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COMPOUNDS AND METHODS FOR
INHIBITING HEPATITIS C VIRUS
REPLICATION

STATEMENT OF GOVERNMENT SUPPORT

Development of this invention was supported by grants
P20 RR15569, P20 RR016460, and RO1 AT060563 from the
National Institutes of Health and funding from U.S. Depart-
ment of Agriculture. The United States government has cer-
tain rights in this invention.

COMPACT DISC

This specification is accompanied by an original compact
disc and one identical copy, the contents of which are incor-
porated by reference. The compact discs each contain the files
110-001US1.txt (96 kb sequence listing file) and Table-2-
RTF.doc (845 kb file of Table 2).

BACKGROUND

An estimated 3% of the world’s population is seropositive
for hepatitis C virus (HCV) (1, 2, 3). Approximately 70% of
seropositive individuals develop a chronic infection. Infec-
tion with HCV predisposes victims to liver pathology, includ-
ing fibrosis, cirrhosis, and hepatocellular carcinoma (18).
Most seropositive persons eventually develop hepatocellular
carcinoma (4), and therefore HCV infection is also the lead-
ing cause of liver failure and the need for liver transplants in
the U.S. (3,5).

HCV is a 9.6 kb positive strand RNA virus of the Flavirvi-
radae family, genus Hepacivirus (6). The RNA comprises a 5'
UTR (untranslated region) of approximately 340 nucleotides
that includes an internal ribosome entry sequence (IRES), a
single open reading frame (ORF) of approximately 9000
nucleotides and a 3' UTR of approximately 230 nucleotides.
The internal ribosome entry sequence mediates initiation of
viral RNA. The single open reading frame is translated into a
polyprotein of approximately 3000 amino acid residues. This
is cleaved by proteases to produce at least three structural
proteins (core, E1, and E2) and six non-structural proteins
(NS2, NS3, NS4a, NS4b, NS5a, and NS5b) (3).

The core protein forms a capsid, and E1 and E2 interact
with plasma membranes of hepatocytes. NS2 is a zinc meta-
loprotease that cleaves the polyprotein at the NS2-NS3 junc-
tion between Leul026 and Ala1027 (7). NS3 is a bifunctional
enzyme, with its N terminus a serine protease that cleaves the
rest of the polyprotein in conjunction with its cofactor, NS4a.
The C terminus of NS3 is a helicase that is responsible for
unwinding and separating putative double-stranded replica-
tion intermediates in the HCV life cycle (3,8). The roles of
NS4b and NS5a have not been well defined, although it is
postulated that NS5a may act as an interferon antagonist.
NS5b is an RNA-dependent RNA polymerase that can copy
the positive and negative strands of RNA.

Recently another ORF of HCV has been identified, which
encodes protein F of unknown function (9).

NS3 is a helicase. Helicases are enzymes that unwind
dsDNA and dsRNA in various biological processes, includ-
ing replication, recombination, and repair. Helicases act by
converting the chemical energy of ATP hydrolysis to the
mechanical energy of unwinding. NS3 is a 67 kDa, 3'-to-5'
RNA-DNA helicase, of the SFII superfamily, and is thought
to unwind dsRNA and other secondary structures during
HCYV replication (11). The oligomeric state of NS3 has been

20
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2

a subject of debate, since it has been shown to be a monomer
(12-14), dimer (15), and oligomer (16) in the literature.

The current treatments for HCV infection are alpha inter-
feron (IFN-a) in combination with ribavirin or a polyethylene
glycol-modified form of IFN-a.. But sustained responses are
only observed in about half of the treated patients, and effec-
tiveness varies depending on the HCV genotype (Blight, K. J.
etal. 2002. J. Virol. 76:13001). Thus, improved treatments for
HCV infection are needed. Treatments for HCV infection
would include methods of inhibiting HCV replication. Thus,
compounds and methods for inhibiting HCV replication are
needed. Methods of identifying compounds that inhibit HCV
replication are also needed.

SUMMARY

The inventors have discovered that a mutant NS3 gene
functions in a dominant-negative manner in inhibiting wild-
type NS3 activity and inhibiting HCV replication. That is, the
inventors have discovered that expressing an ATPase-defi-
cient NS3 protein from a nucleic acid vector in a cell infected
with wild-type HCV replicon partially or completely inhibits
replication of the wild-type HCV replicon in the cell. Thus,
the mutant NS3 acts in a dominant negative manner. This
shows that NS3 protein is an oligomer, and incorporating
mutant ATPase-deficient monomers of NS3 in the oligomer
with wild-type NS3 monomers inhibits or inactivates the
oligomeric enzyme complex. NS3 activity is necessary for
replication of HCV, and the inventors have demonstrated that
expressing a dominant-negative mutant NS3 gene in cells
harboring HCV partially or completely inhibits HCV repli-
cation. These data also indicate that administering dominant-
negative mutant NS3 protein to cells harboring HCV will
inhibit replication of HCV.

The crystal structure of a complex containing a 16-nt DNA
complexed with 3 molecules of NS3 helicase is also solved.
The crystal structure shows that two NS3 molecules simulta-
neously bind the DNA and interact with each other. Domain
2 of one molecule and domain 3 of the other molecule inter-
act. The residues in contact with each other include residues
545-553, 584-591, 435-453, 477-488, and 524-536 of NS3.

HCV replicons carrying mutations in NS3 in some of these
interface residues were created. The replicons also carried a
drug-resistance gene, and when these were transformed into
Huh-7 liver cells and transformants were selected for growth
in the presence of the drug, an NS3 A543-545 deletion mutant
and D543K/H545D/Q549 A mutant both generated far fewer
colonies. The colonies that did grow were much smaller than
colonies of cells transformed with wild-type replicon. Repli-
con carrying an R587D/L.588D/KS589D/T591D NS3 mutant
also supported fewer colonies than wild-type replicon.
Despite the large biological effects produced by the NS3
proteins mutant in these residues, the DS43K/H545D/Q549A
and R587D/L588D/K589D/T591D mutant NS3 proteins had
only modestly decreased ATPase and helicase activity in
assay conditions measuring the activity of monomeric NS3.
The decreases in activity were larger in assays depending on
processivity of the NS3 enzyme on a single substrate mol-
ecule, which depends more on NS3-NS3 interactions.

These data show the importance of the 541-551 region of
NS3 for interaction of NS3 monomers with each other and
possibly biologically significant interactions with other pro-
teins. A short peptide carrying the sequence of NS3 residues
541-551 coupled to a sequence that facilitates cell permeation
was created. When Huh-7 cells carrying HCV replicon were
exposed to this peptide, replication of the HCV was strongly
inhibited.
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Accordingly, one embodiment of the invention provides a
method of inhibiting hepatitis C virus (HCV) replication in
cells infected with HCV involving transforming the cells with
a vector expressing a dominant-negative mutant NS3 gene,
wherein the vector reduces replication of viral nucleic acid in
the cells or spread of the virus to other cells.

One embodiment of the invention provides a method of
inhibiting HCV replication in cells infected with HCV
involving administering to the cells a dominant-negative
mutant NS3 protein, wherein the protein reduces replication
of'viral nucleic acid in the cells or spread of the virus to other
cells.

One embodiment of the invention provides a method of
testing genetic therapy against hepatitis C virus involving:
administering a vector expressing a dominant-negative
mutant NS3 gene to a mammal infected with HCV; and moni-
toring replication of HCV in the mammal.

One embodiment of the invention provides a method of
inhibiting hepatitis C virus (HCV) replication in cells
infected with HCV involving: contacting the cells with an
agent that inhibits NS3 enzyme activity by inhibiting NS3
oligomerization; wherein the agent reduces replication of
viral nucleic acid in the cells or spread of virus to other cells.

One embodiment of the invention provides a peptide com-
prising at least 4 contiguous residues of HIDAHFLSQTK
(SEQ ID NO:1, residues 541-551 of NS3); wherein the pep-
tide has 100 or fewer amino acid residues; wherein the pep-
tide inhibits hepatitis C virus replication, or inhibits NS3
enzyme activity by inhibiting NS3 oligomerization.

One embodiment of the invention provides a complex for
inhibiting hepatitis C virus (HCV) replication containing: an
inhibitory peptide comprising 4 or more contiguous residues
of HIDAHFLSQTK (SEQ ID NO:1, residues 541-551 of
NS3), complexed with a cell-entry vehicle; wherein the com-
plex inhibits replication of HCV in mammalian cells.

One embodiment of the invention provides a compound of
molecular weight 10,000 or less, wherein the compound
interacts with NS3 to inhibit NS3 oligomerization and
wherein the compound inhibits hepatitis C virus (HCV) rep-
lication.

Another embodiment of the invention provides a method of
identifying a compound that inhibits hepatitis C virus (HCV)
replication involving: (a) contacting a cell comprising an
HCYV replicon with a candidate compound; and (b) monitor-
ing replication of the HCV replicon; wherein the candidate
compound inhibits NS3 enzyme activity by inhibiting NS3
oligomerization.

Another embodiment of the invention provides a method of
identifying a candidate compound to test for inhibiting HCV
virus replication involving: (a) applying a 3-dimensional
molecular modeling algorithm to spatial coordinates of a
molecular interface of NS3; and (b) electronically screening
stored spatial coordinates of a set of compounds against the
spatial coordinates of the molecular interface of NS3 to iden-
tify at least one candidate compound that is expected to bind
to the molecular interface of NS3.

Another embodiment of the invention provides a com-
puter-assisted method for designing a candidate inhibitor
compound for inhibiting hepatitis C virus (HCV) replication
involving: (a) supplying to a computer modeling application
a set of spatial coordinates of a molecular interface of NS3;
(b) computationally building an agent represented by a set of
structural coordinates; and (c) determining whether the agent
is expected to bind to the molecular interface of NS3; wherein
if the agent is expected to bind to the interface of NS3 itis a
candidate inhibitor compound.
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Another embodiment of the invention provides an isolated
and purified viral vector comprising: a viral capsid; encasing
viral nucleic acid comprising a dominant-negative NS3 gene
operably linked to a promoter active in mammalian cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a time course of luciferase activity in Huh-7
cells transfected with HCV-luciferase replicon.

FIG. 2 is a western blot showing detection of NS3 protein
in cell lysates from cells transfected with HCV replicon
(wtrep and mrep) and NS3-expressing plasmids (mNS3 and
wtNS3).

FIG. 3A is a plot of luciferase activity in cells transformed
with HCV-Luc and increasing concentrations of plasmid
expressing mutant NS3.

FIG. 3B is a plot of luciferase activity in cells transformed
with HCV-Luc and increasing concentrations of plasmid
expressing wild-type NS3.

FIG. 4 is a plot of luciferase activity of cells transformed
with ATPase-deficient mutant HCV-Luc (mtrep) and increas-
ing concentrations of plasmid expressing wt-NS3 or control
cells transformed with wt HCV-Luc (wtrep).

FIG. 5 shows plates of Huh-7 cells transformed with HCV
S22041 replicon and varying concentrations of wild-type or
mutant NS3 plasmid, and grown under G418 selection pres-
sure and stained with crystal violet.

FIG. 6 is a plot showing luciferase activity of cells trans-
fected with wt HCV-Luc replicon and increasing concentra-
tions of mutant NS3 HCV-Luc replicon, or only the mutant
replicon (mrep).

FIG. 7 is a plot of luciferase activity of Huh-7 cells trans-
fected with mutant NS3 HCV-Luc replicon (mtrep) and
increasing concentrations of wt HCV-Luc replicon.

FIG. 8. Growth of Huh-7 cells after transfection with wild
type and mutant forms of the HCV replicon. Colony forma-
tion of Huh-7 cells was monitored over a period of two weeks
following transfection by HCV replicon RNA. Colonies were
stained with 0.1% crystal violet. A) S22041 RNA. B) no
RNA. C) A543-546 mutant RNA. D) D543K/H545D/Q549A
mutant RNA. E) RS587D/L588D/KS589D/T591D mutant
RNA.

FIG. 9. Western analysis of HCV-trasfected Huh-7.5 cell
lysates. 5x10° cells from each lysate were loaded on a 10%
polyacrylamide gel. The gel was blotted onto a PVDF mem-
brane and the blot was incubated with rabbit anti-NS3. Pri-
mary antibody binding was detected by chemiluminescence
with HRP-conjugated anti-rabbit IgG. The lane marked
“REF” is purified NS3h. The lane marked “C” is the control
transfection with no HCV RNA.

FIGS. 10A and B. Binding of mutant NS3h to fluorescein-
labeled U,, RNA (FIG. 10A) or dT,5; DNA (FIG. 10B).
Nucleic acid binding was determined by measuring fluores-
cence polarization following incubation of protein and
nucleic acid at 37° C. Data were fit to a hyperbola using
Kaleidagraph software. (A) NS3h wild type (@) bound to
RNA with a K, of 47+5 nM and NS3h KDA (o) bound to
RNA with a K, of 38+4 nM. NS3h DDDD (M) did not bind
with high enough affinity to determine a binding constant
under these conditions. (B) Binding to the dT, 5 by NS3h wild
type (@) resulted in a K, of 5.9+1.4 nM whereas the NS3h
KDA mutant (o) bound with a K, 0of 2.6+0.8 nM.

FIG. 11. ATPase activity of mutant NS3h was measured as
a function of NADH concentration in a coupled assay at
varying concentrations of polyU. Data were fit to a hyperbola
using Kaleidagraph software. Specific activity of NS3h wild
type (@) and NS3h KDA (o) were comparable at 126 s~ and
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108 s, respectively, in the presence of saturating polyU.
Specific activity of NS3h DDDD (M) was lower.

FIGS. 12A-C. Steady state unwinding activity of mutant
versus wild type NS3h. A) The assay for measuring helicase
unwinding activity is depicted. A partially duplexed substrate
containing 30 bp and 15 nt of ss overhang (45:30mer) was
incubated with NS3h in the presence of ATP and Mg*? lead-
ing to unwinding of the duplex. B) Comparison of unwinding
of DNA and RNA substrates by NS3h. Otherwise identical
250 nM duplexed DNA and RNA substrates were incubated
with 100 nM NS3h. Reactions were initiated by addition of 5
mM ATP and 10 mM MgCl, and quenched by addition of 200
mM EDTA/0.7% SDS. C) Unwinding of 250 nM substrate
under steady state conditions. Unwinding by 100 nM NS3h
(@), NS3h KDA (o), and NS3h DDDD (M) occurred at rates
of 5.3 .M min™, 5.7 oM min~', and 4.1 nM min™", respec-
tively.

FIG. 13. Graph showing ATP-independent unwinding
activity of NS3h wild-type, NS3h KDA, and NS3h DDDD.
NS3h, 500 nM, was incubated with a partial duplex DNA
substrate containing 15 nt of single stranded DNA and 30
base pairs at 37° C. Aliquots were quenched by addition of
100 uM poly dT and 60 nM of a 30mer oligonucleotide that
served to prevent reannealing. ssDNA was separated from
dsDNA by native polyacrylamide electrophoresis and the
resulting fractions were quantified by using IMAGEQUANT
software. DNA melting is shown for NS3h (@), NS3h KDA
(#), and NS3h DDDD (H).

FIG. 14. Single turnover DNA unwinding by NS3h and
NS3h mutant enzymes. A two-step mixing technique was
used to measure single-turnover unwinding in the presence of
excess NS3h. NS3h (500 nM) or mutant enzyme was rapidly
mixed with substrate followed by a 10-second incubation. A
second, rapid mixing step followed in which ATP, Mg*?, and
protein trap (poly dT) was added. Data were fit according to
equation 1 resulting in unwinding rates of 3.1x0.1 s~ and
3.7+0.1 s—1 for NS3h (@) and NS3h KDA (4), respectively.
The amplitudes for unwinding were 0.35+£0.01 nM and
0.2120.01 nM for NS3h and NS3h KDA, respectively.

FIG. 15 shows the effect of the HCV inhibitor peptide on
replication of the HCV-Luc replicon. HCV inhibitor peptide
was added to Huh-7 cells containing the HCV luciferase
replicon. Luciferase activity was measured after 48 hours.
The bar labeled C is the control containing HCV luciferase
replicon with no peptide.

DETAILED DESCRIPTION

Definitions:

The term “inhibiting” hepatitis C virus replication includes
partial and complete inhibition of the replication.

The term “replication” of HCV refers to replication of
copies of the virus or viral nucleic acid within a cell and/or
spread of the virus or viral nucleic acid to other cells.

The term “hepatitis C virus” includes a wild type, mutant,
or engineered hepatitis C virus (e.g., hepatitis C replicons,
such as reported in references 17 and 18). Hepatitis C virus
comprises a single-stranded RNA molecule, optionally
encased in a capsid. Ifthe virus is an engineered, truncated, or
mutant form of the virus, the viral RNA is a substantial
portion of the full-length viral RNA (e.g., at least 30%, pref-
erably at least 50%, more preferably at least 70%, 80%, or
90% of the full-length viral RNA) and has in that portion at
least 90%, more preferably at least 95%, most preferably at
least 98% sequence identity with the wild-type viral RNA
sequence (SEQ ID NO:6, genbank accession number
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AJ238799). Sequence identity is calculated using the default
BLAST parameters for nucleotide sequence comparison at
the PubMed website, www.ncbi.nlm.nih.gov/PubMed/.

“Cells infected with HCV” refers to cells harboring HCV
nucleic acid. “HCV nucleic acid” refers to viral RNA or to
DNA encoding and capable of being transcribed into viral
RNA. The infected cells may be transformed with viral RNA
either as naked RNA or encased in the capsid, or the cells may
be transformed by DNA (e.g. a plasmid) encoding and
capable of being transcribed into viral RNA.

A vector that is a “virus” refers to a viral nucleic acid
encased in a capsid.

The term “NS3 gene” refers to any nucleic acid, whether
cDNA, viral RNA, or other source, that encodes an NS3
protein.

“Wild-type NS3 gene” refers to a gene that encodes the
NS3 protein having SEQ ID NO:3, or another natural source
homologous NS3 protein from a hepatitis C virus found in
nature. One wild-type NS3 gene is nucleotides 3079-4971 of
SEQ ID NO:6.

A “dominant-negative mutant NS3 gene” is an NS3 gene
that when expressed in cells harboring and expressing a wild-
type NS3 gene reduces the activity of the wild-type NS3
protein. The mutant NS3 gene can express a truncated, full-
length, or extended NS3 protein. At least a portion of the
mutant NS3 protein is homologous to wild-type NS3 protein.

A mutant NS3 protein is “ATPase deficient” if it has
ATPase activity that is statistically significantly lower than
the activity of the wild-type NS3 protein. Activity can be
assayed by any standard method, such as the spectrophoto-
metric coupled ATPase assay (23). Lower activity includes a
lowerk_,,, ahigher K, ,, or a combination of both. In particu-
lar embodiments, the ATPase-deficient mutant NS3 has less
than 75%, less than 50%, less than 10%, less than 5%, or less
than 1% of the ATPase activity of the wild-type NS3.

The term ““vector” as used herein refers to any nucleic acid
capable of transforming target cells and expressing an
inserted NS3 gene. The vector may be autonomously repli-
cating or not, double-stranded or single-stranded, and
encased in viral capsid or not. Vectors include viruses com-
prising capsid and nucleic acid, viral nucleic acid without
capsid, DNA plasmids, linear DNA molecules, and linear or
circular RNA molecules.

The term “monitoring replication of HCV” includes moni-
toring direct effects of HCV replication, such as health
effects, e.g., development of hepatocellular carcinoma.

The term “peptide” refers to a peptide of 2 to 100 amino
acid residues that, if derived from a naturally occurring pro-
tein, is shorter than the naturally occurring protein. A “pep-
tide” as used herein may include amino acids that are L
stereoisomers (the naturally occurring form) or D stereoiso-
mers. Peptides may be linear, branched, or circular. Peptides
may include amino acids other than the 20 common naturally
occurring amino acids, such as [-alanine, ornithine, or
methionine sulfoxide. The term “peptide” also includes pep-
tides modified on one or more alpha-amino, alpha-carboxyl,
or side-chain, e.g., by appendage of a methyl, formyl, acetyl,
glycosyl, phosphoryl, and the like.

The term “transforming” refers to any method that results
in nucleic acid being taken up into a cell. This includes, for
instance, CaCl,-mediated uptake of plasmid DNA, cellular
uptake of naked viral RNA, or transfection of a cell with a
virus.

The term “molecular interface” of NS3 refers to a surface
of NS3 exposed to solvent or otherwise available to bind with
an agent.
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The term “complexed” in the context of a vector “com-
plexed” with an agent for targeting to the liver includes cova-
lent coupling of vector to the agent and a non-covalent inter-
action between the vector and the agent that is sufficiently
stable to facilitate targeting to the liver.

A candidate compound for inhibiting HCV replication is
“expected to bind” to a molecular interface of NS3 if a free
energy calculation or computerized molecular modeling
application, such as is provided by the program DOCK-5,
calculates based on the docking of spatial coordinates of the
compound with spatial coordinates of the molecular interface
that the compound will bind to the molecular interface, or that
the compound has an approximately equal or greater binding
affinity than a known inhibitor of NS3 oligomerization, such
as peptide SEQ ID NO:1 or SEQ ID NO:2.

Description:

One embodiment of the invention provides a method of
inhibiting HCV replication in cells infected with HCV
involving transforming cells with a vector expressing a domi-
nant-negative mutant NS3 gene. In a particular embodiment
of the invention, the dominant-negative mutant NS3 gene
expresses an ATPase-deficient NS3 protein. For instance, an
example of an ATPase-deficient NS3 protein is D290A NS3,
a mutant NS3 protein in which aspartic acid residue 290 is
changed to alanine. (The amino acid numbering in this case
refers to the SEQ ID NO:3 NS3 protein with genbank acces-
sion number CAB4667, not to the polyprotein.)

In a particular embodiment, the dominant-negative mutant
NS3 gene expresses a helicase-deficient NS3 protein. Heli-
case activity can be assayed, for instance, by the unwinding
assay of reference 21.

In one embodiment, the dominant-negative mutant NS3
gene expresses a protease-deficient NS3 protein. Protease
activity can be assayed, for instance, as described in reference
34.

In one embodiment of the invention, the mutant NS3 pro-
tein amino acid sequence is at least 90% identical to wild-type
NS3. In one embodiment, the mutant NS3 protein amino acid
sequence is at least 90% identical to wild-type NS3 and
contains the D290A mutation. Sequence identity can be cal-
culated using the default BLAST parameters for protein
sequence comparison at the PubMed website, www.ncbi.n-
Im.nih.gov/PubMed/.

In one embodiment of the invention, the infected cells are
liver cells.

In one embodiment, the liver cells are Huh-7 cells.

In one embodiment, the infected cells are in vitro. In one
embodiment, the infected cells are in vivo in a mammal. In
particular embodiments, the mammal is a mouse, rat, rabbit,
goat, guinea pig, dog, pig, cat, or chimpanzee. The mouse and
chimpanzee are particularly preferred model animals. In a
particular embodiment, the mammal is a human.

The vector expressing the dominant-negative mutant NS3
gene can be any appropriate vector. For instance, it can be a
plasmid, virus, or viral nucleic acid. It can be naked nucleic
acid, e.g., a nucleic acid with or without an origin of replica-
tion. The vector, e.g., a naked nucleic acid, can be a transpo-
son or include a transposon.

Where the vector is a virus or viral nucleic acid, the virus
can be a retrovirus, e.g., a murine leukemia virus.

The vector can be targeted to the liver. One mechanism of
doing this is to complex the vector with an agent for targeting
to the liver, such as asialoorosomucoid. Methods of coupling
vectors to asialoorosomucoid are reviewed in reference 31.

A method of coupling a vector to asialoorosomucoid and to
adenovirus particles is disclosed in reference 30. The aden-
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ovirus particles enhance expression by efficiently lysing the
endosomes following receptor-mediated endocytosis.

Preferably, the NS3 protein is expressed from the vector as
a separate protein (i.e., not part of a polyprotein).

In one embodiment, the NS3 gene integrates into chromo-
somal DNA in the transformed cells.

In one embodiment, the vector is complexed with an endo-
somolytic peptide. This improves transformation efficiency
by lysing the endosomes containing the vector following
endocytosis of the vector. (See reference 30.)

The invention also provides a method of inhibiting HCV
replication in cells infected with HCV involving administer-
ing to the cells a dominant-negative mutant NS3 protein.

Ina particular embodiment of the method involving protein
administration, the infected cells are liver cells (e.g., Huh-7
cells).

The infected cells can be in vitro or in vivo in a mammal.
The mammal can be, for instance, a mouse, rat, rabbit, goat,
guinea pig, dog, pig, cat, chimpanzee, or human. In specific
preferred embodiments, the mammal is a mouse or chimpan-
zee. In another preferred embodiment, the mammal is a
human.

The protein can be complexed with an agent for targeting to
the liver, such as asialoorosomucoid.

A nucleic acid vector or mutant NS3 protein can also be
targeted to the liver by surgical techniques, including
intraportal injection, intra-vena cava injection, intra-bile duct
injection and including tail vein injection in the mouse or rat.
These methods are disclosed in reference 33.

Another embodiment of the invention provides a method of
testing genetic therapy against HCV involving: administering
a vector expressing a dominant-negative mutant NS3 gene to
a mammal infected with HCV; and monitoring replication of
HCV in the mammal. The monitoring could be by monitoring
direct or indirect evidence of HCV replication. For instance,
HCV nucleic acid replication in infected cells could be moni-
tored, the number of infected cells could be monitored, or
effects of HCV replication, such as development of hepatic
carcinoma, could be monitored.

One embodiment of the invention provides a method of
inhibiting hepatitis C virus (HCV) replication in cells
infected with HCV involving: contacting the cells with an
agent that inhibits NS3 enzyme activity by inhibiting NS3
oligomerization; wherein the agent reduces replication of
viral nucleic acid in the cells or spread of virus to other cells.

In a particular embodiment of the method of inhibiting
HCV replication, the agent includes a peptide comprising the
sequence HIDAHFLSQTK (SEQ ID NO:1). In a particular
embodiment, the agent is a peptide having the sequence
HIDAHFLSQTKGGGYARAAARQARA (SEQ ID NO:2).

In some embodiments, the agent comprises a peptide com-
prising the reverse D analog of SEQ ID NO:1. This is the
peptide having the reverse sequence of SEQ ID NO:1 (or a
portion thereof; e.g., at least 4 contiguous residues), where the
amino acids are D isomers instead of L isomers.

In another embodiment, the agent comprises an ATPase-
deficient mutant NS3 protein.

The cells infected with HCV and contacted with the agent
can be in vitro or in vivo in a mammal.

Another embodiment of the invention provides a complex
for inhibiting hepatitis C virus (HCV) replication that
includes: (a) an inhibitory peptide comprising 4 or more
contiguous residues of SEQ ID NO:1; complexed with (b) a
cell-entry vehicle; wherein the complex inhibits replication
of HCV in mammalian cells.

The inhibitory peptide in other embodiments, contains 5, 6,
7,8, 9, 10, or all 11 contiguous residues of SEQ 1D NO:1.
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In particular embodiments, the cell-entry vehicle is a cell-
entry peptide, such as YARAAARQARA (SEQ ID NO:4), or
an oligoarginine peptide (66, 67).

In a particular embodiment, the cell-entry vehicle is cho-
lesterol. The cholesterol may be covalently attached to the
inhibitor peptide, or may be non-covalently complexed with
the inhibitor peptide.

In other particular embodiments, the cell-entry vehicle is a
liposome.

In a particular embodiment, the complex comprises a liver-
targeting entity. In a particular embodiment, the cell-entry
vehicle is also a liver-targeting entity.

The liver-targeting entity may be, for instance, asia-
loorosomucoid.

Another embodiment of the invention provides a peptide
comprising at least 4 contiguous residues of SEQ ID NO:1;
wherein the peptide has 100 or fewer amino acid residues;
wherein the peptide inhibits hepatitis C virus replication, or
inhibits NS3 enzyme activity by inhibiting NS3 oligomeriza-
tion.

Inhibiting NS3 enzyme activity by inhibiting NS3 oligo-
merization can be demonstrated by greater inhibition of the
NS3 enzyme activities that depend more on NS3 oligomer-
ization (NS3-NS3 contacts) than of the enzyme activities that
are carried out more equally efficiently by NS3 monomers
and NS3 oligomers. For instance, steady-state unwinding
with an excess of double-stranded DNA substrate over NS3
enzyme reflects monomer activity because it is unlikely two
molecules of NS3 bind to the same substrate molecule in the
presence of a large excess of DNA. An assay is described in
Example 3 with the results presented in FIG. 12. In contrast,
ATP-independent unwinding under single-turnover condi-
tions with excess enzyme is more dependent on NS3-NS3
interactions. An assay under these conditions is described in
Example 3 and the results are shown in FIG. 13. Thus, if an
agent inhibits NS3 activity by inhibiting NS3 oligomeriza-
tion, it will inhibit ATP-independent DNA unwinding under
single-turnover conditions with excess enzyme more effi-
ciently than it will inhibit steady-state unwinding with an
excess of DNA substrate.

