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NANOBIOTECHNOLOGY: 
THE ROUTE TO NEW MICROWORLD 

CREATED BY SYNTHESIS OF CHEMISTRY
AND BIOLOGY

A. P. Demchenko
V. I. Nazarenko

Palladian Institute of Biochemistry, 
of National Academy of Sciences of Ukraine, Kyiv

E-mail: alexdem@ukr.net

The particles of 1–100 nm in size and the
composites of molecules and these particles of
inorganic, organic and biological nature possess
unique properties that cannot be attributed to
other materials. Their application induces revo-
lutionary changes in existing technologies and
creation of new technologies. In this review we
analyze the properties of such nanocomposites in
relation to their structure and also their versa-
tile applications in biotechnology. We discuss
different possibilities for research and develop-
ment in industrial enzymology that appear due
to  inclusion  of  enzymes  into  nanostructures.
Revolutionary new technologies came to the
healthcare and brought generation of nanophar-
macology and nanomedicine.  Here, for the first
time the possibilities appeared for controlled tar-
geted delivery of drugs and their controlled
release in target cells. We also discuss the prob-
lem of patent protection of new ideas in this
area.

Expanded definition of nanotechnology is
proposed.

Key words: nanobiotechnology, nanoparticles,
self-assembly, nanocomposites, nanomaterials
for medicine, nanoenzymology. 
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The  creation  of  new  pharmaceuticals  for
treating diseases associated with impaired func-
tioning of protein complexes is an important
medical and social problem that requires a com-
prehensive approach to its solution, including
consideration of recent advances in computer
modeling of biological processes.

The review summarizes literature data about
structure, functioning, classification, molecular
disturbances of SH2-domains (Src Homology)
and  also  provides  description  of  the  method  of
molecular docking as one of the most promising
methods for pharmacological studies. It is shown
that SH2-domains are of the most interest in
terms of practical applications for new
patentable inhibitor protein — protein interac-
tions using molecular docking, because they are
actively involved in intracellular signal trans-
mission acting as mediators of specific interac-
tions.

Key words: protein complexes, SH2-domains,
molecular docking.
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Petroleum Pollution Characteristics

A problem of environmental pollution by oil
and petroleum products is very serious today.
Many areas with excess of maximum allowable
petroleum products concentrations in soils and
water are found in Ukraine. Most often this
fact applies to regions near the airfields, fuel
depots, oil storage depots, refineries, oil wells,
parking lots, gas stations, etc. Pollution has
become so critical in some regions that oil prod-
ucts in soils and groundwater are not only
toxic, but fire hazardous [1].

World oil production increased by 1.8 mil-
lion barrels/day and was 3913.7 million tons
in 2010 [2]. Environmental pollution by oil
and refined products is negative consequence
of such intensification of oil production. Oil
and petroleum products are released into the
environment due to violations of technology,
various  emergency  situations.  The  compo-
nents of gas streams are deposited on the sur-
face of plants, soil and water bodies. Part of
hydrocarbons  is  returned  to  the  earth’s  sur-
face with precipitation leading to secondary
contamination of land and water. Microbial
and chemical hydrocarbons degradation cau-
ses  their  evaporation,  which  may  serve  as  a
source of soil and air pollution.

Hydrocarbons form a gas areola in the aera-
tion zone during evaporation from the oil-con-
taminated ground water surface. Having a
property of explosive mixture formation at cer-
tain  vapor  and  air  ratio  they  can  explode  if
high-temperature source is introduced into this
mixture. Oil and petroleum products vapor
have a toxic effect on human organisms. Sulfur
crude  oil  and  petroleum  products  fumes  are
particularly toxic, as well as leaded gasoline [3].

Interactions of oil and petroleum products
with soils, microorganisms, plants, surface
water and groundwater have their own charac-
teristics depending on the type of oil products.

The principal effects of oil pollution are
the danger of fire, the toxic effect of the oil,
and the physical coating of the environment.
Their relative importance depends on the type
and amount of oil, and where it is spilled. The
danger of fire is greatest with light oils, and
with crude oil. The extent and amount of toxic
damage depend on the season of the year, and
the stage of life that the various organisms
have reached at the time of the pollution.
Whereas adult fish may be able to swim away,
and avoid the toxic area, larvae, and less
mobile creatures, may have no such escape.
They may be killed, or may have experience
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In review the present situation of petroleum pollution, its consequences and basic oil composition are
described.  The  up-to-date  survey  of  hydrocarbon  degradation  microbiology  and  major  strains  are  pre-
sented with respect to following practical introduction of obtained data. A general characteristic of oil
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changes in their feeding or reproductive cycles
that may materially affect fish stocks size and
species composition. Physical coating of the
sea surface is not as much problem as physical
coating of the shore [4].

Oil element and qualitative composition

Oil includes a large range of complex and
diverse products. «Crude» or unrefined oil is a
natural substance, produced over millions of
years by the decomposition of vegetable mat-
ter. Crude oils is a «dirty» oil, since it contains
tars and waxes, and it evaporates rapidly,
since it also contains petrol, kerosene, and
other «light fractions», and this makes it
highly dangerous. Refined oils range from
petrol and kerosene, to diesel fuel and heavy
oils such as lubricating and boiler oil. The
light oils are highly volatile, and so present a
high fire danger. They are also highly toxic.
The heavy oils are much less dangerous, but
they may be very dirty and persistent [5].

Oil or petroleum is natural disperse system
of liquid organic compounds, the main parts of
which are hydrocarbons of various molecular
weights. It is a mixture of about 1000 indivi-
dual substances [6]. Oil in common usage
includes all liquid, gaseous, and solid (e.g.,
paraffin) hydrocarbons. Lighter hydrocarbons
as methane, ethane, propane and butane occur
as gases, while pentane and heavier ones are in
the form of liquids or solids [7].

The proportion of light hydrocarbons in
the petroleum mixture varies greatly among
different oil fields, ranging from as much as
97% by weight in the lighter oils to as little as
50% in the heavier oils and bitumens. The
hydrocarbons in crude oil are mostly alkanes,
cycloalkanes and various aromatic hydrocar-
bons while the other organic compounds con-
tain nitrogen, oxygen and sulfur, and trace
amounts of metals such as iron, nickel, copper
and vanadium. The exact molecular composi-
tion varies widely from formation to forma-
tion but the proportion of the most chemical
elements varies over fairly narrow limits as
follows shown in table 1 [6].

Sulfur components are mostly mercaptans,
cyclic and acyclic sulfides nd thiophenes.
Nitrogen compounds are included in composi-
tion of heterocycles and aromatic amines such
as pyridine, aniline, pyrrole and their ana-
logues. The major part of oxygen components
are acids, phenols, alcohols, ketones, ethers.
Vanadium and nickel compounds are the most
common among organometallic compounds of
petroleum [6].

Four different types of hydrocarbon mole-
cules appear in crude oil. The relative percent-
age of each varies from oil to oil, determining
the properties of each petroleum type. Average
content  and  range  of  hydrocarbon  molecules
different types are given in table 2 [7].

Alkanes are a significant portion of oil,
most of them are naphthenes. Commonly, they
are cyclopentane and cyclohexane with 1–3
radicals, decalin, bicyclohexane, norbornane
and their alkyl derivatives. Aromatics of
petroleum are represented with benzene, its
derivatives and polycyclic aromatic com-
pounds. Heteroatomic compounds include
resin-asphaltene substances [7].

Thus, oil pollution common feature is high
variation in the contaminant composition in
each case and its complex content unlike most
other anthropogenic pollutants.

Petroleum Degrading Microorganisms

A lot of the experimental evideuce for
petroleum microbiology is a result of the pio-
neering work of Claude ZoBell. Beginning in
the 1930s and extending through the late
1970s, ZoBell’s research established that bac-
teria are important in a number of petroleum
related processes [8].

Nowadays it is known, that hydrocarbons
in the environment can be decomposed mainly
by bacteria, algae, yeast and fungi [9, 10].
Despite the fact that these organisms in ter-
restrial and aquatic ecosystems are ubiqui-
tous, number of heterotrophic microorga-
nisms that can utilize hydrocarbons is very

Table 1. Element composition of petroleum
by weight

Element Percent range
Carbon  33–87%

Hydrogen 10–14%

Nitrogen 0.1–2%
Oxygen 0.05–1.5%
Sulfur 0.05–6%

Metals < 0.1%  

Table 2. Qualitative composition of petroleum 
by weight

Hydrocarbon Average Range  

Paraffins 30% 15–60%

Naphthenes 49% 30–60%

Aromatics 15% 30–60%

Asphaltics 6% remainder  
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variable: from 6% to 82% of soil fungi, from
0.13  to  50%  of  soil  bacteria,  from  0.003  to
100% of marine bacteria [11]. Some microor-
ganisms can metabolize only a limited number
of hydrocarbon substrates. A set of different
microorganisms with all possible enzymatic
pathways can more efficiently break down a
complex mixture of hydrocarbons in soil,
fresh and sea water than single microorganism
can. Thus complete mineralization of sub-
strate can be achieved [12].

