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samp Ies as compared to their free-living batch cultures. 
Heterocyst frequency of the regenerated cyanobacterial samples as 
compared to their free-living batch cultures. 

Nitrogenase activity of the regenerated cyanobacterial samples as compared 
to their free-living batch cultures. 
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Chapter 1 
Intra ductio n 

1.1 Cyanobacteria 

Cyanobacteria are an ancient group of photosynthetic, Gram negative, 

photoautotrophic prokaryotes, which are cosmopolitan in nature. They inhabit every 

conceivable habitat on earth ranging from terrestrial to aquatic, from frigid regions to 

tropical areas (Carr and Whitton 1982; Stal 1995; Bergman 1996; Capone et al 1997). 

Cyanobacteria are also known to exist in deserts where they remain dormant for most of the 

time (Hu et al 2003). They occur in soil, on rocks, in fresh as well as in salt water 

(Hoffinann 1989; Kulasooriya 1998; Nayak and Prasanna 2007). They exist as free-living 

and are also capable of symbiotic associations with a wide variety of organisms, ranging 

from protists, plants, animals and fungi (Rai 1990; Bergman et al 1996; Adams 2000; 

Whitton and Potts 2000; Rai et al2000; 2002). 

Cyanobacteria are remarkably capable of efficiently combining two seemingly 

mutually exclusive processes-oxygen-evolving oxygenic photosynthesis and oxygen-

sensitive nitrogenase dependent nitrogen fixation. In aquatic environments, cyanobacteria 

usually form thick microbial mats, serving as crucial components in such ecosystems. They 

are known to increase oxygen concentration and also improve the other physio-chemical 

parameters ofthe environment in which they grow and flourish (Mandai et al1998). One of 

their most significant contribution to all ecosystems in which they occur is to supply 

combined nitrogen owing to their ability to fix atmospheric nitrogen. Their role in the soil 

ecosystem and in paddy fields is manifold, they being the most important contributors of 

fixed nitrogen and carbon, besides promoting release of nutrients and reducing the rate of 
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loss of water and soil through erosion. In paddy fields, their relative occurrence varies 

within large limits, ranging from 0 to 76-85%. They secrete polysaccharides that bind soil, 

and thus, help in maintaining stability and also control erosion and runoff. In nature, 

cyanobacteria are generally abundant in areas· where there is nitrogen deficiency. 

Cyanobacteria's trophic independence from carbon and nitrogen, together with a 

tremendous adaptability to environmental variations, enables these organisms to be 

ubiquitous. Their successful existence in a wide range of environments including the most 

extreme ones such as high temperatures, high levels ofUV light, and high salinity may be 

attributed to their structural-functional flexibility which provides them with great versatility 

(Nayak and Prassana 2007). However, environmental conditions prevailing in diverse 

terrestrial and aquatic ecosystems are known to af:fuct cyanobacterial diversity and 

abundance. Soil pH in particular is known to have a selective effect on cyanobacteria and 

their succession and abundance in soil. (Kaushik 1991; 1994; Prasanna and Nayak 2007). 

Cyanobacterial species include unicellular, filamentous, branched-filamentous and 

non-filamentous colonial forms (Rippka 1979). They form the only representative of true 

multicellular organisms, among prokaryotes (Adams 1992; Tandeau de Marsac and 

Houmard 1993). Many of the members are capable of multiple cellular differentiations and 

may exist as vegetative cells (sites for photosynthesis), heterocysts (sites for nitrogen­

fixation), akinetes/spores (perennating bodies) and hormogonia (motile trichomes) (Tandeau 

de Houmard 1993; Adams and Duggan 1999). 

1.2 Vegetative cells 

Vegetative cells are the sites that house the entire photosynthetic machinery in 

cyanobacteria. The chlorophyll a protein complexes, photosynthetic reaction centres, 
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carotenoids and the eleCtron transport system are all contained within the thylakoids present 

in the vegetative cells. Light harvesting pigme~ts called the phycobilliproteins located in the 

phycobilisomes, which are attached to the surfuce of thylakoids serve as sites of stored N 

sources under conditions ofN-deficiency (Tandeau de Marsac and Houmard 1993; Byrant 

1994). The vege.tative cells are also known to contain a number of inclusion bodies namely 

the cyanophycean starch (glycogen) as C reserve, carboxysomes containing Rubisco 

(ribulose 1, 5 bisphosphate carboxylase /oxygenese), cyanophycin (a polymer of aspertate 

and arginine) as N-reserve, and polyphosphate bodies as P-reserve. A TP is produced in the 

vegetative cells by oxidative phosphorylation as well as by photophosphorylation coupled to 

cyclic and non-.cyclic photosynthetic electron transport chain. Carbon dioxide fixation 

occurs through the Calvin cycle (Carr and Whitton 1982). 

In nitrogen fixing non-heterocystous cyanobacteria, the enzyme nitrogenase which 

plays the crucial role in nitrogen fixation is expressed in vegetative cells under unique 

conditions. The enzyme is extremely sensitive to oxygen (Fay 1992), and this is manifested 

both at the level of synthesis and activity (Gallon and Chaplin 1987; Gallon 1992; Rai et al 

1992; Durner et al 1996). In these organisms nitrogenase is protected from inactivation by 

the oxygen produced during photosynthesis by a temporal separation of nitrogen fixation 

and photosynthesis (Gallon 1992; Bergman et al 1997). Some of them, e.g., Gleothece 

(Mullineaux et al 1981 ), Cyanothece (Schneegurt et a! 1994) and Oscillatoria (Stal and 

Heyer 1987) fix nitrogen mainly during the dark period of a light/dark photosynthetic cycle. 

Plectonema bmyanum and Phormidium fix nitrogen under anaerobic or microaerobic 

conditions (Stewart and Lex 1970; Weissharand Boger 1983; Rai et all992). 
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In heterocystous cyanobacteria in response to low nitrogen availability several 

structura~ biochemical and genetic changes take place in some vegetative cells in order to 

convert them into specialized nitrogen fixing cells called heterocyst. Such changes include 

synthesis of multilayered cell envelope, loss ofPS II activity (Petter~on et al 1981 ), presence 

of uptake hydrogenase, and high rates of respiration (Wolk et al 1994) to facilitate 

maintaining a microaerobic interior conducive for nitrogen fixation. 

1.3 Heterocysts 

Heterocysts are morphologically distinct cells present in filamentous heterocystous 

cyanobacteria, and are responsible for the vital process of nitrogen fixation. Absence of 

nitrogen sources triggers 5-10% of the vegetative cells to differentiate into heterocyst. The 

differentiation of a heterocyst from a vegetative cell is a nitrogen-regulated process. In the 

presence of exogenous N sources such as nitrate, nitrite, ammonia and some amino acids the. 

differentiation of heterocyst is repressed in all heterocyst forming cyanobacteria (Wolk et al 

1996). Heterocysts are regularly spaced in a filament and contain the enzyme nitrogenase 

(Flores and Herrero 1994; Wolk et al1994; Adams and Duggan 1999). 

The nitrogenase enzyme complex is made up of two different proteins: Mo-Fe 

protein (dinitrogenase) and Fe-protein (dinitrogenase reductase). The dinitrogenase is a a2p2 

tetramer (Mr 226.8 kDa) and its a and p units are encoded by the nif D (Lammers and 

Hasselkorn 1983; Golden et al1985) and nifK (Mazur and Chui 1982) genes respectively. It 

also contains two molecules ofMo-Fe cofuctor. The dinitrogenase reductase (Mr 66 kDa) is 

a dimer of two identical subunits encoded by nif H gene. In heterocyst, the nif HDK is 

contiguous but in vegetative cells an llkb DNA fragment interrupts nifD gene (Golden et al 

· 1985). A second rearrangement involving deletion of a 55 kb fragment located infdx N gene 
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(Golden eta! 1987) has also been seen to occur during heterocyst differentiation. These 

rearrangements events involve site-specific excisases encoded by xis A (Lammers et al 

1986) and xis F (Canasco et al 1994) respectively. The only exception to this is a 

characteristic nif gene rearrangement found in Mastigocladus laminosus, where the 

structural nif genes are contiguous both in vegetative cells and heterocysts (Singh and 

Stevens 1992). 

Conventionally nitrogenase is a Me-dependent enzyme (Nif I) and functions 

exclusively in heterocysts under aerobic conditions (Elhai and Wolk 1990; Thiel et all995). 

Thiel and Pratte in 2001 showed that Anabaena variabilis ATCC 29413 also possesses 

another Mo-dependent nitrogenase (N if 2) which functions in vegetative cells under 

anaerobic conditions. A vanadium-dependent nitrogenase encoded by v1ifDGK genes and a 

Fe-only nitrogenase has also been reported in Anabaena variabilis (Kentemich et al 1991; 

Thiel1993). 

The process of nitrogen -fixation is a highly energy intensive process and requires 

ATP, reductants and low oxygen concentration. The requirements of A TP are fulfilled by 

photophosphorylation, oxidative phosphorylation, substrate level phosphorylation and/or 

uptake hydrogenase activity (Bottomley and Stewart 1976; Maryan et al 1986; Daday and 

Smith 1987). Oxidative pentose phosphate pathway is a major contributor of reductants 

(Smith 1982; Walk et all994). The immediate electron donor to nitrogenase is ferredoxin, a 

product ofjdx H gene, (Bohme and Haselkorn 1988), whereas flavodoxin can take up this 

role under conditions of iron deficiency (F illat et all991 ). 

Genes responsible for regulation of heterocyst formation had been characterized 

(Wolk et all994; Walk 1996; Adams and Duggan 1999). In response to nitrogen step down, 
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an autoregulatory gene het R is induced in regularly spaced cells (pro heterocysts) within 2-

3.5 h. The Het R protein is an unusual serine type protease, which may be degrading the 

repressor of genes to be switched on and activators of genes to be switched off during 

heterocyst differentiation (Zhou et a! 1998a; b). Transcription of het R is indirectly 

controlled by the product ofntc A gene, which is found to be wide spread in cyanobacteria 

(Frias et al 1993; Herrero et al 2001). The ntc A gene encodes a global nitrogen regulatory 

protein named Ntc A (a cyclic AMP-binding protein) required for utilization of nitrate and 

for heterocyst differentiation. ntc A from Anabaena PCC 7120 interacts with ~he promoter 

regions of xis A (an exciases gene necessary for the formation ofheterocysts), gin A (gene 

encoding glutamine synthetase), rbcl S (encoding Rubisco ), nif H (encoding dinitrogenase 

reductase) and ntc A (encodingNtc A itself) (Frias et al1994; Wei et al1994). ntc A also 

binds to the genes encoding glutathione reductase (gor gene). Thus, in addition to the global 

response toN-deprivation (Frias et al1994) ntc A also responds to redox status (Jiang et al 

1997). Many genes essential for heterocyst differentiation and development have been 

identified and characterized on the basis of various phenotypes exhibited by heterocyst 

formation defective mutants. Two other important genes for heterocyst development are hep 

P (Fernandez- Pinas et al 1994) and het C (Khudyakov and Wolk 1997). Insertional 

inactivation of het P prevents the formation of pro heterocysts and strains with multiple 

copies of het P form multiple contiguous heterocysts in absence of combined nitrogen 

sources. The synthesis of innermost glycolipid layer that is important in protection of 

nitrogenase from oxygen requires het M (also known as hgl B) and hgl K. hgl K gene 

encodes a protein for transport of heterocyst glycolipids in Anabaena PCC 7120 (Black et al 

1995; Bauer et al1997). Three genes named hep A, hep Band hep C, are required fur the 
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synthesis and stabilization of heterocyst envelop (Wolk 1996). Genes involved in heterocyst 

spacing has also been identified. PatS gene pro.duct (Pat S-5; a pentapeptide) diffuses along 

the filaments and creates a gradient of inhibitory signal fur maintaining the pattern of spaced 

heterocyst (Yoon and Golden 1998). 

1.4 Akinetes 

Some members of Nostocaceae, Rivulariaceae and Stigonemataceae are known to 

form akinetes, which serve as a means ofperrenation in these organisms (Wolk 1965; 1973; 

Nichols and Carr 1978; Adams and CatT 1981; Nichols and Adams 1982; Herdman 1987, 

1988; Adams 1992) and provide the capacity fur growth into new filaments by germination 

under favourable conditions even after long-term exposure to extreme environmental 

conditions (Livingstone and Jaworski 1980; Sili et al 1994). Akine1es are larger than 

vegetative cells, with a thickened cell wall and a multilayered extracellular envelop (Nichols 

and Adams 1982) and their shape varies considerably (e.g., spherical in Anabaena CA but 

elongated in A. cylindrica). A variety offactors trigger the differentiation of a vegetative cell 

into an akinete. The environmental factors which have been implicated as trigger for akinete 

formation includes limitation of nitrogen, carbon, iron, trace elements, light, phosphate 

(Wolk 1965; Sinclair and Whitton 1977; Suthetland et al 1979; Nichols and Adams 1982; 

Fay eta! 1984; Wyman and Fay 1986; Herdman 1987; 1988) and sulfate (Kyndiah and Rai 

2007). Akinetes do not·structurally resemble bacterial endospore and are not heat resistant 

but are resistant to cold and desiccation. They are suggested to be the evolutionary 

precursors of heterocysts (Wo lk et al 1994). In recent years, akinetes have been projected as 

inoculum for cyanobacterial biofurtilizer in rice paddy cultivation (Kyndiah and Rai 2007). 
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1.5 Hormogonia 

Hormogonium represents a transient morphological stage in devebpmental cell cycle 

of some filamentous cyanobacteria and is observed upon the transfer of stationary phase 

cultures to fresh medium. Hormogonia differentiation occurs from v·~getative cells in 

filamentous cyanobacteria (both heterocystous and non-heterocy:;tous). They are 

distinguishable from vegetative cells by cell shape and in some species by cell motility and 

presence of gas vesicles. Various environmental factors such as change ilt temperature, light 

spectral quality and altered N-metabolism are involved in hormogonia differentiation. 

Removal of NaN03 from the medium has been shown to trigger the fOrmation of 

hormogonia in Nostoc muscurom (Armstrong et al 1983), and in Calothrix PCC 7601 and 

PCC 7504 (Herdman and Rippka 1988). The ability to form hormogonia i:; of importance to 

those cyanobacterial strains that enter into symbiosis with plants. Hormogonia are the 

infecting units in many cyanobacteria-p Jant symbioses (Bergman et al199<i; Rai et al2000). 

1.6 Importance of cyanobacteria 

Cyanobacteria are now regarded to have enormous potential in serving humanity in 

more ways than one. Their diazotrophic nature, wide distribution pattern and capability to 

enter into N2-fiXing symbiosis make them attractive research interest. I he importance of 

cyanobacteria in rice fields have been known for a long time and their abundance in rice 

fields was first reported by Fritsch in 1907. Cyanobacteria have a long history of usage iJ1 

agriculture as biofertilizer (De 1939; Watanabe et al1951; Singh 1961). The popularity of 

cyanobacteria as potential b iofertilizer lies in the fact that the ·2 yanobacteria are 

photoautotrophic biological nitrogen fixers that naturally populate rice lields. It has been 

estimated that cyanobacteria contribute 20-80 KgN/ha/crop on turnover t)ftheir biomass iJ1 
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the rice fields (Venkataraman 1981; Albrecht et all991; Roger and Ladlra 1992; Ladha and 

Reddy 1995). Recent research on biofertilizer has also shown that rice fidds populated with 

free-living cyanobacteria have increased rice yield (Watanabe et al 19:il; Venkataraman 

1972; Roger and Kulasooriya 1980; Metting 1988; Whitton 2000). The growing realization 

about the harmful effects of the long-term use of chemical fertiliz,·r s, herbicides and 

pesticides on human health has intensified research on biofertilizer; in recent times, 

especially in areas where rice is a prime cash crop. This is especially true in tropical Asia 

and India where there are water-logged, low lying rice fields that are Jhvourable for both 

free-living and symbiotic cyanobacteria. Species of Nostoc, Anabaena, Aulosira, 

Tolypothrix, Cylindrospermum, Gloeotrichia, Gloeocapsa, AnabaenoptJi.~, Camptylonema, 

Scytonema and Westiellopsis are widespread in Indian soils and rice fields and contribute 

greatly to soil fertility (Nayak and Prasanna 2007). Cyanobacteria have also been tried as 

biofertilizer in cultivation of other crops, including wheat, tomato, pulses and other 

vegetables (Gupta and Gupta 1972; Kaushik and Venkataraman 1979; Karthikeyan et a I 

2007). 

Other potential applications of cyanobacteria in diverse fields ofhuman welfare have 

also gained a lot ofattentio.n in recent years. This includes their use as fot'd and animal feed, 

in bioremediation oftoxic compounds, in biocontrol of pests, production of commercial and 

laboratory chemicals, restriction enzymes, pharmacological tools (Chapm<:n and Gellenbeck 

1989; Lem and Glick 1985; Becker 1994; Maquieira etall994; Wilde and Benemann 1993; 

Moore eta! 1988; Houmard and Tandeau de Marsac 1988; Gorcham and Carmichael 1988; 

Patterson 1996) and potential therapeutic drugs for the management of d ,::eases like cancer, 

asthma, diabetes (Skulberg 2000), and in waste and effluent water treatrnent including the 
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removal of harmful dyes from textile effluents (Fatma 1999; Prassana et al2000; Shah et al 

2001; Sadettin and Domez 2006) etc. In the last few years, these organisms have been 

identified as a rich source of different biologically active compounds with anticancer 

(Gerwick et a! 1994), antifungal (Kajiyama et a! 1998), antibacterial (Jaki et a! 2000), 

antiviral (Patterson et al 1994), and antip lasmodial activities (Papendorf e·t al 1998, Bhadury 

et al2004; Singh et al2005; Dahms et al2006). Further, several strains ofcyanobacteria are 

known to accumulate poly-hydroxyalkanoates which can be used as a substitute for non­

biodegradable petrochemical-based plastics (Doi 1990). Recent studies have shown that oil-

. polluted sites are rich in cyanobacterial consortia capable of degrading oil components and 

other complex organic compounds such as surfuctants and herbicides (Yan et al 1998; 

Radwan and AI-Hasan 2000; Raghukumar et al 2001; Mansy and El-Hestway 2002). In 

addition, hydrogen produced by cyanobacteria is being considered as a very promising 

source of alternative energy (Dutta et al2005). The advantages of using bin logical hydrogen 

as a fuel are its eco-friendly nature, efficiency, renewability and the absence of carbon 

dioxide emission during its production and utilization (Lindbald 1999). 1 hus, cyanobacteria 

are emerging as potential organisms having many fold applications for human and 

environmental benefits. 

Many microbes including cyanobacteria act as natural bioremediating agents and 

hence are being employed in clean up operations of contaminated sites. Contamination of 

the natural environment by toxic metals is a serious problem worldwide due to their 

continued persistence in the ecosystem and also because of their increm~~ntal accumulation 

in the fuod chain (Chen and Pan 2005). Bioremediation is defined as tlw process whereby 

organic wastes are biologically degraded under controlled conditions to an innocuous state, 
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or to levels below concentration limits established by regulatory authorities (Mueller et al 

1996). As such, it uses relatively low-cost, low-technology techniques, which generally have 

a high public acceptance and can often be caiTied out on site. Bioremed iation has become 

one of the developing fields of environmental restoration programmes, which utilizes 

microorganisms to reduce concentration and toxicity of heavy metals, dyes, pesticides, 

various chemical pollutants etc. It is an option that offers the possibility to destroy or render 

harmless various contaminants using biological activity. The use of natural biological 

resources in reducing the pollution load in our environment is widely accepted idea and 

alternative, innovative treatment techniques have focused attention on use of biological 

materials such as algae, fungi, yeast,·and bacteria for the removal and recovery technologies. 

This has gained significance in recent years owing to their better performance and low cost 

(Veglio and Beolchini 1997; Volesky 2001). Also, they can be integrated with other 

processes e.g. aquaculture/ pisciculture, feed production, soil conditioner production, fme 

chemical production and recovery of metals (Prasanna et al 2008). Major metal pollutants 

which are commonly found in industrial wastes are Cu, Zn, N ~Co, Pb, Cr and Cd. Among 

the photoautotrophs, cyanobacteria are relatively more tolerant to heavy metals (Fiore and 

Trevors 1994). Recent studies also suggest the efficiency of cyanobacterial strains in 

bioremediation (Gupta et al 2000; Vidali 2001; Mallick 2002; De Philippis et al 2003; 

Rangsayatorn eta 12004; Awasthi and Rai 2004 Awasthi and Rai 2006; Prasanna et al2008; 

Kiran et al 2008 ). Effluents from industries producing textile dyes are a cause of great 

concern because of their toxic nature, mutagenicity and carcinogenicity, in addition to their 

low biodegradability leading to environmental pollution. Several reports exist indicating the 

potential application of diverse cyanobacterial strains in remediating such pollution (Arnon 
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1977; Zhuet all979; Jinqi and Houtian 1992; Shahetal2001; Sadettin and Donmez2006). 

Thus, cyanobacteria have emerged as potential organisms. serving various· beneficial 

purposes in diverse areas of human and environmental welfare. However, all strains of 
.. 

cyanobacteria may vary in their ability to contribute towards these diverse fields of 

applications. Hence different cyanobacterial strains need to be characterized for their 

specific potential application(s) and once evaluated they have to be preserved for future 

research and use. 

1.7 Maintenance and preservation of cyanobacteria 

To categorically place various cyanobacterial strains according to their potential 

applications, naturally existing cyanobacteria needs to be systematically isolated, purified 

and characterized. Isolation and purification procedures are time consuming and tedious in 

nature. Possible threats of contaminations in such purified cultures have led researchers to 

pay serious attention to methods of preservation of microorganisms, in order to enable 

successful and effective maintenance of these organisms in the laboratory conditions. 

The most common procedure for maintaining cyanobacteria is by serial transfer of 

actively growing cultures to a fresh media on a regular schedule under suboptimal 

conditions (Lorenz et al 2005). Some of the disadvantages associated with this method are 

the high risk of contamination and loss of characters, as well as, possib Ie mis-labeling or 

loss of cultures (Acreman 1994). Also there are reports of loss ofphenotypic characters in 

several micro algal cultures during serial sub culturing (Day et al 2005). Moreover, the 

genetic and phenotypic stability of the strains cannot be guaranteed over years of routine 

maintenance (Day and Brand 2005). When maintained at optimal conditions strains do not 

need to express many of their characters as stresses of any form is not presented to them 
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during routine maintenance in the laboratory (Smith 2004). Other drawbacks ofthis method 

of serial sub culturing is that it is labour intensive and requires consumables that are 

expensive and thus, limits the capacity of researchers to maintain large number of strains. 

Another widely used method for laboratory maintenance of cultures is by storing 

them in agar slants. This is done by inoculating pure cultures into a nutrient agar media 

which are solidified in sterile vials. Agar was frrst suggested for microbiological purposes in 

1881 by Fannie Hesse. It is a phyco~olloid extracted from a group of red-purple algae, 

usually Gelidium sp. By the early 1900s, agar became the gelling agent of choice over 

gelatin because agar remains frrm at growth temperature for many pathogens and agar is 

generally resistant to breakdown by bacterial enzymes. The use of agar in microbiological 

media significantly contributed to the advance of microbiology, paving the way to study 

pure cultures. Agar is a gel at room temperature, remaining firm at temperatures as high as 

65°C. Agar melts at approximately 85- 91°C, a different temperature from solidification at 

34 - 36°C. This property is known as hysteresis. It is generally resistant to shear forces; 

however, different agar may have different gel strengths or degrees of stiffness. 

However, this method of culture maintenance also suffers from the limitation of 

having a relatively short shelf-life and the jelly-like consistency of agar changes over a 

period oftime thus, subjecting the entrapped cultures to ample chances ofcontamination(s). 

In addition, such agar slants need to be stored in culture room or in refrigerators where they 

occupy va Juab le space. 

Lyophilization has also been attempted as a method of preservation of cyanobacteria. 

However, successful results ,were obtained under stringent conditions only using specific 

suspending substances viz, lamb serum, beef serum etc (Corbett and Parker 1976). Freeze 
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. drying has not been found to be a successful biostorage method for microalgae resulting in 

very low viabilities(< I% of original population) (Day 2006). 

Ctyopreservation of cultures is another dependable method of preservation. 

Ccyopreservation is employed fur a wide range of algal species with optimum results. High 

success rates are obtained with cyanobacterial cultures. These procedures can be categorized 

in two step freezing protocols. The first step consists of addition of a cryoprotectant and then 

cooling to a specified subzero temperature to fucilitate dehydration or cryodehydration of 

the sample. Next it is cooled rapidly to storage temperature (Day 2006). These can then be 

stored for indefrnite periods. 

Entrapment is by fur the most frequently used method in laboratory culture 

maintenance and there are some examples of industrial process based on entrapped cells. 

Entrapment methods are based on' the confinement ofthe cells in a thret!-dimensional gel 

lattice. The cells are free within their compartments and the pores in the material allow 

substrates and products to diffuse to and from the cells. Several synthetic (acrylamide, 

polyurethane, polyvinyl, etc.) and natural polymers (collagen, agar, agarose, cellulose, 

alginate, carrageenan, etc.) are used for this purpose. However, for algal immobilization the 

most frequently used natural gels are alginate and carrageenan. The gel is generally formed 

into useful biocatalyst beads by first adding the cells as a suspension to an aqueous solution 

of the gelling material. This material is then formed into droplets by forcing it drop wise 

through a nozzle or orifice to an interacting salt solution. The droplets are subsequently 

stabilized into biocatalyst beads with entrapped organisms via polymerization or other types 

of cross-linking. For example, alginate droplets can be stabilized with divalent ions such as 

Ca2+ and carrageenan droplets are typically cross-linked with K+ (Mallick 2002). 
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Entrapment of cells (prokaryotic and eukaryotic} in hydrogel supports ~sa simple 

and nondestructive method that preserves the metabolic and physiological properties of the 

cells Jeanfils 1986, Garbisu et al1990, Willaert and Baron 1993). Tamponnet et al. (1985) 

and Hertzberg and Jensen (1989) showed that immobilized microalgae maintained ultra 

structural integrity and physiological activities for several months, suggesting its application. 

in algal storage. 

Dormant resting cells of some microbes can be maintained at ambient temperatures 

for many years (Day 2006; Kyndiah and Ra~ 2007). Hence spores may be considered to be a 

method ofpreservation in species capable ofundergoing sporulation. 

1.8 Present study 

A laboratory working with microbes accumulates a large number of strains that 

needs to be maintained for considerable period of time, even when not under active research. 

Isolation, purification and maintenance of strains in their axenic forms are a tedious and time 

consuming process. Routine batch culturing popularly engaged in maintaining microbial 

cultures is cumbersome with disadvantages such as the chances of contamination, mis­

nomenclature and space limitation within the culture rooms as well as increased chances of 

loss of characters that are not under selective pressure (Smith 2004). Keeping in mind the 

different applications of cyanobacteria, it becomes essential to carry out in depth 

investigation on these organisms which holds promise to alleviate many of our present da~ 

problems in environment, health and agriculture. And such explorations also opens new 

avenues towards eco-friendly and sustainable development, at a time when natural resources 

are depleting and alternative sources of food and energy are being sought. Considering this 
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objective, it becomes crucial to develop techniques that enable preservation of strains 

without affecting their viability or characters. 

This work is dedicated to studying various existing methods of preservation of 

cyanobacteria. Detailed study was carried out on techniques of conventional maintenance 

and preservation of cyanobacteria such as batch culturing, maintaining on agar slants as well 

as preservation in calcium alginate beads, and preservation using cryoprotectants. All 

methods were evaluated on the basis of their suitability in retaining desired characters ofthe 

cyanobacterial strains for long and short term storage in the laboratory. Each of the 

techniques were individually evaluated exhaustively and then compared with each other. 

Introduction of modifications for improvements in fuw of the existing techniques were 

possible due to in depth information collected during the study period. Extending the 

knowledge of preservation to its putative application in the field of biotechnology, high 

nitrogen fixing strains were immobilized on locally available, biodegradable matrices such 

as betel nut cover, in order to offur them as affordable and convenient biofurtilizer inoculum 

in rice cultivation. All such preserved cyanobacteria were regenerated periodically to assess 

their viability and retention of characters on such matrices. Time period up to which such 

carrier material can be used indisputably without compromising cyanobacterial attributes 

and viability was also determined. 
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Chapter 2 
Materials and Methods 

2.1 Collection of cyanobacterial strains 

Cyanobacterial samples were collected from different terrestrial and aquatic 

enviromrents including rice fiekis, tree barks, stagnant water boles, river banks, irrigatnn 

canals as well as, water bodies adjacent to rice fields . Water sampk!s were also collected 

from roadsides. Some samples were collected from extreme ecosystems, viz. Jakrem hot 

spring in West Khasi Hills, Meghalaya and Garampani hot spring in Karbi Angbng district 

of Assam. 

Fig 2.1 : Collection of cyanobacterial samples. 

2.2 Isolation and purification of the collected samples 

The samples were inoculated in BG-llo media (Table la) and allowed to grow under 

culture room conditions at 25±2°C and at a photon fluence rate of 50 ~ol m-2 s-1
• After 8-

10 days, the visible cyanobacterial filaments were purified using repeated pour plate and 

serial dilution method on 1.2% nutrient agar until single colonies of axenic cultures were 

obtained. The cyanobacterial colonies were identified by light microscopic observation 

using Olympus BX 51 light microscope. The purified cyanobacteria were grown in BGllo, 
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BG11 0 + SmM nitrate media (for heterocystous and non-heterocystous cyanobacteria 

respectively) and maintained under culture room conditions (Rippka et a! 1979). 

Mastigocladus laminosus which was isolated from the hot spring of Jakrem, Meghalaya, 

.India was found to be thermophilic in nature and hence, this was maintained inside a BOD 

incubator (BOD incubator super deluxe automatic. NSW. India) at 45°C in D- medium 

(Table lb) in batch cultures and with a photon fluence rate of 50 Jlmol m-2 s- 1 (Castenholz 

1981). The pH ofthe medium was adjusted to 7.5 before autoclaving. 

Table 1 a: Composition ofBG 11o-medium 

Macronutrients Grams/L 
KzHP04.3 HzO 40.0 
MgS04.1HzO 75.0 
CaCh. 2Hz0 36.0 
Citric acid 6.0 
Ferric ammonium citrate 6.0 
NazC03 20 
EDTA (disodium salt) 1.0 

Micro nutrients Grams/L 
H3BO~ 2.86 

·-
MnClz.4HzO 1.81 
ZnS04.1HzO 0.22 
NazMo04.2 HzO 0.39 
CuS04. 5Hz0. 0.079 
Co(N03)2. 6 HzO 0.0494 

ForN03- medium. 5 mM NaN03 andforNH/ medium, 2mMNH4CI was used. 

Table 1 b: Composition ofD-medium 

Macron utrie nts Grams/L 
Nitrilotriacetic acid (NT A) 10 
NaN03 70 
KN03 10 
NazHP04 11 
MgS04.1HzO 10 
CaS04.2 f-hO 6 
NaCl 0.8 
FeCh 0.03 
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Micro nutrients Grams/L 
H3BO?, 2.86 
MnC~AH20 1.81 
ZnS04.?H20 0.22 
Na2Mo04.2 H20 0.39 
CuS04. 5H20 0.079 
Co(N03)2. 6 H20 0.0494 

ForN2 medium, NaCl and KCl were used mplace ofNaN03 and KN03_ 

2.3 Sterilization 

All glassware were washed thoroughly using laboratory detergent and rinsed with 

double distilled water before drying in the hot air oven. Sterilization of glassware and 

culture media was done by autoc laving at 121 oc (15 psi) for 15 minutes. 

2.4 Growth parameters 

2.4.1 Chlorophyll a measurement 

Growth of the cyanobacterial cultures was measured as increase in chlorophyll a 

(MacKinney 1941). 5 ml of each sample was centrifuged and equal volume of 100% 

methanol was added to the pellet. Chlorophyll a was extracted in these tubes by incubation 

at 4°C overnight. The solution in the tubes were mixed thoroughly using a vortex mixer and 

then centrifuged. The resultant supernatant was used for determination of chlorophyll a 

content. Chlorophyll a concentration was measured spectrophotometrically at 663 nm by 

using the formula: Chlorophyll a (flglml) =Absorbance at 663 nm x 12.63. 

2.4.2 Protein estimation 

Protein content was measured according to Lowry et al (1951) as per the details 

given below. 
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2.4.2.1 Extraction of protein 

5ml of cyanobacterial culture was centrifuged and the pellet resuspended in 1 ml 

distilled water. Cells were disrupted by ultrasonication using Sanies Vibra cell s.onicator 

fitted with a microprobe. Supernatant was collected for protein determination after 

centrifugation at 3000 rpm for 5 minutes. 

2.4.2.2 Estimation of protein 

Reagents 

A. 2% Na 2C03 in 0.1 N NaOH. 

B. 1% sodium potassium tartarate solution. 

C. 0.5% CuS04 solution. 

D. IOOml of reagent A mixed with 1 ml each of reagent Band C (freshly prepared). 

E. IN Falin- Ciocalteu's phenol reagent. 

F. Standard protein solution: Bovine Serum Albumin (BSA) solution was prepared in 

the range oflO- 100 Jlg mf 1
. 

Procedure 

5ml of reagent D is mixed with 1 ml of cyanobacterial protein extract and mixed 

gently. This was incubated for 10 minutes at room temperature and then 0.5 ml of reagent E 

was added and mixed rapidly. After 30 minutes of incubation, the mixture was centrifuged 

and the absorbance ofthe supernatant r~ad at 750 nm. A calibration curve was prepared by 

using BSA solution as standard for determination of cyanobacterial protein content. 

2.5 Oxygen exchange 

Oxygen evolution and consumption was measured by using a Clark-type oxygen 

electrode installed in a 3ml Plexiglass container with magnetic stirring ( Rank Brothers, 
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England). Measurements involved: adding 3m! cyanobacterial culture to the sample chamber 

of the non-polarized electrode and allowing eac.h sample to equilibrate for 5 minutes with 

stirring. The electrode was then polarized and a linear rate of oxygen eva lution was obtained 

in light supplied by a 100W tungsten filament bulb, which was shielded from the sample by 

water bath acting as heat filter. Oxygen consumption was measured in dark with the 

chamber wrapped in aluminum foil. The rate of oxygen evolution and consumption were 

expressed as nmol 0 2 evolved/consumed. min -1.Jlg- 1 chlorophyll a. 

2.6 Heterocyst and akinete frequency 

Heterocyst and akinete frequency was calculated as percentage of total cell 

populations by light microscopic observations. At least 1000 cells were counted for each 

study. 

2.7 Enzyme assays 

2.7 .1 Nitrogenase activity 

Nitrogenase activity (EC 1.18.6.1) was measured in vivo using acetylene reduction 

assay method (Stewart et al 1967). 5 ml of cyanobacterial culture was placed in a I 0 ml 

serum stoppered vials. Acetylene gas was injected to a fmal concentration of 10% (v/v) of 

air phase in the vials. The vials were incubated for 1 hour in light at a photon fluence rate of 

50 Jlmol m-2s- 1
, at 25°C with constant shaking. 1 ml gas sample from the vial was analyzed 

for ethylene produced by using a Tracor 540 gas chromatograph fitted with a Porapak T 

column (stainless steel column 6' X l/8",packed with a Porapak T of mesh size 80/100) 

and a flame ionization detector. Nitrogenase activity was expressed as nmol Czt4 produced 

Jlg- 1chlorophyll a.h-1• 
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2.7.2 Glutamine Synthetase (transferase) activity 

2.7 .2.1 Extraction of enzyme 

Cyanobacterial cultures were harvested in their exponential phase by centrifugation. 

These were then washed twice in 50 mM Tris-HCL buffer, pH 7.5 and resuspended in the 

same buffer. Enzyme extraction was done by ultrasonication using Sanies vibra cell 

sonicator. Glutamine synthetase transferase activity was then analyzed in situ using the 

sonicated cells. 

2.7.2.2 Assay of glutamine synthetase (transferase) activity 

This was essentially done using the method described by Stewart et al 1967. The 

reaction mixture contained in a fmal volume of3ml, I ml enzyme extract, 40 mM Tris-HCL 

buffer (pH 7.5), 3 J.lmol MnCh_, 20 J.lffiOl potassium arsenate, 0.4 J.lmol ADP (Sodium salt), 

60 J.lffiOl hydroxylamine and 30 J.lffiOl glutamine. This reaction mixture was incubated in the 

dark for 10 minutes at 30 °C. The reaction was terminated by the addition of2ml of stop 

mixture (4ml FeCh, 1 ml of 24% TCA, 0.5 ml 6 N HCL and 6.5 ml of water). The 

absorbance of the supernatant was read at 540 nm after 10 minutes of centrifugation at 2000 

rpm The concentration of y-glutamyl hydroxymate formed was estimated from a standard 

curve that was prepared in the range oflOO- 1000 nmol y-glutamyl hydroxymate .mr1
• 

2.7 .3 Nitrate reductase activity 

Nitrate reductase (NR) activity was measured in situ (Manzano et al 1976) using 

sonicated cells. 5 ml of cyanobacterial culture was taken and centrifuged. The pellet was 

thoroughly washed with and resuspended in NR buffer (50 mM Tris-HCI buffer (pH 7.5), 

0.1 M NaCI, 0.3 M sucrose, 1 mM KN03, lmM EDTA and 5mM MgCb). The cells were 

then lysed by sonication. The reaction mixture contained in addition to permeabilized cells 
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in a final volume of 1 ml: 20 mM KN03, lOOmM Glycine-KOH (pH 10.5), 4 mM methyl 

viologen, lOmM sodium dithionate freshly dissolved in 0.1 ml of0.23 M NaHC03. After 10 

minutes of incubation in dark at 30 °C, the reaction was terminated by adding 0.2 ml of 1M 

zinc acetate. Subsequently nitrite formed was determined by the method described by Snell 

and Snell, 1949. 

2.7 .3.1 Nitrite Estimation 

Nitrite was estimated co 1orimetrically as described by Snell and Snell, 1949. 

Reagents 

A. 1% (w/v) sulphanilamide in3 M HCL 

B. 0.02% (w/v) N- (1- Napthyl ethylenediamine dihydrochloride) in distilled water. 

C. Potassium nitrite solution in the range of 10-100 nmoVml. This was used as 

standard. 

Procedure 

To 1 ml of sample, 1 ml sulphanilamide and 1 ml of NED was added. The solution 

was mixed thoroughly and absorbance read at 540 nm after 15 minutes. A calibration curve 

was prepared with KN 0 2 as standard. 

2.7 .4 Nitrite Reductase activity 

Nitrite Reductase (NIR) activity was assayed using the method of Arizmendi and 

Serra, I 990. 5 ml of cyanobacterial culture was centrifuged and thoroughly washed in 5.0 

mM Tris-HCL buffer (pH 7.5). This was then subjected to sonication fur disruption of cells 

and release of the enzymes in solution. The reaction mixture contained in addition to 

permeabilized cells in a final volume of I ml: 2.5 mM KN0 2, 90 mM Tris-HC l buffer (pH 

7.5), 3 mM methyl viologen, 20mM sodium dithionate freshly dissolved in 0.3M NaHC03. 
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After 5 minutes ofpre-incubationat room temperature, the reaction was carried out at 30 oc 

for 10 minutes. Tbe reaction is terminated by vigorous shaking to oxidize excess reductant. 

Subsequently the remaining nitrite was estimated by the method described by Snell and 

Snell, 1949. 

2.9 Immobilization 

2.9.1 In Agar cubes 

2.5% agar solution was prepared in suitable media. 30 ml of exponentially growing 

culture (chlorophyll a content of 10 11g mr 1
) was centrifuged to a final volume of 10 mi. 

The resultant 10 ml was then added into the lukewarm agar solution, mixed thoroughly and 

left to solidify at room temperature. Uniform sized cubes (0.5 em cubes) were cut using a 

sterile scalpel and left to air dry inside the culture room. 

2.9.2 In foam cubes 

Ordinary packing foam was cut into uniform sized cubes (lcm3
) and washed a 

number oftimes with sterile distilled water, dried and then soaked in media and autoclaved. 

Excess media was drained in the laminar flow. 30 ml exponentially growing culture 

(chlorophyll a content oflO 11g mr1
) was concentrated to 10 ml by centrifugation. 0.5 ml of 

the concentrated cyanobacterial culture was injected into each of the twenty foam cubes. 

These were then left to air dry in sterile condition inside the culture room. 

2.9.3 In calcium alginate beads 

Immobilization was carried out as described by Musgrave et al (1982). 40 ml of 

1.5% (w/v) sodium algina~e solution was prepared in suitable medium by warming the 

solution. 30 ml exponentially growing culture (chlorophyll a content of 10 ~g mr 1
) was 

concentrated to 10 ml by centrifugation and added to the sodium alginate solution at room 
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temperature. After mixing thoroughly the solution was added drop wise using a syringe 

canula, into 100 ml of0.1M calcium chloride solution in a laminar flow cabinet. Calcium 

alginate beads thus formed were left in the same solution for hardening at 4°C fur 1hour. 

The beads were then harvested and washed with sterile water fullowed by media. These 

were then left to.air dry on a petri plates inside the laminar flow cabinet. 

2.10 Preservation using cryoprotectants 

2.10.1Preservation in 15°/o glycerol 

15% v/v (final concentration) glycerol solution was made in 40 ml of suitable media 

(depending on the cyanobacterium being preserved). 10 ml (chlorophyll a content of30 Jlg 

f!lf 1
) of concentrated cyanobacterial culture was added to the glycerol solution and mixed 

gently. The flasks were kept at -80 oc in Heto ultrafreeze as well as inside the freezer of a 

domestic refrigerator. 

2.10.2Preservation in 5°/o DMSO 

30 ml of exponentially growing culture (chlorophyll a content of 10 Jlg mr 1
) was 

concentrated to 10 ml. Whole 10 ml culture was added to 5% DMSO solution in suitable 

medium (fmal volume =50 ml). The solution was mixed and then stored refrigerated as in 

the case ofpreservation in 15% glycerol. 

2.11 Testing for viability of the immobilized cyanobacteria 

At every three months interval immobilized samples were reintroduced in the growth 

media. Media were closely monitored for growth of cyanobacterial filaments. These 

filaments were used for growth, heterocyst frequency counting and nitrogenase activity 

studies to ascertain suitability ofthe preservation techniques in keeping the cyanobacterial 

cells viable for a period of time. 
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2.12 Culture condition for akinete differentiation 

Comilions such as nutrient variation, terryerature alterations, duration of light/dark 

exposure were used to study initiation of sporulation in cyanobacterial cuhures. Sporulating 

media deficient in sulfate were supplemented with equimolar concentration of MgC~ to 

counter balance the reducing concentrationofMgS04 (Wolk 1965; Kyrx:liah and Rai 2007). 

2.13 Culture condition for akinete germination 

The spores {2 X 106 mf 1
) were plated on 1.2% nutrient agar to induce germination. 

2.14 Germination of rice seeds 

Ri;e seeds (varieties RCPL-1-87-8, DR-92, VL Dhan-81 and Synteng) were surface 

sterilized by washing with distilled water, followed by 1% (v/v) sodium hypochlorite 

solution hr 5 minutes. Sterilized seeds were thoroughly rinsed in sterile distilled water. Seed 

gemrinat.Dn was carried out on autoc laved perlite in glass beakers. The perlite was irrigated 

wth a 10-i:>-k:i dilution of autoclaved BG-Ilo rredium containing 2ITh\1 NaN03 (nitrate 

medium) which was buffered with equimolar concentration of HEPES. Germination was 

carried out in culture room under fluorescent light (photon flue nee rate of 50 1-lffiO l m-1 s-1
) at 

25°C, at saturating relative humidity (Syiem2005). 

Fig 2.2: Rice seedlings being grown inside culture room 
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2.15 Co~ultivation of rice and cyanobacteria 

10 days old seedlings of rice were uprooted from perlite and the roots were carefully 

. washed with distilled water. For colonization experiments, five rice seedlings were 

introdoced into each of the 30 ml capacity culture tubes containing 20 ml rredia. The 

cyanobacterial cells used for inoculation were grown in batch cultures, harvested by 

centrifugation, washed several times, and finally inoculated in the tubes containing rice 

seedlings. at a conceroation of 1 }lg nli 1
• Co-cultivation was carried out at 25°C with the 

plant roots exposed to light. 

c 

Fig 2.3: Co-cultivatl>n of rice and cyanobactern. 

2.15.1 Screening for symbiotic competence with rice plantlets 

After ten days of co-culturing, roots were excised from the experimental nee 

seedlings and washed fur 1 minute in an ultrasonic bath (Power sonics 450) to reroove 

loosely associated cyanobacteria. Roots were immersed in 3 rnl of methanol and kept at 4 °C 

overnight to extract chlorophyll a from the cyanobacteria that remained tightly associated 

with the roots. The roots were then dried at 25°C in an oven and root dry weight was 

determined. Chlorophyll a estimated in this experiment was expressed as }lg chlorophyll a 

.g·1 root dry weight. 
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2.15.2 Associative nitrogen fixation study 

Nitrogenase activity of the tightly associated cyanobacteria to rice roots was 

measured using acetylene reduction technique as described by Stewart et al1967. The roots 

used in the above section were used for associative nitrogenase activity study before they 

were subjected to chlorophyll extraction. Nitrogenase activity was expressed as nmol C2H4 

produced.)lg-1 chlorophyll a.h- 1• 

2.16 DNA fingerprints 

PCR-based DNA fmgerprint profiles were generated using S1RR lA as primer (3'­

CCCCTRACCCCTRACC-5') for the strains to establish the genetic identity of the 

organisms (Rasmussen U and Svenning M M 1998). 

2.17 Metal sorption studies by cyanobacteria 

For metal absorption studies, the cyanobacteria were grown in light in presence of 

half lethal dose (LDso) of the heavy metal in the growth medium. The experimental flasks 

were shaken for 24 h in a shaker and then centrifuged at 10,000g. The residual heavy metal 

in the medium was determined by Perkin Elmer 3110 Atomic Absorption 

Spectrophotometer (Zakaria 2001). 

2.18 Scanning electron microscopy 

Scanning electron microscopic studies were conducted at the Sophisticated 

Analytical Instrumentation Facility, NEHU, Shillong. Samples were prepared for SEM using 

the standard protocol for biological samples. The samples were subjected to primary fixation 

in 2.5- 3% glutaraldehyde. These were then washed in 0.1 M sodium cacodylate buffer. 