The ATPase activity of NS3 is also dependent on NS3
concentration. It increases with increasing NS3 concentra-
tion, indicating that the enzyme activity is dependent on NS3
oligomerization (16). An agent that inhibits NS3 activity by
inhibiting NS3 oligomerization will have a lower K, when
assayed with low NS3 concentration than when assayed with
a higher NS3 concentration.

In particular embodiments of the invention, the inhibitory
peptide has 50 or fewer, or 30 or fewer, amino acid residues.

One embodiment of the invention provides a compound of
molecular weight 10,000 or less, wherein the compound
interacts with NS3 to inhibit NS3 oligomerization and
wherein the compound inhibits hepatitis C virus (HCV) rep-
lication.

In particular embodiments, the structure of the compound
fits a molecular interface of NS3 such that a free energy
calculation (or molecular docking computer program) pre-
dicts the compound is expected to bind to the molecular
interface of NS3.

That is, the compound has a structure that can be repre-
sented by spatial coordinates; wherein the spatial coordinates
of'the compound fit spatial coordinates of an interface of NS3
such that a free energy calculation predicts the compound
binds to the interface of NS3.

In some embodiments, the molecular interface of NS3
which the compound fits includes at least one amino acid
residue (preferably three or more residues) selected from
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residues 541-553, 584-591, 435-453, 477-488, and 524-536
of SEQ ID NO:3. A peptide comprising SEQ ID NO:1, resi-
dues 541-551 of NH3, was found to inhibit HCV replication.
Residues 541-551 of chain B interact with a cleft formed by
residues 477-481 and 452-453 of chain A in the crystal struc-
ture. Thus, in a particular embodiment, the interface of NS3
that the compound fits includes at least one (preferably all) of
residues 477-481 and 452-453.

In particular embodiments, the compound has a molecular
weight of 5,000 or less, 2,500 or less, or 1,000 or less.

One embodiment of the invention provides an isolated and
purified viral vector comprising: a viral capsid; encasing viral
nucleic acid comprising a dominant-negative NS3 gene oper-
ably linked to a promoter active in mammalian cells. The viral
nucleic acid refers to nucleic acid of which more than 50%
originates from a virus. The viral nucleic acid is typically
recombinant. The viral nucleic acid can include heterologous
segments from non-viral sources. In some embodiments, the
viral nucleic acid may include the genes necessary for repli-
cation and spread of the virus to other cells. In some embodi-
ments it may not include those genes.

In a particular embodiment, the viral nucleic acid is recom-
binant HCV nucleic acid.

In a particular embodiment, the viral capsid and viral
nucleic acid are hepatitis C virus capsid and nucleic acid.

In a particular embodiment, the viral capsid and viral
nucleic acid are not hepatitis C virus capsid and nucleic acid.

In a particular embodiment, the viral capsid and viral
nucleic acid are adenovirus capsid and nucleic acid.

In a particular embodiment, the viral capsid and nucleic
acid are adeno-associated virus capsid and nucleic acid or
retroviral capsid and nucleic acid.

In a particular embodiment, the promoter is cauliflower
mosaic virus promoter.

Computer-Assisted Methods of Identifying HCV Inhibitors

One subject of this invention is a computer-assisted
method for identifying a potential inhibitor of NS3 oligomer-
ization and thereby HCV replication. The method comprises
providing a computer modeling application with a set of
relative structural coordinates of NS3, or a molecular inter-
face thereof; supplying the computer modeling application
with a set of structural coordinates of a candidate inhibitor of
NS3 oligomerization; comparing the two sets of coordinates
and determining whether the candidate inhibitor is expected
to bind to NS3 or to interfere with NS3 oligomerization.
Binding to NS3, particularly on an interface involved in NS3
oligomerization, is indicative of inhibiting NS3 oligomeriza-
tion and thereby inhibiting HCV replication. In most
instances, determining whether the candidate inhibitor is
expected to bind to a molecular interface of NS3 includes
performing a fitting operation or comparison between the
candidate inhibitor and NS3 or an NS3 molecular interface,
followed by computational analysis of the outcome of the
comparison in order to determine the association between the
candidate inhibitor and the NS3 interface, or the interference
of the candidate inhibitor with NS3-NS3 oligomerization. A
candidate inhibitor identified by such methods is a candidate
anti-HCV agent. Optionally, a candidate anti-HCV agent can
be synthesized or otherwise obtained and further assessed
(e.g., in vitro, in cells or in an appropriate animal model) for
its ability to inhibit HCV replication.

Another embodiment of the invention provides a method of
identifying a candidate compound to test for inhibiting HCV
virus replication involving: (a) applying a 3-dimensional
molecular modeling algorithm to spatial coordinates of a
molecular interface of NS3; and (b) electronically screening
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stored spatial coordinates of a set of compounds against the
spatial coordinates of the molecular interface of NS3 to iden-
tify at least one candidate compound that is expected to bind
to the molecular interface of NS3. A suitable molecular mod-
eling application is DOCK-5, available at http://dock.comp-
bio.ucsf.edu.

In a particular embodiment, the molecular interface of NS3
comprises at least one amino acid residue (preferably at least
three residues) selected from residues 541-553, 584-591,
435-453, 477-488, and 524-536 of SEQ ID NO:3.

In a particular embodiment, the molecular interface of NS3
comprises at least one amino acid residue selected from resi-
dues 477-481 and 452-453 of SEQ ID NO:3. In another
embodiment, the molecular interface comprises residues
477-481 and 452-453 of SEQ ID NO:3.

In a particular embodiment, the method further involves
comparing the spatial coordinates of the at least one com-
pound to spatial coordinates of peptide SEQ ID NO:1 to
determine whether the at least one compound is structurally
similar to at least a portion of SEQ ID NO:1. The spatial
coordinates of peptide SEQ ID NO:1 can be the spatial coor-
dinates of the free peptide or of residues 541-551 of NS3, as
is provided in Example 3 (chain B).

In a specific embodiment, the computer-assisted method of
identifying a candidate inhibitor for inhibiting HCV replica-
tion that inhibits NS3 oligomerization comprises the steps of
(1) supplying a computer modeling application the coordi-
nates of a known agent that binds a molecular interface of
NS3 (namely the peptide SEQ ID NO:1) and the coordinates
of NS3 or an NS3 molecular interface; (2) quantifying the fit
of the known agent to the NS3 molecular interface; (3) sup-
plying the computer modeling application with a set of struc-
tural coordinates of an agent to be assessed to determine if it
binds a molecular interface of NS3; (4) quantifying the fit of
the test agent in the molecular interface using a fit function;
(5) comparing the fit calculation for the known agent with that
of'the test agent; and (6) selecting a test agent that has a fit that
is better than, or approximates the fit of the known agent.

Another embodiment of the invention provides a com-
puter-assisted method for designing a candidate inhibitor
compound for inhibiting hepatitis C virus (HCV) replication
involving: (a) supplying to a computer modeling application
a set of spatial coordinates of a molecular interface of NS3;
(b) computationally building an agent represented by a set of
structural coordinates; and (c) determining whether the agent
is expected to bind to the molecular interface of NS3; wherein
if the agent is expected to bind to the interface of NS3 itis a
candidate inhibitor compound. A suitable molecular model-
ing application is DOCK-5, available at http://dock.compbi-
o.ucsf.edu.

In particular embodiments, the molecular interface of NS3
includes at least one amino acid residue selected from resi-
dues 541-553, 584-591, 435-453, 477-488, and 524-536 of
SEQ ID NO:3.

In a particular embodiment, the molecular interface of NS3
comprises at least one amino acid selected from residues
477-481 and 452-453 of SEQ ID NO:3. In another embodi-
ment, the molecular interface comprises residues 477-481
and 452-453 of SEQ ID NO:3.

In a particular embodiment, the method further involves
comparing the spatial coordinates of the at least one com-
pound to spatial coordinates of peptide SEQ ID NO:1 to
determine whether the at least one compound is structurally
similar to at least a portion of SEQ ID NO:1. The spatial
coordinates of peptide SEQ ID NO:1 can be the spatial coor-
dinates of the free peptide or of residues 541-551 of NS3, as
is provided in Example 3 (chain B).
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One skilled in the art may use one of several methods to
screen chemical entities or fragments for their ability to asso-
ciate with a molecular interface of NS3, and more particularly
with an interface involved in NS3-NS3 interactions. This
process may begin, for example, by visual inspection of the
molecular interface on the computer screen based on the NS3
atomic coordinates provided herein. Selected fragments or
chemical entities may then be positioned relative to the inter-
face of NS3. Docking may be accomplished using software
such as Quanta and Sybyl, followed by energy minimization
and molecular dynamics with standard molecular mechanics
forcefields, such as CHARMM and AMBER.

Specialized computer programs may also assist in the pro-
cess of selecting fragments or chemical entities. These
include:

GRID (68) (available from Oxford University, Oxford,

UK).

MCSS (69) (available from Molecular Simulations, Burl-

ington, Mass.).

AUTODOCK (70) (available from Scripps Research Insti-

tute, La Jolla, Calif.).

DOCK (71) (available from University of California, San

Francisco, Calif.).
A commercially available computer database for small
molecular compounds includes Cambridge Structural Data-
base and Fine Chemical Database. For a review see reference
72.
Once suitable chemical entities or fragments have been
selected, they can be assembled into a single compound or
inhibitor. Assembly may be proceeded by visual inspection of
the relationship of the fragments to each other on the three-
dimensional image displayed ona computer screen in relation
to the structure coordinates of NS3. This would be followed
by manual model building using software such as Quanta or
Sybyl.
Useful programs to aid one of skill in the art in connecting
the individual chemical entities or fragments include:
CAVEAT (73) (available from the University of California,
Berkeley, Calif.).

3D Database systems such as MACCS-3D (MDL Informa-
tion Systems, San Leandro, Calif.) This area is reviewed
in reference 74.

HOOK (available from Molecular Simulations, Burling-

ton, Mass.).
Instead of proceeding to build an inhibitor of N'S3 oligo-
merization in a step-wise fashion one fragment or chemical
entity at a time as described above, inhibitory or other type of
binding compounds may be designed as a whole or “de novo”
using either an empty active site or optionally including some
portion(s) of a known inhibitor(s). Programs to execute these
methods include:
LUDI (75) (available from Biosym Technologies, San
Diego, Calif.).

LEGEND (76) (available from Molecular Simulations,
Burlington, Mass.).

LeapFrog (available from Tripos Associates, St. Louis,
Mo.).

Other molecular modeling techniques may also be
employed to screen for inhibitors of NS3 oligomerization.
See, e.g., references 77 and 78. For example, where the struc-
tures of test compounds are known, a model of the test com-
pound may be superimposed over the model of the structure
of the invention. Numerous methods and techniques are
known in the art for performing this step. Any of these may be
used. See, e.g., references 79-81, U.S. Pat. Nos. 5,331,573,
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and 5,500,807. The model building techniques and computer
evaluation systems described herein are not a limitation on
the present invention.

Medical Therapy and Pharmaceutical Compositions

Another embodiment of the invention provides a vector
that expresses a dominant-negative mutant NS3 gene for use
in medical therapy.

Another embodiment of the invention provides a use of a
vector expressing a dominant-negative mutant NS3 gene to
prepare a medicament eftective to reduce replication of hepa-
titis C virus in a mammal such as a human.

Another embodiment of the invention provides a domi-
nant-negative mutant NS3 protein for use in medical therapy.
Another embodiment provides a use of a dominant-negative
mutant NS3 protein to prepare a medicament effective to
reduce replication of hepatitis C virus in a mammal such as a
human.

Another embodiment of the invention provides an agent
that inhibits HCV replication in cells infected with HCV and
inhibits NS3 enzyme activity by inhibiting NS3 oligomeriza-
tion for use in medical therapy. Another embodiment pro-
vides a use of an agent that inhibits NS3 enzyme activity by
inhibiting NS3 oligomerization to prepare a medicament
effective to reduce replication of HCV in a mammal, such as
a human.

The invention also provides a pharmaceutical composition
comprising an anti-HCV agent of the invention, or a pharma-
ceutically acceptable salt thereof, in combination with a phar-
maceutically acceptable diluent. The anti-HCV agents of the
invention include (1) a vector expressing a dominant-negative
mutant NS3 gene, (2) an isolated and purified viral vector
comprising a viral capsid encasing viral nucleic acid that
comprises a dominant-negative NS3 gene operably linked to
a promoter active in mammalian cells, (3) a dominant-nega-
tive mutant NS3 protein, (4) an agent that inhibits NS3
enzyme activity by inhibiting NS3 oligomerization, (5) a
complex for inhibiting HCV replication comprising an
inhibitory peptide comprising 4 or more contiguous residues
of SEQ ID NO:1 complexed with a cell-entry vehicle, (6) a
peptide comprising at least 4 contiguous residues of SEQ ID
NO:1 wherein the peptide has 100 or fewer amino acid resi-
dues and inhibits hepatitis C virus replication, and (7) a com-
pound of molecular weight 10,00 or less wherein the com-
pound interacts with NS3 to inhibit NS3 oligomerization and
inhibits HCV replication.

In cases where the anti-HCV agents are sufficiently basic
or acidic to form stable nontoxic acid or base salts, adminis-
tration of the compounds as salts may be appropriate.
Examples of pharmaceutically acceptable salts are organic
acid addition salts formed with acids that form a physiologi-
cal acceptable anion, for example, tosylate, methane-
sulfonate, acetate, citrate, malonate, tartarate, succinate, ben-
zoate, ascorbate, a-ketoglutarate, and a-glycerophosphate.
Suitable inorganic salts may also be formed, including hydro-
chloride, sulfate, nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using
standard procedures well known in the art, for example by
reacting a sufficiently basic compound such as an amine with
a suitable acid affording a physiologically acceptable anion.
Alkali metal (for example, sodium, potassium or lithium) or
alkaline earth metal (for example calcium) salts of carboxylic
acids can also be made.

The agents can be formulated as pharmaceutical composi-
tions and administered to a mammalian host, such as a human
patient in a variety of forms adapted to the chosen route of
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administration, i.e., orally or parenterally, by intravenous,
intramuscular, topical or subcutaneous routes.

Thus, the present agents may be systemically adminis-
tered, e.g., orally, in combination with a pharmaceutically
acceptable vehicle such as an inert diluent or an assimilable
edible carrier. They may be enclosed in hard or soft shell
gelatin capsules, may be compressed into tablets, or may be
incorporated directly with the food of the patient’s diet. For
oral therapeutic administration, the agents may be combined
with one or more excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, and the like. Such compositions and prepara-
tions should contain at least 0.1% of agent. The percentage of
the compositions and preparations may, of course, be varied
and may conveniently be between about 2 to about 60% ofthe
weight of a given unit dosage form. The amount of the agent
in such therapeutically useful compositions is such that an
effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also
contain the following: binders such as gum tragacanth, aca-
cia, corn starch or gelatin; excipients such as dicalcium phos-
phate; a disintegrating agent such as corn starch, potato
starch, alginic acid and the like; a lubricant such as magne-
sium stearate; and a sweetening agent such as sucrose, fruc-
tose, lactose or aspartame or a flavoring agent such as pep-
permint, oil of wintergreen, or cherry flavoring may be added.
When the unit dosage form is a capsule, it may contain, in
addition to materials of the above type, a liquid carrier, such
as a vegetable oil or a polyethylene glycol. Various other
materials may be present as coatings or to otherwise modify
the physical form of the solid unit dosage form. For instance,
tablets, pills, or capsules may be coated with gelatin, wax,
shellac or sugar and the like. A syrup or elixir may contain the
agent, sucrose or fructose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and flavoring such as
cherry or orange flavor. Of course, any material used in pre-
paring any unit dosage form should be pharmaceutically
acceptable and substantially non-toxic in the amounts
employed. In addition, the agent may be incorporated into
sustained-release preparations and devices.

The agents may also be administered intravenously or
intraperitoneally by infusion or injection. Solutions of the
agents can be prepared in water, optionally mixed with a
nontoxic surfactant. Dispersions can also be prepared in glyc-
erol, liquid polyethylene glycols, triacetin, and mixtures
thereof and in oils. Under ordinary conditions of storage and
use, these preparations contain a preservative to prevent the
growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which are
adapted for the extemporaneous preparation of sterile inject-
able or infusible solutions or dispersions, optionally encap-
sulated in liposomes. In all cases, the ultimate dosage form
should be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be
a solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mixtures
thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the
required particle size in the case of dispersions or by the use
of surfactants. The prevention of the action of microorgan-
isms can be brought about by various antibacterial and anti-
fungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, thimerosal, and the like. In many cases, it will be
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preferable to include isotonic agents, for example, sugars,
buffers or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example,
aluminum monostearate and gelatin. 5

Sterile injectable solutions are prepared by incorporating
the active agent in the required amount in the appropriate
solvent with various of the other ingredients enumerated
above, as required, followed by filter sterilization. In the case
of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a pow-
der of the active ingredient plus any additional desired ingre-
dient present in the previously sterile-filtered solutions.

For topical administration, the present agents may be
applied in pure form, i.e., when they are liquids. However, it
will generally be desirable to administer them to the skin as
compositions or formulations, in combination with a derma-
tologically acceptable carrier, which may be a solid or a
liquid.

Usetul solid carriers include finely divided solids such as
talc, clay, microcrystalline cellulose, silica, alumina and the
like. Useful liquid carriers include water, alcohols or glycols
or water-alcohol/glycol blends, in which the present com-
pounds can be dissolved or dispersed at effective levels,
optionally with the aid of non-toxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can be
added to optimize the properties for a given use. The resultant
liquid compositions can be applied from absorbent pads, used
to impregnate bandages and other dressings, or sprayed onto
the affected area using pump-type or acrosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty
acid salts and esters, fatty alcohols, modified celluloses or
modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, ointments, soaps, and
the like, for application directly to the skin of the user.

Examples of useful dermatological compositions which
can be used to deliver the agents of the invention to the skin
are known to the art; for example, see Jacquet et al. (U.S. Pat.
No. 4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al.
(U.S. Pat. No. 4,559,157) and Wortzman (U.S. Pat. No. 4,820,
508).

Useful dosages ofthe anti-HCV agents of the invention can
be determined by comparing their in vitro activity, and in vivo
activity in animal models. Methods for the extrapolation of
effective dosages in mice, and other animals, to humans are
known to the art; for example, see U.S. Pat. No. 4,938,949.

The amount of the compound, or an active salt or derivative
thereof, required for use in treatment will vary not only with
the particular salt selected but also with the route of admin-
istration, the nature of the condition being treated and the age
and condition of the patient and will be ultimately at the
discretion of the attendant physician or clinician.

The invention will now be illustrated by the following
non-limiting examples.
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EXAMPLES .

Example 1

ATPase-Deficient Mutant NS3 Protein Acts in a
Dominant Negative Manner to Inhibit Wild-Type
NS3 Activity and Inhibit Hepatitis C Virus
Replication

Experimental Procedures:

Plasmid Construction: DNA sequences encoding wild- 65
type NS3 or mutant NS3 having an alanine in place of aspartic
acid at position 290 of NS3 (position 1361 of'the polyprotein)

16

(designated D290A NS3 or mNS3) were PCR amplified from
a pET-26b plasmid carrying the NS3 gene using Pfu turbo.
The PCR-amplified sequences were incorporated into
pBUDCEA4.1 plasmid (Invitrogen) by blunt end ligation.
These plasmids drive the expression of NS3 via a mammalian
expression promoter (CMV promoter) and can be used in cell
culture experiments. They were sequenced to confirm incor-
poration of the NS3 gene and named pwtNS3 and pmNS3 for
the wild type and the mutant forms, respectively.

Site-directed mutagenesis was performed on a pUC-18-
NS3 plasmid, which contains all the nucleotides of the wild-
type NS3 gene and serves as the shuttle vector for mutation of
the replicon plasmid using the QUIK CHANGE site-directed
mutagenesis kit (Stratagene) to incorporate the D290A muta-
tion in the NS3 region of the plasmid. This mutation was
confirmed by sequencing and called pUC-mNS3. The
mutated NS3 gene was cut out from this plasmid using Pmel
and Mlul restriction enzymes and incorporated into the rep-
licon vector HCV replb BartMan/Avall Luciferase replicon
(19), cut with the same enzymes, by ligation. The ligation mix
was transformed to give the mutant replicon.

RNA synthesis: The replicon DNA having the luciferase
reporter gene was digested with Scal for 3 hrs, followed by
in-vitro transcription with the AMBION MEGASCRIPT kit
according to the manufacturer’s directions. The RNA was
stored at —80° C.

HCV Replicon assays: Huh-7 cells were transiently trans-
fected with replicon RNA having a firefly (P pyralis)
luciferase gene (0.2 pg/well), and with a control plasmid pRL
(0.05 pg/well) having a renilla (R. reniformis) luciferase
gene, using DMRIEC (Invitrogen) reagent as per the kit pro-
tocol (19). The specific additions of pmNS3, mutant replicon,
pwt-NS3 etc were done concurrently. The cells were lysed
after 48 hours, and luciferase activity detected using the
DUAL LUCIFERASE assay kit (Promega) (24, 25).

Trans complementation assays: These assays were per-
formed in the same manner as the regular replicon assays
except that in the trans complementation assays two RNA’s
of different replicons (wild type and the mutant) were added
along with a pRL plasmid to control for transfection effi-
ciency.

Colony formation assays: Huh-7 cells stably transfected
with S22041-mutant-containing replicon (2204 refers to the
amino acid residue number in the polyprotein, genbank
accession number AJ238799, SEQ ID NO:8) with a neomy-
cin resistance gene were transfected with increasing concen-
tration of pmNS3 and pwtNS3 and plated on 100 mm plates
with 10 ml of DMEM media with 10% FBS and 1% non-
essential amino acids (lipofection media) and allowed to
grow for 24 hours. After 24 hours the media was changed to
lipofection media containing G418 (Cellgro) at 500 pg/ml
concentration. The cells were kept under the selection
medium for 21 days for colony formation. At the end of 21
days the plates were washed with PBS and then stained with
0.1% crystal violet Excess stain was washed with PBS and
colonies were observed.

Results:
Time course of HCV-Luc RNA transfection demonstrates

o that replication can be detected at 48 hours in Huh-7 cells:

Huh-7 cells were plated in a 12-well plate at 70-80% conflu-
ency. Cells were transfected with HCV-Luc replicon, HCV-
Luc replicon incorporating a mutation in NS3 rendering it
ATPase deficient (NS3 def), and HCV-Luc replicon with a
mutation in NS5b rendering it polymerase deficient (Pol def),
as well as with a rerilla luciferase plasmid that serves as an
internal control. (FIG. 1.) Cells were lysed using passive lysis
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buffer (Promega) for 15 minutes on ice and a dual luciferase
assay was done to test for replication activity.

Replicon with an ATPase-deficient NS3 (D290A of NS3,
D1361A of the polyprotein) (16) and replicon with a poly-
merase-deficient NS5b (G317A, D318A, D319G triple
mutant NS5b) are both inactive in replication after 48 hours.
In contrast, the wild-type replicon is still active at 48 hours,
showing a persistent level of RNA (FIG. 1). This time course
allows us to look at effects on replication at 48 hrs.

NS3 protein is detectable in all the plasmid constructs: Cell
lysates from cells transformed with the plasmid expressing
ATPase-deficient mutant NS3 (mNS3) or wild-type NS3, as
well as cells transfected with wild-type HCV-Luc replicon or
the HCV-Luc replicon with the ATPase-deficient mutant NS3
were subjected to western blot analysis. Equal amounts of cell
lysates were run on a 12% polyacrylamide gel, the proteins
were then transferred onto a PVDF membrane (Osmonics)
for an hour. The membrane was blocked in 5% non-fat dry
milk containing TBS-Tween (0.1%) for 1 hour, followed by
incubation of the membrane in primary antibody overnight at
4° C. The membrane was subjected to 5 washes of 5 minutes
each with TBS-Tween, followed by 1 hour incubation in
secondary antibody (goat anti-rabbit IgG-HRP) from
Biolabs. This was followed by 5 washes of 5 minutes each
with TBS-Tween. The protein was detected using ECL
chemi-luminiscent kit (Amersham Pharmacia).

Western analysis of NS3 protein in both mutant and wild
type form, as well as the two replicons demonstrates that NS3
protein is present in cell extracts at 48 hours post transfection
(FIG. 2).

In vivo the dominant negative mNS3 (pmNS3) down regu-
lates the activity of the HCV-Luc replicon: Huh-7 cells were
plated in a 12-well plate at 0.1 million cells per well. The cells
were grown to 70-80% confluency and then transfected with
the replicon (HCV-Luc) RNA (0.2 pg/well), with renilla
luciferase plasmid (internal control), and increasing concen-
trations of mutant NS3 plasmid under a mammalian expres-
sion promoter using DMRIEC reagent (Invitrogen). The cells
were kept in serum-free and antibiotic-free conditions for 5
hours. Thereafter, the cells were kept under 10% FBS, 0.1%
non-essential amino acids in DMEM (Cellgro). After 48
hours cells were lysed using passive lysis buffer from the
DUAL LUCIFERASE kit (Promega). The DUAL
LUCIFERASE assay was performed as per kit instructions.

There is a 9-fold reduction in activity of the replicon on
addition of 0.5 pug of pmNS3 (FIG. 3A), while there is no
appreciable reduction in the activity of the replicon on addi-
tion of exogenous wild-type NS3 (FIG. 3B)

Exogenous wt-NS3 is unable to rescue the activity of the
mutant replicon: Huh-7 cells were transfected with HCV-Luc
replicon encoding the ATPase-deficient mutant NS3 along
with increasing concentration of wtNS3 plasmid and the
renilla luciferase plasmid for transfection efficiency control.
The cells were treated in conditions identical to those used in
FIG. 3 and lysed using Promega’s passive lysis buffer fol-
lowed by luciferase assays at 48 hours.

Co-transfection of increasing concentration of pwtNS3
plasmid along with mutant replicon did not change the activ-
ity of the replicon (FIG. 4).

Results of colony formation assay corroborate the effect
seen using HCV-Luc replicon: Huh-7 cells stably transfected
by S22041 replicon, which encodes an adaptive mutation
allowing continuous replication in cells under G418 selection
pressure, were transfected with increasing concentration of
witNS3 or mutant NS3 plasmids and plated onto 100 mm
dishes at 1 million cells per dish. After 24 hours antibiotic-
free lipofection media was replaced with DMEM with 10%
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FBS and G418 (500 pg/ml) for selection. The colonies were
allowed to form over a period 0f 21 days. At theend of 21 days
the plates were washed with PBS followed by staining with
0.1% crystal violet.

FIG. 5 shows the plates. Colony counts are in parentheses.
The plates with addition of mNS3 plasmid showed a marked
reduction in the number of colonies formed while the plates
containing wtNS3 showed no significant difference in the
number of colonies formed (FIG. 5). Therefore, we con-
cluded that the ATPase-deficient form of NS3 inhibits the
activity of the replicon in Huh-7 cells.

The dominant negative effect does not show up upon trans-
complementation of wild-type replicon with mutant replicon:
Huh-7 cells were plated in a 12-well plate at 70-80% conflu-
ency. Cells were transfected with the replicon (HCV-Luc)
RNA with renilla luciferase plasmid (internal control) and
increasing concentrations of D290A NS3 mutant replicon,
using DMRIEC reagent (Invitrogen). The cells were kept in
serum-free and antibiotic-free conditions for 5 hours. There-
after, the cells were kept under 10% FBS, 0.1% non-essential
amino acids in DMEM (Cellgro). After 48 hours cells were
lysed using passive lysis buffer from DUAL LUCIFERASE
kit (Promega). The DUAL LUCIFERASE assay was per-
formed as per kit instructions.

Upon co-transfection of cells with wild-type replicon (0.2
ng/well) and increasing concentration of mutant replicon we
did not observe an appreciable effect on the activity of wt-
replicon (FIG. 6). This led us to conclude that the dominant
negative effect observed in the case of mutant NS3 does not
occur at the polyprotein level.

Next, the conditions were reversed. Cells were transfected
with the mutant replicon (0.2 pg/well) and increasing concen-
trations of wild-type replicon. Addition of increasing concen-
tration of wt-replicon to the mutant replicon yielded an addi-
tive effect in replicon assays (FI1G. 7). This also indicates that
the dominant negative effect of mutant NS3 does not occur at
the polyprotein level.

Discussion:

Previous studies have shown that the helicase domain of
NS3 alone is viable as an oligomer but the oligomer is
unstable (16). Also, there is evidence for subunit exchange
and mixed oligomers of NS3 (16). However, the previous
biochemical studies have been conducted under single-turn-
over conditions, under which the concentration of the enzyme
is higher than the concentration of the nucleic acid substrate.

