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Abstract Anthranilic acid based derivatives (ANTs) have
been identified as a novel class of potent tumor necrosis
factor-α converting enzyme (TACE) inhibitors. A compu-
tational strategy based on molecular docking studies,
followed by CoMFA and CoMSIA analyses has been
performed to elucidate the atomic details of the TACE/
ANT interactions and also to identify the most important
features impacting TACE inhibitory activity of ANTs. The
CoMSIA model resulted to be slightly more predictive than
CoMFA model, and gave conventional r2 0.991, rcv

2 0.793,
q2 0.777, SEE 0.050, F-value 655.610, and rtest

2 0.871. The
3D-QSAR field contributions and the structural features of
the TACE binding site showed a good correlation. These
studies will be useful to design new TACE inhibitors with
improved potency.
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Introduction

TACE [1], a membrane bound Zn endopeptidase [2] was
found to be the first mammalian sheddase responsible for
cleavage of a variety of membrane proteins including pro-
inflammatory cytokine tumor necrosis factor-α (TNF-α),
pro-transforming growth factor alpha (TGF-α), TNF
receptors, β-amyloid precursor protein and L-selectin [3–
8]. TACE is mainly responsible for proteolysis of Ala76-
Val77 peptide bond of membrane bound proTNF-α. This
proteolysis leads to shedding of mature and active form of
cytokine, i.e., sTNF-α (soluble TNF-α) from the cells as
homotrimer of 17 kDa terminal fragment consisting of 157
nonglycosylated amino acids [9, 10].

TNF-α is a multifunctional pro-inflammatory cytokine
involved in inflammation, cell survival, apoptosis and
immunity acting via two receptors TNF-R1 and TNF-R2
[11] but causes severe damage when it gets produced in an
excess amount. Elevated level of TNF-α has been reported
in a number of chronic diseases [12–15] like rheumatoid
arthritis, inflammatory bowel disease, graft vs. host disease,
adult respiratory distress syndrome, septic shock, HIV
infection [16] and insulin resistance [17]. Although pro-
inflammatory cytokines are necessary for survival of human
species but as they may cause significant inflammatory
damage, their secretion needed to be tightly regulated. Of the
many possible strategies to regulate TNF-α production,
TACE inhibition has long been viewed as one of the most
promising small molecule targets [18]. TACE share many
active site similarities with other matrix metalloproteinases
(MMPs) and a disintegrin and metalloproteinases (ADAMs)
[19, 20]. Therefore, earlier developed TACE inhibitors often
suffered from lack of selectivity [21] and broad spectrum
MMP inhibition of molecules has been reported as the
suspected cause of musculoskeletal side effect [22].
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In the present study, computational methodology is
applied on a series of potent anthranillic acid derivative
class of TACE inhibitors [23–25] with the aim to elucidate
the most important TACE-ANT interactions and also to
identify features really impacting TACE inhibitory activity
of ANTs. On the basis of the crystal structure of TACE,
docking simulation [26, 27] was also performed on a
selected series of molecules. The most probable docking
poses were selected for alignment and submitted to 3D-
QSAR studies involving comparative molecular field
analysis (CoMFA) [28] and comparative molecular similarity
indices analysis (CoMSIA) [28]. Though, there are a few
crystal structures for TACE available, the crystal structures
are not elucidated for the compounds used for the study.
Diverse compounds may bind to the receptor with different
orientations and also have induced fit scenario. Hence,
generated 3D-computational models can also be used to
explore useful suggestions for designing of new TACE
inhibitors with improved potency.

Material and methods

Data set

A set of 57 ANTs having common scaffold (shown with
bold lining, molecule A in Fig. 1) and their inhibitory
activities against TACE were collected from literature [23–
25]. Biological activities of all compounds were obtained
using same assay method [29]. The reported IC50 values
were converted into pIC50 (-log IC50) values. All study
compounds were then grouped into training set and test set
on the basis of suggestions given by Oprea et al., [30].
Training set and test set consisted of 41 and 16 molecules
respectively. Training set was used for model generation
and test set for model validation.

Molecular modeling

Three dimensional structures of all ANTs were constructed
using Cerius2 programming package version 4.10 [31] and

energy minimization was performed on molecules using
CFF95 force field. Further geometric optimization of all
molecules was done using semiempirical program MOPAC
6.0 and applying the AM1 Hamiltonian [32].

