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HCV NS3 REPLI CON SHUTTLE VECTORS FI ELD OF THE
I NVENTI ON Thi s invention pertains to novel HCV NS3

WO e@Rilessm shuttl e vectors which are useful forPCT/EP2008/056521

screening, testing and eval uatjng HCV protease and

hel i case i nhibitors. BACKGROIND OF THE | NVENTI ON
Hepatitis Cvirus is a nmajor health problemand the

| eadi ng cause of chronic liver disease throughout the
world. (Boyer, N et al. J. Hepatol. 2000 32:98-112).
Patients infected wth HCV are at risk of devel oping
cirrhosis of the liver and subsequent hepatocell ul ar
carci noma and hpaseNsENEPBIGdE SHRIOILE VECTaRIson for
liver transplantation. According to the World Health
Organi zation, there are nore than 200 mllion infected
i ndi vi dual s wor | dw de, FWLDhORITHERSYESTION4 m |1 on
peopl e bei ng infected each year. Chce infected about
20% ?ﬁlé er?vges bon ]peli rells {ro (?V\eelélﬁf‘.lNe ggj {eg 1%on stiu%ttle \éerccors }Nfucg are useful
Mmmemag,ltystmgfaed eedudting H(iltmad)tsase\aeduhalaiabq/lndémer&ap
|iver-destroying cirrhosis or cancer. The vira

di sease is transm tggtkQRO®SMNECH THME PN VERAT A/ nat ed
bl ood and bl ood products cont am nat ed needl es, or

sexuaIIy and vertical|ly frominfected no rs or

car 1 NEPAHEITES 5 TR hegl gm%angﬁlﬂf‘r f{sﬁt?ms (R4 b peonic liver

ﬂ@éasH@Molu@lﬁ@ﬂtﬂhel’i/voﬂld‘ll Chhoyar,eN asdlr ] Ct‘:’[@dtdl 02000 32 98- 112) Patients
eron

1n ecte nﬂ?ﬁ‘ﬁ‘“‘h {SA'A a\/\ﬁ F] r%s ogfb S%\iepo(;) ne, §1rrho O%f }hebhv r ’Tll’ld subsequent
hcteltmellullam taedlnomanla@dl hl@ecrefHCVpalst ithou| mmjoy figdication  for liver

s=TaTeVpYAo] = There is an urgent need for inproved
Eéni) peutql]nc agents that effectively conbat chronic HCV

|nf ection HCV has been classified as a nenber of

t he
vi r udcqoadingyiopha\World; idedtht Raganizationddsre pie efrehan 200 million

fﬂf@iltd:dé {Hdig@sals postlivider Ws@sat ladzd 3hﬁpﬁﬁ1ﬂ\hbﬁ UseBpleWtinghinfected each
I NC es

tt
R OrG T HER: shiet o S BESTIRG SPHE irf b Baeresgan hagbor HCV the
Fasebfgheifi il oﬁgn tdEtiveray percenebidehroBically, inf&kmédomdisidudlg gventually

AR R testForig cirbbBOLAERLL: AR Mo PURLL RS Rrsmitipd garenterally

bn centﬂeluwe@ h}wd@nddﬂped rireduics, pesiannipated ereseles, or sexually and
$érﬂ&h§r fodrh andacd Bmlegespta%n@i mBRREOI (HEE 8ff§br§1 CkBent treatments

gcuiﬁs\;/\l/ rlrgjeqt&%gogggcﬁgg %Ié%%cs Otp Inalﬁglr@zlg%éﬁfﬂxglt atreecomb?rgaln? ?nterferon -
palloter o @ corpliastisrs afthothe ampreosﬁdérahﬁbg rid@litinanienss limited clinical
Ci s, a}nd a sfhort ?;[ The 5 UTR.is the nopst :
Rt po Ry Jah sty - ThECHicdn SRS o7 ERProved therapeutic
hgrpoy thaindffef wvelyt doeitmit thimnicoACalndfectoot r ol of pol yprot ei n
translation. CGenetic analysis of HCV has identified

Si X PRIVIL QSN YRSSA&NAW Anfer3PHe virus family Flaviviridae that includes
the genera flaviviruses, pestiviruses, and hepaciviruses which includes hepatitis C viruses
(Rice, C. M., Flaviviridae: The viruses and their replication, in: Fields Virology, Editors:
Fields, B. N., Knipe, D. M., and Howley, P. M., Lippincott-Raven Publishers,
Philadelphia, Pa., Chapter 30, 931-959, 1996). HCV is an enveloped virus containing a
positive-sense single-stranded RNA genome of approximately 9.4 kb. The viral genome
consists of a 5'-untranslated region (UTR), a long open reading frame encoding a
polyprotein precursor of-approximately 3011 amino acids, and a short 3' UTR. The 5'
UTR is the most highly conserved part of the HCV genome and is important for the
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di vergence in the DNA sequence. Each genotype contains
a series of nore closely related subtypes which show a

WQ 083487 di ver gence i n nucl eoti de sequences ( SPCTBPIIGS/056521

P. 2004 / . Gen. Virol. 85:3173-88). Mre than 30
subt ypes have been distinguishéd. In the US

%‘E%[tﬁ’éla%tcghﬁ 0{90%5?1,&% ngt% p!mﬁﬁdl vi dual s have type |la

I nf nost preval ent
subt épe in Asia. (X. Forns and J. Bukh, dinics in
Li vebemitisearadysiso @%d@swﬂ@ﬂtlfzﬁd Bukinaist geflofyRershawing a >30%

Hivyrgelpleﬁn tHOBN AlRqddn 83 EacHbnetyipdRah@Ink ak¥R& JF more closely related
ecti e |l ess_responsive to he current E%%r
Lﬂzﬁweé“&%r ?‘Wpaez%zé P 3W§@ﬁ%@%é§le REQECaERGes Emraprds, P. 2004
M@enobviiol. .85Bev3 ,SSQQQGrelt&aIZZE 2Bbpes e lgenelistiguished. In the US
%%gg{‘]ﬂr%f%?% ?Qo{o oggrcl)ip %‘[e%?;)cg ¥I$P%r)1?] H%f%ctﬁﬁes ia%#io Ll? }nl%eection. Type 1b is the
pest prevalostesibayrg inepaci VKr tises dnsl v éiukhs Cinlcarn Livke $esease 1999
PRY3.Hh 4§ dﬂl&ﬁ{i%dsew LE' S %%FPP?@F??) "’lﬁ%ﬁﬂhﬁelﬁrqryg@l infections

open r e a enco
piedess |f?ﬁ§’0ﬁ%‘é‘°e§)s@ilﬁ yufrént \hef% th@brlﬂceatng omhgerotypes (N. N. Zein,

OliRt RichshidAr RevE 2OBEESED-283)a pol yprotein that is co-
and post-translationally processed by bot h cel | ul ar

and rusencoded. pr.ot ei as s t 0. t he ture viral .
or ot he 65 B GBI Sh Al arna  Bispbiveroie 4 ape pgstctfal protein
pexpioncaft thenOBF dfhpestivirades gedohepaBMAugs es lvoratiedlar. These positive

%t?e‘t’f@lr %%I\hb Girlids %X%fs a(e %{I%IQ ‘ﬂrg? Q%H I’yaﬁgi% f‘gefmelt’] t’t?%ﬁﬂ:nc%ﬁﬁlg all the

nonstructura
pedt puateins ezecemsatyhEpacirvs rraslecsltlon hdhaset preteins are expressed as a

?&?ﬁt‘o’téiﬁttﬁﬁta s NPk atidrihlls §HHER dAby BbBELelfulRMnd virus-
no-term nus of the nonS ruct.ur proteln codi ng

?Iéfgﬁa PIEIpRES b EdAye PR OS] BIoEie %IéRrWa]dbfﬁéfil%st regponsible for

thé, rep¥idtioNGB theNGAg eri‘d%eBRNN?&é\locaﬁd tOBaBs thih@rtNSy-terminal. Two-
estiviruses an us S

B 0% Aparo kil o8 u Uil GPGPLT'E Pl BAReBy pregiviruses and

peroreimsdsu ot mange Iﬁmmtrecaarqbl(éls)tmgtm uprsommnltlsl ofder from the

lenﬁﬂ)séﬁn s kbqttﬂe QBHHHJ%U?QIS@%%ﬁn %H&l gelé%bﬁ‘ tG %‘gﬂfg&y—terminus of

fs aracteristic o ases an

rine
Rl RB.SE8S 1@ PBANSh S 3e S o, Nk QiSaALOBENSTS: 22; Bazan
and Fletterick Virology 1989 171:637-639; Cor baI enya

et afhe N@QJrSﬂeﬁlsM |p€stﬁﬁﬁlsesja3891 4civ889s ﬁ&%éequence domains that are

el n est [
S ehi bt il Harasanple RS §fteins of viruses in
BRA- gioumcpcsslesRMmohcycﬂmefcpmeee ihkosroharacteristit ofagedinBplrgtainases and

Jpdisa i Tibun 2L FE A R0 300 P et AR st Yooy 1989
b1t 3ET 439; @prtpéﬁsw vi crlulé’edelaﬁdzdﬁéfpd@mul? é%@s3$9ﬂ )tSmilarly, the NS5B

%foft&ﬁé/ &t ﬁesﬁ‘&nﬁs@?aﬁd h4eRirat& hl & BlelhyiR R S Ic JIRNA-directed
ases, he NS3 seri ni rotei nase i s resp onsi b

| e
RO Be Vms%‘%Se(éﬁoyflme EpVogrS &ohg ¥f pGrlyp’ieeﬁféﬁOf{ﬂem Molec. Biol. 1993

pg.ern®Nrs downstreamof its position in the ORF
(Wskerchen and Collett Virology 1991 184: 341-

The actual roles and functions of the NS proteins of pestiviruses and hepaciviruses
in the lifecycle of the viruses are directly analogous. In both cases, the NS3 serine
proteinase is responsible for all proteolytic processing of polyprotein precursors
downstream of its position in the ORF (Wiskerchen and Collett Virology 1991 184:341-
350; Bartenschlager et al. J. Virol. 1993 67:3835-3844; Eckart et al. Biochem. Biophys. Res.
Comm. 1993 192:399-406; Grakoui et al. J. Virol. 1993 67:2832-2843; Grakoui et al. Proc.
Natl. Acad. Sci. USA 1993 90:10583-10587; Ilijikata et al. J. Virol. 1993 67:4665-4675;
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350; Bartenschlager et al. J. Virol. 1993
67:3835-3844; Eckart et al. Biochem Biophys. Res.

W@00811486903 192: 399-406; Grakoui et al. J. Vi rPXCT/ERBE8056521

67: 2832-2843; Grakoui et al. Pr,oc. Natl. Acad. ScL USA

1993 90: 10583-10587; 11liji kat a‘et al. J. \/ roI 1993
?ﬁfél%%g%l\d']s r7V5{ z%@?’%ﬁd 4626)\/|th| NS ig prote i, 1n ]b%tl?%gs%g acts as a

vafadior weh NBS NS& rskmee pma@aéléar(@adﬂ@qs ezmlag éflﬂ)étl%m 683045-5055;
Véuﬂ% al 3P9ﬁro§8195@%§’t§7@?53’736@d1 Lzaalefl VAbE 1697 M 533!2 53«?2)94The NS3

Virol
m%ﬂm@i bty tvaiupes gHlscp B tignsy %Fs%élela¢3§‘%) (Kuﬂﬁ cef % r%oqﬁémanphys Res.

