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Abstract:

Enoyl acyl carrier protein reductase is one of the key enzymes involved in the type |l fatty acid biosynthesis
pathway of M. tuberculosis. COMSIA analysis was performed using the molecular modeling package SYBYL
6.7.1 on silicon graphics work-station. A dataset of 28 Arylamide analogues reported to have Enoyl acyl carrier
protein reductase inhibitory activities were used for the following QSAR studies. The CoMSIA models yielded a
good cross-validated correlation coefficient with LOO of 0.744 and with leave-many-out (q2 with 10 groups)
was 0.743, thus the predictions obtained with these models were reliable. The conventional correlation
coefficient, r2 between the actual and estimated activities of the molecules was observed as 0.987, using this
model. The test set compatibility was substantiated by the r2 pred value of 0.900. From QSAR studies the
results have shown that Arylamide derivatives were proved to be highly potent inhibitors against
Mycobacterium tuberculosis enoyl acyl carrier protein reductase.
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1. INTRODUCTION

People more than 1.6 million per year were
reported to have died due to Tuberculosis (TB)
and about 8.8 million new cases are reported
every year. Such a big number of people
affected by TB indicate this disease as the most
dangerous and fatal infectious disease. TB is
overpowered by only AIDS among the
infectious diseases. According to the data
collected by World Health Organization,
people suffering from multi-drug-resistance
and extensively drug-resistant TB are
increasing with at least a half million new cases
being reported every year. Therefore, it has
become necessary for the researchers to
synthesize novel TB drugs (1).

The chronic infectious disease tuberculosis is
caused by Mycobacterium species of the
‘tuberculosis  complex’,  which  include
Mycobacterium bovis, Mycobacterium
africanum, and mainly  Mycobacterium
tuberculosis. Compared to other infectious
diseases, TB has become more fatal to many
adults. Isoniazid is known to be effective drug
against TB when used in combination with
other anti-TB drugs. Serious conditions like
multi-drug resistant TB (MDR-TB) and

extensively drug resistant TB (XDR-TB) are
unsolved public health problems now (2-7).
Isoniazid (isonicotinic acid hydrazide, INH)
which was discovered in 1952 is accepted now
as the most important drug for the treatment of
TB. It is a pro-drug which is processed later
during metabolic oxidation by the M.
tuberculosis enzyme, catalase-peroxidase katG
(5, 8,and 9).

2. MECHANISM

The INH-NAD(P) adducts were known to play
role in preventing the action of the two
enzymes called NAD-dependent enoyl-acyl
carrier protein reductase (enoyl-ACP reductase,
InhA) and NAD(P)-dependent beta-keto-ACP
reductase (Mycolic acid biosynthesis A, MabA)
which are involved in the fatty acid
biosynthetic pathway of M. tuberculosis (10-
13, 14).

Mechanism of action of INH and ETH.

The pro-drugs INH and ETH are triggered by
the Catalase-Peroxidase KatG or the
monooxygenase EthA, respectively. The
activated forms react with NAD" to form an
INH-NAD or ETH-NAD adduct. The enzymes
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In the current methods of treatment, the pro-
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constituent of integrated cell wall. (16). INH
stimulated by KatG, a catalase-peroxidase
enzyme inhibits InhA, the Fabl enoyl reductase
(ENR) in the fatty acid synthesis (FAS-II)
pathway. The activated form of INH later
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reacts with NAD" to form INH-NAD adduct
(17-21). Mutations in KatG, in significant
number of the strains make them resistant to
INH (22-25). Therefore, the discovery of an
InhA inhibitor which can avoid this initial
activation step should be effective against INH
resistant strains of Mycobacterium tuberculosis
(MTB).

3. MATERIALS AND METHODS:

3.1. Dataset and molecular modeling

A dataset of 28 Arylamide analogues reported
to have Enoyl acyl carrier protein reductase
inhibitory activities (26) were used for the
following QSAR studies (Table 1). In vitro
inhibitory  concentrations (IC50) of the
molecules against Enoyl acyl carrier protein
reductase were converted into corresponding
pIC50 values and used as dependent variables
in the 3D-QSAR calculations.

