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ABSTRACT: Cyanobacteria are among the earliest of inhabitants of Planet Earth and are highly diverse members of the current
global biodiversity and are making significant contributions to the Carbon and Nitrogen bio-geochemical cycles, particularly in
the deep oceans. Cyanobacteria in recent year have gained importance because of their potential use in various areas of
research. This diverse group has application in various fields like biotechnology, pharmacology, agriculture etc. Due to
presence of wide spectrum of bioactive compounds cyanobacteria has possesses antiviral, antibacterial, antifungal and
anticancer activities. Several strains of cyanobacteria are also rich in food supplements. Further nitrogen fixing capacity of
cyanobacteria has attracted agriculturists and researchers and they used blue green algae as a component of biofertilizers to
improve both the fertility of soil as well as growth of plants. Recent studies have also shown that cyanobacteria have
capability to degrade environmental pollutants and are also being used as a promising source of alternative energy. In spite
of all these investigation and research more efforts should be made in search of more strains of cyanobacteria and
genetically modifying known strains to ensure maximum production of the desired products.
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1

INTRODUCTION

Cyanobacteria a group of gram negative photoautotrophic bacteria are the one of the most primitive component of our
mother earth and it was the cyanobacteria in the Archaean and Proterozoic Eras (2.7 billion years ago) that were responsible
for creating our oxygenic atmosphere through their photosynthetic activities. Cyanobacteria were the first organisms to
utilize two photosystems (photosystems I and II) and split H2O instead of H2S as other bacteria do. Cyanobacteria capture
sunlight using chlorophyll a and various accessory pigments especially c-phycocyanin and perform photosynthesis as algae
and plants. Although cyanobacteria perform oxygenic photosynthesis just like eukaryotic green algae and higher plants, they
do not store food in the form of starch. Their principal storage product is cyanophycean starch and glycogen together with
specialized intracellular storage compounds like lipids, protein containing cyanophycean granules and polyphosphate bodies
[1]. Cyanobacteria are ubiquitous in nature and found commonly in lakes, ponds, springs, wetlands, streams, and rivers, and
they play a major role in the nitrogen, carbon, and oxygen dynamics of many aquatic environments. Cyanobacteria not only
have wide range of habitat but also have a range of organization that range from unicellular, to filamentous, to colonial.
Cyanobacteria not only persist as free living but also form symbiotic associations like Rickelia intracellularis lives as
endosymbionts in large diatoms. Cyanobacteria are also endosymbiotic in fungi (lichens), bryophytes (Anthoceros),
pteridophytes (Azolla), cycads (coralloid roots), angiosperms (Gunnera) and certain marine sponges and corals. It is also
believed that the chloroplasts in plants and algae derived from an endosymbiosis in which a cyanobacterium was engulfed
and retained within a colorless eukaryotic cell. Cyanobacteria are prokaryotic and lack internal organelles, a discrete nucleus
and the histone proteins associated with eukaryotic chromosomes unlike eukaryotes and like all eubacteria, their cell walls
contain peptidoglycan, not cellulose (like many algae and all plants). All cyanobacteria possesses chlorophyll a and also other
pigments like the blue phycobiliproteins, phycocyanin and allophycocyanin, which gives cyanobacterial cells their
characteristic blue-green color because of which they are dubbed as “blue green bacteria”. Other taxa also contain the
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phycobiliprotein phycoerythrin, making the cells red, or sometimes black. Phycobiliproteins are found in specialized structure
called phycobilisomes and these efficiently guides or monitors captured solar energy to the reaction centers of
photosynthesis i.e. photosystem II [2]. Cyanobacteria also form symbiotic association with leguminous plant and play vital
role in the growth and health of the plant. Cyanobacteria are among one of few organisms that convert atmospheric nitrogen
into an organic form, such as nitrate or ammonia and thus they serve as inexpensive natural biofertiliser for the plants.
Cyanobacteria are not only known for their role in ecology and evolution but also have a wide range of application in
pharmacological and biotechnological applications. Cyanobacteria today are not only explored in agriculture as biofertiliser
but also in pharmacology, in cancer treatment, bioremediation, as biofuel and also as a food supplements. In other words,
we can say that cyanobacteria have ignited a revolution in wide area of health and agriculture.

2

CYANOBACTERIA AS A NATURAL BIOPHARMACEUTICALS

Now a days there are many modern approaches for drug discovery even though drug development have not gained
much pace due to lack of proper lead in biomolecules, which is crucial to designing newer drug [3].Hence there is a need to
switch to newer natural bioresources that could act as the reservoir for such molecules and this lead to the researchers for
screening of cyanobacteria for discovering new drugs .Cyanobacteria are Gram-negative eubacteria and are known for their
morphological diversity leading to the development of natural biopharmaceuticals due to presence of structurally diverse
groups of compound [4], [5]. Cyanobacterial secondary metabolites have been isolated from a number of cyanobacterial
genera from different geographical locations and represent a vast diversity of structures which is a result of the
cyanobacterial capacity to integrate both Non-Ribosomal Peptide Synthethases with Polyketide Synthases. Cyanobacteria
have a wide range of enzymes responsible for methylations, oxidations, tailoring and other alterations [6], resulting in
chemically diverse natural products such as linear peptides [7], cyclic peptides [8], linear lipopeptides [9], depsipeptides [10],
cyclic depsipeptides [11], fatty acid amides [12], swinholides [13], glicomacrolides [14] or macrolactones [15].
During the last two decades, cyanobacterial secondary metabolites have attracted the attention of researchers mainly
due to two reasons; (i) acute toxicity of toxins produced by several bloom forming cyanobacteria in freshwater system and
their harmful effect on animals and human health, and (ii) potential therapeutic use of several secondary metabolites [16],
[17], [18]. The cyanobacterial secondary metabolites include several biological activities like antibacterial, antifungal,
antialgal, antiprotozoan, and antiviral activities.
2.1

