
Hepatitis C Virus Variants Field of the Invention       The present
invention relates to hepatitis C virus (HCV) variants. Background of
the Invention       Hepatitis C virus (HCV) infects more than 170
million people worldwide and is the leading cause of chronic
hepatitis, which can ultimately lead to end-stage liver cirrhosis and
hepatocellular carcinoma. The standard treatment for HCV infection is
currently pegylated interferon alpha (Peg-IFN) in combination with
ribavirin (RBV). The goal of HCV therapy is to eliminate viral
infection by obtaining a sustained viral response (SVR) as defined by
having undetectable HCVRNA in the blood after 6 months of antiviral
treatment. Unfortunately, the current treatment is not effective in
about 50% of subjects with genotype 1, and the side effects are
significant. Thus, new antiviral targets and improved treatment
strategies are needed (Pawlotslcy, J. M., and J. G. McHutchison,
2004, Hepatitis C. Development of new drugs and clinical trials:
promises and pitfalls. Summary of an AASLD hepatitis single topic
conference, Chicago, IL, February 27-March 1, 2003, Hepatology
39:554-67; Strader, et al., 2004, Diagnosis, management, and
treatment of hepatitis C. Hepatology 39:1147-71).      The
non-structural (NS) 3-4A protease is essential for HCV replication
and a promising target for new anti-HCV therapy. VX-950, a potent and
specific N83-4A protease inhibitor demonstrated substantial antiviral
activity in a phase lb trial of subjects infected with HCV genotype 1
(Study VX04-950-101). The degree to which a subject responds to
treatment and the rate at which viral rebound is observed could in
part be due to genotypic differences in sensitivity to the protease
inhibitor. The rapid replication rate of HCV, along with the poor
fidelity of its polymerase, gives rise to an accumulation of
mutations throughout its genome (Simmonds, P., 2004, Genetic
diversity and evolution of hepatitis C virus - 15 years on. I. Gen.
Virol. 85:3173-88). The degree to which sequence variability in the
protease region affects the catalytic efficiency of the enzyme or the
binding of an inhibitor is not known. Additionally, the generation of
numerous viral genomes with remarkable sequence variation presents
potential problems of emerging drug  2 resistant virus in subjects
treated with antiviral therapy. Indeed, drug resistance against
antiviral drugs, such as HIV protease inhibitors, is well documented
(Johnson, et al., 2004, Top. HIV Med. 12:119-24). Drug resistant
mutations have already been shown to develop in vitro in the presence
of HCV protease inhibitors (Lin, et al., 2005, In vitro studies of
cross-resistance mutations against two hepatitis C virus serine
protease inhibitors, VX-950 and BILN 2061. J. Biol. Chem.
280:36784-36791; Lin, et al., 2004, In vitro resistance studies of
hepatitis C virus serine protease inhibitors, VX-950 and BILN 2061:
Structural analysis indicates different resistance mechanisms. J.
Biol. Chem. 279:17508-17514; Lu, et al., 2004, Antimicrob. Agents
Chemother. 48:2260-6; Trozzi, et al., 2003, In vitro selection and
charaoterization of hepatitis C virus serine protease variants
resistant to an active-site peptide inhibitor. J. Virol. 77:3669-79).
Mutations resistant to the protease inhibitor BELN 2061 have been
found at positions R155Q, A156T, and D168V/AN in the NS3 gene, but no
mutations have yet been observed in the N54 region or in the protease
cleavage sites. A VX-950 resistance mutation has also been found in
vitro at position Al 565. Cross-resistant mutations against both
VX950 and BILN 2061 have also been shown to develop in vitro at



In another aspect, this invention provides isolated NOV variants. An
isolated HCV variant may comprise a polynucleotide encoding an NOV
NS3 protease, wherein at least one codon of the polynucleotide that
corresponds to a codon selected from the group consisting of: codons
36, 41, 43, 54, 148, 155, and 156 of a wild-type NOV polynucleotide
is mutated such that it encodes an amino acid different from the
amino acid encoded by the corresponding codon of the wild-type HCV
polynucleotide. Further embodiments of the invention provide methods
and compositions involving the HCV variants. For example, a method is
provided to identify a compound that can inhibit replication of an
HCV variant of the invention; a cell is provided that is infected by
an HCV variant of the invention.      In another aspect, this
invention provides isolated NOV proteases, particularly HCV NS3
proteases. An isolated NOV NS3 protease may comprise an amino acid
sequence in which the amino acid at at least one position selected
from the group consisting of: 36, 41, 43, 54, 148, 155, and 156 of a
wild-type HCV NS3 protease is different from the amino acid at each
corresponding position of the wild-type HCV NS3 protease. The wild
type HCV NS3 protease may comprise an amino acid sequence of SEQ ID
NO:2 or a portion thereof such as for example the first 181 amino
acids of SEQ ID NO:2. The isolated HCV N53 protease may comprise a
biologically active analog or fragment of an NOV N53 protease, for
example, the isolated HCV N53 protease may not have the N-terminal 5,
10, 15, 20, 30, 35, 40, 45, or 48 amino acids of SEQ ib NO:2.      An
isolated HCV N53 protease may also include an NS4A cofactor, such as
for example an NS4A protein as represented by the last 54 amino acids
of SEQ ID NO:2. An isolated HCV NS3 protease may be a protein complex
formed by tethering an NS4A cofactor to an NS3 protease domain, for
example as described in U.S. Patent Nos. 6,653,127 and 6,211,338.
In a further aspect, this invention provides an antibody specific to
an HCV protease of the invention. The antibody may recognize an NOV
NS3 protease comprising an amino acid sequence in which the amino
acid at at least one position  WO 2007/059221PCT/US2006/044363 6
selected from the group consisting of: 36, 41, 43, 54, 148, 155, and
156 of a wild-type HCV NS3 protease is different from the amino acid
at each corresponding position of the wild-type HCV NS3 protease.
Further embodiments of the invention provide methods and compositions
involving an anti-HCV protease antibody of the invention. For
example, a diagnostic kit comprising an antibody of the invention,
and a pharmaceutical compositions comprising an antibody of the
invention and a pharmaceutically acceptable carrier are provided.
In another aspect, this invention provides a nucleotide probe or
primer capable of hybridizing under stringent conditions to a nucleic
acid sequence of an HCV polynucleotide of the invention. Further
embodiments of the invention provide methods and compositions
involving the probe or primer. For example, a diagnostic or detection
kit comprising a probe or primer of the invention is provided, and
the kit is useful in, e.g., determining whether an HCV variant or an
HCV NS3 protease of the invention is present in a sample.       In a
further aspect, this invention provides methods for evaluating drug
resistance or sensitivity to a protease inhibitor of an HCV infection
in a patient. Such a method may comprise collecting a biological
sample from the HCV infected patient and evaluating or determining
whether the sample comprises a nucleic acid encoding an HCV NS3
protease that comprises an amino acid sequence in which the amino



10 Brief Description of the Drawings Figure 1 illustrates a
phylogenetic analysis of baseline sequences of the N terminal 543
nucleotides of the NS3 protein from untreated genotype 1 HCVinfected
subjects.       Figure 2 shows the baseline IC5os of Telaprevir
(VX-950) for genotype la and lb protease variants. Figure 3
illustrates the grouping of subjects based on viral response to VX-
950.       Figure 4 (in color) summarizes viral responses
corresponding to mutation patterns. Figure 5 shows enzymatic IC50s
and fold change from the reference genotype la strain of HCV-H of
protease single resistance mutants to VX-950.      Figure 6 shows
enzymatic IC50s and fold change from the reference genotype la strain
of HCV-H of protease double resistance mutants to VX-950. Figure 7
shows the inverse correlation between resistance to VX-950 and
fitness.       Figure 8 illustrates the structure of two HCV protease
inhibitors: VX-950 and BILN 2061.       Figure 9 illustrates the
location of VX-950 variations in the HCV protease according to
structural studies.       Figure 10 outlines the methods for
phenotypic analysis of HCV viral variants. Figure 11 shows that V36
substitutions confer low-level resistance to VX- 950. Figure 12 shows
X-ray structure of the V36M variant protease. Figure 13 shows that
V36 does not make direct contact with VX-950. Figure 14 shows the
V36M variant in Gla with low-level resistance and  11      Figure 15
shows the V36A variant in Gla/b with low-level resistance and worse
fitness.      Figure 16 shows the V360 variant in Gib with low-level
resistance and worse fitness. Figure 17 shows the V3 6L variant with
no resistance, which is also rare in Gl.      Figure 18 also outlines
the methods for phenotypic analyses of HCV viral variants. Figure 19
shows that R155 substitutions confer low-level resistance to VX- 950.
Figure 20 shows the X-ray structure of the R1 55K variant protease. 



Figure 21 shows the computer model of VX-950 binding to the R155K
variant protease.      Figure 22 shows that V36 or T54 substitutions
confer low-level resistance to VX-950.      Figure 23 shows the
computer model of VX-950 binding to the V36M variant protease.
Figure 24 shows that the V36M and R155K substitutions are additive in
conferring resistance to VX-950.      Figure 25 shows results of
structural studies: (A) Superimposition of the X-ray structure of the
Lys155 variant and the Ares wild-type NS3 protease domain in a
complex with the NS4A co-factor. The Ca atom traces of both the
wild-type (in blue) and the R155K variant (in red) proteases are
shown as lines. The residue 155 is highlighted with either ball and
stick model (Arg155) or Liquorice model (Lys155) with nitrogens in
blue and oxygens in red. (B) Superposition of side chains of Ares,
Asp168 and Arg123 in the wild type NS3-4A with that of corresponding
Lys155, Asp163 and Arg123 in the R155K variant. Three residues of the
R155K variant protease (Arg123, Asp163, and Lys155) are shown in the
Liquorice model, so is the Arg155 of the wild-type protease. The
Arg123 and Asp163 residues of the wild-  WO
2007/059221PCT/IJS2006/044363 12 type protease are shown as thin
lines. All nitrogens are colored in blue and oxygens in red.
Figure 26 shows computational models of a co-complex of telaprevir
with the HCV N83 protease domains in a complex with an NS4A cofactor.
In all three models, including the wild-type (A), RI 55K (B) or R1
55T (C) variant proteases, telaprevir is shown in a stick diagram
colored in light blue with nitrogens in blue and oxygens in red. The
active site residues (Hiss', Asps', and Ser139) are shown as gray
sticks. The Arg123 and Asp165 residues are colored in purple, while
residue 155 side-chain is colored in yellow. The Lys155 or Thr155
side-chain remains in the extended conformation making minimal
contacts with the P2 group of telaprevir.       Figure 27 shows that
the VX-950 resistant replicon variants remain fully sensitive to
1FN-alpha.       Figure 28 shows that the VX-950 resistant replicon
variants remain fully sensitive to Ribavirin.       Figure 29 shows
that VX-950 combination therapy suppressed emergence of viral
resistance and prevented viral breakthrough during dosing.
Figure 30 provides summary points regarding HCV sequence diversity
and resistance mutations.       Figure 31 summarizes the mechanisms
of viral variants resistance to HCV protease inhibitors including
previous studies.       Figure 32 outlines conclusions regarding the
mechanisms of viral variants resistance to HCV protease inhibitors
including previous and present studies.       Figure 33 summarizes
certain conclusions based on the present studies. Detailed
Description of the Invention       The present invention relates to
HCV variants. In particular, HCV variants that exhibit resistance to
a protease inhibitor are provided. Also provided are methods and
compositions related to the HCV variants. The methods and
compositions are useful in identifying viral variants, including
variants of an HCV  WO 2007/059221PCT/US2006/044363 13 and other
viruses, evaluating and identifying anti-viral compounds, and
developing and optimizing therapeutics against viral infections.
The present invention is based on a study that first characterized
the extent of sequence diversity within the NS3 protease domain of an
HCV isolated from 34 subjects enrolled in a clinical trial, Study
VX04-950-101, before dosing with VX950. Emergence of resistance to
VX-950 in vivo was then monitored by sequence analysis of the



