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BIODEGRADATION OF PETROLEUM HYDROCARBONS
BY ACTINOBACTERIA AND ACINETOBACTERIA
STRAINS PRODUCING BIOSURFACTANT

Environmental pollution with petroleum hydrocarbons has become one of the most
urgent problems worldwide. The effectiveness of bioremediation of oil pollutions is signifi-
cantly affected by the inherent capabilities of microorganisms and their specific adaptive
mechanisms of hydrocarbon assimilation. In this study the hydrocarbon biodegradation
efficiency and the surface-active properties of the hydrocarbon-oxidizing strains of Gor-
donia rubripertincta IMB Ac-5005, Rhodococcus erythropolis IMB B-7012 and Acineto-
bacter calcoaceticus IMB B-7013 were determined. These strains showed high efficiency
of biodegradation of n-hexadecane (82.1-86.7 %), kerosene (72.5-80.3 %), diesel fuel
(70.1-74.3 %) and crude oil (63.5-68.9 %). The mixed culture of these strains completely
assimilated n-alkanes C~C,, as well as iso-alkanes C~C,, and significantly decreased
(150-230 times) the amount of n-alkanes C,~C, in the process of cleaning up water from
raw oil. The utilization of hydrocarbons by G. rubripertincta IMB Ac-5005 and R. erythro-
polis IMB B-7012 with low initial hydrophobicity index (2.4 and 9.6 % respectively) was
accompanied by the increase in cell surface hydrophobicity (4 and 25 times respectively)
and by the synthesis of cell-bound biosurfactants forming stable emulsions of “oil-in-water”
type. The dominating components of these biosurfactants were glycolipids: mono- and dimy-
colates of trehalose. The assimilation of hydrocarbons by highly hydrophobic A. calcoace-
ticus IMB B-7013 with the initial hydrophobicity index 99.4 % resulted in the decrease of
this value by 1.4 times and the synthesis of extracellular biosurfactant forming stable emul-
sions of “water-in-oil” type. The biosurfactant of A. calcoaceticus IMB B-7013 is similar
to emulsans according to its chemical composition and ratio of the main components (car-
bohydrates, proteins and lipids). The experimental data provide grounds for efficient using
of these strains in the process of bioremediation of oil-polluted water and soils.

Keywords: hydrocarbon-oxidizing microorganisms, surface-active properties,
biosurfactants, Gordonia, Rhodococcus, Acinetobacter.

Hydrocarbon compounds are highly persistent in the environment and pose
significant threats to human health and natural biodiversity [11]. Currently,
microbiological methods of bioremediation of oil polluted ecosystems gain
ever increasing popularity owing to their sustainability, relatively low cost,
and environmental safety. Bioremediation of polluted environments is based on
contaminant biodegradation, that is, metabolic abilities of microorganisms to
transform or mineralize organic contaminants into less harmful, nonhazardous
substances, which are further integrated into natural biogeochemical cycles [5,
14, 20]. The spectrum of microorganisms used for hydrocarbons degradation
mostly includes the actinobacteria of Rhodococcus, Dietzia, Gordonia genera as
well as bacteria of Pseudomonas, Arthrobacter and Acinetobacter genera [7, 12,
14, 15]. Many authors have determined that these microorganisms are widely
spread in oil-polluted ecosystems where hydrocarbon-oxidizing actinobacteria
play a significant role, which is explained by metabolic peculiarities of these
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bacteria and their resistance to unfavourable conditions [9, 14]. All data
available to date evidence that mixed populations of microorganisms with
overall broad enzymatic capacities are required to degrade complex mixtures
of hydrocarbons such as crude oil, aromatic and polyaromatic compounds
in soil, fresh water, and marine environments [15, 20, 23]. It is known that
hydrocarbons utilization by microorganisms is limited by hydrophobic nature
of these substances. The microbial oil-degradation activity largely depends
on the features of the cell envelope of microorganisms and their ability to
synthesize biosurfactants. Among the hydrocarbon-oxidizing bacteria — active
producers of biosurfactants — the genera Rhodococcus and Acinetobacter can
be effectively used in environmental technology for bioremediation of oil-
contaminated ecosystems [3, 7, 9, 14, 18].

