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Abstract

Echis coloratus (Carpet viper), which is a snake, produces an enzyme called snake venom metalloproteinase (SVMP), which has multiple
functions. The venomous viper Echis coloratus is endemic to the Middle East and Egypt. Its symptoms include severe local bleeding, nervous
system impacts and tissue necrosis. The target proteins' three-dimensional (3D) structures were predicted using the I-TASSER server because
the 3D structure of SVMP is unknown. Using a molecular docking technique, the molecular operating environment (MOE) application was
used to screen a library of 1000 phytochemicals against the interaction residues of the target protein. Additionally, molecular dynamics
simulations and the widely used MM-GBSA and MM-PBSA binding free energy techniques were used to assess the molecular docking
experiments. The results showed that in the SVMP active region, the selected lead compounds were remarkably stable. Promising potential
drug candidates (Rutamarin, Enterodiol, Butyl butyrate, Colchicine, Sanggenon A, Quercetin, Campesterol, and Cholesterol) for novel target

against SVMP has been discovered in the conducted studies.
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INTRODUCTION

Venoms are essential in the defense of venomous animals.
Venom components activate cells, receptors, and signalling
pathways, resulting in discomfort and inflammation [1].
Envenomation by snakes has a huge health and economic
impact around the world. Snakebite is a deadly environmental
and occupational disease, especially in rural areas of tropical
countries, where around 40,000 to 50,000 snakebites are
reported each year [2]. The poisonous viper Echis coloratus
is indigenous to the Gulf Region and Egypt. It reaches a
maximum total length of 75 cm. From sea level to 2,500
meters (8,200 ft) above sea level, it can be found in stony
deserts [3]. Sand deserts are devoid of it.

Notable envenoming snakes include Echiscoloratus and Naja
n. Nigricollis, whose bites cause both systemic and local
pathology [4]. However, when it comes to their
pathophysiological activities, the venoms of the two species
react differently [5]. The bite of an Echis coloratus (Carpet
viper) causes inflammation (swelling, blistering, and
necrosis) as well as haemorrhages [6]. Snake venom is a
complex mixture of proteins and peptides that serve a number
of biological purposes. Regularly used to assess shake
envenomation are horses and sheep. Snake venom
metalloproteinase (SVMP) is a zinc metalloproteinase that
belongs to the extracellular matrix (ECM) protein family [7].
SVMP has been implicated as a mediator for edoema, local
tissue injury, inflammation, and bleeding in recent research

[8]. Because of the limited haemorrhage and damage to
endothelial cells, SVMP is an enzymatic toxin [9].

As a result of the hemorrhaging brought on by SVMP, tissue
necrosis, shock, hypotension, hypovolemia, inflammation,
and a diminished ability for muscle tissue to regenerate were
all caused. The toxin SVMP is considered to be the most
significant in the pathology brought on by snake venom. The
majority of the time, SVMP disrupts the junction between the
basement membrane and the endothelium, which directly
affects capillary blood vessels and damages them, causing
hemorrhage [10, 11]. It is obvious that SVMP-targeted
medication therapy would have a positive consequence by
lowering patient mortality rates [12].

Address for correspondence: Ahmad Mohajja Alshammari,
Department of Biology, College of Science, University of Hail,
Kingdom of Saudi Arabia.

dr.mohajja@gmail.com

This is an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix,
tweak, and build upon the work non commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

How to cite this article: Alshammari AM. Screening of
Phytochemicals Against Snake Venom Metalloproteinase: Molecular
Docking and Simulation Based Computational Approaches. Arch
Pharm Pract. 2022;13(3):76-84.
https://doi.org/10.51847/HIrDcdPCGL

. © 2022 Archives of Pharmacy Practice



https://doi.org/10.51847/HIrDcdPCGL

Alshammari: Screening of Phytochemicals Against Snake Venom Metalloproteinase: Molecular Docking and Simulation Based Computational Approaches

Antivenin is the only specific treatment for snakebite
envenoming. Investigations have shown that antivenin is
ineffective against venom-induced local tissue damage and
frequently causes clinical symptoms like anaphylactic shock.
As a result, alternative, synthetic or natural snake venom
inhibitors are required to help get around antivenin
limitations. The overall local tissue damage after
envenomation may be significantly reduced by inhibition of
SVMPs and other components. Finding SVMP inhibitors is
now a top research priority as a result. Studies have revealed
that snake venom enzymes are inhibited by plant secondary
metabolites.

