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Ö Z

Bu çalışmada, Türkiye’de kaplıcalardan izole edilen 7 termofil siyanobakterinin biyoaktif özellikleri araştırılmıştır. Bunlar-
dan en yüksek antimikrobiyel aktiviteye sahip olan Suş H2, Cyanobacterium aponium olarak tanılanmıştır. Siyanobak-

teriyel biyokütlenin biyoaktif karakteri, farklı azot konsantrasyonları (0.5 g/L, 1.0 g/L, 1.5 g/L ve 2.0 g/L), ışık yoğunlukları 
(1200lx, 2400 lx, 3600 lx ve 4800 lx), inkübasyon süreleri (7 gün, 14 gün, 21 gün ve 28 gün) ve sıcaklıklar (30°C, 40°C, 45°C 
ve 50°C) açısından araştırılmıştır. Siyanobakteriler tarafından üretilen biyoaktif maddelerin etkinliğinin stres koşulları tara-
fından tetiklendiği gözlenmiştir. C. aponinum yüksek ışık yoğunluğuna veya sıcaklığa maruz kaldığında, siyanobakteriler test 
edilen diğer çevresel koşullardan daha verimli biyoaktif bileşikler üretmiştir. En yüksek antimikrobiyel aktivite, siyanobakteri 
1.0 g/L azot içeren bir ortamda, 3600 lx ışık şiddeti altında, 45°C’de 14 gün boyunca inkübasyondan sonra elde edilen biyo-
kütleden alınan ekstraktlar ile E. coli 0157: H7 ATCC 35150’ye karşı bulunmuştur. Bu çalışmada ilk kez böyle bir yaklaşımla, 
termofilik C. aponinum tarafından biyoaktif bileşiklerin üretilmesi ve en etkin biyoaktif bileşikleri elde etmek için çevresel 
koşulların optimizasyonu araştırılmıştır.
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A B S T R A C T

In this report, bioactive properties of 7 thermophile cyanobacteria isolated from thermal springs in Turkey were investi-
gated. Of these, Strain H2 having the highest antimicrobial activity was identified as Cyanobacterium aponium. Bioactive 

character of cyanobacterial biomass was investigated with regards to different nitrogen concentrations (0.5 g/L, 1.0 g/L, 
1.5 g/L, and 2.0 g/L), light intensities (1200lx, 2400 lx, 3600 lx, and 4800 lx), incubation periods (7 d, 14 d, 21 d, and 28 d), 
and temperatures (30°C, 40°C, 45°C, and 50°C). It was observed that the effectiveness of bioactive substances produced 
by cyanobacteria was induced by stress conditions. When C. aponinum was exposed to high light intensity or temperatu-
re, cyanobacteria produced more efficient bioactive compounds then other environmental conditions tested. The highest 
antimicrobial activity was found against E. coli 0157:H7 ATCC 35150 with biomass extracts obtained when cyanobacterium 
cultivated in media with 1.0 g/L nitrogen, at 45°C, under 3600 lx illumination after incubation for 14 days. For the first time 
with such an approach as in the current study, production of bioactive compounds by a thermophilic C. aponinum and 
optimization of the environmental conditions to obtain the most efficient biologically active compounds was investigated. 
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INTRODUCTION

Cyanobacteria and microalgae are rich source of 
unique and biologically active products known as 

bioactive compounds [1]. Among the microorganisms 
with potential for producing bioactive compounds, cya-
nobacteria appear as ideal candidates forming novel 
biologically active compounds [2]. They require only 
minimal nutrition using sunlight, carry out nitrogen and 
CO2 fixation and grow fast by utilizing different carbon 
sources.

Several cyanobacteria can produce bioactive compounds 
with different biological activities like antibacterial, an-
tifungal, anticancer and antiviral. Among cyanobacteria, 
extremophile ones coping with extreme conditions (high 
salt concentration, temperatures, etc.) have much greater 
potential in various biotechnological applications such as 
energy and production of useful substances. Such micro-
organisms maintain their vitality by producing more stable 
materials in adapting to changing environmental conditi-
ons [3-5]. Moreover, thermophilic cyanobacteria can pro-
duce biomass more quickly than mesophilic cyanobacteria 
by fixing CO2 in the carbon cycle [6]. Properties like survival 
in different environments, rapid growth and plenty of bio-
mass formation are required for effective biotechnological 
applications. 

