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How plants prevent oxidative stress
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Reactive oxygen species production and regulation mechanism. Credit: Kobe
University

When excess light energy is absorbed by plants during photosynthesis,
harmful reactive oxygen species are produced. These reactive oxygen
species break down important structures such as proteins and
membranes, preventing them from functioning properly. Researchers
have discovered the system used by plants to prevent oxidative stress and
to safely carry out photosynthesis.
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A research team led by Associate Professor MIY AKE Chikahiro (Kobe
University Graduate School of Agricultural Science) made this
discovery, which was reported in 11 journals.

The light energy use of most photosynthesizing organisms is saturated at
25-50% of sunlight. In other words, they are routinely exposed to more
light energy than they need for photosynthesis. When leaves are
irradiated by excess light energy, the chloroplasts that carry out
photosynthesis can easily suffer oxidative stress and stop
photosynthesizing.

Previously this team was the first to clarify the mechanism behind the
production of reactive oxygen species. Building on these results, they
developed the "pulse method" to artificially induce oxidative stress. They
discovered the P700 oxidation system, used by plants to suppress the
production of reactive oxygen species.

P700, a chlorophyll in the reaction center of photosystem I, is the
particle that transforms oxygen into reactive oxygen species. Since the
late 1980s scientists knew that P700 oxidation can be seen in
environments with excess sunlight, but this team is the first to define its
role. The team also discovered that P700 oxidation is essential for the
growth of cyanobacteria, the ancestors of higher plant chloroplasts, and
it also functions in algae, moss, ferns, gymnosperms and angiosperms.
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Production of reactive oxygen species
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The P700 oxidation system for suppressing production of reactive oxygen
species Credit: Kobe University

When oxidized P700 (P700+) accumulates in the P700 oxidation system
it lowers the ratio of light-stimulated P700 (P700%*). P700* produces
reactive oxygen species by giving electrons to oxygen, producing
superoxide radicals, or producing triplet P700 that gives light energy to
oxygen. The accumulation of P700 suppresses the production of reactive
oxygen species via the photosynthetic electron transport system. The
research team also clarified two strategies that photosynthesizing
organisms have acquired to enable the P700 oxidation system to function
and accumulate P700+.

The discovery of the P700 oxidation system and its role shows that
photosynthetic organisms use this system as a physiological function that
1s indispensable in outdoor environments. This system, common to
photosynthetic organisms, starts to function when excess light energy is
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present (caused by environmental stresses such as strong sunlight,
drought, or lack of nutrients). As a result, P700 is oxidized to produce
P700+. When P700 oxidation occurs, this indicates that dangerous
reactive oxygen species will also be produced due to excess sunlight.

The group focused on the production of P700+ as a warning marker for
reactive oxygen species, and are developing equipment to detect P700+.
Monitoring P700+ could enable the early detection of risks from
oxidative stress. Treatment of reactive oxygen species production using
the pulse method could enable scientists to evaluate plant resistance to
reactive oxygen species. The team will continue to investigate these
avenues.
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