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Topics

1. Molecular mechanism of light-induced stomatal opening

2. Importance of stomatal opening and PM H*-ATPase in plant
growth

3. Chemicals confer drought tolerance to plants



Stomata regulate gas exchange
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Blue light-induced stomatal opening
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Blue light-induced activation of H*-ATPase
in guard cells
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Phosphorylation of Thr881, in addition to Thr948, needs full

¢ activation of PM H*-ATPase and blue light-induced stomatal
opening
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Light-induced stomatal opening
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Topics

2. Importance of stomatal opening and PM H*-ATPase in plant
growth



Stomatal resistance is a major limiting factor
for CO, uptake and photosynthesis
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Stomatal resistance is a major limiting factor
for CO, uptake and photosynthesis
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Taiz&Zeiger, Plant Physiology
Annu. Rev. Plant Physiol. (1982)



Stomatal resistance is a major limiting factor
for CO, uptake and photosynthesis
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 BEnhancement of stomatal opening by overexpression of H-ATPase in guar
¢ in guard cellsusing guard cell strong promoter GCl, increases photosynthe
photosynthesisand plant growth
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AHA2 : PM H*-ATPase isoform
in Arabidopsis ,
WT GC1::AHA2 #1 Wang et al. (2014) PNAS

Stomatal aperture is the limiting factor for photosynthesis and plant
growth in Arabidopsis plants.



PM H*-ATPase mediates both stomatal opening and NH,*
uptake in rice roots
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Toda et al. (2016)
Plant Cell Physiol.

H*-ATPase mediates nutrient
uptakes in roots coupled with
the secondary transporters,
iIncluding ammonium in rice
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PM H*-ATPase-oxs showed higher stomatal opening,
conductance, and photosynthesis

a Closed stoma Open stoma

Guard cell

Stomatal pore

Bar =5 pum
Stomatal aperture Conductance Photosynthesis
@WT
b 60 mosA#1 - C 100 mosarm © d © RO o 5 < s
BOSA1#2 BOSATH#2 {2 ° © _ 15{mosat2 f
BOSAT#3  * 8 BOSAT#3 c < |mOsA#3
S ’ S 0.75- | 8. (B
5 g 40- 3 S% E 104
S g S 0504 5 S
g5 SE 2 E
GC) » 20- o © [N = 54
S T E 0.25. S
v o £
v e 3 LR ==L
0.l LI @ 0deaacecs | M 1 ageacs

DK RL+BL  ABA DK WL 2nd DK DK WL 2nd DK



Q

*

o]
&)}

*x I

@ ¢

(o))
4]

N

SNH4* absorption rate
(4]

(umol h-' g DW)

N
)]

PM H*-ATPase-oxs showed higher NH,* uptake rate, and K*
and P amount
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-ATPase-oxs showed over 20%qgrater dry weight
compared to wild type
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Held tests over two growing seasons at three different
locationsin the middle of China (Nanjing-Sin 2016, and
Nanjing-N and Fengyang in 2017).

Nanjing-N in 2017

T e 3

OSA1#1 OSA1#2 OSA1#3

Collaboration with Professor Yiyong Zhu in Nanjing Agricultural University



COz»:)) ¢ PM H*-ATPase-oxs showed over 30% higher grain yields in

Grain yield (103kg/ ha)
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Grain yield (10%kg / ha)
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Grain yieldswere increased NH,*-dependent manner and
PM H*-ATPase-oxs showed higher grain yieldsin all NH,*

conditions
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PM H*-ATPase-oxs under 2NH," showed higher grain yield
compared to WT under normal NH,*
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Summary

PM H*-ATPase-oxs showed higher nutrient uptakes, stomatal opening, and
photosynthesis.

PM H*-ATPase-oxs showed over 30% higher grain yields in the field conditions.

It is possible that we can reduce fertilizers by using PM H*-ATPase-oxs.

PM H*-ATPase overexpression plants as PUMP plants from Promotion and
Upregulation of plasma Membrane Proton-ATPase.

For the future:

If H*-ATPase-ox can be realized using non-transgenic
methods such as genome editing and chemical
biology, these crops could have great potential for
practical use.

Dr. Zhang Prof. Zhu
(Nagoya Univ.) (Nanjing Agricultural Univ.) Zhang et al. (2021) Nature Commun.
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3. Chemicals confer drought tolerance to plants



Screening of chemicals, which affect stomatal aperture

<Plant material> <Chemical Library>
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Commelina benghalensis From ITbM

This library is an original library and the
compounds are collected from low
molecular weight various compounds.




Progress of 2"d screening using ITbM library
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SCLs suppress light-induced stomatal opening

Stomatal Closing Compounds (SCLs)
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SCL1 and 2 likely affect the signaling components between
downstream of phototropin and H*-ATPase activation
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Toh and Inoue et al. (2018) Plant Cell Physiol. “Plant Chemical Biology”



Soray of (s suppressed wilting of
detached leaves

SCL4 SCL2 SCL3

Control

SCL1 strongly suppressed wilting of detached leaves 0~8 hr



Organic chemical BITC

Benzyl isothiocyanate
(BITC) Effect of BITC on light-induced

* stomatal opening
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* It is special metabolites in Bracicaceae
family plants

* |t is contained in mustard, so we eat
BITC sometimes

Target of BITC in plants is unknown
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BITC suppresses PM H+-ATPase phosphorylation/activaton
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Collaboration with Professor Kei Murakami in Kwansei Gakuin University
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Modification of BITC

Inhibition of light-induced
stomatal opening @/\NCS
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BITC derivatives have higher stomatal closing
activity than plant hormone ABA (IC;, = 2.9 uM)

Aihara et al. (2023) Nature Commun



Spray of BITC suppresses witling of plants

m-bis-BITC
(2,500 pM). (50 uM)

<= S— e

We sprayed BITC to the cut flowers and checked leaf wilting without watering for 1.5 hr.



Spray of BITC suppresses witling of plants

Ctrl m-bis-BITC

No water for 24 hr (Soil growing Chinese cabbage)

1

If we stop watering, it will wilt in 24 hours.

Aihara et al. (2023) Nature Commun



BITC suppresses witling of plants

Ctrl m-bis-BITC

No water for 24 hr (Chinese cabbage)

BITC confers drought tolerance and could be useful
as an agrochemical for enhancing drought resistance

Aihara et al. (2023) Nature Commun
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BITC suppresses witling of plants
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