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Journal Righlights

A blue-light photoreceptor mediates the feedback regulation
of photosynthesis

Dimitris Petroutsos, Ryutaro Tokutsu, Shinichiro Maruyama, Serena Flori, Andre
Greiner, Leonardo Magneschi, Loic Cusant, Tilman Kottke, Maria Mittag, Peter
Hegemann, Giovanni Finazzi & Jun Minagawa

Nature 537, 563-566 (2016) doi: 10.1038/nature19358

In plants and algae, light serves both as the energy source for photosynthesis and a
biological signal that triggers cellular responses via specific sensory photoreceptors. Red
light is perceived by bilin-containing phytochromes and blue light by the flavin-
containing cryptochromes and/or phototropins (PHOTS), the latter containing two
photosensory light, oxygen, or voltage (LOV) domains. Photoperception spans several
orders of light intensity, ranging from far below the threshold for photosynthesis to values
beyond the capacity of photosynthetic CO2 assimilation. Excess light may cause
oxidative damage and cell death, processes prevented by enhanced thermal dissipation
via high-energy quenching (gE), a key photoprotective response. Here we show the
existence of a molecular link between photoreception, photosynthesis, and
photoprotection in the green alga Chlamydomonas reinhardtii. We show that PHOT
controls gE by inducing the expression of the qE effector protein LHCSR3 (light-
harvesting complex stress-related protein 3) in high light intensities. This control requires
blue-light perception by LOV domains on PHOT, LHCSR3 induction through PHOT
kinase, and light dissipation in photosystem Il via LHCSR3. Mutants deficient in the
PHOT gene display severely reduced fitness under excessive light conditions, indicating
that the sensing, utilization, and dissipation of light is a concerted process that plays a
vital role in microalgal acclimation to environments of variable light intensities.
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Allosteric Inhibition of Phosphoenolpyruvate Carboxylases Is
Determined by a Single Amino Acid Residue in Cyanobacteria
Masahiro Takeya, Masami Yokota Hirai & Takashi Osanai

Scientific Reports 7, Article number: 41080 (2017) doi: 10.1038/srep41080

Phosphoenolpyruvate carboxylase (PEPC) is an important enzyme for CO2 fixation and
primary metabolism in photosynthetic organisms including cyanobacteria. The kinetics
and allosteric regulation of PEPCs have been studied in many organisms, but the
biochemical properties of PEPC in the unicellular, non-nitrogen-fixing cyanobacterium
Synechocystis sp. PCC 6803 have not been clarified. In this study, biochemical analysis
revealed that the optimum pH and temperature of Synechocystis 6803 PEPC proteins
were 7.3 and 30 °C, respectively. Synechocystis 6803 PEPC was found to be tolerant to
allosteric inhibition by several metabolic effectors such as malate, aspartate, and fumarate
compared with other cyanobacterial PEPCs. Comparative sequence and biochemical
analysis showed that substitution of the glutamate residue at position 954 with lysine
altered the enzyme so that it was inhibited by malate, aspartate, and fumarate. PEPC of
the nitrogen-fixing cyanobacterium Anabaena sp. PCC 7120 was purified, and its activity
was inhibited in the presence of malate. Substitution of the lysine at position 946
(equivalent to position 954 in Synechocystis 6803) with glutamate made Anabaena 7120
PEPC tolerant to malate. These results demonstrate that the allosteric regulation of PEPC
in cyanobacteria is determined by a single amino acid residue, a characteristic that is
conserved in different orders.
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Estimation of photosynthesis in cyanobacteria by pulse-
amplitude modulation chlorophyll fluorescence: problems and
solutions

Takako Ogawa, Masahiro Misumi. Kintake Sonoike

Photosynthesis Research (2017) doi: 10.1007/s11120-017-0367-x

Cyanobacteria are photosynthetic prokaryotes and widely used for photosynthetic
research as model organisms. Partly due to their prokaryotic nature, however, estimation
of photosynthesis by chlorophyll fluorescence measurements is sometimes problematic
in cyanobacteria. For example, plastoquinone pool is reduced in the dark-acclimated
samples in many cyanobacterial species so that conventional protocol developed for land
plants cannot be directly applied for cyanobacteria. Even for the estimation of the simplest
chlorophyll fluorescence parameter, F /F m, some additional protocol such as addition of
DCMU or illumination of weak blue light is necessary. In this review, those problems in
the measurements of chlorophyll fluorescence in cyanobacteria are introduced, and
solutions to those problems are given.
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Characterization of the influence of chlororespiration on the
regulation of photosynthesis in the glaucophyte Cyanophora
paradoxa

Masahiro Misumi & Kintake Sonoike
Scientific Reports 7, Article number: 46100 (2017) doi:10.1038/srep46100

Glaucophytes are primary symbiotic algae with unique plastids called cyanelles, whose
structure is most similar to ancestral cyanobacteria among plastids in photosynthetic
organisms. Here we compare the regulation of photosynthesis in glaucophyte with that in
cyanobacteria in the aim of elucidating the changes caused by the symbiosis in the
interaction between photosynthetic electron transfer and other metabolic pathways.
Chlorophyll fluorescence measurements of the glaucophyte Cyanophora paradoxa NIES-
547 indicated that plastoquinone (PQ) pool in photosynthetic electron transfer was
reduced in the dark by chlororespiration. The levels of nonphotochemical quenching of
chlorophyll fluorescence was high in the dark but decreased under low light, and
increased again under high light. This type of concave light dependence was quite similar
to that observed in cyanobacteria. Moreover, the addition of ionophore hardly affected
nonphotochemical quenching, suggesting state transition as a main component of the
regulatory system in C. paradoxa. These results suggest that cyanelles of C. paradoxa
retain many of the characteristics observed in their ancestral cyanobacteria. From the
viewpoint of metabolic interactions, C. paradoxa is the primary symbiotic algae most
similar to cyanobacteria than other lineages of photosynthetic organisms.
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