIEBA” adhidaheicd® thérfagta
chem cal synthesis may al so provide conformational antigen m mtopes 15

that cross-r eB@yPeitids 1 puchyapitiple HGNt angigenssare part of asinglsn spntiapionpplain of

amino acids, which chain does not occur in nature. The HCV antigens may be connected
directly to each other by peptide bonds or may be separated by intervening amino acid

20 sequences. The fusion antigens may also contain sequences exogenous to the HCV
polyprotein. Moreover, the HCV sequences present may be from multiple genotypes
and/or isolates of HCV. Examples of particular MEF As for use in the present
Immunoassays are detailed in, e.g., International Publication No. WO 97/44469, and are
described further below.

25 An “antibody” intends a molecule that, through chemical or physical means,
specifically binds to a polypeptide of interest. Thus, an HCV core antibody is a molecule
that specifically binds to the HCV core protein. The term “antibody” as used herein
includes antibodies obtained from both polyclonal and monoclonal preparations, as well
as, the following: hybrd (chimeric) antibody molecules (see, for example, Winter et al.

30 (1991) Nature 349:293-299; and U.S. Patent No. 4,816,567); F(ab”)2 and F(ab)
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The term"nultiple epitope fusion antigen® or "MEFA" as used herein_intends
a polypeptide in which multiple HCV antigens are part of a single, 14 DEC 2004
continuous chain of amno acids, which chain does not occur in nature. The
HCV anti gens weyipgrsonnect ed d| rectly to each other by peptlgETRgra%%%
may be separated by intervening am no acid 20 sequences. The fusion
antigens may al so contain sequences exogenous to the HCV pol yprote| n.

Nor cover , the HEHneREENGRTedlicAiH-coRlerd Belcf I Liephs e?ﬁtﬂﬁfey : e41919%2)

i sol ates of HCV. Exanples of particul ar MeEFAs use
i munoassays afeoqierrdicad Scinl/S4 69:2659-2662;rmatliRinkth &ub) ( (lQM)I&BcM: 19'\@091-

97/ 44469, and d bed. furth ti bod t
1o ecul e that . DSDLHRCLRR Reatolsetlsn gy Sé%eenéaﬁm?@pﬁeﬁp%@athl%Bsiawéaza
pol ypept i de of s SézGI%’A 83134%9. 5663) HW &R d ehe%nb&dﬁ%%éjﬁ% Estmcg

specifically binds to t eHCVcor protein. e term as u
herei n i nél udeenibndieh (e asg.oBacki atel (T9RNBmbanBil: yE19%1584; @nﬁlmseeml glggjg)J

ol ecutes. (seerpirelepsfim 6 a8k bogendia 91%340@‘%@?&1?&»%@% faugiemnde 200,

82? 9g8$5 Ilz?;l'/e B%bélx/ﬁ?fﬁa‘%ggfﬁr Q@ﬁé}n]%rbs:&?%vj—%o ecu %‘ %Enie(t)éa ent ggo’t%%/\?a%—nbﬁ?”“
iy 1 T L e S,
g ZF\S% 7& 52353) f ﬁﬁ%}“@ opgldragmeats optamed Gemsu atolmlg s, whergin Sich fragments

m ni bodi es (see e.g., Pg%( %Pfﬂg%{%?% oc%éﬂgﬁ&&@gyﬁgéﬁﬁ%mer et

al, (1992) J Immnélsmggrdheteila th2Qerh? Ghondulorml kzisbdAfirefendy arRhassdes (see,
for exanpl e, R echmann et al  (1988) Nature 332:323-327; Verhoeyan et al.
(1988) Sci encec%@osi%&m"i%%hor&ww antibody, popilation aTheoiegs neEimited

N T
i mmunol og| cal mlanmrmgv@ndm ismede. CThushthe mcomﬁasdm@dmxwﬁﬂlmﬂtﬁneﬁﬁohhs ed
naving a RomogeREBREVSIATEGYY Bopa AEPEHEoMEoTS e Roebinine LEE human
Ir le?na{ ghng t Pﬁ SRS HIBS rﬁﬁnﬁ@ﬁlﬁﬁoﬁ{ast B€e %? @&ﬁyet a or'zctsloﬁatl An'?ztbgglg? gmll %9&:
Yy e nmanner 1 n I ch i i S rmade. US e erm enconp
ant i bodi es obt &karapy,fAlanR. Liss, 1985, p. 77.
A “recombinant” protein is a protein which retains the desired activity and which
has been prepared by recombinant DNA techniques as described herein. In general, the
20 gene of interest is cloned and then expressed in transformed organisms, as described
further below. The host organism expresses the foreign gene to produce the protein under
expression conditions.
By “isolated” is meant, when referring to a polypeptide, that the indicated
molecule 1s separate and discrete from the whole organism with which the molecule is
25 found in nature or is present in the substantial absence of other biological macro-
molecules of the same type. The term “isolated” with respect to a polynucieotide is a
nucleic acid molecule devoid, in whole or part, of sequences normally associated with it
in nature; or a sequence, as it exists in nature, but having heterologous sequences in

association therewith; or a molecule disassociated from the chromosome.
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15 murine hybridomas, as well as human nonocl onal anti bodi es obtai ned using
human rather than murine hybridomas. See, e.g., Cote, et al. Monkl 6b&IZ2004
Ant i bodi es and Cancer Therapy, Alan R Liss, 1985, p. 77. A "reconbi nant”
protein is awprgisgsm wWhich retains the deS|red activity and “@t?ﬁmoﬂ%ﬁapee”
prepared by reconbi nant DNA techni ques as described herein. In genera

20 gene of interest is cloned and then expressed in transformed organismns,
as described furt By dygivalunt HezeARSdet@RIAGIS [ Rt 85 BOSednieddi@nRhaR-fegne t o
produce the protein under expression conditions. By "isolated" is neant,
when ref erri sifferentsupoipppiepen stainsti FCY hanch pg ot rimsh2e ouB of HE s eblarait e

and di screte fromthe whol e o anism ecul e 25 found
in nature or SP%“E%@%W“WW %V#tﬁsgrwb@% 1?8? Qﬁqqé/[ar)bﬂg%wge& thg
macr o nol eculsggingf, 2,h@dSAMdsy e eplesp% 4-@LiNfolnSRe @ﬁ&ddlffé&én*ﬂ sﬁﬁﬁpﬁ%teqwal%m
pol ynucl eotide is a nucleic acid nol ecule devoid, in whole or part, of

sequences normtgenic defsmainante dndihuk are “copresh atanrtbQUghrthalrsammm:s@,re act it

exi sts in nat. byt havi het er ol. pgous se ence ass.ocj ati on

Uher ewi t h: oStz db grierl e au o E Beenis of ek SoRyERC fslermipapieevilloos
WO 0/ 96875 P@Eﬁ%@gh/dﬂe%?&%fﬁy eﬁ@élhd&ﬁbﬁx% @%t hEERI 1P BEM MM olog %Fél\%/&%t

an antigeni c determ nant from di fferent species or strains o
such as fromtear Hi%hpreferably morgthaf 468y whivh tiee m@pwquénccahlleya,lignpdtopes are

known, ch as 5-1 nd, to a en the trajns.1, 2, and
s T he opt 1 oIt el e PR frr Sl et P RO e OB ot
5 antigefj C iﬁe?ﬁd@a%&h@é‘dﬁvﬂllﬁ\mr@r WAt 8Y SR ubAQUY AR ¢ BLthn uences

are not identica eneral the am no acl’'d sequences of equiva
anti geni ¢ dethomvlogans’s tcwalch oﬂh:awéenﬂtﬂ sghua:jmgs eehﬂmf atsleapt ehow ﬂﬁa’ambre@yablyeag :

am no acid seguence Io of fer more than 40%
when the tmqgaéﬁaﬁ‘fégg‘g"g 536‘?{% yat, ﬁﬂgﬁ‘l% ‘?O/P ‘? 3%%”@%%’% t90%,
simlarity behweet %fe@ermwmeﬁ&t%bmdﬁsw@s%@qué&eeﬁhﬂmtdv@!@a Bk 18%th ZEWO
DNA, or two pol ypepti de sequences are "substantially honol ogous™ to each

ot her when thbes@tﬁg@hse§selx¢d lmrt:maaubls@asallsabamlog@%alsqore§¢rerccatﬂqyera:tes | east

about soby anaReSer e ki<l B3R pERT I ebrBRRN RIS <i it 1y

over a defined | engigbn&ktl, “identity” refers to an exact nucleotide-to-nucleotide or amino acid-to-

amino acid correspondence of two polynucleotides or polypeptide sequences,
respectively. Percent identity can be determined by a direct comparison of the sequence
information between two molecules by aligning the sequences, counting the exact number

20  of matches between the two aligned sequences, dividing by the length of the shorter
sequence, and multiplymng the result by 100.

Readily available computer programs can be used to aid in the analysis of
similarity and identity, such as ALIGN, Dayhoff, M.O. in Atlas of Protein Sequence and
Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358, National biomedical Research

25 Foundation, Washington, DC, which adapts the local homology algorithm of Smith and
Waterman Advances in Appl. Math. 2:482-489, 1981 for peptide analysis. Programs for
determining nucleotide sequence similarity and identity are available in the Wisconsin
Sequence Analysis Package, Version 8 (available from Genetics Computer Group,
Madison, WI) for example, the BESTFIT, FASTA and GAP programs, which also rely

30 onthe Smith and Waterman algorithm. These programs are readily utilized with the
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the nol ecul es. As used herein, substantially honol ogous-also refers to
sequences 15 showi ng conplete identity to the specified DNA or pqll‘yﬁ)EeCpt | de

sequence. In general, "identity" refers to an exact 2004
nucl eoti de-t Bhig?68tt i de or am no acid-to- ami no aci d correspegganug 1ot Wo
pol ynucl eoti des or pol ypepti de sequences, respectively. Percent identity
can be determ ned by a direct conparison of the sequence information

bet ween two niifadtpagemeteratdcogmmegdedby geqnandesyree minddsogbddia tBxX Wikcoamber
20 of mat chesgbet ween the tho al i gned_sequences, dividing %ﬁt he | engt h of
the shorter <SeHGRGFAnalysg ﬁgﬁatgpﬁ%gi‘fﬁ%tq ve-o Kol §Xagiple, porcemesimniay} i | abl e

conput er prooAidu i d | | ari.ty..and
identity, su% as I%iflﬁlé?l&) ﬂ[‘)&gsﬁ%%eﬁmﬂl\?ldage@?%ﬁ%tsﬁggéﬂég l:%lr %Tf %?t‘?]ljngga(ﬁlésﬁla%mfnd
Structure M Ghormalpbypalgoeithm of Siithpind Bat3hiBarB&8h aNafiulinebrify BRANAA gap

Research 25 Foungat i.on, shi.ngt on, DC, which adapts the | ocal honol ogy
al gorit hm of W'ﬁ?ﬁogﬁ&n BAGREPSRRFances in Appl. Math. 2:482-489, 1981

for peptide anal ySh§ahB f : gl . of i se ce
sinlarity and | olent‘i”tt]:‘yf g‘%@g@aﬂeﬁgﬁlﬂ%ﬁ%ﬁﬂ% %ﬁc}g‘g‘ﬁi ?“n&‘ggg‘atﬁéﬂ‘ﬁﬁﬁﬂaﬁs% s
Package, Ver shoentRu(iavaisetht dFSROHGabkigees pfayimts e6pydchtid by tNBUinFRRsit¥)
for exanple, ﬁéﬂﬁ%B STFI T, FASTA and GAP pra%grarrs, which also rely 30 on the

Smith and VatrEREYTeR) doelapseby FakE. Golligs andsShans S Saurraky and distribaitedby h t he

17 14 DEC 20G4tep - 9 f aul-t raneters reco nded
by the nmanuf act%%%%@éﬁ%’%]?%&%hé% g@&h@‘i‘%ﬂﬁgé’ga&ﬂ@&e%{?ﬁ%@ 3
Package T(ef erWattrian alpoyithm kaii beuapRlyed whefe@idulSpdFhratetstate 8dedor R kb GhY ar
nucl eoti de segl?g ﬁ; to a reference sequence can be determ ned using the

horol ogy al gd Grample; gamerpnRepakinahl Aigep cxtensitnnenaly o onagndaigap «nd a
5 | tyof 5] ' [ &of QNG00 hod of. est.abli shi
gap 5 penal t%;0f rsix tﬂuaha%% SicB94 “aR vﬁﬁé’%{}%tsﬂ%&%@%%ﬁ%{@.u;@tﬁgﬂg

percent simlarity in the .0 € presen I'nve

MPSRCH pack ageitable pragramssorcaiyulitlatthelpéryedt identiey vedimiladtyHetwEs 2RHERS are
devel oped by John F. Collins and Shane S. Sturrok, and distributed by
Intel | i Genet i&S8erally knowmn theAth 1o egmplenpnotherah nmest pigram stBLASKauesd wilte
Sm th 10 5\t eifR{) | I whsr f ameters are
used for the g?%ﬁ%&ﬂ%ﬂg 'repo?ggggglfgﬁn%fa‘e, gap op’grsl(fgec%g %99% Sje ﬁap

ext ensi on peralloyingfdefmet pandetersy gpnetic code *ktanfardnfilthe= aied sGeNEE 8beH chiaer

"Match® val ue (g(?;felxggéti i'&%ﬂgheigierb@dﬁéé;tIyéslc':ﬁpctlioggr= 50 sequences; sort by = HIGH
SCORE; Databases = non-redundant, GenBank + EMBL + DDRBJ + PDB + GenBank
CDS translations + Swiss protein + Spupdate + PIR. Details of these programs can be
20 found at the following internet address: http://www.ncbi.nlm.gov/cgi-bin/BLAST.
Alternatively, homology can be determined by hybridization of polynucleotides
under conditions which form stable duplexes between homologous regions, followed by
digestion with single-stranded-specific nuclease(s), and size determination of the digested
fragments. DNA sequences that are substantially homologous can be identified in a
25 Southemn hybridization experiment under, for example, stringent conditions, as defined
for that particular system. Defining appropriate hybridization conditions is within the
skill of the art. See, e.g., Sambrook et al., supra; DNA Cloning,.supra; Nucleic Acid
Hybridization, supra.
A “coding sequence” or a sequence which “encodes” a selected polypeptide, is a

30 nucleic acid molecule which is transcribed (in the case of DNA) and translated (in the
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suitabl e prograns for calculating the percent identity or simlarity
bet ween sequences are generally known in the art, for exanple, anagther
al i gnment programis BLAST, used with 15 default paraneters. For exahptl 2004

BLASTN and BlfJhRsg@n be used using the follow ng default pagapBteliHies
genetic code = standard; filter = none; strand = both; cutoff = 60; expect

= 10; Matrix = BLOSUMG2; Descriptions = 50 sequences; sort by = H CGH
SCORE; Dat abagesofmRIIA)ifGUSARbeptide iBARY of EVBle whdd¥dcetl BB the CBRRINYS

CDS translations + Swiss protein + Spupdate + PER Details of these
prograns can aperopgafegegeatery seauencss| o hgundaries pfthe gelling sgquence are determined

http:// ww. nglhj / Ggi - bin/BLAST. . Alt tively, honpl b
det ot mi ned by oy BT RS dhe o1 ipbio] ihnsih§ad e o foar Shind SeeRordr m
st abl e dupl exegnihgd. We eAnRRIPRloA gaHEndtRe sefifonct Blaly Duestaid 3 ¢ %Scfcohg%eéeh&éhce.

si ngl e- st randed- speci fi c nucl ease(s), and size determ nation o
di gest ed 3 f r agnent ©prenily bokgdrefsts tohatarrangenseny of elemicnts whehanthogousoreats be

identified in_a 25.,.Sout hern hybridi zati gn exper, nent. under,_.for exanpl e,
T et - congderaied Al Slyialied e % A5 beridtn BF (e fhirey TS fivan g
appropriate bl ' kd 4 | bAdY ekt ; e,
R g e

Hybri di zat i onhe sadmgmsegaeticeodhenthe rppentaiscuptien felgus picg anhpreherntefhodes” a
sel ected pol ypeptjde, is 30.. nucl ei. cid,.nol ecul e ich is transcribed
(i the case BrEIgAgecsp Be sRTGiRug i ht ROTBSCAOMSER 199845 EPOITSER75
PCT/ USO /0 9368rce AHE etirefSmMW Mhetddt OTRuS AneReRblel ftdrienthd h9rSsidiél &{dt YRnW g
pl aced under the control of appropriate regufatory sequences. ‘The
boundari es ofseqirmcesorinig psesfobbrtweenr e getreotnt seguench ynd thet ardine sdoencas ad dum

5" (amno) termnys.and a trapslation stop codon. the.3" (gcarboxy). v
cermnus. A SPRRGLR FroR. eifThE mlim i Sk 2t R betoeidesed SR e
codi ng sequengehe ddidePRga&%. | i nked” refers to an arrangenent of elements

wherein the conponent's 'so described are configured so as to performtheir
desired function. Ahemitrod clpiment’ refarotont prlymypdeoaide gequiendessthich aadsdo dhang

anen nel“br ofSPETAROL? FRterCARRcOPSTEd L6 g The e HC e PRt er
need not be GRMkiGHRHIerihitidn\RqbAHEESIpHLARCREBIaITP dbiBBfs A1l dehyRfbA ONS T O

10 direct the expression thereof. Thus, for exanple, intervening
unt r ansl at ed sigels; pafranslatesoggiossqoedndiag ScE Rsang BeUé R ahé mhsareppiopripieonot er

sequence and Iéani%r gé?ﬂ%ﬁ'&s 254 %Slpa%%m,%hl%ﬁ r(!ollecti*«fe][y provide for the transcription and

translation of a coding sequence in a host cell.

20 A “promoter” as used herein is a DNA regulatory region capable of binding RNA
polymerase in a host cell and initiating transcription of a downstream (3' direction)
coding sequence operably linked thereto. For purposes of the present invention, a
promoter sequence includes the minimum number of bases or elements necessary to
initiate transcription of a gene of interest at levels detectable above background. Within

25 the promoter sequence is a franscription initiation site, as well as protein binding domains
(consensus sequences) responsible for the binding of RNA polymerase. Eucaryotic
prorooters will often, but niot always, contain “TATA” boxes and “CAT” boxes.

A control sequence “directs the transcription” of a coding sequence in a cell when

RNA polymerase will bind the promoter sequence and transcribe the coding sequence
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transcri bed introns, and the pronoter sequence can still be considered
"operably linked" to the coding sequence. A "control elenent” reSﬁr% to a
pol ynucl eoti de sequence which aids in the 15 expression of a codf hgEC 2004
sequence to WRitai6876 is |inked. The termincludes pronoters, pchraReehéfRLI ON
term nati on sequences, upstreamregul atory domai ns, pol yadenyl ation
signals, untranslated regions, including 5 -UTRs and 3'-UTRs and when

appropri at e, intbeaRlNA, sdttieRcks radlasdiancle polypepade aRotiarty Rl ddigovi de
for the transcription and translation of a coding sequence in a host cell.
20 A "pronot éFAUCHEC-used herein is a DNA regul atory regi on capabl e of

bi ndi ng RNA pol yra -' i, . |.and initiati transcri.ption.of a
downst ream (3' di fggﬁl%osn]?ﬂ c%;g !ef]gcrs‘gfurg%sg@ %Oﬂlétrﬁ%tl yo ntﬁéﬂ G g%qu_bl,s
purposes of tcheabr efiirdcting i dxippetsion of FeFRaCeGS O 8AREs) TGAILARS TiRe

m ni mum nunber of bases or elenments necessary to initiate transcription of
a gene of i nC¥PESHOTgaspeitadneludes cantrabtlemshisyas desoibpdabete, SWth bs aprdBotehe

pronot er sequ8pGE; . sgription initiation sit as wel | rotein
b1 ndi ng. domar et s SpRRLhURIRE 1, R bde e biepbneiion e i vapeaaT i el
pol ynerase. hiteity oid 6fiéd RERIdes § pYiyhderi4RA sePitincB 8% wRlIWAYShinC@RLiAl N " TATA"
boxes and "CAT" boxes. A control sequefnce "directs the transcription” of a

codi ng sequefE¥odimentsced the whentiomNie pairsasionasesette desdsibed hetem prapibotentained
sequence and_t. L be,the. codi;ng.sequence 19 14 DEC.2004 W) 01/96875
st Usor/ 103800thE BBt tRch 1 SaGRENY R comepRants af Sersaoey pepel b
encoded 1y t biasedlid@rusORbe fIEE inclREPHES & 1RBreCR T ibiemafiers, 8% %P\%hfeﬁ
construct! 'refers to an assenbly which is capable of directing the

expr essi on oflle¥igtheavaremd sppitrust iaenist @s pingle-siranded BINA {he., 5 Mikorginiodn
whioh 15 operdEgFPmidiest SrTEBIRe BRmERE b rORPROoraH of Frghoaton
sequence(s) ¢4.g988%U8)orAliendvixhi8ofigin of3B8li@fibgN | ncl udes a pol yadenyl ation
sequence as well. Wthin certain “enbodinments of the invention, the
expressi on casset { eraggfomatien)” henssdheray, iofercorthainsedioniftanienogenphssm d

cont s, | RGN i Bon ORISR BRI SERE b T 10

?g 98?' ‘Qh :v' c r11 gxagirq!ng,\imﬁaﬁgifftﬁmhaﬁ By dire@nptdkeClrartsGectivhSinf@Siofi] 4@l tBe fike apgied DNA
’ particular methods of transfection, see further below. The exogenous polynucleotide may

be maintained as a nonintegrated vector, for example, an episome, or alternatively, may
be integrated into the host genome.
20 A “host cell” is a cell which has been transformed, or is capable of transformation,
by an exogenous DNA sequence.

“Common solid support” intends a single solid matrix to which the HCV
polypeptides used in the subject immunoassays are bound covalently or by noncovalent
means such as hydrophobic adsorption.

25 “Immunologicaily reactive” means that the antigen in question will react
specifically with anti-HCV antibodies present in a biological sample from an HCV-
infected individual.

“Immune complex™ intends the combination formed when an antibedy binds to an

epitope on an antigen.
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replication), at least one multiple cloning site, and a "manmalian" origin
of replication (e.g., a Sv40 or adenovirus origin of repli catiiogl2
"Transformation,” as used herein, refers to the insertion of an E)Fgég%us
15 pol ynucl eg;i‘ﬂg) %7[]'[0 a host cell, irrespective of the nmethod used for
insertion: f8° "8 Rple, transformation by direct uptake, traRSHaR0VEH69

i nfection, and the like. For particular nmethods of transfection, see
further bel ow. The, exogenous nElynucl.eoti de, be mai ntajned a .

noni nt egr at ed vectof uséiﬁfeé&»aﬁngﬂl ogigpl S@B}pg%ﬁﬁn?e\{%‘io jarle, ot HspuE g1 ﬁH&ﬂS‘OlB@d

integrated i NkémGREbRES InARMYBut ndPlifited S tof &l ;Pl.ig%l@odggusm‘é{t‘éea%xbﬁéalbee“

transfornmed, or is capable of transformation, n exogenous

sequence. " Conaitar, wole, Hosuppoow, biley spinelsfhad siynphelisa) sathphatofitbie $kin, wixteeialt he
HCV pol ypeptides used in.the subject inmunoassays are bound coval ently_ or
by noncoval eﬁcreﬁ%%%fd@%gﬁ”dﬁm 3 pmistiealarchesmipmnars sracispivarso sadiyroailky
reactive"s meafisod k. & | | ' 1) | £ y with
anti-HCV anti bo(()ji es ’prlgg%gtmo?%%ga%¢%}%gﬁgﬁpgg#ﬁ{meg ? %g%llgﬁgwtfh%%#gect ed

i ndi vi dual . "thchnding boong lanited totcendisiohdimedilyesudtingofiomahepawih @f célls and

anti body binds to.an . epitope on an antigen. 20 1 4 DEC 2004 WO Ol/96S75
PCT/ USOL/ 193@5S%S T SBIRTREPH M, %2 Beombiashsells e @il dogmenentso a sanpl e of
tissue or fluid isgl ﬁ‘steﬁ%erefiﬂ%%nﬁybjaﬁglt” &1“8&8&5151914%%1”%9&% 5%&18%1% o, for
exanpl e, bl ood, plasma, serum fecal rrataPer, urine, bone Tmarrow, O e,

spi nal fl ui d,capsbiphf ddtestodn, mahdirgs bof ndtNienisddi 10, ragivhefiakotop&s Nabiesdrgs, of t he
skin, respiratory, intestinal, and genitourinary tracts, tears, saliva,
mlk, 5 Bl oofREmilIBuNGSEe s fAromeRgETSe SIZYMIES afNFYTE SHPTEALCS eNAYIN G GRG0 e | |

culture constﬁln'%&ﬁ Eg el wdl im i i
resulting from ghg]rl%lm} l% %{Ed ng%flﬁgé Saﬁgés’ ﬁeggéa"g‘g’ %%ta@ﬁﬁﬁ&%ﬁ@é&.%o@g,g_ ,
reconbi nant celepavidiard haptehs) andmpgr it STheAsmu SAeorassee! rfert fiea hetistahce babel "
and "detectable label” refer to a nolecule capable of detection,

i ncl udi ng, buRoTHY theresf vairhis capahly ofsahibiiéng Benreysence inlthefeselabls rangs.
chemi | um nes %ﬂ’ﬁculﬁ“%(ﬁﬁgf%g QF E%els%ﬁXﬁﬁ'%g R R iﬁa{l}fg%uf are 1ot
[ chronop al i ol’s,

t-
cofactors, enzyne in Itors, res, dyes, e ons, netal s
| i gands I%. g.limidedofo] Borse radish peroxidase (HRP), fluorescein, FITC, thodamine, dansyl,

umbelliferone, dimethyl acridinium ester (DMAE), Texas red, luminol, NADPH and a-p-

galactosidase.

