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They Can Handle the Stress: MPK17 and PMD1 act in a salt-specific pathway
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ABSTRACT
Arabidopsis MAP KINASE17 (MPK17) was recently identified as a novel regulator of peroxisome division in
response to salt stress. Further, the known peroxisome division factor PEROXISOME AND MITOCHONDRIAL
DIVISION FACTOR1 (PMD1) genetically acts downstream of MPK17. We previously showed that mutants
defective in either MPK17 or PMD1 fail to proliferate peroxisomes in response to NaCl stress. Here, we
show that, unlike their abnormal NaCl responses, mpk17 and pmd1mutants display wild type responses to
other stresses known to alter peroxisome proliferation, suggesting that plants distinguish among
peroxisome division-inducing stresses and alter the peroxisome division pathway based on the stress
applied.
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Introduction

Peroxisomes, small organelles conserved throughout all
eukaryotes, perform a wide variety of essential functions
including fatty acid b-oxidation and hydrogen peroxide
detoxification [reviewed in1]. Plant peroxisomes house
additional specialized functions, including conversion of
hormone precursors into their active forms, some steps of
vitamin synthesis, and branched chain amino acid synthesis
[reviewed in1]. These highly dynamic organelles divide
through a constriction-and-fission process [reviewed in2]
and track rapidly throughout the cell via the actin
cytoskeleton.3 Peroxisomes in Arabidopsis proliferate in
response to a variety of both biotic and abiotic stresses,
including salt,4,5 pathogens,6 high light,7 cadmium,8,9 and
general ROS stress.10 Multiple lines of evidence suggest that
stress induction of peroxisome proliferation is differentially
triggered by each stress. First, plants differentially upregu-
late peroxisome biogenesis gene expression in response to
distinct stresses. For example, the PEX1 transcript increases
in response to light, pathogen, and salt stresses, but remains
unchanged in response to osmotic stress.11,12 In contrast,
the PEX10 transcript increases in response to both salt
stress and osmotic stress.11 Second, whereas the number of
peroxisomes is reported to increase in response to all the
above stresses, peroxisome populations do not behave iden-
tically after division. Pathogen attack not only increases the
number of peroxisomes but also reorients peroxisomes to
the site of pathogen attack.6,13 Under high light stress,
plants proliferate peroxisomes and extend peroxules from
these peroxisomes, which associate with mitochondria.14

Peroxules also form under cadmium stress,8 but haven’t
been reported under high salt conditions or pathogen

attacks. Together, these data suggest plants distinguish
among these stresses and trigger distinct peroxisome
responses for each of them.

Previously, we reported a novel peroxisome division reg-
ulator in Arabidopsis, MAP KINASE17 (MPK17), which
represses peroxisome division with the peroxisome division
factor PEROXISOME AND MITOCHONDRIAL DIVISION
FACTOR1 genetically acting downstream of MPK17.15 Nei-
ther mpk17 nor pmd1 increase peroxisome division in
response to salt stress.15 Here, we show that mpk17-1 and
pmd1-1 display normal peroxisome responses to other divi-
sion-inducing stresses, supporting previous findings that
plants distinguish among peroxisome division-inducing
stresses and may utilize different division pathways depend-
ing on the stress condition.

Results

Because mpk17-1 and pmd1-1 do not respond normally to
NaCl stress by increasing peroxisome division,15 we exam-
ined mpk17-1 and pmd1-1 peroxisome numbers in response
to a variety of other stresses. In all examined conditions,
both mpk17-1 and pmd1-1 display wild-type responsiveness
in peroxisome proliferation, suggesting that MPK17 and
PMD1 are important for salt-induced peroxisome prolifera-
tion but not in peroxisome proliferation in response to gen-
eral stresses.

