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	 Ca2+ has been reported to play a protective role in many cyanobacteria against toxic 
effects of various metals. However there are very few reports of Ca2+ mediated protection in 
Cu2+ treated cyanobacterial cells. An initial study conducted to assess the influence of Ca2+ over 
Cu2+ induced effects on morphology, ultra-structure, photosynthetic pigments and total protein 
content of cyanobacterial Nostoc muscorum Meg 1 revealed that as little as 3 ppm Cu2+ can 
induce reduction in all these parameters by 50-80%. However when 10 ppm Ca2+ was present 
along with 3 ppm Cu2+, the Cu2+ induced toxic effects were lessened by 55-85% within 7 days. 
Bright field and scanning electron microscopic study showed that morphological changes 
including broken filaments; rupture, elongation and shrivelling of cells were lessened upon 
inclusion of Ca2+. Ultra-structural studies conducted using transmission electron microscopy 
showed detachment of cell membrane from cell wall, shrinkage of cellular matter; compromised 
thylakoid membranes and increased number of polyphosphate bodies in the Cu2+ treated cells 
whereas these effects were convincingly less in presence of Ca2+. Similarly decrease in protein 
concentration under the influence of Cu2+ was also positively modulated by the presence of 
Ca2+.

Keywords: Nostoc muscorum Meg 1; Cu2+ toxicity; photo-pigments; 
morphology; ultra-structure; Ca2+ mediated protection.

	 Although Cu2+ is an essential metal ion 
for cyanobacteria it becomes toxic when present 
in excess amount. The toxicity is mediated via 
binding to different enzymes and functional 
proteins leading to inhibition of their crucial 
functions1,2. Cu exists in three different oxidation 
states; however, Cu2+ is more toxic than other 
forms and is carcinogenic in nature3. Cu2+ is 
released in the environment by various industrial 
activities, such as petroleum refining, smelting, 
metal finishing, paints and pigments production, 

coal mining and electroplating4. The permissible 
limit of Cu2+ is 1.3 mg/L and 1.5 mg/L in water 
as per the World Health Organization (WHO) 
and United State Environment Protection Agency 
(US EPA) respectively5,6. The issue of Cu2+ 

contamination and its toxic effects on any organism 
present in the Cu2+ polluted sites has drawn 
considerable attention from environmentalists7. 
Cu2+ in high concentration has been shown to 
restrain photosynthesis and respiration, arrest cell 
division and initiate cell death and in turn leads 
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to generation of reactive oxygen species (ROS) 
in animals, plants and microbes (algae, bacteria 
including cyanobacteria)8-10.
	 Among microbes, cyanobacteria are 
one of the diverse groups of photosynthetic 
prokaryotes that are distributed widely in many 
habitats including fresh water, marine water, 
rocks and soil, deserts, hot spring and in many 
metal contaminated sites11. They require minimal 
nutrients for their growth; have large surface area, 
considerable mucilage volume and high metal 
binding abilities, all of which make them superior 
than other organisms for various biotechnological 
applications12. They can fix atmospheric 
carbon dioxide and nitrogen into carbohydrate 
and ammonia respectively which make them 
nutritionally self sufficient13. Cyanobacteria are 
beneficial microorganisms to mankind as they 
act as natural bio-fertilizer, improve soil quality 
and texture by releasing extracellular polymeric 
substances (EPS), can biosorb heavy metals and 
degrade polycyclic aromatic hydrocarbons for 
energy production14-16. In tropical areas, their 
presence can be seen in waterlogged rice fields 
as they can avail optimum light, temperature and 
nutrients conditions in rice field environment17,18. 
Apart from that, many cyanobacteria are also 
found growing in metal contaminated sites where 
they are continuously exposed to multiple metal 
contaminants19. The cell surfaces of cyanobacteria 
contains negatively charged hydroxyl, sulfhydryl, 
carbonyl and carboxyl groups etc. that are 
available to bind positively charged metal 
ions leading to accumulation of metals in the 
exposed cells20. However, continuous existence 
in such contaminated environment has led to their 
developing many cellular strategies to combat 
the adverse effects of metal ions. Production of 
polyphosphate bodies for metal ion sequestration 
and synthesis of metallothionein for metal binding 
and metal homeostasis by influx-efflux processes 
are some of the means that they adopt to survive 
in metal contaminated areas. Presence of common 
cations such as Na+, K+ and Ca2+ in the surrounding 
also help in reducing internal accumulation of 
metals21,22. Cation uptake has been extensively 
studied in cyanobacteria with reference to Zn2+ 23, 
Cd2+ 24, Ni2+ 25, Cu2+ 26, Hg2+ 27 and Ca2+ 28. In 1994, 
Hogstrand et al.29 have stated that various metal 
ions including Cu2+ have been shown to inhibit 

