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AKTHUBHBIE ACCOIMAIIMU HEOTEOKUCJIAIOIINX MUKPOOPI'AHU3MOB,
BBIIEJIEHHBIX U3 3AI'PA3HEHHBIX ITOYB MECTOPOXIAEHHUA KYMKOJIb

AHHOTAUSA

IIpoBenena pabora 1o co3manmio  A(P(EKTUBHBIX  acCOIUaIuii  HEe()TEOKHCIIMIONINX
MHUKPOOPraHM3MOB M3 BHOBb BBIJICJICHHBIX U KOJIJICKIMOHHBIX IITAMMOB. I/I3y‘IeHa ux 6I/IOCOBMCTI/IMOCTB.
HOKa?:aHO, YTO KaK BHOBb BBIACJICHHBIC, TaK MW KOJUJICKIHMOHHBIC MIITaAMMBI HC(bTCOKI/ICJ'IHIOHII/IX
MHUKPOOPTaHH3MOB B3aWMHO TOJICPAHTHBI JPYT K JAPYry. B pesynbraTe NMpoBENEeHHBIX HCCIETOBAHUN
mooOpaHbl aKTUBHBIE aCCOIMAINH HE()TEOKHCISIONNX MHUKPOOPTaHU3MOB, KOTOPBIE ErpaarpOoBaliid
cBhiie 60% u 50% HedTH npu ee conepkanuu B cpene 5% u 7%, COOTBETCTBEHHO.

KarmoueBbie cioBa: HedTh, HE(DTESOKUCISIONINE MHUKPOOPTAaHU3MBI, ACCOLMAIS, IECTPYKITHS,
OmopemeTuaris

HedTp siBnsieTcss SHEprochlpheBO OCHOBOH COBpEMEHHOH NUBWIM3aUMHU. B Hacrosmiee
BpeMs o0Ias IUIOM@aab JACHCTBYIOUIMX M IEPCHEKTUBHBIX HE(PTEra30HOCHBIX pPailOHOB
Pecny6nuku Kazaxcran 3anumaer 6omee 60% Bceil Tepputopun cTpanbl. Ha cerognsuamii 1eHb
ABIAOTCS  JieficTBytomuMu  Oosee 200 HedTerazoBbIX MECTOPOXKJICHHM, HaXOMALIMXCS Ha
TeppuTopun AKTIOOMHCKOHM, ATtbIpayckoil, 3amaaHo-Kaszaxcranckoil, Ksi3puiopauHckod u
Masnrucrayckoit o6nacTei.

Opnako pocT A0OBMM HE(TH CONPOBOXKIACTCS YBEJIWYEHHEM HArpy30K Ha MPHUpPOAHbBIE
cpeabl. HecoBepiieHCTBO TEXHONOTUN A0OBIYM, TPAHCIIOPTUPOBKHU, MEPEpabOTKU M XpaHEHUs
IPUBOJIUT K €€ 3HAYUTENbHBIM MOTEPSAM, KOTOpble nocturatoT 50 miH. T/ron, TO ectb 2% OT
oOmeit 1o0brum [1]. Hedth, 3arpsi3Hsis mouBy, HOBEPXHOCTHBIE U TPYHTOBBIE BOJbI, aTMOchepy
CTaBUT MOJI YIpO3y 3[0POBbE COTEH THICAY JIIOJI€H, HEMOCPEICTBEHHO MPOKMUBAIOIINX B 30HAX
3arps3HeHust [2]. B aT1oit cBs3M HedTh UM HEDTEHNPOMYKTHI OTHOCATCS K HPUOPUTETHBIM
3arpsi3HUTENSIM Ouocdepsl.

HedTtsiHoe 3arpsizHeHHe NPUBOIUT K HEOOpPAaTUMBIM H3MEHEHHSM OHOJOTHYECKOro
paBHOBeCHsI M pa3HOoOpa3us. B pesynbrare pa3nuBoB He(TH MOUBBI MOTYT NpEBpALLlaThCS B
TUIIUYHBIE TEXHOTEHHBIE IYCTBIHM, B KOTOPBIX IPAKTUYECKH TIIOJHOCTBIO IIO/ABJIEHA
KHU3HEACSITENbHOCTh OMOTHl. XPOHUYECKHUE Pa3uBbl He(DTHU MPUBOAAT K OBICTPONM M MOJTHOU
nerpaganuu JanamadTos [3].