Previous studies were mostly focused on mesophilic cya-
nobacteria having bioactive character. But, however, re-
search on thermophilic cyanobacteria are very limited [1]. 
Fish and Codd reported that thermotolerant Phormidium 
species produced extracellular antimicrobial materials 
inhibiting growth of Gram-positive and Gram-negative 
bacteria, Candida albicans, and Cladosporium resinae, whi-
le not cyanobacteria [7]. Heidari et al. used Oscillatoria 
subbrevis, O. tenius, O. limentica, O. angusta, O. articula-
te, Synechocystis aquatilis, and Synechoccous cerdrorum 
that were isolated from Geno hot springs; the highest an-
timicrobial activity was found against Bacillus subtilis and 
B. pumulis with methanol-extracts of these thermophile 
cyanobacteria [8]. A thermophilic green algae Cosmarium 
sp. isolated from hot spring in north Tunisia was tested for 
its bioactive properties; extracts prepared by using diffe-
rent solvents showed significant antibacterial effects [9]. 
A recent report that was carried out with thermophile C. 
aponinum isolated from Polichnitos hot spring showed 
that extracts from C. aponinum had no antimicrobial ac-
tivity against bacteria even the extracts were used at high 
dosage. In the same study, extracts of the cyanobacterium 

had significant insecticidal activity against A. aegypti lar-
vae and anticancer activity against cancer cell line PC3 [10]. 
In the current study, a thermophile C. aponinum isolated 
from hot springs in Turkey was investigated for its bio-
active compound production. For this purpose, different 
nitrogen concentrations, light intensities, incubation peri-
ods, and temperatures were tested to determine the most 
effective bioactive compound produced by C. aponinum. 
Our main goal was to investigate the optimal conditions 
for a highly efficient bioactive compound production by 
the tested cyanobacterium that could be used in various 
biotechnological applications like pharmaceutical industry. 
It is known that to work with an organism that can cope 
with extreme conditions is advantageous according to its 
more stable compounds production [11]. In addition, it 
has been known that extremophiles can resist microbial 
contaminations by growing well under hard environmen-
tal conditions like temperature, extreme pH, and high salt 
concentrations. Therefore, a thermophile cyanobacterium 
was used to obtain bioactive compounds, tested its pos-
sible antimicrobial activity, and conditions were optimized 
for the highest bioactive property in the current study. 
According to our knowledge, there is no work about in-
vestigating thermophile C. aponinum for biotechnological 
applications like in this work.

MATERIALS and METHODS

Cyanobacteria isolation, growth conditions 
Thermal spring water samples from Haymana and 
Kızılcahamam, Turkey, were spread on Petri plates contain-
ing BG11 medium [12] with 12 g/L agar and incubated at 
45°C under continuous illumination (2400 lux). The pH of 
the growth medium was adjusted to 7.5 with dilute (0.01 
M) and concentrated (1 M) sulfuric acid or sodium hydrox-
ide solutions. Cells from microcolonies on these plates 
were isolated by micromanipulation. The cyanobacterial 
cells were purified to aseptic conditions by streaking the 
cells repeatedly on the media with agar plate. The purified 
cells were transferred to liquid media. These liquid cul-
tures were tested for bacterial contamination by plating 
on bacteriological media. Isolated and purified cyanobac-
terial cultures were identified according to morphological 
and genetic characteristic. 

Cyanobacterial strains were cultivated in 250 ml Erlen-
meyer flasks including 100 ml of BG11 medium (pH: 7.5) 
at 30°C, under continuous light intensity as 2400 lx at a 
growth chamber (BINDER, model: KBW 400 (E5.1), S.no: 
15-13640) for 14 days. 
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Selection of Cyanobacteria 
Cyanobacteria used in the study were tested to deter-
mine having the most effective bioactive compound. 
In these experiments, 7 different strains were inocula-
ted in BG11 medium and after incubation period, the 
effectiveness of bioactive compounds were examined. 
Cyanobacterium producing the most effective bioacti-
ve compound was found and further trials were perfor-
med with this cyanobacterium. 