mpk17 and pmd1 respond normally to light exposure

Sudden light exposure is reported to induce peroxisome
division,16 likely by increasing transcription of PEX11B.7
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To determine whether MPK17 and/or PMD1 might also
act in this pathway, we examined peroxisome proliferation
in mpk17-1 and pmd1-1 in response to sudden light expo-
sure. Similar to previous reports,7-16 wild type rapidly and
transiently displayed increased peroxisome numbers upon
the sudden light exposure of dark-grown seedlings (Fig. 1).
mpk17-1 and pmd1-1 also rapidly and transiently displayed
increased peroxisome numbers upon sudden light exposure
of dark-grown seedlings (Fig. 1), suggesting that MPK17
and PMD1 are not necessary for this response.

mpk17 and pmd1 respond normally to cadmium stress

Peroxisomes are reported to divide rapidly and form perox-
ules when grown on elevated levels of cadmium.8 We examined
peroxisome numbers in wild type, mpk17-1, and pmd1-1 in
response to heavy metals. Seedlings were exposed to a short
term CdCl2 stress, then imaged. Although we did not observe
increased peroxisome numbers under these conditions, wild
type, mpk17-1, and pmd1-1 formed peroxules in response to
this cadmium stress (Fig. 2B).

mpk17 displays normal responses to clofibrate

One possible explanation of stress-induced peroxisome
division is the observation that all the division-inducing
stresses also increase intracellular ROS, so the division
could be a result of increased ROS, not a direct response to
each individual stress. Peroxisomes break down many spe-
cies of ROS, so a quick increase in peroxisome number
could help remove ROS after the stress signal has been per-
ceived, but before ROS can damage cellular components. If
this hypothesis is true, mutants impaired in stress-induced
peroxisome division should display increased ROS during
the stress and should further display increased peroxisomes
in response to all ROS-generating stresses, including

chemicals known to increase intracellular ROS. To test
whether altered ROS responses might contribute to the lack
of response to salt, peroxisome division in mpk17-1 was
evaluated on ROS-producing chemical clofibrate, which
increases peroxisome division in mammalian cells.17 Similar
to wild type, mpk17-1 responds to clofibrate with increased
peroxisome numbers (Fig. 3), suggesting that ROS-induced
peroxisome proliferation does not require MPK17.

Discussion

The data above, together with our prior work,15 demon-
strate that plants distinguish between different types of
stress and use varied pathways depending on the stress to
induce peroxisome division. But beyond “how”, questions
about “why” remain.

An adaptive benefit from peroxisome proliferation
remains elusive for most stresses, except pathogen attack.
Under biotic stress, peroxisomes directly produce anti-
fungal compounds,13 and the rice PEX5 peroxisome recep-
tor is an active anti-fungal protein.18 No direct benefit to
the plant from increasing peroxisome division during salt
stress has been observed. Artificially increasing peroxisome
number by overexpressing peroxisome division factors
fails to appreciably increase abiotic stress tolerance in
Arabidopsis.5,6 Notably, it has not been shown that overex-
pressing peroxisome division factors in otherwise salt-
hypersensitive backgrounds can rescue the salt hypersensi-
tivity.4 Thus, while we now know that plants utilize
different signaling and peroxisome division pathways based
on the type of stress they are facing, whether this increase
in division aids in mitigating the effects of stress in ways
we have been unable to accurately measure, or whether this
division is an unintended side effect of stress signaling
pathways remains an open question.

Figure 1. Peroxisomes in mpk17-1 and pmd1-1 respond normally to sudden light
exposure. Mean number of peroxisomes in dark grown hypocotyls from wild type
(Wt; Col-0), mpk17-1, and pmd1-1 after the indicated length of light exposure.
� indicates p value < 0.05.

Figure 2. Peroxisomes under cadmium stress A) Mean number of perosixomes per
unit area do not increase significantly in wild type under short term cadmium
stress. B) mpk17-1 and pmd1-1 respond normally to cadmium by forming perox-
ules after 6h treatment with 100 mM CdCl2. Peroxules are indicated with white
arrowheads. Scale barsD 5 mm.
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Abbreviations and acronyms

MPK17 Arabidopsis Map Kinase17
PMD1 PEROXISOME AND MITOCHONDRIAL DIVI-

SION FACTOR1
ROS Reactive oxygen species
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