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Abstract: Colorectal cancer (CRGtands 3 amongmalecancer cass and the second most prevalent
disease in women, accounting for 10% of all cancer cases gloGatlppirox (CPX) is a broad
spectrum, synthetic, offatent antifungal drugecommended in dermatological conditionsfcoses

of the skin and nbs. There are no important molecular docking studies on inhibitory aspects of CPX
against CRC targets. The main objective of this study was to explore the potential of &rahts

CRC agent by usin@-silico approaches with the help of published hterre on downregulation of
overhead protein expression in CRC and combining this information in order to recognize novel drug
targets [Cell division cycle 25A (Cdc25AFrotein deglycasBJ1 (DJ1), Retinoblastoma protein{p
Rb/RDb), Cyclindependent kinas4 (CDK4), Highrmobility group AT-hook-2 (HMGAZ2), and Catenin

b-1 (Wntktcatenin)] and to identify the perspectives for dregurposingand comparing this with
oxaliplatir; one of the standard drug used in CRE0, in silico drug-likeliness studies, bavailability
studies, pharmacokinetic studies, drug target prediction, and bioisosteric replacement have been
performed for CPX using online SwissADME tools (SwissADME, SwissTargetPrediction, and
SwissBioisostere). Tha silico studies revealed that CPXicessfully inhibited all the molecular
targets which suggested plausible-ugilization of CPX for treating CRC.

Keywords: colorectal cancer ciclopirox; molecular docking pharmacokinetics in silico; drug
repurposing
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1. Introduction

Colorectal cancer (CRGtands ' amongcancercasesn males and the second most
prevalent disease in women, accounting for 10% of all cancer cases globally. Males have a25%
greater infection rate than females, but this variesdumntry [1]. With over 600,000 fatalities
recorded each year, CRC is the fourth most frequent caelegded cause of death globally.
Colon and rectal cancer annual incidence rates among males in India are 4.4 and 4.1 per
100000, respectively [2]. In 2018here were 1.8 million new CRC cases, with 881,000
fatalities, accounting for almost 10% of all new cancer cases and deaths globally, with the
number of new cases projected to reach nearly 2.5 million by 2035 [3].

Colon cancer is caused by abnormal ceilston and development in the colon. Polyps
are benign or malignant growths that develop when cells divide abnormally. The precise reason
for these atypical divisions is yet unknowEthnicity, age,family history, and a sedentary
lifestyle, on the othehand, have been related to risk variables [4]. CRC is more prevalent
among individuals over 50, AfricaAmericans, and those who smoke a lot of cigarettes, drink
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muchalcohol and consummauchfat. People with a history of health issues, such as obesity or
diabetesare more susceptible to cancer [5]. Hereditary factors, on the other hand, account for
about a fifth of all CRC cases. The two most prevalent forms of hereditaiyahgposis colon
cancer are hereditary ngolyposis colon cancer (HNPCC, Lynchingrome)and familial
adenomatous polyposis coli (FAPBJ.

CRC, like other cancers, has no symptoms in the early stages, making it difficult to
diagnose. Symptoms include changes in stool frequency, rectal bleeding, stomach aches,
tiredness, and weightds. CRC may be diagnosed using sigmoidoscopy or colonoscopy, and
treatment options include surgery, radiation therappd drug treatments including
chemotherapy, targeted theramnd immunotherapy [7]. Cytotoxic agents used in CRC
include capecitabine, fluorouracil, irinotecawvkaliplatin, and trifluridine/tipiracil. Nausea,
diarrhea, neuropathyand mouth sores are common side effects of chemotherapy and other
medicines, as amaore severe side effects including patient tiredness, increased infection risk,
and more [8]. Neuropathy, or tingling or numbness in the feet or hands, is a side effect of certain
medicines. Significant hair loss is an uncommon adverse effect of marg/ moktticines used
to treat colorectal cancer, with the exception of irinotecan [9]. Targeted antibodies including
Bevacizumab, Cetuximab, Panitumumab, Ramucirumab, and checkpoint inhibitors like
Pembrolizumab, Nivolumakand Nivolumab and ipilimumab showhte most common side
effects including fatigue, rash, diarrhea, nausea, fever, muscle pain, bone pain, joint pain,
abdominal pain, itching, vomiting, cough, decreased appetite and shortness of breath and
serious side effects like infusion reactions, autounenreactions, et¢10].

