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ABSTRACT

In the present study, ten (10) cyanobacterial ssasolated from Loktak Lake were examined for thessibility of
increasing the content of extracellular ammoniuneretion subjecting to various concentrations ofratié and
phosphate. The concentrations of nitrate and phatphequired for maximum growth varied with spedreshe
influence of nitrate, among heterocystous formss{blospp. BTA60, BTA61, BTA80,BTA67 and BTA95@thxat

sp. BTA73; Anabaena sp. BTA964), maximum extrdaeummonium was excreted by Nostocmuscorum BTA950
(238.07 pgmt) in ON and minimum by Anabaena sp. BTA964 (25@8IHin 2N. Among non-heterocystous forms
(Phormidium spp. BTA52, BTA75 and BTA1048), maxirextnacellular ammonium was excreted by Phormidium
sp. BTA52 (134.09 pgilin 1N and minimumby Phormidium sp. BTA1048 (5%.8iniY)in ON. On the contrary,
experiments on influence of phosphate, Nostocmust®&TA950 showed the maximum excretion of extrdaell
ammonium (233.79 pgilin 1IN and minimumby Anabaena sp. BTA964 (11.08[fign ON concentrations of
phosphate. The findings indicate that these stram@yproved as promising microorganism for the edhalar
ammonium excretion which could be exploited biatetdgically for the benefit of biofertilizer apptitons.
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INTRODUCTION

Cyanobacteria have the potential to produce a wadge of fine chemicals including polyunsaturatatyfacids,
carotenoids, biliproteins, antibiotics, vitamins|ysaccharides, bioflocculants, biosurfactantsygopromoters etc.
and thus can be utilized on a commercial scale.bitehemical constituents of cyanobacteria dependbe nature
of strains, physiological state of the culture #melenvironment [1, 2, 3, 4].

Cyanobacteria can both photosynthesize and fiogdtn and these abilities, together with great adalgy to
various soil types, make them ubiquitous. Cyanas&chlso have a unique potential to contributprtmluctivity in
a variety of agricultural andecological situatiomfiey play an important role in maintenance anddbup of soil
fertility, consequently increasing rice growth anield as a natural biofertilizer [5].The utilizintyanobacteria as an
efficient source of biofertilizer for rice field hdbeen practised and adopted in India [6]. Usaadédtilizers is cost-
effective, cheap and renewable source to suppletherthemical fertilizers.

Culture experiments have been successful wherehgsimpogical requirements of particular species lanewn.
Nutrients plays a very important role in the metaband physiological activities of cyanobacteria.strongly
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affects biomass production, chemicals dissociatind cell physiology. Nitrate, nitrite and ammoniioms and
many dissolved organic nitrogenous compounds (Urea, amino acids and peptides) are the main ssuofe
nitrogen for the algae used mainly for the synthesiamino acids and proteins [7].

The work presented here was proposed to deterninedifferent concentrations of nitrate and phosphaay a
role in the excretion of extracellular ammoniumthg cyanobacterial strains isolated from freshwhetdsitats of
Loktak Lake.Data generated during the present tigatton could be useful in understanding of a caruial or
biotechnological potential of these strains.

MATERIALS AND METHODS

Cyanobacterial strains

Ten (10) cyanobacterial strains used in the presteily were obtained fromNational Repository foma@gbacteria
and Microgreen algae (Freshwater)at DBT-IBSD, Inhpkianipur, Indiawhich were isolated from LoktakKes the
only largest freshwater lake in the North-Eastegion of India.

Growth conditions

Cyanobacterial strains were optimized for its giowahd high yield extracellular ammonium excretioonf it. In
order to assess the influence of nutrients onxt@aeellular ammonium excretion, different concatitms of nitrate
and phosphate of the BG-11 medium [8] was adjugtddg phase culture was homogenized and 1 mlettiture
was inoculated into 250 ml cotton-plugged Erlenmeffask containing 100 ml of BG-11 medium (diffeten
concentrations of NaNQand KHPQ,) broth medium in 150 ml cotton-plugged Erlenmeflask. Concerned
nutritional treatments were 0=0.00"gl0.5=0.75 gt, 1=1.50 ¢f* and 2=3.00 glof NaNQ; as concentrations for
nitrate source; 0=0.00 gl 0.5=0.02 gf, 1=0.04 gfand 2=0.08 gtof K,HPQ, for phosphate source. 1.50"ghd
0.04 gi*for NaNQ; and KHPO, respectively denoted the control. Cultures welewadd to grow in culture room
with light intensity of 54-67 pmol photons 3si'provided by cool white fluorescent tubes followig:10h
light:dark conditions maintained at 28+2°C. Theskla were stirred twice daily to allow circulatiof @r and
uniform mixing of nutrients.

