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Abstract — In this study, structural, spectroscopic and electronic properties of ( E , E )-3-methyl-2,5-bis(4-
methylbenzylidene)cyclopentanone compound, which is reported to have antibacterial activity, were
investigated using density functional theory, B3LYP level and 6-31G(d,p) basis set. Vibrational
wavenumbers for the carbonyl group in the molecular structure were calculated by density functional theory
and compared with the experimental results. Global descriptors determining the reactivity of the compound
were calculated from HOMO-LUMO molecular orbital analysis. An insight into the bioactive properties of
this compound was provided by drug-likeness and ADMET studies. On the other hand, the antibacterial
properties of the compound were investigated by molecular docking studies of the proten-ligand interaction
mechanism at the Staphylococcus aureus binding site. The results of the docking studies were validated by
analysing the RMSD and RMSF graphs obtained from the molecular dynamics simulation study performed

for 10 ns.
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I. INTRODUCTION

Staphylococcus aureus, a bacterial pathogen, can
proliferate on the cell surface by interacting with
specific receptors on the host cell surface through
specific adhesion molecules localised on the cell
walls [1, 2]. One of the most important adhesins of
Staphylococcus aureus is fibronectin-binding
protein-A (FnBPA) [3-5]. Inhibition of this protein
is very promising for diseases caused by bacterial
pathogenicity. Recently, the development of
computer technologies has brought a different
dimension to multidisciplinary studies and
increased the interest in in silico studies [6]. By
using in silico methods in new drug designs, the cost
(time-expense-hazard) in experimental studies has
been greatly reduced.

In this study, Mahdi et al. the structural and
electronic properties of the compound (E,E)-3-
methyl-2,5-bis(4-methylbenzylidene)

cyclopentanone (MBMCP), which was synthesized
by and predicted to have anti-bacterial properties
[7], were examined theoretically. The use of
MBMCP as a drug in living organisms was
investigated by drug-likeness study while other
pharmacological properties of MBMCP were
evaluated by ADMET predictions. The fibronectin
binding protein-A receptor (PDB:4b5z) protein
selected as a target to investigate the antibacterial
activity of MBMCP was retrieved from the data
bank. Molecular docking study was performed to
elucidate the protein-ligand (P-L) interaction
mechanism between MBMCP and 4m5z. Molecular
dynamics simulations (MDS) were performed to
confirm the P-L interactions and to evaluate the
stability over a slightly longer period (10 ns). Root
mean square deviation (RMSD) and root mean
square fluctuation (RMSF) analyses were used to
evaluate stability.
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II. MATERIALS AND METHOD

In this study, the structural and electronic
properties of MBMCP compound were investigated
by using the DFT/B3LYP method and 6-31G(d)
basis set with the help of Gaussian 09 program [8].
Gaussview software [9] was used for modeling of
MBMCP compound and analysis of DFT
calculation results. The drug-likeness properties of
MBMCP were performed using the SWISSADME
web tool according to Lipinsky's five criteria.
ADMET predictions of MBMCP were obtained
using the pkCSM web tool. Molecular docking
study for P-L interactions between MBMCP and
4m5z was performed using UCSF Chimera software
and AutoDock Vina tool [10] according to standard
procedure [11]. BIOVIA Discovery Studio software
was used to prepare the receptor before the docking
study and to evaluate the results afterwards.
Molecular dynamics simulations were performed
using Gromacs v2023.3 at a period of 10 ns to verify
P-L interactions and stability. The topology file for
MDS was prepared using Swissparam web tool
[12]. RMSD and RMSF analyses were used to
assess stability.

The vibrational frequency modes of the MBMCP
compound were calculated by DFT. The MBMCP
molecule has 45 atoms and 129 vibrational modes.
No virtual values were found in the calculated 129
vibrational modes, which means that the
optimization  process was successful. The
theoretical results were scaled by 0.9614 to ensure
agreement between the theoretically calculated
values and the experimental values.

I11. RESULTS

DFT Calculation

The molecular geometry corresponding to the
most stable structure of the MBMCP compound was
calculated theoretically with the DFT/B3LYP/6-
31G(d) basis set and the 3D view of the optimized
structure is presented in Figure 1a. The optimized
structure of MBMCP was used in other parts of the
theoretical studies. The molecular orbital energies
of compounds are directly related to their reactivity.
The most important of these orbitals are the highest
occupied orbital (HOMO) and the lowest empty
orbital (LUMO). While HOMO orbitals exhibit
electron donating properties, LUMO orbitals exhibit
electron acceptor behavior. The HOMO orbital is
localised everywhere in MBMCP except for the

carbonyl group, while the LUMO orbital is localised
over the whole molecule.
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Fig.1 DFT calculation results of MBMCP, a) Optimized
structure and b) 3D structure of HOMO-LUMO molecular
orbitals of MBMCP

Drug-Likeness and ADMET Properties

New drug designs are being made for many
diseases that threaten the health of living organisms.
In order to measure the effect of these designs on
living organisms, different criteria have been put
forward in the literature based on previous designs.
One of these criteria is the criteria developed by
Lipinski and called Lipinski's five rules. According
to these criteria, the drug-likeness properties of
MBMCP compound were evaluated and given in
Table 1.

