
2612 Current Medicinal Chemistry, 2011, 18, 2612-2619 

 0929-8673/11 $58.00+.00 © 2011 Bentham Science Publishers Ltd.

Ligand and Structure Based Virtual Screening Strategies for Hit-Finding and 
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Abstract: Virtual Screening (VS) has experienced increased attention into the recent years due to the large datasets made available, the 
development of advanced VS techniques and the encouraging fact that VS has contributed to the discovery of several compounds that 
have either reached the market or entered clinical trials. Hepatitis C Virus (HCV) nonstructural protein 5B (NS5B) has become an
attractive target for the development of antiviral drugs and many small molecules have been explored as possible HCV NS5B inhibitors. 
In parallel with experimental practices, VS can serve as a valuable tool in the identification of novel effective inhibitors. Different 
techniques and workflows have been reported in literature with the goal to prioritize possible potent hits. In this context, different virtual 
screening strategies have been deployed for the identification of novel Hepatitis C Virus (HCV) inhibitors. This work reviews recent 
applications of virtual screening in an effort to identify novel potent HCV inhibitors.  

Keywords: Ligand-based and structure-based virtual screening, quantitative structure-activity relationships (QSAR), docking, Hepatitis C
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INTRODUCTION 

Hepatitis C Virus (HCV) is the etiological agent of non-A and 
non-B hepatitis. HCV is a serious public health threat as chronic 
HCV infections can cause liver cirrhosis and hepatocellular 
carcinoma [1, 2]. Although it is estimated that 200 million cases of 
HCV infections exist worldwide at present neither a vaccine nor an 
effective therapy with broad spectrum mode of action is so far 
available [3]. Currently the anti-HCV therapy is based primarily on 
the prescription of interferon-� (IFN) alone or in combination with 
the nucleoside inhibitor ribavirin (RBV) [4]. Due to low therapeutic 
effects and associated side effects of these strategies, such as 
depression and anemia, the development of more effective and safer 
anti-HCV agents has become an imperative necessity. At present 
around 50% of HCV genotype-1 infected patients fail to achieve a 
sustained virological response [5]. Intensive efforts have been 
devoted toward the discovery of innovative HCV antiviral agents 
that are less toxic and more potent.  

Hepatitis C Virus (HCV) is a member of the Flaviviridae
family and is a positive-sense single stranded RNA virus with a 
genome that encodes a single large polyprotein of approximately 
3000 amino acids with four structural proteins located in the N 
terminus and six nonstructural proteins encoded in the remainder. 
The development of HCV antiviral agents has focused mainly on 
HCV non structural protein NS3/4A serine protease and NS5B 
RNA polymerase. NS5B is a RNA-dependent RNA-polymerase 
which has been extensively characterized at the biochemical and 
structural level [6, 7]. Multiple crystallographic structures of HCV 
NS5B have been solved to date and reveal a common polymerase 
3D structure that resembles a right hand made up of fingers, thumb 
and palm domains. The non structural protein 5B (NS5B) is 
identified in many studies as an ideal drug target for combating 
HCV. A number of anti-NS5B compounds, categorized as 
nucleoside inhibitors (NIs) and non-nucleoside inhibitors (NNIs), 
have been identified by high throughput screening (HTS) assays 
[8]. NIs are modified nucleosides which can be used as substrates at 
the polymerase active site to compete with natural nucleosides 
acting as non-obligate chain terminators. The effectiveness of NIs 
has been reported to be compromised due to the generation of 
resistant mutants and the adverse side-effects. The NIs can be 
antagonistic when used with Ribavirin making them less viable 
candidates for such a combination therapy. On the other hand, NNIs 
bind to allosteric sites distinct from the active site and have begun  
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to be identified through HTS and crystallographic analysis of the 
inhibitor-NS5B complex. NNIs are diverse small molecules. They 
are non-competitive inhibitors that target the alloenzyme free of 
substrate and uncomplexed with any other non-structural replicative 
proteins. Many different molecular classes have been reported to 
possess promising inhibition potency and include compounds such 
as benzimidazole, indole, thiophene, dihydropyranone, purrolidine, 
benzothiadiazine, thiazolone, coumestan, and benzylidene analogs 
[9, 10]. In the past few years a number of novel, specifically target 
antiviral therapies have entered clinical trials [11], including HCV 
protease inhibitors from Schering-Plough (boceprevir; SCH 
503034) and Vertex (telaprevir; VX-950), and HCV polymerase 
inhibitors from Roche Laboratories (R1626). 