The aim of this Example was to establish the effect of NS3
on hepatitis C virus in vivo. It has previously been shown that
NS3 is required for replication of the virus (8). We decided to
use the HCV replicon containing a luciferase gene (19, 26) as
the model system to study the effect of exogenous ATPase-
deficient mutant NS3 on the replication of HCV in vivo.
Earlier studies have shown that the HCV replicon system is an
excellent representation of HCV replication after infection.
Two assays have been used to measure replication potential of
the replicon: colony formation and luciferase activity. The
two measurements have been shown to give results consistent
with each other (19). We tested the system by conducting a
time course study on the HCV-Luc replicon in comparison
with replicons incorporating mutations that are known to
inhibit replication ofthe virus, namely the D290A mutation in
NS3, which obliterates the ATPase activity of NS3 and the
G317A, D318A, D319G triple mutation in NS5b, which ren-
ders it polymerase deficient (16, 17, 19). The results showed
that at 48 hours post-transfection, the luciferase activity accu-
rately reports replication of HCV orthe absence of replication
(FIG.1).
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We then proceeded to demonstrate that hepatitis C virus
NS3 protein is expressed in our cell culture system by both the
replicon and the plasmids (pmNS3 and pwtNS3) encoding
the NS3 gene driven by a CMV promoter, through western
blotting using an antibody specific to NS3 (FIG. 2). Once the
system was in place we transfected increasing quantities of
pmNS3 and pwtNS3 plasmids along with the replicon RNA
and showed that the addition of exogenous ATPase-deficient
NS3 under a mammalian expression promoter (pmNS3) is
able to reduce replication, while an identical amount of
pwINS3 has very little effect on the luciferase activity of the
replicon (FIG. 3). These data demonstrate that the cleaved
NS3 proteins interact with each other to form an active oli-
gomer.

Independent confirmation of the results of the replicon
assay was obtained by performing a colony formation assay.
These data substantiated the finding that mNS3 functions in a
dominant negative manner and is able to inhibit replication of
the replicon, as evidenced by the reduction in number of
colonies formed as a factor of increasing pmNS3 concentra-
tion (FIG. 5). As a control we showed that the addition of
pwINS3 in an identical manner did not alter the number of
colonies formed as compared to the untransfected cells (FIG.
5).

It has been shown that HCV RNA translates into a polypro-
tein which is subsequently cleaved by proteases to yield
mature independent proteins. To investigate the effect of
expressing mutant polyprotein as opposed to mutant NS3
single protein, we performed trans-complementation assays
in which we added increasing quantities of a replicon encod-
ing an ATPase-deficient mutant NS3 to the wild-type HCV-
Luc replicon. We found no effect with the addition of increas-
ing concentration of the mutated replicon to the wt-HCV-Luc
replicon (FIG. 6). Therefore, the mutant polyprotein does not
have an effect on the replicative potential of the wild-type
replicon, showing that mNS3 protein is interacting with the
cleaved proteins and not the polyprotein to inhibit replication
of'the virus. It is also possible that the quantity of mutant NS3
protein produced by the replicon is insufficient to elicit the
same response as when the protein is expressed from a plas-
mid. The addition of wild-type luciferase replicon has an
additive effect on the activity of the replicon encoding the
ATPase-deficient mutant NS3 (FIG. 7). That indicates the
translation of replicon RNA is not limiting in these experi-
ments.

This dominant negative effect of NS3 provides for an alter-
native mechanism of neutralizing the hepatitis C virus—by
intervention with NS3 oligomerization by targeting the HCV-
infected liver with mNS3 DNA or mNS3 protein.

Example 2

Helper-Dependent Adenovirus Vector for Targeting
Mutant NS3 Expression to Liver

This Example describes preparation of a helper-dependent
adenovirus vector, coupled to asialoorosomucoid for target-
ing to liver (28, 29). Helper-dependent (HD) adenovirus vec-
tors have minimal adenovirus sequences and give more stable
expression of the foreign DNA in the mammalian target cells
than first generation adenoviruses, which retain almost all of
the native adenovirus DNA. To replicate, helper-dependent
adenoviruses require helper adenoviruses to provide neces-
sary functions in trans (28).

A helper-dependent adenovirus vector is created contain-
ing 500 bp of cis-acting adenovirus sequences necessary for
vector DNA replication (ITRs and packaging sequences), the
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ATPase-deficient NS3 gene under the control of' a SV40 pro-
moter, 400 bp of adenovirus sequence from the right end of
the virus and containing the E4 promoter but not coding
sequence (29, p. 1004-05), and stuffer sequence to bring the
final vector size to 28-36 kb, preferably 28-31 kb. Stuffer
DNA may be, for instance, noncoding human DNA lacking
repetitive elements (29)

Thehelper virus is a first generation adenovirus with the E1
region deleted and with the virus packaging signal flanked by
loxP sites (28, 29). An example is the H14 helper virus (29).
A stuffer sequence is inserted into the E3 region to render any
El+recombinants too large to be packaged (28). Following
infection of 293Cre cells, the helper virus genome is rendered
unpackageable by excision of the packaging signal by Cre-
mediated site-specific recombination between the loxP sites.

Low-passage 293 and 293Cre4 cells are maintained in
150-mm dishes and split 1to 2 or 1 to 3 when they reach 90%
confluency. 293Cre4 cells are maintained under 0.4 mg/ml
G418 selection (28).

The HD vector is amplified by transfecting 293Cre4 cells
with the HD vector plasmid in CaCl,. After a 6-16 hour
incubation, the cells are washed with fresh medium and then
infected with helper virus at a multiplicity of infection (MOI)
of 5 pfu/cell.

Complete cytopathic effect (>90% of the cells rounded up
and detached from the dish) is observed by about 48 hours
postinfection. The cells are scraped into the medium at that
time. DNA is extracted from one ml for analysis to monitor
vector amplification. The remainder is stored at —=70° C. after
adding sucrose to 4% w/v.

After thawing, 0.4 ml of the lysate is used to coinfect a
60-mm dish of 90%-confluent 293 Cre4 cells with helper
virus at an MOI of 1 pfu/cell.

After complete cytopathic effect at about 48 hours, the cells
are scraped into the medium, DNA is extracted from 1 ml for
analysis, and 0.4 ml ofthe remainder is used for another round
of amplification by cotransfection with helper virus at 1 pfu
helper virus/cell.

The vector titer is quantified with each passage to deter-
mine the optimal number of passages—the number of pas-
sages after which the increase in HD vector titer slows sub-
stantially or the number of passages after which the lysate
contains the maximal amount of HD vector with a low
amount of helper virus.

For large-scale preparation, 150-mm dishes of 90% con-
fluent 293Cre4 cells (seeded 1-2 days previously in nonse-
lective complete medium) are coinfected with 1 ml of lysate
from the passage previous to the optimum passage, and with
helper virus at an MOI of 1 pfu/cell. At complete cytopathic
effect, about 48 hours postinfection, cells are scraped and
harvested, and the cell suspension is extracted for purification
of the HD vector.

HD vector can be further purified by centrifugation in a
CsCl step gradient using 1.25, 1.35, and 1.5 g/ml CsCl solu-
tions. The vector should settle at the interface between the
1.25 and 1.35 g/ml layers.

The number of HD particles per ml can be calculated as
follows:

(ODyg0)(dilution factor)(1.1x10'2)(36)/(size of vector
in kb)

Coupling HD Adenovirus Vector to Asialoorosomucoid for
Targeting to Liver Cell Receptors (30, 31)

The HD vector particles isolated above are dialzyed against
150 mM NaCl, 20 mM Hepes-NaOH, pH 7.4. In 4 ml, 5 mg
asialoorosomucoid (AsOR) and 1.2 mg poly-L-lysine is dis-
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solved with 1.4x10"" HD particles, with the pH adjusted to
7.4. EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide)
is added to 1 mM final concentration. After incubation on ice
for 4 hours, the conjugated adenovirus-PLL-AsOR is sepa-
rated from unreacted reagents by centrifugation (150,000xg)
for 18 hours on a CsCl gradient at a CsCl concentration of
1.35 g/ml.

The adenovirus-PLL-AsOR conjugate is used to deliver
adenovirus with high-specificity to liver cells in vitro or in
vivo, by contacting the liver cells with the adenovirus conju-
gate cells (e.g., by intravenous administration of the adenovi-
rus) at approximately 10® adenovirus particles per liver cell.

Example 3

Identification of Surface Residues of Hepatitis C
Virus Helicase Required for Optimal Replication

Introduction

Hepatitis C virus (HCV) is a 9.6 kb positive, single-
stranded RNA virus. Many aspects of the HCV replication
mechanism remain unknown, but it appears that at least five
of'the viral non-structural proteins are required for replication
(6). Several non-structural protein-protein interactions have
been identified (35, 36), and co-localization of non-structural
proteins, including helicase (NS3) and polymerase (NS5B),
on membrane structures within cells has been observed (37,
38), indicating formation of a multi-protein replication com-
plex containing both polymerase and helicase enzymes.
Understanding the mechanism of nucleic acid unwinding by
NS3 is therefore a key step in characterizing the viral repli-
cation mechanism.

NS3 helicase (NS3h) has been expressed and purified inde-
pendently of NS3 protease in a recombinant bacterial system
and retains its in vitro unwinding activity (39). The NS3h
structure consists of three distinct domains, with domains 1
and 2 containing all of the conserved motifs common to
superfamily II helicase enzymes, including the DExH/D box
motif (40, 41). ATP binds at the interface between domains 1
and 2, and nucleic acid binds within a cleft formed at the
interface between domain 3 and domains 1 and 2 (41). Inter-
actions between the protein and nucleic acid are not
sequence-specific and primarily involve the phosphate back-
bone of the nucleic acid.

Despite extensive structural and biochemical characteriza-
tion, the oligomeric state of the functional species of NS3 has
not been determined conclusively. Biochemical studies have
resulted in reports of monomeric (42), dimeric (43, 44), and
oligomeric (16, 45) forms of the protein. Crystal structures of
NS3h (40), NS3h bound to an 8-mer poly-dU substrate (41),
and a full-length NS3/NS4A fusion protein (46) demonstrate
that a single protein monomer can form crystals. However,
none of these structures includes a substrate molecule of
sufficient length to accommodate binding of multiple NS3h
monomers. Crosslinking experiments indicate that NS3h can
form oligomeric structures in solution (16). DNA unwinding
activity of full-length NS3 is optimal at concentrations high
enough to allow binding of multiple NS3h monomers to each
nucleic acid molecule (unpublished data). However, no coop-
erative effect has been observed in binding studies (48), leav-
ing open the possibility that NS3 is a non-processive mono-
mer. A recently reported biochemical model suggests that
monomeric NS3h is functional, but that multiple NS3h mol-
ecules are required for optimal processivity (49).

We have crystallized NS3h bound to a 16-mer poly-dU
nucleic acid. The structure shows two NS3h molecules bound
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to a single DNA molecule and reveals an apparent interface
between the two protein molecules. A mutational analysis of
the protein interface region was performed in order to deter-
mine its importance for helicase activity and viral replication.
We have identified several amino acid residues within this
region that when mutated, result in reduced viral replication
as measured in an HCV sub-genomic replicon. The biochemi-
cal activities of one of the mutant proteins are consistent with
the dimeric structure in the x-ray crystal structure. However,
the overall results from nucleic acid binding and helicase
unwinding activity in vitro do not correlate with the biologi-
cal results. These data indicate that NS3 helicase is likely to
exhibit biological functions that are not reflected in the known
biochemical activities.

Materials and Methods

Purification of NS3h
NS3h was purified according to published procedures (20).

Crystallization and Structural Determination of NS3h

Purified NS3h was concentrated to 32.2 mg/ml for crystal-
lization. Examination of sample purity and determination of
molecular weight were performed using SDS-PAGE on a
PHAST GEL system (AP Biotech, NJ). The apparent
molecular weight of the helicase was approximately 50 kDa.
The (dU), 4 oligonucleotide was synthesized using an Expe-
dite Nucleic Acid Synthesis System and purified by polyacry-
lamide gel electrophoresis to a final concentration of 4.6
mg/ml. Immediately before crystallization, NS3h was mixed
with the (dU), ; oligonucleotide at a 2:1 molar ratio. Crystals
of diffraction quality were obtained by using the hanging drop
method at room temperature with 4 pl of the mixture and 1 ul
of reservoir solution (2.4 M (NH,),SO,, 0.1 M Tris hydro-
chloride, pH 8.5). Diffraction data were collected at 1.5418 A
by using a single crystal of 0.2 mmx0.4 mmx0.l mm
mounted in a thin-walled glass capillary at room temperature.
The X-ray radiation was produced by an in-house Rigaku
RU-H3RHB generator and focused by Osmic’s Gutman mul-
tilayer mirrors (Woodland, Tex.). The diffraction pattern was
recorded on the R-AXIS IV phosphor image plate detector.
The diffraction data were reduced, integrated, and scaled with
Denzo/Scalepack. Molecular replacement analysis was per-
formed using AMORE software (49b), and structure refine-
ments and model building/adjustment were done using CNS
(50) and XTALVIEW (51) respectively.

The scaled data of resolution 3.3 A indicated that the NS3h/
(dU),¢ crystal belongs to the orthorhombic space group
(Table 1). Space group assignment between P2,2,2 and
P2 2,2, could not be made due to the absence of some (001)
reflections. Matthews’ Coefficient suggested the number of
protein molecules in one asymmetric unit (ASU) could be 3 or
4, with solvent content being 67% or 50%, respectively.

TABLE 1

Data Collection and Refinement Statistics

Data Collection

Unit Cell a=pR=y=90°
A(A) 108.3
B(A) 109.8

C A 183.4
Space group P2,2,2,
Wavelength (A) 1.5418
Resolution (A) 33
Unique reflections 33594

Completeness (%)
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TABLE 1-continued

Data Collection and Refinement Statistics

Ryym” (%) 0.34
<I/o(I)> 4.4
Refinement

Resolution (A) 30-3.3
No. reflections® 27936 (1673)
R>(%) 24.8 (27.4)
Avg, B-factors (A) 34.25
Rmsd bond lengths (A) 0.010
Rmsd bong angles (°) 1.495

"Roym =2 I- <[> VZL; I, intensity.

“Value for Ry, set containing 5% of randomly chosen reflections.
R =2 Fops = Feate 12 Fope

We completed the structure determination by molecular
replacement (MR) using the published 1A1V structure (41)
as an initial model. The 1A1V structure consists of an NS3h
monomer bound to a (dU)g oligonucleotide. Prior to MR, the
oligonucleotide was removed from the model. The MR
results from space group P2,2,2 did not display any reason-
able correlation among the individual solutions; however, the
MR solutions in space group P2,2,2, showed strong correla-
tion as well as realistic crystal packing (not shown).

A composite omit map was calculated using CNS (50) to
identify any missing components. The resulting electron den-
sity map showed clearly the presence of the oligonucleotide at
the nucleic acid binding sites of the protein molecules. The
(dU) fragments were inserted manually into the structure
usiné XTALVIEW (51). The Maximum-Likelihood from
Structure Factors (MLF) refinement on the model was done in
CNS and is presented in Table 1.

Construction of Mutant Plasmids

Mutations were introduced into a pUC18-NS3 subclone
containing nucleotides 1182-4918 from the HCV replicon
sequence using the QUIKCHANGE Site-Directed Mutagen-
esis Kit (Stratagene). Mutant plasmids were transformed into
SURE cells and purified from cultured cells with the
QIAPREP Spin Miniprep Kit (QIAGEN). Mutant subcloned
HCV sequences were then transferred into the replicon plas-
mid by digestion at Pme I and Mlu I restriction sites followed
by ligation. Mutant NS3 sequences were transferred to
pET26b-Ub expression plasmid by PCR followed by diges-
tion at Sac Il and EcoR 1 restriction sites and ligation. Quality
of all final plasmid products was confirmed by sequencing.

Replicon RNA Synthesis

DNA template was prepared by digestion of replicon plas-
mid (10 pg) with Sca I restriction endonuclease at 37° C. for
4 hours. Complete linearization of plasmid was confirmed by
agarose gel electrophoresis. RNA was synthesized in vitro by
incubating 0.5 pg linear DNA template with 0.5 ug T7 RNA
polymerase in 350 mM HEPES pH=7.5, 32 mM magnesium
acetate, 40 mM DTT, 2 mM spermidine, and 28 mM NTPs at
37° C. for 3 hours. Template DNA was removed by incuba-
tion with 2 units Dnase I at 37° C. for 30 min. RNA was
precipitated overnight in LiCl at —=20° C. RNA purity and
quality were verified by agarose gel electrophoresis.

Colony Formation Assays

HCYV replicon RNA (1 ng) and Huh-7.5 cells (2x10°) were
incubated with DMRIE-C lipofection reagent in serum-free
medium at 37° C. for 60 min with gentle agitation. Trans-
fected cells were centrifuged at 4000 rpm for 4 min, resus-
pended in 7.5 ml medium+10% fetal bovine serum, and trans-
ferred to a 10 cm culture plate. 0.5 mg/m1 G418 was added 24
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hours after transfection. Colony formation was monitored
over a period of two to three weeks with replacement of
growth medium every two days. Mature colonies were
stained with 0.1% crystal violet.

Western Analysis

Huh-7.5 cells were transiently transfected with HCV RNA
with TRANSMESSENGER Lipofectin Reagent (Qiagen)
according to the manufacturer’s instructions. Cells were
lysed at 4 hours post-transfection in SDS-PAGE denaturing
sample buffer. Lysate from 5x10° cells from each transfection
was run on 10% SDS gel. Proteins were transferred from gel
to PVDF membrane using a BioRad electrophoretic transfer
cellat 100V for 1 hour at 4° C. in transfer buffer (25 mM Tris,
192 mM glycine). Membranes were blocked in 5% dry milk/
TBST for 1 hour, then washed three times for 5 min with
TBST. Blocked membranes were exposed to rabbit poly-
clonal anti-NS3 (supplied by C.E.C.) in 5% BSA/TBST for
90 min, washed as described above, then exposed to HRP-
conjugated goat anti-rabbit IgG (PerkinElmer) in 5% dry
milk/TBST for 1 hour. Chemiluminescent detection was done
by ECL western blotting analysis system (Amersham).

RNA Binding Assays

Varying concentrations of NS3h were incubated with 500
pM 5'-fluorescein-labeled rU,, (Integrated DNA Technolo-
gies) in 50 mM MOPS-K+(pH 7.0), 10 mM NaCl, 50 uM
EDTA, 0.1 mg/ml BSA for 5 minutes at 37° C. Binding was
measured as a function of fluorescence polarization using a
Beacon fluorescence polarization system. Data were fit to a
hyperbola using Kaleidagraph software.

ATPase Assays

NS3h was incubated with 5 mM ATP in 50 mM HEPES
(pH=7.5), 5 mM EDTA, 10 mM MgCl,, 10 mM NaCl, 0.1
mg/ml BSA, 4 mM phosphoenolpyruvate, 10 U/ml pyruvate
kinase/lactate dehydrogenase, and 0.7 mg/ml NADH. Absor-
bance of NADH at 380 nm was measured at 1 sec intervals for
a period of 30 sec in the presence of the indicated concentra-
tions of poly-U. Hydrolysis rates were calculated using an
extinction coefficient of 1,210 M~* cm™ for NADH. Data
were fit to a hyperbola using Kaleidagraph software.

Steady State DNA Unwinding Assays

The substrate used was a 45-mer/30-mer containing 30
base pairs of double-stranded DNA with a 15 base 3' single-
stranded overhang. One strand was radiolabeled by incuba-
tion with y->?P-ATP and T4 polynucleotide kinase at 37° C.
for 60 min. Unincorporated ATP was removed by SEPHA-
DEX G-25 filtration. Equimolar amounts of labeled and
complementary unlabeled strands were combined, heated to
95° C. for 10 min, and cooled slowly to room temperature to
generate the final substrate. For steady state unwinding
experiments, 100 nM NS3h was incubated with 250 nM sub-
strate in 25 mM HEPES (pH=7.5), 0.5 mM EDTA, 10 mM
MgCl,, 10 mM NacCl, 0.1 mg/ml BSA. Reactions were initi-
ated by addition of 5 mM ATP. Aliquots were taken at specific
time points and the reaction was quenched by addition of 200
mM EDTA, 0.7% SDS. Substrate and product were separated
by native polyacrylamide gel electrophoresis and detected
and quantified by phosphorimaging analysis.

ATP-Independent DNA Unwinding Assays

NS3h or NS3h mutant enzymes (500 nM) were mixed with
2 nM DNA substrate (described in steady state section) in 25
mM MOPS (pH 7.0), 10 mM NaCl, 0.1 mM EDTA (pH 8.0),
2 mM PME, and 0.1 mg/ml. BSA at 37° C. Aliquots were
transferred to a ‘quench solution’ containing 200 mM EDTA,
0.7% SDS, 5 mM ATP, 10 mM MgCl,, 60 nM annealing trap,
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and 100 uM poly-dT protein trap. Double- and single-
stranded DNA were resolved on a native 20% polyacrylamide
gel. The radiolabeled substrate and product were detected
using a PHOSPHORIMAGER (Molecular Dynamics,
Sunnyvale, Calif.); quantitation was performed with
IMAGEQUANT software. The ratio of single- to double-
stranded DNA was determined and plotted as a function of
time.

Single Turnover DNA Unwinding Assay

Unwinding assays were carried out using a Quench-Flow
apparatus (RQF-3, KinTek Instruments, Austin, Tex.) with a
two-step mixing protocol (49). Reactions were carried out in
25 mM MOPS (pH 7.0), 10 mM NaCl, 0.1 mM EDTA (pH
8.0), 2 mM PME, and 0.1 mg/mL BSA at 37° C.; all concen-
trations are post-mixing. NS3h (500 nM) was mixed with 2
nM DNA substrate (described in steady state section) for 10
seconds before adding 5 mM ATP, 10 mM MgCl,, 60 nM
annealing trap (complementary to the displaced strand), and
100 uM poly-dT protein trap. The reaction was quenched
after 0.1-15 seconds by ejection into a tube containing 200
mM EDTA, 0.7% SDS. Double- and single-stranded DNA
were resolved on a native 20% polyacrylamide gel. The radio-
labeled substrate and product were detected using a PHOS-
PHORIMAGER (Molecular Dynamics, Sunnyvale, Calif.);
quantitation was performed with IMAGEQUANT software.
The ratio of single- to double-stranded DNA was determined
and plotted as a function of time. Data were fit to Equation 1,
using KALEIDAGRAPH (Synergy Software, Reading, Pa.).
This equation describes a 5-step mechanism for DNA
unwinding that is necessary to fit the substantial lag phase
associated with unwinding of the substrate (49, 52, 53).

AL 14k t+ 172 (ko t)41/6 (k5 > +1/24(k )]
eobs’} Eq. 1

Results

Crystallization and Structural Analysis of NS3h Bound to
(dU)s6

The crystals of NS3h in the presence of (dU), 4 oligonucle-
otide belonged to space group P2,2,2, with unit cell dimen-
sions a=108.3 A, b=109.8 A, and c=183.4 A (Table 1). We
determined the structure by the molecular replacement
method (MR) using 1A1V.pdb (41) as an initial model, in
which its (dU) fragment was manually removed prior to the
rotational function search. We identified three helicase mol-
ecules (chains A, B, and C) per asymmetric unit (ASU) in our
structure, with two helicase molecules bound to a single (dU)
1 molecule. The final atomic model shows no major unfavor-
able steric interactions between the helicase molecules, and
the crystal packing shows no conflicts between the protein
molecules in adjacent ASUs. We found no apparent non-
crystallographic symmetric operations among the three
monomers in this helicase model, nor did we observe any
dramatic differences among the monomers. All three helicase
molecules retain the basic Y shape characteristic of previ-
ously reported structures, with minor conformational difter-
ences at the surface loop regions.

The atomic coordinates ofthe helicase molecules A, B, and
C in the final atomic model are provided in Table 2.

Chains A and B of the complex are bound to a 13-nucle-
otide span of one (dU), ; molecule, with chain B rotated 90
degrees relative to chain A. The binding mode of both chains
is consistent with that of the 1A1V structure, with the binding
cleft at the interface of domains 1 and 2 with domain 3 in each
protein molecule. Chain C appears to be independent of the
dimer-oligonucleotide complex. The nucleic acid binding
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cleft of chain C faces away from the dimer structure and is
occupied by a second oligonucleotide molecule. Chain C
does not have any evident structural or mechanistic relation-
ship with the other two protein molecules, and there appear to
be no suitable contacts between chains B and C to indicate a
functional interaction between these two molecules.

To determine the degree of similarity between chains A and
B, we superimposed the two using domain 1 (the NTPase
domain) as an anchor (the backbone RMSD for residues
190-324 was 0.7 A). We observed only minor conformational
differences between the two chains in each of the three
domains. However, it appears that the relative orientation of
domain 2 with respect to the anchored domain 1 is slightly
different between chains A and B with a small but detectable
tilting angle resulting in a slight widening of the nucleic acid
binding groove in chain B. This flexibility of domain 2 rela-
tive to domain 1 is consistent with the proposed ratchet
mechanism for nucleic acid translocation (41). Domain 3
displays a small degree of rotation between chains A and B,
but is otherwise similar.

To assess the relationship of the apparent dimer structure to
that of the monomeric NS3/oligo complex (41), we indepen-
dently aligned each of the two monomer structures (chains A
and B) with the 1A1V structure (data not shown). Both chains
of the dimer structure align well with 1A1V, with chain A
being a slightly better fit than chain B (overall RMSD ~0.9 A
and ~1.3 A, respectively). Aside from the slight widening of
the groove between domains 2 and 3 in chain B of our struc-
ture, no significant structural differences exist between the
structure of 1A1V and the structures of our A and B chains.

Inthe dimer structure, the oligonucleotide is bound to each
NS3h molecule within the groove formed at the interface of
domains 1 and 2 with domain 3. The DNA interactions with
chain A are virtually identical to those observed in the 1A1V
structure. In the region between chains A and B, the DNA
appears to be bent by nearly 90 degrees. It is possible that this
bend is stabilized by the apparent base stacking between
nucleotides dUg and dU, ,. However, the electron density in
this region is weak, and although structure validation by
WHAT_CHECK (54) suggested that the bent conformation
of'the DNA is allowable (55), we accept the possibility that
the bend may indeed exist in another conformation. Compari-
sons of the 3' binding regions in both chains A and B to 1A1V
exhibited high similarity in nucleotide binding, suggesting
that the binding mode of the oligonucleotide between chains
A and B is likely to exist as presented. The overall DNA
binding mode with respect to chain B is similar to that with
respect to chain A. However, due to the displacement of
domain 2 in chain B, domains 2 and 3 are farther apart than in
chain A. In turn, the binding groove of chain B is slightly
wider and causes the oligonucleotide to tilt toward domain 2,
allowing domain 1 and the oligonucleotide backbone to retain
the same interactions observed in chain A. The domain dis-
placement, however, does not dramatically alter the interac-
tions of oligonucleotide with domains 1 and 3. For example,
the Trp501 side chain retains its ring-to-ring stacking posi-
tion, and Thr269 remains in position to allow hydrogen bond-
ing with the phosphate backbone of the DNA at dU,,. The
DNA fragment in chain B is pushed slightly out of the binding
groove and shifted away from the a-helical domain. As a
result, the electron density for this fragment is less clear than
that in chain A.

There are numerous close interactions between chains A
and B involving multiple sets of amino acid residues, includ-
ing H545-A553 and C584-T591 of chain B, and T435-Q453,
T477-S488, and V524-Q536 of chain A. In addition, Thr450
of chain A and GIn549 of chain B appear to be in position to
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allow hydrogen bond formation between the two monomers
at the dimeric interface. Chain B residues 541-551 interact
with a chain A cleft formed by residues 477-481 and 452-453.

To assess the strength of interaction between chains A and
B, we calculated the extent of buried surface area (S ;) at the
interaction site using WHATTF molecular modeling software
(55b). This value is defined as S , ;=A ,+Az—A -, where A is
the total surface area of the folded polypeptide molecule. The
surface areas of chains A and B are 5883 A2 and 5839 A2,
respectively. The total surface area calculated for the dimer is
approximately 11279 A? leaving a difference of 443 A?
buried at the interface. This area is not sufficient to support
independent dimer formation in the absence of nucleic acid,
which is consistent with the observed monomeric behavior of
NS3hin size exclusion chromatography (Raney and C. Chen,
unpublished observations).

Biological Analysis of Surface Residues

To assess the importance of the protein-protein interface
region observed in the crystal structure, we performed a muta-
tional analysis involving two clusters of residues (Asp543/
His545/GIn549 and Arg587/Leu588/Lys589/Thr591) in
domain 3. These residues are situated at the interface of the
two NS3h molecules and appear to be of particular impor-
tance in the protein-protein interaction. We did not introduce
mutations at the domain 2 interface site because of its prox-
imity to the conserved helicase motifs. Amino acid residues
543-545 were deleted (A543-545), and two sets of substitu-
tion mutations (D543K/H545D/Q549A and R587D/1.588D/
K589D/T591D) were introduced independently into the
HCV-neo-1377/NS3-3'UTR replicon (26) containing an
S22041 adaptive mutation (56).

