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Abstract

Colon rectal cancer is one of the frequently diagnosed cancers worldwide. In recent times the
drug discovery for colon cancer is challenging because of their speedy metastasis and morality of
these patients. C-jun N-terminal kinase signaling pathway controls the cell cycle survival and
apoptosis. Evidence has shown that JNKI promotes the tumor progression in various types of
cancers like colon cancer, breast cancer and lung cancer. Recent study has shown that inhibiting,
JNK1 pathway is identified as one of the important cascades in drug discovery. One of the recent
approaches in the field of drug discovery is drug repurposing. In drug repurposing approach we
have virtually screened ChEMBL dataset against JNK1 protein and their interactions have been
studied through Molecular docking. Cross docking was performed with the top compounds to be
more specific with JNK1 comparing the affinity with JNK2 and JNK3.The drugs which exhibited higher
binding were subjected to Conceptual - Density functional theory. The results showed mainly
Entrectinib and Exatecan showed better binding to the target.
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1. Introduction

Colon cancer is one of the most common
over the world.!"The

development of the tumour is generally seen

types of cancer all

in the inner lining of the rectum or the

colon. The development in diagnosis and
treatment for CRC has increased in the last
few years, but the survival rate of CRC is
poor due to cell metastasis.”? C-Jun N-terminal

Kinase (JNK1) is one of the 6 distinct groups
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of the Mitogen-activated protein kinase (MAPK)
family.® JNK1, JNK2 is present ubiquitously,
where other JNK3 is expressed in heart and
brain JNK1 is activated by different types of
stimuli like epidermal growth factor, tumour
necrosis factor, transition forming growth
factor B, etc. The signalling varies depending
upon the type and circumstances of the cell
as in cancer development and it also regulates
the progenitor cell proliferation and migration'®.
Targeting JNK1 in CRC has been

characterized with data supporting up-regulation

lately
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of the protein. The signalling pathway of

C-Jun N-terminal kinasel regulates some
important properties in cancer stem cells and
it controls the cell cycle and apoptosis. JNK1
plays an important role in the cancer cell
progression, cell differentiation, inflammation
and apoptosis. The protein plays an important
role in controlling expression based on cell
death and survival.* 7JNK-1 has been implicated
in a number of instances of colon cancer
related to colitis and protein levels have been
found to be high based on a study of JNK-1
in human colon cancer cell lines.* %
Inhibition of JNK1 protein can suppress the
cell proliferation of colorectal cancer.""This
discovery has important implications for the
development of new drugs that target this
protein."”Previously JNK-1 inhibitors have
been detailed to inhibit the JNK-1 function
and suppress cell transformation. Conventional
drug discovery is time consuming and costly
whereas drug repurposing is the approach
where the drugs that are already approved
can also be used for other particular disease
and disorders. This pathway could become a

131 Drug

potential target for drug repurposing.
repurposing is an action that involves the
discovery of new signs for known drugs used
in various fields."'Drug repurposing is a
symptomatic approach to existing drugs.®In
this study, For this approach Virtual screening,
Molecular docking and DFT studies were
carried out. We identified the inhibitors for
colon cancer targeting JNK-1 protein using

the ChEMBL database."'®!
2.Materials and Methods

2.1 Ligand and Receptor preparation
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Virtual screening was performed for
ChEMBL dataset. The drugs were downloaded
from the database. The energy minimization
was carried out in PyRx software !"!. The
open Babel software is used to convert the
all drugs from sdf format to pdbgt format.
The Protein structure of the JNKI (PDB
ID:47LF)"®was downloaded from a database
such as RCSB with a resolution of 1.95 A.
The preparation of the receptor was done
using AutoDock Mgl tools. The initial step of
optimization was done by removing water
molecules as it can interfere with the docking
and the co-crystal structure. Kollman charges
and Computer gasteiger charges, Polar hydrogen
were added to protein. The atoms like Assign
radii and Assign AD4 type was also added to
the protein before performing the approach.

2.2Molecular docking

Molecular Docking is an In-Silico method
to find the binding energy of the ligands to
the preferred target protein. Docking were
carried out using Autodock4.2."®! The grid
box was generated in the active site of the
protein. The active site is the region where
the biochemical reaction and the ligand
binding takes place. The grid box was
generated in the active site of the protein.
The grid parameter file has three dimensions
X, Y, Z, the parameter file was saved. The
dimension of the protein was at the site of x
= -3.626, vy = 52.342, z = 4.2, the grid box
size was size x = 40, y = 40, z = 40. Autogrid
and Autodock were taken place.

2.3Cross docking

Cross docking was performed to be even
more specific about the drug that has been
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used against JNKI1 and JNK2, JNK3. The
JNK-2 and JNK-3  were
downloaded from RCSB. The proteins were

structure  of

also optimised by following all the steps in
preparation of the receptor, the compounds
were docked against these proteins. The
results are tabulated to check the binding

affinity of these protein comparing with JNKI1.