In this settingthere is a need for newer molecuteat might havefewer side effects
and higher efficiencyCiclopirox (CPX)[6-cyclohexyt1l-hydroxy-4-methyt2(1H)-pyridone]
is a broaespectrum, synthetic, offatent antifungaldrug that is recommended in
dermatological conditions afiycoses of the skin and nails. It is used as a topical antifungal
agent and comes ariousforms, including gels, creams, lacquers, topical solstiamd
shampoos [11]. CPX has a sole bene®r all other oral antimycotic agents, specifically in
terms of benefit/risk ratio owing to its brilliant tolerability and absolute absence of severe
adverse effects [12ICPX has recentlypeen discovered to have a lot of potengétlcacy
againstvariousillnesses, including canceand has a strong asgroliferative impact on tumor
cells, which is exciting [24]. It has recently shown antitumor effigacyitro andin vivo and
isundergoingaPhasd trial for exploration in patients witrelapse hematologic malignancies
or refractory hematologic malignancigk3]. However, in the field of CRC, especially the
molecular targets, little attention has been paid so far with resptet application of CPX.

There are no important molecular dockimgdses on inhibitory aspects of CPX in the available
literature. Hence, this study was undertaken to explore the potential of CBX asr
colorectal cancer agehy thein-silico method.

Cell division cycle 25 Cdc25A) is responsible for the proliferation and promotion of
apoptosis obreast cancemuman rhabdomyosarcoma, Rh30; and colon adenocarciriima
one of the most weknown targets of CRC. Cdc25A is required for cell cycle progression, and
its actvity must be carefully controlled. In rhabdomyosarcoma, Rl&@@ breast cancer,
MDA-MB-231 cells, increased Cdc25A phosphorylation which accelerated protein
degradation of Cdc25#& observedAs a result of the decreased Cdc25A protein levelGthe
CD K sinhibitory phosphorylation level is increased [14].

Another protein moleculethe High-mobility group AT-hook2 (HMGAZ2), controls
gene expression, DNA replication, and chromosomal repair, making it an appealing target for
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many kinds of cancer. HMGAHnpactsa number of biological processes, includibyA
damage repaigpoptosiscell cycle,and epitheliaimesenchymal transition. Overexpression of

the HMGAZ protein has been linked to neoplastic transformation in a variety of malignancies,
including CRC, lung cancer, breast cancer, oral squamous cell carcinoma, and ovarian cancer
[15].

Yet another protein important in CRC psotein deglycas€DJ-1). It is a highly
conserved homodimeric protein that was first identified as an oncogene capable of
transbrming NIH-3T3 cells. DJ1 is an endogenous antioxidant that protects cells from
oxidative damage by influencingarious signaling pathways, including apoptosis signal
regulating kinasegxtracellular signategulated kinase (ERK) 1/Znd apoptosis signal
regulating kinase (ASK). D1 overexpression increases CRC growth and spread [16].

A tumor suppressoRetinoblastoma protei(pRb), is a distinct target. It plays a key
function in the negative regulation of the cell cycle and tumor developmenthafRkbeen
found to be involved in a key G1 checkpoint that prevenfsh&e entrance and cell
proliferation. Inhibition causes cell cycle arrest, repression of cell migration, and invasion in
CRC by altering SnaiN-cadherinMMP-2, E-cadherinand MMR9 expressioranddisrupting
cellular bioenergetics, resulting in cell growth, migration, and invasion inhibition [17].

Cyclin-dependent kinaseg-CDKSs) are serine/threonine kinases that control the cell
cycle by interacting with cyclitike regulatory protms. CDK-4 is a critical CDK cell cycle
regulator that interacts with cyclid during the G phase to regulate the transition fromtG
the S phase. Many cancer types, including+samall cell lung cancer, colorectal carcinomas,
melanomas, and breast cancshow reduced levels of endogenous CDK inhibitors as well as
CDK-4 overexpressianThe importance of CDKs in cell cycle progression makes them
prospective cancer therapeutic targets, and inhibitors of CDKs may be employed in selective
chemotherapy [18].

