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Abstract

We explored the interaction between radiation of different wavelength and jasmonic acid (JA) or brassinosteroids (BR)
on leaf senescence-induced oxidative stress. Three approaches were used: /) jasmonic acid insensitivel-1 (jail-1) and
brassinosteroid-deficient [dumpy (dpy)] mutants were treated with red (R) or far-red (FR) radiation; 2) phytochrome-
deficient aurea (au) and high pigment-1 (hp-1) (radiation exaggerated response) mutants were treated with methyl
jasmonate (MeJA) or epibrassinolide (epiBL); and 3) double mutants au jail-1 and au dpy were produced. Leaf
chlorophyll content, lipid peroxidation, and antioxidant enzyme activities were determined. After senescence induction
in detached leaves, we verified that the patterns of chlorophyll degradation of hormonal and photomorphogenic mutants
were not significantly different in comparison with original cv. Micro-Tom (MT). Moreover, there was no significant
change in lipid peroxidation measured as malondialdehyde (MDA) production, as well as catalase (CAT), ascorbate
peroxidase (APX), and glutathione reductase (GR) activities in the hormonal mutants. Exogenous BR increased CAT
and APX activities in MT, au, and hp-1. As concerns the double mutants, severe reduction in H,O, production which
was not accompanied by changes in MDA content, and CAT and APX activities was observed during senescence in
au dpy. The results suggest that JA and BR do not participate in light signaling pathway during leaf senescence-induced
oxidative stress.

Additional key words: antioxidant enzymes, brassinosteroids, jasmonates, lipid peroxidation, oxidative stress, photomorphogenesis,
Solanum lycopersicum.

Introduction

Leaf senescence is a genetically regulated process
characterized by a network of molecular and biochemical
mechanisms. The most evident events triggered during
senescence are oxidative stress and chlorophyll and
protein breakdowns (Khanna-Chopra 2012, Qian et al.
2012). Thus, an enhancement in the production of
reactive oxygen species (ROS) may occur triggering a
complex detoxification mechanism capable of preventing
uncontrolled oxidation (Vitéria et al. 2003, Andrade et al.
2009, Cia et al. 2012a). ROS-scavenging mechanisms
include the action of some key enzymes (Gallego et al.
2012), such as superoxide dismutase (SOD, EC 1.15.1.1),
which dismutates superoxide radical to H,O,, and a range

Received 22 November 2012, accepted 18 February 2013.

of peroxidases that break down H,0,, among others
catalase (CAT, EC 1.11.1.6) and ascorbate peroxidase
(APX, EC 1.11.1.11) (Gratao et al. 2005, Azevedo et al.
2012). In addition, for the detoxification of H,O,,
phenolic compounds can act as antioxidants by donating
electrons to guaiacol peroxidase (GPOX, EC 1.11.17;
Gratdo et al. 2005). The ascorbate-glutathione cycle is
also important and allows the regeneration of reduced
glutathione (GSH) from oxidized glutathione (GSSG) by
glutathione reductase (GR, EC 1.8.1.7) using NAD(P)H
as a reducing agent (Ghelfi ef al. 2011, Foyer and Noctor
2012, Jozefczak et al. 2012).

