
Heliyon 6 (2020) e05278
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Computer-aided drug design against spike glycoprotein of SARS-CoV-2 to
aid COVID-19 treatment

Muhammad Shehroz a, Tahreem Zaheer b, Tanveer Hussain c,*

a Department of Biotechnology, Virtual University of Pakistan, Peshawar, Pakistan
b Atta ur Rahman School of Applied Biosciences (ASAB), National University of Sciences and Technology (NUST), Islamabad, Pakistan
c Department of Molecular Biology, Virtual University of Pakistan, Lahore, Pakistan
A R T I C L E I N F O

Keywords:
Bioinformatics
Immunology
Virology
Computer-aided drug design
Drug binding
Infectious disease
Viral protein
Viruses
SARS-CoV-2
Receptor binding domain
Virtual screening
Lead compounds
Anti-Viral drugs
COVID-19
* Corresponding author.
E-mail address: tanveer.hussain@vu.edu.pk (T. H

https://doi.org/10.1016/j.heliyon.2020.e05278
Received 30 April 2020; Received in revised form
2405-8440/© 2020 Published by Elsevier Ltd. This
A B S T R A C T

Background: SARS-CoV-2 has the Spike glycoprotein (S) which is crucial in attachment with host receptor and cell
entry leading to COVID-19 infection. The current study was conducted to explore drugs against Receptor Binding
Domain (RBD) of SARS-CoV-2 using in silico pharmacophore modelling and virtual screening approach to combat
COVID-19.
Methods: All the available sequences of RBD in NCBI were retrieved and multiple aligned to get insight into its
diversity. The 3D structure of RBD was modelled and the conserved region was used as a template to design
pharmacophore using LigandScout. Lead compounds were screened using Cambridge, Drugbank, ZINC and
TIMBLE databases and these identified lead compounds were screened for their toxicity and Lipinski's rule of five.
Molecular docking of shortlisted lead compounds was performed using AutoDock Vina and interacting residues
were visualized.
Results: Active residues of Receptor Binding Motif (RBM) in S, involved in interaction with receptor, were found to
be conserved in all 483 sequences. Using this RBM motif as a pharmacophore a total of 1327 lead compounds
were predicted initially from all databases, however, only eight molecules fit the criteria for safe oral drugs.
Conclusion: The RBM region of S interacts with Angiotensin Converting Enzyme 2 (ACE2) receptor and Glucose
Regulated Protein 78 (GRP78) to mediate viral entry. Based on in silico analysis, the lead compounds scrutinized
herewith interact with S, hence, can prevent its internalization in cell using ACE2 and GRP78 receptor.
The compounds predicted in this study are based on rigorous computational analysis and the evaluation of
predicted lead compounds can be promising in experimental studies.
1. Introduction

An epidemic started in December 2019 from Wuhan, China, where
infected people suffered from pneumonia-like symptoms which later
spread over more than 200 countries world-wide. The root cause of
infection was found to be a novel virus that bore structural similarities
with Severe Acute Respiratory Syndrome related Coronaviruses, hence
named as SARS-CoV-2 (Bogoch et al., 2020; Hui et al., 2020; Paules et al.,
2020; Tang et al., 2020). It's the seventh Coronavirus that has been iso-
lated from humans and the third one to cause a severe infection leading
to a global pandemic (Munster et al., 2020). The virus causes contagious
disease which is termed as coronavirus disease 2019 (COVID-19) by
WHO. The virus can be spread through common means such as air
droplets and personal contacts etc. By the first week of January 2020, a
total 4 cases were found to be positive with 7 critically ill and one death.
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But the number increased at a logarithmic scale making it an uncon-
trolled pandemic. Presently, more than 2 million positive cases are re-
ported globally with more than 0.12 million deaths (Zhao et al., 2020).
Middle East Respiratory Syndrome (MERS) and SARS-CoV are notorious
for their fatality rates and have caused 36% and 10% deaths, respec-
tively. However, despite belonging to same family, currently SARS-CoV-2
has a fatality rate of 2% but it is prone to vary in future (Baez-Santos
et al., 2014; Organization, 2019; Udwadia and Raju, 2020; WHO, 2018;
Widagdo et al., 2017).

