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Recently, scary viral pneumonia is known as (COVID-19) has swept the whole world. The new virus strain des-
ignated as SARS-CoV-2 belonging to the coronavirus family. Although the current medical research directed to-
wards the development of a novel therapeutic agent, no anti-viral drug approved until now. On the medical
scale, the development of an approved drug is a time-consuming process, so research is directed towards screen-
ing of ligands and drugsmultimodal structure-based-design and then docked to themain viral protease to inves-
tigate the active binding sites. The bioinformatic approaches used to evaluate the competence of a
comprehensive range of ligands anddrugs before their clinical implementation. In this study, a computational ap-
proach through molecular docking simulation is conducted for screening the antiviral activity of drugs, natural
sources, and inhibitory compounds against the SARS-CoV-2 genome. The main virus protease was collected
from a Protein Data Bank (PDB# 6YB7) and docked with a sequence of 19 approved antiviral drugs, 10 natural
inhibitory ligands against COVID-19 downloaded from PubChem, in addition to 10 natural sources optimized
for Escherichia coli BL21 (DE3) to identify the antiviral activity of these candidates against COVID-19. The docking
results were promised and indicated that the reported ligands can firmly bind to the SARS-CoV-2 main protease
and leads to inhibition of its infectious impact.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

The recent world history is punctuated by the appearance of highly
pathogenic three coronaviruses which cause human fatal pneumonia
including severe acute respiratory syndrome coronavirus (SARS-CoV),
Middle-East respiratory syndrome coronavirus (MERS-CoV), and
SARS-CoV-2 [1,2]. The SARS-CoV epidemic in 2002 and the MERS-CoV
epidemic in 2012 proved that coronaviruses would traverse the barrier
to species and develop as severe pathogenic viruses [3]. Coronaviruses
(CoVs), are divided into four genera, α-, β-, δ- and γ-coronaviruses
[4]. SARS-CoV-2 is a member of β-coronaviruses which subdivided
into A, B, C, and D lineages [5]. Robson [6] defined SARS-CoV-2 viral pro-
tein as a strain of human SARS [7]. SARS-CoV-2 which synonymously
known as (COVID-19) virus was commenced in the late of December
2019 [7–9] as an outbreak of pneumonia with a mysterious etiological
agent responsible for the viral pneumonia outbreak that swept the
world [4,8,10–19], and created a significant threat to the global commu-
nity health [4]. On 30th, January 2020 the World Health Organization
(WHO) announced that COVID-19 epidemic a global health crisis of in-
ternational interest [2,20,21]. On 14th, March 2020, the disease infect
81,026 people in China, with a case fatality ratio of 3.9% (3194/81026)
[22]. The number of victims increases incrementally and can be moni-
tored by the WHO statistics website (https://www.who.int/
emergencies/diseases/novel-coronavirus-2019). Respiratory globules
and direct communication are traditional transmission routes for
SARS-CoV-2 [23]. Common infection symptoms include respiratory dis-
tress, malaise, fever, dry cough, dyspnea, and shortness of breath [8,14].
In advanced serious cases, the infection can cause pneumonia, kidney
failure, severe acute respiratory disorder, and even death [1]. The reme-
dies of coronavirus infection involve inhibition of the synthesis of viral
RNA through prohibiting the virus's genetic material, inhibiting virus
replication, and blocking the virus binding to human cell receptors or
inhibiting the virus's self-assembly process through acting on some
structural proteins [1]. Coronaviruses (CoVs) comprise two characteris-
tic proteins; 1) structural proteins which include Spike (S), Nucleocap-
sid (N), Membrane (M) that spans the membrane, and Envelope
(E) proteins which are a hydrophobic protein that covers the entire
structure of the coronavirus [24]; and 2) non-structural proteins
which include proteases (nsp3 and nsp5) and RdRp (nsp12) [14,25].
The transmembrane spike (S) glycoprotein forms homotrimers
projecting from the virion envelope surface [26] and promotes viral
entry into the host cell [1,27] in addition to facilitating the binding of
the host and viral tissues [28]. The S protein is a single-chain comprises
of about 1300 amino acids [7] and subdivided into two functional sub-
units (S1 and S2). The S1 subunit has a receptor-binding domain
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(RBD) that binds with high affinity to host cell receptor (angiotensin-
converting enzyme 2; ACE-2 protein) which considered the key deter-
minant of virus contagiousness [2,29–31]. After fusion, the S2 subunit
has the N-terminal domain (NTD) [31] responsible for binding between
the virus and cellular host cell membrane [32]. The virus entry into the
host cell requires the cleavage of S1-S2 subunits at the boundary to re-
veal S2 for combination to the cell membrane [2,32,33]. For all
coronaviruses, the S protein is further cleaved by host proteases [34]. S
trimers are densely decorated by heterogeneous N-linked glycans pro-
truding from the trimer surface and important for proper folding and
Table 1
Summary of the approved antiviral drugs.