Nowadays, it is also known that the oxidative stress

Abbreviations: APX - ascorbate peroxidase; BR - brassinosteroids; CAT - catalase; Chl - chlorophyll; epiBL - epibrassinolide;
FR - far red radiation; GR - glutathione reductase; JA - jasmonic acid; MDA - malondialdehyde; MeJA - methyl jasmonate;
MT - cv. Micro-Tom; R - red radiation; ROS - reactive oxygen species; SOD - superoxide dismutase.
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is strongly controlled by phytohormones (Gratdo et al.
2012, Monteiro et al. 2011, 2012). They can interact with
a wide range of other molecules, particularly those of
light signaling pathways, such as phytochromes
(Carvalho et al. 2010). In fact, several responses have
been shown to be modulated by the interaction between
phytochromes and phytohormones. For example,
phytochromes interact with abscisic acid (ABA) and
gibberellin (GA) on seed germination (Seo et al. 2006,
Oh et al. 2007), with cytokinin on flowering (Zheng ef al.
2006), and with ethylene (ET) (Li et al. 2011) and auxin
(AUX) (Franklin ef al. 2011) on stem elongation. In a
jasmonic acid (JA)-deficient rice mutant hebiba, the
failure to produce jasmonates resulted in an elevated
content of phytochrome type A in its active form which
was especially pronounced under continuous far-red (FR)
radiation (Riemann et al. 2009). Robson et al. (2010)
reported that the coil-16 Arabidopsis thaliana mutant
deficient in JA signaling was also deficient in a subset of
FR responses. This mutant displayed exaggerated shade
response to low, but not high, red (R)/FR ratio suggesting
a role of JA in phytochrome signaling. The participation
of BRs in light signaling has been investigated by Luo et
al. (2010), Tang et al. (2010), Fan et al. (2012), and
Jaillais and Vert (2012). For instance, the use of a BR
biosynthesis-defective mutant of Arabidopsis (det2) as
well as the use of exogenous BR revealed a fundamental
role of BR in the expression of light-responsive genes
(Song et al. 2009) which probably involves a phyto-

Materials and methods

The tomato (Solanum lycopersicum Mill.) au, hp-1, dpy,
and jail-I mutants were obtained in the miniature
cv. Micro-Tom (MT; Li et al. 2004, Carvalho et al. 2011)
and the double mutants used were developed according to
Weigel and Glazebrook (2008). The au jail-1 double
mutant was selected initially for chlorotic aspect
expressed by the au mutation (Fig. 14) and the MeJA
insensibility expressed by jail-1 which was confirmed by
PCR-based analysis as described by Li et al. (2004) for
the jail-1 mutation. The au dpy double mutant was
selected for chlorotic aspect and for the short height and
curled leaves of the dpy (Fig. 1B; Koka et al. 2000). The
MT was used as the wild-type counterpart.

Seeds were germinated in trays containing a
commercial mix (Plantmax HT, Eucatex, Salto, Brazil)
and Vermiculite supplemented with 0.001 g cm® NPK
(1:1:1) and 0.004 g cm™ lime. Ten days after germina-
tion, the seedlings were transferred to 150 cm’ pots
containing the aforementioned substrate mix. The
cultivation was carried out in a glasshouse under
automatic irrigation (three times per day to field capacity;
Medici et al. 2010) at temperature of 28 °C, a 13-h
photoperiod, irradiance of 250 - 350 pmol m™ s and air
humidity of 80 %.

The third leaves from 35-d-old plants were cut at the
basis of the petioles with a sharp scalpel, placed inside
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chrome-dependent network (Luccioni et al. 2002, Jeong
et al. 2007).

Although it has been shown that radiation (Xu et al.
2009, Carvalho et al. 2011, Lopez et al. 2012), JA (Ge
et al. 2010, Liu ef al. 2012a), and BR (Hasan et al. 2011,
Xia et al. 2011) can separately modulate plant growth
under stress condition, the involvement of JA and BR in
light signaling in the stress responses is still little
understood. So far, some evidence shows that phyto-
chromes are required for a JA-modulated wound response
(He et al. 2005, Moreno et al. 2009, Robson et al. 2010,
Cerrudo et al. 2012). In Arabidopsis, the expression of
pyrroline-5-carboxylate synthase (P5CS, EC 2.7.2.11),
which catalyze the rate-limiting steps of proline bio-
synthesis, can be induced by light but inhibited by BR
(Abraham et al. 2003). However, a more comprehensive
molecular and biochemical understanding of how
photoreceptors interact with JA or BR during stress
response are still not available for many species and
stress conditions.