Oehing a995 Qih:m 6ot 168 JinBirr hetdsoBi AohyBioc/Res Bz 19989%3:47-53;

Sin 508l 1, 00 PEA R0 Pt BERSNE s N8 grorein o
P& Litir2@s ]a?ﬁGblepaElvrralsdsyhavtehélel\ﬁ‘i&cmdoRNlAnéem:hdent RNA polymerase

%ﬁ&hgyséh% St %ﬁ%}xﬂ%’% 1[5"[5l {oes Cﬂéaylﬁ%ﬁlh%ggﬁewr&ﬂ Rb7 71:8416-8428;

pen
'EN;BOe!L%6Bm5helf2 E@P }Le&qha@m%@t 13P7 232:291128¥:, Hﬁg@brn, PCT WO

IA/1 BBO7RALEr al WAt 1998 72B50%begm) . Bi ophys. Res. Comm
1997 232: 231- 23 Hagedorn, PCT 97/ 12033; Zhong et

al . J. 1998 7 5- 9369) rre t here
2 i pivdahhserron %tﬁg ?faﬁplé@%f{/ AHaraiFo ygable for the
tre@nieheaf AWV inddctibllV Newf @ct dzﬂmngNhWaﬁﬂdlc@)ppsddchgs to treating HCV

%1?5 l{g@@elﬁitglséf ﬁ&@rﬁ%&yrhgratse eagltee r‘l])er erev1ewe%.dR 'ng"l%fth éem Liver. Dis.,
899 195 \]ZIérBeSd@glse A. Mbaed Bacdn, BDR., Beisetefel Araericau, M toberel 1999 80-85;
éaqﬂﬁe B@kaaB Cuﬁ%hﬁ rABHfFLﬁuf%mT Bk&gﬂ fOp:é}H'QEIC Hl}?a%%s ? Virus Liver

aar, Current Fut ure

@rﬁem @u%&érwgtT g Onfic Gy Lm()éﬁ@ a3 Paﬂflsaffmwegef 'al, Recent
paksks ohndxpetimbhl theRhy 3t BipaAidif(2oBus Bfecﬁ@ﬁf(mﬂﬂn) Exp. Opin.

%ﬁa?eﬁ%%g%eg@&?(ﬂ&?Fﬁ&e%ﬁoﬁ PiGudtabis) Blresgnin Heparitis C

Heerpy doaing20680-2003 EAR (Qpky.: EndéF@inis DR 200F8(15:9-Podt. datValker et al.,

gﬁ?d‘%ls%%m@%ﬁ&tﬁe L[I%E'l_‘ll? ?E)if El{r nc ﬁelﬂgtlé)tgs‘o()f 8%# Ué% ém/estzg Drugs

mo-”PlZ(%H@rl?@ﬂ al-L. Prowt g ,nglep:anm @aTh:?gaIfe@flcﬂ: Kaurrent Status and

ﬁl%?élﬁ%@ﬁa@%le§ W%%&Rgl)e %};t])@to@ 20951 86@3881 R. rD/eeﬁangesco et al.
Dr ugs é Q% atit]
EPmRarHpe gt Iiled/\é er Ratitey Qt\ﬂglsatharagﬁelpb}bht@rs of the NS3-3A serine

Bidtakegh Ethe N\@BJRNAR&‘pendféfnlﬂ QNZA B610Merad) 0ditilirBORes BRD3 58:1-16; Q.

N 3B ¢ PSSR L, s SBOI R 2BERSS RF Rnfiisd thegapy, Drugs of

Sllerﬁumremeﬁé%) W3eB-Die INSSBVRNAddApHdgnTar@ig NS5B-Dependent

Rﬁ'A%fgﬁ{gﬁ%&se f%ﬂé% el R tﬁ&gﬁy efr. bl §: ng -IAIY‘ D83 8007-219.

titirs VIrus enco ot el ns:
antiviral therapy, Drugs of the Fut ure 2000
25( 9})_)egy3tg agy:qu;gs iny ungl;:rstwphgg] (ghezgenggﬁg orgpgrzg‘gfnp ﬁé the virus and the

NoeBo ke penEaniroRM, Foddamenas Qispets &ﬂ"HC hcatlon and pathogenesis
Chenot hE gJ Drug Targ.-Inf. Di s ; H%@

BES '8 %ﬂ% B3Pk dﬂ?ﬂlﬂgi‘ﬁ% AR e’fﬂ‘?@“& Cc?ss 3

origatdckadfi amnefﬁtlemth&llvmﬂtume anttnt deat fallowt ipesBicadn wif idfkectious virus
Egr?%l% nj’?‘lth gﬂqﬁf@%‘ﬁ&?'of %?18%‘1"{7 LelPLultYs RGP\ ESAR IAMANE lines has

een reported the amounts of virus produced in those systems and the levels of HCV

rephcatlon

replication have been too low to permit detailed analyses.

The construction of selectable subgenomic HCV RNAs that replicate with minimal
efficiency in the human hepatoma cell line Huh-7 has been reported. Lohman et al.

reported the construction of a replicon (I 377/NS3-3") derived from a cloned full-length
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remai n unknown. A major chall enge in gaining
experinmental access to HCV replication is the | ack of

w@roogfi§deti ent cell culture systemthat all ows PCT/EP2008/056521

production of infectious virus particles. A though
infection of primary cell cultures and certain human

h d,.. tihe.. o .
O b BT R Gy AT 5 o ot
Plemlnc aoilmg regiom léb@lrmam@tl Dw Jaenped P 286t 4i10443). The replicon
@&ﬁ£1¥§@$he f[)lﬂ%wﬁ%négrﬁ%' QnuRf He®l & C@@ﬁlfﬁseﬁ%g@né}m& ac1ds of the

RNAs t hat [icate wth m nimal ficiency jn t
er}feégltgofﬁaweeﬁlp thengeompfyin Phﬁ%’éloﬁé%ﬁerﬁ@pé?ftee@@TH) (i) the
L9 Remeh cethal ongRRAtdat ke (BMGL), u;:staﬂt&ﬁdmnsareaﬁamtﬁmp’rn gene

O RN T Rt P

Sftpr7 transfe:tNB2ofr Elgihon calls, tonéy Prase &Iellhs- sumn«blrmg H@N RNA replication

t ' i J
Loy D8P R MO s oy
5elL Ure flerdesd fr@mlwcanﬁﬁ&ﬁ desigiantofolppigs @ap@irm:demb@@nﬂgl levels of

fe%ﬁt&nRN(As'a}ldtvhﬁl PRAGKSE | 1P N O IOk S Rnefearagie 7a81€supported HCV
TI | iii) the I RES friom encephal onyocarditis

Vip 1EF%“’(“EI\/[:\/) i nserted downstream of the NPTII gene
and which directs translation of HCV proteins NS2 or
NS3 SlﬁllNSSBéCtdﬂd HAW Yeflloens3werldlddnstAfidter biséam)ﬁfeechUVHH genotype

?a ullﬁ%gu on ex Bh n[l ¥t Fﬂo§ﬁe\ﬁ1'f$ liO%O % OH derived

protein’ an develope
re@ rgrtsanare uagkle m@ testalbieshohfﬁrgertaﬂ@\/ rgwlidagon rsaiggasting hagglse earlier-

Qfﬁ{s{r\ﬁa‘éd f Ire?lrQO%Q ¥ %ar{ne % i @t)? n§uﬁz§ | QB e@ep@ﬁﬂ‘érﬁ' 8iehe particular

Su stantla | evel s rep I con viral
gretaens b epfisgnsys .CP%G OPF&%‘#é%ttb%sel-ﬁi‘ﬁﬂ?m@%‘IS{ Blight et al. (2000),
waolrebﬁdiub‘éalﬂﬁeepd)ﬂs@@tu@m .of Sh&iré@icos ehgdd BPlI®hhMn et al. (1999),

d, b
P PocRTTe il oha Rl gt Pere aisombBrpikiisgsn obied Gats-
29Btab Fh7A¥ell ddlenibiCVadtpdadint ditt18epsistanine]l whrres weabiegquenced to

?ﬁeﬁﬁlé‘nﬁghiggf{ér ﬁ%clg%eg?f \yﬁélcftpclr{ L%?% rr}éécﬂa#a?aﬁﬁ%ﬁ tﬂegreplicon to the

hagyodl. Mglupkeandqmnéerd@é@t&émut@mnﬁbammwre@ qucv nonstructural

Eﬁﬁﬁhm&-v@r@ﬂ@ﬁﬁﬁ@q he DA a6ib RN BotEREH it rd QP ?eé)hcatlve ability in
exp erlﬂgnts ht et al. (20 O%), supra, repr

Ve ¢ t“iaﬂé‘il}caﬁno? IEIRREYr EARINGO omagg B 10%h ,qgrfﬁané{%cted cells as
admpdréd AD¢arlisupbdstrueyedcapliatingén tHitarf eRBCHRhe bagBIY3 B Rlicon had a

@@ﬁ(ﬁm% %{0 edure. and obt ai ned (418- resistant Huh-7
' 2 5BUsHon FINgEBEhdent G4 18- resistant cell

cl ones were sequenced to determ ne whet her high-1evel

HCV replication requSU¥MMABYEDRTHEANMENHON epl i con to

the host cell. Miltiple independent adaptive mutations

that Tgd 5?@5&& 1hVer¥tﬁﬁ fEleMred QH§HE\!’€“E5ﬁiﬁe§1t d? raoltl@s}ep H&Sf"s'ﬁ:phcon shuttle
were id thle The .mut ati ons confer (h" qrhgase

Yeshri e aficetnifig fepictinn gRavms silgs 1R Hiltf%f?e*ga n and 3" ends of the
BB g@hé’:‘ E\fd/l thany R geduecatasUeZived frb@Paf sabipddsffa¢Cednfected patients
((::aenI llje c18%ed in the shuttle vector and the resulting replicons be evaluated for replication
fitness and susceptibility to HCV NS3 protease inhibitors and to HCV RNA helicase
inhibitors. Since an individual HCV-infected patient typically contains a genetically
diverse virus population due to the high error rate of the NS5B RNA polymerase, the use
of the shuttle vector of the present invention would allow the characterization of specific
patient-derived NS3 variants and the sensitivity or resistance of these variants to drug

treatment.
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conpared to earlier- constructed replicons in the art,
e.g., the 1377/ NS3-3'" replicon had a 0.0001%

W@ e@ssehect i on effici ency. SUVWMARY OF THE | NVENACTIRPZDh&056521

present invention features the_devel opment of a novel
HCV replicon shuttle vector in~which unique

restiict ced t

R T 95 RS o o
fqroprisingars HKp! pelyoiicleqtide spaifence elersit the rH@V(Pah’nbeleotlde sequence
gérﬁjF‘r‘? s'anp<t)12§u§55’ﬂfd'éls%%ﬁ(§ﬁ5 %c@(ﬁg LRSS &tbeld BEd unlque restriction

i cons bé eval uate |cat|on fitness
%%E@p%eﬂmcm {Jankdngythy N lbf giest §1ehethiah Pgl‘/aﬁ%ie(ttbie sequence
HQMdB@Ah@NBB@a&@nlnhlbltors. Since an individua
HCV- i nf ect ed patient typically contains a genetically
di veyse virus tion h error
he TRERPRGD ORS¢, Slefors B ROIPE LB enavme
sefqutflhre prdrmeﬁt endv@ﬁqtheopol@muﬂcbtaiel gwutzlh'@ encoding the NS3 protein

rﬁ&tselﬁé 'a @ RE Ie'sl‘hcﬂ@ﬂ'e%%mg%éég}/e%g Iéltc"%he 3 end of the
ants an e sensi IVIt resi stance of th
%lvn@ﬁ#«tcéldﬁ éeqnee@e cedingbhn Né& BN feflognizesyebahy esent

i nvention provides an HCV replicon shuttle vector

comorﬂ al fagthan phGMradlepibeaireaiti siethzememis, wherecw p&lsenucleoude
Eg nucleotlde sequence cqm&rlses a polgnuc F 48 ween 20

SY N O 6 Th T NS T IS BT HC UGN G PSS E PICET Bifeen

Hmczlgmiaiesé(jlmdcﬁs nfutlaotiden3't fremSthend emd of ke p&lyendeasfde sequence

R0l e [ r
?&!oﬁm% }Q@r‘é fﬂég%gﬂﬁgao%&glgd‘&&‘f@ %E‘i@%%ﬁ%‘ grrl]{o*a rg\lasﬁ]é% ]8110‘?&11[11 a unique
reskickipr enomMeseayense plagad hetween 29 ecleptisigsl > ofnd %nucleotldes 3" from

BRl ynugd @ptd 98%/@@1&@%%&]%@&@' &g;oﬁﬁ'l% NIFPHAS N a polynucleotide
recogni zes, Eco and t he uni que rea%rlctlon

