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Title Of Invention

Cloned Genome Of Infectious
Hepatitis C Virus of Genotype 2a And Uses Thereof

Field Of Invention

The present invention relates to molecular
approaches to the production of nucleic acid sequence
which comprises the genome of infectious hepatitis C
virus. In particular, the invention provides a nucleic
acid sequence which comprises the genome of an
anectious hepatitis C virus of genotype 2a. The
invention therefore relates to the use of the nucleic
acid sequence and polypeptides encoded by all or part of
the sequence in the development of vaccines and
diagnostic assays for HCV and in the development of
screening assays for the identification of antiviral

agents for HCV.

Background Of Invention

Hepatitis C virus (HCV) has a positive-sense
single-strand RNA genome and is a member of the genué
Hepacivirus within the Flaviviridae family of viruses
(Rice, 1996). As for all positive-stranded RNA viruses,
the genome of HCV functions as mRNA from which all viral
proteins necessary for propagation are translated.

The viral genome of HCV is approximately 9600
nucleotides (nts) in length and consists of a highly
conserved 5' untranslated region (UTR), a single long
open reading frame (ORF) of approximately 9,000 nts and

a complex 3' UTR. The 5" UTR contains an internal

ribosomal entry site (Tsukiyama-Kohara et al., 1992;
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Honda et al., 1996). The 3' UTR consists of a short
variable region, a polypyrimidine tract of variable
length and, at the 3' end, a highly conserved region of
approximately 100 nucleotides (Kolykhalov et al., 1996;
Tanaka et al., 1995; Tanaka et al., 1996; Yamada et al.,
1996). The last 46 nucleotides of this conserved region
were predicted to form a stable stem-loop structure
thought "to be critical for viral replication (Blight and
Rice, 1997; Ito and Lai, 1997; Tsuchihara et al., 1997).
The ORF encodes a large polypeptide precursor that is
cleaved into at least 10 proteins by host and viral
proteinases (Rice, 1996). The predicted envelope
proteins contain several conserved N-linked
glycosylation sites and cysteine residues (Okamoto et
al., 1992a). The NS3 gene encodes a serine protease and
an RNA helicase and the NS5B gene encodes an RNA-
dependent RNA polymerase.

A remarkable characteristic of HCV is its
genetic heterogeneity, which is manifested throughout
the genome (Bukh et al., 1995). The most heterogeneous
regions of the genome are fouﬁd in the envelope genes,
in particular the hypervariable region 1 (HVR1l) at the
N-terminus of E2 (Hijikata et al., 1991; Weiner et al.,
1991). HCV circulates as a quasispecies of closely
related genomes in an infected individual. Globally,
six major HCV genotypes (genotypes 1-6) and multiple
subtypes (a, b, c, etc.) have been identified (Bukh et
al., 1993; Simmonds et al., 1993).

' The nucleotide and deduced amino acid
sequences among isolates within a quasispecies generally
differ by < 2%, whereas those between isolates of

different genotypes vary by as much as 35%. Genotypes
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1, 2 and 3 are found worldwide and constitute more than
90% of the HCV infections in North and South America,
Europe, Russia, China, Japan and Australia (Forns and
Bukh, 1998). Throdghout these regions genotype 1
accounts for the majority of HCV infections but
genotypes 2 and 3 each account for 5-15%.

At present, more than 80% of individuals
infected with HCV become chronically infected and these
chronically infected individuals have a relatively high
risk of developing chronic hepatitis, liver cirrhosis
and hepatocellular carcinoma (Hoofnagle, 1997). The
only effective therapy for chronic hepatitis C,
interferon (IFN), alone or in combination with
ribavirin, induces a sustained response in less than 50%
of treated patients (Davis et al., 1998; McHutchinson et
al., 1998). Consequently, HCV is currently the most
common cause of end stage liver failure and the reason
for about 30% of liver transplants performed in the U.S.
(Hoofnagle, 1997). 1In addition, a number of recent
studies suggested that the severity of liver disease and
the outcome of therapy may be ‘genotype-dependent
(reviewed in Bukh et al., 1997). 1In particular, these
studies suggested that infection with HCV genotype 1lb
was associated with more severe liver disease (Brechot,
1997) and a poorer response to IFN therapy (Fried and
Hoofnagle, 1995). As a result of the inability to
develop a universally effective therapy against HCV
infection, it is estimated that there are still more
than 25,000 new infections yearly in the U.S. (Alter
1997) Moreover, since there is no vaccine for HCV, HCV

remains a serious public health problem.
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Despite the intense interest in the
development of vaccines and therapies for HCV, progress
has been hindered by the absence of a useful cell
culture system and the lack of any small animal model
for laboratory study. For example, while replication of
HCV in several cell lines has been reported, such
observations have turned out not to be highly
reproducible. In addition, the chimpanzee is the only
animal model, other than man, fof this disease.
Consequently, HCV has been studied only by using
clinical materials obtained from patients or
experimentally infected chimpanzees, an animal model
whose availability is very limited.

However, several researchers have recently
reported the construction of infectious cDNA clones of
HCV, the identification of which would permit a more
effective search for susceptible cell lines and
facilitate molecular analysis of the viral genes and
their function. For example, Yoo et al., and Dash et
al., (1997) (1995) reported that RNA transcripts from
cDNA clones of HCV-1 (genotype la) and HCV-N (genotype
1b), respectively, resulted in viral reblication after
transfection into human hepatoma cell lines.
Unfortunately, the viability of these clones was not
tested in vivo and concerns were raised about the
infectivity of these cDNA clones in vitro (Fausto,
1997). 1In addition, both clones did not contain the
terminal 98 conserved nucleotides at the very 3' end of
the UTR.

Kolykhalov et al., (1997) and Yanagi et al.
(1997, 1998) reported the derivation from HCV strains
H77 (genotype la) and HC-J4 (genotype 1lb) of cDNA clones
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of HCV that are infectious for chimpanzees. However,
while these infectious clones will aid in studying HCV
replication and pathogenesis and will provide an
important tool for development of in vitro replication
and propagation systems, it is important to have
infectious clones of more than one genotype, given the
extensive genetic heterogeneity of HCV and the potential
impact of such heterogeneity on the development of
effective therapies and vaccines for HCV.

In addition, synthetic chimeric viruses can be
used to map the functional regions of viruses with
different phenotypes. 1In flaviviruses and pestiviruses,
infectious chimeric viruses have been successfully
engineered to express different functional units of
related viruses (Bray and Lai, 1991; Pletnev et al.,
1992, 1998; Vassilev et al., 1997) and in some cases it
has been possible to make chimeras between non-related
or distantly related viruses. For instance, the IRES
element of poliovirus or bovine viral diarrhea virus has
been replaced with IRES sequences from HCV (Frolov et
al., 1998; Lu and Wimmer, 1996; Zhao et al., 1999).
Recently, the construction of an infectious chimera of
two closely related HCV subtypes has been reported. The
chimera contained the complete ORF of a genotype 1lb
strain but had the 5' and 3' termini of a genotype 1la
strain (Yanagi et al., 1998).

It is important to determine whether chimeras
constructed from more divergent HCV strains are
infectious because such chimeras could be used to define
the functions of viral units and to dissect the immune

response.
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Summary Of The Invention

The present invention relates to nucleic acid
sequence which comprises the genome of infectious
hepatitis C virus and in particular, nucleic acid
sequence which comprises the genome of infectious
hepatitis C virus of genotype 2a. It is therefore an
object of the invention to provide nucleic acid sequence
which encodes infectious hepatitis C virus. Such
nucleic acid sequence is referred to throughout the
application as "infectious nucleic acid sequence".

For the purposes of this application, nucleic
acid sequence refers to RNA, DNA, cDNA or any variant
thereof capable of directing host organism synthesis of
a hepatitis C virus polypeptide. It is understood that
nucleic acid sequence encompasses nucleic acid
sequences, which due to degeneracy, encode the same
polypeptide sequenée as the nucleic acid sequences
described herein.

The invention also relates to the use of the
infectious nucleic acid sequences to produce chimeric
genomes consisting of portioné of the open reading
frames of nucleic acid sequences of other genotypes
(including, but not limited to, genotypes 1, 2, 3, 4, 5
and 6) and subtypes (including, but not limited to,
subtypes la, 1lb, 2a, 2b, 2c¢, 3a, 4a-4f, 5a and 6a) of
HCV. For example, infectious nucleic acid sequence of
the 2a strain HC-J6, described herein can be used to
produce chimeras with sequences from the genomes of
other strains of HCV from different genotypes or
subtypes. Nucleic acid sequences which comprise
sequences from two or more HCV genotypes or subtypes are

designated "chimeric nucleic acid sequences".
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The invention further relates to mutations of
the infectious nucleic acid sequence of the invention
where mutation includes, but is not limited to, point
mutations, deletions and insertions. In one embodiment,
a gene or fragment thereof can be deleted to determine
the effect of the deleted gene or genes on the
properties of the encoded virus such as its virulence
and its .ability to replicate. In an alternative
embodiment, a mutation may be introduced into the
infectious nucleic acid sequences to examine the effect
of the mutation on the properties of the virus.

The invention also relates to the introduction
of mutations or deletions into the infectious nucleic
acid sequence in order to produce an attenuated
hepatitis C virus suitable for vaccine development.

The invention further relates to the use of
the infectious nucleic acid sequence to produce
attenuated viruses via passage in vitro or in vivo of
the viruses produced by transfection of a host cell with
the infectious nucleic acid sequence.

The present invention also relates to the use
of the nucleic acid sequence of the invention or
fragments thereof in the production of polypeptides
where "nucleic acid sequence of the invention" refers to
infectious nucleic acid sequence, mutations of
infectious nucleic acid sequence, chimeric nucleic acid
sequence and sequences which comprise the genome of
attenuated viruses produced from the infectious nucleic
acid sequence of the invention. In one embodiment, said

polypeptide or polypeptides are fully or partially

' purified from hepatitis C virus produced by cells

transfected with nucleic acid sequence of the invention.
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In another embodiment, the polypeptide or polypeptides
are produced recombinantly from a fragment of the
nucleic acid sequences of the invention. In yet another
embodimént, the polypeptides are chemically synthesized.

The polypeptides of the invention, especially
structural polypeptides, can serve as immunogens in the
development of vaccines or as antigens in the
development of diagnostic assays for detecting the
presence of HCV in biological samples.

The invention therefore also relates to
vaccines for use in immunizing mammals especially humans
against hepatitis C. In one embodiment, the vaccine
comprises one or more polypeptides made from the nucleic
acid sequence of the invention or fragment thereof. 1In
a second embodiment, the vaccine comprises a hepatitis C
virus produced by transfection of host cells with the
nucleic acid sequences of the invention.

The present invention therefore relates to
methods for preventing hepatitis C in a mammal. In one
embodiment the method comprises administering to a
mammal a polypeptide or polypeptides encoded by the
nucleic acid sequence of the invention in an amount
effective to induce protective immunity to hepatitis C.
In another embodiment, the method of prevention
comprises administering to a mammal a hepatitis C virus
of the invention in an amount effective to induce
protective immunity against hepatitis C.

In yet another embodiment, the method of
protection comprises administering to a mammal the
nucleic acid sequence of the invention or a fragment
thereof in an amount effective to induce protective

immunity against hepatitis C.
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The invention also relates to hepatitis C
viruses produced by host cells transfected with the
nucleic acid sequence of the present invention.

The invention therefore also provides

pharmaceutical compositions comprising the nucleic acid

sequence of the invention and/or the encoded hepatitis C

viruses. The invention further provides pharmaceutical
compositions comprising polypeptides encoded by the
nucleic acid sequence of the invention or fragments
thereof. The pharmaceutical compositions of the
invention may be used prophylactically or
therapeutically.

The invention also relates to antibodies to
the hepatitis C virus of the invention or their encoded
polypeptides and to pharmaceutical compositions
comprising these antibodies.

The invention also relates to the use of the

nucleic acid sequences of the invention to identify cell

lines capable of supporting the replication of HCV in
The invention further relates to the use of
the nucleic acid sequences of the invention or their
encoded viral enzymes (e.g. NS3 serine protease, NS3
helicase, NS5B RNA polymerase) to develop screening

assays to identify antiviral agents for HCV.

Brief Description Of Figures

Figure 1 shows the amplification and cloning
of hepatitis C virus genotype 2a (strain HC-J6cn . The
nucleotide positions correspond to the sequence of
PJ6CF, a full length cDNA clone of hepatitis C virus,

genotype 2a, strain HC-J6¢cy. Products from polymerase
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chain reaction aré also shown. The names of the clones
obtained from these products are indicated (number of
clones sequenced are shown in parenthesis). The
composition of the full-length cDNA clone is shown at
the bottom. The restriction enzymes used for cloning
are indicated. An Xbal site in HC-J6cy was eliminated by
a silent substitution at position 5494.

Figure 2 shows tree analysis of clones
amplified from an infectious acute phase plasma pool
generated in a chimpanzee inoculated with human plasma
containing strain HC-J6 (Okamoto et al., 1991) as well
as a tree of the predicted polyprotein sequence of
HC-J6¢cy and the infectious HC-J6¢y cDNA clone (pJ6CF).
The nucleotide positions with deletions or insertions
were stripped in the analysis of the clones. Multiple
sequence alignments and tree analyses were performed
with GeneWorks (Oxford Molecular Group) (Bukh et al.,
1995). Genotype designations are indicated. Other
sequences included in the analysis are HC-J8 (Okamoto et
al., 1992), genotype la infectious clone BEBEl (Nakao et
al., 1996), H77C (Yanagi et al., 1997); genotype 1lb
infectious clone J4L6S (Yanagi et al., 1998). The scale
in each tree indicates the calculated genetic distance.

Figure 3 shows the alignment of the
hypervariable region 1 sequences from 8 J6S clones of
strain HC-J6cyg. HC-J6¢cy represents the consensﬁs amino
acid sequence of the infectious plasma pool from an
experimentally infected chimpanzee. HC-J6 is the
published amino acid sequence of the original inoculum
(Okamoto et al., 1991). '

Figure 4 shows the construction of four

intertypic chimeric cDNA clones. White boxes are
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sequences derived from genotype 2a clone pJ6CF, and
black boxes are sequences derived from genotype la clone
pCV-H77C (Yanagi et al., 1997). BAn Ndel site (mutation
at position 9158 of pCV-H77C) was eliminated and an
artificial Ndel site (mutation at position 2765 of
pCV-H77C) was created by site-directed mutagenesis;
silent mutations are underlined.

Figures 5A and 5B show the alignment of the
nucleotide sequences of the 5' (Fig. 5A) and 3' UTRs
(Fig. 5B) and the amino acid sequences of E2/p7/NS2
junctions (Fig. 5B) in the intertypic la, 2a chimeric
cDNA clones. In the 5' UTR alignment, the first 39 nts
of core believed to be important for the IRES function
were included (Lemon and Honda, 1997). Top line: the
sequence of the infectious genotype la clone pCV-H77C
(Yanagi et al., 1997). Bottom line: the sequence of the
infectious genotype 2a clone pJ6CF. Dot: identity with
the sequence of H77C. Capital letter: different from the
sequence of H77C. Dash: deletion. Bold face: initiation
or stop codon of the ORF. Underlined: AgeI cleavage
site. Arrow: putative sites in the HCV polyprotein
cleaved by host signal peptidases. Numbering
corresponds to the sequence of pCV-H77C.

Figures 6A-6F show the nucleotide sequence of
the infectious hepatitis C virus clone of genotype la
strain H77C and Figures 6G-6H show the amino acid
sequence encoded by the clone.

Figures 7A-7TF show the nucleotide sequence of
the infectious hepatitis C virus clone of genotype 1b
strain HC-J4 and Figures 7G-H show the amino acid

sequence encoded by the clone.

SUBSTITUTE SHEET (RULE 26)
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DESCRIPTION OF THE INVENTION

The present invention relates to nucleic acid
sequence which cpmpriseé the genome of an infectious
hepatitis C virus. More specifically, the invention
relates to nucleic acid sequence which encodes
infectious hepatitis C virus of strain HC-J6¢y, genotype
2a. The infectious nucleic acid sequence of the
invention is shown in SEQ ID NO:1 and is contained in a
plasmid construct deposited with the American Type
Culture Collection (ATCC) on May 28, 1999 and having
ATCC accession number PTA-153.

The invention also relates to "chimeric
nucleic acid sequences" where the chimeric nucleic acid
sequences consist of open-reading frame sequences and/or
5’ and/or 3’ untranslated sequences taken from nucleic
acid sequences of hepatitis C viruses of different
genotypes or subtypes.

In one embodiment, the chimeric nucleic acid
sequence consists of sequence from the genomé'of
infectious HCV of genotype 2a which encodes structural
polypeptides and sequence from the genome of a HCV of a
different genotype or subtype which encodes
nonstructural polypeptides.

Alternatively, the nonstructural region of
infectious HCV of genotype 2a and structural region of a
HCV of a different genotype or subtype may be combined.
This will result in a chimeric nucleic acid sequence
consisting of sequence from the genome of infectious HCV
of genotype 2a which encodes nonstructural polypeptides
and sequence from the genome of a HCV of a another
genotype or subtype which encodes structural

polypeptides.
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Preferably, the nucleic acid sequence from the
genome of the infectious HCV clone of genotype la
(deposited with the ATCC on June 2, 1999 ; Figures 6A-
6F), or the nucleic acid sequence from the genome of the
infectious HCV clone of genotype 1lb (ATCC accession
number 209596; Figures 7A-7F) is used to construct the
chimeric nucleic acid sequence with the HCV of genotype
2a of the invention.

It is believed that the construction of such
chimeric nucleic acid sequences will be of importance in
studying the growth and virulence properties of
hepatitis C virus and in the production of candidate
hepatitis C virus vaccines suitable to confer protection
against multiple genotypes of HCV. For example, one
might produce a "multivalent" vaccine by putting
epitopes from several genotypes or subtypes into one
clone. Alternatively one might replace just a single
gene from an infectious sequence with the corresponding
gene from the genomic sequence of a strain from another
genotype or subtype or create a chimeric gene which
contains portions of a gene from two genotypes or
subtypes. Examples of genes which could be replaced or
which could be made chimeric, include, but are not
limited to, the El, E2 and NS4 genes.

The invention further relates to mutations of
the infectious nucleic acid sequences where "mutations"
include, but are not limited to, point mutations,
deletions and insertions. Of course, one of ordinary
skill in the art would recognize that the size of the
insertions would be limited by the ability of the
resultant nucleic acid sequence to be properly packaged

within the virion. Such mutations could be produced by
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techniques known to those of skill in the art such as
site-directed mutagenesis, fusion PCR, and restriction
digestion followed by religation.

In one embodiment, mutagenesis might be
undertaken to determine sequences that are important for
viral properties such as replication or virulence. For
example, one may introduce a mutation into the
infectious nucleic acid sequence which eliminates the
cleavage site between the NS4A and NS4B polypeptides to
examine the effects on viral replication and processing
of the polypeptide.

Alternatively, one may delete all or part of a
gene or. of the 5 or 3' nontranslated region contained in
an infectious nucleic acid sequence and then transfect a
host cell (animal or cell culture) with the mutated
sequence and measure viral replication in the host by
methods known in the art such as RT-PCR. Preferred
genes include, but are not limited to, the P7, NS4B and
NS5A genes. Of course, those of ordinary skill in the
art will understand that deletion of part of a gene,
preferably the central portion of the gene, may be
preferable to deletion of the entire gene in order to
conserve the cleavage site boundaries which exist
between proteins in the HCV polyprotein and which are
necessary for proper processing of the polyprotein.

In the alternative, if the transfection is
into a host animal such as a chimpanzee, one can monitor
the virulence phenotype of the virus produced by
transfection of the mutated infectious nucleic acid
sequence by methods known in the art such as measurement
of liver enzyme levels (alanine aminotransferase (ALT)

or isocitrate dehydrogenase (ICD)) or by histopathology
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of liver biopsies. Thus, mutations of the infectious
nucleic acid sequences may be useful in the production
of attenuated HCV strains suitable for vaccine use.

The invention also relates to the use of the
infectious nucleic acid sequence of the present
invention to produce attenuated viral strains via
passage in vitro or in vivo of the virus produced by
transfection with the infectious nucleic acid sequence.

The present invention therefore relates to the
use of the nucleic acid sequence of the invention to
identify cell lines capable of supporting the
replication of HCV.

In particular, it is contemplated that the
mutations of the infectious nucleic acid sequence of the
invention and the production of chimeric sequences as
discussed above may be useful in identifying sequences
critical fo; cell culture adaptation of HCV and hence,
may be useful in identifying cell lines capable of
supporting HCV replication.

Transfection of tissue culture cells with the
nucleic acid sequences of the ‘invention may be done by
methods of transfection known in the art such as
electroporation, precipitation with DEAE-Dextran or
calcium phosphate or liposomes.

In one such embodiment, the method comprises

the growing of animal cells, especially human cells, in

vitro and transfecting the cells with the nucleic acid

of the invention, then determining if the cells show
indicia of HCV infection. Such indicia include the
detection of viral antigens in the cell, for example, by
immunofluorescence procedures well known in the art; the

detection of viral polypeptides by Western blotting
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using antibodies specific therefor; and the detection of
newly transcribed viral RNA within the cells via methods
such as RT-PCR. The presence of live, infectious virus
particles following such tests may also be shown by
injection of cell culture medium or cell lysates into
healthy, susceptible animals, with subsequent exhibition
of the signs and symptoms of HCV infection.

Suitable cells or cell lines for culturing HCV
include, but are not limited to, lymphocyte and
hepatocyte cell lines known in the art.

Alternatively, primary hepatocytes can be
cultured, and then infected with HCV; or, the hepatocyte
cultures could be derived from the livers of infected
chimpanzees. In addition, various immortalization
methods known to those of ordinary skill in the art can
be used to obtain cell lines derived from hepatocyte
cultures. For example, primary hepatocyte cultures may
be fused to a variety of cells to maintain stability.

The present invention further relates to the
in vitro and in vivo production of hepatitis C viruses
from the nucleic acid sequences of the invention.

In one embodiment, the sequences of the
invention can be inserted into an expression vector that
functions in eukaryotic cells. Eukaryotic expression
vectors suitable for producing high efficiency gene
transfer in vivo are well known to those of ordinary
skill in the art and include, but are not limited to,
plasmids, vaccinia viruses, retroviruses, adenoviruses
and adeno-associated viruses.

In another embodiment, the sequences contained
in the recombinant expression vector can be transcribed

in vitro by methods known to those of ordinary skill in
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the art in order to produce RNA transcripts which encode
the hepatitis C viruses of the invention. The hepatitis
C viruses of the invention may then be produced by
transfecting cells by methods known to those of ordinary
skill in the art with either the in vitro transcription
mixture containing the RNA transcripts or with the
recombinant expression vectors containing the nucleic
acid sequences described herein.

The hepatitis C viruses produced from the
sequences of the invention may be purified or partially
purified from the transfected cells by methods known to
those of ordinary skill in the art. 1In a preferred
embodiment, the viruses are partially purified prior to
their use as immunogens in the pharmaceutical
compositions and vaccines of the present invention.

The present invention therefore relates to the
use of the hepatitis C viruses produced from the nucleic
acid sequences of the invention as immunogens in live or
killed (e.g., formalin inactivated) vaccines to prevent
hepatitis C in a mammal.

In an alternative embodiment, the immunogen of
the present invention may be an infectious nucleic acid
sequence, a chimeric nucleic acid sequence, or a mutated
infectious nucleic acid sequence which encodes a
hepatitis C virus. Where the sequence is a cDNA
sequence, the c¢cDNAs and their RNA transcripts may be
used to transfect a mammal by direct injection into the
liver tissue of the mammal as described in the Examples.

Alternatively, direct gene transfer may be
accomplished via administration of a eukaryotic
expression vector containing a nucleic acid sequence of

the invention.
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In yet another embodiment, the immunogen may
be a polypeptide encoded by the nucleic acid sequences
of the invention. The present invention therefore also
relates to polypeptides produced from the nucleic acid
sequences of the invention or fragments thereof. 1In one
embodiment, polypeptides of the present invention can be
recombinantly produced by synthesis from the nucleic
acid sequences of the invention or isolated fragments
thereof, and purified, or partially purified, from
transfected cells using methods already known in the
art. In an alternative embodiment, the polypeptides may
be purified or partially purified from viral particles
produced via transfection of a host cell with the
nucleic acid sequences of the invention. Such
polypeptides might, for example, include either capsid
or envelope polypeptides prepared from the sequences of
the present invention.

When used as immunogens, the nucleic acid
sequences of the invention, or the polypeptides or
viruses produced therefrom, are preferably partially
purified prior to use as immunogens in pharmaceutical
compositions and vaccines of the present invention.

When used as a vaccine, the sequences and the
polypeptide and virus products thereof, can be
administered alone or in a suitable diluent, including,
but not limited to, water, saline, or some type of
buffered medium. The vaccine according to the present
invention may be administered to an animal, especially a
mammal, and most especially a human, by a variety of
routes, including, but not limited to, intradermally,
intramuscularly, subcutaneously, or in any combination

thereof.
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Suitable amounts of material to administer for
prophylactic and therapeutic purposes will vary
depending on the route selected and the immunogen
(nucleic acid, virus, polypeptide) administered. One
skilled in the art will appreciate that the amounts to
be administered for any particular treatment protocol
can be readily determined without undue experimentation.
The vaccines of the present invention may be
administered once or periodically until a suitable titer
of anti-HCV antibodies appear in the blood. For an
immunogen consisting of a nucleic acid sequence, a
suitable amount of nucleic acid sequence to be used for

prophylactic purposes might be expected to fall in the
range of from about 100 pg to about 5 mg and most

preferably in the range of from about 500 ug to about

2mg. For a polypeptide, a suitable amount to use for

prophylactic purposes is preferably 100 ng to 100 pg and
for a virus 10% to 10° infectious doses. Such
administration will, of course, occur prior fo any sign
of HCV infection. 4

A vaccine of the present invention may be
employed in such forms as capsules, liquid solutions,
suspensions or elixirs for oral administration, or
sterile liquid forms such as solutions or suspensions.
An inert carrier is preferably used, such as saline or
phosphate-buffered saline, or any such carrier in which
the HCV of the present invention can be suitably
suspended. The vaccines may be in the form of single
dose preparations or in multi-dose flasks which can be
utilized for mass-vaccination programs of both animals
and humans. For purposes of using the vaccines of the

present invention reference is made to Remington's
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Pharmaceutical Sciences, Mack Publishing Co., Easton,

Pa., Osol (Ed.) (1980); and New Trends and Developments

in Vaccines, Voller et al. (Eds.), University Park

Press, Baltimore, Md. (1978), both of which provide much
useful information for preparing and using vaccines. Of
course, the polypeptides of the present invention, when
used as vaccines, can include, as part of the
composition or emulsion, a suitable adjuvant, such as
alum (or aluminum hydroxide) when humans are to be
vaccinated, to further stimulate production of
antibodies by immune cells. When nucleic acids, viruses
or polypeptides are used for vaccination purposes, other
specific adjuvants such as CpG motifs (Krieg, A.K. et
al. (1995) and (1996)), may prove useful.

When the nucleic acids, viruses and
polypeptides of the present invention are used as
vaccines or inocula, they will normally exist as
physically discrete units suitable as a unitary dosage
for animals, especially mammals, and most especially
humans, wherein each unit will contain a predetermined
quantity of active material cdlculated to produce the
desired immunogenic effect in association with the
required diluent. The dose of said vaccine or inoculum
according to the present invention is administered at
least once. In order to increase the antibody level, a
second or booster dose may be administered at some time
after the initial dose. The need for, and timing of,
such booster dose will, of course, be determined within
the sound judgment of the administrator of such vaccine
or inoculum and according to sound principles well known
in the art. For example, such booster dose could

reasonably be expected to be advantageous at some time
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between about 2 weeks to about 6 months following the
initial vaccination. Subsequent doses may be
administered as indicated.

The nucleic acid sequences, viruses and
polypeptides of the present invention can also be
administered for purposes of therapy, where a mammal,
especially a primate, and most especially a human, is
already infected, as shown by well known diagnostic
measures. When the nucleic acid sequences, viruses or
polypeptides of the present invention are used for such
therapeutic purposes, much of the same criteria will
apply as when it is used as a vaccine, except that
inoculation will occur post-infection. Thus, when the
nucleic acid sequences, viruses or polypeptides of the
present invention are used as therapeutic agents in the
treatment of infection, the therapeutic agent comprises
a pharmaceutical composition containing a sufficient
amount of said nucleic acid sequences, viruses or
polypeptides so as to elicit a.therapeutically effective
response in the organism to be treated. Of course, the
amount of pharmaceutical composition to be administered
will, as for vaccines, vary depending on the immunogen
contained therein (nucleic acid, polypeptide, virus) and
on the route of administration.

The therapeutic agent according to the present
invention can thus be administered by subcutaneous,
intramuscular or intradermal routes. One skilled in the
art will certainly appreciate that the amounts to be
administered for any particular treatment protocol can
be readily determined without undue experimentation. Of
course, the actual amounts will vary depending on the

route of administration as well as the sex, age, and
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clinical status of the subject which, in the case of
human patients, is to be determined with the sound
judgment of the clinician.

The therapeutic agent of the present invention
can be employed in such forms as capsulés, liquid
solutions, suspensions or elixirs, or sterile liquid
forms such as solutions or suspensions. An inert carrier
is preferably used, such as saline, phosphate-buffered
saline, or any such carrier in which the HCV of the
present invention can be suitably suspended. The
therapeutic agents may be in the form of single dose
preparations or in the multi-dose flasks which can be
utilized for mass-treatment programs of both animals and
humans. Of course, when the nucleic acid sequences,
viruses or polypeptides of the present invention are
used as therapeutic agents they may be administered as a
single dose or as a series of doses, depending on the
situation as determined by the person conducting the
treatment.

The nucleic acids, polypeptides and viruses of
the present invention can also be utilized in the
production of antibodies against HCV. The term
"antibody" is herein used to refer to immunoglobulin
molecules and immunologically active portions of
immunoglobulin molecules. Examples of antibody
molecules are intact immunoglobulin molecules,
substantially intact immunoglobulin molecules and
portions of an immunoglobulin molecule, including those
portions known in the art as Fab, F(ab'), and F(v) as
well as chimeric antibody molecules.

Thus, the polypeptides, viruses and nucleic

acid sequences of the present invention can be used in
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the generation of antibodies that immunoreact (i.e.,
specific binding between an antigenic determinant-
containing molecule and a molecule containing an
antibody combining site such as a whole antibody
molecule or an active portion thereof) with antigenic
determinants on the surface of hepatitis C virus
particles.

The present invention therefore also relates
to antibodies produced following immunization with the
nucleic acid sequences, viruses or polypeptides of the
present invention. These antibodies are typically
produced by immunizing a mammal with an immunogen or
vaccine. to induce antibody molecules having
immunospecificity for polypeptides or viruses produced
in response to infection with the nucleic acid sequences
of the present invention. When used in generating such
antibodies, the nucleic acid sequences, viruses, or
polypeptides of the present invention may be linked to
some type of carrier molecule. The resulting antibody
molecules are then collected from said mammal.
Antibodies produced according to the presenf invention
have the unique advantage of being generated in response
to authentic, functional polypeptides produced according
to the actual cloned HCV genome.

The antibody molecules of the present
invention may be polyclonal or monoclonal. Monoclonal
antibodies are readily produced by methods well known in
the art. Portions of immunoglobin molecules, such as
Fabs, as well as chimeric antibodies, may also be
produced by methods well known to those of ordinary

skill in the art of generating such antibodies.
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The antibodies according to the present
invention may also be contained in blood, plasma, serum,
hybridoma supernatants, and the like. Alternatively,
the antibody of the present invention is isolated to the
extent desired by well known techniques such as, for
example, using DEAE Sephadex. The antibodies produced
according to the present invention may be further
purified so as to obtain specific classes or subclasses
of antibody such as IgM, IgG, IgA, and the like.
Antibodies of the IgG class are preferred for purposes
of passive protection.

The antibodies of the present invention are
useful in the prevention and treatment of diseases
caused by hepatitis C virus in animals, especially
mammals, and most especially humans.

In providing the antibodies of the present
invention to a recipient mammal, preferably a human, the
dosage of administered antibodies will vary depending on
such factors as the mammal's age, weight, height, sex,
general medical condition, previous medical history, and
the like.

In general, it will be advantageous to provide
the recipient mammal with a dosage of antibodies in the
range of from about 1 mg/kg body weight to about 10
mg/kg body weight of the mammal, although a lower or
higher dose may be administered if found desirable.

Such antibodies will normally be administered by
intravenous or intramuscular route as an inoculum. The
antibodies of the present invention are intended to be
provided to the recipient subject in an amount
sufficient to prevent, lessen or attenuate the severity,

extent or duration of any existing infection.
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The antibodies prepared by use of the nucleic
acid sequences, viruses or polypeptides of the present
invention are also highly useful for diagnostic
purposes. For example, the antibodies can be used as in
vitro diagnostic agents to test for the presence of HCV
in biological samples taken from animals, especially
humans. Such assays include, but are not limited to,
radioimmunoassays, EIA, fluorescence, Western blot
analysis and ELISAs. In one such embodiment, the
biological sample is contacted with antibodies of the
present invention and a labeled second antibody is used
to detect the presence of HCV to which the antibodies
are bound.

Such assays may be, for example, direct where
the labeled first antibody is immunoreactive with the
antigen, such as, for example, a polypeptide on the
surface of the virus; indirect where a labeled second
antibody is reactive with the first antibody; a
competitive protocol such as would involve the addition
of a labeled antigen; or sandwich where both labeled and
unlabeled antibody are used, &s well as other protocols
well known and described in the art.

In one embodiment, an immunoassay method would
utilize an antibody specific for HCV envelope
determinants and would further comprise the steps of
contacting a biological sample with the HCV-specific
antibody and then detecting the presence of HCV material
in the test sample using one of the types of assay
protocols as described above. Polypeptides and

antibodies produced according to the present invention

' may also be supplied in the form of a kit, either

present in vials as purified material, or present in
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compositions and suspended in suitable diluents as
previously described.

In a preferred embodiment, such a diagnostic
test kit for detection of HCV antigens in a test sample
comprises in combination a series of containers, each
container a reagent needed for such assay. Thus, one
such container would contain a specific amount of HCV-
specific antibody as already described, a second
container would contain a diluent for suspension of the
sample to be tested, a third container would contain a
positive control and an additional container would
contain a negative control. An additional container
could contain a blank.

For all prophylactic, therapeutic and
diagnostic uses, the antibodies of the invention and
other reagents, plus appropriate devices and
accessories, may be provided in the form of a kit so -as
to facilitate ready availability and ease of use.

The present invention also relates to the use
of nucleic acid sequences and polypeptides of the
present invention to screen potential antiviral agents
for antiviral activity against HCV. Such screening
methods are known by those of skill in the art.
Generally, the antiviral agents are tested at a variety
of concentrations, for their effect on preventing viral
replication in cell culture systems which support viral
replication, and then for an inhibition of infectivity
or of viral pathogenicity (and a low level of toxicity)
in an animal model system.

In one embodiment, animal cells (especially
human cells) transfected with the nucleic acid sequences

of the invention are cultured in vitro and the cells are
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treated with a candidate antiviral agent (a chemical,
peptide etc.) by adding the candidate agent to the
medium. The treated cells are then exposed, possibly
under transfecting or fusing conditions known in the
art, to the nucleic acid sequences of the present
invention. A sufficient period of time would then be
allowed to pass for infection to occur, following which
the presence or absence of viral replication would be
determined versus untreated control cells by methods
known to those of ordinary skill in the art. Such
methods include, but are not limited to, the detection
of viral antigens in the cell, for example, by
immunofluorescence procedures well known in the art; the
detection of viral polypeptides by Western blotting
using antibodies specific therefor; the detection of
newly transcribed viral RNA within the cells by RT-PCR;
and the detection of the presence of live, infectious
virus particles by injection of cell culture medium or
cell lysates into healthy, susceptible animals, with
subsequent exhibition of the signs and symptoms of HCV
infection. A comparison of results obtained for control
cells (treated only with nucleic acid sequence) with
those obtained for treated cells (nucleic acid sequence
and antiviral agent) would indicate, the degree, if any,
of antiviral activity of the candidate antiviral agent.
Of course, one of ordinary skill in the art would
readily understand that such cells can be treated with
the candidate antiviral agent either before or after
exposure to the nucleic acid sequence of the present
invention so as to determine what stage, or stages, of
viral infection and replication said agent is effective

against.
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In an alternative embodiment, viral enzyme
such as NS3 protease, NS2-NS3 protease, NS3 helicase or
NS5B RNA polymerase may be produced from a nucleic acid
sequence of the invention and used to screen for
inhibitors which may act as antiviral agents. The
structural and nonstructural regions of the HCV genome,
including nucleotide and amino acid locations, have been
determined, for example, as depicted in Houghton, M.
(1996), Fig. 1; and Major, M.E. et al. (1997), Table 2.

Such above-mentioned protease inhibitors may
take the form of chemical compounds or peptides which
mimic the known cleavage sites of the protease and may
be screened using methods known to those of skill in the
art (Houghton, M. (1996) and Major, M.E. et al. (1997)).
For example, a substrate may be employed which mimics
the protease's natural substrate, but which provides a
detectable signal (e.g. by fluorimetric or colorimetric
methods) when cleaved. This substrate is then incubated
with the protease and the candidate protease inhibitor
under conditions of suitable pH, temperature etc. to
detect protease activity. The proteolytic activities of
the protease in the presence or absence of the candidate
inhibitor are then determined.

In yet another embodiment, a candidate
antiviral agent (such as a protease inhibitor) may be
directly assayed in vivo for antiviral activity by
administering the candidate antiviral agent to a
chimpanzee transfected with a nucleic acid sequence of
the invention or infected with a virus of the invention
and then measuring viral replication in vivo via methods
such as RT-PCR. Of course, the chimpanzee may be

treated with the candidate agent either before or after
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transfection with the infectious nucleic acid sequence
or infected with a virus of the invention so as to
determine what stage, or stages, of viral infection and
replication the agent is effective against.

The invention also provides that the nucleic
acid sequences, viruses and polypeptides of the
invention may be supplied in the form of a kit, alone or
in the form of a pharmaceutical composition.

. All scientific publication and/or patents

cited herein are specifically incorporated by reference.
The following examples illustrate various aspects of the
invention but are in no way intended to limit the scope

thereof.

EXAMPLES

Materials and Methods

Source of HCV

An infectious plasma pool of HCV genotype 2a
(HC-J6cy) prepared from acute phase plasma of a
chimpanzee experimentally inoculated with plasma from a
Japanese patient infected with strain HC-J6 (Okamoto et
al., 1991) was used for cloning. A&An infectious cDNA
clone of HCV strain H77, genotype la was also used

(pCV-H77C; Yanagi et al., 1997).

Amplification, cloning and sequence analysis

Viral RNA was extracted from 100 pl aliquots
of the HC-J6¢y plasma pool with the TRIzol system
(GIBCO/BRL) (Yanagi et al., 1997). Primers used in cDNA
synthesis and PCR amplification were based on the
genomic sequence of strain HC-J6 (Okamoto et al., 1991)
and from the conserved region (3'X) of the 3' UTR of HCV
genotype 2a (Tanaka et al., 1996) (Table 1). The RNA
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was denatured at 65°C for 2 min, and cDNA was

synthesized at 42°C for 1 hour with Superscript II

reverse transcriptase (GIBCO/BRL) and specific reverse

primers in

20 pl reaction volumes. The cDNA mixtures

were treated with RNase H and RNase T1 (GIBCO/BRL) at

37°C for 20 min.

TABLE 1

Oligonucleotides used for amplification and cloning

of strain HC-J6¢y, genotype 2a

Designation Sequence (5’ — 3')a

24277S-H77 ACTGGACACGGAGGTGGCCGCGTC

2426S-H77 TTGTTCTTGTCGGGTTAATGGCGC

2645R-H77 GGGTGTACTACACACATGAGTAAG

2832R-H77 AAGCGCCCCTAACTGATGATG

H27518I1 CGTCATCGATACCTCAGCGGGCATATGCACTGGACACGGA

H2786R GTCCAGTGCATATGCCCGCTGAGG

H2870R CATGCACCAGCTGATATAGCGCTTGTAATATG

H78518 TCCGTAGAGGAAGCTTGCAGCCTGACGCCC

H9140S (M) CAGAGGAGGCAGGGTGCTATATGTGGCAAGTAC

H9173R (M) GTACTTGCCACATATAGCAGCCCTGCCTCCTCTG

H9471R CGTCTCTAGACAGGAAATGGCTTAAGAGGCCGGAGTGTTTACC

J6-H2556S TTATGGATGCTCATCTTGTTGGGCCAGGCCGAAGCAGCTTTGGAGAACCTCGTAATACT
CAATGC

356RF-J6H AGGATTTGTGCTCATGGTGCACGGT CTACGAG

1S-J6F° TTTTTTTTGCGGCCGCTAATACGACTCACTATAGACCCGCCCCTAATAGG

3338-3J6 CCGTGCACCATGAGCACAAATCCTAAACCTC

753R-J6 GGATGTACCCCATGAGGTCGGCARAG

25438-J6F GTTTGCGCCTGCTTATGGATGCTCATCTTG

2787R-J6(26) GCGTCATAAGCATATGCCTGTTGGGG

3329R-J6 CCCTCAGCACTGGAGTACATCTG

5487~-J6F CGTCATGCATACCCCTAGGGCGGCTCTCATTGAAGAGGG

5518R-J6F CGTCCCCTCTTCAATGAGAGCCGCTCTAGA

92518-J6F GCGGTGAAGACCAAGCTCAAACTCACTC

9305R-J6F AATCTAGAAGGCGCGCTTCCGGCAATGGAGTGAGTTTGAGC

9310R-J6F CGTCTCTAGAGGATAAATCCAGGAGGCGCGCTTCCGGC

9399S5-J6F TACTTTTTGTAGGGGTAGGCCTTTTCC

9464-J6F CGTCTCTAGAGTGTAGCTAATGTGTGCCGCTCTA

9470(24)-J6 CTATGGAGTGTAGCTAATGTGTGC

J6-3’ XR CGTCTCTAGACATGATCTGCAGAGAGACCAGTTACGGCACTCTCTGFCAGTCATGCGGC
TCACGGACCTTTCACAGCTAGCCGTGACTAGGGCTAAGATGGAGCCACC

a HCV-specific sequences are shown in plain text, non HCV-specific

sequences are shown in bold face, and cleavage sites used for cDNA
cloning are underlined.
b The core sequence of the T7 promotor is shown in italics.

The strategy used to amplify and clone the

full-length HC-J6¢y sequence is shown in Fig. 1.

Nucleotide positions correspond to those of the 2a
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infectious clone (pJ6CF) that is described herein. The
5' end of HC-Jb6cy (nts. 17-297, excluding primer
sequences) was amplified from 2 pl of cDNA synthesized
with primer a-2 (Yanagi et al., 1996). PCR was performed
with AmpliTaq Gold DNA polymerase (Perkin-Elmer) as
described previously (Yanagi et al., 1996) using primers
1S-J6F and a-2. After purification, the amplified
products were cloqed into pGEM-T Easy vector (Promega)
using standard procedures and 5 clones (pJ6-5'UTR) were
sequenced.

