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 The present study was aimed to find out the ability of the marine cyanobacterium 
Oscillatoria boryana BDU 92181 to produce H2O2 and to optimize its photoproduction with a 
view to harness its potential for decolorization of distillery effluent. The organism decolorized 
distillery effluent (5% V/V) by about 60% in 30 days.  The mechanism of decolorization is 
postulated to be due to the production of hydrogen peroxide and molecular oxygen released 
by the cyanobacterium during photosynthesis.  The effects of light intensity as well as different 
enhancers and inhibitors on the production of H2O2 in this organism were studied.  Our 
results showed that, riboflavin and MnSO4 positively influenced H2O2 production.  Sodium 
metabisulphite and potassium cyanide inhibited H2O2 production.  
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 In the recent past there is an upsurge of 
interest in employing technological applications of 
photo biological solar energy conversion (Roncel et 
al. 1989; Galvan and de la Rosa 1997; de la Rosa 
1986; Navarro et al. 1987).  The bioconversion 
of solar energy to a valuable renewable resource 
is not only attractive means, but also economical 
(de la Rosa 2001; Navaro et al. 1987)  One of 
the products of biological conversion of solar 
energy is hydrogen peroxide, and was first shown 
to be photo produced in isolated chloroplasts 
(Mehler 1951).  Patterson and Myers in 1973 were 
reported the photosynthetic production of H

2
O

2
 

by the cyanobacterium Anacystis nidulans.  A 
more extensive survey of blue green algal isolates 
from a variety of sources has revealed that H

2
O

2
 

production is widespread among these organisms 
(Stevens et al. 1973).  It has been demonstrated 
that the metabolic conditions of the algae in their 
different growth stages influence the capacity for 
hydrogen peroxide photoproduction.  Hydrogen 
peroxide is a high-energy compound (100kJ/mol) 
and has been used as a fuel for motors and heaters. 
The significant advantage of using H

2
O

2
 in various 

fields is that it does not pollute the environment as 
it liberates energy by dismutation to H

2
O and O

2
.  

Biotechnological advances in the field of effluent 
treatment have resulted in a number of efficient 
technologies; however no biological treatment is 
available for colored textile effluents and pathogen 
elimination.  Biodegradation of textile dyes has 
been demonstrated by H

2
O

2 
using Pleurotus 

ostreatus. (Vyas and Molitoris 1995), heterotrophs 
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deplete oxygen in the system and higher fungi are 
not easily adapted for aquatic habitats.  Recently, 
it has been shown that prokaryotic, oxygen 
evolving photoautotrophic marine cyanobacteria 
are becoming important biotechnological tools 
especially in bioremediation and these unlike 
heterotrophs, oxygenate waterbodies (Subramanian 
and uma 2001).  Degradation/decolorization of 
recalcitrant distillery effluent pigment melanoidin 
(Kalavathi et al. 2001); triphenyl and azo dyes 
(uma et al. 2000); and lignin (Malliga et al. 1996) 
by marine cyanobacteria has been documented.  
One of the reasons attributed for their degradation 
is the suspected production of hydrogen peroxide 
(Hayase et al. 1984; Malliga et al. 1996;  Patil and 
Kapadnis 1995). 
 The present study was aimed to find 
out the ability of the marine cyanobacterium 
Oscillatoria boryana BDu 92181to produce H

2
O

2
 

and to optimize its photoproduction with a view to 
harness its potential for bioremediating purpose, as 
it was already found to decolorize melanoidin.

Materials and Methods

organism Maintenance
 Marine cyanobacterium used for the 
study was Oscillatoria boryana BDu 92181, a 
non-heterocystous filamentous cyanobacterium, 
obtained from the germplasm collection of National 
Facility for Marine Cyanobacteria, Bharathidasan 
university, Tiruchirappalli, India.  The cultures 
were maintained in synthetic marine liquid medium 
with combined nitrogen source (ASN III) (Rippka 
et al., 1979) and incubated at 25±2oC under 
fluorescent light (20.15 mE m-2 sec-1) with 14/10h 
l/D cycle
effluent source
 Anaerobically digested molasses spent 
wash with pH8.3 was obtained from M/sTrichy 
distilleries ltd, Tiruchirapalli, Tamilnadu, India.
decolourization experiment
 To study the influence of cyanobacteria 
on decolourization of distillery effluent, various 
dilutions of effluents prepared were 0.5, 2.5, 5.0, 25, 
50, 100% (v/v).  The cultures treated with various 
dilutions of effluent were incubated at 25+/-2oC 
under fluorescent light at an intensity of 13.7W 
m-2

