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Abstract

The present study was conducted to isolate active Bacillus cultures from developed oil reservoirs as
potential objects for the development of microbial enhanced oil recovery (MEOR) methods. Oil
formation water from two oil fields "Zhetybai" and "Kulsary" located in Western Kazakhstan were used
as study materials. 8 cultures of Bacillus genus were isolated and identified on the basis of phylogenetic
analysis of 16S rRNA gene. The formation of acetic acid and biosurfactants were studied as target
properties valuable for MEOR. It was revealed that the investigated microorganisms are able to
synthesize acetic acid as well as fatty acids. Emulsifying activity was determined as an indicator of the
presence of biosurfactants. The maximum emulsification index was observed in strains of Bacillus sp.
ZhM-3 and Bacillus sp. KM-2 for crude oil - 80% and 65%, for hexane - 69% and 50%, respectively. As
a result of this work it was shown that the cultures of Bacillus sp. ZhM-3 and Bacillus sp. KM-2 are
active producers of organic acids (acetic and butyric acids) and biosurfactants capable of emulsifying
crude oil, which makes them potentially effective for application in biotechnological processes aimed at
enhancing oil recovery from depleted fields.
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Microbial enhanced oil recovery (MEOR) is the method of using microorganisms to
improve recovery of oil from the reservoirs after secondary oil recovery [1, 2]. Nowadays, the
necessity of improving and/or advancing the current enhanced oil recovery (EOR) processes to
make them more efficient has attracted the attention of researchers and oil field operators.

Kazakhstan is among the top 15 countries in the world by essential oil reserves, having 3%
of the world's total oil reserves. Fewer of the fields are in operation. Most of those fields are
mature ones, and are difficult to recover. Most of the hydrocarbon fields have already been
discovered and commercially produced. Oil fields under water flooding have reached a high
water cut ranging from 80 to 90%, while a large volume of undeveloped oil reserves (up to 60—
70%) are located in deep oil reservoir formations. In addition, high viscosity of oils and complex
geological structures characterize most deposits in Kazakhstan [3]. In this regard, the
development of tertiary methods to enhance oil recovery like MEOR allows rational use of
natural oil resources and to get economic benefits from the production of additional oil.

MEOR is environmentally friendly, low in cost, and easy to operate [4]. The degradation
of petroleum and the production of metabolites, like acids, gases and biosurfactants are the main
mechanisms by which microbes can enhance oil recovery [5]. Products of metabolism of
microorganisms are promising substances when replacing chemical surfactants, which are
usually used in EOR. They are also low toxic, compared to synthetic surfactants, due to
environmentally attractive alternatives [6]. Therefore, the isolation and screening key metabolite
producing microorganisms are important parts of MEOR.

The main mechanisms of metabolites of microorganisms are reviewed in many works [1,
2, 7], including that microbial biosurfactants emulsify oil, reduce oil viscosity and interfacial
tension at the oil-water interface; acids could dissolve the rocks and increase the porosity and
permeability of the reservoir; polymers and gases, lead to a decrease in the viscosity of oil and
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dissolving carbonate rocks, increasing the permeability [8].

In the present study, we examined eight strains of Bacillus isolated from oil reservoir
waters. Thus, the aim of the present study includes: the isolation and screening biosurfactant and
acid producing Bacilli from oil reservoirs.

Materials and methods of research

Samples collection

Two types of oil-reservoir water from two wells of West Kazakhstan’s deposits were used:

1) the oilfield "Zhetybay", well Ne 4726, depth of 1900 m, pressure 15.5 MPA and
temperature of 45°C, water content— 93%. Salinity - 95 g/l, viscosity at temperature of 20°C was
8.45 cP, and at 50°C was 4.25 cP, further will be marked as Sample 1.

2) the oilfield "Kulsary", well Ne 216, depth of 250 m, pressure 13 MPA and temperature
of 17-20°C, salinity - 187 g/l, water content — 98%, viscosity at 20°C - 6.02 cP, and at 50°C -
2.48 cP, further will be marked as Sample 2.

The reservoir oil water samples were taken from the production pipeline. The location of
oilfields is shown in Fig. 1.
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Figure 1 — Map of location of the oilfields

Cultures of the genus Bacillus were isolated according to the method described by Travers
et al. (Travers et al., 1987) [9], as well as on differential media (HiMedia, India). Bacillus genus
cultures were incubated at 30°C for 24 h.

When culturing microorganisms, synthetic medium E8 with the following composition,
g/L, was used as a mineral background: KH2PO4, 0.7; (NH4)2HPO4-1.5; MgSO4 0.8; NaCl,
0.5; pH, 6.6-6.7, where crude oil 2% was added as carbon source. The crude oil used was crude
viscous oil from the Akingen field with the following characteristics: density - 902.9 kg/ms, tar
content 26%, sulfur content 0.22%. Horizon oil is heavy, tarry, low-sulfur.

Genomic identification of specific bacteria was based on sequencing of the gene coding for
16SRNA [10], the PCR program was performed using the GeneAmp PCR system 9700 amplifier
(Applied Biosystems). Genomic DNA was isolated using Wizard®Genomic DNA Purification
Kit (PromegaCorp., Madison, WI, USA). DNA fragments were separated via 1% agarose gel
electrophoresis. Polymerase chain reaction (PCR) was used to amplify the DNA segment that
can provide bacterial identification. The primers used for amplifying the conserved regions
within 16S rRNA genes were: forward primer. - AGAGTTTGATCCTGGCTCAG-3 and reverse
primer GGACTACCAGGGTATCTAAT in a total volume of 30 pl. Purification of PCR
products was performed using an enzymatic method using Exonuclease | (Fermentas) and
alkaline phosphatase (Shrimp Alkaline Phosphatase, Fermentas).

Sequencing results were processed using the SeqScape 2.6.0 program (Applied
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Biosystems). Homologous nucleotide sequences of 16S rRNA genes were searched using the
BLAST program (BasicLocalAlignmentSearchTool) in the International GeneBank database of
the US National Center for Biotechnological Information (htpp: //www.ncbi.nlm.nih.gov).

The Mega X program [11] was used to construct the phylogenetic tree of bacteria, also the
website bacterio.net (List of names of prokaryotes with position in the nomenclature). The
Muscle algorithm built by the Neighbor-Joining NJ method was used to align nucleotide
sequences.

Microbial emulsification index was determined according to Cooper's method [12]. The
culture supernatant was used with crude oil in a 3:2 ratio and mixed on a laboratory shaker at
250 rpm for 20 min to obtain a stable emulsion. The tubes were then kept in an upright position
at room temperature. Hexane with a density of 655 kg/m?, which is a clear colorless liquid with
an odor of oil, was used in the experiment. And crude oil from the Akingen field.

The emulsification index was expressed as a percentage, calculated by the formula:

E,, = (:,’—) x 100 (1)

Where, Ve — Is the volume of the emulsion

Vn —is full volume of liquid, including total volume of water phase (culture or supernatant)
+ volume of hydrocarbon phase (crude oil) + volume of generated emulsion.

Analytical methods

Liquid samples collected after 8 days of fermentation were analyzed for acid content using
a gas chromatograph (model Agilent 7890A, Agilent Ltd., USA). Specific acids such as acetic
acid, propionic acid and butyric acid were measured. The pH of the fermentation medium was
measured using a C931P pH meter. Statistical calculations were performed using the Excel 7
tabular processor.

Results and discussion

The microbial diversity of crude oil, oil-contaminated sites, produced water, and various
oil reservoirs has been considered in many studies, and a wide variety of microorganisms has
been shown [13-16]. Most of the species found in the studied samples belonged to different
families of bacteria, with predominance of representatives of the genera Pseudomonas and
Bacillus, which was also mentioned in other studies [14, 15]. Representatives of the genus
Bacillus are known to be producers of major metabolites valuable for MEOR, in particular, as
producers of biosurfactants, mainly such biosurfactants as surfactin, lichenisin, polypeptide and
rhamnolipid, and are one of the well-known and thoroughly studied microorganisms due to their
ability to reduce interfacial surface activity and other properties [17, 18, 19].

In the studied samples from the deposits "Zhetybai™ and "Kulsary™ were isolated 8 cultures
of microorganisms, of which 5 strains (KE-1, KB-4, KM-2, KB-2, KMA-2) originated from the
deposit "Kulsary”, and 3 strains (ZhS-1, ZhB-1, ZhM-3) were found in the deposit "Zhetybai".
The cells of 8 strains KE-1, KB-4, KM-2, KB-2, KMA-2, ZhS-1, ZhB-1, ZhM-3 were Gram-
positive, bacilliform (about 0.5-0.9 um wide and 1.1-2.4 um long), endospore-forming bacteria.
Colonies were spreading and irregularly shaped.

