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Abstract

Acetylcholinesterase (AChE) terminates the neurotransmission
at cholinergic synapses by splitting the neurotransmitter
acetylcholine. The nature and didtribution of the enzyme has
extensively been studied in many invertebrates and vertebrates
including human, histochemically and biochemically. The enzyme
demonstrates a high degree of variability in distribution with its
notable presense in nonneuronal tissues also, which provides
pertinent theme to investigate its nonclassical role.

Recently a lot of information has come out regarding its dynamic
structure, gene expression, its role in neuronal morphogenesis
and synaptogenesis. The significance of AChE stems from the
fact that it is the target of drugs designed to treat myasthenia
gravis, glaucoma, alzheimer’s disease etc.

Keeping in view, above mentioned facts a thorough review has
been made in the present article regarding its biochemistry,
structural dynamics, wide distribution, isoforms and its
implications in neurodegenerative disorders.
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Introductions

Acetylcholinesterase ( AChE) is one of the most efficient enzymes
of nervous system which is concentrated at the cholinergic
synapses and at neuromuscular synapses where it rapidly
hydrolyses the neurotransmitter acetylcholine (Ach) in to choline
and acetate thus playing an essential role in cholinergic
neurotransmission.

The term acetylcholinesterase was introduced in 1949 by
Augustintion and Nachmansohn for specific cholinesterase
capable of hydrolyzing acetylcholine faster than other esterases.
In 1964 the commission of enzymology recommended the name
“Acetylcholinesterase” (Acetylcholine Acetyl hydrolase; 3.1.1.7)
for a true and specific cholinesterase.

The distribution of the enzyme in the central and peripheral nerve
tissues of different vertebrates demonstrates a high range of
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variation (1-13). It has been noted to be localized in non neuronal
tissues and Glial cells also (14, 15). The enzyme also exhibits
molecular diversity with its six different molecular forms and
structural dynamics which facilitates its affinity and action with
various legends (16-17). In addition, AChE is considerd to play
several non classical roles independent of its catalytic function
i.e. hydrolysis of Ach. These classical and non classical roles of
AChE illustrate adequacy about its wide occurrence in neuronal
and non neuronal tissues (18-20).

The importance of AChE in body homeostasis is underscored by
the fact that they are the targets of some of the most potent
toxins including insecticides, snake venom and chemical weapons

(21).

Therefore such a wide distribution and various functions,
molecular forms, structural dynamics etc. of AChE provide
adequate base to recall it a versatile enzyme, a detailed knowledge
of which, will help design specific drugs to combat various
neurodegenerative diseases associated with this enzyme.

Biochemistry and structural dynamics

The three dimensional structure of AChE was first determined in
by Joel Sussman et.al. in1991, using the protein from T. californica
(22). The structures of the catalytic domains of the AChEs from
species as T. californica, mouse and human are quite similar

(fig.1) (23, 24).

Fig.1 : Three-dimensional ribbon diagram of Torpedo californica
acetylcholinesterase. (Adapted from Sussman et.al.; 1991)

Acetylcholinesterase is a serine hydrolase belonging to the family
of type B corboxylesterase within higher eukaryotes. It is an
ellipsoidal molecule approximately 45x 60x65 A°, which consists
of 12 stranded mixed beta sheet surrounded by 14 alpha helices.
(22). It is a monomer in its natural state with a molecular weight
around 60,000 and forms aggregates which continues to produce
catalytic activity.
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The active site is composed of two subsites, esteric subsite having
catalytic triad (Ser-His-Glu) and peripheral binding anionic subsite
(PAS) that accommodates the positive quaternary pole of Ach.
(fig. 2a)
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Fig. 2a : Different sites of AChE; Catalytic site is located in a deep gorge

The esteric subsite contains the catalytic machinery of the enzyme,
atriad of Ser 200, His-440 and Glu-327 (numbers designate the
sequence of amino acids in the polypeptide chain). This triad is
similar to other serine proteases except that the triad is first to
show Glu as the third member as opposed to Asp. In addition
the triad is of opposite handedness to that of the other proteases.
The anionic subsite is defined by Trp 84, Phe 330, Phe 331. Its
role is to orient charged part of substrate that enters the active
site. This is mainly carried out by Trp. 84 (22).