We transtected Huh-7 human hepatoma cells with mutant
HCV RNA, and monitored the cells for replication-dependent
growth. Cells transfected with S22041 HCV RNA formed
large, densely spaced colonies after two to three weeks of
growth (FIG. 8A). Cells transfected with the mutant HCV
RNA showed significantly reduced colony formation, indi-
cating that the targeted NS3 surface region is important for
efficient viral replication. The A543-545 and D543K/H545D/
Q549A (NS3h KDA) mutants were of particular interest, as
they supported very little cell growth (FIGS. 8C and D). Only
pinpoint colonies were visible at two weeks post-transfec-
tion, and no cells remained at three weeks post-transfection.
The RS587D/LS88D/KS589D/T591D mutation  (NS3h
DDDD), at a different site within the protein interface than the
A543-545 and NS3h KDA mutations, had a visible but less
dramatic effect on growth (FIG. 8E). Colonies were less
densely spaced than in the S22041 transfection, but those that
formed grew to approximately the same size as wild type
colonies.

We performed a western analysis with NS3 antibody on
transfected cell lysates in order to determine whether NS3
protein expression was affected by any of the mutations (FIG.
9). The A543-545 mutant NS3 protein was present at signifi-
cantly lower concentration than observed in S22041 trans-
fected cells. However, no impairment of translation was
observed for either of the two substitution mutants.

Biochemical Analysis of NS3h Mutants

In order to determine the effects of the surface mutations on
the biochemical activities of NS3h, we over-expressed and
purified NS3h KDA and NS3h DDDD in a prokaryotic
expression system and compared the binding and enzymatic
activities of the mutant NS3h proteins to those of wild type.
We measured the RNA and DNA binding affinities of the
mutant and wild type enzymes using fluorescein-labeled, oli-
gonucleotide substrates (FIG. 10). The NS3h KDA mutation
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did not impair binding to RNA or DNA, but the NS3h DDDD
mutation severely reduced binding affinity as measured by
fluorescence polarization. Binding to the DNA oligonucle-
otide was around ten-fold tighter than to the RNA oligonucle-
otide. Poly-U stimulated ATP hydrolysis of the mutant and
wild type enzymes was measured and no significant differ-
ences were observed between the activities of the wild type
and NS3h KDA mutant (FIG. 1). The activity of the NS3h
DDDD mutant was severely impaired, probably as a conse-
quence of its reduced nucleic acid binding affinity.

Unwinding of nucleic acid was measured by using a stan-
dard helicase assay (FIG. 12A). A substrate (45:30mer) con-
taining 30 base pairs with a 15 nt 3' single-stranded overhang
was prepared by annealing appropriate oligonucleotides. We
observed very little unwinding of an RNA substrate by NS3h,
consistent with a recent report describing the lack of RNA
unwinding activity of NS3h (FIG. 12B) (45). Therefore, we
measured unwinding rates using a DNA substrate. NS3h and
the two mutant enzymes unwound the 45:30mer DNA at
approximately 1 nM/min under steady state conditions (FIG.
12C). The conditions used in this assay are likely to favor a
monomeric form of NS3h because it is highly unlikely that
two molecules bind to the same substrate molecule in the
presence of a large excess of DNA. This observation further
confirms that NS3h KDA monomer is not functionally
impaired. NS3h DDDD unwinds DNA almost as well as
NS3h wild type under steady state conditions, despite its
reduced binding affinity for nucleic acid. Steady state
unwinding rates reflect a number of possible steps in the
reaction, including association, dissociation, and DNA
unwinding, so it is not possible to state that NS3h DDDD
unwinding is the same as the wild type NS3h based solely on
this experiment. However, the result with NS3h DDDD does
indicate that it can unwind the substrate.

The uncertainties associated with measuring unwinding
under steady state conditions can be overcome by measuring
unwinding under single turnover conditions in the presence of
excess enzyme (43, 49). Initial attempts to perform single
turnover experiments were hampered by substantial ATP-
independent unwinding with wild type NS3h (data not
shown), consistent with previous reports (57). To compare the
ATP-independent unwinding activity of the mutant and wild
type forms of NS3h, excess enzyme was incubated with sub-
strate in the absence of ATP, and the reaction was stopped by
addition of excess poly dT to trap the enzyme. Interestingly,
NS3h exhibited much greater ATP-independent unwinding
than NS3h KDA or NS3h DDDD (FIG. 13). This result may
reflect reduced protein-protein interactions in the case of
NS3h KDA, because the nucleic acid binding affinity of this
mutant is the same as the wild type NS3h (FIG. 10).

A different experimental protocol was required to measure
the unwinding activity under single turnover conditions in the
presence of excess enzyme due to the ATP-independent
unwinding activity of NS3h. NS3h was rapidly mixed with
substrate and incubated for a 10 s interval, followed by a
second rapid mixing step in which ATP and Mg*? were intro-
duced (FIG. 14). The initial 10 s incubation time was too short
for ATP-independent unwinding to occur. The Kintek Chemi-
cal Quench-Flow instrument is designed to readily perform
such a ‘double-mixing’ experiment which was recently used
by Levin et al. to measure NS3h unwinding activity (49).
Under these conditions, NS3h exhibited a lag phase very
similar to that observed previously for a substrate of similar
length (49). The lag phase represents multiple steps that are
believed to occur prior to complete unwinding of the duplex
(52, 53, 58). No unwinding was observed for NS3h DDDD
under single turnover conditions (not shown). However,
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NS3h KDA unwound the substrate with a similar lag phase as
the wild type enzyme, but significantly lower amplitude (FIG.
14). The amplitude for unwinding reflects the degree of pro-
cessivity of the enzyme (49, 59); therefore NS3h KDA has
lower processivity than NS3h.

Discussion

We describe here the first x-ray crystal structure of NS3
helicase bound to a DNA molecule of sufficient length to
accommodate binding of two molecules of enzyme. Our
structure shows a nucleic acid binding site for each monomer
that is consistent with a published crystal structure of a single
monomer bound to a shorter DNA molecule (41). In each
case, the DNA binds to a cleft between domains 1 and 2 on
one side and domain 3 on the other. DNA binding is non-
sequence specific, with the majority of protein-DNA contacts
involving the phosphate backbone. The structure also reveals
a protein-protein interface between two DNA-bound helicase
monomers. The protein-protein contacts are mostly hydro-
phobic and involve domain 2 of one subunit (chain A) and
domain 3 of the second subunit (chain B). The two nucleic
acid binding sites of the dimer are therefore aligned in such a
way as to force a significant bend in the bound DNA that
appears to induce a base stacking motif in the oligonucle-
otide.

The structure and function HCV helicase have been inves-
tigated extensively. Important amino acid sequence motifs
that play critical roles in biochemical function have been
identified on both domains 1 and 2. The function of domain 3
has been less well characterized, presumably due to the facts
that in superfamily II helicases, domain 3 is less conserved
compared to domains 1 and 2 and that among the helicase
superfamilies, there is no apparent homology in domain 3
(60). In the structure reported here, surface regions on domain
3 interact with domain 2 of the second molecule. Biological
studies demonstrate that mutations in these surface regions
interfere with viral replication in cell culture. This indicates
that, besides its critical role in substrate binding, domain 3
also plays a role in mediating the formation of protein-protein
complexes between NS3 monomers or between NS3 and
other protein partners to ensure viral survival and growth.

NS3h exhibits relatively weak protein-protein interactions
whereas full-length NS3 appears to interact with itself much
more strongly (Raney and Chen, in preparation), which may
account for some of the differences in activities observed
between the two forms of the enzyme. For example, NS3h
unwound only 17% of the 45:30mer whereas full-length NS3
unwound greater than 80% of the same substrate under the
same conditions (unpublished data). Therefore, NS3h exhib-
its lower processivity in DNA unwinding than the full-length
protein, which may reflect the relative strength of protein-
protein interactions. Monomeric helicases are generally asso-
ciated with low processivity; meaning that these enzymes can
unwind only a few base pairs prior to dissociating from the
DNA. Moderately processive helicases such as hexameric
helicase DnaB (58) are able to unwinding hundreds of base
pairs prior to dissociating from the DNA, although the repli-
cative helicases are much more processive when associated
with the replication complex. One highly processive helicase,
RecBCD, has two helicase motors, one for each DNA strand,
which leads to very high processivity (61, 62). The Rep heli-
case reportedly is unable to unwind DNA as a monomer, but
readily melts the duplex as a dimer (63). The mutations at the
interface of the putative dimer were designed to disrupt pro-
tein-protein interactions. These mutations would not be
expected to disrupt the biochemical activities of monomeric
NS3h. Indeed, NS3h KDA exhibits activities that mirror the
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wild-type enzyme in terms of nucleic acid binding, ATPase
activity, and steady state DNA unwinding. The only bio-
chemical activities of NS3h KDA that are reduced are pro-
cessivity and ATP-independent unwinding, each of which
would be expected to rely more heavily on protein-protein
interactions. Thus, enzymatic activities of NS3h KDA are
consistent with the biochemical relevance of the dimeric
structure reported here. However, the reduction in amplitude
for unwinding under single turnover conditions is less than
two-fold, which would seem unlikely to be responsible for the
dramatic reduction in HCV replicative capacity exhibited
with the NS3h KDA mutations. Hence, the biochemical
results are not sufficient to explain the biological results. The
results with NS3h DDDD emphasize this point. NS3h DDDD
has much lower affinity for nucleic acid than wild-type NS3h,
resulting in essentially no product formation under single
turnover unwinding conditions. However, the replicative
capacity ofthe HCV replicon containing the DDDD mutation
is greater than the HCV replicon containing KDA mutation.
Thus, the biochemical activities of NS3h do not appear to
reflect all of the biological activities of this enzyme. It
remains a strong possibility that the protein surface impli-
cated in formation of a dimeric helicase in vitro mediates
additional interactions in vivo that are required for formation
of a multi-protein viral replication complex.

By solving the x-ray crystal structure of two molecules of
NS3 helicase domain bound to the same oligonucleotide, we
have identified a region on the surface of the HCV NS3
helicase that is required for efficient viral replication. The
amino residues in this region are highly conserved amongst
isolates of HCV. The surface region appears to be capable of
mediating protein-protein interactions, but does not appear to
be essential in the nucleic acid binding or known enzymatic
activities of NS3h. These data illustrate that NS3 has addi-
tional biochemical activities and/or protein-protein interac-
tions in vivo that are not revealed by the known biochemical
assays.

Conclusions

The hepatitis C virus non-structural protein 3 is a multi-
functional enzyme with serine protease and DExD/H-box
helicase domains. The helicase domain was crystallized in the
presence of a single-stranded oligonucleotide long enough to
accommodate binding of two molecules of enzyme. Several
amino acid residues at the interface of the two helicase mol-
ecules appear to mediate a protein-protein interaction
between domains 2 and 3 of adjacent molecules. Mutations
introduced into domain 3 to disrupt the interface dramatically
reduced replication capacity in a subgenomic replicon sys-
tem. Purified mutant helicase exhibited lower processivity
during DNA unwinding, consistent with the outcome pre-
dicted by the x-ray crystal structure. However, the overall
biochemical activities of the mutant enzyme do not reflect the
large reduction in HCV replication capacity seen in the bio-
logical experiment. Hence, the surface residues identified
here, in addition to being essential for NS3-NS3 interactions
that increase NS3 helicase activity, are probably required for
a biological function of the helicase domain unrelated to
known biochemical activities.

Example 4

A Peptide Inhibitor of NS3-NS3 Interactions Inhibits
Hepatitis C Virus Replication

The data from the structural, biological, and biochemical
data indicated the importance of domain 3 and in particular,
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the amino acid sequence from His541 through Lys551. This
region of the protein adopts an alpha helical structure that
appears to mediate protein-protein interactions (Example 3).
We designed a peptide that mimicked this sequence in order
to determine whether such a peptide could substitute for the
alpha helix and thereby disrupt protein-protein interactions
that are required for HCV replication. The peptide was 25
amino acids in length and contained the following amino acid
sequence: HIDAHFLSQTK-GGG-YARAAARQARA (SEQ
ID NO:2). The amino terminal region of this peptide
(HIDAHFLSQTK, SEQ ID NO:1) is identical to the
sequence of residues 541-551 of the NS3 helicase (SEQ ID
NO:3). This region is the ‘inhibitor’ region of the peptide. The
three glycines served as a linker between the inhibitor and a
peptide sequence that has been shown to be able to improve
the uptake of peptides in cells. The c-terminal domain
(YARAAARQARA, SEQ ID NO:4) is referred to as the pep-
tide transduction domain of the HCV inhibitor peptide. This
sequence can be likely be substituted with other sequences.

The peptide was introduced into Huh-7 cells containing the
HCV luciferase replicon. 48 hours after introduction of the
peptide, luciferase activity was measured. The peptide
strongly reduced the luciferase activity, indicating that HCV
replication was strongly reduced (FIG. 15). These results
indicate that it is possible to design small molecule inhibitors
of protein-protein interactions that will reduce HCV replica-
tion. Such small molecules can be used for the treatment of
HCYV infection. Small molecules that are designed to mimic
the activity of the peptide at sequence His541 through Lys551
should act similarly to the observed activity of the HCV
inhibitor peptide.

Example 5

An Adenoviral Vector for Genetic Therapy Using
Mutant NS3 Expression in Vitro

A DNA encoding the D290A ATPase-deficient NS3 is
cloned for expression in an adenovirus vector for gene
therapy of HCV infection. Adenoviral vectors are a well
characterized method of gene transfer in both cell culture and
in vivo. Two advantages to the use of adenoviral vectors are (i)
efficient transfer to multiple cell types and lines, and (ii)
efficient transfer to cells that are not actively replicating.

Vector Production

The adenoviral vectors are produced using commercially
available methods and materials, including the pAdEasy-1
vector system from Stratagene (La Jolla, Calif.) (64, 65). The
D290A NS3 DNA is cloned behind the cauliflower mosaic
virus (CMV) promoter in pShuttle-CMV (64) (SEQ ID
NO:5) in E. coli. The CMV promoter is nucleotides 345-932
of SEQ ID NO:5. The resultant vector is linearized by Pmel
and cotransformed into E. coli strain BJ5183 with the aden-
oviral backbone plasmid pAdEasy-1 (SEQ ID NO:7), which
lacks the E1 and E3 genes, making it replication defective
without those functions being provided in trans. The shuttle
vector recombines into pAdEasy-1 by homologous recombi-
nation in vivo in E. coli. The recombinant vector carries a
kanamycin resistance cassette. The pAdEasy-1 vector carries
an ampicillin-resistance cassette that is lost in the recombi-
nation. E. coli colonies resistant to kanamycin are selected,
followed by purification of plasmid. Recombinant adenoviral
plasmids are screened by restriction digestion with Pacl,
resulting in fragments of 30 kb and approximately 3-4.5 kb.
Non-recombinant plasmids have only the 30 kb fragment.

Once recombinant adenoviral plasmid clones are identi-
fied, they are digested with Pacl and transfected into HEK293
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cells. HEK293 cells are human embryonic kidney cells that
have been transformed with sheared Ad5 DNA. They express
the transforming genes of AdS, including E1. The cells pro-
duce recombinant viral particles that can be used to transform
other cells. Titer is determined by protocols of the product
literature.

Cellular Assay

Similar to the assay of Example 1, Huh-7 cells harboring
subgenomic HCV replicon are exposed to a concentration
series of recombinant mutant-NS3-expressing adenoviral
particles. Luciferase activity is measured after 48 hours, as
described above. Green fluorescent protein (GFP) is encoded
in the adenovirus vector and is used to determine the effi-
ciency of transfection. To verify that the NS3 construct is
being expressed, Huh-7 cells that do not contain HCV repli-
con will also be exposed to viral vectors. These cells are lysed
at 48 hours post-transfection, and western blots are performed
on the lysate.

Replication of the HCV replicon is monitored by the
luciferase assay described in Example 1 to show that aden-
ovirus expressing ATPase-deficient NS3 inhibits HCV repli-
cation.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial
FEATURE:

<400> SEQUENCE: 1
His Ile Asp Ala His Phe Leu Ser Gln Thr Lys
1 5 10

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

SEQ ID NO 2

LENGTH: 25

TYPE: PRT

ORGANISM: Artificial
FEATURE:

entry peptide

<400> SEQUENCE: 2

OTHER INFORMATION: NS3 oligomerization inhibitor peptide

OTHER INFORMATION: NS3-oligomerization inhibitor peptide with cell

His Ile Asp Ala His Phe Leu Ser Gln Thr Lys Gly Gly Gly Tyr Ala

1 5 10

Arg Ala Ala Ala Arg Gln Ala Arg Ala
20 25

15
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<210>
<211>
<212>
<213>

<400>

Ala
1

Ile

Asn
Ala
65

Asp

Cys

Pro
Cys
145

Arg

Thr

Tyr

Arg

Phe

Cys

Thr

305

Ala

Glu

Ala

Pro

Ile

Gln

Gly

50

Gly

Leu

Thr

Ile

Arg

130

Pro

Gly

Thr

Pro

Lys

210

Leu

Met

Thr

Leu

Asp

290

Val

Thr

Glu

Ile

Ser

Ile

Thr

Val

Val

Pro

Val

Cys

Pro

115

Pro

Ser

Val

Met

Gln

195

Ser

Val

Ser

Ile

Ala

275

Glu

Leu

Ala

Val

Pro

355

Lys

PRT

SEQUENCE :

Thr

Ser

20

Val

Cys

Lys

Gly

Gly

100

Val

Val

Gly

Ala

Arg

180

Thr

Thr

Leu

Lys

Thr

260

Asp

Cys

Asp

Thr

Ala

340

Ile

Lys

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Hepatitis C

631

3

Ala

5

Leu

Ser

Trp

Gly

Trp

85

Ser

Arg

Ser

His

Lys

165

Ser

Phe

Lys

Asn

Ala

245

Thr

Gly

His

Gln

Pro

325

Leu

Glu

Lys

Tyr Ser

Thr Gly

Thr Ala

Thr Val
55

Pro Ile
70

Gln Ala

Ser Asp

Arg Arg

Tyr Leu

135

Ala Val
150

Ala Val

Pro Val

Gln Val

Val Pro

215

Pro Ser

230

His Gly

Gly Ala

Gly Cys

Ser Thr
295

Ala Glu
310

Pro Gly
Ser Ser

Thr Ile

Cys Asp

virus

Gln

Arg

Thr

40

Tyr

Thr

Pro

Leu

Gly

120

Lys

Gly

Asp

Phe

Ala

200

Ala

Val

Ile

Pro

Ser

280

Asp

Thr

Ser

Thr

Lys

360

Glu

Gln

Asp

25

Gln

His

Gln

Pro

Tyr

105

Asp

Gly

Ile

Phe

Thr

185

His

Ala

Ala

Asp

Ile

265

Gly

Ser

Ala

Val

Gly

345

Gly

Leu

Thr

10

Arg

Ser

Gly

Met

Gly

90

Leu

Ser

Ser

Phe

Val

170

Asp

Leu

Tyr

Ala

Pro

250

Thr

Gly

Thr

Gly

Thr

330

Glu

Gly

Ala

Arg

Asn

Phe

Ala

Tyr

75

Ala

Val

Arg

Ser

Arg

155

Pro

Asn

His

Ala

Thr

235

Asn

Tyr

Ala

Thr

Ala

315

Val

Ile

Arg

Ala

Gly

Gln

Leu

Gly

60

Thr

Arg

Thr

Gly

Gly

140

Ala

Val

Ser

Ala

Ala

220

Leu

Ile

Ser

Tyr

Ile

300

Arg

Pro

Pro

His

Lys

Leu

Val

Ala

45

Ser

Asn

Ser

Arg

Ser

125

Gly

Ala

Glu

Ser

Pro

205

Gln

Gly

Arg

Thr

Asp

285

Leu

Leu

His

Phe

Leu

365

Leu

Leu

Glu

30

Thr

Lys

Val

Leu

His

110

Leu

Pro

Val

Ser

Pro

190

Thr

Gly

Phe

Thr

Tyr

270

Ile

Gly

Val

Pro

Tyr

350

Ile

Ser

Gly

15

Gly

Cys

Thr

Asp

Thr

95

Ala

Leu

Leu

Cys

Met

175

Pro

Gly

Tyr

Gly

Gly

255

Gly

Ile

Ile

Val

Asn

335

Gly

Phe

Gly

Cys

Glu

Val

Leu

Gln

80

Pro

Asp

Ser

Leu

Thr

160

Glu

Ala

Ser

Lys

Ala

240

Val

Lys

Ile

Gly

Leu

320

Ile

Lys

Cys

Leu
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40

370 375

Gly Leu Asn Ala Val Ala Tyr Tyr Arg Gly Leu

385

390 395

Pro Thr Ser Gly Asp Val Ile Val Val Ala Thr

405 410

Gly Phe Thr Gly Asp Phe Asp Ser Val Ile Asp

420 425

Thr Gln Thr Val Asp Phe Ser Leu Asp Pro Thr

435 440

Thr Thr Val Pro Gln Asp Ala Val Ser Arg Ser
450 455

Thr Gly Arg Gly Arg Met Gly Ile Tyr Arg Phe

465

470 475

Arg Pro Ser Gly Met Phe Asp Ser Ser Val Leu

485 490

Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro Ala

500 505

Leu Arg Ala Tyr Leu Asn Thr Pro Gly Leu Pro

515 520

Leu Glu Phe Trp Glu Ser Val Phe Thr Gly Leu
530 535

His Phe Leu Ser Gln Thr Lys Gln Ala Gly Asp

545

550 555

Val Ala Tyr Gln Ala Thr Val Cys Ala Arg Ala

565 570

Ser Trp Asp Gln Met Trp Lys Cys Leu Ile Arg

580 585

His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly

595 600

Val Thr Thr Thr His Pro Ile Thr Lys Tyr Ile
610 615

Ala Asp Leu Glu Val Val Thr

625

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

<400>

630
SEQ ID NO 4
LENGTH: 11
TYPE: PRT
ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Cell entry peptide

SEQUENCE: 4

Tyr Ala Arg Ala Ala Ala Arg Gln Ala Arg Ala

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

5 10

SEQ ID NO 5

LENGTH: 7453

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: pShuttle-CMV
FEATURE:

NAME/KEY: misc_feature

LOCATION: (341)..(344)

OTHER INFORMATION: n is a, ¢, g, or t
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1242)..(1245)

