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ABSTRACT

Kinase suppressor of Ras-1 (KSR1) is a conserved component of the Ras pathway that acts as a molecular scaffold
to promote signal transmission from Raf-1 to MEK and MAPK. All KSR-1 proteins contain a conserved cysteine-
rich C1 domain, and studies have implicated this domain in the regulation of KSR-1 sub cellular localization and
function. In this study an evaluation on binding affinity of coumarin and anthraquinone derivatives on crystal
structure of C1 domain of kinase suppressor of RAS was carried out using docking studies. Sudy showed the
occupancy and importance of certain functional groups at the anthraquinone and coumarin nucleus responsible for
its potential affinity in binding. These ligands can serve as a lead moiety in developing a targeted drug against the
kinase suppressor of ras-1 to interrupt MAPK signaling in neoplasia.
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INTRODUCTION

The Ras pathway is an essential signal transduatestade involved in cell proliferation, transfotioa,
differentiation, and apoptosifl]. KSR, a novel protein kinase required for RAS algtransduction. Kinase
Suppressor of Ras (KSR) is a molecular scaffoldlititaracts with the core kinase components oBR& cascade,
Raf, MEK, and ERK and provides spatial and temprggulation of Ras-dependent ERK cascade signdliK@. is
a component of the KSR-1 scaffold complex that ibutes to Raf kinase activati¢g].

The KSR-1 scaffold translocate from the cytosolite plasma membrane upon Ras activation and cadedirthe
assembly of a multi-protein complex that co-locsdizZVIEK with its upstream activator Raf and dowrestrearget
ERK and thereby promotes signal transmission betlee core kinase components of the ERK cascad. [

CK2 is a hetero-tetrameric serine/ threonine kiramaposed of two regulatorfy,and two catalytic subunits viai,
and/or o’ [5, 6]. KSR-1/CK2 interaction was confirmed through omxiune-precipitation assays. Moreover,
binding of the CK2 subunits was found to be constie.

Members of the KSR family contain conserved protdmains (termed CA 1-5) and display remarkablerailve
sequence similarity to proteins of the Raf kinaaaify [7].
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The conserved KSR domains include a 40 residueomeghique to KSR proteins (CAl), a proline-rich ioeg
(CA2), a cysteine-rich C1 domain (CA3), a serin@timine-rich region (CA4), and a putative kinasmdm (CA5).
Similar to the domain organization of Raf-1, theafler conserved domains of KSR-1 are found in thihinal
region, while the kinase-like domain occupies the@ninal half of the protein. Unlike Raf-1, howeythe kinase
domain of KSR-1 appears to be non-functional, sstjgg that KSR-1 does not promote Ras signaling by
phosphorylating target molecules. C1 domains afiaetk as regions of approximately 50 amino aciddiess that
contain the motifix10.17CX2CX11.1LX2C X4 HX, 4CX5.oC [8]. C1A and C1B are the two repeat C1 domains located
within the same protein. C1 domains were initiatlgntified as the phorbol ester and 1, 2-dialygigtéinding
moieties of the protein kinase C (PKC) family ofise/ threonine kinasef9]. Figure 1 shows stereo ribbon
diagram of C1 domain of KSR-1.Globular structurenpoised of twop-sheets and a smaithelix, with three
cysteines and one histidine coordinating a singigiah at the end of eaghsheet was elucidated from the solution
structure of the C1B domain of Ple®y NMR studie§10], and co-crystallization of PKEC1B domain with bound
phorbol 13-acetatgl1].