Ca2+ uptake in fish. Other reports have shown that 
in presence of high concentrations of competing 
ions (Na+, Ca2+, etc.), Cu2+ uptake and expression 
of its toxic effects on the Daphnia magna cells were 
minimized30,31. Ca2+ binding to various Ca2+ binding 
site(s)32 can be affected significantly when Cu2+ 
is present in high concentrations and in contrast 
Ca2+ binding can be maximized by increasing 
Ca2+ concentrations in relation to Cu2+ 33. All these 
reports confirmed that both Cu2+ and Ca2+ offer 
competition to each other for binding and uptake 
into the living cells when present together.
	 Ca2+ is one of the essential regulatory 
ions for wide range of organisms34. Regulation 
of biological functions by Ca2+ in eukaryotic 
cells is well established whereas a very little 
information is known for prokaryotes35. Ca2+ 

plays an important role in photosystem II (PS II) 
activity in plants, algae and cyanobacteria36. Ca2+ 
is required for heterocyst differentiation, nitrogen 
fixation37 and phosphate uptake38 in cyanobacteria. 
Besides the role of Ca2+ in O

2
 evolution in PS II 

activity, it has been shown to regulate H+ transfer 
through the water channel of O

2 
evolving complex 

in Thermosynechococcus elongatus31. Earlier 
investigations have established that Ca2+ transport 
in bacterial cells occurs via diffusion, import and 
export39. Ca2+ import occurred via a uniporter or 
a leak driven by the membrane potential often 
against concentration gradient. Export of Ca2+ 

occurs across the membrane by diffusion and 
often against concentration gradient using ATP 
dependent transporters. 
	 In this study, the cyanobacterium Nostoc 
muscorum Meg 1 was exposed to both Cu2+ and 
Ca2+ simultaneously in order to assess the influence 
of Ca2+ over Cu2+ induced toxicity on the organism. 
The overall cellular morphology and ultra-structure 
as well as various photosynthetic pigments 
responsible for light capturing for photosynthesis 
were evaluated in presence of Cu2+ in medium 
supplemented with and without Ca2+. The effect on 
heterocyst frequency crucial for nitrogen fixation 
and the end product of nitrogen fixation i.e. protein 
concentration were also analysed. 

Materials and Methods

Growth and maintenance of the cyanobacterium 
Nostoc muscorum Meg 1
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	 The cyanobacterium Nostoc muscorum 
Meg 1 isolated from rice field in Sohra, Meghalaya, 
India that receives contaminated water from nearby 
coal mining. The cyanobacterium was grown and 
maintained in BG-11

0
 medium in aseptic conditions 

inside a culture room at pH of 7.5, temperature of 
25 ± 2 °C and under continuous light at a photon 
fluence rate of 50 ìmol/m2s1. For all experiments, 
ten days old mid log phase cultures were taken at 
a concentration of 3 µg/mL chlorophyll a initial 
inoculums size which was standardized earlier in 
our lab40.
Metal (Cu2+ and Ca2+) treatment 
	 The sources of Cu2+ and Ca2+ for all the 
experiments were CuSO

4 
· 5H

2
O and CaCl

2 
· 2H

2
O. 

100 ppm of Cu2+ and Ca2+ stock solutions were 
prepared. Experimental Cu2+ (3 ppm) and Ca2+ (5, 
10 and 15 ppm) solutions were prepared by diluting 
the stock appropriately with BG-11

