Journal of

ISSN: 2155-6199

Frontasyeva et al., J Bioremed Biodeg 2013, S:18
DOI: 10.4172/2155-6199.518-001

Bioremediation & Biodegradation

Redistribution of Elements in Microbial Biomass in the Process of Silver
and Gold Nanoparticles Synthesis Studied by Neutron Activation Analysis

Marina Vladimirovna Frontasyeva', Inga Zinicovscaia'?, Sergey Sergeevich Pavlov', Andrei Yurevich Dmitriev', Tamaz Kalabegishvili**,

Ivane Murusidze* and Elena Kirkesali'?

Joint Institute for Nuclear Research, Dubna, Russia

2The Institute of Chemistry of the ASM, Chisinau, Moldova

3I. Javakhishvili State University, E. Andronikashvili Institute of Physics, Georgia
“llia State University, Georgia

~

Abstract

Reactor neutron activation analysis was applied to characterize the elemental content of a microbial biomass
in the process of synthesis of silver and gold nanoparticles from silver nitrate and chloroauric acid solutions. It was
established that this process is accompanied by redistribution of some essential elements such as Ca, Cl, Fe, K, Mg,
Mn, Na, P, U, Zn in microbial biomass both in case of different concentration loadings of silver and gold in aqueous
solutions of silver nitrate and chloroauric acid, respectively, and in case of different incubation times. The role of cell
surface adsorption in the formation of nanoparticles is discussed.
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Introduction

Neutron activation analysis (NAA) is a powerful analytical
technique widely used for determination of major, minor and trace
element content in a great variety of biological objects including
microorganisms [1-11]. In our earlier investigations the conventional
instrumental NAA (INAA) as well as activation with epithermal
neutrons was efficiently used for analytical purposes in the microbial
biotechnology of pharmaceutical substances and sorbents [11-14].
NAA was also used to trace the process of silver and gold nanoparticle
formation by microorganisms used as “nanofactories” for intracellular
and extracellular synthesis of nanoparticles. Microorganisms grab
target ions from the environment and then turn the metal ions into
the elemental metal through enzymes generated by the cell activities
[15,16]. Synthesis of silver and gold nanoparticles based on Spirulina
platensis and actinomycetes biomass was studied in our investigations
at different loadings of AgNO, and HAuCl, and different incubation
time [17]. NAA and other analitical and optical methods weren used
for characterisation of obtained nanomaterials [18-20]. Besides total
silver and gold concentrations, NAA allowed determination of matrix
and trace elements in the microbial biomass. In the present paper the
behaviour of some selected elements such as Ca, P, Mg, Na, K, U, in the
varying condition of nanoparticles formation is described.

Material and Methods

Materials

New bacterial strains of actinomycetes such as Streptomyces glaucus
71MD and Streptomyces sp. 211A (isolated from the rhizosphere of
soybeans grown in Georgia), actinomycetes belonging to arthrobacter
genera - Arthrobacter globiformis 151B and Arthrobacter oxydans 61B
(isolated from the basalt rocks collected from the Kazreti region of
Georgia) and blue-green algae Spirulina platensis (strain IPPAS B-256)
were used to study synthesis of silver and gold nanoparticles. The
actinomycetes and Spirulina platensis strains were grown as described
elsewhere [18-20]. The bacterial cells were harvested after 5-6 days
of cultivation and then were washed twice in distilled water. In the
first series of experiments the dose dependency of the silver and gold
nanoparticles formation was study. The wet microbial biomass was

resuspended in 250 ml Erlenmeyer flasks with 100 ml aqueous AgNO,
or HAuCl, solutions at different concentrations (102 -10* M) and
incubated at the room temperature for 5 days being shaken continuously.
In the second series of experiments the temporal dependency of silver
and gold nanoparticles formation was studied. The harvested mycelial
mass was resuspended in 250 ml Erlenmeyer flasks in 100 ml of 10°*M
aqueous AgNO, (silver nitrate) solution and in HAuCI, (chloroauric
acid) solution, respectively. The resulted mixtures were put again into
the shaker at the room temperature and pH 5-8 for different periods
of time (1-12 days). For NAA the bacterial cells in each case were
harvested by centrifugation at 12000g for 20 min. The wet biomass was
placed in an adsorption-condensation lyophilizer [21] and dried to a
constant weight and packed in polyethylene bags and aluminum cups
for short and long-term irradiations, respectively.

