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ABSTRACT

The interactions of bicarbonate (HCQ,™) and different nitrogen sources in the non-diazotrophic
cyancbacterium Spirulina platensis in terms of pigments content, photosynthetic O, evolution,
Ca"-dependent ATPase activity and cytochrome c oxidase activity were examined in the present,
investigation. The cyanobacterium was acclimated to 300 mol m™® HCO, -concentrations in the
growth medium containing no nitrogen. The addition of different nitrogen sources in the growth
medium resulted in further acclimatization up to 400 mol m™ HCO, ™. This finding revealed that
nitrogen sources incorporated into necessary metabolites, nitrogen storage material and
photosynthetic pigments as well. The combined transport of HCO, and nitrogen sources ultimately
resulted in gradual increase in the examined parameters in order of NO, <NH,"<urea. Nitrate and
ammonium assimilating enzymes i.e., Nitrate Reductase (NR) and Glutamine Synthetase (GS) were
also examined in graded concentration of HCO,™ and the findings suggested that both the enzymes
showed higher activity in the medium containing higher HCO,™ concentration this suggested that
the activity of these enzymes closely linked with carbon fixation. Further, we examined the Ca™-
dependent ATPase activity and cytochrome c¢ oxidase activity in the presence of graded
concentration of HCO, ™. The enzyme was more active in the presence of high HCO,™ concentration;
the co-existence of NADPH further enhances the enzyme activities. The use of such cultural
practices would help in mass production of biopigments on industrial scale and would paved the
way for the development of new technology for CO, fixation using the solar light as the energy

source.
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INTRODUCTION

Cyanobacteria are photoautrophic prokaryotes and are known for their remarkable ability to
grow and survive in varying environmental conditions (Bhaya et al., 2000). They grow and
multiply via the autotrophic mode of nutrition. They are able to perform oxygenic photosynthesis
even under the condition of low ambient CO,, because of the active inorganic carbon uptake by
PSI-dependent eyelic photophosphorylation (Miyachi et al.,, 1996). The presence of HCO,™ is known
to stimulate membrane potential, indicating the involvement of a primary electrogenic pump for
carbon uptake (Kaplan ef al., 1990). The energy for carbon uptake might be supphed either by ATF
or by a trans-membrane electrochemical potential gradient. Reinhold et «l. (1984) concluded that
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the role of Na™ as component. of symport for transport of HCO,™. The operation of Na"dependent
HCO,™ transport is supported by characterization of a High-CO,-Requiring (HCR) mutant (IL-2)
impaired in HCO,™ transports (Ronen-Tarazi el al., 1995). Thus interaction between nutrient
acquisition and CO, fixation mechanism have been studied because both are key points of
integration and represent areas where adaptive responses are likely to operate (Mann, 2000).

Diazotrophic cyanobacteria are able to assimilate nitrate, nitrite, ammonium, urea, several
amino acids and atmospheric nitrogen as nitrogen source (Herrero et al., 2001). Cyanobacteria have
efficient regulatory system to assimilate several nitrogen molecules but when several nitrogen
sources are available they prefer the reduced ones (amino acids, urea, ammonium) because of the
energy constraint (Garcia-Ferandez and Diez, 2004), The nen-diazetrophic eyanobacterial strains
also assimilate different nitrogen sources in the form of nitrogen storage material and
nitrogen-containing photosynthetic pigments (Kolodny et af., 2008). The nitrogen starvation in
non-diazotrophiec cyanobacteria leads to-1) degradation of phycocyanin and phycoerythrin, i1) loss
of chlorophyll a and iii) cells become almost completely depigmented and reside in dormant stage
(Sauer ef al., 2001).

