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ABSTRACT: Phycobiliproteins are a group of colored proteins present in cyanobacteria (blue-green
algae). They are extensively commercially used in foods, cosmetics, biotechnology, pharmacology
and medicine. In order to determine production of phycobiliproteins in cyanobacterial strains, the
quantity of these pigments in 10 filamentous cyanobacteria was investigated. The study was
conducted with terrestrial cyanobacterial strains isolated from different soil types in Vojvodina region
(Serbia) which belong to Nostoc, Anabaena and Spirulina genera. The obtained results showed that
the qualitative and quantitative contents of phycobiliproteins depended not only on cyanobacterial
strain, but also on the composition of growth media. In case of strains which belong to Nostoc and
Anabaena genera higher pigment content was found in case of strains cultivated in nitrogen free
medium compared to strains grown in medium with nitrogen. The highest content of phycocyanin was
found in Anabaena strain C2 (22.62 pg/ml) grown in nitrogen free medium, while Nostoc strain S1
contained the highest PC amount of 18.37 pg/ml growing in presence of nitrogen. The Nostoc strain
S1 had the highest content of allophycocyanin growing in both type of nutricious media (25.11 pg/ml
and 13.88 ug/ml, respectively). The highest phycoerythrin concentration was characterized the strain
Anabaena LC1B in nitrogen free medium (24.87 pg/ml) and in presence of nitrogen (20.85 pg/ml). The
results of total phycobiliprotein content of tested cyanobacteria showed that the highest content in
nitrogen free condition characterized Anabaena strains C2 (57.70 pg/ml) and LC1B (58.75 pg/ml) and
Nostoc strain S1 (57.26 pg/ml). Compared to these Nostoc and Anabaena strains the contents of all
three pigments as well as total pigment content were much lower in both tested Spirulina strains.
Therefore, some studied strains of Anabaena and Nostoc genera represent excellent sources of one
or more phycobiliproteins.
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INTRODUCTION

Natural colorants for food are made from
renewable sources. Most often, the colo-
rants are extracted from plant material, but
other sources such as insects, algae, cya-
nobacteria (blue—green algae) and fungi
are used as well. Legislation restricts
which colorants are allowed, what sources
may be used for that particular colorant,
what solvents may be used to extract it,
and the purity of the pigment (Mortensen

A., 2006; Eriksen, 2008). Natural colorants
such as phycobiliproteins are gaining im-
portance over synthetic ones, as they are
nontoxic and non-—carcinogenic. The na-
tural colorants allowed in the EU and the
USA are also allowed in most parts of the
world (Mortensen A., 2006).

Cyanobacteria (blue—green algae) as spe-
cific group of microorganisms represent a
potential source of commercially important
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chemicals and pharmaceutical products.
Among them, phycobiliproteins are very in-
teresting cell constituents with high co-
mmercial value. Because of their protein
nature, unigue color, fluorescence and
other properties a wide range of promising
applications of phycobiliproteins are po-
ssible (Zhao et al., 1995; Rossano et al.,
2003, Sekar and Chandramohan, 2008).
Due to the toxic and possible cancero-
genetic effects of several synthetic dyes,
there is an increasing preference to use
natural colors such as phycobiliproteins
(Seker and Chandramohan, 2008). These
pigments can be used as natural colorants
in food and drug industry and in cosmetic
preparation replacing the synthetic dyes
(Cohen, 1986: Soni et al., 2006). Phy-
cocyanin isolated from cynobacterial spe-
cies Spirulina platensis is widely used as a
natural pigment in food, such as dairy

products and jellies (Santiago—Santos et
al., 2004), coated soft candies (Lone et al.,
2005), fermented milk products, ice
creams, deserts, milk shakes and sweet
cake decoration (Sekar and Chandra-
mohan, 2008). Use of phycobiliproteins for
that purposes has to be supported with
toxicity testing. Also, phycobiliproteins are
applied as fluorescent markers in immu-
noassays, in biomedical research for can-
cer diagnostics and as therapeutics (Gla-
zer, 1994; Soni et al.,, 2006). Moreover,
recent studies have shown their immu-
nomodulating and anticarcinogenic activi-
ties (Rossano et al.,, 2003) and their
neuroprotective and hepatoprotective pro-
perties (Spolaore et al. 2006; Seker and
Chandramohan, 2008). In global patent
databases there are 297 patents of phy-
cobiliproteins, and the majority of them are
from USA, Japan and Europe (Sekar and
Chandramohan, 2008). Patents from USA
are mostly related to application of pig-
ments as fluorescent dye while in Japan
phycobiliprotein investigations and patents
are focused on production, purification and
application for therapeutic and diagnostic
purposes (Sekar and Chandramohan,
2008). The greatest part of more than
3000 tons of Spirulina platensis dry weight
is annually produced worldwide because
of phycobiliproteins, which are used for

health food products and animal feed addi-
tives (Spolaore et al., 2006).

