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Abstract

The recent outbreak of the respiratory pandemic known as novel coronavirus SARS-CoV-2 disease “COVID-19” was first
identified in Wuhan, China and quickly spread to other countries. The 3CL protease (3CLpro) enzyme is the main protease
of the SARS-CoV-2, which is responsible for coronavirus replication and therefore, the 3CLpro is considered a drug dis-
covery target. The study reports that the molecular docking approach of 30 compounds had been identified from Allium
roseum against two 3CL proteases (3CLpro) targets (PDB: 6LU7) (PDB: 6M2N) of SARS-CoV-2 using Autodock Vina.
The docking results revealed that the top three compounds, Kaempferol-7-O-rutinoside, Kaempferol-3-O-glucuronoside and
Apigenin-7-0-glucoside, displayed high affinity against the two 3CLproteas binding pockets. The free energy of binding
(FEB) were — 12.10,—11.80 and — 11.52 against 6LU7 and — 11.83,—11.34 and — 11.01 kcal/mol against 6M2N for Auto-
dock, while AutoDock Vina scores were — 11.6, — 11.2 and — 10.3 kcal/mol against 6LU7 and — 11.1, — 10.8 and — 10.5 kcal/
mol against 6M2N. The results reveal that the three compounds fully interact with the essential amino acids in the binding
pocket catalytic dyad Cys145 and His41 of the two 3CLpro. Consequently, they are expected to hinder SARS-CoV-2 3CLpro
activity. In conclusion, our In-silico results suggest that the three identified compounds could serve as a potential lead that
could inhibit the function of 3CLprotease (3CL pro) of Coronavirus. However, in-vitro and in-vivo experiments are neces-
sary to certify and confirm the docking results reported here.
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1 Introduction used in the treatment of Coronavirus. It helped a little bit
with the urgent condition, however, they may still be trial

The Coronavirus 2019 (Covid19) outbreak of severe acute and error because no selective medicine has been discov-