Samples were dehydrated at 4°C by the following steps 
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30% acetone 15 minutes x 2 changes 

50% acetone 15 minutes x 2 changes 

70% acetone 15 minutes x 2 changes 

80% acetone 15 minutes x 2 changes 

90% acetone 15 minutes x 2 changes 

95% acetone 15 minutes x 2 changes 

1 00% acetone 15 minutes x 2 changes 

The dried samples were mounted on brass stubs and coated using gold (Fine coat ion sputter 

JFC 1100). Samples were viewed in JEOL-JSM- 6360 Scanning Electron Microscope. 
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Chapter 3 
Collection, isolation and purification of cyanobacteria 

3.1 Introduction 

This thesis involved studying the impact of different preservation methods on the 

various groups of cyanobacteria. The first part of the work started with the collection of 

cyanobacterial samples. This short chapter details collection, isolation, purification and 

identification of different cyanobacteria. Collection of cyanobacteria was undertaken to 

obtain representative members of different groups of cyanobacteria viz. unicellular, 

filamentous non-heterocystous, filamentous heterocystous and filamentous branched 

heterocystous cyanobacteria. Extensive collection was done from different locations within 

the state ofMeghalaya. Some samples were also collected from other states in India. Owing 

to different altitudes, distinctive rainfull pattern and varied climatic and other ecological 

conditions, the pool of cyanobacterial isolates was expected to be diverse in nature. 

Favorable growth conditions, such as the water logged rice fields are known to host a wide 

variety of cyanobacteria and therefore many rice fields were included in the list of sites from 

which samples were to be collected. As cyanobacteria are .ubiquitous in almost every 

terrestrial and aquatic environment, many of the samples were isolated from different water 

bodies, including stagnant water holes, river banks, irrigation canals as well as, water bodies 

adjacent to rice fields and roadsides. Since many cyanobacteria that are capable of entering 

symbiotic associations are known to undergo extensive morphologica~ physiological and 

biochemical modifications, two symbiotic forms of cyanobacteria were isolated from 

colloroid roots ofcycas plants as well as from the Anthoceros punctatus gametophytic thalli 

to assess efficiency of preservation methods in preserving such changes. Jakrem hot springs 
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in West Khasi Hills, Meghalaya and Garaflllani hot springs in Karbi Anglong of Assam 

were also chosen for collection as they represent extrerre environmel'IS. 

3.2 Isolation and purification of cyanobacterial samples 

Collection was done in autoclaved saflll le containers. These samples were inoculated 

in r:redia urrler culture room conditions. Samples collected from hot springs were inoculated 

in BG 11 0 as well in 0 -rredia and were kept at 25±2°C and also at 40°C to isolate any 

cyanobacteria that are therrmphilic in nature. After 8-10 days, visi>le cyanobacterial 

filaments were then picked from the r:rediurn and purified using repeated pour plate aoo 

sernl dilution method until axenic cultures were obtained (Fig 3.1 ) . 

• 
• •• 

Fig 3.1: Purification of cyanobacterial samples by pour plate and serial dilution method 
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3.3 Identification of cyanobacterial samples 

The cyaoobacterial colonies were identified by light microscopic observation using 

Oly~us BX 51 light microscope. Purified cultures were used for the purpose of 

ilentification 
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F.tg 3.2: Light microscopi: pictures of some cyaoobacterial isolates that were purified from 
the colkctim ( i, iii, iv, vii, ix -Anabaena sp.; ii, v, vi, xii - Nostoc sp.; viii- Anabaena 
cycadeae; x- Nostoc muscorum; xi- Nostoc ANTH; xiii, xiv- Cylindrospermum sp.; xv­
Tolypothrir sp.; xvi-Plectonema boryanum: xvri- .\1icrocysis sp.; xviii- Gloeocapsa sp.; xix, 
~- Ca/othrix sp. ; xxi- Mastigoc/adus laminosus ; xxii, xxiii- Fischerella sp.; xxiv­
Westieollopsis sp. ; xxv- Stigonema sp., xxvi, xxvii- Scytonema sp.). 

3.4 Maintenance of cyanobacterial cultures 

The purified cultures were maintaired in BG 11 0 rredia as batch cultures at 25±2°C 

ani at a photon fluence rate of 50 !JlllOl rn-2 s·1 (Rippka et all979) (Fig. 3.3). The medium 

was supplem::nted with 5mM sodium nitrate for the non-heterocystous cyanobacteria. 

Thermophilic cyanobacteria Mastigocladus laminosus isolated from the hot spring of 

Jakrern, was maintained at 45°C in 0-rredium in batch cultures and with a photon fluence 

rate of 50 j.UllOl rn·2 s·1 (Castenholz 1981). This temperature was chosen after growing the 

organism at different tetllleratures to fmd its ideal growing temperature. 
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Fig 3.3 : Maintenance of cyaoobacterial cultures ins ide the culture room 

3.5 Results and discu;sion 

Cyaoobacterit were ra.OOmn.iy collected from forty one loca tiJns of ten d ifferent 

states (Tab~ : 3.1). 

Table: 3-1 Sl:aie ..,..jse nuniler ofcollecti>n slre-s ofcvarobacteria 

Sl.~. States 
~umber of 

pH Range 
collection sites 

l Meg.!Ja Ia ya 
I 

16 5.2 - 7.0 

2 .-\ssam 10 4.2 - 5.8 
.., I Manipur 2 5.4 - 6.8 .:; 

4 West Bengal 3 5.5 - 6.8 

5 Uttar Pradesh 3 6.5 - 9.5 

6 Uttarakhand 2 5.6 - 7. 1 

7 De lhi 1 7.5 - 83 

8 Rajasthan 1 7.0 - 8.5 

9 Punjab 1 7.8 - 8.5 

10 Haryana 2 7.0 - 8.5 

Number of locations was kept large to accommodate different ecolo gical regions to 

ensure d ivers ity in the co llection. A tota l of ninety eight isolates were purified which 
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include members of all groups viz. unicellular, filamentous non-heterocystous, filamentous 

heterocystous, filamentous branched heterocystous and thermophilic cyanobacteria. Table 

3.2 gives details ofcyanobacterialcollection for the study. 

Table 3.2: Cyanobacterial samples collected from different ecosystems during the course of 
study 

Sl.No Sample (s) Origin of sample (s) Sample identified as 

1. RF 1 Rice fields. Near NEHU Campus. Anabaena oryzae 
Meghalaya 

2. RF2 
Rice fields. Near NEHU Campus. 

Plectonema boryanum 
Meghalaya 

3. RF3 Rice fields. Near NEHU Campus. 
Nostoc sp. 

Meghalaya 

4. RF4 
Rice fields. NearNEHU Campus. Anabaena oryzae 
Meghalaya 

5. RF5 Rice fields. Near NEHU Campus. 
Aphanothece sp. 

Meghalaya 

6. RF6 Rice fields. NearNEHU Campus. 
Nostoc sp. 

Meghalaya 

7. RF7 Rice fields. Near NEHU Campus. Anabaena sp. 
Meghalaya 

8. RF8 Rice fields. Near NEHU Campus. 
Calothrix sp. 

Meghalaya 

9. RF9 Rice fields. Near NEHU Campus. 
Nostoc sp. 

Meghalaya 

10. RFJO Rice fields. Near NEHU Campus. 
Nostoc sp. 

Meghalaya 
11. RFJJ Umkhen. Jaintia Hills. Meghalaya. Tolypothrix sp. 
12. RF12 Umium. Ri Bhoi. Meghalaya. Nostoc sp. 
13. RF13 Nongstoin. West Khasi Hiljs. Meghalaya. Anabaena sp. 
14. RF14 Mawphlang.East Khasi Hills. Meghalaya. Nostoc sp. 
15. RF15 Syntu Ksiar. Jaintia Hills. Meghalaya. Anabaena sp. 
16. RF16 Syntu Ksiar. Jaintia Hills. Meghalaya. Nostoc sp. 
17. RF17 Syntu Ksiar. Jaintia Hills. Meghalaya. Anabaena sp. 
18. RF18 Syntu Ksiar. Jaintia Hills. Meghalaya. Nostoc sp. 
19. RF19 Syntu Ksiar. Jaintia Hills. Meghalaya. Nostoc sp. 
20. RF20 Syntu Ksiar. Jaintia Hills. Meghalaya. Gloeocapsa sp. 
21. RF21 Syntu Ksiar. Jaintia Hills. Meghalaya. Anabaena variabilis 
22. RF22 Rice fields. Guwahat~ Assam Nostoc sp. 
23. RF23 Rice fields. Guwahat~ Assam Nostoc sp. 
24. RF24 Rice fields. Sonapur,Assam Anabaena sp. 
25. RF25 Rice fields. Sonapur,Assam Plectonema sp. 
26. RF26 Rice fields. Sonapur,Assam Nostoc sp. 
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27. RF27 Rice fields. Bagor~Assam Nostoc sp. 
28. RF28 Rice fields. Bagor~Assam Calothrix sp. 
29. RF29 Rice fields. Dergaon,Assam Westiellopsis sp. 

30. RF30 Rice fields. Dergaon, Assam 
Cylindrospermum 
jertilisma 

31. RF31 Rice fields. Golaghat, Assam Anabaena sp. 
32. RF32 Rice fields. Golaghat, Assam Plectonema sp. 
33. RF33 Rice fields. Nambor, Assam Anabaena variabilis 
34. RF34 Rice fields. Nambor, Assam Nostoc sp. 
35. RF35 Rice fields. Nambor, Assam Nostoc sp. 
36. RF36 Rice fields. Jorhat, Assam Fiscerella sp. 
37. RF37 Rice fields, Jowa~ Meghalaya Anabaena variabilis 
38. RF38 Rice fields, Jowa~ Meghalaya Nostoc sp. 
39. RF39 Rice fields. Imphal. Manipur Tolypothrix sp. 
40. RF40 Rice fields. lmphal. Manipur Fischerella sp. 
41. RF41 Rice fields. lmphal. Manipur Fischerella sp. 
42. RF42 Rice fields. lmphal. Manipur 1 Anabaena oryzae 
43. RF43 Rice fields. ImphaL Manipur Tolypothrix sp. 
44. RF44 Rice fields. Imphal. Manipur Nostoc sp. 
45. RF45 Rice fields. Imphal. Manipur Nostoc sp. · 
46. RF39 Rice fields. ImphaL Manipur Nostoc puntiformi 

47. RF40 Rice fields. Manipur 
Cylindrospermum 
muscicola. 

48. RF41 Rice fields. Manipur Cylindrospermum sp. 

49. CMJ 
Coal mining site. Cherrapunjee. East 

Anabaena sp. 
khasi hills. Meghalaya. 

50. CM2 
Coal mining site. Cherrapunjee. East 

Nostoc sp. 
khasi hills. Meghalaya. 

51. CMJ 
Coal mining site. Jowai. Jaintia Hills. 

Nostoc sp. 
Meghalaya. 

52. CM4 
Coal mining site. Ladrymbai Jaintia 

Nostoc sp. 
Hills. Meghalaya. 

53. CM5 
Coal mining site Ladrymbai. Jaintia 

Nostoc sp. 
Hills. Meghalaya. 

54. CM6 
Coal mining site Khliehriat. Jaintia Hills. 

Anabaena sp. 
Meghalaya. 

55. CM7 
Coal mining site Khliehriat. Jaintia Hills. 

Anabaena sp. 
Meghalaya. 

56. CM8 
Coal mining site Khliehriat. Jaintia Hills. 

Anabaena sp. 
Meghalaya. 

57. CM9 
Coal mining site Jowai Jaintia Hills. 

Nostoc sp. 
Meghalaya. 

58. T1 Tree bark. Shillong Nostoc sp. 
59. T2 Tree bark. Shillong Nostoc sp. 
60. T3 Tree bark. Assam. Scytonema hofmanai 
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61. T4 Tree bark. Assam. Scytonema sp. 

62. UPJ Mustard field Meerut, (Uttar Pradesh) 
Hap halos iphon 
laminosus 

63. UP2 Mustard field Meerut, (Uttar Pradesh) Nostoc sp. 

64. UP3 
Adjoining the highways, Roorkee, Uttar Nostoc sp. 
Pradesh 

65. UP4 Wheat fields on the Delhi-Agra highway 
Anabaena sporides 

66. Ganga 1 
From waters close to the banks of the 

Anabaena fertilissma 
river. Haridwar. Uttarakhand. 

67. Ganga 2 
From waters close to the banks of the 

Nostoc sp. 
river. Haridwar. Uttarakhand. 

68. Ganga3 
From waters close to the banks of the 

Nostoc sp. 
river. Haridwar. Uttarakhand. 

69. Ganga4 
From waters close to the banks of the 

Nostoc sp. 
river. Rishikesh. Uttarakhand. 

70. Ganga5 
Wet soils on river bank. Rishikesh. 

Nostoc sp. 
Uttarakhand. 

71. Kl Stagnant water, Road side, Kolkata. Fischerella sp. · 

72. K2 
Stagnant water, Residential location, 

Fischerella sp. 
Kolkata. 

73. K3 
Water sample from ornamental water Tolypothrix tenuis 
body in a residential area, Kolkata. 

74. K4 
Water sample from ornamental water 

Fischerella sp. 
body in a residential area, Kolkata. 

75. K5 
Water sample from ornamental water 

Nostoc sp. 
body in a residential area, Ko Ikata. 

76. K6 
Water sample from ornamental water 

Nostoc sp. 
body in a residential area, Kolkata. 

77. K7 
Water sample from ornamental water 

Nostoc sp. 
body in a residential area, Kolkata. 

78. HI 
Mustard fields adjoining the highways. 

Anabaena sp. 
Haryana 

79. H2 
Mustard fields adjoining the highways. 

Nostoc sp. 
Haryana 

80. H3 
Water holes adjoining highways. 

Nostoc commune 
Haryana 

81. H4 
Water holes adjoining highways. 

Nostoc sp. 
Haryana 

82. PI 
Mustard fields adjoining the highways. 

Anabaena sp. 
Punjab 

83. Raj] Soil Sample. BITS Campus. Pilan~ 
Microcystis sp. 

Rajasthan. 

84. Raj2 Water sample BITS Campus. Pilan~ 
Microcystis sp. 

Rajasthan. 
85. Raj3 Soil Sample BITS Campus. Pilan~ Microcystis sp. 
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Rajasthan. 

86. Raj4 
Water sample. Heritage park. Pilan~ 1\1icrocystis sp. 
Rajasthan. 

87. Raj5 
Water sample Heritage park. Pilani, 

Microcystis sp. 
Rajasthan. 

88. Raj6 
Soil Sample Heritage park. P ilani, 

Microcystis sp. 
Rajasthan. 

89. Raj7 
Water sample Heritage park. Pilani, 

Microcystis sp. 
Rajasthan. 

90. NAI FromAnthoceros punctatus (NEHU) Nostoc sp. 
91. NA2 FromAnthoceros punctatus (NEHU) Nostoc ANTII 

92. ACJ 
From Roots ofcycas tree (A. G Office, 

Anabaena cycadeae 
Shillong) 

93. NA3 
FromAnthoceros punctatus 

Nostoc sp. 
(Mawphlang) 

94. HSI 
Jakrem hot spring. West Khasi Hills. Mastiglcladus 
Meghalaya. laminosus 

95. HS2 
Garampani hot spring. Garampani wild 

Oscillatoria sp. 
life sanctuary. Karbi Anglong. Assam. 

96. HS3 
Garampani river bank. Garampani wild 

Nostoc sp. 
life sanctuary. Karbi Anglong. Assam. 

97. HS4 
Garampani hot spring. Garampani wild 

Phormidium sp. 
life sanctuary. Karbi Anglong. Assam. 

98. NM FromBanaras Hindu University Nostoc muscorum 

Sixteen different genera of cyanobacteria were present in the collection. Most genera 

were limited in number except members of the genera Nostoc and Anabaena. The genus 

Nostoc was found to be predominant in all locations. 43.87% of the total collection belonged 

to this genus. Next most abundant genus was Anabaena. It was close to 22% in the 

collection and thus a large difference in abundance was seen between these two genera even 

though most of our collection sites were rice fields where both these genera have been 

reported to be plentiful in all stages of crop growth and fertilizer treatments (Nayak et a! 

2001; 2004). However, in our case maximum sample collection was done from Meghalaya 

and Assam where the soil and water pH was recorded in the acidic range (Table 3.1). Thus, 

pH seems to be the fuctor determining the relative abundance and diversity of cyanobacteria 

in any given location. That Nostocsp. and Anabaena sp. are highly .competitive and versatile ·· 
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diazotrophic cyaoobacteria ani inhabit all types of environments is a well established 

observation. T1:r overwhelming abundance of Nostoc sps. in all sites indicated their fierce 

corrpetitiveness ani strength of adaptability to a range of environmental variations that may 

surpass even that of Anabaena sp. Finding Microcystis sp. as the next largest contributor in 

our collecti>n was misleading as we fOund all sainples collected from Pilani (Rajasthan) 

contained only Microcystis sp., and this genus was completely absent in all other samples. 

This may represem a uniiue scenario wlrre profu;e Microcystis boom CO!Jl>letely wiped 

out all other mrm; of cyaoobacteria in the collecti>n sites. The overall gereri: diversity and 

percert abnniance o f various C}7ioohacteria is depi:ted in Fig. 3.4. 

• .->..nabaena ;;p 

• .-\phJil<'l(he.: eae sp 

• Caloi!Jl·L' : ~' 

• ('\·l.iudrt»p<mnll'tJ 

• Ft,ilcbc-ella sp 

• ·JI""""~sa sp 

• .1-tlpak)>lphon sp 

• :\fN'<!Oda.ltl:';;p 

• :\[imxy>ftssp 

·~<><Sf 

• 0sctll~·xia sp 

• Phona dnu;:p 

Flg3.4: Overall generic divers ity ani percert abundaoce of various cyanobacteria in the 
cotkcti>n 

T1:r main objective behind isolation of cyanobacteria from different regions was to 

obtain a set of diverse cyaoobacterial strains whose COlJl>OSition bas been shaped by 

different envirollm!ntal coooitions. Wbetrer preservation techni]_ues employed in the 

fOllowing section could ensure retention of inherent and acquired characters was stooied by 

regenerating preserved cyanobacteria from time to time and selected attributes were 

evaluated and compared with that of free-living control cultures. For this, representatives of 

various cyanobacterial groups viz. unicellular (Gloeocapsa sp.), non-heterocystous 
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(Plectonema boryanum), heterocystous (Nostoc muscorum; Anabaena variabilis), branched 

heterocystous and thermophilic cyanobacteria (Mastigocladus laminosus) were selected 

from the collection. That any given method ofpreservation holds good for one or all the 

cyanobacterial groups was evaluated by preserving various representative members using 

the method. Five established methods were tried to preserve the various members. 

Following chapters describes in detail the results of experiments conducted to study the 

efficiency of preservation methods and compares their performance with respect to each 

other. 

3.6 Salient findings 

• Samples were collected from forty one distinct environmental locations from ten 

different states. 

• A total of ninety eight cyanobacteria were isolated and purified. 

• These include members ofboth aquatic and terrestrial habitats. 

• Three members of thermophilic cyanobacteria were isolated from hot springs m 

Meghalaya and Assam. 

• All groups of cyanobacteria were represented in the collection. 

• Gloeocapsa sp., Plectonema boryanum, Nostoc muscorum; Anabaena variabilis and 

Mastigocladus laminosus were selected as members representing unicellular, 

filamentous non-heterocystous, filamentous heterocystous, filamentous branched 

heterocystous thermophilic cyanobacteria respectively for further study involving 

preservation. 
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Chapter 4 

Preservation of cyanobacteria using different laboratory 

methods 

4.1 Introduction 

Microalgae, including cyanobacteria, are employed in a broad range of 

biotechnological applications (Cohen 1999; Richmond 2004). Diverse areas in which 

cyanobacteria find putative applications include agriculture, health, in production ofvarious 

bioactive compounds with anti-plasmodic (Papendorf et al 1998), anti microbial (Patterson 

et all994; Kajiyama et al 1998; Jaki et al 2000), antioxidant and anticancer (Gerwick et al 

1994) activities. In the field of agriculture, cyanobacteria are currently being used as a 

biofertilizer in rice crops in many Asian countries (Mishra and Pabbi 2004; Chunleuchanon 

et al 2003), with potential applications in Spain (Fernandez-Valiente et al 2000) and more 

recently in South America (Irisarri et al2001). They are involved in the production of many 

commercial and laboratory chemicals, in waste and effluent water treatment (Fatma 1999; 

Shah et al2001; Sadettin and Domez 2006; Prassana et al2000) and in bioremediation of 

toxic compounds. Recent studies have shown that oil-polluted sites are rich in 

cyanobacterial consortia capable of degrading oil components and other complex organic 

compounds such as surfuctants and herbicides (Yan et al1998; Radwan and Al-Hasan 2000; 

Raghukumar et al 2001; Mansy and El-Bestway 2002). Hydrogen produced by 

cyanobacteria has been considered as a very promising source of alternative energy (Dutta et 

al2005). The advantages of using biological hydrogen as fuel are its eco-friendly nature, 

efficiency, renewability and the absence of carbon dioxide emission during its production 

and utilization (Lindbald 1999). In addition, several strains of cyanobacteria are- known to 

51 



accumulate poly-hydroxyalkanoates, which can be used as a substitute for non­

biodegradable petrochemical-based plastics (Doi 1990). In the last few years, cyanobacteria 

have gained much attention as a rich source of many bioactive compounds and have been 

considered as one of the most promising groups of organisms to produce them (Bhadury et 

al2004; Dahms et al2006; Singh et al2005 ). 

Considering the immense application potential of cyanobacteria, large number of 

laboratories across continents is involved in elucidating various applicable traits of 

cyanobacteria. However, not all cyanobacterial strains are equally competent for a particular 

application. Thus, a range of cyanobacterial strains must be evaluated for each application to 

short list the best possible candidates. This requires elaborate collection, purification and 

maintenance of different cyanobacterial strains. The most common method for maintenance 

is serial sub-culturing of actively growing cultures in batches (Lorenz et a 12005). However, 

keeping large number of purified strains as batch cultures requires sizeable space. And 

keeping many cultures in close proximity in culture rooms leads to increased chances of 

contamination as well as mislabeling (Acreman 1994). In addition, maintaining microbes for 

a long time under optimal conditions may lead to loss of crucial characters that an organism 

might have acquired under exposure to unique environmental conditions over a period of 

time (Smith 2004; Day et al2005). Thus, the phenotypic and genetic stability of any strain 

cannot be guaranteed over years of routine maintenance under optimal conditions (Day and 

Brand 2005). Serial sub culturing is also labor intensive requiring input of·significant 

number of working hours. 

Another popular method of preservation of cyanobacteria is maintaining them on 

agar slants whenever they are required to be stored for a considerable period of time. Yet 
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other methods ofpreservation include lyophilization, cryopreservation and immobilization 

of cyanobacterial cells on three-dimensional gel matrices. 

The above mentioned methods of cyanobacterial preservation have been found to be 

reliable under laboratory condition to a certain extent with their associated problems 

mentioned earlier. However, time period up to which a strain can be maintained without loss 

• 
of any phenotypic and genetic characters using these preservation techniques has not been 

worked out in detail. Also, no systematic study has been published recording any 

aheration(s) in and/or reduction of expression (if any) of any significant character of a strain 

under preservation. This work was aimed at studying efficiency of five popular methods in 

preservation of cyanobacteria. A thorough and extensive study was carried out on 

representative members of five distinct groups of cyanobacteria. Each member was 

preserved using all five methods. Preserved material was regenerated in defmed interval of 

time over a period three years and various vital characters were studied in the regenerated 

samples and the results were compared with their free-living counterparts. To improve their 

suitability, modifications were introduced in some of these techniques. At the end of the 

study, the preservation techniques were also compared to each other to list them according 

to their suitability, performance, time period upto which they can be employed, ease of 

handling and storage of the material preserved. 

This section of the thesis gives details of experiments carried out on preservation of 

cyanobacteria. The methods that have been used for preservation are: 

I. Preservation on agar: improvisation of agar slant method into dehydrated 

agar cubes for longer and convenient storage. 

2. Immobilization 
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(a) In calcium alginate beads 

(b) In foam cubes 

3. Cryopreservation 

(a) Preservation by maintaining in 15% glycerol 

(b) Preservation by maintaining in 5% DMSO 

Five cyanobacterial strains· viz. Nostoc muscorum and Anabaena variabilis 

(filamentous heterocystous), Mastigocladus laminosus (filamentous branched heterocystous; 

thermophilic), Plectonema boryanum (filamentous non-heterocystous) and Gloeocapsa sp. 

(unicellular) were preserved in the above mentioned methods and selected characters of 

these organisms were studied in the regenerated samples. The preservation methods were 

systematically evaluated for their efficiency in preserving organisms under study. 

4.2 Preservation in modified agar 

Cyanobacterial cells were kept on slants prepared in nutrient agar (1.5%). As slants 

require substantial space for maintaining large number of cultures, a modification was 

introduced in preparation of nutrient agar. The concentration of agar was increased (2.5 %) to 

achieve a denser agar solution. Agar cubes containing embedded cyanobacteria were 

prepared as described in chapter 2. These cubes were left to air dry for 24 h inside laminar 

flow cabinet. Agar flakes thus obtained after drying were stored in sterile glass vials at room 

temperature. 

Samples were regenerated every three months up to a period of three years and 

different parameters were studied to evaluate if any noticeable changes had occurred in the 

preserved organism(s). 

54 



4.2.1 Results 

Growth, heterocyst frequeocies, nitrogenase activities, photosynthetic oxygen 

evoluti>n ani consumption ani activitrs of enzymes - glutamine synthetase (transferase), 

nitrate reductase and nitrite reductase were stuiied aoo results are discussed be low. 

4.1.1.1 Gro"1h 

Growth was rreasured as mcrease in their chl>rophyll a content. All regenerated 

sa.n:pb slDwed co~abr chlorophyll a coll:ert to !ocir tree-living batch cultures during 

thex e~onellria.l phase of growth. 

(b) 

Fig 4.1: Cyanobacterial cultures immobilized in agar cubes and their subsequent 
regeneration. (a) Dried agar flakes (b) cyanobacterial cells growing out of agar cubes after 
flakes were introduced into fresh medium (c) freshly embedded Nos toe ftlament in agar as 
seen under scanning electron microscope (d) Scanning electron micrograph showing 
regeneration ofNostoc filaments from agar flakes after one year of immobilization. 
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Fig 4.2: Growth curves of (a) Nostoc muscorum (NM) (b) Anabaena variabilis (AV) (c) 
Mastigocladus laminosus (ML) (d) Plectonema boryanum (PB) and (e) Gloeocapsa sp. (G 
sp.) regenerated from immobilization in agar flakes as compared to their free-living 
counterpart. [In the figures 'c' denotes control free-living culture; 'a' refers to agar flakes 
and '1, 2, 3' indicates samples regenerated after first, second and third years of 
preservation. Mastigocladus laminosus was kept at 45°C for all studies. An initial inoculum 
of 0. 4}1glml was used in all cases. } 
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Cyanobacterial filaments were seen emerging from agar flakes within 5-7 days of 

inoculation to nutrient media (Fig 4.1 b). A comparative growth profile is given in the Fig 

4.2. Growth of Nostoc muscorum and Anabaena variabilis regenerated after one year of 

preservation quickly matched that of their controls maintained in batch cultures. A 

comparison of chlorophyll a content on day ten among the cultures regenerated after 1st, 2nd 

and 3rd years ofpreservation.showed that growth was decreased by ~15%, 27% and 62% 

respectively in Nostoc muscorum. For Anabaena variabilis these values were~ 15%, 33% 

and 50% respectively. However, upon subsequent sub-culturing all cultures showed growth 

equal to their controls. The 1st and 2nd year cultures needed only two stages of sub-culturing 

to match the chlorophyll a value to their free-living counterparts. In case of Mastigocladus 

laminosus an extended lag peri<?d was seen whenever these cultures were trans furred to fresh 

media. The same trend was fullowed by all its regenerating samples. Growth was reduced in 

regenerated cultures of Mastigocladus laminosus as well, however complete recovery was 

seen upon subsequent transfers. A comparison of chlorophyll a among all groups of 

cyanobacteria under study regenerated after one year of preservation showed best 

regeneration capability in Plectonema boryanum, closely fullowed by Anabaena variabilis. 

In all cultures, regeneration took longer time as the period ofpreservation increased (2nd and 

3rd years). These cultures showed a long lag phase of growth. This extended lag period was 

seen o~ly in cultures regenerated directly from preserved material. Free-living regenerates 

however, matched the growth pattern oftheir control cultures upon successive sub culturing. 

57 



4.2.1.2 Heterocyst frequency and nitrogenase activity 

8 ' 
........ ·······-· ·····-····· ········ 9 r··· 

7 

~ ~ 7 
6 

i:" i:" 6 <:: <:: .. 5 .. ., "' 5 ... ... .. 
4 ~ .::: 

~ ~ 4 ... 
3 i ~ 3 !i ii .. • 2 .. 

2 :c :c 

1 1 

0 0 

1 2 3 4 (a) 1 1 3 4 {b) 
Samples Samples 

11 

10 

~ 
i:" , 
c .. 
::0 ... .. 

6 .::: 
~ ... 
!' 4 

il 
:c 

0 

1 1 3 4 (c) 
Samples 

Fig 4.3: Heterocyst frequency of samples regenerated from agar flakes (a) Nostoc muscorum 
(b) Anabaena variabilis (c) Mastigocladus laminosus I In fig. column 1 represents the 
control, column 2 ,3 and 4 represents samples regenerated at the end of one, two and three 
years respectively.] 

Fig 4.3 shows a comparison of the heterocyst frequency of the experimental samples 

regenerated at the end of first, second and third years of immobilization in agar flakes. In 

each case, the regenerated samples were compared to the free-living counterparts taken as 

control It was seen that in case of Nostoc muscorum heterocyst frequency was comparable 

to its control in cells regenerated after one yearofpreservation (Fig4.3 a). This was true for 

Anabaena variabilis as well (Fig 4.3 b). Heterocyst frequency was completely maintained in 

all Anabaena variabilis cells regenerated even after three years ofpreservation (Fig 4.3 b). 

58 



But, occurrence of double and multiple hetetocysts were common m many regenerated 

filaments of Anabaena variabilis. In Nostoc muscorum and i\1astigocladus laminosus 

regenerates a successive drop in the heterocyst frequency was seen as the period of 

preservation increased (Fig 4.3 a, c). 

Fig 4.4 shows the nitrogenase activities of the regenerated cultures of the 

experimental cyanobacterial samples under study. A feature common to all the regenerated 

samples was the gradual drop in the nitrogenase activity with increase in the duration ofthe 

preservation time. While in Nostoc muscorum decline in the nitrogenase activity was 

between 30-65% (Fig 4.4 a), it was between 20-35% in Anabaena variabilis in the samples· 

regenerated during the three years of preservation (Fig 4.4 b). Best nitrogenase activity was 

maintained iri regenerated cells of Plectonema boryanum follo~ed by Gloeocapsa sp. The 

decline of nitrogenase activity was between 4-25% in Plectonema boryanum when 

maintained in 12h light/dark cycle (Fig 4.4 d). This reduction was between 7-45% in 

Gloeocapsa sp. (Fig 4.4 e). Thus, looking at values of chi a and nitrogenase activity in 

regenerated cultures, Plectonema boryanum among the cyanobacteria studied performed 

best when preserved in agar flakes. 
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Fig 4.4: Nitrogenase activity of samples regenerated from agar flakes (a) Nosto~muscorum, 
(b) Anabaena variabilis (c) Mastigocladus laminosus (d) Plectonema boryanum and (e) 
Gloeocapsa sp. [In fig. column 1 represents the control, column 2 ,3 and 4 represents 
samples regenerated at the end of one, two and three years respectively.] 
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4.2.1.3 Photosynthesis and respiratory activities 

Table 41 a· Photosynthesis and respiration ofNostoc muscorum immobilized in agar cubes . . 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol 0
2 

Respiratory oxygen consumption (nmol 0 
2

. 

evolved J..~g- 1 chi a h- 1
) consumed ~Jg- 1 chi a h- 1

) 

Ist year 437 ± 3. I 427 ±2.9 413 ±3.2 395 ±2.5 
no 

439±2.8 403 ±2.6 425 ±3.3 388 ±2.5 2 year 
rd 

446 ±2.6 397±2.6 417±3.1 317 ±1.9 3 year 

Table 4.1 b: Photosynthesis and respiration of Anabaena variabilis immobilized in agar 
cubes. 

Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol 0 
2 

Respiratory oxygen consumption (nrnol 0 
2 

evolved 1-lg-1 chi a h"1
) consumed J..~g- 1 chi a h"1

) 

1st year 442 ±3.3 421 ±3.2 417 ±2.5 402±2.4 
na 

440±3.5 421 ±3.2 415 ±2.5 375 ±2.4 2 year 
ru 

440 ±4.1 387 ±3.4 413 ±2.7 354±2.3 3 year 

Table 4.1 c: Photosynthesis and respiration of Mastigocladus laminosus immobilized in 
agar cubes. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol 0 

2 
Respiratory oxygen consumption (nmol 0 

2 

evolved ~Jg- 1 chi a h" 1
) consumed J..~g- 1 chi a b"1

) 

1st year 281 ±4.1 247 ±3.5 398 ±2.3 346±2.5 
nd 

278±4.3 239±3.3 394 ±2.5 342±2.5 2 year 
ru 

281 ±4.2 3 year 229 ±3.3 390±2.7 332±2.7 

Table 4.1 d: Photosynthesis and respiration of Plectonema boryanum immobilized in agar 
cubes. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol 0

2 
Respiratory oxygen consumption (nmol 0 

2 

evolved ~Jg- 1 chi a h"1
) consumed J..~g- 1 chi a h" 1

) 

1st year 402 ± 2.8 387 ± 3.1 378 ±2.1 369±2.6 
no 

400 ±2.8 2 year 385 ±3.0 373 ±2.1 354 ±2.4 
ro 

400 ±2.5 3 year 379 ±2.8 374±2.5 323 ±2.2 
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Table 4 1 e: Photosynthesis and respiration of Gloeocapsa sp. immobilized in agar cubes . . 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol 0
2 

Respiratory oxygen consumption (nmol 0
2 

evolved ~-1 chl a h- 1
) consumed tJg-1 chl a h"1

) 

1st year 396 ±2.1 393 ±2.5 342±3.2 345 ±3.3 
nd 

395 ±2.4 385 ±2.5 340 ±3.5 351 ±3.4 2 year 

Table 4.1 a, b, c, d and e represents the oxygen evolution and consumption activities 

ofthe regenerated samples. As the duration of the storage period increased, a subtle drop in 

these activities was noticed in all the regenerated cuhures. A comparison of these activities 

on day six in regenerated samples at the end of the third year of preservation revealed that in 

Nos toe muscorum photosynthetic activity was compromised by a value of -10% while a 

-25% decrease in respiratory oxygen consumption was seen in the same organism. In 

Anabaena variabilis both these activities were compromised by a -12% decrease in oxygen 

evolution and -14% in oxygen consumption activities. Similar trend was followed by 

regenerated cells of Mastigocladus laminosus (-18 % in oxygen evolution and -15% in 

oxygen consumption activities) and Gloeocapsa sp. (-11% and -7% in oxygen evolution 

and oxygen consumption activities respectively). Plectonema boryanum cells showed 

greater difference in these two activities (-5% and -14% respectively) thus, following the 

pattern as in Nostoc muscorum. Thus, in immediate regenerates of all samples, 

photosynthetic activity recovered better than the respiratory activity. Respiratory oxygen 

evolution in immediately regenerated cells was most affected in Nostoc muscorum when 

preserved in agar cubes. 
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4.2.1.4 Glutamine synthetase (transferase) (GS), nitrate reductase (NR) 

and nitrite reductase (NIR) activities 

Table 4.2 a: Enzyme activities of Nostoc muscorum regenerated from agar cubes. 
Control Control Control Regenerated Regenerated Regenerated 

Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (ri mo I (nm?l N0

2 
(nmol NO transferase activity activity 

y-glutamyl activity (nmol y- -2 
(nmol NO (nmo!NO 

hydroxy mate formed/min/ consumed/min/ glutamyl 2 2 

formed/min mg protein) mg protein) hydroxy mate formed/minim consumed/min/ 

/mg protein) formed/min /mg g protein) mg protein) 

protein) 

1st 
year 767 ± 5.5 2.4±0.1 547 ± 3.2 722 ±5.3 1.9 ±0.04 530±3.2 

nd 

2 year 763 ±5.3 2.3 ±0.13 542±3.1 715 ±5.1 1.2±0.03 529±3.3 

rd 

3 year 763 ±5.3 2.3 ±0.1 546±3.3 635 ±5.1 1.1 ±0.03 520 ±3.3 

Table 4.2 b: Enzyme activities of Anabaena variabilis regenerated from agar cubes 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol (nmol NO (nmol NO transferase activity activity 
y-glutamyl 2 2 activity (nmol -

formed/min/ consumed/min/ (nmol NO (nmol NO 
hydroxy mate y-glutamyl 2 2 

formed/min mg protein) mg protein) hydroxy mate formed/minim consumed/min/ 

/mg protein) formed/ min I mg g protein) mg protein) 

protein) 
1st 

765 ± 5.6 2.5±0.11 554 ±3.4 712 ±5.6 1.6 ±0.07 532±2.5 
year 

nd 

2 year 757 ±5.7 2.3 ±0.12 547±3.3 707 ±5.8 1.4±0.05 524±2_7 

rd 

3 year 763 ±5.5 2.3 ±0.11 545 ±3.1 654 ±5.8 L4±0.05 521 ±2.4 
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Table 4.2 c: Enzyme activities of Mastigocladus laminosus regenerated from agar cubes. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample .sample 
synthetase reductase reductase Glutamine Nitrate Nitrite· 
transferase activity activity synthetase reductase reductase 
activity (nmol - - transferase activity activity (nmol NO (nmol NO 
y-glutamyl 2 2 activity (nmol - -

formed/min/ consumed/min/ (nmol NO (nmol NO 
hydroxy mate y-g'lutamyl 2 2 

formed/min mg protein) mg protein) hydroxy mate formed/minim consumed/min/ 

/mg protein) formed/min /mg g protein) mg protein) 

protein) 

1st 2346 ± 123 8.79 ±1.3 year 157-43 ±1.4 2113 ±122 8.23 ±1.1 151.16 ±1.2 
no 

2 2337 ± 122 8.71 ±1.2 152.42 ±1.2 2112 ±126 8.12 ±1.1 143.78 ±1.2 
year 

rd 
2343 ± 125 8.71 ±1.5 3 year 151.21 ±1.2 1987 ±125 7.11 ±1.2 123.41 ±1.4 

Table 4.2 d: Enzyme activities of Plectonema boryanum regenerated from agar cubes. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol (nmol NO (nmol NO transferase activity activity 
y-glutamyl 2 2 activity (nmol -

formed/ min/ consumed/min/ (nmol N0
2 

(nmol NO 
hydroxy mate y-glutamyl 2 

formed/min mg protein) mg protein) hydroxy mate formed/ min/ m consumed/min/ 

/mg protein) formed/min /mg g protein) rng protein) 

protein) 

1st 729 ±3.2 2.1 ±1 
year 

521 ±2.3 721 ±3.1 2.1 ±0.7 518 ±2.1 
no 

2 729±3.4 2.1 ±0.8 520 ±2.2 720±2.9 1.8 ±0.9 505 ±2.1 
year 

rd 
725 ±3.4 2.1 ±0.8 3 year 517±2.1 689±2.8 1.0±0.9 478±2.1 
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· Table 4.2 e: Enzyme activities ofGleocapsa sp. regenerated from agar cubes. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol (nmol NO (nmoJNO transferase activity activity 
y-glutamyl 2 2 activity (nmol -

formed/min/ consumed/min/ (nmol NO (nmol NO 
hydroxy mate y-glutamyl 2 2 

formed/min mg protein) mg protein) hydroxy mate formed/minim consumed/min/ 

/mg Protein) formed/min /mg g protein) mg protein) 

protein) 

1st 
329±3.1 I. I ±0.5 year 221 ±I. I 320±3.8 1.1 ±0.4 220±1.1 

nd 

2 329 ±2.9 1.1 ±0.5 220 ±1.1 320 ±2.7 1.2 ±0.3 217 ±0.7 
year 

Table 4.2 a, b, c, d and e shows the enzyme activities of all the regenerated samples. 

Like all other biochemical characters preservation did affect various enzyme activities. A 

slight reduction in their activities was recorded in all samples directly regenerated from 

preserved agar. However, this decline in activities was not permanent as subsequent 

generations of cells showed comparable enzyme activities to their free-living controls. 

4.3 Immobilization in calcium alginate beads 

Exponentially growing cultures of cyanobacteria was used for immobilization in 

calcium alginate beads (details given in chapter 2). The alginic acid solution was made in 

BG-llo for entrapment of the heterocystous cyanobacteria, and supplemented BG-llo media 

(with 5mM NaN03 for the non-heterocystous ones). For Mastigocladus laminosus, D-

medium was used). The dried beads were stored in sterile vials in room temperature and in 

dark (Fig 4.5 a). As in the case of agar, cells were regenerated from alginate beads every 

three months to study the performance of calcium alginate as preserving material for 

cyanobacteria. 
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:c 
- f-

a b 
Ftg 4..5:: lmmobilizatim of cyanobacteria in cak:ium alginate beads (a) large number of 
driOO b::ads cortaining different C)'1lll0bacterial strains were stored in eppeooorf tubes (b) 
reg!etcatDn of cyaoobacteria from ore year oki drni beads. ~ piture was taken after 
eigi:It da-ys oftra!JSierring tre beads to fresh rredium. 

43-1 Results 

wren re~nerated from immobilization in cak1um alginate. Freshly regenerated sarnpb 

300wed slightly red.oced activities which coa:pletely recovered upon trans~r to new media. 

No significanly perceptible changes were observed in tl:e preserved cells. The results 

preserted here are i>r cultures that were regererated after ore, two arxi three years of 

preserva fun 

43.1.1 Growth 

Filaments were seen errergmg out of the alginate beads within 5-10 days after 

preserved beads were introdoced into fresh rnedia (Fig 4.5 b). The length of time under 

storage determined the time the cells took to regenerate into viable filaments. Beads 

introduced into medium after one year of preservation took-5-6 days to regenerate while it 
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took 8-10 days for two years old sample. Alm:>st 12-14 days was required in case ofsamples 

that were kept fOr three years in the preserved state. 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
Fig 4.6: Scanning electron micrograph (JEOL JSM 6360, SAIF, NEHU) of cyanobacterial 
cells immobilized in calcium alginate bead (1 year old saflllle) : (a, b) SEM of dried calcium 
alginate bead, (c, d) cyanobacterial filaments embedded within the matrix of a calcium 
alginate bead, (e) erocrging cyanobacterial filarrent regenerating from a calcium alginate 
bead reinoculated into fresh media, (( g, h) healthy regenerating cyanobacterial filaments 
seen errerging from calcium alginate bead. 
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Fig 4.7: Growth curves of(a) Nostoc muscorum (NM) (b) Anabaena variabilis (AV) (c) 
Mastigocladus laminosus (ML) (d) Plectonema boryanum (PB) and (e) Gloeocapsa sp. 
(Gsp.) regenerated from immobilization in calcium alginate beads as compared to their free­
living counterpart. [In fig, "b" refers to calcium alginate beads and "1, 2, 3" indicates 
samples regenerated after first, second and third years of preservation. An initial inoculum 
of 0.4pg/ml was used]. 
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Fig 4.6 shows scanning electron micrographs of the different stages of regeneration 

of Nostoc from filaments immobilized in calcium alginate beads after one year of storage. A 

closer look at the dried bead showed d~hydrated cyanobacterial filaments embedded in the 

inner matrix of the calcium alginate bead (Fig 4.6 c, d). When introduced in the suitable 

liquid media the dried beads swelled up and green cyanobacterial filaments were seen 

emerging out of the beads into the media (Fig 4.6 e). Profuse growth of healthy filaments 

was noticed within a week to ten days after the beads were introduced in fresh media (Fig 

4.6 t: g h). 

Chlorophyll a was considered as a parameter in measuring growth in cyanobacteria. 

Fig 4.7 gives detailed growth profiles of all the cyanobacteria used for the study. In 

Anabaena variabilis and Plectonenia boryanum, chlorophyll a values were identical in 

samples regenerated after one, two and three years of preservation to their control cultures. 

In Nostoc muscorum, the lag period was slightly longer but the growth was similar to its 

control culture by day 12. In Mastigocladus laminosus and in Gloeocapsa sp. growth of 

regenerated samples after I st and 2nd years of preservation was similar to their free-living 

cultures. However, a minor decline was seen in the growth of cultures after three years of 

preservation. All regenerated cultures showed complete recovery in the very next sub 

culture. 

4.3.1.2 Heterocyst frequency and nitrogenase activity 

Fig 4.8 gives an idea about heterocyst frequency of the regenerated cultures. The 

heterocyst fi·eq uency was maintained at the value of free-living cultures in Anabaena 

variabilis and Nostoc muscorum. In Mastigocladus laminosus, a drop of~IO% was noticed 

in the sample regenerated after three years. 
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Fig 4.8: Heterocyst frequency of samples regenerated from calcium alginate beads (a) 
Nostoc muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus [In fig. column 1 
represents the control, column 2 ,3 and 4 represents samples regenerated at the end of one, 
two and three years respectively.] 