Docking

For docking of ligands into 3D active site of protein and to
estimate binding affinities of docked compounds, an
advanced molecular docking program Glide, version 2.5
[33] was used. During docking study, initially Glide
performs a complete systemic search for conformational,
orientational and positional space of docked ligand and
eliminates unwanted conformations using scoring followed
by energy optimization. Finally, the conformations are
further refined via a Monte Carlo sampling of pose
conformation. For the present study, X-ray crystal structure
of TACE with resolution of 1.9 Å was taken from PDB (ID:
2i47) [34]. The performance of docking method was
evaluated by re-docking crystal ligand and correlating the
binding pose as well as hydrogen bonding interactions of
redocked crystal ligand with original crystal ligand.

The reason behind choosing crystal stricture 2i47 for
docking is that the compounds under study were similar to the
inhibitor present in 2i47 and hence these compounds may
have similar orientation of binding like the inhibitor of
selected crystal structure. Then, the conformational deviation
of 2i47 will be minimal when the compounds under study will
bind to the receptor because of similarity of the compounds
with co-crystal. As we are using rigid docking method, 2i47
crystal structure will be the more appropriate choice than any
other.

Docking based alignment of molecules

After performing the docking analysis, best/appropriate
binding conformations were selected for alignment to be
used for 3D QSAR. For the alignment, first of all the best
conformation (ranked 1st by the software in terms of
docking energy) of the most active compound ANT12 was
chosen and validated as best on the basis of formation of

Fig. 1 Common scaffold of ANTs shown in bold lining (a); Ligand extracted from PDB 2i47 (b)
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H-bonds and proper orientation inside the 3D active site
(validation was done manually because the best ranked
conformation by the software may not be the best always,
sometimes it may happen that the best conformation is
totally out of the pocket due to steric clashes because it is a
constrained docking not the flexible). Then the best
conformations of the remaining compounds were selected
for the alignment over the best conformation of the most
active compound ANT12. During this the best ranked
conformations of certain molecules were not aligning then
manually the low ranked conformations were checked and
appropriate conformations were selected for the alignment
(for certain molecules those conformations were aligning
which were ranked 13th or 21st by the software, so we
named this kind of conformation selection as ‘manual
selection of appropriate conformations’). This is how the
best conformations were evaluated in terms of docking energy
and manual observation. Finally selected conformations were
aligned and submitted to Sybyl 6.8 [35] for CoMFA and
CoMSIA studies.

Field and similarity index calculations

CoMFA method is a widely used 3D-QSAR technique to
relate biological activity of a series of molecules with their
steric and electrostatic fields. CoMFA potential fields were
calculated at each lattice intersection of a regularly spaced
grid of 2 Å. The grid box dimensions were determined
automatically in such a way that region boundaries were
extended 4 Å in each direction from co-ordinates of an
aligned bundle of molecules. The van der Waals potential
and Columbic terms, which represent steric and electrostatic
fields respectively, were calculated using standard Tripos
force field method. A sp3 hybridized carbon atom with +1
charge was used to calculate the CoMFA steric and
electrostatic fields respectively. The steric and electrostatic
contributions were truncated to +30 kcal mol−1 [36].

CoMSIA method calculates five similarity indices:
Steric, electrostatic, hydrogen bond donor, hydrogen bond
acceptor and hydrophobic parameters. The similarity
indices descriptors were calculated using the same lattice
box employed for the CoMFA calculations and a sp3 carbon
as probe atom with +1 charge, +1 hydrophobicity, +1
hydrogen bond donor and +1 hydrogen bond acceptor
properties [37].

Partial least square analysis and models validation

Partial least square approach [38] is an extension of the
multiple regression analysis. It was used to derive the 3D-
QSAR models in which CoMFA and CoMSIA descriptors
were used as independent variables and pIC50 (activity)
values as dependent variables. Prior to PLS analysis,

column filtering value was set 2.0 kcal mol−1 to improve
the signal-to-noise ratio.