Despite the fact that a great variety of molecular scaffolds has 
been explored the development of novel HCV inhibitors is still in 
ongoing progress with the aim to achieve the promising inhibition 
potency in both enzyme and replicon assays combined with 
favorable pharmacokinetics profiles and devoid of off-target 
activities.  

For this purpose computational techniques can serve as a useful 
aid in minimizing the cost and time required to achieve this goal. In 
order to facilitate the drug discovery process, in combination with 
experimental practices, virtual screening is a very powerful method 
for the identification of lead compounds for target proteins [12-17]. 
In silico approaches have emerged as complementary approaches to 
costly and time-consuming experiments with the goal to either to 
prioritize active compounds from a library of druglike molecules or 
to design novel molecular scaffolds based on the explored structure 
– activity relationships [18-26].  

VIRTUAL SCREENING  

Virtual Screening is the computational analogue of High 
Throughput Screening and refers to the in silico evaluation of 
properties, such as activity, of different molecular scaffolds. 
Different applications of machine learning to virtual screening have 
been presented in the literature including both ligand-based 
similarity searching and structure-based docking. The main purpose 
of such applications is to prioritize databases of molecules as active 
against a particular protein target [27-31].  

As presented by D.E. Clark [32] the earliest paper to use the 
phrase ‘virtual screening’ was published in 1997 and after that, an 
impressive growth of publications is demonstrated (data taken from 
1997 until 2008) describing the development and application of 
virtual screening technologies. Although it is still too early for a 
conclusive analysis, some case studies presented in the same 
perspective suggest that VS has already played a significant role in 
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the discovery of some compounds that are now in the clinic or even 
on the market. This remark does not of course suggest that there are 
no challenges left to overcome by virtual screening practitioners. 
There is an increasing need of integrating several information 
resources and building a decision system to support the consensus 
outcome of several virtual screening strategies. The virtual 
screening continues to evolve and meanwhile it is wise to explore 
as many approaches as possible to maximize the likelihood of 
retrieving the greatest number of novel active chemotypes. 
Different machine learning algorithms are developed towards this 
goal with the aim to increase reliability and hit rates. When large 
databases with virtual structures or de novo design of compounds 
are involved in the virtual screening process special care should be 
given to the synthetic accessibility of proposed compounds. Some 
of the prioritized structures could be quite complicated and 
therefore difficult to synthesize if a demanding long-step synthesis 
with carefully controlled reactions is required. Synthetic chemists 
and chemoinformaticians working in close collaboration will ensure 
synthetic accessibility of proposed compounds and subsequent 
success of hit finding.  

Scheme 1. Virtual screening techniques to develop new drug bullets. 

Virtual Screening techniques used for the identification of HCV 
inhibitors can be subdivided in two main approaches: Ligand-Based 
Virtual Screening (LBVS) and Structure-Based Virtual Screening 
(SBVS) presented in Scheme 1 [33, 34]. For the first approach 
biological data are explored to identify known active or inactive 
compounds that will be used to retrieve other potentially active 
molecular scaffolds based on similarity measures, common 
pharmacophore or descriptor values. Machine Learning is quickly 
gaining popularity in LBVS as novel algorithms are proposed to 
build accurate and robust quantitative structure-activity 
relationships [35]. Different techniques are proposed and each 
method has its own advantages and disadvantages. Among these 
methods regression and classification methods such as Multiple 
Linear Regression, Nearest Neighbors, Naïve Bayesian 
Classification, Support Vector Machines, Neural Networks and 
Decision Trees have been successfully applied. These methods and 
their applications are reviewed in a recent publication by Melville 
et al. [36]. For the second approach the protein structure of interest 
is available and novel molecular patterns are explored by docking 
into the active site of the biochemical target using computer 
algorithms and scoring functions. Depending on the available 
information both methods can be used individually or in 
combination. None of these proposed approaches can be a priori 
considered superior to the other as it is suggested in the literature 
that depending on the case the one can outperform the other. 
Muegge and Oloff [37] highlighted some recent success stories of 
virtual screening [38] using both LBVS and SBVS by making the 