16S rRNA gene sequence analysis.

The results of the 16S rRNA sequence analysis suggest that strains KE-1, KB-4, KM-2,
KB-2, KMA-2, ZhS-1, ZhB-1, ZhM-3 possess 99% sequence similarity with the Bacillus genus.
A phylogenetic tree based on the 16S rDNA sequence of isolated strains and the closest related
strains was constructed by neighbor-joining (Fig. 2).
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Figure 2 — Phylogenetic tree of the strains through neighbor-joining methods using MEGA version X

Genetic identification of bacterial isolates using full-length sequencing of 16S rRNA gene
confirmed that 8 bacterial cultures isolated from oil patch water belong to the genus Bacillus.

The next step of the work was to study the production, valuable for MEOR, of metabolites
such as organic acids, gas and biosurfactants.

To study the production of various organic acids and carbon dioxide by microorganisms,
synthetic medium E8 was used, where 2% crude oil was used as the only carbon source in the
medium. The experiment was carried out for 8 days.

Figure 3 shows the results of determining the amount of organic acids produced by
microorganisms on the medium with the addition of oil for 8 days.
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Figure 3 — Production of organic acids by Bacillus
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The study of the qualitative and quantitative composition of organic acids showed that
Bacillus cells produce acetic acid in greater amounts and, downwardly, butyric acid, then, in
trace amounts, propionic acid. The most active acetic acid producers are Bacillus sp. ZhM-3 and
Bacillus sp. ZhB-1, so, by the end of 8 days this index amounted to 3.695 g/dm3 and 3.561
g/dma3, respectively. The maximum production of butyric acid was observed for Bacillus spp.
KB-2 and Bacillus spp. KMA-2 and by the end of the experiment the acid content was 1.2 g/dm3
and 0.6 g/dm3, respectively, other cultures produced significantly less butyric acid. The content
of propionic acid in the fermented medium was negligible or in trace amounts (0.028-0.061
0/dm3) by the end of the experiment.

When studying the production of organic acids by Bacillus cultures, it was shown that the
guantitative composition of the production of different acids depends on the composition of the
media, however, acetic acid was the main acidic component, it should also be noted that in
addition to acetic acid, Bacillus cultures produced other acids such as formic acid, propionic
acid, isobutyric acid, succinic acid and isovaleric acid, but their amounts were much less than
acetic acid [20]. Some works mention that representatives of p. Bacillus change the proportion of
unsaturated fatty acids to adapt to a wide range of environmental changes [21, 22]. In such
guantities, they are unlikely to have a significant effect on enhanced oil recovery, but this
product may play an important role in adaptation to the extreme conditions of the oil reservoir
and in creating an association for use in MEOR, since fatty acids may have antimicrobial activity
against other microorganisms, as well as serve as a source of nutrients for other microorganisms
[23, 24].

Figure 4 shows the results of pH change (initial and by the end of the experiment) when
culturing bacilli on synthetic medium with oil; the variant without microorganisms was used as a
control.
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Figure 4 — Correlative change in the acidity of the medium during binding to the product acetic acid

As can be seen, all cultures ferment the substrate with acidification of the medium, i.e. the
cells produce organic acids, thus, of the 8 cultures of bacilli B. sp. ZhM-3, B. cereus ZhB-1,
B.sp. KMA-2 and B. cereus KB-2 showed the highest acid-producing ability, with a maximum
decrease in the pH of the medium by the end of the experiment of 5-4.1 units at an initial pH of 7
units. These results correlate with the amount of acetic acid produced by these cultures. The
decrease of pH value indicated the formation of acidic catabolic metabolites [20]. In addition, the

162



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Nel (44) 2024 www. imv-journal.kz

final pH value and acetic acid concentration were correlated. At the maximum acetic acid
content in the medium - 3.695 g/dm?, the pH value of the medium by the end of the experiment
reached 4.1 units.

The emulsifying activity index estimates the ability of biosurfactants produced by bacteria
to emulsify two immiscible liquids. Many researchers have noted that oil emulsification is one of
the significant mechanisms of MEOR [5, 25, 26]. Oil emulsifying activity is the ability of
surfactant-producing microorganisms to form tiny oil emulsions, which increases the efficiency
of contact between bacteria and hydrocarbons. There are two types of emulsifying activity:
exogenous emulsifying activity - the ability of microorganisms to form extracellular
biosurfactants and endogenous emulsifying activity - the ability of microorganisms to form cell-
associated biosurfactants [27]. The ability of microorganisms to produce oil-dispersing
bioemulsifiers was investigated by endogenous emulsifying activity (E24) in 24 hours.

Figure 5 shows the results of the study of the emulsification index of oil and hexane by
Bacillus cells. Hexane was used as a comparative product obtained from oil.
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Figure 5 — Determination of oil and hexane emulsification index (E) by Bacillus cells

As can be seen in Figure 5, the emulsification index of crude oil by Bacillus is higher (21-
80 %) than that of Enexane (12-63 %). The maximum ability to emulsify crude oil is possessed by
cells of Bacillus sp. ZhM-3 - 80% and Bacillus sp. KM-2 - 65%. It should be noted that for the
same cultures the same correlation with hexane emulsification index (E) is observed, although
the numerical values are lower, so the maximum Enexane Was observed in Bacillus sp. ZhM-3 and
amounted to 63%. The effectiveness of some bacteria, including the genera Bacillus, capable of
producing biosurfactants, has been described in a number of works, so the greater the proportion
of stable emulsions formed, the greater the amount of biosurfactant produced by
microorganisms, also the emulsification index of crude oil above 50% is an indicator of
promising bacteria used in the oil industry [27, 28, 29, 30]. Lipopeptide surfactins and lichenisin
produced by Bacillus strains are among the most studied biosurfactants. These biosurfactants are
known to reduce surface and interfacial tension among other properties and are able to mobilize
trapped oil, so bacteria capable of producing these biosurfactants are good agents for MEOR
applications.

Thus, cultures of Bacillus sp. ZhM-3 and Bacillus sp. KM-2 isolated from oil formation
water have high crude oil emulsification index of 80% and 65%, respectively, and are promising
targets for the oil industry.
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Conclusion

As a result of this study, 8 Bacillus cultures were isolated from oil patch waters and
identified as members of the genus Bacillus.

In order to develop MEOR, the isolated indigenous cultures of oil reservoirs were studied
for their liquefying and emulsifying properties against crude oil (organic acid production,
emulsification index). All strains of bacilli on medium with crude oil showed the ability to
produce more acetic acid, then butyric acid, whereas propionic acid synthesis is insignificant for
all bacilli. The maximum acetic acid producers on medium with crude oil were shown by
cultures of Bacillus sp. ZhM-3 and Bacillus sp. ZhB-1 (3.7 g/dm3 and 3.6 g/dm3 respectively).
Out of the 8 cultures, two cultures, Bacillus sp. ZhM-3 and Bacillus sp. KM-2 (80 and 65%,
respectively) showed high results in emulsifying crude oil. Based on the work carried out, 3
cultures of Bacillus sp. ZhM-3, Bacillus cereus ZhB-1 and Bacillus sp. KM-2, which are active
acetic acid producers and capable of emulsifying crude oil, making them potentially effective for
application in biotechnological processes aimed at enhancing oil recovery from mature fields.
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ABOPUT'EH/I BACILLUS TYBICBI MUKPOB JAKBIITAPBIHBIH AHBIKTAJIYbI
KOHE OJIAPJIABIH MYHAMU HIBIFAPYIbI ’KOFAPBIJIATYBIHJIA KOJJAHBLTY

MYMKIHIIJIIT'T
Tyiiin
Byn 3eprrey MyHail IWIBIFapyAbl KOFapbUIATYIbIH MHUKPOOHMONOTHUIBIK oaicTepiH (Microbial
enhanced oil recovery — MEOR) a3ipney ymiH oneyeTTi HbICaHAap pETiHIE JIaMbIFaH

