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B-RAF is a one of the RAF protein kinase grthat contribute to the development of different
types of cancerV600E-BRAF protein has lot potential for scientifitzvestigation as the
therapeutic target owing to its participation in lmeoma cancer and the molecular target
of many anticancer compounds ligainolinylaminopyrimidines (QAP) derivativels this
research, interactions of QAP derivatives wik600E-BRAFkinase were modeled and
predicted using molecular docking simulation appmoawith the help of Autodock vina
version 4.0 of Pyrx software. The molecular doclgimgulation result of this research shows
that QAP6 (—-11.7 kcalmd) best inhibitV600E-BRAFwhen compared with othe®AP
analogouswithin the dataset and was found to be better ttren standardv600E-BRAF
inhibitor vemurafenib (-11.3 kcalmél. This compound (QAP6) were further used in
designing novel and potey600E-BRAF inhibitorgy attaching substituents to theigoline
ring of the compound. Moreover, the two newly desiginhibitors N1 and N2 with a binding
energy of —12.7 kcalmdland —12.9 kcalmdirespectively were found to be more potent than
the parent structure QAP6 (-11.7 kcalmpland the standardv600E-BRAF inhibitor
vemurafenib (-11.3 kcalmél. Thus; this study provides a valuable approactl aew
direction to novel drug discoveryhere is hope in the future studies to includesyrethesis
and evaluation of these newly designed inhibitongclv can establish them to be the most
potentV600E-BRAF inhibitors and efficient aninelanoma cancer drug.
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1. INTRODUCTION

Malignant melanoma is the most dangerous form

skin cancer caused by the abnormal formation ofanmytes
(Cummins et al., 2006). It covers only ten per¢@afso) of skin
cancers, but it is consequences results for nfositio cancer
deaths (Jemal et al., 2006). Mutations in variousgy@wth
genes led to activation of more fold related-carmsignaling
pathways, then followed by uncontrollable propagatand
spreading to melanocytes. The oncoprotein BRAF,
discovered in 1988 is responsible for nearly ssity percent
(66%) of melanomas and twelve percent (12%) of reckal
cancers (Dhillon et al., 2007). BRAF is the maimngé&t of
therapies, being it the most regularly mutatedeinokinase in
human cancers (Bollag et al., 2010). Furthermogarly seven
percent (7%) of all cancers, BRAF gene mutatiomsleads to
MAP kinase pathway over-activation (Ren et al., B0TThe

V600E-BRAF inhibitor)eventually develop resistance towards

it. Therefore, identifying other BRAF inhibitors @n
development of novel drugs against melanoma is reftg
Importance for canceMelanoma)esearch (Roskoski, 2012).
Furthermore, Molecular docking simulation is a
computational technique used to predict the bipdihility of
the active site residues to specific groups ormréleeptor and to
reveal the strength of interaction (Bollag et2010). Molecular
docking is a very useful and popular tool usedha tirug
discovery arena to evaluate the binding of smallemdes
ﬁﬁhibitors) to the receptor (macromolecule) (Aldtdi et al.,
2017). In this research, compounds that are simtlaicturally
to quinolinylaminopyrimidineswere assessed to predict the
most potent compounds. The aim was to establishOE60
BRAF inhibitors in place of vemurafenib that have tsame
therapeutic properties and efficacy through a mdéaocking
simulation.

most frequent mutation of BRAF, among more than 30

mutations of BRAF (Namba et al., 2003), is V600EZ&hov et

al., 2015). The V600E-BRAF mutation ended in 50@fo

greater constitutive kinase activity when compatedother
BRAF wild kind, and many inhibitors of V600E-BRAFaYe
been designed(Wang et al., 2011, Li et al., 2014).

Several potent drugs are now available in clinidgals
against melanoma including kinase inhibitors witiffedent
degree of success. Sorafenib one of the multi-kinakibitor,
which inhibit EGFR tyrosine receptor kinase, BRA¥fise and
threonine kinase. US FDA approved Sorafenib forttbatment
of certain kinds of cancer, among which are hegsholar
carcinoma, advanced renal cell carcinoma and rathea
iodine-resistant advanced thyroid carcinoma (Stilet2015).
vemurafenib (Zelboraf 1), a more distinct BRAF initor was
approved in 2011 by the FDA for melanoma (metastatnd is
under consideration for thyroid and colorectal @a¢Wu and
Ambudkar, 2014). Since almost fifty percent (50%)BRAF
mutations are relate to have the V600E mutatiorretiore
vemurafenib is extremely important anti-metastaticl anti-
melanoma drug due to its explicit inhibition of \(E-BRAF
(Robinson et al., 2014).

