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Fig. 10b1
Fig. 10bp
Fig. 10b
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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-A140035, 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, NSS5A, 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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2

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 SEQ ID NO:19 or amino acids 4-89 of SEQ ID
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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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 in topology. 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 Bukhetal.,
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.
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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
one.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Genomic organization of MKO0-Z, ds-MKO0-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; NS4 A, non-struc-
tural protein 4A; NS4B, non-structural protein 4B; NS5A,
non-structural protein SA; NS5B, non-structural protein 5B;
EMCYV IRES, encephalomyocarditis virus internal ribosome
entry site; tat, portion of the human immunodeficiency virus
1 (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 (SEQ ID 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. EMCYV, 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) Huh7-SEAP-010
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-010 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-010 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-010 cells.
(A) Absolute SEAP activities of supernatant media from cells
inoculated with supernatant fluids of C-A and C-B MKO0-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-0 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 —d[F2/
F1]/dT, the melting curve as calculated by the LightCycler
thermal cycler.

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

FIG. 9. Nucleotide sequence of MKO-Z (SEQ ID 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 9907-9909.

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

FIG. 11. The results of Tagman 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/3-5BAi5SA includes a
SSYN (SEQID NO:75) deletion. (B) Locations of the S22051
and R2889G BNeo/3-5B-adaptive mutations and the
MLVNGDDLVYV deletion (SEQ ID 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
NSS5A proteins encoded by NNeo/3-5B and Neo/3-5B. The
ISDR is shaded, with the 4-amino-acid SSYN (SEQ ID 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-acid dele-
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 S20051 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 EnS5-3 cells without DNA trans-
fection was also shown (H). (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 (H).

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 TagMan 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
Btat2 ANeo(S]); 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) (W),
BACtat2ANeo(S]) (@), 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. Wt(o), SI (l), RG (A), AGDD (X),
N-ASASI (*). Arrow indicates trypsinization and passage of
cells.

FIG. 22. Suppression of HCV replicon amplification by
interferon-a2b. (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; (M) no interferon. SEAP expression from En5-3 cells
without interferon treatment was also shown (#). SEAP
expression from En5-3 cells was not affected by interferon
treatment.

FIG. 23. Suppression of HCV replicon RNA abundance by
interferon-a2b 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; (M) 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 tat2ANeo is disclosed at SEQ ID 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 SEQ ID NO:39, and the amino acid
sequence (SEQ ID NO:40) of the polyprotein encoded by the
nucleotides 2077-11121 is also shown. The nucleotide
sequence encoding hepatitis C virus polyprotein derived from
Conl is disclosed at SEQ ID NO:41, and the amino acid
sequence (SEQ ID NO:42) of the polyprotein encoded by the
nucleotides 2119-8073 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'N'TR that is present in those
replicons having an hepatitis C virus polyprotein derived
from Conl 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 orapart ofan 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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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, lc,
2a, 2b, 2c, 3a, 3b, 4, Sa, 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 la is present at Genbank
accession AF011751. Examples of an HCV of genotype I b
are present at Genbank accession AF139594, 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 Blastn program ofthe
BLAST 2 search algorithm, as described by Tatusova, et al.
(FEMS Microbiol Lett 1999, 174:247-250), and available at
ncbi.nlm.nih.gov/gorf/bl2.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); Lohmann et al., “Adaptation
of selectable HCV replicon to a human hepatoma cell line,”
Abstract PO38, 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 ofan 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 la 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 (SEQ ID NO: 75) present at position 2220-2223.

TABLE 1

Adaptive mutations in an HCV of genotype 1b.

Amino acid position® Mutation®
1202 Eto G
1281 Ttol
1283 Rto G
1383 Eto A
1577 KtoR
1609 Kto E
1757 Ltol
1936 PtoS
2163 Eto G
2177 DtoH,orDto N
2189 Rto G
2196 PtoS
2197 StoP,orSto C
2199 AtoS,orAtoT
2201 deletion of S
22043 Stol
2207-2254 Deletion of 48 amino acids
2330 Kto E
2442 ItoV
28844 Rto 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
AT238799.
2 Amino acids are listed in the single letter code. The first amino acid is the wild-type amino
acid, and the second amino acid 1s the residue present in the mutant.

3Amino 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 known to 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 la, 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 confer resistance to
antibiotics, including the antibiotics kanamycin, ampicillin,
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 SEQ ID
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 SEQ ID NO:19 or
amino acids 4-89 of SEQ ID 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 SEQ ID NO:19 or amino acids 4-89 of SEQ ID 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 presentin SEQ ID
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=BLOSUMG62; open gap penalty=11, exten-
sion gap penalty=1, gap x_dropoft=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 SEQ ID NO:19 or amino acids 4-89 of SEQ ID
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 SEQ ID NO:19 or amino acids 4-89
of SEQ ID NO:21 has tatactivity. 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; Ser for Thr so that a free —OH is 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 SEQ ID NO:19, or amino acids 4-51 of SEQ ID
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 (Halpin et al.) and U.S. Pat. No. 5,912,167 (Palmenberg
etal.)), ubiquitin (see, for example, Tauz et al., Virology, 197,
74-85 (1993)), and the NS3 recognition site GADTEDV-
VCCSMSY (SEQ ID 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
arequirement 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 B IRES, 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
12to about 16, amino acids ofthe 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., Yanagi et al., Proc. Natl. Acad. Sci.,
US4, 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 providingan 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 PHSCH-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 HuH-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
apolynucleotide 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
atransactivator, 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 SEQ ID 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 SEQ ID 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 polypeptide having tat activity, preferably,
apolypeptide including the amino acids of SEQ ID NO:19 or
amino acids 4-89 of SEQ ID 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, ampicillin, 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 agent is
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 cellis 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-specific antibodies 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.

Whether an 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
HCYV 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 ofthe 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 ¢DNA 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
c¢DNA 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-
7)) 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 MK0-Z, dS-MKO0-Z, was con-
structed by opening the clone at two closely positioned Sma
1 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 MKO0-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 1la (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 Whetter et al., (4rch. Virol. Suppl.
9, 291-298 (1994)) was amplified using the sense primer
5'-GGCCTCTTAAGGTTATTTTCCACCATATTGCC (SEQ
ID NO:22) which contained a Bfi site, and the anti-sense
primer S-TCC
CCGCGGAAGGCCTCATATTATCATCGTGTTTTTC
(SEQ ID NO:23) which contained a Sacl and Stul 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'-EMCYV was generated by ligating EMCV IRES
fragment digested with Bfr[-Sacl and vector from pHCV3'
digested with same enzymes.

A DNA fragment containing the nucleotides encoding 85
amino acids from the HIV 1 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 1D
NO:28), which contained a Stul 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
30seconds, 55°C. for30 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
mer primer set; sense primer 5'-
AATTCGACCTTCTTAAGCTTGCGGGAGACGTCGAG
TCCAACCCTGGGCCC G (SEQ ID 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 (SEQ ID 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 BftI 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
30seconds, 55°C. for30 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 Bfr[-BamHI, and pHCV3' was with EcoRI-
Bfrl. 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.

pUC HCV3'-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 Sphl-
Stul. The amplified DNA fragment encoding a portion of the
HIV I Tat protein was digested with Stul-EcoRI. pAHCV3'-
2A-Zeo was digested with EcoRI and Xbal to yield a DNA
fragment containing the nucleotides encoding the FMVD 2A
and phleomycin resistance. pUC20 vector digested with
Sphl-Xbal. These were ligated together and the resulting
plasmid was designated pUC HCV3'-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 Sphl-Bfr] 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 Bfrl, and a 508 nucleotide BfrI-Stul 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 ¢ below).

pUC HCV3'-EMCV-tat-2A was generated by ligating the 3
fragments described above, i.e., the 342 nucleotide Sphl-Bfr]
fragment corresponding to nucleotides 9060-9427 of HCV,
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the 508 nucleotide BfrI-Stul fragment containing the EMCV
IRES, and the 317 nucleotide Stul-BamHI fragment contain-
ing tat-2A, with the vector pUC20 that had been digested with
Sphl-BamHI. The resulting plasmid was designated pUC
HCV3'-EMCV-tat-2A.
¢. Construction of pUC Zeo-HCV3'NTR Containing New
HCV3'NTR Fragment

pUC Zeo-HCV3'NTR was constructed by ligating the 361
nucleotide BamHI-Bfr] 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 Bfr[-Xbal, and the
vector pUC20 that had been digested with BamHI-Xbal.

d. Construction of MKO0-Z RNA

Steps b and ¢ above 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 MK0-Z RNA.

MKO-Z was generated by the ligation of 4 fragments. Full
length HCV was digested with HindIII-Sphl and a 1,199
nucleotide fragment (corresponding to nucleotides 7861-
9060 of HCV) was isolated. A Sphl-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-MKO0-Z RNA

The plasmid pHCV3' was digested with Smal 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-Sphl to yield a DNA
fragment corresponding to nucleotides 7861-9060 of HCV
and containing the Smal fragment deletion. pUC HCV3'-
EMCV-tat-2 A was digested with Sphl-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 in ds-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 pug 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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those sera, were checked by RT-PCR, using either the Tag-
Man or Light Cycler RT-PCR methods.

The primers and probe used for the TagMan RT-PCR were
sense primer, AAGACTGCTAGCCGAGTAGTGTT nt 243
to 265 (SEQ ID NO: 1); anti-sense primer: GGTTGGTGT-
TACGTTTGGTTT nt390 to 370 (SEQ ID NO:2); and probe:
TGCACCATGAGCACGAATCCTAAA nt 336 to 359 (SEQ
1D NO:3), where “nt 243 to 265,” “nt 39010 370,” and “nt 336
10 359” 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 TagMan EZ RT-PCR Kit. Briefly, reactions
contained 1x amplification buffer (TagMan EZ Buffer), 3
mM manganese, 0.5 U AmpFrase 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 ABI7700
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, (SEQ ID NO:4); reverse primer, GATCGGGCTCATCA-
CAACCC, nt 268 to 250, (SEQ ID NO:5); fluor probe,
GCGTCTAGCCATGGCGTTAGTATGAGT (fluor), nt 75 to
101 (SEQ ID NO:6); and red probe, (LC640) TCGTGCAGC-
CTCCAGGACCCC(phosphate), nt 103 to 123 (SEQ ID
NO:7). Theterms “nt22to 41,” “nt 26810 250,” “nt 75t0 1017
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 pul 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,, 0.5 uM of
forward primer, 0.9 uM of reverse primer and 0.5 M of fluor
probe, 0.9 uM of red probe, and H,O is added to make it total
20 pl. 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 5 ul 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
0.2 C/second until 90° C. Signal was collected continuously
during this melting to monitor the dissociation of the
5'-LC640-1abeled 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 ofthe 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/d T vs
T plots as calculated by LightCycler software version 3.
The results of TagMan RT-PCR are shown in FIG. 11. They
demonstrate that MKO0-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
astringent 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 1D
NOs:8 and 9 hybridize with nucleotides present in the target
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DNA, and the italicized nucleotides in SEQ ID 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 (SEQ ID NO:18).

After filling in to repair the possible PCR overhang, this
fragment was digested with NotI and ligated to vector derived
from pRcCMYV (Invitrogen) digested with Nrul-Notl remov-
ing CMV promoter. The resulting plasmid was designated
pRcHIVSEAP The nucleotide sequence of the pPRcHIVSEAP
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 of tat 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-010 (also referred to as Huh7-SEAP-
010) and Huh7-SEAP-N7, and were used for subsequent
experiments.

A Blasticidin resistant SEAP cell line was constructed as
follows. pcDNA6/VS-His (Invitrogen) was digested with
Bglll-BamHI to remove the CMV promoter. The vector was
then self-ligated and subsequently digested with EcoRV-Notl
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, MKO0-Z RNA
was synthesized and transfected into two different SEAP
reporter cell lines, Huh7-SEAP-0 10 and Huh7-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, 3'ETZ, 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 pg of RNA was added to a
mixture (1 hour incubation prior to transfection) of 15 pl 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 Y5 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 pg/ml). With the increase to 50 pg/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-MKO0-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 pg/ml. Results are shown in
FIG. 5, and summarized in Table 2.

TABLE 2

Passage history of vMKO-Z -infected Huh-SEAP-010 C-A and C-B sublines.!

Approximate
elapsed

Passage

time (days) Comments

P1

P2

P3

1 Huh-SEAP-010 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
68 Fresh Huh-SEAP-010 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-MKO0-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.
514 Fresh Huh-SEAP-010 cells infected with 0.45 m-filtered

supernatant media from P2 C-A and C-B cell lines on day 544,
maintained in intermittent Zeocin 25 mg/ml.

The term “vMKO0-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-
cally modified HCV RNA.

Proof that infection had been accomplished by the trans-
fection of MKO-Z RNA and that virus adaptation to replica-
tion in cultured cells had occurred under antibiotic selection
pressure accumulated over the ensuring several months, as
follows. FIG. 4 (left panel) shows the results of SEAP assays
on media harvested from these cells during the first month
after transfection with MKO-Z, and the pol(-) mutant
dSMkO-Z. These cells were subsequently maintained in
medium with a low concentration of fetal calf serum (2%)
over the ensuing 3 months, during which the cells were split
periodically and intermittently exposed to low concentrations
of the antibiotic Zeocin as tolerated (about 10 to 25 pg/ml).
There was no significant difference in cell survival in the
presence of Zeo between cells transfected with MKO-Z, and
those transfected with dSMKO-Z, but the former usually
expressed somewhat higher levels of SEAP in the media
(about 1.5 times to about 2 times higher than the control
cells). At approximately 3 months, these cells (both MKO0Z
and ds-MKMO-Z transfected cells) underwent a spontaneous
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cells infected with medium from the MKO-Z-transfected
cells, but not from any cultures of cells infected in parallel
with medium from dS-MKO-Z transfected cells. Moreover,
all of the control cell cultures were lost under exposure to 50
ng/ml Zeocin, while each of the cultures infected with
MKO-Z material remained viable. Significantly, there was no
increase in SEAP released into the medium from the dying
cell lines (FIG. 5, dSma (C-A) and dSma (C-B)), consistent
with the fact that all SEAP produced is actively secreted from
the cells into the medium. This result confirms that cell death
does not result in a false elevation of SEAP activity in culture
supernatant fluids. The Zeocin resistance and SEAP expres-
sion displayed by these cells cannot be explained by fortu-
itous integration of DNA from the transfected material, since
the cells shown in FIG. 5 were never transfected, only
exposed to medium from transfected cells. Cell survival and
SEAP expression also cannot be explained by cellular muta-
tions in these experiments, as these events have occurred in
multiple cultures exposed to the supernatant fluid of MKO-Z
transfected cells, but not in related control cell cultures that
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-0 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 SNTR
(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 MKO0-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-MKO-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-o0 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 0.45p filter and then used to feed fresh Huh-SEAP-
010cells. 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 pg/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 Zeocin toxicity 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-010 cells following inoculation of these cells with
supernatant medium collected from vMKO-Z-infected cells.

Example 6

Detection of Viral RNA in Huh-SEAP-010 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-0 10 cell lines.

Two different quantitative RT-PCR assays (LightCycler
and TagMan) 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 QlAamp 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 pl 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 pg glycogen in 130 pl 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 pl 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 ul using the core
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reagents of RNA Amplification Kit Hybridization Probes
(Roche). A 20 ul RT-PCR mixture contained 0.05 uM forward
primer, 0.9 uM of reverse primer, RNA sample and 5 pl 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 5 pl 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
0.2 C/seconds until 90° C. Signal was collected continuously
during this melting to monitor the dissociation of the
5'-LC640-1abeled probe. The melting curves were then dis-
played as —dF/d T 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.

TagMan 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
TagMan 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 TagMan 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 pl volume in a
96-well format. The RNA amplification contained 1x ampli-
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, 200 uM each dAN'TP, 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 TagqMan 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

TagMan quantitation of HCV RNA in supernatant media.

Supernatant from: Number of genome equivalents

Positive serum control (5000 ge') 4188
C-B 109
C-A 136
C-B (unhealthy culture)? 3
C-A (unhealthy culture)? 7
Negative control media 243
Medium 0
Negative control 0

lge, genome equivalents.
Cultures were losing viability.
3This is believed to be the result of contamination.

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

Example 7

Demonstration of Viral Antigens in
vMKO-Z-Infected Huh-SEAP-010 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-010
cells by indirect immunofluorescence. Negative controls for
these experiments were uninfected Huh-SEAP-010 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
Sh Ble 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 vMKO0-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 Huh7
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
HCYV 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 Huh7
cells.

Materials and Methods

Plasmids.

The plasmid pBNeo/3-5B (FIG. 13) contains the Conl
sequence of the I5,,neo/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., Hepatol., 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 Conl 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 pPNNeo/3-5BAiSA (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 pPNNeo/3-5B and
pNNeo/3-5BAiSA 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 Lohmann et al. (J. Virol., 75, 1437-1449 (2001)),
and the S11791 mutation described by Blight et al. (Blight et
al., Science, 290, 1972-1974 (2000)). These mutations are
referred to as R2889G and S20051, 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-
SBAGDD and BNeo/3-5BAGDD, each possess an in-frame
deletion of 10 amino acids MLVNGDDLVV); (SEQ ID 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, S5'-TCCCTCTAGA
CGGACCGCTA TCAGGACATA GC (SEQ ID NO:43)
(which corresponds to nucleotides 1030-1051 of 1377/NS3-
3'UTR (AJ242652), within the EMCV coding region, and
italics indicate non HCV replicon sequence) and antisense
primer, 5'-AITCGTGCTC ATGGTATTAT CGTGTTTTC
AAAGG (SEQ ID NO:44) (where the italicized nucleotides
correspond to nucleotides 342-353 of HCV-N, and the
remainder correspond to nucleotides 1778-1800 of 1377/
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 1377/NS3-3'UTR
(AJ242652) within EMCYV 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
HCYV replicon nucleolides, and the remainder correspond to
nucleotides 938-962 of HCV-N). The resulting DNA was
digested with Rsrll and BstZ171 and then ligated with the
Xbal-Rsrll fragment of pBNeo/3-5B and the BsIZ171-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
EMCYV sequence was fused to the E1 sequence by an over-
lapping PCR. Briefly, the primer set to amplify the
EMCVIRES-E! fusion were as follows. For EMCV and part
of the E1 containing fragment, the sense primer was 5'-TC-
CCTCTAGA CGGACCGCTA TCAGGACATA GC (SEQ
1D NO:47) (which corresponds to nucleotides 1030-1051 of
1377/NS3-3"UTR (AJ242652), within EMCYV coding region,
and italics indicate non HCV replicon nucleotides) and anti-
sense  primer, 5-AGAGCAACCG GGCATGGTAT
TATCGTGTTT TTCAAAGG (SEQ ID 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 1377/NS3-3"UTR. For part of the EMCV and
El containing fragment; the sense primer was 5'-CAC-
GATAATA CCATGCCCGG TTGCTICTTTT TCTATCT-
TCC (SEQ ID NO:49) (which corresponds to nucleotides
1789-1803 of 1377/NS3-3'UTR (AJ242652), within EMCV
coding region, and italics indicate nucleotides 849-873 ofthe
HCV NE1)and antisense primer, 5'-ATGTACAGCC GAAC-
CAGTTG CC (SEQID NO:50) (which corresponds to nucle-
otides 1983-2004 of HCV-N). The resulting DNA was
digested with Rsrll and Notl, and then ligated to the Xbal-
Rsrll fragment of pBNeo/3-5B and Notl-Xbal fragment of
pHCV-N.

The 3' cistron of pNNeo/2-5B contains sequence encoding
the NS2-NS5B proteins of HCV-N, immediately downstream
ofthe 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 EMCYV 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 1377/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
1377/NS3-3'"UTR. For part of the EMCV and NS2 containing
fragment; the sense primer was 5'-CACGATAATA CCATG-
GACCG GGAGATGGCT GC (SEQ ID NO:53) (which cor-
responds to nucleotides 1789-1800 of 1377/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 Rsrll
and EcoRV, and ligated to the Xbal-RsrlI fragment of pBNeo/
3-5B and EcoRV-Xbal fragment from pHCV-N.

Cells

Huh7 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, Huh7 cells were washed twice with ice-cold
phosphate-buffered saline (PBS) and resuspended at 107
cells/ml in PBS. RNA (1 to 10 pug) was mixed with 500 pl of
the cell suspension in a cuvette with a gap width of 0.2 cm
(GenePulser 11 System; Bio-Rad, Hercules, Calif.). The mix-
ture was immediately subjected to two pulses of current at 1.5
kV, 25 pF, 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/vol]) for 10 min at 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 albumin and incubated with fixed cells for 2 h at 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 NorthernMax 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 [-actin
mRNA was hybridized with a digoxigenin-labeled, [-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 pg of RNA, 200 U of SuperScript
1I reverse transcriptase (Gibco-BRL), and two HCV-specific
primers (N6700R, 5'-AGCCTCTTCAGC AGCTG (SEQ ID
NO:55) and N9411R 5-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 pl 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 120 s, and denaturation at
95° C. for 30 s, 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).

TABLE 4

Primer pairs.

Primer sequence

Corresponds to:

TTTCCACCATATTGCCGTC

(SEQ ID NO: 57)nucleotides 1307-1325 of

1377/NS3-3'UTR
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TABLE 4-continued

40

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: 60)nucleotides 4473-4492 of HCV-N
CTCGCCACCGCTACGCCTCC (SEQ ID NO: é6l)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 6207-6223 of HCV-N
TATGTGCCTGAGAGCGACGC (SEQ ID NO: 65)nucleotides 6144-6163 of HCV-N
TATGTGCCTGAGAGCGACGC (SEQ ID NO: 66)nucleotides 7116-7132 of HCV-N
AACCTTCTGTGGCGGCAGG (SEQ ID NO: é67)nucleotides 7044-7062 of HCV-N
CTGGTTGGACGCAGAAAACC (SEQ ID NO: 68)nucleotides 8042-8061 of HCV-N
AACCACATCCGCTCCGTGTG (SEQ 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 9412-9431 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., Hepatol., 30,
316-324, (1999)) that shares only about 90% nucleotide iden-
tity in the NS3-NS5B region with the Conl 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 Huh7 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 I5,,neo/NS3-3'
replicon of Lohmann et al. (Lohmann et al., Science, 285,
110-113 (1999)) (designated BNeo/3-5B in this study), with
the S'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 EMCYV 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 Conl
sequence employed in construction of this plasmid.

In initial experiments, NNeo/3-5B transcripts were trans-
fected into Huh7 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 Huh7
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 pug 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 Huh7
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
NSS5A 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 Huh7 cells and represent an impor-
tant confirmation of the results of Lohmann et al. (Lohmann
etal., 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 Huh7 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), Kriegeretal., J. Virol., 75,4614-4624
(2001), Lohman et al., J. Virol, 75, 1437-1449 (2002)). Cell
culture-adaptive mutations have been identified within NS3,
NSS5A, 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 NNeo/
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-
SB(SI), comparable to the Conl replicons containing the
S117931 mutation in NS5A described by Blight et al. (Sci-
ence, 290, 1972-1974 (2000)), or an Arg-to-Gly substitution
atresidue 2889, NNeo/3-5B(R(G), 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 Huh7 cells in parallel experiments.

The results of these experiments confirmed the cell culture
adaptive activities of these NS5A and NS5B mutations on
Conl-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 Huh7 cells with BNeo/3-5B(SI) RNA
approximated that obtained with NNeo/3-5B RNA. These
results thus confirmed the importance of the S20051 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 Huh7 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-
5SB(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 0of 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 S20051 . 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 ¢DNA clone contains a unique 4-amino-acid inser-
tion (-Ser-Ser-Tyr-Asn-;SEQ ID NO:75) within the ISDR
segment of the NS5 A 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 Huh7 cells. Additional
deletion mutants were generated by removal of the 4-amino-
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acid insertion from NNeo/3-5B(SI) and NNeo/3-5B(RG),
designated NNeo/3-5B(SI) i5A and NNeo/3-5B(RG) i5SA,
respectively.