SARS-CoV-2 is a single-stranded RNA virus having a genome size of
approximately 30,000 bps. TheOpen Reading Frame (ORF) constitutes two
types of proteins, structural (Spike (S) glycoprotein, small Envelope (E)
glycoprotein and membrane (M) glycoprotein and nucleocapsid (N) pro-
tein) aswell nonstructural (NS) protein (i.e. nsp1-16) (Ibrahim et al., 2019).
Although all proteins of SARS-CoV-2have an important role inpathogenesis
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and replication, S is a promising drug target as it is involved in attachment
to the human cell and intracellular entry. It is a homo-trimeric protein that
attaches itself to human angiotensin-converting enzyme 2 (ACE2) using its
receptor-binding domain andmediates cell entry. The structure of S cleaves
at the boundary between its two domains, i.e., S1 and S2. In the prefusion
conformation, these subunits remain non-covalently attached. S2 subunit of
protein encompasses the fusion machinery while S1 has a crucial role in
attachment to the receptor as it contains the receptor binding domain (RBD)
(Belouzard et al., 2012; Li et al., 2005a; Walls et al., 2020).

Moreover, Binding immunoglobulin Protein (BiP) also known as
Glucose Regulating Protein 78 (GRP78) of humans is the master chaperon
protein found on the lumen of the Endoplasmic Reticulum (ER) also has a
role in viral recognition. This Chaperon protien bond to three enzymes
Activating Transcription Factor 6 (ATF6), Inositol-Requiring Enzyme 1
(IRE1) andProtein kinase RNA-like EndoplasmicReticulumKinase (PERK)
and release themafter the accumulation of unfoldedproteins (Lee, 2005; Li
and Lee, 2006; Quinones et al., 2008; Rao et al., 2004). SARS-CoV-2
infection inhibits protein synthesis and enhance the process of protein
refolding. It also brings the cell in a state of stress causing GRP78 to
translocate to the cell membrane and expose its Substrate binding Domain
(SBD) for virus recognition (Kim et al., 2006; Shen et al., 2002).

Researchers all around the world are endeavoring to find antiviral
treatment to cater COVID-19. Several drugs like Favipiravir, Remdesivir,
Arbidol, and Chloroquine are under investigational as well as clinical
trials to treat it. Arbidol, Ribavirin, Chloroquine phosphate, Lopinavir/
Ritonavir, and Immunity-boosting Interferon α (IFN-α) have also been
included in the updated guidelines as therapy for COVID-19 by National
Health Commission (NHC) of China. However, so far, no drug has been
approved by Food and Drug Administration (FDA) (Dong et al., 2020).
Computer-aided drug design project saves the cost and labor to test all
the compounds in the lab and help in the screening of potent ligand-
s/inhibitor that can target the majority of strains (Kapetanovic, 2008).
Hence, the current study is aimed to explore drugs against S of
SARS-CoV-2 using in silico pharmacophore modelling approach and vir-
tual screening of lead compounds.

2. Materials and methods

2.1. Phylogenetic analysis of SARS-CoV-2 receptor binding domain (RBD)

Sequences of all available SARS-CoV-2 RBD in S were retrieved from
NCBI. The detail of these sequences is mentioned in Supplementary file 1.
These sequences also included reference SARS-CoV-2 and sequences of S
reported from Pakistan. All these sequences were multiple aligned using
CLUSTAL W in MegaX to get insight into the diversity of RBD region
(Kumar et al., 2018). Moreover, a phylogenetic tree using Neighbour
Joining method was constructed in MegaX in which evolutionary dis-
tances were computed using Poisson correction method (Kumar et al.,
2018). The tree was labelled and visualized using iTOL (Letunic and
Bork, 2019).

2.2. Structure prediction

The tertiary structure of SARS-CoV-2 was predicted using I-TASSER
(Iterative Threading ASSEmbly Refinement) which assesses functionality
and structural analysis of proteins (Yang and Zhang, 2015). The quality
check of the modelled protein was performed as per the C score. C-score
ranges from -5 to 2; a greater C-score suggests a better-refinedmodel. The
structure was modelled using S of the reference sequence
(YP_009724390).

2.3. Binding pocket

The S of SARS-CoV-2 attaches the virus to ACE2 using defined RBD
(LYS356-ASN536) on Spike which facilitates this interaction (Ibrahim
et al., 2020). The Receptor Binding Motif (RBM) exhibits a concave like
2

binding groove that binds to ACE2 and GRP78 (Li, 2016). The RBM re-
gion interacting with ACE2 and GRP78 was found to be between 473-489
amino acids (Ibrahim et al., 2020; Li et al., 2005b). These residues from
binding pocket were used for designing pharmacophore.