ANTIBACTERIAL ACTIVITY

Bacterial resistance towards antibiotics has been the main factor responsible for the increase of morbidity, mortality and
health care costs of bacterial infections. The defense mechanism against antibiotics is widely present in bacteria (eg :
Pseudomonas, Klebsiella, Enterobacter, Acinetobacter, Salmonella, Staphylococcus, Enterococcus and Streptococcus) and
became a worldwide concern. So there is rising interest of researchers for natural products for the discovery of new
antimicrobial and antioxidant agents in the last three decades. Secondary metabolites with antibacterial activity are widely
produced by cyanobacteria [19]. These compounds are effective against both Gram-positive and Gram-negative bacteria. It
has also been found by the researchers that both toxic and nontoxic strains of cyanobacteria are potent producers of
antibacterial compounds that are distinct from cyanotoxins [20]. Literature survey revealed that Malyngolid from Lyngbya
majuscule [17], Norharmane (N. insulare) [21], Kawaguchipeptin B (Microcystis aeruginosa), cyclic undecapeptides,
lyngbyazothrins A, B, C , and D from the cultured Lyngbya sp.have antibacterial activity against number of bacteria (eg
Micrococcus flavus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, and Serratia marcescens, Mycobacterium
smegmatis and Streptococcus pyogenes [22]. Some author also reported the production of antimicrobial agents from Nostoc
communes, Cytonema hofmanni, Hapalosiphon fontinalis, Anabaena spp., Nostoc spongiaeforme, Microcystis aeruginosa,
Synechocystis and Synechococcus, Phormidium sp., and Fischerella sp and extracts of Spirulina platensis obtained by different
solvents exhibited different degrees of antimicrobial activity on both Gram-positive and Gram-negative organisms [23]. Many
investigators also found that the acetone extract of Cyanobacteria have antimicrobial activity Nostoc commune on E.coli,
Bacillus subtilis and Pseudomonas aeruginosa [24], [25]. Many more antibacterial compounds are also isolated from various
other Cynobacterial strains such as Noscomin [26]. from Nostoc commune, Carbamidocyclophanes are paracyclophanes
isolated from Nostoc sp. CAVN 10 [27]. Nine ambiguines from Fischerella sp. are isolated , which showed antimicrobial
activity [28]. Two new norbietane compounds, showing antibacterial activity against various Gram positive and Gram
negative bacteria, were isolated from Micrococcus lacustris [29].
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2.2

ANTIFUNGAL ACTIVITY

Fungi, as a major disease causing agent, were realized after 1980, especially among the immunocompromised and other
serious diseases [30]. There are limitations with regards to antifungal drugs because of their price and side effects [31]. So,
the researchers are exploring biodiversity for search of new lead compounds with minimum or no toxity. In this regard
cyanobacteria came out to be a novel organism. Antifungal compounds include fisherellin A, hapalindole, carazostatin,
phytoalexin, tolytoxin, scytophycin, toyocamycin, tjipanazole, nostocyclamide and nostodione produced by cyanobacteria
belonging to Stigonematales, Nostocales and Oscillatoriale [32], cyclic depsipeptide Lyngbyabellin B was also isolated from L.
majuscula which show toxicity against brine shrimp and fungus Candida albicans [33]. Studies done by Vijayakumar
Madhumathi et. al. also reavaled antifungal activitiy of various strains of cyanobacteria. It was found that acetone extract of
Phormidium corium, methanol extract of Lyngbya martensiana and diethyl ether extract of Microcystis aeruginosa have
antifungal activity. In addition, Oscillatoria latevirens, Chrococcus minor and Microcystitis aeroginosa were also found to have
antifungal activity on Candida albicans. Other authors also reported that methanolic crude extract of Aphanothece
bullosacrude was found more potent antifungal in comparision to Lyngbya aestuarii and crude extract and pure compounds
from other freshwater cyanobacteria such as Anabaena, Nostoc, Aphanocapsa, Synechocystis, Synechococcus, Oscillatoria,
Nodularia,Calothrix have shown antifungal activity [34], [35], [36], [37], [38], [39].The extracts of Oscillatoria latevirens,
Chrococcus minor and Microcystitis aeroginosa were found to have antifungal activity on Candida albicans [40].
2.3

ANTIVIRAL ACTIVITY

In contrast to the large amount of antibacterial and antialgal compounds isolated from cyanobacteria there are only a few
compounds that show antiviral propertie, although 2–10% of extracts of different cyanobacterial species have been shown to
have antiviral activity [41]. These include acetylated sulfoglyco-lipids from Oscillatoria raoi and spirulan from Spirulina
platensis. The compounds isolated from Lyngbya lagerhaimanii and Phormidium tenue has been shown to have anti-HIV
activity [42]. Study carried out by researchers shown that hot water extract of spirulina part of the fractionated product
inhibited the replication of several viruses, especially those with an envelope such as the measles virus, and the HIV-1 virus,
in human T cells, peripheral blood mononuclear cells and Langerhans cells. This component was found to be a sulfated
polysaccharide, calcium spirulan [43], [44]. In addition, in undernourished children spirulina has been found to improve
weight gain and correct anemia in both HIV-infected and HIV-negative cases [45].
2.4

ANTICANCER ACTIVITY

One of the most important treatments currently available for cancer and other diseases is chemotherapy which has
limited effectiveness due to some serious life-threatening side effects (like fatigue, irritation of oesophagus that can cause
difficuty in swallowing and inflammation of lungs). It may also cause vomiting, neutropenia, anemia, another infectious
complicatios [46] and development of drug resistance cancerous cells. The side effects of the anticancer drugs not only
prevent effective chemotherapy, but also compromise the quality of life of the patients [47]. One Effective solution of the
problem mentioned above can be using natural anticancer products. Presently 50% of the drugs used in the cancer treatment
comprises of the natural sources like bacteria, actinomycetes, fungi sponges, plants and animals. Cyanobacterial
anticancerous metabolites have also showed positive response. The presence of the bioactive compounds present in the
crude extract of Oscillatoria boryana may posses the anticancer activity against the breast cancer cell lines (MCF-7)[48].
Marine cyanobacteria were found to produce a wide range of compounds that revealed apoptotic properties. It is reported
that HL-60 cells exposed to aqueous extracts of Synechocystis sp. and Synechococcus sp. strains, presented cell shrinkage
showing that cells were developing apoptosis, and membrane budding, that occurs when cell is fragmented into apoptotic
bodies [49]. Biselyngbyaside, a macrolide glycoside produced by Lyngbya sp., was found to induce apoptosis in mature
osteoclasts, revealed by nuclear condensation [50]. Marine benthic Anabaena sp. extracts were found to induce apoptosis in
acute myeloid leukemia cell line, with cells showing several described typical morphological markers, such as chromatin
condensation, nuclear fragmentation, surface budding and release of apoptotic bodies [51]. The potential of marine benthic
cyanobacteria as a source of anticancer drug candidates was assessed in a screen for induction of cell death (apoptosis) in
acute myeloid leukemia (AML) cells. Of the 41 marine cyanobacterial strains screened, more than half contained cell deathinducing activity. Several strains contained activity against AML cells, but not against non-malignant cells like hepatocytes
and cardiomyoblasts. Ovarian carcinoma and breast carcinoma cells which are multiply drug resistant due to over expression
of P-glycoprotein are markedly less resistant to cryptophycin than they are to vinbiastine, colchicine, and taxol. So,
cryptophycin is a new antimicrotubule compound which appears to be a poorer substrate for P-glycoprotein than are the
Vinca alkaloids. This property may confer an advantage to cryptophycin in the chemotherapy of drug resistant tumors [52].
Other cyanobacterial metabolites such as curacin A, dolastatin 10 ,Symplostatin 3 and Belamide A have been in preclinical
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and/or clinical trials as potential anticancer drugs. In addition, these molecules served as drug leads for the development of
synthetic analogues, e.g. compound 4, TZT-1027, ILX-651, and LU- 103793, usually with improved pharmacological and
pharmacokinetic properties [53], [54], [55].

