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A B S T R A C T   

Background: The global pandemic caused by a RNA virus capable of infecting humans and animals, has resulted 
in millions of deaths worldwide. Severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) infects the 
lungs, and the gastrointestinal tract to some extent. Rapid structural mutations have increased the virulence and 
infectivity of the virus drastically. One such mutated strain known as the UK variant has caused many deaths in 
the United Kingdom. 
Hypothesis: Among several indigenous natural ingredients used for prevention and cure of many diseases, the 
catechins have been reported for their antiviral activity, even against SARS-CoV-2. Characteristic mutations 
present on the spike protein have presented the newer strain its enhanced infectivity. The spike protein helps the 
virus bind to ACE2 receptor of the host cell and hence is a drug target. Catechins have been reported for their 
entry-inhibitory activity against several viruses. 
Method: In this study, we performed molecular docking of different catechins with the wild and mutant variants 
of the spike protein of SARS-CoV-2. The stability of the best docked complexes was validated using molecular 
dynamics simulation. 
Results: The in-silico studies show that the catechins form favourable interactions with the spike protein and can 
potentially impair its function. Epigallocatechin gallate (EGCG) showed the best binding among the catechins 
against both the strains. Both the protein-ligand complexes were stable throughout the simulation time frame. 
Conclusion: The outcomes should encourage further exploration of the antiviral activity of EGCG against SARS- 
CoV-2 and its variants.   

1. Introduction 

The emergence of a positive-sense virus, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), since December 2019 has 
severely affected global health and economics. Its human-to-human 
transmission through saliva droplets and mucosal discharges substan-
tially contributed to a global pandemic with over 139 million cases and 
close to 3 million deaths reported as of mid-April 2021 [1]. SARS-CoV-2 
is a single stranded RNA virus which has glycosylated spike proteins 
covering its surface [2]. These proteins facilitate viral entry by binding 
to angiotensin converting enzyme 2 (ACE2) receptors of the host cell 
[3]. Viral RNA is released and translated upon entry of the virus into the 
cell. Further, viral RNA is replicated and more proteins are translated 
and synthesized. Assembly and packaging of these proteins trigger the 

release of viral particles [4]. 
Owing to the extraordinary efforts of scientists and pharmaceutical 

companies, approval of 9 vaccines worldwide and clinical trials of more 
than 50 vaccines have been achieved for this outbreak [5]. However, the 
viral mutations of SARS-CoV-2 are raising concerns [6]. Out of these, 
three variants named as B.1.1.7 lineage or E484K or VUI 202012/01, 
first detected in the United Kingdom (UK), B.1.351 lineage or 501Y.V2 
or 20H/501Y.V2 detected in South Africa, and P.1 detected in Brazil, 
have been found to spread more rapidly than other variants [7–11]. The 
UK variant specifically has been reported with more than 160,000 cases 
in England, Scotland, and Wales [12]. Its affinity to bind human cells has 
been reported to be increased partly because of mutations in spike 
proteins and other functional locations on the genome. The 69–70 and 
144 deletions in the N-terminal domain, N501Y in the receptor binding 
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domain, A570D in the sub-domain-1, D614G and P681H near the host 
processing furin cleavage site, T716I, S982A and D1118H in the S2 
domain are the key mutations on the spike protein (14). The UK variant 
of the coronavirus is reported to have a 70% increased rate of infection 
and it eventually led to a strict lockdown in the UK [13]. The total 
number of new cases in UK for the month of December 2020 and 
January 2021 increased multiple folds as compared to previous months. 
More than 68,000 cases were reported on January 10, 2021 while on 
10th October, there were roughly 15,000 cases [14]. The effectiveness of 
approved vaccines against the UK as well as other variants is currently 
being evaluated. One report suggests that Novavax, a vaccine developed 
by US biotechnology, has 85.6% efficiency against the UK variant, 60% 
against the South African variant, and 95.6% against the original strain 
[15]. 