MyHaimacrrapeinad  Oeacenmi Bacillus maxkeimmapein oxmaymay MakcaTbHAa SKyprisinmi. 3eprrey
Marepuangapsl petiaae bareic Kazakcranma opuamackan "XKeriOail" xone "Kyiicapel" eki MyHail KeH
OPHBIHBIH MYHAHTIacT cynapbl nainanansiiasl. Bacillus tykeimeiabiy ceriz gakpuibl 16S pPHK reninig
(buIoreHeTUKANBIK Talgaybl Heri3iHAe O6JiHIN alblHAbl JKoHe aHbIKTauAbl. MEOR ymiiH KyHabI
MakcaTThl KAaCHETTEp PETIHAE CipKe KBIIKbUIBI MEH OHocyp(haKTaHTTapAblH TY3UIyl 3epTTeii.
3epTTeneTiH MUKPOOPTaHU3MACPAIH Mail KBIIIKBUIIAPBIMEH KaTap CipKe KBIIIKBUIBIH Ja CHHTE3/Ieyre
KaOiJeTTi eKeHIir1 aHbIKTalIAbl. buocypdakTaHTTapAbIH TY311yiHIH KOpCEeTKIlll peTiHae SMYJIbIHpIIeyi
Oencenmimiri ansIkTanasl. [EH xorapsl smynbeus unaekci Bacillus sp. ZhM-3 sxome Bacillus sp. KM-2
mramMmmaapbiHaa Oaikanasl — muki MyHait ymin 80% sxone 65%, colikeciniie rexcad yumiH 69% jkxoHe
50%. XKyprizinaren xymbictapabiH HoTwkecinae Bacillus sp. ZhM-3 xone Bacillus sp. KM-2 nakpuigapst
OpraHMKaJIbIK KBIIIKBIIIAPABIH (CIpKe *oHE Mal KBIMIKBIIAAPHI) JKOHE IIMKI MYHAMIIbl 3MYJIbTUPIICYTe
Ka0i1eTTi OMocyphakTaHTTapAbIH OCICEH Il OHAIpyIIiIepi 00NN Ta0bLIa b, OYJ1 0JIAPAbI CAPKBUIFAH KSH
OpBIHIIAPBIHAH MYHAl IIBIFApYyJbl JKOFApBUIATYFa OAaFbITTalFaH OMOTEXHOJOTHUSIBIK TIPOIECTEPIe
KOJIJIAaHY YIIiH 9JIeyeTTi THIMIi €TeIl.
KinrTi ce3nep: mukpoopranusmuep, Bacillus, MEOR, 6uocypdakrantrap, 3MyIbCHsl.

MPHTH: 34.27.21

A.K. EPHA3APOBA, I'.K. KAMBIPMAHOBA*, V.T. IIAUMEPJIEHOBA,
P.b. MATMUAEB, A.P. UCJTAMOBA
Kazaxckuiit HanimonaneHb1it YHUBEpCUTET MMEHHU anb-Dapadbu r.Anmatsl, Peciybmmka
Kazaxcran
*e-mail: kaiyrman@kaznu.kz

NIEHTUOPUKALNUA ABOPUT'EHHBIX KYJIBTYP MUKPOOPI'AHU3MOB POJIA
BACILLUS 1 UX IIOTEHIHUAJIBHOE IPUMEHEHME JIUISA YBEJIMYEHUSA
HE®TEOTJAYHA IIVIACTOB
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AHHOTaNUSA

Hacrosiee nccnemoBaHue NMpOBEACHO C LENbIO BBIACICHHS U3 pa3paOdOTaHHBIX HEQTEIIacToB
aKTHUBHBIX KyIbTyp poma Bacillus, kak moreHIManbHbIX 0OBEKTOB I Pa3pabOTKH MUKPOOHOIOTHUECKHX
MeTom0B yBennuenus Hepreornaun (Microbial enhanced oil recovery — MEOR). B kauecTBe MaTepraion
WCCIIEIOBaHUSl HMCIOJIb30BaHa HedTeruiacToBas BoJa OBYX HEPTSHBIX MecTopokaeHuil "YKerwibai" u
"Kynbcapsr", pacnonoxkennsix B 3amagnoMm Kazaxcrane. BeineneHsl u uaeHTU(GHUIMPOBAHBI HA OCHOBE
¢unorenernueckoro ananusa rera 16S pPHK 8 kymeTyp poma Bacillus. B kauecTBe 1eeBBIX IEHHBIX
cBorictB i1 MEOR mnpoBoaunu n3ydeHHe NPOLYKLHHM OPraHMYECKUX KHUCIOT M OHMOCYp(aKTaHTOB.
BrusiBiieHO, 4TO HCcleayeMble MHKPOOPTaHHU3MBI CHOCOOHBI CHHTE3UPOBATh YKCYCHYIO W MAacCISHYIO
KHACJOTHI. B KauecTBe mokazaTenss HaU4usi OMOCYP(AKTaHTOB ONPEACISUTH WHJIEKC SMYJIBTHPOBAHUS
chipoii HeTH M TekcaHa. MakcHMaJbHBIH MHAEKC 3MYJIbIMPOBaHUS OTMedeH y KynbTyp Bacillus sp.
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ZhM-3 u Bacillus sp. KM-2 nmas ceipoit Heptu — 80% wu 65%, mns rekcana - 69% u 50%,
COOTBETCTBEHHO. B pesynbrare mpoBeAeHHON paboThl MOKa3aHo, 4To KymbTypsl Bacillus sp. ZhM-3 u
Bacillus sp. KM-2 siBistroTcst ak THBHBIMH ITPOAYIIEHTAMH OPTaHHYECKUX KHCIOT (YKCYCHOM U MaCisSHO#)
U Onocyp(hakTaHTOB, CMOCOOHBIX K 3MYJbTHPOBAHHIO CBHIPOM HE(GTH, YTO JeTaeT MX MOTCHIHATLHO
3¢ GEKTUBHBIMU JJIs1 PUMEHEHHST B OMOTEXHOJOTHMUYECKHUX MPOIECCax, HAMPABICHHBIX HA TMOBBINICHHUE
HedTeoTAaun BRIPAOOTAHHBIX MECTOPOXKICHHUH.

KioueBblie c1oBa: mukpoopranmsmsel, Bacillus, MEOR, 6nocypdhakTaHThl, SMyJI5IHPOBAHHE.

Mukpobuonornueckuii Mmeton yBeanueHust Hedreoraauun (Microbial enhanced oil recovery
— MEOR) — 3TO MeTOJ HCHOJb30BaHUS MHUKPOOPTAaHWU3MOB I YBEIWYCHUs HE(PTEOTIaUYM
IJIACTOB TOCJe BHIPAOOTKU CPEeIHUX U JETKUX HePTel TpaJWLMOHHBIMU MeToAaMH 100bmuu [1,
2]. B mHactosmiee BpeMsi, B CBS3M C HCTOINEHHWEM JIETKOM3BICKAEMBIX 3amacoB HedTH,
HedTeno0bIBaAOIIEH OTpaciu MNPUAETCS YAENaTh OoJiblliee BHUMAaHUE OCBOEHHUIO U BBOJY B
MPOMBINUICHHYIO pa3paboTKy TpPYAHOU3BICKAEMbIX HEPTEH, B TOM 4YHCIE, BBHIPAOOTAHHBIM
MECTOPOXACHUSIM C TsDKEIOW ocTraTouHoM HedThio. B cBs3m ¢ 3THM, HEOOXOIUMOCTH
yIY4IIEHUST W YCOBEPIICHCTBOBAHUS CYIISCTBYIOIIMX METOJOB YBEJIWYEHUS HePTEOTaaun
(MEOR) ¢ 1enbro moBblmieHust UX 3G PEeKTHBHOCTH TPHUBJIEKAeT BHUMaHHE HCCICIOBATEICH U
OTIepaTOpPOB HEPTSIHBIX MECTOPOXKICHUH.

Kazaxcrtan BXoguT B unciio 15 Beaymmx CTpaH MUpa 10 OCHOBHBIM 3amacaM He(TH, UMes
3 % oT MupOBBIX 3amacoB HePTH. BOTBIIMHCTBO MECTOPOXKIEHUH HAXOAUTCSA B KCILTyaTalluy,
OJIHAKO 00BOAHEHHOCTHh HedTernacToB gocturaet 80-90 %, 4TO OTHOCUT MX K BBIPAOOTaHHBIM
MECTOPOKACHHUSIM C OOJIBIITUM KOJTHYECTBOM TsDKENON octarounoit HedTH 10 60 %. Kpome Toro,
JUisi OONBIIMHCTBA MecTopokaeHui Kaszaxcrana XapakTepHbI BBICOKas BSI3KOCTh HedTell u
CJIO)KHOE TE€O0JIOTUYECKOE CTPOCHHUE IIACTOB, YTO OTHOCUT MPOIYKT K TPYIHOU3BICKACMBIM
HedTsim [3]. B cBsA3u ¢ BbIIENEpPEUNCICHHBIM, Pa3BUTHE TPETHYHBIX METOJIOB YBEIUUYCHUS
HeTeoTnaun A1 Ppa3pabOTKH TSKEITBIX BBICOKOBSI3KMX HE(PTEH, MO3BOISET paIMOHATBHO
HCITOJIH30BaTh MPUPOIHBIE HEPTSIHBIE PECYPCHI U MOTy4aTh YIKOHOMHYECKUH 3P PeKT oT 100bIn
JOTIOTHUTEILHOU HeTH [4].

