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A B S T R A C T   

Herein we have selected seventeen anti-lung cancer drugs to screen against Mpro, PLpro and spike glycoproteins 
of SARS-CoV-2to ascertain the potential therapeutic agent against COVID-19. ADMET profiling were employed to 
evaluate their pharmacokinetic properties. Molecular docking studies revealed that Capmatinib (CAP) showed 
highest binding affinity against the selected proteins of SARS-CoV-2. Molecular Dynamics (MD) simulation and 
the analysis of RMSD, RMSF, and binding energy confirmed the abrupt conformational changes of the proteins 
due to the presence of this drug. These findings provide an opportunity for doing advanced experimental 
research to evaluate the potential drug to combat COVID-19.   

1. Introduction 

World health and economy were greatly affected by the pandemics of 
COVID-19 [1,2]. Virus genome sequence [3] of SARS-CoV-2 was 
genetically related to the coronavirus, responsible for the outbreak in 
2003 [4,5]. The etiologic agent of COVID-19 was isolated and identified 
as a noble coronavirus, initially designated as 2019-nCoV [6]. Symp
toms may vary among persons that includes brain or lungs failure also in 
some major cases [7,8]. SARS-CoV-2 belongs to the corona viridae 
family, an enveloped single-stranded positive sense RNA virus [9,10]. 
The main protease (Mpro), also known as 3-C like protease(3CLpro), has 
a crucial role in posttranslational processing of the replicase poly
proteins [11]. Papain-like protease (PLpro) has the ability to disrupt the 
viral sequence and enhances viral load in host cell [12]. Spike protein, a 
transmembrane structural protein has two subunit S1 and S2; S1 with 
RBD region is responsible for the binding to the host cell whereas S2 for 
the viral cell membrane fusion [13,14]. Still now there are no appro
priate drugs which inhibit the functions of different proteins like Mpro, 
PLpro and Spike protein restoring innate immune responses of host. 

The best strategy to develop an efficient drug against COVID-19 is 
repurposing of the available active drugs in the market [15]. Only few 
drugs like, Remdesivir [16], Choloroquine [17], hydroxychloroquine 
[18,19], Favipiravir [20], Triazavirin [21] showed a ray of hope but 
none of these are efficient at the satisfactory level [22]. An extensive 
study showed that few RNA virus drugs showed inhibitory efficacy 
against COVID-19 [23]. Again, few plants extract showed potency 
against SARS-Cov-2 [24–26]. 

In the present study 24 anti-lung cancer drugs have been selected out 
of which 17 drugs follow Lipinski’s rule [27]. Binding energy of all 17 
drugs is calculated with the viral proteins like Mpro, PLpro, and spike 
protein. The binding efficiency value of 8 selected drugs are equal or 
more than frequently used SARS-CoV-2 drugs such as Remdesiver, 
Chloroquine, Hydroxychloroquine, Favipiravir, Triazavirin [28]. 
Furthermore, we have checked Absorption, Distribution, Metabolism, 
Excretion and Toxicity(ADMET) [29] profile of these anti-lung cancer 
drugs. The binding stability of the viral proteins (Mpro, PLpro, Spike) 
with the drug Capmatinib (CAP) are established by the analysis of 
different parameters like RMSD, RMSF, SASA and GYRATE with the help 
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Table 1 
List of the anti-lung cancer drugs with their structure, molecular weight, partition coefficient (log P) and number of hydrogen bond donor-acceptor sites.  

Drug Name Structure Molecular Weight (MW) logP H-bond donor H-bond acceptor Follow Lipinski’s rule 

Afatinib [39] 485.9 4.3899 2 7 Yes 

Alectinib [40] 482.6 4.7730 1 5 Yes 

Brigatinib [41] 584.105 5.0900 2 9 No 

Camptothecin [42] 348.358 2.0800 1 6 Yes 

Capmatinib [43] 412.428 3.4290 1 6 Yes 

Ceritinib [44] 558.148 6.3620 3 8 No 

Crizotinib [45] 450.345 5.0400 2 6 Yes 

Dacomitinib [46] 469.948 5.1600 2 6 No 

Entrectinib [47] 460.649 5.030 3 6 Yes 

Etoposide [48] 488.562 1.3386 3 13 Yes 

Erlotinib [49] 393.443 3.4051 1 7 Yes 

Gefitinib [50] 446.91 4.2756 1 7 Yes 

Gemcitabine [51] 263.2 − 1.2886 3 7 Yes 

(continued on next page) 
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Table 1 (continued ) 