Bacteria that utilize gaseous hydrocar-
bons, particularly propane, are representatives
of the genera Corynebacterium, Mycobacte-
rium, Nocardia, Rhodococcus. Microorga-
nisms that can use butane as the unique source
of carbon and energy are of the Arthrobacter,
Brevibacterium, Pseudomonas spp. [13].

Strains capable to utilize polycyclic aromatic
hydrocarbons are Beijerenckia sp., Pseudomonas
spp. (P. paucimobilis, P. fluorescens, P. putida),
Alcaligenes denitrificans WW1, Mycobacterium
spp. (e.g. M. flavescens), Rhodococcus spp. (e.g.
R. rhodnii), Athrobacter sp., Aeromonas sp., sea
Cyanobacteria, Streptomyces flavovirens,
Synechococcus sp. [14, 15].

Fungi Penicillium and Polisporum can
grow on nutrient agar medium with crude oil
heavy fractions. Penicillium and Mortierella
sp. can be used for conversion of crude oil high
molecular fractions [16].

The most important bacteria in hydrocar-
bons biodegradation in soils and sea water are
Achromobacter, Acinetobacter, Alcaligenes,
Arthrobacter, Bacillus, Corynebacterium,
Flavobacterium, Nocardia and Pseudomonas
spp.  Among  sea  water  yeasts  and  fungi  that
decompose hydrocarbons the most significant are
Aureobasidium, Candida, Rhodotorula, Sporo-
bolomyces spp., species obtained from soils are
Trichoderma and Mortierella ones [17 22].

B. subtilis was proved to be a better hydro-
carbon degrader than other isolates [22]. In
another study, strains were isolated from
petroleum polluted soil and identified as
Pseudomonas pseudoalcaligenes, Bacillus fir-
mus, Bacillus alvei, Penicillium funiculosum,
Aspergillus sydowii and Rhizopus sp., and they
removed 79%, 80%, 68%, 86%, 81% and
67% of total petroleum hydrocarbon corres
pon dently. Genera Stenotrophomonas, Bacil-
lus, Brevibacillus, Nocardiodes and Pseudo-
monas were used in combination and give a
degradation rate of 67% after only 12 days of
treatment  [23].  It  has  been  proved  that  the
mixed consortium effectiveness was signifi-
cantly superior to that obtained by individual
strains [12, 24 28].

Petroleum Products Aliphatic Component
Microbial Degradation

Various classes’ hydrocarbons decomposi-
tion mechanisms are essentially different.
This fact results in individual spectrum of
hydrocarbons consumption for different
microorganisms. n-Alkanes, isoalkanes, naph-
thenes, polycyclic aromatic hydrocarbons and
adjacent heteroaromatic hydrocarbons have
specific metabolic pathways [29].

Aliphatic hydrocarbons are demonstrative
example of organic substances that are
biodegradable. Alkanes are the easiest to be
ruined, alkenes and alkynes are following [30].
The components consisting of straight chains
degrade easier than those with branched
chains [31]. Biodegradation of straight chain
alkanes occurs through -oxidation. Oxygen
binds to the end of the hydrocarbon chain during
this  process  leading  to  the  formation  of  car-
boxyl group (Fig. 1).

Two carbon compound (acetyl) splits off
from fatty acid formed. This process is repea-
ted as many times as necessary for the split-
ting of the whole molecule. -Oxidation stops
when  it  reaches  branched  position  in  the
hydrocarbon molecule.

Alkanes biodegradation is the best for com-
ponents, which have 10 carbon atoms in the
chain. Shorter structures have tendency to
show  high  toxicity  to  many  organisms.  Very

Fig. 1. -Oxidation of hydrocarbons [32]
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short alkanes (methane, ethane, propane and
butane) are present as gases and can be used as
primary substrates or degradation cometabo-
lites [33].

Rhodococcus spp. absorb n-alkanes
through passive diffusion by solubilization
them in thick lipophilic cell wall. In contrast,
Pseudomonas spp. solubilize n-alkanes in the
environment [34]. An increase of cytochromes
group,  as  well  as  the  high  content  of  ATP,
increased cellular respiration, increased num-
ber of flavins is characteristic for microorgan-
isms growing on media with n-alkanes. The
number of mitochondria increases and endo-
plasmic reticulum development is enhanced in
eukaryotes [29].

Natural isoalkanes with saturated iso-
prenoid structure are oxidized through cit-
ronellol pathway. Initially, the terminal CH3
groups are oxidized to COOH groups, then C2
or C3 fragments are evolved through consecu-
tive reactions; acetoacetate and acetyl-CoA are
formed (Fig. 2). Some Rhodococcus strains
that can grow on isoprenoid hydrocarbons are
known [35].

Petroleum Products Aromatic Component
Microbial Degradation 

Aromatic hydrocarbons can be degraded
during aerobic and anaerobic biological
processes  [30,  37].  Oxygen  binds  to  the  ben-
zene ring. This eventually leads to the forma-
tion of catechol, that is characteristic for aero-
bic degradation. Catechol molecule is then
broken up in ortho- or meta- position. Final
products of this process are used in cell ana-
bolic pathways [12].

In such aromatic compounds as benzoates
and phenols, benzene ring double bonds are ini-
tially reduced by hydrogen adding to the mole-
cule, then the ring is splitted of and modified,
and saturated fatty acids or dicarboxylic acids
are formed [38]. Phenol can also be degraded by
binding carboxyl groups to the ring with subse-
quent reducing to cyclohexanone and splitting
of the ring. Benzene is mono aromatic com-
pound; it degrades extremely slowly under
anaerobic conditions [30].

Many bacteria strains are capable of hete-
roaromatic hydrocarbon compounds degrada-
tion  (mainly  sulfur  compounds)  [39].

Fig. 2. Citronellol pathway [36]
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Aromatic hydrocarbons with heteroatoms
biodegradation is often accompanied by deni-
trification, sulfate reduction or methane pro-
duction in anaerobic conditions. Benzene and
toluene anaerobic transformation is accompa-
nied with methane production. This process
can be characterized as enzymatic one. There
are partial oxidation and partial reduction of
the substrate with methane and carbon dioxide
formation as end products. In addition, triva-
lent ferrum and manganese oxides may be
alternative electron acceptors in appropriate
anoxic conditions [40].

One methyl group in the aromatic hydro-
carbon fundamentally changes the process of
primary oxidation and further metabolism of
compounds. Either aromatic ring or radical is
oxidized. Many microorganisms need energy
co-substrates to transform complex hydrocar-
bons. Hydrocarbon decomposition is often
accelerated in their presence [34, 41].

Polycyclic aromatic hydrocarbons (PAHs)
consist of two or more aromatic rings.
Compounds’ resistance to microbial degrada-
tion increases with an increase of ring num-
ber. PAHs can be subjected to aerobic and
anaerobic biodegradation.

Aerobic decomposition is more common for
the  destruction  of  PAHs  with  two  or  three
rings (naphthalene, anthracene, phenanthre-
ne)  [42].  Degradation  of  PAHs  begins  wheu
hydrogen reduces double bonds in a ring or
when water oxygen binds to the aromatic ring
similarly to compounds that consist of one aro-
matic ring. Oxygen binds directly to one of the
rings, which then splits, as in the case of ben-
zene and its derivatives. This process is repeat-
ed as many times as necessary for the whole
molecule splitting. In addition to aerobic bac-
terial biodegradation some fungi and algae
have the ability to decompose PAHs.
Phanarocheate chrysosporium produces
lignin-specific enzymes thet are to destruction
PAHs  having  from  two  to  five  ring  [43].
Microbial association combined metabolic
action is very important for degradation of
compounds with benzene rings large number. 

Biodegradation of highly-condensed PAHs
with  large  molecular  masses  is  very  slow,
therefore requires a long time to complete
cleavage. It is known that half lifetime of these
compounds is 6 months or more during biologi-
cal pathways [44]. Microorganisms capable of
decomposing PAHs with cycles’ number up to
seven are known [45].

Solid hydrocarbons transport efficient
mechanism in the cell is important for inten-
sive growth in addition to the presence of bac-

terial enzymes that catalyze PAHs oxidation.
Surfactants usage increases PAHs solubility
and promotes their further biodegradation [42].

Influence of Hydrocarbons 
on Microbial Organisms

Possibility of microbial growth on hydro-
carbon medium is provided by combination of
two factors: biochemical complementarity of
organism and resistance to hydrocarbon toxic
action. It is obvious these two factors should
be optimal. Considering polycomponent charac-
ter of petroleum pollution, microorganism
(association of microorganisms) should be able
to grow on most components of pollutant and
be resistant to their toxic action for complete
mineralization of oil products [29].

Oil at low concentrations has a stimulating
effect  for  soil  biota  because  it  is  an  energy  sub-
strate for a large group of microorganisms.
Significant petroleum soil pollution, which occurs
at emergency spills, is accompanied by acute toxic
oil effects on organisms [46]. Microorganisms’
reaction to the effect of any toxic substance
depends on the toxic agent nature, its concentra-
tion, contact time, perceiving system properties,
state  and  other  properties  of  the  organisms
exposed. The toxic effect of oil is shown through
the transformation of microorganisms’ environ-
ment by physical, chemical, agronomic and other
characteristics of contaminated soils [46, 47].

