Briefings in Bioinformatics, 00(00), 2021, 1-15

doi: 10.1093/bib/bbab098
Case Study

Pharmacoinformatics and molecular dynamics
simulation-based phytochemical screening of neem
plant (Azadiractha indica) against human cancer

by targeting MCM7 protein

Foysal Ahammad, Rahat Alam', Rasel Mahmud', Shahina Akhter,
Enamul Kabir Talukder, Al Mahmud Tonmoy, Salman Fahim,
Khalid Al-Ghamdi, Abdus Samad and Ishtiaq Qadri

Corresponding author: Abdus Samad, Laboratory of Computational Biology, Biological Solution Centre (BioSol Centre), Jashore-7408, Bangladesh.
E-mail: kazisamad50@gmail.com; Ishtiaq Qadri, Department of Biological Science, Faculty of science, King Abdul-Aziz University, Jeddah-21589,
Saudi Arabia. E-mail: ishtiaq80262@yahoo.com

TThese authors contributed equally to this work.

Abstract

Minichromosome maintenance complex component 7 (MCM?7) belongs to the minichromosome maintenance family that is
important for the initiation of eukaryotic DNA replication. Overexpression of the MCM7 protein is relative to cellular
proliferation and responsible for aggressive malignancy in various cancers. Mechanistically, inhibition of MCM?7 significantly
reduces the cellular proliferation associated with cancer. To date, no effective small molecular candidate has been identified
that can block the progression of cancer induced by the MCM7 protein. Therefore, the study has been designed to identify
small molecular-like natural drug candidates against aggressive malignancy associated with various cancers by targeting
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MCMY7 protein. To identify potential compounds against the targeted protein a comprehensive in silico drug design including
molecular docking, ADME (Absorption, Distribution, Metabolism and Excretion), toxicity, and molecular dynamics (MD)
simulation approaches has been applied. Seventy phytochemicals isolated from the neem tree (Azadiractha indica) were
retrieved and screened against MCM7 protein by using the molecular docking simulation method, where the top four
compounds have been chosen for further evaluation based on their binding affinities. Analysis of ADME and toxicity
properties reveals the efficacy and safety of the selected four compounds. To validate the stability of the protein-ligand
complex structure MD simulations approach has also been performed to the protein-ligand complex structure, which
confirmed the stability of the selected three compounds including CAS ID:105377-74-0, CID:12308716 and CID:10505484 to
the binding site of the protein. In the study, a comprehensive data screening process has performed based on the docking,
ADMET properties, and MD simulation approaches, which found a good value of the selected four compounds against the
targeted MCM7 protein and indicates as a promising and effective human anticancer agent.
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Introduction

DNA replication licensing factor MCM7 is one of the mem-
bers of the minichromosome maintenance (MCM) protein family
that assists to form a double trimeric complex with MCM4 and
MCMS6 [1]. The MCM7 protein is a part of the hexameric (MCM2-
7) protein complex and acts as a key component of the pre-
replication complex (pre-RC) forms at the origin of replication of
a DNA. The pre-RC led to the formation of replication forks and
regulated the activity of DNA helicase by utilizing different DNA
unwinding enzymes [2]. Helicase activity regulated by the MCM7
protein help to initiate DNA replication resulting in elongation
of eukaryotic cells [3]. The assembly of the hexamer (MCM2-7)
complex and regulation of helicase activity that initiates DNA
replication is controlled in a tightly orchestrated manner during
the four (G1, S, G2 and M) different stages of the cell cycle [4, 5].

G1 is an intermediate and the first stage of four phases
represents a critical step during cell-cycle progression, where
the inactive double hexamer (DH) helicase is loaded sequentially
onto double-strand DNA (dsDNA) origin of replication [6]. Before
activation of the S phage, the hexamer formation is blocked,
which is maintained by the initial holo-helicase Cdc45-Mcm2-
7-GINS (CMG) complex (Figure 1) [7]. Later, the DNA with two
helicase rings is dimerized through the N termini of MCM2-
7 subunits and undergoes separation resulting initiation of
bidirectional replication [8]. During the bidirectional replication
process, the dimerized MCM2-7 subunits acquired critical target
sites for different cyclin-dependent kinase (CDK). CDK4 is
an MCM7 associate cyclin D1-dependent kinase enzyme that
regulates the binding activity of this protein with different
tumor suppressors and overexpression of the protein promotes
cancer progression [9, 10]. Moreover, phosphorylation of MCM7
mediated by two splice isoforms of the tyrosine kinase Lyn (p53
and p56 Lyn) promotes the hexamer MCM complex formation
and chromatin loading resulting in enhance DNA synthesis
and cancer cell proliferation (Figure 1) [11]. High expression
of the MCM7 protein is a remarkable biomarker for cervical
cancer and prognostic factor for colorectal, lung and ovarian
cancer [12, 13]. Therefore, the protein can be utilized as a
diagnostic and prognostic tool in the clinical setting for human
malignancy.

Medicinal plants contain many highly valuable therapeutic
bioactive compounds, which have been found effective against
different cancer [14]. These compounds function through dif-
ferent pathways and demonstrate their anticancer ability by
inhibiting several proteins involved in the growth and cell divi-
sion [15]. Natural compounds are a type of chemical compound

or substance produced by living organisms or medicinal plants
as a rich resource for the discovery of drugs like small com-
pounds [16, 17]. Previously many compounds originated from
plant sources like Taxus brevifolia and Cinchona spp. are being
used as anticancer drugs such as Taxol [18]. A quarter of plant-
based medicines has been approved by the FDA and the Euro-
pean Medical Agency, which underlines the value of plant-based
compounds in the biomedical arena [19]. Nowadays, it is believed
that different medicinal plants are strong sources of anticancer
compounds.

