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ABSTRACT
The three antioxidant enzymes, catalase, superoxide dismutase (SOD) and ascorbate peroxidase
were screened in 9 filamentous cyanobacterial isolates. Growth was correlated to peak enzyme
levels. Non-heterocystous forms reached their growth peak on the 16th day. In Oscillatoria
proboscidea, the growth rate doubled within 4 days. All the non-heterocystous forms showed
a peak in the extracellular (EC) enzyme activity on day 4 of inoculation with the highest
activity in Plectonem boryanum (2.5 ± 0.9 U/mcg protein). In all the heterocystous forms viz.,
Nostoc paludosum, Anabaena variabilis, Calothrix membranacea and Westiellopsis iyengarii,
the EC enzyme activity decreased from the day of inoculation, reaching zero levels on day 8
and continuing as such thereafter till day 20. The EC and intracellular (IC) enzymes in N.
paludosum were highest on day 8 at 2.4 ± 0.3 U/mg protein and 1.6 ± 0.2 U/mg protein,
respectively. IC enzyme activity was highest in N. paludosum in comparison to other
heterocystous forms. Amongst the non-heterocystous forms, O. proboscidea showed high IC
enzyme activities on day 20 (52 ± 5 U/mg protein). In A. variabilis, there was continuous IC
enzyme activity of 17 ± 3 U/mg protein from day 4-20. A further evaluation of the enzymes
under different abiotic conditions was carried out (results presented elsewhere) for the optimal
exploitation of these microorganisms for commercial ends. 
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Introduction

Cyanobacteria (blue-green algae) are known to
be good sources of protein rich food, feed supplements
and fine chemicals like essential fatty acids besides
being well recognized as biofertilizers for sustenance
of soil nitrogen of rice fields (Padmapriya and Anand,
2005; Thajuddin and Subramanian, 2005).
Cyanobacteria are also considered as good sources of
a broad spectrum of enzymes like hydrogenase,
endonuclease, desaturase, peptide synthetase,
lycopene cyclase, ribonuclease P, phosphoglycerate
kinase and amino acid oxidases. Reports on the
presence of commercially important enzymes like
amylase, protease, phosphatase, lactamase and
antioxidants have been put forth but their
exploitation in industrial scale has not been carried
out. Among cyanobacteria, Spirulina has been the
only organism that was studied exclusively and taken
up for commercial exploitation. The oxidoreductase
enzymes - catalases and peroxidases are extensively
used in textile industries for bio-polishing,
bio-scouring and bleach clean-up, dye houses,

industrial laundries, paper and pulp industries, dairy
units and in processing of contact lenses etc. They
are also used as enzyme labels (peroxidases) and in
immunodiagnostics. There are several reports on
these enzymes from cyanobacteria (Tel-Or et al.,
1986a; Obinger et al., 1998; Tichy and Vermaas,
1999; Regelsberger et al., 2002a). Cyanobacteria were
also screened for superoxide dismutase (SOD), an
anti oxidant enzyme having high value in the medical
diagnostic industries. SOD is actively involved in the
defense of the organism against oxy radicals. SOD
was first commissioned in 1985 to be researched as
an enzyme drug in the USA for defence of donor
organs against oxidative stress during periods of
ischemia and reperfusion (Vellard, 2003). SODs are
highly valued as therapeutic ‘enzyme drugs’ and have
potential use in the medical field where they are used
in the treatment for ischemic injury, prevent or
reduce reperfusion injury to donor organ tissue,
corneal ulcers, inflammatory diseases, lipid
peroxidation, prostate problems, burn injuries, liver
necrosis, periodontal inflammation, inflammation due
to arthritis, broncho pulmonary dysplasia in
neonates, auto degradation diseases like cystic
fibrosis, amyotrophic lateral sclerosis and muscular
dystrophy, prevent side effects of cancer treatments
and other battery of diseases of various body parts
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(Bannister et al., 1987; Proctor and Reynolds, 1984).
Better delivery systems of the enzyme are still being
researched upon (Nguyen et al., 1999; Veronese et
al., 2002; Giovagnoli et al., 2004). They form an
important component in the cosmetics industries
where they are touted as anti-wrinkle and anti-aging
drugs. They are employed in bioprocesses where strict
anaerobic culture conditions need to be maintained. 

MATERIALS AND METHODS

CYANOBACTERIAL CULTURES:

The following cultures maintained in the
Culture Collection at the Center for Advanced Studies
in Botany, University of Madras, Chennai, India,
were taken up for the present study (Table 1). 

