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Effect of toxic metal ions Cd(II) and Pb(II) on cyanobacterium (blue-green algae) Spirulina platensis intact cells have been studied with 

optical and differential scanning microcalorimetry (DSC) methods after 7.2 kGy 137Cs gamma irradiation and without irradiation. It is shown 

that the addition of metal ions causes a decrease in optical absorption spectra band intensities. In the case of irradiation, the absorption band 

intensity decreases higher than without irradiation. The binding constant of Pb(II) with Spirulina platensis is calculated for nutrition medium 

with pH 9.2. DSC data show that Cd(II) and Pb(II) ions do not change the integral heat of absorption (ΔHm) that equals to 24.6 J g-1. In the 

case of irradiation, the DSC melting curve profile changes significantly and ΔHm decreases two times, which indicates that 50 % of proteins 

are denaturated. The DSC method also gives a possibility to evaluate C-phycocyanin content from deconvoluted heat absorption peak at 

50 °C, which equals to 35.5 %. In case of irradiated wet mass, sub-cultured wet mass, and wet mass re-irradiated with the same dose, contents 

of Spirulina platensis ingredients – C-phycocyanin, chlorophyll, and carotenoids – increase as a result of the simultaneous effect of the metal 

ions and irradiation.  
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Introduction 

Nanotechnology gives a possibility to introduce a lot of 
new tools to be used in cellular and molecular biology. One 
of the modern trends in nanotechnology is associated with 
using the blue-green microalgae (cyanobacteria) Spirulina 
platensis that have been utilized in the food industry, 
pharmaceuticals, medicine and science.1 It is one of nature's 
first photosynthetic organisms capable of converting light 
directly for complex metabolic processes. One of the algae's 
useful qualities is its ability to protect us from radiation. 
Algae contain a large amount of iodine and sodium alginate 
that help removal of radioactive substances from the living 
organisms.  

It was shown2 that Spirulina is a ubiquitous organism. 
Spirulina platensis has attracted more attention because of its 
high nutritional content that includes 50–70 % protein and 
minerals, vitamins, amino acids, essential fatty acids, etc.3 
The thermal stability of C-phycocyanin from Spirulina 
platensis and the compounds that additionally stabilize C-
phycocyanin are crucial to food industry.4 Spirulina platensis 
absorbs toxic metal ions from its environment.5 It was also 
demonstrated that some compounds of the algal cell biomass 
are responsible for binding to various ions.6,7 Spirulina 
platensis may be able to reduce many types of harmful 
stresses, including those caused by heavy metals and 
irradiation.8,9 In our previous works, the accumulation and 
biosorption of metal ions by Spirulina platensis and their 
components10–13 as well as Spirulina platensis usability as a 
matrix for production of noble metal nanoparticles14,15 have 
been studied.  

Thermostability of Spirulina platensis cells and their 
component have been successfully studied with the help of 
differential scanning microcalorimetry (DSC).16,17 

At present, some innovative technologies are focused on 
the metal binding capacities of various microorganisms and 
their components. However, the mechanism of their 
interaction with metal ions and gamma irradiation are 
unknown. In this work, we have studied the simultaneous 
effects of 137Cs gamma irradiation and toxic metal ions on the 
growth of Spirulina platensis intact cells and their 
constituents using UV–VIS spectrometry and DSC. 

Materials and methods 

Spirulina platensis IPPAS B–256 strain was cultivated in a 
standard Zarrouk18 alkaline saline medium at 34 ºС, 
illumination ∼5000 lux, at constant mixing in batch 
cultures.19 Cultivation of the Spirulina platensis cells was 
conducted for 7 days. The cell growth was evaluated by 
optical density by monitoring of changes in absorbance at 
wavelength 560 nm measured with a spectrophotometer 
(UV–Visible spectrometer, Cintra 10e GBC Scientific 
Equipment Pty Ltd, Australia). The absorption spectra from 
380 to 850 nm of intact cells suspension of Spirulina platensis 
(pH 9.2) in Zarrouk medium have been recorded. In all 
abovementioned cases, the concentration of Spirulina 
platensis was 1.6 mg mL-1. This was determined by 
instrumental measurements.20,21 The concentration of Cd(II) 
and Pb(II) ions was 0.5 µM. 

