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ABSTRACT

Antibiotic resistance is a major global health concern, and inappropriate antibiotic use contributes significantly to the
development of resistance in pathogens. Bacteroides fragilis, an anaerobic bacterium, is commonly treated with B-lactam
antibiotics like meropenem. B. fragilis possesses various antibiotic resistance mechanisms, including enzymatic modification
of antibiotics, efflux systems, and reduction of cell membrane permeability. The primary mechanism of carbapenem resistance
in B. fragilis is linked to the production of a metallo-p-lactamase encoded by the cfi4 gene. However, this gene is frequently
inactive and requires activation by insertion elements.

The study aimed to explore the expression of specific genes in B. fragilis associated with different metabolic pathways in
response to exposure to sub-inhibitory concentrations of meropenem. The study used B. fragilis strain BFR KZ01, obtained from
a patient with appendicitis and peritonitis. Serial exposure to meropenem was conducted, and gene expression was analyzed
using quantitative RT-PCR. Significant and long-lasting alterations in gene expression patterns were observed in B. fragilis
following exposure to meropenem, even after removal of the antibiotic. Genes such as cfid, oxyR, and Ddl showed heightened
expression levels even after discontinuation of meropenem.

The study discussed the implications of gene expression changes induced by meropenem exposure, highlighting the
role of oxidative stress response (oxyR), D-Ala-D-Ala ligase (Ddl), and carbapenemase (cfid) genes in antibiotic resistance
mechanisms. The study concluded that exposure to meropenem induced lasting alterations in gene expression in B. fragilis,
contributing to antibiotic resistance. Understanding these mechanisms is crucial for developing strategies to combat antibiotic

resistance.
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INTRODUCTION

The emergence of life-threatening infections resistant to
antimicrobial treatments is currently the world’s most press-
ing issue. Microbial resistance is one of the top ten worldwide
threats to human health, according to the World Health Or-
ganization (WHO). The primary contributor to the develop-
ment of drug resistance in pathogens is the inappropriate and
excessive use of antimicrobial drugs.

In comparison to other anaerobes, Bacteroides fragilis
possesses a variety of antibiotic resistance mechanisms. In
clinical practice, B. fragilis infections are commonly treated
with B-lactam medicines, particularly carbapenems.

Carbapenems, a type of B-lactam antibiotic, are effective
against a wide variety of pathogens, including both aerobic
and anaerobic gram-positive and gram-negative bacteria. Car-
bapenems function by inhibiting the synthesis of microorgan-
ism cell walls: they attach to penicillin-binding proteins and
prevent the cell wall from being formed. The following are
the primary mechanisms contributing to antibiotic resistance
in bacteria include enzymatic modification of antibiotics or
their targets, which also leads to resistance [1, 2], efflux sys-
tems that remove antibiotics from within the cell [3, 4], and
reduction of cell membrane permeability as a result of mu-
tations in porins, protein channels in the outer membrane of
gram-negative bacteria that are essential for the transport of
various substances [1].

Pathogens develop characteristics such as multidrug resis-
tant, high resistance, and pan resistance are formed when dis-

10

tinct resistance mechanisms and resistance genes to several
drugs combine [5-7]. Enzymatic breakdown of the 3-lactam
ring by enzymes called B-lactamases is the main method by
which gram-negative bacteria resist f-lactam antibiotics. Most
genetic elements carrying -lactamase genes are mobile, fa-
cilitating their rapid and widespread proliferation among mi-
crobial populations.

The mechanism of carbapenem resistance in B. fragilis is
linked to the production of a metallo-B-lactamase that contains
two Zn2+ ions in its active center and encoded by the cfi4
gene [8]. However, this gene is frequently inactive. The rise
in carbapenem-resistant variants of B. fragilis precedes the in-
crease in the number of strains carrying the c¢fi4 gene. The cfi4
genes in positive strains of B. fragilis can be activated by in-
sertion elements IS1186, IS942, and IS4351. This activation
occurs when these elements insert ahead of the promoter gene.

The development of alternative antimicrobial drugs and
effectively managing resistance require a comprehensive un-
derstanding of the processes behind antimicrobial resistance.

The aim of this study was to explore the expression of
specific B. fragilis genes, which are associated with differ-
ent metabolic pathways and involved in the response of an-
aerobes, when exposed to a sub-inhibitory concentration of
meropenem.

MATERIALS AND METHODS

Bacterial strain and culture conditions
The study focus was the culture of B. fragilis BFR KZ01,
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which was obtained in 2018 from a patient who had been di-
agnosed with acute gangrenous-perforated appendicitis and
peritonitis.

