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Ion Channels 
 
Membrane bilayers are electrical insulators with a hydrophobic middle region.  A pure bilayer is 
totally impassible to ions and hydrophilic or charged molecules. Yet the traffic of these 
compounds across many membranes (plasma membrane, golgi apparatus, endoplasmic 
recticulum, etc) is essential to cellular processes.  How do these items traverse this barrier?  
Channels.   
 
Channels 
 
Channels are protein complexes which span the membrane, creating a transmembrane 
environment amenable to passage of specific ions and compounds.  Many channels are gated, 
meaning they have a sort of door which can be open or shut in response to various stimuli.  
Channels are classified by which stimuli gates them and furthermore, but what traverses through 
them.   A brief summary: 
 
Channel Gating by 
Ligand gated Neurotransmitters (Glutamate, GABA, Acetylcholine…) 
Voltage gated Voltage difference between each side of membrane 
Second messenger gated Second messengers (G-proteins, nucleotides, Ca2+) 
Mechanosensitive Osmotic pressure, shear, translational pressure on membrane 
Gap junctions / porins Generally non-gated, open all the time for free passage 
 
Porins 
 
Bacteria contain large transmembrane channels called porins.  These are analogous to gap 
junctions in animals.  16-18 transmembrane domains of amphipathic b-strands arranged in a 
hollow b-barrel structure.  Hydrophilic residues face interior creating a hydrophilic environment for 
compounds to pass.  0.8X1.1nm diameter, large enough to pass compounds 600≤  Daltons in 
size.  Function as non-selective, general diffusion pores. 

 
      Monomeric Form     Trimeric Form 



Acetylcholine Receptors 
 
The family of acetylcholine receptors is divided into muscarinic and nicotinic, depending on 
whether they can by gated by artificially applied muscarin or nicotine.  in vivo they are ligand 
gated channels that are activated by acetylcholine (Ach).  Let’s focus on the nicotinic AchR 
(nAchR).  It’s a heteromeric glycoprotein complex with 5 proteins.  The stoichiometry (or ratios 
of each component to the others) is α2βγδ.  The subunits are similar but not identical, giving the 
AchR a five-fold pseudo-symmetry.  Ach binding occurs at two sites, intersection of the a 
subunits with the b and g subunits. 
 

 
 
We can predict which regions of the amino acid sequence are contained in transmembrane 
domains by looking at the hydropathy plots.  This is just a measure of how hydrophobic a 
given residue is, given the likely secondary structure of it and its neighbors.  Depending on if an 
amino acid is in a α-helix or β-sheet or β-turn, its local environment shields various parts of it from 
the solution, altering its hydrophobicity.  Transmembrane domains generally show up as 
hydrophobic regions on the plot. 

 
 
The M2 domains of the five proteins in the 
AchR are likely to line the pore, because 
their sequences are the only ones likely to 
form amphipathic α-helicies.  Stuck 
together, with the hydrophilic residues facing 
inward, they provide a pore for ions to pass.   
When the channel is open this inner helix 
area is linear, and when closed, there is a 
kink.  A leucine at this kink position is 
thought to mediate channel gating. 

    



Acetylcholine binding site 
 
Ach is the natural ligand for the nAchR.  Nicotine and other agonists positively modulate the 
activity, while antagonists (curare & a-bungarotoxin) inhibit channel opening by competitively 
binding to the pocket (a-bungarotoxin is irreversible.)  Two Ach pockets must be bound by 
agonist to activate the receptor, allowing ions to flow.  Covalent attachment of fluorescent 
compounds to residues in the binding region has identified Tyr93, Trp149, Tyr190, Cys192 and 
Cys193 as involved in ligand binding.  These amino acids come from different loops in the protein 
sequence.  The gating is accomplished by a conformational change at the binding site that 
mechanically displaces the gate that is 2.5nm away from the binding pockets.  Once two Ach’s 
have bound the channel can enter the open state, although it isn’t always open, existing in an 
equilibrium of flipping open and closed freely. After a while, the receptor gets desensitized, the 
gate closes with the Ach’s still attached, and cannot reopen until the Ach’s have dissociated off 
and fresh ones are bound.  In the desensitized state, the affinity of AchR for Ach’s is much 
greater than when Ach is not bound. This desensitization phenomenon prevents over stimulation 
from long periods of high Ach at the postsynaptic membrane. 
 
Potassium Channels 
 
Potassium (K+ channels) come in two major flavors, non-voltage gated and voltage gated.  They 
pass K+ ions.  A number of potassium channel structures have recently been solved and 
published in Nature this year, but let’s look at a classic case on a non-voltage gated, two-
transmembrane domain K-channel.  Between the two transmembrane domains (S1 & S2) there 
is a pore loop, which is somewhat hydrophobic and sticks inside the ion channel.  This loop 
forms the selectivity filter which permits only K+ ions to pass.  The orientation of this loop 
prevents the sidechains of the amino acids to interact with the passing ions.  The oxygens of the 
main chain carbonyls actually coordinate the selectivity!  The selectivity works by dehydrating 
the K+ ion, which Na+ does not like to do, and then passing ion and the waters into distinct slots 
in the pore. 
 

 
 

The direction of ion travel is 
determined not by the 
channel itself, but by the 
chemical and electrical 
gradients between the 
extracellular space and the 
cytoplasm.  Except for the 
selectivity filter, the pore is 
mostly hydrophobic, 
which makes the ions pass 
quickly through (they can 
pass through the 
hydrophobic part because 
the pore is so wide in that 
area. 



  
 
Voltage Gated Channels 
 
Voltage gated potassium channels are hetero or homo-tetramers with 6 transmembrane 
domains per subunit.  The pore loop structure is formed by the S5 and S6 domains, and the S4 
domain contains a series of four positive charges which can sense voltage changes.     There 
are also voltage gated sodium channels that pass only Na+.  These consist of 4 major domains, 
each similar to a K+ channel subunit, but these are all part of one long peptide chain.  
Similarities in the voltage sensing and selectivity filter exist.  However, sodium channels react 
more quickly that potassium channels, and Na+ currents are responsible for the quick voltage 
spikes in neuron action potentials.  K+ currents mediate the return of the voltage to a resting level 
in the neuron.  Importantly, these channels flip open in closed in a random (stochastic) manner.  
A single channel is either on or off, with no in between, and flips VERY quickly (sub millisecond).  
The membrane voltage defines the probability that the channel will be in the open or 
closed state.  Sodium channels also exhibit desensitization. 
 

 


