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Abstract

COVID-19 is rapidly spreading and there are currently no specific clinical treatments available. The absence
of an immediate available vaccine against SARS-CoV-2 made it hard for health professionals to tackle the
problem. Thus, the need of ready to use prescription drugs or herbal remedies is urgent. SARS-CoV-2 main
protease (Mpro) and Angiotensin Converting Enzyme2 (ACE2) protein structure are made available to
facilitate finding solutions to the present problem. In this brief research, we compare the efficacy of some

natural compounds against COVID-19 Mpro and ACE2 to that of Hydroxy-Chloroquine in silico.

Molecular docking investigations were carried out using AutoDock. Virtual screening was performed using
AutoDock Vina and the best ligand / protein mode was identified based on the binding energy. Amino Acids
residues of ligands interactions were identified using PyMOL. According to present research results,
Quercetin, Hispidulin, Cirsimaritin, Sulfasalazine, Artemisin and Curcumin exhibited better potential
inhibition than Hydroxy-Chloroquine against COVID-19 main protease active site and ACE2. Our provided
docking data of these compounds may help pave a way for further advanced research to the synthesis of novel

drug candidate for COVID-19.

Keywords: COVID-19 main protease (M), SARS-CoV-2, Molecular docking, Angiotensin converting
enzyme?2 (ACE2).



1. Introduction

Coronaviruses are a large family of enveloped, RNA viruses. There are 4 groups of coronaviruses: alpha and
beta, originated from bats and rodents; and gamma and delta, originated from avian species (Su et al., 2016).
Coronaviruses are responsible for a wide range of diseases in many animals, including livestock and pets
(Belouzard et al., 2012). In humans, they were thought to cause mild, self-limiting respiratory infections until
2002, when a beta-coronavirus crossed species barriers from bats to a mammalian host, before jumping to
humans, causing the Severe Acute Respiratory Syndrome, SARS, epidemic. More recently, another beta-
coronavirus 1s responsible for the serious Middle East Respiratory Syndrome, MERS, started in 2012
(Mcintosh et Perlman, 2015). The novel coronavirus responsible for the Coronavirus Disease 2019 pandemic,
COVID-19, is also a beta-coronavirus (Liu et al., 2020). The genome of the virus is fully sequenced and
appears to be most similar to a strain in bats, suggesting that it also originated from bats. The virus is also very
similar to the SARS-coronavirus and is therefore named SARS-coronavirus 2, SARS-CoV 2 (Robson et al.,
2020). In order to infect a host cell, the spikes of the virus must bind to a molecule on the cell surface. The
novel coronavirus appears to use the same receptor as SARS-coronavirus for entry to human cells, and that
receptor is the angiotensin-converting enzyme 2, ACE2. (Liu et al.2020). Infection usually starts with cells of
the respiratory mucosa, then spreads to epithelial cells of alveoli in the lungs. Receptor binding is followed by

fusion of the viral membrane with host cell membrane, and the release of nucleocapsid into the cell.

Currently, no specific clinical therapies are available for the treatment of SARS-CoV-2 mediated infections
(Zhou et al., 2020). Thus, the need of the hour is the identification and characterization of a new drug candidate
to inhibit binding between the COVID-19 main protease (MP™) and the angiotensin-converting enzyme 2, on
the cell surface. To this aims, we have screened in silico the interaction between the main protease COVID-
19 (MP™) active site as well as the binding and active site of angiotensin-converting enzyme2 (ACE2) with

natural compounds that displays a large variety of biological activities.



2. Experimental design, materials, and methods

Computational chemistry or as known as molecular modeling is a fascinating branch of chemistry. It uses
modeling and virtual simulations to help solve chemistry modern problems. Lately, virtual screening of compound
libraries has become a standard technology in modern drug discovery pipelines (Kitchen et al., 2004). In our
study, to perform in-silico specific site docking, we used a powerful bioinformatics tool; AutoDock. In order to

visualize the data, we utilized PyMOL software.
2.1. Protein selection and preparation

The complete genome of Angiotensin converting enzyme2 ACE2 was retrieved from PDB. PDB ID: 1r42. And
The main protease of COVID-19 was retrieved from PDB. PDB ID: 6LU7