Neem plant (Azadirachta indica) is a member of the Meliaceae
family and a well-known medicinal plant in the Indian subconti-
nent that has been found effective against various diseases [20].
The ethanol extracts of neem leaf have shown antimicrobial, free
radical scavenging and anti-inflammatory activities, where the
antineoplastic activity at alkaline pH conditions is more precise
[14]. It has also been found that neem leaf extract is very effective
against the human MDA-MB-231 breast cancer cell line, where
95.7% (percent) cancer cell mortality has been observed at the
concentration of 1600 pg/ml extract with a pH 6.2. Additionally,
a concentration of 200 pg/ml neem extract with a pH of 7.1
has found a strong cytotoxicity effect [21]. Depending on the
antineoplastic, low toxicity and anticancer properties of neem
extracts, molecules originating from the plant can be utilized as
an excellent source for designing a potential drug against differ-
ent cancer [20]. However, there are many significant barriers to
producing candidates for synthetic drugs by mimicking naturally
occurring compounds.

Difficulties in extraction and characterization of compounds,
determination of potential targets, and developing successful
assays for measuring drug effectiveness, and pharmacokinetics
(PK) of the compounds are important barriers for the identi-
fication of natural sources as anticancer agents [22]. Recent
advances in computational methods for designing a drug have
dispelled the barrier and make it easier to characterize com-
pounds, identifying potential drug targets, and screening or
repurposing approved drugs against a specific target [23]. Nowa-
days, computational drug design methods include molecular
docking, virtual screening and molecular dynamics (MD) simu-
lation is the most favorite and popular approach to discover and
analyze drugs and similar biologically active molecules against
a specific target [24, 25]. For this reason, the study utilized
computer-aided drug design (CADD) approaches like molecular
docking, MD simulation and pharmacoinformatics approaches
to identify and screening phytochemical compounds from neem
plant to combat MCM?7 related cancer.
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Figure 1. Schematic representation of p56Lyn mediate MCM phosphorylation and their role in cancer development. MCM7 undergo phosphorylation with the help of
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EGFR-p56Lyn that promotes hexamer MCM complex assembly and chromatin loading resulting in enhance DNA synthesis and development of cancer.

Materials and methods
Protein preparation

Inspection of the RCSB protein data bank (PDB) (https:/www.
rcsb.org/) revealed 3D experimental tertiary structures of the
MCM?7 protein in the PDB. The human MCM?7 protein having a
PDB identity 6XTX consisting of 719 amino acids (AA) length with
a predicted molecular weight of 81.3 kDa [26]. The PDB structure
of the proteins was retrieved and prepared by using the following
criteria such as the water, metal ions and cofactors of the protein
were removed, polar hydrogen atoms were added, and nonpolar
hydrogen were merged, and gasteiger charges were calculated
by using AutoDockTools.

Compounds retrieval and preparation

Phytochemicals from naturally originated medicinal plants
encompass diverse chemical spaces for drug design and
discovery processes. Indian Medicinal Plants, Phytochemistry,
And Therapeutics (IMPPAT) is a manually curated database con-
taining >1742 Indian medicinal plants along with >9500 phyto-
chemicals compounds that utilize cheminformatic approaches
to enhance natural product-based drug discovery [27]. From
the database, the phytochemical of neem plant (Azadirachta
indica) has been identified and retrieved for virtual screening.
The compounds retrieved from the database were prepared by
assigned correct AutoDock 4 atom types, nonpolar hydrogens
have merged, aromatic carbons were detected, and ‘torsion tree’
was set. For most atoms, it has found that the AD4 atom type is
the same as the compound’s elements.

Active site identification and receptor grid generation

Active site (AS) of an enzyme can be defined as a region of an
enzyme-containing a specific shape that allows it to bind with a
specific molecular substrate resulting in a chemical reaction of
the enzyme [28]. AS ensures the optimum and favorable catalytic
microenvironments and helps chemical compounds to form
enough contact points to generate strong binding with desired
enzymes. Therefore, to obtain a strong binding affinity of our
compound the AS of the protein has been determined through
BIOVIA Discovery Studio Visualizer v19.1.0.18287(BIOVIA) [24].

The binding site which has been found from the complex AS
of the protein has also been determined and utilized for the
receptor grid generation process by using PyRx virtual screening

tool AutoDock Vina [29].

Molecular docking

Nowadays, molecular docking technique is a key component in
structural biology mainly utilized for CADD. The techniques help
to predict the best binding mode of a small molecule (e.g. drug
and enzyme or protein) to a targeted macromolecule [30]. To
identify the binding mode of the desired protein with selected
phytochemicals the molecular docking study was carried out
by using the PyRx virtual screening tool AutoDock Vina [29].
PyRx is an open-source virtual screening tool mainly utilized
for CADD approaches that can screen libraries of compounds
against a specific drug target. PyRx includes both AutoDock 4
and AutoDock Vina as a docking wizard with an easy-to-use user
interface that makes it a more reliable tool for CADD. This study
utilized PyRx tools AutoDock Vina wizard for molecular docking
to identify the best binding poses of the protein and ligand.
Default configuration parameters of the PyRx virtual screening
tools have been used for docking purposes and based on the
highest binding energy (kcal/mol) with the negative sign has
been chosen for further evaluation. Finally, the binding interac-
tion of the protein-ligands complex has been observed by using
the BIOVIA Discovery Studio Visualizer v19.1.0.18287(BIOVIA).