The aim of this work was to test the efficiency of biodegradation of oil
hydrocarbons by the strains G. rubripertincta IMB Ac-5005, R. erythropolis
IMB B-7012 and A. calcoaceticus IMB B-7013, and to determine their surface-
active properties and ability to produce biosurfactants.

Materials and methods. Microorganisms. The study included three strains
of hydrocarbon-oxidizing bacteria: Gordonia rubripertincta IMB Ac-5005,
Rhodococcus erythropolis IMB B-7012 and Acinetobacter calcoaceticus IMB
B-7013. They are maintained in the Ukrainian Collection of Microorganisms of
the Zabolotny Institute of Microbiology and Virology of the National Academy
of Science of Ukraine and are deposited in the Depositary of microorganisms
of this institute as the destructors of oil and oil products.

Media and growth conditions. Bacteria were grown in liquid mineral medium
(g/l): KNO, - 3.0, KH,PO, — 0.28, Na,HPO, x 12H,0 — 1.2, NaCI - 2.0,
MgSO, x 7TH,0 - 0.2, CaCl, x 6H,0 - 0.0111, FeSO, x 7H,0 — 0.0199, yeast
extract — 1.0; tap water — 900 ml; distilled water — 100 ml, pH 6.8-7.0. Crude
oil, diesel fuel, kerosene or n-hexadecane 0.5 % (v/v) were used as the only
carbon and energy sources. For the determination of surface-active properties,
cells were grown on this medium with 1.0 % (v/v) n-hexadecane. Cultures were
incubated in 750 ml Erlenmeyer flasks with 100 ml of medium at 28 °C with
agitation at 200 rpm for 5 days. 48 h cultures grown on the mineral medium
described above, containing 0.3 % (v/v) n-hexadecane were used as inoculums.
Free cell cultures were obtained by centrifugation of culture medium for 30 min
at 12.000 g and 4 °C. Spread plate technique was used for studying the colonial
morphologies and determination of colony forming unit (CFU/ml).

Total petroleum hydrocarbon (TPH) concentrations were determined
using the laboratory analyzer of the content of petroleum products in water
AN-1 (Neftehimavtomatika-SPb, Russia) according to the manufacturer's
instructions. The biodegradation efficiency (BE) was evaluated in percent (%)
and calculated according to the formula: BE (%) = 100 % —[C,x 100 % / C ],
where: BE — biodegradation efficiency, %; C, — primary hydrocarbon substrate
concentration in the sample, mg/l; C, — quantity of hydrocarbon in the sample
after biological degradation, mg/I1.

The hydrocarbon composition of crude oil. Quantitative content of paraffin-
naphthenic (PNH), aromatic and asphaltene hydrocarbons of crude oil was
studied by columnar liquid adsorption chromatography [21] with the use of
granular silica gel KSGK (Reap, Ukraine).

Model experiments on the crude oil biodegradation in water. The study
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of crude oil biodegradation was carried out in stationary conditions within
28 days using 250 ml flasks containing 200 ml of the natural pond water
(pH — 7.8, hardness — 6.5 mg/l, O, — 8.5 mg/l, hydrocarbons < 0.01 pg/l).
The crude oil (specific gravity of 0.88 g/ml) of Glynsko-Rozbyshivske field
(Poltava region, Ukraine) was added to the final concentration of 4.000 mg/I.
Complex mineral fertilizer NPK 16:16:16 (Dniprovsky plant of chemical
fertilizers, Ukraine) was used as a source of nutrients in such an amount
that per 1 g of oil accounted 35 mg of nitrogen. A 9—ml-sample of the liquid
cultural mixture of G.rubripertincta IMB Ac-5005, R.erythropolis IMB
B-7012 and A.calcoaceticus IMB B-7013 strains (in the ratio 1:1:1) after
their separate cultivation on the medium with 0.5 % (v/v) n-hexadecane was
used as inoculum. Experiments were carried under aerated conditions using a
microprocessor SMD Rework Station AOYUE 852 (Aoyue tongyi electronic
equipment factory, China) providing air at 0.5 I/l min. The experiment
modification without introducing bacteria was used as control.