The present invention also provides isolated HCV variants, isolated
variant HCV NS3 proteases, and isolated polynucleotide that encodes a
variant HCV NS3 protease. The term "isolated" generally means
separated and/or recovered from a component of natural environment of
a subject virus, protease, or polynucleotide.      In certain
embodiments, a variant HCV protease may be a variant HCV NS3 protease
that comprises an amino acid sequence in which the amino acid(s) at
one or more positions from positions 36, 41, 43, 54, 148, 155, or 156
of a wild-type HCV NS3 protease is(are) different from the amino acid
at each corresponding position of the wild-type HCV NS3 protease. The
wild type HCV NS3 protease may comprise an amino acid sequence of SEQ
ID NO:2 or a portion thereof such as for example the first 181 amino
acids of SEQ ID NO:2. The isolated HCV NS3 protease may comprise a
biologically active analog or fragment of an HCV NS3 protease, for
example, the isolated HCV NS3 protease may not have the N-terminal 5,
10, 15, 20, 30, 35, 40, 45, or 48 amino acids of SEQ ID NO:2.
Examples of amino acid substitutions or mutations at various
positions of a variant HCV NS3 protease are shown in Tables 1-4. The
Tables, Figures, and  15 Examples herein also provide various data
obtained with variant HCV NS3 proteases or HCV viral variants as
compared to wild-type HCV N83 proteases or wild-type HCVs.
Biologically active fragments or analogs of a variant HCV N83
protease of the invention are also provided. Bartenschlager et al.
(1994, J. Virology 68: 5045- 55) described various fragments of HCV
NS3 proteins, for example, the deletion of N-terminal 7 or 23
residues abolished cleavage at NS4B/5A site, but no effect on other
cleave sites subjected to the NS3 protease activity; and the deletion
of N-terminal 39 residues abolished cleavage at NS4B/5A and NS5A/5B
sites and decreased the NS3 protease activity on the NS4A/4B site.
Failla et al. (1995, J. Virology 69: 1769-77) described that the
deletion of N-terminal 10 residues of a wild-type NS3 protein had no
effect on the NS3 protease activity, the deletion of N-terminal 15 or
28 residues resulted in a NS3 protein with partial protease activity
(normal cleavage at NS5A/5B, but lower at NS4A/4B and NS4B/5A sites),
the deletion of N-terminal 49 residues resulted in a completely
inactive N83 protease, and the deletion of C-terminal 10 residues of
the NS3 protease domain in the NS3 protein also resulted in a
completely inactive NS3 proteases.      Expression systems are
provided, for example, to make the valiant HCV proteases of the
invention. An expression system may include an expression vector that
comprises an HCV polynucleotide of the invention. Suitable
prokaryotic or eukaryotic vectors (e.g., expression vectors)
comprising an HCV polynucleotide (or "nucleic acid," used
interchangeably herein) of the invention can be introduced into a
suitable host cell by an appropriate method (e.g., transformation,
transfection, electroporation, infection), such that the
polynucleotide is operably linked to one or more expression control
elements (e.g., in the vector or integrated into the host cell
genome). For production, host cells can be maintained under
conditions suitable for expression (e.g., in the presence of inducer,
suitable media supplemented with appropriate salts, growth factors,
antibiotic, nutritional supplements, etc.), whereby the encoded
polypeptide is produced. If desired, the encoded protein can be
recovered and/or isolated (e.g., from the host cells or medium). It
will be appreciated that the method of production encompasses



19 of a known antibody, or by peptide synthesis. Such variants
include, for example, deletions from, and/or insertions into and/or
substitutions of, residues within the amino acid sequences of the
known antibody. Any combination of deletion, insertion, and
substitution is made to arrive at the final construct, provided that
the final construct possesses the desired characteristics. The amino
acid changes also may alter post-translational processes of the
antibody, such as changing the number or position of glycosylation
sites.      An antibody of the invention may have diagnostic as well
as therapeutic applications. In certain embodiments, an antibody of
the invention is labeled. The various antibodies of the present
disclosure can be used to detect or measure the expression of a
variant HCV NS3 protease, and therefore, they are also useful in
applications such as cell sorting and imaging (e.g., flow cytometry,
and fluorescence activated cell sorting), for diagnostic or research
purposes. As used herein, the terms "label" or "labeled" refers to
incorporation of another molecule in the antibody. In one embodiment,
the label is a detectable marker, e.g., incorporation of a
radiolabeled amino acid or attachment to a polypeptide of biotinyl
moieties that can be detected by marked avidin (e.g., streptavidin
containing a fluorescent marker or enzymatic activity that can be
detected by optical or colorimetric methods). In another embodiment,
the label or marker can be therapeutic, e.g., a drug conjugate or
toxin. Various methods of labeling polypeptides and glycoproteins are
known in the art and may be used. Examples of labels for polypeptides
include, but are not limited to, the following: radioisotopes or
radionuclides (e.g., 3H, 14C, 15N, 35s, 90y, 99TC, "In, 'In, 1251,
1311), fluorescent labels (e.g., FITC, rhodamine, lanthanide
phosphors), enzymatic labels (e.g., horseradish peroxidase,
beta-galactosidase, luciferase, alkaline phosphatase),
chemiluminescent markers, biotinyl groups, predetermined polypeptide
epitopes recognized by a secondary reporter (e.g., leucine zipper
pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags), magnetic agents, such as. gadolinium
chelates, toxins such as pertussis toxin, taxol, cytochalasin B,
gramicidin D, ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, colchicin, doxorubicin,
daunorubicin, dihydroxy antluncin dione, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine,
tetracaine, lidocaine,  WO 2007/059221PCT11152006/044363 20
propranolol, and puromycin and analogs or homologs thereof. In some
embodiments, labels are attached by spacer arms of various lengths to
reduce potential steric hindrance.       In certain aspects, kits for
use in detecting the presence of an HCV viral, a variant HCV N83
polynucleotide, or a variant HCV protease in a biological sample can
also be prepared. Such kits may include an antibody that recognizes a
variant HCV NS3 protease of the invention, as well as one or more
ancillary reagents suitable for detecting the presence of a complex
between the antibody and the variant protease or a portion thereof.
Alternatively, such kits may include a probe or primer of the
invention, such a probe or primer can hybridize with a variant HCV
NS3 polynucleotide of the invention under stringent conditions. A
probe or primer of the invention may be suitable for PCR or RT-PCR
that can be employed to detect a subject of interest. Alternatively,
such kits may be based on PCR or non-PCR based HCV diagnostic kits



20050059606; 20030207861; 20020147139; 20050143439; 20050059606;
20050107304; 20050090450; 20040147483; 20040142876; 20040077600;
20040018986; 20030236242; 20030216325; 20030207861; U.S. Patent Nos.
6,962,932; 6,914,122; 6,911,428; 6,846,802; 6,838,475. Anti-viral
agents may also include, but are not limited to, immunomodulatory
agents, such as alpha-, beta-, and gamma-interferons, pegylated
derivatized interferon-alpha compounds, and thymosin; other
anti-viral agents, such as ribavirin, amantadine, and telbivudine;
other inhibitors of hepatitis C proteases (NS2-NS3 inhibitors and
NS3-NS4A inhibitors); inhibitors of other targets in the HCV life
cycle, including helicase and polymerase inhibitors; inhibitors of
internal ribosome entry; broad-spectrum viral inhibitors, such as
INAPDH inhibitors (e.g., compounds of U.S. Pat. Nos. 5,807,876,
6,498,178, 6,344,465, 6,054,472, WO 97/40028, WO 98/40381, WO
00/56331, and mycophenolic acid and derivatives thereof, and
including, but not limited to VX-497, VX-148, and/or VX-944); or
combinations of any of the above. See also W. Markland et al.,
Antimicrobial & Antiviral Chemotherapy, 44, p. 859 (2000) and U.S.
Pat. No. 6,541,496. The following definitions are used herein:
"Peg-Intron" means PEG-Intron(r), peginteferon alfa-2b, available
from Sobering Corporation, Kenilworth, N.J.; "Intron" means
Intron-A(r), interferon alpha-2b available from Schering Corporation,
Kenilworth, N.J.; "ribavirin" means ribavirin
(1-beta-D-ribofuranosyl-1H-- 1,2,4-triazole-3-carboxamide, available
from ICN Pharmaceuticals, Inc., Costa Mesa, Calif.; described in the
Merck Index, entry 8365, Twelfth Edition; also available as
Rebetol(r) from Schering Corporation, Kenilworth, N.J., or as
Copeguse from Hoffmann-La Roche, Nutley, N.J.; "Pagasys" means
Pegasys(r), peg-interferon alfa-2a available Hoffmann-La Roche,
Nutley, N.J.; "Roferon" means Roferon(r), recombinant interferon
alpha-2a available from Hoffmann-La Roche, Nutley, N.J.; "Berofor"
means Berofor(r), interferon  WO 2007/059221PCT/US2006/044363 23
alpha-2 available from Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, Conn.; Sumiferon(r), a purified blend of natural alpha
interferons such as Sumiferon available from Sumitomo, Japan;
Wellferon(r), interferon alpha n1 available from Glaxo Wellcome Ltd.,
Great Britain; Alferon(r), a mixture of natural alpha interferons
made by Interferon Sciences, and available from Purdue Frederick Co.,
CT.       The term "interferon" as used herein means a member of a
family of highly homologous species-specific proteins that inhibit
viral replication and cellular proliferation, and modulate immune
response, such as interferon alpha, interferon beta, or interferon
gamma. The Merck Index, entry 5015, Twelfth Edition. According to one
embodiment of the present invention, the interferon is
alpha-interferon. According to another embodiment, a therapeutic
combination of the present invention utilizes natural alpha
interferon 2a. Alternatively, the therapeutic combination of the
present invention utilizes natural alpha interferon 2b. In another
embodiment, the therapeutic combination of the present invention
utilizes recombinant alpha interferon 2a or 2b. In yet another
embodiment, the interferon is pegylated alpha interferon 2a or 2b.
Interferons suitable for the present invention include: (a) Intron
(interferon-alpha 2B, Schering Plough), (b) Peg-Intron, (c) Pegasys,
(d) Roferon, (e) Berofor, (f) Sumiferon, (g) Wellferon, (h) consensus
alpha interferon available from Amgen, Inc., Newbury Park, Calif, (i)



