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1. 

REPLICATION COMPETENT HEPATITIS C 
VIRUS AND METHODS OF USE 

This application claims priority to U.S. patent application 
Ser. No. 11/006,313, filed 6 Dec. 2004, which claims priority 
to U.S. patent application Ser. No. 10/259,275, filed Sep. 27, 
2002, which is a Continuation-In-Part of U.S. patent applica 
tion Ser. No. 09/747,419, filed Dec. 23, 2000, which claims 
the benefit of U.S. Provisional Application Ser. No. 60/171, 
909, filed Dec. 23, 1999, each of which are incorporated by 
reference herein. U.S. patent application Ser. No. 10/259.275 
also claims the benefit of U.S. Provisional Applications Ser. 
No. 60/325,236, filed Sep. 27, 2001, and Ser. No. 60/338,123, 
filed Nov. 13, 2001, each of which are incorporated by refer 
ence herein. 

GOVERNMENT FUNDING 

The present invention was made with government Support 
under Grant No. U19-A14.0035, awarded by the National 
Institute of Allergy and Infectious Diseases. The Government 
has certain rights in this invention. 

BACKGROUND 

Hepatitis C virus is the most common cause of chronic viral 
hepatitis within the United States, infecting approximately 4 
million Americans and responsible for the deaths of 8,000 
10,000 persons annually due to progressive hepatic fibrosis 
leading to cirrhosis and/or the development of hepatocellular 
carcinoma. Hepatitis C virus is a single stranded, positive 
sense RNA virus with a genome length of approximately 9.6 
kb. It is currently classified within a separate genus of the 
flavivirus family, the genus Hepacivirus. The hepatitis C virus 
genome contains a single large open reading frame (ORF) 
that follows a 5' non-translated RNA of approximately 342 
bases containing an internal ribosome entry segment (IRES) 
directing cap-independent initiation of viral translation. The 
large ORF encodes a polyprotein which undergoes post 
translational cleavage, under control of cellular and viral 
proteinases. This yields a series of structural proteins which 
include a core or nucleocapsid protein, two envelope glyco 
proteins, E1 and E2, and at least six nonstructural replicative 
proteins. These include NS2 (which with the adjacent NS3 
sequence demonstrates cis-active metalloproteinase activity 
at the NS2/NS3 cleavage site), NS3 (a serine proteinase/ 
NTPase/RNA helicase), NS4A (serine proteinase accessory 
factor), NS4B, NS5A, and NS5B (RNA-dependent RNA 
polymerase). 

With the exception of the 5' non-translated RNA, there is 
Substantial genetic heterogeneity among different stains of 
hepatitis C virus. Phylogenetic analyses have led to the clas 
sification of Hepatitis C virus Strains into a series of geneti 
cally distinct 'genotypes, each of which contains a group of 
genetically related viruses. The genetic distance between 
Some of these genotypes is large enough to suggest that there 
may be biologically significant serotypic differences as well. 
There is little understanding of the extent to which infection 
with a virus of any one genotype might confer protection 
against viruses of a different genotype. 

Several types of human interferon have proven effective in 
the treatment of infection by hepatitis C virus, either alone as 
monotherapy, or in combination with ribavirin. However, 
treatment with interferon-ribavirin carries a high risk of treat 
ment failure, either primary failure of virus elimination, or 
relapse of the infection upon cessation of therapy. Moreover, 
these therapeutic agents are relatively toxic and are associated 
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with a high frequency of adverse reactions. The development 
of better (more effective and safer) antiviral agents capable of 
Suppressing or eliminating hepatitis C virus infection has 
been hindered by the fact that this virus replicates with very 
low efficiency, or not at all, in cultured cells. The absence of 
a highly permissive cell culture system that is capable of 
Supporting robust replication of the virus has prevented the 
development of high throughput antiviral screens for use in 
the development of inhibitors of viral replication, and has 
delayed the investigation of the virus and relevant aspects of 
its molecular and cellular biology. It has also stymied efforts 
at vaccine development and the immunologic characteriza 
tion of the virus, the human response to hepatitis C virus, and 
the diseases associated with infection. The development of 
infectious molecular cDNA clones of the viral genome has 
done little to solve this problem, since virus can be rescued 
from the RNA transcribed from such clones only by its injec 
tion into the liver of a living chimpanzee or other susceptible 
primate. 

SUMMARY OF THE INVENTION 

The present invention provides methods for identifying a 
compound that inhibits replication of an HCV RNA. The 
methods include contacting a cell that contains a replication 
competent HCV RNA with a compound. The replication 
competent HCV RNA includes a heterologous polynucle 
otide that contains a first coding sequence encoding a trans 
activator. The transactivator may include an amino acid 
sequence having at least about 70% identity with the amino 
acid sequence SEQID NO:19 or amino acids 4-89 of SEQID 
NO:21. The cells are incubated under conditions where the 
replication competent HCV RNA replicates in the absence of 
the compound, and the replication competent HCV RNA is 
detected. A decrease the replication competent HCV RNA in 
the cell contacted with the compound compared to the repli 
cation competent HCV RNA in a cell not contacted with the 
compound indicates the compound inhibits replication of the 
replication competent HCV RNA. 
The HCV RNA may include a second coding sequence 

encoding a hepatitis C virus polyprotein and a 3' non-trans 
lated RNA, and the heterologous polynucleotide may be 
present in the 3' non-translated RNA or 5 of the second 
coding sequence. Alternatively, the HCV RNA may include a 
3' non-translated RNA and a second coding sequence encod 
ing a Subgenomic hepatitis C virus polyprotein, and the het 
erologous polynucleotide may be present in the 3' non-trans 
lated RNA or 5' of the second coding sequence. 
The heterologous polynucleotide may include a second 

coding sequence encoding a selectable marker, and the first 
coding sequence and the second coding sequence together 
encode a fusion polypeptide. The heterologous polynucle 
otide may further include a third coding sequence encoding a 
cis-active proteinase present between the first coding 
sequence encoding the transactivator and the second coding 
sequence encoding the selectable marker. The first coding 
sequence, the third coding sequence, and the second coding 
sequence together encode a fusion polypeptide. 
The cell may include a polynucleotide that includes a trans 

activated coding sequence encoding a detectable marker and 
an operator sequence operably linked to the transactivated 
coding sequence. The transactivator interacts with the opera 
tor sequence and alters expression of the transactivated cod 
ing sequence. Detecting the replication competent HCV RNA 
in the cell includes detecting the detectable marker encoded 
by the transactivated coding sequence. The present invention 
is also directed to the cell. 
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The present invention also provides a method for selecting 
a replication competent HCV RNA. The method includes 
incubating a vertebrate cell in the presence of a selecting 
agent, for instance, an antibiotic. The cell includes an HCV 
RNA that includes a first coding sequence encoding a hepa 
titis C virus polyprotein, and a heterologous polynucleotide, 
and the heterologous polynucleotide includes a second cod 
ing sequence encoding a selectable marker that confers resis 
tance to the selecting agent. The selecting agent inhibits rep 
lication of a cell that does not express the selectable marker. A 
cell that replicates in the presence of the selecting agent is 
detected, and the presence of such a cell indicates the HCV 
RNA is replication competent. 
The method may further include obtaining a virus particle 

produced by the first cell and exposing a second vertebrate 
cell to the isolated virus particle and incubating the second 
Vertebrate cell in the presence of the selecting agent. A second 
cell that replicates in the presence of the selecting agent is 
detected, wherein the presence of such a cell indicates the 
HCV RNA present in the first cell produces an infectious 
virus particle. 
The HCV RNA may include a 3' non-translated RNA, and 

the heterologous polynucleotide may be present in the 3' 
non-translated RNA or 5' of the first coding sequence. 
The present invention also provides a method for detecting 

a replication competent HCV RNA. The method includes 
incubating a vertebrate cell comprising an HCV RNA. The 
HCV RNA includes a first coding sequence encoding a hepa 
titis C virus polyprotein, or a Subgenomic hepatitis C virus 
polyprotein, and a heterologous polynucleotide includes a 
second coding sequence encoding a transactivator. The cell 
includes a transactivated coding region and an operator 
sequence operably linked to the transactivated coding region, 
where the transactivated coding region encodes a detectable 
marker and the transactivator alters transcription of the trans 
activated coding region. The detectable marker is detected, 
and the presence of the detectable marker indicates the cell 
contains a replication competent HCV RNA. 
The heterologous polynucleotide may further include a 

third coding sequence encoding a selectable marker, and the 
second coding sequence and the third coding sequence 
together encode a fusion polypeptide. Alternatively, the het 
erologous polynucleotide may further include a fourth coding 
sequence encoding a cis-active proteinase present between 
the second coding sequence encoding the transactivator and 
the third coding sequence encoding the selectable marker, and 
the second coding sequence, the fourth coding sequence, and 
the third coding sequence together encode a fusion polypep 
tide. 

The present invention further provides replication compe 
tent HCV polynucleotides that include a first coding sequence 
encoding a subgenomic hepatitis C virus polyprotein, and a 
heterologous polynucleotide containing a second coding 
sequence encoding a transactivator, wherein the heterologous 
polynucleotide is located 5' of the first coding sequence. In 
another aspect, the present invention provides a replication 
competent HCV polynucleotide containing a first coding 
sequence encoding a hepatitis C virus polyprotein, and a 
heterologous polynucleotide. 

The present invention also provides kits. The kits include a 
replication competent HCV polynucleotide containing a het 
erologous polynucleotide that has a first coding sequence 
encoding a transactivator, and a vertebrate cell that includes a 
polynucleotide containing a transactivated coding sequence 
encoding a detectable marker and an operator sequence oper 
ably linked to the transactivated coding sequence. The trans 
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4 
activator interacts with the operator sequence and alters 
expression of the transactivated coding sequence. 
Definitions 
As used herein, the term "HCV refers to a hepatitis C 

virus, e.g., a viral particle, or a polynucleotide that includes a 
hepatitis C viral genome or a portion thereof. Preferably, the 
polynucleotide is RNA. 
As used herein, the term “replication competent” refers to 

an HCV RNA that replicates, e.g., HCV nucleic acid is syn 
thesized, for instance synthesis of the negative-sense Strand, 
in vitro or in vivo. As used herein, the term “replicates in 
vitro' indicates the HCV RNA replicates in a cell that is 
growing in culture. The cultured cell can be one that has been 
selected to grow in culture, including, for instance, an immor 
talized or a transformed cell. Alternatively, the cultured cell 
can be one that has been explanted from an animal. “Repli 
cates in vivo’ indicates the HCV RNA replicates in a cell 
within the body of an animal, for instance a primate (includ 
ing a chimpanzee) or a human. In some aspects of the present 
invention, replication in a cell can include the production of 
infectious viral particles, i.e., viral particles that can infect a 
cell and result in the production of more infectious viral 
particles. 
As used herein, the term “polynucleotide' refers to a poly 

meric form of nucleotides of any length, either ribonucle 
otides or deoxynucleotides, and includes both double- and 
single-stranded DNA and RNA. A polynucleotide may 
include nucleotide sequences having different functions, 
including for instance coding sequences, and non-coding 
sequences such as regulatory sequences and/or non-trans 
lated regions. A polynucleotide can be obtained directly from 
a natural source, or can be prepared with the aid of recombi 
nant, enzymatic, or chemical techniques. A polynucleotide 
can be linear or circular intopology. A polynucleotide can be, 
for example, a portion of a vector, Such as an expression or 
cloning vector, or a fragment. The term "heterologous poly 
nucleotide' refers to a polynucleotide that has been inserted 
into the HCV genome, typically by using recombinant DNA 
techniques, and is not naturally occurring. 
The terms '3' non-translated RNA '3' non-translated 

region, and '3' untranslated region' are used interchange 
ably, and are terms of art. The term refers to the nucleotides 
that are at the 3' end of the positive-sense strand of the HCV 
polynucleotide, the complement thereof (i.e., the negative 
sense RNA), and the corresponding DNA sequences of the 
positive-sense and the negative-sense RNA sequences. The 3' 
non-translated RNA includes, from 5' to 3', nucleotides of 
variable length and sequence (referred to as the variable 
region), a poly-pyrimidine tract (the poly U-UC region), and 
a highly conserved sequence of about 100 nucleotides (the 
conserved region) (see FIG. 2). The variable region begins at 
the first nucleotide following the stop codon of the NS5B 
coding region, and ends immediately before the nucleotides 
of the poly U-UC region. The poly U-UC region is a stretch of 
predominantly U residues, CU residues, or C(U)n-repeats. 
When the nucleotide sequence of a variable region is com 
pared between members of the same genotype, there is typi 
cally a great deal of similarity; however, there is typically 
very little similarity in the nucleotide sequence of the variable 
regions between members of different genotypes (see, for 
instance, Yamada et al., Virology, 223, 255-261 (1996)). The 
length of the variable region can vary. 
The terms '5' non-translated RNA,” “5' non-translated 

region.” “5' untranslated region' and '5' noncoding region' 
are used interchangeably, and are terms of art (see Bukh et al., 
Proc. Nat. Acad. Sci. USA, 89, 4942-4946 (1992)). The term 
refers to the nucleotides that are at the 5' end of the positive 
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sense strand of the HCV polynucleotide, the complement 
thereof (i.e., the negative-sense RNA), and the corresponding 
DNA sequences of the positive-sense and the negative-sense 
RNA sequences. The 5' NTR includes about 341 nucleotides. 
The last nucleotide of the 5' NTR is immediately upstream 
and adjacent to the first nucleotide of the coding sequence 
encoding the hepatitis C virus polyprotein. 
A “coding region' or “coding sequence' is a nucleotide 

region that encodes a polypeptide and, when placed under the 
control of appropriate regulatory sequences, expresses the 
encoded polypeptide. The boundaries of a coding region are 
generally determined by a translation start codon at its 5 end 
and a translation stop codon at its 3' end. A coding region can 
encode one or more polypeptides. For instance, a coding 
region can encode a polypeptide that is Subsequently pro 
cessed into several polypeptides. A regulatory sequence or 
regulatory region is a nucleotide sequence that regulates 
expression of a coding region to which it is operably linked. 
Nonlimiting examples of regulatory sequences include pro 
moters, transcription initiation sites, translation start sites, 
internal ribosome entry sites, translation stop sites, and ter 
minators. “Operably linked’ refers to a juxtaposition wherein 
the components so described are in a relationship permitting 
them to function in their intended manner. A regulatory 
sequence is "operably linked to a coding region when it is 
joined in Such a way that expression of the coding region is 
achieved under conditions compatible with the regulatory 
Sequence. 
As used herein the term “marker” refers to a molecule, for 

instance, a polypeptide. A 'selectable marker is a polypep 
tide that inhibits a compound, for instance an antibiotic, from 
preventing cell growth. A "detectable marker is a polypep 
tide that can be detected. A marker can be both selectable and 
detectable. 

“Polypeptide' as used herein refers to a polymer of amino 
acids and does not refer to a specific length of a polymer of 
amino acids. Thus, for example, the terms peptide, oligopep 
tide, protein, and enzyme are included within the definition of 
polypeptide. This term also includes post-expression modifi 
cations of the polypeptide, for example, glycosylations, 
acetylations, phosphorylations and the like. 
As used herein a “fusion polypeptide' refers to a polypep 

tide encoded by a coding region that is made up of two coding 
regions that have been joined together in frame, typically 
using recombinant DNA techniques. Such that the two coding 
regions now encode a single polypeptide. 
As used herein, a “transactivator” is a polypeptide that 

affects in trans the expression of a transactivated coding 
region. A “transactivated coding region' is a coding region to 
which is operably linked an operator sequence. As used 
herein, the term “operator sequence' is a type of regulatory 
region and includes a polynucleotide with which a transacti 
vator can interact to alter expression of an operably linked 
transactivated coding region. 
An "isolated virus means a virus that has been removed 

from its natural environment. For instance, a virus that has 
been removed from an animal is an isolated virus. Another 
example of an isolated virus is one that has been removed 
from the cultured cells in which the virus was propagated, for 
instance by removing media containing the virus. A virus of 
this invention may be purified, i.e., essentially free from any 
other associated cellular products or other impurities. The 
term “purified' is defined as encompassing preparations of a 
virus having less than about 50%, more preferable less than 
about 25% contaminating associated cellular products or 
other impurities. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
As used herein, the phrase “selecting a replication compe 

tent HCV RNA refers to identifying a cell that includes a 
replication competent HCV RNA under conditions that pre 
vent the replication of cells that do not include a replication 
competent HCV RNA. 
A “hepatitis C virus polyprotein’ refers to a polypeptide 

that is post-translationally cleaved to yield more than one 
polypeptide. Unless noted otherwise, a hepatitis C virus 
polyprotein yields the polypeptides core (also referred to as 
nucleocapsid), E1, E2, P7, NS2, NS3, NS4A, NS4B, NS5A, 
and NS5B. Optionally, a hepatitis C virus polyprotein also 
yields protein F (see Xu et al., EMBO J. 20, 3840-3848 
(2001). 
A “subgenomic' HCV polynucleotide, preferably an 

RNA, refers to an HCV RNA that does not include the entire 
HCV genome. A subgenomic HCV RNA typically includes a 
coding region encoding only a portion of a hepatitis C virus 
polyprotein, e.g., the nucleotides encoding one or more 
polypeptide is not present. Such a hepatitis C virus polypro 
tein is referred to as a “subgenomic hepatitis C virus polypro 
tein.” In some aspects of the invention, an HCV RNA contains 
a Subgenomic hepatitis C virus polyprotein that does not 
include polypeptides encoded by the 5' end of the hepatitis C 
virus polyprotein. Thus, a Subgenomic hepatitis C virus 
polyprotein may encode the polypeptides NS3, NS4A, 
NS4B, NS5A, and NS5B; NS2, NS3, NS4A, NS4B, NS5A, 
and NS5B; P7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B; 
E2, P7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B; or E1, 
E2, P7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B. In other 
aspects of the invention, an HCV RNA contains a subge 
nomic hepatitis C virus polyprotein that does not include 
polypeptides persent in an internal portion of a hepatitis C 
virus polyprotein. Thus, a Subgenomic hepatitis C virus 
polyprotein may encode, for instance, the polypeptides NS3, 
NS4A, NS4B, and NS5B. Replication of a subgenomic HCV 
RNA in a cell includes the synthesis of viral nucleic acid, for 
instance synthesis of the negative-sense Strand, and typically 
does not include the production of infectious viral particles 

Unless otherwise specified, “a,” “an.” “the and “at least 
one' are used interchangeably and mean one or more than 
OC. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1. Genomic organization of MKO-Z, ds-MKO-Z, and 
3'ETZ. The rightward facing arrows, location and direction of 
transcription initiation; 5"NTR, 5' non-translated RNA; C, 
core protein, E1, envelope protein 1: E2, envelope protein 2: 
E2-p7, a polypeptide of about 7 kDa; NS2, non-structural 
protein 2: NS3, non-structural protein 3: NS4A, non-struc 
tural protein 4A; NS4B, non-structural protein 4B, NS5A, 
non-structural protein 5A; NS5B, non-structural protein 5B; 
EMCV IRES, encephalomyocarditis virus internal ribosome 
entry site; tat, portion of the human immunodeficiency virus 
I (HIV 1) tat protein: 2A, 2A proteinase of foot-and-mouth 
disease virus (FMDV); Zeo, polypeptide encoding resistance 
to phleomycin; 3"NTR, 3' non-translated RNA. 

FIG. 2. Site of insertion of heterologous sequence within 
the 3'NTR (3' non-translated RNA) of H77C strain (pCV 
H77C). Variable region, poly U-UC, and Conserved region of 
the sequence (SEQID NO:76) depicted in the Figure refer to 
regions of the 3' non-translated RNA; EMCV IRES, tat, 
FMDV 2A, and Zeo, see legend to FIG. 1: NS5B refers to the 
last 12 nucleotides that encode NS5B. 

FIG. 3. Schematic depicting release of SEAP from a 
reporter cell line by expression of Tat from a modified HCV 
RNA. EMCV, tat, 2A, and Zeo, see legend to FIG. 1; HIV 
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LTR, HIV I long terminal repeat transcriptional regulator; 
SEAP secretory alkaline phosphatase. 

FIG. 4. SEAP activity in medium collected from cells 
following transfection with RNAs. (A) Huh?-SEAP-o10 
cells. (B) Huh7-SEAP-N7 cells. The smaller graph A and B 
each depict days 1 and 6, but use different scales. Mock, cells 
exposed to transfection conditions but not RNA; 3'ETZ. 
MKO-Z, and dS-MKO-Z, the constructs shown in FIG. 1; 
y-axis, units of secretory alkaline phosphatase activity mea 
sured by luminescent signal detected by a TD-20/20 Lumi 
nometer (Turner Design, Sunnyvale, Calif.). 

FIG. 5. The passage history of two Huh-SEAP-o10 cell 
sublines (MKO-Z.C-A and MKO-Z.C-B) that were infected 
with MKO-K and the secretory alkaline phosphatase (SEAP) 
activity in Supernatant media collected at approximately 
weekly intervals from both surviving cell lines. dSma (C-A) 
and dSma (C-B) are two Huh-SEAP-o10 cell sublines 
infected with supernatant fluids collected from cells trans 
fected in parallel with dS-MKO-Z (NS5B-deletion mutant) 
RNA. Split, points at which the cultures were split are indi 
cated by arrows. The top panel shows the timing and magni 
tude of Zeocin selection pressure (top panel, mg/ml). 

FIG. 6. SEAP expression profiles of Huh-SEAP-o10 cells. 
(A) Absolute SEAP activities of supernatant media from cells 
inoculated with supernatant fluids of C-A and C-B MKO-Z 
infected cell lines. “11” inoculum-media from C-A Subline, 
"14 inoculum media from C-B subline. None-mock infec 
tions. (B) SEAP activity relative to SEAP activity of mock 
infected control Huh-SEAP-o 10 cells (lost during Zeocin 
selection). 

FIG. 7. LightCycler RT-PCR detection of viral RNA in 
supernatant fluids of C-A and C-B cells. The plot demon 
strates the melting curves of the fluorescence resonance 
energy transfer signal from products generated from the cell 
culture samples and associated controls. Fluorescence-dF2/ 
F1/dT, the melting curve as calculated by the LightCycler 
thermal cycler. 

FIG.8. TaqMan RT-PCR detection of HCV RNA in C-A 
and C-B cell culture supernatants. 

FIG.9. Nucleotide sequence of MKO-Z (SEQID NO:17). 
The initiation codon of the viral polyprotein which undergoes 
post-translational cleavage is the ATG at nucleotides 342 
344. The initiation codon of the inserted heterologous poly 
nucleotide is the ATG at nucleotides 9907-99.09. 

FIG. 10. Nucleotides 342-10,803 of SEQID NO:17, and 
the polyprotein (SEQID NO:20). The amino acid sequences 
SEQID NO:32, SEQID NO:33, and SEQID NO:34 encoded 
by nucleotides 9,390-9,485, nucleotides 9,489-9,794, and 
nucleotides 9,798-9,887 of SEQID NO:17, respectively, are 
shown. The amino acid sequence (SEQID NO:21) encoded 
by the heterologous polynucleotide (i.e., nucleotides 9907 
10,602 of SEQID NO:17) is also shown. 

FIG. 11. The results of Taqman RT-PCR of a chimpanzee 
inoculated with MKO-Z RNA. The term ge/ml refers to 
genomic equivalents per milliliter. 

FIG. 12. Nucleotide sequence of HIVSEAP (SEQ ID 
NO:18). The HIV long terminal repeat (LTR) is depicted at 
nucleotides 1-719, and secretory alkaline phosphatase is 
encoded by the nucleotides 748-2239. 

FIG. 13. (A) Organization of the subgenomic HCV RNA 
replicons. Open reading frames are depicted as boxes, and 
untranslated segments of the dicistronic RNAS are depicted as 
solid lines. The sequence of BNeo/3-5B (shaded box) is iden 
tical to that of I377NS3-3/wt, described previously by Lohm 
ann et al. (Science, 285, 110-113 (1999)). NNeo/3-5B con 
tains mostly HCV-N-derived sequence (open boxes). The 
amino acid sequence of NS3 in NNeo/3-5B differs from that 
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of HCV-N at only 2 amino acid residues while the 5’- and 3' 
UTR sequences are identical. “AC indicates the N-terminal 
segment of the HCV core protein that is expressed as a fusion 
with Neo in these replicons. Nneo/3-5BAi5A includes a 
SSYN (SEQID NO:75) deletion. (B) Locations of the S2205I 
and R2889G BNeo/3-5B-adaptive mutations and the 
MLVNGDDLVV deletion (SEQID NO:74) introduced into 
the replicons shown in panel A. 

FIG. 14. Organization of selectable dicistronic RNAs con 
taining HCV-N sequence encoding NS2, the envelope pro 
teins E1 and E2, and/or the core protein within the 3' cistron. 
NTR, nontranslated region. 