Drug Name Structure Molecular Weight (MW) logP H-bond donor H-bond acceptor Follow Lipinski’s rule 

Lorlatinib [52] 406.421 2.8007 1 7 Yes 

Lurtotecan [53] 518.57 1.5982 1 10 No 

Mechlorethamine [54] 156.05 1.8200 0 1 Yes 

Osimertinib [55] 499.619 4.5100 2 8 Yes 

Pemetrexed [56] 427.42 0.6664 6 6 Yes 

Pralsetinib [57] 433.612 4.20014 3 9 Yes 

Selpercatinib [58] 525.613 3.2840 1 10 No 

Tepotinib [59] 492.6 4.0079 0 8 Yes 

Topotecan [60] 421.45 1.8468 2 8 Yes 

Trametinib [61] 615.4 3.9401 2 8 No 

Trilaciclib [62] 546.559 2.7245 2 8 No  

R. Reza et al.                                                                                                                                                                                                                                    
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of molecular dynamics simulation. 

2. Methodology 

2.1. Docking of FDA approved anti-lung cancer drugs with Mpro, PLpro 
and Spike proteins of SARS-CoV-2  

a. Ligand and protein preparation 

The crystal structure of SARS-CoV-2 main-protease (Mpro; PDB 
ID:6LU7), papain like-protease (PLpro; PDB ID:6W9C) and spike 
glycoprotein protein (PDB ID:6VXX) were retrieved from Protein Data
bank (www.rcsb.org). The “sdf” files (3D-conformer) of anti-lung cancer 
drugs were downloaded from PubChem (https://pubchem.ncbi.nlm.nih. 
gov/) and was converted to respective pdb files. All the structures of 
proteins were cleaned by removing hetero-atoms and water molecules 
using UCSF Chimera [30].  

b. Docking 

Autodock Vina [31] was used to evaluate the best binding sites of the 
drugs against Mpro, PLpro and spike protein. To elucidate the binding 
site identification along with structural features of protein-drug com
posite UCSF Chimera [30] and Discovery Studio Visualizer [32] have 
been used. 

2.2. ADMET properties evaluation 

pKCSM [33] (http://biosig.unimelb.edu.au/pkcsm/prediction) on
line tool was used to elucidate the ADMET profiling of these drugs. 

2.3. Molecular dynamics (MD) simulation studies 

Molecular dynamics simulation for a period of 10ns were performed 
with energy minimized CAP docked Mpro, PLpro and Spike protein 
using Gromacs 5.1 [34] package. The TIP3P solvation model [35] 
implemented on CHARMM36-mar2019 force field [36]were used during 
MD-simulation. Required input parameters for the drug (CAP) were 
created with the help of CGenFF-server. To make the system electrically 
neutral adequate number of ions were added within a cubical box having 
length of 10 Å. 100ps NVT equilibration were performed with the energy 
minimized conformation followed by 100ps NPT equilibration with 2fs 
time steps. A cut-off of 1.0 nm for both electrostatic and Van der Waals 
were set for the above equilibration process. By applying smooth par
ticle mesh Ewald (PME) method long range interactions were measured 
[37]. With the similar electrostatic and Van der Waals cut-off the 
MD-simulations were performed for 10ns. A modified Berendsen ther
mostat and a Parinello-Rahman barostat were used with reference 
temperature and pressure at 300 K and 1 bar respectively. 

2.4. Binding free energy calculation 

With the use of the following equations, the Poison-Boltzmann sur
face area (MM-PBSA) method [38] (based on the Gromacs tool g 
mmpbsa package) was used to compute the binding free energies of the 
supplied protein-ligand complexes.  