3

ANTIOXIDANT

‘Antioxidants’ are substances that neutralize free radicals or their actions [56]. Nature has endowed each cell with
adequate protective mechanisms against any harmful effects of free radicals: superoxide dismutase (SOD), glutathione
peroxidase, glutathione reductase, thioredoxin, thiols and disulfide bonding are buffering systems in every cell. α-Tocopherol
(vitamin E) is an essential nutrient which functions as a chain-breaking antioxidant which prevents the propagation of free
radical reactions in all cell membranes in the human body. Ascorbic acid (vitamin C) is also part of the normal protecting
mechanism. Other non-enzymatic antioxidants include carotenoids, flavanoids and related polyphenols, α-lipoic acid,
glutathione etc. Studies also indicate that cyanobacterial pigments carotenoids, phycobiliprotein, and c-phycocyanin are the
compounds with higher antioxidant activity. Carotenoids isolated from the marine Trichodesmium are responsible for an
antioxidative protection, observed with ferric reducing/antioxidant power assay [57]. In the same study, extracts from
marine strains of Anabaena, Cyanothece, Prochlorothrix and Synechococcus showed antioxidant properties, but mainly in the
protein extract. Also the major phycobiliprotein, c-phycocyanin, from both Lyngbya and Phormidium, is capable to scavenge
ROS, in particular peroxyl and hydroxyl radicals [58]. It was also suggested that this antioxidant capacity is resultant from the
covalent linked tetrapyrole chromophore with phycocyanobilin [58].

4

CYANOBACTERIA IN DIET

Strains of Spirulina, Anabaena and Nostoc are consumed as human food in many countries including Chile, Mexico, Peru
and Philippines. Arthrospira platensis is grown in large scale and marketed in the form of powder, flakes, tablets and
capsules. It is used as a food supplement because of its richness in nutrients and digestibility. It contains more than 60%
proteins and is rich in beta-carotene, thiamine and riboflavin and is considered to be one of the richest sources of vitamin
B12. Nostoc commune is rich in fibres and proteins and can play an important physiological and nutritional role in the human
diet. Gamma linolenic acid (GLA) found rich in S. platensis and Arthrospira sp. is medically important since it is converted in
the human body into arachidionic acid and then into prostaglandin E2. This compound has a lowering action on blood
pressure and plays an important role in lipid metabolism. Some of the marine cyanobacteria constitute potential sources for
large-scale production of vitamins, such as vitamins B and E. Futher, it has been also reported that Spirulina is rich in
proteins, carbohydrates, polyunsaturated fatty acids, sterols and some more vital elements such as calcium, iron, zinc,
magnesium, manganese and selenium. It is a natural source of vitamin B12, vitamin E, ascorbic acid, tocopherols and a whole
spectrum of natural mixed carotene and xanthophylls phytopigments. Spirulina as a supplement serves to provide these
nutrition requirements and seems to be a ‘wonder food’. It has been stated by NASA that the nutritional value of 1000 kg of
fruits and vegetables equals one kg of spirulina. Therefore in long-term space missions NASA (CELSS) and European space
agency (MELISSA) proposed that spirulina serves as a major source of food and nutrition [59]. The United Nations has hailed
spirulina as the possible “best food for the future” in its world conference held during 1974. Spirulina can be harvested by
simple methods and can be processed into a variety of final forms such as powders, tablets, flakes, syrups, etc [60].

5

BIOREMEDIATION

In this present scenario industrial revolution has harmed our environment to much extent. Effluents released have
contaminated water bodies and causing several serious health problems. Water bodies receiving the effluent show high BOD,
COD and chloride levels that are well above the stipulated concentrations prescribed by the Indian Standard Institute (ISI). So
there is a need to remove all these pollutants from our water bodies. There are several approaches for remediating
pollutants among those is “Bioremediation”. Bioremediation is gaining importance as a less expensive alternative to physical
and chemical means of decomposing organic pollutants. Pathways of biodegradation have been characterized for a number
of heterotrophic microorganisms, mostly soil isolates, some of which have been used for remediation of water. Recently,
there has been increasing awareness about using cyanobacteria as bioremediation and pollution control agents, either as
wild-type, mutant, or genetically engineered forms. As bioremediating agents, cyanobacteria possess many advantages over
other microorganisms isolated from soil. These include their photoautotrophic nature and the ability of some species to fix
atmospheric nitrogen. This enables them to be producers, as opposed to consumers, and makes their growth and
maintenance inexpensive [61]. Blue green algae have been shown to be highly effective as accumulators and degraders of
different kinds of environmental pollutants, including pesticides [62], crude oil [63], [64], naphthalene [65], [66],
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phenanthrene [67], phenol and catechol [68], [69], and xenobiotics [70] blue green algae could also serve as effective
biosorbant for removing heavy metals from contaminated waters [71], [72]. Worldwide, cyanobacteria have been used
efficiently as a low-cost method for remediating dairy wastewater by converting the dissolved nutrients into biomass [73]
and for biotreatment (removal) of dissolved inorganic nutrients from fish farms [74].The studies conducted by various shown
biodegradation and biosorption capacity of some potential cyanobacterial species: Oscillatoria sp., Synechococcus sp.,
Nodularia sp., Nostoc sp. and Cyanothece sp. dominated the effluents. Some author also reported natural ability of two
filamentous cyanobacteria Anabaena sp. and N. ellipsosporum degrade a highly chlorinated aliphatic pesticide, lindane (ghexachlorocyclohexane) and this ability can be enhanced by genetic engineering. Soil bacteria [75], [76], [77], fungi, and an E.
coli strain from rat feces [78] that use lindane as a primary carbon source degrade it to g-2,3,4,5,6-pentachlorocyclohexene,
a-, b-, and g-tetrachlorocyclohexene, or pentachlorobenzene, depending on the strain.
Chromium is a heavy metal and its toxicity can cause serious carcinogenic, genotoxic and immunotoxic effects in humans
and animals. Conventional methods used for the removal of hexavalent Cr use chemical procedures, which are expensive
and lack specificity. So an alternative method was proposed by Kannan. V et al for the removal of chromium present in
tannery effluent. Filamentous Cyanobacteria Anabaena flos-aquae. Anabaena flos-aquae was found to grow in effluent at
various dilutions [79].
Heavy metals nickel (Ni) released into the environment over a long period of time through various anthropogenic
activities like burning of fossil fuels and residual oils, coal mine spoils, sewage sludge, production of Ni-Cd batteries are the
primary source of Ni and exhibit toxic effect on biota [80]. Remediation of nickel (Ni) by Anabaena doliolum has been
suggested by M.K. Shukla et al in view that nickel ion has been shown to be an essential micronutrient for many
microorganisms as it plays important role in four microbial enzymatic activities [81], [82]. In several other studies it was
found that cultures of Oscillatoria sp. BDU 30501, Aphanocapsa sp. BDU 16 and a halophilic bacterium Halobacterium US 101
were used to treat a factory effluent and resulted in reduction of calcium and chloride to levels that did not inhibit survival
and multiplication of fish [83]. Phormidium valderianum BDU 30501 was used to reduce phenol concentrations [84] while
Oscillatoria boryana BDU 92181 was used to eliminate melanoidin pigment from distillery effluents [85]. Further in an study
conducted by Slotton et al [86] it was found that Spirulina platensis, a cyanobacterium contained detectable levels of
mercury and lead when grown under contaminated conditions implying that this cyanobacterium was taking up the toxic
metal ions from its environment.
J. L. Gardea-Torresdey has also added a new approach in bioremediation techniques. They have silica-immobilized
inactivated cells of Synechococcus sp. PCC 7942 to used as a biosorption resin for the removal and recovery of metal ions
such as copper(II), lead(II), nickel(II), cadmium(II), and chromium(III) ions. from contaminated waters. Biosorption resin can
also be used after one cycle of adsorption/desorption In further experiment it was also demonstrated that metallothionein
were capable of binding more metal ions. [87]
Cyanobacteria based biosensor has also been generated that could be used to detect herbicides and other environmental
pollutants. freshwater cyanobacterium, Synechocystis sp. strain PCC6803, was chromosomally marked with the luciferase
gene luc (from the firefly Photinus pyralis) to create a novel bioluminescent cyanobacterial strain and expression of the luc
gene during growth of Synechocystis sp. strain PCC6803 cultures was characterized by measuring optical density and
bioluminescence [88].
5.1
5.1.1