In this study, three approaches were used to explore
the interaction between radiation and hormones during
oxidative stress induced by tomato leaf senescence:
Jasmonic acid insensitivel-1 (jail-1) and brassinosteroid-
deficient (dpy) mutants were exposed to R or FR
radiation; phytochrome-deficient aurea (au) and high
pigment-1 (hp-1) (radiation exaggerated response)
mutants were treated with exogenous JA or BR; and
au jail-1 and au dpy double mutants were constructed.

black boxes, and stored at 25 °C for 48 h under different
hormonal or radiation treatments. Leaves of hormonal
mutants (dpy and jail-1) were treated each hour with
15 min R or FR radiations. Monochromatic R radiation
was obtained from white fluorescent lamps (20 W) b
filtration through a 3 mm red acrylic sheet (30 pmol m™s™)
whereas the FR radiation was obtained from incandescent
bulb lamps (40 W) by filtration through blue and red
acrylic filters (10 pmol m™ s™). Prior to leaf senescence
induction, the 30-d-old photomorphogenic mutants
(au and hp-1) were sprayed with 100 pM methyl
jasmonate (MeJA) or 1 pM 24-epibrassinolide (epiBL).
Leaves of au and hp-1 single mutants treated with the
hormones and the double mutant were kept in the dark
during senescence. At the beginning (0 h) and after 48 h,
leaves were used for chlorophyll measurements or stored
at -80 °C for biochemical analyses.

Leaf discs (0.5 cm diameter) were used for
chlorophyll spectrophotometric ~ determination. The
extraction was carried out by adding 2 cm® of methanol
(Holm-Hansen and Riemann 1978). The total chlorophyll
content was calculated as described by Lichtenthaler
(1987).

Lipid peroxidation was determined by estimating the
content of thiobarbituric acid reactive substances
(TBARS) following the method of Heath and Packer



(1968) and optimized by Cia ef al (2012b). The
concentration of malondialdehyde (MDA) was calculated
using a coefficient of absorbance of 155 mM™ ecm™. The
content of H,O, was determined as described by Alexieva
et al. (2001). Leaves were homogenized in 0.1 % (m/v)
trichloroacetic acid, the homogenate centrifuged at
12 100 g and 4 °C for 15 min, and 0.2 cm’ of the
supernatant was added to 0.2 cm® of 100 mM K-phos-
phate buffer (pH 7.0) plus 0.8 cm’ of 1 M KI.
Absorbance was read at 390 nm.

For determination of enzyme activities, leaves were
homogenized in a mortar with a pestle in 100 mM
K-phosphate buffer (pH 7.5) containing 1 mM ethylene-
diaminetetraacetic acid (EDTA), 3 mM dithiothreitol, and
5 % (m/v) insoluble polyvinylpolypyrrolidone at 4 °C
(Azevedo et al. 1998). The homogenate was centrifuged
at 10 000 g for 30 min and the supernatant was stored in
separate aliquots at -80 °C prior to enzymatic analyses.
Protein content for all samples was determined by the
method of Bradford (1976) using bovine serum albumin
as a standard.

Catalase (CAT) activity was assayed at 25 °C in a
reaction mixture containing 1 cm’ of 100 mM K-phos-
phate buffer (pH 7.5) and 0.0025 cm’ of 30 % (v/v) H,0,
(Gratdo et al. 2008). The reaction was initiated by the
addition of 0.025 cm’ of the plant extract and the activity
determined by following the decomposition of H,O, as a
change in absorbance at 240 nm over 1 min.

EFFECTS OF PHYTOHORMONES ON LEAF SENESCENCE

Glutathione reductase (GR) activity was assayed at
30 °C in a mixture consisting of 1 cm® of 100 mM
K-phosphate buffer (pH 7.5), 1 mM 5,5 -dithio-2-nitro-
benzoic acid (DTNB), 1 mM oxidized glutathione
(GSSG), and 0.1 mM NADPH (Martins et al. 2011). The
reaction was started by the addition of 0.05 cm® of the
enzyme extract. The rate of reduction of GSSG was
followed in a spectrophotometer by monitoring the
increase in absorbance at 412 nm over 1 min.