To study the biosorption process on the Spirulina platensis 
intact cells, the methods of dialysis and atomic absorption 
analysis were used. A known quantity of cyanobacterium 
suspension in the nutrient medium was in contact with the 
solution containing a known concentration of metal ions.   
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The intact cell weight content was kept constant (1.6 mg 
mL-1), while the initial metal concentration varied within the 
interval 10–3 to 10–6 M. All experiments were carried out at 
the ambient temperature. The dialysis was carried out in 5 mL 
cylindrical vessels made of organic glass. A 30µm wide 
cellophane membrane (Visking type, manufactures by Serva) 
was used as a partition. The duration of dialysis was 72 h. The 
metal concentration after the dialysis was measured using the 
atomic absorption spectrophotometer Analyst–900 (Perkin-
Elmer). Each value was determined as an average of three 
independent estimated values with the standard deviation. 

Spirulina platensis cells were exposed to 7.2 kGy -
irradiation using 137Cs as a -source, at the Applied Research 
Center, E. Andronikashvili Institute of Physics. After the 
irradiation, the cells were cultivated in Zarrouk medium for 
21 days.  The adsorption isotherm data for metal ion binding 
by Spirulina cells were calculated from the Freundlich 
equation.22 

The Spirulina platensis cell suspension and wet mass were 
also measured with DSC designed for diluted solutions and 
complex biological systems.23 The calorimeter sensitivity 
was 0.1 µW, the volume of measuring vessels was 0.3 cm3, 
the heating rate was 0.5 °C min-1, and the temperature range 
of measurements was from 25 to 130 °C. The accuracy of the 
temperature measurements was not less than 0.05 °C. The 
error in the determination of melting enthalpy (Hm), heat 
capacity dQ/dT (Cmax) was not more than 10 %.  

Results and discussions 

Cd(II) and Pb(II) ions effect on intact cells of Spirulina 
platensis was studied as a function of metal concentration at 
pH 9.2. The spectrum of native S. platensis biomass is 
illustrated in Fig. 1. Figure 1 shows the absorption 
characteristics of control of intact cells of Spirulina platensis. 
The peak at 681 nm corresponds to the absorption of 
chlorophyll a (Chl a). The peaks at 620.7 nm and 500 nm 
correspond to the absorption of phycocyanin and carotenoids, 
respectively. A peak at 440 nm corresponds to Soret band of 
Chl a.24 In Fig. 1, there are also shown the effects of Pb(II) 
and Cd(II) ions on the absorption of the intact cells of 
Spirulina platensis.  

 

 

 

 

 

 

 

Figure 1. Absorption spectra of intact cells of cyanobacterium 
Spirulina platensis. 1 – control after incubation in nutrition medium 
for 7 d, 2 – same control + Pb(II), and 3 – same control + Cd(II). 

Figure 1 demonstrates that the absorption intensity 
decreases after addition of the metal ions. The absorption is 
inhibited by 8, 3, 3 and promoted by 33 % at 681, 620.7, 500 
and 440 nm, respectively, for Cd(II) comparing to the control. 
Similar results were obtained for Pb(II) – the absorption 
intensity was inhibited by 5, 3 and 3 % and increased by 33 
% at the given wavelengths, respectively.  

