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In this paper, an attempt was made to develop molecular docking studies on a series of tetraketone
derivatives acting as protein tyrosine kinases (EGFR) inhibitors. Molecular docking analysis was carried
out to better understand the interactions between EGFR target and inhibitors in this series. Hydrophobic
and hydrogen bond interactions lead to identification of active binding sites of EGFR protein in the

docked complex. The present study may lead to discovery of therapeutically potent agents against
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clinically very important dermatological disorders including hyperpigmentation as well as skin
melanoma. Hence the model proposed in this work can be employed to design new derivatives of
tetraketone with specific tyrosine kinase (EGFR) inhibitory activity.

1. Introduction

Molecular modeling and computational tools have become a close
matching part to experiment in the understanding of molecular aspects of
genetic systems [1]. The computational methods like molecular docking
and quantitative structure activity relationships (QSAR) are employed to
discover the new hits for various therapeutic targets [2]. Recent report
highlighted the interface between computational approaches and
experiment as essential tools in the drug discovery technology [3]. By
means of the prominent rising interest towards the design of ligand-
enzyme inhibitors, in this present study is to elucidate the molecular
docking study of tetraketone analogs as tyrosinase inhibitor using
computational tools that can be applied to understand interactions
between inhibitors and their target proteins.

Tyrosinase is a copper-containing oxidase, which has activity for both
catechols and cresol. It is responsible for browning reactions. The enzyme
is reported to have two binding sites for aromatic substrates and a
different binding site for oxygen-copper. The copper is probably Cu(l),
with inactivation involving oxidation to Cu(ll) ion. It's also called
monophenol mono oxygenase. It truly is a copper containing enzyme
present in crops, animal tissues and fungi that catalyses the creation of
melanin [4]. Tyrosinase catalyses both the hydroxylation of monophenols
to diphenols and the oxidation of o-diphenols to o-quinones M. Quinones
are very reactive compounds, which can polymerize spontaneously to
make large molecular weight compounds like melanin. Additionally they
react with amino acids and proteins which create brownish colour.
Nevertheless, lately it really is discovered that changes in melanin
synthesis  consequences in several epidermis effects like
hyperpigmentation, freckles, ephelide, melasma and lentigo [5].
Additionally, tyrosinase may entail in neuromelanin development in mind
and lead to neurodegeneration linked with parkinson’s illness [6]. In
crops, it causes unwanted enzymatic browning including bruised cut fruits
and vegetables that leads to considerable decline in dietary values [7]. As
tyrosinase inhibitors have a growing value because of tremendous use
prospects in current decades, the different tyrosinase inhibitors are
expressed from organic sources and synthesized. Among which some are

appropriate to pharmaceutical and aesthetic areas [8]. The flavonoids
were presumed to function as the best inhibitors which revealed the IC50
and Ki worth lower than 1 pM against Agaricus bisporus (mushroom)
tyrosinase [9]. The development of tyrosine kinase inhibitors has
therefore become an active area of research in pharmaceutical science.
One could not, however, confirm that the compounds synthesized would
always possess good inhibitory activity to Tyrosine kinase, while
experimental assessments of inhibitory activity of these compounds are
time-consuming and expensive. Consequently, it is of interest to develop a
prediction method for biological activities before the synthesis. These
analogs revealed especial inhibitory to tyrosinase. In present study
tetraketone compounds (Table 1) were synthesized [10] by varying
different carbonyl groups and their bioassay was carried against
tyrosinase. The research aids in detecting and filtering successful
compounds as tyrosinase inhibitors, which provide possible stuff on foods
techniques, cosmetic livelihood and disciplines to hinder enzymatic
browning. With the above facts and in continuation of our research for
newer anti-fungi agent, we reported molecular docking studies on a series
of tyrosinase inhibitors to provide further insight into the key structural
features required to design potential drug candidates of this class.

Table 1 Compounds of tetraketone and their molecular structures

ICso (uM)  Docking Score

Comp.  Structure

D11 ) 2.09 7.0
LD

ID15 % 2.61 7.5

D25 O 2.06 -6.7
fe@e!

D27 3.19 -7.6
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Docking studies, as the structures of more potential drug target are
elucidated the opportunity for computers to perform initial binding
studies is increasing. By computationally docking a ligand to a protein, one
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limits concerns about assay complication such as compound solubility and
the needs to maintain extensive physical compound libraries. The
objective of computational docking is to determine how molecules of
known structure will interact. The molecule may bind to receptor and
modify their function [11].The docking studies was performed between
receptor (EGFR, PDB code: 4R3P) and ligands by using PyRx-Python
prescription (version 0.8) [12]. 4R3P (Fig. 1), retrieved from RCSB and
prepared by Discovery Studio visualizer version 16.1.01 [13].

