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Abstract. The global pandemic that the world is currently witnessing, COVID-
19, even with vaccines available, the test positivity rate (TPR) tends to remain
highly threatening. This research focuses on identifying phytochemicals, previ-
ously known for their broad-spectrum antiviral properties which can be potential
drug candidates for theSARS-CoV-2. A total of 225 phytocompounds (down-
loaded from PubChem database) are docked against targetprotein (downloaded
from PDB database) of SARS-CoV-2using the POAP pipeline. The target protein
is the RDRp complex. They are screened according to their binding affinity values
and the filtered phytochemicals are then subjected to various analyses including
ADME properties (preADMET, swissADME), bioactivity score, and molecular
properties (molinspiration), drug-likeness (preADMET), lipophilicity, water solu-
bility, and pharmacokinetics (swissADME). The receptor-ligand interactions and
the amino acid positions are obtainedusingDiscoveryStudioVisualiser.Molecular
dynamic simulation studies are performed to reveal key receptor-drug interactions
that must be formed to achieve tight drug binding and also to predict stability. Out
of the 225, 10 phytochemicals showed the best scores and more probability of
drug action. Compounds that showed promising drug action potential include ori-
ciacridone, corilagin, cinchophyllamine, sophaline D, amentoflavone, cryptomis-
rine, ginkgetin, hypericin, pseudojervine, dieckol, hinokiflavone, robustaflavone,
solamargine. The research herein provides new possibilities for in vitro and in vivo
analyses of the proposed ligands to develop new drugs againstSARS-CoV-2.

Keywords: NSP · ADME · receptor-ligand interaction · binding site pockets ·
MD simulation

1 Introduction

Late in December 2019, the coronavirus outbreak in China led to a series of horrifying
events globally. As of 15 April 2022, 6:00 am, the pandemic has claimed 6190349 lives
[1]. Not just lives, the global economy, and peace were shattered within a year. The
coronavirus primarily affects the respiratory system in humans. The SARS-CoV-2 and
MERS-CoV are considered to be major public health threats. The incubation period of
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the virus is found to be nearly 5–6 days and then the symptoms of the infection start
to occur [2]. SARS-CoV-2 is a group of positive sense, single-stranded viruses. They
are highly diverse and the researchers say, based on genetic sequence similarity that this
particular virus is likely to be originated from bats [3]. The similarity in the nucleic
acid sequence shows that SARS-CoV-2 is a beta-coronavirus. Their RNA genome is
composed of 29891 nucleotides and 9860 amino acids. The viral genome has 10 open
reading frames (ORF). They encode the structural and non-structural proteins of the
virus [4]. The spike protein (S), membrane protein (M), an envelope protein (E), and
nucleocapsid protein are important structural proteins and are located at the 3’ end of the
genome. The non-structural proteins like NSP1-NSP10 and NSP12-NSP16 are located
at the 5’ end of the viral genome [5].

The common symptoms of covid 19 infection as brought down to fever, cough, and
shortness by US Centers for Disease Control and Prevention (CDC). The symptoms are
gravely similar to influenza-like illnesses. The list got longer as the pandemic progressed.
Ageusia, anosmia, headache, sore throat, and chills topped the list [6]. The covid 19
transmission was believed to be through respiratory droplets. But advanced research
shows potential for additional routes like the ocular route, sexual route, vertical route,
and indirect transmission [7]. Oral antivirals and antibody therapy has been a major
milestone in the treatment of SARS-CoV-2. But there poses a need for more antiviral
compound discoveries [8, 9]. Because the symptoms and the range of infection differ in
different people. And with the virus manipulating us with its different forms, we need
to find non-toxic, preferably phytochemical compounds to solve the root cause of this
viral infection.

The study looks at 250 phytocompounds, which were previously known for their
broad-spectrum antiviral effects, as prospective drug candidates against the RdRp pro-
tein (PDB ID:6M71) ofSARS-CoV-2, which is a therapeutic target [10–14, 16, 17,
17–46]. The compounds were chosen from data in the literature. Each of these chemi-
cals possesses drug-like characteristics and has previously been used to treat a variety
of viral diseases. A comparison study focuses solely on molecular docking and molec-
ular dynamics simulation to find prospective natural compounds with greater binding
affinity and stability, as well as favourable physicochemical characteristics, than control
compounds.

