WO 02/ 08447 PCT/ 1L01/ 00669 NUCLEI C ACI DS AND METHODS FOR DETECTI NG VI RAL
| NFECTI ON, UNCOVERI NG ANTI - VI RAL DRUG CANDI DATES AND DETERM NI NG DRUG
RESI STANGy $2/0¥14AL | SOLATES 5 FI ELD AND BACKGROUND OF THET/NYENEEON The
present invention relates to nucleic acid constructs and met hods of
utilizing same for detecting infection of an RNA virus, for uncovering
anti-viral drug candi dates and for determ ning drug resistance of isolates
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Viral diseases are some of the major scourges of mankind and
include such virulent disorders as smallpox, yellow fever, rabies,
poliomyelitis and AIDS. In addition, viruses carrying oncogenes are
20  responsible for a number of human tumors and cancers.

It is a remarkable and proven fact that some virus infections occur
without overt symptoms, while others can cause more than one clinical
manifestation involving more than one organ system of the body.  This
lack of a defining clinical manifestation in some infections, presents a

25 major hurdle to an accurate and timely diagnosis of infections, which in
some cases is crucial for the prevention of disease and death.

Several diagnostic procedures have been developed in efforts to
improve the detection and diagnosis of viral infections. These procedures
involve the detection of viral components in cells of infected individuals or

30 the detection of blood components generated as a response to the presence

of a viral infection. Although such methods provide acceptable accuracy in
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15 purified viral protease with chemical compounds in the presence of
synthetic peptide substrates. Initial in-vitro screening is usually followed by
a bioassay designed for determining whether a potential protease inhibitor
or its derivatives function in virally infected cells prior to additional testing
conducted in more complex biological systems.

20 Screening for drug resistance of certain virus isolates is typically
effected by phenotypic testing (plaque reduction assay). This is a labor
intensive, time consuming and expensive technique that oftentimes does not
correlate well to the clinical response to drug therapy in individual patients.
Nonetheless, because of its derivation from testing for sensitivity to

25  antibacterial agents, this technique is often considered to be the "gold
standard".

Prior art drug and drug resistance screening methods, such as the
methods described above, are further limited in that such methods are not

readily utilizable in screening for molecules possessing anti-viral activities
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determ ne the drug resistance of, RNA viruses. A large portion of the
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take pl acgadihg hfrime (ORF) of about 3010 amino acids (aa) which is
15 co-translationally and post-translationally cleaved to give rise to at least 10
polypeptides (3). Located at its N-terminal end are three structural proteins,
followed by at least seven non-structural (NS) proteins (1). Combined
action of host-derived signal peptidase(s) and the virus-encoded proteases
are involved in the processing of this polyprotein (4-8).
20 Similar to other RNA viruses, the genome of 'HCV is highly
heterogeneous, and several genotypes and subtypes have been described
(12, 13). Numerous studies have successfully demonstrated partial
replication of the virus in in-vitro culture systems using human T-cells,
B-cells (9, 10), human hepatocytes (11, 12) or chimpanzee hepatocytes (13,
25 14). However, these systems suffer from low viral replication efficiency
and limited passage cycles. More recently, high level replication of
subgenomic HCV RNA was established in a human hepatoma cell line that
would enable long-term production of viral RNA and proteins (14).

Unfortunately, the complete life cycle of virus does not take place in this
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encoding a complete HCV genome was generated by the present inventors.
15 Sequences derived from this ¢cDNA clone were incorporated in novel
chimeric HCV-luciferase expression constructs which can be wused,
according to the teachings of the present invention, in accurate and rapid
cell based assays for detecting HCV infection, screening molecules for
potential anti-viral activities and determining drug resistance of HCV

20  isolates.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a

nucleic acid construct comprising: (a) an expression cassette including: (i) a
25 first polynucleotide region including a 5' NCR sequence of an RNA virus
and at least an N-terminal portion of a coding sequence of the RNA virus;
(i) a second polynucleotide region including a 3’ UTR sequence of the
RNA virus and at least a C-terminal portion of a coding sequence of the
virus; and (iii) a third polynucleotide region encoding a reporter molecule,

30 the third polynucleotide region being flanked by the first and the second
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sequence being operatively linked to the expression cassette in a manner
SO0 as to @aRl.sa transcription of a mnus strand RNA nolpquiier/dosesm t he
expressi on cassette. According to another aspect of the present invention
there is 5 provided a genetically transforned cell conprising a nucleic
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virus; and (iii 1 hird ucl eot i ion _eneoding a. reporter
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linked to the expression cassette in a manner so as to enable a transcription
15 of a minus strand RNA molecule from the expression cassette.

According to further features in preferred embodiments of the
invention described below, the genetically transformed cell further
comprising an additional nucleic acid construct for expressing at least an
RNA dependent RNA polymerase of a virus, whereas the first and the

20 second polynucleotide regions being selected such that the RNA dependent
RNA polymerase is capable of replicating the minus strand RNA molecule
_into plus strand RNA.

According to still further features in the described preferred

embodiments at least a portion of the first polynucleotide region is at least
25 50 % identical to a sequence encompassed by nucleotides 1-374 of SEQ ID
NO:33.

According to still further features in the described preferred
embodiments at least a portion of the second polynucleotide region is at
least 50 % identical to a sequence encompassed by nucleotides 9158-9609

30 of SEQ ID NO:33.
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further features in the described preferred enbodinments the first

pol ynucl eaig @@siegi on further includes a 5° UTR sequence pfraiLbgodsddA Vi r us.
According to still further features in the described preferred 5

enbodi nents the first polynucl eoti de megi on i ncludes an | RES sequence.

According to sAtddrding t hgy fseidit urfagthen fddtered 6 Ctheb@scHbed gréRgredmbodi ment s
the RNA virus is selected fromthe group consisting of a "positive strand

RNA vi r uscrabedimendgsydhé vigrss tpadymuakpotide region Atthediingludes st iS5/ IUTRBr t her
features in the SF c(r}@g%g preferred 1o enbodinments the RNA virus is
sel ect ed FHYAEH @‘F B¥H8Y-sting of a virus of the picornavirus family,

a virus of the i faml VET f.t r QVi famly, a
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virus of ¢hiBodittdnid Mierﬂli%t b@f?élh)éleo_ﬁdﬁ'régi?n;ﬂfrl]celhb?sSa@II%ES‘é!el{]ﬁ'&)cE?m ly, a virus

of the rhabdovirus famly and a virus © bunyavirus famly.

Accordi ng to sAtctdrding tteerstiieafimthes featurbe desthei describveelf eprefegiredenbodi ment s
the RNA virus is Hepatitis C, According to still further features in the
descri becepbedigrandy the dplydi miys sistsetedted drom rfhet groupeemmsiptingl 9hdcl eot i de
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further features in the described preferred enbodi nents the eukaryotic
cel | is sef thetpigomaymushiamylyo wovisonsef $hé tegaviruarfamilys ecvireebf , the yeast cel |
and a rram*}%ll(i)ﬂa}nxg‘%lnllé fa’?\l(i:ﬁorad\i/lj}gs E)P tﬁet: | Iarlan%c urotvri]r%rs fgr%lt uge? i r2)ft ’31% descri bed
preferred Y ’ paramyx ¥, a virus
coronavirus family, a virus of the calicivirus family, a virus of the
arenavirus family, a virus of the rhabdovirus family and a virus of the
15 bunyavirus family.
According to still further features in the described preferred
embodiments the RNA virus is Hepatitis C.
According to still further features in the described preferred
embodiments the first and the second polynucleotide regions are selected
20  such that the minus strand RNA molecule transcribable from the expression
cassette is replicatable by an RNA dependent RNA polymerase of the virus
into a plus strand RNA molecule.
According to still further features in the described preferred
embodiments the promoter is functional in a eukaryotic cell.
25 According to still further features in the described preferred
embodiments the eukaryotic cell is selected from the group consisting of an
insect cell, a yeast cell and a mammalian cell.
According to still further features in the described preferred

embodiments the reporter molecule is a polypeptide selected from the group

30 consisting of an enzyme, a fluorophore, a substrate and a ligand.
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30 consisting of an enzyne, a fluorophore, a substrate and a |igand. WO
02/ 08447 ROld2osAk/ 00669 7 According to yet anot her aspectpa@fLbhenepy esent
invention there is provided a nethod of detecting a presence of an RNA
virus in a cell, the nethod conprising the steps of: (a) incubating a
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linked to the expression cassette in a manner so as to direct the transcription

15 of a minus strand RNA molecule from the expression cassette when the
nucleic acid construct is incubated with the extract, the first and the second
polynucleotide regions being selected such that the minus strand RNA
molecule transcribed is replicatable by the polymerase of the RNA virus
into a plus strand RNA molecule; and (b) quantifying a level of the reporter

20  molecule to thereby determine the presence of the virus in the cell.

According to still further features in the described preferred
embodiments the reporter molecule is a polypeptide translated from the plus
strand RNA molecule.

According to still further features in the described preferred

25 embodiments the method described above further comprising the step of
comparing the level of the reporter molecule to that obtained from cells
free of the virus.

According to a further aspect of the present invention there is
provided a method of screening for anti-viral drugs, the method comprising

30 the steps of: (a) co-incubating a nucleic acid construct, a polynucleotide



According to a further aspect of the present invention there is provided a
nmet hod of screening for anti-viral drugs, the nmethod conprising 30 the
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conpri si ng 4 Meingb efradd RNA molecule from the expression cassette when the

15 nucleic acid construct is incubated with the polynucleotide encoding the
polymerase of the RNA virus under the conditions suitable for transcription
and translation, the first and the second polynucleotide regions being
selected such that the minus strand RNA molecule transcribed is
replicatable by the polymerase of the RNA virus into a plus strand RNA

20  molecule; and (b) quantifying a level of the reporter molecule to thereby
determine the anti-viral activity of the potential anti-viral molecule.

According to still further features in the described preferred
embodiments the reporter molecule is a polypeptide translated from the plus
strand RNA molecule.

25 According to still further features in the described preferred
embodiments the method described above further comprising the step of
comparing the level of the reporter molecule to that obtained from cells
free of the virus.

According to still further features in the described preferred

30 embodiments the potential anti-viral molecule is selected from the group
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further teadisti®s | 6fthe deselbbidd prcﬁfxﬁfdl@ﬂldeerrb@mms@ms sikp Gm) 1S
effected by introducing the nucleic acid construct, t he pol ynucl eoti de

encodi nglramur@ampdulwom’dhylﬁ@u@e of the RNA virus and t he potenti al
anti-viral nolecule into a.ce rding .to sti her features in the
descri bed prefAé?CPé nge%oﬂﬁlﬁeﬁ%@h‘gtgawgis iia the @S&Hﬁs f%’brﬂ cing the
nucl ei c e to a cell
ot ect ea CHNRRERED (PPl reEaBl b RicifB the SubRle u%ﬁecfd“g%s%& of the
preseqt 'tIElaVgE)I}Jn‘ﬁ@lefoli*i%E%:ﬂc%dm%r &Vl'eﬁlﬁ‘ihé Plﬂifﬂﬂ@ﬁhs@fofqﬁ%qnﬂh”v&ﬁs dnyg

resi stance of "an Vi rus he nmethod conprising the steps of. (a)

co- i ncubdlté pgteatinbamiteivirahmiodecudbnatto aate]ll. a pol ynucl eoti de encoding at | east

a polynmerase of the RNA virus and an, anti-viral drug. nol ecul e ynder
condi ti ons suﬁ%@lr@mgoﬁot ﬁfa]rlls@il'ﬂ}!ﬁfl dpatyres 18 tﬂﬁ%méffséﬂb@ﬂ pre ?ﬁédnucl eic

d h d di h
e nuct enbedmantoiee (Bt Gl b gheERitiy e MRl pSeBReL havi no
(one) a HARYF AR A i of u‘Pé‘nitBCa' 15&9‘e<51‘e<§w1!ﬂ%e FEQAUAREE Of an RNA

. ghﬂ% %
virus an ast an N-termnal portion of a coding sequence of the RNA

virugp (two) Acweeding W?’Mn&l(ﬂlﬂhéll depace wfahei preseidi inged@ord tcre UER sequence
of the RNA virus and at least a C-terminal portion of a_ codi ncﬁasequence of

the vir u@IOded (2 imathyd oft dﬁtemmlpmgudmg getibidnce @é i aan RN coigish reporter

nol ecul e, th| rd. pol ynucl eot regi on bein nked.. b the first and
he" secometho RIBTisHRE T Teat Bha@ SAaneibying SruRbroRcidseRsumEs be: ng

cper et AL e 5B SER TR R KRy PR ©°

anti-viral drug molecule under conditions suitable for transcription and

15 translation of the nucleic acid construct and the polynucleotide encoding at
least the polymerase, the nucleic acid construct including: (i) an expression
cassette having: (one) a first polynucleotide region including a 5' NCR
sequence of an RNA virus and at least an N-terminal portion of a coding
sequence of the RNA virus; (two) a second polynucleotide region including

20 a3’ UTR sequence of the RNA virus and at least a C-terminal portion of a
coding sequence of the virus; and (three) a third polynucleotide region
encoding a reporter molecule, the third polynucleotide region being flanked
by the first and the second polynucleotide regions; and (ii) a promoter
sequence being operatively linked to the expression cassette in a manner so

25 as to direct the transcription of a minus strand RNA molecule from the
expression cassette when the nucleic acid construct is incubated with the
polynucleotide encoding at least the polymerase of the RNA virus under the
conditions suitable for transcription and translation, the first and the second
polynucleotide regions being selected such that the minus strand RNA

30 molecule transcribed is replicatable by the polymerase of the RNA virus



expressi on cassette when the nucleic acid construct is incubated with the
pol ynucl eoti de encoding at | east the polynerase of the RNA virus under the
condi ti onwosniokaPl e for transcription and transl ation, thedimstompd t he
second pol ynucl eotide regions being selected such that the m nus strand
RNA 30-nol ecul e transcribed is replicatable by the pol ynerase of the RNA
vi rus WO 126 Q8449 straild RIMNA/B0RGAle; hdi by Quiﬁtﬁ?irﬁg rantev@NAofiotircul e;  and
(b) quantifying a level of the reporter nolecule to thereby determnmne the
resi st anckepeftet haoknlevior theraby detheminst theuiesistande 0f tha\RMAdVings to stil |
further fgatures. in . the described preferred 5 enbodinents the nethod
descri bedt ViithdH8r conprising the step of conparing the |evel of the

reporter nol ecyl t t ad f I r £ the ti-viral drug.
According to sﬁcﬁ?ﬁdﬁg ?@ers(ﬁﬁqegf;ugtﬁgg_ fe%?ﬂfrﬁg 1djzst(}f%i @g%“.@rbl‘)ree(?e?lﬁr%%d{‘ed\e/nbodi ment s
the repor &fiboddh@tiyl e inSetBo® ek BEbEd dBoVE FnRhat 6mbrRMd bk Eﬂe?_sof 1o strand
RNA nol ecul e. According to still further features in the described

pr ef er r edcorapdudnig tenievel d thatrepoitenl motacyld $o sledtectitanhetir fromt belgr oup
consi sting of ahﬁ nucl eosi de or nucl eoti de anal ogue and an i mrune- nodul at ory
mol ecul e. TRE O6ERA AYiVB2k¢iUR further features in the described preferred

15 enbodi ment s \st ep. i s.ef f d by.introduging th | e i d
1o erbod: tont &SGRl Sy RENER AL RSB BRI e o
virus andembb@indité md Iregbrt@f ﬁh%lédﬁﬁ@isaae mie%téﬁfﬁﬁﬂﬂ%dtf? fﬁttgle méﬂt her

features in the described preferred nts step (a ected by
i nt ronuci steartdRNAuniodéauleci d construct 20 and the anti-viral drug into a
cell infected with the RNA virus. The present invention successfully

addr esses t he Akeendingri togstidlf furber pfeatures | in khewdeswiliadyuprafdrmeds by

provi di ng_nuckei c acid constructs.an thods. of utilizing sanme for
det ecti ng® ﬁgdlﬁqeég%ﬁl&eea%q-v%i Val F%ﬁcﬁgﬁ HQOIQE}hE@rPuBICOBSJE Pg Odx& ract, for

uncover i ng,dje¥ile 8Phhe¥bid afiygse 48 af Hamune-modulatory molecule.
According to still further features in the described preferred

15 embodiments step (a) is effected by introducing the nucleic acid construct,
the polynucleotide encoding at least the polymerase of the RNA virus and
the anti-viral drug into a cell.

According to still further features in the described preferred
embodiments step (a) is effected by introducing the nucleic acid construct

20  and the anti-viral drug into a cell infected with the RNA virus.

The present invention successfully addresses the shortcomings of the
presently known configurations by providing nucleic acid constructs and
methods of utilizing same for detecting the presence of an RNA virus in a

25 cell or a cell extract, for uncovering novel anti-viral drugs and for

determining the resistance of RNA virus isolates to anti-viral drugs.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with

30 reference to the accompanying drawings. With specific reference now to



determning the resistance of RNA virus isolates to anti-viral drugs. BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention is herein described, by way of

exanpl e oWloyzokgsh 30 reference to the acconpanyi ng dr awipegsa.oWdeko
specific reference now to WO 02/ 08447 PCT/1L01/ 00669 11 the draw ngs in

detail, it is stressed that the partitulars showm are by way of exanple
and for phepdraesngy inldeyst,r at isvetrelissd usizdtotheoparticelaps ehewnedre dybodi ment s
of the present invention only, and are presented in the cause of providing
what is bEay efedampleand lfer prrposassef ulusgﬁtm disgussionredehe poelgrsddescri pti on

of the principles,and _conceptual aspects of .the inventjon, In this regard,
0 it enss et DD IE RSBt deeaI G Ohbt e PIEHETed, FothY B or o

detail t IS eSSAN i« i nvention,
the descri oo Wit i tbhﬂ‘%‘heeea @?@%%%@%E%%%%Z?@AW?@%@?& skil | ed
in the ardesb@ptidmer arysidliplesafl cohcépital &E@Bﬁs'dfﬁhéf&w&hﬁoﬁnﬁﬁfihﬁd lo in
practice. In the drawings:" FIG |IA is a schematic representation of the
over | appimgarddCwio stbiApt iomesleofo si@w Strugtirkl dethilis nofcthes tnventiongint he HCV
genone. The positions of the first and | ast nucl eotides, and am no aci ds of
the i ndi vieRfaldetasl taan §p oresepsary storep | fundameatal padergiandings ©f thel eot i de of

the HCV 5 UIR d .3 R are indicated, Cl ones, ./A-Mrepresent the

over | appiRieERe T dseaitiop T Sl auinoEioa teeatiE Hoselt and 1 ast
nucl eot i d&j10dd iLaRNa% HOME tHeSsdvRfHl GBERE -offth&invditidnl Ml Rl EdbbiRdst ep

enpl oyed for constructing the sense and 20 antisense”chineric vectors of

t he presedntpractieenti on. FIGs. 2A-Cillustrate the protein products of in
vitro translation experinents of HCV constructs separated on SDS- PAGE.
Figure 2A - trladbparawimgsf the entire non-structural HCV pol yprotein from

cDNA3(NSP). FiLgure , 2B - translation of the entire structura 25
Bol ypr (()t ei Z\ fr piﬁNﬁﬁ gpychemafis IéeE’@S@mf‘gﬁﬂs‘Pélllﬂig%rPV(?FfJaPH@gf | engt h

cDNA clones of HCV-S1 utilized in constructing the HCV genome. The
positions of the first and last nucleotides and amino acids of the individual

15 HCV proteins as well as the first and last nucleotide of the HCV 5° UTR
and 3> UTR are indicated. Clones A-M represent the overlapping cDNA
clones of HCV-S1 obtained from RT-PCR. The first and last nucleotide of
each clone is indicated.

