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Abstract: COVID-19 has become a worldwide risk to the healthcare system of practically every nation
of the world, which originated from Wuhan, China. To date, no specific drugs are available to treat this
disease. The exact source of the SARS-CoV-2 is yet unknown, although the early cases are associated
with the Seafood market in Huanan, South China. This manuscript reports the in silico molecular
modeling of recent FDA-approved anticancer drugs (Capmatinib, Pemigatinib, Selpercatinib, and
Tucatinib) for their inhibitory action against COVID-19 targets. The selected anticancer drugs are
docked on SARS-CoV-2 main protease (PDB ID: 6LU7) and SARS-CoV-2 spike glycoprotein (PDB
ID: 6M0QJ) to ascertain the binding ability of these drugs. ADMET parameters of the drugs are assessed,
and in addition, DFT calculations are done to investigate the pharmacokinetics, thermal parameters,
dipole moments, and chemical reactivity descriptors. The docking energies (AG) and the interacting
amino acid residues are discussed. Promising molecular docking conclusions have been accomplished,
which demonstrated the potential of selected anticancer drugs for plausible drug development to fight
COVID-19. Further optimizations with the drug may support the much-needed rapid response to
mitigate the pandemic.
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1. Introduction

Worldwide, as of 30 September 2020, there have been 33,441,919 confirmed cases of
COVID-19, including 1,003,497 deaths, reported to WHO (https://covid19.who.int/). As per a
published report on ProMED-mail in December 2019, a group of patients was found to exhibit
pneumonia-like symptoms of unknown etiology in Wuhan city, Hubei Province, China
(https://promedmail.org/). Later on February 12, 2020, the novel coronavirus was found
responsible for the cause, was officially named as 2019 novel coronavirus (2019-
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nCoV)/Coronavirus Disease 2019 (COVID-19) by WHO. And WHO declared COVID-19
outbreak a pandemic on 11 March [1].

Human coronaviruses are positive-sense, 30,000 bp long, single-stranded RNA viruses
that belong to the Coronaviridae family, responsible for various diseases with enteric,
respiratory, hepatic, and neurological symptoms [2]. SARS-CoV-2 was responsible for
infection in pets and respiratory diseases of variable severity in humans (i.e., severe acute
respiratory syndrome coronavirus 2, abbreviated as SARS-CoV-2). Therefore, human infecting
coronavirus can be classified into low and highly pathogenic [3]. SARS-CoV-2 is possibly a
new recombinant [3-coronavirus that originated from bats. The recombination occurred within
the Spike glycoprotein, which recognizes a cell surface receptor, consequently permitting
transmission amid different species [4]. Two classes of proteins that typify coronaviruses are
structural proteins (viz., spike, nucleocapsid, matrix, and envelope) and nonstructural proteins
(viz., proteases and RdRp; RNA-dependent RNA polymerase) [5]. Spike protein in a homo-
trimeric state is present on the outer surface of the virus; it is a vital recognition factor for the
attachment and entry of the virus into the host cells [6,7]. Currently, there has been an
exponential increase in the number of established infections; nonetheless, there is no definite
treatment for symptoms caused in COVID-19. The severity of COVID-19 requires an urgency
to develop a vaccine within the record-breaking time of ~12-18 months.

The methodology involved in the development of a new drug, preclinical research, and
its approval is costly and almost a decade long process. This time-taking discovery procedure
unravels the scope of drug repurposing as an alternate methodology for reducing the time
required for drug development [8]. These days, the idea of drug repurposing is
comprehensively used for the identification of previously approved (or under investigation or
even discarded drugs) for several other diseases, because of the fact that various drugs might
be able to target multiple proteins and not just one, and also many diseases constitute an
overlapping molecular pathway. Despite the fact that the drug repurposing approach is old, it
has earned considerable stimulus in the past 10 years: about 1/3" of the drug approvals in
current years is owed to drug repurposing, producing ~25% of the annual revenue for the
pharma industry [9,10].

