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Abstract

Effect of 1ImM H20: stress in the marine cyanobacterium Synechococcus aeruginosus showed a marked
increase in chlorophyll, ascorbic acid, glutathione and polyphenolics contents at 15 min while
phycobiliproteins at 30 min. Astaxanthin content increased during all time periods of H202 stress. Gels
stained for antioxidant enzyme activities in native PAGE showed the preservation of superoxide
dismutase, glutathione peroxidase, glutathione S- transferse and esterase activities against H20z stress.
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Introduction

Marine ecosystem is subjected to different kinds environmental pollution viz. municipal and
domestic wastes, dredged spill dumpings, oil spills and leakages, chlorinated and petroleum
hydrocarbons, pesticides and herbicides, heavy metals and photo reactive dissolved organic
matter, etc. (Torres et al. 2008; Verlecar et al. 2006) [“l. These toxic pollutants generate large
quantities of reactive oxygen species (ROS) namely singlet oxygen, superoxide anion radicals,
hydrogen peroxide, hydroxyl radicals, peroxyl radicals, etc in polluted seawater and impart
oxidative stress in marine organisms, particularly on microalgae. Amongst various kinds of
reactive oxygen species produced in oceanic water, H,O- has the longest lifetime in seawater.
The steady-state concentrations (10~’M) of H,0, is high, hence it can rapidly pass through
biological membranes, interact with cellular components (Asada 1994) and cause considerable
damage in the cell (Lesser 2006).

At the same time, microalgae fight oxidative stress by their innate cellular antioxidative
enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPX), and glutathione
S-transferase (GST) (Valavanidis et al. 2006) [l besides the non-enzymatic antioxidants
namely reduced glutathione, beta carotene, ascorbic acid, alpha tocopherol, polyphenolics, etc.
(Halliwell and Gutteridge, 1999, Torres et al. 2008) 4,

The antioxidant enzyme, SOD catalyzes the disproportionation of O,*~ radicals to H,O, and
molecular oxygen, GPX reduces H,0, to water and alcohols using GSH as electron donor and
GST conjugates xenobiotics with GSH for excretion (Regoli and Giuliani 2014).

In the present investigation, H,O, stress was imparted in the marine cyanobacterium
Synechococcus aeruginosus for a short-term period, under controlled laboratory conditions, to
find out its antioxidative potentials.

Materials and methods

Organism

Synechococcus aeruginosus, a fast-growing unicellular marine cyanobacterium, was obtained
from the culture collection of Jamal Mohamed College, Tiruchirappalli, India and checked for
their axenic nature. The marine cyanobacterium was grown and maintained in sterilized
natural seawater at 25+2°C, 14:10h light-dark cycle, and 27 pmol photons m2s.

Hydrogen peroxide stress

Cultures of Synechococcus aeruginosus, 500 mg fresh weight in 250 mL Erlenmeyer flasks
containing 100 mL sterilized seawater (control) or seawater containing added H,O; to reach a
final concentration of 1mM, were incubated under the above mentioned growth conditions for
15, 30, 45 and 60 min and their biochemical contents and activities of antioxidative enzymes
were determined.
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Estimation of biochemical components

Chlorophyll a was extracted in methanol (90%) overnight at
40 °C in dark and the optical density of the supernatant was
read at 663 nm (Jasco V-550 spectrophotometer, Japan) and
the quantity estimated (Mackinney, 1941) [ total
carotenoids were extracted overnight in 85% acetone at 4°C in
the dark, centrifuged the contents, read the optical density of
the supernatant at 450nm and the amount was estimated by
employing the extinction coefficient, A1% of 2500, of Jensen
(1978) [18:  phycobilipigments were extracted in cold
phosphate buffer (0.05 M, pH 6.8) by repeated freeze thawing
until all the phycobilins were extracted, read the absorbance
of the extract in a UV-visible spectrophotometer at 562, 615
and 652 nm and the amount of phycocyanin, allophycocyanin
and Phycoerythrin were determined using the equation of
Siegelman and Kycia (1978) 9. Standard protocols were
followed for the estimation of Astaxanthin (Ma and Chen
2001) B glutathione (Moron et al. 1979), ascorbic acid
(Omaye et al. 1979) and total phenolics (Folin-Ciocalteu
method as reported by Harbone 1973). Results are average of
triplicates. Data were statistically analyzed and results were
expressed as means (+SE).

