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MOLECULAR GENETIC IDENTIFICATION OF BACTERIAL STRAINS OF
THREE SPECIES ISOLATED FROM TURKEY AND CHICKEN

Discovery notes

Abstract
The material presents data on the identification of bacterial strains isolated from turkeys and chicken. We used isolates of

Pseudomonas, Acinetobacter and Escherichia coli. The latter were isolated from turkeys, and two previous ones from
chickens. In-silico search made it possible to propose a number of enzymes for genotyping isolates of Acinetobacter, and
genotyping of isolates of Pseudomonas and E. coli was carried out using previously selected enzymes. The enzymes SgsI and
Eco47111, which show 100% activity in one buffer, have been shown to have optimal combination for Acinetobacter.
Pseudomonas were genotyped using a pair of Bcul/Stul enzymes, two genetically different strains were identified, two isolates
were identical (organs of one individual). In 21 isolates of E.coli, 17 strains were identified using the Xbal/Pstl pair of
enzymes, and 16 strains were identified using the Xhol/BsuRI pair. The discrimination index showing the ability of the method
to separate strains was not used, since it can only be used on isolates that are not epidemiologically related. In this case, turkeys
were kept in the same farm facilities, the sampling was carried out at the same time, therefore, the possibility of re-infection of
the bird cannot be ruled out.

Keywords: strain identification, pathogenic bacteria, E.coli, Acinetobacter, Pseudomonas, preventive veterinary
medicine.
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MOJIEKYJ/IAPHO-T'EHETUYECKASA NWAEHTUPUKALIUA LITAMMOB
BAKTEPUHU TPEX BU/IOB, BBIIEJIEHHBIX OT UHIAEEK U KYP

HCCHGZ{OB&TGHLCKI/IG 3aMCTKH

AHHOTALUSA

B marepuaine npezicraBiieHbl JaHHBIE 00 WACHTU(HUKALMK ITAMMOB OaKTEepHH, BBIJECICHHBIX y WHJIEEK U Kyp. B pabote
OBUTM MCIOJIB30BAaHbl W3OJIATHI IICEBJIOMOHAJ, aCHHETOOAKTEpUi M KuIIeYHOW nanoukd. IlocnenHue ObUTM BBIIENEHBI Y
WHJIeeK, a mpenslaymue y Kyp. Ilowck in-silico nan BO3MOXHOCTb NPEUIOKHUTH psii (EPMEHTOB JUIsi T€HOTUIMPOBAHUS
M30JIATOB acHHETOOAKTEepHH, a TEeHOTIMPOBAaHHWE W3O0JSTOB IMICEBJOMOHAJ W KHIIEYHOM NajJO4YKH IPOBOJMIOCH C
UCIIONIb30BaHUEM paHee MomoOpaHHbIX (epMeHTOB. [lokazaHo, YTO IS aCHHETOOAKTEPHH ONTHUMAIbHOW COYETAHHOCTBHIO
obmamator Qepmentsr Sgsl um Eco471Il, xotopeie mnokaseBatoT 100% axTtuBHOCTE B omHOM Oydepe. IlceBmomoHans
TEHOTHUITHPOBAIN C TIOMOIIBI0 Mapbl pepmeHToB Bcul/Stul, ObIM BEIABICHBI ABa TEHETHUECKH OTIMYAIOMINXCS INTaMMa, 1B
m3omATa OBUTM WACHTHYHBIMU (OpraHbl OoxHOW ocobm). Y 21 m30JMTa KUIIEYHIOH MAaJOYKH C MCIIOJF30BAaHHEM IIaphl
tdepmenToB Xbal/Pstl BeisiBHIM 17 mTaMMOB, a TpH HCHONB30BaHWU mapel Xhol/BsuRI — 16 mrammoB. Mugekc
JUCKPUMHUHAINH, [TOKA3bIBAIONINI CIOCOOHOCTh METO/A Pa3/elIiTh IITAMMBI, HE IPUMEHSUIN, T.K. OH MOXET HCIIOJIb30BATHCS
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HCKITIOYUTETHHO Ha AMHUAEMHUOJIOTHIECKH HE POJCTBEHHBIX M30IsATaX. B maHHOM ciydae, MHICHKH COAEPKANNCh B YCIOBHIX
OITHOTO XO3siicTBa, OTOOp MPOO MPOBOTWICS B OJHO BpEMs, MOITOMY HENb3s HCKIIOYHTH BO3MOXKHOCTBH II€pe3apa)KeHUs
TITHIIBL.