Light oil fractions partially inhibit hete-
rotrophic microorganisms but act also as a
substrate for hydrocarbon degrading microor-
ganisms.  Heavier  fractions  are  less  toxic  to
microorganisms, but they are not actively
metabolized [47].

Petroleum hydrocarbons are characterized
by strong antibacterial effect and can cause
cell lysis. However, some bacteria show a high
resistance to these substances. Toxicity of
hydrocarbons is mainly determined by their
ability to damage the membrane of microor-
ganisms [48]. The interaction of oil hydrocar-
bons with cell membranes occurs at the level of
lipid-lipid and lipid-protein interactions. The
thickness of a phospholipid bilayer, its fluidi-
ty, asymmetric distribution of membrane com-
ponents, activity of enzymes and proteins
transport  in  the  membrane  are  changed  as  a
result. These changes, in turn, lead to membrane
barrier properties disruption, protons and
other intracellular ions passive flux increasing
across  membranes.  All  of  this  leads  to  a
decrease cell viabilitying [48, 49].

Various cell structures damage is observed
during contact with the hydrocarbons.
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Cytoplasmic membrane integrity interrup-
tion, cell wall and membranes damage of the
Pseudomonas genus bacteria occur, accompany-
ing with myeloid-like structures formation in
the disruption place and nucleoid condensation
in the central part of the cells. Finally, the cell
wall losses rigidity, that leads to cell lysis [50].

Hydrocarbons  toxic  effect  may  also  be
caused by intermediates. Negative impact on
hydrocarbon degrading microorganisms’
development. Butyric acid has is an intermedi-
ate product of hydrocarbons and carbohy-
drates metabolism. It does not lead to the bac-
teria death, but has an inhibiting effect on
their dissimilative activity and acts as growth
inhibitor [46]. Acetate, as well as butyric acid,
is a factor that has significant influence on
active microflora development. Unlike butyric
acid, acetate increased concentration acceler-
ates the development of the microflora, and its
deficiency can lead to microbial population
anabiosis [35].

Hydrocarbon various classes metabolism
leads to a huge number of different intermedia-
tes, accumulation of these substances leads to
cell growth inhibition in the case of incomplete
oxidation.

Hydrocarbons degrading bacteria have
developed special mechanisms of resistance to
hydrocarbons in evolution process that are
expressed in the metabolism peculiarities and
cell structure. These features include ultra-
structural cell displacement (inclusions of dif-
ferent density formation, cytoplasm fragmen-
tation, membrane unit enhanced development,
an overgrowth of the cell wall), capsules for-
mation, metabolic activity changing.

The special changes in cell structure orga-
nization are increased content of fatty acids in
the cell wall, synthesis of specific lipids, intra-
cellular inclusions of various purposes forma-
tion [29].

Rhodococcus, Arthrobacter and Acinetobac-
ter genera transform hydrocarbons excess into
neutral lipids — triglycerides and waxes that
serve as an extra carbon source for energy sup-
ply, whereas Pseudomonas don’t form the
extra lipids [34].

50% of Rhodococcus and Arthrobacter gene-
ral species contain wax in smaller contents
than triglycerides. Lipophilic cell wall forma-
tion provides solubilization and passive trans-
port of the hydrophobic substrate into the cell
[34, 41]. Thus, hydrocarbons transfer into the
lipids may serve as a mechanism for toxic
effect, fall-offing, a way of extra carbon and
energy accumulation and contribute to the
hydrocarbons controlled transport into the cell.

Changing the fatty acid composition pro-
vides resistance to hydrocarbons. For example,
unsaturated fatty acids with odd number of
carbon atoms are typical for representatives of
the Rhodococcus genus. The prevalence of
these acids is characteristic for microorga-
nisms living at low temperatures. At the same
time the cell wall is a hydrocarbon acceptor.
This allows microorganisms to grow actively
on hydrocarbons [34, 41].

Representatives of Arthrobacter, Pseudo-
monas and Acinetobacter genera have trehalo-
se containing phospholipids which are synthe-
sized in response to the n-alkanes addition to
the medium for hydrocarbons mobilization
and complete degradation. They contribute to
the membrane stabilization in extreme condi-
tions. Trehalose also can be part of surfac-
tants. Emulsifiers are synthesized by some
strains of slimy Rhodococcus, especially
Rhodococcus rubber [34, 51]. Thus, the synthe-
sis of hydrocarbons emulsifiers and concomi-
tant substances can be either a way of cells
protection from exposure to liquid hydrocar-
bons or a factor necessary for successful
hydrocarbons degradation, as well as perform
other protective functions.

One of the key mechanisms for the suppres-
sion of the hydrocarbons toxic effect is hydro-
carbons oxidizing enzymes synthesis. The
same mechanism provides the cell with carbon
and energy for biosynthetic processes [29].

Biotechnologically Important Properties of
Petroleum Degrading Microorganisms

High specificity of microorganisms’ enzy-
mes causes strains specialization to certain
hydrocarbons,  so  it  is  necessary  to  make  a
search of strains capable to degrade wide range
of petroleum pollutants. Lots of methods to
assess the characteristics of hydrocarbon
degrading communities are used. For example,
isolation of microorganisms from contaminated
environment on different media. This allows to
estimate bacteria of different physiological
groups and to obtain pure cultures, among
which we can select the promising hydrocarbon
degrading strains.

To determine the number of different
microorganisms colony-forming units, the
method of serial dilution with following seeding
and counting colonies of microorganisms on
plates with nutrient agar is used. This
approach has been used for long and is now
almost a standard. Subculturing on dense nut-
rient medium (potato agar and nutrient agar)
is used to obtain pure cultures of hydrocarbon
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oxidizing microorganisms from media with
the hydrocarbons [52]. Use of limiting dilutions
in liquid Chapeck’s medium with hydrocarbons
(diesel fuel) and in medium with glucose as the
unique source of carbon and energy allows to set
the number of degrading microorganisms and
to obtain microorganisms of this group pure
culture [53]. One of the methods for the selec-
tion of hydrocarbon degrading microorganisms
may be usage of the modified Raymond’s medi-
um. In the same time the method of serial dilu-
tions helps to establish the fact of a successful
introduction of degrading microorganism [54].

Alternative ways to search for microorga-
nisms utilizing oils and their components were
recently developed. The activity of each strain
can be assessed visually by the formation of
clearing zones when grown on porous oils
impregnating mineral carrier.

It has sense to pay attention to nocardio-
form  actinomycetes  for  selection  a  group  of
microorganisms among which it is supposed to
find strains for bacterial preparations. One of
the advantages of Actinobacteria is the absence
of pathogenic species. Most of them belong to a
group of saprophytic microorganisms. This fact
has important practical value for creating safe
commercial bacterial preparations. The choice
of this group of microorganisms at an early
stage of the selection by using simple methods
avoids working with pathogenic bacteria [29].

Microorganisms  of  this  group  are  able  to
adapt to multiple stress factors simultaneously
(e.g. high salinity of medium, extreme values
of  acidity,  low  concentration  of  nutrient  sub-
strates). These capabilities are due to the pecu-
liarities of the actinobacteria physiology [34].

A strain supposed for creation of the bacte-
rial preparation often must have several proper-
ties simultaneously (e.g. to be oil destructor
and biosorbent). Many representatives of the
Rhodococcus genus (Fig. 3) have destructive,
emulsifying and sorbing activity relative to
hydrocarbons combined in one strain [55].

To create bacterial preparations intended
for cleaning petroleum pollutions the search
and selection of bacteria oil degrading strains

are conducted with the help of certain criteria.
Strains should possess biodegradability of
crude oil, fuel oil, light oil (kerosene, diesel
fuel), growth at high and low temperatures, at
high medium salinity and extreme values of
acidity. The main peculiarity and disadvantage
of such approach is specialized study of specific
strains relative to certain petroleum products
[29].  Strain  that  is  effective  for  one  oil  type
biodegradation may be inefficient relative to
other petroleum products. Thus, it is necessary
to  specify  the  hydrocarbon  orientation  of  the
strain, when creating a universal preparation.

One of the urgent tasks is the bioremedia-
tion of complex contaminants such as oil pollu-
tion followed by heavy metals co-contamina-
tion [57]. Therefore, strains of bacteria used
for the detoxification of oil pollutants, should
be stable with respect to heavy metals.

Since the hydrocarbons are not soluble in
water, one of the important properties of strains
capable to utilize hydrophobic substrates is their
ability to synthesize bioemulsifiers [58].

A problem of environmental pollution by
oil and petroleum products is very serious
today. The common feature of oil pollution is
high variation in contaminant composition in
each case and its complex content unlike most
other anthropogenic pollutants. The one of the
promising directions of petroleum contamina-
tion elimination is microbial degradation.

Hydrocarbons in the environment can be
decomposed mainly by bacteria, algae, yeast
and fungi. Microorganisms can metabolize
only  a  limited  number  of  hydrocarbon  sub-
strates. A set of different microorganisms with
all the possible enzymatic pathways can more
efficiently  break  down  a  complex  mixture  of
hydrocarbons than single microorganisms can.

