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ABSTRACT

To replenish the collection of microorganisms 125 strains of oil-decomposing bacteria
were isolated. 34 bacterial isolates were isolated from enrichment cultures, consuming
sodium dodecyl sulfate as the only carbon source. As a result, it was found that the most
active were 20 isolates. 65 isolates of microorganisms were isolated from the reservoir
waters of Western Kazakhstan, oil sludge and waste waters by the method of enrichment
cultures. The most active were 47 isolates. It was found that the ability to dispose of oil was
greatest in the isolate, which disposed of oil by 73%. 26 isolates capable of decomposing fat
were isolated from wastewater in Astana. 16 Isolates revealed the highest lipase activity.

Key words: isolates, bacterial strain, destructor of surfactant, industrial-value
strains.

INTRODUCTION

Soil and subsoil horizons that are contaminated with organic xenobiotics (the use of
pesticides, the creation of surface storage tanks and the burial of industrial and household waste,
sewage sludge) experience a great burden as a result of anthropogenic activity. There is a high
risk of pollution of groundwater, the self-purification of which is much slower than surface. The
situation is aggravated by the fact that synthetic substances that do not exist in nature and are not
degraded in the environment enter the environment, many of which have negative biological
(including carcinogenic) activity. They accumulate in the components of the ecosystem.

In solving environmental problems, the potential of biotechnology increase. By now, a new
direction has formed - environmental biotechnology as a specific use of biotechnology in solving
environmental issues.

Microbial culture collections are fundamental to biotechnology. Cultures stored in
collections are the basis for using the achievements of microbiology, genetics, and molecular
biology in industry, agriculture and medicine. The collection of cultures of microorganisms also
contains the necessary information of the origin and properties of the stored strains. The
availability of such data contributes to increasing the efficiency of biotechnological research,
reducing the cost of organizing industrial production.

Microorganisms are ubiquitous in the environment, playing an important role in
biogeochemical cycles. Their ability to absorb xenobiotic compounds in recent years has
received great attention due to their persistence and toxicity. Therefore, the microbial
degradation of xenobiotics known as bioremediation becomes an urgent task in connection with
the development of cost-effective and environmentally friendly technologies for the purification
of natural environments [1].

Microorganisms can destroy a wide range of organic pollutants. However, the
biodegradation process is usually very slow and, therefore, this process can be accelerated by
increasing the number of active cultures of destructive microorganisms available in collections
of microorganisms. An example of such collection is the regional profiled collection of
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alkanotrophic microorganisms of the Institute of Ecology and Genetics of Microorganisms of the
Ural Branch of the Russian Academy of Sciences http://www.iegm.ru/iegmcol/.

The use of microbial preparations in environmental protection is a relevant problem of the
Republic of Kazakhstan, because significant areas of Kazakhstan are vulnerable to pollution by
xenobiotics, primarily oil and oil products, surfactants and other organic substances. In this
regard, it is extremely important to have a collection of bacteria-destructors of organic
compounds and xenobiotics.

The aim of the research was to create and replenish the collection of microorganisms with
strains of bacteria-destructors of organic substances.

Materials and methods

The sources for isolation of bacteria: oil from the «Zhaiykmunay gas» field, the formation
water of the «Morskoye» field, well Ne 10; the formation water of the «Karazhanbas-
Kakimzhany field; the formation water of the «Uzen - reservoir water» field; the formation water
of the «X-Morskoye Atyrauy field, well Ne 47; crude oil of the "X - Morskoye" field, well Ne 47;
oil sludge of the «Morskoye field», well Ne 12.

The following media were used to accumulate, isolate, and determine the number of strains
of destructors: meat - peptone agar; Luria-Bertani, mineral medium M9, ES8 [2].

For screening surfactant-degrading strains, the Hansen color reaction method on dies was
used as a test [3]. For screening, standard SDS solutions were prepared in the following
concentrations: 100 pl / 100 ml; 500 ul / 100 ml; 1000 ul / 100 ml; 5000 pl / 100 ml,
dichlorophenolindophenol solution - 2 mg / ml, bacterial suspension - 10" CFU / ml. A
suspension of 200 ul of bacterial cells was placed in the wells of the plate, 10 ul of SDS and 400
ul of dichlorophenolindophenol were added to this well, the plate was covered. After that tablet
was placed in a thermostat at 28 ° C for 18 days. The results are taken into account within 3, 6, 9,
12 days.