Leave one out (LOO) cross-validation method was used
to check the predictivity of derived model and to identify
optimal number of components (ONC). ONC are optimum
number of components corresponding to highest q2 and
lowest Sloo. The ONC obtained from cross-validation
methodology was used in subsequent regression model.
To avoid the problem of over prediction and to check the
stability and predictability of the generated model different
statistical parameters were checked. These statistically
parameters are leave one out cross validation (q2), leave
group out cross validation (rcv

2) and boot strapped
validation (rbs

2). They are used to determine internal
stability and predictability. In leave group out CV different
training sets got produced from the original training set (by
removal of random groups of molecules) and models are
generated by using each of the subset. Then r2 is calculated
for the subsets. In boot strapped validation different training
sets got generated by deletion of some molecules from the
original training set and some are used more than once and
models are generated by using each of the subset. Then if
the rcv

2, q2 and rbs
2 have good values, it indicates that the

generated model does not only depend on the original
training set because different sub training sets are also used
to prove the consistency of correlation. Especially rbs

2

strongly assess the statistical confidence and robustness of
derived models and indicate that the model does not depend
upon only particular training set.

Final CoMFA and CoMSIA contour models were
generated using noncross-validated PLS analysis. To
validate the CoMFA and CoMSIA derived models, the
predictive ability for the test set of compounds (expressed
as rpred

2) was computed with the formula:

r2 ¼ SD� PRESSð Þ=SD ð1Þ

Where SD is the sum of the squared deviations between
experimental and mean of experimental biological activities
of training set molecules, and PRESS is a sum of squared
deviation between predicted and actual activity for every
molecule in test set.

Results and discussion

Docking study

For docking study of 57 anthranilate derivatives with
TACE, a crystal structure of protein was prepared by
removing ligand and solvent coupled with addition of
hydrogen atoms. Glide consisted of two modes for docking
studies named extra precision (XP) and standard precision
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(SP). Extra-precision mode is a refinement tool designed
for use only on good ligand poses. It is very useful for
docking and scoring of the top-ranked poses obtained from
standard-precision (SP) mode (Glide documentation).
Hence we used SP for docking all the molecules and only
high active compounds were docked using XP but there is not
much improvement in the posing, so for our experiments we
adopted SP mode. The credibility of docking method to
predict the bioactive conformation was authenticated using
the X-ray structure of TACE in complex with a small molecule
ligand inhibitor B (Fig. 1). Molecule B is a ligand extracted
from crystal structure (2i47). The inhibitor B was docked
into a 3D active site of crystal structure of TACE and docked
conformation having lowest docking energy was selected as
the most probable bioactive conformation. Glide predicted
conformation of inhibitor B was perfectly superimposed
on X-ray crystallographic structure of the same ligand as
shown in Fig. 2. The root mean square deviation (RMSD)
between two conformations was found to be 1.263 Å,
suggesting high reliability of Glide in terms of reproduc-
ing experimentally observed binding mode for TACE
inhibitors. Entire 57 ANT molecules were then docked
into the active site of protein.

Docking results showed that each of the molecules is
forming at least three hydrogen bonds with important
amino acids Glu406, Leu348 and Gly349 of protein.
Molecules also showed hydrogen bond interactions with
other active site amino acids like Pro437 and Val440 of
protein. Hydroxamic acid group (-CONHOH) and hydro-
gen bond acceptor group (-SO2-) present in all compounds
possess hydrogen bonding interactions with important
amino acids. Highly active molecules are participating in
greater number of interactions with important amino acids
Glu406, Leu348 and Gly349 than low active molecules.

The non bonded interactions between highly active
molecule ANT12 and amino acids of TACE binding pocket
are shown in Fig. 3. As depicted from figure, receptor and
ligand are tightly bound to each other by forming a network
of hydrogen bonding interactions. The binding between
compound and TACE amino acids are depicted as five
hydrogen bonding interactions: Two hydrogen bonds
between terminal hydroxyl group of hydroxamic acid and
‘O’ of ionized Glu406 (O.....O, 2.6837 Å and 2.603 Å), a
single hydrogen bond between NH of hydroxamic acid
group and carbonyl ‘O’ of Gly349 (O.....N, 2.723 Å), and
‘O’ of linker sulfonyl group with NH of Leu348 (O.....N,
2.835 Å). A single hydrogen bond is also between terminal
hydroxyl and carbonyl ‘O’ of Val440 (O.....O, 3.034 Å).

