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ARTICLE INFO ABSTRACT

Keywords: Unavailability of treatment for the SARS-CoV-2 virus has raised concern among the population worldwide. This
SARS-CoV-2 has led to many attempts to find alternative options to prevent the infection of the disease, including focusing on
1; f:rz Longum vaccines and drugs. The use of natural products and herbal extracts can be a better option in beating the virus
Molecular docking and boosting up immunity. In the present paper, we have done a systematic in silico study of papain-like protease
L-Asarinin of COVID-19 virus with the chemical constituents of herbal plant Piper Longum. Screening of the pharmacokinetic

properties is done with thirty-two phytoconstituents of Piper Longum which help us in selecting the most active
components of the plant. After selection molecular docking is performed with Aristololactam (C;7H11NO4),
Fargesin (C1H2206), 1-asarinin (C29H;506), Lignans Machilin F (C20H2205), Piperundecalidine (C23H29NO3), and
Pluviatilol (C29H200¢). Molecular dynamic (MD) is also performed with the inhibitor-receptor complex which
suggest significant inhibition and a stable complex of I-Asarinin with PLP™. Docking scores and simulation results

suggest that I-Asarinin can act as a potential drug like candidate against COVID-19.

1. Introduction

At the present date, no one is unaware or unknown of the 21st
century’s biggest and most prolonged disaster which had left all the
nations helpless. As per the world health organisation (WHO) weekly
epidemiological update, over 4.8 million new infected cases and nearly
about 86,000 deaths are reported in the May 2021 [1]. Coronavirus is a
disease that is caused due to virus and it belongs to the family of severe
acute respiratory syndrome (SARS) [2,3]. It is believed that this deadly
disease was very first observed in Wuhan, China in late 2019 and jump
to humans due to contamination in infected animals including bats [4].
The outbreak of coronavirus disease (COVID-19) is declared a global
pandemic and this has to be cured very soon as possible. It can spread
due to droplets of an infected person’s cough, sneeze, and breathe and
they could be in the air or on the surface that you touch [5]. In case the
virus is entered into your mucous membrane, within 2 to 14 days your
immune system will respond with symptoms like chills, cough, cold,
breathing difficulties, muscles aches, headache, loss of smell and, loss of
taste, etc. [6]. Till now there have been seven types of human corona-
virus demonstrated so far including SARS, Middle East Respiratory
Syndrome (MERS), 229E, NL63, OC43, HKU1l, and 2019-Novel
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Coronavirus (nCov) [7]. COVID-19 is more likely to be harmful than a
normal virus like common cold as once your lungs become inflamed, it
will result in creating troubles in breathing and it may also cause death.
This pandemic situation necessitates us to know the structures and
function of the virus resulting in COVID-19. To win the fight against this
deadly disease, various vaccines have been introduced worldwide. Many
vaccines have been demonstrated as being 95% efficient in preventing
several symptoms of the COVID-19 virus [8]. Vaccines are done under
clinical trials focusing the spike-like protein, nucleic acids, RNA,
adenovirus vectors, inactivated viruses, etc. From April 2021, National
Regulatory Authority (NRA) have approved twelve vaccines targeting
different factors, two for RNA mutant namely Pfizer-BioNTech and
Moderna, four for adenovirus vector namely Sputnik V, Oxford-
AstraZeneca, J&J, and Convidecia, six for inactivated virus namely
Sinopharm (BBIBP), CoronaVac, Covaxin, Sinopharm (WIBP), CoviVac
and QazVac and two protein subunit vaccines namely EpiVacCorona and
RBD-Dimer for the public use [9]. Food and Drug Administration (FDA)
also has approved a variety of drugs for curing COVID-19 like Iver-
mectin, Doxycycline, Remdesivir, Oseltamivir, Hydroxychloroquine,
Favipiravir, and many more [10]. Study of drug-like molecules against
proteases of SARS-CoV-2 has been reported for many natural extracts
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like curcumin, allicin, and ginger [11], Withania somnifera [12], Indian
ginseng [13], Tinospora cordifolia [14] Calendula officinalis [15] and
many more. Papain-like protease (PLP™), 3-Chymotrypsin-like protease
or main protease (3CLP™ or MP™), and spike glycoprotein (S-protein) are
common proteases of COVID-19 that are approved by FDA for clinical
trials and researchers are focusing on these three viral target proteins of
SARS-CoV-2 [16-19]. MP™ and PLP™ are mainly responsible for dys-
functioning the Ubiquitin and ISG15 from host-cell [20]. Ubiquitin and
ISG15 are the amino-acid regulating proteins present in all eukaryotic
cells which are responsible for regulating protein in human cells. Tar-
geting PLP™ for many antiviral inhibitors might be advantageous in not
only preventing viral replication but also resynthesizing the damaged
cells by enclosing Ubiquitin and ISG15 back into the host-cell and dys-
regulating signals in infected cells [21]. Screening of potential drug
against protease PLP™ is presented for many natural extracts from fla-
vanols [16], neem [22], angelica keiskei (ashitaba), salvia miltiorrhiza,
torreya nucifera [23].

In the present study, we have considered an herbal plant Piper Lon-
gum and performed in-silico study with its most active phytoconstituents.
The interaction of its phytoconstituents with the PLP™ is reported by
molecular docking studies and MD simulation. Our results from the
present study have established the strong candidature of phytocon-
stituents of Piper Longum to be used as a drug-like molecule for pre-
venting COVID-19 with its wide range of antiviral activity.

