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Abstract: Background Head and neck squamous cell carcinoma (HNSCC) és ajnthe most
common malignancies in humans and the average Ssygaival rate is one of the lowest among
aggressive cancers. Protein kinase C zeta (PKOZipidy expressed in head and neck tumors, and
the inhibition of PKCZ reduces MAPK activation iivé of seven head and neck tumors cell lines.
Considering the world-wide HNSCC problems, therarnsurgent need to develop new drugs to
treat this disease, that present low toxicity, @ffee results and that are relatively inexpensive.

ARTICLE HISTORY! Method A unified approach involving homology modeling, ct;ng and molecular dynamics
_ simulations studies on PKCZ are presented. ifhsilico study on this enzyme was undertaken
Received: June 13, 2017 using 10 compounds from latex Béiphorbia tirucalliL. (aveloz).
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Accepted: August 01, 2017 Results The binding free energies highlight that the meimtribution in energetic terms for the
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10.2174/15701808146661708101151:  COMPounds-PKCZ interactions is based on van derlsta'me per-residue de_qomposmon_ free
energy from the PKCZ revealed that the compounddibg were favorably stabilized by residues
Glu300, lleu383 and Asp394. Based on the dockingcoXe and molecular dynamics results,
euphol, §-sitosterol and taraxasterol were confitg the promising lead compounds.

Conclusion The present study should therefore play a guiditg in the experimental design and
development of euphol, §-sitosterol and taraxab&santicancer agents in head and neck tumors.
They are potential lead compounds, better thanrdifp@nds based on the best values of docking
and MM-PBSA energy.
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1. INTRODUCTION incidence worldwide. This year, globally, 600,008ncases

. of head and neck cancer are likely to occur anthese, 40-
Head and neck squamous cell carcinoma (HNSCC) de-50% with HNSCC will only survive for 5 years [1].c8ord-

velops in the oral cavity and is the sixth leadoancer by ing to the World Cancer Report of 2014, adding bargn-
geal, oral and laryngeal cancers in both sexes wdb
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countries such as Denmark and Japan [2]. In Biapihe,

15,490 new oral cancer cases are estimated foyehe of

2016, and this cancer was responsible for 5,40thdeia

2013. In regard to laryngeal cancer, 4,141 deatbse we-
corded in Brazil in the year of 2013 and 7,350 rmases are
expected for 2016, 6,360 of those affecting men [3je

development of head and neck malignancies is slyocasgt

sociated with certain risk factors such as tobawsm® alcohol
consumption and infection with high-risk types afintan

papilloma virus (HPV) [4, 5].

The diagnosed cases of this disease are often atla
vanced stage, with a significant burden of lymphledn-
volvement. Treatment of these patients involvegssaent
by a multidisciplinary team with the coordinatiohsurgery,
chemotherapy and radiation therapy. In most casasbina-
tion therapy is used [6]. However, nonsurgical timeent has
a low response rate and high side effects. Degit@nces
in research and treatment, clinical outcomes aratailvsur-
vival rates for HNSCC have not been improved sutisthy
over the past decades, with the overall 5 yeargialrrate
under 50%. However, there is ongoing research aenpal
alternatives and less toxic therapies for cancethefhead
and neck, seeking to achieve a more favorablecdlirout-
come by reducing treatment morbidity [7]. Recergegch
on differentially expressed genes, biological fiore$ and
potential involvement in HNSCC has shown that atgiro
kinase C (PKC) zeta type participates in the biimlalgproc-
ess of regulation of cell growth [5]. PKC has b&aplicated
as a mediator of epidermal growth factor recepEGKR)
signaling in certain cell types. EGFR is top-up regsed in

HNSCC and plays a key role in tumor progression an

PKCZ is necessary for the proliferation and viapibf tu-

mor cells [8]. The inhibition of PKCZ reduces MAPACti-

vation in normal human adult epidermal keratinosyiefive

out of seven head and neck tumor cell lines. Funtbee,

squamous cell carcinomas of the head and neckooaif-

eration and viability are reduced by the inhibitiohPKCZ

[8, 9]. Therefore, PKCZ is a potential prognostiorbarker
for target therapy of such tumors and its inhibitjpotenti-
ates the action of other growth inhibitors in HNSCKbe

objective of this work is to study the interactimechanisms
of molecules identified in the latex &uphorbia tirucalliL.

with PKCZ.

