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SARS-COV-2 stands as the source of the most catastrophic pandemic of this century, known as COVID-19. In this
regard, we explored the effects of five Pistacia sp. active ingredients on the most crucial targets of SARS-COV-2,
including 3CLpro, PLpro, RdRp, helicase, NSP15, and E protein. The results of molecular docking determined
1,2,3,4,6-pentagalloyl glucose (PG) as the most effective compound of Pistacia sp, which also confirmed its
excellent binding affinities and stable interactions with helicase (—10.76 kcal/mol), RdRp (—10.19 kcal/mol), E
protein (—9.51 kcal/mol), and 3CLpro (—9.47 kcal/mol). Furthermore, MD simulation was conducted to
investigate the stability of all complexes throughout a 100 ns. In contrast to PLpro and NSP15, the analyses of
Lennard-Jones potential, RMSDas, PCA, and SASA verified the ability of PG in forming stable and adequate
interactions with RdRp, helicase, 3CLpro, and E protein due to standing as an effective inhibitor among the six
targets, these data proposed the capability of PG, the most important compound of Pistacia sp., in inducing
antiviral, anti-inflammatory, and antioxidant impacts on RdRp, helicase, 3CLpro, and E protein. Therefore, the
possibility of inhibiting the replication and transcription processes and viral pathogenesis of SARS-COV-2 may be

facilitated through the application of PG.

1. Introduction

As a well-known genus of Anacardiaceae family, Pistacia is consisted
of about 20 species and can be found across the Mediterranean to Middle
Eastern areas. Five species of this genus grow in Iran, including Pistacia
lentiscus L., P. Atlantica, P.terebinthus L., P. vera L., and P. khinjuk Stocks
[1-3], which contain the most significant active ingredients of different
phytochemical groups such as terpenoids, phenolic compounds, fatty
acids, and sterols. Moreover, discoveries claimed the beneficial impacts
of every part of these species on many health problems due to their
antiviral [4], anti-inflammatory [5-7], antimicrobial [8,9], anti-
nociceptive [7], antioxidant [10-12], antitumor [13-15], anticholines-
terase [8,16], antidiabetic [17-19], antihyperlipidemic [20], and
anti-atherosclerotic qualities [21,22], as well as potential advantages
for gastrointestinal disorders [23]. Next to its traditional applications for
the treatment of many disorders such as gastroenteritis, liver,

* Corresponding author.

respiratory tract, and urinary management tract, Pistacia sp. proved to
contain antihypertensive, aphrodisiac, antiseptic, tonic, and antihyper-
tensive properties [1,2,24,25].

As the cause of coronavirus disease 2019 (COVID-19), severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) led to the most
devastating pandemic in recent century. The structure of this virus is
composed of an envelope, non-segmented, positive-sense RNA with a
length of ~30 kb and codes for several structural proteins such as spike
(S) protein [26,27], envelope (E) protein, membrane (M) protein, and
nucleocapsid (N) proteins, as well as 16 putative non-structural proteins
(NSPs, encoded by replicate complex (orflab)) [28-31]. Each protein
has a specific role in the virus or the structure of replication cycle. For
instance, S protein is responsible for attaching to the host cell receptors
and modifying the fusion process [32-34], while E protein is a small
integral membrane protein with multiple functions such as virion
release, viral pathogenesis, and viral replication cycle [35-37]. Some
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Table 1
The molecular docking results for all complexes.
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Complex’s name Binding energy (kcal/mol) Interactions Distance E (kcal/mol)
3CLpro-PG —9.47 GLN 189 H-donor 2.83 -1.1
THR 24 H-donor 2.85 —1.7
MET 49 H-donor 3.81 —0.5
GLY 143 H-acceptor 3.08 —0.8
THR 25 H-acceptor 3.46 —0.6
THR 26 H-acceptor 3.16 —2.0
3CLpro-Semiprevir —10.14 MET 49 H-donor 4.41 —2.4
MET 49 H-donor 4.12 —0.7
GLU 166 H-donor 3.78 —-0.7
GLU 166 Ionic 3.78 -1.0
GLU 166 pi-H 4.59 —0.5
PLpro-PG —8.06 GLU 167 (D) H-donor 2.83 —5.4
MET 208 (D) H-donor 4.35 —0.8
ASP 164 (D) H-donor 3.30 —0.9
TYR 273 (D) H-acceptor 2.58 —2.8
PLpro-Vir251 -8.14 TYR 268 (D) H-donor 2.91 —2.4
GLY 163 (D) H-donor 3.27 —0.5
GLY 163 (D) H-donor 2.88 —4.7
GLY 163 (D) H-acceptor 3.22 —2.7
GLY 271 (D) H-donor 2.81 —3.4
GLY 271 (D) H-acceptor 3.26 —-1.3
TRP 106 (D) H-acceptor 3.02 —2.0
RdRp-PG -10.19 ASP 760 H-donor 2.88 —5.2
ARG 553 H-acceptor 3.13 —1.5
THR 556 H-acceptor 3.24 —0.9
LYS 545 H-acceptor 2.80 —5.4
LYS 545 Ionic 2.80 —6.0
RdRp-Dabigatran etexilate -9.41 TRP 617 H-donor 3.04 -3.1
ASP 761 Ionic 3.32 —-2.7
ASP 761 Ionic 3.86 —0.8
ASP 761 Ionic 3.10 -3.9
SER 682 pi-H 3.68 —0.5
NSP13-PG -10.76 GLU 319 H-donor 3.10 —0.6
ASP 374 H-donor 2.84 —5.4
ASP 374 H-donor 2.83 —3.8
LYS 320 H-acceptor 2.88 —14.7
LYS 320 Ionic 2.88 —-5.3
NSP13-Ritonavir —10.65 GLU 375 H-donor 3.02 —3.7
GLU 375 H-donor 3.31 —4.6
GLU 375 Ionic 3.02 —4.4
GLU 375 Ionic 3.31 —2.7
LYS 320 H-acceptor 2.92 —0.7
HIS 290 H-pi 4.37 —0.5
NSP15-PG —8.65 GLN 245 (A) H-donor 3.14 —1.7
GLU 340 (A) H-donor 2.80 —5.3
ASP 240 (A) H-donor 2.92 —4.9
THR 341 (A) H-acceptor 3.36 —0.6
LYS 345 (A) Ionic 3.61 —-1.5
HIS 235 (A) pi-pi 3.48 —0.0
NSP15-Ritonavir —8.61
E protein-PG —9.51 -
E protein-Ritonavir —9.66 -

