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ABSTRACT
The current coronavirus (SARS-COV-2) pandemic and phenomenal spread to every nook and cranny of
the world has raised major apprehensions about the modern public health care system. So far as a
result of this epidemic, 4,434,653 confirmed cases and 302,169 deaths are reported. The growing infec-
tion rate and death toll demand the use of all possible approaches to design novel drugs and vaccines
to curb this disease. In this study, we combined drugs repurposing and virtual drug screening strat-
egies to target 3CLpro, which has an essential role in viral maturation and replication. A total of 31
FDA approved anti-HIV drugs, and Traditional Chinese medicines (TCM) database were screened to
find potential inhibitors. As a result, Saquinavir, and five drugs (TCM5280805, TCM5280445,
TCM5280343, TCM5280863, and TCM5458190) from the TCM database were found as promising hits.
Furthermore, results from molecular dynamics simulation and total binding free energy revealed that
Saquinavir and TCM5280805 target the catalytic dyad (His41 and Cys145) and possess stable dynamics
behavior. Thus, we suggest that these compounds should be tested experimentally against the SARS-
COV-2 as Saquinavir has been reported to inhibit HIV protease experimentally. Considering the inten-
sity of coronavirus dissemination, the present research is in line with the idea of discovering the latest
inhibitors against the coronavirus essential pathways to accelerate the drug development cycle.
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Introduction

The Coronaviruses (CoVs) are placed within four Genera, Alpha-
coronavirus, Beta-coronavirus, Gamma-coronavirus and Delta-
coronavirus (a, b, c, and d) of subfamily Orthocoronavirinae.
However, the members of Beta-coronavirus such as severe acute
respiratory syndrome coronavirus (SARS-CoV1 and SARS-CoV2)
and the Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) have been involved in pneumonia epidemics in the 21st
century. SARS-CoV1, MERS-CoV and SARS-CoV2 outbreaks
caused by zoonotic viruses (Lau et al., 2005; Reusken et al.,
2013); in 2003, 2012 and 2019–20 with the case fatality ratio of
10% (Cheng et al., 2007; Lee et al., 2003; Zaki et al., 2012), 35%
(de Groot et al., 2013; Zaki et al., 2012); and 5%, respectively. The
recent outbreak and phenomenal spread of SARS-COV-2 to
every nook and cranny of the world (3.66 million infections and
309774 deaths) compelled World Health Organization (WHO) to

declare it pandemic on March 20, 2020. The virus causing covid-
19 was named 2019-nCoV (2019 novel coronavirus) on January
12, 2020 by WHO (Chen et al., 2020; Zhu et al., 2020), however
the International Virus Classification Commission (ICTV) on
February 11, 2020, named this virus as Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). This threat of global con-
cern to humanity, mainly due to the unavailability of proper
treatment (Huang et al., 2020) pushed the investigators to dis-
cover and design therapeutic drugs and vaccines to combat the
coronavirus. Infection symptoms include fever, dyspnea, short-
ness of breath, and cough, whereas severe cases lead to kidney
failure and death (Rothan & Byrareddy, 2020).

The SARS-CoV-2 is composed of Spike (S) protein, mem-
brane (M) protein, envelope (E) protein, and nucleocapsid (N)
protein. In anti CoVs therapies, the main focus is to boost
the human immune system or to block the binding of spike
protein with the receptor proteins. Therefore, the treatments
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based on targeting coronavirus rely on blocking of virus
binding to receptors, inhibition of virus replication, preven-
tion of the synthesis of viral RNA and inhibition of the virus
self-assembly process (Bosch et al., 2003; Khan et al., 2018;
Omrani et al., 2014).