The downloaded structures were prepared prior to docking as fellow:

First, we visualized the PDB file in PyMOL then removed hetatoms and kept only Chain A. Next, we optimized
hydrogen bonds structures and added atoms in missing loops or side chains. Finally, we removed water molecules

and saved our files in a PDB file format.
2.2. Ligand preparation

The structures of our ligands were downloaded from PubChem (https://pubchem.ncbi.nlm.nih.gov/) and saved in

SDF format. Files were converted from SDF to PDB format using PyMOL.
2.3. Molecular docking

Docking sites targeted for ACE2 are; site (375,505,273,345,371,30 to 41,82 to 84, and 353 to 357). The
coordinates of the position are X: 62.170 Y: 69.041, and Z: 28.353 at grid spacing of 1 Angstrom. For 6LU7
molecular docking, the selected cavity is the binding site of inhibitor N3. The coordinates of the position are X: -
16.308 Y: 11.57, and Z: 72.881 at grid spacing of 0.500 Angstrom. Virtual screening was carried our using
AutoDock Vina and the best ligand / protein mode was identified based on the binding energy. The scoring
function of AutoDock Vina is: C=} i<jftitj(rij), where the summation is over all of the pairs of atoms that can
move relative to each other, normally excluding 14 interactions, i.e. atoms separated by 3 consecutive covalent
bonds. Here, each atom 1 is assigned a type ti, and a symmetric set of interaction functions ftitj of the interatomic

distance rij should be defined (Oleg et Arthur 2010).



3. Data

In this article: Table 1. Shows the PDB ID, resolution and description of Angiotensin converting enzyme2 ACE2
& COVID-19 main protease selected for this study. Table 2. provides the structure of chosen ligands. Table 3.
gives docking results of COVID-19 main protease 6L.U7. Table 4. represents docking results of ACE2. The 3D
interactions of the high scored ligands with ACE2 and COVID-19 main protease active sites are shown in Figurel

-Figurel4

Table 1: PDB ID, resolution and description of Angiotensin converting enzyme2 ACE2 and COVID-19 main

protease.
Protein PDB ID | Resolution (A) Structure
Angiotensin converting
enzyme2 (ACE2) IR42 220 4
COVID-19 main protease
6LU7

2.16 A




Table2: Name of ligand and structure (https://pubchem.ncbi.nlm.nih.gov)
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4. Results

4.1. Results of binding energies obtained from the docking (AutoDock Vina) of COVID-19 main protease
(6LU7) active site.

The binding energies obtained from the docking (AutoDock Vina) of the active site of COVID-19 main protease
6LU7 were presented in Table 3.

Quercetin, Hispidulin, Cirsimaritin, Sulfasalazine, Artemisin and Curcumin showed low binding energy to 6LU7
active site than that of Hydroxy-Chloroquine (Table 3). Quercetin: exhibited the lowest binding energy to 6LU7.
As shown in Table 3, Figure 1. Quercetin was well fitted into the active pocket of 6LU7 and its hydroxy groups
formed hydrogen bonds with Leul41 and His163.Hispidulin: exhibited the second lowest binding energy at the
active site of COVID-19 main protease Table 3. Hispidulin was well fitted into the active pocket of 6LU7 and its
hydroxy groups formed hydrogen bonds with His163, Leul41, Ser144, Glul66, and Cys145, which compose a
relatively hydrophobic environment Figure 2. Cirsimaritin: Predicted results illustrate that 6LU7 critical binding
residue; Glul66, His163, Cys145, Leul41, and Ser144 form hydrogen bonds with Cirsimaritin (Table 3, Figure
3). Sulfasalazine: Amino acids predicted for Sulfasalazine binding in COVID-19 main protease were Glyl143,
Ser144, and Cys145, as shown in Table 3, Figure 4. Artemisin: Hydrogen bonding was predicted between 6LU7
actives sites His163 & Glul66 and the hydroxy functional group as shown in Table 3, Figure 5. Curcuma:
Hydrogen bonding was predicted between Glu 166 and the hydroxy group of the compound (Table 3, Figure 6).
Hydroxy-Chloroquine: Hydrogen bonding was predicted between Asn142, His164, and His163 and the hydroxy
group of the compound (Table 3, Figure 7). Thymoquinone: Hydrogen bonding was predicted between His164
and the hydroxy group of the compound (Table 3, Figure &). Eugenol: Hydrogen bonding was predicted to form
between (Leul41, His163, Ser144, Glyl143, Cys145) and the hydroxy group of the compound (Table 3).