B OuorexHonorusix yBeiauueHue He(dTEOTHAaud W JOMOJHUTEIbHOE BbITECHEHHE HE(DTH
00YCIIOBIMBAIOT T€ K€ MEXaHU3MBI, YTO U MPH (PU3NKO-XUMHUYECKUX METOJaX, HO MHUKPOOHBIC
METa0OMUTHI (KUCIOTHI, Ta3bl, OWOCyp(daKTaHTHI) OOpPAa3yOTCS HEMOCPEACTBEHHO B IOpax
iacrta, 4ro yBenuuuBaeT 3(PQeKkTuBHOCTh uX Bo3aeicTBust [S5]. Ilpoayktel Merabonm3ma
MUKpPOOPTaHU3MOB SIBIISIFOTCSI TEPCIIEKTHBHBIMU BEIIECTBAMHU MpPH 3aMEHE XUMHYECKHX
MOBEPXHOCTHO-aKTHBHBIX BEIIECTB, KOTOPhIE 0OBIYHO ucnonb3ytoTcs nmpu MEOR. MetaGonuTsl
ABIISIOTCS MAJOTOKCHYHBIMH B CpaBHeHMHM ¢ cuHTetmueckumu [IAB, uro nemaer wux
OKOJIOTMYECKU TMPUBJICKATEILHBIMU albTepHaTuBaMu [6]. BbineneHne u CKPUHHUHT KIIFOUEBBIX
MeTaboNIUTOB, MPOAYLHUPYEMBIX MHUKPOOPTaHW3MAaMH, SIBISIOTCS BaXHBIMHU COCTABIISIOIIMMU
MEOR.

OCHOBHBIE MEXaHU3MBbI JeHCTBHUsI MUKPOOHBIX MeTabonuToB mist MEOR paccmorpens Bo
MHOTHX pa0oTax, B YaCTHOCTH, MHUKPOOHBIE OMOCYyp(haKTaHTHl AMYJIBIUPYIOT HEPTh, CHUKAIOT
BA3KOCTh He(PTU M Mexk(pa3HOe HATsDKEHUE Ha TpaHulle paszena He(Tb-BOJAa; KHCIOTHI TAaKXKe
00YCIIOBIIMBAIOT CHI)KEHHE BSI3KOCTH HE(TH M PAaCTBOPEHHE KapOOHATHBIX MOPOJ, YBEIUYUBAS
MOPUCTOCTh U TMPOHULIAEMOCTh Hedreracta; raspl o0pa3yioT JONOJHUTEIBHOE JaBIIEHUE B
I1acTe, YTO B UTOTE MPUBOAUT K TOJBMKHOCTH HE(PTH U MPOABIKEHUIO HA MOBEPXHOCTH [ 1, 2,
7, 8].

Lenr HAcTOSIIET0 WCCIENOBAaHUS — BBIICTICHUE, WACHTH(PUKAIUS U HM3YUCHHE I[IEHHBIX
cBoicTB KyabTyp p. Bacillus, BeraencHubix u3 paspaboTaHHbIX HE(TEIIIACTOB, IS pa3pabOTKU
METOJIOB TOBBINICHUS He()TEOTIaUH.

Marepuaibl H MeTOAbI HCCIeI0BAHUA
B pabore wucmonp3oBaHbl MPOOBI HEPTEIIIACTOBBIX BOJ CIEAYIOIIUX MECTOPOXKICHHH
3amagnoro Kazaxcrana:
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1) mectopoxnenue "XKetwiOaii", ckBaxkuna Ne 4726, rimyouna 1900 M, naBmenue 15,5
MIIA, temmeparypa 45°C, oOBoaHeHHOCTH - 93%, comeHocTh - 95 r1/7, BSI3KOCTH HpU
temneparype 20°C cocraBnsiia 8,45 cIl, a mpu 50°C - 4,25 cll, manee o6o3HayaeTcs Kak
O6pazerr 1.

2) mectopoxnenue "Kynbcapsr", ckBaxkuna Ne 216, rmyouna 250 M, gasnenue 13 MIIA u
temneparypa 17-20°C, munepanuzanus - 187 r1/m, oOBoagHEHHOCTh - 98%, BSI3KOCTH MpHU
temmneparype 20°C - 6,02 cll, a mpu 50°C - 2,48 cll, nanee o6o3nayaercs kak Obpazer 2.

[IpoOb1 TUTaCTOBOM BOABI OTOWPATUCH W3 OAKCIUTyaTAallMOHHOTO TpPyOONpoBOaa U
TpancnopTupoBaiuchk B TeueHue 10-18 yacoB npu 0-(+2)°C. PacnonoxeHue MeCTOpOXKICHHHA
MPEJCTaBICHO HA pUCYHKE 1.

Y
% Kulsary “M =l

%Zhet}rba;f/mﬂ\j\ﬁ% \{: “ .Nur-‘iQL:ﬂtajn‘ ) \AJ\
ﬁ : :
% KAZAKHSTAN

-
Y :

A\maty

.:’; “‘] ’L /f\r\ﬁ
4 1:20000000
4

W0Km 0 200Km 400Km G00Km B00Km 1000Km

L

Pucynox 1 — Kapra pacronoxeHus He(TSHBIX MECTOPOK ICHHIMA

Banmnnspueie KynapTypbl BelgeneHsl mo merony Tpasepca (Travers et al., 1987) [9], a
Takke Ha auddepeHunanbHpIX nutaredbHbIX cpeaax (HiMedia, Maaus) npu mHKyOaruu npu
30°C B Teuenue 24 u.

[lpy  KyTTUBHUPOBAHMM MHKPOOPTaHW3MOB B  KauecTBe MHUHEpPAIbHOTO  (hoHa
UCIIONIb30Baach CUHTETHUECKAs MUTartenbHas cpena E8 crmemyromero cocrasa, r/m: KHoPO4 -
0,7; (NH4)2HPO:-1,5; MgSO4 0,8; NaCl - 0,5; pH - 6,6-6,7, rne B KauecTBE HCTOYHHKA
yraepoaa ao0aBisuii ceipyto HePTH (2 %). B xadecTBe chipoii HEPTH MCMOIB30BaNaACh ChIpas
BsI3Kasi HEPTh C MECTOPOXKICHUS AKHHTCH CO CICIYIOIUMH XapaKTEePUCTHKAMHU: TUIOTHOCTH -
902,9 xr/m?, cogep:kanue cModsbl - 26%, cepsl - 0,22%. HedTs ropusonTa TsHKenast, CMOJIUCTAS,
MaJIOCEPHHCTASI.

I'enomHuass uaeHTU(UKAINS KOHKPETHBIX OAaKTEpUil OCHOBBIBAIACH HA CEKBEHUPOBAHUU
reHa, koaupytomero 16SRNA [10], IIIIP-mporpammy mnpoBOIMJIM C MCIOJIb30BaHUEM
ammugukatopa GeneAmp PCR system 9700 (Applied Biosystems). I'enomnyio JIHK
BBIZICISIIA ¢ ToMmomplo Habopa Wizard®Genomic DNA Purification Kit (PromegaCorp.,
Madison, WI, USA). ®parmentst JIHK paznensimu ¢ momomnipio anekrpodopesa B 1% arapo3snom
rene. [lomumepasnas nenHas peakums (IIL[P) mucnonp3oBanack s aMruimduKamuy CETMEHTa
JHK, obecneunBaromias uaeHtudukanuio Oakrepuii. s amrmumdukanum KOHCEpBATUBHBIX
yuacTkoB reHoB 16S pPHK wucnons3oBanu crenyromue mnpaiMepbl: OpsSMOM mpaiimep -
AGAGTTTGATCCTGGCTCAG-3 u obparnsiit npaiitmep GGACTACCAGGGTATCTAAT B
obmem ooveme 30 mki. Ounctky npoayktoB I[P mpoBogmmm (GpepMEHTaTUBHBIM METOIOM C
ucrnonb3oBanueM 3k30Hykieassl | (Fermentas) m memounoit ¢ocdarazer (Shrimp Alkaline
Phosphatase, Fermentas).