Catechins are plant-based, polyphenolic, bioactive compounds found 
in tea, cocoa, red wine, fruits like apples, grapes, cherries, berries. They 
are flavonoids classified as flavanols and include catechin (C), catechin 
gallate (CG), epicatechin (EC), gallocatechin (GC), epigallocatechin 
(EGC), epicatechin gallate (ECG), gallocatechin gallate (GCG), and 
epigallocatechin gallate (EGCG). Catechins and their derivatives can 
neutralize free radicals, and this antioxidant property has been found 
beneficial to conditions such as obesity, diabetes, infections, cancer, 
cardiovascular and neurodegenerative diseases [16]. These molecules 
have shown to exhibit strong immunomodulatory, anti-inflammatory, 
anti-proliferative, and anti-cancer properties [17–19]. Several cate-
chins have been reported to be effective against viral infections 
including HIV, Hepatitis B and C, influenza, chikungunya, adenovirus, 
Ebola, and gastroenteritis coronavirus [20–25] and recently against the 
SARS-CoV-2 [26,27]. There are several reports that show the entry 
inhibiting activity of catechins in viruses like HIV, HSV, Influenza, etc. 
[28–30]. A recent study by Joseph et al. highlights the role of catechins 
as entry-inhibitors against SARS-CoV-1, Middle East Respiratory 
Syndrome-CoV, and SARS-CoV-2 [31]. Catechins from green tea bind to 
S1 domain of the spike protein and block its interaction with ACE2 re-
ceptor, thus preventing the viral infection. Another study suggests that 
catechins bind to the amino acids near the receptor binding domain 
(RBD) of the spike protein and cause fluctuations of alpha helices and 
beta strands of the RBD-ACE2 complex, thereby hindering the formation 
of the RBD-ACE2 complex [32]. 

Considering the increasing number of cases due to SARS-CoV-2 and 
its new variants, apart from following social distancing protocols, there 
is a need for developing safe and effective strategies. Although the 
process of vaccination has already begun in many countries, it will take 
several months before it is fully completed. The immunomodulatory and 
entry-inhibiting activity of the catechins offer an effective approach to 
boost immunity and decrease an individual’s chances of getting infec-
ted. Herein, we have used computational tools to screen several bioac-
tive catechins against the spike protein of the wild and VUI 202012/01 
strain of SARS-CoV-2. We employed tools like molecular docking and 
molecular dynamics (MD) simulation to predict the behaviour of cate-
chins with both the protein structures. We compared the docking scores 
of the catechins to identify the catechin that showed the best in-silico 
activity against the wild strain of SARS-CoV-2. We further performed 
similar studies with the spike protein of mutated strain to see if the 
activity is reproduced in presence of mutations. We also identified the 
most potential active biomolecule against mutant strain using in-silico 
tools. 

2. Methods 

2.1. Procuring of structures 

The crystallographic 3D structure of the spike protein was procured 
from the RCSB Protein Data Bank [33]. 

The prefusion SARS-CoV-2 spike glycoprotein is available on the 
website by the PDB ID 6VSB [34]. The complete structure contains three 

chains (A, B, C) of the macromolecule, seventeen chains of oligosac-
charides (D-T), and three chains of ligands (A, B, C). The structures of 
the catechins were obtained from the PubChem database. The IDs of C, 
CG, EC, GC, EGC, ECG, GCG, and EGCG are 9064, 6419835, 72276, 
65084, 72277, 107905, 5276890, and 65064, respectively. 

2.2. Mutation in spike protein 

The UK variant of SARS-CoV-2 contains multiple point mutations on 
the spike glycoprotein. The mutations were produced using Mutagenesis 
wizard of the PyMol Viewer. Each of the amino acid in the wild structure 
was changed to the mutated amino acid as reported in the literature. 
Mutations lead to change in the overall stability and energy of the 
protein. These changes in the energy of the protein due to point muta-
tions were calculated using the DynaMut web server [35]. 

2.3. Protein and ligand preparation 

The structures of wild protein, mutated protein and the catechins 
were prepared and minimized using the UCSF Chimera visualizer. 