Enzyme preparation

Cell-free enzyme extract was prepared by homogenizing the
cyanobacterial biomass in the presence of glass powder (~ 0.5
mm) using pre-chilled mortar and pestle adding ice-cold
extraction buffer (0.0625 mM Tris. Cl, pH 6.8, containing 2
mM EDTA, 1% polyvinyl pyrollidone (w/v) and 1 mM
PMSF). The homogenate was centrifuged at 15,000 xg for 30
min in a cooling centrifuge (Remi C20; India). The cell-free
supernatant was used as enzyme source. Protein content of the
enzyme extracts was determined using bovine serum albumin
as standard (Lowry et al. 1951) 2%,

Native polyacrylamide gel electrophoresis (PAGE)
Antioxidative enzymes such as superoxide dismutase (SOD),
glutathione peroxidase (GPX), glutathione S- transferase
(GST) and esterases were localized on cell-free enzyme
extracts by discontinuous PAGE under non-denaturing
condition (Laemmli, 1970). The enzymes were resolved based
on equal amount of protein (300 pg) in 12% uniform
concentration gel at 20 + 2 °C with a constant power supply
of 100V. The gels were stained for respective enzyme
activities after electrophoresis.

SOD activity staining

Activity staining of SOD isoenzymes was done by
submerging the gel in 50 mL of Tris-HCI (50 mM, pH 8)
containing 2 mg riboflavin, 1 mg EDTA (Sigma, USA) and
10 mg NBT (Hi-Media, India), for 30 min, and then
illuminated on a light box for 10-15 min at room temperature
(25 = 2 °C). Zones of SOD activity were observed as
achromatic regions on dark blue background (Wendel and
Weeden, 1989).

GPX activity staining

Activities of GPX isoenzymes were visualized as achromatic
bands against a dark background on incubating the gel with
50 ml of Tris-HCI buffer (50 mM, pH 8.0) containing 200 mg
of reduced glutathione and 8 pL of 30% H,O; on a shaker at
50 rpm for 15 min. The gel was stained with 50 mL of Tris-
HCI buffer containing 25 mg each of NBT and phenazine
methosulphate following Lin et al. (2002).
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GST activity staining

The gel for GST activity was equilibrated in phosphate buffer
(0.1M, pH 6.5) for 10 min and then transferred to a reaction
mixture  containing GSH  (4.5mM), 1-chloro-2,4-
dinitrobenzene (1 mM) and nitrobluetetrazolium (1 mM) in
potassium phosphate buffer (0.1 M, pH 6.5) and incubated at
37 °C for 10 min. The gel was further submerged in Tris
buffer (0.1 M, pH 9.6) containing phenazine methosulphate (3
mM) and the appearance of achromatic bands of GST activity
was visualized against a dark blue background (Ricci et al.
(1984).

Esterase activity staining

Activity staining for esterase (EST) was performed by placing
the gel in 100ml of phosphate buffer (100mM, pH 6.2)
containing 50mg a-napthyl acetate (Hi-media, India), 50mg B-
napthyl acetate (Hi-media, India) and 100mg fast blue R Rsalt
(Sigma, USA). The gel was incubated at 25°C for 1 h to
develop black, red or magenta colour bands (Wendel and
Weeden, 1989). Both the substrates (a-napthyl acetate and f3-
napthyl acetate) were dissolved quickly in 1ml of acetone and
mixed with buffer solution just before transferring of gel.