Nitrogenase activity was maintained at their control value in regenerates of Nostoc 

muscorum and Mastigocladus laminosus. Decline in nitrogenase activities of Anabaena 

variabilis, Plectonema boryanum and Gloeocapsa sp. were -5%. It seems that 

immobilization in calcium alginate beads has similar stabilizing effects on all the 

cyanobacteria and calcium alginate as a preserving material present less stress on the 

immobiliz~d organisms (Fig4.9). 
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Fig 4.9: Nitrogenase activity of samples regenerated from calcium alginate beads (a) Nostoc 
muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus (d) Plectonema boryanum 
and (e) Gloeocapsa sp. [ In fig. column 1 represents the- control, column 2 ,3 and 4 
represents samples regenerated at the end of one, two and three years respectively.} 
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4.3.1.3 Photosynthetic and respiratory activities 

When photosynthetic and respiratory activities of the immediately regenerated 

samples were compared with their free-living counterparts, following observations were 

noticed. In Nostoc muscorum respiration was more affucted than its photosynthesis (Table 

4.3 a). In Anabaena variabilis both photosynthetic oxygen evolution and respiratory oxygen 

consumption values were maintained close to their control cultures in all three years (Table 

4.3 b). In Plectonema boryanum the photosynthetic activity was more affected than its 

respiratory activity (Table 4.3c). In Mastigocladus laminosus both respiration and 

photosynthesis exhibited a drop close to~ 15% (Table 4.3 d). In Gloeocapsa sp. a reduction 

was observed only on the third year. of preservation (Table 4.3 e). Even though we observed 

decline in these activities in the immediate cultures regenerated from dehydrated state after 

prolonged storage, we must mention that none of these activities were compromised in a 

long term basis. All activities approached their original values in succeeding sub cultures. 

Table 4.3 a: Photosynthesis and respiration of Nostoc muscorum immobilized iri calcium 
alginate beads 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 0 
0

2 
evolved j..tg-1 chi a h"1

) 
2 

consumed j..tg-1 chi a h-1
) 

1st 
437 ±3.1 432 ±3.1 year 413 ±3.2 397 ±2.3 

na 

2 439±3.0 427 ±2.7 415 ±3.2 388±2.3 
year 

ra 

3 439±2.8 420±2.8 413 ±3.3 380 ±2.1 
year 
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Table 4.3 b: Photosynthesis and respiration of Anabaena variabilis immobilized in calcium 

alginate beads 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nrnol Respiratory oxygen consumption (nrnol 0
2 

0 evolved f.lg-I chl a h-I) consumed f.!g-1 chl a h-1
) 

2 

1st 440 ±3.1 435 ±3.2 423 ±2.3 425 ±2.2 
year 

nd 

2 435 ±3.3 437 ±3.1 420±2.2 423 ±2.2 
year 

rd 

3 435 ±3.4 432 ±3.1 420±2.1 424±2.1 
year 

Table 4.3 c: Photosynthesis and respiration of Plectonema boryanum immobilized in 
calcium alginate beads. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nrnol Respiratory oxygen consumption (nrnol 0

2 
0 evolved f.lg-I chla h-I) consumed f..!g- 1 chi a h-I) 2 

1st 402±2.7 385 ±3.1 378 ±2.1 377 ±2.5 
year 

nd 

2 400±2.6 379 ±3.1 373 ±2.3 369 ±2.4 
year 

rd 

3 400 ±2.6 377 ±2.7 374±2.3 370 ±2.2 
year 

Table 4.3 d: Photosynthesis and respiration of Mastigocladus laminosus immobilized m 
calcium alginate beads 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nrnol 0

2 0 evolved f.lg-I chi a h-I) consumed f..!g- 1 chi a h-I) 2 

lst 
year 280.55 ±4.1 242.11 ±3.3 397.56±2.5 346.17 ±2.7 

na 

2 277.56 ±4.2 231.12 ±3.1 394.1$ ±2.6 333.37 ±2.7 
year 

ra 

3 280.14 ±4.3 218.16 ±3.1 390.42 ±2.5 324.14 ±2.7 
year 
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Table 4.3 e: Photosynthesis and respiration of Gloeocapsa sp. immobilized in calcium 
alginate beads 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 0 

. 2 
0 evolved ~Jg. 1 chi a h" 1

) consumed ~Jg. 1 chla h"1
) 2 

1st 396 ±2.1 year 387 ±2.3 342±3.2 340±3.3 
nd 

2 395 ±2.0 385 ±2.5 340 ±3.3 354±3.5 
year 

rd 

3 395 ±2.0 379±2.6 340 ±3.3 323 ±3.5 
year 

4.3.1.4 Glutamine synthetase (transferase) (GS), nitrate reductase (NR) 

and nitrite reductase (Nffi) activities 

Table 4.4 illustrates the retention of enzymatic activities such as GS, NR and NIR in 

regenerated samples from calcium alginate beads. The stress due to prolonged dehydration 

as a result ofbeing immobilized manifested in partial reduction in these enzyme activities. 

The values presented in the table are those of the cultures regenerated directly from one, two 

and three years of immobilization. As the cells started to regenerate. into viable filaments 

under optimum conditions, the enzyme activities recorded were yet to reach their maximum 

value of free-living cultures. These activities were estimated on day eight. All activities were 

lower (10-20%) at this point of time, however, they reached their original values in 

subsequent sub cultures. Thus, the adverse effects of immobilization were not irreversible in 

nature in these cyanobacteria under study. NR activity was most stable and showed least 

effect of immobilization in almost all the samples. Maintaining NR activity to its original 

value may be important as a survival tactic as this enables the organism (s) to utilize 

available nitrate in the surrounding as immediate source of nitrogen fur growth and cell 

division. This :fuat"ure was not seen in Anabaena variabilis. There was 20-40% inhibition of 
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NR activity in this organism. In Mastigocladus laminosus, NR activity was 3-4 fold higher 

than rest ofthe organisms studied. 

Table 4.4 a: Enzyme activities of Nostoc muscorum regenerated from calcium alginate 
beads 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol (nmol N0

2 
(nmol NO transferase activity activity 

y-glutamyl 2 activity (nmol -
formed/ min/ mg consumed/min/ (nmolNO (nmol NO 

hydroxy mate y-glutamyl 2 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 
1st 767 ±5.3 2.4 ±0.1 547 ±3.2 735 ±5.2 2.4±0.04 540 ±2.8 

year 
nd 

2 763 ±5.2 2.3 ±0.1 542 ±3.2 727±5.3 2.1 ±0.07 532 ±3.1 
year 

ru 

3 763 ±5.2 2.3 ±0.8 546 ±3.1 727 ±5.2 2.1±0.07 532±3.1 
year 

Table 4.4 b: Enzyme activities of Anabaena variabilis regenerated from calcium alginate 
beads. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - transferase activity activity (nmol NO (nmol NO 
y-glutamyl 2 2 activity (nmol - -

formed/min/mg consumed/min/ (nmol NO (nmol NO 
hydroxy mate y-glutamyl 2 2 

formed/min protein) mg protein) hydroxy mate formed/min/mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 

1st 
765 ±5.5 2.5 ±0.11 

year 
554 ±3.2 726±5.6 1.8 ±0.07 541 ±2.3 

na 

2 757 ±5.3 2.3 ±0.12 547 ±3.2 724±5.5 1.5 ±0.09 540 ±2.5 
year 

ra 

3 763 ±5.3 2.3 ±0.12 545 ±3.3 720 ±5.4 1.4 ±0.09 540±2.5 
year 
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Table 4.4 c: Enzyme activities of Plectonema boryanum regenerated from calcium alginate 
beads 

Control Control Control Regenerated Regenerated Regenerated 

Glutamine Nitrate Nitrite sample sample sample 

synthetase reductase reductase Glutamine Nitrate Nitrite 

transferase activity activity synthetase reductase reductase 

activity (n mol 
- transferase activity activity 

(nmol NO (nmol NO 
y-glutamyl 2 2 activity (nmol (nmol NO (nmol NO 
hydroxy mate formed/ min/ mg consumed/min/ y-glutamyl 2 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 

1st 729 ±3.3 2.1 ±1.1 521 ±2.6 720±3.1 2.1 ±0.7 515 ±2.0 
year 

nd 

2 729±3.5 2.1 ±0.8 520±2.5 720±2.7 2.1 ±0.6 510±1.8 
year 

rd ,., 
.) 725 ±3.5 2.1 ±0.8 517 ±2.5 715 ±2.8 1.7 ±0.5 510 ±1.7 

year 

Table 4.4 d: Enzyme activities of Mastigocladus laminosus regenerated from calcium 
alginate beads. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - transferase activity· activity (nmo!NO (nmo!NO 
y-glutamyl 2 2 activity (nmol 

. 

formed/min/mg consumed/min/ (nmo!N0
2 

(nmo!NO 
hydroxy mate y-glutamyl 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 

1st 
year 2346±124 8.79 ±1.1 157.43 ±1.5 2326 ±122 8.54 ±1.1 150.14 ±1.2 

nd 

2 2337 ±125 8.71±1.3 152.42 ±1.3 2324 ±125 8.52 ±1.3 150.12 ±1.3 
year 

rd 

3 2343 ±122 8.71±1.3 151.21±1.3 2320 ±122 8.52 ±1.1 143.54 ±1.3 
year 
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Table 4 4 e· Enzyme activities ofGleocapsa sp regenerated from calcium alginate-beads. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol (nmol N0

2 
(nmol NO transferase activity activity 

activity (nmol -y-glutamyl 2 
(nmolN0

2 
(nmol N0

2 hydro:\.ymate formed/min/mg consumed/min/ y-glutamyl 
formed/min protein) mg protein) hydroxy mate formed/min/mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

lmg protein) 

1st 329 ±3.1 1.1±0.5 221 ±1.1 323 ±3.1 1.1 ±0.8 220 ±2. I 
year 

nd 

2 329 ±2.8 1.1±0.5 220 ±1.1 320±2.8 1.1 ±0.5 215 ±2. I 
year 

ru .., 
325 ±2.5 1.1±0.3 217 ±0.8 289±2.8 1.0±0.5 216 ±2.1 .) 

year 

4.4 Immobilization in foam cubes 

Immobilization of cyanobacteria in foam has been reported in I 989 by Brouers et al. 

Kannaiyan and co workers have reported the use ofpolyurethane as a immobilizing base for 

cyanobacteria with eviqence ofbetter performance by such immobilized cyanobacterial cells 

(Kannaiyan et all992; Mahesh and Kannaiyan 1993; Kannaiyan et al1994; Kannaiyan et al 

1997). Therefore, we have included foam in our preservation study to see if immobilization 

on foam is a better option for long time storage of cyanobacteria. Preparation fur 

preservation on foam was carried out as described in the chapter 2 (Fig 4.1 Oa). After drying, 

the foam cubes along with cyanobacteria were stored in sterile containers. At every interval 

ofthree months, some ofthe cubes were regenerated in the liquid medium (Fig 4.10b) and 

various characters were assessed and compared to the control cukure to establish the 

performance of foam as preserving material for cyanobacteria. 
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(lo) 

Hg 4.10: lrmrobilization in fOam ewes. (a) cubes iooctillted wth fresh cyanobacterial 
rulture (b) regeraatrin of cyanobacteria from ore year oil dried roam. Tre pictme was 
taken after two days of transferring the cubes to fresh rredium. 

(a) {b) 

(c) (d) 

Fig 4.11: Scanning electron micrograph (JEOL JSM 6360, SAIF, NEHU) of cyanobacterial 
filaments immobilized on foam cubes (a) matrix of a foam cube as seen under SEM (b,c) 
ad.h:!red cyanobacterial ftlaments seen regenerating upon return of favorable growth 
coooitions (d) healthy cyanobacterial filaments obtained filaments. 

Fig 4.11 shows scanning electron micrographs of the vanous stages of 

cyanobacterial regeneration from foam cubes after one year of storage. The foam matrix has 
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large pores (Fig 4.lla) and cyanobacteria can only adhere to the foam material in 

concentrated amount (Fig 4.llb). When reintroduced into liquid media dried cells 

immediately started to grow into viable filaments. Fig 4.11 c shows both viable and dried 

filaments on the fuam matrix one day after the foam cubes were put in fresh medium. 

Morphologicaliy healthy filaments were found regenerating from foam after four days. 

4.4.1 Results 

4.4.1.1 Growth 
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Fig 4.12: Growth curves of(a) Nostoc muscorum (NM) (b) Anabaena variabilis (AV) (c) 
Mastigocladus laminosus (ML) (d) Plectonema boryanum (PB) and (e) Gloeocapsa sp. 
(Gsp) regenerated from immobilization in foam cubes as compared to their free-living 
counterpart. [In fig., "f" refers to foam cubes and "1, 2, 3" indicates samples regenerated 
after first , second and third years of preservation. An initial inoculum of 0.4 Jlg/ml was 
used.] 

Growth was measured as increase in chlorophyll a content in all regenerated 

samples. When compared, cells growing out after one year of preservation showed a growth 

comparable to control cultures in all cases except Mastigocladus laminosus. Growth was· 

also very close to control cuhure after second year of preservation in these cyanobacteria. 

Cells regenerated after third year showed reduced growth, however upon subsequent sub-

culturing they showed complete recovery. In growing Mastigocladus laminosus, the lag 

period was always more extended than in other cyanobacteria. Foam did not do very well in 

preserving Mastigocladus laminosus cells. There was defmitive reduction in growth of 

Mastigocladus laminosus even after first year of preservation. But it is worth mentioning 

here that Mastigocladus laminosus was stored at room temperature as was the case with 

other cyanobacterial samples, as well as at 45°C as it was a thermophile. Storing 

Mastigocladus laminosus at different temperatures however did not have any effect on the 

regeneration pattern of Mastigocladus laminosus. Gloeocapsa sp. showed comparable 
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growth after one year of preservation and reduction in growth was similar to other 

cyanobacteria after second year. However, in this cyanobacterium, cells did not grow out at 

all after three years of storage. Thus, foam can be regarded as potentially good preserving 

material for atleast a period of two years for the cyanobacteria that were studied except for 

Mastigocladus laminosus. 

4.4.1.2 Heterocyst frequency and nitrogenase activity 

8 

7 

~ 6--­
r: 
~i 5 

"' ... 
~ 4:-
1: 
i::' 3 
2 
Cl 
ti 2 
::c 

0 

12 ·-

1 2 

1 2 

Samples 

3 4 (a) 

3 4 {c) 

9 

~ 7 ,.. 
~ 6 
• i" 5 --~-

~ 4 
i::' 
2 3 
I!! 
~ 2 

0 

1 2 3 4 (b) 
Salnples. 

Fig 4.13: Heterocyst frequency of samples regenerated from foam cubes (a) Nostoc 
muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus [ In fig. column I 
represents the control, column 2 ,3 and 4 represents samples regenerated at the end of one, 
two and three years respectively.] 

Heterocyst frequency in Nostoc muscorum and Anabaena variabilis were maintained 

in the level oftheir control cultures in the regenerated samples both after first and second 
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year of storage (Fig. 4.13). However, in case of Mastigocladus laminosus, heterocyst 

frequency was reduced by -31% after first year and by-39% after second year. Nitrogenase 

activity in immediate regenerates showed a gradual decrease in all cyanobacteria except in 

Nostoc muscorum where this activity was a complete match to that of control in the cells 

regenerated after first year of storage. This drop in nitrogenase activity in these samples may 

account for the reduction of growth seen ht these cultures. Both heterocyst frequency and 

nitrogenase activity fully recovered in subsequent cultures (Fig. 4.14). 
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Fig 4.14: Nitrogenase activity of samples regenerated from foam cubes: (a) Nostoc 
muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus (d) Plectonema boryanum 
and (e) Gloeocapsa sp. [ In fig. column 1 represents the control, column 2 ,3 and 4 
represents samples regenerated at the end of one, two and three years respectively.] 

4.4.1.3 Photosynthetic and respiratory activities 

A comparison of photosynthetic oxygen evolution and respiratory oxygen 

consumption between regenerated and control culture showed results similar to the ones 

obtained in case of agar and calcium alginate preservation. There are very small fluctuations 

in these activities between the two sets of samples. However in the case of Mastigocladus 

laminosus, there was a reduction by ~13% to 23% in photosynthetic activity and ~13% to 

17% in respiratory activity from ftrst year through to third year in regenerated samples 

(Table 4.5). 

Table 4.5 a: Photosynthesis and respiration of Nostoc muscorum immobilized m foam 
cubes 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution Respiratory oxygen consumption (nmol 
(nmol 0 evolved 11g·1 chi a h-1

) 0 consumed !Jg-1 chi a h-1
) 

2 2 

1st year 437 ±3.3 444±2.7 413 ±3.5 411 ±2.2 
no 

439 ±2.8 424±2.3 415 ±3.3 397 ±2.1 2 year 
ra 

439±2.8 420 ±2.3 413 ±3.1 378 ±2.1 3 year 
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Table 4.5 b: Photosynthesis and respiration of Anabaena variabilis immobilized in foam 
cubes 

Control Regenerated sample Control Regenerated sample 

(Photosynthetic ox('gen evolution Respiratory oxygen consumption (nmol 
(nmol 0 evolved 11g· chi a h-1

) 0 consumed J..tg-1 chi a h-1
) 

2 2 

1st year 442±3.2 437 ±3.2 417 ±2.3 410±2.1 
nd 

440±3.1 425 ±3.3 415 ±2.5 395 ±2.2 2 year 
rd 

440±3.1 415 ±3.3 413 ±2.7 367 ±2.4 3 year 

Table 4.5 c: Photosynthesis and respiration of Plectonema boryanum immobilized in foam 
cubes 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution Respiratory oxygen consumption (nmol 
(nmol 0 evolved 11g-1 chi a h-1

) 0 consumed J..tg-1 chi a h"1
) 

2 2 

1st year 402 ±2.5 374±2.7 378 ±2.1 377±2.5 
no 

400 ±2.3 357 ±2.3 373 ±2.1 346±2.3 2 year 
ra 

400±2.3 332 ±2.1 374±2.2 321 ±2.3 3 year 

Table 4.5 d: Photosynthesis and respiration of Mastigocladus laminosus immobilized in 
foam cubes. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution Respiratory oxygen consumption (nmol 
(nmol 0 evolved J..Lg- 1 chi a h"1

) 0 consumed J..tg- 1 chi a h" 1
) • 

2 2 

1st year 280.55 ±3.9 242.11 ±3.5 397.56 ±2.3 346.17 ±2.1 
no 

277.56 ±3.3 23l.l2 ±3.2 394.15 ±2.5 333.37 ±2.2 2 year 
ro 

280.14±3.4 218.16 ±3.3 390.42 ±2.1 324.14±2.2 3 year 

T bl 4 5 Ph a e . e: otosynt ests an resprratlon o h . d oeocapsa sp. tmmo 1 tze m oam cu es. fGl bT d. :fi b 
.Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution Respiratory oxygen consumption (nmol 
(nmol 0 evolved 11i' chi a h-1

) 
2 . 

0 consumed J..tg- 1 chi a h·') 
2 

lst year 396 ±1.7 393 ±2.3 342 ±3.4 345 ±3.3 
nd 

395 ±1.6 385 ±2.3 340±3.3 351 ±3.2 2 year 
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4.4.1.4 Glutamine synthetase (transferase) (GS), nitrate reductase 

(NR) and nitrite reductase (NIR) activities 

Table 4.6 a: Enzyme activities ofNostoc muscorum regenerated from foam. 
Control Control Control Regenerated Regenerated Regenerated 

Glutamine Nitrate Nitrite sample ' sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase . reductase 
activjty (nmol - transferase activity activity 
y-glutamyl 

(nmol NO · (nmol NO 
activity (nmol -2 2 

(nmol NO (nmol NO 
hydro~ mate formed/ min/ rng consumed/min/ y-glutamyl 2 2 

formed/min protein) mg protein) 
hydro~ mate formed/min/mg consumed/min/ 

/mg protein) formed/min protein) rng protein) 

lmg protein) 

1st 767 ±5.3 2.4±0.1 547±3.1 745 ±5.1 2.4 ±0.07 531 ±3.1 
year 

nu 

2 763 ±5.2 2.3±0.13 542±3.1 635 ±5.0 2.0±0.07 520 ±3.1 
year 

ra 

3 763 ±5.2 2.3±0.9 546±2.8 600±5.0 1.5 ±0.08 500 ±3.0 
year 

Table 4.6 b: Enzyme activities of Anabaena variabilis regenerated from foam 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - transferase activity activity (nmolNO (nmol NO 
y-glutamyl 2 2 activity (nmol 

formed/ min/ mg consumed/min/ (mnol NO (nmol NO 
hydro~ mate y-glutamyl 2 2 

formed/min protein) mg protein) hydro~ mate formed/ min/ rng consumed/min/ 

/mg protein) formed/min protein) . mg protein) 

/mg protein) 
1st 

765 ±5.5 2.5 ±0.98 year 554 ±3.3 762±5.5 2.2±0.9 523±3.1 
nd 

2 757 ±5.4 2.3 ±0.11 547 ±3.2 727 ±5.6 1.6 ±0.78 542 ±3.1 
year 

ra 

3 763 ±5.5 2.3 ±0.14 545 ±3.2 654±.5 1.1 ±0.79 500±3.0 
year 
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Table 4 6 c· Enzyme activities of Plectonema boryanum regenerated from foam . . 
Control Control Control Regenerated Regenerated Regenerated 

Glutamine Nitrate Nitrite sample sample sample 

synthetase reductase reductase Glutamine Nitrate Nitrite 

transferase activity activity synthetase reductase reductase 
activity (nmol (nmol N0

2 
(nmol NO transferase activity activity 

y-glutamyl 2 activity (nmol (nmol NO (nmol NO 
hydroxy mate formed/ min/ mg consumed/min/ y-glutamyl 2 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

/mg protein) 

1st 729 ±3.1 2.1 ±0.7 521 ±2.5 720±3.2 2.1 ±0.5" 517 ±2.1 
year 

nd 

2 729±3.3 2.1 ±0.7 520 ±2.4 703 ±3.5 1.5 ±0.5 479 ±2.0 
year 

rd 

3 725 ±3.5 2.1 ±0.5 517 ±2.5 654±3.5 1.0 ±0.3 432±2.0 
year 

Table 4.6 d: Enzyme activities ofMastigocladus laminosus regenerated from foam. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - - transferase activity activity (nmol NO (nmo!NO 
y-glutamyl 2 2 activity (nmol -

formed/min/mg consumed/min/ (nmol NO (nmol NO 
hydroxy mate y-glutamyl 2 2 

formed/min protein) mg protein) hydroxy mate formed/min/mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 
1st · 

2346 ±125 8.79 ±1.5 157.43 ±1.5 2124 ±122 8.12 ±1.2 142.16 ±1.2 year 
na 

2 2337 ±123 8.71±1.3 152.42 ±1.5 2017 ±125 8.12 ±1.1 137.78 ±1.1 
year . 

rd 

3 2343 ±123 8.71±1.3 151.21 ±1.5 1794 ±127 7.53 ±1.2 126.41 ±1.5 
year 
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Table 4 6 e· Enzyme activities ofGloeocapsa sp regenerated from foam . 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - transferase activity activity (nmol N0

2 
(nmol NO -y-glutamyl 2 activity (nmol (nmo I N0

2 
(nmol NO 

hydroxy mate formed/ min/ mg consumed/min/ y-glutamyl 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

/mg protein) 
1st 

year 329±3.3 1.1 ±0.3 221 ±1.1 321 ±3.1 1.1 ±0.5 220 ±1.1 
nd 

2 329±2.9 1.1 ±0.5 220 ±1.3 319 ±3.5 1.1 ±0.5 215±1.1 
year . 

Table 4.6 illustrates the retention of GS, NR and NIR activities in cyanobacterial 

samples regenerated from foam. There is partial reduction in these enzyme activities that 

could be due to dehydration when immobilized cells were dried on foam and stored for a 

prolonged period. Eighth day observations are given in the table 4.6. All activities were 

lower (7-15%) but the downward plunge in these activities was not permanent and all these 

activities reached their original values on subsequent sub culturing. NR activity in 

Gloeocapsa sp. showed least effect of immobilization and prolonged storage. 

4.5 Cryopreservation using 15o/o glycerol and 5°/o DMSO 

A number of low molecular weight neutral solutes have been identified as potential 

. 
ctyoprotectants since the early 1950's.The most common among them being glycerol and 

dimethylsulfoxide (DMSO). Such compound lower the temperature at which freezing occurs 

and can alter the crystal habit of ice when it separates. It is thought that the colligative 

property of the cryoprotectants minimizes the deleterious action of excessive concentration 

resulting from removal of water and conversion of water to ice (Nash 1966). The 

ctyoprotectants generally used for freezing biological specimens full into two catagories, 

permeating and non- permeating. DMSO and glycerol are two most frequently used 
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permeating additives. DMSO permeates into cells more rapidly than glycerol and thus 

requires shorter treatment duration. However, in regards to toxicity, glycerol is less toxic 

than DMSO at equimolar concentrations, while at the same time, DMSO is superior to 

glycerol in cryoprotection of living tissues. Generally a concentration ofS-10% DMSO and 

10-20% glycerol is adequate for most materials (Kartha and Engelmann 1994). 

For the present study, cyanobacterial isolates were preserved in 15% glycerol and 

5% DMSO. When kept inside Heto ultrafreeze below -80°C, all cyanobacteria under study 

stayed preserved for three years. Initially, all regenerated samples showed the 

characteristics reduction in activities in their various attributes that were investigated. These 

reached their optimum value in subsequent generations and became comparable to their 

free-living cultures. These were maintained in freezer of domestic refrigerators. This was 

done in an attempt to deduce whether ordinary refrigeration systems can be employed fur 

long term storage and preservation of cyanobacteria using cryoprotectants. This would make 

preservation user friendly by reducing the cost required fur maintaining samples in 

expensive ultra cooling systems. 

4.5.1 Results 

4.5.1.1 Growth, heterocyst frequency and nitrogenase activity 

Growth was measured as increase in chlorophyll a concentration. With the 

. 
temperature that was employed along with the use of cryoprotectants, the observations 

showed that the lag period of growth increased with subsequent increase in the years of 

preservation (Fig. 4.15). Samples regenerated after three years of preservation had an 

extended lag period of almost 15 days for all the cyanobacteria studied. Mastigocladus 

recorded the worst performance. When preserved using glycerol as cryoprotectant, growth 
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was reduced by ~64% on the 10th day in samples regenerated after one year of preservation. 

This had increased to -69% when preserved for yet another year. Almost similar effects 

were seen when 5% DMSO was used as cryoprotectants (Fig 4.16). 

8 ., 

Cl 5 10 

Tlme(dorp) 

8 ., 

7 ·! 

~61 II ... ; 

';;' 5 ·f 

1:! J 
_; 2 ! / 

61~~~~ 
0 !· 

0 5 10 

"Time (dorp) 

10 

9 .. 

~ 8 

} 7 
g 6 .. .. i 5 
~ 4• 
!i 
:: 3 

15 

15 

-¢~--cNM 

--o-gNM1 

"··-k····gNM2 

-gNM3 

(a) 

-+--cML 

-111-gML1 

····&·--gML2 

~gMl3 

(c) 

8 ·, 

0 

0 

>~ 
; f( 

J I 
/l 
.. " £ 

0 ··; ···················-··-·-··~···· 

0 10 

Tlrne(dap) 

15 

5 

Tono(dorp) 

5 

llmo(dorpJ 

~cGsp. 

-m-gGsp.1 

-%-gGsp.2 

(e) 

10 

10 

15 

15 

-··'*-··cAV 

.....,_gAV1 

--•·--·gAV2 

~gAV3 

(b) 

·-<+·-·cPB 

-· .. -gPB1 

----·•·-gP82 

...-;......gPB3 

(d) 

Fig 4.15: Growth curves of (a) Nostoc muscorum (NM) (b) Anabaena variabilis (AV) (c) 
Mastigocladus laminosus (ML) and (d) Plectonema boryanum (PB) and (e) Gloeocapsa 
sp.(Gsp) regenerated from preservation in 15% glycerol as compared to their free-living 
counterpart. [In fig. "g" refers to 15% glycerol and "1, 2, 3" indicates samples regenerated 
after first , second and third years of preservation. An initial inoculum of 0.4j.lg!ml was 
used.] 
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Fig 4.16: Growth curves of(a) Nostoc muscorum (NM) (b) Anabaena variabilis (AV) (c) 
Mastigocladus laminosus (ML) (d) Plectonema boryanum (PB) and (e) Gloeocapsa sp. 
(Gsp) regenerated from preservation in 5% DMSO as compared to their free-living 
counterpart. [In fig., "d" refers to samples regenerated from 5% DMSO and "1, 2, 3" 
indicates samples regenerated after first , second and third years of preservation. An initial 
inoculum of 0. 4J.Lg/ml was used.] 

A study of heterocyst frequency of the regenerated samples of the heterocystous 

cyanobacteria recorded a decline in the heterocyst frequency with increase in the duration of 
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preservation. Here agam it was noticeable that retention of the ability of achieving a 

heterocyst frequency comparable to the control was better in samples preserved in. 5% 

DMSO. In case of preservation using both cryoprotectants, Mastigocladus laminosus 

showed a reduction of ~45 % in the samples regenerated after one year of preservation. 

However, there was no further prominent drop in this in the subsequent years of preservation 

(Fig 4.17 c). Anabaena variabilis app,eared to better adapted to preservation in 5% DMSO 

and the reduction noticed in its heterocyst frequency was less than that of Nostoc muscorum 

and Mastigocladus laminosus. When compared to its control, Anabaena variabilis showed a 

reduction of~20%, ~25% and ~40% in the heterocyst frequency of its samples regenerated 

after one, two and three years of preservation in 15% glycerol (Fig 4.17. b). Nostoc 

muscorum and Mastigocladus laminosus however recorded a more prominent drop of ~ 

27%, ~ 36%, 58% and ~ 45%, ~ 53%, ~55% respectively after one, two and three years of 

preservation in 15% glycerol. 

In 5% DMSO was used as cryoprotectant, Anabaena variabilis showed a reduction 

in heterocyst frequency of ~16 %, ~15% and ~28% after one, two and three years of 

preservation (Fig 4.18 b). This was -8%, ~15% and ~22% for Nostoc muscorum. 

Mastigocladus laminosus showed a higher reduction of -42%, -47% and -48% in samples 

regenerated after one, two and three years of preservation (Fig 4.18 a, c). 
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Fig 4.19 and 4.20 shows the nitrogenase activities of cyanobacterial samples 

regenerated from preservation in 15% glycerol and 5% DMSO respectively. A close look at 

these figures reveals that this activity is also severely affected by preservation in this 

method. In case of Nostoc muscorum, the nitrogenase activity declined by~ 37-89% during 

the 1st to the Yd years of preservation in 15% glycerol. For Anabaena variabilis it was 

between 47%-70%, for Mastigocladus laminosus, 30%-61% and for Plectonema b01yanum 

and Gloeocaosa sp. it was between 22%-31% and 37%-48% respectively. Thus it is evident 

that a prominent drop of nitrogenase activity occurs during preservation and storage at ~0°C 
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using 15% glycerol. However, a less severe but similar drop was also noticed when 5% 

DMSO was used as cryoprotectant. For instance, in Nostoc muscorum, the nitrogenase 

activity declined by -37%-45%; in Anabaena variabilis between 38%-50%; for 

Mastigocladus laminosus, 29%-58%, and for Plectonema boryanum and Gloeocaosa sp. it 

was between 6%-20% and 14%-34% respectively when regenerated samples were compared 

to their control cultures from ftrst year to third year of preservation. 
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Fig 4.19: Nitrogenase activity of samples regenerated from 15% glycerol (a) Nostoc 
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Fig 4.20: Nitrogenase activity of samples regenerated from 5% DMSO (a) Nostoc 
muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus (d) Plectonema boryanum 
and (e) Gloeocapsa sp. [In fig, column I represents the control in each case; columns 2, 3 
and 4 represent samples regenerated after F 1

, 212
d and 3rd years of preservation respectively] 

15% glycerol and 5% DMSO are well recognized cryoprotectants. They.are among 

the most popular cryoprotectants that are currently being employed. Such cryoprotectants 

are commonly used to store organisms for extended periods under ultra low temperature of 

~80 ° C. However, it was evident that for all the cyanobacteria that were used fur this study, 

preservation using both 15% glycerol and 5% DMSO did not prove to be an efficient 

method of considerable importance at ~zero degree temperature as the viability of the 

preserved samples declined drastically over the period of preservation. Although this did not 

result in death of all the organisms that were preserved, this method certainly reduced the 

viability and performance of the preserved organisms. Even after subsequent sub-culturing 

the biomass yield remained low. The preservation under these conditions may be dependable 

only upto a period less than 12 months for Nostoc muscorum, Anabaena variablis and 

Gloeocaosa sp. Even during this period there was noticeable decrease in growth. These 

methods did not prove to be reliable at all for Mastigocladus laminosus (a thermophile) and 

Plectonema boryanum (non-heterocystous cyanobacteria). 5% DMSO seemed only a 
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fraction better that 15% glycerol as cryoprotectant in our case. However, we must emphasize 

that all other earlier reports mention DMSO and glycerol as cryoproteetant at ultra low 

temperature. And we have used temperature only close to zero. This was tried to find user 

friendly methods of cyanobacterial preservation that could be put to use even by laboratories 

that are not highly equipped. Even though these methods were not highly efficient, they 

could still be safely used for preservation for at least six to twelve months. Mastigocladus 

laminosus however, did not work well in either of these methods. Interestingly, Gloeocaosa 

sp. which is a unicellular cyanobacterium gave encouraging results as growth was much 

better in this cyanobacterium compared to the others used for this study. 

4.5.1.2 Photosynthetic and respiratory activities 

Table 4.7 a: Photosynthesis and respiration of Nostoc muscorum preservation m 15% 
glycerol. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxy~en consumption (nmol 
0

2 
evolved ).lg-

1 chi a h- 1
) 0 consumed ).lg- chi a h-1

) 
2 

1st year 437 ±3.3 321 ±2.8 413 ±3.2 311 ±2.5 
no 

2 year 439 ±3.1 317 ±2.7 415 ±3.3 298 ±2.5 
ra 

3 year 439 ±3.1 293 ±2.5 413 ±3.3 217 ±1.8 

Table 4.7 b: Photosynthesis and respiration of Anabaena variabilis preservation m 15% 
glycerol. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0

2 
evolved ).lg- 1 chi a h-1

) 0 consumed ).lg- 1 chi a h-1
) 

2 

1st year 442 ±3.3 330±3.2 417 ±2.7 31 I ±2.4 
na 

440 ±3.5 2 year 323 ±3.2 415 ±2.7 300 ±2.4 
ra 

440 ±4.1 310 ±3.4 413 ±2.5 231 ±2.3 3 year 
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.Table 4.7 c: Photosynthesis and respiration of Plectonema boryanum preservation in 15% 
glycerol 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0 evolved )Jg-1 chi a h" 1

) 0 conswned )Jg-1 chi a h" 1
) 

2 2 

1st year 402±2.8 354 ±2.8 378 ±2.5 345 ±2.5 
na 

400±2.8 351 ±2.9 373 ±2.6 340 ±2.4 2 year 
ra 

400 ±2.3 339 ±3.2 374 ±2.6 321 ±2.2 3 year 

Table 4.7 d : Photosynthesis and respiration of Mastigocladus laminosus preservation in 
15% glycero I. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0 evolved )Jg- 1 chi a h" 1

) 0 consumed f.lg- 1 chi a h"1
) 

2 2 

1st year 280.55 ±4.1 227.13 ±3.3 397.56±2.3 331.16 ±2.3 
na 

277.56 ±4.2 220.12 ±3.5 394.15 ±2.5 329.37 ±2.3 2 year 
.ra 
3 year 280.14.±4.2 220.16 ±3.5 390.42 ±2.6 320.14 ±2.7 

Table 4.7 e: Photosynthesis and respiration ofGloeocapsa sp. preservation in 15% glycerol. 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0 evolved j..lg-1 chi a h" 1

) 0 consumed f.lg-
1 chi a h"1

) • 
2 2 

1st year 402 ±2.1 354±2.3 378 ±2.3 345 ±2.9 
nd 

. 400±1.8 351 ±2.3 373 ±2.3 340±2.8 2 year 
r<l 

400 ±1.7 339±2.2 374 ±2. I 321 ±2.8 3 year 

Table 4.8 a: Photosynthesis and respiration of Nostoc muscorum preservation m 5% 
DMSO. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0

2 
evolved j..lg- 1 chi a h"1

) 0 consumed )Jg-1 chi a h"1
) 

2 

1st year 437 ±3.0 382 ±2.7 413 ±3.1 327 ±2.4 
na 

439 ±3.1 377 ±2.5 415 ±3.2 320±2.5 2 year 
ra 

3 year 439 ±3.2 354 ±2.5 413 ±3.1 270±2.7 
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Table 4.8 b: Photosynthesis and respiration of Anabaena variabilis preservation in 5% 

DMSO 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (mnol 
0 evolved ~-Jg- 1 chi a h- 1

) 0 consumed ~-Jg- 1 chi a h-1
) 

2 2 

1st year 442±3_5 397 ±3.2 417 ±2.5 354±2_3 
no 

440 ±3_6 381 ±3_3 415 ±2_3 33 1±2-2 2 year 
.., rd 

440 ±3_3 372±3_4 413 ±2.1 325±2.1 
_) year 

Table 4.8 c: Photosynthesis and respiration of Plectonema boryanum preservation in 5% 
DMSO 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0 evolved ~-Jg- 1 chi a h- 1

) 0 consumed ~-Jg- 1 chi a h- 1
) 

2 2 

1st year 402 ±2.5 387 ±3.1 378 ±2.1 369 ±2.4 
no 

400 ±2.7 385 ±3.0 373 ±2: 1 354 ±2_3 2 year 
ro 

400±2.5 379±2_7 374±2.4 323 ±2.3 3 year 

Table 4.8 d: Photosynthesis and respiration of Mastigocladus laminosus preservation in 5% 
DMSO. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0 evolved ~-Jg- 1 chi a h-1

) 0 consumed j.lg-
1 chi a h-1

) 
2 2 

1st year 280.55 ±3.9 236_13 ±3.7 397_56 ±2.5 342.16'±2_3 
no 

277_56 ±4_1 2 year 232_12±3.5 394.15±2_7. 339.37 ±2.3 
rd 

3 year 280.14 ±4.1 232.16 ±3.5 390.42 ±2_7 320.14 ±2.1 

Table 4.8 e: Photosynthesis and respiration of Gloeocapsa sp. preservation in 5% DMSO. 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol . 
0 evolved ~-Jg- 1 chi a h- 1

) 0 consumed ~-Jg- 1 chi a h-1
) 

2 2 

1st year 396 ±2.1 387 ±2.7 342 ±3.1 354 ±3.3 
no 

2 year 395 ±2_3 385 ±2_5 340 ±3.3 354 ±3.2 
rd 

3 year 395 ±2.3 379 ±2_5 340 ±3.3 333 ±3.1 

Effect of long term cryopreservation on photosynthetic and respiratory activities 

using 15% glycerol and 5% DMSO manifested as a slight decrease in these activities, which 
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as in previous cases recovered almost to the values obtained for control cultures. However, 

this recovery needed at least three to four subsequent transfers to fresh medium under 

optimum conditions. Samples preserved in 5% DMSO the degree of reduction in .these 

activities were comparatively less than that in the case of15% glycerol. In Nostoc muscorum 

preserved in 15% glycero~ the drop in photosynthetic activity was ~27 %-3.4% and in 

respiration was ~25%-47%. For Anabaena variabilis this reduction was ~25%-29% for 

photosynthetic activity and ~25-44% for respiratory activity. In Plectonema boryanum 

photosynthesis was down by ~12%-16% and respiration was reduced by -9%-15%. 

Photosynthesis was lowered by~ 19%-21% and respiration by -16%-19% in Mastigocladus 

laminosus. For Gloeocapsa sp. photosynthesis exhibited a drop of~ 12%-17%, while its 

respiration declined by -9%-15%. Hence reduction in the activities of photosynthesis and 

respiration was more pronounced in Nostoc muscorum, Anabaena variabilis and 

Mastigocladus laminosus. Plectonema boryanum and Gloeocapsa sp. were affucted to a 

lesser extent. 

Preservation in 5% DMSO appeared to better to some extent as it was seen that 

regeneration of preserved cyanobacteria was better and also the retention of properties. Here 

too reduction in photosynthetic and respiratory activities was evident, although to a slightly 

less extent. In Nostoc muscorum the drop in photosynthetic activity was~ 13%-19%, while 

respiration reduced by ~21%-35 %. Anabaena variabilis exhibited an almost similar 

reduction of ~I 0-15% in photosynthesis and ~ 15-22% in respiratory activity. In 

Mastigocladus laminosus reduction was recorded in the range ~16-17% in photosynthesis 

and ~14-18% in respiration. Plectonema boryanum showed a meager decline in 

photosynthesis and respiration that were in the range of -4-6% and ~3-14% respectively. 
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However, Gloeocapsa sp. recorded a minute increase of -3%-5% in case of respiration in 

the samples regenerated directly after ~torage for 1st and 2nd years. 

4.5.1.3 Glutamine synthetase (transferase) (GS), nitrate reductase (NR) 
and nitrite reductase (Nffi.) activities 

A study of the enzyme activities revealed that a prominent reduction in the GS, NR 

and NIR enzyme activities resulted in the cyanobacteria that were stored at ~0°C using 15% 

glycerol and 5% DMSO. Samples regenerated from 5% DMSO showed lesser reduction in 

these. activities when compared to the samp"les regenerated from 15% glycerol after storage 

for similar period oftime. While all preserved cyanobacteria showed a reduction of--:-15-

35% in GS, NR and NIR activities, NR activities in case of Plectonema boryanum and 

· Gloeocapsa sp. were least affected. 

Table 4.9 a: Enzyme activities of Nostoc muscorum regenerated from preservation in 15% 
glycerol 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol 

. 
transferase activity activity (nmol NO (nmolNO 

y-glutamyl 2 2 activity (nmol 
. 

formed/ min/ mg consumed/min/ (nmolNO (nmolNO 
hydroxy mate y-glutamyl . 2 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

. /mg protein) 

1st 767 ±5.3 2.4 ±0.11 547 ±3.1 627 ±5.3 1.1 ±0.14 420 ±3.3 year 
no 

2 763 ±5.2 ',2.3 ±0.15 542±3.3 590±5.5 0.95 ±0.13 407 ±3.4 
year ·, 

'-
ro 

3 763 ±5.2 2.3 ±0.13 546 ±3.3 524±5.5 0.82 ±0.13 400 ±3.4 
year 



Table 4.9 b: Enzyme activities of Anabaena variabilis regenerated from preservation m 
15% glycero 1. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - - transferase activity activity 
y-glutamyl 

(nmol NO (nmol NO 
activity (nmol - -2 2 

(nmo!NO (nmolN0
2 hydroxy mate . formed/ min/ mg consumed/min/ y-glutamyl 2 

formed/min protein) mg protein) hydroxy mate formed/min/mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

!mg protein) 

1st 
765 ±5.6 2.5±0.14 554±3.3 631 ±5.7 1.1 ±0.13 479±3.1 

year 
no 

2 763±5.5 2.3 ±0.17 547±3.2 592±5.6 0.98±0.12 462 ±3.1 ., 
year 

.ra 

3 757 ±5.7 2.3 ±0.17 545 ±3.2 531 ±5.6 0.82±0.12 437 ±3.2 
year 

Table 4.9 c: Enzyme activities of Plectonema boryanum regenemted from preservation in 
15% glycero 1. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol. - - transferase activity activity (nmolNO (nmolNO 
y-glutamyl 2 2 activity (nmol - -

formed/min/mg consumed/min/ (nmoJNO (nmoiNO 
hydroxy mate y-glutamyl ' 2 2 

formed/min . protein) mg protein) hydroxy mate formed/min/mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

!mg protein) 

1st 729±3.2 2.1 ±0.7 521 ±2.5 700 ±3.1 1.8 ±0.5 507 ±2.3 
year 

nu 
2 . 729±3.2 2.1 ±0.5 520±2.3 678 ±3.1 1.5 ±0.4 507 ±2.2 

year 
ra 

3 725 ±3.4 2.1 ±0.5 517 ±2.3 642±3.2 1.0 ±0.4 482±2.2 
year 
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Table 4.9 d: Enzyme activities of Mastigocladus laminosus regenerated from preservation 
in 15% glycerol · 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - - transferase activity activity 
y-glutamyl 

(nmol NO (nmol NO 
activity (nmol - -2 2 

(nmol NO (nmol N0
2 hydroxy mate formed/min/mg consumed/min/ y-glutamyl 2 

formed/min protein) mg protein) hydroxymate · formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 

1st 
2346 ±125 8.79 ±1.5 157.43 ±1.4 2001 ±121 7.4 ±1.2 137.16 ±1.3 year 

nd 

2 2337 ±126 8.71 ±1.4 152.42±1.4 1987 ±120 6.5 ±1.2 121.78 ±1.2 
year 

rd 

3 2343 ±122 8.71 ±1.3 151.21± 1.2 1947 ±121 5.1±1.1 106.41 ±1.2 
year 

Table 4.9 e: Enzyme activities. of G/oeocapsa sp. regenerated from preservation m 15% 
glycerol. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity .synthetase reductase reductase 
activity (nmol - - transferase activity activity (nmolNO (nmolNO 
y-glutamyl 2 2 activity (nmol (nmol NO (nmol N0

2 hydroxy mate formed/ min/ mg consumed/min/ y-glutamyl 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

lmg protein) 

1st 
year 

329±3.0 1.1 ±0.3 221 ±1.1 300 ±3.1 1.1 ±0.1 201 ±1.0 

nd 

2 329 ±3.1 1.1 ±0.3 220 ±1.2 289±3.3 0.85 ±0.1 195 ±1.1 
year 

rd 

3 325 ±3.1 1.1 ±0.5 217 ±1.1 267 ±3.3 0.93 ±0.1 195 ±1.1 
year 
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Table 4.10 a: Enzyme activities of Nostoc muscorum regenerated from preservation in 5% 
DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - - transferase activity activity 
y-glutamyl 

(nmol NO (nmol N0
2 

· 
activity (nmol - -2 

(nmolNO (nmol NO 
hydroxy mate formed/min/rQg consumed/min/ y-glutamyl 2 2 

formed/min protein) rQg protein) hydroxy mate formed/ min/ rng consumed/min/ . 

lrQg protein) formed/min protein) mg protein) 

/rng protein) 

1st 
767±5.4 2.4±0.1 547±3.2 689±5.3 1.4±0.07 520 ±3.2 year 

nd 

2 763 ±5.6 2.3 ±0.15 542±3.3 672±5.4 1.1 ±0.07 514 ±3.3 
year 

rd 

3 763 ±5.6 2.3 ±0.15 546±3.3 632±5.5 1.1 ±0.09 500±3.3 
year 

Table 4.10 b: Enzyme activities of Anabaena variabilis regenerated from preservation in 
5%DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - - transferase · activity activity (nrnol NO (nmolNO 
r-glutamyl 2 2 activity (nmol - -

formed/min/rng consumed/min/ (nmolNO (nmol N0
2 hydroxy mate y-glutamyl 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

/mg protein) formed/min protein) mg protein) 

/mg protein) 

1st 
765 ±5.5 2.5±0.11 554±3.3 679±5.6 1.7 ±0.07 543 ±2.5 year 

no 
2 757 ±5.7 2.3 ±0.13 547 ±3.4 654 ±5.3 1.5 ±0.05 527 ±2.7 

year 
rd 

3 763 ±5.7 2.3 ±0.13 545 ±3.4 632±5.3 1.3 ±0.05 518 ±2.4 
year 
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Table 4.10 c: Enzyme activities of Plectonema boryanum regenerated from preservation in 
5%.DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol 

. . 
transferase activity activity (nmol NO (nmo!N0

2 y-glutamy I 2 activity (nmol - . 

formed/ min/ mg consumed/min/ (nmol NO (nmo!NO 
hydroxy mate y-glutamy I 2 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

lmg protein) 

1st 
729 ±3.4 2.1 ±1.0 

year 
521 ±2.7 723 ±3.1 2.1 ±0.7 518 ±2.2 

n<l 

2 729±3.2 2.1 ±0.6 520±2.4 720±2.8 1.8 ±0.8 505 ±2.2 
year 

rd 

3 725 ±3.5 2.1 ±0.6 517 ±2.2 689 ±2.8 1.0 ±0.8 478 ±2.2 
year 

Table 4.10 d: Enzyme activities of Mastigocladus laminosus regenerated. from preservation 
in5%DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nrnol 

. . 
transferase activity activity (nmo!NO (nmol N0

2 r-glutamy I 2 activity (nmol 
. -

hydroxy mate formed/min/mg consumed/min/ r-glutamy I 
(nmol N0

2 
(nmol N0

2 

formed/min protein) mgprotein) hydroxy mate formed/min/mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

lmg protein) 
1st 2346 ±125 8.79 ±1.3 157.43 ±1.5 2217 ±122 8.6 ±1.1 143.16 ±1.2 

year 
no 

8.5 ±1.1 2 2337 ±124 8.71 ±1.3 152.42 ±1.4 2215 ±126 143.78 ±1.2 
year 

ra 
7.8 ±1.1 3 2343 ±122 8.71±1.3 151.21 ±1.4 2109 ±125 137.41 ±1.4 

year 
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Table 4.10 e: Enzyme activities of Gloeocapsa sp. regenerated from preservation in 5% 
DMSO 

Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample· 
synthetase reductase reductase Glutamine Nitrate Nitrite 
transferase activity activity synthetase reductase reductase 
activity (nmol - transferase activity activity 
y-glutamy I 

(nmolNO (nmo1N0
2 activity (nmol - -2 

(nmo!NO (nmol NO 
hydroxy mate formed/ min/ mg ·consumed/min/ y-glutamyl 2 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg consumed/min/ 

lmg protein) formed/min protein) mg protein) 

/mg protein) 

1st 329±3.3 1.1 ±0.5 221 ±1.1 320±3.5 1.1 ±0.4 220 ±1.1 year 
no 

2 329±3.2 1.1 ±0.7 220 ±1.1 320±2.7 1.2 ±0.5 217 ±1.1 
year 

rd 

3 325 ±3.1 1.1 ±0.4 217 ±1.1 297±2.9 1.1 ±0.5 217 ±l.l 
year 

4.6 Calculating the retained viability index (RVI10) 

The tolemnce of filamentous heterocystous cyanobacteria to the stress afforded by 

preservation methods on different solid matrices was evaluated using the retained viability 

index(RVI10) as describe by Silva and Silva 2003. Cell viability was estimated by the RVI10 

j 

using the fOllowing expression: (Bw-Bo)/Bo where Bo is the initial biomass dry weight and 

B10 the biomass dry weight after 10 days of incubation. Positive values ofRVI10 indicate net 

yields of actively growing biomass, while negative values correspond to cases with partial 

survival or total death of cyanobacterial biomass. RVIw gives meaningful insights on the 

viability status of cyanobacteria after prolonged periods of preservation and storage. 

