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Development of biochemical switching devices
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There are many examples of enzymes that share substrates or cofaciors in a cyclic manner.
Techniques have been developed that use cyclic enzyme systems to assay gquantitatively small
amounts of biochemical substances (cofactor, substrate), however, only a few studies of the control
of these systems have been published. The author previously showed with computer simulations
cyclic enzyme systems (Fig. 1) have the reliability of ON-OFT types of operation (threshold-logic
function or McCulloch-Pitts' neuronic equation) capable of storing short-memory, and the appli-
cability for a switching circuit in a biocomputer. My great concerns are: How we interconnect
basic switching elements {cyclic enzyme system, Fig. 1) each other to build large network
{artificial neural networks)? What kind of informational processing will be feasible in such a
large network system? As a first step to a network study, | wish to focus attention on series
excitatory interaction among several switches and to investigate the dynamic response of the
integrated switching system to external stimuli in comparison with neuro-physiological results.
By building the integrated biochemical switching system being composed of the basic switching
element (Fig. 1), I could show one of the well-known neuro-physiological phenomena named as
“selective elimination of synapses” generally produced as a result of low-frequency train of
electrical stimuli to the synapses.
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Fig. 1. A cyclic enzyme system: I, I, input
(substrate precursor peolk X, X, substrate;
Xq X4, product; A, B, interconvertible cou-
pling cofactor; &, rate constant.
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Tig. 2. Schematic circuit model of artificial
neuron based on biochemical reactions (Fig.
1). The X;represents the reactant and the A
shows the output of the circuit. The k;is the
rate constant of the corresponding steps.
The Y, and Z; are excitatory input signals
and inhibitory input signals, respectively,
The w; and w; show the arbitrary co-
efficients. The & is a threshold-value. The
capacity of memory storage of X, or X, is
adjustable by the values of &, and k&,
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Fig. 3. Branched series excitatiory scheme.
Each element is assumed to be composed of
hasic reaction scheme (Fig. 2).
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Fig. 4. External stimuli introduced to the lst
and the 5th elements in Fig. 3. 1, excitatory
stimuli introduced to the lst element; 2,
threshold-value of the 1st eilement; 3, ex-
citatory stimuli introduced to the 5th ele-
ment; 4, threshold-value of the 5th element.
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