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Concentration and Permeability of Ions
Responsible for Membrane Potential

 

 



Gradient across the membrane
•The selective permeability of the plasma membrane allows a

living cell to maintain different concentrations of certain
substances on either side of the plasma membrane.

 
•The plasma membrane also creates a difference in the

distribution of positively and negatively charged ions
between the two sides of the plasma membrane.

 



Gradient across the membrane
 
•Typically, the inner surface of the plasma membrane is more

negatively charged and the outer surface is more positively
charged.

 
•This charge difference is termed the membrane potential.



Resting membrane potential
•A separation of positive and negative electrical charges is a

form of potential energy, which is measured in volts or
millivolts.

 
•The greater the difference in charge across the membrane, the

larger the membrane potential (voltage).
 
•The buildup of charge occurs only very close to the

membrane. The cytosol or extracellular fluid elsewhere in the
cell contains equal numbers of positive and negative charges
and is electrically neutral.



Resting membrane potential



Na+/ K+ pump



Resting membrane potential

The resting membrane potential arises from three major
factors:
 
•1- Unequal distribution of ions in the ECF and cytosol.

Extracellular fluid is rich in Na+ and Cl−. In cytosol,
however, the main cation is K+, and the two dominant anions
are phosphates attached to molecules, such as ATP, and amino
acids in proteins.



Resting membrane potential

•Because the plasma membrane typically has more K+
channels than Na+ channels, the number of K+ that diffuse
down their concentration gradient out of the cell into the ECF
is greater than the number of Na+ that diffuse down their
concentration gradient from the ECF into the cell.

 
•As more and more positive K+ exit, the inside of the

membrane becomes increasingly negative, and the outside of
the membrane becomes increasingly positive.



Resting membrane potential

2- Inability of most anions to leave the cell.
 
Most anions inside the cell are not free to leave. They cannot
follow the K+ out of the cell because they are attached to non-
diffusible molecules such as ATP and large proteins.



Resting membrane potential

3- Electrogenic nature of the Na+–K+ ATPases.
 
Na+–K+ ATPases (sodium–potassium pumps) help maintain
the resting membrane potential by pumping out Na+ as fast as
it leaks in. At the same time, the Na+–K+ ATPases bring in
K+. However, K+ eventually leak back out of the cell as they
move down their concentration gradient.
 
 
 



Resting membrane potential

 
The Na+–K+ ATPases expel three Na+ for each two K+
imported. Since these pumps remove more positive charges
from the cell than they bring into the cell, they are
electrogenic, which means they contribute to the negativity of
the resting membrane potential.



Excitable cells

•Neurons and muscle fibers are considered excitable cells
because they exhibit electrical excitability, the ability to
respond to certain stimuli by producing electrical signals (
action potential).

•These cells generate rapidly changing electrochemical
impulses at their membranes, and these impulses are used to
transmit signals along their membranes.

 
 



Ion channels in excitable cells

•The electrical signals produced by neurons and muscle fibers
rely on four types of ion channels: leak channels, ligand-
gated channels, mechanically-gated channels, and voltage-
gated channels:



Ion channels in excitable cells



Ion channels in excitable cells



Excitable cells

They communicate with one another using
two types of electrical signals:
 

(1) Graded potentials are used for short-
distance communication only.

(2) Action potentials allow
communication over long distances
within the body.



Graded potential vs action potential



Graded potential vs Action potential



Action potential



Action potential



Action potential

Repolarizing phase begins:
Na+ channel inactivation gates
close and K+ channels open.
 
The membrane starts to become
repolarized as some K+ ions leave
the neuron and a few negative
charges begin to build up along
the inside surface of the
membrane.



Action potential
Repolarization phase continues:
 
K+ outflow continues.
As more K+ ions leave the
neuron, more negative charges
build up along inside surface of
membrane.
 
K+ outflow eventually restores
resting membrane potential.
 
Na+ channel activation gates
close and inactivation gates open.
 
Return to resting state when K+
gates close.



Refractory period

•Shortly after the action potential is initiated, the sodium channels
become inactivated and no amount of excitatory signal applied to
these channels at this point will open the inactivation gates.

 
•The period during which a second action potential cannot be

elicited, even with a strong stimulus, is called the absolute
refractory period.



Refractory period

•The only condition that will allow them to reopen is for the
membrane potential to return to or near the original resting
membrane potential level. Then, within another small fraction
of a second, the inactivation gates of the channels open and a
new action potential can be initiated.



Re-establishing membrane potential

•Because Na+ -K+ ATPase pump requires energy for
operation, this “recharging” of the nerve fiber is an active
metabolic process.

 
•A special feature of this pump is that its degree of activity is

strongly stimulated when excess sodium ions accumulate
inside the cell membrane.



Action Potential

 