4.6.1. Results 

The concept ofRVI10 as described by Silva and Silva 2003; 2007 is for devising a 

method of cyanobacterial biomass preservation method for production of economically 

convenient stable formulations, that would ensure use of viable biofertilizer stored in a dry 
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furm. Hence, the main thrust of application of this concept is to evaluate the impact of 

desiccation and preservation on particular cyanobacteria of agronomical importance. In the 

present study, RVIro was calculated for the two members belonging to filamentous 

heterocystous group, Nostoc muscorum and Anabaena variabilis. 

Biomass was estimated by dry weight determinations in cyanobacterial cells washed 

twice with distilled water and dried at 30°C until constant weight. For determination of 

RVIro, 20 mgofpowderbiomass were suspended in 20 ml of medium and poured onto Petri 

dishes followed by incubation for 10 days at 30°C under illumination. The biomass was then 

washed twice with distilled water and dried at 30°C until constant weight. RVI 10 was then 

calculated using the expression given above. Positive values of RVIro indicate net yields of 

actively growing biomass, while negative values correspond to cases with partial survival or, 

total death of cyanobacterial biomass. 

In the case ofthe cyanobacterial cells immobilized in agar cubes, alginate beads and 

in foam, the growth of released biomass was calculated until it equaled the control sample at 

~ 14 days of incubation. Expressed as a percentage, the viability recovery was calculated 

after 14 days incubation by dividing the cell concentrations in the preserved samples by the 

· contra 1 sample concentration (Montaini et al 1995). 

Table 4.11 a: Effect of preservation on Nostoc muscorum as indicated by retained viability 
index (RVI10) 

Sf. Preservation Storage condition Retained viability index (RVIto) 
no. method(s) 

6months 12 months 24 months 36months 
Serial Continuous 

I subcultures illumination, 3.8 3.8 3.8 3.8 
(control) 25±2"C 

Calcium Desiccated, room 
. 2 temperature, 2.7 2.7 2.6 2.6 

alginate beads dark 
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Desiccated, room 
3 Agar cubes temperature, 2.2 2.1 1.0 0.87 

dark 
Room 

4 Foam cubes temperature, 2.0 1.8 1.0 0.75 
Dark 

Table 4.11 b: Effect of preservation on Anabaena variabilis as indicated by retained 
viability index (RVI10). 

Sl. Preservation Storoge condition Retained viability index (RVI10) 

no. method(s) 
6months 12 months 24 months 36months 

Senal Continuous 
1 subcultures illumination, 4.3 4.2 4.1 4.0 

(control) 25±2"C -
Calcium Desiccated, room 

2 
alginate beads. 

temperature, 3.6 3.5 3.4 3.3 
dark 

Desiccated, room 
3 Agar cubes temperature, 2.2 2.2 1.5 1.3 

dark 
Room 

4 Foam cubes temperature, 3.3 2.5 2.0 1.3 
Dark 

Table 4.11 a and b shows the RVI10 values obtained for Nostoc muscorum and 

Anabaena variabilis. In both cases it is evident that viability was retained better and for a 

longer duration when the cyanobacteria were preserved in calcium alginate beads. When the 

RVI10 values for samples regenerated from agar cubes and foam are compared it becomes 

apparent that samples were better preserved in agar than in foam. Between these three solid 

matrices calcium alginate beads appears to be the best immobilizing material for both the 

cyanobacteria studied. This observation is consistent with the other experiments conducted 

which also revealed that calcium alginate beads preserve cyanobacteria better than most 

other matrices. A reduced value of RVI1o was obtained in samples regenerated from foam 

and agar cubes after 12 months of preservation. Hence the fmding here from RVI 10 studies is 
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that preservation in calcium alginate is definitely a better method fur long term 

cyanobacterial preservation 

4.7 Assessment of genetic stability of preserved cyanobacteria 

To establish whether preservation had any noticeable alteration in the genetic profile 

ofthe preserved cyanobacteria, a STRR lA fingerprint profile was generated using the free-

living cyanobacteria as control. As preservation in calcium alginate emerged as the method 

of choice for long term laboratory storage of purified cyanobacteria, PCR profiles were 

generated using cyanobacterial cells that were regenerated from calcium alginate beads. 

Experiments were conducted using regenerated samples after every one year interval Fig 

4.21 was generated using the oldest samples (>three years) stored in calcium alginate beads. 

4.7 .1 Results 

PCR profiles of the cyanobacteria studied showed no apparent changes in the 

banding pattern thus indicating conservation of their genetic material during preservation 

(Fig4.21). 

U U L3 l4 LS L6 L7 L8 l9 UOUlW 

Fig 4.21: PCR profile of cyanobacteria regenerated from calcium alginate beads. [ In fig.; 
lanes Ll,L2,L3 and L4 represent fmgerprint profiles of Nostoc muscorum; L5,L6 of 
Plectonema boryanum; L7,L8 of Mastigocladus laminosus; L9,LJO of Anabaena variabilis; 
and Lll and L12 that of Gloeocapsa sp. LJ,L3,L5,L7,L9 amd Lll indicate profiles of the 
control free-living batch cultures.] 
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4.8 Discussion 

This chapter dealt with, detailed assessment of efficiency of various existing methods 

of cyanobacterial preservation. The target of present work was to identifY the time scale up 

to which a designated method could be relied upon completely to preserve cyanobacterial 

cells, thus eliminating the need of routine sub-culturing. In addition to listing them 

according to their performance in long term preservation of cyanobacteria, this study was 

also directed towards modifYing some methods to develop protocols ofpreservation that are 

·user :friendly and less expensive. Hence, efforts were aimed at storing cyanobacterial 

cultures in dry form in which metabolic activities in the cell would be minimal due to 

dehydration. This has added advantage of least alterations in desired characters as the cell 

division is kept at lowest possible. For every experimental procedure, investigations were 

conducted to evaluate the performance ofthe technique in preserving cyanobacteria as well 

as to assess the performance of the preserved organism(s) when regenerated :from long term 

dormancy due to preservation. 

The frrst among various modifications brought about iii preservation protocols 

involved the creation of agar flakes. Maintaining large number of cyanobacterial cultures as 

agar slants suffers rew drawbacks as mentioned before. Making of agar flakes substantially 

overcame not oniy the problem of reducing the space required for storage, it also ensured the 

storage of axenic strains in dried form for a much longer duration with least occurrence of 

contamination. Cultures preserved in agar flakes had longer shelf life and could be stored in 

limited space. This treatment did not lead to any severe effect on the viability and survival of 

the immobilized cyanobacteria. There was minor reduction in expression of most characters 

in the cyanobacterial cells as they were regenerated :from the agar flakes. This apparent 
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reduction m chlorophyll a content, heterocyst frequency, nitrogenase activity,· 

photosynthetic and respiratory activities and the different enzyme activities were recovered 

in subsequent sub-culturing. All the distinct cyanobacterial groups that were immobilized in 

this modified method using agar gave encouraging results with respect to retention of 

viability and characters. Amongst the cyanobacteria that were included for study, Anabaena 

variabilis recorded best performance, followed by Nostoc nuscorum, .Plectonema boryanum, 

'Mastigocladus laminosus and Gloeocapsa sp. It may be concluded that cyanobacteria may 

be safely stored/preserved using this method at least fur a period of24 months. 

A major finding of this work was the excellent performance of calcium alginate in 

long term preservation of cyanobacteria. It became evident that this technique holds good 

fur all the distinct groups of cyanobacteria. Significantly, preservation in this matrix did not 

lead to any significant reduction or loss of viability of cyanobacteria. Cyanobacterial cells 

were well stabilized in this matrix and immediately regenerated samples matched all 

characters to the level of the free- living cultures. This held true even fur samples that were 

stored fur more than 36 months. The beads could be dried in a short duration oftime (24 h) 

thus reducing chances of contamination. Large number of dehydrated beads could be stored 

~ small vials. This method has proved to be very convenient for long term preservation of 

cultures in axenic conditions without losing any viability or essential characters in the 

samples preserved. This gives liberty to a researcher from maintaining batch cultures that 

has associated problems ofbeing labor intensive, expensive as there is a need for regular 

sub-culturing, increased chances of contamination due to routine handling inside a culture 

room that hosts many other similar organisms and mis-labelling or loss of cultures due to 

overcrowded racks. This not only reduces the work load involved in regular batch culturing 
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and maintenance, this method practically negates the chances of cross contaminations 

between various cyanobacterial cuhures kept in close proximity. Also, the method is reliable 

in retaining the viability of immobilized cells which is of paramount importance in long 

term maintenance of cyanobacteria. 

Another base for preservation of cyanobacteria that was attempted in the present 

work was immobilization in foam. This is a known method of preservation. In this study 

ordinary packing foam was used as they are readily available in any laboratory that buys 

usual consignment of research equipments and thus this supply of foam material is cost 

effective. Our investigation demonstrated that the ordinary packing foam can effectively be 

employed as a preservation matrix for cyanobacteria at least for a period of 24 months. 

Nevertheless, like in almost every other protoco~ the initial amount of inoculum plays a 

determining role in deciding the duration of viability of the immobilized cyanobacteria. It 

must be mentioned here that this load had to be much more in case of fuam due to its porous 

nature. The dried foam cubes can be conveniently stored in sterile containers at room 

temperature in dark. 

A proven method of long term preservation of cyanobacteria is storage at ultra low 

temperature (-80°C) using cryoprotectants. However, this requires sophisticated ultra 

refrigeration systems .. Since domestic refrigerators are cost effective and are part of most 

laboratories, the role of these refrigerators in storing cyanobacterial samples preserved fur a 

period of time was evaluated during this project. The duration up to which such 

cyanobacterial samples can be reliably stored was also established. This could be of interest 

·in case of laboratories with modest resources and also to researchers who collect samples 

from remote locations and need time to start work on the collection. Two commonly used 

112 



cryoprotectants DMSO and glycerol were used for this study. Results obtained illustrated 

that under such modification in the established method of preservation, cyanobacteria could 

be preserved for at least 9-12 months without loss of viability. DMSO was found to be a 

.better cryoprotectant than glycerol, and this was true for all the different groups of 

cyanobacteria. Nevertheless, it was apparent that viability and growth was most affected 

when cyanobacterial samples were preserved using this method as compared to all others 

methods that were studied in the present work. 

Retained' viability index (RVI10) gives an indication of viability of dried 

cyanobacterial samples after extended periods of storage. However, RVI10 is generally 

estimated for samples which are projected as biofertilizer. Thus, retained viability indices 

for desiccated stored Nostoc muscorum and Anabaena variabilis samples were calculated 

keeping in mind that these two cyanobacteria are widely distributed in paddy fields and are 

under intense research as possible biofertilizer candidates. Results obtained showed that 

preservation in alginate was a superior method fur long term preservation of cyanobacteria. 

A notable observation that surfaced from this study was that preservation of the non­

heterocystous cyanobacteria always necessitated the addition of supplementary amounts of 

nitrate to the preserving medium. Initial experiments conducted without this further 

supplementation of nitrate resulted in inefficient preservation of the cyanobacteria with 

reduced duration of viability in the preserving matrix. 

4.9 Salient fmdings 

• This chapter dealt with evaluation and assessment of some existing methods of 

cyanobacterial preservation. The emphasis was to fmd the suitability of the methods 
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and also to fmd the time period up to which cyanobacterial samples may be safely 

stored using matrices and protectants described in the methods. 

• Certain changes were introduced in some of the protocols in order to make them 

more readily useable and less expensive. 

• The existing method of making agar s1ants was modified to make agar flakes for 

convenient storage of cyanobacteria. This modification has the advantages of ease of 

handling, and ensuring storage of immobilized cyanobacterial samples in dry form 

This also substantially reduces the chances of contamination between cultures which 

are maintained in close ·proximity in culture rooms. All groups of cyanobacteria 

could be stored on agar flakes fur at least a period of 18-24 months. 

• Calcium· alginate proved to be most promising and dependable in long term 

preservation of cyanobacteria. Cyanobacterial samples thus stored retained their 

viability fur very long periods without any loss of characters that are indispensable 

for independent survival' Also, large quantities of samples could be stored as 

calcium alginate beads in small vials thus bringing down the space required fur 

maintenance. Safe period up to which the cyanobacteria can be stored using this 

protocol is at least 36 months. Cells also regenerated from these beads even after 5 

years of storage at room temperature and in dark. 

• The i.Jse of ordinary packing fuam in immobilization of cyanobacteria was another 

major achievement of this work. It became obvious that packing foam can be used in 

storing cyanobacteria at least for a period of 18 months. Foam is often a waste 

material readily found in laboratories as they come as protective packing material 
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around instruments. Thus, use of such material is highly cost effective and is 

convincingly efficient in preservation of cyanobacteria fur substantial period of time. 

• It was also observed that cyanobacterial samples can be stored in ordinary 

refrigerators using cryoprotectactants fur about 9-12 months. This would enable 

researchers to store cyanobacteria fur at least this period in laboratories that lack 

expensive ultra refrigeration systems. 

• The initial amount of inoculum played a very determining role in deciding the 

duration of survival and perfOrmance of regenerated samples from the different 

preservation matrices and materials. A higher concentration of initialinoculum (at 

least 10 pg/ml chl a) was a prerequisite to ensure longer duration of viability of 

preserved cyanobacteria. 

• Non-heterocystous cyanobacteria needed addition of supplementary nitrate in the 

media. 
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Chapter 5 

Development of alternative methods of preservation: 
Relevant to field applications of cyanobacteria 

5.1 Introduction 

Cyanobacteria have immense applications in various fields ofbiotechnology. These 

include their uses as biofertilizer, in reclamation of soil, in bioremediation of toxic 

compounds from polluted environments, waste and effluent water treatments and in 

biocontrol ofpests, among many other applications. For the above mentioned applications 

however, efficient strains of cyanobacteria have to be released to the desired sites of interest. 

For cyanobacteria to be effective for these applications they have to be viable during 

packaging and transport. At present cyanobacteria are distributed fur such purposes as live 

cells which perish within a short period of time under packaged conditions. Therefore, 

immobilized cyanobacteria in dry form are an attractive alternative to wet live cells for 

transport and distribution. This increases their shelf-life significantly. However, t&e matrices 

on which the cyanobacteria are to be i~mobilized for such purposes must be environment 

friendly, biodegradable and economical. In the recent past, a significant variety of carrier 

materials have been experimented with fur the purpose of obtaining a suitable carrier for 

efficient transfer of cyanobacterial biofertilizers to the fields. Included among them are 

thermocol, riverbed sand, saw dust, rice straw, paddy straw (Kaushik and Prasanna 1998), 

sugarcane waste/rice husk and coconut coir (Kannaiyan 2000; Malliga et a! 1996) etc. 

Tobacco waste-based cyanobacterial biofertilizer has also been attempted (Jha and Prasad 

2006). A cheap and easily adaptable method for the production of soil based algal 

inoculum, was developed for the benefit of small and marginal farmers which involved very 
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little capital investment (Venkataraman 1981). The production technology has now been 

substantially improved with the introduction of new and cheap carrier materials such as 

multani mitti (Fuller's eatth) and wheat straw that support higher algal load with longer 

shelflife (Kaushik 1998;Goyaletall997;Prasannaetal1998). 

This Ph.D. work mainly concerns preservation and conservation of cyanobacteria . . 
Effective preservation and conservation would certainly benefit future researchers as the 

preserved material could be the starting point for cyanobacterial research and valuable time, 

effort, energy and cost of chemicals involved in isolation, purification and maintenance 

could be reduced to a great extent. However, dw·ing the course of work one question that 

constantly came to mind is whether preservation could have any further function apart from 

simply preserving the material for a period of time. Keeping various field applications of 

cyanobacteria in view, we tried to fmd economically feasible immobilizing bases for 

cyanobacterial preservation that are environment friendly. Emphasis was given to locate 

materials that could keep cyanobacterial cells viable fur a significant period of time, long 

enough to transfer cyanobacteria to desired sites with little or no loss of viability. Based on 

the above requirements we experimented with garden soil, charcoal chips, drfed fibrous 

Lujfa cylindrica and the outer cover of mature betel nut (Areca catechu) as carrier material. 

Rationale for choosing these materials was that they are biodegradable natural substances 

that are locally available. This chapter deals with performance assessment of various eco-

friendly materials that were sampled as possible carrier materials. 
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5.2 Methods 

5.2.1 Organisms 

The cyanobacteria used for the present study were RF7 (Anabaena sp.) and CM9 

(Nostoc sp.) from chapter 3, table 3.2. RF7 showed high degree of association with rice roots 

and high associative nitrogenase activity and therefore, could be used as biofertilizer 

inoculum. CM9 was efficient in heavy metal removal. 

5.2.2 Cultivation and concentration of"cyanobacteria 

Pure cultures ofthe two cyanobacterial isolates were raised in BG llo media. 100 ml 

each of exponentially growing (15 days old) cyanobacterial culture with chlorophyll a 

concentration oflO Jlg mr 1was concentrated to 5 ml by centrifugation. 

5.2.3 Immobilization on luffa (Luffa cylindrica) 

The fibrous placenta of Luffa cylindrica was used for entrapment of cyanobacterial 

cultures (Fig 5.1 a). These were cleaned, deseeded and washed several times in water, rinsed 

with suitable media and then dried in the oven at 35"C. Once dried these were cut into small 

pieces (Fig 5.1 b). The concentrated slurry of cyanobacterial was then poured over and 

mixed properly using sterilized forceps and left to dry under aseptic conditions. inside the 

laminar flow cabinet (Fig 5.1c, d). Once the cyanobacterial cultures dried, the fibres were 

packed into polybags. 
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F"Ig 5.1: I.rmmbilization of cyanobacteria in Luffa c_v/indrica (a) drrd Luffa cylindrica, {b) 
waslr:d aoo cleared cubes of Luffa cylindrica. (~d) Luffa cylindrica cubes containlng 
C)WDbacteria.l cuJtures__ 

5-2.4 Immobilization on betel nut rowrs ('snep kwaP) 

Betel nui (.,~a catechu}, 'snep k-.-ai ' (fig 5.2 a) were cut mto uniform sUed pieces 

ani tre fiJers v.-ere oosely separated from ea<:h otll:r (fig 52 b). Th.;:se were waslxxi 

thoroughly several times, rinsed with suitab£ rredia arxl then dried at 35"C in the oven (F ig 

52 c). loocohtDn and p-ackaging were dore as m t.re case of luffa (Fig 5.2 d). 
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(a) (b) 

(c:) 

(f) 

F~g 5.2; Immobilization ofcyaoobacteria in fibres of Areca catechu (a} Drro Areca catechu 
(betel nut) (b) fibres of betel nut (c) waslm aoo c~ared fibres of betel mi: (d) 
cyanobacterial cultures inoculated on to fibres of betel nut (e) drro immobilized 
cyanobacteria packed in sterile plastic bag (f) Scanning electron mi:rograph of immobilized 
cyanobacteria on fibres of betel nut cover. 

5.2.5 Immobilization on charcoal pieces 

Stmll size charcoal pieces were washed and dried before autoclaving. Concentrated 

cyanobacterial slurry was poured on these pieces as in the case of ' luffa' and 'snep kwai'. 

However, cyanobacterial filaments were not retained effective ly on the charcoal pieces. To 
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overcorre this limitafun, cyaoobacterial cultures were grown for 15 days to a chlorophyll a 

con;entration of lO ~g rru 1
. Autoclaved charcoal pieces were tren dipped in to the conical 

flasks containing the cultures (Fig 5.3 a). These were retrieved after being left for four days 

in the flasks. Tre excess rredia was dra ined off and the chips were left to dry. This 

adjustmert in the method of immobilization of cyanobacterial cells led to adherence of 

substantial amount if cyanobacierial filaments on the crads and crevices on the surface of 

the charcoal. The d.rJ;:;d peces o f charcoai containing the immobilized cyanobacleria were 

then stored in sterile polybags and kept at room te~rature (Fig 5.3 b, c). 

(a) (b) (c) 
Fig 5.3: Immob ilization of cyarobacteria on charcoal peces (a) charcoal pieces i:ooculated 
in cyanobacterial culture (b) dried cyaoobacteria on charcoal pieces (c) packets containing 
charcoal immobilized cyanobacteria. 

5.2.6 Enrichment of soil with cyanobacterial cultures 

Soil was collected from the university calllJUS. The soil was sieved to rem:>ve 

pebbles and other organic substances such as roots, leaves etc. The fme soil particles were 

autoclaved at l2l°C (15 psi) for 30 minutes. Following this inoculation was done with dense 
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s lurry o fc yanobacter ia I c ultures ( 10 ~g mr 1 
). This was dr ied and the n lumps were broken to 

obta in finer so il particle s. These were the n stored in s terile co ntaine rs. 

5.2.7 Regeneration studies on the immobilized samples 

At every three months interval the dehydra ted samples were re int rod uced in 

appropriate gro~th media to ascertain viabi lity of the immobilized ce ll s. Fig 5.4 s hows 

regenerated filaments from 'snep kwai' after one year of preservation. 

Fig 5.4: Sacnning electron micrograph of cyanobacteria regeneratin g from immobilized 
fibres ofbetel nut 

Filaments growing out of the matrices were then used to measure growth, heterocyst 

frequency and nitrogenase act ivity. Growth in the regenerated samples was meas ured as an 

increase in chlorophyll a (MacKinney 1941). Their heterocys t freque ncy was co unted under 

a light microscope and expressed as percentage of total ce lls. Acetylene reductio n activity 

by nitrogenase enzyme (EC/ .18.6. 1) was est imated in vivo by gas chromato graphy (Stewart 

et al 1967). Since this work was dedicated to fmding suitable carr ier mate rial for 

cya nobacterial inoculum to be transferred for f.eld app lications, the potential of these 

regenerated samp les in colonizing rice roots and their efficiency in removing heavy metals 

have also been assessed. For a ll evaluations, preserved cyanobacteria were a llowed to grow 

122 



out form the bases and then reinoculated into fresh media at a constant concentration. This 

was done to enable us to compare the various characteristic under study with free-living 

batch culture of the same organism. 

5.3 Results and Discussion 

5.3.1 Growth 

Fig 5.5 and 5.6 compares the growth expressed as increase in chlorophyll a content 

ofNostoc sp. (CM9) and Anabaena sp. (RF7) in the four methods mentioned above. 
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Fig 5.5: Growth curve of Nostoc sp. (Nsp) regenerated from (a) 'snep kwai', (b) Luffa 
cylindrica, (c) soil and (d) charcoal. [In fig, 'c' refers to control samples; 'k', 'luj', 's' and 
'char' refers to samples regenerated from immobilization in kwa~ lziffa, soil and charcoal 
respectively. 'm' indicates the age (in months) and y' the age in years of the presen,ed 
samples.] 
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Fig 5.6: Growth curve of Anabaena sp. (Asp) regenerated from, (a) "snep kwai", (b) Luffa 
cylindrica, (c) soil and (d) charcoal. [lnfig, 'c' refers to control samples; 'k', 'luf', 's' and 
'char' refers to samples regenerated from immobilization in kwai, luffa, soil and charcoal 
respectively. 'm' indicates the age (in months) and y' the age in years of the preserved 
samples.] 

Experiments to standardize initial concentration of ~yanobacteria needed for 

immobilization resulted in fmding lOJlg ml- 1 of cyanobacteria being optimum for getting 

high number of viable cells in regenerated cultures. Nostoc sp. and Anabaena sp. remained 

viable up to 9-12 months in all the immobilizing bases used to varying degrees. The outer 

cover of betel nut ('snep kwai') and soil seemed to be the best immobilizing materials for 

Nostoc sp and Anabaena sp. 1l1e growth of regenerated cells after a year ofprese·rvation on 

these bases was similar to the control cells. Nostoc cells could survive even longer duration 

of immobilization of soil up to a period of 18 months, even though growth was reduced by 

~72% (Fig 5.5 c). Similar trend was observed in cells of Anabaena sp. (Fig 5.6). However, 
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negligible regeneration of cells was seen from 'snep kwai' samples after a periotl of I year. 

The medium turned blue when preserved 'snep kwai' samples were introduced for 

regeneration indicating lysis of the preserved cells. Thus, 'snep kwai' can be safely used 

with a good regeneration potential upto a period of one year. The growth in cells regenerated 

from luffa and charcoal seem to follow a parallel trend ofbeing inversely proportional to the 

period of preservation. Growth from charcoal was comparable in 6 months to their control 

cultures. Drastic drop in regeneration and growth was seen after this period. Luffu as carrier 

was good only for about three month. After this, the regeneration of cyanobacterial cells 

from luffa was poor. This may be due the texture of luffa that does hold substantial amount 

of cyanobacteria on itself even though an initial concentration oflOf.lg mr 1 of cyanobacteria 

was maintained for immobilization. This brings to the fact that initial amount of inocula 

plays a defmitive role in regeneration potential of immobilized cultures. This was found to 

be true for all methods employed for preservation and storage. 

5.3.2 Heterocyst frequency and nitrogenase activity 

Heterocyst frequency of regenerated Nostoc and Anabaena sps. were compared to 

their free living cultures. Figs 5.7 and 5.8 clearly project the percent heterocyst differences 

between the regenerated specimens and their controls. Nostoc cells regenerated from soil 

samples maintained the original heterocyst count up to a period of one year. Cells 

regenerated fi·om 'snep kwai' after 6 months and one year displayed a reduction of27 to 

31% in heterocyst frequency. However, in the case of Anabaena cells, almost complete 

retention of heterocyst frequency was seen in samples regenerated from 'snep kwai' (and not 

from the samples regenerated from soil) for the same period. ·The con·elation between 

heterocyst frequency and nitrogenase activity held true for the Nostoc cells regenerated from 
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all the immobilizing bases (Fig 5.7; 5.9). However, nitrogenase activity did not match its 

heterocyst fi·equency in regenerated Anabaena cells in case of'snep kwai' (Fig.5.8; 5.10). 

This may have been due to the noticeable occurrence of double and multiple heterocysts in 

many of the regenerated filaments of Anabaena where these heterocysts present in a row are 

in short supply of carbohydrates from the neighboring vegetative cells. This feature 

disappeared upon subsequent sub-culturing ofthe regenerated samples and the correlation 

between heterocyst frequency and nitrogenase activity was restored. In all cases, subsequent 

cultures of the preserved samples matched the parameters of their free-living control 

cultures. Soil as an immobilizing base was best for both the organi~ms under study. The 

duration of preservation on soil was as long as eighteen months without any significant loss 

in heterocyst frequency and nitrogenase activity. The nitrogenase activity of immediately 

regenerated Nostoc cells after a year of preservation in soil was 92% of that of its control 

cultures. 
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Fig 5.10: Nitrogenase activity ofAnabaena sp. (Asp) regenerated from (a) "snep kwai" after 
one year ofpreservation and (b) luffa after nine months ofpreservation, (c) soil after one 
year and six months of preservation and (b) of charcoal after nine months of preservation. 
(Note: column] refers to the control sample in each case; for fig a, column 2 and 3 
represents the nitrogenase activity of r~generated samples at the end of 6 months and I year 
respectively; for fig b, column 2, 3 and 4 represents the nitrogenase activity of regenerated 
samples at the end of 3, 6 and 9 months respectively; for fig c, column 2, 3 and 4 represents 
the nitrogenase activity of regenerated samples at the end of 6 months, I year and I year 6 
months respectively; for fig d, column 2 and 3 represents the nitrogenase activity of 
regenerated samples at the end of 6 months and I year respectively). 
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5.4 Conclusion 

This chapter dealt with unconventional methods of preservation that could be useful 

for application of cyanobacteria in agriculture and in environmental restoration programmes. 

As mentio~ed earlier, soil has already been attempted as a base for carrying cyanobacterial 

inoculum for field applications. The use ofbetel nut covers for immobilizing cyanobacteria . 
was a significant step forward towards development of suitable and economical carrier of 

cyanobacteria fur such applications. Our experiments suggested that cyanobacteria could 

temporarily be preserved on betel nut covers for duration up to twelve months. This pe~iod 

is sufficient for bulk production, immobilization, storage and transfer of viable 

cyanobacterial inoculum to intended destinations. Betel nut covers are waste generated 

locally in substantial amount and has the potential to be used as inexpensive carrier of 

cyanobacteria as it fulfils various requirements of an ideal carrier including its 

biodegradability. Washed and cleaned fibres ofbetel nut are relatively inert and could hold 

sufficient amount of inoculum on itself Introduction of favourable growth conditions 

resulted in profuse proliferation of the immobilized cyanobacterial cells from these fibres 

and no alteration of any vital characters such as nitrogenase activity was apparent in the 

regenerated cells. 

Therefore, this initial study provides an insight into some short term preservation 

methods relevant in application of cyanobacteria and could have important contribution 

towards development of appropriate carriers for future biofurtilizer and bioremediation 

programmes. The following chapter describes the experiments conducted to estab !ish betel 

nut covers as successful carrier of cyanobacteria for field applications. Charcoal as carrier of 
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cyanobacteria for potted plants specifically for growing orchids has also been tested with 

encouraging results. 

5.5 Salient findings 

• Betel nut covers, soil, Lu.ffa cylindrica, charcoal chips were used for short 

term preservation of cyanobacteria. 

• Lujja cylindrica was found unsuitable as the holding capacity was much less 

due to its porous texture. 

• Initial inoculum load was fuund to have a defmitive role in influencing the 

d~tion up to which dry samples could be stored. 

• Among the bases considered, soil was found to be the best for preservation of 

cyanobacteria in terms of duration as well as retention of native characters. 

• Fibres of betel nut covers came in close second as base for preserving 

cyanobacteria. It is a biodegradable waste material and thus a technology 

utilizing these could be an environment friendly and economically feasible 

option. 

• Charcoal could maintain cyanobacteria viable for at least a period of six 

months upon immobilization and thus, could be projected as a rich potting 

material for plants such as orchids. 
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Chapter 6 

Use of fibres of betel nut cover as carrier for biofertilizer 
and bioremediator inoculums: screening of local isolates of 
cyanobacteria for potential applications in agriculture and in 
improvement of polluted environment and their immobilization 
on 'snep kwai: . 
6.1 Potential applications of cyanobacteria in agriculture and 

environment 

Inclusion of cyanobacteria as biofertilizer for improving soil quality and fertility in 

agricultural practices has long been known (De 1939; Venkataraman 1981; Roger and Ladha 

1992; Roger and Kulasooriya 1980; Metring 1988; Whitton 2000). Besides in recent times, 

considerable research has been done on application of cyanobacteria in cleaning up of 

polluted environment. Live cyanobacterial cells are ideal for such applications as they are 

capable of photosynthesis and nitrogen fixation and thereby require very little chemical 

inputs for their growth and cell division. These qualities could project them as cheap and 

affordable alternatives to agrochemicals as well as to expensive environmental remediation 

protocols. Being biologica~ they have little or no adverse affect on the environment in 

which they are introduced. However, not all strains are equal in their performance. Thus, 

isolates have to be assessed for their ability to perform desired function(s). In this chapter 

we put forward some finding relating to potential applications of indigenous cyanobacterial 

isolates as biofertilizer in rice cultivation and as natural agents capable in heavy metal 

removal from the surrounding. We also present possible ahernative carrier solution ofthese 

strains to site of applications. 
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6.2 Screening of cyanobacteria for biofertilizer application 

Thirty five cyanobacteria isolated from various places of Meghalaya and the 

neighbouring state Assam was screened for colonization of rice roots. Most isolates were 

from rice fields as we felt that cyanobacteria present in these ecosystems are already 

accustomed to being in close proximity to rice seedlings as well as to prevailing conditions . . 
of rice fields. One hot spring isolate was also tried for colonization study in anticipation of 

presenting it as biofertilizer for tropical rice fields. In addition, Nostoc cyanobionts were 

isolated from three independent Anthoceros thalli collected from different locations. Their 

inclusion in the study could be justified as these cyanobionts already existed in symbiotic 

association and therefore.are well acquainted with symbiotic life style. Thus, we presumed 

that they could be efficient in forming successful association with rice seedlings in a short 

duration of time. 

Table 6.1: Cyanobacterial isolates selected for the study 
Serial no. Sample Origin of sample Sample identified as 

I RF I 
Rice fields. Near NEHU Campus. Anabaena oryzae 
Meghalaya 

2 RF2 
Rice fields. Near NEHU Campus. 

Plectonema boryanum 
Meghalaya 

3 RF3 
Rice fields. Near NEHU Campus. 

Nostocsp. 
Meghalaya 

4 RF4 
Rice fields. Near NEHU Campus. Anabaena oryzae 
Meghalaya 

5 RF5 
Rice fields. Near NEHU Campus. 

Aphanothece sp. 
Meghalaya 

6 RF6 Rice fields. Near NEHU Campus. 
Nostocsp. 

Meghalaya 

7 RF7 
Rice fields. Near NEHU Campus. Anabaena sp. 
Meghalaya 

8 RF8 
Rice fields. Near NEHU Campus. 

Calothrix sp. 
Meghalaya 

9 RF9 
Rice fields. Near NEHU Campus. 

Nostocsp. 
Meghalaya 

10 RF/0 
Rice fields. Near NEHU Campus. 

Nostocsp. Meghalaya 
11 RFIJ Umkhen. Jaintia Hills. M eghalaya. Tolypothrix sp. 
12 RF/2 Urniurn. Ri Bhoi. Meghalaya Nostoc sp. 

13 RF/3 
Nongstoin. West Khasi Hills. 

Anabaenasp 
Meghalaya 

14 RF14 
Mawphlang.East Khasi Hills. 

Nostocsp. 
Meghalaya. 

15 RF/5 Syntu Ksiar. Jaintia Hills. Anabaena sp. 
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M.-ah:ob""' 

16 RF/6 
Syntu Ksiar. Jaintia Hills. 

Nos toe sp. Meghalay:a.. 

17 RFl7 
Sy ntu Kslilf. Ja:intia Hills. Anabaena sp . 
MegbaJaya 

18 RF/8 
Syntu Ks1M. Jaintia Hills. 

No:rtoc sp . Megbalaya. 

19 RF/9 
Syntu Ksiar. Jaintia Hills. 

Nos toe sp . 
Megbalaya 

20 RF!O Syntu ICsJar. Jaintia Hills . 
Gloeocapsa sp . 

Megbalaya. 

21 .B.F2 J 
S<ru!u Kslar. Jaintia HILls . 

AnoboeNJ variabilis 
~~\aya. 

22 RFJ: Rice fields. Guw.ahat:., A~ NosiO£ sp. 
23 RF'.3 Rice fidds. Guwahau, Assam Nos toe sp . 
24 JlF?4 • &ice .fi.dds.. Sal~u:u\ssarr. -~!? 
~ !lFJ_• Ric;e !iclds. Sc;map.ur~~san: Pl.ectonema :.p . 

26 R.F26 Rio: fidds. Sonap ttr _ \ssam ."Ws toe sp . 
27 f?F: 7 Rice field." . Bagon.Assam Nostoc sp . 
28 RF:!!? Rlce fiel.ds. B<l20ri.Assam Caiodrra so. 
29 RF29 Rlce f:iclds.. Dc-gaoo.Assarn w esriel /opJ is sp . 

30 RFJO Rice fi eicis. Der ?J!OO, Assam 
{. il/indroSpenmP11 

jerti!isma 

31 RF31 Rice fields . Googbat , Ass.am Anabaena sp. 

32 HSJ 
Iakrem hot sp-nng Wes1 Khasi Hills . 

Mastiglcla.ius lmninosus 
Mcghalaya 

~~ :'lrAJ 
from AJJtitt:Y..er(>.< JNDCfi:rta.• 

1\.os.IDC sp . .3~ (XEHl'} 

~ IvA...' 
Frem .4laillr..>CDP.> ~ 

f0<et~ . .-) . .••OSIOC A!'>IH 

~ ! f"l"'OO -~ jJWIC§4lXY I 

A vis ual screening establis~d that all 35 isolates showed cc lcnizatim of rice :oots 

to varymg degrees (Fig 6.1 ). 
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Fig 6.1: Rice root colonization by cyanobacteria 
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Of these, 21 showed tight association with rice roots (Table 6.2). This was 

determined by calculating chlorophyll a content and associated nitrogenase activity in the 

excised roots. The excised roots were subjected to ultrasonic bath for two minutes to 

remove loosely associated cyanobacteria. The values obtained for chlorophyll a and 

nitrogenase activity were those of the tightly associated cyanobacteria. A notable 

observation of the colonization study was that the nitrogenase activity was higher in the 

cyanobacterial filaments associated with roots than their free-living counterparts. 

Table 6.2: Successful colonization of rice roots by different cyanobacteria. (Values are 
mean of three independent sets of experiments). 

Chlorophyll 
Nitrogenase activity Associated nitrogenase 

Serial Sample Sample nmol C2H4 activity nmol C2H4 

no. number identified as 
a (Jtg/g root 

produced/ pg chi alh produced/ pg/g root dry 
dry weight) (free-living) weightlh 

I RF/ Anabaena oryzae 
432 5.1 7.32 

2 RF3 Nostocsp. 505 6.3 8.22 

3 RF4 
Anabaena oryzae 

412 4.3 5.91 

4 RF6 Nostocsp. 378 3.8 5.12 
5 RF7 Anabaena sp. 682 7.0 10.62 
6 RF8 Calothrix sp. 565 6.4 8.60 
7 RF9 Nostocsp. 398 4.9 5.72 
8 RF13 Anabaena sp. 518 6.2 8.43 
9 RF14 Nostocsp. 501 6.0 7.87 
10 RF16 Nostocsp. 619 7.8 9.76 
11 RF/9 Nostocsp. 583 6.8 8.74 

12 RF21 
Anabaena 

467 4.9 6.13 
variabilis 

13 RF22 Nostocsp. 453 5.2 6.87 
14 RF23 Nostocsp. 466 5.9 7.59 
15 RF24 Anabaena sp. 379 4.9 5.73 
16 RF26 Nostocsp. 475 5.9 6.91 
17 RF27 Nostocsp. 498 6.5 7.40 
18 NA I Nostocsp. 663 7.4 10.33 
19 NA2 NostocANTH 493 7.1 7.84 
20 NA3 Nostocsp. 488 6.4 7.74 

21 HSJ 
Mastigocladus 

324 3.1 4.66 
laminosus 

The main objective offmding suitable cyanobacteria to be used as biofertilizer is to 

provide crop plants with higher fixed nitrogen in its vicinity. In our colonization study, 

sample numbers RF7, RFJ6 and NAJ exhibited higher associative nitrogenase activity and 
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therefOre, were selected as potenti:ll bi>fertilizer strains to be preserved for future stu:iies. A 

point to note is that two of these isolates were collected from rice fields that recorded pH in 

the acidi: range (6.2 fur isolate RF7 and 6.8 for RF16). Thus, these cyanobacteria are 

adapted to low pH and coull be kept in mind as bi:>fertilizer for acidi: rice fields. 

Co-cultivatim showed positive iniluenee on the health of ri~e plants as well 

Cyanobacterial associati:ln bad signi:frcani benefic ial impact on the overall growth o f rre 

seedlings (Fig 6.2 ). 

Ftg 6.2: Pos iti....-e influence of cyanobacter ia o n the growth of rice plants 

Seven experimeruai set ups each comprising ten seedlings were used to sttrly the 

effect of rice-cyanobacteria co-cultivation on the overall groMh of rice p Iants. Rice variety 

DR-92 and cyanobacteria RF7 was used for the experiment. Root and shoot lengths arxl their 

respective dry weights of the associated rice seedlings were calcubted after co-cultivatvn 

period of30 days. A parallel experiment was also run with rice seedlings growing without 

cyanobacteria to co~are the difference brought about in growth of rice seedlings in 

presence and absence of cyanobacteria in their vicinity. Table 6.3 gives the details ofthe 
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experimental results. A distinct encouraging difference was seen in rice seedling grown 

along with cyanobacteria. 

Table 6.3: Comparative root and shoot lengths and their respective dry weights of rice 
seedlings grown in presence and absence of cyanobacteria. (Values are mean of three 
independent sets of experiments each containing ten seedlings). 
Sl no Root lengths ( c m) Shoot lengths (em) Root dry weight (g) Shoot dry weight (g) 

-C +C -C +C -C +C -C +C 
I 5.5 8.9 11.3 17.7 0.076 0.089 0.059 0.143 
2 5.2 9.3 10.2 16.8 0.079 0.093 0.049 0.121 
3 4.6 10.5 10.6 17.3 0.083 0.102 0.052 0.155 
4 3.9 10 11.1 17.8 0.073 0.083 0.038 0.136 
5 4.2 10.6 9.8 20.1 0.087 0.123 0.063 0.122 
6 6.1 11.2 11.6 18.6 0.084 0.109 0.044 0.149 
7 5.3 10.3 9.9 18.9 0.082 0.118 0.046 0.!55 

Average Average Average Average Average Average Average Average 
4.97 11.11 10.64 18.18 0.08 0.102 0.051 . 0.140 

[-C = seedlings grown in absence of cyanobacteria; +C = seedlings grown 'in presence of 

cyanobacteria] 

6.3 Preservation of RF7, RF16 and NAI on fibres of betel nut cover 

As illustrated in the chapter 5, betel nut covers were able to retain viable 

cyanobacterial cells without compromising characters such as nitrogenase activity for atleast 

a period of 12 months. This is crucial for regenerated cyanobacteria if they are to be used as 

inoculums for biofertilizer programme. Betel nut covers have already been shown to be 

economically feasible option as carrier of cyanobacteria in the previous chapter. The 

cyanobacterial isolates RF7, RF16 and NAJ were immobilized on betel nut covers (5 ml 

cyanobacterial culture with chlorophyll a content of 10 11g mr1 was immobilized on 5 gram 

betel nut fibres). These were stored in sterile plastic bags and kept at room temperature in 

dark. Every three months samples were regenerated and tested for retention of colonization 

ability. The fuctthat nitrogenase activityofassociative cyanobacteria was found to be higher 

than that ofthe free-living cells (Table 6.2), associative nitrogenase activity ofregenerated--
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sample that were used for colonization study was also measured to assess if this character 

has been compromised during long term preservation on these fibres. 

Table 6.4: Chlorophyll a, nitrogenase activity and associated nitrogenase activity of 
cyanobacteria (RF7, RF16 and NAJ) regenerated after one year ofpreservation on betel nut 
fibres. (Values are mean of three independent sets of experiments). 