2.4. Pharmacophore model generation

Virtual screening of drug from substantial libraries of compound is a
popular method used in computer-aided drug design studies (Lyne,
2002). It is also regarded as a computational alternative of laborious
experimental screening by employing high-throughput screening (HTS)
(Stahura and Bajorath, 2012). One of the similar approaches is phar-
macophore model-based screening that uses complex structural features
of proteins for predicting interaction against library of lead compounds.
In this study, LigandScout 4.3 was used to generate structure-based
pharmacophore was designed based on active site residues of RBM in S
and were also found to be conserved within SARS-CoV-2 (Wolber and
Langer, 2005). The designed pharmacophore model was checked for all
crucial chemical features.

2.5. Virtual screening of databases

Pharmacophore-based virtual screening of compounds repository was
performed using Cambridge Structural Database (615923), ZINC data-
base (133077), DrugBank (8706) and TIMBAL database (7207) con-
taining distinct small molecules of molecular weight <1.2 kDa. These
molecules that have potential to interact and mediate protein-ligand in-
teractions were screened as lead compounds against shared features of
pharmacophore (Groom et al., 2016; Higueruelo et al., 2013; Irwin and
Shoichet, 2005; Wishart, 2012). A single library in LigandScout having
ligand from all the databases was created and all ligand atoms were set
free to move in the binding pocket. However, only lead interacting
compounds were further examined for added parameters such as Lip-
inski's rule of five. The rule states that all the drugs shortlisted should
have a molecular mass of <500 Da, no more than 5 Hydrogen Bond
donors (HBD), less than 10 Hydrogen Bond Acceptors (HBA), and lastly
should have octanol-water partition coefficient LogP under 5 (Kapeta-
novic, 2008).

2.6. Molecular docking and analysis of interacting residues

Molecular docking analyses of shortlisted lead compounds were
performed using AutoDock Vina (Trott and Olson, 2009). The RBD region
of S was protonated and grid scoring function was set to maximum, i.e. 1
Å. The grid box was placed at 79.461x, 167.644y, and 165.862z with a
size of 16, 24, and 32. The interaction affinity as a scoring function was
analyzed by docking lead compounds with RBM, sequentially. Docked
complexes were visualized in UCSF Chimera using “view dock” function
(Pettersen et al., 2004) and interacting residues were analyzed using
Discovery studio Visualizer (2005).

3. Results and discussion

The coronavirus epidemic has caused an alarming situation
throughout the world. The key to overcoming this infection is to un-
derstand the mechanism by which the virus interacts with the host re-
ceptor and predict effective treatment option to block this interaction.
The S of SARS-CoV-2 contains a crucial domain involved in the attach-
ment of the virus to host cell. Among 83 sequences, majority of the se-
quences belonged to China and USA. Among all sequence, 473 sequences
were 100% conserved while remaining branched into separate nodes
which further diverged (as can be seen in Figure 1).

The RBM region, YQAGSTPCNGVEGFNCY, in S is of prime impor-
tance as it encompasses the binding grove which is involved in attach-
ment with ACE2 and GRP78. The active site residues present in this
region were found to be conserved in 483 globally reported sequences



Figure 1. Phylogenetic analysis of RBD region of SARS-CoV-2. The outer color
strip ring indicates the diversity of RBD region across the globe.
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used in this study. The pharmacophore was designed based on this region
and hence can give a global representation of SARS-CoV-2 RBM region.
The antivirals reported herewith interact with RBM region of SARS-CoV-
2 hence preventing its interaction with host cell receptors and can ward
off COVID-19 (Hoffmann et al., 2020) (Ibrahim et al., 2020; Prajapat
et al., 2020; Shang et al., 2020).

3.1. Structural properties of surface glycoprotein and RBD

The tertiary structure of S had a high confidence score i.e. 1.52 with a
TM score of 0.825 and coverage of 0.82. The modelled structure showed
80% similarity with PDB ID 6nb6. The tertiary structure can be seen in
Figure 2A.

The crucial domain from RBD involves in interaction with receptor
ACE2 and GRP78 uses residues from 331-524. The structure of this
Figure 2. Tertiary structure of Spike glycoprotein and its receptor binding domain.
domain (RBD) of Spike glycoprotein that interacts with ACE2 and GRP78. C) Second
depth analysis of motifs present in RBD.

