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Abstract: Self-organizing molecular field analysis (SOMFA), a simple three-dimensional quantitative structure
activity relationship (3D-QSAR) based cheminformatics method was used in present case to study the correla-
tion between the molecular properties and the PTP 1B inhibitory activities of a series of 1,2-naphthoquinone
that acts as selective PTP 1B inhibitors. The statistical results, cross-validated r°,, and non cross-validated r?, F-
test value showed a satisfied predictive ability (1°,,). The spatial arrangement of the shape and electrostatic
potential could be used as a guide for further development of selective and more potent PTP 1B inhibitors.
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Cheminformatics is a scientific discipline that
has evolved in the last 40 years at the interface
between chemistry and computer science (1).
Chemical informatics is the application of computer
technology to chemistry in all of its manifestations
(2). It is the cross between computer science and
chemistry concerned with storing, retrieving and
searching information and with storing relationship
between bits of data (3). Three-dimensional quanti-
tative structure-activity relations (3D-QSAR) have a
profound impact on medicinal chemistry. QSAR
provides the guidelines for making structural
changes in the compound which generates statisti-
cally significant relationships between chemical
structure and biological activity (4, 5). The basic
principle is that the variations of biological activity
within a series can be correlated with changes in
measured or computed molecular features of the
molecules. A validated 3D-QSAR model not only
helps in better understanding of the structure activi-
ty relationships of any class of molecules, but also
provides researcher an insight at molecular level
about the lead molecules for further developments
and information obtained from 3D-QSAR analysis
provides important guidelines for drug design
process (6, 7).

Protein tyrosine phosphatase 1B (PTP 1B), an
intracellular enzyme which causes negative regula-

tion of insulin receptor as well as leptin signaling
system, has emerged as a highly validated, attractive
target for the treatment of non-insulin dependent
diabetes mellitus and obesity (8, 9). It has been
involved in down-regulation of receptor tyrosine
kinase activity following stimulation of the insulin
or leptin receptors (10, 11). It is a cytosolic PTP,
which appears to play a major role in insulin sensi-
tivity and the dephosphorylation of the insulin
receptor on the basis of many biochemical and cel-
lular studies (12). A recent pivotal PTP 1B knockout
mice study revealed that mice lacking functional
PTP 1B exhibited increased sensitivity towards
insulin and are resistant to obesity (13). These
results taken together, establish a direct role for PTP
1B in down regulating the insulin and leptin func-
tioning. As a result, there is a growing interest in the
development of potent and specific inhibitors for
this enzyme. PTP 1B inhibitors could potentially
ameliorate insulin resistance and normalize plasma
glucose and insulin without inducing hypoglycemia,
and could therefore be a major advance in the treat-
ment of type 2 diabetes (14).

Self-organizing molecular field analysis
(SOMFA) is a novel simple three-dimensional quan-
titative structure activity relationship (3D-QSAR)
methodology having similarities to both compara-
tive molecular field analysis (CoMFA) and molecu-
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Table 1. General structure of 1,2-naphthoquinone derivatives.

Rs o

) O‘
Ry

Rz

o

Ri

Number R, R, R, R, R;
1 H -NH, H H H
2 H -N(CH;)C¢H; H H H
3 H -OCH, H H H
4 H -OCH, CH,CH,0H H H H
5 H - CH;-2,5-Cl, H H H
6 H - CH;-2,5-F, H H H
7 H - C¢H,-4-OCH,COOEt H H H
8 H - C(H,-4-OH H H H
9 H - C(H,-2-OH H H H
10 H - C¢H,-3,5-di-t-butyl-4-OH H H H
11 H - CH,-2-NO, H H H
12 H -3-Indole H H H
13 H -3-Indole-5-carboxylic acid H H H
14 H -3-Indole-6-carboxylic acid H H H
15 H -Cyclohexyl H H H
16 H -Benzyl H H H
17 H - Cyclopentyl H H H
18 H -Biphenyl H H H
19 H -Isopropyl H H H