E. tirucalli (Euphorbiaceae), popularly known as Oaveloz
is a succulent shrub native from Africa and widemgployed
in Brazilian traditional medicine [10]. The barkda of

E. tirucalli shows pharmacological activities such as anti-

bacterial, molluscicidal, antiherpetic and antingsaic [11].
In northeastern Brazil, the latex &f tirucalli is used as a
folk medicine against syphilis and intestinal péess on the
treatment of asthma, earache, cough, rheumatismecand
skin tumors [12]. Ethnobotanical studies in Brastibw that
among a total of 84 medicinal plant species thatewe-
ported in the ethnobotanical/ethnopharmacologitetdture
as being used for the treatment or prevention ateaand
tumors, the most represented botanic family washBup
biaceaeE. tirucalli being one of the most cited species [13]
Furthermore, studies proposed to search for thieuardgral
activity of theE. tirucalli on the morphology and progres-
sion of the tumor cells have shown that cell peséfion was

0
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decreased [14-16]. Chemically latex comprises madstipe-
nes and sterols, including euphloleuphorbol, cycloeuphor-
denol, euphorginol, tigliane (phorbol esters), imagee (in-
genol esters), lupedl, -amyrin, lanosterol, cycloartenol,
taraxasterol, tiruc#dl, cyclotirucanenol and tirucalicine [17,
18]. The species is also reported to possess heairiane,
§-sitosterol, succinic acid, citric acid, ellagicidy 3,30-d®-
methylellagic acid, gallic acid, catechin, myricetitelli-
magrandin I, geraniin, euphorbin A, tirucallin Ac B,
prostratin A, euphorbin F, pedunculagin, putrarijivA and
B, corilagin, casuariin, 5-desgalloylstarchyurirde®3,4-tri-
O-methyl-4-O-rutinosyl ellagic acid [19-25].

Currently, scientists are focusing on designing dis-
covering potential inhibitors against cancelated proteins
that play a critical role in the development of ariety of
tumors. Future research breakthroughs with theoficom-
puter-aided molecular design and chebmminformatics will
bring new hope, but also create a new class otamter
drugs that will help millions of cancer patientshus, de-
signed drugs are expected to have high affinittheonovel
targets, inhibit the proliferation and differenitat of tumor
cells and speed up their death.silico Lipinski's rule pre-
dictions, database screening and molecular modelindjest
are useful tools for investigating biological retmp and
bioactive ligands. The above techniques can be tsed-
vestigate and report a new ligand for a candidatget pro-
tein. A combination of more structures, advancelamol-
ogy modeling, better docking and scoring tools, enalar
dynamics simulations, fragment-based methods, amd a
vances in virtual screening have been fundamentahiis

gProgress [26, 27].

Molecular docking is a method which identifies te-
ferred orientation of one molecule and the affinityhen
bound to another, to form a stable protein-lidaomplex.
Knowledge of preferred orientation can in turn teedi to
predict the binding affinity between two moleculesng, for
example, scoring functions. Molecular docking aitijons fit
molecules together in complementary fashions. Ta@h-
nique has attracted increasing attention from masgarch-
ers as a way to predict the geometries of complex b
molecules and their affinities [229]. XScore is a score
function used to compute energy interaction betwpen
tein-ligand complexes and may be usedréscore and/or
confirm binding affinities obtained in virtual seming pro-
cedures [30]. Its final value is determined by ager of three
independent functions that is composed of five terwc-
counting for van der Waals interactions, hydrogending,
deformation effect, hydrophobic effect, and translatl and
rotational entropy loss effect. Another tool for lexular
modeling studies is the molecular dynamics (MD)dation
that is used to study the interaction and movermémole-
cules. The MD and molecular mechanics PoisBolizmann
surface area (MM-PBSA) methods when combined te res
core the docked complexes have been widely usedhfor
choice of the best ligand [31].