A protocol that we previously used in one of our studies for the 
preparation and minimization of ligands and receptors was employed 
[36]. The native ligands and non-standard residues were removed. The 
protein was then minimized with 200 steepest descent steps and 20 
conjugate gradient steps of size 0.02 Å each. Dunbrack rotamer library 
was used to add hydrogen atoms and charges [37]. The resultant 
structures of receptors and the ligands were saved as pdb files. 

2.4. Binding site analysis 

The reported structure of wild spike glycoprotein has several hy-
drophobic cavities and hence a number of binding sites are located on 
the surface of the protein. 

Out of the available binding sites, the active binding site was located 
using the native ligand and the ligand interactions mentioned in the 
primary citation of the protein 6VSB [34]. Further, a docking grid was 
generated using a site mapping tool AutoGridFR [38]. 

2.5. Molecular docking 

After the protein structures and ligands were minimized and the 
active binding site was located, the ligands were docked to the protein 
using PyRx, an open-source virtual screening software [39]. The ligands 
and structures of wild protein and mutated protein were imported as 
pdbqt files. The conversion of pdb files to corresponding pdbqt files was 
performed using OpenBabel [40]. The docking grid was set using 
docking coordinates produced by AutoGridFR. PyRx uses the AutoDock 
Vina algorithm to perform the molecular docking and evaluate the 
binding affinities. Top 8 binding poses were generated for all the ligands 
against both the wild protein and the mutated protein each. The binding 
poses and the interactions of the best pose were visualized using the 
Discovery Studio Visualizer. 

2.6. MD simulations 

MD simulations were performed using Molecular Operating Envi-
ronment (MOE) software on a Windows 10 system. 

Two docked complexes, EGCG and wild spike glycoprotein complex 
and the EGCG and mutated spike glycoprotein, were simulated. The first 
step was to add a solvent box around the protein-ligand complex to 
represent a biological system. A water box of appropriate length to soak 
entire complex was added using the Water Soak module of MOE. The 
complexes were then protonated at a pH of 7.4 at a temperature of 298 
K. All the atoms of the complex were typed with the AMBER99 force-
field. Next, the complex was minimized to get a stable conformation. 
Finally, the MD simulation was performed. The complex was heated at a 
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temperature of 310 K from an initial temperature of 300 K for a period of 
100 ps in a NVT ensemble at a pressure of 101 kPA. The complex was 
then simulated for a period of 20 ns at a temperature of 310 K at same 
pressure in NVT ensemble. Lastly, the complex was cooled down to a 
temperature of 300 K for a time period of 100 ps. The trajectory 
generated was analysed by plotting the energy changes through the 
timesteps. 

2.7. Pharmacokinetic properties analysis 

Pharmacokinetic properties like absorption, distribution, meta-
bolism, excretion and toxicity were evaluated using the pkCSM web 
server [41]. 

The predicted values were compared with previously reported 
experimental values from literature. 

3. Results and discussion 

3.1. Locating and analysing the binding site 

Proteins usually have several hydrophobic cavities in their surface. 
Some or all of these cavities can be potential targets for small mol-

ecules like drugs to bind. However, it is important for the drugs to bind 
to the active binding site to produce their desired therapeutic activity. 

Hence, the identification of active sites is the important step prior to 
molecular docking. The primary citation reports the interaction of the 
native ligand 2-acetamido-2-deoxy-beta-D-glucopyranose (NAG) with 
the A chain of the spike glycoprotein. The amino acids GLN1071 and 
ASN717 form hydrogen bonds with the oxygen atom of NAG [34]. This 
active binding site predicted by AutoGridFR (Fig. 1) consists of the 
amino acids THR719, PHE718, ASN717, GLN1071, THR716, LYS1073, 
LEU894, PHE1075, LYS1073, GLU1072, TYR1110, and PHE1109 with 
an active site score of 66.64. Out of all the mutations reported in the UK 
variant of SARS-CoV-2, only the THR716 amino acid underwent a mu-
tation to ILE716 while the others remained unaltered. After producing 
the mutation, the binding site was revaluated and it received an active 
binding score of 63.68, which was close to that of the wild protein. The 
mutation did not alter the stability, volume and conformation of the 
active binding site. A binding grid was generated with the centroid co-
ordinates of 224.59,225.80 and 174.19 with a cell length of 20 Å across 
all three dimensions. 