BIOFUEL
BIODIESEL

Cyanobacteria are well suited for synthetic biology and metabolic engineering approaches for the phototrophic
production of various desirable biomolecules, including substances with cytotoxic, antifungal, antibacterial and antiviral
activities [89], [90]. Lipids, carotenoids, pigments, vitamins and aromatic compounds are also found in cyanobacteria. Lipids
(accumulated in the thylakoid membranes) are associated with high levels of photosynthesis and rapid growth rate and are
of particular interest, since they can be used as lipid feedstock for biodiesel production [91], [92], [93]. Microalgae
accumulate large amounts of lipids as reserve material, but only in conditions of stress and slow growth [94]. Thus,
cyanobacteria have a natural advantage to produce lipids in high-speed growth. The biosynthesis of fatty acid-based biofuels
in cyanobacteria includes two steps, production and transesterification of fatty acids (FAs) to form alkyl FA esters [95].
Considering that fuel properties are largely dependent on the FA composition of the feedstock from which biodiesel is
prepared. The presence of double bonds in the FAs from cyanobacterial lipids is related to their morphological complexity
[96]. Synechococcus sp. PCC7942, M. aeruginosa NPCD-1 and Trichormus sp. CENA77 had the best set of properties to be
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used as a feedstock source in the synthesis of biodiesel. They showed appropriate values of biomass and lipid productivity, as
well as FA profiles similar to the oil seeds already used successfully in the synthesis of biodiesel.
5.1.2

HYDROGEN PRODUCTION

As we all know cyanobacteria are photosynthetic organism and have caliber to convert water to hydrogen by captured
solar energy due to the presence of multiple hydrogen-producing enzymes. This ability of cyanobacteria has been
demonstrated in production of biofuel in the form of hydrogen. In this procedure captured solar energy by the two
photosystems is used to split water, producing oxygen, and generate a high-energy, low-potential reductant capable of
reducing protons to hydrogen via a hydrogenase enzyme, a process that has been called biophotolysis. This method is more
reliable and simple since we are using an abundant substrate, water, and a ubiquitous energy source, solar energy, to
produce a highly diffusible and energy-dense fuel, hydrogen. It has been also observed that heterocystous cyanobacteria are
mostly involved in hydrogen production due to the presence of nitrogenase provide a quasi-anaerobic microenvironment
which allows the oxygen-sensitive nitrogenase to function and evolve hydrogen in case of an environment supersaturated
with oxygen [97].

6

BIOFERTILISER

Biofertilizer has gained much importance in recent years and play vital role in maintaining long term soil fertility and
sustainability by fixing atmospheric dinitrogen (N=N), mobilizing fixed macro and micro nutrients or convert insoluble
phosphorus in the soil into forms available to plants, thereby increases their efficiency and availability. It has been observed
that by applying biofertilizers crop production can be enhanced by 20-30% if are used properly. The microorganisms
(Azotobacter, Blue green algae, Rhizobium Azospirillum) in biofertilizer are the major component promoting the adequate
supply of nutrients to the host plants and ensuring their proper development of growth and regulation in their physiology.
Biofertilizer can also protect plants from soil born diseases to a certain degree. The need for the use of biofertilizer has
arisen, primarily for two reasons. First, because increase in the use of fertilizers leads to increased crop productivity, second,
because increased usage of chemical fertilizer leads to damage in soil texture and raises other environmental problems. Due
to the important characteristic of nitrogen fixation, cyanobacteria have a unique potential to contribute to enhance
productivity in a variety of agricultural and ecological situations. Cyanobacteria play an important role to retain soil fertility
by consequently increasing the yield by converting atmospheric nitrogen into an available form of ammonium. Dominant
nitrogen-fixer blue-green algae are Anabaena, Nostoc, Aulosira, Calothrix, Plectonema etc. The activities of algae include: (1)
Increase in soil pores with having filamentous structure and production of adhesive substances. (2) Excretion of growthpromoting substances such as hormones (auxin, gibberellin), vitamins, amino acids [98], [99]. (3) Increase in water holding
capacity through their jelly structure. (4) Increase in soil biomass after their death and decomposition [100]. (5) Decrease in
soil salinity [101]. (6) Preventing weeds growth [102]. (7) Increase in soil phosphate by excretion of organic acids [103].
Beneficial effects of cyanobacterial inoculation were also reported on paddy crop grown both under upland and low land
conditions and on a number of other crops such as barley, oats, tomato, radish, cotton, sugarcane, maize, chilli and lettuce
(126). BGA are not only source of N2 but also provides other advantages such as algal biomass accumulates as organic
matter; produces growth promoting substances which stimulate growth of rice seedling; provides partial tolerance to
pesticides and fungicides and also helps in reclamation of saline and alkaline soils.

