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Abstract

Marithamia tomentosa crude extract and fractions exhibited potent prowth inhibitory effects capable to induce
apoptosis in cervical (Hela) cancer cell line wia ir witro model Presently, interaction of M. tomentosz
phytoconstituents with molecular drug targets to exert its anticancer property is evaluated via in slice stady.
Identified phytoconstiments from M tomentosa were retrieved from PubChem database and docked in active sites
of HFV 16 EB, caspase -3 and caspase -8 targets using AutoDockVina from PyRx software. Screening for drug-
likeness; and absorption, distribution, metabolism, excretion, and toxicity [ADMET) predictions was carried out
with the use of SwissADME and pkCSM web servers, Standard melphalan and co-crystallized ligands of caspases -3
and -B enzymes were wsed to validate protein-lisand interactions. Molecular dynamic simulation was wsed to
walidate the st=hility of the hit molecules complexed with caspases -3 and -8. All identified phytoconstituents from
M. tomentosa showed binding affinity for HFY with docking scores range of - 5.4 to -2.6 keal /mol. Ajugol, carnosol,
luteolin and phytol showed good decking energy range of -6.8 to -3.6 keal /fmol; and -4.8 to -1.9 keal/maol for the
gctve sibes of caspases -3 and -8 t=rgets respectvely. Based on docking scores; drug-likeliness; and ADMET
predictions; luteolin and carnesol were salected as hit compounds. These molecules were found to be stable within
the binding site of caspase -3 target throughout the 20ns simulation time. These findings identified hit ligands from
M. tomentosa phytoconstitnents that inhibit HFV 16 E6 oncogene expression with stimulation of caspases -3 and -8
1argets.

Keywords: Markhamic tomentosa; HPV16 E6; Caspases; Molecular docking; Luteolin; Carnosel
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1.0 Introduction

Human papilloma viruses (HFVs) have been identified as the primary
etiological agent of cervical cancer, More zo virzl DNA from a specific
group of the virus is detected in at least 90% of cervical cancer cases
[(Horvath et al, 2010; Okunads, 2020), HPVs that affect the genital tract
are subdivided into low-risk and high-risk categories. Low-risk [LR)
HFVs such as types 6 and 11 normally cause benign warts which rarely
lead to cancer, While high-risk (HE) HFVs such as types 16, 18, 31 and
45 are linked to the development of high-grade lesions (cervical
intraepithelial neoplasia) that can progress to cancer [Garnett and
Duerksen-Hoghes, 2006; Kumar et al, 2015). E6 and E7 encode
proteins of LR and HR -HFPYs are referred to oncoproteins. The E6 and
E7 oncoproteins of HR-HFVs contribute majorly to malignant
transformation by binding to p53 and retinoblastoma (Fh) tumeor
suppressors respectively [(Munger and Howley, 2002; Thomsen et al,
2014). HFV16 E6 protein play a vital role in the pathophysiclogy of
cervical cancer, which is ranked as the third most common type of
cancer among women worldwids (Arbyn et al, 2018).

Comtrolled regulation of cell cycle and removal of undesirable cells
referred to as programmed cell death has been recognized as a key
strategy to promote the effective elimination of cancer cells [Chen et
gl, 2008; Carmeiro and El-Deiry, 2020). Apoptosis programmed cell
death is characterized by stereotypic structurzl changes regulated by
the Bcl-I family of proteins and executed by cysteine-aspartate
proteases (caspases) (Allen et al, 1993; Wei et al, 2001; Deepa et al,
201%). Caspase family of cysteine protezse enzymes has besn an
intensely studied target in drug design for many years [Ghavami et al,
2009; Shalini et al, 2015). Among the identified 14 mammalian
caspases caspase -1, -3, -6, -7, -8, -9, and -10 were described as
apoptotic caspases (Aly et al, 2020; El-Sheref et al, 2020). Apoptotic
caspases are classified based on the site and mechanism of action as
initiator caspases (caspase-2, -8 -9, -10) and executioner caspases
[caspase-3, -6, - 7). Caspase-3 mediztes the extrinsic cell death pathway
while caspase-3 mediates both extrinsic and intrinsic apoptotc
pathways (Loison etal, 2014; Ashkenazi, 2015; Desai and [oshi, 201%).
Molecular modeling approaches have been used in the development of
HFV inhibitors with potential apoptogenic effect via involvement of
caspases -3 and -8 (Senthil et al, 2011; Bucur et al, 2015; Des=ai and
Joshi, 2019; Kashaw et al, 2019).

Although HFVs have been identified as causative agent for cerviczl
cancer for more than three decades, the effective treatment agzinst
HFV infection is yet to be ascertained (Bhart et al, 2009; Kumar et al,
2015). Matwral compounds obtained from plants have pained a
sipnificant interest among cancer researchers due to the potential to
influence multiple cancer hallmarks (Mahomoodzlly 2013). Drugs
derived from natural products with varicus biological activities such
#s antimicrobial, immune suppressive, antcoagulant and anticancer
gre capable to treat a significant number of categorized human
diseases [Deepa et al, 201%). Therapentic herbs therefore play an
important role in the invention and generation of medern drugs that
c2n be used in the treatment and management of cancer (Sagar et al,
2006&; Gordalizz 2007; Yin et al, 2013].

Marithamia tomentosa (Benth.) K. Schum ex Engl. (Bignoniaceze] is a
tree found mostly in West African countries including Senegal, Ghana,
Nigeria, Cameroun, Congo and Angola. Different parts of the planthave
been reported to exhibit anti-inflammatory, ant-cxddant, ant-ulcer,
ant-microbial, anti-zlzeheimer activides (Aladesanmi et =l, 2007;
Elnfioye et al, 2010; Sowemimo et al, 2013; Sofidiya et al, 2014).
[brahim et al. (2013) demonstrated ant-proliferatve activity of M
tomentosa leaf extract through induction of intrinsic pathway of
apoptosis evident by depolarization of the mitochondrial membrane
of Hela (cervical] cancer cells wiz fm witre smdy. More so
antiproliferative compounds from the different sclvent fractions of M
tomentosa crude extract had been identified and characterized
[[brahim et al, 2018). However, the possible involvement of caspases
in the apoptotic mechanism of cell viability inhibition of the plant
extract and its constituents have not been established,

Therefore, in this study, the binding efficiency towards cncoprotein
target through stimulation of caspase -3 and caspase -8 enzymes as
well as pharmacokinetic analysis of phytotonstituents from the leaves
of M tomentosa are being evaluated vwia 3 molecular modeling
approach.

