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Covid-19 is an emerging infectious disease caused by coronavirus SARS-CoV-2. Due to the rapid rise in deaths
resulted from this infection all around the world, the identification of drugs against this new coronavirus is an
important requirement. Among the drugs that can fight this type of infection; natural products are substances
that serve as sources of beneficial chemical molecules for the development of effective therapies. In this study,
Camphor, Artemisinin and 14 Sumac phytochemicals were docked in the active site of SARS-CoV-2 main pro-
tease (PDB code: 6LU7). We have also performed molecular dynamic simulation at 100 ns with MM-GBSA/PBSA
analysis for the structures with the best affinity in the binding site of the studied enzyme (Hinokiflavone and
Myricetin) after docking calculations to consider parameters like RMSD, covariance, PCA, radius of gyration,
potential energy, temperature and pressure. The result indicates that Hinokiflavone and Myricetin are the
structures with best affinity and stability in the binding site of the studied enzyme and they respect the conditions
mentioned in Lipinski’s rule and have acceptable ADMET proprieties; so, these compounds have important
pharmacokinetic properties and bioavailability, and they could have more potent antiviral treatment of COVID-

19 than the other studied compounds.

1. Introduction

First reported case of SARS-CoV-2 infection was in Wuhan, China, on
November 17, 2019. A month later, on December 15, the number of
cases increased to 27. On December 20, it was 60, including several
people who, working at the wholesale seafood market in Huanan, were
hospitalized at the Huanan hospital, in the Hubei region, for pneumonia.
On December 21, a diagnostic kit targeting twenty-two respiratory
pathogens (eighteen viruses and four bacteria) giving a negative result,
the doctors realized that they were in the presence of a new respiratory
pathogen [1-4].

Camphor is a solid bicyclic organic compound derived from the
camphor laurel, a tree scientifically known as Cinnamomum camphora. It
is a ketone of formula C;oH;60. Camphor is a commonly available,
nontoxic aromatic compound that is widely used for its anti-

inflammatory and analgesic properties [5].

Artemisinin and its derivatives are a family of drugs that have the
quickest action of all common falciparum malaria drugs. Therapies that
combine artemisinin with another antimalarial drug are the preferred
treatments not only for their effectiveness, but also for their patient
tolerance. Artemisinin is also known as treatment against other diseases,
including viral infections, cancer and parasitic and infections [6].

Sumac is an oriental spice, this spice is found everywhere in oriental
cuisine. Although used in powder form, its natural state is a fruit [7],
Sumac is the spicy product of the plant Rhus coriaria [8]. Rhus coriaria
has importance due to its increasing use in pharmaceutical industries,
food colorations and cosmetic [9]. According to the literature, Sumac
possesses a multitude of biological activities, including anti-infla
mmatory activities [10].

Discovery of medications in the existing drugs and/or natural
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Table 1
Chemical structures, ChemSpider URL link, and the ChemSpider ID for Camphor, Artemisinin and 14 Sumac Phytochemicals.
N° Name Molecular structure ChemSpider URL link ChemSpider
D

1 Gallic acid http://www.chemspider.com/Chemical-Structure.361.html?rid=e 361

40eb3ee-9bdc-4b97-88¢1-5b1585319445

2 Methyl gallate http://www.chemspider.com/Chemical-Structure.7150.html1? 7150

1id=206c583c-fe0e-4069-9988-7ca7e684c288

3 Agathisflavone http://www.chemspider.com/Chemical-Structure.4444918.html? 4444918

rid=e899f112-a73e-4937-931f-82f7502aa090

4 Sumaflavone http://www.chemspider.com/Chemical-Structure.23324510.html? 23324510
rid=7dc02f05-e8ae-40d8-9¢88-3c15e2cdf3d1&page_num=0
5 Pentagalloylglucose o http://www.chemspider.com/Chemical-Structure.58735.html? 58735
i rid=7e57aae5-34a6-412f-837e-79a35881bfe7 &page_num=0
HO.
HO'
HO OH
HO
OH
OH
6 Protocatechuic acid H http://www.chemspider.com/Chemical-Structure.71.html?rid=0d6 71
52fbb-c78d-4f64-b68d-204561d008ae
(0] o
H H
H (o}
0o H
H/
7 Hinokiflavone OH http://www.chemspider.com/Chemical-Structure.4444946.html? 4444946
O rid=8bb45724-9a4a-4fe5-a3cb-80a025d98ff1

