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ROS removal by DJ-1

Arabidopsis as a new model to understand Parkinson disease
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eactive oxygen species represent one
f the principal factors that cause
cell death and scavenging of reactive
oxygen species by superoxide dismutase-
related pathway is essential for cell sur-
vival. The Parkinson disease-related
DJ-1 protein (also known as PARK?)
has been implicated in resistance against
oxidative stress in dopaminergic neurons
however, its molecular mechanism has
to date been unknown. We have used
Arabidopsis thaliana as a model system
to demonstrate that DJ-1, in both plant
and mammalian cells, directly influence
SOD activity in a highly conserved man-
ner thereby preventing cell death. These
data not only provides evidence for the
molecular mechanisms associated with
DJ-1-induced Parkinson disease but also
highlight the unprecedented value of
plants as a tool in understanding human
disease mechanisms.
Reactive oxygen species (ROS)
involved in a myriad of fundamental bio-

are

logical processes including cell signaling
and cellular defense pathways in plants
and animals.’? Despite its role as a signal-
ing molecule, inappropriate and elevated
levels of ROS have a major impact on the
etiology of neurodegenerative diseases,
such as for example Parkinson disease
(PD), and in oxidative stress responses in
plants. In general ROS can cause dam-
age to DNA, lipids, proteins and various
cofactors. During normal physiological
conditions, when ROS are continuously
generated, antioxidant defense systems
are adequately equipped to prevent ROS-
induced tissue dysfunction.*> However,
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upon elevated ROS generation the cellular
antioxidant systems either recruit addi-
tional factors to minimize ROS-induced
damage or cells suffer the consequences
of cell death. Because of this dichotomy,
where ROS plays a vital role during growth
and development but can also have over-
whelming damaging effects, it is clear that
strict regulatory mechanisms need to be in
place to effectively control ROS levels. In
both plant and mammalian cells elevated
ROS levels lead to cell death and in vari-
ous human disease such as PD, Alzheimer
disease, amyotrophic lateral sclerosis and
Huntington disease proteins involved in
stress-related pathways are often mutated.®
In both plants and mammals mito-
chondria act as an important source of
ROS however, plants also produce ROS
in chloroplasts as part of photosynthetic
activity. Combined with the fact that
plants are sessile organisms it suggests
that, although similar in nature, plants
most probably have more complex antioxi-
dant systems than other organisms.
Strategies for removing excess ROS are
similar in plants and humans. The princi-
ple ROS removal pathway involves super-
oxide dismutases (SOD) (or copper/zinc
superoxide dismutase-CSD in plants), glu-
tathione peroxidases (GPX) and catalases
(CAT) localized in the cytosol, mitochon-
dria and chloroplasts (Fig. 1). SOD con-
verts superoxide anion to H,O,, which is
then detoxified to H,O by GPX and CAT.
In Arabidopsis, besides SOD, GPX and
CAT, there are five ascorbate peroxidases
(APX) located in the cytosol and chloro-
plasts, involved in scavenging ROS gener-
ated during photosynthesis.”® Therefore,
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Figure 1. Involvement of DJ-1-like proteins in ROS scavenging pathways. Produced O, is con-
verted to H,0, by SOD in human or CSD (Arabidopsis SOD) in Arabidopsis. H,0, is then converted
to H,0 by GPX or CAT (catalase) in human or APX, GPX or CAT in Arabidopsis. DJ-1-like proteins
interact with SOD or GPX in humans and CSD, GPX and APX in Arabidopsis. It is assumed here that
DJ-1-like proteins may also interact with catalases (broken arrows).

functional GFP molecules. (A) Negative control.

Figure 2. Interaction of AtDJ-1a with APX1. AtDJ-1a tagged with the N-terminal region of GFP and
APX1 tagged with the C-terminal region of GFP gene were co-transformed into tobacco cells. The
observed GFP signal in (B) demonstrates an AtDJ-1a/APX1 interaction through reconstitution of

SOD, GPX, CAT and APX, together with
other auxiliary proteins, form the main
line of defense against ROS.

