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Hepatitis C virus (HCV) is the major etiological agent of non-A, non-B hepatitis where no effective treat-
ment is available. The HCV NS5B with RNA-dependent RNA polymerase (RdRp) activity is a key target for
the treatment of HCV infection. Here we report novel NS5B polymerase inhibitors identified by virtual
screening and in vitro evaluation of their inhibitory activities. On the basis of a newly identified binding
pocket of NS5B, distinct from the nucleotide binding site but highly conserved among various HCV iso-
lates, we performed virtual screening of compounds that fit this binding pocket from the available chem-
ical database of 3.5 million compounds. The inhibitory activities of the in silico selected 119 compounds
were estimated with in vitro RdRp assay. Three compounds with IC50 values of about 20 M were iden-
tified, and their kinetic analyses suggest that these compounds are noncompetitive inhibitors with
respect to the ribonucleotide substrate. Furthermore, the single-point mutations of the conserved resi-
dues in the binding pocket of NS5B resulted in the significant decrease of the RdRp activity, indicating
that the binding pocket presented here might be important for the therapeutic intervention of HCV. These

novel inhibitors would be useful for the development of effective anti-HCV agents.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Hepatitis C virus (HCV) is a positive strand RNA virus of the
Flaviviridae family.! The chronic HCV infection can cause cirrhosis
and carcinoma of liver.? In order to develop strategies of therapeu-
tic and prophylactic intervention, the structures and functions of
the each HCV polyprotein components—C, E1, E2, NS2, NS3,
NS4A, NS4B, NS5A, and NS5B—have been extensively studied.>*
Among these anti-viral targets, NS5B protein, an RNA-dependent
RNA polymerase (RdRp), remains a key target for therapeutic inter-
vention.>® The overall structure of the protein, similar to other
RdRp, is composed of three domains including finger, palm, and
thumb domains. The HCV NS5B contains unique regions, such as
the C-terminal hydrophobic residues and B-hairpin located at the
thumb domain.”® The recombinant NS5B proteins obtained either
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from insect cells or Escherichia coli have been successfully em-
ployed for its functional and structural characterization.®~'?> The
high-resolution three-dimensional crystal structures of the NS5B
polymerase is available,'>~'> amenable to the structure-based drug
design.

Various nucleoside analog inhibitors are widely used for the
treatment of human immunodeficiency virus (HIV), hepatitis B
virus (HBV), and herpes simplex virus (HSV).'®!” A nucleoside ana-
log drug ribavirin is used for the treatment of HCV infected pa-
tients.'® Recently, some nucleoside and nonnucleoside analogs
have been tested as the potent candidates of anti-HCV agents.!®%”
However, the effectiveness of nucleoside analogues has been
reported to be compromised due to the generation of resistant
mutants and the adverse side-effects,2~3° necessitating the devel-
opment of new inhibition targets and inhibitors of NS5B. Accord-
ingly, the nonnucleoside inhibitors binding to allosteric sites
distinct from the active site have begun to be identified through
high throughput screening (HTS) and crystallographic analysis of
the inhibitor-NS5B complex.>!~3* Antivirals targeted to non-poly-
merase of tobacco mosaic virus (TMV) were recently reported as
successful inhibitor bound to coat protein.?> The phenylalanine
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derivatives and novel racemic compounds, for example, were
shown to inhibit the RdRp activity of HCV NS5B by binding to a site
30 A away from the catalytic center.>>3* The lead compounds were
then further modified and improved for the structure-activity rela-
tionship (SAR).36-38

The structure-based inhibitor design is one of the practical and
powerful methods for the identification of lead compounds for tar-
get proteins.?>3%-42 In this study, we identified a potential alloste-
ric site of HCV NS5B that is located in the interface between thumb
and palm domains, distinct from the catalytic center. Targeted to
this site, the candidate inhibitor compounds fit for this pharmaco-
phore were virtually screened using the commercially available 3-
D multiple conformer chemical database PharmoDB™ (Equispharm,
Korea). Through the virtual screening, the compound library was
down-sized from 3.5 millions to 119 chemicals. The inhibitory
activities of the selected compounds were tested by the in vitro
RdRp assay, and further kinetic analyses were performed for the
hit compounds with a view to develop anti-HCV agents.

