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ABSTRACT

Xanthone derivatives have been well-known for their wide and outstanding bioactivity so far. However, investigation
of thioxanthone derivatives and their biological activity is rarely reported. In this work, molecular docking analysis
was conducted to evaluate the thioxanthone activity as a tyrosine kinase inhibitor (PDGFR, EGFR). Six thioxanthone
derivatives (A-F) were optimized using Gaussian 09 with a semi-empirical method and were docked to the receptor
using AutoDock4 software. The free binding energy of thioxanthone derivatives was ranging from -7.10 to -8.57 and
-6.23 to -7.25 kcal mol! against PDGFR and EGFR. Docking result of all thioxanthone derivatives into PDGFR
protein exhibited higher binding energies than that of imatinib, whereas docking result into EGFR protein of all
thioxanthone derivatives (except for compound A) gave lower binding energies than that of erlotinib. Among the
analyzed compounds, compound 4-iodo-1,3-dihydroxythioxanthone (F) exhibits the lowest binding energy in both
tyrosine kinase inhibitors due to its ability to form a Hydrogen bond to the PDGFR receptor with the side chain of
Cys673 and the EGFR receptor with the side chain Met796 amino acid residue. This result indicated that compound
F has a stronger interaction in tyrosine kinase inhibitor thus promising for a new candidate of anticancer agent.
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INTRODUCTION

Cancer is the second serious disease that causes death in the world. In 2018, cancer is responsible for 9.6
million deaths.' The cancer cells attack and destroy adjacent tissues and metastasize to other parts of the
human body.? The main problems of the cancer disease are resistance, lack of selectivity, and the occurrence
of side effects to chemotherapeutic agents.’ Hence it is highly
necessary to develop new anticancer agents to solve this problem. Even though hundreds of anticancer
agents have been synthesized and evaluated, their anticancer activity was not satisfied. Protein-tyrosine
kinases (PTKs) are the key intermediates in cell signaling pathways that control cell growth and apoptosis.
Some pathological disorders, including unregulated cell proliferation, is caused by changed functions of
individual protein kinases.* Inhibitors of tyrosine kinase can be contemplated as a target for anti-
angiogenesis and applied as a new cancer therapy model.

Inhibitors of tyrosine kinase-like platelet-derived growth factor receptor (PDGFR) and epidermal growth
factor receptor (EGFR) kinase have been confirmed for their critical role in cancer. PDGFR protein is
involved in the cancer cell survival and proliferation stage. PTK Inhibitors such as imatinib could block the
activity of platelet-derived growth factor (PDGFR or C-Kit PTK).> Meanwhile for EGFR protein could
influence tumor growth including metastasis, angiogenesis, proliferation, and inhibition in the apoptosis
process.® By using tyrosine kinase inhibitors such as erlotinib, the activity of EGFR protein could be
inhibited. This inhibitor interacts with the ATP binding site through Hydrogen bonding, thereby blocking
signal transduction from the EGFR.” The systematic and scientific strategy to the discovery of novel and
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potent drugs is molecular docking of the new compound against the active receptor site.® Molecular docking
could predict orientations (conformations) and interaction between two molecules precisely, as shown by
the formation of a stable complex. This method provides a tool to investigate and explore many new drug
candidates for the same receptor at the same time. The new drug that has a better interaction between a
ligand and a receptor will be chosen for use in laboratory experiments. So this method could save resources
and is less time-consuming.’ The best confirmation is determined by the binding affinity or binding energies
of the target molecule against the active receptor. The lowest binding energy is associated with the strongest
interaction.'® AutoDock program was used to predict and rank the structures arising from the interaction
between ligand and a target protein in a 3D structure.!!