7

CONCLUSION

Cyanobacteria are the most primitive organism and are known for creating oxygenic atmosphere through their
photosynthetic activities. Cyanobacteria perform photosynthesis as plant and algae does by capturing sunlight by using
chlorophyll a and various other accessory pigments. They are ubiquitous in nature and play a major role in the nitrogen,
carbon, and oxygen dynamics of many aquatic environments. Cyanobacteria are found not only as free living organism but
are also found in symbiotic association with plant and other organisms. In recent year cyanobacteria have gained importance
in various areas of research viz agriculture, drug discovery, treatment of deadly disease such as HIV and cancer,
bioremediation and now a days it is also exploited as alternative source of fuel i.e. biofuel. Various pharmacological effect of
cyanobacteria are due to the presence of bioactive compounds found in cyanobacteria and are being used in agricultural field
due to its ability to fix atmospheric nitrogen into ammonium which promote growth of plants. Cyanobacteria has also
attracted attention of environmentalist in bioremediation due to its ability to degrade pollutants including pesticides, crude
oil, naphthalene ,phenanthrene, phenol and catechol () and xenobiotics , could also serve as effective biosorbant for
removing heavy metals from contaminated water bodies. Not only has this cyanobacteria might be used to solve problem of
food crisis and malnutrition. Several strains of cyanobacteria eg Spirulina, Anabaena and Nostoc are consumed as human
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food in many countries including Chile, Mexico, Peru and Philippines. Arthrospira platensis. Spirulina as a supplement serves
to provide nutrition requirements and seems to be a ‘wonder food’. It has been stated by NASA that the nutritional value of
1000 kg of fruits and vegetables equals one kg of spirulina. Inspite of all these advantages and discovery cyanobacteria need
to be explored more and more research should be conducted so that more fruitful results will come out.

AKNOWLEDGEMENT
I would like to acknowledge the almighty God for guiding me throughout my life journey and my parents and my guide for
their kind support and encouragement.

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

S. A. Kulasooriya, “Cyanobacteria: Pioneers of Planet Earth”, Ceylon Journal of Science (Bio. Sci.), vol. 40, no. 2, pp. 7188, 2011.
W. F. Vincent, “Cyanobacteria”, Laval University, Quebec City, QC, Canada, Elsevier Inc, 2009. All rights reserved.
J.P. Overington, B. Al-Lazikani, A.L. Hopkins, “How many drug targets are there?”, Nat Rev Drug Discov, vol. 5, pp. 993996, 2006.
N. V. Wase, and P. C. Wright, “Systems biology of cyanobacterial secondary metabolite production and its role in drug
discovery”, Expert Opinion on Drug Discovery, vol. 3, pp. 903-929, 2008.
R. K Singh, S. P. Tiwari, , A. K Rai, and T. M Mohapatra,“Cyanobacteria: an emerging source for drug discovery”, Journal
of Antibiotics, vol. 64, pp. 401-412, 2011.
A.C. Jones, E.A. Monroe, E.B. Eisman, L. Gerwick, D.H. Sherman and W.H Gerwick, “The unique mechanistic
transformations involved in the biosynthesis of modular natural products from marine cyanobacteria”, Nat. Prod. Rep,
vol. 27, pp. 1048–1065, 2010.
T.L. Simmons, K.L. McPhail, E. Ortega-Barria, S.L. Mooberry and W.H. Gerwick, “Belamide A, a new antimitotic
tetrapeptide from a Panamanian marine cyanobacterium”. Tetrahedron Lett, vol. 47, pp. 3387–3390, 2006.
M.T. Sisay, S. Hautmann, C. Mehner, G.M. Konig, , J. Bajorath, and M. Gutschow, “Inhibition human leukocyte elastase
by brunsvicamides A–C: Cyanobacterial cyclic peptides”, ChemMedChem , vol. 4, pp. 1425–1429, 2009.
L.M. Nogle, T. Okino and W.H Gerwick, “Antillatoxin B, a neurotoxic lipopeptide from the marine cyanobacterium
Lyngbya majuscula’, J. Nat. Prod, vol. 64, pp. 983–985, 2001.
B. Han, D. Goeger, C.S. Maier, and W.H. Gerwick, “The wewakpeptins, cyclic depsipeptides from a Papua New Guinea
collection of the marine cyanobacterium Lyngbya semiplena” J. Org. Chem, vol. 70, pp. 3133–3139, 2005
I.E. Soria-Mercado, A. Pereira, Z. Cao, T.F. Murray and W.H. Gerwick, “Alotamide A, a novel neuropharmacological
agent from the marine cyanobacterium Lyngbya bouillonii” Org. Lett, vol. 11, pp. 4704–4707, 2009.
T.T Chang, S.V. More, I.H. Lu, J.C. Hsu, T.J. Chen, Y.C. Jen, C.K. Lu and W.S. Li, “Isomalyngamide A, A-1 and their
analogs suppress cancer cell migration in vitro”, Eur. J. Med Chem, vol. 46, pp. 3810–3819, 2011
E.H Andrianasolo, H. Gross, D. Goeger, M. Musafija-Girt, , K. McPhail, R.M, Leal,
S.L. Mooberry, and W.H. Gerwick, “Isolation of swinholide A and related glycosylated derivatives from two field
collections of marine cyanobacteria”, Org. Lett, vol. 7, pp. 1375–1378, 2005.
T.Teruya, H Sasaki, K. Kitamura, T. Nakayama, K. Suenaga, “Biselyngbyaside, a macrolide glycoside from the marine
cyanobacterium Lyngbya sp.”, Org. Lett., vol. 11, pp. 2421–2424, 2009.
L.A Salvador, V.J. Paul, H Luesch, “Caylobolide B, a macrolactone from symplostatin
1-producing marine cyanobacteria Phormidium spp. from Florida”. J. Nat. Prod., vol. 73, pp. 1606–1609, 2010.
M. Namikoshi and K.L. Rinehart, “Bioactive compounds produced by cyanobacteria”, J Ind Microbiol Biotechnol, vol.
17, pp. 373-384, 1996.
A.M. Burja, B. Banaigs, E. Abou-Mansour, J.G. Burgess and P.C. Wright, “Marine cyanobacteria- a prolific source of
natural products”, Tetrahedron, vol. 57, pp. 9347- 9377, 2001.
E. Dittmann and C. Wiegand, “Cyanobacterial toxins-occurrence,biosynthesis and impact on human affairs”, Mol Nutr
Food Res, vol. 50, pp. 7-17, 2006
H.U. Dahms, Y. Xu, and C. Pfeiffer, “Antifouling potential of cyanobacteria: a mini-review”, Biofouling, vol. 22, pp. 317–
327, 2006.
Ø. Østensvik, O.M. Skuberg, B. Underdak, and V. Hormazabal, “Antibacterial properties of extracts from selected
planktonic cyanobacteria – a comparative study of bacterial bioassays”, J Appl Microbiol vol. 84, pp. 1117–1124, 1998.
R.B. Volk, and F.H. Furkert, “Antialgal, antibacterial and antifungal activity of two metabolites produced and excreted
by cyanobacteria during growth”, Microbiol Res, vol. 161, pp. 180–186, 2006.

