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The aim of the work is to realize an alternative processing of toxic industrial waste into surfactants
by strains Rhodococcus erythropolis IMV Ac-5017, Acinetobacter calcoaceticus IMV B-7241 and
Nocardia vaccinii IMV B-7405 for remediation of environment.

The studied strains were grown in liquid media containing such sources of carbon as waste (fried)
sunflower oil, technical glycerol (by-product of biodiesel production), and aromatic compounds. The
synthesis of surfactants was evaluated by emulsification index, conditional concentration of surfactants
and concentration of extracellular surfactants, which was determined gravimetrically after their
extraction from supernatant by the mixture of methanol and chloroform. The concentration of oil in
water and soil was analyzed by gravimetric method after extraction with hexane.

It was shown that with increasing concentration of the inoculum up to 10-15% and two times increase
of nitrogen source content in medium containing 7-8% (v/v) of crude glycerol, concentration of
surfactants synthesized by R. erythropolis IMV Ac-5017, A. calcoaceticus IMV B-7241 and N. vaccinii
IMV B-7405 was 3.4; 5.0 and 5.3 g/1, respectively, that is 1.6—1.7 times higher as compared with values
on basal medium with the same content of substrate. The maximum concentration (3.9-4.3 g/I1) of
surfactants synthesized by A. calcoaceticus IMV B-7241 on fried sunflower oil (4% ) was achieved by using
the inoculum grown on refined oil. The ability of R. erythropolis IMV Ac-5017, A. calcoaceticus
IMV B-7241 and N. vaccinii IMV B-7405 to decompose aromatic compounds (phenol, naphthalene, toluene,
hexachlorobenzene, benzoic and N-phenylanthranilic acid) with simultaneous synthesis of extracellular
metabolites with surface-active and emulsifying properties was established. In the presence of surfactants
in the form of culture liquid (5-10%), the degree of degradation of complex oil with heavy metal (Cu?",
Cd?*, Pb%*, 0.01-0.5 mmol) pollution in water (3—6 g/1 ) and soil (20 g/kg) after 20 days was 82-92%.

Bioconversion of industrial waste into surfactants for environmental technology allows recycling
toxic waste, reducing costs of microbial surfactants and provides double effect of environmental
purification, which is achieved in the production and use of microbial surfactants.

Key words: industrial waste, microbial surfactants, environment remediation.

Until recently there has been no doubt that in waste containing toxic substances (such as

the environment, air, land and water, always
effectively “recycle” domestic, industrial
and agricultural waste. Now we know that it
is not so. Humanity faces two fundamental
problems: management of waste which are
constantly generated in huge quantities, and
degradation of toxic compounds accumulated
for decades in landfills, water and soil. It
should be noted that the danger lies not only
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phenol and its derivatives) but also in waste
that enter the environment in uncontrolled
quantities, such as oil containing (waste
from oil and fat production, fried oil used in
catering, etc.).

Biofuel, including biodiesel, is one of the
most promising substitutes for fossil fuels. In
the last decade, biodiesel production increased
significantly [1, 2]. For example, the expected
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annual increase in biodiesel production is
8-10% [2]. However, due to rapidly growing
demand for biodiesel, there is a problem of
recycling its byproduct, glycerol. This glycerol
fraction contains a wide variety of impurities,
making impossible its use in many traditional
areas of application, and storage, disposing of
it is a serious environmental problem because
of its increased alkalinity and the content of
methanol [1, 2].

As aresult of increased industrial activity,
mono- and polyaromatic hydrocarbons
and their derivatives which are toxic,
carcinogenic and resistant to external factors
more and more pollute the environment that
is a significant danger to human health and
the biosphere as a whole [3—5]. At the turn of
XX-XXI centuries, biotechnological methods
of environmental remediation from aromatic
compounds attract the interest due to their
safety, low cost and high capacity of bacterial
destructors [6, 7].

Progressive rates of oil pollution necessitate
the development of environmentally friendly
and economically reasonable purification
methods aimed at intensifying processes of
hydrocarbons decomposition. Such a method
of soil and water treatment is bioremediation,
based on natural potential of microorganisms.
It is known that in presence of heavy metals,
efficiency of oil degradation can be reduced,
so today it is important to find environmental
remediation methods for such complex
environmental pollution [8].

In recent decades, microbial surfactants
(MS) have become the subject of intense
theoretical and applied researches driven
by their possible practical use in various
industries, as well as nature conservation
technologies to clean the environment [9—-11].

In our previous studies from oil-
contaminated soil samples we isolated
strains of oil-oxidizing bacteria identified as
Rhodococcus erythropolis EK-1, Acinetobacter
calcoaceticus K-4, and Nocardia vaccinii K-8
[12]. The strains are registered in Depository
of microorganisms of Zabolotny Institute of
Microbiology and Virology of the National
Academy of Sciences of Ukraine under the
numbers IMV Ac-5017, IMV B-7241, and IMV
B-7405 respectively. The strains R. erythropolis
IMV Ac-5017, A. calcoaceticus IMV B-7241,
and N. vaccinii IMV B-7405 have been shown
to synthesize metabolites with surface-active
and emulsifying properties when grown on
hydrophilic (glucose, ethanol, glycerol) and
hydrophobic (liquid paraffins, n-hexadecane)
substrates [13].

The purpose of this work is to realize
alternative processing of toxic industrial
waste into surfactants by R. erythropolis IMV
Ac-5017, A. calcoaceticus IMV B-7241, and
N. vaccinii IMV B-7405 for environmental
bioremediation.