experimental design for hydrogen peroxide 
production
 The experiments were grouped into 5 
sets.  All the experiments received uniform inocula 
prepared from mid-log cultures of O.boryana BDu 
92181.  The first set was incubated under varied 
light intensities of 20, 40, 80, 160 and 240µE m-2 

sec-1.  As light intensity of 80µE m-2 sec-1, was 
found to be the optimum for hydrogen peroxide 
production, further experiments were conducted at 
this light intensity.  The second set was treated with 
various enhancers such as manganous sulphate, 
methyl viologen, riboflavin, and ascorbic acid at 
50 and 100µM concentrations respectively.  The 
third set received manganous sulphate enhancer 
of 50, 100, 150, 200, 250 and 500µM, in addition 
to the above tested concentrations.  The fourth 
set was treated with inhibitors such as 3-(3,4-
dichlorophenyl)-1,1-dimethylurea (DCMu), 
sodium azide, potassium cyanide, phthalic acid, 
sodium metabisulphite, sodium thioglycolate at 
50 and 100µM concentrations. Organism that did 
not receive inhibitor/enhancer served as controls.
analytical methods
Biomass
 After the incubation period, the cultures 
were washed with ASN III medium and Chlorophyll 
was determined following the method of Mac 
Kinney, (1941)  in methanol extracts and the 
absorbance at 663nm (JASCO, HMC358, Japan).
decolorization assay
 Decolourization of distillery effluent 
was measured by the absorbance (optical density) 
of supernatants of effluent containing cultures 
prior to and after the growth of the organism by 
a Beckman Du64 spectrophotometer (Beckman, 
Switzerland) at 475nm.  uninoculated samples 
served as controls. 
h

2
o

2 
production

 H
2
O

2
 was determined in aliquots by the 

chromogen formed using 4 aminoantipyrine and 
phenol (Green and Hill, 1984).  The change in  
absorbance was measured at 505nm (JASCO, 
HMC358, Japan) and expressed as mmol of 
hydrogen peroxide Chl.-1 mg-1  h-1  The values 
represented are the average of triplicates.
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results and discussion

decolorization of distillery effluent
   O.boryana BDu 92181 being non-
heterocystous and non-nitrogen fixing, grew 
normally in marine synthetic liquid medium 
(ASN III) with a combined nitrogen source, but 
could not grow in ASN III nitrogen free medium.  
The maximum color reduction observed at 5% 
effluent concentration after 30days of treatment 
was about 60% (Fig 1, Plate 1). However higher 
concentration of distillery effluent above 5% did 
not support growth thereby less color reduction.  

This could be attributed to the lack of light 
penetration because of the very dark color of the 
effluent.  This suggests that color reduction requires 
light and the consequent growth of the organism 
and also the result of several factors in effluent 
whose composition is different from the ASN III 
medium.
hydrogen peroxide production 
 Hydrogen peroxide a form of active 
oxygen has been suggested to be responsible for 
decolorization of colored solutions, containing 
dyes such as ramazol brilliant blue and melanoidin 
(Hayase et al. 1984; Kelly & Reddy 1988; Vyas 

Fig. 1. Decolorization of distillery effluent by O.boryana BDu 92181

Plate 1. Decolorization of distillery effluent by O.boryana BDu 92181
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& Molitoris 1996).  Algal systems as well as 
cyanobacterial systems were reported to produce 
hydrogen peroxide especially in the presence of 
light (Patterson and Myers 1973; Stevens et al. 
1973; Roncel et al. 1989; Park et al. 1991).
effect of light intensity
 Cyanobacterial hydrogen peroxide 
is strictly a light dependent process, with a 
participation of PSI system (Park et al. 1991).  
Organism when exposed to different intensities 
of light showed different rates of H

2
O

2
 production 

(Fig.2). At lower intensities of light between 20 and 
80 mE m-2 sec-1,  the rate of production was directly 
proportional to light intensity and were 27,48. 
and 81 mmol mg-1 Chl.h-1 respectively, whereas at 

higher light intensities of 160 and 240mE m-2 sec-1, 
there was only a moderate increase of 97 and 108 
mmol mg Chl.-1 h-1 (Fig.2).  In dark, O.boryana 
BDu 92181 did not show any H

2
O

2
 production. 

