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ABSTRACT 
The in vitro effect of highly purified B-phycoerythrin from Porphyridium cruentum on the proliferation of Graffi myeloid tumor cells was studied. The MTT assay showed a dose- 
dependent inhibition of tumor cell proliferation. About 50 and 63% cell growth suppression was recorded using 50 and 100 µg/ml B-phycoerythrin, respectively. In contrast, the 
pigment stimulated the proliferative response of normal hamster bone marrow cells (113 ± 4.34 and 154 ± 8.6% for 50 and 100 µg/ml, respectively). Fluorescence microscopy of 
acridine orange and propidium iodide - double stained tumor cells revealed characteristic apoptotic features like nuclear shrinkage, condensed chromatin and membrane blebbing, as 
well as formation of apoptotic bodies and DNA fragmentation in B-phycoerythrin-treated cells. A concomitant dose-dependent increase in the activities of glutathione reductase and 
especially of superoxide dismutase (both Mn SOD and Cu/Zn SOD) in Graffi cells in response to the treatment was observed. These results suggest that apoptosis induced by B- 
phycoerythrin in tumor cells might be at least partly the reason for its antitumor activity. 
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INTRODUCTION 
Phycobiliproteins (phycoerythrin, phycocyanin and allophycocyanin) are a family of 
colored photosynthetic accessory pigments of red algae and cyanobacteria. Because of 
their excellent spectral properties, stability, high absorption coefficient, and high quantum 
yield they are extensively commercialized for fluorescent applications in clinical and 
immunological analysis and their therapeutic value has been demonstrated, too  [1, 2]. 

 
B-phycoerythrin (B-PE, a red colored protein) is one of the three main types (B-, R- and 
C-) of phycoeryhtrin that is widely used as fluorescent labelling reagent in biomedical 
research and highly sensitive fluorescent techniques [2, 3, 4], in the development of biosensors 
[5, 6], and as natural colorant in foods and cosmetics [7]. Phycoerythrin isolated from Nostoc 
species was used as a protein marker for electrophoretic techniques [8]. It has been reported 
that R-phycoerythrin (R-PE) could scavenge free radicals and exhibits antitumor activity 
[9]. R-PE is a new kind of photosensitizer and could potentiate apoptosis in cancer cell 
lines subjected to photodynamic therapy [10, 11]. C-phycoerythrin was shown to protect rats 
from CCl4-induced toxicity [12] and from diabetic complications [13]. It also provides 
protection against permanganate-mediated DNA damage [14], against HgCl2-caused oxida- 
tive stress and cellular damage in kidney [15]. However, no data has been reported on the 
biological activity of B-PE whose main rich source is the red microalga Porphyridium 
cruentum. 

 
The aim of the present study was to examine the in vitro effects of B-PE from P. cruentum 
on the proliferation of Graffi myeloid tumor cells. To gain insights into the mechanisms 
of B-PE bioactivity, changes in cell morphology, DNA integrity, izoenzyme profile and 
activity of Mn SOD, Cu/Zn SOD, and glutathione reductase (GR) of Graffi tumor cells 
were studied, too. 

 
MATERIALS AND METHODS 
Algal strain and B-PE purification 
The red alga Porphyridium cruentum (AG.) NAG. strain VISCHER 1935/107 was ob- 
tained from CCALA (Treboón Collection of Autotrophic Organisms, Czech Republic). 
The procedure for B-PE extraction and purification was previously described [16]. B-PE 
concentration was determined using the equations of Bennet and Bogorad [17]. 

 
Cell lines and culture 
Graffi myeloid tumor cells, obtained from Graffi tumor in hamsters were used. The 
isolation of tumor cells was conducted as described by Toshkova et al. [18]. Bone marrow 
cells (BMC), prepared in a conventional way from femurs of healthy hamsters were used 
as fast-dividing normal cells. The cells were cultured in RPMI-1640 medium supple- 
mented with 10% heat-inactivated fetal bovine serum and antibiotics (100 units/ml 
penicillin, and 100 units/ml streptomycin) in a humidified incubator at 37°C and 5% CO2 

atmosphere. 

