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The purpose. To determine perspectives and expediency of use of nano-particles of metals in
biogeotechnology of manufacture of vaccines, to determine stimulating densities nano-particles of gold, silver,
copper, and iron for vaccine strains of bacteria. Methods. Microscopic, bacteriological, biological, chemical,
variation-statistical. Results. The expediency of application of colloidal solutions of nano-particles of metals
(gold, silver, copper, and iron), synthesized by method of chemical condensation, as perspective for
biogeotechnology of manufacture of vaccines is justified. Biosafety of the selected AuNP, AgNP, FeNP, and
CuNP is confirmed by negative tests on cyto- and genotoxicity, and also mutagenicity. Their individual densities
which make active metabolic processes in cells of vaccine strains of causal organisms and promote increase of
volumes of bacterial mass at manufacture of vaccines are specified. Conclusions. It is expedient to use
synthesized by method of chemical condensation colloidal solutions of AuNP, AgNP, FeNP, and CuNP in
biogeotechnology of manufacture of vaccines as growth stimulants of cells of vaccine strains of microorganisms.
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bacterial mass, vaccine.

Now an integral part of scientific and technical progress in the world is the determining role of nanomaterials,
which are synthesized by various methods and used in nanomedicine, nanopharmacology, nanotoxicology and
nanopharmaceutics[1, 2].

A qualitatively new level of counteraction to infectious disease can be achieved through use of newest
nanobiotechnologies and nanomaterials. Stability of the properties of metal nanoparticles depends on the
method of their production, which are conditionally divided into groups: chemical synthesis, mechanosynthesis
and ablative nanotechnologies [3—6].

Determination of modulation peculiarities of metal nanoparticles in biochemical processes in biosystems of
different levels of organization, including cells of pathogenic microorganisms, opens new prospects for their
application in the biotechnology of manufacturing specific preventive means [7, 8].

Scientists obtained data indicating the possibility of controlling and regulating the intensity of physiological
and biochemical reactions in bacterial cells [9].



It has been established that biogenic metal nanoparticles are cofactors of the vast majority of
biochemical processes in living systems, therefore their stimulating activity is a consequence of a complex
biophysical-biochemical effect [10, 11].

New trends in scientific progress in the application of metal nanoparticles in medicine, including veterinary
medicine, are relevant issues in the solution of human needs, but pose risks concerning safety for civil society.
In the countries of the European Union, the use of existing and new nanopreparations is strictly regulated at the
legislative level.

In Ukraine, currently there is no single standardized system of methods for determining safety of means
developed using nanotechnology, however, in the field of veterinary medicine, a number of methodological
recommendations aimed assessing the safety of nanoparticles of metals for veterinary purposes that are
components of immunobiological preparations have already been approved and adopted for practice [12—15].

The aim of the work was determination of the potential metal nanoparticles, experimental confirmation of
the advisability of their colloidal solutions application synthesized by the chemical condensation method in
biotechnology for the vaccines production; study the nature of the influence of AUNP and AgNP on the value of
H+-ATPase activity of membrane fractions of vaccine strains cells of microorganisms, determination of optimal
certain concentrations of AUNP, AgNP, CuNP, FeNP to stimulate metabolic processes in C. perfringens type A
cells to increase bacterial mass in a short period of culturing.

Material and methods. The work was performed in V. Ryzhenko laboratory of anaerobic infections.
Nanoparticles of metals were synthesized in F.D. Ovcharenko Institute of Biocolloidal Chemistry of the NAS of
Ukraine as the colloidal solutions with initial concentrations of the metal: AuNP — 38.6 pg/ml, dimension 30.0
nm; AgNP — 80 pg/ml, dimension 30.0 nm; CuNP — 32.0 mg/ml, dimension 20 nm; FeNP —5.0 mg/ml, dimension
40.0 nm.