II._Modes of Carrying out the Invention

20 Before describing the présent invention in detail, it is to be understood that this
invention is not limited to particular formulations or process parameters as such may, of
course, vary. Itis also to be understood that the terminology used herein is for the
purpose of describing particular embodiments of the invention only, and is not intended
to be limiting.

25 Although a number of compositions and methods similar or equivalent to those
described herein can be used in the practice of the present invention, the preferred
materials and methods are described herein.

As noted above, the present invention is based on the discovery of novel
diagnostic methods for accurately detecting early HCV infection. The methods rely on

30 theidentification and use of highly immunogenic HCV antibodies and antigens which are
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strepavidin or haptens) and the |like. The term"fluorescer"” refers to a
substance or a portion thereof which is capable of exhibiting fl ugéﬁgnggﬁe
in the detectable range. Particular exanples of |abels which may

under the i nweatbiosgrsncl ude, but are not 15 limted to, horse F??@SE 369
per oxi dase (HRP), fluorescein, FITC rhodam ne, dansyl, unbel ]h'eg,

di met hyl acridiniumester (DMAE), Texas red, |lum nol, NADPH and a-B-

gal act osi daseprekent Nndag thé edzhy staieB of HOV s16cddV¥aN, @ierdfy iﬁi{e&{iﬁ gascidioi ng

the present invention_ in detail, it is to be understood’t S 1 nvention
is not |initetfPEcyandiredncang theinaienes ofalsrepritsc e npahadsetan ibe casvaiahly

may, of cour -vary. J.t .is also to be understood that the term nol ogy
used herein i@gﬁl)érléat é'iélﬁp%](?ﬁ‘ﬁ)sgg?%?nagescri bi ng particul ar enbodi nents of the

i nvention only, anMdrspaﬁtcmdarygm%glsaytigc&?ddc{eﬂi&ﬂz%ud?sﬁg@& Ry gé@%er
t e e

of conpositions and nethods simlar or equivalent to descri
herein cah bePQagPne®r tpere JIGQE andwors antibedies édiested apuimst dithier tHehampe @ iefFaes

i al i bed h ' As b , th
Mvent on 1o BESets v fiestE R BRiprg fomphbromiheySadhnsting oh Budtey
accurately dqicﬂﬁirb%.eaﬂﬂaﬁnﬂl‘@bfipﬁftﬁ;‘ﬁlérQﬂti—cz%ﬁ@kﬁ%gﬁ Jfgﬂi}ﬂtﬂé' t50 & ntion
g I Do AN GEHe

I dentification and use of highly I nmunogenic ant i'es AN

whi ch are 21 mclydedot 200d0t\limnited 10 SETHORC T dlSAds k086 8 PoacE Al Atfibdtled, he
early stages ‘ﬁf l—l serﬁconversi n, thereby increasing detection accuracy
and reduci ng TIE S HEHERIQPes pothe goredsgiopdoundeetygemaainoagiis H6-53; amino
conveni el | y acRisa&t4%86nind a@ids 6P H8C aRiRAYe; : : | Ly,. the
assay is conducted on a sglaieléﬁsﬁz-(glgért toc\}éﬁ C%Qjﬂ 3£éwgé®r?%§{%g%%§%§)ﬁéa%?t%§re
HCV anti - cor éfahe tredpsep¢sdidemificddn agai Hetgletoh bel., the. Basm Ny, 53 sof@rnethien

HCV core epit S)._an epitope derived fromthe NS3/4a region of the HCV
pol ypr ot ei n. %gg%’loésﬂ%’faf ‘ﬁﬁ&k ﬁ&hi’a?r" @RY%)-E6 113 rnk00b o kign ghalf, ol Grsrrodne
present i nverddsmol { 10ohy g I m ‘] y . such
as nonocl onal é_dr?t&i) b{)di ez,—%%%g}tﬁe% éggg’l %&%gﬁ%g%%@#f e'@ég&éégén
found bet weert-hign,dd YacintinatioraBPuldivation No. 60 98/010785ind 26ieorAE b#fied 41188ied
am no acjIs 17 330 Rbp Bl Wk ing bEAS LR % BlaalMs.

The NS3/4a region of the HCV polyprotein has been described and the amino acid

sequence and overall structure of the protein are disclosed in, e.g., Yao et al., Structure
(November 1999) 7:1353-1363; Sali et al., Biochem. (1998) 37:3392-3401; and
Bartenschlager, R., J. Viral Hepat. (1999) 6:165-181. See, also, Dasmahapatra et al.,

20 U.S. Patent No. 5,843,752. The subject immunoassays utilize at least one conformationa)
epitope derived from the NS3/4a region that exists in the conformation as found in the
naturally occurring HCV particle or its infective product, as evidenced by the
preservation of protease and, optionally, helicase enzymatic activities normally displayed
by the NS3/4a gene product and/or immunoreactivity of the antigen with antibodies in a

25  biological sample from an HCV-infected subject, and a loss of the epitope’s
immunoreactivity upon denaturation of the antigen. For example, the conformational
epitope can be disrupted by heating, changing the pH to extremely acid or basic, or by
adding known organic denaturants, such as dithiothreitol (DTT) or an appropriate
detergent. See, e.g., Protein Purification Methods, a practical approach (E.L.V. Harris



of the core epitopes identified in, e.g., Houghton et al., U S. Patent Ng
5,350, 671; Chien et al., Proc. Natl. Acad. Sci. USA (1992) 89: 100485l ddl45:
Chien et al., J. Gastroent. Hepatol. (1993) 8:533-39; Chien et al.,

| nt er nat i onafyogRPks-5ati on No. WO 93/00365; Chien, D. Y., Int BE’Q%JEWSB 9
Publ i cati on No. WD 94/01778; and conmmonly owned, allowed 15 U S 2 ent
Application Serial Nos. 08/403,590 and 08/444,818. The NS3/4a region of the

HCV pol ypr ot gha ShasghesR., IREPridpshamd dEM%M@g%&gﬁg@me rhdt dyepal |

structure of the protein are disclosed in, e. , Structure
(Novenber 19%9hotArebB8RshB68s. Sali et al., Biochem (1998) 37:3392-3401; and
Bartenschl ager, R, J. Viral Hepat. (1999) 5:165-181. See, .also,
Dasmahapatra et altroteags ‘E‘.d%!eh éﬁ?w&f“as?t’Sﬂgﬁe‘?B@? PhEe St aderzymb At A¥S ay s
utilize at | qagtiaRR QAL 91 MBb Ohdlple SROEMRGCARE ¥ bEde N@é@ gi on
that exists in the conforrratrrlpon as pfledgygd}%?s% tcﬂe%}lr na urglfgynﬁlg%gurr 2’8“@1%/
particl eSor medl krnofsecinithe apr Sek)etg., Bakeshitade at edndiyBiohkem. (il 838 24813400 46

pr ot ease and tionally, helic ic activities normally displayed
by the Ns3/4& ﬁ%dJ&‘oa%-iig?M%éﬁéi P gt &g %%@%h%’di%% th

anti bodi es i 873385 39! OF) €A1, iaﬁﬂ?bﬁﬁffe'i}?gl@k) Moo 18C e eSHPUGE! 4nand @

| oss of the épitope's >Immunofeactivity upon naturation of the antigen.
For exanpl e, Bidvéhenn (FIPONRES:002197;c7hang e ak,adndd eBidiiam 1 249) 270 RELI76Y,

changi ng t he H_t%%,iextrerrely aci [ b known organic

[ d or basic, or addi ng_
denaturant s, & 8k hV o Mt TSR0y T4 Fawier st 8b-f, dii@moki Sereer dpgQ0)

varri s 99 1 3 ec Soahd o FOuubR R 208 %ee T AR ARE A converygy
Press) and t hssagtdontestirgtiprotcaskiadtivitg ipsst ésHH & thbexgnpldsibélowhi ch  is not

treated as above. Protease_and heljcase activity may be determ ned using
standard enzyne asuyrarly,falicaseastimty pssayrearg el Kngivndyp dhg,irg and, heficaspactivity

LI, o o STy 8 BRSNS Syl S0OND, WiEL by oty g,

al ., J. Bi ocldesnribed 89 %) 4 2Hsw &7 BchBal BiophysaRes. (Binogire fl 298) 258 5998p9; a

o7 3902 0T, G Sl ot S eS8 Ao i Tt

l(: 3%923 23055%;7'?%%23 %@m@g&]&m %1(:136:3%% adalOhe ad¥Bitkd 01099 HiShahf 634,

Antiviral Res. (2000) 46:181-193 and Kwong et al., Methods Mol. Med. (2000) 24:97-
116; as well as by other assay methods known in the art. See, e.g., Khu et al., J. Virol
(2001) 75:205-214; Utama et al., Virology (2000} 273:316-324; Paolini et al., J. Gen.

20 Virol. (2000) 81:1335-1345; Preugschat et al., Biochemistry (2000) 39:5174-5183;
Preugschat et al., Methods Mol. Med. (1998) 19:353-364; and Hesson et al., Biochemistry
(2000) 39:2619-2625.

The length of the antigen is sufficient to maintain an immunoreactive
conformational epitope. Often, the polypeptide containing the antigen used will be

25 almost full-length, however, the polypeptide may also be truncated to, for example,
increase solubility or to improve secretion. Generally, the conformational epitope found
m NS3/4a is expressed as a recombinant polypeptide in a cell and this polypeptide
provides the epitope in a desired form, as described in detail below.

Representative amino acid sequences for NS3/4a polypeptides are shown m

30 Figure 3 and Figures 4A through 4D. The bolded alanine occurring at position 182 of
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10 5:153-158; and Kimet al., Anal. Biochem (2000) 284:42-48. A
particularly convenient assay for testing protease activity is ]q’e?E[L?U'Eh
in the exanples below. Simlarly, helicase activity assays are wel n(gvvn
in the art aMDbr¢d@sTase activity of an NS3/4a epitope may be gefpEHHSS
usi ng, for exanple, an ELI SA assay, as described in, e.g., Hsu et a( ,

Bi ochem Bi ophys. Res. Commun. (1998) 253:594-599; a 15 scintillation

proxi mty assEigussy3isembstitatedefocthicbatve serifie dnandedt ik posidb@kn ofdePoftvent
(1998) 257:120-126;. hiA%h t hroughput screening assays_as described in,
e.g., H cham 3focatalyisisigitthgmolgeniedbat miphd othemgse @erun. g Shepiinvashdsaguende, |

Met hods Mbl . . R F- X ) t hods.
00 5 A 3805 i Yl e 5 s
Utama et al ., 1047 Dlldgyf HCUON) AR Titi3thd c3dh (AFA®) dobingefor Met, is dhowae Bs pdtion 1.

Virol. (2000) g#ﬁ,lSSS- 1345; Preuaschat et al., Biochem stry (2000)
39: 5174- 5183 Ad@tigng]bs thg The nogmally peewsns ahpnsitionsldt28 of SHEY-11@n868adé positing

He t al.snBlashem st 39; - 2625 The | ength of .th t]
STttt ci ont PUIREYH i b SR Bro RS Ber R b AR e BB S
t he pol ypept iHEVED (draindi aaf $ddttictid0A0sIFipigred) Y thhtald to 2. HoWRsier,feithbr henat h,

however, the pol ypeptide may al so be truncated to, for exanple, increase
sol ubi lity ornatiyeisppicsee vadepewithent agdvrisraina) MatHibe dopitisd mnaliognwith epimiihipet

found in NS | sed a_recaonbi.nant pol ypepti.de_.in a.cell and
this pol ypepflé-l falzsl-{e%glgﬁ\}zrfége} rhoetﬁ%pﬁnf‘g?ﬁé aﬂ%h&g@%?%ﬁ&f ‘Eﬁ‘%mg%c ISCH ISR, £
det ai | bE) ow.loRgps ttRapitepé keprofided udkigth HEANE Maetdifs ofNSRlsfReiRd ARRRL | des
are shown in 30 Figure 3 and Figures 4A through 4D. The bol ded al ani ne

occurring at §oéerTiabansach tet ptepsq agivity2eslophonally, delrse RATYiYY S0etaint6369

or dor to previatdbEleldl o S RGNG SFHE 73T ar @2 Bind b o1 Bl L "
occur. The ar, 090,276, botedeseHBEanAH@Y NS3/posi tions 2-686 of Figures 4A

t hrough 4D corresponds to amno acid positions 1027-1711 of HCV-1. An
initiator codon (A¥)NSSdreigasesy Nt/ 42 isdounoatabertt nesisions dM27+ 1267, numbered

el OB RE N OB SR b
occurring at Hosekit®aeldddnofSee HOY; De(faidescodd all, parsiit iTaer. 40909 R:99-g0g,e 4)
Is nutated tq_Ile. However, either the )
Koch et al., Biochemistry (2001) 40:631-640. Changes to the native sequence that will
nommally be tolerated will be those outside of the active site of the molecule. Particularly,
it is desirable to maintain amino acids 1- or 2-155 of Figure 4, with little or only
20  conmservative substitutions. Amino acids occurring beyond 155 will tolerate greater
changes. Additionally, if fragments of the NS3/4a sequence found in Figure 4 are used,
these fragments will generally include at least amino acids 1- or 2-155, preferably amino
acids 1- or 2-175, and most preferably amino acids 1- or 2-182, with or without the N-
terminal Met. The helicase domain 1s found at about positions 1193-1657 of HCV-1
25 {(positions 207-632 of Figure 4). Thus, if helicase activity is desired, this portion of the
molecule will be maintained with little or only conservative changes. One of skill in the
art can readily determine other regions that will tolerate change based on the known
structure of NS3/4a.

The solid support may also comprise other antigens. For example, multiple

30 epitope fusion antigens (termed “MEFAs™), as described in International Publication No.
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native sequence, with or without an N-term nal Met, the depicted anal og,
with or wwthout the N-term nal Met, or other anal ogs and fragrrerft,*sﬂE@a mbe
used in the subject assays, so 10 long as the epitope is produced using a
met hod t hat wet@joggsor reinstates its native conformation sughri:B@biezso
protease activity, and optionally, helicase activity is retai necf.
Dasnmahapatra et al., U S. Patent No. 5,843,752 and Zhang et al., U S

Patent No. SvOSO2a69, haY be®oasd ioiBe s éﬁggm@ﬁ’or'\lﬁﬁﬂﬂle shBRciNR3 R ®ugRse of

NS3/4a is found at about positions 1027-1207, nunbered 15 relative to
HCV-1, posi t MBEAginpbmeghultipienitones denaed froncweras méreraishegsiqus sirebrsgiomsd

(1998) 3 oo 2bov Btk S Tublen, R B £260%y TaBimad] el Tk airey
the native s@dugn@sint ﬁ?(?]n M\lieﬁ\}age,rtlﬁbdﬂ%'eé ot 188 Ite%hﬁitafcegm\ahbds, igﬁth& Bg@@op}:ﬁgi de

of the active site of e nol ecule- Particularly, 1t is desirable to
mai nt ai n Sam Reredilds2-p7-N$2-NSBFE 4 NEH NS a NS Se- €O OH.t The cone pohyipgpidde occurs

roater  chafbBea iR -L0 b e RS BN T sl b LR en Ut dere.
greater cha . ™, ent's ’ 3t -
i o aci ds 10 G TR, R AR Behomg A b0 pial i Rurter bR sed
preferably amo pmdacs aisHIZV polyRertRi2, withi aﬁpr@ﬁmmelmmotdaéisl\}-l'féar'ﬁ’mermivel‘@te.
i i TN P S R e e
this porgq onef | 1 TR igRgd 3t ; I; .
conser val ve "D dr/oRmATRIERIRE afftop PRiTR A3 8050 NN 8 at i CEBL BenRink protein
regi ons that wih proteolgicadctivithand & fomsid aboutipasitiono8h0-1826 of therpelygirothln3/ 4a.

lB‘;eB?l ope | s B A %%t%%&%%ﬁ?@@%gééfgﬁ@%%:lﬁ%%gﬁlai)i bnal
30 epi t o : o
e bound 10 {REVEMT 8 Cunsar T Fapr et A e el npy e RI N R AR 0™

i ncl ude mul t irpleases pildrgp @slygesteimeahiat iichindes bothawenin® peotedse thé RN helumisyi r al
regi ons . shown in Fiigure 1 and Tabple_ 1. In particylar, as shown in Figure |

and Tabl ¥ 1, 3sHViiey ThoNpamsetenss, foupdat boasResfons #04iU2ES, serves saptocessine
Core- E1- £b. pi- e KRS Rl ey inis oot o ot 6 ocur
at positi ons Com@lttiomofixeypetaie hatirateontio indiAfed by se@ecatalyto citavage. at (HONIR-
Proc. Natl. %§‘E&i junction, catalyzed by the NS3 serine protease. Subsequent NS3-mediated
cleavages of the HCV polyprotein appear to involve recognition of polyprotein cleavage
20 junctions by an NS3 molecule of another polypeptide. In these reactions, NS3 liberates
an NS3 cofactor (NS4a, found about positions 1658-1711), two proteins (NS4b found at
about positions 1712-1972, and NS5a found at about positions 1973-2420), and an RNA-

dependent RNA polymerase (NS5b found at about positions 2421-3011).
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35.

*Numbered relative to HCV-1. See, Choo et al. (1991) Proc. Natl. Acad. Sci.

The multiple HCV antigens are part of a single, continuous chain of amino acids,

which chain does not occur in pature. Thus, the linear order of the epitopes is different

20

than their Imear order in the genome in which they occur. The linear order of the

sequences of the MEFAs for use herein is preferably arranged for optimum antigenicity.

Preferably, the epitopes are from more than one HCV strain, thus providing the added
ability to detect multiple strains of HCV in a single assay. Thus, the MEFAs for use

herein may comprise various immunogenic regions derived from the polyprotein

25

described above. Moreover, a protein resulting from a frameshift in the core region of

the polyprotein, such as described in Intemational Publication No. WO 95/63941, may
be used in the MEFAs. If desired, at least 2, 3, 4, 5,6, 7, 8, 9, or 10 or more of one or

more epitopes derived from the HCV polyprotein may occur in the fusion protein.
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NS5b2421- 3011 14 DEC 2004 PCT/USO /19369 15 *Nunbered relative to HCV-1.
See, Choo et al. (1991) Proc. Natl. Acad. Sci. USA 88:2451-2455. The
mul ti pl e HCV antigens are part of a single, continuous chain of Arki S 2004

acids, whi C‘B,ioﬁ?%@;does not occur in nature. Thus, the Iinea}r,cwlgﬁ%g%%t he

epitopes is erent 20 than their linear order in the genong in
they occur. The linear order of the sequences of the MEFAs for use herein

' f er abl f t.] ti,geni ci t Preferably, .the.epit
are from more than 1oR e RESRLET MRS H v g o Sivbdeeeia £ 6 PSS
detect mul ti plaregioh@paimiNf atiel dclis3381410102 390943V, cahlbésnclhfss MERASHERK use

herein may conprise various inmrunogenic regions derived fromthe
pol yprot ei n 25nteet ri padicablye:fentyed? epitops iprue whithriedudesi agprkensms sequence

f hift in th i f th | tein, h i bed_i
| nternat i onal de0ed B i kGOl ot eBmseng eaincs Ll o Al mRa o -
desired, & | eR8IGIZPh3.Val.Sep-Lef-Phé.AlR-PrE-GIPIAIAG \RIGHDAS, wmgﬂ%}a%m@r e

epi topes derived fromthe HCV pol yprotein may occur in the on protein.
26 1 4 DEC 20@4nsepsOste88EJoR@Thusads 393690 BbthedX@Niyps 1 gpidroped deri ved

from e.g., the h rvariable reqgi on.of .. such as a region spanpin
ami no acigds 3§39r3g%?36‘|ye§§(@1&5? p’%ﬁﬁ’t Hed P’E‘iﬁ%&gg&q VO G ROMBHES B}ﬁbr‘g%
particul arly ehfiesd dpaRniag aBRhé R8s 350-9E ILGI MR RISt CONRRNRILS:

sequence derived fromthis region, such as thé consensus sequence
d y- Ser - Al a- AlcangimgusTHequdtive répresenting amino acids 390-410 fused to the native amino acid

Ser-Ad y-Phe- Val - Ser - Leu- Phe- Al.a- -3 y- -lys-Ad n- Asn, which represents a
consensus seqtf@h‘b%‘%é’%ﬂﬁ”ﬁ%f‘ﬁ’g 1%&%% the HCV type | genone. A

representative E2 emidi@hially! £3%0gdm nfay i derRed Haen VANRRIHED sf3hsCRIpIEE 2
hybrid epitope spannilng am no a(:llgdisg 390- 444. Suc‘fla;n aé}ﬁybr}lid E2 er:s)‘l tope can

i nclude a consehsrEnsefiENCee kepwe sed epitgpeaderivedfronsan3 30 14ekO sfraine dart lee t he
nati ve am no acid. 10.sequence for anjno acids 411-444 of HCV E2, :

Addl L+ onal |y, SHETEHERGRTEOIEy i Ul e FRouED FOTeoReY Siea sy varies from
Mil tiple Virgne$hditidis @hatkiay t@ﬁﬁotﬁ&%ﬂﬁﬁn@ﬁ@tﬁﬁ'aﬁﬁ%ﬁmgﬁihﬁ%ﬁcﬁ LOM, e

these strains can be wused in a fusion protein. It"is wel nown that any
gi ven speldi es have e nymbesof differeptstfaimsmFor example, as explained above, HCV includes at

least 6 genotypes. Each of these genotypes includes equivalent antigenic determinants.
More speciﬁcally, each strain includes a number of antigenic determinants that are
present on all strains of the virus but are slightly different from one viral strain to
another. For example, HCV includes the antigenic determinant kniown as 5-1-1 (See,
20 Figure 1). This particular antigenic determinant appears in three different forms on the
three different viral strains of HCV. Accordmgly, in a preferred embodiment of the
mvention all three forms of 5-1-1 appear on the multiple epitope fusion antigen used in
the subject immunoassays. Similarly, equivalent antigenic determinants from the core
region of different HCV strains may also be present. In general, equivalent antigenic
25 determinants have a high degree of homology in terms of amino acid sequence which
degree of homology is generally 30% or more, preferably 40% or more, when aligned.
The multiple copy epitope of the present invention can also include multiple copies
which are exact copies of the same epitope.
Representative MEFAs for use with the present assays are described in

30 International Publication No. WO 97/44469. Additional representative MEFAs for use
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one individual organismto another and further that a given organi sm such
as a virus can 15 have a nunber of different strains. For exanpl d, 4 B 2004
expl ai ned above, HCV includes at |east 6 genotypes. Each of these

genot ypes i neyoidgesgegui val ent antigenic determ nants. More spl?(gli’{]' cal ly,
each strain includes a nunber of antigenic determ nants that ar %ﬂr' it

on all strains of the virus but are slightly different fromone viral

strain to anbetter imckale thosengimed NIEFAI I; IMBES 18Rhed AMMEFAaRiC Bl nant
known as 5-1-1 (See, .20 Figure 1). This particular antigenic determ nant

appears in t hPRETEoPd dhat these offe mpEelyimpresengitivieend nthey epidpes tiedi asfrah
HCV. Accordin ' r ' t of the invention all three
Forms of 5. 1. TG eboRlet M AR e sehismysaaainbx, eampried nto

subj ect i muntessaystheSMBRAY |y, equival ent antigenic determnants fromthe
core region of different HCV strains may al so be present. In general,
equi val enf ant i genil&eBNAseqerrhantt eorrespending ammodegt seueaiced MEBAY 2ii8

hore. pr ef or bl hEn P EEHE AACHRILLE I, N8R0 RNl Bhonl RO DR 1L ssdonm
the present iimvEighieohat®id 28 fiowsIBEOBRENHHé D-E2 BRAL E&seﬁﬂﬂsﬁﬂp%"%ag-%(ggg{n .

