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A B S T R A C T   

SARS-CoV-2 is a highly hazardous species that can infect people with Covid-19 disease, dramatically increasing 
mortality rates worldwide. Plenty of researches have been done to find drugs or inhibitors, with this study aiming 
to identify an inhibitor within the ChEMBL database using computational approaches. From the ChEMBL library, 
19,43,048 compounds which are known type of small compounds and proteins were downloaded and docked 
with the Main protease (Mpro). After performing compound screening using Lipinski’s rule, Qikprop analysis 
following with virtual Screening, Induced Fit Docking (IFD) and MM-GBSA analysis with the Glide and Prime 
modules of Schrödinger, the best complex was subjected to MD simulation with Desmond. According to the 
docking results, small protein 2,371,668 and compound 1,090,395 were docked with Main protease with − 12.6, 
− 12.0 kcal/mol dock score and interacted with the functional site residues His 41 and Cys 145, as well as the 
binding site residues Thr 26, Phe 140, Asn 142, Gly 143, Glu 166, and Gln 189. Complex structures were shown 
to be steadier by the MD simulation study because both the ligands heavy atoms and the protein Cα atoms’ RMSD 
values fell within acceptable ranges. As a result, this research suggests that the molecule CHEMBL2371668 and 
the compound CHEMBL1090395 may inhibit the activity of Main protease, and the usefulness of these molecules 
will be examined further through experimental research.   

1. Introduction 

The Coronaviridae family includes the coronaviruses, Severe Acute 
Respiratory Syndrome 2 (SARS-CoV-2) that causes COVID-19. It en-
compasses the big positive-sense and single stranded RNA, it has a 
genome made up of about 30,000 nucleotides (Nga et al., 2011). Most 
commonly, it causes cough, fever, severe body pain, loss of taste or 
smell, tiredness, difficulty breathing, and ADRS that may lead to death 
(Jin et al., 2020a, 2020b). 

The main pandemic occurrence of the 21st century because of SARS- 
CoV-2 has become a worldwide hazard to people healthiness by way of 
its extreme rate of infection resulting in mortality (Mengist et al., 2021). 
As of December 2020, there were 64,326,880 reported cases and 
1,488,992 deaths worldwide (Mody et al., 2021). According to the 
World Health Organisation, 6,953,743 people died and 768,983,095 
people were afflicted globally as of July 2023. The severity of the sick-
ness, the viral infection and transmission, and the emergence of im-
munity against the virus, including response to vaccination, may all be 
impacted by SARS-CoV-2-specific pathogenic characteristics (Kumar 

et al., 2020). 
A specific form of cysteine protease known as Main Protease (Mpro) 

is otherwise known as 3-Chymotrypsin-like protease. (3CLpro), which 
generates functional proteins through hydrolyses the viral polyproteins 
(Jo et al., 2020). Mpro is a conserved enzyme in the Coronaviridae 
family with His41 and Cys145 forming its catalytic dyad (Hu et al., 
2022). In coronaviruses, the Mpro is one of the well-characterized 
healing target (Anand et al., 2003) and it plays major role for corona-
virus replication and it’s thought of a crucial target for disorders brought 
on by coronaviruses, such as COVID-19 (Needle et al., 2015). Currently 
there are no known human host-cell proteases with equivalent selec-
tivity suggests that choosing Mpro as an outstanding target for drugs 
(Ullrich and Nitsche, 2020). 

Tremendous varieties of revisions are current to work out the ther-
apeutic use of antivirals and immune modulators to resolve Covid-19. 
The effective treatment for COVID-19 and coming up with prospective 
medication that might stop infection and disease progression is impor-
tant (Connelly, 2020; Chaudhary et al., 2021). This study focused on the 
natural and synthetic compounds of the ChEMBL database to find the 
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inhibitor against the Main protease of SARS-CoV-2 through in silico ap-
proaches virtual screening, binding free energy calculation and molec-
ular dynamics simulation studies. 