Methods

The elemental concentrations of bacterial samples were determined
using NAA at the IBR-2 reactor of the Frank Laboratory of Neutron
Physics (FLNP), JINR, Dubna, Russia. The description of the irradiation
channels and the pneumatic transport system REGATA of the IBR-2 are
given by Frontasyeva MV et al. [22]. The temperature in the irradiation
channels of the IBR-2 reactor does not exceed 60-70 °C, which allows
irradiation of biological samples.

The IBR-2 pulsed fast reactor with a Cd-coated channel provides
the activation with thermal, epithermal and fast neutrons. Thermal
NAA takes advantage of the high intensity of neutrons available from
the thermalization of fission neutrons and the large thermal neutron
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cross sections for most isotopes. Epithermal neutron activation analysis
(ENAA) is a useful extension of INAA in that it enhances the activation
of a number of trace elements relative to the major matrix elements.
ENAA has certain advantages over conventional instrumental activation
analysis for many trace elements in terms of improvement in precision
and lowering of detection limits, reduction of high matrix activity.

The concentrations of elements based on short-lived radionuclides
were determined by irradiation for 60 s under a thermal neutron fluency
rate of approximately 1.6x10" n cm? s'. After decay for 3 and 15 min
the samples were measured for 3 and 15 min, respectively. To determine
long-lived isotopes a cadmium-screened irradiation channel under a
resonance neutron fluency rate of approximately 3.31x10"? n cm? s
was used. The samples were irradiated for 5 days, repacked and then
measured twice after decay for 4 and 20 days. The counting time varied
from 30 min to 1.5 hours.

The spectra of induced y-activity were processed using Genie 2000
and concentrations were calculated using software developed at the
FLNP JINR [23].

Figure 1: Comparison of the concentrations obtained experimentally by the
NAA and passport data for used reference materials.

Element Nuclide | Energy, keV Decay time Concentration Lob,

ug/g ug/g
Ag Ag'™ | 657,677,706  249.8 D 15400770 60
Ca Ca® 3084 87M 50304400 320
cl (ol 2167 372M 35204245 79
Fe Fe® | 1099,1291.6 = 44.8D 2100105 14
K K2 1524 12.4 H 27504248 290
Mg Mg? 843, 1014 9.5M 22904240 106
Mn Mnss 846, 1810 26H 7.2+0.6 15
Na Naz 1368 15H 417+19 5
u (V= 74.7 23.5M 0.04+0.003 0.01
Zn Znss 11155 244.0 D 35+2.8 0.6

Table 1: Nuclear data and concentrations of determined elements in Streptomy-
ces glaucus 71MD sample.

The quality was assured by the use of the certified reference
materials: Trace Elements in Marine Sediment (IAEA 433), Oysters
Tissue (1566b), Coal Fly Ash (1633b), liquid standards of Au and
Ag. The correlation between the certified (recommended) values of
concentrations and the experimentally obtained ones is presented in
Figure 1.

All standard and the test samples were irradiated together with flux
monitor which was prepared by evaporating certified Au solution as
1000 pg/mL in 2% (v/v) HNO, (Inorganic ventures manufacturer). A
solution of 10 ml was pipetted by the digital Socorex Acura electro with
an accuracy of + 2.5%.

The calculation of the activities of the isotopes in the standards,
samples and flux monitors was performed by means of program Genie
2000 (CANBERRA) using program of the interactive analysis of peaks
S506 of the same company. After calculating the activities, the program
for calculating the concentrations was used [23].

Results and Discussion

Silver and gold nanoparticles produced by Spirulina platensis as
well as Actinomycetes can find wide applications in medicine. This
requires the precise analysis of the elemental content of their biomass.
NAA was chosen as the most appropriate multi-element technique. In
Table 1 the chemical composition of Streptomyces glaucus 71MD grown
in glucose-medium after interaction with silver nitrate is presented. A
total of 10 major, minor and trace element were identified.

The concentrations of heavy metals in biomass are in the order
of pg/g and do not exceed tolerance limits for living organisms. This
observation is also supported in WH.O (1996) report and by Mertz
[24,25].

The process of gold and silver uptake by microorganisms was studied
in dependence of AgNO, and HAuCl, concentrations in the nutrient
medium. The examples of data obtained by NAA for actinomycete
Streptomyces sp. 211A and microalgae Spirulina platensis at different
concentration loadings of AgNO, and HAuCl, are presented in Figure
2a. As follows from the obtained data in all studied cases with increase
of silver nitrate and chloroauric acid concentrations in solution, silver
and gold total content in biomass increases.