2.0 Materialsand Method

2.1 Hardware and Softwar e Specifications

All the molecular docking studies were carried ont
a Dell Intel(R)Core(TM)i7-5500U CPU), 16.00GB RAM @
2.400GHz 2.400GHz processor, 64-bit Operatintesysx64-
based processor on Windows 8.1 Pro ). Ligands aoeptor
preparation was carried out utilizing Discovery dtuand the
docking was run by employing Pyryx. Spartan 14(ldeind
Huang, 1995) was employed to perform density functional
theory calculations.

2.1.1 Ligand selection

In this research, a data set of 11
quinolinylaminopyrimidines (QAP) analogownd theiranti-
proliferative activities towards A375P human mela@ocell
line were taken from (Lee et al., 2015). Their struetand anti-

proliferative activity results as 16 were presented in Table
1.The selected ligands were selected on the bdsgsemical

However, Treatment with the use of BRAF inhibsto properties, thus, are molecular weight, H-bond pmreH-bond
can result in the development of inhibitor (drugkistance donor, Log P, and topological polar surface aresld 2). rule

which restrict their usage (Zubrilov et al., 201B)elanoma

of five (Lipinski's) was checked for the Hhalogousout of

(Metastatic) igparticularlydangerous form of cancer that has @hich all the selected ligands has passed théltigshski et al.,
very badprognosis and is resistant to many standard antieza 2012). In addition to studied ligands, vemurafends used as
therapies this helps these cancer cells to evade the immuumhtrol in the present study.

system. Mutations (Genetic) can as well accumuidiieh may
activate other signaling pathways (Saini et al13)0Majority
of patients that were administered vemurafenib nfked
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Table 1-Structure and Antiproliferative activity of quinolinylaminopyrimidines (QAP1-QAP11) against A375P human
melanoma cell line

STRUCTURE
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Table 2-Physico-chemical properties of selected ligands.

LogP TPSA (%)

2.1.2 Ligand preparation 12.0 and were converted to the 3D structure usipart&n
14. The structures was cleaned by minimizing dretking

The selected ligands was prepared and optimized for using a molecular mechanic force field (MM+) option
docking, the 2D structures was drew using Chemdytva Spartan 14, so as to remove all strain from thegtre of the
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molecule. Additionally, this will guarantee a wekfined
and stable conformer relationship within the compts in
the study (Viswanadhan et al., 1989). Geometrynuiptition
was set at the ground state utilizing the densitycfional
theory (DFT) at the Becke88 three-parameter hybrid
exchange potentials with Lee-Yang-Parr correlapotential
(B3LYP) level of theory and for the basis set 6-G1(#) was
selected and all the ligands was formatted to pdb.f

2.1.3 Receptor preparation

The x-ray structure ofV600E-BRAF kinase (receptor) in
complex withvemurafenib(PLX4032) (PDB-code: 30G7)
(Brose et al., 2002, Bollag et al., 2010, Choiletz®11)was
retrievedfrom (www.rcsb.org)V600E-BRAFwas imported
into Discovery studio and the PDB file was prepaksd
removing the excess water molecules attached irx-ifagy
structures and updating the hydrogen atoms. Othena
acids like proline, Histidine, cysteine, glycing;.ethat were
found missing chains (side) was as well treatedreetheir
used for the docking simulatiohis complex structure
consists of two homo dimeric chains A and B. Owalgeas
to target the mutated chain (chain A) of V600E-BRAF
Therefore, the chain B was deleted from the strectf
30G7 and the bound inhibitor also extracted fromirci.

2.1.4 Docking process

Molecular docking is considered the most
appropriate way to stumble on bioactive confornretiof
compounds with their corresponding receptors. ligthnds
from the data set were docked into the active ldrdasmain
of V600OE-BRAF usingAutodock vina ofPYRYX docking
program software To illustrate interactions (inter-
molecular), for example h-bonds, hydrophobic, Hadads

and aromatier interactions). The 3D and 2D interactions for
the docking simulation was obtained by importing thsult
into the visualizer (Discovery studio visualizehyls in order

to identify the most significant interaction betwe¢he
inhibitors (ligands) and the corresponding recepiged in
the molecular docking simulation.

2.1.5 Designing V600E-BRAF kinase inhibitor

The docking result of the inhibitors (ligands)
docked against600E-BRAFtarget was reviewed, and the
best interactions of the ligands was further stild&ome of
Their molecular descriptors and bulky side groupsrew
altered in order to improve their effect (poisonoans the
V600E-BRAF target. This was accomplish by introducing
some relevant substituents found to interact styoag the
binding segment of the receptor when docked.