2. Results
2.1. Identification of potential allosteric binding pocket

For virtual screening of HCV NS5B target inhibitors, we initially
investigated the potential inhibitor binding pockets. There have
been several X-ray crystal structures of HCV NS5B-inhibitor com-
plex, in which the inhibitors of nonnucleoside analogues bind the
sites, apart from the catalytic center of NS5B.2521-34 The proposed
template-primer complex model of HCV NS5B for viral replication
suggests that the rearrangement of the thumb domain occurs upon
RNA binding.'* A modest movement of the thumb domain would
be necessary for the entry of the primer because there does not ap-
pear enough space for an RNA double strand. Our rationale in this
study is that the small molecules that block the conformational
change of the thumb domain can inhibit the RNA replication. With
this in view, a plausible pharmacophore was built that ensure
interaction with amino acid residues constituting the pocket, using
PharmoMap™ (Equispharm, Korea), a software package that has
built all feature-based pharmacophore, in which the pharmaco-
phoric points are represented by chemical features such as hydro-
gen bond acceptors/donors or hydrophobic features.

As a result of the analysis of possible inhibitor binding pocket,
we found that the thumb and palm domain interface is a promising
inhibitor binding pocket. This pocket includes the following resi-
dues such as Pro 197, Arg 200, Val 201, Cys 366, Ser 368, Tyr
383, Leu 384, Met 414, Tyr 415, His 467, and Tyr 448 (Fig. 1A).
Then, a pharmacophore map was generated using PharmoMap™
for structure-based virtual screening. As shown in Figure 1B, the
pharmacophore features, including hydrogen donors/acceptors
and hydrophobic interactions, are illustrated. This pharmacophore
features are located with near primer-grip, constituted of Cys 366
and Ser 367, far apart from the catalytic site of HCV NS5B. There-
fore, it is unlikely that the virtual screening hit compounds can di-
rectly interfere with the catalytic site.

2.2. Virtual screening of compounds fitting the pharmacophore
of HCV NS5B

The pharmacophore model was used as a search query for iden-
tifying inhibitors from 3-D small molecule database, a commer-
cially available multi-conformer 3-D database comprising 3.5
million compounds (PharmoDB™, Equispharm, Korea). We carried
out virtual screening of these compounds suitable for HCV NS5B
plausible allosteric binding pocket using PharmoScan™ system, a
structure-based virtual screening tool of Equispharm, Korea. The

A

Figure 1. The pharmacophore of HCV NS5B allosteric inhibitor binding site. (A)
The overall structure of HCV NS5B and the proposed pharmacophore. The proposed
pharmacophore presented with dotted box was located in the interface between
the thumb and palm domains of HCV NS5B. The green, red, and blue color
represents finger, palm, and thumb domain, respectively. (B) The detailed map of
proposed pharmacophore. The contact residues in the pharmacophore map were
displayed with the possible inhibitor binding site. The red stick, blue stick, and
green sphere represent the hydrogen bond acceptor, hydrogen bond donor, and
hydrophobic interaction site of ligand, respectively.

compounds that exhibit unfavorable interactions with the binding
site or those that adopt unrealistic conformations on pharmaco-
phore mapping were removed by visual inspection. Further filter-
ing out the primary screened compounds using diversity analysis,
we obtained 119 compounds for further testing in vitro.