To combat the latest CoVs threats, the researchers are fol-
lowing multiple approaches for novel drug development
(Zumla et al., 2016) and testing the efficacy of existing drugs.
In one approach, experiments were performed to test the
existing broad-spectrum antiviral drugs (ribavirin, Interferons,
and cyclophilin inhibitors) against SARS-COV-2 (Chan et al.,
2013; Zumla et al., 2016). The use of these antiviral drugs is
approved against viral infections, and their dosages, efficacy,
metabolic characteristic, and side effects are well known.
However, there is a possibility that this “broad-spectrum”
treatment against CoVs would not be effective. In the second
approach, molecular databases were subjected to High-
throughput screening for potential drug molecules to combat
infection caused by a coronavirus (de Wilde et al., 2014; Dyall
et al., 2014). This strategy was proved successful in the discov-
ery of lopinavir/ritonavir for the treatment of HIV. Some
researchers are using the genomic and pathological informa-
tion of CoVs for the development of a new specific drug from
scratch. Theoretically, this is an effective approach; however, it

is very time consuming and might cost several years or even
more than ten years (Khan et al., 2018; Omrani et al., 2014).

Structural Bioinformatics based approaches are the fastest
way for finding the potential molecules from the marketed
drugs or bioactive compounds for effective treatment of
SARS-COV-2. Main-protease or 3CLpro inhibition is a promis-
ing target to control the recent SARS-COV-2 infection due to
its essential role in viral maturation and replication (Ul
Qamar et al., 2020). 3CLpro has three important domains I-III,
which correspond to positions 8–101, 102–184, and 201–303,
respectively. There is a connecting loop that corresponds to
position 185–200, which connects domains II and III. The
structure of 3CLpro has an important catalytic dyad consist
of His41 and Cys145. In this study, the protein of SARS-COV-
2 (3CLpro, also named 3-chymotrypsin-like protease) was
subjected to drug repurposing and virtual screening for
potent drug identification followed by molecular dynamics
simulation and binding free energy calculation. Our findings
revealed that Saquinavir, which is an HIV protease inhibitor
reported experimentally (Kim et al., 1998) and TCM5280805,
are promising hits, which need in vitro validation for antiviral
effects. We hope this study will provide useful information
for the clinical treatment of novel coronavirus associ-
ated pneumonia.

Figure 1. Structure of 3CLpro (SARS-COV-2) retrieved from RCSB using accession number (6LU7). (A) showing the domains architecture of three different domains.
(Domain 1) magenta, (Domain 2) orange, (Domain 3) cyan, (Connecting loops) grey while the drug molecule in the active site is shown in yellow colour as sphere.
(B) The electrostatic potential of 3CLPro and displays the important active site residues in the sticks, including the two essential residues His41 and Cys145 (cata-
lytic dyad).
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Materials and methods

Protein and ligand structure preparation

Protein databank (http://www.rcsb.org/) (Rose et al., 2016)
was used for retrieval of 3CLpro (6LU7) crystal structure.
Using the protein preparation implemented in Schr€odinger
software (Schr€odinger, LLC, New York, NY), the structure was
prepared and optimized. The OPLS_2005 force field was
used for protein-energy minimization. For ligands prepar-
ation such as assigning appropriate ionization, stereochemis-
try, ring conformations, and tautomer (Release, 2017;
Schrodinger, 2011), a LigPrep module was used. APBS tool
(Lerner & Carlson, 2006) implemented in PyMOL was used
for electrostatic potential calculation.

Repurposing of anti-HIV drugs against 3CLpro

Drug repositioning or repurposing approach is used to speed
up the drug development cycle by finding a new therapeutic
application for a marketed drug that has been licensed for a
particular use (Sleigh & Barton, 2010). This approach was
fruitful in the case of sildenafil for leprosy, erectile dysfunc-
tion, and pulmonary hypertension, and multiple myeloma
thalidomide (Hernandez et al., 2017). Literature mining was
carried out to collect anti-HIV drugs for screening against
3CLpro (SARS-COV-2). Multiple drugs were retrieved from
drugbank database. A total of 31 drugs were shortlisted for
screening against the 3CLpro (SARS-COV-2).