The number of G418-resistant colonies selected following
transfection with NNeo/3-5BAi5 A 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 pg 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 pg/culture dish). Similar results were obtained with
the NNeo/3-5B(RG) 15A 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 NSS5A 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 (FI1G. 15). Amino acid differences are scattered
across the length of the protein sequence, although they are
somewhat more frequent 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 (Blight et
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
NSS5A 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 (Beard et 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 Conl replicons con-
taining the NS2-NS5B segment of HCV also were capable of
autonomous replication in Huh7 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?7 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 NNeo/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 NNeo/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-
Iuorescence. 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-a on the
replication of RNAs derived from two different strains of
HCYV in stably transformed cell cultures.

Materials and Methods

Cells. En5-3 cells are a clonal cell line derived from Huh?7
cells by stable transformation with the plasmid pL.TR-SEAP
(see below). These cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (Gibco BRL) supplemented with 10%
fetal calf serum, 2 pg/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
ng/ml G418 (geneticin). Cell lines were passaged once or
twice per week.

Plasmids. The plasmid pL.TR-SEAP was generated as fol-
lows. pcDNAG6/V5-His (Invitrogen) was digested with BglII-
BamHI to remove the CMV promoter. The vector was then
self-ligated, digested with EcoRV-Notl, 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:R)
and 5'-ATAAGAATGCGGCCGCTTAACCCGGGT-
GCGCGG (SEQ ID NO:9). The resulting plasmid was trans-
fected into Huh7 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 pEt2AN, 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 HindIIl and Stul
sites, respectively. DNA encoding the tat protein was simi-
larly amplified from pCTAT (also a generous gift of Dr.
Cullen) with paired primers containing Stul 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 Bglll and Notl. These fragments were ligated to
pcDNAG6/V5-His (Invitrogen) digested with HindIII and NotlI
to generate pEt2AN.

To construct the replicon plasmid pBACtat2Aneo, the
genotype la infectious clone, pCV-H77¢ (generously pro-
vided by Dr. Robert Purcell, National Institutes of Health,
Bethesda, Md.) was digested with Sphl 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 H77¢ (GenBank accession number AF011751)
using QuickChange (Statagene) mutagenesis, generating a
novel Hpal site at this position. This resulting plasmid was
digested with Hpal and Xbal to generate a DNA fragment
representing the HCV la 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 Stul and Sphl. Finally, the plasmid pBNeo/wt
(FIG. 16), containing the sequence of the 1377neo/NS3-3'
replicon of Lohmann et al. (obtained form Michael Murray,
Schering-Plough Research Institute) was digested with Sphl
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 pBACtat2 Aneo (FIG. 16), which contains the 5'NTR and
downstream 42 nts of core-coding sequence of the H77 strain
of HCV (genotype 1a) and the NS3-5B and 3'NTR sequence
of the Conl strain of HCV (genotype 1b). The plasmid
pBtat2Aneo was generated by QuickChange mutagenesis of
pBACtat2 Aneo, with deletion of the 42 nucleotides of core-
coding sequence and fusion of the tat sequence directly down-
stream of 5'NTR of HCV. pNtat2Aneo 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'N'TR 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 ng 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
pE, 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 Phosphorlmager (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 NorthernMax
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 AF139594), 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 1gG 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 pl aliquots of the supernatant culture fluids using the
Phospha-Light Chemiluminescent Reporter Assay (Tropix),
and the manufacturer’s suggested protocol reduced 5 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 TagMan
chemistry on a PRISM 7700 instrument (ABI). For detection
and quantitation of HCV RNA, we used primers complemen-
tary to the S'N'TR region of HCV (Takeuchi et al., Gastroen-
terology, 116, 636-642(1999)), with in 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 Tagman 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-
2B ranging from 0 to 100 units/ml. The medium was sub-
sequently completely removed every 24 hrs, 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 mostknown 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. Tat acts 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 TR 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
etal., EMBOJ., 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
EMCYV 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 pEt2AN. 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 EnS5-3 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 EnS5-3 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 pEt2AN (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 Conl 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 Huh7 cells, additional vari-
ants were engineered to contain the S22051 (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 etal., EMBO J, 14,6010-6020 (1995); Rijin-
brandetal., 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 DCtat2 ANeo
and tat2 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 tat2 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 tat2ANeo 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 Btat2 ANeo 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 BACtat2 ANeo(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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Btat2 ANeo(AGDD), was only slightly less than that induced
by its parent, Btat2ANeo. Similarly, the cell culture-adaptive
NS5A S22051 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 Conl 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 S22051 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 Huh7 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 Conl
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 tat2 ANeo sequence
in the upstream cistron with the downstream cistron, NS3-
NS5B  sequence derived from HCV-N: Ntat2ANeo,
Ntat2ANeo(SI) and Ntat2 ANeo(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, Btat2 ANeo(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 BACtat2 ANeo(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 120 hr 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 120 hrs
(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 Ntat2 ANeo(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 BACtat2 A(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
Btat2 ANeo(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'tat to the N-terminal segment of
the core protein sharply diminishes its ability to functionally
transactivate the HIV LTR.

Inthe experiment shown in FIG. 20A, itis important to note
that the media was completely replaced at 24 hr 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 24 hr 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 EnS-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 EnS-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. Thelevels
of SEAP activity present in the media that was removed from
cells transfected with the replicon RNAs based on the
Btat2ANeo (Conl) 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 Conl
sequence, significant increases in SEAP activity above that
observed with the Btat2 ANeo(AGDD) mutant were seen only
in cells transfected with Btat2 ANeo(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(SIAiSA). This latter replicon contains both the
S22051 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
NSS5A, 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 Conl 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 S22051 and R2889G mutations to enhance the replication
capacity of subgenomic, genotype I b 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
NSS5A 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-a2b to sup-
press the replication of Btat2 ANeo(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-o2B 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 24 hr 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
Btat2 ANeo(S]) 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-a2b.
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 tat transactivator 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
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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-a.2B (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
HCYV 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
EMCYV IRES. To address this issue, we established a stably
transformed cell line that constitutively expresses the
tat2ANeo polyprotein under the translational control of the
EMCYV 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-a2B suppressed the
secretion of SEAP from the replicon-bearing cell lines, there
was no suppression of the secretion of SEAP by the Et{2AN
cell line at comparable concentrations of interferon. This
indicates that the effect of interferon-a2B 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 et al. (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 ofthe 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
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))
contained RNA encoding 12 or 16 amino acids of the core
protein fused in-frame to the Neo gene 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 tat2ANeo mini-polyprotein (FIG. 17A), but were
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
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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 Biophys 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.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 76
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 1

aagactgcta gccgagtagt gtt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2
LENGTH: 21
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: Primer

artificial

<400> SEQUENCE: 2

ggttggtgtt acgtttggtt t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3
LENGTH: 24
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: Probe

artificial

<400> SEQUENCE: 3

tgcaccatga gcacgaatcce taaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4
LENGTH: 21
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: Primer

artificial

<400> SEQUENCE: 4

acactccacce atgaatcact ¢

<210> SEQ ID NO 5
<211> LENGTH: 20

23

21

24

21
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<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 5

gatcgggete atcacaacce

<210> SEQ ID NO 6

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Fluor probe

<220> FEATURE:

<221> NAME/KEY: misc_difference

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: Labeled with fluorescein

<400> SEQUENCE: 6

gegtctagee atggegttag tatgagt

<210> SEQ ID NO 7

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Red probe
<220> FEATURE:

<221> NAME/KEY: misc_difference

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: LC640 labeled

<400> SEQUENCE: 7

tegtgecagee tccaggacce ¢

<210> SEQ ID NO 8

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8

ctagctagee tcgagacctg gaaaaacatg gag

<210> SEQ ID NO 9

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

ataagaatgc ggccgettaa ccegggtgeg cgg
<210> SEQ ID NO 10

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 10

gacactccac catgaatcac t

<210> SEQ ID NO 11
<211> LENGTH: 19

20

27

21

33

33

21
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<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 11

gttcegcaga ccactatgg

<210> SEQ ID NO 12

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Probe

<220> FEATURE:

<221> NAME/KEY: misc_difference

<222> LOCATION: (25)..(25)

<223> OTHER INFORMATION: Labeled with fluorescein

<400> SEQUENCE: 12

agaaagcgtce tagccatgge gttag

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Probe
<220> FEATURE:

<221> NAME/KEY: misc_difference
<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: LC640 labeled
<220> FEATURE:

<221> NAME/KEY: misc_difference
<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: phosphate

<400> SEQUENCE: 13

atgagtgtcg tgcagectee ag

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 14

cgggagagece atagtgg

<210> SEQ ID NO 15

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 15

agtaccacaa ggccttteg

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Probe

<220> FEATURE:

<221> NAME/KEY: misc_difference

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Labeled with TAMRA

19

25

22

17

19



61

US 8,367,401 B2

-continued

62

<400> SEQUENCE: 16

ctgcggaace ggtgagtaca ¢

<210> SEQ ID NO 17
<211> LENGTH: 10803

<212> TYPE:
<213> ORGANISM:

DNA

<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of MKO-Z

<400> SEQUENCE: 17

gccagecece

tcttecacgea

cceecectecee

gacgaccggg

gcaagactge

gtgcttgega

ctcaaagaaa

geggtcagat

dcgegacgag

aggcacgteg

gcaatgaggg

ggggccccac

cgtgeggett

ctgccaggge

ggaaccttee

tgccegette

gccctaacte

tcecettgegt

ccaccaggga

ggagcgccac

ttggtcaact

ctatctatcce

ccectacgge

tgatcgetgg

actgggcgaa

tcaccggggg

ccaagcagaa

tgaattgcaa

tcaactcttce

agggcetgggg

ggcactacce

attgcttcac

acagctgggg

tgatgggggce
gaaagcgtet
gggagagcca
tectttettyg
tagccgagta
gtgcecccggg
aaccaaacgt
cgttggtgga
gaagacttce
gecegaggge
ttgcgggtgg
agaccceagyg
cgcecgaccete
cctggegeat
tggttgetet
agcctaccaa
gagtattgtyg
tegegaggge
cggcaaactce
cctetgeteg
gtttaccttce
cggccatata
agcgttggtg
tgctcactygyg
ggtectggta
aaatgcegge
catccaactg
tgaaagcett
aggctgtect
tcctatcagt
tccaagacct
tcccageccee

tgcaaatgat

artificial

gacactccac

agccatggeg

tagtggtctyg

gataaacccyg

gtgttgggtc

aggtctegta

aacaccaacc

gtttacttgt

gagcggtege

aggacctggg

gegggatgge

cgtaggtege

atggggtaca

ggegtecggg

ttctctatcet

gtgcgcaatt

tacgaggcgg

aacgcctega

cccacaacgce

gecctcetacy

tcteccagge

acgggtcatc

gtagctcage

ggagtcctgg

gtgetgetge

cgcaccacgg

atcaacacca

aacaccgget

gagaggttgg

tatgccaacyg

tgtggcattyg

gtggtggtgg

acggatgtct

catgaatcac

ttagtatgag

cggaaccggt

ctcaatgect

gcgaaaggcece

gaccgtgcac

gtcgeccaca

tgcecgegeag

aacctcgagyg

ctcagecegyg

tcctgtetee

gcaatttggyg

taccgetegt

ttctggaaga

tccttetgge

cctegggget

ccgatgecat

ggtgttgggt

agcttegacyg

tgggggacct

gccactggac

gecatggcatg

tgctceggat

cgggcatage

tatttgcegyg

ctgggettgt

acggcagttyg

ggttagcagg

ccagetgeeyg

gaagcggect

tgcccgcaaa

gaacgaccga

tcgtecttaa

tccectgtga

tgtcgtgeag

gagtacaccg

ggagatttgg

ttgtggtact

catgagcacyg

ggacgtcaag

gggccctaga

tagacgtcag

gtaccettgg

cegtggetet

taaggtcatc

cggegecect

cggegtgaac

cctgetetet

ttaccatgtce

cctgcacact

ggcggtgacc

tcatatcgat

gtgcgggtct

gacgcaagac

ggatatgatg

cccacaagcc

gtatttctec

cgtegacgeg

tggtctectt

gcacatcaat

getettetat

acgccttace

cgacgaacge

gagcgtgtgt

caggtcgggc

caacaccagg

ggaactactg

cctecaggac

gaattgccag

gegtgeccce

gectgatagg

aatcctaaac

ttccegggty

ttgggtgtgc

cctatccecca

ccectetatyg

cggectaget

gataccctta

cttggaggcg

tatgcaacag

tgcctgactyg

accaatgatt

cecggggtgtyg

cccacggtygy

ctgettgteg

gtetttettg

tgcaattgtt

atgaactggt

atcatggaca

atggtgggga

gaaacccacg

acaccaggcg

agcacggect

caacacaaat

gattttgcce

ccctactget

ggcecggtat

gegectaccet

ccaccgetygyg

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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gcaattggtt cggttgtacc tggatgaact caactggatt caccaaagtg tgcggagcgce 2040
ccecttgtgt catcggaggg gtgggcaaca acaccttget ctgccccact gattgcttcece 2100
gcaaacatcc ggaagccaca tactcteggt geggctceccecgg tcecctggatt acacccaggt 2160
gcatggtcga ctacccgtat aggctttgge actatccttg taccatcaat tacaccatat 2220
tcaaagtcag gatgtacgtg ggaggggtcg agcacaggct ggaagcggece tgcaactgga 2280
cgeggggega acgcetgtgat ctggaagaca gggacaggte cgagetcage ccegttgetge 2340
tgtccaccac acagtggcag gtccttecgt gttetttcac gaccctgcca gecttgteca 2400
ccggectecat ccacctcecac cagaacattg tggacgtgca gtacttgtac ggggtagggt 2460
caagcatcgce gtcctgggec attaagtggg agtacgtegt tcectcectgtte cttetgettg 2520
cagacgcgceg cgtctgctece tgecttgtgga tgatgttact catatcccaa gcecggaggcgg 2580
ctttggagaa cctcgtaata ctcaatgcag catccctgge cgggacgcac ggtcttgtgt 2640
ccttectegt gttcettetge tttgegtggt atctgaaggg taggtgggtg cccggagegg 2700
tctacgecct ctacgggatg tggcctectcee tectgctect getggegttg cetcageggg 2760
catacgcact ggacacggag gtggccgcgt cgtgtggegg cgttgttctt gtecgggttaa 2820
tggcgctgac tctgtcgeca tattacaage gctatatcag ctggtgcatg tggtggctte 2880
agtattttct gaccagagta gaagcgcaac tgcacgtgtg ggttccccece ctcaacgtcece 2940
ggggggggcyg cgatgccgte atcttactca tgtgtgtagt acacccgacc ctggtatttg 3000
acatcaccaa actactcctg gceccatcttceg gacccecctttg gattcttcaa gecagtttge 3060
ttaaagtccce ctacttcecgtg cgcgttcaag gceccttcectecg gatctgegeg ctagcecgegga 3120
agatagccgg aggtcattac gtgcaaatgg ccatcatcaa gttaggggcg cttactggca 3180
cctatgtgta taaccatctc acccctette gagactgggce gcacaacggce ctgcgagatce 3240
tggcecgtgge tgtggaacca gtecgtcettcet cccgaatgga gaccaagctce atcacgtggg 3300
gggcagatac cgccgcgtge ggtgacatca tcaacggctt geccgtectcet gceccegtaggyg 3360
gccaggagat actgcettggg ccagccgacg gaatggtcte caaggggtgg aggttgetgg 3420
cgceccatcac ggcgtacgcece cagcagacga gaggcctect agggtgtata atcaccagece 3480
tgactggcecg ggacaaaaac caagtggagg gtgaggtcca gatcgtgtca actgctacce 3540
aaaccttecct ggcaacgtgce atcaatgggg tatgctggac tgtctaccac ggggccggaa 3600
cgaggaccat cgcatcaccc aagggtcctg tcatccagat gtataccaat gtggaccaag 3660
accttgtggg ctggcccget cctcaaggtt ccecgctcatt gacaccctgt acctgceggcet 3720
cctecggacct ttacctggte acgaggcacg ccgatgtcat tecccegtgcge cggcgaggtg 3780
atagcagggg tagcctgcett tegcccecgge ccatttecta cttgaaaggce tectcecggggg 3840
gtcegetgtt gtgeccegeg ggacacgecg tgggcctatt cagggccgceg gtgtgcaccce 3900
gtggagtggc taaagcggtg gactttatcc ctgtggagaa cctagggaca accatgagat 3960
cceecggtgtt cacggacaac tectctecac cagcagtgece ccagagctte caggtggecce 4020
acctgcatge tcccaccgge agcggtaaga gcaccaaggt cceeggetgeg tacgcagcece 4080
agggctacaa ggtgttggtg ctcaacccct ctgttgectge aacgctggge tttggtgett 4140
acatgtccaa ggcccatggg gttgatccta atatcaggac cggggtgaga acaattacca 4200
ctggcagccce catcacgtac tccacctacg gcaagttect tgccgacggce gggtgctcag 4260
gaggtgctta tgacataata atttgtgacg agtgccactc cacggatgcc acatccatct 4320
tgggcatcgg cactgtcectt gaccaagcag agactgcggg ggcgagactg gttgtgectceg 4380
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ccactgctac cccteccggge tecgtcactg tgtcecccatcece taacatcgag gaggttgcetce 4440
tgtccaccac cggagagatc cccttttacg gcaaggctat ccccctcgag gtgatcaagg 4500
ggggaagaca tctcatctte tgccactcaa agaagaagtg cgacgagctc gecgcgaage 4560
tggtcgcatt gggcatcaat gccgtggcect actaccgegg tcecttgacgtg tetgtcatce 4620
cgaccagcgg cgatgttgte gtegtgtcga ccgatgetet catgactgge tttaccggeg 4680
acttcgactc tgtgatagac tgcaacacgt gtgtcactca gacagtcgat ttcagccttg 4740
accctacctt taccattgag acaaccacgc tcccccagga tgctgtctee aggactcaac 4800
geeggggcayg gactggcagg gggaagccag gcatctatag atttgtggca cecgggggage 4860
gccecteegyg catgttcgac tcegtceccgtece tetgtgagtyg ctatgacgeg ggetgtgett 4920
ggtatgagcet cacgcccgee gagactacag ttaggctacg agegtacatg aacaccccegg 4980
ggcttcecegt gtgccaggac catcttgaat tttgggaggg cgtctttacg ggectcactce 5040
atatagatgc ccacttttta tcccagacaa agcagagtgg ggagaacttt ccttacctgg 5100
tagcgtacca agccaccgtg tgcgctaggg ctcaagccee teccccateyg tgggaccaga 5160
tgtggaagtg tttgatccge cttaaaccca ccctceccatgg geccaacacce ctgctataca 5220
gactgggcge tgttcagaat gaagtcaccc tgacgcaccc aatcaccaaa tacatcatga 5280
catgcatgtc ggccgacctyg gaggtcgtca cgagcacctg ggtgctcegtt ggcggcegtcece 5340
tggctgcectcet ggccgcgtat tgcctgtcaa caggctgegt ggtcatagtg ggcaggatcg 5400
tcttgtecgg gaagecggca attatacctg acagggaggt tcectctaccag gagttcgatg 5460
agatggaaga gtgctctcag cacttaccgt acatcgagca agggatgatg ctcgctgagce 5520
agttcaagca gaaggccctce ggcctectge agaccgegte ccgccatgca gaggttatca 5580
ccectgetgt ccagaccaac tggcagaaac tcgaggtett ttgggcgaag cacatgtgga 5640
atttcatcag tgggatacaa tacttggcgg gcctgtcaac gectgecctggt aaccccgeca 5700
ttgcttcatt gatggctttt acagctgccg tcaccagecc actaaccact ggccaaaccce 5760
tcetettecaa catattgggg gggtgggtgg ctgcccaget cgccgeccee ggtgecgceta 5820
ctgcctttgt gggtgctgge ctagcetggceg ccgccategg cagcecgttgga ctggggaagg 5880
tcetegtgga cattecttgca gggtatggceg cgggcgtgge gggagcectctt gtagcattca 5940
agatcatgag cggtgaggtc ccctccacgg aggacctggt caatctgctg cccgcecatcce 6000
tctegectgg agcececttgta gteggtgtgg tcectgcgcage aatactgcge cggcacgttg 6060
geeegggega gggggcagtyg caatggatga accggctaat agecttegec teccggggga 6120
accatgttte ccccacgcac tacgtgecgg agagcgatge agecgeccge gtcactgcca 6180
tactcagcag cctcactgta acccagctce tgaggcgact gcatcagtgg ataagctegg 6240
agtgtaccac tccatgctcc ggttcecctgge taagggacat ctgggactgg atatgcgagg 6300
tgctgagcga ctttaagacc tggctgaaag ccaagctcat gccacaactg cctgggattce 6360
cctttgtgte ctgccagege gggtataggg gggtctggceg aggagacggce attatgcaca 6420
ctcgectgeca ctgtggaget gagatcactg gacatgtcaa aaacgggacg atgaggatcg 6480
tcggtectag gacctgcagg aacatgtgga gtgggacgtt ccccattaac gectacacca 6540
cgggccectg tactccceett ccectgecgecga actataagtt cgcecgetgtgg agggtgtcetg 6600
cagaggaata cgtggagata aggcgggtgg gggacttcca ctacgtatcg ggtatgacta 6660
ctgacaatct taaatgcccg tgccagatce catcgcccga atttttcaca gaattggacg 6720
gggtgcgect acacaggttt gcgeccccectt gcaageccctt getgcgggag gaggtatcat 6780
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tcagagtagg actccacgag tacccggtgg ggtcgcaatt accttgcgag cccgaaccgg 6840
acgtagccgt gttgacgtcc atgctcactg atcecctecca tataacagca gaggcggcecg 6900
ggagaaggtt ggcgagaggg tcaccccctt ctatggccag ctectcegget agccagetgt 6960
ccgctecate tcectcaaggca acttgcaccg ccaaccatga ctccecctgac gecgagcetca 7020
tagaggctaa cctcectgtgg aggcaggaga tgggcggcaa catcaccagg gttgagtcag 7080
agaacaaagt ggtgattctg gactccttcg atcecgcttgt ggcagaggag gatgagcggg 7140
aggtctcecgt acctgcagaa attctgcgga agtctcggag attcgeccgg gecctgececg 7200
tetgggegeg gecggactac aaccccecge tagtagagac gtggaaaaag cctgactacg 7260
aaccacctgt ggtccatgge tgcccgctac cacctccacg gtccectect gtgectecege 7320
ctcggaaaaa gcgtacggtyg gtectcaccg aatcaaccct atctactgece ttggcecgagce 7380
ttgccaccaa aagttttggc agctcctcaa ctteccggcat tacgggcgac aatacgacaa 7440
catcctetga geccgecect tetggetgcee ccecccgacte cgacgttgag tectattcett 7500
ccatgeccee cctggagggyg gagectgggg atccggatet cagegacggyg tcatggtcga 7560
cggtcagtag tggggccgac acggaagatg tcgtgtgcetg ctcaatgtcet tattcctgga 7620
caggcgcact cgtcaccccg tgcgctgegg aagaacaaaa actgcccatc aacgcactga 7680
gcaactcgtt gctacgccat cacaatctgg tgtattccac cacttcacgc agtgcttgece 7740
aaaggcagaa gaaagtcaca tttgacagac tgcaagttct ggacagccat taccaggacg 7800
tgctcaagga ggtcaaagca gcggcgtcaa aagtgaaggce taacttgcta tccgtagagg 7860
aagcttgcag cctgacgccce ccacattcag ccaaatccaa gtttggctat ggggcaaaag 7920
acgtcegttg ccatgccaga aaggccgtag cccacatcaa ctcegtgtgg aaagacctte 7980
tggaagacag tgtaacacca atagacacta ccatcatggc caagaacgag gttttctgceg 8040
ttcagectga gaaggggggt cgtaagccag ctecgtctcecat cgtgttccee gacctgggeg 8100
tgcgegtgtyg cgagaagatg gecctgtacg acgtggttag caagctccce ctggecgtga 8160
tgggaagctc ctacggattc caatactcac caggacagcg ggttgaattce ctcecgtgcaag 8220
cgtggaagtc caagaagacc ccgatggggt tctegtatga tacccgcectgt tttgactcca 8280
cagtcactga gagcgacatc cgtacggagg aggcaattta ccaatgttgt gacctggacc 8340
cccaageccg cgtggccatce aagtccectca ctgagaggct ttatgttggg ggccctetta 8400
ccaattcaag gggggaaaac tgcggctacce gecaggtgeeg cgcgagcegge gtactgacaa 8460
ctagctgtgg taacaccctce acttgctaca tcaaggcccg ggcagcctgt cgagcecgcag 8520
ggctccagga ctgcaccatg ctegtgtgtg gcgacgactt agtcgttatce tgtgaaagtg 8580
cgggggteca ggaggacgcg gcgagectga gagecttceac ggaggctatyg accaggtact 8640
cegeecccee cggggacccee ccacaaccag aatacgactt ggagcttata acatcatget 8700
cctccaacgt gtcagtcgece cacgacggcg ctggaaagag ggtctactac cttaccecgtg 8760
accctacaac cccectegeg agagecgegt gggagacage aagacacact ccagtcaatt 8820
cctggctagg caacataatc atgtttgcce ccacactgtg ggcgaggatg atactgatga 8880
cccatttett tagcgtcecte atagccaggg atcagcttga acaggctctt aactgtgaga 8940
tctacggagce ctgctactcc atagaaccac tggatctacc tccaatcatt caaagactcce 9000
atggcctcag cgcattttca ctccacagtt actctccagg tgaaatcaat agggtggecg 9060
catgectcag aaaacttggg gtcccgecct tgegagettyg gagacaccegyg gceccggageg 9120
tcegegetag gettetgtee agaggaggca gggctgecat atgtggcaag tacctcettca 9180
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70