copi es of the sane eFi tope. Representative FAs for use w

assays are deSUSFRREyPpes30andDedeshaHaper)s-1-ddypon)-5d-1(WpeBH %4 446Spe 2)-
Addi ti | | F 27 4 2004 WO 01/96875

e Usor | 19365 LSBE NSORE NSl irirethinca T53) Shrefiuparal Gla Thismmulgiale 1.
It is tolbe -copyaitdpeaethidesthd BESR IS 03CR! élélsﬁﬁc)sé,oﬂ &é@fk’kﬂ%‘(ﬁ }@&-1

ot her epitopes derived from the HCV genone w Ind use Wt
present assaydhamimpenynbef theewinsmcidsent farthobelow dsliovar the nhriberE Assizitibhe

DNA . . [ ) I.d f FA 12 | h [
Figures. A « HASRa IR gL RLR Poof Buar e G HPA R G Wlss o s hown
in Figure 6 amflinosacab#f & thonfst nfe8GbhiEd ChyRRa by 1E2c B&%&%ﬁé&%’&% la) - E2
HVR consensus(types 1 and 2)-c33c short(type ™ 1)-5-1- %@ype 1)-5-1-I(type

3) - 5- 1- 1( t y pereEAn)caBmOtagise liéﬁqmpcrpp@}elc)isqu (O, Lised: tar g percombinant
no acs LRk oL eI bl 90 BP0 R R iy e s
o o8 5 Stoeias ot alusgey e SRS BR AL OT
hypervariable region of HCV-1a E2; amino acids 384 to 414 of the polyprotein from
region E2, representing a consensus sequence for the E2 hypervariable regions of HCV-
1 and HCV-2; amino acids 1211-1457 of the HCV-1 polyprotein which define the
20 helicase; three copies of an epitope from 5-1-1, amino acids 1689-1735, one from HCV-
1, one from HCV-3 and one from HCV-2, which copies are equivalent antigenic
determinants from the three different viral strains of HCV; HCV polypeptide C100 of
HCV-1, amino acids 1901-1936 of the polyprotein; two exact copies of an epitope from
the NS5 region of HCV-1, each with amino acids 2278 to 2313 of the HCV polyprotein;
25 and two copies of three epitopes from the core region, two from HCV-1 and one from
HCV-2, which copies are equivalent antigenic determinants represented by amino acids
9 to 53 and 64-88 of HCV-1 and 67-84 of HCV-2.
Table 2 shows the amino acid positions of the various epitopes in MEFA 12 with
reference to Figures 7A through 7F herein. The numbering in the tables is relative to
30 HCV-1. See, Choo et al. (1991) Proc. Natl. Acad. Sci. USA 88:2451-2455. MEFAs 13
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core region): amno acids 1-69 of superoxide disnutase (SOD, used to
enhance reconbi nant 15 expression of the protein); am no acids 3?% [ﬁg T’E&O
of the pol yprotemfromthe E 1 region; amno acids 390 to 410 of 't

pol yprotein, Opé%%entl ng a consensus sequence for the hypervcﬁrljpgbl e

regi on of H am no acids 384 to 414 of the pol yproteP Y362
region E2, representing a consensus sequence for the E2 hypervarl abl e
regions of H 0, acids 12 457 of pol.yprotein
whi ch def i neapﬂé%d@?mh%ésgew et et H"%B‘Fr“é%gﬁf -1-1, anino
aci ds 1689- 1730 soMent LOMAINA it TaBRE 3he M ;é@écgvapd one from HCV- 2, whi ch
copi es are equivalent antigenic determ nahts fromthe three different

viral strains of HCV; HCV pol ypeptide C 100 of HCV-1, am no acids

1901- 1936 of (the—polyprot-el-ni—two—exaet--cop-es—et—an—epitepe—+rom the NS5
regi on of Hd/—l , each vmth am nQ‘aBEIQdSMEBK&ztO 2313 of t he HCV |pol ypr ot ei n;
25 and two Cerl es—of—threge cpftupc fromthe-rore lcglur ~t-wo—fir om HCV- 1
and one fron} HEwf2aafhi |15’ empsites peptopqui val chev gt | ge i raitet dr mi nant s
represented pyammno acids_ 9 U0 58 and 64-38[of HCV-1I 4 of HCV-2.
Tabl e 2 shows the-6% no dd¥aplposi tjk¥dDof the|various e |topes in MEFA 12
with referepfce tTg FI gures /A through /7F -here 0 gg{@ nunjperingjin the
tables is refati vi$d 3 1. SeePlchoo et hft 3 91) oc. Natl. Acad.
Sci. USA 88: P451, IVHF, 28 200 /9687 5 1G 15
PCT/ USOL/ 193 99 aﬁézﬁg 1 4l Igb%dgﬁlare %ﬁ?@r‘%ra 3%‘?’ | a slpecifigd above for
MEFA 12, with nodificatilons as i ndfTat®Y in fables 3 and 4. rdspectively.
Table 2. MEFA 12 aa#5' end sif ' hcy rain 1-69*NcolhSOD
75 BOM ul Hl 503 S00E Bh” 1ok 13 EREARIRne"C 38R 4RA 2
consensus
10 146-392 Spel C33C short 1211-1457 1
395-441 Sphl 5-1-1 1689-1735 1
444490 | Nrul 5-1-1 1689-1735 |3
493-539 Clal 5-1-1 1689-1735 2
542-577 Aval C100 1901-1936 1
15 580-615 | Xbal NS5 2278-2313 1
618-653 Bgill NS5 2278-2313 1
654-741 Neol core - 9-53, R47L 1
epitopes 64-88 1
67-84 2
742-829 Bail core 9-53, R47L 1
epitopes 64-88 1
67-84 2

20 *The SOD protein is truncated so that so that the detection conjugate, an HRP-labeled
anti-SOD antibody does not bind the MEFA. The core epitope is mutated to prevent the
antibodies to HCV core, used in detection, from binding to the MEFA.
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390-4101 consensus 113-143E2 HVR1+2 384-4141,2 consensus 146-392Spel C33C

short1211-14571 395-441Sphl 5-1-11689- 17351 444- 490N ul .

493- 539Cal 5- 1- 1L.589- 17352 542-577Aval C1001901- 19361

580- 615Xbal NGag3 ¢7/&s23131 618- 653Bgl | | NS52278- 23131 core 9-53,

654- 741Ncol epi t opes64-88 1 67-842 core 9-53, R4A7L |
742-829Bal | epi t opes64-88 1 67-842 20 *The SOD protein is truncated so that

so that the detection conjugate,

bi nd t he MEFA

HCV core,

15

10

15

20

HRP-1 abel ed ™ anti -sSoDanti b

n
The core e i tope Tg’l‘?rﬁt prevent the antib
0 i efiefget | P firqm Binding t X e O L
1-156 Neol muttated
hSOD (aa 70-
72, ALA)
161-178 Miul El 303-320 1
181-201 Hind111 E2HVRIla 390-410 1
CONSEnsus
202-232 E2 HVR1+2 384-414 1,2
consensus
235-451 C33C short 1211-1457 1
454-500 Hindl 5-1-1 PImut* | 1689-1735 1
503-549 Nrul 5-1-1 PImut* | 1689-1735 3
552-598 Clal 5-1-1 PImut* | 1689-1735 2
601-636 Aval C100 1901-1936 1
639-674 Xbal NS5 2278-2313 1
677-712 Bgill NS5 2278-2313 1
713-800 core 9-53, R47L 1
epitopes 64-88 1
67-84 2
801-888 core g-53, R47L 1
epitopes 64-88 1
67-84 2

5-1-11689- 173b% DEC 2004

%47L 1
PCT/US01/1936Y9

y does not
dies to
2004 5 10

*The 5-1-1 epitopes are modified by eliminating possible cleavage sites (CS or CA)
targeted by the NS3/4a recombinant protein. Instead of CS or CA, the sequence has
been changed to PI.  Additionally, the SOD protein is mutated so that the detection
conjugate, an HRP-labeled anti-SOD antibody does not bind the MEFA. The core
epitope is mutated to prevent the antibodies to HCV core, used in detection, from
binding to the MEFA,

30



WO 01/ 96875 PCT/ USOL/ 19369 Table 3. MEFA 13 nef a aa#b'
aa#tstrain nmutated 1-156Ncol hSOD (aa 70-
181-201Hi ndl | 1 E2 HVRL a 390-4101 consensus 202-232E2 HVR1+2 B84LL 17248 2
consensus 23%0498633C short 1211- 14571 454- 500Hi ndf | 5- 1- 1 Pl nup&AeR8iab 1
503- 549Nrul 5-1-1 Pl nut *1689- 17353 552-598C al 5-1-1 Pl mut *1689- 17352

601- 636Aval C1001901- 19361 639- 674Xbal NS52278- 23131 677- 712BgniNS52278- 23131

core 9-53,

10

15

20

R4

|7L | 713-800epi t Opfa%?é[; 8§/IﬁF1§Z§ q42 core 9-53, R47L
mefa aaff 5'end site | epitope hev aa# strain
1-80 Ncol mutated
hSOD (aa 70-
72, ALA)
89-106 Miul El 303-320 1
109-129 Hind]l] E2 HVRla 390-410 1
consensus
130-160 E2 HVR1+2 | 384-414 1,2
CONSensus
163-379 C33C short 1211-1457 1
382-428 HindIl 5-1-1 PImut* | 1689-1735 1
431-477 Nrul 5-1-1 PImut* | 1689-1735 3
480-526 Clal 5-1-1 PImut* | 1689-1735 2
529-564 Aval C100 1901-1936 1
567-602 Xbal NS5 2278-2313 1
605-640 Belll NS5 2278-2313 1
641-728 core 9-53, R47L 1
epitopes 64-88 1
67-84 2
725-816 core 9-53, R47L i
epitopes 64-88 1
67-84 2

end siteepitopehcv
72, ALA) 161-178Mul El 303- 3201

*The 5-1-1 epitopes are modified by eliminating possible cleavage sites (CS or CA)
targeted by the NS3/4a recombinant protem. Instead of CS or CA, the sequence has
been changed to PI. Additionally, the SOD protein is mutated so that the detection
conjugate, an HRP-labeled anti-SOD antibody does not bind the MEFA. The core
epitope is mutated to prevent the antibodies to HCV core, used in detection, from
binding to the MEFA.

In one assay format, the sample is combined with the solid support, as described

further below. If the sample is infected with HCV, core antigens, as well as HCV
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801- 888epi t opes64-88 1 67-842 *The 5-1-1 epitopes are nodified by
elimnating possible cleavage sites (CS or CA) targeted by the ll\lgﬁfﬁ
reconbi nant protein. Instead of CS or CA the sequence has been 5 3@%‘ to
Pi. Additiownaéngesthe SCD protein is nutated so that the det gat¥/060149369
conjugate, an HRP-I| abel ed anti-SOD anti body does not bind the MEFA. The
core epitope is nutated to prevent the antibodies to HCV core, used in

det ection, fansibodiss telthuge epitapve pivEeA . on3he soldd BEGoANOH] WBd 6d HRGBRE sEpridt 15

PCT/ USOL/ 19369 Table 4, ,MEFA .13..1 nefa aa#5' .end siteepitopehcyv. aa#strain
it ated 1. SRREUTRERED & Abeably Tasichiniy 55 aubUR FIo3GRIS DO ERe 4beled anti

e e S E T,
bound to the solid support. This anti-core antibody binds the core antigen captured by
5  the anti-core antibodies on the solid support.

An antigen that reacts with the captured HCV antibody from the biological
sample, which captured sample HCV antibody is reactive with the NS3/4a epitope, is
also added. This antigen is preferably an epitope derived from the NS3 region of the
HCYV polyprotein. This antigen binds the captured HCV antibody from the sample. A

10 number of antigens including such epitopes are known, including, but not limited to
antigens derived from the ¢33c and c100 regions, as well as fusion proteins comprising
an NS3 epitope, such as ¢25. These and other NS3 epitopes are useful in the present
assays and are known in the art and described in, e.g., Houghton et al, U.S. Patent No.
5,350,671; Chien et al., Proc. Natl. Acad. Sci. USA (1992) 89:10011-10015; Chien et al.,

15 J. Gastroent. Hepatol. (1593) 8:S33-39; Chien et al., International Publication No. WO
93/00365; Chien, D.Y., International Publication No. WO 94/01778; and comménly
owned, allowed U.S. Patent Application Serial Nos. 08/403,590 and 08/444,818.

A second labeled antibody, directed against the antigen described above, is
added. This antibody can be directed against any epitope included in the antigen. For

20 example, the antibody can be directed against the NS3 region present in the antigen.
Alternatively, 1f the antigen above is expressed as a fusion protein, the second labeled
antibody can be directed against the fusion partner. Additional antigens and antibodies
can be added to the assay, particularly if the solid support includes a MEFA. These
assay formats are explained further below. .

25 A representative assay under the invention is depicted in Figure 2. As shown in
the figure, the solid support includes two anti-core monoclonal antibodies, termed ¢11-3
and c11-7. These antibodies are directed against an epitope found in the N-terminal
region of the core protein at amino acids 10-53, numbered relative to the HCV1
polyprotein sequence. The solid support also includes an epitope to NS3/4a. The

30 biological sample is added to the solid support. HCV core antigen, as well as antibodies
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431-477Nnd5-1-1 Pl mut *1689- 17353 480-526C al 5-1-1 Pl nut *1689- 17352

529- 564Aval C1001901- 19361 567- 602Xbal NS52278- 23131

605- 640Bgl | | NS52278- 23131 core 9-53, R47L | 641-728epitopes64-88 1 671 84BC 200
core 9-53, Rédle1hssh29- 816epi topes64-88 1 67-842 *The 5-1-1 epﬁéﬂgs&éﬁg&

nodi fied by elimnating possible cleavage sites (CS or CA) tarfgete y the
NS3/ 4a reconbi nant protein. Instead of CS or CA the sequence has been

changed to PHireéddiaghinsahe NS3V41&pﬁﬁ‘f’k, Dot Friekentt tn M s@hpld, S bivdtthd Epture

detection 20 conjugate, an HRP-I|abel ed anti-SOD anti body does not bind the
MEFA. The cor@agea}siandpe splad supparted to prevent the antibodies to HCV core,

used in detection,from..hindin .__1.n_one assay ,for. t.h
sanpl e is conbi ne&{%‘s?ﬁadtl%e?%%lﬁ%&%Zﬁ%‘gﬁ“ﬂ%\(’%ﬁésangé@& Pgagee apﬁ%e?ub&’ow.
| f the sanpl difesteliAbgiEEEICWeAIndIGYEiof OF Ehcadtd BRAS at Afinvakld fssitlday 138-1304
DEC 2004 WD 01/968/75 PCT/USO /19369 anti bodies to those epitopes present

on the sdl i d vuopsord relafiveto hedtCY b pehyproteinisdqeampnos then @ddgbnd fesion protein,
detectably | ahel ed. anti-core antibody.j added- The labele nti- core
ant i body | s APPRECER Hyabmee BruhvRey ShD St A an PRy SR pe Efesionis
?Eg I gg% ; Eﬂaggid, gg %{Jﬂ gleé;gﬁ% S§M-§Bblbﬂ' AT Hirectdl Spatidt eI pfionAdNe Di hds
fusion protein. The SOD-c33c fusion will bind to the anti-NS3 antibody and the anti-
SOD antibody will, in turn, bind the SOD-c33c fusion protein. Detection of the label
10 indicates the presence of HCV mfection.

Another representative assay under the invention is depicted in Figure 8. The
antibody assay configuration is an antigen-antibedy-antigen sandwich capture assay
using both NS3/4a and MEFA 12. The solid support includes the two anti-core
monocional antibodies described above, an epitope to NS3/4a, as well as a representative

15 MEFA, MEFA 12, which includes a truncated version of human SOD. As with the
assay above, the biological sample is added to the solid support. HCV core antigen, as
well as antibodies directed against the NS3/4a epitope and epitopes of the MEFA,
present in the sample, will bind the capture reagents on the solid support. Two antigens,
one reactive with sample antibodies that bind NS3/4a (as described above) and one

20 reactive with sample antibodies that bind MEFA 12, are added. In Figure 8, the antigen
reactive with the MEFA 12/sample antibody complex 1s a fusion between an SOD
molecule and c22ks A47-LA4W. The ¢22ks antigen is from the core region and includes
amino acids Lys,, to Ser,, of the polyprotein, as well as a deletion of Arg47 normally
present and a substitution of Leu for Trp at position 44. The antibody detection

25 conjugate is the second HRP-labeled monoclonal anti-SOD antibody, descnbed above.

The above-descnibed antigen/antibody combination assays are particularly
advantageous as both the HCV core antigen and antibodies to NS3/4a and/or core may
be detected by the same support in the same assay. Moreover, as described above,
additional HCV epitopes, sach as SOD-fused to ¢100, 5-1-1, NS5 antigens, as well as a

30  protein resulting from a frameshift in the core region of the polyprotein, such as
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5 the anti-core antibodies on the solid support. An antigen that reacts
with the captured HCV antibody fromthe biological sanpie, whichl c8pt dtléd
sanple HCV antibody is reactive with the NS3/4a epitope, is also added.
Thi s anti genW&0B9&fer ably an epitope derived fromthe NS3 reg@musd/obe
HCV pol yprotein. This antigen binds the captured HCV anti body fromthe
sanple. A 10 nunber of antigens_incl udi ]Q% such epitopes are known,

i ncl udi ng, butessatoed mntegational Behlicgior NeeWQ 89/68Phamaebe gseddn éied ¢ 100

' 1 . ' . t ej I Si 0 NS3 ' , h
ngl O'rll'?\esgs a\rllnggtb ﬁ%?g%gé&g%ﬁogcﬁglgrnétpgro é’(réslftﬁicg'g-ﬁl et%ﬁgpf,sr %@'Etl&?pgss;;g aﬁz are
known in the art angdofRses fil@er éﬂhmcﬁ:rﬁandiﬁ?éﬂﬂt'ﬁ’é%eﬁﬁo&'anza)b{'eglge_teif%gﬁ%?g%gi%_

5,350,671; Chien et al., Proc. Natl. Acad.” Sci. USA (199

Chien et al ., isigoyidedhslomorsgudinggpadusition f 26hodiesSBBuSIN thhmdectt al .,

I nternatignal . Publication . WO .93/00365; .Chien, D.Y., International
Publ i cat | on NB?’H\?%"@S&?&?)Y'%\S“CSHH "EB%FB?HTLFE?S &Arisg n they impumogssays;2ad gpgthods
Appl i cation Seftaidublesg tHiGmiARoalyand 08/444,818. A second | abel ed

anti body, directed against the antigen descri bed above, is added. This
anti body can be directed against any epitope included in the antigen. For

20 exanple, the antjbpdy cap,be dj.rected ,agtl NS he NS3 region present in
: 3#8oed as a fusion

the antigen. Alter-r s _
SBEEIR bt r

protein, the secongkslaa[?ﬁiﬁéaaba% iﬂ?@@g : 8°ass

partner. Additional a :
particul &1y pdlid suppsul(e.g., onppombrd ati-cude andbddidsh). andhkseleters aaigehAhiBoEy ar
expl ai ned further be|PW. 5_A h%ﬁ;esent ative assay under the invention is
depi cted in FPORIPIXes topmed wham BV mfeghionig presentin dhessymple. s Thase antibediss may

two anti- cor epaBAREIRAPdr ﬂ@ﬁdc?{ﬁqg%ﬁggpﬁgg%q@ohs %ﬁ&osﬁé@ﬁg %%ﬁs%ra EP&%S egi on

antibodies are directed again ound Tnt rm na
of the core pauitsidiesaor may hohglridisr ddmbsc antibdéseshcheds atinadizbd atfiodiE)/1

e’ 50 b of ogRiSIPS &St ECh hefumemhems (T Jraapeotip o emac. siocie-dommaigen.
as well as an%thﬂﬁi&%ﬁ?eﬁ%r%m%@%ﬁé@y%ﬁ%" { éofs@f:t%ﬁﬂﬂrﬁlﬁ%ﬁ%%oph{nﬁﬁéfﬂ
ent | . W !Jnd e

agai nst the NS3/4a epitope, both pres  he sanpl e
capture reagEngsient thdreofsuicldbind e thetantigen in question.

Antibodies are produced using techmiques well known to those of skill in the art
and disclosed in, for example, U.S. Patent Nos. 4,011,308; 4,722,890; 4,016,043;
3,876,504; 3,770,380; and 4,372,745. For example, polyclonal antibodies are generated
20 by immumizing a suitable animal, such as a mouse, rat, rabbit, sheep or goat, with an
antigen of interest. In order to enhance immunogenicity, the antigen can be linked to a
carrier prior to immunization. Such caniers are well known to those of ordinary skill in
the art. Immunization is generally performed by mixing or emulsifying the antigen in
saline, preferably in an adjuvant such as Freund’s complete adjuvant, and injecting the
25 mixture or emulsion parenterally (generally subcutaneously or intramuscularly). The
animal is generally boosted 2-6 weeks later with one or more injections of the antigen in
saline, preferably using Freund's incomplete adjuvant. Antibodies may also be
generated by in vitro immunization, using methods known in the art. Polyclonal
antiserum is ‘then obtamed from the immunized animal. See, e.g., Houghton et al, U.S.

30 Patent No. 5,350,671, for a description of the production of anti-HCV polyclonal
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Hor se radi sh peroxi dase (HRP)-1abel ed anti-core nonocl onal antibody c11-
14, directed against a C-termnal region of the core found at aminolEICHYL
positions 120-130, 5 nunbered relative to the HCV1l pol yprotei n sequence,
is then add ion protein, conprising a sequence fromh

(hSOD) and gﬁoeogfgiﬁg%e fromthe ¢c33c region is added, as is aH e 8&@3369
HRP- | abel ed anti body, directed against the SOD portion of the fusion
protein. The SOR.GasC fusion will bind to the anti-NS3 antibody and the
anti- SOD antibody will, in tarn, bind the SOD c33c fusion protein.