FIG. 1B illustrates the step employed for constructing the sense and

20  antisense chimeric vectors of the present invention.

FIGs. 2A-C illustrate the protein products of in vitro translation
experiments of HCV constructs separated on SDS-PAGE. Figure 2A -
translation of the entire non-structural HCV polyprotein from
pcDNA3(NSP). Figure 2B - translation of the entire structural HCV

25 polyprotein from pcDNA(SP). Figure 2C - translation of the full length
HCV genome from pcDNA3(S1). CPMM represents incubation with
canine pancreatic microsomal membranes. Arrows indicate positions of
autolytically cleaved products upon prolonged incubation. Molecular

weight marker sizes (in kDa) are indicated on the left.



HCV genone from pcDNA3(SI). CPMM represents incubation with canine
pancreatic m crosonmal nenbranes. Arrows indicate positions of

aut ol yti celd ap/08k@aved products upon prol onged i ncubation. plaleevbege wei ght
mar ker sizes (in kDa) are indicated on the left. W 02/08447 PCT/1L01/ 00669
12 FIG. 3A-Gillustrate western anal ysis of 293T cells transiently
transfected wiFIpXIAWG Slustrdiel meesverne ahalyess b Q980 celldy Sransiently
post-transfection and | ysate proteins were separated on SDS-PAGE gels and

t r ansf er risanséeated ni witbc e P e ) nenbelneswerkhe laremsied pvee ei dayswere 5
bed with antizE2 (Fi 3A), anti-NS3 (Fj i - NS5A

?rpigEgggslzs#ﬁ%ﬂé%fiﬁﬂé|ah§ﬂ%eaﬂs%_a@§1%9ﬁaf‘éea@? el SRR el o 9

an : , C era rom

oy |t RS oifto ShitSQNGIQS, nBAEhLeCTEe B BrbictheheRt

i mungbl oprebed \HtﬂtﬁrﬂﬁEQEHEigﬁﬁpBﬁge%htisﬁsa @kegre BBYraddanfaNssAati ent 1o

from whi ch the HCV-S1 was cloned. Mol ecul ar wei ght marker sizes (in kbDa)
are i ndi c@tigereciC) mwnoelanal PEGORIERT] The detertbn RRECERREIZEMBARXEONTS The

resent inv i_on i.s of |.eic acid constructs, and, methods 15 utilizing
Sane whi cfﬁldgglﬁSg‘e(ﬂdg}l’[qs?&g%r)d?m&%{l‘éc‘fv%Sffpﬁtﬁéd%sﬂ% digfersat peea 1oy us, for
uncoveri td =Vvi.ral candi and,f ferm nj-Ra-dru resi stance
of isol a?lgggfmg%&m%{eﬁgsat %pggﬁ#ﬁéalo?y,l'lt%pecéﬁ}g&%%gﬁ%sgnt i}(k’r? is of a

nucl ei ¢ aghuROBISES UE Fighiks @H-Eafé’;)%éek‘l?%eﬁ ﬁk@H%‘r&h{jﬁ%F’saﬁw aféyence

encoding a reporter polypeptide and including 5 an sequences of an 20
RNA vior usfromhedidir tres EICVeRIl iwasacloabd. Mileatled waight marlRMAsived (s capabl e
of replicating the mnus strand RNA sequence, a plus strand of this RNA
sequence K3ax@erindicaisd aythedetit ed by the host cell into an active reporter
pol ypeptide. The principles and operation of the present invention may be
better 25 understood with reference to the draw ngs and acconpanyi ng

descri ptioRSCRIPFIONOFPUR PREFERRESINBUISIMERPES ment of the invention

in detail

The present invention is of nucleic acid constructs and methods
15  utilizing same which can be utilized for detecting infection of an RNA
virus, for uncovering anti-viral drug candidates and for determining drug
resistance of isolates of an RNA virus. Specifically, the present invention is
of a nucleic acid construct which transcribes a minus strand RNA sequence
encoding a reporter polypeptide and including 5° and 3’ sequences of an
20 RNA virus. When transcribed in a cell infected with an RNA virus capable
of replicating the minus strand RNA sequence, a plus strand of this RNA
sequence is formed and translated by the host cell into an active reporter
polypeptide.
The principles and operation of the present invention may be better
25  understood with reference to the drawings and accompanying descriptions.
Before explaining at least one embodiment of the invention in detail,
it is to be understood that the invention is not limited in its application to
the details of construction and the arrangement of the components set forth
in the following description or illustrated in the drawings. The invention is

30  capable of other embodiments or of being practiced or carried out in various



it is to be understood that the invention is not limted in its application
to the details of construction and the arrangenent of the conponents set
forth i nwighwkpd7l ow ng description or illustrated in the pravDaBe The
invention is 30 capable of other enbodi nents or of being practiced or
carried out in various WO 02/ 08447 PCi3 1L01/ 00669 13 ways. Also, it is to
be under stvapd Wiy, it RetoBy @skabiopl thad therpirasddeyy AiPhexegolpyein is for

the purpose of description and should not be regarded as limting. The
mol ecul ar el@plmieésh@fem lie foat hsgeneeiss of degviptien tand sbodldvebbrheent of
anti-viral dr een hanpered in part by the lack of a robust,
cel | - baselfed ﬁﬁ‘r& tor viral replication. The currently avail abI e

cel | - based sysfﬁgn; rl@cull tn? egyﬂ hﬁ‘ %‘é’tehogreﬁ%ﬂg egf @Ylgﬁ (gf ICI ency and

limted passage cyc oug repli ubgenom C

HCV RNA viagy raahﬂm—maladﬂmg@av@@@a& RAMPERY! in!dat€by AL 1R Yrd 1o enable

| ong-term production of viral and protelns this does not truly
measur e viabaist, cefthased asray tSheonioompyiedleepliationy dihe afirdifly sleglablot occur in
this systenljhnor are infectable virions produced. Moreover, the authors

failed toCgehayes: &skys wrabinated by tbpdﬁ@svmlerﬁnlwevonaﬁfﬁpmcmnd

fect th t ul )4 15 R t f the HCV
genone. 1 ri0ned M ARth A MisBORPRR Sithtictign o8 SBEMATRIS of host
Signal peRiCVIaRRAS hydsObstbiRHeadt G hividn Shrieth dell q&{éyaaa%n& ofify 1ts NS3

£
protein, which systematically cleaves ira protern to rel ease

the i i vémhbdd lamtieve produsiid:s of #iral HNAI‘EiﬁIGprotéiﬁs vihiaoe ¥t tigRendent RNA
pol ynmer ase, NS5B, El ays a vital role in replication 20, through synthesis

of both paigpsurgitahteisgtionyEhe complaplifs cydnos H@‘s’)doesmm ocoutt ine | ow
licat ff ted RT-PCR f | i f trand

RNA 1 5 enfirbyee ﬁ%erﬁéty@r%nfrﬁ‘sc@bfei%r?@m peasiceh Moregyeto, trenguhag hod | o

bot h 'abOfaa@ascggé ciff0 b VBILAOell A1t Yo ALY i PR PhRng RAGRUTD L3

sensitivity an een | npr oved t agged
prinmers awﬁhihélﬁnplal@ﬁ[ g@lﬁ)rﬁé§14).l t still remains expensive
15 Replication of the HCV genome in vivo is dependent in part on the

proteolytic activity of host signal peptidase(s) for cleavage of its structural

genes and on its NS3 protein, which systematically cleaves the viral NS

polyprotein to release the individual active subunits (7). Of these, the viral

RNA dependent RNA polymerase, NS5B, plays a vital role in replication

20, through synthesis of both positive and negative viral RNA strands (15).

Due to the low replication efficiency of HCV, nested RT-PCR for

amplifying minus-strand RNA is employed to determine viral replication in

vivo. This method is both laborious and easily prone to false positive

errors. Although its sensitivity and reliability has been improved with the

25 use of tagged primers and Tth polymerase (13), it still remains expensive
and time-consuming.

As is further described in the Examples section which follows, to

generate a reliable and simple reporter assay system which can be utilized

to detect hepatitis C virus (HCV) replication in vivo, and to uncover novel

30  anti-viral drugs as well as to screen for drug resistance in viral isolates, the



and tinme-consumng. As is further described in the Exanples section which
follows, to generate a reliable and sinple reporter assay system whi ch can

be utiliza@ o2i@4get ect hepatitis C virus (HCV) replicati orpdinpLyi/meee and to
uncover novel 30 anti-viral drugs as well as to screen for drug resistance

inviral isolates, the WO 02/08447 PAW |L01/00669 14 present inventors

under t ookprebent | ahvenests t aalletdolgeniealitgions ey i 6At | beeragngpenent frill
| engt h HCV genoma Sequences derived fromthis clone were then utilized to

gener at e rep pairqne@omppﬁeetﬁﬂblengﬂnﬁt@\ﬁgmomm ch produce a reporter signal in

the 5 presen i nfect.in VI ru i cles. Thus ccording to one aspect
of the present ql"i'\%?ﬁsl frived feomt ISBF@Pd@(Brea l?ﬁﬁ’(:“glhéeéctpdg%ﬁ@?ruct The

nucl ef ¢ 3huePRshiGnl UGRUARSS Wi RXREARRECH FABREH Gehaingng (11!

pol ynucl eotrdé region I nc sequen viTus and at

| east san Pet@icBiofahfeREhE Vafs art@clég)dl ng 1o sequence of the RNA virus, such
as for exanple the N-term nal portion of the core sequence, and a second

pol ynucl eot i del'lnsgi amcoidinguihi wge aaspectUBR thsepresente infention BiNge visr us and at
| east a C-term_nal ortl on of a coding sequence of the virus, such as for
exanpl e aProvidedn HHP eyoa@ndowr@%ruﬁhel\hp rlﬁldel%@lc%ﬁ@a%iél@ é&ﬁlé‘ﬁé% anThe
expression cassette

whi ch
ncodes. wERBRTLr RS RapbEbiE] fhlclpos B e it Ay MR " ™ ©
subst at eyeqichd0aNdn FINASREL Qhd Ot 18kl HONOBRAIE pofiGe ro?'ef‘g%&iﬁgt he present

i nvention, the reporter e encodi ng region i nked he first

and tie segoestepof theURNeOwirds, suedi anforamdmipie tie N—temﬁ@eﬂlpnrucmaif | i nkage
therewi th. 20 The nucleic acid construct according to this aspect of the

present thawere pesmienge.sand askteisbpalyprelrotide regignanduding @B es to
direct transcri | on t he ex ?z Eéc&ssetie se uenc ukaryotic
I

cel I s suctPa4Ence Ve dermnyinal oo ‘I’rié’ cf‘r C? 88ct cells.
The pr °m§e‘aﬁe§c?e%ieﬂﬂ%e\/1hﬁ, QuiERL féjr Mahlb1E G5B mtA1 bBRidHOF AR

polymerase sequence. The expression cassette also includes a third

15  polynucleotide region which encodes a reporter polypeptide such as for

example, an enzyme, a substrate, a ligand or receptor or a fluorophore.

According to the present invention, the reporter molecule encoding
region is flanked by the first and the second polynucleotide regions and is in
transcriptional linkage therewith.

20 The nucleic acid construct according to this aspect of the present
invention, also includes a promoter sequence which serves to direct
transcription of the expression cassette sequence in eukaryotic cells such as
for example, mammalian cells, yeast cells or insect cells.

The promoter sequence is oriented with respect to the expression

25  cassette sequence, such that transcription therefrom generates a minus
strand RNA molecule.

As used herein the phrase "minus (or negative) strand RNA" refers
to the complementary RNA strand of the "plus (or positive) strand RNA"
which is the strand typically translated by the ribosomes into a polypeptide

30 sequence.



25 cassette sequence, such that transcription therefrom generates a m nus
strand RNA nol ecul e. As used herein the phrase "m nus (or negative) strand
RNA" ref eww® 02108447he conpl enentary RNA strand of the "pl us gcarnLposictd ve)
strand RNA" which is the strand typically translated by the ribosones into
a polypeptide 30 sequence. WD 02/084%7 PCT/1LOL/ 00669 15 According to a
preferred enmbodcomdingf tohe apr geefieiredi ryudhidiment at of eatife a pesdriton of the
first polynucleotide region is at |least 50 % at |east 60 % at |east 70 %
at | east gyentomytat|lgagia portion ghthesfirgepelyaurleptide segioguent deashéBnpassed by

| eot i 374 S I , 3 5 i .ef d
e ot g R P OB B SR SR T,

I I i af i 9 t t | t 70 % at
20, yroc] o enf OOt /BI04 of ot ecst 70 %

nucl eof i des 9158cHARD: of arftRdi RelarHBemBbdingert e tRyIpHBERt MbALiGRNSt r uct of
the present invention transcribes a 10 mnus strand RNA nol ecule in cells,

such a coatskensica pornoroof deeeeeinsl polynacleptide regiontisratriosstcifl 8,iat cel | s
transforned wwth this co uct . ver in_the presence, of a viral

pol yner aslg?St\;%fi oo lepg @%&E%@%gg t%RﬂWeaﬁBPbﬁBrgggf sderiigabtag RNA
viruses ( I na r when t he

t ransf or n%ghgfé% ééc?rﬁl%cfgg%\%g {eﬁagéil?f%gs’:agﬁ)&z’%ﬁ%g@ﬁ? the viral

pol ynerase, reginceahé fiiclefc 41 cohdHRt DF EHRNSreBOMY thpkRforPhiagSrdRedaa Pl US
strand RNA nol ecule is fornmed. This nolecule can then be translated by the
host okl | minusostoarel RINA aoleaulei mecalbpountlen comstraud eanddt geinktatden
appreciated that this is true only in cases where the viral RNA pol ynerase

bi nds andeqtivierienper mokrquiain enlls tranmlfemeed, with thissenshieet Hewvayead wi t hin
i1 zed e meseagh: B & BRCASyBiseoruiihas R AONR dBrndeBhRNAC Wit be
pol yi mor dROTSAS, HcBA By R VETbes Bk RN WRURERD .0 5
sequencesas theneaza ovikar the traissformed cell is infected with a virus or expresses
15 the viral polymerase, replication of the minus strand RNA takes pl‘ace and a
plus strand RNA molecule is formed. This molecule can then be translated
by the host cell ribosome into an active reporter molecule. It will be
appreciated that this is true only in cases where the viral RNA polymerase
binds and initiates replication from the viral sequences included within the
20  transcribed minus strand RNA. In most cases, the viral sequences utilized
in the expression cassette of the nucleic acid construct will be derived from
the virus of interest, although in some cases, RNA polymerases of one virus
can replicate RNA which includes 5' and 3' sequences from another virus.
Since the sequences regulating RNA replication in RNA viruses
25 reside in the 5' and 3' NCRs and/or UTRs, such sequences alone are often
sufficient in promoting RNA replication of the minus strand RNA
transcribed from the nucleic acid construct of the present invention.
However, not withstanding from the above, in some RNA viruses, coding
region sequences are often necessary in order to initiate or enhance

30 replication, as is the case for HCV. As such, the expression cassette



Since the sequences regulating RNA replication in RNA viruses 25 reside in
the 5° and 3' NCRs and/or UTRs, such sequences alone are often sufficient
i n pronot wa2kRly7replication of the m nus strand RNA tranganiLbgehes om t he
nucl eic acid construct of the present invention. However, not w thstanding
fromthe above, in sone RNA viruses, woding region sequences are often
necessar yaccordingeto t thel prbsent eirdentbhapeefetably eplis¢ atincludess susht he case
for HCV. As such, the expression cassette WD 02/08447 PCT/1LOL/ 00669 16
accor di ngegnendes, Breadentityi thexeef icam berdstarmined byiqueniifidng depication

sequences, the identity thereof can be determ b uantifyin

repl i cat i BAM Y?rb?ﬁs\/ﬁ?‘i)‘éﬁ%lo’é)@ﬁ?%@?o‘ﬁﬁ’c,cgs’é’@f"t‘gsg&?ﬁr# %@P%@ fjﬁ‘?‘%f erent
segnent s : i reqgjion of the virus. 5 Since the cap dependent
transl at itg)l[ﬁ%o mg&%gl‘fd%fj{)/ﬂ?lglvﬁ@fsi nfected cells is oftentinmes downregul at ed

by the presencgineé the capldepéidend tidhklsion IIFRNEXIH ¢RalP Mfedtdedde preferably
al so include internal ribosone entry site (IRES) sequences for initiation

of cap i nidepientenes tdomnetgilatwd by thheprestnarenf @ pelicatpgi dieis)the such
sequences are not alread inclgldgi within 1o the 1% and 3' sequences. The

y

viral sedu@Resion fapsrdedpraernly akssr sadpde integnal; ribosemer ity S t he
present i iQn, are rived froms.a plus,strand RNA yirus @r.a m nus
strand R@i@@ u%e%{?éﬁesag%¥ 6Pﬁ§a§la?ﬁplog (ézp ilpf}%pe e{lhéraﬁs{a&oﬁlay?rt&g famly, a
virus of ' : it Yo ' f ' faply. a
Vitus 15 CpmeHRORYhRUATIIE Yulf iRl ort ot Al ML i Ty, o
vi rusyof theandBl sequienvss.fam |y, a virus of the arenavirus famly, a virus
of the rhabdovirus famly or a virus of the bunyavirus fam|y. According
to anot her prefke val seacerimcindsd inHbe prpesaton ¢asvelin aenordingdoRNA vi r us