Winglessrelated integration sites (Wnts) are a family of autocrine and paracrine
glycoproteins that have a role in mammary tissue development and cancer. Wnt proteins bind
to the seventransmembrane domagontaining Frizzled (FZD) receptor family, which
subsequently heterodimerizes with a member of thedemsity lipoproteirrelated protein
(LRP) family and activates dishevelirmgsultingin Wnt/catenin signaling. Disheveling blocks
the capacity of constitutively active GSK3 to phosphorylate catamiibiting its interaction
with axin and therefore preventing the creation of destruction complexes. When
unphosphorylated catenin binds to TCF4 in the nucleus, it creates a transcription complex that
regulates the expression of target genes such as &kjiomyc, ¢jun, and others. Because
inhibitors of Wnts may stop cells from growing or proliferating, they might be exploited as a
target for anticancer drugs [19].

The main objective of this study was to expldhe potential of CPX aan antk
colorectalcancer agent by using-silico approaches. With the help of published literature on
downregulation of overhead protein expression in CRC we sought to recognize novel drug
targets [Cell division cycle 25A (Cdc25ARrotein deglycas®J1 (DJ1), Retinoblastoma
protein (pRb/RDb), Cyclindependent kinasé (p-CDK4), High-mobility group AT-hook2
(HMGA2), and Catenin beth (Wnttcatenin)] to identify the perspectives for CPX
repurposing in CRC. The results obtained were then compatiedxaliplatin (OPL), one of
the standard driegused in CRCMoreover,the prediction of druglikeliness, bioavailability
and pharmacokinetic of CPX has been performed usingnline computational tools
(SwissADME, SwissTargetPrediction, and SwissBioisostere).
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2. Materials and Methods

2.1.Preparation ofligand

The 3D structure of chosen ligand, Ciclopirox (PC CID: 2749) was obtainesdf\ format

using PubChem (https://pubchem.ncbi.nim.nih.gov/). PubChem is aragpess database of
chemical substances abiblogical activity. The method addressed the docking issue using
flexible ligands and moveable protein atoms. The Avogadro program was used to add hydrogen
atoms to ligandsThe MMFF94 force field is utilized to compute the energy of the protein
ligand canbination for every given configuration without any fitting parameters.

2.2.Preparation ofprotein

Multiple 3D crystalline target structures weobtainedfrom the Protein Data Bank
(PDB) like Cell division cycle 25A (PDB ID: 1C25, Human CDC25A catalgtamain),
Protein deglycasBJ-1 (Parkinson disease protein 7) (PDB ID: 3E#&,Crystal structure of
E18Q DJ1 with oxidized C106), Retinoblastoma protein (PDB ID: 1N4M, Structure of Rb
tumor suppressor bound to the transactivation domain ofZ2E2€ycin-dependent kinase 4
(PDB ID: 3G33,the Crystal structure of CDK4/cyclin D3), Higmobility group AT-hook 2
(PDB ID: 3UXW, Crystal Structures of an Ahook/DNA complex), and Catenin betgPDB
ID: 1JPW, Crystal Structure of a Human Fcf betaCateninComplex). The target was created
by removing all water molecules beyond 5A°, assigning disulfide links, bond order, and formal
charges, and removing metal ions;faotors, and hetergroups from the useable preprocessed
and studied structure. With the m$ance of the Fbond assignment technique, the hydrogen
atomsand the hydrogebonding networkwere optimized. Molecular docking was used to
estimate receptor grids for protein targets where the ligand would mix within the predicted
active site. The gridécubic boxes with defined dimensions) encompdske whole ligand
and were built at the ligand's centroid (crystallized with the target structure). The grid box size
was increased to 126, 126A, and 126A(x, y, and z, respectively) ®mbracethe majoiity
number othe amino acid residues present in stiff macromolecules. Auto Grid 4.2, which came
with Auto Dock 4.2, was used to generate grid maps. The grid points were 0.375° apart. The
Van der Waals scale factor was set to 1.0, while the charge cuatsf§et at 0.25. Inducd
docking (IFD) was conducted on each ligand, and the lowest resulting score for itledkest
posture was confirme@0].