2. Materials and methods 

2.1. Protein structure retrieval 

Crystal structure of Main protease (Mpro) enzyme of SARS-CoV-2 
was retrieved from the PDB database (www.rcsb.org), which com-
prises evidence about experimentally solved structures, especially pro-
tein macromolecules elucidated by the various techniques (Berman 
et al., 2000). 

2.2. Protein domain and active site analysis 

Protein structural and functional information was studied in detail 
using Uniprot (www.uniprot.org) database (Apweiler et al., 2004). 
Protein domain analysis was carried out using Pfam and Interpro 
(https://www.ebi.ac.uk/interpro) databases. Commonly, proteins 
consist of one or more functional sections known as domains. (Finn 
et al., 2016). Protein active site was found using Uniprot database and 
inhibitor site was predicted using Protein Data Bank. Consurf (http: 
//consurf.tau.ac.il) is another important server to predict the residues 
that are functionally and structurally significant in a protein (Celniker 
et al., 2013). 

2.3. Preparation of compound structures 

The compounds retrieved from the ChEMBL (www.ebi.ac. 
uk/chembl/) database for this study (Gaulton et al., 2017). Further 
these compounds were analysed for finding their physico-chemical 

Fig. 1. Crystal structure of Main Protease of SARS-CoV-2 (6LU7).  

Fig. 2. Functionally and structurally important residues of Main protease (Mpro). Highlighted in dark red is conserved residues, white is an average and blue is 
variable. The letter denoted ‘b’ is buried residues and “e’ is exposed residues. Then ‘s’ is structurally conserved and ‘f’ is functionally conserved residues. 
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properties using Lipinski’s rule (Petit et al., 2012) and Qikprop analysis 
(Ricci-López et al., 2019). 

2.4. Virtual Screening 

Virtual Screening process was executed by Glide module of 
Schrödinger (Fu et al., 2020). Primarily, the protein molecule was pre-
pared by performing the following procedures with the protein prepa-
ration wizard 1. Preprocess the protein molecule, 2. Protein 
optimization and 3. Protein minimization. In preprocessing, importantly 
protein molecule is adding with the hydrogens and removed water 
molecules from it. For minimizing the protein molecule, OPLS3e force 
field was used (Velusamy et al., 2023). Then grid was prepared using 
Receptor Grid Generation option by adding the highly important resi-
dues of the protein. Before starting the preparation of compounds, the 
process was started with the screening of compounds with the analysis of 
Qikprop, Lipinski’s rule and reactive functional groups. After these 
processes, further the selected compounds were taken for ligand prep-
aration. Further these compounds were processed for molecular docking 
using High Throughput Virtual Screening (HTVS). Then, top 10 percent 
of all stated compounds were further processed for molecular docking 
using Standard Precision (SP) method with flexible approach. Again, top 
10 percent of the good scored compounds from SP method were further 
processing with Extra Precision (XP) docking method (Yadav et al., 
2022). Finally, top 10 percent of best scored compounds were identified 
form the 19,43,048 compounds. 

2.5. Induced Fit docking (IFD) 

This method was specially executed because it makes the protein 
molecule with more flexibility especially the binding site was reformed 
based on the type of ligand binding (Miller et al., 2021). The same 
processes, protein preparation, Receptor grid generation, ligand prepa-
ration were done. The selected best 10 compounds from XP method was 
used for this process. IFD produced the various group of ligand poses, 
and the optimal one was selected according to the dock score, h-bond 
interactions with the highly important residues. 

2.6. Binding free energy analysis 

Using the Prime module, Schrödinger (Abuthakir et al., 2021), the 
binding free energy of the selected compound with Mpro was computed. 
The progression of the MM-GBSA study was done using the OPLS3e force 
field and the VSGB solvation model. The following formula was used to 
compute binding free energy, 

ΔG binding = ΔG (complex) − ΔG (Protein) − ΔG (Ligand)

2.7. MD simulation studies 

In order to confirm that the complex was stable, the best-docked 
complex structure was subsequently executed for molecular dynamics 
simulation studies utilising the Desmond module, Schrödinger 

Table 1 
Selected top 10 compounds from virtual Screening process with Mpro.  

