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ABSTRACT

Objective: Development of anti-mitotic drugs for chemotherapy of cancer has been one of the main focuses of research in 21st century. Present
work aims to study the structural requirements of thiophene derivatives against PLK1 as a target for designing novel strategies for cancer
chemoprevention. To understand the structural requirements that will lead to enhanced inhibitory potencies, we have carried out 3D-QSAR
(quantitative structure-activity relationship) studies on a series of thiophene derivatives as PLK1 receptor inhibitors.

Methods: CoMFA, CoMSIA and molecular docking studies were performed on a series of thiophene derivatives as PLK1 receptor inhibitors using
Sybyl 6.7.

Results: We have successfully derived statistically significant model from 100 thiophene derivatives and validated, it against an external test set of
34 compounds and 66 molecules used in the training set. The Co MFA model yielded g2-0.845, r2-0.978. While the Co MSIA model yielded g2-0.804,
r2-0.968. The predictive ability of these models supported by docking studies; produced better docking scores and binding affinity to the specified
target polo like kinase1 (3THB) and moreover, the 3D QSAR model used for suggesting the next-generation lead analogues.

Conclusion: 3D-QSAR has been established for a series of Polo like Kinasel (PLK:) inhibitors employing the most widely used techniques COMFA
and CoMSIA. The conclusions derived from both models are similar and reliable. Docking studies are also performed to obtain the bioactive
confirmations for the whole data-set. The obtained 3D contour maps along with the docking results provided a rational clue for the design of more
favorable anti-mitotic agents. Overall, the structural modifications of the lead molecule have achieved to improve selective PLK1 inhibitory activity.

Keywords: Anti-mitotics, Thiophene derivatives against PLK1, 3D-QSAR, CoMFA, CoMSIA, Molecular Docking.

INTRODUCTION

Deregulation of cell cycle mechanism is a hallmark of cancer cell
development. Mitosis regulatory genes or gene products play a
pivotal role in the process of cell cycle prognosis [1]. Such features
suggest that the cell cycle control or regulation play an important
role in chemotherapy for cancer treatment [2]. Clinical use of anti-
mitotics has been established as an effective approach to cancer
therapy [3]. Polo like kinases are most commonly used targets for
antimitotics, which are a group of serine\threonine kinase family
that contains an amino-terminal serine / threonine kinase domain
and carboxy-terminal polo box domain (s).

Although PLK family contains PLKi, PLK: (SNK), PLKs
(PRK/FNK), and PLKs (SAK), PLK: is well studied. It plays an
important role during multiple stages of cell cycle and also
involves in the regulation of mitotic progression, including
mitotic regulatory entry, mitotic spindle formation, chromosome
segregation, and cytokinesis [4, 5]. Improper regulation of PLK:
activity gives rise to genetic instability, leading to oncogenic
transformation [6].

Preclinical validation of PLK: as a cancer target has been
demonstrated through the use of small interfering RNA in cell
culture [7] and antisense oligonucleotides in mouse tumor xenograft
models [8]. Finally, correlations between elevated PLK1 expression
and poor prognosis in the clinical outcomes have been established
[9]. Furthermore, Polo like kinases are involved in many
malignancies/neoplastic diseases such as lung carcinomas [10],
breast carcinomas [11], oropharyngeal carcinomas[12], papillary
carcinomas [13], esophageal carcinomas [14], pancreatic carcinomas
[15], ovarian carcinomas [16], colorectal carcinomas [17], prostate
carcinomas [18] and melanomas [19]. Finally, emerging evidence of
peak expression of PLKi in a variety of cancers suggesting towards, the
discovery of more potent novel small-molecule inhibitors of
PLKiagainst cancer.

Study design
Biological data

A series of thiophene derivative compounds having a promising effect
to inhibit PLK: and selected as an anti-mitotic agent for 3D-QSAR and
docking studies. The data-set of 100 PLK inhibitors and the biological
activities against PLK1 has been taken from the literature [20-22]. All
the sample’s structures and in vitro inhibitory concentrations (ICso)
has mentioned in following table: 1 (a, b, ¢, d and e).