Table 1. Drug-likeness properties of MBMCP

Lipinski's criteria Aig?%‘fd Value | result
Molecular Weight
%) (Mw)g <500 | 32055 | v
H-bond donors <5 1 v
H-bond acceptors <10 1 v
LogP <5 6.05 X

In pharmacology, processes such as absorption,
distribution, metabolism and toxicity are very
important for new drug candidates. Newly designed
drugs are evaluated through these processes before
they enter the clinical trial phase. Nowadays, it is
possible to model these processes mathematically
by taking into account previous studies. These five
processes are important in determining the
bioavailability, safety and efficacy of a drug.
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Table 2. ADMET analysis results obtained by using pkCSM tools.

Properties Properties

Absorption Distribution

Water solubility (log mol/L) -5.62 VDss (human) (log L/kg) 0.038

Caco2 permeability (log Papp in 107¢ cm/s) 1.22 Fraction unbound (human) (Fu) 0

Human intestinal absorption (HIA+, %) 92.57 BBB permeability (log BB) 0.743

Skin Permeability (log Kp) -2.70 CNS permeability (log PS) -0.785

P-glycoprotein substrate Yes Metabolism

P-glycoprotein I inhibitor Yes CYP2D6 substrate No

P-glycoprotein Il inhibitor Yes CYP3A4 substrate Yes

Toxicity CYP1A2 inhibitior No

AMES toxicity No CYP2C19 inhibitior No
-1.144 T No

Max. tolerated dose (human) (log mg/kg/day) CYP2C9 inhibitior

hERG I inhibitor No CYP2D6 inhibitior No

hERG I inhibitor No CYP3A4 inhibitior No

Oral Rat Acute Toxicity (LD50) (mol/kg) 2.313 Excretion

Oral Rat Chronic Toxicity (LOAEL) (log 2.072 Total Clearance (log ml/min/kg) 0.86

mg/kg bw/day)

Hepatotoxicity No Renal OCT2 substrate No

Skin Sensitization No

T. Pyriformis toxicity (log ug/L) 1.041

Minnow toxicity (log mM) -0.903

ADMET predictions for MBMCP performed
through the web-based online pkCSM tool are
summarized in Table 2.

Molecular Docking Study

Molecular docking is wused to predict the
interactions between a target protein and a drug
candidate ligand in new drug design through
computer-based modeling. These studies evaluate

the mechanisms of efficacy and selectivity of drugs
by determining the potential binding site and how it
interacts with which residues in this region. The
molecular docking study between MBMCP and
4b5z receptor was performed with UCSF chimera
and presented in Figure 2. 3D and 2D structures of
the interactions of the P-L interaction were obtained
with BIOVIA Discovery Studio visualization
program and presented in Figure 2a and b.
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Fig. 2 P-L interactions after molecular docking study, a) 3D solid surface drawing of the interaction, (b) 2D interaction diagram
of 4b5z with MBMCP.

Table 3. Summarative results of Post docking interactions between 4b5z with MBMCP

Protein Ligands AG Hydrogen Bond Hydrophobic
g (kcal/mol) | interactions (&) | interaction (&) Van der Waals
Pi-Pi-T shaped
Tyr230(4.62)
Pi-Sigma
Conventional Glu169(3.40) His36, Gly38, Gly71,
4b5z MBMCP -8.5 H-Bond 11e168, Vall181, Ser228,
Ser167(2.82) Pi-Alkyl Val229, Ala231,
' Val72(4.79),
Pro125(5.32),
Phe122(4.87)
Tyr230(4.74)

Molecular Dynamic Simulation Study

To investigate the stability of the conformation
corresponding to the best binding obtained in the
molecular docking study, MDS studies are
performed over a slightly larger time period [13].
The basic data for the results obtained from MDS
simulations are obtained by interpreting the RMSD
and RMSF plots. The RMSD plot allows us to
interpret how stable the ligand behaves with respect
to the protein and the active site of the protein [14].
RMSF plots give information about the fluctuation

of residues in the active site of the receptor. Low
RMSF values mean high structural rigidity of the
complexes [15]. For the analysis of the stability of
MBMCP in the active cavity of the receptor, MDS
study was performed with the help of Gromacs
2023.3 software and RMSD and RMSF plots are
given in Figure 3a and b, respectively.