S.No Compound Id Dock Score (kcal/mol) Interacting Residues Bond Length 
(Å) 

1. 2,371,668  − 9.6 Thr26, Phe 140, Gly 143, Glu 166(3), Gln 189 1.73, 1.81, 1.84, 3.47, 1.87, 1.97, 1.77 
2. 1,090,395  − 9.4 Thr 26(2), Leu 141, Gln 189 1.75, 1.98, 2.19,0.2.12 
3. 4,127,290  − 9.3 Thr 26, Leu 141, Asn 142, Gly 143 1.90, 1.95, 1.86, 1.90 
4. 3,941,250  − 9.1 Thr 26, Gly 143, Glu 166(2), Gln 189 1.91, 1.80, 2.04, 2.13, 2.73 
5. 4,285,498  − 9.0 His 164, Glu 166(2), Thr 190 2.04, 2.11, 1.89, 1.77 
6. 3,634,575  − 8.9 Thr 26, His 41, Gly 143, Gln 189 1.84, 4.14, 1.67, 2.13 
7. 3,408,435  − 8.9 Leu 141, Gly 143, His 164, Gln 189 2.09, 1.84, 2.14, 1.97 
8. 592,991  − 8.8 Phe 140, Gly 143, Glu 166 1.79, 1.83, 1.61 
9. 3,408,436  − 8.7 Leu 141, Gly 143, His 164, Gln 189 2.11, 1.85, 2.12, 1.97 
10. 1,872,577  − 8.7 His 41, Leu 141, Gly 143, His 164, Gln 189 4.89, 1.82, 1.98, 1.80, 1.96  

Fig. 3. 3D structures of top 10 compounds selected from the virtual Screening process 2371668, b) 1090395, c) 4127290, d) 3941250, e) 4285498, f) 3634575, g) 
3408435, h) 592991, i) 3408436, j) 1,872,577. 
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(Gopinath and Kathiravan, 2021). For MD simulation with a time of 100 
ns, the docked complex of Mpro with 2,371,668 and Mpro with 
1,090,395 were employed. The solvent model, boundary conditions and 
force field were set up in the system builder before to starting the MD 
simulation. 

The system filled with TIP3P water model, OPLS 2005 force field was 
selected, and the complex was centred with boundary conditions of 10 Å 
distance in a cubic box and ions were added (Balakrishnan et al., 2022). 
The complex structure’s energy was reduced; the NPT ensemble class 
was employed to simulate complicated structures. The temperature at 
300 K, and used to fix the 1 bar pressure coupling (Azam et al., 2020). 

The RMSD, RMSF, and protein–ligand bindings were calculated 
using simulation interaction analysis in order to study the integrity of 
the ligand inside the protein. 

3. Results 

3.1. Protein Crystal structure 

Crystal structure of Main Protease (Mpro) enzyme (Fig. 1) was 
retrieved from the PDB database, protein id is 6LU7. The crystal struc-
ture was experimentally produced using X-ray diffraction method with 
2.16 Å resolution and this protein found in cytoplasm and golgi appa-
ratus region. 

3.2. Protein domain and active/inhibitor site analysis 

The domain Peptidase_C30, which spans the range of 3264–3569, is 
present in the main protease enzyme. His 41, Cys 145 were active site 

Fig. 4. Docked complex structures of Main protease (MPro) with a) 2371668, b) 1,090,395 and c) 4,127,290.  
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residues a nd the inhibitor N3 interacted with the residues Phe 140, Gly 
143, Cys 145, His 164, Glu 166, Gln 189, and Thr 190 in the crystal 
structure deposited in the database (Jin et al., 2020a, 2020b). In addi-
tion to that, Consurf server predicted the functionally and structurally 
important residues by comparing more than 150 similar sequences 
(Fig. 2). 