Fig. 1 Structure of 4R3P

2. Experimental Methods

3D structure of the emzyme tyrosinase with PDB code: 4R3P by Park et
al, [14] and tetraketones by Khan et al., were taken from literature [10].
The protein structure was obtained from the data base online Protein Data
Bank [15]. Two and three dimensional structure of tetraketones drawn
using program package ChemDraw Ultra v12.0.2, 2010 [16].

2.1 Preparation of Protein Structure

The 3D co-ordinates of the crystal structure of EGFR (PDB ID: 4R3P)
was downloaded from the Protein Data Bank [15]. EGFR (chains A) were
selected for the docking simulations. Before docking all water molecules
are removed from protein file 4R3P. After removing the water molecules
H-atom were added to protein for correct ionization and tautomeric states
of amino acid residues such as GLU, MET, ASP, THR, LEU, and GLY.

2.2 Preparation of Ligand Structures

The ligands used for docking study were selected from the literature
[10]. The bioactive compounds that are mainly present in the plants were
considered for the study. The ligand structures were generated using the
tool ChemDraw ultra v12.0.2 [16]. Three-dimensional optimizations of the
ligand structures were done and saved as ‘PDF file’. Geometry
optimizations of the ligands were performed using the semi-empirical
(PM6) calculation method using Spartan ‘14 software [17]. The

compounds included in the study are 2,2’-((3-
aminophenyl)methylene)bis(cyclohexane-1,3-dione, 2,2'-
(phenylmethylene)bis(5,5-dimethylcyclohexane-1,3-dione, 2,2’-((3-

aminophenyl)methylene)bis(5,5-dimethylcyclohexane-1,3-dione and
2,2’-((3-aminophenyl)methylene)bis(5,5-dimethylcyclohexane-1,3-dione.
The bioactive compounds considered for the study are listed in Table 1.

2.3 Protein-Ligand Interaction using PyRx (Autodock vina)

The docking studies were conceded by PyRx (Autodock vina) tools [12]
version v0.8 programs. The searching grid extended above the preferred
target proteins; polar hydrogen was added to the ligand moieties. Kollman
charges were assigned and atomic solvation parameters were added. Polar
hydrogen charges of the Gasteiger-type were assigned and the non-polar
hydrogen was merged with the carbons and the internal degrees of
freedom and torsions were set. Tetraketone compounds were docked to
target protein complex (4R3P) with the molecule considered as a rigid
body and the ligand being flexible. The search was extended over the
whole receptor protein used as blind docking. Affinity maps for all the
atom types present, as well as an electrostatic map, were computed with a
grid spacing of 0.375 A. The search was carried out with the Lamarckian
Genetic Algorithm; populations of 150 individuals with a mutation rate of
0.02 were evolved for 9 generations. Evaluation of the results was done by
sorting the different complexes with respect to the predicted binding
energy. A cluster analysis based on root mean square deviation values,
with reference to the starting geometry, was subsequently performed and
the lowest energy conformation of the more populated cluster was
considered as the most trustable solution.

3. Results and Discussion

In this present study, to understand the formation of hydrogen bond
interactions between the tetraketone compounds and active sites of
crystal structure of EGFR (PDB code: 4R3P) was used to explore their
binding mode and docking study was performed by using PyRx (Autodock
vina) [12]. Four (4) naturally occurring tetraketone compounds was
retrieved from literature [10]. The 3D structure and energy minimization
was done by Spartan ‘14 software [17]. All these chemical compounds and
molecular properties were calculated by using Starpan ‘14 and were
presented in Table 1. To date, several crystal structure of EGFR in complex
with different inhibitors have been reported in the literature, quinazoline
derivatives [18], are used as an inhibitors for tyrosine kinase (EGFR). In
the present study we have used X-ray crystallography structure of
tyrosinase (PDB code: 4R3P) (Fig. 1) in ternary complex against
tetraketone compounds are used for the docking study.

3.1 Binding Site of the Protein

The detection of ligand-binding sites is often the starting point for
protein function identification and drug discovery [19]. In our study, PyRx
(autodock vina) predicted active site of the receptor EGFR (4R3P) with a
higher average precision. The active site of EGFR (4R3P) comprises of
amino acid residues such as GLU762, MET766, ASP855, THR854, THR790,
LYS745, ALA743, LEU844, LEU792, MET793, GLY796, VAL726, GLY719
and LEU718. As most of the amino acid residues in the active site are
hydrophobic so they are the main contributors to the receptor and ligand-
binding interaction (Table 1).