2.3.Inducedfit moleculardocking (IFD)

The IFD was created utilizing the structdrased drug design technique, which
involves rendering precise geometry ligands to dock with a biological target's defined structure.
The freestate ligands are docked into the rigid state receptor's activerstgmne, tube, etc.,
resulting in a predicted binding mode and the strength of the fit being evaluated. In receptor
based computational techniques, the attachment of amlolcularweight ligand to a
macromolecular protein has its significance since th&t sugtable connection with low energy
values and possible steric conflieiefound. To investigate a particular docking issue, Auto
Dock provides a number of search methods. In this study, the Lamarckian Genetic Algorithm
(LGA) was employed to identify the best conformers. During the docking process, a maximum
of 10 conformersvas evaluated. The population was limited to 150 individuals, who were
selected at random. The mutation rate was set tq 8r@2the crossover rate was set to 0.8.
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The maximum number of energy evaluations was 50q@6€ault) generations are 1000

(default) top individuals that automatically survived wagdefault) Translations had a 0.2

step size, quaternions had a 5.0° step size, and torsions had a 5.0° step size. Cluster tolerance
was set to 0.5, external grid energy to 1000.0, maximum birahiaggy t00.0,the maximum

number of retries to 10000, and 10 LGA runs were performed. The interactions and binding
energy of the docked structure were studied using the Auto Dock findings. It was performed
many times to get different docked conformations as weloaassess anticipated docking
energy. The optimal liganteceptor structure was selected among the docked structures based
on the ligand's lowest energy and minimum solvent accessibility. The Accelrys Visualizer
discovery studio tool was used to visualthe docking findings [20].

2.4.Pharmacokineticshioavailability, anddrug-likeliness studies

The SwissADME online tool was used to conduct prediction research of
pharmacokinetics, namely ADME, bioavailability, and dtikgness of ligands. To identify
druglikeness, the technology estimates bioavailability radar based on six physicochemical
properties: sizelipophilicity, insolubility, polarity, flexibility, and insaturation The ADME
properties, such ddood-brain barrier (BBB) permeation and pagsivuman gastrointestinal
absorption (HIA), as well as permeability glycoprotein-@p) substrate or nesubstrate ithe
form of positive or negativevas detectethrough theBOILED-Egg modelThe free energies
of solvation in rRoctanol and water calcutd by the generalizeloorn and solvent accessible
surface area (GB/SA) model, XLOGP3 is an atomistic method with corrective factors and a
knowledgebased library, WLOGP is an implementation of a purely atomistic method, and
MLOGRP is an archetype of topagial method rely on the lipophilicity estimation (Log p/w)
parameters such as iLOGhe Lipinski (Pfizer) filter, which was the first rute-five to be
implemented in a tool, was used to predict diikgness. The bioavailability radar was used to
predictoral bioavailability based on several physicochemical characteristics. The ranges of
each parameter was mentioned as SIZE = size as molecular weight 150gm/mol < MV < 500
gm/mol; LIPO = lipophilicity as-0.7 < XLOGP3 < +5.0(NSOLU = insoluble in water bipg
S scale 0 < Logs (ESOL) < BOLAR = polarity as 20A2 < TPSA (topological polar surface
area) < 130A2FLEX = flexibility as per rotatable bonds 0 < Numberaofatable bonds <;9
and INSATU = insaturation or saturation as per fraction of carbonsg isgthybridization 0.3
< Fraction Csp3 < J21].

2.5.Drug targetidentifications

SwissTargetPrediction is a web servicedorall bioactiveanolecule target prediction.
This website enablemeto anticipate a tiny molecule's targets. It compares theyquolecule
to a library of 280,000 molecules active on more than 2000 targets in five distinct species using
a mix of 2D and 3D similarity metrics. Understanding the molecular processes behind
bioactivity and anticipating possible side effects or cres&tivity requires mapping the
targets osmall bioactivecompounds. Predictions have been made in three distinct organisms
(models), and for near paralogs and orthologs, mapping predictions by homology within and
across species is possible. The huntdono sapieny rat (Rattus norvegicys and mouse
(Mus musculuysmodels have all been shown to have credible inhibitory targets for CPX [22].
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2.6.Core scaffoledbased bioisosteric search

The SwissBioisostere database offers data on molerpdacements and how well
they function in biochemical tests. Its purpose is to provide researchers working on drug
development projects suggestions for bioisosteric alterations to their existing lead molecule, as
well as access to data specific chemiclreplacementg23]. CPX'score scaffold was studied
comprehensively through bioisosteric replacements to produce tetrahydropyemgine
morpholine, and piperazine. The parameters affecting the biological target and associated
activities were takemto accountand the derived data was interpreted.