Alkanes compound analysis of the n-hexane crude oil extract was completed
on the Agilent 6890N equipped with a 5973inert mass selective detector and
operated in SCAN mode (Agilent Technologies, US). The injection temperature
was 250 °C, column HP-5ms, 30m x 0.25 mm X 0.25 pm (J&W Scientific,
USA). The oven temperature program included a 60 °C hold for 4min ramped
to 300 °C at 4 °C/min with the final 10 min hold at 300 °C. Compound
identification was performed according to the compound spectra available in
the NIST 02 MS library and based on the comparison with the retention times
of the standard mixture of saturated hydrocarbons (C,—C,,). When identifying
the substances by comparing the experimental and library mass spectra into
account only those which have similarity coefficients > 0.85.

Determination of surface-active properties. The emulsification index (E,,)
of culture samples was determined according to the method of Cooper &
Goldenberg [4]. Kerosene (TC-1, Russia) was used as hydrophobic phase. The
E,, is given as height of the emulsified layer (mm) divided by the total height
of the liquid column in a test tube (mm). Cell surface hydrophobicity (CSH)
assay was carried out according to the procedure described by Rosenberg et al.
[19] with some modifications. Cells were grown on the medium with 1 % (v/v)
n-hexadecane as a carbon source and harvested each 24 h during 5 days, then
washed twice with phosphate saline buffer (KH,PO, —3.40, Na,HPO, x12H,0 —
8.90, pH — 7.0) and resuspended in the same buffer to reach OD,, = 0.5. Acid-
washed glass test tubes were filled with 2.5 ml of the cell suspension and 0.5
ml of n-hexadecane. The samples were mixed with Vortex FS 16 (BioSan,
Latvia) for 60 s. After the phases were allowed to separate, the aqueous phase
was carefully removed, and its light absorbance was measured using a Lambda
EZ 201 (Perkin Elmer, USA) model spectrophotometer. The percentage of cell
adhesion to n-hexadecane was used to estimate the hydrophobicity index (HI)
calculated as: HI (%) =[A —A,) /A ] % 100 %, where: A, — OD,, of the initial
cell suspension, A, — OD,, of the aqueous phase. The surface tension (SFT)
of cell-free broth was measured with a digital tensiometer Kriiss K6 (Kriiss
GmbH, Germany) using standard Wilhelmy plate method at room temperature
according to the manufacturer’s instructions. To determine of SFT the cell-
free broth was preliminarily pretreated with hexane to remove of residual
n-hexadecane, which has surface-active properties.
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Chemical nature of biosurfactants. The content of the total lipids
G. rubripertincta IMB Ac-5005 and R. erythropolis IMB B-7012 strains was
determined as described by Folch et al. [8]. Determination of lipids carried
by thin layer chromatography plates DC-Alufolien Kieselgel 60 (Merck,
Germany) in a solvent system (mobile phase): non polar: hexane—diethyl ether
(2:1); polar: chloroform—methanol-water (85:15:1). The visualization of the
chromatogram was performed with 10 % phosphomolybdic acid solution in
ethanol using marker analysis, comparing the R, of the studied lipids with the
R, of the standard. Peptidoglycolipids were identified according to Kretschmer
and Bock [13]. Isolation of surfactant synthesized by A. calcoaceticus IMB
B-7013 was performed as described by Neufeld and Zajic [16]. The content of
carbohydrates in the surfactants was determined by calorimetry in the reaction
with phenol and sulfuric acid [6], proteins were identified by the Bradford
method [2] and lipids — by the method of Folch et al. [8]. The amount of these
components was presented as a percentage of dry matter.

All experiments were carried out in three replicas and statistical analysis
was performed using Microsoft Office Excel 2003.

Results. The determination of the hydrocarbon biodegradation efficiency
(BE) of strains G. rubripertincta IMV Ac-5005, R. erythropolis IMV B-7012
and A. calcoaceticus IMV B-7013 showed (Table 1) that the highest BE
they demonstrated in relation to n-hexadecane (82.1-86.7 %), somewhat
smaller — to kerosene (72.5-80.3 %), diesel fuel (70.1-74.3 %) and crude oil
(63.5-68.9 %). It was found that the BE of the mixed-culture of these bacteria
increased by 7-10 %.