 
 

Cytotoxicity evaluation 
Cultured tumor cells or BMC were collected during their exponential growth phase. Cell 
viability was greater than 98% as determined by trypan blue exclusion. One hundred 
microliters of cell suspensions (tumor cells or BMC in complete medium) containing 5 × 
104 cells were seeded in each well of a 96-well microtiter plates and were treated with B- 
PE at a final concentration of 50 and 100 µg/ml. Untreated cells were used as a negative 
control. The plates were incubated for 24 h at 37°C in a humidified incubator with 5% 
CO2. Cell proliferation was evaluated in vitro by the 3-(4,5-dimethylthiazol-2-yl)-2.5- 
diphenyl tetrazolium bromide (MTT) assay  [19]. Proliferation activity of B-PE-treated 
cells was expressed as a percentage of control cells. The experiments were carried out in 
triplicate, and data were expressed as mean ± standard deviation (SD). One-way analysis 
of variance (ANOVA) followed by Bonferroni’s post hoc test was performed to compare the 
data from the control group and the treated one. Values of *p < 0.05 and ***p < 0.001 were 
considered significant. 

 
Acridine orange (AO)/propidium iodide (PI) dual staining and fluorescent micros- 
copy 
Graffi tumor cells from exponentially growing cultures were seeded on 13 mm diameter 
glass slides within 24-well microplate and incubated with B-PE (50 and 100 µg/ml) or 
Doxorubicin hydrochloride (DOX) as a positive control (10 µg/ml) for 24 h in CO2 

incubator. After treatment, the cells were washed twice with PBS to remove culture media. 
Then they were stained with equal volumes of acridine orange (10 µg/ml) and propidium 
iodide (10 µg/ml) according to Abdel-Wahab et al. [20], with minor modification. Freshly 
stained Graffi cells were examined under fluorescence microscope (Leika DM 500B, 
Wetzlar, Germany) within 30 min before the fluorescence color started to fade. 

 
DNA fragmentation analysis 
Graffi tumor cells (5 × 104/well) were treated with 50 and 100 µg/ml B-PE for 24 h and 
DNA was isolated from each control and treated group. The isolation of total DNA and 
analysis of DNA fragmentation were carried out according to the protocol of Morimoto 
laboratory (http://groups.molbiosci.northwestern.edu/morimoto/research/Protocols/IV. 
DNA/B. Prep of DNA). DNA samples were electrophoretically separated on 1.2% agarose 
gels at 80 V for 90 min in TBE buffer, the gels were stained with ethidium bromide (1 µg/ 
ml), and DNA was visualized under UV light and photographed. 

 
In-gel enzyme activity staining 
Whole-cell extracts from Graffi cells were prepared after Bravard et al. [21]. Equal amounts 
(20 mg) of protein from B-PE-treated and untreated tumor cells were subjected to PAGE 
as described by Okajima et al. [22], except that SDS was omitted. The in-gel activity 
staining of SOD and GR was performed after Beauchamp and Fridovich [23] and Anderson 
et al. [24], respectively. Gel patterns were recorded immediately after staining using the 
UVItec gel documentation system (Cambridge, UK). Image analysis of the gels was 
performed on a PC using Gel-Pro32 Analyzer software (Media Cybernetics Inc., Bethesda, 
MD USA). The antioxidant enzyme activities were recorded as total integrated optical 
density (IOD) in arbitrary units for each isoenzyme resolved. 

 
Ethical aspects 
The animal test was conducted in accordance with the principles for laboratory animal use 
and care as found in European Community guidelines, Committee on Care of Laboratory 
Animal resources, Commission on Life Sciences, National Research Council. Hamsters 
were housed in the animal care facilities of the EPAM Institute, which are fully accredited 
for Laboratory Animal Care. 
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ABSTRACT 
Although a large number of strains have been shown to possess anticancer activity, the microalgal and cyanobacterial potential is still largely unexplored. The 
present study was aimed to evaluate and compare the growth inhibitory activity of 33 extracts, 15 fatty acid mixtures and five exopolysaccharides from 19 species 
on HeLa cells, using MTT assay. All investigated strains showed growth inhibitory activity of at least one tested extract/constituent. More than 80% decrease in 
Hela cells viability was registered for the crude hot water extract of Gloeocapsa sp. and ethanol extracts of the new Bulgarian isolates Gloeocapsa sp. and Chlorella 
sp. Most active cell-free culture liquids were these of Anabaena sp. and Synechocystis sp., while the exopolysaccharides of Gloeocapsa sp. exhibited the lowest 
IC  value (24.4 µg/ml). An interesting and useful finding of our investigation was that the isolated fatty acid mixtures from five out of eight cyanobacterial strains 

50 
and from four out of seven microalgal strains studied had potent activity against HeLa tumor cells with the IC 

50 values under 30 µg/ml and even under 15 µg/ml. 
High percentage of the active Bulgarian isolates among the strains tested fulfil the effort of screening cyanobacteria and microalgae of local habitats. In conclusion, 
the most promising strains for further study are the thermal cyanobacteria Synechocystis sp. and especially Gloeocapsa sp., which showed the strongest inhibition 
of tumor cell growth and produced wider range of active components. 

