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Abstract: Hepatitis C virus (HCV) is a global challenge and the leading cause of chronic liver disease. 

Approximately 30% of a patient infected with chronic HCV results into liver cirrhosis. WHO reports 

that 3% of the world’s population has been infected with HCV, which signifies that about 170 million 

people are at risk of developing chronic liver diseases globally. Research has shown that HCV NS5B 

polymerase is one of the six non-structural proteins encoded in the approximately 9600 nucleotide 

genome of HCV, which plays a vital role in the replication and infection of HCV virus; therefore, it 

serves as a target enzyme for antiviral therapy against HCV. In this study, Alkaloids, a group of vital 

secondary metabolites in plants, with cyclic structures containing nitrogen in a negative oxidation state 

which is limitedly distributed in a living organism, were mined from an online database and screened 

computationally using a molecular docking approach to predict its inhibitory potential against the 

replication of HCV’s viral RNA. 259 Alkaloids was retrieved and docked, and it resulted that 3-(4-

methoxyphenyl)-3-[[2-(4-methoxyphenyl)-1-oxoethyl]amino]propanoic acid, 14-norpseurotin A, and 

(+)-aplysinilin are predicted to be suitable inhibitors against NS5B through their binding pose and 

interactions with the amino acid residues at the binding site of NS5B. Additionally, hit compounds from 

the docking result were further subjected to ADME/Tox screening to predict their drug-likeness 

characteristics, and 3-(4-methoxyphenyl)-3-[[2-(4-methoxyphenyl)-1-oxoethyl]amino]propanoic acid 

stands out by showing more drug-like characteristics. 

Keywords: Hepatitis C; Hepatitis C Virus (HCV); non-structural protein 5B (NS5B); alkaloids; 
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1. Introduction 

Hepatitis C virus (HCV) is generally known as the leading cause of chronic liver 

disease, which results in Liver cirrhosis in 20%-30% of patients with a chronic infection after 

2 to 3 decades [1]. Hepatocellular carcinoma develops once cirrhosis occurs in 1%-4% of these 

patients per year [2]. Estimation shows that HCV was attributable to one-third of hepatocellular 

carcinoma cases globally [3], signifying it as a significant public health problem [4]. 

WHO reports that 3% of the world’s population has been infected with HCV, which 

signifies that about 170 million people are at risk of developing chronic liver diseases globally. 

The prevalence of HCV estimated in economically developed countries is comparatively low 

with 1%-2% population of the adult whereas 5%-10% in less developed countries [4]. HCV 
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prevalence is high in people who inject drugs because of the high risk of liver morbidity and 

mortality [5]. The countries reported with higher prevalence were found in Africa, South-East 

Asia, Eastern Mediterranean, and the West Pacific, while North America, northern and western 

Europe, and Australia are areas with lower prevalence [4]. Therefore a pharmacological 

solution is needed. 

Currently, there is no vaccine available to prevent hepatitis C; however, chronic HCV 

can be treated and cured. Cirrhosis, the prominent cause of liver cancer, can be caused by 

untreated HCV [6]. 

Research has shown that HCV NS5B polymerase is one of the six non-structural 

proteins that are encoded in the approximately 9600 nucleotide genome of HCV, which plays 

a vital role in the replication and infection of the HCV virus [7]; HCV NS5B polymerase looks 

like a right hand topologically in a three-dimensional confirmation that includes: the palm, the 

finger and the thumb region. The thumb region carries the active site of HCV NS5B polymerase 

[8]. Therefore it serves as a target enzyme for antiviral therapy against HCV [9, 10]. Several 

inhibitors have been reported in many research works lately against HCV NS5B [11]. 

This work focuses on predicting the best inhibitor for HCV NS5B from the alkaloid 

library to inhibit its action using computational tools. 

Alkaloids are cyclic compounds containing nitrogen in a negative oxidation state 

limitedly distributed in living organisms; they are a group of vital secondary metabolites in 

plants [12, 13]. Many alkaloids are toxic, and plants use them to protect themselves against 

violence from other parasitic organisms [14]. Many alkaloids have been used in medicine for 

several hundred years and even today's prominent drugs [15]. Alkaloids from plant extracts 

have served as ingredients in poisons and liquid medicine used by ancient people to treat many 

ailments such as fever, snakebite, and insanity [15]. It has also served as an effective source 

for drug discovery [16]. Its therapeutic effect on hepatocellular carcinoma, cancer, and diabetes 

has also been reported [16-18]. 

Molecular docking is used to accomplish this work. Molecular docking is a field that 

studies how small molecules (ligand) interact with the binding site of a target protein [19]. 

Molecular docking is the most used molecular modeling method [20]. The methods employed 

to accomplish this work include; ligand library generation from online database and 

preparation, target protein retrieval from online database and preparation, receptor grid 

generation, docking, and ADMET/Tox Screening of hit compound from alkaloid library. 