respiratory syndrome (SARS) has spread worldwide, with
a growing number of victims. According to WHO data on
the November 6, 2020, the Coronavirus had infected 219
countries, resulting in 47,596,852 cases and 1,216,357
deaths [1]. The rapid transmission from human to human
has increased the number of victims day by day, even though
no special antiviral medications have been given to the
afflicted patients [2]. Different approved FAD drugs such
as anti-influenza (oseltamivir) [3], HIV antiviral agents
(lopinavir) [4], and antimalarial (chloroquine) [5] have been
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ered yet. Infection of the upper respiratory tract is caused
by Coronaviruses (CoVs) in higher mammals and humans
[6]. Several outbreaks have been linked in the recent past
to CoVs. Originally identified as SARS in 2002, MERS
in 2012, and COVID-19 in late 2019 [7-10] and [11]. The
coronavirus SARS-CoV-2 is a positive-sense, an envel-
oped, single-stranded RNA virus that belongs to the fam-
ily Coronaviridae [12]. Its phylogenetically similar to the
Middle East respiratory syndrome (MERS) and the severe
acute respiratory syndrome coronavirus (SARS) coronavi-
rus [13]. Coronavirus bio-macromolecules are important
functional biological macromolecules. The viral protease
(3CLpro) and RNA-dependent RNA-polymerase (RdRp)
are required for polyprotein proteolytic processing and viral
replication. Therefore, they have been proposed as potential
therapeutic targets in treating viral diseases [14]. Inhibiting
the activity of the 3CLpro enzyme consider as one of the
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most characterized therapeutic targets for coronaviruses.
Furthermore, it is important to treat the polyproteins trans-
lated from RNA molecules [15, 16]. The 3CLpro mono-
mer consists of three domains, namely domain I, domain II
and domain III, and a long loop connect domains II and III.
In addition, the 3CLpro active site has a Cys-His catalytic
dyad (Cys145 and His41) positioned in the gap between
domains Iand IT [8, 9, 17, 18]. SARS-CoV-2 3CLpro active
site has a Cys-His catalytic dyad (Cys145 and His41), and
it’s found in the gap between domains I and II [19]. The
primary objective of the scientific community is to develop
effective drugs. This objective needs a systematic limiting
of pharmacological candidates, which is typically accom-
plished by virtual screening techniques [20]. In-silico drug
screening employing several computer-aided drug design
applications, the rational drug design process is substan-
tially accelerated. Ultimately, this saves time and money
because it eliminates the need to experiment with leads that
fail during the drug discovery process [21-23]. The most
promising technique for speeding up the discovery of new
drug candidates is in-silico drug discovery. It's becoming
increasingly important in drug development, and they are
critical in identifying promising therapeutic candidates at
a low cost [24]. Many drugs found in the market have been
discovered of natural origin. Natural origin can be classi-
fied into three groups: unaltered natural (pure) products, a
mixture of natural product (NP), and natural product deriva-
tives obtained from plants or other living organisms, such
as lichens, fungi, microorganisms, sponges [25]. Traditional
medicine is becoming more widely recognized as a useful
treatment option for various illnesses, and large funds are
being invested in research into the therapeutic potential of
medicinal plants. In addition, several phytochemicals with
significant antiviral activity have been reported in the litera-
ture. These phytochemicals could be used to restrict corona-
virus replication [26]. The Alliaceae family includes mul-
tiple genera, with the Allium genus being the most widely
distributed and important, with more than 700 cultivated
species. Although the species varies in color, form and taste,
they have similar biochemical, phytochemical, and nutra-
ceutical qualities. Furthermore, this genus is economically
significant as a source of agricultural and herbal crops and
a decorative plant [27, 28]. Allium roseum L. (vernacular
name: lazoul) is a polymorphous species endemic in North
Africa from western Libya to Marocco [29] from the Lili-
aceae family, is a rich source of organo-sulfur compounds
and flavonoids, it is worth mentioning that this medicinal
plant is widely used in north Libya to treat influenza. The
Allium roseum plant contains many compounds isolated
from different parts of the plant from the flowers, stems,
leaves, and bulbs during the plant's growth cycle: the veg-
etative phase and the flowering phase (February). Many
compounds have been isolated from the essential oil using
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hydrodistillation methods followed by gas chromatography-
mass spectroscopy (GC-MS), Another compounds isolated
from different plant extracts such as (methanolic extracts,
ethanolic extracts, and ethyl acetate extracts) characterized
using the high-performance liquid chromatography-mass
spectroscopy (HPLC-MS) [30], Liquid Chromatography
Electrospray Ionization Mass Spectroscopy Most of the
isolated compounds exhibited different biological activities
such as antibacterial, antifungal, antiviral, anticarcinogenic,
antithrombotic, antiatherosclerotic, immuno-stimulating,
and antioxidant properties and cholesterol-lowering effects
Allium species [31, 32]. Several compounds have been iso-
lated from the Allium roseum L. from different parts of the
plant, such as flavonoids, phenolic and sulphurous com-
pounds (Quinic acid, Protocatechuic acid, Trans ferulic acid,
Apigenin-7-0-glucoside, Luteolin-7-O-glucoside, Kemp-
ferol, Apigenin, Trans ferulic acid, 2,4-dimethylthiophene,
2-propenyl methyl, disulfide, Oxygenated sesquiterpene and
p-Cymene) [30, 33-36].

The present study aimed to use the in-silico molecular
docking approach to identify and evaluate potential inhibi-
tors against two SARS-CoV-2 3CL proteases obtained from
the Allium roseum L. plant, followed by molecular dock-
ing analysis to find new inhibitors that could be utilized as
potential leads in the treatment of coronavirus infections.

2 Materials and Methods
2.1 Protein Preparation

The 3D structure of two used proteins, SARS-CoV-2 main
protease (Mopar, 3CLpro) (PDB ID: 6LU7) [17,18] in com-
plex with a peptide-like inhibitor N3 and (PDB ID: 6 M2N)
[37] in complex with Baicalein were obtained from Protein
Data Bank (https://www.rcsb.org/). First, the water mole-
cules and co-factor were removed and hydrogen was added
using AutoDockTools (ADT) [38].