3.2. Mutagenesis analysis 

The mutations observed on the UK variant of the SARS-CoV-2 are 
point mutations at several locations of the A chain of the protein. A 
change in the amino acid brings about changes in the conformational 
energy, vibrational entropy and a change in overall Gibbs energy of the 

Fig. 1. Amino acid composition of the active binding site on spike protein of wild strain (A) and that of mutated strain (B), along with the native ligand NAG.  

Fig. 2. Change in the 3D orientation of the (A) spike protein (B) and the active binding site.  
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protein. The amino acid mutations present in the active binding site 
have a direct impact on binding of small molecules to that site. The other 
mutations also bring a change in the protein energy and the amino acid 
confirmations but have a comparatively lower impact on the target-
ability of the binding site as these changes do not take place on the active 
binding site. Nevertheless, these mutations are important from the 
overall protein structure point of view. The only amino acid residue 
present in the active binding site was THR716 which mutated to ILE716. 
This mutation increased the protein energy and thus decreased the 
stability. However, this change was very small considering the overall 
protein energy. The significant change that these mutations produce was 
accounted to the conformation of the active binding site and the types of 
interactions allowed with the ligand. Considering all the mutations on 
the protein, the overall stability was negligibly affected. The change in 
conformation altered the interactions which may alter the binding mode 
as well as the docking score. Fig. 2 represents the change in orientation 
of the protein change as well as the binding site. The changes in protein 
energies are represented in Table 1. 

3.3. Molecular docking 

Molecular docking is a technique that explains how two or more 
molecules when placed in a restricted system under a defined forcefield 
interact with each other. This technique gives the most stable confor-
mation of the ligand and the protein in the active site. The energy of 
interaction of the protein-drug complex, i.e., the binding energy is re-
flected in the docking score. There are several methods to calculate the 

Table 1 
Analysis of change in energy (in kJ/mol) due to point mutations.  

Mutation Δ (Stability) Δ (ΔG) Δ (Vibrational Entropy) 

N501Y 4.406 0.427 − 4.008 
A570D − 0.027 0.03 0.033 
D614G − 0.098 − 0.257 0.123 
T716I 0.205 0.76 − 0.256 
S982A − 0.034 0.467 0.043 
D1118H 0.063 0.712 − 0.078  

Table 2 
Docking scores of catechins against spike protein of wild and mutated strains.  

Catechin Docking scores 

Wild Mutated 

NAG − 4.8 − 5.0 
Catechin − 5.7 − 5.7 
Catechin Gallate − 5.8 − 6.5 
Epicatechin − 5.7 − 6.0 
Gallocatechin − 5.8 − 5.9 
Epigallocatechin − 5.9 − 5.7 
Epicatechin Gallate − 6.1 − 6.1 
Gallocatechin Gallate − 5.9 − 6.3 
Epigallocatechin Gallate − 6.3 − 6.4  

Fig. 3. 2-D and 3-D images of docking interactions 
between catechins and the spike protein of wild 
strain. Hydrogen bonding is depicted by green 
dotted lines, van der Waals interaction is depicted 
by green circles, pi-anion or pi-cation interactions 
are depicted by orange dotted lines, pi-alkyl bond is 
shown by pink dotted lines, pi-sigma or pi-pi bond is 
depicted by purple dotted lines, pi-sulphur bond is 
depicted by yellow dotted lines, interaction with 
halogen is depicted by cyan dotted line and certain 
unfavourable interactions are depicted by red 
dotted line.   
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free binding energies. 
In mathematical terms, the binding energy is calculated empirically 

as 

ΔGbinding = co + c1ΔGhbonding + c2ΔGelectrostatic + c3ΔGhydrophobic + c4ΔGvdW

+ c5ΔGentropy 

It is the sum of the fractions of energy changes by formation of 
hydrogen bonds, electrostatic interactions, hydrophobic interactions, 
van der Waals forces and entropy changes in the protein ligand docked 
complex [42]. The individual energy terms (ΔG) are multiplied by 
respective weighing coefficients (cj) to account for their contribution to 
the overall binding energy. Each of the participating energy term further 
can be calculated using complex mathematical equations. 

