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-I- HCV Replicon shuttle vectors This invention pertains to novel HCV

replicon shuttle vectors which are useful for screening, testing and

evaluating HCV polymerase inhibitors. Hepatitis C virus is a major health
problem and the leading cause of chroic liver 5 disease throughout the
world. (Boyer, N. et at J. Hepatol. 2000 32:98-112). Patients infected with
HCV are at risk of developing cirrhosis of the liver and subsequent
hepatocellular carcinomaldfd HRerlécerowustise ¢REIBY indication for liver
transplantation. According to the World Health Organization, there are

more than 200 million 10 infected individuals worldwide, with at least 3 to

4 millibis pespleberripinidotad shtl Veaplioncehiriteiedicab sl dosearseful for
sPRARIRLIRAE ARSI USRS TES! SaR-NRHRQ G e rest of their lives.

Ten to twenty percent of chronically irfected individuals eventually
develop liver-destroying cirrhosis or cancer. The viral disease is
transmitted parenterally by contaminated blood and blood products,
contaminated needles, or sexyally and 15 vertically from infected mothers..
or CABRHH IS o 5 T RSP EXIRER FRAPHARRS TG RREy ShfoEgBiy ver
dideich areugstictad teoitdmiBethe Epy: witly rétembinaotiaerferanza. Patients
.alone ori ination.with.the nucleoside analog ribavirin, are of limited
e A T S R T e R R I B R
linpprovd i terapawtica agéhtsihdi ENfastive g epmipdi @itonioHi@ys transplantation.
infection 20 HCV has been classified as a member of the virus family
Flaviviridae that includes the genera flaviviruses, pestiviruses, and
hepaciviruses which includes hepatitis C viruses (Rice, C. M.,

Flavigdaginbhg M@ﬁﬁﬁl@ﬁ%ﬁi&!rd%%'ﬁ?ﬁé@ﬂih,i%Fé%MF@'@ﬁMQ@d%{ﬁion
Fields, B. N., Knipe, D. M., and Howley, P. M., Lippincott-Raven

ip{asihindy BBt pith etsitet So? gutlioneeaplsd)cipgiplieigd cach
RAYaMRed S COBRAIN NG 2o PRSIHVEERR SBSINGIS-StiaRdeehRMNAharbor HCV the

genome of approximately 9.4 kb. The viral gengme -2- consjsts. of a
BRI rEGIR (RIS PR SR S A AU e vemtually
dolylprolrierdrsauigap elrappieximatekr S0 vardidisecic & amtsmstedrpB'enterally
UTR. The 5! UTR is the most highly conserved part of the HCV genome
e A B e XA
Gaiwtliy dreatysitooli Gvthers antifiethsitersiy gerioyibamisoinpat treatments
30%. divergence in the DNA s - t i i
R O e R e S Y TR BB Al Eferon-o
wusleotivecsedientesyBinheonuizosdeaodag ervitigoe8s Baug:@g)nical
M%%tl A I%P %%#%Z%f&gﬁ?ﬂ&@i%%@@ﬁ A@eglqépﬁn(;&%%d therapeutic

approxXimately 70% o Ividuals have type | a and Ib infection.
Faa5es thaisefifecinvelt pravedbrrremityie YnidsfdiqX. Forns and J. Bukh,

Clinics in Liver Disease 1999 3:693-716; J. Bukh et at, Semin. Liv. Dis.
1995 15:41-63). Unfortunately Type 1 infections are less responsive to
the current therapy than either type 2 or 3 genotypes (N. N. Zein, Clin.

Mifroﬁ'@v B@%&Q@@é@?ﬁ%ﬁ%@@%&&?beﬁem m@@@imifﬁﬂiﬁasje thatf includes

olyprotein processing of the nonstructural protein portion of the ORFE of ., .

RO A P ARICEE To Vb AT oD BB A Sy RaHe C viruses

B ruse s fiossessar Sithgleilarge opbemdizadpig-mamei(OR B)lehtading, Editors:
Il the yiral proteins,necessary for, vir plication. se proteins are

B R DS et &5 M Bl R LR PR

Proledshduaby hothaeitu 30,47 \Abds 1 oo tid\piosinaselsped/iefdsthentaining a

§HR%-¥E€J%&@@§JH&H '@R@Eﬁ@ﬁé &F BBB&&Q&%BQ& @4@9.' iegtoRof genome

he viral genome RNA are located towards the carboxy-terminal. Two-

thirds of the ORF are termed nonstructural (NS) proteins. For both the

pestiviruses and hepaciviruses, the mature nonstructural (NS) proteins, in

sequential order from the 25 amino-terminus of the nonstructural protein

coding region to the carboxy-terminus of the ORF, consist of p7, NS2,

NS3, NS4A, NS4B, NS5A, and NSSB. The NS proteins of pestiviruses

and hepaciviruses share sequence domains that are characteristic of

specific protein functions. For example, the NS3 proteins of viruses in 30

both groups possess amino acid sequence motifs characteristic of serine
Nnroteinacece anAd nfheheacace (Corhalanva af at Nlatiire 10Q2Q 222:-99-
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NS3-4A serine protease and the NS5B RNA-dependent RNA polymerase,
Antiviral Res. 2003 58:1-16; Q. M. Wang et al. Hepatitis C virus encoded
proteins: targets for antiviral 5 therapy, Drugs of the Future 2000
25(9):933-8-944; J. A. Wu and Z. Hong",z'l‘argeting NS53-Dependent RNA
Polgger sgnforthnt"i-@ V Che rapy Cur. Drug ar f-lnf. Dis.2003
8007218 "DELHE AdVAREEL ih-undefstaifaiiy the Geho mid Griamzatioh
pohitpe teinupranotstiven i fumctioats! Vit | qonoteinsidy) nddmehtal AdpesTdfe 5'
renlicati { : . _ j :
g P BRI Y U Y Sl e
lpsiptéenand systhofinal Atuspivasietion. of infectious virus particles.
Although infection of primary cell cultures and certain human cell lines has
been reported, the amounts of virus produced in those systems and the
levels of HCV 15 replication have been too low to permit detailed

analyseetit AecenstEaon pissalestablessubasn oaisthifey sSRNASRaL30%

replicate with minimal efficiency in the human hepatoma cell Jine Huh-7
dh‘é%%%&ﬁ S LS ARTAR et 2 T 8 E RF R EBRS RUEHSH W IS HESHY
¢l 3o NS $p3y) wWekiketl dvoa2a-alb pe difulidangt ind6: HE5¢ donserauss (Simmonds,

m en leting, the C- r C-NS2 region of the. .
B R el T R R B apished.
the pliseppoontedtedy Thtsfofl ovitntydledizitheald)hthe HEY 15 40T Rifistedtion] 2l'ype

Ig%gg%ﬁ%%%%%%g?ggﬁfg%%%ﬁ%&% i ?ﬁ:g%é:zs rdnrﬁm @hnics in Liver Disease

18R8chiomfobdrlts dfirths fEmE VyyiddertPaowitdreiin Yntheustely Type 1

19RRE AR aRdeuhich dirgets drapslatien:hHipY RIAEIREN SS9 BiSBdthotypes (N.
NS5B; and (}\Yﬁ the 3'- UTR. After transfection of Huh-7 cells, only those

Nefigeupfibrifs e/ Bein TM8daiton exdvessed the NPTII protein and
developed resistance against the drug G418. While the cell lines derived
from such G418 resistant colonies contained substantial levels of replicon
RNAs and viral proteins, only 1 in 106 transfected Huh-7 cells 30
suppbhtegeht@Y veplicatiom abd SulypacteaiquiadisidCh tbplicmegwearesl protein

HCV-H type la infecti | light et.al,
o B e A R R L T S S e
stepadedtidlheffivienpSisreplicgvdar sugpasting itrgafrimecd §H&D-encoding all the
GRSHYEIRE ﬂ@@é&&:ysf&f %ﬁ?ﬁ?@;ﬁ&&&%ﬁ%ﬁ%%@@o%ﬂfg@@ﬁ%@%@d% the

particular 5 genotype | b consensus cDNA clone used in those )
RpERENTRA B gPt BrhpogowslatigprllyrBieRised B he Bt ofirus-
dh@eplicanmade byl-phmanhelalitAPH% s rehe R EPHYIRGOHsBonsible for

CR- based gene assembly procedure and obtained G418-resistant
PR R H?éé{lfﬁh%%@ﬁb%ﬁ%ﬁf@%ﬁ HEBIPRBifeeery-terminal. Two-
thedsefided(a tateteined whelhecthighdeyephiteihsepicatanthequligdiruses and
adaptation of the replicon to the h Il. 10 Multiple independent
A R P R T T P B A TSI g the
aweregeniifischi The motationsat pnéérie dddicre asgidn éplicativdakylityrininus of the
e, B EpARsnRIiciegeX rRRIIBONKIN 0,8 daka of transfected
cells as comparéd to “earliér- constructed replicons in the an, e.g., the
1377/NS3-3' replicon had a 0.0001% transduction efficiency. 15 The
present invention features the development of a novel HCV replicon
shuttle vector in which unique restriction enzyme sites are introduced at

the 5THAA'S IR RN EEBGemE SRt tHEPIeS B SctfubRbes dapay that are

dramdiesssropips@fi Hpririnfaatrdopatients candie aleneshiptheishyitieruses in
1;/e tor and the resultin repELicons be eval,%a[t&d for 20 r,epl%cation fitness d
S0 SRS BRI A %\9% A DI S AL G PTG RAG U ptemases an

HG¥nfest@Ebpaiantdypicali:noatddis agepetiBallyndiverBRwitick Virology 1989
PARKatigRdLe 1o fhe Niah erortate of fhg N f&% %Q&%@‘?ﬁﬁhﬁ%y, the
Use Of the shutlie vector of the presént invention wodld allow the
characterization of specific patient-derived NS5B variants and the

sensitivity or resistance of these variants to drug treatment. 25

Accordingly, in a first aspect, there is provided an HCV replicon shuttle

vector comprising an HCV polynucleotide sequence that comprises, in
nrdear a nolv/niiclentide cendiience encodina a N2 nrotain A
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chimeric HCV replicon plasmids, subjecting said linearized plasmids to in

vitro transcription to produce chimeric HCV replicon RNAs, and

transfecting Huh7 cell line 7 with said HCV replicon RNAs and measuring

replication level of said HCV replicon RNAs in the presence or absence of

olymerase |nh|b|tor na fourth asp ect there & prowd

O LR B B e SR R s oA

chmwmdl ENH@(SI}rnfatanm(momsub}Tec‘tfcmdﬂhelwg ‘thé/st@pe Rfv(&ochem. Molec.

%aﬁjgflgb'srom the subject infected with HCV; (a)

PCR -amplifying polynucleotide sequences encoding the NSSB protein

from a plurality of HCV quasispecies present in the sample with the use

of a sense-strand primer comprising a nucleotide sequence selected from

SEQ ID NO:9 thru SEQ ID NO:19, and an anti-sense strand primer

compSingarhir e&r&?&@e&v@eﬁmaﬁ MRS R DR SRS A R viruses

ithmel aringcraid e RrasepliiedipelyRusieniide sehvencesitorRMNICYerine

replicon shuttle vecig tol;%[oduce chimeric HCV r pllg glasmlds g&s

TR AR SR EHEHE U PRSP RESHTAS ShaSHBja M § S5H
dmﬂﬁtzmﬂnprbﬁsmmm@mlmtm tiscviptiondoeerpsad utdlehikiesio gyQ991 184:341-

d f vV li
O e et o o By
mes@wwot%mé% = 1)) leynuérdsé’lwﬂﬂﬂlﬁ% ﬁ?é&ﬁﬂw%ﬁéﬁe&rakom et
%é Rigyi % 2 80ethey i@ 33Rpeig theseiegtiveness of 2vHEMoos

ymerase inhibitor to contr an HCV Infection’in a subject comprising

@Hé‘éfép@%?, "(faanmext/@mé B 93 Ak é-40Bfoc irdtiéd wigtaneip both

&Qs}eﬁ’gasaépQlﬂmeop@)ﬁa%@B@%&%ﬁ@%@@&%&tﬁ%&%@m@w 1994
from a pluralit é of HCV r(}uasﬁq‘f)emesé)gesent in_the sample with the use
r

Bt aYend®sirkmd pfire o724 fbtOR Erfyhbdgliehté! 53
fhas yeTpanicesspokan oNséh Akanalifseashsiaatchtme (mhicaa al

T LTy
Beghibon MI@Z&/G@WBIW&HT&M idudlet H@Vrnépl&%l @ﬂdﬁ?ﬂdk’ﬂ_d) Fmaliy,
Eﬁaﬁg S%!]sg Iaessrtrgxlqu é@goan lg}'l)to @eﬁegﬁ‘?ﬂ@e‘% ergllg\éﬂmerlc }g-\%}égendent

) poo ing sal onies and isolat

Rapiicert phesmidectrony (Melpsoied eblBNIBS) (990dariAnt, shivthomnresicrl. /.
G oD PIagmigskrom sien (e APaLsHRIRsSING, SBid iNGarZe697 232:231-

gﬁgmlds to in vitro transcription to produce chiméric HCV re I\gllcon RNAS;
tpsrdrsteRdg W7/ EXIBinomg saitd HO adphiddd RNASIY -
presence or absence of the HCV polymerase inhibitor. 7a In a sixth
aspect, there is provided a method for assessing the effectiveness of an
HCV polymerase inhibitor to control an HCV infection in a subject

compﬂs&mg;tl}eﬂsée@sr@& 1(ﬁbmaﬂolvdﬂhhr@gra)Sa@pdeémtbeewjecﬁnﬁﬁ@eﬂraﬁable
H b li nucleptide sequences encodin
RS A Gt AT oF XD L CRIEERT o pretine
WﬁthhndushlbﬁmsetﬁMrNﬂd]b mnienmmhswg)aemmmﬂﬁb RBetu éhssle Sem.

i?\ig d‘ffi’ frng§%&51%”§%$%eg§rg %EQ[ @ g‘lgdlf?)rom E%S%I' 9%%1 rican,

stran rlfner comprising an eotlde selecte 0:20 thru

SO NRIBE0-5 Slohiy BrleRCRUswBIgE oty Ausieptcier Chronic Hepalits
BeQHRRISSIPINANKCYARIFAN APt /R9IR RPAOHYEE LRSS IHGMinann e

replicon plasmids; (d) transforming sai Iasmlds into cells to generate a

5&%&@@%@%@@%&%@4@8%@1& PRI S HIME BRTES bl ©9-2002),
{egbamgﬁmn&grpdrk% repkcon mmm}da f@nﬂh$ poaladralaniesvidlopments in
mearlzm said chimeric H V icon plasmids from s

TG PTG e NRSATRG oo ORFD CAHESHERAS IO A:9-25: M.
EhivieleHEY. r@%mm@%&dﬁa&é@tr@esﬁeaﬂnmb@ﬂﬂm&ibIlmeamb @aiﬂcp

V replican RNAs r li vel icon
@ﬁﬁsﬁyﬁjfﬁg %@u SC%E(%’ r;f rLljlcie%%flt bcl—#t@ LF mfe)ra:%atlgjI A |tor erapeums
foregoing and other advantages and features of the invention, and the
manner in which the same are accomplished, will become more readily

apparent upon consideration of the following detailed description of the

invention taken in conjunction with the accompanying examples, which
ilhhiectrate eavemnlary emhbhodimente Eidrire 1 ic a echeamatiec renracentatinn
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20 locations including immediately upstream the region encoding for an
HCV polyprotein. Examples of non-HCV IRES elements that can be used
are the EMCV IRES, poliovirus IRES, and bovine viral diarrhea virus
IRES. The HCV 3'-UTR assists HCV rebﬁc‘ation. HCV 3' UTR includes
aturally 25 occurring HCV, 3'-UTR apd functional derivative t@ reqf )
e A PR AL BT L et S 7881 B
DPediomafsabout ] G pucldotigdesichheriNB8 1N 85 B1p Ol yprat¢herepyodidpitors of the
%??9'-%%%%*{{9 Solana DOlR @ﬁ;%%%%g@%ﬂ%%?%@ﬁ Mﬁn%‘?r%_'sg}tﬁmmmz Res.

fferent proteins. Suitable NS3-N protein sequences that-9- may

208D a8 bl &:(@phbolY el g e/ thbsatpie Semtris differdaet MOt Hpgetnigr antiviral
J&?ﬁﬁ@@hgﬂg}\m@mmm (eRultings 9 the progessingnarA ﬁ%@%@%@amg
produce a

T

unctional replication machinery. Proper processing can be
BRI By A A FOR ol NS PR HERBH At RN Tars T

pRlyivesaseya e ability of an NS5B protein to provide RNA polymerase
activity can be measured using techniques well known in the art. The

NS5B protein is rendered "non- functional” when its RNA polymerase

activity is virtually non-measurable and can be accomplished by
modifying. the, polvnuclealids sequence of e NSOGB prolein 1019udh 4a me

for exanpp e, the'in foduction of nucreotide substitu ons, insertions or

loeldtionsf Aralgridelis, dupiboecofDhipedact HEY pladiondophadeahogenesis
r%ﬁ?ﬂﬂ%i&%hAarHEIF&EJh%l‘P&FgQﬁzpé\é%%%@f&%%wa?ﬁcﬁ%%%é@ fplication

to bring about the replication, expre r integration of the attached

ipia lgek aicn ciiwmitad vadtore pertemihal aBovecrspdnshipeRtandequrous virus
PRANENLQANRENNSRHECHIBIDRLAXGFISQH Ham & Y8GIQLBESRERIHS cell lines has

restriction enzyme sites. The segment of DNA that is inserted into shuttle
ResorPeFir IR BB e T [sBRRISAHAR IR KIQR oY FRETERIGHY ifyels of HCV
HEHLEAHON N ZBE S8 Brao GRaigN adiil @nswuB desertion of the DNA

segment in the proper reading frame for transcription and translation. 20

A variety of vectors can be used to express a nucleic acid molecule. Such
vectors include chromosomal, episomal, and virus-derived vectors, e.g.,
vectoyg, derived ffom &%ﬁ&&'&\h@'&%‘d%%ﬁ%@@%%@ﬁ@%?&?géﬁ%’%é’ GAR} minimal
episomes, from yeast chromosomal~elements, including yeast arti icial _

efirmezomiés, iromrepsiersuchlbinsdduloVihasdser sopapedaliruwes et al.
o as RYANHACHINA YU YSES APBNOVNLSES,) ROSVEH IR RSQUHOIaRIESength

viruses, herpes viruses, and retroviruses. Vectors may also be derived

HEY eomeinatisrmomse frsaatepuitd O xieirtire e se Ao A Ed N on saignahthe
%@@ebacg@m@lhag%@mﬁ% SIRMENISei &b a@f@@rgtcbs ar@pmg%migipﬁcog

ppropriate INg and expression VeCtOI‘S‘OI’ ro aryotlc and eukaryoti
FdAng t%%i@f%a%e THBTOOR &%R&%&fﬁ%é&%@é&?ﬁw&%% of the
tghatataydManegl?nihets neatd, Spritg dpbohantfabokageny RYEIINC Old) the

ing Harbor, .NY, USA. -10- A vector taining the appropriate.nuclel

T e R R R S IR gene
prd pelgebicn artexprebsion oSHIGKpovieite ShtiquasS HosNEEIRs, aah(iv) the 3°-
inclyd i iy t not.limit I SUSREATYSES.
gr%g 'é%?rﬁg%% aet%/% §}murlun{j;gé:u %rgot'c{ggﬁf??gﬁ&ggg%u%no_t Imit%ﬁdé to,
yadsutingcspeetisdshudil BE Drssoprithdartrmaré sty ssnen agameiHie drug G418,

