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elongation. The comparative analysis of incorporation kinetics
of other cytidine analogs (e.g. NM107-TP) and deoxycytidine
analogs (RO-9187-TP, RO0622-TP) suggest important contri-
butions of 2’- and 4’-substituents for interaction with NS5B, as
well as differences in interaction between initiation and elon-
gation complexes. The results obtained with the S282T mutant
NS5B suggest differential effects of this mutation on nucleotide
analog incorporation efficiency during initiation and elongation
as well as different impact of 2'- and 4’-substitutions.
Conclusions: Nucleoside analogs were incorporated by NS5B
during initiation and elongation phases of RNA synthesis, albeit
with significantly different efficiencies. The 2’- and 4’- positions
can differentially affect incorporation efficiency by wild-type
and S282T mutant NS5B.
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HCYV RNA Helicase Requirement for NS3 Oligomerization is
Substrate-dependent: Characterization of RNA Substrates
with Different Double Strand Lengths and RNA Binding-
dependent Inhibition
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George Stepan, Nick Cammack, Klaus Klumpp
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Background: HCV NS3 carries ATPase-coupled helicase activ-
ity, dependent on the presence of a 3’-single-stranded RNA
overhang. NS3 catalyzed strand separation of double-stranded
RNA is essential for HCV replication. The molecular mecha-
nism of RNA unwinding and the role of NS3 oligomerization
are not well defined.

Methods: Helicase activity was measured with full-length NS3
proteins using a fluorescence-based, real-time strand separation
assay and RNA substrates of different double strand and single
strand lengths. NS3 protein binding to RNA was measured using
intrinsic NS3 protein fluorescence quenching (FQ), fluorescence
polarization (FP), and surface plasmon resonance (SPR) with
biotinylated RNA.

Results: NS3 bound with 1:1 stoichiometry to an RNA sub-
strate containing a 21 nt double strand (ds) and 10 nt single strand
(ss) overhang, and was separating RNA strands efficiently under
these conditions. Increasing the ssRNA overhang did not affect
helicase activity, whereas shortening of ssSRNA length led to
reduced RNA binding affinity and helicase activity, consistent
with sSRNA overhang requirement for functional NS3 bind-
ing. RNA helicase activity increased with increasing length of
ssRNA overhang for substrates with longer double strand RNA
regions. However, RNA binding affinity was not affected, con-
sistent with NS3 cooperativity in RNA unwinding, but not RNA
binding. The NS3 E291A mutant was inactive as a helicase,
but potently inhibited RNA helicase activity of wild-type NS3.
Trans dominant inhibition by E291A NS3 was only observed
on substrates with long dsRNA regions, whereas RNA helicase
activity on ds21-ss10 substrate was not inhibited, suggesting
NS3 oligomerization dependence for the unwinding of long, but
not short RNA double strands. Inhibitors interfering with RNA

binding affected unwinding independent of double strand length.
Conclusion: The mechanism of RNA unwinding by HCV NS3
is substrate-dependent. Short double strands could be separated
by NS3 monomers, but longer double strands require functional
NS3 oligomerization. Inhibitor mechanism of action can involve
interference with RNA binding.
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Evaluation of MK-7009, A Novel Macrocyclic Inhibitor of
NS3/4A Protease, in the Chimpanzee Model of Chronic Hep-
atitis C Virus Infection
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Olsen
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MK-7009 is a potent macrocyclic inhibitor of NS3/4a (repli-
con EC5p=3.5nM) currently in clinical development. As part
of its pre-clinical characterization, chimpanzees chronically
infected with HCV were dosed with MK-7009 and evaluated for
efficacy and viral resistance. Two chimpanzees harboring geno-
type la chronic infections and with initial viral loads >6 logs
were dosed orally for 7 days at 5 mpk b.i.d. Both experienced
rapid viral load reductions of >5 logs before eventually relaps-
ing to baseline levels following cessation of dosing. Viral RNA
was isolated from plasma samples that had been collected peri-
odically throughout the study. NS3/4a was cloned by RT-PCR
and analyzed with a variety of techniques including sequencing,
an allele-specific Tagman assay (detection limit 1/5000 copies),
and phenotypic analysis of viral NS3/4a sequences derived from
the plasma. Population sequencing demonstrated that R155K
virus emerged as the principle circulating virus for both chim-
panzees. Phenotypic analysis of viral NS3/4a sequences showed
that R155K conferred >100-fold loss of susceptibility to the
inhibitor. Using an allele-specific Tagman assay sensitive to the
R155K mutant, R155K virus was shown to pre-exist in the cir-
culating viral population of one chimpanzee at less than 1% of
the total population. By the second day of dosing it encompassed
virtually the entire circulating population. Its replication, how-
ever, showed partial suppression and continued to decline with
further dosing. The R155K variant emerged as the predominant
species early in the relapse population of both chimpanzees,
but was slowly replaced by wild-type over the course of several
months. Conclusion: a pre-existing resistant virus was enriched
during initial exposure to MK-7009 but continued dosing also
suppressed replication of this mutant virus. The long-term per-
sistence of R155K virus demonstrated that its replication was
not severely impaired. The results demonstrate the importance
of resistance monitoring during direct antiviral therapy to treat
HCV infection, and suggest that inhibitor potency evaluations
against potentially prevalent mutants is warranted.

doi:10.1016/j.antiviral.2008.01.034
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