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Abstract: Rubidium (Rb ) is an analog of potassium (K ) and has been used as a tracer of potassium. In the+ +

present study we have analyzed its role as a nutrient as well as in osmoregulation in the cyanobacterium Nostoc
muscorum. The filaments of N. muscorum will grow well in the medium in which K  is replaced by Rb . Salt and+ +

osmotic sensitivity of the Rb  grown cells increased in terms of percent survival, photosynthetic O  evolution+
2

and nitrogenase activity. Like K grown cells exogenous proline provides no protection to the Rb  grown cells+ +

under salt and osmotic stresses. This suggested that intracellular accumulation of K  is a prerequisite for uptake+

and accumulation of proline. These results suggested that Rb  like that of K  is nutrient compatible, but could+ +

not act as an osmolyte. 
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INTRODUCTION Cyanobacteria are Gram negative, photoautotrophic

The extracellular environment plays a major role in be   the   model   system   for   understanding   the  effect
determining relative concentrations of the inorganic of   various     environmental     factors.    Cyanobacterial
elements within the cell. The amount and diversity of cell when expose to NaCl stress the internal ionic
inorganic element in the external milieu and there impact concentrations    is    maintained    by    Na    export   and
on biological system has leads to the identification of K  uptake  [9].  Therefore,  it  is  suggested  that
major elements that commonly participates in metabolic intracellular  accumulation  of K  acts  as  a  primary
processes within the diverse group of microorganisms [1]. osmolyte in cyanobacterial osmoregulation. 
In spite of the substantial fluctuation in the external In this paper we reported that K  substitution by the
environment all living cell maintained a constant internal Rb  in the growth medium, supports diazotrophic growth
ionic concentration. of the cyanobacterium N. muscorum, Further findings

In prokaryotes cytoplasmic K  concentration plays an conform that in spite of having nutritive role like that of+

important role in the regulation of turgor pressure. This K , Rb  have no osmoregulatory role in the examined
observation is based on the fact that K  concentration of cyanobacterium.+

the cell varies with the medium osmolality [2]. The
optimum K concentration with in the cell is maintained MATERIALS AND METHODS+

either by high affinity or by low affinity K transporters+

[2,3]. During the initial phase of stress K  is known to Organism  and  Growth  Conditions:  Axenic  clonal+

accumulated, followed by the accumulation/synthesis of culture  of  the  wild  type  Nostoc  muscorum  (a  fresh
low molecular weight organic compounds known as water cyanobacterium) was grown and maintained
compatible solutes [4-6] photoautotrophically with a light intensity at photon

As rubidium is an analog of K  and has similar ionic fluence  rate   of   50  µmol  m   s   and  temperature  of+

radii (133 and 148 pm). The calculated sum of ionic radius 28 ± 2°C  in  Chu  No.  10  medium  [10].  The  culture
is 314 and 329 for KCl and RbCl  respectively,  therefore; medium   was   buffered   to   pH   7.5   with   10 mM
it is used as an analog tracer for K  [7,8]. HEPES-NaOH.+

prokaryotic   microorganisms   and   are   considered   to

+

+

+

+

+

+ +
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Measurement of Growth: The Chu No.10 growth medium Wild type strain showed its maximum growth in the Chu
was modified to make it free from K for the experiments No.10 medium. The same strains showing limited growth+

examine the role of K /Rb in the cyanobacterium in the medium devoid of K , this suggested that K plays+ +

diazotrophic growth. Growth was measured as optical an essential nutritive role in diazotrophic and autotrophic
density change at 663 nm. N. muscorum culture grow in a growth of the examined cyanobacterium. The growth rate
highly dispersed suspension form without forming clumps of wild type in K -free diazotrophic growth medium
and, therefore, its direct use for measuring growth at 663 restored when the growth medium supplemented with 2
nm is as valid as growth of heterotrophic bacteria mM RbCl. This indicates that Rb like that of K act as a
estimated by degree of culture turbidity. nutrient for diazotrophic and autotrophic growth in the

Salinity and Osmotic Characteristic: The ionic Fig. 1 shows percent survival of the wild type under
osmoticum NaCl and the non-ionic osmoticum sucrose at graded concentration of NaCl and sucrose in the
graded concentration were used for a comparative study presence/absence of K . The cyanobacterium N.
of the salt/osmo tolerance characteristics of the muscurom showed zero percent survival in the
cyanobacterial strain under diazotrophic growth diazotrophic growth medium containing 100 mM NaCl or
conditions. The inoculum size per nutrient plate was 5 × 250 mM sucrose. While the percent survival decreases
10  CFUs. The salinity and osmotic survival was examined under similar stress conditions in the medium lacking K .2

in 6-d old culture by counting CFUs appeared on the The addition of 2 mM RbCl in place of KCl in the
nutrient plates. The nutrient plate counting no NaCl and diazotrophic growth medium could not able to restore
sucrose act as a control plate. salinity/osmotic survival characteristic of the wild type

Chlorophyll a contents were measured by the method cells. Thus, it is suggested that Rb  like that of K  could
of Mackinney et al. [11], protein by the method of Lowry not act as an osmolyte. 
et al. [12], nitrogenase activity and photosynthetic O K  and Rb  grown cultures were further compared2

evolution by the method as described by Bhargava [6]. under NaCl and sucrose stresses with regards to

RESULTS photosynthetic O  evolution and nitrogenase activity of

The   diazotrophic   growth   medium   devoid of O  evolution and nitrogenase activity to salinity and
K /Rb  was  used  to  analyze  the  role of   K    and  Rb osmotic stresses was significantly low in the Rb  grown+ + + +

in   the  diazotrophic   growth   of   the  cyanobacterium. cultures than that of K  grown cultures.