(continued on next page)


http://www.chemspider.com/Chemical-Structure.361.html?rid=e40eb3ee-9bdc-4b97-88c1-5b1585319445
http://www.chemspider.com/Chemical-Structure.361.html?rid=e40eb3ee-9bdc-4b97-88c1-5b1585319445
http://www.chemspider.com/Chemical-Structure.7150.html?rid=206c583c-fe0e-4069-9988-7ca7e684c288
http://www.chemspider.com/Chemical-Structure.7150.html?rid=206c583c-fe0e-4069-9988-7ca7e684c288
http://www.chemspider.com/Chemical-Structure.4444918.html?rid=e899f112-a73e-4937-931f-82f7502aa090
http://www.chemspider.com/Chemical-Structure.4444918.html?rid=e899f112-a73e-4937-931f-82f7502aa090
http://www.chemspider.com/Chemical-Structure.23324510.html?rid=7dc02f05-e8ae-40d8-9c88-3c15e2cdf3d1&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.23324510.html?rid=7dc02f05-e8ae-40d8-9c88-3c15e2cdf3d1&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.58735.html?rid=7e57aae5-34a6-412f-837e-79a35881bfe7&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.58735.html?rid=7e57aae5-34a6-412f-837e-79a35881bfe7&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.71.html?rid=0d652fbb-c78d-4f64-b68d-204561d008ae
http://www.chemspider.com/Chemical-Structure.71.html?rid=0d652fbb-c78d-4f64-b68d-204561d008ae
http://www.chemspider.com/Chemical-Structure.4444946.html?rid=8bb45724-9a4a-4fe5-a3cb-80a025d98ff1
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Table 1 (continued)
N° Name Molecular structure ChemSpider URL link ChemSpider
D
8 Chrysanthemin http://www.chemspider.com/Chemical-Structure.170681.html? 170681
rid=1a32d319-f2fc-43a0-8f5d-6d2a0b817572
391783

http://www.chemspider.com/Chemical-Structure.391783.html?
rid=c95d588e-9ae2-4604-8e02-ed78b399d230&page_num=0

9 Myrtillin
10  Isoquercetin http://www.chemspider.com/Chemical-Structure.4444361.html? 4444361
rid=bdafeb86-8beb-4668-aac3-0767a4166e07
http://www.chemspider.com/Chemical-Structure.4444395.html? 4444395
rid=e74eec43-0978-4c46-bcc1-0334320f0d1d
4444991

http://www.chemspider.com/Chemical-Structure.4444991.html?
rid=53da5203-3a0c-480d-85fe-ba2131clad6f

11 Kaempferol
12 Myricetin
13  Butein http://www.chemspider.com/Chemical-Structure.4444634.html? 4444634
rid=db606636-1092-409a-a015-6005df126cff&page_ num=0
http://www.chemspider.com/Chemical-Structure.4444848.html? 4444848
rid=1dc0f90f-0626-4243-afa0-909fb35708b9
(continued on next page)

14  p-caryophyllene
} b C "%


http://www.chemspider.com/Chemical-Structure.170681.html?rid=1a32d319-f2fc-43a0-8f5d-6d2a0b817572
http://www.chemspider.com/Chemical-Structure.170681.html?rid=1a32d319-f2fc-43a0-8f5d-6d2a0b817572
http://www.chemspider.com/Chemical-Structure.391783.html?rid=c95d588e-9ae2-4604-8e02-ed78b399d230&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.391783.html?rid=c95d588e-9ae2-4604-8e02-ed78b399d230&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.4444361.html?rid=bdafeb86-8beb-4668-aac3-0767a4166e07
http://www.chemspider.com/Chemical-Structure.4444361.html?rid=bdafeb86-8beb-4668-aac3-0767a4166e07
http://www.chemspider.com/Chemical-Structure.4444395.html?rid=e74eec43-0978-4c46-bcc1-0334320f0d1d
http://www.chemspider.com/Chemical-Structure.4444395.html?rid=e74eec43-0978-4c46-bcc1-0334320f0d1d
http://www.chemspider.com/Chemical-Structure.4444991.html?rid=53da5203-3a0c-480d-85fe-ba2131c1ad6f
http://www.chemspider.com/Chemical-Structure.4444991.html?rid=53da5203-3a0c-480d-85fe-ba2131c1ad6f
http://www.chemspider.com/Chemical-Structure.4444634.html?rid=db606636-1092-409a-a015-6005df126cff&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.4444634.html?rid=db606636-1092-409a-a015-6005df126cff&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.4444848.html?rid=1dc0f90f-0626-4243-afa0-909fb35708b9
http://www.chemspider.com/Chemical-Structure.4444848.html?rid=1dc0f90f-0626-4243-afa0-909fb35708b9
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N° Name Molecular structure ChemSpider URL link ChemSpider
D
15 Artemisinin http://www.chemspider.com/Chemical-Structure.62060.html? 62060