Phycobiliproteins are the major photosyn-
thetic accessory pigments in cyanobac-
teria which are brilliantly colored, water-
soluble proteins, bearing covalently
attached open chain tetrapyrroles (Patel et
al., 2005). According to the color and ab-
sorption ability, phycobilins are divided in 4
main groups: phycoerythrin (PE) —red pig-
ment, allophycocyanin (APC)— bluish
green, phycocyanin (PC)-blue, and
phycoerythro—cyanin (PEC) —orange pig-
ment (Cohen—Bazire, Bryant, 1982).
Phycocyanin is a phycobiliprotein that has
been recently reported to exhibit a variety
of pharmacological properties. In this
regard, antioxidant, antiinflammatory,
neuroprotective and  hepatoprotective
effects have been experimentally attri-
buted to PC (Romay et al., 2003).
Phycoerythrin can be used to mark
antibodies and other biological elements in
laboratory testing.

Phycobiliproteins are variably distributed in
the representatives of the division of
Cyanobacteria. Blue pigments, phycocya-
nin and allophycocyanin are present in all
cyanobacteria, red pigment, phycoerythrin,
is widely spread but it is not found in all
cyanobacteria, while phycoerythrocyanin
usually found in filamentous species (Hoff-
mann et al., 1990). The ratio of these pig-
ments can be environmentally altered.
Filamentous cyanobacteria are particularly
attractive for the photoproduction of phy-
cobiliproteins and other chemicals (Boro-
witzka, 1995). Since that it is of great
significance to investigate phycobiliprotein
production of especially filamentous cya-
nobacteria originating from different ha-
bitats.

In Serbia research in the field of cyano-
bacterial products such as phycobilipro-
teins and their commercial exploitation is
very nascent and need adequate atten-
tion.

In this study ten strains of terrestrial
filamentous cyanobacteria, isolated from
different soil types in Vojvodina region,
were screened for their potential as pro-
ducers of phycobiliprotein pigments.
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MATERIAL AND METHODS

Analysis of the phycobiliprotein contents
was performed on nine cyanobacterial
strains originating from various terrestrial
environments (solonetz, meadow black
soil, chernozem, sand from the banks of
the Danube river) in the Vojvodina region
and one Spirulina strain SJ originating
from Algal Culture Collection of Tokyo
(Japan) (Table 1).

All tested cyanobacterial strains belong to
3 different genera, Nostoc, Anabaena and
Spirulina. Determination of phycobilipro-
teins: phycocyanin (PC), allophycocyanin
(APC) and phycoerythrin (PE) in cyano-
bacterial strains was carried out during
their growth in the Ilaboratory, under
certain controlled conditions of tempera-
ture, light, mineral content. Pigment con-
tent was determined after 21" days (during
the stationary phase of growth). Cyano-
bacterial strains were grown photoauto-
trophically in BG 11 medium with and
without nitrogen (Rippka, et al., 1979),
while Spirulina strains were cultivated in
SOT medium (Soong, 1980). Cultures
were maintained at 22-24 °C under illumi-
nation by cool white fluorescent light (50
pumol m?s™). In terms of duration of light
and dark period is most commonly used
mode 12 hours light and 12 hours of dark-
ness.

Content of phycobiliproteins (PC, APC and
PE) was determined using spectrophoto-
metric method (Bennett, Bogorod 1973).
Strains were grown in Erlen—Meyer ve-
ssels

where the inocula (1 ml) were streaked in
the medium (80ml). After 21 days of incu-
bation, 10 ml of samples (cultures) were
taken for the determination of phyco-
biliproteins and then each sample was
centrifuged at 3000 rpm for 5 minutes. The
collected cell mass was then washed with
buffer 1 M Tris—CI (pH 8.1). One volume of
cell mass was then resuspended in five
times of the volume of the same buffer. To
extract pigments, it was necessary to
make splitting the cell wall of cyanobac-
terial strains. The procedure of continuous
freezing at —20 ° C and thawing at +4 ° C,
and sonication of samples (10 minutes
with cycles of 30 seconds), allowed the
destruction of the cell wall of the strains.
After that the separation of cell fragments
by centrifugation at 12,000 rpm for 10
minutes was done.