Docking based alignment: deriving the bioactive
conformations

CoMFA and CoMSIA are mainly based on alignment of
molecules having common scaffold. In order to get reliable
results molecules were aligned with their corresponding
probable bioactive conformations. To derive the appropriate

Fig. 2 Superposition of crystal ligand and Glide predicted best
docked conformation of inhibitor molecule B; red, crystal ligand;
green, docked conformation

Fig. 3 Docking interactions of
molecule ANT12 with active
site amino acids of TACE
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bioactive conformations, all ANTs were docked with TACE
crystal structure using Glide. The correlation plot between
biological activity (pIC50) value and glide docking score is
shown in Fig. 4 which showed the correlation (r2) of
0.4821. Finally, best docked conformations of all molecules
were selected for alignment on the basis of Glide docking
score and manual inspection. Alignment of all ANT
molecules is shown in Fig. 5.

CoMFA and CoMSIA studies

From the total set of 57 ANTs, a training set of 41
molecules was used for model generation. An external
test set of 16 molecules having structural variation and
covering whole ranges of activity was used to validate
generated models. CoMFA model was developed using
CoMFA steric and electrostatic fields whereas CoMSIA
models using steric, electrostatic, hydrophobic, H-bond
acceptor and H-bond donor properties as independent

variables, and ligand pIC50 as dependent variables. The
statistical parameters associated with both models are
shown in Table 1.

The leave-one-out (LOO) partial least squares (PLS)
analysis of generated CoMFA model yielded excellent
q2 value of 0.743, and group out cross validation also
yielded good correlation coefficient (rcv

2) of 0.762. Cross
validated correlation coefficients are used as a measure of
reliability of prediction. Subsequently, conventional sta-
tistics were computed using previously obtained ONC
value of 5, resulting conventional correlation coefficient
(r2) of 0.983 and F-value of 402.811 with a standard error
of estimate (SEE) of 0.070. These conventional statistical
measures indicate the goodness of fit of the QSAR model.
The predicted pIC50 values for each training set com-
pound are given in Table 2 (supporting information). The

Fig. 4 Correlation graph
between biological activity
(pIC50) and glide docking score

Fig. 5 Superposition of all ANT molecules with common scaffold

Table 1 Summary of CoMFA and CoMSIA studies

Features CoMFA CoMSIA

Number of compounds 57 57

Optimum number of components (ONC) 5 6

Leave one out cross validation (q2) 0.743 0.777

Standard error of prediction (SLoo) 0.271 0.256

Group cross validated r2 (rcv
2) 0.762 0.793

Conventional r2 0.983 0.991

Standard error of estimate (SEE) 0.070 0.050

F value 402.811 655.610

Steric contribution 0.667 0.180

Electrostatic contribution 0.333 0.303

Hydrophobic contribution - 0.161

H-bond donor contribution - 0.168

H-bond acceptor contribution - 0.189

Bootstrap r2 (rboot
2) 0.990 0.995

Standard error of estimate (Sboot) 0.051 0.037

Test set r2 (rpred
2) 0.862 0.871

J Mol Model (2011) 17:9–19 13



relationship between the CoMFA predicted and experi-
mental pIC50 values of training set molecules are shown
in Fig. 6a.

CoMSIA is an alternative molecular field analysis
method to CoMFA. It is tought to be less affected by
changes in molecular alignment and provides smoother
and interpretable contour maps as a result of employ-
ing Gaussian type distance dependence with the
molecular similarity indices. CoMSIA was generated
using combinations of the following descriptor fields:
Steric, electrostatic, hydrophobic, H-bond donor and H-
bond acceptor. These descriptors illustrate various
properties into spatial locations where they play a
decisive role in determining the biological activity. The
statistical details of CoMSIA model are summarized in
Table 1.

The best model has q2=0.777, rcv
2=0.793, F-value=

655.610, SEE=0.050 and conventional r2=0.991 (six
ONC). Final predicted pIC50 values of training set
molecules with CoMSIA model and their residuals are
given in Table 2 (supporting information). The experimental
activities versus predicted activities in the training set by
CoMSIA model are shown in Fig. 6b.