(2000).  WO 2007/059221PCT/US2006/044363 25       Other
non-immunomodulatory or immunomodulatory compounds may be used in
combination with a compound of this invention including, but not
limited to, those specified in WO 02/18369, which is incorporated
herein by reference (see, e.g., page 273, lines 9-22 and page 274,
line 4 to page 276, line 11, which is incorporated herein by
reference in its entirety).       Compounds that stimulate the
synthesis of interferon in cells (Tazulalchova et al., J. Interferon
Cytokine Res. 21, 65-73)) include, but are not limited to, double
stranded RNA, alone or in combination with tobramycin and Imiquimod
(3M Pharmaceuticals) (Sauder, J. Am. Arad. Dermatol. 43, S6-11
(2000)).       Other compounds known to have, or that may have, HCV
antiviral activity include, but are not limited to, Ribavirin (ICN
Pharmaceuticals); inosine 5'- monophosphate dehydrogenase inhibitors
(VX-497 formula provided herein); amantadine and rimantadine
(Younossi et al., In Seminars in Liver Disease 19, 95- 102 (1999));
LY217896 (U.S. Pat. No. 4,835,168) (Colacino, et al., Antimicrobial
Agents & Chemotherapy 34, 2156-2163 (1990)); and
9-Hydroxyimino-6-methoxy1,4a-dimethy11,2,3,4,4a,9,10,10a-octahydro-ph
ena- nthrene-l-carboxylic acid methyl ester; 6-Methoxy-1,4a
dimethy1-9-(4-methyl-piperazin-1-ylimino)-
1,2,3,4,4a,9,10,10a-octahydro-p- henanthrene-lcarboxylic acid methyl
ester-hydrochloride; 1-(2-Chloro-phenyl)-3-(2,2-Biphenyl-ethyl)-urea
(U.S. Pat. No. 6,127,422).       Formulations, doses, and routes of
administration for the foregoing molecules are either taught in the
references cited below, or are well-known in the art as disclosed,
for example, in F. G. Hayden, in Goodman & Gilman's The
Pharmacological Basis of Therapeutics, Ninth Edition, Hardman et al.,
Eds., McGraw-Hill, New York (1996), Chapter 50, pp. 1191-1223, and
the references cited therein. Alternatively, once a compound that
exhibits HCV antiviral activity, particularly antiviral activity
against a drug-resistant strain of HCV, has been identified, a
pharmaceutically effective amount of that compound can be determined
using techniques that are well-known to the slcilled artisan. Note,
for example, Benet et al., in Goodman & Gilman's The Pharmacological
Basis of Therapeutics, Ninth Edition, Hardman et al., Eds.,
McGraw-Hill, New York (1996), Chapter 1, pp.  WO
2007/059221PCT/11S2006/044363 26 3-27, and the references cited
therein. Thus, the appropriate formulations, dose(s) range, and
dosing regimens, of such a compound can be easily determined by
routine methods.       The compositions related to combination
therapies of the present invention can be provided to a cell or
cells, or to a human patient, either in separate pharmaceutically
acceptable formulations administered simultaneously or sequentially,
formulations containing more than one therapeutic agent, or by an
assortment of single agent and multiple agent formulations.
Regardless of the route of administration, these drug combinations
form an anti-HCV effective amount of components of the
pharmaceutically acceptable formulations.       A large number of
other immunomodulators and inununostimulants that can be used in the
methods of the present invention are currently available and include:
AA-2G; adamantylamide dipeptide, adenosine deaminase, Enzon adjuvant,
Alliance; adjuvants, Ribi; adjuvants, Vaxcel; Adjuvax; agelasphin-11;
AIDS therapy, Chiron; algal glucan, SRI; alganunulin, Anutech;
Anginlyc; anticellular factors, Yeda; Anticort; antigastrin-17



WO 20071059221PCT/US2006/044363 30 cyclosporin, and clomethiazole.
For preferred dosage forms of ritonavir, see U.S. Pat. No. 6,037,157,
and the documents cited therein: U.S. Pat. No. 5,484,801, U.S.
application Ser. No. 08/402,690, and International Applications WO
95/07696 and WO 95/09614).       Methods for measuring the ability of
a compound to inhibit cytochrome P50 monooxygenase activity are known
(see U.S. Pat. No. 6,037,157 and Yun, et al. Drug Metabolism &
Disposition, vol. 21, pp. 403-407 (1993).       Immunomodulators,
immunostimulants and other agents useful in the combination therapy
methods of the present invention can be administered in amounts lower
than those conventional in the art. For example, interferon alpha is
typically administered to humans for the treatment of HCV infections
in an amount of from about 1x106 units/person three times per week to
about 10.times.106 units/person three times per week (Simon et al.,
Hepatology 25: 445-448 (1997)). In the methods and compositions of
the present invention, this dose can be in the range of from about
0.1x106 units/person three times per week to about 7.5 x106
units/person three times per week; more preferably from about 0.5 x10
6 units/person three times per week to about 5 x106 units/person
three times per week; most preferably from about 1 x106 units/person
three times per week to about 3 x106 units/person three times per
week. Due to the enhanced hepatitis C virus antiviral effectiveness
of immunomodulators, inununostimulants or other antiHCV agent in the
presence of the HCV serine protease inhibitors of the present
invention, reduced amounts of these immunomodulators/immunostimulants
can be employed in the treatment methods and compositions
contemplated herein. Similarly, due to the enhanced hepatitis C virus
antiviral effectiveness of the present HCV serine protease inhibitors
in the presence of immunomodulators and immunostimulants, reduced
amounts of these HCV serine protease inhibitors can be employed in
the methods and compositions contemplated herein. Such reduced
amounts can be determined by routine monitoring of hepatitis C virus
titers in infected patients undergoing therapy. This can be carried
out by, for example, monitoring HCV RNA in patients' serum by
slot-blot, dot-blot, or RT-PCR techniques, or by measurement of HCV
surface or other antigens. Patients can be similarly monitored during
combination therapy employing the HCV serine protease  WO
2007/059221PCT/US2006/044363 31 inhibitors disclosed herein and other
compounds having anti-HCV activity, for example nucleoside and/or
nucleotide anti-viral agents, to determine the lowest effective doses
of each when used in combination.       In the methods of combination
therapy disclosed herein, nucleoside or nucleotide antiviral
compounds, or mixtures thereof; can be administered to humans in an
amount in the range of from about 0.1 mg/person/day to about 500
mg/person/day; preferably from about 10 mg/person/day to about 300
mg/person/day; more preferably from about 25 mg/person/day to about
200 mg/person/day; even more preferably from about 50 mg/person/day
to about 150 mg/person/day; and most preferably in the range of from
about 1 mg/person/day to about 50 mg/person/day.      Doses of
compounds can be administered to a patient in a single dose or in
proportionate doses. In the latter case, dosage unit compositions can
contain such amounts of submultiples thereof to make up the daily
dose. Multiple doses per day can also increase the total daily dose
should this be desired by the person prescribing the drug.      The
regimen for treating a patient suffering from a HCV infection with



In an alternate embodiment, the methods of this invention
additionally comprise the step of administering to said patient an
anti-viral agent preferably an anti-HCV agent. Such anti-viral agents
include, but are not limited to, immunomodulatory agents, such as
alpha-, beta-, and gamina-interferons, pegylated derivatized
interferon-alpha compounds, and thymosin; other anti-viral agents,
such as ribavirin and amantadine; other inhibitors of hepatitis C
proteases (N52-NS3  WO 2007/059221PCT/US2006/044363 35 inhibitors and
NS3-NS4A inhibitors); inhibitors of other targets in the HCV life
cycle, including helicase and polymerase inhibitors; inhibitors of
internal ribosome entry; broad-spectrum viral inhibitors, such as
IMPDH inhibitors (e.g., VX-497 and other IMPDH inhibitors disclosed
in U.S. Pat. No. 5,807,876, mycophenolic acid and derivatives
thereof); or combinations of any of the above.      Such additional
agent may be administered to said patient as part of a single dosage
form comprising both a compound of this invention and an additional
antiviral agent. Alternatively the additional agent may be
administered separately from the compound of this invention, as part
of a multiple dosage form, wherein said additional agent is
administered prior to, together with or following a composition
comprising a compound of this invention.      In yet another
embodiment the present invention provides a method of pre-treating a
biological substance intended for administration to a patient
comprising the step of contacting said biological substance with a
pharmaceutically acceptable composition comprising a compound of this
invention. Such biological substances include, but are not limited
to, blood and components thereof such as plasma, platelets,
subpopulations of blood cells and the like; organs such as kidney,
liver, heart, lung, etc; sperm and ova; bone marrow and components
thereof, and other fluids to be infused into a patient such as
saline, dextrose, etc.      According to another embodiment the
invention provides methods of treating materials that may potentially
come into contact with a virus characterized by a virally encoded
serine protease necessary for its life cycle. This method comprises
the step of contacting said material with a compound according to the
invention. Such materials include, but are not limited to, surgical
instruments and garments; laboratory instruments and garments; blood
collection apparatuses and materials; and invasive devices, such as
shunts, stents, etc.      In another embodiment, the compounds of
this invention may be used as laboratory tools to aid in the
isolation of a virally encoded serine protease. This method comprises
the steps of providing a compound of this invention attached to a
solid support; contacting said solid support with a sample containing
a viral serine protease under conditions that cause said protease to
bind to said solid support; and  WO 2007/059221PCT/US2006/044363 36
eluting said serine protease from said solid support. Preferably, the
viral serine protease isolated by this method is HCV NS3 protease.
More particularly, it is a mutant HCV NS3 protease that is resistant
to treatment by VX-905 and/or BILN 2061 as described herein.
Exemplary such proteases includes those described herein as having
mutant (i.e., non-wild-type) residues at positions 36, 41, 43, 54,
148, 155, and/or 156 of a protein of SEQ ID NO:2. Exemplification
The disclosure now being generally described, it will be more readily
understood by reference to the following examples, which are included
merely for purposes of illustration of certain aspects and



