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A G E H Role of translation factor EF-Tu in the response of photosystem II to

strong light in the cyanobacterium Synechocystis sp. PCC 6803
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Photosystem II (PSII) converts light energy to chemical energy as electrons. PSII is particularly sensitive to light
and easily inactivated. This phenomenon is referred as photoinhibition. Photoinhibition is one of major factors that
reduce the production of biomass in photosynthetic organisms, such as plants and cyanobacteria. Photodamaged PSII
is immediately repaired by repair system. When the rate of damage to PSII exceeds the rate of repair of damaged PSII
under strong light, photoinhibition becomes apparent. The repair of PSII is particularly sensitive to oxidative stress and
the inhibition of repair is associated with oxidative damage to the translational elongation system in the cyanobacterium
Synechocystis sp. PCC 6803. Previous study in vitro found that EF-Tu, a translation factor that delivers aminoacyl-tRNA
to the ribosome, is inactivated by reactive oxygen species (ROS) via oxidation of Cys82, a single cysteine residue.
However, the molecular mechanism of the inhibition of translational elongation remains to be clarified. In the present
study, the physiological role of the oxidation of EF-Tu was examined in Synechocystis. Monitoring of the redox state of
EF-Tu in vivo revealed that, under strong light, EF-Tu was rapidly oxidized to yield oxidized monomers. In this study,
a transformant of Synechocystis that expressed mutated EF-Tu in which Cys82 had been replaced by a serine residue
was generated. Under strong light at 1,000 umol photons m™ s, the synthesis de novo of proteins that are required for
the repair of PSII, such as the D1 protein, was enhanced and photoinhibition of PSII was alleviated in the transformant.
However, photodamage to PSII, as measured in the presence of lincomycin, was unaffected, suggesting that the
expression of mutated EF-Tu might enhance the repair of PSII. The alleviation of photoinhibition by mutation of EF-
Tu did not, however, alter cell growth under strong light, perhaps as a result of enhanced production of ROS. These
observations suggest that the oxidation of EF-Tu under strong light might inhibit the repair of PSII, with the resultant
stimulation of photoinhibition.

When photosynthetic organisms acclimate to strong light, PSII becomes more tolerant to strong light. It was
reported that the strong-light acclimation enhances the repair of PSII in Arabidopsis thaliana. However, the molecular

mechanisms responsible for the enhancement of the repair of PSII remains unknown. In the present study, the effects on



photoinhibition of PSII of growth under light at 10, 70, and 200 umol photons m™ s™ were examined in Synechocystis.
Cells that had been grown under strong light at 200 pmol photons m™ s enhanced the repair of PSII in Synechocystis
without any effects on photodamage to PSII. In the acclimated cells, the synthesis de novo of the D1 protein was
enhanced under strong light. In addition, levels of EF-Tu increased. There was a strong correlation between the levels
of EF-Tu and the repair of PSII. Thus, acclimation to strong light might increase the level of EF-Tu, with the resultant

enhancement of the repair of PSII.
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