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COMPARATIVE GENOMICS,

PHYLOGENETIC, AND FUNCTIONAL ANALYSES

OF YERSINIA ENTEROCOLITICA, A GASTROINTESTINAL
PATHOGEN, WITH OTHER SOIL-BORNE

BACTERIA CAUSING DISEASES

Yersinia enterocolitica is a harmful bacterium transmitted through contaminated food, causing gastrointestinal illness
and lymph node inflammation. The rise of drug-resistant strains of Y. enterocolitica poses a serious public health threat,
necessitating research on its ecology, related species, and unique genes linked to virulence and antibiotic resistance. This
study identified eight microorganisms similar to Y. enterocolitica and conducted a pan-genomic analysis, revealing spe-
cific genes exclusive to Y. enterocolitica. Enrichment analysis of these genes unveiled their involvement in antibiotic syn-
thesis pathways, such as siderophore production, osmoregulated periplasmic glucan activation, and antibiotic resistance.
These pathways, including biofilm formation and increased antibiotic tolerance, are vital for Yersinia’s virulence. Fur-
thermore, specific genes related to glutamate metabolism, nitrogen regulation, motility, purine, and pyrimidine synthesis
may contribute to Y. enterocolitica’s pathogenicity, growth, and virulence factor production. Phylogenetic analysis dem-
onstrated the evolutionary relationship between Y. enterocolitica and similar species like Escherichia coli, Campylobacter
jejuni, and Salmonella enterica, stressing the need to monitor Y. enterocolitica in slaughterhouses due to animal carriers.
The study’s findings shed light on the ecological factors and genetic mechanisms driving Y. enterocolitica’s pathogenicity
and antibiotic resistance. Targeting genes involved in purine and pyrimidine synthesis, such as ushA, cpdB, and deoB,
could be potential strategies for controlling pathogenicity and antimicrobial resistance. Understanding the relationships
and genetic interactions between Y. enterocolitica and related microorganisms is crucial for developing effective surveil-
lance and management approaches in the future.
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Yersinia enterocolitica (Y. enterocolitica) is a
gram-negative, coccoid-shaped, facultatively
anaerobic, non-capsulated, and non-sporing
bacteria, which have a width of 0.5—0.8 um and
length of 1—3 pm. They have a single circular
chromosome, 4,552,107 base pairs (bp) in length,
and a Yersinia virulence plasmid (pYV), 69,704
bp long [1]. The genus Yersinia spp. belongs to
the Enterobacteriaceae family and includes 18
species, of which 3 species, i.e., Y. enterocolitica,
Y. pseudotuberculosis, and Y. pestis, cause infec-
tion in humans and animals [2]. Y. enterocolitica
was categorized into two subspecies based on
16s rRNA gene type: Y. enterocolitica subsp. en-
terocolitica and Y. enterocolitica subsp. palaearc-
tica [3]. The primary origin of Y. enterocolitica
is animal-source food like pork and its raw or
undercooked meat products. It is also found in
environmental sources such as soil and water
[4]. It is a psychrophilic [5], heat-sensitive bac-
terium, and becomes inactive when food prod-
ucts like meat and milk are pasteurized at 60 °C
for 1—3 minutes [6]. The infectious dose of Y.
enterocolitica is 10*—10° colony-forming units
(CFU) mL! for humans [7].

Y. enterocolitica is a heterogeneous bacterium
categorized into six biotypes (1A, 1B, 2, 3, 4,
and 5) and 70 different serotypes based on bio-
chemical and immunological tests, respectively.
Biotypes and serotypes play a role in the patho-
genicity of microorganisms. Biotype 1A is non-
pathogenic, 1B is highly pathogenic, and bio-
types 2—5 are moderately pathogenic. Strains
with biotype-serotype combinations such as
1B/0O:8, 2/0:5,27, 2/0:9, 3/0:3, and 4/0:3 are
the most common cause of human illness. Bio-
types 2 and 4 are often isolated from yersiniosis
patients [8, 9].