Ascorbate peroxidase (APX) activity was determined
by the addition of 0.04 cm’ of the plant extract to 1 cm® of
the reaction mixture containing 50 mM K-phosphate
buffer (pH 7.0), 0.5 mM ascorbate, 0.1 mM EDTA, and
0.1 mM H,0, (Nakano and Asada 1981). APX activity
was determined by monitoring the rate of ascorbate
oxidation at 290 nm at 30 °C.

SOD activity was determined following the method of
Giannopolitis and Rues (1977) by measuring the enzyme
ability to inhibit the photochemical reduction of nitroblue
tetrazolium (NBT). The reaction solution (3 cm’)
contained 75 puM NBT, 2 pM riboflavin, 13 mM
methionine, 0.1 mM EDTA, 50 mM K-phosphate buffer
(pH 7.8), and 0.03 cm’ of the enzyme extract. The
reaction solutions in test tubes were irradiated by 15 W
fluorescent lamps for 5 min. The enzyme activity was
determined at 560 nm.

All analyses were performed in three replicates. Data
were analyzed by ANOVA followed by the Tukey's test.

au jai1-1

Fig. 1. Phenotypes of the different tomato mutants. 4 - the double mutant au jail-1 was selected initially for chlorotic aspect
expressed by the mutant au, and MeJA insensibility displayed by the mutant jai/-/ which was confirmed by PCR. B - the double
mutant au dpy shows chlorotic aspect and elongated hypocotyl due to the au mutation, short stature, and leaf curled morphology

expressed by the dpy mutation.
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Results

Chlorophyll (Chl) degradation is the most obvious visible
aspect during leaf senescence. At time zero, MT, jail-1,
and dpy exhibited similar Chl content (Table 1). During
senescence, these genotypes exhibited similar reduction
of Chl content under R and FR radiation except the dpy
mutant which exhibited higher Chl retention under
R radiation (Table 1).

MDA content was lower in jail/-1 mutant than in MT
at 0 h but did not differ from MT during the radiation
treatments whereas the dpy mutant exhibited less
induction of MDA under R radiation (Table 1). At 0 h,
the activities of CAT, APX, and GR of MT, and the
jail-1 and dpy single mutants were similar (Table 1),
nevertheless, after senescence induction, CAT and GR
activities of the jail-1 mutant under FR were higher when
compared to MT (Table 1).

As concern the photomorphogenic mutants pretreated
with MeJA or epiBL, au and Ap-1 leaves exhibited lower

and higher Chl content, respectively, than MT at 0 h.
After 48 h, only the Ap-I mutant exhibited higher Chl
retention in water, MeJA, and epiBL treatments when
compared to MT (Table 2). Although variations were
observed for MDA production, only the Ap-/ mutant
treated with epiBL exhibited slightly higher lipid
peroxidation after senescence than MT (Table 2). When
the activity of the antioxidant enzymes is concerned,
variations were observed in response to the epiBL
treatment, resulting in increased CAT, APX and GR
activities for all genotypes indistinctively during
senescence (Table 2).

We constructed au jail-1 and au dpy double mutants
to further investigate the hormonal-photomorphogenic
control of oxidative stress. The most evident change
observed was the reduction of the H,O, content at 0 h
observed in jail-1 mutant when compared to MT and au
jail-1  (Table 3). After senescence induction,

Table 1. Chl content [pg cm? (f.m.)], MDA content [nmol g (f.m.)], and specific activities [umol mg™ (protein) min™'] of CAT, APX,
and GR in leaves of hormonal mutants at time zero (0 h) and after senescence (48 h). During senescence, leaves were treated with
R or FR radiations. Means + SE, n = 3. Different letters in the same column indicate significant differences at P < 0.05.