actgggcagt aagaacaaag ctcaaactca ctccaatage ggcecgetgge cggctggact
tgtceggttyg gttcacggcet ggctacageg ggggagacat ttatcacage gtgtctcatg
cceggecceg ctggttetgg ttttgectac tectgctege tgcaggggta ggcatctace
tcctecccaa ccgatgaagg ttggggtaaa cactcceggece tcettaaggtt attttcecace
atattgccegt cttttggcaa tgtgagggece cggaaacctyg gcecectgtett cttgacgage
attcctaggg gtctttecce tctcegecaaa ggaatgcaag gtetgttgaa tgtcegtgaag
gaagcagtte ctctggaage ttcttgaaga caaacaacgt ctgtagcgac cctttgcagg
cagcggaace ccccacctgg cgacaggtge ctetgeggece aaaagccacyg tgtataagat
acacctgcaa aggcggcaca accccagtge cacgttgtga gttggatagt tgtggaaaga
gtcaaatgge tctectcaag cgtattcaac aaggggctga aggatgccca gaaggtaccce
cattgtatgg gatctgatct ggggcctegg tgcacatget ttacgtgtgt ttagtcgagg
ttaaaaaacg tctaggcccce ccgaaccacg gggacgtggt tttectttga aaaacacgat
gataatatga ggcctatgga gccagtagat cctagactag agccctggaa gcatccagga
agtcagccta aaactgcttg taccaattge tattgtaaaa agtgttgett tcattgccaa
gtttgtttca taacaaaagc cttaggcatc tcctatggca ggaagaagcg gagacagcga
cgaagaccte ctcaaggcag tcagactcat caagtttcte tatcaaagca acccacctce
caatcccgag gggacccgac aggcccgaag gaagaatteg accttcttaa gettgeggga
gacgtcgagt ccaaccctgg gcccggatce atggccaagt tgaccagtge cgtteceggtg
ctcaccgege gcgacgtege cggageggte gagttcetgga ccegaccgget cgggttetcee
cgggactteg tggaggacga cttcegeeggt gtggtcecggyg acgacgtgac cctgttcate
agcgeggtee aggaccaggt ggtgccggac aacaccctgg cetgggtgtyg ggtgegegge
ctggacgage tgtacgccga gtggtceggag gtegtgteca cgaacttecyg ggacgectcece
gggecggeca tgaccgagat cggegagcag cegtggggge gggagttege cctgegcegac
ceggecggea actgegtgca cttegtggee gaggagcagyg actgacttaa gccatttect
gttttttttt tttttttttt ttttttttte tttttttttt tcetttecttt ccttettttt
ttectttett ttteccttet ttaatggtgg ctecatctta gecctagtca cggctagetg
tgaaaggtce gtgagecgca tgactgcaga gagtgctgat actggectet ctgcagatca
tgt

<210> SEQ ID NO 18

<211> LENGTH: 2239

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide sequence of HIVSEAP

<400> SEQUENCE: 18

acctggaaaa acatggagca atcacaagta gcaatacagce agctaccaat gctgettgtg
cctggetaga agcacaagag gaggaggagg tgggttttece agtcacacct caggtacctt
taagaccaat gacttacaag gcagctgtag atcttagcca ctttttaaaa gaaaaggggg
gactggaagyg gctaattcac tcccaaagaa gacaagatat ccttgatctg tggatctacce
acacacaagg ctacttccct gattagcaga actacacacc agggccaggyg gtcagatate

cactgacctt tggatggtge tacaagctag taccagttga gecagataag atagaagagg

ccaataaagg agagaacacc agcttgttac accctgtgag cetgcatggg atggatgacce

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10803

60

120

180

240

300

360

420
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cggagagaga agtgttagag tggaggtttg acagccgect agcatttcat cacgtggcce 480
gagagctgca tccggagtac ttcaagaact gctgacatcg agettgctac aagggacttt 540
cegetgggga ctttecaggg aggcgtggece tgggegggac tggggagtgyg cgagecctca 600
gatcctgecat ataagcagct getttttgce tgtactgggt ctetcetggtt agaccagatce 660
tgagectggg agctcetetgg ctaactaggg aacccactge ttaagcctca ataaagette 720
tgcatgctge tgctgetget getgetggge ctgaggctac agetctccecet gggcatcate 780
ccagttgagg aggagaaccc ggacttctgg aaccgcgagyg cagecgagge cctgggtgece 840
gccaagaage tgcagectge acagacagcc gccaagaacce tcatcatctt cectgggcegat 900
gggatggggy tgtctacggt gacagctgcce aggatcctaa aagggcagaa gaaggacaaa 960
ctggggcectg agataccecct ggccatggac cgcttcececat atgtggctcet gtccaagaca 1020
tacaatgtag acaaacatgt gccagacagt ggagccacag ccacggcecta cctgtgeggg 1080
gtcaagggca acttccagac cattggcettg agtgcagceg cccgctttaa ccagtgcaac 1140
acgacacgcg gcaacgaggt catctcegtg atgaatcggg ccaagaaagce agggaagtca 1200
gtgggagtygyg taaccaccac acgagtgcag cacgcctege cagccggcac ctacgcccac 1260
acggtgaacc gcaactggta ctcggacgece gacgtgectyg ccteggceceyg ccaggagggyg 1320
tgccaggaca tcgctacgca gctcatctcee aacatggaca ttgacgtgat cctaggtgga 1380
ggccgaaagt acatgtttce catgggaacc ccagaccctg agtacccaga tgactacagce 1440
caaggtggga ccaggctgga cgggaagaat ctggtgcagg aatggctgge gaagcegcecag 1500
ggtgccecggt atgtgtggaa ccgcactgag ctcatgcagg cttceccecctgga ccegtcetgtyg 1560
acccatctca tgggtctett tgagcecctgga gacatgaaat acgagatcca ccgagactcce 1620
acactggacc cctceectgat ggagatgaca gaggctgece tgegectget gagcaggaac 1680
ccecgegget tettectett cgtggagggt ggtegcatceg accatggtca tcatgaaagce 1740
agggcttacc gggcactgac tgagacgatc atgttcgacg acgccattga gagggcgggce 1800
cagctcacca gcgaggagga cacgctgage ctegtcactyg cecgaccacte ccacgtette 1860
tcetteggag gectaccceect gecgagggage tccatctteg ggctggceccece tggcaaggcece 1920
cgggacagga aggcctacac ggtcctecta tacggaaacg gtccaggcta tgtgctcaag 1980
gacggcgeee ggecggatgt taccgagage gagageggga gecccgagta tceggcageag 2040
tcagcagtge ccctggacga agagacccac gcaggcgagyg acgtggeggt gttegegege 2100
ggeccgcagyg cgcacctggt tcacggegtg caggagcaga ccttcatage gcacgtcatg 2160
geettegeeyg cetgectgga gecctacace gectgegace tggcgecccee cgecggcace 2220
accgacgccg cgcacccgg 2239

<210> SEQ ID NO 19
<211> LENGTH: 86

<212> TYPE:

PRT

<213> ORGANISM: HIV

<400> SEQUENCE: 19

Met Glu Pro Val Asp Pro Arg Leu Glu Pro Trp Lys His Pro Gly Ser

1

5

10

15

Gln Pro Lys Thr Ala Cys Thr Asn Cys Tyr Cys Lys Lys Cys Cys Phe

20

25

30

His Cys Gln Val Cys Phe Ile Thr Lys Ala Leu Gly Ile Ser Tyr Gly

35

40

45
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Arg Lys Lys Arg Arg Gln Arg Arg Arg Ala His Gln Asn Ser Gln Thr
50 55 60

His Gln Ala Ser Leu Ser Lys Gln Pro Thr Ser Gln Pro Arg Gly Asp
65 70 75 80

Pro Thr Gly Pro Lys Glu
85

<210> SEQ ID NO 20

<211> LENGTH: 3011

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Polyprotein

<400> SEQUENCE: 20

Met Ser Thr Asn Pro Lys Pro Gln Arg Lys Thr Lys Arg Asn Thr Asn
1 5 10 15

Arg Arg Pro Gln Asp Val Lys Phe Pro Gly Gly Gly Gln Ile Val Gly
20 25 30

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala
35 40 45

Thr Arg Lys Thr Ser Glu Arg Ser Gln Pro Arg Gly Arg Arg Gln Pro
50 55 60

Ile Pro Lys Ala Arg Arg Pro Glu Gly Arg Thr Trp Ala Gln Pro Gly
Tyr Pro Trp Pro Leu Tyr Gly Asn Glu Gly Cys Gly Trp Ala Gly Trp
85 90 95

Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Thr Asp Pro
100 105 110

Arg Arg Arg Ser Arg Asn Leu Gly Lys Val Ile Asp Thr Leu Thr Cys
115 120 125

Gly Phe Ala Asp Leu Met Gly Tyr Ile Pro Leu Val Gly Ala Pro Leu
130 135 140

Gly Gly Ala Ala Arg Ala Leu Ala His Gly Val Arg Val Leu Glu Asp
145 150 155 160

Gly Val Asn Tyr Ala Thr Gly Asn Leu Pro Gly Cys Ser Phe Ser Ile
165 170 175

Phe Leu Leu Ala Leu Leu Ser Cys Leu Thr Val Pro Ala Ser Ala Tyr
180 185 190

Gln Val Arg Asn Ser Ser Gly Leu Tyr His Val Thr Asn Asp Cys Pro
195 200 205

Asn Ser Ser Ile Val Tyr Glu Ala Ala Asp Ala Ile Leu His Thr Pro
210 215 220

Gly Cys Val Pro Cys Val Arg Glu Gly Asn Ala Ser Arg Cys Trp Val
225 230 235 240

Ala Val Thr Pro Thr Val Ala Thr Arg Asp Gly Lys Leu Pro Thr Thr
245 250 255

Gln Leu Arg Arg His Ile Asp Leu Leu Val Gly Ser Ala Thr Leu Cys
260 265 270

Ser Ala Leu Tyr Val Gly Asp Leu Cys Gly Ser Val Phe Leu Val Gly
275 280 285

Gln Leu Phe Thr Phe Ser Pro Arg Arg His Trp Thr Thr Gln Asp Cys
290 295 300

Asn Cys Ser Ile Tyr Pro Gly His Ile Thr Gly His Arg Met Ala Trp
305 310 315 320

Asp Met Met Met Asn Trp Ser Pro Thr Ala Ala Leu Val Val Ala Gln
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76