Pe3ynbTaThl cekBeHHUpOBaHUSI 00padaThHIBAINCh C MOMOIIBIO TporpaMMbl SeqScape 2.6.0
(Applied Biosystems). [Touck TOMOTOTHYHBIX HYKJICOTHIHBIX TTOCIIECIOBATEIHHOCTEH TeHOB 16S
pPHK npoBonuncs ¢ ucnons3oBanueM nporpammsl BLAST (BasicLocal AlignmentSearchTool)
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B MEXIyHaponHOH Oa3ze manHbiXx GeneBank HanwmoHnanbHOrO meHTpa OMOTEXHOIOTHYECKOU
uHpopmaruu CIHIA (htpp: //www.ncbi.nlm.nih.gov).

Jnist mocTpoeHus (PUIIOreHeTUYEeCKOTo JpeBa OakTepuil UCTOIb30BaIack nporpamma Mega
X [11], Takxke caiit bacterio.net (Crnucok Ha3BaHUW MPOKAPUOT C TOJOXKCHHEM B
HOMeHKJarype). [lyis BbIpaBHUBaHMS HYKJICOTHIHBIX IIOCJIEIOBAaTEIILHOCTEH HCIIOIb30BAIN
anroput™ Muscle, moctpoennsiii Mmerogom Neighbor-Joining NJ.

MukpoOHBIi HHAEKC 3MYJIBIHpOBaHuUs ornpenessuiu no meroay Kynepa [12]. ns oneHku
SHIOTC€HHOW S3MYJIBIUPYIOLIEH aKTHUBHOCTU KYJIbTYpPalbHYIO Cpeqy HE LEHTPU(PYTHPOBAIH.
Jlanee KynbTypalbHYIO CpeAy C OaKkTepHualbHBIMHU KIETKAMH CMEIIWBAJIH C YIJIEBOAOPOIHBIM
cybctpaTtom (cbipast HeTh, TEKCaH) B COOTHOIICHUH 3:2 M TEepEeMENINBaIu Ha J1a0OpaTOpPHOM
meiikepe npu 250 o6/muH B Teyenue 20 MUH U NOJYYeHUs CTaOMIbHOW sMynbcuu. Ilocie
3TOr0 MPOOUPKU BBIJIEP’KUBATINCH B BEPTUKAJILHOM TOJIOKEHUU B TeueHue 24 4 nMpu KOMHATHOU
Temneparype. B kauectBe rujpodoOHBIX CyOCTPaTOB UCIIOIB30BANU CHIPYIO HEPTh (AKUHTEH) U
reKcaH — He()TSIHOU MTPOIYKT, IPEACTABIISIONTNN COO0H TPO3pauHyI0 OECIIBETHYIO KUIKOCTb.

Wnpaexc sMynbrupoBaHyst BEIPAXKaJICs B IPOLEHTAX, PACCUUTHIBAJICS 1O (popmyIie:

E,, = (:,’—) x 100 (1)

rae, Ve — 00beM dMYJIbCUH,

Vh — OJIHBIN 00bEeM KUAKOCTH, BKIIOYAIONIHA 001Ut 00heM BoHOU (ha3bl (KyIbTypa WIn
CylepHaTaHT) + 00beM yriIeBoaOopoAaHOW (a3bl (chipas HedTh) + 00beM 00pa3oBaBIICHCS
OMYIBCUH.

OO0Opa3ibl  KUAKOCTH, OTOOpaHHBIE Tocie &  cyTok  (epMeHTanuw, ObUIH
MPOaHATM3UPOBAHEl HAa COJEpXKAHWE KHUCIOT C IMOMOIIBI0 Ta30BOro xpomarorpada (Momens
Agilent 7890A, Agilent Ltd., CIIIA). U3smepsimuce Takue crnenupuIecKue KHUCIOTHI, Kak
YKCYyCHasi, MPONHOHOBAass W MacisHasg KUCIOThl. M3mepenue pH ¢depMeHTanMOHHON cpelbl
npoBoauiioch Ha mpuoope pH-merp C931P. Ilpu mpoBeaeHMHM CTaTUCTHUUECKHX PacueTOB
MCTIONIL30BaJIM Ta0IMuHBIH mpotieccop Excel 7.

Pe3yabTaThl U 00Cy:KIeHUE

Mukpo6Hoe pazHooOpa3ue cbipoil HedTH, HedTe3arpsA3HEHHBIX YYaCTKOB, IJIACTOBBIX
BOJ, a TakkKe pa3IuYHbIX HEPTSIHBIX pe3epByapoB paccMaTpUBajIOCh BO MHOTHX
UCCIIEIOBAHUAX W OBLJIO IOKa3aHO MIMPOKOE pa3HooOpasue MuKpoopranusmoB [13-16].
BonpmmHCTBO BUJOB, OOHAPYKEHHBIX B HCCIIEIOBAaHHBIX 00Opa3liax, OTHOCHUIHUCH K Pa3HBIM
cemeiicTBaM OakTepuii, ¢ mpeobnamanueM mpeacraButeneii pogos Pseudomonas u Bacillus,
YTO TaK)Ke€ YMIOMHHAJIOCH B JIpyrux uccienoBanusx [14, 15]. MukpoopraHu3Mel, OOUTAIOIIHE B
HE(TAHBIX TUIACTAX, 00JIaAF0T OONBIIMM OHMOTEXHOJIOTHYECKUM TIOTCHITHAJIOM U MPOIYIMPYIOT W3
HeTr GuoMaccy U psii METaboNMTOB ¢ HE()TEBBITECHSFOIIMMI CBOMCTBAMU. JTO Pa3IUYHBIC Ta3bl,
kuciotel, [IAB, pactBopurtenu, moaumepsl 1 caMu O0akTepuanbHbie kKiaeTku [13, 14]. U3BecTHO,
4TO mpeacraBuTenu poaa Bacillus sensrorcs npoayiieHTaMu OCHOBHBIX META0OIMTOB, IEHHBIX
11t MEOR, B wacTHOCTH, TakuxX OMOCYp(haKTaHTOB Kak: Cyp(hakTHH, TUXCHU3WUH, TTOJUTICTITHI
U PaMHOJUNUJA, W SBISIOTCA OJHUMHU U3 XOPOIIO HM3BECTHBIX M TIIATEIHHO H3yYEHHBIX
MUKpPOOPTaHU3MOB H3-32 HX CIOCOOHOCTHM K CHHXKEHHIO Mex(pa3HOH MOBEPXHOCTHOU
aKTUBHOCTH M JIpyrux coicts [17, 18, 19].

B uccrnenoBannbix oopasmnax mectopoxkaeanit "JKetri6ait" u "Kynabcapsl" ObUIO BBIIEICHO
8 KyJIbTYyp, U3 KOTOPBIX: 5 KynbTyp o0o3HaueHsl kak KE-1, KB-4, KM-2, KB-2, KMA-2, tak
KaK MpOUCXOoauan u3 mecropoxkacaus "Kymscape”, 3 kymbrypsl - kak ZhS-1, ZhB-1, ZhM-3,
TaKk Kak oOHapyxkeHbl U3 HedreruactoB MectopoxiaeHus '"XerpiOait". Bce BblieneHHbIE
KYJIbTYpbl — CIIOPOOOpAa3yoIIMe, MOABUKHBIC, TPAMITONIOXKUTEIbHBIE Tanouku (oxosio 0,5-0,9
MKM B mupuHy U 1,1-2,4 MxM B mmHy). KojgoHuM MenkoOyrpucTbie, MaToBbIE C BOJHUCTBIM
KpeM, HelPaBUILHON (hOPMBL.
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Pesynbrarel ananuza nocnemoBatenbHocTH 16S pPHK cBuumerenscTByroT o TOM, 4TO
mramMmbl KE-1, KB-4, KM-2, KB-2, KMA-2, ZhS-1, ZhB-1, ZhM-3 umeror 99% cxoxacrtsa ¢
pomom Bacillus. ®usorenernueckoe apeBo Ha OCHOBe mocienoBarenbHocTerr 16S p/IHK,
BBIJICJICHHBIX [ITAMMOB M OJIM)KAHIINX POJICTBEHHBIX IITAMMOB, IIOCTPOCHO METOIOM COCETHHX
cBsizell (PUCYHOK 2).

