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ABSTRACT

Background and Objective: Polo like kinase-1 (PLK-1) enzyme belongs to serine/threonine
protein kinase family that is regarded as a principle mitotic controller of G2-M phase transition. The
antimitotic therapies are a cornerstone for the treatment of metastatic as well as benign cancer.
Therefore, PLK-1 has recently gained much interest in the field of targeting it by novel and effective
inhibitors.

Materials and Methods: The present study described the used of pharmacophore modelling
based on the potent and selective clinical agent, Volasertib and followed by hybrid selection of a
kinase inhibitors databank of 4800 diverse compounds by pharmacophore- and docking-based
virtual screening.

Results: The retrieved hits were filtered on the bases of their pharmacophore-fit scores, docking
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binding affinity scores, ADME-T profiles as well as ligand quality assessments. Among the five hit
compounds that fulfil the criterion, three compounds, 21991791422, 7256115729 and 21991791176
were selected for binding dynamic analyses by molecular dynamic simulation. The 21991791422
and Z56115729 compounds illustrated stable binding behaviours at the proposed binding site.
Conclusion: Thus, these compounds might emerge as potent inhibitors of PLK1 and could be
applied as seeds for designing better PLK1 inhibitors in near future.

Keywords: Autodock Vina; ligandscout; polo like kinase-1; pharmacophore; virtual screening;

molecular simulation.

1. INTRODUCTION

Cancer remains a serious threat towards human
health and has drawn grave scientific concern
with the aim of developing a successful therapy
to tackle it. For several decades, targeting the
cell cycle processes, a hallmark of cancer, is a
cornerstone therapeutic. Despite the efficacy of
currently used clinical anti-microtubule agents
like vinca alkaloid and taxanes, their severe
dose-dependent toxicity has been a major
therapeutic concern. The polo-like kinase-1 (Plk-
1) belongs to serine/threonine protein kinase
family, is a crucial mitotic regulator in transition of
G2-phase of cell cycle to M-phase [1,2]. In
addition to cell cycle, PLK-1 has been found to
be associated with regulation of other cellular
events such as DNA replication, metabolic
pathways and NudC phosphyration mediated
cytokinesis [1,3-7]. The structural basis of PLK-1
protein comprises of three domains, a typical
kinase domain (KD) at N-terminal, an
interdomain linker (IDL) and non-catalytic polo-
box domain (PBD) at a C-terminal that is unique
to PLK family. The PBD and KD have been found
to be reciprocally inhibited, however, the clear
mechanism is still unknown [8]. Among five PLK
family structural homologs (i.e. PLK-1, -2, -3, -4
and -5), PLK-1 overexpression has been shown
in variety of human cancers, for example, lung,
prostate, intestinal, head-neck, breast, pancreas,
thyroid, ovary, liver and skin [2,9-11] and is
considered to be an independent prognostic
marker in cancer patients [9,10]. Moreover,
reports suggest that PLK-1 overexpression relate
to reduced patient survival in some tumours
[9,10,12]. It has been reported that inhibiting
PLK-1 hindered the growth of triple negative
breast cancer (TNBC) and bladder carcinoma
[13,14]. Various reports suggesting the PLK-1 as
an oncogene has inspired the scientific
community to discover peculiar PLK-1 inhibitors.
In the recent past, several studies have
published; reporting PLK1 inhibition by various
compounds and drugs [15,16]. As most of
kinases, the PKL-1 kinase possess two typical
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sites that can be targeted by small-molecule
inhibitors, first is the 'ATP binding pocket' within
the N-terminus kinase domain, and the other is
the substrate binding grove; the PBD domain
[11]. Designing kinase inhibitors via focussing on
'catalytic kinase domain' has become a
successful strategy in the recent past. Several
ATP-competitive  small-molecules  inhibitors
focusing on PLK-1 'kinase domain' have also
been developed, and even some of them have
reached clinical frials as well, for instance,
Volasertib, GSK461364A, Bl 2536, NMS-P937,
TKM- 080301 and HMN-214 [17]. Volasertib is
dihydropteridinone derivatives (developed by
Boehringer Ingelheim) and is regarded as the
standard inhibitor among these molecules due its
pronounced potency in preclinical and clinical
settings. The present study is designed with the
aim to discover novel PLK-1 kinase domain
inhibitors keeping in the mind their specificity and
potency. In order to achieve our objective, the
pharmacophore modelling in combination with
virtual screening of a kinase inhibitors chemical
database of 4800 compounds using Ligandscout
and Autodock Vina were performed followed by
ADMET analyses and ligands quality
assessment to obtained potential lead molecules.
The final obtained hits were then characterized
for their dynamic stability behaviour at the
binding pocket using all atoms molecular
dynamic simulation.