0
 medium. An 

incubation period of seven days was allowed to 
study the effect of Ca2+ on Cu2+ induced toxicity 
in the cyanobacterium in order to allow sufficient 
time for the metal ions to generate their effects.
Determination of chlorophyll a 
	 For chlorophyll a measurement, 3 mL 
of each cyanobacterial cultures were centrifuged 
and the supernatant was discarded; to the pellet 3 
mL methanol was added. The solution was kept 
in the refrigerator at 4 °C overnight for extraction 
of chlorophyll a. Following this, the methanolic 
solution was first vortexed and then centrifuged 
and the absorbance of the supernatant was read at 
663 nm using UV-Vis spectrophotometer (Smart 
Spec Plus; Bio-Rad, USA)41.
Determination of total protein
	 Protein estimation was done by taking 
3 mL cyanobacterial culture, centrifuged at 2500 
rpm for 3 min and the pellet was re-suspended in 
milliQ water. The cells were disrupted by ultra-
sonication (Sonics Vibra cell sonicator, VC 505, 
USA) and 0.5 mL of extract was taken and volume 
was raised to 1 mL by adding milliQ water. To this, 
5 mL of solution C (Solution A, 98 mL: solution 
B, 2 mL) was added and incubated for 20 min. 
Once the incubation periods over, 1 N of 1 mL 
Folin-Ciocalteu’s phenol reagent was added and the 
mixture was allowed to stand for 10 min to develop 
the blue colour. The absorption was read at 750 nm 
against blank using UV-Vis spectrophotometer. 

Protein concentration was calculated from a 
standard curve using BSA42.
Determination of phycobiliproteins
	 For phycobiliproteins estimation, 5 mL 
of cyanobacterial cultures were taken, centrifuged 
at 2500 rpm for 3 min and to the pellet 5 mL of 
phosphate buffer saline, PBS (pH 7.0) was added. 
The cultures were ultra-sonicated followed by 
centrifugation at 13000 rpm at 4 °C for 45 min. 
The absorbance of the supernatant was read at 615, 
652 and 562 nm taking PBS as blank. The amounts 
of phycocyanin (PC), allophycocyanin (APC) 
and phycoerythrin (PE) were calculated based on 
the formulae developed by Bennett and Bogorad 
(1973)43.
Bright field microscopy 
	 Cyanobacterial culture (1 mL) of each 
sample was taken from different experimental 
sets in an Eppendorf tube and centrifuged at 3000 
rpm for 3 min. The pellets were washed thrice by 
adding 1 mL of PBS, pH 7.0. Subsequently, the 
samples were mounted on glass slides, covered and 
viewed in 100X magnification under fluorescence 
microscope using EMP TL-BF filter (Leica 
Microsystems, SFL 4000). 
Percent heterocyst frequency
	 A total of 500 cells were counted under 
Olympus BX-53 light microscope (Tokyo, Japan) 
for each heterocyst frequency count and their 
percentage was calculated in total number of cells44.
Scanning electron microscopic (SEM) analysis
	 Morphological studies of control 
and treated cells were performed using SEM 
(JEOL-JSM-6360; JEOL, Tokyo, Japan). Control 
and treated samples were pre-treated in 4% 
glutaryldehyde and kept at 4 °C for 24 h followed 
by washing in 0.1 M sodium cocodylate buffer 
thrice at an interval of 15 min. After washing, 
samples were dehydrated in 30%, 50%, 70%, 80%, 
90%, 95% and 100% acetone with two changes. 
Dehydrated samples were mounted on brass stubs, 
coated with gold and viewed under the SEM.
Transmission electron microscope (TEM) study
	 Ultra-structural studies were performed 
using TEM (JEM-2100, JEOL, Tokyo, Japan). 
The samples were pre-fixed in 4% glutaraldehyde 
at 4 °C for 24 h. Following this, cells were 
washed thrice in sodium cacodylate buffer (0.1 
M concentration) for 15 min each change. Post-
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fixation was carried out in 2% OsO
4
 prepared 

in 0.2 M sodium cacodylate buffer for 1 h. The 
samples were rinsed in sodium cacodylate buffer 
with 3 changes for 15 min each. Samples were 
then gradually dehydrated in 10–90% acetone at 
4 °C and further treated with propylene oxide for 
30 min. After this samples were infiltrated in 4 
steps using propylene oxide as well as embedding 
medium (Araldite CY212) and finally transferred 
to embedding molds (BEEM Inc., West Chester, 
Pennsylvania, USA) and oriented properly. Pure 
embedding medium was poured into the molds 
and incubated in oven at 50 °C for 24 h which 
was further incubated at 60 °C for 48 h for 
polymerization. Ultra-microtome MTX (Boeckeler 
Instruments, Tucson, Arizona, USA) was used to 
section the samples into 60-90 nm and the sections 
were stained with uranyl acetate and lead citrate 
before viewing under TEM.