Det ection of the |Mbrbcldhhl nthaidsese phrergiivegepaed ofingilé methed bf KohleAmad her
representative as,sa){ under the invention is (_:Iepi_ctﬁfle ir} Figure 8. The

anti body assaMlsler(lG(r)dYqusre 43041 -4s PyamodHiGaEsrihessnti JoRcalinpese or

capture assay, STMalo W sTo! |a|§i§4 " i ] e .ol udes
the two anti -rgtofrée rmno'gl%na gg‘? %&:@g& es%g?tﬁggthgg%%g?ﬁg@ééﬁ?gg% to
NS3/ 4a, ab wedxtrastserunt,abé ssledt @hd wsticallyEEveralNERA iidph whiahis eaovebsnd

truncated version of human SOD. As with the assay abqve, the_ biol ogical
sanpl e i s adddssoptediatogingleicellsp Jbdesireditie spipen ol mpyibe ssteengg(aftepremoval

P odi os. di . , i !
present i n ¢ i EarBRANT AnaiR ey e R ER PSRRI B A of Moty
Two anti gens,witR B dnflaed. | BRelk, lehpfadiig teaibridesbuad imbrholobililSscii: foashe

descri bed above) and one 20 reactive with sanple antibodies that bind MEFA
12, are addedntigan,pyiglied ® the pleteand geenot riasest aweay With thetrpgt aftrssuspynsianp| e

ti bod i fusi t SOD I l. ks .A47- 1,44
The 22l antr i PP of AL AR AL Sla e Tr BB o RSSOt
to Ser99 of tdflsp@frdbeidbmadan¥etd cudrd 8@l Ridchive Bbdibhtk/s. [IpfpoRimtiine,
present and a substitution of Leu for Trp at position 44. The anti body

det ecti on 25 EowppigardhymidinemsaivondH4RP) Fbe resultwghybridemmpes gmiatethy

anti body, desgr.li . e .. T Ve ' ' [ )

conbi nati on a@@a ?qiéﬁggﬁ’aarntdiaﬁg%é"%e@ ﬁ%@%}gé%%ggﬂgpéfgﬂ%(@ﬁ%%}h?% core
antigen and agfetifiealle® the idipah#upiticen (4@nehitiio nbibife teairelhtddyantigensyame
support in the sane assay. Mireover, as descri bed above, additional HCV

epi t opes!5 suchhasslestyd morecdonabantipdy-ssereting hylrlozas agraiien culurgg pithegdn 3ty

Clon s 55 1 trbee SOR A TR rolby) B PEERER AP ey pfieeRset o1

| nternati onal migpl i cati on No. WO 99/63941, nmy be used in the

The production of various anti-HCV monoclonal antibodies has been described
in, e.g., Houghton et al., U.S. Patent No. 5,350,671; Chien ef al., International
20 Publication No. WO 93/00365; commonly owned, allowed U.S. Patent Application
Serial Nos. 08/403,590 and 08/444,818; and Kashiwakuma et al., U.S. Patent No.
5,871,904.
As explained above, antibody fragments which retain the ability to recognize the
antigen of interest, will also find use in the subject immunoassays. A number of
25 antibody fragments are known in the art which comprise antigen-binding sites capable of
exhibiting immunological binding properties of an intact antibody molecule. For
example, functional antibody fragments can be produced by cleaving a constant region,
not responsible for antigen bihding, from the antibody molecule, using e.g., pepsin, to
produce F(ab'), fragments. These fragments will contain two antigen binding sites, but

30 lack a portion of the constant region from each of the heavy chains. Similarly, if
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conmbi nation cocktail to cover other non-structural epitopes of HCV. In

order to further an understanding of the invention, a nore detailed 14 DEC 72004
di scussion _is provided bel ow regardi ng production. of antibodies for use in

t he subj ect %Oiof/ﬁ{maassays; production of polypeptides for useCTRSHh®369

| rmunoassays; and nethods of conducting the inmunoassays. Production of

Ant i bodi es f@or.. Lh.t he HCV | mmunoassays As expl ai ned above, the assay
utilizes var‘?%;brga’glmbl TS GRPH S HES ﬁ@“?%?”é’m'%@g§3%icén§9ﬁme¢@:ggz ,

one or nore Bydi gmmoxgsgl}raeﬂm of _}nonaerénmfmibgﬁ%?ﬁ&thﬁﬂgb'gi%.en%{ug&ﬁdfﬁggégmems,

conpl exes forned when infection is present Int

ant i bodi es niggluding grly yhe varibleoegions of thertmbvyaaid betdyehpinepan alsoteproduced,

nonospeci fi c ti.sera, human antibodies,. or may he hybrid or chineric

ant i bodi es, SOeh- B feainE s St e natg pruetion AT PRséraeatial protealyio

fragments, - Riahgt baofRhdelobid RWERRLS Thald 1ol £ ARk Andn A0 PRAL G5
: S

dinmeric or trinmeric antibody fragnment constructs, m nibodies, " &r ?Jr?cg'i onal
fragnent s t Habawogt ah(il 8F2)oProd. Nar. Hhed. ot ilg%h 6D126G9266L OHochmaNétiapqUORy ar e
produced usi echnpi I 0 to those of skill in the art and

di scl osed in‘?‘%fc éag:}%g? .%‘.d%gﬁn‘éhﬁt o 98Y) Byeaheyn§9:4891-499890:

4,016, 043; 3, 876A54ule-3hditFvIB&v-afpe . -pol.yel gnal
antibodies are genera g_d 20 tfl{ %n‘;’rﬁdr%l gﬁﬁ%ﬁolﬁ%ua%qga§§%4tﬁ ls"lg}iceﬁ%d!sgg
mouse, rat, heisbdimershiueisoaxprsstd fromtapens fuso inghrtigf Vi ndrdresencoldihgor der
to enhapce ingrunﬁﬁke%icit\é t‘ge aaéi:ng?_n can_be linked to a carrier prior to
i muni zat | ore & DY f Bfrtidgrenc wkemrilison el (1988)Frarnies dead. 1Sci.i n
the art. inmugjy23i5899-38839N8HAD m 'qg ﬂr el sifying the
antigen in saline, preferably |%$§Hmé%\%ﬁ%géeﬁégs rgtﬁ%’u’?%ﬂg%ﬁvgltog
adj uvant, arrhemméal striretyrasi{Enidss)rox tanvertarg themhtaily B@teated) Bhl chedhgamer al |y

subcut aneous| y or .ptranuscul arly). The animal is generally boosted 2-6

weeks | ater %ﬁ%?ﬁ{egnﬁg%tr%@’}f Hﬁ’%ﬁ?ﬂt@ﬁé’_hﬁlpstﬁﬁ@ HhntRedy i reg iptpean sFv

preferabl y usbREuIEHHIBN WSl T@H%la%c%ﬂhgﬂ%% SW%Hb&&tW s?rhﬁz?r 8%he
ods kn e art.

generated by in vitro inmunization, using net own 1 n
Pol ycl obnl ~simcheepfian putigendnndibg siteeSed, eqgmU.BePatemn Koz Sd9ay516p5, 135265

L Rl s, HhcimyitoEeb et e Rt S s H
anti bodi es. See, e.g., Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85:5879-5883; U.S. Patent
Nos. 5,091,513, 5,132,405 and 4,946,778. Design criteria include determining the
appropriate length to span the distance between the C-terminus of one chain and the N-
20 terminus of the other, wherein the linker is generally formed from small hydrophilic
amino acid residues that do not tend to coil or form secondary structures. Such methods
have been described in the art. See, e.g., U.S. Patent Nos. 5,091,513, 5,132,405 and
4,946,778. Suitable linkers generally comprise polypeptide chains of altermating sets of
glycine and serine residues, and may include glutamic acid and lysine residues inserted
25 to enhance solubility.
“Mini-antibodies” or “minibodies” will also find use with the present invention.
Minibodies are sFv polypeptide chains which include oligomerization domains at their
C-term, separated from the sFv by a hinge region. Pack et al. (1992) Biochem
31:1579-1584. The oligomerization domain comprises self-associating a-helices, e.g.,

30 leucine zippers, that can be further stabilized by additional disulfide bonds. The
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PCT/ USO1L119369 Monocl onal anti bodies are generally prepared using the

met hod of Kohler and M lstein (1975) Nature 256:495-497, or a nodi fildabilodli0h
thereof. Typically, a nmouse or rat is imunized as descri bed above.
However, ratweroirsksas bl eeding the aninmal to 5 extract serum poesH/8Ey
(and optionally several large |ynph nodes) is renoved and dissociated into
single cells. If desired, the spleen cells may be screened (after renoval

of nonspeci f idgomenzativey dmaiséd des)gniod tabptompajitde with vestud plefoldingiadrossa pl at e
or well coated i th the antige -cells, ex si ng.. menbr ane- bound

i mmunogl obul i'A*EFELHAROPEP ﬂfcﬁlggt ‘8&??‘5&%‘? lwwff@? Og%wtm _ Ueeniody are
not rinsed avmctwnﬁmhhﬁmgrp@%m@fGéﬂéﬁl@&lﬁﬁﬁBé&@@me%?odﬂ%éyhéihg%«%@%dﬁ1 or
al |l dissociated spleen céells, are then induced to'fuse wth nyeloma cells
to form hybr irdetheds welh inewe icthetadr Sdej ag.aPadk @ al. (VA9 2y Bddaken(3.: 1579-1584;
hypoxant iy ne, I nopt er | hym dj ne i "HAT"). The resulting

hybr i done’s ar%ﬂﬂa%teggl-§{5930#k7'¥1#ﬁ@10&’&‘3§ﬁ6§5}139d are assayed for the
production of antibodies which bind specifically to the inmunizing antigen
(and which do not bind to unrelated antigens). 15 The sel ect ed nonocl onal
ant i body- secr et i ngrhshiwticdafe’mtmens fonere muhe HEd remiheassays vitro (e.g., in
tissue culture botfles. ar |l ow fiber reactors), or in.,vivo (e.g,, as
ascites in nice) AWIT}PB‘S ‘ﬁeoﬁli‘eé?o(iwffsdlféh% et YRR RIEEAFAN | bodi es
has been desgirhiRdd réd%mlﬁnﬁlﬂg l'ﬁ&@?é@ﬂu&&otﬁie&‘ m&%ﬁ%@ﬂﬁg@s foPu %Qntﬁ%ﬂe

Chien et al., International 0 Pubfrcation No. VAD 0365;" commonl y owned,
al | oned 0. S. pPegeahinveydpin cathiconadeSenigaitaries teCigig:3 of 8 lemudhr®ddldgd, Ba8; and

Kashi wakuna et al,, US. Patent No. 5,871,904. As expl ai ned _above,
anti body fr angge’ R’#@YPHCIF'%E‘% Sﬁq?fﬁ’é?e%&ﬂqmﬁ §Pr_ B 3hoy 6‘§ﬁ§°li§°fl Felechigsicaa ke of
interest, Wi ldhiahstudihdcyRBinaht ﬁlﬁﬁoaglamﬂss ' Aaﬁd%fc c}ﬁ;m%é

anti body fragnents are known 1 n the art which conpri'se antig ndi ng
sites capabl érah celiarpissingghe genenot mgdoatindihedieng frpmopescdtordsionin tamdlwteact
anti body nol egcule. Eor . exanple, functional _antibody fragnents can he .

o oduced by CREsHIH g UrKTHOrS e deskipbRene tp e relgohbrests o ViR Ria acid
bi ndi ng, 15 r orhélgeula) lusROEcHRES HeSorited i thebird) suchPRRS Hough®n R£E0AYSCPatent
F(ab')2 fragments. fThese fragments will contain two anti gen binding sites,

but 30 | ack aN@dxi50Y lofThergene ofibiternst cre glso ire foratwcedhesmtinfticaliy, thtbenhat hai ns.
Simlarly, if

cl(:))’nSed.l Tf'lc Er)n!zoqeczqusllcan be designed with appropriate codons for the particular

sequence. The complete sequence is then assembled from overlapping ohigonucleotides

prepared by standard methods and assembled into a complete coding sequence. See,

20 e.g., BEdge (1981) Nature 292:756; Nambair et al. {1984) Science 223:1299; and Jay et
al. (1984) J. Biol. Chem. 259:6311.

Thus, particular nucleotide sequences can be obtamned from vectors harboring the
desired sequences or synthesized completely or in part using various oligonucleotide
synthesis techniques known in the art, such as site-directed mutagenesis and polymerase

25 cham reaction (PCR) techniques where appropriate. See, e.g., Sambrook, supra. In
particular, one method of obtaining nucleotide sequences encoding the desired sequences
is by annealing complementary sets of overlapping synthetic oligonucleotides produced
in a conventional, automated polynncleotide synthesizer, followed by ligation with an
appropriate DNA ligase and amplification of the ligated nucleotide sequence via PVR.,

30 See, €.g., Jayaraman et al. (1991) Proc. Natl. Acad. Sci. USA 88:4084-4088.
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WD 01/96875 PCT/ USO 1119369 desired, Fab fragnents, conprising a single
antigen binding site, can be produced, e.g., by digestion of polycl oralDibr 2004
nonocl onal anti bodies with papain. Functional fragnments, including only

t he vari abl &wo egpesns of the heavy and |ight chains, can al so mer/psedused,

usi ng standard techni ques such as reconbi nant production or preferenti al
proteolytic 5 cleavage of immunoglobulin nolecules. These fragnents are

known as F. 8dditionally, oligomnbeleotede ditected 59mbpsiPtloves dlal. (128G)NVarBes 54:05/482),

69: 2659-2662;,. Hochman .et..al.. ,(1976) .Biochem 15:2706-2710;.and_Ehrlich et
al . (1980) aplieiclohige disgated pukesne JIerSXITEns, nRgle iwgl%ﬁ?&fe&mn et

pol ypepti de 515(1,893(39}&%':1?@3'32:jzhfﬁﬁ?%&'?e}ﬂoeex&%&ﬁ?ﬁb?g%M&fggpﬁlksgg%ﬁz%d

froma gene fusion including VH and VL-encodi ng enes

pept i de- encodizygndticrfdéng-itdaf gappee bligdnucled988) ustidT, DNt polheretase $Queerl S/l
85: 5879- 5883 nber, of e d ayv een descri bed tq discern and
devel op “c he%’g@gwj 525 M{Mé@t& ﬁz’i' i&rﬁeﬂ&@'k(pﬁs}e?@ bgused ander the apysption to
aggr egat ed, : ' . | nd. | [ hai ns
froman anti odyﬁ\}ﬁ?gg?%%lﬁ?ﬁgQgéﬁ@%%enﬂ%ggcﬂﬁggnmﬁﬁ@g%ﬁﬂﬁﬁgﬁé’ éﬂ]ﬁl{% a

t hr ee di nensiadnetd shmundgendcityubst antially sinmilar to the 15 structure of an
antigen-binding site. S&ig‘, e.g., U S Patent Nos. 5,091,513, 5,132,405 and
4,946, 778. The sFPDeIcedpEsestrGeshave berfirreprred phisolnsads serh seauendepsa ba t he

art. See, e Proc |

85: 5879- 5883?135?%%%1’?2% Eab%o‘éecg‘é%gg%"hﬁ‘g N%@S?S%%ggﬁ?ﬁﬁ%“ [%si gn
criteria0i ncthede oflsftiHrimiin arg ahil the safeptiepof & hpreprid clofinpPaiitdri€a disleapc e
bet ween the C-term nus of one chajn and the N 20 term nus of the other,

wherei n t he FhGikerSitable westers iREludsy efcre peitimited 1o, Rlaamigsh phages, tanspesaas; d

I d th | . t .S .
et hods hay e Badh b Bime & s il BeTgRAIe AN oo alha wim
5, 091, 513, '5tht3ropdTontidl clémBd6, 778. Suitable |linkers generally conprise

pol ypepti de chains_of alternating sets of | yci ne and serine residues, and
may i ncl ude gl ut arhhe CQEIng saaRenps iithen placg 1 {bgsentrelpf spgable centsahce

sol ubi | hty. = | ' s’ L onl 1.8 W | SO use. W th the
o esent P vesit ranis B elglath me bystdth B B e Tor thosess Rt bl e SRt 8

ol i goneri zat tanbeiplreedander tHehmintrol 64 @oiiotyr, rilkepaictiigding she(fohBagbyalby a

hi nge regi on. Pack St al . (1992) Biochern 31:1579-1584. The ol igonerization
domai n conpr PYEESSIE)ANg sepitonally, 3y operiar; goctbat the HNA sgqnange of ingergstiper s,

that can be fiidcRBka g ¥NA TGS BMaiRd HabdrSRRnt HrBY Lo &S sORRASe mb)Br may not
contain a signal peptide or leader sequence which can later be remnoved by the host in
20 post-translational processing. See, e.g., U.S. Patent Nos. 4,431,739; 4,425,437,
4,338,397 '

In addition to control sequences, it may be desirable to add regulatory sequences
which allow for regulation of the expression of the sequences relative to the growth of
the host cell. Regulatory sequences are known to those of skill in the art, and examples

25  clude those which cause the expression of a gene to be turned on or off in response to a
chemical or physical stimulus, including the presence of a regulatory compound. Other
types of regulatory elements may also be present in the vector. For example, enhancer
elements may be used herein to increase expression levels of the constructs. Examples
include the SV40 early gene enhancer (Dijkema et al. (1985) EMBO J. 4:761), the

30 enhancer/promoter derived from the long terminal repeat (LTR) of the Rous Sarcoma
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36 1 4 DEC 2004 WD 01/96875 PCT/USO /19369 ol i gonerizati on domain (Lﬁ C 700
designed to be conpatible with vectorial folding across a nenbrane, [%E
process thought to facilitate in vivo folding of the polypeptide into a
functional bWeJIgSTH otein. Generally, m ni bodies are producedcHaisofiozss
reconbi nant nethods well known in the art. See, e.g., Pack et al. (1992)
Bi ochem 31: 1579-1584; 5 Cunber et al. (1992) J I munol ogy 149B: 120-126.
Producti on of Viswt (Gusmanfe al. (3¥82) Fret dMNadOdcaandioh dABE 2167749 and pleaientsdiesived e,

he nol ecul f.th ' i , || duced _
r ecombi nant | yro oS o B A8t G SEREU7 snch as heionis clugedin et ne
10 present i NPV inddnGRBeRnbRAES UBitHH m.@mwﬂks&e?ﬂgé)g%gs%ti@fecaﬁ&hswr

bi ol ogy. For exanpl e, polynucleotide sequences codin
above- descr i Hedherohelude es ocigin ¢fgepludatian hedhutsiontpus eqpdivhiiominta sutabled®st @lic h
as by scrfeni ng | ibraries fromcells expressi n%jéhhe gene,

_ CcDNA anld tgg oni _
or by derdvi I REYERECFABIR HAFEE: Y RIBNE TETFTHQ g2 2 Rotentich frs copy

Furthermore, fi@,edand hQboHE oy, be isolated directly fromviral nucleic
acid 15 nol ecul es, using techni ques described in the art, such as in

Houghton et al., UASexpzsson vedior is SoidiiicEd ko thdtchegmnicuddr dodirgy eqierais al so
be produced nthetically, r er than. cloned. The nol ecul es, can be

desi gned wi tag%ﬁf%ﬁﬁif’éoﬁﬁ’%ﬁée Woﬂrf?é‘? ?&Pﬁ%ls’équengeéqﬁ@ﬂ?émom #@dnpl et e
sequence is td}ﬁﬁ@%ﬁ%@@&ﬁﬁ@geqawe'vﬁﬂp%eg Ptd ﬁaegaﬁﬂra%g&&ﬁe &g@ge&ﬂ tgag

standard nmet hods and assenbled i'nto a co ete codi ng sequence

e.g., EdHe (1ib8tddingsequenld®B: trmscritddninder the t‘catrol’ { dfrBd poried] saqpendyi.8.299;
and Jay et ., (1984) J. Biol.. em :6311.. Thys, particular nucleotide
sequences caﬁhﬂé FWé%IWfB"ng‘rh’ngP @%ﬁﬁg’} B8 Gehls & ﬁ@ °°8€§f fegdcaEy HapcEseHr
synt hesi zed qREBb&hE S¥qRhcd)? M@dihcmnrtm@géqg&%ceeleﬁ&a EMd1d&ie §dtyiﬂfe%§' s
techni ques known In"the art’, such as site-directed nutagenesi s an

pol yner ase 25mzhb¢ desimblst toaohieROR)s ¢ral Hitir guasplehmrseneppsasit nay de nSassare 1@, |
Sanbr ook, supr parti cul one, et hod .of obtaj ni ng nucl eoti de

a...l r, . .
Sequences endBadifytherrduence 5o it ifaR hE atached 20 e ARia) SHIECEN 1 thr anprapsate
sets of pyer|ARRAGNSYE! REhhfmek hﬁq%ﬁgpaﬁl@eghee&%&%%u&@e@aﬂg%w&nt onal,
fol |l owe at

aut omat ed pol ynucl eot i de synt hesi zer, by ligatfon with an
appropri at e Dhiulaiogasesuencesangyt be ligaed tortho toding séqugrdegution te insetticd énts@quence
via PVR vector. Alternatively, the coding sequence can be cloned directly into an expression
vector which already contains the control sequences and an appropriate restriction site.
As explained above, it may also be desirable to produce mutants or analogs of
20  the antigen of mterest. This is particularly true with NS3/4a. Methods for doing so are
described 1n, e.g., Dasmahapatra et al., U.S. Patent No. 5,843,752 and Zhang et al., U.S.
Patent No. 5,990,276. Mutants or analogs of this and other HCV proteins for use in the
subject assays may be prepared by the deletion of a portion of the sequence encoding the
polypeptide of interest, by insertion of a sequence, and/or by substitution of one or more
25 nucleotides within the sequence. Techniques for modifying nucleotide sequences, such
as site-directed mutagenesis, and the like, are well known to those skilled in the art. See,
e.g., Sambrook et al., supra; Kunkel, T.A. (1985) Proc. Natl. Acad. Sci. USA (1985)
82:448; Geisselsoder et al. (1987) BioTechniques 5:786; Zoller and Smith (1983)
Methods Enzymol. 100:468; Dalbie-McFarland et al. (1982) Proc. Natl. Acad. Sci USA
30 | 79:6409.
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30 See, e.g., Jayaraman et al. (1991) Proc. Natl. Acad. Sci. USA EC 7004
88: 4084-4088. 37 1 4 DEC 2004 WD 01/96875 PCT/ US01/ 19369 Additi onél“l @/
ol i gonucl eotide directed synthesis (Jones et al. (1986) Nature 54:75-82),

ol i gonucl eot iwle odisggrst ed nut agenesi s of pre-existing nucl eoti dg-t g@@g 9
(Riechmann et al. (1988) Nature 332:323-327 and Ver hoeyen et ‘F /%? ?

Sci ence 239: 1534-1536), and enzymatic filling-in of gapped

ol i gonucl eot i des uﬁ'hngndlécm%apdnbpmmdlﬁmwvﬁetﬁbf sﬁtdui@%@luﬁﬁg%se@ﬂat | .
Acad. Sci. USA 86: OOZBepltgq(l)ﬁB ;an be used under the invention to provide

nol ecul es haviHE AedyeashexpEssoBishisEms Abyelbknpwhas theamtd/ or

reduced i nmunogeni i ared or

i sol ated, such squﬂgiﬁ%xm%l %%g&%@?%bﬁl%ﬁg gﬁ%{ﬂ?f gﬁliti)gse%chlic{f Systgips, are
replicon. Nunhn@m tccihose ofjskile ot the artane dkseeibed i e, SuRaEErsQhd Jehitd, TieRast he
art, and el ec of an a &roprlate cloning vector is a matter of

choi ce. grC fof’ PYriveant dstiop BullglinNaot3 35 (AP8 By M’eieﬂ@llsagml;loqatfages

trans osons Jotataey el

repli Eat i on V\%en assom %éta{gap&?ﬂ&a?ﬁeyé{é%%%g%gwg?ﬁi&%ﬁ? %%%’n@cﬁﬁ%
sequence is tinesr qllcpbedirogaeSat g@@ﬁ(@imﬂiacsﬂtity 2OEIERDbEAbrid5na! eMent s,
dependi ng on the systemto be used for expression. Thus, the codi ng

sequence nmﬁw‘él%qlﬁ‘ééﬁnlﬁﬂ@ﬁswm@s@mﬁaf e el fknawpin thst ast and ddsosbekinbe.gdi ng

t f b I t | | t th t th
%eséqﬁéncic%ﬁ?%Péﬁﬁé ' Pl S kate B RSt pbpafina ' 11

transf or mm dekbbedi, B, SRAHINGLHFBYgMErRY (D28 et af Ofis2i1039) Ehﬁ&@.’orﬂﬂ?pt | de
or | eader uence whi ch can later be removed by the hosf in

post - translat 11processmg See, e.g., U S Pat ent Nos. 4, 431, 739;

4,425, 437; 4, 338, t se nces, 1t my be

desirable to add r% F]ﬂlt’%r(}?ggﬂ lg%%iégﬂ IIO %ﬁ/ % Oygéﬁtgrlr%(‘)”??%?othe
expressi on of kidven. SBeuanept, hﬁhﬁﬁalié@ el mb@axg 'kﬁ%rh ifthe drhhd®i8lude $hninortal-
Regul atory sequences are known to those of skill in the art, and exanples

25 i ncl ude t HEs&celhlings availalie fem g pﬁ‘m@@m ype Caltgerfcoliestipn (ATGEDdsush asy
O o o B T R P L B Sy M09 s PR
present in t h@BHEYtdls, nfodkeyekian®! @lls 003N dRimanInHTPais kitkky laenyfhﬂﬂmher ein
Lo e s D eelitiar cartinoma cells (o g Fep G}, Madin Dby beyine kidney ("MDBK")
cells, as well as others. Similarly, bacterial hosts such as E. coli, Bacillus subtilis, and
Streptococcus spp., will find use with the present expression constructs. Yeast hosts
20 useful in the present invention include inter alia, Saccharomyces cerevisiae, Candida
albicans, Candida maltosa, Hansenula polymorpha, Kluyveromyces fragilis,
Kluyveromyces lactis, Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces
pombe and Yarrowia lipolytica. Insect cells for use with baculovirus expression vectors
include, inter alia, Aedes aegypti, Autographa californica, Bombyx mori, Drosophila
25 melanogaster, Spodoptera frugiperda, and Trichoplusia ni.
Nucleic acid molecules comprising nucleotide sequences of interest can be stably
mtegrated into a host cell genome or maintained on a stable episomal element in a
suitable host cell using various gene delivery techniques well known in the art. See, e.g.,

U.S. Patent No. 5,399,346.

