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synapsin domain E accelerates the exo-endocytotic cycle of synaptic vesicles AND MEDIATES SYNAPSIN CLUSTERING PROPERTIES
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Synapsins are abundant synaptic vesicle (SV)-associated phosphoproteins involved in the regulation of synapse formation and plasticity. To understand the role of the highly conserved COOH-terminal domain E, shared by multiple synapsin isoforms in a mammalian central synapse we have generated transgenic mice that selectively overexpress the most conserved part of domain E (Pep E) in cerebellar Purkinje cells (PC).  Neurotransmitter release was studied in acute cerebellar slices using patch clamp recordings from deep cerebellar nuclei neurones. Synaptic depression, obtained by stimulating PC fibres for 200ms@100Hz, was less pronounced in mutant mice with a higher steady state level of depression. When PC fibres were subjected to more prolonged stimulation (120sec@50Hz) mutant mice exhibited milder depression, faster recovery and a decreased number of failures. Moreover the rise and decay rates of IPSC decreased and the delay between presynaptic stimulation and the postsynaptic response became shorter. Electron microscopy analysis showed that the total number of SVs per synapse was significantly decreased in transgenic animals. A detailed morphometric analysis indicated that Pep E overexpression did not affect the number of SVs within 200 nm from the active zone (AZ), but markedly decreased SVs located away from the AZ. Taken together, the data demonstrate that the synapsin domain E is involved in: i) the generation and maintenance of the SV reserve pool ii) the regulation of SV cycling rate iii) the final steps of SV exocytosis. To understand the molecular mechanism underlying these effects, we analyzed the role of domain E in the regulation of the functional interactions between synapsin and membrane phospholipids. Using fluorescence resonance energy transfer (FRET) analysis, we demonstrated that Pep E aggregates liposomes with the phospholipid composition of SVs, mimicking the effect of holosynapsin I and that the effect of the full length synapsin is virtually abolished in the presence of Pep E. Moreover, by using atomic force microscopy (AFM) analysis, we revealed that Pep E counteracts the ability of synapsin to coat and cross-link phospholipid membranes. The data indicate that domain E plays a central role in the synapsin-dependent clustering of SV which sustains the existence of the reserve pool of SVs.

