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Cyanobacterial diversity of any ecosystem represents existence of life forms under 

unique environmental and climatic conditions. Hence, in any cyanobacterial collection, it is 

imperative to have members belonging to all such distinct niches as it enables a researcher to 

study these specially and specifically adapted organisms. Moreover, cyanobacteria in recent 

times have gained substantial attention as attractive subjects of research in diverse areas of 

human benefit, ranging from agriculture to production of compounds of pharmacological 

importance; thus drawing considerable research interest towards evaluating their application 

potential. However, one of the many problems in any such laboratory is the occurrence of 

frequent contaminations in cyanobacterial cultures which stem from the fact that large 

collections of cyanobacteria with similar requirements for growth are maintained in close 

proximity within culture rooms. There are other associated problems of cyanobacterial culture 

maintenance under laboratory conditions. The prominent among them are mis-nomenclature 

and/or loss of cultures, space limitation within the culture rooms as well as increased chances of 

loss of characters that are not under selective pressure. In addition, routine batch culturing 

popularly engaged in maintaining microbial cultures is cumbersome, tedious and time consuming 

process requiring major inputs of chemicals and consumables. All these considerations 

necessitate the use of appropriate preservation methods which would enable long term storage of 

cyanobacterial isolates in an axenic form without reduction or loss of desired characters. 

Appropriate preservation methods would not only ensure the reduction of work load on 

researchers engaged in maintenance of a sizable collection of cyanobacteria, but also 

substantially minimize the chances of contamination between cultures. A major feature of such a 

study would be to evaluate the efficiency of techniques in preserving distinct groups of 

cyanobacteria and find whether any specific requirements exist for such preservation. The time 
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period up to which a particular method of preservation is reliable must also be deduced to predict 

the safe duration of storage for cyanobacterial samples using such a preservation protocol. These 

deliberations formed the main focus of this present study. 

During the initial phase of the study cyanobacterial samples were collected from forty 

one distinct locations from ten different states (Meghalaya, Assam, Manipur West Bengal, Uttar 

Pradesh, Uttarakhand, Delhi, Rajasthan, Punjab and Haryana) falling under diverse climatic 

conditions. 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 special ecosystem, Jakrem hot springs in Meghalaya and Garampani hot 

spring in Assam. Several cyanobacterial isolates were collected from rice fields within and 

outside the state. Also included are representations from members of polluted coal mining areas 

and highways. 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. 

All existing methods of cyanobacterial maintenance and preservation such as batch 

culturing, maintaining on agar slants as well as entrapment in calcium alginate beads and 

preservation using cryoprotectants were studied exhaustively and then compared with each other. 

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

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

study, several modifications were introduced in various protocols to make them more user­

friendly and applicable. Extending the knowledge of preservation to its putative application in 
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the field of biotechnology, high nitrogen fixing strains were immobilized on locally available, 

biodegradable matrices for e.g. the fibers of betel nut cover, in order to offer them as affordable 

and convenient biofertilizer 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. 

The methods that have been used for preservation are: 

1. Inoculation in agar: improvisation of agar slant method into dehydrated agar 

cubes for longer and convenient storage. 

2. Immobilization 

(a) In calcium alginate beads 

(b) In foam cubes 

3. Cryopreservation 

(a) Preservation by maintaining in 15% glycerol 

(b) Preservation by keeping in 5% DMSO 

Agar: The existing method of making agar slants was modified to make agar flakes for 

convenient storage of cyanobacteria. The concentration of agar was increased (2.5%) and agar 

containing embedded cyanobacteria was cut into cubes. These cubes were air dried and stored in 

sterile glass vials at room temperature. This modification has the advantages of ease of handling, 

and ensuring substantially long term storage of immobilized cyanobacterial samples in dry form. 

This also significantly reduced the chances of contamination. Experiments on regenerated 

sampled proved that all groups of cyanobacteria could be stored on agar flak.es for at least a 

period of 18-24 months. 

3 



Calcium alginate beads were prepared in BG-110 for entrapment of the heterocystous and 

supplemented BG-1 lo media (with 5mM NaN03) for the non-heterocystous cyanobacteria. For 

Mastigocladus laminosus, D- medium was used. Preservation in calcium alginate proved to be 

most promising and dependable for long term storage of cyanobacteria. 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. Large 

quantities of samples could be stored in small vials thus lessening the space required for 

maintenance. 

Commonly used packing foam is often a waste material readily found in laboratories. 

Foam cubes were cut into suitable sizes and dense cyanobacterial cultures were poured on them. 

These were dried and stored. Experiments proved that cyanobacteria could be preserved in this 

matrix at least for a period of 18 months which makes this protocol highly cost effective. 

Cryoprotectants (15% glycerol and 5% DMSO) can maintain cyanobacteria for a long 

period of time in their native form if kept at temperature close to -80°C. Our study demonstrated 

that ordinary refrigerators could also be employed to store cyanobacterial samples. However, the 

viability was retained only for a short duration of 6-9 months for Nostoc muscorum, Anabaena 

variablis and Gloeocaosa sp. This method was found to be inconsistent for Mastigocladus 

laminosus (a thermophile) and Plectonema boryanum (non-heterocystous cyanobacteria). The 

use of ordinary refrigerators was tried to find a preservation protocol for laboratories that are not 

highly equipped. Even though these methods were not highly efficient, they could still be safely 

used for preservation of cyanobacteria under six months. 

One of the observations of this study was that initial amount of inoculum played a very 

determining role in deciding the duration of survival and performance of regenerated samples 
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from the different preservation matrices and materials. A higher concentration of initial inoculum 

(at least 10 µg/ml chl a) was a prerequisite to ensure longer duration of viability of preserved 

cyanobacteria. Also it was found that non-heterocystous cyanobacteria needed additional 

supplementary nitrate in the media. 

Further, no deleterious impact of preservation was observed on the genetic makeup of 

cyanobacteria. PCR studies with STRRIA primers established that there was no change in the 

banding pattern of cultures regenerated after three years of preservation in calcium alginate 

beads when compared to their banding pattern in free-living controls. 

RVI10 assessment studies which are employed to evaluate the relative viability of dried 

cyanobacterial biomass for their application as biofertilizer were also conducted. These studies 

revealed retention of viability of samples which were proposed to be projected as biofertilizer. In 

the present study, RVI10 was calculated for the two members belonging to filamentous 

heterocystous group, Nostoc muscorum and Anabaena variabilis. Results obtained showed that 

entrapment in alginate was a superior method for long term preservation of cyanobacteria. 

This Ph.D. work mainly concerns preservation and conservation of cyanobacteria. 

Effective preservation and conservation would benefit future researchers as the preserved 

material could be the starting point and valuable time, effort, energy and cost of chemicals 

involved in isolation, purification and maintenance could be reduced to a great extent. 

Keeping various field applications of cyanobacteria in mind, a major segment of this 

study was dedicated towards finding economically feasible, environment friendly and 

biodegradable immobilizing bases that could hold cyanobacterial cells long enough to transfer 

them as biofertilizer/bioremediator inocula to desired sites. Non-toxicity and ability to retain 

cyanobacterial viability for a period of time were prerequisites in selecting these matrices. 
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Consequently, fibers of betel nut covers, soil, Luffa cylindrica, charcoal chips were chosen. 

Experiments using Luffa cylindrica was abandoned as its holding capacity was much less due to 

its porous texture. Soil was found to be the best for short term preservation in terms of duration 

as well as retention of native characters of immobilized cyanobacteria. Fibres of betel nut covers 

were found to be almost as efficient. These are biodegradable waste material generated in large 

quantities as betel nut is consumed extensively in the northeastern states of India. Thus, a 

technology utilizing these could be an environment friendly and economically feasible option. 

People of Meghalaya are avid orchid growers and charcoal chips are used for growing 

orchids in pots. Our study revealed that heterocystous cyanobacteria could remain viable for at 

least a period of six months on charcoal chips when used as a base for immobilization. In 

addition, better growth was observed in orchid plantlets on such charcoal pieces. Thus, such 

blended charcoal chips could be projected as a rich potting material for orchids and has the 

potential of being exploited at a commercial scale. 

As rice fields host a diverse consortium of cyanobacteria, and thus several cyanobacterial 

isolates were collected from diverse rice fields. Every collection from rice fields yielded one or 

more cyanobacteria even though most rice fields in the state of Meghalaya recorded acidic pH 

and cyanobacteria are known to prefer neutral to alkaline pH. All individual cyanobacterial 

isolates were assessed for their ability to colonize rice roots and it was found that they were 

capable of colonizing rice root and submerged shoots albeit to varying degrees. Association of 

cyanobacteria with roots resulted in better growth of rice seedlings. In addition, associated 

cyanobacteria showed increase in nitrogenase activity. From the collection, 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. 

6 



Evidence of biologically fixed nitrogen transfer from associated cyanobacteria to rice seedlings 

was obtained using o15N analysis. 

Cyanobacterial growth was compromised to a certain extent in increasing concentration 

of Cd and Zn in their surroundings. However, cyanobacteria were capable of removing these 

metals from the medium. 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% in growing root 

and 22% in shoot lengths of rice plantlets. 

It is known that many cyanobacterial strains produce spores when challenged with 

adverse condition. These spores can remain dormant for long periods of time and germinate back 

to viable filaments profusely upon return of favorable growth conditions. Thus, spores are a 

natural means of preservation in spore forming cyanobacteria. In the last segment of this study, 

experiments were designed to bring about quick and profuse sporulation in agriculturally 

important cyanobacteria. Simple modifications in media composition and/or alteration of ideal 

growth temperature led to induction of sporulation. These spores could 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 colonize rice 

roots forming positive association. Thus, bulk spore production in desired cyanobacteria could be 

achieved by the modifications mentioned in the text. These spores could be used as biofertilizer 

inoculum in rice cultivation. As rice fields are ideal for cyanobacterial growth, these spores 
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would rapidly germinate to viable filaments populating the fields with desired strains of 

cyanobacteria. 

To conclude, this study was carried out to evaluate the efficiency of some commonly 

employed methods in preserving cyanobacterial strains. In our knowledge no consolidated study 

has been taken up to evaluate the time up to which a protocol employed for preservation could 

maintain cyanobacteria without compromising their viability and characters. This thesis details 

the exhaustive study conducted on various protocols identifying the time frame up to which any 

cyanobacterium can be preserved using a specific procedure and give a comparative account of 

all the benefits and drawbacks of these methods in one place. The best method for a particular 

group of cyanobacteria and safe time period of storage can be extracted from this study. This 

thesis also indicates the possibilities of extending the knowledge generated about preservation 

and storage into using indigenously available material for commercial exploitation in agriculture 

and floriculture. 
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Chapter 1 
Introduction 

1.1 Cyanobacteria 

Cyanobacteria are an ancient group of photosyntheti:, 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 

(Hoffmann 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, animal'> and fungi (Rai 1990; Bergman et al 1996; Adams 2000; 

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

Cyanobacteria are remarkably capable of efficiently combming 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 of the environment in which they grow and flourish (Manda! et al 1998). 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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bss of water and soil through erosion. In paddy fields, their relative occurrence vanes 

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

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 of UV 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 afrect 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 chbrophyll 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 pigments called the phycobilliproteins located in the 

phycobilisornes, 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 vegetative cells are also known to contain a number of inclusion bodies namely 

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

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

and arginine) as N-reserve, and polyphosphate bodies as P-reserve. ATP 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 I 997). Some of them, e.g., Gleothece 

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

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

Plectonema boryanum and Phormidium fix nitrogen under anaerobic or microaerobic 

conditions (Stewart and Lex 1970; Weisshar and Boger 1983; Rai et al 1992). 
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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 multi layered cell envelope, loss of PS II activity (Petterson et al 1981 ), presence 

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

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 al 1994; 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 a2 ~2 

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

Hasselkorn 1983; Golden et al 1985)and nifK (Mazur and Chui 1982) genes respectively. It 

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

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

contiguous but in vegetative cells an 1 lkb DNA fragment interrupts nifD gene (Golden et al 

1985). A second rearrangement involving deletion ofa 55 kb fragment located in fdx N gene 
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(Golden et al 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 (Carrasco et al 1994) respectively. The only exception to this is a 

characteristic ntf 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 Mo-dependent enzyme (N if 1) and functions 

exclusively in heterocysts under aerobic conditions (Elhai and Wolk 1990; Thiel et al 1995). 

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

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

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

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

Thiel 1993). 

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

ATP, reductants and low oxygen concentration. The requirements of ATP 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; Wolk et al 1994). The immediate electron donor to nitrogenase is ferredoxin, a 

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

role under conditions of iron deficiency (Fillat et al 1991 ). 

Genes responsible for regulation of heterocyst formation had been characterized 

(Wolk et al 1994: Wolk 1996; Ada!TI'; and Duggan 1999). In response to nitrogen step do\\-n, 
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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 al 1998a; b). Transcription of het R is indirectly 

controlled by the product of ntc 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 the promoter 

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

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

reductase) and ntc A (encodingNtc A itself) (Frias et al 1994; Wei et al 1994). ntc A also 

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

response to N-deprivation (Frias et al 1994) 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). lnsertional 

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 al 1997). Three genes named hep A hep B and hep C, are required for the 
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synthesis and stabilization of heterocyst envelop (Wolk 1996). Genes involved in heterocyst 

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

the filaments and creates a gradient of inhibitory signal for 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 Carr 1981; Nichols and Adams 1982; Herdman 1987, 

1988; Adams 1992) and provide the capacity for 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). Akinetes 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 of factors trigger the differentiation ofa 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 et al 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 (Wolk et al 1994). In recent years, akinetes have been projected as 

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

Hormogonium represents a transient morphological stage in developmental cell cycle 

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

cultures to fresh medium. Hormogonia differentiation occurs from vegetative cells in 

filamentous cyanobacteria (both heterocystous and non-heterocystous). 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 in 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 760 l and 

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

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

infecting units in many cyanobacteria-plant symbioses (Bergman et al 1996; Rai et al 2000). 

1.6 Importance of cyanobacteria 

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

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

enter into Ni-fixing symbiosis make them attractive research interest. The 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 in 

agriculture as biofertilizer (De 1939; Watanabe et al 1951; Singh 1961). The popularity of 

cyanobacteria as potential biofertilizer lies in the fuct that the cyanobacteria are 

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

estimated that cyanobacteria contribute 20-80 KgN/ha/crop on turnover of their biomass in 
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the rice fields (Venkataraman 1981; Albrecht et al 1991; Roger and Ladha 1992; Ladha and 

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

free-living cyanobacteria have increased rice yield (Watanabe et al 1951; Venkataraman 

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

about the harmful effects of the long-term use of chemical fertilizers, herbicides and 

pesticides on human health has intensified research on biofertilizers 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 fie Ids that are fu vo urab le for both 

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

Tolypothrix, Cylindrospermum, Gloeotrichia, Gloeocapsa, Anabaenopsis, 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 al 

2007). 

Other potential applications of cyanobacteria ind iverse fie Ids of human welfare have 

also gained a lot ofattention in recent years. This includes their use as food and animal feed, 

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

laboratory chemicals, restriction enzymes, pharmacological tools (Chapman and Gellenbeck 

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

Moore et al 1988: Houmard and Tandeau de Marsac 1988; Gorcham and Carmichael 1988; 

Patterson 1996) and potential therapeutic drugs for the management of diseases like cancer, 

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

200 l; 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 al 1994), antifungal (Kajiyama et al 1998), antibacterial (Jaki et al 2000), 

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

et al 2004; Singh et al 2005; Dahms et al 2006). Further, several strains of cyanobacteria 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 Al-Hasan 2000; Raghukumar et al 2001; Mansy and El-Bestway 2002). In 

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

source of alternative energy (Dutta et al 2005). The advantages of using biological 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). Thus, 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 incremental accumulation 

in the food chain (Chen and Pan 2005). Bioremediation is defined as the 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 ll<>es relatively low-cost, low-technology techniques, which generally have 

a high public acceptance and can often be carried out on site. Bioremediation 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 fucused 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. fine 

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 et al 2004; Awasthi and Rai 2004 Awasthi and Rai 2006; Prasanna et al 2008; 

K.iran 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; Zhu et al 1979; Jing i and Houtian 1992; Shah et al 2001; Sadettin and Donmez 2006). 

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 we II as, possible mis- labeling or 

loss of cultures (Acreman 1994 ). Also there are reports of loss of phenotypic 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 of this 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 s !ants. This is done by inoculating pure cultures into a nutrient agar media 

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

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

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

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

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

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 stiffuess. 

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 of time thus, subjecting the entrapped cultures to ample chances of contamination(s). 

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

occupy valuable space. 

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

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

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

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

Ciyopreservation of cultures is another dependable method of preservation. 

Ctyopreservation is employed for 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 ofaddition ofa 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 indefinite 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 of the cells in a three-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 i_s a simple 

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

cells Jeanfils 1986, Garbisu et al 1990, 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 of preservation in species capable of undergoing 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 day 

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 ofcyanobacteria 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 of the 

cyanobacterial strains for k>ng 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 rew 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 offer them as affordable and convenient biorertilizer 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 we re collected from different terrestrial and aquatic 

environrrents includ ing rice fiells, tree barks, stagnant water holes, river banks, irrigafon 

canals as well as, water bod ies adjacent to r ice fiekis . Water samples were also collected 

from roads ides. Some sarr.ples were collected from extreme ecosystems, viz. Jakrem hot 

spring in West Khas i Hills, Meghalaya arxi Gararq>ani hot spring in Karbi Angbng district 

of Assam. 

Fig 2.1 : Collection of cyanobacterial samp~s. 

2.2 Isolation and purification of the collected samples 

The samples were inoculated in BG-1 l o media (Table la) and a llowed to grow under 

culture room conditions at 25±2°C and at a pooton fluence rate of 50 µmol m-2 s-1
. After 8-

10 days, the visib le cyanob acteria l filaments were purified using repeated pour plate and 

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

obtained. The cyanobacteria l colonies were identified by light microscopic observation 

using Olympus BX 51 light microscope. The purified cyanobacteria were grown in BGl lo, 
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BGl 10 + 5mM nitrate media (for heterocystous and non-heterocystous cyanobacteria 

respectively) and maintained under culture room conditions (Rippka et al 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 1 b) in batch cultures and with a photon fluence rate of 50 µmol m-2 s- 1 (Castenholz 

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

Table 1 a: Composition of BG I lo-medium 

Macronutrients Grams/L 
K2HP04.3 H20 40.0 
MgS04.7H20 75.0 
cacti. 2H20 36.0 
Citric acid 6.0 
Ferric ammonium citrate 6.0 
Na2C03 20 
EDTA (disodium salt) 1.0 

Micro nutrients Grams/ L 
HJB03 2.86 
MnCb.4H20 1.81 
ZnS04.7H20 0.22 
Na2Mo04.2 H20 0.39 
CuS04. 5H20 0.079 
Co(N03)z. 6 H20 0.0494 

ForN03- medium. 5 mM NaN03 and for NH/ medium, 2mM NH4CJ was used. 

Table 1 b: Composition ofD-medium 

Macronutrients Grams/L 
Nitrilotriacetic acid (NTA) 10 

NaN03 70 
KN03 10 
Na2HP04 11 
MgS04.7H20 10 
CaSO.i.2 f-hO 6 
NaCl 0.8 

-· 
FeCl3 0.03 
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Micro nutrients Grams/ L 
H3BO~ 2.86 
MnC'2.4H20 1.81 
ZnS04.7H20 0.22 
Na2Mo04.2 H10 0.39 
CuS04. 5H20 0.079 
Co(N03)2. 6 H10 0.0494 

For N1 medium, NaCl and KCI were used in place 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 autoclaving at 121°C (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 

(MacK inney 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 (µg/ml) = 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 I ml 

distilled water. Cells were disrupted by ultrasonication using Sonics Vibra cell sonicator 

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. 1 OOml of reagent A mixed with 1 ml each ofreagent Band C (freshly prepared). 

E. IN Folin- Ciocalteu's phenol reagent. 

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

the range of 10- 100 µg mr 1
• 

Procedure 

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

gently. This was incubated for I 0 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 of the supernatant read 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 3ml cyanobacterial culture to the sample chamber 

of the non-polarized electrode and allowing each sample to equilibrate for 5 minutes with 

stirring. The electrode was then polarized and a linear rate ofoxygen evolution was obtained 

in light supplied by a lOOW tungsten filament bulb, which was shiekled from the sample by 

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

J 

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

expressed as nmol 02 evolved/consumed.min -1.µg- 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 10 ml 

serum stoppered vials. Acetylene gas was injected to a final 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 µmot 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 1/8'',packed with a Porapak T of mesh size 801100) 

and a flame ionization detector. N itrogenase activity was expressed as nmol C2Hi produced 

µg- 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 Sonics 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 final volume of3ml, 1 ml enzyme extract, 40 mM Tris-HCL 

buffer (pH 7.5), 3 µmot MnCb, 20 µmot potassium arsenate, 0.4 µmot ADP (Sodium salt), 

60 µmot hydroxylamine and 30 µmot 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 of 100- I 000 nmol y-glutamyl hydroxymate .mr 1
• 

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 NaC~ 0.3 M sucrose, I mM KN03, lmM EDTA and SmM MgClz). The cells were 

then lysed by sonication. The reaction mixture contained in addition to permeabiliLed cells 

32 



in a final volume of I ml: 20 mM KN03, IOOmM Glycine-KOH (pH 10.5), 4 mM methyl 

viologen, IOmM 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 IM 

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 colorimetrically as described by Snell and Snell, 1949. 

Reagents 

A. 1% (w/v) sulphanilamide in 3M HCI. 

B. 0.02 % (w/v) N- (l- Napthyl ethylene diamine dihydrochloride) in distilled water. 

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

standard. 

Procedure 

To l ml of sample, l ml sulphanilamide and I 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 KN02 as standard. 

2.7.4 Nitrite Reductase activity 

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

Serra, 1990. 5 ml of cyanobacterial culture was centrifuged and thoroughly washed in 50 

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

and re lease of the enzymes in solution. The reaction mixture contained in add it ion to 

permeabilized cells in a final volume of I ml: 2.5 mM KN02, 90 mM Tris-HCI buffer (pH 

7.5), 3 mM methyl viologen, 20mM sodium dithionate freshly dissolved in 0.3M NaHC03. 
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After 5 minutes of pre-incubation at room temperature, the reaction was carried out at 30 °C 

for 10 minutes. The 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 l 0 µg mr 1) was centrifuged to a final volume of 10 ml 

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 cm 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 of times 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 of 10 µg mr 1
) 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 alginate solution was prepared in suitable medium by warming the 

solution. 30 ml exponentially growing culture (chlorophyll a content of I 0 µg mf 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 ofO.IM calcium chloride solution in a laminar flow cabinet. Calcium 

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

The beads were then harvested and washed with sterile water followed 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.lPreservation in 15o/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 µg 

mr 1
) of concentrated cyanobacterial culture was added to the glycerol solution and mixed 

gently. The flasks were kept at -80 °C 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 I 0 µg mr 1
) was 

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

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

the case of preservation 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 of the preservation techniques in keeping the cyanobacterial 

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

Conditions such as nutrient variation, terq>eTilture alterations, duration of light/dark 

exposure were used to study initiation of sporulation in cyanobac;terial cuhures. Sporulating 

media deficient in sulfate were suppbncmcd with equimolar concentration of MgCb to 

counter balance the red ucing conceatrationofMgS04 (Wolk 1965; Kyndiah and Rai 2007). 

2.13 Culture condition for akinete germination 

The spores (2 X l06 mf 1) were plared on I.2% nutrient agar to indoce germination. 

2.14 Germination of rice seeds 

Rice seeds (varieties RCPL-1-87-8, DR-92, VL Dhan-81 and Synteng) were surfuce 

sterilized by washing with distilled water. to llowed by I% ( v/v) sodium hypochlorite 

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

germinafon was carried out on autoclaved pcrhie in glass beakers. The perlite was irrigated 

with a IO-fold dilution of autoda..ro BG-I10 ~ium containing 2mM NaN03 (nitrate 

medium) which was buffered with equiioolar c.ooccntration of HEPES. Germination was 

carr ied o ut in culture room under fluorescent light (photon fluence rate of50 µmol m-1 s-1
) at 

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

Fig 2.2 : Rice seed lings being grown inside culture room 

36 



2.15 Co-cultivation of rice and cyanobacteria 

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

washed with distilled water. For coloni71lti:m experiments, . five rice seedlings were 

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

cyanobacterial cells used for inoculation were grown in batch culti.rres, harvested by 

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

seedlings at a concentratnn of lµg mrt. Co-cultivatcn was carried out at 25°C with the 

plant roots exposed to light. 

Fig 2.3: Co-cultivation ofrice aoo cyanobactera. 

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 for 1 minute in an ultrasonic bath (Power sonics 450) to rerrove 

loosely associated cyanobacteria. Roots were immersed in 3 ml 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 µ g chlorophyll a 

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

N itrogenase activity of the tightly associated cyanobacteria to rice roots was 

measured using acetylene reduction technique as described by Stewart et al 1967. The roots 

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

were subjected to chlorophyll extraction. N itrogenase activity was expressed as nmol C2I-4 

produced. µg· 1 chlorophyll a.h- 1
• 

2.16 DNA fingerprints 

PCR-based DNA fingerprint profiles were generated using STRR I A as primer (3'­

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

organisms (Rasmussen U and Svenning MM 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 fo How ing steps 
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30% acetone l 5 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 

I 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). Sa mp Jes were viewed in JEO L-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 of Meghalaya. Some samples were also collected from other states in India. Owing 

to different altitudes, distinctive rainfall 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 Anthocerospunctatus gametophytic thalli 

to assess efficiency of preservation methods in preserving such changes. Jakrem hot sprin~ 
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in West Khasi Hills, Megbalaya aoo Gara~ani hot springs in Karbi Anglong of Assam 

were also chosen for collection as they represent ex:treire environments. 

3.2 Isolation and purification of eyanobacterial samples 

Collection was done in autoclaved sarqJle containers. These samples were inoculated 

in rredia urxier culture room coooitions. Sampk"S collected from hot springs were inoculated 

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

cyanobacteria that are trenrophilic in nat:ure. After 8-10 days, visible cyanobacterial 

filaments were then picked from the m.!dium aoo purified using repeated pour plate arxl 

serial dilution method until axenic culture5 were obtained (Fig 3.1 ) . 

• • • • 

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

The cyanobacterial colonies were identified by light microscopic observation using 

Olympus BX 51 light microscope. Purified cuhures were us.ed for the purpose of 

identification 
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Fig 3.2: Light microscopic pictures of some C)'tl.OObacterial isolates that were purified from 
the collection. (i, iii, iv, vii, ix -Anabaena sp . .: ii.. v, vi, xii - Nostoc sp.; viii- Anabaena 
cycadeae; x- Nostoc muscorum; xi- lr/QSlO(: ANm xiii, xiv- Cylindrospermum sp.; xv­
Tolypothrix sp.; xv}-P/ectonema boryammr: nri- .lJicrocysis sp.: xvii}- Gloeocapsa sp.; xix, 
xx- Calothrix sp.; xx}- Mastigocl.adlts lammosus: xxii, xxiii- Fischerella sp. ; xxiv­
Westieo/lopsis sp.; xxv- Stigonema sp .. xx.vi x.o-D- Scytonema sp.). 

3.4 Maintenance of cyaoobacterialcultures 

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

and at a photon fluence rate of 50 µmol m·::! s· 1 (Rippka et al 1979) (Fig. 3.3). The medium 

was suppleirented with 5mM sodium nitrate 10r tb! non-heterocystous cyanobacteria. 

Thermophilic cyanobacteria Mastigocladus laminosus isolated from the hot spring of 

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

rate of 50 µmo! m·2 s·1 (Castenholz 1981). TlIB temperature was chosen after growing the 

organism at different temperatures to fmd its ideal growing temperature. 
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Fig 3.3: Maintenance of cyanobacterial culnre-s inside the culture room 

3.5 Results and disctfision 

Cyanobacteria were randomly collected from furty one locations of ten different 

states (Tab le: 3 .1 ). 

Table: 3.1 State · umbe f llecfu wise n ro co f oobacte . nsneso cya na 

SI. No. States 
~mnberof 

pH Range aiBection sites 

l Megbalaya 16 5.2 - 7.0 

2 Assam 10 4.2 - 5.8 

3 ManiptE ") 5.4 - 6.8 ~ 

4 West Bengal 3 5.5 - 6.8 

5 Uttar Pradesh 3 6.5 - 9.5 

6 Uttarak harxl 2 5.6 - 7.l 

7 Delhi l 7.5 - 83 

8 Rajasthan l 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 ecological regions to 

ensure diversity in the collection. A total 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 of cyanobacterial collection for the study. 

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

SI. No Sample (s) Ori2in of sample (s) Sample identified as 

1. RF 1 
Rice fields. NearNEHU 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. NearNEHU Campus. 

Calothrix sp. 
Meghalaya 

9. RF9 
Rice fields. NearNEHU Campus. 

Nostoc sp. 
Meghalaya 

I 0. RFJO 
Rice fields. Near NEHU Campus. 

Nostoc sp. 
Meghalaya 

11. RFJJ Umkhen. Jaintia Hills. Meghalaya. Tolvvothrix sp. 
12. RF12 Umium. Ri Bhoi Meghalaya. Nostoc sp. 
13. RFJ3 Nongstoin. West Khasi Hills. 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 fie Ids. 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 
Cylindrosperm um 
fertilisma 

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. RF 37 Rice fields, Jowa~ Meghalaya Anabaena variabilis 
38. RF 38 Rice fields, Jowa~ Meghalaya Nostoc sp. 
39. RF39 Rice fields. Imphal. Manipur Tolypothrix sp. 
40. RF40 Rice fields. Imphal. Manipur Fischerella sp. 
41. RF41 Rice fields. Imphal. Manipur Fischerella sp. 
42. RF42 Rice fields. Imphal. Manipur 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 
Cylindrosperm um 
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. CM3 
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. Tl Tree bark. Shillong Nostoc sp. 
59. T2 Tree bark. Shillong Nostoc sp. 
60. T3 Tree bark. Assam. Scytonema hofinanai 
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61. T4 Tree bark. Assam. Scytonema sp. 

62. UPJ Mustard field Meerut, (Uttar Pradesh) 
Haphalos 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. Ganga 3 
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. Ganga 5 
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 Tolypothru 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, Kolkata. 

76. K6 
Water sample from ornamental water 

Nostoc sp. 
body in a residential area, Kolkata. 

77. Kc; Water sample from ornamental water 
Nostoc sp. 

body in a res identia I area, Ko lkata. 

78. HJ 
Mustard fields adjoining the highways. 

Anabaena sp. 
Haryana 

79. H2 
Mustard fields adjoining the highways. 

Nostoc sp. 
Haryana 

80. HJ 
Water holes adjoining highways. 

Nostoc commune 
Haryana 

81. H4 
Water holes adjoining highways. 

Nostoc sp. 
Haryana 

82. Pl 
Mustard fields adjoining the highways. 

Anabaena sp. 
Punjab 

83. Rajl 
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~ 

Microcystis sp. 
Rajasthan. 

87. Raj5 
Water sample Heritage park. Pilan~ 

Microcystis sp. 
Rajasthan. 

