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neurons as input-output units
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two functional components

B membranes: dendrites, soma, axons

B synapses

membrane potential (mV)
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membrane
B membrane=double lipid layer that is an electrical
insulator

B neuron is electrically charged: more negative
potential inside than outside cell

B based on ions K+, Na+, and ClI-
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membrane
B higher concentration of K+ inside cell
B |ower concentration of Na+ inside cell
B membrane less permeable to Na+ than to K+
B => Na+ gradient is steeper than the K+ gradient

B => more positive outside cell
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membrane

Bgradient comes from ion pumps: protein channels
in membrane that transport Na+ out of cell, K+
into cell, establishing gradient

Bthis is where energy is consumed (a lot): ATP used
to pump ions
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membrane

Bgiant squid axon... used to establish basic
biophysics of membrane dynamics
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[Source: Neuroscience. 2nd edition.
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synapses
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two types of synapses

ﬂ(ﬂ icrotubule

W\

B electrical: currents across the
membrane directly from one
cell to another through “gap  rm
junctions”

Cytoplasm

Mitochondrion

B very fast, but not flexible.
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two types of synapses

(B)
B chemical: the more common
one ok

Svnaptic vesicle

B pre-synaptic cell releases
neurotransmitter in response to
an action potential that arrives
through the axon
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two types of synapses

(B)
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post-synaptic potentials

M depending on the
receptor type,
synaptic
transmission
induces post-
synaptic potentials
of different forms
and sign

M that travel to the
soma, where a
spiking decision is
made

[Source: Neuroscience. 2nd edition.
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spiking mechanism

electrode
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spiking mechanism

Mall or none nature of spikes

Mspike generation is electrode

coincidence detection Spike emissio

B overlap of incoming post-synaptic
potentials that have propagated to
soma within about |0 ms required
to sum...

synapse

potential

M typical in cortex: 10 inputs needed,
10000 potential inputs...

B neuron as a “‘switch”
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Hodgkin-Huxley

B dynamic model of
potential change and
three ion currents

B which come from
three ion channels

B phenomenological
dynamics of the ion
ion channels
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Fig. 2.2: Schematic diagram for the Hodgkin-HuxTey model.
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Hodgkin-Huxley

B based on data from squid-axon...
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Hodgkin Huxley

Bthe spiking mechanism is an instability =>
threshold effect
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Hodgkin Huxley

M spike rate reflects input current
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Hodgkin Huxley

Btime varying inputs make time varying rate
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