To identify microorganisms that destroy anionic surfactants, a TTX test was used. Into the
prepared solid medium containing mineral salts (E8 medium with 1% of TTX) and 0.1% of
anionic surfactant as the sole source of carbon and energy, cultures of the tested microorganisms
were seeded with an injection. Inoculated plates are incubated at 30 ° C for 3 days. Then they are
poured with a 1.0% of aqueous solution of 2,3,5-triphenyltetrazolium chloride. As a result, the
surface of the solid medium is painted milky white with light transparent zones around the
colonies of microorganisms that destroy stearox-6.

The quantitative content of surfactants was determined by the accelerated method of
Mozhaev E.A. [4].

The study of the oil-oxidizing activity of hydrocarbon-oxidizing microorganisms was
carried out in 750 ml Erlenmeyer flasks containing 100 ml of Voroshilova-Dianova (VD)
medium [2]. 1% of oil from the "ZhayykMunaigas" oil and gas field of the Atyrau region with a
density of 0.84 was added in medium. The cultivation of microorganisms was carried out in
flasks containing 100 ml of culture medium on a shaker at 160 rpm and a temperature of 25°C
for 14 days. Nutrient medium was inoculated with a suspension of 2-day-old cultures of
microorganisms. Qualitative changes in growth were evaluated by a change in the color of the
oil, by the degree and nature of the destruction of the oil film and the turbidity of the medium.
Growth rate was evaluated on a five-point scale.

Determination of oil content in samples by gravimetric method.

Residual oil and oil products from the culture fluid were extracted with chloroform (50 mi
of medium: 15 ml of chloroform) in a separatory funnel. Chloroform was added portionwise,
rinsing the flask. The extract was evaporated for 3 hours on a rotary evaporator. The resulting
sample was weighed on an electronic weighing scale. The amount of consumed oil was
calculated by the formula (1):

A
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A - the amount of consumed oil, %, “al” - the amount of supplied oil, g; “a2” - the amount of residual oil, g
[6].

For the qualitative determination of lipolytic microorganisms, sterile molten beef tallow is
poured into Petri dishes and drained immediately. In the same Petri dish, 1 ml of the studied
dilution of the product is introduced and poured with molten nutrient agar. The seeded dishes are
kept for 5-6 days at room temperature (20-23 °C). White zones form around colonies of lipolytic
bacteria [7].

The process of biodegradation of plant and animal fats by the studied microorganisms was
carried out on the mineral medium M9. Fats and oils were added in an amount of 1 % of weight.
Microorganisms were cultured in Erlenmeyer flasks with a volume of 250 ml on a shaker at a
temperature of 28-30 °C, with a rotation speed of 180 rpm for 16-96 hours. The inoculum was
introduced as a 1-day-old culture of microorganisms with a cell content of 10° CFU / ml. The
residual fat content was determined by the gravimetric method after extraction with hexane [8].

A method for quantifying the lipolytic activity of the studied strains. In order to determine
lipolytic activity, the method of alkalimetric titration of free fatty acids was used. A suspension
of 1-day-old culture of microorganisms (citrate-phosphate buffer) in an amount of 10° CFU / ml
was seeded in a prepared sterile emulsion of fat (0.5% of fat or oil, 0.25% of Tween as
emulsifier) in flasks. Emulsions seeded with microorganisms were incubated in a thermo-shaker
at 28-30 °C. Samples of the culture fluid for titration were taken. The samples were titrated with
a 0.5N potassium hydroxide solution in the presence of bromothymol blue until the color
changed from yellow to blue. The activity of lipase (X) was expressed by the number of
milliliters of an alkali solution consumed to neutralize free fatty acids formed during hydrolytic
decomposition of 1 g of oil (fat) and was calculated by the formula (2):

_ (a-b)
- H
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a - the amount of potassium hydroxide solution spent on the titration of the test sample,
ml; b - the amount of potassium hydroxide solution spent on the titration of the control sample,
ml; n - a hinge of oil (fat), g [9].

RESULTS AND DISCUSSION

Isolation of bacteria strains destroying surfactants from wastewater and the study of
destruction activity. Bacterial strains that can destroy surfactants were isolated from
wastewater, and the destruction activity of the isolated colonies was studied. Bacteria were
isolated from the drainage wells of the private sector, car washes, the canteen of Nur-Sultan and
from the soil of the Mangystau region (Figure 1).