Some structures, such as plasmid and chro-
mosomes, play an important role in the virulence
of Y. enterocolitica infections and are known as
virulent markers or virulent determinants. The
most recognized and significant virulence indi-
cator of Y. enterocolitica is the Yersinia virulence
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plasmid (pYV), which typically ranges in size
from 64 to 75 kb. Several genes that are directly
responsible for the pathogenicity of Y. enteroco-
litica are located within the pYV, such as yadA
encoding the Yersinia adhesin (YadA) or the yop
virulon encoding Yersinia outer membrane pro-
teins (Yops). The genes present in these proteins
allow bacteria to invade a susceptible organism,
establish colonization, evade the immune re-
sponse, and thrive even in unfavourable envi-
ronments [10, 11].

Y. enterocolitica is frequently isolated from
soil, water, and animals and can cause contami-
nation in foods of all types [12]. It shares ecology
with other bacteria such as Escherichia coli and
is found in tropical and subtropical soils [13],
Campylobacter jejuni is found in soil, roots, and
shoots and causes gastroenteritis [14], Salmo-
nella enterica causes contamination through the
soil on which the plant is growing [15], Staphy-
lococcus aureus is found in soil, water, and air
and causes staphylococcal food poisoning [16],
Clostridium perfringens is found frequently
in soil, feces, and normal intestinal flora [17],
Bacillus cereus is found in soil, vegetation, and
food and causes intestinal illness with nausea,
vomiting, and diarrhea; the soil is also the main
habitat of Listeria monocytogenes and plays a
pivotal role in the transmission of these bacteria
from soil to plants and animals [18], and C. bot-
ulinum exists in soil, river, and sea and produces
toxins in food.

Similar to the previously mentioned bacte-
ria, Y. enterocolitica causes a foodborne zoo-
notic disease called yersiniosis, which is the 3rd
most significant disease in Europe, with 6823
confirmed human cases in 2017, as stated in
the latest report of the European Food Safety
Authority (EFSA). As it is a zoonotic disease,
which means it is transmissible from animals to
humans, the human-to-human transmission is
scarce. However, some reports have shown that
it can be transmitted by infected food handlers,
contaminated food, and healthcare-associated
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infections (HAI) and causes the highest mortal-
ity cases through infected blood [19]. The main
clinical implications of yersiniosis include gas-
troenteritis. The incubation time is 3 to 7 days,
and the symptoms generally disappear within
14—21 days.

Y. enterocolitica is highly susceptible to many
antibiotics, except for penicillin, ampicillin, and
first-generation cephalosporins [20]. Different
strains of Y. enterocolitica are widely recognized
to possess resistance to {-lactam antibiotics,
including ampicillin and cephalothin. The level
and range of resistance are determined by the
varying expression and effectiveness of two
separate B-lactamases encoded in the chromo-
somal DNA [21].

Due to the increase in resistance of Y. entero-
colitica to several antibiotics, it is necessary to
compare its genome, study and analyze its ecol-
ogy and interaction with the previously men-
tioned soil-based bacteria, and identify essential
genes involved in its growth, development, and
virulence. Hence, this study aims to find closely
related species of Y. enterocolitica and short-
listed species through a phylogenetic analysis of
the 16S rRNA gene sequence, its unique genes,
perform its functional enrichment analysis, and
hence, shortlist genes that could be a target for
fighting pathogenicity and antimicrobial resis-
tance. The insights of the study will lead to the
identification and potential function of unique
genes, the specific adaptation of Y. enterocolitica
to its environment, the identification of viru-
lence factors that are similar among species and
the ones that are unique to Y. enterocolitica, and
the prediction of the mechanism by which the
bacterial strain can cause diseases and finally
understand the potential risks associated with its
presence in the soil and food processing units.

Methodology. Identification of microorgan-
isms with ecological similarities. A comprehen-
sive review of the existing scientific literature
was conducted through the PubMed repository
(https://pubmed.ncbi.nlm.nih.gov/ ) at the Na-
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tional Center for Biotechnology Information
(NCBI) to identify microorganisms with eco-
logical characteristics similar to Y. enterocolitica,
specifically those that are soil-borne and possess
pathogenicity [22].

Annotating genome assemblies. To perform
a comparative genome analysis of the short-
listed microorganisms, the genome reposi-
tory  (https://www.ncbi.nlm.nih.gov/genome)
at the NCBI database (https://www.ncbi.nlm.
nih.gov/) was accessed to acquire the genomic
data in FASTA (.fna) format. The genome FAS-
TA sequences of the selected microorganism
shown in Table 2 were then annotated using the
Prokka base, and genome-annotated files (.gff)
were generated for each genome. Prokka (ver-
sion 1.14.6) is an open-source tool that is widely
used for the annotation of microbial genomes
[23] and can be accessed through the provided
GitHub repository (https://github.com/tsee-
mann/prokka).

