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Reactive carbonyl species involvement in isothiocyanate-induced stomatal closure
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Chapter 1 introduces the background, rationale, and objectives of the study. Stomatal pores, formed by a pair of guard
cells, play a vital role in regulating gas exchange and transpiration water loss in plants. Guard cells respond to a range of
biotic and abiotic cues, including phytohormones and environmental stress factors. Isothiocyanates (ITCs), electrophilic
secondary metabolites, are known to induce stomatal closure in plant species. Isothiocyanate-induced stomatal closure is
associated with the elevation of reactive oxygen species (ROS) levels and depletion of intracellular glutathione (GSH), but
the downstream signaling events remain unclear. Carbonyl compounds with a,8-unsaturated bonds such as acrolein and
4-hydroxy-(E)-2-nonenal (HNE) are grouped as reactive carbonyl species (RCS), which is more electrophilic than simple
aldehydes and ketones. Reactive carbonyl species (RCS) have emerged as signaling molecules. The study aims to clarify
the involvement of RCS in ITC-induced stomatal closure and distinguish their effects from those of non-RCS aldehydes.
Chapter 2 describes the involvement of RCS in ITC-induced stomatal closure in Arabidopsis thaliana. Several ITCs (AITC,
SFN, BITC, and PEITC), carbonyl compounds, RCS (acrolein, 4-hydroxy-(E)-2-nonenal (HNE), crotonaldehyde, and (E)-
2-pentenal), and non-RCS aldehydes (propionaldehyde, butyraldehyde, and n-pentanal) were used to measure stomatal
aperture, ROS levels, and GSH content in the guard cells of Arabidopsis. Scavengers of RCS significantly inhibited ITC-
induced stomatal closure and depletion of GSH but not elevation of ROS levels, indicating that RCS functions downstream
of elevation of ROS levels. Isothiocyanates induced RCS accumulation, such as acrolein and HNE, crotonaldehyde, which
showed a strong correlation with stomatal closure and GSH depletion. Exogenous application of RCS induced stomatal
closure and GSH depletion, while non-RCS aldehydes failed to induce these responses. Among the tested RCS, acrolein
and HNE showed a strong effect in inducing stomatal closure and GSH depletion. These findings suggest that RCS,
particularly acrolein and HNE, are key mediators of ITC-induced stomatal closure in Arabidopsis guard cells. Chapter 3
extends the investigation to tobacco (Nicotiana tabacum) to explore whether the involvement of RCS in ITC-induced
stomatal closure functions as a downstream molecule of ROS level elevation. Wild-type tobacco and transgenic tobacco
plants overexpressing Arabidopsis 2-alkenal reductase (AER-OE), an enzyme that detoxifies RCS, were used to evaluate
stomatal responses. Isothiocyanate-induced stomatal closure was significantly reduced in AER-OE lines compared to wild-
type plants, while the elevation of ROS levels remained unaffected in both lines. Scavengers of RCS also suppressed ITC-
induced stomatal closure in wild-type tobacco. These results support the hypothesis that RCS functions as a downstream
mediator of ROS level elevation in guard-cell ITC signaling and play a conserved role in stomatal regulation across plant

species. Chapter 4 is the summary of the whole thesis.
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