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Abstract: Coronavirus disease (Covid-19) caused by SARS-Cov-2 has raised global health concerns 

without approved drugs to manage this life-threatening disease. This study aimed to predict the 

inhibitory potential of quercetin-3-o-rutinoside against SARS-Cov-2 spike glycoprotein. Targeting the 

SARS-Cov-2 Nucleocapsid spike glycoprotein (pdb id: 6m3m) is gaining importance. In this present 

study, the relationship between plant-derived natural drug and spike glycoprotein was predicted using 

in silico computational approach. The results were evaluated according to the glide (Schrodinger) dock 

score. Among the five (5) screened natural compounds, quercetin-3-o-rutinoside has the best docking 

score (-9.296) with the target. Molecular dynamic (MD) simulation analysis was performed for 1000ps 

to confirm the spike protein's stability behavior and quercetin-3-o-rutinoside complex. The MD 

simulation analysis validated the stability of quercetin-3-o-rutinoside in the spike protein binding pocket 

as a potent inhibitor. The pharmacokinetics screening of the natural compounds showed that quercetin-

3-o-rutinoside possesses good oral bioavailability with no side effects.  

Keywords: Covid-19; quercetin-3-o-rutinoside; spike protein; MD-simulation. 
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1. Introduction 

Coronavirus (Cov) belongs to the family coronaviridae [1], considered to be the largest 

RNA virus with genomes ranging from 27 to 32kb [2]. Coronavirus disease 2019 (Covid-19) 

is a major life-threatening disease worldwide due to its fast spreading [3]. Severe acute 

respiratory syndrome coronavirus 2 (SARS-Cov-2) has been reported as the cause of this 

pandemic [4]. The SARS-Cov-2 causes mainly severe acute and other complications in the 

heart, kidney, brain, and spleen, ultimately leading to disastrous effects in Covid-19 afflicted 

patients [5]. SARS-Cov-2 invades human cells through its spike proteins interaction with 

angiotensin-converting enzyme 2 (ACE 2) receptors. As a structural glycoprotein on the virion 

surface, the spike glycoprotein of coronavirus binds to the host cellular receptors, followed by 

fusion between the viral envelope and the cellular membrane [6]. Upon binding with the 

receptor, the protein changes its conformation from a pre-fusion to a post-fusion form [7]. 
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The viral glycosylated spike protein comprises S1 and S2 subunits in the coronavirus, 

enabling them access into the host cell. The receptor-binding domain of the S1 subunit in 

SARS-CoV-2 cleaves to ACE2 led to the shed of the S1 subunit and subsequently triggered 

the cleavage of the S2 subunit by the host protease protein [8]. The biophysical and structural 

evidence shows that SARS-CoV-2 spike protein binds with ACE2 receptors with higher 

affinity [9]. Therefore, it targets small molecules to generate potential inhibitors of ACE2 

interaction with the protein. 

In silico studies of small molecules, including natural plant origin compounds have 

been screened and confirmed to inhibit this important target in SARS-Cov-2 [10,11] directly. 

However, drug development against coronavirus (Covid-19) has posed a great challenge to 

scientists. However, the virtual screening of databases and bioinformatics, and 

cheminformatics have improved the discovery of small molecules that bind to the selected 

target, which is the preliminary phase of drug design. Here, five natural compounds were 

screened, targeting the entry pathway of SARS-Cov-2 penetration into cells. The Quercetin and 

Kaempferol derivatives screened in this study are widely distributed plant flavonoids found in 

several vegetables, seeds, grains [12], and other plant parts. Studies suggested that these 

compounds promote antioxidant [13], anti-inflammatory [14], antiviral and immune-protective 

potentials [15]. 

Quercetin has been studied in various viral infection models due to its antiviral efficacy 

by inhibiting protease, polymerases, DNA gyrase suppression, and reverse transcriptase 

inhibition [12]. 

In this in silico study, molecular docking and molecular dynamics simulation were 

performed to ascertain the most potent inhibitory molecule against SARS-CoV-2 spike 

glycoprotein. The pharmacokinetics properties of these natural compounds were also explored 

to ascertain these compounds as therapeutic agents. 