The 3' end of HC-J6cy was amplified in 3
overlapping pieces. RT-PCR of a short fragment of NSS5B
(nts. 9279-9439) was performed with primers 9251S-J6F
and 9464R-J6F as described above. The PCR products were
cloned into pGEM-T Easy vector and sequence analysis was
performed from 5 pJ6-3'F clones. A second region
spanning from NS5B to the conserved region of the 3' UTR
(nts. 9376-9629) was amplified in RT-nested PCR
(external primers H9261F and H3'X58R, internal primers
H9282F and H3'X45R) (Yanagi et al., 1997). The amplified
products were cloned into pGEM—9zf(—) by using HindIII
and Xbal sites and 14 pJd6-3'VR clones were sequenced.
The third fragment, which included the 3' terminal
sequence was amplified with primers 9399S-J6F and

J6-3'XR from one of the pJ6-3'VR clones, and cloned into

.one of the pJ6-3'F clones by using Stul and Xbal sites

(pJd6-3'X).
The ORF of HCV HC-J6¢y was amplified by long

RT-PCR in 3 overlapping pieces. The amplification was

performed on 2 pl of the c¢cDNA mixtures with the

Advantage cDNA polymerase mix (Clontech) (Yanagi et al.,

1997). The J6S fragment (nts. 86-276l) was amplified
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with primers a-1 (Yanagi et al., 1996) and J6-2787R from
cDNA synthesized with primer J6-3329R. A single PCR
round was performed in a Robocycler thermal cycler
(Stratagene), and consisted of denaturation at 99°C for

35 sec, annealing at 67°C for 30 sec and elongation at

68°C for 4 min 30 sec during the first 5 cycles, 5 min
during the next 10 cycles, 5 min 30 sec during the
following 10 cycles and 6 min during the last 10 cycles.
The J6B fragment (nts. 2573-5488) was amplified with
primers 25435-J6F and 5518R-J6F from cDNA synthesized
with primer 5518R-J6F. Finally, the J6A fragment (nts.
5515-9282) was amplified with primers 5487S-J6F and
9310R-J6F from cDNA synthesized with primer
9470R(24)-J6F. PCR amplifications of fragments J6B and

J6A consisted of denaturation at 99°C for 35 sec,

annealing at 67°C for 30 sec and elongation at 68°C for 6
min during the first 5 cycles, 7 min during the next 10

cycles, 8 min during the following 10 cycles and 9 min

during the last 10 cycles.

After purification of the long PCR products
with QIAquick PCR purification kit (QIAGEN), A-tailing
reactions were performed with AmpliTaqg DNA polymerase
(Perkin Elmer) at 72 °C for 1 hour. The gel-purified
A-tailed PCR products were cloned into pCR2.1 vector
(Invitrogen) or pGEM-T Easy vector (Promega). DHS-alpha
competent cells (GIBCO BRL) were transformed and
selected on LB agar plates containing 100 pg/ml
ampicillin (SIGMA) and amplified in LB liquid cultures

at 30°C for 18 - 20 hrs (Yanagi et al., 1997). Midiprep

 was performed using Wizard Plus Midipreps DNA
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Purification System (Promega). Multiple clones of the
J6S, J6A and the J6B fragments were sequenced.
The consensus sequence of strain HC-J6¢y (nts.

17-9629) was determined by direct sequencing of PCR
products (nts. 297-3004 and nts. 4893-5762) and by

5 sequence analysis of the TA clones (nts. 17-5488 and
nts. 5515-9629) (Fig. 1). Both strands of DNA were
sequenced in all cases. Analyses of genomic sequences,
including multiple sequence alignments and tree

analyses, were performed with GeneWorks (Oxford

10
Molecular Group) {(Bukh et al., 1995).
Construction of chimeric cDNA clones of genotypes la &
2a
Four full-length intertypic chimeric cDNA
15

clones were constructed (Figs. 4, 5A, 5B). In each clone

the C, El1 and E2 genes encoded the consensus amino acid

sequence of HC-J6cy. The p7 protein was encoded either by

‘the HC-J6¢cy or pCV-H77C consensus sequence, and the NS

20 proteins were all encoded by pCV-H77C genes. To
engineer these cDNA clones, an Ndel site from pCV-H77C
was first eliminated by a silent substitution (C to T)
at position 9158. 1In brief, two fragments were
amplified from pCV-H77C with primers H7851S and

25 H9173R(M) and with primers H9140S (M) and H9417R (Table
3), gel-purified and used for fusion PCR with primers
H7851S and H9417R. The fusion PCR products were cloned
into pCV-H77C by using HindIII and AfIII sites. A new

30 artificial Ndel site was introduced by a silent
substitution (C to T) at position 2765. PCR products,
which were amplified from pCV-H77C with primer H2751SII
containing artificial Clal and Ndel sites and primer

35 H2870R, were cloned into the modified pCV-H77C by using

SUBSTITUTE SHEET (RULE 26)
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Clal and Eco47III sites. The final construct (pH77CV)
was used as a cassette vector to construct the
intertypic chimeric HCV cDNA clones.

The four chimeric cDNA clones were constructed
as follows. PpH77CV-J6S (nucleotide sequence shown in
SEQ ID No:3 and amino acid sequence shown in SEQ ID
No:4): The Agel/BsmI fragment of clone J6S2 and the
BsmI/Ndel fragment of clone J6S1, were cloned into
pH77CV by using Agel and Ndel sites; pH77 (p7)CV-J6S
(nucleotide sequence shown in SEQ ID No:5 and amino acid
sequence shown in SEQ ID No:6): A fragment of pH77CV-J6S
was replaced with a fragment amplified from pCV-H77C
with primers J6-H2556S and H2786R by using BsaBI and
Ndel sites; J6S (nucleotide sequence shown in SEQ ID
No:7 and amino acid sequence shown in SEQ ID No:8): A
fragment amplified from pH77pCV-H77C with primers a-1
and 356RF-J6H77 and another fragment amplified from
pH77CV-J6S with primers 333S-J6 and 753R-J6 were
gel-purified and a fusion-PCR was performed with primers
a-1 and 753R-J6. The Agel/Clal fragment of the
subcloned fusion PCR products ‘and the Clal/Ndel fragment
of pH77CV-J6S were cloned into pH77CV-J6S by using Agel
and Ndel sites; pH77(p7)-J6S (nucleotide sequence shown
in SEQ ID No:9 and amino acid sequence shown in SEQ ID
No:10): The AgeI/Clal fragment of J6S and the Clal/Ndel
fragment of (p7)CV-J6S were cloned into pH77(p7)CV-J6S
by using Agel and Ndel sites.

Each intertypic chimeric cDNA clone was
retransformed to select a single clone, and large-scale

preparation of plasmid DNA was performed with a QIAGEN

. plasmid Maxi kit as described previously (Yanagi et al.,

1997). Each of the four cDNA clones was completely
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sequenced before inoculation. Each clone was
genetically stable since the digestion pattern was as
expected following retransformation and the complete

sequence was the expected one.

Construction of full-length cDNA clone HC-J6cy

An overview of the full-length HC-J6cy clone is
presented in Fig. 1. 1In the final construct pJ6CF,
which encodes the consensus polyprotein of HC-J6¢cy, an
Xbal site was eliminated by a silent substitution (A to
G) at position 5494. Digested fragments containing the
consensus sequence were purified from the appropriate
subclones and ligated using the sites indicated. The
full-length cDNA clone (pJ6CF) was retransformed to
select a single clone, and large-scale preparation of
plasmid DNA followed by the complete sequence analysis
was performed. Clone pJ6CF was genetically stable.

Intrahepatic transfection of chimpanzee with transcribed
RNA

In duplicate 100 pl reactions, RNA was
transcribed in vitro with T7 RNA polymerase (Promega)
from 10 pg of template plasmid linearized with Xbal
(Promega) as described previously (Yanagi et al., 1997).
The integrity of the RNA was checked by electrophoresis
through agarose gel stained with ethidium bromide
(Yanagi et al., 1997). Each transcription mixture was
diluted with 400 pl of ice-cold phosphate-buffered
saline without calcium or magnesium and then immediately
frozen on dry ice and stored at -80°C. Within 24 hours,

both transcription mixtures were injected into the same

. chimpanzee by percutaneous intrahepatic injection guided

by ultrasound (Yanagi et al., 1998, 1999). If the
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chimpanzee did not become infected, the same
transfection was repeated once. After two negative
results, the next clone was inoculated into the same
chimpanzee following the same protocol. Injections were
performed at weeks 0 and 2 with pH77CV-J6S, at weeks 5
and 8 with pH77(p7)CV-J6S, at weeks 14 and 16 with
pH77-J6S, at weeks 19 and 23 with pH77(p7)-J6S, at week
28 with . pJ6CF, and finally at week 34 with pCV-H77C.
The chimpanzee was maintained under conditions that met
or exceeded all requirements for its use in an approved
facility.

Serum samples were collected weekly from the
chimpanzee and monitored for liver enzyme levels by
standard procedures, anti-HCV antibodies by the
second-generation ELISA (Abbott) and HCV RNA by a
sensitive RT-nested PCR assay with AmpliTaqgq Gold DNA
polymerase using primers from the 5' UTR (Yanagi et al.
1996). Samples were scored as negative for HCV RNA if
two independent tests on 100 pl of serum were negative.
The genome équivalent (GE) titer of HCVnin positive
samples was determined by RT-nested PCR on 10-fold
serial dilutions of the extracted RNA (Bukh et al.,
1998). The consensus sequence of the complete ORF from
the chimpanzee infected with RNA transcripts of pJ6CF
was determined by direct sequencing of overlapping PCR
products obtained by long RT-nested PCR as previously
described (Yanagi et al., 1997) with HC-J6 specific
primers. After the intrahepatic transfection with RNA
transcripts of pCV-H77C, we performed H77(genotype la)-
specific RT-nested PCR with primers 2427S-H77 and
2832R-H77 for the lst round and with primers 2462S-H77
and 2645R-H77 for the 2nd round (Table 3). The
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sensitivity of this assay was equivalent to that of the
assay using 5' UTR primers when testing serum containing
only H77, genotype la. The genome titer of genotype 1la
was determined by using this specific RT- nested PCR on

10-fold serial dilutions of the extracted RNA.

EXAMPLE 1

Sequence analysis of HCV strain HC-J6¢y

As minor deviations from the consensus amino
acid sequence were found previously to render
full-length HCV cDNA clones noninfectious (Yanagi et
al., 1997, 1998), the consensus sequence of the cloning
source of genotype 2a (strain HC-J6¢y) was determined
prior to constructing any full-length clones. 1In brief,
a plasma pool containing strain HC-J6cy was prepared from
acute phase plasmapheresis units collected from a
chimpanzee experimentally infected with HC-J6 (Okamoto
et al., 1991). The HCV genome titer of this pool was
10°'* genome equivalents (GE)/ml (Quantiplex HCV RNA
bDNA 2.0, Chiron) and the infectivity titer was 10°
chimpanzee infectious doses/ml.

The consensus sequence of the 5' UTR of HC-J6¢y
(nts. 17-340) was deduced from 5 clones containing nts.
17-297 and 8 clones containing nts. 86-340. The 5' UTR
of the various clones was highly conserved, but the
consensus sequence of HC-J6c¢y differed by 2 nucleotides
from that published previously for HC-J6 (Okamoto et
al., 1991: C to T at position 36 and T to C at position
222) .

The consensus sequence of 14 clones of the 3!
UTR of HC-J6¢y indicated that the 39 nucleotide long

variable region was highly conserved in this strain and
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was identical to that previously published for HC-J6
(Okamoto et al., 1991). The polypyrimidine tract varied
greatly in length (84-164 nucleotides), and contained
some conserved A residues. In the conserved region, the
proximal 16 nucleotides were identical to those
previously published for isolates of different HCV
genotypes (Kolykhalov et al., 1996; Tanaka et al., 1996;
Yamada et al., 1996). The remaining 82 nucleotides of
the conserved region were determined for other genotype
2a strains (Tanaka et al., 1996) but not for HC-J6 or
HC-J6cy.

The ORF of HC-J6cy was amplified in 3 fragments
by RT-PCR (Fig. 1). Eight clones of the J6S fragment
(nts. 86-2761), 6 clones of the J6B fragment (nts.
2573-5488) and 6 clones of the J6A fragment (nts.
5515-9298) were sequenced. PCR fragments containing
nts. 5489-5514 were sequenced directly. A quasispecies
was found at 243 nucleotide (2.7%) and 69 amino acid
(2.3%) positions, scattered throughout the 9099 nts
(3033 aa) of the ORF. However, the majority, 231
nucleotide substitutions, were detected only once and
71.6 % of these represented silent mutations. The 12
remaining nucleotide substitutions were each restricted
to 2 clones and only 4 of these resulted in amino acid
changes. The nucleotide difference among the J6S clones
ranged from 0.1 - 1.3%, among the J6B clones it ranged
from 0.1 - 0.3%, and it ranged from 0.2 - 4.0% among the
J6A clones (Fig. 2). Three of 8 J6S clones, 4 of 6 J6B
clones, and all 6 J6A clones had defective polyproteins
due to nucleotide deletions, insertions or

substitutions.
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The sequences of clones of strain HC-J6cy were
relatively homogeneous. This was highlighted by the
high degree of conservation among clones of the HVRL
(Fig. 3), a region frequently used to sfudy the
quasispecies of HCV (Bukh et al., 1995). An exception
was the sequence of clone J6Al, which differed by about
4% from the other clones of this region (Fig. 2).
Importantly, the consensus sequence of strain HC-J6¢y
(nts. 17-9629) could be determined with no ambiguity at
the nucleotide or deduced amino acid level. The
difference between the consensus ORF sequence of HC-J6c¢y
from the experimentally infected chimpanzee and that of
HC-J6 of the inoculum (Okamoto et al., 1991) was 4.1 %
and 2.2 % at the nucleotide and deduced amino acid
levels, respectively (Fig. 2, Table 2). Moreover, we
found that 12 (44.4%) of the 27 amino acids constituting
HVR1 differed between HC-J6¢y and HC-J6 (Fig. 3). Such
diversities are greater than the < 2 % generally
considered to comprise a quasispecies. In fact, these
differences are equivalent to those found between the
two prototype strains of HCV genotype la {strains HCV-1
(Choo et al., 1991) and H77 (Yanagi et al., 1997)].
These results indicated that HC-J6cy, which represented
the major species in the experimentally infected
chimpanzee, was a minor species in the original

inoculum.
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TABLE 2

PCT/US00/15446

Percent difference of nucleotide and predicted amino acid sequences

between strain HC-J6 (Okamoto et al.,

1991) and strain HC-J6¢ from

acute phase plasma pool of a chimpanzee inoculated with HC-J6

Genome Region nt.position? % nt. difference | § a.a. difference

ORF 341-9439 4.1 (373/9099)° 2.2 (66/3033)°
5’ UTR 17-340 0.6 (2/324)

Core 341-913 0.5 (3/573) 0 (0/191)

El. 914-1489 4.3 (25/576) 2.1 (4/192)
HVR1 1490-1570 24.7 (20/81) 44.4 (12/727)
E2-yvwm1 1571-2590 3.9 (40/1020) 3.2 (11/340)

p7 2591-2779 3.7 (7/189) 3.2 (2/63)
NS2 2780-3430 4.0 (26/651) 2.8 (6/217)
NS3 3431-5323 4.0 (76/1893) 0.8 (5/631)
NS4A 5324-5485 4.3 (7/162) 1.9 (1/54)
NS4B 5486-6268 3.7 (29/783) 0.4 (1/261)
NS5A 6269-7666 5.4 (75/1398) 3.4 (16/466)
NS5B 7667-9439 3.7 (65/1773) 1.4 (8/591)
3’ UTR 9440-9481 0 (0/42)

a The nucleotide positions correspond to those of the infectious
full-length genotype 2a clone (pJ6CF).

b The numbers in parenthesis indicate the nucleotide or amino acid
differences for each region.

Example 2

Chimeric molecular clones

As chimeric flaviviruses with substituted
structural genes have been useful in defining the
biological function of viral sequences or proteins, in
analyzing immune responses and in generating attenuated
1991; Chambers et al.,
1998).

vaccine candidates (Bray and Lai,

1999; Pletnev et al., 1992, 1993, The consensus
sequence of the 2a structural genes and surrounding
region was substituted for that of the infectious 1la
cDNA clone. In the genotype la backbone, two silent
mutations were introduced for cloning purposes [at
positions 2765 (p7) and 9158 (NS5B) of pCV-H77C] (Fig.
4). The complete sequence of each chimera was verified.

Infectivity of RNA transcripts from four different
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intertypic chimeric clones (Figs. 4, 5A, 5B) was evaluated
by consecutive intrahepatic transfections of a chimpanzee.
Clones were considéred not to be viable if viral RNA was not
detected in the serum within two weeks of the repeét
transfection. All chimeric clones contained the C, El and E2
genes of genotype 2a. The two chimeric clones tested
initially differed from each other in that one had the p7
gene of 2a (pH77CV-J6S) and the other [pH77(p7)CV-J6S] the
p7 gene of la. They differed from the two other clones in
that the 186 nucleotides of the 5' UTR just upstream of the
initiation codon were from the 2a genotype. Since neither
clone containing the chimeric 5' UTR was infectious, the
chimeric 5' UTR was replaced with the consensus genotype 1la
5' UTR to generate the two p7 varieties [pH77-J6S and
pH77 (p7)-J6S]. After consecutive transfection of the four
clones, no HCV RNA, anti-HCV or ALT elevation was detected
in the chimpanzee during 28 weeks of follow-up, suggesting
that RNA transcripts from these intertypic chimeric clones
were not viable in vivo.

This finding that the intertypic clones between
genotypes la and 2a were not viable was surprising since
flavivirus chimeras containing the structural region of
dengue virus type 1 or 2 or of tick-borne encephalitis virus
and the nonstructural region of an infectious dengue type 4
virus were viable (Bray and Lai, 1991; Pletnev et al., 1992,
1993). While considerable sequence variation exists between
the infectious genotype la and 2a clones of HCV (Table 3),
these viruses exhibit a higher degree of genetic
heterogeneity than do the major genotypes of HCV. For other

flaviviruses, however, it was possible to obtain

SUBSTITUTE SHEET (RULE 26)
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infectious chimeric clones only if the capsid region was
derived from the backbone c¢DNA clone (Chambers et al.,
1999; Pletnev and Men, 1998).

TABLE 3

Percent difference of the amino acid sequences between
the infectious clone of genotype la (pCV-H77C;
Yanagi et al., 1997) and the infectious clone of
genotype 2a (pJ6CF) of hepatitis C virus

Genome Region? $ difference
Polyprotein 27.9 (839/3007)*
Core 8.9 (17/191)
El 37.0 (71/192)
HVR1 59.3 (16/27)
E2-uvri 27.1 (91/336)
p7 38.1 (24/63)
NS2 41.9 (91/217)
NS3 19.2 (121/631)
NS4A 33.3 (18/54)
NS4B 26.8 (70/261)
NS5A 38.5 (171/444)
NS5B 25.2 (149/591)

Genome regions defined as in Table 1.

The numbers in parenthesis indicate the amino
acid differences for each region.

Positions with deletions or insertions in E2 (4
aa positions) and NSS5A (26 aa positions) were
not considered. )

o

Trivial explanations may account for the lack
of viability of these intertypic chimeras. First, the
two silent mutations introduced in the genotype 1la
backbone (one in p7 and one in NS5B) for cloning
purposes could potentially eliminate infectivity. This
is, however, very unlikely since mutations at these
positions exist among field isolates of HCV including
strain HC-J6cy (Bukh et al., 1998). Also, it is
noteworthy that the three previously published
infectious clones of strain H77 had numerous silent
nucleotide differences (Hong et al., 1999; Kolykhalov et
al., 1997; Yanagi et al., 1997). Second, signal
peptidases might not cleave the chimeric E2/p7 or p7/NS2
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junction. This seems unlikely, however, since
eukaryotic signal peptidases typically recognize the
amino acid sequences upstream of the cleavage site [the
(-3, -1) rule] (Nielsen et al., 1997) and the amino
acids at these two sites are conserved between genotypes
la and 2a (Fig. 5B). Finally, the E2/p7 and/or p7/NS2
gene junctions could differ between genotypes la and Z2a.
The junctions determined for genotypes la and 1lb were
used (Lin et al., 1994; Mizushima et al., 1994; Selby et
al., 1994) because those for genotype 2a have not been
identified. 1In the latter two cases, further analyses
of genotype 2a should eventually provide sufficient data
to overcome such potential problems and it would most
likely be possible to construct a viable chimera.

More complicated explanations for the lack of
viability of the chimeras might be required if critical
genotype-specific interactions occur as regards the
structural proteins, the nonstructural proteins and the
genomic RNA. For instance, one cannot rule out that the
chimeras were not viable because the IRES function was
compromised. In in vitro studies the IRES activity
depended on RNA sequences not only in the 5' UTR but
also extending 3' of the translation initiation site
(Hahm et al., 1998; Lemon and Honda, 1997; Reynolds et
al., 1995). Although the 3' border of the HCV IRES is
still controversial it is believed to involve at most
the first 39 nts of the core gene (Lemon and Honda,
1997). The 5' UTR of the intertypic chimeras was either
a chimera of genotype la and 2a sequences or the entire
5' UTR was derived from the la clone (Figs. 4, 5A).
Importantly, the 5' end of core is conserved among

genotypes la and 2a (Fig. 5A). Thus, the predicted
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IRES-like secondary structure is maintained in these
chimeras, suggesting that the IRES activity most likely
was maintained.

Possible interactions between the structural
proteins and the nonstructural proteins and/or the
genomic RNA, which involve RNA packaging, replication or
translation are conceivable. 1In poliovirus, which is
another positive-sense RNA virus, functional coupling of
RNA packaging to RNA replication and of RNA replication
to translation have been suggested (Novak and
Kirkegaard, 1994 ; Nugent et al., 1999). Similar to
other viruses of the Flaviviridae family, a membrane-
associated replicase complex is thought to initiate
replication at the 3' end of HCV and to synthesize a
complementary negative-strand RNA (Rice, 1996). The
putative cis-acting elements at the 5' and 3' termini
which are believed to be important for viral genome
replication (Rice 1996; Frolov et al., 1998) should be
maintained in the intertypic HCV chimeras at least im
the two constructs with the authentic la 5'UTR.

However, it is conceivable that the viral packaging
system was interrupted (Frolov et al., 1998). Studies
using a Kunjin flavivirus replicon system and providing
the structural proteins in trans suggested that the
essential encapsidation signals did not reside in the
structural region of the genome (Khromykh et al., 1997,
1998). The location of the packaging signals of HCV is
not known. However, if the structural proteins
encapsidate viral RNA via genotype-specific sequences

outside of the structural region, the chimeras would be

 unable to package the RNA and it might be extremely
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difficult to construct viable chimeras between highly

divergent strains.

Example 3

A consensus molecular clone of
genotype 2a is infectious in vivo

In order to prove that the genotype 2a portion
used in the 4 intertypic chimeric cDNA clones indeed
rebresented the infectious sequence, a consensus full-
length cDNA clone of HC-J6cy (pJ6CF) was constructed.

The core sequence of the T7 promoter, a 5' guanosine
residue and the full-length sequence of HC-J6cy (9711
nts) were cloned into pGEM-9Zf vector using NotI/Xbal
sites. Within the HCV sequence there were no deduced
amino acid differences and only 4 nucleotide differences
(at nucleotide positions 1822, 5494, 9247 and 9289) from
the consensus sequence of HC-J6cy as determined in the
present study. The silent mutation at position 1822 was
within the structural region and so was also- present. in
the four intertypic chimeras. The 5' terminal 16 nts
and the 3' terminal 82 nts were deduced from previously
published HCV genotype 2a sequences (Okamoto et al.,
1991, Tanaka et al., 1996). The full-length cDNA clone
of genotype 2a contained a 5' UTR of 340 nts, an ORF of
9099 nts encoding 3033 amino acids and a 3' UTR
consisting of a variable region of 39 nts followed by a
132 nucleotide-long polypyrimidine tract interrupted
with 3 A residues and the 3' terminal conserved region
of 98 nts.

RNA transcripts from pJ6CF were injected into
the same chimpanzee used for injection of the 4

intertypic chimeras. The chimpanzee became infected at
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the first attempt with an HCV titer of 102 GE/ml at week
1 post inoculation (p.i.), and 103-10% GE/ml during weeks
2 to 6 p.i. The consensus sequence of PCR products of
the complete ORF, amplified from serum obtained during
week 5 p.i., was identical to the sequence of pJ6CF and
there was no evidence of a quasispecies. Since RNA
transcripts of this infectious genotype 2a clone were
infectious in vivo, and it shared an exact sequence with
the non-infectious intertypic chimeric clones, their
failure to replicate must have been the result of
incompatibilities between ‘the genotype la and 2a
sequences.

To confirm that the chimpanzee used was
susceptible also to infection by genotype la, which
comprised most of the intertypic chimeras, the
chimpanzee was subsequently inoculated with RNA
transcripts from the infectious genotype la clone
(pCV-H77C). Serum samples were tested in an
H77-specific RT-PCR assay to identify super-infection
with genotype la. At week 1 p.i. the total HCV genome
titer was 10* GE/ml and the H77-specific (la) genome
titer was 10? GE/ml. The H77-specific genome titer
increased to 10° GE/ml at week 2 p.i., and reached 10*
GE/ml during weeks 3-6 p.i. The consensus sequence of
PCR products amplified with H77-specific primers at
weeks 1-6 p.i. were found to be identical to that of
pCV-H77C. However, the direct sequences of PCR products
amplified with the 5' UTR primers at weeks 1-2 after
inoculation of pCV-H77C were identical to that of pJ6CF
indicating that the 2a genotype was still present and
represented the majority species. These experiments

confirmed that the inability of the intertypic la, 2a
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cDNA clones to infect the chimpanzee was not the result
of protective immune responses in the chimpanzee but

represented deficiencies intrinsic to the chimeras.

Discussion

The published infectious cDNA clones of HCV
represent the two most important subtypes of genotype 1
(Hong et al., 1999; Kolykhalov et al., 1997; Yanagi et
al., 1997, 1998). However, 5 more major genotypes of
HCV are recognized. 1In the above Examples, the
infectivity of a cDNA clone of a second major HCV
genotype was demonstrated. As in previous studies, the
infectivity of RNA transcripts was demonstrated in vivo
by intrahepatic transfection of a chimpanzee. This new
infectious clone (pJ6CF) encodes the consensus
polyprotein of HCV strain HC-J6cy, genotype 2a. Its
encoded polyprotein differs from those of the infectious
clones of genotypes la and lb by approximately 30%
(Table 2). Genotype 2 strains, in particular subtypes
2a and 2b, have a worldwide distribution and important
differences between genotypes 1l and 2 with respect to
pathogenesis and treatment were indicated in previous
studies. The availability of an infectious clone
representing a second major genotype of HCV should
permit new ways of studying the molecular biology and
immunopathology of this important and genetically quite
different human pathogen.

The 5' and 3' UTRs of HCV are believed to be
critical for viral replication, translation and viral
packaging (Rice, 1996). The 5' 203 terminal nucleotides
and the 3' 101 terminal nucleotides of the published

infectious clones of genotypes la and 1lb were identical.
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However, the sequences of UTRs of the genotype 2a clone
differ from those of the genotype 1 clones. Overall,
the 5' UTR of the genotype 2a clone has 17 nt
differences and a single nucleotide deletion compared
with the infectious clones of genotype la (Fig. 5A).
Five of these differences and the deletion are within
the first 30 nucleotides, whereas the remainder are
found within the predicted IRES structure. Differences
also exist between the 3' UTR of the genotype 2a clone
and the clones of genotype la (Fig. 5B). The sequences
of the variable region are very different. Recent study
has shown this region is not critical for infectivity in
vivo (Yanagi et al., 1999). Within the regions which
are critical for infectivity in vivo (Yanagi et al.,
1999), the 132 nucleotide-long polypyrimidine tract of
the genotype 2a clone has 3 unique A residues
interspersed and the 3' terminal conserved region of 98
nts has 4 nt differences within the 3' terminal stable
stem-loop structure (Fig. SB) (Kolykhalov et al., 1996;
Tanaka et al., 1996). Since the 2a clone was infectious
these sequence differences are apparently real and are
compatible with infectivity. Further studies are
required to determine whether these represent critical

genotype-specific sequences.
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1. A purified and isolated nucleic acid

molecule which encodes human hepatitis C virus of

genotype 2a, said molecule capable of expressing said

virus when transfected into cells.

2. The nucleic acid molecule of claim 1,

wherein said molecule

SEQ ID NO:2.

encodes the amino acid sequence of

3. The nucleic acid molecule of claim 2,

wherein said molecule

sequence of SEQ ID NO:

comprises the nucleic acid

1.

4, A DNA construct comprising a nucleic acid

molecule according to

claim 1.

5. A DNA construct comprising a nucleic acid

molecule according to

6. An RNA

claim 4.

7. An RNA

claim 5.

8. A cell

of claim 4.

9. A cell

of claim 5.

10. A cell

claim 6.

claim 3.

transcript of the DNA construct of

transcript of the DNA construct of

transfected with the DNA construct

transfected with the DNA construct

transfected with RNA transcript of
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11. A cell transfected with RNA transcript of

claim 7.

12. A hepatitis C virus polypeptide produced
by the cell of claims 8 or 9.

13. A hepatitis C virus polypeptide produced
by the cell of claims 10 or 11.

14. A hepatitis C virus produced by the cell

of claims 8 or 9.

15. A hepatitis C virus produced by the cell

of claims 10 or 11.

16. A hepatitis C virus whose genome

comprises a nucleic acid molecule according to claim 1.

17. A hepatitis C virus whose genome

comprises a nucleic acid molecule according to claim 3.

18. A method for producing a hepatitis C
virus comprising transfecting a host cell with the RNA

transcript of claims 6 or 7.

19. A polypeptide encoded by a nucleic acid

sequence according to claim 1.

20. A polypeptide encoded by a nucleic acid

sequence according to claim 3.

21. The polypeptide of claim 19, wherein said
polypeptide is selected from the group consisting of NS3

protease, El1 protein, E2 protein or NS4 protein.
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22. The polypeptide of claim 20, wherein said
polypeptide is selected from the group consisting of NS3

protease, El protein, E2 protein or NS4 protein.

23. A method for assaying candidate antiviral
agents for activity against HCV, comprising:
a) exposing a cell containing the hepatitis
C virus of claims 16 or 17 to the
candidate antiviral agent; and
b) measuring the presence or absence of
hepatitis C virus replication in the cell

of step (a).

24. The method of claim 23, wherein said
replication in step (b) is measured by at least one of
the following: negative strand RT-PCR, quantitative RT-
PCR, Western blot, immunofluoresence, or infectivity in

a susceptible animal.

25. A method for assaying candidate antiwviral
agents for activity against HCV, comprising:

a) exposing an HCV protease encoded by a
nucleic acid sequence according to claims
1 or 3 or a fragment thereof to the
candidate antiviral agent in the presence
of a protease substrate; and

b) measuring the protease activity of said

protease.

26. The method of claim 25, wherein said HCV
protease is selected from the group consisting of an NS3
domain protease, an NS3-NS4A fusion polypeptide, or an

NS2-NS3 protease.
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27. An antiviral agent identified as having

antiviral activity for HCV by the method of claim 23.

28. An antiviral agent identified as having

antiviral activity for HCV by the method of claim 25.
29. Antibody to the polypeptide of claim 19.
30. Antibody to the polypeptide of claim 20.

31. Antibody to the hepatitis C virus of

claim 16.

32. Antibody to the hepatitis C virus of

claim 17.

33. A method for determining the
susceptibility of cells in vitro to support HCV
infection, comprising the steps of:

a) growing animal cells in vitro;

b) transfecting into said cells the nucleic

acid of claim 1; and

c) determining if said cells show indicia of

HCV replication.

34. The method according to claim 33, wherein

said cells are human cells.

35. A composition comprising a polypeptide of
claim 19 suspended in a suitable amount of a

pharmaceutically acceptable diluent or excipient.

36. A composition comprising a polypeptide of
claim 20 suspended in a suitable amount of a

pharmaceutically acceptable diluent or excipient.
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37. A composition comprising a nucleic acid
molecule of claim 1 suspended in a suitable amount of a

pharmaceutically acceptable diluent or excipient.
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1234567890 1234567890 1234567890 1234567890 1234567890
GCCAGCOOOCC TGATGAEIEC GACACTCOCAC CATGAATCAC TOOOCTGTGA 0
GGEAACTACTG TCTTCAOGRCA GAAAGOGTCT AGCCATGOG TTAGTATGAG 100
TCTOGTOCAG CCTOCAGGAC COCOCCTOOC GGGAGAGCCA TAGTARICTG 150
COGAACCGGET GAGTACACOCG GAATTGCCAG GACGACCOSAG TOCTTICTIG 200
QTAAACOOG CTCAATGOCT CRGATTTGEG GOGTEA0OCC. GCAARLTAC 250
TAGCCRAGTA GIGTTGEGTC COGRAAAGIC TTGIGGTACT GOCTRATAGG 300
GIGCTTGORA GTOUA0O0EEG AGGTCTOGTA GACOGTGCAC CATGAGCAOS 350
AATCCTAAAC CTCAARGAAA AACCAAAOGT AACAOCAAOC GTOGROOCACA 400
GEACGTCAAG TTOOOECTG COGGTCAGAT CGTTGGTGEA GTTTACTIGT 450
TCOOGOCAG GOCOCCTAGA TTGGGTGICC GECGACEAG GAAGACTTCC 500
GACCGGTCGC AACCTOGAGG TAGAOGTCAG CCTATCCCCA AGGCAOGTOS 550
GOCCGAOEAC AGGACCTAEEG CTCAGCCOOEG GTACCCTTGG COCCICTATG 600
GCCAATGAGSG TTGOGECETEG CASCERATEC TOCTGICTCC COGTGECICT 650
COOCCTAGCT GAEGCCCCAC AGARCCOCOORG CGTAGGTORC GCAATTTOGS 700
TAAGGTCATC GATACCCTTA CGTCCGCCTT CAOCGALCTC ATGGGGTACA 750
TACCGCTOGT CGACGACCCT CTTGEERAGEG CTAOCAGEEC CCTAAOGCAT 800
GEOGTCOGEEG TICTCRAGA CGECCTGAAC TATGCAACAG GGAACCTICC 850
TGGITGCTICT TTCTCTATCT TCCTTCIGC CCTGCTCICT TGCCTGACTG 900
TGOCOOGCTTC AGCCTACCAA GTGCGCAATT CCTOGEGEECT TTACCATGIC 950
ACCAATGATT GOCCTAACTC GAGTATIGIG TACGARGAOGG CORATGCCAT 1000
CCTGCACACT COGAGGETGIG TOCCTTGOGT TOACGAGEGT AACGCCTCRA 1050
GGIGTTGAGT GAOAGTGACC COCACGGTES CCACCAGEGA CGGECAAACTC 1100
QCCACAAOGC AGCTTOGACG TCATATOGAT CTGCTIGIOG GGAGCGCCAC 1150
CCTCTOCTOG GOCCTCTACG TGEEGEGALCT GTIGOGAGICT GICITICITG 1200
TTGGTCAACT GITTACCTTC TCTOOCAGEC GOCACTGGAC GACGCAAGRC 1250
TGCAATTGIT CTATCTATOC COGGOCATATA ACGAGTCATC GCATGGCATG 1300
GRATATGATG ATGAACTGGT COCCTAOREC AGCGTIGEIG GTAGCTCAGC 1350
TGCTOOGGEAT COCACAAGOC ATCATGGACA TGATOGCTGG TGCTCACTGG 1400
GGAGTOCTGG COGRGECATAGC GTATTTCIOC ATGGTGAGGA ACTGAGCOGAA 1450
GGTCCTGGTA GTGCTGCTGC TATTTGOOEG GGTOGACGOG GAAAMOCCAOG 1500
TCACCGEEEG AAATAOOEEC CGCACCAOGG CTGARCTTGT TGGICICCIT 1550
ACACCAGROG CCAAGCAGAA CATCCAACTG ATCAACACCA ACGACAGTIG 1600
GCACATCAAT AGCAOGGOCT TGAATTGCAA TGAARGCCTT AACAQQGGCT 1650
GGTTAGCAGS GCICTTCTAT CAACACAMAT TCAACICTIC AGGCTIGIOCT 1700
GAGAGGTTGG CCAGCTAOCG ACGOCTTACC GATTTTGOCC AGAACTAEG 1750
TCCTATCAGT TATGOCAACG GAAGCGROCT CGACGAACGC COCTACTGCT 1800
GECACTACCC TOCAAGACCT TGTGGCATTG TGOCCGCAAA GAGOGIGIGT 1850
GGOCOGGTAT ATTGCTTICAC TOCOCAGCCOCC GTGGTGGTGG GAACGAOCGA 1900
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CAGGTCGEEC GOGCCTACCT ACAGCTGEGG TGCAAATGAT ACGGATGICT 1950
TOGICCTTAA CAACACCAGS CCACOGCTGG GCAATTGGIT O3GTIGIACC 2000
TGGATGAACT CAACTGRATT CACCAAAGTG TGOSGAGAEC OOOCTIGIGT 2050
CATOGGAGSG GTGEGCAACA ACAQCTTGCT CTGOCCCACT GATTGCTIOC 2100
GCAAACATCOC GGAAGOCACA TACTCTOGGCT GOGGCTCOOSG TOCCTGRAIT 2150
ACACCCAGGT GCATGGTOGA CTACCOGTAT AGSCTTIGEC ACTATOCTIG 2200
TACCATCAAT TACAQCATAT TCAAACTCAG GATCTAOGTG GGAGEICTOS 2250
AGCACAGGCT GGAACGOGOC TOCAACTGGA CGOGGEECGA ACGCIGTGAT 2300
CTGERRAGACA GGRACAGGTC CERAGCTCAGC COGTTECTGC TCTOCACCAC 2350
ACAGTGGECAG GICCTTOOGT GITCTTTCAC GACCCTAOCA GOCTIGICCA 2400
COGGCCTCAT CCACCTOCAC CAGAACATTG TGGACGTGCA GTACTIGIAC 2450
GGGGTAGAET CAAGCATOC GTOCTGEGEEAC ATTAAGTGSG AGTACGTIOGT 2500
TCTCCTGTTC CTTCTGCTTG CAGACGOGOG CGTCTECTCC TOCTIGIGRA 2550
TGATGTTACT CATATCOCAA GOGRGEAGG CTTTCGEAGAA CCTCOGTAATA 2600
CTCAATGCAG CATCOCTOEC CORACGCAC GGTCTTGIGT CCTTCCTOGT 2650
GTTCTTCICC TTTGCOGTGGT ATCTGAAGGG TAGGTAAGTG COOXXxXG 2700
TCTACCOCCT CTACOGGATG TGGECCTCTICC TOCTGCTCCT GCTACGTIG 2750
CCTCAGQOREG CATACGCACT GRACACGEAG GTGRCCOCGT OGTGIGEG 2800
CCTTGTICIT GICGGGITAA TGOOGCTGALC TCIGTCOGCCA TATTACAAGC 2850
GCTATATCAG CTGGTCCATG TGGTGSCTTC AGTATTIICT GRCCAGAGTA 2900
GAACCGCAAC TGCAOGTGIG GGTTCCCCCC CTCAACGTCOC G33E3EG 2950
CRATCCCCTC ATCTTACTCA TGTGIGTAGT ACACCCGACC CTGGTAITIG 3000
ACATCACCAA ACTACTCCTIG GOCATCTITOG GACCCCTTTG GATTCTTCAA 3050
GOCAGTTTGC TTAAAGTOCC CTACTTOGTG CGOGTTCAAG GOCTICTCCG 3100
QTCTCOCNG CTAGCGOGERA AGATACCCGEG AGGTCATTAC GITGCAAATGG 3150
CCATCATCAA GTTAGGGEOG CTTACTGGCA CCTATGIGTA TAMOCATCIC 3200
ACCCCTICTITC GAGACTAEEC GCACAACGSC CTOORGATC TAAOOGTEC 3250
TGTGGAACCA GIUGICTICT CCOGAATGGA GACCAAGCTC ATCAOGTGSG 3300
GCGCAGATAC COGCOCGOGTRC GGTGACATCA TCAACSGCTT GOCCGTCICT 3350
GOCCGTAGSE GOCAGGAGAT ACTOCTTOGEG QCAGCOGACG GAATGGICTC 3400
CARGGGGTGG AGGTTGCTGE CGCCCATCAC GACGTACGOC CAGCAGACGA 3450
GAGGCCTCOCT AGGGTGTATA ATCACCAGCOC TGACTGAOSG GRCAAANAC 3500
CAAGTGGAGG GTGAGGTCCA GATOGIGICA ACTGCTACCC AAACCTTCCT 3550
GGCAACGTGC ATCAATGGSG TATGCTGGAC TGICTACCAC GAGAGOOGGRAA 3600
CGAGGACCAT CGCATCACCC AAGRGTCOCTG TCATCCAGAT GTATACOCAAT 3650
GTGGACCARG ACCTTGIGIG CTGRCCOGCT CCTCAAGGTIT CCQOGCTCAIT 3700
GACACCCTGT ACCTGOGGCT CCTOGGACCT TTACCTGGIC ACGAGGCAOG 3750
CCGATGTCAT TCOCGTGOGC CGOOGAGGTG ATAGCAGIEG TAGCCTGCIT 3800
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TOGOCCCEEC CCATTTOCTA CTTGAAAGEC TOCTOREARG GTOOCIGIT 3850
GTGOOOCE0G GRACAORANG TARROCTATT CAGEROOGAG GTGTACAOC 3900
GTGGAGTGEC TAAAGOGGTG GACTTTATCC CTGIGGAGAA CCTAGIRACA 3950
ACCATGAGAT CCCOGGTGTT CACGGACAAC TOCTCTCCAC CAGCAGIGOC 4000
CCAGAGCTTC CAGGTGROCC ACCTGCATGC TOOCAOOEEC AGOGGTARGA 4050
GCACCAAGGT COO33CTOOG TAOGCAGOCC AGGGCTACAA GEIGTIGIIG 4100
CTCAACCCCT CTGTTGCTGC AACRCTAEEC TTTGGTGCIT ACATGTOCAA 4150
GGOCCATGEG GTTGATOCTA ATATCAGGAC OGOGGTGAGA ACAATTACCA 4200
- CTGECAGOCC CATCACGTAC TOCACCTACG GCAAGTTOCT TOOORAOE. 4250
GOGTGCTCAG GAGGTGCTTA TGACATAATA ATTIGTGAG AGIGOCACTC 4300
CAOGGATGACC ACATOCATCT TGAGCATORG CACTGTOCTIT GACCAAGCAG 4350
AGACTGOGEG GGORAGACTG GITGIGCIUG CCACTGCTAC QOCTOOEEC 4400
TOOGTCACTG TGTOOCATCC TAACATOGAG GAGGTTGCIC TGTOCACCAC 4450
CGGAGAGATC CCCTTTTACG GCAAGGCTAT COCCCTOGAG GTGATCARGS 4500
GEEEAAGACA TCTCATCTTC TGOCACTCAA AGARGAAGTG CGACGAGCTC 4550
GOOCGRAARC TAGTCOGCATT GAGCATCAAT GOOGTAACCT ACTRAOCOOGG 4600
TCTTGACGTG TCTGTICATCOC CGACCAGORG CGATGTIGIC GIOGTGICGA 4650
COGATGCTICT CATGACTGERC TTTACCRRCG ACTTCGACTC TGTGATAGAC 4700
TGCAACACGT GIGTCACTCA GACAGTCGAT TTCAGCCTIG ACCCTACCIT 4750
TACCATTGAG ACAACCACOGC TOCCCOCAGGA TGCIGICTCC AGGACTCAAC 4800
GOOEEEECAG GACTGRCAGS GAGAAGCCAG GCATCTATAG ATTTIGIGOCA 4850
COBEEEGAGC GOOCCTOOEG CATGTTORALC TOGTOOGTOC TCTGTGAGTG 4900
CTATGACGOG GOCTGTGCTT GGTATGAGCT CAOSOOCEC GAGACTACAG 4950
TTAGGCTACG AGCGTACATG AACACCOURG GACTTOOOGT GIGOCAGGEAC 5000
CATCTTGAAT TTTGRGAGRG CGICTTTAOS GAOCTCACTC ATATAGATEC 5050
CCACTTTTTA TOCCAGACAA AGCAGAGTGG GEAGAACTIT OCTIACCTGG 5100
TAGOGTACCA AGCCACOGTG TEORCTAGEG CTCAAGOONC TOOOCCATOS . S150
TORGACCAGA TGTGGAAGTG TTTGATCOIC CTTAARCCCA COCTCCATGS 5200
GOCAACACCC CTGCTATACA GACTGREORC TGTTCAGAAT GAAGTCAOCC 5250
TGACGCACCC AATCACCAAA TACATCATGA CATGCATGIC GEOORRLCIG 5300
GAGGTCGTCA CGAGCACCTG GGIGCTUGIT GIOEAIGTCC TACTACICT 5350
GGOOGOGTAT TOCCTGTCAA CAGGCTEIGT GGTCATAGTG GECAGRATOS 5400

