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Abstract 
A cyanobacterium having high relative abundance in sewage irrigated soil was isolated and identified as Lyngbya 

contorta. The species was tested for tolerance towards heavy metals, Cu2+, Zn2+, Ni2+and Cd2+ (0.5 to 10 mg/L) in single 

metal systems under controlled laboratory conditions. Our results show that the studied strain has a distinctive response 

towards each heavy metal, it was most affected by Ni 2+ followed by Cu2+, Zn2+, Cd2+ ions. The studied strain showed 

better response as indicated by higher concentrations of sugar, proteins and photosynthetic pigments in aqueous Cd2+ 
solutions as compared to that at control. The incubation of cyanobacterial cells with lower concentrations of heavy metals 

(Cu2+, Zn2+, Ni2+) enhanced the growth rate, soluble proteins and photosynthetic pigments, while elevated concentrations 

were observed to be inhibitory. The present study demonstrates the capability of isolated indigenous species to withstand 

heavy metal stress at low concentrations and can be utilized for bioremediation of contaminated lands. 
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Introduction 
Sewage irrigated agro-ecosystem represents one of 
the degraded environmental system. The main 
contributors are heavy metals, which can have toxic 
effects on many different types of organisms and 
affect biological processes at various levels of 
organizations (Chauvat and Chauvat, 2015). The 
toxicity of these metals is based on their chemical 
properties, which allow  them to promote the 
production of reactive oxygen species (ROS); the 
inactivation of enzymes,  basically by reaction with 
SH-groups; and/or the displacement of the normal 
metal cofactors  of numerous 
metalloproteins(Imlay,2014). Several metals are 
essential for living organisms at very low 
concentrations, but at high concentrations most are 
toxic (Debelius et al., 2009). McGinna et al., 2012 
found total depletion of Fe, Zn and Cd from the 
sewage wastewater by microalga, and lower, but 
substantial, uptake and/or adsorption of seven other 
elements. However, the metal uptake process is 
complex and dependent upon not only the specific 
surface properties of the organisms but also cell 
physiology (Goudey, 1987) and other abiotic 

factors.In most organisms, one-quarter to  
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one-third of all proteins require metals (Waldron 
and Robinson, 2009). Cyanobacteria also have high 
requirements for metal ions. Copper and zinc, being 
cofactors of enzymes involved in a wide range of 
biochemical reactions (Bityutskii,1999; Udel’nova 
and Yagodin, 1993). Zinc is a component of all 
basic enzyme classes: oxidoreductases, 
transferases, hydrolases, lyases, isomerases, and 
ligases; more than 300 proteins use zinc as a 
cofactor (Prasad, 1995). Among zinc containing 
enzymes of microorganisms are carbonic 
anhydrase, aldolase, RNA polymerase, protease, 
and others. Both these metals have adverse effects 
at high concentrations Copper is phytotoxic and has 
been used as an algicide to control algal blooms. 
Cadmium and nickel are amongst toxic metals. 
Cadmium is not known to have any biological 
functions. It inhibits most of the basic physiological 
processes like chlorophyll biosynthesis, 
photosynthetic carbon assimilation and growth 
(Fargasova, 1999). Nickel is known as a constituent 
of the active site of urease and nitrogenase in 
cyanobacterial cells (Morand et al., 1991). It has 
been reported that nickel ions are actively taken up 
by the cells through a high affinity transport system 
(Campbell and Smith, 1986), the cells grown 
without nickel has identical level of urease activity 
with the cells grown with nickel ion concentration. 
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Cyanobacteria are known to inhabit heavily 
polluted environments (Dodor and Tabatabai, 
2003), where they have a wide distribution and may 
be dominating microfloral populations in these 
systems.  They are also significant contributors to 
global photosynthetic productivity(Castielli et al., 
2009), thus making it relevant to study how 
environmental stresses can alter their physiological 
activities. Lopez et al., 2006 reported that 
spontaneous mutation rate in cyanobacteria exposed 
to stressed environments was two orders of 
magnitude higher than the mutation rates observed 
in other prokaryotes (≈10

-8
), which assures the 

adaptation of large cyanobacterial population. Thus, 
this study aimed to investigate the responses of 
indigenous Lyngbya contorta isolated from the 
sewage waste water irrigated soil(stressed 
environment), towards various concentrations of 
heavy metals in order to explore their tolerance 
towards anthropogenic pollution. 
 

