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Abstract

BALAKRISHNAN V., VENKATESAN K., RAVINDRAN K.C., KULANDAIVELU G. (2005): Protective mechanism in
UV-B treated Crotalaria juncea L. seedlings. Plant Protect. Sci., 41: 115-120.

There is concern that some anthropogenic atmospheric pollutants may result in a global reduction of strat-
ospheric ozone. This would undoubtedly increase the level of ultraviolet radiation reaching the surface of the
earth, which might have important biological consequences. The antioxidant defence system of a plant consists
of a variety of antioxidant molecules and enzymes. The role of antioxidant enzyme activities in Crotalaria juncea
under control without UV-B treatment and ultraviolet-B supplemental radiation (UV-B) was investigated. UV-
B treatment for 6 h for 4 days resulted in severe inhibition in catalase activity. On the other hand, the activities of
peroxidase, polyphenol oxidase, superoxide dismutase and phenylalanine ammonialyase increased after the UV-B
treatment when compared to control seedlings. These increases could be an adaptive mechanism to minimise

the effects of UV-B radiation.
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Recent research has shown that global strat-
ospheric ozone, the primary attenuator of solar
ultraviolet radiation, has significantly decreased
during the last decade. Manmade chemicals such as
chlorofluorocarbons, invented in the 1930s, are the
main culprits for the depletion of the stratospheric
ozone layer (FREDERICK 1990). A depletion by
about 20% of stratospheric ozone corresponds to
a 20% increase in the flux of biologically damaging
UV-B radiation (280-320 nm).

There is an urgent need of reevaluating the UV-B
radiation effects on organisms under realistic irradia-
tion protocols. This has been the aim of extensive
research in recent years, especially on plants (RAVIN-
DRAN et al. 2001; BRENDA 2002). Free radicals are
fundamental to any biochemical process and repre-

sent an essential part of aerobic life and metabolism.
They are continuously produced by an organism
during normal use of oxygen such as respiration and
some cell-mediated immune functions. These free
radicals are also generated through environmental
stress (TTwARI 2004).

As a result of ozone loss, UV-B flux at the sur-
face of the earth inevitably increases the negative
impacts on organisms (CooHILL 1991). Exposure to
high UV-B radiation alters photosynthetic enzyme
activities (NEDUNCHEZHIAN & KULANDAIVELU
1991), disrupts PS2 reaction centres (IWANZIK et
al. 1983) and modifies stomatal closure (NEGASH
1987). Growth characteristics are also altered in
plants that are UV-B sensitive. UV-B radiation sup-
plied either artificially or naturally has resulted in
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decreased stem length, leaf area and plant height
in cucumber, sunflower, soybean and loblolly pine
(TEVINI & TERAMURA 1989). Reduction in biomass
accumulation resulting from increased UV-B radia-
tion was observed in wheat, barley, soybean, tomato,
cucumber and lettuce (KRUuPA & KiCKERT 1989).
However, defence mechanisms such as foliar symptoms
like curling of leaves and shiny wax coating (NEDUN-
CHEZHIAN & KULANDAIVELU 1996), synthesis
of phenolic substances such as anthocyanin and
flavonoids (RAVINDRAN et al. 2001) and synthesis
of antioxidant enzymes like peroxidase, polyphenol
oxidase and superoxide dismutase (RAO et al. 1996)
have been observed in UV-B treated Arabidopsis
thaliana seedlings. Many plants possess very ef-
ficient scavenging systems for reactive oxygen
that protects them from destructive oxidative
reactions (ARORA et al. 2002).

UV-B radiation increases the production of re-
active oxygen species (Hzoz’ O,, OH"). These
oxygen species are extremely reactive and have
a cytotoxic nature (BOWLER et al. 1992). Plants
have evolved protective mechanisms to keep these
deleterious reactions to a minimum. Antioxida-
tive enzymatic defence includes catalase, per-
oxidase and superoxide dismutase. Polyphenol
oxidase and phenylalanine ammonialyase also
participate in protection via phenolic compounds.
These enzymes can mitigate the UV-induced dam-
age by protecting the photosynthetic pathway
and cellular components. The present study was
conducted to determine the role of antioxidant
defence mechanism in UV-B treated seedlings of
Crotalaria juncea L., a plant widely cultivated in
South India as green manure.

MATERIALS AND METHODS

Plants. Pre-soaked seeds of Crotalaria juncea
were germinated in the dark for 2 days and then
transferred to indirect daylight in the laboratory.
After 2 days, when the primary leaves had fully
expanded, the seedlings were given appropriate
treatment in an irradiation chamber at 28°C (Hot
Pack Crop, U.S.A.).

Radiation treatment. Seedlings were exposed to
radiation (12.2 KJ/m?/day) for 6 h (10:00—16:00 h) for
4 day from four Philips 20W fluorescent tubes (type:
TL/33) plus one Philips 20W/12 sunlamp (UV-B
treated), or from four 20W white fluorescent tubes
(control). Radiation below 280 nm was completely
removed by using cellulose diacetate filter.
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Samples of irradiated and control leaves were
analysed for enzyme activity daily.