In Figure 2b the total concentrations of silver in Streptomyces
glaucus 71 MD and gold Streptormyces sp. 211A biomass for different
incubation time are presented. Obtained data show that uptake of
silver and gold includes two phases: a rapid one and a slower one.
In the first ‘rapid’ stage (1 day), the metal ions are adsorbed onto the
surface of microorganism. The nanoparticles production takes place
extracellularly, as was shown in our previous study [19,20].

Bacteria of genus Streptomyces are gram-positive bacteria. The cell
wall of gram-positive bacteria contains a second bilayer of waxy lipids
in the form of mycolic acids in addition to the thicker peptidoglycan
layer, polysaccharides, acids, and proteins. Functional groups within
these biomolecules provide the amino, carboxylic, sulfydryl, phosphate,
amino and thiol groups that can bind metal ions. The role of surface
adsorption in nanoparticles formation was also demonstrated by our
results obtained for studied samples using equilibrium dialysis and
explained with Freundlich model [18].

In the second ‘slow’ stage (more then 1 day), the metal ions are
transported across the cell membrane into the cytoplasm, followed
by enzymatic reduction of metals ions to the metallic form. The
nanoparticles production takes place intracellularly [19,20]. The total
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Figure 2: Concentration of total Au and Ag in microbial biomass versus the
concentration of salts in nutrient medium (a) and the time of reaction (b).

concentrations of metals increase slowly. Similar results were obtained
for all studied bacteria using NAA as well as AAS [19,20]. In bacteria
treated with silver and gold salts some similarity in the behaviour of the
essential and trace elements is observed (Figures 3 and 4).

Silver cations exhibit broad antimicrobial action even at low
concentrations. The biological role of gold is not well-defined. The ions
of metals can bind to biological molecules containing thiol, amino,
carboxylate, imidazole, or phosphate groups, inhibiting activities
that are vital to the bacteria’s regulatory processes and cause bacterial
inactivation [26].

Data obtained for phosphorus in the studied bacterial samples
support this fact (Figure 3). All living organisms need phosphorus to
function, along with other elements such as hydrogen, oxygen, carbon,
nitrogen and sulphur. The phosphate ion, PO,>, plays several essential
roles in cells: it maintains the structure of DNA and RNA, combines
with lipids to make cell membranes and transports energy within the
cell through the molecule adenosine triphosphate (ATP).

Cell membranes, which are vital to the maintenance of intra and
extracellularion concentrations, appear tobe importantion permeability

barriers in microorganisms. The two ions which are most conspicuously
regulated are sodium and potassium. The cell membrane is 100 times
more permeable to potassium than sodium. The concentration of
sodium is highest in extracellular fluid while potassium is highest in
intracellular fluid [27]. Decrease of sodium concentration (Figure 4)
can be explained by its replacement with silver ions [26,27] supporting
the fact that one of mechanism of metal-microorganisms interaction
is ion exchange mechanisms. In case of potassium its decrease can be
explained in two ways by (i) disturbance of permeability of cytoplasmic
membrane and (ii) replacement by silver.

Silver ions also displace other essential metal ions, such as Ca®*
and Mg** (Figures 4) [26]. Magnesium is typically the most abundant
divalent cation inside prokaryotic cells [28]. Many enzymes require
magnesium for their normal catalytic activity; it is required for
maintaining pH balance, and for iron transport and metabolism. Ca**
is much less abundant in bacteria than Mg, being presented in only
low micromolar concentrations. Calcium plays an important role in
stabilizing the structure of cell walls. It has been considered a cation,
largely involved in coordinating to some extracellular enzymes and
in specialized functions like sporulation [28]. Release of calcium and
magnesium from bacterial cells in case of gold ions confirm penetration

Figure 3: Change of phosphorus, magnesium and calcium concentration in
Streptomyces sp. 211A as a function of AGNO, concentration in the solution.

Figure 4: Change of elements concentration in studied microorganisms as a
function of contact time with HAuCl, and AgNO, salts.
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of AuCl, inside the bacterial cell and destruction of DNA and RNA
structures. The decrease of the metal content in the microbial biomass
indicates that the silver nitrate and chloroauric acid solutions disturb
the permeability of the microbial cell membranes.