All supernatants of tested cyanobacteria
were then separated and concentration of
pigments was determined spectrophoto-
metrycally at wavelengths of A = 562 nm
for phycoerythrin (PE), A = 615 nm for
phycocyanin (PC) and A = 652 nm for allo-
phycocyanin (APC). Absorbance measu-
rement was performed on the spectro-
photometer "NICOLET Evolution 100"
(Thermo Electron Corporation). Concen-
tration of pigments was determined using
the following formula:

PE [mg/ml] = (A562-2.41xPC-0.849xAPC)/9.62
PC [mg/ml] = (A615-0.474xA652)/5.34
APC [mg/ml] = (A652-0.208xA615)/5.09

Each sample was analyzed in duplicate
and buffer was used as a blank.

Table 1
Tested cyanobacterial strains and their origin
Cyanobacterial strains Genus Origin
C2 Anabaena chernozem
C5 Anabaena chernozem
LC1B Anabaena meadow black soil
2S7B Anabaena solonetz
2S9B Nostoc solonetz
S1 Nostoc solonetz
S7B Nostoc solonetz
2C1 Nostoc chernozem
- Danube bank
SS Spirulina (Serbia)
sJ Spirulina Japanese Culture

Collection
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RESULTS AND DISSCUSION
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Fig. 1. Content of phycocyanin in investigated
cyanobacterial strains of Nostoc and Anabaena
genera

Fig 2. Content of allophycocyanin in
cyanobacterial strains of Nostoc and Anabaena
genera
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Fig. 3. Content of phycoerythrin in cyanobacterial
strains of Nostoc and Anabaena
genera
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Fig. 4. Content of total phycobiliproteins in
cyanobacterial strains of Nostoc and Anabaena
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Fig 5. Content of phycobiliproteins in cyanobacterial strains of Spirulina genus
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The results of PC concentrations in in-
vestigated cyanobacteria showed that
higher contents of this pigment were found
in most strains during the growth in nitro-
gen free medium, compared to presence
of nitrogen (Fig 1). The lowest content was
characterized Nostoc strain S7B (1.86
pug/ml), while the highest content of PC
was found in Anabaena strain C2 (22.62
pg/ml). Also very high production of PC in
nitrogen free condition was detected in
Anabaena strain LC1B and Nostoc strain
S1 with values of 14.57 and 18.03 pg/ml,
respectively. Growing in presence of nitro-
gen, Nostoc strain S1 contained the
highest PC amount of 18.37 ug/ml (Fig 1).
Other tested strains had smaller contents
of PC which were in the range of 0.70

(strain S7B) —12.61 pg/ml (strain C2).

The content of pigment allophycocyanin in
almost all strains growing in nitrogen free
medium was higher than during their
growth in medium with nitrogen (Fig 2).
Only two strains, 2S7B and 2C1l had
higher content of this pigment when they
grown in presence of nitrogen. The Nostoc
strain S1 had the highest amount of APC
(25.11 pg/ml). Also very high content was
found in Anabaena strains such as LC1B
(19.31pg/ml) and C2 (20.92 pg/ml). In the
presence of nitrogen the highest concen-
tration of APC was characterized Nostoc
strain S1 (13.88 pg/ml). Very high content
was also found in Anabaena strains C2,
2S7B and LC1B (13.18 pg/ml, 13.02
pg/ml, 10.63 pg/ml, respectively) (Fig 2).
Other tested strains had content of APC
less than 10 pg/ml.

The content of red pigment phycoerythrin
was higher in almost all tested strains
during their growth in nitrogen free me-
dium (Fig 3). Only strain 2C1 grown in
presence of nitrogen had higher amount of
this pigment compare to condition without
nitrogen. Concentration of PE of strains
grown in nitrogen free medium varied from
2.15 pg/ml (strain S7B) to 24.87 ug/ml
(strain LC1B). Strains grown in condition
with nitrogen showed lower production of
phycoerithrin with concentrations in the
range of 0.89 pg/ml (strain S7B) — 20.85
pg/ml (strain LC1B) (Fig 3).

