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Taking into attention global trend of biotechnology role increasing on the
background of traditional chemical industries [1, 2], we just following in the
footsteps searching for new applications of microbial technology. Last decades this
direction of industry development leaving actual. So, authors have researched the
perspectivies of sulfur cycle bacteria using for materials surface treatment [3, 8, 9].

Systematic studies of microbial biofilms [4] have shown that the formation of
biofilms increases the intensity of chemical reactions on the surface. This may
accelerate the dissolution of substrate and mineralization processes.

Mineral components of the biofilm with exopolymer substance and attached
cells can remain on the surface of the solid phase of substrate after detachment, and
after drying the sample. In some cases, we observed the biofilm formed by sulphate-
reducing bacteria which were difficult to remove from the surface [9]. However,

adhesion to the surface of biofilm was not critical in the present study.



The main task of the study was to determine the ability of biofilms formed by
bacteria of the sulfur cycle to accumulate heavy transition metals in the form of
nanoparticles.

Nanoparticles produced by bacteria nowadays are commonplace example of
the biological technologies preparations of gold and silver, polymers and other
chemical compounds already present as a product on market [4].

Molybdenum and tungsten in the form of alloys and their compounds are
widely used in engineering. However being expensive materials they are applied
more often as coatings, additives, alloying elements etc. Accordingly to [4], Mo is
known as metal that can exist in the form of nanopowders and nanostructured metal
colloids.

In this experiment, the biofilm formed by soil bacteria: sulphate-reducing,
thionic and its heterotrophic satellites. Chemical activity of that bacteria and

particularly in biofilm forming communities is well known as a corrosion factor [6].
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Fig. 1. Piece of exopolymer matrix of Sulfate reducing bacteria

Biofilms were cultivated in liquid nutrient media on the surface of aircraft
aluminum-based alloys, titanium alloys and glass. Tungsten and molybdenum
compounds solutions applied on the biofilms surfaces, after extracting of the sample

at the end of the exposure. As it mentioned in [11] biofilm less sensitive to chemical
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Fig. 1. Aluminium sample surface after exposition with tionic bacteria

agents than planctonic cells. Established biofilm can survive the treatment with
antimicrobial substance.

After processing the samples were examined using the field emission scanning
electron microscope Tescan Mira3 equipped with INCA 80 microanalysis system.

All biofilms in our experiments were based on exopolymer matrix. That

polymer structures are cowering more solid substrate surface than cells attached do

(fig. 1 - 3).
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Fig. 2. Sulfate reducing bacteria on biopolymer
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Fig. 3. Sulfate reducing bacterial cell with Mo nanoparticles

On figure 4 bacterial cell with Mo nanoparticles is shown. Having a higher

atomic number, these objects are better seen on BSE micrograph (right image).
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Fig. 4. Sulfate reducing bacteria with exopolymer and W nanoparticles on it




Tungsten nanoparticles we observed on the exopolymer surface only. After
removing EPS cowered with W particles bacterial cell leaving enriched with metal

and it seen on BSE pictures (fig. 5, 6)
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Fig. 5. Sulfate reducing bacteria. Exopolymer cower and W nanoparticles on
it removed occasionally

A result succeeded in obtaining the nanoparticles containing tungsten and
molybdenum on the surface of bacterial cells (fig. 4), and in the exopolymer
substance.

Analytical considerations taking to attention spectral interference of S-K- and
Mo-L-series, however, analysis by these taken interfered lines we preferred because
of higher intensity and resolution at the energy 2 — 3 keV. As it seen on fig. 7 spectral
lines of S and Mo interfering with continuous background maximum. To exclude
mistakes we have identified molybdenum by K-x-ray series (at HV 30kV and
resolution 1 nm — requirements we did searching for instrument by).

The studies suggest the possibility of microbial biofilms applying in the
“green” technology. It may also be of interest the molybdenum and tungsten

biosorption by soil bacteria.
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Fig. 6. Molybdenum K-line presense in case of S-K and Mo-L series spectral
interference

We have observed and identified nanoparticles of sizes from 10 and less up to

100 nm. Particles were attached to cells and in other case cowered exopolymer

matrix. Most presentable results have shown sulfate-reducing bacteria, but other

bacteria of sulfur cycle — tionic and their heterotrophic satellites — Pseudomonas

forming common biofilms in nature they can play the role in biofilm chemical

activity changing and control.

Observed particles were identified as containing Mo or W and S but correct

analysis will be possible after separation of sufficient quantities of such particles.
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Y ecmammi posensaoaromscsi npuxkiaou excnepumenmis, npucesiueHux MikpooOHii

biomexnonoeii memanie. bynu ompumani i docnioxceni Hanopozmipri yacmunxu Mo i W.
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