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ABSTRACT

In cyanobacteria both photosynthesis and nitrogen fixation can be affected by UV radiation. Two of the most abundant
heterocystous cyanobacteria isolates from a temperate ricefield in Uruguay belonging to Anabaena and Calothrix genus
were exposed for 1 or 3 hours to UV-B dosis similar to those to which they are exposed in summer. Anabaena survival
after 1 h of UV-B exposure was 10% whereas in Calothrix’s was 30%. Both the quantum yields of photosybtem II
fluorescence and O, photoevolution decreased with time of UV-B exposure for Calothrix and only till 1 h for Anabaena.
Only the Calothrix strain presented phycoerithryn as antenna pigment and constitutive UV-B screening mycosporine
like aminoacids. In the Anabaena strain, nitrogenase activity was drastically reduced with UV-B irradiation but in Ca-
lothrix was not affected. Proline content and lipid peroxidation increased after 3 hours of UV-B exposure only in Ana-
baena sp. The antioxidant enzyme activities evaluated followed different trends for both isolates, with an increase in
superoxide dismutase activity in the Calothrix isolate. These results show that the two nitrogen-fixing cyanobacteria
studied have different responses to UV-B radiation and that cyanobacteria diversity may be considered when selecting

strains to be used as biofertilizers.

Keywords: Cyanobacteria; Antioxidant Responses to UV-B; Mycosporine; Nitrogenase Activity

1. Introduction

The current trend in the decrease of stratospheric ozone
from anthropogenic inputs of chlorinated fluorocarbons
has caused an increase of ultraviolet-B radiation (UV-B,
290 - 320 nm) reaching the biosphere. Site-specific ozone
reductions have been reported over South America as far
as 30°S as a consequence of the transport of air masses
with low ozone concentrations after the break-up of Ant-
arctic vortex circulation [1]. High doses of UV-A/B radia-
tion can also pass through the water column and have
deleterious effects on aquatic systems [2]. UV-B radia-
tion is the one that produces the most severe cellular
damage due to its direct effects on DNA and proteins and
indirectly by the reactive oxygen species (ROS) produc-
tion [3]. The damage, however, is dependant of the irra-
diance/dose received by the cells.

Cyanobacteria comprise the biggest and most widely
distributed group of photosynthetic prokaryotes. They
absorb solar radiation to drive photosynthesis and nitro-
gen fixation in some cases, being exposed to high doses
of UV radiation. The main biochemical and physiologi-
cal processes altered by UV radiation in these bacteria
are surviving rates, pigmentation, motility, O, photoevo-
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lution, CO, and N, fixation, and the phycolibiprotein
content. Many cyanobacteria have developed mecha-
nisms to prevent the toxic effects caused by UV. Among
these, DNA damage repair mechanisms, accumulation of
detoxifying and antioxidant enzymes or synthesis of UV-
protectants compounds [4].

Among the nitrogen fixing cyanobacteria, the hetero-
cystous forming ones seem to be the most abundant in
the water column and on the surface of rice paddy fields
[5]. The fact that heterocystous forming cyanobacteria
can assimilate CO, and fix N,, make them suitable to be
used as biofertilizers [6]. A rice inoculation assay using
heterocystous-cyanobacteria in Uruguay was not suc-
cessful [7], suggesting that conditions to improve inocu-
lant survival must be studied. The inoculant was applied
at flooding stage and so cyanobacteria received levels of
UV radiation similar to those reported at the same lati-
tude for shallow lagoons in Uruguay [8]. Light is the
most variable of the resources essential for photosynthe-
sis in aquatic environments varying with greatest ampli-
tude on short time scales from effects of vertical mixing,
cloud cover, and the diel cycle of sunlight. Thus, indi-
vidual cells must cope with a wide variability in light on
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time scales shorter than their lifetime [9].

Under the hypothesis that diverse cyanobacteria iso-
lated from the same site may cope with UV radiation in a
different form, the aim of this work was to study the UV-B
response at laboratory conditions of two of the most
abundant cyanobacterial isolates from a temperate rice
paddy field [10] at dosis to which they are normally ex-
posed. Estimation of growth, their physiological status
and some of their UV-protective mechanisms were studied.

