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The role of peroxidases on the mode of action
of chalcone in Arabidopsis roots
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Chalcone is a secondary metabolite belonging to the group of flavonoids. It has shown strong phytotoxic activity
on Arabidopsis roots, as inductor of programmed cell death, and inhibitor of root growth and root hair formation. Per-
oxidases are particularly abundant in root meristems and are involved in the formation and interconversion of Reactive
Oxygen Species (ROS), which play a critical role on root and root hair development. Therefore, we report here the role of
peroxidases in Arabidopsis root development during chalcone treatment. A strong inhibition of peroxidase activity was
detected in the apical root meristems after chalcone treatment, which reflects the important role of these enzymes on

the mode of action of this secondary metabolite.

Peroxidases are present in all organs and almost all tissues, but
they are particularly abundant in roots."! These enzymes are par-
ticularly implicated in cell wall modifications with a double role,
as they can promote cell elongation by mediating in cell wall loos-
ening or, by contrary, contribute to the stiffening of the cell wall,
preventing cell growth." Peroxidases play a key role in the forma-
tion of reactive oxygen species (ROS), which are implicated in
promoting or inhibiting cell growth and elongation. Elongation
and meristematic zones are rich in O,", which in combination
with peroxidases, can produce OH" necessary for cell wall loosen-
ing*® and cell growth and elongation,” while in the differentia-
tion zone, where cell elongation ceases and root hairs are formed,
the predominating ROS is H,O,.

During the formation of root hairs, the production of ROS
is crucial in order to get wall loosening and root hair growth.
The absence or the abnormal growth of root hairs can be directly
related with an altered production of ROS in the roots. Many
natural products have been found to induce the increase or
decrease of ROS production with the concomitant altered oxi-
dant status in the plants.’”

Trans-chalcone is a phenolic compound recently found to
induce programmed-cell death in Arabidopsis thaliana roots.® As
well, abnormal and reduced root hair growth was found after
chalcone treatment, which could be related to altered ROS
production after chalcone treatment. To report the effects of
chalcone on peroxidase activity of Arabidopsis root tips and
its implications on root growth and development, seeds of
Arabidopsis thaliana (L.) Heynh. ecotype Columbia (Col-0) were
sterilized and transferred to square dishes containing agar with
Murashige-Skoog nutrients (Sigma-Aldrich) and 1% sucrose.
Twenty-four seeds were sown per dish and placed vertically in a
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growth chamber at 22 + 2°C with 8 h of light (120 pumol m?s™).
Chalcone (transbenzylideneacetophenone, 97%, Sigma-Aldrich)
was prepared in EtOH (0.1%) and diluted in the agar up to the
required concentrations tested in these experiments.

Peroxidase activity of Arabidopsis root apical meristems was
measured according to Vanacker et al.” with some modifications.
An amount of 30 to 40 roots grown for 7 and 14 d with and
without IC, | chalcone (35 wM)® were used for these analyses.
The incubation time was 2 h. Brown spots were analyzed with a
Nikon Eclipse 800 light microscope equipped with a Sight Nikon
DS-U2 camera and NIS-Elements D2.30 SP1 software. The stain-
ing procedure was done by triplicate. The images were analyzed
using ImageProPlus software (Media Cybernetics Inc.). Four levels
of stain intensity were established (none, low, medium and high)
to detect differences in peroxidase activity of the roots. The differ-
ences were contrasted using Pearson’s chi-square test.

As shown in Figure 1, a very important reduction and abnormal
distribution of root hairs was detected in Arabidopsis roots after 35
M chalcone. As well, a strong decline was detected in the peroxi-
dase activity of Arabidopsis apical root meristems after treatment
with the secondary metabolite trans-chalcone. The activity of per-
oxidases was almost imperceptible already after 7 d and, although
there was an increase in the peroxidase activity of chalcone-treated
roots after 14 d, this increase was still less than the control (Fig. 2).

Peroxidases are involved in the formation and detoxification of
reactive oxygen species such as H,O,, OH"and O,", which are nec-
essary in many physiological and developmental processes.* In fact,
the hydroxyl radical (OH"), resulting from the peroxidase activity,
seems to be one of the responsible for cell wall loosening, which
is needed for cell elongation.”> The decrease of peroxidase activ-
ity in the apical root meristem could lead to a slowdown in ROS
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production and, as a result, a detriment of root growth. Actually,
Passardi et al.'” related the decrease of the expression of two genes
of class III peroxidases in A. thaliana with the inhibition of root
elongation, whereas overexpression of these genes promoted root
growth. These authors found a correlation between the length of
the root and the length of the root cells, suggesting that the modi-
fications of root growth were due to changes in cell elongation.
Dunand et al.# found also a reduction of peroxidase activity in
roots treated with root growth inhibitors.

As shown by Difaz-Tielas et al.® chalcone not only decreased
root elongation, but also reduced the density and elongation of
root hairs in the treated radicles. In our experiments, alteration of
peroxidase activity in chalcone-treated Arabidopsis roots occurred
at particularly low concentrations (35 uM, IC, ). The decrease in
peroxidase activity was detected very early, at only 7 d of growth,
when most of the damages showed by Dfaz-Tielas et al.® (e.g., cell
death) were not yet evident. The thickening of the root apex and
the presence of a greater number but lower size of cells in treated
roots supports the decline in elongation (decrease of peroxidase
activity) as a result of root growth reduction.

As reactive oxygen species, such as H O, (precursor of OH’),
are involved in root hair formation and the formation of lignin
mediated by peroxidase activity," H,O, production required for
this process could be blocked due to inhibition of Arabidopsis
peroxidases after chalcone treatment. We can conclude that
the decrease of peroxidase activity detected by DAB staining in
Arabidopsis root tips, especially in the elongation zone of chalcone-
treated roots, could be the main responsible for the strong inhibi-
tion detected in root length and hair development. The staining
patterns detected by DAB on Arabidopsis roots indicate a general
and synchronized effect of chalcone on Arabidopsis seedlings at
very low concentrations, emphasizing its great phytotoxic capacity.

Chalcone

Control

Figure 1. Arabidopsis roots treated with 0 (control) and 35 wM chal-
cone. Only upper and lower parts of the roots are shown in the images.
See the characteristic absence of root hairs in chalcone-treated roots.
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Figure 2. Left: integrated optical density (IOD) percentages for peroxidase activity of Arabidopsis roots after 7 and 14 d of growth with and without
35 M chalcone (IC). The IOD were obtained with ImageProPlus software and analyzed using Pearson’s chi-square test: chi-square = 35.384, p = 0.000
after 7 d, and chi-square = 39.103, p = 0.000 after 14 d. The asterisks indicate the degree of significance: *** p < 0,001. Right: DAB staining at the apical

meristems of Arabidopsis roots after chalcone treatment. Bar: 100 wm.
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