20 -O(CH,),CH, -CcHs H H H
21 H -C¢H; H -OCH, H
22 H -C¢Hs H -OCH(Bn)COOCH; H
23 H -C¢H; H H -NHCOOBn
24 H -C¢H; H -NHCOOBn H
25 H -C¢H; H H -NHCOOE:t
26 H -C¢Hs -(CH,),COOMe H H
27 -(CH,),COOEt -C¢H; H H H
28 -(CH,),COOEt Indole H H H
29 -(CH,),CONEt, -C¢H;s H H H
30  |-(CH,),Ph-4-O-CH,COOBu’ -C¢H;s H H H
31 |-(CH,),Ph-4-O-CH,COOBu/ Indole H H H
32 -(CH,),Ph-4-O-CH,COOH -C¢Hs H H H
33 -(CH,),Ph-4-O-CH,COOH Indole H H H
34 -(CH,),COOMe -CH -(CH,),COOMe H H
35 H C¢H;s H H H
36 H - C¢H,-2-OCH,COOEt H H H
37 H - 1-Naphthyl H H H
38 H - (CH,)sCH; H H H
39 H -C¢Hs H -O(CH,),CH; H
40 H Indole H -OCH(Bn)COOH H
41 H Indole -(CH,),COOMe H H
42 -(CH,),PhCOOEt -C¢H;s H H H
43 -(CH,),COOMe Indole H -(CH,),COOMe H

1-34: training set molecules; 35-43: test set molecules.
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Table 2. Actual and predicted activities for training set molecules from the best predictive SOMFA model 1.

Compound Actual activity (p ICy) Predicted activity Residual activity
1 -1.390 -1.193 -0.197
2 —1.542 -0.961 —0.581
3 —1.464 -1.042 -0.422
4 —-1.561 -0.825 -0.736
5 -0.703 -0.467 -0.236
6 0.301 -0.101 0.402
7 -0.029 0.225 -0.254
8 0.356 -0.182 0.538
9 -0.204 -0.422 0.218
10 —0.758 -0.397 -0.361
11 —0.068 —0.493 0.425
12 -0.053 -0.257 0.204
13 -0.477 —0.645 0.168
14 —0.658 -0.815 0.157
15 0.494 -0.116 0.610
16 -0.152 —0.385 0.233
17 -0.623 -0.724 0.101
18 -0.732 —0.488 -0.244
19 —1.006 —0.803 -0.203
20 —0.429 -0.424 —0.005
21 -0.310 —0.698 0.388
22 —0.405 —0.430 0.025
23 -0.352 -0.164 -0.188
24 -0.127 0.115 -0.242
25 —-1.390 -1.193 -0.197
26 —1.542 -0.961 —0.581
27 —1.464 —-1.042 -0.422
28 —-1.561 -0.825 -0.736
29 -0.703 -0.467 -0.236
30 0.301 -0.101 0.402
31 -0.029 0.225 -0.254
32 0.356 -0.182 0.538
33 -0.204 -0.422 0.218
34 —0.758 -0.397 -0.361

lar similarity studies (15, 16). Like CoMFA, a grid-
based approach is used; however, no probe interac-
tion energies need to be evaluated. Like the similar-
ity methods, it is the intrinsic molecular properties,
such as the molecular shape and electrostatic poten-
tial, which are used to develop the QSAR models
(17). A SOMFA model could suggest a method of
tackling the all important alignment, which all 3D-

QSAR methods have faced. The inherent simplicity
of this method allows the possibility of aligning the
training compounds as an integral part of the model
derivation process and of aligning prediction com-
pounds to optimize their predicted activities (18).
There are numerous reported SOMFA based 3D-
QSAR studies for optimizing the molecular archi-
tecture of inhibitors against various target (19-21).
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Table 3. Actual and predicted activities for test set molecules from the best predictive SOMFA model I.

Compound Actual activity (p ICs) Predicted activity Residual activity
1 0.066 —0.198 0.264
2 -0.332 —0.495 0.163
3 -0.332 -0.337 0.005
4 -0.518 -0.327 -0.191
5 0.036 —0.301 0.337
6 -0.316 -0.278 -0.038
7 0.036 0.165 -0.129
8 —0.004 -0.034 0.030
9 0.027 0.045 -0.018

Table 4. PLS statistical results of SOMFA.

