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Abstract: Afzelin has been designed and tested for its in silico antibacterial activity against DNA gyrase
complex of Staphylococcus aureus. The results of the toxicity study indicate that afzelin displayed moderate
antibacterial potential against staphylococcus aureus with LD50 = 5000 mg/Kg, which is almost four times
and a half weaker than that obtained for the commercial antibiotic chloramphenicol. The afzelin and the
commercial antibiotic chloramphenicol were subjected to docking studies to understand their interaction
with DNA gyrase complex of Staphylococcus aureus. Results indicated a good affinity of afzelin to the
chosen target with the formation of four hydrogen bonds and binding energy of -29.82 kJ/mol. ADME study
shows that afzelin is not inhibitors of CYP450 1A2, 2C19, 2C9, 2D6, 3A4 isoenzymes which suggests a
decrease in their plasma concentrations and a rapid elimination route. Molecular dynamics simulations were
performed for 10 ns for afzelin using the gromacs package to assess the conformational stability of protein-

ligand complexes during the simulation.
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1. Introduction

Nowadays, the resistance of pathogenic bacteria to
therapeutic antibiotics is considered a major public
health problem, this resistance of bacteria against
multidrug-resistance is growing at a worrying
percentage and it causes mortality [1,2]. As a result,
there is an urgent need to develop new drugs with
diverse mechanisms of action to fight the increasing
danger of drug-resistant bacteria.

Afzelin is a very interesting compound and is
reported for its pharmacological activities such as
antibacterial  [3,4], anti-inflammatory [5,6],
antiepileptic [6], antidiabetic [7], and anti-cancer
properties [6,8-10]. Moreover, afzelin is a natural
product compound found in many plants and
organisms. In addition, afzelin is a naturally
occurring glycosyloxy flavone molecule that has
been identified in all plant parts of more than 60
plants among which are known to be edible, for
example, the specie Euphorbia falcata L that is
widespread in Algeria [11,12]. Due to the well-
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known potential of afzelin to inhibit triple-negative
breast cancer cell migration [13], further studies are
needed to identify target proteins of afzelin, as part
of developing targeted therapy.

Bacteria enzyme of pseudomonas putida and DNA
gyrase complex of Staphylococcus aureus have
long been known as an attractive target for
antibacterial drugs [14], it is an essential enzyme
across bacterial species, and inhibition results in a
disruption of DNA synthesis and ultimately cell
death [15]. It controls the topological state of DNA
in cells by making a double-stranded break in one
DNA duplex, transporting another DNA segment
through this break, and then resealing it [16,17].

In our previous study we reported a combined
molecular docking and dynamics simulations
studies of natural compounds as potent inhibitors
against SARS-CoV-2 main protease [18], this study
aimed to identify the binding affinity of a potential
target protein with afzelin that is associated with
antibacterial activity. For this purpose, the ligand
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afzelin was docked to DNA gyrase complex of
Staphylococcus aureus. Afzelin interaction with the
target proteins was visualized and compared with
experimental results based on its binding energy.
Further, the ligand afzelin was scrutinized through
toxicity analysis and ADMET study to predict the
median lethal dose (LD50) and the drug-likeness
properties.

2. Computational Method

The following software and online web server were
used in the present study,

Software: AutoDockVina 1.1.2, MGLTools 1.5.7,
Discovery Studio 3.5, PyMOL 2.5.2, gromacs.
Online web server: ProTox-Il and swissadme

System information

Molecular docking simulations were conducted on
a personal computer with the following
characteristics: Processor: Intel CORE i3-7100U
CPU @ 2.40 GHz processor, system memory: 4 GB
RAM, system type: 64-bit operating system,
Windows 11 as Operating System.

Molecular dynamics simulations were performed in
HP 2238 microtower workstation with i7 processor
and system memory 8 GB RAM in Ubuntu 18
Operating System.

Ligand preparation

The ligand afzelin structure was retrieved from the
PubChem database
(https://pubchem.ncbi.nlm.nih.gov) as 3D SDF file
format. It was then converted to protein data bank
format, and used for docking, figure 1.