2. MATERIALS AND METHODS

2.1 Generation of Pharmacophore Models
and Their Validation Using Ligand
Scout

The structure-dependent pharmacophore
modelling is primarily focus on utilizing the
binding interactions of protein—ligand complexes
to create a plausible hypothesis. This has
become a significant approach due to increased
deposition of X-ray crystal structures in Protein
Data Bank (PDB). Furthermore, the protein
structure data is suggested to be an imperative
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basis to design structure-dependent
pharmacophore and utilized for primary
screening prior to docking studies [18,19].
Therefore, the crystal structure of PLK-1

(residues 1 - 335) interacting with Volasertib, a
potent small-molecule inhibitor, (PDB ID: 3FC2)
was acquired from RCSB-PDB with an X-ray
resolution of 2.45 A [20]. LigandScout software
[21] was used to deduce and identify the key
interaction chemical characteristics as well as
space pattern amongst PLK-1 and Volasertib to
build and analyse 3D pharmacophore model.
The Volasertib interaction pattern with the key
amino acid residues of the 'catalytic domain' of
PKL-1 provided appropriate data to construct
structure-dependent  pharmacophore  model.
However, for the qualitative validation of
generated model receiver operating
characteristic  analysis was applied in
LigandScout software. To select the final
pharmacophore model two kinds of dataset were
constructed, test set which is composed of 37
known active compounds and decoy set, which
contains 410 compounds with unknown activity
against PKL-1 kinase.

2.2 Selection of Chemical Database

In silico virtual screening was done with focused-
protein kinase inhibitor library containing ~4800
ligand molecules to identify lead molecules
toward PLK-1 kinase. The database was
downloaded in SDF format from (available online
on https://enamine.net/hit-finding/focused-
libraries/kinase-library/allosteric-kinase-library).
2.3 Pharmacophore-Based Virtual
Screening

The representative pharmacophore model was
applied as a search query for the virtual
screening of 4800 ligand molecules using
LigandScout virtual screening tool. Initially, SDF
files of compounds were imported to Ligandscout
and converted into IDB format. The compounds
that fit at least three pharmacophore features
were obtained and ranked on the basis of their fit
scores.

2.4 Docking-Based Virtual Screening

Autodock vina in PyRx 0.8 was used to perform
docking-based virtual screening of 156 candidate
compounds that were selected from initial
screening. The flexible screening was performed
against the 'catalytic site' of PLK-1 kinase (PDB
ID: 3FC2). OpenBable tool applied in PyRx was
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used to convert the compounds from SDF into
PDBQT format and for energy minimization.
Then, the compounds having better binding
energy scores in comparison to the known
ligand, Volasertib were considered for further
study.

2.5In silico ADME, Toxcicity and Drug
Likeness Predictions

The adsorption, distribution, metabolism and
excretion (ADME) parameters such as intestinal
absorption, blood-brain-barrier  penetration,
solubility, bioavailability and cytochrome P450
inhibiton  were  predicted for screened
compounds using online freely accessible online
tool Swiss ADME (http://www.swissadme.ch/)
[22]. The same web server was used to calculate
the drug-likeness properties including Lipinski’s
rule of five such as no. of hydrogen bond donor
and acceptor, log P, molecular weight, rotatable
bonds, heavy atoms and polar surface area. The
levels of toxicity such as mutagenicity and
carcinotoxity, were estimated using a freely
available webserver ProTox-Il (available online
on: http://tox.charite.de/protox_Il/) was used
[23,24] and the compounds that were non-
mutagenic and non-carcinogenic were chosen for
further assessment.