Conclusions

Neutron activation analysis has been proved to be a powerful
method to study microbial synthesis gold and silver nanoparticles. The
investigation of the production dynamics of Au and Ag nanoparticles
shows that it is a two-stage process - a rapid adsorption of metals on
the surface of microorganisms is followed by their slow enzymatic
reduction in the bacterial cells. The behavior of essential elements in
the process of nanoparticle formation indicates the toxic impact of
silver nitrate and chloroauric acid on the studied microorganisms. The
symbiotic behaviour of such essential elements as Ca, K, Mg, Na, P, has
been established. In these experiments, the concentrations of heavy
metals in microbial biomass have not exceeded permissible levels,
therefore the biomass with produced gold and silver nanoparticles can
be used for medical purposes.

Acknowledgement

The authors acknowledge the Georgian scientists for experimental materials.
The work was supported by the Ukrainian Science and Technology Centre (STCU)
Grants Ne 4744 and JINR Grant Ne 13-402-03.

References

1. Bode P (1996) Instrumental and organization of a neutron activation analysis
laboratory. Delft University of Technology.

2. Frontasyeva MV (2011) Neutron activation analysis in Life Sciences. Particles
& Nuclei 42:636-701.

3. Luli GW, Talnagi JW, Strohl WR, Pfister RM (1983) Hexavalent chromium-
resistant bacteria isolated from river sediments. Appl Environ Microbiol 46:
846-854.

4. Lissitskaya T (2001) The potential effect of microbial activity on the uptake of
elements studied by exploratory multivariate analysis of data obtained by INAA.
J Radioanal Nucl Chem 249:375-380.

5. Mukhamedshina NM, Mirsagatova AA, Bekmukhamedova NM, Khamidova
KhM (2005) The use of instrumental neutron activation analysis (INAA) in
biotechnology. J Radioanal Nucl Chem 263:641- 643.

6. Rades-Rohkohl E, Hirsch P, Franzle O (1979) Neutron activation analysis
for the demonstration of amphibolite rock-weathering activity of a yeast. Appl
Environ Microbiol 38: 1061-1068.

7. Bergerioux C, Zikovsky L (1978) Instrumental neutron activation analysis of
brewer’s yeast. J Radioanal Chem 47:173-179.

8. Liu YG, Trione EJ, Laul JC, Schmitt RAJ (1982) Instrumental neutron activation
analysis of wheat bunt spores. Radioanal Chem 69:427-439.

9. Campanella L, Crescentini G, Avino P, Moauro A (1998) Determination of
Macrominerals and Trace Elements in the alga Spirulina Platensis. Analysis
26:210-214.

10. Campanella L, Crescentini G, Avino P (1999) Chemical composition and
nutritional evaluation of some natural and commercial food products based on
Spirulina. Analysis 27:533-540.

11. Frontasyeva M, Kirkesali E (2012) Epithermal neutron activation analysis in
applied microbiology. J Radioanal Nucl Chem 291:421-426.

12. Moshulishvili LM, Kirkesali Yel, Beiokobylsky Al, Khizanishvili Al, Frontasyeva
MV, et al. (2002) Experimental substantiation of the possibility of developing
selenium- and iodine- containing pharmaceuticals based on blue-green algae
Spirulina platensis. J Pharm Biomed Anal 30:87-97.

13. Mosulishvili LM, Belokobylsky Al, Kirkesali El, Frontasyeva MV, Pavlov SS, et
al. (2007) Neutron activation analysis for stadyng Cr uptake in the blue-green
microalga Spirulina platensis. J Neutron Res 15:49-54.

14. Tsibakhashvili N, Mosulishvili L, Kirkesali E, Murusidze |, Frontasyeva MV, et al.
(2010) NAA for studying detoxification of Cr and Hg by Arthrobacter globiformis
151B. J Radioanal Nucl Chem 286: 533-537.

15.Li X, Xu H, Chen ZS, Chen G (2011) Biosynthesis of Nanoparticles by
Microorganisms and TheirApplications. JNanomater DOI:10.1155/2011/270974.

16. Bhattacharya D, Gupta RK (2005) Nanotechnology and potential of
microorganisms. Crit Rev Biotechnol 25: 199-204.

17. Frontasyeva MV, Pavlov SS, Mosulishvili LM, Kirkesali El, Ginturi EN, et al.
(2009) Accumulation of Trace Elements by Biological Matrix of Spirulina
platensis. Ecol Chem Eng 16: 277-285.

18. Tsibakhashvili NY, Kirkesali El, Pataraya DT, Gurielidze MA, Kalabegishvili
TL, et al. (2011) Microbial Synthesis of Silver Nanoparticles by Streptomyces
glaucus and Spirulina platensis. J Adv Sci Lett 4:3408-3417.