3.3. Compounds preparation 

The compounds were downloaded from the ChEMBL library, totally 
19,43,048 compounds were downloaded. Among these, some of these 
compounds have known clear activity and some are not known. These 
compounds were further evaluated for its physico-chemical properties. 

3.4. Virtual Screening 

The prepared protein was docked with 19,43,048 compounds using 
virtual Screening workflow by Glide module of Schrödinger. By the 
analysis of compounds properties using Lipinski’s rule, Qikprop prop-
erties such as CNS, metabolism, Human oral absorption, BBB, Caco 
permeability, water solubility, human serum albumin binding, skin ab-
sorbency and reactive functional groups. From this analysis, 7,59,804 
compounds were taken for further analysis because these compounds 
only satisfied the various properties of Lipniski’s rule and Qikprop, rest 
of the compounds were eliminated. There are three types of molecular 
docking methods used in the virtual Screening workflow, 1. HTVS, 2. SP 
docking and 3. XP docking. At the end of HTVS process 75, 980 com-
pounds (Supp.Table 1) were selected as the top 10 percent based on dock 
score from the 7,59,804 compounds. Further, SP and XP methods were 
processed, through these 7,598 (Supp.Table 2) and 759 (Supp.Table 3) 
compounds respectively, were selected as top 10 percent from each 
process. 

The overall result of virtual Screening process was shown in Fig. 6. 
From the virtual Screening analysis, 592991, 1090395, 1872577, 
2371668, 3408435, 3408436, 3634574, 3634575, 3941250, 4127290, 
4,285,498 were chosen as top ranked compounds based on dock score 

and interactions between ligand with highly important residues of the 
protein (Table 1). The compounds 3d structures that were selected as top 
10 by virtual Screening process as shown in Fig. 3 and top 3 docked 
complex structures were shown in Fig. 4. 

3.5. Induced fit docking 

From the result of IFD analysis (Table 2), the compound 2,371,668 
produced better result compare with other compounds, it had − 12.6 
kcal/mol dock score and bonding with the active site residues His 41, 
Cys 145, also it is interacted with Thr 26, Phe 140, Asn 142, Gly 143, Glu 
166 and Gln 189 (Fig. 5a). The compound 1,090,395 had interacted with 
the residues Thr 26, His 41, Asn 142, Glu 166, Gln 189 with dock score 
− 12.0 Kcal/mol (Fig. 5b). The compound 4,127,290 had dock score 
− 11.8 kcal/mol and bonding with the residues Thr 26, His 41, Phe 140, 
Gly 143, His 164, Glu 166 and Asp 187 (Fig. 5c). From the overall 
docking analysis, the small molecule 2,371,668 and compound 
1,090,395 had better result than other compounds, hence this docked 
complexes further evaluate for computational molecular dynamics 
simulation analysis. 

3.6. Binding energy analysis 

The binding energy of each compound with the receptor was 
calculated through MM-GBSA analysis. From the result, the compound 
2,371,668 had very efficient binding affinity with the protein Main 
Protease (Mpro), it showed the binding free energy value as − 96.37 
Kcal/mol. Also, the compounds 1090395, 4127290, 3941250, 
4,285,498 had showed binding free energy value as − 80.83, − 81.98, 
− 84.23, − 84.46 kcal/mol, respectively (Table 3). 

3.7. MD simulation studies 

Molecular dynamics simulation studies for complex structure of 
Main protease (Mpro) with 2,371,668 was executed for examining 
steadiness of the complex up to 100 ns. The result was analysed using the 
various plot results like RMSD, RMSF, protein–ligand contacts, 2D dia-
gram of interactions between Main protease enzyme and compound 
2371668. RMSD plot directed that the docked complex structure was 
stable, because the protein and ligand fluctuations were within the 
acceptable range (1–3 Å), especially from the starting to around 65th ns, 
the fluctuation range of both protein C alpha atoms and ligand heavy 
atoms were within 3 Å and both the atoms were arranged very closer 
(Fig. 7a). The values of ligand heavy atoms were not larger than the 
protein, hence RMSD plot evidenced that the complex was stable. 