High-throughput virtual screening

Schr€odinger binding site was used for finding the binding
site of proteins using the default parameters, and the gener-
ated maps show the binding cavity. The identified binding
sites have the descriptions regarding hydrogen bonding, a
degree of exposure and enclosure, size, linking site points,
tightness, hydrophobic and hydrophilic nature. The grid with
dimensions 12 Å� 12Å� 12Å was generated. The final active
site grid identified was based on the experimentally reported
residues by a recent crystallographic study (Jin et al., 2020)
and the maps generated by Schr€odinger Maestro. Three
steps of virtual screening (HTVS, SP, and XP) were used to
screen the anti-HIV and TCM compounds databases.
Furthermore, the bioactivity of these compounds was pre-
dicted by using molinspiration cheminformatics tool.
Molinspiration is an efficient tool that has been used by sev-
eral studies (�4500) to predict bioactivity results.

Molecular dynamics simulation of protein-
ligand complexes

Top hits from anti-HIV drugs and TCM database were sub-
jected to molecular dynamics simulation using the Amber18
package (Case et al., 2005). The antechamber was used to
generate the drugs topologies.TIP3P water model was to
solvate the system, and Naþ counter ions were used to neu-
tralizing the system. Two steps energy minimization of the
system followed by heating and equilibration was performed.

Particle Mesh Ewald (PME) algorithm was applied to calculate
the long-range electrostatic interactions (Price & Brooks III,
2004). For Van der Waals interactions, a 1.4 nm cutoff values
were set and also for short-range Columbic, respectively. A
total of 100 ns MD simulation was performed with a time
step of 2 fs. The behavior of the ligand-protein complex and
stability were analyzed. Post-simulation analysis such as
RMSD, RMSF, ROG and hydrogen bonds occupancy were per-
formed using CPPTRAJ and PTRAJ (Roe & Cheatham
III, 2013).

The binding free energy calculations

The script MMPBSA.PY was used to calculate the free binding
energy for all the protein-ligand complexes (Chen et al.,
2016; Hou et al., 2012; Miller III et al., 2012; Sun et al., 2014);
considering 500 snapshots from MD trajectories using the
following equation:

DGbind ¼ DGcomplex� ½DGreceptor þ DGligand�
In this equation, DGbind represents total free binding

energy, while others show the free energy of complex, the
protein, and the ligand. Specific energy term contributes to
the whole Free energy was calculated by the equation:

G ¼ Gbond þ Gele þ GvdW þ Gpol þ Gnpol�TS

Gbond, Gele and GvdW specify interactions among bonded,
electrostatic, and van der Waals states. In contrast, Gpol and
Gnpol represent the polar and non-polar interaction to the

Table 1. A list of anti-HIV drugs used for docking against the proteinase
enzyme of coronavirus (SARS-COV-2).

Drug Name Drugbank ID

Targeted virus(es)

HIV-1 HIV-II HBV HTLV-1

Enfuvirtide DB00109 � X X X
Nelfinavir DB00220 � X X X
Indinavir DB00224 � X X �
Nevirapine DB00238 � X X X
Tenofovirdisoproxil DB00300 � X X X
Zidovudine DB00495 � X X X
Ritonavir DB00503 � X X X
Efavirenz DB00625 � X X X
Stavudine DB00649 � X X X
Amprenavir DB00701 � � X X
Delavirdine DB00705 � X X X
Lamivudine DB00709 � X � X
Emtricitabine DB00879 � X X X
Didanosine DB00900 � X X X
Tipranavir DB00932 � X X X
Zalcitabine DB00943 � X X X
Abacavir DB01048 � X X X
Atazanavir DB01072 � X X X
Saquinavir DB01232 � X X X
Darunavir DB01264 � � X X
Fosamprenavir DB01319 � X X X
Lopinavir DB01601 � X X X
Inosine pranobex DB04335 � X X X
Maraviroc DB04835 � X X X
Etravirine DB06414 � X X X
Raltegravir DB06817 � X X X
Rilpivirine DB08864 � X X X
Dolutegravir DB08930 � X X X
Cobicistat DB09065 � X X X
Elvitegravir DB09101 � X X X
Tenofoviralafenamide DB09299 � X � X
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free energy presumed through precise GB (Generalized
Born). This free energy calculation method is widely used by
different studies to understand the binding energy of differ-
ent ligands (Khan et al., 2019; Wang et al., 2019).