GAGTTCRATG AGATGGAAGA GTGCTICTCAG CACTTACOGT ACATCGAGCA 5500
ACGGATGATG CTOGCTGAGC AGTTCAAGCA GAAGICOOCTC GACCTCCIRC 5550
AGACCGOGTC COGCCATGCA GAGGTTATCA COCCTGCTGT CCAGAOCARC 5600
TGGCAGAAAC TOGAGGTCIT TTGGECGAAG CACATGIGGA ATTTCATCAG 5650
TGGGATACAA TACTTGEOGG GOCTGTCAAC GCTGCCTGGT AACCCOACCA 5700
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TTGCTTCATT GATGGCTTIT ACAGCTGOCG TCACCAGOCC ACTAACCACT
GECCAAACCC TOCTCTTCAA CATATTGEGG GIETESETGEG CTGOOCAGCT
QEOCECOOCC GETGOCGCTA CTOCCTTICT GAETGCTARC CTAGCTAEG
COGCCATOSG CAGOGTTGGA CTOECEAAGG TOCTOGTGRA CATTCTIGCA
GEGTATAEOG CECECGTAEC GGGAGCTCTIT GIAGCATTCA AGATCATGAG
CEETRAGGETC COCTOCACSS AGRACCTAGT CAATCTGCTG QOOGACATOC
TCTOGRCTAG AGCOCTTGTIA GTOSCTGIGEG TCTGORCALC AATACTAOSC
CGECACGTTG GOOUGEECGA GAGEGCACTG CAATGGATGA ACQGGCTAAT
AGCCTTORC TOOOGEEEEA ACCATGTTTC COOCAOCAC TAQGTROORG
AGACCGEATGEC AGCOROCOAC GTCACTGOCA TACTCAGCAG CCTCACTGTA
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CTCAATGICT TATTCCTGGA CAGGCACALCT CGTCACCOOG TEOGCTAOSS 7650
ARGARCAAAA ACTGQOCATC AACGCACTGA GCAACTOGIT GCTAOGOCAT 7700
CACAATCTGG TGTATTCCAC CACTTCACGC AGTGCTTGCC AAAGGCAGAA 7750
GAAAGTCACA TTTGACAGAC TCCAAGTICT GRACAGCCAT TACCAGERALS 7800
TCCTCAAGGA GGTCAAAGCA GOGGOGTCAA AAGTGAAGGSC TAACTIGCTA 7850
TCOOGTAGAGG AAGCTTGCAG CCTGAOCC CCACATTCAG CCAAATOCAA 7900
GITTGCCTAT GOGGCAAAAG AQGTCOOGTTG CCATOOCAGA AACGOOGTAG 7950
CCCACATCAA CTOOGTGIGG AARCACCTTC TGGAAGACAG TGTAACAOCA 8000
ATACACACTA CCATCATGIC CAACGAACGAG GITTICTGOG TTCAGCCTGA 8050
GAAGGGEEACET CGTAAGCCAG CTOGICTCAT CQGIGTTOOC GAOCTGEG 8100
TCORCGTGTIG CRAGAAGATG GOCCTGIALG ACGIGGTTAG CAAGCTOOCC 8150
CTGGCOOGTRA TCGGAAGCTC CTACGGATTC CAATACTCAC CAGGACAGOG 8200
GGTTGAATTC CTCGICCAAG CGTGRAAGTC CAAGAAGAC CCGATGEAGT 8250
TCTCGTATGA TACCOGCTGT TTTGACTCCA CAGTCACTGA GACCRACATC 8300
CGTACGGAGG AGGCAATTTA CCAATGTIGT GACCTGGACC COCAAGCCOCG 8350
CGTGGCCATC AAGTCOCCTCA CTGAGAGGCT TTATGITGGG GACCCICTIA 8400
CCAATTCAAG GEOGGAAAAC TOCOGCTACC GCAGGTGEOOG COCGACCGEC 8450
GTACTGRACAA CTACGCIGIGG TAACACCCTC ACTTGCTACA TCAAGGCOQCG 8500
GECAGCCTGT CRAGQCGCAG GGCTCCAGRA CTGCACCATG CTICGIGIGIG 8550
GOGACGACTT AGTCGTITATC TCTGAARGIG CAOGGGTCCA GGAGGACGCG 8600
GOGAGCCTGA GAGCCTTCAC GGAGGCTATG ACCAGGTACT CCGOCCOQCC 8650
CEEGERACCCC CCACAACCAG AATACGACTT GGAGCTTATA ACATCATCCT 8700
CCTCCAACGT GTCAGTOROC CACGACGEOG CTGGRAARGAG GGICTACTAC 8750
CTTACCCGTG ACCCTACAAC QCOCCCTCOCG AGAGCQOGOGT GAGAGACAGC 8800
- AAGACACACT CCAGTCAATT CCTGGCTAGG CAACATAATC ATGITIGOCC 8850
CCACACTGIG GOCRGRATG ATACTGATGA CCCATTTCIT TAGOGICCIC 8900
ATAGOCAGSS ATCAGCTTGA ACAGGCICIT AACTGIGAGA TCTAOGRAGC 8950
- CTGCTACTCC ATAGAACCAC TGGATCTACC TCOCAATCATT CAARGACTCC 9000
ATGCCTCAG CGCATTTTCA CTOCACAGIT ACTCTCCAGG TGAAATCAAT 9030
AGAGTAEOCG CATGCCTCAG AAAACTTAEG GICCOGCCCT TOCRAGCTTG 9100
GAGACACCOGG GOOOGGEAGOG TCOGOGCTAG GCTTCTIGICC AGAGGAGGCA 9150
GEGCTGOCAT ATGTGACAAG TACCICTICA ACTGGGCAGT AAGAACAAAG 9200
CTCAAACTCA CTCCAATAGC GEOORCTARC CGGCTGEACT TGTOOGTTG 9250
GTTCACGECT GGCTACAGOG GAGRAGACAT TTATCACAGC GIGICICATG 9300
COOGE00OCG CTGGTTCTGG TTITTGOCTAC TCCTGCTOSC TGCAGAIGTA 9350
GGCATCTACC TCOCTCOOCCAA COGATGAAGG TTGGGGTAAA CACTOCGGCC 9400
TCTTAAGOCA TTTCCTIGTIT TTTTTTITIT TITITTITIT TITTICITIT 9450
TTTTTTICIT TCCTTTCCIT CTTTITITCC TTICTITITC CCTICTTTAA 9500
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MSTNPKEORK TKRNINRREQ DVKFEGS3QI VGGVYLLPRR GPRLGVRATR
KTSERSQPRG RROPIPKARR PHGRIWAQEG YPWPLYGNEG OGWAGNLLSP
RGSRPSWGPT DPRRRSRNLG KVIDTLTOGEF ALLMGYIPLV GAPLGGAARA
LAHGVRVLED GVNYATGNLP GCSFSIFLIA LLSCLIVPAS AYQVRNSSGL
YHVINDCENS SIVYEAADAT LHTEGCVECV REGNASRCWV AVIPIVATRD
GKLPTTOLRR HIDLIVGSAT LCSALYVGOL: OGSVFLVGQRL FTFSPRRHNT
TODONCSIYP GHITGHRMAW DMMNWSPTA ALVWAQLIRI PQATMIMIAG
AHNGVIAGIA YFMWVAWAK VLVWLLIFAG VDAETHVIGG NAGRTTAGLV
GLLTEGAKCN IQLININGSW HINSTAINCN ESINTGALAG LFYQHKENSS
GCPERLASCR RLIDFAQGAG PISYANGSGL DERPYCWHYP PRPOGIVPAK
SVOGPVYCFT PSPVWVGTTD RSGAPTYSWG ANDITVFVLN NIRPPLGNWF
GCTWMNSTGF TKVCGAPECV IGGVGNNTLL CPTDCFRKHP EATYSROGSG
PWITPROMVD YPYRUNHYEC TINYTIFKVR MYVGGVEHRL EAACNWIRGE
RCDLEDRCRS ELSPLLLSTT QAQUVLECSFT TLPALSTGLI HLHONIVIVQ
YLYGVGSSIA SWATKWEYVV LIFIIIADAR VCSCLMMLL ISQAEAALEN
LVILNAASIA GTHGLVSFLV FFCFAWYLKG RWEGAVYAL YGMAPLLILIL,
LALPQRAYAL DTEVAASCGG VVIVGLMALT LSPYYKRYIS WOMANWLQYFL
TRVEAQLHW VPPLNVRGGR DAVILIMCWW HPTLVFDITK LLIATFGPLIN
TLQASLIKVP YFVRVQGLIR ICALARKIAG GHYVQMAITK LGALTGTYVY
NHLTPLRUAA HNGLRDLAVA VEPVVFSRME TKLITWGADT AACGDIINGL
PVSARRGOET LIGPADGMVS KGWRLIAPIT AYAQQTRGLL GCITTSLIGR
DKNQVEGEVQ IVSTATQTFL ATCINGVCWT VYHGAGIRIT ASPKGPVIQM
YTNVDQDLVG WPABQGSRSL, TECTOGSSDL: YLVIRHADVI PVRRRGDSRG
SLLSPRPISY LKGSSGGPLL, CPAGHAVGLF RAAVCTRGVA KAVDFIPVEN
LGTIMRSEVF TCNSSPPAVP QSFQVAHLHA PTGSGKSTKV PAAYAAQGYK
VLVLNPSVAA TLGFGAYMSK AHGVDENIRT GVRIITIGSP ITYSTYGKFL
ADGGCSGGEAY DITICDECHS TDATSILGIG TVLDQAETAG ARLVWIATAT
PPGSVIVSHP NIEEVALSTT GEIPFYGKAT PLEVIKGGRH LIFCHSKKKC
DELAAKIVAL GINAVAYYRG LINSVIPTSG DVVVVSTDAL MIGFTGDFDS
VIDONTCVIQ TVDFSLDPTF TIETTTLPOD AVSRIQRRGR TGRGKEFGIYR
FVAPGERPSG MFDSSVLCEC YDAGCAWYEL TPAETTVRLR AYMNTEGLPV
CQDHLEFWEG VFTGLTHIDA HFLSQTIKQSG ENFPYLVAYQ ATVCARAQAP
PPSWDQMNKC LIRLKPTLHG PTPLLYRLGA VONEVILTHP ITKYIMICMS
ADLEVVTSTW VLVGGVLAAL AAYCLSTGCV VIVGRIVLSG KPAIIPLREV
LYQOEFDEMEE CSCHLPYIED GMMLAERQFKQ KALGLLQTAS RHAEVITPAV
QINWQKLEVE WAKHMANFIS GIQYLAGLST LPGNPAIASL MAFTAAVTSP
LTTGQTLLFN ILGGAVAAQL, AAPGAATAFV GAGLAGAATG SVGLGKVLVD
ILAGYGAGVA GALVAFKIMS GEVPSTEDLV NLLPAILSFG ALVVGVWCAA
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TLRRHVGEGE GAVOWMNRLI AFASRGNHVS PTHYVPESDA AARVIATISS 1950
LTVTQLLRRL HIWISSECTT PCSGSWLRDI WDWICEVLSD FKIWLKAKIM 2000
POLFGIPFVS CORGYRGWR GDGIMHIRCH CGAETTGHVK NGIMRIVGPR 2050
TCRNMASGTF PINAYTTGEC TPLPAPNYKF ALWRVSAEEY VEIRRVGDFH 2100
YVSGMITINL KCFCQIPSPE FFTELDGVRL HRFAPECKPL LREEVSFRVG 2150
LHEYPVGSQL PCEPEPDVAV LTSMUTDPSH TTAEAAGRRL ARGSPPMAS 2200
SSASQLSAPS LKATCTANHD SPDAELIFAN LIWRQEMSGN ITRVESENKV 2250
VILDSFDPLV AEEDEREVSV PAEIIRKSRR FARALPVWAR PDYNPPLVET 2300
WKKPDYEPPV VHGCPLPPFR SPPVPPPRKK RIVVLTESTL STALAELATK 2350
SFGSSSTSGI TGINITTSSE PAPSGCPFDS DVESYSSMPP LEGEPGDPOL 2400
SDGSWSTVSS GADTEINVOC SMSYSWIGAL VIFCAAEEQK LPINALSNSL 2450
LRHHNLVYST TSRSACOROK KVIFLRLQVL DSHYQIVLKE VKAAASKVKA 2500
NLLSVEEACS LTPPHSAKSK FGYGAKDVRC HARKAVAHIN SWWKDLIEDS 2550
VIPIDITIMA KNEVFCVQPE KGGRKPARLI VFPDLGVRVC EKMALYDWS 2600
KLPLAVMGSS YGFQYSPGOR VEFLVQAWKS KKTEMGFSYD TRCFDSIVIE 2650
SDIRTEEALY QCCDLDPQAR VATKSLTERL YVGGPLINSR GENCGYRRCR 2700
ASGVLTTSCG NTLTCYIKAR AACRAAGIQD CTMLVOGIDL WICESAGW) 2750
EDAASLRAFT EAMIRYSAPP GDPPQPEYDL ELITSCSSNV SVAHDGAGKR 2800
VYYLTRDPTT PLARAAWETA RHTPVNSWLG NIIMFAPTLIW ARMIIMIHFF 2850
SVLIARDQLE QAINCEIYGA CYSIEPLDLP PIIQRLHGLS AFSLHSYSEG 2900
EINRVAACIR KLGVPPLRAW RHRARSVRAR LLSRGGRAAI CGKYLFNWAV 2950
RIKLKLTPIA AAGRLDLSGN FTAGYSGGDI YHSVSHARFR WEWFCLLIIA 3000
AGVGIYLLEN R 3011
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GOCACCOCCC TGATGASEEC GACACTCCAC CATGAATCAC TOOCCTGIGA
GGAACTACTG TCTTCACGCA GAAAGCGICT AGCCATGE0G TTAGTATGAG
TGTOGTGCAG CCTCCAGGALC COCOCCCTOCC GGGAGAGOCA TAGTGGTICIG
COGAACCGET GAGTACACCG GAATTGCCAG GACGACCGSS TOCTITICTTG
GATCAACCOG CTCAATGCCT GGAGATTTGG GOGTEOCCCC GOGAGACTGC
TAGCCGAGTA GTGTITGGGETC CCGAAAGGCC TIGIGGTACT GCCTGATAGG
GTCCTTGCGA GTGCCOCGEE AGGTCICGTA GACCGTGCAC CATGAGCACG
AATCCTAAAC CTCAAAGAAA ARACCAAACGT AACACCAACC GOCGCOCCACA
GGACGTCAAG TTCOOGEGEOG GTGGTCAGAT CGTTGGTGGA GITTACCTGT
TCOOGOGCAG GEGCOCCCAGG TTOGEGTGCTGC GOGCGACTAG GAAGRCTTCOC
GAGCGGETCOGC AACCTOGTGG AAGCOGACAA CCTATOCCAA AGGCTORCG
ACCCGAGGEEC AGGCCTAEG CTCAGCCOEG GTACCCTITGG CCCCICTATG
GCAATGAGGG CCTGEGEGETEG CCAGGATEEC TOCTGTCACC COGAGEECTOC
CGECCTAGTT GGGECCCCAC GGACCCOORG CGTAGGTCOGC GTAACTTGSG
TAAGGTCATC GATACCCTTA CATGOGXTT CGQCGATCTC ATGGGGTACA
TTCCOGCTCOGT CGAECGACCCC CTAGGEEEAG CTEOCAGSEC CTTGECACALC
GGCTGTCCAEG TTCTGGAGGA CGRCGTGAAC TATGCAACAG GGAACTTGCC
CGGETTGCICT TICTCTAICT TCCTCTTGGC TCTGCTGICC TGTITTGACCA
TCCCAGCTTIC CGCTTATGRA GTGCOGCCAACG TGTOCOGGGAT ATACCATGTIC
ACGAACGACT GCTCCAACTC AACCATIGIG TATGAGGCAG CGGACGIGAT
CATGCATACT CCCGEGETEG TGCCCTGIGT TCAGGAGGSGT AACAGCTCOC
GTTGCTGGGT AGCGCTCACT CCOCACGCTOG CGGCCAGGERA TGCCAGOGTC
CCCACTACGA CAATACGACG CCACGTCGAC TTGCTOGTIG GGAOGECTICC
TTTCTGCTCC GCTATGTACG TGGGGGATCT CTGCOGGATCT ATTTTCCTCOG
TCTCCCAGCT GTTCACCTTC TCGCCTCGCOC GGCATGAGAC AGTGCAGGAC
TCCAACTGCT CAATCTATCC CGGOCATGTA TCAGGTCACC GCATORCTTG
GGATATGATG ATGAACTGGT CACCTACAAC AGCCCTAGTG GIGICGCAGT
TGCTCOGGAT CCCACAAGCT GTCOGTCGACA TGAGETGGEAGEE GGEOCCACTSG
GGAGTCCTGG CGGECCTTGC CTACTATTCC ATGGTAGGGA ACTGGGCTAA
GGTTCTGATT GTGGCOGCTAC TCTTTOCOCGG CGTTGACGGG GAGACCCACA
CGACGEEGAG GGTEGECCEEC CACACCACCT COGGGTTCAC GICCCTTITC
TCATCTGEEG CGICTCAGAA AATCCAGCTT GIGAATACCA ACGGCAGCIG
GCACATCAAC AGGACTGCCC TAAATTOCAA TGACTCCCTIC CAAACTGGGT
TCTTTGCCGC GCTGTTTIAC GCACACAAGT TCAACTOGIC COAGEGTEOCCG
GAGCGCATGG CCAGCTGOOG CCCCATTGAC TOGTTOGCOC AGGEGTGEAGEG
CCCCATCACC TATACTAAGC CTAACAGCTC GGATCAGAGG CCTTATTGCT
GGCATTAQGC GCCTCGACCG TGTGGIGICG TACCOGOGTC GCAGGTGIGT

GGTCCAGTGT ATTGTITTCAC CCCAAGOCCT GTTGTGGIGG GRACCACCGA
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TOGTTCCGET GTCCCTACGT ATACCTGGGG GGAGAATGAG ACAGACGTGA 1950
TGCTCCTCAA CAACACGOGT CCGCCACAAG GCAACTGGTT CGGACTGTACA 2000
TGGATGRATA GTACTGGIT CACTAAGACG TGOGGAGGTC COOCGTGIAA 2050
CATOGEEEEEG GTOGGTAACC GCACCTTGAT CTGOOOCACG GACTGCTIOC 2100
GGAAGCACCC CGAGGCTACT TACACAAAAT GTGACTOGEG GOOCTGCTIG 2150
ACAOCTAGGT GOCTAGTAGA CTACCCATAC AQCGCITIGEC ACTAOOCCTG 2200
CACTCTCAAT TTTTCCATCT TTAAGGTTAG GATCTATGCIG GOEEOCTGG 2250
ACGCACAGSCT CAATOCOCGCA TGCAATTGGA CTOGAGGAGA GOGCTGIAAC 2300
TTCGAGGACA GCGATAGGTC AGAACTCAGLC COGCTGCICC TGICIACAAC 2350
ACGAGTGGECAG ATACTGOCCT GTGCTTTCAC CACCCTACCG GCTTTATCCA 2400
CTGGTTTGAT CCATCTCCAT CAGAACATCG TGGACGTGCA ATACCIGTAC 2450
GGTGTAGSCET CAGCGITIGT CTCCTTTGCA ATCAAATAG AGTACATCCT 2500
GTTGCTTTTC CTTCTCCTGG CAGACGOGCG CGIGCTGTCAC TCCTIGIGRA 2550
TGATGCTGCT GATAGCOCAG GCTGAGGCCG CCTTAGAGAA CTTGGTGCTC 2600
CTCAATGOEG CGTCCGTGEC COGACCRCAT GGTATTCICT CCTTTCITGT 2650
GTTCTTCTOC GOCGCCTAET ACATTAAGSG CAGGCTOXCT OCTEEEA3G 2700
CGTATCCTIT TTATGGOGTA TGGCOGCTEC TOCTGCTOCT ACTGGOGITA 2750
CCACCAQGAG CTTACGCCIT GGACCGGRAG ATGECTGCAT OGTGOSGEEEG 2800
TCOGGTICTT GTAGGICTIGG TATTCTTGAC CTTGICACCA TACTACARAG 2850
TGTTTCTCAC TAGGCTCATA TOGTGGTTAC AATACTTTAT CACCAGAGCC 2900
GAGGCGCACA TGCAAGTGTG GGTCCCCCCC CTCAACGTIC GGEGGAGCCG 2950
CGATGCCATC ATCCTCCTCA CGTGIGCOGET TCATCCAGAG TTAATTITIG 3000
ACATCACCAA ACTCCTGCTC GCCATACTOG GOCCGCTCAT GGTCCTCCAG 3050
GCTIGGCATAA CGAGAGIGCC GIACTTCOGTG CGCGCTCAAG GOCTCATTCG 3100
TGCATGCATG TTAGTGCGAA AAGTCGCCGG GOCTCATTAT GICCARATOG 3150
TCTTCATGAA GCTGGECACG CTGACAGGTA CGIACGITIA TAACCATCIT 3200
ACCOCQCACTGC GEGACTEREC CCACGOGEEC CTACGAGACC TITGOSGTGSC 3250
GGTAGAGOCC GICGTCTICT COGCCATGGA GACCAAGGTC ATCACCTGSG 3300
GAGCAGACAC COGCTGCGTGT GOSGACATCA TCTTGGGICT ACCCGICICC 3350
GCOCGAAGGG GGAAGGAGAT ATTITIGGGA COGGCTGATA GICTCGAAGG 3400
GCARGGGTGG CGACTCCTTG CGCCCATCAC GGCOCTACTCC CAACAAACGC 3450
GGGGCGTACT TGGTTOCATC ATCACTAGOC TCACAGROCG GGACARGAAC 3500
CAGGTCGAAG GGGAGGTTCA AGTGGTTTICT ACCGCAACAC AATCTTICCT 3550
GGCOGACCTGC ATCAACGGOG TGTGCTIGGAC TGTCTACCAT GACGCTAECT 3600
CGAAGACCCT AGCCGGTCCA AAAGGTCCAA TCACCCAAAT GTACACCAAT 3650
GTAGACCTGG ACCTCOGTORG CTOGCAGGEOG QCCCCOOEGEEG COCGCTCCAT 3700
GACACCATGC AGCTGTGOCA GCTCOGGACCT TTACTIGGTC ACGAGACATG 3750
CTGATGTCAT TCCGGTGOGC CGGCOGAGGOG ACAGCAGGEG AAGICTACTC 3800
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TOOOOCAGEC COGTCICCTA CCTGRAAAGGC TOCTOGREGTG GTOCATTGCT
TTGOCOCTTOG GEGECACGTOG TAEAGTCIT COGEECTGCT GIGTGCAOCC
GEEAECTOGC GAAGGCGCTG GACTTCATAC COGITGAGIC TATGGAAACT
ACCATGOGGT CTOOGGICIT CACAGACAAC TCAACCOOOC OEGCTGTACC
GCAGACATTC CAAGIGGCAC ATCTGCACGC TOCTACTGGC AGOGGCAAGA
GCACCAAAGT GOOGCTGOG TATGCACOCC AAGGGTACAA GCTGCTOGIC
CTGAACCCGT COGTTGOOGC CACCTTAGSG TTTGGEGEAGT ATATGTOCAA
GGCACAQGGT ATOGACCCTA ACATCAGAAC TGGEGGTAAGG ACCATTACCA
CGEECGEECTC CATTACGTAC TOCACCTATG GCAAGTTCOCT TGCOGACQIGT
GECIGTTCIG GGEECOGCCTA TGACATCATA ATATGTGATG AGTGOCACTC
AACTGACTOG ACTACCATCT TGEGCATOSG CACAGTOCTG GAOCARACGOG
ACGACGGCTGG AGCGORECTC GTCGTGCTUG CCACQCGCTAC AQCTOOGGEEA
TOGGTTACCG TGOCACACCC CAATATCGAG GRAATAGGOC TGTOCAACAA
TGGAGAGATC COCTTCTATG GCARAGOCAT CCOCATTGAG GOCATCAAGG
GGGGGAGGECA TCTCATTTIC TGCOCATTCCA AGRAGAAATG TGACGAGCTC
GOOGCAAAGC TGACAGGOCT CGGACTGAAC GCTGTAGCAT ATTACCGEREG
CCTTARATGIG TOCGTCATAC CGCCTATOGG AGACGTCGIT GIOGTGGCAA
CAGACGCTCT AATGACGGEGT TTCACCGECG ATTITGACTC AGTGATCOGAC
TGCAATACAT GTGTCACCCA GACAGTCGAC TTCAGCTIGG ATCCCACCIT
CACCATTGAG ACGACGACOG TGOCCCAAGA CGQOGGTGTCOG CGCTCOGCAALC
GGCGAGGTIAG AACTGGCAGG GGTAGGAGTG GCATCTACAG GITIGIGACT
CCAGGAGAAC GGOCCTOGRG CATGITCGAT TCTTOGGTCC TGIGTGAGTG
CTATGACGOG GGCTGIGCTIT GGTATGAGCT CAQGCOCGCT GAGACCTOSG
TTAGCTTGOG GGCTTACCTA AATACACCAG GGTTGOCOGT CTGOCAGGAC
CATCTGEAGT TCTGGGAGAG CGTCTTCACA GECOCTCACCC ACATAGATCC
CCACTTCCTG TOCCAGACTA AACAGGCAGG AGACAACTTT CCTTACCTGS
TGGCATATCA AGCTACAGTG TGCGOCAGGG CTCAAGCTCC ACCTCCATOG
TGGGACCAAA TGTGGAAGTG TCTCATACSG CTGAAACCTA CACTGCAORG
GCCAACACCC CTGCTGTATA GGCTAGGAGC CGTCCAAAAT GAGGTCATCC
TCACACACCC CATAACTAAA TACATCATGG CATGCATGIC GECTGACCTG
GAGGTCGTCA CTAGCACCTG GGTGCIGGTA GEOGGAGTCC TTGCAGCTIT
GGOOGCATAC TGOCTGACGA CAGGCAGTIGT GGICATTIGIG GGECAGGATCA
TCTTGTOOGG GAAGCCAGCT GTOGTITCOOCG ACAGGGAAGT CCTCTACCAG
GAGTTCGATG AGATGGARGA GIGIGCCTCA CAACTTCCTT ACATCGACCA
GOGAATGCAG CTCOGOCGAGC AATTCAAGCA AAAGGCOGCTC GGGTTGTTGC
AARCGGCOCAC CAAGCAAGOG GAGGCTGCTG CTCCOGTGGT GGAGTCCAAG
TGGCOGAGCCC TTGAGACCTT CTGGGCOGAAG CACATGIGGA ATTTCATCAG
OGGAATACAG TACCTAGCAG GCTTATCCAC TCTGOCTGGA AACCCOGOGA
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TAGCATCATT GATGGCATTT ACAGCTTCTA TCACTAGOCOC GCTCAOCALC
CAAARCACCC TCCTGITTAA CATCTTGISG GGATGEGTGG CTGOOCAACT
CGCTCCTCOC AGCOGCTEOGT CAGCTTTOGCT GEAEA0EC ATOCOCEAG
CGGCTGTTAG CAGCATAGEC CTTCSGAAGG TGCTOGTGGA CATCTTGOCG
GCCTATOESG CAGSAIGTAGC COGAGCACTC GTGACCTTTA AGGTCATGAG
CGGOGAGGTG CCCTCCACCG AGGACCTGGT CAACTTACTC OCTGOCATCC
TCTCTCCTGG TGOCCTGETC GTOREEETOG TGTGOGCAGC AATACTGOGT
OGECCACGTAG GOOOGEEAGA GAIXCTGIG CAGTEGATGA ACCGGCTGAT
AGOGTTOSCT TOGOGEEACTA ACCAOGTCTC CCCTACGCAC TATGTCOCTG
AGAGOGAOGRC TGCAGCACGT GICACTCAGA TCCTCICTAG CCTTACCATC
ACTCAACTGC TGAAGCGGCT CCACCAGIGG ATTAATGAGG ACTGCTCTAC
GCCATGCTCC GGCTOGTGEC TAAGGEGATGT TTGGERATTEG ATATGCACGS
TCITGACTGA CTTCAAGACC TGOGCTCCAGT CCAAACTOCT GOOGCGGTTA
COAGEAGTCC CTTTCCTGTC ATOCCAACSC GGGTACAAGG GAGTCTGECG
GEEEEACGREC ATCATGCA2A CCACCTGACC ATCOGGAGCA CAGATCOGOCG
GACATGTCAA AAACGGTTCOC ATGAGGATOG TAGGGCCTAG AACCTGCAGC
AACACGTGGEC ACGGAACGTT CCOCCATCAAC GCATACACCA CQGGRACCTTG
CACACCCTOC QOGGAGCCCA ACTATTCCAG CGOXCTATGG CAGRGTGGCTG
CTGAGGAGTA CGTGGAGGTT ACGCOGIGTGG GSGATTICCA CTACGTGACG
GGCATGACCA CTGACAACGT AAAGTGCOCCA TCOCAGGTTC CQAGCCCCOEA
ATTCTTCACG GAGGTGGATG GAGTGCGCETT GCACAGGTAC GCTCOGEGECGT
GCAAACCICT TCTACGGGAG GACGTCACGT TCCAGGTOGG GCTCAACCRA
TACTTGGTCG GGTCCCAGCT CCCATCCGAG CCOGARCCGG ACGTAACAGT
GCTTACTTCC ATGCTCACCG ATCCCTCCCA CATTACAGCA GAGACGGCTA
AGOGTAGECT GECTAGAGGG TCTCCCOCCT CTTTAGCOCAG CTCATCALCCT
ACCCAGTTGT CTCCGCCTTC TTTGAAGCECOG ACATGCACTA QOCACCATGA
CTCOCCGGAC GCTGACCTCA TCGAGGCOCAA CCICTTGIGEG COGCAGGAGA
TGACGGARA CATCACTOCC GTGGAGTCAG AGAATAAGGT AGTAATTCTG
'GACTCTITTCG AACCECTTCA CCOCGAGEG GATGAGAGGEG AGATATCCGT

AATCCAATGT GTCTTCTGOC TTGECGGAGC TCOCCACTAA GAOCTTOOGT
AGCTOCGGAT CCTOGEGEACGET TGATACCGGEC ACGECGACCG CCCTTCCTGA
CCTOACCTCC GACGACGGTG ACAAAGGATC CGACGTTIGAG TCOGTACTCCT
CCATGCCCCC CCTTGAAGGG GAGCCRGEERG ACCOCRATCT CAGOGALCAEG
TCTIGGTCTA COGTGAGTCGA GGAGCCTAGT GAGGATGTCOG TCTGCTGCTC
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AATGICCTAT ACGTGGRACAG GCOGCCCTGAT CACCCATGC GCTOOGEAGG
AAAGTAAGCT GOCCATCAAC COGTTGACCA ACTCTTTGCT GOGTCACCAC
AACATGGTCT ACGOCACAAC ATCCCGCAGC GCAAGCCTOC GECAGAAGRAA
GGTCACCTIT GACAGATICC AAGTCOCTGGA TGATCATTAC OGGGACGTAC
TCAAGGAGAT GAAGGCOGAAG GOGTCOCACAG TTAAGGCTAA GCTTCTATICT
ATACAGGAGG CCTGCAAGCT GACGOOCCCA CATTOGOCA AATCOCAAATT
TGECTATGSG GCAAACSCACG TCOGGAACCT ATCCAGCALG GOOGTTAACC
ACATOOGCTC CGTCTCCGEAG GACTTCCTGG ARGACACTGA AACACCAATT
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GGECTCCATCT TAGOCCTAGT CACGGCTACGC TGTGAAAGGT COGTERGOG 9550

CATGACTGCA GAGAGTGCTG ATACTGACCT CTCTGCAGAT CATGT 9595
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MSTNPKPORK TKRNINRREQ DVKFPGEEQI VGGVYLLPRR GPRLGVRATR 0
KASERSQPRG RRQPIPKARR PEGRAWAQPG YPWPLYGNHG LGNAGALLSP 100
RGSRPSWGPT DPRRRSRNLG KVIDTLTOGEF ADIMGYIPLV GAPLGGAARA 150
LAHGVRVLED GVNYATGNLP GCSFSIFLIA LLSCLTIPAS AYEVRNVSGI 200
YHVINDCSNS SIVYEAADVI MHTPGCVECV QEGNSSROWV ALTPILAARN 250
ASVPTTTIRR HVOLLVGTAA FCSAMYVGDL OGSIFLVSQL FIFSPRRHET 300
VODONCSIYP GHVSGHRMAW DMYMNWSPIT ALVVSQLIRI PQAVWIMVAG 350
AHAGVLAGLA YYSMVGNWAK VLIVALLFAG VDGETHITGR VAGHTTSGFT 400
SLFSSGASOK IQLVNINGSW HINRTAINON DSLQTGFFAA LFYAHKFNSS 450
GCPERMASCR PIDWFAQGANG PTTYTKENSS DORPYCWHYA PRECGVVEAS 500
QVOGPVYCFT PSPVWGTTD RSGVPTYSWG ENETODVMLIN NIRPPQGNWE 550
GCTWMINSTGF TKTOGGPEON IGGVANRTILI CPIDCFRKHP EATYTKOGSG 600
PALTPRCLVD YPYRLWHYPC TINFSIFKVR MYVGGVEHRL NAACNWIRGE 650
RONLECRDRS ELSPLILSTT BEWQILECAFT TLPALSTGLI HLENIVDVQ 700
YLYGVGSAFV SFATKWEYTIL LLFILIIADAR VCACLUAMMLL IAQAEAAIEN 750
LVWLNAASVA GAHGILSFLV FFCAAWYIKG RLAFGAAYAF YGVWPLLLIL 800
LALPPRAYAL DREMAASOGG AVLVGLVFLT LSPYYKVFLT RLIWALQYFI 850
TRAEAHMOVW VPPLNVRGGR DATITLTCAV HPELIFDITK LLIATIGPIM 900
VLQAGITRVP YFVRAQGLIR ACMLVRKVAG GHYVOMVEMK LGALTGIYVY 950
NHLTPLRDNA HAGLRDIAVA VEPWFSAME TKVITWGADT AACGDITIGL, 1000
PVSARRGKET FLGPADSLEG QGARLIAPIT AYSQQTRGVL GCIITSLTGR 1050
DKNQVEGEVQ VWSTATQSFL ATCINGVOWT' VYHGAGSKTL, AGPKGPTTCM 1100
YINVDLDIVG WQAPPGARSM TPCSOGSSDL YLVIRHADVI PVRRRGDSRG 1150
SLISPRPVSY LKGSSGGPLL, CPSGHVVGVF RAAVCIRGVA KAVDFIPVES 1200
METTMRSPVF TINSTPPAVP QTFQVAHIHA PIGSGKSTKV PAAYAAQGYK 1250
VLVLNPSVAA TLGFGAYMSK AHGIDPNIRT GVRITTTGGS ITYSTYGKFL 1300
ADGGCSGGAY DIITICDECHS TDSTTILGIG TVLDQAETAG ARLVWLATAT 1350
PPGSVIVPHP NIEEIGLSNN GEIPFYGKAI PTEATKGGRH LIFCHSKKKC 1400
DELAAKLTGL GLNAVAYYRG LDVSVIPPIG DVWWWWATDAL MIGFTGDFDS 1450
VIDONICVIQ TVDFSLDPTF TIETTIVPQD AVSRSQRRGR TGRGRSGIYR 1500
FVTPGERPSG MFDSSVLCEC YDAGCAWYEL TPAETSVRLR AYINTPGLFV 1550
CQLHLEFWES VFTGLTHIDA HFLSQTKQAG INFPYLVAYQ ATVCARAQAP 1600
PPSWDOMAKC LIRLKPTLHG PTPLLYRLGA VONEVILTHP ITKYIMACMS 1650
ADLEWTSTW VLVGGVLAAL AAYCLTTGSV VIVGRIILSG KPAVWFDREV 1700
LYQEFDEMEE CASQLPYTEQ GMOLARQFKQ KALGLLQTIAT KQAEAAAPVWW 1750
ESKWRALETF WAKHMANFIS GIQYLAGLST LPGNPATASL, MAFTASITSP 1800
LTTONTLLFN ILGGAVAAQL, APPSAASAFV GAGIAGAAVG SIGLGKVIVD 1850
ILAGYGAGVA GALVAFKVMS GEVPSTEDLV NLLPATLSPEG ALVWGWCAA 1900
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LTTTOLLKRL HJWINEDCST PCSGSWLRDV WONICTVLID FKTWLQSKIL 2000
PRLFGVFFLS QQRGYKGWIR GDGIMJTTCP CGAQIAGHVK NGSMRIVGER 2050
TCSNIWHGIF PINAYTTGEC TPSPAPNYSR ALWRVAAEEY VEVIRVGDFH 2100
YVIGMITIW KCPOQVPAPE FFTEVDGVRL HRYAPACKPL LREDVIFQVG 2150
LNQYLVGSQL PCEPEPDVIV LTSMUTDPSH ITAETAKRRL ARGSPPSIAS 2200
SSASQLSAPS LKATCTTHHD SPDADLIEAN LIWRQEMSGN ITRVESENKV 2250
VILDSFEPLH ABGDEREISV AAETLRKSRK FPSALPIWAR POYNFPLLES 2300
WKDPDYVPFV VHGCPLPPIK APPTPPPRRK RIVWLTESNV SSAIAEIATK 2350
TFGSSGSSAV DSGTATALPD IASDDGIKGS DVESYSSMPP LEGEFGDFLL 2400
SDGSWSTVSE EASEDVVOCS MSYTWIGALI TECAAEESKL PINPLSNSLI, 2450
RHHNMVYATT SRSASLROKK VIFDRLQVLD DHYRDVLKEM KAKASTVKAK 2500
LLSTEEACKL TPPHSAKSKF GYGAKDVRNL SSRAVNHIRS WWELLLEDTE 2550
TPIDITIMAK SEVFCVQPEK GGRKPARLIV FECLGVRVCE KMALYDWVST 2600
LPQAVMGSSY GFQYSPKQRV EFLVNIWKSK KCPMGFSYDT RCFDSIVIES 2650
DIRVEESIYQ CCTLAPEARQ ATRSLTERLY IGGPLINSKG QNOGYRRCRA 2700
SGVLTTSOGN TLTCYLKATA ACRAAKLQDC TMLVNGLDLV VICESAGIQE 2750
DAAALRAFTE AMIRYSAPEG DPEQPEYDLE LITSCSSNVS VAHDASGKRV 2800
YYLTRDPITP LARAANETAR HTPINSWLGN IIMYAPTLIWA RMIIMIHFFS 2850
TLIAQEQLEK ALDOQTYGAC YSIEPLDOLPQ ITERLHGLSA FTLHSYSEGE 2900
INRVASCLRK LGVPPLRIWR HRARSVRAKL LSQGGRAATC GRYLFNWAVR 2950
TKLKLTPIPA ASQLDLSGNF VAGYSGGDIY HSLSRARPRW FPLCLLIISV 3000
GVGIYLLENR 3010
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SEQUENCE LISTING
<110> Yanagi, Masayuki
Emerson, Suzanne
Bukh, Jens
Purcell, Robert
<120> Cloned Genome of Infectious Hepatitis C Viruses of
Genotype 2a and Uses Thereof
<130> 20264302PC
<140>
<141>

TBA
2000-06-02

<150>
<151>

60/137,693
1999-06-04

<160> 39

<170>

<210> 1

<211l> 9711
<212> DNA
<213>

<400> 1

acccgccect
cttcacgcag
cccecteecg
aagactgggt
caagactgct
tgcttgcgag
tcaaagaaaa
cggccagatc
cgcgacaagg
agatcggcgc
gaatgaggga
gggccccaat
gtgcggcettt
cgccagégct
gaacttaccc
ccecggtctce
caccaatgac
cccgtgegag
cgtgcagegg
gtccegecacg

aataggggcg
aaagcgtcta
ggagagccat
cctttecttgg
agccgagtag
tgcceccggga
accaaaagaa
gttggcggag
aagacttcgg
tccactggca
ctcggetggg
gacccceggce
gccgacctca
ctcgegecatg
ggttgctcct
gctgccgaag
agbattacct
aaagtgggga
cececggegecce
ctctgctctg
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acactccgece
gccatggegt
agtggtctgce
ataaacccac
cgttgggttg
ggtctcgtag
acaccaaccg
tatacttgtt
agcggtccca
aatcctgggg
caggatggct
ataggtcgcg
tggggtacat
gcgtgagagt
tttctatctt
tgaagaacat
ggcagctcca
atgcatctca
tcacgcaggg
ccctetacgt

atgaatcact
tagtatgagt
ggaaccggtg
tctatgcccg
cgaaaggcct
accgtgcace
tcgceccacaa
gccgegecagg
gccacgtgga
aaaaccagga
cctgtccecee
caacgtgggt
ccetgtegtg
cctggaggac
cttgectggcece
cagtaccggc
ggctgctgtc
gtgctggata
cttgcggacg
gggggacctce

cccectgtgag
gtcgtacagce
agtacaccgg
gccatttggg
tgtggtactg
atgagcacaa
gacgttaagt
ggccccaggt
aggcgccagce
tacccetgge
cgaggttccce
aaggtcatcg
ggcgccccgce
ggggttaatt
ctgctgtcect
tacatggtga
ctccacgtcce
ccggtetcac
cacatcgaca

tgcggtgggg

gaactactgt
ctccaggccce
aattgccggg
cgtgccccecg
cctgataggg
atcctaaacc

ttcecgggegg

tgggtgtgceg

ccatccctaa
ccctatacgg
gtccctcttg
ataccctaac
tcggeggegt
ttgcaacagg
gcatcaccac
ctaacgactg
ccgggtgegt
cgaatgtggce
tggttgtgat
tgatgctcge