2. Materials and methods

2.1. Potential target protein structure for SARS-CoV-2 and protein
receptor preparation

Coronavirus exhibits a large number of structural and non-structural
polyproteins [24]. The protease PLP™ is one of the fundamental enzymes
to the coronavirus family consisting of four domains linked with flexible
cords which are the fingers domain, palm domain, thumb domain, and
Ubiquitin-like (UBL) domain [25]. It imparts in the cleaving of the N-
terminal of viral polyprotein which is an important antiviral drug target
[26]. Our main target is to dysfunction the replication of PLP™. PLP™ also
imparts in hydrolysing the peptide bond releasing nsp1, nsp2, and nsp3
proteins [27]. The crystal structure of protease PLP™ in complex with
non-covalently bonded lead inhibitor 3k and 3j (PDB ID: 40VZ) and
resolution 2.50 A (Fig. 1) is downloaded from the “Protein Data Bank”
(https://www.rcsb.org/) and synthesized with the help of the software
“Biovia Discovery Studio Visualizer” (https://disCover.3ds.com/disc
overy-studio-visualizer-download). The first step of the protein
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preparation is the removal of the water molecules from the protein. The
reason for deleting the water molecules is that if we have water mole-
cules present around the protein’s pocket region, the ligand will not
comfortably set in the pocket region giving inaccurate results in dock-
ing. Polar hydrogens have been added followed by energy minimization
in the torsional space and Kollman charges have also been added to the
protein. All the heta-atoms present in the protein are also removed as
they are unusual residues of DNA, RNA, proteins, and other atoms which
can jam the binding sites and create trouble in protein-ligand binding.
The output structure of the macromolecule is then saved in pdbqt
format.

2.2. Potential inhibitor: Piper Longum

For the present work, we have chosen the medicinal plant Piper
Longum or Piper, or sometimes called Indian long pepper (Fig. 2). Piper
Longum is the native of the Indian subcontinent and is also found in Asia
and European land. It belongs to the family of Piperaceae and has a
strong taste resemblance with Piper nigrum which is also a member of
same family [28]. It is a flowering vine with each part of it being
significantly use, the most important spice in Indian foodstuffs, and are
mainly cultivated in India for its fruit. Somehow, its leaves also play a
vital role in medical science and is used as a preventive measure for
many viral diseases like cancer, inflammation, depression, diabetes,
obesity, and hepatotoxicity [29-31]. Along with anti-viral property,
Piper Longum also has significant pharmacological activities including
anticancer, immunomodulatory, cardioprotective, antimicrobial, anti-
fungal, bioavailability-enhancing, antioxidant [32,33]. Piper Longum is
known to increase the total white blood cells (WBC) count to 142.8 and
138.9% which is responsible for boosting immunity [34]. The selection
of Piper Longum is motivated by the fact that symptoms of the COVID-19
are very common to normal cough and cold problems in which Piper
Longum is preferred as a cure ailment. The usage of the plant began in the
sixteenth century [35] and is very highly beneficial in curing chronic
bronchitis, asthma, constipation, paralysis of the tongue, cholera,
chronic malaria, viral hepatitis, respiratory infections, stomach ache,
bronchitis, diseases of the spleen, cough, and cancers. With the help of
the online database “Indian Medicinal Plants Phytochemistry and
Therapeutics” (IMPPAT) (https://cb.imsc.res.in/imppat/home), thirty-
two phytoconstituents of Piper Longum were traced and their struc-
tures were downloaded from the online database “PubChem” (https://p
ubchem.ncbi.nlm.nih.gov/) in SDF format.

Later the structures of phytochemicals were converted into PDB
format with the help of graphic user interface “Open Babel GUI” (http://

Fig. 1. (a) Target protein: PLP™ (PDB ID: 40VZ) with removed water molecules and with added polar hydrogens and kollman charges (b) Structure of Human

Coronavirus Papain-Like Protease PLP™ (PDB ID: 40VZ) with lead inhibitor.
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Plant of Piper longum with fruit

Fruit of Piper longum plant

Fig. 2. Morphology of Piper Longum.

openbabel.org/wiki/Main Page) [36]. We have performed molecular
docking with Aristololactum, Fargesin, I-Asarinin, Lignans Machilin F,
Piperundecalidine and Pluviatilol. 3-D structures of all the selected
phytoconstituents are downloaded from PubChem and shown in Table 1
along with their PubChem id.

Table 1
Different phytoconstituents extracted from Piper Longum with 3-D structure and
PubChem ID.

Compound name Database Three-dimensional structure
with symbol ID
Aristololactam PubChem
(C17H11NO,) ID 96710
Fargesin PubChem
(C21H2206) ID
10926754
l-asarinin PubChem
(C20H1806) ID
11869417
Lignans Machilin F~ PubChem
(C20H2205) D
13844301
Piperundecalidine PubChem
(Ca3H29NO3) D
44453654
Pluviatilol PubChem
(C20H2006) D
70695727