RMSF plot exposed that the residues other than N and C terminal 
were not fluctuated more over the period of simulation. The residues 
around the 50th position were slightly fluctuated among all the residues, 
even though they were in acceptable range. The protein structure 
majorly contains beta strands and alpha helices from 0 to 170 and 200 to 
270 respectively, also the loops region present with in these regions. 
Usually these secondary structure elements were more rigid and RMSF 
plot observes the fluctuation of these regions were lesser than the other 
regions. Also, the active site and binding site residues His 41, Phe 140, 
Gly 143, Cys 145, His 164, Glu 166, Gln 189, and Thr 190 have lesser 
fluctuation over the simulation period (Fig. 7b). The atoms of 2,371,668 
were with within the acceptable range except few atoms (Fig. 7c). 

The plot of protein–ligand contacts displayed that the several in-
teractions like hydrogen, hydrophobic, ionic, water bridges between the 
protein Mpro and ligand 2371668. The residues Thr 26, His 41, Cys 44, 
Ser 46, Glu 47, Asn 142, Gly 143, Ser 144, Cys 145, His 164, Glu 166, Gln 
189 have hydrogen bond and water bridges with the protein Mpro 
(Fig. 8a). Met 49, Met 165, Leu 167, Pro 168 have hydrophobic in-
teractions with the protein Mpro. Especially, the functionally important 
residues Gly 143, Glu 166 and Gln 189 have hydrogen bond interactions 
with the protein and these interactions maintained 34 %, 93 % and 89 % 

Table 2 
IFD result of top 10 compounds docked with the Mpro.  

S. 
No 

Compound 
Id 

Dock 
Score 
(kcal/ 
mol) 

Interacting Residues Bond Length 
(Å) 

1. 2,371,668  − 12.6 Thr 26, His 41, Phe 140, 
Asn 142, Gly 143, Cys 
145, Glu 166, Gln 189 

1.93, 2.69, 
1.90, 1.96, 
1.94, 2.09, 
2.22, 1.72 

2. 1,090,395  − 12.0 Thr 26, His 41 (2), Asn 
142, Glu 166(2), Gln 189 

1.91, 2.00, 
2.24, 2.09, 
1.82, 1.94, 1.96 

3. 4,127,290  − 11.8 Thr 26, His 41, Phe 140, 
Gly 143, His 164, Glu 
166, Asp 187 

1.81, 3.85, 
1.81, 1.84, 
2.30, 2.00, 1.89 

4. 3,941,250  − 11.4 His 41(2), Gly 143, Cys 
145, Glu 166(2) 

1.90, 2.01, 
1.77, 2.64, 
2.10, 2.37 

5. 4,285,498  − 10.9 Phe 140, His 163, Glu 166 
(2), Gln 189 

1.81, 2.04, 
1.69, 2.15, 2.06 

6. 1,872,577  − 9.6 His 41, Asn 142, Gly 143, 
Gln 189 

4.88, 1.66, 
2.05, 1.84 

7. 3,408,435  − 9.3 His 41(2), His 164, Glu 
166, Gln 189 

3.95, 4.75, 
2.27, 2.61, 1.81 

8. 3,634,575  − 9.1 His 41, Leu 141, Gly 143, 
Glu 166, Asp 187 

5.01, 1.78, 
2.03, 2.22, 1.90 

9. 592,991  − 9.1 Phe 140, Gly 143, His 
163, Glu 166(3) 

2.08, 1.91, 
5.38, 1.57, 
2.59, 2.78 

10. 3,408,436  − 9.0 His 41, Leu 141, His 163, 
His 164, Glu 166, Gln 189 

3.97, 2.13, 
2.00, 2.01, 
2.02, 1.87  
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respectively, throughout the simulation time. Ser 46 and structurally 
conserved residue His 41 have hydrogen bond interaction and it is 
maintained more than 50 % time of total simulation period. In addition, 
Thr 26 that is structurally conserved residue have hydrogen bond 
interaction and it is maintained 30 % of simulation time (Fig. 8b, c). 

