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  Abstract: Background: SARS-Cov-2 is a newly emerged coronavirus and causes a severe type of 
pneumonia in the host organism. So, it is an urgent need to find some inhibitors against SARS-Cov-2. 
Therefore, drug repurposing study is an effective strategy for treating pneumonia to find the inhibitors 
of SARS-Cov-2 proteins.  

Methods: For this purpose, a library of 2500 verified drug chemical compounds was generated and the 
compounds were docked against Nucleocapsid, Membrane and Envelope protein structures of SARS-
Cov-2 to determine the binding affinity of the chemical compounds against targeting binding pockets. 
Moreover, cheminformatics properties and ADMET of these compounds were assessed to find the drug-
likeness behavior of compounds. The chemical compounds with the lowest S-score were identified as 
potential inhibitors.  

Results: Our findings showed that the compound ids 1212, 1019 and 1992 could interact inside the ac-
tive sites of membrane protein, nucleocapsid protein and envelope protein.  

Conclusion: This in silico knowledge will be helpful for the design of novel, safe and less expensive 
drugs against the SARS-Cov-2. 
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1. INTRODUCTION 

Recently, a novel coronavirus called SARS-Cov-2 [1] 
has emerged and caused a major pneumonia outbreak in the 
world. As of April 12, 2020, there were more than 1,780,000 
COVID-19 [2] infected patients in the world with more than 
108,850 deaths. In the current pandemic situation, under-
standing the mechanism of viral infections and their inhibi-
tion are of high urgency for the control and treatment of 
SARS-Cov-2 caused COVID-19 disease. Some pre-existing 
anti-viral drugs are now under clinical trials [3-5]. The inves-
tigation of the mode of action and mechanism of the viral 
infection, cell recognition and entry of the virus is the most 
crucial step which will help determine viral infectivity and 
pathogenesis [6]. Coronavirus usually uses spike glycopro-
tein to interact with the human respiratory and epithelial cells 
expressing angiotensin–converting enzyme-2 receptor [7, 8]. 
Four kinds of proteins, Nucleocapsid protein, Envelope pro-
tein, Membrane protein and Spike protein, have important 
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functions in SARS-Cov-2, and are shown in Fig. (1) [9]. 
Therefore, for the understanding of viral infection, it is nec-
essary to first understand the mechanisms of these proteins. 
Scientists have applied different methodologies such as siR-
NA [10-12], miRNA [13] and CRISPR/cas9 [14] for the 
treatment of COVID-19 disease. The origin of the replication 
site of the coronavirus in the host cell was found and replaced 
by the malicious genes using gene-editing technique [15]. 

Fig. (1). An illustration of SARS-Cov-2. (A higher resolution / 
colour version of this figure is available in the electronic copy of 
the article). 
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Here, we took three proteins, Nucleocapsid, Membrane 
and Envelop proteins (N protein, M protein and E protein) as 
targets to identify the potent inhibitors by using in silico mo-
lecular docking procedures [16, 17] because these three pro-
teins have a vital role in assembly activities, morphogenesis 
and replication, and only a few works have focused on these 
proteins. N protein is the innermost protein of the SARS-
Cov-2 and plays a very important role during the virions 
assembly through its interactions with the genome of the 
virus and other membrane proteins. It plays a fundamental 
role in increasing the efficiency of the transcription and rep-
lication of the viral genome and also packages the viral RNA 
positive-strand into helical ribonucleocapsid form. M protein 
is the outer membrane protein located on the surface of the 
SARS-Cov-2 and also the main component of the viral enve-
lope. It plays a very important role in morphogenesis through 
its interaction with other viral proteins. E protein plays a 
main role in morphogenesis and assembly activities. It also 
plays a central role in the induction of apoptosis and acti-
vates the host inflammasomes, leading to IL-1beta overpro-
duction. E protein also acts like a viroporin and self assem-
bles in the host membrane, forming pentameric protein-
ligand pores that allow the ion transport from outside surface 
to the inside of the viral genome. These proteins have vital 
roles in the whole SARS-Cov-2. However, there is no study 
available for their inhibition as compared to the Spike pro-
teins. Therefore, we applied molecular docking approach to 
identify the best inhibitors against N, M and E proteins of the 
SARS-Cov-2 in order to provide a guide for curing the 
COVID-19 pneumonia diseases. 