A - surfactant-degrading microorganisms on the medium M9, B - surfactant-degrading microorganisms on
the medium VD
Fig. 1. Cumulative cultures of surfactant destructive microorganisms on the 14th day

The 34 bacterial strains capable of growing on the M9 mineral medium with the addition
of SDS as the sole carbon source were isolated from accumulative cultures. As a result of the
initial screening of surfactant-degrading microorganisms (SDS), a positive result was found in 10
bacterial strains. The most active isolates: Sd 6, Sd 30, LB KOC 1, KOS 2, LB KOC 9, which
destroyed SDS in doses from 100 to 5000 mg / | in 12 days; Sd 6 strain turned out to be less
active among the studied bacterial strains (Figure 2).
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A - reaction with SDS dye for 1 day at concentrations of 100-5000 mg / |;
B - change over 12 days in a series of concentrations 100-5000 mg / |
Fig. 2. Color test with dye for rapid testing of the destructive activity of bacterial strains

To screen the ability of microorganisms to utilize synthetic surfactants, a qualitative
biochemical test with 1% solution of the colorless salt of 2,3,5-triphenyl-tetrazolium chloride
(TTX) was carried out. For this procedure, culture was grown on solid mineral medium M9 with
the addition of surfactants (SDS) and 1% TTX solution. When microorganisms utilized SDS,
TTX was restored to triphenyl formazan (TFP), while the cultures and zones around the colonies
were stained red. The method is based on the restoration of the dye and its discoloration when
carbon is consumed by microorganism strains.

Bacterial strains were incubated at 28 ° C. After 3, 6, 9, 12 and 15 days, the staining zones
of the colonies of the studied microorganism were counted. The stained area on the Petri dishes
appeared on the third day and gradually increased for nine and fifteen days. Among the 34
isolated bacterial strains, the most active were Sd 26, Sd 27, Sd 16, Sd 17, Sd 25, Sd 23, Sd 2.

A guantitative assessment of SDS destruction for the isolated bacterial strains was carried
out at concentrations of 10.0 mg / L. It was established that 20 strains: KOC 2, KOC 3, KOC 4,
LBKOC 5, Sd 23, Sd 2, Sd 28, Sd 27, Sd 17, Sd 26, Sd 20, Sd 9, Sd 27, Sd 17, SD 11, Sd 12, Sd
3, LBKOC 3, LBKOC 9, LBKOC 7 were the most active. The concentration of residual SDS
varied from 0.13 - 0.39 mg / | (Figure 3, 4).
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Fig.3. Results of SDS concentration after exposure to surfactant destructive bacteria
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surfactant destructive bacterial strains
Fig. 4. The percentage of SDS after exposure to surfactants destructive bacteria

Thus, it was found that the selected surfactant destroying microorganisms are able to
destroy SDS from 25% to 73%.

Isolation of bacteria that destroy oil from wastewater and oil-contaminated soils, and
study of oil-oxidizing activity. The 65 strains of bacteria were isolated from the formation water
of the «Morskoye» field, well Ne 10; the formation water of the «Karazhanbas-Kakimzhany
field; the formation water of the «Uzen - reservoir water» field; the formation water of the «X-
Morskoye Atyrauy field, well Ne 47; crude oil of the "X - Morskoye" field, well Ne 47; oil sludge
of the «Morskoye field», well Ne 12; and from wastewater of the Astana Su Arnasy state-owned
enterprise. Oil-oxidizing activity and the cultural properties of the isolated colonies were studied.
Oil-oxidizing bacteria were isolated from accumulative cultures (Figs. 5, 6).



A - formation water of the «Morskoye» field, well Ne 10; B - formation water of the Karazhanbas-Kakimzhan
field; C - oil sludge of the «Morskoye field», well Ne 12; D - formation water of the "Uzen - reservoir water" field;
E- crude oil of the "X - Morskoye" field, well Ne 47
Fig. 5. Cumulative cultures of oil-oxidizing microorganisms

C

A - solid medium VD formation water field "Uzen" - reservoir water "; B - solid medium; VD layer water;
Karazhanbas-Kakimzhan deposit; C - solid medium VD oil sludge field "Offshore" well No. 12; D - solid medium
VD crude oil field "X - Marine" field No. 47

Fig. 6. Growth of oil-oxidizing strains from a storage medium on a solid medium VD

New isolated strains of bacteria capable of utilizing oil from the fields of Atyrau region
were screened. When growing oil-oxidizing cultures on the VD mineral medium with oil, it was
found that the strains Od 1, Od 2, Od 4, Od 9, Od 11, Od 13, Od 16, Od 19, Od 24, Od 29, Od 28
were the most active among the studied cultures. (Figures 7, 8).
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Fig. 7. Results of oil consumption by isolated oil-oxidizing bacteria
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Fig. 8. Results of oil consumption by isolated oil-oxidizing bacteria

Isolated cultures were grown on slant nutrient agar. Inoculation of a liquid nutrient medium
was carried out using the mentioned initial cultures of microorganisms - flushing from slant
nutrient agar (n x 108 CFU / ml) in an amount of 1%. Cultivation was carried out for 48 and 72
hours on a shaker at a 28 °C. Determination of viable bacterial cells was carried out by plating
from the appropriate dilution of the culture in Petri dishes with a solid nutrient medium.