Validation of QSAR models

The validation of QSAR models, which reproduce very
well the experimental activity of the training set, was
subjected to investigate whether the activity of ANT
derivatives can be predicted well with these models. A
very important test for the predictability of a QSAR
analysis in drug design process is to check ability of model
to predict the biological activity of compounds that have
not been included in the training set. The predicted verses
experimental activity values for the test set are depicted in
Fig. 7. Correlation between experimental and predicted
activities was calculated for test set compounds (rpred

2)
according to the formula suggested by Cramer et al. [36].
The prediction powers of CoMSIA model (rpred

2=0.871)
and CoMFA model (rpred

2=0.862) are comparable. Overall,
our models exhibited high precision both in regular cross
validation and in prediction of activity of test set molecules.

Three dimensional contour map analysis

Contour maps were produced to envision the information
content of derived CoMFA and CoMSIA models. The field

Fig. 6 a Distribution of experi-
mental and predicted pIC50

values for training set
compounds according to
CoMFA analysis. b Distribution
of experimental and predicted
pIC50 values for training set
compounds according to
CoMSIA analysis
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energies at each lattice point were calculated as the scalar
results of the coefficient and the standard deviation associated
with a particular column of the data table (stdev * coeff) was
plotted as the percentage of the contribution to CoMFA or
CoMSIA equation. Stdev * coeff contour plots of CoMFA and
CoMSIA for different properties are illustrated in Figs. 8, 9,
10, 11, 12, 13, 14. In these snapshots the most active

compound ANT12 is shown in the background as the
reference compound. The contour plots help in identifying
important regions where any change will subsequently affect
the binding preference. Furthermore, they would be helpful
in establishing the important features (pharmacophore)
contributing to activity and relating them with interactions
between the ligand and the active site of receptor.

Fig. 7 a Distribution of experi-
mental and predicted pIC50

values for test set compounds
according to CoMFA analysis. b
Distribution of experimental and
predicted pIC50 values for test
set compounds according to
CoMSIA analysis

Fig. 8 Contour map of CoMFA steric region for molecule ANT12;
green, favored; yellow, disfavored

Fig. 9 Contour map of CoMFA electrostatic region for molecule
ANT12; blue, favored for electropositive groups; red, disfavored for
electronegative groups

J Mol Model (2011) 17:9–19 15



CoMFA contours

The steric contours derived from inhibitory data of ANT
derivatives using CoMFA is displayed in Fig. 8. The areas
indicated by green color correspond to regions, where
presence of bulky steric groups is favored and should
enhance TACE inhibitory activity of molecule. In contrast,
the areas indicated by yellow isopleths correspond to
regions where occupancy of steric groups is unfavorable
and should be avoided. In Fig. 8 for the highest active
molecule ANT12, favorable green isopleths are present
close to N-substitution, the 3rd and 5th position of phenyl,
and also at the terminal long steric chain attached to
benzene sulfonyl ring. On the other hand the unfavorable
yellow isopleth is covering over N-substitution and the 3rd
position of phenyl ring. Additionally, a small yellow
isopleth is also present near 3rd position of phenyl ring.
Accordingly, in the highest active molecule its methyl
substituent at ‘N’ atom, a long chain attached to the 4th
position of benzene sulfonyl, bromine and methyl substituent
at the 5th and 3rd position of phenyl respectively, orient
toward favorable green isopleths. Positioning of both yellow
and green isopleths over ‘N’ substitution and the 3rd position

of phenyl ring shows that size of substituent at this position is
very crucial for inhibitory activity of molecules.

The molecules like ANT27, 29, 31, 32, 33, 34, 35, 39,
40, 41, 42. and 43 with bulkier substitutions at linker ‘N’
atom have lowered activities because bulky substituent at
this position are pointed toward sterically unfavorable
yellow isopleths and may be causing steric repulsions with
active site amino acids. In low active molecules ANT46,
47, 48, 49, 50, 52, 53, 54, 56. and 57 bulkier steric group
present at the 3rd position of phenyl ring is pointed toward
sterically unfavorable yellow isopleth. Green isopleth
present close to the 5th position of phenyl ring shows
favor of the steric group at this position. In highly active
compounds ANT3, 5, 7, 8, 13, 20, and 38 sterically
favorable bromine group is present at the 5th position of
phenyl ring and sterically bulkier chain attached to the 4th
position of benzene sulfonyl group is also pointed toward
sterically favorable green isopleth.