COVID-19 is a mild-to-severe respiratory illness linked with symptoms causing fever,
fatigue, dry cough, muscle aches, shortness of breath, pneumonia [11,12]. Its severity might
lead to ARDS (Acute respiratory distress syndrome), which is characterized by inflammation
in the lungs with fluid build-up within the lungs and its vicinity that causes septic shock because
of intense fall in the blood pressure causing a shortage of oxygen to the body organs. The
incubation period of COVID-19 is ~1 to 14 days [13]. In particular, a remarkable number of
drugs reconsidered for treatment of COVID-19 either are or have been used in treating cancer
[14]. Virus-infected human cells are compelled to boost up the synthesis of nucleic acids,
proteins, and lipids, enhancing energy metabolism so as to confirm the “viral program”.
Undeniably, cancer cells also display similar features, suggesting that drugs used to treat
cancer, which interferes with specific cancer cell pathways, could be effective against viral
replication. To our awareness, cancer therapeutic drugs that could have the potential for treating
COVID-19 have not been comprehensively studied.

Therefore, in search of a coherent and effective choice of drugs suitable for repurposing
for the treatment of SARS-CoV-2 [15,16]. We here in this paper, report the in silico evaluation
of recent FDA-approved anticancer drugs against two very important SARS-CoV-2 targets viz.,
main protease [17-22] and spike glycoprotein [23—-25]. We have chosen four recently approved
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anticancer drugs- Capmatinib™* that got approval under trade name Tabrecta FDA in June 2020
for treating non-small cell lung cancer; Pemigatinib® (Pemazyre) approved in April 2020
cholangiocarcinoma, a rare form of bile duct cancer; Selpercatinib* (Retevmo) for the treatment
of lung and thyroid cancers got approval in May 2020. Tucatinib** (Tukysa) to treat advanced
unresectable or metastatic HER2-positive breast cancer approved in April 2020. SARS-CoV-
2 main protease is known to be accountable for monitoring numerous key viral functions that
include viral replication processes making it an ideal target for drug development [26]. The
second in silico docking model is the spike protein, which is a key recognition factor
responsible for virus attachment and entry into the host cells. Therefore, we studied the
synergistic effect of the selected drugs against the SARS-CoV-2 main protease (PDB ID:
6LU7) and SARS-CoV-2 spike glycoprotein (PDB ID: 6M0J) via molecular docking and DFT
calculations. The results are promising and suggest possible inhibition for the currently
available cancer therapeutics against the newly emerged COVID-19.

2. Materials and Methods
2.1. In silico ADME and drug-likeness.

Physically substantial descriptors and pharmaceutically significant properties of all the
selected drugs viz., MW, mlogP, H-bond donors, and H-bond acceptors in accordance with the
Lipinski’s rule of five were explored. The ADMET parameters of the selected anticancer drugs
were also predicted using SwissADME (http://www.swissadme.ch/index.php) [27]. In silico
analyses to guess the core pharmacokinetics parameters such as blood-brain barrier (BBB)
permeability, gastrointestinal (GI) absorption, P-glycoprotein-mediated efflux (Pgp) were also
carried out.

2.2. DFT calculations.

DFT has been proved to be a powerful tool for the study of electronic and
thermodynamic parameters. The quantum computational studies of anticancer drugs were
performed in the gas phase on GAMESS [28,29]. Considering the complexity of the theoretical
model used for this study, all the structural optimizations were carried out at the DFT using a
basis set of B3LYP/6-31G(d) method. The electronic properties of the drugs such as Exowmo,
ELumo, HOMO-LUMO energy gap, global hardness, electronegativity, electronic chemical
potential, electrophilicity, and chemical softness, natural charges, and dipole moment were
calculated [30-32].

2.3. Molecular docking.

Docking calculations were done on AutoDock Vina [33]. Energy minimized structure
of anticancer drugs Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib, obtained from DFT
optimization, were utilized for docking analyses. The crystal structures of SARS CoV-2 main
protease (PDB ID: 6LU7) [34] and SARS-CoV-2 spike glycoprotein (PDB ID: 6M0J) [35]
were retrieved from the Protein Data Bank (http://www.rcsb.org/pdb) in PDB format and were
prepared by AutoDock Tools [36]. A grid box of 40 x 40 x 40 A centered at (-25.986, 12.590,
59.154) A and (-26.858, 18.390, -13.832) A, for the SARS-CoV-2 main protease and SARS-
CoV-2 spike glycoprotein, respectively, was used in the docking experiments. Visualization of
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the docked poses has been done by CHIMERA (www.cgl.ucsf.edu/chimera) [37] and
Discovery Studio visualizer [38].

