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Analysis on Multi-Components of Neurotransmitter Release in Response
to Light of Retinal ON-Type Bipolar Cells
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Abstract

Retinal bipolar cells according to the light stimulus respond to potential slowly, emit neurotransmitter
release(glutamine acid) to depend on membrane potential. In this paper, the several physiological information on
neurotransmitter release mechanism in the presynaptic terminal of the ON-type bipolar cells are incorporated into the
formula model. The source of fast components and slow components of neurotransmitter release was arranged in
parallel, this model was able to reproduce the membrane potential and intracellular Ca’' concentration dependence of
neurotransmitter release faithfully.

In addition, because the fast releasable components of neurotransmitter was represented by the membrane potential
dependence of trapezoid type, whereas the slow releasable components was represented by the membrane potential
dependence of a bell type, Ca’' concentration rise in intracellular is suppressed by Ca’" buffer to reduce slow
releasable components, it was confirmed that the membrane potential dependence of neurotransmitter release was
characteristics of a trapezoid type. And, in the light response of ON type bipolar cell, the result of the simulation of the
neurotransmitter release caused by the components of transient and persistent was that the start of light response
occurred the fast release of neurotransmitter, it was confirmed that the transient component and persistent component of
the light response occurred the slow release.

It was confirmed that the later of persistent component of the light response occurred due to the continuous
release by synaptic vesicle supplemented from the storage pool.

Keywords: Retinal bipolar cells, synaptic terminal, neurotransmitter release, numeric model.
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Fig. 1 A schematic diagram of the neurotransmitter
release bipolar cell.
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Fig. 2. A model of Ca’" diffusion and regulation in synaptic

terminals.
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Fig. 3. A model of synaptic vesicle transition.
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Table 1. Model parameters cited from physiological information.

parameters values references
- 2.5x10°[s"'mM 1] [11]
Brara 0.45[s '] [11]
RP(t=0) 19800[fF] (1]
FRP, 125[fF] (4]
SRRP, . 125[fF] [13]
FRRP, . 35[fF] [12]
k, 0.84[s™'] [2]
ky 0.13[s™'] (2]
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Fig. 4. Characteristics of model parameters. (a) The
relationship between the duration of depolarizing
pulses(from -60~0mV) and the amplitude of
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vesicle supply from the RP, respectively. (b)
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Table 2. Physiological information used for fitting of model
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Table 3. Initial conditions for numerical integration.

parameters(t = (0)) values(without/with EGTA)
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Fig. 5. Voltage and Ca?" dependence of capacitance jumps. (a)
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Fig. 6. Neurotransmitter release evoked by flash lights. (a)
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responses(PP) derived from experimental data shown in(a).
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Fig. 7. Relationship between the tonic component of photo
responses and the neurotransmitter release from the
FRRP(a-d) and the from the SRRP(e-h). (a, e) The
transmitter release from the FRRP or the SRRP during
the tonic component of photo responses. These traces
were obtained from the difference between CP and PP
conditions under CR condition. (1) (b, f) The components
of transmitter release via the FRP or the RP during the
phasic component of photo responses. These trances were
obtained from the difference between CR and NR
conditions under TW condition. (¢, g) The components of
transmitter release only from the FRRP or the SRRP(but
not via the FRP or the RP) during the tonic component
of photo responses. These trances were obtained from the
difference between CP and PP conditions under NR
condition. (2) (d, h) The components of transmitter
release via the FRP or the RP during the tonic component
of photo responses. These trances were obtained from the
difference between (1) and (2). Each line symbol

corresponds to that shown in Fig. 6.
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