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Molecular mechanisms of selective mitochondria degradation in the yeast, Saccharomyces

cerevisiae
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Mitophagy is an evolutionarily conserved autophagy pathway that selectively catabolizes mitochondria and contributes to
mitochondrial quality and quantity control. Mitochondria generate most of ATP required for numerous cellular activities through
oxidative phosphorylation, but concomitantly accumulate oxidative damage. Damaged mitochondria negatively affect cell
homeostasis and are thought to induce various pathologies. Therefore, proper elimination of damaged mitochondria by mitophagy
is critical for biological activity. In the budding yeast Saccharomyces cerevisiae, Atg32, a membrane-anchored receptor essential
for mitophagy, is strongly expressed and localizes on the outer membrane of mitochondria to promote mitophagy under

respiratory conditions. However, the underlying mechanisms of mitophagy remain largely unclear.

Based on previous studies, respiratory growth is thought to be necessary for inducing mitophagy. I here demonstrate that
mitophagy occurs selectively under starvation conditions even without respiration and is detected much later than that of bulk
autophagy. Although Atg32 is necessary for starvation-induced mitophagy, the protein levels are very low under starvation
conditions. Moreover, I found that the bulk autophagy-specific proteins (Atgl7, Atg29 and Atg31) are needed for
starvation-induced mitophagy, but not essential for mitophagy during prolonged respiratory growth. These three Atg proteins
form a complex and recruit the Atgl-Atgl3 protein kinase complex to the site for autophagosome formation. Atgl3, an Atgl
activator, is also required for starvation-induced mitophagy, but not mitophagy during prolonged respiratory growth. I propose
that targeting of strongly activated Atgl to mitochondria might compensate for low levels of Atg32 expression in starved cells,
thereby ensuring mitophagy to be driven, and that the bulk autophagy machinery contributes to starvation-induced mitophagy.

Previous studies have revealed that Atg32 is induced in response to oxidative stress and facilitates mitophagy. However, how
these initiation steps are regulated is poorly understood. In this study, I show that mitophagy, but not bulk autophagy, is strongly
suppressed in cells lacking NatA, a protein N-terminal acetyltransferase that transfers an acetyl group from acetyl-CoA to the
nascent polypeptide targets. Cells expressing an enzymatically inactive NatA variant are also defective in mitochondria
degradation. Moreover, NatA-null cells exhibited defects in Atg32 induction and mitochondria-specific autophagosome formation.
Notably, overexpression of Atg32 partially recovered mitochondria degradation in NatA-null cells, suggesting that this

acetyltransferase participates in mitophagy at least in part via Atg32 induction.

In conclusion, my studies implicate the physiological condition inducing selective mitochondria degradation that depends on

the bulk autophagy machinery, and protein N-terminal acetylation as a regulatory step critical for efficient mitophagy.
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