The aromatic gorge in the protein is approximately 20 angstrom
deep and penetrates half way the enzyme. The active site lies at
the base of this gorge only 4 angstrom above the base. Aromatic
gorge is more appropriate term because 40% of its lining is
composed of 14 aromatic residues which are highly conserved
from different species of AChE (25).

Peripheral anionic site has the ability to bind to many different
types of ligands by this it affects the confirmation of active site.
Six residues stabilize the activity within site. Trp 286, Tyr 72, Tyr
124, Glu 285, Asp 74, Tyr 341 located on the opposite site of
gorge entrance. This array of residues provides flexibility which
accommodates many ligands and also implies their confirmation
mobility. AChE catalyses the hydrolysis of AChE in the following
way (fig.2 b):
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Fig. 2b : Enzyme substrate reaction illustrating acetylcholine hydrolysis.

The molecular dynamics of AChE is maintained through cross
talk mechanism in which interaction between two subsites takes
place particularly between Trp 286, Trp 86 residues. When Trp
286 is bonded on periphery it affects Trp 86 in the active site and
causes distinct confirmation site. Asp 74 also plays role in allosteric
modulation of enzyme. The sensitivity of these residues and
plasticity of the active site are probably the result of evolutionary
design aimed to confer optimal activity under a wide veriety of
conditions (26.)

Occurrence

AChE enzyme is present in high concentration in all types of
conducting tissue, nerve and muscle, central and peripheral tissues,
motor and sensory fibres, sympathetic and parasympathetic so
called cholinergic and noncholinergic fibres and all the regions
where cell bodies and junctions are located, the concentration of
the enzyme is high(27). With histochemical methods, AChE is
generally demonstrated in neuronal structures: perikarya, surface
membranes, axons, dendrites and synaptic regions 4, 15, 28 —
30). The activity of AChE is higher in motor neurons than in
sensory neurons (4, 15, 31). Acetylcholinesterase in nervous tissues
is generally acknowledged to represent neurons which contain
and presumably released acetylcholine as a neurotransmitter (32).

Early studies of the site of synthesis of AChE within nerve tissue
indicated an origin within the cell body of the neuron (33 - 35).
The enzyme has been found to be associated with the endoplasmic
reticulum of the cell body and the Golgi apparatus (8, 36).
AChE has also been associated in brain subcellular fractions
with microsomal and crude mitochondrial fractions (2, 37). Further
fractionation of the crude mitochondrial fraction from brain tissue
showed high levels of AChE activity in the synaptosomal
membrane fraction (6).

The bulk of AChE was found to be localized in the axons and to
be associated with axonal membrane (9). Cholinesterase activity
limited to axons, has been observed on axonal vesicles of all
unmyelinated and some myelinated nerve fibres (38). Myelinated
nerve fibres in general have lower concentration than the so called
unmyelinated and the white matter contains much less AChE
than does the gray matter (27). In isolated motoneurons, AChE
activity is about ten times greater in the cytoplasm, dendrites
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and axons than in the nucleoplasm and no activity is present in
the nucleolus (39). Glial cells have been shown to contain AChE
in varying concentrations (14, 15)

Classical and Non Classical Roles

The entire course of cholinergic transmission particularly at the
neuromuscular junction, namely the release of Ach, its diffusion
across the synaptic cleft, its reversible interaction with nicotinic
Ach receptor and finally hydrolysis by AChE occurs within a few
milliseconds. The whole process is tightly integrated both spatially
and temporally (40). In accordance with its classical role, its turn
over time is 150 usec, which is equivalent to the hydrolysis of
5000 Ach molecules/molecule of enzyme/sec. It hydrolyses
substrate so rapidly that the concentration around the enzyme
molecule is depleted relative to its concentration in bulk solution.