3

region is shown in Figure 2B. The detailed secondary structure analysis of
this domain shows that it has 1 antiparallel beta-sheet having no barrel, 1
beta-hairpin of class 68:70, 1 antiparallel classic beta bulge between
(Residue X, Glu516A) (Residue 1, Thr393A), (Residue 3, Asn394A). It
has 5 strands and 5 helices. Moreover, the structure also encompasses a
total of 33 beta turns of type I, IV and VIII, 17 gamma turns (both inverse
and classic) and 4 disulfide bonds (Figure 2 C). A detailed insight into the
structure has been provided in Supplementary file 2.
3.2. Pharmacophore modelling

Pharmacophore based modelling and virtual screening to identify
lead compounds is a popular method for in silico identification of drugs
(Yang, 2010). All four databases used in this study are essential for
computer-aided drug design projects. Several studies involving drugs in
investigational studies, medicinal compounds from extracts and FDA
approved drugs are present in the repository (Sudha et al., 2008).
Computer-aided drug design predicts effective lead compounds without
the investment of many resources (Kapetanovic, 2008). The pharmaco-
phore was designed against the RBM region 473–489 amino acid posi-
tion. The designed pharmacophore was screened against all the ligand
present in databases to identify molecules having perfect bond order,
hybridization state and chemical functionality. A total of 1327 hits were
found based on the pharmacophore features against 764913 ligand
molecules form all four databases. Among 1327 only 10 ligand molecules
had a fit score of more than 50. Out of these 10, only 8 ligand molecules
surpassed screening criteria and are reported here as effective inhibitors
against the S of SARS-CoV-2. All the eight ligand molecules follow Lip-
inski rules of five and can be termed as safe oral drugs (Lipinski,
2004).The rule is also known as Rule of 5 or Pfizer's rule of five that
specifically determine the druggable properties of a particular chemical
compound to make it a safe orally active drug for humans. All the drugs
shortlisted have molecular mass of <500 Da, no more than 5 HBD, no
A) The overall 3D structure of trimeric spike glycoprotein. B) Receptor binding
ary Structure of RBD containing information about helices, beta sheets and in-



Table 1. Lead compounds having >50 fit score by virtual screening of pharmacophore against 764913 ligand molecules.

Lead Compound Inhibitor Pharmacophore
Fit Score

Docking Score Druggable Properties Structure Source

1 N-ethyl-2,3-difluoro-N-[(3R*,4R*)-3-
hydroxy-1-(2-thienylcarbonyl)-4-
piperidinyl]benzamide

57.94 -5.2 Toxic ¼ NO
Weight ¼ 394.44 g/mol
LogP ¼ 2.76
HBD ¼ 3
HBA ¼ 1

Cambridge Database

2 7-acetyl-N-hexyl-2-pyridin-3-yl-5,6,7,8-
tetrahydropyrido[3,4-d]pyrimidin-4-
amine

57.72 -5.2 Toxic ¼ NO
Weight ¼ 353.47 g/mol
LogP ¼ 3.70
HBD ¼ 1
HBA ¼ 4

Cambridge Database

3 N-{3-[({1-[3-(4-fluorophenyl)-1,2,4-
oxadiazol-5-yl]ethyl}carbamoyl)amino]-4-
methylphenyl}acetamide

57.71 -5.3 Toxic ¼ NO
Weight ¼ 401.44 g/mol
LogP ¼ 2.95
HBD ¼ 4
HBA ¼ 3

ZINC Database

4 6-(1H-imidazol-1-yl)-N-[1-(3,4,5-
trifluorophenyl)ethyl]pyrimidin-4-amine

57.13 -5.2 Toxic ¼ NO
Weight ¼ 323.32 g/mol
LogP ¼ 2.53
HBD ¼ 2
HBA ¼ 2

ZINC Database

5 7-acetyl-N-(3-phenylpropyl)-2-pyridin-3-
yl-5,6,7,8-tetrahydropyrido[3,4-d]
pyrimidin-4-amine