52 b e SR (20, The ruclel 6, 20 dotet et deseribed
PAB!ca, RS o 00 81018t Pl RISl ) § vector
virus of the togavirus family, a virus of the orthomyxovirus family, a virus
15 of the paramyxovirus family, a virus of the coronavirus family, a virus of
the calicivirus family, a virus of the arenavirus family, a virus of the
rhabdovirus family or a virus of the bunyavirus family.
According to another preferred embodiments of the present
invention, the RNA virus is a Hepatitis C virus (HCV).
20 The nucleic acid construct described hereinabove can be constructed
using commercially available mammalian expression vectors or derivatives
thereof. Examples of suitable vectors include, but are not limited to,
pcDNA3, pcDNA3.1(+/-), pZeoSV2(+/-), pSecTag2, pDisplay,
pEF/myc/cyto, pCMV/myc/cyto, pCR3.1, which are available from
25 Invitrogen, pCl which is available from Promega, pBK-RSV and
pBK-CMYV which are available from Stratagene, pTRES which is available
from Clontech, and their derivatives and modificants.
Any of the promoter and/or regulatory sequences included in the
mammalian expression vectors described above can be utilized to direct the

30 transcription of the expression cassettes described above. However, since



pcDNA3, pcDNA3. 1(+/-), pZeoSV2(+/-), pSecTag2, pD splay, PpEF/ nyc/cyto,
pCW/ nyc/ cyto, pCR3.1, which are available from25 Invitrogen, pCl which is
avai | abl ewlg@msironega, pBK- RSV and pBK- CW whi ch are avagidmapbhgodsgom
Stratagene, pPTRES which is available from dontech, and their derivatives
and nodificants. Any of the pronoter gnd/or regulatory sequences included

in the R dobdtse xRl RAgilP MMaHbY S0 desqidnbed ahmy@Efieafode utvihi zed to
direct the 30 transcription of the expression cassettes described above.
However , stindeed We@abhaat kchaifjuks,Cidditioss regilatoarytelementsy prametereadi | y
anenabl e to,sequence nodifications via standard recanbi pant techni ques,
addi ti onaﬁnc‘)i/(%,r eetiopymay ﬁ%?ﬁnse,asgy&?dpé?rpoéﬂﬁgg?e@éll BEFHIE- mar kers can

easily be inc or herein.if u i id ¢ ruct
according to ??ies ngé%g%:ac@f Safl#’gluﬁ} gggﬁ@%%wﬁy{eln&lp%ﬁ?ggﬁhgé)rg{%tti zed in a
cel | - Basqfvéntich 64l beliBBeaIR AYcdRbARUEG! a VoIl Yree és@ﬁﬁ% defecPiirascel I, to
uncover novel anti-viral drugs or to determne the Tesistance of an RNA
vi rus i sahfidctiohoofaatdellyito alnodwerg sovitheami-widal idregs on toaldtedpginedhassays, the
nucl eic acid construct is _ introduced into a cell via any standard

t r ansf or rasisAceef is RINAwvIsdselatelle anst-Hiakdags known in the art for

i ntroducing e enous,.poj vnucl.eoti de sequences i.nto eukaryotic .cells. Such
net hods i ngl ué@&‘eﬂu'tltﬂé%éi %Btceh?lmsp dASSEYS> ey ’é‘&‘flelﬁolﬁ‘@’ﬁuﬁ‘i’%ggﬂcgésupt ake
t echni qu i I j i NS f i further
otar| Csanrofficbd iy Gei MPARO TRt BB orl R G, Mybbidfysl UL 1O

Pressip. Basthaddestkfwie hlthe airt @6t lintrdduding teaxiogsnouy peReliiclatidy
transforned cell including the nucleic acid construct o t he present

i nvent i orseqiienc®es intcabikarygti¢ neléyr Suehi mathods inchidge huhere oot limitedsi ent | y
expressed c be ytilized, for E cel |l -based assay. |.n assays ,degigned for
uncover i g FEgeh Polpnclgotidg upfake techniques and KirkE of HRosue saediadted 20 of an

SRR, A0, Bt Re ST B, o
Enzymology" Vol. 1-317, Academic Press). Bombardment of cells or cell
15  cultures.

A genetically transformed cell including the nucleic acid construct of
the present invention either stability integrated into it's genome, or
transiently expressed can be utilized for a cell-based assay. In assays
designed for uncovering novel anti-viral drugs or determining the resistance

20 of an RNA virus isolate to anti-viral drugs, such a cell can further be
genetically transformed to also express an RNA polymerase of a virus of
interest along with other viral proteins and as such serve as a "test bed" for
various molecules of interest.

Thus, the nucleic acid construct of the present invention can be

25  utilized in a method for detecting a presence of an RNA virus in a cell by
incubating the nucleic acid construct with an extract of cell or by
introducing the construct into the cell and measuring the signal from the
reporter molecule. Preferably, this signal is compared to a signal measured
from a cell infected with a virus and possibly also a cell not infected with

30 the virus to thereby determine the presence of the virus in the cell.



interest along wth other viral proteins and as such serve as a "test bed"

for various nolecules of interest. Thus, the nucleic acid construct of the
present iwoaniog9s can be 25 utilized in a nmethod for det ggirmg/évepy €sence

of an RNA virus in a cell by incubating the nucleic acid construct with an
extract of cell or by introducing ths construct into the cell and

nmeasuring the A¢ enaltione@Merfifabsvpaht ehusRicechtia. gtreablof, thbis signal
is conpared to a signal nmeasured froma cell infected with a virus and

possi bl y raksamt ainvehtiomotan rbfee utiidedvi inh an3@ssafiededigued tfor t $oreedipgdet er m ne
the presence of the virus in the ieel | . WO 02/08447, PCT/ 1LQ1/ 00669 18 As
ment i oned eV EdlagiBEes ehganions BolecRgsOIHAR AtsaY 18 detsamipingdBat i nventi on

can be utjlized..l n_assa Sj d. f sc [ anti-viral .activities
of vari oy%ﬁgoﬁeegésh%g 8?% Xg\ggagggg ]158%%& gﬁ%rﬁ@%@@t RE S&Pﬁrﬁkﬁfjgsi stance of
an RNA Vidfasetdd BY 3h8ubaBhg thdSRRYSc 3chd SERAMRY @Y épsfehﬁgt Qftifrd ncubati ng
the nucleic acid construct and a potential anti-viral rug when screening
mol ecul eddrbgr wlehi seieeaingaaholeculee sforoand-wWradwactivitied, - vi r al kaowg when

determ niafrﬁllg, drug resistance of  an RNA virus along wth a cellular extract
from an idferieldda whep dedemmaining dyug Kesiganes pliansRNdnaipst dengal or known

i vt “poryibreace i eRudu Bry of BT el conBoREnay e oBamgs.
predet er mpedoh Bl BEkhOdn &Ihgeareaﬁfrg&gce%cﬁﬁef;ap' iﬁ%e&é&ceﬁ%sdy%sﬂ and

preferably conpared to those asure romcell's not " 1ncluding the

pot enoi alemeésﬁwhewimpbgrﬁém@bm PeisEbI dikert Vifal@Biiporieh®). activity of
the drug candidate or to deternmine the resistance of the virus to 15 the

known anti - vi rEdllawing. a ipredéteimined afpme epiritds dhe aporiet hotigities edre- f r ee
SRR TNCTN, SRR R .
o e, vl SRR SRS BT Bl RBaN RRENE iR, LY
det er m negtigityl ofhe arugChhdidate bt Hbtdrne the rb§iStaRtE DEMRE virus to
15 the known anti-viral drug.
It will be appreciated that although cell-free assays (in-vitro) can be
efficiently utilized for determining the anti-viral activity of a drug candidate
or for determining the resistance of the virus to the known anti-viral drug
cell-based assays (in-situ) screening in virally infected cells is preferred
20  since this method determines anti-viral activity in-sifu and in the presence
of all the virally expressed components and as such it is more accurate in
predicting future activity of screened molecules in-vivo.
Thus, the present invention provides nucleic acid constructs and
methods of utilizing same to detect viruses in infected cells, to screen and
25 uncover potential anti-viral drugs and to determine drug resistance of virus
isolates.
The present invention presents several advantages over prior art
methods. 1t is easily to imﬁlementable and executable, and in addition

when utilized for uncovering potential viral drugs and for drug resistance



of all the virally expressed conponents and as such it is nobre accurate in
predicting future activity of screened nol ecules in-vivo. Thus, the present
i nvent i onwiey @wisgles nucl ei ¢ acid constructs and methods ofpcutiLhi/@isgy sane
to detect viruses in infected cells, to screen and 25 uncover potenti al
anti-viral drugs and to determ ne drug resistance of virus isolates. The

present igysesind it @a&e?ﬁﬁtiae&esaﬁfsabf afvaptagey WHRh B @kcédds that hods. It
is easily to inplenentable and executable, and in addition when utilized

f or uncovashigwgdgyt peséndly availablaindgidroamdthiods. dr ug resi st ance WO 02/ 08447

PCT/ 1L01/ 00669 9. screening i} can provide results of an accuracy which
far exceeds t h%fl&itlékéﬂf @slf&tsgyaf{f)’ra@%%al ?n‘é\lﬁlvleﬁtf%mf%- of tthe PREBHHdS.

Addi ti ona ec vant age novel ;. e f. the esent

i nventi oﬁmgﬂlo%&@gn@&aﬁ%g% gﬂ%repgqgnoél%o&{:‘iil"%%ﬁ&ll@(@?(‘?lmetlg'eiEﬁ{tul%’nart upon 5
exam nat i ' ' i a 7 e be

limt i%ng.@%ggih?tiq%gaclffﬁg/ﬂ,emeﬁggﬁwg%ga{éﬁgﬁl\?é?%gﬁgn%lged:ﬂ%rﬁl{syng%g g)stpl))gct s of the
present iliméig. oAddiichelliyneadheof thereirivad @nsbalinheats aldagpedts of thee cl ai ms
section bel ow finds_experinmental support in the follow ng exanples.
EXAVPLES Preseranueniiige as slehiooatad diereipaboiee pnd (2 vilpignesk amphe slaimisi ch

t oget her 1.t h.the abqve descriptions, illu ate the invention in a non
ot ng sPibR s BBRE PpeymopBL sirhin B TPISH B RurBIER and t he

| aboratory procedures utili zedr@)@A_}ﬁpLErSesent i nvention include nol ecul ar,
bi ochem cal, 15 m crobi ol ogi cal "and reconbi nant DNA t echni ques. Such

t echnigques ar eRéfepeeedBnovetpadd fethd olldweinkl é:Rinatles ewhRgetodetierexanpl e,
"Mol ecular Coning: A laboratory Manual " Sanmbrook et al., (1989); "Current

Pr ot ocol swithnthebhbovd ales@iiptiay "illvstrateethel inventians ibed noR. lihitingd. (1994) ;
Ausubel f%t al., "Current Protocols in Ml ecular Biology", John WIley and
Sons, 20 élinpl’“m)re, Maryl and (1989); Perbal, "A Practical CGuide to

Mol ecul ar Generally, the nomenclature used herein and the laboratory

procedures utilized in the present invention include molecular, biochemical,

15 microbiological and recombinant DNA techniques. Such techniques are

thoroughly explained in the literature. See, for example, "Molecular

Cloning: A laboratory Manual" Sambrook et al., (1989); "Current Protocols

in Molecular Biology" Volumes I-IIT Ausubel, R. M., ed. (1994); Ausubel

et al., "Current Protocols in Molecular Biology", John Wiley and Sons,

20 Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular

Cloning", John Wiley & Sons, New York (1988); Watson et al,

"Recombinant DNA", Scientific American Books, New York; Birren et al.

(eds) "Genome Analysis: A Laboratory Manual Series", Vols. 1-4, Cold

Spring Harbor Laboratory Press, New York (1998); methodologies as set

25 forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and

5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III Cellis,

ILE, ed. (1994); "Current Protocols in Immunology" Volumes I-III Coligan

J. E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology" (8th
Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds),

30 "Selected Methods in Cellular Immunology"”, W. H. Freeman and Co., New



Cl oni ng", John Wley & Sons, New York (1988); Watson et al., "Reconbinant
DNA", Scientific Anerican Books, New York; Birren et al. (eds) "Genone

Anal ysi s: w daaRpg7at ory Manual Series", Vols. 1-4, Cold Sg:r(jm()h@ngg)r
Laboratory Press, New York (1998); met hodol ogi es as set 25 forth in U S

Pat. Nos. 4,666,828; 4,683,202; 4,8012631; 5,192,659 and 5,272,057; "Cell
Bi ol ogy: H(otlamwm)@@yaﬂﬁﬂehﬁﬁﬁunoéé%we eyktlshsﬁ@ﬂ}ﬂ lc&scn@ed Bp, gRd. (1994);

"Current Protocols in Inmmnol ogy" Volunes I-1I | i gan . E., ed. (1994);
Stites et paient gadisyientiBaditeratme, b, rfor akampiey M)So@yf Xas. h’i ,7E0P82;0n)

BBt AL T X8 e SRR bv?f‘ggo%%f?“e'&& EBteTou AR5 New v
oot o vt RO A st 3 O o €Y R84 PRITBAENT6 LS ¢,
exanpl g, W, 839 Rat 5 Nos77Bak@s. 98R521:3 @ﬁ%@rﬁé@bo’tﬁﬂ%ﬁéﬁg" 838212@%578

3,853,987; 3,867, 517;°3,879, 262; * 3,901,654; 3, 93

3 996, 3455 édO(i@,S@Y4"N14016&8A8116Hy5r141z&ﬁ6n’2H&m@ BlDZin;d&ﬂiég‘hmsZgl 521,
"digonucl eotide nthesis" Gait, M J., ed. (1984); "Nucleic Acid
Hybr i di zad+ 6fs- (4188 s Transcoptioarand-Trglasios! Hames, &1dD., @ndddiggins

(1984 Ao SCoi P  GuRak G aagture] eshr@é}f’ 1?139' S (H8kobi 11 zed
Cel | dn I r I ecul ar
G oni ng" &El?%“?ﬁfzad @Pfgégﬁﬁﬁﬂz AR BASE SRl PiiRel Bl A0
Academ ¢ Pislsailar’ CERifs'0OPe SB. /élm)deﬁldmeﬂida@qﬁ Eﬁ@mﬁagy" GRjli ons”
Academ c Press, San Diego, CA (1990) Mar shak et al. St rat egi es for

Protei n PUr3lfi cAcadamignPressar "RERr Pratocals: -A AGuideorBd aviethddsussel Manual "

CSHL Pres 996 ,,,aII of which arge incorporated by 15 reference as if
fully set Z@%} eif¥fad @H‘ér r&%e§ Dlég‘ér@ﬁeé§9%d/)e Miasshialiett alt,hroughout

= el K0 BB S LALA) Sl BRI, gl ' e
'1 nf or mat i gRuERNMEnRar UBHE' Pres$ (11996); PAT Jiredhigr gt &ébﬁﬁf&é&rbsﬁ EXAMPLE
15 reference as if fully set forth herein. Other general references are provided
throughout this document. The procedures therein are believed to be well
known in the art and are provided for the convenience of the reader. All the
information contained therein is incorporated herein by reference.
EXAMPLE1
20 MATERIALS AND METHODS
Clinical characteristics of the recipient patient:
Sera from an individual known to be suffering both thalessemia and
chronic hepatitis C was used for RT-PCR to obtain overlapping clones
comprising the full length HCV genome (SEQ ID NO:33). Sera was
25 collected from the patient after bone marrow transplantation upon diagnosis
of elevated levels of serum transaminase indicative of HCV reactivation.
The patient was determined to be HCV positive by RT-PCR of the plasma
using the branched DNA assay with a level of 35.2 Meq/ml (Quantiplex
HCV RNA assay, version 2.0 (bDNA); Chiron Diagnostics). Serum

30  samples were collected in 400 pl aliquots and stored at —80 °C.



20 MATERI ALS AND METHODS dinical characteristics of the recipient

patient: Sera from an individual known to be suffering both thal essem a and
chroni ¢ hawaiickiss C was used for RT-PCR to obtain overl appdiaLel/eses
conprising the full Iength HCV genone (SEQ ID NGO 33). Sera was 25 coll ected
fromthe patient after bone marrow transpl antati on upon di agnosis of

el evat ed | evel gopfticGiebEPMI¢vaIRanN nase indi cative of HCV reactivation. The
patient was determ ned to be HCV positive by RT-PCR of the plasma using

the branched DRN/Aasssyexwatteddroavidio gfof3eraudihg/1@ n{l@fahé TpizekL.SHCV RNA
assay, version 2.0 (bDNA); Chiron D agnosti cs%. Serum 30 sanples were
col | ect edreagento(Gibcal BRLoGaithesbergoMBd HEA)g0ITe mgtwe/ @ast 4vepEl/ 1L.01/ 00669

| a.i f , f | of i .
T of ¢ hZ‘Br%ﬁf%cox'? o %Nrﬁ]e%%ﬁggf%kﬁfé.%gimfi;@é“@ﬁBEof%@‘%wZ%fe@;2‘ hxtur e
ohi or of or A Bhdt BOERRTBeh R LEMEL T AR s MR e The

m xt ure Waan@ht RWefbr t0misitad eolwiBE wikich 3t W db@sifigéd o Noogapmh it was
centrifuged at 12 000 rpm for 20 m nutes. The upper phase of the mxture

was transfer2(edhinates. rdve uppar pliasgeftthbenix®ui® whs tfans®eoedapanatwand ni xi ng
was effected via inversion, The tube was left_ at RT for 5 m nutes
fol | owi ngaFoEEes ttubgs 01% whuef aspprepanol 1andovixps wes offeeleduridas at 4 T.

h |l et ir-dried ~ ded j 0 m_of C- d
wnter . RpefionSEhe e s IRAACRITTRE R BHBHES doBlaRinE pBib a0 obt ai
the yari gis %ﬁfilﬁ%mo%m 20 Ritutes 408 @ri gm%ﬁiewdsi zed are 15

listed in Tab RNA" extracted as described a ;. Was reverse

transcri bgig-deied4tdGetwispdndwlin S0smhof DEPQWreatedoWiage(dT) and/ or specific
antisense priners and 200 U of Superscript Il polynerase (G bco BRL,
Gai t her sbur g) . RERBGRsul t ant ¢DNA sanpl es were heated at 70 C for 15

Several RT-PCR reactions were conducted in order to obtain the

various overlapping cDNA fragments. The various RT-PCR utilized are

15 listed in Table 1. The RNA, extracted as described above, was reverse

transcribed at 42 °C for 1 hour using 100 ng of oligo(dT) and/or specific

antisense primers and 200 U of Superscript II polymerase (Gibco BRL,

Gaithersburg). The resultant cDNA samples were heated at 70 °C for 15

minutes and PCR amplified using the Expand High Fidelity PCR System

20 (Boehringer Mannheim). The PCR reactions were performed with 2-5 pl of

template in a total volume of 50 pl. Different cycling profiles were used

depending on the target length and the melting temperature (Tm) of the

primers. Generally the PCR conditions were as follows: a hot-start at 95 °C

for 3 min, denaturation at 95 °C for 1 min, annealing at 45-65 °C for 1 min,

25  and extension at 68 °C for 1 min per 1 kb of amplified cDNA. At the end of

30-35 cycles, a final extension was carried out at 68 °C for 8 minutes. In

several cases nested PCR was carried out to obtain the HCV cDNA
fragment (Table 1).



m nutes and PCR anplified using the Expand Hi gh Fidelity PCR System 20
(Boehringer Mannhein). The PCR reactions were perforned with 2-5 | of

tenpl at e W @/8fi7al volunme of 50 |. Different cycling profpdmasoiese used
depending on the target length and the nelting tenperature (Tm of the
primers. Generally the PCR conditions22nere as follows: a hot-start at 95 C
for 3 mn, deitRA@EoON at 95 Cfor 1 mn, annealing at 45-65 C for 1 mn,
25 and extension at 68 Cfor 1 mn per 1 kb of anplified cDNA. At the end
of 30-35 cycIB@Cloalefthﬁél’[EEReﬁHCb‘ﬁ mésramdannﬂlfmatloatof@QMfe@dS8 m nut es.