 
Key words: Bioactivity; Cyanobacteria; Exopolysaccharides; Extracts; Fatty acids; Microalgae 

INTRODUCTION 
Cervical cancer is the second most common and aggressive malignancy in 
female population [1]. Despite the great progress in developing prevention and 
screening programs, this disease remains one of the leading causes of cancer- 
related morbidity and mortality among women in less developed countries [2]. 
Numerous chemotherapeutic drugs have been successfully used for the treat- 
ment of cancers, but severe side effects are predominant. Therefore, during 
the last few decades renewed interest has emerged towards the finding of safer 
anticancer agents from natural sources. Focusing on bioproducts, recent trends 
in drug research have shown that microalgae and cyanobacteria are promising 
organisms to furnish novel biologically active compounds [3, 4]. Microalgae and 
cyanobacteria are photosynthetic microorganisms, and a large variety of 
species with diverse morphological, physiological and biochemical properties 
are found in almost all earth ecosystems. Their metabolites have been shown 
to possess antibacterial, antifungal, antiviral, antiplasmodial, protease-inhibi- 
tory and other activities, which are targets of biomedical research [5]. One of 

The present study was undertaken to evaluate and compare the growth inhibi- 
tory activity of extracts, fatty acid mixures and exopolysaccharides from 19 
species towards HeLa cells. It is expected that in vitro cytotoxicity screening 
will permit the selection of extracts and compounds with potentially useful 
properties to be used for further chemical and pharmacological evaluation. 
The comparative study may facilitate the selection of strains with a relatively 
high level of potency and/or with wider range of cytotoxic components. 

 
MATERIALS AND METHODS 

 
Strains and growth conditions 
The environmental isolates and the culture collection species/strains used in 
this study are described in Table 1. Monospecific non-axenic cultures were 
grown autotrophically in 200 ml flasks, at 28±2 °C under continuous illumina- 
tion (white fluorescent light, 132 µmol/m 2/s). A carbon source was provided by 

the fascinating discoveries regarding biological activity is the anticancer prop- bubbling sterile 2% (v/v) CO 
2 in air through the cultures. The strains were 

erty demonstrated among cyanobacterial genera, such as Nostoc [6], Scytonema 
[7], Hapalosiphon  [7], Lyngbya  [8], Anabaena  [6, 9], Symploca  [10],  Synechocystis 
and Synechococcus [11], as well as among red [12, 13] and green [14, 15] microalgae. 
Although a large number of strains were screened for biological activity and 
various cytotoxic compounds were isolated and characterized, the microalgal 
and cyanobacterial biodiversity is still largely unexplored. 

cultured in 200 ml of appropriated liquid medium [16-22] (Table 1). Cultures at the 
stationary phase of growth were centrifuged (5000 × g, 20 min). Both, cells 
and cell-free culture liquids were used to prepare samples. 

Table 1. List of strains screened for cytotoxic activity 
 

S.No Phylum/Order Species Strain Locality Medium 

 Cyanophyta     1 Chroococcales Gloeocapsa sp. Gacheva 2007/R-06/1 thermal spring, Rupite, Bulgaria [16]  

2 Chroococcales Synechocystis sp. R10 thermal spring, Rupite, Bulgaria [16]  

3 Nostocales Anabaena sp. Takacova 1984/1 unknowna BG-11 [17]  

4 Nostocales Aphanizomenon flos-aquae  bloom, lake, Czech Natural sample 
5 Nostocales Mastigocladus laminosus Lukavský 2008/21b Sample L. Nedbalova D [18]  

6 Nostocales Nostoc cf. calcicola Desortova 1967/2 Mts.Krkonose, valley Velka Z8 [19]  

    Kotelni jama, Czech  7 Nostocales Nostoc entophytum Zehnder/76 stone, gneiss, Cameroona BG-11 [17]  