Serial Sample Sample identified Chlorophyll a Nitrogenase Associated nitrogenase 
no. number as (J.lg/g root dry activity activity nmol C2~ 

weight) • nmol c2~ produced/ J.ig/g root 
produced/ ).1g chi dry weight/h 
a/h (free-living) 

1 RF7 Anabaena sp. 696 7.32 10.55 
2 RF16 Nostoc sp. 612 7.56 9.48 
3 NAJ Nostoc sp. 668 7.23 10.19 

6.4 c)
15N analysis as evidence of N-transfer from associated 

cyanobacteria (RF7) to rice seedlings 

The knowledge of symbiotic association where there is beneficial exchange of 

metabolites between the partners has been extended to the practice of co-cultivation of rice 

with cyanobacteria. Better growth of rice seedlings in presence of cyanobacteria (Fig 6.2) 

prompted the experiment to study the transfer of fixed nitrogen from the cyanobacteria to 

the rice plants. A CHNS analyser (Varia EL 111 Elementar) was used to investigate the 1 ~ 

transfer between the two partners. Following formula was used for calculation of o 15N: 

o15N (%o) = [(R sample/R standard)-1] X 100 

Where R = 15N/ 1 ~ ratio and the standard is the dinitrogen of air, defmed as having a o 

· value of zero. 

It is well established that soil N has higher abundance of 15N than atmospheric N 

owing to 15N being selectively retained because of its heavier mass. 15N enrichment of soil 

being the net result (Turner et al 1983; Azam and Farooq 2003). Consequently processes 

such as nitrogen fixation,. N losses and p !ant uptake continuously causes 15N enrichment of 
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soil N and depletion of atmospheric N (Azam and Farooq 2003). Because ofthe difference 

in natural 15N abundance, N2 fixing plants that depends on soil N and biological nitrogen 

fixation, have low 15N abundance than a non-fixing plant that obtains nitrogen from soil 

alone (Kohl and Shearer 1980; Danso eta! 1993). This difference of natural 15N abundance 

among plants can be used for assessing the contribution of biological nitrogen fixation in a 

diazotrophic association (Shearer and Kohl 1986). 

For this experiment 10 days old rice seedling were co-cultured with cyanobacterial 

isolate RF7 for four days ,the loosely associated cyanobacteria removed and the seedlings 

transferred to 10 fold diluted BG llo medium. The plants were subjected to a 12h light/dark 

cycle. After three weeks, the plants were uprooted, cleaned and dried in a hot air oven at 

25°C. The dried plants were fmely ground and the powdered sample used for analysis. In 

two parallel experiments, rice plants were grown without association with cyanobacteria and 

with regenerat;d cyanobacterial samples. In Table 6.5, natural 815N abundance of rice 

seedlings grown with or without RF7 are presented to compare cyanobacterial contribution 

to the nitrogen budget of rice plants. 

Table 6.5: 8 1~ values ofN2-ftxing RF7 (free-living and regenerated) in association with 
rice seedlings compared to unassociated rice plants. (Values are mean of three independent 
sets of experiments). 

Samples 
Unassociated Rice seedlings 
Associated Rice seedling with free-living RF7 
Rice seedling associated with regenerated RF7 (six month under 
preservation) 

6.5 Results and Discussion 

4.82±0.12 
1.65±0.18 

1.98±0.24 

All thirty five cyanobacterial isolates were able to colonize rice roots to varying 

degrees (Fig 6.1 ). Thus it appears that colonization is favoured by both organisms and there 

seems to be no adverse reaction to such close proximity by either of them. Twenty one oC, 
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these cyanobacteria could be distinguished as being able to form tight association with the 

roots (Table 6.2). And such association led to visible improvement in the health of the rice 

seedlings (Fig 6.2; Table 6.3). A study of nitrogenase activity of the associated roots showed 

that the cyanobacteria adhering tightly to these roots had increased activity than their free­

living counterparts. TherefOre, it may be concluded that there could be possible exchange of 

metabolites between the associated partners to bring about positive influence on growth of 

rice plants. Of the twenty one tightly associating cyanobacteria, RF7, RF16 and NAJ showed 

distinctly higher associative nitrogenase ability, thereby making them targets for research 

involving their potential as biofertilizers in acidic rice fields. Isotopic analysis using the 

isolate RF7 revealed that 815N value of unassociated plants was 4.82%o while that of the 

plants associated with free-living RF7 was 1.65%o (Table 6.5). This indicated that significant 

amount of nitrogen was derived from nitrogen fixation by the associated cyanobacteria. () 1~ 

value of 1.98%o obtained from rice seedlings associated with RF7 sample regenerated from 

immobilization on fibres ofbetel nut outer cover after six month of preservation suggested 

that these immobilized cells retained their ability not only to regenerate into viable cells but 

also were able to retain nitrogen fixation fuculty and nitrogen transfer ability. 

6.6 Assessing heavy metal removal ability of indigenous cyanobacteria 

Many substances known to have toxic properties are introduced into the environment 

through human activity. Such anthropogenic activities many a times lead to release of heavy 

metals in to the environment. These substances ultimately come in contact with soil and 

accumulate over time in the exposed area. In recent times, technology offers bioremediation 

as alternative method to clean up contaminated environments. The science ofbioremediation 

engages microbes. Among microbes, considerable amount of research''has been done to 
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reduce heavy metals from wastewater by using cyl!nobacteria (Anjana et al 2007; El-Enany 

and Issa 2000; Cain et al2008; lnthorn et al 2002). In addition, some reports mention that 

cyanobacteria have been used as an absorbent agent in removing heavy metal like cadmium, 

lead, chromium from water (Anjana et al 2007; El-Enany and lssa 2000; and Cain et al 

2008; Inthorn et al2002). Microbial biomass can passively bind large amounts ofmetal(s), a 

phenomenon commonly referred to as biosorption, thils providing a cost-etrective solution 

for industrial wastewater management(Volesky and Holan 1995). 

This section details the experiments and the results obtained from a study engaging 

cyanobacteria in order to isolate potential indigenous strains with metal removal ability. 

Results of experiments in this section also envisage betel nut cover fibres as suitable, 

convenient and economical storage material and as biodegradable carrier for application of 

cyanobacteria in clean up operations. 

6.7 Screening of some indigenous cyanobacterial isolates for heavy 

metal removal potential 

Samples were collected from areas adjacent to coal mines in the state ofMeghalaya 

(Table 6.6). 

Table 6.6: Cyanobacterial isolates collected from coal mining sites in Meghalaya. 
Sl.no. Sample no. Origin ofsample(s) Sample identified as 

1 CMl Coal mining site. East khasi hills. Meghalaya. Anabaena sp. 
2 CM2 Coal mining site. East khasi hills. Meghalaya. Nostocsp. 
3 CM3 Coal mining site. Jowai. Jaintia Hills. Meghalaya Nostocsp. 

4 CM4 
Coal mining site. Ladrymbai. Jaintia Hills. 

Nostocsp. 
Meghalaya. 

5 CM5 
Coal mining site Ladrymbai . .laintia Hills. 

Nostocsp. 
Meghalaya. 

6 CM6 
Coal mining site Khliehriat. Jaintia Hills. 

Anabaena sp. 
Meghalaya. 

7 CM7 
Coal mining site Khliehriat. Jaintia Hills. 

Anabaena sp. 
Meghalaya. 

8 CM8 Coal mining site Khliehriat. Jaintia Hills. Anabaena sp. 
Meghalaya. 

9 CM9 ·Coal mining site .Towai. Jaintia Hills. Meghalaya. Nos toe sp. 

142 



Being isolated from coal mining areas, these cyanobacteria were already exposed to 

pollutants and their survival in such areas indicated that they had developed strategies to 

overcome toxic impact of such pollutant to certain degree. Amongst heavy metals Cd is 

known for its potential toxicity to microbes, plants animals and humans (Jose et al 2002; 

Yao et al2003). Thus, all isolates were screened for their tolerance to presence of cadmium 

in the surrounding growth medium. Additionally, we had included zinc in our study as zinc 

is a common heavy metal pollutant in the environment. Among the isolates, two ubiquitous 

cyanobacterial strains (Anabaena sp. and a Nostoc sp.) were found to be most efficient in metal 

removal. These two strains were selected for the study. Atomic absorption spectroscopy 

(Perkin Elmer 3110 Atomic Absorption Spectrophotometer, Sophisticated Analytical 

Instrumentation Facility, NEHU, Shillong) was used to determine presence and 

concentrations of heavy metals in different fractions of experimental samples. After 

assessment, potential strains were immobilized in calcium alginate beads and stored. The 

cyanobacterial cells were regenerated from the storage matrices periodically to study 

retention of heavy metal removal property in these organisms. 

6.8 Results and Discussion 

The state of Meghalaya has significant amount of coal deposits and thus large area 

within the state is under mining activities. This results in production of mine tailings and 

sludge that pollutes adjoining water bodies. Since role of cyanobacteria in removal of heavy 

metals from contaminated water has been well established by a number of researchers 

(Anjana et a! 2007; El-Enany and Issa 2000; and Cain et al 2008), we have for metal 

removal potential study, shortlisted an Anabaena (CMJ) and a Nostoc (CM9) sps. that were 

ubiquitous in almost a·ll collection sites. 
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{a) (b) 

~ 0 :. Light ~ic ~ ~f -~ sp. i. a} iUii N.Gsroc sp. ~) sel:cted for tlr 
study 

For eva luating metal rerro"al pote"nti!l ofti:lese' C}anobacteriai strains. exponentially 

growing cyanobacterill Cl.lltn.-es were coocentrnted by ccntnfug~n am then were 

resuspended m BG ll o rredium containing 0.02 mM cadmium sulphate or zinc sulphate. 

mJrpbohgy of the c~ lls {fig 6.4 b ). Tir ce!lf. in Zn ~kmerted medium &iDwed oSirotr 

t)pe of st ress where mmy cells- had become ro u:r:rled ani deflated. The connections between 

the cells were liDre fragile in Cd treated cells than in the cells exposed to Zn stress. 

(a) (b) 

Fig 6.4: Scanning electron micrograph showing the effect of heavy rretal (a) Cd stress and 
(b) Zn stress on cyanobacteria 
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To study heavy metal removal ability, the treated cells were harvested by 

centrifugation at 5000Xg after 48 h of heavy metal exposure and remaining Cd or Zn was 

estimated in the supernatant using atomic absorption spectroscopy (AAS). This value was 

subtracted from the initial concentration to arrive at the amount of metal ions removed by 

the cyanobacterial cells. Further, d istribl!tion of the removed ions on and within the cells 

was calculated using the following method. To fmd out the amount of heavy metals 

precipitated on the cell surface 3 ml of 0.2 M phosphate buffer (pH 7.5) was added to the 

pellet and the tubes were centrifuged at 5000Xg. The precipitated metal ion concentration 

was estimated by AAS in the supernatant. The pellet was further washed with 3 ml of 10 

mM EDTA for desorption of metal ions and centrifuged at 5000Xg. Adsorbed concentration 

of metal ions was determined in this supernatant. Further, the pellet resuspended in growth 

medium and cells were disrupted by sonication. The amount of intracellular accumulation of 

heavy metal. was determined by measuring the metal ion concentration in the supernatant 

obtained after centrifugation at5000Xg. The values obtained are expressed in percentage in 

the table. The % concentration of heavy metal was calculated as follows: (amount of metal 

ion present in the supernatant) I (amount of initial metal ion) XI 00. 

Table 6.7: Metal ions removal by cyanobacteria. (Values are mean of three independent sets 
of experiments). 

Nostoc sp. Anabaena sp. 

%Cd and Zn removal in 48 h Cd Zn Cd Zn 
(A) Total metal ions removed from the medium 61 75 53 62 
(B) Precipitated on the surface (of removed metal) 6 6 6 6 
(C) Adsorbed on the surface (of removed metal) 80 67 77 70 
(D) Accumulated intracellularly (of removed metal) 12 23 16 22 
(E) Unaccounted metal ions 2 2 I 2 

Atomic absorption studies showed that 61% (i.e. 0.0122 mM) ofthe Cd available in 

the medium was removed by the Nostoc cells within 48 h. The removal was saturating at 

72h. Ofthe removed Cd 6% was precipitated on the cell surface, 80% was adsorbed and· 
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-12% was intracellularly accumulated. Remaining 2 %was unaccounted for. This may due to 

some Cd being adhered to the glass surfuce ofthe test tubes. However, Nostoc cells removed 

much higher percentage of Zn (75%) within 48 h. It is interesting to note that the Nostoc 

cells accumulated almost two fuld higher amount (12% vs. 23%) of Zn intracellularly than it 

did for Cd. This may be the reason for the expressed osmotic stress on the morphology of 

the cells in Zn supplemented medium (Fig 6.4b). The ability to remove heavy metals from 

the surroundings is lower in Anabaena cells (it removed 53% Cd and 62% Zn as against 

61% Cd and 75% Zn by Nostoc cells respectively). As in case of Nostoc cells, high amount 

ofthe heavy metals were adsorbed on the cell surfaces (77%). Intracellular accumulation of 

Zn was similar in both the organisms (23% and 22%) while more Cd was accumulated by 

the Anabaena cells (16%) as compared to Nostoc cells (12%). 
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Fig 6.5: Metal ions removal by (a) Nostoc sp. and (b) Anabaena sp. 

With the above knowledge of cyanobacteria's potential in reducmg heavy metal load 

in the surrounding, experiments were set up to study their potential in reducing cadmium 

and zinc toxicity to rice plants. If so then cyanobacteria could serve dual purpose of acting 

as biofertilizer as well as protecting rice plants from heavy metal toxicity in the fields 

containing such pollutants. For this, experiments were set up with rice plants growing under 
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controlled conditions, in presence of0.02 mM cadmium or zinc, as well as in corri>inatiln 

of one heavy m::tal (0.02 mM) am cyaoobactem (CM9) at a coocentration of lO J,Jg mf1
• 

0.02 mM cadmium aoo zinc was fouro to be tori: to rice plants. Fig 6.7a soows that 

exposure to thii concentration of Cd.S04 hi to death of ri:e seedlings within 6-8 days. 

Howe~r. in::lusion of cyarobacteria significantly redoced t~ toxicity (F ig 6.6 b). 

{a) 

~ 6..'-: (a) Effect of ~m to xi: ity c·n ri::e 5eedlin-gs ; tb ) prmecoon ro ron: it)· ~.ered 
0,. preSC'JX:e of o:yaoobactcn; 

Table U: Co.~t.M! met an! ~ blgth cf rix plamlets ~rn in cadmium 
suppkme1Uel:i nrdir..:mt., with and wit:i»a cyaoobaC".eria. ( Iilb.tes are ~ of three 
independent sets of experiments) .. 

11.11-.M l (B)+ IJ.Ol•~ll (B) + 
C Olllrol (A) cll!lillfium{Bj l ~ Control 

a.dmj,., (B) cygnobacterUI 
8.9 5.5 5.6 17.7 11.3 14.7 
9.3 5.1 7.3 16.8 10.2 13.6 
10.5 4.6 6.5 17.3 10.6 13.9 
10.0 3.9 5.9 17.9 11.1 14.2 
10.6 4.2 5.5 20.1 12.8 15.0 
11.2 6.1 7.3 18.6 11.6 14.5 
10.3 5.3 7.3 18.9 11.9 13.5 

Avef"a2e Avef"32e Avera!!e Ave r32e Ave~oe Average 
10.1 1 4.97 6.5 18.18 11.24 14.2 

When root and shoot length of the rice seedlings were compared in absence and 

presence of cyanobacteria, the positive effect of cyanobacteria in their vicinity is clearly 
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visible· (Table 6.8). · Presence of 0.02mM cadmium in the medium in absence of 

cyanobacteria led to 50.85% and 38.1 I% growth inhibition in the root and shoot length 

respectively. However, presence of cyanobacteria reduced this inhibitory effect to 35.70% 

and 21.89% in the growing root and shoot lengths. Thus, presence of cyanobacteria in the 

vicinityofrice seedlings had defmite beneficial consequences. 

Use of cyanobacteria as biofertilizer as well as agents of bioremediation requires 

careful selection of efficient cyanobacterial strains and preserving them for timely use. In 

addition, field applications require transport to specified locations. Thus, appropriate carrier 

materials also have to be chosen keeping in mind their non-toxicity to the organism being 

carried on. They have to be cheap and locally available to be economically feasible, 

preferably carry the strains in dry state for convenience of transport and most of all should 

be biodegradable and non toxic to the environment. As pointed out in the chapter 4, 

preservation in calcium alginate beads was most suitable for storing selected cyanobacteria 

under laboratory conditions. Therefore, CMJ and CM9 were immobilized in alginate beads 

and marked for future work in relation to heavy metal removal. For field transfer, fibres of 

betel nut cover were found to fulfil all the requirements needed to be an ideal carrier. 

6.9 Development of an innovative approach for using immobilized 

cyanobacteria as potting supplements for orchid cultivation 

Use of cyanobacteria in rice cultivation has been extensively studied ·by various 

researchers (Watanabe et al 1951; Venkataraman 1972; Roger and Kulasooriya 1980; 

Venkataraman 1981; Metting 1988; Albretch et al1991; Roger and Ladha 1992; Whitton 

2000). However, potential ofthe cyanobacteria as biofertilizer in garden and potted plants 

has not yet been explored. For commercial purposes cyanobacterial biofertilizer have to be 
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' distributed in powder form or on matrices that are suitable for potted plants. In addition, for 

effectively acting as biofertilizer in potted plants, similarly applied cyanobacteria have to be 

able to grow and proliferate quickly in the pots upon watering. Further, these cyanobacterial 

filaments should be able to fix atmospheric nitrogen at a rate close to its free-living 

counterparts. 

The state of Meghalaya is home to almost 300 spectes of orchids 

(http://megtourism.gov.inlflora.html). Many exotic orchids are widely grown in Meghalaya 

as ornamental plants at homes as well as cultivated on commercial scales. Orchids are 

among the most highly prized of ornamental plants. Many orchids are tree dwellers. They 

are epiphytic in nature and they do not obtain any moisture or nutrient from the tree. 

Epiphytic orchids use the branches of the trees on which they grow as a place of anchorage 

where they gather humidity, shade and pollinating insects. Their adhering roots are thick. 

(sometimes as thick as a pencil) and are modified to obtain water from the atmosphere and 

that which collects on the bark of the tree. Growing orchids as ornamental plants is 

challenging as traditional soil or peat based compost holds too much moisture and clog the 

roots, causing the thick roots to rot. Hence, what is needed as potting material is for the 

material to resemble tree branch but not retain excessive water. Few options for such a 

material are charcoa~ brick and bark. Ofthese, charcoal has been in use for potted orchid 

cultivation in recent years. Charcoal is made from tree branches and due to the nature of 

varied texture and thickness provides a perfect surface for the roots to grow over. It ho Ids 

relatively little moisture and hence does not get sodden. In the first part of this work we 

have studied the potential of charcoal as an immobilizing base for cyanobacteria (Fig 5.3). 

Such immobilized cyanobacterial strains remained viable tor a period of six to nine months 
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on the dry charcoal Upon return of tiiwurab£ colliitions of growth, tl~se immobilized 

cyaoobacteria proliferated in the medium and were found to retain their nitrogen fixing 

ability. Therefore, charcoal pieces along with cyanobacteria colili be excellent potting 

material fOr orcbils as the cyanobacteria wouki be able to continuously provide fixed 

nitrogen to~ phntS. This woukl eliminate t.lr need ror any added supplements to the plant 

j}r promoting better growth, soorter durati>n between flowering and longer floral lifespan. 

Based on our cbserwrions_ we mve studied performaoce of cyanobacteria immobilized on 

charcoal in StW>rting better growth etc of orchid pant lets. 

lJendrohiwn aphy hmt pb.ntlets were germinated from seeds in t..Jr culture room 

ffiing m:dium (M l.B'3.Shige aM Skoog 1962; Das et a l 2007). The pla.rt.s were bardered 

Fig 6. 7: Plantlets of orchid being grown on charcoal chYs containing innnobilized Nostoc 
filaments. 

In aoother set, the charcoal chips used fur orclni trans-fer were pre-inoculated with 

Nostoc sp. cultures. After a Imnth, better growth was distinctly visible in the pots 
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containing elm-coal with cyaoobacteria cells (Fig 6.8 b). The pots were only watered every 

two days tlroughout the experiment. No other nuttient was added. 

(a) (b) 

F~ U: {a) Orchid pantkts growing on un-suppbr.ented dmcoal (b) better growth of 
Otcllid plantk:5 growing in prese~ of immo-bilized cyarobacteria on cinrcoal 

On cbs.e impeaDn cyarobacteriai celis were imnd adb!red to the i.nlividual orchil 

roots (f ig 6.9\:. 

The o...-erall growth. the root size Cl!ngth ani thickness) aai sl:Dot appearance (the 

individual kaf s.i-:.re) was higher in the pots with Nostoc ceJls than in the plants used as 

relereoce without tl:r innnobilized cyanobacteria (Fig 6.10 a, b). 
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(a) 

(c) (d) 

Fig 6.10: (a, b) Healthy orchi:i pant~ts growing in presen:e of cyambactera; (c. d) poor 
growth of orchid p hntt: ts on un-supp lement.ed c barroal 

6.1-t s 

• • i1 i:OO:i\-idwl c~bacteria1.isohles were capab~ of colonizing rice roo! albeit 

to varying degrees. 

• Cbse associnvn of cyanobacteria with ri:e roots resulted in better growth of 

these ptints. 

• Due to their abundance in acidic soils of Meghalaya coupled with higher 

associative nitrogenase activity when in close proximity to rice seedlings; RF7, 

RF/6 and NAI can be projected as likely candrlates for biofertilizer programme 

in acidic rice fie kis . 
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': :::.~:-• .. £vidence ofb:iologically ftx~d nitrogen transfer was obtained using 8 15N analysis. 

• Negative effects were seen on morphology and growth of cyanobacteria when 

subjected to increasing concentration ofCd and Zn. Atomic absorption studies 

showed that 61% of the Cd available in the medium was removed by the Nostoc 

ce lis within 48 h. 

• Nostoc cells accumulated almost two fold higher amount (12% vs. 23%) of Zn 

intracellularly than it did for Cd. 

• The ability to remove heavy metals from the surroundings was lower in 

Anabaena cells (it removed 53% Cd and 62% Zn as against 61% Cd and 75% Zn 

by Nostoc cells respectively). 

• Presence of cyanobacteria in the vicinity of rice seedlings reduced inhibitory 

effect of cadmium by approximately 36% and 22% in the growing root and shoot 

lengths ofrice plantlets. 

• There was positive indication of better growth of orchid plantlets that were grown 

on charcoal containing immobilized cyanobacterial ftlaments. Thus, use of such 

charcoal pieces carrying immobilized cyanobacteria can be exploited at 

commercial scale specifically for growing orchids. 
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Chapter 7 

Projecting spores as a means of preservation in many 
sporulating cyanobacterial strains: standardization of 
procedures for bulk spore production in desired cyanobacteria 
for use as biofertilizer inoculum in rice cultivation. 

7.1 Cyanobacterialspores 

Various genera of heterocystous cyanobacteria are known to differentiate 

morphologically and ultra-structurally into resting-state cells for survival under 

environmental stresses (Seckbach 2007). In nature, akinetes are believed to play an 

important role in perennating, allowing the producer strain to survive cold winters, and to 

withstand adverse environmental stresses (Sukenik et al2007). These spores exhibit profuse 

growth and multiplication when favorable growth conditions returns. In 2007 Kyndiah and 

Rai had reported another aspect of sporulation. They have projected spores of Nostoc ANTH 

as an efficient candidate for cyanobacterial inoculum in rice cultivation: Also they have 

reported that spores of Nostoc ANTH retained viability after extended periods of storage. 

Thus, spores can be regarded as storage form of cyanobacterial strains from which a culture 

can be generated whenever necessary. 

Keeping in mind this aspect of cyanobacterial spores, the present study was designed 

to ·find various modifications in growth con.ditions that can be introduced to bring about 

quick and efficient sporulation in cyanobacterial strains. Bulk quantities of spores thus 

generated have been stored for future use. The time period up to which these stored spores 

stay viable without losing any of the characters of the native strains have also been assessed. 
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Possible use of spores in the field of cyanobacterial appliCation as inoculum for biofertilizer 

has been envisaged and experiments were conducted to establish this as a fuct. 

The following section in this chapter describes alterations in standard growth 

conditions that led to effective sporulation in the study samples. It also contains detailed 

accounts of experiments conducted to study sp01:es' ability to germinate back into viable 

cells and express desirable characters after cyanobacterial cells have spend a considerable 

amount oftime as spores. Rice root colonization ability and associative nitrogen fixation of 

the cells regenerated from spores were also assessed to ascertain whether spores could be 

projected as ideal biofertilizer inoculums for rice cultivation. 

This study has given an insight to how spores can serve dual roles as efficient mode 

fur preservation of cyanobacterial strains as well as being able to be putatively used as a 

biofertilizer inoculum to rice fields. 

7.2 Methods 

7 .2.1 Organisms and growth conditions 

Of the ninety eight cyanobacteria isolated and purified as described in the chapter 3, 

twenty samples were selected for the present study (Table 7.1). In selecting these twenty 

isolates, importance was given to climatic and environmental difference of the locations 

from which they were isolated, their prevalence in rice fields and to their ability to colonize 

rice roots. All isolates except Mastigocladus sp. were maintained at 25 ± 2°C and at a 

photon fluence rate of 50 f!mol m-2 s- 1
• Mastigocladus sp. was maintained at 45°C in D­

medium in batch cultures and with a photon fluence rate of SOflmol m-2 s- 1 inside a BOD 

incubator. 
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Table 7.1: Samples identified for the study and their associative capability with rice roots 
(on day 10) (In table, + indicates positive association between rice roots and cyanobacteria 
and++ indicates tighter association between rice roots and cyanobacteria) 

SI.No. Samples Sample no Strains 
Location from which Association with 

collected rice roots 
I A RF16 Nostoc sp. Meghalaya ++ 

2 B RF2 
Plectonema 

Meghalaya 
boryanum -

3 c RF3 Nostoc sp. Meghalaya + 

4 D RF4 Anabaena oryzae 
Meghalaya ++ 

5 E RF5 Aphanothece sp. Meghalaya -
6 F RF6 Nostoc sp. Meghalaya ++ 

7 G RF7 
Anabaena sp. 

Meghalaya + 

8 H RF8 Calothrix sp. Meghalaya + 
9 I RF9 Nostoc sp. Meghalaya ++ 
10 J RFJO Nostoc sp. Meghalaya + 

11 K HSJ 
Mastigocladus 

Meghalaya ++ 
laminosus 

12 L RF24 
Anabaena sp. 

Assam ++ 

13 M RF27 Nostoc sp. Assam + 
14 N Kl Fischerella sp. West Bengal + 

15 0 RF40 
Cylindrospermum 

Manipur + muscicola 
16 p Ganga 1 Anabaena fortilissma Uttarakhand + 
17 Q Ganga 2 Nostoc sp. Uttarakhand ++ 
18 R Ganga 4 Nostoc sp. Uttarakhand + 
19 s UP3 Nostoc sp. Uttar Pradesh + 
20 T UP2 Nostoc sp. Uttar Pradesh ++ 

7 .2.2 Induction of sporulation 

Differenttreatment in the form of change in temperature, duration of light, change in 

ideal media composition and a combination of all/or some was used to fmd the best possible 

parameters to induce sporulation in these isolates. Best results were obtained when N 2-

grown cultures of different cyanobacteria were transferred to sulfate limited BGllo media 

and phosphate limited BGllo media and kept in light. Cultures kept in light and in media 

lacking sulfate produced spores within seven days of the treatment. Spore differentiation 

occurred after 15 days in phosphate limiting media (Fig 7.1 ). In some strains that were 

isolated from high temperature regions such as the Mastigocladus laminosus fi·om hot 
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spring, Jakrem (Meghalaya) arxi NoS'toc sps. collected from Uttar Pradesh, sporulation couki 

be induced by simply rmintaining t~ cultu"es at mocb lower terq>erature of 10±2°C. These 

cultures when maintained at bwer temperattre in sulfate deficrnt media resulted in quicker 

and profuse(- 90- 95%) inductionof sporulati:m wibin 7 -10 days (Fig 7.2). 

(a) (b) 

(c) {d) 

F~ 7.t ; SporulatDD in cyaoobactcra (a) Differential degree o f sporulatDn observed in 
experimental sampk-s (b} effect ofpi:Dsprnte limitati>n on C)'aOObacteria i c ukures (c) effect 
(}[ ~ulfate limitation on cyanobacterial cukures (d) compk!te sporulation in soxre 
cyaoobacterial smlins. 

Fig 7.2: Sporulation in Mastigocladus laminosus due to temperature difference. The flask on 
left was kept at 45 °C ( ideal growth temperature) aoo the flask on the right was kept at l0°C. 
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7 .2.3 Spore counting 

Spore counting was done as percentage oftotal cell population by light microscopic 

observation using 0 lympus BX 51 light microscope. 

7 .2.4 Spore storage 

The spore samples ofthe individual cyanobacterium were dried and stored in room 

temperature in sterile vials. 

7.3 Results 

After calculating the sporulation percentage and time required for induction of 

sporulation, sulfate limitation in growth medium was found to be the simplest and best 

protocol fur generating large number of spores in a short duration of time. This observation 

is consistent with the earlier report ofKyndiah and Rai in 2007. Table 7.2 gives details of 

highest percentage of sporulation achieved in selected strains by application of different 

treatments. In case of sample A, L, Q and T maximum sporulation was achieved when the 

sample was sulfate deficient, and the flasks were incubated at an unfavorable growth 

temperature of 10±2°C. The hot spring isolate K (Mastigocladus laminosus) did not need 

any modification in media composition in order to sporulate. Simply incubation at 10±2°C 

was enough to trigger profuse sporulation in this cyanobacterium. 98% sporulation in 

Mastigocladus laminosus was observed within 30 days of incubation at this unfavorable 

temperature. In rest ofthe isolates, temperature did not play such a significant role in the 

induction of sporulation. Almost similar sporulation percentage was achieved when the 

strains were maintained in sulfute deficient media at 10±2°C or at 25±2°C. Five best 

sporulating strains (A, K, L, Q and T) that showed high colonizing ability were short-listed 

fur further study (Table 7.3). 
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_'' 'fabl~ _?.~_:_Percent sporulation (on day 30) of the selected cyanobacterial isolates. 

Sl. No. Samples Strains Percent 
sporulation(%) 

I A Nostoc sp. 98 
2 c Nostoc sp. 86 
3 D Anabaena so. 87 
4 F Nostoc sp. 90 
5 G Anabaena sp. 86 
6 H Calothrix so. 88 
7 I Nostoc sp. 94 
8 J Nostoc sp. 92 
9 K Mastigocladus laminosus 98 
10 L Anabaena sp. 96 
II M Nostoc sp. 78 
12 N Fischerella sp. 80 
13 p Anabaena fortilissma 89 
14 Q Nostoc sp. 97 
15 R Nostoc sp. 88 
16 s Nostoc sp. 81 
17 T Nostoc sp. 97 

Table 7.3: Best sporulating strains. 
Sl Samples Strains Location from which Percent sporulation 
no. collected (%) 
1. A Nostocsp. Meghalaya 98 
2. K Mastigoc!adus sp. Meghalaya 98 
3. L Anabaena sp. Assam 96 
4. Q Nostocsp. Uttar Pradesh 97 
5. T Nostoc sp. Uttar Pradesh 97 

7.3.1 Storage time and spore germination 

To ascertain the effect of storage time on the germination of spores, desiccated 

spores were introduced irito fresh BGllo media after every three months interval of storage 

at a fmal conce.ntration of2 X 106 spores mr 1
, to study spore germinati.on. 10 111 ofthe 

above spore solution was also plated on nutrient agar to count the number of viable cqlonies 

germinated from such stored spores (Fig 7.3). The first apparent sign of spore germination 

was evident when green dots appeared in media containing the brown spores. 
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Fig 73: (a) Germination of spores on nutrient agar pbtes (plate 1 shows spore germination 
while plate 2 represents a control plate), (b) Profuse germination of Mastigocladus 
/aminosus ·filaments from spores. 

Within 24h of transfer to fresh media, the spore wall ruptured ani filaments started 

to appear in tlr rredia. Fig 7 3a soows fir high germination of spores in nutrrnt agar as 

co~ared to similar Illlliber of vegetative cells plated at the sarre time. The growth of the 

filaments was profuse for next 120 h (Fig 7.3 b). l~'o spore germination was observed 

wmm 148h. Light was an important iactor fOr spore germination as spores did rot 

germinate in tlr dark at a ll Tbi; confirmed rb:: earlier reports by Fay 1%9; YarnaiiDto 

1976~ Cbauwt et all982: Reddy et a l l975. 

7 3..2 Gro""'tll, Here~ freque:ac-y and Nitrogenase activity 

Fig 7.4, 7.5 ani 7.6 c.o~res growth as i:ocrease in chlorophyll a conten1, lrterocyst 

freque-ocy and nitrogenase activi..')· respectively of cultures regenerated from spores to ther 

free-living counterparts after th:: spores were stored i:lr one.., two ami three years in 

desccated state. Measurements were taken on the g th day. Hectic growth activities were seen 

in all strains when spores were returned to fuvornble growth conditions in the form of ideal 

media, light arrl temperature. Growth measured as increase in chlorophyll a content was 

always found higher than the free-living counterpart (Fig 7.4). Heterocyst frequency and 

nitrogenase activity followed a similar trend. Higher heterocyst frequency was observed in 

all cultures regenerated from spores inK (1 51
, 2nd and 3rd year samples) consistently. There 

was evidence of double and multiple heterocysts in many filaments as the spores started to 
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germinate into filaments. However, on subsequent sub culturing this phenomenon of 

. ·multiple heterocyst occurrences disappeared. In the sample L isolated from Assam, 

consistently higher nitrogenase activity was recorded in the regenerated samples. The 

heterocyst frequency of this strain was slightly higher than its free-living counterpart but 

these heterocysts were well spaced and no double and multiple heterocysts were recorded in 

this strain. 
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Fig: 7.4: Chlorophyll a concentration (f.lg ml -I) of the regenerated cyanobacterial samples 
as compared to their free-living batch cultures. 
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Fig 7.5: Heterocyst frequency of the regenerated cyanobacterial samples as compared to 
their free-living batch cultures. 
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Fig 7.6: Nitrogenase activityofthe regenerated cyanobacterial samples as compared to their 
free-living batch cultures. 
[Infigs 7.4, 7.5 and 7.6, columns 1, 5,9,13 and 17 represent the control cultures of samples 
A, K, L, Q and T respectively. Columns 2, 6, 10, 14 and18 represent samples regenerated at 
the end of one year of storage of each sample; columns 3, 7, 11, 15 and 19 are for 
regenerated samples at the end of 2nd year of storage, while columns 4, 8, 12, 16 and 20 
represent regenerated samples of A, K, L, Q and T after three years of storage.] 

7 .3.3 Glutamine synthetase (transferase) and nitrate reductase activities 

Other biochemical characters important in nitrogen metabolism of cyanobacteria 

such as glutamine synthetase (transferase) and nitrate reductase activities were studied in the 

regenerated spore samples. Table 7.4 compares these activities in cyanobacterial cultures 

regenerated from spores after I st, 2nd and 3rd year of storage and their control free-living 

counterparts. A5 evident from the table, these biochemical parameters remained unaltered 

throughout the period of storage as spores. 

Table 7.4: Comparison of glutamine synthetase (transferase) and nitrate reductase activities 
in cultures regenerated from spores of cyanobacteria. 

Glutamine synthetase Nitrate reductase 
(transferase) 

(nmol product NO - min-1 mg·1 

(nmol y-glutamyl hydroxymate 2 

formed min"1 mg"1 protein) protein) 

Control A 756 ± 8 2.10 ± 0.14 
A (1'1 year) 767 ± 7 2.16 ± 0.15 
A (2nd year) 784 ± 5 2.20 ± 0.13 
A (3'd year) 721 ± 5 2.14±0.13 
Control K 2442± 121 9.02 ± 0.6 
K( 1'1 year) 2450± 125 9.14 ± 0.5 
K(2na year) 2464± 123 9.16 ± OA 
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K(3'a year) 2121 ± 122 9.02 ± 0.6 
Control L 789 ± 9 3.21 ± 1.1 
L(l'1 year) 799± 9 3.34 ± 1.1 
L(2"a year) 801 ± 8 3.23 ±0.9 
L(3'a year) 782± 6 3.29±1.1 
Control Q 781 ± 5 2.28 ±0. 7 
Q(l'1 year) 780± 6 2.35 ±0.8 
Q(2"a year) 792± 8 2.48 ±0. 7 
Q(3'a year) 787± 9 2.29 ±0.7 
Control T 756± 7 2.03 ±0.12 
T(l'1 year) 762± 5 2.13 ±0.12 
T(2"a year) 779± 5 2.07 ±0.11 
T(3ra year) 771 ± 5 2.21 ±0.12 

7 .3.4 Rice root colonization studies 

Retention of colonization ability of various cyanobacteria after storing them as 

spores was tested using rice variety DR 92 collected from ICAR Research Complex for 

NEH Region Umiam, Shillong, Meghalaya. Experiments were set up as described in section 

2.16 of chapter 2. All samples were found to co Ionize roots and submerged shoots. Table 7.5 

showed higher nitrogenase aCtivities in the cyanobacteria associated with rice roots and 

· submerged shoots of the co-cultured rice seedling than the free-living cultures of the same 

organism(s). In association with rice seedlings, the high sporulating strains exhibited 

enhanced nitrogenase activity (A =23%; K = 31 %; L = 24%; Q = 32%; T =13 %) as 

compared to their free-living counterparts. Thus, the characteristic increase in nitrogenase 

activity seen in many cyanobacteria when in association with rice roots (chapter 6) is 

retained in all the regenerated cultures. This increase seen in nitrogenase activity was 

substantial and encouraging as this has feature has a potential biotechnological implication. 
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Table 7.5: Nitrogenase activity of selected high sporulating cyanobacterial strains in their 
-. free-living. and in associated state with rice roots. (The values presented here are average 
fi 10 l t ++ . d' t t" ht . t' b tw b t . d . t ~ rom pans. m 1ca es lg• er assocta wn e een cyano ac erra an nee roo s. 

Sl no. Samples Strains Colonization Nitrogenase activity of Nitrogenase 
ability free-living cultures activity in 

(nmol C2 H4 produced/ association mth 
)lg chi a! h) rice roots (nmol 

CzH4 produced/ 
)lg chi a/ h) 

I. A Nostoc sp. -H- 5.7 7.0 

2. K Mastigocl adus 
-H- 7.4 9.7 

laminosus 
3. L Anabaena~- -H- 6.2 7.7 
4. Q Nostoc sp. -H- 4.7 6.2 
5. T Nostoc sp. -H- 4.5 5.9 

7.4 Discussion 

Several authors have earlier reported that phosphate limitation is a major trigger to 

akinete formation in Anabaena variabilis, A cylindrical, A circinalis and Nostoc linckia 

(WoJk 1965; Herdman 1987). However, it is difficult to induce quick sporulation by 

phosphate limitation in cyanobacterial strains kept under laboratory conditions, since they 

accumulate several polyphosphate bodies which are reserves ofphosphate and takes time to 

deplete (Kyndiah and Rai 2007). 

In the present study sulfate limitation was found to be a more defmitive trigger in 

inducing sporulation in the cyanobacteria used for the study. In addition to this, it was 

observed that maintaining the samples in temperatures lower than their ideal growing 

temperature led to the onset of sporulation in many cyanobacteria that were originally 

isolated from high temperature areas. In case of those samples that had originally been 

isolated from a higher temperature zones, e.g., the thermophile Mastigocladus laminosus 

that grows ideally at 45°C and above exhibited immediate sporulation (within 3-4 days) 

when maintained at l0°C or below. This was also true for the other Nostoc isolates (samples 

Q and T) which were collected from higher temperature regions. The sporulation efficiency 
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of. these-.samples, was further enhanced when the samples were maintained in sulfate 

deficient media, at a lower temperature (10-l2°C).lt was a consistent observation dw-ing the 

study that all cyanobacterial spores exhibited profuse and immediate germination and 

subsequent growth on return offuvorable growth conditions. On evaluation, characters such 

as chlorophyll a content, heterocyst frequency nitrogen fixation, glutamine synthetase 

(transferase), nitrate reductase activities as well as associative nitrogen fixation was 

comparable to their free-living cultures and there was no evidence of loss or reduction of 

any of the activities in the cyanobacteria due to storage as spores for a long period of three 

years. Upon return offuvorable conditions all spores germinated into viable filaments within 

a short period of time. This finding is consistent with earlier reports that the akinetes 

produced by Anabaena cy/indrica were found to germinate after five years of desiccation 

(Yamamoto 1975). 

Our studies showed that simple modifications in growth conditions could be used to 

induce quick and profuse sporulation in desired cyanobacteria. Spores can be desiccated and 

large quantities of spore samples can be stored in small vials for long period of time. This 

reduces the work load involved in maintaining strains in batch cultures in culture rooms. 

Viable cultw-es of these strains can be regenerated within a short period of time by returning 

the spores to ideal growth conditions. 

The high sporulating strains that had retained association ability and demonstrated 

enhanced nitrogenase activity in association could be targeted as biofertilizer to rice fields. 

Distribution of cyanobacterial biofertilizer inoculum has been an area of concern to all those 

who advocate use of cyanobacteria as biofertilizer. Fresh cyanobacterial cultures packed in 

air tight packets have short life spans and therefore, the desired population of cyanobacteria 
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is not achieved in the fields. Delivery of potential biofertilizer strains as spores in a dry form 

could overcome such limitations associated with distribution of viable inoculum. Spores 

released to water logged rice fields would germinate profusely and immediately populate the 

fields as the environment prevailing in rice fields are highly conducive to growth of 

cyanobacteria. Thus, spores as inoculum could be more attractive alternative to fresh culture 

of cyanobacteria in biofertilizer programmes. 

Our short study involving conditions leading to induction of sporulation, their 

germination, retention of characters and rice root colonization ability and the period up to 

which spore can be safely stored reflected that spores can be excellent preservation method 

of those cyanobacterial strains that are capable of sporulating. In addition, efficient 

biofertilizer strains can be distributed as spores for better and efficient management of 

biofertilizer inoculum in rice fields. Desired strains with high nitrogenase activity, better 

colonizing ability could be released into crop fields as spores to deliver higher benefits from 

cyanobacteria as biorertilizer. 

7.5 Salient findings 

This chapter investigated the possibility of considering spores as a natural means of 

preservation of certain cyanobacterial strains. Some salient fmdings of this study are: 

• Many cyanobacterial strains produce spores under adverse conditions. In the 

laboratory simple modifications in media comp~sition led to induction of 

sporulation. 

• Change in ideal growth temperature seemed to be an immediate trigger for some of 

the high temperature isolates, with Mastigocladus laminosus showing immediate and 

profuse sporulation on subjecting the cultures to a drop in temperature. 
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• Spores are capable of germinating into viable filaments upon return of fuvorable 

conditions. 

• They can be stored safely fur at least a period of at least 3 years with no loss or 

reduction of characters that are crucial for their independent survival. Storage as 

spores also minimizes chances of contamination, mis-nomenclature etc. that are 

otherwise often encountered during routine batch culturing and maintenance of 

strains. 

• Filaments regenerated from spores retain their ability to associate with rice roots and 

submerged shoots. 

• In conclusion it may be stated that spores could be an attractive natural mode of 

preservation of those cyanobacterial strains which are capable of undergoing 

sporulation. Such spores can be considered an excellent preservation material of 

many cyanobacterial strains. They could also be projected as biofertilizer inocula to 

rice fields as they showed high efficiency of germination and thus, are capable of 

populating fields with vigor within a short span oftime. These attributes would help 

tackle the various inoculum distribution problems of the current biofertilizer 

programme. 
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Summary 

This present study incorporated details ofstudies conducted on the various existing 

methods of preservation of cyanobacteria. Different groups of cyanobacteria, including 

unicellular, filamentous heterocystous, filamentous non-heterocystous, filamentous branched 

heterocystous thermophilic cyanobaQteria were selected for the study. Several modifications 

were introduced in the existing methods to make them more user-friendly and applicable. 

Some salient findings ofthe study are listed below: 

• Samples were collected from forty one distinct locations from ten different states. A 

total of ninety eight cyanobacteria were isolated and purified, and these included 

members of both aquatic and terrestrial habitats. Three members of thermophilic 

cyanobacteria were isolated from Jakrem hot springs in Meghalaya and Garampani 

hot spring in Assam. All groups of cyanobacteria were represented in the collection. 

Gloeocapsa sp., Plectonema boryanum, Nostoc muscorum, Anabaena variabilis and 

Mastigocladus laminosus were selected as members representing unicellular, 

filamentous non-heterocystous, filamentous heterocystous, filamentous branched 

heterocystous thermophilic cyanobacteria respectively for further study involving 

preservation. 

• In depth evaluation and assessment of some existing methods of cyanobacterial 

preservation was carried out. Since the emphasis was to fmd the suitability of the 

methods and also to fmd the time period up to which cyanobacterial samples may be 

safely stored using matrices and protectants, certain changes were introduced in 

some of the protocols in order to make them more readily useable and- less 
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expensive. For doing this, the existing method of making agar slants was modified to 

make agar flakes for convenient storage of cyanobacteria. This modification has the 

advantages of ease of hand ling, and ensuring substantially long term storage of 

immobilized cyanobacterial samples in dry form. This also significantly reduces the 

chances of contamination between cultures which are maintained in close proximity 

in culture rooms. All groups of cyanobacteria could be stored on agar flakes for at 

least a period of 18-24 months. Preservation in calcium alginate proved to be most 

promising and dependable for long term storage of cyanobacteria. Cyanobacterial 

samples thus stored retained their viability for very long periods without any loss of 

characters that are indispensable for independent survival. Also, large quantities of 

samples could be stored as calcium alginate beads in small vials thus bringing down 

the space required for maintenance. Safe period up to which the cyanobacteria can be 

stored using this protocol is at least 36 months. Cells remained viable in the beads 

and regenerated even after 5 years of storage at room temperature and in dark. The 

use of ordinary packing foam in immobilization of cyanobacteria was another major 

achievement of this work. It became obvious that packing foam can be used in 

storing cyanobacteria at least for a period of 18 months. Foam is often a waste 

material readily found in laboratories as they come as pmtective packing material 

around instruments. Thus, use of such material is highly cost effuctive and is 

convincingly efficient in preservation of cyanobacteria for substantial period of time. 

