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ABSTRACT:

Neurons couple to one another at synapses and can track action potentials firing at 100-1000

times a second.  How do synapses fire at these rates with high temporal fidelity?  And al

o remain robust under high frequency stimulation?  To explore membrane dynamics

at synapses we are pursuing a genetic strategy using the nematode C. elegans, and validate our

findings in cultured rodent neurons using superresolution fluorescence microscopy,

time-resolved electron microscopy, and electrophysiology.?


Exocytosis. Synaptic vesicles dock and are poised to fuse with the plasma membrane.  Fusi

n is initiated by calcium influx into the synapse.  The speed of fusion is maintained by ti

ht coupling of synaptic vesicles to calcium channels at docking sites 33 nm, so that calc

um reaches the fusion site within microsecond



. 
Endocytosis. Synaptic vesicle proteins and membrane must be recovered after fusing to

the synaptic membrane. To capture images of endocytosis in a living organism, we comb

ned optogenetics, high-pressure freezing and electron microscopy. We observed that in m

use neurons membrane is recycled within 50 to 300 milliseconds after stimulation.  This 

ovel form of membrane recovery is called ultrafast endocytosis, and it allows the synaps

s to recover synaptic vesicle components to maintain neurotransmiss
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