All the molecules were divided into two
training sets (20 compounds) for generating
3D-QSAR models and a test set (8 compounds
respectively) for validating the quality of the
models. The test set was selected based on the
criteria given by Oprea et al (27).

All molecular studies were performed using the
molecular modeling package SYBYL 6.7.1
(28) on silicon graphics work-station. Energy
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minimization was performed in SYBYL using
Tripos force field (29). The conformations were
generated for the most active compounds 41.
As the compound is relatively rigid we have
used systematic search method with a step size
of 158 torsion angle to generate the
conformational model. The lowest energy
conformer was selected and further geometry
optimization of each molecule was carried out
with MOPAC 6 package using the semi-
empirical AM1 Hamiltonian (20). Optimized
structures with MOPAC charges were used for
subsequent calculations. This conformer was
considered for the building of other molecules.
3.2. Alignment

In the standard CoMSIA procedure, bioactive
conformations are desired for superimposing
ligand. In the absence of available
crystallographic data information on Enoyl acyl
carrier  protein reductase and inhibitor
complexes, we assumed that the active
conformer corresponds to the lowest energy
conformer of the conformational model. The
molecular alignment was done with the atom-
based RMS fit method using the command
ALIGN DATABASE present in SYBYL. This
option aligns the structures by pair-wise atom
super positioning and all structures in the
database are arranged with the same frame of
reference as the template compound. The most
active compound 24 was used as template and
the remaining molecules were aligned to it
through using the basic core of Arylamide
respectively. The aligned molecules are shown
in Fig. 1.

3.3. CoMSIA interaction energy fields

The CoMSIA method is based on molecular
similarity indices. Using a common probe
atom, similarity indices were calculated for a
data set of prealigned molecules at regularly
spaced grid points. There is sudden rise in
energy when the atoms of the molecules
approach the probe atom. Therefore, the cut off
value of >30 kcal/mol is included in CoMFA.
This restriction may give some false interaction
energy field values, which sometimes lead to
error in the predictions. The Gaussian type
distance dependent functional forms used by
CoMSIA method to calculate such properties

overcome this problem. Similarity indices were
calculated at all grid points inside and outside
the molecules and evaluated in a PLS analysis
following the usual CoMFA protocol.

3.4. PLS analysis

The regression analysis of CoMSIA field
energies was performed using the partial least
squares (PLS) algorithm with the leave-one-out
(LOO) method adopted for cross validation.
The optimum number of components to be used
in conventional analyses was chosen from (i)
the analysis with the highest cross validated r2
value, and (ii) the model with the smallest
standard error of prediction for component
models with identical r2 values. The column
filtering value was set to 2.0 for cross validated
runs. Equal weightage was assigned to steric
and electrostatic fields. Final analysis was
carried out to calculate the conventional r2
value wusing the optimum number of
components.

4. RESULTS AND DISCUSSION

The predictive 3D-QSAR models were
generated for the training sets of Enoyl acyl
carrier protein reductase inhibitors using
default parameters of COMSIA, as determined
by cross validation. Reliability of the QSAR
models was statistically validated using several
statistical parameters, such as r2, g2 and r2
pred. A total of 28 compounds were partitioned
into a training set of 20 and a test set of 8
compounds at random. Bias was given to both
structural and biological diversity in both the
sets. Table 3 and 4 lists the experimental
activities, predicted activities and residual
values of the training set and test set by
CoMSIA model. The CoMSIA models yielded
a good cross-validated correlation coefficient
with LOO of 0.744 and with leave-many-out
(g2 with 10 groups) was 0.743, thus the
predictions obtained with these models were
reliable. These internal validation methods
(leave-one-out and leave-one-out) determine
the stability of the developed models.

