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Mitochondrial dynamics and autophagy during giant lipid droplet formation in oleaginous yeast

R
GhEEERF O BERIEVRIEKICE T2 har R TEEEA— T 7 2—)
WAHOE R

Emerging evidence suggests a pivotal involvement of mitochondria and autophagy in lipid droplet (LD) biogenesis and
breakdown. In contrast to the conventional yeasts containing small multiple LDs, the oleaginous yeast Lipomyces starkeyi has a
remarkable ability to generate a single giant LD, attracting a great deal of attention as an excellent lipid supplier for promoting
biofuel production in the chemical industries. Although formation of giant LDs appears to be induced and regulated through
mitochondrial metabolism under autophagy-inducing nitrogen starvation, challenges in genetic manipulation have impeded the
comprehensive understanding of mitochondrial behavior and autophagy-related processes in this unconventional yeast.

To overcome these issues, I generated an L. starkeyi strain expressing mito-DHFR-mCherry, a mitochondrial fluorescent
marker, and investigated, for the first time, mitochondrial dynamics under various growth conditions using fluorescence
microscopy and western blotting. I found that a fraction of mitochondria was localized to the vacuole, a lytic organelle in yeast,
indicating degradation of mitochondria in L. starkeyi cells. Next, I generated an L. starkeyi strain defective in lipidation of the
ubiquitin-like protein LsAtg8, a process required for autophagy, and found that mitochondrial degradation was strongly
suppressed, establishing this catabolic event as mitophagy (mitochondrial autophagy). My observation also revealed minimal
mitophagy during giant LD formation under nitrogen starvation. Notably, mitochondria transitioned from fragmented to thinned
morphology and juxtaposed to giant LDs under nitrogen starvation, whereas they kept fragmented in cells lacking giant LDs
under carbon-limited conditions. Surprisingly, L. starkeyi cells exhibited suppression or promotion of autophagy under
conditions depleting nitrogen or carbon, respectively.

These findings suggest that nitrogen-starved L. starkeyi cells undergo formation of giant LD in close proximity to elongated

mitochondria in a manner independent of mitophagy and autophagy.
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