Following an extended period of storage at -70°C in
glycerol, the culture was recovered by seeding it onto (Bile
Esculin Agar, Conda). Multiple media were used for the fur-
ther cultivation, including Brain Heart Infusion broth (Hime-
dia, India) and Gifu Anaerobic Medium (GAM) (Himedia,
India), which were enhanced with 0.1% L-cysteine [9], 5 pg/
mL of vitamin K [10], and 0.5% hemin. The wild strain and
subcultures were grown in anaerobic medium for 48 hours at
37°C. The growth characteristics of a B. fragilis culture were
investigated using GAM broth.

Determination of meropenem sub-inhibitory concen-
tration

In accordance with CLSI (the Clinical and Laboratory
Standards Institute standards) [11], sensitivity to meropenem
was determined using serial dilutions in broth. Every mea-
surement was carried out using sterile coverslips on 24-well
immunoassay plates with a flat bottom (Corning). In order to
accomplish this, 1% of the B. fragilis bacterial culture, or 1
McFarland standard, was added to Brucella broth (Himedia)
which contained meropenem at various concentrations rang-
ing from 0.06 to 64 pg/mL. The inoculum was transferred into
the plate wells carrying meropenem dilutions around 15 min-
utes of the preparation period.

The growth of the microorganism in the presence of an-
tibiotic and the growth of the culture in the cell without anti-
biotic were compared using spectrophotometric recording at
600 nm using a Cytation 5 spectrophotometer (Cell imaging
multi-mode reader, Boiotek). The minimum inhibitory con-
centration (MIC) was determined after 48 h of cultivation.
The minimum concentration providing complete suppression
of visible growth of the strain under study was interpreted as
the MIC. The sub-inhibitory concentration of meropenem was
taken as 0.5 MIC.

Production of subcultures both with and without the anti-
biotic meropenem

Anaerobic conditions were maintained at 37°C for the
growth of bacteria on Brain Heart Infusion broth (Himedia,
India) supplemented with 0.1% L-cysteine, 0.5% hemin, 5
pg/ml vitamin K, and 1 pg/ml meropenem. The cultures ex-
panded until the mid-logarithmic period. For eight days, in
vitro subculture selection with or without meropenem was

Table 1. Information data of the isolates used in this study

carried out at 48-hour intervals. All subcultures were iden-
tified using MALDI-TOF mass spectrometry. After the sec-
ond stage of culture in the presence of meropenem, subcul-
ture BrFM2 was selected from the initial B. fragilis strain
(BrFMO0), and subculture BrFM4 was selected following the
fourth step of co-culturing the bacteria and antibiotic. Addi-
tionally, when the subculture, BrFM4, was cultivated with-
out antibiotics, subculture BrFM5 was chosen, and subculture
BrFMS was additionally acquired from the fourth subculture
when the antibiotic was not used (Table 1). A 10% inoculum
was added to each subculture to prevent the buildup of po-
tentially dead cells.

Quantitative RT-PCR assay

RNA was extracted by using a RNeasy Protect Bacteria
Mini kit (Qiagen, Hilden, Germany). cDNA for quantitative
Real Time PCR (qPCR) experiments were prepared using
with 100 ng of RNA template and using M-MuLV -RH - ge-
netically modified reverse transcriptase (revertase) of mouse
leukemia virus (M-MuLV) (Biolabmix kit, Russian). Ther-
mocycling conditions consisted of an initial denaturation of 5
min at 95°C, followed by 35 cycles of 95°C for 10 s, 55°C for
20 s, and 72°C for 30 s. The reaction mixture contained 12.5
ml SYBR Blue (2x) (Biolabmix, Russian), 1.0 ml of forward
primer, 1.0 ml of reverse primer, 9.5 ml H,O and 1.0 ml of
cDNA template per well. All gene-specific primers were de-
signed manually by employing the Vector NTI 10.0 software
[12], and details of gene specific primer sequences are pro-
vided in Table 2. GroL was amplified to serve as a compar-
ator gene, against which expression of the genes of interest
were normalized. gPCR was performed using BioRad CFX96
Touch Real Time PCR, BioRad.

The relative level of gene expression was determined us-
ing Bio-Rad CFX Manager™ 3.0 Software (Bio-Rad Labo-
ratories Inc., USA). For the reliability of the experiment, the
expression of each investigated gene was performed in three
repetitions.

RESULTS

The three cfid, oxyR, and ddI genes expression patterns in
B. fragilis were investigated in response to meropenem drug
exposure, and the results demonstrated significant, long-last-
ing alterations in the bacteria gene expression patterns.