Genotypes  Time [h] Radiation  Chl MDA CAT APX GR

MT 0 - 5.5340.14®°  3.60+0.10° 59.62+9.06° 774.46+£150.9®°  0.44+0.06™
48 R 1.9540.33%  4.12+0.09° 66.7816.65% 847.79+60.17%°  0.40+0.05"
48 FR 1.9940.03%  3.05+0.07%° 73.15+4.64% 511.88+110.0° 0.30+0.03°

jail-1 0 - 5.63+0.09°  2.66+0.01° 44.15+0.88° 552.40+110.9° 0.50+0.02%
48 R 2.2440.19°  3.33+0.01%° 39.88+1.84° 570.15+62.92° 0.35+0.03°
48 FR 2354028  3.63+0.01°  133.98+18.1° 605.17+69.84° 0.94+0.09°

dpy 0 - 6.20£0.41°  2.93+0.07% 72.46+4.63% 742.96+33.88"  0.44+0.08%
48 R 5.3440.14®  2.31+0.06° 47.1249.21% 779.97+54.07°  0.34+0.04°
43 FR 3.46+0.40™  3.3140.06°  90.28+12.7°  1098.32473.20°  0.67+0.06"

Table 2. Chl content [pg cm? (f.m.)], MDA content [nmol g (f.m.)], and specific activities [pmol mg ! (protein) min"'] of CAT, APX,
and GR of leaves of photomorphogenic mutants at time zero control (0 h) and after senescence (48 h). During senescence, leaves
were treated with H,O (control), MeJA, or epiBL. Values are means + SE, n = 3. Different letters in the same column indicate

significant differences at P < 0.05.

Genotypes  Time [h] Hormones Chl MDA CAT APX GR

MT 0 - 6.77£0.05°  4.01£0.27"  62.54+3.33% 242.23+10.41° 1.25+0.04%°
48 H,0 2.1340.10°  4.86+0.41% 47.10+4.97%¢ 226.59+10.55° 1.19+0.08%°
48 MeJA 1.28+0.05° 3.8340.02% 26.37+2.49¢ 230.06+27.43¢ 0.90+0.08"
48 epiBL 429+0.39%  5.284+0.02°°  192.32+5.14° 1707.11421.70° 1.88+0.24%

au 0 - 3.9440.46>  5.4240.62% 64.57+4.35° 339.95+61.69° 1.53+0.05%°
48 H,0 3.48+0.33%  3.9240.56™ 56.25+9.22% 279.46+57.31° 1.5040.32%
48 MeJA 3.0040.34%  2.77+0.33° 34.96+7.82% 312.08+33.52¢ 0.7740.19°
48 epiBL 3.29+0.37%  4.2140.04° 159.1346.50° 945.38+ 4.20° 2.15+0.44°

hp-1 0 - 9.924+0.26°  4.18+0.77*°  105.93+4.60° 468.76+149.9" 1.1440.30°
48 H,0 7.24+0.24®  3.8240.04% 52.99+24.1¢ 246.63+29.18° 0.7740.11¢
48 MeJA 5.5120.24°  3.9240.63%  122.72+19.4° 441.79+20.48" 1.67+0.17%°
48 epiBL 487+0.12°  6.29+0.31°  263.7310.54° 1033.47+25.57% 1.69+0.02%°
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Table 3. H,0, [pmol g”(fm.)] and MDA [nmol g'(f.m.)] content, and specific activities of CAT, APX, GR [umol mg™(protein) min™],
and SOD [U mg'1 (protein)] of leaves of double mutants at time zero control (0 h) and after senescence (48 h). Means £ SE, n = 3.
Different letters in the same column indicate significant differences at P < 0.05.