Table 1
Hydrocarbons biodegradation by the tested strains

Biodegradation efficiency, %

Strains
crude oil diesel fuel kerosene | n-hexadecane

G. rubripertincta IMB Ac-5005 |  65.4+2.9 71.9+2.8 80.3+£2.9 85.3+£2.6

R. erythropolis IMB B-7012 68.9+£2.7 74.3£2.7 75.4£2.8 86.7£2.7

A. calcoaceticus IMB B-7013 63.5+£2.8 70.1+£2.9 72.5+£2.7 82.1+2.8

Mixed-culture of strains (1:1:1) | 76.0+£3.4 82.2+3.3 86.6+3.2 97.8+3.1

Note: Determination was performed after 120 h of cultivation of the strains in medium with the initial

hydrocarbon concentration of 0.5 %.

For the model experiments on oil biodegradation in water by the mixed
culture (1:1:1 v/v) of R. erythropolis IMB B-7012, G. rubripertincta IMB Ac-
5005 and 4. calcoaceticus IMB B-7013 crude oil was used. It contained 72.8 %
PNH as the main components, 23.6 % of aromatics and a small amount (3.9 %)
of asphaltics. It was shown that the BE of the mixed-culture at the end of the
experiment reached 80.5 % which exceeds the control 1.7 times. Chemical
analysis of the hexane extracts of PNH showed that they are represented by
continuous homologous series of the n-alkanes with intermediate peaks of
iso-alkanes (Fig. 1A). An undivided complex of cycloalkanes and aromatic
hydrocarbons is located at the base of the peaks.
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Fig. 1. Chromatogram of the hexane extracts of paraffin-naphthenic hydrocarbons in

the process of purification by the stains of water contaminated with crude oil. A — the

control sample containing untreated oil-polluted (4.000 mg/l) water; B — the sample of

water treated with the mixed-culture of G. rubripertincta IMB Ac-5005, R. erythropolis
IMB B-7012 and A. calcoaceticus IMB B-7013 for 30 days

The composition of the PNH included the n-alkanes with carbon chain
length C~C,, with the prevalence of C, ~C,, and dominance of C, ~C .. It
was found that the iso-alkanes PNH mainly included methylated derivatives
of the n-alkanes is0-C,~is0-C .. The mixed-culture of the tested strains almost
completely utilized these oil fractions (Fig. 1B). The strains completely
assimilate n-alkanes C~C, as well as iso-alkanes C~C, and significantly
decreased n-alkanes C —C, (150-234 times) in comparison to the initial
amount.

The surface-active properties of the strains tested were determined in the
process of their utilization of n-hexadecane. All strains demonstrated good
growth on this substrate. By the end of cultivation (5 days) the cell titres of
strains increased from 10 CFU/ml to 2.1x10% — 3.4x10% CFU/ml (Fig. 2).
Our study showed that the initial level of cell-surface hydrophobicity in
R. erythropolis IMB B-7012 and G. rubripertincta IMB Ac-5005 before the
contact with hydrocarbon substrate had low indices (2.4 and 9.6 % accordingly)
(Fig. 2, a, b).

During the cultivation on n-hexadecane the hydrophobicity index (HI) of
R. erythropolis IMB B-7012 increased by more than 20 times and reached the
maximum level of 60 % at the end of the exponential growth phase (Fig. 2, a).
It was accompanied with the reduction of S-forms of this strain and the
increase of R-forms with higher hydrophobicity of cell surface and activity of
hydrocarbon assimilation. In G. rubripertincta IMB Ac-5005 which forms only
S-variants of colonies cells hydrophobicity increased 3.9 times (Fig. 2, b). In
contrast to actinobacteria strains, 4. calcoaceticus IMB B-7013 cells possessed
high initial HI (99.4 %), reducing down to 72.0 % at the end of the exponential
growth on n-hexadecane (Fig. 2, ¢).
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Fig. 2. The change of a cell surface hydrophobicity, amount of S-forms dissociants
and titre cells of the tested strains during the growth on n-hexadecane. A — HI
(hydrophobicity index); o — S-forms; e — colony forming units (CFU/ml). a —