Extraction method for catalase. Catalase activ-
ity was assayed by measuring the rate of disappear-
ance of H,O, following the procedure of MAEHLY
and CHANCE (1959). One gram of leaf sample was
homogenised in 10 ml of 0.1M sodium phosphate
buffer pH 7 and centrifuged at 4°C for 10 min at
10 000 g. An aliquot of one ml of the supernatant
of the enzyme extract was added to the reaction
mixture containing one ml of 0.01M H,0,, 3 ml
of 0.1M sodium phosphate buffer having pH 6.8.
The reaction was stopped after an incubation of
5 min at 20°C by addition of 10 ml of 1% H,SO,.
The acidified medium without or with the enzyme
extract was titrated against 0.005N KMNO,

Extraction method for peroxidase, polyphenol
oxidase and superoxide dismutase. Peroxidase
and polyphenol oxidase activities were deter-
mined by methods described by KumARr and KHAN
(1982). Superoxide dismutase activity was deter-
mined by the following method of BEAUCHAMP
and FripovIcH (1971). One gram of leaves was
homogenised with 20 ml of ice-cold extraction
medium containing 2mM MgCl,, ImM EDTA.
10mM B-mercaptoethanol, 7 % PVP and 10mM
sodium metabisulphate. The homogenate was
strained through two layers of cheese cloth and
centrifuged at 10 000 g for 15 min and the super-
natant was made up to 20 ml with the same buffer
and was used as the source of enzyme.

Extraction method for phenylalanine ammo-
nialyase. Phenylalanine ammonialyase was extract-
ed according to the technique proposed by AMRHEIN
and ZENK (1971). Phenylalanine ammonialyase
preparations were obtained by homogenisation of
Crotalaria leaves in fluid nitrogen and extracted
with buffer.

Statistics. The data were analysed by using analy-
sis of variance (ANOVA). Multiple comparisons
between treatment and control were done with
the help of TUCKEY’s test (1953).

RESULTS

Crotalaria juncea seedlings grown under con-
trol or UV-B radiation showed much different
enzymatic activities (Table 1). Catalase activity
was reduced in UV-B treated seedlings by 30.3%
after the 4 days treatment. In contrast, peroxidase
activity was increased by supplemental UV-B ra-
diation. The increasing trend reached a maximum
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Table 1. Effect of supplemental UV-B radiation on catalase, peroxidase, polyphenol oxidase, superoxide dismutase

and phenylalanine ammonialyase in Crotalaria juncea L. seedlings

Catalase Peroxidase Polyphenol oxidase =~ Superoxide Phenylalanine
Time Treatment (umol H,0, (umol purpuro- (umol purpuro- dismutase ammonialyase
(days) decomposed gallin formed gallin formed (unitsh/mg  (pmol annamic acid
min/g fr. wt.) min/g fr. wt.) min/g fr. wt.) protein fr. wt.)  formed g/h fr. wt.)
Control 11.45 + 0.013 34.59 + 0.174 28.09 + 0.152 15.52 + 0.019 12.27 £ 0.014
1 UV-B 10.31 £ 0.017 39.79 £ 0.177 30.95 £ 0.157 17.57 £ 0.023 13.75 £ 0.016
(=9.90) (15.03) (10.18) (13.20) (12.06)
9 Control 14.02 = 0.013 36.01 £ 0.175 30.14 £ 0.156 18.37 £ 0.022 15.31 £ 0.017
UV-B 12.34+0.019  48.38* £ 0.186 37.50* £ 0.162 22.35* £ 0.029 18.02* + 0.022
(-11.98) (34.35) (24.42) (21.67) (17.70)
3 Control 16.08* + 0.014 39.09 £ 0.179 32.26 + 0.159 22.41* £ 0.027 18.42* + 0.021
UV-B 12.48 = 0.020 56.82% + 0.192 4295 £ 0.168 30.85* £ 0.038 23.02* £ 0.027
(=22.39) (45.36) (33.14) (37.66) (24.97)
4 Control 18.30* £ 0.016 42.01 £ 0.182 34.50* £ 0.164 25.18* £ 0.034 22.01* £ 0.026
UV-B 12.76 + 0.022 69.09* £ 0.197 52.45* £ 0.177 38.79* £ 0.177 30.58* £ 0.034
(=30.27) (64.46) (52.03) (54.03) (38.94)
Fvalue 12.1791 5.6470 4.0877 5.4991 6.9271
SE 0.7080 0.9592 0.5659 0.4428 0.4639
CD (P =0.05) 2.0125 2.7265 1.6086 1.2586 1.3185
CD (P =0.01) 2.6833 3.6353 2.1448 1.6782 1.7581

means + SE of five replicates; values in parentheses indicate percent change over control; *significant at 1% level

of 64.5% on the fourth day in treated seedlings.
Similarly, a significant and gradual increase in
polyphenol oxidase activity (52%) was observed
in UV-B treated seedlings throughout the study
period although the increase was slightly lower
than in peroxidase. Four days UV-B treatment
also increased superoxide dismutase and phenyla-
lanine ammonialyase activities by 54% and 38.9%,
respectively, compared to the control.