Results

The short-term H,O; stress in Synechococcus aeruginosus
showed an increase in chlorophyll content over the control at
15 min of H;O, exposure. The chlorophyll content then
started declining from 30min H,O, treatment and the trend
continued up to 60 min. A two-fold decrease in chlorophyll
content was recorded at 45 and 60 min of H»O, stress,
compared to the control (Table 1). The values of carotenoids
were more compared to the control at 15 and 30 min of H,0;
stress. A three-fold increase in carotenoid content over the
control was observed at 30 min and it declined thereafter at 45
and 60 min exposure. A similar pattern of change was
recorded with phycobilipigments such as c-phycocyanin,
Allophycocyanin and c-phycoerythrin. However, astaxanthin
content in Synechococcus aeruginosus started increasing with
increase in period of time of H,0, stress. At the end of 60 min
of exposing to H.0O,, Synechococcus aeruginosus, exhibited a
three-fold enhancement in astaxanthin content (Table 1). In
contrast, glutathione and total phenolics contents revealed a
different response to H,O; stress showing a small increase in
their content over the control at 15 min while, gluthathione
and polyphenolics contents declined at 30 min and the trend
prevailed up to 60 min exposure (Table 1). The above
findings indicated that brief exposure to H,O, promoted the
biochemical content and long duration exposure as
detrimental. The beneficial and hamful roles of H.O, on
living organisms have been reported (Di Meo et al. 2016;
Wang et al. 2011; Pizzino et al. 2017) 3.9,

Synechococcus aeruginosus exhibited a single acromatic
isoform of SOD (relative mobility-Rm 1.31) in the native
PAGE and the activity of this enzyme was detected during all
periods of exposure time of H,O; (Fig. 1).

Glutathione peroxidase showed as many as five isoforms (Rm
1.20, 1.14, 1.11, 1.10 and 1.07) in the control cells of
Synechococcus aeruginosus and the activities of all the
isoforms were preserved at all time periods of H,O, stress
(Fig. 2).

Glutathione S- transferase illustrated five isoforms (Rm 3.04,
2.59, 1.50, 1.34 and 1.20) in native PAGE in the control cells
of Synechococcus aeruginosus (Fig. 3, lane 1). The same level
of expression observed in the control cells were noticed at 15
min (Fig. 3 lane 2) while, H20; stress enhanced the intensity
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of GST isoforms with Rm 1.34 and Rm 1.2 at 30 min
exposure (Fig. 3, lane 3). Activities of only two isoforms (Rm
1.5 and 1.34) were detected at 45 and 60 min of H0;
exposure (Fig. 3, lane 4 and 5). The activity of GST as observed
from the band intensity at 45 min (Fig. 3, lane 4) remained the
same as in the control while, H.Ozenhanced the intensity of
isoforms at 60 min (Fig. 3, lane 5) compared to control.

Activity of esterases in native PAGE showed seven isoforms
(Rm 2.3, 2.0, 1.7, 1.56, 1.45, 1.31 and 1.14) in the control and
the activities of all the isoforms were preserved during H20-
stress in Synechococcus aeruginosus (Fig. 4). Antioxidant

enzymes are known to protect the organisms against oxidative
stress. In the present investigation, Synechococcus
aeruginosus, combated H2O> stress by preserving SOD, GPX
and GST activities as supported other reports (Asada 1994;
Torres et al. 2008; Valavanidis et al. 2006) [5 41,

Conclusion
The marine cyanobacterium Synechococcus aeruginosus
tolerated H,O.stress by preserving the activities of all the
antioxidant enzymes studied and biochemical parameters
estimated.

Table 1: Mean values and standard error of biochemical contents in the marine cyanobacterium Synechococcus aeruginosus after exposure to
H202 (1mM) for different time duration.

Fig 1: Superoxide dismutase (SOD) activity as visualized on native
PAGE in Synechococcus aeruginosus after exposure to H202 (1 mM)
for various time duration. lane 1: 0 min., lane 2: 15 min., lane 3: 30
min., lane 4: 45 min., and lane 5: 60 min.