The results of total phycobiliprotein con-
tent of tested cyanobacteria showed that
the highest contents in nitrogen free me-
dium characterized Anabaena strains C2
(57.70 pg/ml), LC1B (58.75 ug/ml) and
Nostoc strain S1 (57.26 pg/ml). The same
strains had the highest content of phyco-
biliproteins during their growth in the me-
dium with nitrogen compared to other tes-
ted strains (Fig 4). The lowest concen-
tration of phycobiliproteins was found in
Nostoc strain S7B, both during the growth
in nitrogen free medium and in presence
of this element.

The results showed that qualitative and
guantitative content of total and individual
phycobilin pigments was different, which
clearly shows the existence of specific
features in the pigment composition of
every examined strain. The analysis of the
distribution of phycobiliproteins in all
strains, showed the presence of all three
types of phycobilin pigments — PC, APC,
PE in different proportions. Moreno et al.
(1995) found that in some strains of Ana-
baena and Nostoc genera the prevalent
type of phycobiliproteins was C-phyco-
cyanin, followed by allophycocyanin, with
levels of 17 and 11% d.wt, respectively,
while C—phycoerythrin was the major pig-
ment in several Nostoc strains, reaching
10% d.wt. In the present study most tested
strains of Anabaena and Nostoc genera
had the highest content of allophycocyanin
(6 in nitrogen free medium and 4 in the
presence in nitrogen), while the highest
content of phycocyanin was found in one
Anabaena strain in nitrogen free medium
(C2) and in two strains in the presence of
nitrogen (C5 and S1). The highest content
of phycoerythrin was characterized in Ana-
baena strain LC1B in both condition and
Nostoc strain 2C1 in the presence of
nitrogen.

There is a lot of information about some
average contents of phycocyanin, allophy-
cocyanin and phycoerythrin which are
found for some representatives of cyano-
bacteria. Metabolic examinations showed
that an extract of cyanobacteria Fremyella
diplosiphon contains from 35-40 pugml™ of
phycoerythrin, while an extract of Calothrix
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sp. biomass had 84 pgml™* of phycocyanin

(Santiago—Santos et al. 2004). Colyer et
al. (2005) in the examinations of pigment
and protein contents of cyanobacteria
detected various concentrations of 3
phycobilins. The values varied in the range
of 0.20-4.92 pugml™ for allophycocyanin,
0.73-18.24 pugml* for phycocyanin and
0.77-19.30 pugml™ for phycoerythrin. In the
present study the results of phycobili-
protein content for the examined terrestrial
cyanobacterial strains are very similar to
the values which were found in these
studies. But, some strains tested in our
investigation, such as Anabaena strains
C2 and LC1B and Nostoc strain S1 had
higher contents of investigated pigments.
Therefore, these filamentous strains rep-
resent promising sources of one or more
phycobiliproteins. However, the detected
concentrations of all examined pigments
are significantly different from the values
found by Soni et al. (2006) in the
examination of phycobilin content of the
species  Oscillatoria  quadripunctulata,
which varied from 27.43 mgml™ for phyco-
cyanin, 15.80 mgml™® for allophycocyanin
and 0.45 mgml™ for phycoerythrin.

The results of phycobiliprotein content in
tested Spirulina strains showed that higher
content of all investigated pigments had
Spirulina strain SJ (Fig 5). The concen-
tration of PC in Spirulina SJ strain was 8
pg/ml, while Spirulina SS strain had con-
tent of 4 pg/ml. The concentrations of APC
and PE in the case of strain SJ were 13
png/ml and 5 pg/ml, respectively. Strain SS
had smaller content of both pigments with
values of 7 pg/ml for APC and 3 pg/ml for
PE (Fig 5). Total pigment content was 26
pg/ml in Spirulina SJ strain, while lower
pigment content of 14 pg/ml was found in
Spirulina strain SS (Fig 5).

