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Identification of the Potential Hits for Hindering Interaction of SARS-CoV-2 

Main Protease (Mpro) from the Pool of Antiviral Phytochemicals utilizing 

Molecular Docking and Molecular Dynamics (MD) Simulations 

Abstract 

The novel SARS-CoV-2 is an etiological factor that triggers Coronavirus disease in 2019 (COVID-

19) and tends to be an imminent occurrence of a pandemic. Out of all recognized solved complexes 

linked to SARS-CoV, Main protease (Mpro) is considered a desirable antiviral phytochemical that 

play a crucial role in virus assembly and possibly non-interactive capacity to adhere to any viral 

host protein. In this research, SARS-CoV-2 MPro was chosen as a focus for the detection of possible 

inhibitors using a variety of different analytical methods such as molecular docking, ADMET 

analysis, dynamic simulations and binding free energy measurements. Virtual screening of known 

natural compounds recognized Withanoside V, Withanoside VI, Racemoside B, Racemoside A 

and Shatavarin IX as future inhibitors of SARS-CoV-2 MPro with stronger energy binding. Also, 

simulations of molecular dynamics for a 100 ns time scale showed that much of the main SARS-

CoV-2 MPro interactions had been maintained in the simulation routes. Binding free energy 

calculations using the MM/PBSA method ranked the top five possible natural compounds that can 

act as effective SARS-CoV-2 MPro inhibitors. 

Keywords: SARS-CoV-2, Main protease (Mpro), antiviral phytochemicals, Molecular Dynamics 

(MD) simulation  
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Introduction  

Coronavirus, identified as SARS-CoV-2 and COVID-19 (Coronavirus disease), was declared a 

pandemic by the WHO (World Health Organization) in March 2020 [1]. Severe Acute Respiratory 

Syndrome (SARS) was first identified in 2002 while Middle East Respiratory Syndrome (MERS) 

in 2012 [2][3]. It induces respiratory and gastronomic disease with symptoms such as influenza, 

fever, and shortness of breath in severe conditions [4]. The first diagnostic case of SARS-CoV-2 

was identified on 17 November 2019 in Wuhan, China, as an extreme pneumonia cluster since 

then, the disease has spread globally with a 50 percent rise in the incidence of infection and a lower 

diagnosis rate of less than 9.2 percent [5][6]. Till now 1,04,956,439 (dated 6 February 2021, 

https://www.who.int/data) confirmed cases in 213 COVID-19 countries, no apparent licensed or 

scientifically validated medication has been produced for COVID-19, and it has become critical 

to find an appropriate treatment for COVID-19 [7]. 

Coronavirus belongs to the family Cronaviridaea an enveloped, positively stranded RNA virus 

[8][9][10]. All the spices of the virus are branched based on genome variations and serological 

reaction in 7 groups namely 229E (Alpha Coronavirus), NL63 (Alpha Coronavirus), OC43 (Beta 

Coronavirus), HKU1 (Beta Coronavirus), MERS-CoV (Beta Coronavirus), SARS-CoV (Beta 

Coronavirus) and SARS-CoV-2 (Beta Coronavirus) [10].  The virus is genetically linked to the 

previous SARS-CoV 2003 epidemic called SARS-CoV-2 on 11 February this year by the 

International Committee on Virus Taxonomy (ICTV)  [11][12]. 

Twelve Coronavirus proteins have been identified so far as to be a possible drug target commonly 

categorised as: structural proteins including Spike protein (S protein), S2 protein, Envelop small 

membrane protein (E protein), Membrane protein (M protein) and Nucleocapsid protein (N 

protein) and other non-structural proteins including Main protease (Mpro), Papain-like protease, 

Non-structural protein 13 (nsp13, helicase), Non-structural protein 14 (nsp14, N-terminal 

exoribonuclease and C-terminal guanine-N7 methyltransferase), Non-structural protein 12 (nsp12, 

RNA-dependent RNA polymerase, RdRp), Non-structural protein 15 (nsp15, Uridylate-specific 



endoribonuclease), Non-structural protein 16 (nsp16, 20-O-methyltransferase) and Non-structural 

protein 10 [13]. Structural proteins are mainly present on the membrane and Non-structural 

proteins are responsible for the replication and packaging of the virus nuclear material into the 

capsid protein coat [14][15]. Blocking any of these proteins can lead to arresting viral growth. 

