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HCV infection, and suggest that inhibitor potency evaluations
against potentially prevalent mutants is warranted.
Program and Abstracts / Anti

longation. The comparative analysis of incorporation kinetics
f other cytidine analogs (e.g. NM107-TP) and deoxycytidine
nalogs (RO-9187-TP, RO0622-TP) suggest important contri-
utions of 2′- and 4′-substituents for interaction with NS5B, as
ell as differences in interaction between initiation and elon-
ation complexes. The results obtained with the S282T mutant
S5B suggest differential effects of this mutation on nucleotide

nalog incorporation efficiency during initiation and elongation
s well as different impact of 2′- and 4′-substitutions.
onclusions: Nucleoside analogs were incorporated by NS5B
uring initiation and elongation phases of RNA synthesis, albeit
ith significantly different efficiencies. The 2′- and 4′- positions

an differentially affect incorporation efficiency by wild-type
nd S282T mutant NS5B.

oi:10.1016/j.antiviral.2008.01.032
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CV RNA Helicase Requirement for NS3 Oligomerization is
ubstrate-dependent: Characterization of RNA Substrates
ith Different Double Strand Lengths and RNA Binding-
ependent Inhibition

ulie Hang ∗, Yanli Yang, Vincent Leveque, Tony Giannetti,
eorge Stepan, Nick Cammack, Klaus Klumpp

Roche, Palo Alto, USA

ackground: HCV NS3 carries ATPase-coupled helicase activ-
ty, dependent on the presence of a 3′-single-stranded RNA
verhang. NS3 catalyzed strand separation of double-stranded
NA is essential for HCV replication. The molecular mecha-
ism of RNA unwinding and the role of NS3 oligomerization
re not well defined.

ethods: Helicase activity was measured with full-length NS3
roteins using a fluorescence-based, real-time strand separation
ssay and RNA substrates of different double strand and single
trand lengths. NS3 protein binding to RNA was measured using
ntrinsic NS3 protein fluorescence quenching (FQ), fluorescence
olarization (FP), and surface plasmon resonance (SPR) with
iotinylated RNA.
esults: NS3 bound with 1:1 stoichiometry to an RNA sub-

trate containing a 21 nt double strand (ds) and 10 nt single strand
ss) overhang, and was separating RNA strands efficiently under
hese conditions. Increasing the ssRNA overhang did not affect
elicase activity, whereas shortening of ssRNA length led to
educed RNA binding affinity and helicase activity, consistent
ith ssRNA overhang requirement for functional NS3 bind-

ng. RNA helicase activity increased with increasing length of
sRNA overhang for substrates with longer double strand RNA
egions. However, RNA binding affinity was not affected, con-
istent with NS3 cooperativity in RNA unwinding, but not RNA
inding. The NS3 E291A mutant was inactive as a helicase,
ut potently inhibited RNA helicase activity of wild-type NS3.
rans dominant inhibition by E291A NS3 was only observed

n substrates with long dsRNA regions, whereas RNA helicase
ctivity on ds21-ss10 substrate was not inhibited, suggesting
S3 oligomerization dependence for the unwinding of long, but
ot short RNA double strands. Inhibitors interfering with RNA

d
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inding affected unwinding independent of double strand length.
onclusion: The mechanism of RNA unwinding by HCV NS3

s substrate-dependent. Short double strands could be separated
y NS3 monomers, but longer double strands require functional
S3 oligomerization. Inhibitor mechanism of action can involve

nterference with RNA binding.

oi:10.1016/j.antiviral.2008.01.033

0
valuation of MK-7009, A Novel Macrocyclic Inhibitor of
S3/4A Protease, in the Chimpanzee Model of Chronic Hep-
titis C Virus Infection

. Ludmerer ∗, D. Graham, L. Handt, C. Fandozzi, C. Burlein,
. Liverton, J. McCauley, J. Vacca, D. Hazuda, S. Carroll, D.
lsen

Merck Research Labs, West Point, USA

MK-7009 is a potent macrocyclic inhibitor of NS3/4a (repli-
on EC50 = 3.5 nM) currently in clinical development. As part
f its pre-clinical characterization, chimpanzees chronically
nfected with HCV were dosed with MK-7009 and evaluated for
fficacy and viral resistance. Two chimpanzees harboring geno-
ype 1a chronic infections and with initial viral loads >6 logs
ere dosed orally for 7 days at 5 mpk b.i.d. Both experienced

apid viral load reductions of >5 logs before eventually relaps-
ng to baseline levels following cessation of dosing. Viral RNA
as isolated from plasma samples that had been collected peri-
dically throughout the study. NS3/4a was cloned by RT-PCR
nd analyzed with a variety of techniques including sequencing,
n allele-specific Taqman assay (detection limit 1/5000 copies),
nd phenotypic analysis of viral NS3/4a sequences derived from
he plasma. Population sequencing demonstrated that R155K
irus emerged as the principle circulating virus for both chim-
anzees. Phenotypic analysis of viral NS3/4a sequences showed
hat R155K conferred >100-fold loss of susceptibility to the
nhibitor. Using an allele-specific Taqman assay sensitive to the
155K mutant, R155K virus was shown to pre-exist in the cir-
ulating viral population of one chimpanzee at less than 1% of
he total population. By the second day of dosing it encompassed
irtually the entire circulating population. Its replication, how-
ver, showed partial suppression and continued to decline with
urther dosing. The R155K variant emerged as the predominant
pecies early in the relapse population of both chimpanzees,
ut was slowly replaced by wild-type over the course of several
onths. Conclusion: a pre-existing resistant virus was enriched

uring initial exposure to MK-7009 but continued dosing also
uppressed replication of this mutant virus. The long-term per-
istence of R155K virus demonstrated that its replication was
ot severely impaired. The results demonstrate the importance
f resistance monitoring during direct antiviral therapy to treat
oi:10.1016/j.antiviral.2008.01.034
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