Rm 1 2 4

1.7

1.20
1. 14—

1.11—

1.10—

1.07

Fig 2: Glutathione peroxidase (GPX) activity as visualized on native
PAGE in Synechococcus aeruginosus after exposure to H202 (1 mM)
for various time duration. lane 1: 0 min., lane 2: 15 min., lane 3: 30
min., lane 4: 45 min., and lane 5: 60 min.

Fig 3: Glutathione S-transferase (GST) activity as visualized on
native PAGE in Synechococcus aeruginosus after exposure to H20»
(1 mM) for various time duration. Lane 1: 0 min., lane 2; 15
min, lane 3: 30 min., lane 4: 45 min., and lane 5: 60 min.

Biochemical parameters Time duration (min.)
0 15 30 45 60
Chlorophyll a (ug) 5.432+9.04 | 6.740+8.43 | 4.251+3.34 | 2.796+2.08 | 2.140+10.35
Total carotenoids (ug) 0.634+3.61 | 0.739+2.51 | 1.910+0.072 | 1.631+1.02 1.43+0.21
Phycocyanin (ug) 0.019+0.931 | 0.071+0.073 | 2.070+0.45 | 0.939+0.93 | 0.21940.39
Allophycocyanin (ug) 0.0501+0.041 | 0.081+0.003 | 3.97+7.20 | 0.140+0.59 | 0.218+0.93
Phycoerythrin (ug) 0.010+0.0813 | 0.031+0.031 | 8.40+6.53 3.12+1.46 | 2.640+0.96
Astaxanthin (ug) 0.313+£1.937 | 0.471+1.640 | 0.50+1.79 | 0.740+1.413 | 0.910+0.43
Ascorbic acid (ug) 0.10140.490 | 0.202+0.317 | 0.302+0.29 | 0.30+0.491 | 0.719+0.02
Glutathione (ug) 0.024+0.260 | 0.032+0.421 | 0.03+0.071 | 0.21+0.925 | 0.102+0.52
Total phenolics (ug) 0.512+6.910 | 0.791+3.91 | 0.39£0.20 | 0.39+0.691 | 0.311+0.63
Rm
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Fig 4: Esterase (EST) activity as visualized on native PAGE in
Synechococcus aeruginosus after exposure to H202 (1 mM) for
various time duration. Lane 1: 0 min., lane 2: 15 min., lane 3: 30
min., lane 4: 45 min., and lane 5: 60 min.

Acknowledgments

The authors thanks to secretary & correspondent, assist.
Secretary, Treasure, Principal, vice principal, and
management committee for Jamal mohamed college,
Tiruchirappalli, Tamil Nadu, India.

Reference

1. DiMeo S, Reed TT, Venditti P, Victor VM. Harmful and
beneficial role of ROS. Oxidative medicine and cellular
longevity, 2016.

Palanisami S, Lakshmanan U. Role of copper in poly R-
478 decolorization by the marine cyanobacterium
Phormidium valderianum BDU140441. World Journal of
Microbiology and Biotechnology. 2011; 27(3):669-677.
Wang J, Zhu J, Liu S, Liu B, Gao Y, Wu Z. Generation
of reactive oxygen species in cyanobacteria and green
algae induced by all elochemicals of submerged
macrophytes. Chemosphere. 2011; 85(6):977-982.

Torres MA, Barros MP, Campos SC, Pinto E, Rajamani
S, Sayre RT et al. Biochemical biomarkers in algae and



Journal of Pharmacognosy and Phytochemistry

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

marine  pollution: a review. Ecotoxicology and
Environmental Safety. 2008; 71(1):1-15.
Valavanidis A, Vlahogianni T, Dassenakis M, Scoullos

M. Molecular biomarkers of oxidative stress in aquatic

organisms in relation to toxic environmental
pollutants. Ecotoxicology and environmental safety.
2006; 64(2):178-189.