2.4 Density functional theory

DFT has become a widely used technique
in recent years for determining molecular
structure. DFT is used to take a look at the
electronic structure of molecules, atoms and
solids. In this current study,the gaussian 09
software was used to optimize the structures®?!.
A number of Density functional methods like
B3LYP, B3LYP, B3PW91, BH, and H, BH, and
HYLP are available. B3LYP is a popular
method.It represents the hybrid becke
3-Lee-Yang-parr correlation function. The
properties of the ten best compounds were
set with the help of Gaussian 09 based on
6-31G (d, p) using the becke 3-Lee-Yang-paar
(B3LYP) method. The parameters used in this
theory include HOMO and LUMO energies %%,
Electron interaction, Electrophilicity index and
chemical potential, absolute hardness.

3.Results and Discussion

3.1 Molecular docking

In Silico drug repurposing approaches
include virtual screening plays act as a filter
to choose the compounds. The virtual screening
was done for JNK-1 protein against ChEMBL
10 hits were
high binding
affinity. Top hits of the output from virtual

database, from which top

selected based wupon their

studied
AutoDock 4.2 docking tool. The selection of

screening  were  further using
lead compounds is based on the evaluation
of their binding interactions between the
protein and the ligands. This process is
performed manually by analyzing the binding
interactions between a drug and a protein.
Molecular docking used to recognize what
is the behavior of the particular small
molecule when it has interacted with the
target protein. Molecular docking involves two
major steps, the first step in the process is
the prediction of the ligand's structure in the
protein's pocket. The second step involves
the estimation of the binding affinity. All
ligands were docked into JNK-1's binding
pockets. Irinotecan, Lifitegrast, and Ponatinib
have been shown similar binding affinity
(-12.5kcal/mol)  also

phenylpropionate, nilotinib, paliperidone has

scores nandrolone-

been shown similar binding affinity score
(-11.6kcal/mol), moreover Exatecan, ledipasvir,

N- terminal lobe

Glu 109, m
i e
Metlll.&%ﬂll‘ -— i
Ala d.:s ! :
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51

C- terminal lobe

Figure 1. Three dimensional structure of
JNK-land main structural elements are coloured
in Cyan (Hinge region), Marine (ATP binding loop),

Lime green (Activation loop), Green (DGF motif).
Entrectinib, Adapalene also shows a good

binding affinity. Table 1 lists the hydrogen
bonding and hydrophobic interactions between
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ligands and proteins with their binding affinities.

The results of molecular docking showed a

relationship between proteins and ligands also

shows hydrogen and hydrophobic bonding

interactions with residues and ligands. Figure 1

Provides a graphic picture of a protein and

the top ten ligands.

Table1: Binding affinity of top hits and their Hydrogen and Hydrophobic interactions
Binding affinity Hydrogen bond Hydrophobic
Compounds Structure (kcal/mol) Interactions Interactions
( lle 32,Val 140,Leu
Irinotecan 3 125 Lys 200 ST ATE | 57 Leull0Met 111Ala 113.Val
: 158,Leu 168
SEYYYY lle 32,Ala 36,Val 40,Ala 53,Met
Lifitegrast | (VY7 VS 125 Lys 5o.Gin 37 A8 | 108.Leu 110.Met 111 Ala 113Val
Yo S 295 158Leu  168,Leu 172,Val 187
. N YYN lle 32,Val 40,Ala 53 Met 108 Leu
Ponatinib WY Y w123 ser 34 110Met  111,Val 158 Leu 168
AR
. Gly 37,Lys 55, Arg | lle 32,Val 40,Ala 53,Leu 57,Leu
Exatecan 124 69, Asn 156 110,Meet 111,val 118 Leu 168
lle 32,Ala 36,Val 40,Ala 42,Leu
Ledipasvir SO -12.2 Gly 35, Vel 186, A0 | 130 et 111l 113Leu
A A 168,Leu 172,Val 186,Val 187
O lle 32,Ala 36,Val 40,lle 86,Leu
Entrectinib Lt -12.1 Asn 156 110,Met 111,Val 158,Leu
Py - 168,Leu 172,Val 187
(o]
A ol
A lle 32,Val 40,Ala 42,Ala 53 Met
Adapalene NP -11.8 Lys 55 108,Leu 110,Met 111,Ala 113,Leu
1 168
[v]
Y lle 32,Val 40,Ala 53 Met
Nandrolone AU _ ! : '
phenylpropionate RI0e A% 11.6 Asn 114 108,Leu 110,Melt6§ll,Val 158,Leu
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3.2 Cross docking

Cross docking was done to validate the
results with JNK2 and JNK3, the top 10 hits
from the Molecular docking results were
docked against these molecules. The binding
affinity of JNK2 and JNK3 where compared
with JNK1 and it is found that binding affinity
of INK1 is relatively higher.