2.3. Drug-likeness properties and ADMET properties

A set of rules and guidelines for determining the structural properties
is preferred for initial screening of drug-likeness of compound. Some
such Drug-likeness rules are Lipinski’s rule, MDDR-like rule, Veber’s
rule, Ghose filter, Egan rule, Muegge rule, Lipophilicity (iLOGP,
WLOGP, XLOGP3, MLOGP, Log Po/w), water solubility (Log S (SILICOS-
IT)), etc. [37]. According to Lipinski’s rule (Pfizer’s rule or simply the
rule of five (RO5)), any chemical compound can be used as an orally
active drug if and only if it will not violate that set of rules [38]. The
compounds which simply obey RO5 will have more chances for being
orally used for human consumption and reach the markets. The
mentioned rules preliminarily justify whether the compound is ideal for
drug synthesis or not. Some of the rules like molecular weight < 500,
hydrogen-bond donors < 5, hydrogen-bond acceptor < 10, MLOGP (n-
octanol-water partition coefficient) < 4.15, molar refractivity should be
between 40 and 130, log P ranging between — 0.4 to + 5.6, solubility
(log S) > —5.7, also help us to preliminary test the suitable drug mole-
cule [39]. All these preclinical tests help in differentiating between drug-
like and non-drug-like structures. All these properties are studied with
the help of the online software SWISS-ADME (http://www.swissadme.
ch/). This software facilitates us to analyse all the physiochemical
properties, medicinal chemistry, drug-likeness properties, pharmacoki-
netics, lipophilicity, etc. In virtual screening of drug-likeness properties,
it is often seen that several approved drugs do not follow all the
screening rules completely thus violating any of the RO5 and other drug-
likeness rules [40]. Drugs like Dabigitran used for preventing blood
clots, Bromocriptine used for preventing pituitary tumors, Medoxomil
used for preventing hypertension, etc. are a few medicines that are
available in markets for human consumption even although they violate
two ROS5 rules [40]. Atazanavir, the most commonly used drug for the
treatment of human immunodeficiency virus (HIV-AIDS), violates three
of the RO5 rules but still, it is a very preferred antiretroviral protease
inhibitor [41]. Lapatinib and Nilotinib are very popular tyrosine kinase
inhibitors preferred for regulating many cellular functions but RO5 rules
are violated by both of them [42]. Even, Remdesivir, the most used
medicine in this pandemic also violates two of the RO5 rules due to its
molecular weight of 602.6 (exceeding 500) and H-bond acceptor count
of 13 which exceeds the rule’s limit of 10 [43]. If we go through all these
facts, we conclude that despite the violation of few drug-likeness rules,
drugs are preferred manually. Phytochemicals we have considered as
potential inhibitors against PLP™ protease, are so likely to follow all
these rules, although some of them may violate but validate other rules.

Along with the RO5 and other pharmacokinetic rules, the considered
inhibitor must follow the ADMET properties. “Absorption” reveals the
journey of the drug throughout our body, “Distribution” is about the
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transfer of drug from one location (organ) to another, “Metabolism”, is a
set of chemical reactions which drug undergo during the journey after
metabolism is done, the drug should be eliminated from any part of the
body in any form like sweat, urine, excrete, etc., called “Excretion” and
“Toxicity” is the degree to which a drug can damage an organism [44].
The ADMET features are listed using ADMETsar (http://Immd.ecust.edu
.cn/admetsarl) open-source tool. In computational drug discovery,
subcellular localization of a receptor plays a vital role in improving
target identification. It reveals which intercellular part of protein lo-
calizes the drug and undergoes the drug action. For all the ligands, the
subcellular localization is Mitochondria. Pan-assay interference com-
pounds (PAINS) are the compounds that should be necessarily elimi-
nated from the target protein due to their tendency of giving false
positive results while predicting the binding site [45]. Suppose our drug-
like molecule targets at some binding site (say A), PAINS will auto-
matically bind it with other binding sites giving false results. A few
common PAINS are toxoflavin, isothiazolones, curcumin, enones,
hydroxyphenyl hydrazones, quinones, and many more [46]. Plasma
protein binding is said to be an important factor in the screening and
drug discovery process as it shows the capability of our drug to bind with
the protein within the blood and Acute oral toxicity is referred to all the
reactions that happened to the human body after the consumption of the
drug. For all the considered ligands, AOT falls in the 3rd category among
4 categories. As per the United States Environmental Protection Agency
(US EPA), compounds are classified into four categories based on their
LD50 values (lethal dose). Compounds falling in the first category have
LD50 < 50 mg/kg, in second category LD50 value, should fall between
50 and 500 mg/kg, third category have LD50 value between 500 and
5000 mg/kg.

2.4. Molecular docking and visualization

In computer-assisted drug designing, molecular docking is consid-
ered as the molecular modelling tool that is preferred for the prediction
of the ligand-receptor interaction when both the molecules are bound
together to form a stable complex [47]. In this work, we have used “Auto
Dock Vina” software (http://vina.scripps.edu/) for performing molec-
ular docking [48]. The algorithm of Auto Dock vina for docking of 40VZ
deals with configuration parameters like nine binding modes, exhaus-
tiveness = 8, energy difference = 4 kcal/mol, grid box with center co-
ordinates x = —9.665, y = 40.995, z = —30.003 of the position of the
target protein is used to do the docking-based studies on the suggested
inhibitor onto the protease of coronavirus. The synthesized protein is
saved in pdbqt format. Similarly, ligands are also synthesized with the
help of Auto Dock vina and saved in pdbqt format. Out of all the nine
output poses obtained, the most stable receptor-ligand complex is
selected based on the analysis of different parameters. These parameters
are binding affinity (G) (Kcal\mol), dipole moment of ligand (in Debye),
number of H-bonds, and drieding energy. To verify our docking scores,
we have performed docking for the same protein-ligand pairs with the
help of another docking software Pyrx (https://sourceforge.net/project
s/pyrx/files/latest/download) [49].

2.5. Molecular dynamics

MD simulations are performed for the best-docked complex, to study
its stability and physical movements [50]. The simulation is done with
the help of software the Desmond modules vs 2020.1. For protein-ligand
docked complex, OPLS2005 force field was applied to provide a larger
coverage of organic functionality. 11 Na™, and 8 Cl~ counter ions are
added to neutralize the charges and simple point charge (SPC) is also
used to fetch correct density and permittivity. The system should be
close to mimic the human physiological condition for which 0.15 M
NacCl salt concentrations are added. MD Simulation continued till 100 ns
at the conditions of Isothermal-Isobaric ensemble (constant number of
particles, pressure, temperature) (NPT). Simulation interaction
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diagrams are studied with the help of the Desmond GUI tool Maestro.
Parameters obtained in the simulation like root-mean square deviation
(RMSD), root mean square fluctuation (RMSF), number of H-bonds,
radius of gyration, and calculated binding energy which helps us to
predict the stability of the complex [49]. The calculation of binding
energy of the protein-ligand docking complexes was estimated with the
help of MM/GBSA and is done by the below-given equation.