KiroueBble cj10Ba: wnaeHTHWKANHMS I[NTAMMOB, MATOTCHHBIC OaKTEpPHH, KHIICYHAs MAN0YKa, ACHHETOOAKTEPHUH,
TICEBJOMOHA/IbI, MPEBEHTUBHASI BETEPUHAPUSL.

1. Introduction

The circulation of pathogenic and opportunistic microorganisms in the environment and in animals has long attracted the
attention of scientists [1]. Despite this, many questions remain unresolved, for example, why epidemics (epizootics)
periodically occur and according to which laws the infection develops. The relevance of the research topic is emphasized by
the social aspect of the problem associated with the circulation of a number of pathogens not only in birds, but also in humans
(anthropozoonoses).

In many poultry farms, there is an acute issue of infectious diseases of a bacterial nature caused by Escherichia coli,
Acinetobacter and Pseudomonas. The problem is aggrevated by the increasing prevalence of antibiotic-resistant bacterial
strains. When planning preventive measures aimed at reducing the infection propagation, it is important to accurately find the
source of the infection and determine the routes of transmission [2], [3]. In leading foreign countries, the genotyping of
pathogens is given great attention in preventive medicine. Medical centers (hospitals) have specialized microbiological
laboratories that regularly carry out genotyping of the main pathogens. Initially, the method of double digest and selective label
(DDSL) was developed in foreign medical institutions. It can be used to check the effectiveness of therapeutic measures
(compare strains before and after treatment), the effectiveness of vaccination (compare vaccine and pathogenic strains),
identify routes of infection spreading, etc. The aim of the work was to genotype a group of bacterial isolates and to discuss the
potential of the DDSL method in molecular epidemiology under the conditions of poultry enterprises engaged in raising
turkeys and chickens.

Genotyping of field isolates makes it possible to trace the transmission routes and find the source of infection [2]. If the
genetic profiles of the compared isolates coincide, this indicates the transmission of infection (re-infection of individuals). In
this regard, rapid methods for identifying bacterial strains have acquired particular relevance. Comparison of bacterial genetic
profiles can distinguish epidemic strains (all isolates will be identical) from sporadic outbreaks of infection (isolates differ). In
the same wayj, it is possible to identify the pathways of transmission of the pathogen, to identify the source of infection, which,
when planning veterinary and sanitary measures, allows you to interrupt the epizootic chain and, thus, prevent the spread of the
disease. This knowledge allows specialists to break the epizootic chain, i.e. prevent further spread of the disease. Thus,
genotyping is a modern tool for molecular preventive epizootology. Currently, a whole group of genotyping methods is used
(pulse-field gel electrophoresis, AFLP, ribotyping, multilocus sequencing (MLST), sequencing of individual genes, PCR
genotyping [4], [5]. All these methods have both advantages and disadvantages [6], [7]. As part of the implementation of
foreign projects in previous years, we developed and validated a new genotyping method based on the idea of double digest
and selective label of genomic DNA fragments - DDSL on large samples of isolates [2].

2. Methods

The method is based on our earlier idea of double digest and selective label of DNA restriction fragments (DDSL). The
genomic DNA of a microorganism is digested simultaneously by two restriction enzymes and specifically labeled with
biotinylated deoxycytosinetriphosphate (Bio-dCTP) using Tag-DNA polymerase. Enzymes are selected in-silico for each type
of microorganism in such a way as to obtain a limited number of labeled DNA fragments that can be easily separated in a
common agarose gel. The result of genotyping by the DDSL method is a group of DNA fragments in the form of bands on a
filter, the distribution of which is specific for each strain. The accuracy of strain identification calculated by the discrimination
index (D) exceeds the accuracy of the current "gold standard" of genotyping (pulse-field gel electrophoresis) and reaches 0.98
for Pseudomonas species and 0.96 for Salmonella spp.

The reaction was carried out in one microtube, where the test DNA, two restriction endonucleases, Tag polymerase, Bio-
14-dCTP was mixed. The total volume of the mixture was 20 microliters. The incubation was carried out for 1-2 hours at 37°C.
Then the obtained DNA fragments were separated by size in electrophoresis using standardl 0.8% agarose gel in tris-acetate
buffer (TAE). Immediately after electrophoresis, the DNA was transferred to a nylon filter. The process lasted 30-60 minutes
and was carried out in distilled water on a VacuGene XL Vacuum Blotting System ™ (Amersham Biosciences ™). The DNA
fragments on the filter were then visualized in color reaction using streptavidin-alkaline phosphatase conjugate (Streptavidin-
AP, Bio-Rad ™) to detect alkaline phosphatase activity. This color reaction was based on the use of two commercially
available dyes NBT and BCIP (Thermo Fisher Scientific ™). After the development of DNA fragments, the filter was washed
several times in distilled water to remove nonspecifically bound dyes. The final stage of the work is the analysis of the
distribution of DNA fragments to identify identical, closely related and genetically distant bacterial genotypes (strains).