B cBsa3u ¢ aTtuMm, npobieMsbl, cBsi3aHHBIE ¢ pa3pabOTKOIl CrOCOOOB M METO/OB 3alllUThI
OKpy’Karomie cpeabl OoT He(pTH U HEePTEmpOAYKTOB, B HACTOSIIEEC BpeMs SBIAIOTCA KpaiHe
OCTPBIMU U aKTyaJIbHbIMH.

BonpmmHCTBO TEeXHONIOTHIT MEXaHWYECKOH U (I)I/I3I/IKO-XI/IMI/I"I€CKOI\/'I OYHCTKHU MHOFOCTaZ{HﬁHBI,
TPYAOCMKHU U Tpe6y10T OOJBIINX MaTCepHuaIbHbIX 3aTpart. B »T0l1 CBSI3M BO MHOTHX CTpaHax CTAaHOBATCA
MPUOPUTETHBIMHA OMOTEXHOJIOTHUSCKIE METOBI JIMKBUIAIINHN 3arPSI3HEHUN OKPYKAIOIIEH CPEIIhI.

Hcnonp30BaHNE MUKPOOPIaHHW3MOB JJIsi OYMCTKH 3arpsi3HEHHBIX IPUPOAHBIX Cpel —
OumopeMenuanusis —  SABISETCS  OBICTPO  pa3BUBAIOMICHCS  OOJACTHIO  AKOJOTHYECKOMN
O6uotexHonoruu. Ecimu mpoiiecc ecTeCTBEHHOTO CAMOBOCCTAaHOBJICHUS He(Te3arpsi3HEHHBIX TOYB
npu ypoBHe 3arpsizHeHuss 5000 mr/kr waér ot 2 mo 30 jeT W BbIIIE, TO MPHU MPOBEICHUU
OropeMeIMaMOHHBIX MEPOIPUSATHI MPOIIECC OUUCTKH MPOUCXOAUT 3a 1-2 mMecana.

D¢} (HeKTUBHOCTD ITHX METOAOB MOKET OBbITh 3HAUUTEJIHHO IMOBBIINIEHA ITyTEM U3MEHEHHUs
COOTBETCTBYIOIIUX (PU3UKO-XUMHUUECKUX YCIOBHIA CPEbl 1 BHECEHUEM aCCOLMAIMNA CIICIMAIbHO
0J00paHHBIX LITAMMOB MHKPOOPI'aHHU3MOB, o0najaromux BBIPAKCHHBIMU
YIIIEBOIOPOAOKHUCIAIOIUMHI CBOWCTBAMHU.
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I[lo nuteparypHsiM JaHHbBIM [4] UW3BECTHO, 4YTO Yy  YIJIEBOAOPOJOKHUCIISIFOLINX
MHKPOOPTaHM3MOB  pAa3IMYHOM  TAaKCOHOMHYECKOH  MPUHAUIKHOCTH  IOCTYIUICHHE
yIJIEBOAOPOAOB He(pTH B KIETKY MPOUCXOAUT pasHbIMU  crocoOamu. [logBukHbIe
TIICEBJJIOMOHA/IbI aKTUBHO MOTPEOIISIOT YIIIEBOIOPOIBI C TOMOIIBIO ONPEAEICHHBIX (PEePMEHTOB, a
npeacraButenu popoB Dietzia, Arthrobacter, Rhodococcusmoriomator HedTh uepe3 KaHabI
KJIETOYHON CTEHKH, KOTOpBIC 3aIOJIHEHBI MUKOJIOBBIMH KucioTamu. Kpome Toro, pasmuuHbe
BUJBI OAKTEPHid MMO-pa3HOMY OTHOCSTCS K yriieBojoponaaM HedTu. Tak, ImCceBIOMOHAbI JTydIle
BCETO YCBAaWMBAIOT apoOMaTH4ecKylo (pakuuio HedTH, a KOPHUHENOAOOHBIE OakTepuum —
napauHOBYIO U HapTEHOBYIO [5].