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
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agcccaaatg
catctaccct
gcccacggct
cattagcggg
gtgggcgaaa
tgttgggggt
caggcagaaa
gaactgcaat
caactcgtca
gggatggggc
ttgctggcac
agtgtactgt
cacttacacg
gctggggtca
cgcaccacce
ggactgtttt
cacgccaagg
ctataccatc
atgcaatttc
tectttgttyg
cgccttgteg
tggcctatca
cctgcetcetta
ggccgaagca
tggcttecta
cccettaget
gcecccaacag
ggtaatgatc
gtggtggttg
tatgcaggtg
tgtggtgttt
aggtgectttg
catggcaagg
gtggactggc
cctgcgggac
cattgtctgg
cgcccgactt
gagtcttctc
agtggtgagc
cacagtcact
tggagctggc
tgctgagggg
cacgtgtgga
aagacgcggg
gtcctcagga
tgtgtgctct
cgtecacgecgg
tcaggtcggg

ttcattgtct
ggtaccatca
accatgatct
gctcattggg
gtcgttgtca
tctgeecgege
atccagctceg
gactccttgce
ggatgtcccg
gccttgcaat
tacccaccaa
ttcacccececa
tggggggaga
tggttcggcect
tgccgtacta
aggaagcatc
tgectgateg
ttcaaaataa
actcgtgggg
cactccacca
actggtcttc
cctgccctea
gcggacgcca
gcactagaga
tattttgtca
acctattccc
gcttatgcectt
actctcttta
tgctatcttc
cgcggtggec
gacataacca
acgcgcegtge
catctcgegg
acttacatct
ctggcggtcg
ggagcggaga
ggtcgggagg
gcccccatca
atgacggggc
cagtccttce
aacaagactc
gacttagtag
gcggtcgacce
gacaaacggg
ggcccggtgce
cggggcgtygg
tcccceccacct
tacttgcatg

cgccgcagcea
ctggacaccg
tggcgtacgce
gcgtcatgtt
tcecttctgtt
agaccaccgg
ttaacaccaa
acaccggctt
aacgcatgtc
atgaggataa
ggcagtgtgg
gcccagtggt
atgagacaga
gcacgtggat
gagctgactt
ctgataccac
actaccccta
ggatgtatgt
atcgttgcaa
cggaatgggc
teccacctcceca
caaaatacat
gggtttgcge
agctggtcat
tetttttegt
tcactggcct
atgacgcatc
ctctcaccce
tgaccctggg
gtgatggcat
agtggctctt
cgtacttcgt
ggggcaggta
atgaccacct
ccgttgagcc
cagctgcttg
tcctecttgg
ctgcttacgce
gcgacaagac
tcggaacatc
tggcecggcetce
ggtggcccag
tgtacctggt
gagcgctact
tatgccccag
ctaagtccat
ttagtgacaa
ccccgactgg

ccactggttt
catggcatgg
gatgcgtgtc
cggcttggcc
ggccgecggg
gcgcctcacc
tggcagctgg
tatcgcgtct
cgcetgecge
tgtcaccaat
cgtggtcetcece
agtgggcacg
tgtcttecta
gaactcttct
caacgccagc
ttacctcaaa
caggctctgg
gggaggggtt
cttggaggac
cattttacct
ccaaaacatc
cgteccgatgg
ctgcttatgg
cttgcacgct
ggctgcttgg
gtggtcettt
tgtgcatggc
cgggtataag
ggaagctatg
catatgggcc
ggcggtgcett
cagggctcac
cgtccagatg
cacccctatg
tatcatcttc
tggggacatt
cccagctgat
ccagcagaca
agaacaggct
catctcgggg
acggggtccg
ccececetggg
cacgcggaac
ctcececcgaga
gggccacgct
agatttcatc
cagcacacca
cagtggaaag

gtccaagact
gacatgatga
cccgaggtcea
tacttctcta
gtggacgcgce
agcttatttg
cacatcaacc
ctgttctaca
agtatcgagg
ccagaggata
gcgaagactg
accgacaggc
ttgaacagca
ggctacacca
acggacctgt
tgcggctcectg
cattaccecct
gagcacaggc
agagacagaa
tgctcttact
gtggacgtac
gagtgggtaa
atgctcatct
gcgagcgceag
tacatcaagg
agcctactgce
cagataggag
acccttctca
gtccaggagt
gtcgccatat
gggcctgett
gctctactga
gcgctactag
tcggattggg
agtccgatgg
ttacacggac
ggctatacct
cgtggeccttt
ggggaaattc
gttttgtgga
gtcacgcaga
actaaatctt
gctgatgtca
cctcttteca
gtcggagtct
cccgttgaga
cctgctgtgce
agcaccaaag
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gcaattgctc
tgaactggtc
ttatagacat
tgcagggagc
gcacccatac
acatgggccc
gcaccgcect
cccacagcett
ccttccgggt
tgagacccta
tgtgtggccc
ttggagcgcc
ctcgaccacc
agacttgcgg
tgtgcccecac
ggeccctggcet
gcacagttaa
tcacggctgce
gtcaactgtc
cggacctgcec
aattcatgta
tactcttatt
tgttgggcca
ctagctgcaa
gtcgggtagt
tcctageatt
cggctctget
gccggttttt
gggcaccace
tctacccagg
acctcctaaa
ggatgtgcac
ccecttggecag
ctgctagtgg
agaagaaagt
tteccegtgte
ccaaggggatg
tgggcaccat
aggtcctgtc
ctgtctacca
tgtactccag
tggagccgtg
tccecggeteg
ccttgaaggg
tcecgggeage
cactcgacat
cccagaccta
ttcctgtcge

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
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atatgctgcet
gtttggggcg
gactgtgacg
gggctgtgeg
taccaccatc
aactgtgetg
ggaggtggcc
ttacatcaag
cgcggeggcec
ctcecgtaata
gtatactggg
cttcagttta
acgtagccag
cactggtgag
aggggccgcea
caacacgcce
cggcctcaca
cgcatactta
ctgggacgtc
tctcctgtac
atacatcgce
agggggagtc
cggcegettg
ggcttttgat
gatagccgag
tcaagacata
acacatgtgg
gaaccctgca
aagcaccact
cgcgggggcec
cttaggtaag
cgtcgcattc
gcetggaatt
ccgacacgtg
ttccagagga
tgtgacccaa
gattactgag
ggtttgcacc
gcecggecte
catcatgacc
catgagaatc
ttgttacacg
gagggtggcg
aggactcacc
ctgggtggac
tgaggtctcg
ccctgaaccce
ggagactgca

caggggtata
tacttgtcta
accggggcgce
ggcggcgect
cttggcatcg
gctacagcta

cttgggcagg
ggaggaagac
cttcggggta
ccaactcagyg
gactttgact
gaccccacat
cgcecggggte
cgagcctcag
tggtatgagce
ggtttgectyg
cacatagatg
acagcctacc
atgtggaagt
cgcttgggct
acctgcatgce
ttggcggcecg
cacattaacc
gagatggagg
atgctgaagt
caacccactg
aacttcatta
gtagcttcca
atccttcteca
actggctteg
gtgctagtgg
aagatcatgt
ctgtctecgg
ggaccggggg
aatcacgtcyg
ctacttggct
gactgcccca
atcctaacag
ccectttgtet
acacggtgte
acggggecta
gagggccagt
gcctcagagt
actgataact
ggagtgcaga
ttctgegttg
gacacagacg
gcgcggegtt

aagtgctagt
aggcacatgg
ccatcacgta
acgacatcat
gaacagtcct
cgcceccctgg
agggcgagat
atctgatctt
tgggcttgaa
gagacgtagt
ccgtgatega
tcaccataac
gcacgggtag
gaatgtttga
tcacaccatc
tgtgccaaga
cccacttcct
aggctacagt
gtttgactcg
ctgttaccaa
aagccgacct
tcgeegegta
agcgagcegt
aatgtgectce
ccaagatcca
tgcaggcttc
gcggcatcca
tgatggegtt
acattttggg
ttgtcagtgg
acatcctggce
ctggcgagaa
gtgcecttggt
aaggcgccgt
cccccaccca
cccttaccat
tcccatgcegg
actttaaaaa
cctgtcaaaa
cttgcggege
agacctgcat
gcgtgecgaa
acgcggaggt
tgaaagtccc
tccataggtt
ggcttaattc
tattgatgtc

tagcgcegggg

gcttaatccc
catcaatccce
ctccacatat
catatgtgat
tgatcaagca
gtcagtgaca
cceccttectat
ctgeccattca
ctcagtggca
ggtecgtegece
ctgcaacgta

cacacagatt.

gggaagactg
cagtgtagtg
ggagaccacc
ccatcttgag
ttcccaaaca
gtgcgctagg
actcaagccec
cgaggtcacc
tgaggtcatg
ttgcctggcg
cgttgegeeg
tagggcggct
aggcttattg
atggcccaag
atacctcgca

cagtgcegcec

gggctggcta
cctagtggga
agggtatggt
gccctccatg
agtgggagtc
ccaatggatg
ctacgtgacg
aaccagcctg
cggctcgtgg
ttggctgacc
ggggtacaag
caatatctct
gaatatctgg
acccgegcca
gacgcagcac
ctgccaacta
tgccceccaca
atttgtegte
catgctaaca
gtcaccccca

tcagtggctg
aacattagga
ggcaaattcc
gaatgccatg
gagacagctg
acccececace
gggagggcga
aagaaaaagt
tactacagag
accgacgccce
gcggtcactce
gtcecctcaag
ggcatttata
ctctgtgagt
gtcaggctca
ttttgggagg
aagcaatcgg
gccaaagccc
acactcgtgg
ctcacacatc
accagcacat
accgggtgtg
gacaaggagg
ctcattgaag
cagcaagctt
gtagaacaat
ggactatcaa
ctcaccagtce
gcatcccaaa
gctgecgtag
gcgggcattt
gaggatgtcg
atctgegegg
aatagactca
gagtcggatg
ctcagaagac
ctecgegatg
tccaaattat
ggcgtgtggg
ggcaatgtcc
caggggacct
aactttaagg
gggtcatacc
ccectcteeeg
ccgaagccgt
gggtceccage
gatccatctc
tccgaggeaa
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ccaccctggg
ctggagtcag
tcgecegatgg
ccgtggactce
gggtcagact
ccaacataga
ttcececctgte
gtgacgagct
ggttggacgt
tcatgacagg
aagttgtaga
acgctgtctc
ggtatgtttc
gctacgacgce
gggcgtattt
cagttttcac
gggaaaattt
cceccececgtce
gccccacacce
ccgtgacgaa
gggtcttggce
tttgcatcat
tcctctatga
aggggcagcyg
ccaaacaagc
tctgggccaa
cactgccagg
cgctgtcecaac
ttgcaccacc
gcagtatagg
cgggggctct
tcaacttgct
ccattctgcg
ttgcctttge
cgtcgcagcg
tccacaactg
tgtgggactg
tcccaaagat
ccggcactgg
gcttgggcetc
ttcctatcaa
tcgecatctg
actacataac
agttctttte
ttttcecggga
ttccttgega
atatcacggc
gcteccteggce

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
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5940
6000
6060
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6300
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6720
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6840
6900
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gagccagcta
tgtggacatg
gtccaaagtg
gccttegata
ctgggcacgg
accggccact
aaggaggcgc
ggccattaag
gggcgctgee
ttccatctct
gcaggtagag
gtcctggtcet
ctggaccggg
cttgagcaac
ctcactaagg
ctcagtctta
ggaggaggct
taaggaggtc
cctectggag
ctgcgtggac
cggcgtcagg
ggtgatgggg
gaaagcatgg
ctcaaccgtc
gcccgaggag
tatgttcaac
caccactagc
tgcagggata
aagccagggg
gtattctgcec
ttgctectca
cagagaccct
caattcatgg
gatgacacac
tgagatgtac
gttacatggg
ggcttcagcc
tgcagtcagg
cttcaattgg
ggatttatcc
gcgtgecccga
tttcctacte
ctttttettt
ttetttettt
tactttcttt

gagccgcatg

tcggcaccat
gtggatgcta
gtcgttctgg
ccatcagaat
cctgattaca
gttgcgggcet
cggacagtgg
tcctttggece
gattccggceca
tccatgcecce
ccccaacccece
acttgctceg
gctctaataa
tccetgttge
gctaaaaagg
aaggacatta
tgccagttaa
cgcagcettgt
gactcagaaa
cccaccaagg
gtctgcgaga
gcttcttatg
gcggaaaaga
actgagagag
gcccacactg
agcaagggcc
atggggaaca
atcgcgecca
accgaggagg
cctectggtg
aatgtgtctg
accactccaa
ctgggaaaca
ttcttectcceca
ggagcggtgt
cttgacgctt
ctcagaaaac
gcgtcecctcea
gcggtgaaga
agctggttca
ccececgettat
ccecgecteggt
ttttteetetet
ttttttttet
cctggtggcet
actgcagaga

cgctgcgagce
acctgttcat
actctctcga
acatgctccc
acccaccgcet
gtgctctccce
gcctaagtga
agcccececcece
gtcagacgcc
ccctcgaggg
cccecccaggg
aggaggacga
ctccttgtag
gatatcacaa
taacttttga
agctagecggc
ccccacccea
ccgggagggc
caccaattcc
ggggcaagaa
agatggccct
gattccagta
aggaccctat
acatcaggac
ccatacactc
aaacctgcgg
ccatcacatg
caatgctggt
acgagcggaa
accccccecag
tggcgcetggg
tcgecccgggce
tcatccagta
ttctcatggce
actccgtgag
tttctctgceca
ttggggcgcec
tctccecgtgg
ccaagctcaa
cecgteggege
tgctctttgg
agagcggcac
ttttetttttt
tttttetttet
ccatcttage
gtgccgtaac

cacctgcacc
ggggggcgat
cccaatggtce
caagaagagg
tgtggaatcg
tcctectagg
ggactccata
aagcggcgat
tcctgatgag
ggagcttgga
gggggtggca
ctccgtcecgtg
tccecgaagag
caaggtgtac
taggatgcaa
ctccaaggtc
ttctgcaaga
cgttaaccac
cacaaccatt
agcagctecgce
ttatgacatt
ttcceceecget
gggttttteg
tgaggagtcce
gctaactgag
gtacaggcgt
ctacgtgaaa
atgcggcegat
cctgagagcc
accggagtat
cccacaaggc
tgcctgggaa
cgeccccgace
tcaagacacg
tceccecttggac
cacatacact
acccctcaga
ggggagagcg
actcactcca
€ggcgggggc
cctactccta
acattagcta
ttttetettt
tttctetttt
cctagtcacg
tggtctctct

acccacggca
gtgactcgga
gaagaaagga
ttcccaccag
tggaaaaggé
aaaaccccga
ggagatgccc
tcaggccttt
ttggcccttt
gatccagacc
gctccecggcet
tgctgctcca
gagaagttac
tgtaccacaa
gtgctcgact
accgcaaggce
tctaaatatg
atcaagtccg
atggccaaaa
cttatcgttt
acacaaaaac
cagcgggtag
tatgataccc
atatatcggg
agactttacg
tgccgegeca
gccttagecgg
gacttggttg
ttcacggagg
gatctggagce
cgececgecagat
acagttagac
atatgggctc
ctggaccaga
ctcccagcta
ccccacgaac
gcgtggaaga
gcegtttgceg
ttgccggaag
gacatttatc
ctttttgtag
cactccatag
tttttttttt
ccttctttet
gctagctgtg
gcagatcatg
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aagcctatga
tagagtctgg
gcgaccttga
ctttaccggce
cagattacca
cgecctececcce
ttcaacagct

ccacgggggc
cggagacagg
tggagcctga
cggactcggg
tgtcatactc
cgattaaccc
caaagagcgce
cctactacga
tcctcaccat

ggtttggggce
tgtggaagga
atgaggtgtt
accctgacct
ttcctecagge
agtttctett
gatgctttga
cctgctectt
tgggagggcc
gcggggtgct
cttgtaaagc
tcatctcaga
ctatgaccag
tgataacatc
actacctgac
actccccetgt
gcatggtcct
acctcaactt
taattgaaag
tgacacgggt
gccgggeacyg
gtcgatatct
cgcgcctect
acagcgtgtc
gggtaggcct
ctaactgtcc
ttttetttet
taccttattt
aaaggtccgt
t

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880

8940

9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9711
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<210> 2

<211> 3033
<212> PRT
<213> Hepatitis

<400> 2
Met Ser
1

Arg Arg
Gly Vval

Thr Arg
50

Ile Pro
65

Tyr Pro
Leu Leu
Arg His
Gly Phe

130

Gly Gly
145

Gly val
Phe Leu

Glu Val

Asn Asp
210

Thr

Pro

Tyr

35

Lys

Lys

Trp

Ser

Arg

115

Ala

Val

Asn

Leu

Lys

195

Ser

Asn

Gln

20

Leu

Thr

Asp

Pro

Pro

100

Ser

Asp

Ala

Phe

Ala

180

Asn

Ile

C virus

Pro

Asp

Leu

Ser

Arg

Leu

85

Arg

Arg

Leu

Arg

Ala

165

Leu

Ile

Thr

Lys

val

Pro

Glu

Arg

70

Tyr

Gly

Asn

Met

Ala

150

Thr

Leu

Ser

Trp

Pro

Lys

Arg

Arg

55

Ser

Gly

Ser

Val

Gly

135

Leu

Gly

Ser

Thr

Gln
215

Gln

Phe

Arg

40

Ser

Thr

Asn

Arg

Gly

120

Tyr

Ala

Asn

Cys

Gly

200

Leu

Arg

Pro

25

Gly

Gln

Gly

Glu

Pro

105

Lys

Ile

His

Leu

Ile
185

Tyr

Gln

Lys

10

Gly

Pro

Pro

Lys

Gly

90

Ser

Val

Pro

Gly

Pro

170

Thr

Met

Ala

Thr

Gly

Arg

Arg

Ser

75

Leu

Trp

Ile

Val

Val

155

Gly

Thr

val

Ala

Lys

Gly

Leu

Gly

60

TXp

Gly

Gly

Asp

Val

140

Arg

Cys

Pro

Thr

val
220

Arg

Gln

Gly

45

Arg

Gly

Trp

Pro

Thr

125

Gly

val

Ser

val

Asn

205

Leu

Asn

Ile

30

Val

Arg

Lys

Ala

Asn

110

Leu

Ala

Leu

Phe

Ser

190

Asp

His

Thr

15

Val

Arg

Gln

Pro

Gly

95

Asp

Thr

Pro

Glu

Ser

175

Ala

Cys

Val
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Asn

Gly

Ala

Pro

Gly

80

Trp

Pro

Cys

Leu

Asp

160

Ile

Ala

Thr

Pro
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Gly Cys Val Pro

225

Pro

Gly

Ser

Gln

Asn

305

Asp

Ala

Trp

Ala

Thr

385

Ser

Asn

Leu

Ser

Phe
465

Val

Leu

Ala

Met

290

Cys

Met

Met

Gly

Lys

370

His

Leu

Gly

His

Ser

450

Arg

Ser

Arg

Leu

275

Phe

Ser

Met

Arg

Val

355

Val

Thr

Phe

Ser

Thr

435

Gly

val

Pro

Thr
260

Tyr

Ile

Ile

Met

val

340

Met

val

val

Asp

Trp

420

Gly

Cys

Gly

Cys

Asn

245

His

val

val

Asn

325

Pro

Phe

Val

Gly

Met

405

His

Phe

Pro

Trp

Glu

230

Val

Ile

Gly

Ser

Pro
310

Trp

Glu

Gly

Ile

Gly

390

Gly

Ile

Ile

Glu

Gly
470

Lys
A.la
Asp
Asp
Pro
295
Gly
Ser
val
Leu
Leu
375
Ser
Pro
Asn
Ala
Arg

455

Ala

Val

val

Met

Leu

280

Gln

Thr

Pro

Ile

Ala

360

Leu

Ala

Arg

Arg

Ser

440

Met

Leu

Gly

Gln

Val

265

Cys

His

Ile

Thr

Ile
345

Tyr

Leu

Ala

Gln

Thr

425

Leu

Ser

Gln

Asn

Arg

250

val

Gly

His

Thr

Ala

330

Asp

Phe

Ala

Gln

Lys

410

Ala

Phe

Ala

Tyr

Ala
235
Pro
Met
Gly
Trp
Gly
315
Thr
Ile
Ser
Ala
Thr
395
Ile
Leu
Tyxr
Cys

Glu
475

‘Ser

Gly

Ser

Val

Phe

300

His

Met

Ile

Met

Gly

380

Thr

Gln

Asn

Thr

Arg

460

Asp

Gln

Ala

Ala

Met

285

Val

Arg

Ile

Ser

Gln

365

vVal

Gly

Leu

Cys

His

445

Ser

Asn

Cys

Leu

Thrx

270

Leu

Gln

Met

Leu

Gly

350

Gly

Asp

Arg

Val

Asn

430

Ser

Ile

val

Trp

Thr

255

Leu

Ala

Asp

Ala

Ala

335

Ala

Ala

Ala

Leu

Asn

415

Asp

Phe

Glu

Thr
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Ile

240

Gln

Cys

Ala

Cys

Trp
320

Tyr

Trp

Arg

Thr

400

Thr

Ser

Asn

Ala

Asn
480
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Pro Glu Asp Met

Gly

Pro

Tyr

Arg

545

Gly

Phe

Pro

Thr

625

Glu

Asn

Thr

Leu

Phe

705

Glu

Val

Ser

Thr

530

Pro

Tyr

Asn

Pro

Arg

€10

val

His

Leu

Thr

Ser

690

Met

Trp

Val

Pro
515

Trp

Pro

Thr

Ala

Asp

595

Cys

Asn

Arg

Glu

Glu

675

Thr

Tyr

val

Ser

500

val

Gly

Leu

Lys

Ser

580

Thr

Leu

Tyr

Leu

Asp

660

Trp

Gly

Gly

Ile

Arg

485

Ala

val

Glu

Gly

Thr

565

Thr

Thr

Ile

Thr

Thr

645

Arg

Ala

Leu

Leu

Leu
725

Pro

Lys

Val

Asn

Ser

550

Cys

Asp

Asp

Ile

630

Ala

Asp

Ile

Leu

Ser

710

Leu

Tyr

Thr

Gly

Glu
535%

Trp

Gly

Leu

Leu

Tyr

615

Phe

Ala

Arg

Leu

His

695

Pro

Phe

Cys

Val

Thr

520

Thr

Phe

Ala

Leu

Lys

600

Pro

Lys

Cys

Ser

Pro

680

Leu

Ala

Leu

Trp
Cys
505
Thr
Asp
Gly
Pro
Cys
585
Cys
Tyr
Ile

Asn

Gln
665

Cys
His
Leu

Leu

His

490

Gly

Asp

val

Cys

Pro

570

Pro

Gly

Arg

Arg

Phe

650

Leu

Ser

Gln

Thr

Leu
730

Tyr

Pro

Arg

Phe

Thr

555

Thr

Ser

Leu

Met

635

Thr

Ser

Tyr

Asn

Lys

715

Ala

Pro

Val

Leu

Leu
540

Trp

Arg

Asp

Gly

Trp

620

Tyx

Arg

Pro

Ser

Ile
700

Tyr

Asp

Pro

Tyr

Gly

525

Leu

Met

Thr

Cys

Pro

605

His

vVal

Gly

Leu

Asp

685

Val

Ile

Ala

Arg

Cys

510

Ala

Asn

Asn

Arg

Phe
590

Trp

Gly

Asp

Leu

670

Leu

Asp

Val

Arg

Gln

495

Phe

Pro

Ser

Ser

Ala

575

Arg

Leu

Pro

Gly

Arg

655

His

Pro

val

Arg

Val
735

PCT/US00/15446

Cys

Thr

Thr

Thr

Ser

560

Asp

Lys

Thr

Val
640

Cys

Ser

Ala

Gln

Trp
720

Cys
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Ala Cys

Glu Lys

Phe Leu

770

Arg Val
785

Ser Leu

Ser Val

Phe Thr

Trp Leu
850

Ala Pro
865

Val Ala

Leu Ala

Val Pro

Ala Arg

930

Leu Gly
945

Sexr Asp

Pro Ile

Leu

Leu
755

Tyr

val

Leu

His

Leu

835

Cys

Pro

Ile

Val

Tyr

915

His

Arg

Trp

Ile

Trp

740

val

Phe

Pro

Leu

Gly

820

Thr

Tyr

Met

Phe

Leu

900

Phe

Leu

Trp

Ala

Phe
980

Met

Ile

vVal

Leu

Leu

805

Gln

Pro

Leu

Gln

885

Gly

Val

Ala

Thr

Ala

965

Ser

Leu

Leu

Ile

Ala

790

Ala

Ile

Gly

Leu

Val

870

Pro

Pro

Arg

Gly

Gly

950

Ser

Pro

Ile

His

Phe

775

Thr

Leu

Gly

Tyr

Thr

855

Arg

Gly

Ala

Ala

Gly

935

Thr

Gly

Met

Leu

Ala

760

Phe

Tyr

Pro

Ala

Lys

840

Leu

Gly

Val

Tyr

His

920

Arg

Tyr

Leu

Glu

Leu

745

Ala

Val

Ser

Gln

Ala

825

Thr

Gly

Gly

val

Leu

905

Ala

Tyr

Ile

Arg

Lys
985

Gly

Ser

Ala

Leu

Gln

810

Leu

Leu

Glu

Arg

Phe

890

Leu

Leu

Val

Tyr

Asp

970

Lys

Gln

Ala

Ala

Thr

795

Ala

Leu

Leu

Ala

Asp

875

Asp

Lys

Leu

Gln

Asp

955

Leu

Val

Ala

Ala

Trp

780

Gly

Tyr

Val

Ser

Met

860

Gly

Ile

Gly

Arg

Met

940

His

Ala

Ile

Glu

Ser
765

Tyr

Leu

Ala

Met

Arg

845

Val

Ile

Thr

Ala

Met
925

Ala

Leu

val

vVal

Ala
750

Cys

Ile

TYp

Tyr

Ile

830

Phe

Gln

Ile

Lys

Leu

910

Cys

Leu

Thr

Ala

Trp
990

Ala

Asn

Lys

Ser

Asp

815

Thr

Leu

Glu

Trp

Trp

895

Thr

Thr

Leu

Pro

Val

975

Gly
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Leu

Gly

Gly

Phe

800

Ala

Leu

Trp

Trp

Ala

880

Leu

Arg

Met

Ala

Met

960

Glu

Ala
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Glu Thr Ala Ala Cys Gly Asp Ile Leu His Gly Leu Pro Val Ser Ala
995 1000 1005

Arg Leu Gly Arg Glu Val Leu Leu Gly Pro Ala Asp Gly Tyr Thr Ser
1010 1015 1020

Lys Gly Trp Ser Leu Leu Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr
1025 1030 1035 1040

Arg Gly Leu Leu Gly Thr Ile Val Val Ser Met Thr Gly Arg Asp Lys
1045 1050 1055

Thr Glu Gln Ala Gly Glu Ile Gln Val Leu Ser Tﬁr Val Thr Gln Ser
1060 ’ 1065 1070

Phe Leu Gly Thr Ser Ile Ser Gly Val Leu Trp Thr val Tyr His Gly
1075 1080 1085

Ala Gly Asn Lys Thr Leu Ala Gly Ser Arg Gly Pro Val Thr Gln Met
1090 1095 1100

Tyr Ser Ser Ala Glu Gly Asp Leu Val Gly Trp Pro Ser Pro Pro Gly
1105 1110 1115 1120

Thr Lys Ser Leu Glu Pro Cys Thr Cys Gly Ala Val Asp Leu Tyr Leu
1125 1130 1135

Val Thr Arg Asn Ala Asp Val Ile Pro Ala Arg Arg Arg Gly Asp Lys
‘ 1140 ' 1145 1150

Arg Gly Ala Leu Leu Ser Pro Arg Pro Leu Ser Thr Leu Lys Gly Ser
1155 1160 1165

Ser Gly Gly Pro Val Leu Cys Pro Arg Gly His Ala Val Gly Val Phe
1170 1175 1180

Arg Ala Ala Val Cys Ser Arg Gly Val Ala Lys Ser Ile Asp Phe Ile
1185 1190 1195 1200

Pro Val Glu Thr Leu Asp Ile Val Thr Arg Ser Pro Thr Phe Ser Asp
1205 1210 1215

Asn Ser Thr Pro Pro Ala Val Pro Gln Thr Tyr Gln Val Gly Tyr Leu
1220 1225 12307

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Val Ala Tyr
1235 1240 1245
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Ala Ala Gln Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala
1250 1255 1260

Thr Leu Gly Phe Gly Ala Tyr Leu Ser Lys Ala His Gly Ile Asn Pro
1265 1270 1275 1280

Asn-Ile Arg Thr Gly Val Arg Thr Val Thr Thr Gly Ala Pro Ile Thr
1285 1290 1295

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ala Gly Gly
1300 1305 1310

Ala Tyr Asp Ile Ile Ile Cys Asp Glu Cys His Ala Val Asp Ser Thr
1315 1320 1325

Thr Ile Leu Gly Ile Gly Thr Val Leu Asp Gln Ala Glu Thr Ala Gly
1330 1335 1340

Val Arg Leu Thr Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr
1345 1350 1355 1360

Thr Pro His Pro Asn Ile Glu Glu Val Ala Leu Gly Gln Glu Gly Glu
1365 1370 1375

Ile Pro Phe Tyr Gly Arg Ala Ile Pro Leu Ser Tyr Ile Lys Gly Gly
1380 1385 1390

Arg His Leu Ile Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu Ala
1395 1400 1405

Ala Ala Leu Arg Gly Met Gly Leu Asn Ser Val Ala Tyr Tyr Arg Gly
1410 1415 1420

Leu Asp Val Ser Val Ile Pro Thr Gln Gly Asp Val Val Val Val Ala
1425 1430 1435 1440

Thr Asp Ala Leu Met Thr Gly Tyr Thr Gly Asp Phe Asp Ser Val Ile
1445 1450 1455

Asp Cys Asn Val Ala Val Thr Gln Val Val Asp Phe Ser Leu Asp Pro
1460 1465 1470

Thr Phe Thr Ile Thr Thr Gln Ile Val Pro Gln Asp Ala Val Ser Arg
1475 1480 1485

Ser Gln Arg Arg Gly Arg Thr Gly Arg Gly Arg Leu Gly Ile Tyr Arg
1490 1495 1500

10
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Tyr Val Ser Thr Gly Glu Arg Ala Ser Gly Met Phe Asp Ser Val
1505 1510 1515

Leu Cys Glu Cys Tyr Asp Ala Gly Ala Ala Trp Tyr Glu Leu Thr
1525 1530 1535

Ser Glu Thr Thr Val Arg Leu Arg Ala Tyr Phe Asn Thr Pro Gly
1540 1545 1550

Pro Val Cys Gln Asp His Leu Glu Phe Trp Glu Ala Val Phe Thr
1555 1560 1565

Leu Thr His Ile Asp Ala His Phe Leu Ser Gln Thr Lys Gln Ser
1570 . 1575 1580

Glu Asn Phe Ala Tyr Leu Thr Ala Tyr Gln Ala Thr Val Cys Ala
1585 1590 1595

Ala Lys Ala Pro Pro Pro Ser Trp Asp Val Met Trp Lys Cys Leu
1605 1610 1615

Arg Leu Lys Pro Thr Leu Val Gly Pro Thr Pro Leu Leu Tyr Arg
1620 1625 1630

Gly Ser Val Thr Asn Glu Val Thr Leu Thr His Pro Val Thr Lys
1635 1640 1645

Ile Ala Thr Cys Met Gln Ala Asp Leu Glu Val Met Thr Ser Thr
1650 1655 1660

Val Leu Ala Gly Gly Val Leu Ala Ala Val Ala Ala Tyr Cys Leu
1665 1670 1675

Thr Gly Cys Val Cys Ile Ile Gly Arg Leu His Ile Asn Gln Arg
1685 1690 1695

Val Val Ala Pro Asp Lys Glu Val Leu Tyr Glu Ala Phe Asp Glu
1700 1705 1710

Glu Glu Cys Ala Ser Arg Ala Ala Leu Ile Glu Glu Gly Gln Arg
1715 1720 1725

Ala Glu Met Leu Lys Ser Lys Ile Gln Gly Leu Leu Gln Gln Ala
1730 1735 1740

Lys Gln Ala Gln Asp Ile Gln Pro Thr Val Gln Ala Ser Trp Pro
1745 1750 1755

11
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val

1520

Pro

Leu

Gly

Gly

Arg

1600

Thr

Leu

Tyr

Trp

Ala

1680

Ala

Met

Ile

Ser

Lys
1760



WO 00/75338 PCT/US00/15446

Val Glu Gln Phe Trp Ala Lys His Met Trp Asn Phe Ile Ser Gly Ile
1765 1770 1775

Gln Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala Val Ala
1780 1785 1790

Ser Met Met Ala Phe Ser Ala Ala Leu Thr Ser Pro Leu Ser Thr Ser
1795 1800 1805

Thr Thr Ile Leu Leu Asn Ile Leu Gly Gly Trp Leu Ala Ser Gln Ile
1810 1815 1820

Ala Pro Pro Ala Gly Ala Thr Gly Phe Val Val Ser Gly Leu Val Gly
1825 1830 1835 1840

Ala Ala Val Gly Ser Ile Gly Leu Gly Lys Val Leu Val Asp Ile Leu
1845 1850 1855

Ala Gly Tyr Gly Ala Gly Ile Ser Gly Ala Leu Val Ala Phe Lys Ile
1860 1865 1870

Met Ser Gly Glu Lys Pro Ser Met Glu Asp Val Val Asn Leu Leu Pro
1875 1880 1885

Gly Ile Leu Ser Pro Gly Ala Leu Val Val Gly Val Ile Cys Ala Ala
1890 1895 1900

Ile Leu Arg Arg Hig Val Gly Pro Gly Glu Gly Ala Val Gln Trp Met
1905 1910 1915 1920

Asn Arg Leu Ile Ala Phe Ala Ser Arg Gly Asn His Val Ala Pro Thr
1925 1930 1935

His Tyr Val Thr Glu Ser Asp Ala Ser Gln Arg Val Thr Gln Leu Leu
1940 1945 1950

Gly Ser Leu Thr Ile Thr Ser Leu Leu Arg Arg Leu His Asn Trp Ile
1955 1960 1965

Thr Glu Asp Cys Pro Ile Pro Cys Gly Gly Ser Trp Leu Arg Asp Val
1970 1975 1980

Trp Asp Trp Val Cys Thr Ile Leu Thr Asp Phe Lys Asn Trp Leu Thr
1985 1990 1995 2000

Ser Lys Leu Phe Pro Lys Met Pro Gly Leu Pro Phe Val Ser Cys Gln
2005 2010 2015

12



WO 00/75338

Lys Gly Tyr Lys Gly Val Trp Ala Gly Thr Gly Ile Met Thr
2020 2025 2030

PCT/US00/15446

Thr Arg

Cys Pro Cys Gly Ala Asn Ile Ser Gly Asn Val Arg Leu Gly Ser Met

2035 2040 2045

Arg Ile Thr Gly Pro Lys Thr Cys Met Asn Ile Trp Gln Gly Thr Phe

2050 2055 2060

Pro Ile Asn Cys Tyr Thr Glu Gly Gln Cys Val Pro Lys Pro Ala Pro

2065 2070 2075

2080

Asn Phe Lys Val Ala Ile Trp Arg Val Ala Ala Ser Glu Tyr Ala Glu

2085 2090

Val Thr Gln His Gly Ser Tyr His Tyr Ile Thr Gly Leu Thr
2100 2105 2110

Asn Leu Lys Val Pro Cys Gln Leu Pro Ser Pro Glu Phe Phe
2115 2120 - 2125

Val Asp Gly Val Gln Ile His Arg Phe Ala Pro Thr Pro Lys
2130 2135 2140

Phe Arg Asp Glu Val Ser Phe Cys Val Gly Leu Asn Ser Phe
2145 2150 2155

Gly Ser Gln Leu Pro Cys Asp Pro Glu Pro Asp Thr Asp Val
2165 2170

Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala Glu Thr Ala
2180 2185 2190

Arg Leu Ala Arg Gly Ser Pro Pro Ser Glu Ala Ser Ser Ser
2195 2200 2205

Gln Leu Ser Ala Pro Ser Leu Arg Ala Thr Cys Thr Thr His
2210 2215 ' 2220

Ala Tyr Asp Val Asp Met Val Asp Ala Asn Leu Phe Met Gly
2225 2230 2235

Val Thr Arg Ile Glu Ser Gly Ser Lys Val Val Val Leu Asp
2245 2250

Asp Pro Met Val Glu Glu'Arg Ser Asp Leu Glu Pro Ser Ile
2260 2265 2270
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2095

Thr Asp

Ser Trp

Pro Phe

Val Vval
2160

Leu Met
2175

Ala Arg

Ala Ser

Gly Lys

Gly Asp
2240

Ser Leu
2255

Pro Ser
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Glu Tyr Met Leu Pro Lys Lys Arg Phe Pro Pro Ala
2275 2280

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Ser
2290 2295 2300

Asp Tyr Gln Pro Ala Thr Val Ala Gly Cys Ala Leu
2305 2310 2315

Lys Thr Pro Thr Pro Pro Pro Arg Arg Arg Arg Thr
2325 2330

Glu Asp Ser Ile Gly Asp Ala Leu Gln Gln Leu Ala
2340 " 2345

Gly Gln Pro Pro Pro Ser Gly Asp Ser Gly Leu Ser
2355 2360

Ala Ala Asp Ser Gly Ser Gln Thr Pro Pro Asp Glu
2370 2375 2380

Glu Thr Gly Ser Ile Ser Ser Met Pro Pro Leu Glu
2385 2390 2395

Asp Pro Asp Leu Glu Pro Glu Gln Val Glu Pro Gln
2405 2410

Gly Gly Val Ala Ala Pro Gly Ser Asp Ser Gly Ser
2420 2425

Ser Glu Glu Asp Asp Ser Val Val Cys Cys Ser Met
2435 2440

Thr Gly Ala Leu Ile Thr Pro Cys Ser Pro Glu Glu
2450 2455 2460

Ile Asn Pro Leu Ser Asn Ser Leu Leu Arg Tyr His
2465 2470 2475

Cys Thr Thr Thr Lys Ser Ala Ser Leu Arg Ala Lys
2485 2490

Asp Arg Met Gln Val Leu Asp Ser Tyr Tyr Asp Ser
2500 2505

Ile Lys Leu Ala Ala Ser Lys Val Thr Ala Arg Leu

PCT/US00/15446

Leu Pro Ala Trp
2285

Trp Lys Arg Pro
Pro Pro Pro Arg
2320

Val Gly Leu Ser
2335

Ile Lys Ser Phe
2350

Thr Gly Ala Gly
2365

Leu Ala Leu Ser
Gly Glu Leu Gly
2400

Pro Pro Pro Gln
2415

Trp Ser Thr Cys
2430

Ser Tyr Ser Trp
2445

‘Glu Lys Leu Pro
Asn Lys Val Tyr
2480

Lys Val Thr Phe
2495

Val Leu Lys Asp
2510

Leu Thr Met Glu

2515 2520 2525

14
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Glu Ala Cys Gln Leu Thr Pro Pro His Ser Ala Arg Ser Lys Tyr Gly
2530 2535 2540

Phe Gly Ala Lys Glu Val Arg Ser Leu Ser Gly Arg Ala Val Asn His
2545 2550 2555 2560

Ile Lys Ser Val Trp Lys Asp Leu Leu Glu Asp Ser Glu Thr Pro Ile
2565 2570 2575

Pro Thr Thr Ile Met Ala Lys Asn Glu Val Phe Cys Val Asp Pro Thr
2580 2585 2590

Lys Gly Gly Lys Lys Ala Ala Arg Leu Ile Val Tyr Pro Asp Leu Gly
2595 2600 2605

Val Arg Val Cys Glu Lys Met Ala Leu Tyr Asp Ile Thr Gln Lys Leu
2610 2615 2620

Pro Gln Ala Val Met Gly Ala Ser Tyr Gly Phe Gln Tyr Ser Pro Ala
2625 2630 2635 2640

Gln Arg Val Glu Phe Leu Leu Lys Ala Trp Ala Glu Lys Lys Asp Pro
2645 2650 2655

Met Gly Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val Thr Glu
2660 2665 2670

Arg Asp Ile Arg Thr Glu Glu Ser Ile Tyr Arg Ala Cys Ser Leu Pro
2675 2680 2685

Glu Glu Ala His Thr Ala Ile His Ser Leu Thr Glu Arg Leu Tyr Val
2690 2695 2700

Gly Gly Pro Met Phe Asn Ser Lys Gly Gln Thr Cys Gly Tyr Arg Arg
2705 2710 2715 2720

Cys Arg Ala Ser Gly Val Leu Thr Thr Ser Met Gly Asn Thr Ile Thr
2725 2730 2735

Cys Tyr Val Lys Ala Leu Ala Ala Cys Lys Ala Ala Gly Ile Ile Ala
2740 2745 2750

Pro Thr Met Leu Val Cys Gly Asp Asp Leu Val Val Ile Ser Glu Ser
2755 2760 2765

Gln Gly Thr Glu Glu Asp Glu Arg Asn Leu Arg Ala Phe Thr Glu Ala
2770 2775 2780

15
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Met Thr Arg Tyr Ser Ala Pro Pro Gly
2785 2790

Asp Leu Glu Leu Ile Thr Ser Cys Ser
2805

Gly Pro Gln Gly Arg Arg Arg Tyr Tyr
2820 2825

Pro Ile Ala Arg Ala Ala Trp Glu Thr
2835 2840

Ser Trp Leu Gly Asn Ile Ile Gln Tyr
2850 2855

Met Val Leu Met Thr His Phe Phe Ser
2865 2870

Leu Asp Gln Asn Leu Asn Phe Glu Met
2885

Ser Pro Leu Asp Leu Pro Ala Ile Ile
2900 2905

Ala Phe Ser Leu His Thr Tyr Thr Pro
2915 2920

Ser Ala Leu Arg Lys Leu Gly Ala Pro
2930 2935

Arg Ala Arg Ala Val Arg Ala Ser Leu
2945 2950

Ala Val Cys Gly Arg Tyr Leu Phe Asn
2965

Lys Leu Thr Pro Leu Pro Glu Ala Arg
2980 2985

Phe Thr Val Gly Ala Gly Gly Gly Asp
2995 3000

Ala Arg Pro Arg Leu Leu Leu Phe Gly
3010 3015 °

Val Gly Leu Phe Leu Leu Pro Ala Arg
3025 3030

16

Asp Pro Pro Arg Pro Glu
2795

Ser Asn Val Ser Val Ala
2810 2815

PCT/US00/15446

Tyr
2800

Leu

Leu Thr Arg Asp Pro Thr Thr

2830

Val Arg His Ser Pro Val
2845

Ala Pro Thr Ile Trp Ala
2860

Ile Leu Met Ala Gln Asp
2875

Tyr Gly Ala Val Tyr Ser
2890 2895

Glu Arg Leu His Gly Leu
2910

His Glu Leu Thr Arg Val
2925

Pro Leu Arg Ala Trp Lys
2940

Ile Ser Arg Gly Gly Arg
2955

Trp Ala Val Lys Thr Lys
2970 2975

Leu Leu Asp Leu Ser Ser
2990

Ile Tyr His Ser Val Ser
3005

Leu Leu Leu Leu Phe Val
3020

Asn

Arg

Thr

2880

Val

Asp

Ala

Ser

Ala

2960

Leu

Trp

Arg

Gly
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<210> 3
<211> 9611
<212> DNA