2.0 Experimental

Identification of phytoconstituents from leaves of Markhamia
tomentosa

Characterization of bioactive compounds from ethyl-acetate fracton
of M. tomentosa crude leaf extract via electrospray ionization mass
spectrometry were earlier reported by Sofidiva et al, (2014). [solation
and purification of biclogically active compounds from ethyl-acetate
and dichloromethane fractions of crude extract of leaves of M
tomentosa followed by identification through 1D and 2D NMRE
spectroscopic techniques were previously described by ITbrahim et al
(2018

Retrieval of ligands

The 50F (Structure-data file) of identified phytoconstituents from M.
tomentosa, standard melphzalan and co-crystallized lizands were
obiained from PubChem database [wwiw,pubchem.nchinlm.nih.govy).
The Pubchem CID of the ligands were retrieved from the database
Three-dimensional {30 conformer of the retrieved chemical structure
of the compounds were constructed in BIOVIA Discovery studio
[Discovery Studio, Release 2020) visnalization tool (BIOVIA 2020}

Retrieval and preparation of protein targets

The 30 conformer of the orystal stuctures of HPV 16 E6 cncoprotein
[PDE [D - 4J0F); caspase -3 (FDE ID - 2XZT); and caspase -8 (FDE ID -
4P51) enzymes were downloaded from the (hitp://wwwrosh.org
RCSE protein databank (Desai and Joshi 2019). The co-crystallized
ligands and water melecules attached to the proteins were delsted
prior to energy minimization process, The structures were converted
to FDB file format and subjected to emergy minimization by the
steepest descent method using Chimera tool UCSF 1.14 at a conjugate
gradient step of 0.02 A (Pettersen et al, 2004). Hydrogen atoms were
added a= required, Gasteiger charges were assigned and the AMEER
ff145E force field was applied for energy minimization, The low energy
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and stzbilized conformations of the proteins were filed and saved as
pdbqt file format for further studies.

Determination of active sites on protein

The amino acids present in the active zites of the proteins were
determined using the Computed Atlas for Surface Topography of
Proteins [CASTp) (htp://stsbioeuicedu/castpfindexhtml) server
and Uniprot Knowledgebase (UniProtiB] protein database. Analyses
of grid box dimensions and molecular docling evaluation were
performed in the active sites of the proteins

Molecular docking

Decking of lipands to target proteins and evaluation of the binding
affinities were performed using AntoDockVina from PyRx (Dallakymn
and Olson, 2015].

Drug-likeness  evalugtion and ADMET predictions of
phytoconstituents

Drug-likeness properties of ligands were evaluated using Lipinski rule
of five (ROZ) and Vebers rule as czleulated using SwissADME
prediction (hitp: //www.swissadme,ch/] server (Daina et al, 2017).
Pharmacolkinetic (absorption, distribution, metabolism and excretion)
properties, as well as toxicity profile [ADME/T) of test, standard, and
co-crystallized lipands were determined using an in-silico integrative
maode] predicted at the pkC5M web server [Pires et al, 2015; Rowaiye
etzl, 20207

Post-docking visualization and binding sites interaction

Molecular interactions between the top screemed ligands with low
binding energy, good drug-likeness and ADMET properties and
protein tErgets were analysed for receptor-ligand interactions. The
non-covalent interaction including the sccurrence of hydrogen bond,
wvan der Waals, pi-pi, pi-sigma, pi-sulfur and other hydrophobic
interactions of the ligand-protein complex were viewed with Chimera
tool UCSF 1.14 and BIOVIA Discovery smdio 2020 (Bandyopadhyay et
&l,, 2020; Johnson et al, 2020

Molecular dynamics (MD) simulations

MD simulations of the Apo and Holo protein structures were
performed wusing the Desmond software Maestro-Desmond
Interoperability tools, 2018 {Bowers etal, 200&). Hit compounds from
the phytoconstituents were identified and selected based on docking
scores, drug-likeliness, and ADMET predictions. Briefly, the twe hits
with caspases -3 and -8 were prepared using the OFLS3 force field. The
Lipand-receptor docked complex was solvated in an orthorhombic box
of TIP3F water model and 0.15 M NaCl was added into the system for
sodium ion {Na<] to neutralize the charges. The OPLE3 force field
parameter was used in all simuladons (Jorgensen et al, 1938; Harder
et al, 2016). The system was relaxed by application of the defanlt
Desmond protocol [Bowers et al, 200&). The particle mesh Ewald
[PME] method was employed to czleulate the long-range part of the
electrostatic interactions, while M-SHAKE algorithm was used for
nonbonded interactions at 9 A cut-off (Lambralos etal, 1989; Darden
etal, 1993]. The simulation process was started with a primary energy
minimization step using the steepest descent algorithm for 50,000
steps. The first two steps involved minimization with restraints on

solute non-hydrogen atoms, then minimization without restraints
using the Limited-memory Broyden-Fletcher-Galdfarb-Shanno [L-
BFGS) algorithm with & conversence threshold of 1.0 keal/mal/&
[Head and Zerner 1985), These steps were followed by equilibration
throngh NVT and NPT ensembles using Berendsen dymamics with &
coupling constant of 12 ps at 10 Kwith a 2.0 fs ime step and restraints
on the solote non-hydrogen atoms. The final steps of equilibration
were by NPT ensemble using Berendsen dymamics at 300 K
temperature, with and without restraints on the non-hydrogen atoms
for 12 ps and 24 ps intervals respectvely (Berendsen et al, 1934).
Following the process of egquilibration, 40 ns production run of the
relaxed system was carried oot using NPT ensemble with a Nose-
Hoover thermastat and a Martyna-Tuckerman-Klein barostat at 300 K
and 1.0 atm (Meosé 1984; Martyna et al, 1954). The simuolation
trajectories were computed using 2 multiple time step reversible
reference system propagator algorithm (p-RESPA) integrator to solve
the short-range bonded and long-range non-bonded interactions at 2.0
fs and &0 £ time steps respectively. Analysis of behavior and
interactions between lipands and enzymes were performed using the
Simulation Interaction Dizgram (5I0] tool implemented in Desmond
MD package

3.0 Results

Structure analysis of protein targets

Table 1 shows the experimentzl datz and structure validaton analysis
including the sequence length of the target proteins and co-crystallized
ligands, The 3D structures of HPV 16 E& (PDE ID - 4]0F), caspase -3
(PDE ID - 2XZT), and caspase -8 (PDE ID - 4P51] protein targets are as
shown in Fig, 1.

Phytoconstituents from leaves of Markhamia tomentosa
Arteoside, lnteolin, carnosel, dilapachone, tormentic acid, pomalic acid
and ajugol compounds were identified in the ethyl-acetate fracton of
Markhmia tomentosa via electrospray ionization mass spectrometry
[Table Z). Sitosterol, cycloartenol, cleanclic acid and phytol
compounds were isplated and characterized from dichloromethane
and ethyl-acetate fractions of the crude leaf extract of Markhamig
tomentosa [ Table ).

Retrieved ligands

2D structures of identified phytoconsttuents: - acteoside, zjugol.
carmesol, cycloartenal, dilapachone, luteslin, cleanolic acid, pomolic
acid, phytol, sitosterol, and tormentic acdd from Markhamia tomentosa
are as shown in Fig 2. The binding energies of test, standard and co-
crystallized ligands to the active sites of the protein targets within the
dimension of the grid box are as shown in Tahble 2,

Molecular docking

M. tomentosa phytoconstiments demonstrated varying degrees of
binding affinities for the active sites of the oncogene and apoptotic
targets as shown by the change in Gibh's fres energy (AG).