OTHER INFORMATION: n is a, ¢, g, or t

380

Asp

Asp

Cys

Phe

Gln

460

Val

Cys

Glu

Val

Thr

540

Asn

Gln

Leu

Ala

Met
620

Val

Ala

Asn

Thr

445

Arg

Thr

Glu

Thr

Cys

525

His

Phe

Ala

Lys

Val

605

Ala

Ser

Leu

Thr

430

Ile

Arg

Pro

Cys

Ser

510

Gln

Ile

Pro

Pro

Pro

590

Gln

Cys

Val

Met

415

Cys

Glu

Gly

Gly

Tyr

495

Val

Asp

Asp

Tyr

Pro

575

Thr

Asn

Met

Ile

400

Thr

Val

Thr

Arg

Glu

480

Asp

Arg

His

Ala

Leu

560

Pro

Leu

Glu

Ser
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<400> SEQUENCE: 5

catcatcaat aatatacctt attttggatt gaagccaata tgataatgag ggggtggagt 60
ttgtgacgtg gcgceggggeg tgggaacggg gegggtgacg tagtagtgtg geggaagtgt 120
gatgttgcaa gtgtggcgga acacatgtaa gcgacggatg tggcaaaagt gacgtttttg 180
gtgtgcegeeyg gtgtacacag gaagtgacaa ttttegegeg gttttaggeg gatgttgtag 240
taaatttggg cgtaaccgag taagatttgg ccattttege gggaaaactyg aataagagga 300
agtgaaatct gaataatttt gtgttactca tagcgcgtaa nnnntaatag taatcaatta 360
cggggtcatt agttcatage ccatatatgg agttccgegt tacataactt acggtaaatg 420
geeegectygyg ctgaccgcece aacgacccce geccattgac gtcaataatg acgtatgtte 480
ccatagtaac gccaataggg actttccatt gacgtcaatg ggtggagtat ttacggtaaa 540
ctgcecactt ggcagtacat caagtgtatc atatgccaag tacgccccect attgacgtca 600
atgacggtaa atggcccgece tggcattatg cccagtacat gaccttatgg gactttecta 660
cttggcagta catctacgta ttagtcatcg ctattaccat ggtgatgegyg ttttggcagt 720
acatcaatgg gcgtggatag cggtttgact cacggggatt tccaagtcte caccccattg 780
acgtcaatgg gagtttgttt tggcaccaaa atcaacggga ctttccaaaa tgtcgtaaca 840
actcegeccee attgacgcaa atgggeggta ggegtgtacyg gtgggaggtce tatataagca 900
gagetggttt agtgaaccgt cagatccgcet agagatctgg taccgtcgac geggecgetce 960
gagcctaage ttctagataa gatatccgat ccaccggatc tagataactg atcataatca 1020
gccataccac atttgtagag gttttacttg ctttaaaaaa cctcccacac ctcececccectga 1080
acctgaaaca taaaatgaat gcaattgttg ttgttaactt gtttattgca gcttataatg 1140
gttacaaata aagcaatagc atcacaaatt tcacaaataa agcatttttt tcactgcatt 1200
ctagttgtgg tttgtccaaa ctcatcaatg tatcttaacg cnnnntaagg gtgggaaaga 1260
atatataagg tgggggtctt atgtagtttt gtatctgttt tgcagcagcc geccgecgceca 1320
tgagcaccaa ctcgtttgat ggaagcattg tgagctcata tttgacaacg cgcatgcccce 1380
catgggccgg ggtgcgtcag aatgtgatgg gctceccagcat tgatggtcge cccgtcectgce 1440
ccgcaaactce tactaccttg acctacgaga ccgtgtetgg aacgccgttg gagactgcag 1500
ccteegecge cgcttcagee getgcagceca ccgeccgegg gattgtgact gactttgett 1560
tcetgagece gettgcaage agtgcagcett ccegttcecate cgcecccgcgat gacaagttga 1620
cggctetttt ggcacaattg gattctttga cccgggaact taatgtcgtt tetcagcagce 1680
tgttggatct gecgccagcag gtttcectgcce tgaaggcettce ctceccecctceece aatgeggttt 1740
aaaacataaa taaaaaacca gactctgttt ggatttggat caagcaagtg tcttgctgtce 1800
tttatttagg ggttttgcge gegcggtagg cccgggacca gcggtcectcegg tegttgaggg 1860
tcetgtgtat tttttccagg acgtggtaaa ggtgactcetg gatgttcaga tacatgggca 1920
taagccegte tectggggtgg aggtagcacce actgcagagce ttcatgcectge ggggtggtgt 1980
tgtagatgat ccagtcgtag caggagcgct gggcgtggtg cctaaaaatg tectttcagta 2040
gcaagctgat tgccaggggc aggcccttgg tgtaagtgtt tacaaagegg ttaagctggg 2100
atgggtgcat acgtggggat atgagatgca tcttggactg tatttttagg ttggctatgt 2160
tceccagecat atccecteegg ggattcatgt tgtgcagaac caccagcaca gtgtatccecgg 2220
tgcacttggg aaatttgtca tgtagcttag aaggaaatgc gtggaagaac ttggagacgc 2280
ccttgtgacce tccaagattt tceccatgcatt cgtccataat gatggcaatg ggcccacggg 2340
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cggcggcectg ggcgaagata tttctgggat cactaacgtc atagttgtgt tcecaggatga 2400
gatcgtcata ggccattttt acaaagcgcg ggcggagggt gccagactgce ggtataatgg 2460
ttccatecgg cccaggggeg tagttaccct cacagatttg catttcccac getttgagtt 2520
cagatggggg gatcatgtct acctgcgggg cgatgaagaa aacggtttcce ggggtagggg 2580
agatcagctyg ggaagaaagc aggttcctga gecagetgega cttaccgcag ccggtgggece 2640
cgtaaatcac acctattacc gggtgcaact ggtagttaag agagctgcag ctgccgtcat 2700
ccetgagcag gggggccact tegttaagca tgtccctgac tegcatgttt tecctgacca 2760
aatccgcecag aaggcgcteg ccgcccagceg atagcagttce ttgcaaggaa gcaaagtttt 2820
tcaacggttt gagaccgtcc gecgtaggca tgcttttgag cgtttgacca agcagttcca 2880
ggcggtceca cagctecggte acctgcteta cggcatcteg atccagcata tctectegtt 2940
tcgegggttyg gggceggcettt cgctgtacgg cagtagtegg tgctecgtcca gacgggccag 3000
ggtcatgtcet tteccacggge gcagggtcecct cgtcagcecgta gtectgggtca cggtgaaggyg 3060
gtgcgcteeg ggctgcgege tggccagggt gegcttgagg ctggtcectge tggtgctgaa 3120
gcgetgeegg tettegecct gecgegtegge caggtagcat ttgaccatgg tgtcatagtce 3180
cagceectee geggegtgge ccttggegeg cagettgece ttggaggagyg cgccgcacga 3240
ggggcagtge agacttttga gggcgtagag cttgggcgceg agaaataccg attccgggga 3300
gtaggcatce gegecgcagg ccccgecagac ggtctegeat tcecacgagec aggtgagetce 3360
tggccgtteg gggtcaaaaa ccaggtttce cccatgettt ttgatgegtt tettacctcet 3420
ggtttccatg agcecggtgte cacgcteggt gacgaaaagg ctgtccegtgt ccccgtatac 3480
agacttgaga gggagtttaa acgaattcaa tagcttgttg catgggcggc gatataaaat 3540
gcaaggtgct gctcaaaaaa tcaggcaaag cctcegegcaa aaaagaaagc acatcgtagt 3600
catgctcatg cagataaagg caggtaagct ccggaaccac cacagaaaaa gacaccattt 3660
ttctctcaaa catgtctgeg ggtttctgca taaacacaaa ataaaataac aaaaaaacat 3720
ttaaacatta gaagcctgtc ttacaacagg aaaaacaacc cttataagca taagacggac 3780
tacggccatg ccggegtgac cgtaaaaaaa ctggtcaccyg tgattaaaaa gcaccaccga 3840
cagctecteg gtcatgteeg gagtcataat gtaagactcg gtaaacacat caggttgatt 3900
catcggtcag tgctaaaaag cgaccgaaat ageccggggg aatacatacce cgcaggegta 3960
gagacaacat tacagccccce ataggaggta taacaaaatt aataggagag aaaaacacat 4020
aaacacctga aaaaccctcc tgcctaggca aaatagcacce ctceccgcetece agaacaacat 4080
acagcgcttce acagcggcag cctaacagtc agccttacca gtaaaaaaga aaacctatta 4140
aaaaaacacc actcgacacg gcaccagcetce aatcagtcac agtgtaaaaa agggccaagt 4200
gcagagcgag tatatatagg actaaaaaat gacgtaacgg ttaaagtcca caaaaaacac 4260
ccagaaaacc gcacgcgaac ctacgcccag aaacgaaagce caaaaaaccce acaacttcect 4320
caaatcgtca cttcegtttt cccacgttac gtaacttceccc attttaagaa aactacaatt 4380
cccaacacat acaagttact ccgccctaaa acctacgtca cceegeccegt tcccacgece 4440
cgcgcecacgt cacaaactcc accccectcat tatcatattg gecttcaatce aaaataaggt 4500
atattattga tgatgttaat taacatgcat ggatccatat gcggtgtgaa ataccgcaca 4560
gatgcgtaag gagaaaatac cgcatcaggc gctcttceccecge ttectcegetce actgactege 4620
tgcgcteggt cgtteggetyg cggcgagcegg tatcagcetca ctcaaaggceg gtaatacggt 4680
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tatccacaga atcaggggat aacgcaggaa agaacatgtyg agcaaaaggc cagcaaaagg 4740
ccaggaaccg taaaaaggcc gegttgetgg cgttttteca taggctccge ccccecctgacg 4800
agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 4860
accaggcegtt tcccectgga agectccectceg tgcgcectetee tgtteccgace ctgecgetta 4920
ccggatacct gtccgecttt cteccttcegg gaagegtgge getttcectcat agectcacget 4980
gtaggtatct cagttcggtg taggtcgttc gectccaaget gggctgtgtg cacgaacccce 5040
ccgttcagece cgaccgctge gecttatccecg gtaactateg tecttgagtee aacccggtaa 5100
gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 5160
taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 5220
tatttggtat ctgcgctctyg ctgaagccag ttaccttegg aaaaagagtt ggtagctcett 5280
gatccggcaa acaaaccacce gctggtageg gtggtttttt tgtttgcaag cagcagatta 5340
cgcgcagaaa aaaaggatct caagaagatc ctttgatcett ttctacgggg tcetgacgcetce 5400
agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca 5460
cctagatcct tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa 5520
cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat 5580
ttegttecate catagttgcec tgactcccceg tcecgtgtagat aactacgata cgggagggct 5640
taccatctgg ccccagtgcet gcaatgatac cgcgagaccce acgctcaccg gctccagatt 5700
tatcagcaat aaaccagcca gccggaaggg ccgagcgcag aagtggtcect gcaactttat 5760
ccgcctecat ccagtctatt aattgttgce gggaagctag agtaagtagt tegccagtta 5820
atagtttgcg caacgttgtt gccattgcectg cagccatgag attatcaaaa aggatcttca 5880
cctagatcct tttcacgtag aaagccagtc cgcagaaacg gtgctgaccce cggatgaatg 5940
tcagctactg ggctatctgg acaagggaaa acgcaagcge aaagagaaag caggtagett 6000
gcagtgggct tacatggcga tagctagact gggcggtttt atggacagca agcgaaccgg 6060
aattgccagce tggggcgccc tcectggtaagg ttgggaagcce ctgcaaagta aactggatgg 6120
ctttcttgee geccaaggatce tgatggcgca ggggatcaag ctctgatcaa gagacaggat 6180
gaggatcgtt tcgcatgatt gaacaagatg gattgcacgc aggttctceccg gccgcettggg 6240
tggagaggct attcggctat gactgggcac aacagacaat cggctgctcect gatgcecgecg 6300
tgttcecgget gtcagcgcag gggcgceccgg ttetttttgt caagaccgac ctgtceceggtg 6360
ccctgaatga actgcaagac gaggcagege ggctatcegtyg getggccacyg acgggegtte 6420
cttgcgcage tgtgctcgac gttgtcactg aagcgggaag ggactggctg ctattgggeg 6480
aagtgcceggg gcaggatcte ctgtcatcte accttgctece tgccgagaaa gtatccatca 6540
tggctgatge aatgcggegg ctgcatacgce ttgatccegge tacctgccca ttcecgaccacce 6600
aagcgaaaca tcgcatcgag cgagcacgta ctcggatgga agccggtctt gtcgatcagg 6660
atgatctgga cgaagagcat caggggctcg cgecagcecga actgttcegece aggctcaagg 6720
cgagcatgcce cgacggcgag gatctegtceg tgacccatgg cgatgectge ttgccgaata 6780
tcatggtgga aaatggccgce ttttctggat tcatcgactg tggccggctg ggtgtggegg 6840
accgctatca ggacatageg ttggctacce gtgatattge tgaagagctt ggcggcgaat 6900
gggctgaccg cttectegtg ctttacggta tcgccgctec cgattcegecag cgcatcgect 6960
tctatcgect tecttgacgag ttecttcetgaa ttttgttaaa atttttgtta aatcagctca 7020
ttttttaacc aataggccga aatcggcaac atcccttata aatcaaaaga atagaccgcg 7080
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atagggttga gtgttgttcc agtttggaac aagagtccac tattaaagaa cgtggactcc 7140
aacgtcaaag ggcgaaaaac cgtctatcag ggcgatggec cactacgtga accatcacce 7200
aaatcaagtt ttttgcggtc gaggtgccgt aaagctctaa atcggaaccce taaagggagc 7260
ccecgattta gagettgacyg gggaaagecg gegaacgtgg cgagaaagga agggaagaaa 7320
gcgaaaggag cgggcgctag ggcgetggca agtgtagegg tcacgcetgeg cgtaaccacce 7380
acacccgcgce gcecttaatgeg ccgctacagg gcgegtecat tcgccattca ggatcgaatt 7440
aattcttaat taa 7453
<210> SEQ ID NO 6
<211> LENGTH: 9605
<212> TYPE: DNA
<213> ORGANISM: Hepatitis C virus
<400> SEQUENCE: 6
gecageccee gattggggge gacactccac catagatcac tceccctgtga ggaactactg 60
tcttecacgca gaaagegtcet agccatggeg ttagtatgag tgtcegtgcag cctecaggac 120
ccecectece gggagageca tagtggtetg cggaaccggt gagtacaccyg gaattgecag 180
gacgaccggyg tectttettg gatcaaccceg ctcaatgect ggagatttgg gegtgccccece 240
gcgagactge tageccgagta gtgttgggtce gegaaaggec ttgtggtact gectgatagg 300
gtgettgega gtgeccceggg aggtctegta gaccgtgcac catgagcacg aatcctaaac 360
ctcaaagaaa aaccaaacgt aacaccaacc gecgeccaca ggacgtcaag ttcecegggeg 420
gtggtcagat cgtcggtgga gtttacctgt tgccgegcag gggccccagg ttgggtgtge 480
gegegactag gaagacttcee gageggtcege aacctegtgg aaggcgacaa cctatcccca 540
aggctegeca gceccgagggt agggectggg ctcagcecegyg gtacccctgyg cccctetatg 600
gcaatgaggyg cttggggtgg gcaggatgge tcectgtcace cegtggetet cggectagtt 660
ggggccccac ggacccccegg cgtaggtcege gcaatttggg taaggtcatc gataccctcea 720
cgtgeggett cgccgatcte atggggtaca ttecgcetegt cggegeccee ctagggggcey 780
ctgccaggge cctggegeat ggegteeggg ttetggagga cggegtgaac tatgcaacag 840
ggaatctgec cggttgctcee ttttcectatct tecttttgge tttgctgtcee tgtttgacca 900
tceccagette cgcttatgaa gtgcgcaacg tatccggagt gtaccatgtce acgaacgact 960
gctccaacge aagcattgtg tatgaggcag cggacatgat catgcatacc cccgggtgeg 1020
tgcccectgegt tecgggagaac aactcctcece gctgectgggt agcecgctcact cccacgetceg 1080
cggccaggaa cgctagcgte cccactacga cgatacgacg ccatgtcgat ttgctegttg 1140
gggcggctge tcectetgetee gctatgtacg tgggagatct ctgcggatcet gttttecteg 1200
tcgcccaget gttcacctte tegectegcee ggcacgagac agtacaggac tgcaattget 1260
caatatatcc cggccacgtg acaggtcacc gtatggettg ggatatgatg atgaactggt 1320
cacctacagc agccctagtg gtatcgcagt tactccggat cccacaaget gtcgtggata 1380
tggtggceggg ggcccattgg ggagtcectag cgggcecttge ctactattece atggtgggga 1440
actgggctaa ggttctgatt gtgatgctac tctttgeccgg cgttgacggg ggaacctatg 1500
tgacaggggg gacgatggcc aaaaacaccce tcgggattac gtccctcttt tcacccegggt 1560
catcccagaa aatccagett gtaaacacca acggcagetyg gcacatcaac aggactgcce 1620
tgaactgcaa tgactcccte aacactgggt tcecttgetge getgttctac gtgcacaagt 1680
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tcaactcatc tggatgccca gagcgcatgg ccagctgcag ccccatcgac gegttegete 1740
aggggtgggg gcccatcact tacaatgagt cacacagctc ggaccagagg ccttattgtt 1800
ggcactacgce accccggcecg tgcggtatceg tacccgcegge gcaggtgtgt ggtcecagtgt 1860
actgcttcac cccaagcect gtegtggtgg ggacgaccga ccggttcegge gteccctacgt 1920
acagttgggg ggagaatgag acggacgtgce tgcttcttaa caacacgegyg ccgecgcaag 1980
gcaactggtt tggctgtaca tggatgaata gcactgggtt caccaagacg tgcgggggcce 2040
ccecgtgtaa catcgggggg atcggcaata aaaccttgac ctgccccacg gactgcttcece 2100
ggaagcaccce cgaggccact tacaccaagt gtggttcggg gecttggttg acacccagat 2160
gcttggteca ctacccatac aggctttgge actacccctg cactgtcaac tttaccatct 2220
tcaaggttag gatgtacgtg gggggagtgg agcacaggct cgaagccgca tgcaattgga 2280
ctcgaggaga gcgttgtaac ctggaggaca gggacagatc agagcttage ccgctgctgce 2340
tgtctacaac ggagtggcag gtattgccct gttecttcac caccctaccg getcectgteca 2400
ctggtttgat ccatctccat cagaacgtcg tggacgtaca atacctgtac ggtatagggt 2460
cggcggttgt ctectttgca atcaaatggg agtatgtect gttgctctte cttettetgg 2520
cggacgcgeg cgtctgtgece tgecttgtgga tgatgctget gatagcectcaa getgaggecg 2580
ccectagagaa cctggtggte ctcaacgcgg catccgtgge cggggcgcat ggcattcetcet 2640
ccttectegt gttettetgt getgectggt acatcaaggg caggctggte cetggggegg 2700
catatgccct ctacggcgta tggccgctac tcectgctect getggegtta ccaccacgag 2760
catacgccat ggaccgggag atggcagcat cgtgcggagg cgcggttttce gtaggtctga 2820
tactcttgac cttgtcaccg cactataagc tgttcctege taggctcata tggtggttac 2880
aatattttat caccagggcc gaggcacact tgcaagtgtg gatccccccece ctcaacgtte 2940
gggggggccyg cgatgccgte atcctectca cgtgcgcgat ccacccagag ctaatcttta 3000
ccatcaccaa aatcttgctc geccatactcg gtccactcat ggtgctccag getggtataa 3060
ccaaagtgcce gtacttcgtg cgcgcacacg ggctcatteg tgcatgcatg ctggtgcgga 3120
aggttgctgg gggtcattat gtccaaatgg ctctcatgaa gttggccgca ctgacaggta 3180
cgtacgttta tgaccatctc accccactgce gggactgggce ccacgcgggce ctacgagacce 3240
ttgcggtgge agttgagccc gtecgtcettcet ctgatatgga gaccaaggtt atcacctggg 3300
gggcagacac cgcggegtgt ggggacatca tettgggect geccgtetece geccgcaggyg 3360
ggagggagat acatctggga ccggcagaca gecttgaagg gcaggggtygg cgactccteg 3420
cgectattac ggcectactece caacagacgce gaggcctact tggctgcatce atcactagece 3480
tcacaggceg ggacaggaac caggtcgagg gggaggtceca agtggtctece accgcaacac 3540
aatctttect ggcgacctge gtcaatggcg tgtgttggac tgtctatcat ggtgccgget 3600
caaagaccct tgccggecca aagggcccaa tcacccaaat gtacaccaat gtggaccagg 3660
acctegtegg ctggcaagceg cccccegggg cgegttectt gacaccatge acctgeggea 3720
gcteggacct ttacttggte acgaggcatg ccgatgtcat tcecggtgege cggceggggcy 3780
acagcagggg gagcctactce tcecccccagge ccgtcectecta cttgaaggge tettcegggeg 3840
gtccactget ctgecceccteg gggcacgetg tgggcatctt tegggctgece gtgtgcaccce 3900
gaggggttgc gaaggcggtg gactttgtac ccgtcgagtce tatggaaacc actatgeggt 3960
cceeggtett cacggacaac tcegtcceccte cggecgtacce gcagacatte caggtggecce 4020
atctacacgce ccctactggt agcggcaaga gcactaaggt geccggctgeg tatgcagecce 4080
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aagggtataa ggtgcttgtc ctgaacccgt ccgtcecgecge caccctaggt tteggggegt 4140
atatgtctaa ggcacatggt atcgacccta acatcagaac cggggtaagg accatcacca 4200
cgggtgcccce catcacgtac tccacctatg gcaagtttet tgccgacggt ggttgctcetg 4260
ggggcgccta tgacatcata atatgtgatg agtgccactc aactgactcg accactatcce 4320
tgggcatcgg cacagtcecctg gaccaagegg agacggcetgg agegcgacte gtcegtgetceg 4380
ccaccgetac gectecggga tcggtcacceg tgecacatece aaacatcgag gaggtggcete 4440
tgtccagcac tggagaaatc cccttttatg gcaaagccat ccccatcgag accatcaagg 4500
gggggaggca cctcatttte tgccattcca agaagaaatg tgatgagctc gccgcgaagce 4560
tgtccggect cggactcaat getgtagcat attaccgggg ccttgatgta tcecgtcatac 4620
caactagcgg agacgtcatt gtcgtagcaa cggacgctct aatgacgggce tttaccggeg 4680
atttcgactc agtgatcgac tgcaatacat gtgtcaccca gacagtcgac ttcagcctgg 4740
acccgacctt caccattgag acgacgaccg tgccacaaga cgeggtgtca cgctegcage 4800
ggcgaggcag gactggtagg ggcaggatgg gcatttacag gtttgtgact ccaggagaac 4860
ggcecteggyg catgttcgat tcecteggtte tgtgcgagtyg ctatgacgceg ggcetgtgett 4920
ggtacgagct cacgcccgcee gagacctcag ttaggttgeg ggcttaccta aacacaccag 4980
ggttgccegt ctgccaggac catctggagt tcectgggagag cgtctttaca ggectcaccce 5040
acatagacgc ccatttcttg tcecccagacta agcaggcagg agacaacttce ccctacctgg 5100
tagcatacca ggctacggtg tgcgccaggg ctcaggctcecce acctceccatceg tgggaccaaa 5160
tgtggaagtg tctcatacgg ctaaagccta cgctgcacgg gccaacgccce ctgctgtata 5220
ggctgggagce cgttcaaaac gaggttacta ccacacaccc cataaccaaa tacatcatgg 5280
catgcatgtc ggctgacctyg gaggtcgtca cgagcacctg ggtgctggta ggcggagtcce 5340
tagcagctct ggccgcgtat tgcctgacaa caggcagegt ggtcattgtg ggcaggatca 5400
tcttgtecgg aaagccggece atcattecccg acagggaagt cctttaccgg gagttcegatg 5460
agatggaaga gtgcgcectca cacctcectt acatcgaaca gggaatgcag ctcgecgaac 5520
aattcaaaca gaaggcaatc gggttgctge aaacagccac caagcaagceyg gaggetgcetg 5580
ctccegtggt ggaatccaag tggcggacce tcgaagectt ctgggcgaag catatgtgga 5640
atttcatcag cgggatacaa tatttagcag gcttgtccac tctgcctgge aaccccgcga 5700
tagcatcact gatggcattc acagcctcta tcaccagccc gctcaccacce caacatacce 5760
tcetgtttaa catcectgggg ggatgggtgg ccgcccaact tgctcecctceece agegetgett 5820
ctgctttegt aggcgccgge atcgctggag cggctgttgg cagcataggce cttgggaagg 5880
tgcttgtgga tattttggca ggttatggag caggggtggc aggcgcgctce gtggecttta 5940
aggtcatgag cggcgagatg ccctccaccg aggacctggt taacctacte cctgctatcce 6000
tctececectgg cgcectagte gteggggtceg tgtgcgcage gatactgcegt cggcacgtgg 6060
gcccagggga gggggctgtg cagtggatga accggctgat agcgtteget tcgeggggta 6120
accacgtctce ccccacgcac tatgtgectg agagcgacgce tgcagcacgt gtcactcaga 6180
tcetetetag tettaccate actcagetge tgaagaggct tcaccagtgg atcaacgagg 6240
actgctceccac geccatgctece ggctegtgge taagagatgt ttgggattgg atatgcacgg 6300
tgttgactga tttcaagacc tggctccagt ccaagctect geccgcgattg cecgggagtcece 6360
ccttettete atgtcaacgt gggtacaagg gagtctggceg gggcgacggce atcatgcaaa 6420
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ccacctgeccce atgtggagca cagatcaccg gacatgtgaa aaacggttcce atgaggatcg 6480
tggggcctag gacctgtagt aacacgtggc atggaacatt ccccattaac gcgtacacca 6540
cgggccectg cacgecctece ceggcegecaa attattctag ggcgetgtgg cgggtggetg 6600
ctgaggagta cgtggaggtt acgcgggtgg gggatttcca ctacgtgacg ggcatgacca 6660
ctgacaacgt aaagtgcccg tgtcaggttc cggccccecga attcttcaca gaagtggatg 6720
gggtgcggtt gcacaggtac gctccagegt gcaaaccccet cctacgggag gaggtcacat 6780
tcetggtegg getcaatcaa tacctggttg ggtcacaget ceccatgcgag ccecgaaccgg 6840
acgtagcagt gctcacttcc atgctcaccg accecctecca cattacggeg gagacggcta 6900
agcgtaggcet ggccagggga tcectccceccect ccttggecag ctcatcaget agccagetgt 6960
ctgcgectte cttgaaggca acatgcacta cccgtcatga ctccccggac getgacctca 7020
tcgaggccaa cctectgtgg cggcaggaga tgggcegggaa catcacccege gtggagtcag 7080
aaaataaggt agtaattttg gactctttcg agccgctceca agcggaggag gatgagaggg 7140
aagtatccgt tccggcggag atcctgecgga ggtccaggaa attccctcga gegatgccca 7200
tatgggcacg cccggattac aaccctceccac tgttagagtc ctggaaggac ccggactacg 7260
tcectecagt ggtacacggg tgtccattge cgectgcecaa ggccecctceeg ataccaccte 7320
cacggaggaa gaggacggtt gtcctgtcag aatctaccgt gtcttcectgee ttggcggagce 7380
tcgecacaaa gaccttegge agctccgaat cgteggeegt cgacagcegge acggcaacgg 7440
cctetectga ccagecctee gacgacggceg acgcgggatce cgacgttgag tegtactect 7500
ccatgccecccee ccecttgagggg gagccggggg atcccgatcet cagcgacggg tettggtceta 7560
ccgtaagcga ggaggctagt gaggacgtcg tctgctgete gatgtcecctac acatggacag 7620
gegecctgat cacgecatge gcetgeggagg aaaccaagcet geccatcaat gcactgagea 7680
actctttget cecgtcaccac aacttggtct atgctacaac atctcgcage gcaagcctgce 7740
ggcagaagaa ggtcaccttt gacagactgc aggtcctgga cgaccactac cgggacgtge 7800
tcaaggagat gaaggcgaag gcgtccacag ttaaggctaa acttctatcce gtggaggaag 7860
cctgtaagcet gacgccccecca cattcggcca gatctaaatt tggctatggg gcaaaggacg 7920
tcecggaacct atccagcaag gecgttaacce acatccgete cgtgtggaag gacttgectgg 7980
aagacactga gacaccaatt gacaccacca tcatggcaaa aaatgaggtt ttctgcgtcc 8040
aaccagagaa ggggggccgce aagccagctce gcecttategt attcccagat ttgggggtte 8100
gtgtgtgcga gaaaatggcce ctttacgatg tggtctccac cctceccectcag gecegtgatgg 8160
gctecttcata cggattccaa tactctectg gacagegggt cgagttecctg gtgaatgect 8220
ggaaagcgaa gaaatgccct atgggcttcg catatgacac ccgectgtttt gactcaacgg 8280
tcactgagaa tgacatccgt gttgaggagt caatctacca atgttgtgac ttggcccccg 8340
aagccagaca ggccataagg tcgctcacag ageggcttta categgggge cccctgacta 8400
attctaaagg gcagaactgc ggctatcgcce ggtgccgege gagcggtgta ctgacgacca 8460
gctgeggtaa taccctcaca tgttacttga aggccgctge ggcctgtcga gctgcgaage 8520
tccaggactg cacgatgctce gtatgcggag acgaccttgt cgttatctgt gaaagcgegg 8580
ggacccaaga ggacgaggceg agcectacggg ccttcacgga ggctatgact agatactcetg 8640
cceceectgg ggacccgecoe aaaccagaat acgacttgga gttgataaca tcatgctcect 8700
ccaatgtgtc agtcgcgcac gatgcatctg gcaaaagggt gtactatctce acccgtgacce 8760
ccaccacccce cecttgegegyg getgegtggg agacagctag acacactcca gtcaattcect 8820
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ggctaggcaa catcatcatg tatgcgccca ccttgtggge aaggatgatc ctgatgactce 8880
atttcttecte catcctteta getcaggaac aacttgaaaa agccctagat tgtcagatct 8940
acggggcectg ttactccatt gagccacttg acctacctca gatcattcaa cgactccatg 9000
gccttagege attttcacte catagttact ctccaggtga gatcaatagg gtggcttceat 9060
gcctcaggaa acttggggta ccgcecccttge gagtctggag acatcgggcec agaagtgtcece 9120
gcgetagget actgtcccag ggggggaggg ctgccacttg tggcaagtac ctcecttcaact 9180
gggcagtaag gaccaagctc aaactcactc caatcccggce tgcgtcccag ttggatttat 9240
ccagctggtt cgttgctggt tacagcgggg gagacatata tcacagcctg tcetegtgecce 9300
gacceccgetg gttcecatgtgg tgectactcece tactttcectgt aggggtaggce atctatctac 9360
tceccaaccg atgaacgggg agctaaacac tccaggccaa taggccatce tgttttttte 9420
cctttttttt tttcetttttt tttttttttt tttttttttt ttttttttet ccttttttet 9480
tcetettttt ttecttttet ttectttggt ggctceccatet tagcecctagt cacggctagce 9540
tgtgaaaggt ccgtgagccg cttgactgca gagagtgctg atactggcct ctectgcagat 9600
caagt 9605
<210> SEQ ID NO 7
<211> LENGTH: 33450
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pAdEasy vector
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (3661)..(3663)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (3690)..(3692)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (31177)..(31177)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (32866) ..(32866)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 7
ttaattaaca tgcatggatc ctcgtctecga cgatgccctt gagagcctte aacccagtca 60
getectteeyg gtgggegegyg ggcatgacta tegtegecge acttatgact gtettcettta 120
tcatgcaact cgtaggacag gtgccggcag cgctetgggt cattttegge gaggaccget 180
ttegetggag cgcgacgatg atcggectgt cgettgeggt attceggaatce ttgcacgece 240
tegetcaage cttegtcact ggtccegeca ccaaacgttt cggegagaag caggecatta 300
tegeeggeat ggceggecgac gegcetggget acgtettget ggegttegeg acgegagget 360
ggatggectt ccccattatg attcttceteg cttecggegyg catcegggatg cecgegttge 420
aggccatgcet gtccaggcag gtagatgacg accatcaggg acagcttcaa ggatcgetceg 480
cggctettac cagectaact tcgatcactg gaccgctgat cgtcacggeg atttatgecg 540
ccteggegag cacatggaac gggttggeat ggattgtagyg cgecgeccta taccttgtet 600
gecteceege gttgegtcege ggtgecatgga gecgggecac ctegacctga atggaagecy 660
geggcaccte gctaacggat tcaccactcce aagaattgga gecaatcaat tcttgcggag 720
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aactgtgaat gcgcaaacca acccttggca gaacatatce atcgegtecg ccatctcecag 780
cagcegcacg cggegeatcet cgggcagegt tgggtectgyg ccacgggtge gcatgatcegt 840
getectgteg ttgaggacce ggctaggetg geggggttge cttactggtt agcagaatga 900
atcaccgata cgcgagcgaa cgtgaagcga ctgctgetge aaaacgtctyg cgacctgage 960
aacaacatga atggtcttcg gtttcegtgt ttcecgtaaagt ctggaaacgce ggaagtcagc 1020
gccetgcace attatgttce ggatctgcat cgcaggatge tgctggctac cctgtggaac 1080
acctacatct gtattaacga agcgctggca ttgaccctga gtgattttte tetggtecccg 1140
ccgcatccat accgccagtt gtttacccte acaacgttcecce agtaaccggg catgttcatce 1200
atcagtaacc cgtatcgtga gcatcctcte tcgtttcatce ggtatcatta cccccatgaa 1260
cagaaattce cccttacacg gaggcatcaa gtgaccaaac aggaaaaaac cgcccttaac 1320
atggcceget ttatcagaag ccagacatta acgcttcetgg agaaactcaa cgagctggac 1380
gcggatgaac aggcagacat ctgtgaatcg cttcacgacc acgctgatga gctttaccge 1440
agctgecteg cgcegtttegg tgatgacggt gaaaacctcect gacacatgca getcecccggag 1500
acggtcacag cttgtctgta agcggatgece gggagcagac aagcccgtca gggegegtca 1560
gcgggtgttyg gegggtgtceg gggcgcagece atgacccagt cacgtagcga tagcggagtyg 1620
tatactggct taactatgcg gcatcagagc agattgtact gagagtgcac catatgcggt 1680
gtgaaatacc gcacagatgc gtaaggagaa aataccgcat caggcgctct tcecgettect 1740
cgctcactga ctcgectgege teggtegtte ggetgcggeg agcggtatca gcetcactcaa 1800
aggcggtaat acggttatcc acagaatcag gggataacgce aggaaagaac atgtgagcaa 1860
aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt gectggegttt tteccataggce 1920
tcegecccee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgyg cgaaacccga 1980
caggactata aagataccag gcgtttccce ctggaagcectce cctegtgcecge tetectgtte 2040
cgacccectgece gettaccgga tacctgtcecceg cctttetece ttcecgggaage gtggegettt 2100
ctcaatgctc acgctgtagg tatctcagtt cggtgtaggt cgttcgctece aagctgggcet 2160
gtgtgcacga acccccegtt cagcccgacce gectgecgectt atccggtaac tatcgtettg 2220
agtccaaccce ggtaagacac gacttatcgce cactggcagce agccactggt aacaggatta 2280
gcagagcgag gtatgtaggce ggtgctacag agttcttgaa gtggtggect aactacggcet 2340
acactagaag gacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa 2400
gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt 2460
gcaagcagca gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttceta 2520
cggggtcetga cgctcagtgg aacgaaaact cacgttaagg gattttggtce atgagattat 2580
caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa 2640
gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct 2700
cagcgatctg tctatttegt tcatccatag ttgecctgact cecccecgtcecgtg tagataacta 2760
cgatacggga gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacgct 2820
caccggcetee agatttatca gcaataaacc agecagecegg aagggccgag cgcagaagtg 2880
gtcctgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa gctagagtaa 2940
gtagttcgec agttaatagt ttgcgcaacg ttgttgccat tgctgcaggce atcgtggtgt 3000
cacgctegte gtttggtatg gettcattca gctecggtte ccaacgatca aggcgagtta 3060
catgatcccce catgttgtgce aaaaaagcgg ttagctcectt cggtcecctceeg atcgttgtca 3120
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gaagtaagtt ggccgcagtg ttatcactca tggttatggc agcactgcat aattctcetta 3180
ctgtcatgcce atccgtaaga tgcttttcectg tgactggtga gtactcaacc aagtcattct 3240
gagaatagtg tatgcggcga ccgagttgcet cttgcccgge gtcaacacgg gataataccyg 3300
cgccacatag cagaacttta aaagtgctca tcattggaaa acgttctteg gggcgaaaac 3360
tctcaaggat cttaccgetg ttgagatcca gttcgatgta acccactcgt gcacccaact 3420
gatcttcage atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa 3480
atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata ctcttecttt 3540
ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat 3600
gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg 3660
nnngaattcg aatctagtat cgattcgaan nncttaaggg tgggaaagaa tatataaggt 3720
gggggtctta tgtagttttg tatctgtttt gcagcagceg ccgccgccat gagcaccaac 3780
tcgtttgatg gaagcattgt gagctcatat ttgacaacgc gcatgcccece atgggccggg 3840
gtgcgtcaga atgtgatggg ctccagcatt gatggtcgec ccgtectgece cgcaaactcet 3900
actaccttga cctacgagac cgtgtctgga acgccgttgg agactgcage ctceccgccgcece 3960
gcttcageeg ctgcageccac cgececcgeggg attgtgactg actttgettt cctgageccy 4020
cttgcaagca gtgcagcttce ccgttcatce gccecgcgatg acaagttgac ggctcecttttg 4080
gcacaattgg attctttgac ccgggaactt aatgtcgttt ctcagcagcet gttggatcetg 4140
cgccagcagg tttctgcect gaaggcttce tccectecca atgcggttta aaacataaat 4200
aaaaaaccag actctgtttg gatttggatc aagcaagtgt cttgctgtcect ttatttaggg 4260
gttttgcgeg cgcggtagge ccgggaccag cggtctcecggt cgttgagggt cctgtgtatt 4320
ttttccagga cgtggtaaag gtgactctgg atgttcagat acatgggcat aagcccgtct 4380
ctggggtgga ggtagcacca ctgcagagct tcatgctgcg gggtggtgtt gtagatgatc 4440
cagtcgtage aggagcgctg ggcgtggtgce ctaaaaatgt ctttcagtag caagctgatt 4500
gccaggggca ggcccttggt gtaagtgttt acaaagcggt taagctggga tgggtgcata 4560
cgtggggata tgagatgcat cttggactgt atttttaggt tggctatgtt cccagccata 4620
tcecteeggg gattcatgtt gtgcagaacce accagcacag tgtatccggt gcacttggga 4680
aatttgtcat gtagcttaga aggaaatgcg tggaagaact tggagacgcc cttgtgacct 4740
ccaagatttt ccatgcattc gtccataatg atggcaatgg gcccacgggce ggcggcectgg 4800
gcgaagatat ttctgggatc actaacgtca tagttgtgtt ccaggatgag atcgtcatag 4860
gccattttta caaagcgcgg gcggagggtg ccagactgceg gtataatggt tccatccgge 4920
ccaggggcgt agttaccctce acagatttge atttcccacg ctttgagttce agatgggggg 4980
atcatgtcta cctgcggggce gatgaagaaa acggtttcecg gggtagggga gatcagctgg 5040
gaagaaagca ggttcctgag cagctgcgac ttaccgcage cggtgggecc gtaaatcaca 5100
cctattaccg ggtgcaactg gtagttaaga gagctgcagce tgccgtcatce cctgagcagg 5160
ggggccactt cgttaagcat gtccctgact cgcatgtttt ccctgaccaa atccgccaga 5220
aggcgctege cgcccagcega tagcagttct tgcaaggaag caaagttttt caacggtttg 5280
agaccgteccg cecgtaggcat gettttgage gtttgaccaa gcagttccag geggtceccac 5340
agctcggtca cctgctctac ggcatctcga tccagcatat ctectegttt cgegggttgg 5400
ggcggcttte getgtacgge agtagtceggt gectcegtccag acgggccagg gtcatgtett 5460
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tccacgggeyg