Genotypes  Time [h] H,0, MDA CAT APX SOD GR
MT 0 0.24+0.05®°  0.27£0.03* 86.85+11.2° 1045.28+103.7% 5.89+1.24%4  (0.28+0.04%
48 0.25£0.02°°  0.15£0.01®  67.4243.54° 307.38+59.17° 2.56+0.40¢ 0.17+0.03%
au 0 0.1440.02"  0.1940.02®  75.1046.26° 673.80+20.26" 2.7740.34% 0.22+0.04%
48 0.19+0.03%  0.1440.01° 71.0142.56° 340.07434.31% 2.4840.20¢ 0.20+0.03%
dpy 0 0.104£0.03%  0.2240.04®  138.88+19.8° 461.51493.02°%  9.25+1.74% 0.33+0.01°
48 0.2740.01°  0.21£0.01% 89.5749.00° 222.93+45.57° 5.6540.55%¢  0.21+0.05%°
jail-1 0 0.06£0.01°  0.19+0.04% 76.84+11.5° 506.40+83.38°  4.70+0.42%¢  0.21£0.01*
48 0.3240.05°  0.2240.01% 71.88+3.45° 255.54435.90° 4.96+0.76>¢  0.11£0.03°
au dpy 0 0.1940.02a°  0.2240.01% 99.1046.17% 971.86+75.24% 6.7810.41°%  0.29+0.03%
48 0.0340.01°  0.1740.02% 97.57+11.8%° 252.86+84.10° 8.73+0.73% 0.1840.01%*
au jail-1 0 0.2440.01°®  0.19+0.02% 77.55+7.24° 633.50+7.74% 5.06£0.89%¢  0.2440.03%*
48 0.2740.05®°  0.2440.02®°  105.62+6.47® 344.21422.45% 7.9840.68%° 0.2440.01%*

a severe reduction in H,O, production was observed in
au dpy when compared to MT as well as dpy simple
mutant. However, MDA production did not differ
among these genotypes at 0 and 48 h (Table 3).
Enhanced CAT activity of dpy (Table 3) and reduced
APX activity of dpy, jail-1, and au jail-1 (Table 3)

Discussion

We have attempted three distinct approaches in order to
explore how the interaction between radiation and
hormones influences biochemical mechanisms during leaf
senescence: /) hormonal mutants were treated with R or
FR radiations; 2) photomorphogenic mutants treated with
hormones; and 3) double mutants. In fact, the use of
double mutants is an additional useful tool in the study of
signal transduction and changes to the regulation of
metabolic pathways (Carvalho et al. 2010, Nole-Wilson
et al. 2010).

The more recent literature on this topic revealed that
phytochromes (Huq et al. 2004, Tang et al. 2012), JA
(Jung 2004, Reinbothe et al. 2009), and BR (Saglam-Cag
2007, Fariduddin et al. 2008) can modulate Chl metabo-
lism. However, in this study, Chl content of jai/-/ and
dpy tomato mutants did not exhibit any differences from
that of MT before senescence (Table 1). Moreover, R and
FR radiations induced Chl degradation in jail-1, dpy, and
MT besides the fact that the dpy mutant retained
insignificantly more Chl under R radiation treatment. In
accordance to this, photomorphogenic mutants treated
with MeJA or epiBL did not exhibit different changes in
the Chl content after senescence induction when
compared with MT (Table 2). This includes the enhanced
pigment accumulation of sp-/ when compared to MT at
0 and 48 h which is due to the well documented light
exaggerated responses normally exhibited by this mutant
(Jarret et al. 1984, Wann et al. 1985). These observations
indicate that although irradiance evidently controls Chl

were observed at 0 h. When senescence was induced,
SOD activity of MT and au (Table 3), and GR activity
of jail-1 (Table 3) were reduced. Moreover, an abrupt
reduction of APX activity for all the genotypes at 48 h
was also detected.

