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ABSTRACT

BRAF (V-raf murine sarcoma viral homologue B1) is a proto-oncogene which is a member of RAF kinase family of
proteins. In this study, the comparative molecular docking of the binding affinity of hydroxy-benzoquinones,
naphthaquinones and anthraquinones on crystal structure of mutated B-RAF proteins were carried out using
Discovery studio 4.0 software. Docking studies revealed greater affinity of the compounds with the proteins. This
may be due to the functional groups present in hydroxyquinones which are responsible for the activity.
Pharmacokinetic properties were analysed using TOPKAT software which gave an insight into its ADMET
parameters. Snce ADMET properties and docking studies gave better results, all the compounds may be used as
lead moieties in devel oping potential drug candidates againgt mutant B-RAF associated cancers.

Keywords: B-RAF, Hyroxy-benzoquinones, naphthaquinoneshrawfuinones, Discovery studio-4.0, Docking,
ADMET, TOPKAT.

INTRODUCTION

BRAF which is a member of the RAF family of proteiis the most frequently mutated protein kinas@uman
cancerd1]. The RAF family of proteins are classified intoypés A-RAF, B-RAF and C-RAF. Each form plays a
role in the RAS-RAF pathway and B-RAF is the maitivator of RAS-RAF-MEK-ERK signal transduction
cascade which is depicted in Fig.1. This cascadécjpates in the regulation of a large variety pbcesses
including apoptosis, cell cycle progression, diéfaiation, proliferation and transformation to ttencerous state
[2]. B-RAF mutations occur in melanomas, thyroid canesd colorectal cancer.
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Figure 1 RAS-RAF pathway
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Preclinical studies prove that mutations in the BRgene allow it to signal independently. As a resulitated
BRAF causes overactive signaling via MEK and ERHKisTieads to excessive cell proliferation and staMi3].

Role of Oncogenic BRAF In Cancer

Oncogenic BRAF can result from mutations in the BRfene. Somatic point mutations in BRAF cause toéem

to become overactive. This triggers a signalingads that can play a role in specific malignanoiggproximately

90% of known BRAF mutations are V600E mutatigak It means the substitution of glutamic acid (E) fre t
position of Valine (V) at V600E of the protein charesults in an over expressed activity of mut&8&8@#F. Other
variants include lysine (K), aspartic acid (D), aadgjinine(R). The V600 point mutation allows BRAG gignal

independently of upstream cues and downstream[Blies

As a result of constitutively active BRAF, overaetidownstream signaling via MEK and ERK leads toessive

cell proliferation and survival. Independent of gth factors, oncogenic BRAF signaling may leadntcréased and
uncontrolled cell proliferation and resistance pmtosis. The over activation of RAS-RAF signalipathway by

the oncogenic BRAF has been influenced by the pialtimalignancy and it can be used as a potengabpeutic
target in oncology[6]. There are many tumors like melanoma, papillarydity, ovarian, colorectal and prostate
tumors which are associated with mutated BRAEF Many drugs are available to inhibit BRAF mutatidmst
serious side effects and low bioviability are thelie48]. Hence less toxic drugs which are of phytochemicigim

like hydroxybenzoquinones (embelin and rapanonephthaquinones (lawsone, juglone and plumbagin) and
anthraquinones (1, 4-dihydroxyanthraquinone and3],8-trihydroxyanthraquinone) having wide range of
pharmacological actions were selected as B-RAitdrs for the present work.

The molecular docking and screening process weméedaout using Discovery studio 4.0 software WBRAF
kinase protein (pdb id: 4MNF) as the target andstflected hydroxyquinones as the ligands.

MATERIALS AND METHODS

The crystal structure of mutated B-RAF protein velmwvnloaded from Research Collaboratory for Structural
Bioinformatics (RGB) protein data bank having the PDB code 4MNF.(E)g Chain A was selected for docking.
The prepared protein was energy minimized and sagedMNF.pdb (Fig. 3). The ligands were designgidg.
Marvinsketch 5.3.0. The ligand preparation was dasiag discovery studio 4.0. The minimized recefRRAF)
and ligand was docked with Libdock, a relativelgtfalgorithm that conducts ‘Hotspots’ matching wiidand
conformation. The binding affinity of the ligandstlvthe protein was compared with that of the staddirug GDC
0879.