2. Materials and Methods
2.1. Organisms and Growth Conditions

The filamentous heterocystous cyanobacteria Calothrix
sp. BI22 and Anabaena sp. BI42 were isolated from
Uruguayan rice paddy fields [10]. The cultures were ax-
enically grown in nitrogen free BG 11 medium [11] buf-
fered with 10 mM HEPES, pH 7.6 at 25°C £ 2°C with
white light supplied by fluorescent lamps providing a
photosynthetic photon flux density of 50 pE-m *s . Ex-
ponentially growing cultures were used for the different
experiments. Cultures were sampled under sterile con-
ditions after homogenization with a Potter pestle and
biomass was estimated as dry weight. Unless otherwise
stated, cultures with an initial dry weight of about 3
mg-mL " were used in all experiments.

2.2. UV Treatment

A well homogenised culture suspension of each cyano-
bacterium was poured into open Petri dishes (diameter 22
cm). The cultures were exposed directly and only to arti-
ficial UV-B (0.034 mW-cm ) and UV-A (15.54 pW-cm?)
during 1 h and 3 h with constant shaking to avoid self-
shading. UV-B irradiation was provided by a Hi-Tech
lamp G25T8E, Japan. The irradiance of the light source
was determined with an IL1400A radiometer/photometer
(International Light Inc.) equipped with UVAR and
UVBR sensors.

2.3. Survival

The survival of the irradiated and control organisms was
studied on agar plates. After irradiating the cultures, ali-
quots of 100 pL were diluted to 1 mL with BG11 me-
dium and transferred to nitrogen free BG11 sterile solid
plates and grown in the same conditions described above.
After 10 days of incubation, colonies were counted under
a binocular microscope and the survival was calculated
by the colony numbers of test samples (Nt) divided by
the control samples (Nc) (survival % = Nt/Nc x 100).

2.4. Absorption Spectra

Culture suspensions were homogenized in a Potter pestle
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and then immobilized in agarose 1% (W/v) in a 3 mL-quartz
cuvette. A scanning spectrum (300 - 750 nm) of immobi-
lized cells exposed for different periods of time to the
beam of the spectrophotometer at 280 nm was obtained,
according to [12].

Phycobiliproteins were extracted according to [13].

2.5. Fluorescence Emission Spectrum

The emission spectrum was measured with a spectro-
fluorophotometer (RF-1501, Shimadzu) at room tem-
perature with an excitation wavelength of 445 nm and
emission wavelength between 600 and 780 nm.

2.6. Chlorophyll Fluorescence Parameters

The in vivo chlorophyll a fluorescence from both cyano-
bacteria cultures was measured with a FMSI fluorometer
(Hansatech Instrument Ltd., King’s Lynn, UK) using
saturating actinic light (8000 pmol'm >s™' for 8 s as de-
scribed by [14]. Prior to the measurement the cyanobac-
teria were adapted 30 min to darkness. Fluorescence pa-
rameters were calculated as described by [15].

2.7. Photosynthetic Oxygen Evolution

Photosynthesis was measured as O, evolution with a
Clark-type O, electrode (Hansatech Instruments Ltd.) as
described in [10]. Two mL aliquots of cell suspensions
which were exposed to UV treatments were placed in a
27°C controlled cuvette and illuminated with a quantum
flux density of 400 pE-m s .

2.8. Extraction and Analysis of
Mycosporine-Like Aminoacids (MAA)

Cells were harvested by centrifugation at 8000 g for 5
min at room temperature. Pellets were first incubated
with methanol 20% (v/v) at 45°C for 2.5 h and then cen-
trifuged (6000 g; 5 min) at 6°C - 8°C. The process was
repeated twice. The extracts were cleared using nitrocel-
lulose membranes (0.45 um) and characterized using a
HPLC system (Shimadzu SPD-10A UV-VIS detector.
Kyoto, Japan) equipped with a LiChrosorb RP-18 col-
umn. The wavelength for detection was 330 nm at a flow
rate of 1.0 mL/min at 25°C and a mobile phase of 0.2%
acetic acid. The separated aminoacids were detected at
330 nm with a photodiode array [16]. Identification of
MAAs was done by comparing the absorption spectra
and retention times with standards such as Corallina of-
ficinalis (shinorine and palythine) and Porphyra sp.
(porphyra-334 and shinorine). These standards were
kindly provided by Dr. D.-P. Hiader from the Alexander
Universitit (Erlangen, Germany). The database used for
identification of the MAAs was http://www.biologie.uni-
erlangen.de/botanik1/index.html.
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2.9. Nitrogenase Activity

To determine the response of nitrogenase activity to the
exposure to UV light, an acetylene reduction assay (ARA)
was performed in 10 mL aliquots of cell suspensions,
placed in 22 mL vials after 1 and 3 hours of UV exposi-
tion. The incubation time with 10% acetylene in air was
45 min [10]. Ethylene formation was followed with a HP
5890 gas chromatograph equipped with a Porapack N
column. Nitrogenase activity was expressed as pmol eth-
ylene mg ' dry weighth™'.