Among the substances present in the latex, 10 mlgec

. were selected foin silico discovering of better interacting

molecules with PKCZ. This paper aims to provide edel
of the structure of tridimensional PKCZ by molecutzodel-
ing and find a drug target compound as a leaden ftloe
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molecules present in the latex Bf tirucalli by docking and
molecular dynamics simulations with the enzyme PKCZ
The present study has been carried out to tes¢fff@ency

of the naturally occurring plant compounds agathst mo-
lecular marker PKCZ expressed in head and neckrsimo

2. MATERIALS AND METHOD

2.1. Homology Modeling

We made a model structure of PKCZ using the
MODELLER9.15 program [32]. Initially, the primaryes
guence of the target was obtained from Uniprot [@3fhi-
ProtKB: Q05513). This sequence consists of 592tes, in
which residues Thr410 and Thr560 are phosphoryldibd
sequence was submitted to a BLAST run for tempdatec-
tion using Protein Data Bank (PDB) [34] as datakase the
PSI-BLAST algorithm [35]. Among the potential reted
templates, a human PKCiota kinase structure (PD&cod
3A8W) [36] was selected, due to its 2.10  resodutiand
84.43% similarity with the target. Sequence alignineas
carried out using ClustalO web service [37] and dfign-
ment was converted to PIR format. In the modelthg, two
modified phosphorylated threonines were transferfrech
template to model, using Oenv.io.hetatm = true@neoih in
the program script. 60 models were generated aachdést
model was chosen by PROCHECK analysis [38].

2.2. Molecular Docking

The inhibitor midostaurin was used as a contraigdin
molecular docking. Ten natural products were setéétom
E. tirucalli for docking studies, namely: ellagic acid,
kaempferol, 3.3'-dB-methylellagic acid, taraxasterol, §-
sitosterol, euphol, citric acid, hentriacontanelicnacid and
succinic acid. Their structures were obtained fi@abChem
[39] in sdf format, converted to mol2 format usimgenbabel
software [40], and prepared using prepare_ligand4quipt
from MGLTools programs suite [41]. The selected PKC
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mat using acpype [45]. The system was neutralizedi@nic
strength (0.15 mol 1) of the medium was adjusted by add-
ing N& and Cl. The molecular dynamics simulations were
performed using GROMACS software package #8%-
keeping constant the number of particles, pressure,tem-
perature NpT ensemble) at 300 K and 1.0 bar using the ve-
locity-rescaling [49] and ParrinelBahman [50] methods
for temperature and pressure control with 0.1 pb 20 ps
time coupling, respectively. Equilibration periodere 1.0
ns, and productions runs were 10 ns. A cutoff distal.2
nm has been used for calculations of Lennard-Jortesac-
tion and particle mesh Ewald (PME)[51] was used tfa
longrange electrostatic interactions. The bond lengihs
hydrogen atoms were controlled with the LINCS [3&jo-
rithm, and the SETTLE [53] algorithm was used tosteain
the geometry of the water molecules.

Binding free energy estimation for PK@dmpound
complexes based on molecular mechanics/Poissonb
Boltzmann solvent-accessible surface area (MBBA) [31]
was calculated from the g_mmpbsa tool implementethé
subroutine 8GROMACS and APBS [54]. The binding free
energy was estimated from 100 snapshots extragey 40
ps of the DM trajectories which do not include them en-
tropy. The LigPlot [55] was used to evaluate the interac-
tions complexes.

2.4. Lipinski's rule of five analysis

The Lipinski's rule of five was analyzed for algjdinds
considered for this study by calculating the cquoesling
ADME properties using FAF-Drugs3 web server [56pih-
ski's rule of five was initially developed to bepéipd only to
absaption by passive diffusion of compounds througli ce
membranes. Due to their simplicity, it is widelyedsto
evaluate the overall drug-likeness.

3. RESULTS AND DISCUSSION

model was prepared using prepare_receptor4.py tscrip 3 1 pkcz model Overview

Docking running was performed by AutoDock Vina pram
[42]. A related PKCiota structure (PDBcode: 3A8Xsolu-
tion: 2.10 ¢) [36] has a co-crystallized ATP in siformed
by residues lle251, Gly252, Gly254, Ser255, Tyr256,
Ala257, Val259, Lys274, 1le323, Glu324, Val326, R8§7
and Pheb43, corresponding to residues 1le258, Gly25
Gly261, Ser262, Tyr263, Ala264, Val266, Lys281,3B6,
Glu331, Val333, Asp394 and Phe552 in the models,thu
these residues were used for search space idatitfic that
was centered at x-y-z point 21.723, -1.863, -37, 28th box
dimension of 20.562 X 26.710 X 19.912 .. Additiome
computed binding energy using Xscore program [30].