In this paper, we performed computer-based screening of 
verified compound chemicals for the identification of poten-
tial inhibitors against SARS-Cov-2. In silico studies and mo-
lecular docking procedures were performed on compounds 
to find the binding pocket inside the active sites of the N, M 
and E proteins. The chemoinformatic properties and AD-
MET properties of the compounds were also analyzed to 
check the adsorption, absorption and toxicity of the com-
pounds inhibitors. The detailed structures of Nucleocapsid 
protein, Membrane protein and Enveloped protein could give 
us possible binding sites where compounds (inhibitors) pos-
sibly bind. It may provide us with a good prediction of com-

pounds that attach well in the N, M and E proteins active 
sites. The molecular docking was performed to study the 
binding between compounds and N, M and E proteins by 
using the PyRx software. We analyzed the results through 
the reliable Discovery studio. 

2. MATERIALS AND METHODS 

2.1. Compound Structures and Receptor Proteins 

Experimentally verified Chemical drug compounds were 
collected from the online database Pubchem [18] and ZINC 
15 [19], (http://zinc15.docking.org/). A structure library in-
cluding 2,500 verified drug chemicals was generated in the 
PyRx software [20] (https://pyrx.sourceforge.io/), and the 
compounds were regarded as the potential inhibitors against 
N, M and E proteins of SARS-Cov-2. The structure library 
of 2500 compounds is freely available in Supplementary file 
1. The structures of compounds were drawn by using the 
Chem Draw software [21]. Three-dimensional structures of 
computational verified N, M and E proteins were extracted 
from (https://zhanglab.ccmb.med.umich.edu/C-I-TASSER/ 
2019-nCov/) and are shown in Fig. (2). The active sites of 
the N, M and E proteins were found using a reliable CASTp 
3.0 [22] online server. The binding interactions inside the 
binding pocket and the Molecular docking between chemical 
compounds and proteins were analyzed by using Discovery 
studio [17, 23].  

2.2. Chemoinformatic Properties of Compounds 

Chemoinformatic characteristics of chemical compounds 
(Molecular weight, Molecular Volume, Log P, HBD and 
PSA (A2)) were checked using molinspiration (https: 
//www.molinspiration.com). The chemical compounds were 
evaluated on the basis of their chemoinformatic properties by 
using the Lipinski rule of five [24]. 

2.3. ADMET Properties of Compounds 

The chemical compounds were checked for ADMET 
properties using the ADMET analysis. The prediction of 
ADMET properties plays a crucial role in finding effective 
drugs and also helps to eliminate unwanted compounds in 

 
Fig. (2). The computational predicted structures of three proteins; (A) N-protein, (B) M-protein, (C) E-protein. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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the early steps of drug designing. The absorption, distribu-
tion, metabolism, excretion and toxic properties of com-
pounds were evaluated using the freely available online 
server PKCSM [25]. 

3. RESULTS AND DISCUSSION 

The molecular docking was performed to investigate the 
binding interaction between 2,500 chemical compounds and 
N, M, E protein structures of SARS-Cov-2. Chemical com-
pounds with the lowest S-score values against N, M, E pro-

teins of SARS-Cov-2 are shown in Table 1 [26-35]. Their 
structures are shown in Fig. (3). These compounds are re-
garded as the best compounds because they could bind re-
ceptors with high binding energy. 

From Table 1, it can be noticed that the compound id 
1019 has the lowest “S-score” value against N-protein. The 
binding interaction of compound id 1019 with N-protein, 
their closed interaction inside the binding pocket, their hy-
drophobic region and 2-dimensional interactions are shown 
in Fig. (4). Other four chemical compounds ids 1370, 1470, 

 
Fig. (3). The three compound structures. (A), the compound structure id is 1019. (B), the compound structure id is 1212. (C), the compound 
structure id is 1992. 

 
Table 1. The optimal chemical compounds against NME proteins of SARS-Cov-2. 

Compound ID S-score Rmsd (lb) Rmsd (ub) Receptor Residues Interaction Refs. 

1019 for N protein -11.5 0.0 0.0 Asn77,Asp144,Lys143,Gly147,Thr49,Pro117,Tyr112 H-Pi,HAccp,H-don [26-29] 

1212 for M protein -11.6 0.0 0.0 Trp31,Leu35,Asn43,Tyr47,Ile40,Lys50 H-don,H-pi [30-33] 

1992 for E protein 
Peptidomimetic(a) 

-10.8 
-10.3 

0.0 
0.0 

0.0 
0.0 

Lys53,Ser50,Leu37,Ala41,Asn48 
Lys143,Gly147,Asn48,Leu35,Asp158,Asn79,Tyr117 

H-Accp,H-don 
H-Accp, H-don 

[34] 
[35] 

(a): Peptidomimetic is used as a reference. 
 

