Computing in carbon

Basic elements of neuroelectronics

-- membranes
-- lon channels
-- wiring

Elementary neuron models
-- conductance based o ,
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Wires _ .
-- signal propagation
-- processing in dendrites

Wiring neurons together

-- synapses
-- long term plasticity
-- short term plasticity



Equivalent circuit model
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The passive membrane
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Movement of ions through ion channels

channel

Energetics: qV ~ kgT

V ~25mV



The equilibrium potential
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Each ion type travels through independently

Different ion channels have associated conductances.

A given conductance tends to move the membrane
potential toward the equilibrium potential for that ion

Ena ~ S50mV depolarizing

Eca ~ 150mV depolarizing

E ~ -80mV hyperpolarizing

Eq ~ -60mV shunting
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V > E A positive current will flow outward
V V <E A positive current will flow inward
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arallel paths for ions to cross membrane

Several I-V curves in parallel:

Extracellular Q Q
side
_ INa 9k 9ci
isas £, —F —¢
Na K Cl
Cytoplasmi e - i
siéc:p asmic T I
Vi T inside
New equivalent circuit: Ve Uiy Vi,
Gna Gk G,
Cm
-_ENa Ex EL

outside



Neurons are excitable
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Excitability arises from ion channel nonlinearity
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The 1on channel i1s a cool molecular machine

K channel: open probability
increases when depolarized

P~ n*

Persistent conductance

n describes a subunit

n IS open probability
17 n isclosed probability

Transitions between states
occur at voltage dependent
rates
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