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Inside the neuron II

The synapse: history, morphology and 

molecular composition of different types of 

synapses

Lesson (6)

What is the main function of a neuronal cell ?
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What is the main function of a neuronal cell ?

Neuronal network

Signals integration : Short term and persistent changes

Synaptic plasticity

It requires 

Axon

Dendrites

Synapses
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Discovery: noradrenaline as neurotrasmitter
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As a consequence of his work on spinal reflexes in frogs in 

the 1890s, Sherrington reached the conclusion that the 

transmission of the peripheral stimuli to spinal cord neurons 

involved only electrical principles.

...but he was wrong on this last point..
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Discovery of the chemical synapse

• T.R. Elliott (young British scientist) in 1905: 
– Increase of frog heart beat by direct incubation with Adrenalin

(he was not considered)

• Otto Lewi (German scientist) 

• Nobel Prize for medicine in 1936: 
– Decrease of frog heart beat by stimulation of vagus nerve (parasympathetic 

function due to release of Acethylcholine)

– Collection of fluid from stimulated heart and incubation of a second heart with 

this fluid: decrease of heart beat also in the second.
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1014 5X1014

1. the neurotransmitter is synthesized in the

presynaptic terminals

2. The neurotransmitter is stored in secretory

vesicles.

3. The release is regulated, neurotransmitter is released 

in the synaptic cleft, between the pre- /post-synaptic

neurons.

4. Presence of receptors on the postsynaptic membrane 

5. The action of the neurotransmitter is tightly controlled by 

“termination” steps (degradation, diffusion, uptake)

Criteria for Chemical transmission
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● Excitatory synapses (Na+ / Ca2+ ion channels). After opening, local

depolarisation occurs, when/if threshold is reached, action potential is initiated. 

Neurotransmitters are: glutamate, ATP, acetylcholine.

● Inhibitory synapses (Cl- ion channels). After opening, influx of (-) charges

evoke hyperpolarisation , making action potential less likely. 

Neurotransmitters are: GABA , Glycine.

● Non channel synapses : neuroreceptors / metabotropic receptors, 

G-protein-coupled receptors, with enzymatic activity. 

When activated, they catalyse the ’ chemical messenger ', which in turn affect the 

sensitivity of ion channels in the cell. Neurotransmitters are: adrenaline, 

noradrenaline (called epinephrine in USA), dopamine, serotonin, endorphin, 

angiotensin, and acetylcholine.

● Neuromuscular junctions - synapses formed between motor neurones and

muscle cells. Always use the neurotransmitter acetylcholine, always excitatory

● Electrical synapses -(gap juctions) close contact of membranes of the two cells, 

composed of hexamers of connexin proteins. The action potential can pass directly 

from one membrane to the next, BIDIRECTIONAL effect

Different types of synapses

Also other cell types communicate via membrane specialization

Immunological Synapse
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GAP junctions

Electrical synapses

BIDIRECTIONAL !!! 

Also other cell types communicate via membrane specialization

The neuronal chemical synapse
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The neuronal chemical synapse is 

UNIDIRECTIONAL 

Donor of information (synaptic vesicle release)

Acceptor of information (receptor activation)

Symmetric synapses : between an axon

and neuronal cell bodies 

A-Symmetric synapses : between an axon 

and a dendrite
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Gray classified two types of synapses within the 

brain based on the ultrastructural characteristics 

of the presynaptic (vesicle-bearing) and 

postsynaptic partners (length of apposed 

membrane, membrane thickenings and synaptic 

cleft): 

Type 1 synapses on dendritic spines and 

dendrite shafts (asymmetric synapse*)

Type 2 synapses on dendrite shafts and neuronal 

cell bodies (symmetric synapse*)

*described by Colonnier

Type 2 = Inhibitory(GABA)

Type 1 = Excitatory(glutamate)

http://synapses.clm.utexas.edu/anatomy/chemical/refsh.htm
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Dendritic spine : A dendritic spine (or spine) is a small protrusion 

from a neuron's dendrite that receives input from a single synapse

of an axon

DENDRITIC SPINE
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The synaptic bouton

POST-synaptic cell:

Neurotrasmitter 

receptors

PRE-synaptic cell:

Neurotrasmitter Vesicles 
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Exocytosis at 

presynaptic 

terminal are 

revealed by 

electron 

microscopy

Thin SectionsFreeze-Fracture 
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The neuron is a secretory cell 
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Neurotrasmitters

Neurotransmitters are endogenous chemicals which 

relay, amplify, and modulate signals between a neuron and 

another cell.

Neurotransmitters are packaged into synaptic vesicles

that cluster beneath the membrane on the presynaptic side 

of a synapse, and are released into the synaptic cleft, 

where they bind to receptors in the membrane on the 

postsynaptic side of the synapse. 

Release of neurotransmitters usually follows arrival of an 

action potential at the synapse, 

Major neurotransmitters:

* Amino acids: glutamate, aspartate, serine, γ-

aminobutyric acid (GABA), glycine

* Monoamines: dopamine (DA), norepinephrine 

(noradrenaline; NE, NA), epinephrine (adrenaline), 

serotonin (SE, 5-HT), melatonin

* Others: acetylcholine (ACh), adenosine, anandamide, 

histamine, nitric oxide, ATP, etc.

* over 50 neuroactive peptides : CGRP, SP, PY
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Budding 

Trafficking

Filling

Docking

Priming

Fusion pore

Full fusion

Endocytosis 

Recycling 

or degradation

Vesicle cycle and turn-over


