Compartmental models, cable properties, spike propagation
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Cable Equation for Membrane Segments
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Theoretical dependence of synaptic input on location

Dendritic versus somatic input
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Magee (2000) "Dendritic integration of excitatory synaptic input" Nat Rev Neurosci, 1: 181-180
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A. Physiologically & morphologically characterized neuron
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B. Cable model

C. Compartmental model
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Impedance Matching
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If GR=1 => Impedances match perfectly and spikes propagate without perturbation.
If GR<1 => Action potential acts as if the axon tapers and increases speed.
If GR>1 => Action potential propagation may fail.

Goldstein, 5. 5. & Rall, W. (1974) Biophys. J. 14, 731-757
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branch (500 p)

axon (1000 p)

Ganglion cell of mormyrid ELL

cell: 23.4.93, classification: MG2 cell, broad spiking cell

Cell traced by: Michael Rudolph and modified by JAcob Engelmann
UNIC/CNRS, Gif-sur-Yvette, France, November, 2001

Rl
ol
Axon sy % L“—w‘kk
fj . r) I‘\F’ ‘(__An_
E{, e L
R o
. ,j((fg O
&
T
Basilar dendrites ¢ e



2.5~ 2.5 —
my . .
20 Broad (Dendritic) Spikes 20

Marrow (Axon) Spikes

ommand + Sensory Stimulation
| |

0.00 0.05 010 g5 0.00 0.05 0.10 5

23fig_mg.psd

Active currents based on Purkinje cell kinetics [DeSchutter94]

pés
m_purk Soma, hillock, basilar dendrites: passive only
Axon: g_Na = 4-0.1, g_K = 0.2-0.03 (mho/cm2)

dml:g_Na=05,g K=0.2
vml: g_Na=0.2,g_K=0.05
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What are the functional units of a neuron?

2-Layer model

Thin branch
subunits

3-Layer model

Distal apical
thin branches

Perisomatic
thin branches

Hausser and Mel (2003) "Dendrites: bug or feature?" Curr Opin Neurobiol, 13:372-383