2.3. Molecular Dynamics

The PKCZ model was constructed by homology model-
ing based on the PKCiota template using MODELLER:- pr
gram, through the 84.43% similarity with the targ&he
target residues 1-243 and 5892 did not have equivalents
in the template structure, therefore we did notsader them
in the building model. Primary segunce alignment between
the target and template is shown in Fifj, (vhere the dove
site residues are surrounded by red squares. Asiigaesi-
dues are totally conserved in both sequences. AngGihg
generated models, the model 34 was chosen for dgekid
molecular dynamics studies. In the Ramachandrat fle
model 34 exhibited 94.3% of the residues in thetrfeosor-
able regions, 5.0% in the additional allowed regidh 7% in
the generously allowed regions and 0.0% in thelldisad

The PKCZ-compound complexes of the best dockingyegion. 3D aligment between target and template shows an

poses were placed in a cubic periodic box and sedvay
24822 water molecules using a transferable intezmuoér
potential 3P (TIP3P) model for water molecules [4Bhe
AMBER99sb force field was used for PKCZ model. Feorc
field parameters for the small molecules were oleti by
generalized amber force field (GAFF) [44]. Ambepat-
gies for the compounds were converted to GROMAQS fo

RMSD = 0.403 ¢ (calculated by pymol software [S{Big. 2)
has come under the expected rangé Bf0 « [58].
3.2. Molecular Docking

The molecular docking results are shown in Takhlasd
2D ligand structures in Fig.3]. Among natural products,
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3A8X MDPLGLQDFDLLR GSYAKVILLVRLKKTDRIYAMKVVKKELVNDDEDIDWVQTEKHV
PKCZ SQGLGLQDFDLIR GSYAKVILLVRLKKNDQIYAMKVVKKELVHDDEDIDWVQTEKHV
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3A8X FEQASNHPFLVGLHSCFQTESRLFFV GGDLMFHMQRQRKLPEEHARFYSAEISLA
PKCZ FEQASSNPFLVGLHSCFQTTSRLFLV GGDLMFHMQRQRKLPEEHARFYAAEICIA
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3A8X LNYLHERGIIYRDLKLDNVLLDSEGHIKLTDYGMCKEGLRPGDTTSTFCGTPNYIAPEIL
PKCZ LNFLHERGIIYRDLKLDNVLLDADGHIKLTDYGMCKEGLGPGDTTSTFCGTPNYIAPEIL

**:*******************::#*******#****ﬂ* 8 38 3 3 % K B R Bk kR 8 ok Ok Ok
3A8X RGEDYGF SVDWWALGVLMFEMMAGRSPFDIVGS----- TEDYLFQVILEKQIRIPRSLSV
PKCZ RGEEYGFSVDWWALGVLMFEMMAGRSPFDIITDNPDMNTEDYLFQVILEKPIRIPRFLSV

***:****Xi*#******************: 3 MOROROROROR R OR K NOK R ok oKk oKk
3A8X KAASVLKSFLNKDPKERLGCHPQTGFADIQGHPFFRNVDWDMMEQKQVVPPFKPNISGEF

PKCZ KASHVLKGFLNKDPKERLGCRPQTGFSDIKSHAFFRSIDWDLLEKKQALPPFQPQITDDY

B e BONOK MORORORORRRORORRRK « BOROKKN « KK e K MK MR e o KK RN,

3A8X GLSQF TNEPVQLTPDDDDIVRKIDQSEFEGFEYINPL
PKCZ GLDNEDTQFTSEPVQLTPDDEDAIKRIDQSEFEGFEYINPL

HORORRNOK o BOROK ORI RNK « B o o o 0250k 0 2 i i i i Ok Ok K

Fig. (1). Sequence alignment between human PKCiota from RBR8tare 3A8X and human PKCZ. In the alignment, Bi€CZ sequence
ranges from residue 244 to residue 584. Activersis@ues in both sequences are surrounded bysmustte. Sequence alignment performed
by ClustalO web service [37].