The total data-set of 100 compounds have divided into training-set
for generating 3D-QSAR models and a test-set for validating the
quality of the models. In vitro inhibitory concentrations (ICso) of
the molecules has converted into corresponding log of values
(pICso) (pICso = -logIC50) and used as dependent variables in the
present study of CoMFA and CoMSIA. A training-set of 66
molecules and a test-set of 34 molecules selection were done
randomly in 3D-QSAR studies.

Structure building and minimization

Molecular modeling package of silicon graphics interface (SYBYL
6.7) was used to construct a data-set of 100 thiophene derivatives
that has been collected from literature [20-22]. Energy minimization
has performed to all the molecules using Tripos Force Field, and the
charges are Gasteiger-Huckel with gradient convergence 0.005
kcal/mol. The semi-empirical AM1 Hamiltonian method of MOPAC
package used for Geometry optimization.

Alignment procedure

Molecular alignment plays a vital role in 3D-gsar analysis. The
accuracy of CoMFA and CoMSIA model prediction and contour
analysis depends on the structural alignment of all the analogues.
The molecular alignment has carried out by SYBYL align database
option using the atom-based RMS fit method.
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The most active compound (compound no: 14 according to the through using the basic core structure(5-(1H-benzimidazole-1-yl)
literature) used as template and the remaining 99 samples aligned to it thiophene-3-ol) and the alignment of all the molecules shown in fig. 1.

Table 1: Structure and biological activities as ionization concentration (ICso)
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Table 1(c): (80-84)

Compound number R1 R:

50 H -

51 2-Me -

52 3-Me -

53 4-Me -

54 2-OMe -

55 3-OMe -

56 4-OMe -

57 2-Cl -

58 3-Cl -

59 4-Cl -

60 2-CFs -

61 2-F -

62 2-Br

63 2-Me 5-Cl

64 2-Me 6-Cl

65 2-Br 5-CF3

66 2-Br 6-CF3

67 2-CF3 5-S0:Me
68 2-CF3 6-S0:Me
69 2-CF3 5-OMe

70 2-CF3 6-OMe

71 2-CFs 5,6-Di-OMe
72 H 5,6-Di-OMe
73 2-Br 5,6-Di-OMe
74 2-Cl 5,6-Di-OMe
75 2-CN 5,6-Di-OMe
76 2-SO0;Me 5,6-Di-OMe
77 2-COMe 5,6-Di-OMe
78 2-0 CF3 5,6-Di-OMe
79 2-OMe 5,6-Di-OMe
80 3-NMe: 5,6-Di-OMe
81 3-NH: 5,6-Di-OMe
82 4-OMe 5,6-Di-OMe
83 3-CN 5,6-Di-OMe
84 4-S0;Me 5,6-Di-OMe

Table 1(d): (85-95)

Compound number R

85 CH:CH2Ph

86 CH2CHz CHzPh

87 Cyclopentylmethyl

88 Cyclohexylmethyl

89 2-Thienylmethyl

90 3-Thienylmethyl

91 (3-Chloro)-2-Thienyl)methyl
92 2-Furylmethyl

93 3-Furylmethyl

94 4-Pyridinylmethyl

95 (2-Bromo-4-pyridinyl)methyl

3D-QSAR studies

CoMFA

One of the most commonly used statistical approaches for

quantitative structure activity relationship (QSAR) is

comparative molecular field analysis (CoMFA). A good alignment is
the single most important part to do CoMFA analysis. In CoMFA,
each molecule is located within the automatically determined grid-
space of 2.0 & in x, y and Z planes through a grid box dimension.
Steric and electrostatic indices calculated by using sp3 hybridized

the carbon atom having positive charge+1 (probe) with a distance
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dependent dielectric constant 1.0, and the probe calculates the
Leonard-Jones potential for steric fields and columbic potentials for
electrostatic energy fields between the probe molecule and the other
aligned molecules. These are calculated through the use of tripos
force field. Energy truncation cut off used for both steric and
electrostatic interactions is 30 kal/mol. To improve the signal-to-
noise ratio column filtering is adjusted as 2.0 kal/mol by which we
can omit those lattice points whose energy variation was below this
threshold. Cross-validation and non-cross validation analysis was
used for regression analysis with the optimum number of
components. Standard error of estimate (SEE) and the F value also
calculated. Interaction energies were measured and analyzed for a
set of 3D structures and are used to establish QSAR.

