1 REDUCED MODELS OF SHORT TERM SYNAPTIC PLASTICITY

1 Reduced models of short term synaptic plasticity

Let ¢, p, and = represent the intracellular concentration of Ca®* at the presynaptic terminal, the proportion
of released vesicles per unit time, and the normalized readily releasable vesicles. Assume that the dynamics
are given by

dc = %f”+ﬂo (1)

op = ac(l—p)—pBp (2)

Ox = x<xoo_m>—xp (3)
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where f(c) represents the flux of Ca%*into the terminal.

1.1 Dynamics for c

Assume that the flux of calcium is a Dirac comb given by
n
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where t, ..., t,, represent stimulus times. Suppose that, at the kth pulse time, the value of ¢(t) changes to
¢k = c(tg) + h. Assuming that ¢(t) = ¢ for t < to, then ¢p = coo + h and
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for t € (to,t1). At t = t1 the calcium concentration changes again, to ¢; = ¢(t1) + h

e(t) :(&—@w—qﬁm<h_®

Te

to —t t1 —t
= coo—<coo—coo—h—hexp<0 1>)exp(1 >
Te Te
to—t t1 —t
= coo—i—h(l—l-exp(O 1>)exp<1 >
Te Te
t1 —t to— 1t
- (o (1 e (2.
Tc Tc

fort € (t1,t2). Ingeneral, for t € (t,—1,tn),
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And at ¢,, the value of ¢
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1.2 p dynamics and the subsystem clI— REDUCED MODELS OF SHORT TERM SYNAPTIC PLASTICITY

If pulses are periodic, with d = t;,41 — tg, forall k € {1,...,n} then t,, — tx = (n — k)d. In this case, let

d
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so that
c(tn) = cot+h Z u ),
k=0
1—u"
= Coth .
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Explicitly,

otn) = cooth e (0 . (6)
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The asymptotic behavior as n — oo is then
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Cx = Coo + R

1.2 pdynamics and the subsystem ¢ — p
The dynamics of the subsystem c, p are given by

- C°°T_ S (8)
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op = ac(l—p)—pp 9)

The time constant and steady state for the p are

1
TP(C) = OéC+/8 (10)
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Po(c) =

c increases as action potentials arrive, then 7,(c) decreases and p.(c) increases. So p increases with c,
but the dynamics for p become faster as that happens.
if 7. >> 7, then the dynamics for p are fast enough to substitute p with p.(c). Explicitly, it would be

required that
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