Pan genome analysis. To identify the core
and accessory genes of the shortlisted bacterial
species, the genome annotated files (.gft) gener-
ated in the previous step were used to perform a
pan-genome analysis using the Roary tool (ver-
sion 3.11.2, http://sanger-pathogens.github.io/
Roary/). It is a high-speed, standalone pan-ge-
nome pipeline that takes annotated assemblies,
generates a large-scale pan-genome, and identi-
fies core and accessory genes [24]. The analysis
resulted in the identification of core and acces-
sory genes.

Identification of unique genes of Y. entero-
colitica. To filter out the unique genes of Y. en-
terocolitica, a custom Python script was condi-
tioned to identify only the unique genes specific
to Y. enterocolitica from the generated output in
the previous step. The list of unique genes was
evaluated for hypothetical and known proteins.
The known proteins were shortlisted for further
analysis.

Pathways analysis of the unique genes of
Y. enterocolitica. Furthermore, the enrichment
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Fig. 1. A bar plot illustrating hypothetical and known
proteins found in Y. enterocolitica. The x-axis represents
the type of proteins in Y. enterocolitica, and the y-axis
shows the count value

analysis was performed on the shortlisted genes
using the KEGG Orthology-Based Annotation
System (KOBAS) tool (version 3.0), and a bar
plot was generated for the enriched pathways.
KOBAS (http://kobas.cbi.pku.edu.cn/) annotates
sequences with KEGG Orthology terms and
identifies the significantly enhanced pathways
among the queried sequences [25].
Evolutionary relationships and similarities
among microorganisms. To identify the evolu-
tionary relationship and similarity in charac-
teristics among the microorganisms mentioned

Table 1. List of top 8 microorganisms
with characteristics and pathological properties
similar to Y. enterocolitica’s

No. Bacteria Disease References

Botulism [30]
Clostridium perfringens | Food poisoning |  [31]

Clostridium botulinum

Gastroenteritis [31]

Listeria monocytogenes | Gastroenteritis [31]

1
2
3 | Bacillus cereus
4
5

Escherichia coli Urinary tract [32]

infections

N

Campylobacter jejuni | Food poisoning | [33]
Salmonellosis [33]

Food poisoning |  [33]

7 | Salmonella enterica

8 | Staphylococcus aureus
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above, we selected the 16S rRNA gene as a mark-
er gene. We retrieved its FASTA sequence for
each of the bacteria through NCBIL.

The 16S rRNA gene is a component of the
ribosome found in prokaryotes (bacteria and
archaea), and it plays a crucial role in protein
synthesis. This gene is highly conserved across
different species, but it also contains variable
regions that allow for differentiation between
closely related organisms [26]. Due to its con-
served and variable regions, the 16S rRNA gene
has become a widely used tool in phylogenetic
and evolutionary studies. Evolutionary rela-
tionships can be inferred by comparing the se-
quences of the 16S rRNA gene among different
organisms, and phylogenetic trees can be con-
structed. This gene serves as a molecular clock,
providing insights into the divergence and re-
latedness of various microbial species over the
evolutionary time [27].

To perform the alignment of the 16S rRNA
gene sequences, we used Multiple Sequence
Comparison by Log-Expectation (MUSCLE)
method [30] in Molecular Evolutionary Ge-
netic Analysis (MEGA) software (v. 11.0) and
built a Neighbor-Joining tree. It is a fast and ef-
ficient method for inferring phylogenetic trees.
We built the tree using the Bootstrap method,
and the iterations were set to a limit of 1000. It
performs replicates of the phylogenetic analysis
and generates consensus trees with bootstrap
values given to the branches. It merges the clus-
ters or nodes based on pairwise distances. The
node represents the common ancestor of the
merged clusters [29].