Leu

Trp

Ala

Thr

385

Gly

Asn

Leu

Ser

Phe

465

Asp

Val

Pro

Trp

Pro

545

Thr

Thr

Val

Thr

625

Glu

Arg

Gln

Leu

Val

705

Leu

Met

Leu

Gly

Lys

370

His

Leu

Gly

Asn

Ser

450

Ala

Glu

Pro

Val

Gly

530

Leu

Lys

Thr

Tyr

Asp

610

Ile

Ala

Asp

Val

Ile

690

Gly

Leu

Met

Arg

Val

355

Val

Val

Leu

Ser

Thr

435

Gly

Gln

Arg

Ala

Val

515

Ala

Gly

Val

Leu

Ser

595

Tyr

Phe

Ala

Arg

Leu

675

His

Ser

Phe

Leu

Ile

340

Leu

Leu

Thr

Thr

Trp

420

Gly

Cys

Gly

Pro

Lys

500

Val

Asn

Asn

Cys

Leu

580

Arg

Pro

Lys

Cys

Ser

660

Pro

Leu

Ser

Leu

Leu
740

325

Pro

Ala

Val

Gly

Pro

405

His

Trp

Pro

Trp

Tyr

485

Ser

Gly

Asp

Trp

Gly

565

Cys

Cys

Tyr

Val

Asn

645

Glu

Cys

His

Ile

Leu

725

Ile

Gln

Gly

Val

Gly

390

Gly

Ile

Leu

Glu

Gly

470

Cys

Val

Thr

Thr

Phe

550

Ala

Pro

Gly

Arg

Arg

630

Trp

Leu

Ser

Gln

Ala

710

Leu

Ser

Ala

Ile

Leu

375

Asn

Ala

Asn

Ala

Arg

455

Pro

Trp

Cys

Thr

Asp

535

Gly

Pro

Thr

Ser

Leu

615

Met

Thr

Ser

Phe

Asn

695

Ser

Ala

Gln

Ile

Ala

360

Leu

Ala

Lys

Ser

Gly

440

Leu

Ile

His

Gly

Asp

520

Val

Cys

Pro

Asp

Gly

600

Trp

Tyr

Arg

Pro

Thr

680

Ile

Trp

Asp

Ala

Met

345

Tyr

Leu

Gly

Gln

Thr

425

Leu

Ala

Ser

Tyr

Pro

505

Arg

Phe

Thr

Cys

Cys

585

Pro

His

Val

Gly

Leu

665

Thr

Val

Ala

Ala

Glu
745

330

Asp

Phe

Phe

Arg

Asn

410

Ala

Phe

Ser

Tyr

Pro

490

Val

Ser

Val

Trp

Val

570

Phe

Trp

Tyr

Gly

Glu

650

Leu

Leu

Asp

Ile

Arg

730

Ala

Met

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Ala

475

Pro

Tyr

Gly

Leu

Met

555

Ile

Arg

Ile

Pro

Gly

635

Arg

Leu

Pro

Val

Lys

715

Val

Ala

Ile

Met

Gly

380

Thr

Gln

Asn

Gln

Arg

460

Asn

Arg

Cys

Ala

Asn

540

Asn

Gly

Lys

Thr

Cys

620

Val

Cys

Ser

Ala

Gln

700

Trp

Cys

Leu

Ala

Val

365

Val

Ala

Leu

Cys

His

445

Arg

Gly

Pro

Phe

Pro

525

Asn

Ser

Gly

His

Pro

605

Thr

Glu

Asp

Thr

Leu

685

Tyr

Glu

Ser

Glu

Gly

350

Gly

Asp

Gly

Ile

Asn

430

Lys

Leu

Ser

Cys

Thr

510

Thr

Thr

Thr

Val

Pro

590

Arg

Ile

His

Leu

Thr

670

Ser

Leu

Tyr

Cys

Asn
750

335

Ala

Asn

Ala

Leu

Asn

415

Glu

Phe

Thr

Gly

Gly

495

Pro

Tyr

Arg

Gly

Gly

575

Glu

Cys

Asn

Arg

Glu

655

Gln

Thr

Tyr

Val

Leu

735

Leu

His

Trp

Glu

Val

400

Thr

Ser

Asn

Asp

Leu

480

Ile

Ser

Ser

Pro

Phe

560

Asn

Ala

Met

Tyr

Leu

640

Asp

Trp

Gly

Gly

Val

720

Trp

Val
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78

Ile

Leu

Gly

785

Leu

Ser

Pro

Phe

Asn

865

Gly

Val

Ala

Thr

945

Ser

Cys

Glu

Arg

Leu

Gln

Phe

Gly

Gln

Pro

Asp

Arg

Ser

Leu
Val
770

Ala

Ala

Cys

Tyr

Leu

850

Val

Pro

Pro

Arg

Gly

930

Gly

Asn

Arg

Gly

Ile

1010

Leu
1025

Leu
1040

Val
1055

Leu
1070

Ala
1085

Met
1100

Gln
1115

Leu
1130

Arg
1145

Tyr
1160

Asn

755

Phe

Val

Leu

Gly

Tyr

835

Thr

Arg

Thr

Leu

Val

915

Gly

Thr

Gly

Met

Asp

995

Leu

Leu

Gly

Glu

Ala

Gly

Tyr

Gly

Tyr

Gly

Leu

Ala Ala

Phe Cys

Tyr Ala

Pro Gln
805

Gly Val
820

Lys Arg

Arg Val

Gly Gly

Leu Val

885

Trp Ile
900

Gln Gly

His Tyr

Tyr Val

Leu Arg
965

Glu Thr
980

Ile Ile

Ser

Phe

Leu

790

Arg

Val

Tyr

Glu

Arg

870

Phe

Leu

Leu

Val

Tyr

950

Asp

Lys

Asn

Leu Gly Pro

Ala Pro

Cys Ile

Ile

Ile

Gly Glu Val

Thr Cys

Thr Arg

Ile

Thr

Thr Asn Val

Ser Arg

Leu Val

Asp Ser

Ser

Thr

Arg

Lys Gly Ser

Leu

Ala

775

Tyr

Ala

Leu

Ile

Ala

855

Asp

Asp

Gln

Leu

Gln

935

Asn

Leu

Leu

Gly

Ala

101

Thr
103

Thr
104

Ala
760

Trp

Gly

Tyr

Val

Ser

840

Gln

Ala

Ile

Ala

Arg

920

Met

His

Ala

Ile

Leu

1000

Ag
5

Al
0

Se
5

Gln Il

106

0

Asn Gl

107

Ile
109

Asp
110

Leu
112

Arg
113

5

Al
0

Gl
5

Thr

0

Hi
5

Gly Se

115

Ser
116

0

Gl
5

Gly

Tyr

Met

Ala

Gly

825

Trp

Leu

Val

Thr

Ser

905

Ile

Ala

Leu

Val

Thr
985

Pro Val Ser Ala Arg Arg Gly Gln

p Gly Met

a Tyr

r Leu

e Val

vy Val

a Ser

n Asp

s Ala

r Leu

y Gly

Pro

Thr

Leu

Trp

Leu

810

Leu

Cys

His

Ile

Lys

890

Leu

Cys

Ile

Thr

Ala

970

Trp

Ala

Thr

Ser

Cys

Pro

Leu

Cys

Asp

Leu

Pro

His

Lys

Pro

795

Asp

Met

Met

Val

Leu

875

Leu

Leu

Ala

Ile

Pro

955

Val

Gly

Val

Gln

Gly

Thr

Trp

Lys

Val

Thr

Val

Ser

Leu

Gly Leu Val Ser

Gly

780

Leu

Thr

Ala

Trp

Trp

860

Leu

Leu

Lys

Leu

Lys

940

Leu

Glu

Ala

765

Arg

Leu

Glu

Leu

Trp

845

Val

Met

Leu

Val

Ala

925

Leu

Arg

Pro

Asp

10

Ser

1020

Gln

1035

Arg

1050

Ala

1065

Thr

1080

Gly

1095

Gly

1110

Cys

1125

Ile

1140

Pro

1155

Leu

1170

Trp Val

Phe

Pro

Leu Leu Leu

Val Ala
815

800

Ala

Thr Leu Ser

830

Leu Gln Tyr

Pro Pro

Cys Val

Ala Ile

895
Pro Tyr
910
Arg Lys
Gly Ala
Asp Trp
Val Val

975
Thr Ala

990

05

Lys Gly

Thr Arg

Asp Lys

Thr Gln

Val Tyr

Pro Val

Trp Pro

Gly Ser

Pro Val

Arg Pro

Cys Pro

Leu

Val

880

Phe

Phe

Ile

Leu

Ala

960

Phe

Ala

Trp

Gly

Asn

Thr

His

Ile

Ala

Ser

Arg

Ile

Ala
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-continued

80

Gly

Val

Thr

Val

Ser

Tyr

Phe

Arg

Ser

Ala

Thr

Ala

Ser

Thr

Val

Lys

Ala

Ser

Phe

Thr

Thr

Gly

Pro

Glu

Glu

Pro

Gly

His
1175

Ala
1190

Met
1205

Pro
1220

Gly
1235

Lys
1250

Gly
1265

Thr
1280

Thr
1295

Tyr
1310

Ser
1325

Gly
1340

Val
1355

Thr
1370

Ile
1385

Cys
1400

Val
1415

Gly
1430

Thr
1445

Gln
1460

Thr
1475

Arg
1490

Gly
1505

Cys
1520

Thr
1535

Val
1550

Leu

Ala

Lys

Arg

Gln

Lys

Val

Ala

Gly

Tyr

Asp

Ile

Ala

Thr

Gly

Lys

Asp

Ala

Asp

Gly

Thr

Thr

Thr

Glu

Tyr

Thr

Cys

Thr

Val

Ala

Ser

Ser

Ser

Leu

Tyr

Val

Gly

Ile

Leu

Arg

Val

Glu

Gly

Glu

Tyr

Val

Asp

Val

Leu

Gly

Arg

Asp

Val

Gln

His

Gly

Val

Pro

Phe

Thr

Val

Met

Arg

Lys

Ile

Gly

Leu

Ser

Ile

Gly

Leu

Tyr

Val

Phe

Asp

Pro

Arg

Pro

Ala

Arg

Asp

Ile

Leu

Asp

Val

Gln

Lys

Leu

Ser

Thr

Phe

Ile

Ile

Val

His

Pro

Arg

Ala

Arg

Val

Asp

Phe

Gln

Gly

Ser

Gly

Leu

His

Asp

Phe
1180

Phe
1195

Phe
1210

Val
1225

Val
1240

Asn
1255

Lys
1270

Ile
1285

Leu
1300

Cys
1315

Gly
1330

Val
1345

Pro
1360

Phe
1375

His
1390

Ala
1405

Gly
1420

Val
1435

Ser
1450

Ser
1465

Asp
1480

Lys
1495

Gly
1510

Cys
1525

Arg
1540

Leu
1555

Ala

Arg

Ile

Thr

Ala

Pro

Pro

Ala

Thr

Ala

Asp

Thr

Leu

Tyr

Leu

Lys

Leu

Ser

Val

Leu

Ala

Pro

Met

Ala

Ala

Glu

Ala

Pro

Asp

His

Ala

Ser

His

Thr

Asp

Glu

Val

Ala

Ile

Gly

Ile

Leu

Asp

Thr

Ile

Asp

Val

Gly

Phe

Trp

Tyr

Phe

Phe

Ala

Val

Asn

Leu

Ala

Val

Gly

Gly

Gly

Cys

Leu

Thr

Glu

Lys

Phe

Val

Val

Asp

Asp

Pro

Ser

Ile

Asp

Tyr

Met

Trp

Leu

Val

Glu

Ser

His

Tyr

Ala

Val

Ser

Gly

His

Asp

Ala

Glu

Ala

Cys

Ala

Ser

Ala

Cys

Thr

Arg

Tyr

Ser

Glu

Asn

Glu

Ser

Cys
1185

Asn
1200

Ser
1215

Ala
1230

Ala
1245

Ala
1260

Asp
1275

Pro
1290

Cys
1305

Ser
1320

Gln
1335

Thr
1350

Val
1365

Ile
1380

His
1395

Leu
1410

Val
1425

Leu
1440

Asn
1455

Phe
1470

Thr
1485

Arg
1500

Ser
1515

Leu
1530

Thr
1545

Gly
1560

Gln

Thr

Leu

Pro

Pro

Ala

Thr

Pro

Ile

Ser

Thr

Ala

Pro

Ala

Pro

Ser

Gly

Ile

Met

Thr

Thr

Gln

Phe

Val

Thr

Pro

Val

Thr

Arg

Gly

Pro

Thr

Gln

Leu

Asn

Thr

Gly

Asp

Glu

Pro

Leu

Leu

Lys

Ile

Pro

Thr

Cys

Ile

Arg

Val

Leu

Pro

Gly

Phe

Lys

Gly

Thr

Ala

Gly

Gly

Gly

Ile

Tyr

Gly

Ala

Thr

Gly

Ser

Glu

Lys

Asn

Thr

Gly

Val

Glu

Arg

Ala

Cys

Ala

Leu

Thr

Gln
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Ser

Cys

Lys

Leu

Glu

Ala

Gly

Glu

Lys

Glu

Val

Tyr

Ser

Gly

Gln

Leu

Val

Val

Leu

Val

Gly

Ser

Asp

Thr

1565

Gly
1580

Ala
1595

Cys
1610

Leu
1625

Pro
1640

Val
1655

Leu
1670

Arg
1685

Val
1700

Leu
1715

Gln
1730

Val
1745

Phe
1760

Leu
1775

Leu
1790

Gln
1805

Leu
1820

Ala
1835

Asp
1850

Ala
1865

Val
1880

Gly
1895

Glu
1910

Arg
1925

Ala
1940

Gln
1955

Glu

Arg

Leu

Tyr

Ile

Val

Ala

Ile

Leu

Pro

Lys

Ile

Trp

Ala

Met

Thr

Ala

Gly

Ile

Phe

Asn

Val

Gly

Gly

Ala

Leu

Asn

Ala

Ile

Arg

Thr

Thr

Ala

Val

Tyr

Tyr

Ala

Thr

Ala

Gly

Ala

Leu

Ala

Ala

Leu

Lys

Leu

Val

Ala

Asn

Ala

Leu

Phe

Gln

Arg

Leu

Lys

Ser

Tyr

Leu

Gln

Ile

Leu

Pro

Lys

Leu

Phe

Leu

Pro

Ala

Ala

Ile

Leu

Cys

Val

His

Arg

Arg

Pro

Ala

Leu

Gly

Tyr

Thr

Cys

Ser

Glu

Glu

Gly

Ala

His

Ser

Thr

Phe

Gly

Ile

Gly

Met

Pro

Ala

Gln

Val

Val

Arg

1570

Tyr
1585

Pro
1600

Lys
1615

Ala
1630

Ile
1645

Trp
1660

Leu
1675

Gly
1690

Phe
1705

Gln
1720

Leu
1735

Val
1750

Met
1765

Thr
1780

Ala
1795

Asn
1810

Ala
1825

Gly
1840

Tyr
1855

Ser
1870

Ala
1885

Ala
1900

Trp
1915

Ser
1930

Thr
1945

Leu
1960

Leu

Pro

Pro

Val

Met

Val

Ser

Lys

Asp

Gly

Leu

Gln

Trp

Leu

Ala

Ile

Ala

Ser

Gly

Gly

Ile

Ile

Met

Pro

Ala

His

Val

Pro

Thr

Gln

Thr

Leu

Thr

Pro

Glu

Met

Gln

Thr

Asn

Pro

Val

Leu

Thr

Val

Ala

Glu

Leu

Leu

Asn

Thr

Ile

Gln

Ala

Ser

Leu

Asn

Cys

Val

Gly

Ala

Met

Met

Thr

Asn

Phe

Gly

Thr

Gly

Ala

Gly

Gly

Val

Ser

Arg

Arg

His

Leu

Trp

Tyr

Trp

His

Glu

Met

Gly

Cys

Ile

Glu

Leu

Ala

Trp

Ile

Asn

Ser

Gly

Phe

Leu

Val

Pro

Pro

Arg

Leu

Tyr

Ser

Ile

1575

Gln
1590

Asp
1605

Gly
1620

Val
1635

Ser
1650

Gly
1665

Val
1680

Ile
1695

Glu
1710

Ala
1725

Ser
1740

Gln
1755

Ser
1770

Pro
1785

Pro
1800

Trp
1815

Val
1830

Gly
1845

Ala
1860

Ser
1875

Gly
1890
His
1905

Ile
1920

Val
1935

Ser
1950

Ser
1965

Ala

Gln

Pro

Thr

Ala

Val

Val

Pro

Cys

Glu

Arg

Lys

Gly

Ala

Leu

Val

Gly

Lys

Gly

Thr

Ala

Val

Ala

Pro

Leu

Ser

Thr

Met

Thr

Leu

Asp

Leu

Ile

Asp

Ser

Gln

His

Leu

Ile

Ile

Thr

Ala

Ala

Val

Ala

Glu

Leu

Gly

Phe

Glu

Thr

Glu

Val

Trp

Pro

Thr

Leu

Ala

Val

Arg

Gln

Phe

Ala

Glu

Gln

Ala

Thr

Ala

Gly

Leu

Leu

Asp

Val

Pro

Ala

Ser

Val

Cys



83

US 8,367,401 B2

-continued

84

Thr

Ile

Leu

Gly

Cys

Met

Thr

Pro

Glu

Gly

Pro

Ala

Val

Pro

Ser

Ser

Pro

Ala

Gly

Asp

Ser

Ala

Glu

Cys

Lys

Leu

Gly

Thr
1970

Cys
1985

Met
2000

Tyr
2015
His
2030

Arg
2045

Phe
2060

Ala
2075

Tyr
2090

Met
2105

Glu
2120

Pro
2135

Gly
2150

Glu
2165
His
2180

Pro
2195

Ser
2210

Glu
2225

Asn
2240

Ser
2255

Val
2270

Leu
2285

Thr
2300

Pro
2315

Lys
2330

Ala
2345

Ile
2360

Pro

Glu

Pro

Arg

Cys

Ile

Pro

Pro

Val

Thr

Phe

Pro

Leu

Pro

Ile

Pro

Leu

Leu

Ile

Phe

Pro

Pro

Trp

Leu

Arg

Glu

Thr

Cys

Val

Gln

Gly

Gly

Val

Ile

Asn

Glu

Thr

Phe

Cys

His

Asp

Thr

Ser

Lys

Ile

Thr

Asp

Ala

Val

Lys

Pro

Thr

Leu

Gly

Ser

Leu

Leu

Val

Ala

Gly

Asn

Tyr

Ile

Asp

Thr

Lys

Glu

Val

Ala

Met

Ala

Glu

Arg

Pro

Glu

Trp

Lys

Pro

Val

Ala

Asp

Gly

Ser

Pro

Trp

Glu

Pro

Ala

Lys

Arg

Asn

Glu

Pro

Tyr

Ala

Glu

Ala

Thr

Ala

Val

Leu

Ile

Ala

Pro

Pro

Val

Thr

Asn

Ser
1975

Asp
1990

Gly
2005

Arg
2020

Ile
2035

Arg
2050

Tyr
2065

Phe
2080

Arg
2095

Leu
2110

Leu
2125

Leu
2140

Pro
2155

Val
2170

Ala
2185

Ser
2200

Cys
2215

Asn
2230

Glu
2245

Val
2260

Leu
2275

Arg
2290

Asp
2305

Arg
2320

Leu
2335

Lys
2350

Thr
2365

Trp

Phe

Ile

Gly

Thr

Thr

Thr

Ala

Val

Lys

Asp

Leu

Leu

Ala

Ser

Thr

Leu

Ser

Ala

Arg

Pro

Tyr

Ser

Thr

Ser

Thr

Leu

Lys

Pro

Asp

Gly

Cys

Thr

Leu

Gly

Cys

Gly

Arg

Gly

Thr

Gly

Ser

Ala

Leu

Glu

Glu

Lys

Asp

Glu

Pro

Glu

Phe

Thr

Arg

Thr

Phe

Gly

His

Arg

Gly

Trp

Asp

Pro

Val

Glu

Ser

Ser

Arg

Ala

Asn

Trp

Asn

Glu

Ser

Tyr

Pro

Pro

Ser

Gly

Ser

Asp

Trp

Val

Ile

Val

Asn

Pro

Arg

Phe

Cys

Arg

Glu

Gln

Met

Arg

Ser

His

Arg

Lys

Asp

Arg

Asn

Pro

Val

Thr

Ser

Ser

Ile
1980

Leu
1995

Ser
2010

Met
2025

Lys
2040

Met
2055

Cys
2070

Val
2085
His
2100

Gln
2115

Leu
2130

Val
2145

Leu
2160

Leu
2175

Leu
2190

Gln
2205

Asp
2220

Gln
2235

Val
2250

Glu
2265

Arg
2280

Pro
2295

Val
2310

Pro
2325

Leu
2340

Ser
2355

Glu
2370

Trp Asp Trp

Lys

Cys

His

Asn

Trp

Thr

Ser

Tyr

Ile

Ser

Pro

Thr

Ala

Leu

Ser

Glu

Val

Arg

Phe

Pro

Val

Pro

Ser

Ser

Pro

Ala

Gln

Thr

Gly

Ser

Pro

Ala

Val

Pro

Arg

Phe

Cys

Asp

Arg

Ser

Pro

Met

Ile

Glu

Ala

Leu

His

Pro

Thr

Thr

Ala

Lys

Arg

Arg

Thr

Gly

Leu

Glu

Ser

Ser

Phe

Arg

Glu

Pro

Gly

Ala

Asp

Gly

Leu

Val

Arg

Val

Gly

Arg

Ala

Ser

Pro
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Ser

Pro

Ser

Cys

Cys

Ser

Ser

Val

Ala

Cys

Gly

Ile

Ile

Pro

Asp

Val

Gln

Lys

Phe

Ile

Lys

Ser

Val

Ala

Leu

Val

Thr

Gly
2375

Pro
2390

Trp
2405

Cys
2420

Ala
2435

Leu
2450

Ala
2465

Leu
2480

Ala
2495

Ser
2510

Ala
2525

Asn
2540

Asp
2555

Glu
2570

Leu
2585

Ser
2600

Tyr
2615

Ser
2630

Asp
2645

Tyr
2660

Ser
2675

Arg
2690

Leu
2705

Arg
2720

Val
2735

Gln
2750

Arg

Cys

Leu

Ser

Ser

Ala

Leu

Cys

Asp

Ser

Leu

Lys

Ser

Thr

Lys

Gly

Lys

Ser

Lys

Ser

Gln

Leu

Gly

Thr

Ala

Cys

Glu

Tyr

Pro

Glu

Thr

Met

Glu

Arg

Gln

Ser

Lys

Thr

Asp

Val

Thr

Gly

Val

Leu

Pro

Lys

Thr

Cys

Thr

Glu

Thr

Ala

Gly

Asp

Ser

Pro

Gly

Val

Ser

Glu

His

Arg

His

Val

Pro

Val

Trp

Ile

Gly

Arg

Pro

Gly

Thr

Val

Cys

Glu

Asn

Ser

Cys

Asp

Ala

Ala

Asp

Glu

Ser

Tyr

Gln

His

Gln

Tyr

Lys

Pro

Arg

Lys

Met

Arg

Val

Leu

Gln

Pro

Thr

Asp

Arg

Cys

Cys

Arg

Asp

Ala

Pro

Ser
2380

Pro
2395

Ser
2410

Ser
2425

Lys
2440

Asn
2455

Lys
2470

Gln
2485

Ala
2500

His
2515

Cys
2530

Asp
2545

Ala
2560

Lys
2575

Cys
2590

Ala
2605

Arg
2620

Met
2635

Glu
2650

Leu
2665

Leu
2680

Gly
2695

Gly
2710

Ala
2725

Leu
2740

Ser
2755

Pro

Asp

Gly

Gly

Trp

Leu

Leu

Lys

Asp

Asn

Ser

His

Leu

Lys

Pro

Glu

Val

Val

Gly

Ser

Asp

Tyr

Tyr

Asn

Ala

Leu

Gly

Val

Asp

Ala

Thr

Pro

Val

Val

Val

Leu

Ala

Ala

Leu

Asn

Ala

Lys

Met

Glu

Phe

Asp

Pro

Val

Arg

Thr

Gly

Val

Arg

Asp

Glu

Pro

Asp

Gly

Ile

Tyr

Thr

Leu

Leu

Lys

Arg

Glu

Glu

Arg

Met

Gly

Phe

Ser

Ile

Gln

Gly

Arg

Leu

Leu

Ile

Ala

Pro

Ser

Asp

Thr

Ala

Asn

Ser

Phe

Lys

Ser

Ser

Lys

Asp

Val

Leu

Ala

Ser

Leu

Tyr

Arg

Ala

Gly

Cys

Thr

Gln

Cys

Phe

Pro

Tyr
2385

Leu
2400

Glu
2415

Leu
2430

Ala
2445

Thr
2460

Asp
2475

Glu
2490

Val
2505

Lys
2520

Ala
2535

Ser
2550

Phe
2565

Ile
2580

Leu
2595

Ser
2610

Val
2625

Asp
2640

Thr
2655

Arg
2670

Pro
2685

Arg
2700

Cys
2715

Asp
2730

Glu
2745

Thr
2760

Gln

Ser

Ser

Asp

Val

Leu

Thr

Arg

Val

Glu

Phe

Val

Val

Cys

Val

Tyr

Tyr

Gln

Thr

Glu

Val

Leu

Ala

Tyr

Cys

Ser

Glu

Pro

Ser

Asp

Val

Thr

Ser

Ser

Leu

Lys

Glu

Gly

Ala

Thr

Val

Phe

Asp

Gly

Ala

Arg

Glu

Ala

Thr

Ser

Ile

Thr

Ala

Ala

Glu

Met

Gly

Val

Pro

Asn

Arg

Gln

Ala

Ala

Tyr

His

Pro

Gln

Pro

Val

Phe

Trp

Cys

Ala

Ile

Asn

Gly

Lys

Met

Gly

Met

Tyr
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2765 2770 2775

Asp Leu Glu Leu Ile Thr Ser Cys Ser Ser Asn Val Ser Val Ala
2780 2785 2790

His Asp Gly Ala Gly Lys Arg Val Tyr Tyr Leu Thr Arg Asp Pro
2795 2800 2805

Thr Thr Pro Leu Ala Arg Ala Ala Trp Glu Thr Ala Arg His Thr
2810 2815 2820

Pro Val Asn Ser Trp Leu Gly Asn Ile Ile Met Phe Ala Pro Thr
2825 2830 2835

Leu Trp Ala Arg Met Ile Leu Met Thr His Phe Phe Ser Val Leu
2840 2845 2850

Ile Ala Arg Asp Gln Leu Glu Gln Ala Leu Asn Cys Glu Ile Tyr
2855 2860 2865

Gly Ala Cys Tyr Ser Ile Glu Pro Leu Asp Leu Pro Pro Ile Ile
2870 2875 2880

Gln Arg Leu His Gly Leu Ser Ala Phe Ser Leu His Ser Tyr Ser
2885 2890 2895

Pro Gly Glu Ile Asn Arg Val Ala Ala Cys Leu Arg Lys Leu Gly
2900 2905 2910

Val Pro Pro Leu Arg Ala Trp Arg His Arg Ala Arg Ser Val Arg
2915 2920 2925

Ala Arg Leu Leu Ser Arg Gly Gly Arg Ala Ala Ile Cys Gly Lys
2930 2935 2940

Tyr Leu Phe Asn Trp Ala Val Arg Thr Lys Leu Lys Leu Thr Pro
2945 2950 2955

Ile Ala Ala Ala Gly Arg Leu Asp Leu Ser Gly Trp Phe Thr Ala
2960 2965 2970

Gly Tyr Ser Gly Gly Asp Ile Tyr His Ser Val Ser His Ala Arg
2975 2980 2985

Pro Arg Trp Phe Trp Phe Cys Leu Leu Leu Leu Ala Ala Gly Val
2990 2995 3000

Gly Ile Tyr Leu Leu Pro Asn Arg
3005 3010

<210> SEQ ID NO 21

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence encoded by the
heterologous polynucleotide

<400> SEQUENCE: 21

Met Arg Pro Met Glu Pro Val Asp Pro Arg Leu Glu Pro Trp Lys His
1 5 10 15

Pro Gly Ser Gln Pro Lys Thr Ala Cys Thr Asn Cys Tyr Cys Lys Lys
20 25 30

Cys Cys Phe His Cys Gln Val Cys Phe Ile Thr Lys Ala Leu Gly Ile
35 40 45

Ser Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Pro Pro Gln Gly
50 55 60

Ser Gln Thr His Gln Val Ser Leu Ser Lys Gln Pro Thr Ser Gln Ser
65 70 75 80

Arg Gly Asp Pro Thr Gly Pro Lys Glu Glu Phe Asp Leu Leu Lys Leu
85 90 95

Ala Gly Asp Val Glu Ser Asn Pro Gly Pro Gly Ser Met Ala Lys Leu
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Thr

Glu

Asp

145

Val

Arg

Pro

His
225

<210>
<211>
<212>
<213>
<220>
<223>

Ser

Phe

130

Phe

Gln

Gly

Phe

Trp

210

Phe

Ala

115

Trp

Ala

Asp

Leu

Arg

195

Gly

Val

100

Val

Thr

Gly

Gln

Asp

180

Asp

Arg

Ala

FEATURE:
OTHER INFORMATION: Primer

<400> SEQUENCE:

32

Pro

Asp

Val

Val

165

Glu

Ala

Glu

Glu

SEQ ID NO 22
LENGTH:
TYPE: DNA
ORGANISM:

Val

Arg

Val

150

Val

Leu

Ser

Phe

Glu
230

Leu

Leu

135

Arg

Pro

Tyr

Gly

Ala

215

Gln

artificial

22

Thr

120

Gly

Asp

Asp

Ala

Pro

200

Leu

Asp

105

Ala

Phe

Asp

Asn

Glu

185

Ala

Arg

ggcctettaa ggttatttte caccatattg cc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

tcccegegga aggectcata ttatcategt gttttte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer

SEQUENCE :

FEATURE:
OTHER INFORMATION: Primer

SEQUENCE :

SEQ ID NO 23
LENGTH:
TYPE: DNA
ORGANISM:

37

artificial

23

SEQ ID NO 24
LENGTH:
TYPE: DNA
ORGANISM:

51

artificial

24

Arg

Ser

Val

Thr

170

Trp

Met

Asp

Asp Val

Arg Asp
140

Thr Leu

155

Leu Ala

Ser Glu

Thr Glu

Pro Ala
220

Ala

125

Phe

Phe

Trp

Val

Ile

205

Gly

110

Gly

Val

Ile

Val

Val

190

Gly

Asn

Ala

Glu

Ser

Trp

175

Ser

Glu

Cys

aattcgacct tcttaagett gegggagacg tcgagtccaa ccectgggece g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer

SEQUENCE :

SEQ ID NO 25
LENGTH:
TYPE: DNA
ORGANISM:

51

artificial

25

gatcecgggee cagggttgga ctcgacgtcet cccgcaaget taagaaggte g

<210>
<211>
<212>
<213>
<220>

FEATURE:

SEQ ID NO 26
LENGTH:
TYPE: DNA
ORGANISM:

40

artificial

Val

Asp

Ala

160

Val

Thr

Gln

Val



US 8,367,401 B2
91

-continued

92

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 26

cegetegagyg cctggateca tggecaagtt gaccagtgece

<210> SEQ ID NO 27

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 27

ggcctettaa gtcagtectg ctecteggee acg

<210> SEQ ID NO 28

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 28

gaaggcctat ggagccagta gatcctaga

<210> SEQ ID NO 29

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 29

cggaattett ccttegggee tgtegggtece

<210> SEQ ID NO 30

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Fifteen amino acids of FMDV 2A

<400> SEQUENCE: 30

Phe Asp Leu Leu Lys Leu Ala Gly Asp Val Glu Ser Asn Pro Gly
1 5 10 15

<210> SEQ ID NO 31

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: NS3 recognition site

<400> SEQUENCE: 31

Gly Ala Asp Thr Glu Asp Val Val Cys Cys Ser Met Ser Tyr
1 5 10

<210> SEQ ID NO 32

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence

<400> SEQUENCE: 32

Thr Leu Arg Pro Leu Lys Val Ile Phe His His Ile Ala Val Phe Trp
1 5 10 15

40

33

29

30
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Gln Cys Glu Gly Pro Glu Thr Trp Pro Cys Leu Leu Asp Glu His Ser

20

<210> SEQ ID NO 33
<211> LENGTH: 102
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

<400> SEQUENCE: 33

artificial

Gly Ser Phe Pro Ser Arg Gln Arg

1 5

Glu Gly Ser Ser Ser Ser Gly Ser

20

Ser Asp Pro Leu Gln Ala Ala Glu

35

40

Leu Arg Pro Lys Ala Thr Cys Ile

50

55

Thr Pro Val Pro Arg Cys Glu Leu

65 70

Ala Leu Leu Lys Arg Ile Gln Gln

85

Thr Pro Leu Tyr Gly Ile

100

<210> SEQ ID NO 34
<211> LENGTH: 30
<212> TYPE: PRT

<213> ORGANISM:

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid

<400> SEQUENCE: 34

artificial

25

Asn Ala Arg
10

Phe Leu Lys
25

Pro Pro Thr

Arg Tyr Thr

Asp Ser Cys
75

Gly Ala Glu
90

Ser Gly Ala Ser Val His Met Leu Tyr Val Cys

1 5

10

30

sequence

Ser Val Glu Cys Arg
15

Thr Asn Asn Val Cys
30

Trp Arg Gln Val Pro
Cys Lys Gly Gly Thr
60

Gly Lys Ser Gln Met
80

Gly Cys Pro Glu Gly
95

sequence

Leu Val Glu Val Lys
15

Lys Arg Leu Gly Pro Pro Asn His Gly Asp Val Val Phe Leu

20

<210> SEQ ID NO 35
<211> LENGTH: 341
<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL

<220> FEATURE:

25

30

<223> OTHER INFORMATION: nucleotide sequence of 5' NTR

<400> SEQUENCE: 35

gecagecece tgatggggge
tcttcacgca gaaagegtcet
cceceectece gggagageca
gacgaccggg tcctttettyg
gcaagactge tagccgagta
gtgcttgega gtgccceggy
<210> SEQ ID NO 36