Species of Spirulina occur in alkaline, brackish and saline water ecosystems of both tropical and
semi-tropical regions (Castenholz, 1989). Most of the water bodies in which Spiruling grow and
survive has high salinity levels (22-60 g L"), high carbonate/bicarbonate concentration, high pH
(8.5-11.0) and temperatures (25-40°C) (Iltis, 1968). Spirulina platensis is a non-nitrogen fixing
cyancbhacterium, grows photoautotrophically with simple expense of light, water and inorganic
nutrients. It is ideally marketed as health food because of its high nutritional value, chemical
composition and the safety of its biomass (Belay ef al., 1993; Vonshak and Tomaselli, 2000). Like
other cyancbacteria the cell organization of Spirulina 1s typical of prokaryotes. They are Gram
negative prokaryotes in which multi layered cell wall is surrcunded by a mucilaginous
polysaccharide envelope and thylakoid membrane with phycobilisomes 1s arranged in parallel
bundles. The cell has a number of inclusions namely carboxysomes, ribosomes, DNA fibrils, gas
vacuoles, polyglucan granules, polyphosphate granules and large cyanophyein granules.

This study shows the response of Spirulina platensis in terms of pigments content,
photosynthetic O, evolution, Ca™-dependent ATPase activity and cytochrome ¢ oxidase activity

under graded coneentration of HCO,™ and in the presence of different nitrogen sources with the
HCO,™.

MATERIALS AND METHODS

Organism and growth conditions: Spirulina platensis used in the present study was obtained
from the National Facility for Blue-Green Algae, TARI, New Delhi. The cyancbacterium is a
non-diazotrophic, fresh water, filamentous and spiral strain. Zarrouk's synthetic medium
{Zarrouk, 1966) was used for routine as well as for experimental purposes. The concentration of
different nitrogen sources in this medium being modified according to the experimental design. N,
grown cultures were washed twice and used as inoculum for incubation in growth medium
containing NaNO, (30 mol m™) NH,CI (10 mol m™) and urea (10 mol m™) for 8-days before
exammning for growth.

Measurement of growth and specific growth rate: Growth was measured as Optical Density
{OD) change at 560 nm, which results from variation in Chlorophyll a contents. Specific growth
rate constant (k) was calculated by the formula given by Myers and Kratz (1955):
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k =2.303(log N,-log N, ¥(T,-T))

Where:
N, = Initial cell density at time T,
N, = The final cell density at time T,

Determination of pigment content: Chlorophyll a content was estimated according to
Grimme and Boardman (1972) and phycocyanin  and phycoerthyrin  according to
Tandeau de Marsac and Houmard (1988),

The Chl a contents is calculated as given below:

(Abs 665 nm>16.5— Abs 650 I]Ir1><8.3)><
vV, > 1000

sample

Chl a (mg mL™")= v,

total

Where:
Vo = Volume of the reaction mixture
Vempre = Volume of the sample

The concentration of phycocyanin and phycoerthyrin was caleulated according to the equation
given by Bennett and Bogorad (1973) and the extinction coefficients given by Bryant ef al. (1979).

- {Abs 620 nm—0.70 Abs 650 nm)

Phycocyanin (mg mL
ycocyanin (mg o

Phycoerthyrin (mg mL )= (Abs 565 mnfz.lszx 7(PC)713.4><(AP)

Protein measurement: Protein contents of the ecyanobacterial cells were measured according to
the method of Lowry ef al. (1951).

Photosynthetic O, evolution: The rate of the photosynthetic O, evolution was measured with
a Clark type Oxygen Electrode (Hansatech Instrument Ltd. U.K.) at 20°C using a saturating light.
The oxygen evolution rate was calculated using software Oxygraph Flus (Version 1.0).

Measurement of Ca'-dependent ATPase activity: Cyanobacterial cells were harvested,
washed and resuspended in extraction buffer (30 mol m™® Tris HCI, pH 8.1). The cells were broken
by soniprep followed by high speed centrifugation. The cell free supernatant contain crude enzymes
was used for measuring Ca™ dependent ATPase activities. The enzymatic reaction was activated
by adding tripsin to the assay mixture and terminated by tripsin inhibitor (Owers-Narhi ef al.,
1979).