getgegeget

cttegeccetyg

ngCgtggCC

gacttttgag

cgecegcagyge

ggtcaaaaac

geeggtgtee

gectgtecte

caaaggcteg

ccactagggyg

ggaaggtgat

aaaagggggt

getgttgggy

tttccaaaaa

ccgeatcecat

cgtagagggc

cggegegete

cgggaaagac

gggtgacaag

ggcggccgcec

ggtctgegte

atccttgeaa

tgagtggggg

cgtaaacgta

ggatgctggc

ggttgctacy

tggatgatat

cacgcacgaa

cgtetaggge

ttttccacag

gaaacccgte

aggcgcagea

tgtgggtgag

tgtcegtegea

ttggcagggc

gtgtgatgceg

cgatctegte

tgcccttgat

gecegtgete

cagggtecte

ggccagggtyg

cgegteggec

cttggegege

ggcgtagagc

ccegeagacy

caggtttece

acgcteggtyg

gagcggtgtt

cgteccaggec

gtccactege

tggtttgtag

gggggcgegt

tgagtactcc

cgaggaggat

ctggtcagaa

gttggacagce

cttggeegeyg

ggtggtgege

gtcaacgcety

cttgegegag

cacggtaaag

gtctagecgee

accccatgge

gaggggctct

gegecacgtaa

ggegggcetge

ggttggacgc

ggaggcgtag

gcagtagtce

ctcegeggttyg

ggcctecgaa

tceettttet

cgcaaaggtyg

tcegeectge

gaaggtgaca

gaagggtcce

aaagcegttyg

ggaaggcaat

tgaaagggcc

gtcagegtag
cgcttgagge
aggtagcatt
agcttgeect
ttgggcgega
gtctegeatt
ccatgetttt
acgaaaaggc
cegeggtect
agcacgaagg
tccagggtgt
gtgtaggcca
tcegtecteac
ctctgaaaag
ttgatattca
aagacaatct
aacttggcga
atgtttaget
tcgtegggea
gtggctacct
cagaatggceg
accccgggea
tgctgecatg
atggggtggg
ctgagtatte
tegtatagtt
tctgctegga
tggaagacgt
gagtcgegcea
agggtttect
aggacaaact
cggtaagage
acgggtagcg
tcecctgacca
tcccagagea
tcgttgaaga
ggcacctegyg
atgttgtgge
tttttaagtt

cagtctgcaa

tctgggteac

tggtcctget

tgaccatggt

tggaggaggce

gaaataccga

ccacgageca

tgatgegttt

tgtccgtgte

cctegtatag

aggctaagtyg

gaagacacat

cgtgaccggg

tctetteege

cgggcatgac

cctggecege

ttttgttgte

tggagcgcag

gcacgtattce

ccaggtgeac

ctcegegtag

gtagggggte

gcaggcgcgce

¢gegggegge

tgagcgcgga

caagatatgt

cgtgecgaggg

agactatctg

tgaagctgge

gettgttgac

tgatgatgtc

cttegeggte

ctagcatgta

cgtatgectyg

tgactttgag

aaaagtcegt

gtatctttec

aacggttgtt

ccacaatgta

cctegtaggt

gatgagggtt

ggtgaagggg tgcgctecegg

ggtgctgaag cgctgeeggt

gtcatagtce agccccteeg

gecgecacgag gggcagtgca

ttceggggag taggcatccg

ggtgagctcet ggcegttegg

cttacctetyg gtttecatga

ccegtataca gacttgagag

aaactcggac cactctgaga

ggaggggtag cggtcgttgt

gtegeectet tceggcatcaa

tgttcctgaa ggggggctat

atcgetgtet gegagggeca

ttctgegeta agattgtcag

ggtgatgcct ttgagggtgg

aagcttggtyg gcaaacgacc

ggtttggttt ttgtcgegat

gegegeaacyg caccgecatt

gegecaaceg cggttgtgea

gegetegttyg gtecagcaga

tagctgegte tegtceegggy

gtcgaagtag tctatcttge

aagcgegege tegtatgggt

ggcgtacatg ccgcaaatgt

agggtagcat cttccaccge

agcgaggagg tcgggaccga

cctgaagatyg gcatgtgagt

gtctgtgaga cctaccgegt

cagcteggeyg gtgacctgea

atacttatcc tgtccctttt

tttccagtac tcttggatceg

gaactggttyg acggcctggt

cgeggectte cggagcegagyg

gtactggtat ttgaagtcag

gegetttttyg gaacgeggat

cgcgegagge ataaagttge

aattacctgg gcggcgagca

aagttccaag aagcgcggga

gagctetteca ggggagetga

ggaagecgacg aatgagctcee

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
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acaggtcacg

tggccatttt

atccaaggtt

tcatgaccag

ctacatcgta

ggatctceeyg

gacgggccga

cgggctgtac

atttgagcce

gaccgtetygyg

aagtccagat

tgtccatggt

cgcatagacyg

tggtggegge

gcggcegggcy

gegageccce

ggcgcecgcegce

geggeggttyg

gagcctgaaa

aatctectge

ctecttectec

aatgcgggec

gaccacgece

gtgcegggeg

ggtgtgttet

ccccaaggec

ggagttgcgc

gtcgegcace

cataagggcc

acgacggege

catggtcteg

catgtccegyg

gcatctcaac

gaccggatcg

gagcaccgtyg

gatgatgtaa

cttgggteceyg

tcggcgcagg

ttectettgt

ggccattage

ttCtggggtg

cgcggetagg

catgaagggc

ggtgacaaag

ccaccaattg

acactegtge

atcctgeacyg

ctegectgge

ctgctegagy

gtcegegege

ctggagetee

ggtcagggeg

gtcgatgget

gtgggccgeg

ggaggtaggg

dcgggceagga

atctecctgaa

gagagttcga

acgtcteetg

tggagatctce

atgagctgeg

cctteggeat

aagacggegt

gccacgaaga

tcaaggeget

gecgacacgg

tcgegetcaa

tccecttett

accgggaggce

gtgacggege

ttatgggtty

aattgttgtg

gaaaacctcet

gcgggceggcea

ttaaagtagg

gectgetgaa

tctttgtagt

cctgeatete

atttgcaggt

atgcagtaga

tctegegegy

acgagcetget

agacgctegyg

gaggagtgge

tggettttgt

aggttgacct

gggtttggct

ggagttacgg

ggcggtcgga

cgeggegtea

cgggctagat

tgcaagaggc

ggggtgtcct

ggggctcegg

gCtggthtg

tctggegect

cagaatcaat

agttgtettyg

cgegteegge

agaaggcgtt

¢gegggegey

agtttcgecag

agtacataac

ccatggecte

ttaactcctce

aggctacagg

cttettetgy

ggtcgacaaa

ggcegttete

gegggggget

taggtactcc

cgagaaaggc

gcgggeggcy

cggtettgag

tgcgecaggcyg

agtcttgecat

ttgcatctat

ggtegegaaa
aggtaagcgg
cagtcactag
tcccaaagge
tgcgaggatg
tattgatgtg
aaaaacgtgc
gacgaccgcg
ggtggtette
tggatcggac
gettgatgac
ggtcaggcgg
ccaggtgata
cgcatecceeg
tggatgatge
accegecgygy
cgegegtagyg
ctgegtgaag
ttcggtgteg
ataggcgatc
tcgetecacy
gaggcctece
catgaccacc
gegetgaaag
ccagegtege
gtagaagtce
ctccagaaga
ggcctettet
cggcggtggg
gegetegate
gegggggege
gecatgegge
gecgecgagg
gtctaaccag
gtecggggttyg
acggcggatyg
gtcggecatyg

gagecctttet

cgctgeggeg

ggtcctaaac tggcgaccta

gtettgttee cageggtece

aggctcatet ccgecgaact

ccccatccaa gtataggtet

cgagcegate gggaagaact

gtgaaagtag aagtccctge

gcagtactgg cagcggtgca

cacaaggaag cagagtggga

tacttcgget gettgtectt

caccacgecg cgcgagecca

aacatcgege agatgggage

gagctectge aggtttacct

cctaatttee aggggetggt

cggegegact acggtaccge

atctaaaagc ggtgacgegyg

agagggggca ggggcacgtce

ttgctggega acgcgacgac

acgacgggce cggtgagett

ttgacggegyg cctggegcaa

tcggecatga actgetcgat

gtggcggega ggtegttgga

tcgttecaga cgceggetgta

tgcgcgagat tgagctccac

aggtagttga gggtggtggce

aacgtggatt cgttgatatc

acggcgaagt tgaaaaactg

cggatgaget cggcgacagt

tcttcecttcaa tetectette

dgagggggga cacggcggey

atctceccege ggcgacggeg

agttggaaga cgccgeccgt

agggatacgg cgctaacgat

gacctgageg agtccgeate

tcacagtcge aaggtaggcet

tttetggegyg aggtgetget

gtcgacagaa gcaccatgte

ccccaggett cgttttgaca

accggcactt cttettetee

geggeggagt ttggccgtag

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

9720

9780

9840

9900

9960

10020

10080

10140

10200
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gtggcgcect
taggtcggcg
gaagtcatce
ggccataacyg
acgcgagtaa
tcccaccaaa
tecgggggcyg
ggtgatgeceyg
gegeagegge
gttgacgete
gataaattcg
cgcegtgate
gggggagtge
ccactggecyg
tcecetgtage
cggaccggec
caaattccte
tgcggcagat
gggcacccte
cagatggtga
gegagggect
agcgtgatac
aggagcccga
tgaatcgega
gtceegegeyg
accaggagat
aggaggtgge
caaatagcaa
aggcattcag
tgataaacat
tggccgecat
atacccctta
cgctgaaggt
aggccgtgag
aaagggccect
gegetgaccet
ggetggeggt
acgatgagta
gcaagacgca

ctccacggac

cttecctecca

acaacgcget

atgtccacaa

gaccagttaa

gecctegagt

aagtgcggcg

agatcttcca

geggeggtgy

aaaaagtgct

taccgtgcaa

caagggtatc

catgcggtta

teettttgge

cgcgcagegt

cggagggtta

ggactgcggc

cggaaacagg

gegececcect

ccctectect

ttacgaaccc

ggcgcggcta

gegtgaggeg

ggagatgegg

geggttgetg

cgcacacgtyg

taactttcaa

tataggactg

gecegeteaty

ggatgcgctg

cctgcagage

caactattcc

cgtteccata

gcettacctty

cgtgagccgg

ggCtggCan

gCgCtgggCC

ggcaccecgeyg

cgagccagag

acggaccegg

gactggcgee

tgcgtgtgac

cggctaatat

agcggtggta

cggtctggtg

caaatacgta

geggetggeg

acataaggcg

tggaggcgcg

ccatggtegyg

aaggagagcc

atggcggacg

cegecegegt

ttccttecag

aagcggttag

ttttccaagy

gaacgggggt

gacgagccce

cctecagecage

accgegteag

cegeggeged

ggagcgeect

tacgtgcege

gatcgaaagt

c¢gcgaggagyg

gcggecegecy

aaaagcttta

atgcatctgt

gegeagetgt

ctaaacatag

atagtggtge

atgcttagec

gacaaggagg

agcgacgacc

cggcgcgagce

dgcageggceyg

ccaagecgac

cgegetggea

gacggcgagt

cggtgcggge

aggtcatgga

cccgaagecc

ggcetgetge

tgcgcecegty

acceggetge

gtcegttgcaa

gtagagggge

atgatatccg

cggaaagteg

gacgctetgg

tgtaagcggg

accggggtte

gtcgaaccca

gcgeggegyge

getggaaage

gttgagtecge

ttgcctecee

ttttttgett

ggcaagagca

daggggegac

gggcccggca

ctecctgageyg

ggcagaacct

tccacgcagyg

actttgagee

acctggtaac

acaaccacgt

gggactttgt

tcettatagt

tagagcccga

aggagcgcag

tgggcaagtt

taaagatcga

tgggcgttta

tcagcgaccyg

atagagaggc

gegecctgga

anthgng

actaagcggt

ggcgctgcag

ccgcatcatg

ctcategget gaagcaggge

acctgegtga gggtagactg

ttgatggtgt aagtgcagtt

gagagctegg tgtacctgag

gtcegeacca ggtactggta

cagcgtaggg tggccggggce

tagatgtacc tggacatcca

cggacgeggt tccagatgtt

ccggteagge gegegcaatce

cactctteeyg tggtetggty

gageccecegta tceggeegte

ggtgtgcgac gtcagacaac

tgctgegeta gettttttygy

gaaagcatta agtggctcge

gggaccceeg gttcegagtet

gtcatgcaag acccegettyg

ttceccagatyg catccggtge

agagcagcgg cagacatgca

atccgeggtt gacgeggceag

ctacctggac ttggaggagyg

gtacccaagg gtgcagctga

gtttecgegac cgegagggag

gegegagetyg cggcatggece

cgacgcegega accgggatta

cgcatacgag cagacggtga

gegtacgett gtggegegeg

aagcgegetyg gagcaaaacc

gcagcacage agggacaacg

gggecgetgg ctgctegatt

cttgagectyg gectgacaagyg

ttacgccege aagatatacce

ggggttctac atgcgcatgg

tcgcaacgag cgcatccaca

cgagctgatyg cacagectge

cgagtectac tttgacgegyg

ggcagctggg gccggacctg

cgtggaggaa tatgacgagg

gatgtttetyg atcagatgat

agccagcegt ccggecttaa

tcgetgactyg cgcegcaatce

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600
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tgacgcgttc cggcagcagce cgcaggccaa ccggctctcee gcaattcectgg aagcggtggt 12660
cceggegege gcaaaccceca cgcacgagaa ggtgctggeg atcgtaaacg cgctggccga 12720
aaacagggcce atccggcceg acgaggccgg cctggtctac gacgegcetge ttcagegegt 12780
ggctegttac aacagcggca acgtgcagac caacctggac cggctggtgg gggatgtgeg 12840
cgaggcegtg gcgcagcegtg agcgcgcgca gcagcagggce aacctgggcect ccatggttge 12900
actaaacgcce ttcctgagta cacagcccgce caacgtgcecg cggggacagg aggactacac 12960
caactttgtg agcgcactgc ggctaatggt gactgagaca ccgcaaagtg aggtgtacca 13020
gtctgggeca gactattttt tccagaccag tagacaaggc ctgcagaccg taaacctgag 13080
ccaggctttce aaaaacttgc aggggctgtg gggggtgcgg gctceccacag gcgaccgcege 13140
gaccgtgtet agecttgcectga cgcccaactce gegcectgttg ctgectgctaa tagegecctt 13200
cacggacagt ggcagcgtgt cccgggacac atacctaggt cacttgctga cactgtaccg 13260
cgaggccata ggtcaggcgce atgtggacga gcatactttce caggagatta caagtgtcag 13320
ccgcgegetyg gggcaggagg acacgggcag cctggaggca accctaaact acctgetgac 13380
caaccggcgg cagaagatcc cctcecgttgca cagtttaaac agcgaggagg agcgcatttt 13440
gcgectacgtyg cagcagagcg tgagccttaa cctgatgcge gacggggtaa cgcccagegt 13500
ggcgctggac atgaccgcgce gcaacatgga accgggcatg tatgcectcaa accggceccecgtt 13560
tatcaaccgce ctaatggact acttgcatcg cgcggccgce gtgaaccccg agtatttcac 13620
caatgccatc ttgaacccgce actggctacc gcceccctggt ttctacaccg ggggattcga 13680
ggtgcccgag ggtaacgatg gattcecctetg ggacgacata gacgacagcg tgttttceccecce 13740
gcaaccgcag accctgctag agttgcaaca gecgcgagcag gcagaggcgg cgctgcgaaa 13800
ggaaagcttc cgcaggccaa gcagcttgtce cgatctagge gctgcecggecce cgcecggtcaga 13860
tgctagtage ccatttccaa gcecttgatagg gtctcttace agcactcgca ccaccegece 13920
gcgectgetyg ggcgaggagg agtacctaaa caactcecgctg ctgcagccgce agcecgcgaaaa 13980
aaacctgcct cecggcattte ccaacaacgg gatagagagce ctagtggaca agatgagtag 14040
atggaagacg tacgcgcagg agcacaggga cgtgccaggce ccgcgeccge ccaccegteg 14100
tcaaaggcac gaccgtcagce ggggtcetggt gtgggaggac gatgactcgg cagacgacag 14160
cagcgtectg gatttgggag ggagtggcaa cccgtttgeg caccttcegec ccaggetggg 14220
gagaatgttt taaaaaaaaa aaagcatgat gcaaaataaa aaactcacca aggccatggc 14280
accgagegtt ggttttcttg tattcccctt agtatgcgge gcgceggcgat gtatgaggaa 14340
ggtcctecte cctectacga gagtgtggtg agcgeggcge cagtggcggce ggcegetgggt 14400
tctecectteg atgctceccect ggaccegecg tttgtgecte cgcecggtacct geggectace 14460
ggggggagaa acagcatccg ttactctgag ttggcaccece tattcgacac cacccgtgtg 14520
tacctggtgg acaacaagtc aacggatgtg gcatccctga actaccagaa cgaccacagce 14580
aactttctga ccacggtcat tcaaaacaat gactacagcce cgggggaggc aagcacacag 14640
accatcaatc ttgacgaccg gtcgcactgg ggcggcgacce tgaaaaccat cctgcatacce 14700
aacatgccaa atgtgaacga gttcatgttt accaataagt ttaaggcgcg ggtgatggtg 14760
tcgegettge ctactaagga caatcaggtg gagctgaaat acgagtgggt ggagttcacg 14820
ctgccecgagg gcaactacte cgagaccatg accatagacce ttatgaacaa cgcgatcgtg 14880
gagcactact tgaaagtggg cagacagaac ggggttctgg aaagcgacat cggggtaaag 14940