The ability of the organism to photoproduce H
2
O

2
 

at different light intensities exhibits the wide 
adaptability of the organism to suit different type 
of effluents where light penetration might vary.
effect of enhancers  
 An attempt was made to identify possible 
enhancers of the process, so that colour reduction 
can be improved.  Certain substances have been 
reported to enhance hydrogen peroxide production 
in different photosynthetic systems (Mehler 1951; 
Galvan and De la Rosa 1997).  In the present study, 

Fig. 3. Effect of enhancers on H
2
O

2
 Production of O.boryana BDu 92181

Fig. 2. Effect of light on H
2
O

2
 Production of O.boryana BDu 92181
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five substances have been tested for enhancing 
hydrogen peroxide production. The order of 
efficiency was riboflavin>manganous sulphate
>methylviologen>ascorbic acid (Fig.3).  Of the 
enhancers tested,  riboflavin ranked first and at 
100 mM, H

2
O

2 
production was almost 12 times 

more than that of control, whereas MnSO
4
 which 

ranked second, at the same concentration produced 
three times higher H

2
O

2
 than control (Fig.3).  

This supports the finding of riboflavin catalysed 
H

2
O

2 
production serving as an electron acceptor 

at or near the PS I in isolated spinach thylakoids 
(De la Rosa et al. 1986). use of riboflavin, for 
cyanobacterial hydrogen peroxide production 
is cost intensive and sustained production is 

always questionable or difficult.  It is known 
that degradation/decolorization of coloured 
compounds is influenced by Mn dependent 
peroxidase (Paszczynski et al. 1985; Dehorter 
and Blondeau 1993; Kim and shoda 1999).   Mn2+ 

acts as a substrate, redox coupler and mediator of 
manganese peroxidase, and thus the addition of 
manganese has influenced enzyme activity and in 
turn H

2
O

2 
production (Glenn et al.1983; Warishi 

et al. 1988).  H
2
O

2
 produced in the present study 

showed a concentration dependent increase with 
exogenous addition of manganese revealing that 
H

2
O

2
 production is a Mn2+ dependent process in 

O.boryana BDu 92181 (Fig 4).  The negative 
influence of ascorbic acid could be due to the fact 

Fig. 5. Effect of inhibitors on H
2
O

2
 Production of O.boryana BDu 92181

Fig. 4. Effect of MnSO
4
 on H

2
O

2
 Production of O.boryana BDu 92181
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that it could have acted as a chelator, scavenging 
the metal binding to dysfunction of peroxidase (De 
la Rosa et al. 1986).  Methyl viologen is able to 
accept electrons at or near the terminal acceptor of 
PS I and reduced methyl viologen in turn reduces 
oxygen to superoxide radicals.  If the electron 
acceptor is less, automatically H

2
O

2
 production 

will also be less. In the present study, methyl 
viologen supplied could have been low as the 
cyanobacterium has to face the competition with 
endogenous ferredoxin for electron from PSI also.  
Secondly living cells might impose permeability 
barrier by cell wall resulting in less penetration of 
methyl viologen.  
effect of inhibitors
 Influence of known inhibitors of H

2
O

2
 

were tested both to confirm the process of  H
2
O

2 

production in the cyanobacterium and also to 
assess the extent of this influence since some of 
the effluents are likely to contain these or similar 
substances.   In O.boryana BDu 92181, all the 
six different inhibitors tested for H

2
O

2
 production 

as expected had negative influence.  There was 
no major difference among the inhibitors on their 
influence on H

2
O

2
 production, and none showed 

complete inhibition (Fig.5). This is the significant 
result of continuous replenishment of molecular 
oxygen by cyanobacteria during photosynthetic 
process.  It is known that molecular oxygen is 
essential for the peroxidase enzyme reaction (Vyas 
and Molitoris 1996).  Among the six inhibitors, 
potassium cyanide and phthalic acid, showed 
highest inhibition at 100 mM and the production 
was 50% less than control (Fig.5).
 This could be because potassium cyanide 
is a strong inhibitor of peroxidase activity, while 
phthalic acid is a strong inhibitor of glucose 
oxidase activity as both the enzymes are involved 
in hydrogen peroxide production (Zhao and Janse 
1996;  Kelly and Reddy 1986).   As sodium azide, 
sodium metabisulfite and sodium thioglycollate 
are inhibitors of oxidative enzyme reactions, and 
probably, this has negatively reflected on H

2
O

2 

production. 

conclusion

 Oscillatoria boryana BDu 92181 a potent 
producer of hydrogen peroxide can be employed 
for large scale treatment of colored textile effluents 

containing azo and triphenyl dyes, distillery and 
paper mill effluents with manganese as electron 
source. O.boryana BDu 92181 though being a 
marine cyanobacterium has the ability to grow at 
zero salinity and an ideal organism, which needs 
only sunlight and carbon-dioxide for its optimal 
growth. This cyanobacterial biotechnological 
process involving hydrogen peroxide therefore 
would result in biodegradation of melanoidin 
present in distillery effluent.
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