Figure 1. The 3D chemical structure of afzelin

Protein preparation

The 3-dimensional structure of DNA gyrase, (PDB
ID: 3TTZ) of staphylococcus aureus involved in
this study was chosen and downloaded from a
research collaboratory for structural bioinformatics
protein data bank (RSCB PDB)
(https://www.rcsbh.org/pdb) [19] Figure 2, the
protein was in a complex with co-crystal
pyrrolamide inhibitor with a resolution of 1.63 A.
Water molecules, inhibitor, and other heteroatoms
were removed from the protein structure using
AutoDockTools and then saved as pdb format.

Figure 2. Three-dimensional structure of DNA
gyrase (PDB ID: 3TTZ) of staphylococcus aureus

Docking parameters

The grid parameters were set to cover the entire 3-
dimensional active site of of DNA gyrase, grid
spacing was set to its default value 0.375 A. Center
grid box values were set to x =3.197, y=1.623 and
z=20.052. The number of grid points along the x,
y, and z dimensions was set as 40x40x40. The
output was saved in the grid dimension file.

3. Results and discussion

Results from the molecular docking suggest that
hydrogen bonding besides other bonding
interactions are involved in the binding process.
Figure 3 illustrates the interactions of afzelin and
the commercial antibiotic chloramphenicol with the
nearby residues in the active site of DNA gyrase
complex of Staphylococcus aureus. The
commercial antibiotic chloramphenicol is chosen as
a control because it is an antibiotic drug that is
prescribed for severe infections specially when
there is a poor response to existing therapies. Since
the 1950s, it has been used to treat a wide range of
microbiological diseases, including typhoid fever
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and various types of salmonellosis, as well as
central nervous system, anaerobic, and ophthalmic
infections [20].

To compare the affinity of afzelin with
conventional drugs we simulated docking of afzelin
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with the target DNA gyrase (3TTZ) of
staphylococcus aureus. The conventional drugs we
chose is chloramphenicol, an antibiotic useful for
the treatment of a number of bacterial infections.
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Figure 3. 2D Molecular interactions DNA-gyrase complex with the ligand afzelin (a) and the drug
chloramphenicol (b), the hydrogen bonds are presented in green dashed lines

(a)
Figure 4. 3D Binding mode of the ligand afzelin (a) and the drug chloramphenicol (b) with DNA-gyrase
complex, the hydrogen bonds are presented in green dashed lines

Leu22

(b)
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Figure 5. 3D Binding mode of the ligand afzelin (a) and the drug chloramphenicol (b) with DNA-gyrase
complex

Table 1. Hydrogen bonding between ligands afzelin and the drug chloramphenicol, DNA gyrase
complex of Staphylococcus aureus

Molecule Bond type Amino acid Distance (A) -AG (kJ/mol)

Ser128 2.49
. Ser128 2.26

Afzelin H-bonds le102 237 29.82
Asnb54 2.02
Arg96 2.87

Chloramphenicol H-bonds Thrl04 2.75 24.36
GIn18 2.42

Figure 6. Comparison between the re-docked pose and original ligand; cyan: docked pose; green: original
ligand) with an RMSD value of 0.513 A

Table 2. Metabolism and excretion by the CYP450 isoenzymes inhibition of the ligand
afzelin and the drug chloramphenicol

Compound 1A2 2C19 2C9 2D6 3A4
Afzelin No No No No No
Chloramphenicol No No No No No

Afzelin had the highest negative interaction energy,  chloramphenicol interacted only via three

it interacted with the target DNA gyrase (3TTZ) of
staphylococcus aureus via four conventional
hydrogen bonds with the residues Ser128, 11102,
and Asnb54, however, the commercial antibiotic

conventional hydrogen bonds with the residues
Arg96, Thr104, and GIn18. Table 1 summarised the
interacting residues and their corresponding bond
types and length with the binding energy.
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Docking validation