Table 1(e): (96-100)

NﬁN S. R
<
0 o Nr
\ o F
Compound number R
96 CO:H
97 CN
98 1H-Tetrazol-5-yl
99 CSNH:
100 COMe

Fig. 1: Alignment of thiophene derivatives

CoMSIA

CoMSIA (comparative molecular similarity indices analysis) is
developed based on similarity indices of five different descriptors of
the molecules; steric, electrostatic, hydrophobic, hydrogen bond
donor and hydrogen bond acceptor. CoMSIA computes the six
descriptors by using the same lattice box defined in COMFA. All five
descriptors have evaluated at each lattice interaction of a regularly
spaced grid of 2.0 A. A probe (sp? hybridized carbon) atom within
the radius of 1 A, +1 charge, hydrophobicity+1.0, and hydrogen bond
donor and acceptor properties of +1.0 was used to evaluate steric,
electrostatic, hydrogen bond donor, hydrogen bond acceptor and
hydrophobic potential fields.

The predictive abilities of the developed models have determined by
random division of all the 100 samples as training set and test set,
and the biological activities are considered as a dependent column.

Partial least square (PLS) analysis

PLS is used to find the fundamental relations between the both X
and Y matrices, i.e. a latent variable approach to modeling the
covariance structures in these two spaces. The PLS algorithm was
used to quantify the relationship between the structural parameters
and the biological activities. Statistical analysis has implemented by
applying the partial least square (PLS) procedure to the appropriate
columns of the COMFA and COMSIA tables and utilizing the standard
scaling method (CoMFA_STD). The PLS regression algorithm used
the CoMFA/CoMSIA interaction energy fields as independent
variables and the pIC50 values as dependent variables. Standard
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options are applied to calculate the regression analysis. Partial least
squares have done by choosing Leave-one-out method and the
column filtering as 2.0 kcal/mol.

Molecular docking
Ligand-based docking

To determine the probable similarities between the QSAR and the
binding confirmations, and also to know the crucial interactions
with the active site, docking has performed for all the aligned PLK:
inhibitors. The SYBYL Flex X interface tool has utilized to perform
molecular docking. The fast-automated docking program Flex X
considers the conformational flexibility of lead molecules using an
incremental construction algorithm. The incremental fragment
placing technique is based on a greedy strategy combined with
efficient methods for overlap detection and for the search of new
interactions. In this method, the flexibility of the ligands has
considered by including several conformations of ligands while
maintaining a rigid structure for the receptor. By default, 30
conformations have generated for each molecule. The default
parameters are selected. The resulting docked conformations are
scored based on the strength of receptor-ligand interactions.

The 3Dimensional (crystal) structure of PLK; was obtained from the
Protein Data Bank, having a PDB entry of 3THB. Hydrogen atoms
(505) are added to the 3THB. Pockets identified by using
Biopolymer, and the white pocket (having 9 possible interactive
residues) has selected to predict the interactions of all the 100 lead
molecules (for both training and test-set). The active site was
defined within the radius of 6.5 A. All the molecules docked score
has given in the respective table: 2(a&b).

Molecular Docking also well supported the 3D-QSAR analysis with
better docking scores having good interactions with the predefined
active site.

RESULTS AND DISCUSSION
CoMFA and CoMSIA

The CoMFA and the CoMSIA methods are employed to create 3D-
QSAR models for the training-set of 66 thiophene derivatives. The
statistical results of the CoMFA and CoMSIA analyses are
summarized in table: 2(c). The PLS analysis predictions of the
CoMFA model are obtained as q2 =0.978, r2=0.845 while for COMSIA
q2 =0.968, r2=0.804 and the number of compounds used for both is
6. The results produced by CoMFA and CoMSIA are mostly same,
indicating stable analyses of high quality. These results suggest that
the present model is reliable and accurate. Actual and predicted
activities achieved from CoMFA and CoMSIA models with the
residuals, for all the aligned 100 molecules are shown in table:
2(a&b). The graph of real versus predicted pIC50 values of the
training and the test-set molecules for COMFA and CoMSIA models
are depicted in fig. 2(a&b).