2.10. Lipid Peroxidation

The formation of malondialdehyde (MDA) was used as
indicator of lipid peroxidation. The determination of
MDA by the thiobarbituric acid reactive substances
(TBARS) method was performed as described by [17] at
532 nm absorbance. Lipid peroxidation was expressed as
nmoles of MDA per milligram dry weight using an ex-
tinction coefficient of 156 mM "-cm ' [18].

2.11. Proline Content

Proline was extracted and quantified according to [19].

2.12. Antioxidant Enzymatic Activities

Superoxide dismutase (SOD) activity was assayed spec-
trophotometrically by monitoring inhibition of xanthine
oxidase (XO; 1.1.3.22)-dependent reduction of 10 uM
ferricytochrome ¢ [20]. The reaction was monitored at
550 nm in 50 mM potassium phosphate, 100 uM EDTA,
and 50 uM xanthine, pH 7.8. One unit of SOD was de-
fined as the activity that could inhibit the XO-dependent
reduction of ferricytochrome ¢ by 50%, measured as in-
hibition of the rate of increase in absorbance at 550 nm
compared with a control rate, established using sufficient
XO. Ferricytochrome ¢ reduction of 0.025 A550/min was
done at 25°C.

Catalase (CAT) activity was determined essentially as
described by [21] by measuring the decline in levels of
hydrogen peroxide spectrophotometrically at 240 nm.
One unit was defined as the activity that decomposed one
micromole of hydrogen peroxide per minute at 25°C at
pH 7.0.

Ascorbate peroxidise (APX) activity was followed by
decrease in absorption at 290 nm for 3 min (extinction
coefficient 2.8 mM-cm'). The reaction mixture con-
tained phosphate buffer 100 mM (pH 7.5), ascorbate 0.5
mM and H,0, 0.2 mM [22].

For protein quantification cultures were centrifuged
(6000 g for 10 min) and pellets were resuspended in an
extraction buffer (100 mM Tris; 50 mM EDTA; NaCl
100 mM; PMSF 1% fc; pH 8). The protein extract was
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quantified according to [23] and kept at —80°C until fur-
ther processing.

2.13. SOD Detection

SOD isozymes were analyzed on a non-denaturing poly-
acrilamide gel, using in-gel activity assays and with
isozyme-specific inhibitors previously described by [24],
and using 40 pg of protein in a given analysis [25].

2.14. Statistical Analysis

Analysis of variance and a t-test were used to establish
differences among the different radiation treatments and
strains (n = 3 or 4). All experiments described were con-
ducted independently at least twice. A confidence level
of 95% was used in all analysis.

3. Results
3.1. Cyanobacterial Survival to UV-B

Growth responses of the two tested cyanobacteria Ana-
baena sp. BI42 and Calothrix sp. BI22 after UV-B radia-
tion were inhibited in a different trend. Anabaena BI42
sp. showed after an hour of exposure a decrease of its
survival of near 90% and reached almost a 100% after 3
hours of exposure. On the other hand, the survival de-
crease of Calothrix sp. BI22 was near 50% in the first
hour of irradiation and reached a 70% after 3 hours of
exposure (Figure 1).

3.2. Spectral Properties of Photosynthetic
Pigments

The absorption spectrum of photosynthetic pigments in
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Figure 1. Growth of cyanobacteria after different times of
exposure to UV-B.
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response to moderate UV-B stress (Figure 2) showed
that maximum light was absorbed in two distinct regions
i.e. from wavelength 400 - 500 nm and 600 to 700 nm. In
Anabaena sp. BI42 the spectrum showed absorption
maxima at 683, 630, 501 and 443 nm, corresponding to
the photosynthetic pigments Chl a (red peak), phycocya-
nin, caroten and Chl a (Soret band) respectively. The
absorption maxima for Calothrix sp. BI22 corresponded
to 681, 629, 572, 503 and 403 nm with an additional
phycoerythrin peak. In both cyanobacteria, the absorp-
tion of light decreased in both regions with the increase
in time of UV-B exposure from the beam of the spectro-
photometer (Figures 2(a) and (b)). In the case of Ana-
baena, carotenoids that were the more affected pigments,
presented a higher decrease in absorbance with exposure
time to UV-B radiation than in Calothrix.