PK properties prediction

PK in CADD refers to the computational characterization of
the time course of drug absorption, distribution, metabolism
and excretion (ADME). Taken together, PK (ADME) properties are
mainly the movement of drugs into, though and out of the body
related to the intensity and time course [31]. In the early stages
of CADD, pharmacokinetic properties support and define com-
pounds’ integrity and efficiency. To evaluate the early-stage PK
properties of our selected compounds, SwisSADME (www.swissa
dme.ch) server has been used in the study [32]. The SwissADME
server is a web-based free tool that can predict the PK and

drug-likeness properties of small molecules.
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Toxicity prediction

Toxicity can be evaluated by measuring the degree of the quality
of a chemical substance being poisonous to humans or animals
and that can damage an organ. It is very important to evaluate
the harmful effect of chemicals compounds before undergoing
a drug trial. Toxicity evaluation is one of the main and vital
steps in the drug design process. Therefore, the toxicity of the
selected compounds has been evaluated from admetSAR 2.0
(http://lmmd.ecust.edu.cn/admetsar?/) web-based server [33].

MD simulations

To determine the binding stability of the selected candidate com-
pounds to the desired protein AS cavity the complex structure
was evaluated through 50 ns MD simulations [24]. To determine
the thermodynamic stability of the receptor-ligand complex the
MD simulation of the complex structure has been performed
by using ‘Desmond v3.6 Program’ in Schrédinger (Academic
version) under Linux environment [34]. A predetermined TIP3P
water model was used to solve the system, where orthorhombic
periodic boundary box shape with distance 10 A has assigned
both sides to maintain a specific volume. Suitable ions like
Na + and Cl- with a salt concentration of 0.15 M were chosen and
placed randomly in the solvated system to neutralize the sys-
tem electrically. The system was minimized and relaxed using
the default protocol implemented within the Desmond module
using OPLS-2005 force field parameters after constructing the
solvated system containing protein in complex with the ligand
[24]. NPT ensembles that utilized the Nose-Hoover temperature
coupling and isotropic scaling method were maintained at 300 K
and one atmospheric (1.01325 bar) pressure, followed by 50 PS
recording intervals with an energy of 1.2.

Simulation trajectory analysis

All the MD simulation snapshots were rendered using Schrodin-
ger’s maestro interface v9.5. The quality of the MD simulation
has been checked and the Simulation Interaction Diagram (SID)
of the Desmond module in the Schrédinger package has been
used to analyze the simulation event. Based on the trajectory
output, the stability of the complex structure has been evalu-
ated according to the root-mean-square deviation (RMSD), root-
mean-square fluctuation (RMSF), protein-ligand contacts (P-L
contact), and hydrogen bond interaction.

RMSD analysis

RMSD in MD simulation is the measurement of average dis-
tance produced by displacement of a selected atom during a
specific time compared to a reference time [34]. At the very
beginning, RMSD of the protein structural atoms like Ce, back-
bone, sidechain and heavy atoms are counted, then RMSD of the
protein fit ligand atoms from all the time frames is aligned and
calculated compared to the reference time (in our case 50 ns). An
MD simulation with a time frame x should have RMSD that can
be calculated from the following equation (Eq: i).

1< i
RMSD, = \/;Z (1 (t0)) — Ti (trey) )2 (i)
i=1

Here, N expresses the number of selected atoms; t.s is the ref-
erence or given time, and r’ expresses the position of the selected

atom in the frame x after superimposing on the reference frame,
tx define the recording intervals.

RMSF analysis

The RMSF is mainly used to characterize and observe the local
conformational change within a protein structure [35]. An MD
simulation of a protein having the number of residues i, its RMSF
value can be calculated by the following equation (Eq: ii).

RMSF; = \/gz < (Y/i (t)) —Ti (tref) )2 > (11)

Here, T mainly expresses the trajectory time; tref is the refer-
ence or given time, and r’ expresses the position of the selected
atoms in the frame i after superimposing on the reference frame,
and (< >) expressed the average of the square distance taken
over residue b.

Result of the study
Phytochemical retrieval and preparation

An Indian natural and medicinal phytochemical compound
library namely the IMPPAT database has primarily searched
to obtain the available compounds of the desired plant [27].
The database identified a list of 70 compounds from the Neem
(Azadirachta indica) plant listed in Supplementary Table S1. The
phytochemical compounds of neem plants have been retrieved
and saved in a 2D (SDF) file format. The compounds have been
prepared and optimized during the ligand preparation steps and
converted into pdbqt file format for further evaluation.

ASs identification and receptor grid generation

AS of an enzyme is a complex form of different AA residuesin a
specific region that help to form a temporary bond with the sub-
strate known as the binding site [35]. AS allows to make binding
with a chemical substrate and undergo a catalyzed reaction, it
also helps to stabilize the intermediates of the reaction, where
the binding site is a position of a protein or nucleic acid that
can recognize ligand and can make a strong binding interaction
with the protein. The study first identified AS of the MCM7 then
retrieved binding site position from the complex AS pocket.

Analysis of the MCM7 found four AS (AS1, AS2, AS3 and AS4)
of the enzymes then the complex AS pocket analysis retrieved
binding site residue of the protein (Figure 2). AS1 pocket that
was represented in ball shape with red color showed four AA
residues (MET369, ARG514, ARG604 and LEU607) as binding
sites of the MCM7 protein. AS2 has also found four binding site
residues (CYS184, CYS187, CYS206 and CYS211) represented in
ball shape with yellow color. For AS3 in yellow color displayed
most binding site residues of MCM7 protein with 12 AA residues
(GLU343, ILE344, TYR345, PRO383, GLY384, VAL385, ALA386,
LYS387, SER388, GLN389, ASN489 and LEU533), where only one
residue (SER388) as a binding site formed at the AS4 represented
in ball shape with blue color (Figure 2).

