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Abstract:

Cholinesterases are among the most efficient enzymes known. They are divided into
two groups: acetylcholinesterase (AChE) involved in the hydrolysis of the neurotransimitter
acetylcholine, and butyrylcholinesterase (BChE) of unknown function. Several crystal
structures of the former have shown that the active site is located at the bottom of a deep and
narrow gorge. Human BChE has attracted attention because it can hydrolyze toxic esters and
nerve agents. Here we analyze the complexes of cholinesterase with soman by describing the
3D geometry of the complex, the active site, the changes happened through the inhibition and

provide a description for the mechanism of inhibition.

Soman undergoes degradation in the active site of the AChE and BChE. We calculate
the energy of the products of the degradation reaction and suggest the reaction path.

The product of the former reaction bind to serine residue in the active site and
forming a stable bond and ends the catalytic function of the enzyme.

This study has a useful role in the search of inhibitors to help in the treatment of

Alzahimer's disease.

Introduction

Cholinesterases are serine
hydrolyses which defined by their ability
to hydrolyze choline esters faster than
other substrates and by their inhibition by
physostigmine (a natural carbamate
alkaloid).

Cholinesterases are divided into
two subfamilies according to their
substrate and inhibitor  specificities,
acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE).

Acetylcholinesterase (AChE) plays
a fundamental role in regulating impulse
transmission in the central and peripheral
nervous systems. Its main function is to
terminate the action of the
neurotransmitter acetylcholine at the

cholinergic synapses and neuromuscular
junctions by hydrolyzing it to choline and
acetic acid.

AChE is responsible for the
hydrolysis of acetylcholine released at the
synaptic cleft and the neuromuscular
junction in response to nerve action
potential [1,2]. In addition, both AChE and
BChE seem to be involved in many roles
that are independent of their catalytic
activities, such as cell differention and
development [3-5] and the approaching
diffusion controlled rates [6].

The physiological role of BChE
remains unclear [7-9] although it is
capable of hydrolyzing Ach and other
acylcholines, so far no endogenous natural
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substrate has been described for this
enzyme. Because BChE is relatively
abundant in plasma (about 3mg/Liter) and
can degrade a large number of ester-
containing compounds it plays important
pharmacological and toxicological roles
[10,11]. For instance BChE is a potential
detoxifying enzyme to be used as a
prophylactic scavenger against neurotoxic
organophosphates such as the nerve gas
Soman [12-18].

AChE and BChE share 65% amino

acid sequence homology and have similar
molecular forms and active center
structure despite being products of
different genes on human chromosomes
[19]. In the past two decades AChE has
been the focus of intense researches aimed
at the discovery of efficient inhibitors in
view of their use in treating Alzheimer's
disease (AD) [20,21]. AD is the most
common cause of dementia in the elderly.
It is a chronic, slowly progressive disorder
characterized by an impairment of
intellectual capacity. This syndrome is
associated with widespread neuronal loss
and consequent altered neurotransmission
regarding several central neurotransmitter
systems. The most dramatic abnormalities
are those involving the central cholinergic
system, thus supporting the foundation of
the so-called "cholinergic hypothesis” of
AD which postulate that the cognitive
decline experienced by ADpatients is due
to an extensive loss of cholinergic neurons,
especially in certain regions of the brain as
the neocortex, the hippocampus, and the
amygdale [22-24].
Soman (Pinacoloxymethylphosphoryl
Fluoride) [25,26] figure (1) is a colorless
liquid and has been described of having an
odor of fruit or camphor.
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Fig (1) Molecular structure of nerve agent
Soman (Pinacoloxymethylphosphoryl Fluoride)

Visual molecular dynamic (VMD)
[27,28] is designed for the calculation,
visualization and analysis of biological
systems such as proteins, nucleic acids,
lipid bilayer assemblies, etc. It may be
used to view more general molecules, as
VMD can read standard Protein Data Bank
(PDB) files and display the contained
structure. VMD can be used to animate
and analyze the trajectory of a molecular
dynamics (MD) simulation.