Helr Q30 HES 893 Froad sifeh W2 5t G 1AQ 08NS c AN Rl 68! 5 i al

Vectors generally include selectable markers that enable the selection of a
Kishoplieiies s i caiABes reebmbin At Fastsictshbitictoctie
sigpceteaande rdflieafibained in the same vector that contains the nucleic
acid molecules described herein or may be on a separate vector. Markers
include tetracycline- or ampicillin-resistance genes for prokaryotic host
cells and dihydrofolate reductase or neomycin resistance for eukaryotic
host cells. However, any marker that provides selection for a phenotypic
trait will be effective. 15 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, 20
cinnle- and dAoirible-ctranded RNIA and RNA that ic miviiire nf cinale- and
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generated by restriction enzyme digestion, or produced synthetically
which, when placed in the proper environment, is able to functionally act
as an initiator of template dependent nfyeleic acid synthesis. When
presented with an appropriate nucleic acid 30 template, suitable

nueiBgaaeclapablpRATY preliensbreast AopiEisdebRasedor/mdisse-H genotype
1a BIFEMRGs SWiRNBICRiRGIANS ang.Londliianssuelras @ syiiakie-tempenaiue

and pH, the primer may be extended at its 3' terminus by the addition of
repHGeRSSHERE BT A EH3Rsh SRoRmh EladcraPuniar aMEaRy RS taa the carlier-
condEELIEENSINN PrOdishal Nl PHMCEIPAY Wty dBgandih daRBAEHE Rar

the t;gular conditions and requirement of the applicatign, 35 For

ar _
ENYpI, FTECRTEACHOhS W s RS REHR 12 hihigabhitrls GP00)-
supangeprintdeniythe Toespuonien miskhemfcufticidaticomemantaly (1099, supra,

desired t t i th t is of the desi t ' duct,
R e e e e R
HugdffigiB roviomeovidédbmn @i yGidSylasisiaty <f théoimimer iaperepd atedetermine

wﬂ%@%@gglpe@é?w P@%&M}{% ic?[ﬁr%]?%?/é{?zt ht%%ignbgf%%qlgn'ﬂ%% 5 tﬁeri host cell.
similar &nzyme. Itis not required that the primer sequence represent an
Msats isornpieémdmdepthe dushechscivg|aestBoindiarhiSlé] sonstructural protein
NZRIRERetarUGIeade 5 SeANRAGR (R0 IRRIFICHRR BRAYING viro, with
recognition sequence) may be attached to the 5'-end” of an otherwise
trapginplom eRsasaipastmiivery hohedpreiseinharibnacecomayree to
catfilereRaEReR MR Bene g anuIsieqtide Emer ReglenceRravded habine;
primer. sequence has sufficient complementarity with the sequence of the .
tregadesid 4te“Strand to functionally provide a template-primer complex
for the synthesis of the extension 10 product. The term "chimeric" as used
herein means a molecule of DNA that has resulted from DNA from two or

morg, different ﬁ%ﬁ%%%ﬂ@é’%@ﬁ%@eﬁ%ﬁ%ﬂ{ épﬁ%%?gﬁﬁ@efepﬁ&ﬂfﬁqme

herein, the term "quasispecies” means a collection of microvari ants of a
Ve USRI EREMTIP FRritn Esame Ate (6. Ergiise)2stie 5’ and 3" ends of the
NIBEIOMA S tﬁ@fiQ@Sf%%%c@ssci@ﬁl@e@f?&ﬁ?@é%ﬁié%r&\f@@‘iﬂiﬁfé&?&ie

cell clone or even.in a single cell clone as a result of high mutation rate

PRYTRFHET AR PREsHroa L the S FLUPR AR RS fyaluated for

repBetehnafese poatiduasoneivbers ORE 2 mamsalantsRecieSianthn individual
Hﬁ;ludes ut not ][imited 0, rodents rabbitsd hrews, and primates, the
a

N e

OB SR Augn &t © e
hiffniehigotated fitbeMSSlbRISE fntiudingd ubaotdmitéd: ok exaropte, the present
m%%%l?w%%‘iﬁ%&&l@ﬁé E;'Hé‘ﬁaé%%r“@&ﬁﬂ'gf %%(:12{7% Rl IR OHING o is anc
skin, respiratory, intestinal and genitourinary tracts, tears, saliva, milk,
thip lerpdiEEls, qurAsSaerg ahicsn aisots dmples wEamviad cell culture
constituents (including but not limited to, conditioned medium resulting
from the growth of cultured cells, putatively viral infected cells,
recombinant cells, and cell components). 30 A cell has been

"ransiormedy qh grﬁ%@@%&%@hﬁ’%@?&%@@i‘&%& 2t heterplogousNA. Rcior

RNA when such DNA or RNA has been introduced inside the cell. The ]
HPIRTSTHIR ARG r tRAHEREH RS BANATBF RN KIh 8§ TBPTHSS: A CHETn e it eotide

se(@mmb” atkolinke |d)m peft@m@maha%mad@@@e'd H@ethﬁc?@ﬁ%rﬁl‘li\’gﬁé@%mtem, 2
cell. For example, in prokaryotes, - east, and mammalian cells, the _
P R DR g B A v B o RO e Er e e B apoding
Npfasmrdteiith respetbioearsatyaliteelisitasiatiigdiansiosiReorihBl plaesd

inwhich the transforming DNA has hecome integrated into a chromosome.
o R RS e SRR o ime
NEAR prolsilitycip@ domionstratedusythembifitycof 18 kavyaticandllatoestriction
£3RRISh calblings oL lanss: camprisadof 0081 dag

contaj%g the transforn%%g E).NA. Iéﬁﬁ\grﬁcgé%%?ﬁr%{ﬁgé rlep |cc‘)gr§8tﬁ§1tgH 220
ngRAPRHEANS dRTanPriERCeNtiss smiriisednnaio predEiBinveintioninthes

RNA molecule, e.g., an HCV RNA molecule, has the ability to replicate

semi-autonomously. Huh-7 cells carrying the HCV replicons are detected

either by the 10 presence of a selection marker or a reporter gene present

on the replicon. A "clone" refers to a population of cells derived from a
cinale call nr common ancectar aenarallyy by the nrocece nf Mmitncic
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DNA sequencing. The site-directed mutants described here were created
in the intermediate vector pSLP and the mutant fragments Xhol-Spel
were then subcloned into the replicoﬁ@éctors ( pPI-luc/ET/SC or pSS-1).
25 To create the HCV replicon shuttle vectors used in the phenotypic

emiesaySn th e Nt auibraivisetslepBRre g sia stsdl Yed i LdE ¥nggaeype-1a or

geﬁ%%&P@IW sitesabiheBiRagrhtheNpA aeaaibetywasmtardcding the NS5B
ucleotides.®' o e startof he NoSR gene, and in e AT R ReePldong

PrafsE i&snugf’é)oﬁ]&eé tS the Shd Of the gene. everaf%%n '

aspernbithations oftedtivction $HeY imdpdirpposhisHs wersosream@amisitige an  HCV

po%%haé@@r?rsaﬂén%e&@é%m ey the ne@ilgp@munberg@cmr%@hm NO:3,
-luc/E vegctor was ufjlizel he template to synthesize the
S%@l%i%%ﬁbgﬁ%m%@c@%g%-%&i 'NS5B_5'AsiS|_3Rsrll (SEQ ID

NO:3) and pSC_Ib NSSB_5'AsiSI 3'Sacll (SEQ ID NO:4). pSS-1 was

usesl % He: templateryectosinisyathesize feayenstypeta shuttle vector

. < AsiS| 3Rsrll: ID NQ: 7).-5 S :

A T TR AN RSP E g o
wmmthﬁé%gm witssiingroanyia odkbseigpieniawagenidtatédie PCR-
mﬁf&hﬁggﬁ& {R146HQrBREIRICINS IR SASINE 55 SAGLCER R H%tﬁgf

plication capability of the deleted replicon was abolished due to t

H e e RRTER SR NISSRI R St STH{SB e UFa blea SRmsg-REHS Spmer which
coEﬁ{@ﬂ%é'Q%H@ﬁé%@%%@H&k%ﬁ&%@i&% 20 &9@%‘_@%8@, whickh anti-

the NS5B nucleotide sequence within pSC_Ib NS5B_5'AsiSI 3'Rsrll and .
SepESHAn PIRRRCS TR GAPRTREHE Retapi SR WA A e atesrazes Sacll
orﬁbsﬂ@,@ﬁ?ﬁﬁlg SSERE Rcﬁnffsﬂiﬁéﬂ%ﬁﬁ%&% Hoe H%%ﬁ%g&:@ E)ﬁfﬂ%@![}:ﬁl‘w tBfiicon
.Anemonia majano cyan 15 flugrescent protein (AmCyan) gene from .
Sﬂﬁf&%ﬁ?&%ﬁ%é&?@ﬁ TOHREK Ekp RIS TS S erate e Rl eric
HaCtters pH@idbmbid sifl et ZAmMC3R Sletbizel B Ni6) /Nt ¥HS dad@cription to

S5'AsiS|.lacZAr 3'Rsrll (S D NQ:8), respectively. Replication .. . ,
pr(?éﬁ)%bﬁﬂl;}ngp §re[3%\§{e}r\glro 5tccegge SHatt Cgec ?gev%%%gaas e%hggé)"[ijfs?ﬁﬁ fEbsgid HCY
rephemoRipitsasshpndesurilyedindExanmiple Qodndithe (8S nitsimoe g in the

T 1. E I Cloni B PCR samples amplified from
pﬁﬁéfi%ﬁéjgrpﬁa%%%%% |8rﬁ2r6h VZ%%QSQE%%%%%E%%I 3'Sacll and pSC |

b_deINSSB_5 AsiSI 3'Sacll Figure 2 provides a graphical representation

of the experimental design of the cloning of the patient-derived NS5B

PCR samples into the replicon shuttle vector and the testing of the

resulfirig ¥EBIiEShEMBRASIMEID RIA s ety 8 ABOEHRITHE NS5B protein
tvereRvBr-geperater-either dicecty diannplasmamioiranHNAanpified, o

from plasma 30 gbtained from patients infected with HCV using either ;
5‘&@5%&8?8?@%%1%&% %?Pﬁéﬁtéﬁ?‘-’i%ﬂ% pegmeiS SRRt tARtected with HCV,
PeRrasrsiityic PHIvRIRRen B 0ASES kresHIAHAN S Feguanse fane hglurarry

gﬁ%@nse-stran.d rimers contain a Sacll restriction site Sequence. i
O5dnse MRS NSTST IS He S NESETRAfREY &0 use of a sense-strand primer which
cRPAGS CENGTOA GRNCCEHAKE GE TTESETECAMETICETABISROHD ant-

S N S s SOTBE RS T S T P  SRA EP A (s Sact
oNEeILO0)crming said PCR-amplifed polyrucleotide sequences imo an HCV replicon
s%ﬁﬁggla%g@%&ﬁ%%%%FQ%&H?&I&B&T%L%%%iﬁ'g(%%%@mds
IGAEGCIRTTCAGGREG CBAPTETE TatomAT clie PRALESEQ ploniss

aQsb%hiRie chimeric HCV replicon plasmids from the pooled colonies, linearizing said
GGAGGCTAGTGAGGACGCGATCGCCTGCTCAATGTCCTA-3'(SEQID
c%ﬁ%@%-rgpnmn plasmids, subjecting said Imearized plasmids 1o in vitro
u&@é@)@@ﬁ&&l&@&@ EAGEe GATCHEIIFITLRMGHad A3 (BEQ 1 ime
NO:14) 5'-
GGAGGCTAGTGAGGACGCGATCGCYTGYTCAATGTCTTA-3'(SEQID
NO:15) 5' -
GGAGGCTAGTGAGGACGCGATCGCCTGCTCGATGTCTTA-3' (SEQ ID
20 NO:16) 5'-

GGAGGCTAGTGAGGACGCGATCGCCTGTTCGATGTCCTA-3'(SEQID
NO:-17) B'-



after 1 hour of phenotypic expression at 37C. When greater than 20% of
the transformation mix was plated, sufficient number of colonies was
obtained the following day. 5 96 individual colonies were picked to
inoculate 200 ul of Terrific Broth (TB) supplemented with 50 ug/ml
ampicillin. This "stock" 96-well plate vas incubated overnight at 37C. The
next day, this plate was used to prepare a replica plate. A 48 pin stamp
_was used to replica plate onto two LB plates supplemented with 100 ug/ml
it G BRI e OB RS0 B RN DG Fn eyl or
RNiftdrilthe picidice witutasmsapp idm EiNiE it SQsegrmibampicillin to be used
for DNA preparation. After an overnight incubation at 37C, the replica
plate was spread with 6 mis of LB to obtain a_heterogeneous pool of 96
clon®st {HIEhaRRES wHBR G SeRr oSt BRIC Hriep &S seRt B NIA CHSHEYRIGTLPT o
HWasoihesrisemidsiithetsubsequaentRéplidoaiiBhenatypifetissaypidier tf steps
.qvernight.shaki 7C. th indivi Beultu e -
of g\é&/ﬁfggég{%ngegggﬁggp@srﬁnjgl%?\ldg%végg{{g#ggt%%sing Qig%seﬁ'@;%ﬁ%}sggmg
POlYBUFGANS MiTTIERIRESK RN HRE iﬁtﬁviaﬁaﬁ*m%‘l%@marf%heasﬁw@ﬁy of HCV
qudgpesenptbeeomphsitaripootigediar ohe Replisanddhenatypioryssdyg a
nucp?%qledgg%j}{%ﬁl&g SAUERG! ﬁ%&esﬁgﬁﬁ?@!ﬂﬁ}% QN ?ﬁ%@ I?@eéx%) all anti-sense

asmi S were submitte sequencm(%éo confirm_the’i entlt)i of
SUARSHEHD SarAPIBG it s usteadderor srotd ftRiD crtaHindt g BIRISHfibHIg e :
(b)itﬁldﬁf@gt[ﬁ[t_ﬁqﬁ@;ti@ﬂlﬁﬁ@@di@ﬂi}ltﬁﬁﬁwldﬁ@i rmlw;?lw ti@imnm were fliigblg?iﬁt@dume
0 sequencin or su ent analy In.an Of’ nsi
iR by a s nan AR e Rdte
repOeraL A Ik otArRBios A O NI HHE S Pl 28 of 'satiefeiigription to
pradiigeessiwene nutinebpised R EXanaple) 3rdBéclbning.al thelNESByRE Raid

amples amplified from infected patients intq@C%ba@gBS@si? ' %”}1 i
HOGEP (508 R & R e lom S s AT P RiNT 1 e
preg@8etoriabBiasis cEAM codvRsraseiBhibigrsfNS5B PCR samples into the

vectors which contain Rsrll at the 3' end of 5 the NS5B gene were

conducted, using the procedures, described jn.Example 2 except that the

oot A ERSe L B S T R R B g of an
HGéan foncRSRndphfyingpate rnNiS 5B infection in a subject comprising the steps

of:5éa§ﬁ%&tﬁ@ﬁé\%ﬁﬂmﬁ%@@%@ﬁ%@&m RICRG GG GAR-@nplifying
. 10 . . ~ . .
POéﬂre%e@ﬁeﬁ%&%%ﬁ&%éﬁ%c%&@a%ﬁ%&ef@%G%‘é%&‘@isf’f HCY

quESERCIE INGeR6)N the sample with the use of a sense-strand primer which comprises
a 1%51@8&%&%3\?&%@?@%@'%%?&%Q@E@&Y%Tlﬁcéﬁa%@eﬁse strand
(SEQ ID. NO:27) 1 . ‘ i : acllor Rstll: (c)
P B B E FET T A T R T A TR MG ERRE T Rerll
clogi8BgdDPORaag)ified polynucleotide sequences into an HCV replicon shuttle

SiERERIRCARTGTITAC CTRGRACTRTACRATTRRGAGRIRE o
B S EPETE B RETEY PTAMEFE BlURR LT ARE B PPRIEE B ey nies and

is(SEQ Dir2@iNA30)replicon plasmids from the pooled colonies; (f) linearizing said
ch(ﬁggg %@%%&_ﬁ&)ﬁ%ﬂéﬂ%@%@%%%%@T&éﬁgﬁQQ&T@%&R&@ Pasmids 10

n B EETEBNGT BT AR TEE SR CBYERTOBE PRE BEETHES (REY
celDIINO3BR) 2Bid HCV replicon RNAs in the presence or absence of the HCV
pO%&e%gqu%ﬁGTGTTTAGCTCGGAC_:CGTCATCG(_3TTGGGAAG-B'
(SEQ ID NO:33) -20- Example 4 Replicon Phenotypic Assay A.
Preparation of in vitro transcribed RNA Five micrograms of DNA plasmids
were linearized by Sea | restriction enzyme 5 (Roche). After overnight
digestion at 37C, the DNA was purified using Qiagen PCR purification Kit.
One microgram of linearized DNA was used for the in vitro transcription
using T7 Mega script kit following manufacturer's protocol (Ambion). After
2 hours of incubation at 37C, DNase treatment was perfonned for 30
minutes at 37C to remove the DNA template. In vitro transcribed RNA
was then purified using NucAway Spin 10 Column following

manufacturer's protocol (Ambion). B. Hepatoma cell line Cured hepatoma
call ine Hith7 weare ciriltiired at 2R27C in 2 hiitmidified atmoenherea with & 04




To determine which NS5B sequences from the patients are able to

replicate during the transient assay, total cellular RNA was isolated 3

days post transient transfection using RNeasy Qiagen kit. RT-PCR and

direct sequencing in the NS5B region was carried out. The NSSB

nucleotide sequences from the transtected Huh7 cells were then 20

compared to the NS5B nucleotide sequences obtained from the pool of 96

clones and to the sequences obtained by direct sequencing of HCV

nuclBotigsdhiasnss pdirsnisarpieed sonathas) eriapessingds/elesHraness of an
HdevediReplicationbieselo kaskboae Wlﬂb@ﬁﬁﬂ_ ifep fbject comprising the steps

6037144192/ c/E 78 PET

ot e e S S e M R R 6
polypalsel T/ SeprRes 6 2a9BIBE Als/ 350D (wqtq%cfiewsa plurality of HCV
quBBH8633 prOR6S ﬂﬁ@&iﬁg%lsﬁﬁ tﬁepﬁb 35414Ri024Bd WilnteveImpriaBL a

cll luc/lET/S l5 8§32 WT level Asi

el B T SR BRE i SN AT TR Y el & 4 s
str@daswr%mpmwgwg@i%@e ﬂ?iferé@m 9B pPR %HQ@&&HI@ N2 ID NO:33;
(c)rephigationd ¥dsiahsliSagl éusiﬁﬂs&l&é@éqm&sem@ HVELof figgflyon shuttle

quferase Si n?l obser fte .72 hours. |§:a |op Number p a%h
vecior to_produc dufl eric rﬁ% 1Icon plasmi ransiorm asmids into
row represent different data from indepen e’ Xp erlmen ca ion

celleve |g@@@m@a¢bmaé@mlﬁcg}p@@ﬁe@§@‘ﬁgﬁﬁmgﬁmlbd Lﬁiew@égﬁrméﬁ@né@ﬁ and
zsoﬁﬁm%%r@msﬁ’e %H%Qﬁtﬁd@ﬁ%ﬁ @é%@eﬂ\/&b lonies; (f) Emeanzmg said

B 5ASIS| 3' rIIO4§$ tﬁlcal Isolate. Pt 5 0. t‘ d
R EAT AR BTG DB 01 ANEAT Db B B 0 DA GRS
in mmt@xﬁmsp@m 0.0 WlinidanesoiakECP9lidon RO a: mtitiidrapsfecting Huh7

cold’ Igel\/%%tgy%awﬂmrﬂe @Btr@fiﬁﬁ}wm @Mdr%ma%gﬁ@'\}té‘pé%ati@@tlgqutftiltawgcv
1O e a-Clnlca SO nserted intQ snutte
R KA RRE 1 T NSO h AT LTe Mo ROSE VA 2 AT randard

error of mean determined from at least n=3 experiments. 15 23 Claims 1.