2. Materials and Methods 

 Glide tool from Schrodinger molecular drug discovery suite (version 2017-1) and 

AMBER 16 package was used for molecular docking and MD simulation, respectively, in this 

research. 

2.1. Ligand preparation. 

Five (5) natural compounds were used in this research were obtained from published 

works of literature, and they were used to prepare the library for this research. The 

phytochemicals' structures were downloaded in the Structure data format (sdf format) from the 

PubChem database (https://pubchem.ncbi.nlm.nih.gov). The ligands were prepared by the 

LigPrep module of Maestro 11.5 interfaces (Schrodinger suite 2017-1). The ligands were 

converted from 2D to 3D structures to include stereochemical, ionization, tautomeric 

variations, energy minimization, and optimized geometry, desalted and corrected for their 

chiralities and missing hydrogen atoms. The bond orders of these ligands were fixed, and the 

charged groups were neutralized. The ionization and tautomeric states were generated between 

pH of 7.0 +_ 2.0 using the Epik module. In the LigPrep module, the compounds were 

minimized by Optimized Potentials for Liquid Simulations (OPLS3) force field. A single low-

energy ring confirmation per ligand was generated, and the optimized ligands were used for 

docking analysis [16].  
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2.2. Protein preparation. 

SARS-CoV-2 nucleocapsid spike glycoprotein crystalized structure was retrieved from 

Protein Data Bank (http://www.rcsb.org/pdb/home.do) (pdb ID: 6M3M). Maestro11.5 

interface was used to view the 3D structure. The protein was prepared according to Balogun et 

al. [16]. 

2.3. Nucleocapsid spike glycoprotein grid generation. 

Using the module for generating receptor grid on maestro 11.5, the area of interaction 

between the nucleocapsid spike glycoprotein and ligands was generated. In the spike protein's 

binding box dimension, the docked pose's centroid was patterned in terms of the coordinates x, 

y, and z. 

2.4. Molecular docking using glide tool. 

Using the prepared spike glycoprotein and ligands, the molecules' molecular docking 

was carried out on maestro11.5 from Schrödinger 2017-1. The phytochemicals of P. dulcis 

were docked into the protein's active site according to extra precision mode (X-P) alongside a 

sampling of the ligands as none refine only. The ligand interaction tool was used to view the 

ligand interaction with the amino acid residues at the protein's binding pocket [16]. 

2.5. Pharmacokinetics screening of hit compounds. 

The ADME toxicity depicts the absorption, distribution, metabolism, excretion, toxicity 

and elucidates the natural compounds' pharmacokinetics profiles. The ADME toxicity 

screening of the natural compounds was performed with the admetSAR prediction online tool 

(http://lmmd.ecust.edu.cn:8000/ ) [17].  

2.6. Molecular dynamics simulations. 

The molecular dynamics simulation was conducted at a simulation time of 10000 

ps using the AMBER 16 package. The topology files of the superimposed complex were 

constructed using the in-house program of the package. The antechamber program was used to 

assemble the force fields for the receptor residues and ligand molecules, while for the 

construction of the biopolymers from the component residues and preparation of the force field, 

the LEaP plugin was used. The AMBER ff14SB [18] and gaff force field [19] were used for 

the receptor amino residue and the ligand complex. The electrostatic interactions are handled 

by a particle-mesh Ewald (PME) protocol, and long-range Lennard–Jones attractions are 

treated by a continuum model. This gives densities and cohesive energies of simple liquids that 

are in excellent agreement with more elaborate methods [20]. The distribution of the viral 

receptors and the compounds RSMD were displayed with histogram using the R package, and 

the associated hydrogen bonding receptor and hydrogen bonding acceptor between the ligands 

and viral receptors at each picosecond were calculated. Using one of the program plugins, such 

as the MDTraj [21], the nonnative contact was calculated and using the Bio3d, the residue 

cross-correlation was calculated [22]. For the trajectory analysis, parameters considered were 

radius of Gyration (Rg), Root Mean Square Deviation (RMSD), Fraction of Native Contacts 