The amount of ammonium concentration excretedeémtledium was measured by Solorzano’s phenol-hypdtgl
method [9]. All the experiments were carried outriplicates and the data were presented as mdansva SD of
three replicates.

RESULTS AND DISCUSSION

Quantitative analysis on extracellular ammoniumretian against different concentrations of nitrates presented
(Fig. 1a-1j). Maximum amount was excreted in almalkheterocystous forms during their growth iraten free
medium.

In the present investigation, effect of nitratewhd that among heterocystous formos$tocspp. BTA60, BTA61,
BTA80,BTA67 and BTA950Calothrix sp. BTA73;Anabaenasp. BTA964), maximum extracellular ammonium
was excreted bjNostocmuscorunBTA950 (238.07 pgril) in ON and minimumbyAnabaenasp. BTA964 (25.95
pgmi®) in 2N.Among non-heterocystous formsPhprmidium spp. BTA52, BTA75 and BTA1048),
maximumammonium was excreted Bjormidiumsp. BTA52 (134.09 ugril) in AN and minimum was excreted
by Phormidiumsp. BTA1048 (55.91 ugi) in ON concentrations of nitrate.

Regarding effect of phosphate onextracellular amuororexcretion, it was observed that the quantitg weaximum
in 1N followed by 2N, 0.5N and ON concentrationspbifosphate (Fig. 2a-2jNostocmuscorunBTA950 excrete
maximum(233.79 pgrit) in 1N whereas minimum was observed in OMmabaenasp. BTA964 (11.09 ugr).

A primary effect of phosphate deficiency is inhidit of uptake and utilization of phosphate leadimglepletion of
nucleotide phosphate bonds. Cyanobacterial catle giolyphosphate reserves at high levels durimgpeential
growth, mediated by polyphosphate synthetase, whécjuires energy [10]. These polyphosphate bodiess w
degraded during P-deficiency.During differentiatioh a vegetative cell into a heterocyst, major ctrtal and
biochemical changes occur that affect nitrogentifixa Under high concentrations, 2N and absengghoBphate,
the inability to produce more amount ofammonia rhigh due to the absence of strategies to enhaacgutsition
(uptake by the expression of highly efficient tqamders) and conserve use i.e. mobilization of Progified C and
N metabolism.
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With cyanobacteria, nitrate is taken up by a comrhagh affinity transport system involving the Nrt&B
permease (an ABC-type transporter) and to a lesdent enters the cells by diffusion [11, 12,13k®I1nside the
cell, nitrate is reduced to nitrite by nitrate rethse, and nitrite is further reduced to ammoniynnmikrite reductase
[14].

Growth of many species of algae is limited by thailability of nitrogen and/or phosphate [15, 16,1Nutrient-
enhanced (mixed N and P) cyanobacterial growth alss observed by [18]. Nitrate uptake can be imftwel by
availability of phosphate ion (R®), which has an important role in cellular energetas part of ATP and which
influences the activity of many enzymes requiradckll metabolism, including the nitrate reductfmocess [19].

It has been known that nitrogen-deprived cells gaheshow higher inorganic nitrogen uptake ratent nitrogen-
sufficient cells in the short term [20,21]. Howevafter an initial nitrate uptake in nitrogen-depd cells, these
cells entered a lag phase in which no nitrate gtadcurred. Furthermore, the length of the lag placreased with
the time that cells were deprived of nitrate. Imtcast, nitrogen-sufficient cells continued to talg nitrate.In
addition, nitrogen deprivation may cause cell axgisl [22] and excretion of secondary metabolite} 4]. The
conditions for the most efficient longterm nitraiptake clearly include a rapidly growing, healtiphosphate-
sufficient cyanobacterial strain.

Our results demonstrate the potential of cyanobiactéo efficiently utilize and survive under difet
concentrations of nitrate and phosphate and subséguability to excrete extracellular ammonium ointhe
surrounding medium. Moreover, potentially valuablemass was produced as a by-product.Data genedatét
present investigations could be useful in undediten of a commercial or biotechnological potentidlthese
strains. The results clearly prove that the exthalee ammonium content were specific charactarssiof every
individual cyanobacterial strain which is very degent on growing conditions. The medium composition
influences the normal growth of cyanobacteria amoinal development of physiological processes.
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Fig. 2a-2j: Production of extracellular ammonium exretion in different concentrations of phosphate
CONCLUSION

In contrast with marine environment, freshwaterrees have been less explored. Our studies wilbkskathe rich

cyanobacterial diversity of Loktak Lake and alstpheonserve and utilize them in bioindustry. Impment in the
ammonium excretion with changes of environmentetdis (especially concentration of nutrients) cooéda good
basis for the exploitation of studied cyanobactesteains as a source of valuable products. Sitiese isolates
were found to excrete more of extracellular ammuamithey are considered as potent candidates fernalive

resources for biofertilizers applications.
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