It was also observed that cyanobacterial samples can be stored in ordinary 

refrigerators using cryoprotectants for at least for 9-12 months. Another prominent 

observation was that the initial amount of inoculum played a very determining role in 
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deciding the duration of sun,ival and performance of regenerated samples from the 

different preservation matrices and materials. A higher concentration of initial 

inoculum (at least 10 11g/ml chl a) was a prerequisite to ensure longer duration of 

viability of preserved cyanobacteria. Also it was found that non-heterocystous 

cyanobacteria needed addition of supplementary nitrate in the media. 

• Naturally available, biodegradable and environment friendly matrices were 

experimented to fmd suitable carrier material for short term preservation of 

cyanobacteria. Betel nut covers, soil, Luffa cylindrica, charcoal chips were used fur 

preservation of cyanobacteria. Among these, dried Luffa cylindrica was found 

unsuitable as its holding capacity was much less due to its porous texture. It became 

evident that the initial inoculum load had a defmitive role in influencing the duration 

up to which dry samples containing viable cyanobacteria could be stored. Among all 

the bases studied, soil was found to be the best fur preservation of cyanob8:cteria in 

terms of duration as well as retention of native characters of immobilized 

cyanobacteria. Fibres of betel nut covers . came in close second as base for 

preservation as this also proved to be an efficient carrier and short term preserving 

material for cyanobacteria. It is a biodegradable waste material and thus, a 

technology utilizing these could be an environment friendly and economically 

feasible option. An interesting observation that resulted from this study was that 

charcoal also could maintain cyanobacteria viable for at least a period of six months 

upon immobilization and thus, such charcoal chips containing cyanobacteria could 

be projected as a rich potting material for plants such as orchids. 
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• Since rice fields are known to host a diverse consortium of cyanobacteria, several 

cyanobacterial isolates were collected from diverse rice fields in the state as well as 

from neighboring states. Every collections from rice fields yielded one or more 

cyanobacteria in the collection even though most rice fields in the state ofMeghalaya 

recorded acidic pH and cyanobacteria are known to prefer neutral to alkaline pH. All 

individual cyanobacterial isolates were capable of colonizing rice root albeit to 

varying degrees. It was seen that close association of cyanobacteria with rice roots 

resulted in better growth of these plants. Associated cyanobacteria showed increase in 

nitrogenase activity. RF7, RF16 and NAJ were identified as likely candidates for 

biofertilizer programme in acidic rice fields as they were found abundantly in acidic 

soil of Meghalaya and showed higher associative nitrogenase activity. Evidence of 

biologically fixed nitrogen transfer was obtained using i5 15N analysis. Negative effucts 

were seen on morphology and growth of cyanobacteria when subjected to fucreasing 

concentration of Cd and Zn. Atomic absorption studies showed that 61% of the .cd 

available in the medium was removed by the Nostoc cells within 48 h. Nostoc cells 

accumulated almost two fold higher amount (12% vs. 23%) of Zn intracellularly than 

it did for Cd. The ability to remove heavy metals from the surroundings was lower in 

Anabaena cells (it removed 53% Cd and 62% Zn as against 61% Cd and 75% Zn by 

Nostoc cells respectively). Presence of cyanobacteria in the vicinity of rice seedlings 

reduced inhibitory effect of cadmium by about 36% and 22% in the growing root and 

shoot lengths of rice plantlets. There was positive indication of better growth of 

orchid plantlets that were grown on charcoal containing immobilized cyanobacterial 
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filaments. Thus, use of such charcoal pieces carrying immobilized cyanobacteria can 

be exploited at commercial scale specifically for growing orchids. 

• It is known that many cyanobacterial strains produce spores under adverse 

conditions. In the laboratory simple modifications in media composition and/or 

alteration of ideal growth temperature led to induction of sporulation. These spores 

were capable of germinating into viable filaments upon retmn of favorable 

conditions. Such spores could also be stored safely for at least a period of 3 years 

with no loss of or reduction in expression of characters that are crucial for their 

independent survival. The regenerated filaments retained their ability to associate 

with rice roots and submerged shoots. Nitrogenase activity of these cyanobacteria 

was fuund to be higher in the associative state than in their free-living countei-pa1is. 

In conclusion it may be stated that spores could be an attractive natural mode of 

preservation of those cyanobacterial strains which are capable of undergoing 

sporulation. Thus, maintaining cyanobacteria as spores can be considered as an 

excellent means of preservation of many cyanobacterial stranis that are capable of 

sporulating. They could also be projected as biofertilizer inocula to rice fields with 

higher efficiency of germination and populating fields with vigorous cells within a 

short span of time. These attributes would help tackle the various inoculum 

distribution problems of the current biofertilizer programme. 
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Abstract; The present study deals with preliminary investigation of cyanobacterial diversity in Meghalaya. A total of 
75 samples were collected from 10 different ecosystems and analyzed. 65 strains of cyanobacteria isolated under 
11 genera include Nostoc. Anabaena, Calothrix. Cylindrospermum, Gleocapsa, Fischerel/a, Plectonema. Tolypothrix, 
Sfigonema. LorieJ!a and Westieflopsis. Nostoc was most abundant Diversity analysis indicated maximum Shannon's 
diversity index (H) in Mawlai. Highest Simpson's diversity index was seen in Sung Valley (0.75). Both Shannon's and 
Simpson's diversity indices were lowest in Mairang. Richness was highest in Sung valley and Syntuksiar with both 
tt1e s1tes supporting 17 strains each. Although. highest diversity was recorded from Mawlai, richness recorded at 
th1s sHe was only 11 strains thereby indicating richness need not be a function of diversity in this region. This stuqy 
revealed the cyanobacterial strains, which can withstand acidic pH and prevail in the region. A study on colonization 
also identified some potential olofertilizer strains from the region such as Nostoc punctiformo, Nostoc muscurum 
and Anabaena azo!lae that could be effective in acidic crop fields. 

Keywords: Northeast India. Biodiversity hot spots, Cyanobacterial diversity. Shannon's index and Simpson's diversity 
index 

INTRODUCTION 

Cyanobacteria are a group of gram negative, 
morphologically diverse. aerobic phototrophs whose 
distribution is ubiquitous in nature and are found 
everywhere including places with extr~me climatic 
conditions such as in Antzrctica. in hot springs (Whiuon 
and Pons. 2000) and even in oxic and anoxic environments 
(Thajuddin and Subramanian. ::!005j. They llourish in 
places with nitrogen deficient environment. They are 
important as they contribute towards carbon and 
nitrogen economy of dillercnt ecological habitais and 
can grow in purely inorganic medium using light as encr&r 
aiKl CO~ and N) as sole carbon and nitrogen sources 
respectively (Wyatt and Silvey. 1969). The role of nitrogen 
li:-.ing cyanobacteria in enhum:ing soil fenility has been 
long known and is well documcmcd (Singh, 196!: 
Vcnkawmman, J 98J ), Cyanobacteria contribute to overall 
soil health not only by its ability to perform biological 
nitrogen liX<llion but also because ofi IS ability to produce 
pPlysaccharidt'S and other bioactive compounds which 
have growth ~timulating ~'fleet on plants. as well as 
important in maimaining soil quality and preventing 
erosion llm1 ever. in nature c·yanohacteria arc constantly 
challenged by different factl)rs and stresses in.:!uding 
Jluctumions in 1cmpera1ure. pH. moisture contenl 
tdruughts and !lPOd-..:). ~alinii~ and ~o fonh. These faclor<i 

influence distribution and diversity of cyanobacteria in 
a region. Among these, pH is an important determinant 
as cyanobacteria are known to prefer neutral to alkaline 
pH fortheiroptimumgrowth(Singh.l96l;Kaushik, 1994). 
In recent times, studies on cyanobacterial diversity has 
received due attention (Thajuddin and Subramanian, 
2005; Prasanna et a/. 2009). However. work and 
pnblicmlons on this group of microorganisms from 
Northeast India is sporadic despite t.he fact that this 
region falls within !nd<l-Malayan biodiversity hot spot 
(rv!yres et a/. 2000). Meghalaya is one <lf the 8 states of 
the northeastem India. lying between 25°5'N and 26~1 !YN 
latitudes and 89"47'E and 92"47'E longitudes covering 
an area of 22,429 sq. km. Physio-geographically the region 
consists of hilly terrains. Diverse terrestrial and aquat.ic 
ecosystems including extreme ones (hot springs) could 
be encountered within the state. The climate is moderate 
but humid. It also rec~ives the highest rain lull in the world 
with average annual rainfall as high as J 200 mm making 
Meghalaya the wettest state of India. The natural 
ecosystems such as soil. freshwater bodies-streams. 
ponds, lakes. riycrs. hoi springs. and trees within 
extensive forest area,; provide excellent habirats <Jnd 
fuvourable environments for the luxuriant and diverse 
growih 'of cy:mobacterii However, the region also cxhihit 
neutral to acidic range of soil and water pH. It ~~ 1hc 
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Table 1. Cyanobacterial Collection site; 
Locality Location No. of Type of ecosystems 

Longitude Latitude samples 

Syntu Ksiar 92"12'39''E, 25°25'59"N 8 Rice field. soil. water 

Mawphlang 9t•45'37"E 25~27'02"N i Soil. water, tree barks 

Sting Valley 92"06'15"E 25°30'09"N 8 Rice field. soil, water 

Nongstoin 91"16'14"E 25°30'34"N 8 Ri cc field, soi I, water 

Mairang 91"38'26"E zs•3TS5"N 7 Soil, water, tree barks 

Tree barks, rice fields, 
Mawlai 9F52'll"E 25"35'42"N 8 

soil, water 

Rice field, soil, water, 
Mawroh 9l.53'54"E 25°35'54"N 7 

tree barks 

Umkhcn 92"07'51"E 25"36'18"N 7 Soil, water, tree barks 

Tree barks. soil, water, 
Umiam 91°54'li~E 25°39'59"N 8 

rice field 

lJmsning 91°54'10"E 25°42'59"N 7 
Stagnant' pond. rice fields, 

soil 
Total nunlber of samples collected= 75 

interplay among such favourable and adverse conditions 
that has resulted in shaping the distinct biodiversity of 
the region. Keeping these facts in view. we have collected 

samples from diverse ecosystems to assess 
cyanobactertal diversity of the state. Since. cyanobacteria 
have immense potential for varied biotechnological 
applications, the present investigation was undertaken 

to get a database of available cyanobacteria (blue green 
algae)· under diverse ecological conditions in different 
districts of Meghal(lya. 

MATERIALS AND METHODS 
Study Area: Four districts of Meghalaya namely East 
Khasi Hills, West Khasi Hills, Jaintia Hills and Ri Bhoi 

Table 2. Distribution of strains within genera in different localities. 

Localities 

Genus ..... Total 
N 0 ~ ~ oe- ~ ~ ~ ~ :£. "' oe- no. of 

~ '1 ~ :£. ..-. ... ;;::-
~ !!1 ::£. .s = :i "' ~ strains 

"" .:::: ·;:; ] = c.t 

= ·:: ~ 0 ... e ... .; ... 
~ 

.... ;;; ·;.. = ..c ... :. e: bl) ~ . .-: .:0: ;;; ·; 
-- .. "' = = ~ = = :5 :;;; :;;; :;;; :;;; 0 

~ 7- 1/> :;:) :;:) 

Anabaena (24) 2 2 5 2 4 3 . 2 2 I ll 

Nos roc '(64) 6 5 8 7 7 7 9 5 5 5 34 

('afothri:c (OS) 0 0 0 2 4 

WestieflopsL> (01) 0 0 0 0 0 0 0 0 0 

Gleocapsa (04) 0 0 0 0 o· 2 0 0 

nscherclla (09) 0 0 I 0 l 4 

To(vpothrb: (01} 0 0 0 0 0 0 0 0 0 

Stigoncma (01) 0 0 0 0 0 0 (} 0 0 

()··lindruspr:rmt(/11 (05) (} 0 0 I 0 0 

Loriel!a (Oil 0 0 0 0 0 0 0 0 0 

P{(!c/on(!tna (071 () 0 0 2 t 0 2 
Totnl (125) 9 !I !4 14 12 17 !7 1[ 10 10 65 

The numba; in (!>rackets) indJc;Jtcs the total tmmbcr of isolates. The numbers in {brackets) indrcarcs the pH of the soil/water 
sampl~ i:OIIccted. 
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Table 3. Generic diversity indices and dominance for ditTerent localities. 

eJ; 

;; 
!' en :§ -= ·: i(i = ~ 

0 

i: 1: 
... 
it "' .!:1 ·; .... -.: "' c:: .. 

Q .5 :; :; ~ ~ 

Shannon-
Weiner's 1.002 1.976 l.ll 1.09 

Diversity Index 

Simpson's 
Diversity index 

• 0.52 0.71 0.60 0.61 

Simpson's 0.48 0.29 0.40 0.39 
Dominance 

Cyal)obacterial 9 11 14 14 
~ichness 

were chosen for the study. Samples were collected 
randomly !Tom different types.of ecosystems: terrestrial 
grourid, terrestrial epiphyte and aquatic (Table.l ). The 
sites were selected carefully to include diverse 
~nvironments in tenns of alt_itude, pH, and temperature, 
moist or water logged conditions as well as hilly or low 
lying terrain. 
Aquatic samples were collected in specimen collection 
tubes. Soil samples were collected by scraping the surface 
of the soil and epiphytic samples were collected by 
scraping.the upper surface of barks ofdiffcrent trees. pH 
orthe collected samples was analysed using the method 
described by Black in 1992. 
ISolation, purification and cultivation of cyanobacteria: 
Isolation and purification of cvanobacterial strains were 
cf!med out as described by Packer and Glazer( 1988). The 
pure strains were maintained in BG-11 

0 
media (Rippka et 

al, !979). 
Growth, heterocyst frequency and nitrogenase actil'itics: 
Gr0\\1b was measured as increase in chlorophyll a content 
(McKinney, 1941 ). HeterocystJrequency was calculated 

= '.§ 
rr 
g 
z 

1.23 

0.61 

0.39 

12 

;.., ... ..:: .s "" ~ ~ a; c .. 
.... E ·a ~ 

~ .. :i ·;;; bt "' c c ''§ E E ::;> Jj• < V1 ;:;. :J :J 

1.624 1.476 L.414 1.359 1.359 1.63 

0.75 0.67 0.71 0.68 0.68 0.68 

0.25 0.33 0.29 0.32 0.32 0.32 

17 17 11 10 !0 65 

as percentage of total cells by using an Olympus B X 51 
light microscope (Wolk; 1965). The results are mean of 
three independent observa1ioris. Nitrogenase activity 
was estimated in vivo by gas chromatography using the 
acetylene reduction assay. 5 mlliquid culture was placed 
in a 15 ml serum vial and I ml:air in the tube wa~ replaced 
by 1 mlof pure acetylene. 11tese vials were incubated for 
1 hr- al 25::1: I "C with .com;tant shaking. The ethylene 
produced in each vial was determined using a T racor 540 
GC with a Porapak 'T' column and a flame ionization 
detector (~tewartet al. I 967). 
Immobilization for preservation: The purified strains 
were preserved by immol>ilization in calcium alginate 
beads (Musgrave eta/. 19&2). The viability ofthc strains 
under preservation was established by regenerating the 
isolates periodically in liquid media. Regeneration of the· 
immobilized filaments was confirmed visually. 
Nitrogenase enzyme was assayed Jn the regenerated 
cultures to ascertain no loss of this crucial character in 
the isolates due to preservation. 
Richn.ess a·nd diversity of .cyanobacteria: Genera were 

Table 4. Colonization study: Associated chlorophyll a conlerlt and comparative nitrogenase activities of associated Nosto.c 
isolates to i/ieir free-living counterparts. 

SJ. NQ. Isolate Assodative cltlorophyll 
no. a (Jlg g1 root dry wt) 

Nitrogenase ac(ivity 
F ree-lh-ing isolates Associntt'd isolates 

(nmol C1114. p~duced Jtg'1 (nmol CaH~ produced Jtg'1 

chi ab-1) chi a b"1) 
27 987 7.92 12.56 

2 12 782 7.20 9.69 

3 28 767 6.88 9.41 

4 29 532 6.53 7.31 
5 18 5.19 6.41 7.22 
6 4 411 6.35 6.65 
7 7 368 6.32. 6.67 

8 8 362 6.21 6.49 

9 20 330 5.90 6JJ 
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identified under microscope with the help ofDesikachary 
( 1959) and strains weie sorted out on the basis of 
morphology. Total number of strains under each genus 
was counted for estimating diversity and richness of 
cyanobacteria in study area. Generic diversity was 
estimated by Shannon-Weiner Index (H) (Shannon and 
Weaver, 1949) and Simpson's diversity ( l-D) (Simpson 
1949) using the following formulae: 
Shannon-Weiner !hdex. H = -Epi ln pi 
Simpsoll''s Dominance, D = l: (pi)2 

Simpson's Diversity· Index. 1- D = 1- L: (pi)2 

where pi =Total number of strains of genus i/total number 
of all strain's. 
Rice-cyanobacterial colonization stndy: Rice plants 
(Oriza sativa L.) local variety 'Synteng' was collected 
from ICAR-NEH Region Complex (Umiam, Shillong, India). 
The seeds were washed and surface sterilized using 1% 
sodium hypo<;hlotite solution for 5 minutes. They were 
then rinsed thoroughly ;vith sterile water and grown on 
autoc!aved perlite i"n giass beakers. These beakers were 
irrigated with 10 times diluted sterile BG-1 1. media 
supplemented with 2mM NaNO, from time to time. 10 
days old rice seedlings were transferred to 15 ml capacity 
tubes after washing them \~ith distilled water. 5 ml BG-11

0 

rncdiuin was poured into·the rubes carefully dipping the 
roots in the me.dium . .Nostoc ·filaments from exponentially 
growing cultures were introduced into the tubes (initial 
chlorophyll a content ofthe iheculums was kept at 1 flg 
ml' per tube). Association was confirmed under 
microscope as well as by estimating chlorophyll a 
concentration in the rice roots after removing loosely 
associated filaments using a sonic bath. 

lU<:SUIJIS AND DISCUSSION 

Role of cyanobacteria in improving soil health and fcrti lity 
is-well known. To exploit the full potential of cyanobacteria 
in management of soil quality and fertility coordinated 
cflorts between laboratory and field level research is 
needed. Region-based specific cyanobacterial isolates 
could be more effective in such applications as they are 
pre-acclimatised to the exist-ing environmental 
condirions. Henct' a rcgion-spcciiic biodiversity study 
is Important for deriving optimum benefits from 
.indigenous strains. Knowledge of cyanobacterial 
diversity of a region may help in selecting appropriate 
cytmobacteduJ inocula to be applied as bioferlilizer 
consortia in crop Hclds as \\tell as help in tinding strains 
with other biotechnological potentials. Earlier we have 
reponed O!W !>uch Anabaena isolate frmn an acidic rice 
field in Chcrrapunjcc, \-1cghalaya that can grow at high 
cadmium conc.:n!ralion and i~ cnicient in removing 
cadmium (Syicm ct al. 2009). nws.this investigation uf 
{:yanobacterial diversity is ecologically signitkam as it 
enumerates diversity. <lhundcWCc'. Juminancc ;;nd 

richness of various cyanobacteria in a re~ion '' ith 

primarily acidic soil and water pH. Such findings are 
important as they pinpoint biological strains that can be 
used to improve quality and enhance fertility of acidic 
soil. 
Seventy five samples were collected from ten independent 
sites located in different districts of the state (Table 1 ). 
Almost all collection sites recorded acidic pH (6-7 in the 
pH scale). Of the total65 strains isolated (Table 2). 92% 
were heterocystous cyanobacteria. Of which 51% alone 
was Nostoc and 16% was Anabaena. Predominance of 
the genera Nostoc in all collection sites irrespective of 
pH and other influencing factors including terrain, water 
Jogging, temperature, altitude and moisture content 
iitdicates towards their versatility, competiveness and 
ability to occupy diverse ecological niches. Growth was 
estimated in a!l34 Nos we isolates atpH.6.0 and at pH 7 .5. 
Low growth of all isolates in pH 6.0 indicated 
compromised growth in acidic field conditions. 
Heterocyst frequency of the Nostoc strains at pH 6.0 
was found to be within the range of 4.2- &.3% (Fig. I a). 
Corresponding nitrogenase activity ranged from 3.9-7. 9 
nmol CzH4 produced 1-1g·1 chi a h· 1 (Fig. I b). When 
compared, the correlation. between increased heterocyst 
frequency and nitrogenase-activity in the Nos toe isolates 
\Yas evident with isolate no. 27 showing highest 
heterocyst frequency and nitrogenase activity followed 
by iSblate nos. 12, 28 and.29. 
S)'lltuksiar and Sung valley in Meghalaya primarily 
constitute widespread rice cultivation areas in the state. 
Statistical analysis revealed high richness and hjgh 
Shannon's diversity indices in Syntukslarand Sung valley 
(Table 3). Such values suggest that rice fields provide 
ideal environments for cyanobacterial diversity and 
growth <lespite the frequent use of agrochemicals in rice 
cutttvation in order to enhance yield. ln our study 
richness of cyanobacterial genera was found to vary with 
respect to pH of a parti~;ular collection site (Table 2). 
Mtho,tigh all sites recorded acidic pH, greater diversity 
and larger number of isolates were gathered from places 
that showed pH close to neutral. Prevalence of Nostnc 
ami Anabaena in all sites indicated their resilience and 
high adaptability in varkxl types of ecosystems. Howewr. 
Wt-stiellopsis, Tolypothrix, Stigonema and Lorieila sps . 
of cyanobacteria were not common in the state as only 
one isolate of each was found in the total collection. 
In diversity study. richness relates to abundance of 
different genera/species of a group of organisms in an 
area and stands a~ a measure ofnumberofdilferent kinds 
of senera/spccics in that particular area. Low generic 
ricl\ncss was seen in Mairang. Mawphlang and tvhn\Toh 
areas. On the other hand. high generic richness was 
recorded in Syntuksiur and Sung valley. That diversity 
of an area srnmgly depends on pH and on intctvlay of 
various euvircnrnental fuctors is evidettl from thi:; study 
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Fig. l.(a) Jlec<?rocysrji·c:quency of.Vosroc isolates (daw is mean ofrhrea independefll exp~trinwntsJ. 

Fig. I. (b) Ni1roge11ase actil'ity ofNosroc is()/ates. 

as Mairang, Mawphlang and Mawroh has lower pH (5.8-
6.3) and lower temperature than wanner areas of 
Syntuksiar and Sung valley where pH was close to 7.0. 
The values of Shannon-Weiner's diversity. Simpson's 
Diversity and Simpson's Dominance indices recorded as 
a whole from all sites was found to be 1.630. 0.68 and 0.32 
respectively. Richness was highest in Sung valley and 
Syntuksiar with both the sites supporting 17 strains each. 
Although higher diversity was seen in Sung valley. 
highest was recorde\1 from Mawlai where richness was 
only 11 strains thereby indicating richness need not be a 
function of diversity in this region (Table. 3). 
Nilsson et al (2002) have shown that many competent 
Nostoc strains colonize rice root surfaces and intercellular 
spaces. Such Nostoc stmins were shown to have higher 
nitrogenase activity ctlmpared to their free-living 
counterparts. In pursuit of identifying indigenous Nostoc 
strains as potential bioferti1izers in acidic rice fields. we 
have screened our Nosroc isolaies with local rice variety 
'Synteng'. All 34 Nostoc isolates showed root 
colonization to various degrees. Isolate no.27, 12 and 28 
showed high degree of colonization and enhanced 
nitrogenase activity (Table.4) during association. These 
isolates could be marked tor future soil and/or seedling 
inoculams in acidic rice fields. 
Characters !ike nitrogen fixation have been found to be 
stable under immobilizmion in calcium alginate beads up 
to a period of two years. All our purilkd isolates have 

been preserved this way after characterization and 
cataloguing. We believe this would be helpful in future 
diversity study as reference as well as in researching 
strains lor biotechnological applications. This would 
greatly reduce workload such as isolation, purification 
and characterization of unknown strains for such study 
as regenerated purified cultures from the preserved beads 
could be, the starting point for future research. 
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ABSTRACT 

ubiquitous cyanobac1erial strain isolatedfrom rice fields adjoining coal mining areas ofMeghalaya was identified as Anabaeua 
sing molecular rechnicjue invol.vi11g partia!·sequence.of L6S rRNA gene. The organism was grown in t\Vo different pH 
itious (pH 7.5 that is optimumfor c)ianobiicteriaJ growth anq in-6.5 to mimic the pH condjtion of the fields from which if was 

d). Various p.hysiologi¢al.and biochemical c:hatacters suqh as growth, heterocyst frequency, nitrogenase and glutmnine 
lase activities, photosynthesis. respiration~ nitrate uptake and nitrate reductase activities were assayed. Atomic absorption 
ophotometric (AAS) studies showed that comparatively m:ore·cadmimn was removed frmn the medium at pH 7 .5than at 
-.Cadmium sulphate was 1nore toxic thail cadmium nitrate. The.remov<Il was saturating within 72 h. For 20 flM cadmium 
ill thetnedium, total capmium removed was 9. 72 p.M, of which 68.13% wa<;: adsorbed on the cell surface and2I.67o/o was 
ulated int~:acellular1y within 48 b. By 48 h. df20 p._M cadmium sulphate in the medium, 58.7% was adsorbed on the tell 

lope whereas at pH 7 .5, 35% was intracellulatly accum~ated. These results were indicators of i~s potential application as 
ert!lizer und bio[emedl~tor in aciQ.!c rice fields. 

·. eywords: Acidic soil: Anahaena~ molecular identi ficatiort; biofertilizer; bioremediator. 

INTRODUCTION 
Climatic conditions prevailing in a region affect its 

ral. faunal and microbial diversity. Among the many 
. tors viz. rainfall, temperature; pH, humidity, altitUde 
.~tc. tlm govern the distlibutiou of microbes over a region, 

IpH plays a.prominent role in deten'nining the biodiversitY 

l
'.;i~ any given ecological niche. Microorganisms in nature 
jtre widely prevalent in almost all e~osystems. Their 
1ubiquitous distribution renders them immensely 
.~susceptible to any unfavorable alterations in the 
~environment in which they occur. Amongst microbes, 
royanobacteri~ co~prise an important group of ubiquito:u' 
rPhotosynthetiC mtrogen fixers that are found from and 
t~deserts to Antarctic regions. De in 1939 flrst reported 
b that fertility of rh;:e fields are maintained due to the 
f:~resence of cyanobacteria. The relative contribution of 
f ~;yanobacteria as a percentage of total nitrogen fixed il1 

t 
tl1e paddy fields varies widely and is mainly dependent 

:pn the chemical, climatic and bi.otic factors. It is now 
f known that cyanobacteria contribute 20-80 Kg N/Ha/ 
1 crop on tumover of their biomass to rice fields. Tropical 
i·conaitions ensure increased inCidence of cyanobacteria 

in the rice field soils and high humidity. temperature·aiuj 
shade provided. by the crop canopy favor the lux~dant 
growth of cyanobacteria {Roger & Reynaud, 1979): In 
addition, they secrete a nutpberofimportant biologiciilly 
active substances that improve soil structure (Misra & 
Kaushik 1989) and help in phosphate solubilization as 
well as in removal of toxic compounds. 

Contamination of the natural environment by toxic 
metals is a serious problem worldwide due to their 
continued persistence in the ecosystem and also because 
of their incremental accumulation in the food chain (Chen 
& Pan, 2005). However, there are references of m'icrobes 
acting as natural bioremediating agents in different 
polluted sites. The use of these natural biological 
resources in reducing the pollution load in our natural 
environment is widely accepted idea and alternative, 
innovative treatment techniques have focused attention 
on use of biological materials such as algae, fungi, yea<;t, 

and bacteria for the removal and recovery technologies. 
This bas gained significance in recent years owing to 
their better performance and low cost (Vegllo & 
Beolchini, 1997; Volesky, 2001). Microbes accumulate 
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metal ions by two well defined processes: (1) energy 
independent binding on the cell wall called 'Biosorption' 
and (2) energy dependent up,take of metal ions called 
'Bioaccumulation' (Karna et al, 1999). Mucilage 
containing, polysaccharides producing cyanobacteria are 
bighly efficient in passively absorbing high levels of 
dissqlv¢{1 metals usiQg a charge mediated attraction 
(Macaskie; 1990). Over the yeats, ·many cyanobacteria 
have been studied for their role in bioremediation of 
polluted environments (Kumar et al, 1992; Leena & 
Fatma·,2000; Zakaria~2001). 

~m<:mg the lieavy metalS p'Qlludng soil, Cd is of 
seritJus.concem because of its potentially hannful effects 
on humans and animals. It also has adverse effects on 
mictt1bial biomass and their activities which play 
impQtt.~WtrQles in soil nutrientscyclingandin maintaining 
soi[fertility (Jose et al, 2b02; YaQ et al., 2003). Cadmium 
is widely: in .use asan anticortgsjve agent, as a sta}:Jilizer 
inPVCproducts,·as a colour pigment, a neutron-absorber 
il.l nuclearp.owetpl~Wts; and in the fabrication of nickel­
c~dmiutn batterie~, Phosphate fe1tilizets also show a large 
cadini'um load. Although some cadmium-containing 
products can be recycled,. a. farge share of the g~neral 
cadmium pollution is caused by dumping and incinerating 
cadmium-polluted waste (Jarup, 2003). 

The soils. Qf,Meghalaya are acidic in nature and 
more weathered i.n coiJ.)pa,rison to. other North-eastem 
states of India~ and hence cyanobacterial diversity is 
limited~ However. certain stains of Nostoc and 
Anabmu~a are retatiyely common in rice fields of 
Meghalaya despite lowet pH prevalent in these areas. 
We present here a study of cadmiuin removal potential 
of ail. indigenous Anabaerta strain isolated from rice fields 
;:idjqinihg a coiJj mining.site within the state ofMeghalaya. 
This ~train is upjquitbtJS in all rice fields from where tlie 
samples were coiiected, Jvieghalaya has a hiily terrain 
and low lying rice fields receive runoff water fronf 
adjpinlng coal inines,.thus ii1creasihg concentrations of 
yru;ii)):J$.pqllutatits tnthe§e t1elds. The logic of selecting a 
cy~nobactetial species thriving in these t1elds was the 
fact that such strains are already exposed to increased 
. pollutants intheirsurroundings and .may have developed 
strategies to over~ome inhibito!'y effects of such 
exposure. 

2. RESEARCH METHODOLOGY 
4.1 Collection si(es 

Bioremetliation and EcorestoratiOil.i 

Water and soil samples were collected frOJn 
various rice fields adjoining coal mining areas from th~ 
state of Meghalaya. 
2.2 Isolation, purification a11d morphological 

idemijlcation of cyanobacteria 
Cyanobacterium were isolated and purified b~ 

plating on 1% nutr:ient agar following pour plating 
method:. Isolates were. then grown and maintained inl 
batch culturt;s in the same medium at 25 ± 2°C and at :l 

photon fluence .mte of 50 J.tmol m·2 s· 1 (Rippka et ai, 
1979). FQllowing thls, initial morphological identificati(in 
was done with.theaid of Olympus BX 53 light microsco~ 
using description.given by Desikachary (1959). 

2.3 t'vlolecular tec,Jmiques for identification study 
Gen.omic DNA was isolated from the 

cyanobactefium(iso1ate no. NEHU7) using Mini Prep of 
Bacterial Genomic DNA Method (Ausubel ct al. 1999): 
For securing amplification of 16S rDNA homologotL~ 
sequence,. priiner CF16S-7 was designed using Mac 
Vector s,oftware® based on cyanobacterial 16S rDNA 
sequences retri(!ved ft;om GenBank: PCR amplification, 
was earned out .using primers CF16S-7 (forward, 5'7· 
GGCTCAGGATGAACGCTG- 3') and FGPS-1490. 
(reverse, 5',. TGGAAAGCTTGATCCTGGCT- 3'1 
following P1C:thod described by Nom1qnd et al. ( 1996) iq 
a GeneAmp 9700 Gold thermal cycler (Applied 
Bi9Sj:i{tems), Putified~amplicons were sequenced witlJ 
the cycle sequ~ncing method using BigDye TerminatoF 
v3,1 Cycle Sequencing Kit (Applied Biosystems) on a 
313t) Genetic Ana1yzer(Applied Biosystems). Related 
sequences were rettieved from GenBank using BLAST 
search. Sequenced amplicon was aligned with retrieve~. 
sequences using Clust~IW (http://www.ebi.ac.uk!foolsJ 
clustalw2/index.html). Phylogenetic analysis wa~ 
peiiormed with the PHYLIP version 3.66 (Felsensteln; 
2Q08). T11e neighbour-joining algorith!U based on a marrix 
of pair-wise distances corrected for multiple base 
stib~titutions by the method of Kimura (1980) was used' 
to generate the pl:lylogenetic tree with a bootstrap· 
confidence value of 10Q . 

2.4 Measurement of growth, heterocyst frequenc~ 
and nitrogenase assay 
Increase in chlorophyll a content was measureil 

as a parameter of growth (McKinney 1941). The 
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'fiete-rocysts'were'countetfusin~fa!(GJympus BX 53 fight 
· microscope. Acetylene reduction activity by nitrogenase 

·· euzy·me was estimated in vivo by gas chromatography 
using a Varian 3900 gas chromatograph fitted with a 
porapak 'T' column and a flame ionization detector. 
(Stewart et al. 1967). 
2.5 Assay. qf etectton transport activities 

Photochemical and respiratory activities were 
measured using a Clatk-type polarographic 02 electrode 
installed in a 3 ml Plexl glass container with magnetic 
~tin-er (Robins:on·etal, 1982). 

2.6 Nitrate· uptake, nitrate reductase and ghdnmine 
~).,nthetas.e (tt~in~ferase) aGtivities 
Nitrat~ upt~~ atld Ferredo;dn-depen:dent nitrate 

:reductas.e actfiv:itie-s were measured using methods 
·aescribecl by <;awstV{1967)~ Snetl & Sne.ll ( 1949} 
respectiVely; Glun.tmine· synthetase (transferase) activity 
was measured. as d~scdbed by Sampio et al. (1979). 
Protem·wasesti.lnated::according to Lowry et al. (1951 ). 

2.7 Mr:mt sar:pt:io;z, by cyanqb.acteTia 
· Cranebact¢ria \V~re inoculated. in the nutrient 

medil,tcO!~taining2(lf.LM:CdS04 a,nd :20 !AM CdN01• The 

experimel).ta:t flw;~s were shaken for 24 h and then 
centrift.lge;d Q.t iOiOOOg. The residual cadmium in the 
mediumwas,det~r.n¥io~d: by: Perkin Elmer 3110 AAS. 

1. RESULTS :AND. DISCUSSION 
State ot:Mt<gP,alayaJs fich in-coal reserves. Heavy 

tainfall·th.rougnPPttne:yeariil the-state resultsin constant 
leacbingJron~coal mining; sites to the a.cljoiniugricefields.' 
ln additit)ll. the soil·pH in Megl1alaya is relatively low, 
ranging fro.m 5.2 to 7 .1. Such acidic conditions 

r--_.,....,. ___ .,.... __ Tolypo!hrix sp. PCC 7504 

100:1} 

. -c: ;(ulabaena sp. XPORK15F 
- , iflJIUI . -~O.U · ·AoabaenaspAlEMU7 · 

L------ flootoc sp. 
...,....__...,.,.. ____ Cylindrospermum stngnale 

C Nodularla haTVeyana 
'----.·99Jl 

· . Anabaenopsis ~lenl<inii 

'----------- Tolypot.hriKsp. TOl328 

Fig.l: Phylogenetic tree derived from the aligned Anabaena 
·~p. l6S rRNA sequences. The numbers at the nodes represents 
llle bootstrap values out of lOP replicates. 

considerably restrict: the cyanobactetial diversity since 
cyanobacteria prefer neutral to alkaline pH (De. 1939; 
Roger & Reynaud, 1979). A particular cyanobacterial 
strain was found to be prevalent in rice fields adjoining 
coal mining sites, suggesting its ability to populate and 
flourish under svch non conducive conditions. l6S rRNA 
study confirm¢d that the otganism was a member of the 
genus Anabaena, Sequencing yielded a partial sequence 
of 249 bases. Multiple alignments with the BLAST 
retrieve&sequeilces showed homology of 94 & 92 percent 
with Ana.bqeiiq·~p. XPORK15F (Ace. No. EF568905.1) 
and Nos(oc sp. (Ace. No. AB187508.1) respectively, 
The netghbonr-j_oitl.i:ng phylogenetic tree constructed 
revealed that .our cyanobacterial isolate named NEHU7 
clustering intp oi~e gtoup with the GenBank retrieved 
sequenceAnabaen:~sp. *P0RK15Fand Nostocsp. with 
a boot$ trap -confidence value of 100' and 80 respectively 
(Fig.1). 

The o~ganiS!TI showed adaptability to rice field 
conditions as weH as to acidic pH. rts. heterocyst 
fi~equency and nitrt.>genase activity was comparable to 
manyotber~yanobacterial species (Nilsson.et at, 2002) 
sugges:tingits-deffriiterole in fixed nit:regen contribution 
lo the rice field ec£>systems. Table.l summarizes the 
various param~tets that were considered for 
chara¢leriting tJie 'Cyanobacterium. It has optimum 
photosyontl:u::tk and respiratory activities required for 
carbon di()xide fixation and generation of energy fOF 
important cellular activities such as nitrogen tlxation. 
Niqoate uptake. :and .redl,lcta~e activities also indicated 
towards ptopet.: ability to utilize available nitrate in the 
medium.,Nitrog~nase actMiy of the organism in presence 
of nitrate 'indicates towards. its possible application along 
with nitrate based:fertilizer in rice fields. It also showed 
a value Qf 514 ± 2.0 an:d 493 ± 15 nmol r-glutamyl 
hydroxamate,fOJ'med min" 1 mg-1 protein for glutamine 
synthetase activity (ih-pH 7.5 and pH 6.5 respectively), 
suggesting its efficiency in incorporating available 
ammonia. All parameters that were studied in pH 6.5 
were only slightly reduced in the organism when 
compared to its p~ameters at optimum pH 7.5. 

Jncreasing concentration of cadmium in the 
medium had negative ~ffect on the growth of Anabaena 
sp. Inhibition was higher at lower ~H (Fig 2). Atomic 
absorption spectrophotometric study revealed that 
cadmium sulfate was found to be more toxic than 
cadmium nitrate. Comparatively more. cadmium was 
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Tablc.i. Characteristic features andenbyme,aqtivities in the isolated Anabaena-'sp. 
~-----------------------------------------------------------------------------------J Parameters pH 7.5 
Growth ()lg chlorophyll a mJ·' culture). . 6. 97 ± 03 

pH6.5 
6.12±·0.4 
6-7% 
7.78±0.6 
2.78±0.3 

Heterocyst fi·equency (Percentage or total ceJ.Is) 7-8% 
Nitrogenase activity (nmol C2H.~ produced ~~g-•_chl a h·') 9.19±0.9 
Nitrogenase activity (nmol G)14 prod\I~ed J.1K1 chi a lr') 3.21 ±0.4 
in presence of lmM nitrate in g~":owth mediun1 
Photosynti1etic oxygen evolved (nmol 0~ evolved (.Lg-1 chi a b·1) 

Ikspiratory oxygen consumed (nmol o. consutiled iLg·l chi a lr1) 
Glutamine synthetase (tmnsfetase) actiVItyrimoJ t-'glutamyl 
hydroxymate tormed Ill in -i rng·' ptoJ~Q 
Nitrate uptake (tlltiolJ1itrl;ltetgke.n:up irJ.in ·I mg·• chla) 
Nitrat~ redlict[.IS¢ ~ctivit~ (hinQiilitrite. fonn~4 inin·1 n~gc protein) 

Da>' Uay. ~· 'Dlly D'.lj; .,. 

.c Cd 
1:a·(ll20 (pl-175) 

::r: .~lf~(J CpH6·$l 

P'fg.Z: Efi:Cct af'20 J:lM <;.adintiim sulplJil(e an: growth of 
Anabaena sp. in fw.o :different pH. 

remove.d by tbe org~nism· f:i'om· tl:ie:iJiedium ~t pH 7.5 
than at pH 6.5. H.owe\rerj ev~Q ~t a~i(iip~pH-.considerable 
amount of Cd was remov.ed. from t.h~ me(.lt)JlT\. Total 
removed cQn¢entration mit of 20 .p.M· CdN.03 in the 
medium WI:JS betw.een 9-.19 j.._l,l\1 at pH 1.5 whereas the 
value was between {).;7 !lM.atpH 6 .. 5. Theretnoval was 
saturating il'1 72 h. For 20 gM. cadmiuin ·ni(rate il) the 
medium, tQtaLrem<.wed.Cd w'~.9;71.~tM, afwhich.68. t 3% 
was adsorbed on U1e c~ll :suff~ce a(H1 22:67 % was 
acCLU\1ulated inttacelh.ilady within 48 h {Fig 3). Of 20 
J.!M c41dmium sul:fat¢; t.otai' teino.ved was 6.37 Jiiv1, of 
which 58.7% \Vas adsorbed on the c~H.s!Jrfuce and 35 
%was accumulated intrac.ellularly by-48 hat pH 7.5. 
fntracellular accumtilation of CdSQ4 and CdN03 was 
found to be similar-on compf1rison(2.22 tuvl as against 
2.20 f.!.M) even though thee :;rdsorbe<J co!Jc.entr:~tion on 
the cell sur(ace varied greatly{3.74 ~tM as against 6.62 

J.lM respectively.). Lesser toxic effect of GdN03 on 

cyanobacterial growth despite simila,. intracellular 
accumulation may point towards the role of nitrate in 
providing protection agai<nst such toxicity. This needs to 
be further investigated. 

.506±0.6 
253±0.5 
514±2.0 

4.8::\::0.3 
52±0.1 

CdNO.H48·h) CclSOH48h) 

473±0.5 
216±0.5 
493± 1.5 

4.3±0.2 
•t9±0,2 

c Gd pn:cipii'Jicu 
EJ CJ a"dsorlit:d 
o C:d n~cumidD!cd 
o Ssl/.:~w:cr>m;teil. 

Fig.J: Percentage of cadmium nitrate and ·cadmium,sulphate; 
removed by Anabaena: sp. at ·pH 7.5 

4. CONCLUSION 
The Anabaena isolate from thericeJields.adjorning: 

coal mines was well adapted to the prevailing 
environmental and climattC'conditions.lthads.ubstantiar 
nitrogenase activity even in presence of ni.trate in the 
surroundings. This makes it an attr~ctive biofertilizet 
strain in fields supplemented with nitrate based fet1ilizers 
where it could continue to grow m1d add fixed nitrogen·. 
on their biomass turno\'er adding to fertility .ami· soiL' 
quality. lts cadmium removal effici·cncy furth~r. 

contributes towards its usefulness in polft1te(1 rice fields< 
with \ower soil pH where in addition to rttmospheric 
nitrogen fixation, it could reduce the heavymetal pollutant· 
load in the tields. ' 
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lntroductio11: 

Cyanobacteria are cxtt?fitely diverse 
'5\0.tJ.'9 Clt gvam "~gati.\if! '9t9kat)'tat<;s s~owtti~ 
diver,S:ity in ph)'Siology, mQrph91Qgy, 
developmental characteristics and ·habitat,s!.:.f. in 
nature they are free-living as wen as 
symbiotic1~'. Cyanobacteria as piazon:ophs, have 
a long history of usage in agrioglture as 
biofertitizer6

"
8
, and are known to .endch tlw 

nitrogen content of the rice. fields~. Spec~e:$ of 
Nostoc, Anabaena, Au!osira; tolypathrix, 

Cylindrospermum, Gloeotehia. GlOeO,capsa, 
Anabaenopsis, cwnptylonema, Seytonema,. 
Wes£Jellopsis widespread in bidian soils and rice 
fields contribute immensely to soil fertility. 
Cyanobacterial presence in rice field ecologies is 
of interest to scientists especfally from rice 
growing countries as positive effects of 
cyanobacteriaJn rice fielcjs are >Ve:H established. 

Mineral nutrients can be defin:cd as all 
l11e inorganic elements required for life. In <:$e 
of htm1an inorganic nutrients .. incl~1d¢ \iiater, 
sodium, potassium. chloride; calciurn, 
phosphate, sulphate, · magnesium, irdn~ capper, 
zinc, manganese, iodine, selenimn and 
molybdenum. !Vlineral toxicity is a condition 
where concentnttion of any one of the J'ninerals 

in the body becomes abnonnaily high leading to 

adverse health effects. Apart from these, some 

common heavy metals that humans are exposed 
ro are A!, As, Cd. Pb and Hg that can pose 

serious health hazards. Among these, Cd (atomic 
\Vt. 48) is a common bivalent metal. naturaUy 
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present in environment in different chemical 

forms such as cadmium sulfide, cadmium oxidr~ .. 
cadJnium. sulfate~ and carltnin.m carbonate and 
cadmium chloride. lt ls used in production of 
colored inks and dyes, in metal plating, 

engraving, soldering, in plastics and in 

production of Ni-Cd batteries used in cell 
phones, portable computers and in many toys. 

Trace amount of Cd is found in most fiJods 
(higher in shell fish). Humans .get 'exposed to Cd 
from sources that include drinking water, 
fertilizer, fungicides, pesticides. soil and 
pollution, refined grains, rice, coffee, tea, soft 
drinks and cigarettes. Cd accumulates in the 
body and replaces body's essential mineral zinc 
in the liver and kidney leading to serious ~idney 

disease and liver damage. 
Elevated levels of Cd resul! in 

hypertension, dulled sense of smell. anemia. 
joint soreness, hair loss. dry and scaly skin. loss 
of appetite, weakened immutte system by 
reduced T cell production. 

Agricultural soils are mainly 
contaminated with Cd from excessive usc of 

tertilizers, dispersal of sewage sludgi! and 
atmospheric deposition. Cd is readily taken up 
by many crops including cereals, potatoes. 

vegetables (leaf}' and root) and fruits. Cd causes 

phytotoxicity in piants and its uptake and 

accumulation drives it further up the food chain. 

