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BIOCHEMICAL CHANGESIN Nostoc linckia ASSOCIATED
WITH SELENIUM NANOPARTICLESBIOSYNTHESIS

BIOCHEMICZNE ZMIANY W Nostoc linckia ZWIAZANE
Z BIOSYNTEZA NANOCZASTEK SELENU

Abstract: The cyanobacteriumlostoc linckia was used to study the biotechnology of seleniumoparticles
synthesis for the first time. The experimental dbods of the nanoparticle production by the stddie
cyanobacteria in aqueous cobalt selenite solutimese examined. Neutron activation analysis allowed
characterization of the dynamics of accumulationthef total selenium quantity bifostoc linckia. Scanning
Electron Microscope images demonstrated extraeelformation of amorphous nanoparticles. Releasthgim
nanopatrticles ranged in size from 10 to 80 nm. dienges of essential parameters of biomass (psotigids,
carbohydrates, and phycobilin) content during theaparticle formation were assessed. During tis¢ 24 h of
nanopatrticle synthesis, a slight decline of pratelipids and carbohydrates content in the biomess observed.
The most extensive was the process of phycobilgrattation. Furthermore, all biochemical componentent as
well as an antioxidant activity of the biomass agts significantly decreased. The obtained substahblostoc
biomass with selenium nanoparticles may be usethéatical, pharmaceutical and technological purposes

Keywords: selenium, nanoparticleslpstoc linckia, optical and analytical methods, biochemical asialy

I ntroduction

The research in the field of nanotechnology has lséienulated by large technological
and medical applications of nanopatrticles [1]. Biele possesses excellent photoelectrical
and semiconductor properties, which make it extetgi used in the production of
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photovoltaic cells, photographic exposure meteespgraphy, and the glass industry [2-6].
Beside wide technological uses, selenium is alscessential trace element for living
organisms, being a constituent of selenoproteifisd@ amino acid [4], and has a great
importance in nourishment and medicine [3, 8]. &el®m can improve the activity of the
selenoenzyme, glutathione peroxidase, and previamsation of free radicals from
damaging cells and tissues in vivo [6, 9]. Stablganic selenium compounds are used as
antioxidants, enzyme inhibitors, antitumor and -émfective agents, cytokine inducers and
immune-modulators [1]. The selenium at nano sizs as a potential cancer therapeutic
agent [10] and chemo-preventive agent with redutedtity [1, 2], and has garnered
increasing attention in medicine.

Use of toxic chemicals in physical, chemical andrd/ methods for nanoparticle
synthesis greatly limits their biomedical applioas, in particular in clinical fields [11].
Recently, biogenic systems have emerged as a noettlod for the synthesis of a variety
of inorganic materials at close to ambient tempeest and pressures and neutral pH [11,
12]. The biological method is clean, nontoxic ant/inmentally friendly, and most
significantly, the synthesized materials are bialally compatible [12]. From a literature
search it was found that different types of micgamisms, including cyanobacteria, are
able to produce selenium nanoparticles of diffestrees and shapes [1, 12-15].

Species of the genus Nostoc are convenient biotéagical objects, since most strains
do not produce toxins and grow on simple and inagjwe media [16, 17]. At the same
time, the cyanobacteriuMostoc linckia has enhanced biosorption and reducing capacity of
various chemical elements [18].

In the present work, cyanobacterilNostoc linckia was used for the first time to study
the process of selenium nanoparticles (SeNPs) ftawmaThe changes in antioxidant
activity of biomass extract, proteins, lipids, pbidins, and carbohydrates content were
determined.