other virus proteins with significant roles in the replication and tran-
scription processes contain two cysteine proteases including the main
protease (3CL like protease (3CLpro or Mpro)) and the papain-like
protease (PLpro), along with helicase (NSP 13), RNA-dependent RNA
polymerase (RdRp), and NSP15 (endoRNAse), which can be considered
as crucial and vital targets for the inhibition of SARS-COV-2 [31,38,39].

Since the five species of Pistacia sp. that can be cultivated in Iran
were observed to accommodate particular active ingredients, in this
research attempted to probe their effects on the most significant proteins
of SARS-COV-2, including 3CLpro, PLpro, RdRp, helicase, NSP15, and E
protein, due to their vital functionalities in the pathogenic cycle of virus.
The binding affinity of each interaction was calculated and the most
ideal practical Pistacia’s compound was defined by molecular docking.
In addition, we investigated the stability and inhibitory nature of this
compound in comparison to the associated inhibitory ligand with each
target through the usage of molecular dynamics simulations.

2. Material and method
2.1. Ligands and proteins

The data of previous literature have established the vital and sig-
nificant functionality of main protease (3CLpro, PDB ID: 6LU7), Papain-
like protease (PLpro, PDB ID: 6WX4), RNA-dependent RNA polymerase
(RdRp, PDB ID: 6M71), envelope (E) protein (PDB ID: 7k3g), helicase
(NSP13, PDB ID: 6ZSL), and endoRNase (NSP15, PDB ID: 6WLC)
throughout the viral pathogenic cycle of SARS-COV-2 [40-45]. There-
fore, these crucial proteins were selected as the targets of this research.
The X-ray crystal structures of each protein were downloaded from
Protein Data Bank (www.rcsbPDB.org). Also, the SDF files of
three-dimensional structures of the ligands, including all the active in-
gredients of the five Iranian species of Pistacia sp., were procured from
the PubChem database (http://pubchem.ncbi.nlm.nih.gov).


http://www.rcsbPDB.org
http://pubchem.ncbi.nlm.nih.gov
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Fig. 1. Molecular docking results of all complexes. (A) 3CLpro-PG complex (B) 3CLpro- Simeprevir complex (C) PG in the 3CLpro’s active site (D) PLpro-PG complex
(E) PLpro-Vir251 complex (F) PG in the PLpro’s active site (G) RdRp-PG complex (H) RdRp- Dabigatran etexilate complex (I) PG in the RdRp’s active site (J) helicase-
PG complex (K) helicase-Ritonavir complex (L) PG in the helicase’s active site. (M) NSP15-PG complex (N) NSP15-Ritonavir complex (O) PG in the NSP15’s active
site (P) E protein-PG complex (Q) E protein-Ritonavir complex (R) PG in the E protein’s active site.