30 Depending on the expression system and host selected, the molecules are
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I nclude the SV40 early gene enhancer (Dijkema et al. (1985) EMBO J. 4:76
1), the 30 enhancer/pronoter derived fromthe |ong term nal repeﬂ(DgOTm,' of
the Rous Sarcoma 38 1 4 DEC 2004 WD 01/96875 PCT/ US01/ 19369 Virus

et al. (1982weEnpess7Nat|. Acad. Sci. USA 79:6777) and el enent %cqﬁjso‘fﬁ%ﬁy
from human CW (Boshart et al. (1985) Cell 41:521), such as el enent
included in the CW intron A sequence (U S. Patent No. 5,688, 688). The
expr essi on capserel bnyroviing héut cellsrtcinsfbemad b zh @kpresdion egltorcddstrited Move

aut ononous reg{aécatl nin a suitable host cell, 5 one or nore selectable
markers, one 8RIGREPRARERE Wherehytheprelem is ﬁxwéﬁséﬂ{ iThe cxyesse greteispy therunber

d t t d
Do toul ar | coneuaet fbm B0 QRSB0 Yhntel, Hent SRR Sl o R Rl RE iotFim o
regul atory s eqne gomeh mdia, pesprotun cagbaparified diestgtion tif medie. Hadisimt

seqguence resgéect tqQ the control sequences bei ng such that 10 the
codi ng segnuené"é’“?t t“r%?l‘?stlﬁ'lﬁfﬂ@?é @‘ﬁﬁ’e"re klygatese obhersglection of the apprepriate mreytlences

(i.e., RNA pg W at the control
sequences transﬁcﬁri(lE sdﬁd ng sequence V@ggiéf tc’fagrton of the sequences

encodi ng the nol ec l]'hEr@fomtii}iaﬁt petuctighyofReridesHCADARI gefls BaieeN Qedchibed SRek,
For exanple, in some cases it may be necessary to nmodify the sequence so

that it can begatiovghien atal WS- B@m‘fr}@ SsEWLEHe Ehidnet ahe Astropet Hepatod 5 |
ot her  regal at GioRoL B3 3TR, Ehitalbe 4 Spr BRAORR ryfofRion NE  SRLb Bla Bt oy

I nsertionQi nt mté@nati@l PublicAtibe Naaw el 7¥he codi ng sequence can be cl oned
directly into an expression vector which already contains the control
sequences and an appropriate restriction site. As explained above, it may
al so be desirable {9,8hL08 g or anal ogs of 20 the antigen of
interest. This is partrc M ith NS3/4a. Methods for doing so are
described in, e.g. OnEhpmalhefm;ltHeazbetve alti-cort)altibdthéiiid WE3/45 adddend ark Flackd
Zhang et al., U S Patent . 5,990, 276. Mutants_or anal ogs of thIS and

ot her HCV pr oPRAREPTEPIIYE éUli“hS‘%Pﬁ@“ for nsp die the syl ipptinpaYNQsssays e Pesolid SBPPeThe

del etionjef a guenc I

i nt erest, 9by fdr%?e%#lgﬁogs gﬁ Ss%%uence(e'mgﬁ%%glplgt Eﬁggﬁ?fﬂu dbqugﬁjex %I]rd Tor e

25 nucl eot i debaweid 1igia o bembAgidentdace. Teehiplatreslid suppood uﬁqmcng bovgt 86t litkted
sequences, such as site-directed nutagenesis, and the like, are well known
to those skil {Q=gulsiaiesguch gs mizersliulose (e g., in membrane or microtiter well form);

polyvinylchloride (e.g., sheets or microtiter wells); polystyrene latex (e.g., beads or

microtiter plates); polyvinylidine fluoride; diazotized paper; nylon membranes; activated
20 beads, magnetically responsive beads, and the like. Particular supports include plates,

peliets, disks, capillaries, hollow fibers, needles, pins, solid fibers, cellulose beads, pore-

glass beads, silica gels, polystyrene beads optionally cross-linked with divinylbenzene,

grafted co-poly beads, polyacrylamide beads, latex beads, dimethylacrylamide beads

optionally crossiinked with N-N’-bis-acryloylethylenediamine, and glass particles coated
25  with a hydrophobic polymer.

If desired, the molecules to be added to the solid support can readily be
functionalized to create styrene or acrylate moieties, thus enabling the incorporation of
the molecules into polystyrene, polyacrylate or other polymers such as polyimide,
polyacrylamide, polyethylene, polyvinyl, polydiacetylene, polyphenylene-vinylene,

30 polypeptide, polysaccharide, polysulfone, polypyrrole, polyimidazole, polythiophene,
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e.g., Sanbrook et al., supra; Kunkel, T.A (1985) Proc. Natl. Acad. Sci.
USA (1985) 82:448; Ceisselsoder et al. (1987) Bi oTechni ques 5:786;, Zaller
and Smith (1983) Methods Enzynol. 100:468: Dal bi e- MFarland et al.!§ 1682004
Proc. Natl. Wweel/oe®s USA 30 79:6409. 39 1 4 DEC 2004 WO 01/ 988 7BceR td4st/SO
r 19369 The nol ecul es can be expressed in a wide variety of systens,

I ncl udi ng insect, manmalian, bacterial, viral and yeast expression
systems, al | potydthdtnepuxidshsitibeglass, silicapeE¥acHb0E, pdlﬁﬁf&bh;ﬁ&'l#rd&f?ﬁ%[ SEaban
systens, such as bacul ovirus systems, are known t0 those of skil'l “in the
art and descreBelgse.@nddhelike. Sumrers and Smith, Texas 5 Agricul tural

Experi ment Stati Ll etjn No. 1555 (1987). Material thods for..
babul ovi rus/ 1 nsect e icBhieRt Adatid Ry iederpaltedini s AR Al i awntodios
kit form fromnd NSB/&1 epitdpe (cileeiivelp @aNed QRO N EHRsERApYRNRENerkih) %:?d <noun

Simlarly, bacterial and mamalian cell expression systenms are we
in the art am@tgnalbyopedr mere MIEFAS, usdgrisnuaiile binding corslitima sndfethat the

Veast - Genet | URINFEEE SRRy szl ol suPpérso oms e aprR S izatipgibion.
A nunber of aRP&PoIAER bERAkarEES b? ﬁ}frﬁrcoﬁﬁﬁxg"ﬂhfs Qn%}'ﬁ&% %@‘?@“ﬁﬁ‘ﬁm @%@Fﬁ' SO

known. For exanpl'e, mammalian cel I nes are kno ude
i mortal - i zedtickdtter solikbghase-birdag propediest Reitdbiecowgding hraeinihdludes but are

L et e e SR
X , ki . |
cel I's (Ggs) (BSN},%(Z?HB%@%& h%@&f‘%ﬁﬁ_{r?'éaﬂog}r@gﬂ? %%&K}l% &Jggﬁ@ulﬁl&r ci noma

cells (e.g., He 2) , I 'n- Dar by” bov as well as
others. Sim Ioaaﬂgy{nlmwdeﬁhqmrdtdas svedluaiowato Ehose akilled Ba thd drisOthebicapérgs thand
St rept ococcus_spp. i .. find use wi.th the present expression constructs.
Yeast hosts 58" Eggfetﬁwoibﬁm{ W@Feﬁl"fgéé%heiﬁ‘}%?ﬁ F"Gﬁ-‘qeﬁ{?llm%"haﬁ &% palylagtic acids,

Sacchar ony cepoRgIRslie adR, ﬁaﬁﬂéﬂ@mﬁﬂ&@gmg H5pgthbiSihd HETIRE Sl

pol ynor pha, Kl uyveronycesfragilis, Kl uy ct1s, Pi
gui | | er i nondimoleqilesdnd methodw dfsoupling thesamoleanlesye astigeng rapewall dndan tothiose

i polyti,ga. lnsegct cells. for use with bacyl oyirus ressiqQn vecgtors '

i ncl ude_,lgi nt &F “5PEY Sk’éﬁ’&ﬁ%@%yﬁ?? e B@g%ﬁ‘é‘%éﬁgﬁﬁﬁ%ﬂ%ﬁg@%@%ll

Drosophi | a  Hashida et al. (1984) J. Appl. Biochem. 6:56-63; and Anjaneyulu and Staros (1987)
International J. of Peptide and Protein Res. 30:117-124:

After reacting the solid support with the solid-phase compenents, any

nonimmobilized solid-phase components are removed from the support by washing, and

20 the support-bound components are then contacted with a biological sample suspected of
containing HCV antibodies and antigens (collectively called “ligand molecules” herein)
under suitable binding conditions. After washing to remove any nonbound ligand
molecules, a second anti-core antibody, directed against a different epitope than the anti-
core antibody bound to the support, is added under suitable binding conditions. The

25 added anti-core antibody includes a detectable label, as described above, and acts to bind
any core antigen that might be present in the sample which has reacted with the support-
bound anti-core antibody. Also added are one or more antigens that can react with
antibodies present in the sample that have, in tumn, reacted with the NS3/4A epitope. As
explained above, the antigen is typically derived from the NS3 region of the HCV

30 polyprotein, and pérticularly from the ¢33c region of HCV. See, Houghton et al., U.S.
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25 nel anogaster, Spodoptera frugi perda, and Trichoplusia ni. Nucleic acid
nol ecul es conpri si ng nucl eoti de sequences of interest can be stably
integrated into a host cell genome or maintained on a stable episonﬁhﬁﬂECZ%k
el ement in ayo¥yioksygl e host cell using various gene delivery ﬁ@ﬁh%@ 3%%

wel |l known in the art. See, e.g., U S. Patent No. 5,399, 346. % I ng
on the expression system and host selected, the nolecules are 40 1 4 DEC

2004 WO 01/ 96&i#nat RGTS BS0LY 19368 Bf A0 Wess Ny Aeami g (Iseh @?id(ﬁlllr()@'i'ﬁ;f or med
by an expression vector described above under conditions whereby the

protein is elpeEsbeanal Pobliceionhie WO B0HiSnand carhmnnlyiovaled; @bweddiSt Peelrost
cells and pury fied. & t ex | ) retes the. pr in .into
growt h mad!oa,A p&’?llggborno%qﬁalﬁl %&n@i@ﬁﬂdﬁ@’ %gﬁ K af‘feé?ﬁﬁtwg 9%@? rEewgang g
not 5 secr et efitopds defedeteTdRt Adatidl@MdfBbliy hﬁﬁé&@%ahﬁ?ﬁﬁ%t%%iisoﬂs f the

appropriate growth conditions and recovery nethods are withim the skill of
t he art. SThe afdasbnBierntibogy vl trerefnredfind thei antigeni@hicinbdsgearsedraith e dS3
descri bed. See. . Q. ughton e ..U S. Patent No.. 5, 350,671; Chien et
al ., J. Gast ?’d%%‘t‘ﬁeﬁgve‘&fggmg‘%e (%B%) Ty Huspugoseoiicd 36 epiigpe Cap be spvanieaRy|
Publ i cati on M 23 KR8 Tetviddh Y | i ' No.
WO 94/ 01778. b‘fbr?%unodi agnostic As?giggj&%ugn#%g{i% (,E&?%]Ige%géo%g@fﬁ@?g?%
anti bodi es ametonitdnanilyang.i emsthade descabediin Houghomgal. oS, Paens dloi S350pphr t

f int ' ' . A ' t, 15 f th
AR 8 T I T T T AW T
have a niggi d HMlewelet 41 A7 8. PMELAGS s FOHR] q&yab%ﬁd'lﬁqﬁﬁda@?ﬂf&&d' :Jlggeln fut

are not limted to, substrates such as nitroce ose"(e.qg., nmenbrane
or mcrotiteSOkkin therafyre bepotd/tia depdct tHeqriedacd ef grmplstes édrmedrbemveanahe t er

wel I's); pol rene.l atex (e.,g.,. beagds or mcrotiter plates);
pol yvi) nyloi dﬁ\tg\é(%ﬁ?ﬁoﬂ& m’dl(aé‘ 8?‘?12%1’]1 Lg%\ﬁ"é?l?le WW%%#‘&[W&S?W%BE@?&%VZO
beads, nagnebb%%ﬁqf{s%gg@ﬁjt\gﬁlgga% m.ﬁ;gg[ﬁ, ﬂ?th{c]ag?lﬁgle!:a” i cul ar supports

i nclude plates,”” pellets, disks, capillaries, w fibers, needles, pins,
solid fibers, cel Il b8 Heoprssenpon ¢he sglidsspmegdae osimorecalditipalas antjzehy, st yr ene

beads opt.ional ly cross-l.inked_wit 1 yi nyl benzene,. rafted co-poly beads,
pol yacr iﬁam' (%’Cﬁg%l&'ét?‘ @H#’E‘ﬁ%@ﬁ‘@sﬁge gﬁox‘ﬁl%%) et I‘&}HFtH%e QUL to a“t'genglpwsem
on the MEF A, may also be added to the assay. Particularly useful in this context is an

antigen derived from the core region of HCV, and more particularly, from the c22
antigen which includes 119 N-terminal core amino acids of the HCV polyprotein. One
particular antigen derived from ¢22 is ¢22ks A47-1.44W which includes amino acids
20 Lys,, to Ser,, of the polyprotein, as well as a deletion of Arg47 normally present and a
substitution of Len for Trp at position 44. As with the c33c epitope described above,
this antigen can be provided as a fusion with hSOD and the same labeled antibody,
directed against human SOD, can be used to detect the presence of complexes formed
between antibodies present in the sample and the NS3/4a epitope and/or the MEFA,
25 which complexes are also bound with the HCV antigens (e.g., ¢33¢ and c22).
More particularly, an ELISA method can be used, wherein the wells of a
microtiter plate are coated with the solid-phase components. A biological sample
‘ containing or suspected of containing ligand molecules is then added to the coated wells.
After a period of incubation sufficient to allow ligand-molecule binding to the

30  immobilized solid-phase component, the plate(s) can be washed to remove unbound
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optionally crosslinked with N-N -bis-acryl oyl et hyl enedi am ne, and gl ass
particles coated 25 with a hydrophobic polynmer. If desired, the npDECAIlEs
to be added to the solid support can readily be functionalized to create
styrene or acW{©t%8%oi eti es, thus enabling the incorporation etTaidde19369
nol ecul es into pol ystyrene, polyacrylate or other polynmers such as

pol yi m de, pol yacryl am de, polyethylene, polyvinyl, polydi acetylene,

pol yphenyl ene MAERASARE @ﬁe%%hleﬁﬂbpkeaa@qong@w@mhwmlmle eesh Anftiorvee -

| | e, Vi A7 , hi h 41 14.DEC 2004 01/ 96875
Do Db 21636 BN RERSS e AT Al afla B fndiopt] irectet ggmatine
pol yphosphat e NSByepingelcontgdn®aplecule@idisd. OB sse atfledulld drd kBowddt F}Eé‘ct(iﬂﬁ{dﬁi‘} )
S an

a solid support is first reacted with the HCV anti-core antibodie
NS3/ 4a epi t op&aRtuEsd samiple; entigen and antibodyicthe platewpshedend dnppresstcs 'of Herlebelyd

and 5 optikona e: Qr re MNEF under sui.tabl e binding conditions such
5 H)t)f odilaeteet peing %@%98 W PYV}liléﬂl

that the "nol ecul?es are su %43t he support. Soneti nes,

i mobi | i zation to MQb&U@ﬂ@icﬁb@@ﬁbsWre%@&%ﬁ‘ﬁﬂu&ﬁgEéiﬂm&%ﬁ@ééy’k@li Igﬁ%port
n

antigen and/or antibody to a protein wth better solid phase-bindi
properties. Shitthdmiuadastipediayarskastigens as well aslentitimdiesand antigéns|to bk rettedoyith

| ecul | buni ns_j ncl.udi ng bovi | Quni n 10
(85 keyhol oA b R o P e B ot A R Eeions PR S8 bul | n,
oval buni n, andectsiey rdipeh] Mord&!th KRR i AubdRSEs 2K HbdcBled Bodvle elkit Guher

reagents that ~can be used to bind nolecules to the support include

pol ysacch8ri dalso cpatein, depéndingirdihe pagishlagbpmuheassacistd, syimbletebdlcamhbther
acids, amno aci,d copol rs,_and the |ike. ch I | es and, met hods of
coupl | ng t hesAIBEEE HRELNE G 4RARGalRg: o aF SRR SAROE 65, RBSRES of
ordinary skil jruinfinbdX8a, such38%hos8 d@soribBh aBéVeS¥an B4 fdndhdied ki g'tﬂ&ggﬁt’dgat €
Chem 3:2-13; Hashida et al. (1984) J Appl. Biochem 6:56-%‘; an

Anj aneyul u and Staros (1987) International J. of Peptide and Protein Res.

30: 117-124. After maﬁi ng thte! solid support with the solid-phase
conponents, any nori ; sol i d- phase conponents are renoved fromthe
support By washi ngBefif are’Skalpfes S RARQE fic SRAVAHMERINIONGRL S Pb G thoeRsGRNt act ed
with a biological sanple suéa%:gct ed of containing HCV ant |%t(5)]§i esﬁgn‘gIQ
anti gens (col In¥eniigie| Yhe exdreples'dre gffnrtdfor dlustras’e pugrasesynly, and are not intended
to limut the scope of the present invention in any way.
Efforts have been made to ensure accuracy with respect to numbers used {e.g.,
amounts, temperatures, etc.), but some experimental error and deviation should, of

20 course, be allowed for.

EXAMPLE 1
HCV Antigen/Antibody Combination Immunoassay

The present HCV antigen/antibody combination immunoassay was compared to
25 other HCV assays to test the seroconversion detection limits and compare these limits to

those obtained in other commercially available assays as follows.
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under suitable binding conditions. After washing to renove any nonbdunBEC 200k
| i gand nol ecul es, a second anti-core antibody, directed against a
different epitope than the anti- core antibody bound to the support, is
added under WOi@&aw$® bi ndi ng conditions. The 25 added anti - coperarbi/ »agy

i ncludes a detectable | abel, as described above, and acts to bind any core
antigen that m ght be present in the sanple which has reacted with the
support- bound anti- dateidnsndoddthoddl so added are one or nore antigens that
can react with antibodies present in the sanple that have, in turn,
reacted with the NS3/4A epitope. As explained above, the antigen is
typically derived NPl . i

particularly f romﬁlbggng% . regi gﬁsgiof;ﬁﬂ T&@Z}éwgggﬁ{%%ﬁﬂéf%&%@eTZ 14
DEC 1004 WO (k42687 FamelsdfOivailate Jrora teet Bditon Biodnddlica/ ic. OestBridgealater,

Proc. Natl. Acad i.. (,198 89:10011-10015; International Publication
no- S0 05 00348 CRETS BighhRIeA  OmiEc 2k iro NeA (BCER PN ARt Bialogics,
Seri al Nos 4 4; f.0p: ip1 § f i i - and
bl topes. der Paatrracerp i (VA THE Hoe BicBCA BRI 5 34 Blard B3 o FAEH
antigen is albdeodbwadcdictedmnatiteishbidytswi | | therefore bind the antigen,

whi ch has reacted with anti-NS3 antibodies present in the sanple. For this
pur pose, the c33c epitope can be conveniently provided as a fusion between

c33c and human su j I SHg: _al €At 1 o
by net hods descri Eghﬁ)l rllél?a] ﬁwg&n@%?\dﬁ&% %Tmb%g%égﬁgl %ngvgggﬁggix v?efge
nucl eot i de andtanidfbom@thsEhniesdmaghaticd) RasitanSNewaleesekn Tl cahd andpalized in
10 Hallewel | et al., US Patent No. 5,710,033. A |abeled antibody directed
agai nst hurmaAoliBedecars dingeled pgatast 3a Nricapina perdion of tharore (e @eidsl0-53,
conpl exes for g, Bsd e | i L |l e
which react wth e?ﬁfséﬁggﬂdtﬂ)‘%g, angﬁﬂ@k%’gﬁ%ggﬁ%%vﬁ?wa% {hu}rsnrzﬁ%?%gpt he
anti body in tageinstanHermind! poriidi<f the cqaredsmirto apidst 126-136), hambenep o¢lativeopaher
nore additio ntigens, .15 reactive w th antibodies fromthe biol qgical
sanpl e whi ch T [Yrg%otF’S‘)-a%F? E]]elﬁi4 prtihody tvas sapRare rseEadish ReFOHEASEd ded
to the agsay.pRahking! N this context is an antigen derived
fromthe core reg%i g%'égfa?xﬂﬁaf;tﬁg%g{nﬁdgre particularly, fromthe c22 antigen
whi ch i ncl udes 119%hadcdenal asibogdyriel-and noardch D aftibb e didédied agapmmt airénanacid@ne

articul ar antigen ived from.c22 is c22ks A47-L44\W whi.ch includes am no
P r1tcu of%%ﬁ a.m(ii was made uszmg stangarg techniques. m ant{boqy was nr:on_mgate:gI

aci ds
to HRP as described above.

20 B. Antigens:

The ¢33c antigen (266 amino acids, amino acids 1192 to 1457 of the HCV1
polyprotein) was expressed as an internal SOD fusion polypeptide in E. coli by methods
described for the synthesis of the 5-1-1 antigen {Choo, et al., Science (1989) 244:359-
362). The recombinant antigen was purified as described in Chien, et al., Proc. Natl.

25  Acad. Sci. (1989) 89:10011-10015. See, also, Houghton et al., U.S. Patent No.
5,350,671, for production protocols for SOD-c33c.

The NS3/4a epitope used in the assay 1s a conformational epitope having the

sequence specified in Figure 3.

30 C. Immunoassay Formats:
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20 Lys10 to Serer of the polyprotein, as well as a deletion of Arg47
normal |y present and a substitution of Leu for Trp at position 44]. 6€ ﬁfﬂ?yh
t he c33c epitope described above, this antigen can be provided as & DG, 2508
wi th hSOD and the sane | abel ed anti body, directed agai nst hunman SOD, can

be used to dﬁ,bngé,;.,lae presence of conpl exes fornmed between arg%ﬁgmﬁlﬁggﬁg
t ich

present in e sanple and the NS3/4a epitope and/or the MEFA, 2

conpl exes are also bound with the HCV antigens (e.g., ¢33c and c22). More
particularly, an bhb AMHERIPTOEM a8a ‘%AHE&@'LaM‘&ﬁf&ie@,AB@otﬂBhﬂéH%ﬁisa _
mcrotiter plate are coated wth the solid-phase conponents. bi ol ogi cal
sanpl e cont abmivesridily swusibletand 1o in ennmhaiydbasgd Hetgelnen asshwclhe gssay Wasen

added to the coated wells. After a geri?r('jlpof i ncubation sufficient to allow
| i gand- mol ec BFEOBRSIHSHE 118 AR AHCHAYETIICBJRF: sol i d- phase conponent, the

| at e(s) can be RV
IgCT I U(So)ll 19369 rrgﬁ%ltg ?gg‘%nddﬁ a deffg{:b?lg%}:’;# Lﬁgﬁg %ﬁ%’%ﬁéﬁgﬁ@%ﬁggﬁ ecul e

(1 abel ed sant e, OrthoaOlinfoaldPIagneastich|IRarepn t Ngpve J eroey)ak an agtibadyebasee detgngoran
anti body directed_agai nst the _NS3 ‘e]‘giﬁt %g)e-col?ftFai ni ng nol ecul e added. These
mol ecul es ar &S&W| JHe asY Was£ondyGted uiipg themapyipERrer SpFEL gen and

anti body, the pl atﬁego%\;\hgl o&%@saﬁr SERE D1k aitNe A) 308 befmer@nity Redla8R

det ect ed usi ng nmetho nown 1 nthe art. The above-described assay
reagents, i n@ECRIbagdtabeyi Thenesaswys matdrthes weingrthe mantnfachwenisinstructhodi es
and antigens, as well as_antibodi es and ?Dmigfﬁé fo be reagz%lfd Wiltlﬂ t he
captured sanpl e, d§ G@-BrabeiTM4 assanias Diged. -2l isammemes @l AEHaNE and,

ot her essi?ﬁ%’cg[r?%%g—qg%cﬁateh %n@ﬁﬁ%ﬁﬁc%ﬁéas%% difd a&sﬂ?we}ﬁ%%ﬁﬁﬁﬁe@ﬁsiﬁgﬁfé | bed

above. e ki SO0 contarl n, pendi ng on particul ar Tnmunoassay
used, suitableatuhedrsr’ absktattieds. packaged reagents and nmaterials (i.e. wash

buffers and the like), Standard i oassays,_such as those .descri bed
above, can be conﬂﬁ%ﬁ%ﬁﬁqﬁﬁg’ggﬁéﬁw?}p%ﬁcm’l N gFr&We)dfén
exanpl es of SPRGHLbascl RLOR <y! The S8l PeMmbd Bsilk ARLAmuiaBNRR!Y ON.
The exanples ar& orfere or | Iﬁstratlve purposes only, and are not

I nt ended t o ih$trmactiohdie scope of the present invention in any way. Efforts

have been made to ensure a acy With respecf.to nunbers used (e,
anmount s, 1t enper at ubhest mﬁw gﬁg@&?gbg%ggqrpﬁmggﬁl TBPEPASSA W@é\??&?ﬁ?ﬁj as
shoul d, of  gjows. 4mg/mL each of purified monoclonal antibodies C11-7 and C11-3 in ix

. phosphate-buffered saline (PBS), pH 7.4 were combined and mixed well. 90ng of the

NS3/4a recombinant antigen was added to the same coating buffer. The solution was

mixed for 30 minutes prior to ceating. 200 ! of the above solution was added per well
20 to 96-well Costar medium binding microtiter plates (Comning, Inc.) Plates were

incubated at 15-30°C for 16-24 hours. Plates were washed two times with dH,0,

followed with 300pL/well postcoat buffer (1% bovine serum alburzin (BSA), 1x PBS)

for 1 hour and 300pl/well stability buffer (1x PBS, 1% BSA, mannitol, polyethylene

glycol (PEG), gelatin) for 1 hour. Plates were aspirated and dried at 4°C in a lyophilizer
25 for 24 hours. Plates were pouched with desiccant.

