ne Neuronal Membrane at Rest
ne cast of chemicals
ne movement of 1ons

ne ionic basis of theresting membrane
potential
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e Fig3.1

 |n acopper telephone wire
-about half the speed of light

e |nanerve fiber
-far less conductive
-not especially well insulated




the nerve impulse, or action potential

Information Is encoded in the freguency of action
potentials and in the distribution & number of

neurons firing action potentialsin agiven nerve.
- Morse code

excitable membrane
the resting membrane potential
(resting potential)




THE CAST OF CHEMICALS

o Cytosol and Extracellular Fluid
o \Water.

polar covalent bonds.
e lons

lonic bond, clouds of water

monoval ent, divalent
e cations, anions
e Na' (sodium), K* (potassium), Ca?* (calcium)
 monovalent anion Cl- (chloride)
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The Phospholipid Membran
e

 "water-loving," or hydrophilic

-nonpolar covalent bonds

o "water-fearing," or hydrophobic
-lipid

« The Phospholipid Bilayer
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Protein

enzymes
cytoskeleton

receptors

special proteins that span
the phospholipid bilayer

-protein structure-
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Channel Proteins.

lon channels, a pore
* |on selectivity

- the nature of the R groups lining it
e gating

e Understanding ion channels in the neuronal
membrane Is key to understanding cellular
neurophysiology

e lon pumps
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THE MOVEMENT OF IONS

Diffusion

e concentration gradient

e Driving ions across the membrane
by diffusion

 happens when (1) the membrane possesses
channels permeable to the ions, (2) there
IS a con. gradient across the membrane







Electricity

- Another way to induce a net movement of ions
In a solution is to use an electrical field

The movement of electrical charge:
electrical current, symbol I, amperes (amps

)

the direction of positive-charge movement
Two important factors determine how much

current will flow:
electrical potential and electrical conductance.







Electrical potential

e voltage

- the force exerted on a charged particl
e

* the difference In charge between the an
ode and the cathode, symbol V, volts




Electrical conductance

 the relative ability of an electrical

charge to migrate from one point

to another: symbol g, siemens(s)
 Conductance depends on the number of parti

cles

available to carry electrical charge and on the
ease with which these particles can travel thr
ough

space.
* Electrical resistance, the relative inabllity of
an electrical charge to migrate: R, ohms( ) r




Ohm's law
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IONIC BASIS OF THE RESTING ME
MBRANE POTENTIAL

The membrane potential Is the voltage across the

neuronal membrane at any moment: symbol V
microelectrode

Equilibrium Potentials
lonic equilibrium potential
(equilibrium potential)

e E,, -80mV

e an ionic concentration gradient and
selective ionic permeability




%
“B5MV

Voltmeter

Ground

Microelectrode







. Large changes in membrane potential
are

caused by minuscule changes in |
onic

concentrations
-a cell with a 50- m diameter containing
100 mM K* ; from O to - 80 mV
-from 100 mM to 99.99999 mM
. a negligible drop In concentration




2. The net difference In electrical charge

occurs at the inside and outside surface
s of

the membrane.
- the membrane Is said to store electrical
charge, a property called capacitance




Extracellular

fluid

Membrane



3. lons are driven across the membrane a
ta

rate proportional to the difference
between the membrane potential and
the equilibrium potential

. (V

m ion)
e |onic driving force




4. If the concentration difference across
the membrane is known for an ion,
an equilibrium potential can be

calculated for that ion. -Nernst equation
e (Figure 3.14)




=8, o3,
RHEMD  EpEY



« The Nernst Equation.




The Distribution of ions
Across the Membrane

e Figure3.15
e K*Ismore concentrated on theinside
than the outside.

Na" and Ca2t are more concentrated on the
outside than the inside.
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e sodium-potassium pump
* /0% of the total amount of ATP utilized
by the brain

e calcium pump

 Intracellular Cca?* (0.0002mM)

 calcium-binding proteins and organelles
(mitochondria and endoplasmic reticulum)
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Relative lon Permeabilities
of the Membrane at Rest

 Goldman equation




Potassium Channels

Shaker
Shaker

selectivity filter




Potassium Channels

e strain of mice called Weaver
- mutation of asingle a.a. in the pore loop
of a potassium channel the cerebellum
- Na+t aswell as K* ions can pass through
- |ess negative membrane potential

* Inherited neurological disorders, epilepsy
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Regulating the External Potassium
Concentration
e Figure 3.19

* Increasing extracellular potassium

depolarizes neurons.

* blood-brain barrier that limits the movement
of potassium into the extracellular fluid of the
brain







o Glia, particularly astrocytes,
e potassium spatial buffering

(Figure 3.20)
- elevations of K* in the blood can
nave serious consequences for body
ohysiology, e.g. muscle cells







Therest IS silence.

-Hamlet’'s last words.

William Shakespeare