The interaction between the receptor protein SVMP and the
ligand is demonstrated using a molecular docking approach.
Ligands are small molecules that bind to the active pockets of
protein. These pockets are the specific sites where the ligand
can interact with the receptor protein (SVMP). There are
numerous unique pocket active sites on which binding can
occur in receptor atoms. There are different binding pockets,
and binding modes. Docking also provides information on the
strength of the binding, the ligand-receptor complex energy,
and the complex docking score calculation [13]. The most
advantageous aspect of docking is its use in medicine. The
algorithm and energy scoring function are used to anticipate
different possess when ligand binds with the receptor protein.

The search for investigation of inhibitors is a crucial phase in
medication development. By discovering inhibitors against
the target protein (SVMP), this research aids in evaluating the
inhibitors blocking the effect of SVMP and are useful for drug
designing to overcome antivenin restrictions. Furthermore,
the current study predicts the inhibitors that showed strong
binding affinity during docking and good stability with
receptor protein in the process of molecular dynamic
simulation.

MATERIALS AND METHODS

Protein Preparation

Amino acid sequence of SVMP was retrieved from Uniprot
[14]. Using computer algorithms, the amino acid sequence
can be used to create a three-dimensional model of a protein.
I-TASSER was used to model the 3D structure of SVMP [15].
The above server uses multiple-threading alignments and
iterative prototype fragment assembly simulations to create
3D protein structures. I-TASSER provides confidence scores
to determine the accuracy of the model. The predicted tertiary
structure was checked for errors using the ProSA-web, verify
3D, ERRAT server, and Ramachandran plot analysis [16-19].
The average quality score of the structure is described by
ProSA-web.  Furthermore,  non-bonded  atom-atom
interactions were evaluated using the ERRAT server. The
energetically permitted and prohibited dihedral angles of
amino acid residues, phi (¢) and psi (), were evaluated using
the Ramachandran plot. Protein structure preparation for

docking was carried out using the Molecular Operating
Environment (MOE) [20].

Ligand Database Preparation

A thorough literature search was done to find phytochemicals
that have been noted to be effective against shake bites.
Chemical structures of phytochemicals were obtained from
the MPD3 database, the Pubchem database, the MAPS
database, and the Zinc database in a variety of ligand file
formats, including mol, sdf, and mol2 [21-23]. The
Protonate3D module was used in MOE to modify these ligand
structures by adding partial charges. The MMFF94X force
field was used to lower the energy of each ligand. The ligands
were then added one by one to the MOE ligand database for
docking.

Active Sites Prediction

CPORT, atool included in the Haddock interphase, was used
to predict active sites of the target protein (SVMP) [24].
These active site pockets will bind to the target protein, at
which point the ligand will bind to inhibit the protein's
activity. Donor, acceptor, hydrophobic, hydrophilic, and
metal-binding domains make up the sites. For molecular
docking, the most precise predicted binding pocket was
chosen.

Molecular Docking

A ligand database of over 2500 phytochemicals was docked
using the MOE Dock tool at the SVMP protein's designated
docking sites. The triangular matcher algorithm was used to
find 1,000 best poses for docked molecules using the default
ligand placement method. The London DG scoring function
was used to redo the scoring of simulated poses [25]. The
London dG algorithm, which determines final binding energy
using the Generalized Born Solvation Model while
maintaining rigid receptor residues, was used to further
reduce the top ten scored poses per molecule. In addition, the
compounds' binding affinity, S-score, and Root-Mean-Square
Deviation (RMSD) were used to rank them. Only substances
with a high docking score that bind to the SVMP protein's
active residues were to be chosen from the top-ranked poses.

Ligand-Protein Interaction Analysis

To better comprehend the most intricately docked complex
protein-ligand interactions, 2D plots of ligand-protein
interactions were examined using the MOE LigX tool [26].
In the SVMP active site, it generates a two-dimensional graph
of hydrogen bonds, electrostatic interactions, hydrophobic
interactions, and all of these factors contribute to the
increased affinity of drug-like molecules. 3D images of
SVMP protein inhibitor complexes were created using UCSF
Chimera [27].