Parameter Resolution 1.0 A Resolution 0.5 A
(Model T) (Model IT)
r 0.7155 0.7070
ro(q) 0.6826 0.6735
S 0.3209 0.3257
F 80.487 77.208
T prediction 0.5534 0.5509
S prediction 0.1822 0.1827
C, 0.68 0.68

r’.,(q*): cross-validated correlation coefficient by leave one out method; r*: conventional correlation coefficient;
S: standard error of estimate; F: Fisher test value.

Figure 1. Superimposition of compounds on template

The main objective of the present 3D-QSAR study
is to get a validated correlation between the struc-
tural features of 1,2-naphthoquinones and their PTP
1B inhibitory activities.

Computational methodology

A dataset of 43 molecules belonging to 1,2-
naphthoquinone derivatives as PTP 1B inhibitors
were taken from the literature and used for SOMFA
analysis (22). The above reported series of 1,2-naph-
thoquinone derivatives showed wide variations in
their structures and potency profiles. The negative
logarithm of the measured ICy, (uM) against PTP 1B
enzyme as plC;, (log 1/IC,) was used as dependent
variable, thus correlating the data linear to the free
energy change (23). SOMFA (3D-QSAR) models
were generated for this series using a training set of
34 molecules. The general structures of the training
set and test molecules are presented in Table 1.
Predictive power of the resulting models was evalu-
ated by a test set of 9 molecules with uniformly dis-
tributed biological activities. The observed and pre-
dicted biological activities of the test set molecules
are presented in Tables 2 and 3, respectively.
Selections of test set molecules was made by con-
sidering the fact that test set molecules represent
structural features similar to compounds in the train-
ing set (24).
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Figure 2. Graph of actual vs. predicted activities for training and test set molecules from the best predictive SOMFA model. A Training

set, B Test set

The three-dimensional structures of theActual activity

1,2-naphthoquinone derivatives were construct-
ed with the Chemdraw Ultra 8.0 running on an Intel
Pentium IV 2.80GHz Processor and were subjected
to energy minimization using molecular mechanics
(MM2). The minimization is continued until the root
mean square (RMS) gradient value reaches a value
smaller than 0.001 kcal/mol A. The Hamiltonian
approximations Austin model 1 (AMI1) method
available in the MOPAC module of Chem3D is
adopted for re-optimization until the root mean
square (RMS) gradient attains a value smaller than
0.001 kcal/mol A (25, 26). Unless otherwise indi-
cated, all parameters were kept default.

The selected template molecule is typically one
of the following: (a) the most active compound; (b)
the lead and/or commercial compound; (c) the com-
pound containing the greatest number of functional
groups (27, 28). Generally, the low energy confor-

mation of the most active is set as a ref-
erence (29). In the present study, the
compounds were aligned using low energy confor-
mation of the most active compound (28) used as the
reference compound by different alignment tech-
nique such as atom based and template based align-
ment. The best model was obtained using template
based alignment where the most active compound
(28) was used as template structure (Fig. 1).

In the SOMFA study, a 40x40x40 A grid orig-
inating at (-20, —20, —20) with a resolution of 0.5
and 1 A, respectively, was generated around the
aligned compounds (30-32). Table 4 reports two
different models using different resolution of grid
under exploration using template based alignment.
For all of the studies, shape and electrostatic poten-
tial were generated. To sum up the predictive power
of these two properties into one final model, we
combine their individual predictions using a
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Figure 5. Representation of SOMFA grids

weighed average of the shape and electrostatic Clearly, multiproperty predictions could have
potential based QSAR, using a mixing coefficient been obtained through multiple linear regression.
(C)) (33) as illustrated in eq. 1: Using eq. 1 instead gives greater insight into the

Activity = C, Activity,,. + (1 — C,) Activityg, eq.1 resultant model by allowing the study of the varia-
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Figure 6. Electrostatic grids showing most active compound (28) in the background at different resolutions: a) 1 A; b) 0.5 A

Figure 7. Shape grids showing most active compound (28) in the background. at different resolutions a) 1 A; b) 0.5 A.

tion in predictive power with different values of C,.
The partial least squares (PLS) algorithm was used
in conjugation with leave one out (LOO) cross-vali-
dation to develop final model (34). This PLS analy-
sis gave the optimum number of components that
was used to generate the final models without cross-
validation. The 1, can take up values in the range
from 1, suggesting a perfect model, to less than O,
where errors of prediction are greater than the error
from assigning each compound mean activity of the
model (35). Since the final equations are not very
useful to represent efficiently the SOMFA models,
3D master grid maps of the best are displayed by
program Grid-Visualizer. They represent area in
space where steric and electrostatic field interactions
are responsible for the observed variations of the
biological activity.

