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Abstract: Coronaviruses are dangerous micro-organism that attacks both the young and
adults. Some are responsible for trifling diseases that occur in human respiratory organ
while the famous ones (severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS)) are very dangerous and are capable of causing terrible
respiratory disease. In a way to inhibit this life threatening virus, five molecular
compounds obtained from Annona Muricata Seed which has been helpful to human being
were studied via density functional theory method using Spartan, Discovery studio,
AutoDock Tool, AutoDock Vina and Edupymol. In this study, the calculated descriptors
(highest occupied molecular orbital energy (EHomo), lowest unoccupied molecular orbital
energy (Erumo), dipole moment, energy band gap, area, volume, polarizability, polar
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surface area, Log P, hydrogen bond donor, hydrogen bond acceptor) obtained from
optimized compounds were observed to describe anti-SARS-CoV nspl12 polymerase. Also,
the docking study exposed the inhibiting ability of the studied compounds. The calculated
binding affinity are -5.1 kcal/mol, -4.5 kcal/mol, -4.4 kcal/mol, -5.6 kcal/mol, and -4.7
kcal/mol for compounds A-E and it was observed that the calculated binding affinity
values were closer and this is sign that the selected compounds in Annona Muricata seed
are promising anti-SARS-CoV nspl12 polymerase. Therefore, the selected compounds from
Annona Muricata seed have a promising ability to inhibit SARS-CoV nsp12 polymerase
thereby inhibiting 2019-nCoV.

Keywords: Annona Muricata, 2019-nCoV, SARS-CoV nsp12 polymerase, inhibitor, DFT

1. Introduction

Wide use of plant extracts either from leaves, back, seed, flowers and roots in treating various
kinds of diseases have gained attention globally (Wang et al., 2004). Most of the drug-like molecules
present in plants still remain one of the imperative means of support to human health worldwide (Sejal
et al., 2016). Also, many researchers have confirmed plant products with proficient biological
significance to be foundation for well-being conservation (Ana et al., 2016). Various anti-microbial
agents that originated from plants have drawn the attention of several researchers and this could be due
to their safety and elongated history of practice (Stohs and Hartman 2015).

Moreover, Annona muricata L. is a tropical fruit-bearing tree usually found in some parts of the
world (Gajalakshmi et al., 2012). Many information have been revealed by various scientists from
different laboratories on the medicinal use of Annona muricata L. such as anticancer, anti-diabetes,
anti-inflammation, anti-diarrhoea, anti-cold fever, anti-rheumatism, anti-neuralgia and anti-
hypertensive agents etc. (Joseph et al., 2019; Yajid et al., 2018).

The recent occurrence of coronavirus in some part of China and other parts of the world (Japan,
United States of America, Thailand, Korea, Singapore and Vietnam) has been a serious challenge to
scientists globally. It poses a grave threat to human life and various animals via infection of their
respiratory organs as well as their central nervous system (Yu et al., 2020; Ge et al., 2013; Chen et al.,
2016). Due to this fast spreading virus, over 100 patients have been reported to be infected and above 5
patients have been reportedly deceased (Zhang et al., 2020).

Therefore, this work is aimed at observing the molecular interactions between Annona
Muricata Seed and SARS-2019 CoV nsp12 polymerase (PDB ID: 6nur) (Robert et al., 2019) as well as
probing in to the descriptors with anti-SARS-2019CoV nsp12 polymerase activities.
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2. Computational Details

2.1. Quantum Chemical Method

Selected compounds from Annona Muricata seed were optimized at density functional theory
level using 6-31G* as basis set. Series of descriptors such highest occupied molecular orbital energy,
lowest unoccupied molecular orbital energy, band-gap, dipole moment, log P, etc. were obtained from
the optimized studied compounds. All the quantum chemical calculation was executed via Spartan 14
program (David et al., 2002).