DISCUSSION

In the present study, catalase activity was decreased
by UV-B treatment. Catalase is the most efficient anti-
oxidant enzyme, which protects plants by scavenging
H,O, (VICHNEVETSKAIA & ROy 2001). However, it
is susceptible to photoinactivation and degradation.
It is also limited in its effectiveness by its selec-
tively poor affinity for H,O, (FOYER et al. 1997). In
Glycine max, SINGH (1996) observed that catalase

activity was reduced with a simultaneous increase
in peroxidase activity. NANDI et al. (1984) sug-
gested that the inverted relationship between the
two enzymes might be due to tetrameric molecules
of catalase disintegrating in vivo into monomeric
units with peroxidase activity.

Along with catalase activity, peroxidase activity
is also an important component of the antioxi-
dant stress system for scavenging H,0,. However,
catalase changes H,0, into O, whereas peroxi-
dase decomposes H,O, by oxidation of co-substances
(GASPAR et al. 1991). In contrast to catalase in the
present study, there was an increase of peroxidase
in UV-B treated seedlings. This might be due to an
increasein H O, production, probably as a result
of induced superoxide dismutase activity dur-
ing the treatment (SHARMA ef al. 1998). Further,
peroxidases promote the utilisation of phenolic
compounds as co-substrates (OTTER & POLLE
1994). This fact was confirmed by the accumulation
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of higher phenolic contents observed in this study
(data not shown). GASPAR et al. (1985) stated that
increased basic peroxidase activity in response to
stress decreases the indole acetic acid concentra-
tion and promotes acidic peroxidase synthesis. The
increased trend in polyphenol oxidase activity in
UV-B treated seedlings was observed in our studies
and is responsible for the oxidation of phenolic
compounds (SHEEN & CALVERT 1969). NAMIKI
(1990) observed that polyphenols from dry bean
may act as anti-oxidants to inhibit the formation
of damaging free radicals.

Superoxide dismutase activity was also increased
in UV-B treated seedlings after 4 days treatment.
KARABOURNIOTIS et al. (1995) found that super-
oxide dismutase levels of wheat and maize were
increased after exposing them to UV-B. KrRIZEK et
al. (1993) observed a definite pattern of superoxide
dismutase under UV-B radiation in cucumber. The
increase in the activity of superoxide dismutase
observed in our study may be a consequence of
production of O, in leaves during UV-B radiation.
FoYER et al. (1997) observed that superoxide dis-
mutase provides protection from activated oxygen
during periods of environmental stress.

In our experiments phenylalanine ammonialy-
ase activity was increased. Similar results were
observed in cucumber seedlings, where exposure
to supplemental UV-B radiation caused a 78% in-
crease in the activity of this enzyme (BEGGS et al.
1985). Phenylalanine ammonialyase is an important
enzyme in regulation of flavonoid biosynthesis
and transcriptionally induced by UV-radiation
(HAHLBROCK & SCHEEL 1989). DUBEY and GU-
RUPRASAD (1999) suggested that the enhancement
of phenylalanine ammonialyase is due to de novo
synthesis of the enzyme and parallel to anthocy-
anin formation.

Enzymes such as peroxidase, polyphenol oxidase,
phenylalanine ammonialyase and superoxide dis-
mutase showed enhanced activity in UV-B treated
seedlings and these enzymes might serve as accli-
matisation mechanisms to scavenge the toxic free
radicals of oxygen produced under stress condition.
The results of the present work illustrates that in
Crotalaria juncea L., UV-B radiation generates
antioxidant substances that provide protection
against UV-B radiation.
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Jsou obavy, ze nékteré antropogenni atmosférické polutanty (imise) mohou mit za néasledek globalni snizovani

stratosférického ozonu. To by nepochybné mohlo zvysit aroven ultrafialového zafeni dopadajiciho na povrch

zemé. Takovy nértst slune¢niho ultrafialového zareni vsak mize mit vyznamné biologické disledky. Antioxidaéni
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obranny systém rostlin zahrnuje mnoho rznych antioxida¢nich molekul a enzymu. Zkoumali jsme roli aktivity
enzymu antioxidanta v sazenicich Crotalaria juncea L., které byly vystaveny kontrolnimu (bez UV-B zéfeni)
a doplinkovému UV-B zéfeni. Po $estihodinové aplikaci UV-B zdfeni (10—16 h) ve ¢tyfech dnech nastal prudky
utlum katalasové aktivity. Naproti tomu se v§ak po ¢tyfech dnech aplikace UV-B zdfeni (v porovndni s kontrolnimi
sazenicemi) zvys$ila aktivita peroxidasy, polyfenol oxidasy, superoxid dismutasy a fenylalanin amoniumlyasy. Ta-
kovy ndrtst aktivity téchto enzyma by mohl byt adaptivnim mechanismem minimalizace u¢inktt UV-B zéreni.
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