88. Raj6 
Soil Sample Heritage park. Pilani, 

Microcystis sp. 
Rajasthan. 

89. Raj7 
Water sample Heritage park. Pilan~ 

Microcystis sp. 
Rajasthan. 

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

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

Anabaena cycadeae 
Shillong) 

93. NAJ 
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. HSJ 
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 From Banaras Hindu University Nostoc muscorum 

Sixteen different genera ofcyanobacteria 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 al 

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 cyanobacteria aoo inhabit all types of environments is a well established 

observation The overwhelming abundance of Nostoc sps. in all sites indicated their fierce 

COtllJetitiveness aoo strength of adaptab ility to a range of environmental variations that may 

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

our collecfon was mic;leading as we fOuro all salJl>les collected from Pilani (Rajasthan) 

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

Thi5 may represent a ufiliue scenario wirre pro:fme Microcystis bloom complete ly wiped 

out all other forms of cyanobacteria in the cohtirn sites. The overall generic diversity and 

percent abuooance of various cyanobac teria is depi:ted in Fig. 3.4. 

• . .\nabaena si> 

• Apbanotheceae;:p 

UJ!% • Calod•L'i>'JJ 

.06% 

• Cyl.iudro,11(luiumsp 

• F i.;bcherdla ;<p 

• Gl~apsasp 

a Hapafostphou sp 

• ~b,~1gocl.."ld11> sp 

• ~ Iicr<>cr SI LS 5P 

•Nost.x SJI 

• Osc11latonasp 

• Phomudmm;,11 

F1g.3.4: Overall generic di\'ersity a.00 percent abu.OOaoce of various cyanobacteria in the 
collection 

The main objective behind i.solatim of cyanobacteria from different regions was to 

obtain a set of diverse cyanobacterial straim whose composition has been shaped by 

different envirorurental conditions. Whether preservation techniques employed in the 

following section could ensure retention of inherent aoo acquired characters was studied 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 of preservation 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 

Mi.::roalgae, including cyanobacteria, are employed m a broad range of 

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

cyanobacteria find putative applications include agriculture, health, in production of various 

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

et al 1994; 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 al 2001). They are involved in the production of many 

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

Shah et al 2001; Sadettin and Domez 2006; Prassana et al 2000) 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 al 1998; 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 

al 2005). 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 cyanobactena are known to 
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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; Dahmsetal2006; Singhetal2005). 

Considering the immense application potential of cyanobacteria, large number of 

laboratories across continents is involved in e Jue idating 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 al 2005). 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 al 2005). Thus, the phenotypic and genetic stability of any strain 

cannot be guaranteed over years ofroutine 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 of preservation 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 

alteration(s) in and/or reduction of expression (if any) ofany 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 defined 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) ln 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; 

thennophilic), 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 ofagar 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). 
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4.2.1 Results 

Growth, heterocyst frequen::ies, nitrogenase activities, photosynthetic oxygen 

evolution arxi consumption arxi activites o f enzymes - glutamine. synthetase (transferase), 

nitrate reductase and nitrite red uctase were stoocl and results are discussed be low. 

4.2.1.1 Growth 

Growth was rreasured as increase in their chk>rophyll a conte nt. All regenerated 

salll>les showed comparable chlorophyll a cotk11: to treir free-living batch cultures during 

their exponential phase o f growth. 

Fig 4.1: Cyanobacteria l cultures immobilized in agar cubes and their subsequent 
regeneration. (a) Dried agar flakes (b) cyaoobacterial cells growing out o f agar cubes after 
flakes were introduced into fresh medium ( c) freshly embedded Nostoc filament in agar as 
seen under scanning electron microscope (d) Scanning electron micrograph showing 
regeneration of Nostoc fi laments 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-Irving culture; 'a' refers to agar flakes 
and '], 2, 3' indicates samples regenerated after first, second and third years of 
preservation. Mastigocladus laminosus was kept at 45°C for all 5tudie5. An initial inoculum 
of0.4µg!mlwa.s med in all cases. j 
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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 Anahaena 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 I st, 2nd 

and 3rd years of preservation 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 period was seen whenever these cultures were transrerred to fresh 

media. The same trend was followed 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 followed by Anabaena variabilis. 

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

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

seen only in cultures regenerated directly from preserved material. Free-living regenerates 

however. matched the growth pattern of their control cultures upon successive sub culturing. 
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4.2.1.2 Heterocyst frequency and nitrogenase activity 
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Fig 4.3: Heterocyst frequency of samples regenerated from agar flakes (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.] 

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 year of preservation (Fig 4.3 a). This was true for 

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

allAnabaena variabilis cells regenerated even after three years of preservation (Fig 4.3 b). 
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But, occurrence of double and multiple heterocysts were common in many regenerated 

filaments of Anabaena variabilis. In Nostoc muscorum and Mastigocladus 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 of the 

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 in regenerated cells of Plectonema boryanum followed 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, baking 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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4.2.1.3 Photosynthesis and respiratory activities 

Table 4.1 a: Photosynthesis and respiration of Nostoc muscorum immobilized in agar cubes. 

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

2 
Respiratory oxygen consumption (nmol 0 

2 

evolved µg·' chi a h" 1
) consumed im·' chi ah-') 

lst year 437 ± 3.1 427 ±2.9 413 ±3.2 395 ±2.5 
nd 

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

446±2.6 397 ±2.6 417 ±3.l 317 ±1.9 3 year 

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

Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol 0 
2 

Respiratory oxygen consumption (nmol 0
2 

evolved µg·' chi ah-') consumed µg·' chi ah-') 
lst year 442 ±3.3 421 ±3.2 417 ±2.5 402 ±2.4 

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

ro 
440±4. l 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 Regenerdted sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol 0 

2 
Respiratory oxygen consumption (nmol 0

2 

evolved µg·' chi a h-') consumed µg·' chi a h-') 

lst year 281 ±4. l 247 ±3.5 398 ±2.3 346 ±2.5 
no 

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

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

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 µg· 1 chi a h- 1
) consumed µg· 1 chi ah-') 

lst year 402 ± 2.8 387 ± 3.1 378 ±2. l 369 ±2.6 
no 

400 ±2.8 385 ±3.0 373 ±2. l 354 ±2.4 2 year 
ro 

400 ±2.5 379 ±2.8 374 ±2.5 323 ±2.2 3 year 
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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 µg· 1 chi a h- 1
) consumed µg· 1 chi a h- 1

) 

!st 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 

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

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

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

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

Nostoc 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 fo lb wed 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. 

62 



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 
trans ferase activity activity synthetase reductase reductase 
activity (n mot (nmol NO (nmol NO transferase activity activity 
y-glutamy! 2 2 activity (nmol y- (nrnol NO (nrnol NO 
hydroxy mate formed/min/ cons urned/min/ glutamyl 2 1 

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

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

protein) 

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

nd 
763 ±5.3 2 year 2.3 ±0.13 542 ±3. l 715 ±5.1 l.2 ±0.03 529 ±3.3 

rd 
763 ±5.3 3 year 2.3 ±0.1 546 ±3.3 635 ±5.1 I. I ±0.03 520 ±3.3 

Tbl42bE a e . : t "f nzyme ac iv1 ies o f A b "bT t d fr b na aena vana z zs regenera e om agar cu es. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamine Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamine Nitrate Nitrite 
trans ferase activity activity synthetase reductase reductase 
activity (nrnol (nrnol NO (nrnol NO transferase activity activity 
y-glutamyl 2 2 activity (nrnol 

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

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

/mg protein) formed/min /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 1.4 ±0.05 521 ±2.4 
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Table 4.2 c: Enzvme activities of Mastrgocladus lammosus regenerated from agar cubes . . 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate Nitrite 
transferase act1v1t:y actn It) synthetase reductase reductase 
act1\1ty (nmol (nmol NO (nmolNO transferase act1V1ty act1v1ty 
y-glutamyl 2 2 acllvlt) (nmol (mnol NO (nmol NO 
hydroxy mate formed/mm/ consumed/mm/ y-glutamyl 2 2 

formed/mm mg protem) mg protem) h:ydroX) mate formed/mm/m consumed/mm/ 

/mg protem) formed/ mm I mg g protem) mg protem) 

protem) 

1st 2346 ± 123 8.79 ±1 3 157.43 ±1.4 2113 ±122 8.23 ±1.1 151.16 ±1.2 year 
nd 

2 2337 ± 122 8.71 ±1.2 152.42 ±1.2 2112 ±126 8.12±1.l 143.78 ±1.2 
year 

rd 
2343 ± 125 8. 71 ±1.5 151.21 ±1.2 1987 ±125 7.11 ±1.2 123.41 ±1.4 3 year 

Tbl42dE a e . : nzyme act1v1tJes o f Pl ectonema b oryanum regenerate d fr om agar cu b es. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate N1tnte 
transferase act1v1ty act1v1ty synthetase reductase reductase 
act1v1ty (nmol (nmol NO (nmol NO transferase actlVlty act1v1ty 
y-glutamyl 2 2 act1v1ty (nmol 

formed/mm/ consumed/mm/ (nmol NO (nmol N0
2 hydroxy mate y-glutamyl 2 

formed/mm mg protem) mg protem) hydroxy mate formed/mm/m con::.umed/mm/ 

/mg protem) formed/mm /mg g protem) mg protem) 

protem) 

!st 
729 ±3.2 2.1 ±I 521 ±2.3 721 ±3.1 2.1 ±0.7 518 ±2.1 

year 
na 

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

rd 
725 ±3.4 2.1 ±0.8 517 ±2.1 689±2.8 1.0 ±0.9 478 ±2 I 3 year 
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Table 4.2 e: Enzyme activities of Gleocapw sp regenerated from agar cubes. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductasc reductase Glutamme Nitrate Nitrite 
transferase act1v1t) act1v1ty synthetase reductase reductase 
act1\1ty (nmol (nmol NO (nmol NO transfera~e act1v1ty act1v1ty 
y-glutam) I 2 2 actt\lt) (nmol 

formed/mm/ consumed/mm/ (nmol N0
2 

(nmol NO 
hydroX) mate y-glutamyl 2 

tormed/mm mg protem) mg protem) hydroxy mate formed/mm/m consumed/mm/ 

/mg protem) formed1mm /mg g protem) mg protem) 

protem) 

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

no 

2 329 ±2.9 I.I ±0.5 220 ±I. I 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 

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

BG-11 0 for entrapment of the heterocystous cyanobacteria, and supplemented BG- I lo media 

(with SmM NaN0 3 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 cak:ium algmate as preserving material for 

C)'anobacteria. 
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a b 
Fig 4.5: Immobilization of cyanobacteria in cak:ium alginate beads (a) large number of 
dried beads containing different cyanobactcrial strains were stored in eppendorf tubes (b) 
regeneration of cyanobacteria from ore year ok:l dried beads. The picture was taken after 
eight days oftransrerring the beads to fresh rrrdium. 

4.3.1 Results 

All cyaoobacteria un:ler study exmb~ ahmst compkte retertx>n of characters 

when regenerated from immobilizati:rn in ca.kium alginate. Freshly regenerated samples 

showed slightly reduced activities which corq>letely recovered upon tra11.5fer to new media. 

No significantly perceptible changes were obsen.ed in the preserved cells. The results 

presented here are fur cultures that were regererated after ore, two and three years of 

preservation. 

4.3.1.1 Growth 

Filarrents were seen errerging out of the alginate beads within 5-10 days after 

preserved beads were introduced into fres h rred ia (Fig 4.5 b). The length of time under 

storage determined the time the cells took t.o 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. Ahrnst 12-14 days was required in case of samples 

that were kept fur 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 sample): (a, b) SEM of dried calcium 
alginate bead, (c, d) cyanobacterial filaments embedded within the matrix of a calcium 
alginate bead, (e) emerging cyanobacterial filament regenerating from a calcium alginate 
bead reinoculated into fresh media, (~ g, h) healthy regenerating cyanobacterial filaments 
seen emerging 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 "I, 2, 3 ,. indicates 
samples regenerated after first, second and third years of preservation. An initial inoculum 
of0.4µg/mlwas used]. 
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Fig 4.6 shows scanning electron micro graphs 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 dehydrated 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 f, 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 Plectonema 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 1st 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 frequency was maintained at the value of free-living cultures in Anabaena 

variabilis and Nostoc muscorum. In Mastigocladus laminosus, a drop of~ I 0% 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 I 
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 

immobilized organisms (Fig4.9). 
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Fig 4.9: N 1trogenase activity of samples regenerated from ca le mm alginate beads (a) NoMoc 
muscarum (b) Anabaena vanabzl1s (c) Mastrgocladus lammosus (d) Plectonema boryanum 
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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 aftected 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 aftected 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 in calcium 
alginate beads. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 0 
0 evolved µg- 1 chi a h- 1

) 
2 

consumed µg- 1 chi a h-1
) 2 

!st 
437 ±3. I year 432 ±3.1 413 ±3.2 397 ±2.3 

na 

2 439 ±3.0 427 ±2.7 415 ±3.2 388 ±2.3 
year 

ru 

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 (nmol Respiratory oxygen consumption (nmol 0

2 
0 evolved µg- 1 chi a h- 1

) consumed µg- 1 chl a h- 1
) 2 

1st 440±3.1 435 ±3.2 423 ±2.3 425 ±2.2 
year 

na 
2 435 ±3.3 437 ±3.1 420 ±2.2 423 ±2.2 

year 
ra 

3 435 ±3.4 432 ±3.J 420±2.1 424 ±2.1 
year 

Table 4.3 c: Photosynthesis and respiration of Plectonema boryanum immobilized in 
ca 1c· I . b d mm algmate ea s. 

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

2 
0

2 
evolved µg- 1 chi a h- 1

) consumed µg· 1 chi a h- 1
) 

!st 402 ±2.7 385 ±3.1 378 ±2. l 377 ±2.5 
year 

no 

2 400 ±2.6 379 ±3. l 373 ±2.3 369 ±2.4 
year 

ra 

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 (nmol 0

2 
0 evolved µg· 1 chi a h- 1

) consumed µg- 1 chi a h- 1
) 2 

1st 
280.55 ±4. l year 242.11 ±3.3 397.56 ±2.5 346.17 ±2.7 

nu 

2 277.56 ±4.2 231.12 ±3.1 394.15 ±2.6 333.37 ±2.7 
year 

ru 

3 280.14 ±4.3 218.16 ±3.1 390.42 ±2.5 324.14 ±2. 7 
year 

73 



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 
0 evolved µg·' chi ah-') 

2 

consumed µg·' chi ah-') 2 

!st 396 ±2. l 387 ±2.3 342 ±3.2 340 ±3.3 year 
nd 

2 395 ±2.0 385 ±2.5 340 ±3.3 354 ±3.5 
year 

HI 

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 (NIR) activities 

Table 4.4 illustrates the retention of enzymatic activities such as GS, NRand NIR in 

regenerated samples from calcium alginate beads. The stress due to prolonged dehydration 

as a result of being 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 m 

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 for growth and cell 

division. This fuature was not seen in Anabaena vanabilis. 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 of the 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 NO (nmol NO transferase activity activity 
y-glutamyl 2 2 activity (nmol 

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

(nmol NO 
hydroxy mate y-glutamyl 2 

formed/min protein) mg protein) hydroxy mate formed/ min/ mg cons urned/min/ 

!mg protein) formed/min protein) mg protein) 

/ITIQ 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. l 
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 (nmol NO (nmol NO trans ferns e activity activity 
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 
765 ±5.5 2.5 ±0.11 554 ±3.2 726 ±5.6 1.8 ±0.07 541 ±2.3 

year 
na 

2 757 ±5.3 2.3 ±0.12 547 ±3.2 724 ±5.5 1.5 ±0.09 540 ±2.5 
year 

rd 

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 act1v1t1es of Pfectonema boryanum regenerated from calcium alginate 
beads. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamme Nitrate Nitrite 
transferase act1v1t) acttv1t; S) nthetase reductase reductase 
act1v1ty (n mol (nmol NO (nmol NO trans ferns e act1v1ty act1v1ty 
y-glutamyl 1 2 act1v1t) (nmol (nmo!NO (nmol NO 
hydro")' mate formed/mm/mg consumed/mm; y-glutam; I 2 2 

formed/min protem) mg protem) hydroxy mate formed/ mm/ mg consumed/mm/ 

/mg protem) tormed/mm protem) mg protem) 

/mg protem) 

1st 
729 ±3.3 2 1 ±1 1 521 ±2.6 720 ±3.1 2.1 ±0.7 515 ±2.0 

year 
no 

2 729 ±3.5 2.1 ±0.8 520±2.5 720±2.7 2 1 ±0.6 510 ±1.8 
year 

rd 

3 725 ±3.5 2.1 ±0.8 517 ±2 5 715 ±2.8 I. 7 ±0.5 510 ±1.7 
year 

Table 4.4 d: Enzyme activities of Mastigocladus lammosus regenerated from calcium 
alginate beads. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate N1tnte 
transferase act1v1ty act1v1ty synthetase reductase reductase 
act1v1ty (nmol (nmol NO (nmol NO transferase act1v1ty act1v1ty 
y-glutamyl 2 2 act1v1ty (nmol (nmol NO (nmol NO 
hydroxy mate formed/ mm/ mg consumed/mm/ y-glutamyl 2 2 

formed/mm protem) mg protem) hydroxy mate formed/mm/mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

/mg protem) 

1st 
2346 ±124 8.79 ±1.l 157.43 ±1.5 2326 ±122 8.54 ±1.1 150.14 ±1.2 

year 
nd 

2 2337 ±125 8 71±1 3 152.42 ±1 3 2324±125 8.52±1.3 150.12 ±1.3 
year 

ra 

3 2343 ±122 8 71± 1.3 151.21± 1.3 2320 ±122 8.52±1 I 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 reducta5e Glutamine Nitrate Nitrite 
trans feras e activity activity synthetase reductase reductase 
activity (nmol (nmol NO (nmol N0

2 

transferase act iv it) activity 
y-glutarny I 2 activity (nmol 

formed/ min/ mg consumed/min/ (nmol NO (nmol NO 
h)'droxymate y-glutalll) I 2 2 

formed/min protein) mg protein) hydroxy mate formed/min/mg cons urned/min/ 

!mg protein) formed/min protein) mg protein) 

/mg protein) 

1st 329 ±3.1 1.1±0.5 221±1.l 323 ±3.1 1.1 ±0.8 220 ±2. l 
year 

no 

2 329 ±2.8 1.1±0.5 220 ±1. l 320 ±2.8 1.1 ±0.5 215 ±2.1 
year 

ru 

3 325 ±2.5 1.1±0.3 217 ±0.8 289 ±2.8 1.0 ±0.5 216 ±2. I 
year 

4.4 Immobilization in foam cubes 

Immobilization of cyanobacteria in foam has been reported in 1989 by Brouers et al. 

Kannaiyan and co workers have reported the use of polyurethane as a immobilizing base for 

cyanobacteria with evidence of better performance by such immobilized cyanobacterial cells 

(Kannaiyan et al 1992; Mahesh and Kannaiyan 1993; Kannaiyan et al 1994; Kannaiyan et al 

1997). Therefore, we have intluded foam in our preservation study to see if immobilization 

on foam is a better option for long time storage of cyanobacteria. Preparation for 

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 

of three months, some of the cubes were regenerated in the liquid medium (Fig 4.lOb) and 

various characters were assessed and compared to the control cuhure to establish the 

performance of foam as preserving material for cyanobacteria. 

77 



(la} 

F1g 4.10: lnumbilization in foam cubes. (a) cubes iroculated with fresh cyanobacterial 
culture (b) regeneration of cyanobactern trom one year old dried foam. The picture was 
taken after two days of transferring the cubes to fresh rredium. 

(b) 

{c) (d) 

Fig 4.11: Scanning electron micrograph (JEOL JSM 6360, SAIF, NEHU) of cyanobacterial 
fi laments immob ilized on fuam cubes (a) matrix of a foam cube as seen under S EM (b,c) 
adhered cyanobacterial filaments seen re~nerating upon return of favorable growth 
conditions (d) heahhy 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 4.11 a) and cyanobacteria can only adhere to the foam material in 

concentrated amount (Fig 4.1 lb). When reintroduced into liquid media dried cells 

immediately started to grow into viable filaments. Fig 4.l lc shows both viable and dried 

filaments on the foam matrix one day after the foam cubes were put in fresh medium. 

Morphobgically 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 0.4µglml 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 culture 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 Mastigoc/adus laminosus cells. There was definitive reduction in growth of 

Mastigocladus laminosus even after first year of preservation. But it is worth mentioning 

here that Mastigoc/adus 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 
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Fig 4.13: Heterocyst frequency of samples regenerated from foam cubes (a) Nostoc 
muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus [ In fig. column 1 
represents the control, column 2 ,3 and./ 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 of their 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. N itrogenase 

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 in 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 I 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 first 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 µg- 1 chi a h- 1

) 0 consumed µg- 1 chi a h- 1
) 

2 2 

lst 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 
ro 

439 ±2.8 420 ±2.3 413±3.l 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 oygen evolution Respiratory oxygen consumption (nmol 
(nmol 0

2 
evolved µg- chi a h- 1

) 0 consumed µg- 1 chi a h- 1
) 

2 

1st year 442 ±3.2 437 ±3.2 417 ±2.3 410 ±2.1 
nd 

440 ±3. I 425 ±3.3 415 ±2.5 395 ±2.2 2 year 
rd 

440 ±3. I 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 
(PhotosynthettC oxygen evolution Respiratory oxygen consumption (nmol 
(nmol 0 evolved µg- 1 chi a h- 1

) 
2 

0 consumed µg- 1 chi a h- 1
) 

2 

1st year 402 ±2.5 374 ±2.7 378 ±2.1 377 ±2.5 
na 

400 ±2.3 357 ±2.3 373 ±2.1 346 ±2.3 2 year 
rd 

400 ±2.3 332 ±2.l 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 
(nrnol 0 evolved µg- 1 chi a h-1

) 
2 

0
2 

consumed µg· 1 chl a h- 1
) 

1st year 280.55 ±3.9 242.11 ±3.5 397.56 ±2.3 346.17 ±2.1 
nu 

277.56 ±3.3 2 year 231.12 ±3.2 394.15 ±2.5 333.37 ±2.2 
ra 

280.14 ±3.4 3 year 218.16 ±1.3 390.42 ±2.1 324.14 ±2.2 

T bl 4 5 Ph t a e . e: o osyn th . d es1s an resp1rat10n o fGl bT d" fi b oeocapsa sp. 1mmo 11ze m oam cu es . 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution Respiratory oxygen consumption (nmol 
(nmol 0

2 
evolved µg- 1 chi a h" 1

) 0
2 

consumed µg· 1 chi a h- 1
) 

1st 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 of Nostoc mwcorum regenerated from foam. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate N1tnte 
trans ferase act1v1ty aCtl\ It) synthetase reductase reductase 

actlVlty (nmol (nmolNO (nmol NO transferase act1\ 1ty act1v1ty 
y-glutamyl 2 2 act1v1ty (nmol (nmol NO (nmol NO 
hydroxy mate formed/ mm/ mg consumed/mm/ y-glutamyl 2 2 

formed/mm protem) mg protem) hydroxy mate formed/mm/mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

/mg 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 

Tbl46bE a e . : f ·r nzyme ac 1v1 1es o f A b bL na aena varza 1 IS regenerate d& om oam. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamme Nitrate N1tnte 
trans ferase activity act1v1ty synthetase rcductase reductase 
activity (nmol (nmol NO (nrnol NO trans ferase act1V1ty act1v1ty 
y-glutamyl 2 2 act1v1ty (nmol 

formed/ mm/ mg consumed/mm/ (nmol NO (nmol NO 
hydroX) mate y-glutamyl 2 2 

formed/mm protein) mg protem) h) droxy mate formed/mm/mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

/mg protem) 

1st 
765 ±5.5 2.5 ±0 98 554 ±3.3 762 ±5.5 2 2 ±0.9 523 ±3 1 

year 
no 

2 757 ±5.4 2.3 ±0.11 547 ±3.2 727 ±5.6 1.6 ±0.78 542 ±3 1 
year 

rd 

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 act1v1ties of Plectonema boryanum regenerated from foam. 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
~yntheta~e reductase reducta.,e Glutamme Nitrate N1tnte 
trans ferase act1v1ty act1\ it) synthetase reducta.,e reductase 
act1v1ty (n mo! (nrnol NO (nmol NO transferase act1v1t) act1v1ty 
y-glutam) I 2 2 act1v1ty (nmol (nmol NO (nmol NO 
hydro JI}' mate formed/ mm/ mg consumed/mm/ y-glutamyl 2 2 

formed/mm protem) mg protem) hydroxy mate formed'mm/mg consumed/mm/ 

!mg protem) formed/mm protem) mg protein) 

/mg protem) 

!st 729 ±3. I 2.1 ±0.7 521±25 720 ±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 I 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 of Mastigocladus laminosus regenerated from foam 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate Nttnte 
transferase act1v1ty act1v1ty synthetase reductase reductase 
act1v1ty (nmol (nmol NO (nmol NO trans ferase act1v1ty act1v1ty 
y-glutamyl 2 2 act1v1ty (nmol (nmol NO (nmol NO 
hydroJIY mate formed/ mm/ mg consumed/mm/ y-glutam) I 2 2 

formed/mm protein) mg protein) hydroJIY mate formed/ mm/ mg consumed/mm/ 

!mg protein) formed/mm protem) mg protem) 

/mg protein) 

1st 
year 2346 ±125 8.79±1.5 157.43 ±1.5 2124 ±122 8.12 ±I 2 142.16 ±1.2 

nd 

2 2337 ±123 8.71±1.3 152.42 ±1.5 2017 ±125 8.12 ±I. I 137.78±1 I 
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 act1v1t1es o G oeocapsa sv. regenerate d fr om oam. 
Control i Control Control Regenerated Regenerated Regenerated 
Glutamme Nnrate N1tnte sample sample sample 
synthetase ' reductase reductase Glutamme Nitrate N1tnte 
transfera~e act1\ II) act1\ 1ty synthetase reductase reductase 
act1" 1ty (n mo! (mnol NO (mnol NO trans feras e act1v1t) activity 
y-glutarrl) I 2 2 act1v1ty (nmol (nmolNO (nmol NO 
hydroxy mate formed/mm/mg consumed/mm/ y-glutamyl 2 2 

formed'rrun protem) mg prot<!m) hydroxy mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/ rrun protem) mg protein) 

IITl!l orotem) 
1st 

329 ±3.3 I. I ±0.3 221 ±I. I 321 ±3. I I. I ±0.5 220 ±I. I year 
nCf 

2 329±2.9 I I ±0.5 220 ±1.3 319±3.5 I. I ±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 15%1 glycerol and 5% DMSO 

A number of low molecular weight neutral solutes have been identified as potential 

cryoprotectants since the early I 950's.The most common among them bemg 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 

cryoprotectants generally used for freezing biological specimens full mto 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 c,ryoprotection of living tissues. Generally a concentration of5-10% DMSO and 

I 0-20% 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 for 

long term storage and preservation of cyanobacteria using cryoprotectants. This would make 

preservation user friendly by reducing the cost required for 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 101
h 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) . 
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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. [Jnfig. "g" refers to 15% glycerol and "J, 2, 3" indicates samples regenerated 
after first , second and third years of preservation. An initial inoculum of 0../µg!ml was 
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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 "], 2, 3" 
indicates samples regenerated after first , second and third years of preservation. An initial 
inoculum of 0 . ./µg/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 aga10 it was noticeable that retention of the ability of achieving a 

heterocyst frequency comparable to the control was better 10 samples preserved in 5% 

DMSO. In case of preservation us10g 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 appeared 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% glycero I. 

In 5% DMSO was used as cryoprotectant, Anabaena variabilis showed a reduction 

10 heterocyst frequency of -16 %, -15% and -28% after one, two and three years of 

preservation (Fig 4.18 b). This \\as -8%, -15% and -22% for Nostoc muscorum. 

Mastigocladus /aminosus 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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51
, 2nd and 3tri years of preservation respectively] 

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 151 to the 3rd years of preservation in 15% glycerol. For Anabaena variabilis it was 

between 47%- 70%, for Mastigocladus laminosus, 30%-61 % and for Plectonema boryanum 

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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usmg 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 

Mastigoc/adus 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 first year to third year of preservation. 
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Fig 4.20: N itrogenase act1v1ty of samples regenerated from 5% DMSO (a) Nostoc 
muscorum (b) Anabaena variabilis (c) Mastigocladus laminosus (d) Plectonema boryanum 
and ( e) Gloeocapsa sp. [Jn fig, column I represents the control in each case; columns 2, 3 
and 4 represent samples regenerated after 151

, 2nd 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 for this study, 

preservation using both 15% glycerol and 5% DMSO did not prove to be an efficient 

method of considerable importance at -z.ero 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% glycero I as cryoprotectant in our case. However, we must emphasize 

that all other earlier reports mention DMSO and glycerol as cryoprotectant 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 evolved µg· 1 chi a h" 1

) 0
2 

consumed µg- chi a h- 1
) 

2 

1st year 437 ±3.3 321 ±2.8 413 ±3.2 31 I ±2.5 
nu 

439 ±3. I 317 ±2.7 415 ±3.3 298 ±2.5 2 year 
rd 

439 ±3.1 293 ±2.5 413 ±3.3 217±1.8 3 year 

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 evolved µg- 1 chi a h- 1

) 
2 

0
2 

consumed µg- 1 chi a h- 1
) 

1st year 442 ±3.3 330 ±3.2 417 ±2.7 31 I ±2.4 
nct 

440 ±3.5 323 ±3.2 415 ±2.7 300 ±2.4 2 year 
ra 

440 ±4. I 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 
0

2 
evolved µg 1 chi ah 1) 

Respiratory oxygen consumption (nmol 
0

2 
consumed µg 1 chlah 1

) 

!st year 402 ±2.8 354 ±2.8 378 ±2.5 345 ±2.5 
nd 

400±2.8 351 ±2.9 373 ±2.6 340 ±2.4 2 year 
rd 

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 
15o/c I I o g1ycero. 

Control Regenerated sample Control Regenerated sample 
(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0 evolved µg 1 chi ah 1) 

2 
0 consumed µg 1 chi a h 1) 

2 

!st year 280.55 ±4. l 227.13 ±3.3 397.56±2.3 331.16 ±2.3 
nd 

277.56 ±4.2 220.12 ±3.5 394.15 ±2.5 329.37 ±2.3 2 year 
rd 

280.14 ±4.2 220.16 ±3.5 390.42 ±2.6 320.14 ±2.7 3 year 

Table 4.7 e: Photosynthesis and respiration of Gloeocapsa sp. preservation in 15% glycerol. 
Control Regenerated sample Control Regenerated sample 

(Photosynthetic oxygen evolution (nmol Respiratory oxygen consumption (nmol 
0

2 
evolved µg 1 chi ah 1) 0 consumed µg· 1 chi a h 1

) 
2 

!st year 402 ±2. l 354 ±2.3 378±2.3 345 ±2.9 
nd 

400±1.8 351 ±2.3 373 ±2.3 340 ±2.8 2 year 
ra 

400 ±1.7 339 ±2.2 374 ±2. l 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 µg· 1 chi ah 1) 0 consumed µg 1 chi a h- 1

) 
2 

1st year 437 ±3.0 382 ±2.7 413 ±3.l 327 ±2.4 
nu 

439 ±3. l 377 ±2.5 415 ±3.2 320 ±2.5 2 year 
ro 

439 ±3.2 354 ±2.5 413 ±3.l 270 ±2.7 3 year 
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Table 4.8 b: Photosynthesis and respiration of Anabaena variabilis preservation m 5% 
DMSO. 