Identification
DNA of the selected cyanobacteria (Strain H2) were am-
plificated using PCR amplification with 2 ml of genomic 
DNA, 0.4 mM deoxynucleotide triphosphate, 1.25 
units of Taq DNA polymerase and use forward primer 
F5’AGAGTTTGATCMTGGCTCAG and reverse primer R5’ 
TACGGYTACCTTGTTACGACTT. PCR program was ad-
justed to 95°C for 5 min followed by 30 cycles of 95°C 
for 30 sec, 50°C for 30 sec, and 72°C for 45 sec. DNA 
sequencing was performed with Bigdye Cycle sequenc-
ing kit v3.1 and ABI 3130XL Genetic Analyzer.

Production of bioactive compounds 
After incubation period of 14 days, biomass was collect-
ed by centrifugation (MPW-351R) at 10.000 rpm for 5 
min. Biomasses were freeze-dried (Millrock Technology, 
Inc., Kingston, NY 12401, USA) for overnight and 3 ml 
ethanol solvent (Purity: 96%) was added to 1 gram of 
dried biomass for 1 hour. After then, the mixture was 
centrifuged for 10.000 rpm for 5 min and supernatant 
was used as algal extract. These solutions were kept at 
4°C and used within 2 days [13, 14]. 

Determination of effectiveness of bioactive 
compound 
To find the effectiveness of bioactive compound, trials 
were designated with antimicrobial activity. Antimicro-
bial activity was determined by disc diffusion method 
[15]. Standard bacterial strains like B. subtilis ATCC 6633, 
B. thermosphacta ATCC 11509, E. coli 0157:H7 ATCC 
35150, E. coli ATCC 25922, Enterobacter cloacae ATCC 
700323, S. aureus ATCC BAA 976, S. aureus ATCC 25923, 
S. aureus ATCC 1026 were used to perform these experi-
ments. Bacteria were cultivated in Nutrient Broth for 24 
h, and were inoculated uniformly using sterile cotton 
swab onto Nutrient Agar to test the antibacterial activi-
ties of cyanobacterial extracts. Extracts were applied 
to sterile disks (40 μl/per disk) and impregnated disks 
were placed on the plates using sterile forceps properly 
spaced at equal distance. Plates were incubated 24 h for 

30°C. Paper discs loaded with ethanol solvent were also 
checked for its effect against the standard bacterial 
strains. The plates were stored for 2h to allow of the ex-
tracts into the agar. Then, these plates were incubated 
for 24 h at 30°C for growth of bacteria. The zone of inhi-
bition was measured and expressed in mm in diameter.

Chlorophyll analysis 
The chlorophyll (a) concentration in the media was de-
termined in buffered aqueous 80% acetone solution. 
The concentration of chlorophyll was found with recor-
ding optical absorption at 646.6 and 663.6 nm by using 
Shimadzu UV 2001 model spectrophotometer (Japan) 
according to the equation given as below [16]. 

Chlorophyll (a)  (μg/ml)=(12.25×A663.6)+(2.55×A 646.6)

Bioactive compound production under different 
environmental conditions 
Production of bioactive compounds by the selected 
cyanobacterium under different environmental condi-
tions was investigated with regard to increasing nitro-
gen concentrations, light intensities, incubation periods, 
and temperatures. Unless other stated, cyanobacteria 
were cultivated in BG11 medium at 30°C, under con-
tinuous light intensity as 2400 lx at a growth chamber 
for 14 days. 

To understand the effect of nitrogen concentration on 
production of bioactive compounds, experiments were 
performed in media with nitrogen concentrations as 
0.5 g/L, 1.0 g/L, 1.5 g/L, and 2.0 g/L. Further trials were 
done with the condition that C. aponinum extracts had 
the highest antimicrobial activities. 

Trials were carried out under different light intensities 
as 1200 lx, 2400 lx, 3600 lx, and 4800 lx to find the ef-
fect of light intensity on bioactive compound produc-
tion by C. aponinum. Subsequent studies have been 
carried out with the condition in which the cyanobac-
terium produced the most efficient bioactive substance.