A docking score (also sometimes called as binding score) is a soft-
ware specific scoring function derived from the binding energy, that 
helps us rank different protein-ligand complexes based on energy cal-
culations. The absolute values of docking scores may vary across soft-
wares, but the relative values of complexes docked on the same platform 
are analogous. A higher (more negative) docking score indicates a more 
stable interaction between the drug and the protein. Further, the tech-
nique gives the types of interactions between the molecules, which help 
to identify the key moieties and amino acids participating in the in-
teractions. The docking study gives the relative binding affinities of the 
ligand towards the protein in comparison with the native ligand and aids 
in screening drug candidates. In this study, we used molecular docking 
to screen the activity of the catechins against the spike protein of both 
the wild and mutated strains of SARS-CoV-2. Table 2 represents the 
docking scores of the catechins. 

The docking scores of all the catechins were better than that of NAG, 
indicating that the catechins have a higher affinity to bind to the spike 
proteins than the native ligand. Thus, these molecules can selectively 
bind to the active site over NAG. The interactions between catechins and 
the amino acids of the active binding site form a stronger complex than 
that with NAG. These interactions are represented in Figs. 3 and 4. EGCG 
had better docking scores among the others, although the difference was 
not significant. This is in agreement with previous reports [31,43]. The 
same trend is followed for wild and mutated strains. The difference 
between the docking scores for the two strains for almost all the cate-
chins is small. Hence, the scores of the catechins are not largely affected 
by the mutation of THR716 to ILE716 and the overall change in the 
conformation of the binding site. The interaction diagrams reveal the 
formation of several types of interactions including hydrogen bonding, 
van der Waals interactions, pi-anion and pi-cation bonds, pi-alkyl bonds, 
pi-pi and pi-signa bonds. Some key amino acids observed in majority of 
interactions are ASN919, THR716 (in wild strain), ILE716 (in mutated 
strain), TYR1110, PHE1109, GLN1071 and GLU918. THR716 residue of 
the wild strain is prominently involved in hydrogen bonding with the 
hydroxyl groups on catechin backbone or forms weak van der Waals 
interactions. On the other hand, ILE716 residue of the mutated strain 
majorly forms pi-alkyl bonds with the aromatic ring of the catechin 
backbone, although there are instances of formation of hydrogen bonds 
as well as van der Waals interactions. As the structures become larger, 
the number of functionalities in the molecule also increase. These 
moieties take part in various interactions and the docking score is 
increased. However, larger structures also produce steric hindrance and 
may form unfavourable interactions. EGCG has more several favourable 
interactions while ECG and GCG, although structurally similar to EGCG, 

Fig. 4. 2-D and 3-D images of docking interactions 
between catechins and the spike protein of mutated 
strain. Hydrogen bonding is depicted by green 
dotted lines, van der Waals interaction is depicted 
by green circles, pi-anion or pi-cation interactions 
are depicted by orange dotted lines, pi-alkyl bond is 
shown by pink dotted lines, pi-sigma or pi-pi bond is 
depicted by purple dotted lines, pi-sulphur bond is 
depicted by yellow dotted lines, interaction with 
halogen is depicted by cyan dotted line and certain 
unfavourable interactions are depicted by red 
dotted line.   
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show some unfavourable interactions which could explain their slightly 
lesser docking scores. From the docking scores, there were two conclu-
sions. Firstly, all the catechins can potentially act as entry-inhibitors as 
they had good binding efficacy. This activity is irrelevant of the type of 
virus strain. Secondly, EGCG exhibited the best docking score among the 
other catechins and hence, is a suitable candidate to be further subjected 
to MD simulation. 

