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Abstract: Synucleinopathies are neurodegenerative disorders characterized by the accumulation of
misfolded a-synuclein (a-syn) protein. Under patho-physiological conditions a-syn aggregates to form
oligomers, a toxic precursor of the insoluble Lewy bodies, that deposit in neurons. These toxic forms of
a-syn are thought to cause decreased synaptic transmission and impaired proteolysis, resulting in the
perpetuation of misfolding. However, the mechanisms linking a-Syn aggregation to synaptic dysfunction
are yet to be fully elucidated. Herein, synucleinopathies were modelled through the addition of pre-formed
fibrils (PFFs) to primary cortical neurons. To study the synaptic dysfunction, electrophysiological analysis
of network activity, high resolution microscopy of dendritic arborization and dendritic spines, and
immunoblotting were conducted. In this system, there was an observed synaptic dysfunction associated
with the N-methyl D-aspartate receptor (NMDAR) including decreases in number and maturity of
dendritic spines, impaired synaptic connectivity, reduced neuritic arborization, and S-nitrosylation (SNO)
of the dendritic scaffold protein microtubule-associated proteinlA (MAP1A). Recent evidence from our
lab implicated increased nitric oxide levels as a mechanism for this NMDAR associated synaptic
dysfunction. Using an inhibitor of nitric oxide synthase, PFF induced SNO-MAP1A and impaired
maturation of spines were ameliorated. This suggests MAP1A is at least, in part, implicated in the tethering
of NMDARs in the PSD and therefore synaptic connectivity under physiological conditions. However,
under pathological conditions SNO-MAP1A may reduce stability of NMDARSs in the PSD, causing them
to be internalized, and subsequently, synaptic dysfunction. This thesis also aimed to generate a rescue of
synaptic dysfunction (UbVIP). Importantly, expression of the UbVIP exposed neurons mitigated the
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synaptic dysfunction caused by PFFs. This investigation offers novel insight into the molecular basis of
synaptic dysfunction in synucleinopathies and determined that preventing oligomeric a-Syn accumulation
through targeted degradation has the potential to rescue this synaptic dysfunction associated with
synucleinopathies.
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