 
Fig. (4). (A), Binding interaction of compound id 1019 with N-protein. (B), Closed interaction inside the binding pocket. (C), Hydrophobic 
region. (D), 2D interaction between N-protein and compound id 1019. (A higher resolution / colour version of this figure is available in the 
electronic copy of the article). 
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1987 and 1021 also showed a lower “S-score” from the 
whole library and exhibited maximum binding interaction 
with this protein. The residues Asn77, Asp144, Lys143, 
Gly147, Thr49, Pro117 and Tyr112 could interact with the 
hydroxyl group and (O) group of the N-protein. And the 
compound id 1212 exhibited the lowest “S-score” value 
against M-protein. The binding interaction of compound id 
1212 with M-protein, their closed interaction inside the bind-
ing pocket, their hydrophobic region and 2-dimensional in-
teractions are shown in Fig. (5). Other four chemical com-
pounds ids 1350, 1370, 2187 and 621 also showed lower “S-
score” from the whole library and exhibited maximum bind-
ing interaction with this protein. The residues Trp31, Leu35, 
Asn43, Tyr47, Ile40 and Lys50 could interact with the hy-
droxyl group and (O) group of M-protein. The compound id 
1992 has shown the lowest “S-score” value against E-
protein. The binding interaction of compound id 1992 with 
E-protein, their closed interaction inside the binding pocket, 
their hydrophobic region and 2-dimensional interactions are 
shown in Fig. (6). Other four chemical compounds 1150, 
1721, 2047 and 221 also showed lower “S-score” from the 
whole library and exhibited maximum binding interaction 
with this protein. The residues Lys53, Ser50, Leu37, Ala41 
and Asn48 could interact with the hydroxyl group and (O) 
group of E-protein. Furthermore, the “S-score” and Rmsd 
values of the whole library of 2500 chemical compounds 
against N, M and E proteins are recorded in Table S1 in 
Supplementary file 1. 

The chemoinformatic properties and Lipinski rule of 5 of 
three compounds with the lowest S-score were also evaluat-
ed using the online server mol inspiration. It is believed that 
the compounds which follow the Lipinski rule of five are 
very good candidates for drug.  

The chemoinformatic results of test compounds present-
ed in Table 2 show that they follow the Lipinski rule of five 
very well. The values of the test compounds were found to 
be in between the standard values. This shows that these 
compounds might be a good target for drug designing. The 
Absorption, Distribution, Metabolism, Excretion and Toxici-
ty (ADMET) characteristics of the compounds were also 
evaluated using the online server pKCSM which is a tool to 
check the pharmacokinetic properties of the compounds. In 
Table 3, it was found that compounds had good absorption 
values which showed the drug-likeness behavior of com-
pounds, and distribution values were also good which 
showed that these compounds could penetrate through any 
barrier and reach the target receptor molecule.  

The ADMET properties also show that the compounds 
are very less toxic which makes them a favorable target for 
drug designing. The computational and in silico studies show 
that these chemical compounds have good potential to inhibit 
the activity of SARS-Cov-2. The chemoinformatic properties 
and Lipinski rule of five indicate the less toxicity of com-
pounds and drug-likeness behavior of the compounds. 

 
 

Fig. (5). (A), Binding interaction of compound id 1212 with M-protein. (B), Closed interaction inside the binding pocket. (C), Hydrophobic 
region. (D), 2D interaction between M-protein and compound id 1212. (A higher resolution / colour version of this figure is available in the 
electronic copy of the article). 
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Fig. (6). (A), Binding interaction of compound id 1992 with E-protein. (B), Closed interaction inside the binding pocket. (C), Hydrophobic 
region. (D), 2D interaction between M-protein and compound id 1992. (A higher resolution / colour version of this figure is available in the 
electronic copy of the article). 
 
Table 2. The chemoinformatic properties of the three compounds. 