 

 

 

 

 

 

 

 

Figure 2. Heat absorption curve of intact Spirulina platensis cells 
recalculated per gram of biomass in Zarrouk medium. Conditions 
are the same as in Fig.1. The volume of cell suspension was 290 µl 
and dry biomass amount was 3.5 mg. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Heat absorption curve of intact Spirulina platensis cells in 
the presence of 0.5 µM Cd(II) recalculated per gram of biomass in 
Zarrouk medium. Conditions are the same as in Figure 1. The 
volume of cell suspension was 290 µl and dry biomass amount was 
3.7 mg. 

 

Figures 2–4 present heat absorption curves of Spirulina 
platensis intact cells suspensions and cells treated with Cd(II) 
and Pb(II) ions. The given data demonstrate that Spirulina 
platensis cell components and intercellular matrix proteins, 
including genetic material, melt within the temperature range 
from 45 to 110 °C. The intact samples and samples with metal 
ions have some similarities and differences. They are 
similarities in appearance of an intensive endothermic 
maximum at 50 °C in case of intact cells and curves of cells 
treated with Cd(II) and Pb(II) ions. The differences appear in 
melting characteristic in the temperature range from 58 to 100 
°C. For example, the melting curves of intact cells are 
complicated -  includes heat absorption peaks at 65, 74, 78, 
86, and 95 °C and a shoulder at around 58 °C – while the 
curves for metal-ion treated cells are simpler. 
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Figure 4. Heat absorption curve of intact Spirulina platensis cells in 
the presence of 0.5 µM Pb(II) recalculated per gram of biomass in 
Zarrouk medium. Conditions are the same as in Figure 1. The 
volume of cell suspension was 290 µl and dry biomass amount was 
4.2 mg. 

 

The curve profile changes to simpler curves in case of 
metal-ion treated samples contains only two separated peaks 
at 78 and 98 °C. As for the very weak absorption peak of 
chromatin at 105 °C, its thermostability does not change at 
the mentioned content of metal ions.23 The melting enthalpy 
of intact Spirulina platensis and Spirulina platensis at the 
presence of 0.5 µM Cd(II) and Pb(II) ions coincide within the 
experimental error and equals to 24.6 J g-1. 

Figures 3 and 4 demonstrate that Cd(II) or Pb(II) ion 
concentration 0.5 µM do not damage the genetic material, but 
those ions change the melting curve profile, which is caused 
by the formation of two independent heat absorption peaks at 
around 78 and 97 °C. The curve deconvolution shows that the 
protein melting at 78 and 97 °C takes place in narrow 
temperature intervals, which indicate that the proteins 
influenced by Cd(II) and Pb(II) have high thermostability and 
they have highly ordered structures. It should be mentioned 
that we have observed a powerful heat evolution (–Q) in case 
of cells at presence of Cd(II) in the temperature range 30 to 
50 °C, which mainly reflects respiration of cells (oxygen 
absorption rate), which in its turn, strongly depends on pH 
and heating rate.17 As far as the primary goal of this work is 
focused on influence of Cd(II) and Pb(II) ions on 
thermodynamic stability of proteomes and protein complex 
of Spirulina platensis that is denaturated in the temperature 
interval from 45 to 110 °C, we kept the samples in dark at 15 
°C during 30 h in sealed DSC cells before experiments, in 
order to have –Q equal to about 0 J g-1. This was made to have 
a proper baseline for precise detection of melting parameters. 

Figure 5 illustrates the absorption spectra of the intact cells 
of the Spirulina platensis as a control, (1) after 7.2 kGy -
irradiation for 7 days, (2) control after 7.2 kGy -irradiation 
in the presence of Pb(II) ions, and (3) control after 7.2 kGy -
irradiation in the presence of Cd(II) ions. After irradiation, 
the peak intensities were decreased as follows: by 20, 11, 22 
and 28 % at 681, 620.7, 500 and 440 nm, respectively, for 
Cd(II) ions in comparison to the irradiated control. As for 
Pb(II), the peak intensities were decreased by 14, 7, 18 and 
20 % at the given wavelengths, respectively.  

