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of a fofeign scientific consultant on the dissertation work of Spankulova Gulzhan Abikulkyzy
on the topic “To develop a method of bioremediation of soil contaminated with oil and oil
products, Kyzylorda region”, submitted for a degree of Doctor of Philosophy (PhD) by
specialty 6D070100 — Biotechnology

The problem of environmental pollution has long been of global importance. The growth
of the human population and urbanization, scientific and technological progress, and
industrialization are the reasons for the progressive pollution of the biosphere. Biodegradation
processes carried out by microbes are a unique approach that is successfully applied in the
striving for reducing of chemical pollution of water, soil, and air.

The use of the natural abilities of different types of microorganisms for the
decomposition and detoxification of xenobiotic substances is one of the necessary in world
practice and a reliable approach for solving problems related to the cleaning and preservation
of a safe environment. There is no longer any doubt that microorganisms are able to degrade,
utilize and remove both aromatic and aliphatic saturated and unsaturated hydrocarbon
pollutants, which adversely affect human health and the lives of all living organisms.

The extraction of oil and oil products in Kazakhstan occupies a leading position in the
national industry, so the problems associated with the reduction of associated pollut.ion are with
actual meaning. In this context, the topic of the presented dissertation is relevant, with a
fundamental contribution and opportunities for practical application.

The present study is devoted to the isolation of original strains of bacteria from oil-
contaminated soils in Kumkol, Kyzylorda region, Kazakhstan, and the study of their
degradation potential toward oil and petroleum products. In addition to the clearly formulated
main goal, 5 main tasks are formulated, in which the focuses of the dissertation are clearly set.

In her experimental work, Gulzhan Spankulova has used a rich arsenal of classical and
modern analytical, microbiological, physicochemical, biochemical, and molecular genetic
methods, which has built her as a highly qualified, methodologically trained specialist.

In order to select model strains for further detailed analyzes, a significant volume of
research was conducted on key characteristics of the initially studied 182 isolates from oil-
contaminated soil. As a result of subsequent selection in liquid nutrient media, including oil and
various petroleum products, such as fuel oil, diesel fuel, and motor oils, in which their ability
to grow and degrade the studied petroleum products were studied, 46 strains were isolated for
further research.

The chapter "Results and Discussion" presents important data on the assessment of the

degradation capacity of these bacterial cultures. It has been proven that a large part of the
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studied strains showed a high degree of decomposition of oil (43.4-83.5%), fuel oil (47.5-
88.8%), diesel fuel (more than 50%), motor oils (40-50%) in a liquid nutrient medium and
within 14 days. As a result of such an assessment, 12 strains were selected, showing the best
degradation characteristics in relation to the studied petroleum products. The most active of
them should be noted: 12/5 - oxidizes 76.5% of diesel fuel, 12/7 - oxidizes more than 80% of
oil and fuel oil, 13/8 - oxidizes 68.3% of oil, 14/1 - oxidizes 70.8% of oil, 15/3 - oxidizes more
than 80% of fuel oil and 75.3% of motor oil 1, 1D/ 1 - oxidizes 73.7% of fuel oil and 69.4% of
motor oil 1 and 43.3% of motor oil 2.

An important scientific fundamental achievement is the performed polyphase taxonomic
analysis and the identification of these 12 most active strains. After a detailed study at the
morphological, physiological, and biochemical level, a molecular characterization was made
by PCR and sequential analyses of 16S rDNA. The genus, and some species taxonomic
affiliation of these strains were determined: Gordonia, Rhodococcus (1D / 1, 14/1, 14/3),
Dietzia (12/7, 13/4), Pseudomonas (14/2), Arthrobacter (15/3), Alcanovorax (16/3),
Microbacterium (12/6, 16/1), and Tessaracoccus (13/8). It should be noted that this analysis
demonstrated the presence of strains belonging to the genus Tessaracoccus and Alcanovorax in
the oil-contaminated soils of Kumkol, Kyzylorda region, for the first time. All strains identified
in this study are registered in the internationally recognized GenBank database of NCBI, which
certifies their uniqueness, and is a contribution to the collection of information on microbial
biodiversity, especially in strains with important degradation properties.