<213> Hepatitis C virus

<400> 3

gccagcccec
tcttcacgca
ccceectecce
gacgaccggg
gcaagactgc
gtgcttgcga
ctcaaagaaa
gcggccagat
gcgcgacaag
aagatcggcg
ggaatgaggg
ggggccccaa
cgtgecggcett
tcgccagage
ggaacttacc
cccecggtetce
gcaccaatga
teccegtgega
ccgtgcageg
tgtececgecac
cagcccaaat
ccatctaccce
cgccecacgge
tcattagcgg
cgtgggcgaa
ctgttggggg
ccaggcagaa
tgaactgcaa
tcaactcgte
tgggatgggg
attgctggea
cagtgtactg
ccacttacac
cgectggggtce
gcgcaccace
cggactgttt
tcacgccaag
actataccat
catgcaattt
ctectttgtt
ccgcecttgte

tgatgggggc
gaaagcgtct
gggagagcca
tcctttettg
tagccgagta
gtgccccggg
aaccaaaaga
cgttggcgga
gaagacttcg
ctccactgge
actcggctgg
tgacccecegg
tgccgaccte
tctcgegeat
cggttgctcce
cgctgccgaa
cagcattacc
gaaagtgggg
gcceggcegec
gctctgctcect
gttcattgte
tggtaccatc
taccatgatc
ggctcattgg
agtcgttgtc
ttctgeegeg
aatccagctce
tgactccttg
aggatgtccce
cgccttgcaa
ctacccacca
tttcaccccce
gtggggggag
atggttcggce
ctgcegtact
taggaagcat
gtgcctgatce
cttcaaaata
cactcgtggg
gcactccacc
gactggtctt

gacactccac
agccatggcg
tagtggtctg
gataaacccg
gtgttgggte
aggtctecgta
aacaccaacc
gtatacttgt
gagcggtcce
aaatcctggg
gcaggatggce
cataggtcgce
atggggtaca
ggcgtgagag
ttttctatct
gtgaagaaca
tggcagctcce
aatgcatctc
ctcacgcagg
gcecctctacyg
tegecegeage
actggacacc
ttggcgtacg
ggcgtcatgt
atccttctgt
cagaccaccyg
gttaacacca
cacaccggct
gaacgcatgt
tatgaggata
aggcagtgtg
agcccagtgg
aatgagacag
tgcacgtgga
agagctgact
cctgatacca
gactacccct
aggatgtatg
gatcgttgca
acggaatggg
ctccacctcece
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catgaatcac
ttagtatgag
cggaaccggt
ctcaatgcct
gcgaaaggcc
gaccgtgcac
gtcgcccaca
tgccgecgecag
agccacgtgg
gaaaaccagg
tcctgteccece
gcaacgtggg
tcectgtegt
tcctggagga
tcttgctggce
tcagtaccgg
aggctgctgt
agtgctggat
gcttgecggac
tgggggacct
accactggtt
gcatggcatg
cgatgcgtgt
tcggcettggce
tggccgecgg
ggcgcctcac
atggcagctg
ttatcgegtce
cecgectgeeg
atgtcaccaa
gcgtggtetce
tagtgggcac
atgtcttcct
tgaactcttc
tcaacgccag
cttacctcaa
acaggctctg
tgggaggggt
acttggagga
ccattttacc
accaaaacat

tccectgtga
tgtcgtgcag
gagtacaccg
ggagatttgg
ttgtggtact
catgagcaca
agacgttaag
gggccccagg
aaggcgccag
atacccctgg
ccgaggttcece
taaggtcatc
gggcgecceg
cggggttaat
cctgcetgtece
ctacatggtg
cctccacgte
accggtctca
gcacatcgac
ctgcggtggg
tgtccaagac
ggacatgatg
cccecgaggte
ctacttctcect
ggtggacgcg
cagcttattt
gcacatcaac
tctgttctac
cagtatcgag
tccagaggat
cgcgaagact
gaccgacagg
attgaacagc
tggctacacc
cacggacctg
atgcggctcet
gcattacccc
tgagcacagg
cagagacaga
ttgctcttac
cgtggacgta
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ggaactactg
ccteccaggac
gaattgccag
gcgtgccccce
gcctgatagyg
aatcctaaac
tttcegggeg
ttgggtgtgce
cccatcccta
cccctatacg
cgtcecctett
gataccctaa
ctcggcggceg
tttgcaacag
tgcatcacca
actaacgact
cccgggtgeg
ccgaatgtgg
atggttgtga
gtgatgctcg
tgcaattgct
atgaactggt
attatagaca
atgcagggag
cgcacccata
gacatgggcc
cgcaccgcecc
acccacagct
gccttceccggg
atgagaccct
gtgtgtggcc
cttggagcegce
actcgaccac
aagacttgcg
ttgtgceccca
gggccctgge
tgcacagtta
ctcacggctyg
agtcaactgt
tcggacctge
caattcatgt

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
2160
2220
2280
2340
2400
2460
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atggcctatc
tecctgetett
aggccgaagc
atggcttcct
tccecttage
tgccccaaca
ttgtcgggtt
tgtggtggcet
ccctcaacgt
ccctggtatt
aagccagttt
cgctagegeg
cgcttactgg
gcctgcgaga
tcatcacgtg
ctgcecegtag
ggaggttgct
taatcaccag
caactgctac
acggggccgg
atgtggacca
gtacctgecgg
gccggcegagyg
gctecteggg
cggtgtgcac
caaccatgag
tccaggtggce
cgtacgcagc
gctttggtge
gaacaattac
gcgggtgcetc
ccacatccat
tggttgtgct
aggaggttgc
aggtgatcaa
tcgccgcgaa
tgtctgtcat
gctttaccgg
atttcagcct
ccaggactca

caccggggga
cgggcetgtge
tgaacacccc
cgggcctcac
ttccttacct
cgtgggacca
ccctgctata
aatacatcat

acctgcectce
agecggacgcc
agcactagag
atattttgtce
tacctattcc
ggcatatgca
aatggcgctg
tcagtatttt
ccgggggggd
tgacatcacc
gcttaaagtc
gaagatagcc
cacctatgtg
tectggccgtg
gggggcagat

gggccaggag
ggcgcccatc

cctgactggce
ccaaaccttc
aacgaggacc
agaccttgtg
ctccteggac
tgatagcagg
gggtccgetg
ccgtggagtg
atcceceggtg
ccacctgcat
ccagggctac
ttacatgtcce
cactggcagc
aggaggtgct
cttgggcatc
cgccactgcect
tetgteccacce
ggggggaaga
gctggtcgceca
cccgaccagce
cgacttcgac
tgaccctacc
acgccggggce
gcgcccctcece
ttggtatgag
ggggcttcece
tcatatagat
ggtagcgtac
gatgtggaag
cagactgggc
gacatgcatg

acaaaataca
agggtttgeg
aagctggtca
atcttttteg
ctcactggcce
ctggacacgg
actctgtcge
ctgaccagag
cgcgatgcecg
aaactactcc
ccctactteg
ggaggtcatt
tataaccatc
gctgtggaac
accgccgegt
atactgcttg
acggcgtacg
cgggacaaaa
ctggcaacgt
atcgcatcac
ggctggcccg
ctttacctgg
ggtagcctge
ttgtgcececg
gctaaagcgg
ttcacggaca
gctcccaceg
aaggtgttgg
aaggcccatg
cccatcacgt
tatgacataa
ggcactgtcc
acccctcecegg
accggagaga
catctcatct
ttgggcatca
ggcgatgttg
tctgtgatag
tttaccattg
aggactggca
ggcatgttcg
ctcacgcccg
gtgtgccagg
gcccactttt
caagccaccyg
tgtttgatcc
gctgttcaga
tcggeccgacce
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tcgtccgatg
cctgcttatg
tettgcacgce
tggctgcttg
tgtggtccett
aggtggccge
catattacaa
tagaagcgca
tcatcttact
tggccatctt
tgcgegttca
acgtgcaaat
tcacccctct
cagtcgtett
gcggtgacat
ggccagccga
cccagcagac
accaagtgga
gcatcaatgg
ccaagggtcce
ctcctcaagyg
tcacgaggca
tttcgecececeg
cgggacacgc
tggactttat
actcctctecce
gcagcggtaa
tgctcaaccce
gggttgatcce
actccaccta
taatttgtga
ttgaccaagc
gctecegteac
tccectttta
tctgccacte
atgccgtgge
tegtegtgte
actgcaacac
agacaaccac
gggggaagcc
actcgtccgt
ccgagactac
accatcttga
tatcccagac
tgtgcgctag
gccttaaacc
atgaagtcac
tggaggtcgt

ggagtgggta
gatgctcatc
tgcgagcgca
gtacatcaag
tagcctactg
gtcgtgtgge
gcgctatatc
actgcacgtg
catgtgtgta
cggaccectt
aggccttctce
ggccatcatc
tcgagactgg
ctceccgaatg
catcaacggc
cggaatggtc
gagaggcctce
gggtgaggtc
ggtatgctgg
tgtcatccag
ttccegetcea
cgcecgatgtce
gceccatttece
cgtgggccta
ccctgtggag
accagcagtg
gagcaccaag
ctctgttget
taatatcagg
cggcaagttc
cgagtgccac
agagactgcg
tgtgtcccat
cggcaaggct
aaagaagaag
ctactaccgce
gaccgatgct
gtgtgtcact
gctcecccecag
aggcatctat
cctectgtgag
agttaggcta
attttgggag
aaagcagagt
ggctcaagcc
caccctccat
cctgacgcac
cacgagcacc
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atactcttat
ttgttgggcece
gctagctgca
ggtcgggtag
ctcctagcat
ggcgttgtte
agctggtgceca
tgggttcccec
gtacacccga
tggattctte
cggatctgeg
aagttagggg
gcgcacaacg
gagaccaagc
ttgcecegtet
tccaaggggt
ctagggtgta
cagatcgtgt
actgtctacc
atgtatacca
ttgacaccct
attcececgtge
tacttgaaag
ttcagggccg
aacctaggga
ccccagagct
gtececcggcetyg
gcaacgctgg
accggggtga
cttgccgacg
tccacggatg
ggggcgagac
cctaacatcg
atcccecteg
tgcgacgagc
ggtcttgacg
ctcatgactg
cagacagtcg
gatgctgtct
agatttgtgg
tgctatgacg
cgagcgtaca
ggegtcttta
ggggagaact
cctceeccat
gggccaacac
ccaatcacca

tgggtgctcg

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
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ttggcggcegt
tgggcaggat
aggagttcga
tgctcgetga
cagaggttat
agcacatgtg
gtaaccccge
ctggccaaac
ccggtgecge
gactggggaa
ttgtagcatt
tgceccgecat
gccggecacgt
cctececgagyg
gcgtcactgce
ggataagctc
ggatatgcga
tgcctgggat
gcattatgca
cgatgaggat
acgcctacac
ggagggtgtce
cgggtatgac
cagaattgga
aggaggtatce
agcccgaacce
cagaggcggc
ctagccagct
acgccgagcet
gggttgagtc
aggatgagcg
gggccctgcece
agcctgacta
ctgtgcctcee
ccttggeega
acaatacgac
agtcctattce
ggtcatggtc
cttattcetg
tcaacgcact
gcagtgcttg
attaccagga
tatccgtaga
atggggcaaa
ggaaagacct
aggttttctg
ccgacctggg
ccctggecegt

cctggcetget
cgtcttgtcec
tgagatggaa
gcagttcaag
cacccctgcet
gaatttcatc
cattgcttca
cctectette
tactgccttt
ggtcctegtg
caagatcatg
cctctcgecect
tggcceggge
gaaccatgtt
catactcagc
ggagtgtacc
ggtgctgagce
tcecetttgtg
cactecgctge
cgtcggtcect
cacgggcccce
tgcagaggaa
tactgacaat
cggggtgcgce
attcagagta
ggacgtagcce
cgggagaagg
gtcegetceca
catagaggct
agagaacaaa
ggaggtctcc
cgtctgggcg
cgaaccacct
gccteggaaa
gcttgecacce
aacatcctct
ttccatgecce
gacggtcagt
gacaggcgca
gagcaactcg
ccaaaggcag
cgtgctcaag
ggaagcttgc
agacgtccgt
tctggaagac
cgttcagect
cgtgcgegtg
gatgggaagc

ctggcegegt
gggaagccegyg
gagtgctcte
cagaaggccc
gtccagacca
agtgggatac
ttgatggctt
aacatattgg
gtgggtgctg
gacattcttg
agcggtgagg
ggagcccttg
gagggggcag
tcecececacge
agcctcactg
actccatgct
gactttaaga
tcctgecage
cactgtggag
aggacctgca
tgtactcccecce
tacgtggaga
cttaaatgcc
ctacacaggt
ggactccacg
gtgttgacgt
ttggcgagag
tctctcaagg
aacctcctgt
gtggtgattc
gtacctgcag
cggccggact
gtggtccatg
aagcgtacgg
aaaagttttg
gagcccgecce
ccecctggagyg
agtggggccg
ctecgtcaccce
ttgctacgcc
aagaaagtca
gaggtcaaag
agcctgacgce
tgccatgcca
agtgtaacac
gagaaggggg
tgcgagaaga
tcctacggat

19

attgcctgtce
caattatacc
agcacttacc
tcggectect
actggcagaa
aatacttggc
ttacagctgce
gggggtgggt
gcctagectgg
cagggtatgg
tcecectecac
tagtcggtgt
tgcaatggat
actacgtgcc
taacccagct
ccggttectg
cctggctgaa
gcgggtatag
ctgagatcac
ggaacatgtg
ttecetgegec
taaggcgggt
cgtgccagat
ttgcgcececccce
agtacccggt
ccatgctcac
ggtcaccccc
caacttgcac
ggaggcagga
tggactcctt
aaattctgcg
acaaccccece
gctgcecget
tggtcctcac
gcagctccte
cttectggcetyg
gggagcctgg
acacggaaga
cgtgcgetge
atcacaatct
catttgacag
cagcggcgtc
ccccacatte
gaaaggccgt
caatagacac
gtcgtaagcc
tggcccetgta
tccaatactce

aacaggctgce
tgacagggag
gtacatcgag
gcagaccgcg
actcgaggtc
gggcctgtca
cgtcaccagce
ggctgcccag
cgcecgecatce
cgcgggcgtg
ggaggacctg
ggtctgcgca
gaaccggcta
ggagagcgat
cctgaggcga
gctaagggac
agccaagctce
gggggtctgg
tggacatgtc
gagtgggacg
gaactataag
gggggacttc
ccecatcgecc
ttgcaagccc
ggggtcgcaa
tgatcecctee
ttctatggece
cgccaaccat
gatgggcggc
cgatccgett
gaagtctcegg
gctagtagag
accacctcca
cgaatcaacc
aacttccggce
ccecceccegac
ggatccggat
tgtcgtgtgce
ggaagaacaa
ggtgtattcc
actgcaagtt
aaaagtgaag
agccaaatcc
agcccacatce
taccatcatg
agctcgtctc
cgacgtggtt
accaggacag
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gtggtcatag
gttctctacc
caagggatga
tceccgecatyg
ttttgggcega
acgctgcctg
ccactaacca
ctcgecegecce
ggcagcgttg
gcgggagcetce
gtcaatctgc
gcaatactgc
atagccttcg
gcagccgccc
ctgcatcagt
atctgggact
atgccacaac
cgaggagacyg
aaaaacggga
ttccccatta
ttcgecgetgt
cactacgtat
gaatttttca
ttgctgcggg
ttaccttgcg
catataacag
agctcctcgg
gactccccectyg
aacatcacca
gtggcagagg
agattcgccce
acgtggaaaa
cggtcececte
ctatctactg
attacgggcg
tcecgacgttg
ctcagcgacg
tgctcaatgt
aaactgccca
accacttcac
ctggacagcc
gctaacttgc
aagtttggct
aactccgtgt
gccaagaacg
atcgtgttcce
agcaagctcc
cgggttgaat

5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
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tcctegtgea
gttttgacte
gtgacctgga
ggggccctct
gcgtactgac
gtcgagcege
tctgtgaaag
tgaccaggta
taacatcatg
accttacccg
ctccagtcaa
tgatactgat
ttaactgtga
ttcaaagact
atagggtggc
gggcccggag
agtacctcett
gcecggetgga
gcgtgtctca
taggcatcta
catttcctgt
ttecttttttt
gctagetgtg
gcagatcatg

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

4
3015
PRT
Hepat

<400> 4
Met Ser
1

Thr

agcgtggaag
cacagtcact
cccccaagec
taccaattca
aactagctgt
agggctccag
tgcgggggtce
ctccgeccece
ctcctceccaac
tgaccctaca
ttcctggecta
gacccatttc
gatctacgga
ccatggcctc
cgcatgcctce
cgtececgeget
caactgggca
cttgtccggt
tgcccggece
ccteeteccce
ttettettet
cctttectttt
aaaggtccgt
t

itis

Asn

Pro Lys

tccaagaaga
gagagcgaca
cgcgtggcca
aggggggaaa
ggtaacaccc
gactgcacca
caggaggacg
ccecggggace
gtgtcagtcg
acceccecteg
ggcaacataa
tttagcgtcc
gcctgctact
agcgcatttt
agaaaacttg
aggcttctgt
gtaagaacaa
tggttcacgg
cgctggttcet
aaccgatgaa
tttttttttt
tcecttettt
gagccgcatg

C virus

Pro Gln

Arg

cceccgatggg
tccgtacgga

tcaagtcect
actgcggcta
tcacttgcta
tgctegtgtg
cggcgagcect
ccccacaacce
cccacgacgg
cgagagcecgce
tcatgtttgce
tcatagccag
ccatagaacc
cactccacag
gggtcecegec
ccagaggagg
agctcaaact
ctggctacag
ggttttgect
ggttggggta
tttttttett
aatggtggct
actgcagaga

Lys Thr

10

gttctcgtat
ggaggcaatt
cactgagagg
ccgeaggtge
catcaaggcc
tggcgacgac
gagagccttce
agaatacgac
cgctggaaag
gtgggagaca
ccccacactg
ggatcagctt
actggatcta
ttactcteca
cttgcgagcet
cagggctgct
cactccaata
cgggggagac
actcctgetce
aacactccgg
ttttttttte
ccatcttage
gtgctgatac

Lys Arg

Asn
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gatacccgct
taccaatgtt
ctttatgttg
cgcgcgagcyg
cgggcagcect
ttagtegtta
acggaggcta
ttggagctta
agggtctact
gcaagacaca
tgggcgagga
gaacaggcte
cctccaatca
ggtgaaatca
tggagacacc
atatgtggca
gcggecgctg
atttatcaca
gctgcagggg
cctcttaage
tttectttee
cctagtcacg
tggcctctcet

Thr
15

Asn

8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9611

Gln
20

Arg Arg Pro Asp Val Phe Gln Ile

30

Pro Val

25

Lys Gly Gly Gly Gly

Gly Val Tyr Leu Leu Pro Pro Leu Val Ala

35

Arg Arg

40

Gly Arg Gly

45

Arg

Thr Arg Thr Ser Glu Ser Gln Pro Gln Pro

50

Lys Arg

55

Arg Gly

60

Arg Arg

Ile
65

Pro Thr Ser Pro

75

Lys Asp Arg Arg Ser

70

Gly Lys Trp Gly Lys Gly

80

Pro Trp Pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp

20
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Leu

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Pro

Gly

Ser

Gln

Asn

305

Asp

Ala

Leu

His

Phe

130

Gly

Val

Leu

Val

Asp

210

Cys

Val

Leu

Ala

Met

290

Cys

Met

Met

Ser

Arg

115

Ala

Val

Asn

Leu

Lys

195

Ser

val

Ser

Arg

Leu

275

Phe

Ser

Met

Arg

Pro

100

Ser

Asp

Ala

Phe

Ala

180

Asn

Ile

Pro

Pro

85

Arg

Arg

Leu

Arg

Ala

165

Leu

Ile

Thr

Cys

Asn

245

Thr
260

Tyr

Ile

Ile

Met

Val

His

Val

Val

Tyr

Asn

325

Pro

Gly

Asn

Met

Ala

150

Thr

Leu

Ser

Trp

Glu

230

val

Tle

Gly

Ser

Pro
310

Trp

Glu

Ser

val

Gly

135

Leu

Gly

Ser

Thr

Gln

215

Lys

Ala

Asp

Asp

Pro

295

Gly

Ser

Val

Arg

Gly

120

Tyr

Ala

Asn

Cys

Gly

200

Leu

Val

val

Met

Leu

280

Gln

Thr

Pro

Ile

21

Pro

105

Lys

Ile

His

Leu

Ile

185

Gln

Gly

Gln

Val

265

Cys

His

Ile

Thr

Ile

S0

Ser

Val

Pro

Gly

Pro

170

Thr

Met

Ala

Asn

Arg

250

Val

Gly

His

Thr

Ala

330

Asp

Trp

Ile

Val

Val

155

Gly

Thr

Val

Ala

Ala

235

Pro

Met

Gly

Trp

Gly

315

Thr

Ile

Gly

Asp

vVal

140

Arg

Cys

Pro

Thr

val

220

Ser

Gly

Ser

Val

Phe

300

His

Met

Ile

Pro

Thr

125

Gly

Val

Ser

Val

Asn

205

Leu

Gln

Ala

Ala

Met

285

Val

Arg

Ile

Ser

Asn

110

Leu

Ala

Leu

Phe

Ser

190

Asp

His

Cys

Leu

Thr

270

Leu

Gln

Met

Leu

Gly

95

Asp

Thr

Pro

Glu

Ser

175

Ala

Val

Trp

Thr

255

Leu

Ala

Asp

Ala

Ala

335

Ala
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Pro

Cys

Leu

Asp

160

Ile

Ala

Thr

Pro

Ile

240

Gln

Cys

Ala

Cys

Trp

320

Tyr

His
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Trp

Ala

Thr

385

Ser

Asn

Leu

Ser

Phe

465

Pro

Gly

Pro

Tyr

Arg

545

Gly

Phe

His

Gly

Lys

370

His

Leu

Gly

His

Ser

450

Arg

Glu

val

Ser

Thr

530

Pro

Tyr

Asn

Pro

val

355

Val

Thr

Phe

Ser

Thr

435

Gly

val

Asp

Val

Pro

515

Trp

Pro

Thr

Ala

Asp

340

Met

vVal

val

Asp

Trp

420

Gly

Cys

Gly

Met

Ser

500

val

Gly

Leu

Lys

Ser

580

Thr

Phe Gly

vVal Ile

Gly Gly

390

Met Gly
405

His Ile

Phe Ile

Pro Glu

Trp Gly

470

Arg Pro
485

Ala Lys

Val val

Glu Asn

Gly Ser

550

Thr Cys
565

Thr Asp

Thr Tyr

Leu

Leu

375

Ser

Pro

Asn

Ala

Arg

455

Ala

Tyr

Thr

Gly

Glu

535

Trp

Gly

Leu

Leu

Ala

360

Leu

Ala

Arg

Arg

Ser

440

Met

Leu

Cys

val

Thr

520

Thr

Phe

Ala

Leu

Lys

22

345

Tyr

Leu

Ala

Gln

Thr

425

Leu

Ser

Gln

Trp

Cys

505

Thr

Asp

Gly

Pro

Cys
585

cys

Phe

Ala

Gln

Lys

410

Ala

Phe

Ala

Tyr

His

490

Gly

Asp

Val

Cys

Pro

570

Pro

Gly

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Glu
475

Tyr

Pro

Arg

Phe

Thr

555

Cys

Thr

Ser

Met

Gly

380

Thr

Gln

Asn

Thr

Arg

460

Asp

Pro

Val

Leu

Leu

540

Trp

Arg

Asp

Gly

Gln

365

val

Gly

Leu

Cys

His

445

Ser

Asn

Pro

Tyr

Gly

525

Leu

Met

Thr

Cys

Pro

350

Gly

Asp

Arg

val

Asn

430

Ser

Ile

val

Arg

Cys

510

Ala

Asn

Asn

Arg

Phe

590

Trp

Ala

Ala

Leu

Asn

415

Asp

Phe

Glu

Thr

Gln

495

Phe

Pro

Ser

Ser

Ala

575

Arg

Leu
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Trp

Arg

.Thr

400

Thr

Ser

Asn

Ala

Asn

480

Cys

Thr

Thr

Thr

Ser

560

Asp

Lys

Thr
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Pro

Thr

625

Glu

Asn

Thr

Leu

Phe

705

Glu

Ala

Glu

Phe

785

Ser

Glu

Leu

Trp

Arg
610

val

Leu

Thr

Ser

690

Met

Trp

Cys

Lys

Leu

770

val

Leu

val

Thr

Leu

595

Cys

Asn

Arg

Glu

Glu

675

Thr

Tyr

val

Leu

Leu

755

val

Leu

Ala

Leu

835

Gln

Leu

Tyr

Leu

Asp

660

Trp

Gly

Gly

Ile

Trp

740

Val

Phe

Pro

Leu

Ala

820

Ser

Tyr

Ile

Thr

Thr

645

Arg

Ala

Leu

Leu

Leu

725

Met

Ile

Val

Leu

Leu

805

Ser

Pro

Phe

Asp

Ile

630

Ala

Asp

Ile

Leu

Ser

710

Leu

Leu

Leu

Ile

Ala

790

Ala

Cys

Tyr

Leu

Tyr

615

Phe

Ala

Arg

Leu

His

695"

Pro

Phe

Ile

His

Phe

775

Thr

Leu

Gly

Tyr

Thr

600

Pro

Lys

Cys

Ser

Pro

680

Leu

Ala

Leu

Leu

Ala

760

Phe

Tyr

Pro

Gly

Lys

840

Arg

23

Tyr Arg

Ile Arg

Asn Phe

650

Gln Leu
665

Cys Ser

His Gln

Leu Thr

Leu Leu
730

Leu Gly
745

Ala Ser

Val Ala

Ser Leu

Gln Gln
810

vVal Vval
825

Arg Tyr

vVal Glu

Leu

Met

635

Thr

Ser

Tyr

Asn

Lys

715

Ala

Gln

Ala

Ala

Thr

795

Ala

Leu

Ile

Ala

Trp

620

Tyr

Arg

Pro

Ser

Ile

700

Asp

Ala

Ala

Trp

780

Gly

Tyr

Val

Ser

Gln

605

His

Val

Gly

Leu

Asp

685

Val

Ile

Ala

Glu

Ser

765

Leu

Ala

Gly

Trp

845

Leu

Tyr

Gly

Asp

Leu

670

Leu

Asp

val

Arg

Ala

750

Cys

Ile

Trp

Leu

Leu

830

Cys

His

Pro

Gly

Arg

655

His

Pro

Val

Arg

Val

735

Ala

Asn

Lys

Ser

Asp

815

Met

Met

Vval
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cys

Val

640

Cys

Ser

Ala

Gln

Trp

720

Cys

Leu

Gly

Gly

Phe

800

Thr

Ala

Trp

Trp
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Val

865

Met

Leu

val

Ala

Leu

945

Arg

Pro

Asp

Arg

Lys

1025

Arg

Asn

850

Pro

Cys

Ala

Pro

Arg

930

Gly

Asp

val

Thr

Arg

1010

Gly

Gly

Gln

Pro Leu Asn Val
870

Val Val His Pro
885

Ile Phe Gly Pro
900

Tyr Phe Val Arg
915

Lys Ile Ala Gly

Ala Leu Thr Gly

950

Trp Ala His Asn
965

Val Phe Ser Arg
980

Ala Ala Cys Gly
995

855

Arg

Thr

Leu

Val

Gly

935

Thr

Gly

Met

Asp

Gly

Leu

Trp

Gln

920

His

Tyr

Leu

Glu

Ile
1000

Gly Gln Glu Ile Leu Leu
1015

Trp Arg Leu Leu Ala Pro

1030

Leu Leu Gly Cys Ile Ile

1045

Gly

val

Ile

905

Gly

Tyr

val

Arg

Thr

985

Ile

Gly

Ile

Arg

Phe

890

Leu

Leu

val

Asp

970

Lys

Asn

Pro

Thr

Asp

875

Asp

Gln

Leu

Gln

Asn

955

Leu

Leu

Gly

Ala

Ala
1035

Thr Ser Leu
1050

Val Glu Gly Glu Val Gln Ile Val Ser

1060

1065

Phe Leu Ala Thr Cys Ile Asn Gly Val Cys Trp

1075

1080

860

Ala

Ile

Ala

Arg

Met

940

His

Ala

Ile

Leu

Asp

1020

Tyr

Thr

Thr

Val

Thr

Ser

Ile

925

Ala

Leu

Val

Thr

Pro

1005

Gly

Ala

Gly

Ala

Ile

Lys

Leu

910

Cys

Ile

Thr

Ala

Trp

9390

Val

Met

Gln

Arg

Thr
1070

Thr Val Tyr

1085

Ala Gly Thr Arg Thr Ile Ala Ser Pro Lys Gly Pro Val Ile
1090

1095

1100

Tyr Thr Asn Val Asp Gln Asp Leu Val Gly Trp Pro Ala Pro

24

Leu

Leu

895

Leu

Ala

Ile

Pro

vVal

975

Gly

Ser

Val

Gln

Asp

1055

Gln

His

Gln

Gln
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Leu

880

Leu

Lys

Leu

Lys

Leu

960

Glu

Ala

Ala

Ser

Thr

1040

Lys

Thr

Gly

Met

Gly
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1105 1110 1115 1120

Ser Arg Ser Leu Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu
1125 1130 1135

Val Thr Arg His Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser
1140 1145 1150

Arg Gly Ser Leu Leu Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser
1155 1160 1165

Ser Gly Gly Pro Leu Leu Cys Pro Ala Gly His Ala Val Gly Leu Phe
1170 1175 1180

Arg Ala Ala Val Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile
1185 1190 1195 1200

Pro Val Glu Asn Leu Gly Thr Thr Met Arg.Ser Pro Val Phe Thr Asp
1205 1210 1215

Asn Ser Ser Pro Pro Ala Val Pro Gln Ser Phe Gln Val Ala His Leu
1220 1225 1230

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr
1235 1240 1245

Ala Ala Gln Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala
1250 1255 1260

Thr Leu Gly Phe Gly Ala Tyr Met Ser Lys Ala His Gly Val Asp Pro
1265 1270 1275 1280

Asn Ile Arg Thr Gly Val Arg Thr Ile Thr Thr Gly Ser Pro Ile Thr
1285 1290 1295

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly
1300 1305 1310

Ala Tyr Asp Ile Ile Ile Cys Asp Glu Cys His Ser Thr Asp Ala Thr
1315 1320 1325

Ser Ile Leu Gly Ile Gly Thr Val Leu Asp Gln Ala Glu Thr Ala Gly
1330 1335 1340

Ala Arg Leu Val Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr
1345 1350 1355 1360

Val Ser His Pro Asn Ile Glu Glu Val Ala Leu Ser Thr Thr Gly Glu

25
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1365 1370

Ile Pro Phe Tyr Gly Lys Ala Ile Pro Leu Glu Val Ile Lys
1380 1385 1390

Arg His Leu Ile Phe Cys His Ser Lys Lys Lys Cys Asp Glu
1395 1400 1405

Ala Lys Leu Val Ala Leu Gly Ile Asn Ala Val Ala Tyr Tyr
1410 1415 1420

Leu Asp Val Ser Val Ile Pro Thr Ser Gly Asp Val Val Val
1425 1430 1435

Thr Asp Ala Leu Met Thr Gly Phe Thr Gly Asp Phe Asp Ser
1445 1450

Asp Cys Asn Thr Cys Val Thr Gln Thr Val Asp Phe Ser Leu
1460 1465 1470

Thr Phe Thr Ile Glu Thr Thr Thr Leu Pro Gln Asp Ala Val
1475 1480 1485

Thr Gln Arg Arg Gly Arg Thr Gly Arg Gly Lys Pro Gly Ile
1490 1495 1500

Phe Val Ala Pro Gly Glu Arg Pro Ser Gly Met Phe Asp Ser
1505 1510 1515

Leu Cys Glu Cys Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu
1525 1530

Ala Glu Thr Thr Val Arg Leu Arg Ala Tyr Met Asn Thr Pro
1540 1545 1550

Pro Val Cys Gln Asp His Leu Glu Phe Trp Glu Gly Val Phe
1555 1560 1565

Leu Thr His Ile Asp Ala His Phe Leu Ser Gln Thr Lys Gln
1570 1575 1580

Glu Asn Phe Pro Tyr Leu Val Ala Tyr Gln Ala Thr Val Cys
1585 1590 1595

Ala Gln Ala Pro Pro Pro Ser Trp Asp Gln Met Trp Lys Cys
1605 1610

Arg Leu Lys Pro Thr Leu His Gly Pro Thr Pro Leu Leu Tyr

26
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1375

Gly Gly

Leu Ala

Arg Gly

val Ser

1440

val Ile
1455

Asp Pro

Ser Arg

Tyr Arg

Ser Val
1520

Thr Pro
1535

Gly Leu

Thr Gly

Ser Gly

Ala Arg
1600

Leu Ile
1615

Arg Leu
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1620 1625

Gly Ala Val Gln Asn Glu Val Thr Leu Thr His Pro
1635 1640

Ile Met Thr Cys Met Ser Ala Asp Leu Glu Val Val
1650 1655 1660

Val Leu Val Gly Gly Val Leu Ala Ala Leu Ala Ala
1665 1670 1675

Thr Gly Cys Val Val Ile Val Gly Arg Ile Val Leu
1685 1690

Ala Ile Ile Pro Asp Arg Glu Val Leu Tyr Gln Glu
1700 1705

Glu Glu Cys Ser Gln His Leu Pro Tyr Ile Glu Gln
1715 1720

Ala Glu Gln Phe Lys Gln Lys Ala Leu Gly Leu Leu
1730 1735 1740

Arg His Ala Glu Val Ile Thr Pro Ala Val Gln Thr
1745 1750 1755

Leu Glu Val Phe Trp Ala Lys His Met Trp Asn Phe
1765 1770

Gln Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn
1780 1785

Ser Leu Met Ala Phe Thr Ala Ala Val Thr Ser Pro
1795 1800

Gln Thr Leu Leu Phe Asn Ile Leu Gly Gly Trp Val
1810 1815 1820

Ala Ala Pro Gly Ala Ala Thr Ala Phe Val Gly Ala
1825 1830 1835

Ala Ala Ile Gly Ser Val Gly Leu Gly Lys Val Leu
1845 1850

Ala Gly Tyr Gly Ala Gly Val Ala Gly Ala Leu Val
1860 1865

Met Ser Gly Glu Val Pro Ser Thr Glu Asp Leu Val

27

1630

Ile Thr Lys
1645

Thr Ser Thr

Tyr Cys Leu

Ser Gly Lys

1695

Phe Asp Glu
1710

Gly Met Met
1725

Gln Thr Ala

Asn Trp Gln

Ile Ser Gly

1775

Pro Ala Ile
1790

Leu Thr Thr
1805

Ala Ala Gln

Gly Leu Ala

Val Asp Ile

1855

Ala Phe Lys
1870

Asn Leu Leu
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Tyr

Trp

Ser

1680

Pro

Met

Leu

Ser

Lys

1760

Ile

Ala

- Gly

Leu

Gly

1840

Leu

Ile’

Pro
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1875 1880 1885

Ala Ile Leu Ser Pro Gly Ala Leu Val Val Gly Val Val Cys Ala
1890 1895 1900

Ile Leu Arg Arg His Val Gly Pro Gly Glu Gly Ala Val Gln Trp
1905 1910 1915

Asn Arg Leu Ile Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro
1925 1930 1935

His Tyr Val Pro Glu Ser Asp Ala Ala Ala Arg Val Thr Ala Ile
1940 1945 1950

Ser Ser Leu Thr Val Thr Gln Leu Leu Arg Arg Leu His Gln Trp
1955 1960 1965

Ser Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp
1970 1975 1980

Trp Asp Trp Ile Cys Glu Val Leu Ser Asp Phe Lys Thr Trp Leu
1985 1990 1995

Ala Lys Leu Met Pro Gln Leu Pro Gly Ile Pro Phe Val Ser Cys
2005 2010 2015

Arg Gly Tyr Arg Gly Val Trp Arg Gly Asp Gly Ile Met His Thr
2020 2025 2030

Cys His Cys Gly Ala Glu Ile Thr Gly His Val Lys Asn Gly Thr
2035 2040 2045

Arg Ile Val Gly Pro Arg Thr Cys Arg Asn Met Trp Ser Gly Thr
2050 2055 2060

Pro Ile Asn Ala Tyr Thr Thr Gly Pro Cys Thr Pro Leu Pro Ala
2065 2070 2075

Asn Tyr Lys Phe Ala Leu Trp Arg Val Ser Ala Glu Glu Tyr Val
2085 2090 - 2095

Ile Arg Arg Val Gly Asp Phe His Tyr Val Ser Gly Met Thr Thr
2100 2105 2110

Asn Leu Lys Cys Pro Cys Gln Ile Pro Ser Pro Glu Phe Phe Thr
2115 2120 2125

Leu Asp Gly Val Arg Leu His Arg Phe Ala Pro Pro Cys Lys Pro
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Ala

Met

1920

Thr

Leu

Ile

Ile

Lys

2000

Gln

Arg

Met

Phe

Pro

2080

Glu

Asp

Glu

Leu
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2130 2135 2140

Leu Arg Glu Glu Val Ser Phe Arg Val Gly Leu His Glu Tyr Pro Val
2145 2150 2155 2160

Gly Ser Gln Leu Pro Cys Glu Pro Glu Pro Asp Val Ala Val Leu Thr
2165 2170 2175

Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala Glu Ala Ala Gly Arg
2180 2185 2190

Arg Leu Ala Arg Gly Ser Pro Pro Ser Met Ala Ser Ser Ser Ala Ser
2195 2200 2205

Gln Leu Ser Ala Pro Ser Leu Lys Ala Thr Cys Thr Ala Asn His Asp
2210 2215 2220

Ser Pro Asp Ala Glu Leu Ile Glu Ala Asn Leu Leu Trp Arg Gln Glu
2225 2230 2235 2240

Met Gly Gly Asn Ile Thr Arg Val Glu Ser Glu Asn Lys Val Val Ile
2245 2250 2255

Leu Asp Ser Phe Asp Pro Leu Val Ala Glu Glu Asp Glu Arg Glu Val
2260 2265 2270

Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg Phe Ala Arg Ala
2275 2280 2285

Leu Pro Val Trp Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Thr
2290 2295 2300

Trp Lys Lys Pro Asp Tyr Glu Pro Pro Val Val His Gly Cys Pro Leu
2305 2310 2315 ) 2320

Pro Pro Pro Arg Ser Pro Pro Val Pro Pro Pro Arg Lys Lys Arg Thr
2325 2330 2335

Val Val Leu Thr Glu Ser Thr Leu Ser Thr Ala Leu Ala Glu Leu Ala
2340 2345 2350

Thr Lys Ser Phe Gly Ser Ser Ser Thr Ser Gly Ile Thr Gly Asp Asn
2355 2360 2365

Thr Thr Thr Ser Ser Glu Pro Ala Pro Ser Gly Cys Pro Pro Asp Ser
2370 2375 2380

Asp Val Glu Ser Tyr Ser Ser Met Pro Pro Leu Glu Gly Glu Pro Gly
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2385 2390 2395 2400

Asp Pro Asp Leu Ser Asp Gly Ser Trp Ser Thr Val Ser Ser Gly Ala
2405 2410 2415

Asp Thr Glu Asp Val Val Cys Cys Ser Met Ser Tyr Ser Trp Thr Gly
2420 2425 2430

Ala Leu Val Thr Pro Cys Ala Ala Glu Glu Gln Lys Leu Pro Ile Asn
2435 2440 2445

Ala Leu Ser Asn Ser Leu Leu Arg His His Asn Leu Val Tyr Ser Thr
2450 2455 2460

Thr Ser Arg Ser Ala Cys Gln Arg Gln Lys Lys Val Thr Phe Asp Arg
2465 2470 2475 2480

Leu Gln Val Leu Asp Ser His Tyr Gln Asp Val Leu Lys Glu Val Lys
2485 2490 2495

Ala Ala Ala Ser Lys Val Lys Ala Asn Leu Leu Ser Val Glu Glu Ala
2500 2505 ) 2510

Cys Ser Leu Thr Pro Pro His Ser Ala Lys Ser Lys Phe Gly Tyr Gly
2515 2520 2525

Ala Lys Asp Val Arg Cys His Ala Arg Lys Ala Val Ala His Ile Asn
2530 2535 2540

Ser Val Trp Lys Asp Leu Leu Glu Asp Ser Val Thr Pro Ile Asp Thr
2545 2550 2555 2560

Thr Ile Met Ala Lys Asn Glu Val Phe Cys Val Gln Pro Glu Lys Gly
2565 2570 2575

Gly Arg Lys Pro Ala Arg Leu Ile Val Phe Pro Asp Leu Gly Val Arg
2580 2585 2590

Val Cys Glu Lys Met Ala Leu Tyr Asp Val Val Ser Lys Leu Pro Leu
2595 2600 2605

Ala Val Met Gly Ser Ser Tyr Gly Phe Gln Tyr Ser Pro Gly Gln Arg
2610 2615 2620

Val Glu Phe Leu Val Gln Ala Trp Lys Ser Lys Lys Thr Pro Met Gly
2625 2630 2635 2640

Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val Thr Glu Ser Asp
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2645 2650

2655
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Ile Arg Thr Glu Glu Ala Ile Tyr Gln Cys Cys Asp Leu Asp Pro Gln

