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Roles of reactive carbonyl species in salt-stressed rice
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This thesis has three chapters. Chapter 1 describes the background and objectives of the research.

Chapter 2 represents the RCS scavengers, carnosine and pyridoxamine suppress the RCS accumulation. Salt stress
inhibited germination of seeds and growth of roots and shoots of seedlings in salt-sensitive rice Nipponbare.
Supplementation of RCS scavengers to the culture medium suppressed the germination and growth inhibition by salt
stress. These results suggest that RCS is involved in the inhibition by salt stress. Salt stress-induced ROS accumulation
in the rice variety Nipponbare and salt stress-induced ROS accumulation in the rice varieties. In this study, the RCS
scavengers did not decrease ROS accumulation but decreased MDA levels and carbonyl protein levels in the stressed
rice. These results strongly support the hypothesis that RCS is closely involved in the salt stress mechanism in rice
seedlings. Taken together, the damage induced by salt stress can be attributed to RCS accumulation rather than ROS
accumulation, and suppression of RCS accumulation is likely to improve salt tolerance in rice seeds and seedlings.

Chapter 3 represents the role of proline in RCS-mediated salt-stressed rice plants. we investigated the ROS, RCS
production, MDA, protein carbonylation level and enzymatic activities on salt-stressed rice. Salt stress increased ROS,
RCS, MDA, protein carbonylation content, and enzyme activities in rice plants in the absence of proline. Whereas
exogenous proline improved the ROS, RCS production, MDA, protein carbonylation level, and antioxidant enzyme
activity in rice plants (Oryza sativa L., cv Nipponbare) under salt-stressed rice plants. It is suggested that exogenous
proline mitigates ROS, ultimately reducing the harmful effects of salt stress via increasing enzymatic activity. Proline
significantly suppressed the increase in RCS, such as acrolein, HNE, (E)-2-Pentenal, HHE, methacrolein, acetone,
acetaldehyde, propionaldehyde, crotonaldehyde, phenylaldehyde, and n-Pentenal. These carbonyls thus contributed only
considerably to the NaCl-induced growth inhibition. Together these results demonstrate that in growing rice seedlings,
several types of RCS were increased by salt stress, and they caused growth inhibition.

We also checked the role of proline in ROS and RCS-mediated salt-stressed rice plants. The application of exogenous
proline has been studied as a stimulator for salt tolerance. Exogenous application of proline resulted in a decrease of
H,0,, MDA, and protein carbonylation contents in the salt-stressed rice plants. The activities of superoxide dismutase
(SOD), catalase (CAT), peroxidase (POX), ascorbate peroxidase (APX), dehydroascorbate reductase (DHAR), and
glutathione reductase (GR) were increased by salinity. Supplementation of proline at 1 mM and 5 mM decreased CAT,
POX, APX, and DHAR activity and GR activity under salinity conditions, whereas SOD activity slightly decreased. It
is suggested that exogenous proline mitigates the detrimental effects of salt stress via decreasing of HO», MDA, protein
carbonylation, and antioxidant enzymes. Taken together, the damage induced by salt stress can be attributed to ROS and

RCS accumulation, and suppression of RCS accumulation is likely to improve salt tolerance in rice seeds and seedlings.
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