There are two main strategies to control CoVs in this pandemic situation, mainly the discovery of 

(i) inhibitor to prevent the entry of virus in the host cell, and (ii) bioactive compounds that restrict 

viral replication and transcription. pp1a and pp1ab proteins are required for viral replication and 

translation, active pp1a and pp1ab are released after proteolytic processing by Mpro highly 

conserved protein. The stereotypical role of Mpro and no similarity with any human protein makes 

Mpro an attractive antiviral drug target [16] [17] [18] [19] [20]. ‘N-[(5-methylisoxazol-3-

yl)carbonyl]alanyl-l-valyl-n~1~-((1r,2z)-4-(benzyloxy)-4-oxo-1-([(3r)-2-oxopyrrolidin-3-

yl]methyl)but-2-enyl)-l-leucinamide’ (PubChem Compound CID: 6323191) abbreviated as ‘N3’ 

has shown covalent bonding in Computer-Aided Drug Design (CADD) analysis with Mpro. The 

compound efficiently destroys the virus in in vivo experiments, but clinical findings have not yet 

been identified which lead to the inclusion of natural alternatives such as phytochemicals as a 

target against Mpro [21]. 

Plants are the source of numerous phytochemicals such as alkaloids, flavonoids, phenols, 

chalcones, coumarins, lignans, polyketides, alkanes, alkenes, alkynes, basic aromatics, peptides, 

terpenes and steroids used in antiviral, antifungal and antibacterial medicines [22]. With that focus, 

this study was done to identify a potential phytochemical inhibitor of Mpro. 110 phytochemicals 

[23][24] were screened based on their binding energy. Further in silico analysis was done through 

molecular docking, Molecular dynamic, ADMET (Absorption–Distribution–Metabolism–

Excretion–Toxicity). 

Results and discussion 

Virtual screening of SARS-CoV-2 Mpro target 

Virtual screening was conducted to identify the best natural compounds with the ability to inhibit 

SARS-CoV-2 Mpro.  Re-docking of the co-crystal ligand, N3 was performed to gauze the exact 

match into the catalytic site (Cys-His catalytic dyad) of the SARS-CoV-2 Mpro and it was 

confirmed using the RMSD between bound and docked conformations. SARS-CoV-2 Mpro 



contains three domains in which 8 to 101 residues are being found from residues 8 to 101 while 

antiparallel β-pleated sheets forms through 102 to 184 residues of domain II. 

Domain residues are generated from residues 201 to 303 and have five a-helices grouped into a 

mostly antiparallel globular cluster, which is linked to Domain II comprises of a long loop 

structural complexity from residues 185 to 200. Domain I and II contains the binding site of SARS-

CoV-2 Mpro . The original position and orientation of N3 in I the co-crystallized structure of the 

structure with PDB ID 6LU7 and (ii) the docking projections were shown in Fig-1. The best dock 

pose (binding energy = 7.55 kcal/mol) with an RMSD of 1.70 Å was chosen with the potency of 

the docking technique to establish native poses. The cavity described in Fig-1 is the main site to 

be aimed at 3CLpro to inhibit its activity. N3 is a comparatively large molecule in which its 

backbone generates an antiparallel layer containing residues 164 to 168 (His164, Glu166, Met165, 

Leu167, Pro168) of SARS-CoV-2 Mpro when interacting with residues 189 to 191 (Gln189, 

Thr190, Ala191) (Fig-2).  

The co-crystallized SARS-CoV-2 Mpro protein with N3 also indicates a tight covalent bond 

developed by Cys145 of pro with N3 of 1.8 Å length, which, in turn, makes the interaction with 

this inhibitor covalently linked to the protein. The re-docked pose had captured 7 H-bonds (with 

Gly143, Phe140, His163, His164, Glu166 and Thr190), 1 amide pi-stacked (Leu141), 5 pi-alkyl 

(His41, Met49, Leu167, Pro168 and Ala191), 2 carbon-hydrogen bonds (Met165 and His172) and 

1 van der Walls (with Asn142) crystal contacts with SARS-CoV-2 Mpro. This re-docking 

confirmation with appropriate dock pose-ability of N3 and its binding coordinates were 

encouraged the activity of docking 110 lead-like natural compounds within the binding site of the 

SARS-CoV-2 Mpro target. This protein contains the four sites S1´, S1, S2, and S4 in its active site 

region. The inhibitory effect of the SARS-CoV-2 Mpro targeted protein was prompted by the thiol 

of a cysteine residue in the S1´ site. The association of Cys145 with the ligand is therefore essential 

to inhibit the activity of this protease. 

