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Abstract:

Bacterial disease remains one of the most widespread and leading deadliest diseases that result in 1.4 million
deaths and 10.4 million clinical cases in the year 2015, and both are in continual increase, especially in
developing countries according to the World Health Organization (WHQO) 2016 report. Quantitative structure-
activity and relationships, often simply known as QSAR, is an analytical application that can be used to
interpret the quantitative relationship between the biological activities of a particular molecule and its structure.
Imidazole are one of the most important classes of nitrogen containing heterocycles that exhibited various
biological activities. Based on the SAR study generated by molecular modelling analysis, one hundred and ten
novel oxidoreductase inhibitor derivatives were successfully designed exhibiting moderate predicted activities
in all three applied computational approaches. The binding mode of the imidazole analogues was clarified by
the flexible docking method and Hydrogen bonding interaction and hydrophobic interaction were found to be
important for the imidazole analogues binding on PDB.
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INTRODUCTION:

Infectious diseases raise awareness of our global
vulnerability, the need for strong health care
systems and the potentially broad and borderless
impact of disease' The human body exists in a state
of dynamic equilibrium with microorganism. In a
healthy individual this balance is maintained as
peaceful co-existence and lack of disease [1]. But
sometimes, micro-organisms cause an infection or
a disease.

The main objective of QSAR is to observe the
biological responses of a set of molecules, measure
it, and statistically relate the measured activity to
some molecular structure on their surface. The
product of QSAR will then produce useful
equations, images or models in either 2D or 3D
form that would relate their biological responses or
physical properties to their molecular structure.
Quantitative structure-activity and relationships,
often simply known as QSAR, is an analytical
application that can be used to interpret the
quantitative relationship between the biological
activities of a particular molecule and its structure.
It is considered a major method of chemical
researching all over the world today and is
frequently used in agricultural, biological,
environmental, medicinal, and physical organic
studies. [2].

The three dimensional structures known may be
represented to show different views of the
structures. With complex molecular mechanics
programs it is possible to superimpose one
structure on another. The same approach is used to
superimpose the three dimensional structure of a
potential drug on its possible target site. This
process, which is often automated, is known as
docking.Molecular docking is used to predict the
structure of the intermolecular complex formed
between two molecules. The small molecule called
Ligand usually interacts with protein’s binding
sites. Binding sites are areas of protein known to be
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active in forming of compounds. There are several
possible mutual conformations in which binding
may occur. These are commonly called binding
modes [4].

It also predicts the strength of the binding, the
energy of the complex; the types of signal produced
and calculate the binding affinity between two
molecules using scoring functions. The most
interesting case is the type protein-ligand
interaction, which has its applications in medicine.
Imidazole is an organic compound with the formula
C3N2Hs. It is a white or colourless solid that is
soluble in water, producing a mildly alkaline
solution. In chemistry, it is an aromatic heterocycle,
classified as a diazole, and has non-adjacent
nitrogen atoms in meta-substitution[3].

Many natural products, especially alkaloids,
contain the imidazole ring. These imidazoles share
the 1,3-CsN; ring but feature varied substituents.
This ring system is present in important biological
building blocks, such as histidine [5] and the
related hormone histamine. Many drugs contain an
imidazole ring, such as certain antifungal drugs, the
nitroimidazole series of antibiotics, and the
sedative midazolam

EXPERIMENTAL WORK:

Selection and Description of PDB:

The protein structure of pdb name along with their
inhibitors was retrieved from RCSB Protein Data
Bank (PDB entry code: 5JFO).

PDB: 5JFO (M.tuberculosis enoyl-reductaselnhA
in complex with GSK625) [6].

Name of Ligand: ACR

Chemical name of the ligand: N-{1-[(2-chloro-6-
fluorophenyl)methyl]-1H-pyrazol-3-y1}-5-[(1S)-1-
(3-me thyl-1H-pyrazol-1-yl)ethyl]-1,3,4-
thiadiazol-2-amine

Chemical Formula :C2:H27N7014P-

Structure Ligand:

Figure 1: 3D view of PDB 5JFO

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2358-2384
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STRUCTURAL ALIGNMENT:

The molecular modelling studies were performed
using SYBYL X2.0 software(Tripos) running on a
core-2 duo Intel processor workstation [7]. The

3D-QSAR STUDIES:

CoMFA

The aligned sets of molecules were positioned
inside four grids boxes with grid spacing values of
1.5,2.0,2.5 and 3.0Ain all Cartesian directions and
CoMFA fields were calculated using the QSAR
modules of SYBYL. The interaction energies for
each molecule were calculated at each grid point
using two probe atoms: an sp® hybridised carbon
atom with van der Waals radius of 1.52 A and a
+1.0 charge (default probe) and an sp® hybridised
oxygen atom with a vdW radius of 1.38A and a -
1.0 charge.