19. Kalabegishvili TL, Kirkesali El, Rcheulishvili A, Ginturi EN, Murusidze 1G, et
al.(2012) Synthesis of Gold Nanoparticles by Some Strains of Arthrobacter
genera. J Mater Sci Eng A. 2: 164-173.

20. Kalabegishvili T, Kirkesali E, Rcheulishvili A, Ginturi E, Murusidze |, et al. (2013)
Synthesis of gold nanoparticles by blue-green algae Spirulina platensis. Adv
Sci Eng Med 5:30-36.

2

=

. Mosulishvili LM, Nadareishvili VS, Kharabadze NE, Belokobylsky Al (1980)
Patent URSS Ne 779765 Bul. 42

22. Frontasyeva MV, Pavlov SS (2000) Analytical investigations at the IBR-2
reactor in Dubna. JINR Preprint E14-2000-177, Dubna.

2

w

. Dmitriev AYu, Pavlov SS. (2013) Automatization of quantitative determination of
element concentrations in samples by neutron activation analysis at the reactor
IBR-2 FLNP JINR Particles and Nuclei, Letters 10:58-64.

24. Mertz W (1981) The essential trace elements. Science 213: 1332-1338.
25.W.H.O. (1996) Elements in human nutrition and health. W. H. O. Geneva.

26. Chaw KC, Manimaran M, Tay FE (2005) Role of silver ions in destabilization
of intermolecular adhesion forces measured by atomic force microscopy in
Staphylococcus epidermidis biofilms. Antimicrob Agents Chemother 49: 4853-
4859.

27. Hughes MN, Peele RK (1989) Metals and Microorganisms. Chapman and Hall
Press.

2

oo

. Wackett LP, Dodge AG, Ellis LB (2004) Microbial genomics and the periodic
table. Appl Environ Microbiol 70: 647-655.