The results obtained in the study of the degradation potential of the 12 strains studied
with respect to mono- and polyaromatic compounds, which are a natural part of the oil mixture
and various products in oil refining, are of original character and significance. Three strains
have been identified / Gordonia sp. 12/5, Rhodococcus erythropolis 14/1, and Rhodococcus sp.
1D / 1 / with high activity in the decomposition of aromatic hydrocarbons.

An original contribution of the dissertation is the creation of microbial communities /
associations / in order to increase the efficiency of oxidation and utilization of oil and petroleum
products. Nine microbial communities / associations / were created and tested, and the most
active 2 of them were determined.

Of great importance, both from a theoretical and applied point of view, are the laboratory
and field experiments conducted for the purification of soils contaminated with oil and oil
products with the help of established associations. The results are impressive and convincingly
proven. In laboratory conditions, a decrease in the presence of oil and oil products from 65.8 to

83.1% with 5% pollution, and from 60.1 to 78.4% with 10% pollution for a period of 3 months.
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In the field experiments, biopreparations created on the basis of microbial associations
(Association I and Association 1I) were used in combination with suitable organic-mineral
fertilizers. Even higher results have been achieved. For two months there was a decrease in the
content of oil and oil products to 73.4% at an initial concentration of 5.7% and up to 70.7% - at

7.2% initial pollution.

CONCLUSION

During the elaboration of the dissertation on “Development of a method of
bioremediation of soils contaminated with oil and petroleum products, Kyzylorda region” a
significant amount of experimental work has been done and original scientific and applied
results have been achieved with regard to the microbial biodegradation of oil and oil-products.

The relevance of the proposed development is evidenced by the growing number of
research and publications dedicated to the identification, characterization, and analysis of both
well-known microbial biodegradants and new strains. These studies can contribute to the
development of biotechnologies related to the cleaning and protection of the environment from
pollutants such as oil and petroleum products.

The dissertation is written in a very good style with a clear statement and explanations
of even the most complex processes, which shows a thorough knowledge of the subject of
research and professional interpretation of the obtained experimental data.

I would like to mention that during her work in the Microbial Genetics Laboratory of
the Institute of Microbiology, the Bulgarian Academy of Sciences, Gulzhan Spankulova
demonstrated competence in her work, great diligence, and ability to handle the equipment
needed for experiments. Gulzhan Spankulova also showed very good communication skills and
teamwork skills.

After a careful review of the results presented in the study, analysis of their significance
and the original scientific and applied contributions, I find it reasonable to give my positive
assessment, and recommend to award Gulzhan Abikulkyzy Spankulova the Scientific degree
,PhD™. —~

Foreign scientific adviser:

L,
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Assoc. Prof. Dr. Zlatka Alexiev
Institute of Microbiology, BAS
Sofia, Bulgaria
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o OT3bIB
3apYEEIHOro HayHHOro KOHCYJIbTaHTa Ha IUCCepTalloHHyio padoty CriaHKy10BoOHU
I'ynbxan AGUKYIKBI3bI Ha TeMy ,,PazpaboTka criocoba Gruopemeanaliu no4s, 3arpasHeHHbIX
He(TbIO M HepTenpoayKTamu, KbI3bLIOPAMHCKON 06,1aCTH™, NPECTAB/ICHHYIO Ha CONCKAaHUE
crenienn PhD fgokropa no cneuuansioctu 6D070100 — buotexHosiorus

[IpoGnema 3arpsi3HeHUs OKpYKalowlei cpefibl yKe NaBHO MMEET MMUPOBOC 3HA4CHHE.
Poct Hacenenus W ypOaHusalids, HayYHO-TEXHHUECKHW MPOrpecc M WHAYCTpualn3alus
ABISIOTCS MPUYUHAMU [TPOrPECCHPYIOLLEro 3arpsasHenus Guocdepst. Tlponecch MUKpPOOHOIA
6uozerpaialuu MpeACTaBsAIoT cOO0M YHUKAIbHBIH MOIXO0], YCNEUIHO MPUMEHSEMbIN B LIENIAX
CHMXKEHMSI XUMHUYECKOIO 3arps3HEeHUs BO/Ibl, MOYBbI M BO3/1YyXa.

