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Introduction: Salt stress is one of the major environmental stresses limiting crop productivity. Salt stress induces the production of reactive oxygen
species (ROS), nitric oxide (NO) and methylglyoxal (MG) in plant cells. The increased concentrations of ROS, NO and MG are toxic to plants and
cause oxidative damage to DNA, proteins, lipids and carbohydrates, and can lead to cell death. The key mechanism for adaptation to salt stress is the
accumulation of compatible solutes. Proline and glycinebetaine (betaine) enhance antioxidant defense and MG detoxification systems in plant
responses to salt stress, and thereby improve salt tolerance. Proline has been shown to inhibit ROS-mediated apoptotic-like cell death in fungal
pathogenesis. In animal cells, betaine has protective effect on oxidative stress-induced apoptosis. Up-regulation of the antioxidant defense and

glyoxalase systems provided by proline or betaine could be important in avoiding cellular damage and in inhibiting cell death.

Objectives: To clarify the protective role of proline and betaine in NaCl-induced oxidative damage and cell death in NaCl-unadapted tobacco BY-2

suspension-cultured cells.

Materials and methods: NaCl-unadapted tobacco BY-2 cells cultured in the different media (standard (modified LS medium), 50 mM NaCl, 100
mM NaCl, 200 mM NaCl, 200 mM NaCl+20 mM proline, and 200 mM NaCl+20 mM betaine media) were used to investigate the effects of proline
and betaine on the intracellular ROS, NO, MG and ATP levels, lipid peroxidation, nuclear deformation, DNA fragmentation, membrane integrity and

cell death under salt stress.

Results: Salt stress increased H,0,, O,, NO and MG productions, lipid peroxidation, nuclear deformation and degradation, chromatin condensation,
DNA fragmentation, depolarization of mitochondrial membrane, apoptosis-like cell death and ATP contents. Both exogenous proline and betaine
decreased the accumulation of H,0, and MG, and suppressed lipid peroxidation, nuclear deformation, chromatin condensation, DNA fragmentation
and depolarization of mitochondrial membrane induced by severe salt stress. Neither proline nor betaine affected apoptosis-like cell death and G;
phase population, and increased ATP contents in the 200 mM NaCl-stressed cells. Furthermore, Evans Blue staining experiment showed that salt
stress resulted in a significant increase in membrane permeability, whereas both proline and betaine significantly suppressed increment of membrane

permeability induced by 200 mM NacCl.

Conclusion: Both proline and betaine provide protection against NaCl-induced cell death by decreasing accumulation of H,O,and MG, and lipid
peroxidation as well as improvement of membrane integrity via increased antioxidant defense and glyoxalase systems. The roles of proline and
betaine in modulating signal transduction or gene expression are yet to be fully elucidated. Further investigations, including expression of

stress-responsive genes, are needed to elucidate the role of proline and betaine in molecular aspects of salt tolerance in higher plants.
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