2.6 Ligand Quality
Assessments

and Activity

The quantitative quality assessment as well as
inhibitory constants of obtained compounds was
determined based on the Autodock vina scores
of interaction/binding energy. The ligand
efficiency (LE) and predicted inhibitory constants
(pKi) of compounds were calculated using the
following equations [25-27].

Predicted inhibitory constants pKi = 10 [Pockine
score (AE) + 1.366] (1 )

Ligand efficiency (LE) = -AE + (heavy atoms)
HA (2)

2.7 Molecular Docking Using Autodock
Vina

Autodock vina software was used to evaluate the
binding pattern and interaction mechanism of
identified hit compounds. The monomer PKL-1
structure (PDB ID: 3FC2) in complex with
Volasertib was retrieved from RCSB-PDB [28].
Preparation of protein by eliminating water
molecules and introduction of polar hydrogen
atoms was executed by Discovery Studio
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Visualizer 4.5 (Accelrys, San Diego, CA, USA).
The same program was utilized for the
generation of protein and ligand PDB files.
Autodock tools performed conversion of target
protein and ligands into PDBQT format and
gridbox preparation to target specifically at PLK1
active site. The gridbox dimension was kept as
X=20Y = 30 Z=18 with center coordinates as x
= 47.855 y = -7.832 z = 9.893. To validate the
parameters, the established ligand, Volasertib
was redocked at same active site of PLK-1 using
Autodock Vina and the resulted complex
superimposed the previously obtained poses.
The docking analysis and fig production were
carried out by using PyMOL Molecular Graphics
System 1.3 and Discovery Studio 4.5.

2.8 Molecular Dynamics (MD) Simulations

GROMACS 2018.1 software [29] was used to
perform MD) simulation of protein-ligand docked
complex. The topology of the protein was
generated using OPLS-AA/L [30]force field while
the docked ligand topology files and parameters
were generated by the Swissparam server
available at (http://www.swissparam.ch/) [31].
The MD simulation was performed by applying a
procedure reported by Alamri [32]. TIP3P [33]
water molecule models were used to solvate the
docked protein-ligand complex followed by
neutralizing the system with the counter ions.
Periodic boundary parameters were applied
throughout MD simulation and LINear Constraint

Solver (LINCS) algorithm [34] was used to
constrain bond lengths. The particle mesh Ewald
method was used for electrostatic calculations.
Steepest descent algorithm was applied for
energy minimization of the system with 1000 kJ
mol-1 nm-1 tolerance value followed by NVT and
NPT based equilibration for 100 ps. At the end,
MD was executed for the system for 100 ns with
trajectories created after every 2 femto-second
and snapshots were saved every 2 pico-second
[35]. Grimaces utility commands gmx rmsf, gmx
gyrate and gmx rms were used to analyze root
mean square fluctuations (RMSF), radius of
gyration and root mean square deviation
(RMSD), respectively.

3. RESULTS
In  the present study, initially the first
pharmacophore was established by the

interaction between the protein PLK-1 and its
known ligand, Volasertib. The binding mode of
Volasertib and essential residues within the
binding pocket are presented in Fig. 1.

The generated pharmacophore was composed of
three hydrophobic groups, three hydrogen bond
acceptors and one hydrogen bond donor. These
pharmacophore features were resulted from the
interaction of Volasertib with essential residues
within the binding site such as Leu59, Ala80,
Leu130, Cys133 and Phe183 (Fig. 2A). The
geometric arrangement of the pharmacophore
features is illustrated in Fig. 2B.