Drug scan/ADME Toxicity

Using the drug scanning tool on the Molinspiration server, a
computational approximation of the drug probability of
docked phytochemicals was discovered within the parameters
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established by Lipinski's Rule [28, 29]. The ADMETSAR
server was used to simulate the absorption, deposition,
metabolism, excretion, and toxicity profiles of these hits
[30]. Additionally evaluated were AMES toxicity and the
inhibitors' potential carcinogenicity.

MMGBSA/MMPBSA Analysis

Using the Prime module of the Schrodinger suite and the
OPLS-2005 force field, it was possible to calculate the
binding free energies of protein-ligand complexes [31, 32].
Binding free energies were assessed using the MM-GBSA
method and the MM-PBSA.py program, with 250 snapshots
taken throughout the final 20 ns of simulation at regular
intervals. The complex free energy was subtracted from the
total of the ligand and protein free energies to determine the
binding free energy.

AG(binding) = AG(complex) — [AG(ligand)+ AG(protein)] 1)

Where AG(binding) denotes the binding free energy and
AG(complex), AG(ligand), and AG(protein) denote the
complex, ligand, and protein free energies, respectively.

MD Simulations

MD simulations were conducted using the Desmond software
[33]. The OPLS-2005 force field and the TIP4P water model
were used to analyze the protein-ligand interactions in this
system [34]. A 10 A buffer region was made between the
orthorhombic water box’s sides and the protein atoms using
this method [35]. The systems were defused by adding Na+
ions after the overlapping water molecules were removed.
The OPLS-2005 force field was used to calculate energy. A
2.0 fs value was obtained by maintaining the temperature at
300 K throughout the integration step. The consistency of the
SVMP protein in its natural motion was tracked using the root
mean square fluctuations (RMSF), root mean square
deviation (RMSD), radius of gyration (RoG), and solvent
accessible surface area (SASA). After saving the
synchronized file at intervals of 5000 ps for up to 100 ns, the
results were examined using the Nagasundaram et al. method
[36].

REesuLTs AND Discussion

Protein Preparation

The SVMP protein's amino acid sequence was obtained from
Uniprot (UNIPROT ID: E9QJGEOQ) in fasta format. The I-
TASSER server was employed to predict SVMP's 3D
structure. I-TASSER was used to develop the top five models,
from which the best model was chosen, with a C-score of
around -5.04, indicating high quality. The model's quality
was confirmed by Ramachandran plot analysis, which
revealed that 90.5 % and 7.1 % of overall amino acids are
found in the most favorable and allowed regions,
respectively, while only 0.4 percent are found in the
disallowed region. Further analysis revealed that the model
was of good quality, with a Z-score of -6.86, a compatibility
score of 81.62 % (as determined by Verify 3D), and a quality
factor of 80.8 (as determined by ERRAT).

The structure was prepared for docking using MOE. MOE
was used to perform 3D protonation, water molecule
removal, and energy minimization.

Active Site Prediction

Cport was used to select binding pockets against the target
protein. The reported active residues for the receptor SVMP
were discovered to be Pro 1, Tyr3, Tyr 40, Arg 41, Asn 44,
His 46, Glu 209, Leu 210, Leu 211, GIn 127, Asp 220, Pro
221, Thr 223, Ser 232.

Molecular Docking

With the aid of a database of phytochemical ligands, the
SVMP protein was docked. An S-score function was used to
calculate and represent the hydrogen bonding strength,
maximum binding pocket occupancy, lowest Gibbs free
energy, and potential non-covalent interactions in order to
rank the docked compounds. Out of 25, 000 docked
molecules, the best docking molecules were chosen.
According to threshold-based criteria, the ligand had to bind
to the target SVMP protein using all of the hotspot conserved
residues in the binding pocket and achieve the necessary S-
score values (the lower the score, the greater the interactions
and affinities).