(Q), Root Mean Square Fluctuation (RMSF), B-factor, Principal Component Analysis (PCA), 

dynamic cross-correlations analysis, hydrogen bond analysis, and energy calculations. 
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3. Results and Discussion 

3.1. Molecular docking result. 

The molecular docking analysis was performed for the prediction of potential inhibitory 

compounds against SARS-Cov-2 spike protein. Although all the screened compounds 

exhibited a good docking score (Figure 1), the literature search showed that quercetin had a 

history of antioxidant, anti-inflammatory, and antiviral potential [12], therefore, selected for 

further computational investigation. The choice of quercetin-3-o-rutinoside was further 

supported by the findings of Heinz et al. [23], who reported quercetin supplementation and 

upper respiratory tract infection in a randomized community clinical trial. The selective 

inhibition of quercetin-3-o-rutinoside against SARS-CoV-2 spike protein is probably due to 

the formation of six hydrogen bond interactions with spike glycoprotein (ALA-139, TRY-133, 

ARG-69, LYS-66, and GLY-126 (Figure 2). 

 
Figure 1. The binding affinity (kcal/mol) for the docking of the natural compounds against Nucleocapsid Spike 

Glycoprotein. 

Table 1. Docking results of natural compounds against Nucleocapsid Spike Glycoprotein. 

S/N Entry Name Dock score Glide score Glide model 

1. quercetin-3-o-rutinoside -9.296 -9.308 -74.457 

2. isorhamnetin-3-o-rutinoside -8.823 -8.834 -71.423 

3. kaempferol-3-o-rutinoside -8.598 -8.610 -77.458 

4. quercetin-3-o-glucoside -6.877 -6.888 0.000 

5. kaempferol-3-o-galactoside -6.648 -6.660 -56.932 

 
Figure 2. Protein-ligand interaction of quercetin-3-o-rutinoside against spike glycoprotein. 
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3.2. Pharmacokinetics profile of the natural compounds. 

The in silico ADMET screening technique has proved reliable in predicting therapeutic 

agents' pharmacokinetic profiles [24]. Most readily available drugs are orally administered for 

their efficacy; they must be absorbed into the bloodstream [25]. Table 2 showed that all the 

natural compounds are human intestinal absorption (HIA) positive; these compounds can be 

absorbed into the bloodstream for systemic circulation. The failure of most promising drugs in 

the presence of barriers between blood and brain [26]. All the compounds under investigation 

cannot cross the barrier between blood and brain (BBB-). Therefore, the administration of these 

compounds cannot result in neurological disorders. The p-glycoprotein (p-gp) is an efflux 

membrane transported. It hinders the retention, permeability, and absorption of drugs that are 

its substrates, channeling them out of the cells. Table 2 showed that all the compounds are non-

substrate of p-glycoprotein, hence, thrusting them out of the cell. The evaluation of therapeutic 

agents relies on their ability to inhibit or act as a substrate for CYP450 isoforms, which help 

predict the disposition, efficacy, or toxicity of synergistic administration with known CYP450 

substrate [27]. From Table 2, all the natural compounds are non-substrate and non-inhibitor of 

CYP450 2C9, 2D6, 3A4, and 1A2 except kaempferol-3-o-rutinoside, which was observed as a 

substrate of CYP450 3A4. Therefore, co-administration of other drugs does not posse drug-drug 

interaction or toxicity. From Table 2, all the natural compounds are non-carcinogenic and non-

toxic compounds. 

Table 2. Pharmacokinetics profile of compounds. 

Profile quercetin-3-o-

rutinoside 

quercetin-3-o-

glucoside 

 isorhamnetin-3-o-

rutinoside 

kaempferol-3-o-

rutinoside 

kaempferol-3-o-

galactoside 

Absorption 

BBB - - - - - 

HIA + + + + + 

CaCO2 P. - - - - - 

P-gp inhibitor Non-substrate 

Non-inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate 

Non-inhibitor 

Distribution 

Subcellular 

localization 

Mitochondria Mitochondria Mitochondria Mitochondria Mitochondria 

Metabolism 

CYP450 2C9 

substate/inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate Non-

inhibitor 

Non-substrate Non-

inhibitor 

Non-substrate Non-

inhibitor 

CYP450 2D6 

substate/inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate Non-

inhibitor 

Non-substrate Non-

inhibitor 

Non-substrate Non-

inhibitor 

CYP450 3A4 

substate/inhibitor 

Non-substrate 

Non -inhibitor 

Non-substrate 

Non-inhibitor 

Non-substrate Non-

inhibitor 

Substrate  

Non-inhibitor 

Non-substrate Non-

inhibitor 

CYP450 1A2 inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non -inhibitor Non-inhibitor 