Fig. (2). Superposition between PKCZ model and 3A8X pdb teteplBlue: PKCZ model, green: 3A8X PDB structuren&ered by pymol
program [57].
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Table 1.
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Vina program, Xscore and MMPBSA-molecular dynamicsLogP was obtained by obprop program 40].

Binding free energy (kcal mot) results of PKCZ model with Euphorbia tirucalli natural products obtained by AutoDock

Compounds Formula !' G vina score !' G xscore !'G wm-peSAmolecular dynamics LogP
Taraxasterol 6Hs0 -10.7 -10.97 -33.83 8.0248
Euphol GoHsO -9.5 -10.39 -37.00 8.4791
#-Sitosterol GoHsoO -8.9 -9.94 -33.19 8.0248
Ellagic Acid GaHeOs -8.4 -7.80 -19.16 1.3128
3,3'-di-O-methylellagic Acid GH 108 -8.3 -7.77 -22.51 1.9188
Kaempferol GsH 1006 -8.2 -8.06 -22.71 2.2824
Hentriacontane GHes -5.4 -8.21 -14.98 12.3391
Citric Acid CsHsO- -4.9 -6.23 -12.14 -1.2485
Malic Acid CsHeOs -4.1 -5.82 -12.66 -1.0934
Succinic Acid GHsO4 -4.0 -5.85 -1.96 -0.0642
Midostaurin GsH3oN4O4 -10.7 10.85 -5.89
Table 2.  Lipinski's values of phyto-compounds.
Compounds MW QPlog Po/w HB Donor HB Acceptor Lipinski Violations (max.4)
Taraxasterol 426.724 7.075 1 1 1
Euphol 384.644 7.111 1 1 1
I -sitosterol 414.713 7.435 1 1 1
Ellagic acid 302.197 -1.391 4 8 0
3.30-dd-methylellagic acid 330.250 0.002 2 8 0
Kaempferol 286.236 1.630 4 6 0
Hentriacontane 436.847 16.318 0 0 1
Citric acid 192.125 -0.261 4 7 0
Malic acid 134.088 -0.450 3 5 0
Succinic acid 118.089 -0.579 2 4 1

taraxasterol, euphol and §-sitosterol exhibit tlesttbinding
energy for VinaScore. The control drug (midostauhias a
binding energy of -10.7 kcal.mblbeing the same as of
taraxasterol. In this way, we can suggest thatethtbsee
natural products have good interaction with PKCZivac
site. In order to validate molecular docking, theding en-
ergy was also calculated by Xscore confirming tteax-
asterol, euphol and §-sitosterol exhibit betteeriattion with
PKCZ. The most hydrophilic ligands demonstrate @&elo
binding energy, accordingly with the hydrophobiacicter-
istic of PKCZ active site. LogP values were caltediaby
obprop program of openbabel tools [40]. Bindingrggeand
logP roughly correlated, the three ligands with tlest bind-
ing energy (taraxasterol, euphol and §-sitostenat] higher
logP values, while the three ligands with lowerdiiy en-

ergy (citric acid, malic acid and succinic acid)dhlawer
logP values. An exception is hentriacontane, theg the
highest logP value, bubw binding energy, likely due its
long opened chain with 31 carbon atoms, which cowidfit
well into the active site. Ligplot graphics [55fashown for
taraxasterol-, euphol- and §-sitosteRM:CZ complexes
(Fig. 4). Interaction between PKCZ and aaasterol was
mediated by hydrophobic contacts, while interactigith
euphol showed Hbonding with Glu331 and Val333 residues,
and §-sitosterol showed H-bonding with Glu331.

3.3. Molecular Dynamics

Molecular dynamics simulations were performeddf-r
ne the complexes obtained by molecular docking, tafyer
the stability and to free energy rescoring all skreictures by
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Fig. (3).Ligands selected frouphorbia tirucallifor docking and molecular dynamics study.

the molecular mechanics/PoissonbBoltzmann solvergsa
sible surface area (MM-PBSA) method [31]. The digbof

the complexes can be verified by the calculationradt
mean square deviation (RMSD) of the structure, tide-
termines the deviation between the positions ofstagting
atoms in relation to the trajectory of MD. Figaj shows the
results obtained from RMSD for the three best caxgs.
Observing the last 6 ns, the protein stabilizeshery avera-
ge RMSD values of 0.255 + 0.013, 0.239 + 0.018 @246
+ 0.019 nm when complexed with euphol, §-sitostemd
taraxasterol, respectively, suggesting that thepiexes we-
re similarly stable.

