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Abstract

In present scenario, the developing economies are struggling with the burden of various forms of
cancers. Among them, the heritable form of Retinoblastoma (RB) also known as common intraocular
malignancy is considered as a most severe form of cancer affecting mainly children’s. Due to
involvement of Cyclin Dependent Kinases (Cdks) in the phosphorylation step, its inhibition offers
selective advantage in the prevention of tumour progression by activating the suppressor activity of RB
protein. Encouraged by the above, the present study was intended to elucidate the effect of some which
are well known for its anticancer potential on the CDK-4 with the help of molecular docking analysis.
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Introduction
In present scenario, the developing economies are struggling
with the burden of various forms of cancers [1-3]. Among
them, the heritable form of Retinoblastoma (RB) also known as
common intraocular malignancy is considered as a most severe
form of cancer affecting mainly children’s [4]. It is believed as
a rare form for malignant disease affecting only single
individual in 15,000 live births. The disease is further
classified as unilateral, which identified nearly at two-year
after the birth and bilateral has been diagnosed before attaining
the age of one year. Despite of its hereditary nature, till now no
single evidence has been reported that, it has been predisposed
to any specific race or gender. In its early days of discovery in
late eighteenth century, the individuals diagnosed with this
dreadful disease are not survived much [5-9]. But thanks to the,
advanced technology and treatment modalities, which make
this dream achievable and prolong the survivability of the
affected person.

Chemotherapy is most widely used modalities apart from
cryotherapy, laser photocoagulation and plaque brachytherapy
for the treatment of RB [10-13]. It has been well known that,
Retinoblastoma protein (pRB), a tumour suppressor protein is
highly over expressed in many of malignancies including RB.
It causes to check excessive cell growth through interfering
with the progression of cell cycle till the cell is viable to divide
into other cells. During the process of cell division, the pRb is
inactivated by phosphorylation and allow the division to
progress [14-16]. Due to involvement of Cyclin Dependent
Kinases (Cdks) in the phosphorylation step, its inhibition offers

selective advantage in the prevention of tumour progression by
activating the suppressor activity of pRB. As per the previous
study, it has been found the CDK4 has been play a key role in
the phosphorylation of pRB and emerged as a prospective
target to treat RB [17,18].

Prompted by the above, the present study was intended to
elucidate the effect of some flavan-3-ols which are well known
for its anticancer potential on the CDK-4 with the help of
molecular docking analysis [19].

Results and Discussion
Docking is the most powerful and widely accepted tool to
predict the effect of designed ligand with the protein of
interest. It provides the appropriate and considerable data for
the molecule docked at the active, before it is actually
synthesized and tested. This tool is virtually creating the
environment where the small molecule is allowed to interact
with the protein at the molecular level. It allows the individual
to interpret the behaviour of the small molecule in the binding
site of the target proteins and helps in understanding the
pathway by which the molecule acts. Owing to this capability,
various studies are utilizing the approach of drug discovery to
prevent iteration in the later stages of discovery. The study has
been chiefly rely on two fundamental steps, the first step
corresponds to the prediction of conformation of ligand
including its position within the binding pocket, whereas, the
last step comprise of determination of binding affinity. The
later step has been calculated based on the empirical scoring
function with the help of certain mathematical algorithms,
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which provide the exact nature of binding in a quantitative
manner. Generally the determination of the binding affinity has
been identified on the basis of six degrees of translational and
rotational freedom as well as the conformational degrees of
freedom of both the ligand and protein, which provide the
rigorous results for future analysis [20-26].

In this regard, in the present study, we are intended to identify
the role of various flavanols as Cdk4 inhibitors. Flavanols are
the category of chemical compounds, which majorly found in
plant kingdom as a derivative of Flavans. The anticancer
activities of these flavonoids are extensively studied but, till
now no study has reported the effect of these flavanoids as
inhibitor of Cdk4 for possible benefit in RB. Therefore, we
have chosen certain flavanoids as given in Table 1 to perform
docking with Cdk4 protein mode. The docking study has been
carried out with the help of Molecular docking server by taking
crystal structure of Cdk4 protein PDB ID: 2W9Z [27] from the
www.pdb.org.

Catechins are the class of chemical constituents which are
found in many of food and beverages. It considered as a type
of phenol and medicinally acts as antioxidant [28-30]. Thus, its
docking has been performed with Cdk4 kinase domain. As
shown in the Figure 1, the catechin has been found highly
oriented in the active site of the receptor Cdk4. The kinase
domain of the Cdk4 has been shown in the typical bilobal
structure for clear representation. It has been found that, the
highly conserved residue of the ATP binding site of the protein
were involved in making the prolific interaction with the
catechin, As presented in the Table 2, the hydroxyl fragment of
the ligand shown to engage the Glu69, Glu75 and Glu183 via
the formation of three-polar bond. Whereas, the aromatic
moiety of the Catechin shown to engage the Ala187 for
hydrophobic interaction and Phe78 for cation-pi interaction.
The other non-bonded interaction was also observed with the
involvement of Glu69, Phe78, Pro79 and Gln183. The similar
value of interaction has been also reported on close inspection
of the HB plot of the catechin as shown in Figures 2 and 3.