2. Materials and Methods 

2.1. Ligand library generation and preparation. 

Structures of Alkaloid compounds (two dimensional) were mined from Pubchem online 

database [21] in sdf format and was prepared using ligprep tool [22] (Using Epik [23, 24] at 

pH 7.0 with OPLS3 [25] force field). Maestro, Schrodinger Suite 2017 [26]. 

2.2. Target retrieval and preparation. 

X-ray crystallographic structure of human HCV NS5B complexed with an inhibitor as 

a co-crystallized ligand at the active site (RNA 960) (PDB ID: 2HWH) [27] was retrieved from 

Protein Data Bank [28]. It was selected due to the presence of an inhibitor at the active site of 

the protein [29]. 
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The retrieved protein was viewed and prepared using Maestro 11.1 [26], Protein 

preparation wizard, optimized at pH 7.0, and minimized using OPLS3 as a force field. 

2.3. Receptor grid generation. 

The receptor grid shows the area between the ligand and the protein where interaction 

takes place. 

The prepared protein grid was generated on the active site through the Receptor Grid 

Generation tool at the sizes 8.75, 34.05, and 72.92 Ao  (X, Y, and Z) to consist of all amino 

acids at the active site of the protein. 

 
Figure 1. Flow chart of the experimental procedure. 

2.4. Docking. 

The Docking analysis was accomplished using the Glide tool [30, 31] on maestro 11.5 

[26]. The molecular docking experiment was carried out with the enzyme-treated as a rigid 

body, while the ligand’s rotatable bonds were set to be flexible. The prepared ligands were 

https://doi.org/10.33263/LIANBS113.36613671
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS113.36613671  

 https://nanobioletters.com/ 3664 

docked to the prepared protein grid using the ligand docking tools, setting the precision to 

standard precision (SP) and ligand sampling to rank the ligands according to their docking 

score flexibly. Docked ligands were re-docked and subjected to extra precision (XP) and the 

ligand sampling to None (refine only) to refine the compounds and predict the compound with 

the best interaction with the amino acids in the active site predict its inhibitory action. 

HCV NS5B co-crystallized ligand was also docked using the same procedures stated 

above. The interaction with HCV NS5B was compared with the best inhibitory compounds 

from the alkaloid library. 

2.5. ADMET/Tox screening. 

To predict drug-like characteristics of Hit compound, from docking, they were further 

subjected to Absorption, Distribution, Metabolism, Excretion and Toxicity screening 

(ADMET/Tox Screening) using the Qikproptool. [32]. The rules are valid when; mol. MW < 

500, QPlogPo/w < 5, donor HB ≤ 5, acceptor HB ≤ 10. Maximum is 4; HOA: Human Oral 

Absorption [33]. 

3. Results and Discussion 

3.1. Result. 

This work shows a computational approach using a molecular docking tool to reveal 

the molecular interaction, binding pose, and inhibitory potentials of the three (3) best alkaloid 

compounds compared with the co-crystalized ligand, which was also screened computationally 

against NS5B. The whole experiment shows that 3 compounds, (3-(4-methoxyphenyl)-3-[[2-

(4-methoxyphenyl)-1-oxoethyl]amino]propanoic acid, 14-norpseurotin A  and (+)-aplysinilin) 

whose structures are shown in Figure 2, 3, and 4 respectively, shows the best docking score 

compared to the co-crystallized ligand shown in figure 5. The docking result, including the 

ADME/Tox screening result, is shown in Table 1, the 2D interaction of hit compounds 

compared to the co-crystallized ligand as shown in figure 10. The 3D interaction of these hit 

compounds within the active site of NS5B compared to the co-crystallized ligand is shown in 

figure 6, figure 7, figure 8, and figure 9, respectively.  

 
Figure 2. 2d structure of 3-(4-methoxyphenyl)-3-[[2-(4-methoxyphenyl)-1-oxoethyl]amino]propanoic acid. 
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Figure 3. 2d structure of 14-norpseurotin A.  Figure 4. 2d structure of (+)-aplysinillin. 

 
Figure 5. 2d structure of co-crystalized ligand. 

3.2. Discussion. 

HCV NS5B polymerase serves as a target enzyme for antiviral therapy against HCV 

[9,10] as it plays a vital role in the replication and infection of the HCV virus [7]. 

This study tends to predict the best inhibitor for HCV NS5B from the alkaloid library 

to inhibit its action using a molecular docking approach. 

The molecular docking scores result shown in table 1 shows that 3-(4-methoxyphenyl)-

3-[[2-(4-methoxyphenyl)-1-oxoethyl]amino]propanoic acid, 14-norpseurotin A, and (+)-

aplysinilin is predicted to have a better inhibitory effect on HCV NS5B RNA polymerase when 

compared to the co-crystallized ligand with docking score of -8.567 Kcal/mol, -7.233 Kcal/mol 

and -7.173 Kcal/mol respectively, compared to the co-crystallized ligand with docking score 

of  -6.429 Kcal/mol. A bar chart representation of the result is shown in Figure 11, which shows 

the pictorial differences between the hit compound’s docking score compared with the target 

protein co-crystalized ligand. 