To conduct the antigen/antibody combination immunoassay, 100uL of enhanced
lysis buffer (1% N-laurylsarcosine, 0.65M NaCl, 50mg/mL mouse IgG technical grade
(Sigma, St. Louis, MO), 1% BSA sulthydryl-modified (Bayer), 0.1% Casein) were
added to the plate. 100! of sample were then added. This was incubated on a shaker

30  at 40°C for one hour. The plates were washed six times with 1x PBS, 0.1% Tween-20,

46



20 course, be allowed for. EXAMPLE | HCV Antigen/ Antibody Conbi nathoBEC 2004
| mmunoassay The present HCV antigen/anti body conbi nation i nmunoassay was
conpared to 25 other HCV assays to test the seroconversion detection
limts and conpare these limts to those obtained in other comrercially
avai | abl e assaygsyag;follows. 44 1 4 DEC 2004 WO 01/96877 Pdlmgoﬁﬁgﬁg A
Mat eri al s and Met hods Bl ood Sanpl es: Panels of commercially avai'l abl e hunman
‘bl ood sanples were used. Such panels are available from e.g., Boston

Bi onedi ca, | nen an Qéthb Hiate Wasket.e200 18 btnj (BB Jolufbw ¢1:7HidiiadionRart MeHRP with
Franklin, MA (BCP); and North American Bi ol ogii cs, inc.,_ BocoRatan, FL
(NABI). The EAECHPBFI36 2pHBrERlus 1 HAH0 dilviien meyse ani-SADHRPGN SV Rk

collected fro ' : L i8S cl on nii-bodj es
o 155, Cert’ e dahRk SELE QNS HER e DO IR A AR R BT EhRBEL o
Raritan, New DéaesticsRarital NSwIoded) blithont BOTDOGHRS, Al Refstiré £ RlnAGHIrittlo an
N-term nal portion of the core (amno acids 10-53, nunbered relative to

t he HCV1 pol yasdditien)n The mplvtionayasiinenbated ddyniputes with shaltinget 6. Bhyjawast a
C-t er ni nal ' f.th ' i ds. 120- 130 | ative t
Che’ HOVE ol YRTERaPoS 78 2hied B4 200 sikseaitcsoitin 0B leripla Wakai on
peroxi dase  1fideliRRhe GFIN thb3tABHANE PPIRGIRHES SmildMIAGEBAbridd ik ogefy 3 1S

an anti-SOD anti body directed against  amno acids 1 to 65 of SOD and was

made usi ng stRevexidd ferdisd gdish perixédase réabldety colasdevsimmyent eud istayailibie from

descri bed aboye, 2 . Antj~gen. The c33c I gen, (2 LAQ _aci 1 NO
acids 1192 tggl%gb‘ioflﬁe ﬁ%%?%?@aﬁ%ﬁo téé?gﬁé%eg lﬁg’eafﬁﬁf‘n?g;r nal
SOD fusi 90 pOfeyifRt Woestbpped bysalditidoMBAIONN H,UES Ghi Pesh1hRE weRErefd Bt 4025k
of the 5-1-1 antigen (Choo, et al., Science (198§) 244:359- 362). The

reconbi nant aleldtiyerio wbsorance faf 680mae agleantrol-bed in Chien, et at, Proc. Natl.
25 Acad. Sci. (1989) 89:10011-10015. See, al so, Houghton et al., U S
Patent No. 5,350,671, for production protocols for SOD c33c.

D. Results:
The results of the various assays are shown in Tables 5 and 6, which depict two
15  separate experiments done on blood samples exposed to HCV infection as indicated.
Shaded areas indicate detection of virus. As shown in below, Chiron’s combination
antigen/antibody assay detected seroconversion in all samples, while all other antibody-
and antigen-based assays failed to detect seroconversion in at least one sample. In
particular, neither of the antibody-based assays detected seroconversion until at Jeast day
20 18 (Table 5). Table 6 shows that neither of the antibody-based assays detected the
presence of HCV infection at day 22. Moreover, the Ortho antigen-based assay failed to
detect seroconversion from days 85 on.
Thus, based on the above results, it is clear that the nove) combination
antibody/antigen assay reduces the number of false negatives obtained using other

25 conventional antibody- and antigen-based assays.
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The NS3/4a epitope used in the assay is a conformational epitope h%\élﬁg:g E
sequence specified in Figure 3. 30 C. |Imunoassay Formats: 45 1 41 Ll
WO 01/96875 PCTI USOL/ 19369 The Abbott PRI SM assay (Abbott Laboratories,
Abbott Park, wid)1/968% commercially available and is an antibog, Y:‘IP@S%?H%@
detection assay. The assay was perforned using the manufacturer’s
instructions The ORTHO HCV Version 3.0 ELI SA Test System (terned Ortho 3.0
assay 5 herein, Otho dinical D agnostics, Raritan, New Jersey) is an
anti body-bas¢d detection assay. The as vgas conduct ed usrng the
manuf acturer'fs instructions. The R iﬁ%‘l Fi’cor. assay (Roche, Pleasant,{ CA)
is a commercilally available PCR-b GM Ssxecqyversing assay was perfornmed uking

ed

ilcat Thsshy.

i ons Prgfé\bat ho

t he manuf actmr}ﬁ%? A@ﬁ ru,tb 8- The .Gen- Pr@%ggil' ﬁﬁh Saln 'lggpo’ A)
£i

is a commercija t { apR @it |
The assay wa$ _perf 15 5 t he AWR
antigen assay (@t in D| nos0S
anti gen- basecﬂqﬂgpw i.0n_a%say, 0 o3&’
manuf acturers zingtrggti n30_015 The ,sigh

conbi nati on HAAHRBRSS
nonocl onal ambod eq .11 7 (;md . _
(PBS), pH 7. #—weretconbttred—and r; /\Cd:‘vy_l\.al Hi—

antigen was addéd o(l31e sanke] coft bﬁrgllm&ff" .
30 minutes pfTor TP CoRtT g —200(d '
20 to 96-wel | @8st hr- 1n%d1 im &# nd|n
Pl at es re |%(iuT) ht € _~a_t;-~_ -80

times w dH26, ¢ I.ra ) ‘—_; 151._.;‘5'.: ). ', ’E ( LTH“-? —q
-j?l"kﬁa’fwfo“ffgg ‘%‘% af Py tly ATl

al bum n (BSA)]

1% BSA, mann i=]aV-E L
wer e aspirated and dried at 4C in a |yophi I|zer 25 for 24 hours Pl ates
wer e pouched with desiccant. To conduct the antigen/antibody conbi nation
i rmunoassay, 100L of enhanced
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lysis buffer (1 % N | auryl sarcosine, 0.65M NaCl, 50ng/nL nouse |1gG
technical grade (Sigma, St. Louis, M), 1% BSA sulfhydryl - rmdrfreEaé
(Bayer), 0.1% Casein) were added to the plate. 100 }r1 of sa MU t hen
added. This was incubated on a shaker 30 at 40C for one hour. The pl ates
wer e washewosnmessistes with | x PBS, 0.1 % Tween-20, 46 1 AcBEbe1468¢ VWO
Ov96875 PCT/ USOL/ 19369 on an Ortho Plate Washer. 200 | conjugate sol ution
(1:75 dilutiaon c11-14-HRP with 250ng/assay SOD c33c antjgen plus 1:5000

di | uti on mpuse anti-SOD-HRP in HC\/-l’z;,bQ3 sanpl e diluent (from ORJHO HCV
Version 3.0 ELI SA Test System %rsiggl Di agnostics, Rarijtan, New
Jersey) w fhout SCD extract, a prepare m nutes prior to 5jaddition).
The sol uti pp—was—i-hcubated 45 minutes with shaking at 40C This was washed

six tines, ﬁsgtomrmmplllmtrat@eﬁ%wl Db PP et/ 10m.) was
added. The|OPD tiaiRiSi fOry.@i NS AQphoGny! ent mne g yirog %rlce and

hydr ogen peroxHade—orthoersetat-Sh—pgoxi-aase——pact-op—coror—dgvel opnent
and is svall abl 4 foam Sl(gma StBLmow S, I\/D Thi waqs ncubgt ed 30 m nutes
at 15- 30C gmthgdarkTTme—tg reactTo was Stoppy ot f 50nmL 4N
H2SO4 and {hd3pllat 83 wer .0 edd Hx MH2dm- rel ati at 690nm
as control lesyltsy Lhe rjes off The variofi &ys are s own in
Tables 5 ardgg. V\thj(l,h 1erﬂQ:t V# ﬁ% deparat e ex us ne cn bl ood
sanpl es exposgd di cat ed. idli cat e

det ecti on \VIld Chiraon's "n 3N,
antigen/anti igody ¢ nversi on ih @b@;
ot her anti Judy‘ i Y-S ferted o—det

vhile all
¥dnversion in

at | eald oreliiiar":"».T ither of the0.6dt "bodyObased assays
detected seroco As day 20 Uo‘s ranfe 5 afjl e 6 shows
that neithrl3 a8days detecte pre @nce of HCV

i nfection atlﬁay;-“;;j 2 ho anti gen ;b&ﬁﬁd assi\%nf ailled to

detect ser WaF= 1V Thus. has Jresults, it
Is clear t opijnatpgy  gnti body/ an |@@p 1ssay1reches t he
nunber of teatsefEegatryes—obhatred—usihg—other—PS—eon HEf {—Qﬁa-|-=~ anti body-
and antige =1  BQR 0.07 18
15
EXAMPLE 2

Production of an NS3/4a Conformational Epitope with
Thr to Pro and Ser to Ile Substitutions

20 A conformational epitope of NS3/4a was obtained as follows. This epitope has
the sequence specified in Figures 4A through 4D and differs from the native sequence at
positions 403 (amino acid 1428 of the HCV-1 full-length sequence) and 404 (amino acid
1429 of the HCV-1 full-length sequence). Specifically, the Thr normally occurring at
position 1428 of the native sequence has been mutated to Pro and Ser which occurs at

25 - position 1429 of the native sequence has been mutated to Ile.

In particﬁlar, the yeast expression vector used was pBS24.1, described above.
Plasmid pd.hcvlans3ns4aPl, which encoded a representative NS3/4a epitope used in the
subject immunoassays, was produced as follows. A two step procedure was used. First,
the following DNA pieces were ligated together: (a) synthetic oligonucleotides which
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47 1 4 DEC 2004 WD 01/96875 Table 5 HCV Seroconversion 5 10 Days 0 4 7 13
1 0.

18 21 164 Abbott PRISM 0.1 0.1 O.
Roche Anmplicor Gen-Probe

10

15

20

25

30

3 Otho 3.00.00.00.007%04,

WO 01/96875 PCT/US01/19369

would provide a 5' HindlI cloning site, followed by the sequence ACAAAACAAA, the
initiator ATG, and codons for HCV1a, beginning with amino acid 1027 and continuing
to a Bgll site at amino acid 1046; (b) 2 683 bp BglI-Clal restriction fragment (encoding
aminoe acids 1046-1274) from pAcHIL Tns3ns4aPl; and (c) a pSP72 vector (Promega,
Madison, WI, GenBank/EMBL Accession Number X65332) which had been digested
with Hindlll and CfaI, dephosphorylated, and gel-purified. Plasmid pAcHLTns3ns4aPl
was derived from pAcHLT, a baculovirus expression vector commercially available
from BD Pharmingen (San Diego, CA). In particular, a pAcHLT EcoRI-Pst vecior was
prepared, as well as the following fragments: EcoRI- Alwnl, 935 bp, corresponding to
amino acids 1027-1336 of the HCV-1 genome; Alwnl-Sacll, 247 bp, corresponding to
amino acids 1336-1419 of the HCV-1 genome; Hinfl-Bgll, 175 bp, corresponding to
amino acids 1449-1509 of the HCV-1 genome; Bg/l-Pst1, 619 bp, corresponding to
amino acids 1510-1711 of the HCV-1 genome, plus the transcription termination codon.
A Sacll -Hinfl synthetically generated fragment of 91 bp, corresponding to amino acids
1420-1448 of the HCV-1 genome and containing the PI mutations (Thr-1428 mutated to
Pro, Ser-1429 mutated to Ile), was ligated with the 175 bp HinfI-Bg/t fragment and the
619 bp Bgll-Pst] fragment described above and subcloned into a pGEM-5Zf(+) vector
digested with Sacll and Psfl. pGEM-5Zf(+) is a commercially available E. coli vector
(Promega, Madison, WI, GenBank/EMBL Accession Number X65308). After
transformation of competent HB101 cells, miniscreen analysis of individual clones and
sequence verification, an 885 bp Sacll-PstI fragment from pGEMS5.PI clone2 was gel-
purified. This fragment was ligated with the EcoRI-4/wnl 935 bp fragment, the Alwnl-
Sacll 247 bp fragment and the pAcHLT EcoRI-Pst] vector, described above. The
resultant construct was named pAcHL Tns3ns4aPl.

The ligation mixture above was transformed into HB101-competent cells and
plated on Luria agar plates containing 100 pg/ml ampicillin. Miniprep analyses of
mndividual clones led to the identification of putative positives, two of which were
amplified. The plasmid DNA for pSP72 1aHC, clones #1 and #2 were prepared with a
Qiagen Maxiprep kit and were sequenced.

Next, the following fragments were ligated together: (a) a 761 bp HindlI-Clal
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TVA Otho Ag 0.11 PCT/US01/19369 Chiron Ag/Ab 48 14 DEC 2004 WO 01/096875
PCT/ US01/ 19369 Table 6 HCV Seroconversion 5 10 15 Daysl Abbottl Ot hol
AnRoche plicorl Gen TMAhe | OrthoAg/Ab 0 10.11 0.0 IBLDO.11l 0.5 13011 @F9>fot
X 10544. 010 wO@1A268787?5 - t24.21.3 220.30.0x COs, .29.27 7777 RCT/LR01/19369
85544BQR0O. 063 ,.r 131BQRO.09 135.',,4.7:.0.09 138:.:4.'1-0.08 1465.4

70. 1121 15275.2-'."':fBQRO. 071 EXAMPLE 2 Production of an NS3/4a

Conf or mat i ondtagient fpm pER712HG# 1t(SPTD 12kd vesgeneyatell dydigstng tapethenthe2o A
conformationgly, eol t oRE ] o heh had blarai0%a NEf ARalChld¥en, sJlRuEP! tope has
oligonucleotides which would provide a 5° Hindlll cloning site, followed by the
sequence ACAAAACAAA, the initiation codon ATG, and codons for HCV1a,
5  beginning with amino acid 1027 and continuing to a Bg/Il site at amino acid 1046, and
a 683 bp BglMl-Clal restriction fragment (encoding amino acids 1046-1274) from
pAcHLTns3ns4aPl); (b) a 1353 bp BamHI-Hindlll fragment for the yeast hybrid
~ promoter ADH2/GAPDH; (c) a 1320 bp Clal-Sall fragment (encoding HCV1a amino
~ acids 1046-1711 with Thr 1428 mutated to Pro and Ser 1429 mutated to Ile} from
10  pAcHLTns3ns4aPl; and (d) the pBS24.1 yeast expression vector which had been
digested with BamHI and Sall, dephosphorylated and gel-purified. The ligation mixture
was transformed into competent HB101 and plated on Luria agar plates containing 100
pg/ml amnpicillin. Miniprep analyses of individual colonies led to the identification of
clones with the expected 3446 bp BamHI-Sall insert which was comprised of the
15  ADH2/GAPDH promoter, the initiator codon ATG and HCV1a NS3/4a from amino
acids 1027-1711 (shown as amino acids 1-686 of Figures 4A-4D), with Thr 1428 (amino
acid position 403 of Figures 4A-4D) mutated to Pro and Ser 1429 (amino acid position
404 of Figures 4A-4D) mutated to Ile. The construct was named pd.HCV1a.ns3ns4aPI
(see, Figure 5).
20 S. cerevisiae strain AD3 was transformed with pd. HCV1a.ns3ns4aPI and single
transformants were checked for expression after depletion of glucose in the medium.
The recombinant protein was expressed at high levels in yeast, as detected by Coomassie
blue staining and confirmed by immunoblot analysis using a polyclonal antibody to the
helicase domain of NS3.

25
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the sequence specified in Figures 4A through 4D and differs from tihepragiye
sequence at positions 403 (amno acid 1428 of the HCV-1 full-1Iengt
sequence) and 404 (amno acid 1429 of the HCV-1 full-1length sequence).
Speci fical | yYWoth&eghr normal |y occurring at position 1428 of pchaysnaidzee
sequence has been nutated to Pro and Ser which occurs at 25 position 1429
of the native sequence has been nutated to Ile. In particular, the yeast
expression vector used was pBS24. 1, deMﬂ.ﬁbove Pl astid

pd. hcvl a. ns3ns4aP1, which e 4a epitope used in
the subject i munoassays, e Fateet 6 BNt ep procedure
was used. First, mmyhhemgnmape;ﬁfo&mg Ewa& fMoWRIS! P&EvisiaBhells
synthetic oli gonucl eoti des which 49 C 2004 WO 01/96875

PCT/ USQl / 1936®m M%e@rwn@thal\@%’% epdtiopt wetemvestesi asalesdriiedahede. byhd he

i tham fo acPi 162 ruanebih biiger 9 mibhet SEYE ol mifnatud raﬁ‘i%h%”',(b)

a 683 bp BgLh-rfhEPMSES b OER eGSR 589D J(%&
from pAcHLTns3ns4aPI ; 1JMC&BSJ[H ve ?Pro ga 5 %%I s11 W%ﬁ
GenBank/ ENBLAA(BaehsﬁonnBMmﬂ;tﬂamtﬁéﬁ%&)Z)r eqbwalenh@atﬂmumhggiassdtbadwat hretﬂlcmﬂ |1

d d d d I d '
Gori ved | romi AL R Buff ?&%ﬁs}a@éﬂ or e Fissteoutesnirizbimct M § Edora abi e

from BD Phar plipgene é%ﬁ&lt@ ﬁn’J et s biuid Btm@frﬁb‘t\%ﬁ%s’%%& Erélﬁ%h
vector was prepared, as as t WI ng ragrrents EcoRI -~ Al wnl',

bp, cord€spobd ng(ﬁtrul/g @taalmelﬁcpeﬁcu weiglt) zﬁd 13326d of ravheterPeraturg doolfemin. The

Genom: i n, Atk BiPr Coppstst hmM FBRPHEE 0o SH e las i Prppsapiasiiage’
the HCV-1 genp®; gieekbr, 'BSGS'% obth P liBosi€Q1BRPEDFANG rhiX PMARENG, 1%&«%;;%%?:[?[11711

of the HCV-1 genone, plus the transcrl ption ternination codon

- Hi nfl synt hedM dsupeptimeQell detets Wasgneved by c@ﬂtnﬁ;ganomatliﬁpﬁrxcg fog 30Dom@mmt no
acids 15 142Q-14 of the HCV- eno nt g the Pl nutations
(Thr-1428 rrug gj fﬁ'&?“p?‘r"ﬁtaﬂ@é’?s é‘ﬁ‘g@dﬂfﬂ%ﬁ‘gﬁlpgﬁﬂﬁa was |ligated with the
175 bp Hisnf |- Bgll proREIwR exdifdtedom chdiRt ﬁ%lm%tls:ﬁﬁ Rtiof BegE Wad
above and subcloned into a pGEM 5Zf (+) 'vector digested with Sad and Pstl.

PGEM 57f (+) irdded awimeeked atlrbymasmperatrefdE 15cuni The extractiogPudiee gensidedtioSHh,

compet ont. BT T PE SUnt MO doh raaT etcap(Bptiaig D0t et oh B T 1

mM PMSF, 0.1 uM pepstatin, 1 pM leupeptin. This was centrifuged at 30100 x g for 30

min at 4°C. The supernatant was retained and ammonium sulfate added to 17.5% using

20  the following formula: volume of supematant (ml) multiplied by x% ammonium
sulfate/(1 - x% ammonium sulfate) = m! of 4.1 M saturated ammonium sulfate to add to
the supernatant. The ammonium sulfate was added dropwise while stirring on ice and
the solution stirred on ice for 10 min. The solution was centrifuged at 17700 x g for 30
min at 4°C and the pellet retained and stored at 2°C to 8 °C for up to 48 hrs.

25 The pellet was resuspended and run on a Poly U column (Poly U Sepharose 4B,
Amersham Pharmacia} at 4°C as follows. Pellet was resuspended in 6 ml Poly U
equilibration buffer per gram of pellet weight. The equilibration buffer consisted of 25
mM HEPES pH 8.0, 200 mM NaCl, 5 mM DTT (added fresh), 10% glycerol, 1.2 octyl

glucoside. The solution was rocked at 4°C for 15 min and centrifuged at 31000 x g for
30 30 min at 4°C.
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sequence verification, an 885 bp Sac][[-Pstl fragment from pGEM5. Pl cl one2
was gel- purified. This fragnent was |ligated with the EcoRL-A wn 985 16t
fragnent, the Alwnl- Sacl| 247 bp fragnment and the pAcHLT EcoRl Pstl

vect or, desowplgdssabove. The resultant construct was nanmed pAsttdasgpsdaPl .
25 The ligation m xture above was transforned i nto HB101-conpetent cells
and plated on Luria agar plates containing 100 }rg/m anpicillin. Mniprep
anal yses of i ndi W HollUebhings(ll Mlrebion geb grantigait ipbllaatdighn) ofas prapatedy @ inear
positives, two of which were anplified. The plasmid DNA for_ pSP72 | aHC,
clones #1 andlowprajgeyas of ewdiraad nreking lowralgerasNGR ppiet) kbrafge gelpgm was

761 bp. ri ni FRCRparekH R PEES PP RS sl ARG DI el
from pSP721alshifaté pell @I Adohdddenitbthedqidibedtalcdiymhi Thticolninges Weshetihe
foll ow ng: pSP72 which had been digested with H ndf and C al, synthetic

ol i gonucideot ibasdlingyidhtbgsqnidibpmiionibyienas! prpfeimieiptedsyighg Agp siution 1 819 owed by

5 begi nni ng WPLRVRRTRY Lestbihubitien 2 B HERERAES, 1 U S T Lided ®
acid 1046, anmgkshp 16%93108erBl12 odt1adudoside! ICohirRielaRIVEYun CRFBBIPAGREN NO

aci ds 1046-1274) from pAcHLTns3ns4aPl); (b) a 1353 %p Bar Hl - H n&H f ragnment
for the yeast(Cagipessit stpmediansraliqppis/foapDrrd ftered 4t 48976 bihearesensyof the agnent

Ser - 1426 mut dveiTe SResfateRy Neanebhibh abbe i ol Ahisedulpedal ol
expressimn Veghidkt WOINT3 hottabe@iinaifl 6@ 8 heMovlohsl Zabblly agiinsbetid 5-1-1 epitope

dephosphoryl ated and gel purified. The ligation mxture was transforned
into conpet edHG¥B48)1 and plated on Luria agar plates containing 100 g/n

anpicillin. Mniprgp.anal.yses _ of individual l.oni : . '
i dentification of E@q@%@ﬁ&w{%eﬁgn@%e&ctﬁggy %’%ﬁ%‘%‘%tﬁéégeryﬁ\r{"%ﬁt‘ﬁ?‘ﬁcﬁ%%“r ¥ whi ch
was conpri sedofibwt.NBn IS ADPZARB GSOVIVERIVLBEKIPHIIPRKY and dttoanAlé& and
HCV 1 a NS3/4a fromam no acids 1027-1711 (shown_as am no aci ds 1-686 of

Fi gures 4A- 4Dpentaing theNS34agopiamnaernabenitepporsreidditedon 981! pf gaeten ko)

e 0 P s AR ARt el
Maltoside, S mM DTT) and allowed to mix for 30 minutes at room temperature. 90 pl
of the mixture were added to a microtiter plate (Costar, Inc., Coming, NY) and 10 ul of
HCV substrate (AnaSpec, Inc., San Jose CA) was added. The plate was mixed and read
on a Fluostar plate reader. Results were expressed as relative fluorescence units (RFU)

20 per minute. -
Using these methods, the product ofthe 1 M NaCl extraction contained 3.7

RFU/min activity, the ammonium sulfate precipitate had an activity of 7.5 RFU/min and
the product of the Poly U purification had an activity of 18.5 RFU/min.

