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(Summary)
In autophagy, an intracellular degradation system involved in various cellular functions, a flattened membrane
vesicle called the isolation membrane (IM) appears, and expands to form a double-membrane vesicle called the
autophagosome (AP). In this process, cytoplasmic constituents are enclosed within the AP, and delivered to the
lysosome or vacuole for degradation. AP formation requires autophagy-related (Atg) proteins. Atg9 is an
integral membrane protein localized to Golgi-derived, small vesicles called Atg9 vesicles. These vesicles serve
as a “seed membrane”, and Atg9, in cooperation with other Atg proteins, acts to form the IM. These proteins
also found in the IM and should function to expand the membrane. In addition, proteins associated with the
secretory pathway have also been reported to play crucial roles in these processes. However, the fundamental
mechanism of AP formation still remains unclear.

In this study, | identified a precursor of the IM (prelM), as a novel structure accumulated in cells lacking
Atg2, which functions to tether the pre-autophagosomal structure to the endoplasmic reticulum. My analysis
suggested that the prelM was formed at the site of AP formation in a manner dependent on the Atg proteins.
The prelM was a single-membrane vesicle, which contained Atg9 but was larger than the Atg9 vesicle. The
prelM also contained other Atg proteins and phosphatidylinositol 3-phosphate essential for AP formation,
which were not detected in the Atg9 vesicle. My analysis also suggested that the prelM was formed via
SNARE-mediated homotypic fusion of a few Atg9 vesicles. Thus, this study revealed membrane dynamics
during the nucleation step in autophagosome formation and mechanisms underlying this process.

On the other hand, although previous studies suggested that COPII vesicles are closely associated with AP
formation, it remains unclear whether these vesicles serve as a membrane source for AP formation. Using a
recently developed COPII vesicle-labeling system in fluorescence and immunoelectron microscopy, | obtained
several data suggesting that COPII vesicles become part of the AP membrane in the process of AP formation.

Based on these results, | propose a model for the mechanism of membrane nucleation and expansion during

AP formation.
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