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Abstract

Background: The novel coronavirus (COVID-19) has quickly spread throughout the globe,
affecting millions of people. The World Health Organization (WHO) has recently declared this
infectious disease as a pandemic. At present, several clinical trials are going on to identify
possible drugs for treating this infection. SARS-CoV-2 MP™ is one of the most critical drug
targets for the blockage of viral replication.

Method: The blind molecular docking analyses of natural anthraquinones with SARS-CoV-2
MP were carried out in an online server, SWISSDOCK, which is based on EADock DSS

docking software.

Results: Blind molecular docking studies indicated that several natural antiviral anthraquinones
could prove to be effective inhibitors for SARS-CoV-2 MP™ of COVID-19 as they bind near the
active site having the catalytic dyad, HIS41 and CYS145 through non-covalent forces. The
anthraquinones showed less inhibitory potential as compared to the FDA approved drug,

remdesivir.

Conclusion: Among the natural anthraquinones, alterporriol Q could be the most potential
inhibitor of SARS-CoV-2 MP™ among the natural anthraquinones studied here, as its AG value
differed from that of remdesivir only by 0.51 kcal/ mol. The uses of these alternate compounds

might be favorable for the treatment of the COVID-19.
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1. Introduction

December 2019, saw the emergence of an array of severe pneumonia cases caused by
coronavirus (CoV) in the city of Wuhan, China [1]. CoV is an enveloped positive-stranded RNA
virus, portrayed by club-like spikes on their surface and belongs to the group Cornonaviridae of
the Nidovirales order [2]. The genomic sequencing of the 2019 CoV showed that it is 96.2%
alike to a bat coronavirus and shares 79.5% sequence similarity to SARS-CoV [3], hence the
International Committee on Taxonomy of Viruses named this novel coronavirus as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and the associated pneumonia was named as
COVID-19 by the World Health Organization (WHO) on the 11" of February, 2020. The
pandemic has spread to more than 210 countries affecting a population of 33,49,786 and leading
to the death of 2,38,628 as on 3" May, 2020 [4]. Even after four months, no specific antivirals or
clinically effective vaccines are available for the treatment and prevention of COVID-19. As
COVID-19 is absolutely new to the immune system of humans, people throughout the globe are
at risk of becoming sick on exposure to SARS-CoV-2 [5]. Therefore, considering the global
threat due to this viral infection, there is a serious need to find out a vaccine/antiviral to treat this
viral infection in order to reduce the transmission. Several drugs such as hydroxychloroquine [6],
remdesivir, chloroquine [7], favipiravir [8,9], and ivermectin [10] but under clinical trial only
remdesivir has shown potential for the treatment of COVID-19. SARS-CoV-2 contains the main
protease (MP™) also known as 3C-like protease (3CLP™), which consists of a highly conserved
catalytic domain from the SARS virus and is essential for controlling several functions of the
CoV [11]. One vital function is the replication of the virus making it one of the best
characterized target for drug development, hence targeting the M would prevent the virus from
building its proteins [12]. SARS-CoV-2 M (Figure 1), is a three-domain (I to Ill) cysteine

protease and is a homodimer. The domain | (8-101) and Il (102-184) consists of B-barrels
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mostly, and Ill (201-306) is made up of mainly of a-helices [13]. The structure consists of a

conserved non-canonical HIS41-CYS145 dyad located within the cleft between domains | and Il

3]

Figure 1: Native crystal structure of main protease of SARS-CoV-2 (PDB ID: 6y84) highlighting

the conserved catalytic dyad, HIS41 and CYS145 as green and cyan spheres, respectively.

Natural anthraquinones are a class of aromatic compounds having low toxicity and high
bioactivity [14,15]. One of the important properties of anthraquinones is based on their antiviral
activity [16,17], which in the current context of COVID-19 pandemic is needed to be analyzed
for their inhibitory potential against the SARS-CoV-2 infection. Here, in this report, we have
reported the inhibitory potentials of 13 naturally occurring anthraquinones such as emodin, aloe
emodin, chrysophanic acid, Tetrahydroaltersolanol C, aloin A and B, rhein, rubiadin, alterporriol

Q, damnacanthal, hypericin, pseudohypericin and isopseudohypericin against SARS-CoV-2 MP™
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through blind molecular docking analysis and compared their results with the currently claimed
anti COVID-19 drug remdesivir. The antiviral activities of the above mentioned natural
anthraquinones along with their sources, are listed in the Table S1. It is to be noted that
isopseudohypericin has not been reported for its antiviral property till date, but as Hypericum
perforatum extract has antiviral effects [18], and isopseudohypericin is isolated from Hypericum
perforatum; therefore it might have antiviral effect, hence we studied its binding efficacy with
SARS-CoV-2 MP®. This work concentrates on the recognition of natural anthraquinones
compounds with a particular objective to accelerate the process of identification of

specific/alternate drugs for COVID-19 treatment.