ΔGbind = Gw-complex - Gw-protein - Gw-drug                                             (1)  

Gw-complex = 〈EMM〉 + 〈Gsol〉– TS                                                      (2)  

EMM = Ebonded + Enon-bonded = Ebonded + (EvdW + Eelec)                       (3)  

Gsol = Gpolar + Gnon-polar = Gpolar + (γSASA + b)                               (4) 

Where, Gw-complex is the total free energy of the protein and drug com
plex, Gw-protein, Gw-drug are the free energies of the protein and drug 

respectively. EMM is the average MM potential energy including 
bonding, non-bonding energies, Gsol is the free energy of solvation 
including polar and non-polar energies. SASA is the solvent accessible 
surface area, γ is the coefficient of surface tension of solvent and b is the 
fitting parameter. TS is not considered by g_mmpbsa. 

3. Results and discussion 

The structure, molecular weight, partition co-efficient (log P) and 
number of H-bonds donor-acceptor sites of anti-lung cancer drugs and 
the drugs that follows the Lipinski’s rule [27] are tabulated in Table 1. 
Among the 24 selected anti-lung cancer drugs, 17 drugs follow the 
Lipinski’s rule that means all these 17 drugs do not have more than 5 
hydrogen bond donors and 10 hydrogen bond acceptors and their mo
lecular weight less than 500 Da with partition coefficient is less than 5. 

Based on drug-likeness properties, 17 anti-lung cancer drugs were 
virtually screened against SARS-CoV-2 Mpro, PLpro and spike proteins. 

3.1. Molecular docking 

The binding affinity of 17 drugs were tabulated in Table S1 which 

Fig. 1. Docking score of anti-lung cancer drugs and comparison with Remde
sivir, Chloroquine, Hydroxychloroquine, Favipiravir, Triazavirin against Mpro, 
PLpro and Spike proteins. 

Table 2 
Inhibition constant (Ki) of anti-lung cancer drugs with Mpro, PLpro and spike 
protein of SARS-CoV-2.  

Name of the anti -lung cancer drugs and Drugs Ki(μM) 

Mpro PLpro Spike 
protein 

Afatinib 0.71 34.23 17.44 
Capmatinib 0.15 2.31 2.31 
Crizitinib 1.17 10.52 10.52 
Entrectinib 0.36 10.52 10.52 
Etoposide 0.71 17.44 10.52 
Lurlotecan 0.71 2.31 4.53 
Pralsetinib 0.59 2.31 2.73 
Topotinib 0.31 2.73 2.31 
Remdesivir 1.39 40.51 12.45 
Chloroquine 56.76 111.39 131.84 
Hydroxychloroquine 28.92 79.51 131.84 
Favipiravir 306.26 111.39 156.05 
Trizavirin 56.76 94.11 67.18  

R. Reza et al.                                                                                                                                                                                                                                    
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Table 3 
Toxicity prediction of anti-lung cancer drug.  

Drugs AMES 
toxicity 

Max. 
tolerated 
dose 
(human) 

hERG I 
inhibitor 

hERG II 
inhibitor 

Oral Rat Acute 
Toxicity 
(LD50) (mol/ 
kg) 

Oral Rat Chronic 
Toxicity (LOAEL) 
(log mg/kg_bw/ 
day) 

Hepatotoxi- 
city 

Skin 
Sensitisation 

T.Pyriformis 
toxicity (log 
ug/L) 

Minnow 
toxicity (log 
mM) 

Afatinib No − 0.097 No Yes 2.62 1.09 Yes No 0.302 3.416 
Capmatinib No 0.371 No Yes 2.60 0.77 Yes No 0.285 0.785 
Crizotinib No − 0.095 No Yes 3.52 1.57 Yes No 0.296 0.942 
Entrectinib No 0.443 No Yes 2.38 1.68 Yes No 0.285 2.884 
Etoposide No 0.171 No No 3.25 2.43 No No 0.285 2.217 
Lurtotecan No 0.171 No Yes 2.69 2.24 Yes No 0.285 0.734 
Pralsetinib No 0.496 No Yes 2.61 1.83 Yes No 0.285 0.939 
Tepotinib No 0.828 No Yes 2.77 0.95 Yes No 0.285 − 1.164  

Fig. 2. Binding interactions of CAP with (a) Mpro; (b) PLpro; (c) Spike protein of SARS-CoV-2.  