After optimization of nitrogen concentration and illumi-
nation for the highest antimicrobial activities of the ex-
tracts, the effect of incubation period was investigated. 
To determine the most effective bioactive compound 
produced by C. aponinum under different incubation 
periods, experiments were done with incubation peri-
ods as 7, 14, 21, and 28 days. Next experiments were 
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done with the incubation period due to the maximum 
antimicrobial activities of the samples. Effect of increas-
ing temperature on bioactive compound production by 
the tested cyanobacterium were performed in another 
series of the experiments. To examine the effect of dif-
ferent temperatures, trials were performed with incu-
bation temperatures as 30°C, 40°C, 45°C, and 50°C. 

RESULTS and DISCUSSION

Selection of cyanobacterium producing the most effec-
tive bioactive compound and its identification 
In these trials, 7 different cyanobacterial strains (Stra-
in H1, Strain H2, Strain H3, Strain H4, Strain H5, Stra-
in K1, and Strain K2) were used. The results obtained 
from these series of the experiments were summarized 
in Table 1. All cyanobacterial isolates had antimicrobial 
activity against all the tested standard bacterial strains. 
Ethanol-extracts of H1 affected E. coli 0157:H7 ATCC 
35150 bacterium the most with an antimicrobial acti-
vity having 11.5 mm inhibition zone. 

On the other hand, extracts from strain H2 had the 
highest bioactive properties against E. coli ATCC 25922 
with an inhibition zone as 14.5 mm. Cyanobacterial stra-
in H3 extracts had the maximum antimicrobial activity 
against four of the tested bacteria as E. coli 0157:H7 
ATCC 35150, E. coli ATCC 25922, S. aureus ATCC BAA 976, 
and S. aureus ATCC 25923 (inhibition zones: 12 mm). 
Extracts from strain H4 affected E. coli 0157:H7 ATCC 
35150 with the highest inhibition zone as 13 mm. Strain 

H5 had effective bioactive character against E. coli ATCC 
25922 and S. aureus ATCC BAA 976 (inhibition zones: 12 
mm); while strain K1 had the highest antimicrobial ac-
tivity against E. coli 0157:H7 ATCC 35150, E.coli ATCC 
25922, and S. aureus ATCC BAA 976 (inhibition zones: 13 
mm). Among the cyanobacterial strains, strain K2 had 
the highest antimicrobial activity against E. coli 0157:H7 
ATCC 35150 and S. aureus ATCC 25923 with inhibition 
zones as 11 mm. According to data obtained from these 
trials, further experiments were performed with Strain 
H2 related to its highest antimicrobial activity against 
the all tested bacteria.  

The selected cyanobacterium (Strain H2) was identified 
by amplification and sequencing of its 16S rRNA gene. 
Phylogenetic analysis of the nearly complete sequence 
data was done by BLAST search. Alignment and further 
analysis in ARB database revealed that the cyanobac-
terium had a >99% similarity to Cyanobacterium apo-
ninum. The isolated cyanobacteria submitted to NCBI 
Gen-Bank under accession number as MN 116003.

There are only a few reports performing antimicrobial 
activity with extracts from thermophilic cyanobacteria 
[7-10]. Of the studies except one of them, thermophi-
le C. aponinum was not used, while other thermophilic 
cyanobacteria as Cosmarium sp. [9], Phormidium sp. [7], 
Oscillatoria spp., Synechocystis aquatilis, and Synechoc-
cous cerdrorum were used to obtain bioactive compo-
unds. In these studies, authors found variable antimic-
robial activities according to the cyanobacteria tested. 