RESULTS AND DISCUSSION

In the present study, SOMFA was employed
for 3D-QSAR study with the training set composed
of 34 compounds whose biological activities were
known. SOMFA calculation for both shape and
electrostatic potentials were performed, then com-
bined to get an optimal coefficient C, = 0.68 accord-
ing to eq 1. The SOMFA results indicated that the
value of mixing coefficient C, is 0.68, which means
that the contribution of shape field and electrostatic
field to QSAR equation is 68% and 32%, respec-
tively. SOMFA analysis indicated that the electro-
static contribution is of a slightly low importance
while shape contribution is of major importance (C,
= 0.68). During the SOMFA investigation, grid
spacings of 1 and 0.5 A were investigated. The 1A
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grid spacing produces a good correlation equal to
0.5 A grids. This has been improved marginally with
the 1 A spacing used for the results presented here
(Table 4). Further increases in resolution have pro-
duced further small increases in model quality but
not enough to warrant the extra computational time.
From Table 4, we found that the results were less
sensitive to resolution of grid. The best model using
template based alignment showed higher r,, (q*)
value values than using other alignment techniques.
Good cross-validated correlation coefficient %, (q*)
value (0.682), moderate non cross-validated correla-
tion coefficient r* values (0.7155) proved a good
conventional statistical correlation which have been
obtained, and we also found that the resultant
SOMFA model have a satisfied predictive ability.

The observed and predicted activities of the
training set are reported in Table 2 using model L
Figures 2A and 3 show a good linear correlation and
moderate difference between observed and predict-
ed values of molecules in the training set. It’s well
known that the best way to validate a 3D-QSAR
model is to predict biological activities for some
compounds of test set (36). The SOMFA analysis of
the test set composed of 9 compounds is reported in
Table 3. Most of compounds in test set show good
correlation between observed and predicted values
(Figs. 2B, 4).

The master grid maps derived from the best
model were used to display the contribution of elec-
trostatic potential and shape molecular field. The
master grid maps gave a direct visual indication of
which parts of the compounds differentiate the activ-
ities of compounds in the training set under study.
The master grid also offered an interpretation as to
how to design and synthesize some novel com-
pounds with much higher activities. Master grid map
shows favorable and unfavorable effects (Fig. 5).
The visualization of the electrostatic potential master
grid and shape master grid of the best SOMFA model
was showed in Figures 6 and 7, respectively, with
most active compound (28) as the reference. The
SOMFA electrostatic potential map shows some
important features (Fig. 6); we observed a high den-
sity of points around the substituent R, and R, of the
1,2-naphthoquinone indicating some electronegative
groups favorable for optimal inhibitory activities,
while around Ry, Ry and R5 high density of points
indicated that some electropositive groups are favor-
able for optimal inhibitory activities. Meanwhile, in
the map of shape master grid (Fig. 7), a high density
of points around various substituents were present
indicating a favorable steric interaction; simultane-
ously, we observed also some points near regions

where an unfavorable steric interaction may be
expected to enhance activities.

CONCLUSION

In summary, we have developed a predictive
SOMFA 3D-QSAR models for 1,2-naphtho-
quinones having wide variety of PTP 1B inhibitory
activity evidenced by statistical measures. The mas-
ter grid obtained for the various SOMFA models
indicates that electrostatic potential and shape
potential contributions, which can be mapped back
onto structural features relating to the trends in
activities of the molecules. The spatial arrangement
of the shape and electrostatic potential could be used
as a guide for further development of selective and
more potent PTP 1B inhibitors.
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