In this regard, the results we obtained demonstrate that the

strain that experienced selective meropenem pressure (SIC)
underwent significant changes in gene expression patterns,

Samples (subcultures) Description

BrFMO The wild strain B. fragilis BFR KZ01

BrEMD The sample, obtained from a wild strain (BrFMO0), following a second subcultur-
ing with meropenem. The antibiotic volume is 0.5 pg/ml. OD — 0,575. 48 h.

BrFM4 The sample, obtained from a wild strain (BrFMO0), following a fourth subculturing
with meropenem. The antibiotic volume is 0.5 pg/ml. OD — 0,565. 48 h.

BrFMS The s sample, obtained from BrFM4 strain, following the first subculturing with-
out meropenem. OD — 0,577. 48 h.

BrFMS The sample, obtained from BrFM4 strain, following a fourth subculturing without
meropenem. OD — 0,553. 48 h.
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Table 2. Gene-specific primers, oligonucleotide sequences and all function of gene

Primers Sequence 5°-3’ Tm Rroduct Protein Molecular function Biological pro-
size, bp cess
CTCCATGCTTTTC- - antibiotic cata-
cfia_F CCTGTCG 3891 - B-lactamase activity; | bolic process;
CGTCATTGATCGGT 200 Plactamase inc ion bindi
- - zinc ion binding - response to
AR GreTCc 5900 antibiotic;
- regulation of
TAGAAATGGAAG- - D-alanine-D-alanine cell shape;
ddL_F GTCGGCGT 59.10 D-ala- ligase activity; -peptidoglycan
132 Il.lne—D—alamne - ATP binding; biosynthetic
ligase process;
il g | TCGAAATAGCCCT- | (o o -metalion binding: | o\ i organi-
= GCAAACG ’ zation;
pp | TGCCCTACTGC- | oo oo . "DNA damage
OXYRXE | CATTGGTAA : - cis-regulatory response;
] region sequence-spe- | _ regulation of
r.edox—sen51'- cific DNA binding; DNA-templated
tive transcrip- S
232 tional activator | - DNA-binding transeription;
R R | GAATGTCGGGC- 59.07 transcription factor | _ yesponse to ni-
OXYR_ GTCTTCATC ) activity; trosative stress;
- response to oxXi-
dative stress;
oL F | CGGTTATCGGTA- | o o - ATP binding;
grok_ AACTGATTGC ' - ATP-dependent
protein folding chap- | - protein refold-
498 chaperonin crone, ing;
LR GATTTAGTAGCAG- 5303 . o
groL._ CAATCTGAGC . - 1somerase aCthlty,
- unfolded protein
binding;

even when growth situations were returned to the starting
point drug-free condition (Figure 1, Table 3).

As illustrated in Figure 1 and outlined in Table 3, we ob-
served a heightened expression level of the targeted genes
even subsequent to discontinuation of the meropenem drug.
Differences in expression levels are observed across all three
genes in various samples, indicating potential regulation or re-
sponse to the culturing conditions (Table 3). Samples BrFM5
and BrFMS8 consistently show higher expression levels to
other samples for all three genes. The variability in SEM val-
ues reflects the precision of the sample mean estimates. Lower
Cq values indicate higher initial RNA concentrations in the
samples.

This suggests that even when growth conditions are re-
stored to the original drug-free condition, the recovered strain
exhibits significant changes in whole-gene expression pat-
terns.

This analysis offers a summary of the gene expression pat-
terns identified in the data, which can be explored further to
comprehend the biological implications of these expression
patterns in B. fragilis strains under diverse culture conditions.

DISCUSSION
12

A description of the B. fragilis BFR_KZO01 strain with
multiple drug resistance was previously published in the San-
iya Kozhakhmetova et al. (2021) article [13]. Investigating
potential bacterial genes associated with resistance mecha-
nisms involved in the human organism’s reaction to carbap-
enems, particularly meropenem, was one of the study objec-
tives. The cfid/ccrA family, ddi, oxyR, as well as nimB, tetQ,
and gyrA genes, which confer resistance to metronidazole, tet-
racycline, and ciprofloxacin, have been determined to be pres-
ent in the B. fragilis BFR_KZ01 strain according to whole-ge-
nome analysis.

Recent research has shown that reactive oxygen species
(ROS) have a role in antibiotic resistance. OxyR, one of the
major regulators, becomes activated in response to oxidative
stress. It undergoes structural alterations when exposed to hy-
drogen peroxide and superoxide radicals [14].