25 EXAMPLE 4
Competition Studies
The foliowing competition study was conducted in order to assess whether the
NS3/4a conformational epitope detected different antibodies than other HCV antigens.
In particular, the NS3/4a antigen was comopared with the c200 antigen as follows.
30 0.5 pg and 1.0 pg of NS3/4a, produced as descnibed above, or ¢200 (Hepatology
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(see, Figure 5). 20 S. cerevisiae strain AD3 was transformed w Rngﬁ@ﬁv 1
a.ns3ns4aPl and single transformants were checked for expressi

depletion of glucose in the nmedium The reconbi nant protein was expressed
at high | evelws dinsymast, as detected by Coonassie bl ue stainipgg/&n§19369
confirmed by inmunobl ot analysis using a polyclonal antibody to the

hel i case domain of NS3. 25 51 1 4 DEC 2004 WD 01/96875 PCT/ USO / 19369
EXAMPLE 3 - Ru99Z)ilcaty-2f avhilaiiSindthe QR‘I!fH)@IHﬁ:Wo\ﬁahioEdi ® BEpiS ATestNBSa81eta, Ortho-

f | fied | | S. i gi | |
EESV? epr o ST NRE NS5 ok S5 Fesei) e Rt o8 of FaaleAHOVA1 £The
5 | 1
o Eoma, "1 G BRBISAGp B e Rt od B ot g 266
Dyno-M 11 (\Vaiplithé by2200ul (Ba@PBSpﬁThdiﬁﬁv&bmx&thwaltM} lmbuﬁﬂlmﬂbad)\eélls at

apparatus_using glass beads, at a ratio of ~1:1:1 cells:buffer:0.5 nm glass
beads. The |y8§a€e The Snizaise s @tg@draaﬁfea@d@oNﬁ%%f@at@a)lam ?P(hlﬂcnbf@%ﬁl!  he

pel | et conta e added to wash 10
buffer (6 rri gtaﬂb eﬂ%%%) Ee\?’%ﬁagﬂ@#%ﬁ% @Hgﬁg roomtenperature for
15 mn. The wash by Bfezmpﬁﬂj o8h 0ds alldiGo iy NP 4mpld 1&{091&5 iB aWbpGhlunfe MM
P- mer capt oet hanol , 0% gl ycerol 0. 05% oct vyl %I ucosi de, mv EDTA, 1 mM

PVSF, 0.1 M wef@b@@ttzw nla Theihiatyse pres incubeied fote bihoyr mm@ﬁwélcatay"c and 200

trif t 4C. Th
i scar ded and B EER do o saPlreiatelstes? Cios T/ R BRI b ERBHE e | o
as fol | ops. @7”1:/ P14 ﬁ@&tw&ﬂe@ﬁ% fifneVaith PP, @rl(% TR 20220099 B
temperature for 15 mn. The extraction buffer consisted of 50 nM Tris pH

8.0, 1 M NaClconfigatd soButiver(desstibed #znve) wetkOaddgilyanertbe platesrinebaed, and assayied.

or 30 min Giomet YhenoBeredPERR Vida-y i) ARk Rl vty 2R rhuio
to 17.5% using aB@vd he fol lowi ng fornula: volune of supernatant (nl)

mul tiplied by x% ammonium sulfate/ (1 - x%amoniumsulfate) = m of 4.1 M
sat urat ed ammoni unRewlts atesshpenandable 7. tReecent pevibitioamesulty SeovaninoeilumosiAreat e

was adde& dr OcpaYgu?a%e&l@s colurnn X |3rnr1fnﬂg (co[l1 59 & nged by columm 3 times 100). As can be

seen; the data show that NS34a is neutralized by early seroconversion antibodies and
¢200 is not. A strong signal was achieved when antibodies in PHV914-5 c33c early
seroconversion panel member reacted with the NS34a coated on the plate. The c200
antigen was not neutralized by these antibodies. This is shown in the top panel of Table

20 7. When NS34a was mixed with the PHV914-5 sample, it was neutralized and therefore
no antibodies were present in the sample to react with NS34a that was coated on the
microplate. The data indicate that NS34a may be detecting a different class of
antibodies than is detected by c200.
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the solution stirred on ice for 10 mn. The solution was centrifuged at

17700 x g for 30 mn at 4 C and the pellet

retained and stored at
C for up to 48 hrs 25 The pellet was resuspended and run on a Poly

1 06 e

(Poly U Sepkan 9s8ss48, Anmersham Pharnacia) at 4C as fol | ows. geidi€51/198&
resuspended in 6 m Poly U equilibration buffer per gram of pellet weight.

The equilibration buffer consisted of 25 nmM HEPES pH 8.0, 200 MM NaCl, 5

nmv DIT (added fresh), 10% gl ycerol, 1.2 octyl
rocked at 4C for 15 min and centrifuged at 31000 x g for
WO 01/96875 PCT/USOl/19369 A Poly U colum (I
At e was 60 cnl hr

: equi | i brat ed
sspended anmoni um
ghe col um was
gEotein eluted with
23 nM HEPES pH 8.0,
gl ucosi de.
d aliquots frozen
Was confirnmed by

i nst the NS3
'2-1 epitope (HCV

‘ore#] during

qesVVYVGRIVL GKPAIIPKK) and
were diluted in

0.5 mM EDTA,
wd&lmmdtomx
% were added to a

52 1 4 DEC 20
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Usi ng these methods, the product of the 1 M NaC extraction contained 3.
RFU mn activity, the ammni um sul f at e preci pitate had an acti vi tl/h(ﬂfﬁ??ﬂ[ﬁ
RFU m n and the product of the Poly U purification had an activity of 18.5
RFU/ m n. 25 E8MBEdEs4 Conpetition Studies The foll ow ng conpeciiusimyshudy
was conducted in order to assess whether the NS3/4a conformational epitope
detected different antibodies than other HCV antigens. |In particular, the
NS3/ 4a antigen was conpared with the cBXAMBEEgen as follows. 30 0.5 }ig
ed

and 1.0 lig of NS3/4a, prgdL %200 ( Hepat ol ogy 53
1 4 DEC 2904 WD 01/ 96875 FEH 5 EPEYBY | able in the

-~ s A 1) HOTH
ORTHO HCV Ver si on 1% é@s@b&l@%of@@ﬁsta‘iﬂﬁ ﬂ}%@ﬂl‘a egtb?éefbadss PEORIANES the

Raritan, New Jersey), were mxed wit of sa PHV914-5 (an early
ser oconver si dellovies dudytedsidote ta mmgmsdﬁaelmmmceeacamtyndrsusdmw it rooma

t ot al vIu 0 S cubated for 1 hour in
m cr owel I%s at 1@%% %@‘ﬁf‘;ﬂ‘{??seg% e[ﬂg??ﬁ‘f‘ \’rﬁi O3t Fygeom derpperaiite

pl ates and i padBRharbzERkt thierPAl hs lovAy i T4RIES emmaﬁw&éb@ge@&%ﬂ aaﬁ%fy as
follows. 1 g of c200 antigen was added to 10 | of sanple PHV914- 5 I'n

total vol urreandtcswld@gamwl&rdearhjﬂéSMchwmempanclsbat ed for 1 hour in a
mcro well at 37C and t n.NS3/ 4a-coated plate (100
ng/ assay) and i ncdb4rB efsﬁ?n‘f é(ﬁ‘ ﬁ% é"?"é‘oqﬁq ‘éP@ESWPénaé@HE@(’f‘?a%“H nmes

.OI’

with 1 x PBS e 20 addfith hl&ﬁﬂ
above) were ggg}g%lse{?r{d th% %I at esdi ncu tat e ggg%/)g%?{?%%ﬁ%%&

consi st éd of uﬁmma&nat)d | x PBS (vmthout antl gen) were also treated as
above. Results ar?‘&}‘tg Tab . Per ent %bltl n results shown in
colum 4 are E‘T%‘P@ RZ ﬁﬂﬁ’ﬁ"’?n ﬁ%as( dewim Dvasanteeatignak ol um 3

tinmes 100). ASorklRnReintibE&Rs i€ a & W b s Pk&ceaﬁféwér{: élgalaigwed

early seroconversion antibodies a c200 1 s not strong signa
achi eved wheroranti-BOY eslyi mrd@bmaoﬁ padds. Back WS3d4x delsrware sicoed planem

nmb d h t he. NS34 d 20
ot meut ral | OB BRSPS e R bows de ST B8 e §opEmBAres
Tabl e 2057. \Ah9Bs NStAReMA an @b feddily HRGEEM B et St Bve! ReWAR suggested

neutralized and therefore
that the two monoclonals were indeed conformational and their reactivity was sensitive

to the handling of stock NS3/4a antigen at room temperature. The reactivity of a

positive control monoclonal antibody did not change.

20
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no anti bodi es were present in the sanple to react with NS34a that was

coated on the mcroplate. The data indicate that NS34a may be detecty ngE%m
different class of antibodies than is detected by c200. 54 1 4 DEC

01/ 96875 r- wep1/RshAUSO 1 /19369 N v 55 1 4 DEC 2004 WO 01/ 9687A1s01/19369

PCTI USOL/ 19369 EXAMPLE 5 Stability Studies of NS3/4a Conformational Epitope
To assess the role of stability of the NS3/4a epitope to assay performance,
the followi ng study was done to determne NS3/4a imunoreactivity versus

time at room % trenrsraty ere allowed to
sit at room tenpeKcat Ure oZen dt in as- shown in Table 8.
Al vials were gcgt%dos' y {cAed d igSlest nst two early NS3
seroconver si on {gageiso |4 ‘ erjdim (Gl g5 | NS3/ 4a $tock is not
stabl e and i nmj&digaagt ifvil Isds wilt hi t Ehddi tion| maintaining
NS3/ 4a conf or nat i|8n ils InciSoasEEriidr | 10 | nhufs ity: Further
stability studifed Jerle [cdndudt dd [ad flolT oms| [Twb Eohf prfati fnal  nonocl onal
ant i bodi es nade egeicn%t NS3/ 4 3. g ist: F di pr oceduf es welhgisubstituted
for anti-HCOV eaﬂ?%@&%é—;%%ﬁb}a %}%n S:{gg 4h vial $hlere stored at
room tenperaturg gt tijmg intlerival § 3, © and 24! hpurst The N&3/ 4a fromthe
frozen vials wgs |19 cloat ed tati 90 ing/ and nsbayed using the procedure
descri bed abovd. |Resul tls 'sugdgestdd | tlhhat fhe twb hopo¢l onéal $ were indeed
conformational (and ftdielj react|vi was: sensitiyei tojthe hagdling of stock
NS3/ 4a antigen & !4'% @i@é} ﬁ’;g T%i%i%i@h{, a posTive control
nmonocl onal antib#dy d not chang‘e. ; LT
i '
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F
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20 56 1 4 DEC 2004 WD 01/96875 | PCT/USQO /19369 57 14 DEC 2004 WO Of 968760k
PCT/ US01119369 EXAMPLE 6 | mmunoreactivity roof NS3/4a Confornational

Epi tope Verus Denatured NS3/4a The inmunoreactivity of the NS3/4a

conf or mat i onaO epddspe, produced as described above, was comgnegsdiQezes
NS3/ 4a whi ch had been denatured by adding SDS to 5 the NS3/4a

conformati onal epitope preparation to a final concentration of 2% The
denat ured NS3/4a and conf ormati onal NS%XAMZIHJFE coated onto mcrotiter

pl ates as descrirheq above
available in the

Di agnostics, Rarit@he 1mﬁ{%%r1:§5t$\§ OWN@b% cﬁ%}ﬁQtl&ml Qﬂ]% ?fddtggéd pl ates.

The ¢c200 anti en was used as a 10 conparison It
non- conf or mat bedﬁlfe)veowam@mpastétmNSMaménh]ndnad@,:eeﬁ@&ﬁﬁtm(eﬁ)’ﬁ?)ad SDS to

det t t Th t t teste t
two_ear y> HOE NS Gt eargal@nione P%ﬁe%r‘éﬂ?éﬁ %Mnﬁw“a?oéa@%@ﬁg?' ™
avai | abl e hungghaRlre@NSS AIRNAS ohfdtifa ﬁ@lﬂl L3420 %Bﬁt@q.ohﬁ') %Elt%latgea 8%

Bridgewater, MA). The results are shown In
t hat the denad&spebledﬁbolvenéhemzwaﬁt(gem(ﬁfep&d&&gﬂ@ls(%$IMDlzsaavﬁ&B&)mdﬁ@s not

det ect I i I t he NS3/ 4 f t I
cpi tope. 58 TORTHD Hod Viusion P 085 et Seashon19obo (sl boaenostic Reviad
NS3/ 4a ' Spi kedewSeSB Wi ms&%&ﬁémﬁ%&ﬁﬁwm ©60 AP RSB 48, ¢200

10 companson it is presumed to be non-conformational due to the presence of reducing

epat ol 09y (1992) 15: 19- 25,
af Lpptope Verns Denatimed NS3/ac 5|

agent (DTT) and detergent (SDS) in its formulation.
The immunoreactivity was tested against two earty HCV seroconversion panels,
PHV 904 and PHV 914 (commercially available human blood samples from Boston
Biomedica, Inc., West Bridgewater, MA). The results are shown in Table 9. The data
15 suggest that the denatured or linearized form of NS3/4a (as well as c200) does not detect

early seroconversion panels as early as the NS3/4a conformational epitope.
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ODODODs| co s/ cos/ co HCVPHY 904-1 0.0120.0120.0 990. 02 0.020.01
Ser oconver si onsPHVY 904-2 0.0110. 0090. 0080. 02 0. 010.01 PHV 904-3 14 DEC 7004
1.1240.0710. 0450. 110. 07 PHV 904-4 2.4010.2730.1290. 440. 21 PHV 904- é‘

3. 0220. 7930'\%(3%%9632’? PHV 904-6 2.7111.4720.774 PHV 904-7 3. 294k,86QQ:%434 .

PHV 914-1 0. 40. 0010. 01 0. 010.00 PHv 914-2 0. 0050.0040. 0020. 01
0.010. 00 PHV 914-3 0.098 .0.0030.0010.16 0.000.00 PHV 914-4

1. 1180. 0060. 0040. 010. 01 PHV 914-5 2. 0350. 0440.0220. 070. 04 PHV 914.6
2.0920. 0740. 0250. 120. 04 PHV 914-7 2.5190. 2810. 1320. 450. 22 PHV 914-8
2. 7460. 9070. 5000. 82 PHV 914-9 3. 0841.7300.931 HCV 3. ONeg. Cont.

0. 0230. 0240008 Cont KOi/FNRTadrlilled NEalZ 70.J024T. 007 Neg. Cont. 0] 0210 0L/0.0
average (.024070220. %ke@ﬂ%@ﬂs st fgad40. 607 {Pas. Cpnt. -
1. 2390. 9G30- 575199117450 95 N3Bhs T GRRb/aa-1- 249 9160. 6 1A Aal| dNEBIAL] 200
oD oD QD sico s/co sico
HCV PHV 9041 0.012 0.012 0.009 0.02 0.02 0.01
Seroconversions {PHV 804-2 | 0.011 0.009 0.008 0.02 0.01 0.01
PHV 804-3} 1.124 0.071 0.045 : 0.1 0.07
PHV 804-4 2.401 0273 0.129 : 0.44 0.21
PHV S04.5 3.022 D.793 0.347 / B 0.57
PHV 904-6 2711 1.472 0.774 B ]
PHV 804-7 3.294 1.860 0.943 ] Zie)e
PHV 914-1 0.006 0.004 0.001 0.01 0.01 0.00
PHY 914-2 0.005 0.004 0.002 0.01 0.01 0.00
PHYV 914-3 0.098 | 0.003 0.001 0.16 0.00 0.00
PHV 914-4 1.118 0.006 0.004 : 0.01 0.01
PRV 914-5 2.035 0.044 0.022 : 0.07 0.04
PHV 8146 2.092 0.074 0.025 35 0.12 0.04
PHV 914-7 2.519 0.281 0.132 ! 0.45 022
PHV 914-8 2.746 0.907 0.500 0 45 6 0.82
PHV 914-9 3.084 1.730 0.931 D
HCV 3.0 Neg.Cont. 0.023 0.024 0.008
Controls Neg.Cont. 0.027 0.024 0.007
Neg.Cont. 0.021 0.017 0.005
average 0.024 0.022 0.007
cutoff 0.624 0.622 0.607
Pos. Cont. 1.239 0.903 0.575 1.89 1.45 0.95
Pos. Cont. 1.445 0.816 0614 2.32 1.47 1.01
]
TABLE 9
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TABLE 9 59 1 4 DEC 2004 WO 01/9687 PCT/USQ /19369 | munoreactivity of the
conf ormati onal epitope was al so tested using nmonocl onal antibodi es!&&EC 7004
NS314a, made using standard procedures. These nonocl onal antibodies were
then tested iwighiresslr-| SA format agai nst NS3/4a and denat ur ed AR Uﬂﬂﬂ)
c200 antigen. The data show that anti-NS3/4a nonocl onals react to t%e
NS3/4a and 5 denatured NS3/4a in a simlar manner to the seroconversion

panel s shown in Tahhﬁxuia@reactﬁhiﬁoﬂt&@éﬁﬂfoﬁﬁaiﬁn@[%Ytbﬂ@@a&'dfsbhg%%ﬁg%iﬂgnce t hat

the NS3/4a is conformational in _nature as - nonocl onal anti an be
made whi ch ar Bospeppa antihodiesiotVY3/¢3, malerusegedaridprd@Bcedisey. Ctlenw ercioolonal

panels . 10 15 .20 .25 Tabl.e 10 P at 43 dNS3/ 4a 0 . Monocl onal ODODOD 4B
b7 E31: 1001, s2RuTRIR34Ee g@“i‘?ﬁ?ﬂd@fﬁ%@%@%@@ﬂé&@‘@ o ambdenatured NFa¢a
1:200000. 607 a4 2BBQnBEEn. The data show that anti-NS3/4a monoclonals react to the NS3/4a and

5  denatured NS3/4a in a similar manner to the seroconversion panels shown in Table 10.
This result also provides further evidence that the NS3/4a is conformational in nature as

monoclonal antibodies can be made which are similar in reactivity to the early ¢33c¢

seroconversion panels .
10 Table 10
Plate
NS3/4a  dNS3/4a c200
Monoclonal OD oD OD
4BYS/E3 1:100 1.820 0.616 0.369
15 1:1000 1.397 0.380 0.246
1:10000 | 0.864 0.173 0.070
1:20000 |0.607.. .|0.116 0.085
5B7/D7 1:100 2.885 0.898 0.436
1:1000 2.866 0.541 0.267
20 1:10000 | 1.672 0.215 0.086
1:20000 | 1.053 0.124 0.059
1A8/H2 1:100 1.020 0.169 0.080
1:1000 0.921 0.101 0.043
1:10000 | 0.653 0.037 0.013
25 1:20000 | 0.337 0.027 0.011
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5B7/ D71: 1002. 8850. 8980. 436 1:10002. 8660. 5410. 267 1: 100001. 6720. 2150. 086

1: 200001. 0530. 1240. 059 1A8/H21:1001. 0200. 1690. 080 1:10000. 9210. 101Q.1¥4¢370,
1: 100000. 6530. 0370. 013 1:200000. 3370. 0270. 011 60 1 4 DEC 2004 WD 01/96875
PCT/ USQl / 19380 oAwevsdi ngl y, novel HCV detection assays have bepewudisebased.
Fromthe foregoing, it will be appreciated that, although specific

enbodi nents of the invention have been described herein for purposes of

i |lustration, varittesrdioglys nevel HEnS detastidreassapdievobednadisclasedi dromdghd r om t he

spirit and s e of the disclosu erein. 61.1 4 2004 01/96875
PCT) USo11 10300t Beite thavil beARPRRHI B, ByPtusp ity FaPhtiimiy PR E b act
one hepatiti $aGe Bbéﬂ@escﬁl'i@ﬁerﬁﬂ%r;ﬁﬁ%&e@ﬂfilﬁ@ﬁé‘ti(ﬁﬂ@m%us' R88ifcAMhsine Sl vt ed
HCV NS3/ 4a epitope bound thereto. '5 2. The immunoassay solid support of
claim1, conpnads wighautt dewating from thespitibend sepe of thetdissdeliueshdéroinnd t her et o.

3. The igyunoassay solid support of claiml1l, wherein said at |east one
anti-cor 10 antibody is directed against an N-term nal region of the HCV
core antigen. 4. The i mmunoassay solid support of claim3, wherein said at
| east one anti-core antibody is directed against am no acids 10-53 of HCV,
nunbered relative to the HCVI pol yprotein sequence. 15
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5. The i mmunoassay solid support of claim1l, wherein said at |east one
anti-core antibody is a nonoclonal antibody. 6. The im"runoassayﬁqui[;d%gm
support of claim1, wherein said NS3/4a epitope is a 20 conformtiona

epi tope and Wengris8#s t he am no acid sequence depicted in Fi gpegaishfrogy.
7. The immunoassay solid support of claiml1, further conprising a nmultiple
epi tope fusion antigen bound thereto. 25 8. The i nmunoassay solid support
of claim?7, wherein said nultiple epitopeClaidsi on anti gen conprises the
am no acid sequence depicted in Figures 7A-7F. 9. An immnoassay solid
support conprising two hepatitis C virus (HCV) anti- 30 core nonocl onal

PEC 2004 > 01/ 960 ran i SR BT e on iRl B IR B BtV —
Fi gures 4A- AMH@Oyadi-téreraatibodyldhd at st SR8 RIARIIICY XS TS eRPE boid ﬁle_?ét&] 9,

wherein ssaid two anti-core antibodies are directed against an N-term na
regi on of* the HCV core antigen. 5 11. The i mmunoassay solid support of

claim 10, wherein sai - COR: anti bedi es.are directed ai am no
erue 10055 ot HoE T IR AR N suBRbl PGy Yot iR O BTy 2
10 12. An i moroasitadies®oud SitpRert conprising two hepatitis C virus (HCV)

anti- core nonocl onal antibodies, an HCV NS3/4a conformati onal epitope
conprising the amno acid sequence depicted in Figures 4A-4D, and a

mul ti ple epitope fusikOn..antigen ¢ ri sing.t.he am no aci d, sequence .
depi clto ed iP\ Fi gur eés! inﬁg ]f%:,n"‘B A § g%@?%‘.’rt %%di’é‘.‘ ?Awﬁ‘g?’i‘i‘c?aldo‘?ﬁ%’éf%‘tﬁt@wgcom
hepatitil) C \dntibsdy @¥ectedl @ainsOsh theﬁihhlf&le?ﬁ:g%@lthe HeNofe aﬁzg'eﬁ met hod

i o)

conprising: (a) providing an i mmunoassay SO support according to claim
1; (b) conbining a biological sanple with said solid support under

conditions which al{ow HCV antige and antibodies, when. present in the
bi ol ogi cal sanpl e,iﬂ!tri(;l(‘i)e %mﬁ??ﬁis‘f o Oil@isgpﬁ?’%f’t‘ﬁg‘@ é’n‘@hgﬁltni S—‘"é’g‘i’tgeaé‘n??%%?c%{ﬁd
-~ sai d NS3/4a eptibo@eis diReRAGKRE! dnino acids 10-53 of HCV, numbered relative to the HCV1

polyprotein sequence.

15

5. The immunoassay solid support of claim 1, wherein said at least one anti-core

antibody 1s a monoclonal antibody.

6. The immunoassay solid support of claim 1, wherein said NS3/4a epitope is a

20 conformational epitope and comprises the amino acid sequence depicted in Figures 4A-
4D.

7. The immunoassay solid support of claim 1, further comprising a multiple
epitope fusion antigen bound thereto.
25

8. The immunoassay solid support of claim 7, wherein said multiple epitope

fusion antigen comprises the amino acid sequence depicted in Figures 7A-7F.