Materials and Methods

Study objects. Study objects were strains
of oil-oxidizing bacteria isolated from
oil-contaminated soil and identified as
Rhodococcus erythropolis EK-1, Acinetobacter
calcoaceticus K-4, and Nocardia vaccinii K-8
[12]. The strains are registered in Depository
of microorganisms of Zabolotny Institute of
Microbiology and Virology of the National
Academy of Sciences of Ukraine under the
numbers IMV Ac-5017, IMV B-7241, and IMV
B-7405 respectively.

Culture medium content and cultivation
conditions. R. erythropolis IMV Ac-5017
was grown in liquid mineral medium
(g/1): NaNO; — 1.3, MgS0O,-7TH,0 — 0.1,
NaCl — 1.0, Na,HPO, — 0.6, KH,PO, — 0.14,
FeSO, TH,0 — 0.001, pH 6.8-7.0.

For cultivation of A. calcoaceticus IMV
B-7241, the following medium was used (g/1):
(NH,),CO — 0.35, MgS0O,-7TH,0 — 0.1, NaCl —
1.0, Na,HPO, — 0.6, KH,PO, — 0.14, pH
6.8-7.0. Also to the medium were added yeast
autolysate — 0.5 (v/v) and micronutrients
solution — 0.1 (v/v).

N. vaccinii IMV B-7405 strain was grown
in liquid mineral medium (g/1): NaNO; —
0.5, MgSO,-7TH,0 — 0.1, CaCl,-2H,0 — 0.1,
KH,PO, — 0.1, FeSO, 7TH,0 — 0.001, yeast
autolysate — 0.5% (v/v).

In one version of the experiment, the
concentration of nitrogen nutrition source
in the culture medium of studied strains was
increased twice.

As the source of carbon and energy
we used refined sunflower oil “Oleyna”
(Dnepropetrovsk oil extraction plant),
waste oil after frying potatoes and meat (the
McDonald’s network of fast food restaurants,
Kyiv), and unrefined sunflower oil (4%, v/v).

Also as a source of carbon and energy,
refined (> 99.5%) glycerol was used in
concentration 1.0-1.5% (v/v). To modify the
average composition of technical glycerol,
NaCl or KCIl at concentration of 2.5%, and
0.3% methanol or ethanol (v/v) were added
into a mineral medium with refined glycerol.
This substrate is hereinafter called “modified
glycerol”. Also as a source of carbon and
energy we used technical glycerol which is a
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waste of biodiesel production (Zaporizhzhia
biofuel plant, Zaporizhzhia, Ukraine).
Concentration of technical glycerol in culture
medium was 2-10% (v/v). When using
technical glycerol as substrate, its content in
the medium was calculated as equimolar by
carbon concentration to the purified glycerol,
taking into account the average content in the
glycerol fraction (70%).

As the sole source of carbon and energy
in a medium, phenol, hexachlorobenzene,
naphthalene, benzoic, sulfanilic and
N-fenylantranilic acids were also used at
a concentration of 0.3-1.5% (w/w), and
benzene and toluene at a concentration of
0.3-1.5% (v/v). Phenol and sulfanilic acid
were dissolved in distilled water and sterilized
in autoclave for 40 min at 120 °C, and weights
of hexachlorobenzene, naphthalene, benzoic
and N-fenylantranilic acids were sterilized
with UV light for 30 min.

As inoculum we used the cultures from
the exponential growth phase, grown on the
respective liquid medium containing 0.5-1%
(v/v) of substrate. The quantity of inoculation
material (10—10° cells/ml) was 5-10% of the
volume of the culture medium. The bacteria
were cultivated in 750 ml flasks containing
100 ml of medium on the shaker (320 osci-
llations per min) at 28—30 °C for 120 h.

Indexes of growth and surfactants
synthesis. Biomass was determined by optical
density of the cell suspension with the
following determination of dry biomass by
calibration curve.

The ability to synthesize MS was evaluated
on the following parameters: surface tension
(o,) of the cell-less culture liquid, measured
with semi-automatic tensiometer (LAUDA
TD1C, Germany); conditional surfactant
concentration (MS*, dimensionless);
the amount of extracellular synthesized
surfactants (g/1), and emulsification index
(Ey)).

For rapid determination of the quantitative
content of surfactants in the culture liquid the
index of conditional MS concentration (MS*)
was used, defined as the dilution rate of cell-
less culture liquid (supernatant) to the point
of CMC (critical micelle concentration). Then,
plot of surface tension o, against the logarithm
of supernatant dilution was made. Abscissa of
the inflection point of the curve corresponds to
the MS*.

The amount of extracellular synthesized
MS (g/1) was determined gravimetrically after
extraction from supernatant of culture liquid
using modified Folch mixture. To obtain
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supernatant, culture liquid was centrifuged at
5,000 g for 20 min. Isolation of extracellular
MS was performed as described below.

In a cylindrical separatory funnel (500 ml),
100 ml of the supernatant and 20 ml of 1 M
HCI solution were added, funnel was then
closed with polished stopper and shaken for
3 min, then another 15 ml of 1 M HCI solution
and 65 ml of chloroform and methanol (2:1)
mixture were added and stirred for 5 min
(lipid extraction). The extracted liquid was
left in separating funnel to separate phases
and subsequently the lower fraction (organic
extract 1) was removed and the water phase
was reextracted. The second extraction was
carried out adding 35 ml of 1 M HCI solution
and 65 ml of chloroform and methanol (2:1)
mixture to the water phase, extracting lipids
for 5 min. After phase separation, the lower
fraction was isolated as organic extract 2.
At the third cycle of extraction, 100 ml of
chloroform and methanol (2:1) mixture was
added to the water phase, and organic extract 3
was obtained as described above. Then extracts
1-83 were combined and evaporated on a rotary
evaporator IP-1M2 (Russia) at 50 °C and
0.4 bar absolute pressure to constant weight.