2.2 Ligand Preparation

The 3D structures of natural product compounds were
obtained from the PubChem [39] site in SDF format and
then converted to pdb to be used in molecular docking using
Discovery studio visualizer [40].

2.3 Molecular Docking

AutoDock Vina [41] and AutoDock 4.2 [42] were used to
perform molecular docking. The centre grid parameter was
specified as 60—-60-60 for x-, y- and z-axes, respectively, a
spacing of 0.375 A and located at the centre of the active
site.
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3 Results and Discussion
3.1 Validation of the Docking Protocol

The docking protocol has been validated by re-docking the
coordinated ligand from the crystallographic structure of
COVID-19 main proteinases (PDB ID: 6L.U7 and PDB ID:
6M2N) into the same binding pocket. The docking results
showed a similarity between the ligand pose and coordi-
nated pose (RMSD=0.88 A, 0.97 A, (Fig. 1), the bind-
ing affinity — 7.5 kcal/mol and — 8.2 kcal/mol) for 6LU7
and 6M2N, respectively. The obtained results displayed
that the docking protocol used in this study is reliable
because the RMSD value was less than the 2.0 threshold
value established to evaluate reliability; the result sug-
gests that the docking protocol utilized is accurate [43].
The conserved residues found in the binding pocket of
3CLprotease were targeted in this investigation to block
virus activity.

Firstly 30 reported compounds identified from Allium
roseum L. were obtained from the literature. Three can-
didates, Kaempferol-7-O-rutinoside, Kaempferol-3-0O-
glucuronoside and Apigenin-7-O-glucoside, as shown in
(Fig. 2), were chosen based on the lowest FEB of the pro-
tein—ligand complex AutoDock Vina.

In the docking study, all the 30 compounds showed
low binding energy ranging from — 10.3 to — 0.8 kcal/
mol and — 10.5 to — 0.7 kcal/mol by AutoDock Vina for
6LU7, 6M2N, respectively. The protein-ligand complex
that exhibited the lowest free energy of binding is consid-
ered best [44]. Consequently, the top 3 ranked compounds

were suggested as the potential candidates. Kaemp-
ferol-7-O-rutinoside, Kaempferol-3-O-glucuronoside and
Apigenin-7-O-glucoside displayed lowest FEB — 12.10,
— 11.80 and — 11.52 kcal/mol for 6LU7 and — 11.83,
— 11.34 and — 11.01 kcal/mol for 6M2N by AutoDock
42 and — 11.6, — 11.2 and — 10.3 kcal/mol for 6LU7
and — 11.1, — 10.8 and — 10.5 kcal/mol for 6M2N by
AutoDock Vina (Table 1). AutoDock orders the obtained
results by FEB and based on the cluster of solutions that
utilizes the same pose as shown in (Table 2) [45]. The
results of Kaempferol-7-O-rutinoside displayed that the
largest poses, 39 poses (consider the largest cluster out
of 100 poses), adopted a favourable conformation. On the
other hand, the compound Kaempferol-3-O-glucuronoside
adopted the pose 22 times out of 100. Apigenin-7-O-gluco-
side also adopted this pose 27 times out of 100 for 6LU7.
The results of compound Kaempferol-7-O-rutinoside dis-
played that 28 poses. For Kaempferol-3-O-glucuronoside,
adopted showed the largest poses among others 42 poses
out of 100, while Apigenin-7-O-glucoside adopted this
pose 33 times out of 100 for 6M2N shown in (Table 2).

AutoDock reports the optimal docking solution lowest
FEB and cluster analysis for each GA run, including the total
number of clusters and the rank of each docking mode (clus-
ter rank). The number of clusters for each docked compound,
the range of docked energies, the cluster rank of the docking
mode and the docked energy of the docking mode chosen is
all shown in (Table 2). It is worth mentioning that only the
docking mode with the lowest FEB was selected from this
cluster for most of the docking.

