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Abstract

c-Jun N-terminal kinase-3 (JNK-3) has been shown to mediate neuronal apoptosis and make the promising therapeutic
target for neurodegenerative diseases such as Parkinson's disease, Alzheimer's disease, and other CNS disorders. In order
to better understand the structural and chemical features of JNK-3, comparative molecular field analysis (CoMFA) was
performed on a series of 3,5-disubstituted quinolines derivatives. The best predictions were obtained CoMFA model
(q2=0.707, r2=0.972) and the statistical parameters from the generated 3D-QSAR models were indicated that the data are
well fitted and have high predictive ability. The resulting contour map from 3D-QSAR models might be helpful to design
novel and more potent JNK3 derivatives.
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1. Introduction

c-Jun N-terminal Kinase (JNK) are serine threonine

protein kinases and members of the mitogen activated

protein kinase family (MAPK)[1-3]. JNK is activated by

the dual phosphorylation of the motif Thr-Pro-Tyr

located in the activation loop. JNK inactivation can be

mediated by serine and tyrosine phosphotases[4]. JNK

activate number of targets including members of the

activator protein-1 family (AP-1), JunD, c-Jun, Bcl-2

proteins, c-Myc, activating transcriptional factor 2

(ATF2), and p53[5]. JNK proteins are encoded by three

genes, JNK1, JNK2 and JNK3 and at least 10 different

splicing isoforms exist in mammalian cells. JNK1 and

JNK2 are widely expressed in tissues whereas JNK3 is

selectively expressed in brain, heart and to lesser extent

to testis[6,7]. JNK1 plays a key role in linking insulin

resistance and obesity and JNK2 plays an important role

in autoimmune and inflammatory diseases[8]. JNK3 has

been shown to mediate neuronal apoptosis and make

inhibiting this isoform a promising therapeutic target for

neurodegenerative diseases such as Parkinson’s disease,

Alzheimer’s disease, and other CNS disorders[9-11].

Therefore, identifying JNK3 inhibitor may contribute

towards neuroprotection therapies with reduced side

effect risks, and will aid in further understanding of the

roles of individual JNK kinases. 

X-ray crystal structures of all three JNK isoforms

have been reported. The overall architecture of JNKs is

highly similar to that of other MAP kinases ERK2 and

p38, consisting of an N-terminal domain with mostly β

strands, a predominantly R helical C-terminal domain,

and a deep cleft between N and C domains that com-

prises the ATP-binding site. The amino acid sequence

identity of the JNK kinases is greater than 90% with

>98% homology within the ATP binding site. High

homology of the ATP-binding site among JNK’s makes

it challenging to design isoform specific ATP-site

directed inhibitors. Therefore, designing selective ATP

competitive JNK (1, 2, and 3) inhibitors is still a chal-

lenging task and the recent perspective by Siddiqui and

Reddy stressed the importance of selectivity[12]. As

selectivity is the major issue, our insilico analysis might

be the starting point for the synthesis of highly potent

and selective JNK3 analogs and this prompted us to ini-

tiate the analysis. The main aim of our study is to opti-

mize the reported selective JNK3 inhibitors (3,5-

disubstituted quinolines)[13] by Jiang and coworkers

using the 3D-QSAR methodologies. We have per-
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formed three dimensional quantitative structure activity

relationship (3D-QSAR) using the comparative molec-

ular field analysis (CoMFA)[14] techniques for JNK3

inhibitors to find the common structural features among

them. The present work deals ligand-based technique

based on the atom-by atom matching to generate relia-

ble 3D-QSAR models. We expect that our theoretical

results give some useful reference for the experimen-

talists in the design of novel and more potent JNK3

inhibitors.

2. Computational Methods

2.1. Inhibitor Data Set

The structures of the 4-anilinopyrimidines derivatives

and their biological activities of thirty five compounds

were taken from the literature[13]. All original IC50 value

of each inhibitor was converted into pIC50 (-logIC50) in

order to use the data as dependent variable in CoMFA

model. The test set molecule is truly representative mol-

ecule for training set molecules. The test set molecule

should cover all the biological activity which is similar

to the training set molecule. The total set of compounds

was divided into a training set consist of 18 compounds

and test set consist of 6 compounds. The selection of

training and test sets were done manually so that low,

moderate, and high JNK inhibitory activities were all

represented. The structures and their activity values are

displayed in Table 1.

