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KOBEI

Annotation. This study presents a molecular genetic analysis of a bacterial strain Enterobacter
kobei isolated from a natural water reservoir, Karasu (West Kazakhstan region). The aim of the
research was to identify the isolated microorganism using modern molecular methods, including
cultivation, DNA extraction, 16S rRNA gene PCR amplification, and sequencing on the Oxford
Nanopore MinlON platform. Water samples were inoculated onto Luria—Bertani (LB) nutrient
medium, after which the obtained colonies exhibited typical morphological characteristics of the genus
Enterobacter. Genomic DNA was extracted using the Monarch Spin gDNA Extraction Kit and
evaluated by agarose gel electrophoresis and fluorometric analysis using the Qubit Flex instrument.
For molecular identification, a fragment of the 16S rRNA gene was amplified using universal primers
27-F and 1492-R, followed by sequencing of the obtained product. Sequencing results showed that the
studied strain most likely belongs to the species Enterobacter kobei, which was confirmed by
comparative analysis with a reference sequence from the NCBI database (99.8% identity). The
obtained data demonstrate the effectiveness of molecular genetic methods for accurate identification
of bacteria isolated from natural sources and highlight their importance for microbiological monitoring
of aquatic ecosystems.

Keywords: microorganism; Enterobacteriaceae; Enterobacter kobei; surface waters; Gram-
negative bacteria.

Introduction

The genus Enterobacter comprises Gram-negative facultative anaerobic bacteria of
the family Enterobacteriaceae, widely distributed across various ecological niches, including
soil, water, plants, and the human body. Representatives of this genus are of considerable
importance from both ecological and medical perspectives, as they can act as opportunistic
pathogens and contribute to the development of antimicrobial resistance [1, p. 1].

The species Enterobacter kobei belongs to the Enterobacter cloacae complex and has
relatively recently been recognized as a distinct taxon. This microorganism is found both in
clinical samples and in environmental objects, including natural water bodies. Its presence in
aquatic environments may indicate microbiological contamination, as well as the bacterium’s
ability to adapt to diverse habitats [2, p. 888].

In recent years, molecular genetic methods such as 16S rRNA gene sequence analysis,
multilocus sequence typing (MLST), and whole-genome sequencing have played a key role
in the accurate identification and study of phylogenetic relationships among bacteria. The
application of these approaches allows not only for clarification of the taxonomic position of
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Enterobacter kobei, but also for the identification of genetic determinants of virulence,
antibiotic resistance, and adaptive mechanisms [3, p. 5306; 4, p. 2761; 5, p. 3140; 6, p. 309].
The study of Enterobacter kobei strains isolated from natural water bodies is of
particular interest in the context of assessing the sanitary condition of aquatic ecosystems and
potential risks to human health. Despite the growing number of studies devoted to representatives
of the genus Enterobacter, data on the molecular genetic characteristics of E. kobei circulating in
natural waters remain limited [4, p. 2761].
The aim of this study is to perform a molecular genetic analysis of a strain of Enterobacter
kobei isolated from a natural water source using modern methods of genetic identification and
comparative analysis.

Materials and methods

As a sample for bacterial isolation, water from a natural reservoir, Karasu, in the West
Kazakhstan region, was used. Sterile tubes were used for sample collection. The collected samples
were inoculated onto Luria—Bertani (LB) nutrient medium and incubated for 24 hours at 30 °C.

DNA extraction was performed using the commercial Monarch Spin gDNA Extraction
Kit [7, p. 1], after which the quality of the samples was assessed by agarose gel electrophoresis on
a 1.5% agarose gel in TAE buffer (40 mM Tris, 1 mM EDTA, 17.4 mM CHsCOOQH) [8, p. 1].
Quantitative DNA measurement was carried out using a Qubit Flex Fluorometer with the SDNA
HS Assay Kit (Thermo Fisher Scientific) according to the manufacturer’s protocol [9, p. 1].