R. erythropolis IMB B-7012; b — G.rubripertincta IMB Ac-5005; ¢ — A. calcoaceticus IMB
B-7013

The study of the strains ability to produce of biosurfactants showed that the
cell suspensions of R. erythropolis IMB B-7012 and G. rubripertincta IMB Ac-
5005 had high emulsification index (E,,= 51.0 and 54.0 % respectively) and
free cell culture had low E,, —4-5 % (Table 2). These results indicate that these
strains produced cell-bound biosurfactants. The presence of small quantities
of biosurfactants in free cell culture can be explained by lipid nature of these
substances that are easily dissolved in hydrocarbons and can be extracted by
them from cells. The surface tension in the cultivation medium was reduced by
these strains to 5046 mN/m.
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Table 2
Surface-active properties of the tested strains

Strains Emulsification index E_, (%) Surface tension
Cell suspension | Free cell culture of free cell

culture (mN/m)
R. erythropolis IMB B-7012 51.0+2.0 5.0+0.6 50.0+0.4
G. rubripertincta IMB B-5005 54.0+3.2 4.0+0.5 46.0+0.5
A. calcoaceticus IMB B-7013 4.0+0.6 67.0+2.6 40.0+0.6

Note: The growth was carried out at 28 °C for 5 days on an orbital shaker (220 rpm) on the liquid

medium with 1 % (v/v) n-hexadecane as carbon source.

It was revealed that in comparison with cells suspension free cell culture of
A. calcoaceticus IMB B-7013 possessed, considerably higher emulsification
index (E,, = 67.0 %). It testified to its capability to synthesise extracellular
biosurfactants. According to our data, this strain reduced the surface tension
in the cultivation broth down to 40.0 mN/m. It was shown that investigated
strains also differed from each other by the type of emulsion they formed:
Rhodococcus and Gordonia strains formed stable emulsions of “oil-in-water”
type while Acinetobacter strain produced “water-in-oil”-like emulsions.

Determination of the chemical nature of biosurfactants from the tested
strains showed that glycolipids, identified as trehalose monomycolate and
trehalose dimycolate, as well as peptidoglycolipids dominate in the polar
lipid fraction of actinobacteria. Among the non-polar lipids of R. erythropolis
IMB B-7012 and G. rubripertincta IMB Ac-5005 strains mycolic acids, cetyl
alcohol, palmitic acid and fatty acid methyl esters are found. In the content
of extracellular biosurfactants of A. calcoaceticus IMB B-7013 carbohydrates
(43.5 %) and proteins (39.6 %) were found in prevailing quantities and lipids
(14.1 %) — in small amounts. Our experiments showed that the isolated from
the growth medium crude emulsan contains a complex which exhibits high
emulsifying activity (E,, = 76.5 %) on hydrophobic substrates such as kero-
sene. The value of E,, of an individual fraction of this biosurfactants was much
lower. So, E,, of the carbohydrate-protein fraction was equal to 54.7 % and the
lipid fraction — to 44.0 %. This indicates that the emulsifying properties of this
biosurfactant are related to the presence of both of these fractions.

Discussion. It is known that the natural processes of bioremediation
of oil-contaminated water and soil occurs with the active participation of
microorganisms. More than 20 families of bacteria and 10 families of fungi
capable of biological degradation of various hydrocarbons have been described
[15]. This study represents the results of investigation of the biodegradation
potential of the species G. rubripertincta IMB Ac-5005, R. erythropolis IMB
B-7012 and A. calcoaceticus IMB B-7013. Representatives of these genera
are often detected in oil-contaminated soil or water and each plays a role
in the transformation of hydrocarbons [9, 14]. This study showed that the
susceptibility of hydrocarbons to microbial attack decreases in the following
order: n-hexadecane > kerosene > diesel fuel > crude oil. The mixed culture
of the strains showed the most effective destruction of these substrates. These
results are confirmed by other authors, who suggest that an associations of
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microorganisms exhibit a higher BE of oil hydrocarbons than monocultures
[20, 23]. Of the various oil fractions, n-alkanes of the intermediate length (C, —~
C,,) are the preferred substrates and tend to be the most readily degradable.
Long chain n-alkanes (C, —C,) are hydrophobic solids which makes them dif-
ficult to be degraded due to their poor water solubility and bioavailability and
branched-chained alkanes are also degraded more slowly than normal alkanes
[10]. In the present study the mixed-culture of the tested strains has shown
maximal degradation (80.5 %) of 0.4 % crude oil and complete assimilation
of n-alkanes C,~C, , iso-alkanes C,~C, . and also significantly decreased the
amount of n-alkanes C,~C,, (150-230 times) after 30 days of purification of
contaminated water. The ability to utilize short chain n-alkanes (C, to C,)) as
well as a broad range of long chain n-alkanes (C , to C,,) present in crude oil
is also exhibited by other rhodococci and acinetobacteria strains [7, 14]. The
high biodegradation activity of the strains tested in this work in relation to iso-
alkanes and long chain n-alkanes indicates that they can be useful in degrading
complex compounds present in crude oil.

