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Mitochondria are essential eukaryotic organelles that maintain cellular health through 
numerous functions, including the production of the majority of cellular energy. The 
etiology of a number of neurodegenerative diseases, including Parkinson’s disease and 
Alzheimer’s disease, have been associated both genetically and biochemically with 
mitochondrial dysfunction. For example, our work has shown that mutations in the 
Parkinson's disease-linked genes PINK1 and parkin results in the accumulation of 
damaged mitochondria in cells, due to the disruption of mitochondrial autophagy 
(mitophagy).   
 
 The SACS gene encodes Sacsin, one of the largest known proteins in the human 
genome. Mutations in SACS cause ARSACS, the second most common form of 
progressive cerebellar ataxia. While the function of Sacsin remains unclear, its domain 
structure suggests it has a role in preserving cellular health by functioning in conjunction 
with the ubiquitin proteasome system to maintain protein and organelle integrity. The 
subcellular localization of Sacsin demonstrates that a pool of the protein localizes to 
mitochondria in both human and mouse cells (Parfitt et al., 2009; Girard et al., 2012). 
Additionally, SACS null mice, suffer from cerebellar degeneration, and exhibit changes in 
mitochondrial morphology in their neurons (Girard et al., 2012). Because of its disease 
association, domain structure, and subcellular localization we hypothesize that 
Sacsin functions in conjunction with the ubiquitin proteosome system to help 
eliminate damaged mitochondria in cells. Based on this hypothesis we predict that the 
cytosolic pool of Sacsin will be recruited to mitochondria to promote mitophagy 
following mitochondrial damage. To test this hypothesis we will determine the 
subcellular localization of SACS in human cell lines following a number of 
mitochondrial insults that are capable of activating mitophagy. In addition, following 
mitochondrial damage, we will measure mitophagy in cells with and without Sacsin, by 
knocking down SACS in a human cell line. If we find that Sacsin has a role in regulating 
mitophagy we will genetically dissect the pathway(s) through which Sacsin mediates 
mitophagy by using a number of knockout cell lines we have developed. We will 
knockdown Sacsin in these cell lines to determine the pathway(s) through which Sacsin 
functions to regulate mitophagy. This work will test the hypothesis that Sacsin 
contributes to the maintenance of mitochondrial integrity in cells. 
 