There is a ligand-binding cleft at the top of thendin which is composed of positively charged nes#]
surrounded by hydrophobic residues. Water moleculigsin the cleft are displaced due to lipid binglimand
generate a continuous hydrophobic surface thalitédes tight association with membrane.C1 doméaiage been
classified into two types based on structure antttian, the typical C1 domain that binds phorbdlegd, 2-
diacylglycerol (DAG) and the atypical C1 domainttdaes nof12]

Research involved in targeting scaffold proteiwast. Antibody against KSR 1 and KSR 2 are avaélabut they
are of only research purpose. RGS19 inhibits Rgisating through Nm23H1/2-mediated phosphorylatiérihe
kinase suppressor of REE]

There are some specific antibodies that have affimiwards ksr, like hKSR-2 inhibits MEKK3-activateVIAP
kinase and NF-kappa-B pathways in inflammafibf.

7
N-terminal
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¢ C-terminal
| withGly330

A B \\I/
Figure 1: Image showing the stereo ribbon diagram of KSR-1 C1 domain (RCSB PDB CODE: 1KBE) generated using Accelerys

Discovery studio 3.1 (A) Beta strands (g1, B2, B3, p4, p5,) with its Zincion (B) Strandswith cysteineresiduesin bond with Zn ion. The
diagram is generated as per thecitation !

The availability of a key drug to target KSR is rentailable. Phytoconstituents like anthraquinormynearins,
flavonoids, and terpenoids has wide range of phemofogical actions. The exact mode of their actias hot been
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completely validated for certain physiological naltar level signaling protein molecules, enzymed gateptors
of therapeutic concern.

Anthraquinone derivative, damnacanthal was fourshtmw a better binding affinity with glycogen syasie kinase-
3 beta (gsk-B) throughin silico docking studie§15].

In this study binding affinity of coumarin and arghuinone derivatives on to the crystal structdr€ysteine rich
C1 domain of kinase suppressor of Ras-1 (KSR-1)aaased out througm silico docking methodology.

MATERIALSAND METHODS

The crystal structure of the investigational sdaffprotein cysteine rich C1 domain of kinase suppoe of RAS
(KSR) was downloaded from RCSB protein data bft® bearing the PDB code 1KBE. The ligands were
computationally designed using Chem3DUItraf@.D, 18]. Ligand preparation and grid spacing set up forstberch

of ligands on the cavities were done with AutoDdcR.[19,20]. Scorings were performedith AutoDock Vina
[21,], it treats docking as a stochastic global optitigzaof the scoring function, pre-calculating grithps (Vina
does that internally), and some other implementatiicks, such as pre-calculating the interactietween every
atom type pair at every distance was done. AutdkDéna improves the speed and accuracy of dockiily a/new
scoring function, efficient optimization and muttieading[22]. Pymol [23,24] viewer was used to view the
overlapping of ligands at the binding site of KSR-1.

AESCULIN AESCULETIN RUBIADIN

MORINDONE DAMNACANTHAL NORDAMNACANTHAL

Fig 2: Image showing energy optimized ligandsused for binding affinity studies

Tablel: List of ligands showing their molecular formula, molar mass, hydrogen acceptors, hydrogen bond donors, Log P values,

torsions.
S.No Ligands Molecular Molar CAS Hydrogen bond Hydrogen Log Ruleof 5 Torsions
Formula Mass Number acceptors bond donors P No of
g mol* Violations
Aesculir C15H1609 340.2¢ 531-75-9 3 5 -1.0 0 8
Aesculetin CoHsO4 178.14 | 305-01-1 2 2 1.18 0 2
Damnacanthal Ci6H100s5 282.25 | 477-84-9 3 1 2.82 0 3
Morindone CisH100s 270.23 | 478-29-5 3 3 3.82 0 3
Nordamnacanthal CisHgOs 268.22 3736-59-2 3 3 3.74 0 3
Rubiadin CisH1004 254.23 | 117-02-2 2 2 347 0 2
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Preparation of the macromolecule (scaffold protein-K SR)

The x-ray structure of scaffold protein containiwgter molecules and hetero atoms were refined usauglrys
Discovery Studio 4.025]. The crystal structure was energy optimized usipgn Babel 2.3.26, 27]. After energy
minimization, scaffold protein was saved as kst fmduse it for docking studies.