LayeiEscaceding RANHARIQtegE atn?évrwe eoH f%&?l?caéng%éﬁ%ﬁ&@@ protein;

eodaiuogotife styBdngr ef@idihgr €PN paseiXpahd d polgnfidédtiiler sequence
ment of the invention, the HCV

%5P95@5ﬁ9%§?%%%§%quence conprises, in order, a unique

restriction enzyme sequence placed between 20 '
nuc| bostildewtherardfeped rudiodonérded tBe fnventiethehé HEA raflican shuttle

PR YN SRk Qﬁ‘ FEd %‘i‘ﬁl%d%ﬂﬁ@éj LdI&téd h‘@?h QE@I@ NIO @ SEQ ID NO:6,
ol ynucl eot1 de se encodi

B BN 0a8: bFe I PoNORRs She | DoNOv S50 e Bebbadh 9@:23, or SEQ

misi@ed i des 5 and 20 nucleotides 3 fromthe 3 end of a

pol ynucl eoti de sequence encoding a NS3 protein; a

oty Migr EpragLEECHaRE BrSRECRIAgioR Rke B SrBiufid Br assesing the
pitdcyimnchseof amdélGédNt8noetasc odingpraorNSS AN BN helicasedinaibitor to
P&ltf’c{‘ ‘éﬁ'ﬁ@{ﬂ 19&:(:&&? HERS 9&%8§4p@&n th?@RPBP% 'vi?iméogﬂ sample from

anot erre 'enbo vent
theesupiegt m&ypqd@@ﬁh dHeY + PER-amplifying polynucleotide sequences encoding the

NS3 protein from a plurality of HCV quasispecies present in the sample with the use of a
sense-strand primer which comprises a unique restriction enzyme sequence, and an anti-
sense strand primer which comprises a different unique restriction enzyme sequence,
cloning said PCR-amplifed polynucleotide sequences into an HCV replicon shuttle vector
to produce chimeric HCV replicon plasmids, linearizing said chimeric HCV replicon
plasmids and subjecting said linearized plasmids to in vitro transcription to produce
chimeric HCV replicon RNAs, and transfecting a Huh7 cell line with said HCV replicon
RNAs and measuring replication level of said HCV replicon RNAs in the presence or
absence of the HCV NS3 protease inhibitor or the HCV RNA helicase inhibitor.
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vector conprises an HCV pol ynucl eoti de sel ected from
SEQ ID NO5, SEQID NGO 6, SEQ ID NG 19, SEQ I D NO 20,

WGERQSMEB6NO 21, SEQ | D NGO 22, SEQ I D NO 23, or BEQEPID08/056521

NO 24 . It is a second object of the present invention
to provide a nethod for assessing the effectiveness of

| nh:_ﬁ‘N a}ll%r 815@ r of {h@%%@}? 1n‘%nt1 do roahlA el 91 ®method for

a subje
@semslmgsthﬁ gff«tdﬁlee@tssepéamHCp\f @iﬁ3drrng?ase @ht’mﬂoe off ra@riﬂGHeRNA helicase

SRR Lo | BHEEE £ BV nfHieon 1'1:?1% 'ct)ﬂﬁ ﬁgln% the steps of providing a

pol ynucl eot | de ;sequences . encodi n rotein from
sanpitle from {Re gojeqentgeied pépeldt-ds P %féﬂlﬂfﬂnﬂ R uskeRpfle sequences
thoﬁlﬂghtﬁe WS3 Pilotéin SRS Q'[&lhfa@mﬁ op H(IKE Elu éﬁﬂezﬁpﬁ@dﬂt S€%he sample
tﬁthguer strlctloncg seaue an antisense
SR ARG PFidhet SURFEHRbRD e§ e§™ cﬁOfT?PéP‘éﬁwi?‘ Ry Eestriction: enzyme
segstmdectndan anzymse stequienoeer whiohicogpsisisd diReanpligfiekstriction

&%Xﬁ“&hﬁ&ide,ogoﬁﬁl‘guﬁﬂf 9&19—4]-{3@\‘;@&‘ ’a'f%ucl%B CQJ% gﬁé& 5h& an HCV

tor to pr uce cnineric 1 con
repHeerr pluthe vedpdta hiodees éhIH@mCrIé@ |Y@B]r1\C0(§1I Hssrﬁnds, tagrgforming said

?l‘égh%ﬁtmﬁgceﬁ@t@ éﬂe@ﬁ@ral ;Zl@fihﬂl @fswwlsest & ﬂrithdrMeﬁ cells, pooling said

ranscripQtjon . to produce Cc
celanier aRd seleing ¢ cBiperiey FHEY | oploR e Balramyie pooled colonies,
li ez 5@ RaiRNAS aidH T as pli doRchldsefitls, @alli]b@ﬁlg|s@M&ineﬂﬁzeﬁé}ilz{imlds to in

replicon RNAs.in the ence
e B P GRMSh aFP BF i RARR ) Pyl fine ruh7 ce
limhivish soid HEV irgplaon N Ak o) medsuohg trd';élcmca“sbml of said HCV replicon
Rﬁ‘é‘ég{; iy fe?eﬂ% QFla %n@@ of theViy "voNg‘fEaMQasE @hi &E&Sﬂh@ HCV RNA

fectiveness o prot ease |n |tor or
helicpynidiitonel i case i nhi b| tor to control an HCV
infection in a subject conprising the steps of

gg&virﬂi F@f@reﬂ%ﬁﬁ%({ﬂﬁqé@t{ﬂﬂt{i@ gﬁf‘tﬁljcﬁ ®ff thapresehethvehtidh, ed/estriction
a 0 nucl eo e. segquences e
e Gaubcel o PR YO 04 SRS it BGRE 3" B restriction

ngs&rstquamc‘t bfeths amjsenswiptimet biganbecodnizes Xbake- st r and
pri mer which conprises a unique restriction enzyne

Seq uﬁ{] g ?urtﬂ&gﬁ)r?’%rl%ateimlﬁ)%ﬂﬁ&tséﬂ @ qn&[ll)&ge{)f {’M%i sent invention, the

conprises a erent unique restriction enz
saguaresl PEMShcogPEadsdh Qifls| sefieancp selgied Iff@m PEQ [D NO:15 or

SEQUeNKes 15N &e ah'@éeﬁs%lmtﬂaﬁ@ rbrll‘iﬁ’é%tctogﬁ)riét@s:i ﬁﬁ(f:lte@tlde selected from
plicon plasm ds ransform ng

g@ﬁggﬂf@sm %éﬁ%%%llfs to generate a plurality of

col onies of transfornmed cells, pooling said col onies

and Irs eha@thempretiniededmisodi@vnt ebthecmathpldasolfrithifs pfasarn intwntion, said

?éﬁ' I%g%lffg(i Fﬂj\/ﬁ]ﬁ%lghﬁ (ﬁfdezs n%ée'sI € 88%%‘32‘??32 6111 are clgned into a

\4 hepbmrr shuttlaveges mmbﬂsm@ ap r%@\éd@lmc}mﬂdec sqq@wce wherein the

SRR GRARNASY %B@nﬁﬂ@(‘ftﬁee‘sédu@gcel"lébglpﬁ%s al paIPndofide sequence
sai d. HCV replicon 'RNAs and neasuring replication |evel

gcodinsd Mﬁ?vaé%v RO AN AINALeSTACHORENZY B seflisness flapisiagdhe > end and

the 3t Bed b dNSSyicioids sequbideliint @din @ thet NI$3 HickéiiNA
hel i case i nhibitor.

In a more preferred embodiment of the methods of the present invention, the
unique restriction enzyme sequence at the 5 end of the polynucleotide sequence
encoding the shuttle vector NS3 protein recognizes EcoRV and the unique restriction
enzyme sequence at the 3" end of the polynucleotide sequence encoding the NS3 protein

recognizes Xbal.
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In a preferred enbodi nent of the nethods of the
present invention, the restriction enzyne sequence of

W@ b@sgense- st rand priner recogni zes ECoRV and PEEEP2008/056521

restriction enzyme sequence of _the anti-sense primer
strand recognizes Xbal. In a further preferred

embof] g‘?uttthe%fprggﬁeg%%%g?mggt otfhtﬁe %{e?l?oedgtofl tﬁg %%seﬁ)tnmventlon, said

t he sense
Befuendiicd éi@émelynﬂdgm@mnu@cmncpdmgra S‘E@quslm@re dlgned into a

aied; tecA e Q@&OISE&ﬁﬁgsﬂé%amcvcﬂmfﬂ&ﬁ&l@e squence wherein the

nucl eoti de selected from§S
Nertdg veqter ot Relynpeleqtider sauess sarisines ¢t Omeé Aetgsrestriction

efzyhleae e@l&@ﬁlacéd%’e@ﬂ&dn@ﬂ ot dBOR- a&hﬁﬂlolrﬁﬁﬂzoh@é 3" from the 5° end

| di 3 t
B B Tt e ST a FRcongn e Lra Wetiny o cemiydioRge seavence
errcoldl(ﬂg pdﬂ&ﬁqu:d)temt | od @nBpqUesITetinh emeyme tseguahatflhed between 20

ctEoCHdeF@/ R YO uehegkddes Sﬁ%Meﬂl%e?) N%ggj lF S Eol nucleaptide sequence

ynuc eo € sequence encodl ng a

QmiOdfu@ A e%fﬁﬁ i protedn @ npglieuciestide negyerfce aﬁl@pdglgt heNE4 A nprotein; a
sinw@otéle gaflieate éﬁbém@%' Nmﬂ)r%% dagpcﬁﬁﬂi&%ﬁﬁe @Jal%@l%e%codmg a

Pr ot prererr di rent of
Wé% @a%telaf alicﬁ?épﬂk”é‘éfé‘?ﬂ“ ﬁ%ﬁflfeo‘ﬁlcoglﬁé aprgupgoteln.
restriction enzyne sequence at the 5 end of the
pol yhmﬂl@gmb'tldze pseruehaabatimedi ofght hetisddstof the presehoinvention, said
PR Bl PP BORR SRR PO kDT R propin are cloned into o
P&y mmlke@ﬁhdtélewqt@enempelﬁmech ngcledisleNggugncotselegied from SEQ ID
N@)CSJQJE(%?@ N@%' st@ 1® N1 NQEPISND: Q@%L@’@B%@%t Sef 1D NO:22,

t he nmethods o resent invention, sa
§W§ﬂP@W8@3H€VE§bH9ﬁﬁ%?%ot|de sequences encodlng a NS3
protein are cloned into a HCV replicon shuttle vector
conpThé&idrggoay zhlﬁ\/otheﬂ Wﬁiag@tdrﬂefeﬁ&fw enge M@ﬁtﬁ,innaﬁmﬂle manner

shuttle ect ar sequence conmp

i pete € ol g PRAPEeS oh LS REY SBe rehRl) 388ent upon

batsweartio®f ruhkt:foélot/vur@@tﬁlednidsczm)tmu cif ¢lot indlegidd thkamntdo@junction

RUEE, RhoBr ROl NENEP TRt SE AIRNEIES-EREON N8 difR

protein; a unique restriction enzyne seouence pl aced

bet ween 20 nucl ed3RIEEDESCIARTHINOETHEDRAWINGS, om t he

3 end of a pol ynucl eoti de sequence encodlng a NS3

pr ot Bighie B ipalsydisdtRotdpeiesietore vt ehe oengongta oNBAHCYV replicon
rgﬁelnt a pol ynucl eoti de sequence encodi ng a NS4B

g} Bl o pol ynucl eoti de sequence encodi ng a NS5A

protein; and a pol ynucl eoti de sequence encodi ng a NS5B

pr ot Bignre 2 s @midsmiémﬂph@frthpr@fff@ﬂr[@dlaehiﬁbdéph@nn sbittle hector, pSS-
el,nRds RHRVKHRI R&GHL Aél@lv RO C{EhowSr@'ag RCR ARl fl%qe, H77 NS§3
HCV pol ynucl eéot |1 de sequenCes encoding a NS3 protein

giseet€)-oned into a HCV replicon shuttie vector

conprising a nucl eoti de sequence selected from SEQ I D

Figure 3 is a plasmid map of the Genotype-1b NS3 replicon shuttle vector,
pSC_1b_NS3_EcoRV_Xbal_NS5B_AsiSI_Rsrll (shown as its alternate name, pSC FF
EcoRV-Xbal-NS3 EcoRV/Xbal NS5B Asisl RsrlII).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term "HCV replicon" refers to a nucleic acid from the Hepatitis C virus that is

capable of directing the generation of copies of itself. As used herein, the term "replicon”
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NO 5, SEQID NO 6, SEQ ID NO 19, SEQ ID NO 20, SEQ ID
NO 21, SEQ ID NO 22, SEQ ID NG 23, or SEQ ID NO 24 .