Determination of cytochrome-c oxidase activity: Cells were harvested, washed and

®, pH 7.5) containing 1 mol m™® MgCl, and were

resuspended in Tricine-NaOH buffer (50 mol m™
broken by sonication at 4°C. The resultant cell suspension was centrifuged and the pellet thus
obtained was resuspended in reaction mixture contained membranes equivalent to 30-50 ug

chlorophyll a, 2.6 mol m™ Na-ascorbate, 125 mol m™® Tricine-NaOH buffer (pH 7.5) and
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2.5 mol m™® magnesium chloride. Cytochrome [(Horse Heart); 0.01 mol m ] was added in to the
assay mixture, Difference between oxygen uptake with and without cytochrome was taken as the
value for eytochrome ¢ oxidation.

Measurement of nitrate reductase (NR) activity: NR activity was measured using dithionite
reduced methyl viologen as an artificial electron donor (Manzano et al., 1976). Cells were harvested
by centrifugation and washed with NR buffer followed by sonication. The supernatant was added
with assay mixture. The reaction was terminated by adding 1 M zinc acetate. The resultant mixture
was centrifuged and supernatant thus obtained were added with 1% sulphanilamide+0.02% NED.
Optical density of the resultant colour was read at 540 nm against a reagent blank. NR activity was

calculated in terms of nmol NO,-produced mg ™ protein min .

Measurement of glutamine synthetase (transferase) activity: Cyanobacterial cells were
harvested by centrifugation and washed with buffer A (Tris-HCI, pH 7.5) and buffer B (buffer
A+5 mol m™? MgClL+10 mol m® Na glutamate+5 mol m™? 2-mercaptoethanol and 1 mol m? KEDTA,
pH 7.5) and the pellet resuspended in buffer B before cell breakage by soniprep. Cell extract thus
obtained, was centrifuged at high speed for 30 min and the supernatant used as crude enzyme
extract. This enzyme extract (0.5 mL) was mixed with 1 ml reaction mixture (40 mol m™ Tris-HCI,
3 mol m? MnCl,, 20 mol m? K-arsenate, 0.4 mol m# Na ADP, 60 mol m® hydroxylamine and
30 mol m™ glutamate) and the reaction allowed to proceed in dark for 10 min (30°C). The reaction
was terminated after 10 min by adding 2 mL stop mixture (10% Fe(l;, 24% TCA, 6NN HCI and
6.5 mL DH,O). The turbid debris in the resultant solution was removed by centrifugation and the
intensity of the coffee-colour selution read at 540 nm against the reagent blank, prepared by
eliminating glutamine and hydroxylamine. Glutamine synthetase (transferase) activity is expressed

1

as nmol y-glutamylhydroxamate formed mg™! protein min™ as quantified by a reference to

standard curve obtained with y-glutamyl-hydroxamate in the agsay mixture.

RESULTS

The cyanobacterium Spirulina plantensis was grown in Zarrouk medium for routine as well
as for experimental purposes. Growth (optical density change 560 nm), specific growth rate and
pigments content were chserved in the cultures grown in Zarrouk medium as well as medium
supplemented with graded concentration of HCO,™ and different nitrogen sources. Growth and
specific growth rates were proportionally increased with the increase in HCO,.™ concentration up
to 300 mol m®. Further increase in HCO,™ concentration has no impact on growth and specific
growth rate. Addition of different nitrogen sources in the culture medium further accelerates
growth and specific growth rate. The growth under various nitrogen sources occur in the order of
NO<INH' <urea (Fig. 1).