Mcnonb3oBanue TMPUPOAHBIX CMOCOOHOCTEN pa3HbIX BHAOB MMKPOOPraHW3MOB K
Pa3oKEHUIO M O0E3BPEKMBAHUIO KCEHOOMOTHYECKMX BEIIECTB  SABIACTCS OAHMM U3
HEOOXOAUMBIX B MUPOBOM MPaKTUKE ¥ HAJAEKHBIM MOAXOJ0M K PEIICHHIO 3a/ad, CBA3aHHBIX C
OUMCTKON W COXpaHeHHeM 0e30MacHOi OKpyKatowleil cpeibl. Yke He BbI3bIBACT COMHEHMUI,
YTO MUKPOOPTaHM3Mbl CTOCOOHBI PACILENIATH, TOrI0MWATh U YAAIATh KaK apOMaTHYECKHC, TaK
1 anndaTMUECKNe HACBILLEHHbIE W HEHACHILICHHBIC YIJIEBOJLOPOAHbBIE 3arpA3HHUTENH, naryGHo
BIMSIOLIAE Ha 3[0POBbE YeIOBEKA U JKM3Hb BCEX KUBBIX OPraHM3MOB.

Jlo6biMa HeTi M HedrenpoaykToB B Kasaxcrane 3aHMMaeT BENylIEC MECTO B
HALMOHAJILHOM NPOMBIILICHHOCTH, TO3TOMY MpPOOJIeMBbl, CBA3aHHBIC C YMEHBIICHHEM
COMYTCTBYIOLIMX 3arpA3HEHHH, ABSIOTCS aKTYallbHBIMU M BaXKHBIMU. B 9TOM KOHTEKCTE TeMa
MpeJIcTaBIAEMOl JMCCepTallil akTyasbha, ¢ GyHIaMEeHTalbHbIM BKJIAJIOM M BO3MOXKHOCTAMH
MPaKTUUECKOro MPUMEHEHHS.

HacTos1ee uceie0BaH|e MOCBSILEHO BbIIEIEHHIO HCXOHBIX IITAMMOB OaKTEpUH U3
HehTe3arpsA3HEHHbIX MoUB MecTOpoXaeHNs Kymkob, Kbi3buiopaHeKoi obnactu Kazaxcrtana
M M3y4EHMIO HX ToTeHuuana jerpajauuu Hedtw v Hedrenpoaykros. Ilomumo ueTko
chopMyIMPOBAHHON OCHOBHOM Lienu chOpMYIMPOBAHBI 5 OCHOBHBIX 3a/1a4, B KOTOPbIX HETKO
paccTaBJICHbI aKIIEHTBI AMCCEPTALMOHHOM paboThl.

B cBoeii skcnepuMenTaibHoit pa6ote yibkan CriaHky/ioBa McnoliboBana Oorarbli
apceHan KJIacCMUYECKHMX M COBPEMEHHBIX aHAJIMTHUECKHX, MHUKPOOHOTOTHUECKHX, (uzmko-
XMMHUECKUX, BUOXMMHUYECKUX 1 MOJIEKYISPHO-TEHETHUECKHX METOJI0B, YTO ChOopMHpOBaJIO ee
KaK BbICOKOKBaJIM(PULIMPOBAHHOTO METO/10JIOTMYECKH MOArOTOBISHHOrO ClELMAJIUCTA.