CoMFA and CoMSIA Contour Map analysis

The steric and electrostatic fields of QSAR based on PLS (partial least
square analysis) standard deviation coefficients were plotted as
3Dimensional contour maps with specific color codes of COMFA and
CoMSIA are depicted in fig. 3(a&b).

The default contribution levels were set to 80% for favored region and
20% for the disfavored region during contour analysis. The CoMFA
contour map helps in finding the constructional requirements of the
aligned analogues, steric (green and yellow) and electrostatic (red and
blue) contributions that imply the respective, favorable or unfavorable
and besides electron positivity and negativity favored with the
interacting receptor. For CoMSIA along with steric and electrostatic
fields, we can also use Hydrophobicity, and Hydrogen bond donor and
acceptor descriptors as their structural requirements.

These 5 important (steric and electrostatic) characteristics of
COMFA and COMSIA contour map describes the regions where a
substituent has been able to increase or decrease the biological
potency of a molecule which we use to suggest the possible
modification of the existing molecules.
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Table 2(a): Training set compounds with experimental and predicted activities and docking score

Molecule Actual PIC50 CoMFA CoMSIA Dock score
number Predicted PIC50 Residuals Predicted PIC50 Residuals

2 8.52 8.36 0.16 8.27 0.25 -22.7
3 9 9.01 -0.01 9.04 -0.04 -27.8
4 8.4 8.32 0.08 8.36 0.04 -18.7
5 8.52 8.46 0.06 8.45 0.07 -24.5
9 8.7 8.7 0 8.71 -0.01 -20.8
10 8.7 8.74 -0.04 8.75 -0.05 -20.4
11 8.52 8.59 -0.07 8.596 -0.076 -23.2
12 8.4 8.47 -0.07 8.45 -0.05 -21.7
14 9.1 9.05 0.05 8.88 0.22 -22.9
16 7.74 7.7 0.04 7.696 0.044 -15.9
17 9 8.95 0.05 9.01 -0.01 -20.3
19 9 8.92 0.08 9.07 -0.07 -22.5
21 9 8.96 0.04 8.97 0.03 -23.3
26 9 8.97 0.03 8.93 0.07 -20.8
27 9 8.999 0.001 8.95 0.05 -20.9
28 9 9.04 -0.04 9.22 -0.22 -20.3
30 9 8.97 0.03 9 0 -19.7
32 7.28 7.48 -0.2 7.39 -0.11 -18.8
33 9 9.02 -0.02 8.9 0.1 -21.9
34 9 9.11 -0.11 8.92 0.08 -21.6
35 9 9.02 -0.02 8.96 0.04 -22.7
37 8.7 8.6 0.1 8.66 0.04 -19.9
38 8.52 8.56 -0.04 8.61 -0.09 -19.6
40 8.52 8.71 -0.19 8.54 -0.02 -24.5
41 9 8.97 0.03 8.94 0.06 -28.1
42 9 8.91 0.09 8.88 0.12 -30.9
43 9 9.11 -0.11 8.98 0.02 -31.6
44 8.7 8.62 0.08 8.65 0.05 -22.2
45 9 9.05 -0.05 9 0 -29.7
46 9 8.99 0.01 9.1 -0.1 -26.5
47 9 9.01 -0.01 9.06 -0.06 -19.2
48 8.7 8.71 -0.01 8.83 -0.13 -20.6
49 9 8.96 0.04 9 0 -24.2
50 7.21 7.47 -0.26 7.49 -0.28 -23.1
51 7.92 7.78 0.14 7.86 0.06 -22.7
53 7.15 7.18 -0.03 7.29 -0.14 -23
54 7.92 7.78 0.14 7.72 0.2 -25
55 7.55 7.5 0.05 7.45 0.1 -26.6
56 7.46 7.15 0.31 7.28 0.18 -23
57 7.92 7.96 -0.04 7.999 -0.079 -23
58 7.66 7.56 0.1 7.5 0.16 -23.8
59 7 7.27 -0.27 7.37 -0.37 -22.3
60 7.82 7.88 -0.06 8.05 -0.23 -21.7
61 7.85 7.82 0.03 7.74 0.11 -22.9
62 7.96 7.82 0.14 7.74 0.22 -22.9
63 7.68 7.93 -0.25 7.93 -0.25 -22.4
66 8.05 8.02 0.03 8.03 0.02 -22
68 7.92 7.88 0.04 7.89 0.03 -22.5
69 8.1 8.14 -0.04 8.25 -0.15 -22.5
72 7.92 7.83 0.09 7.799 0.121 -21.7
75 8.22 8.29 -0.07 8.12 0.1 -27.9
76 7.51 7.59 -0.08 7.45 0.06 -23.5
78 8.3 8.25 0.05 8.15 0.15 -26.2
79 8.1 8.14 -0.04 8.18 -0.08 -23.7
80 7.51 7.47 0.04 7.62 -0.11 -22.5
81 7.68 7.8 -0.12 7.67 0.01 -27.4
84 7.12 7.1 0.02 7.09 0.03 -25.4
86 7.21 7.09 0.12 7.18 0.03 -25
87 7.47 7.68 -0.21 7.71 -0.24 -17.9
88 7.77 7.7 0.07 7.65 0.12 -18.4
89 7.96 7.89 0.07 8.03 -0.07 -19.3
90 7.77 7.78 -0.01 7.86 -0.09 -19.7
92 7.57 7.51 0.06 7.55 0.02 -22.9
95 7.85 7.845 0.005 7.88 -0.03 -20.7
97 6.15 6.18 -0.03 6.17 -0.02 -18.2
100 7.07 7.09 -0.02 6.95 0.12 -18.2
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Table 2(b): Test set compounds with experimental and predicted activities and docking score