Toxicity 

AMES toxicity Non-AMES toxic AMES toxic Non-AMES toxic Non-AMES toxic Non-AMES toxic 

Carcinogens Non-carcinogen Non-carcinogen Non-carcinogen Non-carcinogen Non-carcinogen 

Acute oral toxicity III III III III III 

Note: BBB: Blood-Brain Barrier; HIA: Human Intestinal Absorption; CaCO2 P.: CaCO2 Permeability; p-gp: P-

glycoprotein; CYP450: Cytochrome P450. 

3.3. Molecular dynamics of a protein-ligand complex. 

The molecular analysis leads to the selection of quercetin-3-o-rutinoside, which showed 

the best inhibitory potential against SARS-Cov-2 spike protein. Biological activities may result 

in conformational changes in protein structure; also, the aqueous environment surrounding 
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protein plays a major role in protein-ligand complex interaction [7]. Hence, molecular 

dynamics simulation in a solvated environment was performed to investigate the 

conformational stability of quercetin-3-o-rutinoside binding to the binding domain of SARS-

CoV-2 spike protein.  

The RSMD for the spike protein was 2.5 Å, at a simulation time of 1ns, signifying the 

protein's stability during the simulation. At the same simulation time of 1ns, the RSMD of the 

ligand was 3.0 Å (Figures 3 and 4).  

 

Figure 3. Generated RSMD histogram of the spike receptor. 

 
Figure 4. Generated RSMD plot for the ligand. 

Given the docked complex between quercetin-3-o-rutinoside and SARS-CoV-2 spike 

protein, molecular dynamics (MD) simulations provide details about the atomic movements 

characterizing the interaction. With this, the stereochemical behavior of the docked complex is 

assessed. The Generated Root Mean Square Deviation (RMSD) plot indicates equilibrium or 

stability between the superimposed complex, which depends on the binding interaction and 

energy between the spike receptor and ligand.  

Assessing the native contacts between the protein and quercetin-3-o-rutinoside, there 

were variations in the number of residual hydrogen bonds interacting with the quercetin-3-o-

rutinoside at different simulation time scale (Figure 5). At the final simulation time of 1000 ps, 

four (4) hydrogen atoms were observed interacting with quercetin-3-o-rutinoside (Figure 6). 
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Figure 5. Native contacts between Spike protein residues and quercetin-3-o-rutinoside complex. 

The RSMD crystallography resolution of the docked complex ranged from 1.5 to 2.9Å 

at a simulation time of 1000ps, which signifies that both relationships are linear (Figure 7). A 

resolution outside this range denotes that the complex can't be linear. The protein had a 

conformational change as indicated by the RSMD. The start of the ligand RSMD fluctuation 

was observed at a simulation time of 800 ps, which therefore continues till the end of the 

simulations.  

 
Figure 6. The number of hydrogen interactions between the ligand and the protein. 

 
Figure 7. The RMSD of the viral spike receptor and ligand; Receptor: Nucleocapsid Spike Glycoprotein; 

Ligand: Quercetin-3-o-rutinoside. 

This indicates that quercetin-3-o-rutinoside forms an unstable binding pose with the 

binding pocket of the protein target. The protein residue fluctuations after continuous linear 

attribute were observed at 600 ps, and at around the simulation time of 800 ps, stability was 

https://doi.org/10.33263/BRIAC116.1497414985
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sustained throughout the simulation period. In summary, the ligand was relatively stable, which 

implies that it forms a stable bond with the spike protein and has not diffused away from the 

protein's binding pocket.  

