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Functional analysis of peroxisomal protein transport

using Arabidopsis mutants
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Peroxisomes are single membrane-bound organelles that are ubiquitous in eukaryotic
cells. Plant peroxisomes are differentiated into several types, including glyoxysomes and leaf
peroxisomes. Their functions are adapted to environmental and developmental changes, and
tightly regulated by multiple factors involved in peroxisome biogenesis, such as protein transport.
Since peroxisomes do not have their own genome unlike mitochondria and chloroplasts, the
enzymes participated in peroxisomal functions are encoded in nuclear genome and are
transported into peroxisomes after protein synthesis in the cytosol. However, the precise
mechanism of peroxisomal protein transport has not been clarified. To identify the factors
regulating peroxisome biogenesis, aberrant peroxisome morphology (apem) mutants that exhibit
abnormal peroxisome morphology have screened. Each apem mutant exhibits different
phenotype, such as the inhibition of protein transport to peroxisomes, abnormally shaped
peroxisomes, or peroxisomes with different sizes. A primary focus of my project is to understand
the mechanism of peroxisomal protein transport at the molecular level. In this study, two apem
mutants, apem9 and apeml(0 were attempted to be analyze to identify novel components for
protein transport to peroxisomes.

Chapter 1 describes the isolation of a novel Arabidopsis mutant, apem9, which showed
the reduction of protein transport to peroxisomes. Therefore, APEM9 gene product is considered
to be compromised in protein transport into peroxisomes. The APEM9 gene was found to encode
an unknown protein. Hydropathy profile revealed that APEM9 protein has a transmembrane
domain (TMD) at its C-terminus. According to the transient expression assay, it is revealed that
APEMO localizes on peroxisomal membrane. From these results and apem9 phenotype, it is
speculated that APEMO acts as a component of the transport machinery complex, which consists
of several PEXOXINs (PEXs). Most of these PEXs are localized to peroxisomal membranes
with own TMD or via interaction with another membrane protein. The AAA-ATPase
PEX1-PEX6 complex, which has no TMD, was reported to be retained to peroxisomal
membranes via protein-protein interactions with peroxisomal membrane proteins Pex26 and
Pex15p in mammals and yeast, respectively. However, tethering proteins, which interact with
PEX1 and PEX6, were not identified in plant cells. The transient expression analysis showed that
expression of APEM9 alters subcellular localization of PEX6, but not PEX1, from the cytosol to
peroxisomes. Furthermore, protein-protein interaction assays revealed that PEX1 and PEX6
could bind together, and that this complex is recruited to peroxisomal membranes via the
interaction with APEM9 and PEX6. This finding shows that APEM9 functions as an anchoring
protein, such as Pex15p in yeast and Pex26 in mammals. However, these anchoring proteins
differ at the amino acid level, indicating that, although the association of the PEX1-PEX6
complex with peroxisomal membranes is essential for peroxisomal functions, the protein that
anchors this complex evolved uniquely in plants.

In addition, the T-DNA insertion lines, apem9-2 and apem9-3, did not produce

homozygous seeds, and self-fertilized fruits from heterozygous lines contained around 20%




aborted seed. Based on the result of the reciprocal cross of apem9-2/+ with wild-type Columbia
(Col), transmission of apem9-2 allele was affected through pollen, but not through ovule.
Interestingly, apem9-2 pollen was matured as well as wild-type successfully, and they had the
ability to germinate in the artificial germination condition. However, when apem9-2 and
wild-type pollens were attached to the same Col pistils, majority of embryo-reached pollen tubes
seems to be wild-type. These results showed that the defect of peroxisomal function by way of
APEMDY decreases the fertiloty of pollen, indicating that peroxisomal functions are responsible
for reproductive events.

Chapter 2 describes the analysis of another apem mutant, apem]0, which exhibited a
defect of protein transport and abnormally sized peroxisomes. Map-based cloning revealed that
APEMI0 encodes a protein annotated as LON protease 2 (LON2). Arabidopsis LON2 is a typical
LON protease containing LON N-terminal domain, AAA-ATPase domain and peptidase domain.
According to immunoblot analysis, accumulation of peroxisomal proteins was altered in apem 0
and transient expression analysis showed that GFP-tagged LON2 localized in both peroxisomes
and cytosol. These data implicate that LON2 contributes protein stability during peroxisomal
protein transport. To approach the hypothesis, the variant LON2 gene construct controlled by
LON?2 promoter were introduced into the apem]() mutants. This complementation assay indicates
that peroxisomal protein transport requires LON2 N-terminal domain, which is thought to be
involved in chaperone-like activity, but not peptidase activity.

In conclusion, this study discovered that an anchoring protein for the PEX1-PEX6
complex evolved as APEMY9 in plants, which is a functional homolog of mammal Pex26.
APEMY is required for the functioning of the peroxisome throughout the plant life cycle.
Additionally, the study on APEM10 suggested that unidentified controlling systems are present
in peroxisomal protein transport. This study will provide help in mechanistic understanding of
protein import into plant peroxisomes.
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