N-acetylcysteine: Hydrogen bonding was predicted to form between (Gly143, Leul41, Ser144, Cys145, His163)
and the hydroxy group of the compound (Table 3). Camphor: Hydrogen bonding was predicted to form between
Glul66 and the hydroxy group of the compound (Table 3).



Table 3. The hydrogen bond energy of the Quercetin, Hispidulin, Cirsimaritin, Sulfasalazine, Artemisin,
Curcuma, Hydroxy-Chloroquine, thymoquinone, Eugenol, N-acetylcysteine, and Camphor binding to the
cavity MP™ of COVID-19. Coordinates of the docking position are X: -16.308 Y: 11.57, and Z: 72.881. Grid
resolution = 0.500 Angstrom.

Compounds Hydrogen bond | Length | Affinity Predicted Amino Acids
Number (kcal/mol) | residues interaction
1 1.9
Quercetin -7.5 His163, Leul41
2 2.2
1 2.2
Hispidulin 2 2.3 -7.3 His163, Leul41, Ser144,
3 2.4 Glul66, Cys145
4 2.7
5 3.5
1 2.2
Cirsimaritin 2 2.3 Glul66, His163, Cys145,
3 2.3 -7.2 Leul4l1, Ser144
4 2.4
5 2.6
1 2.2
Sulfasalazine 2 2.3 -7.2 Gly143, Ser144, Cys145
3 2.5
4 2.7
1 2.2
Artemisin -6.8 His163, Glul66
2 2.3
Curcuma 1 2.4 -6.8 Glul66
1 2.3
Hydroxy- 2 2.8 -5.9 Asnl42, His164, His163
Chloroquine
3 34
Thymoquinone 1 34 -5.1 His164
1 1.8
2 2.1 Leul4l, His163, Ser144,
Eugenol 3 2.2 -4.9 Gly143, Cys145
4 2.6
5 2.7
1 2.0
2 2.0 Gly143, Leul4l, Serl44,
N-acetylcysteine 3 2.1 -4.6 Cys145, His163
4 2.3
Camphor 1 2.0 -4.5 Glul66




Figure 1. Representation of docked ligand-protein complex (A) animation pose of Quercetin
within the cavity of 6LU7, (B) Interaction of Quercetin with amino acid residues of MP* COVID-19.

Figure 2. Representation of docked ligand-protein complex (A) animation pose of Hispidulin
within the cavity of 6LU7, (B) Interaction of Hispidulin with amino acid residues of M?°* COVID-19.




Figure 3. Representation of docked ligand-protein complex (A) animation pose of Cirsimaritin
within the cavity of 6LU7, (B) Interaction of Cirsimaritin with amino acid residues of MP"° COVID-19.

Figure 4. Representation of docked ligand-protein complex (A) animation pose of Sulfasalazine
within the cavity of 6LU7, (B) Interaction of Sulfasalazine with amino acid residues of MP* COVID-19.



Figure 5. Representation of docked ligand-protein complex (A) animation pose of Artemisin
within the cavity of 6LU7, (B) Interaction of Artemisin with amino acid residues of MP** COVID-19.

Figure 6. Representation of docked ligand-protein complex (A) animation pose of Curcuma
within the cavity of 6LU7, (B) Interaction of Curcuma with amino acid residues of MP COVID-19.