<211> LENGTH: 1158
<212> TYPE: DNA

gacactccac

agccatggeg

tagtggtctyg

gataaacccyg

gtgttgggtc

aggtctegta

<213> ORGANISM: ARTIFICIAL

<220> FEATURE:

catgaatcac

ttagtatgag

cggaaccggt

ctcaatgect

gcgaaaggcece

gaccgtgcac

tccectgtga ggaactactyg

tgtcgtgcag cctecaggac

gagtacaccg gaattgccag

ggagatttgg gcgtgcccce

ttgtggtact gcctgatagyg

C

<223> OTHER INFORMATION: nucleotide sequence of delta Ctat2ANeo

60

120

180

240

300

341
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<400> SEQUENCE: 36
atgagcacga atcctaaacc tcaaagaaaa accaaagttce ctatggagcec agtagatcct 60
agactagagc cctggaagca tccaggaagt cagcctaaaa ctgcttgtac caattgctat 120
tgtaaaaagt gttgctttca ttgccaagtt tgtttcataa caaaagcctt aggcatctce 180
tatggcagga agaagcggag acagcgacga agacctcecte aaggcagtca gactcatcaa 240
gtttctetat caaagcaacc cacctcccaa tcccgagggg acccgacagg cccgaaggaa 300
gaattcgace ttcttaaget tgcgggagac gtcgagtcca accctgggec cggatctgtt 360
aacatgattg aacaagatgg attgcacgca ggttctcegyg cegettgggt ggagaggcta 420
tteggetatyg actgggcaca acagacaatc ggetgctetyg atgecgeegt gttecggetg 480
tcagegcagg ggcgeceggt tetttttgte aagaccgace tgtccggtge cctgaatgaa 540
ctgcaggacg aggcagegceg getategtgg ctggecacga cgggegttee ttgegecaget 600
gtgctcgacy ttgtcactga agcgggaagg gactggetge tattgggega agtgccgggyg 660
caggatctee tgtcatctca ccttgctect gecgagaaag tatccatcat ggctgatgea 720
atgcggegge tgcatacget tgatcegget acctgceccat tegaccacca agcgaaacat 780
cgcatcgage gagcacgtac tcggatggaa gecggtcettyg tegatcagga tgatctggac 840
gaagagcatc aggggctcge gccagecgaa ctgttegeca ggctcaagge gegeatgecce 900
gacggcgagyg atctegtcegt gacccatgge gatgectget tgccgaatat catggtggaa 960
aatggcecget tttcetggatt catcgactgt ggececggetgg gtgtggcgga ccgctatcag 1020
gacatagcgt tggctacccg tgatattget gaagagcttg gceggcgaatg ggctgaccge 1080
ttectegtge tttacggtat cgccgctcecce gattcecgcage gecatcgectt ctatcgectt 1140
cttgacgagt tcttctga 1158
<210> SEQ ID NO 37
<211> LENGTH: 1116
<212> TYPE: DNA
<213> ORGANISM: ARTIFICIAL
<220> FEATURE:
<223> OTHER INFORMATION: nucleotide sequence of tat2ANeo
<400> SEQUENCE: 37
atggagccag tagatcctag actagagecce tggaagcatce caggaagtca gcctaaaact 60
gcttgtacca attgctattg taaaaagtgt tgctttcatt gccaagtttg tttcataaca 120
aaagccttag gcatctecta tggcaggaag aagcggagac agcgacgaag acctectcaa 180
ggcagtcaga ctcatcaagt ttctctatca aagcaaccca cctcccaatce cecgaggggac 240
ccgacaggee cgaaggaaga attcgacctt cttaagettyg cgggagacgt cgagtccaac 300
cctgggeceg gatctgttaa catgattgaa caagatggat tgcacgcagyg ttctecggece 360
gettgggtygyg agaggctatt cggctatgac tgggcacaac agacaatcgg ctgctctgat 420
geegeegtgt tecggetgte agecgecagggg cgcccggtte tttttgtcaa gaccgacctyg 480
tceggtgece tgaatgaact gcaggacgag gcagegcegge tatcegtgget ggccacgacg 540
ggegttectt gegecagetgt gcetcgacgtt gtcactgaag cgggaaggga ctggetgeta 600
ttgggcgaag tgccggggca ggatctectg teatctcace ttgctectge cgagaaagta 660
tccatcatgg ctgatgcaat gecggeggetg catacgettyg atccggctac ctgeccatte 720
gaccaccaag cgaaacatcg catcgagcga gcacgtactce ggatggaagce cggtettgte 780
gatcaggatyg atctggacga agagcatcag gggctegege cagccgaact gttcgccagyg 840



US 8,367,401 B2
97

-continued

98

ctcaaggcege gcatgeccga cggcgaggat ctegtegtga ccecatggega tgcectgettg 900
ccgaatatca tggtggaaaa tggccgettt tetggattea tegactgtgyg ccggetgggt 960
gtggcggacc gctatcagga catagcgttg gctacccgtg atattgctga agagcttgge 1020
ggcgaatggg ctgaccgctt cctegtgett tacggtatceg ccgctceccga ttegcagegce 1080
atcgecttet atcgecttet tgacgagtte ttetga 1116
<210> SEQ ID NO 38

<211> LENGTH: 610

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL

<220> FEATURE:

<223> OTHER INFORMATION: nucleotide sequence of EMCV IRES

<400> SEQUENCE: 38

agaccacaac ggtttcecte tagcgggatce aattccegece ctetecctece ccceccecta 60
acgttactgg ccgaagccge ttggaataag gecggtgtge gtttgtctat atgttatttt 120
ccaccatatt gccgtetttt ggcaatgtga gggccggaaa cctggccctyg tettettgac 180
gagcattcect aggggtcettt cccctetege caaaggaatg caaggtetgt tgaatgtegt 240
gaaggaagca gttcctcetgg aagettettg aagacaaaca acgtctgtag cgaccctttg 300
caggcagcegg aaccccccac ctggcgacag gtgectcetge ggccaaaage cacgtgtata 360
agatacacct gcaaaggcgg cacaacccca gtgccacgtt gtgagttgga tagttgtgga 420
aagagtcaaa tggctctcct caagcgtatt caacaagggyg ctgaaggatyg cccagaaggt 480
accccattgt atgggatctg atctggggece teggtgcaca tgctttacat gtgtttagte 540
gaggttaaaa aacgtctagg ccccccgaac cacggggacg tggttttect ttgaaaaaca 600
cgataatacc 610
<210> SEQ ID NO 39

<211> LENGTH: 9275

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL

<220> FEATURE:

<223> OTHER INFORMATION: nucleotide sequence encoding hepatitis C virus

<400>

polyprotein derived from HCV-N

SEQUENCE: 39

atgagcacga atcctaaacc tcaaagaaaa accaaacgta acaccaaccg ccgcccacag

gacgtcaagt tccecgggegg tggtcagate gttggtggag tttacctgtt geegegeagyg

ggccccaggt tgggtgtgeg cgcgatcagyg aagacttceg ageggtegea acccegtgga

aggcgacage ctatccccaa ggctegeegg cccgagggea gggectggge tcageceggg

tatccttgge ccctetatgg caatgaggge atggggtggg caggatgget cctgtcacce

cgeggetece ggectagttg gggecccacg gaccecegge gtaggtegeg taatttgggt

aaggtcatcg ataccctcac atgeggecte gecgacctea tggggtacat tcegetegte

ggeggecceee tagggggcege tgccagggece ttggcacatg gtgteegggt tetggaggac

ggcgtgaact atgcaacagg gaacctgccce ggttgetett tttetatett cctettgget

ctgetgtect gtetgacegt accagettee getcatgaag tgegtaacge gtecggggta

taccatgtca cgaacgactg ctccaactca agecattgtgt ttgaggegge ggacttgatce

atgcatacte ccgggtgegt gecctgegtt cgggagggta actectcecg ctgetgggta

gegetcacte ccacgctege ggccaggaat gctaccatce ccactacgac aatacgacac

60

120

180

240

300

360

420

480

540

600

660

720

780
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cacgtcgatt tgctegttgg ggeggetget ctetgcteeg ctatgtacgt gggggacctce 840
tgcggatctg ttttectegt ctectcagetg ttcaccttet cgcccegeceg gcatgcegaca 900
ttgcaggact gcaattgttc gatctacccc ggccacgegt caggtcaccg catggectgg 960

gacatgatga tgaactggtc acctacaaca gccctcecgtag tgtcgcagtt actccggatce 1020
ccacaagcceg tcatcgacat ggtggegggg geccactggyg gagtectgge gggecttgee 1080
tactattcca tggcggggaa ctgggctaag gttttgattg tgatgctact ttttgccggce 1140
gttgacggge acaccctcac aacggggggg cacgctgecce gectcaccag cgggttegeg 1200
ggcctettta cacctgggcee gtctcagaga atccagctta taaacaccaa tggcagttgg 1260
cacatcaaca ggactgccct gaactgcaat gactccctece agactgggtt tettgccgeg 1320
ctgttctacg cacataggtt caactcgtce ggatgccegg agcgcatggce cagctgccgce 1380
tccattgaca agttcgacca gggatggggt cctatcactt atgctgagcce tacaaaagac 1440
ccggaccaga ggcecttattg ctggcactac ccacctcaac aatgtggtat cgtacctgeg 1500
tcgcaggtgt gtggtccagt gtattgctte accccaagtce ctgttgtcgt ggggacaacc 1560
gatcgtcteg gcaaccctac gtacagetgg ggggagaacg atactgacgt gctgctectt 1620
aacaacacgc ggccgecgca aggcaactgg tteggcetgta catggatgaa tagcactggg 1680
ttcaccaaga cgtgcggggce cccccegtgt aacatcgggg gggtcggcaa taacaccttg 1740
acctgeccca cggactgett ccggaagcac cecgaggcca cgtactcaaa atgtggetceg 1800
gggccecttggt tgacacctag gtgcatggtt gactacccat acaggctctg gcactacccce 1860
tgcactgtca acttctccat ctttaaggtt aggatgtatg tggggggcgt ggagcacagg 1920
cttaatgctg catgcaactg gacccgagga gagcgttgca acttggacga cagggacaga 1980
tcggagcetca geccgctget getctctaca acagagtgge aggttcectgece ctgetcettte 2040
accaccctac cggctctgte cactggettg atccacctece atcagaacat cgtggacgtg 2100
caatacctgt acggtatagg gtcagcggtt gtctcecctttg caatcaaatg ggagtatgtce 2160
gtgttgcttt tecttectect ggecggacgeg cgcgtetgtyg cetgettgtg gatgatgetyg 2220
ctgatagccce aggccgaggce cgccttagag aacctggtgg ccctcaatge agegtceecgtt 2280
gccggagege acggcatcect ctecttecte gtgttettet gtgeccgettg gtacatcaag 2340
ggcaggctgg tcecectgggge ggcatatget ttctatggeg catggcecget gctectgetce 2400
ctcttgacat taccaccacg agcttacgcce atggaccggg agatggctge atcgtgcgga 2460
ggcgeggttt ttgtgggtct ggcattattg accttgtcge catattacaa ggtgttecte 2520
gctaggctece tatggtggtt acaatatctt atcaccagag ctgaggcgca cttgcatgtg 2580
tgggttceccece cectcaacgt ccggggaggce cgcgatgceca tcatcctcect cacgtgtgcea 2640
gtccacccag agctaatctt tgatatcacc aaacttctga ttgccatact cggaccgcetce 2700
atggtgctcce aagctggcat aactagggtg ccgtactteg tacgcgctca agggctcatt 2760
cgtgcatgca tgttagtgcg gaaagtcgct gggggtcatt atgtccaaat ggccttcatg 2820
agactgggcg cgctgacggg cacgtacgtce tataatcacc tcaccccact gegggattgg 2880
gcccacgeeg gectacggga ccttgcggta gcagtggage ctgtcegtett ctetgacatg 2940
gagaccaaga tcatcacctg gggggcggac accgcggegt gtggggacat catcctggge 3000
ctacctgtct cecgcccgaag gggaagggag atactcctgg ggccggccga tagtctagta 3060
gggcaggggt ggcgactcct tgcgeccatce acggectact cecaacagac ceggggecta 3120

cttggttgca tcatcacgag tctcacaggce cgggacaaga accaggtcga gggggaggtt 3180
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caagtggtct ccaccgcaac acaatctttce ctggcgacct gecgtcaacgg cgtatgttgg 3240
actgtctacc atggtgctgg ctcaaagact ctagccggcce caaaaggccce aatcgcccag 3300
atgtacacta atgtagacca ggatctcgtce ggctggecegg cgccccccegg ggcgegttece 3360
ctgacaccat gcacctgtgg cagctcggac ctttacttgg ttacgagaca tgcagatgtt 3420
attcecggtge gecggcgggyg cgacaataga gggagcttge tcectceccccag gectgtetcece 3480
tacttgaagg gctcttcggg tggcccactg ctetgcectt cggggcacge tgtgggcgte 3540
ttececgggecg ctgtatgcac ccggggggtt gcaaaggcegg tggattttgt cccecgttgag 3600
tccatggaaa ctactatgeg gtccceceggte ttcacagaca actcatctece ceccggcecgta 3660
ccgcaaacat tccaagtgge ccatctacac getcccactyg gcagcggcaa gagcactaga 3720
gtgcecggeceg catatgecgge ccaagggtac aaggtgcttg tcectgaaccce gtetgttgece 3780
gctaccttag gttttgggge gtatatgtct aaagcacatg gtaccgaccce taacatcagg 3840
actggggtaa ggaccattac cacgggcgcce cccattacgt actccaccta tggcaagttce 3900
cttgccgacg gtggttgete cgggggcgct tacgacatca taatgtgcga tgagtgccac 3960
tcaactgact caactactat cttgggcatc ggcacagtcc tggaccaagce ggagacggct 4020
ggagcgcgge ttgtcegtgct cgccaccget acgcctceccag gatcggtcac cgtgccacac 4080
cccaatatcg aggaggtggce cctgtcgaac actggagaga tccccttcta cggcaaagcece 4140
atccccatcg aagccatcaa ggggggaagg cacctcattt tcectgtcactce caagaagaag 4200
tgcgacgagce ttgccgcaaa gctgtcaggce ctcggaatca atgctgtage gtattaccgg 4260
ggtcttgatg tgtccgtcat accgaccagce ggagacgtceg ttgtcecgtggce aacagacgct 4320
ctaatgacgg gctataccgg tgactttgat tcagtgatcg actgtaatac gtgtgtcacc 4380
cagacagtcg acttcagctt ggaccccacce ttcaccattg agacgacgac cgtgccccaa 4440
gacgcagtgt cgcgcectcegea geggeggggt aggactggca ggggcagggyg gggcatatac 4500
aggtttgtaa ctccggggga acggccectceg ggcatgtteg attcectceggt cetgtgecgag 4560
tgctatgacg cgggctgtge ttggtacgag ctcaccccecg ctgagaccte ggttaggttg 4620
cgggcttacce taaatacacc aggattgcce gtttgccagg accatctgga gttctgggag 4680
agcgtcecttca caggcctcac ccatatagat gcccacttece tgtcccagac caagcaggca 4740
ggagataact tcccctacct ggtggcatac caagccacag tgtgcgccag ggctcaggece 4800
ccaccteccat cgtgggatca aatgtggaag tgtctcatac ggctaaaacc cacgctgcac 4860
gggccaacge ccectgetgta taggetaggg gecgtcecaaa atgaggtcac cctcacacac 4920
cccataacca aatacatcat ggcatgcatg tcggccgacce tggaagtcgt caccagcacce 4980
tgggtgctgg taggcggagt cctcgcagct ctggccgcat attgcctgac aacaggcagt 5040
gtggttatcg tgggtaggat catcttgtcc gggaggccgg ctgtcecgttcecce cgatagggaa 5100
gtcectcectace gggagttcga tgaaatggaa gaatgcgcct cgcacctecce ttacatcgaa 5160
cagggaatgc aactcgccga gcaattcaag cagaaggcge tegggttgtt gcaaacagece 5220
accaagcagg cggaggctgce cgctceegtg gtggagtceca agtggcgage tttggagace 5280
ttectgggcaa agcacaagtyg gaatttcatc agcgggatac agtacttage gggcttatcce 5340
accctgectg ggaacccecege gatagcatca ctgatggcat tcacagcecte tatcaccagce 5400
ccgctcacca cccagaacac cctectgttt aacatcttgg gggggtgggt agccgcccaa 5460

ctecgetecce ccagegctge tteggettte gtgggcgetg gtatcgectgg tgcggetgtt 5520

ggcagcatag gtcttgggaa ggtgctagtg gacattctgg cgggctatgg ggcaggggtyg 5580
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gctggegege tegtggectt caaggtcatg agcggcgagg cgccctetge cgaggacctyg 5640
atcaatttgc tccctgccat cctcetcetect ggtgeccetgg tegtcecggagt cgtgtgtgcea 5700
gcaatactge gtcggcatgt gggeccggga gagggggcecg tgcagtggat gaaccggetg 5760
atagcgttecg cttcegegggg taaccatgtce tceccccacge actatgtgece tgagagcgac 5820
gccgecagege gtgtcactca ggtectetece agecttacca tcacccaget gctgaagagyg 5880
ctccaccagt ggattaatga ggactgttct acgccgtgtt cecggctcecgtg getgagggat 5940
gtttgggact gggtgtgcac ggtgttgagt gacttcaaga cctggctcca gtccaagcetce 6000
ctgcecgeggt taccgggtgt cectttecte tcatgccaac gtgggtacaa gggagtcectgg 6060
cggggggacyg gcatcatgca caccacctge ccatgtggag cacagatcge cggacatgte 6120
aaaaacggtt ccatgaggat catcgggccg aaaacctgca gcaacacgtyg gcatggaaca 6180
ttcceccatca acgcgtacac cacgggccce tgcacgectt ccccggcgece aaactattcece 6240
aaggcgcetgt ggcgggtgge tgctgaggag tacgtggagg tcacgcegggt gggggattte 6300
cactacgtga cgggcataac caccgacaac gtaaagtgcc catgtcaggt tccagctcect 6360
gagtttttca cggaggtgga tggggtgcgg ttgcacaggt acgccccggt gtgcaaacct 6420
ctcttacggg atgaggttgt attccaggtc gggctcaatc aatacctggt tgggtcacag 6480
ctcccatgeg agcccgaacce ggacgtagca gtgctcactt ccatgcectcac cgacccectcece 6540
cacattacag cagaggcggc taagcgtagg ttggccaggg ggtctcecccece ctecttggece 6600
agctcttcag ctagccaget gtectgcegece tcecttgaggg cgacatgcac tacccattcet 6660
tcectataate ttgactctec ggacgtcgac ctcattgegg ccaacctcecet gtggeggcag 6720
gagatgggcg gaaacatcac ccgcgtggag tcggagaaca aggtggtagt cctagactcect 6780
ttcgagecge ttcgagcgga gggggatgag aatgaaatat ccattgcgge ggagatcctg 6840
cggaagtcca agaagttccecce cgcggcgata cccatatggg cacggccgga ttacaatcct 6900
ccattgttag agtcttggaa gaacccggac tacgtcectce cggtggtaca cgggtgccca 6960
ttgccacctg tcaaggcccece tccaatacca cctceccacgga gaaaaaggac ggttgtectg 7020
acggactcca cecgtgtctte tgttttggcg gagctcgceta ccaaaacctt cggcagctcece 7080
gaattgtegyg cegecgacag cggcacggceg accgcececte ctgaccagac ctecgacaac 7140
ggcggcaaag actccgacgce tgagtcatgce tcectcectatge cccccecttga gggggagecyg 7200
ggggacceeg atctcagcecga cgggtcecttgg tctaccgtga gcgaggaggce tggtgagagce 7260
gtcgtectget gcectcaatgte ctacacatgg acaggtgccec tgatcacgcec atgecgcegceg 7320
gaagaaagca agctgcccat caacgcgttg agcaactctt tgctgcgecca tcacaacatg 7380
gtectacgeca cgacatcceg cagegeggge ctgcggcaga agaaggtcac ctttgacaga 7440
ctgcaggtcce tggatgacca ttaccgggac gtgcttaagg agatgaaggc aaaggcgtcce 7500
acagtcaagg ctaaacttct atccatagaa gaagcctgcce gectgacgcce cccacattceg 7560
gccaaatcca agtttggcta tggggcaaag gacgtccgga acctatccag cagggccatce 7620
aaccacatcc gectcecegtgtyg ggaggacttg ctggaggaca ctgtgacacc aattgacacc 7680
accgtcatgg caaagaatga ggttttectge gteccaaccag agaagggagyg ccgcaagcca 7740
gccegectta tegtattcecce agatttggga gttcecgtgtat gcecgagaagat ggctctcectac 7800
gatgtggtct ccacccttcee tcaagccegtg atgggctcecet catacggatt ccagtactcet 7860
ccegggeage gggtegagtt cctggtaaaa gectggaaat caaagaaaaa ccctatggge 7920

ttctcatatg acacccgetg ttttgactca acggtcactg agaatgacat ccgtgttgag 7980
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106

gagtcaattt

acagagcgge

cgeeggtgec

ttgaaagcct

ggggacgacc

cgagtcttca

gaatacgact

tctggcaaaa

tgggaaacag

cccaccttat

gagcaacttyg

cttgacctac

tactcteccag

ttgcgagtct

agggcegeca

actccaatcce

dggggagaca

ctecctacttt

acactccagg

(o ol ol o o o o o o of

ggctcegtet

accaatgttg
tttatatcgg
gegegagegg
ctgeegectyg
ttgtegttat
cggaggcetat
tggagttgat
gggtgtacta
ctagacacac
gggcaaggat
aaaaagccct
ctcagatcat
gtgagatcaa
ggagacatcg
cttgceggcaa
cggetgegte
tatatcacag
ctgtaggggt
ccaataggec
ttceeeeetet

tagccctagt

gagagtgctyg atactggect

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 40
LENGTH: 2985
TYPE :
ORGANISM: ARTIFICIAL
FEATURE:
OTHER INFORMATION: amino a

PRT

tgacttggee

gggtccecty

cgtgctgacy

tcgagetgea

ctgcgaaage

gactaggtac

aacatcatgt

ccteactege

tccagttaac

gattctgatg

ggattgccaa

tgaaggactc

tagggtggct

ggccagggac

atacctctte

ccagttggac

cctgtetegt

aggcatctac

atttcctgtt

ttttccttte

cacggctage

ctctgcagat

2077-11121 of SEQ ID NO:39

<400> SEQUENCE: 40

Met Ser Thr Asn Pro Lys Pro Gln

1

Arg

Gly

Ile

Ile

Tyr

Leu

Arg

Gly

Arg

Val

Arg

50

Pro

Pro

Leu

Arg

Leu

Pro

Tyr

35

Lys

Lys

Trp

Ser

Arg

115

Ala

Gln Asp Val Lys Phe

20

Leu Leu Pro Arg Arg

40

Thr Ser Glu Arg Ser

55

Ala Arg Arg Pro Glu

Pro Leu Tyr Gly Asn

85

Pro Arg Gly Ser Arg

100

Ser Arg Asn Leu Gly

120

Asp Leu Met Gly Tyr

cccgaageca

actaattcaa

actagctgeg

aagctccagg

gegggaaccee

tcegecceee

tcctecaatyg

gatcccacca

tcctggetag

acccatttct

atctacgggyg

catggtctta

tcatgectca

gtcegegeta

aactgggcag

ttatcegget

gecegaceee

ttgctecceca

ttceeeeeet

cttectttttet

tgtgaaaggt

catgt

gacaggctat aaaatcgcte

aagggcagag

gtaataccct

actgcacgat

aggaggatgc

ceggggactt

tgtcggtege

ccececatege

gcaacattat

tctccatect

cctgttacte

gegeatttte

ggaaacttgg

aactactgtce

taaagaccaa

ggttegttge

getggtteat

atcgatgaac

tttggttttt

tttttttecce

cegtgagecg

cid sequence encoded by

Arg Lys Thr
10

Pro Gly Gly
25

Gly Pro Arg

Gln Pro Arg

Gly Arg Ala

Glu Gly Met

90

Pro Ser Trp
105

Lys Val Ile

Ile Pro Leu

Lys

Gly

Leu

Gly

60

Trp

Gly

Gly

Asp

Val

Arg

Gln

Gly

45

Arg

Ala

Trp

Pro

Thr
125

Gly

Asn

Ile

30

Val

Arg

Gln

Ala

Thr

110

Leu

Gly

ctgtggttat
cacatgttac
getegtgaac
ggcgagecta
gecccaacca
gcacgatgca
acgggctgceg
catgtatgeg
tctagetcag
cattgagcca
actccatagt
ggtaccgece
ccagggggygy
gctcaaacte
tggctacage
getgtgecta
ggggagctaa
ttceeeeeet
tetttatggt

catgactgca

nucleotides

Thr Asn

15

Val Gly

Arg Ala

Gln Pro

Pro Gly

Gly Trp

95

Asp Pro

Thr Cys

Pro Leu

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9275
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-continued