Fig. 1. PKL1 (PDB: 3FC2) X-ray crystal structure. (A) Molecular surface representation of PLK1
in complex with Volasertib (green). The essential binding residues were shown in red.
(B) PLK1-Volasertib complex. PLK1 is presented in ribbon form with a helices (cyan) and -
sheets (red) and ligand volasertib were shown in green
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Fig. 2. (A) Interaction of Volasertib with PLK1 based on the X-ray structure (PDB: 3FC2).
(B) Pharmacophore model generated on the basis of 'PLK1-Volasertib' interaction. Here,
LigandScout represented colour coding for hydrogen bond donor (HBD) as green,
hydrophobic groups (HYD) as yellow and hydrogen bond acceptor (HBA) as red

The final pharmacophore model with defined
special arrangement is shown in Fig. 3A. This
pharmacophore model was then tested to
validate its sensitivity and ability to differentiate
between active and inactive ligands by screening
database composed of 410 decoy- and 37 active
compounds. Fig. 3B showed the calculated value
of receiver operating characteristics (ROC) plot,
the area under the curve (AUC) and the
enrichment factor (EF) at 1%, 5%, 10% and
100%. In this context, with an AUC value of 1,
the initial enrichment factor was found to be 12.1
suggesting that obtained pharmacophore model
was capable to rationally distinguish among
decoy and active compounds. As a whole, in this
performed virtual screening out of 447
compounds, 43 compounds were identified as hit
compounds suggesting that the model
demonstrated predilection towards active
compounds with an AUC value of 0.94 and EF of
9.3.

The validated pharmacophore model was
employed for screening focused-kinase inhibitors
database having diverse 4800 small-
molecules. This exercise led to the identification
of 156 compounds that could meet the
pharmacophore-based virtual screening criteria.
The pharmacophore fit score was used to rank
the initial hits. Moreover, the selected
compounds were further filtered on the basis of
free binding energy score by docking-based
virtual screening performed via Autodock vina in
PyRx. Later on, 81 compounds were identified
with high binding energy scores in comparison to
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the docked co-crystalized ligand, Volasertib that
was used as a control.

Further, ADME profiling was performed by using
SWISS-ADME web server and various
toxicological endpoints (such as mutagenicity,
oral toxicity and carcinogenicity) were measured
using a web tool, ProTox-Il. The compounds
must be non-mutagenic and non-carcinogenic to
be selected as a hit compound. In the end, only
five hit compounds (Fig. 4) were yielded.

The docking scores (in kcal/mol) of the final hit
compounds namely, Z169878688, 21991791422,
7300646934, 756115729, 21991791176 were -
8.0, -10.0, -7.1, -8.6 and -10.1, respectively. The
molecular properties and ADMET profile is
presented in Tables 1 and 2, respectively.

For further insight into the bioactivity and binding
interaction of the identified hit compounds, the
inhibitory constant based on Autodock vina
binding energy score as well as the ligand
efficiency which measures the binding energy of
a compound relative to its size were calculated
[36]. As shown in Table 3, the inhibitory
constants of these compounds were predicted to
be in a low micromolar concentration range.
721991791176 was the most active one, then
21991791422, 756115729, Z169878688 and
2300646934 with predicted Ki values of 0.04,
0.05, 0.51, 1.39 and 6.34 pM, respectively. In
term of the ligand efficiency (LE), hit compounds
21991791422, 756115729 and Z1991791176
passed the standard range limit indicating that
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these hit compounds could serve as promising
lead compounds Table 3.

Afterward, the filtered five hit compounds were
subjected to molecular docking within the
'catalytic site' of PLK-1 using Autodock Vina. The
binding pocket was defined and validated on the
basis of interaction between PLK-1 (PDB: 3FC2)
and Volasertib (Fig. 1). The docking validation
was carried out by re-docking the Volasertib into
the active site to validate the docking protocol
successfully. Interestingly, the best docked
posed of Volasertib was overlapped with the co-
crystalized one with RMSD 0.794 A
demonstrating the validity of the docking protocol

A

s

HYD1

HYD2

(Fig. 5A). The 3D molecular interaction diagram
of all the five hit compounds is shown in the Fig.
5B-F. The crucial common amino acid residues
involved in all the five hit compounds were found
to be Arg136, Phe183, Leu132, Arg57 and
Cys67.