Stal LJ. Tansley review Physiological ecology of

cyanobacteriain microbialmats and other communities.
New Phytol. 1995; 131(48):1-32.

Sinha RP, Hader DP. Photobiology and ecophysiologyof
rice field cyanobacteria. Photochem. Photobiol. 1996;
64:887-896.

Herrero A, Muro-Pastor AM, Flores E. Nitrogen control
in cyanobacteria. J Bacteriol. 2001; 183:411-425.

Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F,
Arcoraci. Oxidative stress: harms and benefits for human
health. Oxidative Medicine and Cellular Longevity, 2017.
Zehr JP, Carpenter EJ, Villareal TA. New perspectives on
nitrogen-fixing  microorganisms in  tropical and
subtropical oceans. Trends Microbiol. 2000; 8:68-73.
Gallon JR, Ul-Haque MI, Chaplin AE. Fluoroacetatemeta
bolism in Gloeocapsa sp. LB 795 and its relationship to
acetylene reduction (Nitrogen fixation). J Gen. Microbiol.
1978; 106, 329-336.

Maryan PS, Eady RR, Chaplin AE, Gallon JR. Nitrogen
fixation by Gloeothece sp. PCC 6909: Respiration and
not photosynthesis supports nitrogenase activity in the
light. J Gen. Microbiol. 1986; 132:789-796.

Gallon JR, Hashem MA, Chaplin AE. Nitrogen
fixationby Oscillatoria spp. under autotrophic and
photoheterotrophic conditions. J. Gen. Microbiol. 1991;
137:31-39.

Reade JPH, Dougherty LJ, Rogers LJ, Gallon JR.
Synthesis and proteolytic degradation of nitrogenase in
cultures of the unicellular cyanobacterium Gloeothece
strain ATCC 27152. Microbiology. 1999; 145:1749-
1758.

Evans AM, Gallon JR, Jones A, Staal M, Stal LJ,
Villbrandt M et al. Nitrogen fixation by Baltic
cyanobacteria is adapted to the prevailing photon flux
density. New Phytol. 2000; 147:285-297.

Rippka R, Deruelles J, Waterbury JB, Herdman M,
Stanier RY. Generic assigments, strain histories and
properties of pure cultures of cyanobacteria. J. Gen.
Microbiol. 1979; 111:1-61.

Mackinney J. Absorption of light by chlorophyll
solutions. J Biol. Chem. 1941; 140:315-322.

Jensen A. Chlorophylls and carotenoids. In: Handbook of
Phycological Methods. Physiological and Biochemical
Methods (Hellebust, J.A. and Craigie, J.S., Eds.), pp.
Cambridge University Press, Cambridge, 1978, 59-70.
Siegelman HW, Kycia JH. Algal biliproteins. In:
Handbookof Phycological Methods. Physiological and
Biochemical Methods (Hellebust, JA, Craigie JS. Eds.),
Cambridge University Press, Cambridge, 1978, 71-79.
Lowry OH, Roseb rough NJ, Farr AL, Randall RJ.
Protein measurement with the Folin phenol reagent. J
Biol. Chem. 1951; 193:265-275.

Laemmli UK. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 1970;
227:680-685.

Beauchamp C, Fridovich 1. Superoxide dismutase:
improved assays and an assay applicable to acrylamide
gels. Anal. Biochem. 1971; 44:276-287.

~96~

23.

24.

Chadd HE, Newman J, Mann NH, Carr NG.
Identification of iron superoxide dismutase and a
copper/zinc superoxide dismutase enzyme activity within
the marine cyanobacterium Synechococcus sp. WH 7803.
FEMS Microbiol. Lett. 1996; 138:161-165.

Fragerstedt K, Saranpaa P, Piispanen R. Peroxidase
activity, isoenzyme and histochemical localization, in sap
wood andheart wood of Scots pine (Pinus sylvestris L.). J
Forest Res. 1998; 3:43-47.