Decomposition mechanisms of hydrocarbon
various classes differ significantly. There is spe-
cialization of metabolic pathways for n-alkanes,
isoalkanes, naphthenes, aromatic hydrocar-
bons, polycyclic aromatic hydrocarbon and the
adjacent heteroaromatic compounds.

Hydrocarbon presence in medium causes cor-
responding response in microorganisms’ metabo-
lism. Petroleum products generally have toxic
action and microorganisms develop the resistance
mechanisms. PAHs have the most toxic impact
and are the most resistant to biodegradation.

It is necessary to make a search of strains
capable to degrade wide range of petroleum
pollutants considering such their properties as
stability, resistance to different toxic effects,
ability to synthesize bioemulsifiers, etc. The
nocardioform actinobacteria are considered to
be a promising group of microorganisms used
for the detoxification of oil pollution.

Fig. 3. A micrograph image 
of Rhodococcus sp. [56]
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 [10]. , 

 Pseudomonas sp. NBM21  Rhodo-
coccus sp.  BTO62  -

 -, -  -
 180 3  20 

 100 3  10 , -
 —

60–78 3  [9].
-

, 
-

. Rhodococcus erythropolis
UPV-1 

, -
, 

-
 [21]. -

, 
 R. erythropolis UPV-1,

-
. -

-
, 

 pheA1  pheA2.  pheA1 -
 542  ( -

),  pheA2 —   189
 ( ). -

-
 R. erythropolis CCM2595 -

 Nocardia farcini-
ca IFM 10152  R. jostii RHA1 [21].

 Rhodococcus sp. RHA1,
-

, 
-

 ( ) — -
-

 [8, 13, 16, 18]. Rhodococcus
sp. RHA1 , -

. -
,  (9,7 )

 RHA1 

: pRHL1 (1,100 kb), pRHL2
(450  kb)   pRHL3  (330  kb).  ,
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, -
 —

pRHL1  pRHL2 [16, 18]. , 
 pRHL3  300 ,

.  -
, 

, -
 RHA1 

, 
. , 

pRHL3 , 
, 

 450  [18].  -
 Rhodococcus sp. RHA1 

, 
. 

-
, -

 —
. 

,
-

Rhodococcus -
-

 [16].
 — ,

-
 ( ), -

 Aspergillus flavus  Aspergillus
parasiticus [1]. -

-
. -

 ( ,
), -

. 
 R. erythropolis

1

1):  A B1
 2 ,  72

 33,2% -
. 

Rhodococcus rhodochrous VKM B-2469
 12–25 -

 14 
50–100  2–5 

 [22]. -
 — 

, 

. -
, ,

-
. 

-
-

-
.  R. rhodochrous VKM  B-2469  -

ween 60  1% (
) 

, -

 [22].
, 
, 

. -
-
-

-
 [11]. 

, -
-

. -
 ( ) 

, -
-

.  
-
-
-

. 

, -
: Rhodococcus sp. IGTS8, R. erythro-

polis D-1, R. erythropolis H-2, R. erythropolis
KA2-5-1, Paenibacillus sp. A11-2, Bacillus
subtilis WU-S2B  Mycobacterium phlei WU-
F1  [3,  11].  

, -
-

, -
, .

,
, Gordonia sp. 213E, Rhodococcus

sp. T09, Paenibacillus sp. A11-2 [3, 11, 16].
 Rhodococcus sp. WU-

K2R  80%  (0,27 )
 5 , 

-
 [11]. 

, -
 R. aetherivorans IAR1, 

-(3- -3- -
), 

 [23]. -

, -

-
. 
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-
 [23].

-

-
, , 

, 
-

,  ( -
),  [2].

 R. rhodochrous OBT18, -
, -

, 2- , 2- -
 (A T)  [2].

-
-
-

 Fe  ( ), -
.  Fe TA, 

, 
 A T (  99%  25 ) [2]. -

R. rhodocrous OBT18 -
.

, , -
. 

, 
, -

, 
-

 [7]. 
-

, 
-

. , -
 15% , 14% -

 20% 
R. rhodochrous  13808 [7].

-
. 

-
,  (T E) 

 [15]. 
 T E

-
,  ,  ,  -

, 
. 

, -
-
-

. 
-

. 

 [15]. 
, , ) 

 T E
R. gordoniae P3  R. erythropolis BD2. -

, -

. 
-

, , , ).
 Rhodococ-

cus sp. L4, 
. 

 20 ± 6%  27 ± 8% , -
,  

 (57 ± 5%) [15]. 
 T E   36  ±  6%

 [15].
N-  ( ) 

, 

 [6]. 

, -
 — -

 Rhodococcus sp. RHA1  Rhodococ-
cus ruber ENV425,  Mycobacterium
vaccae JOB5, Pseudomonas mendocina KR1

 Methylosinus trichosporium
OB3b [6].  R. ruber ENV425 

, 
-

,  P-450 .

, , , ,
. R. ruber ENV425 -

-
 8,3  2 

 [6].

-
-

, 
 18  [14].

 Rhodococcus,
Gordonia  Nocardia. 

-
-

. -
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 -
-

, -

, 
 [14].

,  R. rythropolis DCL14
 ( 5 16)

 15–28 -

 2,5%) [24]. 
-

 Rhodococcus . 1.

 
 Rhodococcus  

 (
),

. 
, 

. 
, 

. -

 

, 
 [12, 25].

, , -

R. erythropolis MLT1,  -
 [25].

 7,4
 

 — . -
-

, 
, 
. -

 
-

. 
 — R(–)-  —

-
 (–)-  [26]. ,

, 
, , -

. R. erythropolis DCL14 -
 (–)-  R(–)-

[87]. , -

 3  31  [26]. -
 DCL14 

 2,5  [27].
R. opacus B-4, 

,  

 1.  —  Rhodococcus

    

R. jialingiae djl-6-2  100 94% (60 ) [17]

Pseudomonas sp. NBM21
 Rhodococcus sp. BTO62

 -, -   180 3 [9] 

Rhodococcus sp. RHA1 10 80–100% (72 ) [13]

R. erythropolis DSM 14303 1 1,75‰ 66,8% (72 ) [1]

R. rhodochrous 
VKM B-2469  1 100% (24 ) [22] 

Rhodococcus sp. WU-K2R 0,27 80% (120 ) [11]

R. aetherivorans IAR1   10 100% (48 ) [23]

R. rhodochrous OBT18 2- 0,5 99% (25 ) [2]

R. rhodochrous
13808

  9,5‰ 15% (28 )

[7] 43,4‰ 14% (12 )

31,6‰ 20% (36 )

Rhodococcus sp. L4  80 36% (8 ) [15]

R. ruber ENV425 N-  8,3 76% (18 ) [6]

R. rythropolis DCL14 2–32 100% (9 .) [24]
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, -
 [28].  ,  

 o-

. ,  12 
R. opacus B-4  o
(0,217  2,12 ). 

-

, 

.
, , -

, 
 Rhodococcus sp. Y22 [29].  (1,0 )

52  28  7,0. , 
 Rhodococcus sp. Y22 -

, -
.  Rhodococcus sp. Y22

-
-
-

 [29].
, -

, 
), -

 ( ). -
 Streptomyces, Nocardia, Rhodococ-

cus, Mycobacterium
 [30]. -

-

- -
. , -

 R. pacus PD630 
 52% [31]. 

,  
, 

, -
.

-
 ( ,

,  2- -
), -

, , ,
, , -

 [32]. 
-

, -

. 

. 
, -

 Rhodococcus ruber AKSH-84,
-

 [32]. -

 (10 ) -
, -

-
. 

 41 , 
 R. rhodo-

chrous K22 [33].  R. ruber AKSH-84
-

- , ,
)  100 . -

 63% ( -
 126 )  120 ,

 —
92%  183

 30  ( . 1) [32]. 
, -

 R. ruber AKSH-84 
 « » -

 [32].
-

 R. rhodococcus
J1 —  a -

. 1. : 
 — , —  Rhodococcus ruber AKSH-84 [32]

 ( ) ( )

, , , , 
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,   30 .   [3].
, 

 R. ruber gt1, -
-

, 
-

 [34].
 — ,

-

-
.  Rhodococcus

rhodochrous PA-34 
 [35]. -

 597 : -
 1  

 6  10 , -
 60% ( -

) [36]. 
R. rhodochrous PA-34 -

 N- -N -N -
-

 [35]. -

,
.

-
, 

, -
, -

Rhodococcus.

, 

Rhodococcus

, -
 Rhodococcus, 

, -
, -

, -
.

-
.  Rhodococ-

cus jostii K01-B0171 
-

, -
 [37]. 

 Mycobacterium smegmatis
 3,13  6,25 -

. , 
Mycobacterium tuberculosis
0,39  [37].

,  RE, 
 R. ery-

thropolis JCM 6824 [38]. -

 RE  C —
,  Stigmatella

aurantiaca [39]. -
 C, RE 

-
 [38]. 