best use of several informational sources: i.e. pharmacophore 
models using known ligands are combined with homology models, 
QSAR models are combined with docking approaches. For both 
approaches there are active fields for improvements. For instance, 
in SBVS scoring functions, treatment of protein flexibility and 
treatment of water molecules are some of the current issues whereas 
in LBVS new descriptors that facilitate scaffold hopping and the 
definition of the applicability domain are active fields of research.  

One of the basic preconditions of developing either of the 
aforementioned approaches is to ensure the availability of reliable 
bioassay datasets. Available libraries provide great opportunities 
and also challenges for computational studies to reveal relationships 
between chemical structures and biological activities in order to 
assist virtual screening and computer added drug design. Such a 
valuable library that was recently exploited by X-Q S Xie [39] for 
virtual screening applications is PubChem. PubChem is a valuable 
public molecular information resource repository that contains 
millions of compound records and bioassay data collections and has 
attracted many chemoinformaticians to carry out in silico studies 
for identifying novel hits with new chemical scaffolds. As reviewed 
in this work, PubChem has several advantages although it also 
exhibits some limitations. Novel data-mining cheminformatics tools 
and virtual screening algorithms are being developed and used to 
retrieve, annotate and analyze the large-scale and highly complex 
PubChem bioactivity data in order to facilitate computer-aided 
virtual screening.  

IN SILICO STRATEGIES – IDENTIFYING HCV INHIBI-
TORS 

Several studies have been reported in the literature with the aim 
of identifying novel potent HCV inhibitors using different in silico
protocols and workflows. Some of the recent applications for the 
identification of HCV NS5B polymerase inhibitors are summarized 
below. The methods described follow either the Structure-based or 
the Ligand-based virtual screening approach using different 
libraries of compounds, computational tools and combinations 
which are analyzed below. 

In their recent publication, Talele et al. [40] presented a virtual 
screening workflow to identify and further design novel HCV 
NS5B polymerase inhibitors. The proposed methodology employs 
structure-based virtual screening, synthesis and structure – activity 
relationship (SAR) optimization approach. A ChemBridge database 
including 260000 compounds was initially used as source to 
identify novel potent HCV inhibitors. As a first step this database 
was initially filtered according to several criteria such as Lipinski’s 
Rule of Five, use of no tautomers, removal of metals from salts and 
one stereoistomer per ligand. These filtering criteria resulted in 
filtering out approximately 80% of the compounds included in the 
original dataset. The 3D structures of the remaining 52000 
compounds were docked in allosteric pocket AP-1 of NS5B 
polymerase (PDB ID: 2DXS) employing the Glide’s High 
Throughput Virtual Screening (HTVS) workflow. This docking 
screening filtered out several compounds and resulted in a set of 
650 compounds. These compounds were then further analyzed in 
the context of different parameters that imply improbable docking 
orientations in AP-1 of NS5B, yielding a set of 23 compounds 
bearing structural diversity and good docking orientations for 
biological evaluation. An in vitro NS5B RNA-dependent RNA-
polymerase (RdRp) was carried out and revealed that among these 
compounds, two were worth further SAR investigation. Among the 
two only compound 1, presented in Table 1, gave active analogs. In 
particular, commercially available rhodanine analogs were used for 
3- and 5- position exploration leading to the identification of potent 
analog 2. More non-commercially available rhodanine analogs were 
further designed, synthesized and tested and more potent 
compounds such as 3 and 4 were identified. Docking analysis of 
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compound 4 with the tetracyclic indole- and benzylidene- binding 
allosteric pockets (AP-1 and AP-3, respectively) of NS5B revealed 
topological similarities between these two pockets. Compound 4, a 
novel rhodanine analog with NS5B inhibitory potency of the low 
micromolar level range is proposed as a promising lead for future 
development of more potent NS5B inhibitors. 