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

2 
evolved µg- 1 chl a h- 1

) 

Respiratory oxygen consumption (nmol 
0

2 
consumed µg- 1 chi a h- 1

) 

!st year 442 ±3.5 397 ±3.2 417 ±2.5 354±2.3 
na 

440 ±3.6 381 ±3.3 415 ±2.3 331±2.2 2 year 
ra 

440 ±3.3 372 ±3.4 413 ±2.1 325±2.1 3 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 µg- 1 chi a h- 1

) 
2 

0 consumed µg- 1 chi a h- 1
) 

2 

!st year 402 ±2.5 387 ±3. I 378 ±2.1 369 ±2.4 
na 

400 ±2.7 385 ±3.0 373 ±2.1 354 ±2.3 2 year 
ra 

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 µg- 1 chi a h- 1

) 0 consumed µg- 1 chi a h- 1
) 

2 2 

!st year 280.55 ±3.9 236. 13 ±3.7 397.56 ±2.5 342.16 ±2.3 
na 

277.56 ±4. I 232.12 ±3.5 394.15 ±2.7 339.37 ±2.3 2 year 
ra 

280.14 ±4.1 232.16 ±3.5 390.42 ±2.7 320.14 ±2. I 3 year 

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

2
evolved µg- 1 chi a h- 1

) 0 consumed µg- 1 chi a h- 1
) 

2 

!st year 396 ±2.1 387 ±2.7 342 ±3.1 354 ±3.3 
na 

395 ±2.3 385 ±2.5 340 ±3.3 354 ±3.2 2 year 
ra 

395 ±2.3 379 ±2.5 340 ±3.3 333 ±3. I 3 year 

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 of 15% glycerol. In Nostoc muscorum 

preserved in 15% glycero~ the drop in photosynthetic activity was -27 %-34% 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 Mastigoc/adus 

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 prooounced in Nostoc muscorum, Anabaena variabilis and 

Mastigoc/adus laminosus. Plectonema boryanum and Gloeocapsa sp. were affected 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 -10-15% in photosynthesis and -15-22% in respiratory activity. In 

Mastigoc/adus laminosus reduction was recorded in the range -16-17% in photosynthesis 

and -14-18% in respiration. P/ectonema 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 ~espiration in>· 
' * ,,/ 

the samples regenerated directly after storage for I st 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 samples regenerated from 15% glycerol after storage 

for similar period of time. 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 (nmol NO (nmol NO, trans ferase activity activity 
y-glutamyl 2 activity (nmol 

formed/ min/ mg consumed/min/ (nmol NO, (nmol 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) 

!st 
767 ±5.3 2.4 ±0.11 547 ±3.1 627 ±5.3 I.I ±0.14 420 ±3.3 

year 
nd 

2 763 ±5.2 2.3 ±0.15 542 ±3.3 590 ±5.5 0.95 ±0.13 407 ±3.4 
year 

ra 

3 763 ±5.2 2.3 ±0.13 546 ±3.3 524 ±5.5 0.82 ±0.13 400 ±3.4 
year 
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Table 4.9 b: Enzyme activities of Anabaena vanabifo, regenerated from preservation 111 

15% glycero I 
Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
S) nthetase reductase reductase Glutamme Nitrate Nitrite 
trans ferase act1v it) act1\ it) synthetase reductase reducta~e 

act1v1ty (nmol (nmol NO (nmol NO trans ferase act1v1ty act1v1t) 
y-glutam) I 2 2 actIVIt) (nmol (nmol NO (nmol N0

2 hydroX) mate formed/ mm/ mg con~umed/mm/ y-glutam) I 2 

formed/mm protem) mg protem) h) droxymate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

!mg protem) 

!st 
765 ±5.6 2.5 ±0.14 554 ±3.3 631 ±5.7 I. I ±0.13 479 ±3.1 

year 
nd 

2 763±5.5 2 3 ±0.17 547 ±3.2 592 ±5.6 0.98 ±0.12 462 ±3 I 
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 regenerated from preservation in 
15% glycero I. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate Nitrite 
transferase actlVlt) act1v1t) synthetase reductase reductase 
act1v1ty (nmol (nmol NO (nmol N0

2 

trans feras e act1v1ty act1v1ty 
y-glutamyl 2 act1v1ty (nmol (nmol NO (nmol NO 
hydroxy mate formed/mm/mg con~umed/mm/ y-glutamyl 2 2 

formed/mm protem) mg protem) hydroxy mate formed/ mm/ mg cons urned Imm! 

/mg protem) formed/mm protem) mg protem) 

/mg protem) 

!st 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 I ±0.5 520 ±2.3 678 ±3 I 1.5 ±0.4 507 ±2.2 
year 

rd 

3 725 ±3.4 2.1 ±0.5 517 ±2 3 642 ±3.2 I 0 ±0.4 482 ±2.2 
year 
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Table 4.9 d: Enzyme activities of Mm,t1goc!adu::i lammo::iu!J regenerated from preservation 
in 15% glycerol. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
S) nthetase reductase reductase Glutamme Nitrate N1tnte 
transfera<>e act1\ lt) act1v1t) S) nthetase reductase reductase 
actl> it) ( n mo I (nmol NO (nmol NO transferase act1v1t) act1v1t) 
y-glutamyl 2 2 act1v1t) (nmol (nmol N0

2 
(nmol NO 

h) drox) mate formed/ mm/ mg consumed/mm/ y-glutam) I 2 

formed/nun protem) mg protem) h) droxy mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

!mg protem) 

lst 
2346 ±125 8. 79 ±1.5 year 157.43 ±1.4 2001 ±121 7.4 ±1.2 137.16 ±I 3 

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 Gloeocapsa sp regenerated from preservation m 15% 
glycerol. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate N1tnte 
transferase act1v1ty actn 1ty synthetase reductase reductase 
act1v1ty (nrnol (nmol NO (nmol NO transferase act1v1ty act1v1ty 
y-glutamyl 2 2 act1v1t) (nmol (nmol N0

2 
(nmol NO 

hydroxy mate formed/mm/mg consumed/mm/ y-glutamyl 2 

formed/mm protem) mg protem) h) droxy mate formed/ mm/ mg consumed/mm/ 

/mg protein) formed/mm protem) mg protein) 

/mg protem) 

lst 
329 ±3.0 I.I ±0.3 221 ±I I 300 ±3.1 I. I ±0.1 201 ±1.0 year 

nd 

2 329 ±3.1 I.I ±0.3 220 ±1.2 289 ±3.3 0.85 ±0.1 195 ±I. I 
year 

rd 

3 325 ±3.1 I. I ±0.5 217 ±I. I 267 ±3 3 0.93 ±0.1 195 ±I. I 
year 
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Table 4.10 a: Enzyme activities of Nostoc muscorum regenerated from preservation m 5% 
DMSO 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate Nttrtte sample sample sample 
S) nthetase reductase reductase Glutamme Nitrate N1tr1te 
tran~terase acttvtt) acttvtt) ~) nthetase reductase reductase 
acttv tty (n mo I (nmol NO (nmol NO transferase acttvtt) acttvtt) 
y-glutamyl 2 2 act1v1t) (n mol (nmol NO (nmol N0

2 hydroX) mate formed/ mm/ mg consumed/mm/ y-glutam) I 2 

formed/nun protem) mg protem) h) droX) mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protein) mg protem) 

!mg protem) 

1st 
767 ±5.4 2.4 ±0.1 year 547 ±3.2 689 ±5.3 1.4 ±0.07 520 ±3.2 

nd 

2 763 ±5.6 2.3 ±0.15 542 ±3.3 672 ±5.4 I. I ±0.07 514 ±3.3 
year 

rd 

3 763 ±5.6 2.3 ±0.15 546 ±3 3 632 ±5.5 I. I ±0.09 500 ±3.3 
year 

Table 4.10 b: Enzyme activities of Anabaena variabzlts regenerated from preservation in 
5% DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate Nttrtte sample sample sample 
synthetase reductase reductase Glutamme Nitrate Nttrtte 
transferase act1v1ty acttvtt) S) nthetase reductase reductase 
act1v1ty (nmol (nmol NO (nmol NO trans feras e acttvtt) act1v1ty 
y-glutam) I 2 2 activity (nmol (nmolNO (nmol NO 
hydroxy mate formed/ nun/ mg consumed/mm/ v-glutamyl 2 2 

formed/mm protem) mg protem) h) droxy mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

/mg protem) 

!st 
year 765 ±5.5 2.5 ±0.11 554 ±3.3 679 ±5.6 1.7 ±0.07 543 ±2.5 

nd 

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 m 
5% DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase rcductase reductase Glutamme Nitrate Nitnte 
tran~ferase actn It) act1v1t: ~: ntheta~e reductase reductase 
activit) (n mo! (nmol NO (nmol NO trans ferns e activity act1v1ty 
y-glutam) I 2 2 activit) (n mo! (nmol NO (nmol NO 
hydroX) mate formed/mm/mg consumed/mm/ y-glutamyl 2 2 

formed/mm protem) mg protem) h) droX) mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

/mg protem) 

1st 
729 ±3.4 2.1 ±1.0 

year 
521 ±2 7 723 ±3.1 2.1 ±0.7 518 ±2.2 

na 

2 729 ±3.2 2 I ±0.6 520 ±2.4 720 ±2.8 1.8 ±0.8 505 ±2.2 
year 

ra 

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 lammosus regenerated from preservation 
in 5% DMSO. 

Control Control Control Regenerated Regenerated Regenerated 
Glutamme Nitrate N1tnte sample sample sample 
synthetase reductase reductase Glutamme Nitrate N1tnte 
transferase activit) act1v1t) S) nthetase reductase reductase 
actlV!ty (nmol (nmol NO (nmol NO trans feras e activity act1v1ty 
y-glutarny I 2 2 act1v1ty (nmol (nmol N0

2 
(nmol NO 

hydroxy mate formed/mm/mg consumed/mm/ y-glutamyl 2 

formed/mm protem) mg protem) h) droX) mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

/mg protem) 
1st 2346 ±125 8.79 ±I 3 157.43 ±1.5 2217 ±122 8.6 ±I. I 143.16 ±1.2 

year 
na 

8.5 ±I I 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 ±I 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 
Glutamme Nitrate Nitrite sample sample sample 
synthetase reductase reductase Glutamme Nitrate Nitrite 
trans feras e act1v1t) actrv It) S) ntheta~e reductase reducta~e 

act1v1ty (nmol (nrnol NO (nmol NO transferase act1v1ty act1v1t) 
y-glutam) I 2 2 act1v1ty (nmol (nmol NO (nmol N0

2 hydroX) mate formed/ mm/ mg consumed/mm/ y-glutamyl 2 

formed/min protem) mg protem) h) droxy mate formed/ mm/ mg consumed/mm/ 

/mg protem) formed/mm protem) mg protem) 

!mg protem) 

1st 
329 ±3.3 I.I ±0.5 221 ±I. I 320 ±3.5 I. I ±0.4 220 ±I.I year 

na 

2 329 ±3.2 I. I ±0.7 220 ±I. I 320 ±2.7 1.2 ±0.5 217 ±I. I 
year 

rd 

3 325 ±3. I I. I ±0.4 217 ±I.I 297 ±2.9 I. I ±0.5 217 ±I. I 
year 

4.6 Calculating the retained viability index (RVI10) 

The tolerance of filamentous heterocystous cyanobacteria to the stress afforded by 

preservation methods on different solid matrices was evaluated using the retained viability 

index(RVl10) as describe by Silva and Silva 2003. Cell viability was estimated by the RVl10 

using the following expression: (B10-Bo)/Bo where Bo is the initial biomass dry weight and 

Bio the biomass dry weight after 10 days of incubation. Positive values ofRVI 10 indicate net 

yields of actively growing biomass, while negative values correspond to cases with partial 

survival or total death of cyanobacterial biomass RVl10 gives meaningful insights on the 

viability status ofcyanobacteria after prolonged periods of preservation and storage. 

4.6.1 Results 

The concept ofRVl 1o 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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form. 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, RVI10 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 

RVI10, 20 mg of powder biomass were suspended in 20 ml of medium and poured onto Petri 

dishes followed by incubation for I 0 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 RVI10 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 of the cyanobacterial cells immobilized in agar cubes, alginate beads and 

in foam, the growth ofreleased 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 

control sample concentration (Montaini et al 1995). 

Table 4.11 a: Effect of preservation on Nostoc muscorum as indicated by retained viability 
index(RVI10). 

SI. Preservation Storage condition Retained viability index (RVl10) 
no. method(s) 

6 months 12 months 24 months 36 months 
Serial Continuous 

1 subcultures illumination, 3.8 3.8 3.8 3.8 
(control) 25±2"C 

Calcium 
Desiccated, room 

2 
alginate beads 

temperature, 2.7 2.7 2.6 2.6 
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 (RVI 10). 

SI. Preservation Storage condition Retained viability index (RVl10) 
no. method(s) 

6months 12 months 24 months 36 months 
Sena I Continuous 

I 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 RVl10 was obtained in samples regenerated from foam 

and agar cubes after 12 months of preservation. Hence the finding here from RV! 10 studies is 
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that preservation m calcium alginate is definitely a better method for 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 

of the preserved cyanobacteria, a S TRR 1 A fmgerprint 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 LJ L4 LS L5 l7 L.I Lt l10 Ul l12 

Fig 4.21: PCR profile of cyanobacteria regenerated from calcium alginate beads. [ In fig., 
lanes LJ,L2,L3 and L4 represent fingerprint profiles of Nostoc muscorum; L5,L6 of 
Plectonema boryanum; L 7, L8 of Mastigoc/adus laminosus; L9,LIO of Anabaena variabilis; 
and LI I and L12 that of Gloeocapsa sp. Ll,L3,L5,L7, L9 cond Lii indicate profiles of the 
control free-/ iv ing 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 of preservation 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 of the 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 first among various modifications brought about in preservation protocols 

involved the creation of agar flakes. Maintaining large number of cyanobacterial cultures as 

agar slants suffers few drawbacks as mentioned before. Making of agar flakes substantially 

overcame not only the problem ofreducing 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 for a period of24 months. 

A major finding of this work was the excellent performance of calcium alginate m 

long term preservation of cyanobacteria. It became evident that this technique holds good 

for 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 for samples that were 

stored for more than 36 months. The beads could be dried in a short duration of time (24 h) 

thus reducing chances of contamination. Large number of dehydrated beads could be stored 

in 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 of being 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 cultures 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 foam 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 for 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 
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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, RVI 1o 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 for 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 findings 

• This chapter dealt with evaluation and assessment of some existing methods of 

cyanobacterial preservation. The emphasis was to find the suitability of the methods 
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and also to find 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 slants 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 for 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 for very Jong periods without any loss of characters that are indispensable 

for independent survival. Also, large quantities of samples coukl 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 also regenerated from these beads 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 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 for substantial period of time. 

• It was also observed that cyanobacterial samples can be stored in ordinary 

refrigerators using cryoprotectactants for about 9-12 months. This would enable 

researchers to store cyanobacteria for 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 initial inoculum (at 

least 10 µg/ml chi 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 fiek:ls of biotechnology. 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 of pests, among many other applications. For the above mentioned applications 

however, efficient strains ofcyanobacteria 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 for 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, the matrices 

on which the cyanobacteria are to be immobilized for such purposes must be environment 

friendly, biodegradable and economical. In the recent past, a significant variety of carrier 

materials have been experimented with for the purpose of obtaining a suitable carrier for 

efficient transfer of cyanobacterial biofertilizers to the fiek:ls. 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 al 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 furmers which involved very 
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little capital investment (Yenkataraman 1981). The production technology has now been 

substantially improved with the introduction of new and cheap carrier materials such as 

multani mitti (Fuller's earth) and wheat straw that support higher algal load with longer 

shelf life (Kaushik 1998; Goyal et al 1997; Prasanna et al 1998 ). 

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, during 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 find economically :feasible immobilizing bases for 

cyanobacterial preservation that are environment friendly. Emphasis was given to locate 

materials that could keep cyanobacterial cells viable for 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, dried fibrous 

Luff a 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 of the two cyanobacterial isolates were raised in BG I lo media. JOO ml 

each of exponentially growing (I 5 days old) cyanobacterial culture with chlorophyll a 

concentration oflO µg mr 1was concentrated to 5 ml by centrifugation. 

5.2.3 Immobilization on luffa (Lu/fa cylindrica) 

The fibrous placenta of Luff a cylindrica was used for entrapment of cyanobacterial 

cultures (Fig 5. I 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. I 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. I c, d). Once the cyanobacterial cultures dried, the fibres were 

packed into po lybags. 
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Fig 5.1: Irmrobilization of cyaoobacteria in Luffa cy/indrica (a) dri:d Luffa cylindrica, (b) 
washed and cleaned cubes of Luffa cylindrica, (c, d) Lu/fa cy/indrica cubes containing 
cyaoobacteria I cultures. 

5.2.4 Immobilization on betel nut aners ('snep kwai') 

Betel nut (Areca catechu), ' snep k'Nai' (Fig 5.2 a) were cut into uniform s ized pieces 

and the fibers were loosely separated from each other (Fig 5.2 b). These were washed 

thoroughly severa l times, rinsed with suitabk rredia and then dried at 35°C in the oven (Fig 

5.2 c). lnoculafon and packaging were done as in the case of luffa (Fig 5.2 d). 
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(a) (b) 

I 

(d) (e) 

(f) 

Fig 5.2: Immobilization of cyanobacteria in fibres of Areca catechu (a) Dried Areca catechu 
(betel nut) (b) fibres of betel nut (c) wasred aoo cleaned fibres of betel nut (d) 
cyanobacterial cultures inoculated on to fibres of betel nut (e) dried immobilized 
cyanobacteria packed in sterile plastic bag (f) Scanning electron micrograph of immobilized 
cyanobacteria on fibres of betel nut cover. 

5.2.5 Immobilization on charcoal pieces 

Small 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 fila~nts were not retained effectively on the charcoal pieces. To 
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overcoire this limitation, cyanobacterial cultures were grown for 15 days to a chlorophyll a 

concentration of 10 µg mf1
• Autoclaved charcoal prces 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 drained off atxi the chips were left to dry. This 

adjustment in the method of immobilizaJion of cyanobacterial cells led to adherence of 

substantial amount of cyanobacterial filaments on the cracks and crevices on the surface of 

the charcoal. The dried pieces of chan;oal containing tre immobilized cyanobacteria were 

then stored in sterile po lybags and kept at room te_rq>erature (Fig 5.3 b, c ). 

(a) (b) (c) 
Fig 5.3: Immobilization of cyanobacteria on charcoal pieces (a) charcoal pieces inoculated 
in cyanobacterial culture (b) dried cyaoobacteria on charcoal pieces (c) packets containing 
charcoal immobilized cyanobacteria. 

5.2.6 Enrichment of soil with cyaoobacterial cultures 

Soil was collected from the university carqius. The soil was sieved to re!TI)ve 

pebbles and other organic substances such as roots, leaves etc. The fine soil particles were 

autoclaved at 121°C (15 psi) for 30 minutes. Following this inoculation was done with dense 
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s lurry of cyanobacterial c ultures (10 µ g mr 1 
) . This was dr ied a nd then lumps were broken to 

obtain finer so il particles. These were the n stored in sterile containers. 

5.2.7 Regeneration studies on the immobilized samples 

At every three months interva l the de hydrated sa mple s we re re introduced in 

appropriate growth med ia to asce rtain viability of the immob ilized ce lls. Fig 5.4 shows 

rege nerated filaments from 's nep kwai ' after one year of preservation. 

Fig 5.4: Sacnning electron micrograph of cyanobacteria rege nerating from immob ilized 
fibres of betel nut 

Filaments grow in g out of the matr ices were then used to measure growth, heterocyst 

frequency and nitro ge nase activ ity. Growth in the rege nera ted sa mples was measured as an 

increase in chlorophyll a (MacKinn ey 1941 ). Their heterocyst frequency was co unted under 

a ligh t microscope and expressed as perce nta ge of total ce lls. Acety lene reduct ion act ivity 

by nitro ge nase e nzyme (ECl .18.6. 1) was es timated in vivo by gas chro matograp hy (Stewart 

et a l 1967). Since this work was dedicated to finding s uitable carrier mate ria l for 

cya nobacter ia l inoc ulum to be transferred for fie ld applications, the potential of these 

rege nerated samples in co lonizing rice roots a nd the ir efficiency in removing heavy metals 

have also been assessed. For a ll eva luat io ns, preserved cyanobacteria were allowed to grow 
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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 

of Nostoc sp. (CM9) and Anabaena sp. (RF7) in the four methods mentioned above 
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Experiments to standardize initial concentration of cyanobacteria needed for 

immobilization resulted in finding IOµg mr 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. The growth ofregenerated cells after a year of preservation 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 period of 1 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 of I Oµg mr 1 of cyanobacteria 

was maintained for immobilization. This brings to the fact that initial amount of inocula 

plays a definitive 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 from 'snep kwai' after 6 months and one year displayed a reduction of 27 to 

31 % in heterocyst frequency. However, in the case of Anabaena cells, almost complete 

retentionofheterocyst frequency was seen in samples regenerated from 'snep kwai' (and not 

from the samples regenerated from soil) for the same period. The correlation between 

heterocyst frequency and nitrogenase activity held true tor 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 frequency in regenerated Anabaena cells in case of 'snep kwai' (Fig 5.8; 5.10). 

This may have been due to the noticeable occWTence 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 of the 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 organisms 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. 

126 



120 
120 

~ 100 ~ 100 

... ;: :z: 
80 .5 80 .5 

: . 
c 

I 
~ 

u 
• 60 • 60 

~ I ... 
40 ... 

40 E E : . 
lii 20 ;i 

20 ... ... 
() 

() 

cNsp kNsp6m kNsply 
cNsp lu1Nsp3m lu1Nsp6m lu1Nsp9m 

5amplllS 
(a) (b) 

5ampllls 

120 120 

gloo ~ 100 ... ... ... :z: :z: 
.5 80 ... 

u 
.5 80 : : c ... c • 60 • 60 i ----- i ... 40 ... 40 n E E 

!! ... 3 • 20 ---- lii 20 ... .. .... 
() () 

cNsp soi1Nsp6m soilNsp 1 y soi1Nsp1 y cNsp cha<Nsp6m cha<Nsply (d) 
6m 

5amplllS ( c) 

Fig 5.7: Percent difference in heterocyst frequency of Nostoc sp. (Nsp) regenerated from (a) 
"snep kwai", (b) luffit, (c) soil and (d) charcoal. [In fig, 'c' refers to control samples; 'k', 
'luf', 's' and 'char' refers to samples regenerated from immobilization in kwai, lujja, soil 
and charcoal respectively. 'm' indicates the age (in months) and y' the age in years of the 
preserved samples.] 

127 



100 
1.ZO 

1
111' 

90 1W11 1 :1 g 
80 ! I 11 : : ~ g 100 -:c 10 1111111• ;: 

..5 
l! 60 II 1i1:l1 ..5 80 
c j,1''1' :, 

l! 

[] • 50 c 

~ 
111111•1•1 f 60 

~ 
40 1

1

i1111
1!i:: • ... 

,

1;11111111111 
!: 

40 1: 30 ... 
l! 11111,,· 1: 
Ii 20 1111111'11 l! 

,111n,,: Ii 

. 

... 10 • 20 
111)1 I ... 

0 
Jill 11 lj1 . 

0 
cAsp kAsp6m kAsp1y 

cAsp lufAsp~m lufAsp6m lufAsp<Jm 

s.nples 
(a) Samples 

(b) 

120 120 

g 100 ~ 100 

;: :c 
..5 80 ..5 80 :: :: c 

c • 60 • 60 i Ii 

D 
I: ... ... 1: 40 
1: 40 

~ fl 
Ii • 20 ... 20 ... 

0 
0 

(d) cAsp ch;irAsp6m ch;trAsp ly 
cAsp soi1Asp6m soilAsp 1y soilAsply (c) 

6m Sampla 

Fig 5.8: Percent diffurence in heterocyst frequency of Anabaena sp. (Asp) regenerated from 
(a) "snep kwai", (b) luffa, (c) soil and (d) charcoal. [In fig, 'c ·refers to control samples; 'k ', 
'luf', 's' and 'char ' refers to samples regenerated from immobilization in kwai, lujja, soil 
and charcoal respectively. 'm' indicates the age (in months) y' the age in years of the 
preserved samples.} 

128 



10 10 . 9 . 9 :z: :z: 

~~ 8 .S- 8 11" 
E .c 1 E .c 7 c .. c .. 

i1i 6 f ~ 6 
"S°" 5 5 

I 
;: ~ t: ~ . ... 4 

.... 4 n • • •• -.. •u 
• ::> 3 • ::> 3 Ii 'I c.., 

!' - 2 • !! 2 !! ... !I ... 
z 1 z 1 

0 0 

1 2 3 1 2 3 4 

Samples 
(a) 

Samples 
(b) 

9 10 

~- 8 ~-
9 

"ii~ 7 1i ";" 8 
E .c E .c 7 c .. 6 . c .. 

i~ f ~ 6 
5 ... .. - 5 

: :- 4 
u :I. .... 4 •• •• 

; ~ 3 - u • ::> 3 i -e 2 
c.., 
•o 
go - 2 !! ... :. a. 

z 1 z 1 

0 0 

1 2 3 4 1 2 3 

Samples Samples 
(d) (c) 

Fig 5.9: N itrogenase activity of Nostoc sp. (Nsp) regenerated from, (a) 'snep kwai' after one 
year of preservation, (b) from luffa after nine months of preservation, (c ) from soil after 
one year and six of preservation and (d) from charcoal after one year of preservation. (Note: 
column] refers to the control sample in each case; for fig a, column 2 and 3 represents the 
nitrogenase activity of regenerated samples at the end ef 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 
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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 mentioned earlier, soil has already been attempted as a base for carrying cyanobacterial 

inoculum for field applications. The use of betel nut covers for immobilizing cyanobacteria 

was a significant step forward towards development of suitable and economical carrier of 

cyanobacteria for such applications. Our experiments suggested that cyanobacteria could 

temporarily be preserved on betel nut covers for duration up to twelve months. This period 

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 of betel 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 biorertilizer and bioremediation 

programmes. The following chapter describes the experiments conducted to establish 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. 

• Luff a cylindrica was found unsuitable as the holding capacity was much less 

due to its porous texture. 

• Initial inoculum load was fuund to have a definitive role in influencing the 

duration 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 Lad ha 

1992; Roger and Kulasooriya 1980; Metting 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 alternative carrier solution of these 

strains to site of applications. 

133 



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 fult 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 ory=ae 
Meghala) a 

2 RF2 
Rice fields Near NEHU Campus 

Plectonema borvanum 
Meghalaya 

3 RF3 
Rice fields Near NEHU Campus 

'vostoc sp 
Meclialava 

4 RF4 
Rice fields Near NEHU Campus Anabaena oryzae 
Meghala) a 

5 RF5 
Rice fields Near NEHU Campus 

Aphanothece sp 
Meghala) a 

6 RF6 Rice fields Near NEHU Campus Nostoc sp 
Meghalaya 

7 RF7 
Rice fields Near NEHU Campus Anabaena sp 
Meghalaya 

8 RF8 
Rice fields Near NEHU Campus 

Ca/othnx sp 
Meghalaya 

9 RF9 
Rice fields Near NEHU Campus 

\ostoc sp 
Meghalaya 

10 RFIO 
Rice fields Near NEHU Campus 

\ostoc sp Meghalaya 
II RFIJ Umkhen Jamila Hills M eghala) a Tolvpoth1 ix sp 
12 RF/2 Ummm R1 Bh01 Meghala) a \ostoc sp 

13 Rf/3 Nong;tom West hhas1 Hills 
-lnahaena sp 

Mecliala) a 

14 RF 1-1 
Mawphlang.Fast hhas1 Hills 

I Meghala} a 
\ OS(Oc ~p 

15 RF/) Sv ntu Ks1ar Jamlla Hills 4nabaena sp 
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M Cl!halav a. 

16 RF/ 6 
Sy nt u Ksiar. Jaintia Hills. 

Nostoc sp. 
Meghalaya. 

17 RF/ 7 
Syntu Ksiar. Jaintia Hills. Anabaena sp . 
Meghalaya. 

18 RF/8 
Syntu Ksiar. Jaintia HiJls. 

Nostoc sp. Meghalaya. 

19 RF/ 9 
Syntu Ksiar. Jaintia Hills. 

Nostoc sp . 
M eghalaya. 

20 RF20 
Sy ntu Ksiar. Jaintra Hirts. 

Gloeocapsa sp. 
Meghalaya. 

21 RF21 
Syntu Ksiar. Jaintia Hills . 

Anabaena variabilis 
Meghalaya. 

22 RF22 Rice fields . Guwahat.i, Assam Nostoc sp. 
23 RF23 Rice fields. GuwahaH, Assam Nostoc sp . 
24 RF24 Rice fields Som-.aou..Assam Anabaena sp . 
25 RF25 Rice fidds. San.apur..Assam Pl.ectonema sp . 
26 RF26 Rice fields. Sonaour.Assam Nostocsp . 
27 RF27 Rice fields. Ba!!Ml.Assam Nostoc sp . 
28 RF28 Rice fields. Ba.~ri.Assam Calothrix sp. 
29 RF29 Rice fields . Derg;ion,Assam Wesliellopsis sp. 

30 RF30 Rice fields. Dergaon. Assam 
Cytinarospermum 

fer til isma 
31 RF31 Rice fields. Golaghat, Assam Anabaena sp . 

32 HSI 
Jalcrem not sprmg West knasi Hills . 

Mastiglcladus laminosus 
Megbalaya. 

33 NA/ 
from .-tRtlltXeros punaaRls 

Nostoc sp . 
(NEHL') 

34 NA2 
froo:: .~~ 

NostocANTH (Nl:Hel 

35 NA3 
From Anlhoceros psmclatk$ 

Nostocsp. 
(Mawob.lai:i~ 

A visual screening establislrd that a.!1 35 isolates showed coloniiation of rice roots 

to varying degrees (Fig 6.1). 

Fig 6.1: Rice root colonization by cyanobacteria 
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Of these. 21 showed tight association with nee 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 
me if h · d d if ) an o t ree m e pen ent sets o experiments . 