Emulsification index for the 50-fold
diluted culture liquid was determined as
follows: to 2 ml of culture liquid diluted with
distilled water, 2 ml sunflower oil (a substrate
for emulsification) were added and shaken
for 2 min. Definition of emulsification index
(E,,) was carried out after 24 h, as the ratio of
height of emulsion layer to the total height of
liquid in a test tube, expressed as a percentage.

Study of oil biodegradation in water and
soil. To simulate soil contamination with oil and
metal cations, 1 kg of soil, 25 ml oil, surfactant
preparations as post-fermented culture liquid
(100-200 ml), and 0.01% diammonium
phosphate as a source of nutrients were placed
in a plastic container and mixed. In simulation
of complex pollution with oil and metal cations,
such substances were added to soil (singly or
combined): 0.01-0.1 mmol Cu®", Cd?", Pb*"
as 1M solutions of CuS0O,-5H,0, CdS0O,-8H,0,
and Pb(CH;COOH), salts respectively. Samples
were stirred every 3 days to improve aeration,
and were moisturized with sterile water. The
duration of the experiment was 20 days.

To simulate water contamination with oil
and metals, 2 1 of pumped water covered with
6—15 ml of oil in a plastic container were treated
with surfactant preparations in concentration
of 5-10% (v/v) and 0.01-0.5 mmol
Cu?*, ¢d*', and Pb*" separately and in various
combinations. Diammonium phosphate
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(0.01%) was used as a source of nutrients.
During the experiment (20 days) total viable
cell counts in pumped water were performed
by Koch method on MPA.

The amount of oil was evaluated
gravimetrically. Oil extraction with hexane
(1:1) was performed 3 times. The organic
extract was evaporated to constant weight on a
rotary evaporator IP-1M2 (Russia) at 55 °C and
0.4 bar absolute pressure.

All experiments were thrice replicated;
the number of parallel determinations in
the experiments was 3 to 5. The statistical
treatment of the experimental data was
carried out as described previously [6, 16]. The
differences between the means were considered
significant at P < 0.05.

Results and Discussion

Surfactants synthesis on biodiesel waste.
At the first phase we studied the influence
of technical glycerol components (methanol,
ethanol, potassium and sodium) on surfactants
synthesis by strains A. calcoaceticus IMV
B-7241, R. erythropolis IMV Ac-5017, and
N. vaccinii IMV B-7405, and the possibility
of using biodiesel waste for the synthesis of
surfactants.

The study showed that in medium
containing pure glycerol (1%, v/v) and
glycerol fraction components (K and Na
salts — 2.5%, methanol and ethanol —
0.3%) the conditional concentration of MS
increased by 11-68% for A. calcoaceticus
IMV B-7241, R. erythropolis IMV Ac-5017,
and N. vaccinii IMV B-7405 compared to the
values on medium without these salts and
alcohols. On medium with technical glycerol
(2.2%) obtained directly from the producer
of biodiesel (Zaporizhzhia biofuel plant),
strains synthesized extracellular MS with

concentration twice higher than that for the
purified substrate (Table 1). Note that the
used concentrations of modified and technical
glycerol were equimolar by carbon to 1%
purified glycerol, and that modified glycerol
was obtained by adding 2.5% NaCl and 0.3%
methanol to purified substrate.

Taking into account the volume of biodiesel
production in the world, and the amounts of
technical glycerol obtained as a byproduct [1,
2], it is clear that the effective use of this waste
as a substrate in biotechnological processes
needs as high as possible its content in the
culture medium for producers of economically
valuable microbial metabolites.

Thus, our next step was to find the
cultivation conditions for R. erythropolis
IMVAc-5017, A. calcoaceticus IMV B-7241,
and N. vaccinii IMV B-7405 in medium with
the highest possible concentration of technical
glycerol that ensures high rates of surfactants
synthesis.

Increased concentrations of inoculum to
10-15% and twice increased (compared to
the basal medium) of nitrogen source content
allowed to carry out the processes of synthesis
of surfactants by straing IMV Ac-5017, IMV
B-7241 and IMV B-7405 on medium with
7—8% technical glycerol (v/v). Under these
conditions, the concentration of extracellular
MS synthesized by studied strains amounted to
3.4-5.3 g/1, which is 1.4-3,0-fold higher than
at the basal medium with same concentration
of substrate (Table 2).

Published data indicate that concentrations
of MS synthesized by different producers on
technical glycerol usually are low [14—-18]. For
example, the strain of Bacillus subtilis LSFM-
05 in the culture medium with 5% technical
glycerol synthesized 1.36 g/l of surfactin
[14]. P. aeruginosa MSICO2 when grown on
the medium with pre-hydrolyzed (treatment

Table 1. Synthesis of extracellular MS by IMB B-7405, IMB Ac-5017 i IMB B-7241
grown on medium with varying glycerol types

MS (g/1) if grown on glycerol
Strain
purified modified technical
IMV B-7405 1.8+0.09 2.5+0.12% 3.5+0.18%
IMV Ac-5017 0.5=+0.03 0.7+0.08% 1.0=+0.05%
IMV B-7241 2.4+0.12 3.2+0.16% 4.7+0.28%

