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Good YouTube Videos on the Topic

• Resting membrane potentials, graded activation of cells and 
covers the action potential (which is not covered in this class).

• https://youtu.be/HYLyhXRp298

© Haavik Research 2023

https://youtu.be/HYLyhXRp298


Bi-lipid Cell Membrane
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The Resting Membrane Potential

• An imbalance of charge across a 
membrane is called a membrane 
potential.

• The major contribution to membrane 
potential in animal cells comes from 
imbalances in small ions (e.g., Na, K).

• The maintenance of this imbalance is an 
active process carried out by ion pumps.
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The Resting 
Membrane Potential

• The cytoplasm of most cells (including 
neurons) has an excess of negative ions over 
positive ions:

• Due to active pumping of sodium ions 
out of the cell and;

• Anions attach to large impermeable 
proteins and negatively charged organic 
phosphates inside cells.

• By convention this is referred to as a negative 
membrane potential (inside minus outside).

• Typical resting potential is -70 mV.
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Diffusion Through The Cell Membrane – Two Subtypes

• Simple diffusion: 
• This means that molecular kinetic 

movement of molecules or ions 
occurs through a membrane without 
the need for carrier proteins. The rate 
of the diffusion is determined by the 
velocity of kinetic motion, and by the 
number and size of openings in the 
cell membrane.

• Facilitated Diffusion:
• Requires the interaction of a carrier 

protein with the molecules or ions. 
The carrier protein aids passage of 
the molecules or ions through the 
membrane in this form. 
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Terminology
• Passive Transport is a movement of ions or molecules 

across cell membranes without the need of energy. 

• Simple diffusion does NOT require a special protein 
channel and is an example of passive transport.

• Active Transport a movement of ions or molecules across 
cell membranes that requires energy ( in form of ATP).

• Facilitated diffusion (or facilitated transport) requires the 
assistance of transport proteins.

• Facilitated diffusion / transport can be Active or Passive.
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• Ion channels can switch 
between open and 
closed states.

• An ion channel can 
switch its state due to:

• Change in voltage

• Ligand (ion or molecule)

• Ionotropic receptors

• Stretch or pressure

Ion Channels
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Ion Channels vs Pumps

• Ion channels allow ions to 
flow across a membrane due 
to electro-chemical gradients.

• Ion pumps require energy 
(ATP) to carry ions across a 
membrane against their 
electro-chemical gradients.
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Two Forces Acting On Ions

1. The driving force of the 
chemical concentration
gradient tends to move ions 
down this gradient (chemical 
potential). 

2. On the other hand the 
electrostatic force due to the 
charge separation across the 
membrane tends to move ions 
in a direction determined by 
its particular charge. 

• Opposites attract
• Same charge repels

• Cations (+ve)
• Anions (-ve)

A B
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Potassium Ions

• Potassium ions are concentrated 
inside the cell. 

• Chemically they will tend to move out 
of the cell down its concentration 
gradient through non gated K+ 
channels. 

• However the relative positive charge 
outside the membrane will tend to 
push potassium ions back into the 
cell.

+

INSIDE (-ve) OUTSIDE (+ve)
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+

+

+
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Electric force

Chemical force

+

+

+
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Equilibrium Potentials
• The chemical concentration gradient pulls K+ out of the cell.

• As the inside fluid acquires more and more net negative charge, the electrical force 
starts to pull the positively charged K+ ions back through the channels into the cell.

• When a certain potential difference is reached, the electrical force pulling K+ ions 
inside exactly counterbalances the chemical gradient force of diffusion pushing 
them out. 

• Thus, an equilibrium state is reached in which the diffusional/chemical and 
electrical forces are equal and opposite, and the net movement of K+ across the 
membrane ceases. 

• The electrical potential difference that exactly balances an ionic concentration 
gradient is called an ionic equilibrium potential, or simply equilibrium potential. 
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Chloride Ions

• Chloride ions are concentrated 
outside the cell. 

• Chemically they will tend to move 
inward down its concentration 
gradient through non gated chloride 
channels. 

• However, the relative negative charge 
inside the membrane will tend to 
push chloride ions back out of the 
cell.
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Sodium Ions• In the case of Sodium ions, both  
forces act together on each Na ion 
to drive it into the cell. 

• Na is more concentrated outside 
than inside and therefore tends to 
flow into the cell down its 
concentration gradient. 

• Na is also driven into the cell by 
the electrical potential difference 
across the membrane.