The essential amino acid residues completely wrapped
the three selected compounds at the active binding pocket

Fig. 1 The Superimposition between the docked conformation (blue) and the crystal structure (yellow) for PDB:6L.U7 and the docked conforma-

tion (red) and the crystal structure (Cyan) for PDB:6M2N
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Fig.2 Structure of the three compounds from Allium roseum L. A Kaempferol-7-O-rutinoside, B Kaempferol-3-O-glucuronoside, C Apigenin

7-0O-glucoside

Table1 FEB values of the three compounds obtained from Allium
roseum L.

No Compounds AutoDock 4.3 AutoDock
FEB (kcal/mol)  Vina FEB
(kcal/mol)

6LU7 6MN2 6LU7 6MN2

-12.10 —-11.83 —-11.6 —11.1
-11.80 —-11.34 —-112 -10.8

1 Kaempferol-7-O-rutinoside

2 Kaempferol-3-O-glucuron-
oside

3 Apigenin-7-O-glucoside ~ —11.52 —11.01 —103 —10.5

region (Fig. 3), showed that all the four compounds together
with the crystallographic ligands present inside the binding
pockets of the two 3CLpro indicate that they are interacted
with the essential amino acids, making them compete with
the coordinated ligands.

Each of the three compounds’ docking sites was studied.
The findings revealed that they all used the same binding
region in the protein and had similar strengths suggesting
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that this site could be attacked and subsequently covalently
bound by the essential amino acid residues at the binding
pocket. In this study, we manually investigated the results of
the docked molecules and their interactions with the target
proteins. Then the location of the docked compounds was
determined at the binding pocket (Fig. 4), with their struc-
tures reaching toward the corresponding component. As a
result, the potential compounds formed extensive interac-
tions with the amino acid residues that constructed the bind-
ing pocket, as showing in (Fig. 4, 5). The formed interactions
include hydrophobic, van deer walls, electrostatics, Pi-Cat-
ion, T-sigma, Pi-alkyl and hydrogen bonds. Furthermore,
the Interaction results of each compound with both proteins
revealed that these three compounds interacted with most of
the residues in the binding pocket, as shown in (Fig. 4, 5).
For the compounds against 6LU7, Kaempferol-7-O-rutino-
side was found to show five hydrogen bonds; the first one
formed between the amino acid THR 190 and first oxygen
atom O1, another between His163 and second oxygen atom
02, likewise Gly143, Ser144 formed three hydrogen bonds
with the third oxygen atom O3. In addition, van der Waals
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Table 2 Relative cluster ranks and docked free energies of selected docking modes for PDB: 6LU7 and 6M2N

No of Auto-
Dock cluster

NO Compounds

Cluster rank of selected Docked free energy range
docked structure

Docked free energy
of selected docked
structure

of docked structures

6LU7

1 Kaempferol-7-O rutinoside 39 (100)
2 Kaempferol-3-O-glucuronoside 22 (100)
3 Apigenin-7-0O-glucoside 27 (100)
6M2N

1 Kaempferol-7-O-rutinoside 28 (100)
2 Kaempferol-3-O-glucuronoside 42 (100)
3 Apigenin-7-O-glucoside 33 (100)

—12.10to—11.88 -12.10
—11.80 to—10,26 —11.80
—11.52 to—10.82 —-11.52
—11.83t0—10.96 —11.83
—11.34t0-9.92 —-11.34

—11.01 to—10.22 —11.01

Fig.3 The compounds enfolding at the two COVID-19 3CLp binding pockets (1) Kaempferol-7-O-rutinoside (Blue), (2) Kaempferol-3-O-glu-
curonoside (Red) and (3) Apigenin-7-O-glucoside (yellow), Cyan for crystallographic ligand for PDB:6LU7 and 6M2N

interaction formed between THR26, ASN142, LEU141,
MET156, ASP187, TYR45, GLN192 and the carbon atoms
C-1, C-2, C-6, C-7, C-9, C-10, C-15, C-16 and C-20 of the
compound. Likewise, the amino acid CYS145 exhibited Pi-
Sulfur bonds with the first benzene ring on the compounds.
Two amino acids MET49, HIS41 displayed Pi-alkyl bonds
on the fifth benzene ring. The other interaction was the Car-
bon hydrogen bond between amino acids HIS4, ARG188,
GLN189, CLU166 and Pi-Sigma displayed between HIS41
and C25 on the compound Table 3 and Fig. 5.