Chlorophyll 
Nitrogenase activity Associated nitrogenase 

Serial Sample Sample nmol C2H4 activity nmol C2H4 
no. number identified as 

a (µgig root 
produced/ µg chi a/h produced/ µgig root dry 

dry weight) (free-living) weight/h 

I RF l 
Anabaena oryzae 

432 5 I 7 32 

2 RF3 Nostocsp 505 63 8 22 

3 RF4 
Anabaena oryzae 

412 43 5 91 

4 RF6 .Vostocsp 378 38 5 12 
5 RF7 Anabaena sp 682 70 10 62 
6 RF8 Ca/othru: sp 565 64 8 60 
7 RF9 Nostoc sp 398 49 5 72 
8 RF/3 Anabaena sp 518 62 8 43 
9 RF/4 Nostocsp 501 60 7 87 
10 RF/6 Nostocsp 619 78 9 76 
II RF/9 Nostoc sp 583 68 8 74 

12 RF21 
Anabaena 

467 49 6 13 vanab1/is 
13 RF22 Nostoc sp 453 52 6 87 
14 RF23 Nostocsp 466 59 7 59 
15 RF24 Anabaena sp 379 49 5 73 
16 RF26 IVostoc sp 475 59 6 91 
17 RF27 .Vostoc sp 498 65 7 40 
18 VA I lv'ostoc sp 663 74 10 33 
19 \'A 2 "lostoc ANTH 493 7 I 7 84 
20 \A 3 \ostoc sp 488 64 7 74 

21 HS/ 
Mast1gocladus 

324 3 I 4 66 !ammos us 

The main objective of finding 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, RF16 and NAJ exhibited higher associative nitrogenase activity and 
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therefure, were selected as potential biofertilizer strains to be preserved for future stooies. A 

point to note is that two of these imlates were collected :from rice fields that recorded pH in 

the acidic range (6.2 fur isolate RF7 and 6.8 for RF16). Thus, these cyanobacteria are 

adapted to low pH and coukl be kept in mind as biofertilizer for acidic rice fields. 

Co-cuJtivati>n showed positive influence on the health of rice plants as well 

Cyanobacterial association bad significam beneficial impact on the overall growth of rice 

seedlings (Fig 6.2). 

Fig 6.2: Positive influence of cyanobacteria on the growth ofrice plants 

Seven experimental set ups each comprising ten seedlings were used to study the 

effect ofrice-cyanobacteria co-cultivation on the overall growth of rice plants. Rice variety 

DR-92 and cyanobacteria RF7 was U5ed for the experiment Root and shoot lengths and their 

respective dry weights of the associated rice seedlings were calculated after co-cultivation 

period of30 days. A parallel experiment was also run with rice seedlings growing without 

cyanobacteria to compare the difference brought about in growth of rice seedlings in 

presence and absence of cyanobacteria in their vicinity. Table 6.3 gives the details of the 
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experimental results. A distinct encouraging difference was seen m rice seedling grown 

along with cyanobacteria. 

Table 6.3: Comparative root and shoot lengths and their respective dry weights of r~e 
seedlings grown in presence and absence of cyanobacteria. (Values are mean of three 
independent sets of experiments each containing ten seedlings). 
SI no Root lengths (cm) Shoot lengths (cm) 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.I 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 0.155 

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, RFJ 6 and NAJ 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 fur 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, RFJ6 and NAJ were immobilized on betel nut covers (5 ml 

cyanobacterial culture with chlorophyll a content of 10 µg mr 1 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 fuct that nitrogenase activity ofassoc iative cyanobacteria was found to be higher 

than that of the free- living cells (Tab le 6.2), associative nitrogenase activity of regenerated 
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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 act1v1ty of 
cyanobacteria (RF7, RF16 and NAJ) regenerated after one year of preservation 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 (µg/g root dry activity activity n mol C2 Hi 

weight) nmol C2Hi produced/ µg/g root 
produced/ µg chi dry weight/h 
a/h (free-Ii ving) 

I RF7 Anabaena sp. 696 7.32 I0.55 
2 RF/6 Nostoc sp. 612 7.56 9.48 
3 NAJ Nostoc sp. 668 7.23 I0.19 

6.4 ()15N analys~ 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 (Vario EL 111 Elementar) was used to investigate the 15N 

transfer between the two partners. Following formula was used for calculation of o15N: 

515N (%0) = [(R samplefR standard)-1] X 100 

Where R = 15N/ 14N ratio and the standard is the dinitrogen of air, defined 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 plant uptake continuously causes 15N enrichment of 
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soil N and depletion of atmospheric N (Azam and Farooq 2003). Because of the difference 

in natural 15N abundance, N1 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 et al 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 I lo 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 finely ground and the powdered sample used for analysis. In 

two parallel experiments, rice plants were grown without association with cyanobacteria and 

with regenerated cyanobacterial samples. In Table 6.5, natural 8 15N 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: 815N values ofN2-fixing 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 

o '~N value ("8) 
4.82±0.12 
1.65±0.18 

I. 98±0.24 

All thirty five cyanobacterial isolates were able to colonize rice roots to varying 

degrees (Fig 6.1 ). Thus it appears that co Ionization is favoured by both organisms and there 

seems to be no adverse reaction to such close proximity by either of them. Twenty one of 
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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, RF 16 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%0 while that of the 

plants associated with free-living RF7 was 1.65%0 (Table 6.5). This indicated that significant 

amount of nitrogen was derived from nitrogen fixation by the associated cyanobacteria. 8 15N 

value of 1.98%0 obtained from rice seedlings associated with RF7 sample regenerated from 

immobilization on fibres of betel 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 cyanobacteria (Anjana et al 2007; El-Enany 

and Issa 2000; Cain et al 2008; Inthorn 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 Issa 2000; and Cain et al 

2008; Inthorn et al 2002). Microbial biomass can passively bind large amounts of metal(s), a 

phenomenon commonly referred to as b iosorption, thus providing a cost-effuctive 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 of Megha laya 

(Table 6.6). 

Table 6.6: Cyanobacterial isolates collected from coal mining sites in Meghalaya. 
SI.no. Sample no. Origin ofsample(s) Sample identified as 

I CMI Coal mm mg site East khasi hills Meghalaya Anabaena sp 
2 CM2 Coal mm mg site East khas1 hills Meghalaya Nostocsp 
3 CM3 Coal mmmgs1te Jo\\ at Jamila Hills Meghalaya Nostocsp 

4 CM4 
Coal mm mg site Ladt) mbat Jamila Hills 

Nostocsp 
Meghalaya 

5 CMS 
Coal mm mg site Ladt) mbai Jamila Hills 

Vostocsp 
Meghalaya 

6 CM6 
Coal mm mg site Khhehnat Jamt1a Hills 

Anabaena sp 
Meghalaya 

7 CM7 
Coal mmmgs1te Khhehnat Jamila Hills 

Anabaena sp 
Meghalaya 

8 CMS Coal mmmgs1te Khhehnat Jamtia Hills Anabaena sp 
Meghalaya 

9 CM9 Coal mmmgs1te Jm\at Jamila Hills Meghala\ a \ostoc sp 
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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 al 2003). 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 samp Jes. 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 ofcyanobacteria in removal of heavy 

metals from contaminated water has been well established by a number of researchers 

(Anjana et al 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 all collection sites. 
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(a) (b) 

Fig 63: Light microscopic pictlICS of Amrbm?Ra sp. (a) aIXl Nostoc sp. (b) selected for tlr 
study 

For evaluating metal re rm val potentill of these cyanobacterial strains, exponentially 

growing cyaoobacterial cultures were concentrated by centrifugation and then were 

resuspended in BG l lo rredium containing 0.02 mM cadmium sulphate or zinc sulphate. 

Iocreasing concentration of Cd aIXl Zn in the growth medium negatively affected the growth 

ant other metabolic characters in both the cyambacteria sps. Presence of0.02 mM Cd led to 

visiJle fissures on many cyaoobacterial cells with'.>li altering the cell shape (Fig 6.4 a). 

However, sarre concentration of Zn m the in:d.ium had colll>letely different effect on the 

rmrphology of the cells (Fig 6.4 b). Tir cells in Zn supplemented medium showed osrrotic 

type of stress where mrny cells had become rounded aoo deflated. The connections between 

the cells were rrore 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 rreta l (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, distribinion of the removed ions on and within the cells 

was calculated using the following method. To find out the amount of heavy metals 

precipitated on the cell surfuce 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 I 0 

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 at 5000Xg. 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 m 48 h Cd Zn Cd Zn 
(A) Total metal tons removed from the medium 61 75 53 62 
(8) Precipitated on the surface (ofremoved metal) 6 6 6 6 
(C) Adsorbed on the surface (of removed metal) 80 67 77 70 
(D) Accumulated mtracellularly (of removed metal) 12 23 16 22 

(E) Unaccounted metal 10ns 2 2 1 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. Of the 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 of the 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 fold 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 

of the 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 (l 2% ). 
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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 reducing 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 of 0.02 mM cadmium or zinc, as well as in combination 

of one heavy rretal (0.02 mM) and cyanobacteria (CM9) at a concentration of 10 µg m1-1
• 

0.02 mM cadmium and zinc was found to be tori:: to rice plants. Fig 6.7a shows that 

exposure to this concentration of CdS04 led to death of rice seedlings within 6-8 days. 

However, inclusion of cyanobacteria significantly rech..ced the toxicity (Fig 6.6 b ). 

(a) (b) 

Fig 6.6: (a) Effect of cadmium toxi:ityon ri:e seed lings ; (b) protection to toxi: ity offered 
by preseoce of cyanobacteria 

Table 6.8: Corq>arative root arxi sroot length of rice plantlets grown in cadmium 
supplerrented iredium, with aro witho ll cyanobacteria. (Values are mean of three 
independent sets of experiments). 

Root length (cm) Shoot length (cm) 

Control (A) 
0.02mM {B) + 

Control 
0.02mM (B) + 

cadmium (B) cyanobacteria cadmium (B) cyanobacteria 
8.9 5.5 5.6 17.7 11.3 14.7 
9.3 5.2 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 l l.l 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 

Avera2e Avera2e Avef32e Avef32e Avera2e Averru!c 
10.11 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 38.11 % 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 

vicinity ofrice seedlings had definite 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 a II 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 K ulasooriya 1980; 

Venkataraman 1981; Metting 1988; Albretch et al 1991; Roger and Ladha 1992; Whitton 

2000). However, potential of the 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 species of orchids 

(http://megtourism.gov.in/flora.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. Of these, 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 k:ls 

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 for a period of six to nine months 
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on the dry charcoal. Upon return of favourable coooitions of growth, these immobilized 

cyanobacteria proliferated in the medium am were found to retain their nitrogen fixing 

ability. Therefore, charcoal pieces along with cyaoobacteria couk:i be excellent potting 

material for orchrls as the cyanobacteria wouki be able to continuously provide fixed 

nitrogen to the plants. This wouki eliminate t~ need for any added supplements to the plant 

ror promoting better growth, shorter duratxm between flowering and longer floral lifespan. 

Based on our observations, we m~ studied perfon:nan:e of cyarobacteria immobilized on 

charcoal in supporting better growth etc of orchid pantlets. 

Dendrobium aphylum plantlets were germinated from seeds in the culture room 

using rredium (Murashige and Skoog 1962 ; Das et al 2007). The plants were hardened 

insi:ie the culture room and fmally tramferred 0-n to disposable plastic cups containing soil 

a.rxi cmrcoal chips (Fig 6.7). 

Fig 6.7: Plantlets of orchid being grown on clmcoal chips containing immobilized Nostoc 
filaments. 

In another set, the charcoal chips used for orchid transfer were pre-inoculated with 

Nostoc sp. cultures. After a month, better growth was distinctly visible in the pots 
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containing charcoal with cyanobactern cells (Fig 6.8 b). The pots were only watered every 

two days throughout the experiment. No other nutrient was added. 

(a) (b) 

Fig 6.8: (a) Orchid plantlets growing on un-supplemented charcoal (b) better growth of 
orchid p lantlets growing in preserx:e of immobilized cyaoobacteria on charcoal. 

On close inspection cyanobacterial cells were fOund adhered to the individual orchid 

roots (Fig 6.9). 

Fig 6.9: Cyanobacterial filarrents adhering to the roots oforchid plantlets 

The overall growth, the root size (length an! thickness) and shoot appearance (the 

individual leaf size) was higher in the pots with Nostoc cells than in the plants used as 

reference without the immobilized cyanobacteria (Fig 6.10 a, b). 
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(a) 

(c) (d) 

Fig 6.10: (a, b) Healthy orchrl plantl:ts growing in presence of cyanobacteria; (c, d) poor 
growth of orchid plantlets on un-supplemcnted charcoal 

6.10 Salient findings 

• Rice fields provrle ideal conditions toc growth of cyanobacteria. All collections 

from diverse rice fields yiekied one o f more cyaoobacteria in the collection even 

though most rice fields in tlr state recorded acidM:: pH arxi cyanobacteria are 

known to prefer neutral to alkaline pH. 

• All individual cyanobacteria1 isohtes were capable of colonizing rice root albeit 

to varying degrees. 

• Close association of cyanobacteria with rice roots resulted in better growth of 

these p !ants. 

• Due to their abundance in acidic soils of Meghalaya coupled with higher 

associative nitrogenase activity wben in close proximity to rice seedlings ; RF7, 

RFf 6 and NAJ can be projected as likely candidates for biofertilizer programme 

in acidic rice fields . 
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• Evidence ofbio logically fixed nitrogen transfer was obtained using o 15N analysis. 

• Negative effects were seen on morphology and growth of cyanobacteria when 

subjected to increasing 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 approximately 36% and 22% in the growing root and shoot 

lengths of rice plant lets. 

• There was positive indication of better growth of orchid p lantlets that were grown 

on charcoal containing immobilized cyanobacterial filaments. 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 Cyanobacterial spores 

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 al 2007). These spores exhibit profuse 

growth and multiplication when fuvorable 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 conditions 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 spores' ability to germinate back into viable 

cells and express desirable characters after cyanobacterial cells have spend a considerable 

amount of time 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 rK:e 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 

rK:e roots. All isolates except Mastigocladus sp. were maintained at 25 ± 2°C and at a 

photon fluence rate of 50 µmol m-2 s- 1
• Mastigocladus sp. was maintained at 45°C in D­

medium in batch cultures and with a photon fluence rate of 50µmol 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) (Jn table, +indicates positive association between rice roots and cyanobacteria 
and++ indicates tighter association benveen rice roots and cyanobacteria.) 

SI. No. Samples Sample no Strains 
Location from which Association with 

collected rice roots 
I A RF 16 Nostoc sp. Meghalaya ++ 

2 B RF2 
Plectonema 

Meghalaya 
borvanum 

-
3 c RF3 Nostoc sp. Meghala\a + 

4 D RF4 
Anabaena ory::.ae 

Meghalaya ++ 

5 E RF5 Aohanothece so. Meghalava -
6 F RF6 Nostoc sp. Meghalaya ++ 

7 G RF7 
Anabaena sp. 

Meghalaya + 

8 H RF8 Calothrix sp. Meghalaya + 
9 I RF9 Nostoc sp. Meghalaya ++ 
JO J RFJO Nostoc sp. Meghalaya + 

II K HSI 
Mastigocladus 

laminosus 
Meghalaya ++ 

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 I Anabaenafertilissma 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 

Different treatment 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 find the best possible 

parameters to induce sporulation in these isolates. Best results were obtained when N2-

grown cultures of different cyanobacteria were transferred to sulfate limited BGI lo media 

and phosphate limited BGl lo 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. I). In some strains that were 

isolated from high temperature regions such as the Ma~tigocladus laminosus from hot 
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spring, Jakrem (Meghalaya) and Nostoc sps. collected from Uttar Pradesh, sporulation could 

be induced by simply maintaining the cultures at much lower temperature of 10±2°C. These 

cultures when maintained at lower temperahre in sulfate deficient media resulted in quicker 

and profuse (- 90- 95%) induction of sporulati>n within 7 -10 days (Fig 7.2). 

(b) 

(d) 

Hg 7.1: Sporulation in cyanobactern (a) Differemial degree of sporulation observed in 
experimental samples (b) effect of phosphate fun:itati>n on cyaoobacterial cultures (c) effect 
of sulfate limitation on cyaoobact.erial cukures (d) complete sporuJation in sozre 
cyanobacterial strains. 

Fig 7.2: Sporulation in Mastigocladus laminosus due to temperature difference. The flask on 
le ft was kept at 4 5 °C (idea I growth temperature) and the flask on the right was kept at 10°C. 
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7 .2.3 Spore counting 

Spore counting was done as percentage of total cell population by light microscopic 

observation using 0 lympus BX 51 light microscope. 

7.2.4 Spore storage 

The spore samples of the 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 for generating large number of spores in a short duration of time. This observation 

is consistent with the earlier report of Kyndiah 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 of the 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 sulfate 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 

for further study (Table 7.3). 
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Table 7.2: Percent sporulation (on day 30) of the selected cyanobacterial isolates. 

SI. No. Samples Strains 
Percent 

sporulation {%) 
I A Nostoc sp. 98 
2 c Nostoc sp. 86 
3 D Anabaena sp. 87 
4 F Nostoc sp. 90 

5 G Anabaena sp. 86 
6 H Calothrix sp. 88 
7 I /Vostoc sp. 94 
8 J Nostoc sp. 92 
9 K Mastigocladus laminosus 98 
10 L Anabaena sp. 96 
11 M Nostoc sp. 78 
12 N Fischerel/a sp. 80 
13 p Anabaena /ertilissma 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. 
SI Samples Strains Location from which Percent sporulation 
no. collected (%) 
l. A Nos toe sp. Meghalaya 98 
2. K Mastigocladus sp. Meghalaya 98 
3. L Anabaena sp. Assam 96 
4. Q Nos toe sp. 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 into fresh BGI 10 media after every three months interval of storage 

at a final concentration of 2 X 106 spores mf 1 , to study spore germination. I 0 µI of the 

above spore solution was also plated on nutrient agar to count the number of viable colonies 

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 7.3: (a) Germination of spores on nutrient agar plates (plate I shows spore germination 
while plate 2 represents a control plate), (b) Profuse germination of Mastigocladus 
laminosus filaments from spores. 

Within 24h of transrer to fresh media, the spore wall ruptured and filaments started 

to appear in the media. Fig 7.3a shows the high germination of spores in nutrient agar as 

compared to similar number of vegetative cells plated at the same time. The growth of the 

filaments was profuse for next 120 h (Fig 7.3 b). 100% spore germination was observed 

within 148h. Light was an important :factor fur spore germination as spores did not 

germinate in the dark at all This confirmed the earlier reports by Fay 1969; Yamamoto 

1976; Chauvat et al 1982; Reddy et al 1975. 

7.3.2 Growth, Heterocyst frequency and Nitrogenase activity 

Fig 7.4, 7.5 and 7 .6 compares growth as increase in chlorophyll a content, heterocyst 

frequency and nitrogenase activity respectively of cultures regenerated from spores to their 

free- living counterparts after the spores were stored fur one, two and three years in 

desixated state. Measurements were taken on the gth day. Hectic growth activities were seen 

in all strains when spores were returned to :favorable growth conditions in the form of ideal 

media, light and temperature. Growth measured as increase in chlorophyll a content was 

always fuund higher than the free-living counterpart (Fig 7.4). Heterocyst frequency and 

nitrogenase activity fullowed a similar trend. Higher heterocyst frequency was observed in 

all cultures regenerated from spores in K (1st, 2nd and 3rd year samples) consistently. There 

was evidence of doubJe 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 (µg 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: N itrogenase activity of the regenerated cyanobacterial samples as compared to their 
free- living batch cultures. 
[In figs 7.4, 7.5 and 7.6, columns 1, 5,9,13 and 17 represent the control cultures of samples 
A, K, L, Qand Trespectively. Columns 2, 6, JO, 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 r1 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 (transrerase) and nitrate red uctase activities were studied in the 

regenerated spore samples. Table 7.4 compares these activities in cyanobacterial cultures 

regenerated from spores after I 5\ 2"d and 3rd year of storage and their control free-living 

counterparts. As evident from the table, these biochemical parameters remained unaltered 

throughout the period of storage as spores. 

Ta hie 7.4: Comparison of glutamine synthetase (transferase) and nitrate red uctase activities 
in cultures regenerated from spores of cyanobacteria. 

GI utamine 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 51 year) 767 ± 7 2.16 ± 0.15 
A (2"d \ear) 784 ± 5 2.20 ± 0.13 
A (3'° vear) 721 ± 5 2.14 ± 0.13 
Control K 2442± 121 9.02 ± 0.6 
K( 1'1 'ear) 2450± 125 9. 14 ± 0.5 
K(2" 0 vear) 2464± 123 9.16 ± 0.4 
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K(3'ct year) 2121± 122 9.02 ± 0.6 
Control L 789 ± 9 3.21 ± I. I 
L(I st year) 799 ± 9 3.34 ± I.I 
L(2"ct year) 801 ± 8 3.23 ±0. 9 
L(3'ct year) 782 ± 6 3.29 ±I.I 
Control Q 781 ± 5 2.28 ±0. 7 
Q(l'1 year) 780 ± 6 2.35 ±0.8 
Q(2"d year) 792 ± 8 2.48 ±0.7 
Q(3'd 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"d year) 779 ± 5 2.07 ±0.11 
T(3'd 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. Tab le 7 .5 

showed higher nitrogenase activities in the cyanobacteria associated with rice roots and 

submerged shoots of the co-cultured rice seed ling 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 biotechnobgical 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 JO l ++ . d. t" ht . t. b t b t . d . t) rom pants. m 1cates 1g er assocw wn e ween cyano ac ena an nee roo s. 

SI no. Samples Strains Colonization Nitrogenase activity of Nitrogen ase 
ability free-living cultures activity in 

(nmol C2"4 produced/ association mth 
µg chi al h) rice roots (nmol 

C2"4 produced/ 
µg chi al h) 

I. A Nostoc sp. ++ 5.7 7.0 

2. K 
Mast1gocladus ++ 7.4 9.7 

lammosus 
3. L Anabaena sp. ++ 6.2 7.7 
4. Q Nostoc sp. ++ 4.7 6.2 
5. T Nostoc sp. ++ 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 

(Wolk 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 of phosphate and takes time to 

deplete (Kyndiah and Rai 2007). 

In the present study sulfate limitation was found to be a more definitive 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 l 0°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 (10-12°C). It was a consistent observation during the 

study that all cyanobacterial spores exhibited profuse and immediate germination and 

subsequent growth on return of fuvorable 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 of fuvorable 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 cylindrica 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 cultures 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 biofertilizer. 

7 .5 Salient findings 

Thi'> chapter investigated the possibility of considering spores as a natural means of 

preservation of certain cyanobacterial strains. Some salient findings ofthi'i study are: 

• Many cyanobacterial strains produce spores under adverse conditions. In the 

laboratory simple modifications in media composition 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 ravorable 

conditions. 

• They can be stored safely for 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 of time. 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 of studies 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 cyanobacteria were selected for the study. Several modifications 

were introduced in the existing methods to make them more user-friendly and applicable. 

Some salient findings of the 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. A// 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 find the suitability of the 

methods and also to find 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 handling, 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 protective packing material 

around instruments. Thus, use of such material is highly cost effective and is 

convincingly efficient in preservation ofcyanobacteria 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 survival and performance of regenerated samples from the 

different preservation matrices and materials. A higher concentration of initial 

inoculum (at least 10 µg/ml chi 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 find suitable carrier material for short term preservation of 

cyanobacteria. Betel nut covers, soil, Luffa cylindrica, charcoal chips were used for 

preservation of cyanobacteria. Among these, dried Lufja 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 definitive 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 for preservation of cyanobacteria 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 

reasible option. An interesting observation that resulted from this study was that 

charcoal also could maintain cyanobacteria viable for at least a period qf six months 

upon immobilization and thus, such charcoal chips containing cyanobacteria could 

be projected as a rich potting material for plants such as orchids. 

170 



• 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 of Meghalaya 

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, RF 16 and NA 1 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 using8 15N analysis. Negative effects 

were seen on morphology and growth of cyanobacteria when subjected to increasing 

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 return of fuvorable 

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. N itrogenase activity of these cyanobacteria 

was found to be higher in the associative state than in their free-living counterparts. 

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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Significance of C) anobactcrial di\ cr~it)' in different ecological conditions of 
Meghala)a, India 

'\1a}ashrt>e B ~yiem", B Ba!>hisha Nongbri. A Pinokiyo, Amrita Bhattacharjel', Natasha A 
'longrum and Luwmburgh H}nnicwta 
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Abstract Tre present studf deals with preliminary mvest1gat1on of cyanobactenal d1vers1ty 111 Meghalaya A total of 
75 samples were collected from 10 different ecosystems and analyzed 65 strains of cyanobactena isolated under 
11 genera mclude No:,/o< Anabaona Calothm. Cy/mdrospermum Gleocapsa F1scherel/a Pleclonema Tolypothnx 
St1gonema Lonei/a and Westtelloos1s Nostoc was most abundant D1vers1ty analysis 1nd1cated maximum Shannon s 
d1vers1ty mdex (HJ 1n Mawla1 Highest Simpson s d1vers1ty index was seen m Sung Valley (0 75) Both Shannon sand 
S1ripson s diversity nd1ces were lowest 1n Mairang Richness was highest 1n Sung valley and Syntuks1ar with both 
ttie sites supporting 1 7 strains each A1though highest d1vers1ty was recordeo from Mawta1 richness recorded at 
this site was or y 1 1 strains thereby 1nd1cat1ng nchness need not be a function of d1vers1ty m this region This study 
revealed the cyanobactenal strains which can withstand ac1d1c pH and prevail 111 the region A study on colo111zat1on 
also 1dent1f1ed some potential b1ofert1hzer strains from the region such as Nostor p11nct1formo Nostoc m11sc11mm 
and Anabaena azol/ae that coula be effective m ac1d1c crop fields 

Keywords Northeast India B1od1vers1ty hot spots Cyancbactenal d1vers1ty Shannon s index and Simpson s d1vers1ty 
index 
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lable I. (\anob.H.:tcrial Collec:t1on ;ite; 
L°"ality Location "lo. of T)pe of ecosystems 

Longitude Latitude samples 

S711tu K;iar 9:'.0 12'39''F. 2s·2s·s9 .. '.\i 8 Rice field. soil, water 

Ma\\phlang 9F45'37"E 25"2T02"N 7 Soil, water, tree barks 

Sung valle~ 92"06'15"E 25°:10'09"1' 8 Rice field. soil. water 

Nong;toin 91°!6' l4"E 25°30'3-l"N 8 Rice field, soil, water 

\.1airang 'W38'26''F 25°3J'55"N 7 Soil. \\<ater. tree barks 

·1ree harh rice fields. 
25"35'4T'N 8 \1awla1 91'52' l l"E 

sotl. \\ater 

Rice field, soil, water, 
\.fawrnh 91°5:3. 54"E 25°35'54";>.; 7 

tree bark\ 

l rn"her 92"07'5 l"E 25"36'18"N 7 Soil, water, tree bark~ 

Tree barks. SOIL water, 
l miam 91°54'1 l"E 25°39'59"'.\I 8 

rice field 

25"42'59"'1'; 7 
Stagnant pond, rice fields, 

soil 
Cmsnrng 91°54'lO"'E 

fotal number of ~amples collected ·. 75 

interplay among such favourable and adverse conditions 
that has resulted in shaping the distinct biodiversity of 
the region. Keep:ng these facts in view. we have collected 
sample• from diverw ecos;rstems to a<>sess 
cyanohacterial di\e1~it;. ofthe state Since. cyanobacteria 
have immense potential for varied biotechnological 
application-;. the prc>cnt invcGtigation was undertaken 

to get a database of available cyanobacteria (blue green 
algae) under diverse ecological condition~ in different 
districts of Meghalaya. 

Table 2. Distribution nf strain<; '~ithin genera in different localitic<; 

Localities 

Genu~ ,.. 
.,,; 
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MATERIALS A~D :\1ETHODS 

Study Area: Four districts of Meghalaya namely East 
Khasi Hills. West Khasi ! !ills. Jaintia Hills and Ri Bhoi 
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<;ample .:ollcl.l~d 
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Table J. Generic diversity indices and dominance for difTm:m localities. 

OJ: = t- .. ot ::c ..c .f fl = j 0 .. Q. ... 
" ~ ... i' it it .. -::: ·; .. .. .. 
~ .: ~ ~ ~ ~ 

Shannon-
Weiner's L002 1.976 I 11 1.09 

Diversity Index 

Simpson's 0 52 0.71 0.60 0.61 
Diversity index 

Simpson's 0.48 0.29 0.40 0.39 
Dominance 

Cyanobacterial 9 11 14 14 
richness 

were chosen for the study. Samples were collected 
randomly from different types of ecosystems: terrestrial 
ground. terrestrial epiphyte and aquatic (Table. I). The 
sites were selected carefully to include diverse 
environments in terms of altitude, 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 of different trees. pH 
of the collected samples wa~ analysed using the method 
described by Black in 1992. 
Isolation, purification and culti\-·ation or cyanobacteria: 
Isolation and purification of cyanobacterial strains were 
carried out a\ described by Packer and Glazer ( 1988). The 
pure strains were maintained in BG-11 .. media (Rippka et 
al. 1979). -

Growth, beterocyst frequency and nitrogenase acti\'itics: 
Growth wa<; measured as increase in chlorophyll a content 
(McKinney, 194 l ). Heterocyst frequency was calculated 

= ·s 
~ = 0 .,_ 

1.23 

0 61 

0..19 

12 

>. ... 
~ .. 
;; ] = o£ 

"' > s .. = 2: 
"' 

.: ·a l>t ;: .$ .s. "' ·;;; 
= E E Cl "' .Ji• ~ VJ ;,;;, ..; ;.;.. 

1.624 l.476 1.414 1.359 1.359 1.63 

0.75 067 0. 71 0.68 0.68 0.68 

0.25 0.33 0.29 0.32 0.32 032 

17 17 11 10 JO 65 

a'> percentage of total cells by u~ing an Olympu!> BX 51 
light microscope (\Volk, 1965). The results are mean of 
three independent observations. Nitrogena;c activity 
was estimated in vivo by gas chromatography using the 
ocetylene reduction assay. 5 ml liquid culture was placed 
in a 15 ml serum vial and I ml air in the tube was replaced 
by 1 ml of pure acetylene. These \·ials were incubated for 
1 hr at 25± I °C with constant shaking. The ethylene 
produced in each vial was determined using a rra..:or 540 
GC with a Porapak ·r column and a flame ioniLation 
detector (Stewart et al. 196 7). 
Immobilization for presf.'rvation: The purified strains 
were preserved by immobilization in calcium alginate 
beads (Musgrave .:t al. I 982). The viability of the ~trains 
under preservation was established by regenerating the 
isolates periodically in liquid media. Regeneration of the 
immobilized filaments was confirmed visually. 
I\ itrogenase en7yme was assayed in the regenerated 
cultures lo ascertain no Joss of this crucial character in 
the isolates due to preservation. 
Richness and diversity of cyanobacteria: Genera werl' 

Table 4. Colonization study: Associated chlorophyll u content and comparative nitrogcnasc adl'vities of associated 
isolates to their free-living counterparts. 