Amplification of the 16S rRNA gene fragment was performed using primers 27-F and
1492-R according to the classical bacterial 16S rRNA gene amplification method [10, p. 698], in
a 25 puL PCR reaction containing Tag DNA polymerase, buffer, dNTPs, primers, and template
DNA. The program included 30 cycles with denaturation at 94 °C, annealing at 55 °C, and
extension at 72 °C, followed by a final extension step of 10 minutes.

Library preparation and sequencing were performed on the MinlON MK1B platform using
the SQK-RBK114.96 kit [11, p.1], including barcoding, purification, adapter ligation, and flow
cell loading. Sequencing was carried out using MinKNOW, followed by data processing
(basecalling and barcode trimming) using Dorado v7.4.12 [12, p. 1].

Research results

During inoculation on Luria—Bertani nutrient medium, bacterial colonies were observed,

which were characterized by a size of 1.5-2 mm (Figure 1).

NS

Figure 1 — Growth of bacterial colonies on nutrient medium
Colonies have a circular shape with smooth edges, a smooth and shiny surface, and a
slightly convex elevation; the consistency is creamy and soft. The colonies are cream-white
in color, without pigmentation.
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As a result of the performed sequencing analysis of the 16S rRNA gene nucleotide
sequence, it was determined that the isolated bacterium belongs to the species Enterobacter

kobei (Table 1).

Table 1 — Nucleotide sequence of the 16S rRNA gene

Ne | Species name

Nucleotide sequence 5-3’

Enterobacter
kobei

ATWYATYGTYACGACTTCACCCCAGTCATGAATCACAAAGTG
GTAAGCGCCCTCCCGAAGGTTAAGCTACCTACTTCTTTTGCAA
CCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGG
AACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATT
CCGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGGACTAC
GACGCACTTTATGAGGTCCGCTTGCTCTCGCGAGGTCGCTTCT
CTTTGTATGCGCCATTGTAGCACGTGTGTAGCCCTACTCGTAA
GGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCAGTTTA
TCACTGGCAGTCTCCTTTGAGTTCCCGGCCNTAACCGCTGGCA
ACAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAAC
ATTTCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCT
CAGAGTTCCCGAAGGCACCAAAGCATCTCTGCTAAGTTCTCT
GGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGAATT
AAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCAT
TTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCGACTT
AACGCGTTAGCTCCGGAAGCCACGCCTCAAGGGCACAACCTC
CAAGTCGACATCGTTTACGGCGTGGACTACCAGGGTATCTAA
TCCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTT
GTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCT
ACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAA
GACTCTAGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCC
CGGGGATTTCACATCCGACTTGACAGACCGCCTGCGTGCGCTT
TACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGTATTAC
CGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGT
AACGTCAATTGCTGCGGTTATTAACCACAACACCTTCCTCCCC
GCTGAAAGTACTTTACAACCCGAAGGCCTTCTTCATACACGC
GGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCC
ACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAG
TGTGGCTGGTCATCCTCTCAGACCAGCTAGGGATCGTCGCCTA
GGTGAGCCATTACCCCACCTACTAGCTAATCCCATCTGGGCAC
ATCTGATGGCAAGAGGCCCGAAGGTCCCCCTCTTTGGTCTTGC
GACGTTATGCGGTATTAGCTACCGTTTCCAGTAGTTATCCCCC
TCCATCAGGCAGTTTCCCAGACATTACTCACCCGTCCGCCACT
CGTCACCCGAGAGCAAGCTCTCTGTGCTACCGTTCGACTTGCA
TGTGTTAGGCCTGCCGCCAGCGTTCAATCTGAG

The presented nucleotide sequence, with a length of 1485 bp, corresponds in its
composition and structure to a fragment of the 16S rRNA gene, which is widely used for
bacterial identification and phylogenetic analysis. The sequence contains both highly
conserved regions characteristic of Gram-negative bacteria of the family Enterobacteriaceae
and variable regions that enable taxonomic differentiation at the species level. The presence
of ambiguous nucleotides (W, Y, N) indicates positions with possible mixed interpretation of
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sequencing signals or polymorphic sites, which may be associated with read quality or
intraspecies variability.