PC is one of the major pigment constituent
of Spirulina, a microalga used in many
countries as dietary supplement whose
nutritional and therapeutic values have
been very well documented (Eriksen,
2008). Because of that Spirulina is one of
the economically important cyanobacterial
genus. Species of Spirulina have now be-
come the wellknown and the most broadly
cultivated microalgae in the world (Von-
shak, 1997). Nagaoka et al. (2005) sho-

wed that phycocyanin from Spirulina pla-
tensis strongly influenced serum chole-
sterol concentrations and imparted a
stronger hypocholesterolemic activity. In
this respect Spirulina is one of the most
promising micro—alga. In the present study
we tested two strains of Spirulina genera
for phycobiliprotein production. Spirulina
strain SJ contained higher amount of all
three pigments (PC-8 pg/ml, APC-13
pg/ml and PE-5 pg/ml) compared to
Spirulina strain SS (PC-4 pg/ml, APC-7
pg/ml and PE-3 pg/ml) (Fig 5). Pigment
composition of both strains was very
similar. Among phycobilins the highest
amount was found for allophycocyanin,
then for phycocyanin. The lowest content
of phycoerythrin compared to other two
types of phycobilins, characterized both
strains. This analysis demonstrates that
Spirulina strains SJ and SS did not show
the highest content of tested phycobili-
proteins. Strain SJ had higher content of
total phycobiliproteins compared to 50% of
other tested strains which belong to
Nostoc or Anabaena strains (C5, 2S9B,
S7B and 2C1).

Patel et al., (2005) investigated the quanti-
tative of phycobiliprotein (C—PC, APC, and
PE) content in three different cyanobac-
terial species, i.e., Spirulina sp., Phormi-
dium sp., and Lyngbya sp. Among all the
three cyanobacterial species, Spirulina sp.
contains maximum phycobiliprotein con-
tent, i.e., 22.5% (w/w) of total freeze—dried
cell mass, while Phormidium sp. and Lyn-
gbya sp. contain 5.4% (w/w) and 5.8%
(w/w), respectively. Based on these results
the maximum quantity of C-PC exists in
Spirulina sp. (17.5% (w/w)) as compared
to Phormidium sp. (4.1% (w/w)) and
Lyngbya sp. [3.9% (w/w)], while APC and
PE are present at lower quantities (Patel
et al., 2005). The results of the present
study suggest that some Nostoc and Ana-
baena strains had much higher content of
phycobiliproteins compared to both Spiru-
lina strains SJ and SS.

The obtained results clearly prove the fact
that the composition and content of phyco-
bilin pigments are specific characteristics
of every individual cyanobacterial strain
which is very dependent on growing con-
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ditions. The medium composition influen-
ces the normal growth of cyanobacteria
and normal development of physiological
processes. The conditions of cultivation,
particularly nitrogen and carbon sources,
determines the content of phycobilipro-
teins in cyanobacteria (cit. in Seker and
Chandramohan, 2008). In our study the
greatest content of total phycobiliproteins
was present in the most of the tested
strains which were cultivated in the con-
ditions without nitrogen. Kaushik (2000)
obtained similar results by examining the
content of phycobiliproteins of 41 strains of
cyanobacteria. Results showed that

single—celled and colonial cyanobacteria
had the lowest content of phycobiliproteins
(less than 2.93% of dry mass), non-
heterocistous cyanobacteria also had low
level of pigment content, while heterocis-
tous nitrogen fixing cyanobacteria had the
greatest production of phycobilin which
varied from 14.72 to 17.52% of dry mass.
Also, Hemlata (2009) found that Anabaena

NCCU—-9 produces the largest amount of
phycobilins in the condition without nitro-
gen. Loreto et al. (2003) showed that the
strain Anabaena 7120 produces more
phycobiliproteins if it is cultivated in the
medium without nitrogen, in comparison to
the growth in presence of nitrogen. Patel
et al. (2005) also noticed the importance of
growing conditions on the pigment compo-
sition and production of phycobilins for
cyanobacterial species. Likewise, Pra-
ssana et al. (2004) pointed out the fact
that cyanobacteria can regulate their com-
position and content of basic unit of
phycobilin, tetrapyrrole depending on the
conditions or signals from the su-
rroundings, such as the availability of nu-
trients, intensity and quality of light and
temperature. In order to find out optimum
culture condition for algal growth, Kumar
et al. (2011) investigated the effect of light
irradiance and temperature on growth rate,
biomass composition and pigment pro-
duction of Spirulina platensis. Maximum
contents of phycobiliproteins were found in
cultures grown at 35 °C i.e. 7.73 % phy-
cocyanin (PC), 3.46% allophycocyanin
(APC) and 1.80 % phycoerythrin (PE) and
minimum was observed at 20 °C (5.39 %
PC, 2.59% APC and 0.64 % PE). But the
phycobiliprotein accumulation (except PE)

did not show any significant difference at
temperatures 30 °C and 35 °C (Kumar et
al., 2011).