The search of new compounds as an inhibitor of PDGFR and EGFR protein could be seen from the co-
crystal structures of imatinib and erlotinib. From those structures, the binding pose of inhibitor with protein
could be studied and used to design new bioactive compounds that have the same key interaction. The
interaction of the compound with protein mainly occurred by the Hydrogen bond. Therefore the bioactive
compound must have a Hydrogen bond donor group possessing the ability to interact with the amino acid
residue of PDGFR and EGFR protein. The previous study explained that docking of hydroxyxanthone
derivatives have Hydrogen bond interaction with PDGFR protein.’

Thioxanthone has a similar structure with xanthone, acridone, and anthraquinone tricyclic scaffolds.
For many years, derivatives of thioxanthone have been widely investigated and synthesized due to their
various biological activities such as antibiotic activity, activation of P-glycoprotein, and especially their
antitumor activities.'>""” While the other studies reported that chloro-thioxanthone derivatives that have
been synthesized have potential as breast anticancer agents.!® To the best of the authors’ knowledge,
docking analysis of thioxanthone derivatives owing to hydroxy and halogen substituents has not been
studied for their inhibitor activity. Therefore, this study was conducted to investigate the binding pose and
inhibition mechanism of some thioxanthone derivatives with PDGFR and EGFR.

EXPERIMENTAL

12-14

Materials

Three-dimension (3D) structures of enzymes were taken from the Protein Data Bank database
(www.rcsb.org) with PDB ID: 1T46 for PDGFR or C-Kit PTK and 1M17 for EGFR. Imatinib was used as
a ligand standard of PDGFR and erlotinib as a ligand standard of the EGFR enzyme. A series of hydroxy-
and halogen-substituted thioxanthones derivatives (compound A-F) were used as experimental ligands and
their structure was shown in Fig.-1. The selection of A-F compounds from thioxanthone derivatives is
because those compounds have hydroxy groups that allow the formation of Hydrogen bonds with amino
acid residue.

Preparation of Native Ligand and Protein Molecule

Imatinib as the standard ligand of PDGFR and Erlotinib as the standard ligand of EFGR was downloaded
with PDB ID: 1T46 and 1M17. In Chimera, the standard ligand was selected and inverted for all molecules.
Then, delete all the selected molecules and saved the PDB format file. Then, the preparation of protein
molecules as a receptor was generated using Chimera. Complex of protein-ligand in the PDB (1M17, 1T46)
file was cleaned from all residue such as native ligand and water molecules. Then, the protein is saved in
the PDB format file.

Optimizing of Thioxanthone Derivatives

Thioxanthone derivatives A—F in three-dimensional (3D) structures were drawn using GaussView 5.0 and
optimized using Gaussian 09 with a semi-empirical method. Then, the structures were saved in the PDB
format file. The 2D structure of thioxanthone is shown in Fig.-1.

Redocking Analysis

Redocking was performed with AutoDock4 in a 50 x 50 x 50 A grid box using the Lamarckian Genetic
Algorithm (LGA). When the RMSD value was < 2 A, this indicated that the redocking analysis was carried
out successfully."”
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Docking Analysis
All structures that have to optimize from Gaussian were docked in the binding site which is known by
redocking analysis. The affinity grid maps size and LGA were set up the same with the redocking analysis.
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Fig.-1: Chemical Structures of Thioxanthone Derivatives Involves in the Study. (A) 3-hydroxy thioxanthone, (B)

1,3-dihydroxy-thioxanthone, (C) 3,4-dihydroxy-thioxanthone, (D) 4-chloro-1,3-dihydroxy-thioxanthone, (E) 4-
bromo-1,3-dihydroxy-thioxanthone, (F) 4-iodo-1,3-dihydroxy-thioxanthone.