Figure 7. Representation of docked ligand-protein complex (A) animation pose of Hydroxy-Chloroquine
within the cavity of 6LU7, (B) Interaction of Hydroxy-Chloroquine with amino acid residues of MP™
COVID-19

Figure 8. Representation of docked ligand-protein complex (A) animation pose of Thymoquinone
within the cavity of 6LU7, (B) Interaction of Thymoquinone with amino acid residues of MP** COVID-19




4.2. Results of binding energies obtained from the docking (AutoDock Vina) of ACE2 active site.

The binding energies obtained from the docking (AutoDock Vina) of the active site of ACE2 were presented
in Table 4. Hispidulin, Cirsimaritin, Artemisin and Curcumin showed low binding energy to ACE2 active site
than that of Hydroxy-Chloroquine (Table 4). Hispidulin exhibited the highest binding energy at the active site
of ACE2 active site (Table 4, Figure 9), it formed hydrogen bond interactions with TYR196, GLY 564, and
TRP566. The results shown that critical residues for the binding of Cirsimaritin to ACE2 active site were
TYRI196, and ASP206 (Table 4, Figure 10). Amino acids responsible for Artemisin binding in ACE2 active
site were TYR196, and ASN103 (Table 4, Figure 11). Curcuma participated hydrogen bond interactions with
active site residues LYS94, and TRP566 of ACE2 (Table 4, Figure 12). Hydroxy-Chloroquine participated
hydrogen bond interactions with TYR127, HIS505, ARG273, and GLU145 of ACE2 active site (Table 4,
Figure 13). Eugenol participated hydrogen bond interactions with ASN290 of ACE2 active site (Table 4,
Figure 14). Amino acids responsible for Thymoquinone binding in ACE2 is GLY-211 (Table 4). Table 4
demonstrated that TRP566 amino acids is responsible for N-acetylcysteine binding in ACE2 active site.

Amino acids responsible for Camphor binding in ACE2 is TYR-196 (Table 4).



Table 4. The hydrogen bond energy of the Hispidulin, Cirsimaritin, Artemisin, Curcuma, Hydroxy-Chloroquine,
Thymoquinone, Eugenol, N-acetylcysteine, and Camphor binding to ACE2. Coordinates of the docking position are X:
62.170 Y: 69.041, and Z: 28.353. Grid resolution = 1 Angstrom

Compounds Hydrogen bond |Length |Affinity Amino Acids residues
Number (keal/mol) interaction
1 2.8
Hispidulin 2 3.0 -7.8 TYR196, GLY564, TRP566
3 2.0
4 3.0
1 3.2
Cirsimaritin 2 2.3 -7.6 TYR196, ASP206
3 35
4 3.3
1 2.9 TYR196, ASN103
Artemisin 2 3.1 -7.2
1 34 LYS94, TRP566
Curcuma 2 3.0 -1.2
3 2.9
1 2.5
2 3.0 TYR127, HIS505, ARG273,
Hydroxy-Chloroquine 3 33 -6.4 GLUI4S
4 3.1
1 23 -6.3 ASN290
Eugenol 2 3.2
Thymoquinone 1 33 -5.5 GLY-211
1 2.8 -4.5 TRP 566
N-acetylcysteine
1 2.9 -4.8 TYR-196
Camphor




Figure9. Representation of docked ligand-protein complex (A) animation pose of Hispidulin within the cavity
of ACE2, (B) Interaction of Hispidulin with amino acid residues of ACE2.

Figure 10. Representation of docked ligand-protein complex (A) animation pose of Cirsimaritin within the
cavity of ACE2, (B) Interaction of Cirsimaritin with amino acid residues of ACE2.
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Figure 11. Representation of docked ligand-protein complex (A) animation pose of Artemisin within the
cavity of ACE2, (B) Interaction of Artemisin with amino acid residues of ACE2.

Figure 12. Representation of docked ligand-protein complex (A) animation pose of Curcuma within the cavity
of ACE2, (B) Interaction of Curcuma with amino acid residues of ACE2.



Figure 13. Representation of docked ligand-protein complex (A) animation pose of Hydroxychloroquine
within the cavity of ACE2, (B) Interaction of Hydroxychloroquine with amino acid residues of ACE2.

Figure 14. Representation of docked ligand-protein complex (A) animation pose of Thymoquinone within the
cavity of ACE2, (B) Interaction of Thymoquinone with amino acid residues of ACE2.