Preparation of ligands- coumarin and anthraquinone derivatives

MOPAC (Molecular Orbital Package) is a semi-empiriguantum chemistry program based on Dewar anel'$hi
NDDO approximation. MOPAC uses semi-empiricabdly to calculate the electronic wave function order
to obtain molecular orbitals, the heat of nfation, etc[28]. MOPAC in Chem3D Ultra 9.0 employs AM1
(Austin Model 1) method and closed shell wave fiomcto minimize energy to minimum RMS gradient of@.
AM1 belongs to the family of NDDO (Neglect of Diamic Differential Overlap) methods. In these methaals
terms arising from the overlap of two atomic orlsitahich are on different centers or atoms aréseero. As this
is not the forum for developing the ideas of HatFe®ck theory[29], knowledgeabout the derivation of the
Roothaan-Hall equatio80] will be assumed, and our description of the metheidl start with the final equations.
Properties like heat of formation, gradient norimrges, cosmos ovation in water, electrostaticrpiatie molecular
surfaces, spin density, hyperfine coupling constgmblarizabilities were solved and, additionalylliken charges
were calculated. Mulliken chargg®l] provide a means of estimating partial atomic charand are routinely used
as variables in linear multiple regression QSARcpoures. 3D structures obtained after MOPAC calicuia were
visualized through Accelrys Discovery Studio 4.0

Figure 2 shows the energy minimized structures of investigatigands and these ligands were employed for
docking studies.

Ligands were selected on the basis of Lipinskils nf five. Lipinski's rule of five is to evaluattrug-likeness or to
determine if a chemical compound with a certainrptaological or biological activity has propertigst would
make it a likely orally active drug in humans. ¥p&ins a molecule’s pharmacokinetic properties,\@bsorption,
distribution, metabolism and excretion. But thislerdacks to explain whether the molecule would be
pharmacologically active. In the discovery settimg rule of 5' predicts that poor absorption anpesation is more
likely when there are more than 5 H-bond donorg{4fbnd acceptors, the molecular weight (MWT) isajer than
500 and the calculated Log P (CLogP) is greaten thf32,33]. Lipinski’s rule of five - According to the drug
likeness properties, the ligands showed zero vasladf the Lipinski rule of fiveTable 1 shows their molecular
weight and the Log P values for the investigatiggrds.

Docking methodology

AutoDock 4.2 is toggled; the protein is stored sisgdb. Next, ligands were converted to .pdbqt fdramd saved in
the respective files. Then the grid icon is togglgdd parameters were adjusted according to tha af docking.
While setting up the grid, the x, y, z coordinatbsuld be noted down, because it is needed to entet file while
running up the Auto Dock Vina. The grid box wagaéd as 26 X 26 X 26 dimensions on to the gorgecaffold
protein, and then it is stored as ligand.gpf. ThHenfiles (ligand.pdbqt, ksr.pdbqt, ligand.gpf) westored in Auto
Dock Vina folder. The configuration file, it is &t file that has to be placed in Auto Dock Vinaugefolder prior to
the running the AutoDock Vina. Then the commandyjged on command prompt screen as per the manual
(http://vina.scripps.edu/manual.hjimio proceed with the docking process. This invehsearch space volume
greater than 27000 Angstrom. Then the program rélaelsnput command followed by setting up of scgrin
function. Binding site analysis is carried out gsitandom seed (818777548) then searching is peefibrifinally
according to the root mean square deviation therhede of conformation with relative to the distamesults were
refined and log.txt file with an output of respeetiigand were created. Stochastic scoring gereragximum of 9
poses with respect to their RMSD.

Visualizing the docking results using AutoDock4.2

The docking results were viewed using AutoDock 4.@ggle “analyse” tool and click the AutoDock Vinasult
and open respective ligand and enzyme moleculeor@pdisplays single molecules with multiple camfations,
and then select those specifications. Ligand wattvinding affinity values will be displayed.