For further analysis, the hits compounds were
mapped onto the pharmacophore model (Fig. 6).
The results suggested that 21991791422 and
756115729 mapped on three hydrophobic, one
hydrogen bond acceptor and donor (Fig. 6B and
6D), whereas 21991791176 mapped one
hydrophobic, one hydrogen bond acceptor and
donor (Fig. 6E).

B.

Sensitivity (% selected Actives)

Specificity (% selected decoys)

Fig. 3. Pharmacophore model generation and validation. (A) Final pharmacophore mode with
geometrical distances. LigandScout presented pharmacophore features by colour codes in
which green, red and yellow spheres indict hydrogen bond donor (HBD), hydrogen bond
acceptor (HBA) and hydrophobic (HYD), respectively. (B) The receiver operating
characteristics (ROC) validation curve of the final pharmacophore model

Table 1. Hit compounds molecular properties

Molecular 2169878688 271991791422 Z300646934 256115729 21991791176
property

Formula C20H22N205 C18H14N204S C16H18N206S2 C14H11N305S C18H14N205
Mass 370 354 398 333 338

ClogP 3 2.6 1.8 1.4 1.8

HBA 4 4 5 4 4

HBD 3 2 3 4 2

Rotatable 7 2 7 4 2

bounds

Polar 105 112 146 141 96

Surface

Area (PSA)

1A?)

Lipinski's 0 0 0 0 0

Rule of five

violations

Refractivity 102 100 96 83 95

Heavy atoms 27 25 26 23 25

(HA)
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Fig. 4. Hit compounds chemical structures

Table 2. Hit compounds ADMET properties

Parameter 2169878688 71991791422 7300646934 2756115729 Z1991791176
Absorption & Distribution

BBB+ -1.16 -0.28 -1.14 -1 -0.37
HIA 56.7 96.1 58 65.2 72.8
Aqgueous solubility -3.84 -3.94 -3.26 -2.89 -3.88
(LogS)

Bioavailability Score  0.56 0.56 0.56 0.55 0.56
Metabolism

CYP Inhibitory No No No No No
Promiscuity

Toxicity

AMES Toxicity No No No No No
Carcinogenicity No No No No No

Fig. 5. Binding modes of candidate compounds to PLK1. (A) Best docked conformation of
Volasertib (green) overlapped with co-crystal ligand (pink). (B) Molecular interactions of
Z169878688 with the amino acid residues of PLK1 (C) Molecular interactions of Z1991791422,
with the amino acid residues of PLK1 (D) Molecular interactions of 2300646934 PLK1 (E) The
molecular interactions of 256115729 with the amino residues in PLK1 (F) The molecular
interactions of 21991791176 with the amino residues in PLK1
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Based on these results, we have selected
compound Z1991791422, Z56115729 and
Z1991791176 for molecular dynamics (MD)
simulation studies. MD simulations for PLK-1
kinase complex with the three hits,
21991791422, 756115729 and Z1991791176
were performed for 20 ns to examine the binding
stabilities. MD results were examined for the
root-mean-squared deviations (RMSD), root-
mean-squared fluctuations (RMSF) values and
the radius of gyration (Rg) to assess the protein
backbone stability. The results revealed that after
~ 2 ns with RMSD of about ~ 0.2 A a converged
and equilibrated state was achieved for all
complexes. As shown in Fig. 7, 21991791422
and 256115729 complexes showed similar
RMSD pattern with an averaged RMSD values of

However, the RMSD profile of the 21991791176
complex showed more oscillation between 13
and 16 ns and then returned back to a stable
fluctuation pattern with average RMSD value of
0.17 + 0.27 A. The latter indicating that this
ligand may adapt a new conformation at the
binding site. To investigate the flexibility of
protein residues during the MD simulation, RMSF
of individual PLK-1 kinase residues were
calculated. The RMSF values are shown in Fig.
8, suggested low backbone fluctuations with all
systems indicating stable hits binding.