2.2. Molecular docking version 2019 [46]. Initially, we eliminated all the ligands and water
molecules from the crystal structures of proteins’ PDB files. Then, the
The most effective active ingredients of Pistacia sp. in interaction MOE-Quick prep tool was used to optimize and prepare the ligands and

with the selected targets were determined by the application of MOE protein targets for the docking process and modify the breaks or defects
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Fig. 1. (continued).

of the protein structure. The last step was to dock the ligands into the
selected targets by the MOE-Dock tool in order to report the best
interaction through the London Dock scoring function, which involved
the calculation of free energy for each hit to score the suitable confor-
mations. Meanwhile, the binding affinities of every complex was esti-
mated through the GBVI/WSA algorithm [47,48].

2.3. Molecular dynamic simulation

The stability and accuracy of protein-ligand complexes were evalu-
ated by the employment of GROMACS version 2018 [49] and
CHARMMS36 force field [50]. In this section, once the cubic unit cell was
defined and filled with explicit water model based on the spc/e, an
adequate amount of sodium and chlorine ions were added to neutralize
the system. Also, we applied energy minimization in accordance with
the Steepest Descent algorithm to eliminate some of the steric clashes
between the atoms. NVT and NPT were exerted as the equilibration
steps, according to the modified Berendsen thermostat and
Parrinello-Rahman, respectively, in prior to the MD simulation to
equilibrate the entire system with water and ions [51]. Finally, all of the
complexes were subjected to the performance of 100 ns simulation. The
capability of selected ligand in inhibiting the targets were investigated
through the analyzing processes of PCA, SASA, DSSP, RMSD, RMSF, Rg,
and Lennard-Jones potential.

3. Results
3.1. Molecular docking

The conduction of molecular docking facilitated the prediction of the
best beneficial ingredients of Pistacia sp. in interaction with SARS-COV-
2’s proteins and also helped in identifying the interaction behavior of
our ligands. We docked 40 ingredients of the five Iranian species of
Pistacia sp. into the 3CLpro, PLpro, RdRp, Helicase (NSP13), endoRNase

(NSP15), and E protein. For each protein target, we performed molec-
ular docking with their inhibitors (up to 10 inhibitors for each target)
and compared the best result of each sample with 1,2,3,4,6-pentagalloyl
glucose (PG). PG is one of Pistacia lentiscus’s ingredients that obtained
the best result in interaction with all of the targets. Table 1 exhibits the
best docking results of PG and inhibitors. (The docking results of the
other ingredients of Pistacia sp. are represented in Supplementary
information).

The best docking results of ingredients and inhibitors in interaction
with 3CLpro was achieved by PG (—9.47 kcal/mol) and Simeprevir
(—10.14 kcal/mol), respectively. Based on previous investigations,
3CLpro has three domains with an active site in domain II along with the
residues of 140-145 and 163-166 [52]. According to Fig. 1(A-C), PG can
be precisely positioned in the active site of 3CLpro and form a stable
interaction with this target by creating suitable hydrogen bonds. In
contrast to Simeprevir, PG exhibited an adequate and stable perfor-
mance as an inhibitor.

The binding energies of PG and Vir251 in interaction with PLpro
were —8.06 and —8.14 kcal/mol, respectively. The essential residues in
PLpro with significant functionalities include CYS111, HIS272, and
ASP286 that stand as catalytic triad, as well as and TYR268, MET208,
PRO247, PRO248, THR301, TYR264, ASN267, GLN269, LEU162,
CYS270, GLY271, and TYR273 that act as substrate-binding residues
[53]. In conformity to Fig. 1D-F, PG can be satisfyingly settled in the
substrate-binding site and form a stable interaction through the pro-
duction of hydrogen bonds.

The binding energies of the interaction between RdRp with PG and
Dabigatran etexilate, were —10.19 and —9.41 kcal/mol, respectively.
Next to the observed active site of RARp in residues 611 to 626, there
were some other principal residues that contained catalytic site
(753-767) and NTP entry channel (LYS545, ARG553, ARG555) [52]. As
exhibited in Fig. 1G-I, PG produced a stable interaction with the residues
of active site and two other chief sites through the formation of appro-
priate hydrogen bonds and one Ionic bond. In comparison to Dabigatran
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Fig. 2. The plots of Lennard-Jones potential for all interactions. (A) 3CLpro’s complexes (B) PLpro’s complexes (C) RdRp’s complexes (D) helicase’s complexes (E)

NSP15’s complexes (F) E protein’s complexes.

etexilate, the higher binding energy of PG can exceed the capability of
our ligand in inhibiting RdRp.

