K £
2o (BRSH)
2N EEF

FAREGOHM

FAREOEML

FAWmXEH

mXEEEER

REH R

Bt (EZF)

WU RHS 1165 5

FRR20£3A19H

EmBFERRER BRFER

FAARANE6FE 1 HZKY

Molecular Mechanism of LC3 Lipidation and the Role of

LC3 in Autophagosome Biogenesis.
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Autophagy is a process in which cytosol and organelles are sequestered within
double-membraned vesicles, so-called autophagosome, that deliver the contents to the
lysosome/vacuole for degradation. To date, over 17 ATG genes are shown to be
necessary for autophagy, but there is still limited knowledge as to how these ATG gene
products are involved in the process. Formation of autophagosome involves two
ubiquitin-like conjugation systems. The first is the LC3 system. LC3 (mammalian
Atg8) is conjugated to phosphatidylethanolamine (PE), and associated with the
autophagosomal membrane. The second is the Atgl2 system. Atgl2 is conjugated to
Atgb, which in turn forms ~800-kDa protein complex together with Atg16L (referred to
as the Atgl6L complex). The Atgl6L complex localizes to the precursor membrane of
autophagosome. Precise role of LC3 and the Atgl6L complex in autophagosome
formation is not fully understood so far.

In part I of my thesis, I focused on the molecular mechanism of LC3 lipidation.
It has been known that in the absence of the Atg12-Atg5 conjugate, PE-conjugated LC3
is severely reduced and cytosolic LC3 does not target to the membrane. However, the
mechanism how the two conjugation systems act collaboratively is still largely
unknown. Here we show that overexpression of Atgl2 or Atgl6L inhibits
autophagosome formation. Through a mechanistic analysis, I found that the site of
LC3 lipidation is determined by the membrane localization of the Atgl6L complex and
the interaction of Atgl2 with Atg3, the E2 enzyme for the LC3 lipidation process.
Furthermore, forced localization of Atgl6L to the plasma membrane enabled ectopic
LC3 lipidation at that site. Thus, I propose that the Atgl6L complex is a novel type of
E3-like enzyme functioning as a scaffold for LC3 lipidation by dynamically localizing
on the putative source membranes for autophagosome formation.

In part II, I focused on the role of LC3 in autophagosome biogenesis. Atg8 is
considered as a factor to allow expansion of the autophagosomal membrane in yeast,
however, functional analysis of LC3 has been retarded by the presence of multiple Atg8
homologues in mammals. Here I show that overexpression of inactive AtgdB, a
processing protease for proform of LC3, has a strong inhibitory effect on PE
conjugation of LC3 and other Atg8 homologues. Through a mechanistic analysis, it was
revealed that the cause of the inhibitory effect is titrating out of free form of LC3.
Taking advantage of this inhibitory effect, I examined the role of LC3 for
autophagosome biogenesis in mammalian cells. In the inactive AtgdB mutant
overexpressing cells, autophagic degradation was hampered and Atg5-positive
immature autophagic structures were significantly accumulated. Although the size of
the Atgb-positive membrane structure was comparable to the autophagosome in
control cells, a large portion of the structure is not closed. These results establish for

the first time that LC3 is essential for the completion of autophagosome formation in
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mammalian cells.
This study revealed the molecular mechanism of L.C3 lipidation and the role of
the resulting PE conjugated L.C3 in autophagy. Through the study I could provide novel

insights into the process of autophagosome biogenesis in mammalian cells.
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