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ABSTRACT

Phytopathogenic bacteria are always exposed to reactive oxygen species (ROS)
generated from aerobic metabolisms as well as from the host plant’s first line defense. To
avoid oxidative damage, this kind of bacteria produces an array of ROS-scavenging enzymes
to get rid of the harmful of ROS before it can reach a toxic level. Superoxide dismutase
(SOD) is a metalloenzyme catalyzing dismutation of superoxide anions to form H,O, and
molecular oxygen. The removal of superoxide blocks the secondary reaction which in turn
leads to the formation of the most reactive hydroxyl radicals. Agrobacterium tumefaciens, the
causative agent of crown gall disease in plants, possesses three open reading frames, Atu0876,
Atu4583 and Atu4726, which encoded SOD. SOD activity inhibition tests and amino acid
sequence analysis strongly suggests that these three putative genes encode FeSods and are
named SodBl, SodBll and SodBllIl. SodBl and SodBll are cytoplasmic isozymes while
SodBllIl is a periplasmic isozyme. sodBlI is expressed at a high level throughout all growth
phases while sodBII expression is highly induced upon exposure to superoxide anions in a
SoxR dependent manner. sodBIll is expressed during its stationary phase. Deprivation of
sodBl markedly alleviated resistance to menadione (MD), a superoxide generator. Moreover,
the strain increased tolerance to H,O, due to a compensatory expression of catalase-
peroxidase encoded by katA. Inactivation of sodBIl or sodBlIl alone dightly affected the
bacteria's ability to cope with superoxide toxicity. A mutant lacking al three SodB enzymes
showed the most sensitivity to MD treatment, which indicates that all sods contribute at
varying levels towards the overall MD resistance level. The role of sodB genes regarding the
protection of singlet oxygen toxicity generated from irradiated rose bengal was evaluated
through various sodB mutants in both the exponential and stationary phases. sodBl mutant
was dlightly sensitive to singlet oxygen relative to wild type, sodBll and sodBIll mutant
strains. Moreover, sodBI sodBIl double mutant was much more sensitive to singlet oxygen
than sodBI single mutant and the sensitivity level was comparable to that of the sodB null
mutant. While sodBI sodBlIl double mutant showed a resistance level similar to the sodBI
mutant, a high expression of sodBI, and sodBIl fully complemented MD, singlet oxygen-
hypersensitive and H,O, -hyperresistant phenotypes of the sodB null mutant. However, the
expression of periplasmic sodBIII partially restored such altered phenotypes. SodBs also have
important roles in A. tumefaciens virulence toward host plants. A sodBI, but not sodBII or
sodBIll mutant, showed a marked reduction in their ability to induce tumor formation on
tobacco leaf discs while the sodB null mutant was totally avirulent.
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