The plant phytochemicals were obtained with higher binding affinity as well as key receptor 

contacts better than co-crystal ligand (N3). The threshold for interaction affinity was estimated at 

8 kcal/mol to identify Phytochemicals better than the co-crystal (7.55 kcal/mol) ligand. Among 

110 phytochemicals, Top-five compounds have been selected, the binding energy of which varied 

between 10.04 and 8.3 kcal/mol (Fig-3) which generated five hydrogen bonds or more with SARS-



CoV-2 Mpro at the binding cleft of N3. These were Withanoside V, Withanoside VI, Racemoside 

B, Racemoside A and Shatavarin IX with the binding energy values 9.84, 9.74, 9.70, 9.68 and 9.35 

kcal/mol, respectively. The most common lead residues (Thr 24, Thr 25, Thr 26, Leu 27, His 41, 

Thr 45, Ser 46, Glu 47, Met 49, Phe 140, Leu 141, Asn 142, Gly 143, Ser 144, Cys 145, His 163, 

His 164, Met 165, Glu 166, Leu 167, Pro 168, His 172, Asp 187, Arg 188, Gln 189, Thr 190, Gln 

192) formed by Hydrogen Bonds, Hydrophobic contacts, pi-stacks, pi-alkyl and alkyl contacts 

were found in all the top five compounds (Fig-S1 to Fig-S4). Withanoside V was found as the 

preeminent inhibitor for SARS-CoV-2 Mpro (Fig-4). 

In silico ADME/T prediction of top‑five compounds 

The drug likelihood of the top-5 compounds was assessed in terms of physicochemically 

significant descriptors and key pharmacokinetic properties via the Schrodinger QikProp software. 

N3 was subjected to QikProp ADME/T profiling and a few of the ADME/T parameters are shown 

in Table-1. Top-5 compounds displayed important values for the properties evaluated and 

demonstrated drug-like traits based on physico-chemical properties. The ADME/T prediction 

studies reveal that the top-5 compounds comply with the Lipinski rule of five. They have the 

sufficient log P values for the biological effectiveness and No violation was shown in the desired 

range of physicochemical and ADME/T parameters. Certain factors significantly, such as blood-

brain permeability and percentage of human oral absorption, are also within the appropriate range 

as specified for Human usage. Intriguingly, this analysis shows that Withanoside-V possesses the 

largest polar surface area of the top-5 docked compounds, suggesting the drug similarity of the 

top-5 docked compounds. 

Molecular dynamics simulation 

The best-docked complexes were derived from the molecular docking study to investigate the 

conformational stability and time-dependent efficiency of ligands in the active pocket of SARS-

CoV-2 Mpro. Molecular docking determines the spatial orientation of the ligand in the active site 

of the receptor. Promptly, other considerations, such as binding affinity and conformational 

stability, should be considered in the production of compounds targeting SARS-CoV-2 Mpro, in 

addition to the binding pocket fit. Conformal stability is critical for potent inhibition of SARS-

CoV-2 Mpro and the MD analysis offers a conformational landscape of protein-ligand complexes 



at a given temperature. The MD simulations were conducted for a protein-ligand complex of N3, 

Withanoside V, Withanoside VI, Racemoside B, Racemoside A and Shatavarin IX using the 

Schrodinger 2020-4 Desmond module. The trajectory of molecular dynamics has been used to 

investigate the equilibrium of dynamics over time. An insight into the convergences of simulated 

protein-ligand complexes can be achieved by taking into account the root mean square deviations 

(RMSD) of the original structure and the average simulated structure of all MD trajectory frames. 

Protein-ligand RMSD plots for all top-scoring molecules demonstrated the stability of the docked 

complexes achieved only after 17 ns which was similar in the case of the co-crystal compound. 