2.2. Molecular Docking Study

The selected optimized compounds from Annona Muricata seed were docked against SARS-
2019 CoV nspl2 polymerase (PDB ID: 6nur) so as to examine the molecular interactions existing
between the docked complexes. In this work, series of docking software (Discovery studio 2017,
AutoDock Tool 1.5.6, AutoDock Vina 1.1.2 and Edupymol version 1.7.4.4) were used for effective
docking investigation. The studied receptor (SARS-2019 CoV nspl2 polymerase (PDB ID: 6nur)) was
prepared using pymol. The binding site in SARS-2019 CoV nspl2 polymerase was located using
AutoDock Tool for easy docking of the ligands into the active site of the receptor and the docking
calculation was implemented via AutoDock Vina. The observed interactions were viewed using
Discovery studio 2017. The observed grid box was as follows: center (X = 146.687, Y = 147.922, Z =
147.365) and size (X =34,Y =54, Z = 42).

The studied compounds obtained from Annona Muricata seed are (2S)-2-methyl-4-
[(2R,10R,13R)-2,10,13-trihydroxy-13-[(2R,5R)-5-[(1R)-1-hydroxytridecyl]Joxolan-2-yl]tridecyl]-2H-
furan-5-one (A), (2S)-2-methyl-4-[(2R,8R,13R)-2,8,13-trihydroxy-13-[(2R,5S)-5-[(1S)-1-
hydroxytridecyl]oxolan-2-yl]tridecyl]-2H-furan-5-one (B), 3-{2,13-dihydroxy-13-[5-(1-
hydroxytridecyl)oxolan-2-yl]-8-oxotridecyl }-4-methyl-2,5-dihydrofuran-2-one (C), (2S)-2-methyl-4-
[(2R,8R,11R)-2,8,11-trihydroxy-11-[(2R,5S)-5-[(1S)-1-hydroxypentadecyl]oxolan-2-ylJundecyl]-2H-
furan-5-one (D) and 5-(1-hydroxytridecyl)oxolan-2-one (E) (Table 1).
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Table 1. The schematic structure of the studied compounds
Structure

ol [0
I

HO

Copyright © 2020 by Modern Scientific Press Company, Florida, USA



Int. J. Trad. Nat. Med. 2020, 10(1): 13-23 17

3. Result and Discussion

3.1. Density Functional Theory Calculations

The studied compounds in this work were carefully selected and the contribution of each
molecular descriptor obtained after optimization were investigated.

In this study, the investigated descriptors are highest occupied molecular orbital energy
(Enomo), lowest unoccupied molecular orbital energy (ELumo), dipole moment, energy band gap, area,
volume, polarizability, polar surface area, Log P, hydrogen bond donor, hydrogen bond acceptor
(Table 2).

Table 2: Calculated molecular descriptors of the studied compounds

Exomo(eV)  Erumo(eV)  BG DM MW LOGP OVA PSA POL HBD HBA

A 674 -1.00 5.74 1040 596.89 6.80 1.98 95.53 94.96 4 6
B -6.69 -1.14 5.55 9.82  596.89 6.80 1.98 97.35 95.03 4 6
C -6.66 -1.15 5.51 8.38  594.87 6.95 1.98 91.71 94.65 3 6
D -6.75 -1.00 5.75 9.90  568.83 5.96 1.94 95.53 91.99 4 6
E -717 -0.03 7.14 486  284.44 4.54 1.61 41.29 66.74 1 2

Note: BG: band-gap (ELumo-Enomo), DM: Dipole Moment, MW: molecular weight, OVA: Ovality, POL.: Polarizability, HBD: hydrogen
bond donor, HBA: hydrogen bond acceptor.

The role played by dipole moment in drug compound-protein complex cannot be over
emphasized [13]. The standard range for dipole moment of any drug-like molecule is 3-5 kJ/mol;
therefore, compound E is expected to have a strong non-bonded interaction with SARS-2019 CoV
nspl2 polymerase (PDB ID: 6nur). Also, lipophilicity (Log P) exposes the dissolving ability of drug in
lipophilic media (Khaled et al., 2011). The accepted standard for Log P is <5 and any drug-like
molecule with greater Log P value may cause problems in oral absorption of such compounds
(Meanwell 2011). Thus, compound E is expected to accurately dissolve in non-aqueous substance.
Also, the calculated HBD and HBA shows that the studied compounds possess anti-SARS-2019 CoV
nspl2 polymerase ability since the calculated value is lesser than the standard i.e. < 5 and < 10
respectively.

