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Theoretical conformational studies have been carried out at the density functional (DFT)
level of theory on paraoxon (O,O-diethyl-O-p-nitrophenylphosphonate) to correlate its
conformational and enzyme inhibition properties. The aqueous solvation of the various con-
formers has been studied at the DFT level using polarized continuum model with conductor-like
solvation approach. The results show that paraoxon has high conformational flexibility in
aqueous medium, although in gas phase the molecule is less flexible. The barriers to transi-
tion to different low-energy conformers in aqueous medium are thermally accessible. The
molecular electrostatic potential surfaces of the various low-energy conformers of this mole-
cule have been compared with the related enzyme-bound organophosphorus structures to
investigate the role of the calculated conformers on the biological activity of this molecule.
Keywords: Paraoxon; Diethyl-4-methylbenzylphosphonate; Phosphotriesterase; AeCXE1 in-
hibitors; B3LYP functional; MEP; Conformation analysis; DFT calculations.

Paraoxon (O,O-diethyl-O-p-nitrophenylphosphate) is an acetylcholin-
esterase (AChE) inhibitor. This organophosphorus (OP) compound is the
active metabolite of the insecticide parathion (O,O-diethyl-O-p-nitro-
phenylphosphorothiolate). In fact, the metabolic activation of parathion in
mammals involves CYP450-mediated oxidative desulfuration to paraoxon
(PO) and subsequent detoxification by CYP450-mediated dearylation to
produce the major metabolite p-nitrophenol1–3. PO is electrophilic in char-
acter and phosphorylate the serine hydroxyl group located in the active site
of AChE. The balance between desulfuration of parathion and dearylation
of PO can result in very different level of AChE inhibition4.

The nature of PO binding to AchE 4,5 has prompted several experimental
and theoretical studies involving their complexes with plant carboxyl-

Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 10, pp. 1245–1260

Probing the Active Conformers of Paraoxon 1245

© 2008 Institute of Organic Chemistry and Biochemistry
doi:10.1135/cccc20081245



esterase6 (AeCXE1) and phosphotriesterase7–9 (PTE). Earlier research on ani-
mal carboxylesterases has led to the classification of such enzymes in four
different classes depending on their nature of interactions with OP com-
pounds10,11. According to this classification, PTE belongs to the group of
enzymes, which are inhibited by OP while AeCXE1 belongs to the class
where OP is hydrolyzed. In the case of AeCXE1, OP molecules act as sub-
strate through binding with the serine residue inside the active cavity of
the enzyme. On the other hand, in the case of PTE enzyme, the OP inhibi-
tion mechanism involves its occupation of a site near the binuclear metal
center (Zn) with the phosphoryl oxygen of the substrate situated at ~3.5 Å
from the solvent exposed zinc ions7–9. In fact PO (or their inhibitors) is
used as a substrate for such enzymes to model their active site6,7. The PTE
from pseudomonas diminuta catalyzes the hydrolysis of PO with a very
high turnover number12. The crystallographic studies of the interaction of
PTE with diethyl-4-methylbenzylphosphonate (DEMBP, a typical inhibitor,
closely related to PO)7 generated a reliable description of the orientation of
the substrate inside the active cavity – although the hydrolysis mechanism
proposed by the authors needed modification from recent theoretical obser-
vations8,9. The crystallographic studies on the interaction of AeCXE1 with
PO 6, on the other hand, has indicated that this OP molecule binds cova-
lently to the active serine site, Ser-169, through the phosphate group. The
binding mimics the first tetrahedral intermediate of the carboxylesterase
reaction mechanism.

The understanding of the conformational aspects of PO in gas phase (low
dielectric medium) as well as in aqueous medium (high dielectric medium)
is quite important to understand its carboxylesterase inhibition property.
The connection comes from the structural nature of the PTE/AeCXE1 active
site6,7. The X-ray crystallographic studies characterize the active sites of
these enzymes as narrow gorge composed of several amino acid residues.
Thus, when PO enters the gorge for inhibition reaction, it will experience a
dielectric change in the medium. Since the conformational properties of a
solute are strongly affected by the change of dielectric constant of the me-
dium, this effect will naturally have an influence in controlling the biologi-
cal activity of PO. Moreover, the conformational properties of PO,
responsible for the inhibition of such enzymes, could be used to interpret
their activity towards cholinesterase (AChE) inhibition.