Ligand-based molecular docking with the desired protein by
using the PyRx is not possible without fixing a receptor grid
[29]. Receptor grid generation requires a ‘prepared’ protein with
adequate bond orders and formal charges that have been done in
the study at the very first stage of the protein preparation. Grid
generation during the molecular docking process provides pro-
gressively more reliable scoring of the ligand poses. Therefore, to
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Figure 2. Showing the active site and correspondence binding site of MCM7 protein. Ball shape with red, green, yellow and blue color representing AS1, AS2, AS3 and

AS4, respectively with their binding site position of the MCM7 protein.
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Figure 3. Showing the frequency distribution of 70 phytochemicals neem plant
over the range of docking scores.

obtain more accurate scoring of our ligand poses we generated
a receptor grid to the MCM7 protein based on the previously
obtained binding site residues of the protein. The grid box with
a dimension X =88.89, Y = 38.46 and Z =43.41 in angstrom (A) has
been identified and used for molecular docking simulation.

Molecular docking analysis

Molecular docking can help to determine the best intermolecular
framework formed between a macromolecule and a drug like a
small molecular candidate. Initially, a molecular docking study
was carried out to screen and determine the best intermolecu-
lar interaction between the desired protein and phytochemical
compounds. PyRx tools AutoDock Vina wizard has been utilized
for carrying out molecular docking between 70 phytochemical
compounds and desire protein. The binding affinities found
after molecular docking of the phytochemicals compound have
shown a distributed range between —3.1 and —9.0 and kcal/mol
depicted in Figure 3 and Supplementary Table S1.

Based on the binding affinity top five percentage (%) of 70
phytochemical (total 4) compounds has been chosen, which
has a better binding affinity than fluoroquinolone antibiotic

ciprofloxacin. In this study, ciprofloxacin has been considered
as a control ligand due to previously reported inhibitory activity
against MCM7 protein with ICsg =632 pM, which shows a binding
affinity of —7.4 kcal/mol. The top four compounds with the
highest binding affinity and the binding affinity of ciprofloxacin
(control) have shown in Table 1.

Interpretations of protein-ligands interaction

The interaction formed between the selected four ligands with
the desired protein has been observed by using the BIOVIA Dis-
covery Studio Visualizer tool. For the compound 156225 (CHEM-
SPIDER ID) it has been found to form several conventional and
carbon-hydrogen bonds with the desire MCM7 protein.

Two conventional hydrogen bonds have been found to form
at the position of LYS351 (2.45 A) and LYS352 (2.55 A). Four car-
bon-hydrogen bonds with GLU334 (3.78 A), ALA338 (3.80 A) and
PRO342 (3.18 A) have also been observed during the interaction of
the compound 156225 (CHEMSPIDER ID). Alkyl and Pi-Alkyl bond
has found to form at the position TYR345 (4.64 A), HIS536 (4.75 A),
and ALA337 (5.05 A), PRO547 (4.67 A), respectively showed in
Figure 4 and Table 2.

In the case of the compound 122801 (PubChem CID) it has
been observed to formed two conventional hydrogen bonds and
three carbon-hydrogen bonds with the desired protein. Two con-
ventional hydrogen bonds have noticed at the position of GLY346
(2.01 A) and LYS351 (2.34 A), where three carbon-hydrogen bonds
have found to form at the position of TYR345 (4.55 A), ALA338
(3.43 A) and HIS536 (3.58 A). One pi-pi T-shaped bond at HIS536
(4.65 A) and two Pi-Alkyl bonds has also formed at the position
TYR345 (4.65 A), and PRO547 (4.31 A) showed in Figure 5 and
Table 2.

The interaction study of the compound 105377-74-0 (CAS ID)
was determined that found one conventional hydrogen bond at
the position of ARG532 (2.75 A) and two carbon-hydrogen bonds

120z 1Mdy || uoysanb Aq 0zZ//129/860944/d14/€601 0 L/10p/o0e-80ueApe/qig/wod dno-ojwapese//:sdiy wolj papeojumo(


https://academic.oup.com/bib/article-lookup/doi/10.1093/bib/bbab098#supplementary-data

6 | Ahammad et al.

Table 1. List of compound identity, chemical name, two-dimensional (2D) structure of selected best four ligands, and ciprofloxacin (control)

with their binding affinity

No Compound ID Chemical formula 2D Structure Score
(Kcal/mol)
1 CHEMSPIDER: (5alpha,7alpha,8eta,13alpha @ -8.8
156225 ,17alpha)-17-(3-Furyl)- )

4,4,8-trimethyl-3,16- =
dioxoandrosta-1,14-dien-7-
yl acetate

2 PubChem Epoxyazadiradione -8.4

CID:122801
3  CASID:105377- isomargosinolide -8.2
74-0
4 PubChem 17-Epiazadiradione -8.1
CID:12308716
5 PubChem Ciprofloxacin -7.4
CID:2764

at ALA338 (3.61 A) and HIS536 (3.45 A) residual position. It also
formed two Alkyl interactions with PRO 342, TYR 345 and PRO
547, where pi-Alkyl bonds have found to form at ALA338 (4.50 A)
and HIS536 (4.46 A) position depicted in Figure 6 and Table 2.
For the compound 12308716 (PubChem CID) the conventional
hydrogen bonds were found to form only for the LYS351 (2.55 A)

position, where pi-Alkyl and Alkyl bonds have predominantly
formed. At the position of ARG532, TYR345, HIS536 and PRO547
both pi-Alkyl and Alkyl bonds has observed, where distance
for the pi-Alkyl bond was 4.19 A, 4.10 A, 5.23 A, 4.84 A, and
distance for Alkyl bonds has observed 4.73 A, 4.56 A, 4.47 A,
5.23 A, respectively showed in Figure 7 and Table 2.
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Figure 4. Depicted the interaction between the compound 156225 (CHEMSPIDER ID) and MCM?7 protein. Left side representing 3D and the right side representing 2D

complex protein-ligand interaction.