39 followed by gentle rocking at 4 C for 30 min. Cell lysates were
centrifuged at 16,000x g to remove insoluble material. Each
supernatant was applied to a 0.25 int bed volume of TALON metal
affinity resin (BD Biosciences, Palo Alto, CA) equilibrated to Buffer
A in disposable polypropylene columns (Biorad, Hercules, CA). The
lysate/resin slurries were rocked at 4 C for 30 min. The lysates were
drained from the column and the resin washed with 3-5 mL volumes of
Buffer A. Two aliquots (0.25 rit each) of Buffer B (50 mM HEPES [pH
8.0]; 1 M NaCl; 25% [vol/vol] glycerol; 300 mM imidazole; 5
mMf3-mercaptoethanol; 0.1% Octyl f3-Dglucopyranoside; 2 fig/mL
Leupeptin; 1 gg/mL E-64; 2 f.tg/mL Pepstatin A]) were used to elute
protein bound to the column, the two fractions were pooled, divided
into small aliquots and stored at -80 C. The concentration of the
eluted protein was determined using a Coomassie protein assay
(Biorad, Hercules, CA) according to the manufacturers instructions
with a bovine serum albumin standard. Purity of the protease was
estimated using 1D Image Analysis Software (Kodak, Rochester, NY)
from protein samples resolved on denaturing acrylamide gels
(SDS-PAGE) stained with Biosafe Coomassie Blue (Biorad, Hercules,
CA). Example 5 Enzymatic Assay for the HCV N33 Serine Protease Domain
In vitro protease activity was assayed as published (7) in 96-well
microtiter plates (Coming NBS 3990) with both VX-950 and BILN 2061
protease inhibitors. BILN 2061 is a HCV NS3-4A protease inhibitor
discovered by Boehringher Ingelheim, Laval, Quebec, Canada. Briefly,
protease was incubated with 5 p.M cofactor KK4A at 25 C for 10 min
and at 30 C for 10 min. Protease inhibitor (VX950 or BILN 2061),
serially diluted in DMSO, was added and incubated for an additional
15 min at 30 C. The reaction was initiated by the addition of 5 tiM
RETS1 (Anaspec Inc. San Jose, CA), an internally quenched
-fluorogenic depsipeptide substrate, and incubated at 30 C. Product
release was monitored for 20 min (excitation at 360 nm and emission
at 500 nm) in a Tecan SpectraFluorPlus plate reader. Data were fitted
with a simple IC50 equation: Y = Vo/(1+(X/IC50)). Example 6 K,,1
Determination of HCV NS3 Serine Protease Domain proteins
Substrate kinetic parameters were determined with an internally
quenched fluorogenic depsipeptide substrate, RET-Si (Ac-
DED(EDANS)EEaAbuy[C001ASK (DABCYL)-NH2 (SEQ ID NO: 71) (Taliani et
S., (1996) Anal. Biochem. 240(1), 60-67). Protease was pre-incubated
with 5 uM co-factor peptide KK4A (KKGSVV1VGRIVLSGK (SEQ ID NO: 8))
(Landro et al., (1997) Biochemistry 36(31), 9340-9348) in 50 mM HEPES
(pH 7.8), 100 mM NaC1, 20% glycerol, 5 mM dithiothreitol at 25C for
10 min and at 30C for 10 min. The reaction was initiated by the
addition of the RET-S1 substrate (Anaspec Incorporated, San Jose, CA)
and incubated for 10 min at 30 C. Total assay volume was 100 p.L. The
reaction was quenched by the addition of 25 pi. 10% trifluoroacetic
acid (TFA). Reaction products were separated on a reverse phase
microbore high performance liquid chromatography column (Penomenex
Jupiter 51.1 C18 300 A column, 150 x 2.0 mm), which was heated to
40C. The flow rate was 0.2 mumin, -with H2010.1%TFA (solvent A) and
acetonitrile10.1% TF A (solvent B). A linear gradient was used as
follows: 5% to 30% solvent B over 1 mm, 30% to 40% solvent B over 15
mm, then 40% to 100% solvent B over I min, 3 min isocratic, followed
by 100% to 5% B in 1 min, and equilibration at 5% B for 10 min. The
DABCYL-peptide product was detected at 500 rim and typically eluted
around 17 min. K. was determined by fitting the data to the



Example 10 Patients with HCV RNA Rebound During Dosing       There
were 13 patients who initially responded to VX-950 with a greater
than 2 logio drop in HCV RNA, but eventually began to rebound while
still being dosed with VX-950. Of these 13 patients, 6 were in the
450 mg q8h dose group, 1 was in the 750 mg q8h dose group, and 6 were
in the 1250 mg q12h dose group. Complete sequence analysis is
available for 11 of these patients at Day 14 (Table 1).  WO
2007/059221PCT/US2006/044363 44 All of these patients had a
significant increase in mutations at position 36. At position 36, the
wild-type valine was mutated to an alanine (V36A) in genotype lb
patients (mean 60%, range 31%-86%) and to either an alanine or a
methionine (V36M) in genotype la patients (mean 62%, range 18%-90%).
The absence of V36M in subtype lb is likely due to the requirement of
2 nucleotide substitutions in subtype lb versus only a single change
in subtype la. The V36A mutation requires a single nucleotide change
in either subtype la or lb. Mutation to glycine at position 36 (V360)
was also seen in genotype lb patients and to a leucine (V36L) in la
patients, but at a much tower frequency. Three patients also had a
mutation at position 54 from a threonine to an alanine (T54A) (mean
35%, range 8%-67%) and less frequently to a serine (T54S).
Interestingly, the mutations at positions 36 and 54 appear to be
mutually exclusive. Additionally, all patients in this group who were
genotype la contained a mutation at position 155 from an.arginine to
either lysine (R155K) or threonine (R155T) (mean 60%, range 22%-99%),
and less frequently to isoleucine (R1551), serine (R1 55S),
methionine (R155M), or glycine (R1550). The observation that these
mutations at R155 is restricted to subtype la patients is again
likely due to the requirement for 2 nucleotide changes from baseline
in the lb patients versus a single nucleotide change in la patients.
In follow-up samples from this group, wild-type virus began to
re-emerge, but all mutations seen at ETR were still present, although
at different frequencies potentially due to differences in viral
fitness. No sequencing samples are available for the time point at
which rebound was first observed for each 'patient, so it is not
clear if other mutations were present earlier. Example 11 Patients
with Plateaued HCV RNA Response During Dosing      In the next group
(n=8), patients responded to VX-950 initially, but their HCV RNA
response stabilized and did not continue to decline, although no
increase in HCV RNA was seen. Two of these patients were in the 450
mg q8h dose group, 2 were in the 750 mg q8h dose group, and 4 were in
the 1250 mg ql2h dose group. Analysis is complete for 5 of these
patients at Day 14 (Table 1). All patients developed a mutation at
position 156 from an alanine to either valine (A156V) or threonine
(A156T), and very infrequently to a serine (Al 568) or isoleucine (Al
561). The A156V/T mutation was seen at a very high frequency in 3 of
the patients in this  WO 2007/059221PCT/US20061044363 45 group
(100%), and no other mutation was seen in these patients. The other 2
patients (02104 and 12308) only had 8% A156T and 30% A156V mutant
virus, respectively, but these patients also had mutations at other
positions (47% V36A/M and 36% R155IC/T for patient 02104; 68% T54A
for patient 12308). One patient from the rebound group, 02102, also
had a similar frequency of mutations (11%) at position 156. At
follow-up time points, the mutation at position 156 was almost
completely replaced by either wild-type virus or virus with mutations
at positions 36, 54, and/or 155. A change to serine at position 156



The genotypic analyses performed here allowed a detailed examination
of the relative proportion of different resistant mutants within each
patient. To better understand the level of phenotypic resistance
conferred by these viral mixtures, exploratory analyses were done to
obtain an average phenotype for each patient. The percent of virions
with a given single or double mutation was multiplied by the average
fold change in enzyme IC50 for that given mutant (Table 3), and then
all values were added for each patient. The relative number (value
divided by 100) is shown in the last column of Table 1. The mean
value for the rebound group of patients was 27 at Day 14 (range 6-70)
and 15 at follow-up (range 3-29). The mean value for the plateau
group of patients was 272 at Day 14 (range 26-466) and 32 at  48
follow-up (range 1-126). The last group of patients that continued to
decline had a mean value of 4 at follow-up (range 0-10). From these
very preliminary calculations, it seems that the level of resistance
in all groups of patients declines after the last dose (from Day 14
to follow-up), which is not unexpected, as the drug pressure is no
longer present for selection of resistant virions. It also appears
that the rebound group of patients has lower levels of resistance
than the patients that plateaued. An analysis correlating
pharmacokinetic data with resistance patterns is currently underway.
Example 16 Fitness Analysis of Resistance Mutations       Another
important aspect of these viral variants in addition to their
resistance profile is the level of fitness. The viral fitness of
single and double mutants was calculated (Table 4). The absolute
number of infectious units (IU/mL) of each HCV variant in an
individual patient at a given time point was determined. For example,
the absolute number of infectious units of variants with the A156V/T
mutation in Patient 03201 at Day 14 was calculated as: V1414
(A156V/T, 3201) = V1414 (whole, 3201) X % A156V/Td14 paw. Total HCV
RNA at either end-of-dosing (Day 14, V1414 (whole, 3201)) or
follow-up (Day 21, VI..-cm (whole, 3200) was taken from the analysis
of plasma HCV RNA levels, as determined by the Roche COBAS Taqman
LICV assay. Undetectable levels of HCV RNA were considered to be 5
IU/mL. The percentage of each individual variant group (e.g.,
A156'//T) at either end-of-dosing (Day 14, VoA156V/Td14 (non) or
follow-up (Day 21, %A156V/Td2i (non) was taken from the sequence
analysis described above (Table 1). Next, the fold of net increase in
plasma HCV viral load (N'VL) for each HCV variant and the whole
population of HCV in the plasma in the individual patient after
dosing (Day 14 to Day 21) was determined. For example: NVL(A156V/T,
3201) = V1421 (A156V/T, 320!)! V1414 (A156V/T, 3201) NVI-(who1e,
3201) = V1421 (whole, 320,1) / V1414 (whole, 3201) The NVL of each
HCV variant was normalized to that of the whole plasma HCV population
in each patient: VoNVI-(A I 56V)T, 3201) = NVL(A I 56V)T, 3201) /
NV1,(whole,  WO 2007/059221PCT/US2006/044363 49       The normalized
fold of net increase in viral load of each HCV variant in individual
patients were then converted into logio-converted values:
Logio[%NVLok155va,3201A, and the average value for a variant was
determined from all patients. The fitness of the HCV mutant was then
calculated: Fitness for Al 56V/T mutation = 10 Log(fitness, A156V1r).
This relative fitness score was analyzed with the resistance level of
each mutant. As shown in Figure 7, all mutants were less fit than
wild-type and, in general, using this analysis there is an inverse
correlation between fitness and resistance of single mutants. The