J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Special Issue 18 « 2013


http://
http://
http://link.springer.com/article/10.1134%2FS1063779611020043
http://link.springer.com/article/10.1134%2FS1063779611020043
http://www.ncbi.nlm.nih.gov/pubmed/6639032
http://www.ncbi.nlm.nih.gov/pubmed/6639032
http://www.ncbi.nlm.nih.gov/pubmed/6639032
http://link.springer.com/article/10.1023%2FA%3A1013218603402
http://link.springer.com/article/10.1023%2FA%3A1013218603402
http://link.springer.com/article/10.1023%2FA%3A1013218603402
http://www.akademiai.com/content/g057544v553988h0/
http://www.akademiai.com/content/g057544v553988h0/
http://www.akademiai.com/content/g057544v553988h0/
http://www.ncbi.nlm.nih.gov/pubmed/16345472
http://www.ncbi.nlm.nih.gov/pubmed/16345472
http://www.ncbi.nlm.nih.gov/pubmed/16345472
http://link.springer.com/article/10.1007%2FBF02517166
http://link.springer.com/article/10.1007%2FBF02517166
http://link.springer.com/article/10.1007%2FBF02515939
http://link.springer.com/article/10.1007%2FBF02515939
http://link.springer.com/article/10.1007%2FBF02515939
http://link.springer.com/article/10.1007%2FBF02515939
http://link.springer.com/article/10.1007%2FBF02515939
http://analusis.edpsciences.org/articles/analusis/abs/1999/06/campanella/campanella.html
http://analusis.edpsciences.org/articles/analusis/abs/1999/06/campanella/campanella.html
http://analusis.edpsciences.org/articles/analusis/abs/1999/06/campanella/campanella.html
http://link.springer.com/article/10.1007%2Fs10967-011-1293-6
http://link.springer.com/article/10.1007%2Fs10967-011-1293-6
http://www.ncbi.nlm.nih.gov/pubmed/12151068
http://www.ncbi.nlm.nih.gov/pubmed/12151068
http://www.ncbi.nlm.nih.gov/pubmed/12151068
http://www.ncbi.nlm.nih.gov/pubmed/12151068
http://link.springer.com/article/10.1007%2Fs10967-010-0815-y
http://link.springer.com/article/10.1007%2Fs10967-010-0815-y
http://link.springer.com/article/10.1007%2Fs10967-010-0815-y
http://www.hindawi.com/journals/jnm/2011/270974/
http://www.hindawi.com/journals/jnm/2011/270974/
http://www.ncbi.nlm.nih.gov/pubmed/16419617
http://www.ncbi.nlm.nih.gov/pubmed/16419617
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC8QFjAA&url=http%3A%2F%2Ftchie.uni.opole.pl%2FfreeECE%2FS_16_3%2FFrontasyeva_16%283%29.pdf&ei=zlFyUsfvJ8iJrQf3iIH4CA&usg=AFQjCNEnP_b0aYL3KdspiIP7B3uATgDSgQ&bvm=bv.55819444,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC8QFjAA&url=http%3A%2F%2Ftchie.uni.opole.pl%2FfreeECE%2FS_16_3%2FFrontasyeva_16%283%29.pdf&ei=zlFyUsfvJ8iJrQf3iIH4CA&usg=AFQjCNEnP_b0aYL3KdspiIP7B3uATgDSgQ&bvm=bv.55819444,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC8QFjAA&url=http%3A%2F%2Ftchie.uni.opole.pl%2FfreeECE%2FS_16_3%2FFrontasyeva_16%283%29.pdf&ei=zlFyUsfvJ8iJrQf3iIH4CA&usg=AFQjCNEnP_b0aYL3KdspiIP7B3uATgDSgQ&bvm=bv.55819444,d.bmk
http://www.researchgate.net/publication/233494763_Microbial_Synthesis_of_Silver_Nanoparticles_by_Streptomyces_glaucus_and_Spirulina_platensis
http://www.researchgate.net/publication/233494763_Microbial_Synthesis_of_Silver_Nanoparticles_by_Streptomyces_glaucus_and_Spirulina_platensis
http://www.researchgate.net/publication/233494763_Microbial_Synthesis_of_Silver_Nanoparticles_by_Streptomyces_glaucus_and_Spirulina_platensis
http://davidpublishing.org/show.html?4031
http://davidpublishing.org/show.html?4031
http://davidpublishing.org/show.html?4031
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0CD4QFjAD&url=http%3A%2F%2Fnap.sumdu.edu.ua%2Findex.php%2Fnap%2Fnap2012%2Fpaper%2FviewFile%2F457%2F26&ei=IVJyUriYAcSLrQfAzoDICQ&usg=AFQjCNE7bEECW2-E3Eczh7fVF9BbgdWZNg&bvm=bv.55819444,d.bm
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0CD4QFjAD&url=http%3A%2F%2Fnap.sumdu.edu.ua%2Findex.php%2Fnap%2Fnap2012%2Fpaper%2FviewFile%2F457%2F26&ei=IVJyUriYAcSLrQfAzoDICQ&usg=AFQjCNE7bEECW2-E3Eczh7fVF9BbgdWZNg&bvm=bv.55819444,d.bm
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0CD4QFjAD&url=http%3A%2F%2Fnap.sumdu.edu.ua%2Findex.php%2Fnap%2Fnap2012%2Fpaper%2FviewFile%2F457%2F26&ei=IVJyUriYAcSLrQfAzoDICQ&usg=AFQjCNE7bEECW2-E3Eczh7fVF9BbgdWZNg&bvm=bv.55819444,d.bm
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fatom.kaeri.re.kr%2Fndel%2FNDPE00%2Fpavlov.pdf&ei=aFJyUvqiHISTrgfCh4AI&usg=AFQjCNFqQhLez6omDGV7w1c1sVx7CNeKrA&bvm=bv.55819444,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fatom.kaeri.re.kr%2Fndel%2FNDPE00%2Fpavlov.pdf&ei=aFJyUvqiHISTrgfCh4AI&usg=AFQjCNFqQhLez6omDGV7w1c1sVx7CNeKrA&bvm=bv.55819444,d.bmk
http://link.springer.com/article/10.1134%2FS1547477113010056#page-1
http://link.springer.com/article/10.1134%2FS1547477113010056#page-1
http://link.springer.com/article/10.1134%2FS1547477113010056#page-1
http://www.ncbi.nlm.nih.gov/pubmed/7022654
http://www.who.int/nutrition/publications/micronutrients/9241561734/en/
http://www.ncbi.nlm.nih.gov/pubmed/16304145
http://www.ncbi.nlm.nih.gov/pubmed/16304145
http://www.ncbi.nlm.nih.gov/pubmed/16304145
http://www.ncbi.nlm.nih.gov/pubmed/16304145
http://www.amazon.com/Metals-Microorganisms-M-N-Hughes/dp/0412244004
http://www.amazon.com/Metals-Microorganisms-M-N-Hughes/dp/0412244004
http://www.ncbi.nlm.nih.gov/pubmed/14766537
http://www.ncbi.nlm.nih.gov/pubmed/14766537

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Material and Methods
	Materials
	Methods

	Results and Discussion
	Conclusions
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	References