All identified phytoconstituents from M tomensosa showed binding
affinity for HFV 16 E& oncogene protein target with binding energy
value range of -54 keal/mol to -2.6 kreal/mel (Table 2). Except for
phytol (-2.6 keal/mol) test lisand with lower docking score than

This journal is & The Migerian Young Academy 2021
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melphalan (-3.1 kcal/mol] standard ligand, all test ligands:
dilapachone (-5.4 kmal/mol); carnosol (-4.3 keal f/mel); tormentic acd
[-4.1 kral/mal); acteoside, lutaolin, and oleanolic add (4.0 keal fmol);
gjugol (-3.9 keal/mel); pomelic acid and sitosterel (-3.8 keal /mol) and
cycloartenol [-3.6 keal 'mol) showed lower binding energy for HFV 16
oncogene protein (Table 2)

The binding energy of all test ligands for caspase -3 apoptodc targst
enzyme ranged from -6.8 kealfmel to -3.6 koal/mol. Loteolin (-6.2
kraljmol); acteoside (-6.1 keal/mol); pomolic 2dd (-6.0 keal/mol);
gjugol, cleanolic acid and tormentic add (-5.9 keal /mel); carnosol and
cycloartenol (-5.7 keal/mol), dilapachone (-5.5 keal/mol); and
sitosterol (-5.0 keal /mal] test lipands with hipher docldng scores than
melphalan (-4.3 kealf/mol) stendard and MRD (-3.4 keal/mel) co-
crystallized ligands exhibited higher binding affinity for caspase -3
t=rget [Table I). Phytol also showed lower binding enersy (-3.6
kral /mol] agginst caspase -3 compared to its co-crystallized ligand,
The binding energy of interaction between test igands of M. tomentosa
and caspase -8 apoptotic target enzyme ranped from -4.3 keal fmol to
48.3 keal/mol (Table Z). Phytol (-4.8 kealfmol) and luteolin (-3.7
kral fmol] with lower binding energy than the co-crysellized [(DTT)
Lgand (-3.2 keal/mol) exhibited higher binding affinity for caspase -3
t=rget. Except for ajugol (-2.4 keal/mol) and carmosol [-1.9 keal /mol)
that also showed binding affinity for caspase -8, other testligands from
M. tomentosa showed no binding affinity for caspase -8 [Table 2]

Druyg likeness behaviour of ligands

Tahble 3 shows the analysis of drug-likeness of test, standard and co-
crystallized ligands using Lipinsld rule of five (R05] and Veber ruls as
wall as molar refractivity property. Ajugol, carnosel, oycloartenol
lutealin, phytol, and sitosterol phytoconstiments with human
bioavailability score of 0.55 passed the ROS with zero to one viclation
[Table 3). Carnosol, cycloartenol, luteolin, and sitosterol test ligands
passed the Veber rule with zero violation while ajugol, carnosol
luteolin, and phytol passed the molar refractivity property of dmg-
likeness with value range of 76.01 to 98.54 cms (Table 3}, Melphalan
standard ligands and (MRD] and (DDT) co-crystalized ligands passed
the Lipinski and Veber rules with zero violation and molar refractivity
walue range of 33.32 to 78.91 om= (Table 3). Although dilapachone,
oleanolic acid, pomolic add, and tormentic arid passed the Lipinski
and Yeber rules with zero to one violation, these compounds did not
pass the melar refractvity property of drug-likeness, As shown in
t=hle 3, acteoside test ligand with human bicavailsbility scores of 0.17
did neot pass the ROE, Veber rule and molar refractivity property of
drug-likeness,

ADMET property of ligands

The predicted values for absorpton, distribution, metabolizm,
excretion, and toxicity of test, standard, and co-crystallized ligands are
shown in Tables 4, 5, and 6. Actesside, sjupol, carnosol, and loteolin
test lipands are predicted to be substrates of P-glycoprotein while
gcteoside, carnosol, oypcloarteno], dilapachone, phytol, and sitosterol
test ligands are inhibitors of P-glyroprotein [ and II (Table 4). Table 4
shows that cycloartencl, dilapachone, oleanolic acid, phytol, and
sitosterol are predicted to be totally-bound to plasma protein. Alag PS
value preater tham - 2 was predicted for carnosel, cycloartenol

oleanolic acid, pomelic acid, phytol, sitostercl, and tormentic acid test
ligands.

As shown in Table &, carnosol, cycloartenol, dilapachone, oleanolic
arid, pomolic acid, phytol, sitosterol, and tormentic acid test lipands
are predicted to be cytochrome CYP-344 substrates, Dilapachone,
lutsolin and phytol are predicted as inhibitors of CYP-2C9 and CYP-
142 while carmosel and dilapachone are CYP-2C19 inhibitors,
Dilapachone test ligand is also predicted as CYP-3A4 inhibitor (Table
5} As shown in Table 6, all test igends from M. tomentosa as well as
the standard and co-crystallized ligands are predicted as non-
substrate of Renal Organic Cation Transporter 2 [0CT-2). Except for
melphalan standard ligand, all test ligands from M. tomentosa and co-
crystallized ligands of caspase -3 and caspase -8 enzymes are
predicted to be non-mutagenic (Table &), Sandard, co-crystallized,
and all test ligands except for oleanolic arid and pomolic acd are
predicted to be non-hepatotoxie (Table &)

Post-docking visualization and binding sites interaction

Hit ligands cbtained from M tomentosa phytoconstituents exhibited
wvarious non-covalent intersctions with amino acid residues of the
binding pockets of caspases -3 and -8 apoptotic target enzymes. Non-
covalent interactions such as conventional hydropen bond, carbon-
hydropen bond, van der Waals, pi-alkyl, pi-pi T shaped, pi-pi stacked,
pi-sulfur, pi-sigma, pi-lons pair exist between the ligands and targets
[Fig=. 3 and 4]. The interaction between carnosol with caspase -3 was
strangthened by a conventional hydrogen bond with Arg 64 amino
arid; carbon-hydrogen bond with His 121 and van der Waals
interaction with Ser &5, Ser 120, Gly 122, Gln 161, Als 182, Arg 164
amino acdd residues (Fig. 32). Luteolin interacted with the binding site
of caspase -3 with six hydrogen bonds with Ser &3, Arg 64, Ser 65, Gly
122, Gln 161 and Gly 165 amino acid residues and van der Waals
interaction with Thr 62, Thr 67, His 121, Ala 162 and Arg 164 residues
[Fig. 3c). Similarly, melphalan standard ligand demonstrated hydrogen
bond with Ser 65 amino add residue along with van der Waals
interaction with Gly &6, Thr 67, Ser 120, His 121, Gly 122, Gin 181, Gly
165 and Arg 164 amino acid residues [Fiz, 3€), Figure 3b shows the 30
structure of carnosol within the binding pocket of caspase -3 with Len
136, Thr 140, Fhe 143, Arg 144, Lys 156, [le 160 and Phe 168 amino
arid side chains and hydrogen bond length range of 1.796 - 2472 &
Luteolin in the binding pocket of caspase -3 showed Thr 62, Ser 63, Atg
64, Ser 65, His 121, Gln 161 and Ala 162 amino acid side chains and
hydrogen bond length range of 1.796 - 2.464 A (Fig 3d). The control
standard ligand showed 2 bond length rangs of 1.802 - 2298 A with
Arg 86, Lys 88, Len 91, Thr 92, Glu 94, Ile 96, Glu 98, Leu 99, Asp 102
and Val 103 side-chain amino acid residues (Fig. 3f).