108

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Ala

Thr

Ser

Gln

Asn

305

Asp

Leu

Trp

Ala

Thr

385

Gly

Asn

Leu

Ser

Phe

465

Pro

Ile

Ser

Ser

Pro
545

130

Gly

Val

Leu

Val

Ser

210

Cys

Leu

Ile

Ala

Leu

290

Cys

Met

Leu

Gly

Lys

370

Leu

Leu

Gly

Gln

Ser

450

Asp

Asp

Val

Pro

Trp

530

Pro

Ala

Asn

Leu

Arg

195

Ser

Val

Thr

Arg

Met

275

Phe

Ser

Met

Arg

Val

355

Val

Thr

Phe

Ser

Thr

435

Gly

Gln

Gln

Pro

Val

515

Gly

Gln

Ala

Tyr

Ala

180

Asn

Ile

Pro

Pro

His

260

Tyr

Thr

Ile

Met

Ile

340

Leu

Leu

Thr

Thr

Trp

420

Gly

Cys

Gly

Arg

Ala

500

Val

Glu

Gly

Arg

Ala

165

Leu

Ala

Val

Cys

Thr

245

Val

Phe

Tyr

Asn

325

Pro

Ala

Ile

Gly

Pro

405

Phe

Pro

Trp

Pro

485

Ser

Val

Asn

Asn

Ala

150

Thr

Leu

Ser

Phe

Val

230

Leu

Val

Gly

Ser

Pro

310

Trp

Gln

Gly

Val

Gly

390

Gly

Ile

Leu

Glu

Gly

470

Tyr

Gln

Gly

Asp

Trp
550

135

Leu

Gly

Ser

Gly

Glu

215

Arg

Ala

Asp

Asp

Pro

295

Gly

Ser

Ala

Leu

Met

375

His

Pro

Asn

Ala

Arg

455

Pro

Cys

Val

Thr

Thr

535

Phe

Ala

Asn

Cys

Val

200

Ala

Glu

Ala

Leu

Leu

280

Arg

His

Pro

Val

Ala

360

Leu

Ala

Ser

Arg

Ala

440

Met

Ile

Trp

Cys

Thr

520

Asp

Gly

His

Leu

Leu

185

Tyr

Ala

Gly

Arg

Leu

265

Cys

Arg

Ala

Thr

Ile

345

Tyr

Leu

Ala

Gln

Thr

425

Leu

Ala

Thr

His

Gly

505

Asp

Val

Cys

Gly

Pro

170

Thr

His

Asp

Asn

Asn

250

Val

Gly

His

Ser

Thr

330

Asp

Tyr

Phe

Arg

Arg

410

Ala

Phe

Ser

Tyr

Tyr

490

Pro

Arg

Leu

Thr

Val

155

Gly

Val

Val

Leu

Ser

235

Ala

Gly

Ser

Ala

Gly

315

Ala

Met

Ser

Ala

Leu

395

Ile

Leu

Tyr

Cys

Ala

475

Pro

Val

Leu

Leu

Trp
555

140

Arg

Cys

Pro

Thr

Ile

220

Ser

Thr

Ala

Val

Thr

300

His

Leu

Val

Met

Gly

380

Thr

Gln

Asn

Ala

Arg

460

Glu

Pro

Tyr

Gly

Leu

540

Met

Val

Ser

Ala

Asn

205

Met

Arg

Ile

Ala

Phe

285

Leu

Arg

Val

Ala

Ala

365

Val

Ser

Leu

Cys

His

445

Ser

Pro

Gln

Cys

Asn

525

Asn

Asn

Leu

Phe

Ser

190

Asp

His

Cys

Pro

Ala

270

Leu

Gln

Met

Val

Gly

350

Gly

Asp

Gly

Ile

Asn

430

Arg

Ile

Thr

Gln

Phe

510

Pro

Asn

Ser

Glu

Ser

175

Ala

Cys

Thr

Trp

Thr

255

Leu

Val

Asp

Ala

Ser

335

Ala

Asn

Gly

Phe

Asn

415

Asp

Phe

Asp

Lys

Cys

495

Thr

Thr

Thr

Thr

Asp

160

Ile

His

Ser

Pro

Val

240

Thr

Cys

Ser

Cys

Trp

320

Gln

His

Trp

His

Ala

400

Thr

Ser

Asn

Lys

Asp

480

Gly

Pro

Tyr

Arg

Gly
560
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Phe

Asn

Ala

Met

Phe

625

Leu

Asp

Trp

Gly

Gly

705

Val

Trp

Val

Phe

Pro

785

Leu

Ala

Ser

Tyr

Leu

865

Val

Leu

Phe

Val

Leu

945

Ala

Phe

Thr

Asn

Thr

Val

610

Ser

Asn

Arg

Gln

Leu

690

Ile

Leu

Met

Ala

Leu

770

Gly

Leu

Ser

Pro

Leu

850

Asn

His

Gly

Val

Ala

930

Thr

His

Ser

Lys

Thr

Tyr

595

Asp

Ile

Ala

Asp

Val

675

Ile

Gly

Leu

Met

Leu

755

Val

Ala

Thr

Cys

Tyr

835

Ile

Val

Pro

Pro

Arg

915

Gly

Gly

Ala

Asp

Thr

Leu

580

Ser

Tyr

Phe

Ala

Arg

660

Leu

His

Ser

Phe

Leu

740

Asn

Phe

Ala

Leu

Gly

820

Tyr

Thr

Arg

Glu

Leu

900

Ala

Gly

Thr

Gly

Met
980

Cys

565

Thr

Lys

Pro

Lys

Cys

645

Ser

Pro

Leu

Ala

Leu

725

Leu

Ala

Phe

Tyr

Pro

805

Gly

Lys

Arg

Gly

Leu

885

Met

Gln

His

Tyr

Leu

965

Glu

Gly

Cys

Cys

Tyr

Val

630

Asn

Glu

Cys

His

Val

710

Leu

Ile

Ala

Cys

Ala

790

Pro

Ala

Val

Ala

Gly

870

Ile

Val

Gly

Tyr

Val

950

Arg

Thr

Ala

Pro

Gly

Arg

615

Arg

Trp

Leu

Ser

Gln

695

Val

Leu

Ala

Ser

Ala

775

Phe

Arg

Val

Phe

Glu

855

Arg

Phe

Leu

Leu

Val

935

Tyr

Asp

Lys

Pro

Thr

Ser

600

Leu

Met

Thr

Ser

Phe

680

Asn

Ser

Ala

Gln

Val

760

Ala

Tyr

Ala

Phe

Leu

840

Ala

Asp

Asp

Gln

Ile

920

Gln

Asn

Leu

Ile

Pro

Asp

585

Gly

Trp

Tyr

Arg

Pro

665

Thr

Ile

Phe

Asp

Ala

745

Ala

Trp

Gly

Tyr

Val

825

Ala

His

Ala

Ile

Ala

905

Arg

Met

His

Ala

Ile
985

Cys

570

Cys

Pro

His

Val

Gly

650

Leu

Thr

Val

Ala

Ala

730

Glu

Gly

Tyr

Ala

Ala

810

Gly

Arg

Leu

Ile

Thr

890

Gly

Ala

Ala

Leu

Val

970

Thr

Asn

Phe

Trp

Tyr

Gly

635

Glu

Leu

Leu

Asp

Ile

715

Arg

Ala

Ala

Ile

Trp

795

Met

Leu

Leu

His

Ile

875

Lys

Ile

Cys

Phe

Thr

955

Ala

Trp

Ile

Arg

Leu

Pro

620

Gly

Arg

Leu

Pro

Val

700

Lys

Val

Ala

His

Lys

780

Pro

Asp

Ala

Leu

Val

860

Leu

Leu

Thr

Met

Met

940

Pro

Val

Gly

Gly

Lys

Thr

605

Cys

Val

Cys

Ser

Ala

685

Gln

Trp

Cys

Leu

Gly

765

Gly

Leu

Arg

Leu

Trp

845

Trp

Leu

Leu

Arg

Leu

925

Arg

Leu

Glu

Ala

Gly

His

590

Pro

Thr

Glu

Asn

Thr

670

Leu

Tyr

Glu

Ala

Glu

750

Ile

Arg

Leu

Glu

Leu

830

Trp

Val

Thr

Ile

Val

910

Val

Leu

Arg

Pro

Asp
990

Val

575

Pro

Arg

Val

His

Leu

655

Thr

Ser

Leu

Tyr

Cys

735

Asn

Leu

Leu

Leu

Met

815

Thr

Leu

Pro

Cys

Ala

895

Pro

Arg

Gly

Asp

Val

975

Thr

Gly

Glu

Cys

Asn

Arg

640

Asp

Glu

Thr

Tyr

Val

720

Leu

Leu

Ser

Val

Leu

800

Ala

Leu

Gln

Pro

Ala

880

Ile

Tyr

Lys

Ala

Trp

960

Val

Ala
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112

Ala

Arg

Asn

Ser

Ala

Ala

Ser

Arg

Val

Ser

Gly

Thr

Ala

Gly

Gly

Gly

Ile

Tyr

Gly

Ser

Thr

Gly

Ser

Glu

Lys

Asn

Cys Gly Asp Ile Ile Leu Gly Leu Pro Val Ser Ala
1000

Glu
1010

Gln
1025

Phe
1040

Gly
1055

Gln
1070

Pro
1085

Asp
1100

Arg
1115

Ser
1130

Gly
1145

Val
1160

Thr
1175

Val
1190

Ser
1205

Tyr
1220

Phe
1235

Arg
1250

Ser
1265

Ala
1280

Thr
1295

Ala
1310

Ser
1325

Asn
1340

Ala
1355

Lys
1370

Ala

995

Ile

Val

Leu

Ala

Met

Pro

Leu

Arg

Tyr

His

Ala

Met

Pro

Gly

Lys

Gly

Thr

Thr

Tyr

Thr

Gly

Val

Thr

Ile

Cys

Leu

Glu

Ala

Gly

Tyr

Gly

Tyr

Gly

Leu

Ala

Lys

Arg

Gln

Lys

Val

Ala

Gly

Tyr

Asp

Ile

Ala

Thr

Gly

Lys

Asp

Ala

Leu

Gly

Thr

Ser

Thr

Ala

Leu

Asp

Lys

Val

Ala

Ser

Thr

Ser

Leu

Tyr

Val

Gly

Ile

Leu

Arg

Val

Glu

Gly

Glu

Tyr

Gly

Glu

Cys

Lys

Asn

Arg

Val

Asn

Gly

Gly

Val

Pro

Phe

Thr

Val

Met

Arg

Lys

Ile

Gly

Leu

Pro

Ile

Gly

Leu

Tyr

Pro
1015

Val
1030

Val
1045

Thr
1060

Val
1075

Ser
1090

Thr
1105

Arg
1120

Ser
1135

Val
1150

Asp
1165

Val
1180

Gln
1195

Arg
1210

Leu
1225

Ser
1240

Thr
1255

Phe
1270

Met
1285

Ile
1300

Val
1315

His
1330

Pro
1345

Arg
1360

Ala
1375

Arg

Ala

Gln

Asn

Leu

Asp

Leu

Arg

Gly

Ser

Phe

Phe

Phe

Val

Val

Asn

Lys

Ile

Leu

Cys

Gly

Val

Pro

Phe

His

Ala

Gly

Asp

Val

Gly

Ala

Gln

Thr

His

Ser

Gly

Arg

Val

Thr

Ala

Pro

Pro

Ala

Thr

Ala

Asp

Thr

Leu

Asn

Tyr

Leu

Lys

Leu

Ser

Val

Val

Gly

Asp

Pro

Ala

Leu

Gly

Ala

Pro

Asp

His

Ala

Ser

His

Thr

Asp

Glu

Val

Ala

Ile

Gly

Ile

Leu

Asp

Leu

Ser

Cys

Pro

Leu

Cys

Asp

Leu

Pro

Ala

Val

Asn

Leu

Ala

Val

Gly

Gly

Gly

Cys

Leu

Thr

Glu

Lys

Phe

Ser

Val

1005

Val
1020

Thr
1035

Trp
1050

Lys
1065

Val
1080

Thr
1095

Val
1110

Ser
1125

Leu
1140

Val
1155

Glu
1170

Ser
1185

His
1200

Tyr
1215

Ala
1230

Thr
1245

Ala
1260

Gly
1275

His
1290

Asp
1305

Ala
1320

Glu
1335

Ala
1350

Cys
1365

Gly
1380

Ser

Arg

Ala

Thr

Gly

Gly

Cys

Ile

Pro

Leu

Cys

Ser

Ser

Ala

Ala

Ala

Asp

Pro

Cys

Ser

Gln

Thr

Val

Ile

His

Leu

Val

Asp

Thr

Val

Pro

Trp

Gly

Pro

Arg

Cys

Thr

Met

Pro

Pro

Ala

Thr

Pro

Ile

Ser

Thr

Ala

Pro

Ala

Pro

Ser

Gly

Ile

Arg Arg Gly

Lys

Gln

Tyr

Ile

Pro

Ser

Val

Pro

Pro

Arg

Glu

Pro

Thr

Gln

Leu

Asn

Thr

Gly

Asp

Glu

Pro

Leu

Ile

Lys

Ile

Pro
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114

Thr

Gly

Val

Glu

Arg

Thr

Cys

Ala

Leu

Thr

Gln

Val

Trp

Pro

Thr

Leu

Ala

Val

Arg

Ser

Phe

Ala

Glu

Gln

Ala

Thr

1385

Ser
1400

Tyr
1415

Thr
1430

Thr
1445

Gly
1460

Pro
1475

Glu
1490

Glu
1505

Pro
1520

Gly
1535

Ala
1550

Cys
1565

Lys
1580

Leu
1595
His
1610

Glu
1625

Ala
1640

Gly
1655

Glu
1670
His
1685

Lys
1700

Glu
1715

Thr
1730

Tyr
1745

Ser
1760

Gln
1775

Gly

Thr

Gln

Thr

Arg

Gly

Cys

Thr

Leu

Gly

Ala

Cys

Leu

Pro

Leu

Arg

Val

Leu

Gln

Ala

Phe

Leu

Leu

Asn

Asp

Gly

Thr

Thr

Thr

Glu

Tyr

Ser

Cys

Thr

Asp

Arg

Leu

Tyr

Ile

Val

Ala

Ile

Leu

Pro

Lys

Ala

Trp

Ala

Met

Thr

Val

Asp

Val

Val

Gly

Arg

Asp

Val

Gln

His

Asn

Ala

Ile

Arg

Thr

Thr

Ala

Ile

Tyr

Tyr

Ala

Ala

Ala

Gly

Ala

Leu

Val

Phe

Asp

Pro

Arg

Pro

Ala

Arg

Asp

Ile

Phe

Gln

Arg

Leu

Lys

Ser

Tyr

Leu

Arg

Ile

Leu

Pro

Lys

Leu

Phe

Leu

1390

Val
1405

Asp
1420

Phe
1435

Gln
1450

Gly
1465

Ser
1480

Gly
1495

Leu
1510
His
1525

Asp
1540

Pro
1555

Ala
1570

Leu
1585

Gly
1600

Tyr
1615

Thr
1630

Cys
1645

Ser
1660

Glu
1675

Glu
1690

Gly
1705

Val
1720
His
1735

Ser
1750

Thr
1765

Phe
1780

Val

Ser

Ser

Asp

Arg

Gly

Cys

Arg

Leu

Ala

Tyr

Pro

Lys

Ala

Ile

Trp

Leu

Gly

Phe

Gln

Leu

Val

Lys

Thr

Ala

Asn

Ala

Val

Leu

Ala

Gly

Met

Ala

Ala

Glu

His

Leu

Pro

Pro

Val

Met

Val

Thr

Arg

Asp

Gly

Leu

Glu

Trp

Leu

Ser

Ile

Thr

Ile

Asp

Val

Gly

Phe

Trp

Tyr

Phe

Phe

Val

Pro

Thr

Gln

Ala

Leu

Thr

Pro

Glu

Met

Gln

Ser

Asn

Pro

Ile

Leu

Asp

Asp

Pro

Ser

Ile

Asp

Tyr

Leu

Trp

Leu

Ala

Ser

Leu

Asn

Cys

Val

Gly

Ala

Met

Gln

Thr

Lys

Phe

Gly

Thr

Gly

1395

Ala
1410

Cys
1425

Thr
1440

Arg
1455

Tyr
1470

Ser
1485

Glu
1500

Asn
1515

Glu
1530

Ser
1545

Tyr
1560

Trp
1575
His
1590

Glu
1605

Met
1620

Gly
1635

Ser
1650

Val
1665

Glu
1680

Leu
1695

Ala
1710

Trp
1725

Ile
1740

Asn
1755

Ser
1770

Gly
1785

Leu

Asn

Phe

Ser

Arg

Ser

Leu

Thr

Ser

Gln

Gln

Asp

Gly

Val

Ser

Gly

Val

Val

Glu

Ala

Thr

Arg

Ser

Pro

Pro

Trp

Met

Thr

Thr

Gln

Phe

Val

Thr

Pro

Val

Thr

Ala

Gln

Pro

Thr

Ala

Val

Val

Pro

Cys

Glu

Lys

Ala

Gly

Ala

Leu

Val

Thr

Cys

Ile

Arg

Val

Leu

Pro

Gly

Phe

Lys

Thr

Met

Thr

Leu

Asp

Leu

Ile

Asp

Ala

Gln

Gln

Leu

Ile

Ile

Thr

Ala
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Ala

Gly

Leu

Leu

Asp

Val

Pro

Ala

Ser

Ile

Cys

Trp

Lys

Arg

Thr

Ser

Gly

Ser

Glu

Thr

Ala

Tyr

Gln

Tyr

Gln

Gly

Ala

Gln
1790

Ile
1805

Val
1820

Val
1835

Leu
1850

Val
1865

Gly
1880

Ser
1895

Asp
1910

Thr
1925

Ser
1940

Val
1955

Leu
1970

Gly
1985

Cys
2000

Met
2015

Thr
2030

Pro
2045

Glu
2060

Gly
2075

Pro
2090

Ala
2105

Val
2120

Ala
2135

Val
2150

Ser
2165

Pro
2180

Leu

Ala

Asp

Ala

Ile

Gly

Glu

Arg

Ala

Gln

Thr

Cys

Leu

Tyr

Pro

Arg

Phe

Ala

Tyr

Ile

Glu

Pro

Gly

Pro

Gly

Pro

Ser

Ala

Gly

Ile

Phe

Asn

Val

Gly

Gly

Ala

Leu

Pro

Thr

Pro

Lys

Cys

Ile

Pro

Pro

Val

Thr

Phe

Val

Leu

Val

Leu

Pro

Leu

Pro

Ala

Leu

Lys

Leu

Val

Ala

Asn

Ala

Leu

Cys

Val

Arg

Gly

Gly

Ile

Ile

Asn

Glu

Thr

Phe

Cys

Asn

Cys

Asn

Ser

Arg

Pro

Ala

Ala

Val

Leu

Cys

Val

His

Arg

Lys

Ser

Leu

Leu

Val

Ala

Gly

Asn

Tyr

Val

Asp

Thr

Lys

Gln

Lys

Gln

Leu

Ala

Ser
1795

Val
1810

Gly
1825

Met
1840

Pro
1855

Ala
1870

Gln
1885

Val
1900

Val
1915

Arg
1930

Gly
1945

Ser
1960

Pro
1975

Trp
1990

Gln
2005

Pro
2020

Ala
2035

Ser
2050

Thr
2065

Asn
2080

Glu
2095

Pro
2110

Tyr
2125

Pro
2140

Tyr
2155

Ala
2170

Thr
2185

Ala

Gly

Tyr

Ser

Ala

Ala

Trp

Ser

Thr

Leu

Ser

Asp

Gly

Arg

Ile

Lys

Tyr

Lys

Arg

Val

Leu

Leu

Leu

Leu

Ser

Cys

Ala

Ser

Gly

Gly

Ile

Ile

Met

Pro

Gln

His

Trp

Phe

Val

Gly

Ala

Thr

Thr

Ala

Val

Lys

Asp

Leu

Val

Leu

Val

Ser

Thr

Ser

Ile

Ala

Glu

Leu

Leu

Asn

Thr

Val

Gln

Leu

Lys

Pro

Asp

Gly

Cys

Thr

Leu

Gly

Cys

Gly

Arg

Gly

Arg

Gly

Ser

Thr

Ala

Gly

Gly

Ala

Ser

Arg

Arg

His

Leu

Trp

Arg

Thr

Phe

Gly

His

Ser

Gly

Trp

Asp

Pro

Val

Asp

Ser

Asp

Ser

Ala

His

Phe
1800

Leu
1815

Val
1830

Pro
1845

Pro
1860

Arg
1875

Leu
1890

Tyr
1905

Ser
1920

Ile
1935

Asp
1950

Trp
1965

Leu
1980

Ile
1995

Val
2010

Asn
2025

Pro
2040

Arg
2055

Phe
2070

Cys
2085

Arg
2100

Glu
2115

Gln
2130

Glu
2145

Gln
2160

Ser
2175

Ser
2190

Val Gly Ala

Gly

Ala

Ser

Gly

His

Ile

Val

Ser

Asn

Val

Leu

Ser

Met

Lys

Thr

Cys

Val

Gln

Leu

Val

Leu

Val

Leu

Gln

Ser

Lys

Gly

Ala

Ala

Val

Ala

Pro

Leu

Glu

Trp

Gln

Cys

His

Asn

Trp

Thr

Ala

Tyr

Val

His

Val

His

Val

Ala

Leu

Tyr

Val

Ala

Glu

Leu

Gly

Phe

Glu

Thr

Asp

Asp

Ser

Gln

Thr

Gly

His

Pro

Ala

Val

Pro

Arg

Phe

Arg

Phe

Arg

Ser

Asn
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Leu

Arg

Lys

Asp

Lys

Asn

Pro

Ile

Thr

Ser

Pro

Ser

Asp

Glu

Leu

Ala

Thr

Asp

Glu

Ile

Lys

Ala

Thr

Phe

Ile

Leu

Ser

Asp
2195

Gln
2210

Val
2225

Glu