Llenpro paboTHI SABJISUIOCH CO3aHUE ACCOLHMALNN HE(PTCOKUCISIOINX MUKPOOPTaHU3MOB,
cHocoOHBIX 3(h(hEeKTUBHO YTHIIM3HPOBATH HEPTH MECTOPOXKAeHHS KyMKOITb.

Martepuaabl 1 MeTOIBI

OObeKTaMH HCCIENOBAaHUHA CIYXHIM aKTUBHBIE IITaMMbl HE(TCOKUCISIOMNX OaKTepHH,
BBIJICJICHHBIC UX 3arpsA3HEHHBIX He(ThiO MOYB KBI3BLIOPIMHCKOH 00J1ACTH, KOJUICKI[MOHHBIE IITAMMBI
HEPTEOKUCISIIOIMX OakTepuii ©W uX accouuanuu. Ceipags HedTh MecTopoxaeHus KyMmKoib
Kb13bu10pIMiHCKOM 001aCTH MII0THOCTHIO 0,853 r/em®,

Jlist m3ydeHuss B3aUMOOTHOIIECHUH HE(TEOKUCISIOMNUX MUKPOOPTaHU3MOBHCITIOIH30BaIN
METO/1 NEPIIEHIUKYIISIPHBIX ITPUXOB Ha cpeae MIIA [6].

Hns HA3YYEHHUS He()TEOKUCIISIFOIICH AKTUBHOCTH CO3JaHHBIX accouualui
HE()TECOKUCIAIOINX MUKPOOPTaHU3MOB HCIIOJIb30BaIH cpeny Bopommnooii-/luanosoii (B/I). B
KauyecTBe CJMHCTBEHHOI0 MCTOYHMKA yriaepoga B cpeay BHocwian Hedts (3,5,7%).
KynbTuBnpoBanue MUKpOOPraHU3MOB IMPOBOIMIM B KOJI0ax Dprenmeiiepa, coaepxkammx 100 mi
cpensl, Ha Kpyrosoit kadainke (180 06./mun.) npu 28°C B Teuenue 14 cyrok. KonndecrBennoe
ompefieieHue  OCTaTOYHOTO  COJEpKaHWs  HEPTempOAYKTOB B cpele  IPOBOAMIU
razoxpomMarorpaduueckum mMeToioM B LleHTpe HU3UKO-XMMHUYECKUX METOIOB aHAIHN3A.

Pe3yabTaTsl U 00cyKIeHHE

C nenblo co3gaHMs IPENaparoB, MEPCNEKTUBHBIX I OMOpeMeaMaluy 3arpsi3HEHHbIX
nouB KbI3butOpAMHCKON 00nacTH, MPOBEAEH MOAOOp IITAMMOB-TIAPTHEPOB JIS IMOJYyYEHUs
YCTOMUYUBBIX M NPOAYKTHUBHBIX accolMaluii HEe()TEOKHCIAIOMUX MUKPOOpraHu3MoB. Jlis
non0opa IMTaMMOB HCCIIEOBAIM HAJUYME WJIM OTCYTCTBHE aHTAarOHM3Ma MEXAY KYyJIbTypamu,
XapaKTepU3YIOIMMUCS TOBBIIIEHHON He(TeneCTpyKTUBHON akTUBHOCTBIO. C 3TOH Iebio
HN3YUCHBI B3aWMMOOTHOHMICHUA MCKAY HOBBIMU H KOJUICKIMOHHBIMU HITaMMaMH 6aKTepI/II7[
METOIOM HEPIEHIUKYIISIPHBIX IITPUXOB (PUCYHOK1).