The docking procedure was validated by redocking
of the co-crystalized ligand (07 N) to the ATP
binding site of DNA gyrase using the same
methodology that was used previously in the
docking process. The ligand (07 N) was separated
from the protein structure and saved as a pdb file.
Water molecules and co-factors, which did not
affect the binding site, were removed. Hydrogen
atoms were added. The ligand (07 N) was then re-
docked into the active site using the same protocol
including the grid parameters. The re-docked
complex was then superimposed on to the reference
co-crystallized complex, Figure 6 presents a
superimposed view of the re-docked conformation
(cyan color) and the original ligand (green color),
and the RMSD value between them is 0.513 A. The
clear superimposed between both ligands and also
the RMSD value less than 2 indicates the efficiency
of the AutoDock Vina algorithms to perform
molecular docking protocol with confidence.

ADME study

In silico ADME study was carried out to predict the
adverse metabolic effects of oral administration of
afzelin as drug candidate, as well as their half-life
in the organism and excretion route [21].
Cytochrome P450 isoenzymes (CYP450) are
oxidases that interact with drugs in order to
decrease their plasma concentration and reduce the
risks of toxicity by metabolic activation, as well as
making them more water soluble for elimination
[22-25]. Thus, a drug candidate should not inhibit
cytochrome  CYP450 isoenzymes  because
inhibition may increase the plasma concentration.
Table 2 shows that both afzelin and
chloramphenicol are not inhibitors of CYP450 1A2,
2C19, 2C9, 2D6, 3A4 isoenzymes which suggests a
decrease in their plasma concentrations and a rapid
elimination route.

Table3. Toxicity end points of the ligand afzelin and the drug chloramphenicol

Compound LDsg Hepato  Carcino Immuno Mutagen Cito TC
Afzelin 5000 -0.73 0.5 0.92 -0.71 -0.93 5
Chloramphenicol 1500 -0.70 -0.6 -0.99 0.63 -0.64 4

LD50 (mg/kg), - (Inactive toxic class (probability score)), + (Active toxic class (probability score))

RMSD

UNK after Isq fit to Backbone
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Figure 7. The RMSD analysis of molecular dynamics trajectories for of afzelin/ DNA gyrase complex

Toxicity study

Toxicity study aims to determinate the toxicity
proprieties of the ligand afzelin and the drug
chloramphenicol. The study was performed using
the ProTox-Il web server [26]. It aims to predict
hepatotoxicity (hepato), carcinogenicity (carcino),

immunotoxicity (immuno), mutagenicity
(mutagen), cytotoxicity (cyto), median lethal dose
(LD50), and toxicity class (TC). According to in
silico toxicity profiles presented in Table 3, the
toxicity class was detected to be equal to 5 for
afzelin and 4 for chloramphenicol, afzelin was
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predicted to be toxic in carcinogenicity and
immunotoxicity, but  chloramphenicol  was
predicted to be toxic in mutagenicity.

Molecular dynamics simulations

The molecular dynamics simulation was carried out
to investigate the stability of the examined docked
complex afzelin/DNA gyrase complex in
physiological conditions using gromacs software.
The molecular dynamics simulations were
performed for 10 ns. The root mean square
deviation (RMSD) value were key indexes to
evaluate the stability of afzelin/DNA gyrase
complex. The RMSD values during the MD
simulation were provided in Figure 7. The RMSD
values tended to relative equilibrium states with an
average value of 0.15-0.30 nm during the 10 ns.
Therefore, the examined docked complex had good
stability.

4.  Conclusions

The in silico antibacterial activity of afzelin was
accessed through molecular docking followed by
molecular dynamic of the interaction of afzelin with
DNA gyrase complex of staphylococcus. The
results of the analysis shows that the afzelin
possesses the highest negative interaction energy
and interacted with the target DNA gyrase of
staphylococcus aureus via four hydrogen bonds.
However, the commercial antibiotic
chloramphenicol possesses the lowest negative
interaction energy and interacted only via three
hydrogen bonds, furtermore the results of the
toxicity study indicate that afzelin displayed a
median lethal dose of 5000 mg/Kg, and a toxicity
class equal to 5. Finaly, Molecular dynamics
simulations of the docked complex confirme its
stability.
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