As it is seen from the abovementioned results, in both 
cases, cadmium(II) ions have a more significant effect on 
peak intensities than the lead(II) and the optical spectra 
positions do not change due to the effect of metals.  

 

 

 

 

 

 

 

 

Figure 5. Absorption spectra of intact cells of the cyanobacterium, 
Spirulina platensis. 1 – control after incubation 7 days, 2 – control 
after -irradiation with 7.2 kGy dose + Pb(II), and 3 – control after 
-irradiation with 7.2 kGy dose + Cd(II). 

 

The equilibrium constant was determined by the use of 
equilibrium dialysis and atomic absorption analysis methods 
for Pb(II) ions. Figure 6 presents the absorption isotherm for 
Pb(II) – Spirulina platensis in nutrient medium at pH 9.2, 
where the Freundlich adsorption model was used for the 
mathematical description of the biosorption of Pb(II) – 
Spirulina platensis. The points presented in the figure are 
experimental data, and the line is derived from the Freundlich 
equation. The correlations between experimental data and the 
theoretical equation were extremely good with R2 above 0.90. 
Using the Freundlich isotherm, the biosorption constant (K) 
was determined for Pb(II)–Spirulina platensis system and 
were found to be equal as 1.8·10–4 M.  

The Cd(II)–Spirulina platensis system sorption constant 
value exceeds the value given for Pb(II)–Spirulina platensis 
system in the nutrient medium.10,11 The biosorption constant 
for Cd(II) – Spirulina platensis was dissolved in the medium 
at pH 8.6 was 5.1·10–4 M. We foundus that the efficiency of 
Cd(II) ions biosorption depends on the conditions of the 
uptaking processes,10,11 especially, the pH is an essential 
factor for Cd(II) binding of Spirulina platensis.  

It was supposed25 that Cd(II), Cu(II), and Co(II) 
biosorption by algae biomass takes place through electrostatic 
interactions between the metal ions and the microbial cell 
walls. The results showed that carboxyl groups on algal cell 
biomass are the active sites for binding to various ions.26 

Figure 7 demonstrates irradiation of wet mass (control) that 
was sub-cultured after 7.2 kGy gamma irradiation for 3 weeks, 
as well as the influence of Cd(II) and Pb(II) ions (Curves 2 
and 3). Figure 7 shows that the absorption intensity decreases 
in addition of either metal ion. 
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Figure 6. Linearized Freundlich adsorption isotherms of Pb(II)–
Spirulina platensis in nutrition medium (Cb is binding metal 
concentration, mg g-1, and Ctotal is initial Pb concentration. mg L-1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Absorption spectra of intact cells of cyanobacterium 
Spirulina platensis. 1 – control that was sub-cultured after 7.2 kGy 
-irradiation for 3 weeks, 2 – control that was sub-cultured after 7.2 
kGy -irradiation for 3 weeks + Pb(II), and 3 – control that was sub-
cultured after 7.2 kGy -irradiation for 3 weeks + Cd(II) 

Namely, the absorption intensity decreased by 21 % at 681 
nm, by 16 % at 620.7 nm, by 17 % at 500 nm, and by 25 % at 
440 nm for Cd(II) ions, in comparison to the control.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Absorption spectra of intact cells of cyanobacterium 
Spirulina platensis. 1 – irradiated mass that was sub-cultured after 
7.2 kGy -irradiation for 3 weeks after repeated irradiation with 
same dose, 2 – irradiated mass that was sub-cultured after 7.2 kGy 
-irradiation for 3 weeks after repeated irradiation with same dose + 
Cd(II), and 3 – irradiated mass that was sub-cultured after 7.2 kGy 
-irradiation for 3 weeks after repeated irradiation with same dose + 
Pb(II). 

As for Pb(II), the absorption intensity decreased by 10, 6, 4 
and 8 % at the given wavelengths, respectively, in 
comparison to the irradiated wet mass. 

