
Response to Copper and Sodium Chloride Excess in Spirulina sp.
(Cyanobacteria)

F. Deniz • S. D. Saygideger • S. Karaman

Received: 18 October 2010 / Accepted: 29 April 2011 / Published online: 11 May 2011

� Springer Science+Business Media, LLC 2011

Abstract Physiological responses of the cyanobacterium,

Spirulina sp., were evaluated following exposure to copper

(0.1 and 1.0 mg/L) and sodium chloride (0.2 and 0.4 mol/L)

for 7 days. Growth and chlorophyll a content exhibited

decreases at most exposure levels, while increases occurred

for malondialdehyde at all exposure levels. Proline content

was increased at the higher exposure levels. Carotenoid

levels of Spirulina sp. were not significantly changed.

Increased amounts of malondialdehyde were indicative of

free radical formation in Spirulina sp. under the stress, while

increasing levels of proline pointed to the occurrence of a

scavenging mechanism. Concentrations of copper in Spi-

rulina sp. decreased with increasing concentrations of NaCl.

Keywords Copper � NaCl � Malondialdehyde �
Proline � Spirulina sp.

Heavy metals are important environmental pollutants and

many of them are toxic even at very low concentrations

(Tanyolac et al. 2007). Copper (Cu) is a trace element that

is an essential component of the biochemical functions of

photosynthetic organisms (Kovacik et al. 2008). However,

in excessive concentrations this metal becomes powerfully

toxic for phytoplankton communities, where it can affect

electron transport through photosystem II and modify or

inhibit fundamental enzymatic activities (Pinto et al. 2003).

Cu contamination is widespread as a result of mining,

smelting, use of Cu in fungicides and other activities.

Salinity is also one of the major abiotic stresses affecting

plant growth, development and productivity (Rahnama and

Ebrahimzadeh 2004). Plants exposed to salt stress undergo

changes in their metabolism in order to prevent the dele-

terious effects of the stress. They have to cope with the

lower water potential in their environment, the presence of

toxic ions, mainly Na?, and the difficulties that salt exerts

on the uptake of essential nutrients.

Spirulina sp. is planktonic photosynthetic filamentous

cyanobacterium (Vonshak et al. 1982), identified by the

main morphological feature of the genus, i.e. the arrange-

ment of multicellular cylindrical trichomes in a helix along

the entire length of the filaments. Native people have

harvested the biomass of Spirulina from Chad Lake

(Africa) and Texcoco Lake (Mexico) as a source of food

for centuries (Vonshak 1997). Spirulina is rich in protein,

polyunsaturated fatty acids, pigments, vitamins and phen-

olics (Richmond 1992). Moreover, the biomass of Spiru-

lina has been used to remove unwanted materials such as

heavy metals from waste waters (Chojnacka et al. 2004,

2005). Spirulina sp. is a suitable model for toxicity eval-

uations because of its small size, rapid growth, and ease of

culture. The main objective of the study was to evaluate the

physiological responses of Spirulina sp. to copper and

sodium chloride individually and in combination.

Materials and Methods

Spirulina sp. was provided from Cukurova University,

Faculty of Fisheries (Adana, Turkey) and was cultured in

Spirulina medium (Schlösser 1982) under aseptic
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conditions. The stock and test cultures were maintained at

28 ± 2�C in a sterile chamber illuminated with 21-W

daylight tubes providing a light intensity of 2,000 ± 200

lux around the culture vessels following a 16:8-h light/dark

regime. A pH of 9.0 was maintained for the appropriate

growth of Spirulina sp..

To examine the effects of copper and salt on Spirulina

sp., Cu (II) (as CuCl2, 0.1 and 1.0 mg/L), and NaCl (0.2 and

0.4 mol/L) were added separately to the growth medium.

The effects of Cu (II) and NaCl combinations (0.1 ? 0.2,

0.1 ? 0.4, 1.0 ? 0.2 and 1.0 ? 0.4 mg/L ? mol/L) were

also examined. The stock solutions were prepared in dis-

tilled water. For the control experiment, Spirulina sp. was

grown under identical culture conditions without adding

any Cu (II) and NaCl. The 7-day-old cultures were har-

vested by filtration through a Millipore membrane filter

(0.45 lm) and washed twice with distilled water.

