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docking simulation study. When compared with the standard
medications (Chloroquine and Ruxolitinib) with a binding score
of -4.8 kcal/mol and -7.0 kcal/mol, respectively, 2-[(E)-(3-
phenylmethoxyphenyl) guanidine's
computed binding score of -7.2 kcal/mol indicated that it may
have promising anti-SARS-coronavirus-2 activity. The accurate
binding of 2-[(E)-(3-phenylmethoxyphenyl) methylideneamino]
guanidine to the SARS-coronavirus-2 spike glycoprotein

methylideneamino]

through the appropriate dynamic and energetic behaviours
over 20 ns was verified by molecular dynamics simulations as
well as MM/GBSA studies. Besides that, in silico ADME studies
demonstrated 2-[(E)-(3-phenylmethoxyphenyl) methylidene-
amino]| guanidine's general safety and drug-likeness. As a
result, the outcomes of this survey gave a strong basis for the in
silico plan and hypothetical investigation of more potent SARS-
coronavirus-2 inhibitors.
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1- Introduction

Iminoguanidine is an important synthetic class
in drug design because of its wide range of
pharmacological activity, ~which includes
antibacterial [1,2], antiviral [3], the capacity to
distinguish and separate anions from competitive
aqueous environments [4], and biomass-based
direct air capture [5]. For example, 2-[(E)-(2-
bromophenyl)methylideneamino]guanidine was
selective for heme oxygenase (HemO) inhibitor
[6], 2-[(E)-(2-methoxyphenyl) methylideneami-
nolguanidine, 2-[(E)-(2-bromophenyl) methyl-
deneamino] guanidine, and 2-[(E)-(4-fluoroph-
enyl) methylideneamino] guanidine acts as an
antibacterial activity through the inhibition of
Pseudomonas aeruginosa [2, 3]. 2-[(E)-(4-fluoro-
phenyl) methylideneamino] guanidine and 2-
[(E)-(2-bromophenyl) methylideneamino] guani-
dine showed a prognosticating anti-SARS-coro-
navirus nucleoprotein, main protease, and spike
glycoproteins activity, respectively [2, 3, 7].
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In this research, we present the novel compound
“2-[(E)-(4-fluorophenyl)
methylideneamino]guanidine” [7], and because
of these above facts with the program for the
discovery of biologically active compounds, this
research involves (i) docking simulation, (ii)
“molecular mechanics-generalized Born surface
area (MM/GBSA) calculation”, and (iii) we
performed in silico drug-likeness of 2-[(E)-(4-
fluorophenyl)methylideneamino]guanidine agai-
nst SARS-coronavirus-2 spike glycoproteins.

This study describes how small molecular
should be drug
development in an artificially safe and efficient
manner against a target macromolecule. On the
other hand, developing and designing drugs in a
lab takes a lot of time, money, and effort. Using
this in silico technique, the drug design for the

15 also known as

compounds selected for

upcoming class of infectious agents could be
improved. The next pandemic may be avoided in
large part thanks to this in silico strategy.
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2- Materials and Methods utilize MarvinView Europium.6 and their
energies were limited with the Spartan'14 V1.1.4
PM6. Streamlining of energy-limited particles
was accomplished using the DFT strategy with
B3LYP capability [89] and the 6-31G+
fundamental set [10] with the GAUSSIAN 09
bundle [11]. The docking of all the reported
molecules in Table 1 was performed using PyRx
0.8 v [12] against SARS-coronavirus-2 SP.

The structures of 2-[(E)-(4-fluorophenyl)
methylideneamino] guanidine (Table 1) that
present studies related to the inhibition of SARS-
coronavirus-2 spike glycoprotein (SP) were
selected from our previous study [7] to serve as a
basis for molecular docking. The 3D structure of
the compound including the reference drugs
Chloroquine and Ruxolitinib was arranged to

Table 1. Chemical structures and binding affinity of each compound under study.