Rhodococcus fascians — -
, , 

 [40–43]. -

, 
-

,  Streptomyces pada-
nus [44].  -

, 
, 

. -
, -

 Helicobacter pylori -
 ( -

, ). 
. , -

 Rhodococcus
 ( ) [45–47].

,  Rhodococcus
sp. 33 -

, -
 «33 EPS». -

,

. , 
 D- , D- ,

D- , D- -

 1:1:1:1:1 [46].
R. rhodochrous S-2 -

,  D- , D- -
, D- , D-

 1:1:1:1 [47].
 0,8%

)  2,7% ( -
) . -

, 
, 

, . 
,  

 S-2 
-

, -

, -
 [45].

. 
-

. 
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, , -
 3

 [48]. R. rythropolis
ATCC 25544 -

 (55%)  (45%) -
, Rhodococcus sp. 501 — -

-
 [49]. 

 Rhodococcus -
 —

 ( ), 

-
 [50, 51]. -

-
, 

-
.
-

 37 . 
-

, -
 Coce-l169K/G173Q [50].

 in vitro ,
 Coce-l169K/G173Q

 2,9   37  ,   340  
,  .  ,  -

-
-

, 
.

-
 ( ). ,

. 
,  in vivo ,

, ,

 [51]. 
. -

 Rhodococcus -
-

, 
.

, -
 Rhodococcus 

-
,   70–80- .

[52–54]. -

.
, , -

-
,

, -

 [55–59]. -
 Rhodococcus -

-

[55, 57].
, , 

-
 [58, 59]. 

. ,  R. ery-
thropolis 51T7  — ,

: -
, 

 9  11
 [60]. ,  R. fas-

cians A-3, — 
[61]. R. erythropolis 3C-9  2 

: 
[62].  12 -

9 22  2 -
: , ,

, -

, -
 [62].

R. ruber , -
 [63].

R. fascians DSM  20669  
-

 [64]. 
 Rhodococcus sp.

TW53 
[65]. -

, , TW53 
 Rhodococcus,

.  —
. 

, 

14 19, -
 81,44%,  —

 (58,62% -
). 

: -
Ile-Asp-Met-Pro. -

 30,7  [65].
Rhodococcus wratislaviensis BN38 -

-
-

,   —  
-   [66]. -

, 
 2,3,4,2 -
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, 
2, 3  4 

, 
876 . -

 2,3,4,2
 849 . -

 72 
 24,4  5 

 [66].
, -

, 
.

,  R. erythropolis ATCC 4277 
-
-

, -
 [67]. 

Rhodococcus sp. TA6 -
 [68].

-
-

, , 
. ,
,  TA6, -

-
, -

 — 
 [68].

-
-
-

,  Rhodococcus
erythropolis -1 [69]. 

. . . -
-5017.

 R. erythro-
polis -5017

-
 ( , )  (

, )  [70–72].

: -
 (3 ), 

, 
 (  70%).

,  R. erythropolis -5017
, -

, 
-, - 

 [70, 71]. -
- ,  —

, -
, , -

 —  ,

, -
 , -

, .

-
, -

 [70–73], 

4  ( -
)  (

) [74–77], 
-

-5017

) [78]. 
, 

 R. erythropolis -5017
 (  2%, -
 KNO3 — 1,5 , -
 — 168 ) -

 [70]. 
 R. ery-

thropolis -5017 -
:

 2%, -
/N = 49:1,  NaNO3, -

, -
 0,14 2 , 

 168  [71].
, -

+

,  —
 

-5017 [78]. -

, 
35 ,  36 
(II), -

, -
 - -

,   4  
 [78].

-

.

-
, ,

, 
,  .,  

.
-

, -
 [55, 57, 79–82], 

-
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-
 [55, 67, 83–86].

-
 70-  —  80- .

-
-

 [52]  [87, 88]. -

 Rhodococcus — 
 [55]. 

, 

. , 
,  

 Rhodococcus
, -

 ( -, -,
). , -

-
,  ,  

. ,
 R. rythropolis 

4277  51 
1,5  (15 )

-
 1,7  [67]. -

  (20 ) 
,  R. rythropolis DSM

43215  (50 )  36- –38-
,  2  [52], -

 20  160 -
,  100  - , —

32  [55].  R. erythropolis SD-74 
240   
5   80   
40  [55]. -

-
 Rhodococcus -

, .

 Rhodococcus sp. Moj-3449, -

 (
0,2 –1)   180  

 [89]. 

Moj-3449 .

R. erythropolis -5017 
-210   - -

, 
 (

7,2 , 
 50%,  50%)

 60–70% ,  
8,0,   
0,3–0,4%  5–6 -

 2,4% ( ) -
 10% , -

1,0% -  [73]. -

 2 

3,5 -

 [73].
. 2 -

-5017 
 Rhodococcus

-
 - . -

, 
R. erythropolis -5017 ,

. , 
-5017  ( -

) 
, 

 ( . 2)
-

 (
, ). 

 2.  R. erythropolis -5017 
 Rhodococcus

, 
,

, 
,

 

 
,

 
, %

)
 / 

DSM 43215 [52] 12 18–
; 20,0 19,0 2,0 10 0,11 38  

DSM 43215 [55] 10– ; 
100,0 8,0 32,0 32 4,0 160  

SD-74 [55] ; 
80,0 12,0 40,0 50 3,3 240  

-5017 [73] ; 
14,4 1,7 7,2 50 4,2 48  
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R. erythropolis -5017 -
 (

)  (
) [74, 75, 77]. 

40–100% 
 (0,1%)  (0,2%)

-
-
-

,  1,4–1,5
 3,4–3,6 

, ,
 1,5–1,6 

 [74, 75].
 R. erythropolis

-5017 -
 -

-
, 

 3–5 
-
-

 -  [78].
-

. -

, 
, -

 [90]. -

, 
, , -

 [90]. -

 [68]. 
 Rhodococcus 

-
, , 

 [3, 20, 56, 58, 59].
, 

, -
,  -

.  

 Rhodococcus -
-

 20–25% 
 [20]. 

 [69] 
, 

 (100–200 ), 
 R. erythropolis 

-5017.  
 0,68 , 

0,1  /  0,01%
 99,5–99,8%. -

, -
-

 Rhodococcus erythropolis 
-5017 , 

Pseudomonas sp. PS-27, -
 (2%)  93–94%

[91].   (2,6  )
 R. ery-

thropolis -5017  92% 
50  [92].

 R. ery-
thropolis -5017 

. ,   30  ( . 2) -
 (2,6 ) 

5% ( ) -

80–93%. 

-
-
-

.
 30 

(21,4 ) -
 R. erythropolis -5017

(100–300 ) -

. 2.
 R. erythropolis

-5017: 
1 — ; 
2 — ; 
3 —  ( ). 

: — 1 , — 12 ,
— 30 

3
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46–86% ( . 3).  R. ery-
thropolis -5017  

 (30 ) 
 (0,1 /1 ) -

 100%.
 Rhodococcus sp. TA6 [68], -

 (10%
NaCl),  (

 120 C  15 ) 
 (4,0–10,0). 

-
 70% . 

6 -
, -

 [68].

 [93,
94]. , 
Rhodococcus ruber, -

[94]. 
 IL-1 -
,  IL-6.

. 
-
-

. -
 Rhodococcus ruber IEGM 231

L-12, L-18 
-

 [93].  
L-10 -

 

 80- .

[53, 54]. ,  R. erythropolis
-

 1 (HSV-1) . 
 [95–97] , ,

 R. erythropolis -
5017 (0,61–2,1 ) -

-

(Bacillus subtilis -2, Candida tropicalis
-5, Candida albicans -6, Candida utilis
-65, Saccharomyces erevisiae -3).

 R. erythropolis -5017 
S. erevisiae -3  Es herichia oli -1

 Aspergillus
niger -3  Fusarium culmorum -7. 

, -
, 

.  2 
-

 97%  B. subtilis -2,
85% — C. tropicalis -5   74%  —  C. albi-
cans -6 [95].

,  R. erythropolis -
5017 -

 (C. albicans,
A. niger, S. aureus)  -

, -
 [96, 97]. , -

(104–105 ) -
 (12,5 )  (0,43 )

 15 
 0,7–66% , -

. 
, -

 R. erythropolis -5017 -

 — Pseudomonas syringae 8511, seu-
domonas corrugata 9070, Pectobacterium caro-
tovorum 8289, Xantomonas vesicatoria 7790

. 3). , -
 1  2 -

 X. vesicatoria 7790  P. syringae 8511 
-

5017 (0,8 )  11–12%.

 R. erythropolis -5017 -
-

,  
.

Rhodococcus

-

 3.  R. erythropolis
-5017 

-
-

, 

-
-

,  
,%

-

 

100 7,0±0,012 67,3±2,3   

200 5,7±0,023 73,4±2,7   

300 2,9±0,019 86,4±2,0  

-
 

100 11,6±0,026 45,8±2,1   

200 10,4±0,015 51,4±2,2   

300 9,3±0,021 56,5±2,7  

 0 21,4±0,015 0  
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: -
, , ,

, . 