Calculations

All calculations were based on the
crystal structure of the human AChE and
BChE as complex with Soman [29] from
the protein data bank ((1SOM) PDB for
AChE and (1P0Q) PDB for BChE).

The three dimensional model of
soman was geometrically optimized by
means of the PM3 semiemperical
Hamiltonian [30] as implemented in the
SYBYL graphic interface to MOPAC.
Atomic Partial charges for soman
molecule were calculated by carrying out
single-point ab-initio calculations at the
HF/6-31G(d) level using the Gaussian 98
package.

Water molecules were added to the
structure by letting GRID program [31]
calculates interactions between the protein
and a probe representing water. In order to
neutralize the charge of the both enzymes
6 and 8 sodium ions were added for AChE
and BChE respectively.
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The geometry of complex, the
description of the active site, the
interactions and the binding between the
enzyme and the substrate where analyzed
by VMD program.

Discussion

Since the AChE and the BChE are
belonging to the cholinesterase family,
they are close to each other in many
characters, BChE enzyme is made up of
approximately 530 amino acid carries a
few aspargine linked carbohydrate chains.
It has also three inter chain disulphide
bridges that help to gain specific three
dimensional globular structure, figure (2),
while the AChE enzyme consists of 535
amino acid and has the three dimensional
structure shown in the figure (3).

Figure (2) the three dimensional structure of
the BChE enzyme

Figure (3) the three dimensional structure of
the AChE enzyme
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BChE and AChE have a deep and
narrow  active  site  gorge  lined
approximately 55 residues. Peripheral
anionic site is located at the mouth of the
gorge. Asp70 and Tyr332 residues are
involved in the initial binding of positively
charged substrate. BChE has a hydrogen
bond between Asp70 and Tyr332 which
controls the functional architecture of the
BChE active site gorge.

Oxyanion hole found near the choline
binding site includes Gly116, Gly117 and
Alal99 and helps to rotate the substrate
from vertical to horizontal position where
the substrate can be hydrolyzed by Ser198.

Acyl binding pocket of AChE and BChE
contain different amino acid residues. In
acyl binding pocket of AChE, phenyl rings
of Phe295 and Phe297 restrict the degree
of freedom of the bound substrate and
enhance the catalysis of shorter acyl group
containing substrate such as
buytrylcholine. On the otherhand, Leu286
and Val288 are found in acyl binding
pocket of BChE, and replacement of
phenylalanines with the aliphatic residues
allows the catalysis of large acyl group
containing substrate such as
butyrylcholine.

Stabilized substrate between oxyanion
hole and acyl binding pocket is ready for
hydrolysis of the catalytic triad (composed
of Ser198, His438 and Glu325) of estratic
site of active center.

Figure (4) shows the active site of the
complex soman-BChE and the the
sequence of the amino acids there, and the
same is shown for the active site of the
complex soman-AChE in the figure (5).
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Fig. (4) the active site of the complex soman-
BChE.

Fig. (5) the active site of the complex soman-
AChE
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Six of 14 aromatic amino acid
residues lining in the active site gorge of
AChE are replaced by aliphatic amino acid
residues in BChE. This situation causes the
volume of BChE active site gorge is larger
than that of AChE. The replacement of
aromatic amino acids with aliphatic amino
acids is also responsible for selective
sensitivity against different inhibitor of the
two enzymes. Three distinct domains in
active site gorge confer selectivity for
AChE and BChE inhibitors: first domain is
acyl binding pocket. Studies with the
mutant BChE were showed that Leu and
Val residues are responsible for binding of
larger substrate and selective iso-OMPA
inhibition. Replacement of these residues
with phenylalanines as found in the case of
AChE makes it prefer smallest substrates
and so iso-OMPA is not an inhibitor of
AChE. Second domain is found near the
lip of active site gorge. At this domain of
AChE, Tyr72, Tyrl24 and Trp286 have
critical role for binding of BW284C51.
Third domain was defined as the choline
binding site (or cation-rt site). Tyr337 and
Trp82 at this site are responsible for
sensitivity to ethopropazine in BChE.