57.1 -4.9 Toxic ¼ NO
Weight ¼ 387.49 g/mol
LogP ¼ 3.75
HBD ¼ 1
HBA ¼ 4

Cambridge Database

6 N-[2-(4-methyl-6,7-dihydro-5H-cyclopenta
[d]pyrimidin-2-yl)ethyl]-N'-[3-(1,3-
oxazol-5-yl)phenyl]urea

57.08 -4.8 Toxic ¼ NO
Weight ¼ 363.42 g/mol
LogP ¼ 3.29
HBD ¼ 2
HBA ¼ 4

Cambridge Database

7 N-(isoxazol-3-ylmethyl)-N'-[4-methyl-3-(2-
oxopyrrolidin-1-yl)phenyl]urea

57.06 -5.1 Toxic ¼ NO
Weight ¼ 314.34 g/mol
LogP ¼ 2.70
HBD ¼ 2
HBA ¼ 3

Cambridge Database

8 N-[4-methyl-3-(2-oxopyrrolidin-1-yl)
phenyl]-N'-(tetrahydro-2H-pyran-4-
ylmethyl)urea

57.06 -5.1 Toxic ¼ NO
Weight ¼ 331.42 g/mol
LogP ¼ 2.67
HBD ¼ 2
HBA ¼ 3

Cambridge Database
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more than 10 HBA, and LogP value was also under 5. No inhibitor from
TIMBLE database had a fit score of >50 so the lead compounds reported
here are only from Cambridge and ZINC database (Table 1).

3.3. Molecular docking and analysis of interacting residues

These lead compounds, when docked against the RBD motif of S,
showed significant interaction the binding affinity, also known as the
Docking score of AutoDock vina is mentioned in column 4 of Table 1. The
scoring power of AutoDock is reported to be the best among ten available
docking programs in a study reported by Wag et al. (Wang et al., 2016).

The docking pose of all the lead compounds showed that they were
interacting with the RBM motif in a confirmation that fits them in the
binding pocket of RBM. The docking pose along with the list of inter-
acting residues are illustrated in Figures 3, 4, 5, 6, 7, 8, 9, and 10. The
interacting residues predicted in this study coincide with the binding
residues reported in the literature. These residues are crucial in the
interaction of S with ACE2 receptor and GRP78. These residues are GLY
476, THR 478, PRO 479, CYS 480, ASN 481, GLY 485, PHE 486, and CYS
488 for lead compound 1 as illustrated in Figure 3. The pharmacophore
designed using RBM is highlighted in Figure 3A, while Figure 3B shows
the two-dimensional structure of this lead compound also illustrating its
HBA and HBD atoms. The lead compound 1 interacts with RBD with a
docking score of -5.2. The lead compounds fit well in the pocket of RBM
that is involved in attachment with host receptors. CYS 488 of RBM
4

makes a pi Sulphur bond with an atom of lead compound 1. Residue ASN
481 makes a conventional hydrogen bond with the structure of lead
compound 1 while pi alkyl bond is formed between the residue GLY 485
and lead compound 1 (Figure 3).

The lead compound 2 has 1 Hydrogen bond donor, 3 Hydrogen Bond
Acceptor. The structure of pharmacophore is illustrated in Figures 4A, 4B
and 4C. It is predicted to have one hydrophobic interact ion. It interacts
with RBD with a docking score of -5.2. The interacting residues in case of
lead compound 2 are GLY 476, THR 478, PRO 479, CYS 480, ASN 481,
GLY 485, PHE 486, ASN 487, CYS 488 as illustrated in Figure 4 D,E, and
F. S in complex with lead compound 2 also orients itself in a conforma-
tion that fits lead compound 2 in its binding pocket. It is noteworthy to
mention that the residues involved in the interaction of lead compound 2
are the same as predicted for lead compound 1. GLY476, PRO479, CYS
480, GLY 485, PHE 486, ASN 487 residues are interacting with lead
compounds 2 by Van der Waal interaction. ASN 481 makes conventional
hydrogen bond while THR 478 interacts making pi hydrogen bond with
lead compound 2 (as seen in Figure 4F).

The binding score of lead compound 3 is -5.3 that shows this lead
compound shows the strongest interaction (in terms of docking score)
with RBD of S. The interacting residues in this case are GLY 476, THR
478, CYS 480, ASN 481, GLY 482, VAL 483, GLU 484, GLY 485, PHE 486,
ASN 487, and CYS 488 involved in the interaction with RBM of S. GLU
484, GLY 482, GLY 485, THR 478, ASN 487 interacts with lead com-
pound 3 using Van der Waal's interaction. ASN 481, GLY 476 makes



Figure 3. Virtually screened pharmaco-
phore, lead molecule 1 and its interaction
with RBD of spike glycoprotein. A) lead
molecule 1 predicted in pharmacophore re-
gion B) 2D structure of lead compound with
pharmacophore features C) 3D structure of
lead compound within RBD D) lead com-
pound docked in the binding groove of RBD
E) vertical representation of lead compound
interacting with RBM within RBD region F)
2D representation of interacting residues
interacting with lead compound showing
nature of interactions.