 Bacteria
Strain

H1 H2 H3 H4 H5 K1 K2

B. subtilis ATCC 6633 9±1 12±2 10±1 12±1 11±2 12±1 8±1

B. thermosphacta ATCC 11509 10±2 12±1 11±1 11.5±1 11±2 11.5±1 10±1

E.coli 0157:H7 ATCC 35150 11.5±1 13±1 12±1 13±1 11.5±1 13±1 11±1

E. coli ATCC 25922 8±1 14.5±1 12±1 12±1 12±2 13±1 10±1

E. cloacae 700323 8.5±1 11±1 11±1 12±2 11.5±2 12±1 10±2

S. aureus ATCC BAA 976 9±2 13±1 12±1 12±1 12±1 13±1 10±1

S. aureus ATCC 25923 7±1 12±1 12±2 12.5±1 11±1 12±2 11±1

S. aureus ATCC 1026 8±2 11±1 10±2 11±1 10.5±1 11±1 7±1

Table 1. Antimicrobial activity [zone of inhibition (mm)] of bioactive compounds extracted from cyanobacterial species isolated from 
Haymana and Kızılcahamam thermal springs (T: 45 °C; N concentration: 1 g/L; light intensity: 2400 lx; incubation period: 14 d).
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The only work mentioned about thermophilic C. apo-
ninum was performed by Mizerakis et al. [10]. In that 
study, there was no antimicrobial activity against bac-
teria, however, in the current study, ethanol-extracts 
of thermophilic C. aponinum showed high antimicrobial 
activity against several bacterial strains. 

Bioactive compound production by C. aponinum 
cultivated in media with different environmental 
conditions 

The effect of different nitrogen concentrations 
To determinate the effect of different nitrogen concent-
rations onto production of bioactive compounds by C. 
aponinum, cyanobacterium was inoculated in to BG 11 
media with 0.5 g/L, 1.0 g/L, 1.5 g/L, and 2.0 g/L nitro-
gen concentration. As it was shown in Figure 1, extracts 
from cyanobacterium grown in media with 0.5 g/L nit-
rogen, the highest antimicrobial activity was shown 
against E. coli ATCC 25922 and S. aureus ATCC 25923 
with inhibition zones as 12 mm. Extracts obtained from 
C. aponinum, grown in media with 1.0 g/L nitrogen, the 
highest antimicrobial activity was shown against E. coli 
ATCC 25922 (inhibition zone: 15 mm). When the cyano-
bacterium was grown in medium containing 1.5 g/L of 
nitrogen, the extract prepared from that biomass sho-
wed the highest antimicrobial effect, producing 14 mm 
inhibition zone against B. thermosphacta ATCC 11509. 
The highest bioactive property was shown against S. 
aureus ATCC BAA 976 (inhibition zone: 14 mm) with the 
extracts obtained from biomasses from which C. aponi-

num cultivated in media with 2.0 g/L nitrogen concent-
ration. According to these results, further experiments 
were done in media with 1.0 g/L nitrogen related to ext-
racts having the highest bioactive property. 

In these experiments, with an increase in nitrogen concen-
tration, antimicrobial effect also increased or remained 
constant for the tested bacteria. Previous studies only fo-
cused on to determine growth, fatty acid production and 
accumulation due to the nitrogen stress in C. aponinum 
[17-19]. Such an attempt like in the current study has not 
been investigated yet. 

Chlorophyll amounts were also determined under all the 
tested parameters. Chlorophyll contents of the C. aponi-
num were 2.2 μg/ml, 5.2 μg/ml, 2.6 μg/ml, and 2.4 when 
cyanobacteria were cultivated in media under 0.5 g/L, 1.0 
g/L, 1.5 g/L, and 2.0 g/L nitrogen concentrations, respec-
tively. 

The effect of different light intensities 
In these series of the experiments the increment in light 
intensities varied the antimicrobial character of the bi-
oactive compounds. Figure 2 summarized that with an 
increase in light intensities, antimicrobial activity of the 
extracts increased also. When C. aponinum cultivated 
at 1200 lx light intensity, extracts obtained under the-
se conditions showed the highest antimicrobial activity 
against E. coli 0157:H7 ATCC 35150 and S. aureus ATCC 
BAA 976 (inhibition zones: 14 mm). Under the same 
conditions, the lowest antimicrobial activity was found 