Similarly, the radius of gyration (Rg) which
measures the compactness of protein showed
stabile behaviour in the protein with average
values of 2.0 £0.011, 2.0+ 0.011 and 1.99 +0.012

0.16 + 0.20 A and 0.17 + 0.24 A, respectively. nm in complex with 21991791422,
A .sr B C P
v 4 -
=y ! L}j(’?" & K\
<16 5 A 0%
&{Y\/\ \ ¥ J|l‘ y
v RS TN
" v
D. A, ;\‘:-' E ) |
\"‘4:;\ y %
{ 3 / 3 /
ol AT
» i

Fig. 6. Fit of the (A) Z169878688 (B) 21991791422 (C) Z300646934 (D) 256115729 (E)
Z1991791176 to the structure-based pharmacophore model. LigandScout represented
hydrogen bond donor, hydrogen bond acceptor and hydrophobic as green, red and yellow
spheres, respectively

03

s 256115729

— Z1991791176

0.25 A

e
~

RMSD (nm)
e

o
=

0.05

10 15 20

Time (ns)

Fig. 7. RMSD values of the backbone atoms for PLK-1 kinase-inhibitors complexes
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Table 3. Hit compounds molecular docking prediction against PLK1 via AutoDock Vina

Parameters 2169878688 71991791422 2300646934 756115729 Z1991791176
Docking score -8 -10 -7.1 -8.6 -10.1
(kcal/mol)

Ki (UM) 1.39 0.05 6.34 0.51 0.04

Ligand Efficiency (LE) 0.3 0.4 0.27 0.37 0.4

/ (kcal/mol/heavy atom)

756115729
21991791176

RMSF (nm)
s

40 80 120

160

200 240 280 320

Residue number

Fig. 8. RMSF values of each PLK-1 kinase residue

0

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Time (ps)

Fig. 9. Radius of gyration graph of PLK-1 kinase-inhibitors complexes

7256115729 and 21991791176, respectively (Fig.
9). In constant with RMSD results, 21991791176
showed more fluctuation between 13000-16000
ps in comparison to other two ligands.
Collectively, the MD analyses were in consistent
with the docking results that these selected hits
may bind with stable conformations to the active
site of PLK-1 kinase and serve as potential lead
compounds to inhibit its kinase activity.

4. DISCUSSION

The major reason of intricacy in cancer is
involvement of several different
pathophysiological features [37]. On the other
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hand, cancer prevalence has increased at a very
sharp rate in the past few years that make it as
one of the main reason of death globally [37,38].
Unfortunately, the currently available
chemotherapeutic agents do not have the ability
to target specifically to the cancer cells that might
lead to toxicity issues; moreover, the cancer cells
have developed resistance to these agents [39].
In addition, if you target one cancer pathway,
alternate pathway would help cancer cell to
survive in adverse conditions [40]. Hence, the
paradigm has been shifted to find novel targets
that are highly specific to cancer cells. One such
cancer specific target is PLK1 and increased
PLK1 expression has been found in different type
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of cancer cells [2,9,10]. Importantly, it has been
observed that PLK1 inhibition could hinder the
growth of different cancer cells [13,14]. Thus,
exploring novel PLK1 inhibitors have been the
prime focus of the present study.

In the present study, Volasertib (a known PLK1
inhibitor) was wused to establish the first
pharmacophore. Later on, all the pharmacophore
features including presence of hydrophobic
regions, hydrogen bond donor and acceptor were
revealed around the binding site of PLK-1 with
geometric arrangement. These results were in
agreement with reports of Shakil and Abuzinadah
[24] and Sakkiah et al [41]. A hybrid virtual
screening of a focused kinase library of 4800
molecules was performed against the obtained
pharmacophore model of PLK-1 interacting with
a known ligand, Volasertib. Overall, 156
candidate compounds were yielded from the
virtual screening with reliable pharmacophore
features and subjected to further study. Ranking
of acquired molecules were based on their
binding score which was followed by docking
based virtual screening of those compounds
against the active site of PLK-1 using Autodock
Vina in PyRx program. Thus, out of 156
candidates, only 81 compounds were filtered with
appropriate free energy binding score.