2. Methods

Blind molecular docking method has become an increasingly essential technique for drug
discovery and understanding protein-ligand interactions. The blind docking procedures carry out
an unbiased search over the entire surface of the protein/enzyme for the identification of binding
sites. Hence, blind molecular docking studies of several natural antiviral anthraquinones were

carried out with SARS-CoV-2 MP™ and their results were compared with that of remdesivir.

2.1. Geometry optimization of the compounds

The 3D co-ordinates of the compounds, remdesivir, emodin, aloe emodin, chrysophanic acid,
tetrahydroaltersolanol C, aloin A and B, rhein, rubiadin, alterporriol Q, damnacanthal, hypericin,
pseudohypericin and isopseudohypericin were downloaded as a .mol file from ChemSpider
(www.chemspider.com) and geometry optimized further using the Parametric Method 3 (PM3)

in ArgusLab [19,20]. The optimized structures of remdesivir and the natural anthraquinones are


http://www.chemspider.com/

depicted in the Figure S1. The ChemSpider ID of the compounds are listed in the Table S1, and

the logP values obtained from SwissADME [21] analysis are included in the Table 1.

2.2. Molecular docking analyses and visualization

The 3D crystal structure of SARS-CoV-2 M™™ (PDB ID. 6Y84) was downloaded from Protein
Data Bank (PDB) [22]. Molecular docking study on a single chain was carried out by removing
the water molecules from the PBD using PyMOL [23]. The final PDB file of MP™ and optimized
ligands using ArgusLab were directly fed into an online docking server, SwissDock

(http://www.swissdock.ch/docking). SwissDock incorporates an automated in silico molecular

docking procedure based on EADock DSS docking algorithm which utilizes the CHARMM
(Chemistry at HARvard Macromolecular Mechanics) forcefield [24]. According to SwissDock
the minimum energy docked conformers are ranked in terms of their fullfitness score. The
docked pose that has the least fullfitness score is used for further analysis. The molecular
visualization were carried out using UCFS Chimera [25], PyMOL [23] and the 2D interaction
plots were created using Discovery Studio Visualizer [26]. The online server available
at http://cib.cf.ocha.ac.jp/bitool/ASA/ was used to calculate the changes in the accessible surface

area (AASA) of the MP™ protease on interactions with the compounds.

3. Results and Discussion

The fullfitness score free energy of binding and the logP values of the control drug, remdesivir
and that of the 13 natural anthraquinones have been listed in the Table 1. From this Table 1, it
could be observed that the estimated AG is higher for remdesivir (-8.99 kcal/mol) as compared to
all the anthraquinones, which means that the inhibitory potency of these anthraquinones is lesser

than that of the control drug. But alterporriol Q (-8.48 kcal/mol) has very close AG value to that
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of remdesivir, while others have energies in between 6.64-7.75 kcal/mol. The logP values listed
in the Table 1 measures the molecular hydrophobicity or lipophilicity of a particular compound.
High logP values show poor absorption or low permeability, whereas low logP values are
indication of high absorption and permeability. A logP value greater than 5, indicates a high
hydrophobic character of a compound [27]. Here, the logP values of most of the anthraquinones
are less than 5 and, excluding only hypericin. The logP values are very important for the
understanding of how the compounds may penetrate cell membranes. Unfortunately, a
relationship between the estimated binding energy and the logP values could not be obtained

here.

Table 1: Obtained parameters of the compounds corresponding to the minimum docked poses of

remdesivir and the respective anthraquinones with SARS-CoV-2 MP.