Negative effects of cadmium on RNA leveL 
ribonuclease activity. phosphorolytic and 



proteolytic-enzymes in germinating rice seed are 
well documented 11

).J
2 

Removal of metal ions fi:om polluted 

waters using microbes is a well studied subject13
• 

Microbes accumulate metal ions by two well 
<lefined processes: (I) energy independent 
binding on the cell wall called 'Biosorption' and 

(Z) energy dependent uptake of metal ions called 

"Bioaccumulation' 14
• Both Jiving and non-living 

mic_rQ(Iial biomass have been t)sed for removing 
toxic metal ions 15

' rs. M ucilag'e containing 
polysaccharides producing cyan(lqactei:ia are 
highly efficient in passively absorbing high 

l¢vels of dissolved metals usjn:g a ch~}'ge 

m~"dlated attraction 19
• Many cyanobacteria have 

been studied for their role in biO:remedi?.tion of 
polluted environments20.~3 • Proline accumt~lation 
in re$ponse to stress has been studied in many 

organisms including algae, protozoa, bacteria, 
marine invertebrates and plants24• ln recent 
years, role of intracellular proline content in 

ameliorating environmental stress has been 

studied in cyanobacteria 22
.
23

• 

Rice field enviromilent provides ideal 

conditions for cyanobacterial groil.th. 
Cyanobacteria are also efficient in metal uptake. 

Combining these two facts, the present study 

was undertaken to determine intracellular 

proline content . of a heterocystous 

74 

cyanobacterium belonging to Nosroc sp. 111 

response to cadmium exposure and its role in 

decreasing the magnitude of the adverse effects 
of cadmium exposure to germinating rice 

seedlings. 

lVlaterials and Methods: 

Sample collection: 

CJ•mwhacteria: Soil and water samples 

were collected from diff~rent rice fields during 

the month of August when the rice planted into 

the fields were about one and half months old 

('fabl~ 1 ), These rice fields were \Vater logged as 

there was continuous rain througl10Ut the month 
ofJune. July and At1gust. 

Rice seeds: Rice seeds ofRCPL-l-87-8, DR-92 

& Megha-I varieties were collected fi·om !CAR, 

Umiam Complex, Megha!aya. 



Cyanobacterial isolates from rice fields within the state ofMeghalaya 

Genus I Total Collection sites 
strains 

Fmkhen l\'luirang, Umiam Nongstoin Manpblaog l\la\\lai Syntu Ksiar Stmg 

(6.2) 
Mawroh (6.5) Valle) 

{5.6) (5.8) (5.9) (6.0) 
(6.2) (6.9) 

(lnabaena 16 2 l l 2 2 2 2 2 3 

.Vasto< ,}4 3 4 4 I 4 3 5 5 6 

C,.vfindmsp- 5 I i 

I 
0 (l 0 0 .2' i 

'<lrmum 

Caf(){lrrLT 6 0 0 I I I l l l 

Fi)'f;here/}q 5 1 0 0 l l 0 i I 

Gl1J¢C(ipsa 2 0 0 0 0 (} 0 l I 

Nar;toneJ?Ia 3 !) 0 I q () I 0 I 

Total 7! 7 6 8 ll 7 9 12 14 

Table 1, Location ojricefii!ldsfi'om whicbcyanobacteria.w~re.iso{t{ted: Values in the parenthesis indicate pfi of the 
Cd/let:iion Sites. 

Isolation and pur-ification of cyanobacteria: 
Cyanobacterial strains were isolated and 

puri.iled after inoculating the samples in nitrogen 
fr~ {6G-'ll o) medium and subseq~lent plating 

on 1.2% nutrient .agar. Isolates were grown. and 

maititained in batch cultures at 25 ± 2°C and at a 

photon fluence rate of 50 ~uno! nf2 s· 1 .following 
the method described by Rippka et al., 1979 25

• 

Morphological identification was done under an 
Olympus BX 53 light microscope using 

description given by Dcsikachary (19'59}'6• A. 

Nostoc species was selcc.ted for the present 
study. 

Metal sorption by cyanobacteria; 
Fo1· metal absorpHon studies 

cyanobacterium '"as grown in light in presence 

of half of the lethal dose (LD~o) Le. 20!JM 

cadmium sulphate in the growth medium. The 

concentration of 20~tM of cadmium was 
carefully selected after determining the lethal 
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dose (LD) of cadmium tor the cyanobacterium 

under study (Fig l ). The experimental flasks 
were shaken for 24 h and then centrifuged at 
10,000g. The residual cadmium in the medium 

was d.etermined by Perkin Elmer 3110 Atomic 
J7 Absorption Spectrophotometer The 

experiment was done in three independent sets. 

Germinatioll of Rice Seeds and co-cultivation 
of rice and isolated cyanobacteria: 

Rice seeds were surface sterilized by 
washing with distilled water, followed by 1% 
(V/V) sodium hypochlorite solution for 5 

minutes. These seeds were then thoroughly 

rinsed in sterile distilled water. Seed germination 

was carried out on autoclaved perlite in glass 

beakers28
• The perlite was irrigated with a 10-

fold dilution of autoclaved BG-11 o rnedi um 
containing 2mM NaN03 (nitrate medium l and 

varying concentration of cadmium sulphate (0, 
5, 10, 15, 20. 25. JO. 35, 40 J.lM). The solution 



was buffered with- cqni molar concentration of 

HEPES. ·Germination was- catTied out in culture - . . 
room- under fluorescent light (photon 1luence 

rate of §0 f.-lmol m· 1 s· 1
) at 25"C, at saturating 

relative humidity. DR-92 produced irt·egular 

results though out the study. Megha-1 was found 

to be more susceptible to cadmium exposur~ and 

henc.e was selected. In another set of 

experiments, cyanobacterial suspension was ·also 
added to. the germinating beakers in the 
begirtning,ofthe study. 

- Re-sults.a;nd Discussion: 
Coa:l mines of Sohr-a {ChetrapW\ri) 

v-fllage in- Meghalaya leaches onto surrot#iding 
riC'e tl.elds dtte to heavy raii1fall thoilgbput t~e 
year. 'f\\ro cyanobacteda! strains were found to 
·be most predominant in these rice fields. Out of 
thi$ one l'lostoc strain W?S more tolerant to 

'Ca\imitJin expqsute and hence w:as targe.ted for 
the p~senJ stvdy, Varying concet1trati:on of 
cadniimn sulphate (0, 5. I 0, l 5, 10, 25, 30, 35, 

4Q 11M) was used to document the effect of 

cadmium. on the gennination of rice seeds. 

Presence of cadmium in the growth medium Jed 
to reduced seed gennination. The affect was 

1.2 

.r ;1 
a o.:s 

t 
~ 
!! 0.6 

~ 
" "' ~ 0.4 c 

\fi 

0.2 

0 

stronger in the rice variety Megha-I than in DR-

92. 40gM cadmium sulphate in the gennination 

medium ~as --found to reduce seed get·minarion 
up to 30% in the susceptible rice variety. At 20 

f.-lM concentration of cadmium, genninarion was 
reduced by 15-20% and presence of same 

amount of cadmium in the growth medium led 

to stunted plant grmvth. 
When the cyanohacterium was grown in 

presence of increasing concentration of 
cadmium sulphate in the medium, it showed 

progressive reduction in its chlorophyll a 
content and growth (Fig J ). 40)1M cadmium was 

lethal to the organism. However, intracellular 

pr:olit\e showed marked increase at higher 

ccn1centfation of cadmium. Drop in proline 

concentration at 30 p.M and 35f.tM cadmium in 

the medium pt-obably was due to reduc,cd 

number of viable cells at these concentrations 

although it does not correlate with the drop in 

chlorophyll amount (Fi!ifl & 2). It appears that 
there is an inverse relationship between 
chlorophyll a concentration and proline 
accumulation in the cyanobacterium under 

cadmium stress·(Figl & 2). 

0 5 10 15 20 25 30 35 

C,'adn•iu•·n aonceot·n•tion (J . .c..M) 

Fig. I: Chloroplry!l a content ofNostoc species at w:uying cadmium cottcentration 
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Fig. 2: Intracellular proline ofNostoc species· at varying cadmium concentration. 

A detailed study of chlorophyll 
concentration at LD59 in the medium at 24 h 
intervals showed a reduction i.n its value up to 
182 h, after which there was no further 
noticeable decrease in the chlorophyll 

! 6 

lA a 
ot r ! 
~ 

"' .s 
~ 0.$ 

"' "' ()(, v 
;; 
'-' 01 
"' a 0.2 

() 

Cdt) 

c.oncentration (Big 3). This implied that after the 
cyanobacterial cells have accumulated certain 
amount of cadmium from the medium, the level 
of toxicity was reduced in the surrounding 
medium enabHng the cells to divide/grow be!ter. 

Cd lO 

0 Oh 

£.§ 24 h 

81 4Sh 

~ %!1 

81 i2()h 

,., !44 h 

8 16&1\ 

?J 182h 

Fig. 3: Reduction ht (.'hEotoph):ff a contenf in Noswc species at LD5v of cadmium in comparison to conrrof cu!wre 

swdied over eight days experimemaf period. 
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- -- T(r -study cadmium removal by the 
cyanobttcterial cells, residual cadmium 

corrcentratio11 in the medium was estimated by 

Atomic absorption spectrophotometry. The 

adsorption was saturating in 48 .h. 62% of total. 

Cd was removed from the medium with 24 h. 

which increased to 71% by 4'8 h. After this 
period there \Vas no perceptible increase when 

the experiment was repeate(l after 72 h. 

Experiments were $t}t qp to study the 

etTe.ct of cadmium and role of cyanobacterium in 
ameltotating negative effects of cadmium on 

-growth of rice seedlings. Presence of 20 !-lM of 
cadmium iri the growth medium led to 49% a~d 

58% decrease in root and shoot length 
respectively (Table 2). Presence of 
cyanobacterium along with 20 11M of cadmium 

in the !lledia showed an improvement of 34% 

and 40% in root and shoot length respectively 

over the value obtained for the seedling grown 

under the influence of cadmium in the medium. 

L~ngtb Qf root & s boot of ric:.e plants (in ·em) 

Root-length (em) ShootJengtk(cm) 

<;:on t ro l 0~02 tnM cadntium (B)+ cyano- (1tlntrol 0.(}2 m,\f cadmium (B)+ cyano-bacteria 

4<\) (B) bacteria <n> 

8.9 55 5.6 }:7:7 tl.3 16.7 

9.3 5.2 ~' ! • .> 16.:8 10.2 17.0 

10;5 4.6 10.5 1.73 10.6 13.0 

10;0 3.9 8.9 1'7:9 !1.! 16.2 

10.6 4.2 5.5 20;] 9.8 17.0 

11.2 6:! 8.3 18.6 11.6 11.5 

1().3 5.:1 10.0 Ht9 9.9 13.5 

Aserngc Average Average Avemge Average Avcmj!.e 

10.11 4.97 6.7 1&.18 1Q.64 I 
14.9 

Table Z: Compdrative root and shoot length <lfrice plantlet:; grown in cadmium supplemented medium, with and 
without cyanobacteria. 

[n conclusion, we found that presence of 

heavy metal cadmium led to. decrease in groMh 

and increase in intracellular proline content in 

cyanobacteria. Growing along cyanobacteria 

reduced ill effects of cadmium exposure in rice 

seedling~. 1bere was immediate adsorption of 
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cadmium by cyanobacteria leading to removal 
4P to 7.1% of total cadmium present in the 

medium within 48 h thereby reducing available 

cadmium concentration and minimizing 

cadmium toxicity to rice p!ar}tlets. 
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[ntroduction 
The role af nitrogen fixing 

cyanobacteria in enhancing soil fertility has been 
long known and ts well a(}Clirnetltei,P04

• 

Cyano.bac;teria contribute$ to ov:eraH ·s.oil heaJth 
not only by its ability to pelfot:rn l':!iol<)gical. 
nitrogen fixation but also because of' its ability to 
ptodttce polysaecharides and other bioactive 
cbmpounds which has a gro\vth stimulating 
et1ect on the vegctatiorilcrop plant?, as well as 
ensJJring mainte,naJ)Ce- .of soil qualiW ·a.rid 
preventing erosion. Moreover it is als.o knp.wn 
thai cyanobacteria increase$ the oxygeq 
concentration of the et1~droninent ih. whie}X they 
occur·6, The general :maintenance ofsoil teffility 
partic1.1lal'ly in rice fields is attributed to the 
natural supply of assimilable nitrogen that is 

made available by the cyanobaeteria through the 
process of · biological. nitrogen fixation'. 

Cyanobacteria generate cellular energy by 

harvesting light during. tbe process of 

photosynthesis and utilizing this energy in the 
synthesis of carbon compo1,1n~s reqU:i(ea for 
their metabolic processes. _Any a!te~tion in the 
environment including ~hang~ in pH and in .salt 
concentration of the soil may ha"e a direct 
negative impact upon photosynthesis and related 
metabolic processes of the cyanobacteria, 

including biological nitmgen tixation and 
overall performance of these organisms8

• 

ln nature microorganisms are com.-'tantly 
challenged by ditierent factors and stresses 
including changes in temperature, moisture 
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content (droughts and 11oods), salitiity and so 
forth. Among th¢se, salinity is known to be of 

major significance in lintiting the growth and 

productivity of p}anfs, eukaryotic 

microorganisms and bacteria'~. Salinity posse.s to 

be a huge threat to agricultural productivity and 

approximately 7% of agricultural land are 
affected by high salt concentrations and the area 

is $till increasing10
• Owing tp their considerable 

degree of salt tolerance, cyanobacteria have been 

{lppHed in reclamation of saline and sodic Ia,nds 
with limited success1u 2

• Such a concept o:f 
biological soil reclamation using cyanobact~ria 
was first advocated by Singh in 196 1'1• ln trace 
amounts NaCl is known to act as a micronutrient 
to cyanobacteria and appears to be essential in 

certain metabolic processes 12
•
14

• However, 
elevated levels of the same may prove to be 
detrimental and result jn inhibition of 
growth ts,to. 

Cyanobacteria have evolved elaborate 
defense mechanisms in response to various 
environmental stresses that it encounters. Proline 
&ccumularion in response to stress is well 
documented in microbes, plants as well as 

marine invertebrates17
• Proline is knovm to b~ an 

imponant indicator for stress tolerance and 

functions a stabilizer18
, a metal chelator19

, as an 
inhibitor of lipid peroxidation20 and as a 
hydroxyl radical scavenger21

• There are reports 

of proline being involved in ameliorating 

salinity stress as well as stress induced by 



drought situation and also it:; role a singlet 
. -,"' )\ 

oxygen scavenger in higher p!ants~"'"--
Since cyanobacteria play a prominent 

role in the maintenance of soil fertility and 

productivity, any loss in cyanobacterial biomass 

may result in noticeable consequences. 

i\•lorcover, these organisms are no'vV regarded as 

promising agents in biorcme<iiation and il1 
cleaning up the envininmcnL Hence, it becomes 

imperative to study and investigate the effoots of 
stresses, either singly or in combination on the 
growth and characters of some naturally 
occttrring cyanobacteria. This work>investiga:tes 
the effect of salinity, cl1~nges in pH and a 

combined effect or both on the- growth. and 

proline accumulation in cyanobacteria. 

Mat~:rials and :~_netbods 
The effects of salt stress ~s well. as piJ 

fluctuatrons were assessed on some or the 
filamentous hcterocystous cyanobacteria whiCh 

were isolated from various !oqations in 
Meghalaya. These were then grown as axenic 
cultures in batches in nitrogen free BOllo 
medium (Rippka et at, 1979f'1 at 25±2°C and 
under a ph~ton fluence raie of 5Q ~.tmol m-t s-1

• 

The exponential cttltures were used for all the 

experiments. 

Initially, three organisms that were 
sampled for the present study include two 

belonging to the Nostoc species (Nl and N2) 
and one to Anabaena spec;:ies-(AJ). Three sets of 

th~se were grown in different concentrations of 
NaCI (50,!00,!50 ......... 500 mM) in 50ml 

conical flasks to find out which amongst them is 
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mt)Sl IOhiran~ to salinity stress. This was done by 
esti!nating the chlorophyll a concentration every 

48 hours in each nask:;:;; to compare lheir growth 

to a control culture. One Nostoc species (N I) 

that showed highest tolerance to snlt stress was 

selected for fw1her experiments. The soil and 

water bodies of Mcghalaya distinctly shmv a 

wide variation in pH. Therefore, -eflcct of pH 

and combined effect of pH and salt stress was 

also measured in this cyanobacterium. for this. 

pH range of5, 6, 7. 8 and 9 was selected. Also. a 

combination of a constant salt concentration 

(500 mM) and variable pH was used to assess 

their combined effect on the organism. The 

constant salt concentration was based _on the fact 
that beyond this any further increase in the salt 

concentration was lethal to the organism. The 

changes in proline content in the organism in 

response to the different stress conditions was 

estimated on the 8111 day using the method 

described by Bates et al 19732
r, • Chlorophyll a 

-concentration on the 81
h day was also considered. 

Results and Discussion 
In case of all the three organisms the 

chlomphyll a content was found to decrease 

with increasing salt concentrations (Fig l, 2 and 

3), However. the w1favorable concentratiOf1 of 
salt was different for the individual 

cyanobacterium, \.vith N I exhibiting higher 

tolerance. The Anabaena sp. that was used for 

the present study appeared to be highly 
susceptible to salinity stress with maximal 

teduction in chlorophyll a content at 500 mM by 
the 8th day (Fig 3). 
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Studies· with N lin different pH ranges 

revealed-distinct changes in th~ growth pattern at 

pH 5 and 6. At higher pH of 8 and 9 there were 
no remarkable changes in growth. The 
cyanobacterium exhibited erratic growth at pH 5 

and 6 ~nd growth showed a decline in these pH 
\Vith respect to time (Fig. 4 )- At pH 9, the 

expottentj<;l-1 growth phase of the organism was 

!!hott;er than the control (pH 7.6). However, the 

growth during this phase was comparabie to the 

controL In · combination with a cm1stant salt 

concentration of 500mM, there was a steady 
decline in chlorophyll a concentration indicating 
low survivai at pH 5 and 6. A similar behavior 

was also evident at the higher pH ranges of S 
and 9, although the eftect was !ess drastic then 

that at lewer pH (Fig. 5). 
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Consist<mt with previous 

observm.lons8
'
27

• it was tound that with itlcrease 

in stress~ either as high salinity or untavorablt: 
pH, there was an associated increase in proline 
content;and a prominent decline in chlorophyll a 

concentration. HigJ1·proline contents of 0.65 and 
0.63;!Jg ~g1 were oosel;\(ed in pH range of 5 and 6 
respecttvdy·ftillo:we<i by 0.63 and 0.61 f.lg g·1·for 
ptl 9 an& pff & as compared to 0.51 J.L.g g·1 in 

(}, 7 
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~~ 
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~- QA 
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I 0.2. 
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tmstressed condition in control culture (Fig 6 ). 
The proline content \Vas found to be the highest 
in the case of the combined salt and pH stress 

(Fig 7). Proline was accumulated to an amount 

of 0.72 and 0.73 )lg g'1 in pH 8 and 9 

respectively which further increased in pl T 5 and 
6 to 0.92 and 0.76 p.-g g·1 respectively while in 

combination with·salt. 
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Fig 6: Proline· content of No sloe sp. 1 at dff]'erent pH. (C- control condition) 
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There are -extensive reports on stress 
·induced proline accumulation in hi.ghcr plants28

. 

32
. How ever, not much work has been done 

towards the assessment of the role of proline in 

cyanobacterial stress tQierance that may hav~ a 
significant impact on their putative application 
in bioremediation as well as their use as 
biofertilizer in coastal areas. Wu et al (1998)33 

has teported increase in proline content under 

salt s~ss· in Qhlo.rella. It has been suggested 
that proline is hWblved in stabilizing folded 

ptoteil} stru¢Wre{4
• Its role in stabilizing 

mt::n~branes by i;ntet,aetif!g with phospholipids.i5 

and. b~ing in:v.()l:Ved. in osmotic adjustments36 are 

also known. Stt:es.s induced by high salinity has 
a negatlve·impacton the photosynthetic capacity 
and,groMh ofcyaMbactcri'a3738

• 

lri the- pl'es~trstud)l> it was observed that 
stress due to enhanced. salinity and changes in 

phi in the immediate vicinity resulted in 

inducUpn ancf acq,~rrutlatiun in intracellular 
proline in the- cyMoQacteritini. This finding is 
similar. to ·eat-li¢rt~oit on proline accumulation 
under stress conditions lti the cyanobacterium 

fflesti'ellopsfs proliftca-Janet Strain-NCCUJ31 

by Fat:_ma et aL.~ 2007. In these organisms, 
proline appears, to be the stress-induced 

subst~nce tl:mt helps in generating tolerance to 
advers-e envirorunentalstresses. 

The potential of cyanobacteria as 

biofertilizer is immense. However, their­
susceptibilJW to .environmental changes limits 
their optimum use. Carefully selected 
cyanobacterial strains with high nitrogen fixing 
capability that ~re resistant and/or tolerant to 

fluctuations in the surrounding environment 

could be ideal forfutw~e biofertilizer programme 
and also as bioremediators for reclaiming saline 
and sodic lands for agricultural usage. One way 

to identifY such strains could be to look at their 

pmline accumul;~.ting capacity under stressful 
environment. ThG.Se strains with high proline 

119 

synthesizing potential may prove to be an ideal 

candidate for bioremediation. 
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Two ~trains of cyanobacteria, \·iz. Nostoc ANTH ami Mastigocllldus sp, were isolated from local separate temperature 
zones of Megba.laya, India. Both the strains showed preference for different temperatures for optimum growth- {45"C for 
Mastigodadus sp.(thennophile) and 25cc for Nostoc AN'TH (mesophile))_ 'The addition of nitrogen sources in the growth 
media (nitrate, ammnnia and gluramine) supported their better growth but repressed heterocyst development and nirrogenase 
a;;tivity. Nitrate and nitrite uptake rates, NR and NiR activities increased by N03- and d~X"reased by NH/ in Nostor: ANTH. 
However, such efft'cts were only partial in :1-fastigoclatius sp. TI1e presence of fixed nitrogen sources in the media ied to 
di'X!reascd GS activity and repressed methylammonium uptake in both the strains. Glur;unine uptake was substrutc inducible. 
energy-dependent and required de nom protdn synthesis. Artificial association smdies revealed successful establishment of 
association of rlce roots with both cyanobactelia. including prolonged association of ll·fastigoclmlus sp. at high temperature 
(-45"C}. Little modifica1ions in growth temperature and· growth media led ro profuse akinete differentiation in target 
cyanobacteria. TI1e replacement of nonnal cells by akineres as field inoculanrs might have profound biotcchnological 
implications in future hiofertilizer programme. 

Keywords: cyanobacteria. N2-fixation, mesophile, thermophile, biotertilizer 
iPc Code; lnt. Cl! C:05F9/Q4 

Introduction 
Cyanobacteria, an extremely diverse group of 

Gram-negative prokaryotes, show diversity in 
physiology. morphology, developmental character­
istic.'> and habitats 1 ·~. ln nature, they are free-living as 
well as symbiotic35

. Cyanobacteria, as diazotrophs. 
have a long history of usage as biofertilizer in 
agriculture6

·ii and are known to enrich the nitrogen 
content of the· rice fields9

. Species of Nostoc. 
Anabaena, Au!osira, Tol)JJ(Jthri.t~ Cylindrospermum, 
G!ot?otrichia. Oloeocapsa. t1nabaenopsis, Camply­
lonema. Scytonenw and Westiellopsis are widespread 
in Indian soils and rice fields. contributing immensely 
to soil fer1ility. The current biofertllizer programme 
using free-living cymmbacteria poses many problems. 
including low survival rate of inoculum; adaptability 
of cyanobacteria inoculated in the fidds with regards 
to compctitit'n with the preexisting natural 
populations: <l!1d incompatibility with chcrnical 

*Amhor l(lr ..:nn<:sp<lmkn..:e: 
·rd: 91-364-272:.:r:.:6; Fax: 9l-.3M-2550HJ~ 
£-mail: maya~hn·~~yi.~mi,Pyahoo.co.in 

fertilizers and low nitrogen release.. Also, mosc 
cyanobacteria have optimum N2-fixing ability in a 
temperature range of 20-30"'<:;. Therefore. the 
mesophilic cyanobacteria may not be the ideal source 
of biofertilizer in tropical rice fields where daytime 
temperature can soar anywhere 3045"C, and this 
adversely affects their metabolic processes. Under 
these condition~. thermophilic cyanobacteria seem to 
be the better option as biofertilizer in mixed cmlsottia. 
Infonnation about thermophilic cyanobacteria that 
grow ar. such 1Jigh ternpt~ratures is scanty and so far 
has not been 1ooke.d into as the potential biofe11ilizer. 
Keeping dJis in mind, the mesophilic Nosroc ANTH 
and thermophilic A4astigocladus sp., both isolated 
from the state of \'leghalaya. were C1m1parcd with 
respect to selected metabolic procc~ses with an aim to 
enumerate their use as potential biofertilizer in rice 
fields of different temperature zones. 

Materials and Methods 
Straius and t:ultm·c Conditions 

Vostoc ANTH was isolated from the undersurf~K·,~ 
of the gamewphytic thalli of the bryophyte 



:lntiwceros, col!ectc:d from the i\crt h Ea~k'rn Hill 
Uri vcrsity campus. Sr1illong and p:1rified undt'r 
axenic nmditi(}ns. Awnk culture<: were grown in 
b:.ttches and maintained in BG-l L; U\2-medium)1

" at 
25°C with a phL1lOn fluenc~ rate of 50 pmol m 2 s·'. 
Whenever needed. the N:;-medium W<h supplemented 
with · 5 mAt KN0.1 (N03-mcdium) or 2 rruH NR1CI 
:NJ-1.;-medium) or 1 mf\.-f L-glmamine (glummine­
inedium). 

i\.-1astigocladus sp. was isolated from the hot spring 
of Jak.rt!lll, Mcghalaya state, India and grown in 
axenic batch cultutes in D-medium;' under 
continuous light with a photon f!uencc rate of 50 
).!mol m"" s· 1 at 45cc in BOD in..::uhawr and also at 
25<·c in the culture room. Whenever needed, cullures 
were also grown in N~-medium t D-meJium. without 
source of combined nitrogen). Nib-medium 
(:\2-medium supplemented \Vith 2 m!\.1 NH4Cl) or in 
N2-rncJium supplemented with l rn1H L-g:lutamine. 
All media for Nostoc ANTH and :'rfastigodadus sp. 
were buffered witb equimolar .concentration of 
HEPES, aod pH was atljusteJ tn 7.5 before 
autodaving. 

(:Crowth, Heterocyst Frequency and Nitrngenase "l'fivily 

Growt11 was measured as increa!>e in concentration 
of Chi a

12
• Heterocyst frequency in borh the 

cyanobaderia wa:s calculated as percentage of total 
vegetative cells after 96 h of incubation in different 
nitrogen niedia. Acetykoe reductii:m a<;say was used 

. . . . " to measure mtrogenase acttvlty ·. 

Nitratt> and Nitrih! Vptalw A '>Sa}' 
The N~-, NO"- and NH.~-grown cultures of Nostoc 

ANTH anci /v1astigodadus sp. were harvest:ed by 
centrifugation during the exponential growth phase 
!after 4 d growth), washed and re."uspcnded in 
Tricine-NaJICO, buffer (25 mA·1, pH 8. I). Uptake 
experiments were initiated by the addition of NaN03 

000 ).tAf) or KNO~ (100 )t:l\-fl to the cdl suspension. 
Uptake of NO~- and NO:.- was measurt•J by the rates 
of their depletion from the. medium. The choice of 
100 ~li\-1 ext~rnal concentration for both the combined 
N sources v<as based on earlier studies in Anabama 
sp. PCC 7120 and .)\neclwcoccus sp. strain PCC 
794i·l.1~. Samples were withdrawn afrer 3 h of 
incubation, subjected lo rapid centrifugation at 5000 g 
and the cell-free supernatants analyzed for residual 
N0.1- or N02--. Nitrate and nitrite conccntrati\lHS were 
measured by tht:· method of Cawsc ib and Snell and 
Snell17

, respectively. 

!\itT<lt(i Hh\udnse, :\'itril.e Redm·ta~t· nnd t~lulnminc 
S)·nthcta .. 'it'; Tran.sl'em.se) Arli>i_ty · 

Ferredo'.in-Jependent nitrate rcducta:;c { NR} and 
nitrite rcducr.asc ~NiR) activities \'v'cre rnca~ured using 
dithi<Jnitc reduced methyl viologen as r..::Juctam 1 ~"' 1• 
Glutamine synthewse (rransfera!"e; GS) activity was 
rncasured us described by Smupio et al"0

. However. in 
Masrigr>dadu.5' sp., incubation for the ctvyme <ts~ays 
was performed at higher temperature ( 45"CJ for 
cultures grown at 45"'C. Jn cast: of Novtoc ANTI-I. 
cultures W\.'re incuhated at JO"C. Protein was 
measured according to Lowry eta('. 

Ammonium and Amino acid Transport Assay 
Anu.nonium transport ass~1y for Noswc ANTH and 

Masrigodadus sp. was done using the ratlioac1ive 
r'·'cJ-rncthylamrnonium. an analogu~ of i1fll!ll()!1flll11 

(sp. activity 370 KBq ,umorir'-:'. Glutamine uptake 
was measured using [ t.~Cl-glutamine (sp. activity 256 
K Bq }tmol'} l~)f both the cyanobacterial str~tins. NO~­
grmvn t'u!tures were harvested during the cxponcntia'J 
growth phase. washed in N1-rncdiurn and incubated in 
N.z-mcdium or N2-medium supplemented· with lmi\.-f 
glutamine at 25"C for Nostoc ;\1\'TH and at 45"C for 
1"v1astigocladus sp. After 48 h. cell<. were hn.r\'e<.ted, 
washed and resusnended in 10 mM HEPES-NaOH 
buffer !pH 7.0} to ;t final concentration or 10 }Jg rnL' 
Chi a for hoth the :>trains and equilibrated for l h 
under their respective gr\1wth eonJiilons. 
Methylammonium or glutamine uptake experiments 
were started by adding ( 4C]-mcthylammonium or 
e.JCJ-glutaminc to a final concentration of 50 pil:f for 
both the cyanobacteria. Whenever needed, 
dichloropheny!dimethylurea (DCMU, I 0 FM) or 
carbonyl cyanide chJorophenyl hydrazinc ~CCCP, 

25 pM) was added to the cell suspemitm 30 min prior 
to the addition of labelled glutamine. At different time 
intervals, 400 }lL sample was takcn out quickly and 
cells separated by cen!rifugation tlmmgh silicon oil 
DC 550/dinonylphtha!ate (-10/60. v/v) intn perchkn·ic 
acidlwatcr {15/~5. v/v)~2 and (~Cl in the perchki.ric 
acid fraction mt•asured using liquid ~cintillation 

counter (Beckman. Model I 8(}1 ). The non-,pt:cific 
binding of [ '"Cl-methylammonium and glutamine was 
detcnnineJ by measuring their incorporation in tbc 
toluene treated celb~2 . 

Culture~; Conditiuns for Ahlnetes Differentiation 
Nostoc ANTI-I cultures were induced io sporulate 

in BG-1 ·l 0 medium lacking MgS01 and replaced by 
cquimolar MgCI::. .41astigocladus sp .. on the other 



h:md w;J.S foimd to .:..p,1ndate \pon!<llw,,u,~ly 'n N~: 
medium at' !<li.Vc:l" temperature:-. Akinete rn..qth~!l(;)' 
W<.t<; cakubtcd ~\~ ih' [1l:fCCHt<tgt: Ot' !OW] cdh in 
Olyrnpus BX-5·! light microscnpe filled with a JVC: 
digital video camera. 

Co·<~ultivati<m ul' Rice ami Cyanobacteria 
Rice St'l'lllings fl() .. d··ddl grov,·n on pcrlirc WtTC 

!ransfem:d r.o t5 mL culture :uh.cs after v.·~1;:;hing \virh 
distilled water. D-N::-m~;dium imd BG· I l:, mcdniln 
(.l 0 mL) w::1s poured indcp~ndently into these !.Hhcs 
and seedlings .:arefully ph1ced '>Vitb tht' mzns dipp;;d 
in the medium. ,t!a.\ligr'cladu.\· sp. and NoS!r;c .'\.\'TH 
""'ere \\1en inol~tdated in these ti:<;t tubt's in th,~ir 

n:spec\ive growth media. Tuhcs \Vith i\4awig(>c/ad!f.\ 

sp. were kept in the BOD incubator ar 4Y'C anJ. wiL11 
Nostoc ANTH in th(' growth chari1her at 25<'C. 

nesults 
t;nnHtl, Hdl·r~x·yst Fn;qm:nq and 1'\itrogena.<K: ,\t:thit,r 

Both l\!(><:toc ANTH and l•tastif{ociudus sp. \verc 
grown initially in a tt~mperature rang<.:: of ~1.0 w 60>c 
Growth was measured a" increase in C/if a conklll on 
,f'' d. A-1as1iKododus sp. grew he~t at 45"C : 2.3 pg 
mL-1 Chr. a in D N2-m::dial. However. NiJs!oc ANTH 
cells died nt temperatures exceeding 35''C nnd showed 
optimal ;;rowth al 25°C ! l.2 j1g rnL 1 Chi t.1 in 
N, medial. Growth was L'Pl!'>ir..{~nrly higher in NO,. 
NI·t <.'i.' t!ltli<Hniw: suppk:th..'!Hed nk'dia. tklen.•z:vsr 
frt?quenc}: and ni!wgcrws\.: kK'livity were n;l! dclt:'l:i\.'d 
in cornbin.:-d niimgen suppkm.ented nlcdi<"t. Th.:: 
growth, heterocyst li\~quency <md nirwgen<tst' <K'livity 

nf Mwtigocfudus ~p. were --1.5--fold hiz;,ht'r <It :1:\''C 
than at i;'(C. 

"\itrate and '\it rile t.'p!al'" Adivifil"> 
Both /vfw;i,;r>r·fn,!us 'P· and Nr6!ih' i\NTH :;bowed 

NO, ... u.nd \'0: .. upuJ...e ~<diviti(':i. Thi: ritk of NO::' 
uptake b'" } .. j<f_,r;_l:.fit·hulu: .. sp. ~lTO\Vn in N2--n1ediu1rJ 

,,.·as 27.\J·t nn1ui ;nin' rn\.: · -c-u u cnmpnrcd to 
32.9 !lni(d min ' m;c. Ch! u in NO,-medium ,1r 
::S.S nnv:>l min' mg 1 ('Iii <1 in ;.J!L-rnccJ!um (Tahk ! l. 

'ii!r:mo npL:L: 

Further. :'io, .. · uprakc hy \':><·n( ,\.YfH wa.:; 2.8 nm(l! 
m)n 1 tn•' 1 Chi. a in i'J, .. m;;;di•,,rr;. 3.6 nmol min l m,_~ 

c .. . < ' • 

Ch! ,1 in NO·;-med.ium ;HHl lH nmo! min ' mg ' Chi r< 
in NTL-rncdiurn. Hence, !here \.v;y ?.l r;1, and ?.i)i;;; 
incrra~<.:: in NO·;- uptake h?· J1ustipoc!odus sp. :1nd 
:Vostoc <ANTI-I, rc;;pect.ively in th': NO,--rncdimn a~ 
l:ompared to N:: .. medinm lnterc,!ingly. No_,- uplakt' 
nue of MastigocladiiS sp. IV;~:-. ... ! 0- fold higher 
comrnwcd in No.stoc Ai'\TH under "imibr conditi()n;; 
d' N2-- and N03-medium. f .. Jm.v,:v.:r, the prt"-,..:n.::c of 
NIL:'· in tb.e growth medium led to inhihi!ion or \10:, ... 
uptah.c. which wa~ more scn:n: in ,;r.bc of Nosffw 
i8WX·l cnmpared to t\1um'gr,r·iod!ts :;p. (7Y:fc) 1.hit!l 
their respeciiw Nygrown ;;elk 

On the other hand, N02- upwke by /vfa."lif.!ot:ladus sp. 
and N1Jsroc ANTH wus in(TC'<lscd hy 40 and 2fVk\ 
r.::>pectivdy in Nf):,-mediurn as ;;ornpan:d h.• N::-nwdiurn 
tTahk· J). Ht~\Vi:'VCL <;even~ inhibition in:-\():'' upwk.:: by 
No.\VC ANTH (99%) than in ,ifostign<iodil.\ sp. \39('-i) 
w:'~ nNiced in !lK' presence of:\ ll,'. 

Jlilt :\'lH aml GS .\ctivli.y 
In NCh-medium. NR activity showed a drastic 

im:rea~e ( U:Yki in Nowoc ANTH f25"'CJ again:->t a 
mod.:tatc innca~c (I 77i-'') in Masrigodadas sp. \..f:'i''C) 
in comparison L'J its activity in N:··aH:dium !T;1hle 2). 
l-li•wevt:r. \ht: NR adivity dedin.:d by 8WH. in Nosfur 
ANTH :<nd 46<:f: in fV!a.\tigocladux ~p. in the prr:.en<.·!C 
,1f \/H ,' in ;he mt:>ditmt. 

Jn !\ :-mc:dium. :\iR <!Ciivi!y in Nm!er· ANTH w:h 
much hi!:.lwr ():.1(} mno! N02- C't)l\:;urn<.'J min' mt:'. 1 

prnf,•inl <::-; <tl.!alnq the cnz.yrne activity in MaHi;,:oc!adus 

~r- (\fl.\ nm•~l rnin; 1lig i protein). :JiR az:tivily shuwed :.~ 
.\:'S':~~ n..;,: m Nmtec Ai\TH in NOdn,~dium in 
nnnpari"'m !o ;,divity in N;,-meJium. which hy contrast 
',\'(i'->. <'llh· W:·r in Afu.\!i.r.;oclc.dw; ,;p. n,J\\'('VCL th~; 
pn.>s<.:·m'c ~.1! ;-.; H, · m the medium k;d to "i7'X inhihition of 
NiR urL,irv in Nm!flc AJ\TH, hnr !he inh!hiti()J1 was 
only({; m !'...?o<ri.<.:,ndit.l!!s sp. {Tat>lt: ?.L 

:\ L\•mrurativ.: :-;tudy of GS ani.., i.y rev~'<<kd that 
,'\-Jmtigr•clo<fn, sp had much higher ,"ll/)'1\ll' ;;cri vity 
L:4r>4 1m1oi "!-ghti:unyl hydroxnnt<ttt.' min ' 111ft ; 

:\1r6re )_Jpt;.Jhc ~'irrug~'n ;.;ourz·~··, 
In gro;.qh n~;:t.~in;n ! 1 1 .~::.~:7 ~---~-~-~~-~~:.: ... ~.:.:.~-~~-!~---~j~-.. ~; 1 ;!_:~-~-. .:: !f .. ' .... :.c.::.:c ... :.: .. : ... _ ......... - ..... 

\'O\!(Ji .\:-<Tl I :\.t1n:;_~~· lcfc$~/u<. ... p. 
. t~!~ .. ,~:~_ ;):_ii_:}.t_::: !!~~-~-~~:~ __ :}[ .. ~~~-~-~-~ \H~! . Chi/;! 
}-,.·,>:u,: .\\.'fH l,).;, ;,:~-- fw;';;.., :-r. 

: i ·; ~ ~-- ~ ! ; 

\ > ) ~ 1 :.. l _:; 
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···-.r;;_l;l~~ :.;-.:::."f;"t"[~~:( Df"dUf~;~;;!-n if;;;-;;,~;" >urc~:~·z;~ ni ,:;;He-~iud:.sz.-(NI{);~ir;Tr~·rcdn,;i·,~,;::- (NiH): ;:~:;(lglutami n~' ;;;;;};~[;.~~-! !r~7;~)i;:;.;;;;;;· . 
iGS) acrivili'-"s of Nostoc ANTH and M:tsu:::,•c!wius ,;p, 

Nirrog;:!n ;;ource~ in I'\R ~lcti·vitv 
gro\vth tn~~dhtnl (nrno! NC)..~- forn1etl 

NiR activity 
(umol No-;·· consumed 

rr;.ir( nig· 1 protein) 

OS ;JCtiVIty 

(m:l<'l ·;--;;luumyl l~ydroxa~latc 
Jorm.:;l nun - m~ · prot~m) min"' m~;-' protein) 

--;-.;;;;:;.1~;;:~".\;'.in{··~iastfgoctad;;,·­

~P-

Noswc ANTH Ma.~figodadu.\ Nv5!oc ;\:\TH Mastigr,cfadu.~ 

sp. sp. 

N2 i.X :tO. I 9.16±0.4 540 ±27 !62.53 ± i:l 6l0:t:7 
59ii:t: 3 
376:!: 6 

24M:t: !23 
1639 ± 84 
14(16 ± 73 

NO; 4.2 ±0.1 lO.D7 ± 0.5 745 ~37 175.0:~ ± 8 
NH4 0.2 ±0.1 4.87 ±0.2 23():!: 12 152.65 ± 7 

NR "-= Nitrate r~dut:tus.t'; NiR =Nitrite redu<::ta~c; GS "' Glutamine synr.hetas;; 

'< 2 ·" _)'{o cmnbined nitro~J?.,_:'lO, =:: +_j_i~HJ.;~f~aN03, ~!:4"' + 2 mM NH4Cl. ---···-----· ___________ _.:_·······-·--···----··--·--· -·-·-·--

protein) compured to Nostoc Al'lTH (610 nmol y­
glul.amyl hydroxamate min-1 mg·1 protein) grown inN:­
medium. However. GS activity was repres~cd by 31% 
in Jtfastigodadus sp. as against :2o/t: in Nostoc ANTH 
when No,- was added to the growth medium. The 
addition of NH~ + to the medium also showed similar 
inhibitory c:ffect on the GS activity in Mastigoc!adus 
sp. (400-) and in Nostoi.: ANTH (38'k) (Table 2). 

Methylamzn(,tdum and Glutamine Uptake 

The status of ammonium uptake in Nostoc ANTH 
and ;'vJasti/~ocladus sp. was srudied using [ 14Cj­
rnethylammonium. Both the organisms showed a 
biphasic pattern of methylamrnonium uptake marked 
by an initial rapid phase lasting for 60 sec, followed 
by a slower second phase that remained linear during 
the next 10 min of the eKperimental period. 
Methylammonium uptake adiviry in Nostoc ANTH 
during the firs! and the -second phnse was 
55 and 7.3 nmol mg·' min. 1CI:/ a, respectively. The 
uptake rates for the sam~ compound in /v1astigocladus 
sp. cells were 42 and 15.77 nrrl\ll mg-! mil( Chi a 
during the fint and second pha~e. respectively. The 
addition of N03-- und NH/ in the grnwth-meclium led 
to severe repression ~)r th.:: mcthylarmnonium uptake 
in both tbe cyanobacteria. OveralL the data showed 
that nitrogen starvation increases arnmonium transport 
act1vity in both the strains. 

Studies on lhe uptake of glutamine in Nostoc 
ANTH and A1astigodadus sp. abo showed a hiphasic 
nature \Yhere an initial rapid phase represented 
intracellular accumulation. followed hy a slower 
second phase representing assimilation. The 
glutamine upwk.:· rates were higher In gJutamine­
grown cells lhan in N:;-grown cdb. Such an increase 
in lht' rates ;.ns significantly inhibited by the <tddition 
of chlnramph;;"nin•l, :\n mhibitor nf prqtein :;ynthesis 
(Fig. i }. A!-,(1, . DCMU <Ind CCCP inhibited the 
glutamine uptake in b<)th the :.trains fTab!e )}. 

TabJe .3-----The effect of DCMlJ 11nd CCCJ> on I i4C)-gluramine 
uptake by Nosioc ANTI-! nnd ;'V/aMigod,tdus sp. 

Growth-m.:dium i 14C!-Gluwnine uptake 
in mol ! "'C! .. glmamine tnken up 

mg' 1 rnin· 1 Chi a) 

NMIOC Al\TH ;tfa.l'li)Jocladus Sp. 

C@tro! 44.0 ± 22 131.71 ± 6.5 
Cc)ntrol + DCMU (It) I!Mi 21.8 :t: J.O )1.21 ±2.0 
Com!:~'.!.-'· ~-~'CP <25 f.~ J.ii ± '!:!. ··- 1l87 ± 1.5. __ _ 

Fig ! ·····! 1"CI-Glutamin.:: uptake in .\'('.liO<.' ,\:.iTH growtl in N2-

r2:" C. c) anJ g.hmuninc-mcdiurn ( 2;i "C, A j: ;:,nd M,tstigodatlus 
sp. gruwn in N.!- f4)''C. •I, giuramim:-m.;diunl (45"C, 11' l :md 
giuramine-mdium+<:hiommph.;-n!co! f•l. (~0:,-gn,wn 

e.'<.punential ,;eJ1, were wa>heu and trnn;;lcrred to N,:· and 
ghit,ln'lin-.>nte-<iiUin t hn1\1 gh.aarnint•) ~uHJ incuh,it{~J (48 h) ;.\t 

25"·'C for Nr>.ri<>c A.\i'l'll nnd at ·15'C hr .\1a.,!ig,>cl<td1,.\ >p. Cell~ 
"en~ then harveskd, wa~h;;-d anJ rt>.tc<p<:nded 10 HEPES huf'fh 
and u,;cd li:1r ghtt~Hnim~ uptilk<: <1~ de;<:rikd in Materids and 
.Me1hod". The v::.!u~;, are mean.'> ,,f t\11.1 indcrendem e:>perimenb, 
each wtth t\Vt) I\.~pU<.·a~c,), 

Akint'ic Diffcrcntiation 
The int-:r.:.·st in akinete w;::-; fl.1r it<; potential as 

inn~·ulum w he u~nl r.o }'('fl\tLtte rice fields with 
compc·h:nt cyanoharte;:rial \tnon:;. Akinete 
differentiation in Nostoc A.\'TH starl.cd only w!lL•n rhe 
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N:'-mcdium was used to grow -the cells lacke-d either 
sulphate or phosphate. the former limitation leading ro 
quicker and higher extent of akinete differentiation 
(within 3-4 d as against 8-9 d). In contrast, <lkinetes in 
lt4ast.igocladus sp. ilift'ercntiated with in 10 d simply 
when grown in D-Nz-medium at lower temperature 
(25°C; Tabic 4). By 40'h d, the akinetes percentage of 
Noswc ANTH in sulfa!{~ limited N2-medium and 
l\Jastigocfadus sp. in nom1al D-N2-medium were 
98 <md 80%, respectively at 25°C. Some degree of 
akinete differentiation ( -20%) wa." also observed by 
40rt d in lvfastigocladus <;p. grown at 4SC'C probably 
due to exhaustion of media nutrients. 