Results. Identification of microorganisms
sharing similar ecological characteristics to
Y. enterocolitica. A total of 8 microorganisms
were found to be reported in the literature that
have similar ecology, i.e. soil, and are involved
in the prevalence of diseases such as gastroen-
teritis and resistance to antibiotics such as ampi-
cillin and cephalothin. The list of these bacteria
is shown in Table 1.
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Identification of core and accessory genes of
Y. enterocolitica using comparative genomic
analysis approach. The annotated genome as-
semblies were built in Prokka, and the pan-
genome analysis was performed using Roary,
which generated 30.937 core and accessory
genes.

A distinct set of 2.207 genes exclusive to Y.
enterocolitica was determined upon gene filter-
ing. The genes were then evaluated, resulting
in 1.128 known proteins and 1.079 hypotheti-
cal proteins, and a bar plot was generated, as
shown in Fig. 1. The hypothetical proteins were
filtered out, and the known proteins were fur-
ther analyzed.

Functional enrichment analysis. To identify
the pathways in which the unique genes of Y. en-
terocolitica are involved, we performed a KEGG
pathway analysis using the KOBAS tool (Fig. 2).
The analysis of the KEGG pathway revealed a
significant enrichment of genes associated with
the production of secondary metabolites and
metabolic pathways in Y. enterocolitica. Nota-
bly, genes such as ushA, tal, glgC, hemN, leuC,
pssA, gevT, acs, ubiE, putA, speF, asnB, and ilvB
were found to be significantly enriched in the
biosynthesis of secondary metabolites. Similarly,
genes such as galU, glmU, glmS, gcvT, acs, tal,
putA, speF, and ilvB were significantly enriched
in the biosynthesis of antibiotics. Additionally,
genes such as ushA, cpdB, deoB, and cyaB were
involved in the synthesis of purine and pyrimi-
dine, which can secrete virulence factors; speF,
astD, putA, astE, and aguA were involved in the
metabolism of arginine and proline; galE, lacZ,
and galU were involved in the galactose metabo-
lism, and asnB, gabD, putA, and glmS genes were
involved in glutamate metabolism.

Evolutionary relationship among soil-borne
pathogens. We observed a phylogenetic rela-
tionship among the species based on the nucle-
otide sequence of the conserved gene, i.e. 16S
rRNA, as listed in Table 2, performed phylo-
genetic analysis and constructed a Neighbor-
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Joining tree, shown in Fig. 3. The microorgan-
isms depicted on the same node have similar
characteristics, while the ones far distanced
from each other represent variability in char-
acteristics. It was observed that Y. enterocolitica
was closely associated with the two species, i.e.
S. enterica and E. coli, which were connect-
ed to a clade. Moreover, Y. enterocolitica also
showed closeness to C. jejuni, C. botulinum,
and C. perfringens branched from a common
node. Among these species, L. monocytogenes
was out-grouped as it was far distanced in the
phylogenetic tree, which shows that it exhibits
relatively different characteristics as compared
to Y. enterocolitica.

Discussion. Y. enterocolitica, a zoonotic food-
borne pathogen, contaminates food products,
and its symptoms vary from a mild and tempo-
rary form of gastroenteritis to the development
of acute mesenteric lymphadenitis [34]. In the
last decade, the multi-drug resistance of Y. en-
terocolitica strains has increased due to the use
of antibiotics in livestock production. Therefore,
conducting a comparative genomic, phylogenet-
ic, and functional analysis of Y. enterocolitica is
crucial to study its ecology and identify its close-
ly related species and unique genes, which can

Table 2. Table enlisting 16S rRNA gene
of the shortlisted 9 microorganisms,
their accession IDs, and gene size

No. Bacteria Accession ID | Gene size
1 | Yersinia enterocolitica |NR_041832.1 | 1461 bp
2 | Clostridium botulinum |NR_029157.1 | 1453 bp
3 | Clostridium perfringens | NR_121697.2 | 1513 bp
4 | Bacillus cereus NR_074540.1 | 1512 bp
5 | Listeria monocytogenes | NR_044823.1 | 1469 bp
6 | Escherichia coli NR_024570.1 | 1450 bp
7 | Campylobacter jejuni | NR_041834.1 | 1341 bp
8 | Salmonella enterica NR _041696.1 |1491 bp
9 |Staphylococcus aureus |NR_118997.2 | 1552 bp
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Biosynthesis of antibiotics —————
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Fig. 2. The figure represents a bar plot. Each row represents an enriched function, and the length of the bar repre-
sents the enriched ratio. The Arginine and Proline metabolic pathway was highly enriched with an enrichment ratio
> 0.25, and the fatty acid metabolic pathway was slightly enriched, having an enrichment ratio < 0.05. The color of
the bar represents different clusters. The top 5 bars with the highest enrichment ratio are displayed for each cluster.

provide insights into novel strategies for control-
ling pathogenicity and antibiotic resistance.

