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The mechanism of malate-induced stomatal closure in Arabidopsis thaliana
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Introduction

Plants adapt to detrimental conditions by adjusting the aperture of stomatal pores, which are formed by pairs of guard
cells in the epidermis of leaves, in response to changes in environmental factors such as water potential, CO;
concentration, and light intensity. Malate is considered as an extracellular chemical signal of stomatal closure. However,
the molecular mechanism of malate-induced stomatal closure is not fully elucidated.

Results partl

A treatment with malate induced stomatal closure in Arabidopsis thaliana wild-type plants but not in the mutants
deficient in a slow (S-type) anion channel gene SLACI. Extracellular application of malate increased S-type anion
currents in guard-cell protoplasts of wild-type plants but not in guard-cell protoplasts of the slac/ mutant. Extracellular
application of malate increased SLAC1-mediated S-type anion currents when SLAC1 was co-expressed with the protein
kinases whereas the malate application did not increase the S-type currents when SLAC1 was expressed alone in a
heterologous expression system using Xenopus oocytes. Extracellular rather than intracellular application of malate
increased the S-type anion currents of constitutively active mutants of SLACI1, which have kinase-independent
activities.

Results part2

Malate-induced stomatal closure was impaired by the inhibitors of protein kinases. The malate-induced stomatal closure
was impaired by the disruption of a leucine-rich repeat receptor-like kinase GHR1. The treatment with malate induced
reactive oxygen species (ROS) production and the malate-induced stomatal closure was impaired by the inhibitor of
peroxidases. The malate-induced stomatal closure was inhibited by calcium ion (Ca?") chelators or Ca?" channel
blockers. The treatment with malate transiently increased cytosolic Ca?* concentration in the wild-type guard cells.
Conclusion

Our results revealed that extracellular malate activates SLAC and that malate induces stomatal closure via a GHR1- and
ROS-dependent pathway that stimulates Ca?" signaling in guard cells. These results indicates that malate functions as a

signaling molecule in the stomatal movement in Arabidopsis thaliana.
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