Studies on assessment of the potential hazards of metal AuNP, AgNP, CuNP, FeNP nanoparticles have
been carried out using systemic biomarkers of cytotoxicity, genotoxicity, mutagenicity.

The cytotoxicity of the studied nanopreparations was evaluated by the cell viability test using the neutral red
and in the MTT tests; genotoxicity using the method of DNA comets under alkaline conditions; mutagenicity by
an anaphase method of counting chromosome aberrations in cells of the apical onion meristem (Allium cepa)
[12].

A study of the effect of different concentrations of AUNP and AgNP on the value of the H + -ATPase activity
of membrane fractions of E. coli strain “Rassvet-165" (non-hemolytic), E. coli strain “Zaporozhskaya-12”
(hemolytic), P. multocida strain “Polonsky”, L. monocitogenes strain “Agrofort”, S. choleraesuis strain
“Zaporozhsky-32”, C. perfringens strain type A “Zaporozhye 96/130”, C. perfringens strain type B “Polonsky-
131", C. perfringens type C strain “Slavutsky 97/132"; C. perfringens type D strain “Khmelnitsky”; C. septicum
strain “Cherkassky-97”, C. oedematiens strain “Zaporozhye-96”, F. necrophorum strain “Rassvet” was carried
out according to the level of accumulated inorganic phosphorus in the incubation medium by the Fiske-
Subbarow method in conventional units [12].

The following procedure was used to establish the experiment: from AuNP, AgNP, CuNP, FeNP matrix
colloidal solutions three working dilutions were prepared in bottles No. 1, No. 2, No. 3 with 40.0 cm® of liver
infusion broth (LIB) with the addition of 10.0% sterile glucose solution and 5.0% sterile serum of cattle blood ex
tempore in aseptic conditions.In bottles No. 1 10.0 cm® were added; in bottles Ne 2 5.0 cm?; in bottles No. 3 1.0
cm® of each of the research solutions of metal nanoparticles with initial concentrations. The test type A C.
perfringens strain was cultured in Kitt-Tarozzi medium for 24 hours. The bacterial cell suspension of the
pathogen was taken to sterile bottles under aseptic conditions, thoroughly mixed, labeled and used for
inoculation in bottles with various metal nanoparticles at their use rate. Each rate of the studied metal
nanoparticles was bottled into 4 vials of 10.0 cm® volume. As a control, 10.0 cm? of LIB with glucose and serum
without nanopreparations were added into bottles. In all the research and control bottles, suspension of C.
perfringens type A daily culture was added, sterile vaseline oil was added on the surface of the inoculeted
medium to provide cultivation conditions to anaerobic ones. After inactivation of the bacterial suspension, the
quantitative content of bacterial cells in 1.0 cm® was conducted according to the optical turbidity standard [16].
The following research methods have been used: microscopic, bacteriological, biological, chemical, variational
and statistical.



Results of the research. Since the effect of nanoscale metals on living organisms is understudied, this
gives ground to assess potential risks to human health, animals and state of the environment. Scientists of the
laboratory carried out experimental studies related to the selection of metal nanoparticles depending on the
method of their production. Previously, the nano aqua-chelates of argentum, iron, copper, zinc were
investigated obtained using erosional explosive technology (Fig. 1).
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Fig.1. The characteristics of silver nanoparticles by shape and size obtained by
the erosional explosive method (A) and the parameters of laser correlation spectroscopy

B)

After control checking the abovementioned nanopreparations with atomic absorption spectrophotometer, it
was found that their concentration by metal content did not correspond to the concentrations declared by the
manufacturer. In addition, according to the results of electron microscopy, these nanopreparations contained
metals nanoparticles of various size: small, medium and large.