The His 317 and Cys 360 active site amino acid residues of caspase -8
formed van der Waals and hydrogen bond interacbons respectvely
with carnosol and melphalan (Fig, 4a and 4&). While a pi-lone pair and
a pi-sulfur interactions are seen with His 317 and Cy= 360 amino acid
residues and loteolin (Fig 4c). Althoogh Gly 318 and Tyr 324 formed
an unfavorable donor-donor bond with carnosol, a pi-allky] interaction
along with van der Waals interaction with Len 254, lle 257, Asp 319,
Asp 363, Val 410, 5er411 and Arg 413 amino acd residues was formed
with carnosel [Fig. 4&). Ser 316 and Asp 319 formed two hydrogen

31|Annals of Science and Technology 2021 Vol. 6(2) 2848
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bonds with luteolin and the loteolin-caspase -8 complex was further
strengthened by van der Waals interacdon with Len 254, Oe 257, Arg
280, Gly 318, Lys 320, Gln 358, Ala 359, Gly 362, Asp 363, Ser 411 and
Arg 413 amine acd residues (Fig. 4¢). [le 333, Tyr 334, Glu 396, Ala
397, Phe 399, Leu 401 and Thr 469 amino acid side chains were ssen
with carnosol in the binding packet of caspase -8B (Fig. 4b). Loteolin
showed a bond length range of 2.128 - 2,238 & with Arg 258, Tyr 412,
Arg 413, Asn 414, Trp 420, and Asp 455 amino acid side chains within
the binding pocket of caspase -B (Fig, 4d). Fig. 4f shows melphalan
standard ligand within the binding pocket of caspase -8 with Arg 260,
Ser 316, His 317, Cys 360, Asp 363, Ser 411, Tyr 412, Arg 413 amino
arid side chain residues and hydregen bond length range of 2055 -
2,566 A

Molecular dynamics (MD) simulation

A 40 ns long meolecular dynamic simulations were performed for
carnosol and luteolin and parameters such as root mean sguare
deviation {RMED], root mean square fluctuations (RMSF), and protein-
ligand interactions for each protein-ligand complex were analyzed
throughout the simulation trajectory.

Root mean square deviation (RMSD)

Fig Sa- 5d shows RMED values of the Cm atoms of caspase -3 apo state
and caspase -3 complexed with carnosol, loteoclin and melphalan
standard ligands over 40 ns simulation run time. The BMSD Cz atom
walues for caspase -3 apo state are within 0.91 4 to 2.54 4, while the
average RMSD asymmetric carbon value is 1.49 A (Fig 52). Carnosol-
caspase -3 complex exhibited 2 RMED Ca atom value range of 0.77 to
2,534 with an averzge value of 1.48 4 thronghout the 40 ns run time
(Fiz. 5b). Similarly, melphalan standard lizand complexed with
caspase -3 showed RMSD Cax atom value range of 0,94 to 247 A with
zn average value of 1.49 A (Fig. 5d). Meamwhile the ligand-protein
complex for luteclin with caspase -3 showed RMSD Cax atom value
ranze of 0.81 to 2684 with an average value of 1.79 & after 20 ns
sirmmulation run time (Fig. 5c).

The RM5D walues of the Ca atoms for caspase -8 in carnosol, luteolin
and melphalan standard ligands over 40 ns simulation run time are as
shown in Fig. 6a-6d The RMSD Cx atom values for apo state ranged
within 1.11 A to 6,96 & with an average value of 5.56 4 (Fig. 62). [twas
observed that the Ca atom of the ligand-protein complex for caspase -
2 with luteolin showed 3 RMSD velue range of 1.78 A0 69% A atan
average of 5.94 A throughout the 40 ns run time (Fig. 6¢). The Cxatoms
of caspase -3 complex with melphalan exhibited RMSD value range of
1,23 A to 9.12 4 and carnosol showed range of 1.23 & t0 912 A with
average RMSD asymmetric carbon values of 6.60 A and 7.24 A
respectively (Fig. &b and 6d].

Root Mean Square Fluctuation (RMSF)

The RMS5F values of the apo and ligand-protein complexes of carnosol
and hiteolin with caspase -3 are as shown in Fig, 7a-7d [t was shown
that the alpha helices and beta strands of the apo structure and docked
complexss oscillated within 0.30 4 to 0.78 A. The loop regions of all the
simulated systems showed large fluctuations up to 7.03 & 6,71 4, 7.17
A and 697 A with a fluctuation average of 0.73 A 0.74 4, 0.72 4 and
0.67 A for the apo state, carnoso], luteolin and melphalan with caspase

-3 target complexes respectively.

Fig. 8a- 8d shows the RMSF values of the Cx atoms for apo-caspase -8
and caspase -8 complex with carnosol, luteolin and melphalan, The
alpha helices and beta strands of the apo structure and lipand-protein
complexes oscillated within 0.40 4 t0 1.56 A As shown in Fig. & loop
regions of apo-caspase -8 and ligand-protein complex for caspase -8
with carnosol experienced lzrge fluctuations up to 9.30 4 and 9.84 &
with & fluchuation averzge of 150 4 and 178 A respectively.
Meamwhile luteolin and melphalan- caspase 8 complexes displayed
fluctuations up to 5.57 4 and 654 A with a fluctuation average of .21
A and 1.45 A respectively,

Protein-ligand interactions

The protein-ligand interactions betwsen amino acid residues of
caspase-3 protein and carnosol, lnteolin, and melphalan ligands across
the simulation run time were computed and represented in Fig, 93-9¢c
Carnosol, luteolin and melphalan shared hydrophobic interactions
with amino acid residues Tyr 204 and Phe 256 that were sustained
thronghout the MD simulation. Except for Phe 256 amino acid that
maintained minimal [below 20%) contact with melphalan, notable
involvement of carnosel, luteclin and melphalan with Tyr 204 and Phe
256 amino acids was observed from 35% to 80% of the simulation run
time, [t was observed that carnosol and Iuteolin interacted with Thr
156 and Arg 207 amino acids mainly through hydrogen bond and H-
‘bonding mediated by water bridze at less than 10% and 30% of the
simulation run tme (Fig 93 and %b). Conversely, H-bond,
hydrophobic, ionic and H-bonding mediated by water bridges contacts
were ohzerved between carnosol and Arg 207 amino acid at about
30% and carnosol and melphalan with His 121, Glu 123 and Cso 163
amino acids from below 10% to about 100% of the simulation run time
[Fig. 9a and 9¢). No@bly, melphalan exhibited H-bond interaction with
Gly 122 amine acid at over 100% of the 40 ns simulation,

