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1. Introduction

   Hepatitis C virus (HCV), an enveloped single-stranded positive 

sense enveloped RNA virus, was discovered in 1989[1]. It is 

a leading cause of long term liver cirrhosis, resulting in liver 

transplantation, liver failure and hepatocellular carcinoma[2]. HCV 

is the primary causative agent for non-A, non-B hepatitis[1]. More 

than 80% of all infections turns chronic at the risk of developing 

severe liver disease resulting in hepatocellular carcinoma[3].

Recent advances in development of directly acting antiviral have 

significantly improved sustained virology response in patients 

and provided a new hope for cure infected patients[4]. The HCV 

non-structural protein 5B (NS5B), a 66 kDa RNA dependent RNA 

polymerase is an important therapeutic target for its important role 

in replicating the HCV RNA genome.

   This target is especially significant from the drug discovery 

point-of-view since humans lack thier functional equivalent[5]. The 

combination of crystallographic, biochemical and mutagenesis 

studies have allowed the identification of at least five non- 

nucleoside inhibitor binding sites on NS5B enzyme[6].

   Compounds bearing the rhodanine scaffold have been 

previously reported as HCV NS5B inhibitors by us and others[7,8]. 

Recently, the rhodanine scaffold has been a topic of debate in 

regards to its potency and selectivity at the step of advanced lead 

optimization[9]. Importantly, clinical success with the rhodanine 

analog and epalrestat argues in favor of its safety in humans.

   The aim of the present study was to find more similar rhodanine 

derivatives for development of a new drug with the inhibitory 

activity against the polymerase enzyme.

2. Materials and methods

   Inhibitors similar to rhodanine have been downloaded from the 

PubChem database. Then data mining of these molecules with the 
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Knime software was made and selection was carried out using the 

rule of Lipinski’s rule of five. This is a rule of thumb to evaluate 

drug likeness or determine if a chemical compound with a certain 

pharmacological or biological activity has properties that would 

make it being a likely orally active drug in humans. The rule is 

based on the observation that most orally administered drugs is 

relatively small and moderately lipophilic molecules[11,12].

   The downloading of HCV polymerase was made from the data 

base-Brookhaven Protein Data Bank (access code 3TYV), the 

resolution is 1.65 Å. The protein HCV polymerase B was prepared 

for molecular docking by adding all hydrogen atoms using standard 

procedures. The water molecules and other heteroatom’s were 

deleted. The binding energy was observed for each ligand protein 

complex. Selected inhibitors are shown in Figure 1.

3. Results

   Tanks data base PubChem (www.pubchem.com) which allows 

the downloading of structures from a variety of vendors as SDF 

files was used for screening. The downloaded similar compounds 

of rhodanine[10] were CID 1273212, CID 83070, CID 1237173, CID 

1207359, CID 211702, CID 210591, CID 99598, CID 98686, CID 95741, 

CID 211718, CID 211716, CID 13752, and they were used for studying 

the inhibitory activity of HCV NS5B55.

3.1. Data mining of the legends 

   Figure 2 shows the nodes in the pipeline program KNIME 2.1.1 

(http://www.knime.org/). As a first step, we extracted similar 

compounds of rhodanine from the databases using 3D SMARTS 

strings. For these compounds we have used the PubChem database[13]. 

A similarity based search and further screening using Lipinski’s rule 

yielded 12 compounds. We had most of the compounds that had the 

molecular weight in the range of 250–400, hydrogen bond donor (1 or 

2), hydrogen bond acceptor (1–5) and log P (≤ 5.5). 

3.2. Molecular docking study

   For the score of the obtained complexes, we used USCF 

Chimera software to gain insight into the molecular mechanism of 

inhibition. We analyzed the energies of the docked conformation of 

similar compounds of rhodanine and HCV NS5B (PDB ID: 3TYV)
[14] in Table 1. 

Table 1
Score of interaction between the similar compound of rhodanine and NS5B.