The active sites of the SVMP were found to bind Rutamarin,
Enterodiol, Butyl butyrate, Colchicine, Sanggenon A,
Quercetin, Campesterol, and Cholesterol with high affinity
(Figures 3 and 4). The minimum binding energy of these
selected phytochemicals ranged from -19.87 kcal/mol to -
13.85 kcal/mol. The scoring function and minimum binding
energy of each docked ligand are shown in Table 1.

Table 1. Docking Statistics of SVMP against Plant Compound

Snake venom metalloproteinase (SVMP)

Comp’ounds Compounds Binding Affinity RMSD Interacting Residues
I'D name
26948 Rutamarin -19.87 kcal/mol 1.23 Asn 44, Arg 41, His 46, Thr 223, Tyr 3, Glu 209, Pro 1
115089 Enterodiol -18.76 kcal/mol 0.94 Asn 44, Pro 1, Arg 41,Asp 220, Pro 221, Ser 232, Tyr 3,His 46, Tyr 40
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7983 Butyl butyrate
6167 Colchicine
156707 Sanggenon A

5280343 Quercetin
173183 Campesterol
5997 Cholesterol

-16.01 kcal/mol
-15.67 kcal/mol
-15.34 kcal/mol
-14.87 kcal/mol
-14.39 kcal/mol
-13.85 kcal/mol

1.76
2.09
1.56
1.99
1.02
2.04

Asn 44, Pro 1, Arg 41, Tyr 3, Thr 223, Pro 221

Arg 41, Asn 44, Pro 1, Thr 223, His 46, Glu 209, Leu 210, Leu 211, Tyr 3

Glu 209, GIn 197, Cys 218, Tyr 3, Glu 209, Arg 41, His 46
Leu 211, Cys 219, Val 222, His 46, Thr 223, Tyr 3, Arg 41
Asn 44, Pro 221, Glu 209,Pro 1, Arg 41,Thr223
Tyr 3, Arg 41, Pro 1, Glu 209,His 46, Thr 223, GIn 197

d)
Figure 1. Interaction mechanisms and binding modes of SVMP protein inhibitors. Interaction analysis of Rutamarin (a),
Enterodiol (b), Butyl butyrate (c), Colchicine (d)
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Rutamarin, on the other hand, was ranked first among the
revealed SVMP binding residues due to its high affinity and
binding score. Most phytochemicals seem to have a strong
affinity for the amino acids Arg 41 and Thr 223, implying that
these are the most active residues.

h)
Figure 2. SVMP protein inhibitors' mechanisms of interaction and modes of binding. Rutamarin (e), Enterodiol (f), Butyl
Butyrate (g), and Colchicine (h) Interaction Analysis

Drug Scan/ADMET Results

The Lipinski Rules of Five-based Molinspiration server was
used to predict the drug-likeness of screened compounds. The
chosen candidates exhibited drug-like properties and did not
violate the "rule of five” (Table 2).

Table 2. Drug-likeliness properties of selected compounds

Compound I'D Molecular Weight (g/mol) Hydrogen Bond Acceptor  Hydrogen Bond Donor miLogP
26948 356.4 0 5 4.4
115089 302.37 4 4 2.39
7983 144.21 0 2 2.2
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6167 399.44
156707 436.46
5280343 302.23
173183 400.7

5997 386.7

7 1 1.10
7 3 4.60
7 5 15
1 5 4.2
1 1 4.7

The pharmacokinetic properties of selected compounds were
analyzed using the admetSAR server to further verify the

potential of drug likeliness, and the results are presented in
Table 3.

Table 3. ADMET profiling of the compounds

Compound’s I'Ds 26948 115089 7983 6167 156707 5280343 173183 5997
Absorption/Distribution
Blood Brain Barrier No No No No No No No No
Caco-2 Permeability Low High High Low Low Low Low High
Pgp-inhibitor No No No No No Yes No No
Pgp-substrate No No No No No No Yes No
Metabolism
CYP1A2 inhibitor No No No No Yes Yes Yes No
CYP1A2 substrate No No No Yes No No Yes No
CYP2C19 inhibitor No No No No No No No No
CYP2C19 substrate No Yes No Yes No No No No
CYP2C9 inhibitor No No Yes No No yes No No
CYP2C9 substrate No No No No No No No Yes
CYP3A4 inhibitor No No No No No No No No
CYP3A4 substrate No Yes No No No No No No
Toxicity
Rat Oral Acute Toxicity No No No No No No No No
AMES Toxicity Non Toxic ~ Non Toxic  Non Toxic  Non Toxic NonToxic  Non Toxic  Non Toxic Non Toxic
MMGBSA/MMPBSA Analysis Desmond was the one who carried out the real time MD

