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Abstract. The article deals with iron(III) coordination compounds with Schiff bases as ligands and their impact on
phycobiliprotein accumulation by cyanobacterium Nostoc linckia. Stimulatory effect depends on the applied dose and in case of
three compounds, the concentration 20 mg/L was determined as one with moderate intensity. Lower concentrations resulted in an
increase of the phycobiliprotein synthesis. There was found a significant positive correlation between phycobiliprotein content and
ABTS (2.2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) assay values displayed by aqueous extracts from Nostoc linckia
biomass cultivated in nutrient medium with these coordination compounds. Hence, it is possible to modify the antioxidant activity
of Nostoc biomass by applying low concentrations of chemical stimuli.
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properties, phycobilin pigments are classified into three
major types: phycoerythrin, phycocyanin and allosteric
phycocyanin. In general, all these compounds are
antioxidants that reduce the intensity of oxidative stress
by maintaining the redox environment or modulating
the intracellular communication [7, 14, 23]. The
responses and mechanisms employed by cyanobacteria
may be implemented to design strategies for obtaining
valuable widely used fluorophores for further
development of technologies relevant to produce the
antioxidant preparations.
The yield of phycobiliproteins can be maximized
by controlling or optimizing the nutrient and
environmental factors [12, 20, 21]. Metal coordination
compounds with different ligands draw more and more
attention to biotechnologists due to their ability to
model biosynthetic processes within living cells, even
at very low concentrations [3]. As xenobiotics to living
organisms, these compounds can generate an oxidative
stress of different intensity, which is often associated
with an initial increase in antioxidant activity of cells.
In this way, transition metal coordination compounds
may serve as modulators for directed synthesis of
antioxidant components in the objects of
biotechnological interest.
Iron is an essential component in many protein
complexes involved in photosynthesis, serving as a
redox co-factor. The cyanobacterial photosynthetic
system Photosystem I (PSI) and the intermediary
electron transport complex cytochrome b6f both contain
considerable amounts of iron and are thus synthesized
in lower amounts during times of iron scarcity [5]. In
cyanobacteria, the biosynthesis of the phycobiliprotein
and
phytochrome
chromophore
precursor
phycocyanobilin is catalyzed by the ferredoxindependent
enzyme
phycocyanobilin:ferredoxin
oxidoreductase (PcyA), which mediates an atypical
four-electron reduction of biliverdin IX [4]. However,
the redox properties that makes iron a valuable cofactor also lead to oxidative interactions, resulting in
the formation of harmful radicals. Therefore, iron
accumulation in cells should be tightly regulated, a