Example 19 Study Results       Results from enzymatic assays and
structural studies are presented here, in addition to the discussions
above for certain variants of the invention. 1)Substitutions at
Argils of the NS3 protease confer low-level  resistance to telaprevir
in HCV replicon cells        To determine whether the observed
substitutions of Ares of the HCV NS3 protease domain are sufficient
to confer resistance to telaprevir (VX-950), several substitutions at
NS3 residue 155 (R155K, R155T, R155S, R1551, R155M, or R155G) were
introduced into a high-efficiency subgenomic replicon plasmid
(ConlmADE). Stable HCV replicon cells were generated for each of
these variants, indicating that replacement of N53 Arg155 with a
different residue did not abolish HCV RNA replication in cells. The
average 48-h 1050 value of telaprevir in the wild-type HCV replicon
Conl-mADE cells was 0.485  0.108 pM, which is slightly higher than
what had been determined previously (0.354 pM) in Conl-based HCV
replicon cells with a different set of adaptive mutations (24-2)
(25,41). Two major Arg155 variants, R155K and R155T, which were
observed in a phase lb trial of telaprevir alone, had average 48-h
telaprevir IC50 values of 3.59 th 0.28 11M for R155K and 9.60  0.87
pM for 1U55T. This corresponds to a 7.4- or 20-fold increase,
respectively, compared to the wild-type Conl-mADE replicons (Table
I). Similar decreases in sensitivity to telaprevir were observed in
HCV replicon cells containing the other four minor variants at
Arg155: R155S, R1551, R155M, or R1550; Table I. These 4 variants were
found at much lower frequency than R155K/T in the telaprevir phase lb
trial. The replicon 48-h 1050 values for these four variants were
1.97 th 0.21 pM (R1555), 11.7 th 2.5 JAM (R1551), 2.68 th 0.21 pM
(R155M), and 3.58  0.24 1.1M (R1550), which corresponds to a 4.1-,
24-, 5.5-, and  WO 2007/059221PCT/US2006/044363 52 7.4-fold,
respectively, loss of sensitivity to telaprevir (Table I). These
results indicate that substitutions of NS3 Arg155 led to low-level
(<25-fold) resistance to telaprevir in HCV replicon cells,
independent of the physical properties of the substituted residue,
which include a positive charged residue (Lys), a hydrophilic residue
(Thr or Ser), a hydrophobic residue (Ile or Met), or a residue that
lacks a side chain (Gly). Table I.Demonstration of Resistance in HCV
Replicon Cell assays Variants Replicon 1050 of telaprevir (p,M) Fold
change Wild-type 0.485 1 0.108 1.0  0.2 R1551C 3.590.28 7.40.6 R155T
9.60  0.87 20  2 R155S 1.97 1 0.21 4.10.4 R1551 11.7 1 2.5 24.0 1 5.2
R155M 2.68 1 0.21 



5.5  0.4 R155G 3.58 1 0.24 7.40.5  The stable wild-type (mADE) and
variant HCV sub-genomic replicon cell lines were generated using the
T7 RNA runoff transcripts from the corresponding high efficiency Conl
replicon plasmids. The average 1050 values and SD of telaprevir were
determined for the HCV replicon cell lines in the 48-h assay in three
independent experiments. Fold change was determined by dividing the
1050 of a given variant by that of the wild-type I-ICY replicon.
2)Substitutions at Ares of the HCV NS3 protease resulted in a
decreased sensitivity to telaprevir in enzyme assays       To confirm
whether substitutions at Ares in the HCV NS3 protease domain are
sufficient to cause a loss of sensitivity to telaprevir at the enzyme
level, Arg155 was replaced with Lys, Thr, Ser, or Ile in an NS3
protease domain (genotype la) from which the sequences were derived
from HCV samples in a patient prior to dosing with telaprevir. The
NS3 serine protease domain proteins containing R155K, R155T, R155S,
or R1551 mutations were expressed in K coil and purified prior to
determination of enzyme sensitivity to telaprevir. Resistance to
telaprevir was  WO 2007/059221PCT/U52006/044363 53 defined by the
fold-change in Ki(app,111), which is the apparent IC1 measured after
a 1-h pre-incubation with telaprevir.       A comparison of the
sensitivity of telaprevir for the wild-type HCV protease domain
co-complexed with the KK4A cofactor peptide versus variants with
substitutions at Arg155 is shown in Table II. The average Ki(app,1h)
value of telaprevir against the wild-type genotype la patient NS3
protease domain complexed with the ICK4A peptide was 0.044  0.033 uM
(Table II). In contrast, the average Ki(app,1h) values of telaprevir
were about 11-fold higher for the R155K protease and 9-fold higher
for the R1 55T protease (Table II), the two major variants observed
in the phase lb trial of telaprevir alone. R155S and R155I, two of
the minor Arg155 variants observed in the telaprevir phase lb trial,
showed 22-fold and 16-fold increases in Ki(app,th) values,
respectively, compared to that of wild-type protease (Table II).
These data indicate that substitutions of Arg155 with different amino
acids, including a conservative substitution of another positively
charged residue (Lys), results in a decreased sensitivity to
telaprevir. Table II.Demonstration of Resistance in HCV NS3 Protease
Enzyme Assays  Variants Kkappow of telaprevir (pM) Fold change
Wild-type (n=5) 0.044 1 0.033 1.0  0.8 R155K (n=4) 0.49  0.22 11 1 5
R155T (n=5) 0.38 1 0.18 8.7 1 4.2 R155S (n=3) 0.97 1 0.70 22 1 16 



R1551 (n3) 0.71 0.35 16 1 8  The average KKapp,ih) values and SD of
telaprevir were determined for the purified wild-type and for four
variant HCV NS3 serine protease domains using the KK4A cofactor
peptide and the FRET substrate in three to five independent
experiments. Fold change was determined by dividing the Kkapp, h) of
a given variant by that of the wild-type protease. 3)X-ray structure
of the R155K HCV NS3 protease       To understand why substitution of
Arg155 with another residue, including a positively charged amino
acid (Lys), results in a loss of sensitivity to telaprevir, the X-ray
crystal structure of the R1 55K NS3 protease was determined. The R1
55K  WO 20071059221PCT/US2006/044363 54 mutation was engineered into
a T7-tag fused HCV-H protease construct that had previously been used
to determinate the structure of the wild-type protease cocomplexed
with NS4A cofactor peptide. The ensemble structure of the R155K
protease domain co-complexed with NS4A cofactor peptide, with a
resolution of 2.5 A, is very similar to that of wild-type HCV-H
strain protease complex described previously (Kim et al., supra).
Briefly, one molecule of 1483 protease domain (residues 1 to 181) and
one molecule of the co-factor NS4A (residues 21 to 39) form the
globular entity, which, in turn, forms the homodimer with another
globular entity in the asymmetrical unit. One globular unit of the
Lys'protease in complex with the NS4A cofactor was superimposed with
the wild-type Argl55 co-complex. Because the rins deviation of Ca
atoms was only 0.314 A, there is little difference in structure of
these two proteases.       A close-up view of the side chains of NS3
protease residues 123, 168 and 155 in the 82 and 84 pockets is shown
in Figure 25(B). The overall shift of residue 155 side-chain (Lys155
versus Arg155) is small as evidenced by the distance between the Co
of residue 155 and the C13 of the Asps', one of the catalytic triad
residues: 4.26 A for Lys155 and 4.24 A for Arg155. In the R155K
protease, the distance between the terminal amine (14z) of Lys155 and
the cp of Asp81 is 3.5 A, and the distance between the CO of Lys155
and the C13 of Asps' is 3.6 A. In the wild-type protease, the NH1 and
Nz of Arg155 are 5.6 A and 5.3 A, respectively, away from the Cf3 of
its Asps!. Thus, the terminal amine group of Lys155 in the RI 55K
protease is closer to the carboxyl group of Asps' than the
comparative terminal azide group of Arg155. In contrast, the distance
between Nz of Lys155 and the carboxyl atom 0e2 of Asp' 68 is 5.8 A in
the R155K protease compared to 3.2 A between the corresponding pair
of the terminal NH2 of Arg155 and the 082 of Asp168 in the wild-type
protease. Thus, the terminal amine group of Lys155 in the R155K
protease is further away from the carboxyl group of Aspics than the
comparative terminal azide group of Arg155. Therefore, substitution
of Arg with Lys at residue 155 alters the shape of the 82 binding
pocket such that the positive charge at the Nz atom of Lys155 can not
be neutralized by the adjacent side-chain of Aspics as is the case of
the wild-type Argi55 and Asp168 pair.  WO
2007/059221PCT/US2006/044363 55       4) Mechanism of resistance of
R1551C or R155T variant to telaprevir       A structural model of the
interactions between telaprevir and NS3 protease has previously been
described (e.g., Lin et al., supra). In a model of the co-complex of
telaprevir with the R1 55K enzyme, the same interactions were
maintained except for differences at the side-chain of residue 155.
In the wild-type protease structure, the Arg155 side-chain bends over
the bicyclic P2 group of telaprevir to make several direct van der



IFN-a (U/ml) Fold change Ribavirin (uM) Fold change Wild-type 11.6
1.1 1.010.1 58  18 1.0  0.3 R155K 15.2 1 12.3 1.3 1 1.1 37 1 17 0.6 1
0.3 R155T 4.8 1 3.3 0.4 0.3 32  18 0.6 1 0.3 R155M 4.9 1.0 0.4 1 0.1
39  5 0.7 1 0.1  The stable wild-type and variant HCV sub-genomic
replicon cell lines were generated using the T7 RNA runoff
transcripts from the corresponding high efficiency Conl replicon
plasmids. The average IC50 values and SD of IFN-a and ribavirin were
determined for the HCV replicon cell lines in the 48-h assay in three
independent experiments. Fold change was determined by dividing the
IC50 of a given variant by that of the wild-type HCV replicon.
Example 20 Summ my of the Study Results       One study was to
monitor the possible emergence of drug resistant mutations to VX-950
nionotherapy by sequence analysis of the HCV protease NS3-4A region
in subjects with genotype 1 hepatitis C who were dosed with VX-950
for 14 days. Traditionally, resistance genotyping has been done by
population-based sequencing, which detects the dominant sequence in
the plasma virus. Any sequences that constitute less than 20% of the
viral population will not be detected by this method. Because
drug-resistance mutations may take longer than 14 days to accumulate
to this measurable level, a new method was developed to detect minor
populations of variants. Sequences were obtained from about 80-85
individual viral clones per subject per time point, so that resistant
mutations that may emerge in 14 days of dosing with VX-950 with a
sensitivity of down to about 5% of the population can be identified.
In subjects grouped by viral response to VX-950, distinct mutational
patterns were observed. In the first group a subjects whose HCV RNA
rebounded during the dosing period, wild-type virus was almost
completely replaced by 1 of 3 viral variants containing a mutation at
position 36, 54, or 155 at ETR and follow up. A  WO
2007/059221PCT/1152006/044363 