AGb[nding = Gdofk[ng complex — T (Gpmmm + Gl[gund) (1)
Where, AGypinding is binding free energy and Ggocking complexs Gprotein, and
Giigand are the free energies of the docking complex, protein and ligand,
respectively.

3. Results and discussions
3.1. Virtual screening result analysis

After the computer-based screening of the inhibition properties of 32
phytochemicals of Piper longum, we have observed that some compounds
were near about to show drug-likeness properties. Among all the phy-
tochemicals, the most drug likely compounds are selected. These com-
pounds are Aristololactam, Fargesin, I-Asarinin, Lignans Machilin F,
Piperundecalidine, and Pluviatilol. These compounds follow most of the
drug-likeness rules and ADMET properties. All these components follow
RO5 completely without even a single violation. Molar refractivity for
all these chemicals is between 40 and 130, have molecular weight <500,
all have a total number of atoms >20 and all have log p values between
—0.4 to 5.6 which shows that they follow the Ghose filter completely
(Table 2).

In our case, the considered phytochemicals do not reveal the pres-
ence of any PAINS and also show moderate solubility in water and high
gastrointestinal absorption. Blood brain barrier penetration is also high
for all these components which is a very important feature of any drug.
In the human body, epithelial cell line formed from Caco-2 cell can be
used to predict in vivo absorption of drugs and for which all of the
selected phytoconstituents show positive results [51]. The phytocon-
stituents we have selected shows 100% P-P binding which shows fine
binding of drug-like molecule with protein in blood [52]. The Ames test
is used to determine whether the chemical is mutagenic and can also
revert mutations in the DNA of an organism and restore its ability to
synthesize growth leading essential amino acids [53]. In our case, the
compounds show nontoxicity in the Ames test. Not any of the selected
phytoconstituents promotes carcinogenicity. Carcinogenicity is the toxic
property of any chemical, any radionuclide, or any radiation that shows
its ability or tendency to produce cancers. Compounds having toxic dose
TD50 < 10 mg/kg of body’s weight per day are assigned as danger,
TD50 > 10 mg/kg of body’s weight per day are assigned as moderate/
warning and non-carcinogenic chemicals are the one with zero risk of
causing cancer as like in our case. Inhibitor that confirms the RO5 rules
and other Drug-likeness rules have the high chances of being prioritized
for the clinical trials and have shown their strong candidature as a po-
tential drug against protease PLP™ of COVID-19. Similarly, ADMET
properties mentioned in Table 3, are mostly followed by the selected
phytochemicals.

3.2. Molecular docking result analysis

To get the variation in binding affinity score corresponding to each
ligand, docking for every single ligand have been performed several
times. The most stable inhibitor-receptor (protein-ligand) structure is
selected based on minimum binding affinity score, drieding energy, and
maximum dipole moment. Interactions between these compounds and
target proteins by forming conventional, pi-donor and carbon H-bonds
are shown in Table 4. with common active site amino acid residues
Leucine (LEU), Glutamine (GLN), Threonine (THR), Lysine (LYS),
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Table 2
Molecular configuration and Drug-likeness properties of proposed ligand drug molecules against COVID-19 (Data collected from SWISS ADME).
Name of Ligand Aristololactum Fargesin I-Asarinin Lignans Machilin F Piperundecalidine Pluviatilol
Physiochemical Properties
Molecular weight 293.27 370.40 354.4 342.39 367.48 356.37
(g/mol)
Hydrogen-bond 1 0 0 1 0 1
Donor count
Hydrogen-bond 4 6 6 5 3 6
Acceptor count
Rotatable Bond 1 4 2 3 9 3
Count
TPSA (A?) 60.55 55.38 55.38 57.15 38.77 66.38
Heavy Atom Count 22 27 26 25 27 26
Molar Refractivity 83.32 96.92 90.00 93.48 113.84 92.45
Lipophilicity
Log P, (iLOGP) 2.51 3.67 3.46 3.35 4.72 3.25
Log P, /w (XLOGP3) 3.12 2.81 2.68 3.93 5.78 2.48
Log P, w (WLOGP) 3.01 2.86 2.57 3.57 4.62 2.56
Log Po/w (MLOGP) 2.42 1.79 1.98 2.38 3.66 1.57
Log P, v (SILICOS- 4.20 3.48 3.25 3.49 5.58 2.96
1T)
Consensus Log P, 3.05 2.92 2.79 3.34 4.87 2.56
Water Solubility
Log S (SILICOS-IT) —-5.99 —5.09 —4.60 —4.89 —4.66 —4.39
class Moderately soluble Moderately soluble Moderately soluble Moderately soluble Moderately soluble Moderately soluble
Solubility 2.99e-04 mg/ml; 1.02e- 3.03e-03 mg/ml; 8.98e-03 mg/ml; 4.44e-03 mg/ml; 8.04e-03 mg/ml; 2.19e-05 mol/  1.44e-02 mg/ml;
06 mol/1 8.18e-06 mol/1 2.54e-05 mol/1 1.30e-05 mol/1 1 4.03e-05 mol/1
Pharmacokinetics
GI absorption High High High High High High
Log K, (skin —5.87 cm/s —6.56 cm/s —6.56 cm/s —5.60 cm/s —4.44 cm/s —6.71 cm/s
permeation)
Drug-likeness
Lipinski Rule Yes; 0 violation Yes; 0 violation Yes; 0 violation Yes; 0 violation Yes; 0 violation Yes; 0 violation
Ghose Filter Yes Yes Yes Yes Yes Yes
Veber (GSK) Rule Yes Yes Yes Yes Yes Yes
Egan (phatmacial) Yes Yes Yes Yes Yes Yes
Filter
Muegge (Bayer) Yes Yes Yes Yes No; 1 violation: XLOGP3 > 5 Yes
Filter
Bioavailability 0.55 0.55 0.55 0.55 0.55 0.55
Medicinal Chemistry
PAINS 0 alert 0 alert 0 alert 0 alert 0 alert 0 alert
Brenk 1 alert: polycyclic 0 alert 0 alert 0 alert 2 alerts: Michael acceptor 1, 0 alert
aromatic hydrocarbon 3 polyene

