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Introduction 

                 The severe acute respiratory syndrome coronavirus-2-

mediated Coronavirus disease (COVID-19) is a pathogenic viral 

infection with a high transmittable character causing one of the most 

serious pandemics. Due to the similarities between SARS-CoV-2 and 

SARS-like bat viruses revealed from the phylogenetic analysis, it was 

proposed that bats could be the probable primary reservoir.
1 

It 

originated from a city in Hubei province of Wuhan in China and the 

severity associated with the human-to-human transmission of 2019-

CoV is currently posing serious death to the world.
2,3

 This SARS-like 

pneumonia has been suspected to emerge from an unknown animal 

and to have subsequently been transmitted to humans in the seafood 

and wild animal market.  
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The RT-PCR amplicons-mediated phylogenetic analysis of five 

infected patients and full genome next generation-orchestrated 

sequencing unravel the novelty of this virus which was elucidated to 

be close to the SARS-associated coronaviruses in the Chinese 

horseshoe bats.
2
 History validates that SARS in 2002, 2012 Middle 

East respiratory syndrome and the 2017 swine acute diarrhea that 

caused serious infectious diseases in both humans and livestock are all 

descendants of bats coronaviruses (CoVs). Further epidemiological-

related studies were carried out using virome analysis for the 

classification of CoVs from 15 Yunan and 831 bats species at Guanxi, 

Sichuan Province. It was reported that out of 22 individual samples of 

four (4) bat species, 11 CoVs strains were identified which include 4 

α-CoVs from Guangxi’s Scotophilus kuklii strictly associated with 

already reported bat CoV and PEDV (Porcine Epidemic Diarrhea 

Virus). These findings signify the existence of a lineage that could be 

traced back to bats under the genus Alphacoronaviruses.
4 

Besides the 

spread of this virus throughout the whole Country of China from 

Wuhan City,
5 
it has rapidly spread to other countries.  

For SARS-CoV and some SARS-like bats coronaviruses, angiotensin-

converting enzyme II (ACEII) serves as their cell receptor.
11

 It was 

further reported from genomic studies that the SARS-CoV-2’s 

receptor-binding domain was significantly similar to that of SARS-

CoV. This critically points at the fact that human ACE2 receptor could 

be exploited as the gateway for coronaviruses into human cells.
12,13

 

The very first recovery from this disease emanated from a remdesivir-

administered (an anti-Ebola drug) patient in the United States after 
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Ever since the novel SARS-CoV-2 coronavirus was identified at Wuhan in China, numerous 

researchers have been working on remedies to ameliorate the COVID-19 disease perpetrated by 

this deadly virus. Umpteen researchers engaged in silico approaches as a fast means of 

discovering drugs with potential inhibitory activity against SARS-CoV-2 to combat the COVID-

19 pandemic. In this computational study, FDA approved antiretroviral, anti-Ebola, and anti-

SARS drugs were docked against SARS-COV-2 Mpro (6LU7), Prefusion 2019-nCoV Spike 

glycoprotein (6VSB), the peptidase domain of human ACE2 (2AJF) and SARS-CoV 3CL 

protease (2ZU4) in order to detect the drugs with the best binding affinity for the active sites of 

these proteins. The top 3 drugs for each class of drugs show strong binding affinities from -7.5 - 

-9.2 Kcal/mol. The docking result shows the consistent score of Saquinavir, Amodiaquine, 

Clomiphene, Indinavir, Lopinavir, Maraviroc, Nelfinavir, and Verapamil across those proteins. 

However, our results indicate that indinavir, saquinavir and maraviroc with considerable binding 

affinity might be further optimized in preclinical and clinical studies to determine their role in 

the management of COVID-19. Furthermore, we noticed that the amino acid residues common 

to 6LU7-ligand complexes and 2ZU4-ligand complexes include Glu166, Cys145, and Met49. 

We therefore conclude that these residues could be critical to their functional and catalytic 

potentials. These residues could also be a critical component of their conserved domain that 

forms catalytic dyad because our result falls in line with others where His41 and Cys145 were 

reported to be conserved residues at Mpro active site. 
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which the Chinese also put this drug into clinical trial with the aim of 

approving its implementation in clinical therapeutics for COVID-19. 