In view of the less available information on the conformational
properties of PO connecting their biological activities, we have carried out ab
initio quantum mechanical calculations of the rotational barriers and
conformational equilibrium in this molecule. The conformational studies
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have been carried out at the density functional (DFT)13 level of theory. The
hydration effect on the different conformers is taken into account through
the polarized continuum calculations using conductor-like solvation
(CPCM) model14 at the DFT level. The present theoretical investigations in-
volve the quantum mechanical evaluation of the thermodynamic proper-
ties and barriers for the conformational transitions of the molecule so that
the feasibility of occurrence of a particular conformer could be understood.
We have generated the molecular electrostatic potential (MEP) surfaces of
the various low-energy conformers of this molecule and compared them
with the PTE/AeCXE1 inhibitor-bound structures to find the role of the cal-
culated conformers on the biological activity of this molecule.

METHODS OF COMPUTATION

Figure 1A shows the structure of PO. The structure indicates that the tor-
sions governing the potential energy surface (PES) of this molecule are
more than two (τ1, τ2, τ3, τ4, τ5 and τ6). Thus straightforward geometry opti-
mization will not be able to locate the probable local minima of this mole-
cule on the PES.

In order to locate the local and global minima, the (τ1, τ2) sections of the
gas-phase PESs of PO were initially mapped by partial geometry optimiza-
tion, in which the torsion angles τ1 and τ2 were kept constant and other de-
grees of freedom were relaxed. In these calculations, τ1, and τ2 were varied
in 60° intervals. The low-energy geometries were calculated by full geometry
optimizations started from the structures selected on the basis of PES. The
partial and full geometry optimizations were carried out at the DFT level.
The DFT calculations have used Becke’s three-parameter functional15 to-
gether with the local correlation part by Vosko et al.16 and the non-local
part by Lee, Yang and Parr17 (in short B3LYP). The nature of the stationary
points has been evaluated by subsequent calculation of harmonic vibra-
tional frequencies. The rotational transition states connecting two low-
energy conformers have been calculated using quadratic synchronous tran-
sit (QST2) method18 at the DFT/B3LYP level and are characterized by single
imaginary frequency.

Solvation free energies (∆Gsolv) were calculated at the DFT/B3LYP level us-
ing CPCM model14. The ∆Gsolv values were calculated in aqueous contin-
uum (ε = 78.39) and the molecular cavities were built using the UAHF
(united atom for the Hartree–Fock) procedure, as used in CPCM. In princi-
ple, the free energy surfaces are determined by rigorous combination of free
energy perturbation/umbrella sampling approaches19,20. These surfaces are
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very rigorous as they reflect non-equilibrium solvation. However, such cal-
culations are very challenging when performed within ab initio framework.
Thus a more practical simplified approach has been adopted in our study.
The relative free energies (∆G) are determined as21

∆G = ∆Hgas
298 – T∆S – RT ln ω + ∆∆Gsolv ≈ ∆Ggas

298 + ∆∆Gsolv . (1)

In Eq. (1), ∆Hgas
298 is enthalpy at 298 K, ∆S is the gas-phase entropy, ∆Ggas

298

is the Gibbs free energy at 298 K and ∆∆Gsolv is the relative free energy of
solvation. The contribution of the term RT ln ω is zero, as the electronic de-
generacy term, ω, for the singlet state is unity. The ∆G values are used to
calculate the relative population of various conformers of PO in aqueous
medium.
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FIG. 1
Schematic representations of the structures of paraoxon (A), DEMBP (B), and DEP-fragment (C)
indicating different torsion angles (τi). The torsion angles of DEP are defined in such a way
that they could be compared directly with paraoxon



Since the molecules are much more floppy in solution than in the gas
phase, we have used another definition of free energy (∆gflex) to compare
the intrinsic flexibility of different conformers, when embedded in aqueous
medium. This is the practical implementation of the more general expres-
sion used by Warshel and coworkers21,22. The ∆gflex could be expressed as

∆gflex = ∆Esolute + ∆ZPE + ∆∆Gsolv – αT∆S . (2)

The ∆Esolute and ∆ZPE in Eq. (2) are the relative gas-phase energy separations
and the zero-point energies of the various conformers. The scale factor α is
usually taken as zero22 and the expression (2) could be simplified as

∆gflex = ∆H gas
0 + ∆∆Gsolv . (3)

All the terms in Eqs (1) and (3) are available from the thermochemical analy-
ses based on statistical mechanics expressions utilizing the ideal gas, rigid
rotator, and harmonic oscillator approximations23.