Chlorophyll a and phycobiliproteins (phycocyanin, allophycoeyanin and phycoerythrin) are
important photosynthetic pigments in Spirulina. Therefore, the impact of HCO,™ and different
nitrogen sources on these pigments were examined. The Chlorophyll a contents obtained under
graded concentration of HCO,™ are in agreement with the influence of HCO,™ on this pigment.
Chlorophyll a contents were low in the medium supplemented with 100 mol m™® HCO,™ further
inerease in HCO,™ concentration indicate a positive relationship between the HCO,™ concentration
and chlorophyll a contents. The coexistence of different nitrogen sources in the culture medium
triggered further enhancement of chlorophyll a contents. The results in Fig. 2 show that nitrogen
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Fig. 1: Specific growth rate of Spirulina platensis under graded concentration of HCO,™ different,
growth mediums, Values are Mean+SEM of three independent experimental determinations
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Fig. 2: Effect of bicarbonate concentration on chlerophyll a contents in different growth mediums,
Values are MeantS5EM of three independent experimental determinations



Am. oJ. Plant Physiol., 2013

supplementation leads to assimilation of high amount of chlorephyll a. Like chlorophyll a,
phycocyanin and phycoerythrin contents were higher in the cyancbacterium grown at elevated
concentration of HCO.~. Addition of different nitrogen sources in the culture increased both
phycocyanin and phycoerythrin contents (Fig. 3, 4).

The addition of HCO,” at graded concentration showed a coneentration dependent
enhancement in the rate of photosynthetic O, evolution and the photosynthetic rate was saturated
at 300 mol m® HCO, . The PSII activity stimulated when the culture media supplemented with
different nitrogen sources {Table 1). The photosynthetic oxygen evolution increased further in the
presence of the reductant i.e., NADFH (Table 2).

Ca™-dependent ATPase activity is known to function in photosynthetic generation of ATP
molecules. The Ca™-dependent ATPase activity is more pronounced in the culture medium
supplemented with graded concentration of HCO,;™. The addition of various nitrogen sources has
a positive relationship for the examined parameter (Table 3). Depending on the results in Table 4,
we concluded that Ca™-dependent ATPase activity is comparatively higher in the presence of
NADFH this finding suggested that exogenously supplied NADFPH provides more electrons for the
generation of a transmembrane proton gradient that drives the synthesis of ATF.

Cytochrome ¢ oxidase activity of the Spirulina platensis under graded concentration of HCO,™
and in the absence/presence of NADPH 1s presented in Table 5 and 6. The activity was enriched

in the membranes derived from Spirulina cells grown in high HCO,™ concentration. In comparison,

Table 1: Photosynthetic O; evolution (mmol O; evolved g7 Chl a) of the Spiruling platensis in the presence of different nitrogen sources

Bicarbonate Zarrouk medium Zarrouk medium+ Zarrouk medium+ Zarrouk medium
(mol m~%) without nitrogen 30 mol m* NaMNO; 10 mol m? NH,NO, +10mol m® urea
100 289+23 301+28 311+28 317+£30
150 318+28 332+31 348+32 36534
200 408+33 432+40 467+44 477+43
250 411+38 456+44 485+45 495+48
300 42441 478+48 512449 523+49
350 30127 502+49 526451 53850
400 279+22 512+48 544452 55653

Ny grown cultures were washed twice and used as inoculum for incubation in growth medium containing NaNO;, NH,NO; and urea for

9-days before examining for growth, Values are Mean+SKEM of three independent experimental determinations

Table 2: Photosynthetic O; evalution (mmol O, evolved gt Chl a) of the Spirulina platensis in the presence of different nitrogen sources
and in the presence of NADPH

Bicarbonate Zarrouk medium Zarrouk medium Zarrouk medium Zarrouk medium
(mal m~) without nitrogen +30 mol m~3 NaNO; +10 mol m~—3 NH;NO, +10 mol m~® urea
100 302+28 319+29 333431 347+£32
150 318+29 337+31 342433 356+33
200 404+38 421+39 445+41 45643
250 434+42 488+45 498+49 511+48
300 412+37 536+51 552452 57852
350 315+28 578+53 587+h5 599+£56
400 308+27 599155 60258 623+£60

N grown cultures were washed twice and used as inoculum for incubation in growth medium containing NaNO;, NH,NO; and urea for