Results and discussion

3CLpro structure retrieval and preparation

The crystallographic structure (306 amino acids long) of the
3CLpro (SARS-COV-2) was retrieved from the RCSB database
using accession ID: 6LU7. The structure of 3CLpro was ana-
lyzed for missing residues and refinement. The structure was

subjected to energy minimization and structure preparation
using Maestro. The structure of 3CLpro has three domains, as
given in Figure 1(A). These domains I-III correspond to pos-
ition 8–101, 102–184, and 201–303, respectively. While there
is a connecting loop corresponds to position 185–200, which
connects domains II and III. All these domains are coloured
differently. The ligand in the active site (Yellow colour
(sphere)) has also been shown in Figure 1(A). The electro-
static potential of the 3CLPro shows that the active site
region possesses a strong electronegative potential, while
weak electronegative potential around the active site can
also be observed. However, the weak electropositive and
neutral potential is distributed too. The active site grid

Figure 2. Interaction pattern of Saquinavir with the SARS-COV-2 proteinase. The left panes show the Saquinavir drug in 2D, while the right panel shows the inter-
action of Saquinavir with the critical active site residues, including His41 and Cys145.

Figure 3. Interaction pattern of the top five compounds from the TCM database. (A)5280343, (B) 5280445, (C) 5280805, (D) 5280863 and (E) 5458190.
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(X¼�10.71, Y¼ 12.41, Z¼ 68.83) was generated, and import-
ant residues were identified. Important active site residues
His41, Met49, Tyr54, Phe140, Leu141, Asn142, Cys145, His163,

Met165, Glu166, Leu167, Phe185, Asn187, and Gln192 were
identified and shown in Figure 1(B). The binding cleft is at
the same place as in the previously reported SARS with the

Table 2. 2D coordinates of the top five compounds from TCM database with their docking and bioactivity scores predicted by molinspiration cheminfor-
matics tool.

S. No Entry ID 2D structure Docking score Bioactivity

1. 5280805 �11.183 �0.07

2. 5280863 �7.688 �0.27

3. 5280445 �7.624 �0.22

4. 5280343 �7.434 �0.25

5. 5458190 �7.126 �0.12
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two critical residues HIS41 and CYS145 forms a cata-
lytic dyad.

Repurposing anti-HIV drugs against the 3CLpro (SARS-
COV-2)

In the current study, the repurposing of anti-HIV drugs
against the SARS-COV-2 main protease was carried out using
structure-based screening methods. Anti-HIV drugs such as
Lopinavir–Ritonavir are reported to be active against the
SARS-CoV-2. Clinical trials of these drugs on different groups
of patients showed significant improvement. Thus, anti-HIV
drugs possess the potential to work against SRS-CoV-2 tar-
gets. Therefore, immediate testing of anti-HIV drugs may
lead to a discovery of potent inhibitor against the SARS-CoV-
2. A list of 31 anti-HIV drugs (Table 1) was downloaded from
drugbank database (https://www.drugbank.ca/) using their
respective accession IDs (Wishart et al., 2018).

These drugs were prepared for molecular docking against
the proteinase enzymes of coronavirus (SARS-COV-2). The
docking scores were ranged from �9.09 kcal/mol to
�4.16 kcal/mol. All the conformations were analyzed for the
best interactions with the key residues. Initial criteria were
set to shortlist the drugs based on binding affinity and inter-
actions with the dyad residues (His41 and Cys145). The dock-
ing score �9.09 kcal/mol was reported for the HIV protease
inhibitor drug Saquinavir (Figure 2). This drug has been
reported to inhibit the HIV proteinase enzymes too. In this
case, (SARS-COV-2), the Saquinavir formed six hydrogen
bonds, including two with the central dyad residues (His41
and Cya145). Previous reports on different SARS, such as the
octa-peptide, also stressed the blocking of these two resi-
dues. Other interactions include four hydrogen bonds with
Glu166, Gln189, Met49, and Gly143, while some pi-alkyl inter-
actions, including one with Cys145 and other residues, are
also formed. Thus, we speculate that the clinical testing of

Figure 4. RMSDs of all the systems including 3CLpro-Squanavir (red), 3CLpro-5280805 (green), 3CLpro-5280445 (blue), 3CLpro-5280343 (cyan), 3CLpro-5280863
(magenta) and 3CLpro-5458190 (navy). The x-axis shows the time in nanoseconds while the y-axis shows the RMSD in Å.
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Saquinavir should be done at the earliest. It is also reported
by different scientists that HIV drugs could be potentially
used against the recent coronavirus.