Materials and methods

Materials
Cyanobacterial biomass preparation

To carry out the experiment, the culture Mdstoc linckia CNM-CB-03 (from the
National Collection of Nonpathogenic Microorganisniastitute of Microbiology and
Biotechnology, Academy of Sciences of Moldova) wakivated in laboratory conditions
on mineral medium Gromov 6 (macroelements [gJdmKNO; - 0.5, KHPO, - 0.45,
NaHCQO, - 0.05, MgSQ- 7HO - 0.1, CaGl - 0.11 and microelements [mg/dm-
ZnSQ,: 7TH,0 - 0.05, MnSQ@- 2, HBO; - 0.85, (NH)sM070,4-4H,0 - 2.25, FeSQ7H,0 -

4, Co(NQ),-H,O - 0.009, EDTA - 4.75) stirring daily, continuoukimination (a light
intensity of 2000-3000 Ix), at a temperature betw28-30°C and with an optimum pH
range of 6.0-7.0. On stationary growth phase”(ddy for N. linckia), the cyanobacteria
biomass was separated from the culture medium blyiftegation.

Obtained wet biomass (0.5 g), was re-suspendedB0acni Erlenmeyer flasks with
100 cni of 100 mg/dm aqueous cobalt selenite solution (analytically epukerck,
Darmstadt, DE) for synthesis of selenium nanopagicThe resultant mixtures were put
into the shaker repeatedly at between 28-30°C ifterdnt periods of time (24-72 h). All
samples, prepared in triplicate, were used foh&mranalysis.
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For SEM, TEM, and NAA analysis, the Nostoc biomagss harvested from the
cultures by centrifugation at 12000 g for 8 mingd @hen dried at 105°C. For biochemical
studies, the native biomass was used. Biomassemsated from culture medium, washed
with ammonium acetate, and then re-suspended fitlates water served as the control. All
the experiments were conducted in triplicate ardatverages of the measurements for each
treatment were used.

M ethods
Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy (SEM) was carried wihg the Quanta 3D FEG (FEI
Company, USA). Operational features of the micrpscaused in the experiment:
magnification 5000-150000x; voltage 1-30 kV.

To estimate the size of the nanoparticles on thaindd SEM micrographs, the points
corresponding to the edges of the measured obje determined. For this purpose, the
following operations were performed:

(i) The informative signal profile (profile of ttedlor channel intensity distribution) along
the straight line segment passing through the tbjborders was created.

(i) The signal, corresponding to the surroundinfieach of the edges (the intensity curve
of image pixels along a datum line) was fixed. Tddge of the measured object
corresponds to the half-height of the Gaussiantfoncused to describe distribution of
the signal intensity.

(iii) The size of the nano-object was determinethasdistance between two its edges.

Energy-Dispersive Analysis of X-Rays (EDAX)

Microprobe analysis of selenium nanoparticles waendacted with the
energy-dispersive X-ray analysis spectrometer (EDBRA). The acquisition time ranged
from 60 to 100 s, and the accelerating voltage 20akV.

Neutron Activation Analysis (NAA)

The selenium content in the biomass was determised) the 103 kef-line of #*Se
by irradiation for 60 s under a thermal neutroneficy rate of approximately
1.6 - 18° n cm? s at the reactor IBR-2 of (Joint Institute for NualeResearch, Dubna,
Russia). The NAA data processing and determinatibelemental concentrations were
performed using Genie 2000 and the software deeelopt FLNP JINR [19]. The
experimental equipment and irradiation conditiohsaomples are described elsewhere [20].

Biochemical analysis of biomass components

For proteins extraction 10 mg of biomass was mixeith 0.9 cni NaOH
(concentration 0.1N) for 30 min 0.1 &rof the obtained protein extract was mixed with
1.6 cn? Na,CO; (2%) in NaOH 0.1N, 0.4 chrof CuSQ (0.5%) in NaCsHsO; (1%) and
0.2 cn? of Folin-Ciocalteu reagent. After 30 min the alimorce was measured at 750 nm.
The protein content was determined using a caldwraturve for bovine serum albumin.
Phycobiliprotein content was determined spectropmetrically in water extract (10 mg of
wet biomass was mixed with 10 Emof distillated water). The absorbance of supemtata
separated from the culture medium by centrifugati@s measured at 620 and 650 nm.
Phycobiliprotein content was calculated using malasorption coefficient for phycocyanin
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and allophycocyanin. To determine carbohydrateserin0.25 cm of the sample was
mixed with 2.5 cm of Antrone reagent (0.5%) in,BO, (66%). The mixture was incubated
at 100°C for 30 min. The absorbance was measur&g0ahm. Carbohydrates content was
calculated using a calibrationn curve for glucodépids content was determined
spectrophotometrically on the basis of the lipiggmdation using fosfovanilinic reagent.
Hydrolysis of the lipids (10 mg biomass) was praetliby sulfuric acid at 100°C. Obtained
hydrolysate (0.5 cfy was mixed with 1.5 cinfosfovanilinic reagent. After 45 min the
absorbance was measured at 560 nm. Lipids conestalculated using calibration curve.
The content of aforementioned biomolecules wasesgad in % of absolute dry biomass.