Figure 1. Antimicrobial activities [zone of inhibition (mm)] of bioactive compounds extracted from C. aponinum under different nitro-
gen concentrations (T: 30 °C; light intensity: 2400 lx; incubation period: 14 d).
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against B. subtilis ATCC 6633, B. thermosphacta ATCC 
11509 and S. aureus ATCC 1026 bacteria with inhibition 
zones as 11 mm. When cyanobacterium was cultivated 
at 2400 lx light intensity, the highest antimicrobial acti-
vity was shown against E. coli 0157:H7 ATCC 35150 with 
an inhibition zone as 14 mm, while the lowest inhibi-
tion zone was 11 mm against E. cloacae ATCC 700323. 
With bioactive compounds obtained from C. aponinum 
grown at light intensity as 3600 lx, the highest anti-
microbial activity was found as 15 mm against E. coli 
0157:H7 ATCC 35150. Under the same light intensity, 
bioactive compounds showed high antimicrobial acti-
vity against the all bacteria tested with inhibition zones 
ranged from 13 or 14 mm. When light intensity was inc-
reased to 4800 lx, cyanobacterium still produced effec-
tive bioactive compounds. Under these conditions, the 
most effective compound was found against S. aureus 
ATCC BAA 976 (inhibition zone: 15 mm), while antimic-
robial activities for other bacteria varied from 13 or 14 
mm. At the end of these experiments, further experi-
ments were done under 3600 lx light intensity.

Gris et al. showed that thermophilic C. aponinum pro-
duced extracellular compounds under different envi-
ronmental conditions [20].  In that study, the formation 
of extracellular polymer by C. aponinum was induced 
with an increase in light intensity and it was constant 
above the light intensity as 70 μmol photons m2/s. An-
other previous study about thermophile C. aponinum 
mentioned the effect of stress conditions as tempera-
ture, pH, CO2 and light quality on C. aponinum growth 
[21]. In the same study, cyanobacterium was exposed 

to four light qualities; of these, under white light with 
60 μmol photons m2/s intensity, C. aponinum achieved 
a high growth rate. In the current study, when the incre-
ment of the illumination from 16 μmol photons m2/s to 
32, 48, or 64 μmol photons m2/s, C. aponinum produced 
more efficient bioactive compounds.

According to the results, with an increase in light inten-
sity, chlorophyll amount was also increased by the cya-
nobacterium. Under 1200 lx, chlorophyll content was 
3.1 μg/ml; while it was 4.4 μg/ml under 2400 lx. When 
light intensity was increased to 3600 lx and 4800 lx, 
chlorophyll amounts were found as 6.1 μg/ml, 4.8 μg/
ml, respectively. 

The effect of different incubation periods 
Antimicrobial activities of bioactive compounds extrac-
ted from C. aponinum cultivated with different incuba-
tion periods were given in Figure 3. When cyanobac-
terium was grown with an incubation period as 7 days, 
obtained extracts showed lower antimicrobial activity 
than extracts taken from biomasses cultivated other 
incubation periods. Extracts obtained from biomasses 
after incubation for 7 days showed the highest bioacti-
ve properties against E. coli 0157:H7 ATCC 35150 and E. 
cloacae ATCC 700323 (inhibition zones: 12 mm). It was 
found that the most effective bioactive compound was 
produced after incubation for 14 days. Under these in-
cubation period, E. coli 0157:H7 ATCC 35150 was affec-
ted the most by the extracts of C. aponinum with an in-
cubation zone as 17.5 mm. After incubation for 21 days, 
bioactive compounds obtained from cyanobacterium 

Figure 2. Antimicrobial activities [zone of inhibition (mm)] of bioactive compounds extracted from C. aponinum under different light 
intensities (T: 30°C; N concentration: 1 g/L; incubation period: 14 d). 
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had the maximum antimicrobial activity against E. coli 
0157:H7 ATCC 35150 (incubation zone: 17 mm). Trials 
in which the tested cyanobacterium was cultivated for 
28 days, extracts had their highest antimicrobial activity 
towards S. aureus ATCC 1026 (inhibition zone: 14 mm).

Incubation period is a substantial factor for cyanobacte-
rial bioactive compound formation. These unique biolo-
gically active compounds can be produced via primary 
metabolism, like proteins, fatty acids, vitamins, and pig-
ments, or can be formed from secondary metabolism 
[22]. It was previously determined by Noaman et al. that 
Synecoccus leopoliensis showed the maximum antimic-
robial properties with extracts obtained when cyano-
bacteria were cultivated with an incubation period for 
14 or 15 days [23]. In the current study, it was also found 
that C. aponinum had the most efficient bioactive com-
pound when the incubation period was 14 days. 