Virtual screening of TCM database against the 3CLpro
(SARS-COV-2)

Furthermore, we also performed virtual screening of the
Traditional Chinese medicines database (TCM). A total of
37,800 compounds were screened after excluding the drugs
violating the Lipinski rules of five. Important residues in the
active site (His41 and Cys145) were targeted. The top five
compounds based on the docking scores were selected. The
best docking score, �11.183 kcal/mol, was reported for the
compound (5280805). More than ten bonds, including hydro-
gen bonds, van der Waals, electrostatics, and pi-alkyl interac-
tions, were formed. Among the seven hydrogen bonds, two
hydrogen bonds with the residue His41 were also formed,
which is a key residue in the active site dyad. Among the
other Phe140, Leu141, Asn142, His164, Glu166, and Thr190
also formed hydrogen bonds with the ligand (5280805).

On the other hand, compound 5280863, with the docking
score �7.688 kcal/mol formed a strong hydrogen bond with
the key residue His41. The compound 5280863 also formed
five hydrogen bonds with the other active site residues
(Glu166, Arg188, Gln189, and Thr190). The other three com-
pounds (5280445, 5280343, and 5458190) were also analyzed
for the interaction with the key residues. It can be seen from
Figure 3 that His41 is mainly involved in the interaction with
the ligands. Table 2 is showing the 2D structures of the top
five compounds with their docking scores.

Cross validation of our predicted compounds by compar-
ing with the experimentally tested compounds showed that
the Saquinavir and TCM5280805 possess a similar scaffold
with Myricetrin and Scutellarin which are flavonoids and
reported to have strong inhibitory effects by targeting
3CLpro. On the other hand, the four compounds
(TCM5280343, TCM5280445, TCM5280863 and TCM5458190)
from TCM database shares structural similarity with
Scutellarein, Dihydromyricetin, Quercetagetin, Myricetin, 5,6-
Dihydroxyflavone, 6,7-Dihydroxyflavone, Chrysin, Herbacetin
and Baicalein which are flavonoids and testes to have strong
inhibitory effects in an experimental condition by targeting
3Clpro (Chen & Du, 2020; Dai et al., 2020; Yang et al., 2020).
Their structural analyses showed that these compounds
mainly form bonds with Phe140 and Glu166 while our com-
pounds specifically target the catalytic dyad with supplemen-
tary interactions with the other active site residues. Thus, we
speculate that our compounds could also show the same
potential activity against the 3CLpro in the experimental
assay because our compounds are also plants derived
extracts and belongs to a group of flavonoids.

Furthermore, results obtained from the server shows that
all these shortlisted compounds are active against the prote-
ase target. From the scores it can be seen that Saquinavir
with score 0.40 possesses strong inhibitory effects against
the proteases while the others the reported score for
TCM5280805 (�0.7), TCM5280863 (�0.27), TCM5280445
(�0.22), TCM5280343 (�0.25) while TCM5458190 possess
(�0.12) bioactivity score against the protease target. Thus,
these results strongly suggest that the shortlisted com-
pounds could efficiently inhibit the 3CLPro in the experimen-
tal setup and could be tested for clinical trials.