The binding energies of PG and Ritonavir in interaction with helicase
(NSP13) were —10.76 and —10.65 kcal/mol. Among the four sites of
NSP13, site 2 is an ATP binding site located between the 1A and 2A
domains while containing six primary residues (LYS288, SER289,
ASP374, GLU375, GLN404, and ARG567) [54]. According to Fig. 1J-L,
PG can be accurately located in the ATP binding pocket and form a
suitable and stable interaction by producing hydrogen and Ionic bonds,
which would lead to the inhibition of helicase functionality due to its
sufficient interaction with ATP binding site.

The binding energies of NSP15 in complex to PG and Ritonavir were
—8.65 and —8.61 kcal/mol, respectively. According to the in-silico
research, the active site of NSP15 was found in a shallow groove be-
tween two anti-parallel f-sheets with six primary catalytic residues
including His235, His250, Lys290, Ser294, Thr341, and Tyr343 [55].
Fig. 1M-O displays the precise location of PG in the active site upon its
interaction with NSP15, which created a stable interaction by forming
hydrogen bonds, Ionic bond, and pi-pi interaction.

The E protein is one of the structural proteins of SARS-COV-2. Res-
idues 8-38 can form the ion-conducting transmembrane (TM) domain

with a N-terminal segment that would contain the residues E8-113, and
a C-terminal segment composed of residues T35-R38 [43]. Relative
research proved the possibility of semi-independent interaction of
channel’s N- and C-terminal with other viral and host proteins. Ac-
cording to the docking results (Fig. 1 (P-R)), the binding energies of PG
and Ritonavir were —9.51 and —9.66 kcal/mol, respectively. Table 1
only reports the hydrogen bonds, ionic force, pi-pi, and pi-H interactions
between ligands and targets. However, especially in the interaction
between E protein with PG and ritonavir, the non-bonded interactions
such as hydrophobic force and Lennard-Jones potential could play sig-
nificant roles in forming stable interactions with this target. Since the
gathered data displayed the interaction of PG with C-terminal’s residues,
it may be capable of disrupting the interaction with host cell proteins
and function properly with E protein as a result of interacting with the
residues of C-terminal.

3.2. Molecular dynamic simulation

3.2.1. Lennard-Jones potential
Lennard-Jones (LJ) potential is one of the long-range non-bonded
interactions and its negative value represents the existence of higher
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attraction and paramount stability. The LJ potential analysis was
assessed with a precise grasp of the interaction behavior between li-
gands and targets.

Table 2
The average value of Rg, SASA, and RMSF.

Complexes Rg(nm)  SASA (nm?)  RMSF (nm) The average value of LJ potential of PG and Simeprevir in interaction

Protein  Active site with 3CLpro were —220.583 and —219.389 kj/mol, respectively. In
3CLpro .24 150.13 0.13 0.14 co.nforrnlty to Fig. 2A, subseguent to the first 100000 ps, PG.dlspla'yed
3CLpro-PG 2.24 151.11 0.12 0.1 minor and constant fluctuations throughout the course of simulation,
3CLpro-Simeprevir 2.23 148.62 0.12 0.11 while containing a higher value of LJ and exhibiting a similar fluctuation
PLpro 25 173.91 0.12 0.107 to Simeprevir. These results confirmed the capability of PG in forming
PLpro-PG 2.5 174.08 0.13 0.114 3 . . . e pits
PLpro-Vir251 251 l64.87 013 0111 excellent and firm interaction w1th' 3CLpro as a. powerful inhibitor.
RdRp 3.9 413.82 0.149 0116 The average value of LJ potential of PLpro in complexes to PG and
RdRp-PG 3.18 411.61 0.151 0.119 Vir251 were —109.199 and —170.882 kj/mol, respectively. Fig. 2B ex-
RdRp- Dabigatran etexilate  3.17 405.1 0.154 0.137 hibits the relatively chief fluctuation rate of PG during the 100 ns along
Helicase 2.84 291.28 0169 0.094 with a lower value of LJ potential when compared to Vir251. Therefore,
Helicase-PG 2.82 284.76 0.164 0.104 PG be i ble of facilitating th ifi ine of PL
Helicase-Ritonavir 2.82 281.25 0150  0.106 may be incapable of facilitating the specific targeting of PLpro.
NSP15 2.37 179.54 0.118 0.124 The LJ potential value of RdRp in interaction with PG and Dabiga-
NSP15-PG 2.38 179.55 0.136 0.152 tran etexilate were —179.824 and —199.585 kj/mol, respectively. Next
NSP15-Ritonavir 2.37 179.49 0.123 0.138 to the lower average value of PG in comparison to inhibitor ligand, it
E protein 1.66 97.42 0.239 0.197 contained a minor and constant fluctuation during the simulation as it is
E protein-PG 1.64 97.6 0.194 0.182 displayed in Fig. 2C. Hence, PG can stand as a suitable inhibitor for RdARp
E protein-Ritronavir 1.7 94.63 0.225 0.203