An HE&GY eRIcRR WH‘L&Y%@&%M@%ﬁﬁé"@f‘éi&om{ﬂé{ﬁl%“% the manner
ce that comprises, |n er: 5 (ﬂzﬁf nucleotide s xence
oti

in e‘f‘f Efg‘mﬁ‘% REES proteit“{BY. S@nu Sqf}écﬁﬁelg?i ifgRE 44PN
copskemiofo)faipolyhueiegtiteasedercgencaditiy anNSBrpidt@inn (dyuanction
wiBPhuglsrtide,searenssancading it NeA RIolR IRy (@) Bhiesiigtion
enzyme sequence that recognizes AsiS| or SnaBl placed between 10 1
nucleotide and 20 nucleotides 5' from a polynucleotide sequence
encdtiinge d N$5Bhprotenrgirsepolinuciebtidé Séqenoe engdding®r and the
ol RARIEIM AR R IGHONRAYG SRRUSNSE IR ETPANERSon sics

Snell or Rsrll placed between 1 nucleqgtide and 20 nucleatides 3' from a
haﬁ%@?ﬁ@d@ﬁﬂé%ﬁ%%daélﬂ@év s ARy ang TP RSBRISTOIRANN S Frigqyenges into the
vergplicon shuttle vector of claim 1 wherein the HCV polynucleotide

sequence is derived from HCV genotype-1 a or genotype-lb. 20 3. The

HCV replicon shuttle vector of claim 1 wherein the polynucleotide

sequBSEE drdBYiAEs tReZNBER b rsRERIREL BRSH MEdiasr SiHahdesisa of the
clNSRB Priaieutisnoa fuhdikita P @R Amip Y ireplicorehcttiaivedtovector and the
te&%B?’ﬁiQ%@\ﬂtﬂ% &g&ﬂycleotlde sequence 25 selected from SEQ ID

ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, or SEQ

ID NO:8. 5. A method for assessing the effectiveness of an HCV

polymerase inhibitor to control an HCV infection in a subject comprising

the steps of: 30 (a) providing a sample from the subject infected with HCV;

-24- (b) PCR-amplifying polynucleotide sequences encoding the NS5B

protein from a plurarity of HCV quasispecies present in the sample with

the use of a sense- strand primer which comprises a restriction enzyme

sequence that recognizes AsiSI or SnaBl, and an anti-sense strand

primer which comprises a restriction 5 enzyme sequence that recognizes

Sacll or Rsrll; (c) cloning said PCR-amplifed polynucleotide sequences

into an HCV replicon shuttle vector to produce chimeric HCV replicon

plasmids; (d) linearizing said chimeric HCV replicon plasmids and

subjecting said linearized plasmids to in vitro transcription to produce

chimeric HCV 10 replicon RNAs; and (e) transfecting a Huh7 cell line with

caid HC\/ renlicon RNAc and maeaciirina renlication levvel nf ecaid HC\/



(a) providing a sample from the subject infected with HCV; 30 (a)

PCR-amplifying polynucleotide sequences encoding the NSSB protein

from a plurarity of HCV quasispecies present in the sample with the use

of a sense -25- strand primer comprising a nucleotide sequence selected

from SEQ ID NO:9 thru SEQ ID NO'b19, and an anti-sense strand primer

comprising a nucleotide selected from SEQ ID NO: 20 thru SEQ ID

NO:33; (b), cloning said PCR-amplifed polynucleotide sequences into an.

HCV b A" S shilitid eEiBr 1o brsBRiEE Bhithént HEV P8 f&S‘SF??ﬁdEFHFd s,
thidphdine2uizingxsaidachimedibddvh idplitenplasngds Gedl s dbjectirm s aichtment
nail0SarizeS @A@a%gdé&%dssgrx&%t@eswﬂﬁ%gp&{qgﬁs&egl@msﬁ@oh@ém 1 for

replicon RNAs; and (d) transfecting Huh7 cell line with said HCV replicon
LIRS %@ﬁfég’é@‘ﬁr&f{‘?@’?@p‘l@aﬂon level of said HCV replicon RNAs in

the presence or absence of the HCV polymerase inhibitor. 11. The
Dem%t&gg of claim 10 wherein the HCV replicon shuttle vector of step (c)
——comprises the HCV replicon shuttle vector of claim 1. 15 12. The method

of claim 10 wherein the HCV replicon shuttle vector of step (c) comprises

the HEMdephcomshuiieovectaeoficlaineit Jickhéomethod efiding 5iirus that
. wherein the.HCV replicon sh Vec step 2Qc riges.the HC
e Y s S s the ™
“replesorre pirderes RNt deetsh orskEd e préohbride SR (I CRPFeptitaRic, double-
str@fiddl o Nectes b el aini4 2 pchonfsasthad fet assessiag theeffectivedasBNA
waNAHHGY oNmease Q'e;@'tr%f IR SRR HHOIREAN I A URPenein

com%rlsmg the sPeps of: (a) providing a sample frbm the su ject infected
HGHtlssaone o) EORsupapliyivg puiyHeeiabids Segderices whasemiytrgplicon”™
FoNS&Bprotein fimeaomivramycohHeViasispecies presentdnitie SREINIE the

wit thg use of a sense- 30 strand primer which comprises a restriction
gel’éeriq'zf/)rine]esequence that recognizes -26- AsiSI or SnaBl, and an anti-sense

strand primer which comprises a restriction enzyme sequence that

recognizes Saell or Rsrll; (c) cloning said PCR-amplifed polynucleotide

sequences into an HCV replicon shuttle vector to produce chimeric HCV

replicon plasmids; 5 (d) transforming said plasmids into cells to generate a

plurarity of colonies of transformed cells; (e) pooling said colonies and

isolating chimeric HCV replicon plasmids from the pooled colonies; (f)

linearizing said chimeric HCV replicon plasmids from step (e) and

subjecting 10 said linearized plasmids to in vitro transcription to produce

chimeric HCV replicon RNAs; and (g) 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 polymerase inhibitor. 15

16. The method of claim 15 wherein the HCV replicon shuttle vector of

step (c) comprises the HCV replicon shuttle vector of claim 1. 17. The

method of claim 15 wherein the HCV replicon shuttle vector of step (c) 20

comprises the HCV replicon shuttle vector of claim 2. 18. The method of

claim 15 wherein the HCV replicon shuttle vector of step (c) comprises

the HCV replicon shuttle vector of claim 3. 25 19. The method of claim 15

wherein the HCV replicon shuttle vector of step (c) comprises the HCV

replicon shuttle vector of claim 4. 20. A method for assessing the

effectiveness of an HCV polymerase inhibitor to control an HCV infection

in a subject comprising the steps of: 30 (a) providing a sample from the

subject infected with HCV; (b) PCR-amplifying polynucleotide sequences

encoding the NSSB protein from a plurarity of HCV quasispecies present

in the sample with the use of a sense-strand primer comprising a

nucleotide sequence selected from SEQ ID NO:9 thru SEQ ID NO: 19,

and an anti-sense strand primer 35 comprising a nucleotide selected from

SEQ ID NO: 20 thru SEQ ID NO:33 -27- (c) cloning said PCR-amplifed

polynucleotide sequences into an HCV replicon shuttle vector to produce

chimeric HCV replicon plasmids; (d) transforming said plasmids into cells

to generate a plurarity of colonies of transformed cells; 5 (e) pooling said

colonies and isolating chimeric HCV replicon plasmids from the pooled

colonies; (f) linearizing said chimeric HCV replicon plasmids from step (e)
and ciithiectina eaid linearized nlacmide to in vitro trancerintion to nrodiice
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<120> HCV Shuttle Replicon Vectors <130> 23543 <160> 33 <170>
Patentln version 3.2 <210> 1 <211> 11518 <212> DNA <213> Attificial
Sequence <220> <223> Nucleotide segence of plasmid pPI-luc/ET/SC
<400> 1 cctgcaggta atacgactca ctatagccag cccccgattg ggggcgacac
tccaccatag 60 atcacteccce tgtgaggaac tactgtcttc a aaag catctagcea
R SR d R T A
Yretgughpet8t. Schgtgagte cadtyyaatcgeoagiachd setggtivtetarggacoet all of
AEG5AF6aR-2A0-JI5RIGIPGR IOLIRAIY SERRCIRIRGBELACIACCR SRUIAHALE he
gggtcgcgaa 300 aggccttgtg gtactgcctg atagggtgct tgcgagtgee ccgggaggte

i§ mcﬁb%%@?&féb@é&@éﬁt@t@égﬁg gtelpstttca ggcttagggt
aaccgtggac 420 ctcgaaaaca gacgcacaaa accaagttca atagaagggg
gtacaaacca gtaccaccac 480 gaacaagcac ttctgtttcc ccggtgatgt cgtatagact
gcttgcgtgg ttgaaagcga 540 cggatccgtt atcecgcettat gtacttcgag aagcccagta
ccacctcgga atcttcgatg 600 cgttgcgctc agcactcaac cccagagtgt agcttagggt

gatgagteiggacaiceplich @ acehgtgactedigeicagieaigtatigomaycstaccta

R SRS g R e e 0 v
icAcERaCrhegtgafiggecithtegiamogr 846 pegeaagteobogighoggaaodidjagtictg Vv NS2,
&9}9&%%%%%}5‘{8& tstf‘%%%(?&%c%%g& alghglgacaaica cagattgtta

tcataaagcg aattggattg‘gccatccggt aaagtgaga ctcattatct atctgtttgc
tggatccgct ccattgagtg tgtttactct 1020 aagtacaatt tcaacagtta tttcaatcag
acaattgtat cataatggcg ggcccagaag 1080 acgccaaaaa cataaagaaa
ggcccggcegc cattctatce tctagaggat ggaaccgetg 1140 -2- gagagcaact

gcata g@Yg%aTé?i&aqeaegw@ggie&ﬂggﬁaeal stbgetmes TPO0 Stagatgeadar
FReHAgEiSRACAIGAC Yl ALY daalaCHEIBRRtat 6RO BIAV 6D tngeagasaC
,tat?aaacga tatgggctga atacaaatca ca aat%;éécrgatgcag%g 1320 agaaactctct
tReitiete 3R aw%%ﬁ%ﬂ%ﬁﬁ BERI s SBAUEOLsEdale @ HEV

cgecaittal aatgineg i aditgticad daglatbaaciaiitegcage T4d0Rctagegtiagh be

tttgtticc aa t tgcaaaaaat tttgaacqtqg caaaaaaaat 1500 taccaataat
S A R e e e
gitogioagadicicatctepoctes gggttitaatgadidt gptitygtateit620 cagagtcctt
tgatcgtgac aaaacaattg cactgataat gaattcctct ggatctactg 1680 ggttacctaa

gggtgtggcc cttccgcata gaactgcectg cgtcagattc tcgcatgcca 1740 gagatcctat
ttttggcaat caaatcattc cggatactgc gattttaagt gttgttccat 1800 tccatcacgg

tittgg gt fiaciacard $aoOAit gaiaieigea JHeaa90e VBRI 4UaRIGIR can also be
tagatttgaa gaagagctgt ttttacgatc ccttcaggat tacaaaattc 1920 aaagtgcgtt
egtdedk a}%gca

SRttt ChaegRgaCY. leresg i ade Postsnh i aiHsiant
RiciaaiarediagationcinQopas6esaACHE e GgARA0aHE 2 AAQNCHOYGRAGG otein.

ttgcaaaa,cqgct ttccagggat acgacaagga tatgggcica .
e S S TOMEE G U ORIt DYoL teg: poliovirs
R EB, giddagiigt thabtitirhaagegadygItgtggatct ggataccggg aaaacgctgg
2220 gcgttaatca gagaggcgaa ttatgtgtca gaggacctat gattatgtcc ggttatgtaa

- 2280 acaatccgga agcgaccaac gccttgattg acaaggatgg atggctacat

tctggagaca 2340 tagcttactg ggacgaagac gaacacttct tcatagttga ccgcttgaag

tetitagin PRAP 13313422200 ARICANIIL GEEECRREY aliggants artefiatiany
caacacccca 2460 acatcticga cgcgggcgtg gcaggé;ttc ccgacgatga ‘ i
@6@%5@&@&&3@%?@%@%@%@% e@éaé%@&éﬁéi oceurring 3°-UTRs
tdarRgagaagagIcalg SAHRGEIGH 1230 CSPACARJLAAGEREEUES.

aaaaagttgc gcggaggagt tgtgtttgtg gacgaagtac 2640 cgaaaggtct

taccggaaaa ctcgacgcaa gaaaaatcag agagatcctc ataaaggcca 2700

agaagggcgg aaagtccaaa ttgtaagcgg ccgcgttgtt aaacagacca caacggtttc

2760 .cct tcgattcc gcceccececec cctaacgtta ctggecgaa .

oot 30 AR B R S ACEA PRYRIGIgEn tht can be
tittygssat 2886 higagt fieceng padacstguicadclg idR8-11ad agha ttcctaggpgnces that
tctttccect 2940 -3- ctcgccaaag gaatgcaagg tctgttgaat gtcgtgaagg

aagcagttcc tctggaagct 3000 tcttgaagac aaacaacgtc tgtagcgacc ctttacaggc
agcggaaccc cccacctggc 3060 gacaggtgcc tctgcggcca aaagccacgt

gtataagata cacctgcaaa ggcggcacaa 3120 ccccagtgcc acgttgtgag

ttggatagtt gtggaaagag tcaaatggct ctcctcaagc 3180 gtattcaaca aggggctgaa

aaataccecan aanatacecee attatatann atetaateta R240 acccecteant acacatactt
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gactggtagg ggcaggatgg gcatttacag gtttgtgact ccaggagaac ggccctcggg

4800 catgttcgat tcctcggtte tgtgcgagtg ctatgacgeg ggctgtgctt ggtacgagct

4860 cacgcccgcc gagacctcag ttaggttgcg ggcttaccta aacacaccag

ggttgccegt 4920 ctgccaggac catctggadtictgggagag cgtctttaca ggcctcaccc
acatagacgc,4980.. ccatttcitg tcccagacta agcaggca aacttc .
RO LA ReTh SO0 [ CERot gL R gt nd functionsl

cqutteatsghigggbiesatia gty rauiop&E0¢ tdibbtadds tidaagobiac a functional
r%%‘%é%%&%@a&%%%%?%%%&t P&%@-&%g%%%@%%%é&@&’ fGANC82836 o for example,

ggttacta ccacacaccc cataaccaaa tacatcatgg catgcatgtc 522
NjoigBttiygernsiontBadlégagonteryggtgctggta ggeggagtee tageagetet
5280 ggccgcgtat tgcctgacaa caggcagcegt ggtcattgtg ggcaggatca tcttgtccgg
5340 aaagccggcc atcattcccg acagggaagt cctttaccgg gagttcgatg
agatggaaga 5400 gtgcgcctca cacctccctt acatcgaaca gggaaggcag

Ctcyougaas1aaiicaaads ek 18838 Yrail-JUS oS mRRAGOLEBASy can be

EASGoR HE  AHE SO AR Rl S580. EYg A A g o
fgstigiealCHbigraiouN Agetoegege tagcale Ack kil ygatygoattarabhgastotan be

tcaccagccc, gctcaccaec caacatacec teetgittaa 5700 categt .
e Sy o e e e e Ut DD protsi hroueh.
fatogeyghy bgdutyiiygtagettagyo oty ggatiygtiouidigedi 820 daletiggsa
ggttatggag caggggtggc aggcgcgctc gtggccttta aggtcatgag 5880

cggcgagatg ccctccaccg aggacctggt taacctactc cctgctatec tctceectgg 5940
cgccctagtc gtcggggteg tgtgcgcage gatactgegt cggcacgtgg gcccagggga
600099909910 GANLIGRIOR ACCHAEIHaT AUCHEYAd59698881Ad, to which
accacgtctc 6060 ccccacgcac tatgtgcctg a agcgacgc,tgcagca

cgt L.

BreRCioaigecRER g E 0! RonbeAas f5dt effgseeabfagom
AiFRAGHAAT REtgEIGeAG P ERMGICEID0ING Gestaaigga laagaialgt itgugaiteo a
atatgcacgg. tgttgactga 6240 tttcaagacc tggctccagt ccaagcicct gccgcgat .
B NR. SH057 A AR SO A0S SAGOY voLior akpecifi
gygtiecgge ateatjeaadiccagrigaco GRBN\ digtdgagedchgaichotde vector

acatgtgaa aaacggttcc at. a g ctag 6 f t .
K e B R engyme sits e
batgratioctaygdysotiametietBiNdgeumtsnig iy rerdiny figraceduo
&&tlg&qigggh%gqgeggigg&ggatttcca ctacgtgacg gccatgacca ctgacaacgt

6600 aaagtgcccg tgtcaggttc cggcccccga attcttcaca gaagtggatg gggtgeggtt
6660 gcacaggtac gctccagcgt gcaaacccct cctacgggag gaggtcacat
tcctggtcgg 6720 gcetcaatcaa tacctggttg ggtcacagct cccatgcgag
cccgaaccgg acgtagcagt 6780 gctcacttce atgctcaccg accegtecea .
caftatyyy a%&%@ﬁ&%&%‘g[ﬁ’@%@* @388%&@@@8 fRpieadscSuch vectors
eeiigiccagninaicay dpagesageidt cigegieiia:09Q0oetigraggeaasaigtaaidrom

tcat t t fcat 6960 tcctgt
R P A g omosoma
dgtaattitggaeittitcgayecgiiticbchguggagyey JatgagagggsadytatbegipoBoses,
é%%%%g%ge@éﬁ%%g%w@E&%&%%&HE&%@&@%@& %%Itgs%g?ﬁg&dorabies

140 cccggattac aacccictac tgttagagtc ctggaaggac ccdgactacg
ventesdgtR200 g gtacad geiptatoeettdiceines iger aso ectwived Brmcretinations
séﬁggegsa%e%?mme@@éh%ﬁg&ﬁ@gzéﬁ&ﬁmBgé%iﬁgﬁgg@%&@ﬁae%mems,
tcgccacaaa 7320 gaccttcggc agctccgaat cgtcggcecgt cgacagcggce .
aégdOiREgY %&Mﬁ%@é@%ﬁ%ﬁ@&t&‘@@%@é&%ﬁ%&@@gﬁ@%@@ for prokaryotic
£8R OG89 I HATIGRE CRASHRACH Mﬂﬂnr@m@@gggog GYBBL8Grr Cloning: 4

tcccgatct cagcgacggg tettggtcta ccgtaagcga (5 aggctag )
g oD B RO ACAG SEOREa i P Cod Spring Harbor,
BECdOsatgc gectgcggagg aaaccaagct geccatcaat gcactgagca actctttget
7620 ccgtcaccac aacttggtct atgctacaac atctcgcagc gcaagcctgce
ggcagaagaa 7680 ggtcaccttt gacagactgc aggtcctgga cgaccactac
cgggacgtgc tcaaggagat 7740 gaaggcgaag gcgtccacag ttaaggctaa
acttctatcc gtggaggaag cctgtaagct 7800 gacgccccca cattcggcca gatctaaatt
tggctatggg gcaaaggacg tccggaacct 7860 atccagcaag gccgttaacc
acatccgctc cgtgtggaag gacttgctgg aagacactga 7920 gacaccaatt

Aacaccacera teatanecaaa aaatAnaantt ttetacnter aaccananaa 7020
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cggtgctaca gagttcttga agtggtggcc taactacggc tacactagaa ggacagtatt

10200 tggtatctgc gctctgctga agccagttac cttcggaaaa agagttggta gcetcttgatc

10260 cggcaaacaa accaccgctg gtagcggtgg tttttttgtt tgcaagcagc

agattacgcg 10320 cagaaaaaaa ggatcicaag aagatccttt gatcttttct

acggggtctg acgctcagtg 10380 gaacgaaaac tcacgttaa attttgot .

