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Human activity is causing depletion of ozone in stratosphere, resulting in increased UV-B radiation and global warming. 
However, impact of these climatic changes on the aquatic organism (especially marine) is not fully understood. Here, we have 
studied the effect of excess UV-B and visible radiation on photosynthetic pigments, fatty acids content, lipid peroxidation, 
nitrogen content, nitrogen reductase activity and membrane proteins, induction of mycosporine-like amino acids (MAAs) and 
antioxidant enzymes superoxide dismutase (SOD) and ascorbate peroxidase (APX) in freshwater (Nostoc spongiaeform) and 
marine (Phormidium corium) cyanobacteria. UV-B treatment resulted in an increase in photosynthetic pigments in Nostoc and 
decrease in Phormidium, but high light treatment caused photobleaching of most of the pigments in both the species. 
Unsaturation level of fatty acids of both total and glycolipids remained unchanged in both the cyanobacteria, as a result of  
UV-B and high light treatments. Saturated fatty acids of total and glycolipids declined slightly in Nostoc by both the treatments, 
but remained unchanged in Phormidium. No changes in the unsaturated lipid content in our study probably suggested adaptation 
of the organism to the treatments. However, both treatments resulted in peroxidation of membrane lipids, indicating oxidative 
damage to lipids without any change in the level of unsaturation of fatty acid in the cell membrane. Qualitative and quantitative 
changes were observed in membrane protein profile due to the treatments. Cyanobacteria were able to synthesize MAAs in 
response to the UV-B treatment. Both treatments also increased the activities of SOD and APX. In conclusion, the study 
demonstrated induction of antioxidants such as SOD and APX under visible light treatment and screening pigment (MAAs) 
under UV-B treatment, which might protect the cyanobacteria from oxidative damage caused by high light and UV-B radiation. 

Keywords:  Antioxidant enzymes, Cyanobacteria, Fatty acids, High light, Mycosporine-like amino acids, Photosynthetic 
active radiation, Photosynthetic pigments, Ultraviolet-B radiation.  

Continuing depletion of the stratospheric ozone layer 
is resulting in an increasing incidence of solar 
ultraviolet-B (UV-B) radiations (280-320 nm) at the 
earth’s surface1. Although UV-B is a small 
component of the solar radiation reaching the earth’s 
atmosphere, the energy level of its photon is high, 
making it very photochemically active form of 
radiation. More importantly, it is absorbed by the 
biologically important molecules such as DNA, 
protein, chromophores, pigments, plastoquinone and 
plastoquinol. This leads to wide ranging effects, 
including alteration in the structure of proteins, DNA 
and depression of key physiological processes2. In 
algae, a number of physiological and biochemical 

processes such as growth, survival3, pigmentation, 
photosynthesis, motility and orientation4, the enzymes 
of nitrogen and carbon metabolism5, phycobiliprotein 
composition and 14CO2 uptake6 have been reported to 
be susceptible to UV-B.  

In aquatic ecosystem, solar radiation affects 
physical, chemical and biological processes such as 
thermal stratification and the vertical distribution of 
nutrients, photoautotrophs, herbivore and consumers. 
Cyanobacteria, in general, have adapted for growth in 
relatively low light conditions4 and their exposure to 
high light can lead to inhibition of photosynthesis, a 
process known as photoinhibition7. The photoinhibition 
results in generation of reactive oxygen species (ROS), 
which can oxidize membrane proteins, lipids and 
pigments resulting in membrane unstability, as well as 
photobleaching of the photosynthetic pigments, 
affecting growth and survivability of organism.  
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Cyanobacteria provide a powerful model system to 
study responses and acclimation to stresses of various 
kinds8. In this study, we have investigated the effect 
of UV-B and visible radiation, to which the 
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cyanobacteria are exposed routinely in nature, on the 
photosynthesis and related processes such as 
photosynthetic pigments, nitrogen content and proteins 
in a freshwater Nostoc spongiaeforme Agardh and 
marine Phormidium corium Agardh (Gomont). In 
addition, the effect of both treatments on defense 
mechanism such as induction of UV-B absorbing 
compounds like mycosporine-like amino acids 
(MAAs) and antioxidant enzymes has also been 
studied. 
 

