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ABSTRACT

The digital role of acetylcholine in the process controlling the ex-
citable membrane permeability during electrical activity at the synapses is
discussed.

AHHOTALMA

NMoka3aHa gurunTtasibHas ponb aueTunxosimHa B npouecce KOHTPOJIA nponyCcKaHusa
M8M6paH BO BpeMdA aKTMBHOCTW CHUHalCOB.

KIVONAT

Sémat javaslunk az acetilcholin digitalis elem miikddésére a gerjeszthetd
membran permeabilitds szabalyozasara a szinapszisok elektromos aktivitasa
alatt.



It was shown by extended Hickel-type calculation [1] that
there are two island groups in the acetylcholine ((ACh) molecule,
the sigma-electron donor choline part and the pi-electron ac-
ceptor acetate-group. The Tirst excited state of ACh proved to be
an intramolecular one-electron charge-transfer (CT) state between
the two island groups. In the presence of an electron-donor acting
group (e.g., the serine OH i1n which the nucleophilicity of the
serine-oxygen atom is enhanced by hydrogen-bond formation between
the hydroxyl group and an imidazole group [2] the ACh molecule is
being hydrolysed with alkyl-oxygen cleavage 'remembering™ 1its
island groups. Let us consider the question: Why must the ACh mol-
ecule hydrolyse?

According to von Neumann®s opinion [3], the processes going
through the noervous system change their character from digital
to analog and vice versa repeatedly. The digital part of the nerv-
ous system connected with the nerve-pulses and the analog part
connected with the chemical changes or the mechanical dislocations
due to muscular contractions may give the activity of the nervous
system a hybrid character.

It is thought that in the activity of the nervous system the
ACh acts as a digital element [1]. The ACh can respondt to any
nerve-pulse only by either "YES"™ or "NO". "YES"™ means the onset
of the Tirst excited CT state. The electrical pulses initiated
by this state in the nerve cell constitute the analog part of the
process. Since a digital element must necessarily make an unambigu-
ous logical choice i1t must have a good memory; - this is privided
by the two island groups. The response "NO" means the hydrolisis
of ACh when "remembering" the island groups it splits via alkyl-
oxygen cleavage. The response "NO" ensures the reversible func-
tioning of the nervous system, that is, it permits the nerve-



pulse to go sensibly in a single direction without a disturbing
feedback of the i1nduced field, and simultaneously i1t restores at
the synapses the state preceeding the arrival of the nerve-pulse.

In a nerve fibre the action potentials are conducted in both
directions, but action potentials In a neuron chain are conducted
in only one direction owing to the unidirectional conduction at
the .synapses, and it is thought that this direction is determined
by the responses "YES"™ or "NO". In this sense, the synapse is a
one way valve'.

The role of ACh can be described in terms of the Nachmanson
hypothesis [4] as shown in Figure 1.
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Schematic presentation of the digital role of ACh in the process con-
trolling the excitable membrane permeability during electrical activ-
ity at the synapses.

In resting condition, ACh is bound loosely e.g. to a storage protein
in the pre-synaptic membrane. Then ACh is excited by the current flow
of the nerve impulse. The excited local double ionic intramolecular

CT state results in the change leading to a shift of charge in the
post-synaptic membrane to increase its permeability: the post-synaptic
potential (local PSP), by which is generated the indirectly ACh-con-
trolled conducting digital action potential. This is the trigger ac-
tion - "YES" - by which the ionic concentration gradient becomes ef-
fective. After returning to its ground state, the ACh molecule is at-
tacked by the acting group of the cholinesterase enzyme. The hydrolysis
of the ester - "NO" - permits the reestablishing of the permeability
barrier.
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