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Almost all aspects of plant activities are affected by salt, drought stress and environmental
pollutants such as sulfur dioxide and sulfur containing compounds, directly or indirectly.
Although the nature of damage inflicted by high salt concentrations is not fully understood, but
the integrity of cellular membrane, function of photosynthetic apparatus and the activity of
various enzymes are affected by the toxic effect of high salts. As other biotic, abiotic and
xenobiotic stresses, salt and drought stresses produce many degenerative reactions mediated by
toxic reactive oxygen species (ROS) such as superoxide (O2), hydrogen peroxide (H202), singlet
oxygen and hydroxyl radical which is produced when the H202 react with reduced metal irons,
such as Fe, (Halliwell and Gutteridge 1989). These ROS are cytotoxic and can seriously disrupt
normal metabolism through oxidative damage to lipids (Fridovich 1986 , Wiseand Naylor 1987,
McKersie and Leshem 1994]), nucleic acids (Fridovich 1986 , McKersie and Leshem 1994, Imlay
and Linn 1988) and protein (McKersie and Leshem 1994, Davis 1987), resulting in mutation,
protein destruction and peroxidation of membrane lipids, respectively, which in turn may result
in diseases and degenerative processes (carcinogenesis, immunodeficiency and aging),
Chloroplasts are especially prone to generate ROS because O2 concentration is high during
photosynthesis (Steiger et al 1977) and the overreduction of photosynthesis become inevitable .
Plants use diverse array of antioxidant enzymes such superoxide dismutase, ascorbate peroxidase,
catalase, glutathione peroxidase, glutathione S-transferase and other low molecular weight
antioxidant such as reduced glutathione and ascorbic acid, to alleviate the oxidative damage by

scavenging the ROS.

Progress has been made in identification and characterization of the mechanisms that render



plants tolerant to high salt. Of these mechanisms, is understanding of metabolic pathways and
the problem encountering the production of compatible solutes. Salinity is severely affecting the
plants by imposing water deficit due to the high ions concentration, and also through ion-specific
stress. Salt-sensitive plants (glycophytes) and salt-tolerant plants (Halophytes) have similar
sensitivity to salt in their cytosolic enzymes, so the maintenance of high K*/Na* ratio in the
cytosol is key role for improved performance under high salt concentration. Thus, engineering the
accumulation of salt in vacuoles and the extrusion of Na* from young leaves and meristematic
tissues will maintain high K*/Nat* ratio. Synthesis and accumulation of osmoprotective
substance known as compatible solutes, is one of the cellular responses of organisms to salinity.
These compounds can increase cellular osmotic pressure by utilizing protein and other cellular
structures, and therefore, providing protection from short term water stress. The most recent
examples is the engineering of ectoine synthesis in plants (Ono et al 1999), trehalose synthesis in
plant (Goodijin and Van Dun 1999) and manipulation of sucrose metabolism by expressing yeast
invertase in tobacco plants (Fukushima et al 2001). But proline and glycine betaine received more
attention (Rontein et al 2002), although the production of free proline is not straightforwards
since proline is catabolism by proline dehydrogenase, which is upregulated by free proline, is
common (Roosens et al 1999). Improvement of tolerance to salinity was correlated to the level of
free proline in the cells. Glycine betaine is receiving more attention than any other compatible
solute as it is not significantly degraded in plants like proline (Nuccio et al 2000). Glycine betaine
1s synthesized in chloroplasts from choline in two oxidation reduction reactions, first oxidation to
betaine aldehyde which catalyzed by choline monooxygenase and the second step betaine
aldehyde oxidation to glycine betaine catalyzed by betaine aldehyde dehydrogenase, but in some
organisms choline oxidase can carr the production of glycine betaine in one step. This allowed the
engineering of glycine betaine in Arabidopsis thaliana with improvement in tolerance to salinity,
drought and freezing. Glycine betaine can accumulate to high levels (more than 20mM) in some

plant species such as sugar beet and spinach under osmotic stress.

Chloroplast, which is the compartment of a high energetic reactions of photosynthesis and a
generous supply of oxygen, is a rich source of reactive oxygen species (ROS), such as superoxide
radical , hydrogen peroxide, singlet oxygen and hydroxyl radical (Asada 1997). Hydrogen peroxide
concentration, as low as 10 pM, can inhibit photosynthesis by up to 50% (Kaiser 1979), because it
inactivates thiol-regulated enzymes (Tanaka 1994). Moreover, H2Oz can react with reduced metal
ions, such as Fe, producing the hydroxyl radical, which is the most harmful, attacking membrane
lipids, causing base mutations, breakage of DNA strands and alteration of proteins (Bowler et al
1992). The formation of ROS in the chloroplasts is enhanced when carbon assimilation is
inhibited (Camp et al 1996). For review see Halliwell (1987), Cadenas (1989) and Fridovich (1989).
Efficient removal of ROS from the chloroplast is a key factor for normal metabolism in plants. The
major ROS scavenging enzymes in plants include superoxide dismutase (SOD), ascorbate
peroxidase (APX) and catalase (Asada 1999). Detoxification of ROS in stressed plant is proved to
improve the capability of plants to withstand the adverse stress conditions, especially when these
protectants were targeted to the chloroplast, more details will be found in inside pages.

Prevention or alleviation of damage is one of the strategies used to achieve salt tolerance, the



second one is re-establishment of new homeostatic condition in the affected plants, and the rate of

growth must be controlled.

Due to human activities the concentration of SOz in the atmosphere has greatly increased. The
reduced form of sulfur plays an important role in biosynthesis of primary and secondary
metabolites, but both dry and wet deposition of SOz caused severe damage to plants and other
ecosystem. During peak concentration of SOg, it will reach toxic levels to which the plants will
respond by activation of various defense mechanisms. One such response is antioxidant defense
system. Stomatal closure in plant to avoid absorption of SOz is also one of such mechanisms, but it
accompanied with decrease in photosynthesis by limiting CO:z concentration. In the early
investigations the higher stomatal resistance was correlated to the tolerance to acute SOz injury,
which dissolved in cellular solution forming sulfite bisulfite. Direct metabolism of the product of
SO: in the plant could be the rapid metabolism of sulfite, which could either be through the
oxidation of sulfite to sulfate or its reduction to sulfide. Plants with higher sulfite oxidation
showed high degree of tolerance to SO2 (Ayazloo et al 1982). Ferredoxin NADP reductase was
found to oxidized sulfite but with the concomitant production of oxygen radicals Nakamura 1970),
so evading sulfite toxicity and trapping in oxygen radicals will not be considered as detoxification.
In animal hepatic sulfite oxidase can do the job without production of oxygen radicals (Cohen et al
1973), but this enzyme is not fully characterized in plants. Genetic manipulations of plant for SO2

tolerance will be essential for food production and bioremediation for the environment.

The role of SOD and APX in protecting the plants will be reported in the first part of this
work, in the second part the sulfite oxidase transgenic plants will be evaluated for its role in

protecting plants from SO2 toxicity.
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