In several ses. nesfe r.ri to.obtajp the, HCV cDNA

f r agnment 1{19’%‘8 e UEng Oél/gRﬁ%lﬁé%‘ l%erM M TYH3E| one the 5'
UTR of H r |d c t hod the 5'/3
RACE ki t%%@y %eh??lngfeir V\}é[ Jr]nﬁe?%%s&gs WCQ%QET flﬁlrstalH é%érhgﬁd CDNA was

synt hesi z&¢in 1@@9 laB@NBRI Roviefde@inscBiptabatih 519C #6d1 Ayt amer se
transcri pt ase at 5 Cfor 1 hour and the resultant cDNA was purified using

t he Hi gh tRer eesBER1ProbNAt wBUpufifiedt isingkitie (HighhPungePCRaobeiat) . A
termnal trapnsferase was utilized for 3' dA-tailing of the purified cDNA

sample fdf quﬁ\ﬁfﬁ’g)%lﬁfb KBPﬁblmg‘?raMﬁ‘f&ﬁ]&é@) wad heaminalatrensisrase ﬁftaszo C for 10
Tha EZ DHtgiidor e d?eDNAh € sbs PRl PN RatbI A AR o e ;mr
b it o LoSs bk HeaRin YShEat J0SCERRANY b e LD o it o

68 C feor \ﬂzammplllﬁedamﬂng &hd bligd dexarmhet pringdr £ifll thef H29 &ndi thytgese A second
round of PCR was_15 performed with 1 m of the first reaction mxture and

t he PCR apehdic Hgt ipmmmersnlable 1hRatiliziog HhepExpand HighbFislelify PR PCR
i1 om SVel<gh i@f@@ﬂ?@ﬁg&gg@%%@ﬁ?&ﬁéﬁﬂé?mﬁﬁﬁ%? folisre bEoNA ol ones
encodi ng 1€ §LL YEHY @ for 1 minute, 45 °C for 1 minute, 68 °C for 1 minute, and
a final extension at 68 °C for 8 minutes. A second round of PCR was
15 performed with 1 ml of the first reaction mixture and the PCR anchor
primer and the H30 and H5 primers (Table 1). The PCR products were
cloned into the pCRII TOPO plasmid using the TOPO TA cloning kit from
Clontech (Carlsbad, CA, USA).
Construction of HCV-S1 ¢DNA clones encoding the structural
20 proteins:
The region spanning the 5’ non-coding region (NCR) including the
p7 region (nucleotides -276 to 2461 in Figure 1A) was PCR amplified using
clones C and D as templates and primers H2 and H12 (Table 1). The
resulting 2.7 kb PCR product (nucleotides 65-2802 of SEQ ID NO:33) and
25 a 600 bp PCR product comprising the NS2 cDNA (nucleotides 2769-3369
of SEQ ID NO:33) were used as templates for the H2 and H32 primers in a
second round of PCR amplification (Table 1) to produce a 3.3 kb DNA
fragment (nucleotides 65-3114 of SEQ ID NO:33). This PCR product and
clone A were used as templates in a third round of PCR with primers H30

30 and H32. The resultant PCR product (nucleotides 1-3114 of SEQ ID NO:



20 proteins: The region spanning the 5 non-coding region (NCR) including
the p7 region (nucleotides -276 to 2461 in Figure IA) was PCR anplified
usi ng claeep/gs@nd D as tenpl ates and priners H2 and H12 pcialbbgookyeo The
resulting 2.7 kb PCR product (nucleotides 65-2802 of SEQ ID NO 33) and 25 a
600 bp PCR product conprising the NS23cDNA (nucl eotides 2769-3369 of SEQ

| D NG 33)33)ewes ui@tbdasntbepRl aTePC arAt Recto?2 foth H3RnpschmgCarlsbady second
round of PCR anplification (Table 1) to produce a 3.3 kb DNA fragnent

(nucl eot i@ds W?Bl’tmg@ﬁerSEQleDel\b(E@ureTﬁﬁ% PT}RG riﬂmamd a2 PEfBne A were

ool ¢ aniP PRI SRRy SBe RS LFighio 100 Silg 6 oM IaorBRaer |
PCT/ 1L01/9990%1 2BCA3)oNAToF 0EE o Tt oL TTEPQTA ek {530 ont ech

(Carl sbha generate & one runcét ed NS2 PCR
produgt vRsapiRlibh h€95f°(30ﬂ@rq| Rt e(tﬁieﬁliﬁ%aﬂ-éb -055 M Gort P?ﬂlﬂﬁ‘td‘ﬁfl& H31 and
H32. The PCR conditions were as follows ot-start at 95 for 3 nin, 5
denat ur atdxtensain 866&° Cdor 1 minutd per hkbes] anmglified 6DNGS. @m‘the efid wif nut e, and
ext ensi on at 68 Cfor 1 mnute per 1 kb of an%)llfled cDNA. At the end of

30 cycl es’0 ay¢lpnat fmal cxionsionsslep was cariqd ettt sLO3aC der & MERIE-ni nut es.

(1 i tr oy ata v st it BRGRI CotbRdandd el BENATIEr 1ot

1 oorie s used for
PCR anpl :’(}Eh?éig?l glvrg])eg \?grﬁglﬁ&ﬁ. ﬁgﬁi ff:%%%: reléégljlll%nﬁg f%?ggérl\c?%geo §7HCV i sol ate

HCV Sb. Ryriemeed Seawenege (8eetdd) Position Sense/ Anti-s Reference ense Hi1
ACTGTCTTCACGCAGAAAGCGTCTAGC -285 to -256 sense Bukh et' al. CAT (SEQ ID

NO 1) 199Buhie ICASXEuRBaenClEamEcasyd farRCR amplification of qeerdeppiugh et al .

'D NG 2) 1992 cDNA regions of the genome of HCV isolate HCV-S1.
Primer Sequence (5'-3") Position Sense/Anti-s Reference
ense

H1 ACTGTCTTCACGCAGAAAGCGTCTAGC -285 to -256 sense Bukh et al
CAT (SEQ IDNO:1) 1992

H2 CACGCAGAAAGCGTCTAGCCAT  (SEQ -276 to -247 sense Bukh et al
ID NO:2) 1992

H3 CGAGACCTCCCGGGGCACTCGCAAGCA -14 to -43 anti-sense Bukh et al
CCC (SEQ ID NO:3) ) 1992

H4 TCCCGGGGCACTCGCAAGCACCCTATC -21t0-50 anti-sense Bukh et "al
AGG (SEQ ID NO:4) 1992

H5 CTATCAGGCAGTACCACAAGGCCTTTC -43t0-72 anti-sense
GCG (SEQ ID NO:5)

Hé CCCGCYAGGACYCCCCAGTGG (SEQ ID 1073 to 1053 anti-sense Dirsel et al
NO:6) 1994*

H7 GCCCAGTTCCCCACCATGGA (SEQ ID 1106 to 1087 anti-sense Dirsel et al.
NO:7) 1994*

H8 AGGGCAGTCCTGTTGATGTGC (SEQ ID 1280 to 1260 anti-sense Dirsel et al
NO:8) 1994*

H9 AGGCTATCATTGCAGTTCAGGGC (SEQ 1298 to 1276 anti-sense -
IDNO:9)

H10 CCACTGGGGRGTCCTRGCGGG (SEQ ID 1053 to 1073 sense Dirsel et al.
NO:10) ' 1994*

HI1 TCCATGGTGGGGAACTGGGC (SEQ ID 1087 to 1106 sense Dirsel et al
NO:11) 1994*

HI2 CGCCTCCGCACGATGCAGCCAT (SEQ ID 2461 to 2440 anti-sense
NO:12)

H13 AGTACCAGACCTATGAAAACCGC (SEQ 2483 to 2461 anti-sense -
IDNO:13)




H3 CGAGACCTCCCGGGGCACTCGCAAGCA -14 to -43 anti-sense Bukh et al.

CCC ( SEQ

I D NO 3) 1992 H4 TCCCGGEGGECACTCGCAAGCACCCTATC -21 to -50 anti-sense Bukh et

al .

anti - sense -

AGG WoRRu8RA7NO 4) 1992 H5 CTATCAGGCAGTACCACAAGCCCTTT@C1AB.01i/60669 2
GCG (SEQ ID NO 5) H6 CCCGCYAGGACYCCCCAGTGG (SEQ ID 1073 to

1053 anti-sense Dirsel et al. NO6) 1094* H7 GCCCAGITCCCCACCATGEA (SEQ ID
1106 to 1087 anti-sense Dirsel et al. NO7) 1994* H3 AGCECAGICCTGITGATGIGC
(SEQ I D 80 to [HWBBCAPRGASARSECHITESAP e244102448 NO, |8 1994* O
AGGCTATCATTGCAGT|RGAGGCEC ( SEQ 1298 to 1276 anti-sense - 1D NO9) HI10
CCACT [FRGT CCTR{ACGEXErASEQGTdAGAO5 & op 10 i sens e iset et pl. NO 10
1994* H11 TCCATHGIGEGGAACTGEEC (SEQ I D 1087 to 1106 sense pDirsel et fal.
NG 11) 1§84 HiR 6T EEEAEE okGs D 2@t to 24¢0—anti=sense
NO 12) H13 AGTA?Q_AF\ CCTATGAAAA (SEQ[ 2483 to 2461 anti-pense - 10 NO
13) WO O /9Q/|/|7 C | m/nnﬁﬁ 'W@ATM‘TC{‘ —(SEQ 1D 2428
to 2448 $8hse NG Ei‘} Wﬁ&%&mr‘ (SEG D 4848 to 4828
anti-sensge NO 1%)'PH16 GCGOCYATCACGGOCTACTCC (SEQ 1D 3079 to 3099 sehse -
NO: 16) H.WsGACGA&?@%AWW CBE® | D|'4968™¢ 0 49#8 anti - sense
NO:18)
H19 ACTAAGCAGGCAGGAGACAAC (SEQ ID 4726 to 4746 sense
NO:19)
H20 TTGATGGGTAATTTGCTCTCC (SEQ ID 7328 to 7308 anti-sense
NO:20)
H21 GTGGTGACGCAGCAAGGAGTT (SEQ ID 7359 to 7339 anti-sense -
NO:21)
H22 CAGCGACGGGTCTTGGTCTAC (SEQ ID 7200 to 7220 sense -
NO:22)
H23 TCACCGGTTGGGGAGCAGATAG  (SEQ 9033 to 9012 anti-sense -
ID NO:23)
H24 TCTACGGGGCCTACTACTCCATT (SEQ 8597 to 8619 sense
ID NO:24)
H25 CTACTACTCCATTGAGCCACTTGAC 8607 to 8631 sense
(SEQ ID NO:25)
H26 ACATGATCTGCAGAGAGGCCAGTATCA 9269 to 9234 anti-sense Tanaka et al
GCACTCTC (SEQ ID NO:26) 1996
H27 GTCAAGTGGCTCAATGGAGTAGTAGGC 8631 to 8605 anti-sense
(SEQ ID NO:27)
H28 GCCAGCCCCCGATTGGGGGCGACACTC -341 to -256 sense -
CACCATAGATCACTCCCCTGTGAGGAA
CTACTGTCTTCACGCAGAAAGCGTCTA
GCCA (SEQ ID NO:28)
H29 GACCACGCGTATCGATGTCGACTTTTTT - sense 5'/3' RACE kit
TTTTTTTTTTV (SEQ ID NO:29)
H30 GACCACGCGTATCGATGTCGAC (SEQ ID sense 5'73' RACE kit
NO:30)
H31 ATGGACCAGGAGTTGGCTGCATCGTGC 2769 to-2796 sense -
(SEQ IDNO:31)
H32 CTAACGCGCACGCACGAATGAGGCCTT 3115 to 3008 anti-sense
(SEQ ID NO:32)

Construction of HCV-S1 ¢cDNA clones encoding the NS proteins:
The region spanning NS3 to NSS5A (nucleotides 3420-7669 of SEQ

5 ID NO:33) was obtained by double-cloning a 1.844 kb BamHI/Bmrl
fragment (nucleotides 3420-5263 of SEQ ID NO:33) from clone F (Figure



NO 17) H18 ACGCCCACTTCTTGICTCAGA (SEQ ID 4706 to 4726 sense NO 18) H19
ACTAAGCAGGCAGGAGACAAC (SEQ ID 4726 to 4746 sense NO 19) H20
TTGATGGGTART0bAg#FCTCC (SEQ I D 7328 to 7308 anti-sense - N@@EALotRb69
GTGGTGACCCAGCAAGGAGTIT (SEQ I D 7359 to 7339 anti-sense - NO 21) H22
CAGCGACGGGTCTTGGTCTAC (SEQ I D 7200 t 0257220 sense - NO 22) H23

TCACCGGTT @ATAG (IEQBHIAAEESR VO ggmeﬂt ERRgeotides DSNEB 23)9H24
TCTA ACTACTCCATT (SEQ 8597 to 8619 sense - | D NO 24) H25

CTACTACTGEAHQABCNALI I GAGnBelotic o (Bigvte $Ansuto-pK FEQH-D diy@isee) withe
ACATGATCT. GA AT 269 t0.,9234 anti-sense Tanaka . GCACTCTC
(SEQ ID @m %ng&@fp Q@Sﬁ and By8d anti - sense

R S R
CACCATAGA%%@%@&P %&7‘?&%@% SEQ I D
NO 28)s H9p é‘fﬁ%ﬂ HANEPIORE ﬁ@ﬁﬁﬁoﬁe B30 Bféffgbif?}odubé' LAY
( SEQ I D NO 29) H30 ATCGATGICGAC (SEQ I D’- sense /3" RACE kit
NO 30) H3dloAd KHE@A@%&T Tmmmﬁ%egmﬁ%phnm&g&ﬁlmms 1288Qol D NO: 31)
9268 of the HCV genome, clones H and I (Figure 1A) were used as
templates in a PCR reaction with primers H22 and H26 (Table 1). The
resultant PCR product (nucleotides 7641-9609 of SEQ ID NO:33) was

10 cloned into pCRIITOPO to generate clone L (Figure 1A). Clones K and L

were each introduced into electro-competent GM109 bacteria cells and

DNA plasmids preparations of these clones were digested with Bcll and

EcoRV and co-ligated to generate clone M (Figure 1A). Clone M was

digested with Notl and Xhol and re-cloned into pcDNA3.1(+) and
15 pXJ4ineo to generate pcDNA3(NSP) and pXJ41(NSP) respectively.

Construction of full-length cDNA clones of HCV-S1:

Clones J and M were digested with Cspl and Xbal and the resulting
3.3 kb fragment from clone J (nucleotides 1-3369 of SEQ ID NO:33)
including the anchor-5"NCR to NS2 sequence was ligated into clone M to

20 generate a full length genome of HCV-S1 in pKSII(+/-) (designated
pKSII(S1)). To generate the full length clone in pcDNA3.1(+), the
EcoRV/BsrGI fragment from pKSII(S1) was ligated to the pcDNA3(NSP)
digested with the same enzymes to generate pcDNA3(S1). The same
fragment was cloned into the blunt-Notl/Bsrgl site in pXJ41(NSP) to

25 generate pXJ41(S1).