# Cpd. Structure/IUPAC name

1 Emodin

2 Chloroquine

3 hydroxychloroquine

4 Remdesivir

5 Aminoquinoline
modulating availability to host proteases and neutralizing antibodies
[2,35,36]. SARS-CoV-2 is an enveloped, positive single RNA strand coro-
navirus with a genome sequence ranging from 26.0 to 32.0 kilobases
[37–39]. On 10th January 2020, the viral genome was released on
NCBI GenBank. The first high-resolution crystal structure of SARS-CoV-
2 main protease released on February 5th, 2020 on Protein Data Bank
(PDB) Doi: https://doi.org/10.2210/pdb6lu7/pdb [1,2,7]. 6LU7 is the
monomer of the main protease in the active state with the N3
peptidomimetic inhibitor [40]. On 25th March 2020, 6YB7 released as
SARS-CoV-2 main protease with unliganded active site (2019-nCoV,
Biological activity

Inhibitor of SARS-CoV entry
[7]

Treatment of SARS-CoV-2
[45]

Treatment of SARS-CoV-2
[45]

Antiviral drug [46]

Used in malaria treatment
[9]

https://doi.org/10.2210/pdb6lu7/pdb


Table 1 (continued)

# Cpd. Structure/IUPAC name Biological activity

6 Azithromycin Broad spectrum antibiotic
[12]

7 ethyl (3S)-1-(2a,8a-di
(furan-2-yl)-2-oxo-1,2,2a,8a-tetrahydroazeto[2,3-b]
quinoxalin-6-yl)piperidine-3-carboxylate

Cyclophilin D (CypD)
inhibitors [47]

8 2,3-di(furan-2-yl)-6-ethoxycarbonylamino
quinoxaline

9 2,3-di(furan-2-yl)-6-((R)-3-ethoxycarbonyl-
piperidino) carbonylamino quinoxaline

(continued on next page)
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Table 1 (continued)