The  non-cross-validated PLS  analysis
evaluated the correlation coefficient value (r)?
as 0.901 and the standard error of estimate
(SEE) was observed as 0.118.
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Table 1 : 28 molecules Structures and activities of the molecules

0
¥ -~
R1 Iv\:’!: $X@— R2
M

Compound X n R1 R2 1C50 [uM] plC50
1 N 0 H H 38.86 4.410
2 N 0 4-CH3 H 16.64 4.779
3 N 0 4-CH3 3-CF3 6.26 5.203
4 N 0 4-CH3 3-Cl 3.07 5.513
5 N 0 3-CH3 3-Cl 9.43 5.025
6 N 0 3-CH3 4-NO2 15.47 4.811
7 N 0 3,4-Me2 3-Cl 0.99 6.004
8 N 0 3,4-Me2 3-CF3 1.85 5.733
9 N 0 4-i-Pr 3-Cl 100 4.000
10 N 0 4-t-Bu 3-Cl 100 4.000
11 N 0 4-t-Bu 3-CF3 100 4.000
12 N 0 4-t-Bu 4-CH3, 100 4.000
13 N 0 2-F 3-Cl 13.87 4.858
14 N 0 4-F 3-Cl 9.74 5.011
15 N 0 3-Cl 3-Cl 6.73 5.172
16 N 0 3,4-Cl2 3-Cl 6.05 5.218
17 N 0 3,4-CI2 H 17.62 4.754
18 N 1 H H 315 4.502
19 C 1 3-Cl H 7.74 5.111
20 C 1 2-F H 14.11 4.850
21 C 1 4-CH3 H 5.16 5.287
22 C 1 3-CH3 H 7.39 5.131
23 /@*NCN 0.40 6.398
24 @AQ g 0.09 7.046
25 @@*Cw g 0.20 6.699

26 @@*C 1.04 5.083

27 /@*CN 1.89 5.724

28 @*O 2,04 5.690
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Table 2- COMSIA PLS Result Summary

q2 r2  r2pred LOO LMO n Fvalue SEE Steric Electrostatic

0.901 0.987 0.900 0.744 0.743 6 169.920 0.118 0.484 0.516

Table 3:Activities and residuals of training set
for COMSIA models

Fig 1: Alignment of 28 molecules

CoMSIA
Compound pIC50 Predicted Residual
10 4 4.076 -0.076
11 4 4,057 -0.057
12 4 3.884 0.116
13 4.857 5.19 -0.333
14 5.011 4,997 0.014
15 5.171 4817 0.354
17 4,753 5.003 -0.25 ¢
2 4.778 4.65 0.128 Contour Maps
5 5.025 48 0.225 1) Electrostatic contour maps of least active
6 4.81 4968  -0.158 compound 10
8 5.732 5.458 0.274
9 4 4.388 -0.388 -
20 4.85 5.353 -0.503
21 5.287 5.041 0.246
22 5.131 5.452 -0.321
23 6.397 6.34 0.057
24 7.045 6.7 0.345 2) Steric contour maps of least active
25 6.698 6.558 0.14 compound 10
27 5.723 5.236 0.487
28 5.69 5.684 0.006

Table 4: Activities and residuals of test set for
CoMSIA models

CoMSIA
Compound PICS0 Predicted Residual
1 4.41 4.927 -0.617 3) Electrostatic contour maps of most active
16 5.218 4.859 0.359 compound 24
3 5.203 5.58 0.523
4 5,512 5.656 0.856 L
7 6.004 5.511 0.493 .
18 4.502 4,351
19 5111 5.695 -0.584

22 5.131 5.53 -0.399
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4) Steric contour maps of most active
compound 24

QU

F-value stands for the degree of statistical
confidence on the developed models and the
model has good value of 169.920. The
statistical data obtained from the standard
CoMSIA model constructed with steric and
electrostatic fields are depicted in Table 2. The
steric and electrostatic contributions are 48.4%
and 51.6%, respectively.

5. CONCLUSION

In the current study, we have successfully
established the ligand-based 3D QSAR
CoMSIA model on 28 Arylamide derivatives,
reported as enoyl acyl carrier protein reductase
inhibitors. This model has good statistical
results in terms of g2 and r2 values and showed
a great predictivity of the test set, in the
external validation, without visible outliers.
The model gave g2 and r2 values of 0.901 and
0.987. The CoMSIA results suggest that steric
interactions (48.4%) as well as electrostatic
interactions (51.6%) contribute to the activities
of inhibitors. The effect of steric and
electrostatic fields around aligned molecules
was clarified by analyzing CoMSIA contour
maps. This comparative analysis of contour
maps is expected to be of an aid in the design
of compounds with an enhanced inhibitory
activity and better selectivity to enoyl acyl
carrier protein reductase.
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