Results

Determination of chlorophyll a content
	 Estimation of chlorophyll a pigment is 
a standard measure of growth in cyanobacteria. 
For calculation, chlorophyll a concentration of 
control culture was taken as 100%. There was 
nominal improvement in chlorophyll a (106.7%, 
108.2% and 105.7%) in presence of 5, 10 and 15 
ppm of Ca2+ in cultures without any added Cu2+. 
However in presence of 3 ppm Cu2+ chlorophyll a 
concentration was reduced to 58.7%. Simultaneous 
addition of 5, 10 and 15 ppm Ca2+ in the medium 
containing 3 ppm Cu2+ showed reduction in Cu2+ 
induced toxicity on chlorophyll a content to  65.2%, 
70.4% and 63.5%, respectively (Fig. 1). Highest 
protection conferred towards chlorophyll a (70.4%) 
content was found on addition of 10 ppm Ca2+ in 
the culture medium indicating that beyond this 
concentration even Ca2+ tends to become adverse 
to the organism.
	 Thus, 10 ppm Ca2+ was chosen for the rest 
of the experiments. At this concentration, growth 
(measured as increase in chlorophyll concentration) 
of the cyanobacterium was improved by 11.7% 
compared to Cu2+ treated culture.
Photosynthetic accessory pigments
	 Photosynthetic accessory pigments such 
as phycocyanin, allophycocyanin, phycoerythrin, 
a,  â-carotene and zeaxanthin assist in absorbing 

light energy at different wavelengths for 
photosynthesis45. The contents of phycobiliproteins 
in the Nostoc muscorum Meg 1 cultures were 
severely reduced in presence of 3 ppm Cu2+ 
whereas the toxicity was considerably lowered 
when Ca2+ was included in the medium containing 
Cu2+ (Fig. 2). In presence of Cu2+, phycocyanin, 
allophycocyanin and phycoerythrin contents 
were decreased to 58%, 54% and 50%, however 
simultaneous supplementation of 10 ppm Ca2+ 
and 3 ppm Cu2+ in the culture medium led to 
improvement in pigment contents 15%, 31% and 
6%, respectively (Fig. 3A; B; C). Among the 
pigments, phycoerythrin was more sensitive to 
Cu2+. The highest improvement of photosynthetic 
pigment content in presence of Ca2+ was found in 
allophycocyanin (31%).
Bright field microscopic study
	 Morphology of the control and treated 
cells were studied under fluorescence microscope 
(Leica Microsystems, SFL 4000) at the end of 
seven days (Fig. 3). In control cells, healthy 
cells intact in long filaments were seen (Fig. 
3A). Similar observation was also found in the 
culture treated with 10 ppm Ca2+ indicating Ca2+ 
supplementation on its own had no adverse effect 
on the morphology of the cyanobacterium (Fig 
3B). Filament breakage, disintegration of cells 
from the filaments and distinctive cell damages 
were observed in the cells treated with 3 ppm Cu2+ 
(Fig. 3C). However, simultaneous supplementation 
of Cu2+ and 10 ppm Ca2+ in the culture medium 
showed reduction in such damages caused by 
Cu2+. The less filament breakage and cell damages 
observed in the cyanobacterium in presence of Ca2+ 
indicated towards its protective role against Cu2+ 
induced damages (Fig. 3D).
Scanning electron microscopic analysis
	 Morphological changes were observed in 
detail in control and treated cyanobacterial cells 
at the end of seven day period of incubation after 
treatment under scanning electron microscope 
(Fig. 4). Healthy cells in long filaments were 
recorded in control cultures (Fig. 4A). There 
were no morphological changes observed in cells 
treated with 10 ppm Ca2+ (Fig. 4B). The cells 
were stretched, elongated, distorted and distinctly 
shriveled upon Cu2+ (3 ppm) treatment (Fig. 4C) 
and except for a slight stretch between the cells no 
other form of abnormalities appeared in the cells 
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Fig. 1. Chlorophyll a concentration of control and treated cells in the cyanobacterium Nostoc muscorum Meg 1 after 
seven days of treatment. C = control culture; C+Ca = control culture treated with Ca2+, Cu = Cu2+ treated cultures 
and Cu+Ca = culture treated with 3 ppm Cu2+ and 5/10/15 ppm Ca2+. Taking control cultures as 100%. All the values 
are expressed as Mean ± SD (n = 3)