Note. * — P < 0.05 compared to control (concentration of MS produced by strains grown on purified gly-

cerol).
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Table 2. The influence of the nitrogen source concentration in the medium with technical glycerol on MS
synthesis by IMV B-7241, IMV Ac-5017, and IMV B-7405

Strain Concentration of glycerol, % Nitmgf;fiooliicge /(ioncen- MS, g/1

1.3 2.4+0.12
6 2.6 2.9+0.14%*

R. erythropolis 7 1.3 1.7+0.08
IMV Ac-5017 2.6 2.9+0.14%
1.3 1.5=0.07
8 2.6 3.4+0.17*%

0.35 3.8+0.19
> 0.7 4.6+0.23*

A. calcoaceticus 6 0.35 3.9+0.19
IMV B-7241 0.7 4.3%0.21%
7 0.35 3.5+0.17
0.7 5.0+0.25%*

p 0.5 2.9+0.14
1.0 5.0+0.25%*

N. vaccinii " 0.5 2.0+0.10
IMV B-7405 1.0 5.0%0.25%
0.5 1.8+0.09
8 1.0 5.3+0.26%*

Note. * — P < 0.05 compared to control (concentration of MS produced by strains IMV Ac-5017,
IMV B-7241, and IMV B-7405 on basal medium containing 1.3, 0.85 and 0.5 g/l of nitrogen source respec-

tively).

with sulfuric acid) technical glycerol (6% v/v)
synthesized 1.27 g/1 of rhamnolipidis, while on
medium containing not-hydrolyzed substrate
the synthesis level was several times lower
[15].

The strain Starmerella bombicola
ATCC 22214 synthesized up to 6.6 g/l of
sophorolipids on medium containing 15%
technical glycerol (v/v)and/or 10% sunflower
oil (v/v) [16]. Higher concentrations (nearly
9 g/I of glycolipids) have been observed after
cultivation of Ustilago maydis for 12 days on
medium with 50 g/1 of technical glycerol [17].
The authors upped the MS concentration to
32 g/l by adding some amino acids, B vitamins,
ammonium citrate, mannose and erythritol
(20 g/1) into the medium containing 50 g/1
of technical glycerol [17]. In [18] it has been
established that strain P. aeruginosa WAE
synthesizes 2.6 g/1 of MS if grown on biodiesel
production waste.

Note that in most papers, concentration
of technical glycerol in the culture medium
for MS producers has been 5% (v/v) or 50
g/1 [14-17]. In [17] the authors investigated
the influence of higher concentrations of
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substrate on synthesis of glycolipids. However,
increasing the concentration of technical
glycerol to 80 g/l resulted in amount of
synthetized glycolipids reduced twice.

Thus, the rate of MS synthesis by A. cal-
coaceticus IMV B-7241, R. erythropolis IMV
Ac-5017 and N. vaccinii IMB B-7405 on
biodiesel production waste is not only
comparable to that described in the literature,
but also surpasses those for many well-known
producers.

Fried sunflower oil as a substrate for
surfactant synthesis. Table 3 shows the results
of MS synthesis by A. calcoaceticus IMV
B-7241 cultivation on various sunflower oil-
containing substrates.

Experiments showed that use of the
inoculum grown on molasses resulted in
1.7-2.7 times less amounts of MS if strain was
cultivated on fried and unrefined sunflower
oil compared with those on purified (refined)
substrate (Table 3). At the same time,
emulsification index of 50-fold diluted culture
liquid changed but slightly. However, if in
the inoculum preparing medium molasses was
replaced with refined sunflower oil, increased
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Table 3. Synthesis of MS by IMV B-7241 cultured on medium with sunflower oil (4% )

Carbon source
in medium Sunflower oil for MS biosynthesis MS, g/1 Eyy %
for inoculum
Refined 4.0+0.20 56
Unrefined 2.8+0.12% 50%*
Molasses
Waste after frying potatoes 1.5+0.08%* 49%%
Waste after frying meat 2.8+0.14% 54 %%
Refined 3.4+0.17 51
Unrefined 3.3+0.16% 47%%
Refined sunflower oil
Waste after frying potatoes 3.9+0.19%* 52%%
Waste after frying meat 4.8+0.21% B4 *%

Note.* — P <0.05 compared to control (concentration of MS synthesized by strain IMV B-7241 on refined
sunflower oil). ** — P <0.05 compared to control (emulsification index for cultivation of strain IMV B-7241
on refined sunflower oil). The measurement error for emulsification index did not exceed 5% .

synthesis of microbial surfactants has been
observed for fried and unrefined oil compared
with the values for refined substrate. Note
that using of inoculum grown on molasses
and sunflower oil was not accompanied by
significant changes in the emulsification
index (Table 3).

In literature sources there is enough
information on the use of oil-containing
substrates for synthesis of microbial
surfactants [19-23]. However, in most cases,
producers of MS are cultivated mainly on
refined plant oils or oil production wastes
(sludge).

Much less researches are dedicated to
synthesis of MS on fried oil. For example,
Pseudomonas fluorescence MFS03 cultured
on 2% fried plant oil synthesized 4.2 g/I of
MS [20]. Cultivation of P. aeruginosa PB3A
on the medium containing fried oil (1% ) was
accompanied by synthesis of 0.3-0.6 g/1 of MS
[21]. P. aeruginosa ATCC 9027 grown on over-
fried sunflower oil (initial concentration of
15 ml/1, followed by introduction of 20 ml/1
at 72" hour of growth) produced rhamnolipids
in concentration of 8.5 g/1[23].

