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Molecular mechanism of hypersensitive response in tobacco plants: Contribution

AR of polyamines to hypersensitive cell death and properties of a novel WRKY-type
transcription factor

[Introduction]

Among diverse environmental stresses that endanger plant life, pathogen attack may be one of
the most critical ones. Plants are sessile organisms and lack a circulating, somatically adaptive
immune system to protect themselves against pathogens. Instead, they are considered to have
evolved other defense mechanisms against pathogens. Being attacked by pathogens, some plant
which have the resistance (R) gene against pathogens can restrict them to a small region near the site
of infecﬁon, where thereafter collapses and gives rise to a necrotic lesion. This localization of
pathogens is referred to as é hypersensitive response (HR).

The R gene of tobacco plants is referred as N gene, and confers resistance to tobacco mosaic
virus. (TMV). However the resistance is temperature-sensitive, thus, exhibiting HR below 26°C, but
not above 26°C. The activity of N gene can be controlled by the temperature shift (30°C -220°C),
where onset of HR is synchronized. Using this system, we compared the mRNA populations in
TMV-infected tobacco leaves before and after the temperature shift by fluorescence differential
display. Of the 20 clones initially identified, 6 cDNA were confirmed to be differentially expressed
in response to TMV infection. They were designated as HRR (hypersensitive response related) with
serial numbers. Among 6 genes, we focused on HRR3 and HRR4 for further experiments because of
their early and temporal response to TMV. HRR3 belonged to a WRKY-type transcription factor and
HRR4 was identical to ornithine decarboxylase of Nicotiana tabacum.

HRR3 (258 a.a.) contained a single WRKY domain, a Cys,His, zinc-finger motif and a leucine-

zipper motif in the N terminal. HRR3 showed high similarity to another tobacco WRKY protein,
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WIZZ (wound-induced leucine zipper zinc-finger), and consequently HRR3 was designéted as TIZZ |
(TMV-induced leucine zipper zinc-finger). TIZZ was found to localize to the nucleus and to bind to
the W-box (TTGAC) element that is recognized by other WRKY protein. However TIZZ did not
have a transactivation activity by itself. The expression of TIZZ was independent on salicylic acid,
indicating the presence of salicylic acid —independent signal pathways for HR, in which a novel type
of WRKY protein(s) may play a critical role for the activation of defense.

HRR4 (433 a.a.) was identical to ornithine decarboxylase (ODC), which is one of the enzymes
involved in polyamine biosynthesis. Further analysis revealed that not only ODC but also other
genes encoding enzymes for polyamine biosynthesis (e.g. spermidine synthase) were inducible in
response to TMV infection. TMV-infected leaves treated with inhibitors (DFMO and MGBG) for
polyamine biosynthesis showed the reduced HR rate. When tdbacco cultured cells (BY2 cells) were
treated with cryptogein, an elicitor for HR, genes for polyamine biosynthesis were also induced in a
similar manner with intact leaf and hypersensitive cell death was obvious. However, cell death was
inhibited by DFMO, confirming ODC to be a key enzyme governing its occurrence. Polyamines
were also found to accumulate in apoplast of both TMV-infected leaves and BY2 cells treated with
cryptogein. In contrast, polyamine oxidase activity was consistently detected in apoplast regardless
TMYV infection, suggesting the ready of polyamine degradation. High level of H,0, was detected in
BY?2 cells after elicitation. Both polyamine accumulation and H,O, generation in BY2 cells were
almost completely suppressed by DFMOi These results strongly suggest that one of the biochemical
events underlying HR is production of polyamines, the enzymatic degradation of which generates
H,0,, resulting in hypersensitive cell death.

Screening genes responsive to TMV infection identified two genes, that may play critical roles in
HR. Further analyses of these gene products as well as the remaining genes identified will shed more

lights on the plant defense mechanism against pathogens.
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