Pucynok 1- IMoceBbl He(hTEOKUCIAIONINX KYJIBTYP Ha COBMECTUMOCTh METOJIOM TEPIICHANKYJISIPHBIX
LITPUXOB

Pe3ynbrarhl MccieI0BaHMs TIOKA3aJIM, YTO KaK BHOBb BBIICJICHHBIC, TaK W KOJUICKIITHOHHBIC
[ITAMMBI HETEOKHUCTISIONTNX MUKPOOPTAaHU3MOB B3aMMHO TOJIEPAHTHBI JPYT K IPYTY.

[IpoBenern mombop KOMOWHAIMK IMTAMMOB HE()TEOKHCISIIONUX MHUKPOOPTaHU3MOB JIJIst
co3manust A(PGEKTUBHBIX HEPTCOKHUCISAIOMIUX AaCCOLMANMA W3 BHOBb BBIICICHHBIX U
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KOJUIEKIIMOHHBIX IITaMMOB. bblIO cocTaBieHo 24 accoluanuu, cocTosmue u3 2, 3 u 4 KyabTyp.
M3ydyeHa uMX aKTHUBHOCTh MpPHU POCTE Ha MHUHEpPAIbHOU cpele ¢ HEPTbI0 MECTOPOXKICHHS
Kymkonp B konmuuectBe 3% 1o o0bemy. Pe3ynbTarhl mccieoBaHUs MOKa3aid, YTO CTEIEHb
JNECTPYKIIMU HEPTH acCOMAMAMU M3 BHOBb BBIJCIICHHBIX OakTepuil coctaBmia 46,8-77,3%
(Tabmuma 1).

Tabmuma 1 — Yrunmzamms 3% Hedtr M. KyMKoIh acconmanusiMu HeTEOKHUCISTFOIINX MUKPOOPTaHU3MOB

Acconmanyu U3 HOBEIX CreneHp yTuimuzanuu, % Accoruanmy u3 HOBeIX 1 | CTeneHb yTHUIU3aIiH,

KYJIBTYD KOJUICKI[HOHHBIX KYJIBTYP %
15K+17K+29K 48,7 17K+29K+6A 52,2
15K+20K+29K 50,3 17K+20K+43A 60,5
22K+23K+25K 51,2 23K+29K+34 77,0
17K+25K+29K 49,6 29K+65+43A 56,4
23K+25K+29K 50,9 20K+22K+43A 81,7
20K+22K 55,3 15K+17K+34 50,5
15K+29K 46,8 22K+29K+34 51,3
17K+29K 53,6 23K+29K+6A+34 50,7
22K+23K 77,3 25K+29K+6A+34 54,4
23K+25K 76,8 17K+29K+6A+43A 60,1
15K+17K+20K+22K 65,4 17K+20K+6A+34 53,9
17K+22K+25K+29K 52,4 17K+20K+29K+43A 58,8
KOHTPOJIb 21,2

Haubonee akTHBHBIMU ObUIM aCCOIMAIIMHU, COCTOSIIME W3 JBYX IITAMMOB, YTHJIM3ALUS
He(TU KOTOphIMH TpeBbimana 54%. B oaHy accoumainio ¢ BBICOKOH akTUBHOCTHIO (65,4%)
BXOJIMJIO YETHIPE IITAMMA.

[Ipy COBMECTHOM KYJIbTUBHPOBAHHHM HOBBIX M KOJUIEKIIMOHHBIX KYJIbTYp NECTPYKIIHS
Hetu cocraBmsuia 50,5-81,7%. CaMbpIMU aKTUBHBIMH OBLITM acCOIMAIIMM, B COCTaB KOTOPBIX
Bxoamnu mrammbl Pseudomonas azotifigens 20K, Dietzia schimae 22K u Arthrobacter luteus
43A u Pseudomonasazotifigens23K, Microbacteriumfoliorum 29K, Micrococcusroseus34, mpu
KyJbTUBUPOBAHUN KOTOPBIX cojiepkaHue HedTu B cpeae ymeHsmnanoch Ha 81,7% u 77%
COOTBETCTBEHHO.