C uesblo BBIOOpa MOJIEIEHBIX LITAMMOB LISl JaJIbHEHLIEro JETalbHOro aHannsa oo
MpoBeJeH 3HAUMTENbHBIE 00BEM MCCIIENOBaHWH MO  KIIOYEBBIM  XapaKkTepHUCTHKaM
fepBOHauaibHO M3ydeHHbIX 182 M30.14TOB W3 HedTe3arps3HEHHBIX MOUBbI. B pesynbrate
nocieayoleit CeleKIMU Ha KMAKHX MTUTATebHBIX CPe/iaX, BKIIOUAIOUMX He(Th U Pa3INUHbIC
HeTenpoLyKThl TUMA Ma3yTa, AW3€JIbHOrO TOMJIMBA M MOTOPHBIX MaceJl, B KOTOPbIX H3yasiack
CIIOCOGHOCTb K POCTY M Jlerpajalidd MCIBITYeMbIX He(TenpoayKTOB, ObiO BBIICNEHO 46
IITAMMOB /sl Ja/IbHEHIIMX McCleloBaHui.

B rnaee ,,Pe3ynpTaThl M 00CYXKIEHUE™ MPEACTAaBICHbl BAXHBIC JAHHBIC MO OLCHKE
CIIOCOBHOCTH K Jerpajallii 3THX GaKTepHalbHbIX KyJbTyp. JokasaHo, uto Gosbluas 4acTh
H3YUEeHHBIX IITAMMOB MPOSIBJISET BBICOKYIO CTENEHb Pa3/IoKeHUs He(TH (43,4-83,5%), masyta
(47,5-88,8%), amsenbHoro Tomumsa (6onee 50%), moTopHbix maces (40- 50%) B KuAKOMH
MUTaTeNLHOM cpeae U B TeueHue 14 nHeil. B pesynbrate Takon OLEHKH ObI10 0TOOpaHo 12
LITaMMOB, MPOABJIAIOLIMX HAUTYULIHE JerPaalliOHHbIe XapaKTePUCTUKH MO OTHOIICHHIO K



u3ydyaeMbiM HerenpoaykTaM. B xauecTBe Hanbonee aKTUBHBIX M3 HUX CJIEyeT OTMETHUTh:
12/5 — okucnger 76,5 % ausensHOro tornuea, 12/7 — okucnset 6onee 80 % Hedtu u MazyTa,
13/8 — okucnser 68,3 % Hedtu, 14/1 — okucnser 70,8 % nedru, 15/3 — okucnser 6onee 80 %
mazyTa u 75,3 % motopHoro macna 1, 1JI/1 — okucnser 73,7 % mazyra u 69,4 % MOTOpHOrO
macna | u 43,3 % moTtopHoro macna 2.

BaxxHbIM HayuHbIM (PyHAAMEHTalbHBIM JIOCTHXKEHMEM SBIIIETCS MPOBENECHHbBIH
nojudasHbli TAKCOHOMHUYECKUH aHalu3 U BbIsiBlIeHHE 3TUX 12 Hanbosiee akTHBHBIX 1LITAMMOB.
[Tocne aetanbHOro M3yveHus Ha MOP(HOIOrHYECKOM, (PU3HMOJOTMUECKOM U OMOXMMUUYECKOM
YPOBHE MpOU3BeJIeHa MOJIeKysipHO-Ononoruueckas xapakrepuctuka, [1LP u Hykineotuanbie
nocinenoBatenbHocT reda 16S pJIHK u onpeneneHa pomoBas My HEKOTOPBIX BHI0B
TaKCOHOMMYECKas MPUHAJICKHOCTD JaHHbIX WTammoB: Gordonia (12/5), Rhodococcus (1D/1,
14 /1, 14/3), Dietzia (12/7, 13/4), Pseudomonas (14/2), Arthrobacter (15/3), Alcanovorax
(16/3), Microbacterium (12/6, 16/1) u Tessaracoccus (13/8). CnenyeT oTMETHTh, UTO AaHHBIH
aHanlu3 BIIEpBbIC MOKa3aJl HalW4yMe LITAMMOB, OTHOCSIIMXCS K poaaMm Tessaracoccus W
Alcanovorax, B HedTezarpsisHeHHbIX MOYB MecTopoxkaeHus Kymkosnb, KbI3bl1opAHHCKOM
obnactu. Bee mrammbl, WIeHTU(ULIMPOBAHHBIE B 3TOM MCCJEI0BAaHUH, 3aperHCTPUPOBAHbI B
MexayHapoaHoM 0Oaze naHHbix GenBank NCBI, uto moarBepikaaeT WX YHUKalIbHOCTh U
sBJsIETCSl BKJaJoM B cOop uHopMmauud o MUKpoOHOM OuOpazHOOOpa3uH, OCOOEHHO O
lITaMMax ¢ Ba)KHbIMW CBOMCTBaMM Jierpajaliyu.