Renilla luciferase expression construct:

The renilla luciferase cDNA (GeneBank Accession number M63501,
nucleotide coordinates 10-945) including the upstream intron sequence
from human growth hormone (GeneBank Accession number M13438,

30 nucleotide coordinates 569-827) was PCR amplified from pBIND



H32 CTAACGCGCACGCACGAATGAGECCTT 3115 to 3008 anti-sense (SEQ I D NO 32)
Construction of HCV-S1 cDNA clones encoding the NS proteins: The region

spanni ng Wo21084MS5A (nucl eoti des 3420- 7669 of SEQ 5 | D NQTAB)1/46E9
obt ai ned by double-cloning a 1.844 kb BanmH Bnrl fragnment (nucleotides

3420-5263 of SEQ ID NG 33) from cl one2d= (Fi gure WO 02/08447 PCT/ 1L01/ 00669

25 | A) an@rémigd) HnBrEubcRaREY iRt OMRNLAINT! adci des FRENAEAI+H).0f SEQ I D
NG 33) fromclone G (Figure 1A into pKSIl (+/-) digested with "~ BanH and
EcoRV. THelones ulanitaiging olne inset dngthet eightvidrieniidein avede Bsolated amd | i gated to
a 0.9 kb Xbal/Bsrd fragnment (nucleotides 2769-3640 of 5 SEQ | D NGO 33)

cont ai ni n‘gertkréibqsgemw AB#Y&Sone E, to thereby produce clone K (Figure

1A). To gener .the regi spanni n ucl eotides 7200 to 9268 of the HCV
genome, cl onegéﬁflﬁﬁﬂcﬁ%:&?&ﬁlgﬂf‘is c%és}gufged as tenplates in a PCR
reaction with i . : pr oduct
(nucl esoti des 71812(%1-@%&6%&%%%%2% g%ﬁ?\lgﬁg%ﬁﬁzxfoéﬁ%g Hllﬁne?(r)M é(gjéR}IR{ "TOPO t 0

gener at e micdetide Cobolinaed R53-T38Newak ROR amplifieé &oah thertplaswided i nt o
el ectro- conEet ent GMLO9 bacteria cells and DNA plasm ds preparations of

these cl difeb3vRasic dirgemmad MadisoBAWVD). ahde PEEomedaatives digesaedwitho generat e
clone M ((Ei e . one M was . .di ge i tl d Xhol and re-cloned
into pc Dl(\ﬁ%"qﬁ @rljfi ﬁ?aaRglgmﬁmi“ﬁ@é Wﬁ@gﬁm{%ém@@%ﬁo SFRETARI 41( NSP)
respecti v . } I -.S - Clones J
andpM mr‘?%"é‘g@@é‘ﬁ“ﬁ ?I@%g ?ri\%l %g%gﬁ%@%@e@u -tssls ’ﬁfgcaﬁ%ﬁgg f ragnment
from gl onfe JullMeaLBOs NER Ard389fiAh 356Q dDitNebRSIequenst YREl8ofiMNS
anchor-5"NCR to 2 sequence was ligated into clone Mto 20 generate a full
| engt h gehdid of SEQVIIS NQO:33 pKais| RER- amplfsd dnameld C\pi8IL | [RelPCR To

generate the full length clone.in pcDNA3. 1(+), the . EcoRVBsr@ fragnent
from pksIPEdust Was digiadwi m@lﬁ@m&@e&ém}ld doegsk tg RliYREHS sane

enzymes tg ge%%tgttﬁe QSM&Spﬁngﬁ?Sﬁ@@Z) In order to clone the entire
3’UTR of HCV-S1 downstream of pLUCEE1SNC(B2), the plasmid

15 pHCV700(AS8) (clone I, Figure 1A) was digested with Xcml and EcoRV

and blunted with Klenow. The resultant insert was cloned into the EcoRV

site of pLUCEE15NC(B2) and clones with the 3°UTR cloned in the right

orientation were isolated. One of these clones pLUCNC3UTR(B9) was

excised with HindIII and Xhol, blunted with Klenow and cloned into the

20 EcoRV site of pcDNA3.1(+). Clones with inserts in the anti-sense
orientation were isolated and designated pAS9 (Figure 1A). Next, chimeric
HCV-luciferase constructs which contained HCV NS5B and 3’UTR
sequences were generated. A region covering the C-terminal end of the
NS5B sequence and the complete 3°UTR of HCV-S1 was PCR amplified

25 from pHCV700(A8) (clone I, Figure A). The PCR product (nucleotides
9159-9609 of SEQ ID NO:33) was digested with EcoRV and Xhol and
cloned into pLUCEE15NC(B2) to generate pLUCNCS5BUTR(11). The
insert from this construct was excised with HindIII and Xhol, blunted with
Klenow and cloned into the EcoRV site of pcDNA3.1(+). Clones with

30  inserts in the anti-sense orientation were isolated and named pAS11 (Figure



fragnent was cloned into the blunt-Notl/Bsrgl site in pXJ41(NSP) to 25
generate pXJ4 | (S 1). Renilla luciferase expression construct: The renilla
| uci f er aswocMu47GeneBank Accessi on nunmber M63501, nucl egididgoneetsi nat es
10-945) including the upstreamintron sequence from human growt h hornone
(CGeneBank Accession nunmber ML3438, 3m@7nucl eotide coordi nates 569-827) was
PCR anpl iffAedAfllr eshspiaicthDwWeE: Q2£18i8d4ia Perlzyhadld O0edifictidh (dpedtivps) and
subcloned into the H ndlll site of pcDNA3.1(+). C ones containing the

i nsert i randhgequienért apalyees.at Fignrevdie illesitadgse theagbove elasetibetl isiepsequence

analysis. Chineric HCV:luciferase,constructs: 5 The firefly |ugiferase gene
( Conszanitlied 38 Ssmermlingo o ghamerc SRiurath Fuetsun coniuetspaSHa57) vas

PCR anpl i fied . i d - i Promega, Madison, W). The PCR
pr oduct W%lg%dﬁ‘ggfeg%%B&Qlf%&%gggﬁf&aqﬁ%)@%%nd re-cloned into pcDNA3. 1(+)
(d onkech) to QanRhat nalyags:construct pLUCEE(15). The HCV sequence from nt
1- 374 conprising 1o thefull length 5 NCR and the first 33 nt of its core
sequence (nuclBNA deguentiBy Hfodll SEEstDtNOVA3ramesl PGRuainy tHd ddqf r om HCV- S
1. The PCR _product was digested with HindlIl and EcoRl and cloned into
pLUCEE 1Pyeldeqrondernmatofe qehst equengingickit: ang( ar) auigmayedePND cl one t he

oricvro0( AgSUgisteALs Hrome P ABPTR] FR e Bt i SO Eory and

blunted with Yad T élﬂﬂﬂ. .ant insert was cloned into the EcoRV site
of pLUCEElSNC(I?E%gOand J(:k?lones véth the 3'UTR cloned in the right

ori enfpati on WeTlee hanlaat esbrididc dfidhéye sell clira) 203 LitdCHEFVATR( B 9IWs exci sed
with Hndlll and Xhol, blunted with Kl enow and cloned into the 20 EcoRV
site of peibhdearstthe largmdsantigan fragebV40; and ilee hrnmanskepséomarcelnt at i on

were isolate desi gngt ed pAS9, (Figure |1A). Next, jneric .

HCV- | uci f_lg}eagé‘ﬁ'g%né’f’?r&‘c? RHY S%%n‘?%‘?‘n@d“ﬁ(‘%ﬁ%@@@eaﬁ%%%mm |
(ATCC). The cells were cultured in Dulbecco's Minimal Essential Media
(DMEM) containing 2 mM L-glutamine, and 10% fetal bovine serum and

15 maintained at 37 °C in 5 % CO,.

Cell transfections:

Transfections were performed using the Effectene™ transfection
reagent from QIAGEN (Valencia, CA, USA). Approximately 2 x 10° cells
were plated into 6-well tissue culture plates 14-18 hours prior to

20 transfection. A total of 1 ug of plasmid DNA in 150 pl EC bufffer was
mixed with 8 ptl of enhancer and vortexed for 10 seconds. The mixture was
allowed to stand at RT for 2-5 minutes, 25 ul of Effectene™ transfection
reagent was added, the mixture vortexed again and incubated at RT for
another 5-10 minutes. Cells were washed with PBS, added into

25 DNA-Effectene™ mixture diluted in 2 ml of complete growth medium and
incubated at 37°C and 5% CO, for 6-8 hours. Following incubation, the
medium was removed and the cells were washed with once with PBS.
Approximately 2.5 ml of fresh complete medium was added to the cells and

the cells were incubated for an aditional 48-120 hours, following which



sequences were generated. A region covering the CGtermnal end of the NS5B
sequence and the conplete 3" UTR of HCV-S 1 was PCR anplified 25 from

pHCV700( AR)o dxakee |, Figure A). The PCR product (nucl eot ipdgsLoPddedy 9609 of
SEQ I D NO 33) was digested with EcoRV and Xhol and cloned into
pLUCEE15NC(B2) to generate pLUCNCSBUTE(11). The insert fromthis construct

was exci sglls wdrd hikvedidd forRIN Xhigblatibh Uik Sikstérh inaldsty) @ tRsate Civitied i nto the
EcoRV site of pcDNA3.1(+). Cones with 30 inserts in the anti-sense

ori ent at i KWOwegen) 64l 8tfedselactiomotsfaplasldies( Fi gure WO 02/ 08447
PCT/ 1L01/ 00669 27 |A). Al constructs were verified via enzymatic
restriction dilgee{erase assgis: sequence anal yses. Figure IBillustrates the

above describ utilized in r at.i he ;chineri ¢ _anti-sense
expressi on coﬁ“gfcﬁf?ﬁsze Sﬁ%glty andt %gﬁ‘%ﬁaﬂ%ng ﬁtg%:re?ggﬁg%rang iaéf?ﬁyeklt

countearp evan alpiosyi S ' : stdidct s was
carri gd gﬁ&ﬁggﬁgq tg ﬁ%eﬁ'hgﬂqw%%e@g%rz mf%gtﬁ gﬁ gggpgt@g S{ggg’l én%}ékit and an
aut onat edwéliAwastegusncer wak3PB S amdPlysédplitied 0Bi psysicetes 1fFiasthfferCi ty, CA,

USA). Cells and cell culture: 10 The human enbryonic Kki dngy cell line, 293,
its deriV&romega)obire lysatg was slaredttnstangr g ovmhinmprsature s 40, and t he

human hepat ona cel | |ine HuH-7 . were all purchased from Ameri can Type Cell
Col | ect i gﬁln“é?&rc%@l%@gcm@meiwﬁ aydgdc? 1%6&@@85'13 IR T >Iégsenti al
Medi a [}MECI}@ i Qi t am : 0 i erum and
15 Imati nE al nedﬁl‘g?n%?i ?ﬁl M F@ %E%él ﬁﬁgt(%&gﬁvsl eg%)?g?\rséﬂf@aorﬁ& |%rfls \l/Jvere

per f ofomedPusinBga )t NicHEf 86t ety twanshesttah inr #agefier f diinQh RN

(Valencia, CA, ~USA). Approximately 2 x 105 cells were plated into 6-well
tissue cullumer IPesiges Suhmydlake (¥A) pyérom indegrotion pesiodatfi insecantdst al of 1 gg

Vor L exed Torelioepapriretcarnalnp iy 4t el Seliel Were re-susperded 1n - "
100 ml of passive lysis buffer and measured using the dual-luciferase
system from Promega. Values obtained were normalized with the levels of

15 Renilla luciferase activity in the cell lysates and the total protein
concentration.
In-vitro translation:
Translation was effected via the TNT quick coupled
transcription/translation system from Promega. Briefly, 0.5-1 pg of
20 plasmid DNA was mixed with 40 pl of TNT quick master mix and 2 ul of
35S methionine (10mCi/ml) (NEN). The reaction mixture was incubated at
30 °C for 1-3 hours. Following a predetermined time period, an aliquot was
removed and SDS-Page analysis was performed. Where indicated, between
0.3-2.5 pl of canine pancreatic microsomal membranes (Promega) were
25  added to the reaction mixture.
Western blot analysis:
Cell lysates were resolved on a 10 or 12% sodium dodecyl sulphate
(SDS)-polyacrylamide gel, transferred to a nitrocellulose membrane,
blocked with 5% nonfat skim milk in PBS, and incubated with a primary

30 antibody followed by incubation with anti-mouse or anti-human secondary



allowed to stand at RT for 2-5 mnutes, 25 pl of EffecteneTM transfection
reagent was added, the m xture vortexed again and i ncubated at RT for
anot her Swtmspgt es. Cells were washed with PBS, added i mtca/i2bi/00669

DNA- Ef f ecteneTm m xture diluted in 2 m of conplete growh nmedi um and

I ncubated at 37C and 5% CO2 for 6-8 hmurs. Follow ng incubation, the

medi um wagmtibedpvednppdtddretoc ddrseridick parhdasy (Sig®ay.eDwlettior’Bias
Approxi mately 2.5 of fresh conplete nmediumwas added to the cells and

t he cel | sfigsted nsiogshe &CE enhamceddthenpibanintgcarme kio (Piercd)ol ThenEdg whi ch WO
02/ 08447 RCT/ 1101/.00669 cells were. harvested for RNA isol ation or

west ern HECRY &0 ifpdy r(é%ﬁdwt%kﬂf{)@agn%% USPRSEPEEPt 88 of stable
cl ones. [ -ASS " ' I\ kRg the a
ot 1 or adsPLOBE B AR Rk Buc BT G, AP O, FRERMY he 58330 Hour

i ncubat i omdIEBEAddireel S moMBERNMREREELJI¥E GRr¥ipubcHEBS&] Fifh ID&@gon t h 100 pl
reporter lysis buffer (Pronega). The |ysate was allowed to stand at room
t enper at Une. Nk, USA) &nd Hiodestgn [ifeinbtiohalg MB| EISA)tdespdcyivatye was centri f uged
for 1 mnina mcrofuge and a 10 it aliguot was m xed with 100 pl of

reporter buffer 10 (PromedSPERIMEBNFIALRESUIASy was neasured in a Turner
| um nometer (Jurner,. Desj Sunnydal e ver an integration period of
15 seconds. !ﬁeggqtgo%gfﬂ@wg@géglw Fﬂwq%n, cell pellets were
re-suspended igbra 1R05vEd ﬂhwa%%ggdéﬁt@}gllggyggm m&;&ge&e&i%ng the

dual -l uci ferase systemfrom Pro normal i zed with

t he | pvel RTAHCRp aRdnninkaovettipb@rgasDNaAS ictories covdriigy €ed lentis €Y and t he
total protein concentration. In-vitro translation: Transl|ation was
ef f ect ed ganamehwverevkFigire klAbudhedovartapping irpgion/inrthess atones hayst em fr om

e AL CYRC R NS N PSR G e A
mXture YReR E'&H}%?ltcgdofafhis isolate, 5° rapid amplification of cDNA ends was
effected using the 5’/3° RACE kit from Boehringer Mannheim. Following
15 two rounds of nested PCR, a cDNA fragment comprising the 5° NCR
region spanning nucleotides —341 to —72 that was missing from clones B
and C was obtained. The overlapping cDNA clones of isolate HCV-S1
span 9609 nucleotides encoding a complete polyprotein 3010 amino acids
long (SEQ ID NO:34), and a 341-nt 5> NCR, and a 235-nt 3° NCR (Figure
20 1A). To determine the genotype of isolate HCV-S1, the sequence of a
region of 226 nt within the 5> NCR (from -276 to -21, Figure 1A) (2) as
well as 233 nt within NS3 (from 4699 to 4932, Figure 1A) and 400 nt
within NS5B (from 7904 to 8304, Figure 1A) (5) were analyzed. Following
comparison to available HCV sequences, it was determined that HCV-S1
25 belongs to the type 1 genotype, with a 1b subtype. Sequence comparisons
of the other two regions were consistent with this finding.
Characterization of full length HCV genome:
The full length HCV genome was generated as described
hereinabove to produce pcDNA3(S1) and pXJ41(S1) respectively. To

30 characterize this clone, in vitro coupled transcription and translation was



30 Cfor 1-3 hours. Following a predetermned tinme period, an aliquot was
renoved and SDS- Page anal ysis was perfornmed. \Were indicated, between

0. 3-2.5 | wefo2mapgsne pancreatic mcrosonal menbranes (Promaga)imweéres 25
added to the reaction m xture. Western blot analysis: Cell |ysates were
resol ved on a 10 or 12% sodi um dodecydo sul phate (SDS)- pol yacryl am de gel,

transf er ifgst ¢@riad dut WAGEHEDINASESPRaRI apeDN A @B usinigh a5Kithgrimt skim mi | k
in PBS, and incubated e\ﬂ)h aﬁlﬁry 32 ant i body foll tghwed by i ncubation

wi t h ant iPromege. ok saglée pbmmategetargdatmvwm 8% 45bsPEd '0569 29
bod d h S

§P oot eé %E%%&Sng@tw%ﬁ%ﬁ@a%&ﬁ%ﬁ% 350 R pengedhe 2

B of 001 o IRAHPRRYIGR) e R e, babi Botucl (HaaSoIA MRk eyt The

NS3 553”‘1 JE\}SMF S &R RieHydRBaS! @‘ﬁ’alcu%'t‘idnpc’cﬂhﬁ%t%h%s %Hé?génﬁgl %&Qm Devar on,

I nc. SA)” and Biodesign International (Mg, USA) respec ely.

EXPERI l\/El};rf@ﬂenﬁESEJla"pS@r@anmtayl 80) 75 dr16V6@vld_'DlmpmlzegweﬂBI\H\lsol detested Ser a
derived froma single chronic HCV carrier were subjected to io0 RT-PCR and

ni ne overdF @geﬂg\dmﬁ\é)clknébeh@mth@gth%é matduets chthe msubraf there (Figure
1A). The overl re ns in these cl op had, al most, i denti.cal
sequencese EW lg%t o‘%nt‘?‘e WB{%&B? HeHhe E@r%p?%q as guc &J@fﬁ el@dﬁ‘i]énce of this
i sol ate, @gﬂb}nlf R ]@N}Qg gf@f) f hng the 5 /3
RACE kit from Bogrﬁrl ngerb njnﬁé @7 T ow n§6 ta\ﬂ?lﬁgﬁngg of “nested PCR, a
CDNA 1hr agment TengsrssiudgptbR AS (S nia@e e Gpike MY seyateRiofide - 341 to
-72 that was mssing from cl ones and C was obtai ned. The overl appi ng

cDNA cl oreese,dfl aBdEé&BrOI’éms snd the damt 96D amine lagwlsi afd¥S2anddisrsgch conpl et e

pol yprotein 3010 am n ds l.on I D NO 34),, and. a 341-nt 5 NCR, and
a 235-nt VERen\ERN}l megusf V) riserip éd? VRTQi@In; %awcw& dp Vige ate

HOV-SI. thgsBRoe %ﬁSer(?lfneﬁts with this construct with addition of either an

enhancer or KCl produced a single band corresponding to about 82kD

15 (Figure 2B, lanes 1-6), whilst addition of magnesium acetate failed to
produce any band (Figure 2B, lanes 7-9).

The above described was repeated with the pcDNA3.(Sl) construct.

