
Neuromuscular Junction 

 

1 

 

 
Figure 1. A scanning electron micrograph of a diverging nerve axon 
and multiple specialized synapses called neuromuscular junctions (*).  
Compare this Figure to Figure 2. M = muscle fiber, N = nerve, B = nerve 

branch, Cap = capillary 

As you now know, the neuromuscular junction is a specialized synapse connecting a 
branch of an Aα-motor nerve to one of the skeletal muscle fibres within the total pool of 
muscle fibers included in the motor unit.  For large muscle fibers, there can be multiple 
neuromuscular junctions. 

 
The neuromuscular 
junction (NMJ) is a 
specialized synapse 

connecting the A 
motor nerve to the 
sarcolemma of a 
skeletal muscle fiber.  
Figure 1 provides a 
great scanning 
electron micrograph 

of an A motor nerve 
diverging to form 
neuromuscular 
junctions at 
neighboring muscle 
fibers.  For some 
muscles, muscle 
fibers have more 
than one NMJ.  

Interestingly, the divergence of the A motor nerve means that neighboring muscle 
fibers can be from different motor units, as well as from different motor unit types.  
However, all diverging nerve branches innervate the same type of muscle fiber.  This 
explains the heterogenous distribution of muscle fiber types throughout a skeletal 
muscle. 
 
When the nerve component of the NMJ is removed (Figure 2), the sub-neural folds are 
clearly seen as a trough of invaginations along the sarcolemma.  As previously 
explained, such a convoluted structure of the post-synaptic membrane, which for the 
NMJ is the sarcolemma, increases the surface area of the membrane to the released 
neurotransmitter.  For all NMJs, the neurotransmitter is acetylcholine.  An illustration of 
the function of the NMJ is presented in Figure 3. 
 
For the NMJ, the role of Ca2+ uptake is the same for any synapse.  However, the 
vesicles contain acetylcholine, and within the cleft of the NMJ, the enzyme 
acetylcholinesterase is present to rapidly convert acetylcholine into acetate and 
choline (Figure 3).  These products can be washed away from the NMJ, or taken up by 
the pre-synaptic membrane for reincorporation back into acetylcholine.  The ligand-
gated Na+ channels along the sarcolemma at the NMJ are regulated by the binding of 
acetycholine to the acetylcholine receptor.  The Na+ that then enters through the Na+ 
channels of the sarcolemma raises the membrane potential to above threshold, 
triggering the voltage gated Na+ channels and causing the generation and propagation 
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Figure 2. A scanning electron 
micrograph of the sub-neural 
folds of the cleft of the 
neuromuscular junction (NMJ) 
that are revealed after the nerve 
component of the NMJ is 
removed. 

 
Figure 3. Schematic of the function of the 

neuromuscular junction. 

 
Figure 4. An electron micrograph of the contractile 
proteins and the sarcoplasmic reticulum matrix.  T-
tubules are also apparent. 

of the action potential across the 
sarcolemma and inwards down 
the t-tubule network to the triad 
junction with the sarcoplasmic 
reticulum (Figure 4). 
 
There is some evidence from 
animal research that the NMJ is 
responsive to exercise training by 
increasing the area of the NMJ.  
There is also some evidence that 
the NMJ may be a sight of 
muscle fatigue during repeated 
intense muscle contractions, 
whereby inadequate resynthesis 
of acetylcholine prevents rapid 
continuous bouts of depolarization.  Evidence also reveals the inability to rapidly pump 
Ca2+ back into the sarcoplasmic reticulum in the recovery period between successive 
contractions, thereby preventing sustained NMJ stimulation of muscle contraction. 
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Glossary Words 
 

neuromuscular junction is the junction between an A motor nerve ending and a 
muscle fiber. 
 

motor units are an A motor nerve and all the muscle fibers it innervates. 
 
heterogenous means broadly distributed. 
 
sub-neural folds are the invaginations of the post-synaptic membrane that function to 
increase the cell membrane surface area exposed to the synaptic neurotransmitter. 
 
sarcolemma is the cell membrane of skeletal muscle fibers. 
 
acetylcholine is the neurotransmitter released at the neuromuscular junction, as well 
as parasympathetic nerve endings and the nerve endings of the cholinergic sympathetic 
nerves. 
 
acetylcholinesterase is the enzyme that degrades acetylcholine into acetate and 
choline. 
 
acetate is a 2 carbon carboxylic acid (CH3COO-). 
 
choline is an important biomolecule for cell membranes and the nervous system. 
 
acetylcholine receptor is located on the extracellular side of a cell membrane, and 
binds acetylcholine. 
 
t-tubule is a tubule network that directs an action potential from the sarcolemma of a 
skeletal muscle fiber inwards towards the sarcoplasmic reticulum. 
 
triad is the junction between a t-tubule and the sarcoplasmic reticulum. 
 
sarcoplasmic reticulum is the membranous network within skeletal muscle and 
cardiac (myocardial) fibers that stores calcium. 
 

 
 