For over twenty years, AChE is supposed to play other roles, in
addition to its classical role in terminating synaptic transmission.
Such non classical functions of AChE might involve the hydrolysis
of Ach in a non synaptic context. The 26 residue C terminal
peptide ARP ( acetylcholinesterase read through peptide) of
human AChE which is produced when the R splice variant is
induced by stress has been reported to modulate haematopoitic
differentiation (41).

Various in vivo and in vitero studies in the central nervous system
suggested that developmentally regulated AChE enzyme plays a
role in non cholinergic function like morphometric processes, cell
differentiation and synaptogenesis along nervous system (20).There
are ample studies that suggest that one of the non classical roles
of AChE may be as an adhesion protein involved in synaptic
development and maintenance (42). Certain other evidences
implicate AChE as bone matrix protein, and it has recently been
shown to interact with the basement protein laminin (43, 44).

Several studies have proved that AChE is involved in neurite
growth. Forms of AChE that hydrolyse Ach but lacked the corboxy-
terminal (responsible for neuritogenic activities), neuritic domains
failed to enhance neuritic growth demonstrating the independence
of the catylitic and neuritogenic activity from each other (19).
AChE has also been proposed to play multiple roles in
embryogenesis. Zebra fish provide an excellent systemn to investigate
the invivo roles of AChE during embryogenesis. A missence
mutation in the zebra fish ache gene was identified that abolishes
Ach hydrolysis but leaves the neuritogenic corboxy-terminal intact
(45). In case the ache mutant embryos were also reported to
have defects in muscle fibre development and primary sensory
neuron survival and dendritic growth. These defects were
collectively interpreted to support non classical roles of AChE.

There are ample evidences in support of its role in the hydrolysis
of substance P, met, leu-enkephaline and degradation of other
neuropeptides as well (46, 47).

AChE has also been proposed to function in heart morphogenesis.
AChE activity is detected in embryonic rat and chicken hearts
before innervation (48, 49). Though its role in embryonic heart is
unclaear, AChE has been proposed to regulate an embryonic
impulse conduction system (50). However additional functions
are required to further explore the role of AChE in heart function.
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AChE has been shown to accelerate the assembly of af§ peptide
in to amyloid fibrils probably through interaction at the peripheral
site (51 - 53).1t has also been shown that AChE / of complexes
display enhanced neurotoxicity compared with fibils containing
only of (54).

In a pharmacological context the studies revealed that non
classical activities of AChE appear to converge on the peripheral
anionic site. It could be envisaged thus, that new categories of
AChE inhibitors will be developed in future.

Molecular diversity

The enzyme AChE occurs in an array of molecular forms differing
in both , quaternary structure and the mode of anchoring within
the synapse generated by the alternate splicing of the C terminal
exon of a single gene, followed by post translational modification
(55, 56). Acetylcholinesterase (AChE) exists into six different forms
(isoenzymes) viz globular monomer (G1), dimer (G2) and tetramer
(G4); tailed tetramer (A4), double tailed tetramer (A8) and triple
tailed tetramer (A12) ( fig.3). The most rational terminology based
on this information is that developed by Bon et al. (1982). In
their system the globular forms are designed by “G” and tailed
forms by “A’.

Monomer and disulfide linked dimmer forms may be soluble or
attached to a membrane by a glycophospholipid. The tetramer
forms may be soluble, lipid linked to membrane or attached to a
collagen triple helix. Monomer forms are generally incorporated
into synapses of central nervous system of vertebrates, while at
the neuromuscular junctions three catalytic subunits of tetramers
are attached to a triple helical collagen tail which anchors then
to the basal lamina within synaptic cleft.