9-days before examining for growth, Values are Mean+SKEM of three independent experimental determinations
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Fig. 3. Effect of bicarbonate concentration on phycocyanin contents in different growth mediums,
Values are Mean+SEM of three independent experimental determinations
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Table 3: Ca*™-dependent ATPase activity (nmol Pi released min~! mg protein™!) of the Spirulina platensis in the presence of different

nitrogen sources

Bicarbonate Zarrouk medium Zarrouk medium Zarrouk medium Zarrouk medium
(mol m~7) without nitrogen +30 mol m™ NaNQ; +10 mol m™ NH;NO; +10mol m™? urea
100 22+1.8 24+1.9 25+2.2 27+2.4
150 23+2.1 25+2.2 27+2.5 28+2.6
200 2522 28+2.6 20427 30+2.8
250 28+2.5 30+£2.8 31+2.9 33+3.1
300 31+2.8 32+2.9 33+£3.1 34+3.3
350 24+2.3 35+3.1 35+3.2 36+3.5
400 21+1.7 35+3.2 36+3.3 37+3.6

Ny grown cultures were washed twice and used as inoculum for incubation in growth medium containing NaNO;, NH,NO; and urea for

9-days before examining for growth, Values are Mean+SEM of three independent experimental determinations

Table 4: Ca™-dependent ATPase activity (nmol Pi released min* mg protein~) of the Spirulina plafensis in the presence of different

nitrogen sources and in the presence of NADPH

Bicarbonate Zarrouk medium Zarrouk medium Zarrouk medium Zarrouk medium
(mol m—) without nitrogen +30 mol m—° NaNQ; +10 mol m—® NH,NOQ; +10 mol m~? urea
100 23+1.9 25+2.2 27+2.5 20+2.7
150 24+2.2 26+2.3 27+2.5 30+2.7
200 26+£2.4 31+£2.8 33+3.1 35+3.2
250 20427 33+£3.1 344+3.2 37+£3.4
300 32+2.9 35+3.3 36+3.3 38+3.6
350 26+2.2 36+3.4 37+£3.5 39+3.7
400 23+2.0 36+3.4 38+3.6 39+3.8

Ny grown cultures were washed twice and used as inoculum for incubation in growth medium containing NaNO;, NH,NO; and urea for

9-days before examining for growth, Values are Mean+SEM of three independent experimental determinations

Table 5: Cytochrome c oxidation (nmol eytochrome ¢ mg protein~* min—?) of the Spirulina platensis in the presence of different nitrogen

sources

Bicarbonate Zarrouk medium Zarrouk medium Zarrouk medium Zarrouk medium
(mol m™) without nitrogen +30 mol m~ NaNQO; +10mol m~? NH,NO; +10 mol m~? urea
100 44+3.7 45+4.1 47+4.3 48+4.4
150 46+3.9 47+4.4 49+4.6 50+4.9
200 52+4.5 BE£5.1 B9+5.2 63+5.3
250 56+4.8 61+5.8 67+6.1 69+6.4
300 58+5.3 66+5.9 T1+£6.7 TH16.6
350 52+4.9 6946.3 T4+6.6 T946.8
400 45+3.9 T146..6 T6+6.9 81+6.9

Ny grown cultures were washed twice and used as inoculum for incubation in growth medium containing NaNO;, NH,NO; and urea for

9-days before examining for growth, Values are Mean+SKEM of three independent experimental determinations

the activity was further increased in the membranes derived from cells grown in different nitrogen
sources. The addition of NADPH showed an enhancement. in the activity suggested that membrane
fractions were active in the NADPH supported reduction of eytochrome.

In cyancbacteria nitrate 1s reduced by nitrate reductase to nitrite and nitrite 1s reduced by

nitrite reductase to ammonium. The ammonium is assimilated via the GS/GOGAT enzyme system.
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Table 6: Cytochrome c oxidation (hmol eytochrome ¢ mg protein~ min™) of the Spirulina platensis in the presence of different nitrogen

sources and in the presence of NADPH

Bicarbonate Zarrouk medium Zarrouk medium Zarrouk medium Zarrouk medium
(mal m™) without nitrogen +30 mol m~? NaNO; +10 mol m™? NH;NO, +10 mol m~? urea
100 46+4.1 47+4.4 49+4.7 51+4.8
150 48+4.6 49+4.7 50+4.8 52+4.9
200 57+4.9 5045.2 63+5.7 66+5.9
250 62+8.5 66+5.8 T0+£6.2 T24+6.3
300 67+6.1 T1+6.7 T6+6.8 TOL7.2
350 58+5.2 TT+7.1 81+7.3 86+7.8
400 49+4.4 TOLT7.7 83+7.2 88+7.8

