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ABSTRACT

The design of new drug combinations based on molecular docking on Xanthone derivatives as
potential anti-cancer agents. In this study interaction of compounds with 1ZXM, 1BNA ,and
1LUS51 structures was investigated by molecular docking. In Docking, these compounds with a
1ZXM receptor have a Docking connection energy in the range of -6.87 to -8.69 which is the
best binding energy. In Docking, these compounds with the 1BNA receptor, the docking
connection energy is in the range of -6.74 to -9.34, which is the best binding energy associated
with the 1 ligand, and in docking with 1LU51 receptor, the docking connection energy is in the
range of -4.85 to -6.99, which is the best energy for the 1composition. In the binding of these
compounds to the 1ZXM protein receptor, they carry key amino acids in the active site of the
hydrogen- bonded receptor and are found in binding to 1BNA and 1LU51 receptors, which are

mainly bound via the key bands of adenine, thymine, cytosine, and guanine.
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Introduction

The use of computational drug design methods has emerged as a suitable and novel approach for
understanding the biochemical processes in drug research and development. The method of drug
design based on the structure has been expanded to investigate how to interact, optimize and find
application model compounds [1]. Anticancer drugs have various targets, among which DNA is
still considered an important target for cancer chemotherapy [2,3]. Therefore, compounds that
interact with DNA, such as derivatives of xanthones, have found widespread use in cancer
treatment [4]. xanthones are a large group of natural compounds with a three-ring skeleton
consisting of two benzene and one pyranoid ring. They are highly regarded as biologically active
compounds with diverse biological activities, including anti-inflammatory [5], antimicrobial [6],
antiviral [7], antimalarial [8], and anticancer [9] activities. Their ability to bind to different
receptors has drawn attention to these compounds, and they are used as a starting point for
synthesizing new compounds [10, 11]. Additionally, one of the main goals of drug researchers is
to predict the activity of compounds before synthesis and testing, as many experiments require a
lot of time and expense. Therefore, the need for theoretical and computational methods that can
predict the properties and activities of compounds without conducting experiments is essential
[12].

Materials and methods

Preparation of ligands and proteins for docking

Molecular docking of compounds with DNA was performed to determine the important
interactions and effective binding of compounds with target molecules. Molecular docking
studies of 34 xanthone molecules were carried out using Autodock version 4.2 software[13]. To
perform these studies, crystal structures with codes 1ZXM, 1BNA, and 1LU51 were extracted
from the protein database, and all amino acid corrections or DNA ranges were performed using
MOE 2014 software[14].Ligands and water molecules were removed, and nonpolar hydrogen
atoms were merged into the corresponding carbon atoms. The macroscopic solvent parameters
and Coulombic interactions were calculated using Autodock version 4.2 software, and finally,

the macroscopic molecule file was saved in pdbqgt format.
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First, the 2D and 3D structures of ligands were drawn using Chem Bio Draw ultra 13.0 (3D) and
ChemBioDraw2D software and then transferred to the software environment. Ligand
conformation optimization was performed for energy using the molecular mechanics (MM+) and
semi-empirical PM3 methods. After preparing the required input files for docking studies
(macromolecule, ligand, and connection map), docking studies were performed using an
algorithm called Lamarckian genetic algorithm to model the interactions between ligands and
DNA [15].

Observation and analysis of docking results
The interactions of xanthone compounds with 1ZXM, 1BNA, and 1LU51 receptors were

investigated by molecular docking, and the results of their docking energy were presented in
Table 1.

Table 1. Docking energy of xanthone compounds on 1ZXM, 1BNA, and 1LU51 receptors.

Compounds Structure AE (1ZXM) AE (IBNA) | AE (1LUS1)
1 [e] OH
Br OH
‘ O 7.92 -0.34 -6.99
O
2 [e) OH
c OH
‘ O -7.68 -9.08 -6.81
(@)
3 [e] OH
OH
‘ O -7.16 -9.27 6.53
H3C (@]
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4 [e) OCH3
O O 757 -8.81 -6.18
HO o OCH3
5 0 OCH3
Cl
‘ O -8.13 -9.01 -6.21
(e} OCH3
Compounds Structure AE (IZXM) | AE(IBNA) | AE (1LU51)
[@) OH
6 ‘51;‘\ -7.01 -8.61 -6.31
(@] OH
7 (@) OH
HO
‘ O -7.43 -8.03 -6.13
(@) OH
OH [e]
OH
8 ‘ O -7.00 -8.27 -6.20
HO (@] OH
o oH -7.04
‘ O -8.34 -6.53
O OH
9 OH
10 OH o OCHs -7.14 -8.60 6.17
(@) OCH3
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11 OH [e] OH
‘5‘;‘\ -6.87 -8.07 -6.23
(@] OH
Compounds Structure AE (1ZXM) AE (1BNA) AE (1LUS1)
12 0
HO
O
OH
13 o
Cl
‘ O -7.94 -8.80 -6.30
(@] OH
[e)
-7.58 -8.47 -6.87
14
HO (0] OH
OH
15 HCo 0 oH
7.31 -8.44 -6.12
0 o s
(@]
16 O O -7.37 -8.48 -6.18
HsC o
OH
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17 o
O O 7.21 -8.23 -6.24
HO O
OH
_CH
o o 3
18 Bf -8.36 -9.16 -6.44
0 o s
Compounds Structure AE (1ZXM) AE (1BNA) | AE (1LUS51)
19 0
O O -7.33 -8.59 -6.74
HO O OH
20 o
HO O O 744 | -838 6.47
(@) OH
O
HO OH
21 O O -7.43 -7.74 -6.32
(@)
22 0
O O -7.43 -8.09 -6.60
O OH
OH
[e)
HO
23 O O 754 -8.64 -6.24
o O/CH3
O
Br
24 -8.01 -8.71 -6.76
O
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25 o)
-7.25 -8.34 -6.47
HO (@)
26 0
HO
O O -7.24 -8.29 -6.45
O OH
OH
Compounds Structure AE (1ZXM) AE (1BNA) AE (1LUS1)
O OH
HO
27 -6.95 -8.47 -6.23
(@) OH
O
_O
28 HaC -7.68 -8.43 -6.59
(@) OH
O
Br
29 O O -7.35 -9.22 -6.27
O OH
OH
30 OH O -7.02 -8.57 -6.55
HO O (@) O OH
31 o
Br:
O O 7.72 -8.65 -6.05
(@]
OH
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(@]
Cl
32 O O -7.66 874 |-6.85
(@)
OH
33 0
Cl
O O 7.74 -8.45 6.57
O
Compounds Structure AE (1ZXM) AE (1BNA) AE (1LUS1)
DMXAA 0
H3C O o O '8.69 -6.74 _4.85
CHj C¢O
OH