Also, RMSD variations were ~ 3 Å for all compounds. Compared to RMSD plots, RMSF protein 

fluctuations were highest in the residue index window at 30-50, 150-160, 260-280, 190-310 

residue regions as some of the amino acid residues found in this window were pocket residues that 

promote ligand binding (Fig-S5 to Fig-S10). The secondary structural elements contributing to 

pocket residues were intact in the β-sheets and loop regions (Fig-S11 to Fig-S16). A thorough 

examination of fluctuating residues the RMSD plots in this window are enriched with loop 

components that showed up peaks about ~ 3 Å in its plots. The ligand RMSD plot revealed the 

fluctuations for all compounds were ranged between 0.5 Å to 4 Å (Fig-6a).  The compactness of 

the gyration radius calculated showed similar notions for all compounds excluding Withanoside V 

and Shatavarin IX (Fig-6b).  Intramolecular hydrogen bonding was detected in the compounds 

Withanoside VI, Racemoside A and Shatavarin IX (Fig-6c) which accounted for stronger persisted 

contacts in their distinct simulation pathways. The molecule surface area (MSA) of Withanoside 

V was around 650 Å2 in most of the frames in the trajectory (Fig. 6d). The solvent-accessible 

surface area (SASA) and polar surface area (PSA) for Racemoside B and Shatavarin IX were more 

than 600 Å2 in most of the intervals (Fig-6e, f). Both compounds were best in the SARS-CoV-2 

Mpro target, while co-crystal ligand did not establish strong contacts, and its PSA did not lead to 

strong hydrogen bonding and is always introduced to solvents in most frames. 

Preservation of intermolecular contacts in molecular dynamics simulations 

The crystal structure of SARS-CoV-2 Mpro with N3 indicated that its ligand-binding site consists 

of five adjacent hydrophobic pockets with Met 49, Met 165, Leu 167, Pro 168 and Ala 191. It also 

developed hydrogen bonds with 11 amino acids viz. Thr 45, Ser 46, Asn 142, Gly 143, Ser 144, 

Cys 145, His 164, Glu 166, Gln 189, Thr 190 and Gln 192. The water bridges were found with 



inbound ligand with Thr 24 to His 163 and Gln 189 to Gln 192. Fig-7 illustrates the various forms 

of intermolecular interactions. (Hydrogen bond, hydrophobic and stream bridges) through pocket 

residue with its bound ligand. The 2D interaction charts of re-docked and top five natural 

compounds depicting the retention of contacts along the simulation course as seen in Fig. 8. The 

co-crystal ligand, N3 preserved almost the entire set of crystal contacts viz. Glu 166 and Gln 189 

alkyl moiety, His 164 (water-bridges, 56%), Gly 143 (Carboxylate group, 35%). Indeed, all these 

communications have been captured improving the robustness of the dock posture (Fig. 2) docking 

process. Withanoside V was identified as the best scoring compound which developed 1 

hydrophobic contact with Cys 145 (42%),  cyclopenta phenathrene pyran ring with polar (Ser 144, 

90%, His 163, 80%, Ser 46, 74%) and negatively charged amino acids (Glu 47, 84% and Glu 166, 

84%) (Fig-8). The Withanoside V possessed the same cyclopenta phenanthrene pyran moiety with 

positively charged (Arg 188, 47%), negatively charged (Glu 166, 45%) and 1 polar contact with 

His 164, 65% which was highest in this analysis (Fig-8c). 

Racemoside B in its docking profile developed five hydrogen contacts (Thr 26, Cys 145, His 163, 

His 164 and Glu 166) and four alkyl interactions with Met 165, Pro 168 and Ala 191 which were 

correlated using intermolecular interactions profiles. Based on this one unfavorable bond was 

identified with Thr 24 and maximum interacted part at Thr 24 to Thr 304 (Fig 7d). It also 

developed alkyl with Met 165, Pro 168 and Ala 191 with one π-alkyl with Pro 168 amino acids. 

Racemoside A developed eleven hydrogen bonds (one with Phe 140, Leu 141, Ser 144, Cys 145, 

His 163, Gln 192, Thr 190 and four with Glu 166) during the docking event. The tetramethyl-

oxapino (oxane) [pentacyclo] icosane generated one alkyl and one pi-alkyl contact with His 41 

and Met 49, respectively. One polar and negatively charged contact were developed which retained 

37% of docked interactions (Fig-8e). Shatavarin IX had produced seven hydrogen bonds, one alkyl 

and one unfavorable donor-donor interaction during its docking profile which was not reserved in 

the MD simulation event. 