S. No. | Compound(s) Fullfitness Estimated logP
score AG
(kcal/mol) (kcal/mol)
1 Remdesivir -1294.81 -8.99 2.21
2 Emodin -1245.82 -6.90 1.89
3 Aloe-emodin -1231.69 -7.12 1.21
4 Chrysophanic acid -1230.25 -6.83 2.18
5 Tetrahydroaltersolanol C -1226.14 -7.38 0.44
6 Aloin A -1147.83 -1.75 -1.04
7 Aloin B -1144.11 -7.64 -1.04
8 Rhein -1235.99 -7.00 1.57
9 Rubiadin -1233.93 -6.64 2.18
10 Alterporriol Q -1175.10 -8.48 3.70
11 Damnacanthal -1209.40 -7.16 1.99




12 Hypericin -1145.42 -7.18 5.39

13 Pseudohypericin -1143.87 -7.26 4.42

14 Isopseudohypericin -1171.30 -7.23 4.73

The minimum energy docked poses along with the 2D interaction plots of the compounds within
the substrate-binding site of SARS-CoV-2 MP™ is depicted in the Figure 2. The nearby residues
interacting with the compounds through non-covalent forces, except the van der Waals forces of
attraction (shown in the 2D interaction plots) are also listed in the Table 2. It could be observed
from Figure 2, that remdesivir and all the natural anthraquinones could bind to the active site of
SARS-CoV-2 MP® which is lined up by residues such as THR25, THR26, HIS41, MET49,
GLY143, CYS145, GLU166, PRO168, etc. A recent study by Zhang et al. (2020) [28], have
indicated the importance of the two catalytic residues HIS41 and CYS145, and other residues
like GLY143, CYS145, HIS163, HIS164, GLU166, PRO168, and GLN189 for the design of a-
ketoamide inhibitors for SARS-CoV-2 MP. Similarly, Dai et al. (2020) [3], have also shown the
importance of these residues for the design and synthesis of antiviral compounds as inhibitors of
SARS-CoV-2 MP, Therefore, the natural anthraquinones studied here could inhibit the viral

disease by binding to the active site of MP™.

The compound stabilize within the active site of M by different non-covalent forces such as
hydrogen-bonding, m-alkyl, n-sigma, n-n stacked interactions, and others as shown in the 2D
interaction plots of Figure 2. The stability of ligand within the binding site of a macromolecule is
largely related to the hydrogen bonding interactions formed between the two counterparts
[29,30]. Remdesivir forms two hydrogen bonds (H-bonds) with GLU166 (3.90 A) and GLN189
(4.29 A) (Figure 2a). Among the anthraquinones from Rhubarb, emodin (Figure 2b) forms H-

bonds with THR25 (3.81 A) and GLY143 (3.63 A), rhein forms H-bonds with THR25 (3.65 A),
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GLY143 (3.73 A) and GLU166 (3.97A) (Figure 2c), while chrysophanic acid interacts with
GLY143 through H-bonds at a distance of 3.61 A (Figure 2d). For the anthraquinones from aloe
(Figure 2e-g), aloe emodin forms H-bonds with PHE140 and GLY143 (3.57A), aloin A forms
two H-bonds with GLN189 at a distance of 3.89 and 3.76 A, one each with CYS145 (4.95A) and

GLU166 (5.05 A), while aloin B forms two H-bonds with ASN142.

Rubiadin, an anthraquinone from Rubia Cordifolia, forms H-bonds with HIS41 (3.14 A) and
SER46 (3.69 A) as can be seen from Figure 2h. Anthraquinones from Alternaria sp. fungus,
tetrahydroaltersolanol C (Figure 2i) interacts with CYS44 (4.09 A) and CYS145 (3.74 A)
through H-bonds, while alterporriol Q (Figure 2j) forms H-bonds with ASN142 (3.66 A),
GLY143(4.22 A) and GLU166 (4.08 A). Damnacanthal, an anthraquinone of Noni, forms H-
bond with GLY143 (3.77 A) as seen from Figure 2k. The anthraquinones (Figure 2I-n) of
Hypericum perforatum, hypericin forms two H-bonds with GLU166 at a distance of 4.87 and
4.83 A, pseudohypericin interacts with GLY143 (3.69 A) and GLN189 (3.55 A) residues through
H-bonds, while isopseudohypericin forms two H-bonds with GLU166 at a distance of 4.13 and
4.24 A. Besides the H-bonds, the conformational energy of the interactions are minimized
through other non-covalent forces such as n-sigma, n-7 stacked, amide-n, m-alkyl, m-sulphur and

van der Waals forces as shown in the 2D interactions plots of the docked poses of Figure 2 [31].
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Figure 2. Docked poses of remdesivir and the anthraquinones within the active site of SARS-

CoV-2 MP and their corresponding 2D interaction plots.