# Cpd. Structure/IUPAC name Biological activity

10 Cyclosporine A In vitro effective against HIV,
HCV and HBV replication
[48,49]

11 Lopinavir (HIV protease inhibitors) [4]

12 Ritonavir

13 Favipiravir SARS-CoV-2 antiviral agent
[4]

14 Ribavirin HCV antiviral [37]
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Table 1 (continued)

# Cpd. Structure/IUPAC name Biological activity

15 Tideglusib Antiviral agent [10]

16 Disulfiram FDA-approved drugs [10]

17 Carmofur

18 Ebselen Currently in clinical trials
[10]

19 Cinanserin Antiviral drug [10]
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coronavirus disease 2019, COVID-19) DOI: https://doi.org/10.2210/
pdb6YB7/pdb. Although the currentmedical researchproceeds urgently
to diagnose active antiviral agents that can inhibit the pandemic spread
of the novel viral infection, no targeted/approved therapeutic drug or
vaccine has been accredited till now as it is a time-consuming process
[1,10,31,41]. Consequently, the swift approach relies on the use of com-
putational programs of combined structure-assisted drug design, bioin-
formatics, and drug screening [10,42], in addition to the development of
a predictive 3D protein structures of SARS-CoV-2 has become very cru-
cial to identify new inhibitory drugs for SARS-CoV-2 protease [7,43].
Roboson [7] stated the usage of the Q-UEL computational method to
simulate the inhibition efficiency of some drugs on COVID-19. In this
work, the author conducting a computational approach, through apply-
ing a combination of virtual screening, and molecular docking
techniques, to assess the ability of some potential drugs, inhibitory li-
gands and natural products for the non-covalent inhibition of the
SARS-CoV-2 main protease [40] through conformational and molecular
docking studies. Molecular docking allows quick identification of the
amino acid sequences across many coronaviruses including SARS-CoV-
2 [7,44]. The obtained docking results were hopeful and proposed a po-
tential inhibition against the newly emerged COVID-19 from the pres-
ently accessible therapeutics [1].

2. Materials and reagents

All the screened drugs, inhibitory ligands, and natural product struc-
tures were built up from their smile format in ChemBioDraw 2019 soft-
ware. All the molecules were energy minimized before molecular

https://doi.org/10.2210/pdb6YB7/pdb
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Table 2
Summary of the natural sources optimized for Escherichia coli BL21 (DE3).

# Natural Cpd. name Serial No. Structure/IUPAC name

1 L-tyrosine zwitterion SN0000130

2 L-threonine zwitterion SN00001733

3 (2S,4R)-2-ammonio-4-carbamoylpentanedioate SN00160264

4 L-leucine SN00003439

5 L-alanine zwitterion SN00011326

6 (2R)-2-ammonio-4-(ethylsulfanyl)butanoate SN00002388
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Table 2 (continued)

# Natural Cpd. name Serial No. Structure/IUPAC name

7 (4-(((2,4-diamino-5,6,7,8-tetrahydropteridin-
6-yl)methyl)amino)benzoyl)glutamic acid

SN00193091

8 (2S)-2-ammonio-3-(3-methylimidazol-
4-yl)propanoate

SN00001765

9 D-asparagine SN00156119

10 O-phosphonato-L-serine(2-) SN00005709
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docking simulation [31]. The screened compounds comprise three cate-
gories divided as follows; 19 approved antiviral drugs presently avail-
able on the market and have been authorized for use against a variety
of viruses. 10 natural inhibitors ligands against COVID-19 were
downloaded from PubChem (https://pubchem.ncbi.nlm.nih.gov/
#query=coronavirus&tab=compound&page=4) and selected accord-
ing to H-bond donor count, and 10 natural compounds selected from
the natural sources site available at http://bioinf-applied.charite.de/
supernatural_new/index.php?site=pathway&organism=
ebe&pathway_type=Genetic%20Information%20Processing. The full-
length gene encoding COVID-19 virus was optimized for Escherichia
coli BL21 (DE3) expression [10]. Tables 1–3 summarize the structure
of the compounds for the three categories respectively.
2.1. Sequence alignment and homology modeling

The recently emerged SARS-CoV-2 nucleotide gene was retrieved
from theprotein data bank (PDB ID: 6YB7, chain A) since it is the last ap-
proved SARS-CoV-2 main protease during the editing of this manu-
script. 6YB7 is the monomer of the main protease with the unliganded
active site [40]. The sequence was downloaded as a PDB format. 6YB7
is SARS-CoV-2 main protease with 306 sequence length and 1.25 Å res-
olution. The protein sequence stated in Table 4, while the crystal 3D
structure of COVID-19 main protease shown in Fig. 1. The model vali-
dated after the addition of missed hydrogen atoms to prepare the pro-
tonated 3D-structure for the docking study [14]. After validation, the
systems were energy-minimized [50] to obtain a fully optimized and
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Table 3
Summary of inhibitory ligands against COVID-19 downloaded from the PubChem.