3. Results and Discussion

3.1. In silico ADME and drug-likeness.

The major parameters for pharmacokinetics are ADME (absorption, distribution,
metabolism, and excretion) [39]. Table 1 shows predicted in silico ADME properties of
selected anticancer drugs. The results were suggestive of no significant violations of the
Lipinski’s rule of five [40], as all calculated values fall within the expected range. As per this
model, the drugs displayed acceptable bioavailability orally along with other parameters viz.,
lipophilicity, MW, polarity, solubility, saturation, flexibility as exposed in bioavailability radar

plots [41].

Table 1. Selected calculated physicochemical and pharmacokinetic properties of investigated drugs.

Properties Capmatinib Pemigatinib Selpercatinib Tucatinib
mLogP 2.80 2.34 1.35 3.19
TPSA (A2 85.07 83.16 112.04 110.85
MW (g/mol) 412.42 487.50 525.60 480.52
nHBA 6 8 8 7
nHBD 1 1 1 2

n violations 0 0 1 0
Nrotb 5 6 8 6

Gl absorbtion High High High High
BBB permeant No No No No
Pgp substrate Yes Yes Yes Yes
LogS -4.39 -3.19 -4.50 -6.02

mLogP= lipophilicity; TPSA= Total Polar Surface Area; MW= Molecular Weight; nHBA= number of hydrogen bond
acceptors; nHBD= number of hydrogen bond donors; n violations= number of violated drug-likeness rules; nrotb=
number of rotating bonds; BBB= blood—brain barrier; GI= gastrointestinal; Pgp= p-glycoprotein; LogS= solubility.

Lipophilicity is described by the partition coefficient between n-octanol and water (log
Po/w or mlogP), a significant parameter for pharmacokinetics drug discovery ascertained by
SwissADME [42,43]. mlogP values for all four investigated drugs were below 4.15, especially
low in the case of Selpercatinib due to increased electron density and polarity since
Selpercatinib exhibit the highest dipole moment value ascertained by DFT calculations later.
On the other hand, Tucatinib has the highest lipophilicity owing to the presence of fluorine that
boosts its lipid solubility. However, the positive mlogP values imply that all the investigated
anticancer drugs have sufficient lipophilicity and accomplish the critical criteria for drug
moiety. Water solubility is another significant prerequisite for any drug moiety that is expected
to be administered orally given in an adequate quantity of the active pharmaceutical ingredients
in a small amount [44,45]. From the values of LogS, we can conclude that Pemigatinib
exhibited good water solubility while the other three were found to be moderately soluble,
displaying predicted solubility ranging between -4 to -6. These findings suggested that the
selected drugs were capable of oral administration in the body.

The number of free rotatable bonds and Lipinski’s rule determined the drug-likeness.
In silico studies were carried out to predict the core pharmacokinetic parameters such as
gastrointestinal absorption, P-glycoprotein-mediated efflux (Table 1). All these investigated
anticancer drugs Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib, display high
gastrointestinal absorption, which permits their oral dosing.
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Bioavailability radar of anticancer drugs Capmatinib, Pemigatinib, Selpercatinib, and
Tucatinib ascertained from SwissADME showed that they exhibit excellent predicted
physicochemical descriptors and pharmacokinetic properties for oral bioavailability (Figure 1).
The perfect space of six physicochemical parameters for oral bioavailability- size, polarity,
lipophilicity, solubility, flexibility, and saturation are located within the pink-colored area
[41,46]. All four investigated anticancer drugs are present in the pink area, i.e., agreeable area,
except in Capmatinib and Tucatinib, the fraction of sp? hybridized carbons is <0.25 [41].

1 uPo 2 upo 3 upPo a LPO

FLEX size FLEX size FLEX SiZE  FLEX SIzZE

INSATU POLAR  INSATU POLAR  INSATU < POLAR INSATU - POLAR

s gLy INSOLU INSOLU

Figure 1. Bioavailability radar plot of investigated anticancer drugs; Capmatinib (1), Pemigatinib (2),
Selpercatinib (3), and Tucatinib (4). POLAR (polarity), LIPO (lipophilicity), INSOLU (solubility), FLEX
(flexibility), and INSATU (saturation).