DJ-1 was originally identified as an
oncogene and represents a ubiquitous
redox-responsive cytoprotective protein
with diverse functions where one of its
main roles have been attributed to oxida-
tive stress protection.” Numerous studies
have shown that several DJ-1 mutations in
humans cause autosomal recessive, early
onset PD however, its mode of action
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has been elusive in terms of having a
direct influence on neuronal cell deach.!
In an attempt to clarify the mechanism
of DJ-1 we established Arabidopsis thali-
ana as a new and novel model system."
The Arabidopsis genome contains three
DJ-1 homologs compared to the single
DJ-1 locus found in humans and we
showed that two of these (AtDJ-1b and
AtD]J-1¢) localizes to chloroplasts whilst
one, AtD]J-1a, localizes to the cytosol and
nucleus as observed for human DJ-1."' As
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mutated DJ-1 in mammals leads to cell
death we identified and

a DJ-1 loss-of-function mutant which

characterized

showed increased cell death in aging
plants. Using Bimolecular Fluorescence
Complementation (BiFC) and isother-
mal titration calorimetry (ITC) assays we
showed that AtDJ-1a interacts with CSD1,
the cytosolic SOD in Arabidopsis, and
with human SODI in plant cells. Further
we demonstrated that the human DJ-1
protein interacts with SODI1 in mam-
malian CHO cells." Similar approaches
were also employed to show that AtDJ-1a
and human DJ-1 had an interaction with
GPX2 in plant and mammalian cells."

Enzyme assays revealed that AtDJ-la
and DJ-1 stimulated SOD/CSDI activity
and that only the copper-loaded forms of
AtDJ-1a and DJ-1 had this effect suggest-
ing that AtDJ-1a/D]J-1 may provide copper
for SOD/CSD1." Although the observed
SOD activation provides clues towards
the role of DJ-1 in detoxification of ROS,
SOD only converts superoxide anion to
H,O, which must further be detoxified
to H,O by GPX and CAT. Although we
showed that AtDJ-la and human DJ-1
can interact with AtGPX2 and GPX2,
respectively, we observed no changes in
GPX2 activity upon DJ-1 interaction. The
reason for this may be several-fold. First,
cellular GPX2 activity levels may be suf-
ficient to convert SOD-generated H,O, to
H,O. Second, DJ-1 may indeed have no
effect on GPX2 activity but simply act as
an anchor to dock GPX2 in the vicinity
of SOD. To test whether the DJ-1/SOD/
GPX2 complex recruits other auxiliary
proteins we have also shown that AtDJ-1a
interacts with the Arabidopsis cytosolic
APX1 protein (Fig. 2, unpublished data).
Itis also highly possible that DJ-1 interacts
with catalase or at least influences its activ-
ity (Fig. 1). Although we have no data to
date indicating a functional significance
of the DJ-1/APX1 interaction we speculate
that DJ-1 indeed acts as a scaffold protein
bringing together SOD, GPX and possibly
APX1 to mediate and control ROS scav-
enging, ultimately preventing oxidative
stress-induced cell death (Fig. 3).

The fact that Arabidopsis has three
DJ-1 homologs where two of these,
AtDJ-1b and AtD]J-1c, are localized to
chloroplasts" underlines the protective
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Figure 3. Working model of AtDJ-1a and DJ-1 mode of action. AtDJ-1a and DJ-1 interacts with SOD
and GPX2 leading to SOD activation in a copper-dependent fashion. It is proposed that AtDJ-1a
and DJ-1 delivers copper to SOD enhancing its activity whilst GPX2 is anchored by AtDJ-1 and DJ-1
to the protein complex to ensure conversion of the SOD-generated H,0, to H,O.

role of DJ-1-like proteins during oxida-
tive stress in plants. From our localization
studies it appears that AtDJ-1b is localized
to the chloroplast stroma whilst AtDJ-1c
is localized to both the stroma and the
thylakoid membranes (unpublished data).
Whether AtDJ-1b and AtD]J-1c act in iso-
lation or in concert and how these two
proteins are involved in photosynthesis-
induced ROS regulation is unclear but
represent exciting future challenges.

The notion that plants can be used
as tools to increase our understanding of
human disease mechanisms is somewhat
obscure to the general scientific com-
munity. The fact remains that many dis-
coveries with direct relevance to human
health and disease have been elaborated
using Arabidopsis, and several processes
important to human biology are more eas-

ily studied in this versatile model plant.?
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The use of Arabidopsis to understand
human disease states has several advan-
tages: (1) Arabidopsis represents a well
established model organism with a fully
annotated genome, (2) The Arabidopsis
genome contains homologs of numer-
ous genes involved in human disease,
(3) The identification and generation of
Arabidopsis mutants is simple and requires
little effort, (4) Arabidopsis growth and
maintenance requires little infrastructure
and running costs and (5) Arabidopsis
research has few ethical constraints.
Despite the advantages of Arabidopsis
as a model system for elucidating human
disease mechanisms it is important to
appreciate that Arabidopsis and plant
research in general can only reach its full
potential in the field of medical research if
combined with complementary, and per-
haps more conventional, model systems.
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