# Compound CID Structure/IUPAC name

1 24758425

2
445794

3 6083

4 24139

5 24310

6 439680

7 311
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Table 3 (continued)

# Compound CID Structure/IUPAC name

8 787400

9 753

10 17754054
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stable structure for further docking simulation. Energy minimization
carried out using Amber10: EHT forcefield with current forcefield
charges applied to all atoms, R-field solvation, cutoff (8,10 Å), and
distance-dependent dielectric constant of 4.0 [47]. Amber parameters
applied for nucleic acid, and EHT parameters applied for small mole-
cules. The system conducted in a triclinic non-periodic cell (1.P1) with
a size of 10 × 10 × 10 and cell shape 90 × 90 × 90. The constraints in-
cluding rigid water molecules with a gradient of 0.1 RMS kcal/mol/A2.
Docked complexes were subsequently submitted to iterative cycles of
500 maximum iterations with a gradient of 0.01, radius offset of 0.4,
and one minimization cycle [47].
2.2. Molecular docking simulation

In this study, the SARS-CoV-2 main protease was retrieved from the
protein data bank (PDB ID: 6YB7, chain A) [14]. After model validation,
alignment of the protein sequences, and subsequent molecular docking
conducted to evaluate the antiviral effect of the previously reported
drugs, and natural sources against SARS-CoV-2 protease. The binding
energies and the inhibition constants are reported in each case [44].
All of the compounds were optimized in their active physiological set-
tings [51]. Before testing the ligands against SARS-CoV-2 protease, the
structures of the tested drugs and ligands were ensured to be in the op-
timized active arrangement. Finally, the ligands selected based on ana-
lyzing the predicted binding modes and their scores [10].
Table 4
Sequence structure of SARS-CoV-2 main protease.

QUERY: Sequence = SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDM
FSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTD
YNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSG

AND Target = Protein AND E-Value Cutoff = 1,000,000 AND Identity Cutoff = 0
3. Results and discussion

Compounds with lower molecular docking scores will have higher
binding correspondences with the target 6YB7 protein [1]. The orienta-
tion of a ligand is evaluated with a shape-scoring function which ap-
proximates the binding energies of the ligand-receptor. The shape-
scoring function is an empirical function resembling the van der
Waals' attractive energy. After the initial orientation and scoring evalu-
ation, energy minimization is conducted to pinpoint the closest energy
minimization points within the receptor-binding sites [47]. Most of
the tested ligands (39 ligands) including the 19 antiviral drugs, 10 nat-
ural inhibitory ligands, and 10 natural sources optimized for Escherichia
coli bear hydrogen bond acceptors or donors [40] and exhibit excessive
H-bonding, π–π interaction and/or hydrophobic interaction with the
6YB7 protease as summarized in Tables 5–7. These electrostatic interac-
tions imply that these ligands are potent inhibitors for the SARS-CoV-2
protease [1], since, the formed complex between the screened ligands
and SARS-CoV-2main protease is highly stable with higher binding en-
ergies. The formation of excessive hydrogen bonding with the main
protease chain indicates the ability of the ligand to lock the virus-
binding receptor [10]. By analyzing the docking results, it's found that
Ritonavir antiviral drug, [[(2R,3S,4R,5R)-5-(6-aminopurin-9-yl)-3,4-
dihydroxyoxolan-2-yl]methoxyhydroxyphosphoryl] [(2R,3S,4R,5R)-
3,4,5-trihydroxyoxolan-2-yl]methyl hydrogen phosphate (Cpd. CID
(445794)), and (4-(((2,4-diamino-5,6,7,8-tetrahydropteridin-6-yl)
methyl)amino)benzoyl)glutamic acid (Cpd. Serial No.# SN00193091)
LNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQT
LEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMK
VTFQ



Fig. 1. (a) Cladogram representation of SARS-CoV-2 main protease; (b) 6YB7-SARS-CoV-2 main protease with unliganded active site (c) crystal 3D structure of 6YB7- main protease.
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Table 5
Summary of docking interactions in case of the antiviral drugs.

