
Examples of small-

molecule and 

peptide 

neurotransmitters





Small- molecule transmitters are transported from the cytosol

into vesicles or from the synaptic cleft to the cytosol by

TRANSPORTERS



Unconventional transmitters (eCBs, NO): 

retrograde signalling





A brief history of cannabinoid

and endocannabinoid

research



Biosynthesis of endocannabinoids



Presynaptic action of endocannabinoids



Activation and signal transduction 

of neurotransmitter receptors

Direct activation 

of an ion channel

Modulation of an ion 

channel through 

intracellular effector

enzymes and second 

messengers



The general architecture of 

ligand-gated ion channels

subunit

Oligomeric

subunit assembly



The nicotinic Acetylcholine 

receptor (nAChR) is the 

best-studied of ionotropic

receptors

nAChR is a cationic channel 

permeable to Na+ e K+

The electric organ of the electric ray is an 

example of preparation in which nicotinic 

receptors have been extensively studied. On a 

dissected Torpedo (left) we can see the electric 

organs and their innervation. These organs 

constitute electroplax membranes (right) which 

are modified muscle cells that do not contract. 

Nicotinic receptors are present on the ventral side 

of the postsynaptic membrane of the electroplax. 

The electroplax are simultaneously activated and 

the summation of their electric discharges can be 

of the order of 500 V. 



The nAChR of the 

neuromuscular junction is a 

cationic channel made of 5 

subunits:(2)a, b, g, d

asubunit 5subunits

(a) Schematic representation of the primary sequence of 

the Ŭ- (Ŭ1ïŬ9) and non-Ŭ- (ɓ1ïɓ4, ɔ, ὑ, and ŭ) subunits 

of the nAChR. M1ïM4, transmembrane domains; CC, 

Cys-Cys pair found in the Ŭ-subunits from both muscle-

and neuronal-type nAChRs.

(b) Diagram of the tertiary organization of nAChRs. (Left) 

Schematic representation of the transmembrane 

organization of a single subunit. (Right) Schematic 

representation of the oligomeric organization of muscle-

type nAChR. The pentameric nAChR is formed by two Ŭ-

subunits and three non-Ŭ-subunits. The two ligand binding 

sites (L) are located at the interfaces of one Ŭ-subunit and 

one non-Ŭ-subunit.

(c) Architecture of the extracellular and transmembrane 

domains of the nAChR from electron micrographs at 

4 Å (0.4 nm) resolution. Individual subunits are in 

different colours (Ŭ, red; ɓ, green; ɔ, blue; ŭ, light blue). 

The extracellular domains are ɓ-sandwiches formed from 

two anti-parallel ɓ-sheets perpendicular to the membrane 

topped by an Ŭ-helix. The transmembrane domains of 

each subunit contain four Ŭ-helices. (Right) Plan view from 

the synaptic cleft. The five subunits form a ring. A water 

filled vestibule runs through the extracellular domains 

down to the channel and through the membrane. The four 

M2 domains (in bright colors) of the four subunits line the 

channel.

(c)



Molecular bases of 

the selective ion 

permeability of 

nAChR
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Each ionotropic receptor subtype

is made of a combination of

different subunits



Multiplicity of metabotropic receptors



At synapses metabotropic receptors

have mostly a modulatory role



Metabotropic receptors transduction mechanisms



Phosphatidylinositide hydrolysis

by different phospholipases



The GABAA receptor

Benzodiazepines positively 

modulates GABAA receptors

Receptor activity is modulated by a series 

of molecules (drugs such as sedatives, 

anxiolitics, anesthetics, é)



Excitatory actions of GABA during development
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