\mtoc 

SI. ~o. Isolate Associative chlorophyll 
no. a (µg 1:(1 root dry 'M't) 

~itrogenase activity 
F rtt-li"ing isolates Associated isolates 

(nmol C1114 produced µg 1 (nmol C:H4 produced 1•g 1 

chi a h" 1) chi a h.1
) 

27 987 7 92 12.56 

2 12 782 7 20 9.69 

3 28 767 6.88 9AI 

4 29 532 6 53 7.31 

5 18 519 6.41 7.22 

6 4 411 6 35 6.65 

7 7 168 6 32 6.67 

8 8 362 6 21 6 49 

9 20 310 5.IJO 6.11 
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idcntifkd under microscope v. ith the help ofDesik.achary 
( 1959) and ~trains were sorted out on the basis of 
morpholog), Total number of strains under each genus 
wa:> counted for estimating diver!'>it> and richness of 
c:anooacteria m stud} area, Generic diversity was 
esllmated b)' Shannon-Weiner Index (H) (Shannon and 
Weaver. 1949) and Simpson'> diver..ity ( 1-D) (Simpson 
1949) using the following formulae: 
Shannon-Weiner Index. H = -I:pi In pi 
Simpson's Dominance, D =- ~ (pi)2 

Simpson's Diversity Index. 1- D = 1- !: (pi)1 

where pi= Total number of strains of genus i/total number 
of all strains. 
Rice-c)anobacterial colonization study- Rice plant<; 
(On::u Mltii'a L.) focal \'ariety 'S)nleng· was collected 
from ICA R-'-:Eli Region Complex {Umiam. Shillong. India). 
The seeds were washed and surface sterilized using 1% 
sodium hypochlorlte solution for 5 minutes. They were 
then rin~ed thoroughly with ~terile \\-ater and grm\n on 
autoclaved perlite in glass beakers. The~e beakers were 
irrigated with 10 times diluted sterile BG- I I media 
supplemented with 2m\11'\aN0

1 
from time to tlme. 10 

days old rice seedlings were transferred to 15 ml capacity 
tube~ after washing them Y.ith distillL-d \\ater. 5 ml !Ki-11, 
medium \\as p<mred into the tubes carefully dipping the 
roob in the medium. \'mtoc 11!<1mcnt~ from exponenllally 
grtm ing cultures were introduced into the tubes (imtial 
chkirciphy 11,1 c•mtent of the inoculum-; wa~ kept at l pg 
ml per tube). Association \\as confirmed under 
micros.:ope a:. well as by estimating chlororh; II a 
concentration in the rke root~ after removing loosely 
associated tilaments using a sonic bath. 

RESlJt;rs AND DISCVSSI();\" 

Role ofc}anobacteria in impro~ ing soil health and fcrtilit: 
b \\ell !..no\\ Tl. To exploit the full potential ofcyanobacteria 
in mana~ement of soil qualit) and fertilit)' coordinated 
efforts b..:t\\een laboraIOr) and lield le\el r.:search b 
needed. Region-based >p<.'dtic cyanobacterial i-.olate" 
could he more effocti\e in such applicati<ll1> a~ the~ ,ire 
ptc·acciimati<;ed to the c\isting crnironmcntal 
cor.dHion>. I !enc.: a rcgron-~pccdic biodiver>tt) 'tud~ 
i~ 1111po1tant for deri\ing optimum bcncfib from 
indigeiwu~ :.train;. Krnrn h:dg.: of c~anobacterial 
di\cr~it: Pl .; region ma) help in ,elcc:ting appropriarc 
c:<J111>h;1.;tcri.il inLH.ula to be applied a> b10!.:1ttl1/cr 
coi:,or!:a 111 cn1p fields a~ \~ell a~ help in linding ~train; 
\~llh l>thcr h1<J!Cch;10JogicaJ po!ent1.1b. i::Jr!ler \~Chan: 
1cp,1r11.:d 11111.· 'tich .t11ahu.:11.i bolat..: trcl!'1 an ac1d1~ ticc 
liclJ 1:< ( n<:napun1..:.:. \ 1'.:!!h.ii.t) J tl1.1t 1.an µro\\ at h1µJ1 
t.ch.ln11urn t.tJLci.:n:ratton .tnJ i"' c!fi(ti:nt in r~n1i'\ in~ 

t.<1,Jmit.r11"']1cm d al 2<:091 I hu' thi' im..:,:1~.1111111 ,,j 
C)il!Hlhd.:tcr i.d ,Ji\cr~it: j, cuiln;::.:.dh '>iµPit:cim ,t\ 11 

cnunwr,11<:, J1\cr..,it~ .... h.,11d.11Kc·. Jo:'1111dlll<.: , 11c'. 

richne~' nf \,1n<n1' ..:~.tll<Jt'dll..:11a 1n a region "1111 

primarilj acidic soil and water pH. Such finding' arc 
important as they pinpoint biological strains that ..:an nc 
used to improve quality and enhance fertility of acidic 
,oil 
Seventy !he samples \vere collected from ten independent 
sites located in different districts of the state (Table l ). 
Almost all collection sites recorded acidic pH (6-7 in the 
pH scale). Of the total 65 strains isolated (Table 2). 92% 
\\ere heterocystous cyanobacteria. Of which 51 % alone 
wz1s 11/ostoc and 16% was Anabaena. Predominance of 
the genera Nosroc in all collection sites irrespective of 
pH and other influencing factors including terrain. water 
logging. temperature. altitude and moisture content 
indicates towards their versatilit:y, competiveness and 
ability to occupy diverse ecological niches. Growth was 
estimated in all 14 Noswc isolates at pH 6.0 and at pH 7.5. 
Low growth of all isolates in pH 6.0 indicated 
compromi:.ed gro\\th in acidic field conditions. 
Heterocyst frequency of the Nostoc strains at pH 6.0 
was found to be within the range of 4.2 - 8.3% (Fig. 1 a). 
Corresponding nitrogenase activity ranged from 3.9-7 .9 
nmol C

2
H, produced µg·' chi a h· 1 (Fig. I b). When 

compared. the correlation between increased heterocyst 
frequency and nitrogenase activity in the Nostoc isolates 
was evident ...,ith isolate no. 27 showing highest 
heterocyst frequenc)' and nitrogenase activit)' follo\ved 
h;. isolate nos. 12. 28 and 29. 
Syntuksiar and Sung valley in Meghalaya primarily 
constitute widespread rice cultivation areas in the ~tate. 
Statistical analysis revealed high richness and high 
Shannon ·s diver~ity indices in Syntuksiar and Sung valley 
(Table 3). Such values suggest that rice fields provide 
ideal environments for cyanobacterial diversity and 
growth despite the frequent use of agrochemical~ 111 nee 
cultivation in order to enhance yield. In our study 
richness of cyanobacterial genera was found to var: "1th 
respect to pH of a particular collection site (Table 2). 
Although all sites recorded acidic pH. greater dh,ersity 
and larger number of i~olates were gathered from places 
that <;howed pl I clo"e to neutral Prevalence of Yo~trn 
and Anahuenu in all ~ite~ mdicated their res1hcnce and 
hig.h adaptabilit~ in vaned t) pes ofecosystcm~. Howch'r. 
lfr,liellop.,is, fofly>othnx. Str;.;onema and l.ond/<1 ~P' 
o1 cyanobactena \\ere not common in the state ;i, onl! 
one bolatc of ca\.'11 \\a> found in the total collcctim1 
In d1vcrsit: stud~. richness relates to abundan\.'c of 
different generalspc..:ics of a group of org.ani,,in< :n an 
ar..:aand stand~ a~ a m<:a!.urc 01 number ofdilli.:n:nt l-,1nlh 
of p.cnera;,,pcc1c;, in that particular area. l.m\ !!CIH!rK 

n.:hne~<; 11a~ <ccn in \1J1rang. \1a1\phlang and ~fo\Hllh 
ar.:J~ On the ,11ila hand. high generic m:hne'' "d' 
rc.:orded 111 S\ntul-,,1.J' d!lU Sung valley. That d1\er-.it} 
,,: .Ill ill't:d ,tr,1nt:h dl'p~·n,1, on rll and I'll intt'rpla: ot 
'.ii llJU\ .:m 1rl'11mcntal 1.i..:to1» '" c• 1dent from tJu, 'tud: 
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as "vfair.mg. \1,mphlang and Mav .. roh h<b lov.er pH (5 8-
6 3) dnd lo\\cr temper.iture th.in \\armer area-; of 
5yntuksmr dnd Sung \allc) \\here pH was close to 7 0 
The \alues of Shdnnon-Wetner's d1ver~11:,. "nnp-,on's 
D1vers1t\ and ~tmp~on 's Dommam,e md1ce' recorded a~ 
a"" hole from all '>Ile~ \\as found to be I 630, 0 1>8 and 0 32 
respecm,ely Richness \\dS h1ghe,t 111 ~ung \alle) and 
5yntul..s1ar \\Ith both the Mte, i.upporhng 17 \train> Cdlh 
Although higher d1.,,er'>tt) v.as seen 111 •,ung valle). 
highest was recorded lrom Ma\\ lat where nchne;' \\d> 
onl) I J ,1r.i111:> thereby 111d1cat111g richness need nut he a 
funcuon of d1.,,erstt) 111 th1)> rcgmn I I able 3) 
"J1Js5on d di (2002) ha\e ;hu•\n that mdn) competent 
.Vo~toc strains colomLe nee root '>Urface~ and 1111.-r,ellul.ir 
-;pa~e~ <.,uch \'ovloc ~tr.i111<; \\ere 'h<>\\11 to haYe higher 
nltrogcna'c d< tn 11; <.ompared to rhcir tree-In rng 
counterpans In pur'-Ull of 1dc1111t; mg 1nd1genou\ \mlnL 

<;train' a~ potential bmten1 liter;, 111 ,1t1dK m.e field-, \\e 
h..t've ,uecned our \mlu< 1sol,1te-; with lot<1I nt•' \ <1r1et\ 
'"ynteng • A II H No Hue 1\olatcs 'ho\\ cd root 
colon11at10n to •anous degree!> bol..itc no '27. 12 and 28 
>howcd high degree of colon11<1t1011 .md enh.in1-ed 
111trogerldse dttlVll) (I able 4 J Junng ,b,ouauon l he'e 
isolate, could be marled for future \oil anJ or '>ecdhng 
moculant> m ac1d1c nee field, 
ChdrJdcr;, like 111troge11 th,n1on ha\c been lound to he 
\tdhle under 1mmob11i?<1t1on 111 c<1lc1um alg111<1le hed<l'> up 
to d period ot l\\O )Car-; All our pun lied 1-;e1latc-, h.i\.: 

I 
-1 

I I f. . • ! \ 
~ 

' 11 1 ~ 

t i ' 
' I ti fl 1, 

j 
' il ' I ' 

been presencd this \\a)' .i!ter charactenLdt10n <1nd 
c,11a!ogumg We behe\c \\w, \\ould be helpful m future 
d1vers1t} <.tud~ a<, re1erence '" \\ell a~ 111 re,earchmg 
'tram-. tor b1vtechnolog1cdl .ipplication'i I hb \\Ould 
g1edtl) reduu: worl..kMd ;,ud1 a., 1solalton punficatton 
and t haracten/3t1011 c't unknown str.im-; for such stud) 
rio' regenerated purified tulture> lrom the pre'>crved bead!> 
could be the \tartmg pomt for future re~earch 
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ABSTRJ\CT 

uh1qmtou-. <- \ Jnob<11.. ten.ii str,un 1solJted trnm n<-e held-; adjoining coal mm mg c1reas l)f Megh -1ld\ a ""'t" 1tlcntil 1ed ,,., 4nahaena 
u~llg molecular Lcchmqu<. Jll\<Jh mg part1,tl 'e4uente of I 6S rRJ\A gene The 01ganr~m \\,I' gruv. n rn I\\ o tl1ffer<!nt pH 

ions (pH 7 5 that 1:. optimum forcy.mob,1Lte1 i.11 growth .ind m 6 5 to 11111111<- the pH <-Ondmon of the I 1eld~ lrom v. hll h ll Wu'> 

d) Vanou<; phy<;10log1cJl ,md h1ochem1cal charaLters :.uch as growth heteroc)'>l frequenc)' mtrog.ena\e and glutamme 
hetase act1v1t1es, photo~: mhew. rc\piraoon mtrate uptake and mtrate redu<.ldl>e actn 1t1e'> \\ere u'>~Jyed Atonm. ,1h .. orpt10n 
trophotometnc (AAS) "tud1es sho\\ed that compaiall\ el; mo1e .. adm1um ''a\ removed from the medium .it pH 7 'I th.in al 

6 5 Cadmium i.ulphate \\a' more ll>>.1L th,m 1.-adm1um mtr,ne The remO\al \\u'i> <;aturatmg \\lthll1 72 h frn 20µM1.-Jdnuum 
.item the medium, total cadnuum 1emo,e<l ''<I' 9 72 J<M of\\ h1t.h 68 11°1 \\<-L'- a<.horbed on the <.ell '>Uflule <Lnd 22 67<'1 \\d'> 

ulated mtra1.e\luJ,11 ly wnhm 48 h B> 48 h of 20 µM cadmium sulpha1e m the medium '\8 7% v. a-. .1d-.orbed on the cell 
elope \¥hcreai. at pH 7 5 15% \\a'\ mtraLellularh ac<.umu!Jted The\e re<,ulh were 111d1cJtor-. of th potem1,1I Jpplu ... 111011 a\ 
fertilizer and b1oremedtator Ul ac1d1c nee fields 

h:et1rnrds: Acidic <.011 Anah<1en<1 mole<:.ul,tr 1dent1fK.i.Uon h1ofemlll'er h1oremed1ator 

i INTRODUCTION 
Climatic cond1tton:. prevru hng ma region <iftect its 

ft'loral fauna! and m1c10b1c1l dl\ef'>Jty Among the man; 
rfdrcors viz r.untall, tempert1tUJe, pH. hum1dtt)'. altttude 
eK that govern the d1stnbut1on ot m1c1ohe" mer .1 region 

·pH play;; a prominent 1ole111 Jetermmmg the b1od1veNt} 

'1nan; given ecolog1cal niche M1croorg..im\m.., m nature 

are \Hdely prevalent in Jlmost ,di e1...o~v'item-. Their 
ub1qu1tou1; dt!>trtbutwn rende1.., them 1mmen-.el\ 

~ll'>l.:?pt1ble to an) unldvoiable ,tltet.:tttorh 111 the 

.em 1ronment m which thev occu1 \rnong'>t mJLwhc-. 

.:vanobactena compn~e dn 1mpo11.mt group ot ub1qu1tou<> 

pl.uW'>)nthet1c nitrogen fn.ct\ that c11c found fwm ,md 
dc'>efb to Antan..11c 1cgwni, De 111 1919 tfr<;t 1epo1ted 

1l1<1t fc1 td1tv of nee held\ Me mamtdmcd due to the 

pre'>enl e of C)' anob.:tctena The relt.1lJ \ e 1..ontnbut1on of 
l \ anobactcna a'i a peu.ent.tgc of lot,tl mt1 ogen II \Cd m 
rbc p.iddy held.., v,me~ \\Jdch ,md I\ 111.imh dependent 
on 1he Lhern11..al. d1m.itK ,m<l b1ottL t.i1..tm'> It 1~ nm\ 
knP\\l] th.:tt C)'dUOb,KtClld lt)lltflbute ~!) 1.->0 l\..g '-. 1ll.i1 

,r,1p un tun10\ er ot thell btuma'' to 1t1...L tic hh T ropi.... .! 
, 11d1unn<. en<.,u1e rnt.rea~ed 1nulk1Kl ,)t l \, n,)b.Jd..:'.11<1 

m the nee field soils and high humidity temperatuie and 

'>hade pro\1ded by the crop canopy favor the luxuriant 
growth of cyanobaLtena m.oge1 & Re1 naud 1979l In 
addition thC) '>ecrete a number of important b10lug1L.1lly 

actn L ~ub"tance'> that tmpro\ e soil w uctu1 e C\11.;1 a & 
K,m~luk 1989) ,md help 111 pho,ph.itc \olubl11L.it1on J\ 

\\ell a<, m remOhll of tox1L compoundi., 

Conuurnnatton ot the natural en•v11onment by to>.1L 

metals "' .i \enou~ problem \\ orld\i,, tdc due to their 
u)nttnued per'>hten(.e 111 the eLOSy:.tem and <ll'>o beL<tU~e 
of then incremental accumulatmn m the food cha111 (Chen 

& Pan 2005 l HO\.\C\ er there .i1c rete1cnce.., ot m1ctobc-. 

acting .h natural b1oremed1atmg agent-. rn d1Jfe1ent 
polluted '1te' The u-;e of the-,e HdtUJ.ll b1o!og1(.JI 
re,ourtt.::. 111 reJu1..111g the pollutton load tn ou1 naru1 .. l 
em 11 onment I\ v.1del) .icceptcd 1de,l .m<l .lltL1 n,1tn e 
1nnm.it1\c Lre.itmcnt telhntques hcl\C 1oCLl'>Cd ..ittentmn 

on u-,e ot biolog1c.il mc1ten,1l'> '>Ut.h d'- dlg.i1.- lung1 \ e.i\t 

;ind bacte11::1 fot the remo\ ,ti .rnd red1\ ei \ te1..hnulm.:1e., 
Tlw; ha-. ~.i111ed '>l!rnlf1t,111Ll m 1e1..ent yc.ir' fmmg to 
th1...1r better pe• r •t m.rn~c 111d low ui~t ( \'..;d1u K 
Bcokhm1 1997 \olc.,J,.\ 2001 l M1Lrobe' ,1c1.. 1111 il,•ti.. 
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metal ions by two well defined proce.,se~: ( l) energy 
independent hrndmg on rhc cell wall called 'B10.;orp(lo11' 

and (2) energy dependent uptake of metal ion~ c<ilkJ 
'Bioaccumulation' (Karna et al. 1999). Mucilage 

containing, polysaccharides producing cyanobactena are 
highly efficient in passively absorbing high !cvcl-; of 

dissolved metals using a chatge mediated anraction 
(Macaskie. 1990). Over the years, many cyanobacteria 

have been studied for their role in bioremediation of 

polluted environments (Kumar et al, 1992; Leena & 
Fatma, 2000; Zakaria. 2001). 

Among the heavy metals polluting soil, Cd is of 
serious concern because of its potentially harmful effects 

on humans and animals. It also has adverse effects on 
microbial biomass and their activities which play 

important roles in soil nutrients cycling and in maintaining 
soil fertility (Jose et al, 2002: Yao et al., 200)). Cadmium 

is widely in use as an anticorrosive agent, as a stabilizer 
in PVC product<;, as a colour pigment, a neutron-absorber 
in nuclear power plants, and in the fabrication of nickel­

cadmium batteries. Phosphate fertilizers also show a large 

cadmium load. Although some cadmium-containing 

products can be recycled. a large share of the general 
cadmium pollution is caused by dumping and incinerating 

cadmium-polluted wasle (Jarup, 2003 ). 

The soils of,Meghalaya are acidic in nature and 
more weathered in comparison to other North-eastern 

states of India, and hence cyanobacterial diversity is 

limited. However. certain stains of Nostoc and 
Anabaena are relatively common in rice ficld5 of 

Meghalaya despite lower pH prevalent in these areas. 

We present here a study of cadmium removal potential 
of an indigenous Anabaena strain isolated frnm rice field:. 
adjoining a coal mining site within the state of Mcghalaya. 

This strain is ubiquitom, in all rice fields from where the 

samples were collected. Meghalaya has a hilly terrain 
and low lying rice fields receive runoff water from­

adjoining coal mines, thus increasing com:cntrations of 

various pollutants in these fields. The logic of :,electing a 

cyanobacterial species thriving in these field:, was the 

fact that such strains are already exposed tn increased 
pollutants in their sun·oundings and ma} have developed 
strategies to overcome inhibitory cffecb uf such 
exposure. 

2. RESEARCH METHODOLOGY 
2.1 Collection sites 

Hwremcdwt10;1 and Fo11·1·1111rat1n1! 

Water and soil samples were collected from 

\'ariuu" nee licld:> adj<.lining coal mrnmg area~ lrom Iii: 

state uf Meghalaya. 
2.2 /50/ation, purification and 111orphofo!_! 1<a: 

ide11tificatio11 of cHrnohactc1 w 

Cyanobacterium were i~olatcd and purified by 

plating on l % nutrient agar following pour plating 
method. Isolates were then grown and maintained m 
batch cultures in the same medium at 25 ± 2°C and at 2 

photon tluence rate of 50 µmol nf 2 s· 1 (Rippka et at. 

1979). Following this, initial morphological identification 
was done with the aid ofOlympu~ BX 53 light microscopt 

using description given by Desikachary ( 1959). 

2.3 Molecular techniques for identification 1tud~ 

Genomic DNA was i~olated from the 

cyanobacterium (isolate no. NEHU7) using Mini Prep of 
Bacterial Genomic DNA Method (Ausubel ct al. 1999). 

For securing amplification of l6S rDNA homologous 
sequence. primer CFl 6S-7 was designed using Mac 

Vector software® based on cyanobactcrial 16S rDNA 

sequences retrieved from GenBank. PCR amplification 
was carried out using primers CF! 6S- 7 (forward. 5'­

GGCTCAGGATGAACGCTG- 3') and FGPS-1490 
(reverse, s·- TGGAAAGCTTGAfCCTGGCT- .1'1 
following method described by Normand et al. ( 1996) in 
a GeneAmp 9700 Gold thermal cycler (Applied 

Biosystems). Purified amplicons were sequenced with 
the cycle sequencing method using BigDye Termrnator 
v3. l Cycle Sequencing Kit (Applied Biosystenh) on a 
3130 Genetic Analyzer (Applied Biosystems). Related 
sequences were retrieved from Gen Bank using BLAST 
search. Sequenced amplicon was altgned with retneved 

sequences using ClustalW (http://www.ebi.ac.ukffools/ 
clustalw2/index.html). Phylogenetic analysi~ wa& 
pe1formed with the PHYLIP version 3.66 ffelsensteio, 
2008). TI1c neighbour-joining algorithm based on a matrix 
of pair-wise distances corrected for multiple base 
substitutions by the method of Kimura ( 1980) wa~ used 

to generate the phylogenetic tree with a boobtrap 
confidence value of 100. 

2.4 Measurenu-nt of Rrowth, Ju rero"y't frequenn 
and nitro~enase as.wy 

Increase in chlorophyll a conknt was measured 
as a parameter of f!rowth (McKinney, I 9411 The 
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heterocysts were counted using an Olympus BX 53 light 
microscope. Acetylene reduction activity hy nitrogenase 
enzyme was estimated in vivo by gas chromatography 
using a Varian 3900 gas chromatograph fitted with a 
porapak 'T' column and a name ionization detector. 
(Stewart et al. 1967). 
2.5 Assay of electron transport activities 

Photochemical and respiratory activities were 
measured using a Clark-type polarographic 02 electrode 
installed in a 3 ml Plexi glass container with magnetic 
~tirrer (Robinson et al, 1982). 

2.6 Nitrate uptake, nitrate reductase and glutamine 
7nthetase (transferase} activities 
Nitrate uptake and Fe.rredoxin-dependent nitrate 

reductase activities were measured using methods 
described by Cawse (l 967); Snell & Snell (1949) 
respectively. Glutamine synthetase (transferao;;e) activity 
was measured as described by Sampio et al. ( 1979). 
Protein was estimated according to Lowry et al. ( 1951 ). 

2. 7 Metal sorption by cyanobacter;a 
Cyanobacteria were inoculated in the nutrient 

media containing 20 µM CdSO 
4 

and 20 µM CdNO~. The 

experimental flasks were shaken for 24 h and then 
centrifuged at 10,000g. The residual cadmium in the 
medium was determined by Perkin Elmer 3110 AAS. 

3. RESULTS AND DISCUSSION 
State ofMeghalaya is rich in coal reserves. Heavy 

rainfall throughout the year in the state results in constant 
leaching from coal mining sites to the adjoining rice fields.' 
ln addition, the soil pH in Meghalaya is relatively low, 
ranging from 5.2 to 7 .1. Such acidic conditions 

..----------Tolypolhrix $p. PCC 7504 

100.0 

-c:: Anabaena sp. XPORK15!" 

i
100.0 

80.6 Anabaena sp . .UEHU7 · 

'------ N01110<: sp. 

------- Cyllrn:lrospermum stagnate 

-c:: Nodulari11 h111veyana 
'----99.0 

Anabaenop&ls elenkinii 

'----------- Tolypothrix sp. TOL328 

Fig.1: Phylogenetic tree derived from the <1lignet! Anabuena 
sp. I 6S rRNA sequences. The numbers at the nodes represents 
!he bootstrap values out of l 00 replicates. 

considerably restrict the cyanobacterial diversity since 

cyanobacteria prefer neutral to alkaline pH (De. l 939: 
Roger & Reynaud, 1979). A particular cyanobacterial 
strain was found to be prevalent in 1ice fields adjoining 
coal mining sites, suggesting its ability to populate and 
flourish under such non conducive conditions. I 6S rRNA 
study confirmed that the organism was a member of the 
genusAnabaena. Sequencing yielded a partial sequence 
of 249 bases. Multiple alignments with the BLAST 
retrieved sequences showed homology of 94 & 92 percent 
with Anabaena sp. XPORKlSF (Acc. No. EF568905. l) 
and Nostoc sp. (Acc. No. AB187508.l) respectively. 

The neighbour-joining phylogenetic tree constructed 
revealed that our ~yanobacterial isolate named NEHU7 
clustering into one group with the GenBank retrieved 
sequence Anabaena sp. XPORK 15P and Nostoc sp. with 
a bootstrap confidence value of 100 and 80 respectively 
(Fig. l ). 

The organism showed adaptability to rice field 
conditions as well as to acidic pH. Its heterocyst 
frequency and nitrogenase activity was comparable to 
many other cyanobacterial species (Nilsson et al, 2002) 
suggesting its definite role in fixed nitrogen contribution 

to the rice field ecosystems. Table. I summarizes the 
various parameters that were considered for 
characteri:r.ing the cyanobacterium. It has optimum 
photosynthetic and respiratory activities required for 
carbon dioxide fixation and generation of energy for 
impo11ant cellular activities such as nitrogen fixation. 

Nitrate uptake and reductase activities also indicated 
towards proper ability to utilize available nitrate in the 

medium. Nitrogenase activity 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 of 514 ± 2.0 and 493 ± 1.5 nmol r-glutamyl 
hydroxamate formed min- I mg- I protein for glutamine 
synthetase activity (in pH 7.S 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 parameters at optimum pH 7.5. 
[ncreasing concentration of cadmium in the 

medium had negative effect on the growth of Anabaena 
sp. Inhibition was higher at lower pH (Fig 2). Atomic 
absorption spectrophotometric study revealed that 
cadmium sulfate was found to he more toxic than 
cadmium nitrate. Comparatively more cadmium was 
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Table I. Charactenstu: teature~ and enzyme act1v1t1es m the isolated /\nabaena Sp. 

Parameter<. pH 7.5 pH6.5 
6.12 ±-0.-l 
6-7% 
7.78.10.6 
2 781. 0.3 

Growth (µg chlorophyll a ml' culture) 6.97 ± 0 3 
lletcroc:st frequency (Percentage of total cells) 7- 8% 
l\it1 ogcna~e activity (nmol C 1H, produced ~tg · chi ah 9.19 ·dl.9 
N1trogenasc activity (nmol C zH, produced ~1g · chi ah 3.21.:. 0.4 
in presence of I mM nitrate in growth medium 
Photo!>y11thetic oxygen evolved (nmol 0, evolved µg·' i:hl ah ') 
Respiratory oxygen consumed (nmol 0: consumed ~tg' chi ah·) 
Glutamine synthetasc (tmnsferase) activity nmol r-glutamyl 
h;droxymate formed min ·1 mg·1 protein 
Nitrate uptake Htmol nitrate taken up min 1 mg' chi a) 
Nitrate reductase activity (nmol nitrite formed min 'mg·' pr01ein) 

I 0 (,J 
.J 

II (',j2()(pl!l<J I 
., > s · 1 a Cd2<l(pf'6<l 

•• =: 0 
" e ~ 
" 8 ~ :a ( 
'"' ~ ' 

2 
I 

Da) f)a~ DI~ Oii~ I~) O·.t~ ., 
Fig.2: Effect of 20 J.lM cadmium sulphate on growth of 
Anabaena sp. in two different pl-I. 

removed by the organism from the medium at pH 7 .5 
than at pH 6.5. However, even at acidic pH considerable 
amount of Cd was removed from the medium. Total 
removed concentration out of 20 ~tM CdN03 in the 
medium was between 9-10 µMat pH 7.5 whereas the 
value was bet\\een 6-7 µMat pH 6.5. The removal wa~ 
saturating in 72 h. For 20 µM cadmium nitrate in the 
medium, total removed Cd wa<; 9. 72 ~tM, of which 68.13% 
was ad~orbed on the cell surface and 22.67 %1 \\a~ 

accumulated intracellularly within 48 h (Fig 3 ). Of 20 
µM cadmium sulfate, total removed was 6.37 µM, of 
which 58.7% was adsorbed on the cell surface and 35 
% was accumulated intracellularly by 48 h al pH 7.5. 

Intracellular accumulation of CdS04 and CdN0
3 

was 
found to be similar on comparison (2.22 ~tM as against 
2.20 µM) even though the adsorbed concentration on 
the cell surface varied greatly (3.74 itl\1 as against 6.62 

µM respectively). Lesser toxic effect of CdNO 
3 

on 
cyanohacterial growth despite similar intracellular 
accumulation may point towards the role of nitrate in 
providing protection against such toxicity. This needs to 
be further in\estigated. 

30 

7ll 

(J(I 

l '\() .. 
OI 
!: 40 
~ 
!:'. H) 

.t 
~I) 

Ill 

It 

506±0.6 
2.'i3 J. () 5 
514:! 2.0 

4.8 'T 0.3 
5.2+0.1 

-l?h0.5 
216 t 0.5 
493±1..5 

4.3 :::0.2 
4.9J:0.2 

t:l ( d pr.:.:1p1t1il"•J 
a < \l .1J~orl'l<:tl 

Cl Cd J~c111nulnt~d 
l i \. d Ull.ll'.\.••tmh:d 

fig.3: Percentage of cadmium nitrate and cadmium sulphat~ 
removed by Anabaena sp. at pH 7.5 

4. CONCLUSION 
fhe Anabaena isolate from the rice fields adjoin mg 

coal mines \\'as well adapted to the prevailing 
cnv iron mental and climatic conditions. It had substantial 
nitrogenase activity even in presence of nitrate in the 
surroundings. This makes it an attractive biofertlliter 
strain in fields supplemented with nitrate based fertilizers 
\\here it could continue to grow anu add fixed nitrogen 
on their biomass turnover adding to fertility and soil 
quality. Its cadmium removal efficiency further 
contributes towards its usefulness in polluted rice fields 
with l<m.er soil pH where in acldilion lo atmosphenc 
nitrogen fixation, it could reduce the heavy metal polllllan1 
load in the fields. 
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Introduction: 
Cyanobacteria are e-..trcmcly diverse 

group of gram negatl\ e prokaryotcs showing 
cliversit) in pi1> .;;wtog). morpholog;. 
developmental charactcristrc'\ and habitats 14

• In 
nature they are lree-ln ing as \\ell as 
s;mbiotic' '. Cyanobacteria as diazotrophs. have 
d lung history of u~age in agriculture as 
biotertilizer6·s. and are known to enrich the 
nitrogen content of the rice fie!ds9

• Species of 
\'osloc. 1nahattna. Au!osrra, Tolypothnx. 