wab@sfigeeegoi ng and ot her advant ages and f eat ur BGT/BP200$1656521

i nvention, and the manner in wWQich the sane are
accon‘pl i shed, will becone nore readily apparent upon

Hlsd.eg R ésqpelfiﬁ(bﬂﬁf agcll hglwb 152 gtthgteegiall:lo? gxa?ﬁ@g r élcﬂ}blleo Eltra%ded DNA

e |nven I on n co
‘a@@gn@aﬂﬂﬂ\{gge@ﬂm Fasbe \mddh gehdrafts tar sanghe-stxandgtl &NA transcript that

eSTRafIEER I VBRIFon DFRERIART L&k &h‘%o@?&%\%l}'@ﬁﬁi Qe Eyenome or

1is a schematic rep resent ati on of he conpone
Hte sybgenpIci 8H st @{89|réfe¥/féé@6ﬁssul1%eg®mé rgplicong. For example, the

ﬁlb@éﬁﬂrﬁm%ﬁh@ﬁqs ohe1Geedcyibed hb@lﬂ\ﬁi’ntﬁlﬁﬂhbﬁm tBé’l gértek @or the non-
vect or

NS3 E Xbal
VG 4Bl O, i ke TPy Raa0% o e, ges coding for the
Frguwel Broitsna Spbgswitde rppcafs arheap@blratf YireetingthiNS8pression of all of

t . i
{h%@lljagg?eﬁgig tegs'lg@ %ﬁﬁe(}k%g%tl%ls o%tlhe eslsral slub%enﬁ)me, reghcellt%osn of the sub
&me@”Flﬁ apdicomrathoystheprodediRy-oXyunl-mgXIEc oRV/ Xbal NS5B
Asisl Rsrll). DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Def i : Ai bhs‘i’d"SH(_f?e ret[ﬂfltﬁﬁﬂ "EQY sruﬁi#S 0@1@9" cdrﬁfr@%tﬁ cf)ﬁ’taﬁung an HCV 5'-
nucl e romthe rus. tha
B%tﬁﬂﬁlaée%@ﬂ% 1sger Ty Hmé% 3 |P8¥¥P5?teleoeﬁf%@nafegm anda HCV
ARSI N Ot]ﬁes ntusleﬁt doglrregions tdrebd @esent sl dsclosse ipaatidicg $or HCV NS2,

nd, _hyRrid hereof . For exanpl e,

? U réd st ra%rg an%c@e?nm onssegﬁe%é% genones can be
used to generate a single-stranded RNA transcript that
consthe dH@¥ ar/Hovegiepl provides Theintowalr Bbpdostnsenteassite (IRES) for

bﬂﬁélﬁdﬁ"aﬁswdonl SROtriiaYs GRARABIRT rdfRARMPIGROPICS/ 5°-UTR region
tructs ﬁ{so referr "sub eno ctrepl icon"

d
6 udes AAYFEL QARTEg0Y EXonrd TR Reptendiigs uglegdgsgatp a HCV

Et&é%nﬂo@lﬁ@tragmnﬁﬁlﬁd flﬁﬁctﬂoh@l @&h@ﬁvésothefebﬁ TigN 5°-UTR region can be
structur ei ns_of Vi but are m ss st
BB AREn T spOH o Ut Rl gl o Sl Eheoding
&lmgen@mtmnremppctenspnaﬁm, capabd pilyptotegct i ng t he

expression of all of the viral genes necessary for the

repl j£aidigsh o tﬁehﬁC“(/' § aﬂJTﬁqug {%&W’noﬁeﬂb'\fcﬁ@%o@eﬁéntg B&h also be

sub genaom c replicon, wthout roduction of viLral
prepantén g, repliogas e mmﬂfe\blwem@tacmﬁ%ﬁf @ different locations

ﬁ@ﬁﬁiﬁﬂgh@ﬁmékﬁﬁlttﬁl sﬁganarﬂh dHVioh encodihf dhsdnatiey Iﬁd%?))tem Examples

AR ﬁ%@%@ﬁ@%&?ﬁ?@@%ﬁ% s 1RES, and

bowsental glisctheasirtihB¥ES. pr ovi di ng for HCV NS2,
structural HCV protein(s) and non- HCV sequences.

The HCV 3°-UTR assists HCV replication. HCV 3" UTR includes naturally
occurring HCV 3°-UTR and functional derivatives thereof. Naturally occurring 3'-UTRs

include a poly U tract and an additional region of about 100 nucleotides.

The NS3-NS5B polyprotein encoding region provides for a polyprotein that can be
processed in a cell into different proteins. Suitable NS3-NS5B polyprotein sequences that
may be part of a replicon include those present in different HCV strains and functional
equivalents thereof resulting in the processing of NS3-NS5B to produce a functional
replication machinery. Proper processing can be measured for by assaying, for example,
NS5B RNA dependent RNA polymerase.

A “vector” is a piece of DNA, such as a plasmid, phage or cosmid, to which another

piece of DNA segment may be attached so as to bring about the replication, expression or
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The HCV 5 -UTR region provides an internal ribosone
entry site (IRES) for protein translation and el enents

wmewdadoefor replication. The HCV 5 - UTR regi onPCHEP290%656521

natural ly occurring HCV 5 - UTR.ext endi ng about 36
nucl eotides into a HCV core engodl ng region, and

i on Of « R ' . .
[gltf&pgtlon (?fl thgJ g{tid‘){lgé ID\f\?ﬁ feglr"l‘lo I g i z,fixo%hSLngffj g(ﬁ:toliJT refgrt% 95 8Ve&8Min which a
B’M@gmammbﬂmscr@équ@rmexelﬁ@b@omga ko labefteripi restriction enzyme

Bt e s@grﬁé?l@q{ft @NA Hfa@t@ ibert@d iR¢d MIQQL&QJH%/&&QE encodes a
In addjtion to t HCV 5 - UTR- PC regi on, non

Belxpehiids %&%Nféﬁé dn%éesb%ds et reptriction ep%mq s arerfgsigned to ensure
ﬁl@&tlb'ﬁ:\/oﬂ B=SDN £reephenCan the pRoggerdading fthiht efoeNkanscription and
ixt Ions including i medi ately upstream the region
SN Mg for an HCV pol yprotein. Exanples of non-HCV
IRES el enents that can be used are the EMCV | RES,
poI i Awiarigly dfRESorsaaicedh bovsadetovixpedss dinaickefreaid/ maleuleRESch vectors
ﬁdﬂr&no%lag' 5&{13 Wﬁﬁg&ﬁ%& %{F:ﬁ VHZEE%s derjved from
udes nat ur al occurrin and®f unct i onal
a@rﬁrrwéﬁ)ﬂw%dse heme ﬁctemh’slgglfrcynd/@@iﬁ repisages freyppgast chromosomal

bleglehdeirR] IR yée\sf hAFCiak R r o eelst fr@ﬁlalwrﬁé%g'sﬁfh Qf baculoviruses,
about .100 nu &g{?ﬁs The NS3- NS5 (& B rotein dorabi

BIROSEVIHG Y 8 ﬁsg YEEM B Pl SFPPBT eI h RRI e Pisgdorabies
pit @ee degtks ivirugescald retroviousds. f\feef(ﬁﬂtnap fasb dieterivéLiirb@bdoenbinations

0 egl]]ese 2R c%? | Blr o tﬁlﬁye EFQEE Fr%g'f’ pl% 1&1 ag?yba?t%flgﬁgge g];neqic elements,

1 con 0ose presen
(37 mmdamﬂ Phﬂgcwdﬁnéppl@@uatcaﬂ@nng ancheypaessioneseibts fagprokaryotic

hﬁH feﬁ@aryétﬁc RSt rAQe 9@scN§é’ﬁ NPSBnibPodl HULE (@8N rMJlécQ[&?'Clonmg A

I'i cation machi ner r oper._processing can
Hehaseipach el b%ndaféélaépwgﬁPrmeraélz%Iqu@ratRsslﬁemﬁold Spring Harbor,
slgpegdent RNA pol ynerase. A "vector" is a piece of
DNA, such as a pI asm d, phage or cosmd, to which
anot her ece segnent may .be gttached so
o ) S8t ES Tl el RS e AR ScR hOBI e aEp & isRiuced into
o aprivepadtt aoktedll Bivkrepgaion or &prehiontisegkaowortéchngfues.glost cells
&91 hYGR Bﬁcté év\’!}llg: I'fné}u Bﬁﬂ'ﬂ%{‘thn%% I?(? En§(ﬁ[ té‘?ﬁe{)tomyces, and

Into or excised froma vettor at speC| ¢ restrict
eHyyhdlasyphégiuriphe calegrrtist ceBs inpiyading, bt pef limied: toe geash irpect cells,

a&utats Imo%pxmcp ange edlR! duth @b eREEs HeLROEBRAREK de3 AV TRMA CEM-SS,
¢ restrlctlon enzyne sites are

EF tscf‘n rP nsertl on of the DNA segnent in the
proper readi ng frarre for transcription and
t r angtavisopenciallyainadide ofleargldt omsrkessn thye esabik tthe selection of a

obuatin BH&G ll?!tk?at a6t 1nr{H ?e%g %ina PO T on St ctg rﬁl fker can be
SR8 FHHEHEy B TR REH B SY IG5 U

eorgained, ét‘th@ same é@qtvrefdiaf Mmlba&neémcklc mda@nieﬁgles d«rsérrf@ed herein or
Ragbehoph Qr%te Vet @M M@ﬁ(ﬁ‘s 1%91'1139 ERSicydi@M Y £85ikillin-resistance genes

hro song me n ye st artificial
fc% oREs, q‘SF cﬁ“r{] %l@dsé‘g‘ygﬁﬁ’é‘ﬂatés %&6@?%\9? rRfeEYcin resistance for
eukaryotic host cells. However, any marker that provides selection for a phenotypic trait

will be effective.

