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ABSTRACT In order to understand the protection effects of antioxidant enzymes against oxidative stress caused by
various environmental stresses, transgenic tobacco (Nicotiana fabacum cv. Xanthi) plants expressing both copper
/zinc superoxide dismutase (CuZnSOD) and ascorbate peroxidase (APX) in chloroplasts (referred to as CA plants)
were subjected to highlight (1,100 umol m'?‘sec'l) and chilling at 4°C. The protection effects of CA plants using leaf
discs were compared with those of transgenic plants expressing either CuZnSOD or APX in chloroplasts (SOD
plants or APX plants, respectively) and non-transgenic (NT) plants. CA plants showed about 15% protection in the
photosynthetic efficiency (Fv/Fm) of photosystem Il relative to NT plants 1 hr after treatment of both highlight and
chilling, whereas they showed about 23% protection in the redox state of P700 in photosystem 1 at 3 hr after
treatment. SOD plants or APX plants showed an intermediate protection effect between CA plants and NT plants.
These results demonstrated that the coexpression of CuZnSOD and APX in chloroplasts importantly involves in the
protection effects against oxidative stress caused by various environmental stresses.
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Figure 1. Photosynthetic efficiency in non-transgenic (NT) and
transgenic plants expressing CuZnSOD and/or APX following
highlight-mediated oxidative stress. Photosynthetic efficiency was
measured by chlorophyll fluorescence as the Fv/Fm ratio in leaf
discs of NT and transgenic plants treated with highlight (1,100 umol
m'zs'l) for 30 min (A). In vitro measurements of the redox state of
P700 in leaf discs of NT and transgenic plants treated with highlight
regimes for 1 hr (B). [0, untreated; M, highlight treated. Data are
means £SE of five independent measurements using five plants.
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Figure 2. Photosynthetic efficiency in NT and transgenic plants
expressing CuZnSOD and/or APX following both highlight (1,100
umol m’s™) and 4°C chilling treatment. Photosynthetic efficiency
was measured by chlorophyll fluorescence as the relative percentage
Fv/Fm in leaf discs of NT and transgenic plants treated with
highlight and 4°C chilling for 2 hr. Data are means £SE of five
independent measurements using five plants.
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Figure 3. In vitro measurements of the redox state of P700 in leaf
discs of NT and transgenic plants expressing CuZnSOD and/or APX
following both highlight (1,100 gmol photons mjzs’l) and chilling
treatment. The redox state of P700 of in leaf discs of NT and
transgenic plants treated with highlight-chilling were measured for 5
hr. Data are means=+SE of five independent measurements using
five plants.
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