o \‘\\\

16  Camphor 0

rid=06cd43ab-35bc-47ad-a452-58a1d6b852al

http://www.chemspider.com/Chemical-Structure.2441.html? 2441
rid=627ca315-6c08-4ebe-aaf4-85fd21341684&page_num=0

compounds may be the only response to the epidemic of unexpected
infectious diseases, due to the long time of producing new medicines.
Among the drugs proposed as antiviral agents of COVID-19; natural
molecules are the most promising source for the development of drugs
[11,12]. Currently, there are no proper antiviral therapies to treat pa-
tients with Sars-CoV-2 infections. Therefore, the search for active and
safe antiviral agents with broad spectrum activity against this emerging
and potentially fatal infection is urgent. Based on this effect the study of
interactions between Camphor, Artemisinin and 14 Sumac Phyto-
chemicals against SARS-CoV-2 main protease are recommended.

In this paper, molecular docking of Camphor, Artemisinin and 14
Sumac Phytochemicals were docked into the active site of SARS-CoV-2
main protease (Code PDB: 6LU7) to predict the mode of binding

The co-crystallized
ligand (inhibitor N3)

Fig. 1. Crystal structure of SARS CoV-2 main protease (PDB ID: 6lu7) with the
co-crystallized ligand (inhibitor N3).

between these molecules and their potential target, also to determine the
affinity of these molecules in the site active of SARS-CoV-2 main pro-
tease; following by evaluation of their Lipinski’s rule violations, their
ADMET proprieties prediction and Molecular Dynamic simulation.

2. Material and methods
2.1. Data set

The natural molecules reported in Table 1 (Camphor, Artemisinin
and 14 Sumac Phytochemicals) are tested as SARS-CoV-2 main protease
potential inhibitors. 14 Sumac Phytochemicals are extracted from the
literature [7]. The studied target protein is SARS-CoV-2 main protease,
The crystal structure of this enzyme in complex with an inhibitor N3
(pdb code 6LU7) [13] is presented in Fig. 1. Analysis of physicochemical
parameters revealed that the SARS-CoV-2 main protease polypeptide is
306 amino acids long with a molecular weight of 33,796.64 Da and a
GRAVY score of —0.019, categorising the protein as a stable, hydrophilic
molecule capable of establishing hydrogen bonds, as indicated in the
literature [14].

2.2. Molecular docking

All studied molecules were obtained from chemical structure data-
bases ChemSpider [15]. After collection of molecule structures, we have
carried out a docking study of studied compounds in the binding pocket
of SARS-CoV-2 main protease (pdb code 6LU7) [13] using Autodock
vina [16] and Autodock tools 1.5.6 [17] packages. The crystallographic
structure is imported into Discovery Studio 2016 visualized program
[18] to detect binding site coordination (center of the active site; x =
—10.782, y = 15.787 and z = 71.277) [19,20]. The grid size was set at
20 x 34 x 20 xyz points with a grid spacing of 1 A [19,20].

Table 2

Docking results: Affinity of the best conformation in the binding pocket of SARS-CoV-2 main protease.
N° Name of molecules Affinity (Kcal/mol) N° Name of molecules Affinity (Kcal/mol)
1 Gallic acid -5.4 9 Myrtillin -8.2
2 Methyl gallate —5.6 10 Isoquercetin -8.9
3 Agathisflavone -9.0 11 Kaempferol -7.5
4 Sumaflavone -10.7 12 Myricetin -7.7
5 Pentagalloylglucose -9.2 13 Butein -7.2
6 Protocatechuic acid —5.4 14 p-caryophyllene —6.4
7 Hinokiflavone -7.8 15 Artemisinin -7.7
8 Chrysanthemin -8.8 16 Camphor -5.5