3.2. DFT calculations.

DFT, a computer-based method that has gained a vast status in the area of in silico
pharmaceutical analysis, was implemented to evaluate the electronic and reactivity parameters
of the investigated anticancer drugs. The study of the electronic parameters of the molecules
plays a vital role in determining the pharmacological properties. DFT optimized structures of
selected anticancer drugs are shown in Figure 2. Frontier molecular orbitals (FMOs) are- i)
HOMO (highest occupied molecular orbital), the highest energy orbital occupied with
electrons, hence an electron donor, and ii) LUMO (lowest unoccupied molecular orbital), the
lowest energy orbital that can accept electrons, hence an electron acceptor. These FMOs control
the mode of the interaction of the drugs with other molecules. Furthermore, these drugs were
investigated on the basis of HOMO/LUMO energy gaps.

Figure 2. DFT-optimized geometries of Capmatinib (1), Pemigatinib (2), Selpercatinib (3), and Tucatinib (4).
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As a general rule, the increase in the energy gap leads to decreased reactivity and vice
versa [47]. B3LYP functional method was applied for DFT calculations, while for calculating
the band energy gap, (AE) expression of ELumo—Enomo was used [48]. The results are
summarized in Table 2.

Table 2. Thermal parameters (Hartree/Particle) (KJ/mol) and Dipole moment (Debye) of
investigated drugs.

Parameters Capmatinib Pemigatinib Selpercatinib Tucatinib
ZPVE 1022.676 1394.367 1591.966 1323.790
Etot 1077.157 1464.903 1668.228 1389.819
H 1079.636 1467.382 1670.706 1392.298
G 895.236 1251.460 1440.592 1184.248
y 5.291 3.066 9.605 2.299

ZPVE: Sum of electronic and zero-point energies; Ewt: Sum of electronic and thermal energies; H: Sum of
electronic and thermal enthalpies; G: Free energy; pu: Total Dipole Moment.

In addition to HOMO and LUMO, some other chemical reactivity descriptors viz.,
chemical hardness (1), chemical softness (o), electrophilicity index (®), nucleophilic index (g),
electronegativity (y), and chemical potential (i) were also calculated and are summarized in
Table 3 [30-32]. All these parameters, combined with different extents, exert a significant
impact on the degree of the binding affinity of drugs with active drug targets.

Table 3. The theoretical calculated conceptual DFT descriptors of investigated drugs.

Parameters Capmatinib Pemigatinib Selpercatinib Tucatinib
Enomo (a.u.) -0.313 -0.282 -0.278 -0.282
ELumo (a.u.) 0.031 0.108 0.068 0.067
Eg(nomo-Lumo) (a.U.) -0.344 -0.390 -0.346 -0.349
AE(Lumo-HOMO) 0.344 0.390 0.346 0.349
Electronegativity (y) 0.141 0.087 0.105 0.107
Chemical hardness (1) 0.172 0.195 0.173 0.174
Chemical softness (o) 7.0921 11.4942 9.5238 9.3023
Chemical potential (1) -0.141 -0.087 -0.105 -0.107
Electrophilicity index (®) -0.0575 -0.0193 -0.0317 -0.0329
Nucleophilic index (¢) -0.0242 -0.0169 -0.0181 -0.0187

2 3

Figure 3. HOMO-LUMO energy of optimized structures of Capmatinib (1), Pemigatinib (2), Selpercatinib (3),
and Tucatinib (4).

Figure 3 shows the three-dimensional plots of FMOs (HOMO and LUMO) in the
optimized state. In addition, the thermodynamic parameters were also calculated and are
summarized in Table 3. The dipole moment is a significant electronic property and was found
to be in the order Selpercatinib (9.605 Debye) > Capmatinib (5.291 Debye) > Pemigatinib
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(3.066 Debye) > Tucatinib (2.299 Debye). A large dipole moment represents very strong
intermolecular interactions [49].

3.3. Molecular docking.

Molecular docking is an in silico method that analyzes the binding properties of the
ligands [50-52]. The ligand binding in the active site of the selected target is suggestive of the
possibility that the ligand may probably be able to steer functional modification of the target
molecules [53,54]. The drug-target interactions were also deciphered in terms of the amino
acid residues, interacted with the drug, the hydrogen bonding, analysis of the molecular
docking energy (AG, kcal/mol), and comparing the amino acid residues in the active sites and
feasible binding sites.