Therefore, this signifies a probable groundbreaking anti-coronaviral 

potential of clinically approved anti-Ebola drugs. Besides this, it was 

recently reported that an Ebola-related filovirus was found in Chinese 

bats (Pteropodidae).
14

 This also logically explains a probable 

relationship between Ebola virus and COVID-19. This same drug 

inhibited the replication of SARS-CoV-2 when taken alone or in 

combined therapy with chloroquine or interferon-β and patients were 

declared clinically recovered.
15-18

 Furthermore, homologous 

recombination analysis revealed that the coronavirus glycoprotein 

spike that binds to the host receptor originated from an unknown β-

coronavirus SARS-CoV (CoVZXC21/CoVZC45)
19

.
 

Therefore, we 

believe obstruction of SARS-CoV-2 components used for host binding 

and replication could help inhibit the infection and nip it in the bud.
 

However, it takes decades and several millions of dollars to design 

efficient novel drugs to reduce the pathogenic activities of this virus 

via a conventional drug discovery approach. Due to the current 

emergency situation, a promising alternative that relies upon 

computational approach to facilitate reliable results in less time is 

needed. Therefore, recent advances in drug discovery repurposes 

existing drugs via in-silico techniques such as virtual screening. Target 

selection and validation are crucial steps in drug repurposing 

approach. We selected 3cl
pro

 which is the viral main protease, Spike 

glycoprotein which has the receptor binding domain that can attach to 

the host receptor, ACE2 which is the host cellular receptor, and 

SARS-COV that serves as a positive control. 

From a plethora of literature, we selected 23 compounds with anti-

retroviral, anti-Ebola and anti-SARS activities which are significant 

for the present study. In this in silico-based research, our aim is to 

screen some FDA approved drugs against 6LU7 (SARS-CoV-2 Main 

protease), 2ZU4 (SARS-CoV-1 Main protease), 6VSB (Spike 

glycoprotein), and 2AJF (Angiotensin Converting Enzyme 2) using 

molecular docking approach in order to figure out the best drugs with 

probable propensities to emerge as anti-COVID-19 therapy. Our aim 

is to emphasize the molecular reasons why some of these antiviral 

drugs could be repurposed for the management/treatment of SARS-

CoV-2-mediated COVID-19. 

 

Materials and Methods 

Ligands preparation  

For docking against the SARS-COV and SARS-COV-2 main 

protease, Spike glycoprotein, and ACE2 proteins, the Drug bank 

chemical library was used. This is public repository accessible online 

containing information of compounds and their biological activities. 

The 3D structures were downloaded in SMILE format from the 

database and converted individually to PDB files using CACTUS 

online translator (www.cactus.nci.nih.gov). These compounds were 

preprocessed using python script prepared for docking studies with the 

aid of Autodock vina (MGL tool 1.5.6)
22

 which is an efficient 

computational tool to generate PDBQT format. 

 

Protein preparation 

The crystallographic structure 6LU7, 2ZU4, 6VSB, and 2AJF of a 

minimal resolution used for this study were retrieved from Protein 

Data Bank (www.rscb.org), after which the water molecules of these 

proteins were removed using Discovery Studio version 19.1. 

Autodock vina (MGL tool 1.5.6)
22

 was used to prepare these proteins, 

then the addition of Hydrogen bonds and Geisteiger charges were 

added to generate the PDBQT files. 

 

Active site prediction and validation 

Two online tools were used to predict the active site of each protein. 

CASTp
23

 was used to predict the amino acids that occupy the binding 

pocket of each protein after which COACH was used to validate these 

residues for consistency. 

 

Molecular docking protocol 

Molecular docking helps predict the predominant binding pose of a 

ligand with a protein and analyze the binding interactions between 

them. Keeping the docking parameters as default, rigid docking was 

done by defining the grid box with dimension around active sites of 

each protein and the exhaustiveness was also kept at 8. For SARS-

COV and SARS-COV-2, the grid box was set at 60x60x60, then 

80x80x80 was set for both Spike glycoprotein and ACE2. The ligands 

were evaluated based on their respective binding affinity and 

molecular interactions were analyzed using Pymol and Discovery 

Studio
24

. For accuracy, all our docking experiments were done with 

AutoDock Vina on a Windows 8 workstation, 4GB RAM, 2.1GHZ 

with 500GB HDD Intel Core i3. 