3.4. MD simulation 

Biomolecules in their natural state, unlike represented in a molecular 
docking study, are flexible and not rigid. Their conformations and their 
binding modes keep on altering in response to the energy changes in the 
complex itself, the surrounding molecules and the physiological condi-
tions as a function of time. Hence, the docked complexes obtained 
through molecular docking need to be validated for their long-term 
stability. MD simulation employ the Newtonian physics to estimate 

the behaviour of atoms and bonds in a predefined environment. On 
subjecting a molecule or a complex to MD simulation, we can study its 
energy and conformational changes and comment on its feasibility in a 
particular system. The docked complexes of EGCG with the spike pro-
teins of wild and mutated strains were thus simulated in a solvent system 
to understand the changes over a time period. After performing the MD 
simulations, a frame was captured every 5 ns (Fig. 5) and the major 
interactions observed are reported in Tables 3 and 4. As seen in the 
frames of ligand interaction at the active site, the interaction between 
EGCG and the wild protein with TYR1110 (pi-pi T-shaped), TYR1110 
(pi-alkyl) and PRO1112 (alkyl) remained constant throughout the 
simulation. In case of wild protein, the ligand conformer was further 
stabilised because of pi-pi stacked interaction between the aromatic 
rings of EGCG, which might aid a prolonged interaction with the protein, 
thus inhibiting the viral entry. 

In case of mutated protein, the interaction with ALA930 (pi-alkyl), 

Fig. 5. Frames from MD simulation of EGCG with spike protein of SARS-CoV-2 obtained after every 5 ns during the analysis of the trajectory run for 20 ns, showing 
interactions of the ligand with both wild and mutated protein. For wild protein, dark purple dashed lines show the pi-pi T-shaped interaction; light pink dashed lines 
depict the pi-alkyl and alkyl interactions; green colour dashed lines depict the conventional hydrogen bonding; the magenta dashed lines depict the pi-pi stacked 
interaction in the ligand itself, stabilising the conformation further. For mutated protein, light pink dashed lines depict pi-alkyl interaction; green lines depict 
conventional hydrogen bonding; grey lines depict carbon-hydrogen bonding; and red lines depict unfavourable donor-donor interaction. 

Table 3 
List of major interactions observed between EGCG and wild protein.  

Time 
frame 

Interaction involved Amino acid involved Distance 

0 ns  1. Pi-Pi T-shaped  
2. Pi-Alkyl  
3. Alkyl  
4. Conventional H- 

bond  

1. TYR1110  
2. TYR1110  
3. PRO1112  
4. ASN919 

5.45 Å 
5.42 Å 
5.20 Å 
2.15 Å 

5 ns  1. Pi-Pi T-shaped  
2. Alkyl  
3. Conventional H- 

bond  

1. TYR1110  
2. PRO1112  
3. ASN919 

5.42 Å 
5.16 Å 
2.15 Å 

10 ns  1. Pi-Pi T-shaped  
2. Pi-Alkyl  
3. Alkyl  
4. Pi-Pi Stacked  

1. TYR1110  
2. TYR1110  
3. PRO1112  
4. Between two aromatic rings 

of the ligand 

5.46 Å 
5.39 Å 
5.23 Å 
4.42 Å 

15 ns  1. Pi-Pi T-shaped  
2. Pi-Alkyl  
3. Alkyl  
4. Pi-Pi Stacked  

1. TYR1110  
2. TYR1110  
3. PRO1112  
4. Between two aromatic rings 

of the ligand 

5.42 Å 
5.27 Å 
5.08 Å 
4.20 Å 

20 ns  1. Pi-Pi T-shaped  
2. Alkyl  
3. Pi-Pi Stacked  

1. TYR1110  
2. PRO1112  
3. Between two aromatic rings 

of the ligand 

5.52 Å 
4.96 Å 
4.33 Å  

Table 4 
List of major interactions observed between EGCG and mutated protein.  

