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The front and rear cover:

“The Tower of the Sun”
<The symbol of the Expo ’70 Commemorative Park >

The famous Expo’70 Commemorative Park is located in the vicinity of the venue of our
symposium, the Senri Life Science Center Building. Built on the former grounds of the
Japan World Exposition held in 1970, the park encompasses 260 hectares of land full of
trees and flowers, and now accommodates many facilities appropriate for various cultural
and sports activities. One of the most popular facilities is the Japanese garden, which was
created in various styles from different eras in the Japanese history using supreme
landscaping skills and techniques from all over Japan. Another notable place to visit is the
National Museum of Ethnology, which houses a rich collection of ethnological materials from
around the world. The two fundamental concepts of this park are “Co-existence of Humans
and Nature” and “Interaction among People.”

The monument featured on the front of this brochure is called the Tower of the Sun. It
was designed by late Taro Okamoto, a Japanese prominent artist (1911-1996), as a symbol
of Expo ‘70. The tower has three different faces; the “Golden Mask” on the top of the tower
indicates the future, the “Face of the Sun” at the front shows the present, and the “Black
Sun” at the back represents the past. Last year is the centennial anniversary of the birth of
Taro Okamoto. Among the existing works of art that have been created during the last fifty
years, the Tower of the Sun is certainly one of those that are most known and loved by the
Japanese people.
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Abstract

Autophagy is a bulk degradation system of cellular constituents which is well conserved in
eukaryotes. Since identification of genes autophagy has attracted a good deal of attention for biology
and medical researchers and now become one of the most attractive fields of biology. Protein turnover
via autophagy is so fundamental function of eukaryotic cells, now almost every day important findings
appear, showing autophagy is relevant to many physiological events and diseases. However, there are
many questions remained to answer to understand induction, membrane dynamics and physiological
roles at a molecular level. This symposium aims to introduce and discuss about recent progresses in
autophagy by leading scientists of this field from Japan and abroad.
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Abstract

Autophagy involves the formation of double membrane-bound vesicles called
autophagosomes that selectively or non-selectively engulf cytoplasmic constituents including
organelles to deliver them into lytic compartments such as lysosomes or vacuoles for degradation. In
this process, small flattened vesicles are formed in response to autophagy-inducing signals, and they
grow while curving and finally close to become autophagosomes. We have studied molecular
mechanisms underlying this unique and dynamic membrane biogenesis using the budding yeast
Saccharomyces cerevisiae as a model organism (1).

Autophagosome formation requires a specific set of proteins called Atg (autophagy-related).
Previous studies revealed that these proteins organize an assembly called the pre-autophagosomal
structure in the vicinity of the vacuole and cooperatively act to form the autophagosome. However,
how these proteins mediate membrane formation is still enigmatic. In addition, while the whole process
of autophagosome formation is roughly illustrated as described above, questions about more detailed
processes, including how early small vesicles are generated, how they grow, and what is the source(s)
of the membrane, remain unanswered. Moreover, recent studies have revealed that some proteins that
function in other cellular activities are also involved in autophagy, implying that we do not yet have a
complete set of cellular systems to execute autophagy. To address these critical issues, we have taken
different approaches. First, we have employed in vitro reconstitution systems with purified components,
which provided us with important information on two ubiquitin-like conjugation systems composed of
Atg proteins, including the mechanisms of the conjugation reactions and the functions of the
ubiquitin-like protein conjugates (2). Secondly, our recent biochemical approaches identified a novel
membrane structure thought to be a precursor of the autophagosomal membrane. Further morphological
and biochemical analyses of this structure will dissect an early stage of autophagosome biogenesis.
Finally, whereas previous studies identified ATG genes among genes not essential for yeast growth, we
have conducted a new screening and identified a number of essential genes suggested to be involved in
autophagy. In this symposium, I will present results of these approaches and would also like to discuss
issues remained to be addressed.
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Abstract

We identified Atgl4L as a component of Class III phosphatidylinositol 3-kinase (PI3-kinase)
complex and demonstrated that it positively regulates autophagosome formation. Furthermore, we
found that Atgl4L localizes to the endoplasmic reticulum (ER) as well as autophagosome. A point
mutation in Atgl4L resulting in defective ER localization was also defective in autophagosome
formation. The addition of the ER-targeting motif of another ER protein to this mutant fully
complemented the autophagic defect. Based on these results, we suggest that Atgl4L recruits a subset
of class III PI3-kinase to the ER and the Atgl4L-dependent appearance of PI3P there makes part of the
organelle into the platform for autophagosome formation. On the other hands, electron tomography
revealed that a subdomain of the ER forms a cradle encircling an immature autophagosome and the
membranes were interconnected. Our data provides a clue for the longstanding question where and how
autophagosome membrane generates. [ will also discuss about the relationship between the ER and
mitochondria, which is another candidate of the autophagosome generator.