3D structure Compound Binding affinity

CID (kcal/mol)
134130081 -7.2
2-[(E)-(3-phenylmethoxyphenyl)methylideneamino]guanidine
[HIN([HD)C(N([HD[HD=[N+]([HD[N+](\[H])=C\c1lcccc(OCc2cccec2)cl
2719 48
Chloroquine
CCN(CC)CCCC(C)NC1=C2C=CC(=CC2=NC=C1)Cl
25126798 -7.0

¢

Ruxolitinib
C1CCC(C1)[C@@H](CC#N)N2C=C(C=N2)C3=C4C=CNC4=NC=N3

48
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Building of protein 3D structure

The protein structure of spike glycoprotein of
SARS-coronavirus-2 (PDB ID: 7MZF) was fetched
from the Protein Data Bank. Protein formulation
was done by using Auto Dock Tools v1.5.7 [13]
and Discovery Studio 2020 Client. The SARS-
coronavirus-2 spike glycoprotein (chains A) was
chosen for molecular docking production. All
water molecules are deleted from the protein
before docking. After the water molecules were
got rid of, a polar hydrogen atom was added to
the protein to ensure proper amino acid
ionization and tautomeric states. The structures
were docked by the active site defined through a
grid box (Vina Search Space = “center_x = -
1.5643, center_y = 12.818, center_z = 12.3015"),
Dimensions (Angstrom): “size_x
49.2203297997, size_y = 44.6869613934, size_z
=51.2521103764”, and exhaustiveness = 8.

Molecular dynamics simulations

MD simulations were executed using NAMD
v2.14 [14] adopting a 20,000 stages equilibration
and 20 ns creation (20 ns at a consistent
temperature of 297 K and a steady tension of 1
atm) convention executed in the simulation
produced by the CHARMM-GUI
membrane developer [15]. We employed a
timestep of 2 fs. In contrast to our earlier
research, the temperature of 310 K was taken
into account and saved trajectory frames more
frequently, at a frequency of 500 steps. The
CHARMM36m force field was used for all
calculations. The investigation of MD simulations

contents

including estimations of the “root-mean-squared
deviation (RMSD) time series, Radius of gyration
(RG), Solvent accessible surface area (SASA), and
root mean squared fluctuations (RMSF)” were
performed using VMD v1.9.3 [16].

Binding free energy calculation
The “molecular mechanics-generalized born
surface area (MM/GBSA) approach” [17] and the
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MOLAICAL code [18] were used to determine the
relative free energies of binding for the most
encouraging complex with the spike glycoprotein
of SARS-coronavirus-2. The following estimate
was made for the MM/GBSA (AGginding) €nergy
[19]:

AGBindinngGCUmpleX'AGProtein'AG]_,igand
AGginding=AH-TAS=AEmm+AGso-TAS

The terms AEwmAGso and TAS are “gas phase
molecular mechanics, solvation, and
conformational entropy”, respectively.

AE mm= AE ele +AE vpw+ AE int

AGsoi=GPioar solvation + G non-polar solvent + TAS

Where AE ¢, AE vpw, and AE iy are changes in
“electrostatic energies, Van der Waals energies,
and internal energies”. The generalized born
model and the solvent-accessible surface area
(SASA) can be used to calculate the polar and
non-polar solvation, respectively. In addition,
TAS can be computed using normal mode
analysis. In MM/GBSA calculations, the solvent
dielectric constant and n constant were assigned
the values 78.5 and 0.03012 k] /mol, respectively.

3- Results and Discussion

By importing our findings into the Discovery
Studio 2020 Client, we were able to obtain the 2D
and 3D interactions of the binding modes. The
amino acids represented in Figures 1 to 3 are
those that contribute significantly energetically
to the overall binding affinities of interaction in
the interactions taking place between the chosen
drug compounds and the 3D protein. Most
importantly, the relationship of interactions

between amino acids and various ligands,
including Van der Waals interactions,
electrostatic interactions (pi-cation),

hydrophobic contacts (pi-sigma, pi-alkyl, and
alkyl), (pi-donor HB,
conventional and

and hydrogen bonds

hydrogen bond, carbon-
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hydrogen bond), can offer information about
molecular interactions [20]. The docking results
of selected compounds are listed in Table 1. 2-
[(E)-(4-fluorophenyl) methylideneamino]
guanidine (Figure 8), which is the best-
performing molecule in the data set, has the most
binding energy (-7.2 kcal/mol). All ligands bind
to the active residues in the predetermined
catalytic pocket, as demonstrated by the docked
conformations. The key residues in the binding
catalytic pocket were Trp104, Leu35, Val36,
Phe6, Cys4, Leu3, and Asn11. The best compound