Figure 1: 2D and 3D representation of the interaction mode of compound 1 with key organic residues at
the active site of receptor 1BNA.
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Figure 2 . 2D and 3D representation of the interaction mode of compound 2 with key organic residues at

the active site of receptor 1BNA.

0 ")

Figure 3. 2D and 3D representation of the interaction mode of compound 3 with key organic residues at

the active site of receptor 1IBNA.

Validation of molecular docking can be done using various methods to assess the accuracy of the

docking process and the scoring function. One common method is to calculate the root mean

square deviation (RMSD) of the atomic coordinates of the main ligand conformation extracted

from the crystallographic structure and the top-ranked conformer predicted by the docking

calculations as a measure of the accuracy of the predicted conformation. Another method to

measure the performance of the molecular docking algorithm is to evaluate the software's ability
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to predict the crystallographic binding mode of the ligand to the same receptor, which is
measured by defining the root mean square deviation from the crystallographic state. The
predicted conformer by docking should have an RMSD of less than A2 compared to the
crystallographic structure (usually between 1.5 to 5 A2 depending on the size of the ligand). This

process was performed for the receptors under investigation, and the RMSD result was less than

A2.

The Molecular docking of 34 compounds with structures of 1ZXM, 1BNA, and 1LU51 has been
investigated. The binding energies of the compounds to these three targets are listed in Table (1).
As observed in this table, in the docking of these compounds with the 1ZXM receptor, the
docking binding energy is in the range of -6.87 to -8.69 kcal/mol, and the best binding energy is
related to the LigDMXAA ligand. In the docking of these compounds with the 1BNA receptor,
the docking binding energy is in the range of -6.47 to -9.36 kcal/mol, and the best binding energy
is related to compound 1. Finally, in the docking of these compounds with the 1LU51 receptor,
the docking binding energy is in the range of -4.85 to -6.99 kcal/mol, and the best energy is
related to compound 1. After determining the position of each compound in the docking ranking,
an important factor that was investigated is the interaction patterns of the compounds with key
amino acids at the active site of the 1ZXM, 1BNA, and 1LU51 receptors. To evaluate the
interaction mode of the predicted models by docking with the active site of 1ZXM, 1BNA, and
1LU51, the 2D and 3D maps of the compounds' binding to these three targets were used, and
three examples of interactions are provided below. For example, in the case of compound 1
interacting with the 1ZXM receptor, it forms hydrogen bonds with the amino acid residues
Lys27, Thr28, and Glu31. In the case of compound 2 interacting with the 1BNA receptor, it
forms hydrogen bonds with the amino acid residues Glu129, Asp151, and Lys153. Finally, in the
case of compound 3 interacting with the 1LU51 receptor, it forms hydrogen bonds with the
amino acid residues Asn22, Asp25, Asp26, and Lys27.

These interactions show the importance of considering the interaction patterns of the compounds
with key amino acids at the active site of the receptors in the molecular docking process, which
can provide valuable insights into the binding mechanisms of the compounds and aid in the

design of more potent and selective ligands.
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In Figure (1), the interaction between compound 1 and the 1BNA receptor is shown. This
compound forms hydrogen bonds with the NH group of the guanine G10 residue through its own
OH group attached to carbon 6, and with the NH group of the adenine A6 residue through its
own OH group attached to carbon 8. In Figure (2), the interaction between compound 2 and the
1BNA receptor is shown. This compound forms hydrogen bonds with the NH group of the
guanine G10 residue through its own OH group attached to carbon 6, and with the NH group of
the adenine A6 residue through its own OH group attached to carbon 8. In Figure (3), the
interaction between compound 3 and the 1BNA receptor is shown. This compound forms
hydrogen bonds with the NH group of the thymine T7 residue through its OH group attached to
carbon 1, with the NH groups of the adenine A6 and A5 residues through its own OH group
attached to carbon 6, and with the NH group of the cytosine C9 residue through its own OH
group attached to carbon 8. Additionally, it creates a pi-pi stacking interaction with the open ring

of the thymine T7 residue through its own ring A structure.

conclusion

The results of molecular docking studies are one of the most common computational methods in
the field of medicinal chemistry [16]. Molecular docking provides information such as the
binding site of the ligand to the protein, the role of each amino acid of the protein or ligand
atoms in the interaction, and their binding energies [17]. Pharmacophore maps containing the
ligand-receptor binding pattern for the molecule set were obtained. After identifying the
pharmacophore features and key interaction sites between the ligand and enzyme from the bond
map, the appropriate orientation was determined at the active site of the receptor. The interaction

mode of some compounds is shown in Figures 1 to 3.
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