http://www.chemspider.com/Chemical-Structure.62060.html?rid=06cd43ab-35bc-47ad-a452-58a1d6b852a1
http://www.chemspider.com/Chemical-Structure.62060.html?rid=06cd43ab-35bc-47ad-a452-58a1d6b852a1
http://www.chemspider.com/Chemical-Structure.2441.html?rid=627ca315-6c08-4ebe-aaf4-85fd21341684&amp;page_num=0
http://www.chemspider.com/Chemical-Structure.2441.html?rid=627ca315-6c08-4ebe-aaf4-85fd21341684&amp;page_num=0
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Table 3
Lipinski’s role of studied compounds.
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Compound Property Lipinski violations
Log P H-bond Acceptor H-bond Donor Rotatable bonds Molecular weight g/mol
Rule <4.15 <10 <5 <10 <500 <1

N° Name

1 Gallic acid —-0.16 5 4 1 170.12 0
2 Methyl gallate 0.18 5 3 2 184.15 0
3 Agathisflavone 0.25 10 6 3 538.46 2
4 Sumaflavone —-0.25 11 7 3 554.46 3
5 Pentagalloylglucose —2.83 26 15 16 940.68 3
6 Protocatechuic acid 0.40 4 3 1 154.12 0
7 Hinokiflavone 0.52 10 5 4 538.46 1
8 Chrysanthemin -1.76 11 8 4 449.38 2
9 Myrtillin -2.25 12 9 4 465.38 2
10 Isoquercetin —2.59 12 8 4 464.38 2
11 Kaempferol —0.03 6 4 1 286.24 0
12 Myricetin —1.08 8 6 1 318.24 1
13 Butein 1.02 5 4 3 272.25 0
14 p-caryophyllene 4.63 0 0 0 204.35 1
15 Artemisinin 2.21 5 0 0 282.33 0
16 Camphor 2.30 1 0 0 152.23 0

2.3. Lipinski’s rule and ADMET prediction

Lipinski’s rule and ADMET [21] parameters of studied molecules
were calculated using Swissadmet [22] and preADMET [23] web
servers, respectively. Lipinski’s rule including; molecular weight, num-
ber of rotatable bonds, number of hydrogen bonds acceptor, number
hydrogen bonds donor and logP were determinate. Molecules violating
more than one of these parameters may have problems with bioavail-
ability and a high probability of failure to display drug-likeness [24].

We used preADMET server to predict the Absorption, Distribution,
Metabolism, Excretion and Toxicity (ADMET) properties of the studied
molecules. We predicted BBB: in vivo blood-brain barrier penetration
(C.brain/C.blood), Buffer_solubility: Water solubility in buffer system
(SK atomic types, mg/L), HIA: Human intestinal absorption (HIA, %);
Pgp_inhibition: in vitro P-glecoprotein inhibition, SK logD in pH 7.4 (SK
atomic types), SK logP (SK atomic types). We also predicted the meta-
bolism of these molecules by certain CYP such as CYP450_2C19,
CYP450_2C9, CYP_2D6, CYP450_3A4. The toxicity profiling includes
testing of acute algae, daphnia and fish toxicity, Ames test for mutage-
nicity testing of several Salmonella typhimurium strains. Carcinogenicity
testing is also included through 2 years carcinogenicity bioassay in rats
and mice in addition to in vitro human ether-a-go-go related gene
channel (hERG) inhibition testing.

2.4. Molecular dynamics

GROMACS simulation package (GROMACS 2020.4) was used to
perform molecular dynamics simulations. MD simulation of both com-
plexes were carried out for 100 ns in water using CHARMM36 m
forcefield; trajectory and energy files were written every 10 ps.

The system was solvated in a truncated octahedral box, containing
TIP3P water molecules. The protein was centered in the simulation box
within minimum distance to the box edge of 1 nm to efficiently satisfy
the minimum image convention. 4 Potassium ions were added to
Hinokiflavone and Myricetin protein complexes to neutralize the overall
system, each containing 66856 and 66909 atoms, respectively.

Minimization was carried out for 5000 steps using Steepest Descent
Method and the convergence was achieved within the maximum force
<1000 (KJ mol-1 nm-1), to remove any steric clashes. All three systems
were equilibrated at NVT and NPT ensembles for 100ps (50,000 steps)
and 1000ps (1,000,000 steps), respectively, using time steps 0.2 and 0.1
fs, respectively, at 300 K to ensure a fully converged system for pro-
duction run.