The expression of AChE molecular forms, in Torpedo, was
observed to be tissue-specific suggesting that polymorphism
exhibited by AChE is dependant on a number of factors including

[1] amount of Ach released
[2] size of the synaptic space and/or

[3] temporal course of the physiological stimulation.(58)

Regulation of AChE expression in neurons

In recent years there have been extensive studies to unravel the
molecular mechanisms and pathways involved in AChE expression
and localization in neuronal and non neuronal tissues. AChE is
highly expressed during neuronal differentiation. It has been
observed that the AChE - 3’ untranslated region (UTR) contains
an AU rich element (ARE) that interacts directly with RNA binding
protein ‘HuD’ resulting in the abundance of AChE transcripts in
neuronal cells (59). These findings show the importance of post
transcriptional mechanisms in regulating AChE expression in
differentiating neurons and implicate ‘HuD’ as a key trans acting
factor in these events. However in addition several other regulatory
factores govern the stability, localization and translation of AChE
transcripts. Many cis acting elements and trans acting factors
and proteins interact with AChE - 3’-UTR. (59).
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Fig. 3 : Quarternary structure of the six main forms of AChE. Globular
forms are represented by G and asymmetric forms by A according to the
scheme of Bon et. al. (16). The location of disulphide bridges and the
mode of binding to the collagen tail are diagrammed after the model
constructed by Anglister and Silman (57).

AChE in neurodegenerative and
neuromuscular disorders :

Acetylchlinesterase has been directly linked to certain
neuromuscular disorders like myasthenia gravis,glaucoma (60),and
most recently to alleviate the cholinergic deficiency associated
with alzheimer’s disease (61).

Clinically, moderate inhibition of AChE is effective in the treatment
of these diseases to prolong the effect of ACh on the receptor.
Such treatment is desirable either if there is reduced concentration
of ACh, as in the case of Alzheimer’s disease, or if there are
fewer receptors, as in the case of myasthenia gravis. Currently,
U.S. FDA-approved inhibitors for treatment of alzheimer’s disease
are E2020 (donepezil, Aricept), tacrine (Cognex), rivastigmine
(Exelon), and galantamine (Reminyl)(62). Inhibitors for treatment
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of myasthenia gravis include pyridostigmine (Mestinon) and
neostigmine (Prostigmine (63). However, overwhelming inhibition
of AChE, particularly by covalent bonding to the active site serine,
is invariably lethal. Hence, AChE is a prime target for naturally
occurring toxins such as the snake venom fasciculin II, pesticides
such as parathion and malathion, and chemical warfare agents
such as sarin, tabun, and VX (64)

Conclusions

In the present article, we first surveyed the recent outcomes related
to the biochemistry and molecular structure of AChE which
provides the unique enzyme, flexibility to encounter diverse legends
and also to exhibit high turn over rate. We have also illustrated
its wide histochemical distribution pattern in the neuronal and
non neuronal tissues which can be further correlated to its classical
and non classical roles that has been reviewed. Further studies
about the regulation of AChE expression, which unravel the
importance of these post transcriptional events in vivo are of
utmost significance because ultimately these could lead to the
design of additional therapeutic strategies aimed at promoting
neuronal regeneration and survival. The recent developments in
AChE biology particularly its implications in certain
neurodegenerative disorders are of key interest that has been
reviewed briefly. This research is resulting in the production of
new classes of AChE inhibitors targeted against its PAS (peripheral
anionic sites), which might play dual roles in the context of
Alzheimer’s disease by simultaneously inhibiting acetylcholine
hydrolysis and retarding assembly of thea a peptide to amyloid
fibre.

Abbreviations

AChE - acetylcholinesterase; ARP - acetylcholinesterase read
through peptide; Ach - acetycholine; UTR - untranslated region;
ARE - AU rich element; PAS - peripheral anionic site; Glu -
glutamic acid; His - histidine; Ser - serine; Asp - aspartic acid,;
Trp - tryptophan; Tyr - tyrosine; Phe - phenyl alanine.
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