In addition, we have investigated formation of autophagosome against invading Salmonella,
which is quite selective in contrast to non-selectivity in starvation-induced canonical autophagy. The
membrane formation requires Atg9L1. Atg9L1 and FIP200 are important for autophagy-specific
recruitment of the PI3-kinase complex. In the absence of Atg9L1, FIP200, and PI3-kinase activity, LC3
is still recruited near Salmonella. We propose a novel model in which the mechanism of LC3
recruitment is separate from isolation membrane generation. Finally, I will show some data supporting

our current hypothesis about how cells selectively sequester the targets by autophagosomes.
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Abstract

The process of macroautophagy (hereafter autophagy), where cytosolic components including
organelles, intracellular viruses and bacteria are degraded in the lysosome following encapsulation by a
double membrane to form an autophagosome, has been studied since the early sixties. Autophagy was
long considered a bulk degradation process with little or no selectivity. However, observation of
selective removal of damaged mitochondria and peroxisomes by autophagy suggested that there should
be selective mechanisms involved too. The Cytoplasm-to-Vacuole targeting pathway in yeast also
hinted strongly to such a selectivity. Studying the signalling adaptor p62/SQSTM1 we found that this
protein was involved in forming cytosolic punctate structures we called p62 bodies and that these
bodies became degraded by autophagy. Subsequently, we could show that a short sequence motif we
named LIR (LC3-Interacting Region) mediated a direct interaction between p62 and the LC3B protein
associated with the autophagosomal membrane. This was confirmed by structural studied performed by
Masaaki Komatsu and co-workers. We found that the p62 bodies was identical to the so-called ALIS
(Aggresome-Like Inducible Structures) first identified in dendritic cells and called DALIS (D=dendritic
ALIS). These structures contain ubiquitin and misfolded, aggregated proteins and it was reasonable to
assume that p62 would be recruited to such structures because p62 contains a ubiquitin-binding UBA
domain. In cell lines and animal models, a clear correlation is seen between inhibition of autophagy and
accumulation of ubiquitinated proteins in p62-containing inclusion bodies. p62 has been found in
ubiquitinated protein inclusions in all major neurodegenerative diseases and in liver diseases such as
Mallory bodies of alcoholic and nonalcoholic steatohepatitis. The presence of p62 in all these types of
protein inclusions suggest that p62 could contribute to their clearance by autophagy.We therefore
proposed that p62 could act as a cargo receptor for the degradation of ubiquitinated substrates/targets
by autophagy. It is also possible that p62 may bind directly to another protein and cause its degradation
by autophagy without the presence of any Ub modification. Confirming our hypothesis of p62 as a
cargo receptor for autophagic degradation of ubiquitinated targes, p62 has recently been shown to be
involved in selective autophagy of protein aggregates, soluble proteins, midbody rings, damaged
mitochondria, peroxisomes, intracellular bacteria, phagocytic membrane remnants, bacteriocidal
precursor- and viral capsid proteins.

In a collaborative effort, involving several other groups, we found that NBR1, a protein with a
similar domain architecture as p62, was also a selective autophagy substrate that could act as cargo
receptor for degradation of ubiquitinated protein aggregates by autophagy. Looking into the evolution
of p62 and NBR1 we found that homologs of NBR1 are distributed throughout the eukaryotic kingdom,
while p62 is confined to the metazoans. Plant NBR1 is more similar to mammalian NBR1 than to p62
in domain architecture and amino acid sequence but has hybrid properties of mammalian NBR1 and
p62. Likely, NBR1 is involved in targeting for selective autophagy many of the same substrates as p62.
Based on our studies of p62 we have developed several tools to study autophagic degradation of p62
and LC3 including a tandem tag strategy employing acid-stable mCherry and acid-labile EGFP.

p62 is not only a cytosolic proteins but undergoes a fast nucleo-cytoplasmic shuttling. We
have mapped a nuclear localization signal (NLS) and a nuclear export signal (NES) using mutagenesis
and live cell imaging. p62 accumulates in the nucleus in response to aggregation of proteins as
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exemplified using a nuclear mutant of Ataxin-1. We suggest this may be linked to a role of p62 in
mediating degradation of misfolded proteins (as soluble forms) via the proteasome connected to PML
bodies.

Many groups have contributed to show that p62 is a major stress response protein. With
Japanese researchers in the forefront, several groups, including ours, showed that p62 binds to KEAP1
to regulate the oxidative response regulating transcription factor Nrf2. We could additionally show that
p62 is involved in a positive feedback loop here because Nrf2 is regulating the expression of p62 by
binding to its upstream region inducing its transcription.