FIG. 15. Alignment of the amino acid sequences of the 
NS5A proteins encoded by NNeo/3-5B and Neo/3-5B. The 
ISDR is shaded, with the 4-amino-acid SSYN (SEQID NO: 
75) insertion in NNeo/3-5B shown in boldface type and 
enclosed in a box. Arrows indicate the location of single-base 
Substitutions and insertions and the large 47-amino-aciddele 
tion that has been shown previously to enhance the replication 
capacity of BNeo/3-5B (Blight et al., Science, 290, 1972 
1974 (2000), Krieger et al., J Virol.., 75, 4614-4624 (2001), 
Lohmann et al., J Virol.., 75, 1437-1449 (2002)). The asterisk 
indicates the S2005I mutation. 

FIG. 16. Enzyme reporter system. (A) Organization of 
pEt2AN. A solid square represents the CMV promoter 
region; a solid arrow the T7 promoter; a thick line the EMCV 
IRES and the open box for the open reading frame encoding 
the fusion polypeptide tat-2A-Neo. (B) SEAP expression fol 
lowing pEt2AN DNA transfection into En5-3 cells (A). The 
expression of tat from this plasmid is dependent on the CMV 
promoter. Note that SEAP activity is reported in arbitrary 
units. SEAP expression from En5-3 cells without DNA trans 
fection was also shown (). (C) SEAP expression following 
electroporation of En5-3 cells with RNA transcribed in vitro 
from pEt2AN (A). SEAP expression from En5-3 cells with 
out RNA transfection was also shown (). 

FIG. 17. (A) Organization of subgenomic HCV RNA rep 
licons encoding tat. Open reading frames are depicted as 
boxes, and nontranslated segments of the dicistronic RNAS as 
solid lines. AC indicates the N-terminal 14 amino acid core 
protein segment. (B) Additional mutations engineered into 
the replicons. 

FIG. 18. (A) Product of in vitro translation reactions pro 
grammed with the indicated RNAs. (*) indicates the expected 
positions of the major protein products anticipated to be pro 
duced from the dicistronic RNAs. (B) SEAP activity present 
in tissue culture media 72 hrs following transient transfection 
with synthetic RNAs transcribed from the indicated plasmids. 

FIG. 19. (A) Northern Blot analysis of replicon RNAs 
following passage of stable G418-resistant cell clones. (B) 
HCV RNA abundance detected by TaqMan RT-PCR, normal 
ized to a total cellular RNA standard, and presented as copies 
of HCV RNA per pg total cellular RNA. The same RNA 
samples were used as in northern blot analysis in FIG. 19A. 
Open bar represents BACtat2ANeo(SI), solid bar represents 
Btat2ANeo(SI):gray bar, for Ntat2ANeo(RG). 

FIG. 20. (A) SEAP activity present in supernatant culture 
media at various time point following passage of stable cell 
lines. Btat2ANeo(SI) (A), Ntat2ANeo(RG) (), 
BACtat2ANeo(SI) (O), En5-3 (()). Bars show the range of 
SEAP activity from duplicate experiments. (B) Linear regres 
sion analysis of SEAP activity vs. abundance of replicon 
RNA in the culture, as determined by densitometry of north 
ern blots. Btat2ANeo(SI) (A - - - ), Ntat2ANeo(RG) 
(- - - ). 

FIG. 21. SEAP activity following transient transfection of 
En5-3 cells with (A) Btat2Aneo and (B) Ntat2Aneo with 
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various mutations. Wit(o), SI (), RG (A), AGDD (X), 
N-A5ASI (*). Arrow indicates trypsinization and passage of 
cells. 

FIG. 22. Suppression of HCV replicon amplification by 
interferon-C2b. (A) SEAP activity secreted from cells Sup 
porting replication of Btat2ANeo(SI) over successive 24 hr 
intervals following addition of interferon to the medium. (B) 
SEAP secretion from Ntat2ANeo(RG) cells. Interferon con 
centrations were: (*) 100 units/ml, (X) 10 units/ml: (A) 1 
unit/ml, () no interferon. SEAP expression from En5-3 cells 
without interferon treatment was also shown (0). SEAP 
expression from En5-3 cells was not affected by interferon 
treatment. 

FIG. 23. Suppression of HCV replicon RNA abundance by 
interferon-C2b in the cell cultures depicted in FIG. 22. (A) 
Intracellular abundance of HCV RNA in cells supporting 
replication of Btat2ANeo(SI) at 24, 72 and 120 hrs following 
addition of interferon to the medium. (B) RNA abundance in 
Ntat2ANeo(RG) cells under similar conditions. HCV RNA 
was quantified by RT-PCR analysis, and normalized to a total 
cellular RNA standard (see legend to FIG. 19B). Interferon 
concentrations were: (*) 100 units/ml: (X) 10 units/ml; (A) 1 
unit/ml, () no interferon. 

FIG. 24. Nucleotide sequences of constructs described in 
FIG. 17. The nucleotide sequence of the 5' NTR is disclosed 
at SEQ ID NO:35, the nucleotide sequence of the 
ACtat2ANeo is disclosed at SEQ ID NO:36, the nucleotide 
sequence of the tat?ANeo is disclosed at SEQID NO:37, the 
nucleotide sequence of the EMCV IRES located between the 
two cistrons is disclosed at SEQ ID NO:38. The nucleotide 
sequence encoding hepatitis C virus polyprotein derived from 
HCV-N is disclosed at SEQID NO:39, and the amino acid 
sequence (SEQID NO:40) of the polyprotein encoded by the 
nucleotides 2077-11121 is also shown. The nucleotide 
sequence encoding hepatitis C virus polyprotein derived from 
Con1 is disclosed at SEQ ID NO:41, and the amino acid 
sequence (SEQID NO:42) of the polyprotein encoded by the 
nucleotides 21 19-8073 is also shown. The nucleotide 
sequence of the 3'NTR that is present in those replicons 
having an hepatitis C virus polyprotein derived from HCV-N 
is disclosed at nucleotides 11122-11349 of SEQ ID NO:39. 
The nucleotide sequence of the 3'NTR that is present in those 
replicons having an hepatitis C virus polyprotein derived 
from Con1 is disclosed at nucleotides 8074-8307 of SEQ ID 
NO:41. 

DETAILED DESCRIPTION OF THE INVENTION 

Hepatitis C Virus 
The present invention provides HCV polynucleotides, 

preferably RNA, that include a heterologous polynucleotide. 
In some aspects of the invention, the HCV includes a coding 
sequence encoding an hepatitis C virus polyprotein, and in 
other aspects the HCV includes a coding region encoding a 
portion of an HCV polyprotein. Preferably, the HCV are 
replication competent. Preferably the HCV are isolated, more 
preferably, purified. Unless otherwise noted, HCV poly 
nucleotide, and other terms that refer to all or apart of an HCV 
polynucleotide (including, for instance, “3' non-translated 
RNA) include an RNA sequence of the positive-sense 
genome RNA, the complement thereof (i.e., the negative 
sense RNA), and the DNA sequences corresponding to the 
positive-sense and the negative-sense RNA sequences. 

It is expected that HCV polynucleotides from different 
Sources, including molecularly cloned laboratory strains, for 
instance cDNA clones of HCV, and clinical isolates can be 
used in the methods described below to yield replication 
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10 
competent HCV of the present invention. Examples of 
molecularly cloned laboratory strains include the HCV that is 
encoded by pCV-H77C (Yanagi et al., Proc. Natl. Acad. Sci., 
USA, 94, 8738-8743 (1997)), and pHCV-N as modified by 
Beard et al. (Hepatol., 30, 316-324 (1999)). Clinical isolates 
can be from a source of infectious HCV, including tissue 
samples, for instance from blood, plasma, serum, liver 
biopsy, or leukocytes, from an infected animal, including a 
human or a primate. 

It is expected that the HCV polynucleotides of the present 
invention are not limited to a specific genotype. For instance, 
an HCV of the present invention can be genotype 1a, 1b, 1c, 
2a, 2b, 2c, 3a, 3b, 4, 5a, or 6a (as defined by Simmons, 
Hepatology, 21, 570-583 (1995)). It is also expected that 
HCV used in the methods described below can be prepared by 
recombinant, enzymatic, or chemical techniques. In some 
aspects, an HCV that is modified as described herein to 
include a heterologous polynucleotide is able to replicate in 
Vivo, preferably in a chimpanzee, prior to inserting the heter 
ologous polypeptide. Methods for determining whether an 
HCV is able to replicate in a chimpanzee are described herein. 

In some aspects of the present invention, the nucleotide 
sequence of an HCV polynucleotide used in the methods of 
the present invention is similar to the nucleotide sequence of 
an HCV, preferable an HCV of genotype 1a, 1b, 2a, or 2b. An 
example of an HCV of genotype 1a is present at Genbank 
accession AF011751. Examples of an HCV of genotype Ib 
are present at Genbank accession AF 139594, Genbank acces 
sion AJ238799, or the sequences present at FIG. 24. An 
example of an HCV of genotype 2a is present at Genbank 
accession AF238481. An example of an HCV of genotype 2b 
is present at Genbank accession AB030907. The similarity is 
referred to as structural similarity and may be determined by 
aligning the residues of the two polynucleotides (i.e., the 
nucleotide sequence of a candidate nucleotide sequence and 
the nucleotide sequence of HCV, or a portion thereof) to 
optimize the number of identical nucleotides along the 
lengths of their sequences; gaps in either or both sequences 
are permitted in making the alignment in order to optimize the 
number of shared nucleotides, although the nucleotides in 
each sequence must nonetheless remain in their proper order. 
A candidate nucleotide sequence is the nucleotide sequence 
being compared to the nucleotide sequence of the HCV, or a 
portion thereof. Two nucleotide sequences can be compared 
using standard Software algorithms. Preferably, two nucle 
otide sequences are compared using the Blastin program of the 
BLAST 2 search algorithm, as described by Tatusova, et al. 
(FEMS Microbiol Lett 1999, 174:247-250), and available at 
incbi.nlm.nih.gov/gorf7b12.html. Preferably, the default val 
ues for all BLAST 2 search parameters are used, including 
reward for match-1, penalty for mismatch -2, open gap 
penalty–5, extension gap penalty–2, gap X dropoff 50. 
expect=10, wordsize=11, and filter on. In the comparison of 
two nucleotide sequences using the BLAST search algo 
rithm, structural similarity is referred to as “identities.” Pref 
erably, a polynucleotide includes a nucleotide sequence hav 
ing a structural similarity with the coding region of an HCV. 
or a portion thereof, of at least about 66%, at least about 77%, 
at least about 91%, at least about 94%, at least about 96%, or 
at least about 99% identity. 

Specific mutations increasing the replicative capacity of 
HCV polynucleotides have been characterized for HCV 1b 
Subgenomic RNA replicons (see, for instance, Blight et al., 
Science, 290, 1972-1975 (2000); Lohmannet al., “Adaptation 
of selectable HCV replicon to a human hepatoma cell line.” 
Abstract P038, 7th International Meeting on Hepatitis C virus 
and Related viruses (Molecular Virology and Pathogenesis), 
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The Marriott resort Hotel, Gold coast, Queensland, Australia, 
December 3-7 (2000); and Guo et al., “Identification of a 
novel RNA species in cell lines expressing HCV subgenomic 
replicons.” Abstract P045, 7th International Meeting on 
Hepatitis C virus and Related viruses (Molecular Virology 
and Pathogenesis). The Marriott resort Hotel, Gold coast, 
Queensland, Australia, December 3-7 (2000)). Such muta 
tions are referred to herein as “cell culture adaptive muta 
tions.” It is expected that the introduction of these individual 
mutations may enhance the replication capacity of an HCV of 
Some aspects of the present invention. The approximate loca 
tions and types of some mutations are shown in Table 1. The 
precise location of these cell culture adaptive mutations can 
vary between members of different genotypes, and between 
members of the same genotype. For instance, with mutations 
2442 and 2884 listed in Table 1, in HCV genotype 1a the 
locations of these mutations are 2443 and 2885, respectively. 
The location of a mutation introduced into an HCV of the 
present invention to enhance replication is expected to be 
within 4 amino acids, preferably within 3 amino acids, more 
preferably within 2 amino acids, most preferably within 1 
amino acid of the positions listed in Table 1. Another example 
of an adaptive mutation of HCV-N is the insertion of amino 
acids SSYN (SEQID NO:75) present at position 2220-2223. 

TABLE 1. 

Adaptive mutations in an HCV of genotype 1b. 

Amino acid position' Mutation’ 
12O2 E to G 
1281 T to I 
1283 R to G 
1383 E to A 
1577 K to R. 
1609 K to E 
1757 L to I 
1936 P to S 
21 63 E to G 
2177 D to H, or D to N 
21.89 R to G 
21.96 P to S 
2197 Sto P, or S to C 
2199 A to S, or A to T 
22O1 deletion of S 
2204 S to I 

2207-2254 Deletion of 48 amino acids 
2330 K to E 
2442 I to V 
2884? R to G 

Amino acid position refers to amino acid number where the first amino acid is the first 
amino acid of the polyprotein expressed by the HCV at Genbank Accession number 
AJ238799, 
'Amino acids are listed in the single letter code. The first amino acid is the wild-type amino 
acid, and the second amino acid is the residue present in the mutant, 
Amino acid 2205 in the polyprotein expressed by the HCV at Genbank Accession number 
AF139594, 
"Amino acid 2889 in the polyprotein expressed by the HCV at Genbank Accession number 
AF139594, 

Cell culture adaptive mutations can be introduced into an 
HCV polynucleotide of the present invention by mutagenesis 
of the nucleotide sequence of the HCV in the form of plasmid 
DNA. Methods for targeted mutagenesis of nucleotide 
sequences are knownto the art, and include, for instance, PCR 
mutagenesis. 

In some aspects of the invention, the heterologous poly 
nucleotide is present in the HCV 3' non-translated RNA, for 
instance, in the variable region of the 3' non-translated RNA. 
In some aspects of the invention, the heterologous polynucle 
otide is inserted into the variable region such that the variable 
region is not removed. Alternatively, deletions of the variable 
region can be made, in whole or in part, and replaced with the 
heterologous polynucleotide. Preferably, in some aspects of 
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the invention, when the HCV has the genotype 1a, more 
preferably, the strain H77C, the heterologous polynucleotide 
is inserted in the variable region between nucleotides 5 and 6 
of the sequence 5' CUCUUAAGC 3', where the sequence 
shown corresponds to the positive-strand. 
A heterologous polynucleotide can include a non-coding 

region and/or a coding region, preferably a coding region. The 
coding region can encode a polypeptide including, for 
instance, a marker, including a detectable marker and/or a 
selectable marker. Examples of detectable markers include 
secretory alkaline phosphatase, green fluorescent protein, and 
molecules that can be detected by antibody. Examples of 
selectable markers include molecules that conferresistance to 
antibiotics, including the antibiotics kanamycin, amplicillin, 
chloramphenicol, tetracycline, neomycin, and formulations 
of phleomycin D1 including, for example, the formulation 
available under the trade-name ZEOCIN (Invitrogen, Carls 
bad, Calif.). Other examples of polypeptides that can be 
encoded by the coding region include a transactivator, and/or 
a fusion polypeptide. Preferably, when the polypeptide is a 
fusion polypeptide, the coding region includes nucleotides 
encoding a marker, more preferably, nucleotides encoding a 
fusion between a transactivator and a marker. Optionally, the 
coding region can encode an immunogenic polypeptide. 
When the heterologous polynucleotide includes a coding 
region, the HCV is typically dicistronic, i.e., the coding 
region of the heterologous polynucleotide and the coding 
region encoding the HCV polyprotein or portion thereof are 
separate. 
An “immunogenic polypeptide' refers to a polypeptide 

which elicits an immunological response in an animal. An 
immunological response to a polypeptide is the development 
in a Subject of a cellular and/or antibody-mediated immune 
response to the polypeptide. Usually, an immunological 
response includes but is not limited to one or more of the 
following effects: the production of antibodies, B cells, helper 
T cells, suppressor T cells, and/or cytotoxic T cells, directed 
specifically to an epitope or epitopes of the polypeptide frag 
ment. 

A transactivator is a polypeptide that affects in trans the 
expression of a coding region, preferably a coding region 
integrated in the genomic DNA of a cell. Such coding regions 
are referred to herein as “transactivated coding regions.” The 
cells containing transactivated coding regions are described 
in detail herein in the section "Methods of use.” Transactiva 
tors useful in the present invention include those ihat can 
interact with a regulatory region, preferably an operator 
sequence, that is operably linked to a transactivated coding 
region. As used herein, the term “transactivator” includes 
polypeptides that interact with an operator sequence and 
either prevent transcription from initiating at, activate tran 
Scription initiation from, or stabilize a transcript from, a trans 
activated coding region operably linked to the operator 
sequence. Examples of useful transactivators include the HIV 
tat polypeptide (see, for example, the polypeptide SEQ ID 
NO:19, MEPVDPRLEPWKHPGSQPKTACTNCYCK 
KCCFHCQVCFITKALGISYGRKK RRQRRRAHQN 
SQTHQASLSKQPTSQPRGDPTGPKE which is encoded 
by nucleotides 5377 to 5591 and 7925 to 7970 of Genbank 
accession number AF033819), and MEPVDPRLEPWKH 
PGSQPKTACTNCYCKKCCFHCQVCFITKALGISY GR 
KK RRQRRRPPQGSQTHQVSLSKQPTS QSRGDPTG 
PKE, the polypeptide present at amino acids 4-89 of SEQID 
NO:21. The HIV tat polypeptide interacts with the HIV long 
terminal repeat. Other useful transactivators include human T 
cell leukemia virus tax polypeptide (which binds to the opera 
tor sequence tax response element, Fujisawa et al., J. Virol., 
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65, 4525-4528 (1991)), and transactivating polypeptides 
encoded by spumaviruses in the region between env and the 
LTR, such as the bel-1 polypeptide in the case of human 
foamy virus (which binds to the U3 domain of these viruses, 
Rethwilm et al., Proc. Natl. Acad. Sci. USA, 88, 941–945 
(1991)). Alternatively, a post-transcriptional transactivator, 
such as HIV rev, can be used. HIV rev binds to a 234 nucle 
otide RNA sequence in the enV gene (the rev-response ele 
ment, or RRE) of HIV (Hadzopolou-Cladaras et al., J. Virol., 
63, 1265-1274 (1989)). 

Other transactivators that can be used are those having 
similarity with the amino acid sequence of SEQID NO:19 or 
amino acids 4-89 of SEQID NO:21. The similarity is referred 
to as structural similarity and is generally determined by 
aligning the residues of the two amino acid sequences (i.e., a 
candidate amino acid sequence and the amino acid sequence 
of SEQID NO:19 or amino acids 4-89 of SEQID NO:21) to 
optimize the number of identical amino acids along the 
lengths of their sequences; gaps in either or both sequences 
are permitted in making the alignment in order to optimize the 
number of identical amino acids, although the amino acids in 
each sequence must nonetheless remain in their proper order. 
A candidate amino acid sequence is the amino acid sequence 
being compared to an amino acid sequence present in SEQID 
NO:19 or amino acids 4-89 of SEQ ID NO:21. A candidate 
amino acid sequence can be isolated from a virus, or can be 
produced using recombinant techniques, or chemically or 
enzymatically synthesized. Preferably, two amino acid 
sequences are compared using the Blastp program of the 
BLAST 2 search algorithm, as described by Tatusova, et al. 
(FEMS Microbiol Lett 1999, 174:247-250). Preferably, the 
default values for all BLAST 2 search parameters are used, 
including matrix=BLOSUM62; open gap penalty=11, exten 
sion gap penalty=1, gap X dropoff 50, expect-10, word 
size 3, and filter on. In the comparison of two amino acid 
sequences using the BLAST search algorithm, structural 
similarity is referred to as “identities.” Preferably, a transac 
tivator includes an amino acid sequence having a structural 
similarity with SEQID NO:19 or amino acids 4-89 of SEQID 
NO:21 of at least about 70%, at least about 80%, at least about 
90%, at least about 94%, at least about 96%, or at least about 
99% identity. Typically, an amino acid sequence having a 
structural similarity with SEQID NO:19 or amino acids 4-89 
of SEQID NO:21 has tat activity. Whether such a polypeptide 
has activity can be evaluated by determining if the amino acid 
sequence can interact with an HIV LTR, preferably, alter 
transcription from a coding sequence operably linked to an 
HIV LTR 

Active analogs or active fragments of a transactivator can 
be used in the invention. An active analog or active fragment 
of a transactivator is one that is able to interact with an 
operator sequence and either prevent transcription from ini 
tiating at, activate transcription initiation from, or stabilize a 
transcript from, a transactivated coding region operably 
linked to the operator sequence. 

Active analogs of a transactivator include polypeptides 
having conservative amino acid Substitutions that do not 
eliminate the ability to interact with an operator and alter 
transcription. Substitutes for an amino acid may be selected 
from other members of the class to which the amino acid 
belongs. For example, nonpolar (hydrophobic) amino acids 
include alanine, leucine, isoleucine, Valine, proline, phenyla 
lanine, tryptophan, and tyrosine. Polar neutral amino acids 
include glycine, serine, threonine, cysteine, tyrosine, aspar 
tate, and glutamate. The positively charged (basic) amino 
acids include arginine, lysine, and histidine. The negatively 
charged (acidic) amino acids include aspartic acid and 
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glutamic acid. Examples of preferred conservative Substitu 
tions include Lys for Arg and vice versa to maintain a positive 
charge; Glu for Asp and vice versa to maintain a negative 
charge; Serfor Thr so that a free—OHis maintained; and Gln 
for ASn to maintain a free NH. 

Active fragments of a transactivator include a portion of the 
transactivator containing deletions or additions of about 1, 
about 2, about 3, about 4, or at least about 5 contiguous or 
noncontiguous amino acids such that the resulting transacti 
vator will alter expression of an operably linked transacti 
vated coding region. A preferred example of an active frag 
ment of the HIV tat polypeptide includes amino acids amino 
acids 1-48 of SEQID NO:19, or amino acids 4-51 of SEQID 
NO:21. 

In those aspects of the invention where the heterologous 
polynucleotide includes a coding region that encodes a fusion 
polypeptide, the fusion polypeptide can further include 
amino acids corresponding to a cis-active proteinase. When 
the fusion polypeptide is a fusion between a transactivator 
and a marker, preferably the fusion polypeptide also includes 
amino acids corresponding to a cis-active proteinase. Prefer 
ably the amino acids corresponding to a cis-active proteinase 
are present between the amino acids corresponding to the 
transactivator and the marker. A cis-active proteinase in this 
position allows the amino acids corresponding to the trans 
activator and the marker to be physically separate from each 
other in the cell within which the HCV is present. Examples 
of cis-active proteinases that are useful in the present inven 
tion include the cis-active 2A proteinase of foot-and-mouth 
disease (FMDV) virus (see, for example, U.S. Pat. No. 5,846, 
767 (Halpinet al.) and U.S. Pat. No. 5,912,167 (Palmenberg 
et al.)), ubiquitin (see, for example, Tauzet al., Virology, 197, 
74-85 (1993)), and the NS3 recognition site GADTEDV 
VCCSMSY (SEQID NO:31) (see, for example, Lai et al., J. 
Virol. 74,6339-6347 (2000)). 
Active analogs and active fragments of cis-active protein 

ases can also be used. Active analogs of a cis-acting protein 
ase include polypeptides having conservative amino acid Sub 
stitutions that do not eliminate the ability of the proteinase to 
catalyze cleavage. Active fragments of a cis-active proteinase 
include a portion of the cis-active proteinase containing dele 
tions or additions of one or more contiguous or noncontigu 
ous amino acids such that the resulting cis-active proteinase 
will catalyze the cleavage of the proteinase. 