Materials and Methods 
Culture conditions 

The cultures were routinely grown in autoclaved 
liquid culture medium, BG 11 (for Nostoc 
spongiaeforme Agardh, a freshwater alga present in 
rice fields) and ASN III (for Phormidium corium 
Agardh (Gomont), a marine alga, isolated from coral 
reefs of Lakshadweep Island, India) as described 
previously9. Culture was maintained in 100 ml conical 
flasks filled to 40% of their volume and kept on a 
shaker set to a temperature of 30oC ±2oC under cool 
white fluorescent tubes providing 80 μmol m-2 s-1 PAR 
(photosynthetic active radiation) at the culture level 
with a 12 h of photoperiod. Nostoc and Phormidium 
were allowed to grow for 14 and 30 days, respectively 
to obtain their logarithmic phase of growth (balance 
growth phase10).  
 
Exposure to UV-B radiation and high light 

The algal culture was transferred to a petri-plate. 
The UV-B treatment of 0.8 ± 0.1 mW cm-2 in the range 
of 280-320 nm with cut-off filters for UV-A and C 
(Vilbour-Lourmat, France T-6M source with a λ-max 
at 312 nm) was given in a BOD chamber at 30oC for  
0-6 h, while keeping the algal culture continuously 
stirred. The UV-B radiation (312 nm) was measured 
using a UV-B radiometer specific for measuring 
radiation of 312 nm from the same manufacturer.  

For exposure to high light, the algal tissue was 
exposed to irradiance of 500 μmol m-2 s-1 PAR (Li-cor, 
Model Li-189) at the culture level at 30°C up to 6 h in 
a double-walled cuvette circulated with temperature 
controlled water. The light treatment was given using 
two slide projectors from opposite sides. Culture was 
kept constantly stirred during the treatment at a slow 
speed, to avoid mechanical damage.  
 
Analysis of photosynthetic pigments 

Effect of light on photosynthetic pigments was 
studied as excess of light causes production of ROS, 
which leads to photobleaching of the pigments, thus 

affecting the photosynthesis. Algal tissue was 
collected after centrifugation of culture at 8000 g for 
15 min. The supernatant was discarded and pellet of 
algal cells was dried in lyophilizer. The 0.1 g of 
lyophilized algal cells was extracted in 1 ml of 80% 
(v/v) methanol in a homogenizer at 4°C under dim 
light, followed by centrifugation at 6000 g for 10 min 
at 4°C. The samples were filtered through 0.2 μm 
filter, prior to use in HPLC. The pigments were 
separated by HPLC as described11 using reverse-phase 
column (Waters Spherisorb ODS 25 μm × 4.6 mm × 
250 mm) and a PDA detector (Waters 2996).  
 

Extraction of total lipids, esterification of fatty acids and lipid 
peroxidation 

Total lipids were extracted as described previously12, 
with slight modification for cyanobacteria13. The fatty 
acid methyl esters were prepared for GC analysis as 
described14. Lipid peroxidation of cell membrane lipids 
was determined by the production of thiobarbutaric 
acid-malonaldehyde (TBA-MDA) adduct formation11.  
 