3. Results

3.1.Docking interaction analysis

Table 1shows binding energy, number of hydrogen [sondh distance, interaction
residues, grid points spacirand grid points x, y, z place.

Table 1.Interaction ofciclopirox against various anticancer targets of CRC.

. . Bindin Interactin GridPoint Grid Grid
Protein Identifier Energ)?* No. of H Bonds residueg Spacing Points Axes
Catenin betel -4.90 01 GLN322(H1) 1.000 A 50x 106.129;
(2IPW) (H1:Distance= 100y 4.253,
2.07A) 70z 18.577
Cell division cycle 25A -4.96 02 ASP:339(H1),L 1.000 A 56x 34.274,
(1C25) (H1:Distance= | EU:457(H2),PR 64y 64.058,
2.76 A, 0:460,VAL:424 60 z 102.983
H2:Distance= ,HIS:458,ILE:4
3.26 A) 16
Protein deglycasbJ-1 -5.22 01 (H1:Distance=| CYS53(H1), 1.000 A 40x 24.085,
(BEZG) 2.88 A) VAL50 40y -26.704,
40z -12.943
Retinoblastoma proteir| -5.50 01 LYS652(H1), 1.000 A 50x 0.441,
(IN4M) (H1:Distance= HIS784 50y 0.195,
1.95 A) 40z -1.114
Cyclin-dependent -6.25 02 ALA175(H1), 1.000 A 50x -36.014,
kinase4 (H1:Distance= GLN173(H2), 50y -11.986,
(3G33) 3.13A, ALA21, 50z -57.263
H2:Distance= VAL181
1.98 A)
High-mobility group -6.61 00 DC11 0.542 A 40x 24.584,
AT-hook 2 DG2 80y 25.281,
(3UXW) 40z 5.658

*expressed in Kcal/mol

In the interaction of CPX with Catenin betg1JPW), it was discovered thhts ligand
located itself in the catalytic site of proteins, which is formed by one hydrogen bonded amino
acid residue with a binding energy-df90 Kcal/mol. One hydrogen bond, GIn322 of catenin,
was involved in the interaction of Catenin bétg1JPW)and CPX at distances of 247
(Figure 1).This inhibitor had no ppi interactions, but it did have hydrophobic interactions
with catenin residues.

The five amino residues 1le281, lle273, and Leu277 form the interacting elements of
the catalytic site of the proteins in the interactions of CPX with the protein Cdc25A (1C25)
with -4.96 Kcal/mol binding energy. The interaction reveals two hydrogen batideesidues,
namely Leu42 and Val244, at distances of 2.76 A and 3.26 A, respecHiglye 2).
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Figure 1. Ciclopirox docked in the Catenin beta PDB ID: IJPW) protein pocket witth) best binding mode
(ligand as sticks),B) amino acid residues involved in the interaction, @)dCiclopirox binding interaction

with anamino acid with a hydrogen bond (gresashed ling

(?
O~

VAL
(G} A:424

PRO

A:460

IS ILE
A:458 A:416

Figure 2. Ciclopirox docked in the Cell division cycle 25 A (PDB ID: 1C25) wi#f) best binding mode in the

protein pocket (ligand as stick¢B) amino acid residues involved in the interaction, @dbinding interaction
of Ciclopirox withanamino acid with a hydrogen bond (green dashed line).
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Figure 3. Ciclopirox docked in th@rotein deglycasBJ-1 (PDB ID: 3EZG) with(A) the strongest binding

mode in the protein pocket (ligand as stickB),amino acid residues involved in the interaction, @d
Ciclopirox-aminoacid-binding interaction with a hydrogen bond (green dashed line).