Electrostatic field contour map of CoMFA analysis is
shown in Fig. 9. All compounds correctly positioned their

Fig. 13 Contour map of CoMSIA hydrogen bond acceptor region for
molecule ANT12; purple, favored; red, disfavored

Fig. 12 Contour map of CoMSIA electrostatic region for molecule
ANT12; blue, favored for more electropositive groups; red, disfavored
for less electropositive and favored for more electronegative groups

Fig. 11 Contour map of CoMSIA hydrophobic region for molecule
ANT12; yellow, favored; white, disfavored

Fig. 10 Contour map of CoMSIA steric region for molecule ANT12;
green, favored; yellow, disfavored
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polar moieties according to distribution of CoMFA electro-
static favorable (blue) and unfavorable (red) regions. Thus,
more electropositive substituent are predicted to be favored
(blue) around the long stretch of terminal steric chain and at
N-substitution whereas more electronegative substituent are
predicted to be favored (red) around the C-4 position of
steric chain and in the region close to carbonyl ‘O’ of
hydroxamic acid. In Fig. 9, the presence of red isopleths near
to carbonyl ‘O’ of hydroxamic acid and OH at terminus of
steric chain (but-2-ynyl) indicates that the electronegative
group is favorable at these positions whereas electropositive
groups in blue isopleths. In the highest active molecule but-
2-ynyl group is attached to etheral ‘O’, and–CCCH2OH
group is strong electron withdrawing in nature therefore may
cause electron deficiency over the carbon attached next to
etheral ‘O’ atom. Due to this positive charge favoring blue
region is present at this position.

CoMSIA contours

Steric and hydrophobic

The steric contour plot of CoMSIA is displayed in Fig. 10.
Three green and one yellow contour of CoMSIA steric map
can be well compared with steric contour maps of CoMFA.
It signifies that these isopleths are essentially required for
the steric interactions with receptors active site amino acids.
Figure 11 shows the hydrophobic contour maps of CoMSIA
analysis in which yellow favorable isopleths indicates
favorable and white isopleths indicate disfavorable regions
for hydrophobic groups in respective regions.

In the most active molecule ANT12, a yellow isopleths
present near the 5th position of phenyl group favors the
presence of the hydrophobic group at this position. In
compounds ANT2, 3, 5, 7, 8, 15, 38, and 51 the favorable
hydrophobic group is also present at the same position.
Low activity of molecules ANT29, 31, 33, 34, 35, 39, and
40 is due to the presence of hydrophobic groups oriented

toward unfavorable white isopleths. A large white isopleths
embedded in phenyl ring shows the favorable hydrophilic
group at this position and this can be explained on the basis
of the resonance of carbonyl group with phenyl ring which
make the ring polar and favors the positioning of phenyl
and carbonyl group at this position for activity.

Electrostatic contours

The electrostatic contours of CoMSIA in Fig. 12 shows that
the pattern of electropositive favorable blue and electro-
negative favorable red regions can be well compared with
that of the electrostatic contour maps of CoMFA shown in
Fig. 9. The presence of a similar pattern of electrostatic
isopleths in CoMFA and CoMSIA indicates that electro-
static interactions between active site amino acids of TACE
and substituents present in these regions is important for the
inhibitory activity of ANTs.

H-bond acceptor and donor contours

Figure 13 depicts the contour plots of H-bond acceptor
field. Purple isopleths favors the positioning of the
hydrogen bond acceptor group in these regions whereas
red isopleths disfavored the presence of H-bond acceptor
groups. In Fig. 13 purple isopleth is present near the HBA
favoring ‘O’ of sulfonyl group. This group is also proved
as a H-bond acceptor in docking studies and formed H-
bond with Leu348 acting as H-bond acceptor. One purple
isopleths is also present near C-4 position of the steric
chain and indicates that the HBA group favors in this
region like in molecules ANT3 and 13. Two large red
isopleths are present over ‘N’ substitution (molecules
ANT22, 26, 39, 41, and 42) and the 3rd position of
phenyl group (molecules ANT30, 47, 49, and 50)
indicates that the H-bond acceptor group is disfavored in
these regions.