Determination of anti-oxidative activity

For antioxidant tests, ethanolic and water extragtse prepared. Water extract
contains water-soluble components (phycobilinsanains, carbohydrates). Using ethanol,
a complex of substances soluble in ethanol (chlyylp lipids and carotenoid) were
obtained. For each sample, 10 mg of wet biomass miaed with 10 cm ethanol or
distillated water for 60 min. After filtration, theamples were standardized: 1 mg dry active
substances in 1 chiThe extracts were kept at 0°C.

Determination of antioxidative activity

The total antioxidant activity of extracts was meas by the ABTS
(2.2 azinobis 3-ethylbenzothiazoline-6-sulfonicdcradical cation decolorization assay
[21]. ABTS was dissolved in distillated water to7amM concentration. ABTS radical
cation was produced by reacting ABTS stock solutigtih 2.45 mM potassium persulfate
(final concentration), and allowing the mixturestand in the dark at room temperature for
12-16 h before use. The ABTS stock solution wasteld with ethanol to an absorbance of
0.73 +0.02 at 734 nm. Then 1 of diluted ABTS solution was mixed with 10 mwf the
test sample. After 6 min the absorbance was medsate734 nm. All trials and
measurements were performed three times.

Results and discussion

NAA was used to assess the change in the totatisaeteconcentration in the biomass
of cyanobacteria after 24, 48, and 72 h of intéoaclith selenite ions. According to Li and
co-authors [12], nanoparticles are biosynthesizé@nathe microorganisms grab S0
ions from their environment (first step), and thtem them into a nanoparticle form via
bioaccumulation and biotransformation (second step)

The data obtained by NAA for silver nanoparticlgathesis byN. linckia illustrated
the rapid increase of silver concentration in tlartass without significant further changes
[22]. In the case of SeNPs formation, the NAA d@tay. 1) showed a less pronounced
division and almost continuous growth of seleniwwnaentration in the biomass. This can
be explained by the fact that silver is very tdkicliving organisms and leads to damage of
the cell surface. Selenium present in the cyanebactcultivation medium at some
concentrations does not inflict toxic effects oe thrganic structures [23]. Cyanobacteria
affinity for selenium may be the result of its prase in the enzymatic antioxidant system
of glutathione reductase. Therefore, selenium istractural component necessary to
maintain the viability of the culture of cyanobaae which, in turn, develops the
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mechanisms of selenium accumulation from the cafitbn medium and its storage in
organic structures for further use.
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Fig. 1. Total selenium concentrations in biomasSastoc linckia determined by NAAn = 3

SEM micrographs obtained from the selenite-suppigetebiomass revealed the great
number of spherical SeNPs formed by the biomassNoflinckia both extra- and
intracellularly (Fig. 2). It can be suggested thgtart of selenite ions was trapped on the
cyanobacteria surface and reduced to the elemdntah while another part was
accumulated inside the cell via sulphate transglannels and reduced to an organic form
of selenium through different mechanisms. The nartige size ranged from 10 to 80 nm.