Molecule PIC50 CoMFA CoMSIA Dock score
number Predicted PIC50 Residual Predicted PIC50 Residual

1 9 8.44 0.56 8.53 0.47 -23.2
6 8.15 8.9 -0.75 8.39 -0.24 -20.0
7 8.22 8.42 -0.2 8.43 -0.21 -21.0
8 8.52 8.88 -0.36 8.44 0.08 -19.1
13 7.3 8.72 -1.42 8.46 -1.16 -19.4
15 8.22 9.05 -0.83 8.73 -0.51 -17.2
18 8.7 7.55 1.15 7.5 1.20 -19.3
20 8.7 7.66 1.04 7.8 0.90 -21.4
22 8.7 7.59 1.11 7.7 1.00 -20.2
23 8.22 8.88 -0.66 8.86 -0.64 -23.4
24 8.52 8.81 -0.29 8.65 -0.13 -18.7
25 8.3 8.99 -0.69 8.79 -0.49 -20.1
29 9 8.14 0.86 7.92 1.08 -19.4
31 8.4 8.88 -0.48 8.75 -0.35 -22.2
36 8.1 8.66 -0.56 8.68 -0.58 -22.8
39 8.3 8.68 -0.38 8.9 -0.60 -19.3
52 7.92 7.37 0.55 7.45 0.47 -23.5
64 8.4 7.71 0.69 7.79 0.61 -19.6
65 6.52 8.25 -1.73 8.23 -1.71 -20.6
67 6.6 8.09 -1.49 7.93 -1.33 -26.8
70 8.7 7.74 0.96 7.95 0.75 -20.2
71 8.7 8.02 0.68 8.13 0.57 -22.3
73 8.7 8.18 0.52 8.39 0.31 -21
74 8.7 7.66 1.04 7.47 1.23 -21.2
77 7.77 8.31 -0.54 7.94 -0.17 -30.6
82 7.89 7.34 0.55 7.61 0.28 -21.8
83 7 7.75 -0.75 8.15 -1.15 -22.5
85 6.89 7.77 -0.88 7.87 -0.98 -25.5
91 8.7 7.35 1.35 7.43 1.27 -19
93 6.72 7.84 -1.12 7.81 -1.09 -22.3
94 6.89 7.87 -0.98 7.83 -0.94 -21.8
96 8.7 6.85 1.85 7.12 1.58 -20.4
98 7.14 6.63 0.51 6.24 0.9 -18.3
99 8.22 7.22 1 6.88 1.34 -18.6

Table 2(c): Statistical results of COMFA and CoMSIA

Components CoMFA CoMSIA
q? 0.845 0.804
r2 0.978 0.968
Number of components 5 6
Standard Error of Estimate 0.108 0.131
F-value 434.811 295.133
Field Contributions (%) Field Contributions (%)