Following our discovery of the LIR motifs in p62 and NBR1, we and other research groups
have identified several other human proteins that bind to ATG8 family proteins using a LIR motif. One
of these proteins is FYCO1 which we discovered is involved in microtubule +-end directed transport of
autophagosomes, late endosomes and lysosomes via its interaction with LC3, PI3P and Rab7. Currently,
we have found that members of the UIk1 kinase complex, regulating autophagy, interact with ATG8
family proteins via LIR motifs. A summary of our groups published findings as well as recent data on
LIR-interactions in the UIk1 complex will be presented.
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Abstract

The unconventional secretion of the Acyl-CoA binding protein of S. cerevisiae, Acbl, requires
proteins involved in the formation of autophagosomes, in the fusion of membranes with the endosomes,
proteins of the multivesicular body pathway, the cell surface t-SNARE Ssol and the GRASP ortholog
Grhl (Kinseth et al, 2007, Duran et al, 2010). Our new findings reveal that upon nutrient starvation,
Grhl concentrates in a Phosphatidylinositol 3 phosphate (PI3P)-kinase dependent manner to unique
membranes near the Sec13 containing ER exit sites. Furthermore, these membranes are enriched in
PI3P and contain the ESCRT protein Vps23, and the autophagy-related gene products Atg8 and Atg9
thereby offering commonality between the different proteins required for secretion of Acbl. Electron
microscopy revealed that these membranes are CUP shaped and we have therefore dubbed them CUPS
for Compartment for Unconventional Protein Secretion. The biogenesis of CUPS is starvation specific
but independent of the Rapamycin induced autophagy. A number of genes are involved in the
biogenesis of CUPs including Grhl, Bugl, Vps34, and the ESCRT-II and 11l proteins Vsp25, 36, 20,
and 2. Based on our findings we believe that CUPS serve as a station for the biogenesis of
autophagosomes that contain Acbl. These secretory autophagosomes do not fuse with the vacuole and
instead, in an Ssol dependent reaction, fuse with the cell surface to release Acbl into the extracellular
space. We suggest that secretion of the cytokine IL-1[3 and many other signal sequence lacking proteins
is likely mediated by a similar process involving secretory autophagosomes. | will present our new
findings on the biogenesis of CUPS and downstream events involved in Acbl secretion.
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Abstract

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder, and thus the
understanding of its pathogenic mechanism(s) is important. The majority of PD cases are sporadic;
however, the discovery of genes linked to rare familial forms of the disease has provided crucial insight
into the molecular mechanisms of disease pathogenesis. In 2000, our laboratory found that Parkin,
whose dysfunction causes autosomal recessive juvenile Parkinsonism (AR-JP), is an E3
ubiquitin-ligase (1). Since then, many papers have been published, but the pathogenic mechanisms of
AR-JP caused by loss-of-function of Parkin have largely remained obscure.

PINK1 (PARK®6) is another causal gene of early-onset Parkinson’s disease. PINKI is a
mitochondrial kinase that keeps the integrity of the mitochondria (2). Interestingly, in 2006, three
groups of investigators reported the tight relationship between PNK1 and Parkin (3-5). By the genetic
study using Drosophila system, they found that PINK1 and Parkin function in the same pathway, with
PINK1 functioning upstream of Parkin. However, the exact mechanism involved in regulation of
Parkin by PINK1 as the upstream factor remained elusive. Furthermore, the functional interplay
between Parkin-catalyzed ubiquitylation and PINK1-regulated mitochondrial quality control was
completely missing.

In 2008, Youle and colleagues in NIH reported that Parkin is selectively recruited to damaged
mitochondria with low membrane potential (A¥m), and leads it to degradation by selective autophagy
(alias mitophagy) (6). We soon confirmed the reproducibility of their results. Moreover we revealed
that PINK1 is the Parkin recruitment factor that retrieves Parkin from the cytoplasm to the
mitochondria with low AWm. PINK1 itself is localized on mitochondria upon decrease of A¥m because
PINK1 is rapidly and constitutively degraded under steady-state conditions in a mitochondrial
A¥m-dependent manner and that a loss in mitochondrial AWYm stabilizes PINK1 mitochondrial
accumulation. Interestingly, the ubiquitin-ligase activity of Parkin is usually repressed in the cytoplasm;
however, PINK1-dependent mitochondrial localization liberates the latent enzymatic activity of Parkin.
Some pathogenic mutations of PINK1 and Parkin interfere with this phenomenon, demonstrating the
etiological importance (7). Our conclusion is depicted in Fig. 1, and several groups of investigators
independently reached the same conclusion (8-10).

