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SUMMARY : A study was undertaken, under controlled laboratory conditions to investigate the influence of
ultraviolet-B (UV-B) radiation on the growth, nitrate uptake, nitrate reductase (NR) ammonium uptake, glutamine
synthetase (GS) and nitrogenase enzyme of cyanobacterium, Cylindrospermum sp. Test algawas isolated from
ricefield soilsof Allahabad, Indiaand grown in BG-11 culture medium. Culture of log phase wastreated with Uv-
B (0-120 min exposure) which showed inhibitory effect on growth (chlorophyll-a) and found to be dose
dependent. Ammonium uptake and GS were also inhibited by UV-B treatment but there was no total loss of these
activities. Among the various parameters, nitrogenase enzyme was most sensitive for all the doses of Uv-B and
was not detected beyond 90 min exposure. In contrast, a significant increase in nitrate uptake and nitrate
reductase following exposure of Cylindrospermum sp. to UV-B was also observed.
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There is mounting evidence that the solar
flux of UV-B radiation (280-320 nm) has
increased at the earth’s surface due to the
depletion of the stratospheric ozone layer by
anthropogenically released atmospheric
pollutants such as chlorofluorocarbons
(Cdllaghan et al., 2004; Cen and Bornman, 1990).
As a result, UV-B reaches the earth's surface
directly whichisharmful to living organisms. This
created interest on the study of UV-B radiation
induced effects and its recovery on the living
system (Dohler,1985; Gao et al., 2007).Although
only a small fraction of the electromagnetic
spectrum, UV-B light issufficiently actinic to evoke
awiderange of damaging photobiological effects
because of its absorption by biomolecules i.e.
nucleic acidsand proteins (Sinhaand Hader, 2008).
The fluence rates of UV-B radiation reaching to
the green plants is of major concerns specially
cyanobacteria. Since cyanobacteria were among
the early photosynthetic prokaryotes, thus it
seems probable that during their evolutionary
history, they might have faced more intense
ambient solar UV-B radiation than others and may
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have acquired the ability to accumulate UVA/UV-
B screening pigments to attenuate UV-B induced
damage (Sinhaand Hader, 2008). Cyanobacteria
with a cosmopolitan distribution are the most
common photosynthetic prokaryotes on earth
playing animportant role asaatmospheric nitrogen
fixers in both aquatic as well as terrestrial
ecosystems. The role of cyanobacteria as natural
biofertilizers in rice paddy fields is well
documented (Sinha and Hader, 1996). According
to an assumption cyanobacteriafix 15-18 kg N har
1 yrt through the process of biological nitrogen
fixation with the help of enzyme nitrogenase.
Cyanobacteria also posses nitrate reductase and
nitite reductase enzyme which convert nitrate to
nitrite and nitrite to anmonia (Sinha and Hader,
1996). In cyanobacteria, after transport by specific
permeases, anmoniumisincorporated into carbon
skeletons by the sequential action of glutamine
synthetase (GS) and glutamate synthetase
(GOGAT) enzyme. Enhanced level of UV-B
radiation has been reported to cause severe
inhibition of growth aswell asnitrogen fixationin
legumes (Cen and Bornman, 1990) and inhibition
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of NO, and NH," uptake has also been reported in diatoms
and higher plants (Dohler, 1985; Appenroth et al.,1993).
However little, if any, study has been made on some other
important enzymes of nitrogen metabolism especially in blue-
green algae (cyanobacteria) S0, in the present study, theimpacts
of UV-B on growth and enzymes of nitrogen assimilation in a
N,- fixing cyanobacterium, Cylindrospermum sp. has been
assessed, which is the dominant strain of the locality.

ExXPERIMENTAL METHODOLOGY

Organism and growth conditions:

The filamentous heterocystous cyanobacterium,
Cylindrospermum sp. was isolated from rice fields near
Allahabad and was raised to axenic culture. The culture was
axenically grownin nitrogen free BG-11 medium (Rippkaet al.,
1979) at 27+2° C pH under 751 mol mr?s? photon flux density
(PFD) with a photoperiod of 14:10 h. Mid logarithmic phase
cultures were used for experimentation.

UV-B Treatment and estimation of growth:

For UV-B treatment the culture suspension (dry weight
0.1 mg ml) occupying adepth of 0.25 cm sterilized 7.5 cm Petri
dishes were exposed to artificial UV-B produced from single
UV-B lamp with its main output 312 nm alongwith cool
fluorescent light of 20 1 mol m2s! PAR intensity. Radiation
dose of 15,30,60,90 and 120 min exposure at the surface of
culturewere 0.18, 0.36, 0.72, 1.08 and 1.44 K J?, respectively.
Growth was measured by estimating chlorophyll content of
cyanobacterium after four days of treatment following the
method of Myresand Kratz (1955).