The second compound was Kaempferol-3-O-glucurono-
side was found to interact with GLU166, GLU166, ASN142,
HIS136 through hydrogen bonds with oxygen atoms O6,
08, 09 and O10. Van der walls interactions were noticed
between amino acids ASP187, HIS41, TYRS54, ARG188,
GLN189, MET165, AER144, LEU141, GLY 143 and carbon
atoms C-1, C-6, C-9, C-10, C-11, C-12, C-13, and C-18
on the compound. Likewise, the Pi-Sulfur bond displayed
between CYS145 and the first benzene ring on the com-
pound. Amino Acid MET49 exhibited two Pi-sigma bonds
with the second and third benzene rings on the compounds

Table 3 and Fig. 5. The third compound was Apigenin-7-O-
glucoside was found to show three hydrogen bonds between
the amino acids THR190, GLY 143, LEU141 and three oxy-
gen atoms on the compound. Van der walls interaction dis-
played between the amino acids SER144, ASN142, THR25,
THR26, HIS41, MET49, GLN189, ARG188, GLN192
and carbon atoms C-1, C-17, C-18, C-19, C-20 and C-21.
Likewise, CYS145and MET156 amino acids formed two
Pi-Alkyl bonds with first and third benzene rings, respec-
tively Table 3 and Fig. 5. While the three selected against
the protein, 6M2N, the first compound was Kaempferol-7-O-
rutinoside displayed four hydrogen bonds between the amino
acids ARG188, GLU166, GLU166, THR26 and oxygen
atoms O1, 06, O7 and O14 on the compounds. The amino
acids GLN192, PRO168, LEU167, MET165, GLN198,
ASP187, GLY 143, LEU27, THR25, CYS44, TYRS54,
ASP187, GLN178 formed van der Waals interactions with
the carbon atoms C-1, C-3, C-9, C-10, C-11, C-12, C-13,
C-14, C-15 and C-16 on the compound. Pi-alkyl bonds were
formed between amino acids MET49, CYS45 and first and
fifth benzene rings. In addition, MET49 formed Pi-Sigma
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PDB:6LU7

Kaempferol 7-O-rutinoside

Kaempferol-3-(-)-glucuronoside.log

PDB:6LLU7

PDB:6LU7 Apigenin 7-O-glucoside

Thr26

PDB:6M2N Kaempferol 7-O-rutinoside

PDB:6M2N

PDB:6M2N

Apigenin 7-O-glucoside

Fig.4 Three dimensional (3D) binding modes of the three compounds Kaempferol-7-O-rutinoside, Kaempferol-3-O-glucuronoside and Api-
genin-7-0-glucoside present at the COVID-19 3CLprotease binding pocket for PDB: 6LU7and 6M2N
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Fig.5 Two dimensional (2D) binding modes of the three compounds Kaempferol-7-O-rutinoside, Kaempferol-3-O-glucuronoside and Api-
genin-7-0-glucoside present at the COVID-19 3CLprotease binding pocket for PDB: 6LU7and 6M2N
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Table 3 Details of binding interactions of the potential four compounds docked into active pocket of the COVID-19 3CLprotease

No Ligands Residue

Type of interactions

6LU7

6MN2

1 Kaempferol 7-O-rutinoside
ASP187,TYR45,GLN192
CYS145

MET49, HIS41
HIS41

HIS4, ARG188, GLN189, CLU166

2 Kaempferol-3-O-glucuronoside GLU166, GLU166,ASN142,HIS136

ASP187, HIS41, TYR54, ARG188,
GLN189, MET165, AER144,

LEU141, GLY143
CYS145
MET49. MET49

3 Apigenin 7-O-glucoside THR190,GLY143, LEU141

SER144, ASN142, THR25, THR26,

HIS41, MET49, GLN189,
ARG188,GLN192

CYS145, MET156

SER144, SER144, GLY 143, THR190
THR26, ASN142, LEU141, MET156,

ARG188, GLU166, GLU166, THR26  H-Bond

GLN192, PRO168, LEU167, MET165, van der Waals
GLN198,ASP187, GLY143, LEU27,
THR25, CYS44, TYR54, ASP187,

