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of cp-actin filaments can be induced even
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In a recent publication using an actin-visualized line of Arabidopsis (Ichikawa et al. 2011)," we reported a detailed analysis
with higher time resolution on the dynamics of chloroplast actin filaments (cp-actin filaments) during chloroplast
avoidance movement and demonstrated a good correlation between the biased configuration of cp-actin filaments
and chloroplast movement. However, we could not conclusively determine whether the reorganization of cp-actin
filaments into a biased configuration preceded actual chloroplast movement (and thus, whether it could be a cause
of the movement). In this report, we present clear evidence that the reorganization of cp-actin filaments into a biased
distribution is induced even in the absence of the actual movement of chloroplasts. When the cells were treated with
2,3-butanedione monoxime (BDM), a potent inhibitor of myosin ATPase, chloroplast motility was completely suppressed.
Nevertheless, the disappearance and biased relocalization of cp-actin filaments toward the side of the prospective
movement direction were induced by irradiation with a strong blue light microbeam. The results definitively indicate that
the reorganization of cp-actin filaments is not an effect of chloroplast movement; however, it is feasible that the biased

localization of cp-actin filaments is an event leading to chloroplast movement.

Chloroplast relocation movement in response to environmental
light conditions is a ubiquitous phenomenon in the plant king-
dom."3 In Arabidopsis thaliana, phototropin (phot) 1 and 2 act as
blue light photoreceptors and regulate the accumulation move-
ment toward weak light; phot2 alone is responsible for avoidance
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movement away from strong light.
actin dynamics during chloroplast photomovement in an actin-
visualized transgenic Arabidopsis line expressing GFP-talin, we
have shown previously that phot-dependent chloroplast photore-
location adopts a novel movement mechanism that utilizes short
actin filaments unique to chloroplasts, which we called cp-actin
filaments (chloroplast actin filaments).” The cp-actin filaments
are located between the chloroplasts and the plasma mem-
brane and show a biased localization on the chloroplasts during
movement. These filaments are abundant on the leading edge
of chloroplasts, and the difference in the amount between the
front and rear halves of the chloroplasts is well correlated with
their speed both in avoidance and in accumulation movements.
In the non-biased configuration, cp-actin filaments also func-
tion in the anchoring of chloroplasts to the site of their location
within the cytoplasm. In the mutants lacking cp-actin filaments,
we had consistently found that no photorelocation was induced.
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Furthermore, we had also observed that the chloroplasts occa-
sionally showed rapid movement in the cell, which was indicative
of passive transport along the cytoplasmic streaming as a result of
detachment from the plasma membrane.”® In these studies, how-
ever, the temporal resolution of cp-actin filament dynamics was
limited to 5 or 10 min due to technical reasons. The blue GFP
excitation beam for fluorescence imaging is inevitably absorbed
by phots, thus reducing their light absorption gradient in the cell
under partial cell irradiation, which is essential for the induction
of chloroplast avoidance and accumulation movements. Cp-actin
filament systems have also been described in moss and fern cells,
and similar functions in chloroplast movement and anchoring
have been suggested.”"

In a recent publication by Ichikawa et al.,' cp-actin reorgani-
zation during the avoidance movement of chloroplasts was ana-
lyzed under a higher time resolution, in the range of seconds.!!
In the report, rather than using partial cell irradiation, chloro-
plast avoidance movement was induced by continuous irradia-
tion of whole cells with a strong blue GFP excitation beam for
the imaging of actin filaments. Under this condition, the cp-
actin filaments in the wild type plants transiently disappeared
after approximately 30 sec, and a biased configuration appeared
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at approximately 70 sec after induction by the blue excitation
light; the chloroplast avoidance movement occurred at nearly
the same time as the latter (i.e., 70 sec). In phoz2 and photiphor2
mutant plants, however, neither cp-actin filament reorganiza-
tion nor chloroplast movement was observed, yet the promotion
of the reorganization of the cp-actin filaments was observed in
the photl single mutant. Consistently, the chloroplast move-
ment in the phot] mutants began earlier than in the wild type
plants, suggesting inhibitory actions of photl on the cp-actin
filament reorganization and, thus, the avoidance movement.
Furthermore, a modulation by a background red light of the blue
light-induced avoidance response was clarified; both promotive
and inhibitory effects of red light were found depending on the
light intensity of red light. Under a weak background red light,
the timing to attain the biased configuration of the cp-actin fila-
ments was eatlier, and the chloroplasts began their movement
more quickly when compared with the condition without the
background red light. In contrast, strong red light delayed the
timing of the chloroplast movement, and the time to achieve
the biased cp-actin configuration was also significantly delayed.
Therefore, all of the evidence obtained indicated a correlation
between the biased configuration of cp-actin filaments and chlo-
roplast movement.

Unfortunately, however, we could not conclusively determine
whether the reorganization of cp-actin filaments into the biased
configuration preceded the actual chloroplast movement. The
difficult-to-detect nature of the cp-actin filament system and
the low speed of the chloroplast movement prevented further
quantitative analyses of the cp-actin filament reorganization and
motility. Thus, the temporal relationship between the reorgani-
zation of the cp-actin filaments and the actual movement of the
chloroplasts was not resolved; the possibility remained that the
biased cp-actin configuration could be the results of chloroplast
migration.

In this report, we present evidence that the reorganization of
cp-actin filaments into a biased distribution is, at least, not an
outcome of the movement of chloroplasts, as we demonstrate the
dynamics of the filaments in the absence of chloroplast movement.
Plant organelle movements are suppressed by 2,3-butanedione
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plant organelle movements depend on myosins. Indeed, recent
genetic evidence has not provided any indication that myosins
are involved in chloroplast motility, which contrasts with what
has been shown for other organelles, such as the mitochondria,
peroxisomes, Golgi bodies and endoplasmic reticulum." The
contribution of class XI myosins in organellar movements has
been clearly demonstrated” " for the above organelles but not for
chloroplast movement.'*"” Regardless of whether BDM inhibited
plant myosins or non-myosin proteins, the chloroplast motility
in Arabidopsis cells that were treated with 25 mM BDM was
suppressed, and no avoidance movements were induced under
microbeam irradiation with blue light of 377 pmol m? sec’
(Fig. 1). When we examined the blue light effect on the dynam-
ics of the cp-actin filaments, we observed the same reorganization
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Figure 1. Reorganization of cp-actin filaments in the absence of movement. Arabidopsis cells were treated with 25 mM 2,3-butanedione monoxime
(BDM). After 30 min of incubation in the dark, a cell was observed under background red light (89 pwmol m? sec?), followed by partial irradiation with a
microbeam blue light (377 wmol m? sec’) for 20 min in the presence of the background red light. Note that the cp-actin filaments on the chloroplasts
near the microbeam exhibited a biased relocalization upon microbeam blue light irradiation (arrows), but their biased distribution was abolished
when the light was turned off. Note also that the cp-actin filaments on the chloroplasts in the beam area disappeared upon blue light irradiation (ar-
rowheads) but reappeared when the light was turned off. A control experiment without BDM can be found in Kadota et al. 2009 (Fig. 1A-C in ref. 7).
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