5. Discussions

According to in silico results, Quercetin, Hispidulin, Cirsimaritin, Sulfasalazine, Artemisin, and Curcuma
have a better affinity against COVID 19 protease and ACE2 receptor better than Hydroxy-Chloroquine. The
obtained results show also that Quercetin, Hispidulin, Cirsimaritin and Sulfasalazine exhibited as the best
potential inhibitors against protease of COVID-19 and ACE2. Quercetin is an anti-oxidative flavonoid widely
distributed in the plant kingdom, is a dietary antioxidant that prevents oxidation of low-density lipoproteins
in vitro (Hollman et al.,1995). Quercetin is a flavonoid with a wide range of biological activities, is used in
many countries as vasoprotectants (Erlund et al., 2000). Intake of quercetin was inversely associated with
coronary heart disease mortality in elderly men (Murakami et al.,2008). Quercetin displays a large variety of
biological activities including anticancer activity (Murakami et al.,2008), cardioprotective (Li et al., 2013),
antioxidant and antidiabetic effect (Abdelmoaty et al., 2010). The protective effect of quercetin on
chloroquine-induced oxidative stress and hepatotoxicity in mice was also approved (Kumar et al., 2013).
According to in silico results, Quercetin have a better affinity against COVID-19 protease better than
Hydroxy-Chloroquine. The obtained results show also that Quercetin exhibited as the best potential inhibitors
against protease of COVID-19.

Hispidulin, Cirsimaritin, and Artemisin are the main flavonoids isolated from Artemesia herba alba (Shen et
al., 1994). Artemesia herba alba displays a large variety of biological activities including antidiabetic,
antihyperlipidemic and nephroprotective (Sekiou et al., 2020, Sekiou et al., 2019), cardioprotective (Irshaid
et al.,2012), anticancer (Khlifi et al.,2013), antioxidant (Sekiou et al., 2019), antiprotozoal (Bachrouch et al.,
2015), gastroprotective (LAOUFI et LADJ, 2017), antibacterial (Yashphe et al., 1987), antihepatotoxic
(Sekiou et al., 2019), insecticidal (Sharifian et al., 2012), Essential oils of Artemesia herba alba have also
antihypertensive activities (Zeggwagh et al., 2008). Sulfasalazine [Salazopyrin®] is an intestinal anti-
inflammatory, developed in the 1950s to treat rheumatoid arthritis (Taffet et al., 1983). According to in silico
results, Sulfasalazine have a better affinity against COVID-19 protease better than Hydroxy-Chloroquine. The
obtained results show also that Sulfasalazine exhibited as the best potential inhibitors against protease of
COVID-19. Curcuma displays a large variety of biological activities including cardioprotective (El-Sayed et
al.,2011), anticancer (Chaithongyot et al.,2015), antiprotozoal (Shahiduzzaman et al., 2009), antibacterial
(Kim et al., 2008), antihepatotoxic (Kiso et al., 1983), insecticidal (de Souza et al., 2016), The effect of
curcuma in experimental malaria has been also demonstrated by Gomes et al., (2018). According to in silico
results, Curcuma have a better affinity against COVID 19 protease and ACE2 receptor better than Hydroxy-
Chloroquine. The obtained results show also that Curcuma exhibited as the best potential inhibitors against
protease of COVID-19 and ACE2. Thymoquinone (TQ) is one of the bioactive component derived from the
medicinal plant Nigella sativa. Thymoquinone (TQ) exhibited many biological effects including
antihistaminic effect (Kanter et al.,2000), anti-asthmatic (GONCA et KURT, 2015). cardioprotective
(GONCA et al.,2015), anticancer (Paramasivam et al.,2012), antibacterial (Halawani, 2009), antihepatotoxic