Table 1. Structures and biological activities (pIC50) of JNK3 inhibitors

Compound R1 R2 R3
pIC50

Residual Value
Actual Predicted

1 OH - - 6.229 5.909 0.320

2 H - - 6.000 6.291 -0.291

 3* 5-Pyrazolyl - - 5.444 6.290 -0.846

4 Morpholino - - 5.886 5.880 0.006

5 NH2 - - 6.292 6.248 0.044

6 NAc2 - - 5.796 5.802 -0.006

7 NHAc - - 6.276 6.331 -0.055

8 NHMs - - 6.032 6.088 -0.056

9 NMS2 - - 6.678 6.652 0.026

10 - - 6.357 6.319 0.038

11 - - 6.319 6.344 -0.025

12 - - 5.444 5.305 0.139

 13* - - 6.119 6.271 -0.152
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2.2. Ligand-based Alignment Method

In ligand based alignment, the most active molecule

was used as template. All rotatable bonds were searched

with incremental dihedral angle from 120o by using sys-

tematic search conformation method. Conformational

energies were computed with electrostatic term, and the

lowest energy conformer was selected as template mol-

ecule. Then the template was modified for other ligands

of the series. The common moiety was constraint for

each molecule and only the varying parts were energy

minimized by Tripos force field with Gasteiger-Huckel

charge by using conjugate gradient method, and con-

vergence criterion was 0.05 kcal/mol at 10,000 iteration.

The minimized structures were aligned over template

using atom fit option in Sybyl and subsequently this

alignment is used for CoMFA analysis. The aligned

molecules are represented in Figure 1.

Table 1. Continued

Compound R1 R2 R3
pIC50

Residual Value
Actual Predicted

14 - - 4.824 4.805 0.019

15 - - 5.187 5.187 0.000

16 - - 6.921 7.012 -0.091

17* - - 6.854 6.935 -0.081

18* - - 6.310 6.808 -0.498

19 - - 5.284 5.542 -0.258

20 - - 6.432 6.283 0.149

21* - - 6.824 6.676 0.148

22* - - 6.602 6.345 0.257

23 - - 6.699 6.647 0.052

24 - - 6.620 6.631 -0.011

*Test set compounds
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2.3. Generation of CoMFA and CoMSIA Field

Sybyl8.1 molecular modeling package is used in this

study (15). CoMFA calculations were carried out by

applying the default settings. The aligned molecules

were placed in 3D cubic lattice with grid spacing of 1.0-

2.0Å. The standard CoMFA field performing the Len-

nard-Jones potential and Coulombic potential for the

steric and electrostatic fields respectively. A cut off

value for both fields was set to 30 kcal/mol. Steric and

electrostatic energies were calculated using sp3 carbon

atom with van der waals radius of 1.52Å and +1 charge

at each lattice point. 

2.4. Partial Least Square (PLS) Analysis

The relationship between the structural parameters

and the biological activities has been quantified by the

PLS algorithm[16,17]. CoMFA and CoMSIA descriptors

used as independent variables and pIC50 values used as

dependent variables in PLS analysis for the generation

of 3D-QSAR models. To select the best model, the

cross-validation procedure was performed using leave

one out (LOO) method, in this procedure one com-

pound was removed from the data set and its activity

was predicted using the model build from rest of the

data set. It gives cross-validation correlation coefficient

(q2) and the optimum number of components. Final

analyses i.e. non-cross-validation was performed to cal-

culate conventional r2
ncv using optimum number of com-

ponents obtained from cross validation method. The

cross-validated coefficient, q2 is calculated using below

Equation1.

(1)

Ypredicted, Yobserved, and Ymean are predicted, actual, and

mean values of the target property (pIC50), respectively.

Σ(Ypredicted-Yobserved)
2 is the predictive sum of squares

(PRESS) and the lowest PRESS value is used to derive

the final PLS models.

3. Results and Discussion

3.1. CoMFA Analysis

The optimum CoMFA model was derived with the

combination of steric and electrostatic field contribution

and Gasteiger-Hückel charge method with 2.0 Å grid

space. The Leave one out (LOO) analysis gave the

cross-validated q2 of 0.707 with four components and

noncross-validated PLS analysis resulted in a correla-

tion coefficient r2 of 0.972, F= 113.847, and an esti-

q
2

1

Ypredicted Yobserved–( )
2

∑

Yobserved Ymean–( )
2

∑
-----------------------------------------------------–=

Fig. 1. Alignment of all molecules using atom-by-atom
matching.