Figure 4. Virtually screened pharmacophore, lead molecule 2 and its interaction with RBD of spike glycoprotein. A) lead molecule 2 predicted in pharmacophore
region B) 2D structure of lead compound with pharmacophore features C) 3D structure of lead compound within RBD D) lead compound docked in the binding groove
of RBD E) vertical representation of lead compound interacting with RBM within RBD region F) 2D representation of interacting residues interacting with lead
compound showing nature of interactions.
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Figure 5. Virtually screened pharmaco-
phore, lead molecule 3 and its interaction
with RBD of spike glycoprotein. A) lead
molecule 3 predicted in pharmacophore re-
gion B) 2D structure of lead compound with
pharmacophore features C) 3D structure of
lead compound within RBD D) lead com-
pound docked in the binding groove of RBD
E) vertical representation of lead compound
interacting with RBM within RBD region F)
2D representation of interacting residues
interacting with lead compound showing
nature of interactions.

Figure 6. Virtually screened pharmaco-
phore, lead molecule 4 and its interaction
with RBD of spike glycoprotein. A) lead
molecule 4 predicted in pharmacophore re-
gion B) 2D structure of lead compound with
pharmacophore features C) 3D structure of
lead compound within RBD D) lead com-
pound docked in the binding groove of RBD
E) vertical representation of lead compound
interacting with RBM within RBD region F)
2D representation of interacting residues
interacting with lead compound showing
nature of interactions.
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conventional hydrogen bond with lead compound. CYS 480 interacts by
making C–H Hydrogen bond while VAL 483 interact using hydrogen
bond. Lastly, PHE 486 and CYS 488 make pi alkyl and pi Sulphur bond,
respectively (Figure 5).

The docking score of lead compound 4 is -5.2 (same as lead compound
1 and 2). The residues involved in the interaction of lead compound 4 are
6

ASN 481, GLY482, VAL 483, GLY485, PHE486, CYS 488, THR 478, CYS
480, GLN 474, GLY 476, ASN 487. Among these residues, GLY 482, VAL
483, GLY 485, PHE 486, CYS 488, CYS 480 interact with lead compound
4 with Van der Waal's interaction. GLY 476 makes one conventional
hydrogen bond, while 2 C–H hydrogen bonds are made by ASN 481 and



Figure 7. Virtually screened pharmaco-
phore, lead molecule 5 and its interaction
with RBD of spike glycoprotein. A) lead
molecule 5 predicted in pharmacophore re-
gion B) 2D structure of lead compound with
pharmacophore features C) 3D structure of
lead compound within RBD D) lead com-
pound docked in the binding groove of RBD
E) vertical representation of lead compound
interacting with RBM within RBD region F)
2D representation of interacting residues
interacting with lead compound showing
nature of interactions.

Figure 8. Virtually screened pharmaco-
phore, lead molecule 6 and its interaction
with RBD of spike glycoprotein. A) lead
molecule 6 predicted in pharmacophore re-
gion B) 2D structure of lead compound with
pharmacophore features C) 3D structure of
lead compound within RBD D) lead com-
pound docked in the binding groove of RBD
E) vertical representation of lead compound
interacting with RBM within RBD region F)
2D representation of interacting residues
interacting with lead compound showing
nature of interactions.
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THR 478 with lead compound 5. GLN 474, ASN 487 interacts using
halogen bond (Figure 6).

The docking score of lead compound 5 is -4.9. The interacting resi-
dues making Van der Waal's interaction are PHE 486, GLY 485, GLN 474,
GLY 476, ASN 487, and CYS 480. THR 478 and PRO 479 interact with
lead compound using pi donor Hydrogen bond. ASN 481 makes
7

conventional hydrogen bond. CYS 488 make only pi-Sulphur bond with
lead compound 5 (unlike in case of lead compound 3 where it makes two
types of bonds) (Figure 7).

The lead compound 6 interacts with RBDwith a docking score of -4.8.
The interacting residues are PRO 479, GLY 485, ASN 487, GLN 474, CYS
480, PHE 486 makes Van der Waal's interaction with lead compound 6.