The radius of gyration (Rg) confers the hydrodyitam

capacity of the protein, and it can verify how caujpor not
the protein becomes in the complex. Figp)(shows that the
Rg for the complex with euphol presents smallectfla-
tions, being more stable in relation to others. ideer, the
complexes with §-sitosterol and taraxasterol shangd fluc-
tuations up to 4 ns reaching values 2.189 and 2n1t93res-
pectively, and after 4 ns, the fluctuations decedaand be-
come stable. Thus, the average Rg values of the6las

were 2.137 + 0.009, 2.141 + 0.008 and 2.161 + Or®d for
the complexes with euphol, $tosterol and taraxasterol,
respectivef, suggesting that the protein is more compact
with a lower hydrodynamic radius when complexedhwit
euphol. Root mean square fluctuation (RMSF) witbpest
to each residue was calculated (Figc)). The fluctuation
was highest in the loop region from 4% 480 amino acid
residues outside the binding site. These resutsraagree-
ment with the radius of gyration, since the mopilif the
residues is higher for taraxasterol and lower far éuphol.
In sum, these results suggest that the euphol-P&Rzlex

is the most stable over time of simulation.

Molecular mechanics Poiss@wsltzmann surface area
(MM-PBSA) method has been used to estimate binding free
energies for the study of biomolecular interactiassvell as
for scoring function in drug desigf31]. The binding free
energy of the 10 complexes was calculated by tleeage of
100 poses throughout the MD simulations (Tab)e The
binding free energy showed the best ligands for BKe&Lip-
hol (-37.00 kcal mat), §-sitosterol (-36.19 kcal mdj and
taraxasterol (-33.83 kcal mbl This result corroborates with
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Fig. (4). Interaction of PKCZ with the best ligands obtair®d molecular docking. The PKCZ is shown in grayocatartoon while the
compounds are depicted by sticks. Green, cyan aagema sticks represent euphol, §-sitosterol arakaaerol, respectively. Thatched
semi<circles indicate van der Waals contacts betweendpjtbbic protein residues and compounds. Hydrogerd$ are shown as greel

dashed lines.

the energy calculated by the docking and Xscorergvtteese
compounds also presented better binding energy.nigntioe
energies that contribute to the interaction energn der
Waals energy (-48.61, -41.19 and -38.78 kcal tholas a
larger contribution, followed by the solvent acdekessurfa-
ce area energy (-4.78, -4.98 and 3.20 kcalnahd elec-
trostatic energy (-4.21, 4.19 and 1.09 kcal mplwhereas
the polar solvation energy (20.62, 14.16 and 9.8 kol*)
does not present an effective contribution duénéopositive
values for the complexes euphol-, §-sitosterol- mdxaste-
rol-PKCZ, respectively. This is evidence that tmergy go-
verning the interaction force with the compoundsas der
Waals. The energy decomposition analysis (B)gshows
the main contributions from residues Glu300, lle388d
Asp394 to three compounds with enetgyl.5 kcal mot. It
is shown that Lys281 is in disfavor with the binglifor three
compounds. Fig.7) shows interaction that occurs between
PKCZ and the top three compounds calculated byldigp
from the final structure of the MD simulation. Il poses,
van der Waals contacts were observed between hiydbip
protein residues and taraxasterol euphol and S$tsitol;
moreover, for euphol and §-sitosterol, which alscluide
hydrogen bonding. It is noted that these bondscanserved
in both the docking and MD analyzes with residuds331,

Val333, which may also be associated with goidbisty of
the complex beyond the hydrophobic interactionswelecer,

it is observed that the residues with greater gneamtribu-
tion (Fig. 6) make hydrophobic interaction, reaffirming that
the van der wall energy is the force that govehasinterac-
tion with PKCZ.