Based on conserved motifs (in particular, GC-rich regions and typical conserved
domains of the 16S rRNA gene), the sequence demonstrates high homology with members of
the genus Enterobacter, including the Enterobacter cloacae complex, to which E. kobei
belongs. Overall, the analysis indicates that the studied sample belongs to Gram-negative
enterobacteria with a high probability of identification as Enterobacter kobei, which requires
confirmation through comparison with reference sequences in databases (NCBI BLAST). A
99.8% identity was observed with a previously characterized strain deposited in the NCBI
database under accession number CP017181.1.

Conclusion

As a result of the conducted study, a bacterial strain Enterobacter kobei isolated from
the natural Karasu reservoir was obtained and identified. Morphological analysis of the
colonies and subsequent molecular genetic investigation confirmed the affiliation of the
isolate to the family Enterobacteriaceae. Sequencing of the 16S rRNA gene revealed a high
degree of homology (99.8%) with the reference strain of E. kobei deposited in the NCBI
database.

The obtained results demonstrate the effectiveness of an integrated approach
combining microbiological and molecular genetic methods for accurate bacterial
identification. The detection of E. kobei in a natural water body indicates a potential
microbiological load in the aquatic ecosystem and highlights the need for further monitoring
of such environments.

Thus, the study expands the understanding of the distribution and molecular
characteristics of Enterobacter kobei in the natural environment and may serve as a basis for
further research in environmental microbiology and epidemiological surveillance.
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OJiKyJI A.B.
ENTEROBACTER KOBEI BAKTEPUSACBIHBIH MOJIEKYJIAJIBIK-TEHETHUKAJIBIK
TAJTAYbI

Anparna. by sxymeicta bateic Kazakcran o0nbickl, Kapacy Taburu cy KoiimMackiHaH OeiHiI
anbiaran  Enterobacter kobei Oaxrepusi mITaMMBIHBIH —MOJEKYJIAIBIK-TCHETHKAIBIK — Talaybl
YCHIHBUIFaH. 3epTTeyliH MaKcaThl — 3aMaHayd MOJIEKYJalblK OMICTEpHi, COHBIH ilIiHJE
kynsruBupiey, JHK Genin any, 16S pPHK renin IITP apkputel ammmdukanusinay sxone Oxford
Nanopore MinlON miatgopMackiHaa CEKBEHHpIICY apKbUIbl OOJIHICH MHUKPOOPTaHU3MI
uneHtuukausuiay 6onael. Cy ynrinepi Jlypua—bepranu (LB) xopekrik oprackiHa erinii, KeWiH
aNbIHFaH KoJIoHUWsuIap Enterobacter Tyvichina ToH Mopdonorusibik Oenrizepai kepceTTi. ['eHOMIIBIK
JIHK Monarch Spin gDNA Extraction Kit kemerimMeH 0e:TiHII aJbIHBII, arapo3/ibl Tellb YIEKTPOpopesi
xoHe Qubit Flex ¢pmyopumerpi apkpLibl Oarananbl. MoKy TanblK UASHTU(DHUKAIMS YIIiH 27-F sxoHe
1492-R ombeban mpaiimepnepiMen 16S pPHK reniHiH ¢parMeHTi aMmiUKalysIIaHbII, albIHFaH
oHIM cekBeHHpIieH . CeKBEHUpIICY HOTIKENIEpi 3epTTenTeH mraMMHbIH Enterobacter kobei Typine
XKaTybl bIKTUMal ekeHiH kepcerTi, Oynm NCBI nepexrtep 0azaceiHmarbl pedepeHcTik Tiz0eriMeH
canbicThipManbl  Tanaay apkbuibl (99,8% coiikecTik) pactanipl. AJBIHFAH HOTWOKENEp TaOWFU
Ke3zeplaeH OeniHreH OakTepusmapabl [0 HWACHTHQUKAUIAYAa MOJICKYJIaIbIK-TeHETHKATBIK
onicTepAiH THIMILNITIH KepceTe i )KaHe Cy IKOXKYHenepiHiH MUKPOOHOMOTHSITBIK MOHUTOPHHT1HET1
MaHBI3bUTBIFbIH AHKBIH AN TbL.

