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Summary

Absorbed photon energy, which is usually consumed by photosynthetic CO2 fixation, becomes in excess 

under environmental stress, such as drought, cold and salinity. The excess photon energy stimulates 

production of reactive oxygen species (ROS) in chloroplasts, and ROS damage cellular components in 

plant cells, and finally lead plants to death. 

In this research program, we are trying to develop fundamental technologies to suppress ROS-induced 

oxidative stress by enhancement of the ability of HDP- and APX-systems in model plants, Arabidopsis and 

tobacco. In future, the developed technology will be applied to produce stress-tolerant crops and trees. 

In this year, as second term of our research plan, two subjects aimed to enhance the abilities of HDP-and 

APX systems in chloroplasts are carried out as described below: 

In order to determine the unknown key regulator related HDP system in tobacco plant, proteome 

analysis is carried out between Fd over-expression line and wild-type.  

Design of a gene for thylakoid bound H2O2-insensitive Galdieria ascorbate peroxidase (tGalAPX) and 

localization of tGalAPX protein to thylakoid membranes in tobacco chloroplasts by plastid 

transformation with tGalAPX gene. In addition, the plant compatibility is checked against H2O2 stresses 

in transgenic tobacco with tGalAPX gene. 

Introduction of tandemly arranged genes composed of Fd and tGalAPX genes into tobacco chloroplast 

DNA by plastid transformation. Next, anti- H2O2 stresses are tested in double transgenic tobacco with

Fd and tGalAPX genes 

Results in second year

Many Fd-binding proteins were purified from solubilized Arabidopsis thylakoid membranes by 

Fd-affinity chromatography and 38 Fd-binding proteins were identified by proteomics with 

LC-MS/MS. These identified proteins involve 6 proteins of unknown function. Furthermore, proteome 

analysis using Fd over-expressing line showed 1492 protein spots were detected. In addition, one 

HDP-system deficient Arabidopsis mutant was isolated by screening with 2D-Chl fluorometer. 

A tGalAPX gene was designed and introduced into tobacco chloroplasts by plastid transformation. The 

APX activities of thylakoid membranes in transgenic tobacco plants were about 160-fold higher than 

those of wild-type plants. H2O2 stress was measured under paraquat treatment with tGalAPX transgenic 

tobacco. As a result, the leaf disk from tGalAPX transgenic tobacco clearly showed high anti- H2O2

stress activity. 

Tobacco plants were transformed with two kinds of tandemly arranged gene composed of Fd and 

tGalAPX genes. In chloroplast of transgenic plants, both of Fd and tGalAPX proteins were expressed. 

The APX activities of thylakoid membranes in transgenic tobacco plants were about 13-fold higher 

than those of wild-type plants. The clearance of H2O2 stress in double transgenic lines carrying Fd and 

tGalAPX is monitoring with paraquat solution. The double transgenic lines show high anti-H2O2 stress 

activity against wild-type.
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