The progressive growth of Spirulina sp. was determined

over a period of 7 days by measuring absorbance at

560 nm, and by weighing dry mass. The procedures fol-

lowed for the quantification of chlorophyll a (Chl-a) and

carotenoid were previously described by Lichtenthaler and

Wellburn (1985). The malondialdehyde (MDA) content of

Spirulina sp. was determined by the thiobarbituric acid

reaction following the method of Hodges et al. (1999) and

it was calculated from the absorbance at 532 nm by an

UV–Vis spectrophotometer (GBC, Cintra 202). The mea-

surements were corrected for non-specific turbidity by

subtracting the absorbance at 600 nm and the results were

expressed as mmol/mL. Proline was determined according

to Bates et al. (1973). The cultures suspended in 5 mL of

3% sulfosalicylic acid were centrifuged at 4,000 rpm for

10 min, 2 mL of supernatant and 2 mL of ninhydrin were

added in 2 mL glacial acetic acid, and they were incubated

at boiling temperature for 1 h. The mixture was extracted

with toluene, and proline was quantified spectrophoto-

metrically at 520 nm from the organic phase. The total

concentrations of Cu (II) in the extracts of Spirulina sp.

were analyzed with an atomic absorption spectrometer

(Perkin Elmer, AA 400). The instrument was zeroed with a

2% HNO3 blank. A certified stock solution of 1,005 ±

2 lg Cu (II)/mL (Inorganic Ventures, Lot No Z-CU02080)

was used for the calibration of the instrument.

In order to evaluate the results, the all data were ana-

lyzed using one-way ANOVA. Post hoc comparisons were

made with the least significant difference (LSD) test.

A p value \0.05 was considered significant.

Results and Discussion

In this study, growth of Spirulina sp. was significantly

affected by Cu (II) and NaCl treatments. The effects of Cu

(II) and NaCl on growth of Spirulina sp. are depicted in

Fig. 1. Growth decreased gradually with increased metal

and salt concentrations, compared with the control. The

combined treatment of 1.0 mg/L Cu (II) ? 0.4 mol/L NaCl

caused maximum reduction in growth. This was visually

apparent, as well, by yellowing and fragmentation of fila-

ments. In an earlier study, Synechocystis aquatilis showed

a decrease in growth with increasing metal ion concentra-

tion at initial exposures of 0.01–0.05 mg/L Cu (II)

(Shavyrina et al. 2001). Reduction in growth of a cyano-

bacterium, Scytonema javanicum, with increasing NaCl

concentration (50–200 mM) was determined (Tang et al.

2007). The reduction in growth could be due to inhibition

of normal cell division by the metal and salt, as it has been

reported for Padina boegesenni exposed to Cu (Mamboya

et al. 1999), Anabaena flos-aquae exposed to Cu and Cd

(Surosz and Palinska 2004) and Scenedesmus obliquus

Fig. 1 Effect of Cu (II) (a), NaCl (b) and combinations of Cu (II) and

NaCl solution (c) on the growth of Spirulina sp. Each data point is the

mean ± SE of three replicates (*p \ 0.05; **p \ 0.01)
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exposed to NaCl (Demetriou et al. 2007). 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). The deleterious effects of excessive salinity

on plant growth are associated with nutritional imbalance,

effect on specific ions, and a combination of these two

factors (Ashraf 1994; Marschner 1995).

The highest concentration of Chl-a was found in Spi-

rulina sp. treated with the control, and Chl-a in Spirulina

sp. was measured in the control group, with decreased

levels occurring at increased concentrations of Cu(II) and

NaCl (Table 1). No significant differences were found in

the levels of carotenoid. The decrease of the Chl-a content

is usual in plants that have been exposed to Cu (II) or other

metals and salt, and it has previously been observed in

cyanobacteria (0.5–6 mg/L Cu (II)) (Surosz and Palinska

2004; Tang et al. 2007). It has been suggested that the

content of Chl-a is a useful parameter to determine the

physiological conditions of plants subjected to heavy

metals and salts (Kebede 1997; Chettri et al. 1998). The

degradation of pigment is usually the result of oxidation

induced by contaminants. In the present study, Cu (II)

concentrations over 1 mg/L and NaCl concentrations over

0.4 mol/L were particularly toxic, as the values of the

Chl-a were significantly different from all the other treat-

ments. Cu (II) and NaCl proved to have a damaging effect

on the pigment content of Spirulina sp..

The levels of MDA were significantly modified by the

Cu (II) and NaCl treatment (Table 1). MDA content

increased with increasing metal and salt concentrations in

the culture medium. MDA production was highest at the

1.0 mg/L Cu (II) ? 0.4 mol/L NaCl treatment, followed

by 1.0 mg/L Cu (II) ? 0.2 mol/L NaCl, and then 1.0 mg/L

Cu (II) alone. The level of MDA is considered as a measure

of the degree of lipid peroxidation. Lipid peroxidation is

linked to the production of O2
-. The presence of high

amounts of transitional metals such as Cu (II) favors the

enhanced generation of HO from O2
- through the Fenton

reaction (Luna et al. 1994). Thus, the increased levels of

MDA suggest that Cu (II) ions stimulated free radical

formation in Spirulina sp.. Increased MDA levels have also

been reported in several higher plants (Luna et al. 1994;

Chaoui et al. 1997). The increased production of free

radicals on exposure of microorganisms to salt stress has

also been reported previously (Price and Hendry 1991; Alia

et al. 1993).