Binding free energy calculations of selected Natural compounds with SARS-CoV-2 Mpro 

target 

The free energy of binding of top-five Natural compounds and SARS-CoV-2 Mpro cognate ligand 

was determined using the MM/PBSA approach. The 100 ns time scale simulation trajectory was 

supplied to the YASARA energy macro binding structure. The cognate ligand, N3 secured in -



92.43 kJ/mol whereas the Withanoside V obtained the binding for the energy of -83.45 kJ/mol 

(Fig-9). This observation highlights that N3 developed better crystal contacts along with new 

contacts resulting in securing the top rank energy among the selected natural compounds. It created 

new hydrogen bonds with Gln 192 residue which can be beneficial. Withanoside V ranked in 

second place which developed one hydrophobic interaction with Cys 145 and one hydrogen bond 

with Gly 143. Withanoside VI ranked the third position with the binding free energy of -61.97 

kJ/mol while Racemoside B, Racemoside A and Shatavarin IX possessed -52.44, -56.35 and -

53.99 kJ/mol, respectively. 

Materials and Methods 

Data set Preparation  

A library of 110 natural compounds having antiviral properties were retrieved and compiled having 

demonstrated in vitro anticancer activities from the plants Withania somnifera, Asparagus 

racemosus, Zinziber officinalis, Allium sativum, Curcuma longa, Adhatoda vasica. All the ligands 

were prepared for docking by adding charges and hydrogen. These structures were prepared energy 

minimized and aligned for molecular docking experiment through the Amber03 force field 

algorithm of YASARA Structure (academic license). Also, crystallographic waters were removed, 

polar hydrogens and charges to titratable amino acids were also applied which followed by atom 

typing using Amber03 force field, and geometry optimization using the steepest gradient approach 

(100 iterations). 

SARS-CoV-2 main protease (MPro) was chosen as the target for the current study. The X-ray 

diffracted structure was fetched from Protein databank (PDB ID:6LU7; 2.16 Å resolution) which 

contains the single chain of 306 amino acids and co-crystal ligand N3 (N-[(5-methylisoxazol-3-

yl)carbonyl]alanyl-l-valyl-n~1~-((1r,2z)-4-(benzyloxy)-4-oxo-1-{[(3r)-2-oxopyrrolidin-3-

yl]methyl}but-2-enyl)-l-leucinamide) [25]. YASARA Structure (academic license) was employed 

for the docking experiment which comprised of water removal, the addition of polar hydrogens, 

steepest descent method was also used for the energy minimization [12]. 

 

 



Virtual library screening upon SARS-CoV-2 Mpro target  

The library of 110 natural compounds was screened against SARS-CoV-2 MPro using AutoDock 

Vina molecular dock pose search and AMBER03 force field for the scoring algorithm of YASARA 

software. The re-docking of the N3 co-crystal ligand was performed to validate the scoring 

mechanism. Whereas, the dock site/grid box size was kept as a 20×20×20 Å with root mean square 

deviation (RMSD) evaluation. The selected library compounds were sorted because of the highest 

docking score to pick the top-scoring best compounds for further analysis due to the scoring 

function of YASARA software [26] which employs high positive as a better affinity of the ligand 

to the receptor [27]. The binding energy (ΔGbind) was calculated using the following empirical 

equation: 

ΔG= ΔGvdW + ΔGHbond + ΔGelec + ΔGtor + ΔGdesolv   (1) 

where ΔGvdW = van der Waals term for docking energy; ΔGHbond = H bonding term for docking 

energy; ΔGelec = electrostatic term for docking energy; ΔGtor = torsional free energy term for 

ligand when the ligand transits from unbounded to bounded state; ΔGdesolv = desolvation term 

for docking energy. 

 

In silico physico-chemical and ADME/T studies  

Physico-chemical and ADME/T properties, that predict both physico-chemical signal descriptors 

and pharmacokinetically significant molecular properties, have been determined using the Qikprop 

module of Schrodinger suite 2020-4 [28]. QikProp identifies the comparative ranges of the data 

features of a molecule with that of recognized medicines. In silico physico-chemical and ADME/T 

studies of the top 5 docked compounds were predicted to understand its pharmacokinetic nature 

[29]. 