 

 

Results and Discussion 

Twenty-three (23) clinically approved drugs which include eight (8) 

antiretroviral (baricitinib, darunavir, efavirenz, fosamprenavir, 

lopinavir, maraviroc, rembesivir, and saquinavir), seven (7) anti-Ebola 

(amiodarone, amodiaquine, chloroquine, clomiphene, dronedarone, 

toremifene, and verapamil) and eight (8) anti-SARS (acyclovir, 

graciclovir, ribavirin, indinavir, nelfinavir, osaltamivir, saquinavir, and 

zanamivir) were docked against COVID-19 protein (PDB code: 

6LU7) and (PDB code: 2ZU4) and the result of the top 2 compounds 

of each categories of drugs is presented as figure 2 and 3 showing the 

various interactions and the binding pockets. In order to screen for the 

probable strongest clinically approved antiviral drugs that could be 

potential anti-COVID-19 candidates, we investigated the binding 

energies predicting the affinity of the ligands for the proteins and the 

interactions (conventional hydrogen bond, carbon-hydrogen bond, pi-

pi stacked, pi-alkyl and pi-sulphur interactions) (Figure 2) This was 

done together with the pocket’s active sites of each of the proteins 

expressing the conformation of the ligand with highest binding energy 

and its binding with the active pocket of the protein as presented in 

Figure 2. When antiretroviral drugs were docked against 6LU7, 

maraviroc (-7.7 Kcal/mol) and lopinavir (-7.1 Kcal/mol) showed the 

least binding energies while for anti-ebola, amodiaquine (-6.0 

Kcal/mol) and verapamil (-5.5 Kcal/mol) exhibited the least binding 

energies. Out of all the Anti-SARS drugs, saquinavir (-7.5Kcal/mol) 

and nelfinavir (-6.3 Kcal/mol) had the least binding energies when 

docked against 6LU7. It must be noted that Maraviroc had the least 

binding energy when compared to all the ligands and the N3 standard 

(-7.6 Kcal/mol). These same sets of clinically approved drugs were 

docked against 2ZU4 and the result is presented as Figure 3. It was 

found that lopinavir (-7.8 Kcal/mol) and Maraviroc (-7.2 Kcal/mol) 

had the least binding energies among the antiretroviral drugs while 

verapamil (-7.4 Kcal/mol) and clorophene (-6.5 Kcal/mol) showed the 

least for anti-ebola drugs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Structure of SARS-CoV-2 (Severe Acute 

Respiratory Syndrome Coronavirus-2).  
This spherical enveloped particle with single-stranded positive-sense 

RNA that associates itself with a nucleoprotein consist of the spike 

club-shaped glycoprotein S, membrane protein M, envelope E and 

nucleocapsid N proteins which are structural proteins responsible for 

SARS-CoV-2 assemblage, infection and genome maintenance. The 

spike glycoprotein facilitates its attachment to the host cells which 
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when acted upon by host proteases cleave into N-terminal (S1) and C-

terminal (S2) subunits.
20,21

 

For anti-SARS, nelfinavir (-7.8 Kcal/mol) and saquinavir (-7.3 

Kcal/mol) were the least against 2ZU4 among the eight (8) anti-SARS 

drugs. We also noted that all the ligands had better binding energies 

when compared to the standard. 