Time frame Interaction involved Amino acid involved Distance 

0 ns  1. Pi-Alkyl  
2. Conventional H-bond  
3. Conventional H-bond  

1. ALA930  
2. SER929  
3. GLN926 

4.81 Å 
2.07 Å 
2.27 Å 

5 ns  1. Pi-Alkyl  
2. Carbon-Hydrogen  
3. Carbon-Hydrogen  
4. Conventional H-bond  
5. Conventional H-bond  
6. Conventional H-bond  
7. Unfavourable donor-donor  

1. ALA930  
2. ALA930  
3. LYS933  
4. LYS933  
5. GLN926  
6. ASN717  
7. GLN1701 

4.35 Å 
2.73 Å 
2.62 Å 
2.68 Å 
2.76 Å 
3.08 Å 
2.43 Å 

10 ns  1. Pi-Alkyl  
2. Carbon-Hydrogen  
3. Carbon-Hydrogen  
4. Conventional H-bond  
5. Conventional H-bond  
6. Unfavourable donor-donor  

1. ALA930  
2. ALA930  
3. LYS933  
4. GLN926  
5. GLN926  
6. ASN717 

4.59 Å 
2.94 Å 
2.86 Å 
2.22 Å 
2.83 Å 
2.22 Å 

15 ns  1. Pi-Alkyl  
2. Carbon-Hydrogen  
3. Conventional H-bond  
4. Unfavourable donor-donor  

1. ALA930  
2. ALA930  
3. GLN926  
4. ASN717 

4.66 Å 
2.65 Å 
2.24 Å 
2.89 Å 

20 ns  1. Pi-Alkyl  
2. Carbon-Hydrogen  
3. Conventional H-bond  
4. Carbon-Hydrogen  
5. Conventional H-bond  

1. ALA930  
2. ALA930  
3. LYS933  
4. LYS933  
5. GLN926 

4.34 Å 
2.72 Å 
2.59 Å 
2.81 Å 
2.8 Å  
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ALA930 (carbon-hydrogen) remained constant throughout, with many 
conventional hydrogen bonds forming and breaking. Since the inter-
acting amino acids changed as compared to wild protein, it can be 
concluded that the mutations have changed in the orientation of the 
active site, but the ligand shows stable binding without leaving the 
binding site throughout the 20 ns simulation. 

The total energy plots with energy on Y-axis and time on X-axis are 
shown in Fig. 6, and as observed, the mutated protein had a relatively 
lower energy as compared to the wild strain. However, there were no 
major fluctuations in both the simulations, indicating that the protein- 
ligand complexes are stable throughout the simulation process. 

3.5. Pharmacokinetic properties 

Pharmacokinetics studies the movement of drug into the body after 
the medication is administered. It provides the mathematical evaluation 
of the concentration of drugs and their actions in the body. The study of 
pharmacokinetic properties is essential to assess the safety and efficacy 
of drugs and design appropriate regimens. Pharmacokinetic properties 
of EGCG predicted by the pkCSM webserver showed almost similar re-
sults as those from previously reported experimental evaluation 
(Table 5). The negative value of water solubility indicates poor solubility 
of EGCG, which justifies its poor oral bioavailability. Huang et al. used a 
human colorectal adenocarcinoma monolayer cell line (Caco 2) to study 
the intestinal absorption of EGCG [44]. Even though the Caco 2 
permeability values were different for computational and previous 
experimental studies, both these values justify the poor intestinal ab-
sorption of less than 20%. A study by Chu et al. suggests that the EGCG 
absorption occurs in the gastrointestinal tract, but it undergoes 
decomposition in gastric pH and is unstable for absorption [45]. 
Lambert et al. had proposed that the poor intestinal absorption could be 
attributed to the colonic microflora which break EGCG down into 
phenolic acid. Moreover, absorption into cells occurs only by passive 
diffusion, acellular and transcellular diffusion due to the absence of any 
receptor on intestinal epithelial cells [46]. A smaller fraction of unbound 
drug (0.31, 0.36) suggests high protein binding, which conveys the low 
bioavailability of EGCG. Intravenous administration of EGCG could 
avoid the metabolism and encounter with gastric conditions to ensure 
free form reaching tissues and ensuring its action. The clearance of 
EGCG is relatively faster as predicted from computational tools as well 
as from previously reported experimental observations. The study by 
Lambert et al. suggests that after absorption, it reaches the liver and is 
prone to methylation by catechol-O-methyltransferase. This methyl-
ation further facilitates sulfation/glucuronidation of the methylated 
product leading to increased clearance by effectively eliminating the 
methylation product from the body [46]. Another report by Lipinski 
et al. suggests that the unabsorbed EGCG is degraded into ring-fission 
metabolites by intestinal microflora, and metabolites of liver degrada-
tion are secreted into bile and excreted through faeces and urine [47]. 
Low values of BBB permeability for EGCG implies less CNS toxicity and 
side-effects. The maximum tolerance of EGCG is much higher than many 