ot B e R T o g o
vatgqetgtaatabtatatdifaytamagtgoh0s08 potstgacasinkoaatycrtantoagtgost cells
APGATERAG IeagaaRlatgIcialicd L4309 1%&“1@&8‘1@5%9219&0&9%&%&%5%

gtagataact acgatacggg agggcttacc 10620 atctggcccc agtgctgcaa
SegarnatGeyplyaeeiangevkiiveg cllcapdinding 10680t Ageiintaaareast, insect cells,
sEPLCRIECH AAA0USTAARISRIARTHIGLOCIaERR CRCREKHAARIT- 2T, CEM-
ctccatccag tctattaatt gttgccggga agctagagta agtagttcgc cagttaatag 10800
StigedaR O tedgrrd Blgtaeky g catcgtggtg tcacgetegt cgtttggtat 10860
ggcttcattc agctccggtt cccaacgatc aaggcgagtt acatgatccc ccatgttgtg 10920
caaaaaagcg gttagctcct tcggtcctce gatcgttgtc agaagtaagt tggccgcagt 10980
gttatcactc atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag 11040
atgcifisct gtgsatgaliydgthcicaake aabigtoattkcgat abtagblgtity sg gcgob RO
ccgagttgc tcttgege tcaat ataatacc, gcaccacata qc, cttt
S S R R e e TR S e Mk can e
ctottaoedan e sangigagatbetagtitgasghaavchectey dgualssulesclegatidteddigrein or

t aa
S 5 A RO O e s

a

f%ﬁ%@tﬂ@ﬁﬂ@d&%&ﬁ%ﬁﬁﬂﬁb@@ﬂ@f@ tRtEREARIGER CARGRIBE Ry EfE Y data for

cGREGR A HHULIAIMBRRAURARSATHB0AARIGAIN LE8996ARRT phenotypic trait
ttccccgaaa agtgccacct gacgtctaag aaaccatt 11518 <210> 2 <211> 11509

vaB b HReRE213> Artificial Sequence <220> <223> Nucleotide
sequence of plasmid pSS-1 8- <400> 2 cctgcaggta atacgactca ctatagccag
cccecgattg ggggcegacac tccaccatag 60 atcactcccce tgtgaggaac tactgtcttc
acgcagaaag cgtctagcca tggcgttagt 120 atgagtgtcg tgcagcctcc aggacccccc
ctcceygpalyagdeatiagtpgtatgdeggamilidtokegtyagtaretiyogfaatd any

pgggx?g&léa&&90%%%%%8%&%%9%5%%&88&98t%ﬁ &g‘gg%ﬂﬁgﬁ&ﬁﬁ% 99¢8'9: pNA

cgag actgctagcc gagtagtgtt gggtcgcgaa aggcctigtg gtactgcctg
oamggdifigetRoth ayiget s CgghangicatdeagastyBev iteeddogitehomstdegand
RICIRXYICORUCHIICHAPYOL FREHIFAG A0 AGIAARREranded regions,

gacgcacaaa accaagttca atagaagg tacaaacca gtaccaccac 480
et denitegtieaduyfiat Aotket Hriritaigetgagikgcgd ol
sﬁ&gé&c&{t@@@%fd%ﬁq&ﬁﬂé@t&tﬁwt ﬁg@lﬁ@@fﬁ&%ﬁg@&&lﬁfﬁﬁtﬂ@%@gﬁge—

cgttgcgctc agcactcaac, ccca agcttaggct gatga catcecte

OB e UG T cS R OTE e o RUEE S S  a o tpanded
rtagbigioRseddngaiotpa agagedcidt’ gafjetacatpbganiadteCrggonscigaaridit RNA
t taat ccc tc a tcaca a gtgattggcc tgtegta 4
B g e e s R BB

md gtk gitmodiatc ectagattytta tdmamageridattggattg geccatccggt 960
gaaagtgaga ctcattatct atctgtttgc tggatccgct ccattgagtg tgtttactct 1020
aagtacaatt tcaacagtta tttcaatcag acaattgtat cataatggcg ggcccagaag 1080
acgccaaaaa cataaagaaa ggcccggcgc cattctatce tctagaggat ggaaccgctg

1140p, 0200626 ACAIRA08 AIORAIRIAREIEAFTOHHCGIERRCR R ary

1200 cagatgcaca tatcg%%%t aacatcacgt acgcggaata cttcgaaatg tccgttcggt
st e EHiFRg S a g HHEH AL ARArhaRtElc ki AsHiqyie forms. Thus, the
gaigeaed 380 RaARGEI AR ST AlgteO IRl 190TRICTINAHACGERes (¢.g.,

ttgcagttg.1380 cqcccgcgaa cgacatttat aatgaacgtg aatigctcaa cagtatgaac
R TR ey P AP Rt L et S B g vcture of
cadaahadatiBOOriadeh AiNA codgadaaticgiiatcaigyattstaasatgdatimitag

atttcagt 1560 cqgatgtacac gttcatcaca tctcatctac ctcccqgattt taatgaatac ;. .

R B RS R AR ARSI AR TR directon
ggatctactg 1680 ggttacctaa gggtgtggcc cttccgcata gaactgcctg cgtcagattc '
tcgcatgcca 1740 -9- gagatcctat ttttggcaat caaatcattc cggatactgc gattttaagt

gttgttccat 1800 tccatcacgg ttttggaatg tttactacac tcggatattt gatatgtgga
tttcgagtcg 1860 tcttaatgta tagatttgaa gaagagctgt ttttacgatc ccttcaggat

taraaaatite 1020 aaantAacAtt actantacreca accectatttt cattetteae caaaanecact
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ctggcccegct cctcaaggtt cccgcetcatt gacaccctgt acctgeggct cctcggacct 3660

ttacctggtc acgaggcacg ccgatgtcat tcccgtgcge cggcgaggtg atagcagggg

3720 tagcctgctt tcgeceeggce ccatttecta cttgaaaggc tcctcggggg gtecgcetgtt

3780 gtgccecgeg ggacacgecg tgggectakd cagggecgeg gtgtgcacce

tggagtggc 3840 taaagcggtg gactttatcc ctgtggagaa cctagggaca

a@e&&%&a&ﬂ%&a&@#&%@% Chodtaadice E%E%a*@‘éﬁ‘@c%@‘?@ﬁﬁnce homologous
tCgREAPsiE)caggtggecc acctgcatge 3960 tcccaccggce agcggtaaga

gcaccaaggt cccggctgceq tacgcagcecc agggctacaa 4020 ggtgttggtg

ctcaacccct ctgttgctgc aacgctgggc tttggtgcett acatgtccaa 4080 ggcccatggg

gttgatccta atatcaggac cggggtgaga acaattacca ctggcagccc 4140

R R e RO e Re09 5 A0 A Re ARG A8 e

tgacataata atttgtgacg agtgccactc cacggatgcc acatccatct tgggcatcgg
siealgleotdgddonngeayiaghigtggded dodiadacn. dudigerssies deegotad s 2d

pRRFIGEISEE ACRicaGtsY 161916089 989 YUAGICJNGRAREAE AR8Rrmal
cggagagatc cccttttacg gcaaggctat cccectcgag gtgatcaagg ggggaagaca

comveypncefiait g dba srpsnsg dndamdtly 8eFadeRt gccgegaage tggtegeatt

450 catcaat gcecgtggcect actaccgegg tcttgacgtg tctgtcatece cgacca

1560 OMHGE B RO g BBt Pl TRt R DN A
sdb RO ctgidathdaccigeansat gidigtdacteatgdehgieyatdicagdcttvatcbtacttiouble-
4680 ¢t ttgag acaaccacge tcccecagga tactgtete actc “A QT
S g e R i emyme st
resguiggabe Gooeotscl 48R0 Caigticgad togtcbgtdoubleteamdedtbiydcgiter the
ggctgtgctt ggtatgagcet 4860:@A0%eCEHEe gagactacag ttaggctacy

agcgtacatg aacaccccgg ggcttccegt 4920 gtgccagc})tag catcttgaat
tttgggagygusprettiecirenmrutinaciecaened e aoBthccadtttthaEetdgiengnzyme
«@geagagtgg ggagaacttt ccttacctgg tagcgtacca 5040 agccaccgtg

tgcgctaggg ctcaagcccc tcceecateg tgggaccaga tgtggaagtg 5100 tttgatcege | .
CttadAEPEREEC R A5G a?ézét?f@&ggéial@éﬁl@a%t ﬁg@e%cstfémudeoﬁde position.
tgttcagaat gaa tcacgcggg&:&@é%mcaccga& tacatcatga catgcatgtc 5220

gge xga%@fébtegce@g@a@e@@a%@éé&%&&&ateﬂ &&te?%ezes and
‘5 - ggccegcegtat tgectgtcaa caggctacgt ggtcatagt caggatcq tcttgtccag

5340 gaagccggca attatacctg acagggag%ggﬁgégg:ég gagttcgatg

agalggaaga 2400 ocleleaq cacliagegivacaicgagca agggaigaty

ctcgctgagc agg 8 Aégq gaa?,%&c tgc agaccgcgtc

ccgcecatgea gaggtiatca teccétgetgt 5520 ccayaccaac tggcagaaac

tcgaggtctt ttgggcgaag cacatgtgga atttcatcag 5580 tgggatacaa tacttggcgg
gcctairads-gCtgaaignt aaeaerasca tigritcait Hbd: galdectiicaeapetdtug or DNA,

{ t tcctctt 70 tat ) )

O N e B B B i
giageted by cegdcdtegeneagegtigan atggggragddotngiggaaBe@hich, wléeél placed
.cattcttgca tatggc t ctt gta ttca.apgat

R S e S AR R TR AR e,
dgendenfraugieiytgidgrothegsaihaantporrgedcyibacyrprurityg gegke 50N

t 9&89&&%?@%&9?&9&&%&%&%%&?%&%%@9&&9&Qﬁé&ﬁ%mgmemse
6060 ccccacgcac tacgtgccgg ggggcg tgc agccgececgce gtcactgcca

weEy salbioidstestighoantinna s dyag geyaleblciuagtatire and pH, the
Aaageleesagigtaccactilsy (serlacics Jttcatngsdadouoreaticlagoartdeion of
atatgcgagg tgctgagcga 6240 ctttaagacc tggctgaaag ccaagctcat

HRHERHAR CEB e LY (g 6 500 PRI EC SIS GE EHdy GupreigEgay
AG9agasgge afRighiaga 61¢eoiartaks6ondigiay agdtrgagataastoof the application.

acatgtcaa aa acg. atgaggatcq tcggtcctag,6420, gaccigca .
T o ot R RN e B o g i b o
leotghgdtgepaictataagtt bgadctgfity adggtopitgcagaygsathcddet@ed template to
Gelgdagalg ﬁ%?@%@@&%é&‘é&&%&&i@é@&%&g9&?&%%%%%&%%&%8&1@?9@ the
?aaatgcccgntgccagatcc catcgcecga attcttcaca gaattggacg gggtgcgcct 666
acacaggttt gcgccccctt gcaagccctt gctgcgggag gaggtatcat tcagagtagg 6720
actccacgag tacccggtgg ggtcgcaatt accttgcgag cccgaaccgg acgtagccgt
6780 gttgacgtcc atgctcactg atccctccca tataacagca gaggcggccg
ggagaaggtt 6840 ggcgagaggg tcaccccctt ctatggccag ctcctcggct atccagcetgt

cencteeate RONND teteaanadacra acttancacecn cocaacecataa ctececctaacr
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aaaacttggg gtcccgccct tgcgagcttg gagacaccgg gcccggagceg tccgegcetag

9060 gcttctgtcc agaggaggca gggctgccat atgtggcaag tacctcttca actgggcagt
9120 aagaacaaag ctcaaactca ctccaatagc ggccgctggce cggctggact

tgtccggttg 9180 gttcacggcet ggctacagey 'dgggagacat ttatcacage gtgtctcatg
ccecggcececcg 9240 ctggttetgg ttttgectac tectgetege tgcaggggta ggcatctace
dﬁ?&:‘i%%&%ﬁa?%@@a&éd%%ﬁﬁ%&&@&%&%&%&& %3&5@%%&%{88{5&&“ the
piiftttiti- 03600 Mttt ittt it tettiactichl ietitition BIoHth &MY, a polymerase
ccttctttaa tggtggceiec atcttagecc tagtcacggc tagetgtgaa aggtccgtga 9480

O R S e R gt HAtaD B o
coggittgugt attggydettaticrgrite clégctsatectioystgoyiegyiogt 960 eotide
iQ0619qag, cg $ahG k& IHRAASIYLAHECAGRRAALS the 5'-end
o S e el R o5

ga acatgigagc aaaaggccag caaaaggcca

0 §B ARG EOTR0P e yetoRa e ctddisghattcdsitay yewsgtuaentary bases may be

H9PEIRYSAIGAGRARRBAIRR Q‘E@@gﬂ RIEARQIRAYAIILILRIABRCES pri
1gacaﬁgglggacta taaagatacc% a%%cé%c{ttcc 840 ccctggaag%%%ccctcatgc gct}(}:?égﬁgrt

SRLGHEE & sefitiseterguientgtatyoo it tancneaefdytriEgtdereghite strand
dgieriagm IsaseciaR0eiaiticagrie0. R0 RY BICEHica 6 s CAAYCIBthsion

ct%l 'i%]cac gaaccccccg ttcagcccga 10020 ccgcetgegcc ttatccggta actatcgtct
Fﬁ? & taac ccggtaagac acgacttatc 10080 gccactggca gcagccactg

gtaa%gg%ag:%%%%ggg Mg&q}%lg?ﬂ% Eaﬁlg‘@%ﬂl% %q]?ggggﬁt has resulted

aagtggtggc ctaactacgg ctacactaga aggacagtat ttggtatc cgctctgcetg

g deNguawntivguepaasghbagyt suuratdhecbygrberciagxgppiced together.

aaccaccgct ggtagcggtg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa

10320 aggatctcaa gaagatcctt tgatcttttc tacggggtct gacgctcagt

ggaaggaaaa, 10380 . ctcacgttaa atittgg tcatgagatt atcaaa .

e e R B A S e e M cvyignis of o
ryedpornet §§isigaoame 6508 naccaatgeoiivrisagig sdgeactrntttsagedenaed in
Jgfﬁéqétiﬁ@g@ﬂtgﬁﬁﬁgépéﬁgvéy}ﬁ %%H‘%%Qt&ﬂl Q;ﬁﬁfec&t%gég%ﬁ@e cell clone as a

tacgatacgg gagggcttac catctggccc 10620 cagtgctgca atgataccgc
rgayheEbrpynottalien ekttt ¥aselisthian 10680 ccagcecagec
ggaagggccg agcgcagaag tggtcctgca actttatccg cctccatcca 10740
gtctattaat tgttgccggg aagcetagagt aagtagttcg ccagttaata gtttgcgcaa 10800

Cgttgﬁgg@eﬁﬁg%ﬁﬁg&ﬁgﬁ&gm&&}ﬁ @8&?&% W&%@&%@sﬂ%ﬁ&é‘&%&?&%@em of the

cagctccggt tcccadcgat caaggcgagt tacatgatce cccatgttgt gcaaaaaagce
neuElgRgeecRGgREECS tdiedgdipprdsuggedyiaghyasicaet
A8 CROBTERIY,AGagRRAtgm AtRatTCICt tactgtcatg ccatccgtaa gatgcttttc
11040 tgtgactggt gagtactcaa ccaagtcatt ctgagaatag tgtatgcggc

gaccgagttg 11100 ctcttgcccg gegtcaatac gggataatac cgcgccacat

agcagaactt taaaagtgct 11160 catcattgga aaacgttctt cggggcgaaa
actctddagerancaanell tafadae strrpootHgtusetdivad drdand Gageacudiret,
inlgalse s EGRICHHR CltieasAtk AhaRO LEHIGI 9L 10295 ARPAR $AYIPAGUGE, the

aaatgccgca aaaaagggaa taagggcgac 11340 acggaaatgt tgaatactca ,
PRl SEHiRasRATRE R JePHERERG T L Mb an et APt i Gattears, saliva,
meRiaitga sl iiathardrsinnasdaringgeded b46Dvieeaedicadaure constituents
ftccccgaa aagtggeacce tgacgtciaa gaaaccatt 11509, <210> 3 <211> 11518
R B e S e b S FSSOm f owih OF Ciltured
sy pncei oflplesalith fSEd NS TB.oMtSIGNS REM] and @0 Sagigragsia
atacgactca ctatagccag cccccgattg ggggcgacac tccaccatag 60 atcactcccc
tgtgaggaac tactgtcttc acgcagaaag cgtctagcca tggcgttagt 120 atgagtgtcg
tgcaggctce aggacccgec ctcecgggag agecatagtg, gtctgcggaa 180
oSt R B o SIS e (LAt 85 BEaEp 986 0s DNA
tg QY adadtiggb atgicocudadag batgdiagehgapiagtiitigogiigtyaadtforming
aggccttgtg. gt ct tgct tgcgagtacce c C tcgtagaccqg 300
R e o R e o RS e R TR o
dicgaasaral dalsgcacdangagrdagitvaatagdagggl . diacasaopk gapuaceactes,
480 gaacaagcac ttctgtttcc ccggtgatgt cgtatagact gettgegtgg ttgaaagcga
540 -15- cggatccgtt atccgcttat gtacttcgag aagcccagta ccacctcgga

atcttcgatg 600 cgttgcgctc agcactcaac cccagagtgt agcttaggct gatgagtctg
gacatccctc 660 accggtgacg gtggtccagg ctgcgttgge ggectaccta tggctaacge

catanaaacaoe 720 taattataoaa caanatAataa anancectatt aanctacata aaaatectee



10

15

20

25

30

acatcttcga cgcgggcgtg gcaggtcttcccgacgatga cgccggtgaa cttcccgeeg 2520
ccgttgttgt tttggagcac ggaaagacga tgacggaaaa agagatcgtg gattacgtcg 2580
ccagtcaagt aacaaccgcg aaaaagttgc gcggaggagt tgtgtttgtg gacgaagtac

2640 cgaaaggtct taccggaaaactcgacgcadigaaaaatcag agagatcctc

ataaaggcca 2700 agaagggcgg aaagtccaaa ttgtaagcgg ccgcegttgtt
weratagdovanvaabgyterll 2780 teotdtayugg itdamyd gausdainsl on an episomal
CRIARGANRFI9CGHI8RGCYRH9GaR 282 O, 1aAAAGC Al JWCOMIGLEIALAIANRY cell is

ttttccacca tattgccgtc ttttggcaat 2880 gtgagggccc ggaaacctgg ccetgtcttc

fefatyagih thetagsfymaebittdoadeerne daltar A aey wigkyaaso that it
Gl60189RAG PAgCAHEcHANRAGH FP0R OHIARIAR ARAC ARG Rability is

tgtagcgacc ctttgcaggc agcggaaccc cccacctggce 3060, gacaggtgcc
eaé%%ﬁda%ga& Yeidsrenitgetas aﬁe@ggﬁeﬁéﬁ B clones
coepaBtgstaqaitalgagiigbaiagitgtog haroeg itaatig gehefoaigagdodBA8h the

R A A e
oogatiooatiy §tacytietittcettigaraHaAC ROGAt raatecdatdu ctiecibitdy B86Plicate
g%%%%%%&%ﬁ%%g 31—@1%8-9ac%ﬁ‘g‘%%%éi%@g%fgé@%é%&%08&%9%80&11% by the

0 ggacaggaac caggtcgadg gg ctcc accgcaacac

RetsBeT o By st iy avslat etcasnyytyy sgtnpigasiqattieacritgecggct

caaagaccct 3540 tgccggecca aagggceccaa tcacccaaat gtacaccaat
gtggaccaiPAcEETRe iR I 458 @%&5@@ e S Lottt G or common
gRcRSaEe6RA0II00HRApEstcgURCEEBER0 ttacttggtc acgaggcatg ccgatgtcat
tccggtgegce cggeggggceg acagcagggg 3720 gagcectactc tccceccaggce
ccgtctecta cttgaagggc tecttcgggceg gtccactget 3780 ctgeccctcg gggcacgcetg
tgggcatctt tcgggctgcec gtgtgcaccc gaggggttge 3840 gaaggcggtg gactttgtac
ccgtcgagte tatgggaacc actatgeggt desdddiitE#000 cacggacaac tegtececte
cggccgtacc gcagacattc caggtggccc atctacacgc 3960 ccctactggt
agcggcaaga gcactaaggt gccggctgcg tatgcagccc aagggtataa 4020

gotgctigtc_crgaacccgt ccgtcgecgce caccctaggt ttc cgt atatgtctaa 4080 . .
o o R TS et e s uhone SKHed i the ar
tgggigcdearl i aatoat gidc dgaacttatthg paagiitohigecgacgbhegtigetigot be
%9%&89{%%%“520 ir}g%ﬁé‘t%%t% ajaldi9alg, aglaqeacle %’f‘;‘?%‘ﬁ?é%?g%ﬁ%%% e€ana
tgggcatcgg 4 BO"E cag?ccpg gaccaagcgg agacggcft'gg agcgcgdctc
gepeteptgicedisugefac 4320 gectccggga tcggtcaceg tgccacatee

aaacatcgag gaggtggctc tgtccagcac 4380 tggagaaatc cccttttatg gcaaagcctt
ccccatcgag accatcaagg gggggaggca 4440 cctcattttc tgccattcca

agaagaaatg tgatgagctc gccgcgaagc tgtccggcat 4500 cggactcaat

ditetggedt attaccgggg ccttgatgta tccgtcatac caactagcgg 4560 agacgtcatt
gtcgtagcaa cggacgctct aatgacgggc tttaccggcg atttcgactc 4620 agtgatcgac
tgoastacabgloicdennalgacagtcgac ttcagectgg acccgacctt 4680- caccattgag
acgacgaccg tgccacaaga cgcggtgtca cgctcgcagc ggcgaggcag 4740
gactggiaog-ageng JHIGUGaatigeay gulgteast eaageasnas FJdeftdyGhown in