R. Reza et al.                                                                                                                                                                                                                                    
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revealed that 8 drugs have higher binding affinity compared to well- 
known drugs like remdesivir, chloroquine, hydroxycholroquine, favi
piravir, trizavirin as shown in Fig. 1. Highest binding affinity was 
experienced by Capmatinib (CAP) against Mpro (− 9.3 kcal/mol), PLpro 
(− 7.7 kcal/mol), Spike (− 7.7 kcal/mol) of SARS-CoV-2. 

Inhibition constant (Ki) value is another important indicator of 

binding between the drug and the protein. Smaller value of Ki implies 
strong binding affinity [63]. In our study, lowest Ki value (0.15) was 
shown by CAP against Mpro, a reflection of its highest activity against 
this protein. Table 2 showed that CAP has lowest Ki values against the 
three proteins (Mpro, PLpro, Spike) which revealed that it was the most 
active drug against SARS-CoV-2 in comparison to other selected drugs. 

Fig. 3. RMSD plots for docked and undocked Mpro, PLpro and Spike Protein.  

Fig. 4. RMSF plots for docked and undocked (a) Mpro, (b) PLpro and (c) Spike Protein.  

R. Reza et al.                                                                                                                                                                                                                                    
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3.2. ADMET analysis 

Moreover, for the determination of level of toxicity of these 8 
selected drugs, we have analysed ADME [64] profile by pkCSM online 
server. ADME studies are also very important to determine the phar
macodynamic parameters of the selected drugs. According to the study 
of pharmacokinetic properties, all drugs were effectively absorbed by 
the gastro-intestinal part with low blood brain-barrier (BBB) perme
ability value which is shown in Table S2. Toxicity studies are very useful 
for the compounds to determine the tolerability towards human body. 
All the selected drugs have negative AMES toxicity, indicates they were 
not carcinogenic or mutagenic. All drugs have negative hERGI inhibition 
activity. The LD50 values of the 8 drugs fall in between 2.6 and 3.5 
(mol/kg) while the chronic oral rat toxicity (LOAEL) values vary in 

between 0.5 and 2.4 (log mg/kg_bw/day). None of the drugs showed 
skin sensitisation. Hepatotoxity, T.pyriformins and minnow toxicity 
values are also available in Table 3. 

The binding interactions between CAP and target proteins viz. Mpro, 
PLpro and spike protein of SARS-CoV-2 are illustrated in Fig. 2. Major 
interactions that are responsible for binding are H-bonding, electrostatic 
and Van der Waals interactions. CAP showed H-bonding interactions 
with SER144 amino acid of Mpro (Fig. 2a), THR301 of PLpro (Fig. 2b); 
electrostatic interaction with amino acid residues GLY143, SER144, 
LEU141, CYS145, HIS163, THR26, THR24, ARG188, GLN189 of Mpro, 
GLN250, ASP164, THR301, TYR264, TYR273, GLY266, ASN267 of 
PLpro and ASN709, GLY1093, SER711, ALA713 of spike protein 
(Fig. 2c). 

Fig. 5. Radius of gyration (left) and SASA (right) plots for Mpro, PLpro and Spike protein.  

R. Reza et al.                                                                                                                                                                                                                                    
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3.3. MD Simulation 

Root mean square deviation value is an indicator of the stability of 
the protein-ligand complex [65]. RMSD was calculated considering the 
proteins (Mpro, PLpro, Spike) backbone with respect to their initial 
conformations. As depicted in Fig. 3, RMSD of Mpro-CAP remains stable 
up-to 2 ns. After 2 ns RMSD value of Mpro-CAP increased from 2 Å 

whereas RMSD value of PLpro-CAP showed a balanced system after 2 ns. 
RMSD of Spike-CAP is more stable than spike protein only throughout 
the run. 

Root mean square fluctuation analysis is another essential parameter 
for identifying the rigid and flexible regions for the binding pocket of the 
protein. It is a standard measure of the deviation of the atoms from its 
original position. Furthermore, it can be used to assess the flexibility of 

Fig. 6. Conformational changes of undocked and docked proteins at 10ns.  