RESULTS AND DISCUSSION

Redocking Analysis into Different Protein Tyrosine Kinase

Standard ligands were docked into protein tyrosine kinase to visualize the binding pose of protein. The
imatinib ligand (STI-571) was docked into PDGFR receptor (PDB ID: 1T46), and it gave the lowest binding
energy of —13.36 kcal mol™ and showed the best RMSD of 0.61 A. Meanwhile, the docked erlotinib ligand
into the EGFR protein exhibited the lowest binding energy of -6.58 kcal mol™! and the best RMSD value of
1.17 A. Those results indicated that AutoDock under our experimental parameters is accurate enough since
the RMSD values are less than 2. The overlapping structure of native ligand with ligand redocking
calculation results can be seen in Fig.-3. The Binding pose of Imatinib ligand to the PDGFR protein took
place in amino acid residue Asp810 and Cys673, while erlotinib ligand with EGFR protein was at amino
acid residue Met769. Other studies also reported that Imatinib (STI-571) accepts a Hydrogen bond from
Asp810 amide nitrogen® and erlotinib accepts Met769 amide nitrogen.?! Fig.-2 displayed interactions of
native ligand to the receptors.
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Fig.-2: The Visualization of Hydrogen Bondings among Docked Ligand with Amino Acid Residues of the Protein
(a) Imatinib (b) Erlotinib.

2628
DESIGN OF THIOXANTHONE DERIVATIVES F. Hermawan et al.



RASAYAN J. Chem.
Vol. 13 | No. 4 |2626-2632| October - December | 2020

Docking Study of Thioxanthone Derivatives Compounds

Molecular docking of compounds A-F was carried out using the result of the binding site of redocking
analysis. All compounds were set up to have the same position as imatinib (STI-571) and docked into
PDGFR protein. Compounds that had low binding energy were D, E, and F. Those compounds showed the
binding energies -7.92, -7.96, and -8.57 kcal mol™, respectively with RMSD range 0.37-0.46 A as shown
in Table-1. The Hydrogen bond interaction of compounds D, E, and F were located in the amino acid
residue of Cys673 (see Table-1). The binding pose of those compounds is the same as imatinib from the
redocking analysis. The result indicated that those compounds have potential as an inhibitor of PDGFR
protein.
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Fig.-3: The Overlapping Structure of Native Ligand of the X-ray Crystal Structure (white) to the Docking Result
(blue) and its RMSD Values (<2 A) (a) Imatinib (b) Erlotinib.

Table-1: Obtained Docking Results From Compounds A-F and Imatinib with PDGFR.

Coggorgggzzg of B‘g{f;grf;ir)gy Ki(uM) | Hydrogen Bond RMSD
A 7.53 3.0229 Cys673 (1.949) 0.23
Thr670 (2.035)
B 728 4.6098 Cys673 (1.896) 0.35
Cys673 (2.232)
Thr670 (2.069)
C 7.10 6.2463 Cys673 (1.986) 0.13
Thr670 (2.002)
D 7.92 1.5651 Cys673 (2.044) 0.46
Thr670 (2.047)
E 7,96 1.4629 Cys673 (1.971) 037
Thr670 (2.139)
F 8.57 0.5225 Cys673 (2.051) 0.37
Thr670 (2.111)
Imitinib 113.36 0.0002 Asp810 (1.877) 0.61
Cys673 (1.874)

The interaction of those compounds was not just a Hydrogen bond, but there were van der Waals, n-sigma,
and w-alkyl interactions. These interactions indicated that the interactions between ligand and receptor were
positively influenced by the presence of the thioxanthone ring as shown in Fig.-4b.

TYR

CYS AB72
A:673
GLY VAL
A:676 A:654
s} (] ALA
A:621
THR
A:670
o H
ASP
A:677 |
A595 A:799 A7809
PHE
VAL A:811
A:603
§ ot = e
(a) (b)
Fig.-4: The Binding Affinities Compound F with PDGFR Protein in (a) 3D and (b) 2D Visualization.
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Compound with the best conformation will have the lowest binding energy. Compound F with iodo-
substituent had the lowest binding energy value as well as the inhibition constant. This result suggested that
compound F had the strongest interaction with the protein receptor and indicated that this compound had
better anticancer activities. The compound F bind into PDGFR through up to two Hydrogen bonds which
were bound to amino acid residue Cys673 and Thr670 (Fig.-4b).