The highest chlorophyll amount was determined after 
incubation for 14 and 21 days (6.2 μg/ml). Chlorophyll 
content of the cyanobacterium was 1.9 μg/ml and 5.1 
μg/ml when C. aponinum was cultivated in media under 
different incubation periods as 7 d and 28 d, respec-
tively. The most effective compounds were produced 
after incubation for 14 days. Thus, incubation period 
was optimized as 14 d. 

The effect of temperatures 
To understand the effect of increasing temperatures 
onto production of bioactive compounds, cyanobacte-
rium was cultivated at 30°C, 40°C, 45°C and 50°C. As it 
was shown in Figure 4, extracts from cyanobacterium 
grown at 30°C, the highest antimicrobial activity was 
shown against B. thermosphacta ATCC 11509 with an in-
hibition zone as 13 mm. Extracts obtained from C. apo-
ninum grown in media at 40°C, the highest antimicro-
bial activity was shown against B. subtilis ATCC 6633 and 
S. aureus ATCC 1026 (inhibition zones: 13 mm). When 
the cyanobacterium was grown in medium at 45 °C, the 
extract prepared from that biomass showed the highest 
antimicrobial effect, producing 18 mm inhibition zone 
against E. coli 0157:H7 ATCC 35150. The highest bioac-
tive property was shown against E. coli ATCC 25922 (in-
hibition zone: 14 mm) with the extracts obtained from 
biomasses from which C. aponinum cultivated at 50 °C. 
In these experiments, it was determined that the bioac-
tive effectiveness of the extracts increased which were 
obtained from the biomass when the temperature was 
increased from 30°C to 45°C. Increasing the tempera-
ture by more than 45°C caused a decrease of cyanobac-
terial growth, and later the cells dead. This result was 
easily visible because of color change of the cells from 
blue-green to brown. 

Figure 3. Antimicrobial activities [zone of inhibition (mm)] of bioactive compounds extracted from C. aponinum under incubation 
periods (T: 30°C; N concentration: 1 g/L; light intensity: 3600 lx). 
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Figure 4. Antimicrobial activities [zone of inhibition (mm)] of bioactive compounds extracted from C. aponinum under different tem-
peratures (N concentration: 1 g/L; light intensity: 3600 lx; incubation period: 14 d). 

Figure 5. Chlorophyll amounts of C. aponinum under different temperatures (N concentration: 1 g/L; light intensity: 3600 lx; incubati-
on period: 14 d). 
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The most effective parameter which affected the cya-
nobacterium was temperature. It was clearly under-
stood from Figure 5 that the tested cyanobacterium 
produced the highest amount of chlorophyll under 
45°C as 8.3 μg/ml. Under 30°C and 35°C, C. aponinum 
had chlorophyll amounts as 6.1 μg/ml and 6.9 μg/ml, 
respectively, while the content was 1.2 μg/ml when cul-
tivated at 50°C. 

It was previously reported that thermophilic C. apo-
ninum can be survived up to 50°C [20, 21]. Gris et al. 
found the maximum growth rate at 40°C, extracellu-
lar polymer production at 35°C [20], while Meng et al. 
determined the highest biomass production at 35°C 
[21]. In the current study, the most efficient bioactive 
compound was observed when cyanobacterium was 
cultivated under 45°C. The tested cyanobacterium was 
affected mostly temperature parameter and antimicro-
bial activity had its highest rate when temperature was 
increased.   

CONCLUSIONS 
Formation of bioactive compounds by C. aPoninum iso-
lated from thermal springs of Turkey was investigated 
in the current study. The study was concluded that ext-
racts of this thermophilic cyanobacterium had antimic-
robial activity against several standard bacterial strains. 
In addition, it was found that efficiencies of the bioacti-
ve compounds could be induced via exposure to stress 
conditions like high light intensities and temperatures.  
According to our knowledge, this issue will be firstly 
presented by the current work. The highest efficiency 
was found in extracts of C. aponinum when the extre-
mophile cyanobacterium was cultivated in media with 
1 g/L nitrogen, at 45°C, under 3600 lx light intensity 
after incubation for 14 days. These findings obtained 
from the current study has indicated that thermophile 
C. aponinum might be a good promising candidate in 
several biotechnological applications such as designing 
of new antibacterial drugs.  
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