Following a one hour incubation, a broad band larger than 185kD was

observed (Figure 2C, lane 1). Following two hours of incubation, several

20  smaller bands were observed of sizes ranging from 65 to 140kD. In

addition, two fainter bands of 60kD and 50kD were also detected (Figure

2C, lane 2). The intensity of the bands increased slightly when incubation

was allowed to proceed for three hours (Figure 2C, lane 3). This suggests

that the HCV polyprotein was proteplytically cleaved in vitro, mostly likely

25 by the NS3 protease. Interestingly addition of canine pancreatic

microsomal membranes (CPMM) led to disappearance of the two upper

bands of about 140 and 100 kD and reduction in intensity of the lower two

bands (Figure 2C, lanes 4 and 5). It is likely that these bands represent

subfragments of the HCV polypeptide and were post-translationally

30 processed by the microsomal vesicles. pXJ41(S1) was transiently



region of 226 nt within the 5 NCR (from-276 to -21, Figure IA) (2) as
well as 233 nt within NS3 (from 4699 to 4932, Figure I1A) and 400 nt wthin
NS5B (frowo/R@ds470 8304, Figure 1A) (5) were anal yzed. FoldcavdLbgooss9
conparison to avail able HCV sequences, it was determ ned that HCV-S 1 25
bel ongs to the type 1 genotype, with alb subtype. Sequence conparisons of

the ot hertrangfectedi s 293 celifisaad ethle Wixblreskitins of I HEW Grotebiaregs eri zati on
of full length HCV genone: The full |ength HCV genone was generated as

descr i bedexdmingfn Smeairalcorvand E2) enliagpstiuctral GYSAISIN, NSyt i vel y. To
30 characteri.ze. .t.his c¢lone, in vitro goupl ed transcription apnd transl ation
was WO 020544 @téﬂ*}fﬁgf’rgﬁe&@m 3@“??‘}6&“ Br ?&@?Bgﬂ? HopRC (SP) and
pc DNA3( N?%lgh’ﬁ)inﬁgaﬁiiﬁqﬁieswom Promega. A single polyprotein |arger than

0 0

185kD wa serve owi ng one hour of incubation wi th pcDNA3(NSP)

(Figurse 2A, | alResd)resiltiOindiaes!thait figs! Bl 1P BICVdRnBMeEcIbhed viRlesMal | er
protein products (Figure 2A, lanes 5 4-6). Follow ng two hours of

i ncubat i oredudingtthaprressahityention és poadicegistable pr directrthe ekpegssiomxofrat el y 80,

75 and 62_kD |n size re also detected (Figure 2A, lane 6). It is
bel i eved @ﬁ%‘hﬁ%&é P;S%EHG'E?@% and &s eapableelbeingpresrssednzymatic activity of

t he protease ety ofe NS3 and as such.these bands. ibly. correspond to
NS3- 44 (77kD)  Regulls Ofg B)ﬂsgeﬁﬁ%sg Aispse fg“?ﬁﬁ‘ccﬁéﬁrmfebms(sm
cont ai ns é&}%tﬁmtgﬂ&SB@.V sequence of the core, E 1 and E2 proteins, and the
first 115 am no acids of NS2 and as such when translated should give rise
to a ol ypr ot €The @03 Eemdt HEPKWell linvd tveee s¢paraglyatransfeepcdewithdiios with this
construct _wi.ith addition of either an enhancer or KC produced a single

band cor r&i$fssenti plgnes ofiASBE 2B 339 ( Faedi A SB).2).ambdch - epntaimianst addi ti on
T N e S R
5% ORISR, B2 gt el JROVISEKP RS cigeyod (Flovre
Transfection was carried out with pASB9 and an equal amount of
15 pXJ41(NSP), pXJ41(S1) or a combination of pXJ41(NS3) and
pXJ41(NS5B). Co-transfection with the vector, pXJ41neo was used as a
control to measure background luciferase activity. The cells were harvested
and assayed for luciferase activity 5 days post-transfection. There was no
observed increase in luciferase activity in co-transfection experiments with
20 any of the HCV expression constructs compared to co-transfection with the
vector (data not shown). Experiments carried out with a total of 1 or 29 g
of DNA produced similar results.
Results of transfection of anti-sense chimeric HCV-luciferase
construct pAS11:
25 Similar experiments were carried with the anti-sense construct
pASI11 (pAS11-12 and pAS11-15) which contains the anti-sense chimera
of the firefly luciferase gene downstream of a HCV 5' NCR-core sequence
and upstream of the HCV NS5B-3' UTR sequence. In 293T cells,
co-transfection with the full length HCV expression plasmid, pXJ41(S1)

30 and pAS11-12 produced a 10-fold increase over background luciferase



20 smal | er bands were observed of sizes ranging from65 to |40kD. In
addition, tw fainter bands of 60kD and 50kD were al so detected (Figure

2C, |l ane R)oo2k8ee7i ntensity of the bands increased slightlyowgpégsgubati on
was allowed to proceed for three hours (Figure 2C, lane 3). This suggests
that the HCV pol yprotein was proteolytically cleaved in vitro, nostly

li kel y 2BadbiyitidsefiNSd soﬁlﬁlsﬁaﬂdf&?&tﬁhﬁs'ﬁ\ﬂﬁw Ya apfi7ifol Rlcré@pi MEaspancreatic
m crosomal menbranes E?[CP | ed to disappearance of the two upper bands of
about 140obsgrvetowithDpaid 1r b3 uest-transfeateid nwiths pXy4 bS 1) hélTdbdeve?). t o bands
(Figure

ol T e ot e e B R BT o
Dr e Rl B MSCER O A B AP SAERO LS 0

of HCY prmeeh%?%}o@ﬁ trcEeRd -th@‘lﬁéifégb&%actﬁﬁﬁé@ iR MU TR )cef9ch1fpafySt ruct ur al

(NS3, NSH5A, N proteins (Figure 3A were detected using avail abl e
nmonocl| onancmasepabydliofdtl and | ®adiodd . reSpddinety r@ablde s4)i ndHoatevet,hat t he
full length HCV. genone cl oned while reducing the present invention to

pract i ce, €q-Hanyfeeliany o pASdtl - 1her ekd mads thenNSfproteies expressiengiestqsol ypr ot ei n
and is c ein rocessed. su of .t ectign.of anti-sense
chi neri ca(ﬁghﬁgﬁ%? ﬁr ggghgc%?@?rr d%‘flugfﬁBgﬁl@mflh Treﬁﬁge‘illulllﬁ DCel | Iines
were se ts A\ ik f ASB9. 1
and pZSBS‘#%‘%h%gi 1(E:l g{é?gﬁ%?ﬁcl‘%{%&a%%gygﬁg eC%c [ mea('rrl: lgg)g Sﬁéea%ﬁrs‘g?[ f“(yp

| uci fer aseecygardonloilesci)of a HCV 5° NCR-core sequence and upstream of

the HCV 3' UTR sequence. Transfection was carried out with pASB9 and an
equal anolighleét 15 pXJ41(NSP), pXJ41(S1) or a conbination of pXJ41(NS3) and

pXJ41( NSpBy—Co—t+anstecten—wth—+the—veetor—pXJ4nreowas—used-as a
control fo neasui:e background |ucif@iase defivityay The cell s werje harvested
and assadled fg/{S]ll(lg)%i)(}‘4lerleroase activity 1%0 daysl'&ost-t{lgnsfecti on. Thlere was no

2 pAS11(12)y+pXJ41(NS3)+pXIJ41(NSSB) 122 1.46 134

3 pAS11(12)+pXJ41(NSP) 1.40 1.30 135

4 pAS11(12)+pXJ41(S1) 12.34 11.11 11.73 10.36X

5 pAS11(15)+vector 1.39 1.46 1.42

6 pAS11(15ypXI41(NS3)+pXJ41(NS5B) 1.92 1.53 1.73

7 pAS11(15)+pXJ41(NSP) 1.31 1.33 1.32

8 pAS11(15)+pXJ41(S1) 21.79 20.09 20.94 14.7X

9 pl1(3)+pXJ41neo 5106.2 5082.7 5094.5

10 pl1(6)+pXJ4ineo 5611.5 5440.0 5525.8

11 pXJ41neo 0 -0.2 - |0

p11(3) - sense, clone 11
p11(6) - sense, clone p11
15 R - luciferase reading

Av - average luciferase reading

Table 3
Constructs R1 R2 Av
1 pAS11(12)+pXJ41neo 5.52 527 5.40
2 PpAS11(12)+pXT41(INS3)1+pXJ41(NS5B) 3.10 2.98 3.04




observed increase in luciferase activity in co-transfection experinents
with 20 any of the HCV expression constructs conpared to co-transfection
Experinments carried outpcwitibi/evekot al of

wi th the woaRtigiq7(data not shown).

1 or 2?2 g of DNA produced simlar results. Results of transfection of
anti-sense chi rreri c HCV-luci ferase censtruct pAS11l: 25 Simlar experinments
wer e carrjls ed e41ant| -sense conetruct pAS 11 (pAS 11-12 and pAS
11-15) whieh Pém(éL??g O anti—senséllehimatd—of—EHe H+efy—Huici f erase
gene downst r eansigh+axiddSly 5° NCR- corgsssequemee  andiwpst riegam of | t he HCV
NS5B- 3" UTR sequence. In 293T cells, co-tjiransfection wijfth thejfull Iength
HCV expr gsstop—ptasmd,—pX34LSH and—aASTH—12—preduced—a—3P-f ol d
i ncrease |pver \pbaakgrasnd | uci f er aselsy0 02/|88447 BEH 1L01Y 00669 32
activitigs fiye fectL n, wlile a 14, 7-folld i ncrpase was
obser ved [ttt S“ﬂ%‘%q‘g&%sf‘”%’?lgﬁgm 3 w4 SR —(Fapte—2H In
simlarlyzt ra‘DSSflEIﬁI+ﬁd41HGH)'|7 cells, Ipeiferase actijwisties were 2| 7-fold and
5. 8-fol d|abov A&ﬁ% Mq&pd val ues thrgese_ 9ay§o.0905t‘59r.99[];3fe(5:§6|;go,n, lTabI e 3). At
5 five days—pp transtectton,—thetuctferase—activttres—A+HaHd/ cells
slightly | inct eased to 3.7- foId and| 6. 2-fdld respectivelly (Table 4).
However co- sfgction of pAS 11y12 or 5ok W t e NS proteins
19 1 . 0 .
expr essi gmve bk ‘gpx\]m( NSPY)—oT (%Iesvct,?usi) .mgﬁ%"?..g NS3—antl NS5B,
resul ted {100 nolGietdet abl e | ncreaseti4i2| ugikeraselaobi vity as gonpared to
transfectjon wfh Jo vector alone [Tables,2-4). [Jable 2 Constfucts R R2
Av 1 pAcul(l/) +p)\J4J.ﬂ€O 1201706113 }E‘KSiJI(_:'LLT XKIAH-S3—XHIL(NS5B 1. 22
1.46 1.34_3 AS11 12 + XJ41 SP 1.4001.30 1.35 4 AS11 12 i+ XJ41(S1 12.34
11.11 11. 73 10. 36X 5 AS11(15 +vector 1.39 1.46 1.42
pl1(3) - sense, clone 11
p11(6) - sense, clone p1l
R - luciferase reading
5 Av - average luciferase reading
Table 4
Constructs R1 R2 Av
1 pAS11(12)+pXJ41neo 2.03 2.09 2.06
2 pAS11(12)+pXJ41(NS3y+pXJ41(NS5B) 0.82 0.66 0.74
3 pAS11(12)+pXJ41(NSP) 136 1.09 122
4 pAS11{12)+pXJ41(S1) 8.26 6.98 7.62 37X
5 pAS11(15)+vector 2.19 2.02 2.10
6 pAS11(15)+pXJ41(NS3)+pXJ41(NS5B) 0.92 0.79 0.86
7 pAS11{(15)+pXJ41(NSP) 0.63 0.61 0.62
8 pAS11(15)+pXJ41(S1) 13.89 12.28 13.09 6.23X
9 pl1(3)+pXJ41neo 3565.8 3450.3 3508.1
10 pl1(6y+pXJ41neo 41972 3861.9 4030
11 pXJ41neo 0 0 0
p11(3) - sense, clone 11
p11(6) - sense, clone pll
10 R - luciferase reading

Av - average luciferase reading



6 ASI 1(15)+ XJ41(NS3 + XJ41(NS5B 1.92 1.53 1.73 7 ASII (15 + XJ41(NSP 1. 31
1.33 1.32 8 pAS11(15)+pXJ41(S1l) 21.79 20.09 20.94 14.7X 9 11(3)+ XJ41lneo
5106.2 508 05/08984.5 10 11 6)+ XJ4lneo 5611.5 5440.0 5525.p881/1Ld1/608¢9} neo O
-0.2 0 p 11(3) - sense, clone 11 p11(6) - sense, clone pl I 15 R -

| uci ferase reading Av - average |luciferase reading Table 3 Constructs RI R2

Av 1 AS11 12 Restlfslneasf 5.dwtransdfectionl with pASII(42d pOMALRE3) +pXJ41( NS5B)
3.10 2.98 3.04 WD 02/ 08447 PCT/ 1L01/ 00669 33 3 pASI|(12) +pXJ41(NSP) 4.11
4.12 4.11 4 pASmijar2 expodiments1 wers. candugtezls uping7 4 xeqdld espression

| 1)ASI | (15) +yect or 3.70 3,47 6 AS11(15 + XJ41(NS3 + XJ41(NSSB) 3.15
3.23 3. 19°3nf¥rb‘ﬁ*sl_°‘} Y8 By ORegs) togacepuat for gny gvagt N@El’(nlglcﬁjégéﬁl(& 19. 87

20. 07 19. 9757 - : : 4 100P8E A A0 R &E) +PXJI41neo
13418. 2 13%5%},6&%3?%%%%%@?%%%%%%gﬁﬂ_gla&é%%f?g) : s‘elglge‘?elg‘l‘l_&én% | 1 pl1(6)
- sensg, gheyrected itk a tbtagidfel ase JreBNAGNY Mis vaterafedtediangr ase
reading Table 4 Constructs RI RZ2 Av

analyzed 3 days post-transfection. All values obtained were normalized

against total protein concentration and renilla luciferase activity. In 293T

cells, co-transfection of pAS11-15 with pXJ41(S1) resulted in a 18.5-fold

increase over background luciferase activity (Table 5). In HuH7 cells, the

10 luciferase activity of pAS11-15 was 3.9-fold higher when co-transfected
with pXJ41(S1) (Table 6).

Table 5
5X dilution 5X dilution 5X dilution Neat Neat
Constructs Av FFLUC Av REN N. Ren (X) N. Av FFL Av Total
FFL FFL
1 pAS11(12)+pXJ41neo 0.39 1491 1.00 0.39 8.56 8.56
2 |pAS11(12y+pXT41(SD) 0.72 478 3.12 225 145.80 158.146
3 |AS11(3)+pXJ41ineo 37.13 1626 0.92 34.16 9538.0 11445.6
0
Constructs Prot. Conc PN (X) Total FFL Final FFL
1 |pAS11(12)+pXJ41neo 0.303 1 8.56 8.56
2 pAS11{(12)+pXJ41(S1) 0.284 1.07 145.80 158.15 18.48X
3 |AS11(3)1+pXT4Ineo 0.253 12 9538.00 11445.60

Av FF LUC = average of 2 firefly luciferase readings from 20 mi of 5X diluted cell lysate
Av REN = average of 2 renilla luciferase readings from 20 m! of 5X diluted cell lysate

15  N.Ren (X)=normalisation index of renilla luciferase readings from 20 ml of 5X diluted cell lysate

N. Av FFL= average of 2 firefly luciferase readings from 20 ml of 5X diluted cell lysate after normalisation against renilla

luciferase index

Av FFL=normalised average of 2 firefly luciferase readings from 20 m! of cell lysate (neat)

Final Total FFL= normalised average of 2 firefly luciferase readings of total cell lysate

20 PN (X)= protein normalisation index

Final FFL~= final average of 2 firefly luciferase readings of total cell lysate




1 AS11(12)+ XJ41lneo 2.03 2.09 2.06 2 pAS11(12)+pXJ41(NS3)+pXJ41(NSSB) 0. 82
0.66 0.74 3 AS11 12)+ XJ41 SP 1.36 1.09 1.22 4 ASII(12 + XJ41 Sl 8.26 6.98
7.62 3. 7XVOB2/8A8L| ( 15) +vector 2.19 2.02 2.10 6 AS11(15 + KIWI(NSB66s

XJ41(NS5B 0.92 0.79 0.86 7 ASI1 IS + XJ41(NSP 0.63 0.61 0.62 8 AS11 15 +
XJ41 S1) 13.89 12.28 13.09 6.23X 1 9sl |

3 + XJ4l neo 3565.8 3450.3 3508.1

10 116 XJ41neo 4197. fal?lg%l 9 4030 11 XJ41neo 0 0 O pl1(3) - sense, clone
11 pl1(6) - sense, one pll 10 R - luciferase reading Av - average
| uci ferase|readi ng WD 02 0§14t,47 PC‘T/ 1L01/ 0p669 34 |Results pf .
co- t r ansfregton—w-th—pASEE HRH—p e ¥ —-Si-miar : LB
conducted Usistigs a reni | | pvexpeessipcreNy conptren@l pPONMvyRBen, [amrror defrotd O
account fof any variatioh in lucifferase pctivity [due to d fferenr;FL
t ransf ectromeffircrencrep—293T and—HuH7FTettswerg5—trangfectedwth
total of[11|meiedpPOMNAcandiogel | s weltel har veBoed and [0@nal yzedoB day|sss
post -t raQSfp%&tléz?JS)pm'éln' %I Hes obt §7| ned _wef;g, nor mal Efsed .ag 3L£§t t%ggl
proteln Centratton ang reniti Fucifergse olL,LIVILy. M Z9o1T— CETTS;
co-t ranspeqsilGnpXifinep AS 1[B7.1B5 wit hig@eXJ41(Sod) resulped in alid®. 5- fleBeb
I ncrease| over background|luciferase activ|ty (Table 5). In|{HuH7 cells, the
10 | uci f prase activity of pASIt—15 was 3 pP-fotdhirgher—whepr—cco-transfectied
with pXJgids 1) (Table 6 Table b 5X dilution 5X dilution/5X dilution Neat
Neat
Constructs Prot. Conc PN (X) Total FFL Final FFL
1 [pAS11(12)+pXJ4ineo 0.063 1 1786 7.86
2 |pASHI(12)+pXI41(S]) 0.093 0.68 44.92 30.55 3.88X
3 |AS11(3)+pXI41neo 0.106 0.59 683.20 403.09
Av FF LUC = average of 2 firefly luciferase readings from 20 mi of 5X diluted cell lysate
Av REN = average of 2 renilla luciferase readings from 20 ml of 5X diluted cell lysate
N. Ren (X) = normalisation index of renilla luciferase readings from 20 m! of 5X diluted cell lysate
5 N. Av FFL= average of 2 firefly luciferase readings from 20 mi of 5X diluted cell lysate after normalisation against renilla
luciferase index
Av FFL= normalised average of 2 firefly luciferase readings from 20 ml of cell lysate (neat)
Final Total FFL= normalised average of 2 firefly luciferase readings of total cell lysate
PN (X)= protein normalisation index
10 Final FFL= final average of 2 firefly luciferase readings of total cell lysate
Cells co-transfected with pASB9 with different HCV expression
constructs failed to produce changes in luciferase activity (data not shown).
However, pAS11 consistently produced increased luciferase activities when
15 co-transfected with pXJ41(S1), which expresses the full length HCV
genome. In 293T cells, the levels were between 10.4-14.7 folds above
background levels, and in HuH7 cells they were between 2.7-6.2 folds
(Tables 2-4). Even after normalizing with co-transfection with a plasmid
that expresses renilla luciferase, a significant increase in luciferase activities
20 was observed. In 293T cells, the increase was 17-fold above background,

while in HuH?7 cells, it was 3.9-fold (Tables 5 and 6). These results indicate

that the additional C-terminal NS5B coding sequence present only in



Constructs Av FF LUC Av REN N. Ren (X) N. Av FFL Av Total FFL FFL 1

pASLl (12) +pXJ41neo 0.39 1491 1.00 0.39 8.56 8.56 2 ASllI (12 + XJ41(S1 0.72
478 3.12 Ro2Rk/tdi. 80 158.146 3 ASI 1(3) +pXJ4l neo 37. 13 163G 100 92003¢o 16
9538.0 11445.6 0 Constructs Prot. Conc PN Total FFL Final FFL 1 ASI | 12
+ XJ41neo 0.303 1 8.56 8.56 2 pAS11(1®) +pXJ41(S1l) 0.284 1.07 145.80 158.15
18. 48X  pASLI (Simpadddnand Geddssary. for 9 URBNBGBlid¢mebiseAund petlldps= aver age
of 2 firefly luciferase readi ngls from20 m of 5X diluted cell |ysate Av
REN = aveothgiefagtors) tochindiedficigoily end duitinteaeivarse strapehsgathesisof 5X di | ut ed