( :vlindrospermum, Glo.!ofL·hw Gloeocapsa, 
.1nabaenopsis. Camptylonema. Scytonema, 
Wesuellopsts widespread in lndian soils and rice 
tidd:- contribute imme;-i'.>eiy to soil fertility. 
l'yanobacterial presence in nee field ecologies is 
0f interest to scientists espec1all) from rice 
g_f0\\ ing countries a-; positive effects of 
C\ anobacteria in rice field'.> are \\ell established. 

\1ineral nutrie1w' can be defined as an 
the inorganic elements required for life. ln case 
,,f human inorganic :rntrients. include \\ater. 
"L)dium. potassium. chloride. calcium. 
rhosphate. sulphate. magneswm. iron. copper. 
1ini.. mang:ane'.>e. :0dme. '.>elenium and 

nol; ,1denum. :V1mer<ll h.-'\tcit~ i!> d condition 
v.here concentration of an~ one of the minerah 
1·1 the bod~ become:, abnLmmtil) high leading to 
.tJ\erse health effects Apart from the:.e. ~ome 
_-,m11non hca\ y metab that humans are exposed 
l~' are Al. As. Cd. Ph and Ilg that can po~e 

'tr10u" health haLan.l:: .. \mong these. Cd (atomic 
.,, t -48 l is a commlin bi\ a lent metal naturally 

73 

present m emmmmcnt m different chemH.Jl 

fonns such as cadmium sulfide. cadmium ox:ide. 
cadmium sulfate. and cadmium carbonal\.! and 
cadmium chlorid·.:. It is •Jscd in productrnn o! 
colored inks and dyes. in metal piat:ng. 
engraving. soldering. in plastic=- d111.i m 
production of \i1~Cd batteries used m ldl 

phones. portable computers and in mdn> to:~ 

Trace amount of Cd is found in most friod~ 

(higher in shell fish). Humans get exposed to Cd 
from sources that include drinkml;! v.ater. 

fertilizer. fungicides. pesticides, wi I and 
pollution. refined grains. rice, coffe.:. tea. ~otl 

drinks and cigarettes. Cd accumulate~ in the 
body and replaces body's essential mmeral ;inc 

in the liver and kidne: leading to seriou;; h.idne; 
disease and liver damage 

l-.lcvatcd re\~b of CJ r«-,ul! " 
hyperten,r,ion. dul:ea sense of :,mdl. cinci:n.i. 
joint sorenc~~. hair lo"'· dry and »cal: -~1:-:. in' 
of appetite. \\eakc·1cd immune ,: "t.:r1 1·,, 

reduced I cell pr0ducr1on 

:\gn;:ultmal 'rnls drC nLrn::, 
contammatcd "llh ( "d tf()m cxcc<;,1\c ll'><c or 
fertili1Cf'5. dt'>pCr5a of SC\\agc -.ict.jgl..' ,rncl 

Jtmo~phcric J.:po~it -in. Cd b n:<lJ1 1
: ''"'"""' up 

b;. man) crops mdudmg cereal-;. rotdtoC'i. 
vegetable~ (!eal) .md roL1tl and fruit~ CJ Cd'..bC!:> 

ph) totox1cit; m rld!1b dnd lt'-. cif\d~l' ,!l1d 

accumulation dr:\C"> i~ further up lb.. t<"'d cl-J;iir. 

\iegafrve effects p:' '-ad:111u1~1 P:' R "\ \ ~..:\ d 
ribonuckase actt\ ii; p11ospl1orc1l;tic and 



proteolytic en7)mes in germinating rice seed are 

well documented"'- 12 

Removal of mct.1i ions from polluted 

waters using microbes i~ a well studied subject13
. 

Microbes accumulate metal ions h) t\\O well 

defined process.:s: (I l cnerg~ mdependent 

binding on the cell wall called ·Biosorption' and 

(2) energy dependent uptake of metal ions called 

'Bioaccumulation·". Both li\ing and non-living 

microbial biomass have been used for removing 

toxic metal ions 1
'·

1
' Mucilage containing 

polysaccharides producing cyanobactcria are 

highly efficient in passi\ el) absorbing high 
levels of dissolved metals using a charge 

mediated attraction!<). Man) cyanobacteria have 

been studied for their role in bioremediation of 

polluted enviromnentsl0-~'. Proline accumulation 

in response to stress has been studied in many 

organisms including algae. protozoa. bacteria. 

marine invertebrates and plants24
. In recent 

years. role of intracellular proline content in 

ameliorating environmental stress has been 

studied in cyanobactcna 22 =3
• 

Rice field environment provides ideal 

conditions for c~anobacterial growth. 

Cyanobacteria are also efficient in metal uptake. 

Combining these two facts. the present study 

was undertaken to determine inu-acellular 

proline content of a hetcrocjstous 
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C)anobactenum belonging to Xosfnc sp 111 

response to cadmium exposure and its role 1r1 

decreasing the magnitude of the adverse effects 

of cadmium exposure to germinating rice 

seedlings. 

Materials and Methods: 

Sample collection: 
Cyonobacterio: Soil and \~atcr sarnrlcs 

were collected from different rice fields during 

the month of August when the rice planted into 

the fields were about one and half months old 

(Table l ). These rice fields were water logged as 

there was continuous rain throughout the month 

of June. July and August. 

Rice seeds: Rice seeds ofRCPL-1-87-8. DR-92 

& Megha-[ varieties were collected from !CAR. 

Umiam Complex. :vteghalaya. 



Cyanobacterial isolates from rice fields within the state of :vteghala~·a 

! Genu~ I ro~1 Collection sites I strams 
l ml.hen Ma1rang_ l miam 'ongstoin 'lawphla~ '.\fl\\\la I S}ntu Ksiar "lune 

:\la\'\roh (6.5) \ alle~ 
I (5.6) (5lH (5.9) {6.0) (6.2) 

{6.2) (6.9) 

}Ptlflt.N11a 16 2 ' 2 2 2 2 2 ' 
\ •JSf(,,t 

; 

" ' + I -l 4 3 ' ' (' 

I ( -l !mdr1»p- ' J : I () (I (l ll '.! l 

l f~rmt1n 1 i 
I , ' ' J ( flUJ!f"YLl 6 f) 0 I I l l I l I 

I rn!. hen:ua ' ! tJ 0 I I (J I I 

I <.i 1eoc apso 2 p 0 0 fl 0 () I I 

Ple1·tane-mn ; I) () I 0 \) I () I 

T1>!al 71 
.., 6 8 l! 7 9 1:: l.J 

Table I. Locatwn of nee fieldsjrom which cyanobactena 1iere isolated Values m the parenthes1.\ indicate pli of the 
, ollettron ~.It!\ 

Isolation and purification of cyanobacteria: 
C:anobacterial strains were isolated and 

purified after inoculating the samples 111 nitrogen 
free <BG- I Ir,) medium and subsequent plating 
0n I 2% nutrient agar. Isolates \\ere gro\\n and 

maintained in batch cultures at 25 =: .2"C and at a 

phNon tluence rate of 50 µmol m ' " 1 folio\\ ing 
the method described b) R ippka t:t al . 1979 c'. 

\forphological identification \\as don.: under an 

ot: mpu:> BX 53 light micr0scope using 
~JL',i:riprion given b} Desikachar) (1959)2

(. i\ 

\ r J\frn specie:. '"as -.dccte<l for the present 

'tud;.. 

\1ctal sorption b) cyanobacteria: 
l or metal ab:'.\orption studies 

l) anobacterium \'vas gnm n 111 light in presence 
111 half of the lethal dose (I (), il 1 c 20µ!\1 

..:.idmiurn sulphate in the gnm th medium. 'The 
Clv11.::crltrat1on of .::'.Ou \1 of cadmium \\d~ 

rnreful l; selecteci after determining the lethal 
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dose (LD) of cadmium for the cyanobacterium 
under study (Fig J ). The experimental flasks 
\\ere shaken for 24 h and then centrifuged at 
10.000g. The residual cadmium in the medium 
\\as determined b) Perkin Elmer 31!0 Atomic 

,. 
Absorption Spectrophotometer -1 he 

experiment wa"> done in three independent "et<> 

Germination of Rice Seeds and co-culti\ ation 
of rice and isolated cyanobacteria: 

Rice <;eeds \\ere surface steriliLed b) 

v.ashrng with d1st1llctl \\ater. follm\ed b~ l % 

( V,\' l sodium h;. pochlorite solution tor 5 

rrnnutes. These set.?ds ''ere then thorough!) 

rinsed in sterile di.;;til!ed \\ater. Seed gern11nation 

nas carried out (1fl autoclaved pl.'rlitc in gla:.~ 

bcak..:rs18
. The pr.::rlit..: \\a:, irrigated \\i:h a 10-

fold dilution of autocla\ ed BG-1 l , medium 
containing 2mM '\a'\/(), (nllrdtc medium) and 
\ar)ing concentration of cadmium sulphate (0. 
5. 10. 15. 20. 25. 30. 35 . .JO u\1) The solution 



\\a<; buffered \\ith cqu1 molar concentration of 
l IEPl:S. Germination \\ d- carried out in culture 
roc'm under fluorescent hg,ht (phmon !lucnce 
rJte of 50 µmol m·' s 1

) at ::;5~c. at saturating 
relatiw humidity. DR-92 produced irregular 
re~ults though out the stud). l\kgha-1 was found 

to be more susceptible h1 cadmium exposure and 
hence \I.as selected. In another set of 

experiments. cyanobactcria! suspension \\<as also 
added to the gcnninating beakers in the 
beginning of the study. 

Results and Discussion: 
Coal mines of Sohra (Cherrapunji) 

village in Meghalaya !cache~ onto ~urrounding 
rice fields due to hea\: rainfall thoughout the 
~ear. l'\\O C)anobactcridl Strains HCre found (0 

be most predominant in these rice fields. Out of 

this one Vos toe strain ''as more tolerant to 

cadmium exposure and hence \vas targeted for 

the present study. Var~ ing concentration of 
cadmium sulphate (0. 5. !O. l 5. 20. 25. 30. 35. 
40 µM) \\as used to document the effect of 
cadmium on the gem1ination of rice seeds. 
Presence of cadmium in the gro\\1h medium led 
to reduced seed gennination. The affect was 

l 2 

-wt 
St OH 

• .. .. .. 
! (J ('1 

a .. 
; 
i 0 ,_.i 

" 
() -:' 

0 
0 .., 

stronger in the rice variety \4egha-1 than in DR-
92. 40~tM cadmium sulphate in the germination 
medium \\as found to reduce :,ccd germination 

up to 30% in the susceptible rice varict). At 20 
µM concentration of cadmium. germination \\a~ 
reduced by 15-20% and pre->cnce or ::-arm: 

amount of cadmium in the grO\\th rncJ1urn kd 

to stunted plant gro\\. th. 
When the cyanobactcrium \\a!> g.r(mn 1c 

presence of increasing concentration of 

cadmium sulphate in the medium. it sho\H?d 
progressive reduction in its chloroph: II ,1 

content and growth (Fig l ). 40~tM cadmium \\as 
lethal to the organism. Ho\\ev.:r. intracellular 
praline showed marked incrca:,c at higher 
concentration of cadmium. Drop in proline 
concentration at 30 µM and 35µM cadmium in 

the medium probably \\as due to reduced 
number of viable cells at these concentration:. 
although it does not correlate with the drop in 
chlorophyll amount (Figl & 2). lt appears that 
there ts an inverse relationship bd\\CC!l 

chlorophyll a concentration and prnlinc 
accumulation in the cyanobacterium under 
cadmium stress (Fig I & 2). 

10 15 20 2~ 30 ~5 

C ~acln1 111 n"l cOnC"enl n1 t it)n (µ 1'-'I) 

Fig. I: l 'hh1 uph1 !! a content vj :Vu.110,· ~pec1e> at \'W ving cadmwm co11, f/111 unon 
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Fig. 2: Jntracellu/<Jr pro/me of \o\toc ~p.tc1es at varving cadm111m concentratwn 

A detailed stud) of chloroph) II 
conccntratton at LD5,, m the medium at 2-t h 
inteJ"\.als showed a reduction in its Vdluc up to 
l 82 h. after \\ hich there \\;dS no further 
noticeable decrease m the chloroph;, ll 

-- i " a 
"' 

, 
~ 

" " "' 
= 
" ; 
'-' 

" -= 

concentration (Fig 3) Thi!> 1 mphed that after the 
cyanobacterial cells have accumulated certain 
amount of cadmrnm from the medium. the le\ cl 
of toxicit;. was reduced m the surroun<lmg 
medium enablmg th.: cells to di\ idc gro\\ bettc:r 

'h 

:s 2t 1 

,,;:: •s 1i 

""'.: h 

iN IJ6h 

·' 1~r1 h 

::: 114 l 

16Kh 

f"' 18c 1i 

Cadmium urnccntntllon (f'l\I) 

f-ig. 3: Reductwn 111 t '11,,1''I'll\11 " , on1e111 111 .\ O\Uc 1p1:U.'\ elf LD,, ot ( udm11•w 11 , 0111pdt 11on Ir> , on11 ,,1, 11,/•11, 

111utwd o•e1 t!!ghr J,n 1 , \/'C' 111c·n1<i/ re1 wd 
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To stud: cadmium removal b) the 
C)anobacterial cells. residual cadmium 
concentration in the mc1.11um -.vas estimated b: 
Atomic absorption spcctrophotomctr) 1 he 
adsorption was saturating in 48 h. 62% of total 
Cd was removed from the medium ,.,,jth 24 h. 
\\hich increased to -: i o,o b) 48 h. After this 

period there was no perceptible increase ''hen 
the experiment wa'> repeated after 72 h. 

Experiments \\ere set up to stud) the 
effect of cadmium and role of cyanobacterium in 
ameliorating negati\e effects of cadmium on 

grmHh of rice seedlings. Prc~cnce of 20 µtvl of 
cadmium in the growth medium led to 49~1.) and 
58% decrease in root ,.111d ~hoot length 
respecthel) (Table 2J. Prc~i.:ncc of 

cyanobacterium along with 20 u\1 or cadmium 
in the media showed an impru\emcnt of 34°(\ 

and 40% in root and shoot length re~pectivcl: 
over the value obtained for the -;eedlmg gro\\ n 
under the influence of cadmium in the medium 

Length of root & shoot of rice plants (in cm) 

Root length (cm) Shoot leng1h {cm) 

Control 0.02 m\I cadmium tBI + c,ano- Control 0.02 m.\f cadmium (Bl · CJllRo-bacteria 

(A) (B) bacteria (B) 

8.9 55 56 17.7 11.3 16 7 

93 52 .) 16.8 10.2 , ... f) 

10 5 4.6 10 5 l"' > 106 13" 

100 3.9 !! 9 1"'9 111 lo 2 

106 42 5 5 20 l 98 17 I) 

11.2 6 ! 83 !8 6 I I 6 ! I ' 

10 3 
5 ' 

!00 18 9 99 L'' 

\HJ'llgl' hentge >\Hrage ·\H'tage \veragr I \, erage 
----

IO.I I 1 97 67 18 !8 
I 

10 64 ! 
I\ 'I 

Table 1: Compurat1w: ruu1 ,md 5hoot length of na piantlet!> grrmn in cadmium supplemented m.:Jwm. \1 llh and 

1d1ho111 CJanohacterw 

In conclusion. \\C found that presence of 
heavy metal cadmium led to decrease in gro\\ th 
and increase in mtracellular proline content in 
cyanobacteria. Gro\\ mg along C) anobacteria 
1educed 111 effect~ of cadmium exposure rn rice 
seedlings. There was 1mmed1atc adsorption of 

78 

cadmium by cyanobacteria leading to remo\ al 

up to 71% of total cadmium present in the 
medium within 48 h thereh) reducing t1\ailable 
cadmium concentration and minimi1ing. 
cadmium toxicity to rice plant lets 
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Introduction 
rhe role of nitrogen fixing 

9anobacteria in enhancing soil fertility has been 
long known and is well documented 1

-4. 

Cyanobacteria contributes to overall soil health 
not only by its ability to perfonn biological 
nitrogen fixation but also because of its ability to 
produce polysaccharides and other bioactive 
compounds \.\ hich has a growth stimulating 
effe<:t on the vegetation/crop plants. as well as 
ensuring maintenance of soil quality and 
preventing erosion. Moreover it is also known 
that cyanobacteria increases the oxygen 
concentration of the environment in which they 
occur5

.6. The general maintenance of soil fertility 
particularly in rice fields is attributed to the 
natural suppl; of assimilable nitrogen that is 
made available by the cyanobacteria through the 
process of biological nitrogen fo.ation ". 
C;anobacteria generate cellular energy b; 
hanesting light during the process of 
photos; nthcsis and utili1.ing this energy in the 
synthesis of carbon compounds required for 
their metabolic processes. Any alteration in the 
environment mcluding change in pH and in salt 
concentration of the soil may have a direct 
negative impact upon photosynthesis and related 
metabolic processes of the cyanobacteria, 
including biological nitrogen fixation and 
o\erall performance of these organisms8

• 

ln nature microorganisms are constant!;. 
challenged b) different factors and stresse~ 

including changes in temperature, moisture 

J )A 

content (drought!> and floods}. salinir) and so 
forth. Among these. salinit) is kno\\ll to be of 
major significance in limiting the groMh and 
productivity of plants. eukaryotic 
microorganisms and bacteria'>. Salinit) po::.!IC'.> to 
be a huge threat to agricultural productn it) and 
approximately 7% of agricultural land are 
atlccted b) high salt concentrations and the area 
is still increasing10

• Owing to their considerable 
degree of salt tolerance. cyanobacteria have been 
applied in reclamation of saline and sodic lands 
with limited successl! '". Such a concept of 
bioiugical soil reclamation using cyanobaclCria 
v.as first advocated b; Singh in 1961 1

. In trace 

amounts NaCl is known to act as a micronutrient 
to cyanobacrcria and appears to be c'.>sential in 

. b 1· 1'·14 •1 certam meta o tc processes · . r O\\ eH:r. 

elevated levels of the same may prcl\ e to be 
detnmental and result in inh1bn1011 or 
grO\\lh 15 1

''. 

C:.anobacteria have evolved dahor..:11c 
defense mechanisms in response to \ ariou:s 
el1\ ironrncntal ~tresses that it encountc1 ~ Proftr~e 

accumulation in response to stre~s 1~ \\di 
documented in microbes. plants as \\ell a:-i 
marine il1\ertebrates1

-. Praline is kno\\n to be dn 

important indicator for stres::. tokrancc and 
functions a stabilizer18

• a metal chelator 1 
'. as -in 

inhibitor of lipid peroxidation20 and as a 
hydroxyl radical scavenger21

• Th..:re :.m: r..:porb 
of proline being invol\ed in ameliorating 
salinity stres~ a~ \\ell as stress induced by 



drought situation and also its role a singlet 
...... , , 

o\.) gen sea\ engcr in higher plants" · 
Since cyanobacteria pla) a prominent 

rok in the maintenance of soil fertility and 
productivity. any Joss in cyanobactcrial biomass 
mt1y result in noticeable consequences. 
iV1orco\er. tbe<>c organism~ arc now regarded as 

promising agents in hiorcmcdiation and in 
cleaning up the environment. Hence. it becomes 
imperative to stud) and investigate the effects of 
stresses. either singly or in combination on the 
grovvth and characters of some naturally 
occurring cyanobacteria. This \vork investigates 
the effect of salinity. changes in pH and a 
combined effect of borh on the growth and 
proline accumulation in cyanobacteria. 

:\>Iaterials and methods 
rhe effects of salt stress as well as pl! 

lluctuations were assessed on some of the 
filamentou' hctcroc: stous cyanobactcria which 
\\ere isolated from various locations in 
Mcghalaya. rhcsc were then grown as axenic 
cultures in batches in nitrogen free BG l lo 
medium (Rippka ct aL 1979)~4 at 25±2°C and 
under a photon tlttcnce rate of 50 µmo! m-2 s-1

. 

The exponential cultures were used for all the 
experiments. 

Initially. three organisms that were 
sampled for the present study include two 
helonging to the .Yostoc species (1'1 and N2) 
and one to Ananaena species (Al ). Three sets of 
the<>e \\Cre grown in different concentrations of 
'<aCI (50.100.150 ......... 500 mM) in 50ml 
conical flasks to find out which amongst them is 

115 

llll)St 10kram to salinity strC:!>S. This "a~ done h> 
c-;timating t11e chloroph) II a conccntralinn ever) 
.ig hours in each flask'~ to compare thei1 grtJ\\ th 
to a control culture. One Nosto1: species (l\ I) 

that showed highest tolerance to salt sires~ was 
selected for fu11her experiments. I he soil and 

water bodies of Meghalaya distinct!;. ~hlm a 

wide variation in pl I. Therefore. etkct of pf I 
and combined effect of pH and salt stre-.;~ was 
also mca-;ured in this cyanobacteriurn For this. 

pl l range of 'i. 6. 7. 8 and 9 \\as selected. :\lso. a 
combination of a constant salt concentration 
(500 mM J and variable pH was used to assess 
their combined effect on the organism. rhc 

constant salt concentration was based on the fact 
that beyond this any further increase in the salt 
ctmcentration \\as lethal to the organism. The 
changes in prolinc content in the organism in 
response to the different stress conditions was 
estimated on the g•h day using the method 
descrihed by Bates et al 197326

. Chlorophyll a 

concentration 011 the 81
h day was also considered. 

Results and Discussion 
In case of all the three organisms the 

chlorophyll a content was found to decrease 
with increasing salt concentrations (Fig I. 2 and 
3). However, the unfa\orable concentration of 
salt vva<\ dift;;.rent for the indh·idual 
cyanobacterium. with Nlexhibiting higher 
tolerance. The Anahaena sp. that \\.as ~i,ed for 

the present study appeared to be highly 
susceptible to salinity stress with maximal 
reduction in chlorophyll a content at 500 m\!1 hy 

the 81
h day (Fig 3). 
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Stud1c:, \\ nh \ ! tn d1tlcrcnt pll 1 ange~ 

rc\ealed d1:,t1nct '-h,mgc-, 111 the gnmth pattern at 

p[! 5 and 6 .-\t h1ghe1 pH of 8 dnd q there \\ere 

no 1emarkabk changes in gro\\th rhe 

C)anobai.:tenum <:>'htbtted CITdllC gnmth dt pfl :5 
and 6 and gw,,th !>ho\\ed d declmc in rhese pH 

\\1th respect to !Im.: (l 1g l) At oil 9. the 

exponential gro\Hh phase oJ the l)rga111sm \\dS 

-.honer than rhe contiol lpH 7 6). HO\\e\er. the 

grO\\ th du11ng tlm phd~e \\as compaiabll.! to the 

control !11 combinat1on \\1th a constant 5alt 

concentration of 500mM. then: \\a~ a stcJdy 

decline in chloroph) II a concentrat10n rnd1catmg 

lo\\ sun I\ al at pH -> and 6 A sllmlar bcha\ 101 

\\a~ also e\ ident at the higher pH ranges ot 8 

and 9 although the effect \\as les<; dra'>t1c then 
that at JO\\ Cf pH (Ftg. 5) 
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rt7tliSpeoaf'R.ejerence to J{eai,yJ.1euifs· 

C onsistcnt \\ nh previous 

obscrvations8 27
• it was found that v.ith increase 

in stress. either as high salinit;. 9r unfavorable 

pH. there was an associated increa<>e in proline 

content and a prominent decline in chlorophyll u 
concentration. High proline contents of 0.65 and 

0.63µg g·' were observed in pH range of 5 and 6 

respectively followed by 0.63 and 0.61 µg g·1 for 

pH 9 and pH 8 as compared to 0.57 ~tg g·1 in 

um.tressed condit10n 10 control cultur~ (Fig o ). 

fhe proline content was found to he the highe~t 

m the case of the combined salt and pH sire~~ 

(Fig 7). Proline was accumulated to ,m amount 

of 0.72 and 0.73 µg g· 1 in pH 8 and 9 

respeetiYcly which further incrca-.cd 111 pl I 5 and 

6 to 0.92 and 0.76 µg g· 1 respective!) \\hilc in 

combination with salt. 
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H•1tfi .!;pecw{<)(/ferenu to Jfon~y ,\fetals 

There are extenshc reports on stress 

induced proline accumulation in higher plants28
. 

:u. However. not much \\Ork has been done 

towards the assessment of the role of proline in 

cyanobacterial stress tolerance that may have a 

significant impact on their putative application 

in bioremediation as well as their use as 

biofertilizer in coastal areas. Wu e1 al ( 1998))3 

has reported increase in praline content under 

salt stress in Chlorella. It has been suggested 
that prolinc is involved in stabilizing folded 

protein structures'4 • Its role in stabilizing 

membranes by interacting with phospholipids35 

and being involved in osmotic adjustments36 are 

also known. Stress induced by high salinity has 

a negative impact on the photosynthetic capacity 
and growth of cyanobacteria~7 

JB. 

ln the present study. it was observed that 

stress due to enhanced salinity and changes in 

pH in the immediate vicinity resulted in 

induction and accumulation in intracellular 

proline in the cyanobacterium. This finding is 

similar to earlier report on proline accumulation 

under stress conditions in the cyanobacterium 

rVestiellopsis proliflca-Janet Strain-NCCt.:331 

by Fatma et al.. 2007. In these organisms, 
praline appears to be the stress-induced 

substance that helps in generating tolerance to 

adverse environmental stresses. 

The potential of cyanobacteria as 

biofertilizer is immense. f lowever. their -

susceptibility to environmental changes limits 

their optimum use. Carefully selected 

cyanobacterial strains with high nitrogen fixing 

capability that are resistant andfor tolerant to 

nuctuations in the surrounding environment 

could be ideal for future 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 

praline accumulating capacity under stressful 

environment. These strains with high proline 

l 19 

synthesizing potential ma,> prove to be an ideal 
candidate for bioremediation. 
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trnc1 • With an attempt to afle, iate the problems faced in the 
rent. biofcrtilm~r programme, different alternatn·es are being 
~ed. •.nto. In the present studj, the potential use of spores as 
crt1hzer and their transfer to the fields on a biodt;::rndablc base 
er paper) h:is been evaluated. ~ 
·words- niofortmzcr. Cyanob:ictcria. Immobilization. lnoculum. 
res. 

!. fl\:Tl<ODL'CTi01'< 

Vlodem day agriculture faces the serious challen<>e of . . "' ·easmg the productivity to meet the food demands of the elier 
wing human population. As a rei;ult. current aoricultural 
~ice relies heavily on the use of agrochemicals :;, achie\'C 
1er crop yields. However, there is an increasing concern over 
effects of such agrochemicals on the aquatic and terrestrial 
systems. It is in this context. that a world wide scientific 
scnsus is cmcrgmg for developing alternative~ to chemical 
o~en fertilizers using biological systems that are cost 
'ct1ve. renewable and eco-friendly The most ob\i!OUS 
didates in this regard are biological nitrogen fixers called 
rotropf~s._ which play a vital role in maintaining soil fertility 
sustaining crop yields even in the absence of anv added 

ogenous fertilizers [ l] [ 2] [3] [4J. Other potential be~efits of 
nobacteria growing in crop fields are the production and 
ase of inhibitors of plant pathogens and the amehorai,on of 
negative effects of increased salt concentrations of soils 

1wing ~aline ard sodic soils to be brouaht Htto aoriculrurai 
ge [5} 

0 

" 

Cyanobacterial additio:i to paddy fie!ds has been reported to 
-ease stability and_ improve yields by l 0- t 5% [61 [7] f 5J. 
wever, not all strams of cyanobactena may be suited for all 
~s of crop fields that vary in their geographical and c1;matic 
siderations. Hence, specific strains may be needed for 
,icular c.r~p fields to be used as biofertilizer cepending upon 
'.e. cond1t1ons [8]. Temperature also plays inpo:-tant role in 
1d111g the optimum n1tn.'gen fixing ab1l1ty of a cyanobactenal 
m Most cyanobactcna have optmn:m N-fixinn ab:litv 10 a 
peraturc range of 2C~-30°C Therefore. th~ mes~?htl1c 

cy;mcbacteria ma: not be the ictca 1 source or h1o!i:r;ll11er 1r 

tropic3! nee t~dd~ \\hen: C.:a: time temrermurcs can ~0a1 

llnyv,here be:ween .3.'i-45°C a:; 1h1s adver<;clv af'.ects the11 
met;ibo!1c processes f91 in the curre:il b1ofc1td;Lcr prog1ammc 
use o:· ti·cc-l:v11;,; C) a•1obactc1 m pose<; m;111v problem<; mc1ud111~ 
low survival rates 0f inocului11. a.Japtao1lity 0f cyanobactcn; 
inoculated 1n the fieids with regard:; to compcrnion \\Ith the 
precxi:ting natural population and incompatibility wrth chcmica 
fertilizers rind low nitrogen release. Therefore. in order tr 
popul:!re paddy :ields \\1th }.-fixing cyanobacteria. alternatives tc 
free-living cultures as inocu!um need to be investigated. In thi~ 
context. cyanobacterial spores could provide a definite <;olutior 
since they are more adapted to w11hstand adverse conditions anc 
are capable of immediate proliferation when conditions an 
favorable provided protocol for quid, and easy induction o 
sporulat1on m desired cyanobac:ena is in place This could alsc 
tackle the !ow o;urv1v;il rate of moculum in the crop fields. 

Keeping such factor;, into consideration. organisms have 
been isolated from different ecologrcal niches with varied 
cl1ma11c conditions These were then purified and compared with 
respect to the1r spornlation ability. Cyanobactenal strains which 
exhibited quick and profuse sporulation pattern were then 
immobilized and stored away on low grade filter paper. These 
were regenerated at regular inter\af~ and assessed for their 
vmbilily and regeneration potenll<1I as well ns for retention oJ 
their ab1iity to associate with nee roots. wJth an aim to enumerate 
their use as potential b1ofertli i;:er 111 rice fields of differen1 
temrerature zones. 

II MATERIAL') At-.0 MCHIOD\ 

A S:rams and Cufn,re Condition~ 
No~toc ANTH was ii;olated from the undcrsurface of the 

gamctophyt1c tha!l1 of Anrhocerr;s punc1a1111 collected from the 
Nor.h faster:1 Hill University campu>, Shillong and purified 
under rxen1c condrt1o'ls. These we1e grown 111 batch cultures and 
m:i1r.ruincd :n l3G-i 10 at 25°( \vith ; ph<'lon llm;ncc 1<1te of SO 
µmo: m·' s·' f ~OJ 
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Pr••t: ~ .. ,; .. ,'!' .:r,• ,•'1 • •',¥'t"-...i::•~n '\,··;'i(f';:~,~ l''1•,·~r1'"1 

,•_-i.•:: ,> \,'t.n.w,1111,1 l fH\t:r"in\ ! ·,·p" "". 1...:. i ( r ~: "11 I 'J1.1 

\fa.;t1'.!.<1._f"Ltu.\ ~P \\d\.. 1\,)!~!t..:CJ fit1111 the hot :i;1~1nc: o: 
.i,1:,tL'll. iVk:111alaya lnJia I Ii•, \\:ts .:l'>,J ,,.rown lli b,nch 1.ul!ur., 
a.id 111<u1H,1mcJ 111 D- llh:dnnn .11 ~ '>''( \\ ·lh .l photon lln..:ricc r.•rc 
, • ~ 0 lll~JO l m ·- , ' f I 0 j 

T1 c other \'1;1to( ''ui,Hc' 1;,,J ocen col:ec:cd f1om <>oil 
,_,mplc~ o( t 1n.1r Ptadc~ll .11;0 l!tur.::,11and The<;e were put 1fi..:d 
.rnJ 111.1.nlnmcJ t:1 li.11ch c,dtt.re' m lKi-1 I" at 25"(' '.Vith a photon 
:1.1Lf1Ct: rntc 0:·50 umol rn 1 .,-' 1101 

l ·n:c:,., ,t,ncJ 1;:he1w,se_ 8 Jd: ,, c ,;u:tures \1ere used 1:1 al 
t:1c '-''pc: 1mcnb 

fJ (~tdlure (''11td111011 /or .)/Jo, uhu1011 
Pie cyanob:1c1eria! cultures wet e induced to ::.porulate rn BC.J 

! l,, medw deficient in su!fur ll<J•.vcvcr. the medium \va~ 

'>uppl~rne:l!cd \\1th equimol.:ir co:iccntrallon or MgCI; to counter 
bal:mce the reducing conccmratton of MgSO, These we1c then 
nrn1_ntained in the culture room at 15"·2°C [ii] (121. Further. 
rnmc of these cultures were kept at lower temperature and in 

dark to assess the impact of these facC<lrs in inducing sporulation. 