Kim et al. [41] performed a pharmacophore – guided virtual 
screening in order to identify novel anti-HCV diketoacid 
replacements through UNITY-based pharmacophore search of a 
database which was then used for docking-based virtual screening. 
Based on their previous work on the binding mode analysis, 
structure-based 3D-QSAR study and pharmacophore-guided 
docking, they contacted a rational strategy to find novel potent 
HCV inhibitors. LeadQuest compound library implemented in 
SYBYL package was used to initiate the proposed virtual screening 
procedure. Three pharmacophore models were used by UNITY 
search for filtering the compound library. UNITY module uses a 
conformationally flexible 3D-searching algorithm to result in rapid 
identification of molecules that match with the given 
pharmacophore. In this study using the LeadQuest database and the 
three generated pharmacophore models, 183, 32 and 12 molecules 
were selected. Among the 227, only 103 were successfully docked 
using the FlexX-Pharm module in SYBYL 7.2 package and a 3D 
crystal structure of HCV RdRp (PDB ID: 1GX6). These selected 
compounds with the reasonable poses were then scored using the 
CScore module of SYBYL which comprises five different scoring 
functions (Dock, Chem, FlexX, PMF and Gold) and the top 40 
compounds with the highest total score were selected for testing. 
Among those, compound 5 shown in Scheme 2, which was in 
perfect match with the pharmacophore model as well as the 
hydrophobic hole in the aryl-binding site, showed potent anti-HCV 
activity in the cell-based assay (1.2% relative cell viability in 
comparison with the control). 
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Scheme 2. Potent HCV NS5B inhibitor proposed by ref. [41]. 

Melagraki et al. [42] presented the results of a ligand-based 
virtual screening optimized procedure on compounds evaluated as 
inhibitors of genotype 1 HCV polymerase (benzothiadiazines). A 
decision support system is presented for the design of synthetically 
accessible HCV inhibitors. As a first step, quantitative structure–
activity patterns were investigated for the selected compounds. An 
accurate and reliable QSAR model involving five descriptors that is 

able to predict successfully the HCV inhibitory potency against 
genotype 1 HCV polymerase was presented. These five descriptors 
account for the electronic, topological and phsicochemical 
information of molecules and describe and model successfully the 
binding affinity of the small molecules contained in the initial 
dataset. The model was fully validated using different validation 
techniques. In a next step structural modifications were proposed to 
afford novel active patterns. The effects of various structural 
modifications on biological activity were investigated and 
biological activities of novel structures were estimated using the 
developed QSAR model. More specifically a search for optimized 
pharmacophore patterns by insertions, substitutions, and ring 
fusions of pharmacophoric substituents of the main building block 
scaffolds was described. The detection of the domain of 
applicability defined compounds whose estimations could be 
accepted with confidence. Some of the proposed active compounds 
(6-15) that fall within the domain of applicability are presented in 
Scheme 3. 