Fig. 2. Measurements of accessory pigment contents. A: phycocyanin; B: allophycocyanin and C: phycoerythrin 
contents of control and treated cells of Nostoc muscorum Meg 1. Duration of the treatment: seven days. C = control 
culture; C+Ca = control culture treated 10 ppm Ca2+, Cu = 3 ppm Cu2+ treated culture, Cu+Ca = culture treated with 
3 ppm Cu2+ and 10 ppm Ca2+. Taking control cultures as 100%. All the values are expressed as Mean ± SD (n = 3).

treated with both Cu2+ (3 ppm) and Ca2+ (10 ppm) 
(Fig. 4D). There was formation of EPS surrounding 
the cells that were treated with both Cu2+ and Ca2+ 

indicating that there was restriction of access of the 
metal ions to the cells. This probably is the reason 
for expression of reduced Cu2+ induced toxicity in 
presence of Ca2+.
Ultra-structural studies using transmission 
electron microscope
	 The ultra-structural study under TEM 
revealed that in control cells, cell wall and 

cell membranes were intact, thylakoids and 
phycobilisomes appeared in a regular pattern 
(Fig. 5A).  There were detachment of cell 
membrane from the cell wall, shrinkage of 
cellular components, aggregation of dissolving 
phycobilisomes and appearance of polyphosphate 
bodies, air vacuoles and gaps within the thylakoid 
membranes and disappearance of thylakoids in 
the Cu2+ treated cells (Fig. 5B). The effects on the 
ultra-structure in the cyanobacterium treated with 
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Fig. 3. Bright field microscopic images of control 
and treated Nostoc muscorum Meg 1 cells after seven 
days treatment viewed in 100X magnification under 
fluorescence microscope. Fig. 3A - control cells; B - 
control cells treated with 10 ppm Ca2+; C - cells treated 
with 3 ppm Cu2+ and D - cells treated with 3 ppm Cu2+ 
along with 10 ppm Ca2+. White coloured arrows indicate 
vegetative cells, red coloured arrows indicate heterocyst 
cells and black coloured arrows indicated damage and 
disintegrated cells

Fig. 4. Scanning electron microscopic images of control 
and treated cells at the end of seven day exposure. The 
images were recorded in 3000X magnification. A: 
control cells; B: cells treated with 10 ppm Ca2+; C: cells 
treated with 3 ppm Cu2+ and D: cells treated with 3 ppm 
Ca2+ and 10 ppm Ca2+. Arrows indicate healthy cells in 
long filaments of control cells (Fig. 4A); long filaments 
with intact cells in the cells treated with 10 ppm Ca2+ 
(Fig. 4B). Arrows indicate cell stretching, elongation, 
shrivelling, and filaments breakage in the Cu2+ (3 ppm) 
treated cells (Fig. 4C) and cells were almost similar to 
control cultures except for few random stretching in the 
cultures treated with both Cu2+ (3 ppm) and Ca2+ (10 
ppm) (Fig. 4D). Note the appearance of EPS (indicated 
by blue coloured arrow) in the cultures treated with both 
Cu2+ (3 ppm) and Ca2+ (10 ppm) (Fig. 4D)

Cu2+ and Ca2+ was moderate compared to only Cu2+ 
treated cells (Fig. 5C).
Heterocyst frequency
	 Heterocysts are specialized cyanobacterial 
cells, host of nitrogenase enzyme where the 
atmospheric N

2 
is fixed to NH

4
+ 46. Presence of 

Ca2+ in the growth medium improved heterocyst 
frequency by ~2-3% within seven days of exposure 
(Fig. 6). Although, percent heterocyst frequency in 
the Cu2+ treated cultures declined to 66.5% within 
the similar period of exposure, inclusion of 10 ppm 
Ca2+ in Cu2+ supplemented medium saw reduction 
in heterocyst frequency to only ~77%. Reduction 
of the Cu2+ toxicity on heterocyst frequency by 
~11% upon addition of Ca2+ further indicated that 
Ca2+ had a positive impact against the toxic effect 
of Cu2+ in the cyanobacterium. 
Total protein content
	 Measurement of total protein content of 
control and treated cells is depicted in figure 7. 
There was marginal increase of ~2% in the total 
protein content when Ca2+ (10 ppm) included in 
the experiment. The total protein content of the 

Cu2+ treated cells was reduced to 68.3% whereas 
supplementation of 10 ppm Ca2+ in the Cu2+ treated 
cultures led to decrease in total protein content 
to only 83.4% in seven days indicating that Ca2+ 

addition had reduced the Cu2+ induced effect on 
the total protein content by 15%.