Table1: List of the cyanobacterial strains
used in this study
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Cultures were maintained at a temperature of
27°C± 1°C, under fluorescent illumination of 30 to 40
µEm-2s-1 provided by fluorescent tubes (Philips
Trulite, Col 82). The growth chambers were fitted
with automatic timers (Sangmo Weston Ltd, S650

313F model), and the cultures exposed to a 12h light
/ 12h dark cycle photoperiod. Cultures were grown
and maintained in BG11 medium (Rippka et al.,
1979). Nitrate free BG11 medium was prepared by
omitting sodium nitrate. The heterocystous forms
were maintained in nitrate free medium. Cells were
routinesly checked for bacterial contamination. 

ANALYTICAL METHODS:

All the buffers prepared were as given by
Gomori (1955). Growth was determined every 4th day
for a total period of 20 days by measuring the
chlorophyll a content. Chlorophyll a estimation was
carried out as given by McKinney (1941). Protein was
estimated by the method of Bradford (1976). To 1mL
of sample, 2mL of Coomassie Brilliant blue (CBB)
reagent was added and absorbance read at 595 nm
in Beckman DU-40 spectrophotometer. Amount of
protein in the culture was calculated using a
standard graph prepared with known amounts of
Bovine Serum Albumin and the results expressed in
µg / mL.

ENZYME ACTIVITY ASSAYS: 

Cells were harvested and the pellets washed
twice in Tris-Cl buffer (0.05M; pH 7.6). The cells were
disrupted using a Labsonic 2000 Sonicator at 50W
power with a one-minute burst and a one-minute rest
cycle for a total of six minutes. The homogenate was
then centrifuged at 12096 x g for 30 minutes at 4°C
in a Beckman J2-21 refrigerated centrifuge. The
supernatant fraction containing the enzyme was
taken for the assay as crude enzyme extract (cell
free) for the determination of IC activity. For EC
activity, the culture media devoid of cells were taken
as crude enzyme samples. Catalase (EC 1.11.1.6) was
assayed according to the method of Beers and Sizer
(1952). The reaction was started by the addition of 1
mL of the crude enzyme to the 2 mL of the reaction
mixture containing buffer and peroxide in a final
concentration of 0.005M. The activity of the enzyme
is expressed in units where 1U corresponds to 1 mcM
H2O2 decomposed/min/mL. The extinction coefficient
of H2O2 at 240nm was taken as 0.0394 µM-1cm-1.
The results are expressed as U mg protein-1.
Ascorbate peroxidase (EC 1.11.1.11) was assayed as
given by Nakano and Asada (1981). The extraction
buffer contained 0.5mM of ascorbic acid. The
hydrogen peroxide dependent oxidation of ascorbate
was initiated by the addition of 1 mL of the crude
enzyme to the reaction mixture. The decrease in the
absorbance at 290 nm was monitored every 10
seconds for a total period of 60 seconds. An
absorption coefficient of 2.8 mM-1 cm-1 at 290nm was
used to determine the enzyme activity. The results
are expressed as U mg protein-1. SOD (EC 1.15.1.1)
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was assayed according to Beauchamp and Fridovich
(1971). To 2.5 mL of the reaction mixture, 0.5 mL of
the crude enzyme was added. The reaction was then
initiated by placing the test tubes under uniform
illumination provided by two sets of Phillips 40 W
fluorescent tubes. Riboflavin was added just prior to
placing the test tubes under illumination.
Illumination was carried out at 27°C for 15 minutes.
Identical solutions kept in the dark served as blanks.
Similarly, control tubes without enzymes served as
V0, showing maximum colour development.
Absorbance at 560 nm was read against the blanks.
The enzyme activity was expressed in units (U)
where 1 unit of the enzyme corresponded to the
amount causing half the maximum inhibition of NBT
to blue formazan. The activity was calculated using
the formula and the results expressed as U mg
protein-1.

