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This division aims to understand the autophagy in re
spects to its molecular mechanism and its physiological 
role in higher eukaryotes. Cells execute degradation 
processes of their constituents together with biosyn
thetic processes. These two processes are well coordi
nated to regulate the biological activities. In other word, 
we must shed light on degradation process to fully un
derstand the cell, because the study on the degradation 
has been retarded compared to the bio-synthetic process. 
Autophagy is well conserved in eukaryotes and is a 
major route for bulk degradation of cytoplasmic con
stituents and organelles in a lytic compartment, 
lysosome/vacuole. 

I. Background 

Upon nutrient starvation, autophagic process starts as 
building up a membrane structure, an autophagosome, 
in the cytoplasm. The autophagosome sequesters cyto
sol and organelles nonselectively. Then it is delivered to 
the vacuole/lysosome, and the cytoplasmic materials 
inside are degraded by vacuolar/lysosomal proteases. 
We had discovered autophagy in a simple eukaryotic 
model organism, Saccharomyces cerevisiae · and mor
phologically defined the whole process. We have isolat
ed a set of autophagy-deficient mutants (apg ), and have 
cloned most of the APG genes essential for autophagy. 
We are now characterizing these gene products and 
their homologues in mammals and higher plants . 

2. Discovery of novel preautophagosomal struc
ture 

We have cloned the last APG genes, APG2, and char-
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acterized of the gene product. We drew a rough func
tional map of each Apg proteins this year. This is based 
on the finding of novel structure called preauto
phagosomal structure (PAS). Many Apg proteins (Apgl , 
Apg2, Apg5 , Apg8 , Apgl6) are colocalized on preaut
phagosomal structure. Autophagy-specific phosphati
dylinositol 3-kanise complex (Apg6, Apgl4, Vps34 and 
Vpsl5) are essential for organization of PAS. Apg8, 
ubiqitin-like protein, gathers to PAS depending on lipi
dation reaction and the Apg5-Apg 12 conjugates. Apg5 
is recruited to PAS depending on Apgl6 but inde
pendent on Apgl2-conjugation. Apg2 is localized on 
PAS via Apgl. Apgl protein kinase function in transi
tion from PAS to autophagosome. Thus, PAS is the 
organizing center of autophagosome. 

Fig .! Discovery of preautophagosomal structure 
Most Apg proteins are gathered on preautophagosmal struc
ture. Based on this finding, functional role of each Apg protein 
can be discussed in detail. 

3. Autophagosome formation depends on specific 
sets of coat proteins 

We revealed that autophagosme fuses with the vacu
ole by NSF/SNARE meditated mechanism, which is 
common through endmembrane system, such as ER and 
Golgi. However, autophagosome formation is not de
pendent of NSF. Instead, the involvement the proteins 
of early secretory pathway are revealed. Secl2, Secl6, 
Sec23, Sec24 are required for autophagosome formation . 
Interestingly, they are not prerequisite for Cvt pathway, 
the similar pathway to autophagy. The findings may 
imply that early phase of autophagosome formation is 
related to secretory pathway in some way. 

4. Molecular dissection of autophagosome forma
tion 

Apgl2 and Apg5 are covalently attached in a manner 
similar to the ubiquitin conjugation system. The Apg12-
Apg5 conjugation system is well conserved in mam
malian cells. Part of the mammalian Apg12-Apg5 con
jugate localized to the isolation membranes when auto
phagy proceeds, whereas most of it existed in the cyto
plasm. Using GFP-tagged Apg5, we revealed that the 
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cup-shaped isolation membrane is developed from a 
small crescent-shaped compartment. Apg5 localized on 
the isolation membrane throughout its elongation proc
ess. Apg5 was preferentially distributed in the outer side 
of the membrane and detaches from it immediately 
before or after autophagosome formation is completed. 
In contrast, LC3, the mammalian homologue of Apg8, 
was associated with both sides of isolation membranes 
and autophagosomes as well as their precursors. To 
examine the role of Apg5, we generated Apg5-deficient 
ES cells. APG5 + cells are viable but bulk protein de
gradation was significantly reduced. Autophagosome 
formation was impaired in these cells. The mutant 
Apg5K 130

R, which is unable to be conjugated with Apgl2, 
could bind to the autophagosome precursors but could 
not start elongation of the membranes. Thus, the cova
lent modification of Apg5 with Apg12 was not required 
for its membrane targeting but is essential for involve
ment of Apg5 in elongation of the isolation membranes. 
Intriguingly, Apg12-Apg5 was required for processing 
of LC3 and its targeting to the membranes. Therefore, 
the Apg12-Apg5 conjugate plays essential roles in iso
lation membrane development in co-operation with LC3. 
In addition, our studies provided good molecular mark
ers, LC3 and Apg12-Apg5, for autophagic membrane at 
all stages and isolation membranes, respectively, which 
so far have been defined only by morphology. 

5. Production of phosphatidylinositol 3-phosphate 
(PI3P) at the trans-Golgi network (TGN) is re
quired for autophagy 

This year, we reported that, in yeast, Vps34 PI3-
kinase and Apg6 form a protein complex that plays a 
essential role in autophagy by producing PI3P. Then, 
we found in mammalian cells that the complex of the 
mammalian Apg6 homologue, beclin and PI3-kinase 
was distributed in the TGN rather than autophagosomes 
(Figure 2A). We propose that beclin functions as a 
regulatory-subunit of the PI3-kinase complex at the 
TGN, which supplies PI3P for autophagosome forma
tion (Figure 2B). 
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Fig.2 
A. Beclin localizes in the TGN. 
B. Model for beclin function. The beclin-PI3-kinase complex 
localized at the TGN supplies PBP to the membranes in the 
autophagic pathway. 
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