due to creating a stable interaction with this target.
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The average LJ potential of helicase in in complex with PG and Ri-
tonavir were —119.608 and —163.16 kj/mol, respectively. Meanwhile,
the lower LJ potential value of PG than Ritonavir indicated its relatively
constant fluctuation during the 100 ns, which is presented in Fig. 2D.
Therefore, PG can be considered as a qualified potent inhibitor for
helicase.

The average LJ potential of PG and Ritonavir in interaction with
NSP15 were —88.70 and —65.23 kj/mol, respectively. According to
Fig. 2E, although both ligands contained high fluctuations throughout
100 ns; however, Ritonavir exhibited a higher and more severe fluctu-
ation than PG. Therefore, in contrast to its superior interaction with
NSP15, PG may be incapable of performing the explicit targeting of this
protein.

The average LJ potentials of E protein in interaction with PG and
Ritonavir were —213.33 and —192.092 kj/mol, respectively. In contrast
to Ritonavir, PG demonstrated a minor and constant fluctuation
throughout the simulation, which is displayed in Fig. 2F. As a result, PG
proved its ability to target the E protein through the formation of an
utterly stable interaction.

3.2.2. Root mean square deviation (RMSD)

In this section, we calculated the Root-Mean-Square Deviation active
site (RMSDas) of proteins active site to investigate the change confor-
mation and stability of the active site residues in interaction with PG and
inhibitory ligands. It should be noted that the low value of RMSD rep-
resents the high stability of a complex.

In conformity to Fig. 3A, the connection of PG to 3CLpro displayed a
relatively similar fluctuation to that of free 3CLpro and 3CLpro-Simepre-
vir complex, which proves the existence of a stable interaction with this
target.

Based on Fig. 3B, the RMSDas of PLpro in interaction with PG was
declined. However, in comparison with the complex of PLpro and
Vir251, the performance of PG was relatively weaker than the inhibitory
ligand. Nevertheless, PG is still capable of forming a stable interaction
with PLpro due to the average RMSDas of free PLpro and its complex
with PG, which were 0.21 and 0.2 nm, respectively. According to pre-
vious Data, the achievement of an RMSD in the range of 0.2-0.3 nm
indicates the stability of an interaction.

Considering Fig. 3C, the connection of PG to RdRp caused a decrease
in the RMSDas of this target and displayed a superior performance than
that of Dabigatran etexilate, which is indicative of a stable and robust
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E protein’s complexes.

interaction with RdRp.

In conformity to Fig. 3D, the RMSDas of helicase in complex with PG
and Ritonavir was increased, while a slight increase in the RMSDas of PG
in complex to this protein was observed when compared to the results of
Ritonavir. The occurrence of these raises may be due to the competition
of water molecules with ligands throughout the active sites of protein
[56]. Moreover, the existence of some loops and turns throughout the
active site of helicase resulted in causing the highest rate of fluctuations
in interacting with ligands. Therefore, the ability of PG to create a suf-
ficient and stable interaction with helicase was approved.

According to Fig. 3E, the average RMSDas of NSP15 and its complex
with PG and Ritonavir were 0.19 nm, 0.21 nm, and 0.2 nm, respectively.
Consequently, it is assumed that PG and the inhibitor ligand displayed a
relatively similar behavior upon interaction with NSP15 and therefore,
PG could be considered as a suitable inhibitor for this target.

Based on Fig. 3F, the average RMSDas of E protein and its complex
with PG and Ritonavir were 0.3 nm, 0.48 nm, and 0.54 nm, respectively.
The high values of RMSDas in both cases of PG and inhibitory ligand was
caused by their interaction with ion-channels C-terminal that are
attached to the free carboxyl end of this protein. Moreover, another

reason for this increase may be the competition of ligands with water
molecules throughout the binding site. Therefore, PG achieved a better
RMSDas value than Ritonavir, and its LJ potential in interaction with E
protein verified its ability in forming a more stable and solid interaction.