Ser, His, Trp and 2Glu residues have the
great role in the catalytic function for both
enzymes although there is a difference in
the sequence of the residues in both of
them.

The distances between the inhibitor
(soman) and the important residues in the
active site are tabulated in the tables 1&2
for the complex of soman and AChE and
BChE enzymes respectively. It is clear
from tables (1&2) that the distance
between the inhibitor and the serine
residue in the active site is very low.
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Table 1: The distances of soman and
some important residues in the active
site of the complex soman-AChE.

Bonds Distance (A)
Ser 200 : Oy — Som 200 : P1 1.53
His 440 : Ne2 — Som 200 : O2 2.64
His 288 : Cel — Som 200 : C1 3.75
Trp233:CH2-Som 200 : C1 3.90
Gly 119 : N - Som 200 : O1 2.58
Gly 118 : N-Som 200 : O1 2.76
Ala 201 : CB—Som 200 : O1 351
Ala 201 :N-Som200: O1 3.03

Table 2: The distances of soman and
some important residues in the active
site of the complex soman-BChE.

Bonds Distance (A)
Ser 198 : Oy — Som 601 : P1 1.60
His 438 : Ne2 — Som 601 : O2 2.86
Gly 117 : N-Som 601 : O1 2.56
Gly 116 : N-Som 601 : O1 2.69
Trp231: CH2-Som#601: Cl 4.04
Ala199: N-Som601: Cl 2.79
The difference  between the

molecular structure of the soman inhibitor
in the figure 1 and its geometry in the
active site is attributed to the degradation
of this molecule in the active site through
the nucleophilic reaction between the
serine residue and the soman in the
presence of His and Glu residues.

The mechanism of inhibition is similar to
that of the cracking of the acetylcholine
molecule. It is an example of the (charge
relay) system. Imidazol ring of His438
relays electrons from Glu325 to Ser198
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and hydroxyl oxygen of Ser198 becomes a
nucleophile. Nucleophilic attack of this
hydroxyl oxygen to ester bond of substrate
leads to the formation of the acyl-enzyme
intermediate and free choline moiety. Then
acyl group is hydrolyzed from Ser198 by
nucleophilic attack of a water molecule
activated by taking a proton from His438
in the case of acetylcholine while in the
case of soman the nucleophlic attack is
happened on the phosphorus atom to give
phosphate-enzyme and free the organic
part of soman but here the activated water
can not free the phosphate from the serine
residue..

The degradation results ((RO-P) bond
cleavage) are two parts, the phosphate part
which makes a stable bond with serine
residue as shown in the tables (1&2) and
figures (4,5) and to predict the second
organic part we calculated the energy and
the geometry optimization for some
molecules we expected to be the second
part of the degradation result for the
inhibitor, through the structure of the
soman molecule and the rearrangement
steps.

The PM3 calculations for these results are
shown in the table (3) and figure (6) show
the reaction path. The third reaction path
which has the lowest energy and gives the
alkyl alcohol molecule is expected to be
the second organic part of the result of
degradation.

Table 3: The energy of the degradation
reaction results of the soman in the
active site as calculated by the PM3
program.

molecules Energy (kcal/mol)
Soman -6.84473
2,3-dimethyl-1-butene -12.44806
2,2-dimethyl-2-butanol -78.96277
2,3-dimethyl-2-butene -21.94981
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Reaction path

Figure (6) the reaction path

The sigma bond formed between the
phosphorus part and the serine residue
shown in tables 1&2 ends the catalytic
activity for these enzymes and we expect
that this is the mechanism of inhibition.
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