69

US 7,465,537 B2

70

-continued
tttgacaccc gcaacttcag actggggttt gaccccgtca ctggtettgt catgectggg 15000
gtatatacaa acgaagcctt ccatccagac atcattttge tgccaggatg cggggtggac 15060
ttcacccaca gccgectgag caacttgttg ggcatccgca agcggcaacce cttceccaggag 15120
ggctttagga tcacctacga tgatctggag ggtggtaaca ttcccgcact gttggatgtg 15180
gacgcctace aggcgagctt gaaagatgac accgaacagg gcgggggtgg cgcaggcgge 15240
agcaacagca gtggcagcgg cgcggaagag aactccaacg cggcagccgce ggcaatgcag 15300
ccggtggagg acatgaacga tcatgccatt cgcggcgaca cctttgccac acgggctgag 15360
gagaagcgceg ctgaggccga agcagcggcec gaagctgceg cccccgetgce gcaacccgag 15420
gtcgagaagc ctcagaagaa accggtgatc aaacccctga cagaggacag caagaaacgce 15480
agttacaacc taataagcaa tgacagcacc ttcacccagt accgcagctg gtaccttgca 15540
tacaactacg gcgaccctca gaccggaatc cgctcatgga ccctgetttg cactectgac 15600
gtaacctgeg gctecggagca ggtctactgg tcgttgccag acatgatgca agaccccecgtg 15660
acctteeget ccacgcgeca gatcagcaac tttecggtgg tgggcgceccga getgttgece 15720
gtgcactcca agagcttcta caacgaccag gccgtctact cccaactcat ccgecagttt 15780
acctctetga cccacgtgtt caatcgettt cccgagaace agattttgge gegcccgcecca 15840
gccececcacca tcaccaccgt cagtgaaaac gttcectgcte tcacagatca cgggacgcta 15900
ccgctgegca acagcatcgg aggagtccag cgagtgacca ttactgacge cagacgccge 15960
acctgeccct acgtttacaa ggccctggge atagtctege cgcecgegtect atcgagecge 16020
actttttgag caagcatgtc catccttata tcgcccagca ataacacagg ctggggcctg 16080
cgctteccaa gcaagatgtt tggcggggcece aagaagcgct ccgaccaaca cccagtgcge 16140
gtgcgcggge actaccgcge gcectgggge gcgcacaaac gcggcecgcac tgggcgcacce 16200
accgtcgatg acgccatcga cgcggtggtg gaggaggcge gcaactacac gecccacgcceg 16260
ccaccagtgt ccacagtgga cgcggccatt cagaccgtgg tgcgcggage ccggegctat 16320
gctaaaatga agagacggcg gaggcgcgta gcacgtcgec accgccgecg accceggcact 16380
gccgeccaac gcegeggcegge ggcecectgett aaccgcgcac gtcgcaccgg ccgacgggceg 16440
gccatgeggyg ccgcectcgaag gctggceccecgeg ggtattgteca ctgtgcccecce caggtccagg 16500
cgacgagcgg ccgccgcage agccgceggcece attagtgcecta tgactcaggg tcegcagggge 16560
aacgtgtatt gggtgcgcga ctcggttage ggcctgegeg tgccecgtgeg caccegeccee 16620
ccgcgcaact agattgcaag aaaaaactac ttagactcgt actgttgtat gtatccageg 16680
gcggeggege gcaacgaagce tatgtccaag cgcaaaatca aagaagagat gctccaggte 16740
atcgcgecgg agatctatgg ccccecgaag aaggaagagce aggattacaa geccccgaaag 16800
ctaaagcggg tcaaaaagaa aaagaaagat gatgatgatg aacttgacga cgaggtggaa 16860
ctgctgcacg ctaccgcgece caggcgacgg gtacagtgga aaggtcgacg cgtaaaacgt 16920
gttttgcgac ccggcaccac cgtagtcttt acgcceggtg agcgctceccac ccgcacctac 16980
aagcgegtgt atgatgaggt gtacggcgac gaggacctge ttgagcaggce caacgagcge 17040
ctcggggagt ttgcctacgg aaagcggcat aaggacatge tggcegttgcce getggacgag 17100
ggcaacccaa cacctagcct aaagcccgta acactgcage aggtgctgcece cgegettgca 17160
ccgteccgaag aaaagcgcegg cctaaagcgce gagtctggtg acttggcacce caccgtgcag 17220
ctgatggtac ccaagcgcca gcgactggaa gatgtcttgg aaaaaatgac cgtggaacct 17280
gggctggage ccgaggtccg cgtgcggcca atcaagcagg tggcgccggg actgggegtg 17340
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cagaccgtgg acgttcagat acccactacc agtagcacca gtattgccac cgccacagag 17400
ggcatggaga cacaaacgtc cccggttgec tcageggtgg cggatgccgce ggtgcaggeg 17460
gtcgetgegyg ccgegtceccaa gacctctacg gaggtgcaaa cggacccgtg gatgtttege 17520
gtttcagcee ccecggecgece gcgeggtteg aggaagtacg gcgecgccag cgcegctactg 17580
cccgaatatg cectacatcecce tteccattgeg cctaccececg gctategtgg ctacacctac 17640
cgccccagaa gacgagcaac tacccgacgce cgaaccacca ctggaacccg ccgcegecgt 17700
cgecgtegee agcececgtget ggccccgatt tceegtgegca gggtggcecteg cgaaggagge 17760
aggaccctgg tgctgccaac agcgcgctac caccccagca tcgtttaaaa gecggtettt 17820
gtggttcttyg cagatatggce cctcacctge cgcctecgtt teceggtgece gggattccga 17880
ggaagaatgc accgtaggag gggcatggcc ggccacggcec tgacgggcgg catgegtegt 17940
gcgcaccacce ggcggceggceg cgcegtcecgcac cgtcecgcatge geggcecggtat cctgeccceccte 18000
cttattccac tgatcgcecge ggcgattgge gccgtgcccg gaattgcatce cgtggecttg 18060
caggcgcaga gacactgatt aaaaacaagt tgcatgtgga aaaatcaaaa taaaaagtct 18120
ggactctcac gctecgettgg tcectgtaact attttgtaga atggaagaca tcaactttge 18180
gtctetggee ccgecgacacg gctegegecce gttcatggga aactggcaag atatcggcac 18240
cagcaatatg agcggtggcg ccttcagcetg gggctcecgetg tggagecggca ttaaaaattt 18300
cggttccace gttaagaact atggcagcaa ggcctggaac agcagcacag gccagatget 18360
gagggataag ttgaaagagc aaaatttcca acaaaaggtg gtagatggcc tggcectctgg 18420
cattagcggg gtggtggacc tggccaacca ggcagtgcaa aataagatta acagtaagcet 18480
tgatccecge cctceccgtag aggagectcece accggcegtyg gagacagtgt ctccagaggg 18540
gcgtggcgaa aagcgtceccge gccccgacag ggaagaaact ctggtgacgce aaatagacga 18600
gccteccteg tacgaggagg cactaaagca aggcctgccec accacccgtce ccatcgegee 18660
catggctacc ggagtgctgg gccagcacac acccgtaacg ctggacctge ctceccececcge 18720
cgacacccag cagaaacctg tgctgccagg cccgaccgcee gttgttgtaa cccgtectag 18780
ccgecgegtee ctgcgecgeg cegccagcegg tcecgcgateg ttgceggceccg tagccagtgg 18840
caactggcaa agcacactga acagcatcgt gggtctgggg gtgcaatccc tgaagecgccg 18900
acgatgcttc tgaatagcta acgtgtcgta tgtgtgtcat gtatgegtce atgtcecgeccge 18960
cagaggagct gctgagccge cgcgegeccg ctttccaaga tggctacccece ttcgatgatg 19020
ccgcagtggt cttacatgca catcteggge caggacgcect cggagtacct gagcceccggg 19080
ctggtgcagt ttgcccgege caccgagacg tacttcagcee tgaataacaa gtttagaaac 19140
cccacggtgg cgcctacgca cgacgtgacce acagaccggt cccagegttt gacgetgegg 19200
ttcatcectg tggaccgtga ggatactgcg tactcgtaca aggcgeggtt caccctaget 19260
gtgggtgata accgtgtgct ggacatggct tccacgtact ttgacatccg cggegtgcetg 19320
gacaggggcce ctacttttaa gcecctactcect ggcactgcecet acaacgccecct ggctcccaag 19380
ggtgccccaa atccttgcga atgggatgaa gectgctactg ctecttgaaat aaacctagaa 19440
gaagaggacg atgacaacga agacgaagta gacgagcaag ctgagcagca aaaaactcac 19500
gtatttgggc aggcgcctta ttetggtata aatattacaa aggagggtat tcaaataggt 19560
gtcgaaggtc aaacacctaa atatgccgat aaaacatttc aacctgaacc tcaaatagga 19620
gaatctcagt ggtacgaaac tgaaattaat catgcagctg ggagagtcct taaaaagact 19680
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accccaatga aaccatgtta cggttcatat gcaaaaccca caaatgaaaa tggagggcaa 19740
ggcattcttyg taaagcaaca aaatggaaag ctagaaagtc aagtggaaat gcaatttttc 19800
tcaactactg aggcgaccgc aggcaatggt gataacttga ctcctaaagt ggtattgtac 19860
agtgaagatg tagatataga aaccccagac actcatattt cttacatgcc cactattaag 19920
gaaggtaact cacgagaact aatgggccaa caatctatgc ccaacaggcc taattacatt 19980
gcttttaggg acaattttat tggtctaatg tattacaaca gcacgggtaa tatgggtgtt 20040
ctggcgggcce aagcatcgca gttgaatgct gttgtagatt tgcaagacag aaacacagag 20100
ctttcatacc agcttttgcet tgattceccatt ggtgatagaa ccaggtactt ttctatgtgg 20160
aatcaggctg ttgacagcta tgatccagat gttagaatta ttgaaaatca tggaactgaa 20220
gatgaacttc caaattactg ctttccactg ggaggtgtga ttaatacaga gactcttacc 20280
aaggtaaaac ctaaaacagg tcaggaaaat ggatgggaaa aagatgctac agaattttca 20340
gataaaaatg aaataagagt tggaaataat tttgccatgg aaatcaatct aaatgccaac 20400
ctgtggagaa atttcctgta ctccaacata gcgctgtatt tgcccgacaa gctaaagtac 20460
agtccttecca acgtaaaaat ttctgataac ccaaacacct acgactacat gaacaagcga 20520
gtggtggcte ccgggttagt ggactgctac attaaccttg gagcacgctg gtcececttgac 20580
tatatggaca acgtcaaccc atttaaccac caccgcaatg ctggcctgcg ctaccgctca 20640
atgttgctgg gcaatggtcg ctatgtgcce ttccacatce aggtgectca gaagttcettt 20700
gccattaaaa acctceccttcet cctgeccggge tcatacacct acgagtggaa cttcaggaag 20760
gatgttaaca tggttctgca gagctccecta ggaaatgacc taagggttga cggagccage 20820
attaagtttg atagcatttg cctttacgcc accttcttece ccatggccca caacaccgece 20880
tccacgettg aggccatget tagaaacgac accaacgacce agtcctttaa cgactatcte 20940
tcegecgeca acatgctcecta cectatacce gccaacgcta ccaacgtgece catatccate 21000
cceteccegeca actgggcegge tttececgegge tgggcecttca cgcgecttaa gactaaggaa 21060
accccatcac tgggctcecggg ctacgaccct tattacacct actcectggcte tataccctac 21120
ctagatggaa ccttttacct caaccacacc tttaagaagg tggccattac ctttgactct 21180
tctgtcaget ggcectggcaa tgaccgectg cttacceccca acgagtttga aattaagcge 21240
tcagttgacg gggagggtta caacgttgcc cagtgtaaca tgaccaaaga ctggttcctg 21300
gtacaaatgc tagctaacta caacattggc taccagggct tctatatccc agagagctac 21360
aaggaccgca tgtactcctt ctttagaaac ttccagccca tgagccgtca ggtggtggat 21420
gatactaaat acaaggacta ccaacaggtg ggcatcctac accaacacaa caactctgga 21480
tttgttggct accttgccecce caccatgcge gaaggacagg cctaccctge taacttcccece 21540
tatccgetta taggcaagac cgcagttgac agcattaccce agaaaaagtt tcectttgcgat 21600
cgcacccecttt ggcgcatcece attctcecagt aactttatgt ccatgggcge actcacagac 21660
ctgggccaaa accttctcecta cgccaactcece gcccacgege tagacatgac ttttgaggtg 21720
gatcccatgg acgagcccac ccttetttat gttttgtttg aagtctttga cgtggtcegt 21780
gtgcaccgge cgcaccgcgg cgtcatcgaa accgtgtacce tgcgcacgcece ctteteggee 21840
ggcaacgcca caacataaag aagcaagcaa catcaacaac agctgccgcc atgggctcecca 21900
gtgagcagga actgaaagcc attgtcaaag atcttggttg tgggccatat tttttgggca 21960
cctatgacaa gcgcttteca ggctttgttt ctccacacaa gctcegectge geccatagtca 22020
atacggccgg tcgcgagact gggggcegtac actggatgge ctttgectgg aacccgcact 22080
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caaaaacatg ctacctcttt gagcccectttg gcttttetga ccagcgactc aagcaggttt 22140
accagtttga gtacgagtca ctcctgecgec gtagcgecat tgcttecttece ceccgaccget 22200
gtataacgct ggaaaagtcc acccaaagcg tacaggggcec caactcggcece gcecctgtggac 22260
tattctgectg catgtttecte cacgectttg ccaactggce ccaaactccce atggatcaca 22320
accccaccat gaaccttatt accggggtac ccaactccat gctcaacagt ccccaggtac 22380
agcccaccct gegtecgcaac caggaacagce tctacagett cctggagcege cactcegceccct 22440
acttcecgcag ccacagtgeg cagattagga gcgccactte tttttgtcac ttgaaaaaca 22500
tgtaaaaata atgtactaga gacactttca ataaaggcaa atgcttttat ttgtacactc 22560
tcgggtgatt atttacccecce acccttgecg tcectgcgeegt ttaaaaatca aaggggttcect 22620
gccgegcate gctatgegcee actggcaggg acacgttgeg atactggtgt ttagtgctce 22680
acttaaactc aggcacaacc atccgcggca gctcggtgaa gttttcactce cacaggctge 22740
gcaccatcac caacgcgttt agcaggtcgg gcgccgatat cttgaagtcg cagttgggge 22800
ctececgeectyg cgcgegcecgag ttgcgataca cagggttgca gcactggaac actatcageg 22860
ccgggtggtyg cacgectggec agcacgctcet tgtcggagat cagatccgeg tccaggtcecct 22920
ccgegttget cagggcgaac ggagtcaact ttggtagetg ccttecccaaa aagggcgcegt 22980
gcccaggett tgagttgcac tcgcaccgta gtggcatcaa aaggtgaccg tgcccggtet 23040
gggcgttagg atacagcgcce tgcataaaag ccttgatctg cttaaaagcc acctgagect 23100
ttgcgectte agagaagaac atgccgcaag acttgccgga aaactgattg geccggacagg 23160
ccgegtegtg cacgcagcac cttgegtcegg tgttggagat ctgcaccaca tttcggcccece 23220
accggttett cacgatcttg gecttgectag actgctectt cagegegege tgccegtttt 23280
cgctecgtcac atccatttca atcacgtgct ccttatttat cataatgctt ccgtgtagac 23340
acttaagctc gecttcgate tcagecgcage ggtgcagcecca caacgcgcag cccgtggget 23400
cgtgatgctt gtaggtcacc tcectgcaaacg actgcaggta cgcctgcagg aatcgcccca 23460
tcatcgtcac aaaggtcttg ttgctggtga aggtcagctg caacccgcegg tgctectegt 23520
tcagccaggt cttgcatacg gccgccagag cttceccacttg gtcaggcagt agtttgaagt 23580
tcgectttag atcgttatee acgtggtact tgtccatcag cgcgecgcecgca gectecatge 23640
ccttetecca cgcagacacg atcggcacac tcagcgggtt catcaccgta atttcacttt 23700
ccgetteget gggctcettece tettectett gegteccgecat accacgcegece actgggtegt 23760
cttcattcag ccgccgcact gtgcgcettac ctecctttgee atgcttgatt agcaccggtg 23820
ggttgctgaa acccaccatt tgtagcgcca catcttctet ttecttecteg ctgtccacga 23880
ttacctetgg tgatggcggg cgctcecgggct tgggagaagg gcgcttcettt ttecttettgg 23940
gcgcaatgge caaatccgce gccgaggteg atggccgcegg gcetgggtgtg cgcecggcacca 24000
gcgegtettyg tgatgagtct tectegtect cggactcgat acgeccgectce atcegetttt 24060
ttgggggcgce ccggggaggce ggcggcgacg gggacgggga cgacacgtcecce tccatggttg 24120
ggggacgtceg cgccgcaccg cgtecgeget cgggggtggt ttegegetge tectettece 24180
gactggccat tteccttcectcee tataggcaga aaaagatcat ggagtcagtc gagaagaagg 24240
acagcctaac cgcceccectet gagttegeca ccaccgecte caccgatgecce geccaacgcge 24300
ctaccacctt ccccgtcgag gcaccceccge ttgaggagga ggaagtgatt atcgagcagg 24360
acccaggttt tgtaagcgaa gacgacgagg accgctcagt accaacagag gataaaaagc 24420



77

US 7,465,537 B2

78

-continued
aagaccagga caacgcagag gcaaacgagg aacaagtcgg gcggggggac gaaaggcatg 24480
gcgactacct agatgtggga gacgacgtgce tgttgaagca tctgcagegce cagtgcgcca 24540
ttatctgcga cgcgttgcaa gagcgcagceg atgtgccect cgccatageg gatgtcagee 24600
ttgcctacga acgccaccta ttcectcaccge gcgtaccecce caaacgccaa gaaaacggca 24660
catgcgagcce caacccgcege ctcaacttcet acceccgtatt tgccgtgcca gaggtgecttg 24720
ccacctatca catctttttc caaaactgca agatacccct atcctgceccegt gccaaccgca 24780
gccgagcgga caagcagctg gcecttgegge agggcegctgt catacctgat atcgectcege 24840
tcaacgaagt gccaaaaatc tttgagggtc ttggacgcga cgagaagcgce gcggcaaacyg 24900
ctctgcaaca ggaaaacagc gaaaatgaaa gtcactctgg agtgttggtg gaactcgagg 24960
gtgacaacgc gcgcctagce gtactaaaac gcagcatcga ggtcacccac tttgectace 25020
cggcacttaa cctaccccece aaggtcatga gcacagtcat gagtgagctg atcgtgegece 25080
gtgcgcagece cctggagagg gatgcaaatt tgcaagaaca aacagaggag ggcctacccg 25140
cagttggcga cgagcagcta gecgcgcetgge ttcaaacgcg cgagcctgece gacttggagg 25200
agcgacgcaa actaatgatg gccgcagtgce tcgttaccgt ggagecttgag tgcatgcage 25260
ggttctttge tgacccggag atgcagcgca agctagagga aacattgcac tacaccttte 25320
gacagggcta cgtacgccag gcctgcaaga tcectccaacgt ggagctctgce aacctggtet 25380
cctaccttgg aattttgcac gaaaaccgcce ttgggcaaaa cgtgcttcat tccacgctca 25440
agggcgaggce gcgccgcgac tacgtcecgeg actgcgttta cttatttcta tgctacacct 25500
ggcagacggc catgggcgtt tggcagcagt gcecttggagga gtgcaacctce aaggagctge 25560
agaaactgct aaagcaaaac ttgaaggacc tatggacggce cttcaacgag cgctecegtgg 25620
ccgcgecacct ggcggacatce attttecceg aacgcctgcet taaaaccctg caacagggte 25680
tgccagactt caccagtcaa agcatgttgc agaactttag gaactttatc ctagagcget 25740
caggaatctt gcccgccacce tgctgtgcac ttecctagega ctttgtgcce attaagtacce 25800
gcgaatgecece tccgecgcett tggggccact gcectaccttet gcagctagece aactaccttg 25860
cctaccactc tgacataatg gaagacgtga gcggtgacgg tctactggag tgtcactgte 25920
gctgcaacct atgcaccccg caccgctecece tggtttgcaa ttcgcagetg cttaacgaaa 25980
gtcaaattat cggtaccttt gagctgcagg gtccctcecgee tgacgaaaag tccgeggcte 26040
cggggttgaa actcactcecg gggctgtgga cgtcggectta ccttecgcaaa tttgtacctg 26100
aggactacca cgcccacgag attaggttct acgaagacca atcccgcccg ccaaatgcgg 26160
agcttaccgce ctgcgtcatt acccagggcce acattcttgg ccaattgcaa gccatcaaca 26220
aagcccgcca agagtttetg ctacgaaagg gacggggggt ttacttggac ccccagtccg 26280
gcgaggagcet caacccaatce cccecgecge cgcagceccta tcagcagcag ccgegggcece 26340
ttgcttecca ggatggcacce caaaaagaag ctgcagctge cgccgcecacce cacggacgag 26400
gaggaatact gggacagtca ggcagaggag gttttggacg aggaggagga ggacatgatg 26460
gaagactggg agagcctaga cgaggaagct tccgaggtceg aagaggtgtc agacgaaaca 26520
ccgtcaccct cggtecgcatt ceccctegecg gcgecccaga aatcggcaac cggttecage 26580
atggctacaa cctcecgctece tcaggcegcecg ccggcactge ccgttegecg acccaaccgt 26640
agatgggaca ccactggaac cagggccggt aagtccaagce agccgcecgcece gttagceccaa 26700
gagcaacaac agcgccaagg ctaccgctca tggcgegggce acaagaacgc catagttgct 26760
tgcttgcaag actgtggggg caacatctcce ttcgccegee getttettet ctaccatcac 26820
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ggcgtggect tcecccccgtaa catcctgcat tactaccgte atctctacag cccatactge 26880
accggceggca gcggcagegg cagcaacagce agcggccaca cagaagcaaa ggcgaccgga 26940
tagcaagact ctgacaaagc ccaagaaatc cacagcggcg gcagcagcag gaggaggagce 27000
gctgegtetyg gegeccaacg aacccgtatce gaccecgcgag cttagaaaca ggatttttece 27060
cactctgtat gctatatttc aacagagcag gggccaagaa caagagctga aaataaaaaa 27120
caggtctectg cgatccctceca ceccgcagetg cctgtatcac aaaagcgaag atcagettceg 27180
gcgcacgetyg gaagacgcgg aggctctectt cagtaaatac tgcgcgctga ctcettaagga 27240
ctagtttcge gecctttete aaatttaage gcgaaaacta cgtcatctcecc agcggccaca 27300
cceggegeca gcacctgteg tcagegecat tatgagcaag gaaattccca cgccctacat 27360
gtggagttac cagccacaaa tgggacttgc ggctggagcet gcccaagact actcaacccg 27420
aataaactac atgagcgcgg gaccccacat gatatcccgg gtcaacggaa tccgegccca 27480
ccgaaaccga attctcttgg aacaggcggc tattaccacc acacctcgta ataaccttaa 27540
tcecegtagt tggcccgetg cectggtgta ccaggaaagt cccgctcecca ccactgtggt 27600
acttcccaga gacgcccagg ccgaagttca gatgactaac tcaggggcgce agcttgcggg 27660
cggctttegt cacagggtgc ggtcgceccgg gcagggtata actcacctga caatcagagg 27720
gcgaggtatt cagctcaacg acgagtcggt gagctceccteg cttggtctcecce gtecggacgg 27780
gacatttcag atcggcggcg ccggccgtec ttcattcacg cctegtcagg caatcctaac 27840
tctgcagacce tecgtectetg ageccgegcete tggaggcatt ggaactctge aatttattga 27900
ggagtttgtyg ccatcggtct actttaaccc cttcteggga cctecccecggece actatccgga 27960
tcaatttatt cctaactttg acgcggtaaa ggactcggcg gacggctacg actgaatgtt 28020
aagtggagag gcagagcaac tgcgcctgaa acacctggtce cactgtcgec gccacaagtg 28080
ctttgceccge gactccggtyg agttttgcta ctttgaattg cccgaggatc atatcgaggg 28140
cceggegecac ggcegtcecgge ttaccgecca gggagagcett gecccgtagece tgatteggga 28200
gtttacccag cgcccectge tagttgageg ggacagggga ccctgtgttce tcactgtgat 28260
ttgcaactgt cctaaccttg gattacatca agatcctcta gttataacta gagtacccgg 28320
ggatcttatt ccctttaact aataaaaaaa aataataaag catcacttac ttaaaatcag 28380
ttagcaaatt tctgtccagt ttattcagca gcacctecctt geccctectee cagctetggt 28440
attgcagctt cctcectgget gcaaacttte tccacaatct aaatggaatg tcagtttcecct 28500
cctgttectg tecatccgeca cccactatcet tcatgttgtt gcagatgaag cgcgcaagac 28560
cgtctgaaga taccttcaac cccgtgtatce catatgacac ggaaaccggt cctccaactg 28620
tgccttttet tactecctecece tttgtatccee ccaatgggtt tcaagagagt ccccectgggg 28680
tactctettt gecgectatec gaacctctag ttacctceccaa tggcatgctt gegctcaaaa 28740
tgggcaacgg cctctctetyg gacgaggccg gcaaccttac ctcecccaaaat gtaaccactg 28800
tgagcccacce tctcaaaaaa accaagtcaa acataaacct ggaaatatct gcacccctca 28860
cagttacctc agaagcccta actgtggctg ccgeccgcacce tctaatggte gegggcaaca 28920
cactcaccat gcaatcacag gccccgctaa ccgtgcacga ctccaaactt agcattgcca 28980
cccaaggacce cctcacagtg tcagaaggaa agctagccecct gcaaacatca ggccccectca 29040
ccaccaccga tagcagtacc cttactatca ctgcctcacce ccctcectaact actgeccactg 29100
gtagcttggg cattgacttg aaagagccca tttatacaca aaatggaaaa ctaggactaa 29160
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agtacggggce tcctttgcat gtaacagacg acctaaacac tttgaccgta gcaactggte 29220
caggtgtgac tattaataat acttccttgc aaactaaagt tactggagcc ttgggttttg 29280
attcacaagg caatatgcaa cttaatgtag caggaggact aaggattgat tctcaaaaca 29340
gacgccttat acttgatgtt agttatccgt ttgatgctca aaaccaacta aatctaagac 29400
taggacaggg ccctcecttttt ataaactcag cccacaactt ggatattaac tacaacaaag 29460
gcctttactt gtttacagct tcaaacaatt ccaaaaagct tgaggttaac ctaagcactg 29520
ccaaggggtt gatgtttgac gctacagcca tagccattaa tgcaggagat gggcttgaat 29580
ttggttcacc taatgcacca aacacaaatc ccctcaaaac aaaaattggce catggcctag 29640
aatttgattc aaacaaggct atggttccta aactaggaac tggccttagt tttgacagca 29700
caggtgccat tacagtagga aacaaaaata atgataagct aactttgtgg accacaccag 29760
ctccatctcee taactgtaga ctaaatgcag agaaagatgce taaactcact ttggtcttaa 29820
caaaatgtgg cagtcaaata cttgctacag tttcagtttt ggctgttaaa ggcagtttgg 29880
ctccaatatc tggaacagtt caaagtgctc atcttattat aagatttgac gaaaatggag 29940
tgctactaaa caattcctte ctggacccag aatattggaa ctttagaaat ggagatctta 30000
ctgaaggcac agcctataca aacgctgttg gatttatgce taacctatca gcttatccaa 30060
aatctcacgg taaaactgcc aaaagtaaca ttgtcagtca agtttactta aacggagaca 30120
aaactaaacc tgtaacacta accattacac taaacggtac acaggaaaca ggagacacaa 30180
ctccaagtgce atactctatg tcattttcat gggactggtce tggccacaac tacattaatg 30240
aaatatttgc cacatcctcect tacacttttt catacattgce ccaagaataa agaatcgttt 30300
gtgttatgtt tcaacgtgtt tatttttcaa ttgcagaaaa tttcaagtca tttttcattc 30360
agtagtatag ccccaccacc acatagctta tacagatcac cgtaccttaa tcaaactcac 30420
agaaccctag tattcaacct gccacctccece tcccaacaca cagagtacac agtcctttet 30480
cceeggetgg ccttaaaaag catcatatca tgggtaacag acatattctt aggtgttata 30540
ttccacacgg tttectgteg agccaaacgce tcatcaagtg atattaataa actcceccggg 30600
cagctcactt aagttcatgt cgctgtccag ctgctgagce acaggctgct gtccaacttg 30660
cggttgctta acgggcggcg aaggagaagt ccacgcctac atggggggag agtcataatce 30720
gtgcatcagg atagggcggt ggtgctgcag cagcgcgcga ataaactgct gccgeccgecg 30780
ctcegtectg caggaataca acatggcagt ggtctcectca gcgatgattce gcaccgccceg 30840
cagcataagg cgcttgteccect ccgggcacag cagcgcaccce tgatctcact taaatcagca 30900
cagtaactgc agcacagcac cacaatattg ttcaaaatcc cacagtgcaa ggcgctgtat 30960
ccaaagctca tggcggggac cacagaaccce acgtggccat cataccacaa gcgcaggtag 31020
attaagtggc gacccctcat aaacacgctg gacataaaca ttacctcttt tggcatgttg 31080
taattcacca cctcccggta ccatataaac ctctgattaa acatggcgcc atccaccacce 31140
atcctaaacc agctggccaa aacctgccce gccgggntat acactgcagg gaaccgggac 31200
ttggacaatg acaagtggga gagcccagga ctcgtaacca tggatcatca tgctcecgtcat 31260
gatatcaatg ttggcacaac acaggcacac gtgcatacac ttcctcagga ttacaagctc 31320
ctccecgegtt agaaccatat cccagggaac aacccattce tgaatcagcg taaatcccac 31380
actgcaggga agacctcgca cgtaactcac gttgtgcatt gtcaaagtgt tacattcggg 31440
cagcagcgga tgatcctcecca gtatggtage gcgggtttcet gtctcaaaag gaggtagacg 31500
atccctactg tacggagtgce gccgagacaa ccgagatcgt gttggtcecgta gtgtcatgece 31560



83

US 7,465,537 B2

-continued
aaatggaacg ccggacgtag tcatatttcc tgaagcaaaa ccaggtgcgg gcgtgacaaa 31620
cagatctgeg tcectceeggtet cgccgcettag atcgctetgt gtagtagttg tagtatatcce 31680
actctctcaa agcatccagg cgcccectgg cttegggtte tatgtaaact ccttcatgeg 31740
ccgctgecct gataacatcce accaccgcag aataagccac acccagccaa cctacacatt 31800
cgttctgecga gtcacacacg ggaggagcgg gaagagctgg aagaaccatg tttttttttt 31860
tattccaaaa gattatccaa aacctcaaaa tgaagatcta ttaagtgaac gcgctcecccct 31920
ccggtggegt ggtcaaactce tacagccaaa gaacagataa tggcatttgt aagatgttge 31980
acaatggctt ccaaaaggca aacggccctce acgtccaagt ggacgtaaag gctaaaccct 32040
tcagggtgaa tctcctctat aaacattcca gcaccttcaa ccatgcccaa ataattctca 32100
tctegecace ttctcaatat atctctaage aaatcccgaa tatttaagtce cgggecattg 32160
taaaaaattt ggctccagag cgccctceccac cttcagecte aagcagcgaa tcatgattge 32220
aaaaattcag gttcctcaca gacctgtata agattcaaaa gcggaacatt aacaaaaata 32280
ccgcgatcce gtaggtcect tegcagggcece agctgaacat aatcgtgcag gtctgcacgg 32340
accagcgcegg ccacttcecee gecaggaacce atgacaaaag aacccacact gattatgaca 32400
cgcatactcg gagctatgcet aaccagcgta gccccgatgt aagettgttg catgggcgge 32460
gatataaaat gcaaggtgct gctcaaaaaa tcaggcaaag cctcgcgcaa aaaagaaagc 32520
acatcgtagt catgctcatg cagataaagg caggtaagct ccggaaccac cacagaaaaa 32580
gacaccattt ttctctcaaa catgtctgeg ggtttctgca taaacacaaa ataaaataac 32640
aaaaaaacat ttaaacatta gaagcctgtc ttacaacagg aaaaacaacc cttataagca 32700
taagacggac tacggccatg ccggcgtgac cgtaaaaaaa ctggtcaccg tgattaaaaa 32760
gcaccaccga cagctcecctceg gtcagtecgg agtcataatg taagactcgg taaacacatc 32820
aggttgattc acatcggtca gtgttaaaaa gcgaccgaaa tagccngggg gaatacaata 32880
ccegecaggeg tagagacaac attacagcecce ccataggagg tataacaaaa ttaataggag 32940
agaaaaacac ataaacacct gaaaaaccct cctgcctagg caaaatagca cccteccget 33000
ccagaacaac atacagcgct tccacagcgg cagccataac agtcagcectt accagtaaaa 33060
aagaaaacct attaaaaaaa caccactcga cacggcacca gctcaatcag tcacagtgta 33120
aaaaagggcc aagtgcagag cgagtatata taggactaaa aaatgacggt aacggttaaa 33180
gtccacaaaa aacacccaga aaaccgcacg cgaacctacg cccagaaacg aaagccaaaa 33240
aacccacaac ttcctcaaat cgtcacttcce gttttcccac gttacgtcac ttcccatttt 33300
aagaaaacta caattcccaa cacatacaag ttactccgcce ctaaaaccta cgtcacccge 33360
ccegttecca cgccecgege cacgtcacaa actccaccce ctcattatca tattggectte 33420
aatccaaaat aaggtatatt attgatgatg 33450