Table 2. List of bonding interactions between selected four phytochemical with MCM7 protein

ID Residues Distance (A) Bond category Bond type
CHEMSPIDER:156225 LYS351 2.45 Hydrogen Conventional hydrogen
LYS352 2.54 Hydrogen Conventional hydrogen
ALA338 3.79 Hydrogen Carbon hydrogen
PRO342 3.27 Hydrogen Carbon hydrogen
GLU348 3.64 Hydrogen Carbon hydrogen
GLU334 3.02 Hydrogen Carbon hydrogen
TYR345 4.63 Hydrophobic Pi-Alkyl
ALA337 5.04 Hydrophobic Pi-Alkyl
ALA338 4.41 Hydrophobic Pi-Alkyl
CID:122801 GLY346 2.00 Hydrogen Conventional hydrogen
LYS351 2.34 Hydrogen Conventional hydrogen
ALA338 3.42 Hydrogen Carbon hydrogen
TYR345 3.55 Hydrogen Carbon hydrogen
HIS536 3.58 Hydrogen Carbon hydrogen
HIS536 4.55 Hydrophobic Pi-Pi T-shaped
PRO547 4.30 Hydrophobic Pi-Alkyl
CASID:105377-74-0 ARG532 2.74 Hydrogen Conventional hydrogen
HIS536 3.45 Hydrogen Carbon hydrogen
PRO342 5.10 Hydrophobic Alkyl
TYR345 4.95 Hydrophobic Pi-Alkyl
CID:12308716 LYS351 2.55 Hydrogen Conventional hydrogen
PRO547 4.92 Hydrophobic Alkyl
ARG532 4.72 Hydrophobic Alkyl
TYR345 4.10 Hydrophobic Pi-Alkyl
TYR345 4.55 Hydrophobic Pi-Alkyl
HIS536 5.06 Hydrophobic Pi-Alkyl
HIS536 5.22 Hydrophobic Pi-Alkyl
HIS536 4.51 Hydrophobic Pi-Alkyl
PK properties

PK is the combination of Greek words pharmakon (drug) and
kinetikos (movement), that focuses mainly on dynamic move-
ments of a small molecular candidate into the body and observe
the ADME properties of a drug-like compound [31]. PK also can
define as a type of xenobiotic regulation process that is required
during preclinical studies and the drug development process. It
utilizes different mathematical equations to generate a model

and provide information regarding the time course of ADME of
foreign chemicals (xenobiotics) in the body. PK properties also
help us to understand and predict biological action like the toxic
or therapeutic effect of a compound. Therefore, to understand
the PK properties of the selected four drug-like compounds
the SwissADME server has been used in the study. From the
server, the ADME properties like lipophilicity (dissolve in fats,
oils and nonpolar solvents), water solubility and drug-likeness
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Figure 5. Depicted the interaction between the compound 122801 (PubChem CID) and MCM?7 protein. Left side representing 3D and the right side representing 2D

complex protein-ligand interaction.
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Figure 6. Depicted the interaction between the compound 105377-74-0 (CAS ID) and MCM?7 protein. Left side representing 3D and the right side representing 2D complex

protein-ligand interaction.

of the selected compounds have been identified and listed in
Table 3 and Supplementary Table S2. The PK properties for all
the selected compounds were found effective and druggable in
the study.

Toxicity prediction

Toxicity prediction is an important step in the modern drug
design process that helps to determine the adverse effects of
a specific compound on humans, animals, plants or the envi-
ronment. Conventional drug design approaches use different
animal tests to evaluate compounds’ toxicity, which is time-
consuming, costly and requires ethical considerations [34]. Com-
pared to conventional methods, computer-aided toxicity tests
are fast and inexpensive methods that eliminate potentially
toxic chemical compounds and reduce a large number of biolog-
ical experimental tests. For instance, inhibition of human Ether-
a-go-go-Related Gene (hERG) potassium ion channels is toxic for
the heart and may produce lethal cardiac arrhythmia. Therefore,

early-stage identification of putative hERG inhibitors or non-
inhibitor may play an important role in reducing cardiotoxic-
ity. To identify adverse effects of selected four compounds an
in silico toxicity test has been performed by using admetSAR
2.0 web server. The server has identified drug-induced hERG
toxicity, AMES toxicity, carcinogenicity, tetrahymena pyriformis
(TP) toxicity, and honeybee (HB) toxicity listed in Table 4 and
Supplementary Table S3.