8 Nostocales Nostoc muscorum Lukešová 1986/14 soil, Chelcice, meadow, Czech Z8 [19]  

9 Nostocales Nostoc sphaericum  Trebon, Czech Natural sample 
10 Nostocales Nostoc sp.  soil sample, Melnik, Bulgaria Natural sample 
11 Nostocales Scytonema ocellatum Adhikary 231minus unknowna Z8 [19]  

12 Oscillatoriales Arthronema africanum Lukavský 1980/1 High saline puddle on sea shore, Kuweita Z8 [19]  

 
13 

Ochrophyta 
Mischococcales 

 
Trachydiscus minutus 

 
Lukavsky & Pribyl 2005/1 

 
technical service water, Temelín nuclear 

 
3-fold Z [20]  

    power station, Czech   
14 

Chlorophyta 
Sphaeropleales 

 
Scenedesmus obliquus 

 
Lhotsky O. 1966/7 

 
Opatovicky mill, Trebon, Czech 

 

Z [20]  

15 Sphaeropleales Scenedesmus incrassatulus R-83 thermal spring, Rupite, Bulgaria [21]  

16 Chlorellales Chlorella sp. R-06/2 Thermal spring, Rupite, Bulgaria [21]  

17 ND Green alga ND soil, Levishte, Bulgaria b [21]  

18 ND Green alga ND building wall, Sofia, Bulgaria c [21]  

 
19 

Rhodophyta 
Rhodellales 

 
Rhodella violacea 

 
Hindak 

 
unknowna 

 
[22]  

 

a, from the culture collection of the Institute of Botany ASCR, Trebon, Czech Republic; 
b, conditionally marked Ga1; c, conditionally marked Ga2. 
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RESPONSE OF TRACHYDISCUS MINUTUS (XANTHOPHYCEAE) TO TEMPERATURE 
AND LIGHT1

 

Liliana Gigova,2 Natalia Ivanova, Gergana Gacheva, Raina Andreeva, and Sevdalina Furnadzhieva 
Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria 

 
The effects of different temperatures and light 

intensities on growth, pigments, sugars, lipids, and 
proteins, as well as on some antioxidant and 
proteolytic enzymes of Trachydiscus minutus (Bourr.) 
H. Ettl, were investigated. The optimum growth 
temperature and light intensity were 25°C and 2 · 132 
lmol photons Æ m)2 Æ s)1, respectively. Under these 
conditions, proteins were the main biomass compo- 
nents (33.45% dry weight [dwt]), with high levels of 
carbohydrates  (29%  dwt)  and  lipids  (21.77%  dwt). 
T. minutus tolerated temperatures between 20°C and 
32°C, with only moderate changes in  cell  growth 
and biochemical composition. Extremely low (15°C) 
and high (40°C) temperatures decreased chl and RU- 
BISCO contents and inhibited cell growth. The bio- 
chemical response  of the  alga to  both unfavorable 
conditions was an increase in lipid content (up to 
35.19% dwt) and a decrease in carbohydrates (down 
to 13.64% dwt) with much less of a change in total 
protein content (in the range of 30.51%–38.13% dwt). 
At the same time, the defense system of T. minutus was 
regulated differently in response to heat or cold treat- 
ments. Generally, at 40°C, the activities of superoxide 
dismutase (SOD), catalase (CAT), and proteases were 
drastically elevated, and three polypeptides were over- 
expressed, whereas the glutathione reductase (GR) 
and peroxidase (POD) activities were reduced. In 
contrast, at 15°C, all these enzymes except GR were 
suppressed. The effect of light was to enhance or 
decrease the temperature stress responses, depending 
on intensity. Our studies demonstrate the broad tem- 
perature adaptability of T. minutus as well as the poten- 
tial for the production of valuable algal biomass. 

Key index words: antioxidant enzymes; biomass 
composition; growth; light; protein profi tem- 
perature; Trachydiscus minutus 
Abbreviations: AOE, antioxidant enzymes; CAT, 
catalase; DAB-POD, diaminobenzidine-specific- 
peroxidase; dwt, dry weight; GR, glutathione reduc- 
tase; H2O2, hydrogen peroxide; KCN, potassium 
cyanide; L1, light intensity of 132 lmol photons Æ 
m)2 Æ s)1; L2, light intensity of 2 · 132 lmol photons Æ 
m)2 Æ s)1; SOD, superoxide dismutase; T1, 15°C; 
T2, 20°C; T3, 25°C; T4, 32°C; T5, 40°C 

 
 

 
 

 

1Received 25 March 2010. Accepted 22 August 2011. 
2Author for correspondence: e-mail gigova@bio21.bas.bg. 