Furthermore, the interactions of all the ligands and individual amino
arid residue in the binding pocket of caspase-3 was quantified and
represented in Fig 9dand 9f, Carnosol, luteolin and melphalan shared
guite a few conserved interactions with Arg 258, His 317, Cys 360, Asp
3&3, Tyr 365, Val 210, and Arg 413 amino arid residues. As shown in
the plot, luteolin and mealphalan interacted with Arg 258 and Tyr 365
amino acids and carmesol alone interacted with Arg 413 amino add via
H-bond, hydrophobic, H-bonding facilitated by water bridges, and
ionic contacts from 30% to 90% of the simulation run time (Fig, 9e and
9f). Carnosol made H-bond, hydrophobic, and H-bonding mediated by
water bridges contacts at 10% and over 20% simulation run time with
Arg 258 and Tyr 365 amino acids (Fig, 9d). Hydrophobic interactions
with His 317 and Val 410 amino acid residues from about 109 to £0%
of the simulation run time was also observed with all the lizands. The
three ligands interacted with caspase-B active site Cys 360 and Asp
363 amingo arids mainly via H-bond, hydrophebic, and H-bonding
mediated by water bridzes contzcts from 10% to 30% simulation run
time, Carnosol and luteolin interacted with Ser 256, [le 257, and Gly
362 amino acids mainly through H-bond, hydrophobic, and H-bonding
mediated by water bridae at less than 10% and 30% of the simulation
run time, H-bond, hydrophobic, H-bonding facilitated by water bridge,
and ionic contacts with Ser 411, Tyr412, Asp 455, Lys 457 and Asn 458
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amino acid residues at about 10% simulation run time was seen with
melphalan and cermosol (Fig 9d and 9f). Notably, involvements of
luteolin alome with Lys 253, Leu 254, Gly 318, Asp 319, Asn 364, and
Tyr 324 amino acds via H-bond, hydrophobic and H-bonding
farilitated by water bridge contacts are observed from less than 10%

to over 100% of the simulation time (Fig 9e). While carnosol alone
intaracted minimally (below 10%]) with amino acid residues Asn 414
and Pro 415 through H-bond, hydrophobic, and H-bonding facilitated
by water bridge contacts [Fig. 2d).

Table 1: Smructure analysis of HFV oncoprotein and caspases -3 and -8 apoptotic proteins

Experimental Data

HPV 16 E6 (4]0F)

Caspase -3 [2XIT)

Caspase -2 [4F51)

Sequence length
Method
Resolution

Unit cell constants:
Length (&): a b, ¢
Angle ) @ B, Y
F-Valus Free
R-Value Work
R-Value Observed
Chains [D

Source of organism

7

X-ray diffraction

1804

2 33084, b: 43404, ¢ 51974
@ 90.00% B: 101,005, y: 90.00°

0.219
0179
0.181
CD

Homo

SEPIENS,

papillomavirus type 16

Co-crystallized lizand

Human

145

X-ray diffraction

2704

a: 92004 b 92004 o 193.604
20,007, B: 90.00°, v: 120.00°

0.231

0.197

0.159

AC

Homo sapiens, synthetic constroct

[4R)-2-Methylpentane-2,4-dial (MED)

275
X-ray diffraction

1734

2 :115.374, b:144.604, o 86194
90.00%, B: 123.36% v: 20.00°

0.135
0.152
0.154
AEBGD

Homo sapiens

2,2-Dihydromy-1.4-dithichutane
(OTT)

Table 2: Docking energy of M, tomentosa phytoconstituents for HPV oncoprotein and caspases -3 and -3 apoptotic proteins and grid box
parameters for active binding sites docking

8/ Ligands PubChem  AG Poergy (Ecal'mol)
CID HPV 16 E6 Caspase -3 Caspase -8
1 Acteoside 52831800 4.0 -6.1 6.2
2 Ajugel 6325127 -39 59 24
3 Cammossl 442009 43 57 -18
4 Cyeloartenal 92110 -3.6 -57 21.7
5 Dilapachone 101733168 -34 35 433
] Luteolin 5230445 -4.0 -6.8 -3.7
7 Oleamolic acid 10494 -4.0 -59 30.8
g Pomolic acid 382831 -38 -6.0 9.0
9 Phytol 5230435 -1é 3.6 4.8
10 Sitosterol 22084 -38 =540 6.5
11 Tormentic acid 73193 -4.1 -5.9 15.2
12 Melphalan 4606512 -3.1 -43 -4.3
13 (MEID)* 5188845 -23 -34 -3.5
14 (DDT* 439196 -0 -33 32
“Grid bom dimension
Cantar X:-Y: Z 30.55:2349:24.76 22.23:-41.11:9.5T7 -44.32:23.08: 10.02
Size :¥: Z: 17.62:25.00:12.71 15.77:17.94:12.71 15.77:14.63:12.71

*Co-cry=tallized lizands:
(MRED] - (4F}-2-methylpentzne-2,4-diol for Caspase 3;
(DDT) - 2.3-dihydroogy-1,4-dithiobutane for caspase 8;
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Table 3: Drug-likeness of M. tomentera phytoconstituents, standard and co-crysizllized ligands

. ROF Human {ral o o
Compound MW ALogF HED HEA vialation Bioavalability REB P5A  Veberviclation Molar refractivity
Actzosids 52459 043 El 15 3 0.17 11 24529 2 145.42
Ajugol 343.35 -1L78 B E 1 D55 3 145.07 1 7767
Carnesaol 3304z 372 2 4 ] D55 1 86,76 0 52.83
Cycloartenal 42672 715 1 1 1 D55 4 20.23 0 135.14
Dilapachons 48252 421 0 & ] 056 1 86,74 0 132.4%
Luteclin 18624 173 4 & ] D55 1 111,13 0 76.01
Oleanolicadd 4567 606 2 3 1 0.85 1 5753 0 136.65
Pomelicacid 4727 513 3 4 1 D.56 1 7776 0 138.11
Phytol 19653 622 1 1 1 D55 13 20.23 1 5334
Sitostersl 41471 718 1 1 1 D55 B 20.23 0 133.23
Tormenticacid 4887 433 4 5 ] 056 1 37.599 0 135,28
Melphalan 3052 132 2 3 ] D55 8 6656 0 7851
MED) 113.17 0.89 2 2 ] D55 2z 4048 0 33.32
[DDT) 15435  0.04 2 2 ] D55 3 118.06 0 39.52