Pesynbrarbl, MoJlyueHHbIE [PU H3YYEHWUM JIerpajJallMOHHOro MoTeHuMana 12
UCCNEA0BAHHBLIX LITAMMOB B OTHOLUIEHWM MOHO- W [0JMapOMaTHUECKHUX COENHHEHWH,
BXOSILIMX B COCTaB €CTECTBEHHOW 4acTW He(TAHOM cMecH W pazjM4HBIX MPOJYKTOB
HedTenepepadOTKU, HOCIT OpPUIMHAILHBIA XapakTep W 3HaueHue. MueHTuduuupoBaHo Tpu
wramma (Gordonia sp. 12/5, Rhodococcus erythropolis 14/1 u Rhodococcus sp. 1]I/1) ¢
BLICOKOM aKTMBHOCTBIO B Jlerpajaliui apoMaTUUECKUX YIJIEBOAOPO/IOB.

Oco00 3HauMTENbHBLIM BKJIAJOM JUCCEpPTAallUM SBASETCS CO3/laHHe MUKPOOHbIX
coo0LIEeCTB (accouualuii), ¢ 1ejbl0 MOBBILEHUS 3PPEKTUBHOCTH OKUCIEHUS U YCBOEHMS
Hedpth U HedrenpoaykTOB. bbIIO cO3AaHO U MPOTECTUPOBAHO 9 MUKPOOHBIX accolUaluii U
BBISIBJIEHO 2 HauOoJiee akTHBHbIX.

Bonbluoe 3HaueHne Kak ¢ TEOPETUUECKOH, Tak U C MPUKIAJAHON TOUKHU 3peHUs UMEIOT
NpOBOJIMMbIE J1a00PaTOPHbIE U MOJIEBbIE ONbITEI 10 OYMUCTKE MOYB, 3arpsI3HEHHBIX HEPTHIO U
HeTenpolyKTaMu, ¢ MOMOLIbIO YCTAaHOBJEGHHBIX accoluanuid. Pe3yibTaThl BNEUaT/ISiOT U
yOequTeNbHO Jl0Ka3aHbl. B 1abopaTopHbIX YCJIOBUAX OTMEUEHO CHUIKEHHE co/iepKaHus HeTH
u HedrenpoaykToB ¢ 65,8 no 83,1 % npu 5 % 3arpsiznenun u ¢ 60,1 1o 78,4 % npu 10 %
3arps3HeHUH, CPOKOM Ha 3 Mecsiua. B 1ojeBbIx onbiTax MCMOJIb30Bald Ouomnpenaparhl,
CO3JaHHblE Ha OCHOBE MUKpOOHBIX accoumauuit (Accoumaumu | u Accouumauuu I1I), B
COYETAHUM C MOAXOASIIMMH OPraHOMHUHEPAIbHbIMUA Y00peHUIMH. BbUlM AOCTUTHYTHI elle
Oonee BBICOKME pe3y/bTaThl. 3a [ABa MeEcsla NPOU30ILIO0 CHUXXEHHE COoliepyKaHus HepTH U
HeTenpoayKkToB 10 73,4% npu UCXoaHOM KoHUeHTpauuu 5,7% u 1o 70,7% - npu KCXOAHOM
KOHUeHTpauuu 7,2%.



