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Introduction

In recent years, the synthesis of metallic nanoparticles is carried out by both, physical and chemical methods. At the same
time, the proper use of the biological systems potential, from higher plants to microorganisms, creates powerful capabilities
for obtaining specific nanomaterials, which are used in various industries and particularly in biotechnology [1,2]. At present,
silver nanoparticles (AgNPs) based materials are widely used in medicine, chemical catalysis, agro-industrial complex and
other industries [3,4]. Microbial synthesis of nanoparticles is an environmentally safe method and, therefore, has significant
advantages over other methods, as far asvarying of the synthesis conditions make it is possible to regulate the size of NP
[5,6]. Microbial synthesis of metal nanoparticles can occur both intracellularly and extracellularly [7,8]. Extracellular
synthesis of nanoparticles occurs quite often, and at the same time, it is practically feasible and effective. These qualities
contribute to the large-scale production of silver nanoparticles, which increases the possibility of NP derived nanomaterials
application. The large number of such studies provide the information about variety of microorganisms participating in these
processes [2,9]. Thereby, the ability of the Bacillus sp. to form silver nanoparticles has been shown [10]. Studies, with the use
of bacterial culture mediums supernatants, showed that Pseudomonas proteolytica and other bacteria of the genushave the
ability to efficiently form extracellular nanoparticles [11]. Application of the representatives of Pseudomonas genus in the
formation of nanoparticles of various metals has been shown in numerous studies [12-14]. Long and continuous interactions

of microorganisms with various metals provide a high probability of obtaining nanomaterials with increased bioactive
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properties. Therefore, in areas exposed to anthropological influence, the possibility of presence of microorganisms capable of
synthesizing nanoparticles, among bacterial isolates is quite high.

It should be mentioned that the screening of the understudied microorganisms on their ability to produce metallic
nanoparticles is a topical task in the modern microbiology. Reducing reactions of silver ions carried out by different
microorganisms are the effective methods of nanoparticle production [15].

Materials and Methods

In connection with the above mentioned, the process of biosynthesis of silver nanoparticles by various strains of the
Pseudomonas sp. was studied. All studied strains of microorganisms were obtaned from the laboratory collection of
industrially important microorganisms at the Institute of Microbiology, Academy of Sciences of Republic of Uzbekistan. All
bacteria were isolated from mixed populations of soil microorganisms exposed for a long-term to the factors of chemical
production and from soils contaminated with various xenobiotics. The choice of microorganisms (objects) was determined by
their resistance to various contaminants, including heavy metals, and also by their ability to absorb silver, because it is
believed that the ability to form metal nanoparticles is a protective function of microorganisms [16].

The subject of the research was silver nanoparticles obtaining, for this purpose solution of silver ions AgNO3 in distilled
water was prepared. The equivalent of AgNO3 is 169.89, therefore, 1 liter of 0.1N solution of silver nitrate should contain
16.989 g. of the reagent. To prepare the solution, 17 g of the reagent is dissolved in 1 liter of distilled water. The titer of the
prepared solution is conducted after 7-10 days by chemically pure sodium chloride. The final concentration of the test
solution was 100 mg/I of Ag+.

The experiments were carried out by adding a solution of the silver salt to the culture liquid. Mixtures of silver ions and cells
were incubated on a shaker at 150 rpm and 28°C for 3 days. The formation of silver nanoparticles was confirmed visually:
solutions discolored to the characteristic yellow and brown colors. Cultivation of microorganisms was carried out on the
nutrient broth meat-peptone medium (BMP).

UV spectroscopic studies were carried out using the SPECORD 210 spectrophotometer in the range 190-1000 nm. Accuracy
of UV photometry with potassium dichromate was in accordance with Ph. Eur. + 0.01. The morphology of films of
nanostructured systems was studied by AFM Agilent 5500 (USA) atomic force microscope, at room temperature. The silicon
cantilevers with a stiffness of 9.5 N/m with a frequency of 145 kHz were used in the work. The maximum scanning area on
the AFM in X, Y is 15 x 15 ym?, Z-1 pm.

Result and Discussion

Various representatives of the Pseudomonas sp. were analyzed (TABLE 1). It should be noted that representatives of this
genus, along with representatives of the Bacillus sp., under stress conditions retain the structures of the microbiocenosis and,
according to the literature, are active producers of silver nanoparticles [13,14,16].

TABLE 1. Screening of the p. Pseudomonas microorganisms on their ability of nanoparticles synthesis

No. | Microorganisms Color Intensity change of the color
1 day 2 days 3days | 5days | 7days 14
days
1 Pseudomonas stutzeri Brown + 3+ 3+- 3+ 3+ 3+
2 Pseudomonas putida Brown + 2+ 2+ 2+ + +
3 Pseudomonas sp. R Light yellow + + + + + +
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In the study cultures of Pseudomonas sp., isolated from sierozem soils, as well as from the highly oil-contaminated soils of
Mingbulok deposit (Namangan region) were used. As experiments have shown, among the studied strains, Pseudomonas
stutzeri showed the highest level of activity. This strain has a high synthesizing ability and, in addition, the nanoparticles
synthesized by this strain showed stability up to 2 weeks or more (FIG. 1). The reason for this, possibly, is the formation of
smaller nanoparticles, as well as the synthesis of substances that envelop nanoparticles, preventing their aggregation and thus

stabilizing them.