Estimation of nitrogen content and nitrate reductase activity 

Nitrogen content was determined15 using algal pellet 
equivalent to 0.5 g. The nitrate reductase enzyme assay 
was done according to the method described in the 
manual of ‘National Facility for Marine 
Cyanobacteria’, Tiruchirapally. Briefly, cultures were 
centrifuged at 4oC for 5 min at 5000 g and the pellet 
was suspended in 0.65 ml of carbonate buffer (pH 7.5). 
The cells were permeated with 0.1 ml of mixed alkyl 
trimethyl ammonium bromide (MTA) and incubated 
for 10 min at 4oC. Then added 0.1 ml of potassium 
nitrate, 0.1 ml of sodium dithionite and 0.05 ml of 
methyl viologen and incubated for 5 min at 30oC. The 
reaction was terminated by the rapid addition of 1 ml of 
sulphanilamide, followed by 1 ml of 0.02% (w/v)  
N-1-naphthyl)ethylene diamine hydrochloride (NED) 
and allowed the colour to develop for 30 min. The 
absorbance was recorded at 540 nm and the enzyme 
activity was expressed as mg of nitrite formed.  
 
SDS-PAGE of cell membrane proteins 

Electrophoresis of cell membrane proteins was 
performed using a vertical gel system (Hoeffers, gel 
system) according to the method described by 
Laemmli16. Analysis of the gel was done using Alpha 
digiDoc gel documentation system. 
 
Extraction of mycosporine-like amino acids (MAAs) 

Extraction and purification of mycosporine-like 
amino acid was carried out according to the previously 
described method13.  
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Assay of superoxide dismutase (EC 1.15.1.1) and ascorbate 
peroxidase (1.11.1.7)  

Activity of superoxide dismutase (SOD) and 
ascorbate peroxidase (APX) was assayed as 
described11 and expressed as μmol mg-1 min-1.  
 
Results 
 

Effect on photosynthetic pigments 
The effect of UV-B and high light on qualitative  

as well as quantitative changes in photosynthetic 
pigments is shown in Fig. 1A & B. The UV-B radiation 
for 6 h resulted in an increase in chlorophyll a, 
phycobilins, β-carotene and carotenoids in  
N. spongiaeforme, whereas in P. corium showed a 
decrease in the photosynthetic pigments. High light 
treatment for 6 h resulted in an over all decrease in 
photosynthetic pigments in both the species (Table 1).  

Effect on fatty acid 
The fatty acid present in N. spongiaeforme and  

P. corium were lauric, myristic, palmitic, stearic, 
oleic, linoleic and linolenic acids. Unsaturation level 
of fatty acid composition of both total lipids as well as 
glycolipids remained unchanged in both the 
cyanobacteria on to exposure to UV-B and as high 
light treatment. However, in N. spongiaeforme, UV-B 
treatment resulted in larger decrease in the saturated 
fatty acids as compared to high light treatment. In  
P. corium, both saturated and unsaturated fatty acids 
showed no appreciable changes due to UV-B or high 
light treatment (Table 2).  
 
Effect on lipid peroxidation 

UV-B treatment to P. corium showed 73% increase 
in malonaldehyde (MDA) formation after 6 h of 
exposure, as compared to control, while the same 

 
Fig. 1A—HPLC profile of photosynthetic pigments after 6 h of 
exposure to UV-B and high light in Nostoc spongiaeforme 
[a, Control; b, UV-B; and c, high light] 

 
Fig. 1 B—HPLC profile of photosynthetic pigments after 6 h of 
exposure to UV-B and high light in Phormidium corium 
[a, Control; b, UV-B; and c, high light] 
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Table 1—Effect of UV-B radiation (0.8 ± 0.1 mW cm-2) and high light (500 μmol m-2 s-1 PAR) for 6 h on photosynthetic pigments in 
Nostoc spongiaeforme and Phormidium corium 

 

[Values represent mean ± S.D., n = 4] 
 

Nostoc spongiaeforme Phormidium corium Photosynthetic pigments 
 (μg) 

λmax 

treatment to Nostoc resulted in an increase of 270% in 
lipid peroxidation (indicated as MDA formation;  
Fig. 2). High light treatment for 6 h showed only 40% 
increase in lipid peroxidation in both Nostoc and 
Phormidium, compared to their respective controls. 
Important observation was that basal level of 
peroxidation in Phormidium was higher than in 
Nostoc.  
 