A new effort to identify novel molecular scaffolds previously 
untested as NS5B inhibitors is described in the recent work of 
Musmuca et al. [43] The proposed protocol includes 3D-QSAR, 
Ligand-based (LB) and Structure-based (SB) alignment methods, a 
LB-SB virtual screening (LB-SB-VS) and biological evaluation. 
First structure-based 3D-QSAR models were generated employing 
NS5B non-nucleoside inhibitors (NNIs). Among the 27 
NS5B/NNIs complexes available in PDB, two groups were selected 
as training sets: 15 NNIs that bind to the enzyme thumb domain and 
10 NNIs that bind to the enzyme palm domain. All the subsequent 
molecular docking simulations and ligand based alignments were 
carried with these training sets. First, the GRID/GOLPE method 
was used to define two final SB 3D-QSAR models that were 
internally and externally validated using several statistical criteria. 
Ligand based (LB) and structure based (SB) alignments 
methodologies were rigorously investigated with the aim to assess 
the reliability on the correct molecular alignment for unknown 
binding mode modeled compounds. For the LB approach the 
application of the concept of morphological similarity implemented 
in Surflex was used while for the SB approach Autodock program 
was selected. Both Surflex and Autodock programs were able to 
reproduce with minimal errors the experimental binding 
conformations of 24 experimental NS5B allosteric inhibitors. 
Eighty-one (thumb) and 223 (palm) modeled compounds taken 
from literature were LB and SB aligned and used as external 
validation sets for the development of 3-D QSAR models. Low 
error of prediction proved the 3-D QSARs to be useful scoring 
functions for the in silico screening procedure. Finally, the virtual 
screening of the NCI Diversity Set led to the selection for 
enzymatic assays of 20 top-scoring molecules for each final model. 
Among the 40 selected molecules, preliminary data yielded four 
derivatives exhibiting IC50 values ranging between 45 and 75 �M. 

Table 1. Potent HCV NS5B Inhibitors Proposed By Ref. [40] 
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Compound R Ar IC50(��) 

1  -CH2COOH 4-CF3Ph 55.2 ± 1.10 

2  -CH(COOH)CH2Ph 2,4-ClPh 10.6 ± 1.50 

3  -CH2COOH 3,4-ClPh 8.4 ± 1.50 

4  -CH2COOH 3-PhenoxyPh 7.7 ± 1.40 
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The structures are shown in Table 2. Binding mode analysis of hit 
compounds within the NS5B polymerase thumb domain showed 
that one of them, compound 16, exhibited a docked conformation 
which was in good agreement with the thumb training set most 
active compound. 

A recently reported docking program, FITTED v1.5, was used 
in the work of Corbeil et al. [44] in an effort to identify potential 
HCV polymerase inhibitors. The program was fully validated 
focusing on HCV inhibitors and the results revealed good accuracy 
mainly due to the consensus docking approach implemented which 
is expected to accurately filter out unreasonable poses. The 
validation also demonstrated the key role of protein flexibility 
accounted for by FITTED in the HCV polymerase context. To 
demonstrate the ability to identify active compounds within a large 
set, the Maybridge library of druglike molecules which was 
obtained from the ZINC Web site was seeded with 23 known 
actives ranging from nanomolar to micromolar activities and used 
based on the following protocol. The automated screening protocol 
included five steps is shown in Scheme 4. 

Based on this procedure, high computed enrichment factors 
indicated the importance of the method. Top scoring compounds 
from Maybridge Library were screened in HCV polymerase assays. 
This resulted in the identification of two active compounds which 
exhibited IC50 values of 7 and 12 �M respectively. 

In their recent work Ryu et al. [45] investigated potential 
inhibitor binding pockets of NS5B distinct from the nucleoside 
binding site and performed virtual screening of compounds that fit 
this binding pocket from an available database containing millions 
of compounds. As a result of their analysis they found that the 
thumb and palm domain interface is a promising inhibitor binding 
pocket and a pharmacophore map was generated for structure-based 
virtual screening. Feature-based pharmacophore models were 
constructed in which the pharmacophoric points are represented by 
chemical features such as hydrogen bond acceptors/donors or 
hydrophobic features. The pharmacophore model was used as a 
search query for identifying inhibitors from the 3-D small molecule 
database PharmoDBTM that contains 3.5million compounds. After 
filtering out the primary screened compounds the test compounds 
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Scheme 3. Potent HCV NS5B inhibitors proposed by ref. [42]. 