2.3. In vitro screening of inhibitors

We then investigated whether the virtually screened 119 candi-
dates inhibit RdRp activity in vitro. Most compounds were dis-
solved in 100% dimethyl sulfoxide (DMSO, Sigma). Some
compounds that were not easily dissolved in DMSO were excluded
from in vitro inhibition assay. We initially investigated the inhibi-
tory effects of candidate compounds at the concentration of
100 uM. The RdRp reaction was performed using homopolymeric
template and appropriate primer as described in Section 4, and
the reaction products were resolved by 5% PAGE-7 M urea and
visualized under Phosphor imager (Fig. 2). Through the first
in vitro screening, seven compounds (CVP09008, 11, 19, 29, 47,
81, 111) were initially shown to significantly inhibit the RdRp
activity. The inhibitory effects of the seven compounds on the
RdRp activity were repeatedly tested, enabling us to select the final
three compounds (CVP09011, CVP09047, and CVP09081 in Table



K. Ryu et al./Bioorg. Med. Chem. 17 (2009) 2975-2982 2977

A * A
C1 235678910 CI111213151617 18 19 C C 20 2122 23 24 2526 2728

L A T T T L R e

A %
C 29 30 3132 33 3435 36 37 C 3839 40 4142 4344 4546 C 47 48 4950 55 5657 58 59

L et L L TR

*
C 61 62 6364 65 66 676869 C 70 71 727374 76 7879 81 C 82 91 9293 94 9596 97 98

A
C 99 100101102 103 104105106 107 C 108 110 111 112117 118 119

.5'; —E PO cww ww—-

Figure 2. In vitro screening of inhibitor candidates. Inhibition of HCV NS5B RdRp activity by the virtually screened compounds (100 pM) was investigated by measuring the
incorporated [o->2PJUTP in the RdRp assay (see Section 4). These reaction mixtures were resolved by 5% PAGE gel containing 7 M Urea. After gel drying, the amount of radio-
labeled RNA polymer was measured using the Phosphor imager. The compounds of CVP09011, CVP09047, and CVP09081 were screened (*) whereas compounds CVP09008,
CVP09019, CVP09029, and CVP09111 were identified as false positive (A) by the repeated test (data not shown).

1). These compounds have shown to exhibit more than 80% inhibi- 2 h for routine RdRp activity assay. Then reactions were performed
tion at 100 pM. We tested RdRp activity at different treatment on serial dilution of inhibitors in DMSO (100, 50, 20, 10, 5 pM), and
times (1 h, 2 h, and 3 h) where we could not find significant differ- the 50% inhibitory concentration (ICso) was determined. All three

ences in inhibition activity (data not shown). Therefore, we used compounds were found to inhibit NS5B polymerase activity in a

Table 1
Chemical structure and ICsq value of the novel inhibitors
Compound CVP09011 CVP09047 CVP09081
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TN o = cl AN

Structure Ne N — A | N Ny 7 N
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¢ Values from at least three independent experiments.
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dose-dependent manner. From three independent experiments,
the ICs59 value of CVP09011, CVP09047, and CVP09081 was esti-
mated as about 20 uM (Fig. 3).

2.4. Mode of inhibition

Because the novel inhibitors reported here were screened for
allosteric binding pocket of HCV NS5B, they were expected to func-
tion in a manner different from competitive inhibitors that are tar-
geted to active site. To determine inhibition mode of CVP09011,
CVP09047, and CVP09081, the RdRp reaction were performed in
which the concentration of UTP was varied. With the RdRp assay
results of varied UTP substrate concentrations (1, 2, 5, 10 uM)

and inhibitor concentrations (0, 20, 50, 100 M), we obtained a
double-reciprocal plot (Fig. 4). The Km value for UTP substrate
was about 2 uM in our in vitro assay setting and similar to previous
reports.*** In accordance with our prediction, all three com-
pounds act primarily in a noncompetitive manner with respect to
UTP.