FIG 1. Formation of nanoparticles by various strains of the Pseudomonas sp.
(after 48 hours).
Intensity of nanoparticles synthesisin the experiment was dependent on initial concentration of bacteria and on the
concentration of the silver solution. Experiments showed, that application of AgNO3 in concentration of 100 mg/l had

maximal effect on synthesizing activity of bacteria (FIG. 2).

FIG. 2. Influence of AGNO3 concentration on the intensity of nanoparticle synthesis by Pseudomonas stutzeri (72
hours) (x-control, 1-100 mg/l, 2-200 mg/l, 3-300 mg/l, 4-400 mg/1)
The observed color change was additionally confirmed by spectral analysis by UV-Vis (FIG. 3).
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nm
FIG. 3. UV spectra of microorganisms + different concentration of silver ions (1 - control, 2 - microorganisms + silver

ions 25 mg/l, 3 - microorganisms + silver ions 50 mg/l).

Experimental data indicate that for the systems of microorganisms + silver ions, absorption is observed in the wavelength
range from 200 nm to 600 nm, which is associated with the formation of silver clusters and nanoparticles. It can be seen that
in the sample with 25 mg/l of AgNOs;, characteristic absorption bands of clusters are observed at 275 nm and nanoparticles at
400 nm. These bands correspond to formed silver NPs, which sizes for clusters are 2-3 nm, and for nanoparticles 5-20 nm
(FIG. 3).

The samples with concentration 50 mg/I of silver ionshad the same characteristic absorption bands at 275 nm for clusters and
410 nm for nanoparticles. However, the intensity increased and the absorption wavelength of the nanoparticles shifted to 410
nm, which indicates, that the size of formed NPs has increased [17].

It is known that silver nanoparticles have characteristic absorption bands in the UV region, because of its surface plasmon
excitation. For the Pseudomonas stutzeri culture, the absorption band is observed at 450 nm and that is an indicator of the
formation of silver nanoparticles (FIG. 3, line 3). Thus, a change in the initial color and of the absorption band in the UV
region confirms the reduction of silver ions to nanoparticles in the presence of microorganisms of the Pseudomonas stutzeri
species.

The obtained silver NP were stabilized by methylcellulose (MC) and shaped as films by dry forming technique (TABLE 2).
In order to prevent the agglomeration of NP, to the solution of the formed polymer there was added small amounts (1-12.7 +
16,0) of silver NP (in liquid form).

TABLE 2. Stabilization of silver NP (synthesized by bacteria Pseudomonas stutzeri) by methylcellulose solutions.

No. V of the solution, ml, V of the solution, ml Culture:MC, volume ratio
pH=8,68 MC-0,9%
pH=6,8
1 2,2 28 12,7
2 2,2 30 13,6
3 2,2 32 14,5
4 2,2 35 16,0
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FIG. 4. AFM pictures of silver nanoparticles, synthesized by Pseudomonas stutzeri in the presence of different
concentrations of Ag+ (a, b — control, without Ag+ ions;c, d -microorganisms+ Ag+ 25 mg/l;e, f -microorganisms+
Ag+50 mg/l).

The films were formed at atmospheric pressure and at 22°C. The morphology of the films has been studied by the methods of
electron microscopy. Atomic force microscopy (AFM) studies showed that in the absence of silver ions in a nutrient medium,
microorganisms form spherical particles, whose growth starts from the center in the radial direction, similar to the spherilitic
structure of polymers (FIG. 4).

It is shown that the initial concentration of Ag+ ions have a noticeable effect on the shape and size of the formed
nanoparticles. Addition of the silver ions (from 25 to 100 mg/l) to the bacterial culture medium, nanoparticles appear as
agglomerates, their sizes vary from 150 nm to 500 nm. Increasing the concentration of Ag+ ions leads to the formation of
dendritic structure of the system, because of the spherical form of synthesized NP. AFM studies of the sample (Solution 1,
Ag+, 200 mg/l) show the presence of the cubic silver NP in the system, with wide range of sizes - from 20 to 300 nm. With
an increase of silver ions content, the needle-shaped crystals are formed.

It should be noted that the obtained SEM data of the Pseudomonas stutzeri sample confirm the results of the AFM studies
(FIG. 5).
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FIG 5. SEM image, spectrum and element analysis of the Pseudomonas stutzeri films (initial concentration of AgNO3-
200 mg/l).
TABLE 3. Element weight percentage.

Element Weight % Weight sigma %
C 56.83 0.6

0] 18.66 0.45

Na 7.75 0.21

Cl 10.67 0.19

Zn 5.41 0.34

Ag 0.7 0.17

Total: 100

Element analysis and the spectrum of the films show that there are 0.7% silver NP in the sample. From the SEM picture it
can be seen that silver NP has the needle-like form (TABLE 3).

Conclusion

Thus, we have investigated the possibility of silver NP synthesis in the presence of microorganisms of the Pseudomonas sp.
genus with bioactive properties. It was found that under the chosen synthesis conditions, NPs are formed in the range of sizes
from 20 to 300 nm which then form agglomerates, and their sizes vary from 150 nm to 500 nm. It was established that

variation of the silver ions concentration in the initial system, effects to the size and shape of the produced nanoparticles.
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