The study shows that triterpenes euphol, taraxaisted
b-sitosterol bind the PKCZ with ATP-binding pockevea-
led by three different methods, docking, Xscore andecu-
lar dynamics. There are reports demonstrated bigrdift
experimental studies, where triterpenes presenti- ant
inflammatory and anti-cancer activity. In additiostydies
show that these molecules decrease the activitgnayme
kinases like PKC and Epidermal Growth Factor Remept
(EGFR) and also bind in the ATP-binding pocket [B3-
Therefore, based on the results of stability antibg free
energy performed bWD the best molecules present in the
latex of E. tirucalli to binds PKCZ is euphol. However, it has
been reported that this molecule reduces the dictivaf
PKC!, PKC$, and PK@pthe isozymes expressed in human
[59]. In light of these evidences, these tritergeran be
used as a good prototype candidate in the developofe
new drugs for cancer treatment, as inhibitors pmst&inase



8 Letters in Drug Design & Discoven?017, Vol. 14, No. 0 Freitas et al.

Fig. (5). The RMSD, radius of gyration and RMSF graph foeéthcomplex systems. (a) The RMSD profile for thalgha of PKCZ protein.
(b) The radius of gyration of the systems. (c) RMBfhe systems.
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Fig. (6). Per-residue decomposition free energy of the PK&ZHe three complexes from simulations.

Fig. (7). The binding mode and schematic representationeofitial structure of MD. The PKCZ is shown in g@lor cartoon while the com-

pounds are depicted by sticks. Green, cyan andmteagtcks represent euphol, §-sitosterol and &taxol, respectively. Thatched semi-circles

indicate van der Waals contacts between hydroptmbiein residues and compounds. Hydrogen bondsharen as green dashed lines.

C, although additional experiments are necessaegtiablish
the potential efficacy of these triterpenes.

3.4. LipinskiOs Rule

LipinskiOs rule of five evaluates drug-likeness deter-
mines whether the compound is pharmacologicallyvact

This filter is widely used for the development @wdrugs.
Table2 shows the Lipinski's rule of five. Only five compuls
were found to comply with the Lipinski's rule. Eugrmore,
five compounds violated only one Lipinski's ruledaa drug
to be rejected must present more than one tiwolaof the
following criteria (the rule-of-five (RO5): moletar weight
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" 500; calculated log P (LogP) 5; number of hydrogen

bond donors (HBD) 5; number of hydrogen bond acceptors

(HBA) " 10) [63].

CONCLUSION
The PKCZ model generated can be used for dockidg a

molecular dynamics studies. The developed model ha

shown good overall structural quality as confirmesing
different validation tools. Thus, the present wéokms the
basis for further molecular modeling and biocheinitadies
on targeting the PKCZ enzyme for therapy. Our stsidie-
vealed euphol, §-sitosterol and taraxasterol agrolead
compounds, better than other compounds based ohette
values of docking and MM-PBSA energy. In additidine
binding energy of the control drug was the saméhas of
taraxasterol, suggesting that the best ligands Inaay good
interaction with the PKCZ active site. Among theeegy
contributions resulting from MM-PBSA binding freees-
gies the van der Waals energetic term is the keypownd-
PKCZ interaction. In addition, these three compgesieowed
good stability over time of the MD simulations. Hewer,
based on the MD data, the best interaction of PKC&up-
hol, since MD considers the flexibility of both thotein
and the ligand in the complex, resulting in a proggjust-
ment of the ligand at the binding site. Furtheryitro andin
vivo analysis of the effects of euphol, §-sitosterad #arax-
asterol will be necessary to accurately undersisntholecu-
lar mechanism of action and pharmacological efficieto
conclusively state that they can be used as pro¢stgandi-
dates in the development of new drugs for of HNSCC.

LIST OF ABBREVIATIONS

HNSCC = Head and neck squamous cell carcinoma

PKCz = Protein kinase C zeta

MAPK = Mitogen-activated protein kinase

MM-PBSA = Molecular mechanics/Poisson-Boltzmann
solvent-accessible surface area

HPV = Human papilloma virus

EGFR = Epidermal growth factor receptor

MD = Molecular dynamics

RMSD = Root mean square deviation

Rg = Radius of gyration

RMSF = Root mean square fluctuation

ADME = Absorption, distribution, metabolism, and
excretion
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