The molecular docking of thioxanthone derivatives with EGFR protein was arranged in the same position
of redocking analysis. The compounds that had low binding energy were B, D, E, and F with binding
energies -7.0, -6.87, -7.06, and 7.25 kcal mol ™!, respectively with RMSD range 0.30-0.64 A (see Table-2).

Table-2: Docking Results of All Compounds with EGFR.
Conformation of Binding Energy

Compound (keal mol') Ki (uM) Hydrogen Bond RMSD
A -6.23 27.124 Met769 (1.893) 0.47
B -7.00 7.3948 Glu738 (1.624) 0.30

Lys721 (2.094)
Asp831 (2.322)
C 636 21.780 Thr766 (2.601) 1.68
Lys721 (1.921)
Asp831 (1.953)

D -6.87 9.2091 Met769 (1.781) 0.28

E -7.06 6.6826 Met769 (1.749) 0.66
Thr766 (2.188)

F -7.25 4.8492 Met769 (1.764) 0.64

Erlotinib -6.58 15.024 Met769 (1.682) 1.17

The Hydrogen bond interaction of compounds B, D, E, F were located in the amino acid residue of Met769
(see Fig.-5). This result indicating that these derivative compounds have a correct binding pose due to the
same amino acid interaction with the redocking result. The interaction of those compounds was not just a
Hydrogen bond, but there were carbon-hydrogen bond and n-alkyl interactions as shown in Fig.-5b. These
interactions indicated that ligand and receptor interactions were enhanced by the presence of thioxanthone
ring. Compound with the best conformation had the lowest binding energy and inhibition constant.
Compound F that had iodo-substituent had the lowest binding energy value. This result suggested that
compound F had better stability and the strongest interaction with the protein receptor and indicated had
better anticancer activities. The compound F bind into EGFR through one Hydrogen bond which was
bonded to amino acid residue Met769.

Comparison of Native Ligand (imatinib, erlotinib) with Thioxanthone Derivatives
Table-1 showed that the binding energy of thioxanthone derivatives was higher than that of imatinib
showing that the interactions of thioxanthone derivatives with the active site of PDGFR were weaker than
imatinib. Whereas Table-2 showed that the binding energy of thioxanthone derivatives (except for
compound A) was lower than that of erlotinib. It suggested that thioxanthone derivatives had strong
interaction and had better anticancer activity than erlotinib, which is remarkable. These preliminary design
and analysis show that thioxanthone derivatives were the potential to be used as tyrosine kinase inhibitor
shortly.

CONCLUSION
A series of thioxanthone derivatives have been studied by using molecular docking simulations to find
alternative compounds for future anti-cancer drug candidates. From the results, it was found that
compounds B, D, E, F gave lower binding energy than erlotinib demonstrating that those compounds have
a strong interaction in EGFR protein. Among the six thioxanthone derivatives, compound F gave the lowest
binding energy in both PDGFR and EGFR proteins. This result indicated that compound F has a stronger
interaction in protein PDGFR and EGFR, and had better anticancer activities. The binding pose of
compound F took place in amino acid residue Cys673 for protein PDGFR and Met769 for EGFR with a
distance of Hydrogen bond in range 1.7 until 2.1 A.

2630
DESIGN OF THIOXANTHONE DERIVATIVES F. Hermawan et al.



RASAYAN J. Chem.
Vol. 13 | No. 4 |2626-2632| October - December | 2020

GLN
MET A:767
A:769
LEU
A:768
PRO THR
A:770 g Ho A:766
(6]
THR
LEU A:830
A:694 Angﬁ
GLY ! ALA
A:772 A719 ASP
A:831
VAL
A:702
imeracinns
[T van der Wasis B »
B Conventonsi Hydrogen Bond ]
[ Carbon Hydrogen Bond
(a) (b)
Fig.-5: The Binding Affinities of Compound F with EGFR Protein (a) 3D (b) 2D Visualization.
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