N; grown cultures were washed twice and used as inoculum for incubation in growth medium containing NaNO,, NH,NO; and urea for

9-days before examining for growth, Values are Mean+SEM of three independent experimental determinations
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Fig. 5: Effect of bicarbonate concentration on NR activity in the medium containing NO;7, Values

are Mean£SEM of three independent experimental determinations

Therefore, next series of experiments were planned to examine the effect of different concentration
of HCO,7on NR and GS activity, because nitrogen metabolism is closely connected with carbon
fixation. The cyancbacterial cells were starved for 16 h before the incubating them in growth
chamber. Thereafter, cells were supplemented with 30 mol m—* NalNO, under graded concentration
of HCO,™. The result as shown in the Fig. 5 showed that rate of NE activity increased up to
300 mol m™® HCO,™ concentration, thereafter, the rate of NR activity decreased slightly. Likewise,
(S activity showed a concentration dependent rising pattern up to 300 mol m™® HCO,~ followed by
declining pattern (Fig. 8).
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DISCUSSION

Species of Spirulina display metabaolic plasticity in response to environmental stimuli. They are
widely distributed in tropical and semi tropical regions. Their ability to grow over a wide range of
alkalinity, salinity, light and temperature makes them model photosynthetic prokaryotes for the
study of the fundamental processes that participate in regulating their metabolic activities to
varying degree of ecological amplitudes. The analysis of growth and photosynthetic pigments under
graded concentration of HCO,™ revealed that growth and pigment concentration was better in the
medium containing inorganic nitrogen source. Similar studies of Spirulina adoptive responses to
varying environmental conditions were conducted by Singh and Kumar (1994), Goksan et al.
(2007 and Danesi et al. (2011). Our findings also agreed with the results found in Gracilaria
lemaneiformis (Zou and Gao, 2009),

The rate of CO, fixation in eyanobacteria depends upon the accumulation of inorganic carbon.
The accumulation of inorganic carbon (CO, and HCO,.7) takes place by various transporters such
as NDH-I;, SbtA, BCT1 or CmpR (Price ef al., 2008). The present results showed that the
photosynthetic rate of Spirulina platensis was higher in the medium containing high HCO,~
concentration this was further enhanced in the presence of different nitrogen sources and in the
presence of NADPH. The similar effect of different nitrogen sources on cell growth, cell productivity
and chlorophyll content was reported by Danesi et al. (2011} on Spirulina platensts. The inhibitory
effect of nitrogen depletion on photosynthetic electron transport activities was also reported in
Spiruling platensis (Peter ef al., 2010). The uptake and accumulation of inorganic carbon 1s an
energy requiring process. Knergy sources for inorganie carbon may include ATP (BCT1 HCO,~
transporter), NADPH or reduced ferredoxin (CQ, uptake) or coupling to an electrochemical Na®
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gradient (SbtA or BicA HCQ,™ transporter) (Badger et al., 2002; Badger and Price, 2003). Qur
result on NADPH dependent effect of photosynthetic O, evolution was supported by the above
mentioned findings.