3.8. MD simulation studies of compound 1,090,395 with Mpro 

The result of MD simulation reveals that the complex structure of 

compound 1,090,395 with Main protease was stable. The RMSD plot 
expressed that the equilibrium of C alpha atoms of Main protease and 
heavy atoms of compound 1090395, because the fluctuations of both 
were within the 3 Å throughout the simulation period of 100 ns (Fig. 9a). 
RMSF plot showed the equilibrium of protein, from the analysis the 
residues of Main protease were not fluctuated more except the residues 
of N and C terminal (Fig. 9b). Especially fluctuations of the residues His 
41, Phe 140, Gly 143, Cys 145, His 164, Glu 166, Gln 189, and Thr 190 
were within 2 Å up to the completion of the simulation, hence the 

Fig. 5. Docked complex structure of Main protease (Mpro) with small molecule (a) 2,371,668 and compounds (b) 1,090,395 (c) 4,127,290.  
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protein was steady. The heavy atoms of ligand 1,090,395 were within 
the 1.5 Å, it shows the ligand was more stable (Fig. 9c). 

3.9. Protein-Ligand interactions 

The bar diagram of protein–ligand contacts showed that, the com-
pound 1,090,395 had H-bond interactions with Gly 143, Cys 145, His 
164, Glu 166 and Gln 189 which are interacted residues of N3 inhibitor. 
In addition to that, the compound had H-bond interactions with Thr 26 
and structurally important residue Ser 144. Further, the compound had 
hydrophobic interactions with Met 49, Met 165 and active site residue 
His 41. Then, water bridges with Thr 24, Thr 25, Leu 141, Glu 166 and 
Gln 189 (Fig. 10a). Timeline representation image shows that the 
interaction of compound 1,090,395 with various residues of Main pro-
tease throughout the simulation period. The compound 1,090,395 had 
strong interactions with Thr 26, Gly 143, Ser 144, Glu 166 and Gln 189, 
in addition to that compound has interactions with Met 49, Met 165 and 
active site residue His 41, Cys 145 (Fig. 10b). 2D image of interactions 
diagram represents that at the 100th ns, the compound has good 

interactions with the N3 inhibitor site residues Gly 143, Glu 166, Gln 
189 and structurally conserved residue Gly 144. The compound has 
hydrogen bond interactions with residue Gly 143 with 85 % of the 
simulation period, 58 % with Glu 166, multiple interaction with Ser 144, 
95 % with Gln 189 and 59 % with Thr 26 (Fig. 10c). 

From the overall result of simulation studies, the docked structure of 
small protein molecule 2,371,668 with Mpro and compound 1,090,395 
with Mpro maintained theirs stability along with the simulation period 
and retained the interactions of active site residue His 41, functionally 
conserved residues Gly 143, Glu 166, Gln 189, structurally important 
residue Thr 26. Hence, this simulation analysis recommends that the 
small protein molecule 2,371,668 and compound 1,090,395 have better 
action against SARS Corona Virus-2. 

4. Discussion 

Covid-19 disease produced by SARS-CoV-2 (Severe Acute Respira-
tory Syndrome–Corona Virus-2) and it is very threatening for humanity 
due to its mortality rate (Gupta, 2020). Continuous research work going 
on Covid-19 disease at global level for finding drugs and vaccines 
(Bahrami et al., 2022). 