2660 2665

2670

Ala Arg Val Ala Ile Lys Ser Leu Thr Glu Arg Leu Tyr Val Gly Gly

2675 2680

Pro Leu Thr Asn Ser Arg Gly Glu Asn Cys Gly Tyr
2690 . 2695 2700

Ala Ser Gly Val Leu Thr Thr Ser Cys Gly Asn Thr
2705 2710 2715

Ile Lys Ala Arg Ala Ala Cys Arg Ala Ala Gly Leu
2725 2730

Met Leu Val Cys Gly Asp Asp Leu Val Val Ile Cys
2740 2745

Val Gln Glu Asp Ala Ala Ser Leu Arg Ala Phe Thr
2755 2760

Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Gln Pro
2770 2775 2780

Glu Leu Ile Thr Ser Cys Ser Ser Asn Val Ser Val
2785 2790 2795

Ala Gly Lys Arg Val Tyr Tyr Leu Thr Arg Asp Pro
2805 2810

Ala Arg Ala Ala Trp Glu Thr Ala Arg His Thr Pro
2820 2825

2685

Arg Arg Cys Arg

Leu Thr Cys Tyr

Gln Asp Cys

Glu

Glu

2765

Glu

Ala

Thr

val

Ser
2750

Ala

Tyr

His

Thr

Asn
2830

Leu Gly Asn Ile Ile Met Phe Ala Pro Thr Leu Trp Ala Arg

2835 2840

2845

Leu Met Thr His Phe Phe Ser Val Leu Ile Ala Arg Asp Gln

2850 2855 2860

Gln Ala Leu Asn Cys Glu Ile Tyr Gly Ala Cys Tyr Ser Ile

2865 2870 2875

2735

Ala

Met

Asp

Asp

Pro

2815

Ser

Met

Leu

Glu

2720

Thr

Gly

Thr

Leu

Gly

2800

Leu

Trp

Ile

Glu

Pro
2880

Leu Asp Leu Pro Pro Ile Ile Gln Arg Leu His Gly Leu Ser Ala Phe

2885 2890

2895

Ser Leu His Ser Tyr Ser Pro Gly Glu Ile Asn Arg Val Ala Ala Cys
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2900

2905

2910
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Leu Arg Lys Leu Gly Val Pro Pro Leu Arg Ala Trp Arg His Arg Ala

2915

2920

2925

Arg Ser Val Arg Ala Arg Leu Leu Ser Arg Gly Gly Arg Ala Ala Ile
2940

2930

2935

Cys Gly Lys Tyr Leu Phe Asn Trp Ala Val Arg
2950

2945

2955

Thr Pro Ile Ala Ala Ala Gly Arg Leu Asp Leu

2965

2970

Ala Gly Tyr Ser Gly Gly Asp Ile Tyr His Ser
2985

2980

Pro Arg Trp Phe Trp Phe Cys Leu Leu Leu Leu

2995

3000

Ile Tyr Leu Leu Pro Asn Arg

3010

<210> S

<211> 9611
<212> DNA
<213>

<400> 5

gcecagecccce
tcttecacgca
cccecectecee
gaagactggg
gcaagactgc
gtgcttgega
ctcaaagaaa
gcggccagat
gcgcgacaag
aagatcggcg
ggaatgaggg
ggggccccaa
cgtgcggcectt
tcgccagagce
ggaacttacc
cceeggtete
gcaccaatga
tccecgtgega

tgatgggggc
gaaagcgtct
gggagagcca
tcctttcttg
tagccgagta
gtgccceggyg
aaccaaaaga
cgttggcgga
gaagacttcg
ctccactggce
actcggctgg
tgaccccegyg
tgccgacctce
tctcgcgcecat
cggttgctce
cgctgccgaa
cagcattacc
gaaagtgggg

3015

Hepatitis C virus

gacactccac
agccatggceg
tagtggtctg
gataaaccca
gcgttgggtt
aggtctcegta
aacaccaacc
gtatacttgt
gagcggtccce
aaatcctggg
gcaggatggc
cataggtcgce
atggggtaca
ggcgtgagag
ttttctatct
gtgaagaaca
tggcagctcc
aatgcatctc
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catgaatcac
ttagtatgag
cggaaccggt
ctectatgcce
gcgaaaggcc
gaccgtgcac
gtcgceccaca
tgcecgegeag
agccacgtgg
gaaaaccagg
tcctgteccee
gcaacgtggg
tcecctgtegt
tcctggagga
tcttgetgge
tcagtaccgg
aggctgctgt
agtgctggat

Thr Lys Leu Lys Leu

2960

Ser Gly Trp Phe Thr

2975

Val Ser His Ala Arg

2990

Ala Ala Gly Val Gly

3005

tcceectgtga
tgtcgtgcag
gagtacaccg
ggccatttgg
ttgtggtact
catgagcaca
agacgttaag
gggccccagg
aaggcgccag’
ataccectgg
ccgaggttcc
taaggtcatc
gggcgcccecg
cggggttaat
cctgctgtece
ctacatggtg
cctccacgtce
accggtctca

ggaactactg
cctcecaggac
gaattgeccegg
gcgtgececce
gcctgatagg
aatcctaaac
tttccgggceg
ttgggtgtgce
cccatcccta
cccctatacg
cgtcecctett
gataccctaa
ctcggcggceg
tttgcaacag
tgcatcacca
actaacgact
cccgggtgeg
ccgaatgtgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
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ccgtgcageg
tgtccgecac
cagcccaaat
ccatctaccce
cgcccacgge
tcattagcgg
cgtgggcgaa
ctgttggggg
ccaggcagaa
tgaactgcaa
tcaactcgte
tgggatgggg
attgctggca
cagtgtactg
ccacttacac
cgctggggtc
gcgecaccacc
cggactgttt
tcacgccaag
actataccat
catgcaattt
ctecetttgtt
ccgecttgte
atggcctatc
tectgetett
aggccgaagc
acggtcttgt
tgcccggagce
tgcctcageg
ttgtcgggtt
tgtggtggct
ccectcaacgt
ccctggtatt
aagccagttt
cgctagcgeg
cgecttactgg
gcctgcgaga
tcatcacgtg
ctgcecgtag
ggaggttgct
taatcaccag
caactgctac
acggggccgg
atgtggacca
gtacctgcgg
gccggcgagyg
gcteccteggg
cggtgtgcac

gccecggegece
gctctgctcet
gttcattgtc
tggtaccatc
taccatgatc
ggctcattgg
agtecgttgtc
ttctgcecgeg
aatccagctce
tgactccttg
aggatgtccc
cgccttgcaa
ctacccacca
tttcaccceccce
gtggggggag
atggttcggce
ctgcecgtact
taggaagcat
gtgcctgate
cttcaaaata
cactcgtggg
gcactccacc
gactggtctt
acctgccectce
agcggacgec
agctttggag
gtccttccte
ggtctacgcc
ggcatatgca
aatggcgctg
tcagtatttt
¢cggg9g9999
tgacatcacc
gcttaaagtce
gaagatagcc
cacctatgtg
tctggcecgtg
gggggcagat
gggccaggag
ggcgcccatc
cctgactggce
ccaaacctte
aacgaggacc
agaccttgtg
ctccteggac
tgatagcagg
gggtccgetg
ccgtggagtg

ctcacgcagg
gccctctacg
tcgcegecage
actggacacc
ttggcgtacg
ggcgtcatgt
atccttectgt
cagaccaccg
gttaacacca
cacaccggct
gaacgcatgt
tatgaggata
aggcagtgtg
agcccagtgg
aatgagacag
tgcacgtgga
agagctgact
cctgatacca
gactacccct
aggatgtatg
gatcgttgca
acggaatggg
ctccacctcce
acaaaataca
agggtttgcg
aacctcgtaa
gtgttcttct
ctctacggga
ctggacacgg
actctgtcege
ctgaccagag
cgecgatgecg
aaactactcc
ccctactteg
ggaggtcatt
tataaccatc
gctgtggaac
accgccgecgt
atactgcttg
acggcgtacg
cgggacaaaa
ctggcaacgt
atcgcatcac
ggctggeccg
ctttacctgg
ggtagcctgc
ttgtgccccg
gctaaagcgg
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gcttgeggac
tgggggacct
accactggtt
gcatggcatg
cgatgcgtgt
tcggcettggce
tggccgecgg
ggcgcctcac
atggcagctg
ttatcgecgtce
ccgcectgeeg
atgtcaccaa
gcgtggtcectc
tagtgggcac
atgtcttcct
tgaactcttc
tcaacgccag
cttacctcaa
acaggctctg
tgggaggggt
acttggagga
ccattttacc
accaaaacat
tcgtcecgatg
cctgcttatg
tactcaatgc
gctttgegtg
tgtggcctcet
aggtggccge
catattacaa
tagaagcgca
tcatcttact
tggccatctt
tgcgegttcea
acgtgcaaat
tcaccccetcet
cagtcgtctt
gcggtgacat
ggccagccga
cccagcagac
accaagtgga
gcatcaatgg
ccaagggtcc
ctectcaagg
tcacgaggca
tttecgcceccg
cgggacacgc
tggactttat

gcacatcgac
ctgcggtggg
tgtccaagac
ggacatgatg
cccecgaggte

ctacttctct:

ggtggacgcg
cagcttattt
gcacatcaac
tctgttctac
cagtatcgag
tccagaggat
cgcgaagact
gaccgacagg
attgaacagc
tggctacacc
cacggacctg
atgcggctct
gcattacccc
tgagcacagg
cagagacaga
ttgctcttac
cgtggacgta
ggagtgggta
gatgctcatc
agcatccctg
gtatctgaag
cctectgete
gtcgtgtggce
gcgctatatce
actgcacgtg
catgtgtgta
cggacccctt
aggccttcte
ggccatcatc
tcgagactgg
ctceccgaatg
catcaacggc
cggaatggtc
gagaggcctce
gggtgaggtc
ggtatgctgg
tgtcatccag
ttcccgetca
cgcegatgtce
gcccatttce
cgtgggccta
ccctgtggag
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atggttgtga
gtgatgctcg
tgcaattgct
atgaactggt
attatagaca
atgcagggag
cgcacccata
gacatgggcc
cgcaccgcece
acccacagct
gccttccggg
atgagaccct
gtgtgtggcc
cttggagcgc
actcgaccac
aagacttgcg
ttgtgccceca
gggccctgge
tgcacagtta
ctcacggctg
agtcaactgt
tcggacctge
caattcatgt
atactcttat
ttgttgggcce
gccgggacgce
ggtaggtggg
ctgctggcgt
ggcgttgtte
agctggtgcea
tgggttccce
gtacacccga
tggattcttc
cggatcetgeg
aagttagggg
gcgcacaacyg
gagaccaagc
ttgcecegtcet
tccaaggggt
ctagggtgta
cagatcgtgt
actgtctacc
atgtatacca
ttgacaccct
attccecgtgce
tacttgaaag
ttcagggccg
aacctaggga

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
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caaccatgag
tccaggtggce
cgtacgcagce
gctttggtgce
gaacaattac
gcgggtgcte
ccacatccat
tggttgtgct
aggaggttgce
aggtgatcaa
tcgeccgcgaa
tgtctgtcat
gctttaccgg
atttcagcct
ccaggactca
caccggggga
cgggetgtge
tgaacaccce
cgggcctcac
tteccttacct
cgtgggacca
ccctgectata
aatacatcat
ttggeggegt
tgggcaggat
aggagttcga
tgctegetga
cagaggttat
agcacatgtg
gtaaccececge
ctggccaaac
ccggtgeege
gactggggaa
ttgtagcatt
tgcecegecat
gccggcacgt
cctceccgggyg
gcgtcactgce
ggataagctc
ggatatgcga
tgcctgggat
gcattatgca
cgatgaggat
acgcctacac
ggagggtgtc
cgggtatgac
cagaattgga
aggaggtatc

atccceggtg
ccacctgcat
ccagggctac
ttacatgtcc
cactggcagc
aggaggtgct
cttgggcatc
cgccactgcet
tctgtccacc
ggggggaaga
gctggtcgeca
cccgaccage
cgacttcgac
tgaccctacc
acgcecggggac
gcgeccctece
ttggtatgag
ggggcttece
tcatatagat
ggtagcgtac
gatgtggaag
cagactgggce
gacatgcatg
cctggetget
cgtcttgtce
tgagatggaa
gcagttcaag
cacccctget
gaatttcatc
cattgcttca
cctcctettce
tactgcecttt
ggtcectecgtyg
caagatcatg
cctetegect
tggcccggge
gaaccatgtt
catactcagce
ggagtgtacc
ggtgctgagc
tcecetttgtg
cactcgcetgce
cgtcggtcect
cacgggcccc
tgcagaggaa
tactgacaat
cggggtgcege
attcagagta

ttcacggaca
gctcccaccg
aaggtgttgg
aaggcccatg
cccatcacgt
tatgacataa
ggcactgtcce
accccteegg
accggagaga
catctcatct
ttgggcatca
ggcgatgttg
tctgtgatag
tttaccattg
aggactggca
ggcatgttcg
ctcacgceeg
gtgtgccagg
gcccactttt
caagccaccg
tgtttgatcc
gctgttcaga
tcggcegace
ctggcecgegt
gggaagccgg
gagtgctctc
cagaaggccce
gtccagacca
agtgggatac
ttgatggcett
aacatattgg
gtgggtgctg
gacattcttg
agcggtgagg
ggagcccettg
gagggggcag
tcecceccacge
agcctcactg
actccatgct
gactttaaga
tcctgecage
cactgtggag
aggacctgeca
tgtactcccece
tacgtggaga
cttaaatgcc
ctacacaggt
ggactccacg
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actcctctec
gcagcggtaa
tgctcaaccc
gggttgatcc
actccaccta
taatttgtga
ttgaccaagc
gctccgtcac
tccectttta
tctgccactce
atgccgtggce
tecgtegtgte
actgcaacac
agacaaccac
gggggaagcc
actcgteegt
ccgagactac
accatcttga
tatcccagac
tgtgcgctag
gccttaaacc
atgaagtcac
tggaggtcgt
attgccetgtce
caattatacc
agcacttacc
tcggectect
actggcagaa
aatacttggc
ttacagctgce
gggggtgggt
gcctagetgg
cagggtatgg
tccectecac
tagtcggtgt
tgcaatggat
actacgtgcc
taacccagcet
ccggttectg
cctggctgaa
gcgggtatag
ctgagatcac
ggaacatgtg
ttcctgegece
taaggcgggt
cgtgccagat
ttgcgecece
agtacccggt

accagcagtg
gagcaccaag
ctctgttget
taatatcagg
cggcaagttc
cgagtgccac
agagactgcg
tgtgtecccat
cggcaaggct
aaagaagaag
ctactaccgce
gaccgatgct
gtgtgtcact
gctccceccag
aggcatctat
cctectgtgag
agttaggcta
attttgggag
aaagcagagt
ggctcaagec
caccctccat
cctgacgcac
cacgagcacc
aacaggctgc
tgacagggag
gtacatcgag
gcagaccgcg
actcgaggte
gggcctgtca
cgtcaccagc
ggctgcccag
cgcegecate
cgcgggcegtg
ggaggacctg
ggtctgegea
gaaccggcta
ggagagcgat
cctgaggcga
gctaagggac
agccaagctce
gggggtctgg
tggacatgtc
gagtgggacg
gaactataag
gggggacttc
cccatcgecece
ttgcaagccc
ggggtcgcaa
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ccccagagcet
gtccéggctg
gcaacgctgg
accggggtga
cttgccgacg
tccacggatg
ggggcgagac
cctaacatcg
atccecccteg
tgcgacgagc
ggtcttgacg
ctcatgactg
cagacagtcg
gatgctgtct
agatttgtgg
tgctatgacg
cgagcgtaca
ggcgtcttta
ggggagaact
ccteccccat
gggccaacac
ccaatcacca
tgggtgctcg
gtggtcatag
gttctctacc
caagggatga
tccegecatg
ttttgggcga
acgctgecctg
ccactaacca
ctcgeegecec
ggcagcgttg
gcgggagctc
gtcaatctgce
gcaatactgc
atagccttcg
gcagccgccee
ctgcatcagt
atctgggact
atgccacaac
cgaggagacyg
aaaaacggga
ttccccatta
ttecgegetgt
cactacgtat
gaatttttca
ttgctgcggg
ttaccttgcg

4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480

6540 °

6600
6660
6720
6780
6840



WO 00/75338

agcccgaacc
cagaggcggc
ctagccagct
acgccgagct
gggttgagtc
aggatgagcg
gggccctgee
agcctgacta
ctgtgcctcc
ccttggcega
acaatacgac
agtcctattc
ggtcatggtc
cttattcctg
tcaacgcact
gcagtgcttg
attaccagga
tatccgtaga
atggggcaaa
ggaaagacct
aggttttctg
ccgacctggg
ccectggccegt
tcctegtgea
gttttgactc
gtgacctgga
ggggccctct
gcgtactgac
gtcgagecgce
tctgtgaaag
tgaccaggta
taacatcatg
accttacccg
ctccagtcaa
tgatactgat
ttaactgtga
ttcaaagact
atagggtggc
gggcccggay
agtacctctt
gccggetgga
gcgtgtctca
taggcatcta
catttcctgt
ttcttttett
gctagctgtg
gcagatcatg

ggacgtagcce
cgggagaagg
gtcecgetcca
catagaggct
agagaacaaa
ggaggtctcc
cgtctgggeg
cgaaccacct
gcctcggaaa
gcttgccacc
aacatcctct
ttccatgccce
gacggtcagt
gacaggcgca
gagcaactcg
ccaaaggcag
cgtgctcaag
ggaagcttgce
agacgtcegt
tctggaagac
cgttcagect
cgtgcgegtg
gatgggaagc
agcgtggaag
cacagtcact
cccccaagcece
taccaattca
aactagctgt
agggctccag

tgcgggggtce
ctccgeeccce

ctcctecaac
tgaccctaca
ttecctggceta
gacccatttc
gatctacgga
ccatggecte
cgcatgcctc
cgtecgeget
caactgggca
cttgtceggt
tgceceggece
cctecteccce
ttttttttte
cctttetttt
aaaggtccgt
t

gtgttgacgt
ttggcgagag
tctctcaagg
aacctcctgt
gtggtgattc
gtacctgcag
cggceggact
gtggtccatg
aagcgtacgg
aaaagttttg
gagccegecc
cccctggagg
agtggggccg
ctcgtcaccce
ttgctacgcc
aagaaagtca
gaggtcaaag
agcctgacgce
tgccatgcca
agtgtaacac
gagaaggggg
tgcgagaaga
tcctacggat
tccaagaaga
gagagcgaca
cgcgtggceca
aggggggaaa
ggtaacaccc
gactgcacca
caggaggacg
cccggggacce
gtgtcagtceg
acccececteg
ggcaacataa
tttagcgtcce
gcctgctact
agcgcatttt
agaaaacttg
aggcttctgt
gtaagaacaa
tggttcacgg
cgctggttct
aaccgatgaa
tttttttttt
tceccttettt
gagccgcatg

35

ccatgctcac
ggtcacccce
caacttgcac
ggaggcagga
tggactcctt
aaattctgcg
acaaccccce
gctgeccget
tggtcctcac
gcagctcctce
cttectggcectg
gggagcctgg
acacggaaga
cgtgcgetge
atcacaatct
catttgacag
cagecggcegte
ccccacatte
gaaaggccgt
caatagacac
gtcgtaagcece
tggcecctgta
tccaatactc
cceegatggg
tccgtacgga
tcaagtcccect
actgcggcta
tcacttgcta
tgctcgtgtg
cggcgagcect
ccccacaacce
cccacgacgg
cgagagccgce
tcatgtttgce
tcatagccag
ccatagaacc
cactccacag
gggtcccgec
ccagaggagyg
agctcaaact
ctggctacag
ggttttgect
ggttggggta
tttttttctt
aatggtggcet
actgcagaga

tgatccctcece
ttctatggcce
cgccaaccat
gatgggcggce
cgatccgett
gaagtctcgg
gctagtagag
accacctcca
cgaatcaacc
aacttccggce
ccececcegac
ggatccggat
tgtcgtgtge
ggaagaacaa
ggtgtattcc
actgcaagtt
aaaagtgaag
agccaaatcc
agcccacatc
taccatcatg
agctcgtctce
cgacgtggtt
accaggacag
gttctcgtat
ggaggcaatt
cactgagagg
ccgcaggtgce
catcaaggcc
tggcgacgac
gagagcctte
agaatacgac
cgctggaaag
gtgggagaca
ccccacactg
ggatcagctt
actggatcta
ttactctcca.
cttgcgagcet
cagggctgct
cactccaata
cgggggagac
actcctgcetce
aacactccgg
ttttttttte
ccatcttagc
gtgctgatac
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catataacag
agctcctcgg
gactcccctg
aacatcacca
gtggcagagg
agattcgccce
acgtggaaaa
cggtecccte
ctatctactg
attacgggcg
tccgacgttg
ctcagcgacg
tgctcaatgt
aaactgccca
accacttcac
ctggacagcc
gctaacttge
aagtttggct
aactccgtgt
gccaagaacg
atcgtgttcc
agcaagctcc
cgggttgaat
gatacccgcet
taccaatgtt
ctttatgttg
cgcgcgagceg
cgggcagcect
ttagtcgtta
acggaggcta
ttggagctta
agggtctact

gcaagacaca

tgggcgagga
gaacaggctce
cctccaatca
ggtgaaatca
tggagacacc
atatgtggca
gcggccgetg
atttatcaca
gctgcagggg
cctettaagce
tttecctttcc
cctagtcacg
tggcctctct

6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
92060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9611
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Ser
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Ser

Val

Gly

135

Leu

Gly

Ser

Thr

Gln
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120
Tyr
Ala
Asn
Cys

Gly
200

-Leu

36

Arg

Pro
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Gly

Gln
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Lys

Ile

His

Leu

Ile
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Gly

Pro
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Thr
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205

Leu

Asn

Ile

30

val
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Gly

225

Pro

Gly

Ser

Gln

Asn

305

Asp

Ala

Trp

Ala

Thr

385

Ser
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Leu

Ser

Phe
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Pro
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Leu
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Ser
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Thr
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Ala
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Leu
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Ser
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Met
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Ile
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Leu
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Val
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Thr

Ala
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Met
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Asp Thr Ala Ala Cys Gly Asp Ile Ile Asn Gly Leu Pro Val Ser Ala
995 1000 1005

Arg Arg Gly Gln Glu Ile Leu Leu Gly Pro Ala Asp Gly Met Val Ser
1010 1015 1020

Lys Gly Trp Arg Leu Leu Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr
1025 1030 1035 1040

Arg Gly Leu Leu Gly Cys Ile Ile Thr Ser Leu Thr Gly Arg Asp Lys
1045 1050 1055

Asn Gln Val Glu Gly Glu Val Gln Ile Val Ser Thr Ala Thr Gln Thr
1060 1065 1070

Phe Leu Ala Thr Cys Ile Asn Gly Val Cys Trp Thr Val Tyr His Gly
1075 1080 1085

Ala Gly Thr Arg Thr Ile Ala Ser Pro Lys Gly Pro Val Ile Gln Met
1090 1095 1100

Tyr Thr Asn Val Asp Gln Asp Leu Val Gly Trp Pro Ala Pro Gln Gly
1105 1110 1115 1120

Ser Arg Ser Leu Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu
1125 1130 1135

Val Thr Arg His Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser
1140 1145 1150

Arg Gly Ser Leu Leu Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser
1155 1160 1165

Ser Gly Gly Pro Leu Leu Cys Pro Ala Gly His Ala Val Gly Leu Phe
1170 1175 1180

Arg Ala Ala Val Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile
1185 1190 1195 1200

Pro Val Glu Asn Leu Gly Thr Thr Met Arg Ser Pro Val Phe Thr Asp
1205 1210 1215

Asn Ser Ser Pro Pro Ala Val Pro Gln Ser Phe Gln Val Ala His Leu
1220 1225 1230

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr
" 1235 1240 1245

40
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Ala Ala Gln Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala
1250 1255 1260

Thr Leu Gly Phe Gly Ala Tyr Met Ser Lys Ala His Gly Val Asp Pro
1265 1270 1275 1280

Asn Ile Arg Thr Gly Val Arg Thr Ile Thr Thr Gly Ser Pro Ile Thr
1285 1290 1295

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly
1300 1305 1310

Ala Tyr BAsp Ile Ile Ile Cys Asp Glu Cys His Ser Thr Asp Ala Thr
1315 1320 1325

Ser Ile Leu Gly Ile Gly Thr Val Leu Asp Gln Ala Glu Thr Ala Gly
1330 1335 1340 )

Ala Arg Leu Val Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr
1345 1350 1355 1360

Val Ser His Pro Asn Ile Glu Glu Val Ala Leu Ser Thr Thr Gly Glu
1365 1370 1375

Ile Pro Phe Tyr Gly Lys Ala Ile Pro Leu Glu Val Ile Lys Gly Gly
1380 1385 1390

Arg His Leu Ile Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu Ala
1395 1400 1405

Ala Lys Leu Val Ala Leu Gly Ile Asn Ala Val Ala Tyr Tyr Arg Gly
1410 1415 - 1420

Leu Asp Val Ser vVal Ile Pro Thr Ser Gly Asp Val Vval Val Vval Ser
1425 1430 1435 1440

Thr Asp Ala Leu Met Thr Gly Phe Thr Gly Asp Phe Asp Ser Val Ile
1445 1450 1455

Asp Cys Asn Thr Cys Val Thr Gln Thr Val Asp Phe Ser Leu Asp Pro
1460 1465 1470

Thr Phe Thr Ile Glu Thr Thr Thr Leu Pro Gln Asp Ala Val Ser Arg
1475 1480 1485

’

Thr Gln Arg Arg Gly Arg Thr Gly Arg Gly Lys Pro Gly Ile Tyr Arg
1490 1495 1500
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Phe val Ala Pro Gly Glu Arg Pro Ser Gly Met Phe Asp Ser Ser Val
1505 1510 1515 1520

Leu Cys Glu Cys Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro
1525 1530 1535

Ala Glu Thr Thr Val Arg Leu Arg Ala Tyr Met Asn Thr Pro Gly Leu
1540 1545 1550

Pro Val Cys Gln Asp His Leu Glu Phe Trp Glu Gly Val Phe Thr Gly
1555 1560 1565

Leu Thr His Ile Asp Ala His Phe Leu Ser Gln Thr Lys Gln Ser Gly
1570 1575 1580

Glu Asn Phe Pro Tyr Leu Val Ala Tyr Gln Ala Thr val Cys Ala Arg
1585 1590 1595 1600

Ala Gln Ala Pro Pro Pro Ser Trp Asp Gln Met Trp Lys Cys Leu Ile
1605 1610 1615

Arg Leu Lys Pro Thr Leu His Gly Pro Thr Pro Leu Leu Tyr Arg Leu
1620 1625 1630

Gly Ala Val Gln Asn Glu Val Thr Leu Thr His Pro Ile Thr Lys Tyr
1635 1640 1645

Ile Met Thr Cys Met Ser Ala Asp Leu Glu Val Val Thr Ser Thr Trp
1650 _ 1655 1660

Val Leu Val Gly Gly Val Leu Ala Ala Leu Ala Ala Tyr Cys Leu Ser
1665 1670 1675 1680

Thr Gly Cys Val Vval Ile Val Gly Arg Ile Val Leu Ser Gly Lys Pro
1685 1690 1695

Ala Ile Ile Pro Asp Arg Glu Val Leu Tyr Gln Glu Phe Asp Glu Met
1700 1705 1710

Glu Glu Cys Ser Gln His Leu Pro Tyr Ile Glu Gln Gly Met Met Leu
1715 1720 1725

Ala Glu Gln Phe Lys Gln Lys Ala Leu Gly Leu Leu Gln Thr Ala Ser
1730 1735 1740

Arg His Ala Glu Val Ile Thr Pro Ala Val Gln Thr Asn Trp Gln Lys
1745 1750 1755 1760
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Leu Glu Val Phe Trp Ala Lys His Met Trp Asn Phe Ile Ser
1765 1770

Gln Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala
1780 1785 1790

Ser Leu Met Ala Phe Thr Ala Ala Val Thr Ser Pro Leu Thr
1795 1800 1805

Gln Thr Leu Leu Phe Asn Ile Leu Gly Gly Trp Val Ala Ala
1810 1815 1820

Ala Ala Pro Gly Ala Ala Thr Ala Phe Val Gly Ala Gly Leu
1825 . 1830 1835

Ala Ala Ile Gly Ser Val Gly Leu Gly Lys Val Leu Val Asp
1845 1850

Ala Gly Tyr Gly Ala Gly Val Ala Gly Ala Leu Val Ala Phe
1860 1865 1870

Met Ser Gly Glu Val Pro Ser Thr Glu Asp Leu Val Asn Leu
1875 1880 1885

Ala Ile Leu Ser Pro Gly Ala Leu Val Val Gly val Vval Cys
1890 1895 1900

Ile Leu Arg Arg His Val Gly Pro Gly Glu Gly Ala Val Gln
1905 1910 1915

Asn Arg Leu Ile Ala Phe Ala Ser Arg Gly Asn His Val Ser
1925 1930

His Tyr Val Pro Glu Ser Asp Ala Ala Ala Arg Val Thr Ala
1940 1945 1950

Ser Ser Leu Thr Val Thr Gln Leu Leu Arg Arg Leu His Gln
1955 1960 1965

Ser Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp Leu Arg
1970 1975 1980

Gly
1775

Ile

Thr

PCT/US00/15446

Ile

Ala

Gly

Gln Leu

Ala

Ile

1855

Lys

Leu

Ala

Trp

Pro

1935

Ile

Trp

Asp

Gly

1840

Leu

Ile

Pro

Ala

Met

1920

Thr

Leu

Ile

Ile

Trp Asp Trp Ile Cys Glu Val Leu Ser Asp Phe Lys Thr Trp Leu Lys

1985 1990 1995

2000

Ala Lys Leu Met Pro Gln Leu Pro Gly Ile Pro Phe Val Ser Cys Gln
2005 . 2010 2015
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Arg Gly Tyr Arg Gly Val Trp Arg Gly Asp Gly Ile Met His Thr Arg
2020 2025 2030

Cys His Cys Gly Ala Glu Ile Thr Gly His Val Lys Asn Gly Thr Met
2035 2040 2045

Arg Ile Val Gly Pro Arg Thr Cys Arg Asn Met Trp Ser Gly Thr Phe
2050 2055 2060

Pro Ile Asn Ala Tyr Thr Thr Gly Pro Cys Thr Pro Leu Pro Ala Pro
2065 2070 2075 2080

Asn Tyr Lys Phe Ala Leu Trp Arg Val Ser Ala Glu Glu Tyr Val Glu
2085 2090 2095

Ile Arg Arg Val Gly Asp Phe His Tyr Val Ser Gly Met Thr Thr Asp
2100 2105 2110

Asn Leu Lys Cys Pro Cys Gln Ile Pro Ser Pro Glu Phe Phe Thr Glu
2115 2120 2125

Leu Asp Gly Val Arg Leu His Arg Phe Ala Pro Pro Cys Lys Pro Leu
2130 2135 2140

Leu Arg Glu Glu Val Ser Phe Arg Val Gly Leu His Glu Tyr Pro Val
2145 2150 2155 2160

Gly Ser Gln Leu Pro Cys Glu Pro Glu Pro Asp Val Ala Val Leu Thr
2165 2170 2175

Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala Glu Ala Ala Gly Arg
2180 2185 2190

Arg Leu Ala Arg Gly Ser Pro Pro Ser Met Ala Ser Ser Ser Ala Ser
2195 2200 2205

Gln Leu Ser Ala Pro Ser Leu Lys Ala Thr Cys Thr Ala Asn His Asp
2210 2215 2220

Ser Pro Asp Ala Glu Leu Ile Glu Ala Asn Leu Leu Trp Arg Gln Glu
2225 2230 2235 2240

Met Gly Gly Asn Ile Thr Arg Val Glu Ser Glu Asn Lys Val Val Ile
2245 2250 2255

Leu Asp Ser Phe Asp Pro Leu Val Ala Glu Glu Asp Glu Arg Glu Val
2260 2265 2270
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Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg Phe Ala Arg Ala

2275

Leu Pro Val Trp Ala Arg Pro
2290 2295

Trp Lys Lys Pro Asp Tyr Glu

2305 2310

Pro

Pro Pro Pro Arg Ser Pro

2325

Val val Leu Thr Glu
2340

Ser Thr

Thr Lys Ser Phe Gly
2355

Ser Ser

Thr Thr Thr Ser Ser
2370

Glu Pro
2375

Asp Val Glu Ser Tyr Ser Ser
2385 2390

Asp Pro Asp Leu Ser Asp Gly
2405

Asp Thr Glu Asp Val Val Cys
2420

Ala Leu Val Thr Pro Cys Ala
2435

Ala Leu Ser Asn Ser Leu Leu
2450 2455

Thr Ser Arg Ser Ala Cys Gln
2465 2470

Leu Gln Val Leu Asp Ser His
2485

Ala Ala Ala Ser Lys Val Lys
2500

_ Cys Ser Leu Thr Pro Pro His Ser Ala Lys Ser

2515

2280

2285

Asp Tyr Asn Pro Pro Leu Val Glu Thr

2300

Pro Pro Val Val His Gly Cys Pro Leu

2315 2320

Val Pro Pro Pro Arg Lys Lys Arg Thr

2330 2335

Leu Ser Thr Ala Leu Ala Glu Leu Aia

Ser

2360

Ala

Met

Ser

Cys

Ala

2440

Arg

Arg

Tyr

Ala Asn Leu Leu

2520

45

2345

Thr

Pro

Pro

Trp

Ser

2425

Glu

His

Gln

Gln

2505

2350

Ser Gly Ile Thr Gly Asp Asn
2365

Ser Gly Cys Pro Pro Asp Ser
2380

Pro Leu Glu Gly Glu Pro Gly
2395 2400

Ser Thr Val Ser Ser Gly Ala
2410 2415

Met Ser Tyr Ser Trp Thr Gly
2430

Glu Gln Lys Leu Pro Ile Asn
2445

His Asn Leu Val Tyr Ser Thr
2460

Lys Lys
2475

Val Thr Phe Asp Arg
2480

Asp Val
2490

Leu Lys Glu Val Lys
2495

Ser Val Glu Glu Ala
2510

Lys Phe Gly Tyr Gly
2525



WO 00/75338 PCT/US00/15446

Ala.Lys Asp Val Arg Cys His Ala Arg Lys Ala Val Ala His Ile Asn
2530 2535 2540

Ser Val Trp Lys Asp Leu Leu Glu Asp Ser Val Thr Pro Ile Asp Thr
2545 2550 2555 2560

Thr Ile Met Ala Lys Asn Glu Val Phe Cys Val Gln Pro Glu Lys Gly
2565 2570 2575

Gly Arg Lys Pro Ala Arg Leu Ile Val Phe Pro Asp Leu Gly Val Arg
2580 2585 2590

Val Cys Glu Lys Met Ala Leu Tyr Asp Val Val Ser Lys Leu Pro Leu
2595 2600 2605 :

Ala Val Met Gly Ser Ser Tyr Gly Phe Gln Tyr Ser Pro Gly Gln Arg
2610 2615 2620

Val Glu Phe Leu Val Gln Ala Trp Lys Ser Lys Lys Thr Pro Met Gly
2625 2630 2635 2640

Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val Thr Glu Ser Asp
2645 2650 2655

Ile Arg Thr Glu Glu Ala Ile Tyr Gln Cys Cys Asp Leu Asp Pro Gln
2660 2665 2670

Ala Arg Val Ala Ile Lys Ser Leu Thr Glu Arg Leu Tyr Val Gly Gly
2675 2680 2685

Pro Leu Thr Asn Ser Arg Gly Glu Asn Cys Gly Tyr Arg Arg Cys Arg
2690 2695 2700

Ala Ser Gly Val Leu Thr Thr Ser Cys Gly Asn Thr Leu Thr Cys Tyr
2705 2710 2715 2720

Ile Lys Ala Arg Ala Ala Cys Arg Ala Ala Gly Leu Gln Asp Cys Thr
2725 2730 2735

Met Leu Val Cys Gly Asp Asp Leu Val Val Ile Cys Glu Ser Ala Gly
2740 - 2745 2750

Val Gln Glu Asp Ala Ala Ser Leu Arg Ala Phe Thr Glu Ala Met Thr
2755 2760 2765

Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Gln Pro Glu Tyr Asp Leu
2770 2775 2780
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Glu Leu Ile Thr Ser Cys Ser Ser Asn Val Ser Val Ala His Asp Gly
2785 2790 2795 2800

Ala Gly Lys Arg Val Tyr Tyr Leu Thr Arg Asp Pro Thr Thr Pro Leu
2805 2810 2815

Ala Arg Ala Ala Trp Glu Thr Ala Arg His Thr Pro Val Asn Ser Trp
2820 2825 2830

Leu Gly Asn Ile Ile Met Phe Ala Pro Thr Leu Trp Ala Arg Met Ile
2835 2840 2845

Leu Met Thr His Phe Phe Ser Val Leu Ile Ala Arg Asp Gln Leu Glu
2850 2855 2860

Gln Ala Leu Asn Cys Glu Ile Tyr Gly Ala Cys Tyr Ser Ile Glu Pro
2865 2870 2875 2880

Leu Asp Leu Pro Pro Ile Ile Gln Arg Leu His Gly Leu Ser Ala Phe
2885 2890 2895

Ser Leu His Ser Tyr Ser Pro Gly Glu Ile Asn Arg Val Ala Ala Cys
2900 2905 2910

Leu Arg Lys Leu Gly Val Pro Pro Leu Arg Ala Trp Arg His Arg Ala
2915 2920 2925

Arg Ser Val Arg Ala Arg Leu Leu Ser Arg Gly Gly Arg Ala Ala Ile
2930 2935 . 2940

Cys Gly Lys Tyr Leu Phe Asn Trp Ala Val Arg Thr Lys Leu Lys Leu
2945 2950 2955 2960

Thr Pro Ile Ala Ala Ala Gly Arg Leu Asp Leu Ser Gly Trp Phe Thr
2965 2970 2975

Ala Gly Tyr Ser Gly Gly Asp Ile Tyr His Ser Val Ser His Ala Arg
2980 2985 2990

Pro Arg Trp Phe Trp Phe Cys Leu Leu Leu Leu Ala Ala Gly Val Gly
2995 3000 3005

Ile Tyr Leu Leu Pro Asn Arg
3010 3015

<210> 7
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<211> 9611
<212> DNA

<213> Hepatitis C virus

<400> 7

gccagccececce
tcttcacgceca
cceeccteece
gacgaccggg
gcaagactgc
gtgcttgcga
ctcaaagaaa
gcggccagat
gcgcgacaag
aagatcggcg
dggaatgaggg
ggggccccaa
cgtgeggett
tcgeccagage
ggaacttacc
ceceeggtetce
gcaccaatga
tccecgtgega
ccgtgcagceg
tgtccgecac
cagcccaaat
ccatctaccce
cgcccacggce
tcattagcgg
cgtgggcgaa
ctgttggggg
ccaggcagaa
tgaactgcaa
tcaactcgtc
tgggatggag
attgctggca
cagtgtactg
ccacttacac
cgctggggte
gcgcaccacc
cggactgttt
tcacgccaag
actataccat
catgcaattt
ctecetttgtt
ccgecttgte
atggcctatc
tcctgectcett

tgatgggggc
gaaagcgtct
gggagagcca
tcctttcettg
tagccgagta
gtgcceeggg
aaccaaaaga
cgttggcgga
gaagacttcg
ctcecactggce
actcggctgg
tgaccccegg
tgccgaccte
tctecgecgeat
cggttgctcece
cgctgccgaa
cagcattacc
gaaagtgggg
gceeggegece
gctetgetct
gttcattgtc

tggtaccatc-

taccatgatc
ggctcattgg
agtcgttgte
ttectgecgeg
aatccagctc
tgactcecttg
aggatgtccce
cgccttgcaa
ctacccacca
tttcacccce
gtggggggag
atggttegge
ctgcecgtact
taggaagcat
gtgcctgatc
cttcaaaata
cactcgtggg
gcactccacc
gactggtctt
acctgeccctce
agcggacgcc

gacactccac
agccatggcg
tagtggtctg
gataaacccg
gtgttgggtc
aggtctcgta
aacaccaacc
gtatacttgt
gagcggtccce
aaatcctggg
gcaggatggc
cataggtcgc
atggggtaca
ggcgtgagag
ttttctatct
gtgaagaaca
tggcagctcc
aatgcatctc
ctcacgcagg
gccctctacg
tcgecgecagce
actggacacc
ttggcgtacg
ggcgtcatgt
atccttectgt
cagaccaccg
gttaacacca
cacaccggct
gaacgcatgt
tatgaggata
aggcagtgtg
agcccagtgg
aatgagacag
tgcacgtgga
agagctgact
cctgatacca
gactacccct
aggatgtatg
gatcgttgca
acggaatggg
ctccacctcce
acaaaataca

agggtttgceg
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catgaatcac
ttagtatgag
cggaaccggt
ctcaatgcct
gcgaaaggcc
gaccgtgcac
gtcgcccaca
tgccgcgcag
agccacgtgg
gaaaaccagg
tcctgtecce
gcaacgtggg
tcectgtegt
tcctggagga
tcttgctgge
tcagtaccgg
aggctgcectgt
agtgctggat
gcttgecggac
tgggggacct
accactggtt
gcatggcatg
cgatgcgtgt
tcggcettggce
tggccgeegg
ggcgcectcac
atggcagctg
ttatecgegtce
cecgcectgeceg
atgtcaccaa
gcgtggtcte
tagtgggcac
atgtcttcct
tgaactcttce
tcaacgccag
cttacctcaa
acaggctctg
tgggaggggt
acttggagga
ccattttacc
accaaaacat
tcgtecgatg
cctgcttatg

tceceetgtga
tgtcgtgcag
gagtacaccg
ggagatttgg
ttgtggtact
catgagcaca
agacgttaag
gggccccagg
aaggcgccag
atacccctgg
ccgaggttcce
taaggtcatce
gggcgcecccg
cggggttaat
cctgectgtcec
ctacatggtg
ccteccacgte
accggtctca
gcacatcgac
ctgcggtggg
tgtccaagac
ggacatgatg
cceccgaggte
ctacttctct
ggtggacgcg
cagcttattt
gcacatcaac
tctgttctac
cagtatcgag
tccagaggat
cgcgaagact
gaccgacagg
attgaacagc
tggctacacc
cacggacctg
atgcggctct
gcattacccc
tgagcacagg
cagagacaga
ttgctcttac
cgtggacgta
ggagtgggta
gatgctcatc