To better comprehend how well the complexes bind to the
SVMP protein, the binding free energies were calculated
using the MMGBSA/MMPBSA techniques. Stable
complexes are produced because all of the binding
interactions are advantageous in terms of energy. In all of the
complexes, gas-phase energy outweighs van der Waals
energy and electrostatic energy in terms of system energy.
More details about the complexes' binding energies can be
found to be —27.37 kcal/mol-1 for complex (26948), -29.74
kcal/mol-1 for complex (115089), —24.58 kcal/mol-1 for
complex (7983), —27.04 kcal/mol-1 for (6167), —24.58
kcal/mol-1 for complex (156707) while the remaining
complexes having delta total enegy of -23.12 kcal/mol-
1(5280343), —30.45 kcal/mol-1 (173183) and -30.45
kcal/mol-1 (5997).

Molecular Dynamic Simulation

The docking analysis was used to select the optimum possible
pose in which the ligand might make a strong binding with
the receptor. In addition, an MD simulation was carried out
in order to determine the interaction patterns of ligands
(Rutamarin and Enterodiol) with the target protein SVMP.

simulation. The system builder for Desmond made use of an
overt aqueous medium to bring the complex to its lowest
possible energy level, which was then immediately followed
by the complex minimization stage. The complete simulation
procedure, which includes three runs at a real-time rate of 100
ns each. Each of these simulations provided an explanation of
the interaction patterns and the stability of the complexes in
terms of the RMSD and RMSF

Root Mean Square Deviation (RMSD)

Despite this, RMSD was determined for both Rutamarin and
Enterodiol compound after 100 ns of simulation, taking into
account bhoth the ligand and the protein. The relative mean
standard deviation (RMSD) for the ligands name with the
SVMP is depicted in Figures 3a and 3b respectively. The
findings of the RMSD analysis showed that the MD
simulation had reached equilibrium, and the conformational
changes that occurred ranged from 5 to 6 degrees for first
complex Rutamarin/SVMP, while second complex
Enterodiol/SVMP showed a minor deviation between the
time periods of 40 to 60 ns both of which are considered
acceptable for small globular proteins. Based on these RMSD
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measurements, it can be concluded that the SVMP has not
undergone significant structural changes.

w - ~
- ) <~

Protein RMSD (A)
.

(v) aswy puebn

~ w

20 40 60 20 1
Time (nsec)

a)

Protein RMSD (A)
(V) aswy puebn )

0 20 40 0 80 100
Time (nsec)

b)
Figure 3. Root mean square Deviation of both complexes
a) Rutamarin/SVMP, b) Enterodiol/SVMP

Root Mean Square Fluctuation (RMSF)

The root mean square flacuation (RMSF) plot of the ligands
(Rutamarin and Enterodiol) positions along the right side of
the Y axis indicated that all of these ligands remained stable
during the simulation with regard to the protein binding
pocket as indicated in the Figure 4.

o L) L ” 100 125 150 175 200
Residue Index

a)

23 30 kL) 100 123 150 i7s 200
Residue Index

b)
Figure 4. Graphical representation of RMSF plots a)
Rutamarin/SVMP, b) Enterodiol/SVMP

Snakebites are a major health concern, affecting 1.8-2.2
million people each year and causing 81,000-138,000 deaths
[37]. These envenomations, which occur in severe and
moderate cases, are characterized by local pathological
changes like dermonecrosis, myonecrosis, edema,
hemorrhage, and blistering as well as systemic changes like
cardiovascular shock, coagulopathies, and acute renal failure
[38]. Various enzymes, such as snake venom
metalloproteinases (SVMPs), are primarily responsible for
this particular set of systemic and local changes [39].