3.3 Density function theory

DFT operates on the principles of quantum
interpretation and mechanics and has
gradually become popular in the field of
computational analysis.Density functional theory
calculated for hit compounds that have good
binding affinity .Density functional theory has
ten descriptors such as  Molecular dipole
moment(Debye), Euouo(eV), Erumo(eV), HOMO/LUMO
gap (AE), Total energy (Ey)(in eV)Absolute
hardness(n), Global softness(o), Electronegativity
(x), Chemical potential(u), Electrophilicity index
(w)table 2). Every compound has different

Table 2: Binding affinity of JNK2 and JNK3 with
top hits comparing with JNK1

Binding affinity (kcal/mol)
Compounds JNK-1 | JNK-2 | JNK-3
Irinotecan -125 | -78 -9.4
Lifitegrast -12.5 -7.5 -8.4
Ponatinib -125 | -73 -8.9
Exatecan -124 | -75 -8.8
Ledipasvir -12.2 | -83 -9.7
Entrectinib -12.1 -7.2 -9.1
Adapalene -11.8 -7.3 -8.5
Nandilolone-phenpropinate | -11.6 | -6.1 -9.0
Nilotinib -116 | -76 -9.4
Paliperidone -11.6 -74 -8.6

optimized structures. The red and blue colors
represent HOMO and LUMO states. The energy
gap is calculated by using the difference
between  Epomo and  Epywmo.Exatecan(0.45),
Ledipasvir(0.33), Nilotinib(0.35) have a low

energy gap (AE).The low energy compounds
are strong and stable. All 3 compounds have
low strength spacing, resulting in a higher
reactivity of the inhibitors to the protein.
Electronegativity is a chemical effect that
represents the course of molecules and draws
electrons ' The electronegativity value should
be higher because then only it can inhibit the
activity of the particular protein.when compare
the ten compounds electronegativity value
Irinotecan(-4.14), Lifitegrast (-4.57), Ponatinib(-3.77),
Exatecan((-5.325), Ledipasvir (-1.85), Entrectinib
(-3.61), Adapalene(-3.72), Nandrolone _phenyl
propionate(-3.65), Nilotinib(-4.055), Paliperidene(-3.71).
[rinotecan has a high electronegativity value
(-5.325). The molecular dipole moment for the
lisands was found using DFT /B3LYP/6-31G
calculation. Exatecan was found to have high
dipole moment (10.98) and Adapalene has low
dipole moment (3.17). The DFT optimized
structure is given in Figure 2.

4. Conclusion
Conventional drug development
elaborate  and
protocols, and they seldom produce drugs on

process
involves time-consuming
demand. Drug repurposing is one the most
convenient approach. The Top compounds
that bind to JNK1 (PDBID: 47LF) were
identified based on high binding affinity of
drugs. Among them Irinotecan, Lifetegrast,
Ponatinib and Exatecan has the good binding
affinity and their interaction with the protein.
When the drugs were further analysed in
density functional theory, Exatecan had the
best Electronegativity value. Upon further
study of those drugs in density functional
theory it was found that Exatecan and
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Irinotecan had excellent electronegativity
value and this drug also had good binding
affinity. Irinotecan had already been used as
combinational chemotherapy drug which can
also be used for colon cancer. Lifetegrast is

used in the treatment of the dry eyes and
Ponatinib is wused for chronic myeloid
leukaemia. Through In-silico analysis these
drugs have been shown good results in all
the approach we carried out.

Fig 2: Electron density maps of HOMO and LUMO of top hits
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Table 3: Statistics of DFT based molecular descriptors of top hits.
E y)
. Deb | EHO | ELU

Compounds e\%n Vo) MO MO (AB) | () (o) (x) (u) (w)
Irinotecan 551308 859 | 604 | -225| 379 | 189 | 026 | -414 | 414 | 1.09
Lifitegrast B 389 | 641|274 | 367 | 183 | 027 | 457 | 457 | 570
Ponatinib 546964 414 | 563 | -191| 372 | 186 | 0268 | 377 | 377 | 382
Exatecan ‘(13480- 1098 | 555 | -510| 045 | 022 | 222 | 532 | 532 | 6301
Ledipasvir S 1039 | 200 | 168 | 033 | 016 | 298 | <185 | 185 | 552
Entrectinib §§}16 577 | 597 | <125 | -471 | 235 | -021 | -361 | 361 | -46
Adapalene S 317 | s7L| L) 388 | 199 | 025 | 372 | 372 | 347

Nandrolone -3469
Semioonse | 54 5107 | -615| -115| 5 | 25 | 02 | -365 | 365 | 266
Nilotinib ‘é826 643 | 423 | 388 | 035 | 017 | 285 | -405 | 405 | 46.98
Paliperidone | ;50 | 479 | 599 | 143 | 456 | 228 | 021 | -371 | 371 | 301

Total Energy(E y)(in eV),Molecular dipole moment (Debye), HOMO/LUMO Gap(AE), Absolute Hardness
(n), Global Softness(o), Electronegativity(x), Chemical potential(u), Electrophilicity index ()

(1]

2]
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