PCT/US00/15446

ggaactactg
ccteccaggac
gaattgccag
gcgtgccccce
gcctgatagg
aatcctaaac
tttccgggeg
ttgggtgtge
cccatcccta
ccectatacg
cgtccctett
gataccctaa
ctcggeggeg
tttgcaacag
tgcatcacca
actaacgact
cccgggtgeg
ccgaatgtgg
atggttgtga
gtgatgctcg
tgcaattgct
atgaactggt
attatagaca
atgcagggag
cgcacccata
gacatgggcc
cgcaccgecc
acccacagct
gcetteeggg
atgagaccct
gtgtgtggcc
cttggagcgce
actcgaccac
aagacttgcg
ttgtgcccca
gggccctggce
tgcacagtta
ctcacggctg
agtcaactgt
tcggacctgce
caattcatgt
atactcttat
ttgttgggcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
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aggccgaagce
atggcttcct
tceecttage
tgccccaaca
ttgtcgggtt
tgtggtggct
ccctcaacgt
ccctggtatt
aagccagttt
cgctagcgeg
cgcttactgg
gcctgegaga
tcatcacgtg
ctgceccgtag
ggaggttgct
taatcaccag
caactgctac
acggggccgg
atgtggacca
gtacctgecgg
gccggcgagyg
gctccteggg
cggtgtgcac
caaccatgag
teccaggtggc
cgtacgcagc
gctttggtge
gaacaattac
gcgggtgcete
ccacatccat
tggttgtgct
aggaggttgc
aggtgatcaa
tegecgegaa
tgtctgtcat
gctttaccgg
atttcagcect
ccaggactca
caccggggga
cgggctgtgce
tgaacacccce
cgggcctcac
ttcecttacct
cgtgggacca
ccctgctata
aatacatcat
ttggcggegt
tgggcaggat

agcactagag
atattttgtc
tacctattcc
ggcatatgca
aatggcgctg
tcagtatttt
€cggggg9999
tgacatcacc
gcttaaagtc
gaagatagcc
cacctatgtg
tctggeegtg
gggggcagat

gggccaggag
ggcgcccate

cctgactggc
ccaaaccttc
aacgaggacc
agaccttgtg
ctccteggac
tgatagcagg
gggtccgcetg
ccgtggagtg
atcceccggtg
ccacctgeat
ccagggctac
ttacatgtcc
cactggcagc
aggaggtgct
cttgggcatce
cgccactgcet
tctgtccacc
ggggggaaga
gctggtcgea
cccgaccagce
cgacttcgac
tgaccctacc
acgcecggggce
gcgcceccctcece
ttggtatgag
ggggctteccce
tcatatagat
ggtagcgtac
gatgtggaag
cagactgggc
gacatgcatg
cctggctgcet
cgtcttgtee

aagctggtca
atcttttteg
ctcactggce
ctggacacgg
actctgtcgc
ctgaccagag
cgcgatgecg
aaactactcc
cecctactteg
ggaggtcatt
tataaccatc
gctgtggaac
accgcecgegt
atactgcttg
acggcgtacyg
cgggacaaaa
ctggcaacgt
atcgcatcac
ggctggeccg
ctttacctgg
ggtagcctgce
ttgtgecceccg
gctaaagcgg
ttcacggaca
gctcccaccg
aaggtgttgg
aaggcccatg
cccatcacgt
tatgacataa
ggcactgtcec
acccctecegg
accggagaga
catctcatct
ttgggcatca
ggcgatgttg
tctgtgatag
tttaccattg
aggactggca
ggcatgttcg
ctecacgcececg
gtgtgccagg
gcccactttt
caagccaccg
tgtttgatcce
gctgttcaga
tcggeecgacce
ctggecgegt
gggaagccgyg
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tcttgcacge
tggctgettg
tgtggtecctt
aggtggccgce
catattacaa
tagaagcgca
tcatcttact
tggccatctt
tgcgegttca
acgtgcaaat
tcacccctct
cagtcgtctt
gcggtgacat
ggccagccga
cccagcagac
accaagtgga
gcatcaatgg
ccaagggtcc
ctcctcaagg
tcacgaggca
tttegeeccecg
cgggacacgc
tggactttat
actcetctcec
gcagcggtaa
tgctcaacce
gggttgatcc
actccaccta
taatttgtga
ttgaccaagce
gcteccgtcac
tccectttta
tctgccacte
atgcegtgge
tcgtegtgte
actgcaacac
agacaaccac
gggggaagcc
actcgtcegt
ccgagactac
accatcttga
tatcccagac
tgtgecgcectag
gccttaaacc
atgaagtcac
tggaggtcgt
attgcctgtce
caattatacc

tgcgagcgcea
gtacatcaag
tagcctactg
gtcgtgtggce
gcgctatatc
actgcacgtg
catgtgtgta
cggacccctt
aggccttcte
ggccatcatc
tcgagactgg
ctccecgaatg
catcaacggc
cggaatggtc
gagaggcctc
gggtgaggtc
ggtatgctgg
tgtcatccag
ttcecgetcea
cgccgatgtce
gcccatttcce
cgtgggecta
ccctgtggag
accagcagtg
gagcaccaag
ctetgttget
taatatcagg
cggcaagttc
cgagtgccac
agagactgcg
tgtgtcccat
cggcaaggct
aaagaagaag
ctactaccge
gaccgatgct
gtgtgtcact
gctececcag
aggcatctat
cctctgtgag
agttaggcta
attttgggag
aaagcagagt
ggctcaagcce
caccctccat
cctgacgcac
cacgagcacc
aacaggctgce
tgacagggag
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gctagctgca
ggtcgggtag
ctcctagcat
ggcgttgttce
agctggtgca
tgggttcccc
gtacacccga
tggattcttc
cggatctgcg
aagttagggg
gcgcacaacg
gagaccaagc
ttgcccgtct
tccaaggggt
ctagggtgta
cagatcgtgt
actgtctacc
atgtatacca
ttgacaccct
attceccgtge
tacttgaaag
ttcagggccg
aacctaggga
ccccagagct
gtcceggcetg
gcaacgctgg
accggggtga
cttgccgacg
tccacggatg
ggggcgagac
cctaacatcg
atcccectceg
tgcgacgagc
ggtcttgacg
ctcatgactg
cagacagtcg
gatgctgtct
agatttgtgg
tgctatgacg
cgagcgtaca
ggcgtcttta
ggggagaact
cctcececcat
gggccaacac
ccaatcacca
tgggtgctcg
gtggtcatag
gttctctacc

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
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aggagttcga
tgctcgetga
cagaggttat
agcacatgtg
gtaaccccecge
ctggccaaac
ccggtgeccgc
gactggggaa
ttgtagcatt
tgccegecat
gceggecacgt
cctecececgggyg
gcgtcactgce
ggataagctc
ggatatgcga
tgcctgggat
gcattatgca
cgatgaggat
acgcctacac
ggagggtgtc
cgggtatgac
cagaattgga
aggaggtatc
agcccgaacc
cagaggcggc
ctagccagct
acgccgagct
gggttgagtc
aggatgagcg
gggccctgece
agcctgacta
ctgtgectcee
ccttggeccga
acaatacgac
agtcctattc
ggtcatggtc
cttattcctg
tcaacgcact
gcagtgcttg
attaccagga
tatccgtaga
atggggcaaa
ggaaagacct
aggttttctg
ccgacctggg
ccctggeegt
tcctecgtgcea
gttttgactc

tgagatggaa
gcagttcaag
cacccctgct
gaatttcatc
cattgcttca
ccteectcette
tactgccttt
ggtcctcgtg
caagatcatg
cctctegect
tggceceggge
gaaccatgtt
catactcagc
ggagtgtacc
ggtgctgagc
tceetttgtg
cactcgctgce
cgtcggtect
cacgggcccec
tgcagaggaa
tactgacaat
cggggtgegce
attcagagta
ggacgtagcc
cgggagaagg
gtccgctcca
catagaggct
agagaacaaa
ggaggtctcc
cgtctgggeg
cgaaccacct
gcctcggaaa
gcttgccacc
aacatcectct
ttccatgecc
gacggtcagt
gacaggcgca
gagcaactcg
ccaaaggcag
cgtgctcaag
ggaagcttgc
agacgtccgt
tctggaagac
cgttcagect
cgtgegegtg
gatgggaagc
agcgtggaag
cacagtcact

gagtgctctce
cagaaggccc
gtccagacca
agtgggatac
ttgatggcectt
aacatattgg
gtgggtgctg
gacattcttg
agcggtgagg
ggagcccttg
gagggggcag
tcececcacge
agcctcactg
actccatgct
gactttaaga
tecctgecage
cactgtggag
aggacctgca
tgtactccce
tacgtggaga
cttaaatgcc
ctacacaggt
ggactccacg
gtgttgacgt
ttggcgagag
tctctcaagg
aacctcctgt
gtggtgattc
gtacctgcag
cggecggact
gtggtccatg
aagcgtacgg
aaaagttttg
gagcccgcecce
cccectggagg
agtggggccg
ctcgtcaccc
ttgctacgcc
aagaaagtca
gaggtcaaag
agcctgacgce
tgccatgcca
agtgtaacac
gagaaggggg
tgcgagaaga
tcctacggat
tccaagaaga
gagagcgaca
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agcacttacc
tcggectcct
actggcagaa
aatacttggc
ttacagctgce
gggggtgggt
gcctagetgg
cagggtatgg
tcecectcecac
tagtcggtgt
tgcaatggat
actacgtgcc
taacccagct
ccggttectg
cctggctgaa
gcgggtatag
ctgagatcac
ggaacatgtg
ttcctgegece
taaggcgggt
cgtgccagat
ttgcgeccccce
agtacccggt
ccatgctcac
ggtcaccccce
caacttgcac
ggaggcagga
tggactcctt
aaattctgcg
acaacccccce
gctgeccegcet
tggtcctcac
gcagctcctc
cttctggetg
gggagcctgg
acacggaaga
cgtgegetgce
atcacaatct
catttgacag
cagecggcegte
ccccacattc
gaaaggccgt
caatagacac
gtcgtaagce
tggccctgta
tccaatactc
ccecegatggg
tcecgtacgga

gtacatcgag
gcagaccgcg
actcgaggtc
gggcctgtca
cgtcaccage
ggctgceccag
cgccgccatce
cgcgggegtg
ggaggacctg
ggtctgcgca
gaaccggcta
ggagagcgat
cctgaggcga
gctaagggac
agccaagctc
gggggtctgg
tggacatgtc
gagtgggacg
gaactataag
gggggacttc
cccatcgecce
ttgcaagccc
ggggtcgcaa
tgatccctcce
ttctatggcece
cgccaaccat
gatgggcggc
cgatccgett
gaagtctcgg
gctagtagag

accacctcca’

cgaatcaacc
aacttccgge
ccecccccgac
ggatccggat
tgtcgtgtgce
ggaagaacaa
ggtgtattcc
actgcaagtt
aaaagtgaag
agccaaatcc
agcccacatce
taccatcatg
agctcgtctce
cgacgtggtt
accaggacag
gttctcgtat
ggaggcaatt
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caagggatga
tcecegecatg
ttttgggcga
acgctgcecectg
ccactaacca
ctcgececgecce
ggcagcgttg
gcgggagcete
gtcaatctgc
gcaatactgc
atagccttceg
gcagccgcecc
ctgcatcagt
atctgggact
atgccacaac
cgaggagacg
aaaaacggga
ttcceccatta
ttcgegetgt
cactacgtat
gaatttttca
ttgctgcggg
ttaccttgcg
catataacag
agctcctecgg
gactceccectg
aacatcacca
gtggcagagg
agattcgccce
acgtggaaaa
cggtccecte
ctatctactg
attacgggcg
tccgacgttg
ctcagcgacg
tgctcaatgt
aaactgccca
accacttcac
ctggacagcce
gctaacttgce
aagtttggct
aactccgtgt
gccaagaacyg
atcgtgttcc
agcaagctcc
cgggttgaat
gatacccgcect
taccaatgtt

5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
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gtgacctgga
ggggccctct
gcgtactgac
gtcgagccge
tctgtgaaag
tgaccaggta
taacatcatg
accttacccg
ctccagtcaa
tgatactgat
ttaactgtga
ttcaaagact
atagggtggc
gggcccggag
agtacctctt
gccggetgga
gcgtgtectea
taggcatcta
catttcctgt
ttettttttt
gctagectgtg
gcagatcatg

<210>
<211>
<?12>
<213>

8
3015
PRT
Hepat

<400> 8
Met Ser
1

Thr

Arg Arg Pro

Gly val Tyr

35
Thr Arg
50

Lys

Ile
65

Pro Lys

Pro Trp

ccecccaagcec
taccaattca
aactagctgt
agggctccag
tgcgggggte
ctccgececcce
ctcctccaac
tgaccctaca
ttectggceta
gacccatttce
gatctacgga
ccatggcctc
cgcatgccte
cgteccgegcet
caactgggca
cttgtccggt
tgccecggcecc
cctectecec
tttttttttt
cectttectttt
aaaggtccgt
t

itis

Asn

Gln

20

Leu

Thr

Asp

Pro Lys

Asp Val

Leu Pro

Ser Glu

Arg Arg

cgcgtggeca
aggggggaaa
ggtaacaccc
gactgcacca
caggaggacg
ccecggggacce
gtgtcagtcg
acccceccteg
ggcaacataa
tttagcgtcc
gcctgctact
agcgcatttt
agaaaacttg
aggcttctgt
gtaagaacaa
tggttcacgg
cgctggttct
aaccgatgaa
tttetetttt
tcecttcettt

gagccgcatg

C virus

Pro Gln

Lys Phe

Arg Arg

40
Arg Ser
55

Ser Thr

70

Pro
85

Leu Tyr

Gly Asn

51

Arg

Pro

Gly

Gln

Gly

Glu

tcaagtcect
actgcggcta
tcacttgcta
tgctcgtgtg
cggcgagcct
ccccacaacce
cccacgacgg
cgagagccgce
tcatgtttgc
tcatagccag
ccatagaacc
cactccacag
gggtcccgece
ccagaggagg
agctcaaact
ctggctacag
ggttttgcct
ggttggggta
tttttttett
aatggtggct
actgcagaga

Lys Thr

10
Gly Gly
25

Pro Arg

Pro

Arg

Ser
75

Lys

Gly Leu

90

cactgagagg
ccgcaggtgce
catcaaggcc
tggcgacgac
gagagccttc
agaatacgac
cgctggaaag
gtgggagaca
ccccacactg
ggatcagctt
actggatcta
ttactctcca
cttgcgagcet
cagggctgct
cactccaata
cgggggagac
actcctgcectce
aacactccgg
ttttttttte
ccatcttage
gtgctgatac

Lys Arg Asn

Ile
30

Gly Gln

Leu Gly Val

45

Gly
60

Arg Arg

Trp Gly Lys

Gly Trp Ala
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ctttatgttg
cgecgcgagceyg
cgggcagcct
ttagtcgtta
acggaggcta
ttggagctta
agggtctact
gcaagacaca
tgggcgagga
gaacaggctc
cctccaatca
ggtgaaatca
tggagacacc
atatgtggca
gcggccgetg
atttatcaca
gctgcagggg
cctcttaagce
tttcetttee
cctagtcacg
tggcctctct

Thr
15

Asn

Val Gly

Arg Ala

Gln Pro

Pro Gly

80

Gly
95

Trp

8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9611
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Leu Leu Ser Pro

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Pro

Gly

Ser

Gln

Asn

305

Asp

Ala

His

Phe

130

Gly

Val

Leu

val

Asp

210

Cys

Val

Leu

Ala

Met

290

Cys

Met

Met

Arg

115

Ala

Val

Asn

Leu

Lys.

195

Ser

val

Ser

Arg

Leu

275

Phe

Ser

Met

Arg

100

Ser

Asp

Ala

Phe

Ala

180

Asn

Ile

Pro

Pro

Thr

260

Tyr

Ile

Ile

Met

Val
340

Arg Gly

Arg Asn

Leu Met

Arg Ala
150

Ala Thr
165

Leu Leu

Ile Ser

Thr Trp

Cys Glu
230

Asn Val
245

His Ile

val Gly

Val Ser

Tyr Pro
310

Asn Trp
325

Pro Glu

Ser

Val

Gly

135

Leu

Gly

Ser

Thr

Gln

215

Lys

Ala

Asp

Asp

Pro

295

Gly

Ser

Val

Arg

Gly

120

Tyr

Ala

Asn

Cys

Gly

200

Leu

val

Val

Met

Leu

280

Gln

Thr

Pro

Ile

52

Pro

105

Lys

Ile

His

Leu

Ile
185

Tyr

Gln

Gly

Gln

Val

265

Cys

His

Ile

Thr

Ile
345

Ser

val

Pro

Gly

Pro

170

Thr

Met

Ala

Asn

Arg

250

Val

Gly

Thr

Ala
330

Asp

Trp

Ile

Val

val

155

Gly

Thr

Val

Ala

Ala

235

Pro

Met

Gly

Trp

Gly
315

Thr

Ile

Gly

Asp

val

140

Arg

Cys

Pro

Thr

Val

220

Ser

Gly

Ser

Val

Phe

300

His

Met

Ile

Pro

Thr

125

Gly

val

Ser

val

Asn

205

Leu

Gln

Ala

Ala

Met

285

Val

Arg

Ile

Ser

Asn

110

Leu

Ala

Leu

Phe

Ser

190

Asp

His

Cys

Leu

Thr

270

Leu

Gln

Met

Leu

Gly
350

Asp

Thr

Pro

Glu

Ser

175

Ala

cys

val

Trp

Thr

255

Leu

Ala

Asp

Ala

Ala

335

Ala
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Pro

Cys

Leu

Asp

160

Ile

Ala

Thr

Pro

Ile

240

Gln

Cys

Ala

Cys

Trp

320

Tyr

His
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Trp Gly Val Met

Ala

Thr

385

Ser

Asn

Leu

Ser

Phe

465

Pro

Gly

Pro

Tyr

Arg

545

Gly

Phe

His

Lys

370

His

Leu

Gly

His

Ser

450

Arg

Glu

val

Ser

Thr

530

Pro

Tyr

Asn

Pro

358

val

Thr

Phe

Ser

Thr

435

Gly

val

Asp

vVal

Pro

515

Trp

Pro

Thr

Ala

Asp
595

Val

Val

Asp

Trp

420

Gly

cys

Gly

Met

Ser

500

Val

Gly

Leu

Lys

Ser

580

Thr

Phe

vVal

Gly

Met

405

His

Phe

Pro

Trp

Arg

485

Ala

Vval

Glu

Gly

Thr

565

Thr

Thr

Gly

Ile

Gly

390

Gly

Ile

Ile

Glu

Gly

470

Pro

Lys

Val

Asn

Ser

550

Cys

Asp

Tyr

Leu

Leu

375

Ser

Pro

Asn

Ala

Arg

455

Ala

Tyr

Thr

Gly

Glu

535

Trp

Gly

Leu

Leu

Ala

360

Leu

Ala

Arg

Arg

Ser

440

Met

Leu

Cys

Vval

Thr

520

Thr

Phe

Ala

Leu

Lys
600

53

Tyr

Leu

Ala

Gln

Thr

425

Leu

Ser

Gln

Trp

Cys

505

Thr

Asp

Gly

Pro

Cys
585

Cys

Phe

Ala

Gln

Lys

410

Ala

Phe

Ala

Tyr

His

490

Gly

Asp

Val

Cys

Pro

570

Pro

Gly

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Glu
475

Tyr

Pro

Arg

Phe

Thr

555

Cys

Thr

Ser

Met

Gly

380

Thr

Gln

Asn

Thr

Arg

460

Asp

Pro

Val

Leu

Leu
540

Trp

Arg

Asp

Gly

Gln

365

Val

Gly

Leu

Cys

His

445

Ser

Asn

Pro

Gly

525

Leu

Met

Thr

Cys

Pro
605

Gly

Asp

Arg

Val

Asn

430

Ser

Ile

Val

Arg

Cys

510

Ala

Asn

Asn

Arg

Phe

590

Trp

Ala

Ala

Leu

Asn

415

Asp

Phe

Glu

Thr

Gln

495

Phe

Pro

Ser

Ser

Ala

575

Arg

Leu
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Trp

Arg

Thr

400

Thr

Ser

Asn

Ala

Asn

480

Cys

Thr

Thr

Thr

Ser

560

Asp

Lys

Thr
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Pro Arg Cys Leu

Thr

625

Glu

Asn

Thr

Leu

Phe

705

Glu

Ala

Glu

Phe

785

Ser

Glu

Leu

Trp

610

Val

His

Leu

Thr

Ser

690

Met

Trp

Cys

Lys

Leu

770

Val

Leu

Val

Thr

Leu
850

Asn Tyr

Arg Leu

Glu Asp

660

Glu Trp
675

Thr Gly

Tyr Gly

Val Ile

Leu Trp

740

Leu Val
755

Tyr Phe

Val Pro

Leu Leu

Ala Ala
820

Leu Ser
835

Gln Tyr

Ile

Thr

Thr

645

Arg

Ala

Leu

Leu

Leu

725

Met

Ile

val

Leu

Leu

805

Ser

Pro

Phe

Asp

Ile

630

Ala

Asp

Ile

Leu

Ser

710

Leu

Leu

Leu

Ile

Ala

790

Ala

Cys

Tyr

Leu

Tyr

615

Phe

Ala

Arg

Leu

His

695

Pro

Phe

Ile

His

Phe

775

Thr

Leu

Gly-

Tyr

Thr
855

Pro

Lys

Cys

Ser

Pro

680

Leu

Ala

Leu

Leu

Ala

760

Phe

Tyr

Pro

Gly

Lys

840

Arg

54

Tyr

Ile

Asn

Gln

665

His

Leu

Leu

Leu

745

Ala

Val

Ser

Gln

Val

825

Arg

val

Arg

Arg

Phe

650

Leu

Ser

Gln

Thr

Leu

730

Gly

Ser

Ala

Leu

Gln

810

Val

Tyr

Glu

Leu

Met

635

Thr

Ser

Tyr

Asn

Lys

715

Ala

Gln

Ala

Ala

Thr

795

Ala

Leu

Ile

Ala

Trp

620

Tyr

Arg

Pro

Ser

Ile
700

Tyr

Asp

Ala

Ala

Trp

780

Gly

Tyr

Val

Ser

Gln
860

His

vVal

Gly

Leu

Asp

685

val

Ile

Ala

Glu

Ser

765

Leu

Ala

Gly

Trp

845

Leu

.Tyr

Gly

Asp

Leu

670

Leu

Asp

Val

Arg

Ala

750

Cys

Ile

Trp

Leu

Leu

830

Cys

His
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Pro Cys
Gly Vval
640

Arg Cys
655

His Ser
Pro Ala
Val Gln
Arg Trp

720

Val Cys
735

Ala Leu
Asn Gly
Lys Gly
Ser Phe

800
Asp Thr
815
Met Ala

Met Trp

Val Trp
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Val Pro Pro Leu

865

Met Cys

Leu Ala

val Pro

Ala Arg
930

Leu Gly
945

Arg Asp

Pro Val

Asp Thr

Arg Arg

1010

Lys Gly
1025

Arg Gly

Asn Gln

Val

Ile

Tyr

915

Lys

Ala

Trp

Val

Ala

995

Gly

Trp

Leu

val

Phe

900

Phe

Ile

Leu

Ala

Phe

980

Ala

Gln

Arg

Asn

His

885

Gly

val

Ala

Thr

His

965

Ser

Cys

Glu

Leu

Val

870

Pro

Pro

Arg

Gly

Gly

950

Asn

Arg

Gly

Ile

Leu
1030

Leu Gly Cys

1045

Val Glu Gly Glu
1060

Phe Leu Ala Thr Cys Ile
1075

Arg

Thr

Leu

Val

Gly

935

Thr

Gly

Met

Asp

Leu

1015

Ala

Ile

Val

Gly

Leu

Trp

Gln

920

His

Leu

Glu

Ile

1000

Leu

Pro

Ile

Gln

Gly

Val

Ile

905

Gly

Tyr

val

Arg

Thr

985

Ile

Gly

Ile

Thr

Ile
1065

Asn Gly Val
1080

Ala Gly Thr Arg Thr Ile Ala Ser Pro
1095

1090

Tyr Thr Asn Val Asp Gln Asp Leu Val
1110

1105

55

Arg

Phe

890

Leu

Leu

Val

Tyr

Asp

970

Lys

Asn

Pro

Thr

Ser

1050

Val

Lys

Asp
875
Asp
Gln
Leu
Gln
Asn
955
Leu
Leu
Gly
Ala
Ala

1035

Leu

Ser

Trp

Ala Val

Ile Thr

Ala Ser

Arg Ile

925

Met Ala
940

His Leu

Ala Val

Ile Thr

Leu Pro

1005

Asp Gly

1020

Tyr Ala

Thr Gly

Thr Ala

Thr Val
1085
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Ile Leu Leu
880

Lys Leu Leu
895

Leu Leu Lys
910

Cys Ala Leu

Ile Ile Lys

Thr Pro Leu

960

Ala Val Glu
975

Trp Gly Ala
990

Val Ser Ala

Met Val Ser

Gln Gln Thr

1040

Arg Asp Lys
1055

Thr Gln Thr
1070

Tyr His Gly

Gly Pro Val Ile Gln Met

1100

Gly Trp Pro Ala Pro Gln Gly

1115

1120
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Ser Arg Ser Leu Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr
1125 1130 1135

Val Thr Arg His Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp
1140 1145 1150

Arg Gly Ser Leu Leu Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly
1155 1160 1165

Ser Gly Gly Pro Leu Leu Cys Pro Ala Gly His Ala Val Gly Leu
1170 1175 1180

Arg Ala Ala Val Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe
1185 1190 1195

Pro Val Glu Asn Leu Gly Thr Thr Met Arg Ser Pro Val Phe Thr
1205 1210 1215

Asn Ser Ser Pro Pro Ala Val Pro Gln Ser Phe Gln Val Ala His
1220 1225 1230

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Ala Ala
1235 1240 1245

Ala Ala Gln Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala
1250 1255 1260

Thr Leu Gly Phe Gly Ala Tyr Met Ser Lys Ala His Gly Val Asp
1265 1270 1275

Asn Ile Arg Thr Gly Val Arg Thr Ile Thr Thr Gly Ser Pro Ile
1285 1290 1295

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ser Gly
1300 1305 1310

Ala Tyr Asp Ile Ile Ile Cys Asp Glu Cys His Ser Thr Asp Ala
1315 1320 1325

Ser Ile Leu Gly Ile Gly Thr Val Leu Asp Gln Ala Glu Thr Ala
1330 1335 1340

Ala Arg Leu Val Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val
1345 ‘ 1350 1355

Val Ser His Pro Asn Ile Glu Glu Val Ala Leu Ser Thr Thr Gly
1365 1370 1375

56
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Leu

Ser

Ser

Phe

Ile

1200

Asp

Leu

Tyr

Ala

Pro

1280

Thr

Gly

Thr

Gly

Thr

1360

Glu
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Ile Pro Phe

Tyr Gly Lys Ala Ile Pro Leu Glu Val
1380 1385

Arg His Leu Ile Phe Cys His Ser Lys Lys Lys Cys

1395

Ala Lys Leu
1410

Leu Asp Val
1425

1400

Val Ala Leu Gly Ile Asn Ala Val Ala
1415 1420

Ser Val Ile Pro Thr Ser Gly Asp Val
1430 1435

Thr Asp Ala Leu Met Thr Gly Phe Thr Gly Asp Phe

1445 1450

Asp Cys Asn Thr Cys Val Thr Gln Thr Val Asp Phe

1460 1465

Thr Phe Thr Ile Glu Thr Thr Thr Leu Pro Gln Asp

1475

Thr Gln Arg
1490

1480

Arg Gly Arg Thr Gly Arg Gly Lys Pro
1495 1500

Phe Val Ala Pro Gly Glu Arg Pro Ser Gly Met Phe

1505

Leu Cys Glu

1510 1515

Cys Tyr Asp Ala Gly Cys Ala Trp Tyr
1525 1530

Ala Glu Thr Thr Val Arg Leu Arg Ala Tyr Met Asn

Pro Val Cys
1555

Leu Thr His
1570

Glu Asn Phe
1585

Ala Gln Ala

Arg Leu Lys

1540 1545

Gln Asp His Leu Glu Phe Trp Glu Gly
1560

Ile Asp Ala His Phe Leu Ser Gln Thr
1575 1580

Pro Tyr Leu Val Ala Tyr Gln Ala Thr
1590 1595

Pro Pro Pro Ser Trp Asp Gln Met Trp
1605 1610

Pro Thr Leu His Gly Pro Thr Pro Leu
1620 1625

57
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Ile Lys Gly Gly
1390

Asp Glu Leu Ala
1405

Tyr Tyr Arg Gly

Val Val Val Ser

1440

Asp Ser Val Ile
1455

Ser Leu Asp Pro
1470

Ala Val Ser Arg
1485

Gly Ile Tyr Arg

Asp Ser Ser Val

1520

Glu Leu Thr Pro
1535

Thr Pro Gly Leu
1550

Val Phe Thr Gly
1565

Lys Gln Ser Gly

Val Cys Ala Arg

1600

Lys Cys Leu Ile
1615

Leu Tyr Arg Leu
1630
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Gly Ala Val Gln Asn Glu Val Thr Leu Thr His Pro Ile Thr Lys
1635 1640 1645

Ile Met Thr Cys Met Ser Ala Asp Leu Glu Val Val Thr Ser Thr
1650 1655 1660

Val Leu Val Gly Gly Val Leu Ala Ala Leu Ala Ala Tyr Cys Leu
1665 1670 1675

Thr Gly Cys Val Val Ile Val Gly Arg Ile Val Leu Ser Gly Lys
1685 1690 1695

Ala Ile Ile Pro Asp Arg Glu Val Leu Tyr Gln Glu Phe Asp Glu
1700 1705 1710

Glu Glu Cys Ser Gln His Leu Pro Tyr Ile Glu Gln Gly Met Met
1715 1720 1725

Ala Glu Gln Phe Lys Gln Lys Ala Leu Gly Leu Leu Gln Thr Ala
1730 1735 1740

Arg His Ala Glu Val Ile Thr Pro Ala Val Gln Thr Asn Trp Gln
1745 1750 1755

Leu Glu Val Phe Trp Ala Lys His Met Trp Asn Phe Ile Ser Gly
1765 1770 1775

Gln Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala Ile
1780 1785 1790

Ser Leu Met Ala Phe Thr Ala Ala Val Thr Ser Pro Leu Thr Thr
1795 1800 1805

Gln Thr Leu Leu Phe Asn Ile Leu Gly Gly Trp Val Ala Ala Gln
1810 1815 1820

Ala Ala Pro Gly Ala Ala Thr Ala Phe Val Gly Ala Gly Leu Ala
1825 1830 1835

Ala Ala Ile Gly Ser Val Gly Leu Gly Lys Val Leu Val Asp Ile
1845 1850 1855

Ala Gly Tyr Gly Ala Gly Val Ala Gly Ala Leu Val Ala Phe Lys
1860 1865 1870

Met Ser Gly Glu Val Pro Ser Thr Glu Asp Leu Val Asn Leu Leu
1875 1880 1885

58
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Tyr

Trp

Ser

1680

Pro

Met

Leu

Ser

Lys

1760

Ile

Ala

Gly

Leu

Gly

1840

Leu

Ile

Pro
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Ala Ile Leu Ser Pro Gly Ala Leu Val Val Gly Val Val Cys Ala Ala
1890 1895 1900

Ile Leu Arg Arg His Val Gly Pro Gly Glu Gly Ala Val Gln Trp Met
1905 1910 1915 1920

Asn Arg Leu Ile Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro Thr
1925 1930 1935

His Tyr Val Pro Glu Ser Asp Ala Ala Ala Arg Val Thr Ala Ile Leu
1940 1945 1950

Ser Ser Leu Thr Val Thr Gln Leu Leu Arg Arg Leu His Gln Trp Ile
1955 1960 1965

Ser Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp Ile
1970 1975 1980

Trp Asp Trp Ile Cys Glu Val Leu Ser Asp Phe Lys Thr Trp Leu Lys
1985 1990 1995 2000

Ala Lys Leu Met Pro Gln Leu Pro Gly Ile Pro Phe Val Ser Cys Gln
2005 2010 2015

Arg Gly Tyr Arg Gly Val Trp Arg Gly Asp Gly Ile Met His Thr Arg
2020 2025 2030

Cys His Cys Gly Ala Glu Ile Thr Gly His Val Lys Asn Gly Thr Met
203S 2040 2045

Arg Ile Val Gly Pro Arg Thr Cys Arg Asn Met Trp Ser Gly Thr Phe
2050 2055 2060

Pro Ile Asn Ala Tyr Thr Thr Gly Pro Cys Thr Pro Leu Pro Ala Pro
2065 2070 2075 2080

Asn Tyr Lys Phe Ala Leu Trp Arg Val Ser Ala Glu Glu Tyr Val Glu
2085 2090 ’ 2095

Ile Arg Arg Val Gly Asp Phe His Tyr Val Ser Gly Met Thr Thr Asp
2100 2105 2110

Asn Leu Lys Cys Pro Cys Gln Ile Pro Ser Pro Glu Phe Phe Thr Glu
2115 2120 2125

Leu Asp Gly Val Arg Leu His Arg Phe Ala Pro Pro Cys Lys Pro Leu
2130 2135 2140
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Leu Arg Glu Glu Val Ser Phe Arg Val Gly Leu His Glu Tyr Pro Val
2145 2150 2155 2160

Gly Ser Gln Leu Pro Cys Glu Pro Glu Pro Asp Val Ala Val Leu Thr
2165 2170 2175

Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala Glu Ala Ala Gly Arg
2180 2185 2190

Arg Leu Ala Arg Gly Ser Pro Pro Ser Met Ala Ser Ser Ser Ala Ser
2195 2200 2205

Gln Leu Ser Ala Pro Ser Leu Lys Ala Thr Cys Thr Ala Asn His Asp
2210 2215 2220

Ser Pro Asp Ala Glu Leu Ile Glu Ala Asn Leu Leu Trp Arg Gln Glu
2225 2230 2235 2240

Met Gly Gly Asn Ile Thr Arg Val Glu Ser Glu Asn Lys Val Val Ile
2245 2250 2255

Leu Asp Ser Phe Asp Pro Leu Val Ala Glu Glu Asp Glu Arg Glu Val
2260 2265 2270

Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg Phe Ala Arg Ala
2275 2280 2285

Leu Pro Val Trp Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Thr
2290 2295 2300

Trp Lys Lys Pro Asp Tyr Glu Pro Pro Val Val His Gly Cys Pro Leu
2305 2310 2315 2320

Pro Pro Pro Arg Ser Pro Pro Val Pro Pro Pro Arg Lys Lys Arg Thr
2325 2330 2335

Val Val Leu Thr Glu Ser Thr Leu Ser Thr Ala Leu Ala Glu Leu Ala
2340 2345 2350

Thr Lys Ser Phe Gly Ser Ser Ser Thr Ser Gly Ile Thr Gly Asp Asn
2355 2360 2365

Thr Thr Thr Ser Ser Glu Pro Ala Pro Ser Gly Cys Pro Pro Asp Ser
2370 2375 2380

Asp Val Glu Ser Tyr Ser Ser Met Pro Pro Leu Glu Gly Glu Pro Gly
2385 2390 2395 2400
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Asp Pro Asp Leu Ser Asp Gly Ser Trp Ser Thr Val Ser Ser Gly Ala
2405 2410 2415

Asp Thr Glu Asp Val Val Cys Cys Ser Met Ser Tyr Ser Trp Thr Gly
2420 2425 2430

Ala Leu Val Thr Pro Cys Ala Ala Glu Glu Gln Lys Leu Pro Ile Asn
2435 2440 2445

Ala Leu Ser Asn Ser Leu Leu Arg His His Asn Leu Val Tyr Ser Thr
2450 2455 2460

Thr Ser Arg Ser Ala Cys Gln Arg Gln Lys Lys Val Thr Phe Asp Arg
2465 2470 2475 2480

Leu Gln Val Leu Asp Ser His Tyr Gln Asp Val Leu Lys Glu Val Lys
2485 2490 2495

Ala Ala Ala Ser Lys Val Lys Ala Asn Leu Leu Ser Val Glu Glu Ala
2500 2505 2510
Cys Ser Leu Thr Pro Pro His Ser Ala Lys Ser Lys Phe Gly Tyr Gly
2515 2520 2525

Ala Lys Asp Val Arg Cys His Ala Arg Lys Ala Val Ala His Ile Asn
2530 2535 2540

Ser Val Trp Lys Asp Leu Leu Glu Asp Ser Val Thr Pro Ile Asp Thr
2545 2550 2555 2560

Thr Ile Met Ala Lys Asn Glu Val Phe Cys Val Gln Pro Glu Lys Gly
2565 2570 2575

Gly Arg Lys Pro Ala Arg Leu Ile Val Phe Pro Asp Leu Gly Val Arg
2580 2585 2590

Val Cys Glu Lys Met Ala Leu Tyr Asp Val Val Ser Lys Leu Pro Leu
2595 2600 2605

Ala Val Met Gly Ser Ser Tyr Gly Phe Gln Tyr Ser Pro Gly Gln Arg
2610 2615 2620

Val Glu Phe Leu Val Gln Ala Trp Lys Ser Lys Lys Thr Pro Met Gly
2625 2630 2635 2640

Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val Thr Glu Ser Asp
2645 2650 2655
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Ile Arg Thr Glu Glu Ala Ile Tyr Gln Cys Cys Asp Leu Asp Pro Gln
2670

2660 2665

Ala Arg Val Ala Ile Lys Ser Leu Thr Glu Arg Leu Tyr Val Gly Gly

2675 2680

Pro Leu Thr Asn Ser Arg Gly Glu Asn Cys Gly
2690 2695

Ala Ser Gly Val Leu Thr Thr Ser Cys Gly Asn
2705 2710 2715

Ile Lys Ala Arg Ala Ala Cys Arg Ala Ala Gly
2725 2730

Met Leu Val Cys Gly Asp Asp Leu Val Val Ile
2740 2745

Val Gln Glu Asp Ala Ala Ser Leu Arg Ala Phe
2755 2760

Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Gln
2770 2775

Glu Leu Ile Thr Ser Cys Ser Ser Asn Val Ser
2785 2790 2795

Ala Gly Lys Arg Val Tyr Tyr Leu Thr Arg Asp
2805 2810

Ala Arg Ala Ala Trp Glu Thr Ala Arg His Thr
2820 2825

Leu Gly Asn Ile Ile Met Phe Ala Pro Thr Leu
2835 2840

Leu Met Thr His Phe Phe Ser Val Leu Ile Ala
2850 2855

Gln Ala Leu Asn Cys Glu Ile Tyr Gly Ala Cys

2865 2870 2875

Leu Asp Leu Pro Pro Ile Ile Gln Arg Leu His
2885 2890

2685

Tyr Arg Arg Cys Arg

2700

Thr Leu Thr Cys Tyr

2720

Leu Gln Asp Cys Thr

Cys Glu

Thr Glu

2765

Pro Glu
2780

vVal Ala

Pro Thr

Ser
2750

Ala

Tyr

His

Thr

2735

Ala Gly

Met Thr

Asp Leu

Asp Gly

2800

Pro Leu
2815

Pro Val Asn Ser Trp

Trp Ala
2845

Arg Asp
2860

Tyr Ser

Gly Leu

2830

Arg

Gln

Ile

Ser

Met Ile

Leu Glu

Glu Pro
2880

Ala Phe
2895

Ser Leu His Ser Tyr Ser Pro Gly Glu Ile Asn Arg Val Ala Ala Cys

2900 2905
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Leu Arg Lys Leu Gly Val Pro Pro Leu Arg Ala Trp Arg His Arg Ala
2915 2920 2925

Arg Ser Val Arg Ala Arg Leu Leu Ser Arg Gly Gly Arg Ala Ala Ile
2930 2935 2940

Cys Gly Lys Tyr Leu Phe Asn Trp Ala Val Arg Thr Lys Leu Lys Leu
2945 2950 2955 2960

Thr Pro Ile Ala Ala Ala Gly Arg Leu Asp Leu
2965 2970

Ser Gly Trp Phe Thr
2975

Ala Gly Tyr Ser Gly Gly Asp Ile Tyr His Ser
2980 2985

Val Ser His Ala Arg
2990

Pro Arg Trp Phe Trp Phe Cys Leu Leu Leu Leu Ala Ala Gly Val Gly

2995

3000

Ile Tyr Leu Leu Pro Asn Arg

3010

<210> 9
<211> 9611
<212> DNA

3015

<213> Hepatitis C virus

<400> 9

gccagcccecce
tcﬁtcacgca
cecccecteece
gacgaccggyg
gcaagactgc
gtgcttgega
ctcaaagaaa
gcggccagat
gcgcgacaag
aagatcggcg
ggaatgaggg
ggggccccaa
cgtgeggett
tcgccagagce
ggaacttacc
cceceggtete
gcaccaatga
tceegtgega
ccgtgcagcg
tgtcecgecac

tgatgggggc
gaaagcgtct
gggagagcca
tcetttettg
tagccgagta
gtgccceggg
aaccaaaaga
cgttggcgga
gaagacttcg
ctccactggce
actcggctgg
tgacccccgg
tgccgaccte
tctegegeat
cggttgctcce
cgctgccgaa
cagcattacc
gaaagtgggg
gcccggegcec
gctetgetet

gacactccac
agccatggeg
tagtggtctg
gataaacccg
gtgttgggtc
aggtctcegta
aacaccaacc
gtatacttgt
gagcggtccc
aaatcctggg
gcaggatggc
cataggtcgce
atggggtaca
ggcgtgagag
ttttctatct
gtgaagaaca
tggcagctcc
aatgcatctc
ctcacgcagg
gccctctacg
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catgaatcac
ttagtatgag
cggaaccggt
ctcaatgect
gcgaaaggcc
gaccgtgcac
gtcgcccaca
tgcecgegeag
agccacgtgg
gaaaaccagg
tcetgtecce
gcaacgtggg
tcecectgtegt
tcectggagga
tecttgctggce
tcagtaccgg
aggctgetgt
agtgctggat
gcttgeggac
tgggggacct

3005

tccecetgtga
tgtcgtgcag
gagtacaccg
ggagatttgg
ttgtggtact
catgagcaca
agacgttaag
gggccccagg
aaggcgccag
atacccctgg
ccgaggttce
taaggtcatc
gggcgcecceg
cggggttaat
cctgectgtcece
ctacatggtg
cctccacgtce
accggtctca
gcacatcgac

ctgeggtggg

ggaactactg
ccteccaggac
gaattgccag
gcgtgceccec
gcctgatagg
aatcctaaac
tttcecgggeg
ttgggtgtge
ceccatcecta
ccectatacyg
cgtecctett
gataccctaa
ctcggeggcg
tttgcaacag
tgcatcacca
actaacgact
ccecgggtgeg
ccgaatgtgg
atggttgtga
gtgatgctcg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
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cagcccaaat
ccatctaccc
cgcccacggce
tcattagcgg
cgtgggcgaa
ctgttggggg
ccaggcagaa
tgaactgcaa
tcaactcgtc
tgggatgggg
attgctggca
cagtgtactg
ccacttacac
cgctggggtc
gcgcaccace
cggactgttt
tcacgccaag
actataccat
catgcaattt
ctecetttgtt
ccgecttgte
atggcctatc
tcctgctctt
aggdcgaagc
acggtcttgt
tgceceggage
tgcctcageg
ttgtcgggtt
tgtggtggcet
ccctcaacgt
ccctggtatt
aagccagttt
cgctagecgceg
cgcttactgg
gcctgcgaga
tcatcacgtg
ctgccecgtag
ggaggttgct
taatcaccag
caactgctac
acggggccgg
atgtggacca
gtacctgcgg
gccggcgagg
gctcctcggg
cggtgtgcac
caaccatgag
tccaggtggce

gttcattgtc
tggtaccatc
taccatgatc
ggctcattgg
agtcgttgtc
ttctgccgeg
aatccagctce
tgactccttg
aggatgtccc
cgccttgcaa
ctacccacca
tttcaccccc
gtggggggag
atggttcggce
ctgcegtact
taggaagcat
gtgcctgate
cttcaaaata
cactcgtggg
gcactccacc
gactggtctt
acctgcecte
agcggacgcce
agctttggag
gtcecttecte
ggtctacgce
ggcatatgca
aatggcgctg
tcagtatttt
€cggg99999
tgacatcacc
gcttaaagte
gaagatagcc
cacctatgtg
tctggccgtg
gggggcagat

gggccaggag
ggcgcccate

cctgactggce
ccaaaccttce
aacgaggacc
agaccttgtg
ctcctcggac
tgatagcagg
gggtccgetg
ccgtggagtg
atcceceggtg
ccacctgcat

tcgeccgcagce
actggacacc
ttggcgtacyg
ggcgtcatgt
atccttctgt
cagaccaccg
gttaacacca
cacaccggct
gaacgcatgt
tatgaggata
aggcagtgtg
agcccagtgg
aatgagacag
tgcacgtgga
agagctgact
cctgatacca
gactacccct
aggatgtatg
gatcgttgca
acggaatggg
ctccacctcce
acaaaataca
agggtttgcg
aacctcgtaa
gtgttcttct
ctctacggga
ctggacacgg
actctgtcgce
ctgaccagag
cgcgatgccg
aaactactcc
ccctactteg
ggaggtcatt
tataaccatc
gctgtggaac
accgcecegegt
atactgcttg
acggecgtacg
cgggacaaaa
ctggcaacgt
atcgcatcac
ggctggcccg
ctttacctgg
ggtagcctgce
ttgtgccccyg
gctaaagecgg
ttcacggaca
gctecccaccg
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accactggtt
gcatggcatg
cgatgcgtgt
tcggettggce
tggccgeegg
ggcgcctcac
atggcagctg
ttatcgegte
ccgectgecg
atgtcaccaa
gcgtggtetce
tagtgggcac
atgtcttcct
tgaactcttce
tcaacgccag
cttacctcaa
acaggctctg