Table 2. Potent HCV NS5B Inhibitors Proposed by Ref. [43] 
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were down sized from 3.5 million to 119. As a next step it was 
investigated whether the virtually screened compounds inhibit 
RdRp activity in vitro. From the pool of tested compounds, three 
promising compounds (20-22) shown in Scheme 5 exhibited IC50 
values of about 20�� and their structures are illustrated below. For 
a refined docking model of compound 20 into the HCV NS5B an 
automated docking simulation model was performed using 
AUTODOCK and X-ray crystal structure of NS5B of HCV 
genotype 1b from PDB (2AX0).  

S. Louise-May et al. [46] identified novel potent diakyl 
substituted thiophene inhibitors of HCV via an in silico screening 
procedure. Available lead-like compounds were docked in the 
thumb domain of HCV NS5B in order to identify novel putative 
ligands. The 3D structure of HCV NS5B (1GX6) and Glide 
program were used for the docking and a combined database with 
lead-like compounds from the Specs & BioSpecs, Bionet, 
Microsource, Available Chemicals Directory (ACD), Nanoscale, 
ChemDiv, Orion, Asinex, Interbioscreen, Timtec and Cambridge 
databases was used for virtual screening. The database was refined 
according to several filters and finally a library of 90000 

compounds was used. The top 1318 ligands with a gride score of -
7.17 or better were visually inspected and finally a set of 50 
structurally diverse ligands was purchased. The selected 
compounds were evaluated in an HCV replicase complex (RC) 
assay (cell free) and HCV replicon assay (cell-based). The most 
active compound (23, IC50 50-100��) is shown in Scheme 6. 

This active compound 23 was followed-up by applying 
substructure and similarity searches and in-house synthesis of 
analogs. When the amide function was replaced by a cyano group 
(24) an improvement in potency was observed in the RC assay (IC50 
= 25��). Ethyl ester and carboxylic acid at the 3-position were also 
tested but proven inactive. Loss of activity was also observed for 
simple substitutions of a methyl group for an ethyl at the 4 position. 
Activity of compound (25) was also found comparable with 
compound (23) in the range of 30-50��. The compounds active in 
the RC assay were also evaluated in the HCV replicon assay. As 
suggested, lower than expected EC50 values are partly derived from 
the cellular toxicity 

An interesting work was recently presented by Li et al. [47] 
Molecular dynamics simulations, free energy decomposition and 
docking were used in an effort to investigate and compare five 
different molecular scaffolds of HCV NS5B inhibitors. As many X-
ray structures of HCV NS5B polymerase complexed with NNIs are 
publicly available, the authors selected five of them (1YVF, 2GC8, 
2GIQ, 2JC0, 2QE5) based on the following criteria: the protein is 
HCV NS5B polymerase genotype 1b, the NNIs all bind to the same 
palm binding site and these five NNIs represent different scaffolds. 
In particular the NNIs included are: acrylic acid, proline 
sulfonamide, thiadiazine derivative, acryl pyrrolidine and athranilic 
acid derivative. The binding free energies were computed using the 
molecular mechanics generalized Brn surface area (MM/GBSA) 
method. A key finding of the research was that Tyr448 plays the 
most critical role in the binding of most inhibitors. Detailed analysis 
suggested that major contributions favorable to binding site are 
vdW and electrostatic energies, whereas polar solvation energies 
opposed the binding. Nonpolar salvation energies contribute 
slightly favorably. Moreover, the important residues for NNI 
binding were identified by the free energy decomposition. In a next 
step, authors explored the feasibility of docking-based drug design 
in the binding site. An optimized docking protocol using 
AUTODOCK program was presented based on cross-docking the 
five inhibitors in the palm binding site of the enzyme. The protein 
model of 2GC8 was selected as a representative protein for further 
screening research. Two diversity sets: NCI diversity set and 
HitFinder collection of Maybridge library were used for virtual 
screening based on the optimized docking protocol. After the 
analysis two criteria were proposed to select candidate hits. The 
first is that there are at least two stable hydrogen bonds formed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 4. Protocol adopted by Corbeil et al. to identify active HCV 
inhibitors. 
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Scheme 5. Potent HCV NS5B inhibitors proposed by ref. [45].
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between the compound and any two residues of Cys366, Ser367, 
Arg386, Tyr415, Gln446, Tyr448, Gln449 and Ser556. The second 
is that there should be tight binding in the deep hydrophobic pocket 
surrounded by Pro197, Arg200, Cys366, Met414 and Tyr448 such 
as strong vdW or electrostatic interaction.  

