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Spatial distribution of readily releasable vesicles underlying short-term
plasticity at synapses
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The coupling between presynagtic voltage-gated Ca channels (VGCCs) and
synaptic vesicles (SVs) critically determine the probability and timing of neurotransmitter release.
However, the distribution of SVs within active zones is poorly understood. Using patch-clamp
experiments assessing the inhibitory effect of Ca chelator EGTA on vesicular release and reaction
diffusion simulations of Ca2+ followed by SV release, we demonstrated at the calyx of Held synapse
in the auditory brainstem that ~70% of readily-releasable pool SV is docked within 50 nm from a
cluster of VGCCs and that SVs around 20 nm are exocytosed in response to action potentials. The
distribution of SVs was maintained during repetitive stimulation, suggesting that the SV
replenishment is primarily responsible for short-term plasticity of the synapse. Furthermore, this
simulation points out that EGTA can inhibit SV release in the nanodomain of single VGCCs, pressing
for a revision of the interpretation of past experiments.
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