3.2.3. Root mean square fluctuation (RMSF)

The root mean square fluctuation (RMSF) analysis determines the
fluctuation of residues throughout a simulation. In contrast to the reg-
ular secondary structures, which contain less fluctuation and mobility,
the irregular secondary structures exhibit more fluctuation and
mobility. The average RMSF of all systems is demonstrate in Table 2 and
the plots of RMSF for every complex is depicted in Fig. 4. In the case of
PG interaction with 3CLpro, helicase and E protein caused a decrease in
the RMSF of proteins and active site. In addition, this ligand displayed a
better performance in interaction with these proteins, while the appli-
cation of PG caused a further reduction in the RMSF value when
compared to the results of inhibitor ligands. The connection of PG to
PLpro, RdRp, and NSP15, induced a slight increase in the RMSF value
due to the irregular secondary structures, such as coil and turn in the
active site of these proteins exist; therefore, both PG and inhibitor
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Table 3
DSSP analyses.

Complexes Structure (a-helix + p-sheet + p-bridge + turn)
3CLpro 0.64
3CLpro-PG 0.65
3CLpro- Simeprevir 0.63
PLpro 0.68
PLpro-PG 0.65
PLpro-Vir251 0.68
RdRp 0.65
RARp-PG 0.65
RdRp- Dabigatran etexilate 0.65
Helicase 0.58
Helicase-PG 0.59
Helicase-Ritonavir 0.58
NSP15 0.61
NSP15-PG 0.62
NSP15-Ritonavir 0.62
E protein 0.85
E protein-PG 0.84
E protein-Rironavir 0.82

ligands displayed a relatively higher value of RMSF than the free pro-
teins. However, the structures of proteins were not disrupted by these
increases, which enabled PG to create stable and appropriate in-
teractions with all of the targets.

3.2.4. Radius of gyration (Rg)

Rg is evaluated the protein compactness and the change conforma-
tion of protein after binding ligand. A higher value of Rg refers to the
looser fold of protein structure, whereas a lower value relates to a stiffer
and more compact protein structure. Fig. 5 portrays the radius of gy-
ration for all the systems, and Table 2 depicts their average value of Rg
throughout the 100 ns. Based on the presented data, the connection of
PG to targets did not cause any abnormal change conformation or
compactness of targets, while PG displayed a relatively similar behavior
to the inhibitor ligands.

3.2.5. Solvent Accessible Surface Area (SASA)

The analyzing method of solvent-accessible surface area (SASA) is
used to examine the compactness and accessible area of the receptor in
regard to the solvent. Apparently, the presences of hydrophobic amino
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Table 4
The interaction results of all complexes in the last snapshot of MD simulation.

Complex’s name Interaction Distance E (kcal/mol)
3CLpro-PG GLU 166 (A) H-donor 2.72 -5.2
ARG 188 (A) H-donor 2.70 —-2.6
THR 190 (A) H-donor 2.84 -2.0
ASP 48 (A) H-donor 2.95 —0.8
ASN 142 (A) pi-H 3.67 -0.5
3CLpro-Simeprevier GLU 166 (A) H-donor 2.54 -10.5
GLU 166 (A) H-donor 3.25 -0.5
GLU 166 (A) Ionic 2.54 -8.4
GLN 189 (A) H-acceptor 2.76 -3.2
PLpro-PG ALA 246 (A) H-donor 2.83 -1.3
LEU 162 (A) H-donor 2.76 -1.6
TYR 268 (A) pi-pi 3.95 -0.0
PLpro-Vir251 GLN 269 (A) H-donor 3.28 -0.7
GLY 163 (A) H-donor 2.68 —4.8
GLY 163 (A) H-acceptor 3.03 -3.6
GLY 271 (A) H-donor 2.73 —4.4
TYR 264 (A) H-acceptor 2.68 -3.5
RdRp-PG SER 549 (A) H-donor 2.99 -0.7
ASP 760 (A) H-donor 3.10 -2.8
THR 687 (A) H-donor 2.70 -2.1
LYS 551 (A) H-donor 2.85 —-2.3
TYR 619 (A) H-donor 2.50 -3.7
LYS 621 (A) H-acceptor 2.75 -8.4
2: ARG 555 (A) H-acceptor 2.86 —4.0
RdRp-Dabigatran 2.95 -0.8
LYS 545 (A) pi-H 3.98 -0.9
ASP 761 (A) H-donor 2.62 —-8.2
2: ASP 618 (A) 1: H-donor 2.84 —4.2
(A) 1: Ionic 2.84 -5.7
ASP 761 (A) Ionic 2.62 -7.5
ASP 623 (A) pi-H 3.69 -1.0
NSP13-PG 2: GLU 375 (A) H-donor 2.48 -2.6
2.61 —6.1
GLU 319 (A) H-donor 2.53 —-4.7
NSP13-Ritonavir 4: GLU 375 (A) 2: H-donor 3.04 -2.9
2.66 -11.9
2: Ionic 3.04 —4.2
2.66 -7.2
HIS 290 (A) H-donor 3.77 -0.7
LYS 320 (A) H-acceptor 2.87 —-4.1
NSP15-PG 2: GLU 340 (A) 2: H-donor 2.68 -2.1
2.70 —-5.7
2: TYR 343 (A) 1: H-acceptor 2.78 —-2.5
1: pi-pi 3.91 -0.0
TRP 333 (A) pi-pi 3.67 -0.0
NSP15-Ritonavir ASP 240 (A) H-donor 2.53 -8.2
ASP 240 (A) Ionic 2.53 —8.6
TRP 333 (A) H-pi 4.70 -0.6
Epr-PG THR 35 (E) H-donor 3.21 —0.6
Epr-Ritonavir
ALA 32 (A) pi-H 3.81 - 0.6