Compound Id MW HBD Log P Mol Vol Violation PSA (A2) 

1019 
for N-protein 

534 0 5.61 449.89 1 129.56 

1212 
for M-protein 

575 2 5.50 499.89 1 149.56 

1992 
for E-protein 

284 2 3.10 470.62 0 367.37 

 
Table 3. ADMET properties of the three chemical compounds. 

ADMET Properties 

Comp Id WS IS %abs Log Kp LogBB CNSP CYP3A4 AMEST ORAT HT 

1019 for N-protein -2.68 82.87 -2.47 -1.67 -3.99 yes no 1.98 yes 

1212 for M-protein -4.59 72.87 -2.67 -1.77 -3.9 yes no 2.21 yes 

1992 for E-protein -2.91 2.016 -2.73 -2.04 -5.69 no no 2.55 no 

 
CONCLUSION 

The development of a SARS-Cov-2 vaccine is very im-
portant as it can enhance the immunity in the human host to 
tackle the infection. SARS-Cov-2 vaccine development is 
not an easy task due to the swift transmission of the virus 
among humans. Ran et al. [36] used the Auto Dock Vina 

tool to screen possible drugs by utilizing molecular docking 
with SARS-Cov-2 proteins. They studied luteolin (the main 
flavonoid in honeysuckle), ribavirin, remdesivir and chloro-
quine. Honeysuckle is usually supposed to have antiviral 
effects in traditional Chinese medicine. In their study, luteo-
lin was originated to bind with a high affinity to the same 
sites of the main protease of SARS-Cov-2. Xiaopeng et al. 
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[37] used LeDock to determine the binding energy between 
SARS-Cov-2 proteins and contender molecules. Improve-
ment analyses were used to demonstrate the possible phar-
macological links of active molecules. The flavonoid rutin 
was recognized to fit comfortably into the Mpro substrate-
binding pocket and showed a strong interaction with Toll-
like receptors (TLR2, TLR6 and TLR7). Saadat et al. [38] 
used molecular docking technique to evaluate the binding 
affinities of 3699 drugs on the possible active sites of six 
proteins (Main protease, ADP Ribose phosphatase, Papa-
in like protease, Spike protein, NSP-9 and NSP-10-16 
complexes) of SARS-CoV-2. Their results of the top lig-
ands (Theaflavin, Theasinensin A, Epigallocatechin and 
Favipiravir) exhibited the highest binding affinities 
against Main protease, ADP Ribose phosphatase, Papain 
like protease, Spike protein, NSP-9 and NSP-16 com-
plexes, respectively. In another study conducted by Basu 
et al. [39], the authors selected five phytochemicals of fla-
vonoid and anthraquinone subclasses as small molecules for 
the molecular docking study of S-protein of SARS-Cov-2 
with its human receptor ACE2. They examined the binding 
sites on S-protein bound structure with its receptor and se-
lected hesperidin, chrysin and emodin as competent natural 
products from both Chinese and Indian medicinal plants, to 
tackle SARS-Cov-2. The above studies have some limita-
tions, such as they only focused on s-proteins and have ex-
hibited lesser binding interactions and docking scores. 

In this study, we performed molecular docking to screen 
potential inhibitors (2500 verified chemical compounds li-
brary) against SARS-Cov-2 N, M and E proteins in order to 
tackle COVID-19 pneumonia disease. Based on the lowest 
“S-score” and intermolecular binding interactions, we recog-
nized compound id 1019 for N-protein with lowest “S-score” 
-11.5 and compound id 1212 for M-protein with lowest “S-
score” -11.6 and compound id 1992 for E-protein with low-
est “S-score” -10.3 with maximum hygrogen binding and 
intermolecular interactions. We took peptidomimetic Inhibi-
tor N3 [35] as a reference drug with the lowest “S-score” -
9.8  for our work. Our results show that all selected com-
pounds after screening (1019, 1212 and 1992) outpaced pep-
tidomimetic inhibitor N3. Moreover, by using Pyrx, we con-
ducted re-docking and compared our results ranging between 
-10.3 to -10.6 on the basis of docking scores with those of 
the above studies [36-40] that have been found to be ranging 
between -9.6 to -10.0; our docking scores were found to be 
much higher compared to other studies. 

This in silico knowledge will be helpful for the design of 
novel, safe (with fewer side effects, if the drug is adminis-
tered via direct inhaling as compared to orally taken) and 
less expensive drugs to cure COVID-19 disease. We also 
hope that machine learning and computational intelligence 
methods could be applied to the drug discovery [12, 41-50]. 
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