(a) Preparation of the protein (Scaffold protein-4MNF)

The X-ray structure of protein containing water ewlles and hetero atoms were refined using Accéliysovery
studio 4.0 and the protein crystal structure waer@n optimized after energy minimization. The pioteas then
saved as 4MNF.pdb and subjected to docking studies.

Figure 2 A chain of Ribbon structure of AMNF
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Figure 3 Prepared protein crystal structure 4MNF

(b) Preparation of ligands: hydroxy-benzoquinonesnaphthaquinones and anthraquinones.
The structure of the ligands were prepared usingvisketch 5.3.0 and saved as sdf file, which dergin Fig. 4
[9-15].

Figure 4 The prepared ligands: (a) Embelin, (b) Ragnone, (c) Lawsone, (d) Plumbagin, (e) Juglone, (f) 4-dihydroxyanthraquinone,
(9) 1, 3, 8—trihydroxyanthraquinone, (h) standard dug (GDC 0879)
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(c) Docking methodology
The software for molecular docking used in thigigtwas Discovery studio 4.0 (DS 4.0, Accerlrys IS8anDiego,
CA). The docking between the ligand and protein eraauated by using Libdock docking program. Libdas a
high-throughput algorithm for docking ligands ir#o active binding site on the receptor, which o a site feature
docking algorithm. The seven ligands were dockeith wie binding site of BRAF protein. Ligand confations
were aligned to the receptor interaction sitesthedest poses were reported in the end of theinigpskmulations.
Each pose was evaluated according to the Libdookesdhe scores obtained from docking studies arengn

Table 1.
Table 1 Docking scores of the ligands at the actigite of BRAF kinase
Amino acid residue .
Ligands Electrostatic Hydrogen Hydrophobic Alkyl and pi-alkyl Cl\?nf' Libdock
. . A A . A . 0. score
interaction bondlng interaction interaction
Embelin LYS A:483 ASP A: 593 LYS A:483 83 120.323
ASPA:594, LYS ASPA:594, )
Rapanone A-483 LYS A483 - PHE A :583 52 121.04
Lawsone - LYS A:483 - PHE A:583 1 76.2359
Juglone LYS A:483 LYS A:483, LYS A:483 PHE A:483 1 80.1346
9 ' ASP A:594 : ' '
Plumbagin LYS A:483 LYS A:483 LYS A:483 PHE A:583 1| 82.0419
1,4-dihydroxy ASN A:581 VAL A:471,
anthraquinone - GLN A'612 PHE A:583 - L 84.6445
138- ASP A 594,
e . - GLN A:612, - TRP A :531 1 94.9814
trihydroxyanthraquinone GLU A501
GLN A:612, )
GDC 0879 (Std drug) - LYS A-483 - PHE A:583 15 110.335
The various interactions of amino acids with thiéedént ligands as well as their 2D plots are giirekigs. 5-12.
s
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Figure 6 Dockingof Rapanone with 4AMNF
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Figure 8 Docking of Juglone with 4AMNF
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Figure 10 Docking of 1, 4-dihydroxyanthraquinone wih 4AMNF
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Figure 12 Docking of GDC0879 with 4AMNF

(d) ADMET Studies using TOPKAT

The bioavailability and drug likeness screeningevevaluated by using TOPKAT, a module of Discoveydio
4.0. Using TOPKAT, the aqueous solubility, bloodaibr barrier penetration, cytochrome 450 2D6 binding
hepatotoxicity, intestinal absorption and plasmatgin binding were evaluated by the molecular mougl
software. The ADMET scores are depicted in Table 2.

Table 2 ADMET scores of the various ligands

n c x 5 X > o
HooB= [ EELp2_2Y B 49 Yo 3 =
Wm P 8T W=E U=T =T 2 © w
Ligands Sm 2 E52d =2 FEEE I s o W = <
oo 52 p221 03 p3234= & | =0 = | 3 Q9
< 8 <2 < Ko »|O o [y a <o
i< < T < < <
Embelin 0.068 1 0 -3.69 3 -11.304 -1.30154 -0.594581.62 76.232
Rapanone 4 1 -4.26] 2 -13.3086 -0.98938 -0.345155335| 76.232
Lawsone -0.654 3 0 -1.91b 4 -4.566H55 -9.02452 M56 1.22 55.417
Juglone -0.563 3 0 -2.16p 3 -2.76189 -7.35757 182 1.515| 55.417
Plumbagin -0.425| 2 0 -2.65p 3 -5.39118 -6.56828 625 | 1.962| 55.417
1,4-dihydroxyanthraguinone -0.642 B 0 -3.0B7 3 aop7 | -3.07329 -1.9434 20324  76.2832
1,3,8-Trihydroxyanthraquinone¢  -1.046 B 0 -2.8[12 3 24381 | -3.28708 -7.15164 2.082 97.048
GDCO089 -0.689 3 0 -3.284 3 2.12641 -4.3181 0.236556407 | 80.824