Production run for simulation was carried out at a constant

temperature of 300 K and a pressure of 1 atm or bar (NPT) using weak
coupling velocity-rescaling (modified Berendsen thermostat) and
Parrinello-Rahman algorithms, respectively. Relaxation times were set
tot T = 0.1 ps and t P = 2.0 ps. All bond lengths involving hydrogen
atom were kept rigid at ideal bond lengths using the Linear Constraint
Solver (lincs) algorithm, allowing for a time step of 2 fs. Verlet scheme
was used for the calculation of non-bonded interactions. Periodic
Boundary Conditions (PBC) were used in all x, y, z directions. In-
teractions within a short-range cutoff of 1.2 nm were calculated in each
time step. Particle Mesh Ewald (PME) was used to calculate the elec-
trostatic interactions and forces to account for a homogeneous medium
outside the long-range cutoff. The production was run for 100ns for both
complexes.

3. Results and discussions
3.1. Docking results

Molecular docking was carried out to find the types of interactions
and the binding affinity of studied molecules in the studied enzyme. 16
different molecules have been evaluated for their affinity against the
SARS-CoV-2 main protease. The results are presented in Table 2.

The best energies of interaction with SARS-CoV-2 main protease are
observed for Sumaflavone, Pentagalloylglucose, Agathisflavone, Chrys-
anthemin, Isoquercetin, Myrtillin, Hinokiflavone, Myricetin Sumac
Phytochemicals and Artemisinin (Table 2); so, these compounds could
have more inhibitory potential SARS-CoV-2 main protease than the
other studied compounds. The inhibition of this protein will induce the
inhibition of viral replication; these results show that these molecules
could be interesting in the clinical management of COVID-19.

3.2. Lipinski’s rule and ADMET prediction

The Lipinski’s rule including molecular weight, number of rotatable
bonds, number of hydrogen bonds acceptor, number hydrogen bonds
donor and logP were shown in Table 3.

All compounds respect the conditions mentioned in Lipinski’s rule,
except compounds Agathisflavone, Chrysanthemin, Myrtillin and Iso-
quercetin with two Lipinski violations, and Sumaflavone and Penta-
galloylglucose with three Lipinski violations. The ADMET prediction
was used in this study to calculate the pharmacokinetics parameters of
others studied compounds that respect the conditions mentioned in
Lipinski’s rule (Table 4 and 5).

BBB: in vivo blood-brain barrier penetration (C.brain/C.blood),
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Fig. 2. Interactions between inhibitor N3 and SARS-CoV-2 main protease.
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Fig. 3. 2D and 3D presentations of interactions between Hinokiflavone and SARS-CoV-2 main protease.

Buffer solubility: Water solubility in buffer system (SK atomic types,
mg/L), HIA: Human intestinal absorption (HIA, %); Pgp_inhibition: in
vitro P-glecoprotein inhibition, SK logD in pH 7.4 (SK atomic types), SK
logP (SK atomic types).

All selected molecules have low BBB, except the molecule B-Car-
yophyllen. The two molecules Camphor and p-Caryophyllen are
completely absorbed; the other molecules have different and acceptable
absorption percentages between 69% and 96%. For metabolism, all
these molecules could be inhibitors for the cytochromes CYP450_3A4
and CYP450_2C9 except the molecule Protocatechuic acid, all the
studied compounds could inhibit CYP_2d6. Additionally, the other
pharmacokinetics parameters such as human intestinal absorption (HIA)
and water solubility (log mol/L) are all acceptable (Table 4).

Examination of the preADMET toxicity screening results for the
selected compounds are shown in Table 5. The results revealed that

Hinokiflavone, Butein and p-caryophyllene showed negative AMES
mutagenicity to all salmonella strains. Kaempferol, Myricetin, Artemi-
sinin and Camphor showed positive AMES mutagenicity to only one of
salmonella strains. Gallic acid and Protocatechuic acid are a mutagen for
both TA100_NA and TA1535_10RLI strains. Methyl gallate showed
positive AMES mutagenicity to three salmonella strains. Moreover,
Gallic acid, Methyl gallate, Protocatechuic acid and Camphor showed
the highest toxicity against algae, daphnia, and fish. Additionally, all
selected compounds showed positive carcinogenicity for either rat, and
negative carcinogenicity for mice. Also, all of them have a low or me-
dium risk for hERG_ inhibition (Table 5).