Transformation of aromatic compounds
in surfactants. Data on the synthesis of
surfactants by R. erythropolis IMV Ac-5017
grown in medium with different concentra-
tions (0.5—-1.5%) of aromatic substrates is
shown in Table 4.

The results showed that the strain IMV
Ac-5017 is able to use phenol and toluene at
concentration of 0.5% as sources of carbon
and energy for biosynthesis of surfactants
(conditional surfactant concentration 3.3
and 1.3, respectively). Higher concentrations

of phenol and toluene appeared to be toxic
to R. erythropolis IMV Ac-5017. Benzene
and naphthalene even in low concentrations
inhibited the biosynthesis of MS (MS* did
not exceed 0.6). Given that the aromatic
compounds in concentrations above 0.5%
inhibited the synthesis of surfactants by
strain IMB As-5017, in further studies
A. calcoaceticus IMV B-7241 and N. vaccinii
IMB B-7405 were grown in medium with lower
concentrations of substrates (0.3-0.5%).
Utilization of aromatics by N. vaccinii
IMV B-7405 was accompanied by the
formation of extracellular metabolites with
surface-active and emulsifying properties.
The maximum rates of MS synthesis (MS*
2.3-2.6% and E,; 70-75%) were observed
when strain IMV B-7405 had been cultivated
in medium containing 0.5% naphthalene,
N-phenylantranilic acid and phenol.

The strain A. calcoaceticus IMV B-7241
is able to synthesize MS when grown on
wider variety of aromatic substrates than
the strains R. erythropolis IMV Ac-5017 and
N.vaccinii IMV B-7405 (Table 5). The highest
conditional concentration of MS and E,, (up to
75% ) were observed after cultivation of strain
IMV B-7241 on medium with 0.5% phenol and
benzoic acid.

Analysis of literature [24-26] has
showed that some microorganisms under the
cultivation conditions on aromatic substances
are able to synthesize metabolites with
surface-active and emulsifying properties.
For example, Brevibacillus sp. PDM-3 [24]
and Pseudomonas sp. USTB-RU [25] produced
surfactants on phenantrene, and a member
of Acinetobacter genus (strain USTB-X)
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Table 4. Synthesis of surfactants by R. erythropolis IMV Ac-5017
on medium containing aromatic substances

Substrate Concentration,% Conditional concentration of MS Eyy,%

0.5 3.3=0.16% 43%%

Phenol 1.0 0.8+=0.04* 56%%

1.5 0.3=0.01% 40%%*

0.5 0.6=0.03* 48%%

Naphthalene 1.0 0.3=0.01% 40%%

1.5 0.3=0.01% 40%%

0.5 0.5=0.02% 48%%

Benzene 1.0 0.3=0.01% 45%%
1.5 0 0

0.5 1.3+0.06% 40%%*

Toluene 1.0 0.3=0.01% 42%%
1.5 0 0
Hexadecane (control) 2.0 4.8+0.2 70

Note.* — P <0.05 compared to control (conditional concentration of MS produced by strain IMV Ac-5017 on
hexadecane). ** — P <005 compared to control (emulsification index for strain IMV Ac-5017 on hexadecane).
The measurement error for emulsification index did not exceed 5% .

Table 5. Synthesis of surfactants by A. calcoaceticus IMV B-7241
grown in medium with aromatic substances

Substrate Concentration, % | Conditional concentration of MS Eoy, %
0.3 3.2+0.16%* 65%%
Phenol
0.5 3.6+0.18% T5%%
0.3 1.6+0.08%* 50%%
Benzene
0.5 1.5+0.08%* 50%%
0.3 1.7+0.09%* 55%*
Toluene
0.5 1.2+0.06%* 50%%
0.3 2.1+0.10% 55%%
Benzoic acid
0.5 2.8+0.14% 52%%
0.3 1.9+0.09%* 45%%
N-phenylanthranilic acid
0.5 2.0+0.10% 50%%
0.3 1.1+0.05% 45%%
Naphthalene
0.5 0 0
0.3 1.0+0.05% 40%*
Sulfanilic acid
0.5 0 0
0.3 1.5+0.08%* 45%%
Hexachlorobenzene
0.5 1.7+0.09%* 53%%
Ethanol 0.3 0.8+0.04%* 40%%*
(control) 0.5 1.00.05% 43%%

Note. * — P <0.05 compared to control (conditional concentration of MS produced by strain IMV B-7241
on ethanol). ** — P < 0.05 compared to control (emulsification index for strain IMV B-7241 on ethanol). The
measurement error for emulsification index did not exceed 5%.
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synthesized MS on pyrene [26]. In [27] it
has been shown that cultivation the strain
P. aeruginosa NY3 on medium with mixture
of polycyclic aromatic compounds (5 ml/I1
fluorene, anthracene, phenanthrene, pyrene
and fluoranthene) was accompanied by their
decomposition by 10-20% within 24 h. The
strain NY3 was shown to be able to synthesize
rhamnolipids, although the authors studied
the chemical composition of MS growing
P. aeruginosa NY38 on glucose and glycerol
[27].

The authors of [24-27] indicate that
the ability to synthesize such extracellular
metabolites greatly facilitates the
assimilation of aromatic substrates by
microorganisms.