In some aspects of the invention, the heterologous poly 
nucleotide may further include a regulatory region that is 
operably linked to the coding region of the heterologous 
polynucleotide. Preferably, a regulatory region located 5' of 
the operably linked coding region provides for the translation 
of the coding region. 
A preferred regulatory region located 5' of an operably 

linked coding region is an internal ribosome entry site 
(IRES). An IRES allows a ribosome access to mRNA without 
a requirement for cap recognition and Subsequent scanning to 
the initiator AUG (Pelletier, et al., Nature, 334, 320-325 
(1988)). An IRES is located upstream of the translation ini 
tiation codon, e.g., ATG or AUG, of the coding sequence to 
which the IRES is operably linked. The distance between the 
IRES and the initiation codon is dependent on the type or 
IRES used, and is known to the art. For instance, poliovirus 
IRES initiates a ribosome translocation/scanning process to a 
downstream AUG codon. For other IRES elements, the ini 
tiator codon is generally located at the 3' end of the IRES 
sequence. Examples of an IRES that can be used in the inven 
tion include a viral IRES, preferably a picornaviral IRES or a 
flaviviral IRES. Examples of poliovirus IRES elements 
include, for instance, poliovirus IRES, encephalomyocarditis 
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virus IRES, or hepatitis A virus IRES. Examples of preferred 
flaviviral IRES elements include hepatitis C virus IRES, GB 
virus BIRES, or a pestivirus IRES, including but not limited 
to bovine viral diarrhea virus IRES or classical Swine fever 
virus IRES. Other IRES elements with similar secondary and 
tertiary structure and translation initiation activity can either 
be generated by mutation of these viral sequences, by cloning 
of analogous sequences from other viruses (including picor 
naviruses), or prepared by enzymatic synthesis techniques. 
The size of the heterologous polynucleotide is not critical 

to the invention. It is expected there is no lower limit on the 
size of the heterologous polynucleotide. It is expected that 
there is an upper limit on the size of the heterologous poly 
nucleotide. This upper limit can be easily determined by a 
person skilled in the art, as heterologous polynucleotides that 
are greater than this upper limit adversely affect replication of 
an HCV polynucleotide. In increasing order of preference, 
the heterologous polynucleotide is at least about 10 nucle 
otides, at least about 20 nucleotides, at least about 30 nucle 
otides, most preferably at least about 40 nucleotides. 

In some aspects of the invention, the heterologous poly 
nucleotide is present in an HCV downstream of the 5' NTR. 
For instance, the first nucleotide of the heterologous poly 
nucleotide may be immediately downstream and adjacent to 
the last nucleotide of the 5' NTR. Alternatively, the first nucle 
otide of the heterologous polynucleotide may be about 33 to 
about 51 nucleotides, more preferably, about 36 to about 48 
nucleotides, downstream of the last nucleotide of the 5' NTR. 
Typically, when the first nucleotide of the heterologous poly 
nucleotide is not immediately downstream of the last nucle 
otide of the 5' NTR, the nucleotides in between the 5' NTR 
and the heterologous polynucleotide encode the amino termi 
nal amino acids of the HCV core polypeptide. 

In those aspects of the invention where the heterologous 
polynucleotide present in an HCV is inserted downstream of 
the 5' NTR and upstream of the coding region encoding the 
HCV polyprotein or a portion thereof, the heterologous poly 
nucleotide typically includes a regulatory region operably 
linked to the downstream coding region. Preferably, the regu 
latory region provides for the translation of the downstream 
coding region. The size of the regulatory region may be from 
about 400 nucleotides to about 800 nucleotide, more prefer 
ably, about 600 nucleotides to about 700 nucleotides. Prefer 
ably, the regulatory region is an IRES. Examples of IRES 
elements are described herein. 

In those aspects of the invention where the HCV poly 
nucleotide includes a portion of the hepatitis C virus polypro 
tein, the 5' end of the coding region encoding the HCV 
polyprotein may further include about 33 to about 51 nucle 
otides, more preferably, about 36 to about 48 nucleotides, that 
encode the first about 11 to about 17, more preferably, about 
12 to about 16, amino acids of the core polypeptide. The result 
is a fusion polypeptide between the amino terminal amino 
acids of the core polypeptide and the first polypeptide 
encoded by the heterologous polnucleotide. 
The replication competent HCV polynucleotide of the 

invention can be present in a vector. When a replication com 
petent HCV is present in a vector the HCV is DNA, including 
the 5' non-translated RNA and the 3' non-translated RNA. 
Methods for cloning an HCV and inserting it into a vector are 
known to the art (see, e.g., Yanagietal. Proc. Natl. Acad. Sci., 
USA, 94,8738-8743 (1997); and Rice et al., (U.S. Pat. No. 
6,127,116)). Such constructs are often referred to as molecu 
larly cloned laboratory strains, and an HCV that is inserted 
into a vector is typically referred to as a cDNA clone of the 
HCV. If the RNA encoded by the HCV is able to replicate in 
vivo, the HCV present in the vector is referred to as an 
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infectious cDNA clone. A vector is a replicating polynucle 
otide, such as a plasmid, phage, cosmid, or artificial chromo 
Some to which another polynucleotide may be attached so as 
to bring about the replication of the attached polynucleotide. 
A vector can provide for further cloning (amplification of the 
polynucleotide), i.e., a cloning vector, or for expression of the 
polypeptide encoded by the coding region, i.e., an expression 
vector. The term vector includes, but is not limited to, plasmid 
vectors, viral vectors, cosmid vectors, or artificial chromo 
some vectors. Preferably the vector is a plasmid. Preferably 
the vector is able to replicate in a prokaryotic host cell, for 
instance Escherichia coli. Preferably, the vector can integrate 
in the genomic DNA of a eukaryotic cell. 
An expression vector optionally includes regulatory 

sequences operably linked to the HCV such that the HCV is 
transcribed to produce RNA molecules. These RNA mol 
ecules can be used, for instance, for introducing an HCV to a 
cell that is in an animal or growing in culture. The terms 
“introduce and “introducing refer to providing an HCV to a 
cell under conditions that the HCV is taken up by the cell in 
such a way that the HCV can then replicate. The HCV can be 
a virus particle, or a nucleic acid molecule, preferably RNA. 
The invention is not limited by the use of any particular 
promoter, and a wide variety are known. Promoters act as 
regulatory signals that bind RNA polymerase in a cell to 
initiate transcription of a downstream (3' direction) HCV. The 
promoter used in the invention can be a constitutive or an 
inducible promoter. A preferred promoter for the production 
of HCV is T7 promoter. 

Preferred examples of HCV polynucleotide of the present 
invention are shown in FIGS. 9, 10, and 17. It should be noted 
that while these sequences are DNA sequences, the present 
invention contemplates the corresponding RNA sequence, 
and RNA and DNA complements thereof, as well. 
Methods of Use 
The present invention is directed to methods for identifying 

a replication competent HCV polynucleotide, including 
detecting and/or selecting for cells containing a replication 
competent HCV polynucleotide. Typically, the cells used in 
this aspect of the invention are cells growing in culture. Use 
ful cultured cells will support the replication of the HCV of 
the present invention, and include primary human or chim 
panzee hepatocytes, peripheral mononuclear cells, cultured 
human lymphoid cell lines (for instance lines expressing 
B-cell and T-cell markers such as Bjab and Molt-4 cells), and 
continuous cell lines derived from Such cells, including Huh 
7, HepG2, and PH5CH-8. The cells may be primate or human 
cells, preferably human cells. In general, useful cells include 
those that support replication of HCV RNA, including, for 
instance, replication of the HCV encoded by pCV-H77C, or 
replication of the HCV encoded by pHCV-N as modified by 
Beard et al. (Hepatol., 30, 316-324 (1999)). A preferred cul 
tured cell is HuPI-7, which is known to workers in the field of 
HCV (see, for instance, Lohmann et al., Science, 285, 570 
574 (1999)). 

In some aspects of the invention, the cultured cell includes 
a polynucleotide that includes a coding region, the expression 
of which is controlled by a transactivator. Such a coding 
region is referred to herein as a transactivated coding region. 
A transactivated coding region encodes a marker, preferably 
a detectable marker, for example, secretory alkaline phos 
phatase. In some aspects of the invention, the detectable 
marker is secretory alkaline phospahtase (SEAP). An 
example of an SEAP is encoded by nucleotides 748-2239 of 
SEQ ID NO:18. Typically, a cultured cell that includes a 
polynucleotide having a transactivated coding region is used 
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in conjunction with an HCV polynucleotide that includes a 
coding region encoding a transactivator. 
The polynucleotide that includes the transactivated coding 

region can be present integrated into the genomic DNA of the 
cell, or present as part of a vector that is not integrated. 
Preferably, the polynucleotide is integrated into the genomic 
DNA of the cell. Methods of modifying a cell to contain an 
integrated DNA are known to the art. An example of making 
such a cell is described in Example 3 and Example 9. 

Operably linked to the transactivated coding region is an 
operator sequence. The interaction of a transactivator can 
alter transcription of the operably linked transactivated cod 
ing region. In those aspects of the invention where a transac 
tivator increases transcription, preferably there is low tran 
Scription of the transactivated coding region in the absence of 
a transactivator, more preferably, essentially no transcription. 
An operator sequence can be present upstream (5') or down 
stream (3') of a transactivated coding region. An operator 
sequence can be a promoter, or can be a nucleotide sequence 
that is present in addition to a promoter. 

In some aspects of the invention, the operator sequence that 
is operably linked to a transactivated coding sequence is an 
HIV long terminal repeat (LTR). An example of an HIV LTR 
is depicted at nucleotides 1-719 of SEQ ID NO:18. Also 
included in the present invention are operator sequences hav 
ing similarity to nucleotides 1-719 of SEQ ID NO: 18. The 
similarity between two nucleotides sequences may be deter 
mined as described above, however, the candidate nucleotide 
sequence is compared to the nucleotides 1-719 of SEQ ID 
NO:18. Preferably, an operator sequence includes a nucle 
otide sequence having a structural similarity with the nucle 
otides 1-719 of SEQID NO:18 of at least about 80%, more 
preferably at least about 90%, most preferably at least about 
95% identity. Typically, an operator sequence having struc 
tural similarity with the nucleotides I-719 of SEQID NO:18 
has transcriptional activity. Whether such an operator 
sequence has transcriptional activity can be determined by 
evaluating the ability of the operator sequence to alter tran 
Scription of an operably linked coding sequence in response 
to the presence of a polypeptidehaving tatactivity, preferably, 
a polypeptide including the amino acids of SEQID NO:19 or 
amino acids 4-89 of SEQID NO:21. 

In some aspects of the present invention, the replication of 
cultured cells may be inhibited by a selecting agent. 
Examples of selecting agents include antibiotics, including 
kanamycin, amplicillin, chloramphenicol, tetracycline, neo 
mycin, and formulations of phleomycin D1. A selecting agent 
can act to prevent replication of a cell while the agent is 
present and the cell does not express a molecule that provides 
resistance to the selecting agent. Alternatively and preferably, 
a selecting agent can act to kill a cell that does not express a 
molecule that provides resistance to the selecting agent. Typi 
cally, the molecule providing resistance to a selecting agentis 
expressed in the cell by an HCV polynucleotide of the present 
invention. Alternatively, the molecule providing resistance to 
a selecting agent is expressed by the cell but the expression of 
the molecule is controlled by an HCV polynucleotide of the 
present invention that is present in the cell. The concentration 
of the selecting agent is typically chosen Such that a cell that 
does not contain a molecule providing resistance to a select 
ing agent does not replicate. The appropriate concentration of 
a selecting agent varies depending on the particular selecting 
agent, and can be easily determined by one having ordinary 
skill in the art using known techniques. 
When a polynucleotide that includes a replication compe 

tent HCV polynucleotide is introduced into a cell that is 
growing in culture, the polynucleotide can be introduced 
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using techniques known to the art. Such techniques include, 
for instance, liposome and non-liposome mediated transfec 
tion. The Examples describe the use of one type of liposome 
mediated transfection. Non-liposome mediated transfection 
methods include, for instance, electroporation. 

In some aspects of the invention, when a replication com 
petent HCV polynucleotide is identified using cultured cells, 
its ability to replicate may be verified by introducing the HCV 
to a cell present in an animal, preferably a chimpanzee. When 
the cell is present in the body of an animal, the polynucleotide 
that includes a replication competent HCV can be introduced 
by, for instance, Subcutaneous, intramuscular, intraperito 
neal, intravenous, or percutaneous intrahepatic administra 
tion, preferably by percutaneous intrahepatic administration. 
Methods for determining whether an HCV polynucleotide is 
able to replicate in a chimpanzee are known to the art (see, for 
example, Yanagi et al., Proc. Natl Acad. Sci. USA, 94,8738 
8743 (1997), and Example 2). In general, the demonstration 
of infectivity is based on the appearance of the virus in the 
circulation (blood) of the chimpanzee over the days and 
weeks following the intrahepatic injection of the HCV. The 
presence of the virus can be confirmed by reverse transcrip 
tion-polymerase chain reaction (RT-PCR) detection of the 
viral RNA, by inoculation of a second chimpanzee with trans 
fer of the hepatitis C virus infection as indicated by the 
appearance of liver disease and Seroconversion to hepatitis C 
virus in ELISA tests, or possibly by the immunologic detec 
tion of components of the hepatitis C virus (e.g., the core 
protein) in the circulation of the inoculated animal. It should 
be noted that seroconversion by itself would not be a useful 
indicator of infection in an animal injected with a viral RNA 
produced using a molecularly cloned laboratory strain, as this 
RNA may have immunizing properties and be capable of 
inducing HCV-specificantibodies to proteins translated from 
an input RNA that is non-replicating. Similarly, the absence 
of seroconversion does not exclude the possibility of viral 
replication and infection of a chimpanzee with HCV. 
Whetheran HCV polynucleotide of the present invention is 

replication competent can be determined using methods 
known to the art, including methods that use nucleic acid 
amplification to detect the result of increased levels of HCV 
replication. In some aspects of the invention, another method 
for detecting a replication competent HCV polynucleotide 
includes measuring the production of viral particles by a cell. 
The measurement of viral particles can be accomplished by 
passage of Supernatant from media containing a cell culture 
that may contain a replication competent HCV, and using the 
supernatant to infect a second cell. Detection of HCV in the 
second cell indicates the initial cell contains a replication 
competent HCV. The production of infectious virus particles 
by a cell can also be measured using antibody that specifically 
binds to an HCV viral particle. As used herein, an antibody 
that can “specifically bind an HCV viral particle is an anti 
body that interacts only with the epitope of the antigen (e.g., 
the viral particle or a polypeptide that makes up the particle) 
that induced the synthesis of the antibody, or interacts with a 
structurally related epitope. “Epitope” refers to the site on an 
antigen to which specific B cells and/or T cells respond so that 
antibody is produced. An epitope could includes about 3 
amino acids in a spatial conformation which is unique to the 
epitope. Generally an epitope includes at least about 5 Such 
amino acids, and more usually, consists of at least about 8-10 
such amino acids. Antibodies to HCV viral particles can be 
produced as described herein. 

In another aspect, identifying a replication competent 
HCV polynucleotide includes incubating a cultured cell that 
includes an HCV of the present invention. In those aspects of 
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the invention where the heterologous polynucleotide encodes 
a detectable marker, cells containing a replication competent 
HCV can be identified by observing individual cells that 
contain the detectable marker. Alternatively, if the detectable 
marker is secreted by the cell, the presence of the marker in 
the medium in which the cell is incubated can be detected. 
Methods for observing the presence or absence of a detect 
able marker in a cell or in liquid media are known to the art. 

Another aspect of the invention provides for the positive 
selection of cells that include a replication competent HCV 
polynucleotide. The marker expressed by the HCV is a select 
able marker, and the cell, which includes the HCV, is incu 
bated in the presence of a selecting agent. Those cells that can 
replicate in the presence of the selecting agent contain an 
HCV that is replication competent. Typically, the cells that 
can replicate are detected by allowing resistant cells to grow 
in the presence of the selecting agent. 

In some aspects, the method may further include isolating 
virus particles from the cells that contain a replication com 
petent HCV polynucleotide and exposing a second cell to the 
isolated virus particle under conditions such that the virus 
particle is introduced to the cell. After providing time for 
expression of the selectable marker, the second cell is then 
incubated with the selecting agent. The presence of a cell that 
replicates indicates the replication competent HCV produces 
infectious virus particles. Preferably, virus particles are iso 
lated by removing a volume of the media in which the first 
cells are incubated. 

In another aspect, the invention provides a method for 
detecting a replication competent HCV polynucleotide. The 
method includes incubating a cell that contains an HCV of the 
present invention. The cell includes a transactivated coding 
region and an operator sequence operably linked to the trans 
activated coding region. The transactivated coding region 
encodes a detectable marker. 
The heterologous polynucleotide present in the HCV poly 

nucleotide encodes a transactivator that interacts with the 
operator sequence present in the cell. The interaction of the 
transactivator to the operator sequence can decrease tran 
Scription or increase transcription of the operably linked 
transactivated coding region. Preferably, binding of the trans 
activator to the operator sequence increases transcription. 
Preferably, the HCV also encodes a marker, more preferably, 
a fusion polypeptide that includes a transactivator and a 
marker. Most preferably, the fusion polypeptide further 
includes a cis-acting proteinase located between the nucle 
otides encoding the transactivator and the nucleotides encod 
ing the marker. 
The method further includes detecting the presence or 

absence of the detectable marker encoded by the transacti 
vated coding region present in the cell. The presence of the 
detectable marker indicates the cell includes a replication 
competent HCV. Preferably, the detectable marker is one that 
is secreted by the cell, for instance secretory alkaline phos 
phatase. 
The methods described above for identifying replication 

competent HCV polynucleotide can also be used for identi 
fying a variant HCV polynucleotide, i.e., an HCV that is 
derived from a replication competent HCV of the present 
invention. Preferably, a variant HCV has a faster replication 
rate than the parent or input HCV. The method takes advan 
tage of the inherently high mutation rate of RNA replication. 
It is expected that during continued culture of a replication 
competent HCV in cultured cells, the HCV of the present 
invention may mutate, and some mutations will result in HCV 
with greater replication rates. The method includes identify 
ing a cell that has greater expression of a polypeptide encoded 
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by a replication competent HCV. An HCV of the present 
invention that replicates at a faster rate will result in more of 
the polypeptide(s) that is encoded by the heterologous poly 
nucleotide present in the HCV. For instance, when an HCV 
encodes a selectable marker, a cell containing a variant HCV 
having a greater replication rate will be resistant to higher 
levels of an appropriate selecting agent. When an HCV 
encodes a transactivator, a cell containing a variant HCV 
having a greater replication rate than the parent or input HCV 
will express higher amounts of the transactivated coding 
region that is present in the cell. The observed increases in 
resistance to phleomycin D1 (for instance, ZEOCIN) suggest 
the accumulation of mutations that allow increased rates of 
replication. 
A cDNA molecule of a variant HCV polynucleotide can be 

cloned using methods known to the art (see, for instance, 
Yanagi et al., Proc. Nail. Acad. Sci., USA, 94, 8738-8743 
(1997)). The nucleotide sequence of the cloned cDNA can be 
determined using methods known to the art, and compared 
with that of the input RNA. This allows identification of 
mutations that have occurred in association with passage of 
the HCV in cell culture. For example, using methods known 
to the art, including longrange RT-PCR, extended portions of 
a variant HCV genome can be obtained. Multiple clones 
could be obtained from each segment of the genome, and the 
dominant sequence present in the culture determined. Muta 
tions that are identified by this approach can then be reintro 
duced into the background of the HCV cDNA encoding the 
parent or input HCV. This may be used to produce a replica 
tion competent HCV that does not contain a heterologous 
polynucleotide. Such an HCV would have superior replica 
tion properties in cell culture compared to the parent HCV 
and the variant HCV because it would not carry the burden of 
an additional coding region within its 3' non-translated RNA. 
The present invention also provides methods for identify 

ing a compound that inhibits replication of an HCV poly 
nucleotide, preferably a replication competent HCV as 
described herein in the section “Hepatitis C Virus.” The 
method includes contacting a cell containing a replication 
competent HCV polynucleotide with a compound and incu 
bating the cell under conditions that permit replication of the 
replication competent HCV polynucleotide in the absence of 
the compound. After a period of time sufficient to allow 
replication of the HCV polynucleotide, the replication com 
petent HCV polynucleotide is detected. A decrease in the 
presence of replication competent HCV polynucleotide in the 
cell contacted with the compound relative to the presence of 
replication competent HCV polynucleotide in a cell not con 
tacted by the compound indicates the compound inhibits rep 
lication of a replication competent HCV. A compound that 
inhibits replication of an HCV includes compounds that com 
pletely prevent replication, as well as compounds that 
decrease replication. Preferably, a compound inhibits repli 
cation of a replication competent HCV by at least about 50%, 
more preferably at least about 75%, most preferably at least 
about 95%. 
The compounds added to a cell can be a wide range of 

molecules and is not a limiting aspect of the invention. Com 
pounds include, for instance, a polyketide, a non-ribosomal 
peptide, a polypeptide, a polynucleotide (for instance an anti 
sense oligonucleotide or ribozyme), or other organic mol 
ecules. The Sources for compounds to be screened include, for 
example, chemical compound libraries, fermentation media 
of Streptomycetes, other bacteria and fungi, and extracts of 
eukaryotic or prokaryotic cells. When the compound is added 
to the cell is also not a limiting aspect of the invention. For 
instance, the compound can be added to a cell that contains a 
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replication competent HCV. Alternatively, the compound can 
be added to a cell before or at the same time that the replica 
tion competent HCV is introduced to the cell. 

Typically, the ability of a compound to inhibit replication 
of a replication competent HCV polynucleotide is measured 
using methods described herein. For instance, methods that 
use nucleic acid amplification to detect the amount of HCV 
nucleic acid in a cell can be used. Alternatively, methods that 
detect or select for a marker encoded by a replication com 
petent HCV or encoded by a cell containing a replication 
competent HCV can be used. 

In Some aspects of the invention, the replication competent 
HCV polynucleotide of the invention can be used to produce 
infectious viral particles. For instance, a cell that includes a 
replication competent HCV can be incubated under condi 
tions that allow the HCV to replicate, and the infectious viral 
particles that are produced can be isolated, preferably puri 
fied. The infectious viral particles can be used as a source of 
virus particles for various assays, including evaluating meth 
ods for inactivating particles, excluding particles from serum, 
identifying a neutralizing compound, and as an antigen for 
use in detecting anti-HCV antibodies in an animal. An 
example of using a viral particle as an antigen includes use as 
a positive-control in assays that test for the presence of anti 
HCV antibodies. 

For instance, the activity of compounds that neutralize or 
inactivate the particles can be evaluated by measuring the 
ability of the molecule to prevent the particles from infecting 
cells growing in culture or in cells in an animal. Inactivating 
compounds include detergents and solvents that solubilize 
the envelope of a viral particle. Inactivating compounds are 
often used in the production of blood products and cell-free 
blood products. Examples of compounds that can be neutral 
izing include a polyketide, a non-ribosomal peptide, a 
polypeptide (for instance, an antibody), a polynucleotide (for 
instance, an antisense oligonucleotide or ribozyme), or other 
organic molecules. Preferably, a neutralizing compound is an 
antibody, including polyclonal and monoclonal antibodies, as 
well as variations thereof including, for instance, single chain 
antibodies and Fab fragments. 

Viral particles produced by replication competent HCV 
polynucleotide of the invention can be used to produce anti 
bodies. Laboratory methods for producing polyclonal and 
monoclonal antibodies are known in the art (see, for instance, 
Harlow E. etal. Antibodies. A laboratory manual Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor (1988) and 
Ausubel, R. M., ed. Current Protocols in Molecular Biology 
(1994)), and include, for instance, immunizing an animal 
with a virus particle. Antibodies produced using the viral 
particles of the invention can be used to detect the presence of 
viral particles in biological samples. For instance, the pres 
ence of viral particles in blood products and cell-free blood 
products can be determined using the antibodies. 
The present invention further includes methods of treating 

an animal including administering neutralizing antibodies. 
The antibodies can be used to prevent infection (prophylac 
tically) or to treat infection (therapeutically), and optionally 
can be used in conjunction with other molecules used to 
prevent or treat infection. The neutralizing antibodies can be 
mixed with pharmaceutically acceptable excipients or carri 
ers. Suitable excipients include but are not limited to water, 
saline, dextrose, glycerol, ethanol, or the like and combina 
tions thereof. In addition, if desired, neutralizing antibodies 
and pharmaceutically acceptable excipients or carriers may 
contain minor amounts of auxiliary Substances such as wet 
ting or emulsifying agents, pH buffering agents, and/or adju 
vants which enhance the effectiveness of the neutralizing 
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antibodies. Such additional formulations and modes of 
administration as are known in the art may also be used. 
The virus particles produced by replication competent 

HCV polynucleotide of the invention can be used as a source 
of viral antigen to measure the presence and amount of anti 
body present in an animal. Assays are available that measure 
the presence in an animal of antibody directed to HCV, and 
include, for instance, ELISA assays, and recombinant immu 
noblot assay. These types of assays can be used to detect 
whether an animal has been exposed to HCV, and/or whether 
the animal may have an active HCV infection. However, these 
assays do not use virus particles, but rather individual or 
multiple viral polypeptides expressed from recombinant 
cDNA that are not in the form of virus particles. Hence they 
are unable to detect potentially important antibodies directed 
against Surface epitopes of the envelope polypeptides, nor are 
they measures of functionally important viral neutralizing 
antibodies. Such antibodies could only be detected with the 
use of infectious virus particles, such as those that are pro 
duced in this system. The use of infectious viral particles as 
antigen in assays that detect the presence of specific antibod 
ies by virtue of their ability to block the infection of cells with 
HCV viral particles, or that possibly bind to whole virus 
particles in an ELISA assay or radioimmunoassay, will allow 
the detection of functionally important viral neutralizing anti 
bodies 
The present invention also provides a kit for identifying a 

compound that inhibits replication of a replication competent 
HCV polynucleotide. The kit includes a replication compe 
tent HCV polynucleotide as described herein, and a cell that 
contains a polynucleotide including a transactivated coding 
sequence encoding a detectable marker and an operator 
sequence operably linked to the transactivated coding 
sequence in a suitable packaging material. Optionally, other 
reagents such as buffers and Solutions needed to practice the 
invention are also included. Instructions for use of the pack 
aged materials are also typically included. 
As used herein, the phrase "packaging material” refers to 

one or more physical structures used to house the contents of 
the kit. The packaging material is constructed by well known 
methods, preferably to provide a sterile, contaminant-free 
environment. The packaging material may include a label 
which indicates that the replication competent HCV poly 
nucleotide can be used for identifying a compound that inhib 
its replication of an HCV. In addition, the packaging material 
may contain instructions indicating how the materials within 
the kit are employed. As used herein, the term "package' 
refers to a solid matrix or material Such as glass, plastic, and 
the like, capable of holding within fixed limits the replication 
competent virus and the vertebrate cell. 
The present invention is illustrated by the following 

examples. It is to be understood that the particular examples, 
materials, amounts, and procedures are to be interpreted 
broadly in accordance with the scope and spirit of the inven 
tion as set forth herein. 