Lead-likeness Yes No; 1 violation: No; 1 violation: No; 1 violation: No; 3 violations: MW > 350, No; 1 violation:
MW > 350 MW > 350 XLOGP3 > 3.5 Rotors > 7, XLOGP3 > 3.5 MW > 350
Synthetic 2.56 4.30 4.12 4.13 3.53 4.19
accessibility

Table 3

ADMET properties of screened phytochemicals of drug molecule (Data collected by ADMETsar database).
Name of Ligand Aristololactum Fargesin I-Asarinin Lignans Machilin F Piperundecalidine Pluviatilol
Absorption
Human Intestinal Absorption HIA+ HIA+ HIA+ HIA+ HIA+ HIA+
Blood Brain Barrier BBB+ BBB+ BBB+ BBB+ BBB+ BBB+
Caco-2 permeable Caco2+ Caco2+ Caco2+ Caco2+ Caco2+ Caco2+
P-glycoprotein substrate Non-substrate Non-substrate Non-substrate Non-substrate Non-substrate Non-substrate
P-glycoprotein inhibitor Non-inhibitor inhibitor Non-inhibitor inhibitor Non-inhibitor Non-inhibitor

Distribution

Plasma Protein Binding (PP)
Metabolism

CYP450 2C9 substrate
CYP450 2D6 substrate
CYP450 3A4 substrate
CYP450 1A2 inhibitor
CYP450 2C9 inhibitor
CYP450 2D6 inhibitor
CYP450 2C19 inhibitor
CYP450 3A4 inhibitor
Toxicity

Ames test
Carcinogenicity
Biodegradation

Acute Oral Toxicity

0.918; 100%

Non-substrate
Non-substrate
substrate
Inhibitor
Inhibitor
Non-Inhibitor
Inhibitor
Inhibitor

Non toxic
Non-carcinogens
biodegradable
0.918 kg/mol

0.668; 100%

Non-substrate
Non-substrate
Non-substrate
Inhibitor
Inhibitor
Inhibitor
Inhibitor
Inhibitor

Non toxic
Non-carcinogens

Non-biodegradable

1.518 kg/mol

0.632; 100%

Non-substrate
Non-substrate
Non-substrate
Inhibitor
Inhibitor
Inhibitor
Inhibitor
Inhibitor

Non toxic

Non-carcinogens
Non-biodegradable

1.189 kg/mol

1.031; 100%

Non-substrate
Non-substrate
substrate
Inhibitor
Inhibitor
Inhibitor
Inhibitor
Inhibitor

Non toxic

2.589 kg/mol

Non-carcinogens
Non-biodegradable

1.078; 100%

Non-substrate
Non-substrate
Non-substrate
Inhibitor
Inhibitor
Non-Inhibitor
Inhibitor
Non-Inhibitor

Non toxic
Non-carcinogens
biodegradable
2.032 kg/mol

0.737; 100%

Non-substrate
Non-substrate
Non-substrate
Inhibitor
Inhibitor
Inhibitor
Inhibitor
Inhibitor

Non toxic
Non-carcinogens
Non-biodegradable
1.424 kg/mol
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Table 4

Interaction details of the best pose for different ligands: Aristololactum, Farge-
sin, I-Asarinin, Lignans Machilin F, Piperundecalidine, Pluviatilol with receptor

protein 40VZ.

Protein

(kcal/
mol)

Binding
affinity

Hydrogen-
bonded
interaction
(donor: acceptor,
distance in A)
[Type of bond]

Total Dipole
number of moment
Hydrogen- (Debye)
bonds

Dreiding
energy
(protein
+ ligand)

Aristololactam
40VZ -9.5

Fargesin
40VZ -85

I-Asarinin

40VZ -10.8

A:LEU76:HN - :
UNL1:0; 2.4819
[Conventional
Hydrogen-bond]
A:GLN175:HE21
- :UNL1:O;
2.9367
[Conventional
Hydrogen-bond]
A:GLN175:HE22
- :UNL1:0;
2.7182
[Conventional
Hydrogen-bond]

B:LEU76:HN - :
UNL1:0; 2.2026
[Conventional
Hydrogen-bond]
5. B:GLN175:
HE22 - :UNL1:O;
3.0655
[Conventional
Hydrogen-bond]

A:LYS158:HZ3 - :
UNL1:0; 2.9368
[Conventional
Hydrogen-bond]
B:GLN233:HE22
- :UNL1:O;
2.2549
[Conventional
Hydrogen-bond]
UNL1:C- A:
GLN270:0;
[Carbon
Hydrogen-bond]
UNL1:C- B:
MET209:0;
3.26958 [Carbon
Hydrogen-bond]
UNLI:C - A:
TYR269:0;
3.66837 [Carbon
Hydrogen-bond]