The electrostatic properties of the various low-energy conformers of PO
have been compared using the molecular electrostatic potential (MEP) sur-
faces generated on the isodensity surfaces of the respective conformers. The
generated MEP surfaces have been also compared with the MEP surfaces of
DEMBP (Fig. 1B) bound inside the cavity of PTE. The MEP surfaces of the
cavities of PTE and AeCXE1 were also generated from their respective crys-
tal structures and used to find the probable nature of electrostatic fit of the
low-energy conformers of PO inside the cavity.

The calculations have been carried out at the 6-31++G(d,p) basis set level
using Gaussian03 code24. The molecular graphics and the MEP surfaces
have been generated using GaussView 25 and MOLEKEL 26,27 softwares, re-
spectively.

RESULTS AND DISCUSSION

Conformation of Paraoxon

The results of energy calculations on different low-energy conformers of
paraoxon are presented in Table I (DFT/B3LYP level). The conformational
properties of paraoxon are oriented around the six torsion angles as de-
picted in Fig. 1A. The torsion angles τ1 and τ2 control the orientation of the
nitrobenzene ring with respect to the P atom while the τ3, τ4, τ5, and τ6 con-
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trol the orientation of the two ethoxy groups with respect to the P atom.
Thus all of these six dihedral angles are needed to define a biologically ac-
tive paraoxon conformer. For simplicity we have termed the low energy
conformers in terms of the torsion angles τ1 and τ2 (Table I) and the orien-
tation of these torsion angles is further characterized as gauche (g), eclipsed
(e) and trans (t). This convention has been used throughout the paper. The
torsion angles τi (i = 1–6) corresponding to all the low-energy conformers of
paraoxon are available in Table II. The energetics and the important geo-
metric features (in terms τi, i = 1–6) of the calculated transition states, con-
necting the conversion of the different low-energy conformers, are shown
in Tables I and II, respectively.

The gas-phase results (in terms of ∆H gas
0 , Table I) show that there are six

possible low-energy conformers of paraoxon and three of them are within
1 kcal/mol energy separation. The lowest energy conformer is g–t. Figure 2
shows the energy profiles of the low-energy conformers of paraoxon. These
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TABLE I
Calculated relative stabilities (kcal/mol) of the various low-energy conformers of paraoxon
in the gas phase (DFT/B3LYP/6-31++G(d,p) level) and in aqueous medium. Calculated dipole
moments (µ, D) of the various low-energy conformers in the gas phase are also included

Conformer (τ1, τ2) ∆H gas
0 b ∆H298 c ∆G298 c ∆∆Gsol

d ∆G e ∆gflex
f µ

g–t (–35.0, 175.4) 0.00 0.00 0.00 0.00 0.00 0.00 6.47

et (148.5, 175.4) 0.02 0.01 0.06 0.01 0.07 0.03 6.43

e–g (–146.3, 75.3) 0.67 0.51 1.37 –0.21 1.16 0.46 4.73

gg (80.8, 35.9) 1.31 1.31 1.61 –0.80 0.82 0.52 6.50

e–g– (–16.1, –42.9) 1.76 1.78 1.82 –1.50 0.32 0.27 4.73

tg– (164.8, –42.9) 1.76 1.78 1.81 –1.50 0.32 0.27 4.73

TS1 (tg– → g–t) 3.39 2.91 4.64 –1.08 3.56 2.31 –

TS2 (e–g– → g–t) 3.42 2.96 4.25 –1.39 2.87 2.03 –

TS3 (g–t → gg) 1.30 0.80 2.56 –0.59 1.97 0.71 –

TS4 (e–g– → et) 1.70 1.21 2.12 –0.28 1.84 1.42 –

TS5 (e–g– → gg) 1.60 1.01 2.92 –0.82 2.10 0.77 –

a Classification of stationary points are based on the gas-phase potential energy surface.
Transition states are denoted by TS. b ∆H gas

0 = ∆Egas + ∆ZPE. c ∆H298 and ∆G298 are the relative
gas-phase enthalpies and free energies at 298 K. d ∆∆Gsolv is the relative solvation energy cal-
culated at the B3LYP/CPCM level. e ∆G = ∆G298 + ∆∆Gsol.

f ∆gflex = ∆H gas
0 + ∆∆Gsol (see the

text for details).



Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 10, pp. 1245–1260

Probing the Active Conformers of Paraoxon 1251

TABLE II
Important geometric featuresa (torsion angles (τ, °) and bond distances (r, Å)) of the various
low-energy conformers of paraoxon and the transition states (TS) connecting these conform-
ers (DFT/B3LYP/6-31++G(d,p) level). Geometric features of DEMBP conformers (bound to the
active cavity of PTE) and diethylphosphonate (DEP) fragment (bound to AeCXE1) are also
presented for comparison

Molecule
Conformers/
TSd τ1 τ2

e τ3 τ4 τ5 τ6
r(C1–O)/
r(C1–C)f

r(O–P)/
r(C–P)f

Paraoxon g–t –35.0 175.4
(–79.0)

–83.6 –166.7 168.9 –166.7 1.384 1.63

et 147.7
175.6
(–78.7)

–83.4 –166.1 168.1 –163.1 1.384 1.63

e–g –146.3
75.3
(–178.5)

–162.2 –91.5 90.8 –93.3 1.378 1.628

gg 35.5
81.0
(–173.4)

107.3 –154.5 177 –171.9 1.381 1.629

e–g– –16.1
–42.9
(–62.8)

–86.3 –162.8 168.9 –170.5 1.378 1.628

tg– 164.8
–42.9
(62.9)

–86.3 –162.8 168.9 –170.5 1.378 1.628

TS1 67.0
–9.4
(–115.4)

–87.1 –165.7 167.8 –169.3 1.381 1.629

TS2 –67.8
–0.8
(–106.5)

–88.2 –165.7 176.9 –174.1 1.381 1.628

TS3 23.6
105.7
(–149.6)

–94.8 –164.5 –179.6 –172.6 1.381 1.629

TS4 41.4
68.7
(174.9)

–114.3 –157.2 130.6 –123.7 1.381 1.636

TS5 44.5
175.3
(66.6)

–141.4 –157.2 130.6 –123.7 1.381 1.636

DEMBPb 1 –78.8
–67.6
(35.6)

–131.2 –142.7 112.0 155.3 1.533 1.612

2 –93.7
–59.9
(49.4)

126.0 144.7 94.6 –170.5 1.535 1.620

3 –92.8
–70.7
(35.0)

–39.3 –127.2 164.5 –101.3 1.520 1.608

4 –80.0
–71.3
(35.6)

–45.8 –107.0 164.4 111.2 1.540 1.601

DEPc – – 131.2 –124.9 176.9 156.1 – 1.787

a Refer to Fig. 1 for the definition of the geometric parameters. b Ref.7 c Ref.6 d Refer to Table I
for the definition of the TS. e The τ2 values within parentheses refer to the torsion angle us-
ing O1′ (refer to Fig. 1 for definition of atom numberings). f The parameters specify distances
in DEMBP conformers (Fig. 1B).



low-energy conformers are connected through transition states (Fig. 2,
Table I) with energy barriers within 4.0 kcal/mol. This indicates that the
transitions between the various low-energy conformers of paraoxon are
thermally allowed in the gas phase.

The et and e–g conformers have very small energy separation with respect
to the minimum energy conformer (g–t). The three other conformers, viz.,
gg, e–g–, and tg– are quite high-energy conformers in the gas phase (Table I).
The calculation of ∆G298 values (Table I) shows that the free energy separa-
tions of these conformers are further increased and only g–t and et could be
the feasible conformers in the gas phase. As it could be seen from Table II,
the nitro group at the para position creates a slight shortening of the C1–O
bond length (due to conjugation) with respect to the standard single C–O
bond length (1.43 Å). This causes restriction in the τ1 rotation and conse-
quently a few low-energy conformers are feasible in the gas phase.