Ceadi s f rom S POBKHAYS R | S?fzéﬁ“géS&%ﬁﬁewSSHIL'c%péb S o5
firelly | ki 23¢ ihfRdnaoh!, gﬁ,l 3k <0 ué% g dopififlnGelile SYStR after

nor mal i sat on-agal ns Y erasa n nof mal I'sed aver age

of 2 fs reflbie (VL {&y asa, ﬂ%a@tpwﬁnéﬂtﬁ)'&bﬁ’@udt&d (W’hl}"eeféduh ot pregadt) Final

Total FFL= nornalised average of 2 firefly luciferase readl ngs of total

cel | | ysangeiiorPtd prdctice ctaaelynindmatenthiat thtel 31 TRddendisnmbuffidientfinnal aver age
of 2 firefly Iumferase readi ngs of total cell sate WD 02/ 08447

PCT/ | Lm/mmmgaspo YRISE@SC6 aSRVHY | dE i 8105 XAdi |%€1¥orff hes igi Ithe | FStNeat Neat

Co A FFL 1

ASEE 5" eshiagioy Y A5 1N45R %S‘O%%Q"f'\i& Weciher y%‘AETl%ﬁ%)@4l(Sl) 0.72
478 3. 12 foffiab hidd s0and duiRlds & spaIdineo 37. 13 1626 0.92 34. 16 17.08
683.20 Constructs Prot. Cone PN (X) Total FFL Final FFL 1 AS11 12 +

XJ41ngo 0. 063 IhtereBingly8GoArahScltiba) witk) 4| Sixpe3®h Ovetbord 40P 2hd0. 55 3. 88X
non-structural proteins, pXJ41(NSP) or with expression vectors for NS3

and NS5B did not result in any increase in luciferase activity when
compared to co-transfection with the vector alone. This suggests that the
synthesis of the sense strand HCV-luciferase chimeric RNA by the HCV
15 NS5B polymerase is dependent on multiple viral proteins, including both
non-structural and viral protein(s). It also indicates that a full length
replication-competent HCV genome is required for this assay to be
functional.
This is the first demonstration that negative strand synthesis depends
20  on expression of essentially all the viral proteins in intact cells. Based on
these findings, the present invention provides a cell-based HCV
replication-dependent system that is a measure of the activity of the
full-length HCV genome. This system is simple, and robust and highly
reproducible and in addition, enables to measure viral activity as early as

25  three days post-transfection.

Although the invention has been described in conjunction with
specific embodiments thereof, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art.

30  Accordingly, it is intended to embrace all such alternatives, modifications



3 AS11(3 +pXJ4lneo 0.106 0.59 683.20 403.09 Av FF LUC = average of 2
firefly luciferase readings from20 m of 5X diluted cell lysate Av REN =
aver age ofvod2oef7l | a luci ferase readings from20 m of 5Xpdthwheehese! |
lysate N. Ren (X) = nornalisation index of renilla luciferase readings from
20 M of 5X diluted cell lysate 5 N. v FFL= average of 2 firefly

| uci f er asmdreaditiogs thatdiedl 2athih thé sfXit dahdtledad elcbpé yfathe afpeaded
normal i sati.on against renilla luciferase index Av FFL= nornalised average
of 2 firelins. yci Ak publicatienss grateRtsmpatenti applicalions | anshtsEqYEIERE)  Fi nal
Total FFLz l.ised avey,age.of.. irefly lueiferase readin of total

cell | ysa@%a%g(a*&%eﬁ oqné!??fg rjig?]}ﬂ#?d(s J’tyi c?h)@?{’c?g?ngo aﬁ‘ﬁ‘?ﬁ'lonFll—qll_l:%elr nal average
of 2 firehbmidid fiLtiAs %Récﬁﬁgétf&? afél héRhPinco8hdrateiSRL fhfeﬁ%ﬁ egpbgr ansf ect ed
with pASB9 wth different HCV expression constructs failed t'o produce
changes imfdrancd @tastheasyecifidayionddd ahechnehexvont as Hpwavlerindjvidial 1

consi stently produced increased |uciferase activities when 15
co- t r ansfladisations paierb4pgisny apphicatione ppresguerce: meast spacifieaiiyt Bngdicy  genone.

In 293T l,] t.he. | I bet 0.4-14.7 fold b ... back d
T ol S e LA (S OSESe 0 Al S, ol oo
Even af t €6 BonME { @ity % ?é}%xfe%%é'iﬁntlh# F}Ekll??agfoﬁséﬂa‘ﬁ pH‘B’é. EXpr esses

renilla luciterase, a S|dn|f|ca t 1 ncrease rase actrvities 20 was
obser ved.conltrd8d ks afilddgnisdibe thAiGueRsefey@felid al silsblaeweiodast@rend, while
in HuUH7 cells, it was 3.9-fold (Tables 5 and 6). These results indicate

t hat the prdstintiiovertiod-t er mi nal NS5B codi ng sequence present only in WO

02/ 08447 PCT/ 1L01/ 00669 36 pAS 11 is inportant and necessary for the NS5B
pol ynerase (and perhaps other factors) to bind efficiently and initiate
reverse strand synthesis. Several reports have shown that in vitro

provi ded NS5B is capable of binding and initiating the synthesis of
sequences containing the 3 UTR 5 alone (17, 18). Yet, the experinents
conducted while reducing the present invention to practice clearly
indicate that the 3' UTR alone is insufficient in pronoting polynerase
activity in vivo. As such, this is the first denonstration that the NS5B
region works together with the 3 UTR to



facilitate negative strand synthesis in vivo. 10 Interestingly
co-transfection with an expression vector for the non-structural proteins,
PXJI4L1( NSRYy 2084470 expression vectors for NS3 and NS5B diﬂémpll&%ylt in
any increase 1n luciferase activity when conpared to co-transfection with
the vector alone. This suggests that she synthesis of the sense strand
HCV-1 uci ferase ChiREFERERWEDY the HCV 15 NS5B pol ynerase i s dependent on
multiple viral proteins, including both non-structural and viral
protein(s). It also indicates that a full length replication-conpetent HCV
genone is required far i S ass t e functional. This js the first
denonst r at ioﬂﬁpﬁggmggfaﬁ{}%e%%ﬁ@ g»yﬁilﬂe@l @%Qgeﬁc@ 1591 Hepatplagysi on of
essentially IQLESE- o viral proteins in intact cells. Based on these
findings, the pr eser%t i nvention provides a cell-based HCV
replication-dependent systemthat is a neasure of the activity of the
full-length HCV genone. This systemis sinple, and robust and highly
reproduci b2e Aitdr iHJ, ddeall BB, SihDVEs Malpoldas U€e Houghtoradd,i €hoy s, early as
25 three days post-transfection. Al though the invention has been described
i n conj unct ﬁ@ﬁ) f (H8%9Jaeteetion ehsodibeditte hapatitisfC virusiig prospedtvelhat many

|t ti i fi i. d. i atj ill, b [ t

kit od i n dhoHPR G HGER uRRm g | Pl SBRE sk aPedRERBPEA SohEucn

alternati veﬁeﬁg@g%_gq Eﬁgi.quﬁemdﬂé/ﬂ 45T/ 1L01/ 00669 37 and vari ations
In e s

that fall wt Iri't an road scope of the appended clains. Al
publications, patents, patent applications and sequences disclosed therein
and/or identified by a GeneBank accessi on nunmber nentioned in this

speci fi cat BonChoe Q’ér Richmar Kihddan &8d, Bargand.rLen€i Peng GyGallegeisdt.ence into

h ifi .1 an, . if. h i.ndj vi dual _. bl i i on,
B A L e T e
i ndi cat ed tQh@ﬁ%éﬂgﬁ;ﬁﬁ{sai’ﬁf%@%?ﬁ'?ﬁ-é4§§f erence. In addition, citation or

identification referénce in is application shall not be
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PCT/ 1L01/ 00669 41 WHAT IS CLAIMED I 41 1. A nucleic acid construct

conpri si NWHATIS @hAEXEDBYISt on cassette including: (i) a first

pol ynucl eotide region including a 5 NCR sequence of an RNA virus and at

| east an N-terminal portion of a coding sequence of said RNA virus; (ii) a
second pol ynuc{ eotide region jncluding a 3'. UTR sequence of said RNA virus
and at |east al-CtenrmUSfIC aﬁléi'rqqnéﬁuetrcoanmpag sequence of said virus; and

(tii) athird | ynyc i LQnN. e ing a reporter nolecule, said
third po|ynuc|(§gti %&%@g?%sgg%éﬁ?sgéﬁg%ﬁcﬁﬁ‘g by said first and said second
pol ynucl eoti de regipns;, afkt (HdlyAudleend eﬁegﬁﬁﬂqﬁaﬁﬂiﬁgl AO5'OPRTRL i vely
linked to said expression cassetyte in a manner so as to enable a
transcription of a m nusgaetnendf BARNBI erus anfirairteasti ah dkfermésdlon
cassette. 2. The nucleic acid construct of claim1, wherein at |east a
portion of said first popgitigalaie:sading saguence of said|RNALVIBG; % i dentical to a

sequence encomaesed by T col B kSO ANRE Sl e o ©
po e ot 0 120,50 Sdhebfed) R EVEORbGal dochs SeueppyeTcoTm st
claim1, wherein said fipa&tion of a coding sequence of said virus; and
(i) a third polynucleotide region encoding a reporter
molecule, said third polynucleotide region being
flanked by said first and said second polynucleotide
regions; and
(b) a promoter sequence being operatively linked to said
expression cassette in a manner so as to enable a transcription
of a minus strand RNA molecule from said expression

cassette.

2. The nucleic acid construct of claim 1, wherein at least a
portion of said first polynucleotide region is at least 50 % identical to a

sequence encompassed by nucleotides 1-374 of SEQ ID NO:33.

3. The nucleic acid construct of claim 1, wherein at least a
portion of said second polynucleotide region is at least 50 % identical to a

sequence encompassed by nucleotides 9158-9609 of SEQ ID NO:33.

4. The nucleic acid construct of claim 1, wherein said first
polynucleotide region further includes a 5' UTR sequence of said RNA

virus.



pol ynucl eoti de region further includes a 5 UTR sequence of said RNA
virus. WO 02/ 08447 PCT/1L01/00669 42 5. The nucleic acid construct of

claim1l, whoanasmrsaid C-termnal portion of said codi ng $Rqueogeeed said
virus includes coding sequences of a polynerase of said virus. 6. The

nucl eic acid construct of claimi1, wh&ein said first polynucleotide
regi on i ncl udes an TRES s@ngm:e acidTieenstuettedfcclaon dl, cwheeiusaidof cl ai m 1,

wherein sai d Vi Lus i.s tedfromth cQ ting,of a positive
strand R 'tWRI\IAl PRH#Y Oﬁeg@}ff ngt%eélﬁan ) \?g‘r‘ﬁgg'u% ‘%Hae%ﬁgqhégc acid
construct, 91{1??‘!6%'&(‘3&%012}&%%% w virus is selected fromthe group

0 € p|cornaV|ru

consi sting s famly, a virus of the togavirus
famly, a virus of the orthonyxovirus famly, a virus of the paranyxovirus
famly, a virus of the coronavirus famly, a virus of the calicivirus
famly, a virus of The mrdeiavacidscdmsirucy ofaclawinr Us vaiertine saidalfigetvi r us
famly and a virus_ of the_ bun C¥aV| rus famly 9. The nucleic acid construct
of cl ai mBOlypHdeeide Kpion ek oRES s¢qisaeetis C. 10. The nucleic acid
construct of claiml, wherein said first and said second pol ynucl eoti de
regions are selected such that said mnus strand RNA nol ecul e

transcribabl e ‘irom?ﬁé%&w5e§cﬁa%n§eaé@bf%1alﬁl rle%ha%iﬁghw Aan RNA

dependent RNA pol ynerase of sald virus into a plus stran nol ecul e.
11. The nviekseiscsedented drnmtthe@rows cohdstingl of whsosétive steardi RNABARES | S
functional in a eukaryotic cell. WO 02/08447 PCT/1L01/00669 43 12. The
nucl ei ¢ awidp BegatveutangfRNaviisL1, wherein said eukaryotic cell is
selected fromthe group consisting of an insect cell, a

8. The nucleic acid construct of claim 1, wherein said RNA
virus is selected from the group consisting of a virus of the picornavirus
family, a virus of the togavirus family, a virus of the orthomyxovirus
family, a virus of the paramyxovirus family, a virus of the coronavirus
family, a virus of the calicivirus family, a virus of the arenavirus family, a

virus of the rhabdovirus family and a virus of the bunyavirus family.

9. The nucleic acid construct of claim 1, wherein said RNA

virus is Hepatitis C.

10.  The nucleic acid construct of claim 1, wherein said first and
said second polynucleotide regions are selected such that said minus strand
RNA molecule transcribable from said expression cassette is replicatable by
an RNA dependent RNA polymerase of said virus into a plus strand RNA

molecule.

11.  The nucleic acid construct of claim 1, wherein said promoter

is functional in a eukaryotic cell.



yeast cell and a manmalian cell. 13. The nucleic acid construct of claim1,
wherein said reporter nolecule is a polypeptide selected fromthe group

consi sti ngoafo8qy7enzynme, a fluorophore, a substrate and gdimganehessld. A
genetically transforned cell conprising a nucleic acid construct

i ncluding: (a) an expression cassette4dncluding: (i) a first polynucl eotide
regi on includiky a Bhe NCRauslefiuencecidf censtiRiN oficlaim &dhdwhéreiresaitl an

N-term nal portion of a coding sequence of said RNA virus; (ii) a second
pol ynuc| eskpaoticegelbrs isslactes higm the 2urw coasigiing eofodn dagegt RRIA, @i rus and at

| east a C-tern nal ortion of codi ng sequence of said virus; and (iii) a
third poIWﬁ%‘f%Qﬁ‘h@%%p@ﬁa’éﬁE@di ng a reporter nolecule, said third

pol ynucl eoti de region being flanked by said first and said second
pol ynucl eotide regions; and (b) a pronoter sequence being operatively

l'i nked to sai di3.expIes siucRi€ asigletdmiiiudt af RAIREN, SheintQi®ReRireera
transcription of a mnus strand RNA nol ecule from said expression

casset t e. moEculfhis aypolypeptde selectad Sfam teel geaip cafsisting off dvengyme,her

conpri sing_.an agditi onal nucleic acid construct for expressing at least an
RNA deperfcdRer eyl raeengra Hgand.us, said first and said second

pol ynucl eoti de regi ons being sel ected such that said RNA dependent RNA WO
02/ 08447 PCT/ 1L01/ 00669 44 polynerase is capable of replicating said mnus

S, o S BERGIBINC 834 ) eEbageoshide it ol o
regi on isccmstrhetaiﬁbhﬁﬁngbidenti cal to ap POTYRHET EOTLEE
(a)  an expression cassette including:
(i) a first polynucleotide region including a 5 NCR
sequence of an RNA virus and at least an N-terminal
portion of a coding séquence of said RNA virus;
(ii)) a second polynucleotide region including a 3> UTR
sequence of said RNA virus and at least a C-terminal
portion of a coding sequence of said virus; and
(iii) a third polynucleotide region encoding .a reporter
molecule, said third polynucleotide region being
flanked by said first and said second polynucleotide
regions; and
(b) a promoter sequence being operatively linked to said
expression cassette in a manner so as to enable a transcription
of a minus strand RNA molecule from said expression

cassette.

15. The genetically traﬁsformed cell of claim 14, further
comprising an additional nucleic acid construct for expressing at least an
RNA dependent RNA polymerase of a virus, said first and said second
polynucleotide regions being selected such that said RNA dependent RNA



sequence enconpassed by nucl eotides 1-374 of SEQ ID NO 33. 17. The
genetically transforned cell of claim 14, wherein at |least a portion of

sai d secowd eakysucl eotide region is at | east 50 % i denti gdr/iiLo1/6v66BEQUENCE
enconpassed by nucl eoti des 9158-9609 of SEQ I D NO 33. 18. A nethod of
detecting a presence of an RNA virus 4 a cell, the nethod conprising the
steps of podymierasabt cagptde nft keplivatiapd saidnatinwe strshd RIEA exdleagle of the
cell under conditions suitable for transcription and translation of said
nucl ei ¢ dBtPlussgerdéNAsai d nucl eic acid construct including: (i) an
expression cassette having: (one) a first polynucleotide region including a
5" NCR sequence of an RNA virus and at least an Ntermnal portion of a

codi ng sequencgs of i i i I Lde region
i ncl ugi ngqa 3 %'w&ﬁlgéegﬁ%érﬂcxén\éftﬁs@lfmée\}??ﬁgﬁgﬂgmg?!’ l?léélgfsht ﬁg‘éb -t er%i nal

portion of pertikedbhgaigdefitse poBnaledtidd regldnui:; atdvskt (3 e adentichl t¢l a

pol ynucl eoti de regi on encoding a reporter nolecule, said third

pol ynuc| esguerce ensgimpashast bygnhiclaotides by 74afSEQ IBtNaidB.sai d  second

pol ynucl eoti de regi ons; and WO 02/ 08447 PCT/ 1L01/ 00669 45 (ii) a pronoter
sequence being operatively linked to said expression cassette in a manner

a1 0 oxpr ese: o casclt PETRANI ARG S UL o ek SR ol 4 SN et

sai d expression 'casse nuclerc acl

wi It h faijca wﬂrt]iro@cdf,samétcfnw;ﬁﬂy@meotﬁm fgFACRN 182k 0UG 881kt ¢ 16 §9i ons bei ng
sel ected sucC

sequence encompassed by nucleotides 9158-9609 of SEQ ID NO:33.