Materials and Method 

Isolation and cultivation of dominant indigenous 
cyanobacterial strains 
For isolation purpose, the soil samples at the depth 
of 0-10cm were collected from sewage irrigated 
fields located along the sewage drain of Rohtak 
city, Haryana, India. Pure cultures of cyanobacterial 
strains were obtained by agar plate spreading and 
serial dilution techniques (Andersen and Kawachi, 

2005) using BG-11 medium(Stanier et al., 1971). 
The identification was done with the help of keys 
given by Desikachary(1959). Cyanobacteria 
belonging to nine genera were isolated from sewage 
irrigated soil which included 13 strains of Lyngbya 
(Rana and Chhikara, 2011). These isolates were 
abundantly found showing the highest relative 
abundance of 100%. Lyngbya contorta was selected 
for the present study. Purified cyanobacterial strain 
was maintained at 28 ± 3 °C and illuminated under 
a 16:8 h light–dark cycle, using cool fluorescent 
tubes.  
Metal treatments 
Toxicity studies were performed separately for the 
four metals using 150 ml Erlenmeyer flasks. 
Copper sulphate (CuSO4), Zinc sulphate (ZnSO4), 
Nickel chloride (NiCl2) and cadmium chloride 
(CdCl2) were used as the sources of Cu

2+
, Zn

2+
, Ni

2+
 

and Cd
2+

 respectively. Each flask was inoculated 
with 1 ml of exponentially growing, homogenized 
cyanobacterial suspension, which contained various 
initial metal concentrations (0, 0.5, 1, 2, 5 and 10 
mg/L). Suspensions were continuously 
homogenized in a rotary shaker at 100 rpm and 
cultured for 12 days under the conditions as 
described above. Each experiment was conducted 
in triplicates and growth rate was determined on 4, 
8 and 12

th
 day whereas pigment concentration 

(chlorophyll) and organic constituents (sugars) 
were studied on 12

th
 day. 

 

Concentration Sugars(μg/ml) Proteins (μg/ml) 
Total soluble 

proteins (μg/ml) 
Chlorophyll(mg/l) 

0 mg/l 85.16+0.11 32.6+0.03 65.7+0.54 6.2+0.21 

0.5mg/l 56.9+0.94 27.3+0.63 67.7+0.17 5.1+0.27 

1mg/l 60.2+1.74 27.6+0.38 84.3+0.18 7.7+0.64 

2mg/l 63.5+0.63 29.5+0.26 85.8+0.44 7.8+0.66 

5mg/l 66.7+0.16 32.4+0.30 119.3+0.18 7.5+0.43 

10mg/l 107.4+0.35 26.1+0.33 108.5+0.22 4.3+0.23 

Table 1. Effect of various cadmium concentrations on sugars, proteins, soluble proteins and 
chlorophyll content of isolated Lyngbyacontorta, on 12

th
 day of observation(Values are arithmetic 

mean + S.D. of three determinations) 
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Concentration Sugars(μg/ml) Proteins (μg/ml) 
Total soluble 

proteins (μg/ml) 
Chlorophyll(mg/l) 

0 mg/l 85.16+0.11 32.6+0.03 65.7+0.54 6.2+0.21 

0.5mg/l 44.15+0.38 13.4+0.33 27.6+0.08 5.1+0.23 

1mg/l 54.9+0.12 17.7+0.35 60.7+0.75 5.4+0.19 

2mg/l 61.7+0.23 18.4+0.21 64.8+0.12 4.6+0.16 

5mg/l 58.7+0.18 14.6+0.27 61.2+0.22 4.2+0.093 

10mg/l 53.8+0.16 11.8+0.37 56.8+0.28 3.5+0.025 

Table 2. Effect of various nickel concentrations on sugars, proteins, soluble proteins and 
chlorophyll content of isolated Lyngbyacontorta, on 12

th
 day of observation 

 

Concentration Sugars(μg/ml) Proteins(μg/ml) Total soluble 

proteins (μg/ml) 
Chlorophyll(mg/l) 

0 mg/l 85.16+0.11 32.6+0.036 65.7+0.54 6.2+0.21 

0.5mg/l 44.45+0.06 22.2+0.29 49.4+0.20 5.8+0.07 

1mg/l 27.41+0.02 28.5+0.2 72.2+0.37 7.1+0.09 

2mg/l 28.3+0.09 25.7+0.29 54.8+0.38 6.2+0.08 

5mg/l 30.17+0.38 19.1+0.24 49.2+0.24 4.1+0.2 

10mg/l 36.32+0.39 13.9+0.09 43.8+0.43 3.7+0.1 

Table 3. Effect of various copper concentrations on sugars, proteins, soluble proteins and 

chlorophyll content of isolated Lyngbyacontorta, on 12
th

 day of observation 
 
The growth rate of Lyngbya contorta was followed 
by measurements of absorbance at 750nm (Healy, 
1985) using the equation: μ= ln (n2/n1)/t2- t1 

