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Co-localization of mitochondria with
chloroplasts in plant cells has long
been noticed as beneficial interactions of
the organelles to active photosynthesis.
Recently, we have found that mitochon-
dria in mesophyll cells of Arabidopsis
thaliana expressing mitochondrion-tar-
geted green fluorescent protein (GFP)
change their distribution in a light
dependent manner. Mitochondria occupy
the periclinal and anticlinal regions of
palisade cells under weak and strong
blue light, respectively. Redistributed
mitochondria seem to be rendered static
through co-localization with chloro-
plasts. Here we further demonstrated
that distribution patterns of mitochon-
dria, together with chloroplasts, returned
back to those of dark-adapted state dur-
ing dark incubation after blue-light
illumination. Reversible association of
the two organelles may underlie flexible
adaptation of plants to environmental
fluctuations.

Highly dynamic cell organelles, mito-
chondria, are responsible not only for
energy production, but also for cellular
metabolism, cell growth and survival as
well as gene regulations."? Appropriate
intracellular positioning and distribu-
tion of mitochondria contribute to proper
organelle functions and are essential for
cell signaling.’® In plant cells operating
photosynthesis, the co-localization of
mitochondria with chloroplasts has been a
well known phenomenon for a long period
of time.»®” Physical contact of mito-
chondria with chloroplasts may provide
a means to transfer genetic information
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from the organelle genome,® as well as to
exchange metabolite components; a pro-
cess required for the maintenance of effi-
cient photosynthesis.”!*!!
Using  Arabidopsis
expressing
GFP,"? we have recently examined a dif-

thaliana  stably
mitochondrion-targeted

ferent aspect of mitochondria position-
ing. Although mitochondria in leaf
mesophyll cells are highly motile under
dark condition, mitochondria change
their intracellular positions in response to
light illumination.” The pattern of light-
dependent positioning of mitochondria
seems to be essentially identical to that
of chloroplasts.” Mitochondria occupy
the periclinal regions under weak blue
light (wBL; 470 nm, 4 umol m?s"') and
the anticlinal regions under strong blue
light (sBL; 100 pmol m™s™), respectively.
A gradual increase in the number of static
mitochondria located in the vicinity of
chloroplasts in the periclinal regions with
time period of wBL illumination clearly
demonstrates that the co-localization of
these two organelles is a light-induced
phenomenon.”

In the present study, to ask whether the
light-dependent positioning of mitochon-
dria is reversible or not, a time course of
mitochondria redistribution was examined
transferring the sample leaves from light to
dark conditions. The representative results
(Fig. 1) clearly show that mitochondria
re-changed their positions within several
hours of dark treatment. Immediately
after dark adaptation, mitochondria in
the palisade mesophyll cells were distrib-
uted randomly throughout the cytoplasm
(Fig. 1A and ref. 13). Chloroplasts were
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Figure I. Distribution of mitochondria and chloroplasts on the outer periclinal regions of palisade mesophyll cells of A. thaliana under different
light conditions. Mitochondria (green; GFP) and chloroplasts (red; chlorophyll autofluorescence) were visualized with confocal microscopy after dark
adaptation (A), immediately after wBL (470 nm, 4 umol m-s™') illumination for 4 h (B), after dark treatment for 6 h (C) and 10 h (D) following the 4-h

wBL illumination, respectively. Bar = 50 um.

distributed along the inner periclinal walls
and the lower half of the anticlinal walls.
On the contrary, mitochondria accumu-
lated along the outer (Fig. 1B) and inner
periclinal walls when illuminated with
wBL. Chloroplast position was also along
the outer and inner periclinal walls. Many
of the mitochondria located near the chlo-
roplasts lost their motility. When wBL-
illuminated leaves were transferred back
to dark condition, the numbers of mito-
chondria and chloroplasts present on the
periclinal regions began to decrease within
several hours (Fig. 1C). After 10 h dark
treatment, distribution patterns of mito-
chondria as well as chloroplasts almost
recovered to those of dark-adapted cells
(Fig. 1D).

To our knowledge, this may be the
first report that directly demonstrates that
wBL regulates mitochondria and chloro-
plast positioning in a reversible manner,
though the nuclei in A. thaliana leaf cells
were also found to reverse their positions
when transferred from sBL to dark condi-
tions.” Reversible regulation of organelle
positioning in leaf cells should play criti-
cal roles in adaptation of plants to highly
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fluctuating light conditions in the nature.
Since distribution patterns of mitochon-
dria under wBL and sBL are identical to
those of chloroplasts, we can assume that
phototropins, the BL receptors for chloro-
plast photo-relocation movement,'® may
have some role in the redistribution of
mitochondria. On the other hand, we also
found that red light exhibited a significant
effect on mitochondria positioning (Islam
et al. 2009), suggesting an involvement
of photosynthesis. These possibilities are
now under investigation.
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