Steric 54.5 17.4
Electrostatic 45.5 28.3
Hydrophobic - 20.8
H-Donor - 18.5
H-Acceptor - 149

91 LA ) g1 2

Y 5
26 k A4 i
—* ok 4 s X T
&1 w - = : — B1 4 L. a = ':A i
o a :_,-\‘if i wraining set oy "_1'."i i A raining set
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- “:‘/ B & Limear (fraining sat) | ‘.};’ & " Linesf {training set]
- X P
66 e o —
Y, e
51 +F g1 4 -
1 66 71 76 81 8§ 91 1 &5 71 75 E1 85 91
2(a) 2(b)

Fig. 2: Predictive vs. experimental pIC50 values derived from CoMSIA model for training set (blue) and test set (red)
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3@)

3(b)

Fig. 3: Alignment of PLK1 inhibitors with contour maps (a) CoMFA (b) CoMSIA

CoMFA Contour Map analysis

According to CoMFA steric field contour map,green colored
polyhedral represents the area where a steric bulk substituent
enhances the potency; while yellow colored polyhedral represents
the area where a steric bulk substituent decreases the potency.
Whereas the electrostatic field contour map, red colored polyhedral
represents the area where electron negativity (substituent)
enhances the potency; while blue colored polyhedral represents the

area electron positivity (substituent) will enhance the potency. The
contour maps of steric and electrostatic fields of CoMFA are
illustrated in following fig. 4(a) and (b).

The high (mol-14) and least enthusiastic (mol-97) compounds are
served as reference molecules. Large green counter located at the
6thposition of the thiophene substituted phenyl ring represents
sterically favored that supports the fact that the molecules 1 to 12
are enhancing the biological activity.

4(a)

4(b)

Fig. 4: CoMFA steric & Electrostatic contours of PLKi inhibitor. In which green & yellow polyhedral indicates regions where more steric
bulk group, while red & blue indicates regions.

Electrostatic contours of 1-12 compounds representing all
compounds have about high (active) potency against PLK1, because
in R position all having alkyl or aryl alkyl groups; while in X position
all have halogens or methyl halogens, which favor the
electronegativity. In the amide position of a scaffold in Oxygen
region electronegativity favored. Overall all these 12 compounds
were increasing the biological potency as like in vitro studies that
collected from the literature [20-22]. Steric contours of the same
molecules representing that benzimidazole6tpositionof methoxy
groups are optimally favored for steric bulk groups. In thiophene
attached with “0” is unfavorable and “O” substituted methyl is
favored for the steric bulk groups. Thiophene substituted with
phenyl ring where X position with halogens or methyl halogens have
optimally favored, and the remaining positions of the respective ring
are not favored for modifications, for example, the molecules 53, 59,
65, 67,83, 84, 85 and 94.

According to the literature [20-22], 5th and 6% positions in
Benzimidazole ring of the scaffold having effective steric
contribution for the biological activity of the molecules that is clearly
supported by the present 3D-QSAR studies. In31 and 32 numbered

molecules where pyridine was substituted, at 5% and 6t positions
benzimidazole showing effect on their activity. For 13-49
compounds, 13, 16 and 32 compounds not have that much biological
potency for sterically bulk groups.

50-84 compounds electrostatic contours representing all the
compounds have CN, oxymethyl, halogens or sulfate methyl groups
in R1 and Rz positions. Compound 59,65,67,83 and 84 have the CN or
sulfate methyl groups which will affect the activity (least potency).
Thiophene substituted with phenyl ring where R1 4t positions of the
phenyl ring substituents affecting the activity, remaining all
increasing the activity. Mostly, the 2nd position of the respective
phenyl ring substituents of methyl, halogens and methyl
halogenated groups are eventually enhancing the potency.