The fluorescence emission spectra of Anabaena sp.
BI42 and Calothrix sp. BI22 and are shown in Figures 3(a)
and (b) respectively, after different times of exposure to
UV-B irradiation. The fluorescence emission peak at 670
nm, monitored at an excitation wavelength of 445 nm
increased with duration of UV-B irradiation for both
cyanobacteria isolates. There was no shift in the peaks ob-
served but an increase in their value due to exposure UV-B.

3.3. Chlorophyll a Fluorescence and O,
Photoevolution

The optimum quantum yield of PSII (Fv/Fm) of the con-
trol (before exposure treatment) already showed a sig-
nificant difference in the photosynthetic capacity be-
tween the two isolates (p < 0.01). Photosynthetic effi-
ciency was higher in Calothrix sp. BI22 (0.453 £+ 0.017)
than in Anabaena BI42 sp. (0.223 £ 0.015).
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Figure 2. Absorption spectra of cells of Anabaena sp. BI142
and Calothrix sp. BI22, (a) and (b) respectively, obtained
after different time of exposure to the 280 nm beam of the
spectrophotometer.

Copyright © 2012 SciRes.

1000 1000
+UV-B(3h) = | z
+UV-B (1 h) =y
-UV-B (0 h) g
2|
c
]
a
! &
‘ g
/ &
J (=
“,' P /\//
W — 1
600 780 600 780
Wavelength (nm)
(a) (b)

Figure 3. Impact of UV-B on emission fluorescence spectra
of Anabaena sp. B142 and Calothrix sp. BI22, (a) and (b)
respectively. Cells were excited at 445 nm after exposure to
UV-B for 0, 1 and 3 h.

Fm/Fv significantly decreased (p < 0.05) with the time
of exposure in Calothrix sp. BI22 to UV-B (Figure 4).
There was a decline of 32% of the quantum yield of PSII
after 3 hours of exposure. While in Anabaena the de-
crease was only significantly different in the first hour (p
< 0.05). The Fv/Fm in Anabaena reached the same value
as the control sample when exposed to 3 hours to UV
radiation.

The O, photoevolution was more drastically reduced
in Calothrix BI22 sp. than in Anabaena BI42 sp. (Figure 4).

3.4. Mycosporine Like Aminoacids

The HPLC analysis revealed the presence of two MAAs
in Calothrix sp. BI22 (Figure 5). According to [26] these
MAAs could be palythinol and mycosporine-2-glycine.
Their retention times were 3.54 and 10.29 min espec-
tively and their absorption maxima were 330 and 332 nm
respectively. The content of these MAAs, 3.7 and 0.5
nmol-g'DW ' respectively did not increase significantly
with UV-B exposure. Instead, neither any peak nor an
induction of any MAAs was observed in Anabaena sp.
BI42 (Figure 5).

3.5. Nitrogenase Activity

Rates of nitrogen fixation (Table 1), measured as nitro-
genase activity, were not significantly altered in Calothrix
sp. BI22 due to UV-B radiation. Instead, Anabaena sp.
BI42 showed a significant reduction at the very first hour
of exposure (p < 0.05) which represents a 55% decline in
the nitrogen fixation of this strain. When the culture of
Anabaena sp. BI42 was irradiated for 3 hours, the nitro-
genase activity drastically decreases (Table 1).
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Figure 4. Photosynthetic parameters measured for both
isolates Calothrix sp. BI22 and Anabaena sp. Bl42 in the
control or irradiated with UV-B for 1 or 3 h. The maximum
photochemical efficiency of PSII reaction centers measured
as the ratio FV/Fm and percentage of inhibition of O, pho-
toevolution after exposure for different times to UV-B. Re-
sults of FV/FM are reported as mean of three replicates +
standard error.
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Figure 5. (a) HPLC chromatogram showing the retention
times and wavelength of MAAs (palythinol and myco-
sporine-2-glycine) in Calothrix sp. B122. (b1l) Absorption
spectrum showing the maximum absorbance for MAA pa-
lythinol (as purified by HPLC), at 332 nm and retention
time 3.32 min. (b2) Absorption spectrum showing the
maximum absorbance for MAA mycosporine-2-glycine, (as
purified by HPLC), at 332 nm and its retention time was
10.08 min.