<210> SEQ ID NO 8
<211> LENGTH: 3010
<212> TYPE: PRT

<213> ORGANISM: Hepatitis C virus

<400> SEQUENCE: 8

Met Ser Thr Asn Pro Lys Pro Gln Arg Lys Thr

1 5

10

Lys Arg Asn Thr Asn

15

Arg Arg Pro Gln Asp Val Lys Phe Pro Gly Gly Gly Gln Ile Val Gly

20

25

30



85

US 7,465,537 B2

-continued

86

Gly

Thr

Ile

65

Tyr

Leu

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Ala

Thr

Ser

Gln

Asn

305

Asp

Leu

Trp

Ala

Thr

385

Ser

Asn

Leu

Ser

Val

Arg

Pro

Pro

Leu

Arg

Phe

130

Gly

Val

Leu

Val

Ala

210

Cys

Leu

Ile

Ala

Leu

290

Cys

Met

Leu

Gly

Lys

370

Tyr

Leu

Gly

Asn

Ser

Tyr

35

Lys

Lys

Trp

Ser

Arg

115

Ala

Ala

Asn

Leu

Arg

195

Ser

Val

Thr

Arg

Met

275

Phe

Ser

Met

Arg

Val

355

Val

Val

Phe

Ser

Thr

435

Gly

Leu

Thr

Ala

Pro

Pro

100

Ser

Asp

Ala

Tyr

Ala

180

Asn

Ile

Pro

Pro

Arg

260

Tyr

Thr

Ile

Met

Ile

340

Leu

Leu

Thr

Ser

Trp

420

Gly

Cys

Leu

Ser

Arg

Leu

85

Arg

Arg

Leu

Arg

Ala

165

Leu

Val

Val

Cys

Thr

245

His

Val

Phe

Tyr

Asn

325

Pro

Ala

Ile

Gly

Pro

405

His

Phe

Pro

Pro

Glu

Gln

70

Tyr

Gly

Asn

Met

Ala

150

Thr

Leu

Ser

Tyr

Val

230

Leu

Val

Gly

Ser

Pro

310

Trp

Gln

Gly

Val

Gly

390

Gly

Ile

Leu

Glu

Arg

Arg

Pro

Gly

Ser

Leu

Gly

135

Leu

Gly

Ser

Gly

Glu

215

Arg

Ala

Asp

Asp

Pro

295

Gly

Ser

Ala

Leu

Met

375

Thr

Ser

Asn

Ala

Arg

Arg

40

Ser

Glu

Asn

Arg

Gly

120

Tyr

Ala

Asn

Cys

Val

200

Ala

Glu

Ala

Leu

Leu

280

Arg

His

Pro

Val

Ala

360

Leu

Met

Ser

Arg

Ala

440

Met

Gly

Gln

Gly

Glu

Pro

105

Lys

Ile

His

Leu

Leu

185

Tyr

Ala

Asn

Arg

Leu

265

Cys

Arg

Val

Thr

Val

345

Tyr

Leu

Ala

Gln

Thr

425

Leu

Ala

Pro

Pro

Arg

Gly

90

Ser

Val

Pro

Gly

Pro

170

Thr

His

Asp

Asn

Asn

250

Val

Gly

His

Thr

Ala

330

Asp

Tyr

Phe

Lys

Lys

410

Ala

Phe

Ser

Arg

Arg

Ala

75

Leu

Trp

Ile

Leu

Val

155

Gly

Ile

Val

Met

Ser

235

Ala

Gly

Ser

Glu

Gly

315

Ala

Met

Ser

Ala

Asn

395

Ile

Leu

Tyr

Cys

Leu Gly Val Arg

Gly

60

Trp

Gly

Gly

Asp

Val

140

Arg

Cys

Pro

Thr

Ile

220

Ser

Ser

Ala

Val

Thr

300

Leu

Val

Met

Gly

380

Thr

Gln

Asn

Val

Ser

45

Arg

Ala

Trp

Pro

Thr

125

Gly

Val

Ser

Ala

Asn

205

Met

Arg

Val

Ala

Phe

285

Val

Arg

Val

Ala

Val

365

Val

Leu

Leu

Cys

His

445

Pro

Arg

Gln

Ala

Thr

110

Leu

Ala

Leu

Phe

Ser

190

Asp

His

Cys

Pro

Ala

270

Leu

Gln

Met

Val

Gly

350

Gly

Asp

Gly

Val

Asn

430

Lys

Ile

Gln

Pro

Gly

95

Asp

Thr

Pro

Glu

Ser

175

Ala

Cys

Thr

Trp

Thr

255

Leu

Val

Asp

Ala

Ser

335

Ala

Asn

Gly

Ile

Asn

415

Asp

Phe

Asp

Ala

Pro

Gly

80

Trp

Pro

Cys

Leu

Asp

160

Ile

Tyr

Ser

Pro

Val

240

Thr

Cys

Ala

Cys

Trp

320

Gln

His

Trp

Gly

Thr

400

Thr

Ser

Asn

Ala
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Phe
465

Asp

Pro

Trp

Pro

545

Thr

Lys

Thr

Thr

625

Glu

Arg

Gln

Leu

Ile

705

Leu

Met

Leu

Gly

785

Leu

Ser

Pro

Phe

Asn
865

450

Ala

Gln

Pro

Val

Gly

530

Gln

Lys

Thr

Tyr

His

610

Ile

Ala

Asp

Val

Ile

690

Gly

Leu

Met

Leu

Val

770

Ala

Ala

Cys

His

Ile

850

Val

Gln

Arg

Ala

Val

515

Glu

Gly

Thr

Leu

Thr

595

Tyr

Phe

Ala

Arg

Leu

675

His

Ser

Phe

Leu

Asn

755

Phe

Ala

Leu

Gly

Tyr

835

Thr

Arg

Gly

Pro

Ala

500

Val

Asn

Asn

Cys

Thr

580

Lys

Pro

Lys

Cys

Ser

660

Pro

Leu

Ala

Leu

Leu

740

Ala

Phe

Tyr

Pro

Gly

820

Lys

Arg

Gly

Trp

Tyr

485

Gln

Gly

Glu

Trp

Gly

565

Cys

Cys

Tyr

Val

Asn

645

Glu

Cys

His

Val

Leu

725

Ile

Ala

Cys

Ala

Pro

805

Ala

Leu

Ala

Gly

Gly

470

Cys

Val

Thr

Thr

Phe

550

Gly

Pro

Gly

Arg

Arg

630

Trp

Leu

Ser

Gln

Val

710

Leu

Ala

Ser

Ala

Leu

790

Arg

Val

Phe

Glu

Arg
870

455

Pro

Trp

Cys

Thr

Asp

535

Gly

Pro

Thr

Ser

Leu

615

Met

Thr

Ser

Phe

Asn

695

Ser

Ala

Gln

Val

Ala

775

Tyr

Ala

Phe

Leu

Ala

855

Asp

Ile

His

Gly

Asp

520

Val

Cys

Pro

Asp

Gly

600

Trp

Tyr

Arg

Pro

Thr

680

Val

Phe

Asp

Ala

Ala

760

Trp

Gly

Tyr

Val

Ala

840

His

Ala

Thr

Tyr

Pro

505

Arg

Leu

Thr

Cys

Cys

585

Pro

His

Val

Gly

Leu

665

Thr

Val

Ala

Ala

Glu

745

Gly

Tyr

Val

Ala

Gly

825

Arg

Leu

Val

Tyr

Ala

490

Val

Phe

Leu

Trp

Asn

570

Phe

Trp

Tyr

Gly

Glu

650

Leu

Leu

Asp

Ile

Arg

730

Ala

Ala

Ile

Trp

Met

810

Leu

Leu

Gln

Ile

Asn

475

Pro

Tyr

Gly

Leu

Met

555

Ile

Arg

Leu

Pro

Gly

635

Arg

Leu

Pro

Val

Lys

715

Val

Ala

His

Lys

Pro

795

Asp

Ile

Ile

Val

Leu
875

460

Glu

Arg

Cys

Val

Asn

540

Asn

Gly

Lys

Thr

Cys

620

Cys

Ser

Ala

Gln

700

Trp

Cys

Leu

Gly

Gly

780

Leu

Arg

Leu

Trp

Trp

860

Leu

Ser

Pro

Phe

Pro

525

Asn

Ser

Gly

His

Pro

605

Thr

Glu

Asn

Thr

Leu

685

Tyr

Glu

Ala

Glu

Ile

765

Arg

Leu

Glu

Leu

Trp

845

Ile

Thr

His

Cys

Thr

510

Thr

Thr

Thr

Ile

Pro

590

Arg

Val

His

Leu

Thr

670

Ser

Leu

Tyr

Cys

Asn

750

Leu

Leu

Leu

Met

Thr

830

Leu

Pro

Cys

Ser

Gly

495

Pro

Tyr

Arg

Gly

Gly

575

Glu

Cys

Asn

Arg

Glu

655

Glu

Thr

Tyr

Val

Leu

735

Leu

Ser

Val

Leu

Ala

815

Leu

Gln

Pro

Ala

Ser

480

Ile

Ser

Ser

Pro

Phe

560

Asn

Ala

Leu

Phe

Leu

640

Asp

Trp

Gly

Gly

Leu

720

Trp

Val

Phe

Pro

Leu

800

Ala

Ser

Tyr

Leu

Ile
880
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His Pro Glu Leu Ile Phe Thr Ile Thr Lys Ile Leu Leu Ala Ile Leu
885 890 895

Gly Pro Leu Met Val Leu Gln Ala Gly Ile Thr Lys Val Pro Tyr Phe
900 905 910

Val Arg Ala His Gly Leu Ile Arg Ala Cys Met Leu Val Arg Lys Val
915 920 925

Ala Gly Gly His Tyr Val Gln Met Ala Leu Met Lys Leu Ala Ala Leu
930 935 940

Thr Gly Thr Tyr Val Tyr Asp His Leu Thr Pro Leu Arg Asp Trp Ala
945 950 955 960

His Ala Gly Leu Arg Asp Leu Ala Val Ala Val Glu Pro Val Val Phe
965 970 975

Ser Asp Met Glu Thr Lys Val Ile Thr Trp Gly Ala Asp Thr Ala Ala
980 985 990

Cys Gly Asp Ile Ile Leu Gly Leu Pro Val Ser Ala Arg Arg Gly Arg
995 1000 1005

Glu Ile His Leu Gly Pro Ala Asp Ser Leu Glu Gly Gln Gly Trp
1010 1015 1020

Arg Leu Leu Ala Pro Ile Thr Ala Tyr Ser Gln Gln Thr Arg Gly
1025 1030 1035

Leu Leu Gly Cys Ile Ile Thr Ser Leu Thr Gly Arg Asp Arg Asn
1040 1045 1050

Gln Val Glu Gly Glu Val Gln Val Val Ser Thr Ala Thr Gln Ser
1055 1060 1065

Phe Leu Ala Thr Cys Val Asn Gly Val Cys Trp Thr Val Tyr His
1070 1075 1080

Gly Ala Gly Ser Lys Thr Leu Ala Gly Pro Lys Gly Pro Ile Thr
1085 1090 1095

Gln Met Tyr Thr Asn Val Asp Gln Asp Leu Val Gly Trp Gln Ala
1100 1105 1110

Pro Pro Gly Ala Arg Ser Leu Thr Pro Cys Thr Cys Gly Ser Ser
1115 1120 1125

Asp Leu Tyr Leu Val Thr Arg His Ala Asp Val Ile Pro Val Arg
1130 1135 1140

Arg Arg Gly Asp Ser Arg Gly Ser Leu Leu Ser Pro Arg Pro Val
1145 1150 1155

Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro Leu Leu Cys Pro Ser
1160 1165 1170

Gly His Ala Val Gly Ile Phe Arg Ala Ala Val Cys Thr Arg Gly
1175 1180 1185

Val Ala Lys Ala Val Asp Phe Val Pro Val Glu Ser Met Glu Thr
1190 1195 1200

Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser Pro Pro Ala
1205 1210 1215

Val Pro Gln Thr Phe Gln Val Ala His Leu His Ala Pro Thr Gly
1220 1225 1230

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

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

Phe Gly Ala Tyr Met Ser Lys Ala His Gly Ile Asp Pro Asn Ile
1265 1270 1275
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Arg

Ser

Ala

Thr

Ala

Ser

Ser

Thr

Lys

Ala

Ser

Phe

Thr

Thr

Gly

Pro

Glu

Glu

Pro

Gly

Ala

Cys

Lys

Leu

Glu

Ala

Thr
1280

Thr
1295

Tyr
1310

Thr
1325

Gly
1340

Val
1355

Thr
1370

Ile
1385

Cys
1400

Val
1415

Gly
1430

Thr
1445

Gln
1460

Thr
1475

Arg
1490

Gly
1505

Cys
1520

Thr
1535

Val
1550

Leu
1565

Gly
1580

Ala
1595

Cys
1610

Leu
1625

Pro
1640

Val
1655

Leu

Gly

Tyr

Asp

Ile

Ala

Thr

Gly

Lys

Asp

Ala

Asp

Gly

Thr

Thr

Thr

Glu

Tyr

Ser

Cys

Thr

Asp

Arg

Leu

Tyr

Ile

Val

Ala

Val

Gly

Ile

Leu

Arg

Val

Glu

Gly

Glu

Tyr

Val

Asp

Val

Val

Gly

Arg

Asp

Val

Gln

His

Asn

Ala

Ile

Arg

Thr

Thr

Ala

Arg

Lys

Ile

Gly

Leu

Pro

Ile

Gly

Leu

Tyr

Ile

Phe

Asp

Pro

Arg

Pro

Ala

Arg

Asp

Ile

Phe

Gln

Arg

Leu

Lys

Ser

Tyr

Thr

Phe

Ile

Ile

Val

His

Pro

Arg

Ala

Arg

Val

Asp

Phe

Gln

Gly

Ser

Gly

Leu

His

Asp

Pro

Ala

Leu

Gly

Tyr

Thr

Cys

Ile
1285

Leu
1300

Cys
1315

Gly
1330

Val
1345

Pro
1360

Phe
1375

His
1390

Ala
1405

Gly
1420

Val
1435

Ser
1450

Ser
1465

Asp
1480

Arg
1495

Gly
1510

Cys
1525

Arg
1540

Leu
1555

Ala
1570

Tyr
1585

Pro
1600

Lys
1615

Ala
1630

Ile
1645

Trp
1660

Leu

Thr

Ala

Asp

Thr

Leu

Asn

Tyr

Leu

Lys

Leu

Ala

Val

Leu

Ala

Met

Met

Ala

Ala

Glu

His

Leu

Pro

Pro

Val

Met

Val

Thr

Thr

Asp

Glu

Val

Ala

Ile

Gly

Ile

Leu

Asp

Thr

Ile

Asp

Val

Gly

Phe

Trp

Tyr

Phe

Phe

Val

Pro

Thr

Gln

Ala

Leu

Thr

Gly

Gly

Cys

Leu

Thr

Glu

Lys

Phe

Ser

Val

Asp

Asp

Pro

Ser

Ile

Asp

Tyr

Leu

Trp

Leu

Ala

Ser

Leu

Asn

Cys

Val

Gly

Ala

Gly

His

Asp

Ala

Glu

Ala

Cys

Gly

Ser

Ala

Cys

Thr

Arg

Tyr

Ser

Glu

Asn

Glu

Ser

Tyr

Trp

His

Glu

Met

Gly

Ser

Pro
1290

Cys
1305

Ser
1320

Gln
1335

Thr
1350

Val
1365

Ile
1380

His
1395

Leu
1410

Val
1425

Leu
1440

Asn
1455

Phe
1470

Ser
1485

Arg
1500

Ser
1515

Leu
1530

Thr
1545

Ser
1560

Gln
1575

Gln
1590

Asp
1605

Gly
1620

Val
1635

Ser
1650

Gly
1665

Val

Ile Thr Tyr

Ser

Thr

Ala

Pro

Ala

Pro

Ser

Gly

Ile

Met

Thr

Thr

Gln

Phe

Val

Thr

Pro

Val

Thr

Ala

Gln

Pro

Thr

Ala

Val

Val

Gly

Asp

Glu

Pro

Leu

Ile

Lys

Leu

Pro

Thr

Cys

Ile

Arg

Val

Leu

Pro

Gly

Phe

Lys

Thr

Met

Thr

Thr

Asp

Leu

Ile

Gly

Ser

Thr

Gly

Ser

Glu

Lys

Asn

Thr

Gly

Val

Glu

Arg

Thr

Cys

Ala

Leu

Thr

Gln

Val

Trp

Pro

Thr

Leu

Ala

Val
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Gly

Glu

Lys

Glu

Ala

Tyr

Ser

Gln

Gln

Ile

Leu

Gly

Ser

Asp

Thr

Ser

Ile

Leu

Gly

Cys

Met

Thr

1670

Arg
1685

Val
1700

Leu
1715

Gln
1730

Ala
1745

Phe
1760

Leu
1775

Leu
1790
His
1805

Leu
1820

Ala
1835

Asp
1850

Ala
1865

Val
1880

Gly
1895

Glu
1910

Arg
1925

Ala
1940

Gln
1955

Thr
1970

Cys
1985

Leu
2000

Tyr
2015

Pro
2030

Arg
2045

Phe
2060

Ile

Leu

Pro

Lys

Ala

Trp

Ala

Met

Thr

Ala

Gly

Ile

Phe

Asn

Val

Gly

Gly

Ala

Leu

Pro

Thr

Pro

Lys

Cys

Ile

Pro

Ile

Tyr

Tyr

Ala

Ala

Ala

Gly

Ala

Leu

Pro

Ala

Leu

Lys

Leu

Val

Ala

Asn

Ala

Leu

Cys

Val

Arg

Gly

Gly

Val

Ile

Leu

Arg

Ile

Ile

Pro

Lys

Leu

Phe

Leu

Pro

Ala

Ala

Val

Leu

Cys

Val

His

Arg

Lys

Ser

Leu

Leu

Val

Ala

Gly

Asn

Ser

Glu

Glu

Gly

Val

His

Ser

Thr

Phe

Ser

Val

Gly

Met

Pro

Ala

Gln

Val

Val

Arg

Gly

Thr

Pro

Trp

Gln

Pro

Ala

1675

Gly
1690

Phe
1705

Gln
1720

Leu
1735

Val
1750

Met
1765

Thr
1780

Ala
1795

Asn
1810

Ala
1825

Gly
1840

Tyr
1855

Ser
1870

Ala
1885

Ala
1900

Trp
1915

Ser
1930

Thr
1945

Leu
1960

Ser
1975

Asp
1990

Gly
2005

Arg
2020

Ile
2035

Arg
2050

Tyr
2065

Lys

Asp

Gly

Leu

Glu

Trp

Leu

Ser

Ile

Ala

Ser

Gly

Gly

Ile

Ile

Met

Pro

Gln

Trp

Phe

Val

Gly

Thr

Thr

Thr

Pro

Glu

Met

Gln

Ser

Asn

Pro

Ile

Leu

Ser

Ile

Ala

Glu

Leu

Leu

Asn

Thr

Ile

Gln

Leu

Lys

Pro

Asp

Gly

Cys

Thr

Ala

Met

Gln

Thr

Lys

Phe

Gly

Thr

Gly

Ala

Gly

Gly

Met

Ser

Arg

Arg

His

Leu

Trp

Arg

Thr

Phe

Gly

His

Ser

Gly

Ile

Glu

Leu

Ala

Trp

Ile

Asn

Ser

Gly

Phe

Leu

Val

Pro

Pro

Arg

Leu

Tyr

Ser

Ile

Asp

Trp

Phe

Ile

Val

Asn

Pro

1680

Ile
1695

Glu
1710

Ala
1725

Thr
1740

Arg
1755

Ser
1770

Pro
1785

Pro
1800

Trp
1815

Val
1830

Gly
1845

Ala
1860

Ser
1875

Gly
1890
His
1905

Ile
1920

Val
1935

Ser
1950

Asn
1965

Val
1980

Leu
1995

Ser
2010

Met
2025

Lys
2040

Thr
2055

Cys
2070

Pro

Cys

Glu

Lys

Thr

Gly

Ala

Leu

Val

Gly

Lys

Gly

Thr

Ala

Val

Ala

Pro

Leu

Glu

Trp

Gln

Cys

Gln

Asn

Trp

Thr

Asp

Ala

Gln

Gln

Leu

Ile

Ile

Thr

Ala

Ala

Val

Ala

Glu

Leu

Gly

Phe

Glu

Thr

Asp

Asp

Ser

Gln

Thr

Gly

His

Pro

Arg

Ser

Phe

Ala

Glu

Gln

Ala

Thr

Ala

Gly

Leu

Leu

Asp

Val

Pro

Ala

Ser

Ile

Cys

Trp

Lys

Arg

Thr

Ser

Gly

Ser
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Pro

Glu

Gly

Pro

Ala

Pro

Ser

Ser

Pro

Ala

Gly

Asp

Ser

Ala

Glu

Cys

Arg

Leu

Ala

Asp

Pro

Ser

Cys

Ala

Leu

Ala
2075

Tyr
2090

Met
2105

Glu
2120

Pro
2135

Gly
2150

Glu
2165
His
2180

Pro
2195

Ser
2210

Asp
2225

Asn
2240

Ser
2255

Val
2270

Met
2285

Ser
2300

Pro
2315

Lys
2330

Ala
2345

Val
2360

Asp
2375

Pro
2390

Trp
2405

Ser
2420

Ala
2435

Leu
2450

Pro

Val

Thr

Phe

Ala

Leu

Pro

Ile

Pro

Leu

Leu

Ile

Phe

Pro

Pro

Trp

Leu

Arg

Glu

Asp

Gly

Leu

Ser

Met

Glu

Arg

Asn

Glu

Thr

Phe

Cys

Asn

Asp

Thr

Ser

Lys

Ile

Thr

Glu

Ala

Ile

Lys

Pro

Thr

Leu

Ser

Asp

Glu

Thr

Ser

Glu

His

Tyr

Val

Asp

Thr

Lys

Gln

Val

Ala

Leu

Ala

Glu

Arg

Pro

Glu

Trp

Asp

Pro

Val

Ala

Gly

Ala

Gly

Val

Tyr

Thr

His

Ser

Thr

Asn

Glu

Pro

Tyr

Ala

Glu

Ala

Thr

Ala

Val

Leu

Ile

Ala

Pro

Ala

Val

Thr

Thr

Gly

Glu

Ser

Thr

Lys

Asn

Arg
2080

Arg
2095

Val
2110

Val
2125

Leu
2140

Leu
2155

Val
2170

Thr
2185

Ser
2200

Cys
2215

Asn
2230

Glu
2245

Gln
2260

Leu
2275

Arg
2290

Asp
2305

Lys
2320

Leu
2335

Lys
2350

Ala
2365

Ser
2380

Pro
2395

Glu
2410

Trp
2425

Leu
2440

Leu
2455

Ala

Val

Lys

Asp

Leu

Val

Leu

Ala

Ser

Thr

Leu

Ser

Ala

Arg

Pro

Tyr

Ala

Ser

Thr

Thr

Asp

Gly

Glu

Thr

Pro

Val

Leu

Gly

Cys

Gly

Arg

Gly

Thr

Lys

Ser

Thr

Leu

Glu

Glu

Arg

Asp

Val

Pro

Glu

Phe

Ala

Val

Asp

Ala

Gly

Ile

Tyr

Trp

Asp

Pro

Val

Glu

Ser

Ser

Arg

Ala

Arg

Trp

Asn

Glu

Ser

Tyr

Pro

Pro

Ser

Gly

Ser

Glu

Pro

Ser

Ala

Asn

Ala

Arg

Phe

Cys

Arg

Glu

Gln

Met

Arg

Ser

His

Arg

Lys

Asp

Arg

Asn

Pro

Ile

Thr

Ser

Pro

Ser

Asp

Glu

Leu

Ala

Thr

Val
2085
His
2100

Gln
2115

Leu
2130

Val
2145

Leu
2160

Leu
2175

Leu
2190

Gln
2205

Asp
2220

Gln
2235

Val
2250

Glu
2265

Lys
2280

Pro
2295

Val
2310

Pro
2325

Val
2340

Ser
2355

Asp
2370

Tyr
2385

Leu
2400

Asp
2415

Ile
2430

Leu
2445

Thr
2460

Ala

Tyr

Val

Thr

Pro

Thr

Ala

Leu

Ser

Glu

Val

Arg

Phe

Pro

Val

Pro

Ser

Glu

Gln

Ser

Ser

Val

Thr

Ser

Ser

Ala

Val

Pro

Arg

Phe

Cys

Asp

Arg

Ser

Pro

Met

Ile

Glu

Pro

Leu

His

Pro

Ser

Ser

Pro

Ser

Asp

Val

Pro

Asn

Arg

Glu

Thr

Ala

Tyr

Leu

Glu

Pro

Gly

Ala

Asp

Gly

Leu

Val

Arg

Leu

Gly

Arg

Ala

Ser

Ser

Met

Gly

Cys

Cys

Ser

Ser
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Ala

Leu

Ala

Lys

Ala

Arg

Asp

Glu

Leu

Ser

Tyr

Ala

Asp

Tyr

Ser

Lys

Leu

Ala

Gln

Arg

Leu

Asp

Thr

Trp

Ala

Ser
2465

Asp
2480

Ser
2495

Leu
2510

Lys
2525

Ser
2540

Thr
2555

Lys
2570

Gly
2585

Thr
2600

Ser
2615

Lys
2630

Ser
2645

Gln
2660

Leu
2675

Gly
2690

Thr
2705

Ala
2720

Cys
2735

Glu
2750

Tyr
2765

Glu
2780

Ala
2795

Pro
2810

Asn
2825

Ala
2840

Gln

Leu

Asp

Thr

Thr

Asp

Val

Thr

Gly

Val

Leu

Pro

Lys

Thr

Cys

Thr

Gln

Thr

Ala

Gly

Asp

Ser

Leu

Ser

Leu

Ser

Arg

Glu

Arg

His

Val

Pro

Val

Trp

Ile

Gly

Arg

Pro

Gly

Cys

Val

Cys

Glu

Asn

Ser

Cys

Asp

Glu

Ala

Ile

Gly

Ala

Trp

Met

Gln

Gln

Tyr

Lys

Pro

Arg

Lys

Met

Arg

Val

Gln

Gln

Pro

Thr

Asp

Arg

Cys

Cys

Arg

Asp

Ala

Pro

Thr

Lys

Arg

Leu

Ile

Leu

Lys

Arg

Ala

His

Asn

Asp

Ala

Lys

Cys

Ala

Arg

Met

Glu

Leu

Leu

Gly

Gly

Ala

Leu

Ser

Pro

Ser

Arg

Ala

Gly

Leu

Glu

Lys
2470

Asp
2485

Lys
2500

Ser
2515

Leu
2530

Leu
2545

Lys
2560

Pro
2575

Glu
2590

Val
2605

Val
2620

Gly
2635

Asn
2650

Ala
2665

Tyr
2680

Tyr
2695

Asn
2710

Ala
2725

Val
2740

Leu
2755

Gly
2770

Cys
2785

Val
2800

Ala
2815

Asn
2830

Met
2845

Lys

Val

Val

Leu

Ala

Ser

Leu

Asn

Ala

Lys

Met

Glu

Phe

Asp

Pro

Ile

Arg

Thr

Lys

Val

Arg

Asp

Ser

Tyr

Trp

Ile

Thr

Ala

Thr

Leu

Leu

Arg

Ser

Glu

Glu

Arg

Met

Gly

Phe

Ala

Ile

Glu

Gly

Arg

Leu

Leu

Ile

Ala

Pro

Ser

Tyr

Glu

Ile

His

Leu

Phe

Lys

Ser

Ser

Lys

Asp

Val

Leu

Ala

Ser

Leu

Tyr

Arg

Ala

Gly

Cys

Thr

Gln

Cys

Phe

Pro

Asn

Leu

Thr

Met

Phe

Asp

Asp

Glu

Val

Lys

Ala

Thr

Phe

Ile

Leu

Ser

Val

Asp

Val

Arg

Pro

Arg

Cys

Asp

Glu

Thr

Lys

Val

Thr

Ala

Tyr

Phe

Cys

Arg
2475

Met
2490

Glu
2505

Phe
2520

Val
2535

Glu
2550

Cys
2565

Val
2580

Tyr
2595

Tyr
2610

Asn
2625

Thr
2640

Glu
2655

Gln
2670

Leu
2685

Ala
2700

Tyr
2715

Cys
2730

Ser
2745

Glu
2760

Pro
2775

Ser
2790

Arg
2805

Arg
2820

Ala
2835

Ser
2850

Gln

Leu Gln Val

Lys

Glu

Gly

Asn

Thr

Val

Phe

Asp

Gly

Ala

Arg

Glu

Ala

Thr

Ser

Leu

Thr

Ala

Ala

Glu

Val

Asp

His

Pro

Ile

Ile

Ala

Ala

Tyr

His

Pro

Gln

Pro

Val

Phe

Trp

Cys

Ser

Ile

Asn

Gly

Lys

Met

Gly

Met

Tyr

Ala

Pro

Thr

Thr

Leu

Tyr

Lys

Cys

Gly

Ile

Ile

Pro

Asp

Val

Gln

Lys

Phe

Ile

Arg

Ser

Val

Ala

Leu

Thr

Thr

His

Thr

Pro

Leu

Leu

Gly
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-continued

100

2855 2860 2865

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

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

Gly Glu 1Ile Asn Arg Val Ala Ser Cys Leu Arg Lys Leu
2900 2905 2910

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

Arg Leu Leu Ser Gln Gly Gly Arg Ala Ala Thr Cys Gly
2930 2935 2940

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

Pro Ala Ala Ser Gln Leu Asp Leu Ser Ser Trp Phe Val
2960 2965 2970

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

Arg Trp Phe Met Trp Cys Leu Leu Leu Leu Ser Val Gly
2990 2995 3000

Ile Tyr Leu Leu Pro Asn Arg

Ile Gln

Ser Pro

Gly Val

Arg Ala

Lys Tyr

Pro Ile

Ala Gly

Arg Pro

Val Gly

3005 3010
30
We claim: contacting the cells with an agent that inhibits NS3 enzyme
1. A method of inhibiting hepatitis C virus (HCV) replica- activity by inhibiting NS3 oligomerization; wherein the
tion in cells infected with HCV comprising; agent reduces replication of viral nucleic acid in the cells
. . T or spread of virus to other cells;
contacting the cells with an agent that inhibits NS3 enzyme 35 wherein the agent is a peptide of 4 to 100 residues com-

activity by inhibiting NS3 oligomerization; wherein the
agent reduces replication of viral nucleic acid in the cells
or spread of virus to other cells;

wherein the agent is a vector expressing a dominant-nega-
tive mutant NS3 gene that expresses an ATPase-deficient 4
NS3 protein that is 90% identical to SEQ ID NO:3 and
the step of contacting the agent comprises transforming
the cells with the vector;

wherein the ATPase-deficient NS3 protein comprises a
D290A mutation; and 45

wherein the cells are in vitro.

2. A method of inhibiting hepatitis C virus (HCV) replica-

tion in cells infected with HCV comprising:

prising at least 4 contiguous residues of HIDAH-

FLSQTK (SEQ ID NO:1) or at least 4 contiguous resi-
dues of reverse D sequence of SEQ ID NO:1.

3. The method of claim 2 wherein the agent comprises a

peptide comprising the sequence HIDAHFLSQTK (SEQ ID

NO:1).

4. The method of claim 3 wherein the agent is the peptide
having the sequence HIDAHFLSQTKGGGYARAAAR-
QARA (SEQ ID NO:2).

5. The method of claim 2 wherein the cells are in vitro.

6. The method of claim 2 wherein the agent is a peptide
comprising the reverse D sequence of SEQ ID NO:1.

#* #* #* #* #*
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