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radish seedling plants under paraquat stress
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Abstract Application of exogenous polyamines (PAs) reduced the paraquat (PQ)-induced cotyledon injuries in radish

seedling plants with 1 mM spermidine (Spd) being the most effective protectant. PQ injury symptoms in the cotyledons,

e.g., large accumulation of H>O. , and losses of fresh weight, chlorophyll, and proteins, were significantly alleviated. Likewise,

analysis of H20»-scavenging enzymes such as catalase (CAT) and guaiacol peroxidase (GPX) showed that pretreatment

with Spd among PAs remarkably increased total CAT activity and strongly retarded PQ-induced rapid decline in total GPX

activity. In a native gel assay, one CAT isozyme (CAT1) and two GPX isozymes (GPX1 and a newly synthesized GPX isozyme)

proved to be more responsible for PQ tolerance, as manifested by the strong increases in their activities by Spd pretreatment.

Based on these results, we can suggest that PAs (especially 1 mM Spd) may function as antioxidant protectors by invoking

CAT and GPX enzymes which control the endogenous H>O» level in radish cotyledons exposed to PQ.
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Figure 1. Protection of radish cotyledons from PQ toxicity by
exogenous PAs. 4-day-old plants were pretreated for 12 h with the
indicated concentrations of different PAs (Put = putrescine, Spd =
spermidine, Spm = spermine) in 0.1% Tween 20 solution as coty-
ledon sprays before being exposed for 1 day to 50 uM PQ in
0.1% Tween 20. Symbols mean as follows: Cont., plants sprayed
with 0.1% Tween 20 alone; PQ, plants sprayed with only 50 uM
PQ in 0.1% Tween 20. Data are means + SE from three indepen-
dent experiments
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Figure 2. Effects of PA pretreatments on PQ-induced cotyledon-
injury symptoms ( A, fresh weight; B, chlorophyll content; C,
protein content). 4-day-old radish seedlings were pretreated with
different 1 mM PAs as described in Figure 1. Data are means +
SE from three independent experiments. Symbols mean as follows:
Control., cotyledons treated with 0.1% Tween 20 alone; PQ, coty-
ledons treated with 50 uM PQ alone; Put+PQ, cotyledons pretreated
with 1 mM putrescine before 50 pM PQ application; Spd+PQ, coty-
ledons pretreated with 1 mM spermidine before 50 UM PQ appli-
cation; Spm+PQ, cotyledons pretreated with 1 mM spermine before
50 uM PQ application
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Figure 3. Effects of PA pretreatments on H,O, content in radish
cotyledons exposed to 50uM PQ, as described in Figure 2. Data
are means + SE from three independent experiments. Symbols are
the same as those in Figure 2
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Figure 4. Effects of PA pretreatments on changes in the total
activities of catalase in radish cotyledons exposed to 50 uM PQ,
as described in Figure 2. Data are means + SE from three independent
experiments. Symbols are the same as those in Figure 2
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Figure 5. Effects of PA pretreatments on changes in the total
activities of guaiacol peroxidase in radish cotyledons exposed to
50 uM PQ, as described in Figure 2. Data are means + SE from
three independent experiments. Symbols are the same as those in
Figure 2
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Figure 6. Native PAGE gels stained for catalase isozymes in radish
cotyledons. Lane Cont., cotyledons treated with 0.1% Tween 20
alone; Lane PQ, cotyledons treated with 50 uM PQ alone; Lane
Put, cotyledons pretreated with 1 mM putrescine before 50 UM PQ
application; Lane Spd, cotyledons pretreated with 1 mM spermidine
before 50 uM PQ application; Lane Spm, cotyledons pretreated with
1 mM spermine before 50 UM PQ application
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Figure 7. Native PAGE gels stained for guaiacol peroxidase isozy-
mes in radish cotyledons. Lane Cont., cotyledons treated with
0.1% Tween 20 alone; Lane PQ, cotyledons treated with 50 uM
PQ alone; Lane Put, cotyledons pretreated with 1 mM putrescine
before 50 uM PQ application; Lane Spd, cotyledons pretreated with
1 mM spermidine before 50 uM PQ application; Lane Spm, coty-
ledons pretreated with 1 mM spermine before 50 UM PQ application.
Note that the GPX1 isozyme band in the control completely dis-
appeared in 50 UM PQ alone treatment, but it showed some re-
covery in its staining intensity in Lane Spd. Also, a new isozyme
(the arrow head “<4”) appeared in PA pretreatments showing its
maximum activity in Lane Spd
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