Effect on nitrogen and nitrate reductase activity 

Both UV-B radiation and high light treatments 
caused decrease in the nitrogen content, as compared 
to control and extent of decrease in the nitrogen 
content in both the species was more or less same 
(Fig. 3a). The activity of nitrate reductase increased 

by 25% after 1 h of the treatment, followed by a 
decrease of 45% after 6 h of UV-B treatment in  
N. spongiaeforme (Fig. 3b), whereas high light 
treatment resulted in a linear decrease of 61% in the 
activity of nitrate reductase. In P. corium, UV-B 
treatment for 6 h resulted in 70% decrease in nitrate 
reductase activity, while high light treatment showed 
an initial increase, followed by a 16% decrease  
(Fig. 3c). 
 
Effect on cell membrane proteins 

UV-B radiation and high light treatment showed 
qualitative as well as quantitative changes in the SDS-
PAGE profile of cell membrane proteins in both the 
organisms (Fig. 4). UV-B treatment to Nostoc did not 

Control UV-B High light Control UV-B High light 
Lutein 475 nm, 505 nm 0.0178 0.2070 0.0051 0.7190 0.0220 0.0143 
Allophycocyanin 480 nm 0.0921 0.1845 0.0404 0.0600 0.0140 0.0114 
Chlorophyll a 430 nm, 660 nm 0.5792 1.4247 0.0993 0.4780 0.3150 0.2351 
Phycocyanin 458 nm 0.4501 1.2242 0.2352 0.8980 0.5369 0.1090 
Carotenoid 453 nm, 478 nm 0.0238 0.0460 0.0156 0.0122 0.0073 0.0260 
Chlorophyll 430 nm, 660 nm 0.0191 0.0476 0.0120 0.0389 0.0383 0.0015 
β-Carotene 447 nm 0.1801 0.2993 0.3733 0.3514 0.0474 0.1299 
Carotenoids/chlorophylls  - 0.3702 0.3751 3.539 2.094 0.2170 0.7193 

Table 2—Effect of UV-B radiation (0.8 ± 0.1 mW cm-2) and high light (500 μmol m-2 s-1 PAR) for 6 h on fatty acid composition of total 
and glycolipids in Nostoc spongiaeforme and Phormidium corium (mole percent) 

 

[Values represent the mean ± S.D., n = 3] 
 