From these results, we can conclude that Hinokiflavone, Myricetin
and Artemisinin are the structures with best affinity in the binding site of
the studied enzyme and all of them respect the conditions mentioned in
Lipinski’s rule and have acceptable ADMET proprieties; so, these
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Fig. 4. 2D and 3D presentations of interactions between Myricetin and SARS-CoV-2 main protease.
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Fig. 5. RMSD for (a) Hinokiflavone-protein complex and (b) Myricetin-protein complex based on ‘C-alpha’ atoms.

compounds could have more potent antiviral treatment of COVID-19 3.3. Interactions of selected compounds in the binding pocket of studied
than the studied compounds, and they have important pharmacoki- enzyme

netic properties and bioavailability.
The co-crystallized ligand taken from the crystal structure of studied

enzyme present a large variety of interactions (Fig. 2), there are present
of Conventional Hydrogen Bonds, amide-n Staked interactions, Carbon
Hydrogen Bond, van der Waals interaction, Alkyl and =-Alkyl
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Fig. 6. RMSD for (a) Hinokiflavone -protein complex and (b) Myricetin-protein complex based on respective ligand’s atoms.
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Fig. 7. RMSF calculated for (a) Hinokiflavone and (b) Myricetin based on ‘C-alpha’ atoms.
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Fig. 8. ROG calculated (a) Hinokiflavone = 22.46 + 0.12 A and (b) Myricetin = 22.60 + 0.18 A.

Fig. 9. Protein- Hinokiflavone complex during 100ns of simulation time.

10

Original binding site

Fig. 10. Protein-Myricetin complex during 100ns of simulation time.
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Fig. 11. Total number of hydrogen bonds formed between ligand and protein during 100ns for (a) Hinokiflavone = 1.72 + 1.05 and (b) Myricetin = 2.09 + 1.51.
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Fig. 12. Total number of hydrogen bonds formed within protein during 100ns for (a) Hinokiflavone-protein = 216.04 + 7.37 and (b) Myricetin-protein = 212.04
+ 6.46.
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Fig. 13. Average Center-of-Mass Distance between ligand and protein during 100ns for (a) Hinokiflavone = 2.36 + 0.18 A and (b) Myricetin = 3.11 + 0.76 A.
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Fig. 14. Principal Component Analysis for (a) Hinokiflavone and (b) Myricetin by using Bio3D program of R.
interactions,. The affinity of these compounds (Hinokiflavone, Myricetin) in the

The result of interactions between Hinokiflavone and the studied
enzyme (Fig. 3) shows Conventional Hydrogen Bond, n-Sulfur, Amide-n
Stacked and =n-Alkyl.

Docking study of Myricetin in SARS-CoV-2 main protease 6LU7
(Fig. 4) shows n-Donor Hydrogen Bond, n-n Stacked, n-t T-shaped and
n-Alkyl.

binding pocket of studied enzyme can be explained by the number and
type of bonds noticed in these complexes. The inhibition of this studied
enzyme will induce the inhibition of viral replication; these results show
that the selected molecules could be interesting in the clinical man-
agement of COVID-19.

12
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Fig. 15. Interpolated structures of Hinokiflavone along PC1 and PC2 produced
by the mktrj.pca() function.

Fig. 16. Interpolated structures of Myricetin along PC1 and PC2 produced by
the mktrj.pca() function.

3.4. Molecular dynamic

3.4.1. Simply root-mean-square deviation (RMSD)

Simply root-mean-square deviation (RMSD) calculated for the two
complexes based on ‘C-alpha’ atoms using Gromacs program are shown
in Fig. 5. The mean RMSD values are: (a) Hinokiflavone-protein com-
plex = 1.85 + 0.21 A and (b) Myricetin-protein complex = 2.58 + 0.55
A. RMSD graph for Hinokiflavone-protein complex shows the structure
remained stable throughout simulation time. Myricetin-protein complex
shows increase in RMSD values which indicate local conformational
changes in protein, particularly in C-terminal, as indicated by RMSF
analysis.

