

		
1
		
		Engelender, S.	 

Scientific Report for "Dears Foundation” 2019 (2026288) 
Simone Engelender

Role of the deubiquitinase USP9X in modulating -synuclein monoubiquitination: Implications for -synuclein proteasomal degradation

Parkinson’s disease (PD) is one of the most common neurodegenerative diseases. The disease is characterized by motor signs such as bradykinesia, rigidity, tremor and postural instability. The clinical symptoms of PD are caused by a progressive degeneration of dopaminergic neurons of the pars compacta of substantia nigra and the presence of cytoplasmic inclusions called Lewy bodies. Although the presence of Lewy bodies is of pathologic relevance to PD, the molecular basis of the disease is still unknown. 
PD is mostly sporadic, but a number of families inherit PD in a hereditary manner. -Synuclein is considered to be a major player in PD as it is mutated in different families with PD. Several mutations in the -synuclein gene as well as multiplication of -synuclein locus were shown to cause autosomal dominant PD. -Synuclein is also a major component of  Lewy bodies in sporadic PD, suggesting an important role of -synuclein in the pathogenesis of the disease.
We have demonstrated that -synuclein interacts with a protein we have named synphilin-1. Synphilin-1 interacts with -synuclein and leads to the formation of eosinophilic inclusions that resemble Lewy bodies, suggesting that synphilin-1 may modulate -synuclein aggregation. 	We also found that synphilin-1 is ubiquitinated by the E3 ubiquitin-ligase SIAH. SIAH promotes synphilin-1 degradation by the ubiquitin-proteasome system and inability of the proteasome to degrade ubiquitinated synphilin-1 leads to robust formation of cytosolic synphilin-1/SIAH inclusions, which recruit -synuclein. 
We discovered that endogenous SIAH monoubiquitinates -synuclein and that the lysines ubiquitinated by SIAH are the same ones found ubiquitinated in -synuclein purified from Lewy bodies. We also found that monoubiquitination of -synuclein is a dynamic process and that the deubiquitinase USP9X interacts in vivo with and deubiquitinates -synuclein. By manipulating the levels of USP9X, we found monoubiquitination promotes the proteasomal degradation of -synuclein while deubiquitination leads to the degradation of -synuclein through autophagy, suggesting that the levels of monoubiquitination via USP9X dictates the fate of -synuclein. 
More recently, we showed that -synuclein is SUMOylated by the SUMO-ligase PIAS2 and that SUMOylation decreases -synuclein monoubiquitination, leading to its decreased degradation and prompting its accumulation. We also found that SUMOylation per se promotes -synuclein aggregation. Moreover, the levels of SUMOylated -synuclein and PIAS2 are increased in PD brains, along with the finding that the -synuclein disease mutants are more readily SUMOylated. We raise the possibility that SUMOylation may play a role in the accumulation and aggregation of -synuclein in PD. Our findings highlight USP9X and PIAS2 as novel targets to prevent the accumulation of pathological -synuclein in PD.
We are also currently studying the structure of monoubiquitinated and SUMOylated -synuclein to allow the in silico search for compounds to ensure a more efficient proteasomal degradation of -synuclein. The studies on the role of USP9X and PIAS2 were published and the Dears Foundation was properly acknowledged. I really appreciate your continuous support to my research and I would like to thank you for your kind generosity. 
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