This study identified eight microorganisms
having similar ecological and pathogenic char-
acteristics to those of Y. enterocolitica, and pan-
genomic analysis revealed unique genes specific
to Y. enterocolitica, such as glmU, ilvB, asnB,
gabD, putA, glmS, ushA, cpdB, deoB, and cyaB.

Furthermore, an enrichment analysis of the
uniquely identified genes was performed to re-
veal biological pathways and functions associ-
ated with these genes.
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It was observed that the galU, glmU, glmS,
gevT, acs, tal, putA, speF, and ilvB genes were
found to be significantly enriched in the bio-
synthesis of antibiotics pathway and were linked
with the synthesis of siderophores, activation
of osmoregulated periplasmic glucans (OPGs),
and resistivity against antibiotics. The pathway
mentioned above has been reported to contrib-
ute to Yersinia’s virulence significantly such as
OPGs regulating Yersinia to form large cell ag-
gregates known as biofilms that are involved in
many physiological changes protecting bacteria
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93
100
100
100
| 100
Fig. 3. Figure illustrating a phyloge- 92
netic tree of the shortlisted microor-
ganisms where the branches are labeled
with microorganism name, 16S rRNA

gene, and associated accession ID

against various environmental stresses. More-
over, bacteria that grow in a biofilm are gener-
ally more resistant to antibiotics. Hence, OPGs
that promote biofilm formation also increase the
tolerance of Y. enterocolitica to antibiotics [35].

The frequent application of antibiotics in vet-
erinary medicines as growth enhancers in ani-
mals such as pigs increases the significance of
antimicrobial-resistant Y. enterocolitica strains
resistant to ampicillin, novobiocin, cefamandole,
and bacitracin. Thus, animals are carriers of this
zoonotic pathogen and therefore, a surveillance
system that can properly monitor Y. enterocoliti-
ca in slaughterhouses is required [36].

Similarly, asnB, gabD, putA, and glmS genes
were found to be involved in the glutamate me-
tabolism pathway, which may balance the flow
of nitrogen that is regulated by the FIhD/FIhC
complex and is temperature-dependent. Fur-
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NR 041696.1 Salmonella enterica 16S ribosomal RNA

NR 024570.1 Eschericia coli 16S ribosomal RNA

NR 041832.1 Yersinis enterocolitica 16S ribosomal RNA

NR 041834.1 Campylobacter jejuni 16S ribosomal RNA

NR 121697.2 Clostridium perfrigens 16S ribosomal RNA

NR 029157.1 Clostridium botulinum 16S ribosomal RNA

NR 074540.1 Bacillus cereus 16S ribosomal RNA

NR 118997.2 Staphylococcus aureus 16S ribosomal RNA

NR 044823.1 Listeria monocytogenes 16S ribosomal RNA

thermore, it helps in the regulation of motility
that helps in the pathogenicity of Y. enteroco-
litica [37].

Additionally, the genes ushA, cpdB, deoB,
and cyaB were involved in the synthesis of pu-
rine and pyrimidine pathway where the flagellar
master component FIhD/FIhC complex acts as
a precursor for synthesizing purines and pyrim-
idines and causes changes in the phenotype of Y.
enterocolitica such as the temperature at which
it grows, synthesis of flagella, and production
and secretion of virulence factors responsible
for pathogenicity [38, 39]. According to previ-
ous studies, Y. enterocolitica causes severe diffi-
culties during blood transfusion when preserv-
ing red blood cells below 4 °C, thus acting as a
pathogen in frozen food [40, 41]. Therefore, this
pathway serves as an important ecological fac-
tor of Y. enterocolitica.
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Moreover, ushA produces byproducts uri-
dine monophosphate and glucose-1-phosphate
by the degradation of uridine diphosphate glu-
cose, which is then utilized by the cell, deoB
is involved in the transfer of phosphate group
between C1 and C5 carbon atoms of pentose
whereas cpdB breaks ribonucleic acid (RNA)
by transforming 233’-cyclic nucleotide into a 3’
nucleotide and then converts it to its correlat-
ing nucleoside and phosphate forms [42]. Col-
lectively, these genes are involved in the synthe-
sis of purine and pyrimidine, which are further
associated with the ecology and pathogenicity
of bacteria as described above.