ISSN : 2028-9324

Vol. 7 No. 1, July 2014

257

Cyanobacteria “the blue green algae” and its novel applications: A brief review

[24]
[25]

[26]
[27]
[28]
[29]

[30]
[31]

[32]
[33]

[34]

[35]

[36]
[37]
[38]
[39]
[40]
[41]
[42]

[43]
[44]
[45]
[46]

[47]

Maheep kumar, “LYNGBYA SP.: A suitable cyanobacterium for harvesting antimicrobial compounds”, Asian journal of
pharmaceutical and clinical research, vol. 7, Issue 1, 2014.
M.A. Rania, M. Abedin Hala Taha, Antibacterial and Antifungal Activity of Cyanobacteria and green Microalgae,
evaluation of medium components by plackett – Burman Design for Antimicrobial activity of Spirulina platensis”,
Global J. Biotech. Biochem, vol. 3(1) pp. 22-31, 2008.
M. De Mule, G. De Caire, M. De Cano, D. Haaperin, Bioactive compound from Nostoc muscorum (Cyanobacterium),
Cytobios, vol. 66, pp. 169-172, 1991.
K. Ishida, H. Matsuda, M. Murakami and K. Yamaguchi, “Kawaguchipetin B an antibacterial cyclic undecapeptide from
the cyanobacterium Microcystis aeruginosa”, J. Nat. Prod., vol. 60, pp. 724-726, 1997.
S. Mundt, S. Kreitlow and R. Jansen, “Fatty acids with antibacterial activity from the cyanobacterium Oscillatoria
redekei HUB051”, J. Appl. Phycol., vol. 15, pp. 263–267, 2003.
P. Bhateja, T. Mathur, M. Pandya, T. Fatma, and A. Rattan, “ Activity of blue- green microalgae extracts against in
vitro generated Staphylococcus aureus with reduced susceptibility to vancomycin”, Fitoterpia, vol. 77, pp. 233–235,
2006.
B. Jaki, J. Orjala, and O. Sticher, “A novel extracellular diterpenoid with antibacterial activity from the
cyanobacterium. Nostoc Comm”, J. Nat. Prod., vol. 62, pp. 502–503, 1999.
T. N. Bui, R. Jansen, T. L. Pham and S. Mundt. “ Carbamidocyclophanes A-E, chlorinated paracyclophanes with
cytotoxic and antibiotic activity from the vietnamese cyanobacterium Nostoc sp”, J. Nat. Prod., vol. 70, pp. 499–503,
2007.
M.A. Pfaller and D.J. Diekema, ‘Epidemiology of invasive candidiasis: a persistent public health problem (Review)”, Clin
Microbiol, vol. 20, pp. 133-163, 2007
M.A. Pfaller, D.J. Diekema, D.L. Gibbs, V.A. Newell, D. Ellis, V. Tullio, et al., “Results from the ARTEMIS DISK global
antifungal surveillance study, 1997 to 2007: a 10.5-year analysis of susceptibilities of Candida species to fluconazole
and voriconazole as determined by CLSI standardized disk diffusion testing”, J Clin Microbiol, vol. 6, pp. 1366-1377,
2010.
R.E. Moore, G.M.L. Patterson and W.W. Carmichael, “New pharmaceuticals from cultures blue-green algae”, In
Biomedical Importance of Marine Organisms ed. Fauntin, D.G.. Memoires Californian Academy of Science, San
Francisco: Californian Academy of Science, vol 13, pp. 143–150, 1988.
K.E. Milligan, B.L. Marquez, R.T. Williamson and W.H. Gerwick, “Lyngbyabellin B, a Toxic and Antifungal Secondary
Metabolite from the Marine Cyanobacterium Lyngbya majuscule” Journal of Natural Product, vol. 63, pp. 1440-1443,
2000.
B. Ghazala, B. Naila and M. Shameel, “Fatty acids and biological activities of crude extracts of freshwater algae from
Sindh” Pak J Bot, vol. 42, pp. 1201-1212, 2010.
R.B. Volk and F.H. Furkert, “Antialgal, antibacterial and antifungal activity of two metabolites produced and excreted
by cyanobacteria during growth” , Microbiol Res, vol. 161, pp. 180-186, 2005.
J.D. Kim, “Screening of cyanobacteria (blue-green algae) from rice paddy soil for antifungal activity against plant
pathogenic fungi”, Microbiol, vol. 34(3), pp. 138-142, 2006.
A.Asadi, R. Khavari-Nejad, N Soltani, F. Najafi and A. Molaie-Rad, “Physiological and antimicrobial characterizations of
some cyanobacteria isolated from the rice fields in Iran”, J Agri Technol, vol. 7(3), pp. 649-663, 2011.
A.V. Drobac-Åik, T.I. Duliã, D.B. Stojanoviã and Z.B. Sviråev, “The importance of extremophile cyanobacteria in the
production of biological active compounds”, Proc Nat Sci Matica Srpska Novi Sad vol. 112, pp. 57-66, 2007.
S.T. Pawar and P.R. Puranik, “Screening of terrestrial and freshwater halotolerant cyanobacteria for antifungal
activities”, World J Microbiol Biotechnol, vol. 24, pp. 1019-1025, 2008.
Vijayakumar Madhumathi, Pitchai Deepa, Savarimuthu Jeyachandran, Chockaiya Manoharan and Subramaniyan
Vijayakumar, “Antimicrobial Activity of Cyanobacteria Isolated from Freshwater Lake”, International Journal of
Microbiological Research vol. 2 (3), pp. 213-216, 2011.
Y. Cohen, B.B. Jørgensen, N.P. Revsbech, and R. Poplawski, “Adaptation to hydrogen sulfide of oxygenic and
anoxygenic photosynthesis among cyanobacteria”, Appl Environ Microbiol, vol. 51, pp. 398–407, 1986.
K.J. Rajeev and Z. Xu, “Biomedical compounds from marine organisms”, Mar Drugs, vol. 2, pp. 123–146, 2004.
Y. Akao, T. Ebihara, H. Masuda, et al., “Enhancement of antitumor natural killer cell activation by orally administered
Spirulina extract in mice”, Cancer Sci, vol. 100 (8) pp. 1494–501, 2009.
T. Mishima, J. Murata, M. Toyoshima, et al., “Inhibition of tumor invasion and metastasis by calcium spirulan (Ca-SP), a
novel sulfated polysaccharide derived from a blue-green alga, Spirulina platensis”, Clin Exp Metastasis, vol. 16(6), pp.
541–550, 1998.
T. Chen and Y.S. Wong, “In vitro antioxidant and antiproliferative activities of selenium-containing phycocyanin from
selenium-enriched Spirulina platensis”, J Agric Food Chem. 2008 vol. 25, 56(12), pp. 4352–4358, 2008.