B:THR75:HG1 - :
UNL1:0; 2.5002
[Conventional
Hydrogen-bond]
B:ASN157:
HD22-:UNL1:0;
2.5107
[Conventional
Hydrogen-bond]
B:HIS176:HD1 - :
UNL1:0; 2.3831
[Conventional
Hydrogen-bond]
UNLI1:C- B:
ASP77:0D2;
3.6037 [Carbon
Hydrogen-bond]
B:HIS176:HE2 - :
UNL1; 3.2873

5 2.249 116.84

5 4.265 167.12

6 3.901 135.39

Table 4 (continued)
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Protein  Binding
affinity
(kcal/

mol)

Hydrogen-
bonded
interaction
(donor: acceptor,
distance in A)
[Type of bond]

Total
number of
Hydrogen-
bonds

Dipole
moment
(Debye)

Dreiding
energy
(protein
+ ligand)

Lignans Machilin F
40VZ -9.5

Piperundecalidine
40VZ -85

Pluviatilol
40VZ -9.6

[Pi-Donor
Hydrogen-bond]
A:LEU76:HN - :
UNL1;3.10226
[Pi-Donor
Hydrogen-bond]

A:ASN110:
HD21:UNL1:
0;2.50568
[Conventional
Hydrogen-bond]
A:ASN110:
HD22:UNL1:
0;2.4572
[Conventional
Hydrogen-bond]
A:ASN110:
HD22:UNL1:
0;2.7530
[Conventional
Hydrogen-bond]
A:THR159:HG1:
UNL1:0;2.4699
[Conventional
Hydrogen-bond]
B:GLN233:HE22-
:UNL1;2.8227
[Pi-Donor
Hydrogen-bond]

A:LEU76:HN - :
UNL1:0; 2.3967
[Conventional
Hydrogen-bond]
B:GLN175:HE22
-:UNL1:O;
2.7465
[Conventional
Hydrogen-bond]
B:HIS176:CE1 - :
UNLL1:0; 3.4737
[Carbon
Hydrogen-bond]
UNLI1:C - A:
TYR155:0;
3.3326 [Carbon
Hydrogen-bond]

B:HIS74:HD1-:
UNL1:0; 2.6959
[Conventional
Hydrogen-bond]
B:LEU76:HN - :
UNL1:0; 3.0193
[Conventional
Hydrogen-bond]
B:ASN157:HD22
- :UNL1:0;
2.5886
[Conventional
Hydrogen-bond]
B:HIS176:HE2 - :
UNL1:0; 2.2937
[Conventional
Hydrogen-bond]
UNLI:H - B:
TYR155:0;
2.2595
[Conventional
Hydrogen-bond]

4.988 129. 51

2.827 132.32

4.714 142.38

(continued on next page)
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Table 4 (continued)

Protein  Binding Hydrogen- Total Dipole Dreiding
affinity bonded number of moment energy
(kcal/ interaction Hydrogen- (Debye) (protein
mol) (donor: acceptor, bonds + ligand)

distance in A)
[Type of bond]

B:THR75:CA - :
UNL1:0; 3.1926
[Carbon
Hydrogen-bond]
UNLI1:C-B:
GLN175:0E1;
3.5851 [Carbon
Hydrogen-bond]
A:LEU76:HN - :
UNLI; 3.1714
[Pi-Donor
Hydrogen-bond]

Asparagine (ASN), Histidine (HIS), Tyrosine (TYR), Methionine (MET)
and Aspartic acid (ASP). Dreiding energy is also reported for different
poses which accounts for additive energy of complex under energy
components like bond length, angles, etc.

The selection of the best poses for all the considered phytochemicals
is done based on minimum binding affinity score. Thus, pose 2 of Aris-
tololactum having a binding affinity score of —9.5Kcal/mol, five H-
bonds, and drieding energy of 116.88 (SD1) is selected as the best pose.
Pose 4 of Lignan Machilin F with the same binding affinity score as of
Aristololactum, the maximum binding affinity score of 4.988 Kcal/mol
and five H-bonds (visit SD2) is selected as the best pose. In the case of
Fargesin and Piperundecalidine, pose 9 and pose 3 both with the same
binding affinity score of —8.5Kcal/mol, minimum drieding energies of
167.12 and 132.32 and five and four H-bonds (visit SD3 and SD4), are
selected as the best poses respectively. For I-Asarinin, the compound
with best binding affinity score of —10.8 kcal/mol among all the phy-
tochemicals, first pose is selected as the best pose. Along with best
binding affinity score, it also has a maximum H-bond number six. For
Pluviatilol pose 3 with binding affinity score —9.6Kcal/mol, eight H-
bonds, and drieding energy 142.38 is the best-preferred pose among all
nine (visit SD5). 2D and 3D structures of the selected poses of ligands
found in the active binding sites of 4OVZ protein for Aristololactum,
Lignan Machilin F, Fargesin, Piperundecalidine and Pluviatilol can be
seen in SD6. All the interaction details of best poses are mentioned in
Table 4. To validate the docking result we have done molecular docking
with the help of another docking software Pyrx also. The docking score
for I-Asarinin by Pyrx is —10.8 kcal/mol (SD7). After the selection of the
best poses for all the druglike molecules, we have to choose a bioactive
ligand among all six which give the most stable complex structure. The
docking results have concluded that I-Asarinin shows the best binding
mode of interaction with minimum binding affinity score —10.8 kcal/
mol. Moreover, the binding score obtained is far better than that of the
most drugs presently used for the treatment of COVID-19. Drugs like
chloroquine, favipiravir, hydroxychloroquine, interferon, and ribavirin
which are widely given drugs to COVID-19 patients have binding scores
of —7.0, —6,5, —7.2, —8.2 and —7.4 kcal/mol respectively which shows
that I-Asarinin has the better potentiality to be used as drug-like com-
pound against SARS-CoV-2. After I-Asarinin, the binding affinity score
followed by Pluviatilol (—9.6 kcal/mol), Lignans Machilin F (—9.5 kcal/
mol) and Aristololactum (—9.5 kcal/mol) is very near which reveals
their good stability as a complex with the targeted PLP™ protease. I-
Asarinin has the best binding affinity as compared to the other. This
represent that I-Asarinin is the most potent inhibitor among all the
considered ligands. To ensure the stability of biological complex we
have also calculated the dipole moment of ligands. The high value of
ligand dipole moment, shows the higher tendency to make stable com-
plex with the macromolecule [54,55]. In the present case, the maximum
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value of dipole moment of 4.265Debye is observed for Fargesin. The
value of dipole moment for I-Asarinin is 3.901Debye that is slightly less
than that for Fargesin. This represent the stability of I-Asarinin: 40VZ
complex.