EXAMPLES 

Example 1 

Construction of the Infectious MKO-Z RNA 

FIG. 1 shows the full-length modified HCV cDNA (MKO 
Z) that was constructed by modification of pCV-H77C. The 
nucleotide sequence of MKO-Z is shown in FIG. 9. A coding 
region encoding a polypeptide conferring resistance to neo 
mycin has been expressed under control of the EMCV IRES 
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from a second reading frame inserted within the 3' non-trans 
lated RNA in subgenomic Kunjin virus replicons. However, 
the specific placement of the foreign sequence could not be 
used as a guide for the placement of a coding region in HCV 
since the 3' non-translated RNA of these viruses share no 
sequence identity. In the case of MKO-Z, the heterologous 
sequence functions as a unique 3' cistron, with the internal 
ribosome entry site (IRES) of encephalomyocarditis virus 
(EMCV) directing the cap independent translation of a novel 
polyprotein composed of Tat and the ZEOCIN (phleomycin, 
Invitrogen) resistance protein, Zeo, separated by the cis-ac 
tive 2A proteinase of foot-and-mouth disease (FMDV) virus. 
The Asn-Pro-Gly sequence at the carboxy terminus of FMDV 
2A mediates proteolytic cleavage at the 2AZeo junction, 
effectively separating the upstream Tat and downstream Zeo 
polypeptides (Ryan et al., EMBO.J. 13,928-933 (1994)). The 
heterologous sequence is placed within the 3'NTR of HCV, a 
genomic region that contains highly conserved sequences 
that cannot be deleted without loss of infectivity. More spe 
cifically, the heterologous sequence was placed within the 
variable region of the 3'NTR (FIG. 2). As a control, a repli 
cation-incompetent variant of MKO-Z, dS-MKO-Z, was con 
structed by opening the clone at two closely positioned Sma 
I sites within the NS5B coding region, then religating the 
plasmid. This resulted in a frame-shift deletion in the HCV 
sequence, upstream of the GDD motif in the polymerase 
encoded by the NS5B coding region, that is lethal to viral 
replication. The novel 3' reading frame in MKO-Z, has been 
shown to be active translationally in in vitro translation reac 
tions carried out in rabbit reticulocyte lysates. These experi 
ments also demonstrated that the 2A proteinase effectively 
cleaved the resulting polyprotein, releasing Tat-2A from the 
Zeo protein. 
a. Construction of puC HCV3'-EMCV-tat-2A-Zeo 

To make pHCV3', full length HCV 1a (present on the 
plasmid pCV-H77C) (provided by Dr. Purcell at NIH) was 
digested with HindIII-Xbal. A DNA fragment of about 1.7 
kilobases, corresponding to nucleotides 7861-9599 of the 
HCV nucleotide sequence available at Genbank Accession 
number AF011751, was isolated and ligated into the vector 
pBluescript (Stratagene) that had been digested with HindIII 
and Xbal. The resulting plasmid was designated pHCV3'. 
A DNA fragment containing the EMCV IRES was gener 

ated by the polymerase chain reaction (PCR). The plasmid 
pEMCV-CAT, described in Whetteret al., (Arch. Virol. Suppl. 
9, 291-298 (1994) was amplified using the sense primer 
5'-GGCCTCTTAAGGTTATTTTCCACCATATTGCC (SEQ 
ID NO:22) which contained a BfrI site, and the anti-sense 
primer 5'-TCC 
CCGCGGAAGGCCTCATATTATCATCGTGTTTTTC 
(SEQ ID NO:23) which contained a SacI and StuI site. The 
italicized nucleotides are those which are not present in the 
DNA to be amplified, and the underlined nucleotides indicate 
a restriction endonuclease site. The PCR conditions were: 94° 
C. for 30 seconds, 55° C. for 30 seconds, and 72° C. for 1 
minute, for 35 cycles. 
pHCV3'-EMCV was generated by ligating EMCV IRES 

fragment digested with BfrI-SacI and vector from pHCV3' 
digested with same enzymes. 
A DNA fragment containing the nucleotides encoding 85 

amino acids from the HIV I Tat protein was generated by 
PCR. The amino acid sequence of the HIV I Tat protein is 
shown at amino acids 4-89 of SEQ ID NO:21 The plasmid 
used was pCTAT (provided by Dr. Bryan Cullen, Duke 
University. Durham, N.C. Dept. of Microbiology) (see 
Bieniasz et al., Molecular Cellular Biology, 19, 4592-4599): 
was amplified using the sense primer 5'-GA 
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AGGCCTATGGAGCCAGTAGATCCTAGA (SEQ ID 
NO:28), which contained a StuI site, and anti-sense primer 
5'-CGGAATTCTTCCTTCGGGCCTGTCGGGTCC (SEQ 
ID NO:29), which contained an EcoRI site. The italicized 
nucleotides are those which are not present in the DNA to be 
amplified, and the underlined nucleotides indicate a restric 
tion endonuclease site. The PCR conditions were: 94° C. for 
30 seconds, 55° C. for 30 seconds, and 72°C. for 1 minute, for 
35 cycles. 
A DNA fragment containing the nucleotides encoding 

15 amino acids of FMDV 2A was generated by annealing 51 
C primer Set, SS primer 5'- 

AATTCGACCTTCTTAAGCTTGCGGGAGACGTCGAG 
TCCAACCCTGGGCCCG (SEQID NO:24) and anti-sense 
primer 5'-GATCCGGGCCCA GGGTUGGACTC 
GACGTCTCCCGC AAGCTTAAGAAGGT CG (SEQ ID 
NO:25) with putative digested form of EcoRI and BamHI site 
at its 5' and 3' end, respectively. The result was a DNA frag 
ment encoding the 15 amino acids of FMDV 2A. The amino 
acid sequence encoded by the DNA fragment was 
FDLLKLAGDVESNPG (SEQID NO:30). 
A DNA fragment containing the coding region encoding 

resistance to phleomycin was generated by the polymerase 
chain reaction (PCR). The plasmid pzeoSV (Invitrogen) was 
amplified using the sense primer 5'-CCGCTCGAGGCCT 
GGATCCATGGCCAAGTTGACCAGTGCC (SEQ ID 
NO:26) which contained a Bam HI site, and anti-sense primer 
5'-GGCCTCTTAAGTCAGTCCTGCTCCTCGGCCACG 
(SEQ ID NO:27) which contained a BfrI site. The italicized 
nucleotides are those which are not present in the DNA to be 
amplified, and the underlined nucleotides indicate a restric 
tion endonuclease site. The PCR conditions were: 94° C. for 
30 seconds, 55° C. for 30 seconds, and 72°C. for 1 minute, for 
35 cycles. 
pAHCV3'-2A-Zeo was generated by digesting the DNA 

fragment containing the coding region encoding resistance to 
phleomycin with BfrI-BamHI, and pHCV3' was with EcoRI 
BfrI. These two fragments and the FMDV 2A fragment 
(which contains an EcoRI site with staggered ends and a 
BamH site with staggered ends) were then ligated to form 
pAHCV3'-2A-Zeo. 
pUCHCV3'-EMCV-tat-2A-Zeo was generated by ligating 

4 fragments together. A DNA fragment containing the EMCV 
IRES was obtained by digesting pHCV3'-EMCV with SphI 
StuI. The amplified DNA fragment encoding a portion of the 
HIV I Tat protein was digested with StuI-EcoRI. pAHCV3'- 
2A-Zeo was digested with EcoRI and Xbal to yield a DNA 
fragment containing the nucleotides encoding the FMVD2A 
and phleomycin resistance. pUC20 vector digested with 
SphI-Xbal. These were ligated together and the resulting 
plasmid was designated puCHCV3'-EMCV-tat-2A-Zeo. 
b. Construction of puC HCV3'-EMCV-tat-2A Containing 
New HCV 3'Fragment 

Original full length HCV 1a (present on the plasmid pCV 
H77C) was digested with SphI-BfrI and a 342 nucleotide 
fragment (corresponding to nucleotides 9060-9427 of HCV) 
was isolated. pUC HCV3'-EMCV-tat-2A-Zeo was digested 
Stul-BamHI and a fragment of 317 nucleotides containing 
tat-2A was isolated. The remaining portion of the plasmid 
was digested with BfrI, and a 508 nucleotide BfrI-StuI frag 
ment containing the EMCV IRES was isolated. The remain 
ing 361 nucleotide fragment, which contained the nucleotides 
encoding phleomycin resistance was isolated and reserved 
for later use in the construction of puC Zeo-HCV3'NTR 
containing new HCV3'NTR fragment (see section c below). 
pUCHCV3'-EMCV-tat-2A was generated by ligating the 3 

fragments described above, i.e., the 342 nucleotide SphI-BfrI 
fragment corresponding to nucleotides 9060-9427 of HCV. 
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the 508 nucleotide BfrI-StuI fragment containing the EMCV 
IRES, and the 317 nucleotide StuI-BamHI fragment contain 
ing tat-2A, with the vectorpUC20that had been digested with 
SphI-BamHI. The resulting plasmid was designated puC 
HCV3'-EMCV-tat-2A 
c. Construction of puC Zeo-HCV3'NTR Containing New 
HCV3'NTR Fragment 
pUC Zeo-HCV3'NTR was constructed by ligating the 361 

nucleotide BamHI-BfrI fragment encoding phleomycin 
resistance (see above), a 198 nucleotide fragment (corre 
sponding to nucleotides 9427-9625 of HCV) generated by 
digesting original full length HCV 1a with BfrI-Xbal, and the 
vector puC20 that had been digested with BamHI-Xbal. 
d. Construction of MKO-Z RNA 

Steps band cabove were repeated to produce a second puC 
HCV3'-EMCV-tat-2A and a second puC Zeo-HCV3'NTR 
containing new HCV3'NTR fragment for use in the construc 
tion of MKO-Z RNA. 
MKO-Z was generated by the ligation of 4 fragments. Full 

length HCV was digested with HindIII-Sphi and a 1,199 
nucleotide fragment (corresponding to nucleotides 7861 
9060 of HCV) was isolated. A SphI-BamHI DNA fragment 
containing HCV3'-EMCV-tat-2A was isolated from puC 
HCV3'-EMCV-tat-2A. A BamHI-Xbal DNA fragment con 
taining Zeo-HCV3'NTR was isolated from puC Zeo 
HCV3'NTR. Nucleotides corresponding to nucleotides 
1-7860 were isolated from pCV-H77C by digestion with Hin 
dIII-Xbal. Ligation of these 4 fragments resulted in MKO-Z. 
e. Construction of ds-MKO-Z RNA 
The plasmid pHCV3' was digested with SmaI and ligated 

under conditions to result in self-ligation. The result of the 
self ligation was loss of the nucleotides corresponding to 
nucleotides 8497-8649 of HCV. The resulting plasmid was 
designated pds-HCV3'. 
ds-MKO-Z was generated by ligation of 4 DNA fragments. 

pds-HCV3' was digested with HindIII-SphI to yield a DNA 
fragment corresponding to nucleotides 7861-9060 of HCV 
and containing the SmaI fragment deletion. pUC HCV3'- 
EMCV-tat-2A was digested with SphI-BamHI to yield a frag 
ment containing HCV3'-EMCV-tat-2A. pUC Zeo 
HCV3'NTR was digested with BamHI-Xbal to yield a 
fragment containing the nucleotides encoding Zeo 
HCV3'NTR. Nucleotides corresponding to nucleotides 
1-7860 were isolated from pCV-H77C by digestion with Hin 
dIII-Xbal. Ligation of these 4 fragments resulted inds-MKO 
Z. 

Example 2 

Production of the Virus by Chimpanzee 

This demonstrates the insertion of a heterologous sequence 
into an HCV does not destroy the ability of the HCV to 
replicate and produce infectious virus. 
MKO-Z plasmid was linearized with Xbal and RNA was 

synthesized with T7 mega transcription kit from Ambion. The 
reaction was analysed by gel electrophoresis before injecting 
into the liver of an HCV-naive Chimpanzee. RNA was frozen 
at -70° C. overnight before used. About 300 ug of RNA was 
injected. When injecting, the RNA, which was in 100 ml of 
transcription reaction mixture, was diluted in 1 ml PBS. The 
RNA was administered to a Chimpanzee by percutaneous 
intrahepatic injection guided by ultrasound. Several sites and 
injections were done in single day. The levels of ALT in the 
chimpanzee were monitored and were in normal ranges 
throughout the experiment. Sera from the chimpanzee were 
collected weekly, and the presence of HCV in each 1 ml of 
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26 
those sera, were checked by RT-PCR, using either the Taq 
Man or Light Cycler RT-PCR methods. 
The primers and probe used for the TaqMan RT-PCR were 

sense primer, AAGACTGCTAGCCGAGTAGTGTT nt 243 
to 265 (SEQ ID NO: 1); anti-sense primer: GGTTGGTGT 
TACGTTTGGTTT int390 to 370 (SEQID NO:2); and probe: 
TGCACCATGAGCACGAATCCTAAA nt 336 to 359 (SEQ 
ID NO:3), where “nt 243 to 265” “nt 390 to 370, and “nt336 
to 359' refers to the HCV nucleotides (at Genbank Accession 
number AF011751) to which the primers hybridize. All 
single-tube EZ RT-PCR reactions were carried out in optical 
MicroAmp reaction tubes with optical lids in 50 microliter 
(ul) volume (96 well format). The RNA amplification was 
done using the TaqMan EZ RT-PCR Kit. Briefly, reactions 
contained 1x amplification buffer (TaqMan EZ Buffer), 3 
mM manganese, 0.5 UAmperase uracil-N-glycosylate, 7.5 U 
rTth DNA polymerase, RNA, 200 nM forward and reverse 
primers, 200 uM each dNTP and 500 uM of dUTP. Ther 
mocycling conditions were one cycle at 50° C. for 2 minutes, 
one cycle at 60° C. for 30 minutes, one cycle at 95°C. for 5 
minutes, and 40 cycles of 95°C. for 20 seconds, 60° C. for 1 
minute. Amplifications were evaluated by ABI/700 
Sequence Detector version 1.6.3 software (Applied Biosys 
tems), as suggested by the manufacturer. 
The primers and probe used for Light Cycler RT-PCR were 

forward primer, ACACTCCACCATGAATCACTC, nt 22 to 
41, (SEQID NO:4); reverse primer, GATCGGGCTCATCA 
CAACCC, nt 268 to 250, (SEQ ID NO:5); fluor probe, 
GCGTCTAGCCATGGCGTTAGTATGAGT(fluor), nt 75 to 
101 (SEQIDNO:6); andred probe, (LC640) TCGTGCAGC 
CTCCAGGACCCC(phosphate), nt 103 to 123 (SEQ ID 
NO:7). Theterms “nt 22 to 41,” “nt 268 to 250,” “nt 75 to 101” 
and “nt 103 to 123” refer to the HCV nucleotides (at Genbank 
Accession number AF011751) to which the primers hybrid 
ize. The “fluor probe' is labeled at the 3' end with fluorescein, 
and the “red probe' is labeled at the 5' with LightCycler Red 
640 dye. 

Single-tube RT-PCR reactions were carried out in capillary 
tubes in a reaction Volume of 20 Jul using the core reagents of 
RNA Amplification Kit Hybridization Probes (Roche) as sug 
gested by the manufacturer. A master mix was made accord 
ing to the manufacturer's suggestions, containing Lightcy 
cler-RT-PCR Reaction Mix Hybridization probe solution, 
LightCycler RT-PCR Enzyme mix, 7 mM MgCl, 0.5uM of 
forward primer, 0.9 uM of reverse primer and 0.5uMoffluor 
probe, 0.9 uMofred probe, and H2O is added to make it total 
20 ul. This master mix was added directly to the RNA pellet 
and after dissolve the RNA, it was loaded into glass capillary 
tube. After adding the 5ul wash, the tube was snap sealed with 
a plastic cap. The RT-PCR conditions were 55° C. for 15 
minutes, 95°C. for 30 seconds, and 40 cycles of 94° C. for 0 
seconds, 60° C. annealing for 15 seconds, and 72° C. exten 
sion for 15 seconds. 
The signal acquisition was at the end of the annealing step 

for 100 milliseconds (ms). After amplification was complete, 
a melting curve was performed by cooling to 55°C., holding 
at 55° C. for 30 seconds, and then heating slowly at the rate of 
0.2C/second until 90° C. Signal was collected continuously 
during this melting to monitor the dissociation of the 
5'-LC640-labeled probe. The signal was the result of fluores 
cence resonance energy transfer (FRET) between the fluor 
probe and the red probe. These probes hybridize to an internal 
sequence of the amplified fragment during the annealing 
phase of the PCR cycle. One probe is labeled at the 5' end with 
a LightCycler Red fluorophore (LC-Red 640 or LC-Red 
705), and to avoid extension, modified at the 3' end by phos 
phorylation. The other probe is labeled at the 3' end with 
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fluorescein. Only after hybridization to the template, do the 
two probes come in close proximity, resulting in FRET 
between the two fluorophores. During FRET. fluorescein, the 
donor fluorophore, is excited by the light source of the Light 
Cycler Instrument. Part of the excitation energy is transferred 
to LightCycler Red, the acceptor fluorophore. The emitted 
fluorescence of the LightCycler—Red fluorophore is mea 
sured. The melting curves were then displayed as -dF/dT vs 
T plots as calculated by LightCycler software version 3. 
The results of TaqMan RT-PCR are shown in FIG. 11. They 

demonstrate that MKO-Z RNA is infectious in a chimpanzee. 

Example 3 

Construction of a Cellular Enzyme Reporter System 
for Detection of Replicating HCV 

A major difficulty in evaluating the outcome of experi 
ments in which cultured cells are transfected with candidate 
infectious RNAs lies in the detection of newly synthesized 
viral RNAS against the large background of transfected input 
RNA. While this is less of a problem, with very robustly 
replicating viral RNAs, only Lohmann et al. (Science, 285, 
110-113 (1999)) and Blight et al. (Science, 290, 1972-1975 
(2000)) have thus far reported levels of replication detectable 
by northern analysis, using Subgenomic RNA replicons that 
are not capable of producing infectious virus. Moreover, 
these authors observed such replication only in a small num 
ber of cell clones that were isolated over a period of weeks by 
a stringent antibiotic selection protocol. RT-PCR is difficult to 
use to detect newly replicated nucleic acid in recently trans 
fected cells due to the persistence of input RNA (in our 
experience, RNA transfected by liposome-mediated methods 
remains detectable for weeks). The use of a negative-strand 
“specific' assay reduces, but does not eliminate this problem, 
since such assays have no more than a -1.000-fold relative 
specificity for detection of the negative strand vs. detection of 
the positive-strand (see, for instance, Lanford et al., J. Virol., 
69,8079-8083 (1995)). 

This Example details the construction of a cell line that 
allows the detection of replicating synthetic HCV RNA. The 
detection is based on the detection of a protein product 
expressed from the RNA. The system uses the incorporation 
of the sequence encoding the HIV I Tat protein within modi 
fied viral RNAs (see FIG. 1). The Tat protein is a strong 
transactivator of the HIV I long terminal repeat (LTR) tran 
Scriptional regulator. For use as cell Substrates in this system, 
multiple stably transformed cell lines were established. The 
transformed cell lines were derived from Huh-7 cells that 
express secretory alkaline phosphatase (SEAP) under tran 
scriptional control of the HIV I LTR. These cell lines were 
established using either Neomycin or Blastocidin selection, 
so that either of these antibiotics or Zeocin can be used for 
subsequent selection of replicating full-length HCV RNAs. 
The expression of Tat within these cells leads to measurable 
increases in SEAP activity within the culture medium, as 
depicted schematically in FIG. 3. 

For establishment of neomycin resistant SEAP cell lines, 
the HIV-SEAP sequence was PCR amplified from 
pBCHIVSEAP plasmid (provided by Dr. Bryan Cullen, Duke 
University. Durham, N.C. Dept. of Microbiology) (see 
Cullen, Cell, 46,973-982 (1986), and Berger et al., Gene, 66, 
1-10 (1988)) using the primer pairs 5'-CTAGCTAGCCTC 
GAGACCTGGAAAAACATGGAG (SEQ ID NO:8) and 
5'-ATAAGAATGCGGCCGCTTAACCCGGGTGCGCGG 
(SEQ ID NO:9). The non-italicized nucleotides in SEQ ID 
NOs:8 and 9 hybridize with nucleotides present in the target 
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DNA, and the italicized nucleotides in SEQID NO:9 repre 
sent additional nucleotides that do not hybridize with the 
target DNA. The underlined nucleotides indicate introduced 
restriction endonuclease sites. The nucleotide sequence of the 
amplified fragment is shown in FIG. 12 (SEQID NO:18). 

After filling in to repair the possible PCR overhang, this 
fragment was digested with NotI and ligated to vector derived 
from pRcCMV (Invitrogen) digested with NruI-NotI remov 
ing CMV promoter. The resulting plasmid was designated 
pRcHIVSEAP The nucleotide sequence of the pRcHIVSEAP 
was used to transfect Huh-7 cells using a non-liposomal trans 
fection reagent commercially available under the trade name 
FUGENE (Boerhinger Manheim). Tranfectants were 
selected using G418 (neomycin). The ability of a cell to 
express SEAP in the presence oftat was tested by transfecting 
cells with the plasmid pCTAT, which expresses the tat protein. 
Two resulting cell lines which expressed high levels of SEAP 
were designated Huh-o10 (also referred to as Huh?-SEAP 
o10) and Huh?-SEAP-N7, and were used for subsequent 
experiments. 
A Blasticidin resistant SEAP cell line was constructed as 

follows. pcDNA6/V5-His (Invitrogen) was digested with 
BglII-BamHI to remove the CMV promoter. The vector was 
then self-ligated and subsequently digested with EcoRV-NotI 
and ligated to the HIV-SEAP DNA fragment that was PCR 
amplified from pBCHIVSEAP fragment mentioned. The 
resulting plasmid was used to transfect Huh-7 cells using a 
non-liposomal transfection reagent commercially available 
under the trade name FUGENE (Boerhinger Manheim). 
Tranfectants were selected using Blastocidin (Invitrogen). A 
blastocidin resistant cell was selected and designated Huh 
SEAP-Bla-EN. 

Example 4 

Evaluation of the Cellular Enzyme Reporter System 
for Detection of Replicating HCV 

This Example demonstrates the feasibility and utility of the 
SEAP cellular reporter system, and demonstrates the expres 
sion of Tat by the genetically modified HCV RNA. 
To test the SEAP cellular reporter system, MKO-Z RNA 

was synthesized and transfected into two different SEAP 
reporter cell lines, Huh?-SEAP-o 10 and Huh?-SEAP-N7 
(another cell line that resulted from neomycin selection), on 
the same day. To provide adequate controls for this experi 
ment, cells from both cell lines were transfected with RNAs 
synthesized from each of the plasmid DNAs shown in FIG.1. 
These include MKO-Z, its replication incompetent control 
dS-MKO-Z, and a subgenomic transcript, 3ETZ, each of 
which encode the novel polyprotein consisting of Tat and Zeo 
separated by the 19 amino acid 2A proteinase from FMDV 4. 
Fifteen of the amino acids were the FMDV 2A sequence, and 
4 additional amino acids were encoded by nucleotides present 
to introduce restriction endonuclease sites. In each of the 
transfected RNAs, this polyprotein is under the translational 
control of the EMCV IRES. 
DNA was linearized with Xba I and RNA was synthesized 

with T7 mega transcription kit (Ambion, Madison, Wis.). 
Transfection of RNA was done using Lipofectin (Gibco BRL, 
Rockville, Md.). Briefly, about 5 ug of RNA was added to a 
mixture (1 hour incubation prior to transfection) of 15 ul of 
Lipofectin and 200 ul OPTIMEM (Gibco BRL), incubated 
for 15 min, and applied to cells. The cells were in 6 well plates 
which had been plated one day before transfection. The cells 
were washed two times with OPTIMEM before addition of 
the RNA, followed by the addition of 1 ml of OPTIMEM. 
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After overnight incubation, cells were washed with PBS two 
times and growth medium (DMEM with 2% FBS as above) 
was added. 