00 catgttcgat tcct ttc cgagtq ctatgacgc ctgtgct cgagct )

B e A e A s e By PO A eoride
gothgesegi482be Sigtitdygss Tatoiggadiith ggagag agddittadadgBottadosed in
Qﬁg&ﬁ%ﬁﬁ%Céegsg%n%ttt%%%&8%@9@&5}&%0@ %?9@6% ﬁgea§8§8%9us internal ribosome
ccctacctgg tagcatacca ggctacggtg tgcgccaggg ctcaggctce
aotte s Rggyavdacta tonyokadiy snsetitmedtadygittduagense gene. Downstream

C(%m %&%QQQ%Q:QQQQEQE@E}S}Q %Qﬁéﬁﬁ&loﬁ%‘&%ﬁﬁﬁ% virus (EMCV)
gaggttacta ccacacaccc cataaccaaa tacatcat%g catgza};&c 5220 -,

gaeiplechs Jagyrties egddaccry uutirita satydhotechagdagetB, NS3A and
R8pygccgcegtat tgcctgacaa caggcagegt ggteattgtg ggcaggatea tettgtccgg

5340 aaagccggcc atcattcccg acagggaagt cctttaccgg gagttcgatg

agatggaaga 5400 gtgcgcctca cacctccctt acatcgaaca gggaatgcag

ctcgccgaac aattcaaaca 5460 gaaggcaatc gggttgctgc aaacagccac

caagcaagcg gaggctgctg ctccegtggt 5520 ggaatccaag tggcggaccce

tcgaagcctt ctgggcgaag catatgtgga atttcatcag 5580 cgggatacaa tatttagcag
gcttgtccac tctgectgge aaccccgcega tagcatcact 5640 gatggcattc acagcctcta

tcaccagccc gctcaccacc caacataccc tcctgtttaa 5700 catcctgggg
naatanataa ccacceaact tacteecteece ancAactnectt ctnettteat R7A0 anAacaccAqe
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atccagcaag gccgttaacc acatccgctc cgtgtggaag gacttgctgg aagacactga

7920 gacaccaatt gacaccacca tcatggcaaa aaatgaggtt ttctgcgtcc

aaccagagaa 7980 ggggggccgc aagccagctc gecttatcgt attcccagat

ttgggggttc gtgtgtgcga 8040 gaaaatggce tttacgatg tggtctccac cetcectcag

gcegt g gctcttcata 8100 c? attccaa tactctcctg gacagcgggt cga ttcct
gtgaatfe fﬂ@@l&%ﬁé@&aw@@ 3 %(E@af@efoa@@@é%@%s%éfg HPARCE 322
passaacgaicaetgagas 82&&0&%@%@&%@&%9%@@&&@% @tgma;gﬁc NO:1).

i P R P R e e

fgtgcecgegce gageggtgta ctgacgacca gctgcggtaa 8400 taccctcaca
tgttacttga aggccgctge ggcctgtcga getgcgaagce tccaggactg 8460 cacgatgctc
gtatgcggag acgaccttgt cgttatctgt gaaagcgcgg ggacccaaga 8520
ggacgaggcg agcctacggg ccttcacgga ggctatgact agatactctg cccccectgg

8580 T@a@mgﬁﬁ@m@@@%&aﬁgawmmmcaﬁsmGmtg@mtgi@lﬁy

e B e e gt

gcqaatt@cﬁggdﬂaggdéﬂ 856&@0@&td&t¢ﬁf@1@t@i@gﬁ@ﬁm@ﬁ@t@m luciferase, EMCV

at(g ac1 ttCtt ?8 ZO%C?Eﬁ {\CI %}% ?g% g §W1th a
agccctaga tg cagatc acggggcc 8880 cca acctacc
Harcditchpet fagtocatdrgocitdgége8osge dulttacty caaag@ﬂ'a@t Brozad@igatcad. Sci.
9AiC2a{969 SHG9SHCH SCCicagnaR RN AGHaQAMa 999@???‘91‘3 Gﬁﬂéﬁtg&‘&%ns the

acatcgggcc agaagtgtcc gecgetaggct 9060 actgtcccag gg
BTG gofdb% RERYCh Bgatagitiharod atroghe R

ARAtegoAdLAaGaIceRaS HOaHA! coRoRIIGH LSOl COlRRIaatdAE89C080Gown in

% acatata tcacagcctg tctcgtgecc gacccegcetg 9240 gttcatgtgg tgectactce
gtaggc atctatctac tccccaaccg 9300 atgacjgtcc ggctaaacac

tccaggccaa taggccatcc tgtttttttc cctttttttt 9360 -20- tttctttttt tetttttttt tetteeeeet

ttttttttct cetttttttt tectettttt 9420 ttecttttct ttectttggt ggctecatct tagccctagt

cacggctagc tgtgaaaggt 9480 ccgtgagcceg cttgactgca gagagtgctg

atactg:gééﬁ@t PEHASREEIHCPYSAT 3G tHY SRR REE RSGFogras created

Heaaekes s e FiaariehaciCamecgo0e/ ItrgotegHR0IGIgRaDMm SRAeIEHaIT end

agctcac ca aaggcggtaa tac gttatc 9660 cacagaatca ataa

6%%85& étg%‘ﬁ @@%8&@8%%5@@3&%3 d%%%g%ﬂzf cﬁ%aéﬁa@nenﬂ

aalggcﬁg@gtttgm@ gB@lKItlltec&tagg Macg@ma@&nga@ma&?ﬁ@tﬁemaahte

aaac act taaa 9840 ,
ggcg t§cg?c‘g gggg% ccc egc‘?b cto cc? t'C ccg enqu C cgcﬁgjc“c”gn elelolo} facturers
matrmgmrs g‘iicmug@cecﬁ(ag@@aa@z&gt@ég cndc&caca@mfma(agdtgtégl@%ﬂranded
HRIRIG taf%% FRUGICIE. F3RAGIIYEEIHIHIAGAGY RRARCERSEUE #0720

tcagccc ac cg gcgcct tatccggtaa ctatcgtctt gagtccaacc cggtaagaca

1goBpcdgtreiey pehbtguédeccnybed dagmantagpitSagtasag i subcloned into

geaigiags LALa0s (9piriaseraagitsieq aglagiggee taactacgge
tacactagaa ggacagtatt 10200 tggtatctgc gctctgctga agccagttac cttcggaaaa

agagttggta gctcttgatc 10260 cggcaaacaa accaccgctg gtagcggtgg tttttttgtt
tgcaagcagc agattacgcg 10320 cagaaaaaaa ggatctcaag aagatccttt

gatCtet Aea00RII AATINRGICLARAO ORRCaRARRNHCAGAITARG AORTIAO

catgagatta tcaaaaagga tcttcaccta 10440 gatcctttta aattaaaaat gaagttttaad
arsermethet aprotenal dgimatid TOB00Igee gaRane tastiRiR biteebigryd end of

Qﬂémﬁt“géﬁ%@ﬂ@é{%ﬁ giGiaitied,hoREYqicaiGealR %&WM%@@ and in the
ataact acgatacg agggcttacc 10620 atctggcccc agtgctgcaa
% ﬂ.& Wgackes tea‘gc@aef‘é éaah%@ﬁq@ééw %Iégéga%sa%éeveral

@%ﬁﬁﬁﬂgﬁﬁ%gﬂ@%ﬁ@ﬁ@ﬁ gegcagaapedicsigcaa cttaiaatm WY AOLP vector and

AR S e U M S NG

ggcteaitaagetecogitlcetantgatenmaggctagitabatgatece caatgttgtg 10920
caaaaaagcg gttagctcct tcggtcctce gatcgttgtc agaagtaagt tggccgcagt 10980

gttatcactc atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag 11040
atgcttttct gtgactggtg agtactcaac caagtcattc tgagaatagt gtatgcggcg 11100
accgagttgc tcttgcccgg cgtcaatacg ggataatacc gcgccacata gcagaacttt
11160 -21- aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga

tettaccnect 11 220 AattAaadatee aatteasatat aacececactea tacacceaace tAaatettean
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aaaactctct tcaattcttt atgccggtgt tgggcgcgtt atttatcgga gttgcagttg 1380
cgcccgcgaa cgacatttat aatgaacgtg aattgctcaa cagtatgaac atttcgcage 1440
ctaccgtagt gtttgtttcc aaaaaggggt tgcaaaaaat tttgaacgtg caaaaaaaat 1500
taccaataat ccagaaaatt attatcatgg attctaaaat ggattaccag ggatttcagt 1560

20, .-
SIS e e R s
gditadtr i gdytgtifyd orcticngd atata aoiglar cgtoatatyntbgeatyteatddfpe 1a
s@ﬁ@&é@é%ﬁ%@@%ﬁtacﬂé%tﬁag%%gﬁa?ﬁt%%ﬁ@%@ﬁﬂW@Q?tfcat 1800

tccatcacgg ttttggaatg tttactatac tcggatattt gatatgtgga tttcgagtcg 1860

tcttaatgta tagatttgaa gaagagctgt ttttacgatc ccttcaggat tacaaaattc 1920
aaagtgcgtt gctagtacca accctatttt cattcttcgc caaaagcact ctgattgaca 1980

N OO0 M) ML S RS N e SR RS St 243p gene
tcggggaagc gytigcadaa cgct cRate t cCagggat acgacaagga ta gggcefca
itoGcotiagabEd] attagotat Grgaitddid dbgaggygyattgateeateiie replicon shuttle

0944rggicg; 1e0naasagtigidecattitttg gﬁf‘%t.‘%t.gﬁ?é%ﬁ%%ﬁ% Lbility of
aaaacgctgg 2220 gcgttaatca gagaggcgaa ttatgtgtca gaggacctat gattatgtcc

thgtellgtad mpBoompas ey fhugdemicchecbregaic AsacigaigyS 5B protein (see
@@ggtggat tctggagaca 2340 tagcttactg ggacgaagac gaacacttct tcatagttga
ccgcttgaag tctttaatta 2400 aatacaaagg atatcaggtg gcccccgcetg aattggaatc
gatattgtta caacacccca 2460 acatcttcga cgcgggcgtg gcaggtcttc ccgacgatga
cgccggtgaa cttccegeeg 2520 ccgttgttgt tttggagcac ggaaagacga

1o CORRRARRARARIAOID SR ARgie AR AU R AEGRAE A ructed i which
aaaaagttgc gcggaggagt tgtgtttgtg gacgaagtac 2640 cgaaaggtct

thedippld andeedde gearcoenuihioary boabateiBatadsdcédiardend pSS-
20PRAG9509RRBICOARRHOIRATRICEIGHIHY BIRGERIGAC UG HGcleotide
2760 cctctagcg% gatcaattcc gcceccecce cctaacgtta ctggccgaag

SePMRsGarEBsD! tagiiegdbolathRIgTaigdditdearen el cyan
HtiggarahilR86n? A SI0RE0ILee BUaRPREIBNIGLLIETHIG {gRGEagCRaboratories Inc.)
ttccta ctttcceet 2940 ctggecaaag tgca tetgtiga ; )
e e G S0P St e A A E B i) and
afBghalaccc Antadatyti3060 Ryald§aQddtdtacgpcespaaagigacgt

gtataagata cacctgcaaa ggcggcacaa 3120 ccccagtgec acgttgtgag

ttggatagtt gtggaaagag tcaaatggct ctcctcaagc 3180 gtattcaaca aggggctgaa
ggatgcccag aaggtacccc attgtatggg atctgatctg 3240 gggcctcggt gcacatgctt

tacatgrgiiitagicgaggitnasadaacy ICageeecehaBR0y atgraesaagkessed using the
acgtqgt tttcctttga gagacacgat aataccatqqg cgcctattac 3360 . cfcc

R R R ey R

ggacaggaac caggtcgagg gggaggtcca agtggtctcc accgcaacac aatctttcct

3480 ggcgacctgcgtcaatggceg tgtgttggac tgtctatcat ggtgccggct caaagaccct

3540 tgccggcecca aagggcccaa tcacccaaat gtacaccaat gtggaccagg

acctcgtcgg 3600 ctggcaagcg cccceccgggg cgcegttectt gacaccatgce

acctgcigca gctcggacct 3660 ttacttggtc acgaggcatg ccgatgtcat tccggtgcgce

g acagcagggg 3720 gagcctactc tcccccaggce ccgtctecta
cttgaagggc tcttcgggceg gtccactget 3780 ctgcccctcg gggcacgctg tgggcatctt
iChugergel Vs AcEC R agaptigepBAed faey00goal gacitigiaalo
C g g atgcqof ¢ tc c tegtceccte
e SR B 7 SR
agcggcaaga gcactaaggt gccggctgcg tatgcagccc aagggtataa 4020

gotgctigia eigareoREk CCatGgecac 6aesaiagiiiicogeasgkatatgtalar4d080f the

T A LAt e s TERLAC0T D GRS oG ceor and the
420 g gddateatalttalgtghtgagtBerabclad At gagtey @scactatte g déaid grotein

426
Weie Cfé(gt}gacgff%%}gt%%%%?%ggggct%ggf@ﬁ&% EP6Ph %9551955%%9&3 {ffkd from plasma

gccacatcc aaacatc gg

Gl rggcioyedimeanilss! wyiabidawsoetithaydyeanegbentiveas atcpaitpnt
accatcaagg gggggaggca 4440 cctcattttc tgccattcca agaagaaatg

tgatgagctc gccgcgaagc tgtccggcect 4500 cggactcaat gectgtagcat

attaccgggg ccttgatgta tccgtcatac caactagcgg 4560 agacgtcatt gtcgtagcaa
cggacgctct aatgacgggc tttaccggcg atttcgactc 4620 -24- agtgatcgac

tneaatacrat Aatateacecea Adaacantecaae tteancectaa acccAaacett AGRND cacrcattAaan
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gctcacttcc atgctcaccg acccctccca cattacggceg gagacggcta agcgtaggct 6840
ggccagggga tctcececcct cettggecag ctcatcagcet ageccagctgt ctgegecttc 6900
cttgaaggca acatgcacta cccgtcatga ctccccggac getgacctca tcgaggcecaa
6960 cctcctgtgg cggcaggaga tgggcgggaa catcacccgce gtggagtcag

s ae%?ﬁéaar%éé%?[era%} Mg qackelt gﬁ&%%{’%%%‘%%ﬁ%& 8908 riction site

atgag}oaggg aag aFccg 70 tccggcggag atcctgcgga ggtccaggaa

safteecegaighgatyoeradatggdoaty #40ntiogyatdt matotiooattgitqauaytc
ctggaaggac ccggactacg tccctccagt 7200 ggtacacggg tgtccattge

SE@W@E@E@SW%mggan% 7260 gaggacggtt
gtcctgtcag aatctaccgt gtcttctgec ttggcggagc tcgccacaaa 7320 gaccttcggce
agctccgaat cgtcggceegt cgacagcggc acggcaacgg cctctectga 7380
ccagccctcc gacgacggceg acgcgggatc cgacgttgag tcgtactect ccatgccccce

57440 REI989999 RPN ERINB Y RICCraRIEHGagr9ReQAG BRI 3 (SEQ ID
ccgtaagcga 7500 ggaggctagt'gaggacgcga tcgcctgcetc gatgtectac

Nedtygacag gegecctgat 7560 cacgecatge getgeggagg aaaccaagct

gcccatcaat gcactgagca actctttgct 7620 ccatcaccac aacttggtct atgctacaac
Satcgeapc UCAYPGIY G ogaagagad 680 TUGICRCAA JadageaTigs’ (SEQ ID
@q ctgga cgaccactac cgggacgtgc tcaaggagat 7740 gaaggcgaag
gcCygtctacag ttaaggctaa acttctatcc gtggaggaag cctgtaagct 7800

gacgccccca cattcggcca gatctaaatt tggctatggg gcaaaggacg tccggaacct
578613 Alcbigtasy Gubbitaactiatatclgbit ThtgtghaBd datkigetyy-3” (SEQ ID
Na@gqgactga 7920 gacaccaatt gacaccacca tcatggcaaa aaatgaggtt
ttctgcgtcc aaccagagaa 7980 ggggggccgce aagccagctc gecttatcgt

attcc t ttc gtatgtgcga 8040 gaaaatggdcc, Ct tgatctccac
DRI e e e S GV G
NQagticctg gtgaatgcct ggaaagcgaa 8160 -26- gaaatgccct atgggcttcg
catatgacac ccgctgtttt gactcaacgg tcactgagaa 8220 tgacatccgt gttgaggagt
CARHAEE AHNEIBAG HIIRee5eE;A9956 YA EPBA 96390 3° (SEQ ID
tcgctcacag agcggcttta catcgggggc cccctgacta attctaaagg 8340

é\’g%actgc ggctatcgcc ggtgccgege gagcggtgta ctgacgacca gectgcggtaa

8400 taccctcaca tgttacttga aggccgctge ggcctgtcga getgcgaagce tccaggactg
B4EGAAEQAIPLIC DERAIE0IFCHACOIGTINSICIOTRAGAYLGIYR-3 (SEQ 1D
I\g(gaul[c caaga 8520 ggacgaggcg agcctacggg ccttcacgga ggctatgact
agatactctg ccccccctgg 8580 ggacccgcecc aaaccagaat acgacttgga
gttgataaca tcatgctcct ccaatgtgtc 8640 agtcgcgcac gatgcatctg gcaaaagggt
yabtardie Gederighed ekatcseete SO0 OCligOgER Odtgddtdded-3” (SEQ ID
19@aphgctag acacactcca gtcaattcct ggctaggcaa 8760 catcatcatg
tatgcgccca ccttgtgggc aaggatgatc ctgatgactc atttcttctc 8820 catccttcta

A G L R R A e

Meaxagitact ctccaggtga gatcaatagg gtggcttcat gcctcaggaa 9000 acttggggta
ccgcccttge gagtctggag acatcgggec agaagtgtcc gecgctaggct 9060
felglencareq0099a0ad SHISERA lqagaRaRaFieRpare asPATNAgEQ 1D
9120 gaccaagctc aaactcactc caatcccggc tgcgtcccag ttggatttat ccagcetggtt
I\:i)@:’8b7)cgttgctggt tacagcgggg gagacatata tcaaagcctg tctcgtgecc gaccccgcetg
9240 gttcatgtgg tgcctactcc tactttctgt aggggtaggc atctatctac tccccaaccg
D300GH FHBCY G g A ax0aC OGANUCCE TRGINERE THT T ocAHREQ ID
1%86 tttctttttt tttttttttt teCttttttt tettttttct cctttttttt tectettttt 9420 ttecttttct

ttcctt gjgt ggctccatct tagccctagt cacggctagc tgtgaaaggt 9480 ccgtgagccg
cttgactgca gagagtgctg atactggcct ctctgcagat caagtactac 9540 tagtagaggc
Yotitfeodgadiatic Mebyribiibyeiddety dctegetdey 9600 eletygtcGit-Q 1D
q@gftycgge gageggtatc agetcactca aaggceggtaa tacggttatc 9660
cacagaatca ggggataacg caggaaagaa catgtgagca aaaggccagc

aaaaggccag 9720 gaaccgtaaa aaggccgcgt tgctggcgtt tttccatagg
ctccgcecccc ctgacgagca 9780 tcacaaaaat cgacgctcaa gtcagaggtg
gcgaaacccg acaggactat aaagatacca 9840 ggcgtttccc cctggaagct
ccctegtgeg ctetectgtt ccgaccctge cgcettaccgg 9900 atacctgtec gectttctee
cttcgggaag cgtggcgctt tctcatagcet cacgcetgtag 9960 -27- gtatctcagt
tcggtgtagg tcgttcgcetc caagcetgggc tgtgtgcacg aaccccccgt 10020

teaceccecoace cactocncet tateccantaa ctateatett Aaacdatceasce caontaanaca
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tgcctggaga tttgggegtg ccceecgegag actgetagece gagtagtgtt gggtcgegaa 300
aggccttgtg gtactgcctg atagggtgct tgcgagtgec ccgggaggte tcgtagaccg 360
tgcaccgttt aaacccccgt getgetggaa gtcgatttca ggcettagggt aaccgtggac 420

ctcgaaaaca gacgcacaaa accaagttca atadaagggg gtacaaacca gtaccaccac

480 gaacaagcac ffctgtttcc ccggtgatgt cgtatagact gettgegtgg ttgaaagega
Agﬂﬁe@ﬁgsé’iﬁ%%%a é’d%ﬂﬁ‘isd\%?é%%%git%agcccagta ccacctcgga atcttcgatg