2.5. Construction of NS5B mutants

We next constructed single-point mutants in the binding pock-
et to investigate whether the residues, apart from the catalytic cen-
ter, affect the RdRp activity. The binding pocket includes the
following residues such as Pro 197, Arg 200, Val 201, Cys 366,
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Figure 3. Dose-dependent inhibition by the lead compounds. The inhibition level on the HCV NS5B by the compounds CVP09011 (A), CVP09047 (B), and CVP09081 (C),
respectively, were tested with various inhibitor concentrations ranging from 0 to 100 pM. The RdRp reaction mixture was resolved with 7 M urea 5% PAGE and visualized by
BAS2500 (D). With the visualized image data of the three independent experiments, the RdRp activity was quantified by Image Gauge software (A, B, C). The error bars are

standard deviations.
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Figure 4. Kinetic analysis of inhibition of the RdRp activity by the lead compounds.
The double-reciprocal plots of CVP09011 (A), CVP09047 (B), and CVP09081 (C) were
obtained using the following procedure. The RdRp reaction was performed in
various substrate concentration of UTP (1-10 uM). The reaction mixture was
precipitated at cellulose filter and washed three times with 10% TCA solution
containing 20 mM sodium diphosphate. The incorporated [o->2P]JUTP was mea-
sured by the liquid scintillation counter LS6500 and the results are displayed as
double-reciprocal plot. The test inhibitor concentration was 0-100 uM (0 uM: <,
20 uM: x, 50 uM: A, 100 uM: 0O). The inhibition mode was predominantly
noncompetitive.

Ser 368, Val 381, Tyr 382, Leu 384, Met 414, Tyr 415, Leu 466, His
467, and Ser 470. From the amino acid sequence alignment, most
of residues in the binding pocket were found to be highly con-
served in all genotypes except for Val 381, Met 414, and Ser 470
(Table 2). We generated each single-point mutant with six residues

Table 2
Conservation of the residues in the binding pocket of HCV NS5B
Genotype Arg Cys Ser Leu Tyr His
200 366 368 384 415 467
Type 1a R C S L F H
Type 1b R C S L Y(F)* H
Type 2a R C S L Y H
Type 2b R C S 1L Y H
Type 3a R C S L Y H
Type 4a R C S L Y H
Type 5a R C S L Y H
Type 6a R C S 1L F H

2 Most of genotype 1b clones have tyrosine residue at 415, but in some cases have
residue of phenylalanine at this site.

(Arg 200, Cys 366, Ser 368, Leu 384, Tyr 415, and His 467) replaced
by alanine. All mutants were expressed as soluble form in E. coli
and purified as near homogeneity (data not shown). As shown in
Figure 5, the RdRp activity of most mutants significantly decreased
as compared with that of wild type NS5B (Wt); the RdRp activity of
R200A, C366A, L384A, Y415A, and H467A were 48%, 51%, 25%, 0%,
and 5% of wild type, respectively. The only exception was the
S368A mutant, where no significant effect on activity was ob-
served. The results indicate that the conserved residues in the
binding pocket are generally important for RdRp activity of NS5B,
suggesting that the selected binding pocket in this study could
be an ideal pharmacophore for inhibitor target.