The protein Main protease (Mpro) found in the cytoplasm and golgi 
apparatus region. Hence, this protein is very good drug target because 
drug molecules aim to bind with the proteins that are found in the 
cytoplasm (Abuthakir et al., 2020). Potential approaches to current 
treatments for the Covid-19 include medicines that directly bind to and 
block Main protease. The Mpro is crucial for the virus replication 
(Kneller et al., 2022) and it is in charge of maturing the other protease of 
coronaviruses and additional significant polyproteins (Ziebuhr et al., 
2000). According to Stoermer, (2020), the Mpro’s sequence of SARS- 
CoV-2 is closely similar to Mpro of other species; especially it is nearly 
96 % similar with Mpro of SARS-CoV and higher than 50 % similar to 
Mpro of MERS-CoV. For these reasons, the Mpro considered as a po-
tential drug target for new drug discovery. 

Among top 10 compounds, 9 compounds were mainly interacted 
with the active site residue His 41 and structurally conserved residue Glu 
166. The residue Glu 166 is regarded as being crucial because it is 
necessary for the homodimerization of 3CLpro in SARS-CoV-2. Cheng et 
al, 2010 study revealed that the formation of dimerization of SARS 
Coronavirus main protease blocked when the residue Glu166 was 
mutated. The dimer formation is a significant for the enzymatic activity 
of protease enzyme hence any H-bond interaction to the Glu 166 can 
result in the deformation of dimer and it is suffer its enzymatic reactions 
(Zhang et al., 2020). 

Fig. 6. Output of systematic process of Virtual Screening and IFD.  

Table 3 
MM-GBSA Binding free energy calculation of complex structures.  

S. 
No 

Compound Id MM-GBSA 
dG Bind 
(kcal/mol) 

1. Benzyl (2S)-2-[[(2S)-6-amino-1-[(2-amino-2-oxoethyl) 
amino]-1-oxohexan-2-yl]carbamoyl]pyrrolidine-1- 
carboxylate (2371668)  

− 96.37 

2. [2-(3,4-Dihydroxybenzoyl)oxy-3-methoxyphenyl] 3,4- 
dihydroxybenzoate (1090395)  

− 82.83 

3. 7-(3,4-dihydroxyphenyl)-2-[(3,4-dihydroxyphenyl) 
methyl]-4,6-dihydroxy-1-benzofuran-3-one (4127290)  

− 81.98 

4. (2-{[1-(3-Chlorophenyl)-2-fluoroethyl]amino}-7-methoxy- 
1,3-benzoxazol-5-yl)[5-(2-hydroxyethyl)-2- 
methylmorpholin-4-yl]methanone (3941250)  

− 84.23 

5. 2-(beta-D-Glucopyranosyloxy)-5,5′-diallylbiphenyl-2′-ol 
(4285498)  

− 84.46 

6. 2-methylsulfanylcyclohexa-2,5-diene-1,4-dione (592991)  − 66.41 
7. 4-Bromo-2-[[2-chloro-5-(trifluoromethyl)phenyl] 

iminomethyl]-6-nitrophenolate (3408436)  
− 76.28 

8. (2,2-Dichloro-1-{[(4-methylphenyl)carbonyl]amino} 
ethenyl) (triphenyl)phosphonium (3634575)  

− 77.84 

9. N-[(2S)-1-(2-aminoimidazo[1,2-a]pyridin-3-yl)-1-oxo-3- 
phenylpropan-2-yl]benzamide (3408435)  

− 77.25 

10. 1-[2-(hydroxymethyl)-1H-1,3-benzodiazol-1-yl]-3- 
phenoxypropan-2-ol (1872577)  

− 65.98  
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The smaller protein molecule 2,371,668 had interaction with the 
dynamic catalytic site residue His 41 and Cys 145. MPro contains the His 
41-Cys 145 catalytic dyad and this dyad is very vital for catalyses the 
cleavage of the protein substrate (Zhang et al., 2010). According to 
Ferreira et al (2020), the residues of catalytic dyad His 41-Cys 145 had 
lost their catalytic activity of Mpro due to alterations with Alanine res-
idue in the dyad. In addition to that, Jin et al (2020b) showed that the 
anti-cancer medication Carmofur binds to the Mpro’s Cys145 catalytic 
dyad with a potential experimental suppression of virus copying. Ac-
cording to Nguyen et al (2020), the ligands make hydrogen bonds with 
the most desirable residue Gly 143 of Main protease preceded by 
Cys145, His163, and Glu166. Among 10 compounds, 2371668, 
4127290, 3941250, 592991, 3634575, 1,872,577 were made hydrogen 
bond interactions with the residue Gly 143. 