It is significant to point out that the con-
tent of phycobiliproteins of examined cya-
nobacterial strains from Vojvodina region
represent the pigment content charac-
teristic for every strain during the statio-
nary phase of growth and in constant and
usual conditions of cultivation. There was
no additional stimulation of production,
and changes of the environmental factors
(intensity and quality of light, temperature
and concentration of nutriaents) could
influence pigment production in all strains
and combining appropriate conditions a
high amount of phycobiliproteins can be
synthesized. Improvement in the phyco-
bilin content with changes of environ-
mental factors such as light intensity and
quality could be a good basis for the ex-
ploitation of studied microalgae as a
source of biopigments. Still, it is possible
that the production of phycobilins would
have been increased if other factors had
been used, which requires an additional
research.

CONCLUSION

The pycobiliproteins have good potential
and diverse applications. There is increa-
sing interest in the production of these pig-
ments primary because of their food
application (for coloring purposes in foods,
dairy products, ice creams, soft drinks,
beverages and cake icing). The results of
the present study showed that some au-
tochtone terrestrial filamentous cyanobac-
terial strains from Vojvodina region had
good potential for phycobiliprotein produ-
ction.

Strains such as Anabaena C2, Anabaena
LC1B and Nostoc S1 are very promising
producers since they showed the highest
content of all three phycobiliproteins
among other tested strains. In that res-
pect, it is significant to point out that these
strains had much higher pycobiliprotein
content compared to both tested Spirulina
strains.

Further investigations are needed to im-
prove their productivity in suit conditions in
mass cultivation. Also, their toxicity should
be investigated.
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OPUNAMEHTO3HE UMJAHOBAKTEPUJE NMOPEKIIOM CA NOAOPYYJA
BOJBOAMHE KAO U3BOP ®UKOBUJIITMHCKUX NMUIrMEHATA KAO
MOTEHUUJANTHUX NMPUPOOHUX KOJIOPAHATA

Jenuua B. CumeyHosuh*', CHexaHa b. Mapkosuh?, [lajaHa J. KoBau', Anekcangpa Y. Muwwan®,
AHamapuja U. MaH,u,Mh3, 3opuua b. CBmpqu;l

! YHusepsuteT y HoBom Caay, lNpupoaHo-matematnyku pakynrtet, Tpr Jocuteja Obpagosuha 3,
Cpbuja
2JKIM Bogoeog u kaHanunsauuja, Macapukoa 17, 21000 Hoeu Cag, Cpbuja

3YHMEsepsmeT y HoBom Capgy, MIHcTuTyT 3a npexpambeHe TexHonoruje,
21000 Hoeu Cag, bynesap uapa Jlasapa 6p. 1, Cpbuja