2 Materials and Methods

2.1 Protein Preparation

The Protein Data Bank was used to obtain three-dimensional structures of target proteins
(PDB). The target protein structure is that of an RNA-dependent RNA polymerase (PDB
ID: 6M71), i.e., NSP 12. To optimize the structure, unnecessary hetero groups and
homologous chains were eliminated from the proteins. Finally, using Auto Dock, these
structures were fine-tuned for stereochemical inaccuracies by adding Kollman charges
and polar hydrogen atoms [47]. These improved and energy-minimized structures were
saved in the PDBQT format [48].
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2.2 Ligand Preparation

PubChem and Chemspider databases were used to retrieve the three-dimensional
structures of the selected small molecules. For virtual screening investigations, the
structure data file (SDF) formats were employed as the input format [49–51].

2.3 Binding Pocket Prediction

The Discovery Studio Visualizer was used to identify the binding sites of all of the
specified target proteins [52]. Various counter maps with X, Y, and Z coordinates were
obtained, as well as the size of the active site with corresponding amino acids. Finally,
the best binding pockets were ranked and used for docking studies based on the score
[53–57].

2.4 Comparative Virtual Screening of Anti-viral Compounds

ParallelizedOpenBabel andAuto dock suite Pipeline is a bash shell script-based pipeline
for optimizing andminimizing small molecules using Open Babel, as well as performing
virtual screeningwithAuto dockVina. The ligandswere developed using theOpenBabel
tool and the POAP ligand preparation module. The conformers were created once the
3-D coordinates for the ligands were determined. The 50 conformers for each ligand
were generated using the weighted rotor approach, and the best conformer with the
lowest energy was chosen for further minimization. The ligands were energy minimized
using the conjugate gradientmethodwith 5000 steps anddefault parameters.After energy
minimization, the ligandwas converted to a pdbqt file format for virtual screening against
the targets [58].

The POAPmultiple receptor virtual screeningmodule of AutoDockVinawas used to
performvirtual screening of the targets. By adding polar hydrogens and gastieger charges
using the MGLTOOLS-1.5.6, the receptors were constructed. Each target’s active site
configuration file was produced and presented as input to the POAP. AutoDockVina was
utilised to perform the Virtual screening with exhaustiveness of 8. The POAP performed
a virtual screening of the ligands against the targets and filed the results in a separate
directory containing protein-ligand complexes and docking energy scores. The combined
score of ligands with the receptor was taken further for analysis.

2.5 ADME Filtrations

Drug molecules’ ADME (absorption, distribution, metabolism, and excretion) qualities
are crucial for them to pass clinical trials. The Swiss Institute of Bioinformatics’ Swis-
sADME programme allows users to compute physicochemical descriptors and estimate
ADME parameters, pharmacokinetic features, druglike nature, and medicinal chemistry
friendliness of one ormore small compounds. Thus, for the screened compounds, physic-
ochemical descriptors such as molecular weight (MW), rotatable bonds (RB), hydrogen
bond donor count (HBD), hydrogen bond acceptor count (HBA), Total Polar surface
area (TPSA), octanol-water partition coefficient (ilogP), blood-brain barrier permeant
(BBBp), and Lipinski’s rule of five violation (LPV) were computed [59]. The FAF4
Drug web server was used to predict other physicochemical characteristics such as oral
bioavailability (OBV) and phospholipidosis [60–64].
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2.6 Toxicity Analysis

The toxicity of the chemicals tested is also significant in establishing a compound’s
efficacy as a drug. As a result, all of the compounds in silico toxicity predictions were
made using the Toxtree tool, which assesses toxic risks using a decision tree technique.
The technique examines the presence of numerous functional moieties in the chemical
structure to estimate the probability of toxicity [65].

2.7 Molecular Dynamics Simulation

The stability of the docked complexes was studied by implementingmolecular dynamics
simulations using the Desmond package with Optimized Potentials for Liquid Simula-
tions (OPLS) forcefield [66]. The protein structure (PDB ID: 6M71) was pre-processed
using Proteinprepwizard inwhich bond orderwas assigned, hydrogen atomswere added,
and zero-order bonds to metals and disulphide bonds were created. The complete system
for MD simulation was built on a predefined SPC water model in a cubic boundary box
with a distance of 10Å and minimized volume. Further, Na+ counter ions were added
to neutralize the system, and energy was minimized. The energy minimized full system
was set for the production run at a temperature of 300K and pressure of 1 bar. The
isotherm-isobar (NPT) ensemble was selected and simulation was carried out for 100 ns
[29, 34, 43, 67].