Visualizing the docking results using PyM ol viewer
The PyMol viewer can be used to view the Vina mssurhis shows the overlapping of ligands in mudtip
conformations. Toggle the open tool bar and cliclvd the output file of ligand and macromolecule fitt displays
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the binding area of the ligand at the surface otgin. Multiple numbers of ligands can be openedaasingle
macromolecule to see the superimposition of themlitp.

RESULTS

Investigating ligands interacted on to the actiite gorge with maximum affinity. Lowest binding emgy was
shown by aesculin (-5.9kcal/mol), Morindone (5.7koal), Nordamnacanthal (-5.7kcal/mol) and Rubiadin
5.6kcal/mol). Damnacanthal, Aesculetin was founghow a -5.2 and -4.7 kcal/mol as a free energyinding.
Followed by satisfactory results was shown by adesicu(-4.7kcal/mol)

Table 2: Table showing the binding affinity of the anthraquinone derivatives at the active site gorge of cysteinerich C1 domain of kinase
suppressor of RAS (KSR)

Modes of Conformations generated at upg)(@ the lowest(1st) with an RMS 0]0
Ligands Binding affinity values at each conformationsi (kcal/mol)

1 2 3 4 5 6 7 8 9
Aesculir -5.9 -5.8 -5.7 -5.€ -5.4 -5.23 -5.23 -5.23 -5.2
Aesculetin -4.7 -4.5 -4.5 4.4 -4.4 4.4 -4.3 4.2 4.2
Morindone -5.7 -5.7 -5.6 -5.6 -5.5 -5.4 -5.3 -5.2 5.1
Rubiadin -5.6 -5.5 -5.3 -5.2 -5.2 -5.2 -5.2 -5.20 .05
Damnacanthal -5.2 -5.0 -5.0 -4.9 -4.9 -4.8 4.8 8-4.] 48
Nordamnacantha| -5.7 -5.5 -5.2 -5.2 -5.1] -5.1 -5.1 -5.1 -5.0

RMSD values are calculated relative to the besterat use only movable heavy atoms. Two varianBMED
metrics are provided, rmsd/lb and rmsd/ub. The faischatches each atom in one conformation wittfitaethe
other conformation, ignoring any symmejBd].

RMSD values for distance from the best mode of kiviending energy possessed aesculin is 2.000 (tisend
3.600(rmsd u.b) for®mode of conformation but the best mode of confdionaat rmsd (I.b and u.b) showed 0.0 as
the distance from best mode. C1 domain of KSR1 feasd to contain cysteine residues at Cys377, Q¥s37
Cys366, Cys362, Cys 359, Cys349, Cys 346.

Table 3: Table showing the amino acidsinvolved in hydrogen bond interaction with theinvestigating ligands

S.No Ligand Binding affinity AG (kcal/mol) | Amino Acids Involved In Hydrogen Bond InteractionHydrogen Bond
Length(A
01. Aesculin 5.9 KSR:A:ASN368:HN 1 2.247
KSR:A:PHE336:HN 1 2.143
02. Aesculetin -4.7 AESCULETIN::FRAL1:H1 2.246
KSR:A:HIS334:HN 1 2.128
03. Damnacanthal -5.2 KSR:A:THR338:HG1 1.992
DAMNACANTHAL::FRA1:H 2.182
04. Morindone -5.7 KSR:A:CYS377:HN 1 2.157
05. Nor damnacanthal -5.7 AESCULETIN::FRA1:H1 1.992
06. Rubiadin -5.6 KSR:A:HIS334:HN 2.127

Relating ligands binding affinity shows its specifinteraction with amino acid residues at the \tgirof the
receptor siteTable 3 shows the amino acid residues involved in hydrdgemd interaction with the ligands under
investigation.