3.6. Lipid Peroxidation

The level of lipid membrane damage measured as TBARS
was not significantly affected by UV-B exposure in Ca-
lothrix sp. BI22 (Table 1). Only after 3 hours of expo-
sure, the level of damage became significantly different
from the control values in Anabaena sp. B142 (Table 1).

3.7. Proline Content

Quantification of proline showed that after 3 hours of
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exposure its accumulation became significantly different
to control samples of Anabaena sp. BI42. However, pro-
line content showed no significant difference during the
experiments in Calothrix sp. BI22 (Table 1).

3.8. Antioxidant Enzymatic Activities

Both strains had changes in their antioxidant enzymes
activities in response to UV-B exposure (Figure 6). SOD
activity showed an opposite trend between the cyano-
bacterial strains; a significant decrease in Anabaena sp.
BI42 and a significant increase in the enzymatic activity
in Calothrix sp. BI22 after 3 hours of exposure to UV-B.
On the other hand, in Anabaena BI42 and Calothrix sp.
BI22, their catalase activity significantly increased after
one hour of exposure and dropped down its activity after
3 hours of irradiation. There was no significant change in
the APX activity in both strains (Figure 6).

Assays on SOD activity by non-denaturing PAGE gels
showed that Anabaena sp. BI42 had two isoforms and
Calothrix sp. BI22 one. There was no induction of any
new isoform of this enzyme during the exposure to UV-B
radiation (Figures 6(c) and (d)). The pre-incubation with
inhibitors such as KCN and H,0O, showed that both strains
have a Fe-dependent SOD isoform (data not shown) (Fig-
ure7).

4. Discussion

Cyanobacteria harvest light energy during the process of
photosynthesis and assimilate it into carbon compounds.
Any adverse effect of UVB may severely affect photo-
synthesis and related metabolic processes and overall
growth performance of cyanobacteria. Although the sur-
vival of both cyanobacteria isolates tested decreased after
exposure to UV-B irradiation, the responses were differ-
ent. Previous reports stated that the differences could in
part be explained on the basis of antioxidant defenses and
DNA repair mechanisms present in each microorganism
or simpler ones as morphological features such as pres-
ence of sheath [27,28]. For instance, Calothrix sp. BI22
has a muscilaginous sheath (data not shown) observed by
optic microscopy whereas Anabaena sp. BI42 lacks it. It
must be considered that in this work the UV lamp used
provided almost exclusively UV-B light and PAR was
not applied simultaneously during the irradiation period.
Field conditions are quite different and so these results
must not be extrapolated. For example, DNA-repair mecha-
nisms included photoreactivation by photolyase after ab-
sorption of light energy at 400 nm or long wavelength
UV-A [4].

The laboratory studies presented here show that both
photosynthesis and nitrogen fixation in Anabaena sp.
BI42 are affected by short exposure times to UV-B, while
in Calothrix sp. BI22 only photosynthesis decreased.
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Table 1. Effect of different times of exposure to UV-B on nitrogenasa activity, proline content and lipid peroxidation in Ana-
baena sp.B142 and Calothrix sp.B122.

Nitrogenase activity

UV-B (umol C,H, mg™-DW-h™)

Proline content TBARS

nmol-mL™*mg-DW*
g

(nmol-g-DW™)

treatment (h)

Anabaena sp. BI42  Calothrix sp. BI22  Anabaena sp. BI42  Calothrix sp. BI22  Anabaena sp. BI42  Calothrix sp. BI22

0 0.69 + 0.18 0.18 +0.04° 1.80 + 0.34°
1 0.31+0.05° 0.39 +0.20° 2.07 £0.43°
3 0.02 +0.01° 0.28 +0.02° 3.04 + 0.30°

1.1.67 £0.55° 29.5+ 14.2°
1.57 +£0.65" 20.6 + 8.5
1.64 £ 0.05 60.0 £ 4.0

6.7+3.2°

7.5+2.5°

6.1+1.6°

Values (means + standard deviation) followed by different letters were significantly different at p <0.01.
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Figure 6. Superoxide dismutase (SOD) in vitro activities in Anabaena sp. Bl42 (a) and Calothrix sp. B122 (b) after different
times of exposure to UV-B. Results are reported as mean of three replicates + standard error. Identification of SOD in-gel

activities in Anabaena sp. B142 (c) and Calothrix sp. B122 (d) for the control and cells irradiated with UV-B for 1 and 3 h.
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Figure 7. APX and CAT activities in Anabaena sp. Bl142 (a) and Calothrix sp. BI22 (b) exposed to UV-B for 0, 1 and 3 h. Re-

sults are reported as mean of three replicates + standard error.
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4.1. Pigmentation and Photosynthesis

Several studies as this one suggest that phycobiliproteins,
chlorophyll and carotenoids are negatively influenced by
UV-B radiation [29].