Caxertak: PukoOMnIMNpoTenHW npeacTaBrbajy crneuuduyHy rpyny nuMrmeHarta, Koju cy
KapakTepuCTUYHM 3a rpyny MUKpoamri, nos3HaTux MOo4 Has3uBoM UujaHobakTepuje (MogposeneHe
anre). Ha ocHoBy 60je 1 MakcuMyma ancopnuuje CBETNOCTU (pMKoBUnMNpoTEUHN Ccy noderbexHu y 4
OCHOBHa TuNa: UKOLMjaHWH-NNaBun, anodukounjaHMH-NNasun, PUKOEPUTPUH-LIPBEHN U (PUKOEepUTPO-
UujaHMH-HapaHyactu nurMeHT. OBU MUIMEHTU Ce MHTEH3UBHO KOMEepUMjanHo NpuMersyjy y npexpam-
©€eHOj N KO3METMYKOj MHOYCTPUjU, Kao 1 y BUoTexHonornju, dapmaumjy n meguumHu. C o63npom Ha To
[a HUCY TOKCUYHM HWUTU KaHLIEPOTeHW, YECTO Ce KOpUCTEe Kao 3aMeHa MHOIMX CUHTETUYKMX ©O0ja.
YnpaBo 360r TakBor M3y3eTHOr 3Havaja hMKOBUNMMPOTEMHA U HMXOBOM BEMMKOr BMOTEXHOMOLIKOT
noTeHuuMjana, BpweHa cy ucnutueamwa npogykuuvje 3 dukobunmHcka nurmeHTa (ukoumnjaHuHa, ano-
dukoumjaHnHa n cukoepuTpunHa) kog 10 pasnuuuTux 3emrbuULLHUX cojeBa uujaHobakTepuja. cnnTu-
Bakba Cy BpLUEHA Ha ayTOXTOHMM COjEBMMA MOPEKIIOM M3 pPasnuuuMTMX Tunosa 3emrbuwita y Bojso-
OWHK, KOju npunagajy umjaHobakTepujckum dunaMeHTo3Hum pogoBuma Nostoc, Anabaena u Spiru-
lina. Ocum Tora, y ucnutuBamwmiMa je KopulheH 1 jeaaH coj poga Spirulina nopeknom u3 Konekuuje
KynTypa anrm u3 JanaHa. [JobujeHn pesynTtatu Cy nokasanu ga KonvyMHa W KBanuTaTMBHW cacTaB
dpukobnNMNpoTenHa He 3aBUCKU cCaMO o LijaHobakTepujckor coja Beh npe cBera o4 cactasa nogsiore
N ycrioBa rajerba cojeBa. Y cry4ajy cojeBa Koju npunagajy pogosuma Nostoc m Anabaena, Behu
cafpXaj nurMmeHaTa JeTEeKTOBaH je y yCcrioBuMa HMXOBOr pacTa y 6e3a30THOj noano3u y nopehewy ca
pacTtoM y npucycTBy a3oTa. Hajsehu cagpikaj nnaBor nurMmeHTa gmkounjaHMHa 3abenexeH je kog coja
Anabaena Y2 (22.62 ur/mn) TOKOM rajewsa y oACYCTBY a30Ta, AOK je y crny4ajy pacta y npucycTtBy
asoTa Hajsehu cagpxaj oor nurmeHTa (18.37 ur/mn) koHcTatoBaH kop coja Nostoc C1. Uctu coj
Nostoc C1, y nopehewy ca octanum TECTMpPaHUM COjeBMMa, OANMKOBAO Ce Hajpehum cagpxajem
nurMeHTa anodukounjaHMHa pactomM y oba Tuna noarnore, Npu Yemy je cagpxaj y ogcyctsy asoTta 6mo
3Ha4yajHo Behu (25.11ur/mn) o cagpxaja permcTpoBaHOr TOKOM pacTa y npucyctBy asota (13.88
pr/mn). Hajpehu cagpxaj LpBeHOr NMrmeHTa pmkoepuTpuHa 6o je kapakTepucTmyaH 3a coj Anabaena
JIU1B y ycnoBuma oacyctea asota (24.87 ur/mn), Kao m TOKOM pacTa y NpUCYyCTBY OBOr efleMeHTa
(20.85 pr/mn). Pesyntatu cagpxaja yKynmHUX (OPUKOOUIMHCKMX NMUIMeHaTa Cy ykas3anu Ha To da cy
pacTtom y 6e3a30THUM ycnoBuma Hajsehy npoaykumjy octBapunu Anabaena cojesn Y2 (57.70 pr/mn) n
JIU1B (58.75 pr/mn), kao n Nostoc coj C1 (57.26 pr/mn). Y nopehewy ca TuMm cojeBuma kog oba coja
poga Spirulina 3abenexeH je 3Ha4YajHO HWKM cagpXaj Kako MojeguMHadHuX, Tako U YKYMHUX purKo-
ovnuHa. Cagpxaj ykynHmx donkobunmHa kog coja Spirulina CJ nsHocwmo je 26 pug/ml , ook je y cniyyajy
coja Spirulina CC ©6mo 3HauajHo Hwxu, 14 pg/ml. 306or Tora ce moxe 3aK/byuyuTu Aa NojeauHu
TecTupaHu unamMmeHTo3Hn cojeBu pogoBa Anabaena n Nostoc npenctaBrbajy Bpio 3HavajaH U3BOpP
PUKOOUNNHCKMX NMUTrMeHaTa, Koju Mory 6utu npumereHn kao npupogHe 6oje. C 063npom Ha To Aa Ha
NpOAYKUUjy OBUX MUrMeHaTa 3Ha4vajHo yTudy haktopu cpeanHe, HEONMXOA4Ha Cy Aarba UCTpaXmBama y
uuIby ontuMusaumje u ctumyrnauuvje npogykumje u pgobujawsa Behmx konuumMHa dukobunuHa kop
UCNUTMBaHUX COjeBa.

KrbyuHe peuun: yujaHobakmepuje, ¢hukobununpomeuHu, MUkpoarsnae, nuameHmu, npupooHe
boje
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