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Why Ca2+ ?

• Axon guidance during deve-

lopment

• Cardiac muscle cells

• Action potential propagati-

on in neurons

• Fertilization of Xenopus
oocytes

1−2 mm

(Erwin Sigel, University of

Bern, 1987)
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• Appearance of signals:

size (blips, puffs, waves)

and domain

• Regulation of channels

• Expression of isoforms

• Spatial organization
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Modeling assumptions and goals

Assumptions

• Channel gating is stochastic

• Channel kinetics are much slower than domain time scale



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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Ca-activated channel: C (closed)
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[
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]
Let πC = Pr{C, t}, πO = Pr{O, t} and π = [πC πO]. Apply the
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Two-state channels

Ca-activated channel: C (closed)

k+cη



k−

O (open)

Transition probability matrix: W =
[

1− k+cη∆t k+cη∆t

k−∆t 1− k−∆t

]
Let πC = Pr{C, t}, πO = Pr{O, t} and π = [πC πO]. Apply the

transition probability matrix to π: πW = [π̄C π̄O]

π̄C = Pr{C, t + ∆t|C, t}Pr{C, t}+ Pr{C, t + ∆t|O, t}Pr{O, t}
= πC(t + ∆t)
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Modeling release sites

Transition probability matrix for two coupled Ca2+-activated

channels: (CC,CO, OC,OO)

I + ∆t


−k+cη − k+cη k+cη k+cη 0

k− −k− − k+cη 0 k+cη

k− 0 −k− − k+cη k+cη

0 k− k− −k− − k−


How can we find the appropriate [Ca2+]?



Modeling the calcium-dependence

∂[Ca2+]
∂t

= Dc∇2[Ca2+]− [Ca2+]− [Ca2+]∞
τ

with BCs : lim
r→0

{
−2πr2Dc

∂c

∂r

}
= σ(t) lim

r→∞
c = c∞



Modeling the calcium-dependence

∂[Ca2+]
∂t

= Dc∇2[Ca2+]− [Ca2+]− [Ca2+]∞
τ

with BCs : lim
r→0

{
−2πr2Dc

∂c

∂r

}
= σ(t) lim

r→∞
c = c∞

Steady state of the equation: c(r) = σ
2πD|rch−r|e

−|rch−r|/λ

where σ =
{

0 if channel is closed
σ0 if channel is open
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C = cij – increase in [Ca2+] at channel j when channel i opens

cij =
σ0

2πD|rij|
e−|rij|/λ if i 6= j and cii = css =

σ0

2πrd
e−rd/λ
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C = cij – increase in [Ca2+] at channel j when channel i opens

cij =
σ0

2πD|rij|
e−|rij|/λ if i 6= j and cii = css =

σ0

2πrd
e−rd/λ
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Monte Carlo simulations
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Heterogeneity and spatial positions
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Variation in transition rates:
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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



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



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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