Figure 5. RMSFs of all the systems including 3CLpro-Squanavir (red), 3CLpro-5280805 (green), 3CLpro-5280445 (blue), 3CLpro-5280343 (cyan), 3CLpro-5280863
(magenta) and 3CLpro-5458190 (navy). The x-axis shows the time in nanoseconds while the y-axis shows the RMSF in Å. The right panel shows the secondary struc-
ture of 3CLpro.
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Molecular dynamics simulation of the top hits

To understand the conformational and dynamics features of
the selected hits against the 3CLpro of SARS-COV-2molecular
dynamics (MD) simulation is an imperative method to
explore the behavior of each system in real-time. Dynamics
features of the six selected systems (Saquinavir, 528085,
5280863, 5280445, 5280343, and 5458190 were calculated
after 100 ns simulation. For stability RMSD, while to evaluate
the flexibility at residue level RMSF of the complexes were
calculated to comprehend the overall stability and flexibility
of the system.

RMSD analysis

The stability of all the six systems was calculated by using
Root Mean Square Deviation (RMSD). We tested the stability
of the docked drugs in the active pocket and its effects on

the stability of the whole system. The results suggest that all
the six systems were stable with acceptable deviation (as
shown in Figure 4). The average RMSD for all the systems
was found to be between 1 and 4Å. Saquinavir-3CLpro
exhibited an average RMSD of 2.5 Å soon after reaching
35 ns; the system attained stability remains uniform for the
rest of the time. It can be seen that the complex 3CLpro-
5280805 remained stable, but after 60 ns, the system showed
an acceptable deviation for a little time. After that, the sys-
tem gained stability and entered the production stage. For a
complex 3CLpro-5280445, the system showed a slight devi-
ation between 40 and 45ns but remained stable during the
course of the simulation.

On the other hand, 3CLpro-5280343 and 3CLpro-5280863
reported divergence between 40 and 60ns, but the system
soon gained stability. Similarly, in the case of 3CLpro-
5458190, the examination of RMSD of the Ca backbone has
an average RMSD of 2.3 Å. The system shows a deviation in

Figure 6. RoGs (radius of gyration) of all the systems including 3CLpro-Squanavir (red), 3CLpro-5280805 (green), 3CLpro-5280445 (blue), 3CLpro-5280343 (cyan),
3CLpro-5280863 (magenta) and 3CLpro-5458190 (navy).
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the RMSD for the first 15 ns while remained uniformed for
the rest of the simulation time. Thus, these results revealed
the stable internal motions and negligible fluctuations during
the course of the simulation. The differences in the RMSD of
each system is due to the binding and unbinding of the lig-
and at different time intervals. Also, the systems with more
stable behaviour show that the ligand remained intact, and
the system entered the production phase soon when com-
pared to the others. Aside, the binding of small molecules
affects the system differently as the ligand-binding orienta-
tion changes over the simulation time.

RMSF analysis

The RMSF depicts the flexibility at residues level. As shown
in Figure 5, the pattern of flexibility is almost similar and was
recorded around 1–4Å in all secondary components except
loop regions with slightly fluctuated residues. However,
active site residues seem stable in the course of the simula-
tion, which is due to the ligand recognition by the ligand-
binding regions. It can be seen that 3CLpro-Squanavir and
3CLpro-5458190 showed an average RMSF of 2.5 Å with sig-
nificant fluctuations in the regions 40–45, 90–110, 150–165,
and 245–260. A similar pattern of fluctuation was also
observed for systems including 3CLpro-5280805, 3CLpro-

5280445, and 3CLpro-5280863. However, the average RMSF
remained below the 2Å. Only the system 3CLpro-5280343
wed higher fluctuation than the rest, but the residual flexibil-
ity pattern was similar. The average RMSF for all the five sys-
tems was around 1–4Å, as clearly seen in Figure 5 (Left
Panel). These findings here show that the target protein is
stabilized by binding of all five chosen drugs docked against
it. Thus the binding of ligand has significantly affected the
residue fluctuation, which is due to the internal residues dis-
turbed by the binding of different ligands, and this both cor-
related and non-correlated motions are affected. The
secondary structure components are also given in Figure 5
(Right Panel).