3. Results

The selection of in-silico restriction enzymes using the available on-line http: in-silico/ehu.es program made it possible to
propose one pair of Bcul/Stul enzymes for genotyping Pseudomonas isolates. The number of cleavage sites for the first
enzyme is 30-50, for the second - 600-1200, depending on the Pseudomonas species. A typical picture of the distribution of
DNA fragments is shown in the figure. In total, 3 isolates of Pseudomonas were grown, according to the results of genotyping,
2 genetically different strains were identified, and two isolates were identical (organs of one individual).
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Figure 1 — Genotyping three Pseudomonas isolates by DDSL technique with Bcul/Stul pair of enzymes. M — molecular
mass marker

The in-silico search for Acinetobacter made it possible to propose a number of enzymes that can potentially be used in
genotyping of this bacterium by the DDSL method (Table). In particular, the SgsI and Eco4711l enzymes exhibit optimal
combination, which show 100% activity in one buffer - R from Thermo Fischer company. In the absence of these enzymes, the
reaction can be carried out using enzymes from Sibenzyme company: PalAl (isoschizomer of Sgsl), optimal buffer Y and
Pvull with optimal buffer G. The PalAl/Pvull pair will be 40-100% active in one Rose buffer (Sibenzyme).

Table 1 — Suggested pairs of enzymes for DDSL genotyping of Acinetobacter bacyerium (first enzyme forms 3'-recessed
ends) and second enzyme forms blunt ends) and their main properties

Enzyme Number of recognition | Optimal reaction buffer | Compatibility with another
sites in DNA buffer
Sgsl or PalAI (GG|CGCG) 11-19 R (Thermo Fischer N
(first enzyme) Scientific ™)
EcoRV (CAT|ATC) 554-1068 W (Sibenzyme) T+
(second enzyme)
Pvull CAG|CTG 624-1007 G (Sibenzyme) T+
(second enzyme)
Ecod7IIl AGC|GCT 637-801 R (Sibenzyme) +
(second enzyme)

Identification of E. coli strains on the set of 21 isolates isolated from organs of diseased and dead turkeys in which two
pairs of enzymes were used - Xbal/Psfl and Xhol/BsuRI in DDSL strain identification. Genotyping made it possible to identify
17 bacterial genotypes (including closely related genotypes under the numbers: 5 and 6; 7 and 8, which differed from each
other by only 2-3 DNA fragments. In all cases of closely related genotypes, isolates were isolated from the same individual
(different organs). In this case, the appearance of adaptive mutations in a microorganism is possible, allowing it to exist in
conditions of different organs and tissues. Isolates isolated from different individuals, as a rule, had completely different
genetic profiles, the differences ranged from 10 to 20 DNA fragments, which confirms the natural genetic diversity of E.coli
bacteria and the circulation of a large number of pathogenic strains.

Similar results of genotyping were obtained on the same bacterial isolates using a pair of Xhol/BsuRI enzymes. In total, 16
genotypes were identified (one less than in the pair of Xbal/Pstl enzymes. In this case, it was not possible to differentiate two
isolates numbered 7 and 8 which were closely related when using Xbal/Psfl enzymes. Nevertheless, typing results produced by
these enzyme pairs wre in good correspondence. Thus, the Xhol/BsuRI enzyme pair is also highly discriminating and most of
the isolates were genetically distinguished.

The discrimination index showing the ability of the method to separate strains was not used, since it can only be used on
isolates that are not epidemiologically related. In this case, the turkeys were kept in the same farm, the sampling was carried
out at the same time, therefore, the possibility of re-infection of the bird cannot be ruled out. Earlier, we calculated the
discrimination index for groups of epidemiologically unrelated isolates of different types of bacteria (pseudomonas,
salmonella) isolated from clinically ill patients from different countries and at different periods of time. This work was carried
out to prove the effectiveness of the DDSL method; it was shown that the method is not inferior in terms of discrimination
index to the widely used method of pulse-gel electrophoresis and multilocus sequencing (MLST).
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4. Conclusion

Thus, genotyping of microorganisms makes it possible to assess the genetic diversity of pathogens circulating in turkeys
and chicken, determine the possibility of transmission of infection, identify the source of infection in the external environment,
and suggest the appearance of mutations in bacteria colonizing different organs of one individual. The DDSL technique can be
applied for E.coli, Pseudomonas and Acinetobacter bacterial species.
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