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The response of the antioxidant enzyme system to drought, heat and a combination of 

these stresses was followed in tobacco plants overexpressing cytokinin 

oxidase/dehydrogenase1 (CKX1) under the root-specific WRKY6 promoter (W6:CKX1 plants) 

and under the constitutive 35S promoter (35S:CKX1 plants) and in the corresponding wild 

type (WT). CKX1 over-producing lines developed a bigger root system, which contributed to 

their stress tolerance. The high stress tolerance of 35S:CKX1 plants was also associated with a 

dwarf shoot phenotype and changed leaf morphology.  

The genes for chloroplastic antioxidant enzymes, stroma ascorbate peroxidase 

(sAPX), thylakoid ascorbate peroxidase (tAPX) and chloroplastic superoxide dismutase 

(FeSOD), which are responsible for scavenging of reactive oxygen species produced via 

electron transfer during photosynthesis, were all strongly transcribed in control conditions. All 

the tested stresses down-regulated expression of these genes in WT and W6:CKX1 plants, 

whereas expression was maintained in the stress-tolerant 35S:CKX1 plants during drought and 

heat stresses. Enzymes supposed to play a general role in stress protection, namely cytosolic 

ascorbate peroxidase (cAPX), catalase 3 (CAT3) and cytosolic superoxide dismutase 

(CuZnSOD), were activated under stress conditions. Heat shock, alone or combined with 

drought, induced the expression of CAT3, CuZnSOD and especially that of cAPX in all 

genotypes, whereas prolonged drought alone was not associated with their increased 

expression. Transcription of genes for peroxisomal enzymes CAT1 and CAT2, unlike CAT3, 

was extensive under control conditions. Heat shock alone, unlike a combination of drought 

and stress, induced CAT1 but reduced CAT2 expression in WT and W6:CKX1. In the more 

stress tolerant 35S:CKX1 genotype, CAT1 expression was enhanced under all stress 

conditions. The activity of mitochondrial superoxide dismutase (MnSOD), which removes 

superoxide generated by electron leakage in respiratory electron transport chain, positively 

correlated with cytokinin content, being much lower in 35S:CKX1 plants than in WT.  

Defence mediated by the antioxidant enzyme system possesses high plasticity, being 

independently regulated at the level of gene expression and activity. The effect of down-

regulation of cytokinin levels on the antioxidant enzyme system seems to be indirect, 

mediated by stress tolerance under unfavourable conditions or by modulation of 

photosynthesis under control conditions or by changes in source/sink of sugars metabolism. 


