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he plant mitochondrial respiratory

system changes in its activity in
response to light. This response has been
thought to be important for ensuring
cooperative function with the photosyn-
thetic system. A recent study addressing
light responses of the respiratory chain
in Arabidopsis thaliana provided further
insight into the role of mitochondria in
illuminated leaves. Notably, the non-
phosphorylating alternative oxidase is
rapidly induced when plants are exposed
to the high light stress, and appears to
play a key role in keeping cellular redox
balance.

Response of the Respiratory
Chain to Light

Plants flexibly acclimate to the surround-
ing light environments. In addition to
the chloroplast, whose light responses
have been well-characterized, the mito-
chondrial respiratory system also shows
light-dependent changes in the activ-
ity."* For example, it was reported that
the activity of tricarboxylic acid (TCA)
cycle is suppressed during day-period.’
We have been studying light responses
of the mitochondrial respiratory system,
focusing on the electron transport chain
(respiratory chain). The respiratory chain
in plant mitochondria possesses novel
components that are not associated with
ATP production. The alternative oxidase
(AOX) is the most well-known example
of such energy-wasteful respiratory com-
ponents.*> Although the physiological
significance of AOX is still controversial,
several studies have clarified that leaf AOX
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level is enhanced in response to high light
(HL).%® It was also shown that, in a shade
species Alocasia odora, leaf AOX is present
in the activated state under HL growth
conditions, but not under low light”
These findings imply some beneficial roles
for leaf AOX in the acclimation to HL.
We recently examined responses of
the respiratory chain to two distinct HL
treatments, long- and short-term HL, in
Arabidopsis thaliana."® The results indicate
that responses of the respiratory chain to
long- and short-term HL are vastly differ-
ent, and that AOX induction is important
when plants are suddenly exposed to HL
(hereafter, referred to as the light stress).

AOX Prevents the Over-Reduction
of Respiratory Chain
under Light Stress

Using the @oxIa mutant in A. thaliana,
we assessed physiological roles of AOX
in illuminated leaves."” In the wild-type,
AOX was upregulated by the light stress
treatment, which in turn stabilized the
redox state of ubiquinone (UQ) pool to
the modest level. On the other hand,
UQ reduction level of @oxla remained
high during the light stress treatment.
These observations clearly indicate that
AOX serves to prevent the respiratory
chain from highly reduced state, when
plants are subjected to the light stress.
It was previously demonstrated that,
in tobacco cultured cells, AOX low-
ers the reactive oxygen species (ROS)
level possibly through functioning as
a safety valve of the respiratory chain
to avoid its over-reduction.” It is now
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Figure 1. Effects of drought and its combination with the light stress on leaf respiratory property in Arabidopsis thaliana wild-type (WT) and aoxla
mutant. (A) Images of plants. Plants were cultivated in a controlled growth chamber (light intensity; 80 pmol photons m?s, temperature; 22-24°C,
day/night; 12 h/12 h) for seven weeks. For the drought treatment, plants were not watered for two weeks before the sampling. Value below each im-
age indicates the leaf water content, estimated by following equation; (fresh weight - dry weight)/dry weight (mean + SE, n = 5-7). For the light stress,
light at the intensity of 650 wmol photons m?s™ was given for 6 h. (B) Immunoblotting analysis of mitochondrial proteins, alternative oxidase (AOX),
cytochrome c oxidase subunit Il (COXII) and voltage-dependent anion channel (VDAC). Same amount of protein extracted from the leaves was loaded
into each lane. Arrows indicate the potential AOX isoforms except for AOX1a. (C) UQ reduction level expressed as the ratio of content of the reduced
form to the total. Each value represents the mean + SE (n = 4-7). Statistical analysis was conducted using Student'’s t-test.

established that this AOX roleis relevantin
A. thaliana leaves under the light stress.
Giraud et al. pointed out the impor-
tance of AOX under the combined drought
and light stress.'> We also investigated
AOX protein level, UQ redox state and
their interrelationship in drought-treated
A. thaliana wild-type and aoxla mutant
(Fig. 1). Although the drought treatment
did not result in clear phenotypic differ-
ence between the wild-type and aoxla
(Fig. 1A), it obviously elevated AOX
protein level in the wild-type (Fig. 1B).
Addition of the light stress to drought
further enhanced AOX expression.
Interestingly, even in the zox/a mutant,
weak signals became recognizable by the
drought treatment (arrows in Fig. 1B).
It was reported that, under certain con-
ditions, aoxla shows the complementary
expression of other AOX genes (especially
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AOX1d) .31 Therefore, it is likely that the
signals observed in the drought-treated
aoxla were derived from the AOX iso-
forms other than AOXla, which may
partly compensate for the lack of AOXla.
Nevertheless, UQ reduction level in
aoxla was elevated to a quite high level
by the combined drought and light stress
(Fig. 1C), indicating that AOXla plays a
central role in adjusting UQ redox state in
A. thaliana leaves.

Does AOX Have an Impact
on Photosynthesis?

The light-dependent reduction of the
respiratory chain is thought to occur via
the organellar crosstalk between chloro-
plasts and mitochondria, including the
photorespiratory cycle and redox-shuttling
using the malate valve (Fig. 2).? It should
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be noted that these metabolic pathways
are further activated in conditions where
drought is combined with the light stress;
drought promotes closure of stomata and
thereby CO, depletion within the leaf,
which in turn accelerates the photorespi-
ratory cycle and redox-shuttling, finally
reducing the respiratory chain. Given
that AOX stabilizes UQ redox state and is
therefore a key component of the organel-
lar crosstalk, it is likely that AOX contrib-
utes to efficient photosynthetic reaction.
In fact, the impairment of AOX by specific
inhibitors or genetic techniques exerted
negative impacts on photosynthesis.'>!3!516
Furthermore, using a simultaneous deter-
mination system of the in vivo redox state
of plastoquinone (PQ) and UQ,” we
indicated that the photosynthetic elec-
tron transport in the chloroplast is liable
to be repressed when the respiratory chain
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Figure 2. Simplified model of the mitochondrial role in the light stress. See main text for details. AOX, alternative oxidase; Clll, complex III; CIV, com-
plex IV; COX, cytochrome c oxidase; Cyt ¢, cytrochrome ¢; Gly, glycine; RuBP, ribulose 1,5-bisphosphate; Ser, serine; UQ, ubiquinone.

is highly reduced.”” Despite these reports,
it still remains unclear whether AOX is

required for efficient photosynthetic per-

formance and, if so, to what extent AOX
contributes to photosynthesis. Future
studies focusing on the photosynthetic
properties and other cellular metabolic
pathways in the AOX-impaired plants will
broaden and deepen our understanding of

the AOX role.
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