Artificial Association of Rice Plants witb Cynobacteria 
To test whether these two cyanobacteria can be 

used as biofertilizer, ,v!as-cigoc/adus sp. and Nostoc 
ANTI-I were incubated with rice seedlings. There was 
considerable nssoclation of both these cyanobacteria 
at room temperature (25"C). However, when 

· incubated at 45°C, Nostoc ANTH died after 24 h. 
Interestingly. r'vta.rtigodadus sp. showed significant 
association with rice roots even at 45°C for prolonged 
period. N2-fixation activity was measured after 7 d of 
incubation. It was higher in associated cells of both 
the cyanobacteria. This activity was !6.28 and 
12 nmol C~H., produced pg: h; Ch! a, respectively in 
associated c.nd free-living cells of Nostoc ANTH at 
25"C. The corresponding values for /~tlastigocludus 
sp. at 45"C same were 6.27 and 4..62 nmol C2H: 
produced f1g" 1 h- 1 Cit! a. 

Discussion 
Morphologically, Nostoc ANTH and 

t"vtasrigodadus sp. are different cyanohactedal genera; 
Nostoc ANTH without branching and I'vfasti~ocladus 
sp. with u·ue branching. Growth experiments 
conducted beyond 35"C led to cell death in Nostoc 
ANTl-I. However. there was increa<;c in growth. 
heterocyst ·frequency and nitrogenase activity in 
MasJigodudm sp. at 45"C and beyond, inJicaling its 
thermophilic nature. Both the cyanobacteria were able 
to utilize. No,-. NO::.-, }'Hl1- and glutamine as sole N 
:;ourcc for grow-th but these were inhihitory to 
heterocyst di!Tcrcntialion and nitrogenase activity. 
These observation.-; are simihu· to earlier repot1s in 

, .. -·~ . 
other cyanob;Kteria'·'·.:,. ln general, the app0arance ol 
the lvfastigocladus sp. wa~ more ye.Uo\•vish than of th,: 
Noswc ANTI-{. This couid b-.: due w r.he fa~·t that the 
media composition n<;ed for growth of Mastigodadus 

·· Table 4---~ rh~;--~~~~- co~~-.;~~~f:~ine:te dtffe!~~-~;ii;H.ion in 1Vesuu.: 

A:\TH < 25'·(:) iu ~ulfale limiting :"\.~··medium Hnd 
Afasrigecf,ldW 'P· in nPmml D-N; medium (25 C <:nd ,!SCi 

Akinete hcquency (';? 1 

--------------·······------
Time 
<-d) 

NcJSfOL• /\NTH ;\olastiJ;udt~du.\ sp. 

() 0.0 
5 .j.):\ ± 1.0 
10 59± LO 
20 78 ± l.O 

0.0 
0.() 

12.0:t:0.6 
30.0 ±1.5 

45"C 

0.0 
().i) 

0.0 
0.0 

:H"I 92 ± l.O 52.0 ± 2.6 0.0 

_4(_) --·-···-··········--··_:!8 ":J.:::.0:..._ _ __::8:::..:1)·() + 4.(! ____ ........... --~~l_:!:__l.:Q__···-· 

sp. lacked in one or more nutricm(sl that otherwise is 
available to the organism in the hot spring. 
A comparison of hcterocysl frequency and 
nitrogenase activity in the two cyanobacterial genera 
ai their respective growth temperatures showed that 
Noswc ANTI-I had higher nitrogenase activity even 
though heterocyst· fre(juency was higber in 
1tiasrigociadus sp. probably due to more efficient 
N2-fixing and/or C-fixing machinery in the fonner. 

Further. investigations into nitrogen metabol.ism 
aspects of the two isolates established that nitrate and 
nitrite uptake rates were inducible by NO_;- and 
repressible by NH~ .... However. nitrate uptake rates of 
Mastigodadus sp. were much higher (-I 0-fold) than 
of Nostoc ANTH. As is the case with other 
cyanoba.::terit/6

, the severity nf inhihition by NH4 + 

was more pronounced in Nos10c ANTH. However. in 
contrast to a complete repression of niu:ate and nitrite 

• .,. . . .,,, 2'' . I 
uptake by NH1 mother cyanobactewc · ··. tt was on y 
partial in /Y!asti:;oc/adus sp. 

Again, NR activity followed the trend of other 
cyanobacteria for being NH/ reprcssihle­
depressible"'"· '-~, and N03·- and NH/ twd visible 
inductive and repressive effects.. respectivdy on the 
NiR itctivitv or Nostoc ANTH. In conrra~t. these 
effects w:re negligible (<I OC:r) in case of 
Mastigoc!udus sp. Even though thi:» report on NiR 
activitv in Nusioc ANTH is similar to other 
cvanol;acteri/<. it is in complere L'<mtrasl with regard 
tc; Masrigocladus sp. Such observations may be of 
importance, as Mastip,oc!adus ~p. under field 
conditions may be able to adapt in a much better way 
against the nitrate-basd chemical krtilih·r~ load in 
the field">. 
· Encrgydependr:m cellular a,-cumulation of 
glutamine. as evident hy inhibitory eff<;.:t" of DCMU 
or CCCP on glut:Hnine uptake <ts wdl as the 
comparable effecls on GS activity and 



mdhyhmmonium upt<Jl-;(' in th: FrC'SC'IK'C of fi.xcd 
nitl\lgcr! 'Ntrc.:·s i 11 lh'th trh: cyannbttc!~'ri;L :u\.: 
consjsi<:nt with th0 .:arlier 1\:rx·.ns on Nb.:r 

. 1-J.'~: ~-~ ::<,' ~ ., l . •. 
cyannbactena· ~ · , .. l hu~, the comp<:ratJ>C swdy 01 

various a;-;p~ct:-; of nitr('gen mc~lab.::llism in Noswc 
ANT'H ::<nJ Mdsrigur1adu~ :-:p, showed that the two 
isolate:; from 1his rcgj('!1 have similarities ;n dl\~ 

proc.~<;s apart thm1 minor differences possihiy due to 
their t'rigin from different tempera!ur.:: anJ nulriem 
reginws. 

SurvivaL nitru,?-cn fixation <llld adaptability of 
variP\~'- meuho!ic prPcc~~,~~ to different temperatures 
prompred furthn investi~ations into b,_,th the 
cyanohacr.::ria for their abi\iry ro ~ts,o~.,'i:Jt<~ and abo fix 
atmospheric \f in the a'i':>•)cialcd :;tar<' with ~-~iected 
ci·op plams. ;\s rkc is !he rrirm: ca-.h c:rop of the 
region and cyanobacteria a1e fdJO\'I·ll ro thr!v,~ 'Adl in 
ihc: waterbggcd rkt: field._, artificial :t:::':'<.'ci:Hion 
studi.;s w:~rc e<HTi<~d oul U"-l!l)!. !ltc"c (y\'\' 
cyanobacterial spc.;·i•~s with the ric<..' "CL~dling<,. While 
Nostoc AN n-t showed .:.ignificmH U\\qd<1tion \\ ith 
rice J\)Oh up to <t ternperamr~: r;mge of ----~5'"(' :md not 
b~y"mcL Jlc stif{or-!odus sp. sht)\vc;d ;is"ocia!ii'n eh'n 

at temperatuws bi.'y.:md <<.S"C f{)r prolonged pt~ri(•(L 
The c>...lent or nitro~cn fixaihn \V<l~ also almo\\ ()l]c 
and hdf-fl'!d hig.hcr in the a<,~iidntl:d cy<llltJb:tet<.:-ria 
compared u the frrt..'-liv;n~:: cultures. Thi' bet 
rcmpr.t:d us to pr('sumc tlw.l in l'uturc biof.:l'lili;.cr 
rescan~h. th:sc t\.VO ..:yanob:\('l.:.Tial isuhJks can he 
expJoit~'d <b the potential bipknili;cr ;:,mdidat,'\ in 
vHrying tnnpcrawre reglmc->. 

Thcrd'orc, ;\',i\'!(~r.: A;\"TH with ii:-; high n1lr<li_!l'l1<1'>t.' 

activ·ity C(•tdd h; th,~ ~~rfec!-ic\' hio!er:ilit(T lor rice 
fields nf tcrnrt'n:.th:_~ rcginn~. \~'hfk} =l1u~·rigoc!udrc-. :-:p. 
could he for tropi._·,d nc•.~ I tdd>. where d:ty 

tcmp,~ralur,::~ can g\J :t"- hi~)! a\ .. \()'"~5 :c_ l!O\\i,'\'<.'L 

Ini'n~ "tudie-, <lfC ntYtkd tc> <hC.::n;:in the .'<-transf.'r 
potcnti~t! i)r both lh~'·.: ...;.tr<.1~n~ in rice pktnt~ a~ 

bit,feniEzer.. 

in th;; cu rrcnl hrnknii; zcr pn;.:ramnlc, di '>l ri butit•n 
of .:yandJ:wtc·rial \n.,cuturn i~ ;,rill ;J problem. a-­
gcncml! y thl.' in•Kulurn compnses fn:~h 
cy\lnob;.1CiL·nurn cc-iis '-\ht~r~: HHht ,·)r thc~e p~r1sh in 
the fKK:king, swrage ami dis\r\huti,)fL During the 
current :~tudy .. , ;)nc !ntcre~tin~. (~{·),~..~~~\ .. ;HH.tn \vas the 
abiHt): dnd ci.l~(~ \vlth \.Vhich bqth. rhc.:-:c ,,.:yannbacteria 
ditft:r,·nti:;tcd hi¥h pcr..:cmag.' n:· akinete'>. ;\!-, 

~\kien;t't\:~-> c~m withstand <l<.h'\.'r-;,:; Cll\ irwnm:ntal 
('Onditi~ll!S, th~:;'.Y cnn abo probably ;tdapi. better than 
tbe \'rvsh ,:_y;.mobacterial iHi)C'Ub iiHin!y 0\\ ing h~ tht: 

:ctrc"' during ;1\c pn.:h:a;:il!~:' pcri,)d. lhc'rc:-fzm>, 
~ih i nc:te~ C<lll be ,·icv .. cd <lS rhe poknti~•l candiJc\\:: '' • · 
popu!<Hc rieL' fic·ld~ \\ irh :--,;_,~ii x.inr .:yanobac(,~ria. Thi;; 
could <lisn radJc i.h: h)\\ \UP;ival rJte of inocult'm in 
!he rk': J!clds. Al"''· r)n,:e rhcy are in the fic!J 
c·ondition~ ()>;,'J' ;t \_';)n~iJ;;r;;hk; perif.'d of time a'< 
akine!c~, ib.:y !'1\'bab!y '>ould 1.Je bcner ,,,htpted w 
c<Hnpde with tht' nmur:il p··,pular[on\ of other 
mi .. 'roh~:- in the fiekk .\s t\-'P<)rtcd ~ar!icr'•>T'_ /Vol·f,x­
r\NTH can fix nitrogen in :.;s.,ndatcd stak 1n NO}­
•nc:dium in dark und !herej~·~n~, it can be used along 
with nirratc bast2'd d1emical ii.:nili!.crs m the fie!d". 
Currenlly. we arc lonbn~ int<l v~triou~ aspects of \f, .. 
r; \<Uion !n Ma.\tigo<. /(!{ill' "P· ~;ssociated with riu: 
roots in diilerenl 0-m..:di::: tu ~t~C~'rtain the fk'iii)ility 
r.;r N2·fixing abiiity m the c:yanPba<:teriurn <l!ld 
whether iike :\!rn·1oc 1\~Tf-!. .Husfigociadus ~p . .;an 
ab•.' be u~ed as bioter!i1iHr in rice ridd;,; in the 
pr(·sc:nce of nitr::t:.: ha.;,~d chemical r~.:ni!izers. Funhcr. 
\\'i.'' ~tr~ looking !nto de\·clopinp· tct:hnoiPgy to induce 
quick :-.pt'ru!ation in ~ht>t~ .:v;nh;bacic·ria in an <ttt>:mpt 
tu '-llldy the ~t::tbility ,,r trw <:kin~w·, when <.torcd over 
<i longer pcri<'d nf tln'!C, ;Jw)r dfiticnr. germination 
inlD viahk cyanob<lClcrd (c'1!•, :md lhc rcl,~ntion of 
"<·fixing ability c,f cu\rur.:". H tht~ kng-tcrm stor~tge 
1' \·i:~hle t\.)r •~kin~:te,, it \l·dl c:t.'rt;;inly open up the 
po;-;sibiiity of ~:a:-.y mtn"f'<;rl;:tion ~tnd dhiriburii)!l of 
dc<•"-~d cyanobactt.'rt<il i !1(1Ctd u r;; ;lS aki n.ctes from tlv~ 
pLtce f)i orlgin to the ar~~!S oJ ;:tppHc-ati\)n. F~urth(.\r, 

nJ<:lhod:" need to h:: develop..:d to ~:ngineer dir,:ci 
tkli''-"~'Y or t'tlccti\·e ... trains cnzh''-"'Cd with enhanced 
'.J rek:t~in;:! capacity w rbc t:.tr;,!\'t ~:rop pwms lm a 
fruitful \::-!'!\ing a:,sociatimL 
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· · rn~c' "With ~n ~th~·rnpt·to· aU~V.irtre·tf~e p.robl~ms -faced "i'n'i~ 
,: ~nt bl!it'er-t!li1.er progr!\'!11'!11\\ dlffer~nt alternatives are- lieiil~· 
l :: _d; lJ'Ito, rn tw~ Rr(i;S~_~,: !!'(\l~yc; the. po.ti;.titiaJ p$¢ ¢.' ~por¢~· a$ 
· T~t'tiilt-er and tlieir tr:lnsfet'to- tllil' fields on it bi'Qdi:grnd~l?l¢.Ji~se . 
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; ~-~®in~ ~ay <t,$}i~utture face-s_ fl:ie serious oballenge: of 
t~ the pnrductivft)) tb meet llie food demands of tlte<ever 
g human population-. A~ a result, curr~n~ ~gri~u~f:u~1 
. re{i~ heaviiy on die· u~e·uf .a!}f4~hemi~l~ tq· .. ac~~~~­
·~p')';{el(!S. E{()wevet,i th~t~ i~· -~; incre.a~in~· <;.Qpc~m 'QY~ 
:ts-or sucft ~gw~lt~mi¢aJ$ t}ft <tM aq~~~tc art<f .terrt:*1r-U\J 
· · • It is in: this to!t~¢J!'.t, l!tl;l,t ?. wQr:ld \\'r~- 4f,ientifi¢'. 

': fs qttt6rging_ (~i ·dev~qp\ttg. •alt!!r,rrativ¢s t9 iiJiewi~!il­
f¢~iUzers using ~l~JpgJ~f. ~y.st¢m~ ~nat a;re l;:~t 
renewable and ·eep.;-fil(in9tY,; Tlte msm .ob..viciil$· 

. . . . s. in this t~g~rd ate biQioi~- nitto~~ri nx:rs. caJ~~if 
:.~trophs.. wliich .Blay a, vi.ti!ljo1~ ln m.mntlj,ining sotl ferlr~tt,¥: 
~ ~i.tSfl:liiting, crop ylelcls ¢Yeli i.n. the abs~nce of any a'd.ded: 
. ·og¢i1b~ fertilizer$ [ rJ r 21[.3) t~J .. Otl~er potenti~il benefits of 
-~ ~bact.e,cla. ,growing in cr,ap fie.lds ate the productron· anit 
r$a$~ oflnliibllors of plan! pathogens ,and the, am~liorarkm of 
_·. n~gllti:v\'! ·eff«ts of increasea,~'alt eoncentradorts of $oH~ 
(JW{n:i saUne and sodic soils to 'b'e· brqught i!rm agriCJ,!ftural 

, ci~~bactedal iddition t~ pa<My field~ lia~ bee11 !eP9:f.t~J't9: 
reas~ stability and im[trl:lv~ .Y~el4~ by l,O,.J?% (()] (11 [~J, 
wever, nol ;rll strains of 't)iatiQ\)~~t¢ria t;nliY. pe suited f(')f all 
:~ 9f¢):~p fields Jhat Vi!l)l iiHf)~lr .MQ'graphi_¢al ;tnd cl\matJ~· 

rn)iqeljlti:On$. f{eft~e. spe~_i:fiq 'strctip$ . 'may be needed' for 
m1'cular¢rqp fietds to Pl'< u~eii as 'biofeitillzer depending._ Uj)Ull 

~
~' co.ndlti~ns (8). Temperature also: plays import?nt ro'fe jn 
diu&_ .• : t_._he op.tim.um nitrogen n_.ixin~ :ability {it~ cyano,~ad:_rl.al .. 
in, Most cyanobacteria have. -optimum N-fixmg ability ~~_a 
perature , range of 20°-)0<{C. 1i1erefore, the rnesqpJ:l!l.~c 

~-
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c.}~a)l'~bactc.ria 1nny riot~ be th¢: idC}lJ -!lQiir:t¢· of biof'C'rtiliz~r in 
u(>pit:l}l ri4~ fields wh~re da_y iirri~ tempernrores ¢?n so~t 
anvivhere betxveen 35"4S"C as d1is adversely affects the~r 
m~tubolic processes [9}. In lh:e. Ct!rrenl brofertifizer pr~lttf8ni~tte 
usc 'Of. fl·ce-!rving cyano.bac:Jeda<!Rises maoy rroblerns mdudu:g 
low-survival rateS: of inocu!um, adapt;'lbllit_Y of cyannbaeterra · 
inoo:ulatetl in the fields wW\ reg~tds. to c:ompctition w'itb the 
p;eexfs.ting natural population an{! incompatibility w~th chemical 
re,rtiHZ!!tS and low nitrQgen release. l'he-refore,. Ill order to 
p-opulate paddy fields w{th .W;,.fix.ing cyan~bb:H:teria, ~lternatives ~o 
fr.e~living c!lltures· as in-oeulum· need tO' be mvesttga!ed. In t~ts 
-cont¢:<t. cyanobacterial spor~ equid ~tovide a d:efinn~ _solutton 
~fnee·they are mCir.e a~pte<;i ·td with~!a!1.d··a:dvet$e co'nrlttt,QCri$ and 
a(i ~~hle ·qf imirt¢dhi'ie protifenitipn WJi~n cdnditkins· ai'e 
r~~titabl$. providt!q pr¢tpcj:}l fol'' qtiiC:k a'tid easy induction. 6f' 
~po.n.Jla~i'o~ in desired cyanop~cteria ts In pllice. This «<?tild. also 
:tackle the' low survival rat.q of ilfocututn ln.tJt¢ qrpp fields. 
.. ' . J<;-e~~irig s~ch factorS; iJJfQ -~orisiderati6n, o~ganisfrl;$ 'have 
'heeri isofati:!cf from drffeyefit eeolog!cal rii~ltes with i(l;r}ed ' 
clt'matic conditions. Th~e were then pilrified and compared with . 
respect· to their sponslation ability. Cy.an~bact-erial s~ains whi-ch 
exhibire'd quick and pr:ofuse sporu1ii.Ut>n pattern 'were t,hen · 
irttmQbill~d and stored away on low grade filter· paper.: Tll!l~e . 
were reuenerated at regular in~ervals and assessed for thetr 
viability "'~nd re~eneration p()rentii'li as. welt. as foi: retention of 
th.eir ab'ility to ass.ocia~e with rice r~~ns. with an aim to enun1erate 
i!'teic u~e as potentia{ b!o(~t'fili4er . in (ice fie.lds of different 
tt}mperature iones. 

A. Siratns alldCulrure Cq11.diiiot~s 
· · ,v;,_<~rac ANTH v.~ isolated from the undersurface Qf the . 
gametophytic thalli of Anthoceros punctatus wllecte.d from __ the: . 
North Eastern Hill Un1versity campus, Shillong and punned . 
undenx:enic conditions. thes~ were grown in hatch cultures and. · 
maintained in BG- iTo at 2S"C with a photon fiuence rate of 50 
~mol m·2 .s't [10] •. 
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/v!astigocfadu.~ _,;;r.L-.!~'JIS_ isoiat~d. Jrpm the- hot spring of 
Jnkrcm. Me!.!Miay::L fndin~ This WM also !trown in batch cultures 

. ami \1U\ll1tnin~d iP P- l}l~~j_t1111 .a.! 45°C -Wjlll a P.!lOtOI) tlne~cc.rate 
- -~f50-~~mqlrn~+s·-'.[IOJ.:: .. -· · · 

The other · Nastoc i;}O!(ltes had. been collected from soil 
samples of ~lttar Pradesh Q.lt.d Uttarakhand. These were .po.rified 
and m;1inta~ned in hatcjl cultures in BG-1 l{l at 2Scc with aplJ()(Otl 
fluence rate' of 50 _pmolrn~1 s·• [ 10]. 

Unless sta~ dtherw·i$~. 8 day old cu!ttu'~ Wer~ used in ~til 
the e~perin1ents. · · · 

fJ. tulmre- Condition .for Spr)rf!liUion. 
'J'be· C)!JJJlO~acreri:af,c.uJ.tvtQS Were ihdtiti¢cf td S};!Ot!ilJit(; m .BD 

1. l:(} meditr if~f1t:lcnf · ip ,$'q!lut. However; f!le · inei!itn:n · \~s 
supplen,ertted -...vith cq~imoiaj' eoncen~ration'Qf'MgCI_z·to counter 
b;l!an\te th~ re~h~cing;co:nc~ntration of MsS011• Ti)tise ~ere then 
.m~i!!talned ln 'tlte ~u(t~fe roJ)m at 25±-2'!iC. Ii I J (11}; Further. 
.!'ot)J~ of th~e' c'Ul~ui:~ w¢rp.· kept at lower t~nperature a.l)d in 
d~·Wtp tci~~s J.M 'itl)iltt'C't?of'lh!':~¢' factors. ill ind'uch1g.sporulation. 

¢ Ch!()ropljyti M~t;iJtef!t 
Cbl9ro~l:i$1!t a·w~s' w~asured:accordin~rto Ma;<:KiMey { 13]. 

11. Ne'teroeys'tFfreqrumj:i;i . 
H.Qf¢ti::lc.~sl: freq.uency wa.s calculateci a.s· percenti,\ge: .Qf ~titfl.l 

cells by U~ht ~ll(cro~tpp~. ~$ing an Qlyf(l~u~ ,Bx QQ'. llght 
m~scope> · 

S; Ntrrogenas-e;A'$s:l!J! . 
1'-Utre>ge'(Jase.enzyme:. tiSO- LlSJi. t) activi~y was·estHnatetl in 

-t{iv¢ by g~ ¢11.1\ilJ,f~tb~gpJlY usir1~-the acetylene. reduction assay 
ft4). 5, tt11: liqtiid- -~ltl,ttjr<t was placed in a t S inl serum vTnl and 
lml alrwns:rep.~ace'd by f l~l o'f pure acetylene. These. vials were 
iir~ubat¢ ~,for I nou:t ·at- ,;~2~C- with const-ant shaking. The 
etlzy.lene prl:)(luced jn, e;~p.l) via{ was determined using, a Tracor 
~4&. qc WJt!l a P'oi'!tp~. T ~eluttin and a flame ionization 
d;~te~tbr. ' 

HLR$S.ULTS 

Cyan'Ob~ct,etiril .s~roj)l~s were collected from various 
. £9.ci\ti6f"!S Vii thin the QOtfl1tty {Tal;lle l ). At the start of the 
experiment, sporufation was. induced fn the curturos by 

. -'ti 
inocnlll!1ng them iiJ n snclnne dcficietit rnedla. A I OOOX dilutll! 

. ~pore -.'umplc wns then pl'nled in 1.1 series of pc:ri plates .. Sing!\ 
spore colonies whi'ch dcveloj>ed in the plates were: ihe( 
inoculated in suitab.le liquid media and ar!owed to grow. Af 
studies were performed 011 the 8'" day after inoculation using. ·i 
specific COI1centr<lrtqn o(initial ino.culum for bOth the free~livinl 
and regenerated :;p¢re<sample;{s). The immobilized spore sampl~ 
were regenerated at regular imervals (I month} and ass~sed fo. 
their viability aoil r:erenthm of associative ability. .. .;: 
N.B. * iri the ti~\rr~S' IO~ic~te the s-pores of tlie correspo~q~~~ 
samples, ·_: · .. :~ 

TABLE I · ,\ <~t· 
SAMP!.RS CO!.LECrJ!O FROM PrFF!!RE'NT LOCATI~-(~;..l,~!Of~A~ , 
SAMPl:.ES Wii~:~ff.fl:A~r:; BEF.N:SE!£L'l'ED F'~RTI·ll! PR~.fi,~~;·., ·-·~ 

SJ, h"if.n-. ·· · Straio~ · Coll<!ctifJll sites ., 
N{l. oles · ' ' • · :;· .,J,\ 

1: ·M¥ · .. ·•. ?-JQ$ioc ANTH Meghalayn. · · i 
f--::-'"+--..-;::::--;-+~~=~~--1;..---:-~;-"";'"..:_~ ·.-.. ~.:~.i,· . 2· lJ :· .. • No!iitia i;p~ Mc'~hali!Y!t ' ··, 

A. Sp()rul(ltfon , . 
Sport~lati¢n in~~ lli~::s;t.i:pples was con firmed l:ly midaS 

observations. · · · .. · . . · · ·. ' · · ·. <·:'' · 

5,7, Decllmber.lOO'l 409 
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·t='Ct,aropllttsQn•ofhett~Ys.t r!)uim:rte~':c~"t!t:riec,llYillg;sampllis tili!ltlieir 
· .tegenctlileu spores. 

ircgerrase .lf:ciivity . 
· og~nase'.actjvities: ()f !til ~~~~ fi-ee.-ibiiJ1!; ·s~rop~~.li ttn'd· th(lr 
exhibjted a simin).r t.r~n9 •ofJne~ase~ ~otWlty ,Jil; tit~;;sp~t:e 

4:s~~J:Igurt'l). · · 

!4 ; 
1'2: ==. l 

itif1
0
° ~~ ~].~H • D ~ ~ .~. 

.!'r· A A• K !<? L V Q· Q• T T" 
a;. · · :·:S~l!tv!cs 
1~~~--------~~-----------------J ~:. ' . ' 

{it!!: 3: ColTIPariSoll of nitrogenase i\~tiv,ities Of fret., !lying; s,~mp!eS;;t~~ tl:ietr I, ;,~ , regen~rated spor~~-
ll· . . 
'?/rii}ic'ia,l Assaciatfr;n ofCyahdbat:(eria with Rice Platps . 
JFo test whether the cyanobacieria under studycim b~·Used as 

- . 

t.:-inpcraturc '(25:t2"C) and their nitrogenase actiVIty in the 
associated state \vas· 2-3 fotds higher than irr cas.e of free-living 
cul!ures. This re·stilt is similar' to· the earlier report on Nos toe 
ANTH tl5]. Interestingly. Masfigocladus sp and two of the 
Nosrm:: species which had or-iginally been iso'lated fmm higher 
temperatur~ xones showed association- with rice roots. even at 
higher temperature. Regenerated spore sample(s) of' the· 
cyanobacterial strains also revealed associative abil1cy with rice 
roois further :supporting the idea that spores could be used as 
cyanobacterM= inoculum to crop field$. 

~tirtent fi(ofentfiz~r progta.mme face.~- severtiJ Gharlenges in 
the disttii>u.ti.o.n ofl:}ianobacterial inoculum owing to fow survival 
fat~s of the' ·inpculutn :dt1ring packing. transp:oli ·and distdbutkm 
oft!tc snn1.e to crop fields. lr is in this conte)<t that c.yanobaclerlal 
spor.es promise to:,offer- easier- and effective aliernat1ve ·of v!abic 
inoculum tcr .ag;r.i.cuJtural fieliJi. Spores per sc. ate. adaf)ted ·ro· 
withstand <Idv-er:se envii'ooment:fl condit-ions anti are ~::apalil'e of 
!tmmediate· proliferation on return of favotnble conrll!ions. 
Keep in~ this.ih mind. the present study wall gn nuertipt to explore 
lire possibilfty oi using c=yanobacu~rlal spore~, a~ well a5 th<3sc 
immo:l?iHzecf 911 a l:ilo(jegr~~:dabfe base (fji_t-er :p\l,per). ~- jJ:to.cul!,tth 
.for possible: NAixin2; a:,s$odations with :rii:'¢ ·pJap~ lti t.h~ :wfiter 
togged fi¢1~~· .It 1s \vo~~ nie:nttoning h~N \tlat ,Jti~ w9,,uid be' an 
~co~otilie,!li.~'$ well as.:an ~~o-fi-iendly appi'P?ch~,a~ fii(¢t paper 
Qe[rtg piqd¢:g111dabfe WC\Uld not accumulat~ in th~ rite fields ~n.d 
J;iencc Ptod~c'« it<} ill. effects on the overa!t so,iJ :qtj~llity., t\lso. i.t 
was o{1servl!d ;{luting the cQuts!;! 'of stu9Y tM.t .irom¢bi1!#t(()n of 
~qre s&t:QP:I.cis · :onto filter paper was a re!arfvel.y easy and· 
cO'tWenient ·in~tnoo Siilce4t adsorbed on the strip of paperqui¢kly 
and·iilso dticd"up fast This reduces the chances o!i contaminati'on 
d.ur.ins:i:l.r)ring the paper strips .. 

f1idm:;t'ion o'f sporulation :in a su'lfate delici'erit ·m~dia seemed : 
effe.ctive for ,all the cyano.bacterial samples studied. However. 
va.rious other modifications were also experimented· to evaluate 
their' <mpact .on it1ductlon of sporulad(jn. These included 

.maintaining (he samples in temperawres other than their ideal 
growing tcmpernture and also maintah1ing in dark condition:; • 
Thhse studies revealed that variation in teq1perature along wlth·a 
nu.trient deficiency did have a .role in inducing faster sporulatfon.. 
especially in· those samples that had originally ·been isolat(!d from.., 
a higher temperaturelzones; Mastigoclctd{IS sp growjog il;i~~lly:at 
45°C and above e:xhibited immedi.ate sporul:ati_on {\-vitllfn 3-4 
days) when maintained. at ?5"C or below. This was true for tWQ 
at' the other No~'tac isolateS which had also been collected froi:Tni 
higher temperature r~glon. The sporulation efficier1c)i O,fth~se 
sam'(.>les was turther enhanced when rhe samples were m~ilitain~d i

,:l.O.r7tti~izer, the .s~rains. wer~ .. incubated with .ri~e see<lliq_~. All 
~:~!)trams exhd.i1ted cons1d~rabfe assoctatiOn a:t room 

~cemher. 2001 41 0 . 
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in sulfate deficient me<;!la.- at a !ower ternperatu'te (-i.O-f2 "t)'and 
in dark. 

--when-tlie s'}'lcires of ditTcrcnt cyanobacterial samples were 
studied with respet~ t~i' t.heir viability.--regeneratioJ;:N-fixing and 
associative ability it \yil~ q.. consistent observation that they all 
e.~hib!ted profuse apd iri\J)lcdiate germination aild subsequent 
growth on re.turn' of tav.Qrable growth cortoitlons~ Ti)is \.Va~- an , 
tmco1,1raging fin!ll.ng- Wlil~n supporieq our ic.fe<\ of the pp~Qtt~l 
use of spores as iito.cufum. ·The g'rowih. netetoo)fSt freqijency and 
nitrogenase acfi.viticso_fa!l spore.snmptcs studied revea!~(I higiier 
efl'idcnciJW as CQtnP:ili!c..<t to their free-!tvlng counterp:il't~. Th:qg 
ino:culation of ,spor~ to. ~:;rop ticfds wo.UII.i no.~' oiJJY .errs.ut~· 
delivery <tf v.fablt~ C)~rio5acmri? ?nli thus t~~ld¢ th~J9~~· ~vr.¥i.v.a!. 
problem offered: :by fr~!.l iflttqt(fum: it' wiftil_(i ai~'o P.~, 'b'¢~\ef 
adapteci to compete ·with 'the pr~cxi~ting. micr(! fl~rca-of':th~tJC:ltis. 
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. A Study on Cyanobacterial Compatibility with. 
Ni~ogen based Fertilizers and Their Transfer to Paddy 

Fields on a Biodegradable Material. 
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Abstract-Immobilization of potential cyano-bacterial biofertiltrkr 
strains on low cost filter paper has proved to be both economical nnd 
feasible. Since complete elimination of nitrogen based fertilizers 
frc;m any cu!~ivation is not possible, it becomt.-s important to evaluate 
the compatibility of cyanobacteria to be used as biofertilizer with 
sudt chemical fertilizers. Present study indicates cyanobacterial 
compatibJUty with nitrate based fertilizers under laboratory 
conditions and survival of immobilized cyanobacteria up to 4-S 
months on low cost filter paper. 
Keywords- Biofertilizcr, Cyanobacteria, [mmobilization, 
Inoculum, Nitro,gen fixation 

]. lNTRODUCTJON 

Microorganisms arc regarded to have imm<.."'lse potential to 
provide solutions to food, industrial, environment and health 
problems. Among these, cyanobacteria are microorganisms that 
have photosynthetic efficiencies comparable to those of higher 
plants and are the most prolific producers of biomass. Being 
autotrophs they are preferable to bacteria and fungi, for a variety 
of applications such as production of biomass and high value 
metabolites, clean up of oil spills and landfill pollutants, 
bioleaching and bio:fertilizers en:[ 1]. 

The existence of cyanobacteria in rice fields have been known 
ii:Jr a long time and their abuudan~e was first reported by Fritschz. 
The potential use of cyanobacteria as biofertilizer particularly in 
rice fields have been looked into for many decades(3,4j. It has 
been estimated that cyanobacteria contribute 20-80 KgN/ha/cmp 
on turnover of their biomass in tbe rice fields[5-8}.Rccent 
research on biofertilizer has also shown that rice fields populated 
with free living cyanobacteria have increased rice yield[9-l3J. 
The popularity of cyanobacteria as potential biofertilizer lies in 
the fact that the cyanobacteria are photoautotrophic biological 
nitrogen fixeru that naturally populate rice fields. However, 
distribution of cyanobacterial inoculum have serious drawback as. 
fresh culture distributed as inoculum perish during packing and 
transportation. Hence, there is a need to develop proper form of 
inoculum that could withstand the stress presented during 
distribution and application period. Immobili:z.ation of 

cyanobacterial strains in porous and solid matrix has shown to be 
a convenient way of storing and transporting desirable 
cyanobacterial strains for various purposes including using them 
as inoculum in crop fields. 

However, cyanobacteria alone carmot meet the total fixed 
nitrogen demand of high yielding modem varieties of crop and 
therefore complete elimination of nitrogen based fertilizers from 
any cultivation is not feasible. For the present study, 
cyanobacterial strains were isolated from rice fields, colloroid 
roots of cycas plants a.<> well as from Anthoceros punclatus 
gametoph,ytic thalli and were tested for their abUitv to colonize 
rice roots. Further, they were tested for their compatibility with 
different nitrogen based chemicals. The results are discussed iu 
the following sections. · 

II. MATERIALS AND METHODS 

For the experimental purpose, different strains of 
cyanobacteria were isolated from rice fteids. coltoroid roots of 
cycas plants as well as from the Anthoceras pwrcratus 
gametophytic thalli. Batch cultures of Nostoc like strains were 
grown on BGll0 at 25±2°C and at a photon tluence rate of 50 
j.lmol m·2s·1 unless stated otherwise. 6 days old cultures were used 
in all the experiments[ 14]. 

A. Germination of Rice Seeds 
Rice seeds (varieties RCPL-1-87-8, DR-92 & VL Dhan-81) 

were surface sterilized by washing with distilled water, followed 
by 1% (V/V) sodium hypochlorite solution for 5 minutes, These 
seeds were then thoroughly rinsed in sterile distilled water. Seed 
germination was carried out on autoclaved perlite in glass 
beakers. The perlite wtts irrigated with a 10-fold dilution of 
autoclaved BG-!1 0 med.h1m containing 2mM Nai\lO~ (nitrate 
medium) which was buffered \>,ith equimolar concentration of 
HEPES. Germination was carried out in culture room under 
fluorescent light (photon fluence rate of 50 !!IDOl m·' s'1) at 25"C, 
at saturating relative humidity. 
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B. Screening for Srmbioiic Compezence with Rice Planrlets 
Rice st"edlings grown for 10 days were uprooted from the 

perlite and washed with distilled water and resuspended in 50 ml 
capacity tubes containing 10 ml of autoc!avcd BG-11 0 medium 
containing 2mi\1 NuNO:; (+N) and BG-lln (-N) medium. The 
cyanobacteria used for inoculation to the media were grown for 6 
days in brirch cultures and harvested by centrifugation. The 
cyanobacterial inocula were added to a final concentration of l f,!g 
chlorophyll a (Chl a ml'\ Co-cultivation was carried out for at 
25°C with the plant roofs exposed to light Atler eight days of co­
culturing, the rice seedlings were harvested and the roots were 
excised. These were washed for 1 minute in an ultrasonic bath to 
remove loosely associated cyanobacteria and then chlorophyll a 
in roots. 

C. Associative Nitrogen Fixation Study 
Nitrogenase activity was measured using acetylene reduction 

technique as described by Stewart er a! [15] W days old rice 
seedlings \Vere uprooted from the perlite and washed with 
distilled water and · then suspended in 50 ml capacity tubes 
containing 30 ml of 1 0-fold diluted BG J l 0 . + 2mM NaN03 

(Nitrate-media), BGI 10 + 2mM NH/ (Ammoi1ia-rnedia), BGI1 0 

( -N) medium. The cyanobacteria used for inoculation to the 
media were grown for 6 days in batch cultures, and harvested by 
centrifugation. The cyanobacterial inocula were added to a final 
concentration of 1 fl,g chlorophyil a (Chi a) ml';. Co-cultivation 
was carried out 1n 25°C with the plant roots exposed to light. 
After co-culture of eight days, the rice seedlings were harvested 
and the roots were excised. The roots were then washed for 1 
minute in an ultrasonic bath to remove loosely associated 
cyanobacteria to measure nitrogena~e activity. 

D. fmmohilf::wtion on !.ow G'rade Filter 
Low cost filter paper was cut into thin strips and 

cyanobacterial culture was immobilized on these strips. It was 
then dried in oven at ±20''C overnight and stored. 

E Growih A.feasuremt?nts 
Growth was measured as increase in chlorophyll a content of 

the sample culture using the spectrophotometric method 
described by 1\JcKinncy [l6J. 

F. HeteroL'ysi F~quency 
Heterocy~t frequency w<ts calculated as percentage of total 

cells by using an Olympus BX 60 light microscope. 

G. Nitrogenase Activizr 
Activity of nitrogenase enzyme (EC l.I 8.6.!) was cstimat~d in 

vivo by gas chromatography using the acetylene reduction assay. 

Sml liquid culture was placed in a 15 mi serum vial and 1 ml air 
was replaced by I ml of pure acetylene. These vials were 
incubated for 1 hr at 25±2"C with a Porapate 'T' column and a 
flame ionization detector [15}. 

H. Abs01ption Spectra of Phycobiliproteins 
The phycobiliproteins were extracted in 0.05 M phosphate 

buffer saline pH 7.0 by sonication. The solution containing 
phycobiliproteins were placed in 1 em light path cuvette and 
absorption spectra of samples were detcm1ined in the wavelength 
6 t 5 nm, 652 nm, and 562 11m for PC, APC, and PE respectively 
(17). 

Hl.RES!.JLTS AND DISCUSSION 

A. Isolation, Purification, Cultivation c?f Cyanobacteria and Their 
Colonization! Association Study on Rice Roots 

Ten different strains of cyanobacteria that were isolated and 
purified from rice fields, colloroid roots of cycas plants as well as 
from .Amhoceros pwzcratus gametophytic thalli were studied for 
their colonization and association with rice roots. All ten strains 
show varying degree of colonization_ The colonized roots were 
washed in ultrasonic bath for one minute and were 
microscopically observed for remains of any tightly associated 
cyanobacteria. Oniy four strains designated as NA, AC, RFl and · 
RF2 showed tight association with rice roots {Table I). 

B .Associarive Nitrogen Fixation Study 
The tour isolates that showed tight association was thrther 

studied in regard to their nitrogen fixing ability in associated 
state. This was done on 81h day and expressed as nmol C2H~ 
prodw:ed ~tg·t Chi a h-1 .The four strains showed successful 
association in the presence of nitrate (2mM) and in the presence 
of amm(mia (0.2miV1) however, there is dissociation of the 
colonization in the presence of higher concentration of ammonia 
(2mM). Associative nitrogenase activity of the light exposed 
cyanobacteria in nitrate media was between 30 - 50% of the 
nitrogenase activity in nitrogen deficient media. The regenerated 
sample;;; showed nearly the same results compared to the control 
samples (Fig. l ). 

C. Grow;h Aft~asurements 
Growth was measured on the 8'n day as increase in Chlorophyll 

a content of the four tightly associated isolates and was found to 
be highest for RF2 (control a<; well as regenerated sample) with 
an initial inoculum of 1 ~Lgml ·l for all tbe samples (Table If). 

D. Heterocyst Frequency 
Heterocyst frequency ranged from 6.9 w 7% in the free-living 
samples. When immobilized samples were regenerated, prolific 
hctero.:yst differentiation was seen .in all the regenerated cultures 
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with immobihzed cells showing !00% rccovt~ry in heterocyst 
frequency by gu' day (Fig. 2). The recovery in heterocyst 
frequency wa'> ~cen even after 5 months of immobilization on 
dried filter papers. 

TABLE. Il 
GROWTH EXPRESSED AS fNCREASE lN CHL A CONTENT (11GiML) OF 

.-=---~9!:!"f~~~ ... !~9£~ERATED CULTURES. 
St U<t 'I S:unp-le; i 01l t: {jlgiml) Chi a (J.$g/ml} 

. . J C<mlrol R<g<'"'""'d 

3.5 • 

A.,- ---;~- -••••• 
cNA fNA cAC ff\C cRF! tHFl cRf2 m.F2 

Fig. ! . ASSI)Ci.>h·e nitrugcn fixation expre5Se0 as nmol c,.n. produced !Jg'' th! (! 
h'1. c· wntrol. f. iilter paper, NA- No.11oc ANT!·I, AC- Anabaena c:y!·adeae, RF-l 

Rice ueld L~olate l, RF-1 Rice fidd i~ol.ate 2. 

~ 7.61 
'!.. 7.5 ··~ 

Fig. 2. i lett:f('-')'St frequency of fn,c living <.:ontrol and h~gencrat\!d samples frum 
filter pap~r. 

E .Nitrogenase Activity 
Nitrogenase activity measured as nmoles C2H4 produced ~t~;mr 

1chl a h·l of cultures regenerated from immobilized samples was 
roughly 70~85% of control cultures by gm day. (Fig. 3) 

FAbsorptirm specTra ofph,vcobilipmteim 
The phycobiliproteins are accessory pigments of 

photosynthesis. Phycocyanin, phycoerythrin as weli as 
alophycocyanin were measured as an indicator of proper growth 
in the cyanobacteria taken for the study. When compared to 
phycobiliprotein content of free-living cultures, the immobilized 
samples were seen to retain the total phycobiliprotein con!cm in 
the immobilized samples. The phycobiliproteins was expressed as 
mg mr' (Fig. 4). 

14" 
i 

!21 
lO .j 

! 
8 .) 

61 
4-j 

zl 
l ·~ 

0 ~ cNA' !NA' cAC-rt'ft.!':"(:~cRF:;;::, l,.-;;;7;f.-,-:~:;-; 

Fig. 3. Nitrogenase activity t>f free living ~omrol and regeneran."l samples from 
illter paper. 
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fig. 4. Al:>sorptiun spectra of ph yc<~bilipmtein• of free living cuntrol and 
regene~ated salllpks from filter paper. 
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JV.DlSCUSSlON 

Cyanobacteria thrive in wawr logged conditions that prevail in 
rice fields and their beneficia! influence on soil quality and crop 
productivity has been known for decades. They are seen to 
colonize rice roots and submerged shoots. However, 
cyanobacterial nitrogen fixation is adversely atTected by presence 
of any fixed nitrogen sources in the surrounding. But, to increase 
the ·rice pn~ductivity, cyanobacteria cannot be completely 
depended upon as they cannot rnl'Ct the total nitrogen requirement 
of the whole crop and therefore, fixed nitrogen in the fom1 of 
fertJ!izer has to be applied in the fields. 

This study is an attempt to understand the cyanobacterial 
pcrfonnance in the presence of nitrogen-based fertilizers in rice 
fields. The associative nitrogen fixation studies showed 

comparatively tight association between the four strains of 
cyanobacteria i.e. Nostoc ANTH (NA), Anabaena cycadeae 
(AC), rice field isolates 1 and 2 (RFl and RF2) and the rice roots 
in the presence of nitrate (2mM). However, in presence of lower 
concentration of ammonia (0.2mM) colonization was seen but at 
higher concentration of ammonia there was dissociation and the 
cyanobacteria was seen to settle in the bottom of the tubes. The 
associative nitrogenase activity was found to be 30-50% of the 
nitrogenase activity in nitrogen deficient media. 

Immobilizutions on filter paper has proved to be both 
economical and desirable and being degradable in nature it is 
easily dispersed in rhe waterlogged conditions especially in rice 
fields. The comparative study between the free-living control 
samples with regeneratt.'d samples was shown to be similar with 
nearly 100% recovery of all characters. The heterocyst frequency, 
nitrogenase . atihity and phycobiliprotein content of the 
regenerated samples from preserved filter paper strips were 
comparable to the control cultures up to six months. The 
heterocyst rrequency of RF 1 and RF2 was similar \Vith RF2 
having fi'equent occurrence of double or ·multiple heterocysts. 
This may ac-count for lower nitrogenase activity of RF2 compared 
to RFl. This observation is similar to earlier report [18] where it 
was shown that restricted carbohydrate input to double or 
multiple heterocysts may be the cause of lower nitrogenase 
activity due w less availability of energy. 
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