Transfection of these RNAs was associated with striking 
increases in SEAP secreted into the cell culture supernatant, 
as measured by assay of SEAP. SEAP was assayed using 
Tropix Phospha-Light Chemiluminescent Reporter Assay for 
secreted Alkine Phosphatase reagent (Tropix. Foster City, 
Calif.), according to the manufacturer's suggested protocol, 
but reduced /3 in scale. Luminescent signal detected by a 
TD-20/20 Luminometer (Turner Design). 
The increase in SEAP occurred as a result of transfection 

with either MKO-Z or the replication deficient dS-MKO-Z 
RNA, indicating that the SEAP released in the initial weeks 
after transfection was expressed from the input RNA, not 
newly replicated RNA. High expression of SEAP was 
observed from 3'ETZ, reflecting greater transfection effi 
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crisis with loss of viability. The supernatant fluids were col 
lected and placed on replicate cultures of fresh Huh-SEAPo 
10 cells in an attempt at blind passage of virus. Antibiotic 
selection was continued intermittently, with gradually inten 
Sifying Zeocin selection (intermittent exposure ultimately to 
50 g/ml). With the increase to 50 ug/ml Zeocin, sudden 
marked increases in SEAP expression were noted from rep 
licate cultures of cells that had been inoculated with medium 
from the MKO-Z transfected cells, but not cells inoculated 
with the pol(-) mutant, dS-MKO-Z. This occurred about 7 
months after the original transfection, and 4 months after the 
attempt at cell-free passage of virus. All cells were unable to 
survive the higher concentration of Zeo, however and the 
cultures were lost at this point. However, cells that had been 
previously frozen from the putative passage were recovered 
from the freezer, and subjected to intermittent concentrations 
of Zeocin ranging from 25-50 g/ml. Results are shown in 
FIG. 5, and summarized in Table 2. 

TABLE 2 

Passage history of VMKO-Z-infected Huh-SEAP-ol OC-A and C-B Sublines." 
Approximate 

elapsed 
Passage time (days) Comments 

P1 1 Huh-SEAP-o10 cells transfected with MKO-Z RNA, maintained 
in the absence of antibiotic selection. 

33 Start intermittent Zeocin selection pressure, 10-25 mg/ml. 
75 Cells entered crisis and were lost 

P2 68 Fresh Huh-SEAP-o10 cells infected with P1 day 68 Supernatant, 
and maintained in intermittent Zeocin 25 mg/ml. 

190 Increase Zeocin to 25-50 mg/ml, with resulting increase in SEAP 
expression. 

197 Cells frozen (continuously cultured cells lost within about 1.5 
months) 

283 Cells frozen on P2 day 197 were replated, cultured in intermittent 
Zeocin 50-100 mg/ml, with marked increase in SEAP expression. 
P2 cells infected with P1 Supernatant from control dS-MKO-Z did 
not survive. 

547 Two cell lines (C-A and C-B), both established on P2 day 283, 
maintained in intermittent Zeocin 50-100 mg/ml with high SEAP. 

P3 514 Fresh Huh-SEAP-o10 cells infected with 0.45 m-filtered 
Supernatant media from P2C-A and C-B cell lines on day 544, 
maintained in intermittent Zeocin 25 mg/ml. 

The term “vMKO-Z is used to refer to the viral form of MKO-Z after passage. 

ciency of this small RNA transcript. This experiment demon As observed previously, striking increases occurred in the 
strates the feasibility and utility of the SEAP cellular reporter level of SEAP secreted from 12 of 12 replicate cultures of 
system, and demonstrates the expression of Tat by the geneti- cells infected with medium from the MKO-Z-transfected 
cally modified HCV RNA. cells, but not from any cultures of cells infected in parallel 

Proof that infection had been accomplished by the trans- with medium from dS-MKO-Z transfected cells. Moreover, 
fection of MKO-Z RNA and that virus adaptation to replica- all of the control cell cultures were lost under exposure to 50 

plation plica- so ug/ml Zeocin, while each of the cultures infected with 
tion in cultured cells had occurred under antibiotic selection MKO-Z material remained viable. Significantly, there was no 
pressure accumulated over the ensuring several months, as increase in SEAP released into the medium from the dying 
follows. FIG. 4 (left panel) shows the results of SEAPassays cell lines (FIG. 5, dSma (C-A) and dSma (C-B)), consistent 
on media harvested from these cells during the first month with the fact that all SEAP produced is actively secreted from 
after transfection with MKO-Z, and the pol(-) mutant 55 the cells into the medium. This result confirms that cell death 
dSMk0-Z. These cells were subsequently maintained in does not result in a false elevation of SEAP activity in culture 
medium with a low concentration of fetal calf serum (2%) supernatant fluids. The Zeocin resistance and SEAP expres 
over the ensuing 3 months, during which the cells were split sion displayed by these cells cannot be explained by fortu 
periodically and intermittently exposed to low concentrations itous integration of DNA from the transfected material, since 
of the antibiotic Zeocin as tolerated (about 10 to 25ug/ml). 60 the cells shown in FIG. 5 were never transfected, only 
There was no significant difference in cell survival in the exposed to medium from transfected cells. Cell survival and 
presence of Zeo between cells transfected with MKO-Z, and SEAP expression also cannot be explained by cellular muta 
those transfected with dSMKO-Z, but the former usually tions in these experiments, as these events have occurred in 
expressed somewhat higher levels of SEAP in the media multiple cultures exposed to the supernatant fluid of MKO-Z 
(about 1.5 times to about 2 times higher than the control 65 transfected cells, but not in related control cell cultures that 
cells). At approximately 3 months, these cells (both MKOZ 
and ds-MKMO-Z transfected cells) underwent a spontaneous 

were similarly exposed to media from dS-MKO-Z transfected 
cells. 
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Fluctuations in SEAP activity correlated in part with cell 
density, and cell viability. At times, these cultures demon 
strated considerable cytopathology. However, it was demon 
strated that there was minimal intracellular SEAP activity and 
that most SEAP is actively secreted from the cells. Thus, 
peaks of SEAP activity reflect peaks of SEAP synthesis, not 
release from dying cells. 
The results shown in FIG.5 indicate that these cells express 

two heterologous proteins encoded by MKO-Z, RNA. The 
Huh-SEAP-o 10 cells have acquired relative Zeocin resis 
tance, indicating the expression of the Zeocin resistance pro 
tein, and they secrete 5- to 10-fold greater quantities of SEAP 
than control cells, indicating the expression of Tat. Moreover, 
RT-PCR has been used to successfully detect the presence of 
HCV RNA in samples of the Supernatant fluids collected from 
these cells, using a primer set derived from the viral 5"NTR 
(see Example 5). Detection of the signal was dependent on 
Southern blotting of first round RT-PCR products, and ampli 
fication was dependent upon the inclusion of reverse tran 
Scriptase in the reaction. The results suggest that only small 
quantities of RNA are present, but confirm that the RT-PCR 
products are amplified from RNA and not contaminating 
DNA. The sequence of the amplified product was identical to 
the H77C strain 5"NTR, the virus from which the MKO-Z 
clone was derived. These results thus represent the first suc 
cessful attempt at recovery of HCV from cells transfected 
with synthetic RNA. 
One of the more important features of the experiment 

depicted in FIG. 5 is the significant change in the behavior of 
these HCV infected cells over the months of observation, both 
in terms of their increasing Zeocin resistance and increasing 
SEAP secretion. This is consistent with adaptation of the viral 
RNA to more efficient replication within these cells, as would 
be expected for a positive-strand RNA virus. Furthermore, 
since at this point all of the cells exposed to medium from 
cells transfected with the pol(-) mutant dS-MK0-7 have 
failed to survive Zeocin selection, it can now be assumed that 
all of the surviving cells harbor viral RNA. Thus, any further 
increases in SEAP expression must be indicative of greater 
abundance of the RNA and enhanced replication of the virus. 

In Summary, these two cell lines continue to demonstrate 
substantial Zeocin resistance and high level SEAP activity, 
two independent measures of protein expression from the 
second open reading frame of the modified VMKO-Z genome, 
more than 12 months after their infection with supernatant 
fluids taken from RNA-transfected cells. This is strong evi 
dence of continued replication of the viral RNA in these cells. 

Example 5 

Passage of VMKO-Z to Fresh Huh-SEAP-o 10 Cells 

A third passage of VMKO-Z was carried out using Super 
natant media collected from the C-A and C-B cell lines on P2 
day 540 (see Table 2). These media samples were passed 
through a 0.45u filter and then used to feed fresh Huh-SEAP 
o10 cells. Control cell cultures (n=6) were mock infected with 
normal media. One hundred and twenty hours after inocula 
tion, these cells were exposed to intermittent Zeocin selection 
pressure (25 g/ml). When treated with high concentrations 
of drug, or when maintained in continuous drug condition, 
these cells tend to die. Accordingly, drug exposure was inter 
mittent, and not at high concentrations. The mock-infected 
cells were lost due to Zeocintoxicity by about day 546 (rela 
tive SEAP activity of infected to control cells at this point was 
42658 and 31510, respectively, and is not shown in FIG. 6). 
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The results shown in FIG. 6 demonstrate the passage of 

SEAP expression activity and Zeocin resistance to fresh Huh 
SEAP-o10 cells following inoculation of these cells with 
supernatant medium collected from VMKO-Z-infected cells. 

Example 6 

Detection of Viral RNA in Huh-SEAP-O10 Cell 
Lines 

Despite the results described above, and the demonstration 
of viral antigen in MKO-Z infected cells (see Example 7), it 
has proven difficult to consistently demonstrate viral RNA in 
these cells. This Example describes methods for detecting the 
presence of viral RNA in Huh-SEAP-o 10 cell lines. 
Two different quantitative RT-PCR assays (LightCycler 

and TaqMan) have been used in recent efforts to detect viral 
RNA in lysates of the cells or in supernatant media. Greatest 
consistency of success has been in detection of viral RNA in 
supernatant media following PEG precipitation. This tech 
nique works very well, allowing concentration of 130 
genome copies equivalent from 1 milliliter (ml) Supernatant 
with 80% recovery. Viral RNA has been reproducibly but 
intermittently detected in the supernatant fluids; however, 
reliable detection of viral RNA in cell lysates has not been 
possible. 
The primers and probes that have been used for these 

assays were as follows: 
LightCycler RT-PCR 

This method used the Lightcycler thermal cycler manufac 
tured by Roche. 

Primers: 
(SEQ ID NO: 10) 

Forward 5' - GACACTCCACCATGAATCACT, nt 21 to 41, 

(SEQ ID NO: 11) 
Reverse 5" - GTTCCGCAGACCACTATGG nt 156 to 139, 

Probes for fluorescence resonance energy transfer 
(FRET) : 

(SEQ ID NO: 12) 
5'-AGAAAGCGTCTAGCCATGGCGTTAG (Fluor) 

(SEQ ID NO: 13) 
5' (LC640) ATGAGTGTCGTGCAGCCTCCAG (phosphate) 

Briefly, the HCV virus was precipitated with PEG (Sigma, 
St. Louis, Mo.) prior to extraction with QIAamp serum kit 
Qiagen, Valencia, Calif.). Supernatant (1.3 ml) was mixed 
with 0.3 ml of 40% PEG and was placed in an ice bath for 4 
hours. The mixture was then centrifuged at 10000xg for 30 
minutes at 4°C. The supernatant was removed from the white 
pellet and 140 ul of TE was added to it. The RNA was then 
extracted from the viral pellet by following the manufacturers 
instructions. The eluate was treated with Dnase I as was 
instructed by the T7 mega transcription kit (Ambion), pre 
cipitated with 60 ug glycogen in 130 ul IPA, and stored at 
-80° C. The positive serum control was a volume of serum 
containing 5000 genome equivalents, added to media (1.3 ml 
TE) before precipitation with 0.3 ml PEG and extraction as 
discussed above. The HCV genome equivalents were deter 
mined by National Genetics Institute (Los Angeles, Calif.). 
The negative serum control was 1 Jul of serum from an unin 
fected volunteer. The serum was treated in the same way as 
the positive control serum. 
The single-tube RT-PCR reactions were carried out in cap 

illary tubes in a reaction Volume of 20 Jul using the core 
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reagents of RNA Amplification Kit Hybridization Probes 
(Roche). A 20 pul RT-PCR mixture contained 0.05uM forward 
primer, 0.9 uM of reverse primer, RNA sample and 5ul tube 
wash of purified sample RNA. The precipitated RNA was first 
reconstituted with RT-PCR master mix then was loaded into a 
glass capillary tube, after adding the 5ul wash the tube was 
snap sealed with a plastic cap. The RT-PCR conditions were 
55° C. for 15 minutes, 95°C. for 30 seconds, and 40 cycles of 
94°C. for 0 seconds, 60° C. annealing for 15 seconds, and 72 
C. extension for 15 seconds. The signal acquisition was at the 
end of the annealing step for 100 ms. After amplification was 
complete, a melting curve was performed by cooling to 55°. 
holding at 55° C. for 30 seconds, and then heating slowly at 
0.2C/seconds until 90° C. Signal was collected continuously 
during this melting to monitor the dissociation of the 
5'-LC640-labeled probe. The melting curves were then dis 
played as -dF/dT vs T plots by LightCyler software version 
3. 

Results obtained in the LightCycler assay with PEG-pre 
cipitated supernatant media collected from the C-A and C-B 
cell sublines are shown in FIG. 7, which shows the melting 
curve detected by the FRET method. The melting curve indi 
cates the specificity of product. Both C-A and C-B's curve 
matches that of positive control. The height of the curve 
correlates with the amount of the product produced. The 
negative media control was cell culture media maintained in 
the isolation room in which the C-A and C-B cell sublines are 
maintained. The negative serum control was contributed by a 
Volunteer. 

TaqMan RT-PCR 
Primers (see Takeuchi et al., Gastroenterol., 116,636-642 

(1999)): 

(SEQ ID NO: 14) 
Forward 5 - CGGGAGAGCCATAGTGG 

(SEQ ID NO: 15) 
Reverse 5'-AGTACCACAAGGCCTTTCG 

TaqMan probe: 
(SEQ ID NO: 16) 

5'- (FAM) - CTGCGGAACCGGTGAGTACAC (TAMRA) -3' 

RNA was obtained from cells as described above for PCR 
with the Lightcycler thermal cycler. This experiment was set 
up according to the protocol provided in TaqMan EZ RT-PCR 
Core Reagents Protocol (product number 402877. Applied 
Biosystems, Foster City, Calif.). Briefly, All single-tube EZ 
RT-PCR reactions were carried out in optical MicroAmp 
reaction tubes with optical lids and in 50 ul volume in a 
96-well format. The RNA amplification contained 1xampli 
fication buffer, 3 mM manganese, 0.5 Units (U) Amperase 
uracil-N-glycosylate, 7.5 U rTth DNA polymerase, RNA, 
200 nM forward and reverse primers, 200uMeach dNTP 500 
uM of d UTP. ABI7700 Sequence Detector version 1.6.3 
Software was used for sample analysis. Thermocycling con 
ditions were one cycle at 50° C. for 2 minutes, one cycle at 60° 
C. for 30 minutes, one cycle at 95°C. for 5 minutes, 40 cycles 
at 95°C. for 20 Seconds and 60° C. for 1 minutes. 

FIG.8 shows results of TaqMan RT-PCR The C-A and C-B 
product as detected according to program is aligned along 
with a known concentration of positive control HCV. The 
approximate number of HCV protracted from this graph is 
shown in Table 3. 
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TABLE 3 

TacMan quantitation of HCV RNA in Supernatant media. 

Supernatant from: Number of genome equivalents 

Positive serum control (5000 ge') 4.188 
C-B 109 
C-A 136 
C-B (unhealthy culture)? 3 
C-A (unhealthy culture)? 7 
Negative control media 243 
Medium O 
Negative control O 

'ge, genome equivalents, 
*Cultures were losing viability, 
This is believed to be the result of contamination. 

There was good correlation between the TaqMan and 
LightCycler results on these specimens. 

Example 7 

Demonstration of Viral Antigens in 
VMKO-Z-Infected Huh-SEAP-O10 Cell Lines 

Viral antigens expressed from both coding regions (i.e., the 
coding region encoding the viral polypeptides and the coding 
region inserted in the 3' NTR) in the modified HCV genome 
have been demonstrated in VMKO-Z infected Huh-SEAP-O10 
cells by indirect immunofluorescence. Negative controls for 
these experiments were uninfected Huh-SEAP-o10 cells. 
Cells were grown in tissue culture chamber slides and fixed in 
acetone-methanol at room temperature prior to staining. Cells 
were fixed in 50% methanol/50% Acetone for 10 minutes. 
Blocking agent was 3% BSA in PBS. The primary antibodies 
used were a mouse monoclonal antibody against HCV core 
protein, (anti-core antibody, provided by Johnson Lau, Scher 
ing-Plough Research Institute, Kennilworth, N.J.) used at a 
dilution of 1:100, a rabbit polyclonal antibody raised against 
ShBle protein (anti-Zeo antibody, CAYLA, France) used at a 
dilution of 1:250. The secondary antibodies were fluorescene 
conjugated anti-mouse or anti-rabbit. Antibodies were incu 
bated with cells for 1 hour each. Between each incubation, the 
cells were washed three times for 5 minutes each with PBS. 
Nuclear counterstain was done using DAPI. Dapi staining to 
detect nucleus was done in 1:10,000 dilution in PBS. It was 
incubated for 5 minutes, followed by three washes for 5 
minutes each in PBS. Photographic exposure times and con 
trast enhancements were identical for the infected cells and 
control cell images. 

Exposure of cells to an anti-core antibody demonstrated 
the presence of HCV core protein in VMKO-Z infected cells. 
Exposure of cell to an anti-Zeocin resistance protein demon 
strated the presence of the Zeocin resistance protein in 
VMKO-Z infected cells. 

Example 8 

Construction of Subgenomic and Genome-Length 
Dicistronic RNAs 

This example demonstrates the Successful construction of 
replication competent, selectable dicistronic replicons from 
an infectious clone of a Japanese genotype 1b HCV virus 
(HCV-N) (Beard et al., Hepatol., 30, 316-324, (1999)). 
Unlike other replicons, adaptive mutations are not required 
for efficient replication of these HCV-N replicons in Huh? 
cells or for the selection of Huh7 clones under G418 selec 
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tion. We also demonstrate the replication competence of simi 
lar selectable, dicistronic RNAs incorporating the NS2 
NS5B, E1-NS5B, or complete core-NS5B sequences of this 
virus. Our findings extend the range of replication competent 
HCV replicons to a second, genotype 1b virus and show that 
a natural 4-amino-acid insertion within the NS5A protein of 
the wild-type HCV-N virus has a controlling role in determin 
ing the replication capacity of this RNA in cultured Huh? 
cells. 
Materials and Methods 
Plasmids. 
The plasmid pBNeo/3-5B (FIG. 13) contains the Con1 

sequence of the Izzneo/NS3-3 replicon of Lohmann et al. 
(Lohmann et al., Science, 285, 110-113 (1999), GenBank 
accession no. AJ242652) downstream of the T7 promoter 
which is present in the vector upstream of the 5' untranslated 
region (FIG. 13) (obtained from M. Murray, Schering-Plough 
Research Institute, Kenilworth, N.J.), pNNeo/3-5B (FIG. 13) 
contains the sequence of a similar HCV replicon in which 
almost all of the NS3-NS5B sequence of the 3' cistron is 
derived from an infectious molecular clone of the genotype 
1b virus, HCV-N (GenBank accession no. AF139594) (Beard 
et al., Hepatoll., 30, 316-324, (1999)). It was constructed by 
replacing the large BSrGI-Xbal fragment of pBNeo/3-5B 
with the analogous HCV sequence derived from the plasmid 
pHCV-N. This fragment swap results in the NS3-NS5B 
sequence in pNNeo/3-5B being identical to that of HCV-N. 
with the exception of Substitutions at 2 amino acid residues 
that retain the Con1 sequence: a Lys-to-Arg Substitution at 
residue 1053 and an Ala-to-Thr substitution at residue 1099 
(where the numbering system is based on the location within 
the original full length polyprotein as described at GenBank 
AF139594), near the N-terminus (proteinase domain) of the 
NS3 protein. The 5' untranslated region (UTR) and N-termi 
nal core protein sequences of HCV-N and the BNeo/3-5B 
replicon are identical. 
The mutant pNNeo/3-5BAi5A (FIG. 13) was derived from 

pNNeo/3-5B by an in-frame deletion removing a unique 
4-amino-acid insertion that is present in the NS5A sequence 
of HCV-N in comparison to the consensus genotype 1b 
sequence (Beard et al., Hepatol., 30, 316-324, (1999)). This 
was accomplished by QuickChange mutagenesis (Strat 
agene, La Jolla, Calif.). By similar methods, additional muta 
tions were created within the background of pNNeo/3-5B and 
pNNeo/3-5BAi5A incorporating single-amino-acid substitu 
tions within NS5A or NS5B that have previously been 
reported to enhance the replication capacity of the I/NS3 
3' replicon (BNeo/3-5B) by others: the R2884G mutation 
described by Lohmannet al. (J. Virol.., 75, 1437-1449 (2001)), 
and the S1179I mutation described by Blight et al. (Blight et 
al., Science, 290, 1972-1974 (2000)). These mutations are 
referred to as R2889G and S2005I, respectively, for the pur 
poses of this study, according to the location of these residues 
within the original full-length HCV-N polyprotein sequence. 
The resulting mutants were designated NNeo/3-5B(RG) and 
NNeo/3-5B(SI). Similar substitutions were introduced into 
the background of pBNeo/3-5B to generate BNeo/3-5B(RG) 
and BNeo/3-5B(SI). Two additional mutants, NNeo/3- 
5BAGDD and BNeo/3-5BAGDD, each possess an in-frame 
deletion of 10 amino acids (MLVNGDDLVV); (SEQID NO: 
74) spanning the GDD motif (underlined) within the NS5B 
RNA-dependent RNA polymerase of both wild-type repli 
cons. DNA sequencing of the manipulated regions of the 
plasmids verified all mutations. 

