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Peroxisomes are multifunctional organelles whose abundance
and metabolic activities differ depending on the species, cell type,
developmental stage and prevailing environmental conditions.!
However, little is known about the signaling pathways that control
these variations, especially in plants. Our laboratory recently
investigated the regulatory role of light in changes in peroxisome
abundance and identified a phytochrome A-dependent pathway
responsible for the proliferation of peroxisomes during dark-to-
light transition in Arabidopsis seedlings. Light induces peroxisome
proliferation at least in part through upregulating the PEX11b
gene, which encodes a peroxisomal membrane protein that medi-
ates the early stages of peroxisome multiplication. Activation
of PEX11b requires the far-red light receptor phyA, as well as
the bZIP transcription factor HYH, which binds directly to the
promoter of PEX11bH. We conclude that during photomorphogen-
esis, both the import of leaf-peroxisome enzymes from the cytosol
and the induction of peroxisome proliferation take place to prepare
seedlings for photosynthesis and photorespiration. In addition to
light, other plant peroxisome proliferators may also exert their
functions by targeting members of the PEXI1 gene family for
transcriptional activation.

Light is one of the major environmental cues that have profound
impacts on plant development. It is perceived by several classes of
photoreceptors, which initiate a complicated network of down-
stream signaling events leading to physiological responses including
germination, photomorphogenesis, shade avoidance, photoperi-
odism, phototropism, chloroplast and stomate movement, circadian
rhythm and time to flower.>* During photomorphogenic responses,
Arabidopsis seedlings exhibit hypocotyl growth inhibition, opening
of cotyledons, development of chloroplasts and expression of genes
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involved in photosynthesis and related functions.* Photoreceptors
responsible for seedling photomorphogenesis are phytochromes,
which perceive red and far-red light, and cryptochromes, which
perceive blue and UV-A light,z’4

What is the role of peroxisomes in photomorphogenesis? Plant
peroxisomes are composed of several metabolically specialized
subtypes, including glyoxysomes in seeds and germinating seedlings,
leaf peroxisomes, gerontosomes in senescent tissue, nodule-specific
peroxisomes and unspecialized peroxisomes. Peroxisomes mediate
photorespiration, fatty acid P-oxidation, the glyoxylate cycle,
nitrogen metabolism, synthesis of plant hormones, metabolism of
hydrogen peroxide, and other important physiological processes.>”
Upon exposure to light, as seedlings undergo the transition from
heterotrophic to autotrophic growth, organelles involved in photo-
synthesis and photorespiration need to develop and genes required in
these processes are activated. It is believed that glyoxysomes in dark-
grown seedlings are converted into leaf peroxisomes by replacing
enzymes specific for lipid metabolism during germination with
proteins involved in glycolate recycling during photorespiration.”
To determine whether changes in peroxisome abundance also occur
during this process, we analyzed dark-grown Arabidopsis seedlings
constitutively expressing the peroxisomal marker protein YFP-PTSI
(Peroxisome Targeting Signal type 1). Upon light treatment, these
plants exhibited a strong increase in the total number of peroxisomes
in cotyledon cells, which followed a multi-step process consisting of
peroxisome elongation, constriction and fission.®

We later identified several components of the light signaling
pathway that leads to peroxisome proliferation.® Previous studies
showed that five Arabidopsis PEX11 isoforms, PEX11a to -e, are
integral membrane proteins of the peroxisome and promote peroxi-
some elongation and number increase.”!? Our study demonstrated
that a member of this gene family, PEX11b, was strongly upregulated
by light. The RNAi mutant of PEXI15 displayed subtle changes in
peroxisome morphology and much-reduced increases in peroxisome
abundance during dark-to-light transition.® This finding placed
PEX11b as a key peroxisomal mediator in light-induced peroxisome
proliferation. To determine which wavelengths of the light spectrum
specifically affect the expression of PEXI1b, we also performed
RT-PCR and searched online gene expression databases to obtain
quantitative measures of PEXIIb expression under various light
conditions. Far-red light was found to confer the strongest upregula-
tion of PEXI1b. Consistent with this result, the light induction of
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Light-induced peroxisome proliferation

Figure 1. Overexpressing PEX11b in phyA and hyh mutants rescued the low peroxisome abundance phenotype. Shown are confocal microscopic images
of cotyledon cells from 5-d green seedlings. (A) phyA; (B) phyA overexpressing PEX11b; (C) hyh; (D) hyh overexpressing PEXT1b. Scale bars, 20 um.
Peroxisomes are labeled with YFP-PTS1. The bigger and round organelles in the background are chloroplasts emitting autofluorescence.

PEX11b expression was strongly decreased in mutants impaired in
the far-red light receptor phyA. While searching for downstream
components of the light signaling pathway that might have an
impact on PEX11b expression, we detected a partial but significant
reduction in the transcript level of PEX115 in the syh mutant defec-
tive in the bZIP transcription factor HYH.8

Further support of the role for phyA and HYH in inducing
peroxisome proliferation via activating the expression of PEXIIb
came from our genetic and biochemical analyses. Mutants of PHYA
or HYH crossed into the YFP-PTS1 peroxisomal marker line showed
significantly reduced peroxisome abundance, a phenotype that was
rescued by transiently overexpressing PEXI16 in these mutants.®
We subsequently corroborated this transient expression data with
confocal microscopic analysis of phyA and hyh mutants stably over-
expressing the PEX116 gene (Fig. 1). Interestingly, at the young
seedling stage (5d) used in this study, we did not observe many elon-
gated peroxisomes as we did in 6-week adult leaves overexpressing
PEX116.'0 indicating that the function of PEX11b and possibly
other PEX11 proteins in peroxisome proliferation may be develop-
mentally regulated. Furthermore, gel-shift assays demonstrated that
HYH but not its homolog HY5 bound to the promoter of PEX115,
suggesting that PEX11b is one of the distinct target genes of HYH in
transcriptional regulation in the light,8

Opverall, our study showed that in the complex web of phyA-
mediated light signaling cascade, one individual pathway, which is
composed of at least the HYH and PEX11b proteins, specifically trig-
gers peroxisome proliferation during seedling photomorphogenesis.®
It seems that in order to keep up with the high rate of photosynthesis
and photorespiration, both the import of leaf peroxisomal enzymes
into the organelles and a strong increase in peroxisome abundance
are required.

Studies have shown that environmental and metabolic stress
conditions such as ozone, herbicide, clofibrate and high light
increased peroxisome abundance in plant cells. 116 However, molec-
ular players in the signaling events underlying these phenomena are
still elusive. The identification of components in the light signaling
pathway that induces peroxisome proliferation in Arabidopsis offers
a starting point for dissecting signaling pathways under other peroxi-
some-proliferating conditions. PEX11 orthologs across kingdoms
play highly conserved roles in the rate-limiting first steps of peroxi-
some multiplication.!” In addition to the light-activated Arabidopsis
PEX11b gene, PEXII from yeast S. cerevisiae and PEXII10. from
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mammals are also transcriptional activation targets for peroxisome
proliferation agents such as oleic acid and phenylbutyrate.!8-20 The
dynamin-related protein DRP3A is another critical player in the
Arabidopsis peroxisome proliferation apparatus, which powers the
scission of the membranes once constriction occurs.2!22 However,
DRP3A does not seem to be a rate-limiting factor and overexpressing
the gene did not cause any obvious morphological or population
changes of peroxisomes.?? Thus, we predict that besides light, other
plant peroxisome proliferators may also use members of the PEX11
gene family as the main entry point to implement their regulatory
roles in peroxisome proliferation.
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