57 V36A mutation was found in genotype lb subjects, whereas a V36A/M
or R155K/T was seen in the genotype la subjects. Some variants also
contained a double mutation at positions 36 and 155 in la subjects. A
T54A mutation was seen in both la and lb subtypes. The mutations at
positions 36 and 54 appear to be mutually exclusive as they were
rarely found together in the same genome. A second group of subjects
had an initial HCV RNA decline that leveled off at the end of the
14-day dosing period. These subjects harbored virus that contained a
mutation at position 156 from an alanine to either a valine (Al 56V)
or threonine (A156T). This mutation at position 156 has previously
been shown to develop in vitro in the presence of VX950 (6, 7). Some
subjects harbored a few variants that also contained a double
mutation at positions 36 and 156.       Subject-specific protease
clones were expressed and tested for inhibition by VX-950. There were
no significant differences in the enzyme IC50 values of the baseline
proteases derived from different subject isolates within a subtype.
However, the IC50 values of the mutant proteases indicate varying
degrees of decreased sensitivity to VX- 950. HCV RNA in the last
group of subjects continued to decline throughout the dosing period,
and some reached levels below the limit of detection of the current
assay (10 IU/mL). Due to the limit of sensitivity of our sequencing
assay (>100 IU/mL), no viral sequence data are available for these
subjects at Day 14 of dosing. However, samples taken 7 to 10 days
after the last dose of VX-950 were successfully sequenced for all
subjects. In the follow-up samples from the first two response
groups, resistant mutations were found to persist in the plasma of
all subjects. However, in many cases, the frequency of mutation at
position 156 was significantly decreased, as the wild-type as well as
the mutations at position 36 or 54 began to increase in proportion.
The proportion of virions with a mutation at position 155 remained
relatively constant. These shifts in mutation patterns are likely due
to fitness differences between variants in the absence of drug
selective pressure. It appears that viruses with mutation at
positions 36, 54, or 155, although less fit than wild-type, are still
reasonably fit, whereas the residue 156 mutants are quite unfit in
the absence of drug. From these data, there seems to be an inverse
correlation between the level of resistance and the fitness for
different single mutants. The data derived from the group of subjects
with a plateau in plasma HCV  WO 2007/059221PCT/US2006/044363 58 RNA
indicated the influences of virologic resistance and fitness in
producing a given clinical response. Thus, the clinical response
cannot, itself, indicate the underlying virology.      Analysis of
the last group of subjects who had continued HCV RNA decline during
dosing and reached low levels of HCV RNA reveals that virus present
at follow-up consisted of mostly low level resistance mutations at
positions 36 and 54, and 3 of the subjects harbored few mutations but
were mostly or completely wild-type. Although it is unknown what
variants, if any, were present at Day 14, this result suggests that
with an optimal response to VX-950, it may be possible to avoid
clinical resistance with monotherapy or by the addition of other
antiviral compounds such as Peg-IFN. Optimizing dosing regimens may
extend this response to a greater number of patients.      In
summary, these results indicate that the dosing regimen of VX-950 in
this study can result in the selection of different mutations in the
NS3 protease with varying levels of drug resistance. Increased



G. Migliaccio. 2003. In vitro selection and characterization of
hepatitis C virus serine protease variants resistant to an
active-site peptide inhibitor. J. Virol. 77:3669-79.  WO
2007/059221PCT/US2006/044363 61 Table 1. Mutations in the HCV
Protease Alone or in Combination Found After Dosing with VX-950
Subject Group Subj ID VX-950 Dose Geno - type A in Vli  % Single ' %
Double ' Average Phenotyped      Time Pointb V36 T54 R155 A156 



36/155 36615  Rebound 2101 450 la 2.56 ETV 9 4 13 0 77 0 36.70
FU t 23.5 0 11.5 0 60.5 0 29.43  2102 



450 la 1.84 ETR 35 3 32 8 12 3 69.69      FU 31 0 26 0 26 0 14.81
2105 450 lb 1.06 ETR 86 



0 0 5 0 0 26.31      FU 45 32 0 6 0 0 28.94  2107 450 lb 2.09 ETR
n/a8 n/a n/a n/a rila n/a 



n/a      FU n/a n/a  n/a n/a n/a lila  3108 450 lb 2.08 ETR 66 31 0 0
0 0 6.03     



FU 62 8 0 0 0 0 3.13  3111 450 lb 1.82 ETR 24 67 0 2 0 1 30.71
FU 31 63 0 



0 0 0 8.65  2211 750 la 2.35 ETR &a n/a rila rila n/a ii/a n/a
FU 35 1 31 0 13 0 9.33  



2310 1250 la 0.86 ETR 42 0 33 0 14 0 10.15      FU 41 1 22 0 14 0
9.39  2312 1250 1 a 3.20 ETR 



38 14 9 0 52 0 26.13      FU 36 9 10 0 52 0 26.03  3301 1250 I a 1.16
ETR 8 4 65 0 10 



0 9.38      FU 28 0 34 0 16 0 10.65  3302 1250 1 a 2.50 ETR 39 8 15 0
24 0 14.39    



FU 31 10 26 0 18 0 12.33  3303 1250 la 1.93 ETR 0 1 79 0 20 0 14.59
FU 6 0 



66 0 23 0 15.28  3305 1250 la 2.25 ETR 63 2 10 0 12 4.5 47.49      FU
77 0 4 0 10 1 15.38 



Plateau 2104 450 la 0.65 ETR 34 0 27 4 9 4 57.05      



FU 82 0 0 0 8 0 6.55  2106 450 lb 0.41 ETR n/a n/a tila n/a n/a n/a
n/a      FU 5 8 0 0 



0 0 1.14  3201 750 la 0.73 ETR 0 0 2 100 0 0 466.14      FU 25 2 24 3
22 3 45.74  3202 



750 lb 0.22 ETR 0 0 0 100 0 0 466.00      FU 24 16 0 29 0 2 126.48
1230 8 1250 lb 0.05  ETR 



0 68 0 30 0 0 147.96      FU 7 - 64 0 0 0 0 7.93  2309 1250 lb 0.33
ETR n/a &a n/a n/a n/a 



n/a n/a      FU 19 10 0 0 0 0 1.87  2311 1250 la 0.62 ETR 72 92 12 2
8 1 25.96    



FU n/a rJa n/a n/a rife n/a rJa  3306 1250 lb 0.26 ETR 0 0 0 100 0 0
466.00      FtJ 52 25 



0 4 0 1 30.97  WO 2007/059221PCT/US2006/044363 62 Subject Group Subj
ID VX-950 Dose Geno - type  Time Paine % S ngle` % Double' Average
Phenotype"       V36 T54 



R155 A156 36/155 361615  Continued Response 3110 450 lb  ETR ndh ad
ad ad nd rid ad      FU 21 53.5 0 0 0 0 



6.80  3112 450 lb  ETR ad nd ad ad ad rid ad      FU 3 6 0 0 0 0 0.83
2207 750 lb 



ETR ad ad nd ad nd ad ad      Elf n/a rila n/a n/a n/a n/a nk  3203
750 lb  ETR ad ad nd 



nd nd ad ad      FU 9 1 0 2 0 0 9.65  3204 750 lb  ETR nd ad nd ad nd
ad ad  



FU 25 20 0 0 0 0 3.17  3205 750 la  ETR nd ad ad nd ad ad nd      FU 



62 11 21 0 5 0 4.92  3212 750 lb  ETR rid rid rid rid rid nd rid
FU 0 0 0 0 0 



0_ 0.00   Log change in HCV RNA from nadir to Day 14 (end of dosing).
Patien 3108 did not have a Day 14 HCV RNA value, and so it was
inferred using Day 11 and Day 17 values. b Days after first dose of
VX-950  Percentages base on an average of 82 clones d Sum of (%mutant
at amino acid position) x (average fold change in IC50 for amino acid
position for all single and double mutants/100  ETR = end of
treatment (Day 14) FU = follow up (7-10 days after ETR)  n/a = not
available (in progress) 11d= not detectable  WO
2007/059221PCT/US2006/044363 63 Table 2. IC50 Analysis of Single and
Double Mutants with VX-950 and BHA 2061 Mutation VX950 BILN2061  ICso
[nM] Fold change IC50 [nM1 Fold change V36M 110 1.7 nd* nd 



V36M 280 4.4 2.3 0.5 V36M 156 2.4 2.0 0.4 V36L 140 2.2 2.1 0.5 V36A
125 2.0 nd nd V36A 275 4.3 2.3 0.5 V36A 250 3.9 26 5.5 V36A 



264 4.1 nd nd V36A 444 6.9 9.1 2.0      T545 120 1.9 3.6 0.8 T54A 749
19 10 2.3      R155K 275 



4.3 632 137 R155K 300 4.7 nd nd R155K 410 6.4 >840 >183 R155M 425 6.6
nd nd R155S 370 5.8 >840 >183 R155T 335 5.2 rid nd R155T 465 7.3 



696 151 R155T 915 14 799 174      A156S 1400 22 7.4 1.6      A156T
21500 336 >840 >183 A156T 15000 234 nd 



nd A1561 >50000 >781 nd nd A156V >50000 >781 rid nd A156V 12500 195
nd Nd      V36A, R155K 1350 21 nd rid V36A, R155K 1800 28 rid rid 



V36M, R155K 3593 56 nd nd V36M, R155K 2950 46 >840 >183 V36M, R155K
4043 63 nd rid V36M, R155T 3810 60 729 158 V36M, A156T >50000 >781 nd
rid   * rid = not determined  WO 2007/059221PCT/US2006/044363 64 



Table 3. Mean 1050 values for VX-950 of Different Amino Acid
Mutations at the Same Position Mutation IC50 mean [nAll 1050 SD fnM]
Fold change mean Fold change SD V36M/L/A 227 106 3.5 1.7 T545 120
1.9  T54A 749  12  R155K/IV1/5/T 437 