Simply root-mean-square deviation (RMSD) calculated for both the
ligands based on respective ligand’s atoms using Gromacs program are

13
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shown in Fig. 6. The mean RMSD values are: (a) Hinokiflavone = 0.90 +
0.24 A and (b) Myricetin = 0.57 + 0.14 A. RMSD shows that Hinoki-
flavone is quite flexible in protein binding site due to its higher number
of rotating bonds in the molecule while the Myricetin is comparatively
less flexible, as it has only one rotatable bond. The fluctuation pattern
for Myricetin also indicates that the ligand is sometime rigid and
sometime little flexible, possibly due to the fact that ligand is not always
present in the binding pocket.

3.4.2. Root Mean Square Fluctuations (RMSF)

Root Mean Square Fluctuations (RMSF) calculated for both com-
plexes ((a) Hinokiflavone and (b) Myricetin complexed with protein
based on ‘C-alpha’ atoms using Gromacs program are shown in Fig. 7.
Overall the fluctuation pattern is same for both the complexes. However,
the C terminals are significantly flexible in Myricetin (b), which supports
why RMSD is higher for Myricetin.

3.4.3. Radius of gyration (ROG)

Radius of gyration (ROG) calculated for both complexes based on ‘C-
alpha’ atoms using Gromacs program are shown in Fig. 8. The mean RoG
values for (a) Hinokiflavone and (b) Myricetin protein complexes are
22.46 + 0.12 A and 22.60 + 0.18 A, respectively. The slight fluctuation
within 0.5 A Rog value during the MD simulation time indicates a
negligible changes in the compactness of protein for Hinokiflavone.
However, the higher fluctuation in Myricetin complex shows local
conformational changes leading to a slight change in the compactness of
protein.

3.4.4. Intermolecular analysis by MD simulation

3.4.4.1. Protein-Hinokiflavone complex. 50 snapshots of Hinokiflavone
taken at every 2ns during 100ns of simulation time. Fig. 9 indicates that
the ligand remains bound with the protein with some conformational
changes. The conformation of protein is set to the initial conformation
referring to Ons of simulation.

3.4.4.2. Protein-Myricetin complex. 50 snapshots of Myricetin taken at
every 2ns during 100ns of simulation time. Fig. 10 indicates that the
ligand binds at two major regions of the protein. The conformation of
protein is set to the initial conformation referring to Ons of simulation.

3.4.5. Hydrogen bonds (protein-ligand)

Fig. 11 shows Total number of hydrogen bonds formed between
ligand and protein during 100ns of simulation time. The mean number
of H-bonds are: (a) Hinokiflavone = 1.72 + 1.05 and (b) Myricetin =
2.09 + 1.51. Although Myricetin exhibits higher average number of H-
bonds with protein, the bonds are not consistent. Missing h-bonds during
19-24ns indicate that Myricetin has left the binding pocket. On the other
hand, Hinokiflavone exhibits consistent h-bonds with protein and
remain s in bound form, conformations are however changed.

3.4.6. Hydrogen bonds (within protein)

Fig. 12 shows Total number of hydrogen bonds formed within pro-
tein during 100ns of simulation time. The mean number of H-bonds are:
(a) Hinokiflavone-protein = 216.04 + 7.37 and (b) Myricetin-protein =
212.04 + 6.46.

3.4.7. Center of mass distance between ligand and protein

Fig. 13 shows Average Center-of-Mass Distance between ligand and
protein during 100ns of simulation time. The mean distances are: (a)
Hinokiflavone = 2.36 + 0.18 A and (b) Myricetin = 3.11 + 0.76 A. The
plot indicates that Hinokiflavone exhibits close interactions with protein
with fewer fluctuations during 32-38ns and 65-75ns of simulation. On
the other hand, Myricetinexhibits a sudden higher distance fluctuations
particularly between 20-30 and 90-100 ns, which indicates that ligand
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Fig. 17. Dynamic Cross Correlation Matrix Analysis (DCCM) for (a) Hinokiflavone and (b) Myricetin by using Bio3D program of R.
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Fig. 18. Potential energy of system (a) Hinokiflavone and (b) Myricetin during100 ns of MD simulation.

leaves the binding pocket. The distance from 30ns to 90ns indicates that
the ligand binds back to the protein, however, the site is different than
those during 0-18ns.

3.4.8. Principal Component Analysis

Fig. 14 shows Principal Component analysis of both complexes ((a)
Hinokiflavone and (b) Myricetin) calculated from Bio3D program of R.
All three PCs captured (a) 42.9% and (b) 63.3% of structural variance in
protein.