B pesynbrare mombopa acconmanuii HEPTEOKUCITSIONIMX MHUKPOOPTaHU3MOB BBISIBIICHO
naTh HanOonee A(P(HEKTHBHBIX KOHCOPIMYMOB W3 BHOBb BBIJCJIICHHBIX KYJIBTYp H TISTh
accolManuid W3 JTUX K€ KYIbTyp COBMECTHO C KOJUICKIIMOHHBIMHM INTaMMaMu. bbuio
1IEJIECO00Pa3HbIM HUCCIIENOBATh HMX JECTPYKIIMOHHYIO AaKTUBHOCTh TpuU 0o0Jiee BBICOKOH
KOHIIEHTpaluu He(TH B cpesie. Accolraliy KyJIbTHBUPOBAIM Ha MUHEpanbHOU cpene B/l ¢ 5 u
7% nedTun (Tabmurer 2, 3).

Tabmuua 2 — Yrwmszanus 5% nedtu M. KyMKoip acconuanusiMu BHOBb BBIJICJICHHBIX KYJIBTYP

Accoranys Crenenp yrunmzanuu HepTH, %
5% 7%
Dietzia schimae 22K + Pseudomonas azotifigens 23K 62,6 47,0
Pseudomonas azotifigens 20K + Dietzia schimae 22K 49,7 39,9
Pseudomonas xanhtomarina 17K + Microbacterium foliorum 29K 45,5 37,7
Pseudomonas azotifigens 23K + Gordonia alkanivorans 25K 75,1 57,5
Gordonia lacuna 15K + Pseudomonas xanhtomarina 17K + Pseudomonas 60,5 47,3
azotifigens 20K + Dietzia schimae 22K
Kontposs 20,8 19,4

W3 maHHBIX TaOMMIBl 2 BHUIIHO, YTO HAMOOJBIIYI0 AaKTUBHOCTH IMPOSBUJIA ACCOIHAITUS
Pseudomonas azotifigens 23K + Gordonia alkanivorans 25K kak npu 5%-HoM, Tak u 7%-HOM
comepkannu HedTH B cperae. Hammenee akTHBHBIMH ObLTH accommaiuu  Pseudomonas
azotifigens 20K + Dietzia schimae 22K u Pseudomonas xanhtomarina 17K + Microbacterium
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foliorum 29K, kotopsie yrunusupoBanu meHee 50% Hedtu npu 5%-HOM colepKaHUM U MEHEe
40% npu 7%-HOM coiepKaHUU.

Ha cnenyromem stamne ObUTH M3Y4EHBI aCCOLUAIMH, COCTOSIINE U3 BHOBb BBIICICHHBIX H
KOJUICKIIMOHHBIX MTaMMOB (Tabmuma 3).

Tabmura 3 — Yrunuszanus 7% HedTH M. KyMKoIb accoluanysMyu BHOBb BBIJISIICHHBIX U KOJIJICKITUOHHBIX

KyJIbTYp

Accoranys Crenenp yrunusanuu HeptH, %
5% 7%

Pseudomonas azotifigens 20K + Dietzia schimae 22K + Arthrobacter luteus 80,5 72,8

43-A

Pseudomonas azotifigens 23K + Microbacterium foliorum 29K + 66,1 58,7

Micrococcus roseus 34

Pseudomonas xanhtomarina 17K + Pseudomonas azotifigens 20K + 53,5 43,2

Arthrobacter luteus 43-A
Pseudomonas xanhtomarina 17K + Microbacterium foliorum 29K + 53,2 40,5
Micrococcus roseus 6A + Arthrobacter luteus 43-A

Pseudomonas xanhtomarina 17K + Pseudomonas azotifigens 20K + 52,8 44,1
Microbacterium foliorum 29K + Arthrobacter luteus 43-A
KonTponn 20,8 19,4

Pesynbrarel mokazanu, uto npu 5%-HOM coaep kaHuu AecTpyKuus HedTH cocTaBuia 52,8-
80,5%, a ipu 7%-nom — 40,5-72,8%. Cambimu 3 pekTrBHBIME ObLIH accolanuu Pseudomonas
azotifigens 20K + Dietzia schimae 22K + Arthrobacter luteus 43-A u Pseudomonas azotifigens
23K + Microbacterium foliorum 29K + Micrococcus roseus 34.