204 6.8 3.2 A1565 1400  22  A156TN/I 29800 18730 466 293  V36M/A,
R155K/T292411164617 V36M, A156T>50000>781 Table 4. Fitness of Viral
Mutants Viral Mutation Fitness Fold Reduction in Fitness Relative to
Wild-type Fitness (wild-type set to 100) None (wild-type) 4.17  100
V36A/M 2.82 -1.48 68 



R155K/T + V36A/M 2.0 -2.09 48 T54A 1.86 -2.24 45 R155K/T 1.58 -2.64
38 A156V/T 0.1 -41.70 2.4  WO 2007/059221PCT/IJS2006/044363 65 Table
5Summary of Resistance of Mutant WV Proteases  VX-950 SCH 503034 BILN
2061 ITMN-191  Replicon Enzyme RepIkon Enzyme Replinen 



Enzyme Replicon Enzyme Viral Variant Assay Assay') Assay Assay Assay
Assay Assay Assay V36M 7.0 (1.6) 5.8 2.7 (0.9) 4.4 1.4 (0.9) 0.6 2.1
1.9 V36A 7.4 (2.2) -- 3.2 (0.9) -- 1.7 (1.1) - 1.5 -- V36G 



11.2 (0.4) -- 2.4 (0.3)  1.1 -- 1.7  V36L 2.2 (0.4) 2.2 1.1 (0.3)
1.5 -- 0.9  T54A 6.3 (1.7)  3.2 (1.1)  0.9 (0.2)  1.0  V36A+T54A 20.1
(2.9)  4.5 (0.2)  



0.6 (0.3) - 0.5 (0.1)  R155K 7.4 (0.6) 11 6.2 (4.9) 10 355 (213) >300
62.8 120 RI55T 19.8 (1.8) 8.7 10.2 (2.4) -- 645 (173) 72 9.2 -- R1555
4.1 (0.4) 22 1.8 (0.6) -- 592 (124) >310 8.0 (0.2)  



R1551 24.0 (5.2) 16 6.6 (2.1)  36.5 (9.5) 56 1.3 (0.2)  RI55M 5.5
(0.4) -- 2.5 (0.3) -- 42.2 (2.1) -- --  R1550 7.4 (0.5)  2.8 (0.6)
821 (208) -- 18.7 (3.0)  V36A+R155K -40  8.3 (0.7) 



757 (99) -- 316 (191)  V36A+R155T >62 -- 21.9 (6.6) -- 835 (91) --
33.0 -- V36M+R155K -63 74 11.3 (5.5) 39 791 (343) >250 263 (155) 220
V36M+R155T >62 -- 21.3 (2.6) -- 1160 (110) -- 66.7 



-- V36M+A156T >62  >37 -- 1986 -- 12.0 (2.0)       (1104)    A1565
50 -- 37 -- 9.7  10 A156T -- 410 



310  >310  12 V170A 2.6 (0.6)  3.3 (0.6)  1.8 (0.3)  ??  RIO9K 0.8
(0.2)  0.8 (0.2)  1.2 (0.4)  ??   66 Incorporation by Reference
All publications and patents mentioned herein are hereby incorporated
by reference in their entirety as if each individual publication or
patent was specifically and individually indicated to be incorporated
by reference.       While specific embodiments of the subject
disclosure have been discussed, the above specification is
illustrative and not restrictive. Many variations of the disclosure
will become apparent to those skilled in the art upon review of this
specification and the claims below. The full scope of the disclosure
should be determined by reference to the claims, along with their
full scope of equivalents, and the specification, along with such
variations  



67 We claim:  1. An isolated Hepatitis C Virus (HCV) polynucleotide
comprising a nucleic acid sequence encoding a proteolytically active
HCV NS3 protease having an encoded amino acid sequence that is at
least 60% identical to the amino acid sequence encoded by the region
of the nucleic acid sequence of SEQ ID NO: 1, from nucleotide
position 1 through nucleotide position 543, wherein the nucleic acid
sequence has at least one codon alteration, said codon alteration
being at the codon position corresponding to codon position 54 of SEQ
ID NO: 1, said codon alteration resulting in a codon encoding an
amino acid different than threonine or alanine at the amino acid
position corresponding to position 54 of the HCV NS3 protease amino
acid sequence of SEQ ID NO:2.  2. An isolated Hepatitis C Virus (HCV)
polynucleotide comprising a nucleic acid sequence encoding a
proteolytically active HCV NS3 protease having an encoded amino acid
sequence that is at least 60% identical to the amino acid sequence
encoded by the region of the nucleic acid sequence of SEQ ID NO:1,
from nucleotide position 1 through nucleotide position 543, wherein
the nucleic acid sequence has at least one codon alteration, said
codon alteration being at the codon position corresponding to
position 54, said codon alteration resulting in a nucleic acid
encoding a serine at the amino acid position corresponding to
position 54 of the HCV NS3 protease amino acid sequence set forth as
SEQ ID NO:2.  3. An isolated Hepatitis C Virus (HCV) polynucleotide
comprising a nucleic acid sequence encoding a proteolytically active
HCV NS3 protease having an encoded amino acid sequence that is at
least 60% identical to the amino acid sequence encoded by the region
of the nucleic acid sequence of SEQ ID NO:1, from nucleotide position
1 through nucleotide position 543, wherein the nucleic acid sequence
has at least one codon alteration, said codon alteration being at the
codon position corresponding to codon position 36 of SEQ ID NO:!, the
codon alteration resulting in a codon encoding methionine or glycine
at the amino acid position corresponding to position 36 of the HCV
N53 protease amino acid sequence of SEQ ID NO:2.  68  4. An isolated
Hepatitis C Virus (HCV) polynucleotide comprising a nucleic acid
sequence encoding a proteolytically active HCV NS3 protease having an
encoded amino acid sequence that is at least 60% identical to the
amino acid sequence encoded by the region of the nucleic acid
sequence of SEQ ID NO:!, from nucleotide position 1 through
nucleotide position 543, wherein the nucleic acid sequence has at
least one codon alteration, said codon alteration being at the codon
position corresponding to codon position 155 of SEQ ID NO: 1, said
codon alteration resulting in a codon encoding an amino acid selected
from the group consisting of lysine, threonine, serine, isoleucine,
methionine, leucine and glycine at the amino acid position
corresponding to position 155 of the HCV NS3 protease amino acid
sequence of SEQ ID NO:2.  5. An isolated Hepatitis C Virus (HCV)
polynucleotide comprising a nucleic acid sequence encoding a
proteolytically active HCV NS3 protease having an encoded amino acid
sequence that is at least 60% identical to the amino acid sequence
encoded by the region of the nucleic acid sequence of SEQ ID NO:I,
from nucleotide position 1 through nucleotide position 543, wherein
the nucleic acid sequence has at least one codon alteration, said
codon alteration being at the codon position corresponding to codon
position 156 of SEQ ID NO:!, said codon alteration resulting in a
codon encoding an isoleucine at the amino acid position corresponding



70  sequence of SEQ ID NO:1, from nucleotide position 1 through
nucleotide position 543, wherein the nucleic acid sequence has at
least one codon alteration at a codon position selected from the
group of codon positions corresponding to codon positions 36, 54, 155
and 156 of SEQ ID NO:!, and (i) wherein said codon alteration at the
codon position corresponding to codon position 36 of SEQ ID NO: 1, if
it is the only codon alteration at a position corresponding to one of
the codon positions 36, 54, 155 and 156, results in a codon encoding
methionine or glycine, (ii) (ii) wherein said codon alteration at the
codon position corresponding to codon position 54 of SEQ ID NO: 1, if
it is the only codon alteration at a position corresponding to one of
the codon positions 36, 54, 155 and 156, results in a codon encoding
a serine, (iii) (iii) wherein said codon alteration at the position
corresponding to codon position 155 of SEQ ID NO:1, if it is the only
codon alteration at a position corresponding to one of the codon
positions 36, 54, 155 and 156, results in a codon encoding an amino
acid selected from the group consisting lysine, threonine, serine,
isoleucine, methionine, leucine and glycine, and (iv) (iv) wherein
said codon alteration at the position corresponding to codon position
156 of SEQ ID NO:1, if it is the only codon alteration at a position
corresponding to one of the codon positions 36, 54, 155 and 156,
results in a codon encoding isoleucine.  17. The isolated Hepatitis C
Virus (HCV) polynucleotide of claim 16 wherein the nucleic acid
sequence comprises a first codon alteration, said codon alteration
being at the codon position corresponding to position 36 of SEQ ID
NO: 1, said codon alteration resulting in a codon encoding methionine
or glycine, and that further comprises at least an additional codon
alteration at one or more codon positions selected from the group of
codon positions corresponding to codon positions 54, 155 and 156.
18. The isolated Hepatitis C Virus (HCV) polynucleotide of claim 16,
wherein the nucleic acid sequence comprises a first codon alteration,
said codon alteration being at the codon position corresponding to
position 155 in the nucleic acid sequence of SEQ ID NO: 1, said codon
71 alteration resulting in a codon encoding an amino acid selected
from the group consisting lysine, threonine, serine, isoleucine,
methionine, leucine and glycine, and that further comprises at least
an additional codon alteration at one or more codon positions
selected from the group of codon positions corresponding to codon
positions 36,54 and 156.  19. An isolated Hepatitis C Virus (HCV)
variant comprising a nucleic acid encoding a proteolytically active
HCV NS3 protease having an encoded amino acid sequence that is at
least 60% identical to the amino acid sequence encoded by the region
of the nucleic acid sequence of SEQ ID NO:1, from nucleotide position
1 through nucleotide position 543, wherein the nucleic acid has at
least one codon alteration, said codon alteration being at the codon
position corresponding to codon position 36 of SEQ ID NO:1, said
codon alteration resulting in a codon encoding methionine or glycine
at the amino acid position corresponding to position 36 of the HCV
NS3 protease amino acid sequence of SEQ ID NO:2.  20. An isolated
Hepatitis C Virus (HCV) variant comprising a nucleic acid encoding a
proteolytically active HCV N53 protease having an encoded amino acid
sequence that is at least 60% identical to the amino acid sequence
encoded by the region of the nucleic acid sequence of SEQ ID NO:1,
from nucleotide position 1 through nucleotide position 543, wherein
the nucleic acid sequence has at least one codon alteration at the