CoMSIA

CoMSIA similarity index descriptors were derived
using the same lattice boxes as those used in
CoMFA calculations. Five properties, i.e., steric
(S), electrostatic (E), hydrophobic (H), hydrogen
bond donor (D) and hydrogen bond acceptor (A),
were evaluated using a probe atom of 1.0 A radius
and +1.0 charge. In CoMSIA, the steric indices are
related to the third power of the atomic radii, the
electrostatic descriptors are derived from atomic
partial charges, the hydrophobic fields are derived
from atom — based parameters developed by
Vishwanath and co-workers, and the hydrogen
bond donor and acceptor indices are obtained from
a rule-based method derived from experimental
values [8].

HQSAR

HQSAR is a new 2D-QSAR technique which
employs specialized fragment fingerprints as
predictive variables of biological activity. HQSAR
does not require 3D alignment for model

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2358-2384

_ifigure 2: Alignment

Section A-Research Paper

molecules to be analysed were aligned on an
appropriate template, which is considered to be
common substructure.

selected molecules

generation and is sensitive to three parameters
concerning  hologram  generation, including
hologram length, fragment size, and fragment
distinction. The fragment distinct are atoms (A),
bonds (B), connections (C), hydrogen atom (H),
chirality (Ch), and donor (D) [8, 9]. Initially,
various models were developed by using the
default fragment size of 4-7 and different
component, then based on the different fragment
distinction determined by the first step, the models
were developed using different sizes.

DOCKING ANALYSIS

Molecular docking studies were carried out using
the Schrddinger Maestro version 2016. The protein
structure of pdb name along with their inhibitors
was retrieved from RCSB Protein Data Bank (PDB
entry code: 5JFO) [7]. The protein structures were
subjected to energy minimization and charge
calculation (MMFF94). After that the known
complex protein structure was used to investigate
and validate the docking protocol. All ligand and
water molecules were removed [10]. The bloat
values was set as 1 and the threshold values as 0.5
for generation of protomol and position was
considered to be the active sites for potential
receptor’s binding sites.

PHARMACOPHORE MAPPING:

Genetic algorithm with linear assignment of
hypermolecular alignment of datasets
(GALAHAD) was wused to generate the
pharmacophore models. All the s in the training set
were prepared by the following procedures; the
structures were checked for bond orders, hydrogen

2360
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atoms were added and minimization procedures
was implemented using the MMFF94, force-field
GALAHAD was run for 60 generation with a
population size of 100. The rest of the parameters
were set as default values [11,12]. The generated
models were evaluated by a test database; several
parameters were employed for model evaluation.
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DESIGNING OF COMPOUNDS:

On the basis of reported structure activity
relationship of imidazole analogues as an o —
oxidosidase inhibitor ,QSAR studies using
CoMFA, CoMSIA, HQSAR, and Molecular
modelling (Docking ) studies , one hundred and
two compounds were designed [13-15]. On the
designed compounds, further Computational
QSAR studies CoMFA, CoMSIA, HQSAR and
Molecular modelling Docking was done in order to
select the best compounds for synthesis.

Table 1: Designed imidazole analogues on the basis of computational studies with their predicted data:

Compo | Compound structure
und

Pred plCso
CoMFA | CoMSIA | HQSAR | Docking
Score

s

o

dihydro-5H-imidazo[2,1-b][1.3]oxazin:

(8)-2-nitro-6-((1-(4-(trifluoromethyl)phenyl)-2,3-dihydro- 1 //-imidazol-4-y)methoxy)-6,7-
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2 C gc”
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2 doa
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RESULTS AND DISCUSSION:

CoMFA and CoMSIA Results:

The results of COMFA analysis with combination
of steric and electrostatic on different charge are
summarized. The statistical parameters

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2358-2384

corresponding to the COMFA model are listed. The
CoMFA models MMFF94 were generated from
training set of 37 molecules with pIC50 value
ranging from 3.4661 to 5.2749 using leave-one-out
PLS analysis with an optimized component of 1 to
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give a good cross-validated correlation coefficient
q? of 0.787, which suggest that the model should be
reasonable tool for predicting the ICso values. A
high non-cross-validated correlation coefficient r?

