Alteration of resting membrane
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2. “active” electric properties of the membrane 1n
excited state
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Phases and landmark of the action potential

— — — — .

Threshold Repolarlglng phase
: epolarization

potential

critical
membrane . | 1 ! ' —
potential level at
which an action T stimuli
potential can ° !
occur

facultative
“All-or-none” amplitude
conducted with constant amplitude



Hodgkin-Katz hypothesis of action potential

generation

Voltage-gated, potential sensitive ion channels
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Hodgkin-Katz hypothesis of action potential

sequence
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Andrew Fielding Huxley Alan Loyd Hodgkin
(1917-2012) (1914-1998)

The Nobel Prize in Physiology or Medicine
1963

“for their discoveries concerning the ionic
mechanisms involved in excitation and
inhibition in the peripheral and central
portions of the nerve cell membrane"



Measurement of separated ionic currents
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Voltage Clamp
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States of voltage-gated sodium channels

Chnnnel closed Channel mactivated

at depolarization threshold



— Action potential
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Patch-Clamp technika

Ion current in single membrane channel (10-12 A)

The Nobel Prize in Physiology or Medicine
1991 was awarded jointly to Erwin Neher
(1944-) and Bert Sakmann (1942-)

"for their discoveries concerning the
function of single ion channels in cells"
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Patch-Clamp circuit
Feed-back loop (FBR)
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Patch-Clamp device
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Patch-Clamp arrangements
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Cell-attached

recording
Patch-pipette
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Inside-out recording
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Single-channel I/V function

A B membrane potential{mV)
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Multi-state single channel
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Sodium action potentials synchronize [Ca2+] transients in all dendritic compartments of
mitral cells in the olfactory bulb of anesthetized rats.
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Charpak S et al. PNAS 2001;98:1230-1234
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Nat entry depolarizes the
membrane, which opens
‘ additional Na* channels.

Local current flow

- T @ Positive charge flows into
w @ adjacent sections of the
‘ axon by local current flow.




(c) The refractory period prevents
backward movement of the action
potential,

. Refractory mginn

The trigger zone is in its refractor-y
period. K* gates have opened and
the Nat inactivation gates have
closed. Loss of K* from the

cytoplasm Epﬂlanz_es the membrane.
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In the distal parts of the axon,
local current flow from the

@) active region causes new sections

of the membrane to depolarize.







Conduction velocity [m/s]
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Node of Ranvier Myelin sheath

Damage of Myelin sheath

Leak of current




The diameter of frog axons and the presence or absence of
myelination control the conduction velocity.

Fiber type Average axon diameter (pum) Conduction velocity (m-s™!)
Myelinated fibers
Aa 18.5 42
AB 14.0 25
Ay 11.0 L7
B Approximately 3.0 42
Unmyelinated fibers

C 2.5 0.4-0.5













release 1trom the same sites over time
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