Microalgae are photosynthetic microorganisms 
that occur in all ecosystems. They represent a large 
variety of species, living in diverse ecological habi- 
tats (Falkowski and Raven 1997). To survive in any 
particular environment, microalgae have had to 
develop adaptive strategies to tolerate quite wide 
fluctuations in their chemical and physical environ- 
ment and enable the synthesis of a tremendous 
diversity of compounds from different metabolic 
pathways. 

Due to their extraordinary and diverse biosynthetic 
potential, and the possibility for controlled cultiva- 
tion, microalgae are increasingly being used as a 
source of biomass and the source of a vast range of 
valuable products of ecological and pharmaceutical 
interest (reviewed in Cardozo et al. 2007, Raja 2008, 
Mata et al. 2010). The growing number of applica- 
tions of algal products requires an increasing pro- 
duction of algal biomass and its useful components. 
Genetic modification of the existing strains has been 
used in the past and will continue to be employed in 
the future (Leon-Banares et al. 2004) as a tool to 
enhance the synthesis of high-value products. How- 
ever, the search for new algal strains of promise, and 
studies on  the  manipulation of  growth  conditions 
for enhanced production of desired products may 
be more viable options, as they are environmentally 
sustainable and broaden our fundamental know- 
ledge of  algal taxonomy,  ecology, physiology, 
biochemistry, and molecular biology. 

The main physical factors controlling microalgal 
growth and metabolism are light and temperature. 
Light is the driving force for photosynthesis, as well 
as being a major factor in cell photoacclimation, in 
the course  of which  algal  cells  undergo dynamic 
changes in their composition, along with alterations 
in their ultrastructural, biophysical, and physiologi- 
cal properties, thus increasing photosynthesis and 
growth (Dubinsky et al. 1995). The effect of temper- 
ature is associated mainly with changes in cellular 
structural components (especially lipids and pro- 
teins) and reaction rates. As a consequence of these 
primary effects, there are also secondary effects on 
metabolic regulatory mechanisms, specificity of 
enzyme reactions, cell permeability, and cell 
composition (Richmond 1986). 

The effect of temperature and light on growth, 
biochemical composition, and enzyme activities of 
some microalgal species is well documented. How- 
ever, it is difficult to generalize on the particular 
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EFFECTS OF TEMPERATURE ON SYNECHOCYSTIS SP. R10 
(CYANOPROKARYOTA) AT TWO IRRADIANCE LEVELS. 
I. EFFECT ON GROWTH, BIOCHEMICAL COMPOSITION 
AND DEFENSE ENZYME ACTIVITIES 
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Summary. The influence of five different temperatures (20, 26, 32, 39 and 44°С) under 
two irradiance levels (132 µmol photons m-2 s-1, unilateral and 2×132 µmol photons m-2 s-1, 
bilateral) on the growth, biochemical composition and enzymatic antioxidant defense of a newly 
isolated unicellular Synechocystis sp. strain R10 was studied. This photoautotrophic blue-green 
alga grew well in the temperature range 26-39°C under lower light intensity, but the cultures 
could grow, although slower, at 20°C and 44°C. Temperature, under higher irradiance level, 
did not significantly affect the growth, except for 44°C, where the growth was greatly reduced. 
Synechocystis sp. R10 responded to the unfavorable conditions by changes in its biochemical 
composition and enzyme activities. At 20°C and lower light, total carbohydrates content as well 
as the activities of superoxide dismutase, catalase, glutathione reductase and defined protease 
isoforms were increased. The response to the combination of high temperature (44°C) and lower 
light consisted in accumulation of carotenoids and C-phycocyanin, but not in the induction of 
antioxidant enzymes activity. A significant enhancement in carbohydrate content was observed 
at 44°C and higher light, simultaneously with the reduction in protein content and activity of all 
studied enzymes. The observed modulation of antioxidant enzyme and protease activities, and 
changes in carbohydrate and pigment contents could be a prerequisite for the thermal tolerance 
and ability of the cyanobacterium to adapt to different environment. Because of its fast growth 
rate, high phycobiliprotein, carbohydrate and protein contents, and wide adaptability, this strain 
is of biotechnological interest. 