Takum oOpa3om, B pe3yiabTaTe MPOBEICHHBIX WCCICAOBAHUN TOM0OpaHBl aKTHUBHEIC
accolranuu HePTEOKHUCISIONUX MUKPOOPTaHU3MOB, KOTOphie moTpedsnu cBeiae 60% u 50%
HedTH 1pu ee conepkanuu B cpene 5% u 7%, COOTBETCTBEHHO.
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KYMKO.JIAIH JIACTAHYAH TOIIBIPAFbIHAH BOJITHIIT AJIBIHFAH
MYHAUTOTBIKTBHIPTBIII MUKPOOPT'AHU3IMJIEPAIH BEJICEH /I
ACCOLMNALUAJAPBI

Kaiita OemiHin aJblHFaH MYHAaWTOTBIKTBIPFBIII ~MHKPOOPTaHM3MICP MEH KOJUICKIMSIIBIK
mWITaMMIApABIH ~ THIMAI  accoUMalysuiapelH  Kypy OoWbIHIIA KyMBIC KYprisuimi. OmnapapiH
omobipnectikTepi aHpIKTangel. Kaiita OemiHIN anplHFaH MYHaHTOTHIKTBIPFBII MHKPOOPTAHU3IEP MEH
COHJIali-aK, KOJUICKIIUSIIBIK IITaMMIAPABIH Oip-OipiMeH e3apa TOJICPAHTThI SKEHIrT KOpCeTUIl. 3epTTey
JKYPri3iIreH KYMBICTBIH HoTmkeciHae 5% mnen 7% oprara colikec keneTiH 50% xoHe 60% >xoFapbl
MYHAaibl AerpajalisuIaiThlH MYHAHTOTBIKTBIPFBII MUKPOOPIaHU3MAEPIAiH OeJICeHl accoLManusuIaphl
TaHJAJbII AJIBIHIBI.

Kiar ce3nepi: MyHaif, MyHaHTOTBIKTBIPFBIII MHUKPOOPTaHHU3MJIEP, ACCOLMAIMS, IECTPYKIHS,
Omopemeuanysi.
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SPANKULOVA, A K. SADANOV

SNE “Institute of microbiology and virology” KS MES RK, Almaty, Kazakhstan

ACTIVE ASSOCIATIONS OF OIL-OXIDIZING MICROORGANISMS ISOLATED
FROM CONTAMINATED SOILS OF THE KUMKOL FIELD

Summary

Work on the creation of effective associations of oil-oxidizing microorganisms from the newly
isolated and collection strains were carried out. Their biocompatibility was studied. It was shown that
both the newly isolated and collection strains of oil-oxidizing microorganisms are mutually tolerant to
each other. As a result of the studies, the active associations of oil-oxidizing microorganisms were
selected, which degraded more than 60% and 50% of oil under its content in the atmosphere of 5% and
7%, respectively.

Key words: oil, oil-oxidizing microorganisms, association, destruction, bioremediation

Oil is the energy and raw-material base of modern civilization. Currently, the total area of
existing and future oil and gas areas of the Republic of Kazakhstan occupies more than 60% of
the territory of the country. To date, there are more than 200 operating oil and gas fields located
in the Aktobe, Atyrau, West Kazakhstan, Kyzylorda, and Mangistau regions.

However, the increase in oil production is accompanied by load increment on the natural
environment. Imperfection of processes for oil recovery, transportation, processing and storage
results in its significant losses, which amount to 50 million tons/year, that is 2% of the total
production [1]. Oil, contaminating soil, surface and ground water, and atmosphere, endangers the
health of hundreds of thousands of people directly living in polluted areas [2]. In this context, oil
and oil products are the priority pollutants of the biosphere.

Oil pollution leads to irreversible changes of the biological balance and diversity. As a
result of oil spills, soils could be converted into typical man-made deserts, in which vital activity
of biota is almost completely suppressed. Chronic oil spills result in rapid and complete
degradation of the landscapes [3].
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In this regard, the problems associated with the development of techniques and methods to
protect the environment from oil and oil products, at the present time are extremely acute and
relevant.