Furthermore, Exomo define the propensity of molecules to donate electron to the nearby
compounds. The calculated Exomo are -6.74 (A), -6.69 (B), -6.66 (C), -6.75 (D), and -7.17 (E). The
calculated value for compound C revealed its ability to donate electron to the nearest compounds;
therefore, it is expected to inhibit than other selected molecules (Oyebamiji and Semire 2016). The
calculated ErLumo shows the capability of molecules to receive electron from nearby molecules

(Oyebamiji et al., 2018). Therefore, compound E with -1.15eV should possess greater ability to inhibit
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the studied receptor than other studied compounds. Other studied calculated descriptors were displayed
in Table 2. Moreover, band-gap (ELumo - EHomo) reveals the rate of reactivity of molecules. According
to Semire et al., 2012, lower band-gap brings about easy excitation and thereby leads to better
reactivity of molecules (Semire et al., 2012); thus, compound C with lower band-gap value is expected

to react better than other studied compounds. Figure 1 show the EHomo-ELumo overlay.

HOMO LUMO

Figure 1: Studied EHomo-ELumo overlay

3.2. Molecular Docking Results

The selected molecular compounds from Annona Muricata seed were docked against SARS-
2019 CoV nspl2 polymerase (PDB ID: 6nur) in order to examine the non-bonding interaction present

in the studied complex. The calculated binding affinity ranges from -5.6 to -4.4 kcal/mol and this
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indicated that the studied compounds have a promising inhibiting activity. The calculated binding
affinity from Annona Muricata seed - SARS-2019 CoV nspl2 polymerase complex were all negative
and this indicated that the molecules understudy could serve as starting point for developing effective
drugs targeting SARS-2019 CoV nspl12 polymerase thereby reducing coronavirus. The residue involve
in each conformation are ARG-624, THR-556, LEU-758, ALA-558, ASP-623, ARG-553 for A; SER-
549, ALA-550, LYS-551, TRP-800 for B; ARG-553, SER-814, TRP-800, TRP-617, ASP-760 for C;
ALA-558, ARG-624, THR-556, TYR-455, LYS-621, ASP-452 for D and ARG-249, ASN-459, PHE-
396 for E (Table 3) (Figure 2). Also, the common non-bonding interactions observed in this study is
hydrogen bond and this confirms the inhibiting efficiency of the studied compounds against SARS-
2019 CoV nspl2 polymerase (PDB ID: 6nur).

Table 3: Scoring of selected compounds in Annona Muricata seed with SARS-2019 CoV nspl2
polymerase (PDB ID: 6nur)

Binding Amino Acid Residue
Affinity
(kcal/mol)
A -5.1 ARG-624, THR-556, LEU-758, ALA-558,
ASP-623, ARG-553
B -4.5 SER-549, ALA-550, LYS-551, TRP-800
C -4.4 ARG-553, SER-814, TRP-800, TRP-617, ASP-
760
D -5.6 ALA-558, ARG-624, THR-556, TYR-455,
LYS-621, ASP-452
E -4.7 ARG-249, ASN-459, PHE-396
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Figure 2: Binding interaction of compound A, B, C, D and E with 6nur respectively

4. Conclusion

In this work, anti-SARS-2019 CoV nspl12 polymerase activity of selected compounds obtained
from Annona Muricata seed was investigated using density functional theory as well as docking
method. The calculated descriptors described the anti-SARS-2019 CoV nsp12 polymerase activity and
this was validated using docking method. The obtained binding affinity ranges from -5.6 to -4.4

kcal/mol and this showed that the selected compounds have a promising inhibiting activity.
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