The low-energy conformers of paraoxon have quite high dipole moments
and as a result, they are expected to be solvated in aqueous medium. The
calculated relative free energy of solvation (∆∆Gsolv) contributes quite signifi-
cantly towards the free energy separations (∆G, Table I) of the conformers
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FIG. 2
Calculated energy profiles are presented for the transformations of the various low-energy con-
formers of paraoxon in the gas phase (in terms of ∆Hgas

0) and in aqueous continuum (in terms
of ∆gflex). The conformers and the transition states (TS) are subscripted with ‘s’ for the energy
profiles due to aqueous solvation



in the aqueous medium and several low-energy conformers are finitely pop-
ulated because of the low ∆G (∆G298 + ∆∆Gsolv) separation with respect to
the global minimum energy conformer (g–t). Although the dipole moment
values of the different conformers show that they are soluble in aqueous
medium, the magnitudes of ∆∆Gsolv in CPCM model are dependent on the
solvation charges, and total electrostatic potential generated by the solute
nuclei and electrons14. The nonelectrostatic interaction energy parameters,
viz., cavitation, dispersion and repulsion, also contribute significantly to-
wards ∆∆Gsolv term14,28. In the case of paraoxon conformers the nonelectro-
static contribution towards ∆∆Gsolv does not differ much, but the electro-
static contributions are higher for the conformers with higher energy
separations in the gas phase. As a result the calculated ∆G (∆G298 + ∆∆Gsolv)
(Table I) and ∆gflex show reduced energy separation between the conformers
due to aqueous solvation. It is to be mentioned in this connection that the
uncertainty in the estimation of ∆G (and ∆gflex) is ~0.7 kcal/mol 22 and thus
for conformers with very low-energy separations (which is also the case of
paraoxon), the results should be treated in a qualitative sense.

Figure 2 also represents the ∆gflex profiles for the transitions of the various
low-energy conformers in aqueous medium. The highest barrier for tg– ↔ g–t
transition (TS1) as determined by the relative free energy (∆G298) of TS1
structure is 4.64 kcal/mol in the gas phase. This barrier reduces to 2.31 kcal/mol
during aqueous solvation. The ∆gflex and ∆G values of the transition states
(Table I) indicate that the barrier heights of all the transitions between dif-
ferent conformers are, in fact, decreased due to solvation. These barriers are
thermally accessible and the transitions between the different low-energy
conformers of paraoxon are feasible in aqueous medium.

Effect of the Low-Energy Conformers on the Biological Activity

It is generally believed that the substrates inside the enzyme cavity does not
usually retain its lowest energy conformation during binding and adapts a
shape, which is feasible for such binding. Questions may then arise regard-
ing the justification of studying the low-energy conformers of paraoxon to
interpret its biological activity. While entering the cavity, the substrate defi-
nitely remains in its low-energy conformational space (depending on the
dielectric of the medium). It adopts a specific active conformation during
the binding process. Thus for most of the cases, the role of the low-energy
conformers of a substrate in correlating biological activity lies in the feasi-
bility of generating the active conformer29,30. If a particular low-energy con-
former is itself the active one, then, of course, the correlation is more
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direct31. The simplest way to analyze the nature of such active conformer(s)
of paraoxon is to compare enzyme-bound substrate (paraoxon or its inhibi-
tor) conformation with the low-energy conformers of paraoxon. The pres-
ent section will represent such comparisons using the crystal structure data
of PTE...DEMBP 7 and AeCXE1...paraoxon6 complexes.

Comparison of the paraoxon conformers with PTE bound DEMBP. The crystal
structure of PTE bound DEMBP has been investigated at the pre-hydrolysis
stage of the inhibitor7. Since DEMBP has close structural relationship with PO, it
is worthwhile to compare their conformational topology to get an idea of the
active conformation(s) of PO. Four different conformers of DEMBP (Fig. 1B)
could be located in the crystal of this PTE bound inhibitor7. These conform-
ers are marked as 1, 2, 3, 4, and their important geometric features are
shown in Table II. The four active DEMBP conformers have some structural
similarities with PO conformers regarding the orientation of the phos-
phonate and the two ethyl groups. The orientation of the methyl-benzyl
part of DEMBP is not expected to show any similarity with the O-p-nitro-
phenyl part of PO. The similarity is also not that vital as they are the leav-
ing groups during enzymatic hydrolysis. It is only important to investigate
whether the aromatic part of any low-energy conformer of PO, like the aro-
matic part of DEMBP 7, could be accommodated inside the active cavity of
PTE with electrostatic complementarity of the MEP surfaces.