Table 2. The residues surrounding the binding site of the anthraquinone compounds within the

active site of SARS-CoV-2 MP".

Compound(s) Interacting residues in the active site of SARS-CoV-2 MP™
Remdesivir META49, HIS41, CYS145, GLU166, PRO168, GLN189
Emodin THR25, HIS41, GLY143, CYS145, HIS163

Aloe-emodin HIS41, PHE140, ASN142, GLY 143, CYS145, HIS163

Chrysophanic acid

HIS41, SER46, GLY143, CYS145, HIS163

Tetrahydroaltersolanol C

HIS41, CYS44, LEU141, CYS145

Aloin A

CYS145, GLU166, PRO168, ARG188, GLN189, THR190

Aloin B ASN142, CYS145, MET165
Rhein THR25, ASN142, GLY143, CYS145, GLU166
Rubiadin HIS41, THR45, SER46, MET49

Alterporriol Q

THR25, HIS41,
MET165, GLU166

ASN142, GLY143, CYS145, HIS163,

Damnacanthal

THR25, CYS44, GLY143, CYS145

Hypericin

HIS41, THR45, MET49, CYS145

Pseudohypericin

HIS41, MET49, GLY143, CYS145, GLN189

Isopseudohypericin

HIS41, MET49, MET165, GLU166
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Herein, the blind molecular docking studies of the natural anthraquinones with M*" indicated
that they possess inhibitory potential towards SARS-CoV-2, as they can bind to the substrate-
binding site of SARS-CoV-2 MP™ which is essential for inhibiting the viral replication [28]. This
substrate binding site of MP is lined up by residues such as HIS41, MET49, GLY 143, CYS145,
HIS163, HIS164, GLU166, PRO168, and GLN189. As HIS41 and CYS145 are the two
important catalytic residues, therefore the distance of the compounds from these two residues
along with the change in accessible area of the residues are listed in the Table 3. In terms of the
estimated free energy of binding (AG) values, the control (remdesivir) has the highest affinity (-
8.99 kcal/mol) to function as a potential inhibitor for SARS-CoV-2 MP™, which indeed supports
the promising role of remdesivir as a potential anti- COVID-19 drug on which the currently
major research is going on throughout the world. Although, the none of the anthraquinones could
cross that of the remdesivir inhibitory potential, but among the anthraquinones the inhibitory
potential follows the following order alterporriol Q (-8.48 kcal/mol)> aloin A (-7.75 kcal/mol) >
aloin B (-7.64 kcal/mol)> tetrahydroaltersolanol C (-7.38 kcal/mol) > pseudohypericin (-7.26
kcal/mol)> isopseudohypericin (-7.23 kcal/mol) >hypericin (-7.18 kcal/mol)> damnacanthal (-

7.16 kcal/mol)> aloe emodin (-7.12 kcal/mol) > rhein (-7.00 kcal/ mol)> emodin (-6.90

kcal/mol)> chrysophanic acid (6.83 kcal/mol) >rubiadin (-6.64 kcal/mol).

Since 1972 onwards, the world has seen the emergence of more than 50 new viruses which been
recognized as etiologic agents of human diseases [32]. The development of antiviral drugs is a
time consuming and a complex phenomenon, hence the evolution of new viruses calls for the
development and usage of efficient strategies to synthesize or identify already known antiviral
drugs that limit the spread or treat the virus. Over the years, since the discovery of idoxuridine

(IDU) in 1959 [32], several antivirals that affect the viruses life cycle have been determined
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which lead to a number of antiviral protocols being proposed, that includes targeting intracellular
signal transduction pathways or inhibiting the viral replication [32]. Though, a number of
antivirals have been identified, only very few molecules have proven to be safe and effective
when subjected to selective antiviral therapy. In the current context, the repurposing of FDA
approved drugs or the use of compounds from natural sources is an essential concept due to its
cost effectiveness and ease of availability in terms of research and development of new drugs,
particularly at this junction where the COVID-19 pandemic is posing as a global threat. In
addition to the FDA approved drug, remdesivir here we observed that the anthragquinones,
particularly alterporriol Q posses significant inhibitory potential towards SARS-CoV-2 MP,
Naturally occurring anthraquinones have low toxicity and different biological activities [14,33].
Therefore, these observations indicate a promising potential for the use of natural anthraquinones

for the treatment of COVID-109.