<120> HEPATITIS C VIRUS VARIANTS <130> VPI/05-01 PCT <140>
PCT/U52006/044363 <141> 2006-11-13 <150> 60/854,598 <151> 2006-10-25
<150> 60/735,577 <151> 2005-11-11 <160> 8 <170> PatentIn Ver. 3.3
<210> 1 <211> 2055 <212> DNA <213> Hepatitis C virus <400> 1
gcgcctatta cggcctactc ccaacagacg cgaggcctac ttggctgcat catcactagc 60
ctcacaggcc gggacaggaa ccaggtcgag ggggaggtcc aagtggtctc caccgcaaca 120
caatctttcc tggcgacctg 



cgtcaatggc gtgtgttgga ctgtctatca tggtgccggc 180 tcaaagaccc ttgccggccc
aaagggccca atcacccaaa tgtacaccaa tgtggaccag 240 gacctcgtcg gctggcaagc
gccccccggg gcgcgttcct tgacaccatg cacctgcggc 300 agctcggacc tttacttggt
cacgaggcat gccgatgtca ttccggtgcg ccggcggggc 360 gacagcaggg ggagcctact
ctcccccagg cccgtctcct acttgaaggg 



ctcttcgggc 420 ggtccactgc tctgcccctc ggggcacgct gtgggcatct ttcgggctgc
cgtgtgcacc 480 cgaggggttg cgaaggcggt ggactttgta cccgtcgagt ctatggaaac
cactatgcgg 540 tccccggtct tcacggacaa ctcgtcccct ccggccgtac cgcagacatt
ccaggtggcc 600 catctacacg cccctactgg tagcggcaag agcactaagg tgccggctgc
gtatgcagcc 660 caagggtata 



aggtgcttgt cctgaacccg tccgtcgccg ccaccctagg tttcggggcg 720 tatatgtcta
aggcacatgg tatcgaccct aacatcagaa ccggggtaag gaccatcacc 780 acgggtgccc
ccatcacgta ctccacctat ggcaagtttc ttgccgacgg tggttgctct 840 gggggcgcct
atgacatcat aatatgtgat gagtgccact caactgactc gaccactatc 900 ctgggcatcg
gcacagtcct ggaccaagcg gagacggctg 



gagcgcgact cgtcgtgctc 960 gccaccgcta cgcctccggg atcggtcacc gtgccacatc
caaacatcga ggaggtggct 1020 ctgtccagca ctggagaaat ccccttttat
ggcaaagcca tccccatcga gaccatcaag 1080      cgccgcgaag  99999Saggc
acctcatttt ctgccattcc aagaagaaat gtgatgagct  1140 



ctgtccggcc tcggactcaa tgctgtagca tattaccggg gccttgatgt atccgtcata
1200 ccaactagcg gagacgtcat tgtcgtagca acggacgctc taatgacggg
ctttaccggc 1260 gatttcgact cagtgatcga ctgcaataca tgtgtcaccc
agacagtcga cttcagcctg 1320 gacccgacct tcaccattga gacgacgacc
gtgccacaag acgcggtgtc acgctcgcag 1380 cggcgaggca ggactggtag
gggcaggatg 



ggcatttaca ggtttgtgac tccaggagaa 1440 cggccctcgg gcatgttcga
ttcctcggtt ctgtgcgagt gctatgacgc gggctgtgct 1500 tggtacgagc
tcacgcccgc cgagacctca gttaggttgc  aaacacacca 1560     gggcttacct
gggttgcccg tctgccagga ccatctggag ttctgggaga gcgtctttac aggcctcacc 



1620 cacatagacg cccatttctt gtcccagact aagcaggcag gagacaactt
cccctacctg 1680 gtagcatacc aggctacggt gtgcgccagg gctcaggctc
cacctccatc gtgggaccaa 1740 atgtggaagt gtctcatacg gctaaagcct
acgctgcacg ggccaacgcc cctgctgtat 1800 aggctgggag ccgttcaaaa
cgaggttact accacacacc ccataaccaa atacatcatg 1860  2/6 



gcatgcatgt cggctgacct ggaggtcgtg acgagcacct gggtgctggt aggcggagtc
1920 ctagcagctc tggccgcgta ttgcctgaca acaggcagcg tggtcattgt
gggcaggatc 1980 atcttgtccg gaaagccggc catcattccc gacagggaag
tcctttaccg ggagttcgat 2040 gagatggaag agtgc     2055  <210> 2 <211>
685 <212> PRT <213> Hepatitis C virus 



<400> 2 Ala Pro Ile Thr Ala Tyr Her Gin Gin Thr Arg Gly Len Len Gly
Cys 151015 Ile Ile Thr Her Len Thr Gly Arg Asp Arg Asn Gin Val Glu
Gly Glu 202530 Val Gin Val Val Her Thr Ala Thr Gin Her Phe Leu Ala
Thr Cys Val 354045 Asn Gly Val Cys Trp Thr Val Tyr His Gly Ala Gly
Her Lys Thr Lou 505560 Ala Gly Pro Lys Gly Pro Ile Thr Gin Met Tyr
Thr Asn Val Asp Gin 65707580 Asp Len Val Gly Trp Gln Ala Pro Pro Gly
Ala Arg Her Lou Thr Pro 859095 Cys Thr Cys Gay Her Her Asp Len Tyr
Leu Val Thr Arg His Ala Asp 100105110 Val Ile Pro Val Arg Arg Arg Gly
Asp Her Arg Gly Her Lou Len Her 1.15120125 Pro Arg Pro Val Her Tyr
Lou Lys Gly Her Her Gly Gly Pro Len Len 130135140 Cys Pro Her Gly His
Ala Val Gly Ile Phe Arg Ala Ala Val Cys Thr 145150155160 Arg Gly Val
Ala Lys Ala Val Asp The Val Pro Val Gin Her Met Glu 165170175 Thr Thr
Met Arg Her Pro Val Phe Thr Asp Asn Her Her Pro Pro Ala 180185190 Val
Pro Gln Thr Phe Gin Val Ala His Lou His Ala Pro Thr Gly Her 195200205
Gly Lys Her Thr Lys Val Pro Ala Ala Tyr Ala Ala Gin Gly Tyr Lys
210215220 Val Len Val Leu Asn Pro Her Val Ala Ala Thr Lou Gly Phe Gly
Ala 225230235240 



3/6 Tyr Met Ser Lys Ala His Gly Ile Asp Pro Asn Ile Arg Thr Gly Val
245250255 Arg Thr Ile Thr Thr Gly Ala Pro Ile Thr Tyr Ser Thr Tyr Gly
Lys 260265270 Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly Ala Tyr Asp Ile
Ile Ile 275280285 Cys Asp Gin Cys His Ser Thr Asp Ser Thr Thr Ile Leu
Gly Ile Gly 290295300 Thr Val Len Asp Gin Ala Glu Thr Ala Gly'Ala Arg
Len Val Val Leu 305310315320 Ala Thr Ala Thr Pro Pro Gly Ser Val Thr
Val Pro His Pro Asn Ile 325330335 Gin Glu Val Ala Leu Ser Ser Thr Gly
Glu Ile Pro Phe Tyr Gly Lys 340345350 Ala Ile Pro Ile Gin Thr Ile Lys
Gly Gly Arg His Leu Ile Phe Cys 355360365 His Ser Lys Lys Lys Cys Asp
Gin Len Ala Ala Lys Len Ser Gly Len 370375380 Gly Len Asn Ala Val Ala
Tyr Tyr Arg Gly Len Asp Val Ser Val Ile 385390395400 Pro Thr Ser Gly
Asp Val Ile Val Val Ala Thr Asp Ala Leu Met Thr 405410415 Gly Phe Thr
Gly Asp Phe Asp Ser Val Ile Asp Cys Asn Thr Cys Val 420425430 Thr Gin
Thr Val Asp Phe Ser Leu Asp Pro Thr Phe Thr Ile Gin Thr 435440445 Thr
Thr Val Pro Gin Asp Ala Val Ser Arg Ser Gin Arg Arg Gly Arg 450455460
Thr Gly Arg Gly Arg Met Gly Ile Tyr Arg Phe Val Thr Pro Gly Glu 



465470475480 Arg Pro Ser Gly Met Phe Asp Ser Ser Val Leu Cys Glu Cys
Tyr Asp 485490495 Ala Gly Cys Ala Trp Tyr Gin Leu Thr Pro Ala Gin Thr
Ser Val Arg 500505510 Len Arg Ala Tyr Leu Asn Thr Pro Gly Len Pro Val
Cys Gin Asp His 515520525 Len Gin Phe Trp Glu Ser Val Phe Thr Gly Len
Thr His Ile Asp Ala 530535540  4/6 His Phe Leu Ser Gin Thr Lys Gin
Ala Gly Asp Asn Phe Pro Tyr Len 545550555560 Val Ala Tyr Gin Ala Thr
Val Cys Ala Arg Ala Gin Ala Pro Pro Pro 565570575 Ser Trp Asp in Met
Trp Lys Cys Len Ile Arg Len Lys Pro Thr Leu 580585590 His Gly Pro Thr
Pro Len Len Tyr Arg Len Gly Ala Val Gin Asn Glu 595600605 Val Thr Thr
Thr His Pro Ile Thr Lys Tyr Ile Met Ala Cys Met Ser 610615620 Ala Asp
Len Glu Val Val Thr Ser Thr Trp Val Len Val Gly Gly Val 625630635640
Leu Ala Ala Leu Ala Ala Tyr Cys Len Thr Thr Gly Ser Val Val Ile
645650655 Val Gly Arg Ile Ile Len Set Gly Lys Pro Ala Ile Ile Pro Asp
Arg 660665670 Gin Val Leu Tyr Arg Glu Phe Asp Glu Met Glu Gin Cys
675680685 <210> 3 <211> 19 



<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic primer <400> 3 ggcgtgtggg gacatcatc19
<210> 4 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic primer <400> 4
ggtggagtac gtgatggggc20 <210> 5 <211> 20 <212> DNA <213> Artificial
Sequence  5/6 <220> <223> Description of Artificial Sequence:
Synthetic primer <400> 5 catatacgct ccaaagccca <210> 6 <211> 6 <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic 6x His tag <400> 6 His His His His His His 1 



<210> <211> <212> <213> <220> 5 7 9 PRT Artificial Sequence   <223>
Description of Artificial peptide Sequence: Synthetic <220>    <221>
MOD_RES   <222> (3)   <223> (FOAMS)   <220>    



<221> MOD_RES   <222> (6)   <223> alpha-Abu psi [coo)   <220>
<221> MOD_RES   <222> (9)   <223> (DAHCXL)   <400> 7  



Asp Glu Asp Glu Glu Xaa Ala Ser Lys 15 <210> 8 <211> 16 <212> PRT
<213> Artificial Sequence  6/6 <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 8 Lys Lys Gly Ser Val Val Ile Val
Gly Arg Ile Val Leu Ser Gly Lys 151015 