HIS
A:784

https://biointerfaceresearch.com/

Figure 4. Ciclopirox docked in the Retinoblastoma protein (PDB ID: 1N4M) \{Aththe strongest binding

mode in the protein pocket (ligand as stickB),amino acid residues involved in the interaction, @@
Ciclopirox-aminoacid-binding interaction with a hydrogen bond (green dashed line).
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In the interactions of CPX with protein deglycase D(BEZG), it was observed that
the catalytic site of proteimteracting with ligands is formed by amino acid Val50 and one
hydrogen bonded amino residue Cys53 with binding eneés32 Kcal/mol along with a
distance of 2.88 AFigure 3).

During the interactions of CPX witRetinoblastoma protein (1N4M), it was falithat
the ligand is bound into the catalytic site of proteins with two amino acids; His784, and one
hydrogen bond at a distance of 1.95A amino acid Lys652 with a binding ener§y50f
Kcal/mol (Figure 4).

CPX interacting with Cyclirdependent kinase 8G33) having catalytic site formed
by the four amino acids like Ala21 and Val181. The two hydrogen bond amino residues like
alanine (ALA175) and glutamine (GLN173) atlistanceof3.13 A with binding energy6.25
Kcal/mol (Figure 5).

PRO
A:178 AT;I;‘()
ALA
: VAL
Q21 A:181

Figure 5. Ciclopirox docked in the Cyclidependent kinase 4 (PDB ID: 3G33) w{tk) best binding mode in
the protein pocket (ligand as stick@}) amino acid residues involved in the interaction, @dbinding
interaction of Ciclopirox wittanamino acid with a hydrogen bond (green dashed line).

The catalytic site formed by two amino residues like DC11 and DG2 with binding
energy-6.61 Kcal/mol catalyze€PX's interactions with Higkmobility group AT-hook 2
(BUXW) (Figure 6).

To compare our findings to those of OPLable 2),a drug that was appred by the
US Food and Drug Administration in 2002, was employed as a reference.
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Figure 6. Ciclopirox docked in the Higimobility group AT-hook 2 (PDB ID: 3UXW) with(A) best binding
mode in the protein pocket (ligand as stickB) amino acid residues involved in the interacti@®) binding
interaction of Ciclopirox wittanamino acidwith a hydrogen bond (green dashed line).

Table 2.Interaction ofoxaliplatin against various anticancer targets of CRC.

Coordinates

Protein Binding Interacting GridPoint Grid of Central
No. of H Bonds : . . : :
Name Energy* residue Spacing points Grid Point
of Map
Catenin betel 05 TRP:383(H1),C
(23PW) (Hl:plstance:2.4&, YS:419(H2),AR 66 x, 106.129,
-6.02 H2:Distance=3.30A, G:386(H3,THR: 1.000 08 4253
’ H3:Distance=1.86A, | 418(H4),ASN:4| Angstroms 110yz’_ 18' 577’
H4:Distance=2.00A, 15(H5),ASP:45 '
H5:Distance=1.834) 9, ARG:457
Cf;'cfe'vgzn 663 00 ASP:492, 1.000 28 ; 6.274, 32.058,
(1C25) GLU:491 Angstroms 58 2 72.983
Protein
LYS:122, 48 X, 24.057,
(3E2G) ASP:149 40 z -12.908
Retmoblastom GLU:667, 1.000 70 X, 0.441, 0.195,
a protein -6.42 00 GLU:667, ANngstroms 68y, 1114
(IN4M) PRO:674 9 58 z '
decygrl:z_ent 02 Aiiﬁfﬁgl)’ 1.000 S8 x, -36.014,
.p -5.79 (H1:Distance=2.34A, ' ) 60y, -11.986,
kinase4 H2:Distance=2.15A) VAL:262, Angstroms 58 2 57 263
(3G33) ' ' VAL:265 '
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Coordinates

Protein Binding Interacting GridPoint Grid of Central
No. of H Bonds : . . . )
Name Energy* residue Spacing points Grid Point
of Map
High-mobility ARG:38,
group AT- 04 DA:8(H1),
hook 2 (H1:Distance=1.83A, DT:6(H2), 40 x,
(BUXW) -7.71 H2:Distance=1.94A, DT:5(H3), 1.000 46y, 24'5846'5 2: 281,
H3:Distance=2.93A, DT:9(H4), Angstroms 40 2 565
H4:Distance:2.43A,) DT:10, DC:11,
DA:7