MW: Molecular formular (< 500 Da): ALog P: Arithmetic log P (<5); HED: Hydrogen bond donor [<5); HEA: Hydrogen bond accepror (<10): ROF:
Rule of five (Lipinski rule] violation; RB: Rotatable bond (<10); F5A:- Polar surface area (<140 A); Molar refractivity: (40 - 130 cm3)

Table 4: In-silico ehsorpton and distributon profile for test, known standard and co-crystallized ligands

Ligand Human F-gp P-gpIfII Caco-2 EBEBpermeability CN3S Fraction
Intestinal subsirate Inhibitor permeability [Log BE) permeability unbound in
Ahbsorption (%) [log Papp in [Log FE) plasma
10+ omy's)
Acteoside 3212 Substrate Inhibitor / Non- 0.10 -1.86 - 4,60 027
inhibitor
Ajugol 3180 Substrate Non-inhibitor / 0.40 -1.02 -3.78 0.73
Non-inhibitor
Carnosol 91.21 Substrate Inhibitor / Non- 0.57 -0.10 -1.82 0.04
inhibitor
Cycloartenol 95.25 HNon- Inhibitor f 119 0.74 -1.71 0.00
subsirate Inhibitor
Dilapachone 100 Non- Inhibitor / 145 -D.51 - 2,56 0.00
substrate Inhibitor
Luteolin 8113 Substrate Non-inhibitor / 0.10 -091 -2.25 017
Non-inhibitor
Qleanaolic 99.93 HNon- Non-inhibitor 117 -0.14 -1.14 0.00
acid subsirate Non-inhibiter
Pomolic acid 97.97 Non- Non-inhibitor / 0.70 -0.47 - 147 004
subsirate Non-inhibitor
Phytol 90.71 Non- Non-inhibitor / 152 0.86 -1.56 0.00
substrate Inhibitor
Sitosteral 594,45 Non- Inhibitor 1.20 0.73 -1.71 0.00
substrats Inhibitor
Tormentic &8.02 Non- Non-inhibitor / 0.60 -D.63 -1.79 011
acid Substrate Non-inhibiter
Melphalan 92.01 Substrate Non-inhibitor 0.85 -D.07 -2.93 0.44
Non-inhibitor
[(MRD) 8507 Non- Non-inhibitor / 1.57 -0.24 -2.98 075
substrate Non-inhibitor
(DDT) 7448 Non- Non-inhibitor / 154 -0.28 -3.20 077
substrate Non-inhibitor
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Table 5: In-silice metabolism profile for standard and test ligands

Ligand CYP-ZC9 CYP-ZD& CYF-344 CYP-1A2 CYP-2C19
Substrate Tnhibitor Substrate/Inhibitor Substrats /Inhibitor Inhibitor Inhibitor
Acteoside Nom-substrate / Non- Non-substrate / Non- Mon-substrate [ Non- Nen-inhibitor Non-inhibitor
inhibitor inhibitor inhibitor
Ajugol Non-substrate [ Non- Non-substrate / Non- Non-substrate / Non- Non-inhibitor Non-inhibitor
inhibitor inhibitor inhibitor
Carnosal Nom-substrate / Non- Non-subsirate / Non- Sobstrate / Non-inhibitor Non-inhibitor Inhibitor
inhibitor inhibitor
Cycloartenal Nom-substrate / Non- Non-substrate / Non- Sobstrate [ Non-inhibitor Non-inhibitor Non-inhibitor
inhibitor inhibitor
Dilapachone Nom-substrate / Non- Non-substrate / Non- Substrate / Inhibitor Inhibitor Inhibitor
inhibitor inhibitor
Luteclin Non-substrate [/ Inhibitor Non-subsirate [ Non- Mon-substrate / Non- Inhibitor Non-inhibitor
inhibitor inhibitor
Oleanolic Nom-substrate / Non- Non-substrate / Non- Sobstrate [ Non-inhibitor Non-inhibitor Non-inhibitor
acid inhibitor inhibitor
Pomaolic Nom-substrate / Non- Non-subsirate / Non- Sobstrate / Non-inhibitor Non-inhibitor Non-inhibitor
acid inhibitor inhibitor
Phytol Non-substrate [ [nhibitor Non-substrate / Non- Sobstrate [ Non-inhibitor Inhibitor Non-inhibitor
inhibitor
Sitosterol Nom-substrate / Non- Non-substrate / Non- Sobstrate / Non-inhibitor Non-inhibitor Non-inhibitor
inhibitor inhibitor
Tormentic Nom-substrate / Non- Non-subsirate / Non- Sobstrate / Non-inhibitor Non-inhibitor Non-inhibitor
acid inhibitor inhibitor
Melphalan Nom-substrate / Non- Non-substrate / Non- Mon-substrate / Non- Neon-inhibitor Non-inhibitor
inhibitor inhibitor inhibitor
[(MRD]) Nom-substrate / Non- Non-subsirate / Non- Mon-substrate / Non- Non-inhibitor Non-inhibitor
inhibitor inhibitor inhibitor
(DDT) Nom-substrate / Non- Non-substrate [ Non- Mon-substrate / Non- Nen-inhibitor Non-inhibitor
inhibitor inhibitor inhibitor
Tahle &: In-silice excretion and toodcity profile for standard and test lizands
Ligand Taotal clearance Renal Organic Cadon Hepatotoxicity  Mutazenicity Rat acute oral toxcity
{log ml/min/kg] Transporter 2 (OCTZ) [LDe; mol/kg)
substrate
Arteosids 0.28 No No No 253
Ajugal 1.23 No HNo No 2,70
Carnosal 0.28 No No No 219
Cyeloartensl 0.26 Nao HNo No 2.63
Dilapachone -D16 Na No No 2590
Lutealin 0,50 No No No 2.46
Oleanolic acid -0 Nao Yes No 235
Pomolic acd 0.08 No Tes No 232
FPhytol 167 No No No 161
Sitosterol D63 No Ko No 2,55
Tormentic acid 0,09 No No No 1421
Melphalan 0.&3 No HNo Tes 2.48
[MELD) 0,75 No No No 161
[DDT) 0,59 No No No 169
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Fig. 1. 3D structures of (a) HPY 16 E6; (b) Caspase -3; () Caspase -8

Fig. 2. 2D structures of (a) Acteoside (b) Ajugol (€} Camosol (d) Cycloartenol (&) Dilapachone (f) Lutealin (g) Oleanalic
acid (h) Phytol (i) Pomalic actd (j) Sitesterol (k) Tormentic acid
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Fig. 3. 2D and 3D structures of a and b: Carnosol-caspase-3; ¢ and d: Luteolin-caspase-3; e and 2 Melphalan-caspase-3

Fig. 4. 2D and 3D structures of a and b: Camosol-caspase-£; ¢ and d: Luteclin-caspase-§; e and I: Melphalan-caspase-8
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4.0 Discussion

Glebally, cancer remains one of the major causes of death, Therefore,
there is a need for continuous research towards the development of
new, effective, and affordable anticancer drugs. Molecular docking, in
silioo ADME/T medeling, and molecular dymamic simulation serve as
tools used in computational drog discovery for identification of lead
compounds (Sehgal et al, 2016; Dali et al, 2019}, The plant kingdom
represents an enormous reservoir of bioactve phytochemicals, which
gre isolated and investigated for anticancer activity (Vitzl and Rivera,
2011). Medirinal plants with a long history of tradiional usage but in
the early stages of their pharmacological and phytochemistry studies
are suitahle for investigation via an in-slico approach to unveil their
chemical mechanisms (¥i et al, 2018).

