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A_ s a vital cell-signaling molecule,
itric oxide (NO) has been reported

to regulate toxic metal responses in
plants. Our recent report has suggested
that caspase-3-like protease activation
was detected in Arabidopsis (Arabidopsis
thaliana) after Cd?* treatment. NO
contributed  caspase-3-like  protease
activation in Cd** induced Arabidopsis
thaliana programmed cell death (PCD),
which was mediated by MPK6. It was
first shown that NO promotes Cd**-
induced Arabidopsis PCD by promot-
ing MPK6-mediated
activation. Our study contributed to the

caspase-3-like

understanding of NO signaling path-
way in Cd**-induced Arabidopsis thali-
ana PCD. Although several studies have
revealed that NO regulates plant PCD,
compared with the study of signaling
pathways involved in animal cell apop-
tosis, the mechanism of NO function
still remains elusive and the molecular
mechanisms of MAPK are far from clear
in Cd**-induced PCD. By using the fluo-
rescence techniques and the Arabidopsis
seedlings as the reference model, the sub-
sequent researches have been performed
to obtain comprehensive understanding

of Cd**-induced plant PCD.

Cadmium (Cd?*) is a non-essential ele-
ment that exhibits high levels of toxicity to
humans, animals and plants.”? Depending
on the concentration, treatment with 50
M Cd* does not result in any differences
vs. untreated cultures and treatments of
100 wM and 150 pM Cd?** in Arabidopsis
suspension cultures led to a type of PCD
that resembles an accelerated senescence
process.> While well known as primary
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mechanism in animal apoptosis, caspase
activity has also been identified in plants.*
In our recent work, fluorescence reso-
nance energy transfer (FRET) technique
has been utilized to successfully detect
real-time caspase-3-like activation in vivo
during UV or Al-induced Arabidopsis
protoplasts PCD.*> But the mechanism
of regulating caspase-3-like activation
in plant PCD remains largely unknown.
Nitric oxide (NO) is an important signal-
ing molecule in plants PCD. Recently,
some works provided evidence for the reg-
ulation of NO in Cd?** stress.>® Our recent
works have shown a potential NO signal-
ing pathway in Cd**-induced Arabidopsis
PCD: Cd?** stress resulted in NO produc-
tion; the NO accumulation subsequently
contributed the activation of 44 and 47
kDa MAPKs; and then caspase-3-like
pathway was activated which resulted in
the execution of PCD.” We also found that
NO contributes to Cd?**-induced PCD by
facilitating caspase-3-like protease acti-
vation and NO promotes caspase-3-like
activation via MPK6-mediation.” These
findings prompt us to carry out further
investigations to determine the much
clearer NO signaling mechanism of Cd**-
induced plant PCD.

Mitochondria play an essential role in
nitric oxide (NO) signal transduction in
plants.® In our study, we found that the
induction of NO occurred first in the
mitochondrial regions of protoplasts and
subsequently in chloroplasts and even the
whole cell as treatment time increased.
Mitochondria have been thought to be the
major NO producing compartment.” And
chloroplasts have also been shown to be

a source of NO in plants.!® As DAF-FM
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DA is a membrane-permeable fluorogenic
reagent, there are two possibilities about
the appearance of NO generation in chlo-
roplasts and other organelles. First, it may
be due to NO and DAF-FM DA diffusion
from the mitochondria. Second, other
organelles, such as chloroplasts, may par-
ticipate in Cd**-induced NO production
as the treatment time increased. It has
been reported that changes in the distri-
bution and mobility of mitochondria serve
important functions in Cd**-induced cell
death.” And we have previously found
that pretreatment with the MPTP inhibi-
tor CsA depresses the mitochondrial dys-
function and caspase-3-like activation
induced by Al stress.” Hence, to realize a
real-time in vivo subcellular localization
of the NO release in living cells using fluo-
rescence techniques will be a meaningful
and interesting work, which will provide
direct experimental evidences to deter-
mine the relation between mitochondrial
dysfunction and caspase-like activation in
plant cells.

Previous evidence has demonstrated
that Cd** activates Arabidopsis MPK3
and MPKG6 via the accumulation of ROS.!?
In our study, we found that NO is also
involved in the Cd?*-induced activation
of Arabidopsis MAPKs.” In Arabidopsis
suspension cultures, Cd**-induced H,O,
production occurred after NO produc-
tion because Cd**-induced NO produc-
tion negatively affected the CAT and APX
capacity.” Meanwhile, it has been reported
that NO promoted ROS accumulation
by modulating the activity of NOX and
antioxidative enzymes.” We could sup-
poses that NO and ROS somewhat act
synergistically to regulate the MAPK
signaling pathway. Recently, our group
found that MPKG6 contributed the activa-
tion of Arabidopsis YVPE in HS-induced
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Arabidopsis PCD, which supported that
MPKG6 acts as an important regulator in
plant PCD." Wang et al. (2010) proved
a function of MPK6 in modulating NO
production and signal transduction in
response to H,O,.” Consequently, the
cross-talk between NO and MPK6 sug-
gested that maybe there was an amplifi-
cation loop in the NO signaling pathway
during Cd**-induced Arabidopsis PCD,
which would be interesting to investigate
furcher in the future.
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