The comparison of structural similarities between the different conform-
ers could be carried out in a more efficient way through direct comparison
of their molecular topology and MEP surfaces. Figure 3 shows the compari-
son of the MEP surface topology of the low-energy conformers of paraoxon
(g–t, gg, e–g–, and tg–) with DEMBP-1 and DEMBP-2 (DFT/B3LYP/6-31++(d,p)
level). Our detailed structural topology analyses have indicated that g–t and
gg conformers of paraoxon show similar structural topology with DEMBP-1
regarding the orientations of the phosphonate and the two ethyl groups.
The e–g–, and tg– conformers bear similar relationship with DEMBP-2 in this
regard. The MEP surface comparisons, as shown in Fig. 3, are based on the
observations of molecular topology comparison. The MEP surfaces of the
respective conformers have been compared by keeping them at the same
relative orientations as obtained from molecular topology analyses, and it
could be observed that the g–t and gg conformers of paraoxon correlates
with DEMBP-1 quite well. The topology of the MEP surfaces of the e–g– and
tg– conformers also matches with DEMBP-2 but the correlation is not as
good as in the case of DEMBP-1. The striking feature of such analyses is that
we are locating the active conformers of paraoxon, which are related to
each other through low transition barrier in aqueous medium. Thus these
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FIG. 3
Comparison of the topology of the calculated MEP on the isodensity surfaces of paraoxon con-
formers (g–t, gg, e–g–, and tg–) with those of DEMBP-1 and DEMBP-2. The surfaces are drawn
from a maximum of 144.0 kcal/mol (blue region) to a minimum of –100.0 kcal/mol (red re-
gion). The different colored regions are drawn at an interval of ~24 kcal/mol and the color
transitions representing sift in magnitude of the MEP contour are according to the order of the
color chart as indicated in the picture



active conformers, if different from g–t conformer, could be generated from
this minimum energy (g–t) conformer.

A further in-depth analysis, in this respect, has been carried out by com-
paring the MEP surfaces of DEMBP and the low-energy conformers of
paraoxon bound inside the active cavity of PTE. Figure 4A represents the
MEP surface of the active cavity of PTE. The MEP surface has been derived
from the crystal structure of PTE (active cavity)...DEMBP complex as shown
in Fig. 4B. The active cavity of PTE contains several amino acid residues,
viz., His-55, His-57, Trp-131, His-201, His-230, Asp-232, Asp-233, Asp-254,
His-257, Leu-271, Asp-301, Phe-306, Tyr-309, Met-317 (ref.7). The main atoms
of these amino acid residues are terminated by hydrogen atoms to neutralize
the excess charges. The relevant MEP surfaces have been generated using
DFT/B3LYP/3-21G* wave functions. Figure 4C represents the MEP surface of
the active cavity of PTE with g–t conformer of paraoxon placed inside the
cavity. The orientation of this paraoxon conformer has been adjusted using
the information from Figs 3 and 4B. This comparison is qualitative but it re-
veals similar topological features of the PTE bound inhibitor (Fig. 4A). The
electrostatic complementarity of the aromatic part of PO conformer (g–t)
with those of the hydrophobic part of the cavity further shows that the
low-energy conformers of paraoxon could be accommodated inside the active
cavity at the pre-hydrolysis stage, and thus ascertaining their role as active
conformers.