Our screening based on the best binding affinity score reveals that I-
Asarinin shows the best potentiality to inhibit with PLP™ target. The first
pose, which shows the maximum capability of bond formation with the
target protein rather than the rest. It also validates [-Asarinin as the
strong contender of a proposed drug against SARS-CoV-2. Moreover, the
hydrogen-bond interactions play a vital role in stabilizing the target
protein. Hydrogen-bond helps inbound the amino acids between poly-
peptide chains in protein structure. So, the larger the number of H-bond
interactions present in protein, the more will be the binding affinity and
though more stable the structure will be. The selected pose has the
maximum number of H-bonds (including Conventional H-bonds, Carbon
H-bonds, and Pi-donor H-bonds) showing the stability of the pro-
tein-ligand complex. Value for drieding energy for the selected pose is
the second smallest succeeding that of the 4th pose with a negligible
difference (Table 5).

Different possible interactions of protein-ligand complex and the
donor-acceptor surface for the best pose (1) is shown in Fig. 3. I-Asarinin
provide immune suppressive and hepato-protective (say, liver protec-
tion from damage) activities. It also exhibits several biological activities
which helps in treatment of ovarian cancer in women [56] and in
decreasing cholesterol levels [57]. It also has antihypertensive and
antiangiogenic properties [58].

3.4. Molecular dynamics result analysis

MD analysis is a verified computer simulation method that is used for
analyzing the physical movements of atoms and molecules and for
obtaining dynamic data at atomic spatial resolution. Structures (say
protein and complex) are optimized with minimum and negative po-
tential energy and maximum force value. We have simulated Apo 40VZ
and I-asarinin-4OVZ complex for 100 ns to study the stability of the
considered complex. The results obtained by performing MD simulations
of Apo protein and protein-ligand complex are analyzed based on of
values of H-bonds, the radius of gyration, RMSD, RSMF, and binding free
energy. The mean and average values of different parameters are
computed for the entire time trajectory and the results for both struc-
tures are compared (Table 6).

3.4.1. Hydrogen bond analysis

Despite being weaker than ionic and covalent bonds, intermolecular
H-bonds predominantly contribute to complex formation. Therefore, H-
bonds not only play a vital role in stabilizing the ligand with the protein
structure but also helps in studying the drug specificity, accelerating
metabolism and, adsorption. In the present study, we have observed that
throughout the simulation time, complex I-Asarinin has a constant range
of intermolecular H-bond interaction with receptor protein between
0 and 3 (Fig. 4). The average value of H-bond interaction seems to be 2

Table 5
Binding mode of each inhibitor-receptor pose of ligand I-Asarinin targeted on
PLP™ protease of COVID-19.

S.no.  Binding affinity (Kcal/ Drieding Dipole H-
mol) energy moment bond
1 -10.8 135.39 3.901 6
2 -10.2 148.63 2.808 4
3 -10.0 146.30 3.464 5
4 -9.5 131.03 4.387 2
5 -9.4 151.63 2.542 4
6 -9.0 141.16 4.471 3
7 -9.0 147.84 3.444 1
8 -89 150.41 3.779 4
9 -8.7 137.81 2.910 3
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-10.8 kcal/mol

Interactions
I: van der Waals E Pi-Sulfur
- Conventional Hydrogen Bond :I Covalent bond

(a) 3D structure of protein-ligand interaction of first
pose of I-Asarinin with PL"™ protease receptor

40VZ.

(b) 2D view of protein-ligand interaction
showing conventional, carbon and pi-donor
H-bonds with green color and pi-cation H-
bond with orange.

H-Bonds

Donor

Acceptor '

surface due to H-bonds.

(c) 3D view of protein-ligand interaction within the

(d) 2D structure of Ligand binding site atoms
shown by green color.

Fig. 3. Donor-acceptor interactions obtained by docking of I-Asarinin and receptor 40VZ of PLP™ protease of COVID-19.

Table 6
MD Simulation output of time resolved trajectory of 40VZ in its Apo state and in
complex state with I-Asarinin for time trajectory from O ns to 100 ns.

S Parameter Apo 40VZ 40VZ + I-Asarinin
No. complex
Mean Range Mean Range
1. Radius of gyration 23.81  23.585-24.05 24.535  23.79-25.08
(nm)
2. RMSD (nm) 2.89 2.5-3.37 3.74 2.5-4.86
3. RMSF (nm) 1.906  0.591-3.85 2.65 0.636-6.48
4. Calculated Binding NA NA 37.01 —58.5 to
energy (kcal/mol) -11.9
5. H-bond NA NA 0.403 0-3
(Table 6).