Most of the technologies for mechanical and physicochemical purification are multistage,
labour-consuming and require large material inputs. In this regard, in many countries the
biotechnological methods to eliminate environmental pollution are a priority.

The use of microorganisms to clean up the contaminated natural environment -
bioremediation - is a rapidly growing field of environmental biotechnology. If the process of
natural self-restoration of oil-contaminated soils at the level of pollution of 5,000 mg/kg lasts
from 2 to 30 years and above, but when carrying out the bioremediation measures, the
purification process takes place within 1-2 months.

Effectiveness of these methods could be significantly improved by modifying the physico-
chemical conditions of the mediumand introducing associations of specially selected strains of
microorganisms having pronounced hydrocarbon-oxidizing properties.

According to the literature data [4], it is known that hydrocarbon-oxidizing
microorganisms of belonging to different taxonomic groups, the delivery of petroleum
hydrocarbons into the cell occurs in different ways. Motile pseudomonades actively consume
hydrocarbons by means of certain enzymes, and members of the genera Dietzia, Arthrobacter,
Rhodococcus absorb oil through channels in the cell walls, which are filled with mycolic acids.
Furthermore, various types of different bacteria in different ways treat the oil hydrocarbons.
Thus, pseudomonades best of all assimilate aromatic oil fraction, and coryneform bacteria - wax
and naphthenic fractions [5].

The aim of the study was to develop associations of oil-oxidizing microorganisms that can
effectively utilize oil.

Materials and methods

The subjects of the study were active strains of oil-oxidizing bacteria isolated from oil-
contaminated soils in the Kyzylorda region, collection strains of oil-oxidizing bacteria and their
associations; crude oil of the Kumkol field in the Kyzylorda region with density of 0,853 g/cm?®.

To study the mutual relations between oil-oxidizing microorganisms the perpendicular
streak method was used on the beef-extract agar [6].

To study the oil-oxidizing activity of created associations of oil-oxidizing microorganisms,
the Voroshilova Dianova (VD) medium was used. As the only carbon source, oil was added to
the medium (3,5,7%). Culturing of microorganisms was carried out in Erlenmeyer flasks
containing 100 ml of medium on a rotary shaker (180 rpm) at 28 °C for 14 days. Quantitative
determination of residual oil content in the medium was carried out by gas chromatography in
the Center for physico-chemical methods of analysis.

Results and discussion

In order to develop preparations which are promising for bioremediation of contaminated
soils in the Kyzylorda region, the selection of strains-partners to prepare the sustainable and
productive associations of oil-oxidizing microorganisms was carried out. To select strains, the
presence or absence of antagonism between cultures, characterized by increased oil-destructive
activity, was examined using the perpendicular streak method. For this purpose, the mutual
relations between the new and collection strains of bacteria were studied (figure 1).

The study results showed that both newly isolated and collection strains of oil-oxidizing
microorganisms were mutually tolerant towards each other.
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Figure 1 — Crops of oil-oxidizingcultures to study the mutual relations by perpendicularstreak method

Selection of the strain combinations of oil-oxidizing microorganisms (OOM)was carried
outto create effective oil-oxidizing associations of newly isolated and collection strains. 24
associations were composed consisting of 2, 3 or 4 cultures. Their activity was studied under the
growth on the mineral medium with oil from the Kumkol field in an amount of 3 % by volume.
The results showed that the degree of oil destruction by associations of newly isolated bacteria
was 46,8-77,3 % (Table 1).