18. A method of detecting a presence of an RNA virus in a cell,

the method comprising the steps of:

(a)  incubating a nucleic acid construct with an extract of the cell
under conditions suitable for transcription and translation of
said nucleic acid construct, said nucleic acid construct
including:

(i)  anexpression cassette having:

(one) a first polynucleotide region including a 5' NCR
sequence of an RNA virus and at least an
N-terminal portion of a coding sequence of said
RNA virus;

(two) a second polynucleotide region including a 3’
UTR sequence of said RNA virus and at least a
C-terminal portion of a coding sequence of said
virus; and

(three)a third polynucleotide region encoding a
reporter molecule, said third polynucleotide
region being flanked by said first and said

second polynucleotide regions; and



that said mnus strand RNA nol ecule transcribed is replicatable by a
pol ynerase of the RNA virus into a plus strand RNA nol ecul e; and (b)

qguanti fyi we @/osemel of said reporter nolecule to thereby pdat@nirdes t he
presence of the virus in the cell. 19. The nethod of claim 18, wherein said

reporter nolecule is a polypeptide tasanslated fromsaid plus strand RNA

mol ecul e. 20. The n#yhod of cl pighder @tflidﬁeé mrgadﬁam@el}mmtsep of
conparing said |l evel of said reporter ecule to that obtained fromcells

free of the virus. 21. Theaikehuessibnglasieitelid, a weamer 8o &5 toedisecta porti on
of said first polynucl eotr de reql on tLS at | east %lqentl cal to a
sequence enconpassed by, PSS IRTHEY 1@#&%?@@3&% e9leRule S0MThe et hod
of claim 18, wherein at Ll eﬁ%%P?e?S%ﬁ Qg'ssgﬁes%\'fh%n S%%)nﬂu&%ké/n &heotl de

region is at |east 50 % 0 a sequence  enconpassed Dy nucl eoti des

9158- 9609 of SEQ I D NO 3F3nstdet ﬁlﬁ@ﬁbﬁéd%ﬁl@'%ﬁ%}hﬂ&tt badrrggange of an RNA
virus in a cell, the nethod corrprl sing the steps of:” WO 02/ 08447

PCT/ 1L01/ 00669 46 (a) erplssshdgpoymodtdide @gichsdmisg selettedi suehn t he cel |,
said nucleic acid construct .includi n% (i.h%l}{an expressi on cassette having:
(one) a first pol ynucl eéhiﬂdéalfie@il@rﬁ sHan 4 modecylerranssiibedcde of an RNA

Vitus: (1we) a second pordRDRrRE RUGRsHse R B G SR Hhdsequence of
said RNA virus and at "iﬁﬁés@ancﬁ?i\%?ﬂd]@éul&oéﬂd on of a coding sequence of

said virus; and
(b) quantifying a level of said reporter molecule to thereby

determine the presence of the virus in the cell.

19.  The method of claim 18, wherein said reporter molecule is a

polypeptide translated from said plus strand RNA molecule.

20. The method of claim 18, further comprising the step of
comparing said level of said reporter molecule to that obtained from cells

free of the virus.

21.  The method of claim 18, wherein at least a portion of said
first polynucleotide region is at least 50 % identical to a sequence

encompassed by nucleotides 1-374 of SEQ ID NO:33.

22.  The method of claim 18, wherein at least a portion of said
second polynucleotide region is at least 50 % identical to a sequence
encompassed by nucleotides 9158-9609 of SEQ ID NO:33.

23. A method of detecting the presence of an RNA virus in a cell,

the method comprising the steps of:



(three) a third pol ynucl eotide region encoding a reporter nolecule, said
third pol ynucl eotide region being flanked by said first and said second

pol ynucl eaig @@sf€gi ons; and (ii) a pronoter sequence bei ngpcapgygdleye! v
linked to said expression cassette in a manner so as to direct the
transcription of a mnus strand RNA md ecule from said expression cassette

when sai d nucl(g) ¢ akbeessipNshidkic Adidexphsipsed withidl Nthehecetlel kaidsai d first
and said second pol ynucl eoti de regi ons being selected such that said

m nus strand RNA noluebit ecidremstucbimgluding:r epl i cat abl e by a pol yl nerase of
the RNA virus into plus strand RNA rmLec,uI e; and (b) quantifying a | evel
of said reporter cul & SPrEFREOR BYSSCHe PBYMBhe t he presence of the virus

in the cell. 24. The net of i rein . sai . rt l ecule is
a polypeptide transl at e(g)%g} 0@?&%’&’%&%&%&%0@%{@%% %%9%002/ 08447
PCT/1L01/00669 47 25. The meddpdn®d o gh"REBA {iths NBId GRMRILEIdAg the step
of conparing said | evel of said reporter nolecule to that obtained from

cells free of the virus. 26.Nfeenired potiaf of haiodiBsequeaceiof said | east a
portion of said first polynucleotide region is at |east 50 %identical to
a sequence enconpassed by nu@NoVirEs 1-374 of SEQ ID NO 33. 27. The

g&t Sﬁﬂcf)feo;:: Slemr ggl o\rll\h?;&g'?’) ?%élgggfg%pg%ﬁﬁ%ﬁ&@ﬁﬁ%?&h%@%ﬁé%% y_encorrpassed
by Ul ot s 9158, 5609 of 6B RS o 2 el gdegen 1 10
nucleic acid construct, a pol @aeghiel pdetion of a coding sequence of said
virus; and
(three)a third polynucleotide region encoding a
reporter molecule, said third polynucleotide
region being flanked by said first and said
second polynucleotide regions; and
(ii) a promoter sequence being operatively linked to said
expression cassette in a manner so as to direct the
transcription of a minus strand RNA molecule from
said expression cassette when said nucleic acid
construct is e)q')ressed within the cell, said first and said
second polynucleotide regions being selected such that
said minus strand RNA molecule transcribed is
replicatable by a polymerase of the RNA virus into a
plus strand RNA molecule; and
(b) quantifying a level of said reporter molecule to thereby

determine the presence of the virus in the cell.

24.  The method of claim 23, wherein said reporter molecule is a

- polypeptide translated from said plus strand RNA molecule.



encodi ng at | east a polynerase of an RNA virus and a potential anti-viral
nol ecul e under conditions suitable for transcription and translation of
sai d nucl @igcp2agi@ construct and said pol ynucl eoti de encodidnaLat/odegrst sai d
pol ymerase, said nucleic acid construct including: (i) an expression
cassette having: (one) a first polynuel eotide region including a 5° NCR

sequence of arRNA Vihe¢ismethbddatofl eagh 23, fitther somptishl tHeostepfofa codi ng
sequence of said RNA virus; (two) a second pol ynucl eoti de regi on i ncl udi ng

a 3 UTRosepuisrrcenidflesdiaf Rigrepartey ardeatle tedbat ebtaidedefrainnedlisporti on of
a coding E?eﬁqgﬁnce.of said virus; and WO 02/08447 PCT/ 1L01/ 00669 48

(three)a thﬁo‘ﬂ%ucl eotide region encoding a reporter nolecule, said

third pol ynucl eotide region being flanked by said first and said second
pol ynucl eoti de regions; and (ii) a pronoter sequence being operatively

linked to sai d6.exprigs shétRod asrSehirg 13) whéreiaf 168t aSpbRioH bEGA;d! he
transcription of a mnus strand RNA nol ecule from sald expression cassette

when sai dirsticpadysudedtide aegir ust ati dedshcibaeddemitidal st ca peyencel eot i de
encoding at least said p nmerase of said RNA virus under said conditions

oly
sui t abl e §A5PMPAEIRIRY Bwléﬁgé??dl'ﬁmé}fsﬂ]%@i@rﬁ]()s’%?-d first and said second
pol ynucl eoti de regions being selected such that said mnus strand RNA

nol ecul e transcribed is replicatable by said polynerase of said RNA virus
into a plus styand FiNAmethod of claim 23, wherein at least a portion of said

second polynucleotide region is at least 50 % identical to a sequence

encompassed by nucleotides 9158-9609 of SEQ ID NO:33.

28. A method of screening for anti-viral drugs, the method

comprising the steps of:

(a) co-incubating a nucleic acid construct, a polynucleotide
encoding at least a polymerase of an RNA virus and a
potential anti-viral molecule under conditions suitable for
transcription and translation of said nucleic acid construct and
said polynucleotide encoding at least said polymerase, said
nucleic acid construct including:

) an expression cassette having:

(one) a first polynucleotide region including a 5' NCR
sequence of an RNA virus and at least an
N-terminal portion of a coding sequence of said
RNA virus;

(two) a second polynucleotide region including a 3’
UTR sequence of said RNA virus and at least a
C-terminal portion of a coding sequence of said

virus; and



nol ecul e; and (b) quantifying a |l evel of said reporter nolecule to thereby
determ ne the anti-viral activity of said potential anti-viral nolecule.

29. The maigwadsef cl ai m 28, wherein said reporter nol ecul @dTIL81/00669

pol ypeptide translated fromsaid plus strand RNA nol ecul e. 30. The net hod
of claim 28, further conprising the s48ep of conparing said |evel of said

reporter nolecule to thathebjai nedhird opobeluckeotideetegddn tdiodingua. 31. The
met hod of claim 28, wherein said potential anti-viral nolecule is selected
fromthe group consisting of rapemien eveleguleor said Abigfl e polymackastidsgue and an

i mmune- nodul at ory nol ecule. WD 02/ 8447%%81/ 08@62. 49 32. .The met hod
of claim28, wherein step (a)*P¥lef Wt PEGuditsly 284i ¥ fucl ei ¢ aci d
construct, said pol ynucl eoti 1 : & pol ynerase of said
RNA virus and said potenti al %ﬁﬁ&g%&&%figg@gn?’%@ a cell. 33. The

net hod of cl ai m 28,(ijpherebrofbRP segherce BdihgciReatdvely! Inilkeddickdid said

nucl ei ¢ acid construct and said potential anti-viral™ nolecule into a cell
infected with sai d RNA w@xpuessicBy cafetie nint hovhanherclsai as 28, dindmérthien at | east

a portion of said first polynucleotide region js_at |east 50 % dentical
to a sequence enconpassEHSElPHER | ot ipEws1stand KNAEmaleswpfoan 35, The

t hod of claim?28, wh i | i f i,d cond .
g§| yﬁuc?eofi Slemr egi on ?;S%ﬁ ?%%{S?ﬁéé ?)ﬁ%g{ét%; i%ci}:\% t%s)aélug ?élgf?g%g%mdenconpassed
by nucl eoti des 9158- 960%ktrSEQ 15D MOuBRed 36with MRENOBRinERlfIHE Ni NG dr ug

resi stance of an RNA virus, the nmethod conprising the steps of. (a)
co-incubating a nucl ei c encodingoaisieasicsaidgpgivimerasel ebtaideRNeacixdisng at | east
a polynerise of the RNA virus and an_ ] o
under said conditions suitable for transcription and
translation, said first and said second polynucleotide
regions being selected such that said minus strand
RNA molecule transcribed is replicatable by said
polymerase of said RNA virus into a plus strand RNA
molecule; and
(b) quantifying a level of said reporter molecule to thereby
determine the anti-viral activity of said potential anti-viral

molecule.

29.  The method of claim 28, wherein said reporter molecule is a

polypeptide translated from said plus strand RNA molecule.

30. The method of claim 28, further comprising the step of
comparing said level of said reporter molecule to that obtained from cells

free of the virus.

31. The method of claim 28, wherein said potential anti-viral
molecule is selected from the group consisting of a nucleoside or a

nucleotide analogue and an immune-modulatory molecule.



anti-viral drug nol ecul e under conditions suitable for transcription and
translation of said nucleic acid construct and said pol ynucl eoti de

encodi ng @fo d2@8sdy sai d pol ynerase, said nucleic acid congigtugbi/e0s6d udi ng:
(1) an expression cassette having: (one) a first polynucl eotide region
including a 5 NCR sequence of an RN® virus and at |least an N-term nal

portion of a i ngTEeauHGEoPtlakdi TR, RV Wsip \I6) Oid/ @BR4RdPEY/ 1L01/ 00669
50 (two) a second pol ynucl eotide region including a 3" UIR sequence of

sai d RNA inirodgcingdsaid nudsic acid Ganstruchaaid galymcledtide endodiggsaquence of

said virus; and. (three)a third po ucl eoti de regi on encoding .a., reporter
nol ecul e, 168, %Plﬁlhpﬁg]{i’“t%ﬁﬁﬁn&fl %&MA regioRNEesHg prigAkal ai-gly first and

said sec R:I | : | eqtide regions; and (ii) a pronoter sequence being
operati vel?‘g C?%klégbjggggai d expression cassette in a manner so as to direct

the transcription of a mnus strand RNA nol ecule from said expression
cassette when said nucleic acid construct is incubated with said

pol ynucl eot i de33.encbhié ngethibdl efstainni2@, pehewhr asep ¢h) tihefRéed/ibyus under
said conditiagns suitable for transcription and _translation, said first and
sai d secontropusipguspbtnudeicr agidorponsenely andl seidkdpetgatiak mati-€isald ni nus

L ARG S RSP G Lo o sl ¢ polyrerase o

34.  The method of claim 28, wherein at least a portion of said
first polynucleotide region is at least 50 % identical to a sequence

encompassed by nucleotides 1-374 of SEQ ID NO:33.

35.  The method of claim 28, wherein at least a portion of said
second polynucleotide region is at least 50 % identical to a sequence

encompassed by nucleotides 9158-9609 of SEQ ID NO:33.

36. A method of determining drug resistance of an RNA virus,

the method comprising the steps of:

(a)  co-incubating a nucleic acid construct, a polynucleotide
encoding at least a polymerase of the RNA virus and an
anti-viral drug molecule under conditions suitable for
transcription and translation of said nucleic acid construct and
said polynucleotide encoding at léast said polymerase, said
nucleic acid construct including:

(i)  an expression cassette having:
(one) a first polynucleotide region including a 5' NCR
sequence of an RNA virus and at least an
N-terminal portion of a coding sequence of said

RNA virus;



(b) quantifying a | evel of said reporter nolecule to thereby determne the
resistance of the RNA virus to said anti-viral drug. 37. The nethod of

cl ai m 36, wigunlogess conprising the step of conparing said levaliLoRdossal d
reporter nolecule to that obtained fromcells free of said anti-viral

drug. 38. The nethod of claim 36, wheyein said reporter nolecule is a

pol ypeptide.transl ated f sai diepbHE pbIyind]dohite RS ligelulifa0a/ 08447
PCT/ 1L01/ 00669 51 39. 'qul‘ge)mnet hod of c?ai m 36, where€in said ar%?i -viral drug

is selected fromthe group &3risTRisequende af said RddAidmsceandhatdeast i de anal og
and an i mune-nodul atory nol ecul e. .40. The nethod of claim 36, wherein
step (a) is effected by intro§utsrminalapertionepia cading semepeai, said
pol ynucl eoti de encoding at |east. sai d .polynmerase of said RNA virus and
said anti-viral drug into a ¢8I9Vrd%s Ao hethod of claim 36, wherein step

(a) is effected by int rgﬁégj?g?ﬁﬁj dgg%zﬁ{ugje%ﬁagi deERMASt Edtidigdasai d

anti-viral drug into a c nfecte h the RNA"virus. 42.7 The net hod of
claim 36, wherein at |east a mppoitéronmolecaly,dsailli third p@bjymuclexidede regi on
is at least 50 %identical to a sequence enconpassed by nucl eotides 1-374
of SEQ I D NO 33. 43. The net hisgionf being ril@dkedwher said 4rstl @adt saidporti on of
said second pol ynucl eoti de regi]%g iIs at | %st 50 %identical to a sequence
enconpassed by nucl eoti des 9189 893’6‘90@% FBFensan

(ii) a promoter sequence being operatively linked to said
expression cassette in a manner so as to direct the
transcription of a minus strand RNA molecule from
said expression cassette when said nucleic acid
construct is incﬁbated with said polynucleotide
encoding at least said polymerase of the RNA virus
under said conditions suitable for transcription and
translation, said first and said second polynucleotide
regions being selected such that said minus strand
RNA molecule transcribed is replicatable by said
polymerase of the RNA virus into a plus strand RNA
molecule; and

(b) quantifying a level of said reporter molecule to thereby
determine the resistance of the RNA virus to said anti-viral

drug.

37. The method of claim 36, further comprising the step of
comparing said level of said reporter molecule to that obtained from cells

free of said anti-viral drug.

38.  The method of claim 36, wherein said reporter molecule is a

polypeptide translated from said plus strand RNA molecule.
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39.  The method of claim 36, wherein said anti-viral drug is

selected from the group consisting of a nucleoside or nucleotide analog and

an immune-modulatory molecule.

40.  The method of claim 36, wherein step (a) is effected by
introducing said nucleic acid construct, said polynucleotide encoding at

least said polymerase of said RNA virus and said anti-viral drug into a cell.

41.  The method of claim 36, wherein step (a) is effected by
introducing said nucleic acid construct and said anti-viral drug into a cell

infected with the RNA virus.

42.  The method of claim 36, wherein at least a portion of said
first polynucleotide region is at least 50 % identical to a sequence

encompassed by nucleotides 1-374 of SEQ ID NO:33.

43.  The method of claim 36, wherein at least a portion of said
second polynucleotide region is at least 50 % identical to a sequence

encompassed by nucleotides 9158-9609 of SEQ ID NO:33.