Fatty acid composition (mole percent) Treatment 
Lauric acid 

(12:0) 
Myristic acid 

(14:0) 
Palmatic acid 

(16:0) 
Stearic acid 

(18:0) 
Oleic acid  

(18:1) 
Linoleic acid 

(18:2) 
Linolenic acid 

(18:3) 
Nostoc spongiaeforme  Total lipids    
Control 11.46 ± 0.6 18.21 ± 0.4 15.42 ± 0.6 9.51 ± 0.4 3.42 ± 0.6 20.79 ± 0.6 3.52 ± 0.3 
UV-B 11.26 ± 0.4 17.73 ± 0.5 14.94 ± 0.7 9.21 ± 0.6 3.41 ± 0.5 20.74 ± 0.4 3.51 ± 0.5 
High light 10.37 ± 0.5 17.61 ± 0.3 14.83 ± 0.3 9.14 ± 0.7 3.41 ± 0.4 20.78 ± 0.3 3.52 ± 0.4 
    Glycolipids    
Control 17.90 ± 0.4 20.64 ± 0.5 15.14 ± 0.3 25.62 ± 0.5 8.83 ± 0.4 37.73 ± 0.6 9.19 ± 0.7 
UV-B 12.33 ± 0.6 14.20 ± 0.4 10.42 ± 0.4 17.90 ± 0.4 8.82 ± 0.3 37.72 ± 0.4 9.18 ± 0.4 
High light 16.75 ± 0.3 19.40 ± 0.6 14.10 ± 0.4 25.38 ± 0.3 8.80 ± 0.6 37.71 ± 0. 5 9.19 ± 0.4 
Phormidium corium Total lipids    
Control 11.38 ± 0.6 17.63 ± 0.4 14.83 ± 0.6 9.41 ± 0.4 3.28 ± 0.6 19.98 ± 0.6 3.38 ± 0.3 
UV-B 11.36 ± 0.4 17.61 ± 0.5 14.81 ± 0.7 9.13 ± 0.6 3.28 ± 0.5 19.97 ± 0.4 3.38 ± 0.5 
High light 11.29 ± 0.5 17.49 ± 0.3 14.71 ± 0.3 9.07 ± 0.7 3.27 ± 0.4 19.95 ± 0.3 3.37 ± 0.4 
    Glycolipids    
Control 11.62 ± 0.4 13.40 ± 0.5 9.82 ± 0.3 16.63 ± 0.5 5.76 ± 0.4 35.06 ± 0.6 5.92 ± 0.7 
UV-B 11.48 ± 0.6 13.40 ± 0.4 9.82 ± 0.4 16.63 ± 0.4 5.76 ± 0.3 35.06 ± 0.4 5.93 ± 0.4 
High light 11.60 ± 0.3 13.37 ± 0.6 9.80 ± 0.4 16.60 ± 0.3 5.75 ± 0.6 35.03 ± 0. 5 5.92 ± 0.4 
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Fig. 2—Effect of UV-B and high light treatment up to 6 h on lipid peroxidation in Nostoc spongiaeforme (a) and Phormidium corium (b) 
[Each bar represents mean ± S.D., n = 6] 
 

cause any significant changes in the protein profile of 
the cell membrane as compared to control. However, 
UV-B treatment to Phormidium caused slight 
induction of 45 kDa and significant decrease in the  
50 kDa protein, as compared to control (Fig. 4). High 
light treatment quantitatively increased 45 kDa 
protein in Nostoc, but in Phormidium 45 kDa protein 

decreased, while 50 kDa protein increased 
significantly.  

         A                                 B 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4—Effect of UV-B and high light treatment up to 6 h on cell 
membrane proteins in Nostoc spongiaeforme (a) and Phormidium 
corium (b) [Arrows represent 45 kDa and 50 kDa protein bands] 
 

 
Fig. 3—Effect of UV-B and high light treatment up to 6 h on 
nitrogen content and Fv/Fm ratio (a) and activity of nitrate 
reductase in Nostoc spongiaeforme (b) and Phormidium corium 
(c) [Nitrogen content and Fv/Fm ratio are shown by bar graph and 
line graph respectively. Each bar represents mean ± S.D., n = 4] 
 

50kDa 
45kDa  

 C      UV-B   High light     C        UV-B    High light

 
Effect on mycosporine-like amino acids (MAAs) 

Fig. 5 shows the HPLC profile of mycosporine-like 
amino acids (MAAs) from N. spongiaeforme and  
P. corium. Exposure to UV-B radiation for 6 h 
resulted in an increase in the amount of MAAs in both 
the species. Increase in the MAAs was considerably 
higher in P. corium (124%) than in N. spongiaeforme 
(42%), compared to their respective controls. High 
light treatment decreased the MAAs content in 
Phormidium by 60%, but in Nostoc, it remained more 
or less constant as observed in control.  
 
Effect on superoxide dismutase and ascorbate peroxidase 

UV-B treatment to N. spongiaeforme for 3 h 
resulted in 30% increase in the SOD activity, as 
compared to control. However, it increased only to 
19% after 6 h of the treatment (Fig. 6a). In contrast, 
high light treatment resulted in continuous increase 
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(28%) in the SOD activity in Nostoc over a period of 
6 h. In P. corium, SOD activity increased linearly, as 
a result of the UV-B and high light treatments (Fig. 
6b). Results showed that UV-B treatment showed 

more increase in SOD activity in Nostoc while high 
light treatment resulted in greater activity of SOD in 
Phormidium. In Nostoc, the UV-B treatment resulted in 
a linear increase in the APX activity (46% after  6 h of 