Table 1 — Utilization of 3% oil of Kumkol deposit by associations of oil-oxidizing microorganisms

Associationsfrom new Utilization degree, % Associations from new Utilization degree,

cultures and collection cultures %
15K+17K+29K 48,7 17K+29K+6A 52,2
15K+20K+29K 50,3 17K+20K+43A 60,5
22K+23K+25K 51,2 23K+29K+34 77,0
17K+25K+29K 49,6 29K+65+43A 56,4
23K+25K+29K 50,9 20K+22K+43A 81,7
20K+22K 55,3 15K+17K+34 50,5
15K+29K 46,8 22K+29K+34 51,3
17K+29K 53,6 23K+29K+6A+34 50,7
22K+23K 77,3 25K+29K+6A+34 54,4
23K+25K 76,8 17K+29K+6A+43A 60,1
15K+17K+20K+22K 65,4 17K+20K+6A+34 53,9
17K4+22K+25K+29K 52,4 17K+20K+29K+43 A 58,8
Control 21,2

The most active were associations, consisting of two strains, the oil utilization by which
exceeded 54%. One association with high activity (65,4%) consisted of four strains.

Under the combined cultivation of new and collection cultures, the oil destruction was
50,5-81,7 %. The most active were associations, which included strains of Pseudomonas
azotifigens 20K, Dietzia schimae 22K and 43A Arthrobacter luteus and Pseudomonas
azotifigens 23K, Microbacterium foliorum 29K, Micrococcus roseus 34, when cultured which
the oil content in the medium was decreased by 81,7 % and 77 % respectively.

As a result of the selection of associations of oxidizing microorganisms, five most effective
consortia from newly isolated cultures and five associations of these same cultures together with
the collection strains were identified. It was desirable to investigate their destructive activity at
higher concentration of oil in the environment. The associations were cultured on the mineral
VD medium with 5 and 7 % of oil (Tables 2-3).
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Table 2 — Utilization of 5% oil of Kumkol deposit by associations of new cultures

Association Utilization degree, %

5% 7%
Dietzia schimae 22K + Pseudomonas azotifigens 23K 62,6 47,0
Pseudomonas azotifigens 20K + Dietzia schimae 22K 49,7 39,9
Pseudomonas xanhtomarina 17K + Microbacterium foliorum 29K 45,5 37,7
Pseudomonas azotifigens 23K + Gordonia alkanivorans 25K 75,1 57,5
Gordonia lacuna 15K + Pseudomonas xanhtomarina 17K + Pseudomonas 60,5 47,3
azotifigens 20K + Dietzia schimae 22K
Control 20,8 19,4

The data in Table 2 shows that the most activity was showed by the association
Pseudomonas azotifigens 23K + Gordonia alkanivorans 25K both at 5% and 7% oil content in
the medium. The least active were the associations Pseudomonas azotifigens 20K + Dietzia
schimae 22K and 17K Pseudomonas xanhtomarina + Microbacterium foliorum 29K, which
utilized less than 50 % of oil at the 5% content and less than 40% at the 7 % content.

At the next stage, the associations consisting of newly isolated and collection strains were
studied (Table 3).

Table 3 — Utilization of 7% oil of Kumkol deposit by associations of new and collection cultures

Association Utilization degree, %

5% 7%
Pseudomonas azotifigens 20K + Dietzia schimae 22K + Arthrobacter luteus 80,5 72,8
43-A
Pseudomonas azotifigens 23K + Microbacterium foliorum 29K + Micrococcus 66,1 58,7
roseus 34
Pseudomonas xanhtomarina 17K + Pseudomonas azotifigens 20K + 53,5 43,2
Arthrobacter luteus 43-A
Pseudomonas xanhtomarina 17K + Microbacterium foliorum 29K + 53,2 40,5
Micrococcus roseus 6A + Arthrobacter luteus 43-A
Pseudomonas xanhtomarina 17K + Pseudomonas azotifigens 20K + 52,8 44,1
Microbacterium foliorum 29K + Arthrobacter luteus 43-A
Control 20,8 19,4

The results showed that at the 5% content degradation of oil was 52,8-80,5 %, while at the
7% - 40,5-72,8 %. The most effective associations were Pseudomonas azotifigens 20K + Dietzia
schimae 22K + Arthrobacter luteus 43-A and Pseudomonas azotifigens 23K + Microbacterium
foliorum 29K + Micrococcus roseus 34.

Therefore, as a result of studies, the associations of oil-oxidizing microorganisms were
selected that consume more than 60% and 50% of oil under its content in the environment of 5%
and 7%, respectively.
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