(Daba et Abdel-Rahmann 1998), The effect of Thymoquinone in experimental malaria has been also



demonstrated by El-Sayed et al., (2019). According to in silico results, Thymoquinone have a good affinity
against COVID 19 protease and ACE2 receptor but its lower than Hydroxy-Chloroquine. The obtained results
show also that Thymoquinone exhibited as the best potential inhibitors against protease of COVID-19 and
ACE2. Eugenol an aromatic product frequently found in diversified herbal plants. Among these plant sources,
clove and cinnamon are considered as the prosperous provenances of eugenol. eugenol exhibited many
biological effects including anti-asthmatic effect (Pan et Dong, 2015). anticancer (Vidhya et Devaraj, 2011),
antibacterial (Kollanoor et al.,2010), antihepatotoxic (Binu et al., 2018), Eugenol exhibited also a
biological effect against malaria (Govindarajan et al., 2016). According to in silico results, Eugenol have a
good affinity against COVID 19 protease and ACE2 receptor but its lower than Hydroxy-Chloroquine. The
obtained results show also that Eugenol exhibited as the best potential inhibitors against protease of COVID-
19 and ACE2. N-acetyl cysteine (NAC), a synthetic derivative of cysteine, is a non-essential amino acid
synthesized in the body from methionine. NAC is a sensor of reactive oxygen species, but its main role as a
stem from its role as a precursor of cysteine, a limiting step in the synthesis of glutathione (Sevgiler et al.,
2007). It can be administered orally or by intravenous infusion and can also be inhaled using a nebulizer (Dodd
et al., 2008). N-acetylcysteine (NAC) is prescribed for chronic bronchitis. Its ability to thin the secretions of
the bronchi (mucolytic action) could facilitate their elimination and improve the breathing of people suffering
of chronic obstructive pulmonary diseases (COPD) (LU et ZHENG, 2013). By improving oxygenation and
by restoring the intracellular reserves of GSH in activated granulocytes, NAC also reduces the syndrome of
experimental and clinical acute respiratory distress (Laurent et al., 1996). Khaledifar et al., 2015 shows that
NAC may increase the effects of angiotensin converting enzyme (ACE) inhibitor drugs. NAC may exert its
antihypertensive effects directly or through its storage form, glutathione, by decreasing oxidative stress, and
modulating levels of nitric oxide and other vasoactive molecules (Vasdev et al., 2009) . Another potential
therapeutic application for NAC comes from its anti-inflammatory activity. The transcription factor NF-xB
plays an essential role in many aspects of the inflammation cascade and the immune response by regulating
the expression of related genes (Yamamoto & Gaynor, 2001). NAC is used to reconstitute GSH that has been
used up (Droge & Breitkreutz, 1999). Studies show that NAC blocks cytokine-stimulated HIV replication in
an infected T-cell line, blocks viral production in monocyte cell lines, inhibits stimulated expression of HIV
in lymphocyte and cell lines chronically infected T cells, inhibits NF-xB activation leading to inhibition of
stimulated viral transcription and replication and slows the transition from latency to later stages of AIDS in
people infected with HIV (Treitinger et al., 2004). According to in silico results, N-acetylcysteine have a good
affinity against COVID 19 protease and ACE2 receptor but its lower than Hydroxy-Chloroquine. The obtained
results show also that N-acetylcysteine exhibited as the best potential inhibitors against protease of COVID-
19 and ACE2. Camphor is a solid bicyclic organic compound derived from the camphor tree, a tree
scientifically known as Cinnamomum camphora. Camphor was used to fight the cholera epidemic in 1831—
32 (Millot 1837) and then against the Asian flu in 1957-58 (Setzer, 2016). Camphor exhibited also a

biological effect against malaria (Ho et al., 2016). According to in silico results, Camphor have a good affinity


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vasdev%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22477470

against COVID 19 protease and ACE2 receptor but its lower than Hydroxy-Chloroquine. The obtained results
show also that Camphor exhibited as the best potential inhibitors against protease of COVID-19 and ACE2.

6. Conclusion

Spreading outbreak of COVID-19 has challenged the healthcare sector of the world in the last few months.
To contribute to this fight against COVID-19, virtual screening based molecular docking was performed to
identify novel compounds having the potential to bind Mpro of COVID-19 and ACE2. Our results demonstrate
that Quercetin, Hispidulin, Cirsimaritin, Sulfasalazine, Artemisin, and Curcuma have a better binding affinity
to Mpro of COVID-19 protease and ACE2 receptor better than Hydroxy-Chloroquine. Those molecules can

be used as therapeutics against COVID-19. However, further studies should be conducted for the validation

of these compounds using in vitro and in vivo models to pave a way for these compounds in drug discovery.
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