Table 3: Change in accessible surface area and distance of remdesivir and the anthraquinones
from the catalytic dyad (HIS41 and CYS145) of SARS-CoV-2 MP on binding with remdesivir

and the natural anthraquinones.

Compound(s) Distance (A) AASA (A%
HIS41 CYS145 HIS41 CYS145

Remdesivir 4.98 4.99 21.09 21.88
Emodin 4.17 5.41 21.09 21.88
Chrysophanic acid 4.08 5.39 21.09 21.88
Aloe-emodin 4.07 5.35 21.09 21.88
Aloin A 2.61 4.95 12.81 15.68
Aloin B 3.89 3.67 19.27 17.85
Rhein 4.25 6.15 21.09 21.88
Rubiadin 3.14 5.06 19.73 7.17

Tetrahydroaltersolanol C 8.01 3.63 21.09 21.88
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Alterporriol Q 4.07 5.85 21.09 21.88
Damnacanthal 4.26 6.50 21.09 21.88
Hypericin 3.65 5.54 20.30 17.54
Pseudohypericin 7.43 8.19 17.91 17.84
Isopseudohypericin 4.79 3.35 20.524 20.33

4. Conclusion

Blind molecular docking has been used for studying the inhibitory potentials of natural
anthraquinones against SARS-CoV-2 MP° of COVID-19. Around 13 hit natural anthraquinones
reported here to have potential inhibitory effects against the SARS-CoV-2 main protease.
Nevertheless, this study provides a foundation for computational drug discovery of new natural
compounds to treat and reduce the transmission COVID-19. It was observed that the
anthraquinones could bind to the substrate binding site of SARS-CoV-2 MP™ which contains the
two important catalytic dyad, HIS41 and CYS145, important for blocking the viral replication of
the virus and further spread of the infection. The anthraquinones stabilized within the active site
through different non-covalent forces such as hydrogen bonding, n-sigma, n-alkyl, n-n stacked,
amide-n stacked and van der Waals interactions. Although, the inhibitory potential of the natural
anthraquinones were found to be lesser than that of remdesivir in terms of the estimated AG
value, alterporriol Q could be the most potential inhibitor of SARS-CoV-2 MP® among the
natural anthraquinones studied here, as its AG value differed from that of remdesivir by 0.51
kcal/ mol. This study provides a lead to the possibility of natural anthraquinones being used as
treatment for COVID-19, but as this study has been carried out using blind molecular docking
method, detailed in vivo and in vitro experiments are required to be carried out to gauge the

applicability and toxicity of these anthraquinones.
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Figure S1

(a) Remdesivir (b) Emodin (c) Aloe emodin (d) Chrysophanic acid
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Figure S1. Geometry optimized structures of the compounds using PM3 method in ArgusLab.



Table S1. Biological properties and sources of the naturally occurring anthraquinones.

Anthraquinones

ChemSpider ID

Biological activities

Sources

Emodin 3107 Blocks the SARS | Rhubarb [2]
coronavirus spike protein
and angiotensin-
converting enzyme 2
interaction [1]
Rhein 9762 Anti-influenza A virus | Rhubarb [2]
activity [3]
Chrysophanic acid 9793 Against poliovirus [4] Rhubarb [5]
Aloe emodin 9792 Against Japanese | Aloe [7]
encephalitis  virus and
enterovirus 71 [6]
Aloin A 24534069 Effective against | Aloe [7]
Aloin B 14269 influenza viruses, | Aloe [7]
including
A(HIN1)pdm09
influenza viruses [9]
Rubiadin 110563 Effective against hepatitis | Rubia Cordifolia [11]
B virus [10]
Tetrahydroaltersolanol C 28504329 Effective against Porcine | Alternaria sp. Fungus
reproductive and | [13]
respiratory syndrome
virus (PRRSV) [12]
Alterporriol Q 28502063 Effective against Porcine | Alternaria sp. Fungus
reproductive and [14]
respiratory syndrome
virus (PRRSV) [13]
Damnacanthal 2843 Inhibitor of HIV-1 Vpr Noni [2]
induced cell death [15]
Hypericin 4444511 Anti-IBV (Infectious Hypericum perforatum
Bronchitis virus) activity | [2]
[16]
Pseudohypericin 4445065 Anti-IBV (Infectious Hypericum perforatum
Bronchitis virus) activity | [17]
[16]
Isopseudohypericin 10192492 Hypericum perforatum

[18]
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