 
 

Key words: carbohydrates; catalase; cyanobacteria; glutathione reductase; growth; 
isoenzymes; phycobiliproteins; protease; superoxide dismutase; Synechocystis 

 
Abbreviations: AOE – antioxidant enzymes; APC – allophycocyanin; C-PC – C-
phycocyanin; CAT – catalase; DW – dry weight; EST – esterase; HL – high light 
intensity; GR – glutathione reductase; LL – low light intensity; PAGE – polyacrylamide 
gel electrophoresis; POD – peroxidase; ROS – reactive oxygen species; SOD – superoxide 
dismutase; Synechocystis - Synechocystis sp. strain R10 
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Summary. The influence of five different temperatures (20, 26, 32, 39 and 44°С) under two 
irradiance levels (132 µmol photons m-2 s-1, unilateral and 2×132 µmol photons m-2 s-1, bilateral) on 
the biological activity of a newly-isolated unicellular cyanobacterium Synechocystis sp. strain R10 
was studied. Water cellular extracts, fatty acids, culture liquids and extracellular polysaccharides 
of Synechocystis sp. were found to have activities against bacteria, fungus and tumor cells. The 
exopolysaccharides showed the most potent antibacterial and antifungal activities (MIC=0.25 
mg mL-1). The mixture of substances, excreted in the culture medium, inhibited a broad range 
of target pathogens. The cyanobacterial fatty acids had the strongest growth inhibitory effect 
on HeLa cells (IC <15 µg mL-1). The cultivation conditions (temperature, light intensity) and 
the culture age had considerable and specific effects on the activity of the different groups of 
metabolites tested. Because of the pronounced potential of Synechocystis sp. R10 to produce 
various biologically active substances and the possibility to increase the activity of its intracellular 
and extracellular metabolites through manipulation of the cultivation conditions, this strain is of 
undoubted biotechnological interest. 

 
Key words: antimicrobial activity; blue-green algae; Candida albicans; cellular extracts; 
culture liquids; cytotoxicity; extracellular polysaccharides; fatty acids; Gram-negative 
bacteria; HeLa cells; Synechocystis 

 

Abbreviations: EPS – extracellular polysaccharides; HL – high light intensity; IC – the 
concentration required for 50% inhibition; LL – low light intensity; MIC – minimum 
inhibitory concentration 
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Abstract 
Gacheva, G., Ivanova, N., Iliev, I., Pilarski, P., Toshkova, R., Gardeva, E., Yossifova, L., 
Tsvetkova, I., Kussovski, V., Najdenski, H. & Gigova, L. 2012. Effect of cultivation conditions on the 
production and biological activity of valuable metabolites from the cyanoprokaryote Synechocystis sp. R10. 
– In: Petrova, A. (ed.), Proc. VII Natl. Conf. Bot., 29–30.09.2011, Sofia, pp. 485-496. Bulg. Bot. Soc., 
Sofia. ISBN 978-954-92808-2-1 

The influence of different temperatures (20, 26, 32, 39 and 44 °С) and illumination (132 µmol 
photons·m-2 s-1, unilateral and 2 × 132 µmol photons·m-2 s-1, bilateral) on the growth, pigment con- tent and 
biological activity of a newly isolated unicellular cyanoprokaryotic strain Synechocystis sp. R10 was 
studied. The best growth was detected at 39 °C, bilateral illumination. Chlorophyll a and carotenoid 
content practically did not change at the whole temperature range except for 44 °C, bilateral 
illumination, at which it declined significantly. From biotechnological point of view this strain is 
valuable for its high phycobiliprotein content (C-phycocyanin – 12.0–18.7 % of dry weight and 
allophycocyanin – 3.2–7.3 %) and its high potential as a producer of various biologically active 
substances. Among the cyanobacterial metabolites tested for bioactivity (lyo- philized culture media, 
cellular water extracts, fatty acids and exopolysaccharides) the extracel- lular polysaccharides of 
Synechocystis sp. strain R10 had the highest antibacterial and antifungal activity (MIC = 0.25 mg/ml), 
while the mixture of substances, excreted in the culture medium inhibited a broadest range of target 
pathogens. The cyanobacterial fatty acids showed the strong- est growth inhibition effect on HeLa cells 
(IC50 < 15 µg/ml). Cultivation conditions (temperature and illumination) had substantial but specific 
effect on the bioactivity of the different groups of metabolites tested. 