3. Discussion

In the present study, we have identified novel inhibitors of HCV
NS5B through the virtual screening and the in vitro RdRp assay. De-
spite the seriousness of HCV infection worldwide, vaccine has not
been so far available for the prevention or treatment of HCV infec-
tion due to the high degree of strain variation. Currently, the anti-
HCV therapy is based primarily on the prescription of interferon-o
only or the combination with ribavirin, a nucleoside analog. How-
ever, relatively low therapeutic effects and associated adverse side-
effects compromised the effectiveness of these therapies,!®>°
requiring the development of more effective and safer anti-HCV
agents.
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Figure 5. The effect of the binding pocket mutation on the RdRp activity. The wild
type HCV NS5B and its six variants carrying each single-point mutation in the
binding pocket were expressed, purified, and their RdRp activity was assayed as
described in Section 4. The RdRp activities of mutants were obtained from three
independent experiments and compared as relative to that of wild type (100%).
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The pharmacophore, which is illustrated in Figure 1, is distinct
from the binding pocket for nucleotide substrates in RNA polymer-
ization, enabling us to perform the virtual screening for novel
inhibitors. As shown in Table 2, the amino acid residues around
the new pharmacophore are highly conserved among all HCV
genotypes. Therefore, the pharmacophore model derived from
our study using the HCV genotype 1b would be relevant for the
generation of antivirals for all HCV genotypes. Moreover, the muta-
genesis of the conserved residues (Fig. 5) indicates that this region
is important for the overall function of RdRp activity of NS5B. The
mutation of Y415A and H467A almost completely abrogated the
polymerization activity while the mutation of R200A, C366A, and
L384A significantly decrease it. The only mutant that failed to de-
crease the polymerase activity significantly is the S368A mutation,
and it is interesting to note that this mutation is associated with
antiviral resistance to nonnucleoside inhibitor in the replicon
cell.** Considering the crucial role of Y415 and H467 residue, the
inhibitors targeted to these residues would be most effective. The
high degree of conservation, functional importance, and the pocket
distinct from the catalytic center suggest that the newly identified
binding pocket in this study could be one of the promising target
sites for the development of effective anti-HCV agents. While we
proposed and used this pharmacophore, located in interface be-
tween thumb and palm domains, for novel inhibitor identification,
there have been significant advances on development of nonnucle-
oside analogs. With the crystal structure of inhibitor and NS5B
complex, four potential allosteric sites were recently discov-
ered.?%?* One of promising allosteric binding site is located in the
interface between palm and thumb domains, similar to our pro-
posed pharmacophore.?53133 They showed that the binding pocket
is consisted of residues such as Pro 197, Arg 200, Leu 384, Met 414,
and Tyr 448. In our model, the pocket would be consisted of resi-
dues including Pro 197, Arg 200, Val 201, Cys 366, Ser 368, Tyr
383, Leu 384, Met 414, Tyr415, His 467, and Tyr 448. While consis-
tent with previously identified binding pocket, our result further
shows an extended hydrophobic pocket composed of Val 201, Tyr
383, Leu 384, and His 467. It is likely that the action mode of the
inhibitors binding to the new pharmacophore is different from that
of nucleoside analogs, which are broadly used in the anti-viral
therapy. All three compounds selected here in our study inhibited
the RdRp activity primarily in noncompetitive manner with respect
to UTP, as shown in Figure 4. Most of nonnucleoside analogs do not
inhibit human DNA polymerase and therefore would exhibit lower
toxicity as compare to nucleoside analogs. These inhibitors could
also be used for the combination therapy with other discovered
or used inhibitors.

Using the pharmacophore distinct from the active site, we
screened the candidate compounds in silico, for which inhibitory
function was confirmed in vitro. Through in silico screening, the
test compounds were down-sized from 3.5 million to 119. From
the pool of compounds tested in vitro, three compounds
(CVP09011, CVP09047, and CVP09081) exhibited the ICsy values
of about 20 pM. Their chemical structures were illustrated in Table
1. Notably, the structure of CVP09011 and CVP09081 are similar to
each other, both carrying adenine moiety and a side chain of sim-
ilar length and chemical structure at Ng position. As shown in Fig-
ure 6A, the adenine moiety could make hydrogen bond with the
side chains of Ser 368, Tyr 415, and Tyr448. The furan ring of
CVP09011 and benzene ring of CVP09081 could make interactions
with the side chains of Pro 197, Val 201, Tyr 383, Leu 384, and His
467 by hydrophobic interaction. In the case of CVP09047, the car-
bonyl group of pyridinone ring could have hydrogen bond with the
side chains of Ser 368 and Tyr 415 (Fig. 6B). The 3-trifluoro-methyl
benzene substituent is accessible to make interactions with the
side chains of Pro 197, Val 201, Tyr 383, Leu 384, and His 467 by
hydrophobic interaction. Additionally, the 3,4-dichloro-benzyl