3.3.1. Docking with SARS-CoV-2 main protease.

SARS-CoV-2 main protease is a homo-dimeric protein with two subunits; each having
a length of 306 residues and contain 9 a-helices and 13 B-strands to form 3 discrete domains: |
(from residues 8 to 100), Il (from residues 101 to 184), and Il (from residues 199 to 306)
(Figure 4A) [34]. Domain III comprises of 5 a-helices (a5-a9) linked by a long loop (residues
185-200) to Domain 1. The substrate-binding site of the main protease is positioned at a cleft
between domains | and Il [55].

Molecular docking studies of FDA-approved anticancer drugs, Capmatinib,
Pemigatinib, Selpercatinib, and Tucatinib, with the SARS-CoV-2 main protease, were
achieved individually. From Figure 5, it can be inferred that the selected anticancer drugs (blue
sticks) were capable of binding to SARS-CoV-2 main protease with binding energies (AG) of
-8.0, -6.7, -7.4, and -7.8 kcal/mol, respectively. These binding energies provided an
understanding of the binding affinity of the drug to the selected target. Usually, a low docking
score is indicative of a more potent inhibition. The binding affinity of anticancer drugs was in
the order Capmatinib > Tucatinib > Selpercatinib > Pemigatinib. The docking analysis of
anticancer drugs within the active binding sites of SARS-CoV-2 main protease (PDB ID:
6LU7) are displayed in Table 4 and Figure 6. Analysis of docked poses of investigated drugs
suggested that they exhibited several hydrophobic and some hydrophilic interactions with main
residues of the interface. The stability of the enzyme-inhibitor complex is governed by
hydrogen bonding [56].

Figure 4. Model of the (A) SARS-CoV-2 main protease (PDB ID: 6LU7) and (B) SARS-CoV-2 spike
glycoprotein (PDB 1D: 6M0J) generated using CHIMERA [37].
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Table 4 sums up the amino acid residues of the target sites that are involved in the
hydrogen bonding with the selected anticancer drugs. The total binding strength is due to
various types of bonds that include ionic, hydrophobic, and Vander Waals interactions;
however, hydrogen bonding is a major contributor [57,58].

Table 4. Binding energies (kcal/mol) and amino acid residues involved in hydrogen bonding of investigated
anticancer drugs within the binding sites of SARS-CoV-2 main protease (PDB ID:6LU7) and SARS-CoV-2
spike glycoprotein (PDB 1D:6M0J).

ru emical structure argets eceptor residues indin
Drug Chemical Targ Recep id Binding
{Drug Bank involved in Hydrogen | energy
Number} bonding (kcal/mol)
(0] F
Capmatinib HN A\ 6LU7 GInA:110, LysA:102 -8.0
1 | Ny { -
{DB11791} \N)*N 6MO0J TyrA:196 -9.3
. o/ F =N
Pemigatinib \ ) (\0 6LU7 PheA:294 -6.7
2 N = \)
{DB15102} Jd N O%N\_ 6MO0J ArgA:514, GInA:98, | -8.1
LysA:562
Selpercatinib 6LU7 AspA:245, ThrA:243 -7.4
3
{DB15685} 6MO0J ArgA:514, AspA:350, | -8.7
GInA:398
Tucatinib 6LU7 - -7.8
4
{DB11652 u 6MO0J AspA:350, SerA:44 9.6
(DB06142)} N 7 N’N\>
N\%N =\
O

A: Chain A of target enzyme; Arg-arginine; Asp-Asparagine; GIn-Glutamine; Lys-Lysine; Phe-phenylalanine; Thr-
Threonine; Tyr-Tyrosine; Ser-serine.

