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Polyamines (PAs) are an important and interesting group of naturally occurring low
molecular weight, polycationic, aliphatic nitrogenous compounds observed in various
organisms. In plants, putrescine (Put), spermidine (Spd) and spermine (Spm) are major
components. They are not only involved in fundamental cellular processes such as cell
proliferation, differentiation, and programmed cell death, but also in adaptive responses to
environmental stresses. PAs are found at rather high levels compared to phytohormones in
plant cells, and their endogenous concentrations are fluctuated by growth stage and various
environmental stresses. PAs, positively charged at a physiological condition, interact with
various macromolecules. So it may cause many functions of PAs and make PAs’ works
difficult. Recently, the genes for enzymes involved in PA metabolism have been identified
(Fig. 1). It can help to investigate individual role of PAs. Until now, some knockout
Arabidopsis mutants of PA biosynthesis were engineered. The double knockout mutants of
arginine decarboxylase genes (ADCI1/ADC2) and Spd synthase genes (SPDSI/SPDS2) have
defects in embryogenesis, while the double knockout mutants of Spm synthase genes
(ACLS5/SPMS) are able to complete the life-cycle normally. Thus the current conclusion is that
Put and Spd are essential for normal growth of plants, but Spm is not. Despite Spm shares
similar physicochemical characters with other PAs, only Spm doesn’t have essential role for

normal development. So, what role(s) does Spm play in plant cells?
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Fig. 1. Pathway of biosynthesis of the major PAs in Arabidopsis.

Many reports showed change of PAs contents under environmental stresses. However, no
direct evidence indicating the significance of relationship between PAs and environmental
stresses in plant cells has been obtained. With the situation of Spm described, in this thesis, I
examined whether Spm has a specific role against environmental stresses in plants.

In chapter I, I have addressed the role of Spm in high salt stress using the Spm-deficient
mutant (identical to the acl5/spms double knockout mutant in my study) plants. Under high
salt condition, the Spm-deficient mutant showed higher sensitivity compared to wild type
(WT) plants (Fig. 2). This phenotype was cured by exogenous Spm but not by the other PAs
Put and Spd, suggesting a strong link between Spm-deficiency and NaCl-hypersensitivity.
The mutant was also hypersensitive to high levels of KCI but not to MgCl, or to high
osmoticum. NaCl-hypersensitivity of the mutant was compromised by treatment with Ca*"
channel blockers. Moreover, the mutant showed poor growth on Ca2+—depleted
Murashige-Skoog agar rﬁedia. The data suggest that the absence of Spm causes an imbalance

in Ca”" homeostasis in the mutant plant.



Fig. 2. Spm-deficient Arabidopsis plants are hypersensitive to high salt stress

In chapter II, I have focused on the role of Spm against drought stress. Again, the
Spm-deficient mutant showed hypersensitivity to drought compared to WT plants (Fig. 3).
This phenotype was cured by Spm pretreatment but not by the other PAs (Put and Spd),
suggesting that drought-hypersensitivity exhibited by the mutant is due to Spm deficiency.
The water loss rate of WT and mutant plants was similar until 20 min after onset of
dehydration stress, but after the longer exposure to drought the rate in mutant plants was
higher than in WT plants. Consistent with this result, the stomata of the mutant leaves
remained open while in WT leaves they closed. It means that absence of Spm causes
blockage or slow response of stomatal closure during drought stress, and the Spm-deficient

plants lost more water compared to WT and thus became hypersensitive to drought.
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Fig. 3. Spm-deficient Arabidopsis plants are hypersensitive to drought.

In the present work, I have clearly disclosed the defensive roles of Spm against high salt
and drought stresses in Arabidopsis. Moreover, incorporating the current information from
the literature, especially regarding action of polyamines on various ion channels, I have
proposed the models describing a defensive role of Spm in high salt and drought stresses in

Arabidopsis.
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