INTRODUCTION
The intensive search for new sources of natural
antioxidants with potential for treatment and
prevention of human diseases and to meet other needs
is currently a key topic in many laboratories and
industries. In recent years, biological synthesis of the
antioxidants as an alternative to chemical synthesis has
attracted great attention, mainly due to safety concerns
and the possibility to design highly efficient complex
preparations with antioxidant and antiradical activities.
Interrelations between phycobiotechnology, microbial
biotechnology and coordination chemistry offer vast
opportunities in this direction.
Cyanobacteria possess several protective and repair
mechanisms comprising of enzymatic and nonenzymatic antioxidants as natural arsenal to alleviate
the damages caused by reactive oxygen species (ROS)
[8]. The phototrophic nature of these organisms means
that they not only need to manage the oxidative stress
generated by oxygen reduction in the same way as
heterotrophic organisms, but also that produced during
photosynthetic electron transport [11]. Strong
antioxidant activity of cyanobacteria is also due to their
cosmopolitan distribution in diverse ecological niches,
where they were equipped evolutionary with more
mechanisms to maintain viability than many other
biological organisms. Phycobiliproteins as nonenzymatic antioxidants absorb and dissipate excitation
energy as heat and efficiently transfer the absorbed
energy to photosynthetic reaction centers, in order to
reduce the production of singlet oxygen 1O2 (ROS)
[24]. In cyanobacteria, more than 99% of UV-B is
absorbed by chlorophyll-binding proteins and the
phycobilisome light-harvesting complexes, which are
attached to the outer surface of the thylakoid
membrane.
These water-soluble protein complexes are
brilliantly colored, highly absorbent and fluorescent
due to the presence of covalently attached
chromophores called bilins, linear tetrapyrroles derived
from heme. Based on their structure and spectral
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Nostoc linckia was grown in Erlenmeyer flasks
with pH 6.8 - 7.2, temperature 25 - 27 °C, light
intensity 37-55 µmoles of photons/m2/s, periodic slow
stirring. The amount of inoculum was 0.2 g/L in
recalculation to absolutely dry biomass.
Chemical stimulators. We used four coordination
compounds of iron with Schiff bases as ligands,
obtained from condensation of 2,6-diacetylpyridine
with isonicotinic acid hydrazide (H2L1) and nicotinic
acid hidrazide (H2L2) with the following formulaes:
[Fe(H2L1)(H2O)2](NO3)3·1.5H2O;
[Fe(H2L1)(H2O)1.5(CH3OH)0.5](ClO4)3·2H2O;
[Fe(H2L2)(H2O)2](NO3)3·5H2O;
[Fe(H2L2)(H2O)2](ClO4)3·H2O. These complexes were
synthesized in the laboratory of Coordination
Chemistry of the Institute of Chemistry, Academy of
Sciences of Moldova. Each compound was added to
the nutrient medium in 5 different concentrations from
1 to 20 mg/L. In Table 1 we have also indicated molar
concentrations of the iron compounds used in the
experiment.
The molecular or ionic-level structure of substances
and crystalline one, including coordination compounds,
is one of the key determinants of physical and chemical
properties, spectral, and biological activity, etc.
Therefore, its knowledge for tested complexes is
necessary and extremely valuable information to better
understand their mode of action on the activity of
cyanobacterium Nostoc linckia. The structure
determined with single-crystal X-ray diffraction
method in the Institute of Applied Physics, Academy of
Sciences of Moldova, demonstrating that these
compounds are ionic and contain common complex
cations. Structure of one of them - [Fe(H2L2)(H2O)2]+ is
given in Figure 1.
Determination of Nostoc productivity. Absolutely
dry biomass of Nostoc linckia was determined
spectrophotometrically using formula:
ADB (g/l) = 0.88 x E590 x h,
where E590 - the optical density of the sample at
wavelength 590 nm (0 ≤ E ≤ 0.2), h - dilution of the
sample.
Preparation of sample extracts. To prevent the
accumulation of free radicals, the biomass was
collected at day 10 of the cultivation cycle, when
culture of Nostoc linckia enters into stationary phase.
Nostoc biomass was first separated from the culture
fluid by centrifugation for 5 min at 1500 g. Then,
biomass was standardized with distilled water in 5:1
ratio (mg biomass: ml water). To facilitate the
extraction, standardized biomass was subjected to
freezing at -20 °C and thawing for at least 8 times. The
aqueous extracts were subjected to phycobiliproteins
evaluation.

process in which ferritin family proteins play an
important role.
Commercially, phycobiliproteins are high-value
natural products with potential biotechnological
applications in nutraceuticals and pharmaceuticals,
food and cosmetic industries as well as in biomedical
research and clinical diagnostics. The use of
phycobiliproteins as non-toxic and non-carcinogenic
natural food colorants is gaining importance worldwide
in view of the potential toxicity and carcinogenicity of
the synthetic food colorants [15, 17-19]. As of now the
annual market of phycocyanin is around 5-10 million
US dollars [19]. Various studies have reported that
phycobiliproteins appear to enhance immunity,
suppress tumor development, slow aging and the
progression of a range of neurodegenerative disorders
[2, 13, 23, 25, 26]. The identification of extracted
phycobilin pigments and their application as additional
biomarkers is a promising approach for the routine
monitoring of cyanobacteria in coastal, densely
inhabited, and less-populated aquatic environments
[22].
Rapid growth rate, simple growth requirements,
amenability to controlled laboratory culture and
ubiquity make cyanobacteria a suitable bioresource for
the commercial production of phycobiliproteins. The
number of cyanobacterial species currently used for the
commercial production of phycobiliproteins is very
small. Major producers of phycobiliproteins are the
cyanobacterium Spirulina and the rhodophyte
Porphyridium [9, 10]. A promising source of
phycobiliproteins is Nostoc linckia, a multicellular
filamentous
cyanobacterium
in
the
phylum
Cyanobacteria. In general, this cyanobacterial strain
proved to be a valuable source of bioactive substances
with antioxidant and antiradical activities [1].
The goal of our experiments was assessing the
phycobiliprotein accumulation and antioxidant activity
of aqueous extract from cyanobacterium Nostoc linckia
under experimental conditions with iron(III)
coordination compounds with Schiff base ligands.
MATERIALS AND METHODS
The object of the study was cyanobacterial strain
Nostoc linckia (Roth) Born et Flah CNM-CB-03
deposited in the National Collection of Nonpathogenic
Microorganisms of the Republic of Moldova.
Optimized Gromov 6 nutrient medium with the
following composition was used:
- macroelements (g/L) - KNO3 - 0.5, K2HPO4 - 0.45,
NaHCO3 - 0.05, MgSO4·7H2O - 0.1, CaCl2 - 0.11;
- microelements (mg/L) - ZnSO4·7H2O - 0.05, MnSO4 2, H3 BO3 - 0.85, (NH4)6Mo7O24·4H2O - 2.25, FeSO4
·7H2O - 4, Co(NO3)2·H2O - 0,009, EDTA - 4.75.