During the experimental studies, a certain concentration of the preparation by the metal was taken into
account. The results of the studies revealed that all mentioned nanopreparations at certain concentrations had
activated the growth of pathogenic microorganisms’ strains at different time of their cultivation in a thermostat
[17]. However, it was not possible to determine stable concentrations of nanopreparations that caused the most
active culture growth, since after every culture inoculation in the presence of nanopreparations various indices
of their effective concentration were obtained, which cause activation of metabolic processes in bacterial cells.
Perhaps, these instable results related with a variety of initial concentrations of metal nanopreparations by metal
after obtaining using erosional explosive method that each time lead to formation of different proportions of
metal nanoparticles: small, medium and large.

The search for potential metal nanoparticles to use in biotechnology for the vaccines manufacturing was
continued, and later scientists of the laboratory of the F.D. Ovcharenko Institute of Biocolloidal Chemistry
experimentally substantiated the advisability of application of gold, silver, copper and iron metal nanoparticles
colloidal solutions synthesized by chemical condensation in aqueous solution according to the developed
original protocols. Chemical synthesis ensured the production of nanoparticles of the same size, concentration
by metal, which was confirmed by the results of transmission electron microscopy and effected on the stability of
the results (Fig. 2). Biorisk prevention remains a top priority concerning animal and human health as well as
environmental safety for the producers of specific prevention means.
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Fig. 2 Characteristics of metal nanoparticles by shape and size

Notes: I — (A) electron microscopic image of AulNP, (B) index of AulNP laser correlation
spectroscopy: II — electron microscopic image of FeNP: IITI — (A) electron microscopic image of
AgNP, (B) index of AgNP laser correlation spectroscopy.

Scientists of our laboratory together with the staff of the F.D. Ovcharenko Institute of Biocolloidal Chemistry
carried out researches and biosafety of synthesized colloidal solutions (AuNP, AgNP, CuNP and FeNP)
potential for biotechnology of vaccine production was confirmed by negative results concerning cytotoxicity,
genotoxicity and mutagenicity (Table 1).

Table 1. Biosafety characteristics of silver and gold nanoparticles

Criteria of safety Safety Assessment Method Nanoparticles AgNP Nanoparticles AUNP
crystal violet stainin Safe Safe

Cytotoxicity ysa v ining
MTT- test Safe Safe

Genotoxicity Comet analysis Safe Safe

Mutagenicity Allium-test Safe Safe

Previous researches of the scientists of our laboratory on studying feasibilities of using synthesized colloidal
solutions of gold, silver, copper and iron metal nanoparticles in biotechnology of veterinary immunobiological
means production to activate growth processes of production strains of pathogens confirmed potential of their
use.

In particular, according to the analysis of the results of studies on the character of the AUNP and AgNP effect
in different concentrations on the H + -ATPase activity of membrane fractions of aerobic and anaerobic bacteria
of such pathogens as E. coli strain “Rassvet-165" (non-hemolytic), E. coli strain “Zaporozhskaya-12”
(hemolytic), P. multocida strain “Polonsky”, L. monocitogenes strain “Agrofort”, S. choleraesuis strain
“Zaporozhye-32”, C. perfringens type A strain “Zaporozhye 96/130”, C. perfringens Type B strain “Polonsky-
1317, C. perfringens type C strain “Slavutsky 97/132”, C. perfringens type D strain “Khmelnitsky”, C. septicum
strain “Cherkassky-97”, C. oedematiens strain “Zaporozhye-96”, F. necrophorum strain “Svitanok” it was found
that for aerobic microorganisms better stimulating effect had gold nanoparticles, for anaerobic — silver ones. In
addition, it was established that the response pattern of the specific H + -ATPase activity of membrane fractions
of aerobic and anaerobic pathogens had a distinct species and strain specificity, and therefore requires
individual selection of the metal nanoparticles concentrations for each production strain of microorganisms used
in biotechnology of vaccines production.

Considering the results of experiments on the effect of AUNP and AgNP in different concentrations on the
membrane fractions’ H +-ATPase activity of microorganisms’ vaccine strains, we conducted studies to




determine the best individual stimulating concentrations of gold (AuNP), silver (AgNP), copper (CuNP), and
iron (FeNP) nanoparticles, which activated metabolic processes in C. perfringens type A cells and contributed to
the accumulation of the largest volumes of bacterial mass and established the optimal time for its cultivation.