Discussion

	 Both Ca2+ and Cu2+ are essential cations 
for living organisms, Ca2+ facilitates heterocyst 
differentiation, nitrogen fixation, PS II activity 
and phosphate uptake in cyanobacteria35,47,48 while 
Cu2+ plays an important role in cyanobacterial 
photosynthesis and respiration. Cu2+ is a structural 
constituent of plastocyanin: a component of 
photosynthetic electron transfer chain and 
cytochrome c oxidase49. Apart from its role in 
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Fig. 5. Ultra-structural studies of control and treated Nostoc muscorum Meg 1 cells exposed for seven days. (A) 
Control; (B) Cu2+ (3 ppm) treated cells and (C) cells treated with both Cu2+ (3 ppm) and Ca2+ (10 ppm). Cells were 
viewed in 2000X magnification under TEM. CG: cyanophycin granule; CM: cytoplasmic membrane; CW: cell wall; 
CWS: space between cell wall and cell membrane; T: thylakoids; ITS: intra-thylakoid space; CS: carboxysome; 
PB: polyphosphate body; TD: thylakoid membrane disintegration; AV: air vacuoles; MS: membrane shrinkage; DP: 
aggregates of dissolving phycobilisome; CMS: cell matter shrinkage; CD: cell death

Fig. 6. Percent heterocyst frequency of the control and 
treated Nostoc muscorum Meg 1 cells after seven days 
of exposure. C = control culture; C+Ca = control culture 
treated 10 ppm Ca2+, Cu = 3 ppm Cu2+ treated culture, 
Cu+Ca = culture treated with 3 ppm Cu2+ and 10 ppm 
Ca2+. Taking control cultures as 100%. All the values are 
expressed as Mean ± SD (n = 3)

Fig. 7. Measurement of total protein content of control 
and treated cultures. Duration of treatment: seven days. 
C = control culture; C+Ca = control culture treated 10 
ppm Ca2+, Cu = 3 ppm Cu2+ treated culture, Cu+Ca = 
culture treated with 3 ppm Cu2+ and 10 ppm Ca2+. Taking 
control cultures as 100%. All the values are expressed 
as Mean ± SD (n = 3)

photosynthesis, Cu2+ is an essential cofactor of 
many enzymes, e.g. superoxide dismutase50. 
Hattab et al. (2009)51, Surosz and Palinska (2004)8 
and Nongrum and Syiem (2012)52 reported that 
high Cu2+ concentration hampers photosynthesis 
and rate of respiration, inhibits cell division 
leading to cell death in primary producers of 
the food webs such as plants, algae and bacteria 
including cyanobacteria. Exposure to excess 
amount of Cu2+ in cyanobacteria is harmful as it 

generates reactive oxygen species (ROS) causing 
breakdown of proteins and membrane lipids53. 
Reduced glutathione and other metalloprotein 
functions are also critically compromised54. 
In order to combat such compromised cell’s 
functions, cyanobacteria develop many protective 
and regulatory mechanisms22. One such protective 
measure is the sequestration of metal ions in 
extracellular polymeric substances (EPS)55. 
However, there are other cellular mechanisms 
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that maintain homeostasis by exporting-importing 
metal ions using P-type ATPases. cop1/cop2 and 
ctaA transporters are involved in Cu2+ transport 
into the cells of Synechocystis sp.56 whereas in the 
Synechocystis sp. 7942, efflux of Cu2+ is reported 
to be done using pacS transporter57,58. High ion 
concentrations inside the cells are regulated by 
binding into metallothioneins, metallochaperones 
and phytochelatins and sequestration in 
polyphosphate bodies59. Other than these strategies, 
cell adopts enzymatic mechanisms to reduce 
the toxic effects of metal ions, e.g.  Superoxide 
dismutase (SOD) converts superoxide anion into 
hydrogen peroxide and catalase which breaks 
hydrogen peroxide into water60. Pandey et al. 
(1996)28; Checchetto et al. (2013)61 and Sulaymon 
et al. (2013)62 and had reported that toxicity of Cu2+ 

