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Stomata, tiny pores on leaf surfaces, are crucial for gas exchange between plants and the atmosphere, regulating
CO: uptake for photosynthesis and transpiration for nutrient delivery. Stomatal opening is triggered by light,
involving two distinct mechanisms. The mechanisms: the red light response, where high-intensity red light drives
photosynthesis, and the blue light response, where low-intensity blue light acts as a signal. This blue light
response is amplified by background red light, resulting in a larger stomatal aperture when both wavelengths are
present synergistically. This synergy is partially attributed to the interaction between phototropin-mediated
responses and the reduction of intercellular CO2 concentration (Ci) due to photosynthetic CO- assimilation.
Phototropins, plant-specific blue light receptors, consist of LOV domains and a kinase domain. Blue light
perception activates the kinase domain, leading to autophosphorylation, a prerequisite for various phototropin-
mediated responses, including stomatal opening, phototropism, chloroplast movements, and leaf expansion.
Phototropins then phosphorylate downstream substrates to transmit light signals intracellularly. The signals
activate plasma membrane H*-ATPase. Plasma membrane H*-ATPase, a conserved electrogenic pump, creates
an electrochemical H* gradient for various transport processes. In Arabidopsis thaliana, 11 H-ATPase genes
(AHAI-AHA11) have been identified, expressed in various cell types, including guard cells. The H*-ATPase has
transmembrane segments and cytoplasmic domains responsible for catalytic activity, with a C-terminal
autoinhibitory domain. Blue light induces phosphorylation of the penultimate Thr residue and 14-3-3 protein
binding, potentially reversing autoinhibition and activating H*-ATPase. However, the mechanism by which H*-
ATPase activation remains unclear.

In chapter I , we performed phosphoproteome analysis using Arabidopsis guard cell protoplasts and identified
anovel phosphorylation site, Thr-881 of H™-ATPase in response to blue light, in addition to the penultimate Thr-
948. To study the physiological significance of the phosphorylation of AHA1 at Thr-881 and Thr-948 in stomatal
response, we produced transgenic plants expressing each non-phosphorylatable form of AHA1(T881A and
T948A) in ahal-9. Functional analysis revealed that phosphorylation of Thr-881 and Thr-948 are essential for
blue light-dependent H'-ATPase activation and stomatal opening. Furthermore, the blue light-driven
phosphorylation of Thr-881 is dependent on the phosphorylation state of Thr-948. And the H*-ATPase full
activation requires the phosphorylation of both Thr-881 and Thr-948. Finally, it was discovered that Thr-881 is
also phosphorylated in response to red light and it is indicated that photosynthesis-induced phosphorylation of
Thr-881 in guard cell activate H'-ATPase. This research revealed novel blue light and red light-induced

activation mechanisms of H-ATPase.
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In chapter IT, we investigates the mechanism of these phosphorylations of H*-ATPase and conduced a genetic
mutant screening using thermal imaging, due to transpiration associated with stomatal opening. We identified a
mutant, named G26-51, which showed reduced H*-ATPase activation and stomatal opening in response to blue
light. In this mutant, phosphorylation of both Thr-881 and Thr-948 in response to blue light was inhibited, and
phosphorylation of Thr-948 by fusicoccin, promotes phosphorylation of the penultimate Thr leading to
irreversible phosphorylation and subsequent binding to 14-3-3 proteins was also impaired. G26-51 also exhibited
reduced guard cell photosynthesis-induced phosphorylation of Thr-881 and stomatal opening, suggesting

impairments in the peripheral phosphorylation processes of H*-ATPase activation in response to light.
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