3.0 Result and Discussion.

3.1 Docking results.

All the ligands from the data set were docked into
the active kinase domain of V600E-BRAF using PYRYX
docking program and the desirable conformationghef
studied ligands was identified. Based on the bigdinergies
of the studied ligands with the type of interactignvolved,
it is found that the ligands were sufficiently bexidto the
active site and show similar orientations in som&tances
and comparable with the standard drug used asatofiit
further analyze the interaction, the values of tieding
energies are leveled from the most active to thstlactive
ligand and were all computed and reported in T&ble

Table 3-Docking information for the interaction of QAP derivatives docked to kinase domains of BRAF (PDB ID: 30G7).

Molecular Binding Hydrophobic Electrostatic Hydrogen Bonds Hydrogen Bond
system Energy(kcal/m Interaction Interaction/Others Distance (A)
BRAF/QAP1 -9.0 TRP531, ALA481, GLY534 2.84388
LYS483, ILE527,
ILE463 and ALA481
BRAF/QAP2 -9.8 LYS483, ILE527, LYS483 2.80349
VAL471 and ILE463
QAP3 -10.2 ILE463, LEUS505, LYS483 ASP594, GLY596 2.67905,
ILE527, LYS483 and and TRP531 2.6292 and
LEU514 2.97165
BRAF/QAP4 -10.3 TRP531, PHES583, LYS483, 2.32278,2.55,2.56
LYS483, ILE527, LYS483, 039,2.62756,
ILE463 and ALA481 ASP594, 2.504 and
GLY534, 2.69374
CYS532 and
GLY534
BRAF/QAP5 -10.5 ILE463, ALA481, CYS532, ALA481, LYS483, 2.68111, 2.58178,
VAL471, LYS483, ALA481, VAL482, LYS483, 2.30248, 2.70343,
ILE527 and LEU514  ILE527 and LYS483  THR529, 2.65501 and
ASP594, CYS53 2.40611

and TRP531
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Based on their obtained excellent binding energies
these ligands are arranged in the ord@iP6 > QAP11 >
QAPS > QAP4, QAP8 > QAP3, QAP10 > QAP2 > QAP7 >
QAP9 > QAP1. The most important residue for hydroge
bond interactions for the studied ligands was LY®48
THR529, ASP594, and GLN530 through the pyrimiding r
of the studied ligands. Also, the most importarsidee for
hydrophobic interactions for these ligands was L8%4
LEU514, and ILE463, which show good similaritieslao
some extent with the standard600E-BRAF inhibitor
vemurafenib.

QAPG6 was selected as the best ligand docked on the
active segment of V600OE-BRAF kinase with the bigdin
energy of -11.7 kcal/mol (Table 3).This docking slation
research revealed that QAP6 was found to bourtttiadtive
segment on the protein dimer due to the formatidowr (4)
hydrogen bonds with ASP594 (2.15618A), THR529

(2.93365 A), CYS532 (2.01085A) and GLN530 (3.564)5
Furthermore, there is one pi-pi interaction whigbhpear
between the binding segment of the receptor and)thie6
ligand which happened betweaguinoline segment and
TRP531. There was also pi-sigma interaction betwéen
ring (aromatic) of the ligand and the aliphaticesiof
LEU514, LEU505 and THR 529 as shown in Figure 1.The
obtained results of this molecular docking simwolatuggest
that the selected active compound (QAP6) can intiis
growth of the melanoma cell lines by inhibiting 1600E-
BRAF kinase which support the experimental findmtable
1 as this ligand was found to be more potent withd = 9.2
than the standard thé600E-BRAF inhibitorVemurafenib
(IC50 = 0.25).
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Figure 1-(A) 3D and 2D interaction BRAF/QAP6 molecular system

Vemurafenib the standaM600E-BRAF inhibitor
which is theligand removed from the x-ray structure of
V600EB-RAF retrieved from PDB (ID: 30G7) was docked
in order to check the position, orientation, angiaction of
the ligand withV600E-BRAF receptorThe comparison of
position, orientation, and interaction of the ligan
(Vemurafenib) with top most conformation of dockigiind
(QAPB6) exhibited some good similarities. Three imaiot
aromatic residues: ILE 463, TRP 531 and LYS 483e Th
central pyrrole and pyridine ring of the Vemurafefigand
also exhibited the same hydrogen bond interactitm @LN
530 (2.35105), and CYS 532 (3.0153) almost simdathe
most active QAP6. There was also formation of two
hydrogen bonds through the O=S=0 moiety of thenliga
which are PHE595 (2.66721) and GLY596 (2.06321)
respectively as shown in Table 3. The pyrrole nyoidtthe
ligand is involved in two important conserved pi-pi

interactions, one is present between nitrogengainid and
PHE 583 residue while second bonding is formed betw
the aren of the pyrrole moiety and TRP 531 actiike s
residue of V6OOEBRAF as depicted in Figure 2.