# Cpd. name Docking interaction Docking
score

Interpretation

1 Emodin −5.37 H-bond with Met165, π–π bonding with Gly143

2 Chloroquine −5.95

3 Remdesivir −7.12 2-H bonding with Arg40, arene cation bonding
between Arg188 and pyrrole ring

4 Aminoquinoline −5.21

5 Ethyl (3S)-1-(2a,8a-di(furan-2-yl)-2-oxo-
1,2,2a,8a-tetrahydroazeto[2,3-b]
quinoxalin-
6-yl)piperidine-3-carboxylate

−6.30

(continued on next page)
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Table 5 (continued)

# Cpd. name Docking interaction Docking
score

Interpretation

6 2,3-di(furan-2-yl)-6-
ethoxycarbonylamino quinoxaline

−5.99 H-bonding with Met17, arene-h-bonding
between Glu14 and pyridazine ring,
arene-H-bonding between Lys97 and furan ring

7 Azithromycin −6.58 3-H-bonding with lys137 and Glu290

8 Ethyl (3S)-1-(2a,8a-di(furan-2-yl)-2-oxo-
1,2,2a,8a-tetrahydroazeto
[2,3-b]quinoxalin-6-yl)
piperidine-3-carboxylate

−6.61 Arene-H-bonding with Arg76, Asp92

9 Cyclosporine A −7.81 Excessive π–π interaction with
Asn218, Asp197, Thr199, and Arg131

10 Lopinavir −7.57 π–π interaction with Lys137

11 Ritonavir −8.12 Arene-H-bonding with Met165
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Table 5 (continued)

# Cpd. name Docking interaction Docking
score

Interpretation

12 Favipiravir −4.95 H-bonding with Ala7

13 Ribavirin −5.05

14 Disulfiram −5.40 π–π interaction with Gln110

15 Tideglusib −5.95 2-Arene-h interaction with Asp289&Tyr239,
one Arene-cation bonding with Lys137.

16 Carmofur −6.53 Arene-cation interaction with Arg298

17 Ebselen −5.90 π–π interaction between Se and Ala7

(continued on next page)
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Table 5 (continued)

# Cpd. name Docking interaction Docking
score

Interpretation

18 Cinanserin −6.72 π–π interaction and Arene-H bonding with Asn142 &Gly143

19 Hydroxychloroquine −5.86

Table 6
Summary of interactions in case of natural sources optimized for Escherichia coli BL21 (DE3).

# Cpd. name Docking interaction Docking
score

Interpretation

1 L-tyrosine zwitterion −4.21 3-H-bonding with Thr199, Glu288, and Asp289

2 L-threonine zwitterion −3.94 H-bonding with Lys88

3 L-leucine −3.98 π–π bonding with lys97, H-bonding with Met17

4 L-alanine zwitterion −4.01 2-H-bonding with Ala7, Met6, and π–π interaction
with Arg298
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Table 6 (continued)

# Cpd. name Docking interaction Docking
score

Interpretation

5 (2R)-2-ammonio-4-(ethylsulfanyl)butanoate −4.15 H-bonding with Glu288,290, Asp289, π–π interaction
with Lys137, Asp197

6 (2S,4R)-2-ammonio-4-carbamoylpentanedioate −4.12 Anion-anion and π–π interactions with Lys137, Arg131,
3-H-bonding with Glu288, 290, Asp289

7 (4-(((2,4-diamino-5,6,7,8-tetrahydropteridin-6-yl)
methyl)amino)benzoyl) glutamic acid

−7.17 π–π interaction with Gly71

8 (2S)-2-ammonio-3-(3-methylimidazol-4-yl)
propanoate

−4.14 2-H-bonding with Thr199, Asp289

9 D-asparagine −3.84 Anion-anion and π–π interactions with Lys137, Arg131,
3-H-bonding with Leu287, Asp289, Glu290

10 O-phosphonato-L-serine(2-) −3.91 Anion-anion interaction with Lys88, 90
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Table 7
Summary of interactions in case of natural inhibitory ligands against COVID-19 downloaded from PubChem.