3.2 Interaction between Tetraketone Compounds and 4R3P

The goal of ligand-protein docking is to predict the predominant
binding model(s) of a ligand with a protein of known three dimensional
structures [20]. To study the binding mode of tetraketone compounds in
the binding site of crystal structure of EGFR (4R3P), docking simulations
were performed by means of PyRx (autodock vina) program and docking
scores were calculated from the docked conformations of the crystal
structure of EGFR (4R3P)-inhibitor complexes. Four tetraketone
compounds such as 2,2’-((3-aminophenyl)methylene)bis(cyclohexane-
1,3-dione, 2,2’-(phenylmethylene)bis(5,5-dimethylcyclohexane-1,3-
dione,  2,2’-((3-aminophenyl)methylene)bis(5,5-dimethylcyclohexane-
1,3-dione and 2,2’-((3-aminophenyl)methylene)bis(5,5-
dimethylcyclohexane-1,3-dione were docked into the active site of crystal
structure of EGFR (4R3P) by using the same protocol. Docking studies
yield crucial information concerning the orientation of the inhibitors in the
binding pocket of the target protein. Several potential inhibitors have been
identified through the docking simulation [21]. The majority of the ligand
had a greater binding affinity with the target receptor crystal structure of
EGFR (4R3P) has shown in Fig. 1. Inhibition was measured by the binding
energy of chemical compounds possess (kcal/mol). It was depicted that
aligned binding conformations of the tetraketone compounds in the
binding pocket of the crystal structure of EGFR (4R3P), were derived from
the docking simulations (PyRx software). The four tetraketone
compounds such as 2,2’-((3-aminophenyl)methylene)bis(cyclohexane-
1,3-dione, 2,2’-(phenylmethylene)bis(5,5-dimethylcyclohexane-1,3-
dione,  2,2’-((3-aminophenyl)methylene)bis(5,5-dimethylcyclohexane-
1,3-dione and 2,2’-((3-aminophenyl)methylene)bis(5,5-
dimethylcyclohexane-1,3-dione were bind into the EGFR active sites. From
the results it has been clearly observed 2,2’-((3-
aminophenyl)methylene)bis(5,5-dimethylcyclohexane-1,3-dione (ID25)
formed one hydrogen bond interaction with EGFR. The corresponding
docking energy value of ID25 (-6.7 kcal/mol) with one H-bonding was
shown in Fig. 4. The hydrogen bond was formed between GLU906 by a
distance of 3.20 A. The docking energy of ID11 (-7.0 Kcal/mol) was shown
in Fig. 2,ID15 (-7.5 Kcal/mol) interaction with EGFR was presented in Fig.
3 and the ID27 (-7.6 Kcal/mol) binding with EGFR was shown in Fig. 5. The
molecular docking studies of tetraketone compounds into EGFR binding
site revealed very clear preference for the binding pocket. Residues
GLU762, MET766, ASP855, THR854, THR790, LYS745, ALA743, LEU844,
LEU792, MET793, GLY796, VAL726, GLY719 and LEU718 are important
for the catalytic mechanism of EGFR. Any ligand which can bind to
GLU762, MET766, THR854, THR790, LYS745, ALA743, GLY796, VAL726,
GLY719 and/or LEU718 and prevent the substrate from binding to the
active site can behave as an inhibitor of tyrosinase. These two key residues
are positioned at the end of active site cleft. Usually binding of the
substrate to EGFR occurs through a well-formed hydrophobic channel. So
blocking the hydrophobic channel is an effective way to inhibit EGFR [19]
have reported that active site residues of ASP and combination of ASP with
GLY forms the calcium-binding loop, which is responsible of coordinating
the Ca?* required during catalysis [22].
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Fig. 2 Overlay of docked potent 2,2’-((3-aminophenyl)methylene)bis(cyclohexane-
1,3-dione compound (ID11) at the active site of 4R3P produced using the PyRx,
Discovery Studio and LigPlot* program
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Fig. 3 2,2’-(phenylmethylene)bis(5,5-

Overlay of docked potent
dimethylcyclohexane-1,3-dione compound (ID15) at the active site of 4R3P
produced using the PyRx, Discovery Studio and LigPlot* program

Fig. 4 Overlay of docked least potent 2,2’-((3-aminophenyl)methylene)bis(5,5-
dimethylcyclohexane-1,3-dione compound (ID25) at the active site of 4R3P
produced using the PyRx, Discovery Studio and LigPlot* program

Fig. 5 Overlay of docked highest 2,2’-((3-aminophenyl)methylene)bis(5,5-
dimethylcyclohexane-1,3-dione compound (ID27) at the active site of 4R3P
produced using the PyRx, Discovery Studio and LigPlot* program

4. Conclusion

Analysis of ligand-binding interaction with EGFR (PDB code: 4R3P)
receptor can be useful for new preventive and therapeutic drug against
tyrosinase. The results obtained from this study would be useful in
understanding the inhibitory mode of tetraketone compounds as well as
in rapidly and accurately predicting the activities of natural inhibitors on
the basis of docking scores. These models also provide some beneficial
clues in structural modification of designing natural inhibitors for the
treatment of tyrosinase against EGFR (PDB code: 4R3P). The plant derived
tetraketone compound such as 2,2’-((3-aminophenyl)methylene)bis(5,5-
dimethylcyclohexane-1,3-dione forms one hydrogen bond interactions
with EGFR (PDB code: 4R3P) and can be developed as an effective anti-
fungi drug in near future.
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