in animals, plants and microorganisms (algae and 
cyanobacteria) could be reduced or abolished in 
presence of various essential cations, i.e. Mg2+, Na+, 
K+, Ca2+, etc. Wheatly and Ayers (1995)63 and Tellis 
et al. (2014)10 has reported that Na+/Ca2+ uptake 
is a concentration dependent process in Daphnia 
pulex juveniles and Cu2+ competes with Na+/Ca2+ 

uptake in a concentration dependent manner. Thus, 
the report can be taken as an evidence of sharing 
transport system of Na+/Ca2+ by Cu2+. In low Cu2+ 
and high Ca2+ concentrations, survivability of 
Daphnia pulex juveniles is more than high Cu2+ and 
low Ca2+ concentrations33 indicating that at higher 
concentration of Ca2+, the competition severely 
restricts Cu2+ entry into the cells and thus reduces 
the intracellular accumulation of Cu2+. 
	 The cyanobacterium Nostoc muscorum 
Meg 1 was isolated from a rice field in Sohra, 
Meghalaya where there is extensive coal and 
lime mining. Effluents from the mining sites are 
continuously draining to these rice fields due to 
the heavy rain that occurs in the region. Since the 
effluents contain metal ions such as Cd2+, Cu2+, 
Zn2+, Fe2+, Cr3+, Mn2+, Ca2+, Na+; over time, such 
metal ions get deposited in increasing concentration 
in these low laying rice fields40. The presence of 
cyanobacteria in these rice fields are intriguing 
as it indicates that the organisms have developed 
successful strategies to combat the adverse effects 
of high and chronic metal exposure. Additionally, 
presence of competing ions such as Ca2+ could 
also be aiding their survival strategies by reducing 
entry of toxic ions into the cells. That the Ca2+ from 

limestone mining also reaching the rice fields in 
this area raises the possibility of presence of Ca2+ in 
increasing concentration in the surrounding along 
with other ions. This is what prompted us to look 
into impact in increased concentration of Ca2+ on the 
adverse effect brought about by chronic presence of 
Cu2+ in the vicinity of a cyanobacterium. Indeed we 
found that when both Cu2+ and Ca2+ are present, the 
harmful effect of Cu2+ on photosynthetic pigments, 
heterocyst frequency, protein synthesis as well as 
on overall morphology and ultra-structures are 
significantly lowered suggesting that Ca2+ played 
a protective role towards Cu2+ induced toxicity 
on these parameters which in turn allowed the 
organism to grow and proliferate better in the 
Cu2+ containing surroundings in presence of Ca2+. 
Addition of Ca2+ in Cu2+ supplemented medium 
led to an improvement of 11.7% in chlorophyll 
a concentration from the one registered under 
3 ppm Cu2+ supplementation (Fig. 1). Similarly 
improvement in phycocyanin, allophycocyanin and 
phycoerythrin were 15%, 31% and 6% indicating 
that Ca2+ was definitely able to reduce the harmful 
effect of Cu2+ exposure in the cyanobacterium 
(Fig. 2). Lesser toxic effects both on morphology 
and ultra-structure upon Ca2+ addition in Cu2+ 
supplemented medium further reiterated the 
protective role played by Ca2+ in Cu2+ exposed 
cells (Fig. 3-5). Thus, cyanobacteria growing in 
Cu2+ polluted region where Ca2+ is also present may 
experience less toxicity and thereby able to survive 
and thrive under these adverse conditions.

Conclusion

	 Simultaneous presence of Cu2+ and Ca2+ in 
the culture medium reduced the overall toxic effects 
of Cu2+ in the cyanobacterium Nostoc muscorum 
Meg 1. This indicated that Ca2+ played a protective 
role in shielding the cyanobacterial cells from Cu2+ 

toxicity. This may be the reason of growth and 
proliferation of cyanobacteria seen in the coal and 
lime mining areas. Hence, Ca2+ supplementation 
in rice fields contaminated with metal ions may 
be beneficial to these useful organisms.
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