Figure 6. A refined docking model of CVP09011 and CVP09047 at the allosteric site
of NS5B. The refined docking model of CVP09011 (A) and CVP09047 (B) into HCV
NS5B was performed with version 4.0 of the autopock program. The CVP09011 and
CVP09047 binding pocket is located near the primer-grip site of HCV NS5B (Cys 366
and Ser 367). The hydrogen bond between the 6-amino-purine moiety of CVP09011
and the side chains of Ser 368, Tyr 415, and Tyr 448 are represented as red dotted
line. And also, the hydrogen bond between the CVP09047 and the side chains of Ser
368 and Tyr 415 are indicated as red dotted line. (C) Superimposed docking model
of CVP09011 and CVP09047. Different colors are used to indicate the hydrogen
bond between the compounds and NS5B residues (red for CVP09011, blue for
CVP09047).

moiety could make a hydrophobic interaction with Tyr 448. The
similarity in superimposed docking model of CVP09011 and
CVP09047 probably demonstrate the similar ICsq value among
three inhibitors of different scaffold. The ICsq values of initial leads
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could be further improved by structure-activity relationship stud-
ies in combination with chemical synthesis of derivatives. Previ-
ously, HTS has been usefully employed for identification of anti-
HCV agents, for example, benzo-1,2,4-thiadiazine as screened from
GlaxoSmithKline proprietary compound collection,?! or novel race-
mic inhibitor identified from the Pfizer proprietary compound ar-
chive3? In parallel with HTS from chemical libraries, the
combination of virtual screening and in vitro confirmation of inhib-
itory activity would significantly expedite the process of identify-
ing potential therapeutic entities.

It is important to consider how the identified inhibitors bound
to the pocket inhibit the activity of RARp. On the basis of the crystal
structure of HCV NS5B,'* the proposed binding pocket is located
about 15 A from the binding site of nucleoside substrate but it is
in close proximity to the primer binding site. Here, the local struc-
tures of the complexes of NS5B-CVP09011 and CVP09047 were
generated with the docking simulation (Fig. 6). It is likely that
the binding of the inhibitor at the allosteric site could affect the
binding of substrate at the active site or primer binding via steric
hindrance. Further studies on the crystal structure of the complex
of NS5B-inhibitor would unambiguously reveal the action mecha-
nisms of the inhibitors presented here. In this study, we performed
the virtual screening of the inhibitors that fit a pharmacophore dis-
tinct from the active site of NS5B and discovered the novel inhibi-
tors by confirming the activity in an in vitro RdRp assay. These
inhibitors and the pharmacophores may provide a platform to fur-
ther screen related compounds for improved activities, and merit
further investigation at preclinical and clinical level as potentially
effective anti-HCV agents.

4. Experimental
4.1. Virtual screening

To search for the possible HCV NS5B inhibitor, we analyzed the
proposed template-primer complex model of HCV NS5B for viral
replication and rearrangement of the thumb domain upon RNA
binding.'® The pharmacophore was analyzed using PharmoMap™,
Equispharm’s in-house software package for structure-based vir-
tual screening.*> The constructed pharmacophore models were
the feature-based in which the pharmacophoric points are repre-
sented by chemical features, such as hydrogen bond acceptors/do-
nors or hydrophobic features. The pharmacophore models were
employed as search query to identify HCV NS5B binding site target
inhibitors from a 3-D small molecule database, which is commer-
cially available multi-conformer three-dimensional database of
3.5 million compounds (PharmoDB™). The structure-based virtual
screening for possible HCV inhibitor binding pocket of NS5B was
carried out using the PharmoScan™ (Equispharm, Korea). The
pharmacophore-based virtual screening hit compounds that exhib-
ited unfavorable interactions with the binding site or adopted
unrealistic conformations were filtered out by visual inspection.

4.2. Molecular docking

For a refined docking model of virtual screened hit compound
(CVP09011) into the HCV NS5B, automated docking simulation
was performed with version 4.0 of the program autopock.*® The
X-ray crystal structure of NS5B of HCV genotype 1b from Protein
Data Bank (PDB code 2AX0) was used for our docking simulation.3®
An initial protein structure was energy-minimized for 1000 steps
employing steepest descent algorithm by using Discover version
of 2.98 of Insight II (Accelrys Inc., San Diego, CA). For docking,
the structure HCV NS5B was kept rigid whereas all the torsional
bonds in CVP09011 were set free to perform flexible docking.