6.2

6.1

5.9

5.8

Actual pIC50

57

5.6
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of 0.819 with a low standard error estimation (SEE)
of 0.041 was obtained as well as an F value of
1316.074 and predictive correlation coefficient
I%pred OF 0.996.

59 6 6.1 6.2 6.3 6.4

Predicted pICS50

Figure 3:Graph of actual versus predicted plCso values of the training set and the test set molecules of Model
7 (MMFF94) using the COMFA model.

6.3

6.2

6.1

5.9

5.8

Actual pIC30

5.7

5.6

5.5

5.4

5.3
53 5.4 5:5 5.6 57

5.8 59 6 6.1 6.2 6.3

Predicted pIC30

Figu re 4: Graph of actual versus predicted pIC50 values of the training set and the test set molecules of
Model 29 (MMFF94) using the CoMSIA model.

H-QSAR Results:

Hologram QSAR modes were developed for a
series of 46 compounds (37 training and 9 test), The
HQSAR model of training set exhibits significant
Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2358-2384

cross-validated correlation coefficient (g2 = 0.800)
and non-cross-validated correlation coefficient (r?
= 0.943). The models were used to predict the
inhibitory potencies of the test set compounds and
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difference between predicted and experimental
values were verified, exhibiting powerful
predictive capabilities [16].
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6.1

5.9

5.8

5.7

Actual pICS0

5.6

5.5

5.4

53
53 5.4 55 5.6 5.7

5.8 5.9 6 6.1 6.2 6.3 6.4
Predicted pIC50

Figure 5: Graph of actual versus predicted pIC50 values of the training set and the test set molecules of
Model A/B/C at 2-6 fragment size using the HQSAR.

Pharmacophore Modelling Results:

Ten GALAHAD models were generated by using
training set compounds. Model 8 and 10 had high
energy which is considered to be due to steric
clashes, leading to their exclusion from the
analysis. The other 20 models were generated and

evaluated successively by the test database
constructed previously. Table 2 shows the
predictable results for each model. Model 8 with
the highest value was considered to be the best
model.

Figure 6: Pharmacophore model 8 and molecular alignment of the compound
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Figure 7: Alignment of all test set compounds using pharmacophore modelling.

Table 2: The parameter values of Training set for each pharmacophore model:

NAME Specific. N _HITS FEATS PARETO Energy Steric  HBOND = MOL QRY
Model 001 3.818 -16 8 0 12.16 1344.7 3285 102.39
Model 002  3.651 -16 9 0 11.05 1302.6 = 326.7 101.73
Model 003  3.812 -16 8 0 15.43 1431.7 326.1 103.38
Model 004 @ 1.66 -16 9 0 8.05 12179  321.6 104.1
Model 005 3.823 -16 8 0 10.95 1338.4 | 320.8 104.34
Model 006 4.979 -16 8 0 17.59 1255.7 | 336 107.9
Model 007 3.814 -16 8 0 15.09 1308.6 | 325 107.49
Model 008  3.822 -16 8 0 10.95 1292.2  326.7 72.97
Model_009 3.8 -16 9 0 9.89 1340.7 322.1 66.9
Model 010 3.825 -16 8 0 8.36 1159.2  326.5 88.92

Contributions of steric and electrostatic fields were
0.507 and 0.493, respectively. The actual and
predicted plCso values of the training and test set by

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2358-2384

the model 7 (MMFF94 charge) [17-18] are listed in
table. The graph of actual versus predicted plCso of

the training and test set of model 29.

‘ 2 g
Figure 8: Full Docking view of all compounds on 5JFO PDB
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CONCLUSION:

The explored CoMFA and CoMSIA models
provided information about favorable and
unfavorable region while HQSAR provides
information about positive, negative and
intermediate  contribution  of  sub-structural
fingerprint requirements for imparting the
biological activity. The CoMFA, CoMSIA and
HQSAR contour maps revealed sufficient
information to understand the structure-activity
relationship (SAR) and to recognize structural
features influencing inhibitory activity. Based on
the SAR study generated by molecular modelling
analysis, one hundred and two novel
oxidoreductase  inhibitor  derivatives  were
successfully  designed  exhibiting  moderate
predicted activities in all three applied
computational approaches.The pharmacophore
model developed helped us to obtain the common
active pharmacophore regions along with the
hydrophobe, donor and acceptor regions. All
selected 2,3-imidazole and  2,4-imidazole
analogues showed good alignment.
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