acids cause an increase in the SASA value [57]. In comparison to the
inhibitor ligands, Table 2 exhibits a hardly increased in the SASA values
of PG in interactions with 3CLpro, PLpro, RdRp, NSP15, and E protein
due to the larger number of hydrophobic residues around the PG
throughout these interactions. The SASA value of PG in interaction with
helicase was a little higher than Ritonavir due to the wider exposure of
PG to the solvents, which prevented the inducement of any abnormal
changes in the structure (Fig. 6). As confirmed by the data of Rg, the
observance of a slight change indicated the binding of PG to the targets
and proved its ability to act as a qualified inhibitor for these targets. On
the other hand, PG in interaction with RdRp and helicase indicated a
lower value of SASA than free protein, thus this ligand can create a more
stable interaction with these two targets.

3.2.6. Dictionary of secondary structure of proteins (DSSP)

The results of DSSP analysis can identify the secondary structure of a
protein and portray the inducement of any change conformation by
binding ligand. Table 3 presents the data of DSSP throughout the 100 ns
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and accordingly, the binding of PG to each of the targets did not cause
any significant changes in the secondary structure.

3.2.7. The essential dynamics (ED)

Principal component analysis (PCA) or essential dynamics (ED) is
used to characterize any motions or change conformation in the struc-
ture of proteins in complex with ligands. Since the first few eigenvectors
represent the most protein movement, we picked the first 30 eigenvec-
tors to estimate the protein’s motion, which is plotted in Fig. 7. The 2D
projection plot of PCA portrays the overall dynamics of proteins in
complex with ligands. Considering how the first two PCs provide the
most important information about the movement of protein, the first
two eigenvectors were selected and plotted against each other for every
complex.

Fig. 7B presents the 2D projection plot of 3CLpro in complex with PG
and Simeprevir. The motions of protein faced a decreased in the course
of 3CLpro interaction with PG (Fig. 7A), while the plots of 3CLpro-PG
complex were observed to occupy less space than the solitary case of
3CLpro. Although the functionality of PG was not as strong as Sime-
previr, which is in contrast to the inhibitory ligand, but it was capable of
inhibiting 3CLpro and creating a stable interaction with this target.

The 2D projection plot of PLpro in complex to PG and Vir251 is
displayed in Fig. 7D. While the effects of both PG and inhibitory ligand
caused an increase in the binding motion (Fig. 7C), yet the interaction
between PLpro with PG faced a higher increase. This complex also
occupied a more prominent space than the solitary cases of Vir251 and
PLpro. Therefore, the inhibitory function of PG may be less significant
than that of Vir251.

In conformity to Fig. 7F, the connection of PG to helicase led to the
occupancy of relatively similar space to that of helicase alone, while the
helicase-PG complex took more space than the helicase-Ritonavir com-
plex. The interaction of PG with helicase resulted in decreasing the
protein motion and indicated its ability to form a stable interaction with
this protein (Fig. 7E). Accordingly, PG can also function against helicase
in the role of an adequate inhibitor.

In conformity to Fig. 7H, the occupied space of NSP15-PG complex
was less than the NSP15-Ritonavir complex, which expresses the supe-
rior potential of PG than the inhibitory ligand in inhibiting NSP15 and
creating a more stable interaction. Next to a better performance, the
interaction of PG with this target caused a higher decrease in the protein
motion than Ritonavir, which is a stronger performance than Ritonavir
(Fig. 7G). However, it is possible that this protein was not the main
target of PG, since the LJ potential of this target in complex with PG and
Ritonavir confirmed this assumption as well.