 
Fig. 7—Effect of UV-B and high light treatment up to 6 h on 
ascorbate peroxidase (APX) activity in Nostoc spongiaeforme (a) and 
Phormidium corium (b) [Each bar represents mean ± S.D., n = 5] 

 
 
Fig. 6—Effect of UV-B and high light treatment up to 6 h on 
superoxide dismutase (SOD) activity in Nostoc spongiaeforme (a) and 
Phormidium corium (b) [Each bar represents mean ± S.D., n = 5] 

 
Fig. 5—HPLC profile of mycosporine-like amino acids (MAAs) after 6 h of exposure to UV-B and high light in Nostoc spongiaeforme 
(a) and Phormidium corium (b) 
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h of treatment), while high light treatment showed an 
initial increase (47%) in the APX activity up to 3 h, 
declined on further exposure (Fig. 7a). In 
Phormidium, APX activity increased linearly as a 
result of UV-B and high light treatments (Fig. 7b).  
 
Discussion 

An increase in photosynthetic pigments, mainly 
chlorophyll, carotenoids and to some extent 
phycobillins in Nostoc under UV-B treatment would 
imply that their synthesis is induced, directly or 
indirectly, by UV-B radiation (Fig. 1A & B). The 
increase in carotenoid may be to protect the 
organisms against the singlet oxygen species 
generated from oxidative damage by UV-B. Earlier 
studies5,17 reported that UV radiation results in an 
increase in the various photosynthetic pigments, 
especially carotenoids and phycobilins in various 
algae and this is correlated with protection against UV 
damage. Pigments, such as phycoerythrin under  
UV-B stress can protect DNA from oxidative damage 
by forming a peripheral layer around it18. β-Carotene 
can act as antioxidant to scavenge the free radicals. 
An overall increase in carotenoids and phycobilins, in 
this study may suggest protection against the UV-B 
radiation by acting as antioxidant19 and by exhibiting 
chromatic adaptation18, respectively. 
 

However, decrease in almost all the photosynthetic 
pigments observed during high light treatment 
indicate greater production of ROS, leading to 
photooxidation/photobleaching of the pigments. 
Under high light conditions, plants tend to decrease 
the chlorophyll content in antenna size to prevent 
overexcitation in the reaction center. Therefore, 
decrease in pigment content may be an adaptationl 
strategy against high light. These results were in 
agreement with the previous study20.  
 

No damage to unsaturated fatty acid composition 
has been observed in both the species under the UV-B 
and high light treatments (Table 2), both of which 
result in production of ROS. This indicates a role of 
membrane integrity in protection against the stresses. 
Data indicate that adaptation against UV-B and high 
light probably does not cause any change in the phase 
transition of the membrane, which is acceptable as no 
temperature fluctuations are involved in the study. 
The UV-B affects the integrity of the membrane, 
thereby causing a decrease in the lipid content and 
membrane transport system21. A decrease in lipid 
content has been reported in diatom species Odontella 

weissflogii due to degradation of complex lipid after 
exposure to UV-B treatment22. Although we have not 
studied the fatty acid composition of phospholipids, the 
phospho and glycolipids contents have shown decrease 
as a result of treatments in both the cyanobacteria (data 
not shown). 
 
 

Slight decrease in the saturated lipid content and no 
decrease in the unsaturated lipid content (Table 2) on 
high light treatment indicate possibility of an 
adaptation against the membrane sol-gel phase 
transition rather than against the photooxidative 
damage, which would have resulted changes in 
unsaturated fatty acids, as they are more sensitive to 
oxidative damage. Changes in fatty acid composition 
during light acclimation of algae have been observed23. 
The light intensity influences the content of saturated 
and tetra unsaturated fatty acids in green alga Ulva 
pertusa24. The variation in fatty acid composition of 
total lipids, which is advantageous for adaptation 
against abiotic stresses may be due to cellular response 
to reduce the susceptibility of membranes to photo-
oxidation25. However, changes in fatty acid 
composition in response to stress conditions still 
remain a less studied process and need to be further 
studied. 
 

