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Journal Righlights

Improved stomatal opening enhances photosynthetic rate and biomass
production in fluctuating light

Kimura H, Hashimoto-Sugimoto M, Iba K, Terashima | & Yamori W

Journal of Experimental Botany (in press).

It has been reported that stomatal conductance often limits the steady-state photosynthetic
rate. On the other hand, the stomatal limitation of photosynthesis in fluctuating light remains
largely unknown, although in nature light fluctuates due to changes in sun position, cloud
cover, and the overshadowing canopy. In this study, we analysed three mutant lines of
Arabidopsis with increased stomatal conductance to examine to what extent stomatal opening
limits photosynthesis in fluctuating light. The slacl (slow anion channel-associated 1) and
ostl (open stomata 1) mutants with stay-open stomata, and the PATROL1 (proton ATPase
translocation control 1) overexpression line with faster stomatal opening responses exhibited
higher photosynthetic rates and plant growth in fluctuating light than the wild-type, whereas
these four lines showed similar photosynthetic rates and plant growth in constant light. The
slacl and ostl mutants tended to keep their stomata open in fluctuating light, resulting in
lower water-use efficiency (WUE) than the wild-type. However, the PATROL1
overexpression line closed stomata when needed and opened stomata immediately upon
irradiation, resulting in similar WUE to the wild-type. The present study clearly shows that
there is room to optimize stomatal responses, leading to greater photosynthesis and biomass
accumulation in fluctuating light in nature.
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Structural basis for the adaptation and function of chlorophyll f in
photosystem |

Kato, K., 1Shinoda, T., Nagao, R., Akimoto, S., Suzuki, T., Dohmae, N., Chen, M.,
Allakhverdiev, S.1., Shen, J.-R., Akita, F., Miyazaki, N., Tomo, T

Nat. Commun., 11: 238

Chlorophylls (Chl) play pivotal roles in energy capture, transfer and charge separation in
photosynthesis. Among Chls functioning in oxygenic photosynthesis, Chl f is the most red-
shifted type first found in a cyanobacterium Halomicronema hongdechloris. The location and
function of Chl f in photosystems are not clear. Here we analyzed the high-resolution
structures of photosystem I (PSI) core from H. hongdechloris grown under white or far-red
light by cryo-electron microscopy. The structure showed that, far-red PSI binds 83 Chl a and
7 Chl f, and Chl f are associated at the periphery of PSI but not in the electron transfer chain.
The appearance of Chl f is well correlated with the expression of PSI genes induced under
far-red light. These results indicate that Chl f functions to harvest the far-red light and
enhance uphill energy transfer, and changes in the gene sequences are essential for the
binding of Chl f.
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Environmental factors explain spawning day deviation from full moon in
the scleractinian coral Acropora

Sakai Y, Hatta M, Furukawa S, Kawata M, Ueno N, Maruyama S

Biol Lett, 16(1):20190760

Broadcast-spawning scleractinian corals annually release their gametes with high levels of
synchrony, both within and among species. However, the timing of spawning can vary inter-
annually. In particular, the night of spawning relative to the full moon phase can vary
considerably among years at some locations. Although multiple environmental factors can
affect the night of spawning, their effects have not been quantitatively assessed at the multi-
regional level. In this study, we analysed environmental factors that are potentially correlated
with spawning day deviation, in relation to the full moon phase, in Acropora corals inhabiting
seven reefs in Australia and Japan. We accordingly found that sea surface temperature and
wind speed within one to two months prior to the full moon of the spawning month were
strongly correlated with spawning day deviations. In addition, solar flux had a weak effect
on the night of spawning. These findings indicate that Acropora have the capacity to adjust
their development and physiology in response to environmental factors for fine-tuning the
timing of synchronous spawning, thereby maximizing reproductive success and post-
fertilization survival.
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Simultaneous increases in the levels of compatible solutes by cost-effective
cultivation of Synechocystis sp. PCC 6803

lijima H, Watanabe A, Sukigara H, Shirai T, Kondo A, Osanai T

Biotechnol. Bioeng., In press. doi: 10.1002/bit.27324.