The oil-oxidizing activity of bacteria was established by the gravimetric method for their
assimilation of oil in a liquid nutrient medium containing 1% of crude oil, after cultivation on a
shaker for 14 days.

The most active were the strains Od 1, Od 3, Od 7, Od 11, Od 18 Od 13, PV4VD3%,
N4VD 3%. While studying the oil-oxidizing activity in cultures, it was found that the ability to
utilize oil was highest in the strain Od 1, which utilized oil by 73% and in strain Od 3— by 59%,
by 54% - in strains Od 7, Od 11.

It was established that 47 bacterial strains are the most active, the degree of oil utilization
in which ranged from 81% to 20%, the degree of utilization in the control variant was 3%.



Isolation of bacteria that destroy fat from wastewater and industrial facilities, and the
study of fat- degrading activity

Isolates that destroy fats were isolated from wastewater and industrial facilities and their
fat- degrading activity was studied (Figure 9).

A - on M9 medium with fat-degrading microorganisms; B - on VD medium with fat-degrading
microorganisms; C - on solid nutrient medium
Fig. 9. Cumulative culture of fat-degrading microorganisms

26 bacteria strains were isolated from Astana wastewater. When determining the lipolytic
activity of bacteria, a qualitative method with beef fat was used. As a result, 16 active strains of
bacteria were detected: Fd 1, Fd 3, Fd 12, Fd 13, Fd 9, Fd 15, Fd 16, Fd 24, Fd 27, Fd 22, Fd 19
Fd 25, Fd 2, Fd 13, K-1, Fd 23 (Figure 10).

A - strain Stbj (Fd 1) on a solid nutrient medium with beef fat and soy flour; B - strain Stbj (Fd 1) on solid
nutrient medium LB with beef fat and soy flour; C - control - strain Stbj (Fd 1) on a solid nutrient medium with beef
fat without soy flour; D - strain LBKOC 1 on solid nutrient medium LB with beef fat and soy flour

Fig. 10. Growth of fat-degrading bacteria strains from the storage medium on solid media

After exposure, white zones form around colonies of lipolytic bacteria. A quantitative
assessment of the lipolytic activity of bacteria in relation to sunflower oil was made (Figure 11).



2,5

15

lipase activity, cm® 0.1N KOH
o [ N
Fd1

© —
= ~
e irg

Fd3
Fd5

Fd4 I

Fd12 D

Fd23 D

Fd24 I
Fd27

) I II I I I II
-II | I I
o © OO —H m W < ~ O © Te) o I~ © — -
kel S 5o dd o o - N ] N T O m
L L Pocoo T T o he] k=] S L LD ¥<
IL L L IL L L L L L

KonTtpons |

fat-degrading bacterial strains

Fig. 11. Results of a quantitative assessment of the lipolytic activity of the isolated
fat-degrading bacteria strains

Thus, the study of the destructive activity of the newly isolated strains makes it possible to
replenish the collections with active strains of bacteria- degrading of organic substances.

CONCLUSION

Studies of the degradation of xenobiotics by bacteria allow us to detect active strains of
destructors and select the most promising ones for bioremediation of polluted environments. This
method is environmentally friendly, highly economical and efficient in comparison with other
methods.