MD simulations analysis

MD simulation can confirm the stability of protein-ligand com-
plexes in a specific and artificial environment. Therefore, the
study performed a 50 ns MD simulation to analyze the steady
nature and conformations stability of the protein-ligand com-
plexes. Simulations were performed for the complex docking
structure along with one reference antagonist that binds with
MCMY to illustrate the stability of the selected protein-ligands
complex. The results of MD simulation have described based on
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complex protein-ligand interaction.
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Table 3. List of pharmacokinetics properties includes physicochemical properties, lipophilicity, water solubility, drug-likeness and medicinal
chemistry of selected four compounds

Properties CHEMSPIDER:156225  CID:122801 CASID:105377-74-0 CID:12308716

Physicochemical MW (g/mol) 450.57 466.57 484.54 450.57
properties Heavy atoms 33 34 35 33

Arom. heavy atoms 5 5 0 5

Rotatable bonds 3 3 4 3

H-bond acceptors 5 6 8 5

H-bond donors 0 0 1 0
Lipophilicity Log Pow 4.34 3.17 2.86 3.05
Water solubility Log S (ESOL) Moderate Moderate Soluble Moderate
Pharmacokinetics GI absorption High High High High
Drug-likeness Lipinski Yes Yes Yes Yes
Medi. Chemistry Synth. accessibility Easy Easy Easy Easy

Table 4. List of the drug-induced hERG inhibition, AMES toxicity, carcinogens, Tetrahymena pyriformis (TP) toxicity, honeybee (HB) toxicity, rat
acute toxicity (LDsg in mol/kg) along with P-glycoprotein inhibitor (PGI) activity of selected four compounds

Compound ID hERG AMES Carcinogens Fish TP toxicity HB toxicity =~ PGI RAT (LD50)
inhibition toxicity

CHEMSPIDER:156225 No No No Yes Yes Yes Yes 2.770
CID:122801 No No No Yes Yes Yes Yes 3.105
CASID:105377-74-0 No No No Yes Yes Yes Yes 3.817
CID:12308716 No No No Yes Yes Yes Yes 2.770
the RMSD, RMSF, intramolecular hydrogen bonds (Intra HB), and are completely admissible, where a value more than the desired
protein-ligand contact analysis (P-L contact). range indicates a large conformational change of the protein.

At the end of the MD simulation, if the fluctuations increase
. or decrease on some thermal average then it should consider
RMSD analysis that the system has not equilibrated well. The MD simulation
In MD simulation, RMSD also known as the root-mean-square with a 50 ns time frame should generate an RMSD that can be
error (RMSE) is frequently used to calculate the mean value calculated by using the equation (Eq: i) and described in detail
change by dislocation of atoms from a particular frame com- below.
pared to a reference frame and help to determine if the simu-
lation has equilibrated or not [24]. It is mainly the square root of

the mean of squared errors that calculate the difference between RMSD of protein
two sets of values (observed value and estimated value) [36]. Initially, the protein frames of MCM7 have aligned on the
The mean or average value change from a particular frame to reference frame backbone (red color) and based on the selection

a reference frame with a range order of 1-3 A or 0.1-0.3 nm of the ligand fit protein atom the RMSD has calculated for
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Figure 8. Showing the RMSD values extracted from ligand fit protein (Lig_wrt_Protein) atoms of the complex structure, viz, PubChem CID: 2764 (orange), CHEMSPIDER:
156225 (gray), PubChem CID: 122801 (gold), CASID:105377-74-0 (blue), PubChem CID: 12308716 (green) and MCM7 backbone (red) concerning 50 ns simulation time.
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PubChem CID:2764
= CASID:105377-74-0
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Figure 9. Showing the RMSD values extracted from ligand atoms of the complex structure, viz, PubChem CID: 2764 (orange), CHEMSPIDER: 156225 (gray), PubChem CID:
122801 (gold), CASID:105377-74-0 (blue), and PubChem CID: 12308716 (green) to 50 ns simulation time.

compounds CHEMSPIDER:156225 (gray), CID:122801 (gold),
CASID:105377-74-0 (blue), CID:12308716 (green) and control
compound CID: 2764 (orange) shown in Figure 8. Monitoring
the results of RMSD found the stability of the three compounds
except for the compounds CID:122801. The average value change
from the MCM7 backbone to CID:12308716, CASID:105377-74-0
and CID:12308716 compounds within a range of 0.1-0.3 nm,
where the value changed for the compound CID:122801 has
>0.5 nm that was more than the desired range indicate the large
conformational change of the protein. At the beginning of 0-
8 ns MD simulation, it has found the fluctuations increasing
for the compound CID:12308716, which has shown the state
of equilibration after 10 ns of MD simulation time. In the case
of the other three compounds the fluctuations were optimum
until 45 ns, which has a bit increase at the end, but maintain
an average range distance between 0.1 and 0.3 nm therefore it
should consider that the fluctuations will be optimized during
the long simulation run.

RMSD of ligand

Ligands or compounds RMSD were calculated to determine the
stability of the selected compounds to the control compounds.
In Figure 9 the RMSD of the compounds CHEMSPIDER:156225
(gray), CID:122801 (gold), CASID:105377-74-0 (blue), CID:12308716

(green),and control compound CID: 2764 (orange) has calcu-
lated. At first, the complex docking structure has aligned on
the protein backbone of the reference and then the RMSD of
the compounds has been measured. Herein, the observation
of the compound found optimum RMSD for all compounds
except compound CID:122801 (>0.4 nm), which distance are
significantly larger than the RMSD of the control compound,
therefore the compound can diffuse away from its initial binding
site.

RMSF analysis

MD simulation not only provides the RMSD value of protein-
ligand complex structure, but it also provides information
regarding protein heterogeneity and the steady state of
macromolecules by generating information about RMSF. The
RMSF value is necessary for characterizing a protein that
provides an idea about the local changes of protein along with
the protein chain [34]. The RMSF for selected natural compounds
CHEMSPIDER:156225 (gray), CID:122801 (gold), CASID:105377-
74-0 (blue), CID:12308716 (green) and control compound CID:
2764 (orange) in complex with the protein MCM7 has calculated
from the Cu by utilizing the equation 2 (Eq: ii) and shown in the
Figure 10.
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Figure 10. Showing the RMSF values extracted from protein residues Ca atoms of the complex structure, viz, PubChem CID: 2764 (orange), CHEMSPIDER: 156225 (gray),
PubChem CID: 122801 (gold), CASID:105377-74-0 (blue), and PubChem CID: 12308716 (green) to 50 ns simulation time.