*expressed in Kcal/mol

In theinteraction of OPL with Catenin befa(1JPW), it was discovered that this ligand
located itself in the catalytic site of proteins, which is formed by seven hydtmyeted amino
residues (Trp383, Cys419, Arg386, Thr418, Asn415, Asp459, and Arg457) Witidiag
energy of-6.02 Kcal/mol at distances of 24 3.30 A, 1.86 A, 2.00 A1.83A (Figure 7,
respectively.

ASP
A:459
-
~d
HH
ASN
18 A:315

Figure 7. Oxaliplatindocked in the Catenin bela(PDB ID: [JPW) protein pocket witfA) best binding mode
(ligand as sticks),B) amino acid residues involved in the interaction, @@doxaliplatin binding interaction

with anamino acid with a hydrogen bond (gredashed line).
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ASP
A:492 C
H
Q a H
S 1o "
£4h

Figure 8. Oxaliplatindocked in the Highmobility group Cell division cycle 25 A (PDB ID: 1C25) wi(A) best
binding mode in the protein pocket (ligand as sticf),amino acid residues involved in the interaction, and
(C) binding interaction obxaliplatin with anamino acid with a hydrogen bond (green dashed line).
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Figure 9. Oxaliplatindocked in therotein deglycase D1 (PDB ID: 3EZG) with(A) the strongest binding
mode in the protein pocket (ligand as stickB),amino acid residues involved in the interaction, @@d
oxaliplatinrraminoacid-binding interaction with a hydgen bond (green dashed line).
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OPL binds to the catalytic site of proteins, which is constituted by a hydtogered
amino acid with a binding energy 66.63 Kcal/mol, during its interaction with Cdc25A
(1C25). Asp492 and Glu491 were the key amino acids that are engaged in théiontefac
Cdc25A and oxaliplatin. There were neiinteractions with this inhibitor. However, it did
exhibit hydrophobic interactions with residu&sgure 8).

In the interactions of OPL with protein deglycase DBEZG), it was observed that
the catalyic sites of protein interacting with ligands are formed by amino acid residues;
Lys122, Gly120, and Aspl149 with binding energy85 Kcal/mol along with a hydrogen
bonding distance of 2.53 @igure 9).

During the interactions of OPL witRetinoblastoma tein (LN4M), it was found that
the ligand igooundinto thecatalytic site of proteins with two amino acids; Glu667 and Pro674
with abinding energy 0f6.42 Kcal/mol(Figure 10).
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Figure 10.Oxaliplatindocked in the Retinoblastoma protein (PDB ID: 1N4M) w#l the strongest binding
mode in the protein pocket (ligand as stickB),amino acid residues involved in the interaction, and
(C)oxaliplatinraminoacid-binding interaction with &ydrogen bond (green dashed line).

OPL is interacting with Cyclirdependent kinase 4 (3G33)aving a catalytic site
formed by the three amino acids like Arg260, Ala21, and Val265 at hydrogen bonding distance
2.34 A and 2.15 A with binding energy.79 Kca/mol (Figure 11).

The catalytic site formed through ARG38as well as three amino residues like DA7,
DT10, and DC11 with binding energy.71 Kcal/mol catalyzes OPL's interactions with High
mobility group AT-hook 2 (3UXW) withhydrogen bond at distareef1.83 A 1.94 A 2.93
A, and2.43 A respectivelyFigure 12).
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Figure 11 Oxaliplatindocked in the Cyclirdependent kinase 4 (PDB ID: 3G33) wif) best binding mode in
the protein pocket (ligand as stick@}) amino acid residues involved in the interaction, @dbinding
interaction ofoxaliplatin with anamino acid with a hydrogen bond (green dashed line).
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Figure 12.Oxaliplatindocked in the Higtmobility group AT-hook 2 (PDB ID: 3UXW) with(A) best binding
mode in the protein pocket (ligand as stickB),amino acid residues involved in the interaction, @\
binding interaction obxaliplatin with anaminoacid with a hydrogen bond (green dashed line).
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