The smaller protein 2,371,668 and compounds 1090395, 4,127,290 
interacted with the residue Thr 26 which is a weighty amino acid in 
Mpro’s binding pocket. According to the Mengist et al (2021), the drug 
molecules Lopinavir and ritonavir were interacted to the residues Thr 
24, Thr 26, Asn 119 that were the significant amino acids in the active 
pocket. Various natural compounds interact with the binding site resi-
dues Thr 26, His 41, Cys 145, Glu 166, Gln 189 (Antonopoulou et al., 
2022). 

The smaller protein 2,371,668 had showed the interactions with the 
residues Thr 26, His 41, Gly 143, Glu 166 and Gln 189 in XP, IFD docking 
studies were again retrained in the MD simulation studies. The binding 
free energy of 2,371,668 is − 96.37 kcal/mol and 1,090,395 has − 82.83 
kcal/mol. Previous research demonstrated that rescoring docked com-
plexes based on MM-GBSA produce positive outcomes with experi-
mental binding affinities (Zhang et al., 2015). MD simulation studies 
showed the steadiness of the docked complex structure of 2,371,668 
with main protease, RMSD plot proved that the complex structure had 
strong stability because of lesser deviation between protein and ligand. 
Smaller deviation between protein and ligand indicates that the 

structure is more stable (Aier et al., 2016). 
The compound 3,941,250 only already reported compound among 

top 10 compounds. It is reported that it has the activity of inhibit the 
function of protein thrombin which is otherwise known as coagulation 
factor II which contributes an significant part in thrombosis and hae-
mostasis by transforming fibrinogen into fibrin during the development 
of blood clots, by encouraging platelet aggregation, and by triggering 
additional coagulation factors (Moser and Patterson, 2003). In addition 
to that maintaining arterial integrity during development and after 
birth, thrombin also helps in cell growth, tissue repair, and angiogenesis. 
Biological activities of other compounds are still not known because 
there is no experimental proof about active against the any protein 
molecule. 

5. Conclusion 

SARS-Cov-2 is a dangerous virus and Main protease (Mpro) this virus 
is much conserved. The developing inhibitors against this virus is an 
important need for human being for future. This study finds the potential 
inhibitor from the database of ChEMBL that contains more than 2 
million of compounds. The smaller protein molecule 2,371,668 and 
compounds 1090395, 4127290, 3941250, 4,285,498 have potent ac-
tivity by scored better dock score and interacted with the functionally, 
structurally important residues of Mpro. Further, the experimental study 
will carry out for checking the efficiency of these compounds especially 
the smaller molecule 2,371,668 and compound 1,090,395 against the 
Main protease (Mpro). 
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Fig. 7. (a) RMSD plot of Docked complex structure of Main protease (Mpro) with 2,371,668 and RMSF plot of (b) protein Main Protease, (c) 2,371,668.  
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Fig. 8. (a) Various interaction types, green color - Hydrogen bonds, gray – hydrophobic, red – ionic interactions and blue – water bridges (b) 2D diagram of 
protein–ligand interactions and (c) Protein-Ligand contacts of compound 2,371,668 with the residues of Main protease (Mpro) up to 100 ns (darken lines indicates 
more than one interactions with those residues). 
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Fig. 9. (a) RMSD plot of docked structure of Main protease (Mpro) with compound 1090395, RMSF plot of (b) Main Protease protein and (c) compound 1,090,395.  
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