Additionally, phylogenetic analysis was per-
formed to identify the evolutionarily related
species of Y. enterocolitica. A phylogenetic tree
analysis is used as a method for the classification
of organisms where 16S rRNA is most frequent-
ly used [43]. In our phylogenetic analysis of 16S
rRNA, E. coli, C. jejuni, and S. enterica were
found to be closely related to Y. enterocolitica,
thereby showing similar ecological properties
and pathogenic characteristics; as mentioned
previously, these bacteria cause gastrointestinal
diseases, spread in the environment through
soil, manure, and slaughterhouses, and are re-
sistant to antibiotics [44]. Moreover, soil serves
as a breeding ground for the genetic interactions
among bacteria and exchange of genetic mate-
rial takes place there, as antibiotic resistance
genes are present in mobile genetic elements
(MGEs) like plasmids and transposons, there-
fore they are able to move between bacteria of
different phylogenetic descendants, and these
bacteria are also observed in the intestinal tracts
of hosts, thereby causing gastrointestinal diseas-
es similar to Y. enterocolitica [45].

Hence, it was revealed through these results
that Y. enterocolitica is similar to E. coli, C. je-
juni, and S. enterica in terms of ecology, soil-
borne pathogenicity, and antimicrobial resis-
tance which is linked directly or indirectly with
the synthesis of purine and pyrimidine and play
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a role in the production of biofilm and intesti-
nal colonization, thus causing foodborne gastro-
enteritis and acting as a precursor of metabolic
pathways [46], respectively.

Therefore, in a perspective, the ushA, cpdB,
and deoB genes involved in synthesizing purines
and pyrimidines should be deleted, and thus the
modified intestinal pathogen Y. enterocolitca
should be considered for manufacturing live at-
tenuated vaccines that can be proved to control
pathogenicity and antimicrobial resistance as
these genes are linked to the ecological changes
responsible for developing the pathogenicity of
Y. enterocolitica and similar microorganisms.

Conclusions. This research emphasizes the
importance of comprehensively analyzing Y.
enterocolitica, a zoonotic food-borne pathogen.
The study identified unique genes specific to Y.
enterocolitica through a pan-genomic analysis
associated with various biological pathways
and functions. Enrichment analysis revealed
the significant involvement of certain genes in
the biosynthesis of antibiotics pathways and
resistance against antibiotics. The presence of
Y. enterocolitica in animals and the use of anti-
biotics in livestock production contribute to the
emergence of antimicrobial-resistant strains,
necessitating a surveillance system in slaugh-
terhouses. Genes involved in glutamate metab-
olism, purine, and pyrimidine synthesis play
crucial roles in Y. enterocolitica’s pathogenic-
ity and adaptation in different environments.
Phylogenetic analysis showed its relatedness
to species like E. coli, C. jejuni, and S. enterica,
sharing ecological properties, pathogenic char-
acteristics, and antibiotic resistance. Genetic
material exchange among bacteria contributes
to the spread of resistance genes and gastro-
intestinal diseases. Deleting specific genes in-
volved in purine and pyrimidine synthesis and
creating a live attenuated vaccine can be a po-
tential strategy for controlling Y. enterocolitica’s
pathogenicity and antimicrobial resistance. Un-
derstanding relationships with related microor-
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ganisms is crucial for future research and effec- | to the Department of Biotechnology, College of
tive management approaches. Science, University of Anbar.
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TEHOMIKA, ®UIOTEHETUYHIN TA ®YHKIIIOHAJIbHUI AHAJII3
YERSINIA ENTEROCOLITICA, 3bYJIHIVKA 3AXBOPIOBAHD INIYHKOBO-KVMIIKOBOI'O TPAKTY,
I[MTOPIBHAHO 3 IHIIVMM I'PYHTOBMMM BAKTEPIAMY, IO BUKIIMKAIOTD XBOPOBM