GLN178
Pi-Sulfur

MET49, CYS145 Pi-Alkyl
MET49 Pi-Sigma
MET49 Carbon hydrogen bond
HIS41 Pi-Cation
GLY143, GLU166, CLU166,asn142,  H-Bond

CYS145

THR25, THR26, LEU27,
MET165,GLN189,ARG188, TYR54,

van der Waals

ASP187
CYS145 Pi-Sulfur
MET49, MET49 Pi-Sigma
HIS41 Pi-Cation
GLY 143, THR26, HIS41, GLU166 H-Bond

LEU167, PRO168, GLN192, GLN189,
ARG188, ASP187, TYR54, CYS44,
THR2S5, LEU27, CYS145

van der Waals

MET49 Pi-Alkyl

MET49 Pi-Sigma
HIS41 Pi-Cation
MET165 Pi-Sulfur

with the second benzene ring. Likewise, a Carbon hydrogen
bond was displayed between MET49 and the second benzene
ring Table 3 and Fig. 5. The second compound was Kaemp-
ferol-3-O-glucuronoside, found to show five hydrogen bonds
between GLY 143, GLU166, CLU166, asn142, CYS145 with
the oxygen atoms 05, O7, 08, 010 and O10. Van der walls
interactions formed between amino acids THR25, THR26,
LEU27, MET165, GLN189, ARG188, TYR54, ASP187 and
Cl1, C2,(C3,C4,Cl11, C12,C13 and C14. Pi-Sulfur bond was
formed between CYS44 and the first benzene ring. MET49
formed two Pi-Sigma bonds with first and second benzene
rings. Likewise, the Pi-Cation bond showed between the
His41 and second benzene ring Table 3 and Fig. 5. The third
compound was Apigenin7-O-glucoside exhibited five hydro-
gen bonds between amino acids residues GLY 143, THR26,
HIS41, GLU166 and oxygen atoms O1, 02, O3, O7 and
010. Van der Waals interaction formed between amino acid
residues LEU167, PRO168, GLN192, GLN189, ARG188,
ASP187, TYR54, CYS44, THR2S5, LEU27, CYS145 and
Cl1, C2,C3, C4, C5, C7, C9, C11, C12 and C13. MET165
forms a Pi-Sulfur bond with the first benzene ring on the
compound. Pi-Cation bond formed with the amino acid
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HIS41as well as Pi-Sigma and Pi-Alkyl bonds displayed
with the MET49 amino acid Table 3 and Fig. 5.

In this study, in-silico structure-based drug design was
used to speed up the discovery of SARS-Coronavirus-2
antiviral compounds using a rational and inexpensive
approach [46, 47]. According to the above findings, three
natural compounds identified from Allium roseum L. dis-
played high affinity and good binding interactions against
the two 3CLpro. Consequently, it can bind to the catalytic
dyad Cys145 and His41 simultaneously with other amino
acid residues found in the binding pocket. Therefore, these
compounds are anticipated to inhibit 3CLpro activity. As a
result, we recommended these compounds be potent pro-
tease inhibitors for COVID-19. In addition, the results of
the four Allium roseum L. compounds against a two 3CLp
showed molecular properties, minimum FEB, hydrogen-
bond, binding modes, and electrostatic interactions between
the essential amino acid residues at the binding pocket and
the compounds. Our research included molecular proper-
ties screening, two docking approaches, and hydrogen bond
analyses. Although the structural analyses and molecular
features employed in our simulations were simple, they
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helped minimize the number of docked compounds and
computational costs. In addition, they increased the accu-
racy and reliability of the results.

