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Autophagy is a lysosomal degradation system where an isolation mem-
brane (IM, also known as a phagophore) with double-membrane structure se-
questrates a cytoplasmic portion to become an autophagosome, which then fuses 
with lysosomes in order to degrade its contents. This process is triggered by sev-
eral stimuli, including nutrient and energy depletion, which generally leads to 
the suppression of mechanistic target of rapamycin (mTOR) activity. The unco-
ordinated 51-like kinase 1 (Ulk1) complex is then activated and nucleated as the 
autophagosome formation site. Atg9-containing vesicles and the class III phos-
phatidylinositol 3-kinase (PI3K)-complex that produces the phosphatidylinositol 
3-phosphate (PI3P)-rich domain are recruited. The PI3P-binding protein the 
WD-repeat protein interacting with phosphoinositides (WIPIs) and Atg2 then 
promote the expansion of the IM, which eventually closes to become the auto-
phagosome. The Atg12-5-16L complex is also recruited to the IM, producing 
the lipidated form of microtubule-associated protein light chain 3 (LC3-II) on 
the membrane, which is considered to be involved in the closure and fusion of 
the autophagosome with the lysosome and/or the selective engulfment of large 
substrates through binding to autophagy receptors (or adaptors) [1]. 

In the past decade, we and others have suggested that the IM is formed 
though an intermediate structure adjacent to endoplasmic reticulum (ER) called 
“omegasome”. To visualize fine structures of omegasome, we developed fixa-
tion protocols for correlative light-electron microscopy (CLEM) and electron 
tomography [2]. These techniques were then applied to mouse embryonic fibro-
blasts (MEF) expressing a omegasome marker, GFP-tagged double FYVE do-
main-containing protein 1 (GFP-DFCP1), which is recruited on a PI3P-rich do-
main. As a result, we observed a cluster of thin tubular structures between the 
edge of IM and ER profiles. Moreover, part of them were continuous with the 
IM and/or ER. These IM-associated tubular structures (IMATs) were observed 
in several cell lines and MEFs deficient for Atg5, Atg7, or Atg16L1, but not in 
MEFs deficient for a Ulk1 component, FIP200. These results suggest that they 
are relevant to earlier events in autophagosome formation. Taken together, our 
findings indicate that the IMATs represent a part of omegasome mediating bio-
genesis of autophagic isolation membranes from the ER [3]. Recently, we are 
exploring the IMAT in a certain type of mitophagy, which will also be intro-
duced in this talk. 
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