Analysis of the RMSF graph found the main peaks of fluctua-
tions between 100 and 300 residues maximum for CASID:105377-
74-0 with a fluctuation of 1.4 nm in GLU104 residue. The com-
pound has also shown a second round of maximum fluctuations
at VAL289 residue with a range of nearly 1 nm, which has shown
optimum fluctuation for the rest of the AA residue. The control
PubChem CID: 2764 ligand showed the most and maximum
fluctuations within 100-600 the residual position with a range
of 0.8-1 nm. The remaining compounds were found to be quite
stable and fluctuating below 0.5 nm. However, the fluctuations
of the compound CID:122801 have always been low compared to
control compounds with a maximum of 1 nm between GLU104
residue and did not maintain an average minimum distance
for further residues indicating less flexibility of the compound.
The RMSF of CHEMSPIDER: 156225-protein-complex and CASID:
105377-74-0-protein complex had the same flow as the Apo
and control one, whereas CID: 122801—protein complex RMSF
values were higher for all AA residues in the protein complex
Indicating the protein complex had a more flexible nature than
other complexes structure.

Protein-ligand contacts

Protein in complex with the selected ligands and their inter-
molecular interactions has been analyzed through ‘Simulation
Interactions Diagram (SID)’ during the 50 ns simulation run.
These interactions (or ‘contacts’) of the compound’s CID: 2764,
CHEMSPIDER: 156225, CID: 122801, CASID:105377-74-0 and CID:
12308716 has been described based on hydrogen, hydrophobic,
ionic and water bridges bonds and shown in Figure 11. The
stacked bar charts for the compound CHEMSPIDER: 156225 is
showing an interaction fraction value (IFV) of a maximum of 1.0
at the residue LYS 351, which makes contact by using hydrogen
and hydrophobic bonds suggesting the specific interaction has
maintained over 100% of the simulation time. For the com-
pounds, CID: 122801 the IFV found a maximum 1.0 (ALA 338)
that has formed by hydrophobic and water bridge bond, and
IFV also found 0.85 at GLY 346 produced by hydrogen and water
bridge bond indicating maintaining 100% and 85% interaction,
respectively during the simulation time. The compound formed
the minimum hydrogen bonding (only two at ALA 338 and
GLY 346) with the desired protein, therefore the stability of the

compound should be hindered. Compare to the two ligands and
control compound CID: 2764, it has found that the compounds
CASID:105377-74-0 minted most frequent contact with the pro-
tein residue, where maximum IFV 0.85 found at GLY346 position.
In the case of compound CID: 12308716 the IFV observed very
low until ALA 337 position but maintained an optimized IFV
value-form ALA338 to PRO553 position. The compound has also
been found to form multiple hydrogens, hydrophobic and water
bridge bonding interactions at the position PHE 551 with the
IFV value of 0.5. Interactions between the ligand and protein
that occur more than 30.0% of the MD simulation time for
the selected compound have also been presented in 2D for-
mat shown in Figure 11 (left). In the case of compound CID:
2764 found to form multiple interactions with the same residue
within the same atom of the ligand due to the sidechain having
more than one H-bond donor features.

Hydrogen bond analysis

Hydrogen (H) bonds play an important role to stabilize the ligand
with the desired protein and help to influence the drug speci-
ficity, acceleration of metabolism and adsorption [24, 34]. There-
fore, the number of H-bond produced during protein-ligand
complex interaction has been observed during the 50 ns simula-
tion run and shown in Figure 12. Observation of H-bond reveals
that all the compound’s maintenance optimizes H-bonding until
15 ns simulation runs except the compound CID: 122801. There-
fore, the compound will not be able to show the desired effect on
the drug specificity, metabolism, and adsorption.

Discussion

CADD has become one of the main and indispensable tools
to modern drug design, as it can greatly reduce the expense,
time and labor involvement in the process of drug discovery
[37]. CADD has accelerated the invention of drugs by enabling
scientists to narrow down their biological and synthetic research
efforts. Besides, the drug candidate previously identified through
CADD approaches like molecular docking, ADMET and MD sim-
ulation has shown the highest biological efficacy [25]. Under-
standing the hypothesis of how ligands bind, interact and inhibit
a specific protein can identify drug candidates against a specific
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Figure 11. Showing the protein-ligand contacts (left) and ligand-protein contact (right) of the (A). PubChem CID: 2764, (B). CHEMSPIDER: 156225, (C). PubChem CID:
122801, (D). CASID:105377-74-0, and (E). PubChem CID: 12308716 compounds to 50 ns simulation time. The right side of the figure depicted the 2D interactions of the
ligand-protein complex that took place more than 30.0% of the total 50 ns MD simulation time.

disease. CADD approach has made it easier to understand the
behavior and binding mode of the ligand with a specific target
molecule, whether molecular docking can predict the predom-
inant binding modes between a ligand and protein, and MD
simulation can reveal the mechanism of complex protein-ligand
interaction thus ranks small molecule as drug candidate against
a specific disease.

The study analyzed and screened 70 natural phytochemi-
cals targeting the MCM7 protein to fight against human cancer.
Initially, the molecular docking approach has been performed
to screen the phytochemical, and the best four compounds
have been chosen according to their highest binding affinity.
Higher binding energy corresponds to lower binding affinity

has been observed to the compounds CHEMSPIDER: 156225,
CID: 122801, CAS ID: 105377-74-0, CID: 12308716 with binding
score — 8.8, —8.4, —8.2 and — 8.0 kcal/mol, respectively. Interpre-
tation of binding interaction demonstrated strong hydrogen and
hydrophobic bonding between the protein and ligand.