RESULTS AND DISCUSSION

Table | represents the Libdock scores of the varibgands. The docking was performed using thewsot
discovery studio 4.0. The seven ligands were sséadsdocked into the predicted binding cavitypbtein BRAF
(4MNF) using Libdock module. GDC0897 was takernhesstandard drug. Multiple conformations were geteel
for each compounddmong the ligands, embelin and rapanone and wenedfdo have good Libdock scores when
compared with that of the standard GDC 0879. 18-8ihydroxy anthraquinone was comparable with thlathe
standard. The Libdock ranking follows the orderagne> embelin> GDC>1, 3, 8-trihydroxyanthraquinorel ,4-
dihydroxyanthraquinone plumbagin> juglone> lawsone. According to the Libdock algorithm, higlige docking
score, higher the strength and vice versa. Hencanitbe inferred that the ligand, rapanone hadrtbst binding
affinity among the screened ligands when compavi¢id tive drug.
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The amino acids which interact with embelin werenfd to be LYS A: 483 through electrostatic forceatifaction
and hydrophobic interaction (pi-alkyl). ASP A: 586ino acid residue interact with embelin througbdhding. In
rapanone, the amino acids ASP A: 594 and LYS A: i#8Fact through H-bonding as well as through tedestatic
force of attraction. PHE A: 583 were found to hairalkyl and alkyl interactions with rapanone. Lans interacts
with LYS A: 483 through H bonding, with PHE A: 58Brough pi-pi T shaped and pi-alkyl interactions. |
Plumbagin, the aminoacid residue LYS A: 483 wasnétbuo have H-bonding, electrostatic (pi-cation) and
hydrophobic (pi-alkyl) interactions. It also inteta with PHE A: 583 through pi-alkyl hydrophobiddractions.
Juglone was found to interact with LYS A: 483 thyhuH-bonding and through hydrophobic interactiguisafkyl).

It also interacts with ASP A: 594 through H-bondihg 1,4-dihydroxy anthraquinone, VAL A:471 and PIA:583
have hydrophobic interactions while ASN A:581 arfdLN A:612 have H-bonding interactions. In 1, 3, 8
trihydroxy anthraquinone, the amino acids ASP A4,58LN A: 612 and GLU A: 501 have H-bonding intdiacs
while TRP A: 531 was found to have pi-pi stackintgractions.

In the standard drug GDC 0879, the amino acids @LKE12, LYS A: 483 interact through H-bonding whit¢iE
A: 583 through pi-pi stacked, pi-pi T-shaped anehlgyl interactions. Thus this insilico study predicts that
rapanone and embelin are good inhibitors of the BRfotein.

Prediction of ADME parameters are given in TabldRe computer aided toxicity predictor TOPKAT wa®d to
predict the cellular toxicity of the ligands undstudy. The BBB level were in the range 0-4, showirigh
penetration to no penetration. Most of the ligandder study have medium penetration and rapanosdousad to
have the least penetration. Ideal aqueous solbditel is 3. Five of the seven ligands were in itheal level.
ADMET descriptors indicate that the ligands ardlgabsorbed, have low probability of causing hepaticity and
are non inhibitors of CYP2D6 enzyme. Thus the phigands used in this study were predicted to Hawerisk of
possible side effects.

CONCLUSION

The ADMET properties give an idea of the pharmawcett parameters which a lead molecule must hadetlzan
docking studies give an insight to how well theatigs are bound to the amino acids by various ictierss in the
active site. From the library of the seven hydraxpones which were used as ligands, embelin andnape
exhibited better binding affinities with the muttBRAF protein when compared with that of the stadddrug
GDCO0879. Thus the docking and ADMET studies helpredict the development of potential lead molesuThe
above studies can be further substantiated bytia wiet lab studies which are under progress.
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