Yersinia enterocolitica — maToreHHMI MiKpOOPraHisM, 110 IepefaeTbCA Yepe3 3apa)keHy DKy, BUK/IMKA€E 3aXBOPIO-
BaHHA IITYHKOBO-KMIIKOBOI'O TPAKTY Ta 3allaJleHHA MiMpaTU4HMX BY3/IiB. 3pOCTaHHA Ki/IbKOCTI CTIMIKUX [0 TiKY-
BaHHs WITaMiB Y. enterocolitica CTaHOBUTD CEPITO3HY 3arpo3y /IS 340POB’sI HaceTIeHHs, 1110 3YMOBJIIOE HEOOXiHICTD
IOCTTiIKEeHHsI JTOT0 eKOJIOTi], CHOPiIHeHNX BUAIB Ta YHIKaIbHUX I'eHiB, OB 3aHNX i3 BIpy/IEHTHICTIO Ta CTIMKICTIO
[0 aHTMOIOTHKIB. Y LIbOMY JOCTiPKeHH] 6y/10 ineHTM(iKOBaHO BiciM MiKpoOpraHisMmis, mopiouux no Y. enterocoli-
tica, Ta IPOBeIeHO TaHT€HOMHMII aHaJIi3, IKUII BUABUB crelydivyni reHy, npuraMaHHi e Y. enterocolitica. Ilpu
aHaJIi31 VX TeHiB BUABIEHO IXHIO y4acTb y MPOAYKLiI cupiepodopiB, OCMOPEryIATOPHIN aKTUBALil ITepuIrIasMa-
TIYHOTO I/IIOKAHy Ta aHTubioTHKOpesucteHTHOCTI. L1 mIsaxm, pa3soM 3 yTBOpeHHsM GIOIIIBKY Ta Mif{BUIIIEHHAM
PE3NCTEeHTHOCTI O aHTUOIOTUKIB, € )KUTTEBO BOXK/IMBUMI [ijIs1 3abe3IedeHHs BipyneHTHOCTI iepcuHiit. Kpim Toro,
crierudivHi reHy, MOB’s3aHi 3 MeTaboMi3MOM I/TyTaMary, peryyslieio asoTy, PyXJIUBICTIO, CHHTE30M HMYPUHIB i
HipUMIAMHIB, MOXYTb CIHPUATH HAaTOTeHHOCTI Y. enterocolitica, pocTy Ta Bupo6eHHI0 GaKTOPiB BipyneHTHOCTI.
dinoreHeTYHMIT aHAJII3 IPOJEMOHCTPYBAaB €BOMIOLIIHIIT 3B’ 130K MDX Y. enterocolitica Ta mogi6HNMY BuaMu, Ta-
kumu 5K Escherichia coli, Campylobacter jejuni ta Salmonella enterica, 1o mifTBepAnIo HeoOXiFHICTb MOHITOPUHTY
Y. enterocolitica Ha 60JIHAX Yepe3 HasABHICTb TBAPMH-HOCIIB. Pe3ynIbTaTy JOCIIPKeHHA IPOIUBAIOTh CBIT/IO Ha KO-
oriyHi pakTOpY Ta TeHeTWYHi MeXaHi3Mu, 110 3YMOBJIIOIOTD ITIATOTeHHICTh Ta CTilikicTh Y. enterocolitica o anTu-
6ioTrkiB. IToTeHIiiTHO0 cTpaTerielo KOHTPOJIIO MTATOreHHOCTI Ta CTIMIKOCTI 0 MPOTUMIKPOOHMX IIpenaparisB Mo>Ke
CTaTy HaIliIOBaHHA Ha TeHM, 10 6epyTh y4acTh Y CMHTe31 IIypuHiB Ta MipuMinuHiB, Taki AK ushA, cpdB Ta deoB.
PosymiHHsI B3a€MO3B’sI3KiB Ta TeHETUYHIX B3aEMOfit Mix Y. enterocolitica Ta criopigHeHUMN MiKpOOpraHi3sMaMu
Mae BupilliasibHe 3HAYeHH /Is1 po3poOKM eeKTUBHUX MifAXOAIB [0 emifleMiONoriYHOro HaIsAY Ta TIKYBaHHS B
Mait6y THbOMY.

Kniouosi cnosa: Yersinia enterocolitica, xapuosuii namoeex, aHTUOIOTVKOPe3UCTEHTHICTb, ITAHTCHOMHMIL aHaIi3,
€KOJIOTis.
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