Selectable, dicistronic replicons containing part or all of 
the HCV-N structural protein-coding sequence within the 3' 
cistron were generated as follows. The plasmid pNNeo/C-5B 
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contains the full-length HCV-N polyprotein-coding sequence 
downstream of the EMCV IRES (see FIG. 14). To construct 
it, DNA fragments representing the EMCV IRES and HCV 
core protein-coding sequence were fused by overlapping 
PCR. Briefly, the primer set to amplify the EMCVIRES-core 
fusion were as follows. For EMCV and part of core sequence 
containing fragment, sense primer, 5'-TCCCTCTAGA 
CGGACCGCTA TCAGGACATA GC (SEQ ID NO:43) 
(which corresponds to nucleotides 1030-1051 of I377/NS3 
3'UTR (AJ242652), within the EMCV coding region, and 
italics indicate non HCV replicon sequence) and antisense 
primer, 5-ATTCGTGCTC ATGGTATTAT CGTGTTTTC 
AAAGG (SEQID NO:44) (where the italicized nucleotides 
correspond to nucleotides 342-353 of HCV-N, and the 
remainder correspond to nucleotides 1778-1800 of I377/ 
NS3-3'UTR. For part of the EMCV and core containing frag 
ment; the sense primer was 5'-CACGATAATA CCATGAG 
CAC GAATCCTAAA CCTC (SEQ ID NO:45), which 
corresponds to nucleotides 1789-1800 of I377/NS3-3'UTR 
(AJ242652) within EMCV coding region, and italics indicate 
HCV N core coding region nucleotides 342-363) and anti 
sense primer, 5'-CCGCTCGAGG CAGTCGTTCG TGA 
CATGGTA TACC (SEQ ID NO:46) (italics indicate non 
HCV replicon nucleolides, and the remainder correspond to 
nucleotides 938-962 of HCV-N). The resulting DNA was 
digested with Rsr|I and Bsta17I and then ligated with the 
Xbal-Rsri I fragment of pBNeo/3-5B and the BsIZ17I-Xbal 
fragment of pHCV-N. 
pNNeo/E1-5B contains sequence encoding the C-terminal 

22 amino acids of the core protein, the downstream E1 and E2 
sequences and the remainder of the HCV-N polyprotein cod 
ing sequence. To construct it, a DNA fragment containing the 
EMCV sequence was fused to the E1 sequence by an over 
lapping PCR. Briefly, the primer set to amplify the 
EMCVIRES-E1 fusion were as follows. For EMCV and part 
of the E1 containing fragment, the sense primer was 5'-TC 
CCTCTAGA CGGACCGCTA TCAGGACATA GC (SEQ 
ID NO:47) (which corresponds to nucleotides 1030-1051 of 
I377/NS3-3'UTR (AJ242652), within EMCV coding region, 
and italics indicate non HCV replicon nucleotides) and anti 
sense primer, 5'-AGAGCAACCG GGCATGGTAT 
TATCGTGTTTTTCAAAGG (SEQID NO:48) (where ital 
ics correspond to E1 sequence (nucleotides 849-861 of HCV 
N) and the remaining nucleotides correspond to nucleotides 
1778-1803 of I377/NS3-3'UTR. For part of the EMCV and 
E1 containing fragment; the sense primer was 5'-CAC 
GATAATA CCATGCCCGG TTGCTCTTTT TCTATCT 
TCC (SEQ ID NO:49) (which corresponds to nucleotides 
1789-1803 of I377/NS3-3'UTR (AJ242652), within EMCV 
coding region, and italics indicate nucleotides 849-873 of the 
HCVNE1) and antisense primer, 5'-ATGTACAGCC GAAC 
CAGTTGCC (SEQID NO:50) (which corresponds to nucle 
otides 1983-2004 of HCV-N). The resulting DNA was 
digested with Rsr|I and NotI, and then ligated to the Xbal 
Rsr|I fragment of p3Neo/3-5B and NotI-Xbal fragment of 
pHCV-N. 
The 3' cistron of pNNeo/2-5B contains sequence encoding 

the NS2-NS5B proteins of HCV-N, immediately downstream 
of the EMCV IRES. It was constructed in a fashion similar to 
pNNeo/C-5B and pNNeo/E1-5B, with fusion of the EMCV 
and NS2 sequences by an overlapping PCR. Briefly, the 
primer set to amplify the EMCVIRES-NS2 fusion were as 
follows. For EMCV and part of the NS2 sequence containing 
fragment, the sense primer was 5'-TCCCTCTAGA CGGAC 
CGCTA TCAGGACATA GC (SEQ ID NO:51) (which cor 
responds to nucleotides 1030-1051 of I377/NS3-3'UTR 
(AJ242652), within EMCV coding region, and italics indi 
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cate non HCV replicon sequence) and antisense primer, 
5'-CTCCCGGTCC ATGGTATTAT CGTGTTTTTC 
AAAGG (SEQ ID NO:52) (where the italics indicate NS2 
sequence of HCV-N (nucleotides 2772-2783) and the remain 
der of the sequence corresponds to nucleotides 1778-1800 of 
I377/NS3-3'UTR. For part of the EMCV and NS2 containing 
fragment; the sense primer was 5'-CACGATAATA CCATG 
GACCGGGAGATGGCT GC (SEQID NO:53) (which cor 
responds to nucleotides 1789-1800 of I377/NS3-3'UTR 
(AJ242652), within EMCV coding region, and italics indi 
cate nucleotides 2772-2791 of the HCV-N NS2) and anti 
sense primer, 5'-GAGCGGTCCG AGTATGGCAA TCAG 
(SEQ ID NO:54) (which corresponds to nucleotides 3018 
3041 of HCV-N). The resulting DNA was digested with Rsri I 
and EcoRV, and ligated to the Xbal-Rsr|Ifragment of pBNeo/ 
3-5B and EcoRV-Xbal fragment from pHCV-N. 
Cells 

Huh? cells were cultured in Dulbecco's modified Eagle's 
medium (Gibco-BRL, Invitrogen Life Technologies, Carls 
bad, Calif.) supplemented with 10% fetal calf serum, penicil 
lin, and streptomycin. Transfected cells Supporting the repli 
cation of HCV replicons were maintained in the presence of 
1 mg of G418 (Geneticin) per ml and passaged two or three 
times per week at a 4:1 split ratio. 
In vitro Transcription and Transfection of Synthetic RNA. 

Plasmid DNAs were linearized by Xbal and purified by 
passage through a column (PCR Purification Kit; Qiagen, 
Valencia, Calif.) prior to transcription. RNA was synthesized 
with T7 MEGAScript reagents (Ambion, Austin, Tex.) fol 
lowing the manufacturer's Suggested protocol, and the reac 
tion was stopped by digestion with RNase-free DNase. Fol 
lowing precipitation with lithium chloride, RNA was washed 
with 75% ethanol and dissolved in RNase-free water. For 
electroporation, Huh? cells were washed twice with ice-cold 
phosphate-buffered saline (PBS) and resuspended at 107 
cells/ml in PBS. RNA (1 to 10 ug) was mixed with 500 ul of 
the cell Suspension in a cuvette with a gap width of 0.2 cm 
(GenePulser II System; Bio-Rad, Hercules, Calif.). The mix 
ture was immediately subjected to two pulses of current at 1.5 
kV. 25 uF, and maximum resistance. Following 10 minutes 
(min) of incubation at room temperature, the cells were trans 
ferred into 9 ml of growth medium and the number of viable 
cells assessed by staining with trypan blue. Cells were seeded 
into 10-cm-diameter cell culture dishes. For selection of Neo 
expressing cells, the medium was replaced with fresh 
medium containing 1 mg of G418 per ml after 24 to 48 hours 
(h) in culture. 
Indirect Immunofluorescence. 

Cells were grown on chamber slides until 70 to 80% con 
fluent, washed three times with PBS, and fixed in methanol 
acetone (1:1 vol/voll) for 10 minat room temperature. Dilu 
tions of primary, murine monoclonal antibodies to residues 1 
to 61 of the core protein (MAB7013; Maine Biotechnology 
Services, Portland) (1:25), E2 (obtained from Y. Matsuura 
and T. Miyamura, National Institute of Health, Tokyo, Japan) 
(1:400), or NS5A (MAB7022P; Maine Biotechnology Ser 
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vices) (1:10) were prepared in PBS containing 3% bovine 
serum albuminand incubated with fixed cells for 2 hat room 
temperature. After additional washes with PBS, specific anti 
body binding was detected with a goat anti-mouse immuno 
globulin G-fluorescein isothiocyanate-conjugated secondary 
antibody (Sigma-Aldrich, St. Louis, Mo.) diluted 1:70. Cells 
were washed with PBS, counterstained with 4,6-diamidino 
2-phenylindole (DAPI), and mounted in Vectasbield mount 
ing medium (Vector Laboratories, Burlingame, Calif.) prior 
to examination by a Zeiss AXioPlan2 fluorescence micro 
Scope. 
Northern Analysis. 
To minimize potential variation in the intracellular abun 

dance of HCV RNAs that might occur due to variation in the 
growth status of cells, RNA was extracted from freshly plated 
cultures after cells had reached 70 to 80% confluence. Total 
cellular RNAs were extracted with TRIZol reagent (Gibco 
BRL) and quantified by spectrophotometry at 260 nm. RNAs 
were separated by denaturing agarose-formaldehyde gel elec 
trophoresis and transferred to positively charged Hybond-N+ 
nylon membranes (Amersham-Pharmacia Biotec, Piscat 
away, N.J.) with reagents provided with the Northern Max kit 
(Ambion) and the manufacturer's Suggested protocol. RNAS 
were immobilized on the membranes by UV cross-linking 
(Stratagene) and stained with ethidium bromide to locate 28S 
rRNA on the membrane. The upper part of the membrane 
containing HCV replicon RNA (size greater than 28S) was 
hybridized with a digoxigenin-labeled, negative-sense RNA 
riboprobe complementary to the NS5B sequence of HCV-N, 
while the lower part of the membrane containing B-actin 
mRNA was hybridized with a digoxigenin-labeled, B-actin 
specific riboprobe. For detection of the bound riboprobes, 
membranes were incubated with antidigoxigenin-alkaline 
phosphatase conjugate, reacted with CSPD (Roche Molecu 
lar Biochemicals, Indianapolis, Ind.), and exposed to X-ray 
film. 
RT-PCR Amplification and Sequencing of cDNA from Rep 
licating HCV RNAs. 

Total cellular RNA was extracted from replicon-bearing 
cell lines as described above and used as a template for the 
amplification of cDNA fragments spanning the NS3-NS5B 
segment of the NNeo/3-5B replicon. Reverse transcription 
(RT) was carried out with 1 lug of RNA, 200 U of SuperScript 
II reverse transcriptase (Gibco-BRL), and two HCV-specific 
primers (N6700R, 5'-AGCCTCTTCAGC AGCTG (SEQ ID 
NO:55) and N9411R5'-AGGAAATGGCCTATTGGC (SEQ 
ID NO:56), 1 uM), complementary to sequence in the NS4B 
and 3'UTR segments of the genome, in a total reaction Volume 
of 10 ul for 60 min at 42° C. cDNAs were subsequently 
amplified with Pfu Turbo DNA polymerase (Stratagene) by 
30 PCR cycles involving annealing at 60° C. for 60 
seconds (s), extension at 72°C. for 120s, and denaturation at 
95° C. for 30s, followed by a final extension reaction at 72° 
C. for 2 min. Eight separate PCR primer sets were used to 
amplify nested segments spanning the NS3-NS5B region of 
the genome (see Table 4). 

TABL E 4. 

Primer pairs. 

Corresponds to : 

(SEQ ID NO: 57) nucleotides 1307-1325 of 
1377/NS3-3' UTR 
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TABLE 4 - continued 

Primer pairs. 

Primer sequence Corresponds to : 

TTGACGCAGGTCGCCAGG (SEQ ID NO: 58) nucleotides 3551-3568 of HCV-N 

GAACCAGGTCGAGGGGGAGG (SEQ ID NO: 59) nucleotides 3499-3519 of HCV-N 

TCGATGGGGATGGCTTTGCC (SEQ ID NO: 6O) nucleotides 4473 - 4492 of HCV-N 

CTCGCCACCGCTACGCCTCC (SEO ID NO : 61) nucleotides 3551-3568 of HCV-N 

ACTCCGCCTACCAGCACCC (SEQ ID NO: 62) nucleotides 5323-5341 of HCV-N 

ACCCCATAACCAAATACATC (SEQ ID NO: 63) nucleotides 5260 - 5279 of HCV-N 

AGCCTCTTCAGCAGCTG (SEQ ID NO: 64) nucleotides 62O7- 6223 of HCV-N 

TATGTGCCTGAGAGCGACGC (SEQ ID NO: 65) nucleotides 6144 - 6163 of HCV-N 

TATGTGCCTGAGAGCGACGC (SEQ ID NO: 66) nucleotides 71.16 - 7132 of HCV-N 

AACCTTCTGTGGCGGCAGG (SEQ ID NO: 67) nucleotides 7044 - 7 O62 of HCV-N 

CTGGTTGGACGCAGAAAACC (SEQ ID NO: 68) nucleotides 8042-8 O61 of HCV-N 

AACCACATCCGCTCCGTGTG (SEO ID NO : 70) nucleotides 7962-7981 of HCV-N 

TGGCTCAATGGAGTAACAGG (SEQ ID NO: 71) nucleotides 8962-8981 of HCV-N 

TTCTCCATCCTTCTAGCT (SEQ ID NO: 72) nucleotides 8901-8918 of HCV-N 

AACAGGAAATGGCCTATTG (SEQ ID NO: 73) nucleotides 94.12-94.31 of HCV-N 

The sequence of each amplified cDNA segment was deter 
mined directly with an ABI 9600 automatic DNA sequencer. 
The existence of mutations was confirmed by sequencing the 
products of at least two separate RT-PCRs. 
Results 
Autonomous Replication of Subgenomic HCV Replicons 
Derived from HCV-N 
HCV-N is a genotype 1b virus (Beard et al., Hepatoll., 30, 

316-324, (1999)) that shares only about 90% nucleotide iden 
tity in the NS3-NS5B region with the Con1 sequence present 
in the replicon RNAs described by Lohmann et al. (Lohmann 
et al., Science, 285, 110-113 (1999)) and Blight et al. (Sci 
ence, 290, 1972-1974 (2000)). To determine whether subge 
nomic RNAs derived from a previously constructed molecu 
lar clone of this virus are capable of replication in Huh? cells, 
a plasmid was constructed with a T7 transcriptional unit 
containing the sequence of a candidate replicon, NNeo/3-5B 
(FIG. 13). The organization of RNA transcripts generated 
from this plasmid is identical to that of the Izzneo/NS3-3' 
replicon of Lohmann et al. (Lohmann et al., Science, 285, 
110-113 (1999)) (designated BNeo/3-5B in this study), with 
the 5' UTR of HCV and immediately downstream sequence 
encoding the N-terminal 12 amino acids of the core protein 
fused in-frame to the selectable marker, Neo, followed by the 
IRES of EMCV fused to the NS3-coding sequence and down 
stream regions of the HCV genome, including the 3'UTR 
(FIG. 13). The sequences of the proteins expressed by both 
the 5' and 3' cistrons of NNeo/3-5B are identical to those of 
HCV-N, with the exception of substitutions at 2 amino acid 
residues near the amino terminus of NS3, a Lys-to-Arg sub 
stitution at residue 1053 and an Ala-to-Thr substitution at 
residue 1099. These substitutions derive from the Con1 
sequence employed in construction of this plasmid. 

In initial experiments, NNeo/3-5B transcripts were trans 
fected into Huh? cells, and the cells were grown in the pres 
ence of G418 to select cells with active expression of Neo 
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from replicon RNAS undergoing amplification. BNeo/3-5B 
transcripts were transfected in parallel. Numerous G418-re 
sistant cell colonies survived the selection process in Huh? 
cultures transfected with NNeo/3-5B RNA, with the number 
of cell colonies isolated proportional to the quantity of RNA 
electroporated into the cells. However, there were no surviv 
ing G418-resistant cell colonies following transfection of 
NNeo/3-5BAGDD, a mutated replicon containing an 
in-frame deletion spanning the GDD motif in the NS5B 
RNA-dependent RNA polymerase. The absence of surviving 
cell colonies following transfection of this RNA indicates that 
amplification of the NNeo/3-5B replicon is essential for G418 
resistance. Despite reproducible isolation of greater than 
1,000 colonies from cultures transfected with 1 lug of NNeo/ 
3-5B RNA, we were unable to isolate any colonies from cells 
transfected with an equivalent quantity of either BNeo/3-5B 
or BNeo/AGDD RNA. The failure to recover G418-resistant 
colonies following transfection of BNeo/3-5B suggests 
strongly that this previously described RNA replicates sig 
nificantly less efficiently than NNeo/3-5B in these Huh? 
cells. 
To confirm the presence of replicating Subgenomic RNAS 

in cells selected for G418 resistance following transfection 
with NNeo/3-5B, three G418-resistant cell colonies were 
selected at random and clonally isolated. These clonal cell 
lines were then examined for the presence of HCV RNA by 
Northern analysis. The presence of a substantial abundance of 
HCV-specific RNA with a length approximating 8 kb was 
detected in extracts of total cellular RNA prepared from each 
of these stable cell lines (data shown only for clones 1 and 2). 
Although the abundance of the replicon RNA was signifi 
cantly greater in the BNeo/3-5B(RG) cell line than in other 
cell lines studied in this particular experiment, we noted no 
consistent trends in the abundance of replicon RNA among 
cell lines derived with different replicon constructs. Abundant 
NS5A protein was also demonstrated in each of the cell lines 
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by indirect immunofluorescence. These data confirm the abil 
ity of wild-type HCV-N subgenomic replicons to undergo 
autonomous replication in Huh? cells and represent an impor 
tant confirmation of the results of Lohmann et al. (Lohmann 
et al., Science, 285, 110-113 (1999)) with a second, indepen 
dent isolate of HCV. 
Adaptive Mutations are not Required for Efficient Replica 
tion of NNeO/3-5B RNA. 

Data reported both by Lohmann et al. (J. Virol., 75, 1437 
1449 (2002)) and by Blight et al. (Science, 290, 1972-1974 
(2000)) suggest that spontaneously arising, cell culture-adap 
tive mutations are required for efficient replication of BNeo/ 
3-5B in Huh? cells. Such mutations appear to be present 
within each replicon-bearing cell line that has been clonally 
isolated and characterized in detail (Blight et al., Science, 
290, 1972-1974 (2000), Kriegeret al., J. Virol.., 75,4614-4624 
(2001), Lohman et al., J. Virol.., 75, 1437-1449 (2002)). Cell 
culture-adaptive mutations have been identified within NS3, 
NS5A, and NS5B and have been shown to dramatically 
increase the efficiency of colony formation when cells are 
transfected and subjected to G418 selection. To determine 
whether such adaptive mutations are also required with 
NNeo/3-5B replicons derived from HCV-N, we determined 
the nucleotide sequences of the NS3-NS5B segment of the 
replicons present in the three clonal cell lines described in the 
preceding section. RNA extracted from these cells were 
reverse transcribed into cDNA and amplified by RT-PCR for 
direct DNA sequencing as described in Materials and Meth 
ods. 

Replicon RNAs in two of the three cell lines contained 
single-amino-acid mutations: a 3-base insertion resulting in a 
new Lys residue at position 2040 (NS5A) in clone 2, and a 
single-base change leading to a Cys-to-Ser Substitution at 
residue 1519 (NS3 helicase domain) in clone 3. Remarkably, 
there were no mutations identified in the amino acid sequence 
of the nonstructural proteins in clone 1, despite the fact that 
the replicon RNA abundance in these cells was approxi 
mately equivalent to that in other G418-resistant cell lines, 
including clone 2, in which there was the insertion of an 
additional residue in NS5A. These results confirm that NNeof 
3-5B RNA is capable of efficient autonomous replication in 
the absence of adaptive mutations and Suggest that the two 
mutations may have relatively little impact on the replication 
of this RNA. 
Effect of BNeo/3-5B Adaptive Mutations on Replication of 
NNeO/3-5B. 

To determine whether mutations in NS5A or NS5B that 
have been reported previously to enhance the replication of 
BNeo/3-5B would further enhance the replication of NNeo/ 
3-5B replicons, we constructed NNeo/3-5B-derived repli 
cons with a Ser-to-Ile substitution at residue 2005, NNeo/3- 
5B(SI), comparable to the Con1 replicons containing the 
S117931 mutation in NS5A described by Blight et al. (Sci 
ence, 290, 1972-1974 (2000)), or an Arg-to-Gly substitution 
at residue 2889, NNeo/3-5B(RG), comparable to the replicon 
containing the R2884G mutation in NS5B reported by Lohm 
ann et al. (J. Virol.., 75, 1437-1449 (2002)). Identical muta 
tions were also introduced into BNeo/3-5B, leading to the 
creation of BNeo/3-5B(SI) and BNeo/3-5B(RG), respec 
tively, and the modified NNeo/3-5B and BNeo/3-5B RNAs 
were transfected into Huh? cells in parallel experiments. 

The results of these experiments confirmed the cell culture 
adaptive activities of these NS5A and NS5B mutations on 
Con1-derived replicons. The introduction of S20051 into the 
background of BNeo/3-5B increased the efficiency of G418 
resistant colony formation Substantially more than the intro 
duction of R2884G. The number of colonies generated fol 
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lowing transfection of Huh? cells with BNeo/3-5B(SI) RNA 
approximated that obtained with NNeo/3-5B RNA. These 
results thus confirmed the importance of the S2005.1 substi 
tution for replication of the BNeo/3-5B replicon, as reported 
previously (Blight et al., Science, 290, 1972-1974 (2000)). 
However, they also demonstrated that the wild-type NNeo/3- 
5B RNA is comparable to BNeo/3-5B RNAs containing 
adaptive mutations such as S20051 in terms of its ability to 
replicate in Huh? cells and lead to the selection of G418 
resistant colonies. In fact, there was no apparent difference in 
the abundance of HCV RNA in cell lines selected following 
transfection of BNeo/3-5B(SI) and NNeo/3-5B (clone 1, 
which contains no adaptive mutations). Interestingly, how 
ever, a cell line selected following transfection with BNeo/3- 
5B(RG) had a greater abundance of viral RNA despite the 
substantially lower number of G418-resistant cell colonies 
generated with this RNA. We did not determine whether this 
particular cell line contained additional adaptive mutations. 
The introduction of either of these two mutations into the 

background of NNeo/3-5B also resulted in an increase in the 
number of G418-resistant colonies, but proportionately this 
increase was much less than that observed with the introduc 
tion of these mutations into the BNeo/3-5B background. The 
S20051 and R2889G mutations resulted in comparable 
increases in the numbers of G418-resistant colonies, although 
the density of colony formation made their enumeration dif 
ficult even when only 1 ug of RNA was transfected per culture 
dish. However, we also compared the effects of these two 
mutations when introduced into the background of a similar 
subgenomic HCV-N replicon containing blastocidin rather 
than Neo as a selection marker (NBla/3-5B). In this case, 
where blastocidin is generally less efficient than Neo as a 
selectable marker, the introduction of R2889G was shown to 
result in an ~5-fold higher number of G418-resistant cell 
colonies than the introduction of S2005I. Importantly, the 
introduction of these mutations increased the number of 
G418-resistant colonies obtained with NNeo/3-5B replicons 
no more than several fold, and far less than the 1,000-fold or 
greater increases seen with the comparable BNeo/3-5B rep 
licons. Neither mutation resulted in an increase in the abun 
dance of replicon RNA in G418-resistant cell lines selected 
following transfection with NNeo/3-5B RNAs. 
Enhanced Replication Capacity of HCV-N RNA is Due to a 
Natural 4-Amino-Acid Insertion in NS5A. 
As mentioned above, the sequence of the infectious 

HCV-N cDNA clone contains a unique 4-amino-acid inser 
tion (-Ser-Ser-Tyr-Asn-:SEQ ID NO:75) within the ISDR 
segment of the NS5A protein in alignments with other HCV 
sequences (Beard et al., Hepatol., 30.316-324, (1999)). This 
insertion includes amino acid residues 2220 to 2223 in the 
HCV-N polyprotein and, although unique in the database, 
was present in cDNA cloned directly from the Japanese 
patient who served as the source of the HCV-N isolate (Ha 
yashi et al., J Hepatol., 17, S94-S107 (1993)). It is thus 
representative of the wild-type sequence of this virus. Since 
mutations that enhance the replication of the BNeo/3-5B 
replicon have been suggested to cluster near the ISDR of NS5, 
we questioned whether the presence of this unique insertion 
in the ISDR might contribute to the ability of NNeo/3-5B 
replicons to replicate efficiently in the absence of additional 
cell culture-adaptive mutations. To address this question, we 
deleted the 4-amino-acid insertion from NNeo/3-5B (gener 
ating NNeo/3-5BAi5A) and assessed the ability of this NS5A 
deletion mutant to support the selection of G418-resistant 
colonies following transfection of Huh? cells. Additional 
deletion mutants were generated by removal of the 4-amino 



US 8,367,401 B2 
43 

acid insertion from NNeo/3-5B(SI) and NNeo/3-5B(RG), 
designated NNeo/3-5B(SI) i5A and NNeo/3-5B(RG) i5A, 
respectively. 
The number of G418-resistant colonies selected following 

transfection with NNeo/3-5BAi5A was much lower than after 
transfection with NNeo/3-5B. Only a small number of colo 
nies were generated following transfection with a large 
amount of RNA (20 ug per culture dish), confirming the 
importance of this insertion to replication of this RNA in 
Huh7 cells. In contrast, the deletion of these 4 amino acids 
from the NS5A sequences of NNeo/3-5B(SI) resulted in only 
a modest decrease in the efficiency of colony formation, with 
large numbers of G418-resistant colonies selected after trans 
fection of relatively small amounts of NNeo/3-5B(SI) i5A 
RNA (1 lug/culture dish). Similar results were obtained with 
the NNeo/3-5B(RG) i5A replicon, although the number of 
surviving G418-resistant colonies was less than that with 
NNeo/3-5B(SI). The fact that efficient G418-resistant 
colony-forming activity could be preserved by either of these 
previously described cell culture adaptive mutations in the 
absence of the 4-amino-acid insertion in NS5A provides fur 
ther evidence that the 4-amino-acid insertion is responsible 
for the inherent ability of NNeo/3-5B RNA to replicate effi 
ciently in Huh7 cells. 