S
ASp32
/TN

AASP32

APHES
ALEU36

AGLYT

ASER39

Interactions

D van der Waals

- Conventional Hydrogen Bond

|:| Pi-Cation

Val35 LéuSé T

“2-[(E)-(4-fluorophenyl)methylideneamino]-
guanidine” formed two conventional hydrogen
bonds with Asnll pi-donor
hydrogen bond with Trp104 residue, and show
pi-sigma and pi-alkyl bonds with Val35 and
Leu36, respectively. These interactions explain
the stability of the compound. The binding
interactions of the reference drugs (Chloroquine
and Ruxolitinib) with receptor 7MZF and their
bond distance are shown in Figures 7 and 8,
respectively.

residue, one

SECEI Ty
(serd

Trp104

EﬁRG‘_‘L??

A-PHE42 APHEL0 TRP408

ASERAL

D Pi-Donor Hydrogen Bond
- Pi-Sigma
|:| Fi-Alkyl

Fig. 1. The active site residues of the 7MZF protein interacting with 2-[(E)-(4-
fluorophenyl)methylideneamino]guanidine to identify the active residues of spike glycoprotein.
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I AASP32
l ANALZ0
AALAZL

I ASSERAL

Interactions
I:I van der Waals I:I Alkyl
I Fi-sigma I | Pi-alkyl

Fig. 2. The active site residues of the 7MZF protein interact with Chloroquine to identify the active
residues of spike glycoprotein.
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Fig. 3. The active site residues of the 7MZF protein interact with Ruxolitinib to identify the active
residues of the spike glycoprotein.
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MD simulations

The substance, 2-[(E)-(3-phenylmethoxyphenyl)
methylideneamino]guanidine (Figure 4), was
seen to form a conventional hydrogen bond with
Asnl1, Phel0, and Ser41 residues that were at a
distance of 3.62, 4.16, 5.52, 5.29, 3.16, and 2.81
long, respectively. Two additional residues,
Trp104 at a distance of 3.56 and Gly7 at a
distance of 4.32, were seen to be involved in the

compound's pi-donor hydrogen bond
PRO
=
4.32

G5

interactions. The interactions were increased to
and pi-donor hydrogen
bonds, one electrostatic interaction, and no
evidence of hydrophobic interactions
running MD simulations for 20 ns. The new

more conventional

after
conventional hydrogen bonds forming residues
were Phel0 and Ser41, pi-donor hydrogen bond

with residue Gly7, and electrostatic interactions
with residue Phe42 (Figure 4).

535 2
3.62
H
4.16%
H
: hog1 356
H TRP
3.18 P:104

IERE
PA1

Interactions

D van der Waals

I:I Conventional Hydrogen Bond

|:| Fi-Cation

I:I Pi-Donar Hydrogen Bond

Fig. 4. The 2D representation of 2-[(E)-(3 phenylmethoxyphenyl)methylideneamino]guanidine with
the SARS-coronavirus-2 spike glycoprotein (PDB id: 7MZF) after 20 ns MD simulations.