Electrostatic contours of 85-95 compounds representing that 89 and
91 have high potency and has the thionyl group attachment
increasing the activity. The compounds 85, 93 and 94 have the least
potency and remaining all are unadorned for steric bulk groups. In
96-100 compounds, 96 and 99 have lofty potency, and 97 and 98
have tiniest potency. The compounds which have high potency are
favored for electronegativity.
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CoMSIA Contour Map analysis

The steric and electrostatic fields of COMSIA contour maps have been
connatural to the corresponding contour maps of COMFA. The contour
maps of steric & electrostatic, Hydrogen bond and hydrophobic fields
have shown in following fig. 5(a), (b), (c), (d), (e) and (f). The high
(mol-14) and least functioning (mol-97) compounds are served as

5(a)
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reference molecules. The green and lemon contours represent
sterically adorned and unadorned regions, while cherry and blue for
electro negativity and positivity favored, cyan and purple contour
depict suitable and unsuitable for hydrogen bond donor groups, while
magenta and red contours for favorable and unfavorable hydrogen
bond acceptor groups and contours in yellow and white indicates
hydrophobic and hydrophilic preferred regions.

5(b)

Fig. 5a & b: CoMSIA steric & Electrostatic contours of PLK1 inhibitor. In which green & yellow polyhedral indicates regions where more
steric bulk group, while red & blue indicates regions where more high (negative charge) & low electron density (positive charge) will
enhance the bio-logical potency. (a) High potency compound-14 (b) Least potency compound-97

5(9)

5(d)

Fig. 5c&d: CoMSIA Hydrogen bond donor & acceptor contours of PLK1 inhibitor. In which cyan & purple polyhedral indicates favorable &
unfavorable for H-bond donor, while magenta & red polyhedral for favorable and unfavorable H-bond acceptor groups. (c) High potency
compound-14 (d) least potency compound-97

5(e)

5()

Fig. 5e&f: COMSIA Hydrophobic site (of hydrogen bond) contours of PLK1 inhibitor. In which yellow and white polyhedral indicates
hydrophobic and hydrophilic favorable regions. (e) High potency compound-14 (f) least potency compound-97
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Molecular docking

Molecular Docking also well supported the 3D-QSAR analysis with
better docking scores having good interactions with the predefined
active site. Docking score and interactions based on RMSD having
low energy conformation was listed in the Table: 2(a&b). The
highest active molecule shows good results when compared with the
least active molecule. Highest active molecule shows interaction
withPhe183 and Cys133 with distance 1.66, 2.66, 2.21 and 1.55, 1.52
respectively. While reference molecule 3THB shows interactions
with Cys133 and Asp194. Were represented in fig. 6.

Prediction of novel molecules

The highly active compound (mol: 14) used for suggesting the
favorable systematic requirements of the next-generation lead
molecules, based on above 3D-QSAR analysis. “O” attached to
thiophene ring substituted methyl & 6% position of thiophene
substituted phenyl ring is selected for new structural requirements.
The novel lead molecules and the predicted biological activities

Int J Pharm Pharm Sci, Vol 7, Issue 6, 203-213

listed in the table 3, which was validated by molecular docking and
found to be more potent than previous molecules.

Fig. 6: Docking of highly active compound with Active Site of
3THB

Table 3: Assumed new categories of thiophene derivatives as PLK1 inhibitors

Molecule no Predicted pICso Structure of molecule
1 9.4348 N=\ s 2
NwNHz
~o o
O\
Amide
2 9.35093 o
Nq'\' s NH
N\ 2
~o o
O\
Isopropyl
3 9.32946 o
N:\N s
W NH,
~o o
O\
Cyclohexyl
4 9.29203 N=\ s Q
N\<\ILLNH2
\O o
O\
SO;
5 9.478 N=\ s Q
~o H Ami
o J
cl

CONCLUSION

In conclusion, our present studies have established that COMFA and
CoMSIA models have provided satisfactory statistical results in terms
of g2 and r2 values for represented thiophene derivatives. Both
CoMFA and CoMSIA models showed significant correlations of
biological activities with steric, electrostatic, hydrophobic, hydrogen
bond donor and acceptor fields, establishing the significance of all
these parameters in the selectivity and activity of the compounds.
However, in comparison to CoMSIA the CoMFA analysis showed
slightly better statistical models and the reliability of both the models
was verified by using the test set compounds. These results shed light
on some important sites, where steric, electrostatic, hydrophobic,
hydrogen-bond donor and hydrogen-bond acceptor modifications

should significantly affect the bioactivities of the compounds. The 3D
contour plots derived from the CoMFA, CoMSIA and docking provided
vital clues which helped us to design 5 novel molecules with improved
PLK1 inhibitory activity. These molecules showed new insights on
effective therapeutic agents against these classes of enzymes.
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