Table 2. Statistical summary of CoMFA models

CoMFA 
Models

Grid 
spacing 

(Å)

Leave-one-out 
cross-validation

Non-cross-validation Bootstrap
r2pred

Field 
contribution

q2 N SDEP r2 SEE F-value r2boot StdDev S E

(1) 1.0 0.690 4 0.522 0.973 0.153 119.088 0.986 0.011 - 0.554 0.446

(2) 1.5 0.685 4 0.526 0.972 0.156 114.196 0.980 0.012 - 0.564 0.436

 (3)a 2.0 0.707 4 0.507 0.972 0.156 113.847 0.982 0.016 0.883 0.550 0.450

q2= cross-validated correlation coefficient; N= number of statistical components; r2= non-cross validated correlation
coefficient; SEE= standard estimated error; F= Fisher value; r2boot= correlation coefficient after 100 runs of bootstrapping;
r2predictive= predictive correlation coefficient for test set; S= steric; E= electrostatic; aThe model chosen for CoMFA analysis
is highlighted in bold font.
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mated standard error of 0.156. We further performed

bootstrapping analyses to evaluate the robustness and

statistical confidence of the final models (r2
boot=0.982,

StdDev=0.016). Statistical results obtained from the

constructed model verified the predictive ability of the

model (Table 2) and further implied that the steric and

electrostatic factors contribute to the binding affinities.

The predictive ability of the developed CoMFA model

was assessed by the test set (six molecules) predictions,

which were excluded during CoMFA model generation.

The predictive ability of the test set was 0.883. Pre-

dicted and experimental activities and their residual val-

ues of all inhibitors are shown in Table 1, and the

corresponding scatter plot is depicted in Figure 2.

3.2. CoMFA Contour Map

The CoMFA contour map was generated based on the

ligand-based (atom-by atom matching) alignment method.

The CoMFA result is usually represented as 3D ‘coef-

ficient contour’ map. It shows regions where variations

of steric and electrostatic nature in the structural features

of the different molecules contained in the training set

lead to increase or decrease in the activity. The steric

interaction is represented by green and yellow contours,

in which green colored regions indicate areas where

increased steric bulk is associated with enhanced activ-

ity, and yellow regions suggest areas where increased

steric bulk is unfavorable to activity. The steric contour

map is displayed in Figure 3. The green steric contour

near the R2 position of the phenyl ring indicates that

bulkier substituent is preferred at this position. Thus,

compounds 10-18 with bulkier substituent at this posi-

tion are more active. There was a yellow contour region

was observed near to the R1 position, the contour map

indicated that substitution of bulkier groups would

decrease the activity. This may be the reason that com-

pounds 3, and 4 having bulkier substitution shows less

activity. The electrostatic interaction is represented by

red and blue contours (Figure 4), among which blue

colored regions show areas where more positively

charged groups are favored, and red region highlight

areas where groups with more negative charges are

favored. These contour maps give us some general

insight into the nature of the receptor-ligand binding

region. The electrostatic contour plot on the set of 24

compounds shows that there is a big red colored region

situated close to the R1 positions. The negative charges

in these regions are very important for ligand binding,

and electro negative group linked to this position will

enhance the biological activity. For example, com-

Fig. 2. Plot of actual versus predicted pIC50 values of the
training set and test set compounds.

Fig. 3. CoMFA contour maps for steric field with highly
active compound 16, where green contour indicates
regions where bulky groups increases activity and yellow
contours indicates bulky groups decreases activity.

Fig. 4. CoMFA contour maps for electrostatic field with
highly active compound 16, where blue contour indicates
regions where electropositive groups increases activity and
red contours indicates regions where electronegative
groups increases activity
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pounds 9 having sulfonamide moiety shows more bio-

logical activity than other compounds[1-8]. 

4. Conclusion

In the present study, we developed satisfactory 3D-

QSAR models of 3,5-disubstituted quinolines deriva-

tives using CoMFA method based on the atom-by-atom

matching alignment. The 3D-QSAR results revealed

some important sites, such as steric, electrostatic mod-

ifications should significantly affect the bioactivities of

the compounds. The steric contour map indicated that

substitution of bulkier groups in the R2 position of the

phenyl ring would enhance the biological activity. Fur-

thermore, the electrostatic contour map shows the

important of hydrogen bond acceptor substitution in the

R1 position. The information’s have gathered from

CoMFA studies demonstrated the way to understand the

structural and chemical features of 3,5-disubstituted qui-

nolines derivatives in designing and finding new poten-

tial JNK3 inhibitors.
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