Molecular dynamics simulations of the top‑scoring molecule with SARS-CoV-2 Mpro target 

Physical motions of atoms and molecules of protein-ligand docked complexes have been described 

by molecular dynamics simulation. Molecular dynamics (MD) simulations were performed in the 

Desmond (Schrödinger Release 2019-3) kit. The MD simulations of re-docked (N3) and top-



scored natural compounds were carried out for 100 ns time interval each. Before processing ahead, 

both receptor-ligand complexes were prepared using the protein preparation wizard of the 

Schrodinger interface for structural compliance. The insertion of hydrogens, assignment of bonds 

and filling of missing amino acid side chains and loops with optimization of hydrogen bond 

assignment, and sampling of water orientation (pH 7.0). The periodic simulation box was created 

using the System Builder module and dissolved through a transferable intermolecular potential 

with 3 points (TIP3P) water model with the Optimized Potentials for Liquid Simulations (OPLS) 

all-atom force field with 1000 iterations of the steepest descent technique for system minimization. 

After equilibrium, an unrestrained production phase took place in the NPT assembly (atoms, 

pressure and temperature were kept constant) for 100 ns at 300 K and 1.01325 bar. Nosé-Hoover 

thermostat (relaxation time = 1 ps) and isotropic Martyna-Tobias-Klein barostat (relaxation time 

= 2 ps) were used. Short-range interactions (cut-off = 9 Å) and long-range Columb interaction 

were assessed using the smooth particle mesh Ewald (PME) method (PME) with a smooth particle 

network with the RESPA integrator. Confirmed seizures were recovered at the rate of 5 ps. After 

the simulation was completed, the stability of the system was evaluated by histogram for RMSD, 

root mean square fluctuations (RMSF), Hydrogen bond analysis, radius of gyration (Rg), torsional 

Bonds [30][31][32]. 

Binding free energy calculations of top‑scoring molecules with SARS-CoV-2 Mpro target 

The single trajectory method was used to determine Free energy binding using molecular 

mechanics/Poisson-Boltzmann Surface Area (MM/PBSA) with YASARA Structure. AMBER14 

APBS (Adaptive Poisson–Boltzmann Solver) force field was employed to measure the solvent 

energy and to handle electrostatics [12][33]. The 100 ns long simulation trajectory of the top five 

MD natural compounds and the co-crystal ligand was supplied as data. 

ΔGbind = ΔGcomplex(minimized) – [ΔGligand(minimized) + ΔGreceptor(minimized)]    (2)  

and 

ΔGbind = ΔGMM + ΔGPB + ΔGSA−TΔS     (3) 

Where ΔTDS is the conformation entropic contribution, and ΔGMM is the molecular mechanics' 

interaction energy (electrostatic + van der Waals interaction) between protein and ligand. ΔGPB 

and ΔGSA depict the polar solvation energy and the nonpolar solvation energy, respectively. 



Conclusion 

The lack of an appropriate medicinal drug or vaccine has already exacerbated the condition of a 

pandemic epidemic of COVID-19. Since the first step of viral invasion and infection is enabled by 

significant interactions between human ACE2 and CoV-2 proteins, targeting Mpro receptors is the 

crucial technique for developing successful inhibitors driven by computer-aided drug design 

approaches. This research prioritizes lead compounds against the SARS-CoV-2 Mpro complex 

from a natural compound repository using a hierarchical protocol for simulated sampling, 

molecular dynamic simulation and free energy binding calculations. Withanoside V, Withanoside 

VI, Racemoside B, Racemoside A and Shatavarin IX have emerged as a robust natural compound 

with a stronger binding affinity profile. Molecular dynamic simulations were conducted for all 

docked complexes at a time scale of 100 ns, showing the structural integrity of protein-ligand 

complexes. Diverse measurement methods such as RMSD, RMSF, gyration radius, surface area 

measures have jointly assisted the structural integrity of the complex. Top-ranked compounds 

retained some of the interactions same as a cognate ligand. Also, the MM/PBSA measurements 

were used to measure the binding free energy of the top-five natural compounds, demonstrating 

that greater interaction with the neighboring hydrophobic binding pockets of the ligand-binding 

help increases the binding free energy while maintaining main receptor contacts. While this report 

offers valuable perspectives at the preliminary stage of the study, SARS-CoV-2 Mpro drug design, 

ligand binding predictions resulting from molecular docking and molecular dynamics simulations 

can be used to scan and refine natural molecules that need experimental confirmation by in vitro 

and in vivo studies. 
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Table-1 QikProp calculation of Physico-chemical properties and ADME/T properties 