‘tgggaggggt

acttggagga
ccattttacc
accaaaacat
tcgteccgatg
cctgecttatg
tactcaatgc
gctttgegtg
tgtggcctct
aggtggcecge
catattacaa
tagaagcgca
tcatcttact
tggccatctt
tgcgegttcea
acgtgcaaat
tcacccctet
cagtecgtcett
gcggtgacat
ggccagccga
cccagcagac
accaagtgga
gcatcaatgg
ccaagggtcc
ctcctcaagg
tcacgaggca
tttegececeg
cgggacacgce
tggactttat
actcctctce
gcagcggtaa

tgtccaagac
ggacatgatg
ccccgaggte
ctacttctct
ggtggacgcg
cagcttattt
gcacatcaac
tctgttctac
cagtatcgag
tccagaggat
cgcgaagact
gaccgacagg
attgaacagc
tggctacacc
cacggacctg
atgcggcetct
gcattacccc
tgagcacagg
cagagacaga
ttgctcttac
cgtggacgta
ggagtgggta
gatgctcatc
agcatccctg
gtatctgaag
ccteectgetce
gtcgtgtggce
gcgctatatc
actgcacgtg
catgtgtgta
cggacccctt
aggccttcete
ggccatcatc
tecgagactgg
ctcccgaatg
catcaacggc
cggaatggtc
gagaggcctc
gggtgaggtc
ggtatgctgg
tgtcatccag
ttceegetea
cgccgatgte
gcccatttcc
cgtgggccta
ccectgtggag
accagcagtg
gagcaccaag
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tgcaattgct
atgaactggt
attatagaca
atgcagggag
cgcacccata
gacatgggcc
cgcaccgcecee
acccacagct
gccttccggg
atgagaccct
gtgtgtggcce
cttggagcgce
actcgaccac
aagacttgcg
ttgtgcccca
gggccectgge
tgcacagtta
ctcacggctg
agtcaactgt
tcggacctge
caattcatgt
atactcttat
ttgttgggcce
gccgggacgce
ggtaggtggg
ctgctggcgt
ggcgttgttce
agctggtgca
tgggttcccce
gtacacccga
tggattctte
cggatctgeg
aagttagggg
gcgcacaacg
gagaccaagce
ttgececegtcet
tccaaggggt
ctagggtgta
cagatcgtgt
actgtctacc
atgtatacca
ttgacaccct
attcecegtge
tacttgaaag
ttcagggccg
aacctaggga
ccccagagct
gtccecggetg

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
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cgtacgcagc
gctttggtge
gaacaattac
gcgggtgcete
ccacatccat
tggttgtgct
aggaggttgce
aggtgatcaa
tcgccgegaa
tgtctgtcat
gctttaccgg
atttcagcct
ccaggactca
caccggggga
cgggctgtge
tgaacacccc
cgggcctcecac
ttcecttacct
cgtgggacca
ccctgctata
aatacatcat
ttggcggegt
tgggcaggat
aggagttcga
tgctcgctga
cagaggttat
agcacatgtg
gtaaccccgce
ctggccaaac
cecggtgeege
gactggggaa
ttgtagcatt
tgceccgcecat
gccggcacgt
ccteceegggg
gcgtcactgce
ggataagctce
ggatatgcga
tgcctgggat
gcattatgca
cgatgaggat
acgcctacac
ggagggtgtc
cgggtatgac
cagaattgga
aggaggtatce
agcccgaacce
cagaggcggce

ccagggctac
ttacatgtcc
cactggcagc
aggaggtgct
cttgggcatc
cgecactget
tctgtccacce
ggggggaaga
gctggtcgca
cccgaccage
cgacttcgac
tgaccctacc
acgccggggce
gcgcecctece
ttggtatgag
ggggcttecce
tcatatagat
ggtagcgtac
gatgtggaag
cagactgggc
gacatgcatg
cctggctgcet
cgtcttgtcce
tgagatggaa
gcagttcaag
cacccctget
gaatttcatc
cattgcttca
cctectette
tactgccttt
ggtcctegtg
caagatcatg
cctctegect
tggceecggge
gaaccatgtt
catactcagc
ggagtgtacc
ggtgctgagce
tcectttgtyg
cactecgcetge
cgtecggtcect
cacgggcccc
tgcagaggaa
tactgacaat
cggggtgcgce
attcagagta
ggacgtagcc
cgggagaagg

aaggtgttgg
aaggcccatg
cccatcacgt
tatgacataa
ggcactgtcc
acccectecegg
accggagaga
catctcatct
ttgggcatca
ggcgatgttg
tctgtgatag
tttaccattg
aggactggca
ggcatgttcg
ctcacgccecg
gtgtgccagg
gcccactttt
caagccaccg
tgtttgatcc
gctgttcaga
tcggeegacce
ctggcegegt
gggaagccgg
gagtgctctc
cagaaggccc
gtccagacca
agtgggatac
ttgatggctt
aacatattgg
gtgggtgctg
gacattcttg
agcggtgagg
ggagcccttg
gagggggcag
tcccccacgce
agcctcactg
actccatgcet
gactttaaga
tcctgcecage
cactgtggag
aggacctgca
tgtactcccc
tacgtggaga
cttaaatgcc
ctacacaggt
ggactccacg
gtgttgacgt
ttggcgagag
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tgctcaaccce
gggttgatcc
actccaccta
taatttgtga
ttgaccaagc
gctcecgtcac
tccectttta
tctgccactce
atgeccgtgge
tcgtcgtgte
actgcaacac
agacaaccac
gggggaagcc
actcgtcegt
ccgagactac
accatcttga
tatcccagac
tgtgcgctag
gccttaaacc
atgaagtcac
tggaggtcgt
attgcctgtce
caattatacc
agcacttacc
tcggectect
actggcagaa
aatacttggc
ttacagctgce
gggggtgggt
gcctagctgg
cagggtatgg
tccectecac
tagtecggtgt
tgcaatggat
actacgtgcce
taacccagct
ccggttcecetg
cctggctgaa
gcgggtatag
ctgagatcac
ggaacatgtg
ttcetgegece
taaggcgggt
cgtgccagat
ttgcgccecece
agtacccggt
ccatgctcac
ggtcacccce

ctctgttgct
taatatcagg
cggcaagttc
cgagtgccac
agagactgcg
tgtgtcccat
cggcaaggct
aaagaagaag
ctactaccgce
gaccgatgct
gtgtgtcact
gctccecccag
aggcatctat
cctctgtgag
agttaggcta
attttgggag
aaagcagagt
ggctcaagcc
caccctccat
cctgacgcac
cacgagcacce
aacaggctgce
tgacagggag
gtacatcgag
gcagaccgcg
actcgaggte
gggcctgtca
cgtcaccagce
ggctgeccag
cgecgecate
cgcgggegtg
ggaggacctg
ggtctgcgca
gaaccggcta
ggagagcgat
cctgaggcga
gctaagggac
agccaagctc
gggggtctgg
tggacatgtc
gagtgggacg
gaactataag
gggggacttc
cccatcgcecec
ttgcaagccc
ggggtcgcaa
tgatccctcee
ttctatggcce
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gcaacgctgg
accggggtga
cttgccgacg
tccacggatg
ggggcgagac
cctaacatecg
atcccecteg
tgcgacgage
ggtcttgacg
ctcatgactg
cagacagtcg
gatgctgtcet
agatttgtgg
tgctatgacg
cgagcgtaca
ggcgtettta
ggggagaact
cctcececcat
gggccaacac
ccaatcacca
tgggtgctcg
gtggtcatag
gttctctacc
caagggatga
tcccgecatg
ttttgggcga
acgctgectg
ccactaacca
ctegeegece
ggcagcgttg
gcgggagcetce
gtcaatctge
gcaatactgc
atagccttcg
gcagccgccc
ctgcatcagt
atctgggact
atgccacaac
cgaggagacg
aaaaacggga
ttccccatta
ttcgegetgt
cactacgtat
gaatttttca
ttgctgcggg
ttaccttgceg
catataacag
agctcctegg

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960



WO 00/75338

ctagccagct
acgccgagct
gggttgagtc
aggatgagcg
gggcectgece
agcctgacta
ctgtgectece
ccttggccga
acaatacgac
agtcctattc
ggtcatggtc
cttattcctg
tcaacgcact
gcagtgcttg
attaccagga
tatccgtaga
atggggcaaa
ggaaagacct
aggttttctg
ccgacectggg
ccectggecegt
tcctegtgca
gttttgactc
gtgacctgga
ggggccctct
gcgtactgac
gtcgagccegce
tctgtgaaag
tgaccaggta
taacatcatg
accttacccg
ctccagtcaa
tgatactgat
ttaactgtga
ttcaaagact
atagggtggc
gggcccggag
agtacctctt
gccggctgga
gcgtgtctca
taggcatcta
catttcctgt
ttcttttttt
gctagcetgtg
gcagatcatg

<210> 10

gtccgcteca
catagaggct
agagaacaaa
ggaggtctcc
cgtctgggcyg
cgaaccacct
gcctcggaaa
gcttgccacc
aacatcctct
ttecatgeccc
gacggtcagt
gacaggcgca
gagcaactcg
ccaaaggcag
cgtgctcaag
ggaagcttgce
agacgtccgt
tctggaagac
cgttcagcct
cgtgcgegtg
gatgggaagc
agcgtggaag
cacagtcact
ccecccaagcece
taccaattca
aactagctgt
agggctccag
tgcgggggte
ctececgecccee
ctcctecaac
tgaccctaca
ttcetggeta
gacccatttc
gatctacgga
ccatggcctce
cgcatgecte
cgtcegeget
caactgggca
cttgtceggt
tgceceggece
cctcctecece
ttttttettt
cctttctttt
aaaggtcecgt
t

tctctcaagg
aacctccectgt
gtggtgattc
gtacctgcag
cggccggact
gtggtccatg
aagcgtacgg
aaaagttttg
gagceccgecc
cccctggagyg
agtggggccg
ctcgtcaccc
ttgctacgece
aagaaagtca
gaggtcaaag
agcctgacgc
tgccatgcecca
agtgtaacac
gagaaggggg
tgcgagaaga
tcctacggat
tccaagaaga
gagagcgaca
cgegtggceca
aggggggaaa
ggtaacaccce
gactgcacca
caggaggacg
cccggggacce
gtgtcagtcg
acccecccteg
ggcaacataa
tttagegtece
gcctgctact
agcgcatttt
agaaaacttg
aggcttctgt
gtaagaacaa
tggttcacgg
cgctggttct
aaccgatgaa
tttttetett
tcecttettt
gagccgcatg
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caacttgcac
ggaggcagga
tggactcctt
aaattctgcg
acaacceccecce
gctgcceget
tggtcctcac
gcagctcctc
cttctggctg
gggagcctgg
acacggaaga
cgtgcgetge
atcacaatct
catttgacag
cagcggcgtc
ccccacatte
gaaaggccgt
caatagacac
gtcgtaagcece
tggccctgta
tccaatactc
cceccgatggg
tcecgtacgga
tcaagtccct
actgcggcta
tcacttgcta
tgctegtgtg
cggcgagect
cceccacaace
cccacgacgg
cgagagccgce
tcatgtttgce
tcatagccag
ccatagaacc
cactccacag
gggtcccgcc
ccagaggagyg
agctcaaact
ctggctacag
ggttttgect
ggttggggta
tttttttctt
aatggtggct
actgcagaga

cgccaaccat
gatgggcggce
cgatccgett
gaagtctcgg
gctagtagag
accacctcca
cgaatcaacc
aactteccggce
ccecececccgac
ggatccggat
tgtecgtgtge
ggaagaacaa
ggtgtattcc
actgcaagtt
aaaagtgaag
agccaaatcc
agcccacatce
taccatcatg
agctcgtctc
cgacgtggtt
accaggacag

gttctecgtat

ggaggcaatt
cactgagagyg
ccgcaggtgce
catcaaggcc
tggcgacgac
gagagcctte
agaatacgac
cgctggaaag
gtgggagaca
ccccacactg
ggatcagctt
actggatcta
ttactctcca
cttgcgagcet
cagggctgcet
cactccaata
cgggggagac
actcctgctce
aacactcegg
tttttctette
ccatcttagce
gtgctgatac
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gactccecctg
aacatcacca
gtggcagagg
agattcgcce
acgtggaaaa
cggtccecte
ctatctactg
attacgggcg
tccgacgttyg
ctcagcgacg
tgctcaatgt
aaactgccca
accacttcac
ctggacagcc
gctaacttgce
aagtttggct
aactccgtgt
gccaagaacg
ategtgttcce
agcaagctcc
cgggttgaat
gatacccgcet
taccaatgtt
ctttatgttg
cgcgcgagceg
cgggcagcct
ttagtcgtta
acggaggcta
ttggagctta
agggtctact
gcaagacaca
tgggcgagga
gaacaggctc
cctecaatca
ggtgaaatca
tggagacacc
atatgtggca
gcggccgetg
atttatcaca
gctgcagggg
cctcttaagce
tttectttece
cctagtcacg
tggcctctct

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9611
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<211> 3015
<212> PRT
<213> Hepatitis C virus

<400> 10
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 Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro Gly
65 70 75 80

Tyr Pro Trp Pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp
85 90 95

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

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

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

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

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

Phe Leu Leu Ala Leu Leu Ser Cys Ile Thr Thr Pro Val Ser Ala Ala
180 . 185 190

Glu Val Lys Asn Ile Ser Thr Gly Tyr Met Val Thr Asn Asp Cys Thr
195 200 205

Asn Asp Ser Ile Thr Trp Gln Leu Gln Ala Ala Val Leu His Val Pro
210 215 220

Gly Cys Val Pro Cys Glu Lys Val Gly Asn Ala Ser Gln Cys Trp Ile

67
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225

Pro

Gly

Ser

Gln

Asn

305

Asp

Ala

Trp

Ala

Thr

385

Ser

Asn

Leu

Ser

Phe

465

Pro

Val

Leu

Ala

Met

290

Met

Met

Gly

Lys

370

His

Leu

Gly

Ser
450

Arg

Glu

Ser

Arg

Leu

275

Phe

Ser

Met

Arg

val

355

val

Thr

Phe

Ser

Thr

435

Gly

val

Asp

Pro

Thr
260

Tyr

Ile

Ile

Met

Val

340

Met

Val

Val

Asp

Trp

420

Gly

Cys

Gly

Met

Asn

245

His

val

val

Tyr

Asn

325

Pro

Phe

val

Gly

Met

405

His

Phe

Pro

Trp

Arg

230

Val

Ile

Gly

Ser

Pro
310

Trp

Glu

Gly

Ile

Gly

390

Gly

Ile

Ile

Glu

Gly

470

Pro

Ala Val Gln

Asp Met Val

265

Asp Leu Cys
280

Pro Gln His
295

Gly Thr Ile

Ser Pro Thr

Val Ile Ile

345

Leu Ala Tyr
360

Leu Leu Leu
375

Ser Ala Ala

Pro Arg Gln

Asn Arg Thr

425

Ala Ser Leu
440

Arg Met Ser
455

Ala Leu Gln

Tyr Cys Trp

68

Arg

250

Val

Gly

His

Thr

Ala

330

Asp

Phe

Ala

Gln

Lys

410

Ala

Phe

Ala

Tyr

His

235

Pro

Met

Gly

Trp

Gly

315

Thr

Ile

Ser

Ala

Thr

395

Ile

Leu

Tyr

Cys

Glu

475

Tyr

Gly

Ser

Val

Phe

300

His

Met

Ile

Met

Gly

380

Thr

Gln

Asn

Thr

Arg

460

Asp

Pro

Ala

Ala

Met

285

val

Arg

Ile

Ser

Gln

365

val

Gly

Leu

Cys

His

445

Ser

Asn

Pro

Leu
Thr
270
Leu
Gln
Met
Leu
Gly
350
Gly
Asp
Arg
Val
Asn
430
Ser
Ile

val

Arg

Thr

255

Leu

Ala

Asp

Ala

Ala

335

Ala

Ala

Ala

Leu

Asn

415

Asp

Phe

Glu

Thr

Gln
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240

Gln

Cys -~

Ala

Cys

Trp

320

Tyr

His

Trp

Arg

Thr

400

Thr

Ser

Asn

Ala

Asn
480

Cys
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Gly

Pro

Tyr

Arg

545

Gly

Phe

His

Pro

Thr

625

Glu

Asn

Thr

Leu

Phe

705

Glu

Ala

Val

Ser

Thr

530

Pro

Tyx

Asn

Pro

Arg

610

Val

His

Leu

Thr

Ser

690

Met

Trp

Cys

Val

Pro
515

Trp

Pro

Thr

Ala

Asp

595

Cys

Asn

Arg

Glu

Glu

675

Thr

Tyr

Val

Leu

Ser

500

vVal

Gly

Leu

Lys

Ser

580

Thr

Leu

Tyr

Leu

Asp

660

Trp

Gly

Gly

Ile

Txp

485

Ala

val

Glu

Gly

Thr

565

Thr

Thr

Ile

Thr

Thr

645

Arg

Ala

Leu

Leu

Leu

725

Met

Lys

Val

Asn

Ser

550

Cys

Asp

Tyr

Asp

Ile

630

Ala

Asp

Ile

Leu

Ser

710

Leu

Leu

Thr

Gly

Glu

535

Trp

Gly

Leu

Leu

Tyr
615

Phe

Ala

Arg

Leu

His

695

Pro

Phe

Ile

val

Thr

520

Thr

Phe

Ala

Leu

Lys

600

Pro

Lys

Cys

Ser

Pro

680

Leu

Ala

Leu

Leu

69

Cys

505

Thr

Asp

Gly

Pro

Cys

585

Cys

Tyr

Ile

Asn

Gln

665

Cys

His

Leu

Leu

Leu

490

Gly

Asp

val

Cys

Pro

570

Pro

Gly

Arg

Arg

Phe

650

Leu

Ser

Gln

Thr

Leu

730

Gly

Pro

Arg

Phe

Thr
555

Cys

Thr

Ser

Leu

Met

635

Thr

Ser

Tyr

Asn

Lys

715

Ala

Gln

val

Leu

Leu

540

Trp

Arg

Asp

Gly

Trp

620

Tyr

Arg

Pro

Ser

Ile
700

Tyr

Asp

Ala

Tyr

Gly

525

Leu

Met

Thr

Cys

Pro

605

His

val

Gly

Leu

Asp

685

Val

Ile

Ala

Glu

Cys

510

Ala

Asn

Asn

Arg

Phe
590

Trp

Tyr

Gly

Asp

Leu

670

Leu

Asp

Val

Arg

Ala

495

Phe
Pro
Ser
Ser
Ala
575
Arg
Leu
Pro
Gly
Arg
655
Hig
Pro
Val
Arg
val

735

Ala
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Thr

Thr

Thr

Ser

560

Asp

Lys

Thr

Cys

Val

640

Cys

Ser

Ala

Gln

Trp
720

Cys

Leu
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Glu

Leu

Asn

Val

770

Arg

785

Leu

Glu

Leu

Trp

val

865

Met

Leu

Val

Ala

Leu

945

Pro

Asp

Trp

Leu

val

Thr

Leu

850

Pro

Cys

Ala

Pro

Arg

930

Gly

Asp

val

Thr

Leu

755

Ser

Val

Leu

Ala

Leu

835

Gln

Pro

val

Ile

Tyr

915

Lys

Ala

Trp

val

Ala

740

Val

Phe

Pro

Leu

Ala

820

Ser
Tyr
Leu
Val
Phe
900
Phe
Ile
Leu
Ala
Phe

980

Ala

Ile

Leu

Gly

Leu

805

Ser

Pro

Phe

Asn

His

885

Gly

Val

Ala

Thr

His

965

Ser

Cys

Leu

Val

Ala

790

Ala

Cys

Tyr

Leu

Val

870

Pro

Pro

Arg

Gly

Gly

950

Asn

Arg

Gly

Asn

Phe

775

val

Leu

Gly

Thr

855

Arg

Thr

Leu

Val

Gly

935

Thr

Gly

Met

Asp

Ala
760

Phe

Tyr

Pro

Gly

Lys

840

Arg

Gly

Leu

Trp

Gln

920

His

Tyxr

Leu

Glu

Ile

70

745

Ala

Cys

Ala

Gln

vVal

825

Arg

val:

Gly

Val

Ile

9205

Gly

Tyr

Val

Arg

Thr

985

Ile

Ser

Phe

Leu

Arg

810

vVal

Tyr

Glu

Arg

Phe

890

Leu

Leu

val

Tyr

Asp

970

Lys

Asn

Leu

Ala

Tyr

795

Ala

Leu

Ile

Ala

Asp

875

Asp

Gln

Leu

Gln

Asn

955

Leu

Leu

Gly

Ala

Trp

780

Gly

val

Ser

Gln

860

Ala

Ile

Ala

Arg

Met

940

His

Ala

Ile

Leu

Gly

765

Tyr

Met

Ala

Gly

Trp

845

Leu

Val

Thr

Ser

Ile

925

Ala

Leu

Val

Thr

Pro

750

Thr

Leu

Trp

Leu

Leu

830

His

Ile

Lys

Leu

910

Cys

Ile

Thr

Ala

Trp
990

Val

His

Lys

Pro

Asp

815

Met

Met

Val

Leu

Leu

895

Leu

Ala

Ile

Pro

Val

975

Gly

Ser
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Gly

Gly

Leu

800

Thr

Ala

Txp

Trp

Leu

880

Leu

Lys

Leu

Lys

Leu

960

Glu

Ala

Ala
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995 1000 1005

Arg Arg Gly Gln Glu Ile Leu Leu Gly Pro Ala Asp Gly Met Val Ser
1010 1015 1020

Lys Gly Trp Arg Leu Leu Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr
1025 1030 1035 1040

Arg Gly Leu Leu Gly Cys Ile Ile Thr Ser Leu Thr Gly Arg Asp Lys
1045 1050 1055

Asn Gln Val Glu Gly Glu Val Gln Ile Val Ser Thr Ala Thr Gln Thr
1060 1065 1070

Phe Leu Ala Thr Cys Ile Asn Gly Val Cys Trp Thr Val Tyr His Gly
1075 1080 1085

Ala Gly Thr Arg Thr Ile Ala Ser Pro Lys Gly Pro Val Ile Gln Met
1090 1095 1100

Tyr Thr Asn Val Asp Gln Asp Leu Val Gly Trp Pro Ala Pro Gln Gly
1105 1110 1115 1120

Ser Arg Ser Leu Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu
1125 1130 1135

Val Thr Arg His Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser
1140 1145 1150

Arg Gly Ser Leu Leu Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser
1155 1160 1165

Ser Gly Gly Pro Leu Leu Cys Pro Ala Gly His Ala Val Gly Leu Phe
1170 1175 1180

Arg Ala Ala Val Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile
1185 1190 1195 1200

Pro Val Glu Asn Leu Gly Thr Thr Met Arg Ser Pro Val Phe Thr Asp
1205 . 1210 1215

Asn Ser Ser Pro Pro Ala Val Pro Gln Ser Phe Gln Val Ala His Leu
1220 1225 1230

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr
1235 : 1240 1245

Ala Ala Gln Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala

71
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1250 1255 1260
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Thr Leu Gly Phe Gly Ala Tyr Met Ser Lys Ala His Gly Val Asp Pro

1265 1270 1275

Asn Ile Arg Thr Gly Val Arg Thr Ile Thr Thr Gly Ser Pro
1285 1290

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ser
1300 1305 1310

Ala Tyr Asp Ile Ile Ile Cys Asp Glu Cys His Ser Thr Asp
1315 1320 1325

Ser Ile Leu Gly Ile Gly Thr Val Leu Asp Gln Ala Glu Thr
1330 1335 1340

Ile

1295

Gly

Ala

Ala

1280

Thr

Gly

Thr

Gly

Ala Arg Leu Val Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr

1345 1350 1355

1360

Val Ser His Pro Asn Ile Glu Glu Val Ala Leu Ser Thr Thr Gly Glu

1365 1370

1375

Ile Pro Phe Tyr Gly Lys Ala Ile Pro Leu Glu Val Ile Lys Gly Gly

1380 1385 1390

Arg His Leu Ile Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu Ala

1395 1400 1405

Ala Lys Leu Val Ala Leu Gly Ile Asn Ala Val Ala Tyr Tyr Arg Gly

1410 1415 1420

Leu Asp Val Ser Val Ile Pro Thr Ser Gly Asp Val Val Val Val Ser

1425 1430 1435

Thr Asp Ala Leu Met Thr Gly Phe Thr Gly Asp Phe Asp Ser
1445 1450

Asp Cys Asn Thr Cys Val Thr Gln Thr Val Asp Phe Ser Leu
1460 1465 1470

Thr Phe Thr Ile Glu Thr Thr Thr Leu Pro Gln Asp Ala Val
1475 1480 1485

Thr Gln Arg Arg Gly Arg Thr Gly Arg Gly Lys Pro Gly Ile
1490 1495 1500

Phe Val Ala Pro Gly Glu Arg Pro Ser Gly Met Phe Asp Ser

72

val
1455

Asp

Ser

Ser

1440

Ile

Pro

Arg

Arg

Val



WO 00/75338

1505 1510 1515
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1520

Leu Cys Glu Cys Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro

1525 1530

Ala Glu Thr Thr Val Arg Leu Arg Ala Tyr Met Asn Thr
' 1540 1545

Pro Val Cys Gln Asp His Leu Glu Phe Trp Glu Gly Val
1555 1560 1565

Leu Thr His Ile Asp Ala His Phe Leu Ser Gln Thr Lys
1570 1575 1580

Glu Asn Phe Pro Tyr Leu Val Ala Tyr Gln Ala Thr Vval
1585 1590 1595

Ala Gln Ala Pro Pro Pro Ser Trp Asp Gln Met Trp Lys
1605 1610

Arg Leu Lys Pro Thr Leu His Gly Pro Thr Pro Leu Leu
1620 1625

Gly Ala Val Gln Asn Glu Val Thr Leu Thr His Pro Ile
1635 1640 1645

Ile Met Thr Cys Met Ser Ala Asp Leu Glu Val Val Thr
1650 1655 1660

Val Leu Val Gly Gly Val Leu Ala Ala Leu Ala Ala Tyr
1665 1670 1675

Thr Gly Cys Val Val Ile Val Gly Arg Ile Val Leu Ser
1685 1690

Ala Ile Ile Pro Asp Arg Glu Val Leu Tyr Gln Glu Phe
1700 1705

Glu Glu Cys Ser Gln His Leu Pro Tyr Ile Glu Gln Gly
1715 1720 1725

Ala Glu Gln Phe Lys Gln Lys Ala Leu Gly Leu Leu Gln
1730 1735 1740

Arg His Ala Glu Val Ile Thr Pro Ala Val Gln Thr Asn
1745 1750 1755

Leu Glu Val Phe Trp Ala Lys His-Met Trp Asn Phe Ile

73

Pro

1550

Phe

Gln

Cys

Cys

Tyr

1630

Thr

Ser

cys

Gly

Asp

1710

Met

Thx

Trp

Ser

1535

Gly Leu

Thr Gly

Ser Gly

Ala Arg
1600

Leu Ile
1615

Arg Leu

Lys Tyr

Thr Trp

Leu Ser

1680

Lys Pro
1695

Glu Met

Met Leu

Ala Ser

Gln Lys

1760

Gly Ile
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1765 1770 1775

Gln Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala Ile
1780 1785 1790

Ser Leu Met Ala Phe Thr Ala Ala Val Thr Ser Pro Leu Thr Thr
1795 1800 1805

Gln Thr Leu Leu Phe Asn Ile Leu Gly Gly Trp Val Ala Ala Gln
1810 1815 1820

Ala Ala Pro Gly Ala Ala Thr Ala Phe Val Gly Ala Gly Leu Ala
1825 1830 1835

Ala Ala Ile Gly Ser Val Gly Leu Gly Lys Val Leu Val Asp Ile
1845 1850 1855

Ala Gly Tyr Gly Ala Gly Val Ala Gly Ala Leu Val Ala Phe Lys
1860 " 1865 1870

Met Ser Gly Glu Val Pro Ser Thr Glu Asp Leu Val Asn Leu Leu
1875 1880 1885

Ala Ile Leu Ser Pro Gly Ala Leu Val Val Gly Val val Cys Ala
1890 1895 1300

Ile Leu Arg Arg His Val Gly Pro Gly Glu Gly Ala Val Gln Trp
1905 1910 1915

Asn Arg Leu Ile Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro
1925 1930 1935

His Tyr Val Pro Glu Ser Asp Ala Ala Ala Arg Val Thr Ala Ile
1940 1945 1950

Ser Ser Leu Thr Val Thr Gln Leu Leu Arg Arg Leu His Gln Trp
1955 1960 1965

Ser Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp
1970 1975 1980

Trp Asp Trp Ile Cys Glu Val Leu Ser Asp Phe Lys Thr Trp Leu
1985 1990 1995

Ala Lys Leu Met Pro Gln Leu Pro Gly Ile Pro Phe Val Ser Cys
2005 2010 2015

Arg Gly Tyr Arg Gly Val Trp Arg Gly Asp Gly Ile Met His Thr

74
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Ala

Gly

Leu

Gly

1840

Leu

Ile

Pro

Ala

Met

1920

Thr

Leu

Ile

Ile

Lys

2000

Gln

Arg
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2020 2025

Cys His Cys Gly Ala Glu Ile Thr Gly His Val Lys Asn
2035 2040 2045

Arg Ile Val Gly Pro Arg Thr Cys Arg Asn Met Trp Ser
2050 2055 2060

Pro Ile Asn Ala Tyr Thr Thr Gly Pro Cys Thr Pro Leu
2065 2070 2075

Asn Tyr Lys Phe Ala Leu Trp Arg Val Ser Ala Glu Glu
2085 2090

Ile Arg Arg Val Gly Asp Phe His Tyr Val Ser Gly Met
2100 2105

Asn Leu Lys Cys Pro Cys Gln Ile Pro Ser Pro Glu Phe
2115 2120 2125

Leu Asp Gly Val Arg Leu His Arg Phe Ala Pro Pro Cys
2130 2135 2140

Leu Arg Glu Glu Val Ser Phe Arg Val Gly Leu His Glu
2145 2150 2155

Gly Ser Gln Leu Pro Cys Glu Pro Glu Pro Asp Val Ala
2165 2170

Ser Met Leu Thr Asp Pro Ser His Ile Thr Ala Glu Ala
2180 2185

Arg Leu Ala Arg Gly Ser Pro Pro Ser Met Ala Ser Ser
2195 2200 2205

Gln Leu Ser Ala Pro Ser Leu Lys Ala Thr Cys Thr Ala
2210 2215 2220

Ser Pro Asp Ala Glu Leu Ile Glu Ala Asn Leu Leu Trp
2225 2230 2235

Met Gly Gly Asn Ile Thr Arg Val Glu Ser Glu Asn Lys
2245 2250

Leu Asp Ser Phe Asp Pro Leu Val Ala Glu Glu Asp Glu

PCT/US00/15446

2030

Gly Thr Met

Gly Thr Phe

Pro Ala Pro

2080

Tyr Val Glu
2095

Thr Thr Asp
2110

Phe Thr Glu

Lys Pro Leu

Tyr Pro Val

2160

Val Leu Thr
2175

Ala Gly Arg
2190

Ser Ala Ser

Asn His Asp

Arg Gln Glu

2240

val val Ile
2255

Arg Glu Vval

2260 2265 2270

Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg Phe

75

Ala Arg Ala
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2275 2280

Leu Pro Val Trp Ala Arg Pro Asp Tyr Asn Pro
2290 2295

Trp Lys Lys Pro Asp Tyr Glu Pro Pro Val Val
2305 2310 2315

Pro Pro Pro Arg Ser Pro Pro Val Pro Pro Pro
2325 2330

Val Val Leu Thr Glu Ser Thr Leu Ser Thr Ala
2340 2345

Thr Lys Ser Phe Gly Ser Ser Ser Thr Ser Gly
2355 2360

Thr Thr Thr Ser Ser Glu Pro Ala Pro Ser Gly
2370 2375

Agp Val Glu Ser Tyr Ser Ser Met Pro Pro Leu
2385 2390 2395

Asp Pro Asp Leu Ser Asp Gly Ser Trp Ser Thr
2405 2410

Asp Thr Glu Asp Val Val Cys Cys Ser Met Ser
2420 2425

Ala Leu Val Thr Pro Cys Ala Ala Glu Glu Gln
2435 2440

Ala Leu Ser Asn Ser Leu Leu Arg His His Asn
2450 2455

Thr Ser Arg Ser Ala Cys Gln Arg Gln Lys Lys
2465 2470 2475

Leu Gln Val Leu Asp Ser His Tyr Gln Asp Val
2485 2490

Ala Ala Ala Ser Lys Val Lys Ala Asn Leu Leu
2500 2505

Cys Ser Leu Thr Pro Pro His Ser Ala Lys Ser
2515 2520

Ala Lys Asp Val Arg Cys His Ala Arg Lys Ala

76
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2285

Pro Leu Val Glu Thr
2300

His Gly Cys Pro Leu
2320

Arg Lys Lys Arg Thr
2335

Leu Ala Glu Leu Ala
2350

Ile Thr Gly Asp Asn
2365

Cys Pro Pro Asp Ser
2380

Glu Gly Glu Pro Gly
2400

Val Ser Ser Gly Ala
2415

Tyr Ser Trp Thr Gly
2430

Lys Leu Pro Ile Asn
2445

Leu Val Tyr Ser Thr
2460

Val Thr Phe Asp Arg
2480

Leu Lys Glu Val Lys
2495

Ser Val Glu Glu Ala
2510

Lys Phe Gly Tyr Gly
2525

Val Ala His Ile Asn
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2530 2535 2540
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Ser Val Trp Lys Asp Leu Leu Glu Asp Ser Val Thr Pro Ile Asp Thr

2545 2550 2555

2560

Thr Ile Met Ala Lys Asn Glu Val Phe Cys Val Gln Pro Glu Lys Gly

2565 2570

2575

Gly Arg Lys Pro Ala Arg Leu Ile Val Phe Pro Asp Leu Gly Val Arg

2580 2585

Val Cys Glu Lys Met Ala Leu Tyr Asp Val Val Ser
2595 2600

Ala Val Met Gly Ser Ser Tyr Gly Phe Gln Tyr Ser
2610 2615 2620

Val Glu Phe Leu Val Gln Ala Trp Lys Ser Lys Lys
2625 2630 2635

Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val
2645 2650

Ile Arg Thr Glu Glu Ala Ile Tyr Gln Cys Cys Asp
2660 2665

Ala Arg Val Ala Ile Lys Ser Leu Thr Glu Arg Leu
2675 2680

Pro Leu Thr Asn Ser Arg Gly Glu Asn Cys Gly Tyr
2690 2695 2700

Ala Ser Gly Val Leu Thr Thr Ser Cys Gly Asn Thr
2705 2710 2715

Ile Lys Ala Arg Ala Ala Cys Arg Ala Ala Gly Leu
2725 2730

Met Leu Val Cys Gly Asp Asp Leu Val Val Ile Cys
2740 2745

Val Gln Glu Asp Ala Ala Ser Leu Arg Ala Phe Thr
2755 2760

Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Gln Pro
2770 2775 2780

Glu Leu Ile Thr Ser Cys Ser Ser Asn Val Ser Val

77

2590

Lys Leu Pro Leu

2605

Pro Gly Gln Arg

Thr Pro Met Gly

2640

Thr Glu Ser Asp

Leu Asp
2670

Tyr Val
2685

Arg Arg

Leu Thr

Gln Asp

Glu Ser

2750

Glu Ala
2765

Glu Tyr

Ala His

2655

Pro Gln

Gly Gly

Cys Arg

Cys Tyr

2720

Cys Thr

2735

Ala Gly

Met Thr

Asp Leu

Asp Gly
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2785 2790 2795 2800

Ala Gly Lys Arg Val Tyr Tyr Leu Thr Arg Asp Pro Thr Thr Pro Leu
2805 2810 2815

Ala Arg Ala Ala Trp Glu Thr Ala Arg His Thr Pro Val Asn Ser Trp
2820 . 2825 2830

Leu Gly Asn Ile Ile Met Phe Ala Pro Thr Leu Trp Ala Arg Met Ile
2835 2840 2845

Leu Met Thr His Phe Phe Ser Val Leu Ile Ala Arg Asp Gln Leu Glu
2850 2855 2860

Gln Ala Leu Asn Cys Glu Ile Tyr Gly Ala Cys Tyr Ser Ile Glu Pro
2865 2870 2875 2880

Leu Asp Leu Pro Pro Ile Ile Gln Arg Leu His Gly Leu Ser Ala Phe
2885 ' 2890 2895

Ser Leu His Ser Tyr Ser Pro Gly Glu Ile Asn Arg Val Ala Ala Cys
2900 2905 2910

Leu Arg Lys Leu Gly Val Pro Pro Leu Arg Ala Trp Arg His Arg Ala
2915 2920 2925

Arg Ser Val Arg Ala Arg Leu Leu Ser Arg Gly Gly Arg Ala Ala Ile
2930 2935 2940

Cys Gly Lys Tyr Leu Phe Asn Trp Ala Val Arg Thr Lys Leu Lys Leu
2945 2950 2955 2960

Thr Pro Ile Ala Ala Ala Gly Arg Leu Asp Leu Ser Gly Trp Phe Thr
2965 2970 2975

Ala Gly Tyr Ser Gly Gly Asp Ile Tyr His Ser Val Ser His Ala Arg
2980 2985 2990

Pro Arg Trp Phe Trp Phe Cys Leu Leu Leu Leu Ala Ala Gly Val Gly
2995 3000 3005

Ile Tyr Leu Leu Pro Asn Arg

3010 3015

<210> 11
<211> 24
<212> DNA
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<213> Hepatitis C virus

<400> 11
actggacacg gaggtggccg cgtc

<210> 12

<211> 24

<212> DNA

<213> Hepatitis C virus

<400> 12
ttgttcttgt cgggttaatg gcgc

<210> 13

<211> 24

<212> DNA

<213> Hepatitis C virus

<400> 13
gggtgtacta cacacatgag taag

<210> 14

<211> 22

<212> DNA

<213> Hepatitis C virus

<400> 14
aagcgcccct aacttgatga tg

<210> 15

<211> 40

<212> DNA

<213> Hepatitis C virus

<400> 15
cgtcatcgat acctcagcgg gcatatgcac tggacacgga

<210> 16

<211> 24

<212> DNA

<213> Hepatitis C virus

<400> 16
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24

24
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40
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gtccagtgca tatgcccget gagg

<210> 17

<211> 32

<212> DNA

<213> Hepatitis C virus

<400> 17
catgcaccag ctgatatagc gcttgtaata tg

<210> 18

<211> 30

<212> DNA

<213> Hepatitis C virus

<400> 18
tccgtagagg aagcttgcag cctgacgccce

<210> 19

<211> 34

<212> DNA

<213> Hepatitis C virus

<400> 19
cagaggaggc agggctgcta tatgtggcaa gtac

<210> 20

<211> 34

<212> DNA

<213> Hepatitis C virus

<400> 20
gtacttgcca catatagcag ccctgecctcce tetg

<210> 21

<211> 43

<212> DNA

<213> Hepatitis C virus

<400> 21
cgtctctaga caggaaatgg cttaagaggc cggagtgttt acc
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<210> 22

<211> 65

<212> DNA

<213> Hepatitis C virus

<400> 22

PCT/US00/15446

ttatggatgce tcatcttgtt gggccaggcc gaagcagctt tggagaacct cgtaatactc 60

aatgc

<210> 23

<211l> 32

<212> DNA

<213> Hepatitis C virus

<400> 23
aggatttgtg ctcatggtgce acggtctacg ag

<210> 24

<211> 50

<212> DNA

<213> Hepatitis C virus

<400> 24
ttttttttge ggccgctaat acgactcact atagacccge ccctaatagg

<210> 25

<211> 31

<212> DNA

<213> Hepatitis C virus

<400> 25
ccgtgcacca tgagcacaaa tcctaaacct c¢

<210> 26

<211> 26

<212> DNA

<213> Hepatitis C virus

<400> 26
ggatgtaccc catgaggtcg gcaaag
<210> 27

<211> 30
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<212> DNA
<213> Hepatitis C virus

<400> 27
gtttgcgecct gettatggat gctcatcettg

<210> 28

<211> 26

<212> DNA

<213> Hepatitis C virus

<400> 28
gcgtcataag catatgcctg ttgggg

<210> 29

<211> 23

<212> DNA

<213> Hepatitis C virus

<400> 29
ccetecageac tggagtacat ctg

<210> 30

<211> 39

<212> DNA

<213> Hepatitis C virus -

<400> 30
cgtcatgcat accecctaggg cggctctcat tgaagaggg

<210> 31

<211> 30

<212> DNA

<213> Hepatitis C virus

<400> 31
cgtcccetet tcaatgagag ccgctctaga

<210> 32

<211> 28

<212> DNA

<213> Hepatitis C virus
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<400> 32
gcggtgaaga ccaagctcaa actcactc 28

<210> 33

<211> 41

<212> DNA

<213> Hepatitis C virus

<400> 33
aatctagaag gcgcgettcece ggcaatggag tgagtttgag c 41

<210> 34

<211> 38

<212> DNA

<213> Hepatitis.C virus

<400> 34
cgtctctaga ggataaatcc aggaggcgcg cttccggc 38

<210> 35

<211> 27

<212> DNA

<213> Hepatitis C virus

<400> 35
tactttttgt aggggtaggc cttttce 27

<210> 36

<211> 34

<212> DNA

<213> Hepatitis C virus

<400> 36
cgtctctaga gtgtagctaa tgtgtgccge tcta 34

<210> 37

<211> 24

<212> DNA

<213> Hepatitis C virus

<400> 37
ctatggagtg tagctaatgt gtgc 24
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<210> 38

<211> 66

<212> DNA

<213> Hepatitis C virus

<400> 38
cgtctctaga catgatctgce agagagacca gttacggcac tctctgcagt catgeggcte 60
acggac 66

<210> 39

<211> 41

<212> DNA

<213> Hepatitis C virus

<400> 39
ctttcacagc tagccgtgac tagggctaag atggagccac c 41
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