DISCUSSION

Binding affinity potential of small molecules likmumarin and anthraquinone derivatives were regoResearch
on binding affinity of rare flavonoids like 2'-Hyakygenistein was found to occupy the cysteine @dhdomain of
KSR with some limited fidelity35]

Docking studies showed a specific interaction afestigational ligands with cysteine residues of KERFrom
table 3 it is evident that morindone interact with cysteiresidues (Cys337) at its lowest free energy pflibg
(AG), -5.7kcal/mol
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Figure 3: Surface filled image showing the binding of Aesculin at the gorge, exposed on the surface of cysteinerich C1 domain of Kinase
suppressor of RAS1 (KSR1) protein . Indication in arrows showsthe ribbon image of protein emphasizeitsinteraction with the ligand
through hydrogen bonding (H bonds are shown in dotted lines.

Figure 4: Image shows only the specific B-strand containing amino acid residues (Cys377, His334, Phe338, Thr338 and Asn368) involved
in interaction with ligands (ligands are not shown in this diagram)
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It has been found out some rare flavonoids like 2iehydrokievitone was found to interact with As@385].
Figure 3 showsaesculin interaction with Asn368 through hydrogemding (2.247A), this was one of the lowest
binding energy exhibited ligand under investigatidnthraquinone and coumarin derivatives were fotmimteract
with amino acid residues like Asn368, Phe336, His33r338, Cys377 and His334.

Anthocyanidins and flavonoids also exhibited a Eimmode of interactions along the beta strafdlsandp5 [36].
The above mentioned amino acids running along stetedspl andp5 was found in interaction with the ligands.
Figure 4 shows the specifip-strand containing amino acid residues involvehiaraction with ligands.

The overlapping analysis showed that the ligands wanthraquinone nucleus occupied their positioth Wietter
affinity at the same vicinityFigure 5.A). But there is some variation with respect to thatadile bonds attached to

the ligands.

aesculetin

Damnacanthal

Mordamnacanthal

Aesculetin

Figure5: mage showing the superimposition or overlapping of ligandsinvestigated A) showsoverall ligands superimposition B)

show the area of non overlapping binding of aesculin and aesculetin C) showsthe superimposition of damnacanthal and

nor damnacanthal D) showsthe interfering morindone in perpendicular plane with respect to aesculetin E) similar binding affinity of

morindone and nordamnacanthal but different anglesof interaction F) super-imposition of rubiadin, nordamnacanthal, morindone,
aesculetin.
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On analyzing, overlapping of ligands at the gorfeysteine rich C1 domain of kinase suppressoras-R (KSR-
1) scaffold protein, ligands like aesculin and daganthal was found to occupy the same area wittngarable
affinity values. Damnacanthal and nordamnacantlal $light difference in their structure but therasvonly a
slight deviation in their superimposition (Fig 5aBd 5.C). Even though there are structurally difféisubstitutions
at coumarin and anthraquinone nucleus, they coagées binding at the same gorge which shows oryaffinity
and not the same amino acid interaction. On viginglithe morindone and aesculetin binding affir{fgjg 5.D)
there was no overlapping, instead there was a ehanglanar of interaction of the ligands at theivac site.
Aesculetin is perpendicular to the direction of mdone bindingThough the binding affinity values of Morindone
and Nordamnacanthal are the same but there wamiicant difference in their interaction at thetiee site (Fig
5.E). Not even a partial overlapping was seen linertit was a differing angle of interaction. Frong(biF) it is clear
that Rubiadin, Nordamnacanthal, Morindone, and Alegin showed satisfactory superimposition.

CONCLUSION

It is concluded that some selected coumarin andramgtiinone derivatives showed better binding aifimin the
scaffolding protein-cysteine rich C1 domain of KseeSuppressor of Ras-1(KSR-1). Targeting Kinas@®&sgor of
Ras-1 is of novel approach in order to shut dows riiplecular signaling cascade in mitogen activatedein
kinase (MAPK) pathways. These scaffolding proteias be analyzed with coumarin and anthraquinonigatares
using suitable models imvitro techniques to produce a lead molecule in treatmwieNeoplasia.
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