Fig. 6. Total energy plot for protein-ligand complex of both wild and mutated strains.  

Table 5 
Comparison of computationally predicted and experimentally observed values.  

Property of EGCG Computationally 
predicted values 

Previously reported 
experimental values 
from literature 

Reference 

Water solubility (log 
mol/L) 

− 2.89 − 2.29 [49] 

Caco 2 permeability 
(log 10-6 cm/s) 

− 0.89 − 0.37 [44] 

Volume of 
distribution at 
steady state (log 
L/kg) 

0.052 0.11 [50] 

Fraction Unbound 
(Fu) 

0.31 0.36 [45] 

Blood Brain Barrier 
permeability (log 
BB) 

− 2.23 − 1.54 [51] 

Total clearance (log 
mL/min/kg) 

0.51 1.49 [52] 

Max. tolerated dose 
(log mg/kg/day) 

0.45 0.68 [53] 

Oral rat acute 
toxicity (mol/kg) 

2.63 2.24 [54] 

Oral rat chronic 
toxicity (log mg/ 
kg bw/day) 

4.07 3.30 [55]  
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antiviral drugs owing to its natural origin and low acute as well as 
chronic toxicity values. Hence, the formulations involving EGCG can 
support high dosages to ensure the required bioavailability. Other ap-
proaches that have been successfully studied to improve the oral 
bioavailability of EGCG include structure modification and nano de-
livery through nanoparticles, nanoliposomes, double emulsions, and 
nanoemulsions [48]. 

4. Conclusion 

The COVID-19 global pandemic has proved that the fields of science 
and medicine are much equipped than before to deal with a disease 
outbreak, but there is a need for more preparedness. The development of 
safer and widely available strategies to overcome the increasing number 
of cases is highly anticipated. With the new variants emerging in several 
parts of the world, the health and immunity of individuals are further at 
stake. The cost and availability of currently approved drugs makes it 
difficult for everyone to have access to them. Natural phytoconstituents 
hold several health benefits and also possess enormous potential to be 
developed as drug candidates. Phytoconstituents offer a promising 
alternative to the treatment of viral infections like COVID-19, by 
exhibiting their wide-spectrum activity. One of the promising class of 
phytoconstituents is catechins. In this study, we screened several natural 
catechins for their antiviral activity as entry-inhibitors against the spike 
protein of the wild strain, and that of the UK variant of the SARS-CoV-2 
using computational tools. It was found that all the catechins had a good 
affinity towards the spike proteins, even higher than the native ligand. 
Out of all the catechins, EGCG had the best affinity. The EGCG-spike 
protein complex was observed to be stable when simulated using MD 
simulation. These results should encourage development of EGCG and 
other catechins as drug candidates. The pharmacokinetic properties 
need to be modified to improve the drug-likeliness of these phytocon-
stituents. Further in vitro and in vivo studies are required to validate these 
in-silico findings. 
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