In the course of study of organic matter destructors, a working collection of 125 bacterial
strains was obtained, in which 83 bacterial strains were promising in activity. Oil oxidizing
activity of the strains ranged from 20 to 81% after 14 days in a medium with oil, bacteria
decomposed surfactants in the medium by 71-76%. Active fat-degrading strains showed lipase
activity above 2.4 ml of 0.1n KOH per 1 g of substrate.
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OPI'AHUKAJIBIK 3ATTAP/IbI bIIBIPATKBIIII BAKTEPUAJIAP/bBIH
KOJUVIEKHUSACBIH KACAY KIOHE OJIAPJABIH KATAPBIH TOJIBIKTBIPY YIIIH
KA3AKCTAHIA JIACTAHT'AH TOIIBIPAKTAH )KOHE AFbIHAbI CYJIAPJAH
BAKTEPUSAJIBIK IITAMM/JIAPABI BOJIIHIII AJTY
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TYWUIH

OpranukanablK  3aTTapAbl  BIABIPATKBII  OAKTepUSAIAPAbIH  IITAMMBIHBIH
KOJIEKIUSICBIH TOJBIKTBIPY YWIiH MyHaiabl, BB3-ab1 koHe maiiabl blabIpaTKbIm 125
OaKTepUsUIapABIH INTAMMIApPbI 06JiiHiN ajgbiHFaH. KMHaKTaylmbl KOpPeKTIK opragaH 34
MHUKPOOPraHUu3MIepaiH HU30JAATTAPbLI 0OJIiHIN AJBIHABI, 0JAPABLIH apacbiHaH 20 H30JATHI
Oescenai Ooabin WBIKTBI. CoHbIMeH BB3 bIABIpATKBII OaKTepUAIAPABIH H30JIATTAPBI
JACH - nb1 25% nan 73% ¥a aeilin blAbIPATKAHIbIFBI KopceTiireH. barbic Ka3zakcran
aiiMarbIHIaFbl MYHAMJIbI KOWHAYKAT CyJapbIHAH, MYHAll HJIAMJAapAAH K9HE aAFbI3bIH/AbI
cyJapAaH KMHAKTAYHIbl KOPEKTiK OpTaJdaHbIH KeMeriMeH MHMKPOOPraHu3MaepaiH 65
H30JAThI 0OJiHIN aJbIHABI, oNapabIiH 47 OeinceHai. 3epTTesireH HM30JATTAPAA MYHAWIbI
73% neitin MyHaiibl BIALIPATY KaOiljleTi aHBIKTAJIFAH. ACTaHA KAJACHIHBIH aFbI3bIH/AbI
CyJapblHAH 26 Mall BIABIPATKBIII H30JATTAP O6JIIHIN aJbIHFAH. 0JapAbIH apachbiHaH 16
OesiceH1i M301ATTAP IPiKTENiHIN AJIBIHFAH.

Herisri ce3gep: m3oasarrap, 0akrepusijabl mramMMm, BB3 bIABIPHITKBIIN, 6HAIpicTIK
KYH/AbI IITAMM/AP.
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Jl1sl MOnoJIHeHWsl KOJUIEKIMM MHKPOOPTaHM3MOB /1eCTPYKTOPOB OPraHU4ecKHX
3arpsi3HuTeJIed ObIM BblIedeHbI 125 mramMoB 0akTepuii, paspymawmux Hedrs, I[TAB n
skupbl. M3 HakonmuTeNbHBIX KYJbTYP ObLI0 BblAejJeHO 34 wu3oasita Oakrepwuii,
NOTPedNAIOMUX AoAeHMICYAb(AT HATPUST B KadyecTBe eIMHCTBEHHOI0 MCTOYHHKA
yriepoaa. B pesyibrare ObL10 00HApPY’KEeHO, UTO HanboJ/iee aKTUBHBIMU oka3zajauch 20
n3oasToB. M3 nuacroBbix Boa 3amagnoro Ka3zaxcrana, HeTemniamMoB M CTOYHBIX BOJ
ObLJIO BblJIeJIeHO 65 W30/15ITOB MHKPOOPIraHM3MOB METOJAOM HAKONHUTEJIbHBIX KYJbTYP.
HanGonee akTuBHBIMH OKa3aauch 47 M30JATOB. BbLI10 yCTaHOBJ/IEHO, YTO CIOCOOHOCTH
YTHJIHM3MPOBaTh HePTH ObliIa HAUOOJIbIIEH Y U30JATA, KOTOPbIH YTHJIH3HPOBAJI HePTh HA
73%. W3 cTOYHBIX BOJ I'. ACTaHbI BbIEJEHO 26 M30JISITOB, CIIOCOOHBIX pa3jiaraTb KHP.
Haun6ouabiyo JUNa3Hy0 aKTHBHOCTD NMOKa3aau 16 u3019T0B.

KuroueBble ci10Ba: M30JThbl, 0AKTepHAJbHbINH IITAMM, JeCTPYKTOP IOBEPXHOCTHO-
AKTHBHBIX BELECTB, IPOM3BOJACTBEHHO-LIEHHBIH IITAMM.