The graphical interpretation of the field contributions
of H-bond donor is shown in Fig. 14. Cyan contour maps
define that position of the H-bond donor group within
ligand will be advantageous for binding purposes. For the
highly active molecule ANT12 cyan isopleths visible near
NH and OH of hydroxamic acid group indicates the
favorable H-bonding involving these groups. In the
docking study both groups present in the highly active
molecule act as H-bond donors and formed hydrogen bond
interactions with carbonyl ‘O’ of Gly349 and ionized ‘O’
of Glu406.

Comparison of CoMFA, CoMSIA and docking analyses

In order to verify the reliability of 3D QSAR models,
CoMFA and CoMSIA models have been compared with

Fig. 14 Contour map of CoMSIA hydrogen bond donor region for
molecule ANT12; cyan, favored; purple, disfavored
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results of docking analysis. Both CoMFA and CoMSIA
steric contours proved to match with TACE 3D topology,
suggesting steric interactions are important at N-
substitution, the 3rd and 5th position of the phenyl ring.
The small substituent is favored at the 3rd position of
phenyl ring because a small cleft is formed by Thr347,
Met345 and Ile438 amino acids, so if the too bulky
substituent is present at the same position it may cause
the steric clashes with the pocket amino acids. The
substituent at the 5th position of phenyl ring is placed
within the cleft formed by Val314, Lys315 and Leu350
amino acids so if the bulkier groups are placed at the 5th
position they may cause the steric clashes with the said
amino acids, so the small substituents are favored at the
same position. Optimal sized substituents are also favored
at the N-position because too bulky substituents may cause
the steric hindrance with the side chains of Pro437, Ile438,
Tyr390, Asn389, and Met345 amino acids. Comparison of
both analyses also showed that a bulkier chains/group
attached to central benzene ring is very important for
activity and to occupy the pocket of the enzyme deep
inside. This hydrophobic pocket is composed of Val434,
Val440, Leu401, Glu398, Val402, Ala439, and Leu348
amino acids and occupancy of this pocket is very
important for the inhibition of the TACE. Therefore,
the bulky hydrophobic groups at the terminal end of the
central benzene ring are favorable for the activity of
molecules. Donor and acceptor maps confirm the
importance of formation of H-bonds between NH of
ligand and carbonyl ‘O’ of Gyl349, hydroxamic acid OH
of ligand and ionized ‘O’ of Glu406, and also between
sulfonyl ‘O’ of ligand and NH of Leu348 (Fig. 3).
Electrostatic property maps are well compared with the
docking interactions. The electronegative group present at
the terminus of the steric chain is important which is
proved by the presence of the H-bond between ligand and
Val440 at the same position. Presences of electropositive
groups at N-substitution and the 5th position of phenyl
ring are also important. Hydrophobic property contour
maps are also well compared with docking interactions.
The presence of hydrophobic group at the 5th position of
phenyl ring is found to be important which is proved by
the presence of a chloro group at the same position in the
case of molecule ANT12. In the case of other molecules
bromo, methyl and phenyl groups are also present which
explain the statement.

Concluding remarks

The 3D-QSAR field contributions showed good correlation
with 3D topology of TACE. CoMFA and CoMSIA analyses
highlighted the important features impacting the inhibitory

activity of molecules. On the basis of the present study it
can be concluded that:

➢ Both analyses showed the importance of bulky
steric chain at the 4th position of benzene sulfonyl
group to occupy the pocket of enzyme deep inside.
➢ Small steric substitutions at linker ‘N’ atom, the 3rd
and 5th positions of phenyl ring are shown to be
favorable but not the large ones (optimal size).
➢ The CoMSIA hydrophobic map points out the
beneficial presence of small hydrophobic substitutes at
the 5th position of phenyl ring and unfavorable
presence of large hydrophobic groups at the linker
‘N’ position because the large group at this position
may feel steric clashes with active site amino acids.
➢ Contour maps showed the importance of H-bond
donor and acceptor groups and the presence of their
respective positions also. Contributions of all fields are
also well correlated with docking analysis.

In the future information elaborated by these models can
be exploited to design new TACE inhibitors with improved
potency and to predict their activity prior to synthesis.
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