Markhomia fomentssa has found use in both human folk and
ethnoveterinary medicnes (Burldll 1935; 5tark et al., 2013; [brahim et
al., 2016). The antiproliferative and apoptosis-inducing capability of M.
tomentosa leaf extract on cervical [Hela) cancer cell line has been
demonstrated ([brahim et al, 2013). Isolation and characterization of
chemical consttuents of M tomentosa leaf extract revealed the
presence of sitosterol, cycloartenol, phytol, oleanolic acid loteclin,
gjugol, carnosol, pomolic acid, tormentic add, dilapachone, and
gcteosidephyto-constituents (Sofidiya et al, 2014; Thrzhim et al,
2018).

In this present study, we carried out an im-silico amalysis on
phytoconstituents from M tomentose to predict the binding
orieniation towards oncogene and apoptotic enzyme f@argets, Drog-
likeness and ADME/T properties of these phytochemicals were also
predicted. Melphalan and co-crystallized ligands of target enzymes
were used as control molecules to validate receptorligand
interactions.

To the best of our knowledgze, this is the first report describing the
binding orientation of phytoconstituents from Mariciamia tomentosa
aZainst oncogene and apoptodc enzyme targets. All tested
phytoconstituents from M. tomentosg exhibited binding affinity for
HPV 16 E6 oncoprotein and caspase -3 apoptotic enzyme, Similar to
melphalan standard and MRD and DDT co-crystallized ligands, ajugol.
carmesol, luteolin, and phytol test ligands from M. tomentose showed a
bhinding affinity with HFV oncogene and caspases -3 and -8 apoptotc
enzyme ftargets. Similar im-sfice study of phytochemicals from
Curcuma longa, Cosmos caudatus, Morinda lucda, ADium sotiviem, Aegle
marmelos, Cotharanthus rosews, Boerhomvia diffusa, Pseudorthire
viccid, Prerocarpus marsupium, and Phyllanthus amorus agzinst
apoptotic and ant-apoptotic protein targets have been reported in
literature (Mala et al, 2015; Adewole and Ishola, 2019; Safitri et al.
2020]. Luteclin, carnosol, phytol sitosterol, cycloartenol, and
arteoside have similarly been studied for induction of apoptotic cell
dezth in cancer therapy via computationzl approach (Fu et al, 2012;
Mustarichie et al, 2014; Ham et al, 2014; Tusn et &l, 2018; Das et zl,
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2018). Previcus in-vitro study has also demonstrated that M
tomentosa extract inhibited cell viability and growth of cervical (HeLa)
cancer cell through induction of imrinsic pathway of apopbosis
[Tbrahim et al, 2013}, It may be suggested from this result that ajugol,
carmosol, hateolin and phytol phytoconstituents from M, tomentosg
may inhibit expression of HFV 16 E6 oncopene via stimulation of

caspase -3 or c2spase -8,

Evaluation of the druog-likeliness property of bicactive chemical
compounds is crucial in decision-making of prospective drug
molecules to become an orelly administered drug for human
consumption. More so, early detection of problematic drug molecules
improves the success rate of the proocess of drug discovery. Lipinsld's
rule of five (ROS] and Veber rule are used to evaluate the drug-
likeliness property of drugs (Rowaiye et al, 2020). ROL states that
drugs with good oral bioavailability property must not vielate more
than one of the following criteria: molecular weight of less than 500
Daltons, octanaol-water partition coefficient (log F) value of less than 5,
le=s than or equals to & hydrogen bond donor and less than or equals
to 10 hydrogen bonds acceptor (Lipinskd et al, 2001). According to
Veber rule, orally active drug should possess 10 or less rotable bonds
and a topelogical polar surface area of less than 140 A?(Veber et al,
2002). Molar refractivity also indicates good oral bioavailability with
walue range of 40 - 130 cm3 (Ghose et al, 1995%). n this study, carnosol
and loteolin compounds from M, tomentosa were in accordance with
Lipinski and Veber rules as well as molar refractvity. More so both
compounds ranked higher in binding affinity to oncoprotein and
caspase -3 apoptotic enzyme targets than standard and co-crysallized
Ligands. Therefore, carnosol and hteclin phytoconstitnents from M
tomentosa can be suggested as potential drug candidates.

Beyond efficacy, potential drog candidates should have good
ghsorption, distribution, metzbolism, excretion, and toxicity [ADMET)
properties at a therapentic dose (Guan et al, 2019). Absorption of
drugs relies mainly on intestinal permeability and a drug molecule
with human intestinal abserption (absorbance) value of less than 30%
iz considered to be poorly absorbed (Balimane et al, 2000; Pires etal,
2015; Lee et al, 2020). Carnosol and hoteolin compounds from M
tomentosa exhibited good intestinal absorption similar to standard
and co-crystallized lizands. Both compounds are predicted to be
substrates of P-glycoprotein (P-gp). an indicetion that P-gp can
recognize and canse efflux of these compounds, Thuos, they should be
co-administered with a P-gp inhibitor to facilitate their cellular
absorption. The efficacy of a drug moleculs may be affected by the
extent to which it binds to plasma protein, as the more a drug is bound
the less efficient it can diffuse (Pires etal, 2015), Luteolin and carnosol
showed a similar proportion of free unbound drug with melphzlan
standard ligand but better distribution into human blood than other
phytoconstituents of M tomentoss that are totally bound to plasma
protein. Cytochrome P450 (CYP-450] is an important detoodfication
enzyme that is invelved in xenobiotic metabolism. [nhibition of an
isoform of CYP-450 could cause cellular toxicity of its substrates
[Misha et al, 2016} Although CYP-450 inhibidon profile for M
tomentosa phytoconstituents were assessed for five isoforms (CYP-
2C9, CYP-ZD6, CYP-3A4, CYP-142 and CYP-ZC19), Iuteolin and
carnosol hit compounds were predicted to be non-inhibitors of the two

main isoforms (CYP-2D& and CYP-3A4) responsible for drug
metzholism (Fires etal, 2015). Furthermore, the hit compounds were
inactive against renal excretion, hepatotoxicty, and mutagenicity
parameters. Hence, carnosol and loteolin from Markhamic tormentosg
are potential drug candidates with good ADME towdcity profile and can
inhibit oncogene cell expression via imvolvement of caspases