A "polynucleotide” or "nucleic acid molecule” generally refers to any
polyribonucleotide or polydeoxribonucleotide, which may be unmodified RNA or DNA
or modified RNA or DNA. "Polynucleotides” include, without limitation single- and
double-stranded DNA, DNA that is a mixture of single- and double-stranded regions,
single- and double-stranded RNA, and RNA that is mixture of single- and double-
stranded regions, hybrid molecules comprising DNA and RNA that may be single-
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papovavi ruses such as SVv40, vaccinia viruses,
adenovi ruses, poxviruses, pseudorabies viruses, herpes

W@ 008848571 and retroviruses. Vectors may al so bRCHEPI00&056521

from conbi nati ons of these sou fes, such as those
deri ved fron1p|asn1d and bact eriophage genetic

8 SIERLP dre%%ceﬁgrzc%ﬁﬁe ?trtl%lcfgzﬁ% %%&‘?‘urﬁ g Eggrérﬁ:f %puble stranded

on| ng on vectors
eagmus ykmt atdsilth@st golinecleuiier rdderd to rﬁrISafﬁmaodﬁd egioak comprising RNA

&11%91& (Mbh)@ﬁlu R&TA gnQnDNg\: APBQHQEI@&‘&H&’ J}@”éfﬁbracgp Qelatively short

pring Harbor Laboratory Press, Cold Spring
P@V’b‘éﬁle(’tﬂ?‘i offsaTefoyrerbioras P lIgRHCEOHIAY t he appropri at e

nucl ei ¢ acid nol ecul e can be introduced into an
a p pr npadditien, s tteree ' DNfAOmopicaRAgebisamlp o ﬁi@ppﬁ’ﬁﬁt)Oﬁhd secondary

%cttlgrlglo??ll Fegllﬂ lélecgae% ﬁbm?[eLtgfaq%/a[)nl%rt%Cél Oarl{%r%aléf forms. Thus, the
tmﬂnl mclStic@doddyﬁEsndednENﬁafmdemtar lygphn fmeauMNA molecules (e.g.,
RUBREYAEL (e‘ﬁ‘ésj 3/1r'u£‘é§| 15‘1 nrﬁgs, ﬁatchﬂgltloslo tlﬁqﬁ {cgsergetﬁﬁgtructure of

I nsect ce osophi | a anl

B tiFgAL ﬂoqhéq_aran@% DPEK 79 culW SPIReNEEMIBS, bandescrigsd  herein
&Rblding @NtheM ol E8lvkStionVsL 1@1&1% 0&%@ %Edldénté]ﬁd #d8&" to 3° direction

eIe abl e markers t hat ction of a
aa%gfm%mﬁcrﬁafdégﬁv@ of ﬁﬁ?& ﬁmt § ﬁrw&%@&ﬁﬂﬁgﬁfe homologous

wethe ®iRANst ructs. The marker can be contained in the
sane vector that contains the nucleic acid nol ecul es

desch bgg ﬁ{l gécﬂleo rref'ggytobt%e jﬂ)lﬁnéﬁspl%h%t ﬁ?f fﬁ%:&u%[eotlfles in its either

Mar kers i nc or ampicillin-resis

tetrac
gjeglestriptedpfosiapy ot d@bﬁmtransﬂédlf@h& drrdi By disefissingt de structure of

ﬁ%@l‘ﬂ%@ﬁﬁﬁp MR CleQuérRe] rﬁiyaﬁ@ BedcAbe L HERIY cbFIiAR S the normal
ver, any marker rovj des sel ection for

aorwﬁ%m 9@3 iging th S€q%r1CF Hb%leéf ‘i°e3c Hirgiions
"pol ynucl eoti de" or "nucleic acid nol ecule" generally
r ef eThe te@mahystncﬂlqn“ érbpmﬂcsk@mnicd erebdrs to a spec1f1c double stranded-DNA

%I%!& v)v(}rulah ?n %}\& dDm b%rhl]};ln?e\flﬁﬁg rTg)dl %‘P W%II\I% &t double-
WM@@DNA Afl Qrateaom smcrﬁlgln@dean@b ftstqu‘tncef §h¢ maﬁesﬁommyme “EcoRV”
%ﬁlﬂ%tthb S sy uBhost Ua'r Q}@f V&T@gj Sndands q{%u@&ﬁ)'lﬁgﬁﬁ'\gég BHNA at the

ons S|n8 e- and | e- stranded

}@I%%W@OB ess | ngl3ec M%ébl wétpidadh r@gﬁé’ﬁémﬂcuon enzyme
fnybuT? dedizhRedItiRSseqaERET St MY MG Arsd JRYA Ut afte BRY ThRsidue on the

sin Iestranded or, nore._ doubl e- stranded or
ECREYHLN 997t ngl e- and %gé&%eﬂi% randed regions. In
addi ti on, "polynucleotlde refers to triple-stranded
r egi Ohstecoriprinsirngs RAhorirDNfroto dooligoRMAcatid:, BMN&r RNA or DNA,
ﬁﬁ:lry%é 995113:%9 o@ld%gbf%rg&;aﬁﬁgf crlﬁleﬁtde}ﬁ%&' RN biological system,
nucl eot | often re

erred
gfrriegaé%bsr Esstricen enpynedigrstiognor PWéUf@rwtwlwfsdm@en placed

et sréek Yentvﬁoﬁllﬂ@ntp ik MBI R Mgh GRAAIME ALY asstaﬁ U@ﬁtiﬁ"[@r of template-
| ecul e, a es.not limt it to. gartlcu ar

%l@ﬁfl %ﬂtymf%filﬁgﬂgwa LS1, heWhen presented wit ppropriate nucleic acid

template, suitable nucleoside triphosphate precursors of nucleic acids, a polymerase
enzyme, suitable cofactors and conditions such as a suitable temperature and pH, the
primer may be extended at its 3° terminus by the addition of nucleotides by the action of
a polymerase or similar activity to yield a primer extension product. The primer may
vary in length depending on the particular conditions and requirement of the application.
For example, in PCR reactions, the primer is typically 15-25 nucleotides or longer in
length. The primer must be of sufficient complementarity to the desired template to

prime the synthesis of the desired extension product, i.e. to be able to anneal with the
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termincludes doubl e-stranded DNA found, inter alia,
in linear DNA nol ecules (e.g., restriction fragnents),

W@ 2008865571 pl asm ds, and chronosones. | n di scusBCTEP10h&056521

structure of particul ar doubl e;stranded DNA nol ecul es,
sequences may be described herein according to the

£ nv.e f [ C
?gsngg aelﬁ@ e sgtlnang N 91 %}11 er ggff%lg—:gﬁ to. Eleq[\ﬁc%(]tﬂ?% ﬁa&t%}z&l%ﬁﬁ%ty of the
primer in amomatamtmnwg far swqoehe mitasion dgonidesipby pgolymerase
Hﬁ%ﬂar%zﬂﬁw ok el @quir&f R he JritfePYUNPRE! fepfQEAD an exact

ribonucleotides. in its either single-stranded form
grmplegsibrethe desHad demelafsc for Pﬁfanplﬂe’d@ SeponHeneary nucleotide

&hﬁbllﬁ—‘del-(% @ﬁesﬁwﬂcﬁ)hc‘eulzﬁﬁe Fﬂ&égrmibﬁ @@d@ﬁce)&ﬁ@uw&eacﬁw t(bfhe 5'-end
scrb her el,n_accor convent |

oS S nBEES T RG: el B SRR AT b %es may be
tne‘frapéirsedst/v[thnt il obipaybcosideuenuoe” sekaces firovided that the primer

BRI MG a0 B APRUSRR MOUEe oy gy s
tmfurwagmlbfsprpm@e@ twatatprenern@anplax é@fethef $‘/eth6818 of the extension

pﬂﬁm@@tlde sequence. The restriction enzyne "EcoRV'
recogni zes the sequence 5 GAT ATC 3' and cuts the

doub strapnded DNA at e i.ndi cated nucl eot.i '

T A P (TGt BaUsi dgreinymeapha Tpglseyle o IR éﬁ% resulted
fratalD N Arfeen gwb oe sndrb diffeagit enaeesThat haGd BéaA fasedamdplidet Sogether.
afte t he T resi due on the recognition sequence. 3

an oﬁ '&Ie rg_lﬂe tﬁ e{epﬂl ?]Iﬁ]lla Isﬁ&@smlé%ﬁA P&[e%t}@n ro?fnﬁ&%vgt%nts of a

gonuc ot i
Biedgménat FR e@mme @mubrllce (6¢.rggnelale), edid maierogenianyebeing formed in

£rsﬁ’1gleainf%'cﬁld%gbfé@ﬂ oS¥#eh&Ma GRELAL 8OndYr ERSL] ﬁ'a‘%lh%@ cell clone as a
%% E estion, %Hprodgced]synthetlcally whi ¢
ngh% R Fge EHRsHA®RNt, is able to

functionally act as an initiator of tenplatedependent
nucl €he teami Gubjpad’ e sisal hé&hﬁﬁe&ﬁs&ﬁﬁf&r&ﬁr&ﬂiﬂ par@idular members of the

?”P rﬁaﬁlanagé)eae lnSI 1%(:1%%65, l?u(?nig)(l)tafll%iteé utl tabclle%t ugli)bl? sggews, and

recursors rds.
enzyﬂet sbmmabkbﬂeqﬂaun@ms and condi tions such as a
suitable tenperature and pH, the primer may be

eXt enFe A “dahHlS LTk USsafpld BE igddi Irl MNd Qdolated from a subject,
Ieot des 5y t he a%$|on 0 ymer ase or

wetiding huteaetyinaitelt to, g s i@(@@%gﬁaoﬁr\é‘iﬁoaﬂ&t‘ ffqrg]elymph fluid, the
@ftérﬁﬁal sedBynsV@rthe klin) @E}Qtdﬂo@ﬁﬁ%ﬁhﬂ@nﬂ@ehh@urﬂﬁfr? trats aears, saliva,

E@Eh‘hfog oe]ﬁand stg?{;’g{asgﬁag}d a?};]o S 1F£$ | C\%{rg polelé érlﬁk}re constituents
(i5elR8ing bk eot e By, comhyemed medlengttekuluﬂ'g]ﬁropruhﬁgrowthsxf cultured
p&lﬁ‘g{utg‘tﬂ/fefy' &fa?ﬂltfec?ézihrg% 1€ rf@c% ihdnt C%IB %ﬁlﬁ(gg%ﬁh{ggqents).

esis o
ext ensi on produc e. to be able to anneal with
t hed@<Fl 8as besip Fransfoimidiie “FTAnsieqteihrir xe@emoe PEAFterajogous DNA

pf RMIAGRhéhaucB DX A GRYA hap bednyin@odtife@l ipsidéede defl. The transformlng

g{/) ﬁrf/lﬂgéqlt@ltge Xt a |G C)gor]c (r)nrayuﬁc’oet ‘l%en1r1tte|:jgr(?ateél1 I(E:(I)V%ien%y hnked) into

chromosomal DNA makmg up the genome of the cell. For example, in prokaryotes, yeast,
and mammalian cells, the transforming DNA may be maintained on an episomal element
such as a plasmid. With respect to eukaryotic cells, a stably transformed cell is one in
which the transforming DNA has become integrated into a chromosome so that it is
inherited by daughter cells through chromosome replication. This stability is
demonstrated by the ability of the eukaryotic cell to establish cell lines or clones

comprised of a population of daughter cells containing the transforming DNA. In the
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or simlar enzynme. It is not required that the primer
sequence represent an exact conplenent of the desired

wo 209pligeel For exanpl e, a non-conpl enent ary nukCEBPI00$056521

sequence (e.g. a restriction 9ﬂfyne recognition
sequence) nay be attached to the 5 -end of an

9&5'&? %?%ﬁ&or?@ C%HE[ESta{ans?Jm{Eear fnaé{n[leﬁ[aﬂ g d¥$ctr1|l%ed 11% the present

ers
mvclgtmu ah@ 8NAd elqdrrculrep gs @Quféﬁ&’eRNérmoﬁ?d@ld hdsathe haity to replicate

RnhilRfoRRAMRRC eHNAS SHE fcé&%ﬁ%“th&ﬁ@j@' RIBA R Met\@&t@éﬂ either by the

the sequence ‘of the desired late strand t

PLFARAYCE eﬁ%nsq SFtigR BRATKE o atrél?ﬁﬂeétgé“epl?rle??éf og &rﬁpq%%% r the
synthesi s of the extension product. The term

" chi NETddne” asfetsS@da tpepeliaﬁoﬂ&ﬁrtsllsadfmleacfwra DbinghAell hdt common
QQStr§sult§d frganNA Fnut Mo or nore different
%65?8egﬁFﬁgybﬁév%P%§%ﬁ > or spllced t oget her. As

used herein, the term "quasi speci es" neans a

col | BKAMBWESf microvariants of a predom nant HCV

genome sequence (i.e. genotype), said microvariants

bei mlnhé fmmﬂqfeﬁa@l&m BdieREBples Frehh 86 'éanfﬂe %@@sﬂﬂ%cﬂn the art
single ce

one ven in a sing I n

FLEre dsv hhg RGNS R0 PEECR WQSWVPEBP? c&{?% should not be
Erdr&deeerdrm bubjrgcthe saspeusethenav&itidnl &fiehserdl as being illustrative and
x@rég t 1%éreﬁgrtlcular menbers of the mammal i an

EREEHEE™S ¢l udes, but not limited to, rodents,

rabbits, shrems and prlnates the latter |nclud|ng
hunaﬁ&LJmhé term"sanple" refers to a sanple of tissue
or fluid isolated froma subject, including but not