IV.DISCUSSION

As a result of the theoretical optimization, the
dihedral angles of C17-C18-C20-C21, C18-C20-
C21-C24 and C20-C21-C24-C17 are found to be —
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Fig.3 Graphs from the MDS study a) RMSD of protein and ligand, b) RMSF of the amino acid residues.

4.03°, 15° and -19°, respectively. These results
showed that the geometric structure is non-planar,
in agreement with the experimental results (). The
dihedral angle between the ring plane of the C26
methyl group attached to the cyclopentanone ring
(C20-C21-C24-C26) was calculated theoretically as
101°  while it was 91° experimentally.
Experimentally, 1 vibrational mode of C=0O bond
and 2 vibrational modes of C=C bond were
observed at 1670, 1616 and 1596 cm -1, while the
theoretical values of these vibrational modes were
calculated as 1704, 1601 and 1595 cmY,
respectively.

The energy difference between the HOMO-
LUMO orbitals (AE) is very important as it is a
descriptor of the chemical reactivity of the
molecule. A high energy difference implies a high
stability. In the theoretical study by DFT method,
HOMO-LUMO molecular orbital energies and the
energy difference between them were calculated as
-5.78 eV, -2.08 eV and 3.7 eV, respectively. Based
on these values, the ionization potential (1), electron
affinity (A), chemical hardness (7), chemical
softness (S), chemical potential () and
electronegativity (y) were calculated as 8.04 eV,
2.31eV,2.86¢eV,0.18eV? -5.17eV1tand5.17 eV,
respectively.

When the drug-likeness properties were
investigated according to Lipinski criteria [16],
MBMCP realized a violation. The intestinal
(human) absorbance value is quite good at 92.57%
as clearly seen in Table 2. In the distribution part of
Table 2, the blood brain barrier (BBS) penetration
and central nervous system (CNS) penetration
values of MBMCP were estimated to be 0.743 and -

0.785, respectively. The Ames toxicity result
showed that the title compound is non-toxic.

Cytochrome P450 (CYP) enzymes are responsible
for the metabolism of drugs in the body. Among
these enzymes, the parameter for CYP3A4 is the
most common and suggestive [17]. The term
clearance refers to the rate at which the drug is
excreted from the body. For the clearance value,
above 15 mL/min/kg is considered high, between 5-
15 mL/min/kg is considered medium and below 5
mL/min/kg is considered low [18]. According to
Table 2, the excretion rate of MBMCP is low.

In the molecular docking study between P-L, the
binding energy was calculated as -8.5 kcal/mol.
When the molecular docking study analyzed the
interactions between P-L, there was one
conventional carbon hydrogen bond between the
Ser167 residue and the carbonyl group of the ligand.
In addition, Pi-Pi-T shaped with Tyr230 residue, Pi-
Sigma with Glu169 residue, Val72, Pro125, Phel22
and Tyr230 residues interacted hydrophobically via
Pi-Alkyl bonds. Most of the hydrophobic
interactions occurred through aromatic rings in the
laggin. It also interacted with residues His36,
Gly38, Gly71, 11e168, Val181, Ser228, Val229 and
Ala231 via Van der Waals bonds.

The RMSD plot in Figure 3a shows that MBMCP
exhibits a stable behavior around the equilibrium
point of 0.15 nm after 1 ns until the end of the
simulation. The equilibrium between 0.1-0.3 nm is
considered quite good for RMSD. The RMSF plot
is very useful for the positional fluctuations of the
residues in the active cavity of the protein. The
RMSF plot plotted against the MDS trajectory
reveals that the residues fluctuate around the
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equilibrium point until almost the end of the
simulation.

V. CONCLUSION

In this study, the structural, spectroscopic and
electronic properties of MBMCP compound, which
iIs thought to have antibacterial activity, were
theoretically investigated by DFT method. The
HOMO-LUMO analysis provided information
about the stability of the molecule and other global
descriptors. The drug-likeness of MBMCP
synthesised as a bioactive molecule was found to be
a violation when evaluated according to Lipinski
criteria. The AMES value in the ADMET analysis
showed that there was no toxicity. Molecular
docking study revealed that MBMCP travelled
directly to the binding pocket of the 4b5z receptor
and docked there with one hydrogen bond, 6
hydrophobic and 8 Van der Waals bond
interactions. On the other hand, the stability of
molecular docking was analysed by RMSD and
RMSF graphs obtained from 10 ns MDS study.
RMSD and RMSF showed that the ligand exhibited
stable behaviour in the binding pocket. These results
indicated that MBMCP may exhibit antibacterial
properties.
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