The hydrophobic nature of petroleum hydrocarbons is a strong limiting
factor in microbial degradation. Therefore, among the basic parameters that
could affect the effectiveness of hydrocarbon degradation by microorganisms
there are such important properties as the cell-surface characteristics and
the ability of strains to synthesize biosurfactants. Literature sources note
that the main mechanisms of microorganisms’ adaptation to assimilation
of hydrophobic substrates are: an increased in level of hydrophobicity of
cell surface providing direct contact with hydrocarbon droplets and/or the
synthesis of biosurfactants emulsifying the hydrophobic substrate in medium
and providing mediated contact with hydrocarbon droplets [3, 9, 14]. The
unique property of actinobacteria, belonging to the mycolata taxa in which
Rhodococcus spp. and Gordonia spp. are included, is the external lipid barrier
formed by 2-alkyl-3-hydroxy fatty acids of high molecular mass (mycolic
acids) and their ethers with trehalose, permeable for hydrophobic substrates
[22]. The obtained results coincide with the data cited in the literature about the
dynamics of increasing hydrophobicity of rhodococci cell cultures grown on
the medium with hydrocarbons and cell-surface hydrophobicity of strains with
different colonial morphologies [3, 24]. It was determined in this study that
the process of utilization of hydrocarbons by low hydrophobic actinobacteria
cells is accompanied by the cell surface hydrophobicity increase and the
production of cell-bound glycolipid biosurfactants promoting the adhesion of
cells to hydrocarbons. As it is known such substances are the main glycolipid
components of cell walls of these bacteria and are responsible for surface-
active properties [22].

The assimilation of hydrocarbons by highly hydrophobic acinetobacteria
cells resulted in the hydrophobicity index decrease and the formation of
emulsan-like extracellular metabolites with surface-active and emulsifying
properties. According to the literature, high level of hydrophobicity of
A. calcoaceticus is one of the main characteristics of this species, contributing
to active degradation of hydrocarbons that mediates the attachment of cells
to hydrocarbon droplets and stimulates the induction of enzymes for their as-
similation [16, 17]. The composition of these substances was close to emulsans
typical for this species and includes heteropolysaccharide containing fatty acids
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with noncovalently bound proteins [1, 18]. The literature sources also note
that the emulsifying activity of extracellular biosurfactants of hydrocarbon-
degrading Acinetobacter species are largely determined by the presence of lipid
and protein components [1, 18].

Thus, the results of this work demonstrated that G. rubripertincta IMB
Ac-5005, R. erythropolis IMB B-7012 and A. calcoaceticus IMB B-7013
show high efficiency of oil hydrocarbons biodegradation and exhibit different
mechanisms of adaptation to hydrocarbon assimilation. The findings indicate
the great bioremediation potential of these strains for the cleaning of oil-pol-
luted environments.
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B.C. Iliozopcokun, .M. Hozina

Inemumym mikpobionoeii i eipyconoeii im. [].K. 3abonomnoco HAH Yxpainu,
8y1. Akademika 3abonommuoeo, 154, Kuis, 03143, Yxpaina