L'i m gt erod O1exaapl e, plasma, serum spinal fluid,
l'ymph fluid, the external sections of the skin,

resp ntest| and genj t r|na s,
t eariﬁe i\fﬁgu (FQ icoR |51ngsl"66t8rscgcr t’ély iﬁ ﬁgmé,en%%e‘lb were
adzmds aifgrhesthef HAVvViI NESB ceklbhcoul tslnmalec ows:toﬂ; uep8Ssl  and pSS-

{LAChunIARY STt | M edodfe G0ndT Lhoned BT and

fure Cel
pﬁ@alth_NéBB_i/Aslél_3lRﬂr1éc(tgedot¢E¢ llé) whiclormsé rsetoseelin ghe commonly

Q@ged:@bl a&ﬁff@pﬁ%&&% URNE Bl /b4 flg?\_:ﬁg BREHN lbgc%ﬁﬁ;epﬁg'%% ‘B& Dietrich

"transfected exogﬁpous or eterolo ous

Glrrbnertitted "B BFPImA 44 %%%Fprﬁnm‘éwom%ﬁ@é bt/ﬁ%ference in full
Békin. Thie E(ﬁrﬂﬁ&ﬁ&ﬁﬁbflﬂleofe litansh@ae Iv@@ome%oamnnﬁgure 1 and

C Dbl B SO e b b N R ahaPheh pigsb proteins

exda 8;UTR. pllokacyot esso inelade .thcapdhasmlmmhtearml adloseme entry site
Q?(Z:‘ﬁi%; ; Ansd %éﬁ]r&g t aﬁ@é’t'&g‘e 'ﬁi%ﬂ?' REeS rg{%o e ERHSO cam of the

' such as a eukary
tesfly duciferase gongs the &pn%ﬁlec@6¢phaéommardﬁtlww FtM@V) controls

%Heéif‘ﬁlfsl%% Bgth@mﬁj‘h A8nRECONIRAl P EINGSE 8ds4 AV INB4B, NS5A and NS5B).
chronosone so that it is |nher|ted by daught er ceI

t hrough chronosanme replication. This stabilit
fln order to infroduce unlgue restriction enzyme sequences a'}/ the 5 and 3" ends of

the NS3 gene sequence, intermediate vectors were created which contained the
polynucleotide fragment derived from either the genotype-1la or the genotype-1b NS5B
shuttle vectors and included the 3" portion of the EMCV IRES, the entire NS3, NS4A and
NS4B protein coding regions, and the 5 portion of the NS5A. Mutations were
introduced into the intermediate vectors using the QuickChange site-directed
mutagenesis kit following the manufacturers’ instructions (Stratagene, La Jolla, CA,

USA). To introduce an EcoRV restriction enzyme sequence at the 5° end of the NS3 gene
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denonstr at

transforns

ed by the ability of the eukaryotic cel

a mamal i an cell as described in the

to

establish cell lines or clones conprised of a
w@opaligteron of daughter cells containing the PCI/EP2008/056521
transform ng DNA. I n thecase of, an HCV replicon that

QIECF Bﬁfbai li]%s?rngt ﬁenzﬁrlﬂ? Wflgp ﬁﬁ%l e 8 SFthe %3%&:,% following

BOMICLSAWATO b
replicons

gadously. Huh-7 cells carrylng t he HCV
are detected either by the presence of a

S]?JoRQt LA MR

replicon.
ddHnsfed fr

aenerallyv
J J

ﬁ%AA@[AA%NCQQ@AI@ACQ%ﬁ%d@G%@HATT@@G‘ 5‘ €
A "clone" refers to a popul ation of cel

oma single cell or commobn ancestor
y t he process of mtosis. EXAMPLES The

SEQ ID NO: 1

f RdoROWaRG-
enabl e. t ho

uiiErRt AN d

5 EUANAATAUTL GUTA TG BS GUTES TIITYETAR 03°
se skilled in the art to nore clearly
i nventi on.

SEQ ID NO: 2

and to practice the present

hoa concidorod Aac i m+ina th ScrnanAp

They

choul d nnt + hn

n
pay nf
LAY CUITOoT UT1T CU Ao LI L IIU C1re QL;U'JC Ul
HURGCrEr @ CCGEET REI CRAGAGERIGHIAMRA G

[ Exanpl e 1 Construction

&?gf sentative thereof
asm ds| The NS3 replicon shuttle vectors for HQV

OTTOUT U 1T1TOUU

i Xhwent samgg

CTre

SEQ ID NO: 3

genotype-ra and tTgenUL ype- H—were derived fromthe

I-K’NI NS3BtiT ebt FERTSNUELLEIGEGOFSACHSSAGARREA pSS| |
m@gﬁﬁmﬁ Asi SI _3 Rsrll (genotype- la), and

SEQ ID NO: 4

pPl-Tuc/ ET/ SC and pSC | b_NS5B 5 Asi Sl _3 Rsrl|

ownel! %pe_@? Fsegg%h B R %@ﬁg&@f@gg@%@%@%{wl% enzyme

feoenke ronlfh,e 206 lbylf@am ge:neh set¢-dakcted emitagdneds "WdS\performed to
Eee‘olglregﬁlcees r}gé%lﬁo ors Thls?ﬁe I%lhltaltl%nl Q}% égg%r {Ta(teed l?ﬁlso using the
Q@pﬂ(Cb@ngeshmdlte@tedemu@g@wmsekls hmi/vldld notFilgoge the amho acid coding

' ti de sequence fromthe 5
SORRRERY okypysLac: 0o o

NS5B~proteins and the 3 -UTR The
vectars al so include thﬁ poliovir. ribos

s . i nternal
ent r V0 s5a08ralq pemiconphitthe JEHOFOIMEL #@Ht NG pad B85 gpssgttes,  the
fr'agrﬁéﬂty cotuainfigy ﬂﬁ:angeﬂ@ceng@WﬂSﬂidrﬁ amyafe def@ericey @tleysubcloned into
r RE ro e
DL SRp e Aral oGl P ohen bR eeoabperla N shuttle vector, pSs-
trlandiSat EaoRVoXbah & SEIBVAfBIn RsitlF uctEQ alD gé@as 5( N§@yre 2) or into
Eg% Alb N@éﬁ 5 N§§IA‘3%?HN§§B%6nerJtQ erd %‘é{l(t)t?jﬁée—'ﬂgr gﬁgcghuttle vector,

ué restriction enz uences

Ebfdls] DoNSB s oS3 XPehel SSBqhEReasT] KU HBANGY 6 Fidttcod)s To generate
WD aGE @Y. PG smmeadzéaaﬂs,tth@ ARSI @OkiEoned into pSS-1 to

f ragnent derlv r e ge t l.a_or

gENHRLy oS- 12 B ARy ekl et QW SR B R e Bl el TS TISC o
Qﬂfetatepscoi1bt_h163£lMBWl_m,(SE(DéDGM®1ZDE NS3, NS4A and
NS4B protein coding regions, and the 5 portion of the

NS5ANSW£1§HC58 Ruttfe Rctors were also generated whereby the sequence encoding
the NS3 protein were replaced by the beta-galactosidase (lacZ) coding sequence from
pUCI9 (GenBank Accession Number M77789). An EcoRV restriction site at the 5° end
and a Xba I restriction site at the 3° end of the lacZ gene were introduced by PCR
amplification. Site-directed mutagenesis was then performed to remove the internal Xbal
site within the lacZ gene.
generated for genotype-la: pSS-1_la_NS3/LacZ_EcoRV_ Xbal_NS5B_AsiSI_Rsrll (SEQ
ID NO:21) and for genotype-1b: pSC_1b_NS3/LacZ_EcoRV_Xbal_NS5B_AsiSI_Rsrll
(SEQ ID NO: 22).

LacZ vectors containing both NS3 and NS5 cassettes were

LacZ vectors carrying NS3 cassette-only were also generated for
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introduced into the internedi ate vectors using the
Qui ckChange site-directed nutagenesis kit follow ng

W@ b@siretenf act urers' instructions (Stratagene, REI/BPI00&056521

CA, USA). To introduce an Eco_RI\l\é‘a_restri ction enzyne
sequence at the 5 end of the geneand an Xbal

éenogp Clhl' %,?S §gney WS?)?I%%EGIQCCO?{VmXb%P ?SE'J% %B(ég@ 5 Il%d %13 genotype 1b:

I'fow n
pS@QbAN&A@A@G@EﬁAM@@AT@@:@@KAWAC@ SEQ ID ilgnsl
pri mer EcoRV anti- 5
CGTAR, LEHHD AHCRESHETIb e MR RERrb Rl @ssedsed using the

b
BT T eadeT AR AR IS eRddAe rseds for g ggnotype-1b shuttle
packarerie sloan @nTible 5- - CTCGTGACGACCT CTAGATCAGCCGACATGCA
- SEQID NO 4 sense priner Due to the presence of the

- and Xbal -recogni zing restriction enzyne

sequences on the firefly luciferase gene,
site-directed mit agenesi s was perforned to remmve

t hese recogni t i|onPEFtldsNSTBese| A athiHI§3_FeoRy _Xbal_

generated al so usg%lglthQH ckichangesss hesdigsaet ed
mut agenesis kitl and did not chiange the am no acid

codhri§L¥edd8ncse of thé)%‘l refly Iu0| f er aske0 gene. To

L bt PR WP-V-¥ o2
ngéiggglgef‘ﬁeg, t he fr& ment s cpnt ai ni ng z'ge i nt rodufed

TEStTT CtT O ENMZyE SEqUences Wer e Ssupchomed Tt o

pSS-1 _la NS5B 5 AsiSI_3 Rsrll to generate the

geno 8 la NS3 shuttle vector, pSS|
I\Btvz, EepRyenghlevel Sdimelhsliusiferresrsignal efiserviet akier 4 hours or 96 hours

qug%gg 2hnGEctiont © pSC I'b_NS5B 5 AsiSI_3 Rsrll to

generate the genotype- |b NS3 shuttle vector,

pSC | b 3 EcoRV_Xbal _NS5B Asi SI _Rsrll (SEQ D NO 6,

Fi gu—’é@ﬂ%—To generate NS3 cassette only-replicon

shuttle vectors, the fragnents were subcloned into

pSS- dloti0igg¢ ﬂerM’i@(ﬁBMp_lésaﬁmﬁﬁgﬁEﬂW_ﬂmm PAHBERQiNtDININS3 replicon

J@@z of, ., Ato pPl-luc/ET/SC to generate
3_EcorV_Xbal (SEQ ID NG 20). NS3 replicon

shuttl e vectors were al so generated whereby the
sequbRte seqieaeisn gReodin ?ﬁse%t Srefeie vere gpiceied folloving reverse

ﬁ@ﬁs%ngat@%f RNIAJRS R ﬁl\llaﬁlgza,btﬁ&gg gﬂ)n§ 9%@%&&@%@9@1@/ and PCR-
n ssi on Nunber

é“é‘g{]%agf’{‘ o‘hfc t BVEPS tt‘ﬁBSCSlbgili oPrélaéCt %B%{Sfl tragsqriptiop; ofy RNA was
ﬁctrf(&rr&ﬂ dsh% Braaswdipodr Elh@ Sh'aﬁi chee Syehesis Kit r(Rddfeezﬁplﬂyzd Science,
F%E\%nap I#I;%‘SA?TD 1thSI ; regi(e:lrtneefI psr?é’}e?sqe?ccgrsdmg Vet manufacturers

e |n erna
protocol The synthesized cDNA was then PCR-amplified with the Expand High-Fidelity

PCR system (Roche Applied Science) to ensure high fidelity and robust yields. Annealing
temperatures in the range of 50-52°C were used depending on patient sample and primer

combinations. The primers used for the first round PCR were as follows.

