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Introduction

Previous lectures emphasized the role of sodium and
potassium in control of membrane size and potential;

Calcium is equally important in almost every cell type;

Calcium controls secretion, cell movement, muscular,
contraction, cell differentiation, ciliary beating, etc.

Calcium is important in both excitable and inexcitable cells.
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Muscle

Calcium In muscle: |
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Phototransduction
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Synaptic Transmission

I Calcium Dynamics — p.8/26



Synaptic Transmission
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Calcium and synapses: |

» Release of Neurotransmitter
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Calcium Handling

|IP; Receptor pathway

Outside the
cell
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cell eytoplasm

l Calcium Dynamics — p.11/26



IPR Calcium Handling
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IPR Calcium Handling
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Jrpr |IP3 Receptor - calcium regulated calcium channel,
Jsrroa Sarco- and Endoplasmic Reticulum Calcium ATPase,
Jr, L-calcium leak,
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IPR Calcium Handling
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IPR Calcium Handling

L JS‘L Extracellular Space
* Cytosol
dc Y

U % p— J IPR — J SERC A —'— J L — J S L * (Intracellular Space)

Sarcoplasmic Reticulum

J J.
IPR SERCA .
(Calcium stores)

with

Jrpr |IP3 Receptor - calcium regulated calcium channel,
Jsrroa Sarco- and Endoplasmic Reticulum Calcium ATPase,
Jr, L-calcium leak,

Jsr, SarcoLemnal pump (ATPase) .

Challenge: Determine the flux terms.
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IP; Receptors

Flux through IP5 receptor is diffusive,

Jipr = gmaxPo<C — Csr)
where P, = S}, = m?h? is the open probability, and
B = G ()1 —m) ~ Um(Om, %= G (e)(1~ h) —(c)h.
Furthermore, m is a fast variable, so is in gss, m = m(c).
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Consequently, (h is reminiscent of HH A)....

. Calcium Dynamics — p.15/26



Mathematical Biology
University of Utah

Calcium Dynamics
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RYR Calcium Handling

Ryanodine Receptor pathway

Outside the
cell
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Excitation-Contraction Coupling

Cardiac cells are interesting because they contain TWO excitable
systems that are interconnected

3Na 2K

* The sodium-potassium = _ Cé;:ég,\[ \
electrical action potential, e

that stimulates an inward >SN\
. i r/\(:a
calcium flux
Myofilaments :,',.-;"";’
* which excites CICR ’

[Cal;

* which causes muscles to | |\© |
contract. N L=
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EC Calcium Handling
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EC Calcium Handling
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EC Calcium Handling

L JN‘ CX Extracellular Space
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dc Y

U % p— J RYR b J S ERC A —'— J L — J N CX * (Intracellular Space)

Sarcoplasmic Reticulum

J J.
RYR SERCA .
(Calcium stores)

with

Jry r Ryanodine Receptor - calcium regulated calcium channel,
Jsrroa Sarco- and Endoplasmic Reticulum Calcium ATPase,
Jr, L-type voltage regulated calcium channel,

Jnox sodium(Na™t)- Calcium eXchanger .
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EC Calcium Handling
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Jr, L-type voltage regulated calcium channel,
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Challenge: Determine the flux terms.
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Serious Problems

There are (at least) three problems with this (and all similar)
models:

* Graded response

—40 0 40 80 -40 0 40 80

membrane potential (mV)

® (Calcium is not spatially homogenious; channels are
controlled by local calcium concentration. Thus, whole cell
models are inappropriate - geometry mattters.

* Channel openings are not deterministic and numbers are
. not large. Stochastic modeling is needed.
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Time (min)
aVv _ JK.CaC —
L = .y . . 4 ) . L .
C gy C (V) (gKn + K, —I—C> (V VK) gL(V VL)
d
Tn(V)d—? — ne(V) —n,
dc
% — f(_kllCa<V) — ch),

l where I, = goami, (V) hoo (V)(V — Vea).
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Fast Phase Plane
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High Ca*+
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Bifurcation Diagram
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dc/dt=0

\/

dc/dt=0
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Bursting Oscillations
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