The radius of gyration (Rg) was also considered to ascertain the changes in 

superimposed complex compactness. The radius of gyration measures the mass of atoms 

relative to the center of the complex's mass. There was an increase in Rg from the baseline 

trajectory from 200 ps simulation time, with an Rg complex of 14.3 nm, followed by a sharp 

decrease of 13.9 nm, at 700 ps simulation. At 1000 ps, the Rg complex was 14.5 nm, which 

implies the complex's compactness (Figure 8). To further analyze the atomic positional 

fluctuations of the residual RSMD, we considered the Root Mean Square Fluctuation (RMSF) 

of each residue. The fluctuation of each residue is calculated based on the CA atom of them. 

Residues at positions 30, 50, and 100 exhibited a higher fluctuation at 6Å, 6Å, and 8 Å, 

respectively (Figure 9).  

 
Figure 8. The Radius of Gyration (Rg) plot of the docked complex. 

 

Figure 9. RMSF value of each residue. The secondary structure schematic is added to the figure's top and 

bottom margins (helices black, strands gray, and loops white). 

3.3.1. Residues cross-correlation. 

The atomic fluctuations of the docked complex system are correlated with one another, 

which can be evaluated by examining the magnitude of all the pairwise cross-correlation 

coefficients. The residues with negative correlations are few in the complex (Figure 10). 

3.3.2. Energy calculations between the ligand and the protein receptor. 

The spike protein residues that contribute to the decompose results comprising of the 

electrostatic energy as calculated by the MM force field (TELE), van der Waals contribution 

from MM (TVDW), total gas-phase energy (TGAS), the sum of non-polar and polar 

contributions to solvation (TGBSOL), final estimated binding free energy calculated from the 

terms above (TGBTOT), are displayed in a heat map. The unit of them is kcal/mol (Figure 11).  
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Figure 10. The cross residue correlation map of the atomic fluctuations of the spike receptor. The respective 

axis represents the residue indices on the Y-axis and the decomposed parameters on the X-axis. The secondary 

structure schematic is added to the top and right margins of the dynamical residue cross-correlation map (helices 

black, strands gray, and loops white). 

 
Figure 11. The residues that contribute to various decompose calculations. According to the energy 

('TGBTOT'), the residues are ranked from top to bottom, and values are centered and scaled in the row direction 

shown with the heat map. 

3.3.3. Principal cluster analysis (PCA). 

The PCA tool quantitatively evaluates the collective motion and measures the moment 

direction [7,28]. The PCA and dynamic cross-correlation analysis were performed to evaluate 

the allosteric effect of SARS-CoV-2 spike protein under the ligand binding based on MD 

trajectory. This is to assess the direct and efficient mechanism for the modulation and 

regulation of cellular function in response to changes in small molecules' concentration. 

Therefore, 50% of the total variance of a given protein family structure can be captured by the 

principal components. This provides considerable insight into the nature of conformational 

differences. From the two clusters, the differential conformations can be studied. The value of 

https://doi.org/10.33263/BRIAC116.1497414985
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both clusters is 27.1%. Hence, the spike protein's PCA result and the ligand had no significant 

allosteric (Figures 9a and 9b). 

 

 
Figure 12. The PCA cluster of conformations and residues cross-correlation of the spike protein and ligand. The 

trajectory frames are highlighted in blue to white to red in time order. The N terminus is represented in blue, 

while the C-terminus is highlighted in red. The pink represents a pair of residues with a correlation coefficient 

>0.8, and the blue lines depict a pair of residues with a correlation coefficient <−0.4. 

 

4. Conclusions 

 This work has identified quercetin-3-o-rutinoside as a direct inhibitor of SARS-CoV-2 

spike protein through molecular docking analysis and prevents the interaction between human 

ACE-2 and SARS-CoV-2 spike protein which formed the key event of viral penetration and 

infection. The pharmacodynamics profile of quercetin-3-o-rutinoside depicted from the ADME 

toxicity reveals that this compound is a safe therapeutic agent, while the MD simulation 

predicted the stable bound or interaction quercetin-3-o-rutinoside with the binding pocket of 

SARS-CoV-2 spike protein. 
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