The same 23 drugs were docked against 6VSB (2019-nCoV spike 

glycoprotein) and 2AJF (Angiotensin-Converting Enzyme 2) host 

cellular receptor and the results for the best two (2) compounds under 

each categories of FDA clinically approved drugs are presented as 

Figure 4 and Figure 5 showing the various interactions between the 

ligands and respective protein with their active binding For anti-

retroviral drugs, lopinavir (-7.7 Kcal/mol) and maraviroc (-7.4 

Kcal/mol) had the least binding energies when docked against 6VSB 

while for anti-ebola drugs, amodiaquine (-5.9 Kcal/mol) and 

verapamil (-5.4 Kcal/mol) were the best and lastly nelfinavir (-7.1 

Kcal/mol) and indinavir (-6.8 Kcal/mol) were the best for anti-SARS 

drugs. In addition, when all these were compared to the standard 2-

(acetylamino)-2-deoxy-A-D-glucopyranose [-5.5 Kcal/mol for 6VSB], 

we noticed that all ligands had lower binding energies than the 

standard. 

There was significant increase in binding affinities of all the best 2 

ligands against ACE2. Maraviroc and lopinavir had close affinity of -

8.5 Kcal/moland -8.3 Kcal/mol. Verapamil and chlorophene had 

binding affinity of -6.8 Kcal/mol and -6.4 Kcal/mol, respectively. 

Indinavir (-9.2 Kcal/mol) and Saquinavir (-9.1 Kcal/mol) possessed 

highest affinity when compared with 2-(acetylamino)-2-deoxy-alpha-

D-glucopyranose, a substrate standard of ACE2 (-4.5 Kcal/mol). 

Table 2 illustrates the amino acid interactions existing between the 

selected low binding energy ligands and the proteins (the complexes). 

Maraviroc interacted with 6LU7 at Glu166, His41, Cys145, Met49, 

Pro168, Gln189, Tyr54, Arg188, and Asp187 forming only one 

hydrogen bond with Tyr54; nelfinavir at Gln189, His41, Cys145, 

Leu27, Met49, and Met165 forming one hydrogen bond with Gln189; 

saquinavir at Tyr126, Asp289, Phe291, Lys5, and Ala285 with one 

hydrogen bond (Glu288); lopinavir at Glu166, His41, Cys145, His164, 

Gln189, Met49, and Thr190 forming three (3) hydrogen bonds with 

Cys145, Gln189,and His164; amodiaquine at Lys97, Glu14, Ala70, 

Pro96 and Val73 forming two (2) hydrogen bond interactions with 

Ala70, Glu14; and veneparil forms one (1) hydrogen bonding with 

Gly143 and its amino acid interactions include Cys145, Gly143, 

Thr190, Glu189 and Phe140 while N3 standard have Leu50, Asp187, 

Thr25, Gln189, Glu166 as its amino acid interactions at the active site 

of the 6LU7 protein together with three (3) hydrogen bond 

interactions. Amino acid residues Glu166, Gln189; and Asp187 at the 

active site of 6LU7 formed three (3) hydrogen bonds with N3 

standard. All drugs interacted with 2ZU4 and their interactions are 

listed above in Table 3. Lopinavir had interaction with 2ZU4 (2ZU4-

Lopinavir Complex) at residues Glu110, Phe294, Pro293, Ile249, 

Leu202, and His246 forming one (1) hydrogen bond with Gln110; 

nelfinavir at Glu166, Glu189, Met49, His41, Cys145, Leu141, 

Asn142, Pro168,and Met165 with two (2) hydrogen bonds with 

Gln166 and Gln189; Indinavir at Cys145, Met49, His41, Glu166, 

His163, Phe140, Pro168, and Ala191 forming two (2) hydrogen bonds 

with Gln166 and His163; verapamil at His246, Ser158, Leu202, 

Ile249, Pro293, Thr292, and Phe294 forming two hydrogen bonds 

with His246 and Ser158; maraviroc at residues Leu167, Pro168, 

His163, and Cys145 with one (1) hydrogen bond with Gln166 and 

clorophene at residues Gln110, Pro108, and Phe2. The standard (2-

(acetylamino) 2-deoxy-A-D-glucopyranose) interacted with 2ZU4 at 

Gln110, Pro108, and Phe294 while residues Try239 and Arg131 of 

2ZU4 active site formed two (2) hydrogen bonds with the standard. 