Effect of surfactants on degradation of
complex oil and heavy metal pollutions in
water and soil. For now purifying of water
and soil from oil is mostly done with biological
products that are lyophilizated biomass
(or paste) of oil-oxidizing bacteria [11].
However, microorganisms introduced into
oil contaminated ecosystems need some time
to adapt to new conditions. Thus it would be
more effective (compared to bio-augmentation)
to implement another purification method,
biostimulation (involving introduction of
various substances, nutrients etc., which
stimulate autochthonous, natural microbiota).
Effective stimulants of natural oil-oxidizing
microbiota are microbial surfactants [4, 10, 11,
28, 29], and the best removal of hydrocarbons
is achieved by the use of microorganisms

able to assimilate the oil and simultaneously
synthesize surfactants. Hence, as preparations
for treatment of the oil pollution we used
culture liquid containing the cells of oil-
oxidizing bacteria and the MS they produced.

Table 6 shows data on destruction of
complex pollution of oil and heavy metals in
the presence of MS of A. calcoaceticus IMV
B-7241. After culture liquid was added to
water containing 3 g/l of oil and a mixture
of cations of three heavy metals (Cu®",
Cd?*, and Pb?"), the level of oil degradation
was 90-92%, and in the case of increased
concentration of oil in water (up to 6 g/1) the
level of its degradation decreased slightly (to
85-88%). Intensification of oil degradation
in the presence of surfactants is caused by the
activation of natural oil-oxidizing microbiota
that is evidenced by its increase in 100—-1000
times by the end of the experiment.

Further experiments showed the possibility
of using R. erythropolis IMB Ac-5017 the
culture liquid for the destruction of complex
with heavy metals oil pollutions in soil, at that
copper cations stimulated the degradation of
oil in the presence of surfactants (Table 7).
Similar patterns were found during the study
of the effect of A. calcoaceticus IMV B-7241
surfactants on the purification of oil and heavy
metals contaminated water (Table 6).

Results given in Tables 6 and 7 support
our previous findings about the role of MS of
N. vaccinii IMV B-7405 in degradation of
complex oil and heavy metal pollutions in water
and soil [30]. Here it is also established that

Table 6. Effect of culture liquid of A. calcoaceticus IMV B-7241 on oil degradation
in water in the presence of Cu®", Cd%* and Pb?"

Cation concentration in water, mmol Level of oil degradation (%) at the initial concentration of (g/1)
cu®" Pb** cd** 3.0 6,0
0.5 0.1 0.1 92.7+4.6% 88.5+4 .4%*
0.5 0.1 0.5 92.0+4.6% 87.7=4.4%%*
0.5 0.5 0.1 90.2+4.5% 85.2+4.3%*
0.5 0.5 0.5 90.0+4.5% 85.1+4.3%*
0 0,5 0,5 65.5+3.2% 53.2+£2.T*%%
0,5 0 0,5 93.6+4.7% 89.1+4.4%%*
0,5 0,5 0 85.1+4.3% 81.4=4,0%%*
0 0 0 76.2+3.8 69.4+3.5

Note.* — P <0.05 compared to control (degradation of 3 g/1 0il in water in the presence of MS without metal
cations). ** — P <0.05 compared to control (degradation of 6 g/1 oil in water in the presence of MS without metal
cations). Duration of experiment was 20 days.
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Table 7. Degradation of complex oil and heavy metal pollutions in soil (20 g/kg)
in the presence of R. erythropolis IMV Ac-5017 culture liquid (5%, v/v)

Concentration of cations in soil, mmol
o o — Concentration of residual oil, g/kg 0il degradation,%
0 0 0 11.8+0.59 41+2.0
0.1 0.01 0.01 6.6+0.33% 67+3.8%*
0.1 0.01 0 2.0+0.10% 90+4.5%*
0.1 0 0.01 1.6=0.08% 92+4.6%*
0 0.01 0.01 13.4=0.67* 33=1.6%*

Note. * — P <0.05 compared to control (concentration of residual oil in soil in the presence of MS without
metal cations); ** — P < 0.05 compared to control (oil degradation in soil in the presence of MS without metal

cations).

copper cations show a stimulating effect on oil
degradation.

We suppose that one of the mechanisms
causing increased oil degradation in the
presence of low concentrations of copper
cations may be Cu?" stimulating the activity
of alkane hydroxylases (the first enzymes of
hydrocarbon catabolism) of both MS-producing
strains and natural oil-oxidizing microbiota.

Our results are consistent with published
data on metagenomic analysis of oil-
contaminated soil and water which has showed
that after the oil pollution, an induction of
AlkB genes, responsible for synthesis alkane
hydroxylases, is observed in these ecosystems
[31-33]. The literature [34] and our own
results [85] indicate that alkane hydroxylases
are activated by copper cations.
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BIOKOHBEPCIA ITPOMHCJIOBHX
BIIXO/JAIB ¥ IIOBEPXHEBO-AKTHBHI
PEYOBHHH MITAMAMHAX
Rhodococcus erythropolis IMB Ae-5017,
Acinetobacter calcoaceticus IMB B-7241
TA Nocardia vaccinii IMB B-7405

T.II.ITupoe, M.O. Ilynrarosa,
JI. B. Hurxumiok, C. I. Aumonior,
I.B. Envnepin

Hamionanbuuii yHiBepcuTeT XapuoBUX
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MeTtoio poboTu 6yJjo 3MiHCHUTH ajibTepHAa-
THBHY TepepobKy TOKCHUYHUX IPOMUCIOBUX
BiIXOMiB y TTOBEepXHEeBO-aKTUBHI peUOBUHH IIITAa-
mamu Rhodococcus erythropolis IMB Ac-50171,
Acinetobacter calcoaceticus IMB B-7241 Ta
Nocardia vaccinii IMB B-7405 nna 6iopememiarii
TOBKiamIda.