where, μ is the growth rate and n1, n2 are 
absorbances of culture suspension at time intervals 
t1 and t2.Chlorophyll was estimated 
spectrophotometrically following hot extraction 
method using methanol and absorbance was read at 
650 and 665 nm (Mackinney, 1941). The protein 
and soluble protein content were estimated 
according to the modified method of Lowry et al. 
(1951). Sugars were analysed following the method 
prescribed by Spiro (1966). 
All the experiments were conducted in triplicates 
and variability was accounted for in statistical terms 
as standard error which is given as ±values in the 
tables. Variations in growth rate at various 
concentrations of heavy metals and with incubation 
time were tested using two way analysis of  

 
variance. One way ANOVA test was applied to 
confirm the significance of data for biochemical 
constituents with increasing concentrations of 
heavy metals. 
 

Results and Discussion 
The observed growth rate of Lyngbya contorta was 
found to depend on the type of metal and its 
concentration. For cadmium metal, the slowest 
growth rate was recorded on 4

th
 day, thereafter, 

growth rate increased and was at maximum on 8
th

 
day(Fig. 1) Again, declined on 12

th
 day except at 5 

and 10mg/l concentration. The peak was obtained 
at 2mg/l concentration. The increased growth rate 
at higher concentration, corresponds to increase in 
cell size. It may be due to the fact that at high metal 
concentrations the existing damaged cells increase 
their size as a function of their individual 
complexity. 
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Concentration Sugars(μg/ml) Proteins (μg/ml) 
Total soluble 

proteins (μg/ml) 
Chlorophyll(mg/l) 

0 mg/l 85.16+0.11 32.6+0.03 65.7+0.54 6.2+0.21 

0.5mg/l 58.96+0.43 27+0.17 66.8+0.09 5.0+0.18 

1mg/l 80.41+0.47 29.2+0.27 68+0.52 5.2+0.31 

2mg/l 82.19+0.42 37.5+0.18 69.3+0.14 5.8+0.1 

5mg/l 45.69+0.47 39.1+0.48 69.5+0.15 6.1+0.11 

10mg/l 34.56+0.07 33.5+0.18 56.4+0.18 4.2+0.08 

Table 4. Effect of various zinc concentrations on sugars, proteins, soluble proteins and chlorophyll 
content of isolated Lyngbyacontorta, on 12

th
 day of observation 

 
Similarly, for nickel metal, the maximum growth 
rate was recorded on 8

th
 day(Fig. 2). As compared 

with the control, growth rate decreased gradually 
with increased metal concentrations. The highest 
growth rate was observed at 0.5mg/l. The 10mg/lt 
caused maximum growth reduction, which was 
visually apparent by clear and transparent cells. 
There was a tremendous increase in growth rate on 
4

th
 day in response to copper metal treatments (Fig. 

3). However, with increase in incubation period and 
metal concentration(Zou et al.,(2015), growth rate 
showed a decline. Growth rate in zinc treated 
cultures (Fig. 4) showed the pattern similar to 
copper treated cultures. The maximum growth rate  
was recorded on 4

th
 day at 2mg/lt. As compared to 

copper, zinc was less toxic as shown by the 
respective growth rates. This strain showed a 
decrease in growth rate with increase in incubation 
time for each concentration which could be due to 
inhibition of normal cell division by the metal, as it 
has been reported for Padina boegesenni (Mamboya 
et al., 1999) and for Synechocystis aquatilis 
(Shavyrina et al., 2001). The decrease in the rate of 
cell division caused by metals is primarily 
attributed to their binding to sulfhydryl groups 
which are important for regulating the plant cell 
division (Visviki and Rachlin, 1991). Two way 
analysis of variance revealed that the differences 
were not statistically significant (P<0.05) with 
different concentrations of all the four heavy 
metals, only incubation time had significant effect 
on growth rate of the studied species.Variations in 
chlorophyll, proteins, soluble proteins and sugar  
 

 
content of Lyngbya contorta in response to heavy 
metal treatments are presented in Tables 1-4.  
Increasing concentration of copper and nickel upto 
1mg/l increased chlorophyll content whereas 
cadmium and zinc treatments showed more 
favourable effect as chlorophyll content increased 
upto 2mg/l and 5mg/l respectively.Nickel and zinc 
both stimulated sugar content upto 61.7μg/ml and 
82.19μg/ml at 2mg/L of metal concentration on 12

th
 

day of incubation. But further increase in metal 
decreased sugar concentration. For cadmium and 
copper, sugar content increased at all metal 
concentrations. Shashirekha et al., 2015, also 
demonstrated increased sugar content in Lyngbya 
sp. under heavy metal stress. 
 