3.4.2. Radius of gyration (Ry)

Rg determines the compactness or compressed nature of protein and
complex to time. Variation in Ry value reveals that Apo 40VZ and
protein show quite stable behavior throughout the simulation time
trajectory. In this work, the variation of Ry for protein and

protein-ligand complex have shown quite stable and compressed
structures. The lesser the value of Ry more will be compactness and
though more stable the complex will be. Without any major expansion,
trajectories of Apo 40VZ and protein-ligand complex have followed a
steady path with an average value of 23.81 and 24.535 nm (Table 6). Rg
value for complex structure is found to be ranging between 23.79 nm
and 25.08 nm throughout the 100 ns of simulation exhibits the stability
of both the protein and protein-ligand complex structure whereas the
range of Apo 40VZ structure is 23.585 nm to 24.05 nm (Table 6). Fig. 5
represents the graphical representation of total radius of gyration for
Apo 40VZ and 40VZ-I-Asarinin complex.

3.4.3. Root mean square deviation (RMSD)

The RMSD values are calculated for the PLP™ Ca backbone of Apo-
PLP™ and PLP™ complexed with I-Asarinin for 100 ns and are found to be
in an acceptable range. Root mean square deviation (RMSD) value for
the protein-ligand complex is seems to be proportionally increasing for
the initial 25 ns of simulation process and later seem to be largely
fluctuating between 3.25 and 4.5 nm. Whereas the RMSD trajectory of
Apo protein is ranging from 2.5 nm to 3.37 nm (Table 6) but gradually
increasing from 2.25 to 3.25 nm for the first 25 ns of the simulation and
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Fig. 4. Intermolecular H-bond numbers between I-Asarinin and protein-ligand
complex for time trajectory from O ns to 100 ns.
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Fig. 5. Total Radius of Gyration for Apo 40VZ and 40VZ-I-Asarinin complex
for time trajectory from O ns to 100 ns.

then fluctuates between 2.50 and 3.25 nm (Fig. 6). Protein-ligand
complex displayed a little high value for RMSD as compared to Apo
40VZ. The obtained average RMSD value of complex i.e., 3.74 nm is
found to be slightly higher than that of protein structure which is 2.89
nm. The variation of 0.85 nm is found to be in between both the average
values of RMSDs which is expected because position restraints can never
be fully perfect for energy minimized structures.

3.4.4. Root mean square fluctuations (RMSF)

Unlike RMSD trajectories, the counterplots of RMSF show high
fluctuations throughout the simulation time. RMSF give an account of
heterogeneity and the steady-state of macromolecule. In simple words,
RMSF suggests the stability of all active and flexible protein residues.
RMSF data from Fig. 7 shows the highest peaks of fluctuation of the
40VZ-I-Asarinin complex in between 250 and 300 residues and RMSF
range 0.636 to 6.48 nm (Table 6) with the highest peak value 6.48 nm.
The average for the entire trajectory of the complex is computed at 2.65
nm. Whereas the simulated RMSF graph of Apo 40VZ shows four times
major peak fluctuations from 100 to 300 residue numbers. With an
average RMSF value of 1.906 nm, trajectory for Apo 40VZ fluctuates
between 0.591 and 3.85 nm (Table 6).
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Fig. 6. Root Mean Square Deviation graphs of 40VZ in Apo state and its
complex with I-Asarinin for time trajectory from O ns to 100 ns.
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Fig. 7. Root Mean Square Fluctuations graphs of 40VZ in Apo state and its
complex with I-Asarinin for time trajectory from O ns to 100 ns.

From all the values of RMSD and RMSF, we can say that the protein
backbone of 40VZ remains unaltererd by the presence of [-Asarinin. The
structure of protease PLP™ is not much disturbed.

3.4.5. Calculated binding energy

Fig. 8 shows the calculated binding energy curve for the binding of
drug-like molecule I-Asarinin with PLP™ protease. It shows the extend of
binding of a considered ligand with the preferred protein. Graphical
data shows that the curve has the highest calculated binding energy of
—11.9 kcal/mol in frame 190. The average calculated binding energy of
trajectory is —37.018 kcal/mol ranging from —57.10 kcal/mol to
—11.949 kcal/mol validates the stability of I-Asarinin-40VZ complex
(Table 6).

4. Conclusion
Traditional plants have been considered as the rich source of ail-

ments for various diseases. For this study, we have considered some
phytochemicals extracted from a specific plant Piper Longum, which is a
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Fig. 8. Graphical representation showing binding free energy for pro-
tein-ligand complex for time trajectory from 0 ns to 100 ns.

proven medicinal plant since ancient times. On the other hand, an
essential drug against SARS-CoV-2 is a must. With the help of this work,
we have tried to summarize different computational techniques done on
phytochemicals of plant Piper Longum targeting PLP™ protease of COVID-
19. Molecular docking has revealed that [-Asarinin, a component of Piper
Longum with the best binding affinity score of —10.8 kcal/mol and
following most of the ADMET properties, has forced us to assume it is a
better component to be used as a drug against COVID-19. Furthermore,
the MD Simulation results have justified our assumption by showing
acceptable values of calculated binding energy. H-bond interactions and
radius of gyration although, explained the better stability and
compactness of protein itself. Comparison in complex and Apo 40VZ for
RMSD and RMSF values determines that simulation has not highly
disturbed the structures of complex and Apo 40VZ. All these properties
uplift our motive to use I-Asarinin as a potential drug against COVID-19
and we truly believe that this in-silico study will lead to drug develop-
ment for the treatment of COVID-19.
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