Table 1. Molar concentrations of iron(III) Schiff base complexes
Coordination compounds
1

[Fe(H2L )(H2O)2](NO3)3·1.5H2O
[Fe(H2L1)(H2O)1.5(CH3OH)0.5](ClO4)3·2H2O
[Fe(H2L2)(H2O)2](NO3)3·5H2O
Fe(H2L2)(H2O)2](ClO4)3·H2O

M, g/mol

1 mg/L

5 mg/L

706.343
834.701
769.397
809.673

1.41
1.20
1.30
1.23

7.08
5.99
6.50
6.17

14

10 mg/L
15 mg/L
CM·10-6, mol/L
14.15
21.23
11.98
17.94
13.00
19.49
12.35
18.52

20 mg/L
28.31
23.96
25.99
24.70
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Statistical analysis. Each trial was performed three
repetitions. The results were processed by applying the
descriptive statistical indices, using Excel possibilities.

Phycobiliproteins evaluation. Phycobiliprotein
concentration was determined in supernatant (aqueous
extract) by spectrophotometry analysis. The
absorbency of extracts was measured at wavelengths
565, 620 and 650 nm using T60 Visible
Spectrophotometer, and concentrations were calculated
using equations as reported by Gantt and Lipschultz
[6].
Antioxidant activity by the ABTS·+ radical cation
assay (ABTS method). The total antioxidant activity
of extracts was measured by the ABTS·+ (2.2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) radical
cation decolorization assay [16]. ABTS·+ was generated
by oxidation of ABTS with potassium persulphate.
ABTS was dissolved in deionized water to a 7mM
concentration, and potassium persulphate added to a
concentration of 2.45 mM. The reaction mixture was
left at room temperature overnight (12-16 h) in the dark
before use. Prior to assay, the ABTS·+ stock solution
was diluted with ethanol to an absorbency of 0.700 ±
0.020 at 734 nm. Then 1 ml of diluted ABTS·+ solution
was mixed with 10 µl of the test sample (1.0 mg/ml),
and the absorbency was measured at 734 nm after 6
min. The reduction of the absorbency (inhibition %) for
ABTS reagent was calculated using the following
equation:
Inhibition% = (Abst=0 - Abst=6 min)/Abst=0 x 100;
where Abst=0 min was the absorbency of ABTS reagent
at 0 min and Abst=6 min was the absorbency of ABTS
reagent after 6 min.

RESULTS
Nostoc linckia growth process and the synthesis of
primary and secondary metabolites are clearly
dependent on culture medium composition. Iron(III)
Schiff base complexes were included into nutrient
medium on the 1st day of cultivation cycle in
concentrations from 1 to 20 mg/L. Biomass was
harvested on the 10th day of the life cycle in which two
parameters were monitored, namely phycobiliprotein
concentration and antioxidant activity of aqueous
extracts.
The results from PBPs quantitative study in the
presence of [Fe(H2L1)(H2O)2](NO3)3·1.5H2O and
correlation with antioxidant activity of aqueous
extracts from Nostoc linckia biomass are shown in
Figure 2. The highest values were determined when
adding this compound in concentration of 15 mg/L,
which caused an increase in phycobiliprotein synthesis
by 132%, compared to control biomass. The amount of
total phycobiliproteins in control biomass was
estimated at 28 mg/g biomass. The compound
concentration of 5 mg/L was found to enhance
the phycobiliprotein content by 60%. In terms of
antioxidant activity, these aqueous extracts from
Nostoc biomass inhibited ABTS radical up to 80% and
70%, respectively. There were no significant changes