600 cgttgcgcte agcactcaac cccagagtgt agettagget gatgagtctg gacatcecte
5660CaEEHGigALT Gibdcs a8 EigeriigeD GocEtdcaitgettaggdes” (SEQID
NERtggoacge 720 tagtigtgaa caaggtgtga agagectatt gagctacata agaateetee

ggcccctgaa 780 tgcggetaat cecaacctcy gagcaggtgg tcacaaacca

SREns T oo TR e R R g e

Naaigpattg gccatccggt 960 gaaagtgaga ctcattatct atctgtttge tggatccgct
ccattgagtg tgtttactct 1020 aagtacaatt tcaacagtta tttcaatcag acaattgtat
5CARAI9PE GACHPATIAO ISP -AEASERACA PRIBAAYATA A9E8IPEEQ D
cattctatcc tctagaggat ggaaccgctg 1140 gagagcaact gcataaggct
NedgHgagat acgecctggt tcctggaaca attgetttta 1200 cagatgcaca tatcgaggtg
aacatcacgt acgcggaata cttcgaaatg tccgttcggt 1260 tggcagaagc
staigaaacpe (A egus UM acPat e CagARle A Ilai g Tagty yAG- Haaacitt
1{%&% cttt atgccggtgt tgggcgcgtt atttatcgga gttgcagttg 1380 cgcccgcgaa
tttat aatgaacgtg aattgctcaa cagtatgaac atttcgcagc 1440 ctaccgtagt
gtttgtttcc aaaaaggggt tgcaaaaaat tttgaacgtg caaaaaaaat 1500 taccaataat -
SecagHaaicandidiigd anciadaxcGfgaiaicad §§HicHg 1580 (cdatglaad’
}@%tfaca tctcatctac ctcceggttt taatgaatac gattttgtac 1620 cagagtcctt
tgatcgtgac aaaacaattg cactgataat gaattcctct ggatctactg 1680 -29-
ggttacctaa gggtgtggcc cttccgcata gaactgcctg cgtcagattc tcgcatgeca 1740
gagatcctat ttttggcaat caaatcattc cggatactgc gattttaagt gttgttccat 1800

tecatgacggHitliopaa HiscacaRicag it gataliagadtcanaiesrd 860 fidelity and
tcttaatgta tagatttgaa gaagagctgt ttttacgatc ccttcaggat tacaaaattc 1920 .
rabist el g danaliea ‘SEW&%HFW&&&@&%%%&&@ Cgkitg st gasnding

RS aRl AlcpllA CREARR IS BICIENE0DARAACIEIBITDAAagsaY RRAOPCR

tcggggaagc ggttgcaaaa cgcttcecatc ttc t acaa tatgggct .

BN HGACE BRI e A0 Ry bSO TSy CoubTe digested
vogegeggtepi ég%midam&gﬁmwmmegaﬁagiﬂbtmﬂﬁ@bﬁimg@)u and gel
aa ct cgttaatca aggcgaa ttatgtgtca gaggacctat gattatgtcc
Pg&a{%%g%gﬁ%féaggfga 828%‘3’ aaggcgéla%:%ac gccttgattg acaaggatgg

atggctacat tctggagaca 2340 tagcttactg ggacgaagac gaacacttct tcatagttga
ccgcttggag tctttaatta 2400 aatacaaagg atatcaggtg gcccccgcetg aattggaatc
gatat;[gaitg caacacccca 2460 acatcttcga cgcgg cgt%ggaggtcttc ccgacgatga

cgccdbrhrtleeaniicoy zezor affigityiNtgHagcheighaaatgh the deleted shuttle

a

AGARIUARAM AFE0AIEY G 0T Jice 2580 SEAUIGRRIHAREARCEY Euble digestion
aaaaagttgc gcggaggagt tgt%tégg ggcgaa tac 2640 cgaaaggtct

WalcgHtiee Ha A FRBIE S a by REEOsT gt5Te Separated
fagaatgesedanagiecaas iiginsgedgophgiigit asdgappatfchaiggifitagen’s Gel

760 cctctag gatcaaticc gcccceecce cctaacgtta.ctggce

NS B TR e S R
(Rtgheanti@ 885 gtgagpgccc ggaaacctgg ccctgtctte ttgacgagca ttcctagggg
tctttccect 2940 ctcgecaaag gaatgcaagg tctgttgaat gtcgtgaagg aagcagttcce
tctggaagct 3000 tcttgaagac aaacaacgtc tgtagcgacc ctttgcaggc
agcggaaccc cccacctgge 3060 gacaggtgcc tctgcggceca aaagccacgt
glatagQAla CALLIcAARINAR0YEaRRAT 1R AEACARINER AL Ttient amplicons
ttggatagtt gt/% aaagag tcaaatggct ctcctcaagc 3180 gtattcaaca a g%?gctgaa
HRRGLEAAY MigaadBRe i ART g STURL T S dadeol Bhut BEdGatgaiser
IREGtgtb troicn Q9 1308 9REACIBACHEG B 3RPIi EAEARACTACES the reaction were
gggacgtggt tttcctttga aaaacacgat aataccatgg cgcctattac 3360 ggcctactcc
caacagacgc aaggcctact tggctgcatc atcactagcc tcacaggccg 3420 -30-
ggacaggaac caggtcgagg gggaggtcca agtggtctcc accgcaacac aatctttcct
3480 ggcgacctac gtcaatggcg tgtgttggac tgtctatcat ggtgccggcet caaagaccct

3540 tgccggccca aagggcccaa tcacccaaat gtacaccaat gtggaccagg
acrcteateaa RANON0 ctAaAncaaneca ccccccannn cacattectt nacacecatae
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gatggcattc acagcctcta tcaccagccc gctcaccacc caacataccc tcctgtttaa 5700

catcctgggg ggatgggtgg ccgeccaact tgctcctcce agegctgctt ctgetttegt 5760

aggcgccggc atcgctggag cggcetgttgg cagcataggc cttgggacgg tgcttgtgga

5820 tattttggaa ggttatggag caggggtgge ldggcgegcte gtggecttta aggtcatgag

5880 cggcgagatg ccctccaccg aggacctggt taacctactc cctgctatcce tctccectgg
'Bosioraglcoiag b abEbice gt upaT ek el Eivalgen) and plated
296£a0R9 92,5000 810 996tatd SRUt90RI0aREEYICIaRt RUGIUGACh F the

tcgcggggta accacgtctc 6060 ccccacgcac tatgtgcctg agagcgacgce .
URgEyEATR R o tiayRl e cibthig snop ik e arteh Bk e iginsd 4 g dpllowing
disaccagtgg atcaacgagg actgctccac 6180 gccatgctcc ggcetcgtgge

taagagatgt ttgggattgg atatgcacgg tgttgactga 6240 tttcaagacc tggctccagt

ccaagctcct gccgcegattg ccgggagtcec ccttcttctc 6300 atgtcaacgt gggtacaagg

gagtctggcg gggcgacggc atcatgcaaa ccacctgcecc 6360 atgtggagca

cagajpaced JacAlaaan agac I};ﬁg(ﬁég? %tfa%@@@%‘r‘%t?@e%‘%Q Broth (TB)

gacctgtagt aacacgtggc atggaacatt ccccattaac gcgtacacca cgggcccctg
seagemeasyboitec Gogged cosaliatctad ornbisgegyglatotgs incubated

4619t t vislrslo C > :

‘W] gl he: 9)9?{9%66 Otﬂa%lgg gogatl A :9%9?(1?&1 plate. A 48 pin

Q

ggcatgacca ctgacaacgt tgcccg tgtcaggttc cggeccccga
SM&@@&%@@@&@E@@%@@@N@%@ g@{@a@&g@a&g&%@dgwg 100 ug/mi
HERARGOHGE! TRISNOGERG Q209 IACREIAHI9ILee: G < rasicaaiaaaarsigatiens
ggtcacagct cccatgcga% cccgaaccgg ac tagcagt 6780 gctcacttcc )
ARG SRR B ANA L DRt B b 2t A Bl b weparation. Aficr

a0 UsRAGEH0 R tatentacat GeUYaRcARIteqInAY ol AGeeaUTIgltElg IS B0 bbtain a
cttgaaggca acatgcacta cccgtcatga, ctcceceggac accica ccaa___ .
e RO LDt B oAU BBt Tt A Bt e g This DNA
ratiesitaaghtvi0 2 ragiahttitglgacicttipgagRegbicratigegyaggdgsay. After
&%@?Mﬁ?ﬁ?&c@} tﬁg%% 1%1%%91%.1%9?% ?‘Itl‘ﬁ%cﬁg%ms were spun down,

c tad

ggtccaggaaattccctcga gcgatgcecca tatgggcacy cccgga
dgseicttend prtagddid\Agyengyesicdgan gedtcQagtr R0 Turbo Mini-DNA
1991aRRCY9RIacal B ROGHIDERARYMIGER G RARGRAE UG FRGILAEIA used for
7260 gaggacggtt gtcctgtcag aagcttccgt gtctictgec ttggcggage tcgeccacaaa
B P REGOE SR B e R AR BE S ot

cctctectga 7380 ccagccctcc gacgacggcg acgcgggatc cgacgttgag

tcgtactcct ccatgccccce 7440 ccttgagggg gagccggggg atcccgatct

cagcgacggg tcttggtcta ccgtaagcga 7500 ggaggctagt gaggacgcga
tcgcdigaimgatgtastabacpigdatagngc gudeigatefd6ihnaggteatgquencing to confirm

ctgc aaaccaagct gcccatcaat gcagtgagca acictttgct 7620 .

e B b A b R Ol corermga g prior o the
76800 tgteavptitgacagtangndgidoetggal ogdecabinesoygganhindted to sequencing

4 )
AR 40 B SR SR s

rgttigrasnatant igetacayaeeta PB6chdtmayamamcdadgunicBAidgeed 8 pmole
Agegeatiieasicratad, HaGiiesa ¢ 9201 9gtgagatca atagggtggc ttcatgecte
aggaaacttg gggtaccgcc cttgcgagtc 7980 tggagacatc gggccagaag
tgtccgegct aggcetactgt cccagggggg gagggcetgec 8040 acttgtggca agtacctctt
caactgggca gtaaggacca agctcaaact cactccaatc 8100 ccggctgcgt
cccagttgga tttatccagc tggttcgttg ctggttacag cgggggagac 8160 atatatcaca
gcctgtcteg tgcccgaccce cgcetggttca tgtggtgect actcctactt 8220 tctgtagggg
taggcatcta tctactcccc aaccgatgac cgcggagcta aacactccag 8280
gccaataggc catcctgttt ttttccettt ttttttttct teettttttt tetttttttt 8340 tetttttttt tttctecttt
ttttttcetc tttttttect tttctttect ttggtggetc 8400 catcttagec ctagtcacgg ctagctgtga
aaggtccgtg agccgcttga ctgcagagag 8460 tgctgatact ggcctctctg cagatcaagt
actactagta gaggcggttt gcgtattggg 8520 cgctcttccg cttectcgct cactgactcg
Etaagdtc®g tcgttcggcet gcggegageg 8580 gtatcagctc actcaaaggc
ggtaatacgg ttatccacag aatcagggga taacgcagga 8640 aagaacatgt
gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgctg 8700
gcgtttttcc ataggcetcecg cccecctgac gagcatcaca aaaatcgacg ctcaagtcag 8760
-33- aggtggcgaa acccgacagg actataaaga taccaggcgt ttcccectgg
aagctccctc 8820 gtgcgctctc ctgttccgac cctgecgctt accggatacc tgtccgcectt

teteececttea QAN ANAaancAtan cactttetera tadcteacAe tatanatate teanttecAant
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atgagtgtcg tgcagcctcc aggacccccc ctcccgggag agccatagtg gtctgcggaa 180
ccggtgagta caccggaatt gccaggacga ccgggtcctt tcttggatca acccgcetcaa 240
tgcctggaga tttgggcegtg cccececgegag actgctagece gagtagtgtt gggtcgegaa 300
aggccttgtg gtactgectg atagggtgct tgcgadfcc ccgggaggte tegtagaccg 360
tgcaccgttt aaacccccgt getgctggaa gtcgatitca ggcettagggt aaccgtggac 420
G ?&ﬁﬁ%ﬁé@ﬁ a’géécﬁgﬁa%%ekafd&@ﬁg@égab E%\Eﬁ%’&tédﬁ%accaccac
480 / gaNISARgE At IITIGUBe /EogUI Alg CaiasAgacr gpitg YR Mgesagcga
540 teegtt atccgettat gtact g.aagcecagta ccacc ajcttcgatg
oD SRR ob S Sttt GRS otk A NaDt SAliaotony Bhoatecotc
660 accggtgacg gtggtccagg ctgcgttgge ggcctaccta tggctaacge catgggacgc
720 Q@t@@%&%ﬁ&%ﬁ%%&@&gd&fﬁ%ﬁa@e@&% %ﬂ&&&b%ﬁ&&%&g end of
SN SER geatarteceaancied gagsapgigodenaradesa Bigpiiggcaiglegtancst that
34 caagtccg tggcggaacc. gactactttg.ggtgtccgtg tttcctttta ttttattgtg 90
O B AL ATTa  ARULRS ALt JCR s dar G for
Pyaaagighféng pattanc N SRytttgc tggatccgct ccattgagtg tgtttactct 1020
aagtacaatt tcaacagtta tttcaatcag acaattgtat cataatggcg ggcccagaag 1080
acgccaaaaa cataaagaaa ggcccggegc cattctatce tctagaggat ggaaccgctg
1140 gagagcaact gcataaggct atgaagagat acgccctggt tcctggaaca attgctttta
1200 cagatgcaca tatcgaggtg aacatcacgt acgcggaata cttcgaaatg tccgttcggt
M ZB0 G CAgasgtaigiaac JUagageioa ltadadaRCal cagadtedgie3’ (SEQ ID
Ig@gggagtg 1320 aaaactctct tcaattcttt atgccggtgt tgggcgcegtt atttatcgga
gttgcagttg 1380 cgcccgcgaa cgacatttat aatgaacgtg aattgctcaa cagtatgaac

atttcgcagc 1440 ctaccgtagt gtttgtttcc aaaaa t tgcaaaaaat tttgaacqgt ‘
G ARG T GAE TR b AR et g Gkiidande (SEQ ID
Noatepccag ggatttcagt 1560 cgatgtacac gttcgtcaca tetcatctac ctceeggttt
taatgaatac gattttgtac 1620 cagagtcctt tgatcgtgac aaaacaattg cactgataat

R R e R A L e e e

N@tttidagt gttgttccat 1800 tccatcacgg ttttggaatg tttactacac tcggatattt
gatatgtgga tttcgagtcg 1860 tcttaatgta tagatttgaa gaagagctgt ttttacgatc
pehcrugatiaeazestta T peauigeatiGriaaRCCRaqSIRtin AEHCIQEE Q) ID
caaaagcact ctgattgaca 1980 aatacgattt atctaattta cacgaaattg cttctggggg
%86%1%&0& tcgaaagaag 2040 tcggggaagc ggttgcaaaa cgcttccatc

ttccagggat acgacaagga tatgggctca 2100 ctgagactac atcagctatt ctgattacac
CeGayug§oaityaibaadty geCHciy TIGUCHALAGHITICSatttn G-37 (SEQ ID
98¢ aagg ttgtggatct ggataccgggaaaacgctgg 2220 gcgttaatca
gagadgcgaa ttatgtgtca gaggacctat gattatgtcc ggttatgtaa 2280 acaatccgga
agcgaccaac gecttgattg acaaggatgg atggctacat tctggagaca 2340 ta cttact%
S AL MAAER ] A AR AL S AAE6 Wbchigd
Mgty geccccgetg aattggaate gatattgtta caacacccca 2460 acatcttcga
cgcgggcgtg gcaggtcttc ccgacgatga cgccggtgaa cttccecgecg 2520 ccgttgttgt

AP PRIOER ISR SO BINARAESEE

Hevdl ) ..~ cgaaaggtct taccggaaaa ctcgacgcaa gaaaaatcag agagatcctc
ataaaggcca 2700 agaagggcgg aaagtccaaa ttgtaagcgg ccgcegttgtt
FAGCAYATCALAATUPIta A (0r cICiAgCUT AICPQICTIaGCREGITE-3" (SEQ ID
cctaacgtta ctggccgaag ccgcttggaa 2820 taaggccggt gtgegtttgt ctatatgtta
]ﬁfPéég\}:ca tattgccgtc ttttggcaat 2880 gtgagggccc ggaaacctgg ccctgtcttc
ttgacgagca ttcctagggg tctttcccct 2940 ctcgccaaag gaatgcaagg tctgttgaat
Htegtyaaggaadeageciag§aagetaauNGitidddyac BhasHasdici-3° (SEQ ID
f;%aggpacc ctttgcaggc agcggaaccc cccacctggc 3060 gacaggtgcc
tctgcggceca aaagccacgt gtataagata cacctgcaaa ggcggcacaa 3120
ccccagtacc acgttgtgag ttggatagtt gtggaaagag tcaaatggct ctcctcaagc 3180
gtattcaaca aggggctgaa ggatgcccag aaggtacccc attgtatggg atctgatctg 3240
-36- gggcctcggt gcacatgctt tacatgtgtt tagtcgaggt taaaaaaacg tctaggcccc
3300 ccgaaccacg gggacgtggt tttcctttga aaaacacgat aataccatgg cgcctattac
3360 ggcctactce caacagacge gaggcctact tggctgeate atcactagec
tcacaggccg 3420 ggacaggaac caggtcgagg gggaggtcta agtggtctcc
accgcaacac aatctttcct 3480 ggcgacctgc gtcaatggcg tgtgttggac tgtctatcat

aataccaaect casaacacecet RRAOD tAaccAanccea aananccan teracccanat
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ggaatccaag tggcggaccc tcgaagcctt ctgggcgaag catatgtgga atttcatcag 5580
cgggatacaa tatttagcag gcttgtccac tctgcctgge aaccccgcega tagcatcact 5640
gatggcattc acagcctcta tcaccagccc gctcaccacc caacataccc tcctgtttaa 5700
catcctgggg ggatgggtgg ccgeccaact tgetcéicee agegcetgctt ctgetttegt 5760
%g%g%gggc atcgctggag cggctgttgg cagcataggc cttgggacgg tgcttgtgga
ttggca ggttatggag caggggtggc aggcgcgctc gtggccttta aggtcatgag

5880 cggcgagatg ccctccaccg aggacctggt taacctactc cctgctatcc tctcecectgg
Eepiyopgeetatis gtbygygteg tgtgcgcage gatactgegt cggecacgtgg
gcccagggga 6000 gggggctgtg cagtggatga accggctgat agcgttcgct
fcgcdtgptaationadgicic:6D6OnwedealCybEC tatgtgectg agagegacgce
tgcagcacgt gtcactcaga tcctctctag 6120 tcttaccatc actcagctge tgaagaggct
tcaccrigtogRicantaasy ENQ%%M&G'HI%%%@P@S@Q@@@QQ@OH enzyme

agagatgt ttgggattgqg atatgcacgg tgttaactga tttcaagacc tggctccagt

i fa?ggsafﬁgafé@%ﬁ&%@&éﬁ&k&%d@% EOrG AR CR
pagictggeckiigJuganggoateatgtihvandcat LyeLeva3o8cdifgighiageais o transceription
caga acatgt acqqttcc a atcqg t tag,0420
e R R gt atg 2 hows of
Bu8battaTgcEEics Ddgeduramalttattstag fyoystdtyd Cogugiggety 37°C to remove

e T

bitendallgrapaimany gbireggreest (Geabiyytac getccagegt

~ gcaaacccct cctacgggag gaggtcacat tcctggtcgg 6720 getcaatcaa tacctggttg

ggtcacagct cccatgcgag cccgaaccgg acgtagcagt 6780 -38- gctcacttcc
atgctcaccg acccctccca cattacggcg gagacggcta agcgtaggct 6840