a) b)

m D 10400

Fig. 2. SEM micrographs dfostoc linckia with selenium nanoparticles taken after: a) 24t o) 72 h
of incubation
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Comparing our results with the results obtaineddirer biological objects, one can
conclude thatN. linckia can synthesize particles of a smaller size. Fanmgpte, the
extracellular formation of Se(0) nano-spheres &yfurospirillum barnesii, Bacillus
selenitireducens, andSeleni-halanaerobacter shriftii were observed by Oremland et al [13]
to range between 200 to 400 nm. Additionally, npheses of diameter ranging from
150-200 nm were also observed to be formed exitdady by Bacillus cereus [14].
Moreover, the transformation of selenite (3€Dto elemental selenium in the cell
cytoplasm and in the extracellular space was shoe8tenotrophomonas maltophilia
SELTEO2 [15]. During biogenic selenite reductionsuganella sp. andAgrobacterium
sp., large crystals of elemental selenium (100-82() were formed [1]Shewanella sp.
strain HN-41 was able to utilize selenite as a s@éxtron acceptor for respiration in
anaerobic condition, resulting in its reduction gnelcipitation of spherical SeNPs [12].

Beside SEM micrographs, EDAX spectrum of biomasslinckia with selenium
nanoparticles was recorded (Fig. 3). In this sp@efrone peak of selenium was observed.
The signals from C, K, Si, Ca, S, P, and Mg atoms tb X-ray emission from the cell
walls were also recorded.
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Fig. 3. EDAX spectrum dfostoc linckia with selenium nanoparticles

Extra- or intracellular formation of nanoparticlstsongly depends of the localization
of the biomolecules involved in the process of metduction. Cyanobacterial Nostoc cells
are surrounded with an exopolysaccharide layerchvplay an important role in metal ions
accumulation and reduction [24]. Zhang et al [BJéhahown that in the molecular structure
of polysaccharides, there are reactive amino, hgdror carboxyl groups that have a great
effect in the formation, stabilization and growtl eelenium nanoparticles. SEM
micrographs obtained in the present study showatlafier 24 h, SeNPs were generally
located on the cyanobacteria surface but after 7¢thdy were already covered by
a carbohydrates layer (Fig. 2b), which prevents thggregation. Lenz et al [25] suggests
that selenite can be reduced to elemental selebjureaction with reactive thiol groups of
proteins/peptides in the so-called “painter-typedation.
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Since Nostoc biomass is a valuable product, depgnah the field of application, it is
not always necessary to extract nanoparticles. ,Tihis very important to maintain the
quality of the biomass during nanoparticles foramtiThe content of the main group of
substances in the biomass was determined overetiiedpof the experiment. Formation of
selenium nanoparticles by Nostoc biomass leads talifioation of its biochemical
composition. The most pronounced was the decraagghycobilin content during the
reaction of the biomass with selenite ions (Fig.Afjer 24 h of interaction with selenite
ions, the content of phycoerythrin was drasticafiguced by 72%. During the next 24 h,
the decrease of phycoerythrin content was not ebderand after 72 h of the reaction it
was reduced by 80%.
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Fig. 4. Change of phycobilin content iNostoc linckia biomass during selenium nanoparticles
formation,n=3

The content of phycocyanin was essentially modified reduced by up to 75% after
the first 24 h of contact with the selenium ioneeTallophycocyanin content changed in the
same manner. The most pronounced reduction ofoitdeat was after the first 24 h of
contact. Consequently, the Nostoc biomass was empds an extensive process of
phycobilin degradation. Phycobilins are auxiliargoppsynthetic pigments structured in
thylakoids, which occupy space near the cell memdardhus, the inconspicuous damage
of the cell membrane leads to the decrease of lilgegbilin content. In the experiment of
silver nanoparticle synthesis, Nostoc biomass86%b of phycoerythrin content in the first
24 h. After 72 h, phycoerythrin content decreasg® [22]. Therefore, Nostoc affinity
to selenium is manifested in a slower manner inpgamson with that of the silver [22]
phycobilin pigment degradation process.