Table 4 shows the amino acid interactions of 6VSB protein and the 

drugs. Lopinavir interacted with 6VSB at amino acid residues Pro863, 

Lys733, His1058, Pro862, Ser730, and Val860; Maraviroc had its 

interaction at His401, Asp382, Ala348, His378, Lys562, Glu398, 

Phe390, Phe40, and Arg393 with one (1) hydrogen bond; nelfinavir 

had its interaction with 6VSB at His1058, Thr732, Pro863, Val860, 

and  Ala956; indinavir at Thr549, Thr547, Thr572, Pro589, Phe592, 

Gly548, and Leu546 with two (2) hydrogen bonds, amodiaquine 

interacted with the protein at Gly283, Tyr38, Asp40, and Val42 

forming three (3) hydrogen bonds while verapamil interacted with 

6VSB at Thr1077, Ala713, Ile712, Tyr707, Ala1078, Pro1079, and 

Asn709 forming two (2) hydrogen bonds. Cys538 and Glu619 at the 

active pocket of 6VSB formed two hydrogen bonds with the standard. 

All the clinically approved drugs with the standard (2-(acetylamino) 2-

deoxy-A-D-glucopyranose) interacted with 2AJF and the amino acids 

interactions are presented as Table 5 above. Indinavir interacted with 

2AJF at residues Ser44, Arg514, Asp350, Asp382, and Trp349 with 

three (3) hydrogen bonds; saquinavir at His401, Asp382, Ala348, 

His378, Lys562, Glu398, Phe390, Phe40, and Arg393 with two (2) 

hydrogen bonds; lopinavir at Leu85, Asn103, Asn210, Lys94, Val212, 

Leu91, Leu95, Pro565, Glu98, and Trp196 with three (3) hydrogen 

bonds; maraviroc at Tyr385, His401, His378, Trp349, Trp69, Ser44, 

and Asp350 with three (3) hydrogen bonds; verapamil interacted with 

Trp349, Asn394, Phe40, Ala348, and Ser47 forming two (2) hydrogen 

bonds; and lastly clorophene interacted with Trp349, His401, and 

Phe40 at the active site. The standard 2-(Acetylamino) 2-deoxy-A-D-

glucopyranose interacted with 2AJF forming three (3) hydrogen bond 

interactions with Asp194, His195, and Asp103. 

The molecular mechanism surrounding host cell and tissue interaction 

in virology involves receptor recognition. The mechanism of SARS-

CoV-2 viral infection and replication involve its spike glycoproteins 

(S) which masterminds its entry into the cells and therefore serves as 

the main target for antibody
24

. Although, it was reported that SARS-

CoV-2 spike glycoprotein exploits ACE2 for cell entry, it must be 

noted that the binding affinity of SARS-CoV for human ACE2 

(hACE2) have significant correlation with the viral replication in some 

species in addition to transmissibility and disease severity
25,26

. It may 

also imply that SARS-CoV-2 infection and replication have critical 

relationship with human renin angiotensin system (RAS) which could 

lead to the provocation of cardiovascular complications. Therefore, 

small molecule that could interact/inhibit ACE2 might stand the 

chance of competing with SARS-CoV-2 at its ACE2 binding site. It 

was reported that SARS-CoV-2-mediated infection is been transmitted 

when SARS-CoV-2 virus exploits ACE2 as its binding receptor, it 

activates the RAS pathway that leads to the direct loss of ACE2, 

inoculating the respiratory mucosa cells thereby, acting as the 

functional receptor-channel for the viral entry. This consequently 

provokes viral pulmonary replication and indirect manifestation of 

COVID-19.
27

 

The various interactions formed by indinavir, saquinavir, and lopinavir 

with 2AJF (SARS coronavirus spike binding domain otherwise called 

angiotensin converting enzyme 2 is an indication that these clinically 

approved antiviral drugs could be a potent inhibitor of human 

angiotensin converting enzyme 2 – the receptor for the spike 

glycoprotein of this deadly virus thereby blocking its attachment to the 

host cells and its subsequent downstream replication and signaling 

deleterious processes. Indinavir (-9.2 Kcal/mol), maraviroc (-9.1 

Kcal/mol), and lopinavir (-8.5 Kcal/mol) had the highest binding 

energies against 2AJF. Amino acid residues Ser44, Asp350, and 

Trp349 are common to indinavir and maraviroc while His401, Ala348, 

His378, and Phe40 are common to saquinavir. It may imply that these 

amino acid residues contribute immensely to the catalytic potential of 

2AJF or their synergistic potential might have contributed to their 

strong binding affinity expressed through their binding energies. 