Comparison of the paraoxon conformers with AeCXE1 bound paraoxon. The
crystal structure of AeCXE1 bound paraoxon6 shows that the inhibitor is
already hydrolyzed and the O-p-nitrobenzene part is released as p-nitro-
phenol. The diethylphosphonate (DEP) moiety is only residing within the
active cavity of AeCXE1 through bonding with Ser-169. Thus, one can only
compare the orientation of the phosphonate and the ethyl groups of the
bound complex with those of the different low-energy conformers of
paraoxon, but it would generate only partial information about the active
paraoxon conformer. Table II contains the important geometric features of
the DEP moiety (Fig. 2C) of the AeCXE1 bound complex6 and it shows that
the gg conformer of paraoxon has conformational similarity with this frag-
ment regarding the orientation of phosphonate and ethyl groups (from τi
values, i = 3–6, Fig. 1C). The lowest energy conformer (g–t) of paraoxon does
not show full compatibility with bound fragment from such τ-value consid-
erations. A further investigation on the MEP surfaces has been carried out
to ascertain the validity of such structural topology analysis.

Figure 5A shows the MEP surface (DFT/B3LYP/3-21G* level) of the active
cavity of AeCXE1 bond with DEP. The active cavity of AeCXE1 contains
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FIG. 4
Comparison of the topology of the calculated MEP on the isodensity surfaces of DEMBP-1 (A)
and paraoxon (g–t conformer) (C) bound inside active cavity of PTE. Figure 4B represents the
molecular structure of DEMBP-1 bound PTE from the crystallographic coordinates. See the text
inside for the details of amino acid sequences and the way of generating the MEP surfaces for
comparison of their topology. The MEP surfaces are drawn from a maximum of 55.0 kcal/mol
(blue region) to a minimum of –74 kcal/mol (red region). The different colored regions are
drawn at an interval of ~13.0 kcal/mol and the color transitions representing sift in magnitude
of the MEP contour are according to the order of the color chart as indicated in the picture



Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 10, pp. 1245–1260

1258 Ford-Green, Majumdar, Leszczynski:

FIG. 5
Comparison of the topology of the calculated MEP on the isodensity surfaces of DEP fragment
(bound to Ser-169 after paraoxon hydrolysis) (A), g–t (B) and gg conformers of paraoxon (C)
bound inside active cavity of AeCXE1. See the text inside for the details of amino acid se-
quences and the way of generating the MEP surfaces for comparison of their topology. The
MEP surfaces are drawn from a maximum of 55.0 kcal/mol (blue region) to a minimum of –74
kcal/mol (red region). The different colored regions are drawn at an interval of ~13.0 kcal/mol
and the color transitions representing sift in magnitude of the MEP contour are according to
the order of the color chart as indicated in the picture



Gly-92, Gly-93, Ser-169, Ala-170, Leu-222, Ile-230, Trp-231, Asp-276,
Met-278, His-306 amino acid residues6. The MEP surfaces of the active cavity
of AeCXE1 (with and without DEP bound to Ser-169) have been generated
by terminating the open main atom positions with hydrogen atoms. In
Figs 5B and 5C, the g–t and gg conformers of paraoxon are placed inside the
active cavity of AeCXE1 to generate the respective MEP surfaces
(DFT/B3LYP/3-21G* level). The relative orientations of these conformers,
with respect to that of DEP in Fig. 5A, have been obtained from informa-
tion of the molecular topology analyses. The comparison of the Figs 5A and
5B shows that they have similar MEP surface topology and the g–t and gg
fits inside the active of AeCXE1 with similar electrostatic complementarity
(with the active cavity of AeCXE1) like the complex in Fig. 5A.

CONCLUSIONS

The conformational properties of PO have been studied at the DFT/B3LYP
level in the gas phase as well as in aqueous medium to locate the low-
energy conformers of this molecule and to find correlation of these con-
formers with the observed PTE and AeCXE1 inhibition properties of this
molecule. Two low-energy conformers of paraoxon have been identified in
the gas phase. In aqueous medium, the molecule is more flexible and four
low-energy conformers with very low-energy separation have been located.
The MEP studies have been conducted on the active cavity of PTE bound
DEMBP (paraoxon inhibitor) and AeCXE1 bound PO (hydrolyzed form). A com-
parison of these MEP surfaces with those of the low-energy PO conformers
indicates that the active conformers are related to the g–t and gg conformers.
The results of these qualitative investigations could be used as a template to
understand the nature of AchE inhibition by paraoxon, as the enzyme cavity
of AchE has similar binding site for paraoxon (Ser-200) compared to AeCX1
(Ser-169). The AchE inhibition by paraoxon is the key factor for its toxicity
in living organisms and we shall address this problem in near future.
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