2240

Lys
2255

Pro
2270

Val
2285

Pro
2300

Val
2315

Ser
2330

Asp
2345

Cys
2360

Leu
2375

Ser
2390

Ile
2405

Leu
2420

Thr
2435

Arg
2450

Met
2465

Glu
2480

Phe
2495

Ile
2510

Val
2525

Cys
2540

Val
2555

Tyr
2570

Tyr

Ser

Glu

Val

Asn

Phe

Pro

Val

Pro

Ser

Glu

Gln

Ser

Ser

Val

Thr

Ser

Ser

Leu

Lys

Glu

Gly

Asn

Thr

Val

Phe

Asp

Gly

Pro

Met

Val

Glu

Pro

Leu

His

Pro

Ser

Leu

Thr

Ser

Asp

Val

Pro

Asn

Arg

Gln

Ala

Ala

Tyr

His

Pro

Gln

Pro

Val

Phe

Asp

Gly

Leu

Ile

Ala

Leu

Gly

Arg

Val

Ser

Ser

Met

Gly

Cys

Cys

Ser

Ser

Val

Lys

Cys

Gly

Ile

Ile

Pro

Asp

Val

Gln

Val

Gly

Asp

Ser

Ala

Glu

Cys

Arg

Leu

Ala

Asp

Pro

Ser

Cys

Ala

Leu

Ala

Leu

Ala

Arg

Ala

Arg

Asp

Glu

Leu

Ser

Tyr

Asp
2200

Asn
2215

Ser
2230

Ile
2245

Ile
2260

Ser
2275

Pro
2290

Lys
2305

Ala
2320

Ala
2335

Asn
2350

Pro
2365

Trp
2380

Ser
2395

Ala
2410

Leu
2425

Gly
2440

Asp
2455

Ser
2470

Leu
2485

Lys
2500

Ser
2515

Thr
2530

Lys
2545

Gly
2560

Thr
2575

Ser

Leu

Ile

Phe

Ala

Pro

Trp

Leu

Arg

Glu

Asp

Gly

Leu

Ser

Met

Glu

Arg

Leu

Asp

Thr

Thr

Asp

Val

Thr

Gly

Val

Leu

Pro

Ile

Thr

Glu

Ala

Ile

Lys

Pro

Thr

Leu

Ser

Gly

Glu

Thr

Ser

Glu

His

Arg

His

Val

Pro

Val

Trp

Val

Gly

Arg

Pro

Gly

Ala

Arg

Pro

Glu

Trp

Asn

Pro

Val

Ala

Gly

Lys

Gly

Val

Tyr

Ser

His

Gln

Tyr

Lys

Pro

Arg

Glu

Met

Arg

Val

Gln

Gln

Ala

Val

Leu

Ile

Ala

Pro

Val

Val

Thr

Thr

Asp

Glu

Ser

Thr

Lys

Asn

Lys

Arg

Ala

His

Asn

Asp

Ala

Lys

Cys

Ala

Arg

Asn
2205

Glu
2220

Arg
2235

Leu
2250

Arg
2265

Asp
2280

Lys
2295

Leu
2310

Lys
2325

Ala
2340

Ser
2355

Pro
2370

Glu
2385

Trp
2400

Leu
2415

Met
2430

Lys
2445

Asp
2460

Lys
2475

Ser
2490

Leu
2505

Leu
2520

Lys
2535

Pro
2550

Glu
2565

Val
2580

Val

Leu

Ser

Ala

Arg

Pro

Tyr

Ala

Thr

Thr

Thr

Asp

Gly

Glu

Thr

Pro

Val

Val

Val

Leu

Ala

Ser

Leu

Asn

Ala

Lys

Met

Glu

Leu

Glu

Glu

Lys

Asp

Val

Pro

Asp

Phe

Ala

Ala

Asp

Ala

Gly

Ile

Tyr

Thr

Leu

Leu

Lys

Ser

Glu

Glu

Arg

Met

Gly

Phe

Trp

Asn

Gly

Ser

Tyr

Pro

Pro

Ser

Gly

Pro

Glu

Pro

Gly

Ala

Asn

Ala

Phe

Lys

Ser

Ser

Arg

Asp

Val

Leu

Ala

Ser

Leu
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Val

Asp

Val

Arg

Pro

Arg

Cys

Asp

Glu

Thr

Gln

Val

Thr

Ala

Tyr

Phe

Cys

Pro

Arg

Arg

Thr

Lys

Trp

Ser

Ser

2585

Lys
2600

Thr
2615

Glu
2630

Gln
2645

Leu
2660

Ala
2675

Tyr
2690

Cys
2705

Ser
2720

Glu
2735

Pro
2750

Ser
2765

Arg
2780

Arg
2795

Ala
2810

Ser
2825

Gln
2840

Gln
2855

Ser
2870

Lys
2885

Asp
2900

Cys
2915

Leu
2930

Phe
2945

Arg
2960

Val
2975

Ala

Arg

Glu

Ala

Thr

Ser

Leu

Thr

Ala

Ala

Glu

Asp

His

Pro

Ile

Ile

Ile

Tyr

Leu

Val

Gly

Thr

Ala

Gly

Trp

Cys

Ser

Ile

Asn

Gly

Lys

Met

Gly

Met

Tyr

Ala

Pro

Thr

Thr

Leu

Tyr

Ile

Ser

Gly

Arg

Lys

Pro

Ala

Arg

Val

Lys

Phe

Ile

Lys

Ser

Val

Ala

Leu

Thr

Thr

Asp

His

Thr

Pro

Leu

Leu

Gly

Glu

Pro

Val

Ala

Tyr

Ile

Gly

Pro

Gly

Ser

Asp

Tyr

Ser

Lys

Leu

Ser

Val

Gln

Arg

Leu

Asp

Thr

Val

Trp

Ala

Ala

Gly

Gly

Pro

Lys

Leu

Pro

Tyr

Arg

Ile

2590

Lys
2605

Ser
2620

Gln
2635

Leu
2650

Gly
2665

Thr
2680

Ala
2695

Asn
2710

Glu
2725

Tyr
2740

Glu
2755

Ala
2770

Pro
2785

Asn
2800

Ala
2815

Gln
2830

Cys
2845

Leu
2860

Glu
2875

Pro
2890

Leu
2905

Phe
2920

Ala
2935

Ser
2950

Trp
2965

Tyr
2980

Lys

Thr

Cys

Thr

Gln

Thr

Ala

Gly

Asp

Ser

Leu

Ser

Ile

Ser

Arg

Glu

Tyr

His

Ile

Leu

Leu

Asn

Ala

Gly

Phe

Leu

Asn

Val

Cys

Glu

Ser

Ser

Cys

Asp

Ala

Ala

Ile

Gly

Ala

Trp

Met

Gln

Ser

Gly

Asn

Arg

Ser

Trp

Ser

Gly

Met

Leu

Pro

Thr

Asp

Arg

Cys

Cys

Arg

Asp

Ala

Pro

Thr

Lys

Arg

Leu

Ile

Leu

Ile

Leu

Arg

Val

Gln

Ala

Gln

Asp

Leu

Pro

Met

Glu

Leu

Leu

Gly

Gly

Ala

Leu

Ser

Pro

Ser

Arg

Ala

Gly

Leu

Glu

Glu

Ser

Val

Trp

Gly

Val

Leu

Ile

Cys

Asn

2595

Gly
2610

Asn
2625

Ala
2640

Tyr
2655

Tyr
2670

Asn
2685

Ala
2700

Val
2715

Leu
2730

Gly
2745

Cys
2760

Val
2775

Ala
2790

Asn
2805

Met
2820

Lys
2835

Pro
2850

Ala
2865

Ala
2880

Arg
2895

Gly
2910

Lys
2925

Asp
2940

Tyr
2955

Leu
2970

Arg
2985

Phe

Asp

Pro

Ile

Arg

Thr

Lys

Val

Arg

Asp

Ser

Tyr

Trp

Ile

Thr

Ala

Leu

Phe

Ser

His

Arg

Thr

Leu

His

Leu

Ser

Ile

Glu

Gly

Arg

Leu

Leu

Ile

Val

Leu

Ser

Tyr

Glu

Ile

His

Leu

Asp

Ser

Cys

Arg

Ala

Lys

Ser

Ser

Leu

Tyr

Arg

Ala

Gly

Cys

Thr

Gln

Cys

Phe

Pro

Asn

Leu

Thr

Met

Phe

Asp

Leu

Leu

Leu

Ala

Ala

Leu

Gly

Leu

Leu
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<210> SEQ ID NO 41
<211> LENGTH: 6189

<212> TYPE:

DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:
<223> OTHER INFORMATION: nucleotide sequence encoding hepatitis C virus

polyprotein derived from Conl

<400> SEQUENCE: 41

atggcgecta

agcctcacag

acacaatctt

ggctcaaaga

caggaccteg

ggcagctcgg

ggcgacagca

ggcggtecac

acccgagggyg

cggteccegy

geccatctac

gcccaagggt

gegtatatgt

accacgggtyg

tetgggggcy

atcctgggea

ctegecaceyg

getetgteca

aaggggggga

aagctgteeg

ataccaacta

ggcgattteyg

ctggacccga

cagceggcgag

gaacggcect

gettggtacy

ccagggttge

acccacatag

ctggtageat

caaatgtgga

tataggctgg

atggcatgca

gtcctageag

atcatcttgt

gatgagatgg

ttacggecta

gccgggacag

tcctggegac

cecttgeegy

tcggetggea

acctttactt

gggggagect

tgctctgece

ttgcgaagge

tcttecacgga

acgccectac

ataaggtgct

ctaaggcaca

cceccecatcac

cctatgacat

tcggcacagt

ctacgectee

gcactggaga

ggcacctcat

gecteggact

geggagacgt

actcagtgat

ccttcaccat

gcaggactgg

cgggcatgtt

agctcacgec

cegtetgeca

acgcccattt

accaggctac

agtgtctcat

gagccgttcea

tgtcggetga

ctetggeege

ccggaaagec

aagagtgcge

ctcccaacag

gaaccaggte

ctgcgtcaat

cccaaaggge

agcgeeeacc

ggtcacgagg

actctcecce

cteggggeac

ggtggacttt

caactegtee

tggtagcggc

tgtcctgaac

tggtatcgac

gtactccace

cataatatgt

cctggaccaa

gggatcggtc

aatcccecttt

tttctgecat

caatgctgta

cattgtcgta

cgactgcaat

tgagacgacg

taggggcagg

cgattecteg

cgccgagace

ggaccatctyg

cttgtcccag

ggtgthgCC

acggctaaag

aaacgaggtt

cctggaggte

gtattgcctyg

ggccatcatt

ctcacacctce

acgcgaggec

dagggggagy

ggcgtgtgtt

ccaatcaccce

ggggcgegtt

catgccgatg

aggccegtet

gctgtgggca

gtaccegteg

cctecggeey

aagagcacta

cegteegteg

cctaacatca

tatggcaagt

gatgagtgce

dcggagacgyg

accgtgecac

tatggcaaag

tccaagaaga

gcatattace

gcaacggacyg

acatgtgtca

accgtgecac

atgggcattt

gttetgtgeyg

tcagttaggt

gagttctggg

actaagcagg

agggctcagg

cctacgetge

actaccacac

gtcacgagca

acaacaggca

cccgacaggyg

ccttacateg

tacttggcetyg

tccaagtggt

ggactgtcta

aaatgtacac

ccttgacace

tcattccggt

cctacttgaa

tcttteggge

agtctatgga

taccgcagac

aggtgccggc

cecgecacect

gaaccggggt

ttcttgccga

actcaactga

ctggagcgcg

atccaaacat

ccatccccat

aatgtgatga

ggggccttga

ctctaatgac

cccagacagt

aagacgcggt

acaggtttgt

agtgctatga

tgcgggetta

agagcgtett

caggagacaa

ctccacctcee

acgggccaac

accccataac

cctgggtget

gegtggteat

aagtccttta

aacagggaat

catcatcact

ctccaccgea

tcatggtgee

caatgtggac

atgcacctge

gegecggegg

gggetetteg

tgcegtgtge

aaccactatg

attccaggtyg

tgcgtatgea

aggtttcggg

aaggaccatc

cggtggttgc

ctcgaccact

actcgtegty

cgaggaggtg

cgagaccatce

getegecgeg

tgtatccgte

gggctttace

cgacttcage

gtcacgcteg

gactccagga

cgcgggctgt

cctaaacaca

tacaggccte

cttccectac

atcgtgggac

gecectgetyg

caaatacatc

ggtaggcgga

tgtgggcagg

cegggagtte

gecagctegece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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gaacaattca aacagaaggc aatcgggttg ctgcaaacag ccaccaagca agcggagget 2160
gctgecteeeg tggtggaatce caagtggcegg accctcgaag ccttcectggge gaagcatatg 2220
tggaatttca tcagcgggat acaatattta gcaggcttgt ccactctgcce tggcaacccce 2280
gcgatagcat cactgatggce attcacagcc tctatcacca gcccgctcac cacccaacat 2340
accctectgt ttaacatcct ggggggatgg gtggccgecce aacttgctece teccagegcet 2400
gcttetgett tegtaggcge cggcatceget ggagcggctg ttggcagcat aggecttggyg 2460
aaggtgcttg tggatatttt ggcaggttat ggagcagggg tggcaggcgce gctecgtggcece 2520
tttaaggtca tgagcggcga gatgccctcee accgaggacce tggttaacct actccctget 2580
atcctectece ctggegceect agtegteggg gtegtgtgeg cagcgatact gegtceggcac 2640
gtgggcccag gggagggggce tgtgcagtgg atgaaccggce tgatagegtt cgcttcegegg 2700
ggtaaccacg tctcccceccac gcactatgtg cctgagageg acgctgcagce acgtgtcact 2760
cagatcctct ctagtcttac catcactcag ctgctgaaga ggcttcacca gtggatcaac 2820
gaggactgct ccacgccatg cteecggceteg tggctaagag atgtttggga ttggatatge 2880
acggtgttga ctgatttcaa gacctggctce cagtccaagce tcecctgecgeg attgcecggga 2940
gtccecttet tetcatgtca acgtgggtac aagggagtcet ggcggggcga cggcatcatg 3000
caaaccacct gcccatgtgg agcacagatce accggacatyg tgaaaaacgyg ttccatgagg 3060
atcgtggggce ctaggacctg tagtaacacg tggcatggaa cattccccat taacgcgtac 3120
accacgggcece cctgcacgece cteccceceggeg ccaaattatt ctagggcget gtggegggtg 3180
gctgectgagyg agtacgtgga ggttacgcegg gtgggggatt tcecactacgt gacgggcatg 3240
accactgaca acgtaaagtg cccgtgtcag gttccggece ccgaattctt cacagaagtg 3300
gatggggtgc ggttgcacag gtacgctcca gecgtgcaaac ccctectacg ggaggaggtce 3360
acattcctgg tcgggctcaa tcaatacctg gttgggtcac agctcccatg cgagceccgaa 3420
ccggacgtag cagtgctcac ttceccatgcte accgaccect cccacattac ggcggagacg 3480
gctaagcgta ggctggeccag gggatctcecce cectecttgg ccagctcatce agctatcecag 3540
ctgtctgege cttcecttgaa ggcaacatgce actaccegtce atgactcccce ggacgctgac 3600
ctcatcgagg ccaacctect gtggeggcag gagatgggeg ggaacatcac ccgegtggag 3660
tcagaaaata aggtagtaat tttggactct ttcgagccge tccaagcgga ggaggatgag 3720
agggaagtat ccgttccgge ggagatcctg cggaggtceca ggaaattcce tegagcgatg 3780
cccatatggg cacgcccgga ttacaaccct ccactgttag agtcctggaa ggacccggac 3840
tacgtcecte cagtggtaca cgggtgtcca ttgccgectg ccaaggccece tecgatacca 3900
cctccacgga ggaagaggac ggttgtectg tcagaatcta cecgtgtctte tgeccttggeg 3960
gagctcgeca caaagacctt cggcagectcece gaatcgtegg cegtcgacag cggcacggea 4020
acggectete ctgaccagcece ctccgacgac ggcgacgegyg gatccgacgt tgagtcgtac 4080
tcetecatge cecccecttga gggggagcecg ggggatcececg atctcagcga cgggtcettgg 4140
tctaccgtaa gcgaggaggce tagtgaggac gtcegtctget getcgatgte ctacacatgg 4200
acaggcgcce tgatcacgcce atgcgetgeg gaggaaacca agctgcccat caatgcactg 4260
agcaactctt tgctccgtca ccacaacttg gtctatgcecta caacatctceg cagcgcaagce 4320
ctgcggcaga agaaggtcac ctttgacaga ctgcaggtece tggacgacca ctaccgggac 4380
gtgctcaagyg agatgaaggc gaaggcgtcc acagttaagg ctaaacttct atccgtggag 4440

gaagcctgta agctgacgce cccacattcecg geccagatcta aatttggecta tggggcaaag 4500
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gacgtccgga acctatccag caaggccegtt aaccacatcc getceccegtgtg gaaggacttg 4560
ctggaagaca ctgagacacc aattgacacc accatcatgg caaaaaatga ggttttctgce 4620
gtccaaccag agaagggggg ccgcaagcca gctcgectta tegtattceccce agatttgggg 4680
gttcgtgtgt gcgagaaaat ggccctttac gatgtggtet ccaccctecce tcaggcegtyg 4740
atgggctett catacggatt ccaatactct cctggacagce gggtcgagtt cctggtgaat 4800
gcctggaaag cgaagaaatg ccctatgggce ttcecgcatatg acacccgetg ttttgactca 4860
acggtcactg agaatgacat ccgtgttgag gagtcaatct accaatgttg tgacttggcce 4920
ccecgaageca gacaggecat aaggtcegetce acagagegge tttacategg gggeccectg 4980
actaattcta aagggcagaa ctgcggctat cgcecggtgece gegcgagcgg tgtactgacg 5040
accagctgeg gtaatacccect cacatgttac ttgaaggccg ctgcggcectg tegagcetgeg 5100
aagctccagg actgcacgat gctcgtatge ggagacgacc ttgtcgttat ctgtgaaagce 5160
geggggacee aagaggacga ggcgagecta cgggcecttca cggaggcetat gactagatac 5220
tctgeccceccece ctggggacce geccaaacca gaatacgact tggagttgat aacatcatgce 5280
tcetecaatg tgtcagtege gcacgatgca tctggcaaaa gggtgtacta tcectcaccegt 5340
gaccccacca ccceecttge gegggetgeg tgggagacag ctagacacac tccagtcaat 5400
tcetggetag gcaacatcat catgtatgcg cccaccttgt gggcaaggat gatcctgatg 5460
actcatttct tctceccatccect tetagctcag gaacaacttg aaaaagccct agattgtcag 5520
atctacgggg cctgttactce cattgagcca cttgacctac ctcagatcat tcaacgactce 5580
catggcctta gecgcatttte actccatagt tactctceccag gtgagatcaa tagggtggcet 5640
tcatgcctca ggaaacttgg ggtaccgcce ttgcgagtcet ggagacatcg ggccagaagt 5700
gtcegegeta ggctactgte ccaggggggg agggctgcca cttgtggcaa gtacctette 5760
aactgggcag taaggaccaa gctcaaactc actccaatcc cggctgcecgte ccagttggat 5820
ttatccagct ggttegttge tggttacage gggggagaca tatatcacag cctgtctegt 5880
gccecgaceee getggttcat gtggtgecta ctcectacttt ctgtaggggt aggcatctat 5940
ctactcceccca accgatgaac ggggagctaa acactccagg ccaataggcce atcctgtttt 6000
tttcectttt tttttttett tttttttttt tttttttttt tttttttttt ttctectttt 6060
tttttectet tttttteett ttetttectt tggtggetece atcttagcce tagtcacggce 6120
tagctgtgaa aggtccgtga gecgcttgac tgcagagagt gcectgatactg gectctetgce 6180
agatcaagt 6189

<210> SEQ ID NO 42
<211> LENGTH: 1985

<212> TYPE:

PRT

<213> ORGANISM: ARTIFICIAL

<220> FEATURE:

<223> OTHER INFORMATION: amino a
2119-8073 of SEQ ID NO:41

<400> SEQUENCE: 42

Met Ala Pro Ile Thr

1

Cys Ile Ile Thr Ser

Glu Val Gln Val Val

35

Val Asn Gly Val Cys

5

20

Ala Tyr Ser

Leu Thr Gly

Ser Thr Ala

40

Trp Thr Val

cid sequence encoded by

Gln Gln Thr
10

Arg Asp Arg
25

Thr Gln Ser

Tyr His Gly

Arg Gly Leu

Asn Gln Val
30

Phe Leu Ala
45

Ala Gly Ser

the nucleotides

Leu Gly
15
Glu Gly

Thr Cys

Lys Thr
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Leu

65

Gln

Pro

Asp

Ser

Leu

145

Thr

Glu

Ala

Ser

Lys

225

Ala

Val

Lys

Ile

Gly

305

Leu

Ile

Lys

Cys

Leu

385

Ile

Thr

Val

Thr

Arg
465

50

Ala

Asp

Cys

Val

Pro

130

Cys

Arg

Thr

Val

Gly

210

Val

Tyr

Arg

Phe

Cys

290

Thr

Ala

Glu

Ala

His

370

Gly

Pro

Gly

Thr

Thr

450

Thr

Gly

Leu

Thr

Ile

115

Arg

Pro

Gly

Thr

Pro

195

Lys

Leu

Met

Thr

Leu

275

Asp

Val

Thr

Glu

Ile

355

Ser

Leu

Thr

Phe

Gln

435

Thr

Gly

Pro

Val

Cys

100

Pro

Pro

Ser

Val

Met

180

Gln

Ser

Val

Ser

Ile

260

Ala

Glu

Leu

Ala

Val

340

Pro

Lys

Asn

Ser

Thr

420

Thr

Val

Arg

Lys

Gly

85

Gly

Val

Val

Gly

Ala

165

Arg

Thr

Thr

Leu

Lys

245

Thr

Asp

Cys

Asp

Thr

325

Ala

Ile

Lys

Ala

Gly

405

Gly

Val

Pro

Gly

Gly

70

Trp

Ser

Arg

Ser

His

150

Lys

Ser

Phe

Lys

Asn

230

Ala

Thr

Gly

His

Gln

310

Pro

Leu

Glu

Lys

Val

390

Asp

Asp

Asp

Gln

Arg
470

55

Pro

Gln

Ser

Arg

Tyr

135

Ala

Ala

Pro

Gln

Val

215

Pro

His

Gly

Gly

Ser

295

Ala

Pro

Ser

Thr

Cys

375

Ala

Val

Phe

Phe

Asp

455

Met

Ile

Ala

Asp

Arg

120

Leu

Val

Val

Val

Val

200

Pro

Ser

Gly

Ala

Cys

280

Thr

Glu

Gly

Ser

Ile

360

Asp

Tyr

Ile

Asp

Ser

440

Ala

Gly

Thr

Pro

Leu

105

Gly

Lys

Gly

Asp

Phe

185

Ala

Ala

Val

Ile

Pro

265

Ser

Asp

Thr

Ser

Thr

345

Lys

Glu

Tyr

Val

Ser

425

Leu

Val

Ile

Gln

Pro

90

Tyr

Asp

Gly

Ile

Phe

170

Thr

His

Ala

Ala

Asp

250

Ile

Gly

Ser

Ala

Val

330

Gly

Gly

Leu

Arg

Val

410

Val

Asp

Ser

Tyr

Met

75

Gly

Leu

Ser

Ser

Phe

155

Val

Asp

Leu

Tyr

Ala

235

Pro

Thr

Gly

Thr

Gly

315

Thr

Glu

Gly

Ala

Gly

395

Ala

Ile

Pro

Arg

Arg
475

60

Tyr

Ala

Val

Arg

Ser

140

Arg

Pro

Asn

His

Ala

220

Thr

Asn

Tyr

Ala

Thr

300

Ala

Val

Ile

Arg

Ala

380

Leu

Thr

Asp

Thr

Ser

460

Phe

Thr

Arg

Thr

Gly

125

Gly

Ala

Val

Ser

Ala

205

Ala

Leu

Ile

Ser

Tyr

285

Ile

Arg

Pro

Pro

His

365

Lys

Asp

Asp

Cys

Phe

445

Gln

Val

Asn

Ser

Arg

110

Ser

Gly

Ala

Glu

Ser

190

Pro

Gln

Gly

Arg

Thr

270

Asp

Leu

Leu

His

Phe

350

Leu

Leu

Val

Ala

Asn

430

Thr

Arg

Thr

Val

Leu

95

His

Leu

Pro

Val

Ser

175

Pro

Thr

Gly

Phe

Thr

255

Tyr

Ile

Gly

Val

Pro

335

Tyr

Ile

Ser

Ser

Leu

415

Thr

Ile

Arg

Pro

Asp

80

Thr

Ala

Leu

Leu

Cys

160

Met

Pro

Gly

Tyr

Gly

240

Gly

Gly

Ile

Ile

Val

320

Asn

Gly

Phe

Gly

Val

400

Met

Cys

Glu

Gly

Gly
480
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Glu

Asp

Arg

Ala

545

Leu

Pro

Leu

Glu

Ser

625

Val

Ile

Arg

Gln

705

Ala

Ala

Leu

Thr

Asn

785

Ala

Ile

Gly

Pro

Gly

865

Val

Phe

Arg

Ala

Leu

Leu

530

His

Val

Ser

His

Val

610

Ala

Leu

Val

Glu

Leu

690

Lys

Ala

Lys

Ser

Ala

770

Ile

Ser

Gly

Val

Ser

850

Ala

Gly

Ala

Pro

Gly

Arg

515

Glu

Phe

Ala

Trp

Gly

595

Thr

Asp

Ala

Gly

Val

675

Pro

Ala

Pro

His

Thr

755

Ser

Leu

Ala

Leu

Ala

835

Thr

Leu

Pro

Ser

Ser

Cys

500

Ala

Phe

Leu

Tyr

Asp

580

Pro

Thr

Leu

Ala

Arg

660

Leu

Tyr

Ile

Val

Met

740

Leu

Ile

Gly

Phe

Gly

820

Gly

Glu

Val

Gly

Arg
900

Gly

485

Ala

Tyr

Trp

Ser

Gln

565

Gln

Thr

Thr

Glu

Leu

645

Ile

Tyr

Ile

Gly

Val

725

Trp

Pro

Thr

Gly

Val

805

Lys

Ala

Asp

Val

Glu

885

Gly

Met

Trp

Leu

Glu

Gln

550

Ala

Met

Pro

His

Val

630

Ala

Ile

Arg

Glu

Leu

710

Glu

Asn

Gly

Ser

Trp

790

Gly

Val

Leu

Leu

Gly

870

Gly

Asn

Phe

Tyr

Asn

Ser

535

Thr

Thr

Trp

Leu

Pro

615

Val

Ala

Leu

Glu

Gln

695

Leu

Ser

Phe

Asn

Pro

775

Val

Ala

Leu

Val

Val

855

Val

Ala

His

Asp

Glu

Thr

520

Val

Lys

Val

Lys

Leu

600

Ile

Thr

Tyr

Ser

Phe

680

Gly

Gln

Lys

Ile

Pro

760

Leu

Ala

Gly

Val

Ala

840

Asn

Val

Val

Val

Ser

Leu

505

Pro

Phe

Gln

Cys

Cys

585

Tyr

Thr

Ser

Cys

Gly

665

Asp

Met

Thr

Trp

Ser

745

Ala

Thr

Ala

Ile

Asp

825

Phe

Leu

Cys

Gln

Ser
905

Ser

490

Thr

Gly

Thr

Ala

Ala

570

Leu

Arg

Lys

Thr

Leu

650

Lys

Glu

Gln

Ala

Arg

730

Gly

Ile

Thr

Gln

Ala

810

Ile

Lys

Leu

Ala

Trp

890

Pro

Val

Pro

Leu

Gly

Gly

555

Arg

Ile

Leu

Tyr

Trp

635

Thr

Pro

Met

Leu

Thr

715

Thr

Ile

Ala

Gln

Leu

795

Gly

Leu

Val

Pro

Ala

875

Met

Thr

Leu

Ala

Pro

Leu

540

Asp

Ala

Arg

Gly

Ile

620

Val

Thr

Ala

Glu

Ala

700

Lys

Leu

Gln

Ser

His

780

Ala

Ala

Ala

Met

Ala

860

Ile

Asn

His

Cys

Glu

Val

525

Thr

Asn

Gln

Leu

Ala

605

Met

Leu

Gly

Ile

Glu

685

Glu

Gln

Glu

Tyr

Leu

765

Thr

Pro

Ala

Gly

Ser

845

Ile

Leu

Arg

Tyr

Glu

Thr

510

Cys

His

Phe

Ala

Lys

590

Val

Ala

Val

Ser

Ile

670

Cys

Gln

Ala

Ala

Leu

750

Met

Leu

Pro

Val

Tyr

830

Gly

Leu

Arg

Leu

Val
910

Cys

495

Ser

Gln

Ile

Pro

Pro

575

Pro

Gln

Cys

Gly

Val

655

Pro

Ala

Phe

Glu

Phe

735

Ala

Ala

Leu

Ser

Gly

815

Gly

Glu

Ser

Arg

Ile

895

Pro

Tyr

Val

Asp

Asp

Tyr

560

Pro

Thr

Asn

Met

Gly

640

Val

Asp

Ser

Lys

Ala

720

Trp

Gly

Phe

Phe

Ala

800

Ser

Ala

Met

Pro

His

880

Ala

Glu
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Ser Asp Ala Ala Ala Arg Val Thr Gln Ile Leu Ser Ser Leu Thr Ile
915 920 925

Thr Gln Leu Leu Lys Arg Leu His Gln Trp Ile Asn Glu Asp Cys Ser
930 935 940

Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp Val Trp Asp Trp Ile Cys

945 950 955 960

Thr Val Leu Thr Asp Phe Lys Thr Trp Leu Gln Ser Lys Leu Leu Pro

965 970 975
Arg Leu Pro Gly Val Pro Phe Phe Ser Cys Gln Arg Gly Tyr Lys Gly
980 985 990
Val Trp Arg Gly Asp Gly Ile Met Gln Thr Thr Cys Pro Cys Gly Ala
995 1000 1005

Gln Ile Thr Gly His Val Lys Asn Gly Ser Met Arg Ile Val Gly
1010 1015 1020

Pro Arg Thr Cys Ser Asn Thr Trp His Gly Thr Phe Pro Ile Asn
1025 1030 1035

Ala Tyr Thr Thr Gly Pro Cys Thr Pro Ser Pro Ala Pro Asn Tyr
1040 1045 1050

Ser Arg Ala Leu Trp Arg Val Ala Ala Glu Glu Tyr Val Glu Val
1055 1060 1065

Thr Arg Val Gly Asp Phe His Tyr Val Thr Gly Met Thr Thr Asp
1070 1075 1080

Asn Val Lys Cys Pro Cys Gln Val Pro Ala Pro Glu Phe Phe Thr
1085 1090 1095

Glu Val Asp Gly Val Arg Leu His Arg Tyr Ala Pro Ala Cys Lys
1100 1105 1110

Pro Leu Leu Arg Glu Glu Val Thr Phe Leu Val Gly Leu Asn Gln
1115 1120 1125

Tyr Leu Val Gly Ser Gln Leu Pro Cys Glu Pro Glu Pro Asp Val
1130 1135 1140

Ala Val Leu Thr Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala
1145 1150 1155

Glu Thr Ala Lys Arg Arg Leu Ala Arg Gly Ser Pro Pro Ser Leu
1160 1165 1170

Ala Ser Ser Ser Ala Ile Gln Leu Ser Ala Pro Ser Leu Lys Ala
1175 1180 1185

Thr Cys Thr Thr Arg His Asp Ser Pro Asp Ala Asp Leu Ile Glu
1190 1195 1200

Ala Asn Leu Leu Trp Arg Gln Glu Met Gly Gly Asn Ile Thr Arg
1205 1210 1215

Val Glu Ser Glu Asn Lys Val Val Ile Leu Asp Ser Phe Glu Pro
1220 1225 1230

Leu Gln Ala Glu Glu Asp Glu Arg Glu Val Ser Val Pro Ala Glu
1235 1240 1245

Ile Leu Arg Arg Ser Arg Lys Phe Pro Arg Ala Met Pro Ile Trp
1250 1255 1260

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Leu Glu Ser Trp Lys Asp
1265 1270 1275

Pro Asp Tyr Val Pro Pro Val Val His Gly Cys Pro Leu Pro Pro
1280 1285 1290

Ala Lys Ala Pro Pro Ile Pro Pro Pro Arg Arg Lys Arg Thr Val
1295 1300 1305

Val Leu Ser Glu Ser Thr Val Ser Ser Ala Leu Ala Glu Leu Ala
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Thr

Thr

Gly

Glu

Ser

Thr

Lys

Asn

Lys

Arg

Ala

Asn

Asp

Ala

Lys

Cys

Ala

Arg

Met

Glu

Leu

Leu

Gly

Gly

Ala

1310

Lys
1325

Ala
1340

Ser
1355

Pro
1370

Glu
1385

Trp
1400

Leu
1415

Leu
1430

Lys
1445

Asp
1460

Lys
1475

Ser
1490

Leu
1505

Leu
1520

Lys
1535

Pro
1550

Glu
1565

Val
1580

Val
1595

Gly
1610

Asn
1625

Ala
1640

Tyr
1655

Tyr
1670

Asn
1685

Ala
1700

Thr

Thr

Asp

Gly

Glu

Thr

Pro

Val

Val

Val

Leu

Ala

Ser

Leu

Asn

Ala

Lys

Met

Glu

Phe

Asp

Pro

Ile

Arg

Thr

Lys

Phe

Ala

Val

Asp

Ala

Gly

Ile

Tyr

Thr

Leu

Leu

Arg

Ser

Glu

Glu

Arg

Met

Gly

Phe

Ala

Ile

Glu

Gly

Arg

Leu

Leu

Gly

Ser

Glu

Pro

Ser

Ala

Asn

Ala

Phe

Lys

Ser

Ser

Lys

Asp

Val

Leu

Ala

Ser

Leu

Tyr

Arg

Ala

Gly

Cys

Thr

Gln

Ser

Pro

Ser

Asp

Glu

Leu

Ala

Thr

Asp

Glu

Val

Lys

Ala

Thr

Phe

Ile

Leu

Ser

Val

Asp

Val

Arg

Pro

Arg

Cys

Asp

1315

Ser
1330

Asp
1345

Tyr
1360

Leu
1375

Asp
1390

Ile
1405

Leu
1420

Thr
1435

Arg
1450

Met
1465

Glu
1480

Phe
1495

Val
1510

Glu
1525

Cys
1540

Val
1555

Tyr
1570

Tyr
1585

Asn
1600

Thr
1615

Glu
1630

Gln
1645

Leu
1660

Ala
1675

Tyr
1690

Cys
1705

Glu

Gln

Ser

Ser

Val

Thr

Ser

Ser

Leu

Lys

Glu

Gly

Asn

Thr

Val

Phe

Asp

Gly

Ala

Arg

Glu

Ala

Thr

Ser

Leu

Thr

Ser

Pro

Ser

Asp

Val

Pro

Asn

Arg

Gln

Ala

Ala

Tyr

His

Pro

Gln

Pro

Val

Phe

Trp

Cys

Ser

Ile

Asn

Gly

Lys

Met

Ser

Ser

Met

Gly

Cys

Cys

Ser

Ser

Val

Lys

Cys

Gly

Ile

Ile

Pro

Asp

Val

Gln

Lys

Phe

Ile

Arg

Ser

Val

Ala

Leu

Ala

Asp

Pro

Ser

Cys

Ala

Leu

Ala

Leu

Ala

Lys

Ala

Arg

Asp

Glu

Leu

Ser

Tyr

Ala

Asp

Tyr

Ser

Lys

Leu

Ala

Val

1320

Val
1335

Asp
1350

Pro
1365

Trp
1380

Ser
1395

Ala
1410

Leu
1425

Ser
1440

Asp
1455

Ser
1470

Leu
1485

Lys
1500

Ser
1515

Thr
1530

Lys
1545

Gly
1560

Thr
1575

Ser
1590

Lys
1605

Ser
1620

Gln
1635

Leu
1650

Gly
1665

Thr
1680

Ala
1695

Cys
1710

Asp

Gly

Leu

Ser

Met

Glu

Arg

Leu

Asp

Thr

Thr

Asp

Val

Thr

Gly

Val

Leu

Pro

Lys

Thr

Cys

Thr

Gln

Thr

Ala

Gly

Ser

Asp

Glu

Thr

Ser

Glu

His

Arg

His

Val

Pro

Val

Trp

Ile

Gly

Arg

Pro

Gly

Cys

Val

Cys

Glu

Asn

Ser

Cys

Asp

Gly

Ala

Gly

Val

Tyr

Thr

His

Gln

Tyr

Lys

Pro

Arg

Lys

Met

Arg

Val

Gln

Gln

Pro

Thr

Asp

Arg

Cys

Cys

Arg

Asp
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Leu Val Val Ile Cys Glu Ser Ala Gly
1715 1720

Ser Leu Arg Ala Phe Thr Glu Ala Met
1730 1735

Pro Gly Asp Pro Pro Lys Pro Glu Tyr
1745 1750

Ser Cys Ser Ser Asn Val Ser Val Ala
1760 1765

Arg Val Tyr Tyr Leu Thr Arg Asp Pro
1775 1780

Ala Ala Trp Glu Thr Ala Arg His Thr
1790 1795

Gly Asn Ile Ile Met Tyr Ala Pro Thr
1805 1810

Leu Met Thr His Phe Phe Ser Ile Leu
1820 1825

Glu Lys Ala Leu Asp Cys Gln Ile Tyr
1835 1840

Glu Pro Leu Asp Leu Pro Gln Ile Ile
1850 1855

Ser Ala Phe Ser Leu His Ser Tyr Ser
1865 1870

Val Ala Ser Cys Leu Arg Lys Leu Gly
1880 1885

Trp Arg His Arg Ala Arg Ser Val Arg
1895 1900

Gly Gly Arg Ala Ala Thr Cys Gly Lys
1910 1915

Val Arg Thr Lys Leu Lys Leu Thr Pro
1925 1930

Leu Asp Leu Ser Ser Trp Phe Val Ala
1940 1945

Ile Tyr His Ser Leu Ser Arg Ala Arg
1955 1960

Cys Leu Leu Leu Leu Ser Val Gly Val
1970 1975

Asn Arg
1985

<210> SEQ ID NO 43

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 43

tcecctetaga cggaccgeta tcaggacata go

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 35

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 44

attcgtgete atggtattat cgtgttttte aaagg

Thr

Thr

Asp

His

Thr

Pro

Leu

Leu

Gly

Gln

Pro

Val

Ala

Tyr

Ile

Gly

Pro

Gly

Gln

Arg

Leu

Asp

Thr

Val

Trp

Ala

Ala

Arg

Gly

Pro

Arg

Leu

Pro

Tyr

Arg

Ile

Glu Asp Glu Ala

1725

Tyr
1740

Glu
1755

Ala
1770

Pro
1785

Asn
1800

Ala
1815

Gln
1830

Cys
1845

Leu
1860

Glu
1875

Pro
1890

Leu
1905

Phe
1920

Ala
1935

Ser
1950

Trp
1965

Tyr
1980

Ser

Leu

Ser

Leu

Ser

Arg

Glu

Tyr

Ile

Leu

Leu

Asn

Ala

Gly

Phe

Leu

Ala

Ile

Gly

Ala

Trp

Met

Gln

Ser

Gly

Asn

Arg

Ser

Trp

Ser

Gly

Met

Leu

Pro

Thr

Lys

Arg

Leu

Ile

Leu

Ile

Leu

Arg

Val

Gln

Ala

Gln

Asp

Trp

Pro

32

35
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 34

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 45

cacgataata ccatgagcac gaatcctaaa cctce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 34

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 46

ccgetegagyg cagtegtteg tgacatggta tacce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 32

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 47

tcecctetaga cggaccgeta tcaggacata go

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 38

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 48

agagcaaccg ggcatggtat tatcgtgttt ttcaaagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 40

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 49

cacgataata ccatgeccegg ttgetetttt tctatcttece

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 50

LENGTH: 22

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 50

atgtacagcce gaaccagttg cc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 51

LENGTH: 32

TYPE: DNA

ORGANISM: ARTIFICIAL
FEATURE:

OTHER INFORMATION: primer

34

34

32

38

40

22
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<400> SEQUENCE: 51

tcecctetaga cggaccgeta tcaggacata go

<210> SEQ ID NO 52

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 52

ctceceggtee atggtattat cgtgttttte aaagg

<210> SEQ ID NO 53

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 53

cacgataata ccatggaccg ggagatgget gc

<210> SEQ ID NO 54

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 54

gagcggtceeg agtatggcaa tcag

<210> SEQ ID NO 55

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 55

agcctetteca geagetg

<210> SEQ ID NO 56

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 56

aggaaatggce ctattgge

<210> SEQ ID NO 57

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 57

tttccaccat attgeegte

<210> SEQ ID NO 58
<211> LENGTH: 18

32

35

32

24

17

18

19
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<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 58

ttgacgcagyg tcgccagg

<210> SEQ ID NO 59

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 59

gaaccaggte gagggggagyg

<210> SEQ ID NO 60

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 60

tcgatgggga tggetttgec

<210> SEQ ID NO 61

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 61

ctegecaceyg ctacgectec

<210> SEQ ID NO 62

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 62

actccgecta ccageacec

<210> SEQ ID NO 63

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 63

accccataac caaatacatce

<210> SEQ ID NO 64

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 64

agcctetteca geagetg

18

20

20

20

19

20

17
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<210> SEQ ID NO 65

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 65

tatgtgcctyg agagcgacge

<210> SEQ ID NO 66

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 66

tatgtgcctyg agagcgacge

<210> SEQ ID NO 67

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 67

aaccttectgt ggcggcagg

<210> SEQ ID NO 68

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 68

ctggttggac gcagaaaacc

<210> SEQ ID NO 69

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 69

gatcecgggee cagggttgga ctcegacgtet cccgcaaget taagaaggeg

<210> SEQ ID NO 70

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 70

aaccacatce gcteegtgtg

<210> SEQ ID NO 71

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

20

20

19

20

50

20
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<400> SEQUENCE: 71

tggctcaatg gagtaacagg 20

<210> SEQ ID NO 72

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 72

ttcteccatece ttctagcet 18

<210> SEQ ID NO 73

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 73

aacaggaaat ggcctattg 19

<210> SEQ ID NO 74

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: deletion in NS5B

<400> SEQUENCE: 74

Met Leu Val Asn Gly Asp Asp Leu Val Val
1 5 10

<210> SEQ ID NO 75

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: insertion in NS5A

<400> SEQUENCE: 75
Ser Ser Tyr Asn

1

<210> SEQ ID NO 76

<211> LENGTH: 168

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: 3' NTR of H77C strain

<400> SEQUENCE: 76
cuccccaace gaugaagguu gggguaaaca cuccggecuc uuaagecauu uccuguuuuu 60
uuuuucuaau gguggcucca ucuuagceccu agucacggcu agcugugaaa gguccgugag 120

ccgcaugacu gcagagagug cugauacugg ccucucugcea gaucaugu 168
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What is claimed is:
1. An isolated replication competent HCV polynucleotide
comprising:
a first coding sequence encoding a subgenomic hepatitis C
virus polyprotein;
aheterologous polynucleotide comprising a second coding
sequence encoding a transactivator, wherein the HCV
comprises a 3' non-translated RNA, and wherein the
heterologous polynucleotide is located in the 3' non-
translated RNA or 5' of the first coding sequence,
wherein the first coding sequence is operably linked to a
first regulatory region and the second coding sequence is
operably linked to a second regulatory region, and
wherein the first and second regulatory regions each
comprise an internal ribosome entry segment.
2. The replication competent HCV polynucleotide of claim
1 wherein the heterologous polynucleotide further comprises
a third coding sequence encoding a selectable marker, and
wherein the second coding sequence and the third coding
sequence together encode a fusion polypeptide.
3. The replication competent HCV polynucleotide of claim
2 wherein the heterologous polynucleotide further comprises
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 wherein the second coding sequence,
the fourth coding sequence, and the third coding sequence
together encode a fusion polypeptide.
4. The replication competent HCV polynucleotide of claim
1 wherein the transactivator comprises an amino acid
sequence comprising at least about 95% identity with an
amino acid sequence selected from the group consisting of
SEQ ID NO:19 and amino acids 4-89 of SEQ ID NO:21, and
wherein the transactivator has tat activity.
5. The replication competent HCV polynucleotide of claim
1 wherein the polynucleotide is an RNA polynucleotide.
6. The replication competent HCV polynucleotide of claim
1 wherein the polynucleotide is a DNA polynucleotide.
7. The replication competent HCV polynucleotide of claim
6 wherein the DNA polynucleotide is present in a vector.
8. The replication competent HCV polynucleotide of claim
1 wherein the replication competent HCV polynucleotide is
genotype la or 1b.
9. The replication competent HCV polynucleotide of claim
1 wherein the second coding sequence does not comprise
nucleotides encoding viral core protein.
10. An isolated replication competent HCV polynucleotide
comprising a first coding sequence encoding a hepatitis C
virus polyprotein, and a heterologous polynucleotide,
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wherein the heterologous polynucleotide comprises a second
coding sequence, and wherein the second coding sequence
encodes a transactivator, wherein the first coding sequence is
operably linked to a first regulatory region and the second
coding sequence is operably linked to a second regulatory
region, and wherein the first and second regulatory regions
each comprise an internal ribosome entry segment.

11. The replication competent HCV polynucleotide of
claim 10 wherein the HCV comprises a 3' non-translated
RNA, and wherein the heterologous polynucleotide is present
in the 3' non-translated RNA or 5' of the coding sequence.

12. The replication competent HCV polynucleotide of
claim 10 wherein the second coding sequence encodes a
selectable marker or a detectable marker.

13. The replication competent HCV polynucleotide of
claim 10 wherein the transactivator comprises an amino acid
sequence comprising at least about 95% identity with an
amino acid sequence selected from the group consisting of
SEQ ID NO:19 and amino acids 4-89 of SEQ ID NO:21, and
wherein the transactivator has tat activity.

14. The replication competent HCV polynucleotide of
claim 10 wherein the heterologous polynucleotide further
comprises a third coding sequence encoding a selectable
marker, and wherein the second coding sequence and the third
coding sequence together encode a fusion polypeptide.

15. The replication competent HCV polynucleotide of
claim 14 wherein the heterologous polynucleotide further
comprises 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 wherein the second cod-
ing sequence, the fourth coding sequence, and the third cod-
ing sequence together encode a fusion polypeptide.

16. The replication competent HCV polynucleotide of
claim 10 wherein the replication competent HCV polynucle-
otide is an RNA polynucleotide.

17. The replication competent HCV polynucleotide of
claim 10 wherein the replication competent HCV polynucle-
otide is a DNA polynucleotide.

18. The replication competent HCV polynucleotide of
claim 17 wherein the DNA polynucleotide is present in a
vector.

19. The replication competent HCV polynucleotide of
claim 10 wherein the replication competent HCV polynucle-
otide is genotype la or 1b.

20. The replication competent HCV polynucleotide of
claim 10 wherein the second coding sequence does not com-
prise nucleotides encoding viral core protein.
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