MR 1577351 Bacillus proteolyticus
MR 157734 1 Bacillus paramycoides
MR 1577331 Bacillus pacificus

MR 1577291 Bacillus albus

MR 152692 1 Bacillus wiedmannii
MR 114581.1 Bacillus thuringiensis
MR 074540.1 Bacillus cereus

MR 041248.1 Bacillus anthracis

@ 7hS-1

® 7hB-1
MR 148786.1 Bacillus zhangzhouensis

MR 113945.1 Bacillus safensis

MR 112637.1 Bacillus pumilus
® 7hM-3

® KuM-2

® KB-2

® KMA-2
® KE-1

e ® KB4
0.05

Pucynok 2 — dusoreHeTHYECKOE ACPEBO MITAMMOB, IIOCTPOCHHOE MeTO10M neighbor-joining ¢
rcIonbp30oBanueM nporpaMmel MEGA Bepcun X

['enernyeckas uneHTUGUKALNA OaKTEpUAIbHBIX U30JSTOB C MOMOIIBIO MTOJHOPA3MEPHOTO
cexBeHnpoBanus reHa 16S pPHK monreepamna, uro 8 kymbTyp Oakrepuii, BBIACICHHBIE U3
He(TEMIacTOBBIX BOJI, OTHOCATCS K mpeacTaBuTeasm poaa Bacillus.

Crenyromum 3TaroM paboThl SBUIOCH W3yYEHHE MPOIYKIMHA METaOOJIUTOB, HEHHBIX IS
MEOR - opranndeckux KUciaoT U 0nocyppaKkTaHTOB.

Jiss  BbIIENEHUS  PAa3IMYHBIX ~ OPraHWYECKUX  KUCIOT M YIJIGKHCIOro  rasa
MUKpPOOPTraHW3MaMHU HCIIOJIb30Balli CUHTETHUYECKyIo cpeny E8, rne B kauecTBe €JMHCTBEHHOIO
UCTOYHHKA yIJIepoAa B MUTATEIbHOIN cpele MCIOJIb30BANIM ChIpYl0 HepTh B KonuyectBe 2 %
00BEMHBIX. DKCTIEPUMEHT MPOBOAMIICS B TCUCHHUE 8 CYTOK.

Ha pucynke 3 mpenacraBieHbl pe3yiabTaTbl ONPEAETICHUS KOJMYECTBA OPTaHUYECKUX
KHUCJIOT, IPOAYLUPYEMBIX MUKPOOPraHU3MaMy Ha MUTATEIbHOU cpene ¢ JolaBieHreM HedTu B
TE€YEHUE 8-U CYTOK.
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PucyHnok 3 — IIpoayKuust OpraHM4YecKHX KUCIIOT IpeacTaButensiMu p. Bacillus mpu kynsTHBHpoBaHuH Ha
MUTATEILHON cpefie C HeThIO B TEUCHHE 8 CYTOK

M3yueHre KaueCTBEHHOTO M KOJMYECTBEHHOTO COCTaBa OPraHMYECKUX KHCIOT IMOKa3alio,
YTO KJICTKA Oanuul B OOJIBIIIOM KOJHYECTBE MPOAYLHMPYIOT YKCYCHYIO W, 1O HHCXOJISIICH,
MacIsTHYI0, 3aT€M, B CJIEIOBBIX KOJIMYECTBAX, IMPOIMOHOBYIO KUCIOTH. Hambosiee akTHBHBIMA
NPOAYIICHTAMH YKCYCHOM KucioThl siBisitorest Bacillus sp. ZhM-3 u Bacillus sp. ZhB-1, tak,
KOHI[y 8-X CYTOK A3TOT MOKa3zaTedab cocTtaBui 3,695 /omM® u 3,561 F/,Z[M3, COOTBETCTBEHHO.
MakcumaipHast IPOAYKIHMS MAaCJISTHOW KHUCIIOTHI HaOmoaanacek s KyasTyp Bacillus sp. KB-2 u
Bacillus sp. KMA-2 1 k KOHIy SKCIIepHMEHTa coJiepykKaHne KHCIOThl cocTaBmo 1,2 r/nme u 0,6
/M3, COOTBETCTBEHHO, ApyrHe KYIbTYphl MPOAYLHPOBATH 3HAUMTENHHO MEHbIIE MACISHOM
kucioTel. CoaepkaHue TMPOMUOHOBOW KHUCIOTHI B (EPMEHTHPYEMOM cCpele K  KOHILY
IKCHIEpPHMEHTA OBIIO HE3HAYHTENBHO MU B c1e0BbIX KomuuecTax (0.028-0.061 r/am’).

B nmuteparype mpu HM3ydeHHH MPOAYKIIMH OPraHMYECKUX KHUCIOT KyabTypamu Bacillus
MOKa3aHO, YTO KOJMYECTBCHHBIM COCTAB MPOAYKIIUU PA3JIUYHBIX KHUCIOT 3aBUCHT OT COCTaBa
NUTATENBHBIX CpEl, OJHAKO, VYKCYCHas KHCIIOTa SIBIISICTCSI  OCHOBHBIM ~ KHUCIIOTHBIM
KOMIIOHEHTOM; TaK)Xe CJeIyeT OTMETUTh, YTO IOMHMO YKCYCHOW, KynbTypsl Bacillus
NPOAYIHPYIOT M JpPyrue KHUCIOTHI, TaKWe KaK MypaBbHHAs, IMPOIMOHOBAs, W30MacisHas,
SIHTApHAas U W30BAJICPUAHOBAsI, HO MX KOJIMYECTBO OBUIO 3HAYUTEILHO MEHBIIIE, YeM YKCYCHOM
kucinoTel [20]. B HeKoTOpBIX paboTax yrmoMuHaeTcs, 4yTo mpeacraButend p. Bacillus usmensror
JIOJIF0  HEHACBIIIEHHBIX JKUPHBIX KHCJIOT, YTOOBI aJalTHUPOBAThCS K LIMPOKOMY CIIEKTPY
M3MEHEHUHN OKpyxaromieil cpeasl [21, 22]. B Takux KoiMyecTBax OHHU, BEPOSTHO, HE OKAXKyT
CYIIICCTBEHHOT'O BJIMSHHS Ha TOBBIINICHHE HE(TEOTAAYH, HO 3TU METaOOJUTHI MOTYT HMETh
BRXHYIO POJIb B aJalTalldd K JKCTPEMAIbHBIM YCIOBHSM HE(TSHOTO IUIACTa M B CO3JaHHUU
acconuanuu Juig ucronb3oBanus B MEOR, Tak kak >XHpHBIE KHCIOTBI MOTYT 00Jiafath
AHTUMUKPOOHON aKTUBHOCTBIO, a TAKXKE CIY)KHTh HMCTOYHMKOM MHUTATEIBHBIX BEIIECTB IS
JpYTHX MUKpPOOPraHu3MoB [23, 24].

Ha pucynke 4 mpeactaBieHbl pe3yiabTaThl H3MeHeHHs pH (MCXomHOE W K KOHILY
OKCIICPUMEHTA) TIPU KYJIHbTUBUPOBAHUH OALMIUT HA CHHTETUYECKOM cpefie ¢ HeThio, B KAYeCTBE
KOHTPOJISI HCITOTB30BAJICS BAPHAHT 0€3 BHECEHHSI MUKPOOPTaHU3MOB.
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Pucynoxk 4 — KoppensimoHHOE W3MEeHEHHE KICIOTHOCTH CPEbl IPU CBAZBIBAHUH C TIPOAYKTOM YKCYCHOM
KHCJIOTHI

Kak BumHO, Bce KynbTypbl (EpPMEHTHPYIOT CyOCTpaT ¢ MOJKHUCICHHEM MUTATEIbHON
cpenpl, T.e. KJIETKU MPOIYLUPYIOT OpraHudeckue KucioThl. Tak, u3 8 kynpryp Oarmut B. sp.
ZhM-3, B. cereus ZhB-1, B.sp. KMA-2 u B.cereus KB-2 moka3aiu caMyi0 BBICOKYIO
CHOCOOHOCTh MPOAYLIMPOBATH KUCIOTHI, IPU 3TOM MakCHUMaJbHOEe CHIDKeHHe pH cpeabl K KOHITY
3KCIepuMeHTa coctaBmio 5-4,1 exn., mpu ucxoauoM pH paBHoM 7 en. Pe3ynbraThl KOPPEIUPYIOT
C KOJIMYECTBOM MPOAYLUPYEMON YKCYCHOH KHCIIOTHI 3TUMHU KyJIbTypaMu. CHIDKEHHE 3HAYCHHUS
pH yka3biBano Ha 0Opa3oBaHuE KHCIBIX MeTaboIuTOB Katabomm3Mma [20]. Kpome Toro, 3HaueHUE
KOHEeUHOro pH M KoOHLEHTpanus YKCYCHOW KHCIIOTBI KoppeiaupoBanu. IIpm makcuMalibHOM
COIEpXKaHUN YKCYCHOHW KHCIOTHI B cpeme, 3,695 r/mm° , mokaszatens pH cpembl K KOHILY
IKCIepUMeEHTa coctaBun 4,1 en.