• Therefore, if the cell is to have a 
steady resting membrane 
potential, the movement of Na 
ions into the cell must be balanced 
by the efflux of K ions.

+

INSIDE (-ve) OUTSIDE (+ve)

+

+

+

+
+

+

+

+

+

+

Electrical force

Chemical force

+

+

+

© Haavik Research 2023



Charge Distribution
The relative excess of positive 
charges outside and negative 
charges inside the membrane 
of a nerve cell at rest is 
maintained because the lipid 
bilayer acts as a barrier to the 
diffusion of ions, and give rise 
to an electrical potential 
difference, which ranges from 
about 60 to 90mV. 

INSIDE (-ve) OUTSIDE (+ve)

Cell Membrane

-

-

-

-
+

+

+

+

+

+

+

+

+

+

-

-

-
+

+

+

+

+

+

+

-
-

-
-

-

-

-

-
+

+

-

Organic Anions

K+ ions Cl- ions

Na+ ions

+
+

+

+

+

- -

-

-

-

-

© Haavik Research 2023



Questions



Ion Channel Structure

The basic structure of a single ion channel:
1° Sequence of amino acids
2° Alpha helix 
3° Three-dimensional folding into 

polypeptide (AKA subunits)
4° Different polypeptides bonded together 

to form a larger protein

The subunits can be copies of the 
same protein or be a combination of 
quite different proteins.
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Ion Channel Pumps
The Sodium/Potassium Pump

• Pumps are Protein that crosses the 
membrane, AND

• Requires ATP

• Example; the Na+/K+ pump that 
restores normal Na+ outside cells 
and K+ inside cells

• By doing this it restores normal 
resting membrane potential
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• The calcium pump actively transports Ca2+ 
out of the cytosol across the cell membrane. 

• Ion pumps are the unsung heroes of cellular 
neurophysiology. 

• They work in the background to ensure that 
the ionic concentration gradients are 
established and maintained.

• Without ion pumps, the resting membrane 
potential would not exist, and the brain 
would not function.

Ion Channel Pumps
The Calcium Pump INSIDE (-ve) OUTSIDE (+ve)

ATP ADP

Ca2+
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The Importance of 
Regulating the External 

K+ Concentration

• The neuronal membrane at 
rest is mostly permeable to K+
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Glial Cells Help 
Maintain The 
Membrane 
Potential

• Astrocyte Perivascular feet 
help maintain blood brain 
barrier.

• Astrocyte membranes 
contain K+ channels and 
pumps. 
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• Can study 
individual ion 
channels

Patch Clamp Method
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Mechanically Activated Piezo 1 and Piezo 2 Ion Channels

Piezo1 Piezo2

Brain

Gastrointestinal tract

Lung

Articular cartilage

Dorsal root 
ganglia

Trigeminal ganglia

Blood vessels and 
erythrocytes

Urinary tract

Merkel cells 
of the skin
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Piezo1

• Major skeletal mechanosensory that regulates 
skeletal homeostasis. 

• Plays an essential role in skeletal growth and 
development by affecting osteoblast-osteoclast 
crosstalk in response to mechanical forces. 

• Plays major role in mechanical force related 
chronic inflammation. 

• Implicated in:
• Chronic pain 
• Chronic inflammation
• Hypertension
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Piezo2

• Expressed by dorsal root ganglia (DRG) 
neurons, especially proprioceptive 
mechano-sensing neurons with muscle 
spindles and Golgi Tendon Organs.

• Loss of Piezo2 in proprioceptive neurons 
of mice resulted in severely 
uncoordinated body movements and 
abnormal limb positions.

• Thus, considered main 
mechanotransducer for proprioceptive 
signals.
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Resting Membrane Potential

• Unequal electrolytes distribution between ECF/ICF:
• Diffusion of ions down their concentration gradients
• Selective permeability of plasma membrane 
• Electrical attraction of cations and anions

• Explanation for -70 mV resting potential:
• Membrane very permeable to K+

• Leaks out until electrical gradient created attracts it back in
• Cytoplasmic anions can not escape due to size or charge (PO4

2-, SO4
2-, organic acids, proteins)

• Membrane much less permeable to Na+

• Na+/K+ pumps out 3 Na+ for every 2 K+ it brings in
• Works continuously & requires a great deal of ATP
• Necessitates glucose & oxygen to be supplied to nerve tissue
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Chemical Excitation
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