9 | W
G!yi 110.a

e -4
.‘ GLY 109.A

™~

PRO 108.A

L

Figure 5. Molecular docking interactions of Capmatinib (1), Pemigatinib (2), Selpercatinib (3), and Tucatinib
(4) displaying amino acid residues with SARS-CoV-2 main protease (PDB ID: 6LU7).

https://biointerfaceresearch.com/

10066


https://doi.org/10.33263/BRIAC113.1005910073
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC113.1005910073

Hydrogen bonding is believed to depend on the composition and 3D alignment of
contacting amino acid residues at the prominent and active binding sites [59]. The predicted
active site amino acid residues of SARS-CoV-2 main protease (PDB ID: 6LU7) with
Capmatinib are GInA:110, LysA:102, PheA:294, ValA:104, 1leA:106, ThrA:111, and
AsnA:151. Among these, GInA:110 and LysA:102 form hydrogen bonding with the drug
Capmatinib, while other interactions such as n-n stacking (PheA:294), Vander Waal’s forces
(ValA:104, lleA:106, ThrA:111), and n-donor hydrogen bond with AsnA:151. Table 5 shows
the various types of interactions apart from hydrogen bonding that is involved in the binding
of Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib with SARS-CoV-2 main protease
(PDB ID: 6LU7).

Table 5. Type of interactions involved with the residues of the targets.

SARS-COV-2 main protease (6LU7)

Type of | Amino acid residues

Interactions Capmatinib Pemigatinib Selpercatinib Tucatinib

Hydrogen bond GInA:110, LysA:102 PheA:294 AspA:245, ThrA:243 -

n-7 stacking PheA:294 - HisA:246, PheA:294 -

Vander Waal’s | 1leA:106, ThrA:111, | AspA:245,  AsnA:203, | AsnA:203, GInA:110, | ArgA:105,

forces ValA:104 GInA:110, GlyA:109, | GluA:240, GlyA:109, | AsnA:151, GInA:107,
HisA:246, IleA:200, | lleA:200, ProA:108, | HisA:246, 1leA:106,
ThrA:292 ThrA:292 PheA:294, ThrA:292

n-alkyl - ProA;293, ValA:202,297 | ProA:293, ValA:202 lleA:249, ValA:202

Other AsnA:151 (n-donor | IleA:249 (n-0) IleA:249 (n-0) -

hydrogen bond)
SARS-COV-2 spike glycoprotein (6M0J)

Type of | Amino acid residues

Interactions Capmatinib Pemigatinib Selpercatinib Tucatinib

Hydrogen bond TyrA:196 ArgA:514, GInA:98, | ArgA:514,  AspA:350, | AspA:350, SerA:44
LysA:562 GInA:398

n-7 stacking GlyA:205 - HisA:401 PheA:40, TrpA:349

Vander Waal’s | AlaA:396, GIuA:208, | AspA:200, GInA:102, | AspA:382,  AsnA:397, | AlaA:348, ArgA:393,

forces 398,564, GlyA:98,102, | GIuA:398,  LeuA:392, | HisA:378, LeuA:392, | LeuA:351, LysA:562,

ProA:265, TrpA:203 TyrA:510 TrpA:349, TyrA:385 SerA:43, TrpA:69
n-alkyl ValA:209 AlaA:99, LeuA:95 PheA:40,390 -
Other LysA:562 (r- cation) - - -

TyrA:202 (Fluorine)

A: Chain A of target enzyme; Ala: alanine; Arg:

arginine; Asn: asparagine; Asp: aspartate; Gln: glutamine; Glu: glutamate; Gly:
glycine; His: histidine; lle: isoleucine; Leu: leucine; Lys: lysine; Phe: phenylalanine; Pro: proline; Ser: serine; Thr: threonine; Trp:

tryptophan; Tyr: tyrosine.

These results of docking analysis revealed that all the selected drugs except Tucatinib
were capable of forming hydrogen bonds with amino acid residues in the active sites. From the
above findings, we concluded that the differences because of the presence of interacting amino
acids sharing active binding sites, with small association with or without hydrogen bonding.
We also concluded that the presence of the hydrogen bonding was independent, with the
regularity of interacting amino acids to active binding sites and docking strength.

3.3.2. Docking with SARS-CoV-2 spike glycoprotein.

The coronavirus spike glycoprotein comprises of three cleavage sites that are
administered by human host proteases (Figure 4B). The level of viral pathogenicity and cross-
species can be determined only by understanding the exact nature of cleavage sites and their
individual processing proteases. The outer surface of coronaviruses (including SARS-CoV-2)
holds a critical transmembrane spike glycoprotein that is necessary for their entry into the host
cells. This viral glycoprotein possesses a crown-like trimeric structure, containing domains and
structural motifs essential for binding to host cells and for viral replication. In this context, two
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key subunits need to be processed by host cell proteases to enable conformational
rearrangement of one of the domains and exposure of the epitopes that allow the virus to enter
and consequently egress from host cells [60]. Hence, recent studies suggested that impairing
the spike glycoprotein processing represents a viable therapeutic strategy [61,62]. Keeping this
in view, we explored the binding of Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib with
SARS-CoV-2 spike glycoprotein (6M0J). The binding modes of Capmatinib, Pemigatinib,
Selpercatinib, and Tucatinib are shown in Figures 7 and 8.