Table 1. Flavanoids to perform docking with Cdk4 protein mode.

S. No. Name Structure Molecular formula

1 Catechin C15H14O6

2. Mesquitol C15H14O6

Table 2. Interaction table of studied flavanol with the Cdk4 kinase.

S. No Name Polar Hydrophobi
c

Cation-pi Other

1 Catechin Glu69,
Glu75,

Glu183

Ala187 Phe78 Glu69, Phe78,
Pro79, Gln183

2. Mesquitol Glu69,
Glu75,

Glu183

Cys68 Phe78 Cys68, Glu69,
Phe78, Pro79,
Lys180, Gln183,
Thr184, Ala187

Figure 1. Docked orientation of catechin in the active site of Cdk4.

Figure 2. 2D orientation of catechin in the active site of Cdk4 kinase
domain.
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Figure 3. HB Plot of catechin in the active site of the Cdk4c kinase
domain.

Figure 4. Docked orientation of mesquitol at the binding site of Cdk4
protein.

Mesquitol, is obtained from the Prosopis juliflora which
chemical obtained as a (-) - mesquitol from the heartwood of
the plant [31-33]. It also possesses antioxidant activity. Thus,
on docking with ATP binding site of Cdk4 kinase, it shows
very prolific engagements with the neighbouring residues as
shown in Figure 4. As shown in Figure 5, the compound was
found to be deeply buried in the active site of the ATP binding
domain. The residues are highly innervated to take part in the
binding as shown in the Figure 6, the 2D interaction profile of
the mesquitol.

It has been found that, due to structural difference in the
position of the hydroxyl group at the chromene nucleus, the
mesquitol showed additional bonds with the neighbouring
residues, such as, it showed to interact with, Cys68 for
hydrophobic interaction and Gln183, Thr184 and Ala187 to
create another non bonded interaction.

On closely inspecting the scoring profile of the ligands as
presented in Table 3, it has been found that both the ligand

create highly intriguing affinity for the receptor studies, i.e.
Cdk4. In the case of catechin, the estimated free energy of the
binding was revealed to -3.86 kcal/mol together with Ki at 1.49
mM. In regard of the above, the mesquitol showed very potent
Ki of 52.95 μM accompanied with -5.83 μM. It confirmed that
despite of having the basic chromene nucleus, both molecules
exhibit diverse affinity towards the ATP binding site of the
Cdk4. This could be easily interpreted on the basis of structural
difference which makes mesquitol more potent than catechin.

Figure 5. 2D interaction diagram of mesquitol at the Cdk4 binding
site.

Figure 6. HB plot of the mesquitol at the Cdk4 binding site.
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S. No. Name Estimated free energy
of binding

Estimated
inhibition
constant, Ki

vdW+Hbond+desolv
energy

Electrostatic energy Total intermolecular
energy

1. Catechin -3.86 kcal/mol 1.49 mM -4.61 kcal/mol -0.26 kcal/mol -4.87 kcal/mol

2. Mesquitol -5.83 kcal/mol 52.95 μM -5.88 kcal/mol -0.44 kcal/mol -6.32 kcal/mol

Conclusion
As a concluding remark, we have efficiently elucidated the
effect of catechin and mesquitol on Cdk4 ATP binding site
with the help of molecular docking. This study may open new
avenue for the discovery of novel inhibitors targeting the
retinoblastoma protein for the treatment of retinoblastoma.

Experimental
Docking calculations were carried out using docking server
[34]. Gasteiger partial charges were added to the ligand atoms.
Non-polar hydrogen atoms were merged, and rotatable bonds
were defined. Docking calculations were carried out on Cdk-4
protein model. Essential hydrogen atoms, Kollman united atom
type charges, and solvation parameters were added with the aid
of Auto Dock tools [35]. Affinity (grid) maps of 60 × 60 × 60
Å grid points and 0.375 Å spacing were generated using the
Autogrid program. Auto Dock parameter set- and distance-
dependent dielectric functions were used in the calculation of
the van der Waals and the electrostatic terms, respectively. The
docking simulations were performed using the Lamarckian
Genetic Algorithm (LGA) and the Solis and Wets local search
method. Initial position, orientation, and torsions of the ligand
molecules were set randomly. All rotatable torsions were
released during docking. Each docking experiment was derived
from 10 different runs that were set to terminate after a
maximum of 250000 energy evaluations. The population size
was set to 150. During the search, a translational step of 0.2 Å,
and quaternion and torsion steps of 5 were applied.
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