Wuaexc SMynbrupyronieil akTHBHOCTH MO3BOJIET OLEHUTh CIIOCOOHOCTh MPOAYLIUPYEMBIX
OakTepusiMu OMOCYP(AKTAaHTOB SMYJIBIUPOBATH JBE HECMEIIUBAIOIIMECS JXKUAKOCTH. MHoOrme
UCCIIEIOBATENIM OTMEYAlOT, 4YTO He(TeIMYNbIrUpOBAaHUE SBISETCS OJHUM M3 3HAUYMMBIX
mexanm3moB MEOR [5, 25, 26]. Hedteomynbrupytomasi akTUBHOCTh - CIIOCOOHOCTH
MHUKpPOOpraHu3MoB-nipoAylieHToB IIAB k oOpa3zoBanmio Menmpualmx HE(TEIMYIbCHH, YTO
noBbImaeT 3(p(EeKTUBHOCT, KOHTaKTa OakTepuid c yriaeBojgopoiamu. PaznuuaroT 1Ba BHUAa
SMYJBIUPYIONIEH aKTUBHOCTHU: 3K30T'€HHAs - CIIOCOOHOCTh MUKPOOPTaHHM3MOB K 0Opa30BaHUIO
HKCTPALCIUTIONIIPHBIX OHMOCYp(aKTAaHTOB M HHIOTEHHAs - CHOCOOHOCTH MHUKPOOPIaHHU3MOB K
00pa3oBaHMIO KJIETOYHO-CBsI3aHHBIX OMocypdakTaHToB [27]. CrocCOOHOCTh MHKPOOPTAaHH3MOB
IPOM3BOIUTH OMO3MYJIBIaTOPBl, AWUCHEPrUpYIONUIe He(Th, HCCIEIOBATM IO SHIOTCHHOU
sMynbrupyronieit aktusHocTH (E24) 3a 24 4aca.

Ha pucynke 5 nmpuBeqeHbI pe3ybTaThl HCCIEIOBAHUS HHIIEKCA SMYIBIUPOBAHMS HEPTH U
rekcaHa KjeTkamu Oauuiul. ['excaH MCHOIb30BalM Kak CPaBHUTENbHBIN MPOAYKT, MOTyYECHHBIN
u3 He(Tu.
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Pucynok 5 — Onpenenenne naaexca smynsruposanus (E) HedTu u rekcana kneTkamu Oarus

Kak BUIHO Ha puCyHKE 5, HHIEKC SMYIbIUPOBaHMs OanuiaMu ceipoit HedTu BbIme (21-
80 %), ueM Erexcana (12-63 %). MakcumanbHO# CIOCOOHOCTBIO K AMYJIbTUPOBAHUIO CHIPON HEDTH
obnanatot xierku Bacillus sp. ZhM-3 - 80% u Bacillus sp. KM-2 - 65%. Caenyer oTMeTHTS,
YTO JJISl 3TUX ke KYJIbTyp HaOIOJaeTcsl Takas e KOPPEesHs ¢ UHIAEKCOM SMYJIbrUPOBaHUs
rekcana (E), XOTs 4HCIIOBBIC IMOKa3aTeNu HUXKE, TaK MAKCUMAIBHBIN Erexcan HaOMIOmAnCs y
Bacillus sp. ZhM-3 u cocraBun 63%. DbheKTHBHOCT, HEKOTOPBIX OaKTepHii, B TOM YHCIE P.
Bacillus, cmocoOHbIX mpoayiupoBath OuocypdakTaHThl, omucaHa B psjae padoT. Tak, uem
Oospimie  oyisi  0Opa3OBaBIIMXCS CTAOWJIBHBIX OMYJIBCHH, TeM OOJIbIlIee KOJIHYECTBO
O6uocypdakTanTta NPOIYLUPYIOT MUKPOOPTaHM3MBI, WHAEKC SMYJIBTUPOBAHHS CHIpOW HeTH
Bblie 50% sBIsETCS MOKa3zaTeleM MEepCHeKTUBHOCTH OaKTepuid, MCIOJIb3YeMBbIX B HETSHOU
npoMbinuieHHOCTH [27-30]. Jlunmonentuaneie CyppakTUHBI W JUXCHU3HH, MPOAYIHPYEMbIe
mrammamu  p.Bacillus, sBastorcss oguuMu u3 Hambosjee H3yYEeHHBIX OHMOCYp(aKTaHTOB,
U3BECTHBIE TEM, YTO HapsAAy C IPYTMMHU CBOMCTBAMHU CHUXKAIOT MOBEPXHOCTHOE U Mex(azHoe
HaTsDKEHWE M MOOWIIM3YIOT 3axBaueHHYI0 HedTh. baktepuu, crmocoOHBIE MPOAYIHUPOBATH ITH
O6unocyp(aKTaHTBl, IBIAIOTCS XOPOIIMMH areHTaMu Juist mpuMenenust B MEOR.

Takum o6pasom, kynerypsl Bacillus sp. ZhM-3 u Bacillus sp. KM-2, BeiieneHHbIe 13
HE(TEIacTOBBIX BOJ, 00JIaJal0T BHICOKUM MHJIEKCOM 3MYJIBIUpOBaHUs cbipoil HehTH - 80% u
65%, COOTBETCTBEHHO, U SBJIAIOTCS IEPCIEKTUBHBIMU 00bEKTaMHU JUIsi He(PTAHOM OTpaciu.

3akiroueHue

B pesynapraTe NpPOBEACHHOIO HCCIENOBAHUS W3 HEPTEIUIACTOBBIX BOJ BBIACICHBI U
UACHTUHUIIMPOBAHBI 8 KyJIbTYp OallniuI, Kak npeacraBurean poga Bacillus.

Hns  paspaborkn mukpoOHelx MEOR y abopureHHbIX KylabTyp MHKPOOPTaHHU3MOB
U3y4YCHBI Pa3KMKAIOIINE M SMYJIbIHPYIONIHE CBOWCTBA B OTHONICHUH ChIPOW HEPTH (TIPOTYKITHSI
OpPraHMYECKUX KUCIIOT, HHICKC SMYJIBIrHpOBaHus). Bce mTaMMbl Oaluiul Ha MUTATEIBHON cpefe
C ChIpoMl HEPTHIO NPOAECMOHCTPUPOBAIM CIOCOOHOCTh K OOJBIIOMY IPOIYIIUPOBAHHIO
YKCYCHOM, KHUCIOTBI, MEHBIIEMY - MAaCJITHOW KHUCIOTBI, HE3HAYUTEIBHOMY - IMPOIHOHOBON
KUCIIOThI. MaKCUMaJIbHBIMU TIPOIYIICHTAMH YKCYCHOM KHCJIOTBI Ha Cpelie ¢ He(ThIO MOKAa3aHbI
kyaeTyps Bacillus sp. ZhM-3 u Bacillus sp. ZhB-1 (3,7 r/am® u 3,6 r/am>, cootBeTcTBEHHO). U3
8-u kynbTyp aBe kynbTypsl - Bacillus sp. ZhM-3 u Bacillus sp. KM-2 npoaemoncTprupoBamm
BBICOKHE DPE3YNIbTaThl B 3MyJbrupoBaHun ceipoid Hedtu (80% m 65%, coorBercTBeHHO). Ha
OCHOBAHMHU MPOBEAECHHBIX HCCIIEA0BaHUi 0ToOpans! 3 KynbTypsl Bacillus sp. ZhM-3, Bacillus

173



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Nel (44) 2024 www. imv-journal.kz

cereus ZhB-1 u Bacillus sp. KM-2, koTopsie sIBISFOTCS aKTHBHBIMHU TPOJYILICHTAMH YKCYCHOM
KUCJIOTBI U CIOCOOHBI K OSMYJIBIUPOBAaHHIO CHIPOW HE(PTH, YTO JeNaeT UX ITOTCHIUAJIBHO
3QPEeKTUBHBIMH /ISl TPUMECHEHHS B OHOTEXHOJIOTHUECKHX IPOIIECCax, HANpaBJICHHBIX Ha
HOBBIIICHHE HEPTEOTIAYH 3PEITBIX MECTOPOXKACHHI HEPTH.

DUHAHCHPOBAHME
JanHoe  uccrnenoBanue  (uHaHCHpoBajock/puHaHCUpyeTcs — Komurerom — Hayku

MuHuctepcTBa Haykd W BbIcmiero  oOpasoBanus Pecnyomuku  Kazaxcran  (rpaHT
NeBR18574066).