C Chim ophyil Alea:rnrermmt 
Chlorophyll a was measured according to MacKinney [ 13 J 

/) lle!croc;";f f<'re9u1.mcy 
Hcterocyst frequency was calculated as percentage of total 

cells by light microscopy using an Olympus BX 60 light 
microscope. 

E Nurogenase Assay 
Nitrogenase enzyme (EC 1.18.6. l) activity was estimated in 

vivo by gas chromatography usmg the acetylene reduction assay 
(1<11. 5 ml liquid culture was plalcd in a 15 ml scrum vial and 
I 1111 air was replaced by I ml of pure acetylene. ·1 hesc vials were 
incubated for I hour al 25;1_2<>c \\Ith constant shaking. The 
ethylene produced in each vial Wa!> determined using a Tracer 
540 GC with a Porapak T column and a flame ionization 
detector 

F. Co-cultivacwn of Rice and Cyanobactena 
I 0 days old nee seedlings were transferred to I 5ml culture 

tubes after washing with distilled wa1er. Suitable media was 
added mto each tube and seedlings carefully placed with the 
roots dipped in the medium. Cyanobacterial cultures were then 
inoculated 111 these tubes. These were mamtaincd under suitable 
growth conditions (9} 

Ill. REst;Ll S 

Cyanobactenal samples were collected from various 
locations wtth111 the country (Table l ). At the start of the 
experiment, sporulation was tnduccd in the cultures by 

11:oc::i,it1r.t~ them :n n '\tdfatc ddic:c'n1 mcd1J ,\ IOOOX di!utC( 
'PG1c ,11npk \\:J> 1hcn plated m .J ~ci 1c> of pcm pl:itcs SmgL 
~"'''re c0!on1cs \vh1ch de\ciopeC! in the plales were thcr 
1n0nilc1ted 111 :;unable liquid 111cJ1a e111d allowed lo grow Al 
~ucrcs were p.::1 formed on the 8"' Ja\ ..it't..:r 111oculat1on usm£; 
,,)cc:fic concentratton of 1111t1al 111ocult.m for both :he frec-inm'. 
.1nd 1egeneratcd spore sampit.:\s) ·1 he 1111111obtlm~d spore sample 
»1c1c :cgcnetatcd at regular l!Ht.rvab ti month) and asscs~ed fr. 
1h~11 v1abiliry and ret.:11t1011 ofa~sc>ci<Jll\c abtl::; 
~ B • 111 tne figures indicate the spores of 1:1c correspond.n! 
~:implcs. 

TARU: I 
'>A'-1\>LF'i C'Ol Ll:CffO FRO\I OlrFUU·NT LOCA I t0'4S ( .. INDICATES 
~\~IPL!'~\\ Ill CH fl" Vf' BF.FN 'if:l.Ll'Tfl)l'()J< fllE PRESE~T "n 'Dr), 

( 'ollcctuu1 sifts 

13 \I F1JC!rerulla 2_p_ __ ~cst Ben al 
I 14 N F1schereila s Mani ur 

1_15 __ 0 ,\mt()(' s'.l L.uarat.:hand 
L 16 P N1.wocsp Lttarakhaod 
l 17 •• ,Vost~--' _l ~t:l_!:~.!!~!1.L-J 
__ _!.L _____ R __ --1-. __ -·~""'"''. 'P •• ---1 _ . l'.1tarPr:;up~h __ j 

, __ l_'.J_ --"-i __ __:_\'!.'.!/!'' .'P-- -··- J--~.'.'I"~-'.'.!~~~~l\ __ j 
20 I•• ' ,\os1oc: >fl , L!iar Prauc~h 

A. Sporulatmn 
Sporulation in all the samples was confirmeJ by rnicroscop• 

observations. 

B. Growth 
f"igure comparative growth of the free-living a1J 

regenerated spore ~amples. The growth rate was calculated 
terms of mcrease in the chlorophyll a concentration and w 
found to be higher in the regenerated spore samples 

C Heteroc_w,f Frequency 
I lctcrocyst frequency of the regenerated spore samples wi 

also found to be higher then the free-living counterparts for~ 
\he samples studied (Figure 2). 
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regenerate<! spores 

i\1trof!enase Act1v11v 
Nttrogena5c act1v1t1es of all the f1ce-l1\mg samples arid their 

t--re5 cxh1b•ted a similar trend of increased .ictt\ l!y m the '>pore 
iples (Figure 3) 
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fig 3 Companson 0 1 n11rogenase acnv1ttes of free-It\ 111g sample~ and their 
< regencraled ~po'es 
a 
~ 
1;4rt~fic1al Assocwt1on of Cyanobacte,,.ia v.,1/h Rice Plants 
fo te-;t whether the cyanobactena under study can be used as 

Jtofert1hzer, the strains were incub?ted \\Ith nee seedling Ali 
1 strains cxh1b1ted considerable assoc1at1on at room 

h,t'\L1.r,1turc (2)+'.'.'C') a 1d t\'>~1- n1\\0~Lna~c ,1cl1\ it n1 the 

a'st>Clatcd <;tale \~a<> 2-' fold' h1f:I er than 1n C<1se ot lic.-11,,ng 
('.<tl 1 res Thrs result 1s s•1111iar to the c,'rl1er rer0rt on \o~t,Jc 

\ '\ 1 J ! (l 1J lmerestmgl\ \fm1.;,;oc,.1d111 sp and t\\O of the 
\mf'( <;pe1-1e'> wh1ct> had {'11;11 <'I\ bcLn 1<;t>la cc from h1gl'e' 
!C'l j'c-aturc 1one'\ <;ho\\ cd 1;<;01, 1<1t 10 i \\1th r'd, 0<1h c \en It 

111g.11cr temperature Regeneratcll <;pore <;arnple(si 0! t•1c 
C\arobactenal styain<; al-;o re\c?1ed .is<;ociat1'.e aJilit\ \11th net' 
·;iot<; hrthcr <;upportmg th.: idcr that '>po1c<> could t\. u-,cd a'> 
c: ~nobactenal mocull'm io crop fi~ld' 

Current brofertrl1ze1 programme- f.icc<, <,e>enl d1G 'e,~es 11 

the d1stnbut1011 ot cvanob.tckna1 "locu.um ow111; tn 101\ '>l!1>1\PI 
rates o' the mocult1m du1 .rig racl.. n~ tr.in<;pwt ,11i.l d1>mbt WHl 

ot t.1e 'ame to crop fields lt 1<i 1n t 11' conk\l tl. t cy::rnob<ltlcru'I 
spJ•es promise to offe~ Cd\1cr and eftccttve al 1erri1'1•c l"f \ •c<blc 
!rOCJJurn to agncuJ•ural Z elds S;'Ores pe! H' ?re <:d,'rted to 
,\ 'hstand adve1se env11oni11..:nt:d co•1J1uon' a· ';m: <..iraHC" of 
1m!T'ediate prohfer:Jllon on rert -n o! fJ\WJ11lc cv1J t10n, 

Keeping this In mmd the rrcse'il <>tud'v \\'(!~ 8n •"tempt to e'.PINC 
t\-e '.)0ss1b1\ny of us mg C\ a"lobacten:il spores ~s "c 1 as tn0".'~ 

1mrwhl1zed on a b10degradab1e b2,e (filler parer) as tnPcuJu•n 
for ross1ble N-fix ng assoc1at10n'> '~1th 1 ice plan:s in th•~ w:i.ter 
logf;cd fields lt is \\Orth 111cn:1on ng here that tlm \\Oll•tl be <1 i 

ccor01'!'\1caf as well as an eco-fi 1e.-ol; approat h as f!ter r1per 
be1"g biodegradable would 10! ace 11nuJarc m tlic r,ce field~ and 
hence nroducc no !II clfe1,,f<; on the ourttll ~011 qu.111!\ ,\l~o rt 

\~as dJ\Crved during t'1e COll"~e 0! >!llOV th.it 1rnrnob1 1tat1011 of 
soore samples onto fitter rap;:r \\dS 1 rela·l\el: easv and 
convenient method since 1t adsorbeJ on the strip of rarer qwd.I)' 
a"d also dried up fast ThVi redL.ce~ ti'c chance> 01 contamina11on 
dur111g drying the paper «nps 

Induction of sporulatmn m a s.,lfatc deficient ncd1a seemed 
cffccll•c for all the C)anonactcnal '\r1111ple' >tud1cd However 
>annus other mod1ficat1ons were also c'<pcrnncnted to cvaluntc 
the1• •rnpdet on 111oucttor of spo1 ul,1110n I hcse included 
mamtan,,ng tl'e samples rn 1cmper.1tu1e'> othu than the11 ideal 
gro\' 1t1f; tcrnpc1at11re and also m<1n11a11111w •n (ldrk <.ondH1on' 
rhese stud1e~ revealed that varmli0'1 111 tempcratu1 e <1long wtth a 
nutnent deficiency dtd have a role m mducmg faster sporulat1on, 
especially 111 those samples that hao ong111ally been isolated from 
a Ji1g'1er temperature zones Mast1~oclact11~ sr grov,mg ideally at 
45°C and above exhibited 1mmed1ate sporulat10n (wrthm 3-4 
da:ys) \\hen mamtamed at 25°C or below Thi~ \\as true for two 
of the other No~toc 1~olates which had also been collected from a 
h•gl)er temperature region The sporulatron eff;c1ency of trese 
samrle'i was further enhanced wfien ch:! sample> \\ere mamtamed 

~cem'1er ::011- 4'0 
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Prt1.;t<ed 1 n~~ or·:n~crn.:uc;T1 t~ilr;,:..·~e <..-._. (.•n \µµlie~ l~ (. fn;;_1PtTc1·>g ::C,.\B i,-, 
\ath ... ;:it·ani::t l n!'d_:...-q{\ :~·1rii;~ ~r '.,).~.1. ( ,~1.:nnai i~H.1·~1 

Jn sulfate deficient mi:dia. at a lm1 er temperature ( i 0-12 °C) and 
in dark 

When the spores of di ffcrcnt c~<rnoiJacterial -;;unples were 
studied with respect to the:r viab!lit:>. «!generation. N-fix111g and 
associative abllity it was a cons1~ten1 ob>e1 vat1on that they all 
exhibited profuse and immediate germination :rnd subsequent 
growth on return of favorable growth conditions. This was an 
encouragmg finding which supported our idea of the potential 
use of spores as inocu!um. The gro\1 rh. !1eterocyst frequency and 
nitrog.cnase activities of all spore samples studied revealed higher 
dfic1c11c1es as corn pared to their frec- 11v111g countcrpa1 K Thus. 
inocuiauon of sp,ires 10 crop fields would not only cnsun: 
delivery of viable cyanobacteria and !hus tackle the low survival 
;-iroblem offered by fresh inoculum: it' would also be better 
adapted to compete with the ptccxisting rn icro flora of the fields. 

From our ei..pcriments v.-c observed that immobilization on 
fiiter paper did not have any adverse effects on the viability and 
regeneration of the spores up to at least 6-9 months. This 
provides a convenient and easy storage and trans;JOrt possibility 
,\=;encouraging finding of this srndy was the assured retenlton of 
ass<,C1ativc abi!it; of the spore samples with rice roots. This also 
cn~nreJ rropt:r anchorage o:· the sample'\ to the rice roots and 
lirn', prob,ibly a l>.:tter as~ociauon \'<llen the spores eventually 
germinate and c~row. 

However. it needs to be mentionet! that deveiopment of other 
effrctive protoco!q for induction of sporulat1on deserves further 
invcstig::ition. Currently we are looking into other a!tcrna!i"e 
r:1ethods for ir:ducmg quick sporula:ion in cyanobactenal 
samples and also finding better 1rnmo':Jilizing bases that would be 
c..1s;11 a\ ;1il:1ble, bmdcgrudablc and appropriate :or the purpo~e or 
swr:ige, tnmspnrt :u:d delivery ut' bi,)for~ilizer 
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with imr:10b1h1cd ceil~ sho-wmg 100% 1cco\<"IY Ill heterocy!'t 
frequency by 8'h day (Fig 2) The recovery m hetcwcy~t 
frequenL-y \\as ~ecn e\ en after 5 rnontlt!> ot 1mmobt!11atiun on 
dned filter papers 
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1chl a h 1 of cultures regenerated from immob1ltLed '!amples was 
rotigh:y 70-85% of c,ontrol ~ultures by 8d' day (Fig 3) 

F Abwrpttnn speC'Era of phvcobzl1prme1m 
The phycob1ltpmtems arc accessory pigments of 

photo.>ynthesis Phycocyanin, phycoerythrrn as well as 
alophycocyamn were measured as an indicator of proper growth 
tn the cyanobactena taken for the study When compared to 

phycob1ltprotcin content of free-living cultures, the 1mmobilued 
~ample~ were seen to retain the total phycobihprotem content in 
the 1mmob1hzed samples. The phycobthprotems was expressed as 
mg mr (Fig 4). 
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IV DISC"CSSION 

Cyanobacteria thrive in water logged conditions that prevail m 
rice fields and their beneficial influence on suil quality and crop 
product!\ lly has been known for decades. They are seen to 
colonize rice roots and submerged shoots Howevc1, 
cyanoba..:tenal nitrogen fixatH>n 1s adversely affected by presence 
of any fixed nitrogen >ourccs in the surrounding. But to mcrcasc 
the nee productivity, cyanobactena cannot be completciy 
depended upon a~ they cannot meet the total nitrogen requirement 

[2] FE Fntsch, "The ~ub-aenal and fre<h v.ater algal fl,irn of the 
~rop1cs",A11nnls of Buiany vol. 30. pp 235-275, 1907 

[3 J PK. De, "The role of blue-green nlgac m nitrogen frrnt1on m nee 
fields", Proc. Royal Society, London. Se1ies B. vol 127. pp. 121-
129. !939 

[4J R:\ Srngh. "Role of blue-green algae in n1rrogcn economy of 
lnc1an agriculture", Indian Council of Agncultural Resc .. i.rch, Nev.­
Delhi. 1961 

[ 5] G S Vcnkararaman, ··slue- green algae for nee production A 
manual for its promotion". FAO Bullet111 No.6 FAO. Rome, 1981. 

of the whole crop and therefore. fixed nitrogen 111 the fom1 of [6] 

fertilizer has to be applied in the fields. 

S L Albrecht, C. Lat1ore. J.T Baker and KT. Shanmugan, 
Genet1cally altered cynnobnctena as nitrogen fenil1nr ~upplier for 
gru~1h of rice. In· B10/og1cal nirrogen jixa/1011 associated with nee 
productwn, edited by S K. Dutta and C Sloger, Oxford and IBH 
Publtsh10g Co. Pvt. Ltd., New Delhi. pp 163-175, I 991. 
P.A. Roger, and J K. Ladha, "81olog1cal Nitrogen fixauon m 
\~ctlnnd nee fields: Esrimation and conrnbut10n to mtrogcn-
balance". Plant and Soil, vol 14 I, pp 41-55, l 992 

This study is an attempt to under~tand the cyanobactenal 
pcrformanct:: m the presence of nitrogen-based fenilizers m rice 
fields. The associative nitrogen fixation studies showed [7] 
comparatively tight association between the four stram~ of 
cyanobactcria 1.c Nostoc ANTH (NA), Anabaena cvcadeae 
(AC), ricC' field isolates I anJ 2 (RF! and RF2) and the nee roots [8] J K. Ladha, and P ~. Reddy, "Extension of 111trogcn fixJt10n to nee 

neces.~ny nnd possibi!mes'', Geo J vol Jj, pp 363-372. 1995 m the presence of nitrate (2mM). However. m presence of lower 
concentration of ammonia (0 2mM) colonization was seen but at 
higher concentration of arnmoma there was dissociation anJ the 
cyanobactcria was seen to settle rn the bottom of the tubes The 
assoc1at1vo:: nitrogenase activity was found to be 30-50% of the 
mtrogena~e activity in nitrogen deficient media 

Immobihzatiom. on filter paper has proved to be both 
economical and desirable and being degradable in nature It is 
easily dispersed in the waterlogged conditions especially m nee 
fields. The comparative study between the free-living control 
samples with regenerated sample& was shown to be similar "W1th 
nearly I 00% recovery of all character~. The heterocyst frequency. 
nmogenusc activity and phycobihprotein content of the 
regenerated samples from preserved filter paper strips were 
comparable to the control cultures up to six months The 
heterocyst frequency of RF I and RF2 was simila~ with RF2 
havmg frequent occurrence of double or multiple heterocy~ts. 
This may account for lower nitrogenase activity of RF2 compared 
to RF!. This observation 1s similar to earlier report (18) where 1t 
wa;, shown that restricted carbohydrah: input to dt)ublc or 
multiple heterocysts may be the cau5e of lower n1trogenase 
activity due to less ava.1labil1ty of energy. 
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l"o 'lrJtn' 01 (.,\,mobactcnJ 1i1 \011111 A~TH J1 d Maw~r•1ladu~ 'P 11ere holateo trom local >ep.trd.tc temperature 
1nnc~ of '-1ee.h.iJ,n& lnJi.1 BPth the ,tnun< ,howed preference tor (]Jfferenr ternpt.rJHlfL' tor Ppllmum growth {4~~c for 
1,f<l>I ~ ,, tad111 'P (them10ph1leJ 'I Id 25"C tor i'vo>LO( c\'\ lH (me,oph1le)] The uUdttmn ot nttrogen ~uurte<> tn the grci\\th 
mcti1& (nnratc .im1Mn11<1 and glutdmmq •upport<-(l their better grov.th bul rt:'pn~,,,eJ hc.tcn)c ''' df:'1 f:'lopmcnt anu mnogen.i,f:' 
.K(I\ tlj ~11r.tle 11i.l n1tnte uptd~e r,tte', fl< R ind \;1R <ILtl\"(le' mcrcased by \01 dlld 1.klf(.,JM-J t-• \; H~ • in 'vowu A\ TH 
Ho1>,C\Cf ,u ... h dtt•([\. 1\-('fC onl) rart1al in \,fn1/1~1Jrladu1 5p The pre<.,cn<o:. ,,j fr~ul nttrogcn ,ourc"' in rht. mcdi.t led 10 
de ... rca~co G".> a(.,t•~Jt) :rn.I repre,,e<l mt.lhyl.unrnomum up1.1ke 1~ both the \trdl'h GhirJmme upt.ik~ Wa> <ub>trnk induubk 
cn~rgv depcnJent <1nd r(.,qt ired .le n01 o prottm '}ntht 't' Art1hcrnl <1.S,Ol i.Uion \tud1t>' 1e~ealed ,u.,(.,es<.,ful u.t.tbl!'ihment of 
,is~<)"1<1tH111 of nc<- •ovt' v. ,rh both cvanob&ctc1 In 1ndurnng prolonged a\,lXtaf!on of ~faq1r:o<lculu~ 'P at luirh temperature 
(-4'i~t 1 ltttlt' rn,,d1t1c.iuon< in g1ov.th tenTCfJture and gro.,.,,th media led to p101u<c al..1ncte d1fferenllJtll'n in t.lfgcl 
'y<11wb,1n~n 1 fl1c repl&cement of nonnaJ cclh bv 1lmc·eo a ... Gell.I rno<.ulant< nught h,l\e protound b1mechnolog1(.,al 
m1pliL,lt1<)ll' 1n 1u1u1e tiwfcrt1hzer prn!!nmme 

h.evnord'>: <. vdoob.tllcn.i N: frx.H1on me,ophik the1 moph1le, fi1vtert.Jl1/er 
IV<~ (ode. Int, Cl ' C 0:Jf9/0. 

Introduction 
C; .'lnob.lctc11.t, ,m t:l;!Temely dncr~e group of 

Gr.tm-ncg<.1t1vc prok.tr;ot~<; '>hov.- d1vcr'>1ty 111 
phy~wlogy morphology, dcvdopmcntal chaialter­
l'>liC" and habllats 1 

• ln n.Hure, they are free-In tng a<. 
\\cl! .l~ '>)mb10t1c .~ (\,10ob.1ctcnd, <l'> d1,uouoph~ 
ha\c <1 Jong ht~trn v ot u~age a'> b1otcrul11er m 
d!mculture6

' ,!lld arc knu\\ n to ennch the 111troecn 
c~ntent ol thL 111.-c t1t'ld~" Spe1.-1es of 'Vos7o( 
Al'ahae11a, 4ulo\/I (/ I ol1p(Jthu t Cll111dro1pl 'mum, 
Glr1t'or1 tlhlu (1/m O< <l/J1<1 \11ahaenopq1 ( am11t1. 
/oru 1110 5( \{Oii< 111<1 dlld ~tewef/op\t\ are \VICfo~prc<.1J 
rn Ind1,111 \Ot h .tnd 1 h.L fide!<- U'ntnhutrng mm1en ... el) 
tu ~oil fcrtil1l\ flw 1vunent b1ufc11!11Le1 prog.r<1mme 
ll'lll)! ftee-IJ\ mg L)..tO lhactend roc,c.., m,tn) pioblcm' 
111duJ111g hm '>llf\ l\dl 1..ilc nf HW'-ulum adc1ptjbtl1ty 
nf cy • .uwh<lctcn.i mo1.-ul.1tcd 111 the field.., \\Hh rq;<1rd'> 
to 1...0Hlf'L 11!11111 ""nh the p1 ccx1.,ting n.1turt1l 
popul.itC\in, <1nd rncnmp.tt1 bJlJt, \\1th chc111te<1I 

~ \uthN for, )ff, '•l'H I< r< 
1c1 -:)I ~n4' '2.l_fi iJ'< 91 6! 2'>~(),IJ'I 
1: r lad !Ud.)d,hltt"'>}lf'll \.+\.<lf1t.Jt' t f'\ 111 

lertthtcrs and lo\\ mtrogen r<:lca\e Also. mo\t 
cyanob,Ktena h<l\e optimum N2-t1xmg nb1ht) 111 <l 

temperature r.rnge ot 20-10°C The1cforc the 
me,oph1ltL C)'d!JOb.Ktend may nm be the 1de,1l >Ourcc 
of b1ofert1hLer 11 trop1Lal nee field<.. >Where d..iyllme 
temperature Cdn ><Mr <lnyv.herc 10-4'5<-C, ,.lJld elm 
ad,er\el) <lfted<. thelf met.i.bohc procc ... ~c~ Under 
the~e LonJ1t10n<, the1 rn(1ph1hc cyanob<lctcr 1J "cem to 
be the bcttct opt1Pn d'> b1okn11t1c1 111 mi 'I.Cd 1.-011 ... ort 1<l 

fnhn rrMtton ,1bout thcrmoph11Jc.. 1.-) ,mub..ic..tL n.i thdt 
grovv ..it "lKh h1~h ll'rnpcratu1e\ 1.., ..,1.-dlll\' <1ncl <-~) fc1r 
ha~ fllll becn lot~ked mto .i.~ tht' potcnt1,1l hlllfcrt1li1cr 
Keeping tl11<.. in m111J the rne~oph1h-. \f/\to( A !\!TH 
.mu thcrmophil11.- 1Wmt1Qo< ladu1 '>P, b1irh "ol,t1ed 
from 1hc <..L.tte ot \1-.'~hal<ly<l 11vc1.:: uimp.tred \\.Ith 
rc"ped to ~cleucd mct.i.boltc prot c'-\t:<., \\.Ith ..in atm lo 

enumer.llt' tht:1r u-..c ,1'> potential b1otett1l11er in 11ce 

field' ol d1tlercnt lcmpncllu1..: ll'llt:'> 

\falC'rials anti \lethod~ 
<;tram\ and t ultu1 l l'ond1tmm 

\'mto1 -\ '\lfH 1\,1., ,..,,)J<'lt:>d frorn thl untk1<iurf,1(C 

ul .~1c ;'.!dt111 ;,,pll\ ttL :li.1111 01 the b1-v11ph)te 
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\11t/iih(I01 u)lle(kd fion th, '\< 11 I <l'-fLfll flill 
l ntlL'I\I\\- L.1mpt.." ')tull<·n~ .urJ punl1'-d undt.r 
d\l.!11( .. ondt!JOll'- \\t'Oll 1..dlllllL'- \\.:IL' f!l1)\\l1 111 

b.11d1c-. .ind m.11nt,u11C'd 1r1 BG I l ( \., me diun, 1 ' .it 

2"~( \\llh :i phl1ton flucnLt' r.irt 1•! "i() u1n1 I m 
\\'htllt\CI needed the~- 1'1cd1u111 \\,i-, '-Uppkni._nrt'd 

\\1th 5 rn)v1 K1\0, ('\0 -rncdH.rnJ l'I :. mM '\!Ii(,! 
:'\H. medium) 1H 1 m\J I -:,:lur,.1·111,e 1gJut.inw1c 
11.C'(,ltltnl 

1!<11t.;;udadu1 '>P \\,l'- h->lc1ttd 'hliP tho: hot <.pllng 

of fa1'n:ni, ~1cgh.iLt'< d ~l.tll lnd1" .rnJ gHm 11 •11 

,l\LJll{ h<1tch LUltu1e.., 111 D !H{ d1u111 u11clc1 
l0!1llf1U\)U-. li):!ht Vdlh ..t plW\1'11 lluenL .. 1,1((' \) "i() 

ur·wl m' .., JI -Vice rn BOD in, uh.H, 1r <Jnd aho JI 
2-,<( 1n tht rnlturc room 'Wh<..fic ''-1 l'L,.,Jt•J (lllturt'i 
\>,CIC al<;1~ b11i\\11 111 "l rned1urn 1 D-1nt'J1um \\ 1thour 
'-l'urL<: 1)! ( umhrned 111\r<>,~:'.\..fl 1 '\ 11 mt d1um 

t \; -11KClllll11 SllflpkmcnteJ \\uh 2 ll1 it \i l l.l !) o Ill 

'\ 2-rnLJ!ll'n '-llJ1pkmcnted \'-,fl' I rr \/ l i;luU111111c 
-\II mcd1ct 101 \01to( A \.'TH .mJ tfr,,',!..•>( 1udll' 'I' 
\\CIC huifcrcd \>vl1,1 ~qutml•l,t! umc1..ntr rnon ot 

11r::PCS, ,ind pH \\,\<., c1dJtht1.J t» '" before 
.iutOL lt1¥mg. 

<.nm th, Heter<K'V\l frequen<\ anrl '\1tr.,gu1.1-,( \dl\·lh 

(rro\Hh """" nw,1~ured d\ tnLr1. .. 1,,_, ll1 ,_,onu:nl!Jfl011 
of Cnl u HckroL\'-1 fr1.q,t1:P1_,\ Ill bl'ih th 
L]<.lnoh..iucn,1 ""'h c<1'1.-ubtcd ,1, pcr(el1\c1~c »I tN,tl 
\cgc-tdll\2 cd]<.. <1fla 96 h ot 1111.. 1h<1l11•n 111 tlitl, rL111 
mtru~en ITlt'dl<l AL el\ knt.• rcdu<..11,111 cb\,\\ \,\ .. b ll"Cd 

- , I 

to mcd'>urt mtrogcn..i .. c .1L11\ it\ 

~1uull .rnd '\1lntc l pt.1kt' h"J' 
Tht \..-, \JO,- ,md '\H g10\\ u ,.,ullLllL" d \'o\fllc 

A'\JJH .md 1tfa~r1~rJ(/at1u1 "r IHtc n,11\•.>tL,J h\ 
1.-cntnf LI!!..tlrnn du1 rng the e\;10111. nu.ii gro\\ 1 11 ph N. 

lcltt<..1 .+ d grO\\th) \V,hhL<l rnd ll'll'Pl'lllkd Ill 
fnunL-I'\<iHCO bufte1 t2'i m'W p!I ~ IJ lpr,1-.e 
v<p.:nnwnt<; \\UC mll1..ttccl b\ tht' .1dd111,111 ol '\.i'\O 
rJOO u/vf) 11r KNO ( 100 tLWl to rhl L<'ll \U'-pen'l<lll 
Cpl .. tb..c <.'i '\i.O· ,md 1'(),- \\<1' nK,1\t\l<:J b\ tlK 1.\\c-, 

,,f tll.::11 tkpkt11rn lwm the medium I he Lho1cc 11[ 

10(1 fLM C\to:rn..il LOncentr,ltton f,,1 both tlK 1..01nb1ned 
\ '>0UILL<: \\c.t" bd\Cd on t:.irli1.r >\t1d11. ~ 111 111t1l1111 //(/ 

"r PC( 7120 .mJ .)\11e<lio101<111 "P -.11.i.n PCC 
I I I< • h J , 7942 ~<Lrnpll1, \\.Cll: \'di \ J,i\',P dllCI ' Ji tll 

ll1LUb.l\lllJ1, '>llbJ.:'LlCli tu 1..ip1J L1-lll11!ug<llt('il ell')()()() g 
and the ccll-f1cc 1,upc111c1t<1nh Jlldh1ed f(l1 1L,1du,rl 
l\O, t11 NO. l\'rtr..ttl' .rnd nltnk' (OllLLntr.1l11111' \\.::1c 
me,J'>urcd h) the mdhoJ nf C.w . .,t' ' ,rnJ \nell ,ind 

I' Snell re-.pcc.t1\dy 

'\1tr 1\\' R(•d11cf,p,e, '\11nte R(dlll I J\l und I .lut.11111ne 
>,1 nth< l,L'l I f I Jn,f<r,J~t) \rt1nh 

I c 1 rt clo\111-dt'pt'ndcnt ni:'f-1t.:: reduda,L , \ R 1 <lnd 
lllllile rulultd\t' (N1R; dCll\ltle' \\CIC TTk,l'>lllCd U~ll1~ 

dnn11.1,11tc • cducLd rnctrl\ I \ 10IPp.cn "" 1'-du( t<Lnl 1'' 
Glutc111rn,_, '"rllfh{'fd'-C \Jr.rn<.lc1.l'-l' (1~) ..tltt\tl) \\d> 

rn,',p,urcd c1.., cl.::-,c ll ht'J b) S..imp10 II a' ' flm>t c\ t'r 111 

\Tarn •o( lodu1 '-P incubation tor 1hc c111:,. me ,\..,,,\,.., 
\\.\'- 'Ulormed .Jt h1ghe1 temp, 1 .. tlurc f-t) ( 1 !or 
LUlturc" ~·10\\n c1t .,+')v(' In c,t..,, ol \()lfo( ,\ \JTII, 

culrur('<. \\t:-rc 111Lt1hc1tcd at )1) C P1otc:111 \\ct'> 

rllld'urLJ .1Lu11Jing to T O\H) u ul 

\mmomum ,md \1111011 ,1url l ran~port \,<,,l\ 

,\mrnornum t1c1n~pon "''"\ frn \01101 \ 'l I H Jnd 
\la11u.~O( ladtn <ip \\d'> done U)lllg the 1.\J10<!(ll\l' 

[ 'Cl mL.lh\ !dllllllOHlUrll .rn dll<llOl!LlL' ot cll11ll1\ll1llll11 
('>P .iu11-1~y ~70 KBq Ltmo! 