Figure 9. Virtually screened pharma-
cophore lead molecule 7 and its inter-
action with RBD of spike glycoprotein.
A) lead molecule 7 predicted in phar-
macophore region B) 2D structure of
lead compound with pharmacophore
features C) 3D structure of lead com-
pound within RBD D) lead compound
docked in the binding groove of RBD E)
vertical representation of lead com-
pound interacting with RBM within RBD
region F) 2D representation of interact-
ing residues interacting with lead com-
pound showing nature of interactions.
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THR 478 and GLY 476makes pi donor hydrogen bond. Two conventional
hydrogen bonds are predicted in docked complex of lead compound 6
and RBD that are made by CYS 488 and ASN 481 (Figure 8).

The lead compound 7 interacts with RBD with a docking score of -5.1.
Only two residues are involved in making Van der Waal interaction that
8

are THR 478, and VAL 483. GLY 482 residue makes C–H bond. Two
conventional bonds are predicted that are made by ASN 487 and ASN
481. CYS 488 makes pi-Sulphur bond like it makes with lead compound
5. PHE 486 and GLY 485 make amide-pi stacked bond with lead com-
pound 7. Lastly, CYS 480 makes alkyl bond (Figure 9).
Figure 10. Virtually screened pharmaco-
phore lead, molecule 8 and its interaction
with RBD of spike glycoprotein. A) lead
molecule 8 predicted in pharmacophore re-
gion B) 2D structure of lead compound with
pharmacophore features C) 3D structure of
lead compound within RBD D) lead com-
pound docked in the binding groove of RBD
E) vertical representation of lead compound
interacting with RBM within RBD region F)
2D representation of interacting residues
interacting with lead compound showing
nature of interactions.
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The lead compound 8 interacts with -5.1 docking score with RBD of S.
The interacting residues making Van der Waal interaction are CYS 480,
THR 478, PRO 479, GLY 485. CYS 488 and PHE 486 make pi alkyl bond.
ASN 487 makes conventional hydrogen bond. However, ASN 481 in this
interaction is unfavorable donor-donor (Figure 10).

The databases used in this study also contain FDA approved and
experimental small ligands. The compounds predicted hereby interact
with S region of SARS-CoV-2 with significant binding energy. The mol-
ecules are likewise predicted to be safe as per computational analysis,
however, both aspects need experimental validation to be biologically
validated. The molecules are reported in Cambridge and ZINC databases
and can be synthesized. The safety profile of these lead compounds has
also been assessed computationally (Groom et al., 2016; Irwin and
Shoichet, 2005). Similar studies have been conducted by researchers in
Brazil in which novel compounds against SARS-CoV-2 against main
protease (da Silva Hage-Melim et al., 2020).

In past, the trend of novel drug prediction against viruses using virtual
screening approach has also demonstrated successful application. The
compounds reported hereby have good binding affinity with RBM of
SARS-CoV-2 and their efficacy can be validated experimentally (Neves
et al., 2018).

Literature studies reveal a number of SARS-CoV-2 inhibitors proposed
computationally that target various regions of virus and protect against
COVID-19. Peptide inhibitors using protease domain of ACE were re-
ported to be potent against SARS-CoV-2 (Han and Kr�al, 2020). Moreover,
many computational studies focusing on drug repurposing have also been
reported so far that interact with RNA dependent RNA polymerase of
SARS-CoV-2 and prevent viral replication (Chakrabort et al., 2020).
However, the compounds reported hereby are predicted to interact with
RBM of S hence can prevent attachment to host cells.

The compounds reported herewith also comply with the standards of
oral drugs and, if tested, experimentally can yield promising results.

4. Conclusion

All the lead compounds reported here in this study show signifi-
cant interaction with active residues of RBM that have a role in
attachment of S with both human receptors i.e., ACE2 and GRP78. The
active residues involved in this interaction have been reported by
Ibrahim et al. (2020) and used to design pharmacophore. The
designed pharmacophore then, via virtual screening, shortlisted 8
drugs that can disrupt interaction of RBM of S with ACE2. Virtually
screened drugs reported in this study interact with these 473–489
residues, RBM region of S, and can block viral entry by preventing
viral attachment to host cells Moreover, the compounds virtually
screened in this study are not under clinical and investigational trial
against SARS-CoV-2 and experimental evaluation of lead compound
can yield fruitful results opening gates of anti-viral drug discovery
against SARS-CoV-2. These are preliminary findings and need experi-
mental validation to check biological efficacy.
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