The binding energy between protein and CVP09011 was evaluated
using atom affinity potentials that are pre-calculated on a grid
maps calculated using AutoGrid. The grid maps had dimensions
of 60 * 60 * 60 A with 0.375 A spacing between grid points. In auto-
pock4, docking was performed by combining a global genetic algo-
rithm with local minimization, Lamarckian genetic algorithm. One
hundred trials were preformed for each docking, and final docked
conformations were clustered using a tolerance of 1 A root-mean-
square deviation (RMSD). The docking conformation properly ori-
ented towards the HCV NS5B inhibitor binding pocket was se-
lected, and the free energy of binding was estimated. The
molecular graphics of selected possible HCV NS5B inhibitor bind-
ing pocket and refined docking model with lead compound was
generated using PyMol package (http://pymol.sourceforge.net).

4.3. Expression and purification of HCV NS5B protein

For the in vitro screening of NS5B inhibitors, the C-terminal 21
amino acids truncated NS5B of genotype 1b carrying six consecu-
tive histidine residues at its N-terminus was cloned under the con-
trol of T7 promoter. The overexpressed NS5B in E. coli was purified
by Ni-affinity chromatography. With single step purification, we
obtained the HCV NS5B with near homogeneity as judged by the
SDS-PAGE. The purified protein concentration, determined by the
BCA method and SDS-PAGE, was 313 ng/ul. The purified wild type
NS5B exhibited RARp activity and the enzyme activity was inhib-
ited by the previously reported inhibitor benzo-1,2,4-thiadiazine
(data not shown). This enzyme was used in an in vitro RdRp activ-
ity assay.

4.4. In vitro RdRp activity assay

The inhibitory effect of compounds on the HCV NS5B’s RdRp
activity was estimated using the radio-labeled UTP incorporation
assay using homo poly-ribonucleotide. The compounds were
tested in a total volume of 20 pl reaction mixture containing of
20 mM Tris-HCl, pH 6.8, 10 mM MgCl,, 1 mM DTT, 10 mM KCl,
4 ng rifampicin, 20 U RNase inhibitor, 200 ng PolyrA/oligodT;>_15
(Amersham Pharmacia Biotech), 10 uM cold UTP, 0.2 uCi
[0->2P]UTP (3000 Ci/mmol; NEN Life Science), and 62.7 ng (about
1 pmol) purified HCV NS5B. The RdRp reaction mixtures were incu-
bated at 30 °C for 2 h. The reaction was terminated by the addition
of equal volume of RNA loading buffer (80% formamide, 100 mM
EDTA, 0.05% SDS, 0.025% bromophenol blue, and 0.025% xylene
cyanol FF) followed by immediate boiling for 2 min. These mix-
tures were resolved on 5% PAGE gel containing 7 M urea. After
exposure to imaging plate, the density of corresponding RNA prod-
uct band was analyzed by Phosphor imager BAS2500 and Image
Gauge v3.46 (Fuji Photo Film, Japan).

4.5. Kinetic analysis of enzyme inhibition

The RdRp reactions were performed with various concentra-
tions of UTP (1-10 pM containing [o->?P] UTP (corresponding to
0.2-2 pCi)). Then the reaction was repeated in the presence of each
inhibitor and the inhibition mode for each candidate compounds
was then evaluated by the double-reciprocal plot. The assay proce-
dure was same as previously described with some modification at
the quantification protocols. The RdRp reaction mixtures were pre-
cipitated at cellulose filter Grade 2 (Whatman) that was pre-
soaked and dried with 15% TCA solution (Sigma). After washing
of unincorporated nucleotides with 10% TCA solution containing
20 mM sodium diphosphate, the cellulose filters were dried and
the radioactivity was quantified by the liquid scintillation counter
LS6500 (Beckman Coulter).
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