
Synaptic Transmission in PNS:
the Neuromuscular Junction

1. The Synaptogenesis

2. The Synaptic Transmission at NMJ

3. The Safety Factor

4. Myasthenic Syndromes

5. The Tripartite Synapse



First animal model: Squid



The Giant Axon:
action potential 

Stellate Ganglion: 
chemical synapse



https://www.youtube.com/watch?v=CXCGqwdtJ78

https://youtu.be/CXCGqwdtJ78?si=9K4L6hjg_8kjUm46


The first direct recorded action potential 
by Hodgkin and Huxley (squid giant axon)



The stellate ganglion of the squid: 
a model for studying the chemical synapse



The role of calcium in synaptic transmission:
thanks to Fatt, Castillo, Miledi and Katz



The transmitter release

from Neuron to Brain



threshold of
synaptic release: 45 mV 

from Neuron to Brain



The synaptic delay

from Neuron to Brain



- 18 mV
+ 60 mV

from Neuron to Brain



In which way can we block 
the synaptic release?



• By blocking the calcium channels

- Mg2+, Cd2+, Ni2+, Mn2+ ….

- Specific blockers 

• By blocking the presynaptic action potential

- TTX

• Removing Ca2+ from the extracellular space



The events of the synaptic transmission



from Neuron to Brain

REST Brief train of AP



from Neuron to Brain



Intracellular recording from 
single muscle fibre of  frog. (A) at 
the motor end-plate. Upper part 
shows spontaneous 'miniature 
end-plate potentials' which are 
localized at junction and arise 
from sudden discharge by motor 
nerve ending of  packets of  
acetylcholine, each containing 
thousands of  molecules. Lower 
part shows single response to 
nerve impulse which was started 
by electric shock at the beginning 
of  trace; first step of  response is 
large 'end-plate potential' 
resulting from synchronous 
delivery of  few hundred packets 
of  acetylcholine, this leading to 
full size action potential. (B) 
Traces recorded in same muscle 
fibre, 2mm away from end-plate. 
Upper part shows much 
attenuated and barely 
recognizable residues of  
miniature end-plate potentials. 
Lower part shows propagated 
action potential, delayed by 
conduction over 2 mm distance 
and not preceded by end-plate 
step. (From: P. Fatt and B. Katz, 
Nature, 166, 597 (1950)).
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Presynaptic electrical control of the frequency of miniature end-plate potentials. In each 
pair of traces, the upper shows miniature potentials, the lower indicates current flowing 
through the terminal part of the motor axon. The cathode was placed near the junction so 
as to depolarize the nerve ending. See J. del Castillo and B. Katz, Journal of Physiology 
124, 586 (1954).











QUANTAL RELEASE

1 quantum corresponds to about 7000 ACh molecules

Quanta release means that only 0, 7000, 14000, or so on 
molecules will be released at the time 

In general, the number of quanta released from the nerve 
terminal in response to AP (quantum content of a synaptic 

response) may vary considerably, but the number of 
molecules (quantum size) of each quantum is fixed.   



1 nAChR has a conductance of 30 pS

mEPP has a conductance of 40 nS

1300 open channels give a mEEP

(2600 ACh molecules) 



The end-plate potential (EPP) 





















Video

https://app.jove.com/v/2322/membrane-potentials-synaptic-responses-neuronal-circuitry