Synechocystis sp. PCC 6803, a cyanobacterium widely used for basic research, is often
cultivated in a synthetic medium, BG-11, in the presence of 4-(2-hydroxyethyl)-1-piperazine
ethanesulfonic acid (HEPES) or 2-[[1,3-dihydroxy-2-(hydroxymethyl)propan-2-
yllamino]ethanesulfonic acid buffer. Owing to the high cost of HEPES buffer (96.9% of the
total cost of BG-11 medium), the biotechnological application of BG-11 is limited. In this
study, we cultured Synechocystis sp. PCC 6803 cells in BG-11 medium without HEPES
buffer and examined the effects on the primary metabolism. Synechocystis sp. PCC 6803
cells could grow in BG-11 medium without HEPES buffer after adjusting for nitrogen sources
and light intensity; the production rate reached 0.54 g cell dry weight-L—1-day—1, exceeding
that of commercial cyanobacteria and Synechocystis sp. PCC 6803 cells cultivated under
other conditions. The exclusion of HEPES buffer markedly altered the metabolites in the
central carbon metabolism; particularly, the levels of compatible solutes, such as sucrose,
glucosylglycerol, and glutamate were increased. Although the accumulation of sucrose and
glucosylglycerol under high salt conditions is antagonistic to each other, these metabolites
accumulated simultaneously in cells grown in the cost-effective medium. Because these
metabolites are used in industrial feedstocks, our results reveal the importance of medium
composition for the production of metabolites using cyanobacteria.
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November 19
13:00-13:05 Opening remarks

13:05-13:40 Michael HIPPLER (University of Miinster)
PGRS is required for efficient Q—cycle in the cytochrome b;f complex

13:40-14:10 Michihiro SUGA (Okayama University)
Intermediate S—state structures of photosystem Il and the molecular
mechanism for nature’ s water oxidation

14:10-14:40 Hiroshi KURODA (Okayama University)
Functional analysis of hydrogen bond networks in photosystem II by
Chlamydomonas chloroplast transformation

14:40-15:00 Ruri NIHARA (Okayama University)
Effects of carboxyl-terminal residue modifications of photosystem Il
reaction center D2 protein on the O, evolving system

15:00-15:15 Break
15:15-15:45 Kentaro IFUKU (Kyoto University)
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15:45-16:15

16:15-16:35

16:35-16:45
16:45-17:05

17:05-17:35

17:35-18:05

19:00-21:00

November 20

9:00-9:30

9:30-9:50

9:50-10:25

10:25-10:55

10:55-11:10
11:10-11:40

11:40-12:10

Evolution and functions of the extrinsic subunits of photosystem Il

Hiroko TAKAHASHI (Saitama University)
OCP dependent NPQ protects the repair of photosystem Il in
Synechocystis sp. PCC6803

Yufen CHE (Kyoto University)

Role of Arabidopsis PsbP-like protein 1 in the assembly of
Photosystem Il supercomplexes and plant adaptation under fluctuating
light

Break

Chen YING (Hokkaido University)
Photosystem analysis of Arabidopsis stay—green mutant

Yusuke KATO (Okayama University)
FtsH and D1 degradation in PSII repair cycle

Yasuhiro KASHINO (University of Hyougo)
Different acclimation strategies to the light environment among marine
diatoms

Dinner at Kokochi Dining Nanai (Near Okayama station West Gate)

Shin—Ichiro OZAWA (Okayama University)
Antenna of green algal Photosystem | complex

Michiyo TAKAGI (Okayama University)

Effects of LHCAS3 subunit deletion on the structure and function of the
photosystem I Light—harvesting complex in the green alga
Chlamydomonas reinhardtii

Matthias ROGNER (Ruhr University Bochum)
Remodeling of photosynthetic electron transport in Synechocystis
PCC 6803 for future hydrogen production from water

Yuki OKEGAWA (Kyoto Sangyo University)
Regulation of PSI cyclic electron transport by the m—type thioredoxin

Break
Felix BUCHERT (University of Miinster) Tuning the pmf utilization: An
/n vivo characterization study of thiol-modulated chloroplast ATP

synthase in higher plants and green microalgae.

Atsushi TAKABAYASHI (Hokkaido University)
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The finding of PSI-PSII megacomplexes in green plants and
subsequent research progress

12:10-12:30 Mithun Kumar Rathod (Okayama University)
Characterization of Alb3.1 mutant, BF4, defective in the LHC
complexes in the green alga, Chlamydomonas reinhardtii

12:30-13:00 Sreedhar NELLAEPALLI (Okayama University)
A photosystem [ assembly factor, CGL71, is involved in a PSI reaction
center assembly in the green alga Chlamydomonas reinhardtii

Organized by RIIS, Okayama University
Supported by RIIS and RECTOR Program, Okayama University and JSPS KAKENHI
16K21727
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