The essence of the aforementioned model is that PINK1 monitors mitochondrial quality via its
escape from A¥m-dependent degradation. However, homeostatic controlling mechanisms of PINK1 in
cell remain obscure. Recently we realized that PINK1 is autophosphorylated upon decrease of A¥Ym

and most disease-relevant mutations hinder this event. Importantly, the mitochondrial localization of
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PINK1 is necessary for the discrimination of damaged mitochondria but not sufficient to fulfill
downstream events such as Parkin recruitment onto mitochondria. Indeed, low-accumulation of PINK1
on the outer membrane cannot retrieve cytosolic Parkin, and PINK1 activation coincided with its
autophosphorylation is required for optimized mitochondrial localization of Parkin. We propose that the
integrity of mitochondria is sensed and transduced by two distinct mechanisms: one is the escape from
A¥m-dependent degradation of PINK1, and the other is the functional activation of PINK1 kinase (11).
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Matsuda Figure 1, Model of mitochondrial quality control mediated by PINK1 and Parkin
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Abstract

Work from our laboratory has led to the discovery that deficits in protein homeostasis may be
a common thread in a variety of neurodegenerative diseases. Using automated microscopy and
longitudinal single cell analysis, data from neuron models of Parkinson's disease, Huntington's disease
(HD), and amyotrophic lateral sclerosis (ALS) have been used to construct dynamic predictive models
of neurodegeneration and they indicate that stimulating endogenous protein clearance pathways, such
as autophagy, could be a helpful therapeutic strategy. To pursue this strategy, we conducted a screen
that led to the discovery of small molecules that stimulate autophagy in primary neurons from rodents
and in human neurons differentiated from induced pluripotent stem cells. These inducers were
subsequently shown to have beneficial effects in primary neuron models of HD and ALS including the
promotion of cell survival, the reduction in levels of the disease-causing protein, and a reduction in
abnormal intracellular protein deposits called inclusions. These findings further suggest that induction
of autophagy could be a therapeutic strategy for neurodegenerative diseases.
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Abstract

Autophagy is the primary means for the degradation of cytoplasmic constituents in the
lysosome. A portion of cytoplasm is sequestered by an autophagosome, and then delivered to the
lysosome. Autophagy is important for various physiological processes such as adaptive response to
starvation, quality control of intracellular proteins and organelles, tumor suppression, preimplantation
development, and immune responses.

Yeast genetic studies have identified autophagy-related genes, many of which are conserved in
mammals. We have shown that the ULK1 protein complex is the most upstream unit, which is directly
regulated by mTORC1. Downstream of the ULK1 complex, the Atgl4/P13-kinase complex, its
effectors (DFCP1 and WIPI-1), the Atgl2—Atg5-Atgl6L1 complex and LC3 function to form the
autophagosome. The punctate structures containing upstream Atg proteins such as ULK1 and Atgl4
associate with the ER, where VMP1 and Atg9A also transiently localize. These structures should
represent the autophagosome formation site or preautophagosomal structure (PAS) in mammalian cells.
Mammalian Atg2A and 2B are also recruited to this site and are essential for a rather late step of
autophagosome formation. Interestingly, mammalian Atg2 proteins localize on both autophagic
membrane and lipid droplets. Depletion of both Atg2A and Atg2B causes clustering of enlarged lipid
droplets in an autophagy-independent manner. These data suggest that mammalian Atg2 proteins
function both in autophagosome formation and regulation of lipid droplet morphology and dispersion.

We previously found that the autophagy selective substrate, p62 can localize to the
ER-associated autophagosome formation site independently of most Atg proteins, suggesting that
p62-LC3 binding is not the only mechanism explaining substrate selectivity. Similarly in
Parkin-mediated mitophagy, although it has been proposed that p62—-LC3 interaction may mediate the
mitochondrial recognition by autophagosome, structures containing upstream Atg proteins including
ULK1, Atgl4, DFCP1, WIPI-1 and Atgl6L1 can associate with depolarized mitochondria
independently of LC3. The Atg9A structures are also recruited to these damaged mitochondria in a
ULK1-independent manner. In Atg3 KO cells, small autophagosome-like structures, most of which are
not completely sealed, are generated in the mitochondrial area, but they fail to enclose damaged
mitochondria. These results suggest that (1) the isolation membrane is generated de novo on damaged
mitochondria, (2) at least two distinct Atg components, Atg9A and the ULK1 complexes, are
independently involved at initial stages of mitophagosome formation, and (3) LC3-mediated
recognition is important for incorporation of damaged mitochondria inside autophagosomes.

We have also analyzed how autophagy is regulated in mice in vivo. Although autophagy is

differently activated among tissues following food withdrawal, autophagy induction well correlates
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with mTOR suppression in each tissue. Insulin seems to have a major role in mTOR activation and
autophagy suppression in skeletal muscle of refed mice, but a relatively minor role in the liver. Finally,
we found that autophagy is suppressed in denerved muscle through proteasome-dependent mTOR

activation. These data suggest that mTOR is a major regulator of autophagy in vivo as well as in vitro.
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