# Cpd. CID Docking interaction Docking score Interpretation

1 753 −4.02 H-bonding with Met6

2 787400 −5.20 H-bonding with Thr199

3 24758425 −5.84

4 311 −4.30 2-H-bonding with Leu287, Asp197
π–π interactions with Lys137, Asp289

5 17754054 −4.86 π–π interaction with Gly71, 2-H-bonding with Met17, Lys97

6 6083 −5.46 π–π interaction with Lys90, H-bonding with Gln83

16 A.N. El-hoshoudy / Journal of Molecular Liquids 318 (2020) 113968



Table 7 (continued)

# Cpd. CID Docking interaction Docking score Interpretation

7 24139 −4.86 π–π interaction with Lys97, 2-H-bonding with Met17, Glu14

8 24310 −4.96 4-H-bonding with Met6, Arg298

9 439,680 −5.07 5-H-bonding with Gln299, Asp295, Met6

10 445794 −6.39 2-H-bonding with Leu287, Asp197
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exhibits the highest binding affinity, in case of the antiviral drugs, inhib-
itory ligands, and natural sources optimized for Escherichia coli with
binding energies of −8.12, −6.39, −7.17, kcal/mol, respectively. The
docking results indicate that these ligands can bind tightly to the new
COVID-19 protease and disorder the polymerase function. Conse-
quently, these ligands are potent inhibiting candidates for 6YB7 main
protease of the SARS-CoV-2. Fig. 2a–c illustrates the highest thee ligands
interaction with their surface maps successively, while other ligands-
6YB7 protease interactions are provided in supplementary data
(Tables S1–S3). Based on the binding energies and docking scores, Rito-
navir antiviral drug considered as the strongest inhibiting agent rather
than other screened 39 ligands with a higher binding energy of
−8.12 kcal/mol. Furthermore, Ritonavir found to have a strong binding
pattern with aromatic moieties, so it is the most potent docked ligands
[40]. The docking study exhibited that the screened ligands inhibit
coronaviruses and illuminate the road for medical scientists to develop
in-vivo and in-vitro compounds against COVID-19.
4. Conclusion

The newly emerged COVID-19 virus is a serious health concern in
the 20th century. Although there is a sequence of medical drugs and
natural products demonstrated high binding affinity to various viral
proteins, the development of an in-vivo and in-vitro medical inhibitory
drug for SARS-CoV-2 is a challenging and time-consuming task. As a re-
sult, in silico and bioinformatic routes is a fast way to assess an effective
drug against SARS-CoV-2. A rigorous computational docking was pur-
sued to identify the antiviral activity of any drug before medical usage.
The present study screened the inhibitory effect of 39 ligands based
on molecular docking of 6YB7 protease. The docking results exhibited
that the reported ligands exhibit a high binding affinity to the COVID-
19 protease and can inhibit its viral infection. Ritonavir antiviral drug
binds to SARS-CoV-2 main protease with a score of −8.12, so it is ex-
pected that ritonavir is a potent inhibitor for SARS-CoV-2 pneumonia.
The results obtained in this study are based on computer docking



Fig. 2. Ligands interaction with their surface maps.
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simulation, and no in vivo and in vitro anti-viral assessment conducted
till now, since the author aims to share these results withmedical scien-
tists to face SARS-CoV-2 epidemic urgently.
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