The increase in fluorescence emission peaks with the
UV-B treatments (Figure 3) was not accompanied by a
shift of the peak to shorter wavelengths as has been re-
ported for larger exposure to UV-B [12]. However, the
observed slight decay in fluorescence intensity was
probably due to less efficiency in light capture in UV-B
irradiated cells and loss in efectivity of energy transfer to
the photosynthetic reaction center.

Photosynthetic oxygen production declined with artifi-
cial UV-B radiation in both isolates investigated. It could
be possible that structural changes within the photosyn-
thetic apparatus were induced by short exposure times
which affected the energy transfer within the antenna
complex. Photosynthesis was more affected in Calothrix
sp. BI22, as showed by the fluorescence spectra and O,
photoevolution. Photosynthetic quantum yield that was
determined by pulse amplitude-modulated fluorometry can
provide information on both photosynthesis and overall
acclimation status [30]. Quantum yields of PSII fluores-
cence showed a decline upon UV-B exposure in Ca-
lothrix sp. BI22 (Figure 4). This is consistent with pre-
vious studies [31] where accumulation of un-repaired
damage over time in cultures exposed to UVR is sug-
gested. A possible explanation is that essential proteins
of the PSII like D1 are damaged during exposure [32-34]
and probably this explains what was observed in Ana-
baena sp. BI42. Phycobiliproteins fluorescence may also
be contributing to photosynthetic quantum yield as both
cyanobacteria possessed different phycobiliproteins [30].

4.2. Nitrogen Fixation

The results of nitrogenase activity (Table 1) showed that
in Anabaena sp. BI42 this process was drastically inhib-
ited after 3 hours of exposure (near 100%). This is in
accordance to previous studies on other strains of Ana-
baena sp., but using higher doses of UV-B [29,35] (New-
ton et al., 1979, Lesser, 2008). In Calothrix sp. BI22, the N,
fixing activity was not affected by UV-B exposure in any
treatment. Nitrogen fixation requires ATP and reductant
for its activity that come from photosynthesis. Even
though photosynthesis (Fv/Fm and O, photoevolution)
was altered in Calothrix sp. BI22, there is evidence that
cyanobacteria contain sufficient endogenous content of
reductant and ATP to support the nitrogenase activity
[36]. However, [37] showed that nitrogenase inactivation
by UV-B is caused by direct damage to nitrogenase poly-
peptide. They also proved that restoration of the activity
depends on de novo synthesis of the enzyme rather
than the cellular content of ATP and reductant.
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4.3. Mycosporine Like Aminoacids

Synthesis of UV-absorbing compounds, such as myco-
sporine amino acids (MAAs), is an important mechanism
preventing UV photodamage. The degree of protection
by MAAs depends on the type of aminoacid, location
(cytoplasm or extracellular glycan) and species [38]. Ca-
lothrix sp. BI42 had two types of MAAs, palythynol
(88%) and mycosporine-2-glycine (12%). The same kind
of MAAs had been found in Nostoc punctiforme in colo-
nies exposed to high solar radiation [39]. MAA-Gly is
reported to be located in the extracellular glycan [40];
[41]. Apart from the benefits from being in the outer
membrane, MAA-Gly is reported to give additional pro-
tection because it can act as a radical quencher [42]. The
experimental conditions used in this study did not induce
any increase or variation in Calothrix’s MAAs content.
In other studies MAAs synthesis was also influenced by
the irradiation conditions [26] and higher doses or longer
times of irradiation increased MAAs content [31]. A
constituve level of MAAs can appear in all growth con-
ditions of cyanobacteria as observed in Calothrix sp.
BI42. This cyanobacterium grows in aggregates which is
said to substantially increase the screening efficiency of
MAAs [43]. Anabaena sp. BI22 did not show the pres-
ence of any MAAs nor any induction of them with ex-
posure to the UV-B doses assayed. Other surveys re-
ported that from 22 cyanobacterial isolates, only 13 were
found to contain MAAs [44]. However, [16] found in an
Anabaena sp. isolated from an Indian rice paddy-field the
presence of shinorine. None of the strains tested showed
the presence of scytonemin (data not shown) which is
said to be induced by UV-A irradiation and other type of
stresses [45].