Increases in proline content were directly proportional to

concentration of Cu (II) and NaCl. The percentage

increases of proline, relative to the control value of

27.2 nmol/g, were 2.6 and 18.7% at the 0.1 and 1.0 mg/L

Cu (II) treatments, respectively; and 4.4 and 16.9% at the

0.2 and 0.4 mol/L NaCl treatments, respectively. In the

combination treatments, proline content increased 8.0,

15.3, 19.3 and 26.3% at the Cu (II) (mg/L) and NaCl

(mol/L) combinations of 0.1 ? 0.2, 0.1 ? 0.4, 1.0 ? 0.2,

and 1.0 ? 0.4, respectively. Increases in proline concen-

tration under heavy metal and salt stresses have been

reported in some higher plants and in the cyanobacteria

Spirulina, Anabaena and Cylindrospermum (Alia and

Pardha Saradhi 1991; Bassi and Sharma 1993; Sultan and

Fatma 1999; Jetley et al. 2004; Kumar et al. 2004; Rahn-

ama and Ebrahimzadeh 2004; Chris et al. 2006; Choudhary

et al. 2007). Increases in proline might be an adaptive

mechanism for reducing the level of accumulated NADH

and the acidity (2NADH ? 2H?). Binding with metal ions

due to the chelating ability of proline can also be a defense

mechanism for survival. An increase in proline content is

indicative of an effort by plant cells to reduce stress caused

by metal ions and NaCl.

The concentration of Cu (II) within Spirulina sp.

increased with increased Cu (II) exposure, and decreased

with increased NaCl exposure (R2 = 1) (Fig. 2). The

maximum Cu (II) concentration was determined in

Table 1 Values of the physiological parameters (mean ± SE) measured in Spirulina sp. in different concentrations of Cu (II), NaCl and

combination of Cu (II) and NaCl solutions

Treatment Concentration Chl-a (mg/g) Carotenoids (mg/g) MDA (mmol/mL) Proline (nmol/g)

Control 0.0 10.0 ± 0.23 4.0 ± 1.96 29.9 ± 0.18 27.2 ± 0.06

Cu (II) (mg/L) 0.1 9.1 ± 0.06* 3.8 ± 0.06ns 31.8 ± 0.22** 27.9 ± 0.64ns

1.0 7.3 ± 0.33** 3.2 ± 0.15ns 34.4 ± 0.43** 32.3 ± 0.55**

NaCl (mol/L) 0.2 9.5 ± 0.12ns 3.7 ± 0.06ns 31.4 ± 0.34* 28.4 ± 0.91ns

0.4 8.0 ± 0.09** 3.4 ± 0.09ns 33.2 ± 0.61** 31.8 ± 0.36**

Cu (II) ? NaCl (mg/L ? mol/L) 0.1 ? 0.2 8.2 ± 0.22** 3.3 ± 0.09ns 32.3 ± 1.10ns 30.1 ± 0.91ns

0.1 ? 0.4 7.6 ± 0.07** 3.0 ± 0.03ns 33.3 ± 0.67* 32.1 ± 0.49*

1.0 ? 0.2 6.9 ± 0.03** 2.9 ± 0.09ns 35.8 ± 1.18** 33.3 ± 2.07**

1.0 ? 0.4 6.5 ± 0.15** 2.6 ± 0.09ns 36.7 ± 1.28** 35.2 ± 0.53**

* p \ 0.05; ** p \ 0.01; ns not significant at significance level 0.05
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Spirulina sp. treated with 1.0 mg/L Cu (II) solution. Rel-

ative to the control, the percentages for Cu (II) uptake were

90.5 and 303.0% following exposure to 0.1 and 1.0 mg/L

Cu (II), respectively; and 5.3 and 11.2% following expo-

sure to 0.2 and 0.4 mol/L NaCl, respectively. The uptake

percentages for Cu (II) uptake in the combination treat-

ments were 23.3, 16.9, 93.4, and 74.2% following exposure

to the combination treatments of 0.1 ? 0.2, 0.1 ? 0.4,

1.0 ? 0.2, and 1.0 ? 0.4 mg/L Cu (II) ? mol/L NaCl,

respectively. Under salt stress, reduced Cu (II) uptake has

been observed in higher plants such as Triticum aestivum

(El-Enany 2002), but the mechanism for this decreased

uptake is still unknown. It may be due to changes in the

composition and type of cell wall binding sites, leading to

differential absorption and/or cation exchange (Carreras

and Pignata 2007). Another reason may be the competitive

interaction of metal and salt ions for binding sites on the

cell wall.

In conclusion, this study has shown the following: (1)

Spirulina sp. showed a reduction in growth caused by Cu

(II) and NaCl, (2) Chl-a content decreased significantly

with increasing concentrations of Cu (II) and NaCl, (3)

carotenoid levels were not affected by Cu (II) or NaCl, (4)

MDA contents of Spirulina sp. increased with increasing

concentrations of Cu (II) and NaCl, (5) proline, a universal

protectant from various stressors, increased in concentra-

tion with increasing Cu(II) and NaCl concentrations, and

(6) Cu (II) uptake in Spirulina sp. was decreased with

increased NaCl concentration.
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