Byccaggygdeisiaaagceticeiiggccag ctcatcaget agccagcetgt ctgegecttc 6900
cttgaaggca acatgcacta cccgtcatga ctccccggac getgacctca tcgaggccaa

6960 GLIeOigIng GA0CaY A8 M IB99CEAMNCAIEAFE59E HA0AGHGAH ed atmosphere
aaaataaggé? 20 agtaattttg gactctttcg a gaggag

: 02 ccgctecca age )
galyagaddy smbtalesorobbr o ag rindy Gk capgamented with
alieesiegaaeuiri00Ga2/1a1308RRAE S itd e (CGA9a 136 ROCOFICPRE AOIRGANIGS

t aag a ccgg%a tac tccgtc%?%ct 720§ g tacacgggt tccattge
e el e e AL G LR GG L0950 oo
peostdicagaaitiacegh GeitetgEoitiggeygadrtegenacaas: f3240 igacaiiegdGibeo.
agctccgaat cgtcggcecgt cgacagcggc acggcaacgg cctctcctga 7380
ccagccctcc gacgacggcg acgcgggatc cgacgttgag tcgtactcct ccatgccccce
7440 ccttgagggg gagccggggg atcccgatct cagcgacggg tcttggtcta

€c0tapg9a,i(HY, 993006IAN IRFAALICHA J4G91dagC gcaacgcaal
taatgtgagt tagctcactc 7560 attaggcacc ccaggcttta cactttatgc ttccggcetcg

tatgttgtgt ggaattgtga 7620 gcggataaca atttcacaca ggaaacagct atgaccatga
ttacg%éag &%a&%dfé%g fgga&w@aaefé?ggfﬁgﬁﬁg&b&%{w ro transcribed
RegYicgega kealgasial Sicananare-d 4 ritalseaasdato Acaigiost INPRIOCERGaining

catatggatg gctgtgtcaa tgggcattac 7800 ftttaccgtca aaggtgaagg .
A R B 85 SRt MRl Rden S e csplame). Inhibitors
igaecamied 2 109966 Gt OeattFtesiid achiaiel MISRGROLY a77 %38% HEatgiiehcentration
cgatg.ctttactgcq tatcctacca gtatgcccga ctatttcaaa caagcatttc . .
O A N e 5 BRI LAt A MG S SR AR Gedahiviors
gtiggabadiadgestiadead gooasatgdirtigrgeacadaiccacytiidlll, calggagiga
actttcctgce tgatggacct gtgat agatgacaac toaf ac 8160
e R R s S s e s ety
dectigatgccpatgny gy ghoanttd cagagecedtte thadavtiottficafigdicsifaas8 28Mal
AARRIUIAFERIICEREE &ﬁ?&tgﬁ%&‘i@%‘?&%ﬁ&%ﬁ%éﬁ% %ﬂﬁg%%ggggffects of the

8340 gacaaaggtg gcaacagtgt tcagctgacg gagcacgctg ttgcacatat aacctctgtt
8200°8e ttet YlargGotdiegaetceis ditctabeioghtdegStadcasiStal Rsrl
84O P IRCARIRBC RAISAIGLE YLPREIHHLLLCH HELUE WU 8O0, Lyttt
tttctecttt ttttttecte tttttttect tttetttect ttggtggcete 8580 -39- catcttagec

ctagtcacgg ctagctgtga aaggtccgtg agccgct_tga ctgcagagag 8640

tgctgatact ggcctctctg cagatcaagt actactagta gaggcggttt gcgtattggg 8700
cgctcttceg cttectegct cactgactceg ctgegcetegg tegttcggcet gecggegageg 8760

gtatcagctc actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga
Q2N AaanaacatAat AanCcaaaann cocanraaasn Accannaace Ataaaaanae




10

15

20

<220> <223> Nucleotide sequence of plasmid pSS-1 la NS5S 5'AsiSI

3'Rsrll <400> 7 cctgcaggta atacgactca ctatagccag cccccgattg

ggggcgacac tccaccatag 60 atcactcccc tgtgaggaac tactgtcttc acgcagaaag
cgtctageca tggegttagt 120 atgagtgteg tgdagectce aggaccecce ctececgggag
agccatagtg gtctgcggaa 180 ccggtgagta caccggaatt gccaggacga

ccgggtcctt tcttggatca acccgctcaa 240 tgcctggaga tttgggegtg ccccecgegag
actgetagee gagt it cgcga aggccttgtg gtactgcctg atagggtgct
oo e L v A A ety
daverpsttted togdnayyytinactytggbisd 2@ clogdddteodangvamamdiom the isolates

@d%ﬁ@@ﬁﬂx%g%%aﬁ%%ﬁﬁ@o@%ﬁﬂ%%gifj&%gs Qg%%ﬁ‘lgﬁ@&tes from
ttctgtticc ccggtgatgt cdg 40 cggatccgtt

tatagact Egcttgcgtgg ttgaaagcga 54
ERAYBaA e TSt eYagERNR eoagla beatdisgdalenddentig Aol ldgrenaiype-1b
Hacascantseragadiabagstiaguct oatyaglsly gagalseets 6691BCogqigAsdlar
ggg tccaggctgcgttggc ggcctaccta gg Ctaacgc catgggacgc 720 tagttgtgaa
ot Bos

R AT LA g R S a YR Y B RN HERA T PE P R hed 4 A
wecpadoiaggaicagoiggocatsadce tpatiggatdgtaginags @Al into Huh-7 cells as

. 900 .
P b ey SRR o ggrmine
Igafiadtpagaictbattatitatatiittigoptggatosgothdbatd hy ¢ Jiac ool 10R20ase
i&ﬁ&%ﬁ?&%ﬁ%ﬁi%fﬁ?e%%giﬁ%at%%@tgﬁ?@gc?&%%Etgé%%&%f%%%%ﬁ%% YA %ﬁ inical

acgccadaaa cataaagaaa ggcccggcegc cattctatcc tctagaggat ggaaccgctg

13ala@s 49 cempaigddachy cetersygerantieenjaganadgenetypr-0otgud &E4 (genotype-
lgt)t_gctttta 1200 cagatgcaca tatcgaggtg aacatcacgt acgcggaaaa cttcgaaatg
tccgttcggt 1260 tggcagaagc tatgaaacga tatgggctga atacaaatca

cagaatcgtc gtatgcagtg 1320 aaaactctct tcaattcttt atgccggtgt tgggcgcegtt
atttatcgga gttgcagttg 1380 cgcccgcgaa cgacatttat aatgaacgtg aattgctcaa

JLETIENCEE AN 1440 ctaccgtagt gtttgtttcc aaaaaggggt tgcaaaaaat
tttgaacgtg caaaaaaaat 1500 taccaataat ccagaaaatt attatcatgg attctaaaac

99at‘?&%@%9&%%‘&%9%@%‘%B@&?&%S@s%%%%%%a]ga‘%ié%tt%aat%%ﬁlS%Crc e during
taatgaatac gattttgtac cagagtcctt tgatcgtgat aaaacaattg cactgataat
thasmosienigganidety tebdiagfrascraa Youtedydexstiney deesiranbaysdegtion
AR CABCER T GRIAPEIALHUCCARE fRRAICONG §B9RIAGIAG A5 carried

gattttaag'fiS ttgttccat 1800 tccatcacgg ttttggaatq tttactacac tcggatatit
%t&i‘g%d%% SyalsRi‘resov tensnttig thgdinpEactdddub el etuegdhen
&atisagdab @@m%&%ggté@@%i@&ﬂé%%@@%?%%wtﬁt%es and to
aaaagcact ctgaftggca aatacgattt ajctaatita cacgaaattg cttctggggg
%8@881??8&%8@%3&3;& 205" P@&B&%%%%é?%éf? EECK g*&idﬁé’f’é patient sample.
ttccagggat acgacaagga tatgggctca 2100 ctgagactac atcagctatt ctgattacac
ccgaggggga tgataaaccg ggcgcggtcg 2160 gtaaagttgt tccatttttt
gaagcgaagg ttgtggatct ggataccggg aaaacgctgg 2220 gcgttaatca
gagaggcgaa ttatgtgtca gaggacctat gattatgtcc ggttatgtaa 2280 ----- ~
acaatccgga agcgaccaac gccttgattg acaaggatgg atggctacat tctggagaca
2340 tagcttactg ggacgaagac gaacacttct tcatagttga ccgcttgaag tctttaatta
2400 aatacaaagg atatcaggtg gcccecgcetg aattggaatc gatattgtta
caacacccca 2460 acatcttcga cgcgggcegtg gcaggtcttc ccgacgatga
cgccggtgaa cttccegeeg 2520 ccgttgttgt tttggagcac ggaaagacga
tgacggaaaa agagatcgtg gattacgtcg 2580 ccagtcaagt aacaaccgcg
aaaaagttgc gcggaggagt tgtgtttgtg gacgaagtac 2640 cgaaaggtct
taccggaaaa ctcgacgcaa gaaaaatcag agagatcctc ataaaggcca 2700
agaagggcgg aaagtccaaa ttgtaagcgg ccgcgttgtt aaacagacca caacggtttc
2760 cctctagcgg gatcaattcc gccecccceccce cctaacgtta ctggccgaag
ccgcttggaa 2820 taaggccggt gtgcgtttgt ctatatgtta ttttccacca tattgccgtc
ttttggcaat 2880 -42- gtgagggccc ggaaacctgg ccctgtcttc ttgacgagca
ttcctagggg tctttccect 2940 ctcgccaaag gaatgcaagg tetgttgaat gtcgtgaagg
aagcagttcc tctggaagct 3000 tcttgaagac aaacaacgtc tgtagcgacc ctttgcaggc
agcggaaccc cccacctggc 3060 gacaggtgcc tctgcggcca aaagccacgt
gtataagata cacctgcaaa ggcggcacaa 3120 ccccagtgcc acgttgtgag
ttggatagtt gtggaaagag tcaaatggct ctcctcaagc 3180 gtattcaaca aggggctgaa
ggatgcccag aaggtacccc attgtatggg atctgatctg 3240 gggcctcggt gcacatgctt

tacatatatt tanatcAaanat taaaaaaaca tetanoececece R2R00 cecAaacecacrA
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tgttcagaat gaagtcaccc tgacgcaccc aatcaccaaa tacatcatga catgcatgtc 5220
ggccgacctg gaggtcgtca cgagcacctg ggtgcetcgtt ggcggcegtec tggctgcetet 5280
ggccgcegtat tgcctgtcaa caggcetgcegt ggtcatagtg ggcaggatcg tettgtccgg 5340
gaagccggca attatacctg acagggaggt tctc?&?c’cag gagttcgatg agatggaaga
5400 gtgctctcag cacttaccgt acatcg aﬁg gatgatg ctcgctgagc
agttcaagca 5460 gaaggccctc ggcc ?ﬁ%%glc gaccgcgtc ccgccatgca
gaggttatca cccctgctgt 5520 ccagaccaac tggcagaaac tcgaggtctt

ttgggadsagasacatgiggdatisatcag SS58Rtgouaataa tacttggcgoragisieadtlievel”
gctgcctggt aaccccgceadigaitgatt 5640 gatggctttt acaggtgecg tcaccagcecc

CgCCoEweETy ggtgcegctpergqctttdt 5760 gggtgctgge ctagetggeg cecgecatcgg

aqt@ﬁqqaﬁtcgmcaaac%IBCpicttC%:ﬁE@@wqatﬁwmgg Gtgggigg ctgcccagct
cagcgttgga ctggggaagg tectegtgga 5BAB49/8a88Mgca gggtatggey

cgBUCglg ¢RI agcictgiageaticapagatontgagpesisrggtgaggic W level
EdaaBigy sagdcctggieaBictgctg cccgecatse tetcgectgg 5940 agcccttgta

OieBBIgY IWRICYCAYC eRCtgCqCicygeatinl§6333dgtga 6000
0ggggCadiy caatggalgaBEcgjclaabag8cRBYAYBINRgggga accatgtttc

PSE60 1tcd¥ssPCAC tacgipkPBgg agagceiyeddztysTegce|gtcactgcca WT level
taStcddc3gBtPD cclead@@Edacccagetce tgaggegact ggatcagtgg

ptEagtediSadidiaccac pEBO tccatgRBZRYGHETGGE taapggacat ctgdydctggl
atasiSdad P mttgagcha RS Ctttaagacc tggctgaaag cdaagctcat

gb€acHnaigiNSEygattc pdtitgtgtc| 6300 edgtecigbde gggtataggg glygteegdicgtion
afdpdbh dosaedtgcdus/ BiE§Ehoca 6360 ctgtggagct gagatcactg

Mm gacgJBIgaggdtcg ttygtesteiai®le20 -44- gacctgBaggplication

"LC gcctacacca cqgaggcccectg 6480 tactcecctt

ﬁ“d@f&*taé@ﬁfb’d . @g@@ﬁg{mg 539 et osel@ation. Numbers in each
f@?ﬁﬁﬁm i ,@ﬁ e X8 EXetiicg ggtataacta stoacaatot 6600
taaatgcccg tgccadatcc catcg Cga attcttcaca gaattggacg gggtgcdcct 6660

acacaggttt gcgccccctt gcaagccctt gctgcgggag gaggtatcat tcagagtagg 6720
actccacgag tacccggtgg ggtcqcaatt accttgcgag cccgaaccgg acgtagccgt
6780 gttgacgtcc atgctcactg atccctccca tataacagca gaggcggcecg
ggagaaggtt 6840 ggcgagaggg tcaccccctt ctatggccag ctcctcggct atccagcetgt
ccgctccatc 6900 tctcaaggca acttgcaccg ccaaccatga ctccecctgac
gccgagctca tagaggctaa 6960 cctcctgtgg aggcaggaga tgggcggcaa
catcaccagg gttgagtcag agaacaaagt 7020 ggtgattctg gactccttcg atccgcttgt
ggcagaggag gatgagcggg aggtctccgt 7080 acctgcagaa attctgcgga
agtctcggag attcgcccgg gecctgeccg ?téggggg g 7140 gccggactac
aaccccccgc tagtagagac gtggaaaaa cg aaccacctgt 7200
ggtccatggc tgcccgctac cacctccacg gtceccctect gtgectcege ctcggaaaaa 7260
gcgtacggtg gtcctcaccg aatcaaccct atctactgcc ttggccgagc ttgccaccaa 7320

aagttttggc agctcct%gtgggg&%gacgggcgac @atgcgﬁg_a@ (iétso o a7380

cctggaggd g gag@{ggtg‘lg ﬂ’ﬁﬁ%ggﬂ% cagcgacggg tcatgggc:g@ @ggtcagtag
7500 tggggccyaE;aGIgPRIRIE. §aicacctg ctcaatgtct jafteqigna
caggcgcact 756@-eHCaGEGHa dg59¢t0Cog aagaacaagpactygacatc
aacgcactga gcagsicqity 84, QGagaccat cacaatctgg jgiatigepe cacttcacge
agtgcttgcc aaag@mgi }@&g“gpgggtcaca tttgacagaq,tggp@ggct

faagg@aﬁggeeiaaﬁt&geﬁalzt&@gtaga:ggtaa@@mgmgea&q&soctgaammm5 AsiST_3'Rsrll;
reesachiiCaglecad atodad gy ctetrglytyoeaehagrad dtet oty ngeoents.
ccatgccaga aaggccgtag cccacatcaa ctccgtgtgg aaagaccttc tggaagacag
7920 tgtaacacca attgacacta ccatcatggc caagaacgag gttttctgcg ttcagcctga
7980 gaaggggggt cgtaagccag ctcgtctcat cgtgttccce gacctgggceg
tgcgcegtgtg 8040 cgagaagatg gccctgtacg acgtggttag caagctcccc
ctggccgtga tgggaagctc 8100 ctacggattc caatactcac caggacagcg
ggttgaattc ctcgtgcaag cgtggaagtc 8160 caagaagacc ccgatggggt tctcgtatga
tacccgctgt tttgactcca cagtcactga 8220 -45- gagcgacatc cgtacggagg
aggcaattta ccaatgttgt gacctggacc cccaagcccg 8280 cgtggccatc
aagtccctca ctgagaggct ttatgttggg ggccctctta ccaattcaag 8340 gggggaaaac
tgcggctacc gcaggtgecg cgcgagceggc gtactgacaa ctagetgtgg 8400

taacaccete acttaoctaca teasnaoceccao nacancetat coancecoeran aoctccanan
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agttgcctga ctccecgtcg tgtagataac tacgatacgg gagggcttac catctggccc 10620
cagtgctgca atgataccgc gagacccacg ctcaccggct ccagatttat cagcaataaa
10680 ccagccagcc ggaagggccg agcgcagaag tggtcctgca actttatcecg
cctccatcca 10740 gtctattaat tgttgccggg-@agctagagt aagtagttcg ccagttaata
gtttgcgcaa 10800 cgttgttgcc attgctacaggcatcgtggt gtcacgcetcg tcgtttggta
tggcttcatt 10860 cagctccggt tcccaacﬁgé%’kaggcgagt tacatgatcc cccatgttgt
gcaaaaaagc 10920 ggttagctcc ttcggtcctc cgatcgttgt cagaagtaag
ttggccgceag tgttatcact 10980 catggttatg gcagcactgc ataattctct tactgtcatg
ccatccgtaa gatgcttttc 11040 tgtgactggt gagtactcaa ccaagtcatt ct_%agaatag

LigtathBgaE Yaeelspyiehethortesrgrsissytyitatial gghanugeatide sequence that

cgcaesagatagaagarstt taaaagtget 11160 catcattgga aaacgttctt
cggggcgaaa actctcaagg atcttaccgc tgttgagatc 11220 cagttcgatg