In their recent work Wang et al. [48] presented a ligand- and 
receptor- based 3D-QSAR study of 239 benzothiadiazine inhibitors 
of HCV NS5B polymerase using CoMFA and CoMSIA tools. 
Several statistical criteria were used to prove the robustness and 
reliability of the produced models. The contour diagrams produced 
by CoMFA and CoMSIA approach gave a good insight about the 
intermolecular interactions of inhibitors with the surrounding 
environment. Molecular docking and Molecular dynamics 
simulations were also performed for the rational development of 
novel inhibitors using the X-ray structure of GT-1b NS5B (PDB 
3H98). 3D-QSAR, docking and MD modeling led to the following 
key findings regarding the preferable substituents in different 
positions of compound 26 shown in Scheme 7.
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Scheme 7. Potent HCV NS5B inhibitor proposed by ref. [48].

For positions 1 and 2 substituents with the size and length of 
benzo group (i.e. isoster) are preferable whereas substituents with 
halogens or polar functionality are not. For position 3, substituents 
containing a linear or branched alkyl chain increase the activity 
whereas unsaturation and polar functionality limit the potency. 
Finally for position 14, a polar substituent is preferential. 

All the aforementioned workflows proposed in literature 
combine various resources of known HCV inhibitors with different 
LBVS and SBVS strategies and available libraries. Although 
different paths were followed, these approaches were proven 
successful in prioritizing potent effective compounds that are 
commercially available or synthetically feasible. In many cases, in 
vitro evaluation confirmed the in silico screening results. 

CONCLUSIONS

Although some promising in vitro HCV NS5B inhibitors have 
been proposed in literature, more efforts are needed to rapidly 

achieve the goal of identifying more potent and less toxic HCV 
antiviral compounds. In this direction of identifying therapeutic 
weapons against HCV, structure-based drug design approaches, 
development of quantitative structure-based activity relationships, 
docking studies, library searching and in silico screening studies are 
ongoing with the hope to discover new active lead compounds. In 
this work we have reviewed some of these efforts by highlighting 
the materials and methods used for achieving this goal and the final 
promising structures proposed in each work. 

As proven by many success stories, virtual screening methods 
for compound prioritization represent viable alternatives to 
traditional experimental screening methods in drug discovery. 
Although in the past several years there has been a tremendous 
increase in hit finding through virtual screening techniques, there is 
still an active field of research and several challenges that need to 
be considered. The availability of a pool of highly functional 
machine learning algorithms, statistical software and online tools 
together with abundant data of different origin and format highlight 
the necessity of integrating different resources. The preparation of 
compounds available in different libraries is demanding including 
preprocessing, clean up and standardization filters. Moreover, a 
great variety of available algorithms for modeling, similarity 
search, data mining, docking, validation, domain of applicability 
can be used in combination for a consensus approach depending on 
the problem addressed. Apart from advancing the algorithms used 
and proposing efficient computational protocols, automating the 
steps required in a virtual screening process is a very challenging 
task [49]. The automation is feasible through the use of data-
pipelining technology such as KNIME (www.knime.org) which 
allows componentized manipulation of data. Compounds included 
in datasets pass different components which execute several 
functions that compose the overall workflow needed for compound 
prioritization. The ultimate goal is that the results are physically 
meaningful and the potent proposed structures are synthetically 
accessible [50]. 
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