9. An immunoassay solid support comprising two hepatitis C virus (HCV) anti-

30 core monoclonal antibodies and an HCV NS3/4a conformational epitope comprising the
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(c) adding to the solid support fromstep (b) under conplex formng
conditions (i) a first delectably |abeled anti body, wherein said first
detectably | abel ed antibody is a detestably |abeled HCV anti-core 14 DEC 2004
ant i body, whewedwssz d | abel ed -anti-core antibody is directepcpgainsbsa
different HCV core epitope than the at | east one anti-core antibody 25
bound to the solid support; (ii) an antigen that reacts with an HCV

anti body fromoime acid sehogicealeptodih EigreactA-¥D, hoilrd thadeth. NS3/ 4a epi t ope; and
(itii) a second delectably |abeled antibody, wherein said second detectably
| abel ed antibody is reactive with the antigen of (ii); (d) detecting

conpl exes fornmed bgj : | ' y [ . an
il cati on of HOV i St Tan KGR SRR A el 4o sg, o
01/ 96875 PCT/4u86bdit9 aeAifieéted Haainsednidemiina region dBtheMiEV ebre &aigen.at | east

one anti-gcore antibody is directed against an N-term nal region of the HCV
core antisgen and said detectably |abeled HCV anti-core antibody is

directed agai nst & IC_:\-A—){[;% M%O&E%Q) S?HF glgpé}oﬁeofléa(mcﬂ gxh@fétiﬁ %?(:jl 5‘8 ‘g ja/ﬂt?' S Or'le'he

met hod of claim 14, ern sard-a t one anti-Zcore an

di rect ed agaiantibodins axe diicttd agBimSGantiho EHENs 10:3BTE TV Iintieraterel vt ke thagCVI

pol yprotein I’iéﬁug{#e and said detectably | abeled HCV anti-core antibody is
di rect ed agai 1 perpsotebseguenceo- 130 of HCV, nunbered rel ative to the HCV
1 polyprotein sequence. 10 16. The nethod of claim 13, wherein said antigen
that reacts with an HCV anti body fromthe biol ogical sanple conprises an

e ! e e I eyt MRIRSC i k!
di snut ase ( hSOF) TeRPTignal antbadien R EC NG 3t4sconiumationrl eatenasiopninsing the
R e e
conpri ses t heoanyrismgahk dmitsadd squead deprted in Fringts BA-7Abdind thoretcA net hod
of detecting hepatitis Cvirus (HCV) infection in a biological
15 13. A method of detecting hepatifis C virus (HCV) infection in a biological
sample, said method comprising:
(a) providing an imrmunoassay solid support according to claim 1;
(b) combining a biological sample with said solid support under conditions
which allow HCV antigens and antibodies, when present in the biological sample, to
20 bmd to said at least one anti-core antibody and said NS3/4a epitope, respectively;
(¢) adding to the solid support from step (b) under complex forming conditions
(1) a first detectably labeled antibody, wherein said first detectably labeled antibody is a
detectably labeled HCV anti-core antibody, wherein said labeled anti-core antibody is
directed against a different HCV core epitope than the at least one anti-core antibody
25  bound to the solid support; (ii) an antigen that reacts with an HCV antibody from the
biological sample reactive with said NS3/4a epitope; and (iii) 2 second detectably
labeled antibody, wherein said second detectably labeled antibody is reactive with the
antigen of (i1);
(d) detecting complexes formed between the antibodies and antigens, if any, as
30  anindication of HCV infection in the biological sample.
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sanpl e, said nethod conprising: (a) providing an i mmunoassay solid support
according to claim?2; 25 (b) conbining a biological sanple wth {saDgl gLi d
support under conditions which allow HCV antigens and anti bodi es, when
present int hRLpgical sanple, to bind to the said at |eas
anti-core anb?ggggéggand sai d NS3/4a epitope, respectively; (c%ctﬁﬁpﬂﬁnf%
the solid support fromstep (b) under conplex formng conditions (i) a

|

first detectably | ghe ' : rein.sai. i rst _detectably.l abel ed
antibody is a 30 3& g@?a@%‘%‘ﬁb %@ﬁ&&??ﬁ? F‘*l’@&{ ieeasztr?f‘r"ﬁﬂﬁgﬁm%\ﬁ%tfbé’%ﬁ‘%ai d

| abel ed anti - dbectedniditdy N-fenfithal fbgfRCofARO HONO:6¥/ 286 8ctbarR NP a4 3BKHO
directed against a different HCV core epitope than the at |east two
anti-core ant 13bsleddiCV natirrgre antibhdy isalifegtediagpimst a Cteininahregisint ofitbe FIGéncotee
~¢c33c region Ogm%%% HCV pol yprotein fused to an hSOD am no aci d sequence;
and (iii) a sec “detectably | abel ed anti body, wherein said second
detectably | abel ed antibody is reactive with said hSOD amno acid 5
sequence; (d) detecting conplexes formed between the antibodi es and
antigens, if any, a8 Themethtidodiclam ldf whHenin sdié et least ona antieobs aitibgide dd

8
Cont or mat 1 onalt o6 AAL AR s T SLCRavRhFIRY Teaie GLlisato Y] debrevtein

in Figures 4Ag Qe ?C"V‘ cJ A - Vb %EM .
infection in a %ﬁ%ﬁ?g{ﬁ sarrggel,ag?g? rretgﬁigggg)drrn%l;)?gﬁlsg: %aﬁd oﬂ%tlnnmgo an
i munoassay saidsl120:p3dof HEY; onmtbergd relativeaiorth® HCMGL pdilyprodeihisaqurgca

bi ol ogi C?Q sanple with said solid support under conditions which allow HCV
antigens and anti bodi es, when present in the biological sanple, to bind to
Lhe said at | east WAOTRBeR A 13005 Pofs 3 Sn VoAl AR SR ORTRC O
epi tope, respectively; (c) adding to fhe solid support fromstep ( under
conpl ex form mafitedydrom trbioldfictli Sampld comprisde te epidpeyfromlibt e3Bamrpionad\the
wherein said fjirst detectably |abeled antibody is a delectably |abeled HCV
anti-core ant dQ?IWé‘?lﬁi n said | abel ed anti-core antibody is directed
against a different HCV core epitope than the at | east two anti-core

anti bodies bound to the solid support; (ii) an epitope fromthe c33c

regi on of5the HCV pdl ¥he otettiod of claim 16, wherein the c33c epitope is fused with a human

superoxide dismutase (hRSOD) amino acid sequence and the second detectably labeled

antibody is reactive with said hSOD amino acid sequence.

18. The method of claim 13, wherein said NS3/4a epitope is a2 conformational
20 epitope and comprises the amino acid sequence depicted in Figures 4A-4D.

19. A method of detecting hepatitis C virus (HCV) infection in a biological
sample, said method comprising:
(a) providing an immunoassay solid support according to claim 2;

25 (b) combining a biological sample with said solid support under conditions
which allow HCV antigens and antibodies, when present in the biological sample, to
bind to the said at least two anti-core antibodies and said NS3/4a epitope, respectively;

() adding to the solid support from step (b) under complex forming conditions
(1) a first detectably labeled antibody, wherein said first detectably labeled antibody is a
30 detectably labeled HCV anti-core antibody, wherein said labeled anti-core antibody is
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fused to an hSOD am no acid sequence; and (iii) ‘a second det est abl y | abel ed
anti body, 25 wherein said second del ectably | abel ed anti body is re]apggglgﬂm

with said hSOD am no acid sequence; (d) detecting conpl exes forned between
the antibodiwg @RgsAaNtigens, if any, as an indication of HCVpifiReiio3kp I N
t he bi ol ogi cal sanple. 30 22. The nethod of claim 21, wherein said at |east
two anti-core antibodies are 65 1 4 DEC 2004 WO 01/ 96875 PCT/ USQO /19369

di rect ed agaidigdctedaghinse4 Hiffedént FEIV 0breQbitbpethathCaneasettd SaicaedntiBodies
detectably | abeled HCV anti-core antibody is directed against a C-term nal

regi on of t heboyayd te dreesolidsuppysh (iN5epitoph omethesd 3o fegiomeithe BICvneheroteai d
t least t tj- ti bodi direct.ed i ' i ds,..10- 53

of HOv:  nunpdise Pl sming srad pedyEucst g af B s Rlre L and S Rgpody.

det ect ably | apgdreih didsedbid A&t MbeRAGYLIbSdPs" RALDE WHR NG hSBT ARincAsdigls

120- 130 of HCV, nunbered relative to the HCV™l pol yprotein sequence. 10 24.
A net hod bf deteerdeng hepatitis C virus (HCV) infection in a biological

ccor i ng o o ai riOAERIRE IR o R b B SHHRE R sy AV B
support U”dermﬁﬁﬂf@a{i&i’ﬁﬂing&%}ﬁ@ﬁi@ﬂe'ﬂ%o?i%%ﬂﬁﬁﬁﬁe.a”d anti bodi es, when

present in the biologica nple, to 15 Db to'said at | east one
anti-core anti body, said NS3/4a epitope, and said nultiple epitope fusion

ot cont 1 onct Ry R Caat a8 kbt NS i e REaioea o
first dejgct ahl: i s | nti-core
ant i body?@mﬁéﬁggg‘?wg@{eﬁgggé) %ﬁb-sdg?rqug%‘??tgggﬂ;yﬁdgﬂ?%%%Ae]%igil agai.nst a

different HCV core epitope than the at |east one anti-core antibody bound
to the solid support; . (ii) first and_second. apti t hat . react .with an HCV
anti body fromt heﬁ)i B8 e%p%ieémnghpgg&q(gw ﬁﬁag@i‘[&g‘f@;@/%& tlé%ff’gﬁ’ﬁ and
sai d ‘mul ti pl e.6Rit QRE ' {:hgen, respectively; and (iii) a second
detectably | a eajed antrfl%%igge agere n said second detectably |abel ed

anti body is reacti (e providing lae immungzssay sflid(support aécording detloni9ng conpl exes

formed b the_anti bodi d_antigens, if any. -
ormed beLween the (o R ans 3 bilogical saple with Said Sk &ipport under conditions

which allow HCV antigens and antibodies, when present in the biological sample, to
bind to the said at least two anti-core antibodies and said NS3/4a conformational
epitope, respectively;
(c) adding to the solid support from step (b) under complex forming conditions
20 (1) a first detectably labeled antibody, wherein said first detectably labeled antibody is a
detectably labeled HCV anti-core antibody, wherein said labeled anti-core antibody is
directed against a different HCV core epitope than the at least two anti-core antibodies
bound to the solid support; (ii) an epitope from the c33c region of the HCV polyprotein
fused to an hSOD amino acid sequence; and (it1) a second detectably labeled antibody,
25 wherein said second detectably labeled antibody is reactive with said hSOD amine acid
sequence; |
(d) detecting complexes formed between the antibodies and antigens, if any, as

an indication of HCV infection in the biological sample.

30 22. The method of claim 21, wherein said at least two anti-core antibodies are
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an indication of HCV infection in the biological sanple. 25. The net hod of
claim 24, wherein said at |east one anti-core antibody is directegd)ppajnst
an N-termnal region of the HCV core antigen and said first detectably 30
| abel ed HCV w ov&@t£ antibody is directed against a Cterm naflmr/ﬁgd ﬂ@slcﬁf
the HCV core 66 1 4 DEC 2004 WD 01/96875 PCT/ US01/ 19369 anti gen. g e
met hod of claim25, wherein said at |east one anti-core antibody is
directed agaidistctelhigamsaan ¥steb@imaBragiort§iMhe OV eorthntighdrid/did @etthighIiiCV 1
pol yprotein Eeﬁgm and sai d. detectably | abel ed HCV anti-core anti body
i s directed 216 F 2RE-CoECabody ir dingtesk agamet 2 frienainaregonafithe HCY ¢dre
HCV 1 pol yprofgidaysequence. 27. The nmethod of claim 24, wherein said first
antigen that reacts with an HCV antibody fromthe biological sanple
conprises an epitope fromthe ¢c33c region of the 10 HCV pol yprotein. 28.
The et hgg of claim27, wherein the c33c epitope is fused with a hunman
super oxi d& di snut ad® Themgthodmficdamazy vheeie said abledstitive 2t cormamtibbdizs akd y

| abel ed anti ' bve wit i amgi n |.d sequ 5 29..
The net hod of&g%?dmkf&, ?%ehroe%cﬁﬁss&'?ggg%rﬂe@{g@hﬁ? t%@%ﬁ&@\l’%‘ﬁp cm
HCV anti body detjasndehaad Rbidl deghcedly RBBRHCYRRELRESarfbo8P sl RE eli 2 kN \End2
region of the HCV pol yprotein. y20 30. The net hod of Dgfasi m 29, a%l%ig%el n%t%he
epi t ope fromddids b2l B&'Ve srmbered gelativé tootha @61 pylyprotdin s@rief&. of t he
HCV pol yprotein, with a deletion of Arg4d7 and a substitution of Leu for
Trp at position 44, nunbered relative to the HCV 1 polyprotein sequence,
wherei n Bgi d epit ope Asméms@er Witk BB SURRLE PHi n%&aékt ;

am no acid sequence and the second det ect abl ;Lgl%agfglcgﬁ anti bo ;ﬁ:lzélla é@ctive
with said 25 sasmie smdmoethod domersipgre. 31. The method of clai m 24, wherein

said nmultiple epi t@ﬁ)e fusion antigen co | ses ther&m no acid sequence
depi cted in Fi gur e$’ PIRV/HDE 38 UBFIDRAssAY ROl SIPPABRECATIRG iheldiRi’s i s C virus

(HCV) infection intacOmbhifg &8loléical sample with said solid support under conditions

which allow HCV antigens and antibodies, when present in the biological sample, to

15 bind to said at least one anti-core antibody, said NS3/4a epitope, and said multiple

epitope fusion antigen;
(c) adding to the solid support from step (b) under complex forming conditions

(3) a first detectably labeled antibody, wherein said first detectably labeled antibody is a
detectably labeled HCV anti-core antibody, wherein said labeled anti-core antibody is

20 directed against a different HCV core epitope than the at least one anti-core antibody
bound to the solid support; (ii) first and second antigens that react with an HCV antibody
from the biological sample reactive with said NS3/4a epitope and said multiple epitope
fusion antigen, respectively; and (iii) a second detectably labeled antibody, wherein said
second detectably labeled antibody is reactive with the antigens of (ii);

25 (d) detecting comnplexes formed between the antibodies and antigens, if any, as

an indication of HCV infection in the biological sample.

25. The method of claim 24, wherein said at least one anti-core antibody is
directed against an N-terminal region of the HCV core antigen and said first detectably
30 labeled HCV anti-core antibody is directed against a C-terminal region of the HCV core
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1 4 DEC 2004 WD 01196875 PCTI USO /19369 sanple, said nmethod conprising: -
(a) providing an inmmnoassay solid support according to claim12; (b)

conbi ning a biol ogical sanple with said solid support under condi t | dAPEC 200k
whi ch al | owwig88875 gens and anti bodi es, when present in the gEUSEIGH
sanple, to 5 bind to the said at |east tw anti-core antibodies, said
NS3/4a conformational epitope, and said multiple epitope fusion antigen,
respectivel yantigh. adding to the solid support fromstep (b) under conplex
formng conditions (i) a first detectably | abel ed anti body, wherein said
first detectably | abeled antibody is a detectably |abeled HCV anti-core

anti body, wherein,said | abel nt i ant i |s 10 |rect al nst a
di fferent HCV corgg B%ngegﬁ?(ﬁ%c ?%2% %{Efmﬁ\ﬂg% &@mée'}”i §8

bound to theggedtbdlagdind ahdino bdills 1@-’33%@fﬁ@p%uﬁ‘lb@f@dtrbﬁtlﬁéﬁpthé%HE‘@Pp@IE/pM@ﬁnHCV
polyprotein fused to an hSCD am no acid sequence and an_epitope fromthe

c22 regi én ofequsaceHDd sapbisipetaily labeladdddViaptmer@tibodyisdbrestidsgemgiamioe;

ot ect abl y. 1 3507 S20-3ap o5y fumbatef e Ve MR v AR S e ac o
sequences; (d) detecting conpl exes fornmed between the anti bodi es and

antigens, if any, as an indication of HCV infection in the biol ogi cal
sanpl e. 33. The nmifhdiemiethddoincldipy 24tveres¢in ssidiﬁﬁsta:ntigﬂaﬂmtlteaﬂsmﬂhimd&@k’

anti bodi es are irected. a nst an N-t.erm nal on of ..t he HCV re
A oo oo by it S b P BOPIRCY R A PUoRs PRl c e TapnB ot i
agal nst 13 G m%g%nggﬁl on of the HCV core antigen. 34- The nethod of

cl ai m 33, wher at least two anti-core anti bodies are 25 directed
agai nst am no aci ds 10 53 of HCV, nunbered relative to the HCV 1

pol yprotein seque S tectably |.abel HCV anti re.antibody is
directed agai nst ?ﬁ%‘go f; 3@“%@8%3%8?@&%?55%\'}@% “IF‘Hb HCV
1 polyproteing ﬁ&gﬁaeaﬁmﬁ&e mng%ﬁ{?m Gl s&fuBhd® 3d thd RRERA Betbhish19 Ritfeize
fromthe c22 ]rlegl on conprises 30 am n% acids Lys1l0 to Sera, of ? he HCV
pol ypr ot ei n, anilbdrdyasdaicm*e whmﬁldmwammbaclﬁaeqhemﬁc 2004 WD 01/ 96875
PCT/ USO:ll/ 19369
5
29. The method of claim 24, wherein said second antigen that reacts with an
HCV antibody from the biological sample comprises an epitope from the c22 region of

the HCV polyprotein.

20 30. The method of claim 29, wherein the epitope from the c22 region comprises
amino acids Lys, , to Ser,, of the HCV polyprotein, with a deletion of Arg47 and a
substitution of Leu for Tip at position 44, numbered relative to the HCV1 polyprotein
sequence, wherein said epitope is fused with a human superoxide dismutase (hSOD)
amino acid sequence and the second detectably labeled antibody is reactive with said

25 hSOD amino acid sequence.

31. The method of claim 24, wherein said multiple epitope fusion antigen

comprises the amino acid sequence depicted in Figures 7A-7F.

30 32. A method of detecting hepatitis C virus (HCV) infection in a biological

67



substitution of Leu for Tip at position 44, nunbered relative to the HCV 1
pol yprotein sequence. 36. An inmmunodi agnostic test kit conprising, phe 00

i mmunoassay solid support of 5 any of clainms 1-12, and instructions #o#
conducti ng tWe 41rpe8rdodi agnostic test. 37. A nethod of produci Pg&ETANS01/19369

| rmunoassay solid support, conprising: (a) providing a solid support; and
(b) binding at |east one hepatitis C virus (HCV) anti-core antibody and at
| east 10 onéawpls, stiddnedimyd asBprsing onf or mat i onal epitope thereto. 38. A
met hod of produci solid, su rising:

an i noassa ort, co a
providing a soli dn@W&%%WﬁO%FWQ‘?% Rborﬁ%‘i?é‘f‘ﬁggéo @aerﬁgs %HCV)
anti-core anti bodi : | 5 'dﬁ%: r ' . eni t ope
thereto. 39. The n(g?ﬁ%gglg?{geéﬁﬁle@%g Saéf’@iens %ﬁgéé}gﬂQ@P%{?t e%ll ‘g%%k)t}oﬁlgi ng
bi ndi ng at | @duch abews HAIV ehpgensepd toppeodiess inbon presemtan theobivheyiad sitpRyippor t .
20 40. Al ti I t. fusion antigen_caonprisin he ami no acid sequence
depi ct ed i n Itb?rgftﬁje@g‘?ﬂapfg}%érw&ﬁn TOR %&O@geﬁeéwgé}%cpﬁfwa{hea@tepgegm,
sequence id [ b eh Qﬁ)fceic" 1y with anti-HCV
an?i bodi es pr%ggesﬁdl?ﬁﬁgﬁt%ino %gii%%:cg]l%g{g%%lsre r%{rﬁig’n %CV—i nfected individual. -
25 41. The mul ti pl(e) ajslibpiwethe selidsuppottifgen step (6) @ider déinpleR Eoghing &Bhditions
" Fi gur es. 74D istietodibif TR deito G6 qiteride SoR R AEIGCEY IDORAGERbeRtE s
identity the ' i fieak] e tyhi ' b .
prosent i n a b ol Eapled iy andoS by Wil A8 hed B oL W B,

DEC 20040\0 dircoted aA5aiRaITd difefeni HEBOcat2 epittye: thinth thept deagpivicopei-Eorziadtibadikd gen
of claim 40, wherein Sai-i& mul ti Ebe epi tope fusion antigen consists of the

anino aci d sbqUBAEMESplid sarporta ipiag.rpisps omrthe £33¢ e gfihe HLOY palyprotein
iy, of ol 4l meege g S R 210 4Bt i EoRBhc R0 thdc¥ Rgith B 4R
polyprotein fused to an hSOD amino acid sequence; and (ii) a second detectably labeled
antibody, wherein said second detectably labeled antibody is reactive with said hSOD
15  amino acid sequences;
(d) detecting complexes formed between the antibodies and antigens, if any, as

an indication of HCV infection in the biological sample.

33. The method of claim 32, wherein said at least two anti-core antibodies are
20 directed against an N-terminal region of the HCV core antigen and said detectably
labeled HCV anticore antibody is directed against a C-terminal region of the HCV core

antigen.

34. The method of claim 33, wherein said at least two anti-core antibodies are
25 directed against amino acids 10-53 of HCV, numbered relative to the HCV1 polyprotein
sequence and said detectably labeled HCV anti-core antibody is directed against amino

acids 120-130 of HCV, numbered relative to the HCV1 polyprotein sequence.

35. The method of claim 32, wherein the epitope from the c22 region comprises

30 amino acids Lys,, to Ser,, of the HCV polyprotein, with a deletion of Arg47 and a
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(a) a polynucleotide according to claim43; (b) and control elenents
operably linked to said pol ynucl eoti de whereby the 10 codi nhg sequence can
be transcribed and translated in a host cell. 45. A host cell tram§ﬁﬁﬁmﬁﬁ
with the recg&ﬁbﬁgﬁ% vector of claim44. 46. A nethod of prody * 19369
reconbi nant nul ti'pl'é epitope fusion antigen 15 conpri sing: (a§ E@gVI I'ng a
popul ati on of host cells according to claim45; and (b) culturing said

a oo ding tc U r ;
popul ati on of gfelifufion BEEbu R Tg*q gﬁudﬁwz{,%ﬁbma r@iuhwé R e W% gﬁ@ﬂd{&hon

antigen encoded by the codi ng

ce present in sa
I s expressed. seR0eIke.

reco vect or

36. An immunodiagnostic test kit comprising the immunoassay solid support of

5  any of claims 1-12, and instructions for conducting the immunodiagnostic test.

37. A method of producing an immunoassay solid support, comprising:

(a) providing a sohd support; and

(b) binding at least one hepatitis C virus (HCV) anti-core antibody and at least
10 one 1solated HCV NS3/4a conformational epitope thereto.

38. A method of producing an immunoassay solid support, comprising:

(a) providing 2 solid support; and |

(b) binding two hepatitis C virus (HCV) anti-core antibodies and an 1solated
15 HCV NS3/4a conformational epitope thereto.

39. The method of either of claims 38 or 39, further comprising binding at least
one multiple epitope fusion antigen to the solid support.

20 40. A multiple epitope fusion antigen comprising the amimno acid sequence
depicted in Figures 7A-7F, or an amino acid sequence with at least 80% sequence
identity thereto which reacts specifically with anti-HCV antibodies present in a
biological sample from an HCV-infected individual.

25 41. The multiple epitope fusion antigen of claim 40, wherein said multiple
epitope fusion antigen comprises the amino acid sequence depicted in Figures 7A-7F, or
an amino acid sequence with at least 90% sequence identity thereto which reacts
specifically with anfi-HCV antibodies present in a biological sample from an HCV-
infected individual.

30
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42. The multiple epitope fusion antigen of claim 40, wherein said multiple

epitope fusion antigen consists of the amino acid sequence depicted in Figures 5A-5F.

43. A polynucleotide comprising a coding sequence for the multiple epitope
fusion antigen of any of claims 40-42.

44. A recombinant vector comprising:

(a) a polynucleotide according to claim 43;

(b) and control elements operably linked to said polynucleotide whereby the
coding sequence can be transcribed and translated in a host celt.

45. A host cell transformed with the recombinant vector of claim 44.

46. A method of producing a recombinant multiple epitope fusion antigen
comprising:
(a) providing a population of host cells according to claim 45; and

(b) culturing said population of cells under conditions whereby the multiple

. epitope fusion antigen encoded by the coding sequence present 1n said recombinant

vector 1s expressed.
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