U/mL = [(V0/v) – 1] (dilution factor)

V0: A560 of control

v: A560 of sample

RESULTS

The non-heterocystous forms comprising
Lyngbya spiralis, Oscillatoria proboscidea, O. tenuis,
Phormidium minnesotensis and Plectonema boryanum
were grown in BG11 medium amended with sodium
nitrate. The heterocystous forms, N. paludosum, A.
variabilis, C. membranacea and W. iyengarii were
grown in BG11 medium devoid of nitrate. The growth
in terms of chlorophyll a was monitored (Fig.1). L.
spiralis showed a peak in growth on the 12 day (1.14
mcg/mL) while the remaining non-heterocystous
forms reached their growth peak on day 16. In O.
proboscidea, the growth rate was observed to be the
highest and doubled within 4 days, followed by P.
boryanum, which took 9 days. The lowest growth
rates were observed in L. spiralis as shown in Fig.1.
In the heterocystous forms, A. variabilis and C.
membranacea showed a peak in chlorophyll content
on day 12 while in N. paludosum, it was on day 16.
In W. iyengarii, a slow growing, branched,
heterotrichous form, the chlorophyll a content was
almost constant from day 1 to day 20 with a standard
deviation of 3 ± 0.36 mcg/mL. Best growth was
observed in C. membranacea in 6 days whereas it
took 10 days in the case of A. variabilis. In the case
of P. minnesotensis and P. boryanum, EC enzyme
activity was absent from day 8 but in L. spiralis and
O. proboscidea, they touched near zero levels from
day 12 (Fig.2). All the non-heterocystous forms
showed a peak in the EC enzyme activity on day 4
with P. boryanum showing an activity of 2.5 ± 0.9
U/mg protein, the highest amongst the

non-heterocystous forms in this study. IC enzyme
activity of 0.08 U/mg protein was observed on day 4
in O. tenuis, which was also the maximum observed
IC enzyme value amongst the non-heterocystous
forms. In all the heterocystous forms, the EC enzyme
activity decreased from the day of inoculation,
reaching zero levels on day 8 and continuing as such
thereafter till day 20. In A. variabilis highest IC
enzyme activity was observed on day 8 (0.53 ± 0.01
U/mg protein). L. spiralis and O. proboscidea showed
10 ± 0.2 U/mg protein and 6.4 ± 0.3 U/mg protein,
respectively, on day 4. P. minnesotensis showed an
EC activity of 4.5 ± 0.7 U/mg protein on day 20.
Absence of EC enzyme during the exponential phase
of growth were observed in L. spiralis and O. tenuis
(Fig 3). O. tenuis showed an IC enzyme activity of
3.5 ± 0.8 U/mg protein on day 20, which was the
highest when compared to all the other 8 isolates.
The EC and IC enzymes in were similar with respect
to each other showing highest activities of 2.4 ± 0.3
U/mg protein and 1.6 ± 0.2U/mg protein respectively,
on day 8. A highest EC enzyme value of 11 ± 3 U/mg
protein was noted in C. membranacea and 12.9 ± 2.5
U/mg proteins in W. iyengarii on day 8. IC enzyme
activity was highest in N. paludosum compared to
other heterocystous forms. In P. minnesotensis, EC
enzyme activity was completely absent from day 4
(Fig 4). O. proboscidea, L. spiralis and O. tenuis also
showed near absence of EC enzyme during day 0-8.
High EC enzyme activities were observed on day 16
in O. proboscidea (96 ± 8 U/mg protein), N.
paludosum (38 ± 9 U/mg protein) and W.iyengarii (98
± 4 U/mg protein). Amongst the non-heterocystous
forms, O. proboscidea showed high IC enzyme
activities on day 20 (52 ± 5 U/mg protein). In the
heterocystous forms, N. paludosum showed IC
enzyme activity of 125 ± 9.8 U/mg protein and 232
± 12.5 U/mg protein on day 8 and 12, respectively.
W. iyengarii also showed around 175 ± 18 U/mg
protein of IC enzyme activity on day 12. The IC
enzyme activity in A. variabilis was 17 ± 3 U/mg
protein from day 4 to day 20 showing a continuous
and constant presence of the enzyme

Conclusions

The optimal utilization of promising strains of
cyanobacteria for commercially important enzymes
could be enhanced by applied engineering and
intensive research to understand the aspects relating
to enzyme production. Further research is warranted
to harness these potential microorganisms for various
products. 
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Fig.1. Growth of selected cyanobacteria in BG11 medium. Values are mean ± SD 
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Fig.2. Catalase activity in selected cyanobacteria. Values are mean ± SD of triplicate
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Fig.3. Ascorbate peroxidase activity in selected cyanobacteria. Values are mean ± SD of
triplicate experiments.

58 Indian Journal of Applied Microbiology Vol. 10 No. 1



Fig.4. SOD activity in selected cyanobacteria. Values are mean ± SD of triplicates.
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