Since many of the mutations that enhance the replication of 
BNeo/3-5B have been localized to the NS5A sequence 
(Blight et al., Science, 290, 1972-1974 (2000), 14), we com 
pared the NS5A sequences of NNeo/3-5B and BNeo/3-5B. 
The proteins are predicted to differ at 49 of 451 (11%) amino 
acid residues (FIG. 15). Amino acid differences are scattered 
across the length of the protein sequence, although they are 
somewhat morefrequent within the ISDR and C-terminal half 
of the protein. Interestingly, there are no differences at any of 
the residues at which single-amino-acid Substitutions have 
previously been reported to enhance the replication capacity 
of BNeO/3-5B. 
The most striking difference in the NS5A sequences of 

these replicons is the presence of the 4-amino-acid insertion 
within the ISDR of NNeo/3-5B. This insertion and, in fact, the 
entire ISDR are within a 47-amino-acid segment that was 
shown to have been spontaneously deleted in a cell line bear 
ing a BNeo/3-5B replicon isolated by Blight et al. (Science, 
290, 1972-1974 (2000)). This large deletion mutation signifi 
cantly increased the numbers of G418-resistant cell colonies 
selected following transfection of BNeo/3-5B RNA (Blightet 
al., Science, 290, 1972-1974 (2000)). When the 4-amino-acid 
insertion was deleted from NNeo/3-5B, its capacity to gen 
erate G418-resistant colonies was Substantially, although not 
completely, eliminated. However, the ability of the RNA to 
efficiently generate G418-resistant colonies was preserved by 
introduction of the BNeo/3-5B-adaptive S20051 mutation in 
NS5A and, to a slightly lesser extent, the R2889G mutation in 
NS5B. The 4-amino-acid insertion in NS5A thus accounts, at 
least in part, for the unique ability of the wild-type HCV-N 
RNA to replicate in these cells. It thus represents a natural cell 
culture-adaptive mutation. Although present in the synthetic 
HCV-N RNA that gave rise to infection in a chimpanzee, as 
described above (Beardet al., Hepatol., 30,316-324, (1999)), 
the persistence of this sequence polymorphism was not stud 
ied in this animal. Thus, it is not possible to comment further 
on its contribution to replication in vivo. 
Replication Competence of Selectable Dicistronic HCV-N 
RNAs Encoding the Structural Proteins of HCV 
Lohmann et al. (Lohmann et al., Science, 285, 110-113 

(1999)) demonstrated that subgenomic Con1 replicons con 
taining the NS2-NS5B segment of HCV also were capable of 
autonomous replication in Huh? cells, although the number 
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of G418-resistant colonies selected was somewhat less than 
that obtained after transfection of cells with replicon RNA 
containing only the NS3-NS5B segment. To determine 
whether the replication capacity of the HCV-N RNA would 
be influenced by the inclusion of NS2-coding sequence or 
sequences encoding the envelope and core proteins of HCV 
N, we constructed a series of plasmids with transcriptional 
units encoding the selectable, dicistronic RNAs shown in 
FIG. 14. In addition to the NS3-NS5B coding sequence 
present in NNeo/3-5B, the 3' cistrons of these dicistronic 
RNAs contain upstream wild-type HCV-N sequence encod 
ing NS2 (NNeo/2-5B), the envelope proteins as well as NS2 
(NNeo/E1-5B), or the entire polyprotein (NNeo/C-5B). RNA 
transcripts prepared from these plasmids were transfected 
into Huh? cells, as described above, and in each case gave rise 
to G418-resistant colonies after several weeks of culture in 
G418-containing media. The number of colonies produced 
from each RNA diminished with the increasing length of the 
second cistron, with ~160 colonies obtained with NNeo/2- 
5B, -60 colonies with NNeo/E1-5B, and only 22 colonies 
from NNeo/C-5B. However, stable G418-resistant cell lines 
were clonally isolated from transfections with each of these 
RNAs, indicating that the RNA remained replication compe 
tent despite the inclusion of the additional sequence. 

Total cellular RNA extracted from these G418-resistant 
cell lines was analyzed by Northern analysis for HCV RNA. 
Each cell line contained HCV-specific RNA of the appropri 
ate length, confirming the ongoing replication of HCV RNA 
in cell lines selected after transfection with each of the RNAs 
shown in FIG. 14. However, cells selected following trans 
fection with NNeo/C-5B contained a demonstrably lower 
abundance of replicon RNA than cells selected following 
transfection with NNeo/2-5B or NNeo/E1-5B. These latter 
cell lines were comparable in replicon abundance to cells 
selected following transfection with NNeo/3-5B. Further 
more, 6418-resistant cells selected with the NNeo/C-5B rep 
licon grew slowly and failed to become completely confluent 
after several weeks in culture. Colonies of cells selected from 
one of the NNeof C-5B cell lines were subcloned and, after 
passage for an additional month, demonstrated improved 
growth properties. Northern analysis of total cellular RNA 
extracted from three of these NNeof C-5B subclones con 
tained viral RNA of the appropriate length, with an abun 
dance approximating that of replicon RNA in cell lines 
selected following transfection with NNeo/3-5B. 

G418-resistant cell lines selected following transfection 
with NNeo/E1-5B or NNeo/C-5B were examined for the 
presence of structural protein antigens by indirect immunof 
luorescence. In addition to NS5A antigen, cells selected fol 
lowing transfection with NNeo/E1-5B contained detectable 
E2 antigen, while cells selected following transfection with 
NNeo/C-5B RNA stained positively for core antigen. In both 
cases, only a proportion of the cells present in the clonally 
isolated cell lines contained a detectable abundance of these 
antigens at any single point in time. This result was different 
from what was observed with G418-resistant cell lines 
selected following transfection with NNeo/3-5B, in which 
almost all cells contained detectable NS5A antigen. It is 
possible that this may reflect cell cycle dependence of the 
replication of these RNAs (Pietschmann et al., J. Virol. 75, 
1252-1264 (2001)), because the cell lines were clonally 
derived and stable. Together, however, these data provide 
strong confirmatory evidence of the replication competence 
of genome-length, selectable, dicistronic HCV-N RNAs in 
Huh7 cells. 
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Example 9 

Subgenomic Hepatitis C Virus Replicons Inducing 
Expression of a Secreted Enzymatic Reporter Protein 

This Example describes a useful refinement of these sub 
genomic replicons that simplifies detection of HCV RNA 
replication in both transiently-transfected cells and estab 
lished cell clones selected under antibiotic pressure. By modi 
fying the upstream cistron so that it expresses the tat protein 
of human immunodeficiency virus (HIV) in addition to the 
Neo resistance marker, replicon RNAs were developed that 
are capable of signaling their presence and abundance in cells 
by the secretion of placental alkaline phosphatase (SEAP), 
expressed under transcriptional control of the HIV LTR. This 
system permits the autonomous replication of the viral RNA 
to be monitored in intact cells by an enzymatic assay of SEAP 
activity in the media bathing the cells. Using these novel 
reporter replicons, we show the effect of interferon-C. on the 
replication of RNAs derived from two different strains of 
HCV in stably transformed cell cultures. 
Materials and Methods 

Cells. En5-3 cells are a clonal cell line derived from Huh7 
cells by stable transformation with the plasmid pLTR-SEAP 
(see below). These cells were cultured in Dulbecco's modi 
fied Eagle's medium (Gibco BRL) supplemented with 10% 
fetal calf serum, 2 g/ml blasticidin (Invitrogen), penicillin 
and streptomycin. Following transfection with replicon 
RNAS, cells Supporting replicon amplification were selected 
and maintained in the above media containing in addition 400 
ug/ml G418 (geneticin). Cell lines were passaged once or 
twice per week. 

Plasmids. The plasmid plTR-SEAP was generated as fol 
lows. pcDNA6/V5-His (Invitrogen) was digested with BglII 
BamHI to remove the CMV promoter. The vector was then 
self-ligated, digested with EcoRV-Not, and religated to a 
DNA fragment encoding SEAP under transcriptional control 
of the HIV LTR that was amplified from pBCHIVSEAP 
(obtained from B. Cullen, Duke University. Durham, N.C.) 
using the oligonucleotide primer pairs; 5'-CTAGCTAGC 
CTCGAGACCTGGAAAAACATGGAG (SEQ ID NO:8) 
and 5'-ATAAGAATGCGGCCGCTTAACCCGGGT 
GCGCGG (SEQID NO:9). The resulting plasmid was trans 
fected into HuhT cells using a non-liposomal transfection 
reagent (FUGENE, Boerhinger Manheim), and stably resis 
tant cells were selected in the presence of blasticidin (Invit 
rogen). Blasticidin-resistant cell colonies were clonally 
selected and subjected to further characterization. One, des 
ignated En5-3, was selected for Subsequent use due to a low 
basal level of SEAP activity and efficient induction of SEAP 
following expression of the HIV tat protein. 

To construct the plasmid plet2AN, a DNA fragment con 
taining the EMCV IRES was amplified by PCR from 
pEMCV-CAT (Whetter et al., Arch Viol., 136, 291-298 
(1994)) using paired primers containing HindIII and StuI 
sites, respectively. DNA encoding the tat protein was simi 
larly amplified from pCTAT (also a generous gift of Dr. 
Cullen) with paired primers containing StuI and EcoRI sites, 
respectively. Finally, a DNA fragment encoding 15 amino 
acids of the foot-and-mouth disease virus (FMDV) 2A pro 
tein was generated by annealing the complementary primers 
5'-AATTCGACCTTCTTAAGCTTGCGG 
GAGACGTCGAGTCCAACCCTGGGC CCG (SEQ ID 
NO:24) and 5'-GATCCGGGCCCAGGGTTGGACTC 
GACGTCTCCCGCAAGCTTAAGAAG GCG (SEQ ID 
NO:74) to form a duplex DNA molecule with EcoRI and 
BamHI Sticky ends, respectively. The neo sequence was 
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amplified from pRcCMV (Invitrogen) with primer pairs con 
taining BglII and NotI. These fragments were ligated to 
pcDNA6/V5-His (Invitrogen) digested with HindIII and NotI 
to generate plet2AN. 
To construct the replicon plasmid pPACtat2Aneo, the 

genotype 1a infectious clone, pCV-H77c (generously pro 
vided by Dr. Robert Purcell, National Institutes of Health, 
Bethesda, Md.) was digested with SphI and the small frag 
ment was religated. A single T to A nucleotide change was 
engineered in this plasmid at nucleotide 444 of the HCV 
sequence of H77c (GenBank accession number AF011751) 
using QuickChange (Statagene) mutagenesis, generating a 
novel HpaI site at this position. This resulting plasmid was 
digested with HpaI and Xbal to generate a DNA fragment 
representing the HCV 1a 5"NTR and immediately down 
stream sequence encoding the first 14 amino acids of the HCV 
polyprotein. A second DNA fragment representing the tat, 
2A, and partial neo sequence was excised from pEt2AN by 
digestion with StuI and SphI. Finally, the plasmid pPNeo/wt 
(FIG. 16), containing the sequence of the I377neo/NS3-3' 
replicon of Lohmann et al. (obtained form Michael Murray, 
Schering-Plough Research Institute) was digested with SphI 
and Xbal to generate a fragment representing the C-terminal 
neo sequence, EMCV IRES, and downstream elements of the 
HCV replicon. These three fragments were ligated to gener 
ate plBACtat2Aneo (FIG. 16), which contains the 5"NTR and 
downstream 42nts of core-coding sequence of the H77 strain 
of HCV (genotype 1a) and the NS3-5B and 3'NTR sequence 
of the Con1 strain of HCV (genotype 1b). The plasmid 
pBtat2Aneo was generated by QuickChange mutagenesis of 
pBACtat2Aneo, with deletion of the 42 nucleotides of core 
coding sequence and fusion of the tat sequence directly down 
stream of 5"NTR of HCV. p.Ntat2Aneo was constructed by 
exchanging the large BSrGI-Xbal fragment of pBtat2Aneo 
with the analogous HCV sequence derived from the plasmid 
pHCV-N resulting in replacement of most of the NS3-NS5B 
and 3'NTR sequence. A similar strategy was employed for the 
construction of variants of these replicon plasmids containing 
various cell culture-adaptive mutations or a deletion of the 
GDD motif in the NS5B protein, as described in Example 8. 
RNA Transcription and transfection. RNA was synthe 

sized with T7 MEGAScript reagents (Ambion), after linear 
izing plasmids with Xbal. Following treatment with RNase 
free Dnase to remove template DNA and precipitation of the 
RNA with lithium chloride, the RNA was transfected into 
En5-3 cells. Transfection was done by electroporation, as 
described previously. Briefly, 10 ug RNA was mixed with 
5x10° cells suspended in 500 ul phosphate buffered saline, in 
a cuvette with a gap width of 0.2 cm (Bio-Rad). Electropora 
tion was with two pulses of current delivered by the Gene 
Pulser II electroporation device (Bio-Rad), set at 1.5 kV, 25 
LF, and maximum resistance. 
In vitro translation. In vitro transcribed RNA, prepared as 

described above, was used to program in vitro translation 
reactions in rabbit reticulocyte lysate (Promega). About 1 mg 
of each RNA, 2 ul of S-methionine (1,000 Ci/mmol at 10 
mCi/ml), and 1 ml of an amino acid mixture lacking methion 
ine were included in each 50 ml reaction mixture. Translation 
was carried out at 30° C. for 90 min. Translation products 
were separated by SDS-PAGE followed by autoradiography 
or Phosphorimager (Molecular Dynamics) analysis. 

Northern analysis for HCV RNA. We seeded replicon 
bearing cells into 6 well plates at a density of 2x10 cells/well, 
and harvested the RNA from individual wells at daily inter 
vals. Total cellular RNAs were extracted with TRizol reagent 
(Gibco-BRL) and quantified by spectrophotometry at 260 
nm. One half of the total RNA extracted from each well was 
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loaded onto a denaturing agarose-formaldehyde gel. Sub 
jected to electrophoresis and transferred to positively 
charged Hybond-N+nylon membranes (Amersham-Pharma 
cia Biotec) using reagents provided with the Northern Max 
Kit (Ambion). RNAs were immobilized on the membranes by 
UV-crosslinking. The membrane was hybridized with a P 
labeled antisense riboprobe complementary to the 3'-end of 
NS5B sequence (HCV nucleotides 8990-9275 corresponding 
to GenBank accession number AF 139594), and the hybrid 
ized probe was detected by exposure to X-ray film. 

Indirect immunofluorescence analysis. Cells were grown 
on chamber slides until 70-80% confluent, washed 3 times 
with PBS, and fixed in methanol/acetone (1:1 V/V) for 10 min 
at room temperature. A 1:10 dilution of a primary, murine 
monoclonal antibody to NS5A (MAB7022P Maine Biotech 
nology Services) was prepared in PBS containing 3% bovine 
serum albumin, and incubated with the fixed cells for 1 hr at 
room temperature. Following additional washes with PBS, 
specific antibody binding was detected with a goat anti 
mouse IgG FITC-conjugated secondary antibody (Sigma) 
diluted 1:70. Cells were washed with PBS, counterstained 
with DAPI, and mounted in Vectashield mounting medium 
(Vector Laboratories) prior to examination by a Zeiss 
AxioPlan2 fluorescence microscope. 

Alkaline phosphatase assay. SEAP activity was measured 
in 20 Jul aliquots of the Supernatant culture fluids using the 
Phospha-Light Chemiluminescent Reporter Assay (Tropix), 
and the manufacturer's suggested protocol reduced /3 in 
scale. The luminescent signal was read using a TD-20/20 
Luminometer (Turner Designs, Inc.). In most time course 
experiments, the culture medium was replaced every 24 hrs. 
Thus, the SEAP activity measured in these fluids reflected the 
daily production of SEAP by the cells. 

Real-time quantitative RT-PCR anaysis of HCV RNA. 
Quantitative RT-PCR assays were carried out using TaqMan 
chemistry on a PRISM 7700 instrument (ABI). For detection 
and quantitation of HCV RNA, we used primers complemen 
tary to the 5"NTR region of HCV (Takeuchi et al., Gastroen 
terology, 116,636-642 (1999)), within vitro transcribed HCV 
RNA included in the assays as a standard. Results were nor 
malized to the estimated total RNA content of the sample, as 
determined by the abundance of cellular GAPDH mRNA 
detected in a similar real-time RT-PCR assay using reagents 
provided with Taqman GAPDH Control Reagents (Human) 
(Applied Biosystems). 

Sequence analysis of cDNA from replicating HCV RNAs. 
HCV RNA was extracted from cells, converted to cDNA and 
amplified by PCR as described previously (see Example 8). 
First-strand cDNA synthesis was carried out with Superscript 
II reverse transcriptase (Gibco-BRL), and pfu-Turbo DNA 
polymerase (Stratagene) was used for PCR amplification of 
the DNA. The amplified DNAs were subjected to direct 
sequencing using an ABI 9600 automatic DNA sequencer. 

Interferon treatment of cell cultures. Selected replicon 
bearing cell lines were seeded into 12 well plates. The media 
was replaced 24 hrs later with fresh, G418 free media con 
taining various concentrations of recombinant interferon 
O2B ranging from 0 to 100 units/ml. The medium was sub 
sequently completely removed every 24hrs, the cells washed, 
and refed with fresh interferon-containing media. SEAP 
activity was measured in the media removed from the cells as 
described above. 
Results 
Tat-SEAP enzyme reporter system. The HIV tat protein is 

a potent transcriptional transactivator of its LTR promoter 
element. Unlike most known eukaryotic transcriptional trans 
activators, tat functions via an interaction with an RNA struc 
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ture, the transactivation responsive element (TAR), rather 
than through interaction with DNA (Naryshkin et al., Bio 
chemistry, 63, 189-503 (1998); Cullen, Cell, 93, 685-692 
(1998)). In the absence of tat, almost all RNA transcripts 
initiated by the LTR promoter are terminated prematurely 
within -60-70 nucleotides of the start site. Tatacts to promote 
the efficient elongation of premature transcripts, thereby 
transactivating the transcription of functional mRNAs from 
sequences placed under control of the HIV LTR promoter. We 
have taken advantage of the Small size of the tat protein, and 
the manner in which it functionally regulates the LTR pro 
moter, to develop a system in which a replication-competent, 
subgenomic HCV RNA expressing tat induces the expression 
of secreted alkaline phosphatase (SEAP) placed under tran 
scriptional control of the LTR in stably transformed liver 
cells. 
pEt2AN is an expression plasmid in which the HIV tat 

coding sequence is fused to sequence encoding the FMDV 2A 
proteinase and the positive, selectable marker neomycin 
phosphotransferase (Neo) (FIG. 16A). The small FMDV 2A 
polypeptide sequence possesses autocatalytic activity (Ryan 
et al., EMBO.J., 13,928-933 (1994)), resulting in the scission 
of the peptide backbone at its C-terminus and the release of 
Neo. The translation of this minipolyprotein is driven by the 
EMCV IRES sequence located just upstream of the protein 
coding sequence (FIG. 16A), while transcription is directed 
by a composite CMV/T7 promoter. We used this plasmid to 
determine the level of SEAP expressed by stably transformed 
Huh7 cells (selected for blasticidin resistance) in which the 
SEAP sequence had been integrated under transcriptional 
control of the HIV LTR. SEAP activity was measured in the 
supernatant culture medium before and after transfection of 
the cells with pBt2AN. Results obtained with one clonally 
isolated cell line, En5-3, are shown in FIG. 16B. 

This cell line produced a minimal basal level of SEAP 
activity, while transfection of the cells with pEt2AN DNA led 
to an approximately 100 fold increase in the secretion of 
SEAP into the medium in response to tat expression (FIG. 
16B). The secretion of SEAP from En5-3 cells began to 
increase between 24 and 48 hrs after DNA transfection, and 
reached maximal levels at 72 to 96 hrs. In contrast, the trans 
fection of En5-3 cells with RNA transcribed in vitro from 
pEt2AN led to an immediate increase in SEAP activity that 
was maximal when first assayed at 24 hrs post-transfection 
and Subsequently decreased over time, reaching background 
levels 72 hours later (FIG. 16C). Since the cell culture 
medium bathing these transfected cells was replaced at 24 hr 
intervals in these experiments (see Materials and Methods), 
the SEAP activity measured at each time point reflected the 
amount of the reporter protein secreted into the medium over 
the preceding 24 hr period. The delay in SEAP secretion 
following DNA versus RNA transfection is likely to represent 
the time required for RNA transcription to occur, while the 
rapid decline of SEAP following RNA transfection reflects 
degradation of the transfected RNA and the tat protein trans 
lated from it. These encouraging results suggested that the 
expression of tat from a replicating subgenomic HCV RNA 
could provide a simple and useful approach to monitoring the 
presence and abundance of replicon RNA in En5-3 cells. 

Subgenomic HCV replicons expressing tat. To test this 
hypothesis, we constructed a plasmid with a transcriptional 
unit containing a dicistronic, Subgenomic HCV replicon 
similar to that reported originally by Lohmann et al. (Science, 
285, 110-113 (1999)), but in which the 5' cistron encodes the 
tat-2A-Neo minipolyprotein present in pRt2AN (FIG. 16), 
fused in frame downstream of the N-terminal 14 amino acid 
residues of the HCV core protein sequence (FIG. 17. 
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BACtat2ANeo). The second cistron in this replicon contained 
the NS3-5B segment of the Con1 HCV sequence placed 
under the translational control of the ECMV IRES, as in the 
original HCV replicons (Lohmann et al., Science, 285, 110 
113 (1999)). We also constructed a variant in which the 5' 
cistron contained no HCV protein-coding sequence, and in 
which HCV IRES-directed translation initiated at the tat cod 
ing sequence (FIG. 17, Btat2ANeo). To enhance the potential 
replication of these replicons in Huh? cells, additional vari 
ants were engineered to contain the S2205I (SI) cell culture 
adaptive mutation described by Blight et al. (Science, 290, 
1972-1974 (2000)), and the R2889G (RG) mutation 
described by Krieger et al. (J. Virol, 75, 4614-4624 (2001)), 
respectively (these mutations are numbered according to the 
location of the cognate residue within the HCV-N sequence) 
(see Example 8) (FIG. 17). 

Since the fusion of heterologous sequence directly down 
stream of the HCV IRES may reduce the ability of the HCV 
IRES to direct the internal initiation of translation on a hybrid 
RNA (Reynolds et al., EMBO.J. 14,6010-6020 (1995); Rijin 
brandet al., RNA, 7,585-597 (2001)), we evaluated the trans 
lational activity of these replicons by programming rabbit 
reticulocyte lysates for translation with RNAs transcribed 
from these plasmids. The results of these experiments con 
firmed the activity of the FMDV 2A proteinase within the 
minipolyprotein, as protein species migrating with the 
mobilities expected for both the unprocessed DCtat2ANeo 
and tat?ANeo precursor proteins, and the fully processed Neo 
protein, were evident in SDS-PAGE gels of the translation 
products from BACtat2ANeo and Btat2ANeo, respectively 
(FIG. 18A, lanes 2 and 3). The tat?A cleavage product was not 
observed due to its small size. The results also suggested that 
the absence of the core protein-coding sequence in 
Btat2ANeo did in fact result in a significant reduction in 
translation of the upstream cistron, as reflected in reduced 
quantities of Neo and the tat?ANeo precursor protein in 
lysate programmed with Btat2ANeo RNA (FIG. 18A, com 
pare lane 3 with lane 2). In contrast, the quantity of NS3 
produced from the downstream cistron was relatively 
increased in lysates programmed with Btat2ANeo RNA com 
pared to BACtat2ANeo, Suggesting that the reduction in the 
activity of the HCV IRES in the former RNA may have a 
complementary, beneficial effect on the downstream EMCV 
IRES. This suggests that there may be intercistronic compe 
tition for translation factors between the HCV and EMCV 
IRES elements in these replicon RNAs, as noted previously 
with other dicistronic RNAs (Whetter et al., J. Virol. 68, 
5253-5263 (1994)). 
We next assessed the activities of tat proteins expressed 

from the upstream cistron in the BACtat2ANeo and 
Btat2ANeo replicons (FIG. 17) in transient transfections of 
these replicon RNAs in En5-3 cells. SEAP activity was moni 
tored in the Supernatant media at 72 hrs post-transfection, in 
the absence of Neo selection. The results of these experiments 
indicated that the tat protein was significantly less active 
when expressed as a fusion protein with the N-terminal 14 
amino acid segment of core (FIG. 18B, compare 
BACtat2ANeo, BACtat2ANeo(SI) and BACtat2ANeo(RG), 
with Btat2ANeo, Btat2ANeo(SI) and Btat2ANeo(RG) 
RNAs). Although the tat proteins expressed from these RNAs 
also have a C-terminal fusion with the FMDV 2A proteinase, 
this C-terminal fusion does not abrogate the transactivating 
activity of tat, as evidenced in the experiments shown in 
FIGS. 16B and 16C. Replication of the RNAs did not con 
tribute to the expression of SEAP in the transient transfection 
experiment shown in FIG. 18B, as the amount of SEAP 
induced by transfection of an NS5B deletion mutant, 
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Btat2ANeo(AGDD), was only slightly less than that induced 
by its parent, Btat2ANeo. Similarly, the cell culture-adaptive 
NS5A S2205I and NS5B R2889G mutations (FIG. 17) engi 
neered into these RNAS had no effect on the level of SEAP 
expression under these conditions (FIG. 18B). 