According to the results of the studies on the AuNP effect on the metabolic processes of CI. Perfringens type
A bacterial cells, it was found that microorganism culturing with nanopreparation in 0.965 pg/ml concentration
for 36 hours provided a significant dynamic increase of bacterial mass in 2.06 times (p> 0.01) by the growth
factor compared to the initial data (Fig. 3).

Growth factor

concentration 0,965

concentration 4,830

concentration 9,65

Time of growth, hours

Fig. 3. Dynamics of growth indices of C. perfringens type A bacterial cells by

different terms of cultivation with various concentrations of AuNP
Note:* — p>0.05; ** — p>0.01; *** — p>0.001, compared to the initial data

Results of studies regarding the AgNP stimulation effect on the metabolic processes of C. perfringens type A
showed that bacteria growth with 20.0 ug/ml of AgNP during 24 hours contributed to an increase in bacterial
mass in 4.02 times by the growth factor (p> 0.001) compared to the initial data (Fig. 4).

7 - O concentation 20,0 pg/ml
. M concentration 10,0 pg/ml
Growth factor B concentration 2,0 pg/ml

Time of growth,

6 12 24 hours

Fig. 4. The effect of various concentrations of AgNP on the growth of Cl.
Perfringens type A bacterial mass.

Note:* — p=0.05; ** — p>0.01; *** — p>0.001, compared to the initial data

Studies of the CuNP stimulation effect on the metabolic processes of C. perfringens type A showed that
bacteria growth with 0.040 pg/ml of nanoparticles of this metal during 24 hours caused increasing of bacterial
mass in almost 4.0 times by the growth factor (p> 0.001) compared to the initial data (Fig. 5).
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Fig. 5. Indices of C. perfringens type A growth factor at different terms of
cultivation with CuNP of various concentrations.

Note:* — p>0.05; ** — p=>0.01; *** — p=>0.001, compared to the initial data

The optimal individual concentration of FeNP was 0.310 pg/ml as at this concentration bacterial mass of
C. perfringens type A significantly increased in 23.5 times after culturing (p>0.001) compared to the initial data

(Fig. 6).
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Fig. 6. The growth of the C. perfringens type A with different concentrations of
FeNP and time of cultivation

Note:* — p>0.05; ** — p>0.01; *** — p>0.001, compared to the initial data

The obtained results of the research contribute to the improvement of technological processes in the
biotechnology of vaccine production, and vaccines containing metal nanoparticles could probably effect
positively on metabolic processes in animals organism, since they contain active biotic microelements: gold,
silver, iron and copper nanoparticles.



Conclusions:

1. It was experimentally substantiated feasibility of usage of silver, gold, copper and iron nanoparticles
colloidal solutions synthesized by chemical condensation in an aqueous solution in the biotechnology of specific
preventive means production. Their biosafety was confirmed by negative tests for cytotoxicity, genotoxicity and
mutagenicity.

2. It was established that the response character of the specific H + -ATPase activity of aerobic and
anaerobic pathogens membrane fractions had a distinct species and strain specificity and requires an individual
selection of the metal nanoparticles concentrations for each production strain of microorganisms used in
biotechnology for the vaccines production.

3. It was established that to stimulate metabolic processes of C. perfringens type A and obtain significant
volumes of bacterial mass in a short period of cultivation, the optimal individual concentrations of
nanopreparations should be: AuNP — 0.965 pg/ml; AGNP — 10.0 ug/ml, CuNP — 0.040 pg/ml, and FeNP — 0.625
pug/mil.

Prospects for further research concerning study of the features of penetration, accumulation in the
parenchymal organs of animals and elimination period of metal nanoparticles are very important issues for
nanotechnology application.
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