3.4.8.1. PCA-1 and PCA-2 of Hinokiflavone. Fig. 15 shows Interpolated

14

structures of Hinokiflavone along PC1 and PC2 produced by the mktr;j.
pca() function. In this view atoms are colored on a scale from blue to red,
where blue represents atoms showing large motion amplitudes, and red
are more rigid atoms.

3.4.8.2. PCA-1 and PCA-2 of Myricetin. Fig. 16 shows Interpolated
structures of Myricetin along PC1 and PC2 produced by the mktrj.pca()
function. In this view atoms are colored on a scale from blue to red,
where blue represents atoms showing large motion amplitudes, and red
are more rigid atoms.
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Fig. 19. Total pressure of system (a) Hinokiflavone and (b) Myricetin during 100 ns of MD simulation.
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Fig. 20. Temperature of system (a) Hinokiflavone and (b) Myricetin during 100 ns of MD simulation.
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Fig. 21. Binding energy of (a) Hinokiflavone and (b) Myricetinprotein complexes during 100 ns of MD simulation.

Table 6
MMPBSA binding energy in kcal/mol for protein-ligand complex.

6lu7 Complex AEYPY (van der Waal’s AE®¢ (Coulombic

AGP® (Poisson-Boltzmann Polar

AESASA (Non-Polar AGMMPBSA (protein-Ligand

with: energy) energy) solvation energy) solvation energy) Binding energy)
Hinokiflavone —33.29 + 7.61 —11.37 + 8.17 33.03 +8.25 —3.53 + 0.55 —15.15 + 5.94
Myricetin —16.34 + 7.42 —22.05 +19.53 29.74 £ 16.37 —1.95+0.73 —10.60 + 7.65

3.4.9. Dynamic Cross Correlation Matrix Analysis (DCCM)

Fig. 17 shows Protein Residue dynamic cross correlated motions for
both complexes ((a) Hinokiflavone and (b) Myricetin) calculated from
Bio3D program of R. Colors varying from red to white to Blue indicate
intensity of correlated motion, where blue colors indicates positive
correlation, white shows no correlation and pink color indicates nega-
tive correlated motions between residues.

3.4.10. Potential energy

Fig. 18 shows Potential energy of system (a) Hinokiflavone and (b)
Myricetin during 100 ns of MD simulation as obtained from Gromacs
energy file. Both graphs show converged potential energy.

3.4.11. Pressure

Fig. 19 shows Total pressure of system (a) Hinokiflavone and (b)
Myricetin during 100 ns of MD simulation as obtained from Gromacs
energy file. Both plots show converged pressure.

3.4.12. Temperature
Fig. 20 shows Temperature of system (a) Hinokiflavone and (b)

16

Myricetin during 100 ns of MD simulation as obtained from Gromacs
energy file. Both plots show converged temperature.

3.4.13. MMPBSA binding energy

Fig. 21 shows Binding energy of (a) Hinokiflavone and (b) Myr-
icetinprotein complexes during 100 ns of MD simulation as obtained
MMPBSA method. The mean MMPBSA binding energy was found to be
-15.15 + 5.95 kcal/mol and -10.60 + 7.67 kcal/mol at 310 K, respec-
tively, for Hinokiflavone- and Myricetin-protein complexes (Table 6).
The result for Hinokiflavone complex shows that the ligand remains in
bound form during whole simulation time. For Myricetin complex it is
clear that the ligand tends to bind at two different regions of protein.

4. Conclusion

In this study, we have tried to carry out a docking study of Camphor,
Artemisinin and 14 Sumac Phytochemicals in the active site of SARS-
Cov-2 main protease, following by the evaluation of their Lipinski’s
rule violation and ADME proprieties predictions. The result indicates
that Hinokiflavone and Myricetin are the structures with best affinity
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and stability in the binding site of the enzyme; and they have important
pharmacokinetic properties and bioavailability. So, these compounds
could have more potent antiviral treatment of COVID-19 than the
studied compounds. The synthesis of these molecules and the evaluation
of their in vitro activity against COVID-19 could be interesting. These
results are supported by many other researches. According to the liter-
ature, Sumac Phytochemicals and Artemisinin possess a multitude of
biological activities, including viral infections, cancer, anti-
inflammatory and parasitic and infections.
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