4.4. Antioxidant Potential

Anabaena sp. BI42, after 3 hours of exposure showed a
significant increase of lipid membrane damage measured
as TBARS (Table 1). This provides indirect evidence of
increased photoxidative damage stress by ROS after UV-B
exposure in this cyanobacterium as has been reported
before [27,46]. There was no significant change in lipid
peroxidation in Calothrix sp. BI22.

Proline is an iminoacid essential to primary metabo-
lism whose accumulation has been related to unfavour-
able conditions in plants [47] and cyanobacteria [48,49].
According to [50] intracellular proline detoxifies harmful
ROS directly rather than improving key antioxidant en-
zymes. Our results are in accordance with this, because
Anabaena showed an increase in TBARS and in proline
content after 3 hours of exposure. No effect in the proline
content was seen in Calothrix sp. BI22 (Table 1).

During oxidative stress ROS triggered the activity of
several antioxidative enzymes such as SOD (EC 1.15.1.1),
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CAT (EC 1.11.1.6), and APX (EC 1.11.1.11). High ac-
tivity of these enzymes in cyanobacteria could be linked
to stress tolerance efficiency [46].

As has been stated by [51], cyanobacteria can have
iron-containing SOD (cytosolic) and manganese-con-
taining SOD (thylacoid-bound) isoforms. The strains tested
have both a Fe-SOD isoform and no other isoform was
induced due to the experimental conditions (Figures 6(c)
and (d)). SOD activities have been shown to change
dramatically in response to conditions that favour the
formation of superoxide [52]. Calothrix sp. BI22 showed
a significant increase of its activity after the maximum
exposure time (Figure 6(b)). [53] reported that O, is
the first ROS generated as a consequence of UV-B stress.
Like in other studies [54,55], the result obtained supports
the fact that SOD plays an important role in protecting
Calothrix sp. BI42 from UV-B stress. However, Ana-
baena sp. BI42 showed a decrease in the same conditions
(Figure 5(a)). It has also been reported that only UV-B
produced the decrease of SOD activity in microalgae
[56,57] found that in plants SOD activity can increase or
diminish according to the species, UV-B dose and the
presence or not of concomitant PAR or UVA radiation.

CAT activity had a significant increase in both strains
after one hour of exposure to UV-B (Figures 7(a) and
(b)). After 3 hours of irradiation, levels of CAT activity
fell down reaching the values observed in the Control
treatment in both strains. This result has been reported
before [54,58] and inactivation of CAT due to UV-B is
as consequence of photoinactivation and degradation [59]
of the haem group in CAT. According to [60], UV-B
inhibition of CAT could be a survival strategy in order to
prevent accumulation of H,O, in the cell.

UV-B irradiation did not significantly affect the APX
activity in both strains (Figures 7(a) and (b)). It seems
probable that in this moderate UV-B irradiation study,
APX is not involved in the protective mechanisms against
it in both cyanobacterial strains.

Many effects reported in the literature indicate spe-
cies-specific responses to UVR. In this case, the two
strains studied under laboratory conditions had different
potential survival rates that can be partially explained by
the synthesis of UV absorbing compounds and their an-
tioxidant potential.

5. Conclusions

Two cyanobacteria strains isolated from the same rice
field had different responses to UV-B irradiation doses
comparable to the natural solar UV radiation reaching
Uruguay’s latitude during rice growing season. Both
photosynthesis and nitrogen fixation were affected by
moderate UV-B radiation in the Anabaena isolate. Ca-
lothrix sp. BI22 seems to have a better and wide suite of
protective mechanisms which include constitutive adap-

Copyright © 2012 SciRes.

ET AL.

tations like presence of a sheath or MAAs. It also showed
a better antioxidant response to UV-B which may be in-
volved in the successful scavenging of ROS and protect-
tion of physiological processes of this cyanobacterium.

All in all these results indicate that Calothrix sp. BI22
may be a better candidate than Anabaena sp. BI42 to be
used as an inoculant in Uruguayan rice paddy fields
when considering UV-B thriving strategies.
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