Genotype la:

Sense primer (NS2) | 5'- GTAGGGGCCAGGAGATACTGCTTGG -3 SEQ ID NO:7

Antisense  primer | 5'- GTTGACAGGCAATACGCGGCCAGAGCA -3’ | SEQ ID NO:8
(NS4A)

Genotype 1b:
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site wthin the |l acZ gene. LacZ vectors containing
both NS3 and NS5 cassettes were generated for

w@emstygser | a: pSS-1 | a NS3/LacZ EcoRV_ PCT/EP2008/056521

Xbal NS5B Asi Sl _Rsrll (SEQ I D NO 21) and for genotype-
I b: pSC. I bJSrSS/ LacZJcoRVJChal rSSB Asi SL. Rsrl | (SEQ

L PN 29\ | A7 ot Are ~arvvgrona NCD ~Anceon a- nnl v

I'J TNUL L) . LAalLZ vOCLTUTI'sS Larrtyrityg 1Noo baDDCLLC Uity

wene paingo (&N er at AGCEEHGARGIGASETIAGATCTGGA -3° SEQ ID NO:9
pSS-1 _la NS3/llacZ EcoRV Xbal (SEQ ID NO 22) and flor

%ﬁﬁ&r)é@el Pﬂnlﬁér PSCI RS dAGE A %‘cﬁ'ééé@’z@ézxé SEQ | DINEY 1D NO:10

Replicatijon capability of NS3 re I con
f) e vector|s was assessed using the phenotyplc

aqqay described in annpl e 3 and the results for lthe

genopypers dsbd fdtétddnd ré@6d PCRaVRe SSTolGweN Tabl e 1.
Table 1 RLU represents |evel of firefly luciferase

Si gn@l obse%lved after 4 hours or 96 hours follow ng
tran FREYR Exanpl e 2 Coning of the NS3 PCR sanpl es
aII’JI I fl Cd ] I UI I I II'IF CL;L ed pali Cllt pe) I r\lt O thc I\ISg re?l I L:UII

seusetprigney 86820 1| S BIEGAEGLENEEST EHCOMN GIGGETHEGAISE -pr| GEQI IR NO: 11
vvere generated follow ng reverse transcription of RNA

SRS 05 ORARAROLSc USRS [0 o

p@\@dﬁtt Reverise transcription of RNA was perforned

using Transcrilptor First Strand cDNA Synthesis Kilt
(Roc{}gn(ﬂplgg ied Science, Indianapolis, IN, USA) with
random hexanmer prinmers according to the manufacturers’

W e XD HCORIACORT T RS G (Pchg, | SEQ 10N

yAglseise Amieal |m(1@{qmcm@ﬁwscsmm@c fa@@"EG@A 350- 52Q@ NO:14
V@SgAﬁsed dependi ng on patient sanple and priner
nbi nati ons. |The prirrers used for the first round PCR

/\nnl rad Sei ence tn ancura hi h dal i 'I-\l and r nhi st
I_\PP T o LILIL LI T U

WeT © do IUIIUVb. \xIIUl 94> ta: \xllUlpr IU I"IIIIBIb UbCU

for $WEo mrrre@w@dpe:mmd@edhe FepRYusstrictiaroenzyee|sgguence near the

Sens ef ﬁwﬁéntﬁ‘ﬁ@@eng sequEhLENARDEHET CCAACEEGT CEAGS: 3
SEQ ID 11 Antisense priner

0- - AG NA GLACCLA GLA™ SE

A
Catiot ypeAT B GSeEECDH | S GBI T GHLCH e ERTIRUD NO: 1

rest r| {"fl onh—-enzvhe seguence near t hn
FestH Z3\H eqgy

GT1b | 5-AACACGATATCACCATGGCGCCTATTACGGCCTACTCCCAACAG-3° | SEQIDNO: 16

Antisense primers used to introduce the Xbal restriction enzyme sequence

near the 3" end of the patient NS3 gene sequence were as follows.

GTla 5- CGACCTCTAGATCGGCCGACATGCATGTCATGATG -3 SEQ ID NO: 17

GT1b 5- CGACCTCTAGATCAGCCGACATGCATGCCATGATG -3 SEQ ID NO: 18

Patient NS3 DNA which were PCR amplified were then purified using Qiagen PCR
Purification Columns, double digested with restriction endonucleases EcoRV and Xbal

(Promega), and gel purified using Qiagen’s Gel Extraction Kit.

The shuttle replicon vectors pSS-1_NS3_EcoRV_Xbal_NS5B_AsiSI_Rsrll or
pSC_NS3_EcoRV_Xbal_NS5B_AsiSI_Rsrll were prepared by double digestion with

restriction endonucleases EcoRV and Xbal (Promega). The vectors were separated from
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5 end of the patient NS3 gene sequence were as
follows. GIla S

WO 2RGASGAT AT CACCATGECGCCCAT CACGCECGT ACGCCCAGCA BEEP1D08/056521

NO 15 GTIb S
- AACACGATAT CACCATGGOGCCTATTAGHCTACTCCCAACAG: SEQ | D

(I}gsﬁtrl C@%H E\an%/e nga{r(gg re?eclﬁ%%go}eg}lst%tdr guﬁgnﬁ{be %@ Qiagen’s Gel

sequence near
patractinn ING3 Pg@rf@dwqt@emwerevvénee taegltefdovvltbv%lrmﬂatﬂlleahme Ng®sphatase

guﬁh ecy\gcrlglcgﬁCR anplified were then purified using
agen PCR Purification Colums, double digested with

o e s, EeRY A ot oAbt ampicons

Udiftg DINA ligagioh &l (Talodia ‘B&CIrﬁr)Sfor 30 minutes at 16 °C. Vector to insert ratio of

?26 NS REGR IR NSam T Sl RV PR S WpaF e pgpction were

d@mﬂﬁd)renadil iges10opl of DhIeresMaxmnuunEﬁlndoquﬁbléa@e@trEg@R\And plated
?@ed K0l ur( B %Fﬁg@ét%]%lc Teb(ﬁre\ésgltl OftS3Her € GgRAr %Iggtgr than 20% of the

ested agarose electro resis an
gémsfg@mqtppégm%qs@at@ égﬁfme@t aembex ok q&qmgsnw% qbtained the following
BPurified vectors were then treated with Shrinp
Al'’kal i ne Phosphat ase (Roche Applied Science).

T f shuttl t Ljgated. with t

ai gotd ¥R Eronfnitebo MG iR grngasr e HGRT e Bown (T
Qu'lf@ﬂ(@neiltﬁl ovitn$0) pd/orl BOpicilliut Esisatstdd” 0%-welbgilate was incubated
b\ﬂs?ﬁ %t3§7' ® Fhehnéke ngerhié PYX‘?{}%J Qééﬁ 't5‘ glréf)a%saepeplig bi&fe. A 48 pin

Over gat1 on,
@tﬁ@ﬂ?sW@ﬁr ﬁéftﬁl itcntr@ple@a‘)lme @fto DMBa (B nylawvmunﬂmnemdc:w@lmcvo pg/ml
@@bérﬁ(tnﬂfnnvﬂhterw Glalvidnd Zgi;glleaﬂ@lfrése%er% ﬂ%i’)u fra?{ferred into 1]c 5 ml TB
pnenot ypl expressi on a reat e an % 0

Pt deleatema o o ke agpigtlin o D pseEioe i N aigaration. Afier
o oﬁ@htght ﬂhSul\Jﬁﬁ)nOleaP(D,&He td’}ihci pﬂa{e%s%greddwnh%mls of LB to obtain a

i d
%F?O%?neg)%%PB&h%éiog ,pxﬁuéhg tn\%lsl(e éuma 1eDnﬁ% preps. {"h1s DNA
patEne i pdoll wasTHies ‘istdo de” tl%smmmuqmtall@lms Phroobypice dssay. After
Q\Ye‘?ﬁ%hg Igﬁak%tl 3 39% 'EH%%@%MWHQ%I ltjhfn§ ’ﬁi ALRuBSydeS ets?un down,

epare & replica pin stanp was used

d@csmeéa@n@ PAgsanig rﬂl‘&AtVWé cK@Bagiechteng Sigashsrkdiapied IR Turbe ddini-DNA

Rt/ Mthe§amBend fal Hdl&ulaﬂ&ﬁm@@ wHiel Vép?éé@ﬂlt tROQoMpositdl dUp R used for
vveregsotrans e into TB. cul tures

N o AT %@Y M9 vﬁeglé%pﬁe&lﬂqnmg e UBBS used f or

DNA preparation. After an overnight incubation at 37
Heeraogeptiwsalqlegioe] plasnslppiAd werd subittedtoofequdicing to confirm

Bﬁtla&ﬁltz 8'??5&%(3 %Sﬁﬁﬁ%ﬁﬁ@ Neol lscrgtf,n %ﬁ p%lt%ﬁl\%f" COrY{'tl]IIn%{]atlwgﬁ?NA prior to

thees irt ety t@ecripgiont rﬁécts@bs@ql@mdnal R@plep@lélh CMmmd»thrpu gibmitted to
&?1%@15/(:1 agAff&e Eulﬂ)@d’e‘ﬂ't gllﬁﬁl §B§K'2ﬁ‘19 effbrt 38Cgaikt NBsiGR between Pgenotyplc

| VI CU tures were Sp own, ecC e
icgp é*é?ﬁ‘/deﬁﬁ% aﬂé&ﬂ%@&tﬁ\é& BEUYKFH u@é&ﬁﬂ%ogga@pq é%asmld DNA
91&1 Fpnlte dfseduebdlNAg primers were routinely used.

Example 3
Replicon Phenotypic Assay
A.  Preparation of in vitro transcribed RNA

Five micrograms of DNA plasmids were linearized by Sca I restriction enzyme
(Roche). After overnight digestion at 37 °C, the DNA was purified using Qiagen PCR



Kit. These individual nolecular clones, which

represent the conposite 96 pool used for the Replicon
WEb@R0#8spi ¢ Assay, were used for sequenci ng reBCI/ERI988/056521

Het er ogeneous cl one pool pl asy f DNAs were subnitted

to sequencing to confirmthe identity of patient

g&ﬂ@&?@ ?J}do%? nﬁ&fog%% negg%e(ﬂ{)@nwafsodl&?ﬁ‘orr%ﬁ‘é 39t PNanscription

hgiag ¥ Vdﬂega acmpelslm If@llrovang) n@@uﬂaét@etsmmtqwé&mblon) After 2 hours of

SRAVARN ﬁgﬁ7f°@r DN&Q@?TQ&H%B'[ @Q@i}é’r%rﬁle'drfo@@o %{lflﬁ)treg att 87 °C to remove
gﬁl n_insight between enot%%é\I i con Ass results

dDPlat tearlatrisE ¥dguBpRsEbe Aqéﬂaf thsne Pagfl%dmuaflg NucAway Spin
CbRsin tHlIENMAReh FafiRl’s pRfto&RUMEIN)Y Pri mers were
routinely used. Exanple 3 Replicon Phenotypic Assay A
Pr epgr atHon of 6&&1\” tro transcribed RNA Five
m crogran§ Hem SfAsni ds were |inearized by Sea |

restriction enzyme (Roche). After overnight digestion
at 3Cued hephtonpNall \as I‘b,ﬂ]]’7| ware dulngied gt &Y a@gna humidified atmosphere

%QBPSJ fol f(t@zaﬁﬂ Pulkdcbo’s MEdifiLS FAGFAMQfund |((DRRAENZ es@l @Eﬁ%ented with

used the in vitro tranScription usm

SRrtppex 2k 490 g Y SOdGR e {Sathr BRI Arﬁheow)edmm was
Artter  dipphuient@f Wife utatdoonv/ar @5 QCarDNEsso-b3®aARNt % (v/v)

was rmedfo u 37 OCto the, ..
i Pt Gt ¢ 51 8 ERT o pehdemn e Rifrbeen/Gibeo
purified using NucAway Spin Columm follow ng

manu€act Uetermhmapoobbuasiqnindglion)s reBlicaHep&tvela cel |

|ine Cured hepatoma cell line Huh7 were cultured at 37
0C i fo@ RHM 'cﬁfe@dHéﬂfr@éRh«@&@ ti’éﬂnfsiiacéd @1@10; Nof in vztro transcribed
Dul becco' s Mdifj di um ( DVEM) . | ement ed

fNhusa g el @ﬁwef%)onaﬁsﬂawe ﬁ@mﬂeswawﬁﬁlm lﬁir Phok D@@Ylﬁontammg

%g@ﬁ/ss @ﬂ@ila't:e_ggﬁ %eﬂélupnéﬁé%g S%OUOtcBEJ/waU gal%qﬁ fin@icoMith ). Inhibitors
% \

persi 4 F‘ﬂ Po‘é‘isré’ Hﬁ’ir% N 0?&332’@5{1]1%6‘0&%) é‘lg'lDMSO concentration

oehfemidfinndy daucﬁﬁemm fap\brtblr ogreth MG bexd. 72Goubedfer aiddiaibh @i inhibitors

g%rrl%(}?eﬁrsl{]cﬁg}as 1@?5' t\e anﬁ ggtdggg El?%ﬁl TE@ Rfs]@ %lluLzé Qe assessed
9% ﬁlﬁ@nhlbaﬂrs@qncuet@atmt u@ilﬁga &P e redypstipmin &n? legd IOf §refly luciferase

