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Abstract 
Statement of the Problem: Parkinson’s disease (PD) is associated with the aggregation and misfolding of alpha-synuclein in midbrain dopaminergic neurons. The gene for alpha-synuclein has six known mutations that directly cause familial PD. Three mutations that were discovered first (A30P, E46K, A53T) generate toxicity in ways distinct from each other. Three newer ones (H50Q, G51D, and A53E) are less well studied and are this study’s focus. Methodology & Theoretical Orientation: We expressed H50Q, G51D, and A53E in an unconventional model system, yeast, and hypothesized that each mutant would generate toxicity in distinctive ways, and would be differentially susceptible to two known PD-associated disruptions (nitrative stress and endocytosis). Next, we examined if H50Q, G51D, and A53E are toxic because they lose an original amino acid or gain the mutation, by characterizing substitution mutants for each new mutant that correspond to key functional amino acid classes. Finally, we assessed the loss-of-function impact of other PD-causing/risk genes on these new mutants. Findings: First, H50Q, G51D, and A53E exhibited properties distinct from each other; H50Q and A53E associated with membranes at different rates and were toxic to yeast, while G51D was surprisingly not. Second, G51D dominated over the two new mutants, when combined with them. Third, both the loss of the original amino acid and the gain of the new mutation contributed to each mutant’s toxicity. Finally, defective endocytosis, nitrative stress, and loss of key PD-associated genes each added to the toxicity of the three mutants, but to different extents. Conclusion & Significance: Each new familial PD mutant is toxic in a distinctive way: G51D is unexpectedly protective and shows toxicity only under high nitrative stress. Collectively, this work adds insight into the pathogenicity of different familial PD mutants of alpha-synuclein and further strengthens yeast as a powerful model system for understanding PD.
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Figure 1. The New Familial PD Mutants are Toxic in Their Own Way in a Budding
Yeast Model

Three familial mutants of the a-synuclein protein that cause early onset Parkinson's
disease (PD) are H50Q, G51D, and AS3E. When they are expressed in yeast and
tagged with éGFP (enhanced green fluorescent protein), two of the new mutants, H50Q
and AS3E, bind membranes, but at different rates from one another and from WT (wild
type). G51D, however, is cyloplasmically diffuse When serially diluted and spotted onto
media that induces the expression of a-synuclein, H50Q and AS3E are both toxic, while
G51D is non-toxic. An x indicates toxicity and a check mark indicates no_toxicity
respectively. When nitrative stress is elevated, G51D becomes toxic and H50Q and
AS3E retain their toxicity.
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