Legends G score (kcal/mol)
CID 1273212 -5.8
CID 83070 -5.7
CID 1237173 -6.0
CID 1207359 -5.9
CID 211702 -6.9
CID 210591 -6.0
CID 99598 -5.5
CID 98686 -5.9
CID 95741 -5.9
CID 13752 -6.9
CID 211718 -6.5
CID 211716 -6.3
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Figure 1.  Inhibitors similar to rodhanine.
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   The scoring function took care of van der Waals term as well 
as hydrogen bond directionality. The fitness of a candidate 
solution was evaluated in terms of intermolecular interaction 
energy between the ligand and the protein, and the intramolecular 
interaction energy of the ligand. The robustness of the docking 
process was mitigated by a more stringentre ranking of the top 
scoring poses.
   From the results of Table 2 and Table 3, two ligands CID 211702  

and CID 13752 were the best for the enzyme NS5B to complex 
with. We will study the molecular docking of complexes formed 
by these ligands and the HCV NS5B (Figures 3 and 4).
   To further investigate the interaction modes and selectivity to 
two legends with the enzyme, molecular modeling was carried 
out by Molecular Operating Environment software package. 3D 
structure of the strongest NS5B inhibitors CID 211702 and CID 

13752 were built by using the builder interface of  Molecular 
Operating Environment program and were docked into the active 
site of the protein after energy was minimized. Finally, the 
geometries of resulting complex were displayed in Figures 5 and 
6. In the optimal side chains the high inhibitory activity against 
NS5B polymerase was showed, indicating that both the open-
loop groups have the ability to occupy the active site of NS5B 
polymerase (Figures 4 and 5, Tables 2 and 3).

Table 2

Distances between the active site amino acids and inhibitor CID 211702. 

Compounds Distance to CID 211702 (Å)
ARGININE 200 2.450
ISOLEUCINE 447 2.708
PROLINE 197 3.436
TYROSINE 448 3.213
SERINE 367 3.419
LEUCINE 384 2.635
METMETHIONINE 414 2.149

Figure 5. Distances between the active site amino acids and inhibitor CID 

211702.

Figure 4. Docking of CID 13752 in the substrate cavity
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Figure 2. Data mining KNIME for database preparation for the virtual screening.
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Figure 6. Distances between the active site amino acids and inhibitor CID 

13752.

Table 3

Distances between the active site amino acids and inhibitor CID 13752.

Compounds Distance to CID 13752 (Å)
ARGENINE 394 2.174
PROLINE 404 2.135
TRYPTHOPHANE 97 2.430
SERINE 142 2.205
ALANINE 39 2.793
VALINE 144 2.782
SERINE 142 2.914

4. Discussion

   In this work, template-based molecular docking studies were 

carried out to explore the efficacy of docking technique so as to 

obtain a better model as compared to that of a simple docking 

protocol, to facilitate design.

   Also more number of hits could be retrieved from the external 

database (Pub-Chem compound database). The most significant 

accomplishment of our present work is the identification of a novel 

scaffold (CID 13752), which could be a precursor to a newer and 

novel series of inhibitors of NS5B HCV.

   In Table 1, the lowest energy corresponding to complex has 

formed the most stable enzyme-inhibitor. We noticed that the 

inhibitor CID 13752 and CID 211702 have the lowest energy (-6.9 

kcal/mol). They are the most stable complex.

   Tables 2 and 3 recorded the distances between the active site 

of the enzyme and the chosen inhibitors. The measured distances 

varied between 2.135 Å and 3.436 Å for all studied complexes. 

The interactions between 2.5 Å and 3.5 Å are considered high and 

those between 3.1 Å and 3.55 Å are assumed averages. Interactions 

greater than 3.55 Å are weak or absent[16].

Conflict of interest statement

   We declare that we have no conflict of interest.

References

[1]    Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. 

Isolation of a cDNA colone derived from a blood-borne non-A, non-B 

viral hepatitis genome. Science 1989; 244(4902): 359-62.