3 Results and Discussion

3.1 Post Docking Analysis

The docking results were analysed and ranked based on the binding energy for short-
listing the best potential hits. Table 1 shows the results of docking in terms of binding
energy. The compounds remdesivir and favipiravir were considered as a control for
comparison of the binding energy. Remdesivir showed binding energy values with a
minimum binding energy of −8.4 kJ/mol with RdRp protein. Further, favipiravir was
docked and the binding energywas foundbetween a rangeof−5.4 kJ/mol to−4.0 kJ/mol.
Thus, considering the binding energy a cut-off of −10.0 kJ/mol was selected to iden-
tify the best-docked complex. Oriciacridone showed binding energy of −11.4 kJ/mol.
Cryptomisrine was ranked two, with −10.8 kJ/mol followed by Cinchophyllamine and
Corilagin, with a binding energy of −10.1 kJ/mol each.

3.2 ADME Filtration and Toxicity Analysis

These compounds were also submitted to ADME calculations based on physio-chemical
characteristics. The computed descriptors describingADMEqualities for the top selected
chemicals did not fall within the required range. Additionally, the highest docking score
compounds were discovered to pass the blood-brain barrier, and the results revealed
phospholipidosis warnings. Lipinski’s rule of five was likewise broken by the majority
of compounds. Toxicity experiments were used to screen for multiple mutagenic and
carcinogenic functional groups, and the chemical sophaline Dwas determined to fit with
high confidence. For molecular dynamics simulation, the sophaline D-6M71 complex
was chosen.



62 C. Joy and M. C. Cyriac

Table 1. Docking score of best hits

Ligand Binding Affinity (KJ/mol)

Oriciacridone −11.4

Cryptomisrine −10.8

Corilagin −10.1

Cinchophyllamine −10.1

Sophaline d −7.5

Fig. 1. RMSD for RDRp-Sophaline D complex

3.3 Molecular Dynamic Simulation

The system was solvated using (Simple Point-Charge) SPC water molecule model and
the total system had been neutralized with 7 NA+ ions. In the trajectory analysis, the
backboneRMSD for the apoenzymewas foundwithin the range of 3.16Åwith a standard
deviation of 0.141Å and for the holoenzyme was found within the range of 3.06Å with
a standard deviation of 0.249Å for 100 ns simulation, and the system converged at 80
ns and sustained throughout the simulation run with minimum conformational changes
as shown in Fig. 1. The residues-wise fluctuation differences in apo and holo form were
inferred by analysing the root mean square fluctuation (RMSF) plot. It revealed that the
holo forms remained stable throughout the simulation and were in close range to that
of the apo form as given in Fig. 2. The radius of gyration for the apoenzyme was found
within the range of 21.84Å with a standard deviation of 0.055Å and for the holoenzyme
was found within range of 22.73Å with a standard deviation of 0.065Å.

In the RDRp-Sophaline Dcontact histogram (Fig. 3), a value of 0.7 recommends that
the specific interaction is retained during 70% of the simulation time. Values above 1.0
are probable as some protein residue may make multiple contacts of the same subtype
with the ligand. The ligand-protein interactions in two dimensions are given in Fig. 4.
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Fig. 2. Root mean square fluctuation (RMSF) plot

Fig. 3. The RDRp-Sophaline D contact histogram

Fig. 4. Ligand-protein interactions in 2D diagram
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4 Conclusion

After performing different levels of virtual screening- Docking, ADME properties, Tox-
icity studies, pharmacophore modelling, and Molecular Dynamics simulations the best
compound identified is sophaline D. It is an alkaloid isolated mainly from the roots of
Sophoraalopecuroides. In-silico drug discovery helps a great deal in the primary screen-
ing for drugs. The prediction of toxicity and the characterization of the side effects
of each compound helped get a better idea about the compounds. The work suggests
sophaline d as a promising inhibitor to the RdRp protein of the SARS-CoV-2 virus. The
phytochemical will also show great results in further wet lab studies.
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