biosynthesis in tomato, due to the Chl reduction in the
phytochrome-deficient au mutant (Table 2), JA and BR
as well as the interaction between irradiance and these
hormones do not appear to modulate Chl metabolism
during leaf senescence

On the first inspection of oxidative stress triggered by
senescence, attention was drawn to the fact that the lipid
peroxidation rate was reduced in jail-1 at 0 h when
compared to MT (Table 1), as well as H,O, content at 0 h
in the double mutants (Table 3). Although it could be
argued that JA was involved in the modulation of lipid
peroxidation, the MDA content of jai/-/ mutant did not
differ from that of the wild type counterpart in the third
experimental approach tested (Table 3). Although it has
been shown that exogenous JA can stimulate lipid
peroxidation estimated by MDA content (Fedina et al.
2009), we did not observe such a response when MeJA
was used (Table 2). Although after senescence induction,
an increase in MDA was observed in jai/-I under FR
when compared to 0 h (Table 1), such response does not
appear to be dependent on radiation signaling, particu-
larly the phytochrome system, since similar MDA content
was observed for jail-I under R or FR treatments. In
accordance to this, MDA content of au and Ap-1 at 48 h
was similar for MeJA and H,O treatments (Table 2), as
well as the MDA content of the double mutant au jail-1
did not differ from either single mutants au or jail-1.

It is interesting to note that the au dpy double mutant
exhibited a severe reduction in H,0, production
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(Table 3) which could have led to a reduction in lipid
peroxidation. Nonetheless, the MDA content of the dpy
mutant was not reduced at 0 and 48 h (Table 3), apart
from the fact that the content of MDA exhibited by this
mutant under R and FR radiations (Table 1), as well as
for au and hp-1 treated with epiBL (Table 2), did not
reveal any changes after senescence induction. Thus, our
results suggest that, at least through MDA and H,0,
formation, JA appears not to be involved in radiation
signaling during lipid peroxidation induced by leaf
senescence in tomato.

Some parts of a complex biochemical pathway from
ROS induction during leaf senescence to the response of
antioxidant enzymes (Palma et al. 2006) were analyzed in
this work. After senescence induction, the jai/-/ mutant
under FR exhibited enhanced CAT and GR activities
(Table 1). If such a response is mediated by phytochrome
photoreversion, a change of CAT and GR activities in au
mutant treated with MeJA can be expected when
compared to MT. However, similar activities in MT and
the au mutant treated with MeJA, as well as in MT and
the double mutant au jail-1 after senescence induction
suggest a minor interaction between phytochrome and JA
on CAT and GR activities. Additionally, JA does not
appear to be involved in radiation signaling at least
regarding the antioxidant enzymes analyzed in this work
since MeJA treatment did not affect CAT, APX, and GR
activities of /sp-1 at 48 h (Table 2). Nevertheless, the
participation of other antioxidant enzymes in this process
cannot be ruled out. On the other hand, epiBL strongly
induced CAT and APX activities of MT and the au and
hp-1 single mutants (Table 2). In fact, exogenous BR has
been shown to induce antioxidant enzyme activities in
tomato (Ahammed ef al. 2012, Hayat et al. 2012). Thus, a
reduction in the MDA content under epiBL treatment
could have been expected, although we did not verify
H,0, production in this approach. However, MDA
production did not change among the genotypes tested
suggesting that the effect of exogenous BR on antioxidant
enzyme activities during leaf senescence is regardless of
the genotypes and that this change is not enough to
reduce or minimize the stress induced by senescence
(Gratao et al. 2005). Therefore, no interpretation can be
made regarding the interplay between radiation signaling
and BR whereas the enhanced CAT of Ap-I, when
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compared to au and MT at 48 h, appears to be an additive
effect of the exogenous BR and /p-/ mutation since hp-1
exhibited induced CAT activity at 0 h (Table 2).

Although in this research, the induction of CAT and
APX activities by exogenous BR can point out to an
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senescence.
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