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Using thermography of leaf, we isolated the mutants that exhibited the

reduction of stomatal opening in response to blue light. We identified the responsible gene as AHAL,
an isoform of the H+-ATPases in guard cells. We also determined the phosphorylated proteins in
guard cells in response to blue light utilizing the phosphoproteome analyses. We selected a rapidly
phosphorylated protein in phototropin-dependent manners and identified the protein as MAPKKK, and
named it as CBCl. We found that CBC1 and its homolog CBC2 redundantly function to stimulate stomatal
opening in response to blue light. We clarified that CBCs mediated the inhibition of S-type anion
channels in response to blue light. Such inhibition was required for the full-opening of stomata. We
also found that CBCs mediated stomatal opening in response to low concentration of C02. CBCs
receive signals from both blue light and C02, and stimulate photosynthetic CO2 fixation in plant.

H+-ATPase



1997 Briggs
2
photl  phot2
(Christie
2007)
1990
K
Roelfsema
Zhang K+
Briggs
14-3-3
H+
H+
H+*-ATPase H+*-ATPase C-
14-3-3
(photl  phot2)
BLUS1 BLUS1  Ser
Ser-348
)
2
(3) BLUS1 4
BLUS2s
BLUS1
BLUS2s
(4) photl  BLUS1
photl BLUS1
3 phot1-BLUS1-
BLUS2s

o

( )
@
(3) BLUS1
two-hybrid
BLUS1
@ O
“ photl-BLUS1-BLUS2"
@
H*-ATPase
H*-ATPase
11 )
H*-ATPase
AHA1
AHA1
H*-ATPase
() (photl, phot2)
BLUS1
Co,
Cco,
Cco,
Co,
Co,
HT1
HT1

HT1 htl1



ht1
HT1
HT1
HT1
HT1
HT1

CO, Blue light

CO, and Blue light Convergent Kinase (CBC
kinase)

®

BLUS1(Blue Light Signaling)

BLUS1

BLUS1

7
Hiyama A, Takemiya A, Munemasa S,
Okuma E, Sugiyama N, Tada Y, Murata Y
and Shimazaki K (2017) Blue light and
CO, signals converge to regulate
light-induced stomatal opening. Nat.
Comm. 18:1284 DOI
10.1038/s41467-017-01237-5

Takahashi Y, Ebisu Y. and Shimazaki K.
(2017) Reconstitution of abscisic acid
signaling from the receptor to DNA via
bHLH transcription factors. Plant
Physiol.

174: 815-822.doi/10.1104/pp.16.01825

Inoue S, Iwashita N, Takahashi Y, Gotoh
E, Okuma E, Hayashi M, Tabata R,
Takemiya A, Doi M, Murata Y, Kinoshita
T. and Shimazaki K. (2017)
Brassinosteroid involvement in
Arabidopsis thaliana stomatal opening.
Plant Cell Physiol. 58:

1048-1057.doi :10.1093/pcp/pcp049

Suetsugu N, Takemiya A, Kong S-M, Higa
T, Komatsu A, Shimazaki K, Kohchi T

and Wada M (2016) RPT2/NCH1 subfamily
of NPH3-like proteins is essential for
the chloroplast accumulation response
in land plants. PNAS 113: 10424-10429

Yamauchi S, Takemiya A, Sakamoto T,
Kurata T, Tsutsumi T, Kinoshita T and
Shimazaki K (2016) The plasma membrane
H*-ATPase AHAl plays a major role

in stomatal opening in response to blue
light. Plant Physiol. 171: 2731-2743.
Doi/10.1104/pp.16.01581

Takemiya A, Doi A, Yoshida S, Okajima
K, Tokutomi S and Shimazaki K (2016)
Reconstitution of an initial step of
phototropin signaling in stomatal
guard cells. Plant Cell Physiol.

57: 152-159.doi:10.1093/pcp/pcv180

Doi M, Kitagawa Y and Shimazaki K
(2015) Blue light response is present in
early vascular plants. Plant Physiol.
169: 1205-1213.doi/10.1104/pp-15.00134

5
CBC
2017
2018
CBC
COo2
2017 2018

A. Hiyama, A. Takemiya, N. Sugiyama,

Y. Tada & K. Shimazaki CBC kinases

converge blue light and CO2 signals

for stomatal opening under the light

International Symposium of Plant

Photobiology, 2018 2017
2018

AHA1(Arabidopsis H+-ATPase)

2016 2017



2016
2017

@
(Shimazaki, Ken-ichiro
00124347
®
®

*



