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Membrane Nanodomains at the Synapse:  

a Key Communication Node in the Nervous System  

Yukiko Goda, Brain Science Institute, RIKEN, Saitama 

 

The synaptic connections formed between neurons play a fundamental role in information processing in 

the nervous system.  Different patterns of neural activity channeled through synapses modulate the 

efficiency of synaptic transmission over time scales of milliseconds to tens of minutes, and such 

dynamic changes in synaptic transmission, in turn, adjust neural circuit activity that are key to cognitive 

processes including attention, perception, learning, and emotion.  The human brain contains more than 

100 trillion synaptic connections that are densely packed.  For example, a piece of brain tissue about 

the size of a rice grain contains more than a billion synapses.  Synapses play a crucial role in brain 

function, and their importance is highlighted by our increasing knowledge that defects in synapses 

culminate in a broad range of neurological disorders including Alzheimer’s disease, affective mood 

disorders, and other disabilities such as autism, which compromise the person’s communication and 

social interaction skills. 

The synapse mediates signal transmission in response to electrical signals by releasing chemical 

neurotransmitters at the specialized patch of the presynaptic membrane, about a couple of hundred 

nanometers wide, called the active zone.  The released neurotransmitters travel the tiny gap (of about 

15 nanometers wide) between neurons and are detected by receptor proteins present on the surface of 

the postsynaptic neuron, which then re-converts the chemical signal back into an electrical one.  Recent 

advances in molecular biology and high resolution fluorescence and electron microscopy, combined 

with electrical recording and biochemistry methods, have given us an extraordinary view of the 

workings of this exquisite subcellular molecular machine which is composed of various membrane 

nanodomains. 

On the presynaptic side, neurotransmitters are packaged into small, membrane bound vesicles (of 

about 40 nm in diameter) called synaptic vesicles.  A complex web of proteins brings synaptic vesicles 

to the active zone and tightly controls their fusion with the active zone membrane to release 

neurotransmitters.  Subsequently, another set of proteins at the cell surface reforms synaptic vesicles 

by bending a patch of membrane to form a dimple, and pinching off its neck to produce a membrane 

bound vesicle.  The reformed synaptic vesicles are refilled with neurotransmitters, and the vesicles are 

poised to repeat the synaptic vesicle cycle.  On the postsynaptic side, a similar flow of vesicles traffic 

neurotransmitter receptors to a specialized membrane domain opposite to the active zone to control the 

number of receptors that are available to bind to released neurotransmitters.  The odds (probability) 

with which neurotransmitters are released in response to electrical signals arriving at the presynaptic 

terminal, and the number of neurotransmitter receptors at the postsynaptic terminal are key parameters 
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that determine the efficiency of synaptic transmission which in turn controls neuronal plasticity.  

Therefore, it is of critical importance to delineate the molecular mechanisms underlying the various 

steps of synaptic vesicle cycle and those controlling the vesicular membrane traffic of neurotransmitter 

receptors.  This session highlights our recent advances on this topic at two different levels: by 

addressing how nanomolecular machines orchestrate synaptic vesicle fusion at the active zone and 

control synaptic transmission (Dr. Schoch-McGovern), and engaging into an even smaller environment, 

by determining how protein structural molds dynamically shape membrane nanodomains that are vital 

for forming synaptic vesicles and also directing intracellular membrane traffic (Dr. Suetsugu). 

  


