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Phase Response Curve of Spike Response Model

MUNENORI I1pA, ! TosHiakl OMmoRi, H12
ToRrU AONISHI'®2 and MasaTo Okapa 112

Phase response curve (PRC) is one of useful tools to understand of population
dynamics and has been measured in recent physiological experiments. However,
the relation between subthreshold membrane property of a single neuron and
its PRC is unclear. In this paper, we derive the PRCs of single neurons by
using spike response model and analytically clarify the relation between the
subthreshold membrane property and the PRC. We analytically show that the
PRC is described by the kernels of the spike response model and verify our
theory by numerical simulations.
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Fig.1 The kernels n(t — t¥)(A) and x(s)(B) in the spike response model.
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Fig.2 Periodic activity of the membrane potential in spike response model, and the time shift of
the spike time in response to the perturbation stimulus. The time course of membrane po-
tential without perturbation is shown by the solid line and the time course with perturbation
is shown by the dotted line.
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Fig.3 Schematic diagram used to derive the PRC of the spike response model theoretically. The time

course of membrane potential without perturbation is shown by wuq(t)(solid line), and the time
course of membrane potential induced by perturbation at time t¢ is shown by wo(t)(dotted
line). The dashed-dotted line denotes the firing threshold. T and AT(tg) denote the period
and the spike time shift, respectively.
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Fig.4 The result of numerical simulations of the phase response curve by using the spike response
model with the typel kernel, and the corresponding PRC obtained from our analysis. The
solid line is the theoretical line of the phase response curve. The plus symbols indicate the
numerical results. The horizontal axis shows the perturbed phase 6(6 € (0,2x]), and the
vertical axis shows the phase difference §6. The inset is an enlargement of the region for the
phase from 1.67 to 2.07.
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Fig.5 The result of numerical simulations of the phase response curve by using the spike response
model with the type2 kernel, and the corresponding PRC obtained from our analysis. The
notations are the same as in the Fig.4.
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