KinT ce3nep: mukpoopranusm; Enterobacteriaceae; Enterobacter kobei; sxepycri cymapsr;
rpam-Tepic OakrepusIap.
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9uaikya A.B.
MOJIEKYJIIPHO-TEHETUYECKHUI AHAJIN3 BAKTEPUM ENTEROBACTER KOBEI

AnHoTauusi. B nanHoii paboTe npeacTaBieH MOJEKYIIPHO-TEHETHYECKUI aHAIM3 IITaMMa
Oaktepun Enterobacter kobei, BwimeneHHoro u3 npupogHoro Bomoéma Kapacy (3amamno-
Kazaxcranckass o0nactp). Llemp wuccienoBaHus 3akiro4yainach B HICHTH()MKAIWU BBIICICHHOTO
MHUKpPOOpPTaHM3Ma C HCIIONB30BAHUEM COBPEMEHHBIX MOJIEKYJSIPHBIX ~ METOJOB, BKIIIOYAs
KynbTuBHpoBanue, skcTpakiuio JHK, T P-ammmmdukanmio rena 16S pPHK u cexBeHnpoBanue Ha
iatrpopme Oxford Nanopore MIinlON. OOpa3ubl Boabsl ObUTH MOCESIHBI HA MUTATEIBHYIO CPEIY
Jlypua—bepranu, 1mociae 4ero BBIACICHHBIE KOJOHUHM  XapaKTEPU30BAINCH  TUIIHMYHBIMH
MopdoornyeckuMu TpU3HaKaMH TpeacTaButeneid poxa Enterobacter. I'enomnas JJHK Obuia
BBIJICJICHA C WCIoJb3oBaHueM Habopa Monarch Spin gDNA Extraction Kit u ouenena meromom
arapozHoro aiekrpodopesa u Quyopumerpun Ha npubope Qubit Flex. [Ins monexynspHoit
uaeHTuukanuu ou1 ammidunposad pparment rena 16S pPHK ¢ yauBepcanbsHpiMu paliMepamu
27-F n 1492-R, mocne d4ero mpoBeNEHO CEKBEHHUPOBAHUE IOJNYYCHHOTO MPOAYKTa. Pe3ynmbrarh
CCKBEHUPOBAHHMSI TTOKA3aJIM, YTO UCCIEIYyEMBIH IITaMM C BBICOKOH BEPOSTHOCTHIO OTHOCHTCS K BUAY
Enterobacter kobei, uTo moaTBepikmaeTCS CPaBHUTEIBHBIM aHATM30M C  pedepeHCHOM
nocnenoBatenbHocThi0 B 0aze maHHbIXx NCBI (upentnuynocts 99,8%). IlomydyeHHble naHHBIC
MOATBEPKAAIOT YPPEKTUBHOCTH UCHOIB30BAHUS MOJICKYJIIPHO-TEHETHYECKUX METOJO0B JIJIsl TOUYHOM
UACHTUUKAUN OaKTepUH, BBIIEICHHBIX U3 TPUPOIHBIX HCTOYHUKOB, U MOTYEPKUBAIOT UX 3HAUECHHUE
JUI1 MUKPOOHOJIOTHYECKOTO MOHUTOPUHTA BOJHBIX 9KOCHCTEM.

KawueBbie caoBa:  mukpoopranusm; Enterobacteriaceae; Enterobacter  kobei;
MOBEPXHOCTHBIE BOJIBI; TPaMOTpPHIATENIbHBIE OAKTEPHH.
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