ISSN : 2028-9324

Vol. 7 No. 1, July 2014

258

Ananya, Aisha Kamal, and Iffat Zareen Ahmad

[48]
[49]
[50]
[51]
[52]

[53]

[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]

[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]

J.B. Henry, “Clinical diagnosis and management by laboratory methods”, Philadelphia: W.B Saunders Co, 1996.
S.S. Feng and S.Chien, Chem. Eng. Sci, vol. 58, pp. 4087-4114, 2003.
Shalini Nair And B.Valentin Bhimba, “Bioactive Potency Of Cyanobacteria Oscillatoria Sp”, International Journal of
Pharmacy and Pharmaceutical Sciences ISSN- 0975-1491, vol. 5, Issue 2, 2013
R.F. Martins, M.F. Ramos, L. Herfindal, J.A. Sousa, K. Skaerven and V.M. Vasconcelos, “Antimicrobial and cytotoxic
assessment of marine cyanobacteria—Synechocystis and Synechococcus”, Mar. Drugs, vol. 6, pp. 1–11, 2008.
T. Yonezawa, N. Mase, H. Sasaki, T. Teruya, S. Hasegawa, B.Y Cha, K.Yagasaki, K. Suenaga, K. Nagai and J.T. Woo,
“Biselyngbyaside, isolated from marine cyanobacteria, inhibits osteoclastogenesis and induces apoptosis in mature
osteoclasts”, J. Cell Biochem, vol. 113, pp. 440–448, 2012.
L. Oftedal, F. Selheim, M. Wahlsten, K. Sivonen, S.O. Doskeland and L. Herfindal, “Marine benthic cyanobacteria
contain apoptosis-inducing activity synergizing with daunorubicin to kill leukemia cells, but not cardiomyocytes”, Mar.
Drugs, vol. 8, pp. 2659–2672, 2010.
C. D. Smith, X. Zhang , S. L. Mooberry, G.M.L. Patterson and R.E. Moore, Cancer Res, vol 54, pp. 3779-3784, 1994.
L. T. Tan, phytochem, vol. 68, pp. 954–979, 2007.
T. L. Simmons, K.L. McPhai, Eduardo Ortega-Barria, S.L. Mooberry. and H. Gerwick
William, “Belamide A”, Tetrahedron Lett, vol. 47, pp. 3387–3390, 2006.
W. H. Gerwick, R.C. Coates, N. Engene , L. Gerwick, R.V Grindberg, A. C Jones and C. M Sorrels, Giant, Microbe, vol. 3,
pp. 277-284, 2008.
H.Sies, “Antioxidants in Disease, Mechanisms and Therapy”, Academic Press, New York, 1996.
D. Kelman, A. Ben-Amotz, I. Berman-Frank, “Carotenoids provide the major antioxidant
defence in the globally significant N2-fixing marine cyanobacterium Trichodesmium”, Environ. Microbiol, vol. 11, pp.
1897–1908, 2009.
A.Patel, S.Mishra and P.K. Ghosh, “Antioxidant potential of C-phycocyanin isolated from cyanobacterial species
Lyngbya, Phormidium and Spirulina spp”, Indian J. Biochem. Biophys. vol. 43, pp. 25–31, 2006.
J.F. Cornet and G. Dubertret, “The cyanobacterium Spirulina in the photosynthetic compartment of the MELISSA
artificial ecosystem”, Workshop on artificial ecological systems.; Marseille, France: DARA-CNES, 1990 October 24–26.
A.Vonshak, “Spirulina platensis (Arthrospira)”, Physiol Cell-Biol Biotechnol. London: Taylor & Francis, 1997.
R.W. Castenholz, J.M. Waterbury, “Oxygenic photosynthetic bacteria. Group I. Cyanobacteria. In: Hensyl, W.R. (Ed.),
Bergy’s Manual of Systematic Bacteriology. Williams and Wilkins, Baltimore, MD”, pp. 1710–1727,1989.
M. Megharaj, D.R. Madhavi, C. Sreenivasulu, A. Umamaheswari, K. Venkateswarlu, “Biodegradation of methyl
parathion by soil isolates of microalgae and cyanobacteria”, Bulletin of Environmental Contamination and Toxicology,
vol. 53, pp. 292–297, 1994.
N.A. Sokhoh, R.H. Al-Hasan, S.S. Radwan, T. Hopner, “Self cleaning of the Gulf”, Nature (London), vol. 359, pp. 109,
1992.
R.H. Al-Hasan, M. Khanafer, M. Eliyas, S.S. Radwan, “Hydrocarbon accumulation by picocyanobacteria from the
Arabian Gulf”, Journal of Applied Microbiology, vol. 91 (3), pp. 533–540, 2001.
C.E. Cerniglia, C. Van Baalen, D.T. Gibson, “Oxidation of naphthalene by cyanobacteria and microalgae”, Journal of
General Microbiology, vol. 116, pp. 495–500, 1980b.
C.E. Cerniglia, C. Van Baalen, D.T. Gibson, “Metabolism of naphthalene by the cyanobacterium Oscillatoria sp. strain
JCM”, Journal of General Microbiology, vol. 116, pp. 485–494, 1980a.
M.L. Narro, C.E. Cerniglia, C. Van Baalen, D.T. Gibson, “Metabolism of phenanthrene by the Marine cyanobacterium
Agmenellum quadriplicatum PR-6”, Applied and Environmental Microbiology vol. 58, pp. 1351–1359, 1992.
B.E. Ellis, ‘Degradation of phenolic compounds by freshwater algae”, Plant Sciences Letters, vol. 8, pp. 213–216, 1997.
S. Shashirekha, L. Uma, G. Subramanian, “Phenol degradation by the marine cyanobacterium Phormidium
valderianum BDU-30501”, Journal of Industrial Microbiology and Biotechnology, vol. 19, pp. 130–133, 1997.
M. Megharaj, K. Venkateswarlu, A.S. Rao, “Metabolism of monocrotophos and quinalphos by algae isolated from soil”,
Bulletin of Environmental Contamination and Toxicology vol. 39, pp. 251–256, 1987.
Z. Khalil, “Toxicological response of a cyanobacterium, Phormidium fragile to mercury”, Water Air Soil Poll , vol. 98, pp.
179-185, 1997.
B.B. Mishra and D.R. Nanda, “Reclamation with cyanobacteria: Toxic effect of mercury contaminated waste soil on
biochemical variables”, Cytobios, vol. 92, pp. 203- 208, 1997.
E.P. Lincoln, A.C. Wilkie, B.T. French, “Cyanobacterial process for renovating dairy wastewater”, Bioengineering, vol.
10, pp. 63–68, 1996.
Duma, G. Lalibertk, P. Lessard, V. J. de la Noiiea, “Biotreatment of fish farm effluents using the cyanobacterium
Phormidium bohneri”, Aquacultural Engineering, vol. 17, pp. 57–68, 1998.