VAL
5,891201

! 589

5.69/HIS
\ A:246

Figure 6. 2D interaction profile of Capmatinib (1), Pemigatinib (2), Selpercatinib (3), and Tucatinib (4) with
SARS-CoV-2 main protease.

> 9
R
TYR 510,
14.A
=) aad

=
3

Figure 7. Molecular docking interactions of Capmatinib (1), Pemigatinib (2), Selpercatinib (3), and Tucatinib
(4) displaying amino acid residues with SARS-CoV-2 spike glycoprotein (PDB 1D: 6MO0J).
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The results revealed their good binding with SARS-CoV-2 spike glycoprotein with AG
values in the order Tucatinib (-9.6 kcal/mol) > Capmatinib (-9.3 kcal/mol) > Selpercatinib (-
8.7 kcal/mol) > Pemigatinib (-8.1 kcal/mol). Tables 4 and 5 lists the amino acid residues
involved in the binding of the drugs with SARS-CoV-2 spike glycoprotein (PDB ID: 6M0J)
and the types of interactions inferred. Figure 9 displays the histogram representing the binding
energies, AG (kcal/mol) of investigated drugs with the targets.

These findings of the molecular docking results were found to be in agreeable
corroboration with the results of DFT calculations, proposing Capmatinib as the potent drug
that could be used for the treatment of COVID-19, since it was found to bind with both the
targets and also exhibited strong intermolecular interactions. Further, these selected FDA-
approved anticancer drugs were capable of binding to the new coronavirus strain SARS-CoV-
2 main protease and SARS-CoV-2 spike glycoprotein firmly and, as a result, could probably
inhibit the functioning of the polymerase.
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Figure 8. 2D interaction profile of Capmatinib (1), Pemigatinib (2), Selpercatinib (3), and Tucatinib (4) with
SARS-CoV-2 spike glycoprotein.
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Figure 9. Histogram representing the binding energies, AG (kcal/mol) of Capmatinib (1), Pemigatinib (2),
Selpercatinib (3), and Tucatinib (4).
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4. Conclusions

To combat the lethal coronavirus contagion, several studies are being carried out
utilizing anticancer drug treatments. In this paper, we report four recent FDA-approved
anticancer drugs, Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib, that have been
investigated for their potential use for against SARS-CoV-2 via molecular docking and DFT
calculations. The ADME properties and drug-likeness suggested their good oral bioavailability.
DFT exploration of the selected drugs also displayed acceptable results. Molecular docking
calculations were achieved to evaluate the binding interaction of the investigated anticancer
drugs with the SARS-CoV-2 targets (i) SARS-CoV-2 main protease (PDB ID: 6LU7), and (ii)
SARS-CoV-2 spike glycoprotein (PDB ID: 6M0J). The results of which revealed multiple
hydrogen-bonding interactions, with the active amino acid residues with the binding energies
of -8.0,-6.7, -7.4, and -7.8 kcal/mol for Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib,
respectively with SARS-CoV-2 main protease (6LU7). On the other hand, the calculated AG
values were -9.3, -8.1, -8.7, and -9.6 kcal/mol respectively for Capmatinib, Pemigatinib,
Selpercatinib, and Tucatinib, with SARS-CoV-2 spike glycoprotein (6MO0J). Thus, these
anticancer drugs, viz., Capmatinib, Pemigatinib, Selpercatinib, and Tucatinib, could be
investigated via experimental findings in the future clinical trials of drugs against SARS-CoV-
2. We also hope that our preliminary findings could provide a path for a more comprehensive
clinical investigation on the repurposing strategy of previously existing anticancer drugs for
treating COVID-19, a track of research sustained by limited funds but of principal significance
to face this new worldwide challenge.
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