3AKIIOYEHHE

[1pu BIMOMHEHUU AuccepTaluK Ha TeMy «Pa3paboTka cnocoba OMopemealu nous,
3arpsa3HeHHbIX HedThio W HedrenpoayktaMu Kbi3bulopAMHCKOR oOnactu»  npojenaH
3HAYMTENIbHBIA 00BEM DKCTIEPUMEHTANBHON paboThl U MOJyYeHbl OPUTHHAJILHBIE HAYUYHBIE U
MpUKJIAAHbIE  pe3yJbTaThl B  OTHOLIEHMM MHUKpoOHas Ouonerpajauus HepTH M
HepTenpoaykToB. O6 aKTyallbHOCTH MpeiaraeMoil pa3paboTKU CBUIETENLCTBYET pacTyllee
YUCIIO MCCCNOBaHUM M NyOJIMKalMi, MOCBAILEHHBIX MICHTU(UKALWK, XapaKTEPUCTUKE U
aHajM3y Kak W3BECTHBIX MMKpPOOHBIX OMOAErpajaHToB, TaK M HOBBIX WITAMMOB. OTH
MCCIIEIOBAHMs MOTYT CMOCOOCTBOBATH Pa3BUTHIO OMOTEXHOJIOMMH, CBA3AHHBIX C OUUCTKOH M
3aMTON  OKpY)Kalollell cpelbl OT 3arpsA3HSIOLIMX BELECTB, TaKMX Kak HedTb U
HeTENPOLYKTHI.

Jlucceprauus HanmucaHa B OUYEHb XOPOLUEM CTWIE € YETKUM M3JIOKEHUEM U
OOBACHEHHEM Jla)Ke CaMbIX CJIOKHbBIX MPOLECCOB, YTO CBUAETEbCTBYET O I1yOOKOM 3HaHUM
npeaMera  MccleoBaHMS M NpO(ECCUOHAJbHOM  MHTEpNpEeTauuu  MOJYHEHHbIX
OKCMEPUMEHTAJILHBIX JJaHHbIX.

Taxske XoTenoch Obl OTMETHUTh, YTO 3a Bpemsi paboThl B JabopaTopuu “MUKpOOHOH
revetuku” MHcTUTYTA MUKpOOHONorum - boarapckoii akagemuu Hayk, ['ynbxan Cniankynosa
MPOAEMOHCTPUPOBAJIA OUYEHb XOPOLIYIO KOMIIETEHTHOCTb B CcBOEH padoTe, O0JbLIOE YCepare 1
yMeHHe o0palarbcsi ¢ HeoOXOJUMbIM 000pYJOBaHHWEM Uil IKCNEepUMEHTOB. [yibiaH
CriaHKyJIOBa TaKKe NoKasajia OueHb XOpOLIMe KOMMYHHKAaTHBHbBIE HABBIKK U yMEHUE paboTaTh
B KOMaHJe.

[Tocne TLATENBHOIO PacCMOTPEHUsI Pe3yJbTaTOB, NPE/CTABIEHHBIX B UCCIEA0BaHUH,
aHajiM3a WX 3HAUMMOCTM M OPUIMHAJILHOIO HAYyYHOrOo W MNPUKJIAJHOIO BKJIajla, CYUTAIO
1enecoobpa3HbiM  [aTh MMOJIOKUTEIbHYIO OLEHKY W PEeKOMEHA0BaTb MPUCBOMTH ['yibikaH
AGuKynKkbI3bl CAaHKYJIOBOM Hay4HYIO CTeneHb gokTopa (unocopun «PhDy.

3apyOexKHblid HAYUHbII KOHCYJIbTAHT: / / AL
Houent, noktop PhD 3narka Aﬁ’excné‘éa =
HuctutyT Mukpobuonoruu bonarapckoil akaaeMun Hayk
Codus, bosrapus
21.04.2022
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