~ taacggacte gtgcacccaa ctgatcttca geatcittta ctttcaccag 11280 cgtttctggg
%g d ﬁcé%/auc(feg&de gegg{sélg&%nco%n% a &tggl grogzm

tgagcaaaa gaaggca a Cca aaadagggaa taagdgcgac 11340
acgdanatgtnghatatectidacisitevictt toaadin g Rydddcprtiteittaggg 11400

ttattgigtc af gggglgpg @ﬁ@tg@&g% aloiatiag, gq@@ﬁ%aﬁ% Aaataggggt 11460
tccg%?cacagtttcccc a?a_ aagtgccacc tgac tgaa gaaaccatt_l’lSOg <210> 8
<211$)108 201 Aprieoiiq Acdpams ARERIaE SSYPRAGEORIDO> -47- <223>
Nuclegtide seayanselplastuigpRI-ila pAs ! Jas AANEo3 R s between
B cctgcaggta atacgactca ctatagccag:1 cccecgattg ggggegacac tccaccatag .
60 atcactéRHRYHFAAL TRt sﬁﬁ&%&g@g&%&&&m&a% cncoding
120 atgagtptegBgragesicc aggaccecce ctccecgggag agecatagtg

gtctgcggaa 180 ccggigagta caccggaatt gcca a ccgggtcgtt tettggatca

E o R R D SRR s
gggtcgcgaar8itcagyeatigin: gtactgseithatagggigebigtgdfgdtscigdgagytc
tcgtagaCC%&ﬁ%ﬁ%ﬁﬁ%&%&%@%ﬁﬁ%%81%%‘%{3&99§‘af9<§%9%§5%c1§3%}%‘f&%9%9§equence
aaccgtggac ctcgaaaaca gacgcacaaa accaagttca atagaagggg
gtacaaaccaepdune e B ofgincaageac ttetgtttce ccggtgatgt cgtatagact
gcttgegtgg ttgaaagcga 540 cggatccgtt atcecgcettat gtacttcgag aagcccagta
ccacctcgga atcttcgatg 600 cgttgcgctc agcactcaac cccagagtgt agcttaggct

atgagtctg gacatccctc 660 accggtgacg gtggtccagg ctgegttggce ggectaccta
ggct %ﬁ%{@g@%ﬁ% ¥§§g@§%§% Jf ?@%ﬁ%ﬁ%&ﬁgﬁgﬁ/ &qide
agaalegiea@geakeiganf&Q HErggeiaal sedaancieg @apeddgtog
tcacaaacca gtgattggcc tgtcgtaacg 840 cgcaagtccg tggcggaacc gactactttg

ggtgtccgtg tttcctttta ttttattgtg 900 gctgcttatg gtgacaatca cagattgtta

tcataaagcg aattggattg gecatccggt 960 gaaagtgaga ctcattatct atctgtttge

Yggatbbgdtctattytsny ehttetredtonof sliinéaskerebndigrad e agtiag scquence
acaaligladinatARIIBogeeaAgRR G I08 0. ARESC SRR AAIRARYSBGrotein is non-
ggcccggcegc cattctatee tctagaggat ggaaccgcetg 1140 gagagcaact
gcat t¥gaagagat acgccectggt tcctggaaca attgetttta 1200 cagatgcaca
tatcgaggtg aacatcacgt acgcggaata cttcgaaatg tccgttcggt 1260 tggcagaagc
tatgaaacga tatgggctga atacaaatca cagaatcgtc gtatgcagtg 1320 aaaactctct
caattctt cagigt t cott atttatcqga gttac 1380 cgccegega
e R L e e e

gtitgtttecssblaaggygidodaan ity oyt A dBHO1SFE QU dHRiat SEQ ID
ccagma}gtoqtgqg@ﬁgg@%taaaac ggattaccag ggatttcagt 1560 cgatgtacac
gttcgtcaca tctcatctac ctcceggttt taatgaatac gattttgtac 1620 cagagtcctt
tgatcgtgac aaaacaat_tq cactgataat gaattcctct ggatctactg 1680 -48-
ggttacctaa gggtgtggcc cttccgcata gaactgcctg cgtcagattc tcgcatgcca 1740
Jagarcetatlitiigcasi capatdattefggatactgo fatitbaytgilgiecai 18BBitor to
tccatcacgg, tt:tt tg fttactacac tcggatattt gatatgtgga titcgagtcg 1860
oS A A DA UGGt MGt CoHCLBar Sekathite 120
aaagtgcgtt gctagtacca accctatttt cattcttcgc caaaagcact ctgattgaca 1980
aatadghttt BievadnsacHepladtgctingaget éotestedcritediatigaag 2040
tcggggaagc ggttgcaaaa cgcttccatc ttccagggat acgacaagga tatgggctca
2100 ctgagactac atcagctatt ctgattacac ccgaggggga tgataaaccg
ggcgceggteg 2160 gtaaagttgt tccatttttt gaagcgaagg ttgtggatct ggataccggg
aaaacgctgg 2220 gcgttaatca gagaggcgaa ttatgtgtca gaggacctat gattatgtcc
ggttatgtaa 2280 acaatccgga agcgaccaac gccttgattg acaaggatgg

atanctacat tetananacra 2240 taacttactA AdAacAaadace Aaacacttet teatanttna
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ggtgttagtg ctcaacccct ctgttgctgc aacgctgggc tttggtgctt acatgtccaa 4080
ggcccatggg gttgatccta atatcaggac cggggtgaga acaattacca ctggcagccc

4140 catcacgtac tccacctacg gcaagttcct tgccgacggc gggtgctcag gaggtgctta

4200 tgacataata atttgtgacg agtgccactc édgggatgcec acatccatct tgggcatcgg

4260 cactgtcctt gaccaagcag agactgcggg ggcgagactg gtigtgetc .
ccacia):taég%z@neis&&%aa%wee&e%ég@?gmen&aﬁa& d”%é&g?@é?&l from a
tgtccaccag 380 yecgua0Ngalsstecititacy geangotiat aegtetoyadghe use of a sense-
gtgatcaag aagaca 4440 tctcatcttc tgccactcaa agaagaagt .
cocono S o S R 4500 0t Ao a0t SECgepe thet recognizes
actaccgcggsiciigacgtut tgtdatc et acesgagend p6n agatgtiytogiegigicyeestriction
cegalgCicl GalgACIs AGRANLY ALFEREIE AGR R lotaatagac

tgcaacacgt gtgtcactca gacagtcgat ttcagccttg accctacctt 4680 taccatigag
acadcdacgtorpecest§&Rgenpbicd aghacidaat dcegtygyeayidpsm HCV replicon
gactgggagy,dgg3agerds Mealdalag.AHgtaece LLIRea e ggecctecag

4800 cat ttcgac,tcgtcgé%;cg tctgtga i?ctat.gacgcg ggctgtgctt ggtatgagct

4860 BacyBeryeng s 1&%@?&3@% t&%@liéﬁégﬂé‘ég’t@%%&}%ﬁﬁ@mg said
ggcttcccgt#ah- afgteasuntCaicivaakitangas s docaicliiosglaseeicantoy
atatagatgc 4980 ccactitita tcccagacaa agcagagtgg ggagaacttt ccttacctgg
tagcgtaccABO4H &yte&d®itg tgcgcetaggg ctcaagecee teccccateg

tggodcragaatgigoaag torhil dit gatcagth cHARHCECa gAaica MY s and measuring
gccaacacce gtgctataca ga 516Q. tgtt at gaagtcaccc
oncoomcc B A LG LAt Camg S Eite gp dbsence of
gaggtcgtcéhedagvapapnyyigeichibggeggegtec tggetgetet 5280 ggcecgegtat
tgcctgtcaa caggctgcegt ggtcatagtg ggcaggatcg tcttgtccgg 5340

gaagccggca attatacctg acagggaggt tctctaccag gagttcgatg agatggaaga

5400 _gtgctctcag cacttaccgt acatcgagca %ggga_tgatg ct%gctgagc
GigttcRBH SEERSPFAsigYy SR GHLRE G aRbCRgtE L vesieal step (<)

gaggtatgaicesaig clUtb patflicegaiaacaasctgg edgraaci tcgaggtctt
ttgggcgaag cacatgtgga atttcatcag 5580 tgggatacaa tacttggcgg gcctgtcaac

gctgectggt aaccccgcca ttgcttcatt 5640 gatggctttt acagctgecg tcaccagccc
actaaccact ggccaaaccc tcctcticaa 5700 catattgggg gggtgggtgg ctgcccagcet
‘bgccdéerosthgtyetgeim ctgdoueg Sr6U G sepbigycsbridetnty dgtemteyg
cagegligan HoaRgreo. IngiaaianR A8 .6 llans 999tatggcy
cgggcgtggc gggagctctt gtagcattca agatcatgag 5880 cggtgaggtc
ccctccacgg aggacctggt caatctgetg cccgecatcec tetcgectgg 5940 agceccttgta
gtcggtgtgg tctgcgcage aatactgcge cggcacgttg gecccgggega 6000
$0999Fbagigthadighdiga dochgeiaahagiCiogptitoacdoglgecarsaliiitep (c)
6060 ccccacgcac tgc agaggcgatgc a cccgc gtcactgeca
et e S (g TH Seatcagtog
ataagctcgg agtgtaccac 6180 tccatgctcc ggttcctggce taagggacat ctgggactgg
atatgcgag.g tgctgagcga 6240 ctttaagacc tggctgaaag ccaagctcat

9ICCagaRGIS-HIP A9 a1 S OIS F3R01CIgGCRAYEHE JaAIRI846, 93T 6l0a5T
aggagacggc attatgcaca ctcgctgcca 6360 ctgtggagct gagatcactg

gacafFEREsEsdRG btfatd Rsytel foytieEab4ob  gacctgeagg
aacatgtgga gtgggacgtt ccccattaac gectacacca cgggeccctg 6480 tactcecctt
cctgecgecga actataagtt cgegetgtgg agggtgtetg cagaggaata 6540

tgg j(e[o? actieca.ctacatat acfa ctgacaa 60,
B o iR
acaca&gytie begtcYomgetag trot it gouayigagdtesptcalgagtagg 6720

actcceagga%@ﬁ%g%gmﬁgiggﬁggm%?&gqgfg&gg%qﬁgmgtagccgt
6780 gttgacgtcc atgctcactg atccctccca tataacagca gaggeggecg

ggagaagg 40 ggcgagaggg tcacceectt ctatggecag ciectcggcet atccagcetgt
ccgct@atc %%@W@ﬂ%%a@%eg?%@%%@a %8358&%&55@&%5&&%%18353 protein from a
gccgagctcatagagostddBIqlagstecigiggagagcagiaganigigegdaha use of a sense-
catcaccagg gttgagtcag agaacaaagt 7020 -51- ggtgattctg gactccttcg

atccgcttgt ggcagaggag gatgagcggg aggtctccgt 7080 acctgcagaa

attctgcgga agtctcggag attctgcggg gecctgeccg tctgggegeg 7140

gccggactac aaccccccge tagtagagac gtggaaaaag cctgactacg aaccacctgt

7200 ggtccatggc tgccecgcetac cacctccacg gtcecctect gtgectececgce
rteaAaaaaa 72G0 Adcatacanta atecteaceca aateasacecet atetactace



tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc 9480
ttttctacgg ggtctgacgc tcagtggaac gaaaactcac gttaagggat tttggtcatg 9540
agattatcaa aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca 9600
atctaaagta tatatgagta aacttggtct gacagtice aatgcttaat cagtgaggca 9660
cctatctcag cgatctgtct atttcgttca tccatagttg cctgactccc cgtcgtgteg%ggzo

ataactacgy TRGRTRGH S CREALY JYteCtdg eRRss AP HE JtyagdR 1D NO9
9780 ccatgatsac)ogydiceagaaithicagthRiaateadcergacgaapdsing a nucleotide

984 ttt { tcta ttaattgtt
co00a80 05000 A SHod ALt SIS Shtdmonty figccatige
tacafgcatcl@968 sgiddiiRamptifedogiyigdgiaitdetstcpttcageinteggti¢Cdareplicon
acgatcaa%%%%%cé&?%80%%%‘09%?8%%&9%@ %&%@gﬁ%ﬁ@ﬁa

gctccttcgg tectccgate 10 gttgtcagaa gtaagttggc cgcagtgtta fcactcatgg
ttatg{Pagdiaetgenaariodinerdiadtgmagoqdisvidaagddieetnpgad
ctygtgagta;pleaaeaans ARA0 foaliciind [paeatel srageIRRadAgtigetott
gcccggcegtc aatacgggat 10260 aataccgcgc cacatagcag aactttaaaa
gtgctcatcd $RIAA4EG Hctyggg 10320 cgaaaactct caaggatctt accgctgitg
agatcepgti-aaAeiaretiIGAcEaIdnR M%%%B@%@M%ﬁﬁ@é@mﬁ%ﬂ&ﬁ%ﬁﬁmn g
accagcgttt ctgggtgagc agaaac 0 aggcaaaatg ccgcaaaaaa
gggaataaéapgggé%%%abef %ﬁ%@ﬁ&f@fé@&%&%ﬁ@%@d@ %%@fﬁf@a%%t@ﬁam of
aagcatttatthaggtato yicieatgaghiggatacata 10560 -53- tttgaatgta
tttagaaaaa taaacaaata ggggttccgc gcacatttcc ccgaaaagtg 10620
ccacctgacg tctaagaaac catt 10644 <210> 9 <211> 39 <212> DNA <213>
Artificial Sequence <220> <223> AsiSI sense-strand primer for PCR
lémplﬁhf‘alﬁ?@giefl pAGEHTNG s ezeip bedi§gh gertiag b ghybkcmsger eiEap te
aatglesinA%s RGP 5 3R 12aRNASAL3P Artificial Sequence
<220> <223> AsiSl sense-strand primer for PCR amplification of patient
NSSB <400> 10 ggaggctagt gaggacgcga tcgcttgctc aatgtctta 39 <210>
11 <211> 39 <212> DNA <213> Artificial Sequence <220> <223> AsiSI
Isenséhstraetti@tiofel fon PCRharmiplifiecatiOlN ofepAtiensNSIEBrecRROF S22 ()
misc I 2 1) £223> where r.is.a pr;g:.. <400> 11 ggaggctagt
gaggacg %%%tsc%zgtt%g(f r gﬁé’é}&g)}hﬁ@%fi%%f%f g 2'39 <212> DNA
<213> Atrtificial Sequence <220> <223> AsiSI sense-strand primer for
PCR amplification of patient NSSB <400> 12 ggaggctagt gaggacgcga
tcgcctgcete aatgtctta 39 -54- <210> 13 <211> 39 <212> DNA <213>
Artifidiat Setuehct ckid Gwhi2ldr tAsiSCsengdistasidipiimectar? @k (c)

amplification o{%p | NgSB <400> 13 ggaggectagt.gaggacgcga
tcgcc%%%ll%nasggce(?%%%re 168 ﬁfg%ffg%% > DNA <213> Atrtificial

Sequence <220> <223> AsiSI sense-strand primer for PCR amplification
of patient NS5B <220> <221> misc feature <222> (31) <223> wherer is
a or g <400> 14 ggaggctagt gaggacgcga tcgcttgctc ratgtctta 39 <210> 15
KR 11Ph3etAdd » DINAE 2 IdierAirtiflaicl SHaeplicen sR20ke veidPofsis(c)

sense-strand prim Ct,c%rP R amplification of ient NS5B <220> <221>
miscﬁ%%ﬁﬂ%e%ﬁg( gfﬁffggw\j‘\f&?g %f?grcogrg{mgﬁ 0> <221> misc

feature <222> (28) <223>whereyiscort

15. A method for assessing the effectiveness of an HCV polymerase inhibitor to

control an HCV infection in a subject comprising the steps of:

(a) providing a sample from the subject infected wi_th HCV;
(b) PCR-amplifying polynucleotide sequences encoding the NS5B protein from a
plurarity of HCV quasispecies present in the sample with the use of a sense-

strand primer which comprises a restriction enzyme sequence that recognizes
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<400> 15 ggaggctagt gaggacgcga tcgcytgytc aatgtctta 39 <210> 16

<211> 39 <212> DNA <213> Artificial Sequence -55- <220> <223> AsiSI
sense-strand primer for PCR amplification of patient NSSB <400> 16
ggaggctagt gaggacgcga tcgectgcete gatgitétta 39 <210> 17 <211> 39

<212> DNA <213> Artificial Sequence <220> <223> AsiS| sense-strand
primer for4=EH aihdpiitiafoh Bf HRteprR SEmdronsT hidaepiepajes 2 restriction

gaggacycgyicAe e aRtHAGE Szl Or &R AR 39 <212> DNA

<213> Atrtificial Sequence <220> <223> AsiS| sense-strand primer for
PCRGMplifiEHBAGTRAHET REREedpIyaneleid (s pashiie 381V
(31) <223zepihene shisi it oo 40P G gURpTSiadiON0gatigegdlegeictgctc
ratgtccta 39 <£10>. 19 <211> 39, <2 2>|P A <213? Arti{icrial.tSe 1eNCe .« of
<220 <2§]§§S (SISl e e éﬂ’dl?)lﬁl ecre}osr éﬁl%rr%SIﬁ‘igélugﬁ O pa ient

NS5B <4@0@nsi@mggagghdtagt gaggacgcga tcgectgete gatgtecta 39 <210>

20 < > < >.DNA < rtifici < >
o A S R R G 0
-56- ggcctyerlgt grtagstsc geggteateg gttggggta 39 <210> 21 <211> 39

<212zDNfy sad37 AR ReAUE &L R0 piadatasa6Hh ste (S)Z%I;d subjecting

antisense-strand primer for PCR amplification of patient NS5B <220>
<221> miswit ngaized pasyids p3dtigHEpasyriptiote madoseshimeric HCV
ggcctggagtalitagctac asgaisaycg gttggggag 39 <210> 22 <211> 39

<212> DNA <213> Artificial Sequence <220> <223> Sacll .
antisé&?segﬁhﬁﬁlﬁcBﬁﬁ%}ﬂ?&%ﬁlﬁﬁﬁﬁTﬁﬁ‘é ig%céé bezﬁ}i]é’ﬁflcﬁl7§§% pgdpcasying

ggcctggagtegtitageit tegepoteate gignoggpiagn3RNAAlB G reddee 39 absence of

<212> DN@};&%@; %ﬁtiﬁd%l Sc%,%lt{g{%gre <220> <223> Sacll
antisense-strand p imer for B amplification of patient NSSB <400> 23
ggcctggagt gtttagctcc gcggtcaacg gttgggaag 39 <210> 24 <211> 39

f@lZT}B %ﬁg&g? cﬂﬁlﬂ q@l\x‘%%%iﬁ %%}ﬁ?gﬁpﬁg&?ﬂl%l Lector of step 53)

antisense-strand primer for PCR amplification of patient NSSB <400>

ggcctygapst wthgdide \Jeepjieercivgtig ggeiag oclam k210> 25 <211> 40
<212> DNA

17.  The method of claim 15 wherein the HCV replicon shuttle vector of step (c)

comprises the HCV replicon shuttle vector of claim 2.

18.  The method of claim 15 wherein the HCV replicon shuttle vector of step (c)

comprises the HCV replicon shuttle vector of claim 3.

19.  The method of claim 15 wherein the HCV replicon shuttle vector of step (c)

comprises the HCV replicon shuttle vector of claim 4.

20. A method for assessing the effectiveness of an HCV polymerase inhibitor to
control an HCV infection in a subject comprising the steps of:
(a) providing a sample from the subject infected with HCV;
(b) PCR-amplifymg polynucleotide sequences encoding the NS5B protein
from a plurarity of HCV quasispecies present in the sample with
the use of a sense-strand primer comprising a nucleotide sequence selected
from SEQ ID NO:9 thru SEQ ID NO: 19, and an anti-sense strand primer
comprising a nucleotide selected from SEQ ID NO: 20 thru SEQ 1D NO:33 ;
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<213> Artificial Sequence <220> <223> Rsrll antisense-strand primer for
PCR amplification of patient NS 5B <220> <221> misc_feature <222>
(32) <223> where.ris a or g <400> 25 ggcctggagt gtttagctcg gaccgtcatc
grttggggag 40 <210> 26 <211> 40 <21¥5DNA <213> Artificial Sequence
<220> <223> Rsrll antisense-strand primer for PCR amplification of

patiefit N&8BRaEId BERgeamldbpotiied aredteas fitggdday aeplicon
<210> 27 @it doF2d prolNA chdhdroAtifiviabSRaueNsands, <220>

<223> Rsrll antisense-strand primer for PCR amplification of patient .

oo ST LIS AL PESTNE ‘oL e PEaLe fALIRY e0h Gipnies of
<400> 27 ggcdtggagt gfftagctcg gaccgtcayc ggttggggag 40 <210> 28

<211>.40 < > A 213> Artificial.Sequence > -58- <223> Rsr
i Chee RO B b R e T R Db Sgrom the
ggcctgga@@ﬂl@é@@ﬂ@@iggchtcatc ggttgggaag 40 <210> 29 <211> 40

<2123 D%&ﬁﬁﬁg&@ﬂ@%@%@@rcﬁggﬁ siagatdRadh ste (8)0301;(1 ngbjecting

antisense-strand primer for PCR amplification of patient NSSB <400> .
ggcctggagtiifttiseriers abegtidato dtigtoaagseopton 6o modeps ehimgric HCV

<212> DNapTiRédaR AriificiaiSequence <2.20> <223> Rsrll
antisEnse-stra%%j rimer for PCR amplification of patient NSSB <400> 30
§

ggcctladrYrag R GatLgelMRe JoH G GY e ieundiNsy quipeasuring
<212> DNAp@Ri8emAeitCief SeiHENCecpltdd RILL3 I Ref hresence or absence of

antisense-tﬁtr%pririer for PCR é%Zggglification of patient NSSB <220>
<221> misc teaturd™ 32551;15@53}‘ >whererisaorg <400> 31
ggcctggagt gtttagctcg gaccgtcatc ggttgggrag 40 <210> 32 <211> 40

2i?1,2ﬂ19 m&}f&ﬂﬁf cféri%i %i@ %li'g & Iflfg\; Qﬁpgxfggé ?hﬁt%fél g?ﬁng §§ 326130%;

antisense-strand primer for amplificatio patient -

32 ggeawgsri GrtHECcppasuysbatd gmaepetaladnd210> 33 <211> 40
<212> DNA <213> Artificial Sequence <220> <223> Rsll

antisgnsenstrdbponiat by PieRianmplificaiondichatinttiNeRB <0 33)
g0cCiggadt JMRaqica pacqatcal; QaN999239 # uim 2.

23, The method of claim 20 wherein the HCV replicon shuttle vector of step (c)

comprises the HCV replicon shuttle vector of claim 3.

24, The method of claim 20 wherein the HCV replicon shuttle vector of step (¢)

comprises the HCV replicon shuttle vector of claim 4.