In this study we found that graded HCO,™ concentration alone has caused limited enhancement,
in the photosynthetic oxygen evolution. The co-existence of various inorganic nitrogen sources in
the culture media enhanced photosynthetic oxygen evolution significantly. The similar responses
of Spirulina platensis under controlled growth conditions were studied by other authors to support
our hypothesis (Gitelson et al., 1995; Danesi et ¢l., 2002; Danesi et ¢l., 2011). Some studies on other
non-diazotrophic cyanobacteria have been reported to induce PS IT activity under varying growth
conditions (Richmond et al., 1982; Vonshak ef al., 1983; Rangel-Yagui ef al., 2004),

The Ca"-dependent ATPase enzyme 1s responsible for the photosynthetic generation of energy
rich ATP molecules. Our findings suggest that the high HCO.” concentration alone or in
combination with different nitrogen sources have positive effect on Ca™-dependent ATPase activity.
Therefore, it is implied that enhanced HCO,™ concentration alone and in the presence of different,
nitrogen sources supplied more ATP for wvaricus metabolic activities of the examined
cyanobacterium. Similar enhancement in Ca™-dependent ATPase activity was observed in
Spirulina platensis (Hicks and Yocum, 1986; Singh and Singh, 2000).

The eytochrome c oxidase activities were also changed in response to growth conditions. The
activity level was low under nitrogen limitation conditions, while in nitrogen repletion condition,
the activity was high. The presence of a reductant i.e., NADPH further increased cytochrome ¢
oxidase activity. Similar changes in the activity of eytochrome ¢ oxidase under the different light
regime, under Na® caused stress and in the presence of various inhibitors have been reported by
other authors (Moser ef al., 1991; Gabbay-Azaria ef al., 1992; Gu et al., 1994; Bagchi et al., 1986;
Singh and Singh, 2000). These findings suggested that the energy generated by respiratory
activities is consumed to perform various physiological functions. Likewise, results of our study
supported that energy generated by respiratory activities may be used to drive carbon and nitrogen
uptake and accumulation, because both the processes in eyanobacteria are energy requiring
processes.

The non-diazotrophic cyanobacterium Svynechocystis sp. strain PCC 6308 has been shown to
metabolize both inorganic and eorganic nitrogen sources {Allen and Hutchison, 1980). The fixed
nitrogen ultimately incorporated in to necessary metabolites as well as in to nitrogen storage
material and nitrogen containing photosynthetic pigments. Under nitrogen limiting conditions the
non-diazotrophic cyanobacteria are known to inhibit varicus metabolic activities (Saha ef al., 2003;
Kolodny et al., 2006). Our interpretation under varying experimental conditions {(i.e., in the
presence of high HCO,™ concentration and different nitrogen sources) is supported by the above
findings.

During nitrogen repletion the cyancbacterium Spirulinag platensis assimilated all nitrogen
sources by the enzymes nitrate reductase, nitrite reductase and glutamine synthetase/glutamate
synthase (Vonshak, 1997; Jha ef al., 2007; Ali ef al., 2008). The results as shown in the (Fig. b, 6)
indicates that NR and GS activities were more pronounced in high HCO,™ concentration this
suggested that assimilation of inorganic nitrogen is dependent on CQO, fixation. Similar effect of
inorganic nitrogen availability on algal photosynthesis and carbon metabolism has been reported
by Turpin (1991). The studies of Flores and Herrero (1994) also suggested that N-assimilation is
coupled to photosynthetic electron transport. This finding is also in agreement with data for other
non-diazotrophic strains of cyanobacteria (Herrero ef al., 1981; Kolodny et al., 2008).
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CONCLUSION

The present study aimed to understand the complete spectrum of Spirulina responses to
combined impacts of high HCO.~ and nitrogen scurces. On the basis of results obtained the
following conclusions are made:

*  The HCO,  concentration exceeding 300 mol m™® has no significant impact on growth but the
presence of different nitrogen sources further increases the affinity for HCO,™

* The nitrogen-fixing enzymes viz. NE and GS were found to showed higher activity in the
medium containing high HCO,™ concentration. So, it is concluded that in the examined
cyanobacterium both nitrogen and carbon metabolism are linked

¢ The photo phosphorylation and oxidative phosphorylation 1.e., the activity of Ca''-dependent,
ATPase activity and cytochrome ¢ oxidase were found to enhance in high HCO,™ eoncentration.
The presence of reductant 1.e., NADFH further increases the activity
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