Using root mean square deviation (RMSD) to
calculate the scalar spacing between protein and
ligand along the trajectory, molecular dynamics
analyzed. The of the
representation, root mean square deviation
(RMSD), the radius of gyration (RG), and solvent
accessible surface area (SASA) over a 20-ns
period are depicted in Figure 5. Before

were evolution
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calculating RMSD, all protein frames were
already aligned over the reference frame
backbone. The average RMSD for backbone
2-[(E)-(3-phenylmethoxyphenyl)
methylideneamino]guanidine (complex) and
spike protein (PDB id: 7MZF) were found to be
1.7 A and 1.09 A, respectively. The minutely

varying number of conventional hydrogen bonds

atoms in
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among amino acids (protein residues) during the
molecular dynamic simulations run is what
causes the minor fluctuations seen in the RMSD
plots (Figure 5A). The 2-[(E)-(3-
phenylmethoxyphenyl)methylideneamino]guani

dine complex appeared to be more steady during
the 20 ns MD simulation, according to the RMSD
evaluation of both structures. The average RMSF
value for the complex and protein was found to
be 0.0554 A 0.0551 A, respectively. According to
RMSF evaluation, the spike glycoprotein of SARS-
coronavirus-2 produced less fluctuation than the
binding of 2-[(E)-(3-phenylmethoxyphenyl)
methylideneamino] guanidine complex (Figure
5B). A parameter to evaluate the folding of
regular alpha helix into a three-dimensional
protein structure is the radius of gyration (RG).
RG denotes a change in the overall size and
compactness of the protein structure. The
average RG values for complex and protein were
17.94 A and 17.87 A, respectively. According to
the RG assessment, there is no appreciable
difference in the target protein's compactness of
folding after binding (Figure 5C). In contrast,
little variations in the complex's RG may have
by the 2-[(E)-(3-
phenylmethoxyphenyl)methylideneamino]guani

dine dynamic behaviour. The slight fluctuations
reveal the complex systems' conformational
stability all through MD simulations. The protein
surface area accessed by neighbouring solvent
determined by the
accessible surface area (SASA). When analysing
the consistency of proteins throughout MD
simulation, the SASA of proteins is further taken
into consideration. Figure 5D demonstrates the
SASA of the SARS-coronavirus-2 spike protein

been caused

molecules is Solvent
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over an MD simulation period in both the
presence and absence of ligands (2-[(E)-(3-
phenylmethoxyphenyl)methylideneamino]guani
dine). The SARS-coronavirus-2 spike protein
alone and complex were found to have mean
SASA values of 10077.67 and 10099.03,
respectively. These structures' insignificant SASA
variations provide the additional evidence of
their stability under physiological conditions.
The straight line with negligible fluctuations in
all the above mentions parameters demonstrates
the system's ultimate success and stayed stable
for the simulation duration.

Binding free energy calculations of a top-
scoring molecule with SARS-CoV-2 SP target

The MM/GBSA calculation was employed to
thoroughly investigate the binding energy
needed in the fundamental interaction of both 2-
[(E)-(3-phenylmethoxyphenyl) methylideneam-
ino] guanidine with SARS-coronavirus-2 spike
glycoprotein enzymes. The MM/GBSA
primarily used to re-evaluate the binding
complex's docking conformation and affinities.
We examined the impact of the reported ligand
on the interaction network with the spike
glycoprotein due to the high credibility of this
method. To determine the MM/GBSA binding
energies, 100 uniformly spaced frames from the
entire MD simulation trajectory were taken into
account. The various energy components
calculated from each entity using the MM/GBSA
approach are presented in Table 2. Van der
Waals interactions followed by the sum of
electrostatic energy and solvation-free energy

is

played a major role in the proposed compounds
binding to the spike glycoprotein of SARS-
coronavirus-2.
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Fig. 5. Assorted pictures of “(A) Root mean square deviation (RMSD), (B) Root mean square
fluctuation (RMSF), (C) Radius of gyration (RG), and (D) Solvent accessible surface area (SASA)” for
SARS-coronavirus-2 SP (PDB id: 7MZF).