 

Key words: biological activity, fatty acids, pigments, polysaccharides, Synechocystis 
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Биологична активност на мастни киселини от Gloeocapsa sp. 
(Cyanoprocariota), отглеждан при различни условия 
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Abstract 
Iliev, I., Gacheva, G., Gigova, L., Petkov, G., Toshkova, R., Gardeva, E., Yossifova, L.S., Naj­ denski H. 
& Kussovski, V. 2012. Biological activity of fatty acids from the cyanobacterium Gloeocapsa sp. grown at 
different conditions. – In: Petrova, A. (ed.), Proc. VII Natl. Conf. Bot., 29–30.09.2011, Sofia, pp. 477-483. 
Bulg. Bot. Soc., Sofia. ISBN 978-954-92808-2-1 

Gloeocapsa sp. strain R-06/1 was grown at three different temperatures and two light intensi- ties. The 
fatty acid composition of this blue-green alga was determined for the first time. The relative content of 
almost all fatty acids was changed depending on the temperature of cultiva- tion. Biological activity of the 
tested fatty acids and ethanol extracts isolated from Gloeocapsa sp. were also influenced by the culture 
conditions of the alga. For antibacterial and antifungal assay seven pathogens (Streptococcus pyogenes, 
Staphylococcus aureus, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium 
and Candida albicans) were used. The cytotoxicity was tested on a human cervix epitheloid carcinoma cell 
line, HeLa. Fatty acids in- hibited the growth of Gram-positive bacterium S. pyogenes and exhibited a 
cytotoxic effect on HeLa cells with IC50 values in the range of 23.2–18.1 μg.ml-1. Ethanol extracts from 
biomass, ob- tained at all culture conditions decreased the viability of HeLa cells in a dose-dependent manner. 
Extracts, obtained at 40 °C, 2 × 8000 lx and 15 °C, 8000 lx had the strongest effect (IC50 = 71.2 μg. ml-1 and IC50 

= 92.3 μg.ml-1, respectively). In conclusion, the fatty acids and lipophilic extracts from Gloeocapsa sp. 
express significant biological activity which can be improved by changing the culture conditions. Current 
studies show that this cyanobacterium is a source of substances with medical and pharmaceutical 
importance. 

 

Key words: antibacterial activity, cyanobacterium, cytotoxicity, ethanol extracts, fatty acids, light 
intensity, temperature 
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Abstract 

The fast-growing cyanobacterium Symploca sp. was cultured for three days 
in liquid medium, containing low nitrogen level, and cell growth, phy- 
cobiliproteins (PBP) content and the response of stress-related enzymes were 
studied. The gradual depletion of nitrogen in the medium during culturing led to a 
gradual decline in growth rate, and a sharp decrease in the PBP content. In 
accordance with these phenotypes, the cellular metabolic (esterase) activity was 
reduced, while protease activity was enhanced and new isoenzymes ap- peared 
in the cells of 3-days old culture. The activities of superoxide dismutase (SOD) and 
peroxidase (POD) did not change considerably during the cultiva- tion. In 
contrast, an increase in the glutathione reductase (GR) activity was registered, 
due to the stimulation of certain isoforms of the enzyme. The results demonstrated 
that besides the bleaching, a process typical for non-diazotrophic cyanobacteria, 
Symploca sp. responded to the nitrogen depletion in the medium by specific 
enzymatic changes. 

Key words: cyanobacterium, enzymes, growth, nitrogen, phycobilipro- 
teins, Symploca sp. 

 
Introduction. Cyanobacteria are oxygenic photosynthetic prokaryotes, found 

in nearly all ecosystems. To survive in any particular habitat, cyanobacte- ria have 
evolved various adaptive mechanisms to tolerate quite wide fluctuations in their 
chemical and physical environment. In many natural habitats, the avail- ability of 
combined nitrogen is growth-limiting. Non-diazotrophic cyanobacteria respond to 
nitrogen (N) limitation by a process termed chlorosis or bleaching [1–3]. This 
process involves proteolytic degradation of phycocyanin and allo- phycocyanin, 
accessory light-harvesting biliprotein pigments, and gradual loss 
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Abstract 