BIOJIET PAJTIAIIIA BYIVIEBOJTHIB HA®TU IITAMAMUA AKTUHOBAKTEPII
I AHMHETOBAKTEPA, AKI CUHTE3YIOTb BIOCYP®AKTAHTH

Pesome

3a0py/aHEHHsI HaBKOJIMIIHBOTO CEPeIOBHIA HAPTOBUMHU BYIJICBOAHSIMHU € OIHIEIO 3
HaMaKTyaJbHINIUX MPOOJeM B ychoMy cBiTi. EdextuBHICTS Olopememialiii HahTOBUX 3a-
OpynHEHb y 3HAUHIH Mipi 3aJICKUTH BiJl MPUPOIHUX OCOOIMBOCTEH MIKPOOPTaHi3MIB Ta IX
cnenn@iuHUX aJanTUBHUX MEXaHI3MIB 3aCBOEHHS BYIVIEBOJHIB. Y 1Iili poOOTI BU3HaYe-
Ha e(EKTUBHICTh 010I€CTPYKIIii 1 MOBEPXHEBO-AKTUBHI BIACTUBOCTI BYIJIEBOJIEHb-OKHC-
HIOBaNBHUX ITaMiB Gordonia rubripertincta IMB Ac-5005, Rhodococcus erythropolis
IMB B-7012 i Acinetobacter calcoaceticus IMB B-7013. 11i mtamu poSIBISUTA BHCOKY
edexTuBHICTh OlofecTpykuii H-rekcajexkany (82,1-86,7 %), kepocuny (72,5-80,3 %),
nusenbHoro manmsa (70,1-74,3 %) i cupoi HadTh (63,5-68,9 %). 3mintana KyapTypa oux

LITaMIB [MOBHICTIO aCUMUIIOBAja H-aJIKaHU C,—C,,, a Takox 130-aJIKaHU C—C, 1 3Ha4-

21°
Ho 3menmyBana (y 150-230 pasis) Bmict n-ankanis C,,—~C,, y mpomneci OYnmIeHHs BOAH
Bix cupoi HadTH. 3acBOCHHS BYIIeBOAHIB mtaMaMu G. rubripertincta IMB Ac-5005 i
R. erythropolis IMB B-7012 i3 HU3bKUM [TOYaTKOBUM PIiBHEM I1HJIEKCY TiApopoOHOCTI
(2,4 19,6 % BIANOBIAHO) CYNPOBOKYBAIOCH 301IbIIEHHAM TiAPO(GOOHOCTI KIITHUHHOT
moBepxHi (y 4 1 25 pa3iB BiAMOBIIHO) Ta CHHTE30M KIIITHHHO-3B’I3aHHX 010CYp(aKTaHTIB,
SK1 YTBOPIOBAJIM CTIMKI €MyJbCIl THITY «Maclio y BOAi». JIOMIHYIOUMMH KOMIIOHEHTaMHU
nux OiocypdakTaHTiB Oyau TIIKOMIMIIA: MOHO- 1 JUMIKOJATH TPEralo3u. 3aCBOECHHS
BYTJICBOJHIB BUCOKO TipododHnM mtamoM A. calcoaceticus IMB B-7013 3 mogaTkoBUM
iHnexcoM rigpododnocti 99,4 % cynpoBoKyBaIOCh 3MEHILIEHHIM 1ILOTO TIOKa3HUKa B 1,4
pas3u i CHHTE30M I03aKJIITHHHOTO 0i0Cyp(haKTaHTy, SIKHil yTBOPIOBAB CTaOLIbHI eMYJIbCil
TUIY «BOJIA Y MacCi». 3a XIMIiTHIM CKJIaJIOM 1 CITiBBiTHOIIICHHSM OCHOBHUX KOMIIOHCHTIB
(ByreBoy, Oinku Ta sinian) 6iocypdakrant 4. calcoaceticus IMB B-7013 6au3bkuii 10
eMyJbCcaHiB. EkcriepuMeHTalIbHI aHi Jaf0Th MiACTaBU IS €(PEeKTUBHOTO BUKOPUCTAHHS
[UX MTaMiB y Tporieci Giopemeniamnii 3a0pyaHEHNX Ha(QTOIO BOIH i IPYHTY.
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BUOAETPAJALIUSA YITIEBOJOPOJOB HE®TU IITAMMAMMU
AKTAHOBAKTEPUN U AIIMHETOBAKTEPA, CHHTE3UPYIOIIIUMUA
BUOCYPOAKTAHTDI