Figure 8 demonstrates the absorption spectra of the intact 
cells of the irradiated Spirulina platensis mass that was sub-
cultured for 3 weeks after 7.2 kGy -irradiation, and after 
repeated irradiation with the same dose and under effects of 
Cd(II) and Pb(II) ions. Curve 2 corresponds to Cd(II), and 
Curve 3 corresponds to Pb(II). At the presence of Cd(II) ions, 
the absorption intensity increased by 64, 49, 26 and 69 % at 
681, 620.7, 500 and 440 nm, respectively, in comparison to 
the irradiated wet mass. At the presence of Pb(II), the 
absorption intensities are increased by 64, 59, 27 and 64 %, 
respectively, at the same wavelengths. Thus, the toxic metal 
ions promote an increase in the amount of basic components 
of Spirulina platensis. Namely, the presented study has 
demonstrated that proteins, chlorophylls and carotenoids 
content of Spirulina platensis significantly increases in 
comparison to the control as a result of the simultaneous 
effect of Cd(II) and  Pb(II) ions and -irradiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Differential scanning microcalorimetry curve of irradiated 
native Spirulina platensis cells. Conditions are the same as in Figure 
8. The volume of cell suspension was 290 µl and dry biomass 
amount was 2.1 mg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Heat absorption curve of irradiated and recultivated 
Spirulina platensis cells recalculated per gram of biomass in Zarrouk 
medium. Conditions are the same as in Figure 7. The volume of cell 
suspension was 290 µl and dry biomass quantity was 4.05 mg.  
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Figure 11. Heat absorption curve of re-irradiated Spirulina platensis 
cells recalculated per gram of biomass in Zarrouk medium. 
Conditions are the same as in Figure 8. The volume of cell 
suspension was 290 µl and dry biomass amount was 1.2 mg. 

The DSC measurements show that the irradiated Spirulina 
platensis cell suspension has a complex melting profile with 
weak maximums at 72 and 92 °C and a shoulder at 103 °C, 
the C-phycocyanin melting peak at 50 °C has been 
disappeared, and proteins mainly melt at 72 and 92 °C (Figure 
9). We suppose that the shoulder corresponds to melting of 
genetic material – chromatin complex.23 The integrated heat 
amount is decreased to the half comparing to the non-treated 
sample (see Figure 2). After 3 weeks of recultivation, the 
same Spirulina platensis cell suspension has the curve 
presented in Figure 10, where the C-phycocyanin heat 
absorption intensity is restored and the melting temperature 
is shifted to higher temperatures by 6 °C, and the peak around 
105 °C is very weak. For comparison, see also Figure 11. 

 

 

 

 

 

 

 

Figure 12. Heat absorption curve as a function of the temperature of 
re-irradiated Spirulina platensis cells at the presence of 0.5 µM 
Pb(II) recalculated per gram of biomass in Zarrouk medium. 
Conditions are the same as in Figure 8. The volume of cell 
suspension was 290 µl and dry biomass quantity was 1.3 mg.  

 

Figure 12 presents the DSC curve of re-irradiated Spirulina 
platensis cells at the presence of 0.5µM Pb(II). The curve 
shows that the C-phycocyanin peak absent, the main heat 
absorption occurs as a broad dominant peak around 72 °C, 
and a small peak appears at about 93 °C. The melting enthalpy 
is decreased to 1/3 compared to the intact cells. Similar results 
have been received for Cd(II.  

The DSC data can give the value of absorption heat with 
high accuracy in the denaturation/melting process of 
Spirulina platensis cells, therefore these peaks could be 
deconvoluted. Since the C-phycocyanin melts in the 
temperature range from 40 to 58°C (Tm = 50±1°C), from the  
heat calculated from the area under this peak, the C-
phycocyanin content is proved to be 35±5 % of total protein 
amount that melts in the temperature range from 40 to 100 °C 
in case of Spirulina platensis in Zarrouk medium.  
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