Estimation of nitrate uptake, ammonia uptake, nitrate
reductase, glutaminesynthetase and nitr ogenase:

The uptake of NH*, and NO-, was estimated
colorimetrically by Nessler’s reagent (Herbert et al., 1974),
brucine sulfuric acid (Nicholas and Nasen, 1957) methods
respectively by measuring the depletion of these nutrients
due to consumption by alga. In vivo nitrate reductase activity
was estimated by the method of Camm and Stein (1974).
Nitrogenase activity was measured by estimating the reduction
of acetyleneto ethylene (Stewart et al., 1968) with agasliquid
chromatograph (CIC Baroda, India). Glutamine synthetase
activity was estimated by the method of Shampiro and
Stadtman (1979).

Satistical analysis:
Thedifferent parameterswere statistically analyzed using
one way analysis of variance (ANOVA).

ExXPERIMENTAL FINDINGS AND DISCUSSION

Cyanobacterium, Cylindrospermum sp. showed

inhibitory growth response against UV-B treatment. Fig. 1
showsthe effect of various doses (15, 30, 60, 90 and 120 min)
of UV-B on the chlorophyll content of Cylindrospermum sp.
A reduction of 10, 13, 20, 38 and 50 per cent in the chlorophyl|
content wasrecorded at 15, 30, 60, 90 and 120 min of UV-B as
compared to control. Growth of any autotrophic organismis
closely linked to the photosynthesis. Chl-a is the major
photosynthetic pigment in the photochemical reaction centre
of PSI and PSII. Pigments, proteins and membranes of the
photosystems are sensitiveto UV radiation (Chriset al., 2006).
Evidence showed that the detrimental effectsof UV-B radiation
of solar light on cyanobacteria are mediated by ROS (He and
Hader, 2002; Chriset al., 2006). Asaresult, UV stressleadsto
the damage of photosynthetic membrane, DNA and D1 protein
of PSII and leads to inhibition of photosynthesis and finally
growth (Nultschand Agel, 1986).
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Fig. 1: Growth (chlorophyll-a) characteristic of

Cylindrospermum sp. under different doses of UV-B.
Chlorophyll-a in untreated control was 4.68 ug
ml-t. Values are mean *SE of three replicates.
Values are significant at 0.05 (5%) level of
significance (ANOVA).

Table 1 shows the impact of different doses of UV-B on
nitrate uptake and nitrate reductase enzyme of
Cylindrospermum sp. Nitrate uptake exhibited an increase of
18, 15 and 12 per cent after the treatment of 15, 30 and 60 min
doses of UV-B as compared to control. At highest dose i.e.
120 min of UV-B treatment, aslight decrease of 5 per cent was
also noticed. Generally the nutrient uptake is reduced under
stress condition and it was earlier reported by some workers
also (Fuggi et al., 1984; Dohler, 1986;Tyagi et al., 1992) but
interstingly in the present findingsNO,” uptake was stimul ated
after UV-B exposure.The stimulation of nitrate uptake by UV-
B for short periods and thereafter slow depression is
supported well with the findings of Prasad et al. (1998)
and Rai et al. (1998) who observed stimulation in NO,
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uptake in cyanobacterium, Anabaena doliolum and in
green alga, Chlorella vulgaris. A possible explanation
for theinitial stimulation of NO, uptake might be due to
the consumption of previously stored ATP and reductant
inside the cell. Likewise the inhibition in nitrate uptake
at higher doses may be due to depletion in ATP content
and carbon assimilation, which are essential for nitrogen
metabolism (Oelmueller et al., 1988).

A similar trend of nitrate uptake was noticed when UV-B
(15-120 min) exposed cells were analyzed for nitrate reductase.
The levels of enzyme in cells of Cylindrospermum sp.
increased with theincreasein UV-B dose. Rising concentration
of UV-B from 15 - 90 min stimulated NR enzyme by 24 —7 per
cent. Beyond 90 min exposure NR was slightly reduced. Like
nitrate uptake, we also observed stimulation in nitrate
reductase activity following exposure of Cylindrospermum
sp. to UV-B. This could be due to an accelerated uptake of
NO, and/ or presence of UV-B photoreceptors in the cells.
The inhibition of nitrate reductase in the test alga at higher
doses of uv-B may be attributed due to reduced carbon fixation
asaready reported by Dohler (1985) and Tyagi etal. (1992).The
reduction in chlorophyll content was al so noticed in this study
dueto UV-B that might be responsible for inhibition of nitrate
reductase activity since nitrate reductase is bound to the
chlorophyll- containing membrane fractions.