Oxidative nature of stresses imposed in this study is 
verified by an increase in the level of lipid peroxidation 
of cell membrane (Fig. 2). Lipid peroxidation occurs 
especially at sites where polyunsaturated fatty acids 
(PUFA) occur in high concentrations26. Earlier study27 
reported that UV-B promotes the formation of lipid 
oxidation products that can destroy the lipid soluble 
antioxidants as well. Decrease in nitrogen content (Fig 
3a) under UV-B and high light treatments may be due 
to decrease in both nitrate reductase activity (Fig. 3b & 
3c) as well as photosynthesis (Fv/Fm ratio, Fig 3a). 
UV-B is known to cause decrease in nitrogen-fixing 
enzymes28. Decrease in nitrogen content may also be 
due to oxidation of proteins29. 
[ 

Changes in protein profile indicate that cellular 
proteins are also one of the targets of UV-B and high 
light exposure (Fig. 4). UV radiation damages enzymes 
and proteins, especially those rich in aromatic amino 
acids such as tryptophan, tyrosine, phenylalanine and 
histidine, which show strong absorption in the UV 
range from 270-290 nm30. The ROS, which are 
produced as a result of the treatments, may lead to 
oxidation of proteins, resulting in disruption of their 
structural entity (membrane proteins) and inactivation 
of proteins (enzymes)31. 
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The present study shows that both the species are 
able to synthesize MAAs in response to UV-B 
radiation (Fig. 5), suggesting that they adapt to daily 
fluctuations in solar UV-B radiation, which have an 
impact on their natural environment. The protection 
against UV-B stress in some cyanobacteria has been 
attributed to the synthesis of MAAs and 
scytonemin32,33. However, presence of scytonemin is 
not found in our study. The presence of high 
concentration of MAAs has been reported34,35 in 
various algae exposed to high levels of solar radiation. 
MAAs acts as a UV-absorbing sunscreen in preventing 
3 out of 10 photons from hitting cytoplasmic targets36. 
In marine organisms37, mycosporine glycine may also 
function as a biological antioxidant, suggesting that 
MAAs play more than one role in the cellular 
metabolism. However, the actual role of MAAs in 
algae needs to be studied further. In our study, white 
light (halogen lamp) has shown no induction of MAAs, 
as it does not contain UV fraction. 

The increase in the SOD and APX activities in 
response to the UV-B and high light treatments (Fig. 6 
& 7) indicates that these enzymes play an important 
role in an organism’s defense mechanism by 
metabolizing the ROS38. The UV-B treatment has also 
shown increase in the SOD activity in green alga39. 
Activities of SOD and APX are also increased under 
high light conditions40. 
 

Conclusion 
Results suggest that UV-B and high light cause 

oxidative damage as indicated by MDA formation in 
both freshwater and marine cyanobacteria. Oxidative 
stress to the organisms is also suggested by the 
induction of antioxidant enzymes such as SOD and 
APX. However, no change in the composition of 
unsaturated fatty acids, but slight decrease in saturated 
fatty acids under the treatment conditions indicate 
adaptation by the organisms against the treatment 
conditions rather than the oxidative damage. Increase 
in UV-B absorbing pigments such as MAAs due to 
UV-B treatment suggest specific role for MAAs as 
screening pigment against UV-B radiation. The 
contrasting results with respect to MAAs and 
antioxidant enzymes in Nostoc and Phormidium may 
be due to differences in their tolerance and sensitivity 
levels as a result of adaptation to their respective 
growth environments and thus responding differently 
with respect to oxidative damage and protective 
mechanism. The work contributes towards 
understanding of cyanobacterial response to changing 

environmental conditions mainly UV-B, since they 
are responsible for large part of global photosynthetic 
productivity and carbon sink.  
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