Lopinavir, maraviroc, and nelfinavir had the lowest binding energies 

with 6VSB, implying a probable strong binding affinity for the 

protein, therefore suggesting their propensity to inhibit the protein. 

Amino acid residues common to lopinavir and nelfinavir include 

Pro863, His1058, and Val860. So, it may be suggested that these 

amino acid residues might be critical to the catalytic functions of 

6VSB and its attachment to its host for replication. It is noteworthy 

that all ligands expressed lower binding energies for 6VSB than their 

standard 2-(Acetylamino) 2-deoxy-A-D-glucopyranose, indicating that 

these ligands could be better inhibitors of 2AJF than the standard 2-

(Acetylamino) 2-deoxy-A-D-glucopyranose. 

It was reported that evolutionary similarities exist between SARS-

CoV and SARS-CoV-2 through a Blast-mediated protein sequence 

alignment and this inference was evidenced by the 95%-100% 

homology.
28

 Besides this, nucleocapsid protein N of SARS-CoV-2 

expresses approximately 90% amino acid residue similarities with 
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SARS-CoV
29

 indicating that some drugs/ligands that could interact 

with or inhibit SARS-CoV-2 might also have affinity for SARS-CoV 

and vice versa. In addition, the S2 SARS-CoV-2 spike is reported to 

share 99% congruence with bat-SL-CoVZXC21, bat-SL-CoVZC45, 

and human SARS-CoV
28

 meaning ligands that could inhibit one of 

these viral proteins could be a potential therapeutic inhibitor to the 

other. For 2ZU4 (SARS-CoV1 protease), all ligands exhibited stronger 

binding affinity than the standard Benzyl N-[(2S)-3-(2,2-

dimethylpropanoylamino)-1-[[(2S)-4-methyl-1-oxo-1-[[(2R)-5-oxo-1-

[(3S)-2-oxopyrrolidin-3-yl] hexan-2-yl]amino]pentan-2-yl]amino]-1-

oxopropan-2-yl] carbamate. Lopinavir (2ZU4-Lopinavir complex) and 

verapamil (2ZU4-Verapamil complex) have Phe294, Pro293, Ile249, 

Leu202, and His246 residues as common interactions within their 

complexes while nelfinavir and indinavir have Glu166, Met49, His41, 

and Cys145 as their common residues. Just like others, these residues 

might contribute to the catalysis occurring within the complexes and 

they might have contributed to the binding affinities of the ligands to 

the protein. Lopinavir, nelfinavir, and indinavir showed the lowest 

binding energies with 2ZU4 and it must be noted that all ligands/drugs 

exhibited stronger binding affinities than the standard, meaning all 

ligands are expected to be better inhibitors of SARS-CoV-1 viral 

replication. Maraviroc was the only drug with a slightly higher 

binding affinity with 6LU7 when compared with N3 standard, 

nelfinavir exhibited the same binding affinity. When the amino acids 

residues responsible for the interactions between 6LU7-N3 complex 

and 6LU7-maravoroc complex were compared, it was noticed that 

Asp187, Gln189, and Glu166 are all common to these two 

ligands/drugs while Gln189, His41, Cys145, and Met49 are the 

common amino acids of 6LU7-maraviroc and 6LU7-nelfinavir 

complexes. Furthermore, since 6LU7 and 2ZU4 codes for SARS-

CoV-2 and SARS-CoV, we compared the amino acid residues 

common to their complexes (i.e 2ZU4-All ligands + Standard and 

6LU7-All ligands + standard complexes) and we noticed that Glu166, 

Cys145, and Met49 are common to both complexes. Besides the fact 

that these amino acids could be critical to their structure and 

functional properties including their catalytic potentials, they might 

also be a part of their conserved residues. Our result falls in 

perspective with others where His41 and Cys145 were both reported 

to be conserved residues located at the Mpro (6LU7) active site 

catalytic   dyad.
30,31
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Figure 2: Representation of ligands docked with 6LU7 showing various interactions and their respective binding pockets. 
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Figure 3: Representation of ligands binding to 2ZU4 showing various interactions and their respective binding pockets. 
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Figure 4:  Representation of ligands with 6SVB and the various interactions hydrogen interactions and their respective binding pockets. 
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Figure 5: Representation of ligands with 2AJF and the expression of various interactions with their respective binding pockets 
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Table 1: Binding Energies of clinically approved anti-retroviral, anti-ebola and anti-SARS drugs against 6LU7, 2ZU4, 6VSB and 