-
, 

 — , , -
, , , , , -

.
-

 Rhodococcus, -
 — -

, 
-

. , -
, 

, -
. -

, 
-

, , .
 Rhodococcus

-
 ( , ), -

 ( , , ), -
 ( , ) .
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BIOTECHNOLOGICAL POTENCIAL 
OF BACTERIA OF RHODOCOCCUS

STRAIN AND THEIR METABOLITES

T. P. Pirog
M. O. Shulyakova

T. . Shevchuk
A. . Sofylkanich

National University of Food Technologies, Kyiv

E-mail: tapirog@nuft.edu.ua

The literature and own experimental data,
concerning biotechnological potential of bacteria
of Rhodococcus strain as destructors of aroma-
tic, heterocyclic and aliphatic xenobiotic com-
pounds (naphtalet, xylol, toluene, ethylbenzene,
indole, nitrophenolum, trichloroethylene,
hydrocarbons of oil, etc.), and also as producers
of valuable metabolites (surfactants, antibiotics,
exopolysaccharides, enzymes) are given.
Surface-active substances (surfactants) are
essential products of microbial synthesis, as
these have significant advantages over synthetic
analogs as biodegradability, stability over a wide
range of temperature, pH, and can be produced
from  the  wastes  of  other  industries.  The  use  of
Rhodococcus metabolites in environmental pro-
tection technologies, medicine, agriculture, and
also participation of Rhodococcus strain in bio-
transformation processes for production of flou-
ver (carvon, geraniol), biodiesel, butiramide,
acrylic acid, etc. is discussed.

The own experimental data concerning the
intensification of Rhodococcus erythropolis V

-5017 surfactant synthesis and practical
application are summarized. It was determined
that the oil destruction degree in water and soil
reached 80–93% on the 30th day in the presence
of cells of strain I V -5017, as well as exocel-
lular metabolites with surface-active and emulsi-
fying properties. It was shown that surfactant of
R. erythropolis MV Ac-5017 inherent the
antimicrobial activity against the number of
microorganisms, including phytopathogenic
bacteria. The reduction of quantity of living cells
by 74–97% was observed after treatment (1–2 h)
of suspension of test-cultures with surfactant
preparations.

Key words: bacteria of Rhodococcus strain,
destruction of xenobiotics, biotransformation,
surfactants, polysaccharides, enzymes. 
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PILOT FERMENTERS 
OF  CAPACITY TYPE  

Yu. I. Sidorov 

«Lviv’s Polytechnica» National University  

E-mail: sydorowy@rambler.ru

Basic information about modern pilot fer-
mentation apparatus in sterile implementation
used for the down-scaling of processes of cultiva-
tion of microorganisms, vegetable and animal
cells, leading firms with a world fame
(Bioengineering AG,  B. Braun Biotech, Sarto-
rius BBI Systems, Biotron, Solaris biotechnolo-
gy, Luxun International Group) and also Russian
firms «Biotechnics» is given. Special attention is
given to innovative gas-vortical fermenters
which have some advantages as compared to tra-
ditional ones with mechanical mixing devices.

Key words: pilot fermenter, bioreactor.
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THE PHENOTIPIC CHARACTERIZATION 
OF CELL CULTURE DERIVED 

FROM CRYOPRESERVED 
CHORIONIC TISSUE

V. A. Shablii1, 2

M. D. Kuchma2

V. M. Kyryk3

L. L. Lukash1

G. S. Lobintseva2

1Institute of molecular biology and genetics
of National Academy of Science of Ukraine, 

2LLC Institute of Cell Therapy, 
3State institute of genetics and regenerative
medicine Academy of Medicine of Ukraine

It was shown possibility of cell culture
obtaining from cryopreserved chorion tissue
using  1.5  M  DMSO.  For  the  first  time  we
described features of the cell culture formation
from cryopreserved human chorion and its
immunophenotype. We described the character
of CD90 marker expression in cultures of the
cells derived from cryopreserved chorion tissue.
Decreasing of expression of the markers CD90
and CD105 was observed together with drop in
proliferative activity and acquisition of multi-
nuclearity  for  the  cells.  The  population  of
endothelial progenitor cells in cell culture was
detected on the first passage. Expression of
cytokeratins  was  found  in  populations  of  the
cells derived from native and cryopreserved
chorion tissue. 

Key worlds: chorion, cryopreservation, cell cul-
ture, multipotent mesenchymal stromal cells.
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12,16 -1 Irpex lacteus. -
-

-1 Irpex lacteus  3,54 , 
-02 Irpex lacteus — 5,12 , -1 Irpex

lacteus —  7,86 AnSc-1 Daedaleopsis con-
fragosa f. confragosa —  17,98 .  J-
2An Phellinus pomaceus -

.
-

 Na-
-1, -02, -1 Irpex lacteus  AnSc-1 D. con-

fragosa f. Confragosa  7- -
,  Sh-1

S. hirsutum —  14- .

: , -
, Na- , 

, , -
, Irpex lacteus, Stereum hirsutum, Daedaleopsis

confragosa f. confragosa, Phellinus pomaceus.

SELECTION OF CULTIVATION 
CONDITIONS FOR BASIDIOMYCETES —

ACTIVE PRODUCERS OF CELLULOLYTIC
ENZYMES.

I. ENDOGLUCANASE ACTIVITY 
OF CULTURAL LIQUIDS TOWARDS 

Na-CARBOXYMETHYLCELLULOSE

. G. Dreval
Donetsk National University

-mail: k.dreval@gmail.com

To  increase  endoglucanase  (EC  3.2.1.4)  pro-
duction, selection of the cultivation conditions of
basidiomycetes — active cellulolytic enzymes pro-
ducers — was conducted along nutrient medium
initial acidity (factor was changed between 3 and
9 pH with 1 pH step) and cultivation temperature
(factor was changed between 24 and 36  with a
step of 2 ). Endoglucanase activity towards Na-
carboxymethylcellulose was determined in the
selection process. It was determined that optimal
initial acidity of the nutrient medium for all
strains was 7 pH, and cultivation temperature was
24  for the strains -02 Irpex lacteus,
AnSc-1 Daedaleopsis confragosa f. confragosa,
Sh-1 Stereum hirsutum, 34  for the strain -1
Irpex lacteus and 36  for  the  strain  -1  Irpex
lacteus. As the result of optimization, the values
of endoglucanase activity increased at 1,59 times
for the strain Sh-1 Stereum hirsutum, at 2,51
times  for  the  strain  -02  Irpex lacteus, at
3,02 times for the strain -1 Irpex lacteus, at 3,69
times for the the strain AnSc-1 Daedaleopsis con-
fragosa f. confragosa and at 12,16 times for the
strain -1 Irpex lacteus. At the same time, as the
result of selection of cultivation conditions, spe-
cific endoglucanase activity of strain -1 Irpex
lacteus was increased at 3,54 times, -02
Irpex lacteus — at 5,12 times, -1 Irpex lacteus —
at 7,86 times and AnSc-1 Daedaleopsis confragosa
f.  confragosa  —  at  17,98  times.  Culture  J-2An
Phellinus pomaceus shown absence of endoglu-
canase activity in any experiment. Maximal endoglu-
canase  activity  of  enzymes  in  cultural  liquids of
strains -1, -02, -1 Irpex lacteus and
AnSc-1 D. confragosa f. confragosa was estab-
lished on the 7th day of cultivation, and for strain
Sh-1 S.hirsutum — on the 14th day of the experiment.
Key words: basidiomycetes, endoglucanase, Na-
carboxymethylcellulose, cultivation tempera-
ture, acidity of nutrient medium, optimization,
Irpex lacteus, Stereum hirsutum, Daedaleopsis
confragosa f. confragosa, Phellinus pomaceus.
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PHENOL AND PYROCATECHIN 
OXIDATION CATALYZED BY FREE 
AND IMMOBILIZED TYROSINASE

Yu. A. Shesterenko
O. V. Sevastyanov

I. I. Romanovskaya

Bogatsky Physico-Chemical Institute
of National Academy of Sciences of Ukraine,

Odesa

E-mail: romairina@gmail.com

According to modified method, partially
purified tyrosinase preparation from Agaricus
bisporus mushroom  was  isolated.  Using  the
native electrophoresis, 17 protein fractions were
found, 12 of which demonstrated well-marked
phenoloxidase activity, accounting for 92.5% of
total  protein.  By the SDS-PAGE method, 9 pro-
tein fractions were revealed; the main of them
were fractions with molecular masses of 12 and
41–48 kDa. 

The kinetic parameters of phenol and cate-
chol oxidation catalyzed by free and immobilized
tyrosinase  were  studied.  Et  was  shown  that
absence of enzyme entrapment in matrix signifi-
cantly influences on Km and Vmax of catechol oxi-
dation, but at phenol bioconversion the Km
increased 6.3-fold along with appreciable
decreasing of Vmax. During the investigation of
catechol oxidation, catalyzed by free and immo-
bilized  tyrosinase,  as  well  as  phenol  by  free
enzyme, the substrate inhibition was revealed.