The sum of change in electrostatic and solvation-
free energy largely favoured the interaction
between the ligand and the spike glycoprotein
SARS-CoV-2. The Van der Waals interactions
further made a respectable contribution to the
overall binding. The complex's overall binding
energy was determined to be -86.3641 + 0.4423
kcal/mol (Table 2).
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The physicochemical characteristics of the
selected drug compounds are typically related to
some search variants when determining how
drug-like the substances are. As a result, various
drug-likeness rules, including Lipinski's rule"
[21], Pfizer's rule [22], GSK's rule [23], and the
Golden triangle rule [24], were applied to the
meaningful physiochemical properties produced
from the ADMETIlab 2.0 [25] web server (Figure

6).
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Table 2. MM /GBSA calculation for 2-[(E)-(3 ph

enylmethoxyphenyl)methylideneamino]guanidine

Parameter Complex Protein Ligand Total

Ave. BOND 297.6819 290.9191 7.6256 JE,,. = 1.6227

Ave. ANGLE 679.5502 677.9823 9.3809 0Eg.. + 8Gg,; = —55.9845

Ave. DIHED 1,796.9034  1,779.6173 6.3565 0Eyp, = —32.0023

Ave. IMPRP 35.8576 36.4654 0.0232 kcal
Ave. ELECT  -5,074.0609 -4,863.4857 -154.5907 AGg;,4:n, = —86.3641 & 0'4423(1?103)

Ave. VDW -611.6909 -604.0992 24.4106

Key: Ave. = average

Some rules are listed in Table 3. The
physicochemical properties for 2-[(E)-(3-
phenylmethoxyphenyl)methylideneamino]guani
dine and Ruxolitinib are within the upper and
lower limit (brown and red regions), as depicted

Upper Limit Lower Limit

MW

LogP

LogS

LogD

nHA

nHD

TPSA

appropriately in the radar graphs (Figures 6A
and 6C). In Figure 6B, Chloroquine fails two of
the physicochemical properties, as presented in
the radar charts.

Compound Properties

nRig

fChar

nHet

MaxRing

nRing

nRot

A. 2-[(E)-(3-phenylmethoxyphenyl)methylideneamino]guanidine as compound 15
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Upper Limit Lower Limit () Compound Properties
MW

LogP nRig

LogS fChar

LogD nHet

nHA \ MaxRing

nHD nRing
TPSA nRot

B. Chloroquine

Upper Limit Lower Limit () Compound Properties
MW

LogP nRig

LogS fChar

LogD nHet

nHA ; MaxRing

nHD nRing

TPSA nRot

C. Ruxolitinib
Fig. 6. Physicochemical radar chart of (A) 2-[(E)-(3-
phenylmethoxyphenyl)methylideneamino]guanidine, (B) Chloroquine, and (C) Ruxolitinib.
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Table 3. Some selected physicochemical properties

LogP I . .
Compound | MW g wa wip VPN P oo Colden
g mol/L) &
Comfé)und 268.13 2.802 5 4 Accepted Accepted Accepted Accepted
Chloroquine  319.180 4511 3 1 Accepted Accepted Accepted Accepted
Ruxolitinib 306.160 2.731 6 1 Accepted Accepted Accepted Accepted

Central: 2-[(E)-(3-phenylmethoxyphenyl)methylideneamino]guanidine (Compound 15) Molecular weight (MW),
n-octanol/water distribution coefficient (Log P), number of hydrogens bond acceptors (nHA), number of

hydrogen bond donors (nHD).

4- Conclusion

This study used three drugs as SARS-
coronavirus-2 spike glycoprotein (SP) inhibitors,
using some in silico modeling concepts. To
conduct a more thorough investigation, the
binding affinity against SARS-CoV-2 SP has been
calculated using molecular docking. The 2-[(E)-
(3-phenylmethoxyphenyl)  methylideneamino]
guanidine has the most prominent binding
affinity score of -7.2 kcal/mol against SARS-
SP, magnitude that
significantly more important for being an
effective drug when compared with some
standard drugs. The accurate binding of 2-[(E)-
(3-phenylmethoxyphenyl)  methylideneamino]
guanidine in SARS-CoV-2 SP via the correct
dynamic and energetic changes was confirmed
by molecular simulation studies
conducted over 20 ns. In addition, in silico ADME
studies indicated the general safety and drug-
likeness of  2-[(E)-(3-phenylmethoxyphenyl)
methylideneamino]guanidine. Therefore, the
of this study provided a solid
foundation for the in silico plan and hypothetical
investigation of SARS-coronavirus-2 inhibitors
with increased potency.

coronavirus-2 a is

dynamic

outcomes
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