[2]    Kanwal F, Hoang T, Kramer JR, Asch SM, Goetz MB, Zeringue A, et 

al. Increasing prevalence of HCC and cirrhosis in patients with chronic 

hepatits C virus infection. Gastroenterology 2011; 140(4): 1182-8.

[3]    Freeman AJ, Dore GJ, Law MG, Thorpe M, Von Overbeck J, Lloyd  

AR, et al. Estimating progression to cirrhosis in chronic hepatitis C 

virus infection. Hepatology 2001; 34: 809-16.

[4]    Kiser JJ, Flexner C. Direct-acting Antiviral agents for hepatitis virus 

infection. Annu Rev Pharmacol Toxicol 2013; 53: 427-49.

[5]    Beaulieu PL. Non-nucleoside inhibitors of the HCV NS5B 

polymerase: progress in the discovery and development of novel 

agents for the treatment of HCV infections. Curr Opin Investing Drugs 

2007; 8(8): 614-34.

[6]    Sofia MJ, Chang W, Furman PA, Mosley RT, Ross BS. Nucleoside, 

nucleotide, and non-nucleoside inhibitors of hepatitis C virus NS5B 

RNA-dependent RNA-polymerase. J Med Chem 2012; 55: 2481-531.

[7]    Talele TT, Arora P, Kulkarni SS, Patel MR, Singh S, Chudayeu M, 

et al. Structure-based virtual screening, synthesis and SAR of novel 

inhibitors of hepatitis C virus NS5B polymerase. Bioorg Med Chem 

2010; 18: 4630-8.

[8]    Powers JP, Piper DE, Li Y, Mayorga V, Anzola J, Chen JM, et al. SAR 

and mode of action of novel non-nucleoside inhibitors of hepatitis C 

NS5b RNA polymerase. J Med Chem 2006; 49(3): 1034-46. 

[9]    Mendgen T, Steuer C, Klein CD. Privileged scaffolds or promiscuous 

binders–a comparative study on rhodanines and related heterocycles in 

medicinal chemistry. J Med Chem 2011; 55: 743-53.

[10]  Patel BA, Krishnan R, Khadtare N, Gurukumar KR, Basu A, Arora 

P, et al. Design and synthesis of L- and D-phenylalanine derived 

rhodanines with novel C5-arylidenes as inhibitors of HCV NS5B 

polymerase. Bioorg Med Chem 2013; 21(11): 3262-71.

[11]   Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. Experimental and 

computational approaches to estimate solubility and permeability in 

drug discovery and development settings. Adv Drug Deliv Rev 2001; 

46(1-3): 3-26. 

[12]   Lipinski CA. Lead- and drug-like compounds: the rule-of-five 

revolution. Drug Discov Today 2004; 1(4): 337-41. 

[13]   Sapre NS, Gupta S, Sapre N. Assessing ligand efficiencies 

using template-based molecular docking and Tabu-clustering on 

tetrahydroimidazo-[4, 5, 1-jk] [1, 4]-benzodiazepin-2(1H)-one-thione 

(TIBO) derivatives as HIV-1RT inhibitors. J Chem Sci 2008; 120: 395-

404. 

[14]   Chen KX, Vibulbhan B, Yang W, Sannigrahi M, Velazquez F, Chan  

TY, et al. Structure-activity relationship (SAR) development and 

discovery of potent indole-based inhibitors of the hepatitis C virus 

(HCV) NS5B polymerase. J Med Chem 2011; 55(2): 754-65.

[15]   Ayachi H, Merad M, Ghalem S. Study of interaction between 

dipeptidyl peptidase-4 and products extracted from the stevia plant by 

molecular modeling. Int J Pharm Sci Rev Res 2013; 23: 87-90.

[16]  Soufi W, Merad M, Boukli F, Ghalem S. The complementarity effect 

for Cdc25 phosphatase inhibitors. Adv Mol Imag 2011; 1: 17-23.