ACE2 Proteins 

 
 ANTI-RETROVIRAL ANTI-EBOLA ANTI-SARS 

6LU7 MARAVIROC (-7.7 Kcal/mol) AMODIAQUINE (-6.0 Kcal/mol)  SAQUINAVIR (-7.5 Kcal/mol) 

LOPINAVIR (-7.1 Kcal/mol) VERAPAMIL (-5.5 Kcal/mol) NELFINAVIR (-6.3 Kcal/mol) 

2ZU4 LOPINAVIR (-7.8 Kcal/mol) VERAPAMIL (-7.4 Kcal/mol) NELFINAVIR (-7.8 Kcal/mol) 

MARAVIROC (-7.2 Kcal/mol) CLOROPHENE (-6.5 Kcal/mol) SAQUINAVIR (-7.3 Kcal/mol) 

6VSB LOPINAVIR (-7.7 Kcal/mol) AMODIAQUINE (-5.9 Kcal/mol) NELFINAVIR (-7.1 Kcal/mol) 

MARAVIROC (-7.4 Kcal/mol) VERAPAMIL (-5.4 Kcal/mol) INDINAVIR (-6.8 Kcal/mol) 

2AJF MARAVIROC (-8.5 Kcal/mol) VERAPAMIL (-6.8 Kcal/mol) INDINAVIR (-9.2 Kcal/mol) 

LOPINAVIR (-8.3 Kcal/mol) CLOROPHENE (-6.4 Kcal/mol) SAQUINAVIR (-9.1 Kcal/mol) 

 

Table 2: Number of hydrogen bond and amino acid interactions for 6LU7-ligand complexes 

LIGANDS WITH 6LU7 NO OF HYDROGEN 

BOND 

AMINO ACID INTERACTION WITH THEIR 

BOND LENGTH 

BINDING ENERGY 

N3 3 Leu50, Asp187, Thr25, Gln189, Glu166 -7.6 Kcal/mol 

Maraviroc 1 Glu166, His41, Cys145, Met49, Pro168, Gln189, Tyr54, Arg188 

Asp187 

-7.7 Kcal/mol 

Nelfinavir 1 Gln189, His41, Cys145, Leu27, Met49, Met165 -7.6 Kcal/mol 

Saquinavir 1 Tyr126, Asp289, Phe291, Lys5, Ala285 -7.5 Kcal/mol 

Lopinavir 3 Glu166, His41, Cys145, His164, Glu189, Met49, Thr190 -7.1 Kcal/mol 

Amodiaquine 2 Lys97, Glu14, Ala70, Pro96, Val73 -6.0 Kcal/mol 

Verapamil 1 Cys145, Gly143, Thr190, Glu189, Phe140 -5.5 Kcal/mol 

 

 

Table 3: Number of hydrogen bond and amino acid interactions for 2ZU4-ligand complexes 
 

Ligands with 2ZU4 NO OF H. 

BOND 

AMINO ACID INTERACTION WITH THEIR 

BOND LENGTH 

BINDING 

ENERGY 

Benzyl N-[(2S)-3-(2,2-

dimethylpropanoylamino)-1-

[[(2S)-4-methyl-1-oxo-1-[[(2R)-

5-oxo-1-[(3S)-2-oxopyrrolidin-

3-yl]hexan-2-yl]amino]pentan-2-

yl]amino]-1-oxopropan-2-

yl]carbamate 

2 Tyr239, Arg131, Lys137 -6.0 Kcal/mol 

Lopinavir 1 Glu110, Phe294, Pro293, Ile249, Leu202, His246  -7.8 Kcal/mol 

Nelfinavir 2 Glu166, Glu189, Met49, His41, Cys145, Leu141, 

Asn142, Pro168, Met165 

-7.8 Kcal/mol 

Indinavir 2 Cys145, Met49, His41, Glu166, His163, Phe140, Pro168, 

Ala191 

-7.7 Kcal/mol 

Verapamil 2 His246, Ser158, Leu202, Ile249, Pro293, Thr292, Phe 

294. 

