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Modeling assumptions and goals

Assumptions

Channel gating is stochastic

Channel kinetics are much slower than domain time scale

Goals: Examine the dynamics generated by

heterogeneous release sites

homogeneous release sites (natural variation among channels)
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k_|_Cn
Ca-activated channel:  C'(closed) = O (open)
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1 — ]f_|_C77At k_|_C77At
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Let 1o = Pr{C,t}, mo = Pr{O,t} and @ = [rc 7o|. Apply the
transition probability matrix to : #W = [7¢ 70|

Transition probability matrix: W =

e = Pr{C,t+ At|C,t} Pr{C,t} + Pr{C,t + At|O, ¢} Pr{O, t}
— 7T0(t—|—At)
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Steady state of the equation: ¢(r) = 5572 h_r|e—"°ch—7’|/>‘

0O if channel 1is closed
where o = . .
oo if channel is open
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Number of closed, open and refractory channels

0.5 15
time

Position of two-state (T) and four-state (F) channels in the release site

T F




A

7-channel release site

radius (um)

o—e@ No 2-state channels (*)
m—a ] 2-state channel

+—o 2 2-state channels
A—A 3 2-state channels
#—x 4 2-state channels
++ 5 2-state channels
OO 6 2-state channels
m—a 7 2-state channels (*)

19-channel release site

10°

radius (um)

o—e No 2-state channels (*)
m—a 4 2-state channels
4— 8 2-state channels
A—A 12 2-state channels
#—* 16 2-state channels
m—a 19 2-state channels (*)
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Conclusions

Cooperative activity of channels is possible for all release site
configurations

Spatial position of two-state and four-state channels matters

Channel types located near center of release site have larger effect
on the dynamics than channels near boundary

Natural variation in the channel properties does not result In
significant changes in calcium dynamics
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Extensions of this work

Showing other measures (puff duration and inter-puff interval)

Specific examples:

Growth of a heterogeneous release site
Changing expression of IP3R in a release site

Statistical analysis of heterogeneous and homogeneous release sites:
Is there an experimentally quantifiable difference?
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