Key words: tyrosinase, electrophoresis, phenol
oxidation, kinetic parameters, immobilization. 
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subsp. bulgaricus -7281*, Lactobacillus casei -7280*, Lactobacillus acidophilus -7279*,
Bifidobacterium longum VK1  Bifidobacterium bifidum VK2 -
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 Staphylococcus aureus, . 

- -
 CD4/CD8,  D19

+-  CD25
+-
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, .
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 — L. delbrueckii subsp. bulgari-
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 —  1-  12- .  
 L. acidophilus

-7279, L. delbrueckii subsp. bulgaricus
-7281  B. bifidum VK2, 

L. acidophilus -7279 —
L. delbrueckii subsp. bulgaricus -7281

S. aureus 8325-4, 
, 

 1-
12  .   B. longum
VK1  L. casei -7280, ,  
1-  S. aureus 8325-4,

, -
, 

, 
, . 

, 
, S. aureus 8325-4

 3- , 6-, 9-  12- . ,
 1- ,  3- ,  6-   9- -

L. acidophilus -7279, L. delbrueckii
subsp. bulgaricus -7281  B. bifidum
VK2, L. acidophilus

-7279 — L. delbrueckii subsp. bulgaricus
-7281,  B. longum VK1  L. casei
-7280.

 12- -

:
L. acidophilus -7279 / L. delbrueckii
subsp. bulgaricus -7281 > L. acidophilus

-7279 — L. delbrueckii subsp. bulgaricus
-7281 > B. bifidum VK2 / L. casei

-7280 > B. longum VK1.  L. aci-
dophilus -7279  —  L. delbrueckii subsp.
bulgaricus -7281 -

,
-

 L. acidophilus -7279  L. del-
brueckii subsp. bulgaricus -7281, . 

-
 [11] 

 in
vitro  S. aureus 8325-4, :
L. acidophilus -7279 > B. bifidum VK2 >
L. delbrueckii subsp. bulgaricus  

-7281 > B. longum VK1 / L. casei  
-7280. , in vivo , 

B. bifidum VK2, 
,  in vitro, -

. , -
, 

-
 in vitro  in vivo [3]. 

, -
-  in

vivo -
. -

 [12], 
-

, -
, 

, ,
-

, . -

,
- .

, 
 CD3

+-, CD8
+-,

CD19
+

 ( ). -
 3-

 CD4
+ , -

 CD4/CD8.
 1- , 6-  9-  CD4

+

-
 CD4/CD8 -

.  D25
+-

 1- , 

. 

-
. , 

D3
+

, B. longum VK1  9-
, L. acidophilus -7279 L. casei

-7280  —  1- , B. bifidum VK2
—  6- ,  L. delbrueckii
subsp. bulgaricus -7281 —  L. acidophilus

-7279 —  6- , -
, 

 S. aureus 8325-4, 
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, -
. , 

-
, ,

 CD4
+  3- -

 L. del-
brueckii subsp. bulgaricus -7281 —
L. acidophilus -7279. -

 CD4
+ , 

), ,
 B. longum VK1  3-  6- -

,  B.bifidumVK2 —  3- ,  L.acidophilus
-7279 —  9- ,  L.delbrueckii subsp.

bulgaricus -7281 —  6- .

 CD8
+ -

B. longum VK1  1- , L. acidophilus
-7279  L. casei -7280, 

B. bifidum VK2 —  3- -
, 

, -
. 

-
, 

L. delbrueckii subsp. bulgaricus -7281
 L. delbrueckii subsp. bulgari-

cus -7281 — L. acidophilus -7279. 

,  

/ , % CD4/CD8,
. .CD3

+ CD4
+ CD8

+ CD19
+ CD25

+

 – 56,3±3,4 41,5±2,3 26,3±2,3 8,8±3,4 9,1±1,2 1,60±0,13  

 

1- 57,8±2,3 42,2±3,4 24,8±3,3 6,7±1,3 12,1±2,3* 1,70±0,11   

3-  56,2±0,9 36,0±1,4* 25,9±2,3 11,5±1,3 9,2±1,3 1,39±0,09*

6-  55,2±3,5 40,6±2,3 25,4±2,4 5,2±1,4 6,4±1,4 1,60±0,10   

9-  57,4±2,5 43,0±2,3 23,0±1,4 9,5±1,4 9,0±2,3 1,87±0,14  

-
:

B. longum
VK1

1- 52,3±4,5 40,9±2,4 18,6±1,4* 13,1±1,3 8,5±1,2 2,20±0,19*

3-  54,1±5,4 33,5±1,4* 21,3±2,5 5,8±1,2 5,7±2,3 1,57±0,17   

6-  51,8±1,4 32,7±1,5* 20,5±2,3 13,9±0,9 11,3±2,3 1,60±0,16   

9-  64,6±2,6 42,2±2,4 24,6±2,3 7,5±1,4 9,7±2,3 1,72±0,15  

L. acido-
philus 

-7279 

1- 63,1±3,5 40,4±3,4 25,6±3,3 11,3±2,4 7,0±1,4 1,58±0,16   

3-  53,4±4,4 37,2±2,3 18,1±2,4* 11,4±1,3 10,2±2,4 2,06±0,20

6-  52,4±5,4 37,5±1,4 26,0±3,4 10,6±2,4 9,2±3,4 1,44±0,19   

9-  51,3±3,4 35,8±1,4* 22,5±2,3 11,3±2,3 10,0±2,3 1,59±0,11  

L. casei 
-7280 

1- 64,9±4,6 43,1±2,3 24,5±1,4 9,4±1,3 9,9±2,3 1,76±0,20   

3-  58,7±5,3 38,5±3,3 19,6±1,5* 7,6±1,4 7,7±3,4 1,96±0,16

6-  58,5±4,5 41,7±3,5 23,4±2,4 7,8±2,4 7,3±1,4 1,78±0,20   

9-  62,7±5,5 42,4±2,5 26,1±2,3 11,2±1,3 6,7±1,3 1,62±0,16  

B. bifidum
VK2

1- 61,0±3,4 38,5±3,4 22,2±1,4 11,9±1,4 15,6±1,3* 1,73±0,16   

3-  52,0±4,4 35,6±2,3* 17,1±2,3* 6,5±2,2 14,5±1,3* 2,08±0,21

6-  64,3±1,6 39,5±2,4 26,1±2,3 13,2±2,4 14,4±2,4* 1,51±0,13   

9-  55,9±3,5 36,5±3,4 25,5±2,3 11,9±1,3 9,1±2,4 1,43±0,14

L. delbrue-
ckii subsp.
bulgaricus

-7281 

1- 58,9±4,5 36,8±3,5 23,0±1,4 10,3±1,3 16,2±2,3* 1,60±0,16   

3-  60,6±4,4 37,8±2,5 22,3±3,4 9,8±2,4 5,4±3,3 1,70±0,14   

6-  52,5±3,4 34,5±1,4* 21,7±2,3 11,4±2,4 12,9±1,3* 1,59±0,14   

9-  58,3±4,6 43,3±1,4 22,4±2,3 14,6±3,4 10,1±2,4 1,93±0,16  

L. del-
brueckii

subsp. bul-
garicus 

-7281 —
L. acidophilus

-7279 

1- 59,3±3,5 41,6±1,5 22,8±1,4 10,2±2,3 10,0±2,3 1,82±0,15   

3-  62,2±4,4 40,9±1,2 20,0±2,4 7,8±3,4 6,0±1,3 2,07±0,13

6-  57,0±2,5 37,6±3,4 22,4±3,4 12,9±1,3 15,7±2,3* 1,59±0,12   

9-  59,5±3,6 40,6±2,3 27,4±1,3 13,0±2,3 14,9±3,4* 1,48±0,15  

: * — < 0,05 ; — < 0,05 -
, . 
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L. casei -7280, B. bifidum VK2 

 CD8
+ ) 
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-7281 — L. acidophilus -7279 ( -

 CD4
+ )

, 
.  B. longum VK1 -

 CD4/CD8
 1-  ( -

 CD8
+ ) 

, 
, . 

D19
+

, -
, 

.    1-
6- -

B. longum VK1, L. acidophilus -7279,
B. bifidum VK2, L. delbrueckii subsp. bulgari-
cus -7281, , -

 L. delbrueckii subsp. bulgaricus  
-7281 — L. acidophilus -7279 -

, -
. 
, 

B. bifidum VK2 (  1- , 3-  6- ),
L. delbrueckii subsp. bulgaricus -7281

 1-  6- ), 
L. delbrueckii subsp. bulgaricus -7281 —
L. acidophilus -7279 (  6-  9- )

-
 CD25

+ . 
-, 

-
-2 —

 Th1- , -
.

 CD25
+ -

.
, -

 CD4/CD8,  
D19

+-  CD25
+ -

-
- ,

, -

, 
.  

, , 
L. casei -7280, L. acidophilus  

-7279, L. delbrueckii subsp. bulgaricus
-7281, B. longum VK1 B. bifidum VK2, -

 L. acidophilus -7279 —
L. delbrueckii subsp. bulgaricus -7281 

-
. 