Fig. 7. Contribution Energy plots for docked (a) Mpro,(b) PLpro and (c) Spike Protein.  

R. Reza et al.                                                                                                                                                                                                                                    
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the backbone atoms of the protein structure as well as the ligand [66]. A 
thorough study of the RMSF curves of the free proteins (Mpro, PLPro, 
Spike) and their complexes showed RMSF fluctuations of all amino acids 
located in the active site of the proteins. Lowest fluctuation was 
observed for PLpro-CAP. Fig. 4 revealed that, the fluctuations of residues 
for the docked structures of Mpro and spike protein are quite low with 
respect to their undocked one. 

The radius of gyration (Rg) is a constructive tool for a clear under
standing of folding properties and compactness of the protein and pro
tein–ligand complexes. The influence of drug molecule in a protein 
structure can be demonstrated from the conformational changes of Rg. 
Higher the Rg value of a protein molecule specifies its loose packing, 
while, lower Rg value specifies tight packing of the protein structure. For 
PLpro, before and after docking compactness did not deviate much. In 
case of Mpro and spike protein, the Rg value of docked protein changes 
after 7ns and 4ns respectively. The Rg plot is shown in Fig. 5 (left col
umn). Solvent-accessible surface area (SASA) values of the simulated 
complexes were analysed to evaluate the changes in protein surface 
exposure to the solvents. Higher SASA values indicate the expansion of 
the surface area, whereas lower SASA values indicate the compression of 
the protein volume. Docked Mpro and PLpro have the lower SASA values 
than their corresponding undocked structures whereas docked structure 
of spike protein had the higher value than its corresponding undocked 
one. Fig. 5 (right column) reflected that protein surface area decreased 
after docking for Mpro and PLpro. 

To evaluate the conformational changes of the protein molecules, we 
have taken the snapshots at each 1ns during the MD-simulation. All the 
conformational changes during the progression of MD are represented in 
Fig. S1. The significant conformational changes are observed at 8–9ns 
and 6–7ns for Mpro and PLpro respectively. Major change of confor
mation is involved in case of the spike protein. All these results are in 
concordance with the RMSD and RMSF plots. Fig. 6 represents confor
mational changes before and after docking of proteins with CAP at 10ns. 

Furthermore, to support the conformational alternation of the amino 
acid residues in protein, we have studied the sequence analysis of the 
proteins (Mpro, PLpro and Spike) before and after docking represented 
in Fig. S2. In case of Mpro, the change of the amino acids residue 
numbers involved from 1 to 4, 52 & 54 and 306 to 311 whereas in PLpro, 
the changes involved 1 to 2, 225 to 226, 229 to 230 and 318 to 319. A 
drastic change occurs in the case of spike protein due to interaction of 
the CAP. The change of the amino acid residue in spike protein involved 
from 1 to 1060. All the results are finally supported by Fig. 7 that rep
resents contribution energy with respect to residue number. 

3.4. MMPBSA binding energy analysis 

To calculate the interaction between proteins of SARS-CoV-2 and 
CAP we have performed MMPBSA binding energy calculation as shown 
in Table 4. The negative binding energy values suggests stabilisation of 
protein-ligand complexes [38]. The positive value of polar salvation 
energy indicates that little contribution to the ligand binding with 
protein. 

4. Conclusion 

In our present study, we have carried out a systematic analysis of 
inhibitory efficacy of 8 anti-lung cancer drugs in comparison with some 
well-known drugs viz. Remdesivir, Chloroquine, Hydroxychloroquine, 
Favipiravir, Triazavirin against Mpro, PLpro and spike proteins of SARS- 
CoV-2. CAP showed highest binding affinity and lowest Ki values against 
these proteins. ADMET profiling suggests that CAP has lower toxicity 
level. Furthermore, MD simulation followed by the analysis of RMSD, 
RMSF, Gyrate and SASA plots explain the significant binding of CAP 
with the selected proteins. GMMPBSA calculation revealed that CAP has 
highest binding energy with PLpro with respect to other selected pro
teins. As per our study, CAP can show substantial inhibitory efficiency 
against these selected proteins of SARS-CoV-2. Hope, these findings 
provide paves a new way to discover potential drug to combat COVID- 
19. 
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