Consequently, ADMET (Absorption, Distribution,
Metabolism, Elimination and Toxicity) properties
profiing were performed which primarily
eliminates weak drug candidates and provide
necessary figs to screen the potential drug
candidates. ADMET analysis was achieved by
Swiss ADME server based on Lipinski’s rule of
five which includes:

(i) Molecular weight <500 Kda,
(i) High lipophilicity,

(iii) HBD <5,

(iv) HBA <10, and,

(v) Molar refractivity 40-130.

At last, five hit compounds were filtered out of all
the compounds based on their results. Moreover,
these five hit compounds were subjected to
molecular docking within the binding site of PLK-
1 using Autodock Vina. Autodock Vina uses
Monte-Carlo algorithm via applying gradient
optimisation methods to provide more flexibility
during docking. In fact, it is considered as a most
appropriate tool for extensive screening [28].
More negative vina score is in a way linked to
free binding energy AG that correlates with better
binding of compounds with the target protein. In
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addition, it is a fact that weaker binding would
eventually have fast dissociation rate [42]. In our
study, hit compound 21991791422, 756115729
and Z1991791176 showed best binding results
with the active site of PLK-1. The crucial
common amino acid residues involved in all the
five hit compounds were found to be Arg136,
Phe183, Leu132, Arg57 and Cys67. It has been
observed by Lu et al. [43] that interaction of
compound (73) with Phe183 amino acid residue
of PLK1 has shown important impact on entire
compound conformational equilibrium. In another
study, Arg136 and Phe183 were found to be
important amino acid residues of PLK1 during
binding of different anticancer drugs [16].
Furthermore, Shakil et al. [2] also observed the
involvement of Cys67, Arg136 and Phe183
amino acid residues in PLK1-Volasertib
interaction. Based on docking score we got some
promising PLK1 inhibitors in our study.

Furthermore, molecular dynamics simulations
studies were performed for best compounds i.e.,
hit compound 71991791422, 756115729 and
Z1991791176. MD simulations are efficient in
analysing the protein-ligand complex trajectory
throughout the dynamics process to validate the
docking stability in the entire process. RMSD,
RMSF and Rg results showed that the protein
complex with 21991791422 and Z56115729
were more stable than Z1991791176. It is
noteworthy to mention that MD simulations
analyses corroborate our results of docking
analysis. However, validation of obtained
predicted results by further analysis is required to
actually establish them as potent PLK1 inhibitors.
Nevertheless, we could safely state that our
findings on PLK1 inhibitors would provide some
preliminary alternate options to the researchers
trying hard to develop new anti-cancer therapy
regime.

5. CONCLUSION

In the current study, we reported five novel
orthosteric inhibitors of PLK-1 using Ligandscout
based pharmacophore modelling, virtual docking
screening and ADMET study. The structure-
based pharmacophore model was generated by
co-crystal complex of PLK-1 and its known
ligand, Volasertib which consisted of hydrophobic
bonds, hydrogen bond acceptors and hydrogen
bond donors. Next, pharmacophore based virtual
screening via ligandscout was accomplished by
using an allosteric kinase library having 4800
compounds which leads to 156 candidate
compounds. Further, docking based virtual
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screening by Autodock Vina in PyRx yielded 81
candidate compounds. Finally, out of those 81
compounds only five compounds satisfied the
ADMET criterion and Lipinski's rule of five and
those ligands were called as hit compound. In
conclusion, the expanding knowledge of the
significance of PLK-1 over-expression in cancer
cell cycle regulation and metabolism has
necessitated the need of more effective potent
PLK-1 inhibitors and indeed encouraged this in-
silico study. We focussed the previously reported
binding site on the PLK-1 which was effectively
inhibited by Volasertib. The compounds
obtained, especially 21991791422, 756115729
and Z1991791176, were found to be promising
orthosteric ligands and may present themselves
as potent inhibitors of PLK-1.
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