The interactions between carmoscl and luteolin hit ligands and
caspases -3 and -B enzyme targets are a function of the amino acd
residues at the actve sites of the caspases. Caspases utlize 2 histdine-
cysteine catalytic pair to hydrolyze peptide bonds after specific
Aspartic acid residues [Stennicke and Salvasen, 19%%; Clark, 2016).
Hydrogen bonds formed bebeesn lizands and proteins play a vital role
in the determination of the specificity and stability of the ligand-
protein complex (Wade and Goodford, 1989; Steiner and Hoellner,
2001; Weiss et al,, 2001; Elekofihinti et al., 2018). The active site of
caspase -3 [2XIT) contains histidine (His121) and cysteine (Cy=163)
amino add residues with modification of cysteine residue to form 5-
nitresocysteine [Csol63) residue. In this study, loteolin formed six
hydropen bonds with Ser 63, Arg 64, Ser 65, Gly 122, Gln 161 and Gly
165 aming add residues of caspase -3 enzyme. Carnosel formed two
hydrogen bonds with Arg 64 amino acid and His 121 active sibe amino
arid residue of caspase -3 target enzyme, Similar to loteolin, melphalan
standard lizand formed a hydrogen bond with Ser 65 amino acid
residue. Caspase -8 (4P51) contain histidine (His 317) and cysteine
[Cy= 360} amino arid residues at its active site. Carnosol, luteclin and
melphalan formed one [Cys 360), two [Ser 316 and A=p 319), and four
[Arg 260, Cys 360, Ser 411, and Arg 413) hydrogen bonds with amino
arids of caspase -E apoptotic enzyme target respectvely. The Cys 360
arctive site amino acid residue of caspase -8 formed hydrogen bond
with carnosol and melphalan. Similarly, previous studies have proven
that caspases -3 and -3 dodted with different types of compounds
intaracted with Asn 51, Ala 71, Arg 75, Asn 7, Asp 90, Asn 208, Gln
217, Len 242, Ser 249, Asn 273 amino acids of caspase -3 and Asp 308,
Glu 324, Thr 333, Asn 335, GIn 366, Gln 388, Thr 390, Thr 393 amino
arids of caspase -8 [Govindarasu et al, 2017; Hashaw et al, 201%;
[smail et al, 2020; Safitrd et al, 20200, The results herein indicate that
protein-ligand interaction between caspases -3 and -3 enzymes and
carmnesol and loteolin hit ligands was strengthened by hydrogen bond
with Ser 63, Arg &4, Ser 65, His 121, Gly 122, Gln 161 and Gly 165
amino add residues of caspase -3 and Ser 316, Asp 319 and Cy= 360
amino acdd residues of caspase -8

To further investizate the stability and flexdbility of carmosol and
luteolin complex with caspases -3 and -8 receptors, molecular dynamic
MD simulatons was performed. MD simulation is an important
computational technigue used to obtain binding mode information
‘between ligands and receptors (Ge et al, 2013; Ahmad et al, 2020).
Root mean square deviation (RMSD], root mean sguare fluctuation
[RMS5F) and protein-lipand contact parameters were analyzed during
the simulation process. Analysis of RMSD and RMSF properties
monitors the ocourrence of possible abnormal structural changes over
the simulation time (Lee et al, 201%; Adelakun et al, 2020). RMSD
value < 2.0 & corresponds to good docking solution; value between 2.0
and 3.0 A deviare from the position of reference but with maintained
desired orientation; and value > 3.0 A is completely wrong (Gohlke et
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al. 2000; Mena-Ulecia et al. 2015; Ramirez and Caballero 2018, In this
study, RMSD values for docked structures of carnosol and luteolin with
caspase -3 were 148 4 and 1.79 A and values with caspase -8 were
7.24 A and 594 A respectively. These results suggest that both
carmosol and luteclin are stable in the binding site of caspase -3 during
MD simulation with AG of -5.7 keal fmel and -6.8 keal /mol respectively.
The instability of carnosel and huteolin in caspase -8 binding site with
scoring average RMSD values of 7.24 A and 594 A was further
translated inte a peor binding free enersy of -1.9 keal/mol and -3.7
kral /mol compared to carnosol and luteclin in caspase -3, RM3F is an
expression of average residual mobility in a structore throughout the
process of simuolation and a higher RMSF value indicates more
flexibility during MD simulation [(Abooelelaet al. 2021). The resuolt
obtained from this smdy indicates that RMSF wvalue for carnosol
docked with caspase -3 is higher than with luteolin, Also, carnosol-
caspase -8 complex showed a higher BEMSF value than with lnteclin
Protein-lizand contact is an important feature used in the analysis of
the presence and absence of specific atomic-level interactons of igand
with binding site amino acids residues of proteins (Gandhimathi and
Sowrdhamini 2016; Lee et al. 2019). MD simulation aids to evaluate all
the binding modes by averaging zll protein-ligand contacts obtained
from individual frames of the simulations and determines the most
favorable interactions. Among the different amino acid residues that
participated in the stahility of luteclin-caspase -3 complex major
contribution was exhibited by Thr 166, Glu 167, Len 168, Ser 251
amino acids in hydropen bond interaction, Leu 168, Tyr 204, Trp 206,
FPhe 256 amino acids displayed hydrophobic interaction, Thr 166, Glo
167, Len 168, Tyr 204, Ser 251 amino acids showed water bridges
interaction without any observable iocnic interaction, Hydrogen bond
interaction with Tyr 204, Arg 207, Phe 250 and Ser 251 amino adds,
hydrophobic interaction with Tyr 204, Trp 206 and Phe 256 residues,
water bridees interaction with Tyr 204 and Arg 207 amino acids and
ionic interaction with Arg 207 amino acid residue were the major
contribution to the stability and flexibility of carmosol in the binding
site of caspase -3. The protein-ligand imtermolecular interactions
confirm the stEbility and flexibility of carnosol and Iuteolin with the
catalytic amino acid residues of caspase -3 throughout the MD
simulations.

Conclusion

In this study, molemular docking was carried out to explore the binding
interaction of Marithamia tomentosa phytoconstituents with HFV 16
E6 oncoprotein and caspase -3 and -8 enzymes. The correlation of the
binding orientation with cell growth inhibitory actvity of the
phytoconstituents was also demonstrated Following the decking of 11
natural compounds against oncogene and apoptotic targets and
scpeening for drog-likeliness and good pharmacokinetic properties,
two hit compounds were identified. Carnosol and lhateclin hit
compounds praved to be better drug candidates than standard and co-
crystallized ligands in terms of bioaveilzbility with optimal
pharmacokinetic properties. Post docking analysis revealed that the
hit lizends were involved in various non-covalent interactions within
the active site cavity of the caspase -3 and -8 enzymes. Molecular
dymamic simulations of 40 ns validated the stability of the carnoscl-
caspase-3 and liteclin-caspase-3 complexes. Although the results

obtained from this in silice study is consistent with previous results
from in vitro study which demonstrated inhibitery activity of extract
of M. tomenrtosa agginst cervical (Hela) cancer cell throongh induction
of intrinsic pathway of apoptosis, further in vivo and in vitro studies on
the phytoconsttuents to validate this study are required.
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