-7.4 Kcal/mol 

Maraviroc 1 Leu167, Pro168, His163, Cys145 -7.2 Kcal/mol 

Clorophene 0 Gln110, Pro108, Phe294 -6.5 Kcal/mol 
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Table 4: Number of hydrogen bond and amino acid interactions for 6VSB-ligand complexes 
 

 

Ligands with 6VSB 

glycoprotein 

No of H. 

Bond 

Amino Acid Interaction with their Bond Length Binding Energy 

2-(Acetylamino) 2-deoxy-A-D-

glucopyranose 

2 Cys538, Glu619 -4.5 Kcal/mol 

Lopinavir 0 Pro863, Lys733, His1058, Pro862, Ser730, Val860. -7.7 Kcal/mol 

Maraviroc 1 Gly889, Gln1036, Lys1038, Arg1039, Tyr904, Trp886 -7.4 Kcal/mol 

Nelfinavir 0 His1058, Thr732, Pro863, Val860, Ala956 -7.1 Kcal/mol 

Indinavir 2 Thr549, Thr547, Thr572, Pro589, Phe592, Gly548, Leu546. -6.8 Kcal/mol 

Amodiaquine 3 Gly283, Tyr38, Asp40, Val42 -5.9 Kcal/mol 

Verapamil 2 Thr1077, Ala713, Ile712, Tyr707, Ala1078, Pro1079, Asn709. -5.4 Kcal/mol 

 

 
Table 5: Number of hydrogen bond and amino acid interactions for 2AJF-ligand complexes 

 

Ligands with 2AJF No of H. Bond Amino Acid Interaction with their Bond Length Binding Energy 

2-(Acetylamino) 2-deoxy-

A-D-glucopyranose 

5 His195, Asn194, Asn103, Gln81 -5.3 Kcal/mol 

Indinavir 3 Ser44, Arg514, Asp350, Asp382, Trp349 -9.2 Kcal/mol 

Saquinavir 2 His401, Asp382, Ala348, His378, Lys562, Glu398, 

Phe390, Phe40, Arg393 

-9.1 Kcal/mol 

Maraviroc 3 Tyr385, His401, His378, Trp349, Trp69, Ser44. Asp350 -8.5 Kcal/mol 

Lopinavir 3 Leu85, Asn103, Asn210, Lys94, Val212, Leu91, 

Leu95, Pro565, Glu98, Trp196 

-8.3 Kcal/mol 

Verapamil 2 Trp349, Asn394, Phe40, Ala348, Ser47 -6.8 Kcal/mol 

Clorophene 0 Trp349, His401, Phe40 -6.4 Kcal/mol 

 

 

Conclusion 

Amodiaquine, clomiphene, indinavir, lopinavir, maraviroc, nelfinavir, 

saquinavir, and verapamil were the best clinically approved antiviral 

drugs due to their binding energies against 6LU7, 2ZU4, 6VSB, and 

2AJF. Therefore, as these clinically approved antiviral drugs might be 

good for the management/treatment of SARS-CoV-2-mediated 

COVID-19, we suggest Saquinavir, maraviroc, and nelfinavir might 

be the best set of drugs with good therapeutic efficacy than their 

respective standards. The reason surrounding this is because the 

binding energies they expressed against these proteins which was due 

to the different covalent interactions they formed with the amino acids 

at the active sites of these proteins signifies probable inhibitory 

propensities. However, further experimental assays are required to 

validate their potentials. They exhibited strong binding affinities but 

inhibitory activities can be confirmed by more computational analysis 

– Molinspiration for prediction of bioactivity and molecular dynamic 

simulation. 
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