JIntepartypa:

1 Lazar 1., Petrisor I.G., Yen T.F.: Microbial Enhanced Qil Recovery (MEOR), Pet. Sci. Technol,
25, 2007: 1353-1366 (doi:10.1080/10916460701287714)

2 Yernazarova A., Kayirmanova G., Baubekova A., Zhubanova A.. Microbial enhanced oil
recovery, Ed. by Laura Romero-Zeron University of New Brunswick, Canada, IntechOpen, Rijeka, 2016,
(doi: 10.5772/64805)

3 Kurbanbayev M.I., Miroshnikov V.Y., Tolokonsky S.l.: Enhancement of oil recovery in
Kazakhstan deposits. In Proceedings of the 111 International Scientific Symposium ““Theory and Practice
of Application of Enhanced Qil Recovery Techniques™ (in Russian), Moscow, 2011: 243, September 20-
21.

4 She H., Kong D., Li Y., Hu Z., Guo H.: Recent Advance of Microbial Enhanced Oil Recovery
(MEOR) in China, Geofluids, 2019 (doi.org/10.1155/2019/1871392)

5 Geetha S.J., Banat .M., Joshi S.J.: Biosurfactants: Production and potential applications in
microbial enhanced oil recovery (MEOR), Biocatal. Agric. Biotechnol, 14, 2018: 23-32
(doi:10.1016/j.bcab.2018.01.010)

6 Camara J.M.D.A., Sousa M.A.S.B., Barros Neto E.L., Oliveira M.C.A.: Application of
rhamnolipid biosurfactant produced by Pseudomonas aeruginosa in microbial-enhanced oil recovery
(MEOR), J. Pet. Explor. Prod. Technol., 9, 2019: 2333-2341 (d0i:10.1007/s13202-019-0633-x)

7 Vishnyakov V., Suleimanov B., Salmanov A., Zeynalov E.: Primer on Enhanced oil recovery,
Imprint Gulf Professional Publishing, 2020: 161-169.

8 Shibulal B., Al-Bahry S.N., Al-Wahaibi Y.M., Elshafie A.E., Al-Bemani A.S., Joshi S.J..
Microbial-Enhanced Heavy Oil Recovery under Laboratory Conditions by Bacillus firmus BG4 and
Bacillus halodurans BG5 Isolated from Heavy Oil Fields, Colloids Interfaces, 2018, 2(1):1 (doi:
10.3390/colloids2010001)

9 Travers R.S., Martin P.A., Reichelderfer C.F.: Selective Process for Efficient Isolation of Soil
Bacillus spp, Appl. Environ. Microbiol., 53(6), 1987: 1263-1266 (doi: 10.1128/AEM.53.6.1263-
1266.1987)

10 Clarridge 3rd J.E.: Impact of 16S rRNA gene sequence analysis for identification of bacteria on
clinical microbiology and infectious diseases, Clin. Microbiol. Rev., 17, 840-862, 2004,
(doi:10.1128/CMR.17.4.840-862.2004)

11 Kumar S., Stecher G., Li M., Knyaz C., Tamura, K.. MEGA X: Molecular Evolutionary
Genetics Analysis across Computing Platforms, Mol. Biol. Evol., 35, 2018: 1547-1549 (doi:
10.1093/molbev/msy096)

12 Cooper D.G., Goldenberg B.G.: Surface-active agents from two bacillus species, Appl. Environ.
Microbiol., 53, 1987: 224-229 (doi: 10.1128/aem.53.2.224-229.1987)

13 Yernazarova A., Kaiyrmanova G., Zhubanova A.: Microorganisms in Qil Reservoirs of West
Kazakhstan, Int. J. resent Technol. Eng., 2018, 7: 70-72, (ISSN: 2277-3878)

14 Korenblum E., Souza D.B., Penna M., Seldin L.: Molecular analysis of the bacterial
communities in crude oil samples from two brazilian offshore petroleum platforms, Int. J. Microbiol.,
2012:156537 (doi:10.1155/2012/156537)

15 Ridley C.M., Voordouw G.: Aerobic microbial taxa dominate deep subsurface cores from the
Alberta oil sands, FEMS Microbiol. Ecol., 94, 2018 (doi: 10.1093/femsec/fiy073)

16 Vinothini C., Sudhakar S., Ravikumar R.: Biodegradation of petroleum and crude oil by
Pseudomonas putida and Bacillus cereus, Int. J. Curr. Microbiol. Appl. Sci., 4, 2015: 318-329 (ISSN:
2319-7706)

17 Fritze D.: Taxonomy of the Genus Bacillus and Related Genera: The Aerobic Endospore-

174



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Nel (44) 2024 www. imv-journal.kz

Forming Bacteria, Phytopathology®, 94, 2004: 1245-1248 (doi: 10.1094/PHYT0.2004.94.11.1245)

18 Phetcharat T., Dawkrajai P., Chitov T., Mhuantong W., Champreda V., Bovonsombut S.:
Biosurfactant-Producing Capability and Prediction of Functional Genes Potentially Beneficial to
Microbial Enhanced Oil Recovery in Indigenous Bacterial Communities of an Onshore Oil Reservoir,
Curr. Microbiol., 76, 2019: 382-391 (doi: 10.1007/s00284-019-01641-8)

19 Purwasena I.A., Astuti D.I., Syukron M., Amaniyah M., Sugai Y. Stability test of biosurfactant
produced by Bacillus licheniformis DS1 using experimental design and its application for MEOR. J. Pet.
Sci. Eng. 2019, 183:106383 (doi: 10.1016/j.petrol.2019.106383)

20 Paavilainen S., Helistd P., Korpela T.: Conversion of carbohydrates to organic acids by
alkaliphilic bacilli, J. Ferment. Bioeng., 78, 1994, 217-222 (doi: 10.1016/0922-338X(94)90293-3)

21 Ginies C., Brillard J., Nguyen-The C.: Identification of Fatty Acids in Bacillus cereus, JOVE,
€54960, 2016 (doi: 10.3791/54960)

22 Diomande S., Nguyen-The C., Guinebretiere M.H., Broussolle V., Brillard J.: Role of fatty acids
in Bacillus environmental adaptation, Front. Microbiol., 6, 2015: 813 (doi: 10.3389/fmich.2015.00813)

23 Celik A., Sperandio D., Speight R.E., Turner N.J.: Enantioselective epoxidation of linolenic acid
catalysed by cytochrome P450BM3 from Bacillus megaterium, Org. Biomol. Chem., 3, 2005: 2688-2690
(doi: 10.1039/B506155E)

24 Hou C.T.: New bioactive fatty acids, Asia Pac. J. Clin. Nutr., 17 Suppl 1, 2008: 192-195,
PMID: 18296335.

25 Ke C.Y., Lu G.M,, Li Y.B., Sun W.J., Zhang Q.Z., Zhang X.L.: A pilot study on large-scale
microbial enhanced oil recovery (MEOR) in Baolige Oilfield, Int. Biodeterior. Biodegradation, 127,
2018: 247-253 (doi: 10.1016/j.ibiod.2017.12.009)

26 Safdel M., Anbaz M.A., Daryasafar A., Jamialahmadi M.: Microbial enhanced oil recovery, a
critical review on worldwide implemented field trials in different countries, Renew. Sustain. Energy Rev.,
74, 2017: 159-172 (doi: 10.1016/j.rser.2017.02.045

27 Rossiana N., Miranti M., Maspudin K.: Prospective Study of Bacillus sphaericus and
Pseudomonas aeruginosa as The Microbial Enhanced Oil Recovery Agents, IOP Conf. Ser. Earth
Environ. Sci., 166, 2018: 12018 (doi:10.1088/1755-1315/166/1/012018)

28 Joshi S.J., Desai A.J.: Bench-Scale Production of Biosurfactants and their Potential in Ex-Situ
MEOR  Application, Soil Sediment Contam. An Int. J., 22, 2013: 701-715 (doi:
10.1080/15320383.2013.756450)

29 Pereira J.F.B., Gudifia E.J., Costa R., Vitorino R., Teixeira J.A., Coutinho J.A.P., Rodrigues
L.R.: Optimization and characterization of biosurfactant production by Bacillus subtilis isolates towards
microbial enhanced oil recovery applications, Fuel, 111, 2013: 259-268 (doi: 10.1016/j.fuel.2013.04.040)

30 Szulc A., Ambrozewicz D., Sydow M., Lawniczak L., Piotrowska Cyplik A., et al. The
influence of bioaugmentation and biosurfactant addition on bioremediation efficiency of diesel-oil
contaminated soil: feasibility during field studies. J. Environ. Manage. 2014.132: 121- 128. (doi:
10.1016/j.jenvman.2013.11.006)

175


https://doi.org/10.1016/j.petrol.2019.106383