Radius of gyration

The radius of Gyration (RoG) conveys the information of sta-
ble and unstable folding protein while interacting with
ligands. Less compactness (more unfolded) shows higher
RoG values, whereas low RoG values indicate strong com-
pactness and higher structural stiffness (more folded). Thus,
RoG was determined to assess the system’s compactness
over time. As shown in Figure 6, the simulated complexes
show gyration scores between 21 and 24Å. In the case of
3CLpro-Squanavir, the gyration score for the initial (2000)
frames was reported to be 22.50 Å. However, a little fluctu-
ation between (2000–3000) frames was observed, but soon
after 3500, the values become lower and uniform. In the
case of 3CLpro-5280805, 3CLpro-5280445, 3CLpro-5280863,
and 3CLpro-5458190 showed an average gyration of
22–22.50 Å. Similarly, 3CLpro-5280445 also showed similar
fluctuation, but in the last few frames, the values fluctuated
a little higher, which is assumed to be in an acceptable
range. The binding and unbinding of ligands greatly affected
the overall compactness of the complexes.

Hydrogen bond occupancy

As given in Figure 7, in 3CLpro-Squanavir, 3CLpro-5280805,
and 3CLpro-5280343 complexes, the hydrogen bond with

Figure 7. Showing the hydrogen bonding occupancy of each complex. His41, Leu141, Glu166, Gln189, and Thr190 were found to be involved in a high number of
MD trajectories in different complexes.

Table 3. Shows the total binding free energy and related term of all the six
complexes subjected to MMGBSA analysis. All the energies are given in kcal/
mol/.

Complex name

MMGBSA

DvdW Delec Dps DSASA DG total

3CLpro-Saquinavir �80.2350 0.0000 13.7916 �7.9627 �74.4061
3CLpro-5280805 �10.595 �26.061 54.8144 �3.6955 �29.486
3CLpro-5280445 �19.675 �22.019 33.119 �2.786 �16.342
3CLpro-5280343 �41.536 �11.714 25.747 �2.276 �17.184
3CLpro-5280863 �46.628 �1.1902 12.8929 �2.928 �10.315
3CLpro-5458190 �40.830 �8.972 22.1744 �1.508 �15.695

Elec¼ electrostatic energy;
Ps ¼ polar solvation energy;
SASA ¼ solvent-accessible surface area energy;
vdW ¼ van der Waals energy;
G Total ¼ total binding free energy;
MMGBSA ¼ molecular mechanics generalized Born solvent accessibility.
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His41 was reported in 87%, 65% and 39% of the trajectories.
Hydrogen bond with Cys145 residue was reported in 65%
trajectories only in the 3CLpro-Squanavircomplex.
Furthermore, Leu141 and Glu166 were found in almost all
complexes. However, another important residue Gln189 was
found in 76% of the 3CLpro-Squanavir trajectories, 36% in
3CLpro-5280805, while 21% in 3CLpro-TCM5280445 trajecto-
ries. Other active site residues were not detected in a signifi-
cant population of the MD trajectories.

Binding free energy

MM/GBSA, a popular approach, was used to estimate the
binding free energy of all the six systems. The binding free
energy determines the binding affinity between ligands and
3CLpro. Each energy term, including van der Waals energy,
electrostatic energy, polar solvation energy, solvent access-
ible surface area energy, and total binding free energy of all
the systems are given in Table 3. It can be seen that the
3CLpro-Saquinavir system possesses the highest total binding
energy of �74.4061 kcal/mol. Thus it confirms that
Saquinavir, an anti-HIV drug that has been reported to
inhibit HIV protease experimentally, possesses strong inhibi-
tory effects against the 3CLpro of SARS-COV-2. Recently pub-
lished results also shortlisted Saquinavir as a potential
candidate, but they only performed 20 ns simulation (Khan
et al., 2020), which could not reflect better results than what
we revealed by adding 5-folds more simulation time.

Furthermore, the top five hits from TCM virtual screening
results were also subjected to the free binding energy as
reported by the virtual screening results TCM5280805 was
reported with the best docking score and interaction. Herein,
TCM5280805 also possesses the best total binding ener-
gy,29.486 kcal/mol, against the 3CLpro. Also, the other hits
from including TCM5280445, TCM5280343, TCM5280863, and
TCM5458190 possess total binding energy of �16.342 kcal/
mol, �17.184 kcal/mol, �10.315 kcal/mol and �15.695 kcal/
mol. While the other energy terms such as van der Waals
energy, electrostatic energy, polar solvation energy, solvent-
accessible surface area are given in Table 3, thus these
results strongly suggest that Saquinavir and TCM5280805
should be tested experimentally against the SARS-COV-2
at earliest.