IMlTamMu BupoIlyBaianu y PiIKUX cepeJOBUINAX,
10 MiCTHUJIN AK AKepesio BYTJIeIio BiiIpansoBaHy
(mepecMakeHy) COHAIIHUKOBY OJIiI0, TeXHIUHUN
TiIinepoJ (Bigxix BupoOHUIITBA 6iogusesisa) Ta apo-
MaTH4Hi crionyku. CHHTe3 MOBEePXHEBO-aKTUBHUX
PeYOBUH OI[iHIOBAJH 34 iHJeKCOM eMYyJIbI'yBaHHS,
YMOBHOIO KOHI[eHTpAIi€l0 Ta KOHI[EHTPAIi€I0 TI0-
3aKJITUHHUX MOBEPXHEBO-aKTUBHUX PEUYOBUH,
SIKY BUBHAYAJIN BarOBUM METO/OM ITiCJIS eKCTPaK-
IIii 3 cymepHaTaHTa CYMIIIIIIIO MeTaHOJY i XJa0po-
¢dopmy. KoHIleHnTpailiito HapTH y BOIi Ta I'PYHTI
BU3HAYAJW BATOBUM METOAOM IIiCJsl eKCTPaKIlii
TeKCaHOM.

ITorkazaHo, 1110 y pagi 36iIbITeHHSI KOHITeHTpA-
uii imokyasary no 10-15%, migBuineHad y 2 pasu
BMICTY AsKepesia a30THOTO JKUBJIEHHS Y C€PeTOBH-
11l 3 7-8% (06’eMHA yacTKa) TeXHITHOTO IJIiIepo-
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Iy KOHIleHTpallia cuHTezoBaHuX K. erythropolis
IMB Ac-5017, A. calcoaceticus IMB B-7241 i N.
vaccinii IMB B-7405 nmoBepXHeBo-aKTUBHUX PeUO-
BUH cTaHoBma 3,4; 5,01 5,3 r/x Bigmosigno, 1o
y 1,6—1,7 pagiB BHIIle MOPiBHAHO 3 MOKA3HUKAMHU
Ha 6a30BOMY CepeoBHUIIL 3 TAKOIO CAMOIO KOHIIeH-
Tpaliieto cyberpary. MakcuMaaibHa KOHITeHTpAaIlid
TMOBepXHEeBO-aKTUBHUX peuoBuH (3,9-4,3 r/xa),
cuHTe30BaHUX A. calcoaceticus IMB B-7241 Ha
BiAmIpaIboBaHiil COHAMHBNKOBIH omii (4% ) mocs-
rajacs 3a BHKOPUCTAHHS iHOKYJIATY, BUPOIIEHOTO
Ha padiHoBaHiii oii.

BcecranoBneno spaTHicTe R. erythropolis
IMB Ac-5017, A. calcoaceticus IMB B-7241
i N. vaccinii IMB B-7405 poskaagaTu apoMaTuuHi
croxyku (peHos, HAQTANIH, TOMYOJ, TeKCaAXIOP-
6eHzoJ, GeHzolina Ta N-(eHiTaHTpaHiI0Ba KUC-
JIOTH) 3 OJHOYACHUM CHUHTE30M IMO3aKJIITHHHUX
MeTaboJiTiB 3 TOBEePXHEBO-AKTUBHIUMHU Ta eMYyJIb-
T'yBaJbHUMH BJIACTUBOCTAMHU. 3a IPUCYTHOCTI
TIOBEPXHEBO-aKTUBHUX PEUOBUH Y BUTJISAML TOCT-
depMenTatniiinoi KyapTypanbuoi piguan (5—-10% )
CTYHiHBb TeCTPYKI[il KOMIJIEKCHUX 3 BAXXKUMU Me-
ranamu (Cu®’, Cd®*, Pb?", 0,01-0,5 MM) Hadro-
BUX 3abpyAHeHb ¥ Bofi (3—6 r/ia) i rpynri (20 r/kr)
yepes 20 1i6 cramoBuB 82—-92% .

BiokoHBepcisi NpOMHUCIOBUX BiIXOMiB y MO-
BepXHeBO-aKTUBHI PeUOBUHM [IJIsT IPUPOTO0XOPOH-
HUX TeXHOJOTill 1ae 3MOTy YTUIi3yBaTH TOKCHUUHI
BiIXOMU, 3BHUBUTHU cobiBapTicTh Mikpobuux ITAP
i sabesmeunTu MoABiliHNIT epeKT OUUINEHHA J0-
BKIJIJIS, ARUN HocATaeThCA I Yac BUPOOHUIITBA
i BUKOpHUCTAHHA MiKPOOHUX ITOBEePXHEBO-aKTHUB-
HUX PEYOBUH.

Knrwouoei cnoea: IpoMHUCIIOBL Bifxoau, MiKpoOHi
MOBepXHeBO-aKTHBHI peuoBUHU, peMemialia
TOBKijId.
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BAOKOHBEPCHA ITPOMBIMJIEHHBIX
OTXO010B B ITIOBEPXHOCTHO-
AKTHBHBIE BEHIECTBA MITAMMAMHA
Rhodococcus erythropolis IMB AC-5017,
Acinetobacter calcoaceticus IMB B-7241
U Nocardia vaccinii IMB B-7405
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IMensio paboThl GBIJIO OCYINECTBUTH aJbTep-
HATUBHYIO MepepalboTKy TOKCHUUYHBIX ITPOMEIIII-
JeHHBIX OTXOMOB B IOBEPXHOCTHO-AaKTUBHEBIE
BelllecTBa ImTamMMaMu Rhodococcus erythropolis
IMB Ac-5017, Acinetobacter calcoaceticus IMB
B-7241 u Nocardia vaccinii IMB B-7405 g 6uo-
peMeauaIuy OKPYIRAIOIIe Cpe/Ibl.