Bﬁelt hag o'b?e?%%p%n&ﬁﬂpdrgzﬂ {o 2hdTev@fo H%ql‘i’cnfe?dsg 'sfgﬁalSwPfhout the
%F dplatedln 96- Iatgxat 500 I'1s/

(g Qi coptRRndy ol {FYe Of Atk tnadhe cdatiedfohe NS3 protease
hﬁWlﬁ)rﬁo&imlidLﬂlld$f‘€Xii950ﬁ oinn thk f@ﬁndt)@lel lat keomsla@t N&3f satle vector

O trat i % and firef. i f
Aipeptr TE ok Rl istn S Ralriea il Y KT grown on Table
2nOnbifaciailarsiangld, HEN1132, bichsarssay 36k ermiidr omelga NS3 gene
g)&{%blﬁﬁd%él?&)i Ser;l;ﬁg,ltg%ngggwes wer e assessed as the

itor concentration at which a 50 % reduction in
the level of firefly luciferase
TABLE 2

INS3 V36M in GT1a clinical
isolate TN132
H77
NS3 TN132-1 TN132-2 TN132-6 2209-23
IC50 (uM)  0.44 2.37 2.61 1.47 0.63
SEM 0.05 0.76 0.29 0.20 0.07
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reporter was observed as conpared to the |evel of
firefly luciferase signal w thout the addition of

w@orspoueds. Results of a study testing the effRCI/BPWNSN056521

the NS3 protease inhibitory coppound, VX-950, on the
Genotype- la tenplate NS3 shuttle vector (designated

H77 NS3) and replicons containing patient-derived NS3
are shown on Table 2. One particular sanple, TN- 132,
which carries a V36M nutation in the NS3 gene

exhi bited reduced sensitivity Glamg- 950. TABLE 2 NS3
V36M in GIla clinical isolate TN132 H77 NS3 TN132-1

TN132- 2 ‘ j :
2- 2 ANERDy @eﬂ@@@s@ﬁtl% Q%g)rg N é@%&i@? &%ly@ﬂad@oﬁe sequence

O63.SEB/IO&§/O.Y6 0. 29 .

PBRiciTE dhe sHi't IROXPUEleBRAC RAYGIST n iy Polynucleotide sequence
padodingcd M3 probecis aqd encgiewkseriaion dnaemkbedqueoatey iuakiagthd® end and
equ C ' nucl i S .encodi n
BRCLERTB OTILAGR RIBElNPA SRL g RaRGR el nd

flanking the 5 end and the 3 end of said ,
pol yAucl Bt HEY mphemndawiténasthr o clalie INgBrgndeeHgV polynucleotide

JGe e ohfRistCRoaput t1 e vector of claim1 wherein the
pol ynucl eoti de sequence conprises, in order: a) a

uni que restriction enzyne sequence placed betyween 20. .
nucl et HELIE AR LY BB S cs PREGHPTHEST 2L Agcetidgs 5 and
pohydentideos i fden skegtiendof e polydiic gotaleNSPueprotiodingta) N&8 protein;
pol ynucl eoti de sequence encoding a NS3 protein; c) a

e oot] BER VRS SRR KRR SEPURRS T PuBEf "3 ond of a

pol ynucl eoti de sequence encodi ng a NS3 grotein; d a. .
pol ynue) enidye redueiEncnzEme s6i waca PReahbgwse 2o nuglpotides 5 and

POhyOeR RO e SRAYRRADf @@6@’611&1@0@1&‘5%@@& HBUhg af NSPprotein;
pol ynucl eoti de sequence encodi ng a NS5A protein; and

g) a pql ynucl eoti de sequence encodi a 5B protein.
9 Tnedl i uitiah SR oBRE IR el 1 or 5
wherein the unique restriction enzyne sequence at the
5 end of a phignpadéotida st @rhidacedingenteBgnordi;ng t he NS3
protein recogni zes ECORV and the unique restriction

enzy e SeAMCREEedide sSBRi1eBcEModing a NS5A protein; and

g) apolynucleotide sequence encoding a NS5B protein.

3.  The HCV replicon shuttle vector of claim 1 or 2 wherein the unique
restriction enzyme sequence at the 5° end of the polynucleotide sequence encoding the
NS3 protein recognizes EcoRV and the unique restriction enzyme sequence at the 3* end

of the polynucleotide sequence encoding the NS3 protein recognizes Xbal.

4. The HCV replicon shuttle vector of claim 1 to 3 comprising an HCV
polynucleotide sequence selected from SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, or SEQ ID NO: 24 .

5.  An in vitro method for assessing the effectiveness of an HCV NS3 protease
inhibitor or an HCV RNA helicase inhibitor to control an HCV infection in a subject

comprising the steps of:

a) PCR-amplifying polynucleotide sequences encoding a NS3 protein from a

plurality of HCV quasispecies present in a sample of the subject with the use of a sense-
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of the pol ynucl eoti de sequence encodi ng the NS3
protein recognizes Xbal. 4. The HCV replicon shuttle

woewso#860f claiml1l to 3 conprising an HCV PCT/EP2008/056521

pol ynucl eoti de sequence selectgd from SEQ ID NO 5,
SEQID NGO 6, SEQID NGO 19, SEQ ID NGO 20, SEQ ID NO

Shog L2 0 R WL R LR g e
gftanalprixay Weeh peropises e diffdnersiungquegestaetidiGMZRNA sequence;
helicase inhibitor to control an HCV infection in a

SUbJ ect) QORRE | stidNECRk A pHERPSol PhucldkidPSRy MBS il HYHCV replicon
nucleotl e. sequences nco Jn N%E protein froma

gT Wrarsesy t%fp“?-‘f&\‘?eglﬂfé?r‘ Y & ‘ﬁP%Egﬁ‘F‘ h a sanpl e of

the subject with the use of a sensestrand priner which

conpr i sjeneariuing osed r esitierict HOV edplysod pegiedic endasabjedting  said

A8 PRERRAIBNY AL TR IER 6 ARG GfleflL HEP $hfticon rvAs

@@R anpllfed polynucleotlde sequences into an HCV

replicon shuttle vector to produce chinmeric HCV

r epl | canurpl AR fhgls: Hﬁﬁ7 kémﬁﬁé WithnNgisAICY fMiesY RNAIGYd measuring
jecting said linearized

' ' CO quIB a? ﬁ”‘s HGV retP iam ENlAﬁt“il O PIESHFDaLRRSCRYS ¢fehs EICV NS3

bKBVeats@ﬁihnlﬁmﬁ oRNASE CEIITN A helidasidhésifor.ng a Huh7 cel |
line with said HCV replicon RNAs and nmeasuri ng

repl %Cat Alq i l Velme?ho f%lr ass}él%ﬁ fFegtl en%&ASofI anl II—IE% NS3 protease

resénce or absence the edse
ohilifees cH@m RN RalA bdgesel imhibiior ¢e c06trolAatn HC\(/ mﬂe@lon in a subject
Pg hd @ sgpseESi ng the effectiveness of an HCV NS3
protease inhibitor or an HCV RNA helicase inhibitor to
control an HCV infection in ubj ect conprising_the |
steps od): PGk- W%%IPPF?PHQO% SFAHEIEH ER PRy JeAgustein from a
phegty BQH&Z\N@?pasﬁpéﬁl&l pTes‘ehOi’ﬂ @sqphple af tHeysuhfed'@Ml the use of a sense-

R RERG R BERRR Rt R SR kDS AR 1 th ani-sens

atmnqlqmrnesfcfhlplm toropriges 2 yifer sgquisnea estacitb raanzame iseense
strand priner which conprises a different unique

restri CE) QQm‘ﬁg%Xlﬁ@Cﬁ@ O ?Hﬁ:ﬁ po%u%ﬂegpaﬁ&ﬁlﬁé{cgs into an HCV replicon
PCR- anpl'i f ed nucl eo sequences | nto an

phapsile vasprde @fQClUée gatepic RV ﬁ%}@%@ amidser i c HCV

replicon plasmds; c) transformng said plasnmds into

cell s to gentsratify saiplplisalidd imt@kelboboaithesteod plurality of colonies of
f sfo g cells; d) pooling said colonies and

lgﬁﬁ%ﬁ?$? ﬁlnerlc HCV replicon plasm ds fromthe

pool ed colonles;
d) pooling said colonies and isolating chimeric HCV replicon plasmids from

the pooled colonies;

e) linearizing said chimeric HCV replicon plasmids from step d) and subjecting
said linearized plasmids to in vitro transcription to produce chimeric HCV replicon
RNAs; and

f) transfecting Huh7 cell line with said HCV replicon RNAs and measuring
replication level of said HCV replicon RNAs in the presence or absence of the HCV NS3
protease inhibitor or the HCV RNA helicase inhibitor.
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e) linearizing said chinmeric HCV replicon plasm ds
fromstep d) and subjecting said |inearized plasm ds

W@ 20084867t r 0 transcription to produce chinmeri cPEIZEP2008/056521

replicon RNAs; and f) transfecting Huh7 cell line with
said HCV replicon RNAs and neaSuring replication |evel

of said | i . [ . Or ne
e e S
brobé-saaal FashgikasofcoRY Tk thretdstetioh elzainessquenceg of the anti-sense
WRRIdGkfghibes kKBSt ri ction enzyme sequence of the

sense-strand recogni zes EcoRV and the restriction

enzynme sequence of _the anti-sense strand recogni zes :
Xba?/f.;' 8. Tg%@%%‘t%% dgm e i W%nfhﬁﬁ%‘?sé‘lsﬁa’?‘%é’“mer comprises a
sed&Rdstse @it cpsdoraid fEanPBEQSIEs N®: N6 o 8B QI [eNOe golemdeahe anti-sense

sel ected from SEQ | D 1 r, SE | a t .
B BT RRR pdiiae i B30 o0, Eghly of SEQ'Dhouts
selected fromSEQ ID NO 17 or SEQ ID NO 18. 9. The

net h®d ofhemathedoftdni® e eibareiththeHEVVrreplidonshuttle vector of step

§E&Hlﬁ]=>1@se¥ﬁﬁt}@@\/9£pl§5§@hlﬂ}le COPr irkesmtine HCV replicon
shuttle vector of claim1l1l. 10. The nethod of claim5

to 8 wherein th .replicon shuttle vector of step

b) chrprT%ee@e%h?g @1@&&'% £ oiheinite BCYEEp Bromotuleayepior of step
B) cohdprisththermeCYioeplabn ch@ilowectéooflavher ei n t he HCV

replicon shuttle vector of step b) conprises the HCV

replicon.shuttl e veector. of,chajim 3. The h f
croi b5 T8 B EERR B GheL die ey TR BB Phor of stp
bl cemppisds)the bt iegliepnt shettle@yctoepf ¢laion3.shutt| e vect or

of claim4. 13. The shuttle vectors and mnet hods

substant TR iR TIBMPES 94 BeRas Hel MET. refiSRBGhatdeWector of step

ith reference to the foregoing e l es.
l\% compr?ses the H(?V repl}con shuttle %ectorgof ci(a?nqel.

13.  The shuttle vectors and methods substantially as hereinbefore described,

especially with reference to the foregoing examples.