Compounds 
Rule of 

five 
PSA QPlogPo/w QPpolrz QPlogBB QPlogKp 

Withanoside-

V 

No 

violation 
301.363 -2.036 86.641 -4.397 -5.831 

Withanoside-

VI 

No 

violation 
246.197 0.004 80.703 -4.735 -6.273 

Racemoside-

B 

No 

violation 
259.608 -0.992 77.748 -4.722 -6.38 

Racemoside-

A 

No 

violation 
241.348 -1.014 67.872 -4.843 -6.817 

Shatavarin-

IX 

No 

violation 
224.561 -0.526 67.865 -4.757 -6.397 

PSA = polar surface area, QP log Po/w =predicted octanol/water partition coefficient, QPpolrz =predicted 
polarizability, QP log BB = predicted brain/blood partition coefficient, QP log Kp = predicted skin 
permeability. 

 



Figures

Figure 1

Three-dimensional representation of the co-crystal ligand N3 in the binding cleft of SARSCoV-2 MPro
(PDB ID: 6LU7). Green color represents the pre-docked pose of co-crystal ligand N3 and re-docked pose of
co-crystal ligand N3 was preserved in magenta color.



Figure 2

Interaction of N3 in the binding cleft of SARS-CoV-2 MPro (PDB ID: 6LU7) of COVID-19 shown in (a) 3 D
representation and (b) 2 D representation (for better clarity) describing ligands interactions by formation
of various H-bonds and hydrophobic interactions with protein at the active site of the protein.



Figure 3

N3, Withanoside-V, Withanoside-VI, Racemoside-B, Racemoside-A, Shatavarin-IX are depicted along with
their Hydrogen bonds and Binding energy information using Circos representation. All the 3 entities- the
compounds, Hydrogen bond and Binding energy are shown using 3 separate ideograms. The 6
compounds are drawn from light to dark magenta color shades and their respective values of Hydrogen
bond (Blue color) and Binding energy (Yellow color) are displayed using connecting colored ribbons and
numbering scales.



Figure 4

Interaction of Withanoside V in the binding cleft of SARS-CoV-2 MPro (PDB ID: 6LU7) of COVID-19 shown
in (a) 3 D representation and (b) 2 D representation (for better clarity) describing ligands interactions by
formation of various H-bonds and hydrophobic interactions with protein at the active site of the protein.



Figure 5

RMSD plot of HE target with co-crystal ligand and top-�ve phytochemicals as a function of simulation
time. a. N3, b. Withanoside-V, c. Withanoside-VI, d. Racemoside-B, e. RacemosideA, f. Shatavarin-IX.



Figure 6

Various measures of the molecular dynamics simulations of co-crystal ligand and top-�ve
phytochemicals with HE target. a. RMSD, b. rGyr, c. intra HB, d. MolSA, e. SASA and f. PSA. N3 (purple
color), Withanoside-V (green color), Withanoside-VI (yellow color), Racemoside-B (magenta color),
Racemoside-A (orange color), Shatavarin-IX (blue color).



Figure 7

Various intermolecular interactions made by SARS-CoV-2 MPro pocket residues with cocrystal ligand and
top-�ve phytochemicals compounds, captured during molecular dynamics simulations. a. N3, b.
Withanoside-V, c. Withanoside-VI, d. Racemoside-B, e. Racemoside-A, f. Shatavarin-IX.



Figure 8

Preserved contacts of co-crystal ligand and top-�ve phytochemicals with SARS-CoV-2 MPro target,
captured during molecular dynamics simulations.



Figure 9

Binding free energy calculations of co-crystal ligand and top-�ve phytochemicals compounds with SARS-
CoV-2 MPro target. The co-crystal ligand of SARS-CoV-2 MPro target, N3, is shown in green color bar. The
phytochemicals are represented in blue color bars.
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