This phenomenon of "finer" Nostoc biomass compoudegtradation is maintained also
for proteins, whose content during silver nanopkatiormation was reduced by 45% in the
first 48 h of reaction [22]. Protein reaction dgrithe process of selenium nanoparticles
formation was rather different (Fig. 5). The contehproteins in biomass was reduced by
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16% in the first 24 h, and was followed by a furtheduction by 30% after 48 hours. The
essential decrease of protein content in biomaskserved after 48 h of contact. After 72 h
of contact with selenite ions, the protein contemtbiomass was 25% of the original
content.
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Fig. 5. Change of proteins contentNiostoc linckia biomass during selenium nanopatrticles formation,
n=3
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Fig. 6. Change of carbohydrates contentNostoc linckia biomass during selenium nanoparticles
formation,n =3

Carbohydrates with protective functions are charéstic forN. linckia. As in case of
proteins, the essential decrease of carbohydrateerm takes place after 48 h of reaction
(Fig. 6). During the synthesis of selenium nandpkeg the carbohydrate content in the
biomass in the first 24 h was reduced by 6%. Adth, the carbohydrate content in Nostoc
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biomass was reduced by 11%, without further chaimgicating the protective function of
exolysaccharide. Similar results were obtainedsiiwer nanoparticles biosynthesis [22].
Lipids from Nostoc execute mainly the structural functions of membsaof functional
components, thus their quantitative preservatiorans essential condition for cellular
integrity. The low rate of lipids degradation canfs this fact. Results presented in Figure
7 show that in in the first 48 h of reaction witblenite ions, the lipid content changed
unsignificantly by 15%, while after 72 h no deceeasms observed. For silver nanoparticles

after 72 h, the content of lipids changed only Big8[22].
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Fig. 7. Change of lipids content Nostoc linckia biomass during selenium nanoparticles formation,
n=3
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Fig. 8. The antiradical capacity of extracts frblostoc linckia biomass after exposure to selenite ions
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To assess the activity of functional componentdo$toc biomass in the process of
nanoparticle synthesis, the antioxidant tests off 8Badical reduction were applied. To
determine antioxidant activity of biomass and itedification during the process of
nanoparticle formation, the ethanolic and wateraets were obtained from the Nostoc
biomass. The results of the ABTS test are preseiteBigure 8. By the end of the
experiment the antioxidant activity of the watetregt decreased by 50%. The ABTS test
indicated the reduction of water extract activity 38% after 48 h and 47% after 72 h of
exposure. The relative stability of the antioxidautivity in the period of 24-48 h of
nanosynthesis can be mentioned. The same phenome®determined for water extract
obtained from biomass exposed to silver ions [22].

For ethanolic extract, the picture of antioxidactivaty modification is different. In the
first 24 h the reduction of antioxidant activity svansignificant (~10%). In the next 48 h,
the antioxidant test indicated a decrease of cgpa€iethanolic extract to reduce ABTS
radical from 35 to 13% for biomass obtained duritige formation of selenium
nanoparticles. Towards the end of the experimeatahtioxidant stability of ethanolic
extract was determined.

Therefore, it can be assumed that the indirect anmd the contact time of the
interaction on the functional components of thenidss takes place. Water soluble
components are the most sensitive, with lysindistaduring the first 24 h of contact, and
maintaining till the end of the experiment. Destione of ethanolic extracts becomes visible
after 48 h of nanosynthesis without tendency ofian.

Conclusions

It was shown thatNostoc linckia can be used for extracellular and intracellular
amorphous selenium nanoparticle production. Biodbaintests revealed the toxic effect of
selenite ions on the cyanobacterial cells. Theiteits of cell components to selenite ions
action can be presented in the following order:coiylins < proteins < carbohydrates <
lipids. Time of incubation is the parameter whicdifiiiences the change of the functional
component content and antioxidant activity of bismdt should be mentioned that during
the first 24 h of biomass interaction with selerites, the composition of the biomass
changed insignificantly (except the phycobiline teor), while after 72 h of interaction
with selenite ionsN. linckia maintained its vital activity.

Antioxidant activity of biomass showed that wateluble components were more
sensitive to selenite ion impact than the etharmties. The results obtained showed that to
obtain biomass containing selenium nanoparticleth whinimal biomass lysing, the
incubation time for experiment should not exceedh24
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