This in silico study shows that all three lead compounds have relatively lesser binding 

energy than the co-crystallized ligand; this predicts that these compounds may be considered 

good inhibitors of HCV NS5B polymerase. 
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However, 3-(4-methoxyphenyl)-3- [[2-(4-methoxyphenyl)- 1-oxoethyl]amino] 

propanoic acid shows more drug-like characteristics by obeying the rule of five for drug 

development as shown in Table 1. The rule of five is valid when MW < 500, QPlogPo/w < 5, 

donor HB ≤ 5, acceptor HB ≤ 10. HOA: Human Oral Absorption. The values 1, 2, and 3 for 

low, medium, and high, respectively [33],  which therefore predicts that 3-(4-methoxyphenyl)-

3-[[2-(4-methoxyphenyl)-1-oxoethyl]amino]propanoic acid may be a good drug molecule that 

may inhibit HCV NS5B. 

Structural-based drug design is solemnly based on protein-ligand interaction [34]. 

Typical research work like this involves a situation whereby HCV NS5B inhibition is desired, 

and relevant inhibition is decided by interactions with some amino acid residues at the 

enzyme’s active site within 4Ǻ hydrogen bonding distance [34]. These amino acid residues 

play a significant role in forming the Protein-ligand complex formed by HCV NS5B and either 

of the compounds involved in this research work. 

The 2d and 3d interaction of this work shows: that 3-(4-methoxyphenyl)-3-[[2-(4-

methoxyphenyl)-1-oxoethyl]amino]propanoic acid has hydrogen bonds with LYS 533 and 

SER 476, a salt bridge with ARG 501 and Pi-cations with ARG 501. 14-norpseurotin A has a 

hydrogen bond with SER 476, salt bridges with LYS 533 and ARG 501, and Pi-Pi stacking 

with TRP 528. (+)-aplysinilin has hydrogen bonds with LEU 497 and ARG 490 and salt bridges 

with ARG 498 and ARG 501. While the co-crystallized ligand, on the other hand, the co-

crystallized ligand has only hydrogen bonds with TYR 477 and ARG 501 as shown in figures 

6, 7, 8, and 9, respectively, in 3D format and shown in figure 10 in 2D representation. 

 
Figure 6. The binding pose analysis of 3-(4-methoxyphenyl)-3-[[2-(4-methoxyphenyl)-1-

oxoethyl]amino]propanoic acid to the active site of NS5B. 
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Figure 7. The binding pose analysis of 14-norspeurotin A to the active site of NS5B. 

 
Figure 8. The binding pose analysis of (+)-aplysinilin to the active site of NS5B. 
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Figure 9. The binding pose analysis of co-crystallized ligand to the active site of NS5B. 

 
Figure 10. 2d interaction diagram if hit compounds abd co ligand to the active site of NS5B. 
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Table 1. Result from Docking and ADME/Tox screening. 

Compounds  Docking 

Score 

mol MW donorHB 

 

accptHB 

 

QPlogPo/w 

 

Percent 

Human 

Oral Absorption 

Human 

oral 

Absorption 

Co ligand 6.492 362.418 0 7 1.971 80.436 0 

3-(4-methoxyphenyl)-3-

[[2-(4-methoxyphenyl)-1-

oxoethyl]amino]propanoic 

acid 

-8.567 343.379 
 

1 5 3.419 
 

82.187 
 

3 

14-norpseurotin A -7.233 417.415 

 

2 11.1 

 

0.767 

 

64.622 

 

3 

(+)-aplysinillin -7.173 804.081 

 

4 14.65 

 

2.517 

 

36.922 

 

1 

 
Figure 11. Bar chart showing the pictorial representation of the differences between the docking scores of hit 

compounds compared to the co-crystalized ligand. 

4. Conclusions 

After the whole experiment, it was showed that 3-(4-methoxyphenyl)-3-[[2-(4-

methoxyphenyl)-1-oxoethyl]amino]propanoic acid, 14-norpseurotin A,  and (+)-aplysinilin are 

predicted to be suitable inhibitors for NS5B and however, 3-(4-methoxyphenyl)-3-[[2-(4-

methoxyphenyl)-1-oxoethyl]amino]propanoic acid shows more drug-like characteristics that 

other compounds. The interactions displayed by these compounds show clearly that these three 

hit compounds have better inhibitory potential against HCV NS5B. And hence are predicted to 

be promising drug molecules that might lead to a pharmacological solution to HCV; however, 

further in vivo and in vitro analyses are recommended for further validation of this experiment. 
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