PK mainly focuses on observing the metabolite kinetics of
small molecular candidates in the body. PK of a drug is a tempo-
rary and time-course evaluation of drug components in whole
blood, tissue and target organs [32]. The activity of a drug mostly
depends on ADME that is related to pharmacokinetic properties.
During the drug design process, the pharmacokinetic parame-
ters must be optimized so that they can pass standard clinical
trials required to be a promising drug candidate [24]. Molecular
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Figure 12. Showing the hydrogen bonds formed during the protein-ligand interaction. Herein, present the hydrogen bond of PubChem CID: 2764 (orange), CHEMSPIDER:
156225 (blue), PubChem CID: 122801 (gold), CASID:105377-74-0 (accent blue), and PubChem CID: 12308716 (green) compounds to 50 ns simulation time.

weight and polar surface topological area (TPSA) have been
included under ADME properties that affect the drug molecule’s
permeability across the biological barrier. Permeability of a drug
candidate may decrease due to greater molecular weight and
TPSA related to permeability is improved by lower ones. LogP
is expressed in the sense of lipophilicity and is referred to as
the logarithm of the inorganic and aqueous phase partition
coefficient of the target molecule. Lipophilicity influences the
drug molecule’s absorption within the body. Lower absorption
and vice versa are correlated with higher LogP. The LogS value
affects the solubility of the candidate molecule and it is often
chosen to have the lowest value [32]. The number of donors and
acceptors of hydrogen bonds beyond the appropriate range again
affects the capacity of a drug molecule to cross the bilayer of
the membrane. The overwhelming amount of rotatable bonds is
associated with oral bioavailability and the appropriate range is
reported to be within 10. In this study, all selected compounds
implemented the typical PK properties and further evaluation
has performed.

Toxicity can refer to a state of a compound being toxic and
that can damage an organism [38]. It has found 20% of failures
in the late drug development occur due to toxicity. Toxicity
testing of a compound requires animal trials, which is a complex,
costly and time-consuming procedure. In silico toxicity analysis
that requires no animal experiments, low time and inexpensive
can be represented as an alternative method for rationalizing
preclinical drug development [39]. The best four phytochemicals
identified in the study have been evaluated based on in silico
methods to identify their toxicity. Data collected from in silico
toxicity test servers determined the noncarcinogenic properties
of the compounds. Ames tests have also been employed to
evaluate the compound potential genotoxicity by evaluating the
capability of reverse mutations, which has been found negative
for all the compounds. The toxicity prediction test also found
that the compounds are inhibitors of p-glycoprotein and nonin-
hibitor of hERG. The LDs, mainly provides information regarding
the immediate or acute toxicity of compounds found optimum
in the study.
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MD simulation analyzes the physical movements of atoms
that have become an essential tool for CADD [24, 34]. MD simu-
lation can confirm the stability of the desired drug candidate to
a targeted protein. Therefore, MD simulation has implicated the
four selected compounds and found the lowest RMSD and RMSF
value except for the compound CID:122801. The compound with
unexpected RMSD and RMSF values has further been evaluated
based on hydrogen bond interaction, protein-ligand contact, Rg
and SASA values (Supplementary Figures S1 and S2), which has
also indicated a diverse result, therefore the compound has
omitted.

Conclusion

Overexpression of DNA replication licensing complex compo-
nent MCM?7 is responsible for multiple human malignancies
including hepatocellular carcinoma, esophageal squamous
cell carcinoma, head and neck squamous cell carcinoma, and
prostate carcinoma [40]. To date, no effective compounds have
been identified targeting the protein that can fight against
human malignancies. Therefore, the study has been designed
to identify natural and effective compounds that can inhibit
the activity of the protein resulting in the hindrance of cancer
development. The study has utilized comprehensive in silico
approaches including molecular docking, ADMET and MD
simulation, which has identified three compounds as potential
drug candidate namely (5¢,7«,8¢,13¢,17a)-17-(3-Furyl)-4,4,8-
trimethyl-3,16-dioxoandrosta-1,14-dien-7-yl acetate (CHEM-
SPIDER:156225), isomargosinolide (CASID:105377-74-0) and 17-
Epiazadiradione (PubChem CID:12308716) that can inhibit the
activity of MCM7 protein. Although in vitro and in vivo study
is required to further confirm the activity of the compounds
against desire protein.

Additional information

There is no additional information available for this article.

Key Points

® Minichromosome Maintenance Complex Component
7 (MCM?7) is a family member of MCM protein family
that plays a key role in DNA replication and G1/S
cell-cycle progression. Upregulation of the MCM7 pro-
tein is responsible for proliferation of several types of
cancer cell.

Effective, natural and low toxic compounds that able
to bind with the protein can inhibit the activity of the
protein and hinder undesired cell proliferation, but
to date no effective compounds has been identified
to targeting the MCM7 protein that can inhibit the
uncontrol cell proliferation.

Previously extracts from neem plant (Azadirachta
indica) have shown anticancer activities by inhibiting
cancer cell growth of different cancer cell. Therefore,
compounds from neem plant can inhibit the activity
of MCM7 protein.

To identify natural compounds as MCM?7 inhibitor an
in silico drug design approaches including molecular
docking, pharmacoinformatics, toxicity and molecular
dynamics simulation has been utilized that determine
three compounds and will be able to inhibit the activ-
ity of MCMY protein.

Supplementary Data

Supplementary data are available online at Briefings in Bioin-
formatics.
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