1
;
2 -Glut .. 1'111nc upl..tkc 

\\tt' me,1 .. urecl u~m~ [
1!Cl-glut.rn1rni: hp .u.r11-1t\ 256 

KB,~ umol J 1or both rhc C)Jnohddcn.11 ,u.iin<- l\01-
g1 ,1\\ n c ultun?., \\ t're h.u \ C'>tt'd <lu1 mg the c xponc:nll<ll 
grm,,th ph,hc "'d\hcJ rn N2-medrnrn .rnd m .... ub.ited rn 
\.- ncJ1urn or N,-mcJ1um .. uppli:mi:nlt'd \\1th l m 1-1 
gL1t,1m111e ,u 2" C fot \O\Ul( .; \JI Jl <lnd .it 45' ( fo1 
\,fo,ftf.!0( lad1t1 '>P '\11.?r 48 h <.<'I], \\ere ll<ll \t:''-lcd 

\hl\hcd <1nd 1ew,pcnclC'd ,11 JO 111\f IIrPE<\-'\JOH 
hc1tfcr (/'II 7 01 tn <1 firal C(.>11C'cntr,H1on ol 10 ug mL 
( '11 « k)r ho th the ... tt .tlth ,mu Lqud1 b1 .ttcd tor l h 
undc1 tht'tr r.:-<.pcdl\t' g1,)\.\ th <1.'nJ11,on!> 
~kth) L1111m0111um u1 glutctm1n( uprtJJ...t cxp.:nmtnt<. 
\\C'1c '>lc>rlcd h¥ Jddim: I 1

C]-mdh\ l.imrnu111um 1H 

1 '·c] t'.lur.1rnrnc-ll1 ..i Jm~I con<cnlr.tu~m ot 50 u H tor 
b0th the L >vdnobc1LlCllci Vv h:nL'\<:'r nuxll'cl 
d11..hl01llphen)khrncth\lurc,t (DC1'.,1l 10 d1) ~11 

..,a1bon\I L}'.tnidt' (hlorophen;I ll\dt,l/tnt- <lCCP, 
2" tL\/, \\..t., .1dded 1\1 the (t'JI <,u-,pem11m \fl mm pri!lr 
to the <LJd1uon {1f lahclkJ g1Ln.rn1ine \t diffcrC'nl lmK 
rntc11.<1]<, 400 }ii <.<lmpk \\<.l' t.1kx11 out qu1d,I\ ,inJ 
u~ll- ~ep.irdtcd 1') cem11fugat1on tl11ou~h -.1l1Lo11 oil 
DC' 'i"Old1non; lphth.il,lft' (4()/()() \/\ l 1111.i pell hl,11 I\. 
cllltV\\.d\ef ,\.:;,~.:; vi\\-- dfo) L -( \ Ill \\Jc, pLTLhlC'fll 

.lLlcl f rdC(IOll lllt'd'Lll Cd ll<-tng lrqu id '( 1!1!1iJ,1[t()fl 

uiunter r Bet kmcln \1oJcl 1801) I hL nun "f''- u lit 
b1ndrn1- of' 

1Cl-rn~th\ l,unmoniurn clnd gluu1111nc \\,.~ 
detc1 nuned by 111CJ'>llnn.i; theu rncrn por,i1111n 1 n the 
wluene trc,llcd LCIJ..,--

(. ultun"' ( ond1llon' loi AIJnetu, D1fferu1t1.llwn 

Vu1fO< \~TH 1..ultu1e-, \\.Cle rndut-cd to 'porulJll' 
tn 8(J-l IJ mcd111rn lctd.mg Yfg'i(t Jnd repl<!LcJ by 
Lqrnrnol.u \.1gCI- Wmt1godadtt1 "P tin rh.:: otht'r 
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IJ.,nJ \\ ,h ldtPI< /n 'P<'ll'l tk \lJOlllcdlu• ,,)< l \ 

fl'ell1un1 •'' ,, '-'LI ll H]'t'ldH IC' \\,_1" ,,, l1u111 h' 

1.V-' 1.<1kd .itui ·'' \n. pu .. c 11t 1,:c. ill frJ:,1 ,l 1 , 1 l 

Ol~.Jlt.JU'> B''\ .:; I Ji" ll 'l1ld(h._1lflt •J.!, t' \I JI" ! I\ ( 

d1g1t,1l \ 1tk(• ..::,rn1, 1 ,1 

{ O·< ult1v,1tt•!ll u1 Rile .rnd ( 'anoharl<.11.1 

R1u. ,,,J[P1-.::-, l<J I t'lol :;!l0\1 11 01 I'' ln .. ,,,, 
c1 ctnquh.d f(I I"- 111 ~ t' lwr-.: · lfll.' ,11 tu "'. 'rJHl -i1 • 

d -ttlkxl .~,1h.r D '- m,cl um , nd BC· Ii P, ,I u11 

11(J ml J \\d" pNircd .nn:pe1Jenll> Llf·• rJ1<,, \11h,, 

.1nJ <..c,Cdlmg" "dl.'.IU h pl<iU.X! '•' llU !'lt j\J(I" .lir ,'ct1 

ill lhl' mecliuP1 'Hr1111,r>< 1rllb1, -,p mJ \ 0 11,,, \'-!!I 
\'L'fC 'llll •tlOl 111, led l'I the<-c l1>t H:bt''- Jn •ht II 

n- .. pe(.. l\l. .crovvth tnLdJ.t r Hix\ v.i:h tla<lil.,(1([( I I 

'f v.0rt Kcol rn th .. ({(in 1ncuhator ,.tt t'<~( mu 1\H11 
\0,/(1< '\ '\l l H in tht ~·lh'vth c.h.1mhc· .\t __'..::; C 

He.,uh., 
(,ro,,.lh.1-ldlr•x.:-,t t<r,qutm ~ .rnd '\1t1111iu1i1'-•' \1 fl1ll\ 

Bolli \o< '11' \\JI I I , nJ tf,1\fl~<' 1(.,/11 1 'f' \' <'l< 

~l0\111 in t1,iJI; rn .i ll'111p~r<ltu1 e i-m..:t <'I 2 1 \P ('(1 ( 

(ir1)\\lli v\.'<. lllt:..l<.l'l~d ,\<; lnlfC'<l\1.. In I 11/ 11 ._1\l\IU>l 011 

4' d if(IH1:.,ododu1 -,J f.11..\\ be<-t <1t 1~ ( <:: ~ 11_ 

mL 1 
(hfo rn D '-- n,::d1dl llo\IC\-e1 \1n'1•, \\fl! 

.... d[; d1td <It lLnip<.rdlU11'-, C>-lt'~J11 ..! ~.:; C l')(l-. 'lh' ,,1 

Optl''l,tf !..r( 11.\lh ti 2'\ ( 1 { _:: }-L 111[ ( f I d IJl 

\i llkOI ,1 (11!1''\1' \\,h '""lhl,t1nll\ 'l 1 bvt Ill \J\) 

"'llL " ..!'t • .111n1, , IPf'I,· lk'Ilf•.' j m .. 1 , i 11 tl "" \ 

it.;:'qlll!l,) <11'1. 1 lloll»l-1.il1'-< th .. 11 \i\\ \IU I ,)j 1'vilc UI 

111 ulJ11b 11-'J I llfD'..'.1..1' '-l ppkilll-llll d I , I , ! l, 
sr1Wdh t dl!<•1. \'I !lClj'lcl',' ,Hid '11f11).'l11 t'-1.. .11 l 1. I 

nl ifu, 1~0 : .. , 1111 'f' \\U.: - , S loU h1 ,f1,1 ,'1 ['> { 

t1.n.ir2"iC 

"\1trak rnd '\111111 l µ1<1!..l \dl\lltl' 

Bu,h '101 1,(1 I , 1
u1 ""' 1n1,. \r111,1 \\JH >lit, 1..d 

\;°{) 11<1 \,(} ll!'\. f.-.1. _.(1\1{[~' j I• "dk (If \,() 

ll1'f ik{' l \ i11\ 1 ~(1 .I.. !(I I 'f ~I~ 'l\t 1' ii '\l ll'c,(..!11 11 

\\ ... ':i 
,-, Jl tlll1 I 11111 'I_ ( I ' , < lllj'nl uJ •" 

~2 {) l !J(l\ l I 11 _ ( ' 'l '-0 Iii( J 1 lll" '" 
""nwd \)If n l' ( ll' 'II '"''I 11 n ( ! .I l 

\',Ill ! II 

,, 
' I 

d P! 1 J 

,' 

,() 

l ur1h1 r \.0 upr,iht '>\ \n11 ), \ "\ J} I \\ lb 2 b nmoi 

'" n ·n; (hi(, 1n i\ m,J1urn l () 1 11101 nnn ml! 
< J,J" 1n ~O. muJw-:-n "Pd ' 1 l nn11•l nw1 'H! (fl[ a 
,,, '\!I 1r11 d1um HcnLC, lht'J t' >' " } 1 '11 ,md ?.r.< 1 

, H < <1'-1.. •n "lO - 11pL1k:... h'- \.fl.\.t..f 11 /o,fu\ 'P ,rnJ 
\r•1t,; \".,TH, w-.p.;(li\Ll:_.. nth\. '\O n10dn1111 d'> 

• 'rrp,ircd ~o '.I mul1t1m J11,·r .. ,, 1 ·1~' h \/() upt,J.t• 
1.1\L 1'1 Hmrt..;od<11f,p "I' \,,1, lfl fL1ld ht~h~r 

l Ill!'· rul lo 'vmlr•/ -'\'\'I H llr1k 'l' )li.tl lUfal!t111Jl, 

/ ' <11ld '\()0 mcJwm il11\'. ,. 'lie' /'fl''-I.'flu 0 1 

\.H 11 tli..· ~fO\Hh m,01ulll ltd \<l 111!1thlli1)J1 o! '-10 
Uf'l If.. .. \\ 111<..h \\·l' lll<'ll '<(.,\(. \.. lll L1ht' 1ll \01/I'( 

I ~"i'' I L\>l'lj'1lJC:U h> \1Jll'~{;( /</(I'/ 'P ' - ~(' ) !h,Jll 
I, 1r 1c -.r1 c L\<' I\ ?Juv. n ._ell, 

01' ·he other h,1,1d, '\() ur1.d.1.. h, Ht1<11i;m lor/111 '>P 
.lt ,..J \".11)( , \1' 1 H \.\ .t' 11llrl '" d h +r> .:ml 211' r 
r,-.pldlhl) in >10 -mcd1un1 ..l'- uHnp.uul 1,. '\ -nwJ1d111 

1 1.1t1\ l 1 l h1\\l.'\U ... nC'r1' rn\n'rnwn m '0 up1J\..'" ;') 
\,,1, ,, \ '\ l ll r1;1y d tlun rn Hr11tu11, 1,,,;1, "r -;9• I) 
\\ .1, n<'l \<.. .'.d Ill thl' p1 c-.cnu:' ol \. l J, 

\R \11{ <111d (.-, \tu,J11 

1n '.() tJlt,hum '\iR 1ctt\ll) -,tW\\ed .1 dr,i-.1\( 

trt. l<..,b( r I~~'~ l tn \r,110( A'\ I H 2"i C 1 ,1µ..irn't ,. 

!l'>'ud le l!ICf(d~.: (Jf't1) JI) \1t11l/i;(( 1{1rfu< '-P l-'i (' 

JI•,<'[ p lfhOTI l1l 1t<. 11.{i\lt) ll' N llh ,11ltll1 (I ,1f)l1.. 21 
ll >\'.\,1 th.: '\R <!Llt\ll\ Jc...imc:d 11\ ::<:..',in \0111•1 

\'\ff l nd 4(>r · Jll Wtnl'f:or 1,1d.t1 'P 111 1!Ji: pn 'tll(L 

<li \, 11 I lk llh.dlllll} 

I l '\ <llU1 l '-.tR <11. lj\ 11} JP \(!I/fl( <\ '\ 1 l I \\,l, 

•,I, In "' 1"i-!(1 'il'JPI NP- (l'll,L.llll'd ni.P m~' 

1
1J«l. I 11 ' 'dd)'I th1 <..I I\ !ll-2 ,!( \l\~ 1 \ 1n \J(l\1/1'0( fa,/111 
'j\ IJ"ll•' 111'•1 I~ ')J(JtClri• :\i[\,tdl\ly'h<l\\t..d..l 

'" 11, 1 1 \, 111•, \'\TH m '\() mcdrnm 1n 
• 11\' Pl'>t'I ll1, Lii, J\ 11 '\ -11uhun 'Ah1,lt I>\ Ulnt1 1~r 

\,,,'ii \ ll if«t.;ort(Ut/il '>j) lh1\\(\<.'l th(., 
: 1, ,~ 1 , I \fl 1 11 , 11ul!ur.i k,,l 1!' ..., -, r inhh1.1on o' 
'- f< 11 ,t, 11 \r 'Ir• \ '\ 111 hut thL inhhtd•'l1 \\ .i' 
J""\h ,\f,n1 .... 't' '11\,p1ldbl'-'-'"'I' 

\ "n j'.1.1''"-' ;fLJ\ ol (,I., lctnJ,\ rL>t,led 1ll11 

\1, 111111 11,/., 'I' ii:! .nucn t.1,,>111.. 11;,1.i, .iu1 1 11> 

< '..j.". 11111 '! !!Ill' 111\\ J l\lilP\, 11 k•t<.' I llll 111< 

'·; 

I '/\.'I ( 

... , 1r 1r t !<.1 .... r <- i ) r 1 ii I r J i tt ' ,, I 
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-IOO 1'\111 \ '\ I f{f{) fl ( fj'\() ll I \' ~1•t)' 

r .tbk ') -t tff.'<.1111 dtff<'ft'l\I I tffC)-~fl "') 'L' )[ lJld lll ·u dd \, (i\}{l r1 1 r f( r(_(, l,l '\~ ,1' R nJ glut.ti llfl< ''I l'ldd'e (lf,lfh1d,h< l 

(1'>) Jc I\ lie' <>I\ 111 Jc \NI !I anti -I.I "'- '<,./,, 'P 

'\R ',ll' HI 'tR JUl\ I\ (,', )((f\l(\ ' HO..!d "''- Jh,,,., HI 

.!'\JV\frl fl .. tll trn fnrnn' 'l.(l 'll lu.,d imol '10 .,on,,Hntd l.11n,1I ' _wt HJ\ l lnd10"'< H1ldtC 

11111 HIL rtolL1n} rr tn n , I fJt)f("Jn} l<>rnk<, 1111n IJ1L [l!Okl J) 
-------- - - -- --- --- - --- ---------

VtJ\l( 1{ '\ '1!{ \,f<t \lf 'I!, 1r'Jdu., \t>)"dj( \'\Ill 1f<11/I~( lHllfill \v11" \'\ \H \f(/\f1~th lad1;, 

'•' 'P 'r 
I)(+() I 'l 16 ~o.+ ~.+() ± 2~ 162)' ~ ?-, 6 [(1::: 24(...J ~I~) 
4 2 ±P J 111 u~ • tl ~ 'lJ.-) = T7 17" {)\ ± ~ "'19X ± 1. 16~(j ± i-.4 
I) 2 ±lJ 1 4 :_{- .'...0 2 .:. '<• ::t 12 J'\2 6'i i - <.76 ± ( 11(.6::: ~, 

\R \11,1\c 1ulud,~<,c '\•R = '\1tntL t-!(1tt,(,"r G\ == lilu• 11111nr ''"!held'' 
'\ '\oc1m_i:_~~_i:_1uoi;c:n~O ==+_l_l_Jrn.\-1~,,'\l\_\H_,=•2 n~1~H,(I _ 

protc111) lOmp..ucc.l to 1\o~toc i\'11[! (610 nm,~t 1-

~lu1.1t11yl h)dt0\.1m<11c 111111 1 
TT\).:' pwt.-:111) g.ro\\n 111 '\l_ 

meJ1um Hm>.c\l'I G~ uCtl'vlly \\d\ icprc'">'Ld h; ll"c 
m .Ww/1f?u1 ladu1 <,p a-.. ..1g<1m<.t 20, m ,\01/0( ANTH 
\vht-n '\0- \\ ,\<. <1tkkd to the grnwth rncdrnm I he 
..tdduton l)f \.H. • to the medium <lho -,h<mcd '>lllllLu 

mhihHon dfect on the G'S <l<-11\II\ m 't4,11li~<xladu1 

"P (-f0' ( 1 ,rnd m N<11f<>c A 1\ I H ( jgr{) (T dblc 2) 

\lf'th,Jamm< mum and (,Jutumme { ptak<• 
fhc ,\.tlll"> l11 dl1llllon1um uptJkc 111 \,11tm Al\Tf-I 

Jnd 'v!a1lt.{U< Jl,du1 "P \\~!"> <,tuJJeJ lhllHl f1.lj­
rn~thy l<1mmonm111 Both the orgam"m" '-ho\'. ed a 
h1ph.i .. 11. p. ue1n nt meth; lamm(1n1um urt<Li-c marked 
b)- dfl lrll!U( ldf)IU pflJ'>C l,blll1g_ lof 60 'l..L f~lllll\\ed 

b) .i -,IP\\cl ~curnJ ph<1<,e th<1t rcm,11ned hnc<1r du11ng 
the Tk \I I 0 111111 (•t the c\pcnmcnt.11 pc11od 
\.ktll\ l.immomum upt<1kc ..ictJ\11) 111 ,\n1fot A \JTH 
clunn):'. 1h1.) fir,! ,ind th~ 'd 011d ph.1<.c v. ..i-. 
"" ,md 7 ~ nmol mg min 

1C"1 u 1c'>rc<-ll'-'CI\ l he 
upt.tkc 1.Hc~ {,11 the ~<llll\.' d'rnr,•1mJ 111 .'1ifa1(1i;oclad,c1 

<-r uJh \\CIC ..+2 ,rnd !<\Ti nrn1': mg nun Chi a 
Ju11J1~ 111L t11'>l <1'1d ">c'lO!ld rhd\c, rl'~f'lllnCI) llK 

.idd1t1Pn ot 'JO ,11hi 'l'H1~ Ill tlK g1mv1h rn1.d1um led 
t<i ,,ht( 11.-prc,..,1011 <)f the rn...th\l.tm1n~•ll!Utl1 dpt.tke 

Ill hNh the t '-'<1nob,1c tend (h c1,tll the dat.1 -.ho\'>Cd 
tkll Illl!Pgen q,1n . .1t1on lnUC1l'>L'> • .ll!ln10l11Ul11 l!.lP\fll)Jt 

.i1,,ll\ 11\ in b1>1h lllL '-lr,11·1-, 

')tudtc' on the 11pukc uf ~lur<1rrnnc in 'Y(/\tor 
\ 1\ I H ,md Ha(tl'..[0( lad1 1 1 'P _il-,o <.hcmcJ d h1ph .. b1C. 

nu urL \\here .in 111111..,I 1.tp1d ph..t-,c i q'rt 'entcd 
lOll,l(LlluL1r .KdllllUl<itl011 tolkl\\ld h) <l \(1)\\CI 

'cuiml ph.i<.c .:prL''>t:ntmg .1<.'-11T11l.1t1un l he 
_;lut.immt up1<1k1. 1.11c, \~ere h1,;h,•r ,n glut.i111mc­
grov- 11 { Llh th.in Ill ">! -g,ro\\11 u::ll' \u<.11 <lll 1111.rc.l'>l 
in d1c 1,ll1.'<. \\ 1' ''tmttl.-tnth 1nlnhkd h\ 1h1. <1dJ1t1un 

.if 'hl1'1 miph, 'llt<'I 111 .nh1h11rn ,,, pr•)\<. n '-\nlhc">l'­

d 111 1) \l'-n J)(i\Il ,tnJ CCCP rnhinlf(J !ht 
g/u(J11Jil/{. (lf){,l}.._( l(l b(l(/> lhC '{(,\1rl\ If ahk 11 

r Jh1
L ~ fnt 'fft,,...t 't DC \11 <1nJ ( ( CP ,, , I '('] ,!lllt~tlll!K 

upt.i .. c I'' 'Ir'"'°' ,\'TH md 11ulftV'' 1,u/111 'I' 

(1IO'>'lh 111Ltlhllll I '( I l)1ul mint upt..1\..c 
tnmol J 'c I glmJn1111c t.1k.:n up 

mr 1 rmn 1 
( /l' al 

(1,1,,r,11 ~ Dl l\ll \Ill 1L11' ~I & ::: I d 
~~t:t__<_'l -CSTP t2~ J~- ; 8 .r 1l I 

Trre 1 t 

---------

1<1~1~6~ 

'I ~I ::: 2 0 
_l\7±-1~ 

---- - 'f' 

----. 
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'I' 

l ( I (1lut,\P11'1L urt, he Ill \ ( ' I ( \'I I I .,.n "'ll 11 \ 

•' ·w l L11'1 llllllk Pkd1u 1 12' ( A 1 .ii l ~1<11'1!/0< /w/,,, 
f(l\~11 r '\ I~°' (' Ill) >) l I llJ I lL 1lk111lllll \ l'v( V) ti ,j 

\! \ll ll'\11lC Y\cJ \ fl~Vl I lll\'l'in ,1,J <+1 1'-() g10\\I' 

t1!1t(1Jl1,l c(!\, 1\LlC ""'nLJ 1nd l 1r'>ICl""L( lo ~ <1l1C 

L. ll lnll le Ill lll Ill! \ 1) \1 !-fUl l!lllllL I II ll llll t.h I, J (<, \ h I J 

2' ( t r \ '1 ( \' \H ,in"~· h ( I 1r Huv1,1 111,1</111 <.p (di<. 

' I\ hCI I J \l,1L1i '"''r«.l .in Jr,,, ,pcn JL(I in lll Pl"~ h rt\'1 

di'<' l "'I lt1r i:.!.11111 Ill upt.il..c d' ,k,,,rif'>1 d 1n \1,tl'I\, Ii, '1d 
\f( r '1d, 111' \Jh•,, 1n. ,,,, 1- •I m,1 rnd,rcn(lvn e\pV rncnh 

\.kJlll ll Dtlfrt lnll<1t1on 

I l\L illlCfL'\l lfl .. 1\.indc \\ ,, ll•I llt.. po!C l\[ldl ,\') 

IP1lcU um r,1 hL Ll\lJ 10 r\Tlil ill fh t lit Ith \\Jth 

u lll'''L 1.:nt • , 1nl11">.idv 1.11 \lr.11n' Al-.111e1.: 
,/ ilu,'ntr.itl< 'f rn \/r1\ror \ \ l /-1 ~t,at(d ,m/) 1-1.hL·n rht' 
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\ rncd1um v.d<, u~ed to l-!11)\.\ the ~Lil' id-.kcJ ~1th.:r 
wlrlMlt.' or ph1)'>ph..ite 1hc !ni 1ner l1mu,1tio11 le.idrng ro 
qu1ck.,·r ,rnd h1gh.:r e\l.:nt of ,1k1ne1.: d1fie1enll.ltlon 
(v.11h1n 1 ..id ,i:, .1gam't 8-Y d1 In cont1d'l akmc.tec, m 
i1amenc ladu~ "P d1flc1cnt1..ited '.\Jth m JO cl simply 
v.hcn grm"n rn D-N,-ml·J1urn .it 1,)\1,c1 kmper.itute 
(25~c -Table 4) B} 40° d 1hc alonete' rcr(cntJgc of 
,\011oc .\ \ fH in ~ullalc limited "(-meJ1um .md 
.ifi"llH!.O< frulu\ 'P rn nom1al D-\:- medium \vcrc 
98 .tnJ 801j( re-,peu1vely .it 25VC '.ornc degree tit 
akrnctc dttkrenu,ition i-20'f-1 \\<1'- <il,o oh>CJ\cd b) 
..iot' d rn v1o~t1~ocladu' "P g1t)V.11 <il -J.'i'C prob<1bl) 
due- tn e\h.iu ... t1on uf mcd1,1 nutnent<. 

1\rtJtic1al \,-,octatmn of R1u. Pldnt~ \\Ith ( \nobaLtena 
To tc-,t \\hethcr tJ1c<.c l\\O cy,rnob.Kten..i c.m hc­

u'icd 1l"> b11)lc1i1\J7e1 !du'1ll!m Jadu.' "P ,>nd Noswc 
AN1H \'-{'IC inu1hated \\1th rn.c \ccdhng-. fhcn: v.J-, 
l.llll'tdt>ruhlc .1<.<,1>c1<1t1011 ol both the-.e 1.. \ <1nl)b.l( ten a 
<It IO<)Jll tcmp..:r,irure o.::,~c, HOV.C\t?f, v.-hen 
111cuh<1tcJ ar 45~C Sullr>< Al\ TH d.cd altc1 24 h 
lnte1.:,t1ng:I) Wa\flgo< l<.d/t\ '>P .,ho"'ed <.1gmflLant 
.1<.~nciati.m wrth nl.c Hroh C\ en ar 45°C lor prolonged 
pc1wd '-:_-fix.it1011 .ict1\ity \vu'\ mc..i-,ured .ilter 7 cl tlf 

m..:uhJt11111 It \.\ '1'. h1ghe1 111 <l'i'>i)Cl<lted cell-. 11f hoth 
the ()'<lllOh<1Uu1.1 lh1~ clCl!\I{} \hh 1628 <1nJ 
12 nmol C.H-1 rrod11ccd pg h (hi a re'ipernwly 111 

ch'.()('!,llL'J ·'lld lrcc-llvrng Lell"> of Nu\{()( \\,TH .tl 

25~C The ... on t''-pon<lmg 1r,lluc'> fo1 Jfa1f1f{ot ludu:, 

"P u! 4' -c "<lTllL v.crt· 6 27 and .:t 62 nmol C_H. 
p10cluced µg 1 h 1 (hi a 

Discu~~ion 

:.1o1pholng:Kalh ,\O\toc A.'.'!Tfl <1nJ 

J1alfl~o1 fw/111 "P .u.: J1fk1cnt c.y.inobade11al g:encr<1 
Vn1/u( r\ \! fH \\ 11hout nr<1n(h111g .mJ .Hu 1ttfWLl<;.dt11 

'-P \\1th uue br<111(r111g Gwv.th ..:\pc11mcnb 
1..onJuucJ hcyond ~5~C !c-J to cell Jcdth m vo\1<H 

AN l H I lmh'\ t't tht:rc \hi'> mer, d\C 111 gro\\d h. 
het.:fOL\\[ freqUCflC\ ,u1d llll!Ogcn,i-,c c.Lll\ll'.' Ill 

,\1mt1!!1J< hul'i' '>P .it 4"i 1C .rnd bc~crnJ 1nJ1L.1llng th 

thcnnoplllhc n.i1u1c Both lhe '-;,mob..i(tl'r1tl \\CIC tihle 
10 ulll11c '\O '.:02 , '\JH - ,md glutam1n.: ·'' <..tl].: \ 

\OllrCC 101 gt O\\th bur thc~l' \vCI <' inh1hl!Pf} to 
hctei\lL'.'\I ,lilkrlntlt1!1un c1nJ rnungcn..i-.e .K!J\lt\ 

Tbe.,c r'h<.C'J\.\l1t111' .m: >ll11lla1 to c,ulil'l 1epurh rn 
orhe1 () cJ110n.1Lt~11d ',, In i!'-ner .. d the ..ipp.:.t1<1PLC •)t 

the 'v1t111''.!11<ft1di" "P ''£1' more :ellov.hh th,rn nf th« 
\11110c \ '\ I 11 I h1\ dllllu h-. due to !he I .tL I t!J,n the 
med1,1 c,lmp,1-,1t1on u..:;Gd fo1 g.w~ th pf Ha~tri;()( lod11\ 

-----
1,tbk • I ht: ~n~:-Z-nuf'.t ,11 tl..incw d1fft !l r.11 11l<>n 111 1\ew" 
-\'\I• ~., l 1 Ill ,ul!Jle lumtmg ' muliurn ,ind 

\J,,11,~c, ,uf,!\ 'P 111 nNP!.d D \ n1001U111 <2" ( and I" ( 1 

t\ku l tl. fre,jtlcl't \ 1 ''I 

1 fl)( \tl\f(J( .'.\NTH \-Ja11.,.,"1 l,1du' 'P 
1J 

2~'( 25'(' 45 ( 

() V'l •)} () I\ 

i8 ::t IO (\() ()I) 

)IJ .;;9_,,. J () ) ;'. (1 :TI) f) 00 
~() -1\"' I() <u !l =..I " (J •) 

ld 9~ ± l 0 ":O:t"2''t ()I) 

..+11 % :t I() hOO J.:4 f ~o::: I o --- - -----
~P l.itkt.J m one or more nu1ncnt!<.J th.•t tithu" t'c h 

dh11l<1bk to the 01g<lr11\m 111 the hot "P' 1ng 
1\ c1)1J1p,llJ<;On nl hctt:TOL) '>l f rcqucnl.} .md 
nnwgLll<l'>l' ,Kfl\ll) m the mo q,111obL1Lten..il gene1.'1 
al their rcc,ped1ve gro\\th tcrnpcrdlUtc<. <.hov.t'd th<lt 

No11or \''iTII h.id h1ght'r 111trogcnu'>l' <1Lll\-1l) C\Cn 

though hctero..:y,,t frrquenC) """" higher Ill 
t\-1(,1!1p.rh fadu' '>P prob.-1biy due to llhHC etfioent 
'\ I 1.>,.m; "nd1or C-ii \.lllg nMchmen 1n the fnnner 

Furthc1 tn\C'>l1gat101h m10 mu og.cn met.1boli~m 

a<,pect<. ,if the t\\O 1;,ol<1te" e'>l<lbfl'>hcd tb..it ntllJ.tc and 
nrtntc upldkl' r.1te' \\t:rt' rnduubk by :\'(), and 
rcp1c,,1hle hy NHJ~ Ho\vC\CI. mtr..ite upt<11'.c r<lte' ot 
Wmrtf!,O( fodtt\ '>P 1.VCrc mu ... h h1ghl'r (-10-fnld) th.in 
ol No11or ,\ \ fH \, 1-, the (...1<,c \'1th Dthe1 
<.).i.11oh.i ... tc11i" the St:\cnt:. ol 111h1h1tllln h\ NH,~ 
\\,j\ fllOIC pronoun..:ed IO Nol/()t AN rH f {Q\\Cvcr Ill 

Cl)JJtu\: to d uimplctc- 1eprc-.,1,1on 11f 111U<1tc ,md mu1tc 
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