The in vivo and in vitro antitumour activities of extracellular polysac- charide 
derived from the Antarctic Streptomyces sp. 1010 (StrEPS) were as- sessed and 
compared with those of the red microalga Dixoniella grisea polysac- charide (DixEPS). 
Experimental myeloid Graffi tumour in hamsters was used as a model. In vivo 
administration of StrEPS suppressed the tumour trans- plantability and growth, 
while the mean survival time of the tumour-bearing hamsters was increased. 
Genomic DNA of polysaccharide-treated cells dis- played a concentration-dependent 
fragmentation pattern, typical for apoptosis. Apoptotic process was related to the 
increase in cellular superoxide dismutase activity coupled with a decrease in 
glutathione reductase activity and unde- tectable catalase activity. StrEPS exhibited 
antitumour potential and mecha- nism of action similar to those of DixEPS, despite the 
differences in the origin, the molecular weight and monosaccharide composition of the 
two polysaccha- rides. The results showed that the bacterial polysaccharide, like the 
red alga polysaccharide, might be a promising alternative to synthetic substances as a 
natural antitumour compound with potential for future pharmacological and medical 
applications. 

Key words: apoptosis, extracellular polysaccharides, Graffi myeloid tu- mour, in 
vitro, in vivo 

 
Introduction. The extracellular polysaccharides (EPSs) of microorganisms offer a 

wide range of potential applications because of their unique structure, composition, 
fluid dynamics, and stability, combined with manifestation of vari- 
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Variations in the exogenous nitrogen level are known to significantly affect the physiological status and metabolism of 
microalgae. However, responses of red, green and yellow-green algae to nitrogen (N) availability have not been 
compared yet. Porphyridium cruentum, Scenedesmus incrassatulus and Trachydiscus minutus were cultured in the 
absence of N in the medium and subsequent resupply of N to the starved cells. Culture growth and in-gel changes in 
isoenzyme pattern and activity of glutamate synthase, glutamate dehydrogenase, malate dehydrogenase, aspartate 
aminotransferase, superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase were studied. The 
results demonstrated that the algae responded to the fully N-depleted and N-replete culture conditions by species- 
specific metabolic enzyme changes, suggesting differential regulation of both enzyme activity and cellular metabo- 
lism. Substantial differences in the activities of the antioxidant enzymes between N-depleted and N-replete cells of 
each species as well as between the species were also found. In the present work, besides the more general responses, 
such as adjustment of growth and pigmentation, we report on the involvement of specific metabolic and antioxidant 
enzymes and their isoforms in the mechanisms operating during N starvation and recovery in P. cruentum, T. minutus 
and S. incrassatulus. 

 
[Gigova LG and Ivanova NJ 2015 Microalgae respond differently to nitrogen availability during culturing. J. Biosci. 40 XXX–XXX] DOI 10.1007/ 
s12038-015-9510-z 

 
 

 
1. Introduction 

 
Microalgae are oxygenic photosynthetic organisms found in 
nearly all ecosystems. In many natural habitats, the avail- 
ability of combined nitrogen is growth-limiting (Sterner and 
Elser 2002). Nitrogen (N) is an essential major element 
required for the synthesis of amino acids, proteins, nucleic 
acids, coenzymes, chlorophyll and other accessory photo- 
synthetic pigments (phycobiliproteins in blue-green, 
rhodophytes and cryptophytes algae). Therefore, these eco- 
logically successful organisms have evolved a number of 
mechanisms to overcome stress due to N limitation. The 
representatives of various phyla show much similarity in 

their responses to N starvation such as a reduced rate of cell 
division (Sciandra et al. 2000; Sinetova et al. 2006; Msanne 
et al. 2012), down-regulation of photosynthesis (Silva et al. 
2009; Hockin et al. 2012; Zhang et al. 2013), transition of 
the electron transport chain to the cyclic regime (Berges 
et al. 1996; Zhang et al. 2013), maintenance only of essential 
protein synthesis in the cell (Hockin et al. 2012), accumula- 
tion of carbon- and energy-rich storage compounds such as 
polysaccharides, starch and triacylglycerols (Guschina and 
Harwood 2006; Hu et al. 2008; Silva et al. 2009; Msanne 
et al. 2012) and, as a result, cell survival. The reduction of 
the photosynthetic pigments content leads to yellow appear- 
ance of the cells, known as chlorosis or bleaching. Chlorosis 
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