Datarelated to the effect of UV-B stress on theammonium
uptake and glutamine synthetase are compiled in Table 1. The
ammonium content decreased by10, 18, 25, 40 and 58 per cent
at 15, 30, 60, 90 and 120 min UV-B treatment whereasthe GS
was decreased by 16,21,29,35 and 63 per cent on the above
same treatments .The inhibition in NH,* uptake by UV-B
suggests an alteration in the structure of enzyme responsible
for itsassimilation. The process of ammonium uptakeislinked
through the GS-GOGAT pathway and the enzymes of this
pathway are highly sensitive to different stress. UV-B induced
decrease in ammonium uptake could be due to a decreased
ATP pool as a consequence of damaged photosynthetic
electron transport chain (Thaper et al., 2008). The enzyme
glutamine synthetase which incorporates nitrogen into the

carbon skeleton and produces amino acids was also affected
by UV-B. Inhibition of GS activity by UV-B is in agreement
with the findingsof Dohler (1986) in marinediatom, Dictylum
brightweilli and Rai et al. (1998) in cyanobacterium, Anabaena
doliolum.

The exposure of the cyanobacteriumto 15 and 60 min of
UV-B decreased the nitrogenase activity from 4.1+ 0.005 umol
C,H, released mg* protein* h* to 2.7and 2.25 pmol CH,
released mg? protein® h?, respectively. The intensified
decrease in nitrogenase activity was noticed on the further
doses of UV-B (Table 1). Nitrogenase the key enzyme for
atmospheric nitrogen fixation in diazotrophic cyanobacteria,
was severely affected by UV-B stress. An appreciable reduction
in nitrogenase activity by UV-B might have been due to
interruption in supply of ATP and reductants to the enzyme
for its activity (Kumar et al., 2003; Pandey and Rai, 2002).
Decrease in nitrogenase activity may also be due to impact of
UV-B in their morphology and heterocyst formation (Gao et
al., 2007).

In the present study it was found that rice field
cyanobacteria like Cylindrospermum sp. are at severe risk
when exposed to unfiltered tropical solar radiation,
particularly during summer season. It has been reported by
several research groups that naturally occurring doses of
UV-B are highly effective in causing damage to living
organisms in their respective ecosystems. Thus, continued
ozone layer depletion resulting in increased solar UV-B
radiation might adversely affect the ecologically important
cyanobacterial populations which in turn may affect the
productivity of crops.
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Table 1: Effect of UV-B on nitrate uptake (umol mg™* protein h™),nitrate reductase (umol NOsmg™ protein h™), ammonium uptake (umol NH*,
mg* protein h), glutamine synthetase (n-mol y- glutamyl hydroxamate mg* protein min-%) and nitrogenase (umol C.H, released mg*

protein h") of Cylindrospermum sp.

Treatment NOs uptake Nitrate reductase NH4" uptake Glutamine synthetase Nitrogenase
Control 12.1+0.3 24.5+0.6 0.32+0.003 3.86+0.04 4.1+0.05
UV-Bss 14.27+0.4 (+18) 30.38+0.8 (+24) 0.28+0.003 (-10) 3.24 +0.04 (-16) 2.74+ 0.03 (-33)
UV-Bg 13.91+0.4 (+15) 29.15+0.8 (+19) 0.26+0.002 (-18) 3.04+0.03 (-21) 2.54+0.03 (-38)
UV-Bg 13.55+0.4 (+12) 27.71 0.7 (+15) 0.24+0.002 (-25) 2.74 +0.02 (-29) 2.25+0.02 (-45)
UV-Bg 12.58+0.3 (+4) 26.21+0.6 (+7) 0.19+0.001 (-40) 2.50+0.02 (-35) 1.02+0.01 (-75)
UV-Biz 10.89+0.2 (-10) 23.27 +0.5 (-5) 0.13+0.001 (-58) 1.42+0.01 (-63) ND

MeantSE, values in parenthesis are per cent decrease or increase with reference to respective control. All treatments are significantly different (0.05) from

control (ANOVA). ND= Not detected
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