Stable cell lines expressing SEAP under control of repli 
con-mediated tat expression. Efforts to select stable, G418 
resistant colonies following transfection of En5-3 cells with 
Btat2ANeo or BACtat2ANeo were unsuccessful. These 
results are consistent with the very low frequency of colony 
formation with the unmodified Con1 NS3-5B sequence, as 
reported by Lohmann and others (Lohmann et al., Science, 
285, 110-113 (1999); Blight et al., Science, 290, 1972-1974 
(2000)). However, it was possible to select G418-resistant 
En5-3 clones following transfection of the modified 
Btat2ANeo containing the adaptive S2205I mutation and 
BACtat2ANeo RNAs containing the adaptive S2205I and 
R2889G mutations in NS5A and NS5B (FIG. 17), respec 
tively. The efficiency of colony formation was substantially 
lower with these replicons, even with the adaptive mutations, 
than what has been reported in the literature (Lohmann et al., 
J. Virol.., 75, 1437-1449 (2001); Blight et al., Science, 290, 
1972-1974 (2000)) or what we have observed previously (see 
Example 8) with dicistronic, subgenomic HCV replicons. 
This may reflect the use of the clonal, blastocidin-resistant 
En5-3 cell line rather than the parental Huh? cells. Moreover, 
the number of colonies selected with Btat2ANeo(SI) RNA 
was approximately 10-fold lower than with BACtat2ANeo 
(SI), Suggesting that the absence of the short, AC core protein 
coding sequence in Btat2ANeo(SI) decreases the efficiency 
of colony selection. This could be due to the lower level of 
Neo expressed from this RNA (FIG. 18), or potentially to 
other effects on replication of the subgenomic RNA. 

Because replicons containing the genotype 1b, HCV-N 
sequence have proven to be substantially Superior to Con1 
replicons in their ability to induce the selection of G418 
resistant Huh7 cell clones (see Example 8), we constructed a 
parallel series of replicons containing the tat?ANeo sequence 
in the upstream cistron with the downstream cistron, NS3 
NS5B sequence derived from HCV-N: Ntat2ANeo, 
Ntat2ANeo(SI) and Ntat2ANeo(RG) (FIG. 17). Transfection 
with each of these RNAs led to the selection of stable, G418 
resistant colonies. The number of G418-resistant colonies 
selected with Ntat2ANeo(RG) was at least 100-fold higher 
than with Btat2ANeo(SI). Overall, the efficiency of colony 
selection observed with replicon RNAs that lacked any core 
protein coding sequence (FIG. 17) could be ordered as fol 
lows, from high to low: Ntat2ANeo(SI), Ntat2ANeo(RG), 
Ntat2ANeo, Btat2ANeo(SI). This is consistent with our pre 
vious observations with subgenomic HCV replicons express 
ing only Neo from the upstream cistron (see Example 8). 
Replicon RNA was readily detected by northern analysis of 
G418-resistant cell lines selected following transfection with 
BACtat2ANeo(SI), Btat2ANeo(SI) and Ntat2ANeo(RG) 
(FIG. 19A). The abundance of the viral RNA was signifi 
cantly greater in the BACtat2ANeo(SI) cell line selected for 
testing, than in cell lines Supporting replication of Btat2ANeo 
(SI) and Ntat2ANeo(RG). While the total abundance of the 
replicon RNAs (see Materials and Methods) increased in each 
of the cell lines studied over a 120hr period following passage 
of the cells (FIG. 19A), quantitative real-time RT-PCR assays 
showed a trend toward a reduction in the intracellular abun 
dance of the replicon RNA relative to the abundance of 
GAPDH mRNA as the cells approached confluence at 120hrs 
(FIG. 19B). This is similar to the reduction in intracellular 
abundance of replicon RNAs reported recently by 
Pietschmann et al. (J. Virol, 75, 1252-1264 (2001)). Once 
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confluent, the intracellular abundance of the replicon RNAs 
appeared to be similar in all three cell lines studied. These 
results confirm that there is no requirement for core-protein 
coding sequence for replication of these dicistronic, Subge 
nomic viral RNAs. 
We also examined the cell lines shown in FIG. 19 for viral 

protein expression as well as secretion of SEAP. NS5A anti 
gen was readily detected within the cytoplasm in each cell 
line, while no NS5A antigen was detectable in normal En5-3 
cells stained in parallel. The abundance of the viral protein 
was significantly greater in cells containing BACtat2ANeo 
(SI) than Btat2ANeo(SI) or Ntat2ANeo(RG), consistent with 
the greater abundance of replicon RNA detected in the former 
by northern analysis (FIG. 19A). In contrast, the SEAP activi 
ties expressed by these cell lines showed a very different 
relationship to the abundance of the replicon RNA. Each of 
the cell lines secreted increased amounts of SEAP that were 
detectable above the low background activity present in 
En5-3 media (FIG.20A). However, the level of SEAP activity 
expressed by the BACtat2A(SI) cell line was minimally 
above background and much lower than that secreted by the 
Btat2ANeo(SI) or Ntat2ANeo(RG) cell lines, despite a 
higher abundance of viral RNA and viral proteins in the 
former. Sequencing of cDNA amplified by RT-PCR from the 
replicon RNAs present in the BACtat2A(SI) cells did not 
identify any mutations within the upstream, ACtat2ANeo 
cistron, ruling out adventitious mutations as a potential cause 
for the minimal level of SEAP expressed by these cells. The 
Btat2ANeo(SI) and Ntat2ANeo(RG) cell lines demonstrated 
robust secretion of the reporter protein, reaching levels at 
least 100-fold above background after 5 days in culture (FIG. 
20A). These results are consistent with the results of the 
transient transfections presented above (FIG. 18B), and serve 
to confirm that the fusion of tatto the N-terminal segment of 
the core protein sharply diminishes its ability to functionally 
transactivate the HIV LTR. 

In the experiment shown in FIG.20A, it is important to note 
that the media was completely replaced at 24hr intervals, and 
that the cells were thoroughly washed before being refed with 
fresh media. Thus, the results shown represent the quantity of 
SEAP secreted by the Btat2ANeo(SI) and Ntat2ANeo(RG) 
cells during successive 24hr periods. The secretion of SEAP 
correlated closely with the abundance of replicon RNA in the 
Btat2ANeo(SI) and Ntat2ANeo(RG) cells as determined by 
densitometry of northern blots (FIG. 20B, R2=0.983 and 
0.939 by linear regression analysis, respectively). In aggre 
gate, these results demonstrate that the expression of tat from 
subgenomic HCV RNAs that are replicating in En5-3 cells 
effectively signals the secretion of SEAP, thereby providing 
an easily measurable and accurate marker of viral RNA rep 
lication that does not require lysis or destruction of the cell 
monolayer. 

Impact of cell culture-adaptive mutations on the replication 
of tat-expressing HCV replicons in transient transfection 
assays. Further studies of these replicons focused on those 
with no core protein sequence fused to tat, since the fusion 
with the core sequence effectively inactivated the transacti 
vating function of tat. To determine whether the activation of 
SEAP expression in En5-3 cells by tat was sufficiently sen 
sitive for detection of the replication of subgenomic RNAs in 
transient transfection assays, replicon RNAS were transfected 
into En5-3 cells using electroporation, and the cells were 
followed for a period of 20 days in the absence of G418 
selection. Included in this experiment were the Btat2ANeo 
and Ntat2ANeo replicons, and mutants containing cell cul 
ture-adaptive mutations that were derived from them, as 
shown schematically in FIG. 17B. The supernatant media 
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bathing the transfected cells was removed and replaced with 
fresh media at 24 hr intervals, as in the experiment shown in 
FIG. 20A, and the cells were collected by trypsinization and 
passaged into fresh culture vessels at 7 and 14 days. The levels 
of SEAP activity present in the media that was removed from 
cells transfected with the replicon RNAs based on the 
Btat2ANeo (Con1) sequence (FIG. 17) are shown in FIG. 
21A, while FIG. 21B shows SEAP activities in media col 
lected from cells transfected with replicons derived from the 
HCV-N sequence. 
The transfection of any of these replicon RNAs into En5-3 

cells resulted in a high initial level of SEAP expression that 
was present in the culture media as early as 12 hrs after 
electroporation (FIGS. 21A and 21B). This early, high level 
of SEAP secretion persisted for approximately 3 days, and 
was due to translation of the transfected input RNA, as in the 
experiment shown in FIG. 18C. This high initial SEAP level 
was also observed with replication-defective mutants con 
taining a deletion in the NS5B sequence involving the GDD 
polymerase motif (AGDD mutants) (FIGS. 21A and 21B). 
The SEAP activity secreted into the media of cells transfected 
with Btat2ANeo(AGDD) and Ntat2ANeo(AGDD) began to 
decrease by day 4, and reached baseline values similar to 
those observed with normal En5-3 cells by 8 days after elec 
troporation (FIGS. 21A and 21B). In contrast, other, replica 
tion competent RNAs, particularly those derived from the 
HCV-N sequence, demonstrated increased levels of SEAP 
expression at later time points that were significantly above 
the En5-3 cell background and thus indicative of replication 
of the transfected RNA. 

In experiments with replicon RNAs derived from the Con1 
sequence, significant increases in SEAP activity above that 
observed with the Btat2ANeo(AGDD) mutant were seen only 
in cells transfected with Btat2ANeo(SI). There was no appar 
ent difference in the levels of SEAP expressed by cells trans 
fected with the Btat2ANeo and Btat2ANeo(RG) replicons. 
Cells transfected with Btat2ANeo(SI) demonstrated a low 
level but sustained increase in SEAP activity above back 
ground beginning about 10 days after transfection (FIG. 
21A). However, the secretion of SEAP was modest in mag 
nitude, and never more than several-fold above background. 
In sharp contrast, the HCV-N based replicons were remark 
ably more potent in terms of their abilities to elicit sustained 
increases in SEAP expression (FIG. 21B). Levels of SEAP 
secretion up to 100-fold above background were observed 
with Ntat2ANeo(SI) and Ntat2ANeo(RG), as well as 
Ntat2ANeo(SIAi5A). This latter replicon contains both the 
S2205I Substitution in NS5A as well as the deletion of a 
natural 4 amino acid insertion that is present in the NS5A 
sequence of HCV-N (FIG. 17B). This natural insertion in 
NS5A, which was present in cDNA cloned from human 
serum (Beard et al., Hepatology, 30, 316-324 (1999)), has 
been shown to contribute substantially to the replication 
capacity of replicons containing the wild-type HCV-N 
sequence in Huh7 cells (Example 8). The results shown in 
FIG. 21 are consistent with those disclosed in Example 8 
concerning the relative abilities of subgenomic RNAs con 
taining the Con1 and HCV-N NS3-NS5B sequences (with or 
without cell culture adaptive mutations in NS5A and NS5B) 
to transduce the selection of G418-resistant cell clones. These 
results also provide independent confirmation of the ability of 
the S2205I and R2889G mutations to enhance the replication 
capacity of Subgenomic, genotype Ib RNAS in cultured cells 
(Blight et al., Science, 290, 1972-1974 (2000); Krieger et al., 
J. Virol.., 75, 4614-4624 (2001); Example 8). 
We also examined transiently transfected cells for expres 

sion of NS5A antigen at 12 and 19 days after electroporation. 
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These studies demonstrated that the proportion of cells con 
taining a detectable abundance of NS5A was significantly 
greater following transfection with Ntat2ANeo(RG) and 
Ntat2ANeo(SI), than Ntat2ANeo or Btat2ANeo(SI). Thus, 
these results parallel closely the results of the SEAP assays 
shown in FIG. 21. Interestingly, the intensity of staining of 
individual positive cells appeared similar with each of the 
replicon RNAs, suggesting that the level of SEAP expression 
may correlate with the proportion of cells in which replicon 
amplification is occurring, rather than the intracellular abun 
dance of the replicon under these conditions. As this experi 
ment was carried out in the absence of G418 selection, it is 
uncertain whether those cells that did not stain positively for 
NS5A antigen contained levels of the viral protein that were 
below the threshold of detection or, alternatively, none at all. 

Interferon suppression of HCV RNA replication. To dem 
onstrate the utility of the tat-expressing HCV replicons, we 
assessed the ability of recombinant interferon-C2b to sup 
press the replication of Btat2ANeo(SI) and Ntat2ANeo(RG) 
in stable, G418 resistant cell clones. Recently seeded cell 
cultures were fed with media containing various concentra 
tions of recombinant interferon-C.2B ranging from 0 to 100 
units/ml. The medium was Subsequently removed completely 
at 24 hr intervals, and the cells were washed thoroughly and 
refed with fresh interferon-containing media. Results are 
shown in FIG.22 and demonstrate dose-dependent inhibition 
of SEAP secretion in both cell lines. As shown, cells cultured 
in the absence of interferon, or at the lowest concentration of 
interferon, showed an increasing level of SEAP secretion 
over successive 24hr intervals, consistent with the growth of 
the cells. At the highest concentration of interferon tested 
(100 units/ml), this trend was reversed and SEAP expression 
declined over time in the absence of demonstrable cellular 
cytotoxicity. Independent quantitative RT-PCR assays for 
HCV RNA demonstrated that the decline in SEAP Secretion 
was closely matched by similar decreases in the intracellular 
abundance of RNA (compare FIG. 22 and FIG. 23). The 
decline in intracellular RNA preceded the decreases in SEAP 
secretion by approximately 24 hrs, most likely reflecting the 
kinetic delay in tat signaling of SEAP secretion. 

Surprisingly, the Ntat2ANeo(RG) replicon (FIG.22B) was 
approximately 10-fold more resistant to interferon than the 
Btat2ANeo(SI) replicon (FIG.22A). This relative interferon 
resistance was reflected also in differences in the degree of 
suppression of the intracellular abundance of HCV RNA 
following interferon treatment of these cells (compare the 
decrease in Btat2ANeo(SI) RNA abundance at different inter 
feron concentrations in FIG. 23A, with the decreases in 
Ntat2ANeo(RG) RNA abundance shown in FIG. 23B). A 
similar level of interferon resistance was observed in separate 
experiments with an independently selected, G418-resistant 
clone supporting the replication of the Ntat2ANeo(RG) rep 
licon, suggesting that the resistance observed in FIGS. 22B 
and 23B was not an idiosyncratic feature of the particular cell 
clone tested. Studies are currently in progress to determine 
the molecular basis of this difference in the response of the 
two replicons to interferon-C2b. 
Discussion 
We have described here an enzymatic reporter system that 

permits the detection and quantitation of HCV RNA replica 
tion in intact cell monolayers. The system is based on the 
expression of the tattransactivator protein by replicating Sub 
genomic RNA replicons, and the Subsequent induction of 
SEAP synthesis in En5-3 cells that contain the SEAP gene 
under transcriptional control of the HIV LTR promoter. 
SEAP is secreted efficiently into the medium bathing these 
cells, where it is readily quantified as an accurate marker of 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

54 
viral RNA abundance. We adapted both Con-1 and HCV-N 
replicons for use in this system, and have shown that the 
induction of SEAP is a useful measure of the replicon RNA 
abundance in stable, G418-resistant cell lines (FIG. 20), as 
well as in cells that have been transiently transfected by these 
RNAs (FIG. 21). Parallel measurements of RNA abundance 
and SEAP expression in two separate stable cell lines dem 
onstrated a remarkable degree of correlation (FIG. 20B), 
providing strong validation of the system. 
We have utilized this system to document the inhibition of 

HCV-N and Con-1 HCV RNA replication in En5-3 cells 
following treatment with recombinant interferon-C2B (FIG. 
22 and FIG. 23). We found Ntat2ANeo(RG) to be about 
10-fold less sensitive to interferon than Btat2ANeo(SI). 
These results differ from those reported recently by Guo et al. 
(J. Virol.., 75, 8516-8523 (2001)), who found comparable 
interferon sensitivities with simple Subgenomic dicistronic 
replicons constructed from these two viral sequences. We are 
currently investigating the molecular basis of the difference 
we observed in the interferon responsiveness of these repli 
cons. Using the tat-expressing replicons, we have also been 
able to demonstrate the inhibition of viral RNA replication by 
prototype antiviral compounds that have activity against the 
viral NS3 proteinase or NS5B RNA-dependent, RNA poly 
merase. Thus, we believe that this unique and simple system 
for monitoring viral RNA replication is likely to prove useful 
in future antiviral drug discovery efforts. 

Because measurements of SEAP are technically simpler 
and considerably less expensive than quantitative RT-PCR 
assays for viral RNA, this system is likely to prove advanta 
geous for high throughput Screening for compounds with 
antiviral activity. An additional technical advantage over 
HCV replicons that express luciferase or most other conven 
tional reporter proteins is that SEAP activity is measured in 
Supernatant culture fluids and does not require the lysis of 
cells. This permits serial measurements of the kinetics of 
RNA amplification in single cultures of cells (FIG. 21). One 
potential drawback of this system is that suppression of SEAP 
activity by candidate antiviral compounds could result from 
inhibition of the activity of either the 2A protease or tat, or 
even (as with other published dicistronic HCV replicons) the 
EMCV IRES. To address this issue, we established a stably 
transformed cell line that constitutively expresses the 
tat?ANeo polyprotein under the translational control of the 
EMCV IRES. This cell line (Et2AN) was established by 
transfection of pEt2AN DNA (FIG. 16) into En5-3 cells, 
followed by selection with G418. In contrast to the results 
shown in FIG. 22, where interferon-C2B suppressed the 
secretion of SEAP from the replicon-bearing cell lines, there 
was no suppression of the secretion of SEAP by the Et2AN 
cell line at comparable concentrations of interferon. This 
indicates that the effect of interferon-C.2B on SEAP secretion 
from the replicon cell line was due to specific Suppression of 
the replication of HCV RNA, and not the fortuitious suppres 
sion of 2A, tat, or EMCV IRES activity. It also demonstrates 
the absence of nonspecific toxicity at the concentrations of 
interferon tested, and is consistent with the Suppression of 
HCV RNA abundance in these cells shown in FIG. 23. 

In developing these replicons, we have shown that none of 
the viral core protein-coding sequence is required for repli 
cation of HCV RNA. There has been considerable contro 
versy over the role of this sequence in viral translation since 
Reynolds et al. (RNA, 2,867-878 (1996)) first suggested that 
the 5' proximal 33 nts of the core sequence were an integral 
part of the viral IRES and required for efficient cap-indepen 
dent translation. Recently, however, Rijinbrand etal. (RNA, 7. 
585-597 (2001)) demonstrated that the requirement is not for 
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any specific sequence, but rather for a lack of secondary RNA 
structure within the core-coding sequence immediately 
downstream of the initiator AUG. This is consistent with prior 
work by Honda et al. (RNA, 2,955-968 (1996)) that indicated 
that stable RNA structure within the vicinity of the AUG is 5 
very detrimental to IRES-directed translation. Because of 
concerns that the 5' proximal core coding sequence might be 
required for optimal activity of the HCV IRES, the original 
dicistronic, subgenomic HCV replicons that were con 
structed by Lohmann et al. (Science, 285, 110-113 (1999)) 10 
contained RNA encoding 12 or 16 amino acids of the core 
protein fused in-frame to the Neogene in the upstream cis 
tron. We found that replicons in which the tat sequence was 
fused directly to the HCV IRES had reduced translation of the 
upstream tat?ANeo mini-polyprotein (FIG. 17A), but were 15 
nonetheless capable of replication and the transduction of 
G418-resistant cell lines. These results demonstrate that none 
of the core coding sequence is required for viral RNA repli 
cation. Other subgenomic HCV replicons have recently been 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 76 

<21 Os SEQ ID NO 1 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 1 

aagactgct a gcc.gagtagt gtt 

<21 Os SEQ ID NO 2 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: Primer 

<4 OOs SEQUENCE: 2 

ggttggtgtt acgtttggitt t 

<21 Os SEQ ID NO 3 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: Probe 

<4 OOs SEQUENCE: 3 

tgcac catga gcacgaatcc taaa 

<21 Os SEQ ID NO 4 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: artificial 
22 Os. FEATURE: 
223 OTHER INFORMATION: Primer 

<4 OOs SEQUENCE: 4 

acact coacc atgaat cact c 

<21 Os SEQ ID NO 5 
&211s LENGTH: 2O 

56 
described in which all core protein sequence had been 
removed, but in these replicons translation of the upstream 
cistron was driven by a picornaviral IRES and the HCV 
5"NTR sequence functioned only in template recognition by 
the RNA replicase complex (Kim et al., Biochem Biophy's Res 
Commun, 290, 105-112 (2002)). 
The complete disclosure of all patents, patent applications, 

and publications, and electronically available material (e.g., 
GenBank amino acid and nucleotide sequence Submissions) 
cited herein are incorporated by reference. The foregoing 
detailed description and examples have been given for clarity 
of understanding only. No unnecessary limitations are to be 
understood therefrom. The invention is not limited to the 
exact details shown and described, for variations obvious to 
one skilled in the art will be included within the invention 
defined by the claims. 

All headings are for the convenience of the reader and 
should not be used to limit the meaning of the text that follows 
the beading, unless so specified. 

23 

21 

24 

21 



&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 

57 

artificial 

5 

gatcgggctic at cacaac cc 

<210s, SEQ ID NO 6 
&211s LENGTH: 27 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Fluor probe 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc difference 
&222s. LOCATION: 
<223> OTHER INFORMATION: Labeled with fluorescein 

<4 OOs, SEQUENCE: 

gcgt.ctagoc atggcgittag tatgagt 

artificial 

(27) . . (27) 

6 

<210s, SEQ ID NO 7 
&211s LENGTH: 21 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Red probe 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc difference 
&222s. LOCATION: 
<223 is OTHER INFORMATION: LC64 O labeled 

<4 OOs, SEQUENCE: 

artificial 

(1) . . (1) 

7 

tcgtgcagcc tcc aggaccc C 

<210s, SEQ ID NO 8 
&211s LENGTH: 33 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 

Ctagctagoc ticgagacctg gaaaaacatg gag 

artificial 

8 

<210s, SEQ ID NO 9 
&211s LENGTH: 33 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 

ataagaatgc ggcc.gcttaa ccc.gggtgcg cgg 

artificial 

9 

<210s, SEQ ID NO 10 
&211s LENGTH: 21 
&212s. TYPE: DNA 
&213s ORGANISM: 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 

artificial 

10 

gacact coac catgaat cac t 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 

US 8,367,401 B2 

- Continued 

27 

21 

33 

33 

21 
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59 

TYPE: DNA 
ORGANISM: artificial 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 11 

gttc.cgcaga C Cactatgg 

SEQ ID NO 12 
LENGTH: 25 
TYPE: DNA 
ORGANISM: artificial 
FEATURE: 
OTHER INFORMATION: Probe 
FEATURE: 

NAMEAKEY: misc difference 
LOCATION: (25) . . (25) 

US 8,367,401 B2 

- Continued 

OTHER INFORMATION: Labeled with fluorescein 

SEQUENCE: 12 

agaaag.cgtc. tagc.catggc gttag 

SEQ ID NO 13 
LENGTH: 22 
TYPE: DNA 
ORGANISM: artificial 
FEATURE: 
OTHER INFORMATION: Probe 
FEATURE: 

NAMEAKEY: misc difference 
LOCATION: (1) ... (1) 
OTHER INFORMATION: LC64 O labeled 
FEATURE: 

NAMEAKEY: misc difference 
LOCATION: (22) ... (22) 
OTHER INFORMATION: phosphate 

SEQUENCE: 13 

atgagtgtcg to agcct Co ag 

SEQ ID NO 14 
LENGTH: 17 
TYPE: DNA 
ORGANISM: artificial 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 14 

cgggaga.gcc at agtgg 

SEO ID NO 15 
LENGTH 19 
TYPE: DNA 
ORGANISM: artificial 
FEATURE: 
OTHER INFORMATION: Primer 

SEQUENCE: 15 

agtaccacaa gogo ctitt.cg 

SEQ ID NO 16 
LENGTH: 21 
TYPE: DNA 
ORGANISM: artificial 
FEATURE: 
OTHER INFORMATION: Probe 
FEATURE: 

NAMEAKEY: misc difference 
LOCATION: (21) ... (21) 
OTHER INFORMATION: Labeled with TAMRA 

19 

25 

22 

17 

19 


























































































