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Summary of thesis contents
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(#5R: The mechanism of quality control for peroxisomes by selective autophagy in

Arabidopsis thaliana)

The positioning of peroxisomes in a cell is a regulated process that is closely
associated with their functions. Using this feature of the peroxisomal positioning as
the criterion, the screening of peroxisome mutants showing unusual positioning
(peup: peroxisome unusual positioning) has been done in our laboratory. I analyzed
one of the peup mutants, peupl.

The peupl mutant houses peroxisome aggregates in the photosynthetic cells, which
are absent in wild type. In addition, the peupl mutant shows early senescence
phenotype. Namely, the peupl mutant begins to senesce several weeks earlier than
wild type does.

Map-based cloning identified AUTOPHAGY-RELATED 2 (ATG2) as the responsible
gene for peupl. Autophagy is a major degradation system in the cell. ATG2 was
initially identified as one of the essential components for autophagosome formation in
yeasts. In yeasts and mammalian cells, it is known that organelles such as
peroxisomes are degraded by autophagic process. However, the relationship between
autophagy and peroxisomes in plants is unclear.

To examine the suppression of peroxisomal degradation in the peupl mutant, the
number of peroxisomes was counted. The total number of peroxisomes in the peupl
mutant was increased in comparison to that of the parent plant, GFP-PTS1. However,
the numbers of dispersed peroxisomes were almost identical in the GFP-PTS1 plant
and the peupl mutant. In addition, the peupl mutant contained peroxisome
aggregates. Accumulation of peroxisomal proteins in the peupl mutant was also
shown by immunoblot. On the other hand, the expression of the corresponding genes
was not enhanced in the mutant. These results clearly show that the peupl mutation
causes the suppression of peroxisomal degradation.

To investigate peroxisome aggregates in the peupl mutant in more detail, electron
microscopic analysis was performed. The observation made it clear that most of
aggregated peroxisomes contained electron-dense regions. In  addition,
immuno-electron microscopic analysis demonstrated that the electron-dense region is
composed of condensed catalase (CAT). CAT, which is an enzyme localized in
peroxisomes, decomposes hydrogen peroxide into water and oxygen molecules.
Immunoblot analysis also showed that CAT was highly accumulated in the peuplI
mutant compared to the GFP-PTS1 plant. Moreover, CAT was detected only in the
soluble fraction of the GFP-PTS1 plant, whereas it was detected in the insoluble
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fraction of the peupl mutant in addition to the soluble fraction, suggesting that CAT
formed a condensed mass in the peupl mutant. The enzymatic activity of the CAT in
the insoluble fraction was decreased in comparison to that of the soluble fraction,
indicating that the CAT in the insoluble fraction was inactivated. Then, the redox
states of peroxisomes were examined using reduction—oxidation-sensitive green
fluorescent protein 2 (roGFP2), clearly demonstrating that the peroxisome aggregates
were more oxidative than peroxisomes in the wild type. To understand the
relationship between oxidative stress and peroxisome aggregate, hydrogen peroxide
was applied to the GFP-PTS1 plant. The hydrogen peroxide treatment induced
peroxisome aggregation in the GFP-PTS1 plant. In addition, CAT-defective mutant
also contained peroxisome aggregates. From these results, I conclude that oxidative
stress by hydrogen peroxide decreases peroxisomal quality and induces the
peroxisome aggregation.

Next, I examined whether the peroxisomes damaged by oxidative stress were
selectively degraded by autophagy. ATGS8, which is an autophagosome marker, was
fused with mCherry (mCherry-ATG8) and used to investigate the subcellular
localization. In the GFP-PTS1 plant, mCherry-ATG8a was diffused in the cytosol and
observed some punctate structures. The punctate structure is a pre-autophagosomal
structure (PAS), which is observed in the isolation membrane-forming site. Under
normal conditions, the punctate structures did not colocalize with peroxisomes.
However, after hydrogen peroxide treatment, some punctate structures colocalized
with peroxisomes. Notably, mCherry-ATG8a strongly colocalized with peroxisome
aggregates in the peupl mutant. These observations strongly suggest that damaged
peroxisomes are selectively degraded by autophagy.

Based on these results, I propose that autophagy is a crucial quality control
mechanism for peroxisomes in Arabidopsis thaliana. The early senescence phenotype
of the peupl mutant may be also caused by the defect in the quality control of
peroxisomes which is a major source of many kinds of reactive oxygen species.
Therefore, the quality control of peroxisomes by autophagy is a significant
mechanism for optimal plant growth.

However, the autophagic machinery of the selectivity is still unknown. I
hypothesized that condensed CAT itself was the signal used for the discrimination. To
investigate this hypothesis, I examined the number of peroxisomes and the
accumulation of peroxisomal proteins in the cat mutants. However, these
examinations revealed that CAT is unnecessary for the degradation of peroxisomes.

In further studies, I will clarify the molecular mechanisms of how targets for

autophagy are selected and reveal plant-unique functions of autophagy.
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