Pesome

3arpsizHEHHE OKpYKarolel cpeabl HeQTSHBIMU YITIEBOAOPOAAMH SIBISICTCSI OAHOW U3
CaMBIX aKTyaJbHBIX IPOOIEM BO BceM MHpPE. DPPEKTUBHOCTH OHOpeMeanaIiy He(TIHBIX
3arpsi3HEHNH B 3HAYUTEIBHON CTENIEHH 3aBUCHT OT IIPUPOAHBIX 0COOCHHOCTEH MUKpOOpTa-
HHM3MOB U UX CHIEHU(PHUIECKUX aIAIITHBHBIX MEXaHU3MOB YCBOCHUS YIIIEBOIOPO/IOB. B oM
paborte onpexneneHa 3pheKTHBHOCTH OMOAECTPYKIIH U TOBEPXHOCTHO-aKTHBHBIE CBONCTBA
YIIICBOIOPOIOKHUCISIONIX TaMMoB Gordonia rubripertincta IMB Ac-5005, Rhodococcus
erythropolis IMB B-7012 u Acinetobacter calcoaceticus IMB B-7013. DTu mtaMmBblI 1po-
SIBISUTH BBICOKYIO 3()(EeKTUBHOCTH OMOAeCTpyKIUK H-rekcaaekana (82,1-86,7 %), xepo-
cuna (72,5-80,3 %), mu3enpHOTO TotuTHBA (70,1-74,3 %) 1 chipoit HedTH (63,5-68,9 %).
CwMemannas KynsTypa 3TUX IITaMMOB MOJHOCTBIO accumMunuposana H-ankanel C—C, ,
a raxoke uzo-ankanel C~C . u 3HauMTENbHO yMeHbmana (B 150-230 pa3s) conepxanne
H-ankanoB C,,~C, . B TIpoOIECCe OYMCTKU BOJBI OT CHIPOH HEPTH. YCBOEHHE YIIIEBOIOPO-
noB mrammamu G. rubripertincta IMB Ac-5005 u R. erythropolis IMB B-7012 ¢ Huzkum
HavYaJIbHBIM HHJIEKCOM ruapodooHOCcTH (2,4 1 9,6 % COOTBETCTBEHHO) COMPOBOXKIAIOCH
yBeIM4YEeHUEM THIpo(GOOHOCTH KIICTOYHOM ITOBEPXHOCTH (B 4 1 25 pa3 COOTBETCTBEHHO) U
CHHTE30M KJIETOUHO-CBS3aHHBIX OMOCYP(aKTaHTOB, KOTOPbIE 00PA30BbIBAIN YCTOWYHBbIC
9MYJIBCHH THIA «Macio B BOAE». JJOMHHUPYIOIIMMH KOMIIOHEHTaMH 3TuX Ouocypdax-
TAHTOB OBIJIM TITMKOJIMITH/IBI: MOHO- ¥ IMMUKOJIATHl TPETAJIO3bl. YCBOCHHUE YIIIEBOJJOPO/IOB
BBICOKO TUAPO(GOOHBIM TaMMOM A. calcoaceticus IMB B-7013 ¢ HayabHBIM HHIIEKCOM
rugpododHOCTH 99,4 % COMPOBOXAATOCH YMEHBIIEHHEM 3TOTO MOKa3aTels B 1,4 pa3a n
CHHTE30M BHEKJIETOUHOT0 OMocypdakTanTa, 00pa3yIomero CTadHiIbHbIE SMYIILCHH «BOJIA B
macie». [1o XumMu4eckoMy coCTaBy M COOTHOIICHHIO OCHOBHBIX KOMIIOHEHTOB (YIJICBOJIBL,
Oenku 1 MnuAbl) 6nocypdakTant A. calcoaceticus IMB B-7013 0mum3ok Kk SMymnbcaHaMm.
DKCTIeprMeHTAIbHBIE JaHHBIE JAIOT OCHOBAHUS It 3 ()EKTHBHOTO NCIIONB30BAHMS STHX
HITAMMOB B TIpOLIECCe OMOpEeMeInalny 3arpsi3HEHHBIX HE(PTHIO BOJBI M TIOUBBI.

Kniouesvle cro6a: yriaeBoIOPOLOKUCIAIONINE MUKPOOPTaHNU3MBI, IIOBEPXHOCTHO-
aKTHBHBIC CBOWCTBA, Onocypdakrantsl, Gordonia, Rhodococcus, Acinetobacter.
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