Based on Fig. 7J, the E protein-PG complex occupied less space than
complex of solitary the E protein and E protein-Ritonavir complex.
Moreover, Fig. 7 I displays the interaction of PG with E protein, which
caused a decrease in the motion of this target and in contrast to the
inhibitory ligand, exhibited a remarkably superior performance.
Therefore, it can be assumed that PG is capable of creating a solid and
stable interaction with E protein and function as a potential and prac-
tical inhibitor of this protein.

4. Discussion

The spreading of COVID-19 pandemic since 2019 has led to the death
of millions of people worldwide and unfortunately, scientific approaches
were incapable of finding any reliable way to suppress this virus
completely. Several types of research disclosed the antiviral, anti-
inflammatory, antimicrobial, antinociceptive, antioxidant, and anti-
tumor properties of Pistacia sp., which can also cause potential impacts
on gastrointestinal disorders. In this research, we investigated the effects
of active ingredients, obtained from five spices of Pistacia, on the most
crucial protein targets of SARS-COV-2 including 3CLpro, PLpro, RdRp,
helicase, NSP15, and E protein. According to the results of molecular
docking, PG was the most potent and robust active ingredient of Pistacia
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lentiscus in interaction with all of the selected targets. The binding en-
ergies of docking process indicated that initially, PG displayed a high
binding affinity with helicase (—10.76 kcal/mol) and RdRp (—10.19
kcal/mol) and created the solid and firm interaction through the pro-
duction of ionic and hydrogen bonds. In the following, this ingredient
exhibited a very suitable tendency to interact with E protein (—9.51
kcal/mol) and 3CLpro (—9.47 kcal/mol) while forming a vigorous
interaction with these two targets by developing hydrogen bonds during
the docking process and simulation. Thirdly, the acceptable interactions
of PG with NSP15 (—8.65 kcal/mol) and PLpro (—8.06 kcal/mol) were
confirmed through the observance of hydrogen, ionic, and pi-pi bonds.
Meanwhile, PG was ideally located in the active site of selected targets
throughout every interaction. In addition, the last snapshot from the 100
ns simulation (Table 4) verified its ability to create an utterly stable and
solid interaction with the proteins in the course of the simulation
without displaying any alterations in its position. In conformity to the LJ
potential data, PG was capable of forming steadily interactions with
3CLpro, RdRp, E protein, and helicase, while exhibiting a suitable and
superior performance when compared to the inhibitory ligand of these
four targets. According to the outcomes of RMSDas, the RARp-PG com-
plex and 3CLpro-PG complex contained a lower RMSDas than the free
proteins and complexes of inhibitory ligands. Consequently, the higher
stability of PG’s interactions with RdRp and 3CLpro, as well as its
satisfactory performance in complex with these two targets especially
RdRp, can be confirmed. The results of Rg, SASA, and RMSF approved
the superior and more adequate performance of PG upon interacting
with RdRp, helicase, E protein, and 3CLpro which was also abled to
thoroughly inhibit these targets and form stable interactions in contrast
to the other targets. As the final step, PCA analysis displayed the induced
reduction in the motion of E protein, 3CLpro, and helicase and partic-
ularly E protein due to their interaction with PG, which portrayed the
potential of our selected ligand (PG) as a capable inhibitor for E protein,
3CLpro, and helicase.

5. Conclusion

In summary, our study revealed significant data on the inhibitory
activity of PG, which is the most effective ingredient of Pistacia lentiscus,
in interactions with the most significant protein targets on SARS-COV-2.
The results of molecular docking and MD simulations confirmed the
strong inhibitory effect of PG on RdRp, helicases, 3CLpro and E protein,
forming a stable and strong interaction with these targets. Therefore,
this paper proposes the possibility of preventing the process of replica-
tion and transcription of SARS-COV-2 through the inhibitory action of
PG on RdRp, helicase, 3CLpro and E protein. We hope that our research
will drive the development of an original approach to the treatment of
COVID-19.
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Abbreviations
SARS-CoV-2 severe acute respiratory syndrome-coronavirus-2

COVID-19 coronavirus disease 2019
Pistacia sp. Pistacia species

3CLpr  3-chymotrypsin-like protease

PLpro  Papain-like protease

RdRp RNA dependent RNA polymerase

NSP15  Nonstructural protein-15 (endoRNAse)

E protein Envelope protein

PG 1,2,3,4,6-pentagalloyl glucose

MD Molecular dynamic

RMSDas Root mean square deviations of active site
RMSF Root mean square fluctuations

Rg Radius of gyration

PCA Principal components analysis

ED The essential dynamics

SASA Solvent Accessible Surface Area

DSSP Dictionary of secondary structure of proteins
LJ Lennard-Jones potential
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