IMlTaMMBI BEIDAIIUBANY B JKUIKUX Cpeflax,
coJlep:RalliX B KauecTBe MCTOUHHUKA yIriepoma
oTpaboTaHHoe (IMepeskapeHHOe) MOACOJTHEUHOE
MAacJ0, TeXHUYeCKHUil TIUIEePOJI (OTXO TPON3BOI-
cTBa OMOAMBENA) M apoMaTHUecKe COeTUHEHNS.
CHHTe3 OBEPXHOCTHO-AaKTUBHEIX BEIECTB OIe-
HUBAJHU 10 WHIEKCY 3MYJIbTUPOBAHUSA, YCIOBHOMN
KOHIEHTPAINN U KOHI[eHTPAI[Uy BHEKJIeTOUHBIX
TMOBEPXHOCTHO-AKTUBHBLIX BeIlleCTB, KOTOPYIO
Olpeenssii BeCOBLIM MeETOOM IIOCJIe SKCTPakK-
AW U3 cCyllepHATaHTa CMeChI0 METAHOJA W XJIO-
podopma. Konnenrpamnuio HepTH B BoJle U MTOYBe
OTIpEeIeJISLIN BeCOBBIM MeTO/IOM TI0CJie SKCTPaKI[AN
TeKCaHOM.

ITokazaHo, UTO IpU YBeJIWYEHUHW KOHIIEH-
Tpanmuu HHOKYyJIATa 10 10-15% , mOBLINIeHNN B
2 paza cojJep:XaHUs NCTOUYHNKA a30THOTO MUTA-
HuA B cpefie ¢ 1—8% (1o 06'beMy) TeXHUUECKOTO

TJINIepoya KOHIEeHTpaIlusAd CHUHTe3WPOBaHHBIX
R. erythropolis IMB Ac-5017, A. calcoaceticus
IMB B-7241 u N. vaccinii IMB B-7405 nmoBepx-
HOCTHO-aKTHBHBIX BelllecTB cocTapisana 3,4; 5,0 u
5,3 r/1 cOOTBETCTBEHHO, UTO B 1,6—1,7 pasa BEIIle
110 CPaBHEHWIO ¢ TTIOKa3aTelAMu Ha 6a30BOi cpefe
¢ Takoil 'Ke KOHIleHTpaIluei cyberpaTa. Makcu-
MaJdbHasA KOHIEHTPAIMA MOBEePXHOCTHO-aKTHUB-
HBIX BelnecTB (3,9-4,3 r/i), CHHTe3UPOBAHHBIX
A. calcoaceticus IMB B-7241 na orpaGoTaHHOM
TOJICONTHEeUHOM MacJie (4% ) mocTurasach Mpu WC-
TOJBE30BAHNY MHOKYJIATA, BEIPAIleHHOTO Ha pa-
(puHUPOBAaHHOM MacJie. ¥ CTAaHOBJIeHA CIIOCOOHOCTh
R. erythropolis IMB Ac-5017, A. calcoaceticus
IMB B-7241 u N. vaccinii IMB B-7405 accumunn-
poBaTh apoMarTnuecKue coefuHeHus (peHoN, HA-
¢TaniuH, TOJAYoJd, TekcaxjJopbeH3o0l, OeH30HAA
u N-peHunanTpaHuIoBas KUCJIOTa) ¢ OJHOBpe-
MeHHBIM CHHTEe30M BHEKJIETOUHBIX MeTaGOINTOB C
TIOBEPXHOCTHO-AKTUBHBIMY W SMYJILTUPYIOITUMHI
cBoiicTBaMu. B IpUCYyTCTBUH MOBEPXHOCTHO-aK-
THUBHBIX BeI[eCTB B BUJe MOCT(HepMeHTAITMOHHOMN
KYJABTYpadbHOM Kugkoctu (5—10% ) cTemens me-
CTPYKIINY KOMIIJIEKCHEIX C TAMEIBIMUA MeTaia-
mu (Cu®’, Cd?*, Pb?, 0,01-0,5 MM) HeTAHHIX
3arpssHeHuii B Boje (3—6 r/a) u mouse (20 r/KI)
yepes 20 cyT cocraBnsana 82—-92%.

BuokoHBepcusi TPOMEIIIIEHHBIX OTXOMOB B
TIOBEPXHOCTHO-aKTHUBHBIE BeIleCcTBa JJsA IPHUPO-
JOOXPAHHBIX TeXHOJIOTHII MO3BONAET YTHUINIUPO-
BATh TOKCUYHEIE OTXO/BI, CHUBUTD Ce6eCTOMMOCTh
MUKPOGHBIX MTOBEPXHOCTHO-aKTUBHBIX BEIIleCTB 1
obeceunTh ABOIIHOM s(hPeKT OUNCTKHU OKPYIKATO0-
11eii cpeibl, KOTOPHBIi JOCTUTAETCS IIPU TPOU3BO/I-
CTBe U MCIOJb30BaHNT MUKPOOHBIX ITOBEPXHOCT-
HO-aKTHUBHBIX BEIECTB.

Kniwoueévie cnoea: TPOMBINLIEHHBIE OTXOIEI,
MUKPOOHBIE TOBEPXHOCTHO-aKTUBHEIE BEIleCTBa,
peMeguaIud OKPYKaIoIeil cpe/bl.
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