Intravenous administration of anti-venoms derived from
animals (mostly sheep or horses) seems to be the only
effective remedy for snakebite envenomation. Clinical
studies show that anti-venoms are efficacious in inactivating
toxins that cause systemic effects like hemodynamic
disturbances and coagulopathy [40]. The inability of
antivenom to neutralize local tissue damage caused by snake
venoms limits its effectiveness. Antivenom's effectiveness is
constrained by its inability to counteract the localized tissue
damage brought on by snake venoms. This problem is caused
by the incredibly rapid local pathology development, which
makes it difficult for inactivating antibodies to reach the area
before irreversible damage occurs, rather than a deficiency in
neutralizing antibodies in antivenoms [41, 42]. As a result, it
is necessary to develop synthetic and natural venom
inhibitors to supplement the effects of antivenoms,
particularly in the prevention of local tissue damage.

Plants have been used for centuries to treat various diseases,
and there has been a growing emphasis in recent years on
recognizing and employing plant-derived compounds that
can act as effective anti-venom agents [43]. Different
flavonoids have also been shown to inhibit the hemorrhagic
activity of isolated SVMPs or whole snake venoms [44, 45].
Hence, we chose 2500 plant-derived natural compounds and
flavonoids to test for inhibitory properties in our research.

Molecular docking is a well-known technique to investigate
the interactions of plant compounds with target protein active
sites. In this study, SVMP was docked against the
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phytochemical ligand database. The process of molecular
docking makes predictions about how substances will bind to
their intended protein targets. Information on compound
activity and protein binding affinity is provided by these
computational techniques [46, 47].

Rutamarin, Enterodiol, Butyl butyrate, Colchicine,
Sanggenon A, Quercetin, Campesterol, and Cholesterol were
discovered to bind to the active sites of the SVMP protein
with a high affinity. The new substances may work together
to counteract SVMP in an additive or synergistic manner.

To gain a deeper understanding of their binding modes,
molecular interaction mechanisms, and ADMET evaluation,
these eight compounds were chosen for additional
computational studies. Further research is being done on
compounds that have the potential to be drugs’ ADMET
characteristics. Determining the ADMET properties of
compounds is a major challenge in the drug development
phase. The majority of drugs that fail to pass the drug
approval process fail due to toxicity and poor
pharmacokinetic properties. ADMET profiling evaluations
have facilitated in the early detection of active compounds
during the process of drug discovery [48, 49].

Drug distribution and absorption are influenced by both
blood-brain barrier (BBB) permeation and gastrointestinal
(GI) absorption. Another indication of the compounds'
absorption was Caco-2 permeability. Numerous cytochromes
(CYPs) regulate drug metabolism, with the biotransformation
of drug molecules requiring the presence of CYP2C9,
CYP2C19, CYP3A4, CYP1A2, and CYP2D6 . Additionally,
drugs that are known to be transported by p-glycoprotein have
decreased bioavailability. The safety profile of the
compounds was then assessed using a toxicity prediction
study . It was found that none of the selected compounds were
toxic or carcinogenic. These findings point to the possibility
of using particular compounds to make snake-bite drugs.

MD simulations are thought to be an effective tool for
investigating the underlying dynamics of protein-ligand
interactions. Because these ligands demonstrated strong
affinity, as indicated by a high dock score and an excellent
molecular interaction network, MD simulations and
MMGBSA/MMPBSA analysis were performed on the best
docked complexes with the inhibitors rutamarin and
enterodiol.  According to MD  simulation and
MMGBSA/MMPBSA studies, these compounds were stable
as strong inhibitors within the protein binding pocket. By
successfully inhibiting and concentrating on the catalytic
function of the SVMP protein, these inhibitors may result in
a single therapeutic approach. Therefore, further research for
structure-based lead optimization is necessary in light of our
findings regarding the bioactivity of rutamarin, enterodiol,
butyl butyrate, colchicine, sanggenon A, quercetin,
campesterol, and cholesterol.

CONCLUSION

The current study sought to design therapeutic interventions
by performing molecular docking and MD simulation studies
on natural compounds targeting SVMP protein. Although
computational validations were covered in this article, future
research should focus on in vivo studies or experimental
evaluations.
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