Figure 1. Structure of complex cation in [Fe(H2L2)(H2O)2](NO3)3·5H2O

Figure 2. Total phycobiliprotein content (% dry weight) and correlation with ABTS values of the aqueous extracts from Nostoc biomass in the
presence of [Fe(H2L1)(H2O)2](NO3)3·1.5H2O.
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level in this experimental variant. We also recorded an
increasing of the antioxidant activity of aqueous
extracts, which inhibited about 80% of ABTS cation
radical under cultivation conditions with the lowest
concentrations, namely 1 mg/L and 5 mg/L. ABTS
values displayed by the extracts from Nostoc linckia
biomass, cultivated on nutrient medium containing the
coordination compound in doses of 10 mg/L and 15
mg/L, were equivalent to the control sample. Assessing
the correlation between PBP content and values of
ABTS antioxidant assay has established the coefficient
of determination (R2) of 0.75 (Fig. 3).
We
found
the
coordination
compound
[Fe(H2L1)(H2O)1.5(CH3OH)0.5](ClO4)3·2H2O stimulating the phycobiliprotein synthesis, when it was
especially applied in small concentrations of 1, 5 and
10 mg/L to Nostoc cultivation (Fig. 4). The stimulatory
effect is directly proportional to the increasing
concentration of compound between the abovementioned limits and started with values of about 40%
compared to the control sample. The dose of 10 mg/L
doubled the content of phycobiliproteins in Nostoc
biomass. This was the maximum phycobiliprotein
content determined in the experiments with the given
compound. We have not noticed any inhibitory effect
on phycobiliprotein synthesis. Nostoc growth was
weakly inhibited under these cultivation conditions.

in PBPs synthesis under cultivation conditions with
other concentrations of the coordination compound.
Increasing the amount of pigment was accompanied by
an insignificant accumulation of Nostoc linckia
biomass. The ABTS radical inhibition is tightly
dependent on phycobiliprotein content in the aqueous
extracts, in the case when cyanobacterial strain Nostoc
linckia was inoculated into nutrient medium
supplemented with [Fe(H2L1)(H2O)2](NO3)3·1.5H2O in
different concentrations. This is also indicated through
the value of the coefficient of determination, 0.96.
Data in Figure 3 present the total amount of the
phycobiliprotein pigments and ABTS radical
scavenging ability of aqueous extracts from Nostoc
biomass under influence of coordination compound
[Fe(H2L2)(H2O)2](NO3)3·5H2O.
The
effect
of
increasing the phycobiliprotein synthesis was
determined at all applied concentrations of the
coordination compound. The compound concentrations
ranging from 1 mg/L to 15 mg/L have induced an
increase of phycobiliprotein content estimated between
40-70% compared to control sample. This coordination
compound in concentration of 20 mg/L proved to be a
powerful stimulant of phycobilingenesis, it was 2.7
times greater than the control. In this case, ABTS
radical scavenging activity of aqueous extract reached
92%. Biomass accumulation corresponded to control

Figure 3. Total phycobiliprotein content (% dry weight) and correlation with ABTS values of the aqueous extracts from Nostoc biomass in the
presence of [Fe(H2L2)(H2O)2](NO3)3·5H2O

Figure 4. Total phycobiliprotein content (% dry weight) and correlation with ABTS values of the aqueous extracts from Nostoc biomass in the
presence of [Fe(H2L1)(H2O)1.5(CH3OH)0.5](ClO4)3·2H2O
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Figure 5. Total phycobiliprotein content (% dry weight) and correlation with ABTS values of the aqueous extracts from Nostoc biomass in the
presence of [Fe(H2L2)(H2O)2](ClO4)3·H2O

of defense mechanisms. This includes migration in the
surface layers of nutrient medium under laboratory
conditions or synthesis of extracellular polysaccharides
that can act as natural metal chelators. Moreover, the
exopolysaccharides can reduce the metal mainly
through chemical functional groups and store it in the
form of nanoparticles. This provides much insight for
understanding the mechanisms responsible for metal
ion transport and maintaining homeostatic levels.
Our results demonstrate visible changes in the
amount of phycobiliproteins in biomass. In the case of
[Fe(H2L1)(H2O)2](NO3)3·1.5H2O,
increasing
the
amount of pigment was accompanied by an
insignificant accumulation of Nostoc linckia biomass.
Under these conditions, the compound did not cause an
oxidative stress. The increase of phycobiliprotein
content can be a reaction involved in the activation of
light energy assimilation. At the same time, strong
correlation between phycobiliprotein content and
antioxidant activity shows the dominance of pigments
in the extract and the presence of other minor
components with antioxidant activity.
In the case of [Fe(H2L2)(H2O)2](NO3)3·5H2O, the
highest content of phycobiliproteins was observed
under the concentration of 20 mg/L (250% M).
Biomass accumulation corresponded to control level in
this experimental variant, so we could not state that
phycobiliprotein function was just photosynthetic. The
correlation between phycobiliprotein content and
antioxidant activity of aqueous extracts is lower in this
case, that proves the presence of other compounds with
antioxidant activity. We can assume that high content
of phycobiliproteins under maximum concentration of
the compound is a reaction of antioxidant protection,
since it did not stimulated the productivity of
cyanobacterium Nostoc linckia.
The
[Fe(H2L1)(H2O)1.5(CH3OH)0.5](ClO4)3·2H2O
weakly inhibited Nostoc growth and development. Its
concentrations 1, 5 and 10 mg/L increased both the
content of phycobiliproteins and antioxidant activity of
aqueous extracts. We can assume that culture of Nostoc
intensifies the synthesis of phycobilins as antioxidant