Natural products and plant extracts have long been
known to have significant antiviral properties, with inhibi-
tory effects on viral enzymes essential to the viral life cycle.
Certain natural products inhibit CoV virulence by inhibit-
ing viral proteins such as 3CLpro, PLpro, S, and ACE2,
in addition to their inhibitory effect on viral replication or
virulence. Due to the genomic similarities and similarity in
the main protease structure and the principal host receptor
between SARS-CoV and SARS-CoV-2, natural compounds
that have shown efficacy against SARS-CoV can be used as
a selection criterion for potential inhibition of SARS-CoV-2
[48, 49]. Many classes of natural product compounds were
identified from various plants and investigated against the
Coronavirus used in in-silico and in-vitro studies, where
many of these compounds proved their effectiveness and
could potentially inhibit the SARS-COV-1 and SARS-
COV-2, such as 7-methoxycryptopleurine, lycorine, sil-
vestrol, tylophorine, homoharringtonine and ouabain [50],
epicatechin-gallate, luteolin7-O-glucoside, apigenin-7-O-
glucoside, quercetin, catechin, naringenin, oleuropein,
curcumin and desmetho-xycurcumin [51] and hesperetin,
glycyrrhizin, nicotianamine, scutellarin and baicalin [52].
A study by Jo et al. [53] showed that flavonoids from tra-
ditional Chinese medicines like Herbacetin, Rhoifolin
and Pectolinarin effectively blocked SARS-CoV 3CLpro
enzymatic activity by inhibition of the viral life cycle inside
the host of SARS-CoV-2 Mpro,the ICs, values were 33.17,
27.45 and 37.78 uM, for herbacetin, rhoifolin and pectolina-
rin, respectively. In silico and in vitro studies demonstrated
that quercetin had been shown to interfere with many phases
of the coronavirus entrance and replication cycle, including
PLpro, 3CLpro, and NTPase/helicase [54]. Furthermore,
Hesperidin is a flavanone glycoside that was able to Inhibit
both ACE2 and virus entrance into the cells host by binding
to the helicase, S protein, and protease sites on the ACE
receptor [55]. Given the genetic similarities, it’s not sur-
prising that natural product compounds that are effective
against SARSCoV1 could also be effective against SAR-
SCoV2. The obtained results from two different studies of
the same compounds revealed that these three compounds
are potent inhibitors of the SARS-CoV Mpro with ICs val-
ues of 73 uM, 47 uM and 73 pM for quercetin, gallocat-
echin gallate and pigallocatechin gallate, respectively against
SARS-CoV-1 [56] and then in-silico docking and molecular
dynamics simulations of the same compounds displayed low
binding affinity and different interactions with the essential
amino acids in the binding pocket of the target protein PDB:
6LU7 of COV-2 [57]. These results confirm the possibility
of using the natural compounds that showed activity against
SARS-COV-1 as inhibitors for SARS-COV-2. Comparing

our findings to those previously reported studies in terms
of the used protein, similar classes of compounds, and the
docking simulation methods confirmed the validity of our
in-silico investigation conducted in this study. In addition,
our results confirmed that the identified three compounds
from this plant could potentially inhibit the coronavirus
SARS-COV-2.

4 Conclusion

In-silico molecular docking and interaction analyses were
successfully applied to identify natural compounds as
lead candidates identified from Allium roseum L. against
two 3CL proteases (3CLpro) target SARS-CoV-2. The
three identified compounds, Kaempferol-7-O-rutinoside,
Kaempferol-3-O-glucuronoside and Apigenin-7-O-glu-
coside, displayed a high binding affinity with the 3CLpro
binding pocket of COVID-19. The free energy of binding
(FEB) were —12.10,—11.80 and — 11.52 against 6LU7
and—11.83,—11.34 and — 11.01 kcal/mol against 6M2N for
Autodock, while AutoDock Vina scores were—11.6,—11.2
and — 10.3 kcal/mol against 6LU7 and—11.1,—-10.8
and — 10.5 kcal/mol against 6M2N. The obtained results
exhibited that the interactions between the compounds and
the conserved catalytic dyad Cys145 and His41 and other
amino acids were similar to the coordinated ligands N3 and
baicalein 6LU7 6M2N, respectively. Experimental studies
in-vitro and in-vivo research is needed to transform these
potential inhibitors into therapeutic drugs. Nevertheless, we
anticipate that the findings of this work will be useful in the
future for investigating and synthesized novel natural anti-
COVID-19 therapeutic agents.
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