 
Figure. 1. Temporal variations in the growth 
rate of Lyngbyacontortain response to different 

concentrations of cadmium metal. 
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Figure 2. Temporal variations in the growth rate of 
Lyngbyacontortain response to different 

concentrations of nickel metal 

 
 

 
Figure 3. Temporal variations in the growth rate of 
Lyngbyacontorta in response to different 

concentrations of copper metal 

 

 
Figure 4. Temporal variations in the growth rate of 

Lyngbya contorta in response to different 

concentrations of zinc metal 

 

The protein content in the studied cyanobacterium 
was sensitive to heavy metal treatments. Nickel and 
copper had more inhibitory effect on the protein 
and soluble protein content as compared to 
cadmium and zinc. Increasing concentration of 
copper up to 1 mg/L increased chlorophyll 
concentration but further increase in metal level 
decreases the chlorophyll concentration. This is 

supported by the finding of Bala and Thanasekaran 
(2011) and Mota et al., (2015), who reported a 
decrease in chlorophyll accumulation in the 
presence of copper at high concentrations. Copper 
may inhibit enzymes in the cytoplasm such as 
esterase and β-D-galactosidase (Franklin et al., 
2001) and causes damage to the chloroplast 
lamellae, therefore, preventing the photosynthesis 
(Cid et al., 1995; Angeles et al., 1993). This strain 
was more sensitive to copper than zinc as indicated 
by lower concentrations of pigment, sugars and 
protein content in copper treated cultures. The 
strain was least tolerant to nickel metal, which exert 
its toxic effect by poisoning intracellular enzyme 
systems. In aged cultures of the Lyngbya contorta, 
pigment bleaching was observed which might be 
due to the due to the stress caused by higher levels 
of nickel leading to chlorophyll degradation and a 
retarded growth rate (Carrieri et al., 2008; Tam et 
al., 2001). The protein and sugar contents have also 
been found to be decreased at high nickel metal 
concentration, since extracellular binding 
contributes only slightly to Ni-resistance (Xiaolei-
Jin and Nalewajko, 1996). Similar results have also 
been reported earlier (Rai et al., 1990). This strain 
showed increased protein and total soluble proteins, 
when the medium was spiked with increased 
concentration of cadmium. Babu et al., 2010, found 
that the absorption spectra of photosynthetic 
pigments in Spirulina platensis was decreased with 
increase in heavy metal concentrations. There are 
reports showing cadmium causing damage to 
various metabolic processes, pigment synthesis and 
chloroplast (Dubey, 1997;Lamaia et al., 2005; 
Machado et al.,2015), but the studied strain had 
developed tolerance towards cadmium and showed 
better performance in the presence of the metal. 
The present strain was well acclimated to grow 
under a wide range of zinc concentrations. The 
exposure to zinc resulted in an increase in protein 
and soluble protein content upto 5mg/l, due to the 
synthesis of metal binding proteins, the 
metallothioneines, which have the capacity to bind 
metals  (such as As, Cd, Cu, Hg and Zn) through 
the thiol group of its cysteine aminoacids (Shukla et 
al., 2009; Chauvat and Chauvat, 2015). In 
cyanobacteria, MTs were first identified in cells 
adapted to growth in elevated levels of Cd and Zn 
(Blindauer, 2011). Similarly, chlorophyll content 
also showed an increase with increase in 
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concentration of the zinc metal. However, both 
increase and decrease in chlorophyll have been 
reported earlier (Wong et al.,1994; Franklin et al., 
2001). Decrease in growth rate was observed with 
increase in incubation time, which can be related to 
the extracellular zinc concentration (Jin et al., 
2009). One possible mode of toxic action of zinc is 
at the cell membrane, where it may disrupt the 
uptake of calcium, which is necessary for Ca-
ATPase in cell division (Stauber and Florence, 
1990). Lyngbya contorta adaptation to zinc is 
evidently related to the formation of chelates with 
some cell secretions, which are loosely bound to the 
cell wall. It seems likely that the cell secreted 
chelates only during long term culturing in the 
presence of zinc. However, no significant 
difference was observed for all the organic 
constituents (one way analysis of variance) 
(P<0.05) with different concentrations of four 
heavy metals.  
 

Conclusion 
In conclusion, there was no observed inhibitory 
effect, when the studied species was exposed to 
increased concentrations of different heavy metals. 
It was found more sensitive towards nickel 
followed by copper, zinc and cadmium. This 
tolerance could have resulted from the natural 
selection in the sewage irrigated soil. Therefore, it 
may act as an ecological indicator and may 
facilitate the management of sewage irrigated soils. 
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