-
 in vivo, -
 L. acidophilus -7279  L. del-

brueckii subsp. bulgaricus -7281, 
. ,  L. aci-

dophilus -7279 -
 S. aureus 8325-4

in vitro [11],  L. delbrueckii subsp.
bulgaricus -7281 — -

 [7], 
-

 [13]. -
 L. acidophilus -7279 — L. del-

brueckii subsp. bulgaricus -7281  
-

. , -
- -

 S. ureus, , L. acidophilus
EP317/402 [14], L. acidophilus CL1285(®)

L. casei LBC80R [15]; L. plantarum 8P-A3,
L. casei DN-114001, L. reuteri [16], B. longum
Z4, B. bifidum 1 [17]  
Bifidobacterium [18]. 

, 
-

, -
. 

-
, -

, 
.

, -
-

- ,
, 

, 
.

, -

.
,  3-

 CD4/CD8
 L. acidophilus -7279,

L. casei -7280, B. bifidum VK2 
 L. delbrueckii subsp. bulgari-

cus -7281 — L. acidophilus -7279
, 
. ,
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CD4
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 L. del-
brueckii subsp. bulgaricus -7281 —
L. acidophilus -7279. -

 CD4
+ -

,  
), -

,  B. longum VK1, B. bifi-
dum VK2, L. delbrueckii subsp. bulgaricus

-7281    L. acidophilus -7279, -
.   L. acidophilus -7279,

L. casei -7280, B. bifidum VK2,
B. longum VK1, , 

 CD4/CD8
 CD8

+ -
. -

  

D19
+ -

B. longum VK1, L. acidophilus -7279,
B. bifidum VK2, L. delbrueckii subsp. bulgari-
cus -7281, , 
L. delbrueckii subsp. bulgaricus -7281 —
L. acidophilus -7279. 
B. bifidum VK2 (  1- , 3-  6- ),
L. delbrueckii subsp. bulgaricus -7281

 1-  6- ),  
L. delbrueckii subsp. bulgaricus -7281 —
L. acidophilus -7279 (  6-  9- )

-
, 

 CD25
+. 

,  ,  
 CD25

+ -
. -

, , 

-
-

 L. del-
brueckii subsp. bulgaricus -7281 —
L. acidophilus -7279, 

 3-
 CD4

+ , 
-

 CD4/CD8, D19
+-  CD25

+-
 ( ).

- ,

-
,  Th1-  Th2- ,

- 
 [19–23]. 

- 

, -
, 

. 

, -
- -

, 
. ,

- 
-

 —  —

. 

-
-

, 
-

- 
.

,  L.casei -7280,
L. acidophilus -7279, L. delbrueckii subsp.
bulgaricus -7281, B. longum VK1 
B. bifidum VK2 -

in vivo,
   Staphylococ-

cus aureus 8325-4 .
-

 L. casei -7280, L. aci-
dophilus -7279, L. delbrueckii subsp.
bulgaricus -7281, B. longum VK1 
B. bifidum VK2, , 
L. delbrueckii subsp. bulgaricus -7281 —
L. acidophilus -7279 -

-
 CD4/CD8, 

CD4
+  ( L. del-

brueckii subsp. bulgaricus -7281 —
L. acidophilus -7279), D19

+ -
,   CD25

+  (
B. bifidum VK2, L. delbrueckii subsp. bulgari-
cus -7281, , 
L. delbrueckii subsp. bulgaricus -7281 —
L. acidophilus -7279).

L. casei -7280,
L. acidophilus -7279, L. delbrueckii
subsp. bulgaricus -7281, B. longum VK1

 B. bifidum VK2 
, 

Staphylococcus aureus, 
,
-
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-
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D19

+-  CD25
+ -
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longum VK1  
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ANTIBACTERIAL 
AND IMMUNOMODULATING PROPERTIES

OF LACTO- AND BIFIDOBACTERIA
STRAINS AT EXPERIMENTAL 

STAPHYLOCOCCAL INFECTION

V. V. Mokrozub
L. M. Lazarenko

L. P. Babenko
L. M. Shinkarenko

M. Ya. Spivak

Zabolotny Institute of Microbiology 
and Virology of National Academy of Sciences

of Ukraine, Kyiv

E-mail: Spivak@serv.imv.kiev.ua

Antibacterial and immunomodulating prop-
erties of Lactobacillus delbrueckii subsp. bulgari-
cus MV B-7281, Lactobacillus casei MV B-
7280, Lactobacillus acidophilus B-7279 MV,
Bifidobacterium longum VK1 and
Bifidobacterium bifidum VK2 strains were
determined at the experimental model of staphy-
lococcal infection of mice. It was established that
under the influence of these strains it was sig-
nificantly reduced the number of Staphylococcus
aureus colonies, which were seeded out from kid-
neys of infected mice. At the same time after
introduction by mice with staphylococcal infec-
tion  of  separate  probiotic  strains  of  lacto-  and
bifidobacteria it was observed increasing of the
CD4/CD8 immunoregulatory index, and also the
number of D19

+- and CD25
+-cells in spleen.

Lactobacillus delbrueckii subsp. bulgaricus MV
B-7281, Lactobacillus casei MV B-7280,
Lactobacillus acidophilus B-7279 MV, Bifido-
bacterium bifidum VK2 and Bifidobacterium
longum VK1 strains found to be perspective for
probiotics creation, that could be effective
against staphylococcal infection and for the
immunity correction.

Key words: immunity, interferon, Lactobacillus,
Bifidobacterium, Staphylococcus aureus, mice.
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PROPERTIES OF ERYTHROCYTES
FROZEN IN COMBINED MEDIUM 
WITH POLYETHYLENE GLYCOL 

AND DIMETHYLSULFOXIDE

V. V. Ramazanov
T. I. Dejneko

E. L. Volovelskaya
V. A. Koptelov

V. A. Bondarenko

Institute for Problems of Cryobiology 
and Cryomedicine of National Academy 

of Sciences of Ukraine, Kharkiv

E-mail: ramazanov.viktor@mail.ru

Osmotic, antioxidative and morphological
characteristics of erythrocytes frozen in liquid
nitrogen (–196 C) in a medium containing poly-
ethylene glycol –1500 or in combined medium
with polyethylene glycol-1500 and dimethylsul-
foxide were studied. During freezing in medium
containing polyethylene glycol –1500, signifi-
cant rate of erythrocytes damage (55–60%), glu-
tathione loss by the cells during cryopreserva-
tive washing-out and penetration increasing of
rest of cells for H+ ions were reported.

At the same time no significant increasing of
malonic dialdehyde concentration and valuable
change of indices of glutathione-metabolized
enzymes activity (glutathione reductase and glu-
tathione peroxidase) during freezing in two indi-
cated media were found out. At additional intro-
duction  of  DMSO  into  medium,  damage  rate  of
erythrocytes during freezing decrease signifi-
cantly (7–9%) keeping the sufficient osmotic,
antioxidative and morphological properties of
the remained part of cells after cryopreservative
washing-out.

The findings enable to suggest that osmotic
and morphological properties retention of ery-
throcytes being frozen in combined medium with
polyethylene glycol-1500 and dimethylsulfoxide
were provided by penetration of the latter into
the cells and weakening of hypertonic stress,
stimulated by NaCl and polyethylene glycol-
1500 concentration during freezing. 

Key words: erythrocytes, osmotic, antioxidative
and morphological properties, freezing, com-
bined cryopreservative. 
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ESTIMATION OF AUTOIMMUNE AND
DNA-DAMAGE INFLUENCE OF GOLD

NANOPARTICLES 

V. I. Bobyk1, L. M. Kapustyan1, L. M. Morozova1,
P. V. Pogribny3, S. M. Dybkova2,

L. S. Rieznichenko2,  T. G. Gruzina2, Z. R. Ulberg2,
V. P. Kovalenko4, L. L. Sydoryk1 

1Institute of Molecular Biology and Genetics 
of  National Academy of Sciences of Ukraine, Kyiv 
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National Academy of Sciences of Ukraine, Kyiv 
3Kavetsky Institute of Experimental Pathology,

Oncology and Radiobiology of  National
Academy of Sciences of Ukraine, Kyiv

4SO «Institute of Medicine of Work» 
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of Ukraine, Kyiv 
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Water dispersions of gold nanoparticles with
average sizes 7, 17 and 57 nm have been synthe-
sized by the method of chemical condensation.
The character of autoimmune response of model
animals’ organisms induced by intraperitoneal
injection of the gold nanoparticles has been stud-
ied via the determination of autoantibodies titre
against defensin (mBD-2), chaperonin Hsp60
and heart myosin (Myo). 

The DNA-damage action of gold nanoparticles
with average sizes 7 and 17 nm as well as absence
of one under the influence of 57 nm nanoparticles
have been revealed in vitro and in vivo. 

On the basis of the parameters of organism
autoimmune response and DNA-damage influence
on  tissues  of  the  laborator  animals  with  gold
nanoparticles of different size it was made a conclu-
sion that 57 nm particles were the most perspective
for using in technologies of cardio-vascular patholo-
gies diagnostic and treatment preparations creation.  

Key words: gold nanoparticles, autoantibodies,
defensin, chaperonin Hsp60, myosin, immune
response, DNA-damage action.
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