To identify the optimal V600E-BRAF inhibitors,
top ranked conformations of all ligands were coesed as
best preference for the design. For the structased design,
the binding energy were served, after which thanugdt
V600E-BRAF inhibitors was selected on the basighsf
highest binding energy. This study revealed thahal QAP
analogous are effective in targeting V600E-BRAF,
especially QAP6 with binding energy better thant thh
Vemurafenib the standard V600E-BRAF inhibitor. This
ligand was chosen and two novel QAP derivativedlaand
N2 were generated, which were not reported pretyous
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Figure 2-(A) 3D and 2D interaction of BRAF/Vemurafenib molecular system

3.1.1 Design and docking simulation of the new ligands

(N1 and N2)

The docking simulation result of QAP6 propose the
possibility of improving the activity of the moldeuby
introducing some new substituents. A library of stithent
was imputed into the chemical table and all thisssituent
were docked within the binding site of the recemoras to
assess the chemical behavior of all these substiinethat
site. On comparing the docking results of and mdbac
descriptors, a group (trifluoromethyl benzyl) wassen and
added to QAP6 at amino group of theinoline moiety as
shown in Scheme 1. This group have two importaaities,
halogen bonds were generated and hydrophobicity is
increased. Also, the possibility of interactinglwligsine may
increase, and through these substituents, new QAP
derivatives were designed as N1 and N2 respectively

The designed compounds were evaluated for drug-
likeness by analyzing their properties (physioctoat)iand
by applying rule of five (Lipinski’'s) as present&dTable 4.
The rule states that molecule must have molecutgghw of
<650 Da, H-bond acceptors <10, H-bond donors <pPlof
<5 and topological polar surface area (TPSA) < ABOAIl
the new design compounds passed the test (Lipetsél.,
2012).

After conducting molecular docking simulation for
the newly designed compounds, it was found thabiheing
energy of QAP6 were increased to -12.7 kcal/moNbrand
-12.9 kcal/mol for N2 respectively as shown in ¢alal.
Therefore, the two new compounds are the novel ¥600
BRAF inhibitors, thus, their docking results we@rpared
to the docking result of vemurafenib as a positivetrol. In
Figure 3 and 4, N1 and N2 binding to V600E-BRAF was
presented and depict the similarity of interactibtmsQAP.

N1 and N2 were bound to the active site of theptarewith
some similar residue involvement. Most of the itierss,
LYS483 was the most significant residue associdted
vemurafenib-V600E-BRAF and QAP-V600E-BRAF
interactions.GLN530, THR529, and ASP594 was astetia
in H-bond andt-interactions (cation). Aromatic groups of N1
and N2 play important role in hydrophobic interans.
There are two aromatic residues, THR531 and GLN530
which increases the binding stability by providipigdonor
hydrogen bond interactions with QAP aromatic ringile
LEU514, LEU 505 and THR529 form pi-sigma interanto
The newly introduced substituent increases the ibind
stability by forming two pi-alkyl bonds with PHE 8&nd
VA471 and also form halogen bond with ASP594 asvsho
in Figure 3 for N1. For N2 face-face pi-pi intetiaos or -
stacking) are the usual form of pi-interactions ethoccurs
between thequinoline moiety and the newly introduced
benzene ring with PHE583 residue, T-shaped intersst
(pi-pi) produced an edge-face pattern of two (Z)naatic
rings as depicted in Figure 4. Furthermore, theveai
formation of an additional hydrogen bond with ASR38m
the fluorine atom of the newly introduced substituéiuch
more interaction was found in the N2 which makbatter
V600E-BRAF inhibitor than the QAPS6.
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Table 4-Physico-chemical propertiesof N1 and N2.
MW (Da) nHBA TPSA (&)

Table 5-Docking information for theinteraction of N1 and N2 docked to kinase domains of BRAF (PDB ID: 30G7).
Molecular Binding Hydrophobic Electrostatic Hydrogen Bonds Hydrogen Bond
system Energy(kcal/m Interaction Interaction/Othe Distance (A)
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Scheme 1-Structure and binding ener gy of new Designed V600E-BRAF inhibitors (N1 and N2)
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