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Reorganization of Synaptic Vesicles Associated with Mitochondria Following Long-Term Potentiation
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Abstract:
Functional and structural elements of synaptic plasticity are tightly coupled, as has been extensively shown for dendritic spines and presynaptic terminals. We interrogated structural features of
presynaptic terminals in 3DEM reconstructions from CA1 hippocampal axons that had undergone control stimulation or theta-burst stimulation (TBS) to produce long term-potentiation (LTP).
The total volumes of the presynaptic bouton, mitochondria, and synaptic vesicles were measured, in addition to distances between neighboring vesicles and to the active zone. Finally, we
computed the vesicle-associated volume, volume and density of the cloud of vesicles. The outcomes revealed that vesicles in the core of the presynaptic vesicle cloud are reduced two hours
following the induction of LTP. These findings support the hypothesis that the greater vesicle loss in boutons associated with mitochondria (Smith et al., 2016) occurs at the core of the vesicle
cloud, and not restricted to the docked, readily-releasable, or reserve pool of vesicles. Furthermore, the distances between neighboring vesicles were greater in less dense terminals that present
greater percentage of mitochondria volume and lower percentage of total vesicle volume. These findings further support the involvement of mitochondria on vesicle mobilization (Smith et al.,
2016) and allow the identification of presynaptic terminals with extreme morphometric changes following the induction of LTP.
Smith HL, Bourne JN, Cao G, Chirillo MA, Ostroff LE, Watson DJ, and Harris KM (2016) Mitochondrial support of persistent presynaptic vesicle mobilization with age-dependent synaptic growth
after LTP. eLife, 5:e15275. PMCID: PMC5235352
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