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This division aims to understand the autophagy in
respects to its molecular mechanism and its
physiological role in yeast and higher eukaryotes. Cells
execute degradation processes of their constituents
together with biosynthetic processes. These two
processes are well coordinated to regulate the biological
activities. In other word, we must shed light on
degradation process to fully understand the cell,
because the study on the degradation has been retarded
compared to the biosynthetic process. Autophagy is a
major route for bulk degradation of cytoplasmic
constituents and organelles in lysosome/vacuole, and is
well conserved in eukaryotes.

L Background

Upon nutrient starvation, autophagic process starts as
building up a membrane structure, an autophagosome,
in the cytoplasm. The autophagosome sequesters
cytosol and organelles nonselectively. Then it is
delivered to the vacuole/lysosome, and the cytoplasmic
materials inside are degraded by vacuolar/lysosomal
hydrolases. We had discovered autophagy in a simple
model organism, S. cerevisiae and morphologically and
genetically defined the whole process.

II. In vitro reconstitution of Atg8-PE conjugation
system

In yeast, S. cerevisiae, Atg8 plays an important role
during autophagosome formation. We have previously
reported that the Atg8 is covalently attached to
phosphatidylethanolamine (PE) via a ubiquitin-like
conjugation system. The C-terminal Arg of newly
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synthesized Atg8 (Atg8%'") is removed by Atg4d
protease to expose a Gly residue at the C-terminus
(Atg8<'"¢). The Apg8°"¢ is then activated by Atg7 (El
enzyme) and transferred to Atg3 (E2 enzyme).
Following these reactions, the Apg8°"¢ conjugates to PE
through an amide bond between its C-terminal Gly and
the amino group of PE. The subsequent deconjugation
reaction by Atg4 is necessary for the normal
progression of autophagy. We developed in vitro Atg8-
PE reconstitution system. The Atg8-PE was
successfully reconstituted simply with Atg8°"¢, Atg7
and Atg3 by using in vivo in E. coli and in vitro system.
These results suggested that Atg7 and Atg3 are
necessary and sufficient for the Atg8-PE conjugation
reaction. The in vitro Atg8-PE reconstitution system
using recombinants and liposomes demonstrated that
the efficiency of Atg8-PE conjugation was strongly
affected by lipid composition. Further, the Atg8 was
linked to the PE in liposomes, but not to the PE in the
presence of detergent, suggesting that the lipid bilayer
of membrane is essential for the Atg8-PE conjugation.

III. Molecular dissection of Atgl2

Atgl2 is activated by Atg7, transferred to AtglO and
attached to Atg5 in a manner similar to the
ubiquitination. Although Atgl2 has scarcely sequence
similarity with ubiquitin, its secondary structure was
predicted to have ubiquitin-like domain in the C-
terminus region. We prepared N-terminally truncated
Atg12 mutant of the yeast S. cerevisiae according to the
predicted secondary structure. Truncated form of Atgl2
having only a predicted ubiquitin-like domain
conjugated with Atg5 was still active in autophagy.
While a truncated Atgl2 mutant lacking the first beta
strand in the ubiquitin-like domain didn’t conjugate
with Atg5. These results showed that the ubiquitin-like
domain of Atgl2 is necessary and sufficient for
conjugation and autophagy. Furthermore, we altered
several hydrophobic amino acid residues in the
ubiqutin-like domain of Atg8 and found a certain amino
acid residue is critical for autophagy, even though still
active for conjugation with Atg5.

IV. Preferential degradation by autophagy

In contrast to the ubiqutin/proteasome pathway,
autophagy is thought to be non-selective protein
degradation process. We surveyed the changes of
protein profiles after nitrogen starvation of wild-type
and Aatg7 cells using 2D-PAGE, and we found that
cytosolic acetaldehyde dehydrogenase (Ald6p; Figure
1) was degraded more rapidly than other cytosolic
proteins in an autophagy dependent manner. We
observed that Ald6ép was enclosed in the
autophagosome and delivered to the vacuole
preferentially. The Ald6p may be harmful to cells
during nitrogen starvation, since disruption of ALD6
improved the loss of viability of the Aatg7 mutant. This
is the first report of the preferential degradation of a
detrimental protein via autophagy.