The maximum ABTS radical-scavenging activity
reached 77%, which was recorded in case of the
aqueous extracts while applying the compound in
concentrations of 5 and 10 mg/L. Correlation between
content of PBPs and ABTS assay values was strong.
For 85% of cases, increasing the phycobiliproteins
through induced synthesis is accompanied by higher
values of antioxidant test.
The compound [Fe(H2L2)(H2O)2](ClO4)3·H2O has
enhanced the phycobiliprotein content in Nostoc
biomass without registering the maximum values (Fig.
5). We found the same stimulatory effect for all applied
concentrations. The content of PBPs exceeded by 3040% compared to standard biomass. The compound
concentration of 20 mg/L was estimated as less
significant, as in the case of last two iron complexes
with Schiff base ligands. Biomass productivity was
similar to control.
The increasing PBP content in Nostoc biomass with
about 30% did not alter the antioxidant assay values.
The antioxidant activity of aqueous extracts ranged
within the limits of control 62%, when Nostoc biomass
was collected under experimental conditions with this
coordination compound. In this case, the correlation
between phycobiliprotein content and ABTS assay
values displayed the following coefficient of
determination R2 = 0.455.
DISCUSSIONS
The iron(III) coordination compounds with Schiff
base ligands were added to the nutrient medium in
various concentrations, to induce an oxidative stress in
exposed cyanobacterium Nostoc linckia. That responds
by modifying the synthesis of protective factors,
including phycobiliproteins (PBPs). Phycobiliproteins
act as free-radical scavengers or chain breaking
antioxidants, which undergo electron transfer and
hydrogen transfer reactions [7]. In fact, when stress
factor becomes critical as the primary response
reaction, some strains of cyanobacteria, including
Nostoc linckia, have developed avoidance as a first line
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components under these conditions. In the variants
with higher concentrations of the compound, the level
of phycobilins was the same as in control. This, amid a
slightly decreased level of productivity, can be a proof
of the inclusion of other antioxidant protection systems
than those based on the excessive accumulation of
these pigments.
In the case of [Fe(H2L2)(H2O)2](ClO4)3·H2O we
have the lowest level of correlation between
phycobiliprotein content and antioxidant activity of the
extracts, but also the lowest content of phycobilins in
the biomass of the experimental samples. Under
conditions of biomass productivity, as well as
antioxidant activity of aqueous extracts similar to
control, we can assume that this compound is the most
neutral for culture of Nostoc linckia.
In conclusion, we can affirm the stimulatory effect
on phycobiliprotein synthesis in the experiments with
supplementing the growing medium with iron(III)
Schiff base complexes. Stimulating effect depends on
the applied dose and in case of three compounds, the
concentration 20 mg/L was determined as one with
moderate intensity. The antioxidant activity determined
the existence of a dependent correlation between the
content of PBPs and ABTS assay values shown by the
aqueous extracts from experimental biomass of Nostoc
linckia. Hence, it is possible to alter the antioxidant
activity of Nostoc biomass by applying low
concentrations of chemical stimuli.
In our variants the highest level of correlation
between the studied parameters was observed in the
cases of stimulation of Nostoc growth (compound
[Fe(H2L1)(H2O)2](NO3)3·1.5H2O) or inhibition of this
process ([Fe(H2L1)(H2O)1.5(CH3OH)0.5](ClO4)3·2H2O).
The more neutral is the action of external factors, the
lower is the correlation between phycobiliprotein
content and antioxidant activity of the aqueous
extracts. This conclusion suggests dual functions of
phycobilin pigments for algal culture - both
photosynthetic, and protective. The intensity of these
functional aspects is determined by the nature and
action of external factors influencing the culture.
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