ISSN : 2028-9324

Vol. 7 No. 1, July 2014

259

Cyanobacteria “the blue green algae” and its novel applications: A brief review

[79]

[80]
[81]
[82]
[83]

[84]
[85]
[86]
[87]
[88]
[89]

[90]
[91]
[92]

[93]

[94]
[95]

[96]
[97]
[98]
[99]
[100]

[101]

[102]
[103]
[104]

Imai, R., Y. Nagata, M. Fukuda, M. Takagi, and K. Yano, “Molecular cloning of a Pseudomonas paucimobilis gene
encoding a 17-kilodalton polypeptide that eliminates HCl molecules from g-hexachlorocyclohexane”, J. Bacteriol, vol.
173, pp. 6811–6819, 1991.
C.M. Tu, “Utilization and degradation of lindane by soil microorganisms”, Arch. Microbiol, vol. 108, pp. 259–263, 1976.
W. N. Yule, M. Chiba, and H. V. Morley, “Fate of insecticide residues. Decomposition of lindane in soil”, J. Agric. Food
Chem, vol. 15, pp. 1000–1004, 1967.
A. J. Francis, R. J. Spanggord, and G. I. Ouchi, “Degradation of lindane by Escherichia coli”, Appl. Microbiol, vol. 29, pp.
567–568, 1975
V. Kannan, M. Vijayasanthi and N. Rajmohan ,“Bioremediation of Tannery Effluents by Filamentous Cyanobacteria
Anabaena Flos-Aquae”, West: Hydrology Current Research, vol. 2, pp. 5, 2011, http://dx.doi.org/10.4172/21577587.1000122.
A.L. El-Enany, and A.A. Issa, “Cyanobacteria of heavy metals in sewage water”, Environ. Toxicol. Pharma., vol. 8, pp.
95-101, 2000.
R. K. Thauer, G. Diekert and P. Schonheit, “Biological role of nickel”, Trends Biochem. Sci., vol. 5, pp. 304-306, 1980.
R.M. Welch, “MIronutrient nutrition plant Rev”, Plant Sci., vol. 14, pp. 49-82, 1995.
L. Uma, and G. Subramanian, “Effective use of cyanobacteria in effluent treatment”, In Proceedings of the National
Symposium on Cyanobacterial N2 fixation IARI, New Delhi, 1990, pp. 437–444, 1990.
S.Shashirekha, , L Uma,. and G Subramanian, “Phenol degradation by the marine cyanobacterium Phormidium
valderianum BDU 30501”, J Ind Microbiol Biotechnol, vol. 19, pp. 130–133, 1997.
F.D. Kalavathi, L. Uma, and G. Subramanian, “Degradation and metabolization of the pigment melanoidin in distillery
effluent by the marine cyanobacterium Oscillatoria boryana BDU 92181”, Enz Microb Technol, vol. 29, pp. 249–251,
2001.
D.G. Slotton, C.R. Goldman, and A. Frank, “Commercially Grown Spirulina Found to
Contain Low Levels of Mercury and Lead”, “Nutrition Reports International”, 40, 2, pp. 1165-1172, 1989.
J. L. Gardea-Torresdeya , J. L. Arenasb, N.M.C. Franciscob, K. J. Tiemanna, “Ability of immobilized cyanobacteria to
remove metal ions from solution and demonstration of the presence of metallothionein genes in various strains”,
Journal of Hazardous Substance Research, Volume 1 Mar. Drugs 2013, 11 2379
C. Y. Shao, C. J. Howe, A. J. R. Porter, and L. A. Glover, “Novel Cyanobacterial Biosensor for Detection of Herbicides” ,
Applied and environmental microbiology, vol. 68, No. 10 pp. 5026–5033, Oct. 2002: 0099-2240/02/$04.00_0 DOI:
10.1128/AEM.68.10.5026–5033.2002
A.M. Burja, B. Banaigs, E. Abou-Mansour, J.G. Burgess, P.C. Wright, “Marine cyanobacteria: A prolific source of natural
products” , Tetrahedron Lett., vol. 57, pp. 9347–9377, 2001.
M.E. Silva-Stenico, C.S.P. Silva, A.S. Lorenzi, T.K. Shishido, A. Etchegaray, S.P. Lira, L.A.B. Moraes and M.F. Fiore, “Nonribosomal peptides produced by Brazilian cyanobacterial isolates with antimicrobial activity”, Microbiol. Res., vol. 166,
pp. 161–175, 2011.
S.E. Karatay, G. Donmez, “Microbial oil production from thermophile cyanobacteria for biodiesel production”, Appl.
Energ., vol. 88, pp. 3632–3635, 2011.
J.A.V. Costa and M.G Morais, “The role of biochemical engineering in the production of biofuels from microalgae”,
Bioresour. Technol., vol. 102, pp. 2–9, 2011.
H. Taher, S. Al-Zuhair, A.H. Al-Marzouqi, Y. Haik,; M.M. Farid, “A review of enzymatic transesterification of microalgal
oil; -based biodiesel using supercritical technology” , Enzyme Res. 2011. 468292; doi:10.4061/2011/468292.
B.E. Rittmann, “Opportunities for renewable bioenergy using microorganisms”, Biotechnol. Bioeng, vol. 2, pp. 203–
212, 2008.
L. Balasubramanian, G. Subramanian, T.T. Nazeer, H.S. Simpson, S.T. Rahuman, P. Raju, “Cyanobacteria cultivation in
industrial wastewaters and biodiesel production from their biomass: A review”, Biotechnol. Appl. Biochem, vol. 59, pp.
220–225, 2012.
M.A. Vargas, H. Rodriguez, J. Moreno, H. Olivares, J.A. Delcampo, J. Rivas and M.G. Guerrero, “Biochemical
composition and fatty acid content of filamentous nitrogen-fixing cyanobacteria”, J. Phycol, vol. 34, pp. 812–817,
1998
Patrick C. Hallenbeck: Hydrogen production by cyanobacteria P.C. Hallenbeck (ed.), Microbial Technologies in
Advanced Biofuels Production,: DOI 10.1007/978-1-4614-1208-3_2, © Springer Science+Business Media, LLC, 2012
P.A. Roger and P.A. Reynaud, “Free-living Blue-green Algae in Tropical Soils”, Martinus Nijh off Publisher, La Hague,
1982.
A.A. Rodriguez, A.A. Stella, MM. Storni, G. Zulpa, M.C. Zaccaro, “Effects of cyanobacterial extracelular products and
gibberellic acid on salinity tolerance in Oryza sativa L. Saline System”, 2, 7, 2006.

ISSN : 2028-9324

Vol. 7 No. 1, July 2014

260

Ananya, Aisha Kamal, and Iffat Zareen Ahmad

[105] Saadatnia and Riahi, “Cyanobacteria from paddy fields in Iran as a biofertilizer in rice plants”, Plant Soil and
Environment, vol. 55(5), pp. 207-212, 2009.
[106] G. Subramanaian and L. Uma, “Cyanobacteria in pollution control”, Journal of. Science. Industrial research, vol. 55, pp.
685-692, 1996.
[107] L.T. Wilson, “Cyanobacteria: A Potential Nitrogen Source in Rice Fields”, Texas Rice vol. 6, pp. 9–10, 2006
[108] N. Thajuddin and G. Subramanian,“Cyanobacterial biodiversity and potential applications in biotechnology”, Current
Science 89 47–57, 2005.

ISSN : 2028-9324

Vol. 7 No. 1, July 2014

261