Discussion

To date, a total of 4,434,653 confirmed cases and 302,169
deaths are reported from the SARS-COV-2 epidemic, which
indicates that the current viral treatment is not satisfactory,
and more diverse studies are needed for the incorporation of
various natural and FDA approved compounds for the effect-
ive treatment of SARS-COV-2. Further, our existing capacity
for treating zoonotic coronavirus infections is still in the trial,
and the available resources seem very limited to fight this
life-threatening hazard. Although extensive research efforts
have been initiated during 2003 and 2012 outbreaks of SARS
and MERS-CoV, respectively, however, no effective drugs so
far have been synthesized, nor the matter may be taken

seriously to prevent the future pandemics of zoonotic cor-
onavirus. Drug repositioning is a ‘universal strategy’ for
neglected diseases due to reduced number of clinical trial
steps required could reduce the time and cost of the medi-
cine to reach the market, existing pharmaceutical supply
chains could facilitate the ‘formulation and distribution’ of
the drug, the known possibility of combining with other
drugs could enable more efficient treatment, Repositioning
could encourage the development of ‘new modes of action
for old drugs and new types of medicines, eliminating
‘activation obstacles’ from early stages of study could allow
the project to progress rapidly towards disease-oriented
development (Pushpakom et al., 2019). One of the primary
reasons why no prototype coronavirus inhibitor has pro-
gressed to the (early) preclinical stage so far is due to the
transient nature of this epidemic. Like the SARS virus 17 years
ago, the new SARS-CoV-2, and the new evolving coronavi-
ruses that may continue to pose a threat to global public
health in the future. Hence, discovering broad-spectrum
inhibitors that can reduce the symptoms of human corona-
virus infection remains a formidable subject of study.
Considering the time-consuming process of designing and
documenting antiviral medications, proven therapies for cer-
tain diseases may be the only fastest therapeutic choice for
emerging infectious diseases. The prescription has ample
experience and dosage for most of those medications that
have been formulated, and their health and ADME properties
are well known.

In this study, based on the results of bioinformatics ana-
lysis, we targeted 3CLpro from SARS-COV-2 using drugs
repurposing (anti-HIV drugs) virtual drugs screening (TCM)
approaches to shortlist the most potent compounds for the
possible treatment. The results of the entire article stressed
the potential inhibitory role of Saquinavir and TCM5280805,
which are based on computer-based virtual drug screening.
We have not conducted further in vivo and in vitro antiviral
experiments yet, because we want to share our results with
scientists in anti-SARS-CoV-2 research as soon as possible.
This study will help to repurpose drug design, perform
in vivo and in vitro evaluations for candidate drugs obtained
in this study, and prepare for clinical trial applications.

Conclusion

3C-like protease (3CLpro), also called the main protease, is
an attractive target for the treatment of SARS-COV-2 because
of its role in the viral replication cycle. The current study
focused on structure based approaches repurposed anti-HIV
drugs and Screened Traditional Chinese Medicines databases
against the active site residues of 3CLPro. Initial analysis such
as molecular docking scores and interactions with important
residues shortlisted one drug (Saquinavir) from anti-HIV
drugs while five compounds from TCM database.These com-
pounds were then subjected to molecular dynamics simula-
tion and post-simulation analysis. Among the six complexes
subjected to molecular dynamics simulation Saquinavir,
TCM5280805 showed the highest hydrogen bond occupancy.
The rest were also found to have good activity against the
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3CLPro. In addition, the bioactivity of these compounds were
predicted which reported Saquinavir as strong potential
inhibitor followed by the others.Binding Free energy calcula-
tions of all the complexes suggested that these compounds
significantly interacting and binds with the receptor. Thus,
here from all the analyses, we suggest that Saquinavir and
TCM5280805 should be tested experimentally for possible
treatment of SARS-COV-2.
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