+ +

+

+ +

examined cyanobacterium (Table 1).

+

+

+ +

+ +

diazotropy and oxygenic photosynthesis. Table 2 shows
2

K  and Rb  grown cells. The response of photosynthetic+ +

2
+

+

Table 1: showing diazotrophic characteristic of the wild type N. muscorum in the presence/absence of K  and in the presence of Rb  in terms of growth (OD+ +

change at 663nm), heterocyst frequency (HF%) and nitrogenase activity (m mol C H  formed g  Chl a h )2 4
1 1

Parameters Chu No. 10 medium - K - K  + Rb+ + +

Growth 0.86±0.04 0.41±0.02 0.82±0.04
HF% 7-8 5-6 7-8
Nitrogenase activity 12.3±2.1 544±44.5 7.7±1.9
Photosynthetic O  evolution 256±21.3 11.9±2.2 472±33.22

Non-heterocystous NH -grown cultures were used as inoculum for incubation in diazotrophic growth medium.4
+

Each reading is an average (± SEM) of three independent experimental determinations.

Table 2: showing NaCl and sucrose tolerance characteristic of wild type N. muscorum in the presence of K / Rb  in terms of nitrogenase activity (m mol C H+ +
2 4

formed g  Chl a h ) and photosynthetic O  evolution (m mol O  evolved g  Chl a)1 1 1
2 2

+ K + Rb+ +

-------------------------------------------------------------- ----------------------------------------------------------------
Parameters N-activity O  evolution N-activity O  evolution2 2

Control 12.28±2.3 544±28.3 11.97±1.9 532±26.9
+30 mM NaCl 9.12±1.1 492±26.4 6.32±0.7 356±25.8
+60 mM NaCl 7.11±1.1 332±22.1 3.21±0.2 ±22.3
+90 mM NaCl 1.23±0.1 156±11.5 0.0 0.0
+160 mM sucrose 9.87±1.0 486±25.5 6.52±0.6 ±27.4
+200 mM sucrose 7.28±0.9 378±23.3 3.63±0.2 ±25.2
+240 mM sucrose 2.11±0.2 187±12.6 0.0 0.0
Non-heterocystous NH -grown cultures were used as inoculum for incubation in diazotrophic growth medium.4

+

Each reading is an average (± SEM) of three independent experimental determinations.
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(a) (b)

Fig. 1: (a) Percent survival of the wild type (WT) N. muscorum to increasing concentration of NaCl. WT with Rb  ( ),+

WT without K  (---O---) and WT with K  (O). Each reading is an average (± SEM) of three independent+ +

experimental determinations.
(b) Percent survival of the wild type (WT) N. muscorum to increasing concentration of sucrose. WT with Rb  ( ),+

WT without K  (---O---) and WT with K  (O). Each reading is an average (± SEM) of three independent+ +

experimental determinations.

Table 3: showing NaCl and sucrose tolerance characteristic of wild type N. muscorum in terms of growth and percent survival in the medium containing
K /Rb  in the presence of 1 mM proline+ +

+ K + Rb+ +

----------------------------------------------------------- ------------------------------------------------------
Parameters Growth % survival Growth % survival
Control 0.85±0.03 100 0.72±0.02 100
+30 mM NaCl + 1mM proline 0.82±0.03 100 0.62±0.03 66±5.6
+60 mM NaCl + 1mM proline 0.81±0.03 98±8.8 0.38±0.02 36±8.8
+90 mM NaCl + 1mM proline 0.79±0.02 96±7.9 0.18±0.02 06±7.9
+160 mM sucrose + 1mM proline 0.84±0.03 100 0.71±0.03 68±6.6
+200 mM sucrose + 1mM proline 0.82±0.03 99±9.1 0.40±0.02 39±3.3
+240 mM sucrose + 1mM proline 0.80±0.03 97±8.9 0.21±0.02 08±0.6
Non-heterocystous NH -grown cultures were used as inoculum for incubation in diazotrophic growth medium.4

+

Each reading is an average (± SEM) of three independent experimental determinations.

Proline the well known compatible solute is utilized as Intracellular   concentration   of K    acts   as a
a nitrogen source under normal growth conditions by the primary  osmolyte  functioning  in  accumulation of
cyanobacterium N. muscorum. So we examine the effect of secondary   osmolyte   i.e.   proline.   So,  this
exogenously supplied proline on heterocyst formation investigation  examined  the  role  of  exogenously
and nitrogenase activity. It was observed that K  grown supplied   proline    on    salinity/osmotic     survival   in+

cells did not produce N -fixing heterocyst in the proline Rb   grown  cultures.  The  results  as   shown   in  the2

medium. In contrast Rb  grown cells produced normal table 3 suggested that coexistence of NaCl/sucrose ++

frequency of heterocyst and showed nitrogenase activity proline  did  not  provide  any  protection  to  the  Rb
(data not shown). grown cells. 

+

+

+
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DISCUSSION

There are number of K  transport systems viz. Trk,+

Kup and Ktr involved in K  and Rb  transport in various Financial assistance from the MAPCOST, Bhopal to+ +

prokaryotic organisms [13-15]. These transport systems SB and RKK from Department of Higher Education,
not only transport Rb  but also involved in Government of M.P. is gratefully acknowledged. RKK and+

osmoadaptation. In Anabaena variabilis it has been VK are also thankful to head Department of Microbiology,
reported that K  transport systems also involved in Rb Barkatullah University, Bhopal (M.P.) for providing GC+ +

transport and osmoadaptation [16]. facility.
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