According to the radical-based approach, secondary ROS
production plays a significant factor in how all bactericidal
drugs work to destroy bacteria. The drug interaction with its
target alters the metabolic state of the cell, leading to hyper-
stimulation of the electron transport chain and increased gen-
eration of superoxide, which is a typical byproduct of aerobic
respiration [15,16]. The generation of ROS and reactive met-
abolic byproducts is a secondary consequence of exposure to
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Figure 1. qPCR boxplot of gene expression patterns: cfid (A), oxyR (B), ddl (C) of B. fragilis.

Table 3. Gene expression data for B. fragilis strains

] Corrected
) Expression )
Target Sample Expression SEM Expression Mean Cq Cq SEM
SEM
BrFMO 0,52400 0,19318 0,19318 18,73 0,73789
BrFM2 0,61856 0,13116 0,13116 18,54 0,47368
cfiA BrFM4 0,53956 0,07762 0,07762 18,82 0,31236
BrFMS5 2,09701 1,70664 1,70664 19,31 1,50542
BrFMS8 2,72673 1,21607 1,21607 17,16 0,73715
BrFMO 0,53746 0,26094 0,26094 28,41 0,94333
BrFM2 0,33005 0,18398 0,18398 29,13 1,16256
oxyR BrFM4 1,03956 0,26299 0,26299 27,58 0,52018
BrFMS5 2,22627 1,79282 1,79282 28,90 1,30977
BrFM8 2,43586 1,12991 1,12991 26,98 0,69856
BrFMO 0,13982 0,12077 0,12077 24,29 1,17542
BrFM2 0,10603 0,16923 0,16923 25,63 2,14370
Ddl BrFM4 0,38428 0,15770 0,15770 23,09 0,58640
BrFM5 0,66708 0,90201 0,90201 24,70 1,65395
BrFM8 1,51858 1,34420 1,34420 21,45 0,97186

bactericidal antibiotics, which speeds up the death of bacte-
ria. The excess generation of ROS leads to oxidation of gua-
nine to §-oxo-guanine and affects the pool of nucleotides, pro-
teins, lipids, and DNA [17]. In addition to being deadly, ROS
can speed up the pace of mutation [18]. ROS defense mecha-
nisms are induced by previously acquired resistance to a first
bactericidal medication. Compared to susceptible cells, these
cells create less ROS when exposed to MIC doses of antibiot-
ics, which speeds up adaptation to a second bactericidal drug.

Wenxi Qi discussed the function of ROS in antibiotic re-
sistance, determine out if oxygen and ROS affect de novo
acquisition of antibiotic resistance, the development of re-
sistance resulting from exposure to non-lethal doses of anti-
biotics was studied in E. coli wildtype and AoxyR strains un-
der aerobic and anaerobic conditions [19].

Additionally, studies such as those conducted by Wenxi Qi
provide insights into the complex interplay among ROS, an-
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tibiotic exposure, and the development of resistance in bac-
terial populations.

D-Ala-D-Ala ligase, encoded by dd! genes, is responsible
for the synthesis of a dipeptide, D-Ala-D-Ala, an essential
precursor of bacterial peptidoglycan [20]. The composition
of peptidoglycan in lactic acid bacteria determines their resis-
tance to vancomycin. Vancomycin poorly attaches to peptido-
glycan that ends in D-alanyl-D-lactate, but it strongly binds to
peptidoglycan ending in D-alanyl-D-alanine (D-Ala-D-Ala),
leading to resistance or sensitivity to vancomycin, respec-
tively. The enzyme responsible for creating these peptidogly-
can precursors is dipeptide ligase (ddl). The research shows
that introducing dipeptide ligase into vancomycin-resistant
Lactobacilli increases their susceptibility to vancomycin in a
manner dependent on dosage, and it counteracts the presence
of a native D-Ala-D-Ala dipeptidase [21].

There is currently no available literature discussing the in-
vestigation of the dd/ gene and its involvement with B. fragi-
lis in the development of resistance mechanisms.

The cfiA gene is responsible for conferring high-level
carbapenem resistance in B. fragilis, facilitated by a metal-
lo-B-lactamase [22, 8]. This gene is prevalent within the
B. fragilis population, with a distinct subgroup identifiable
through molecular techniques. For B. fragilis to exhibit sig-
nificant carbapenem resistance, an insertion sequence (IS) ele-
ment is essential, serving to enhance gene expression through
a robust promoter [23,24].

The prevalence of B. fragilis carrying the cfi4 gene var-
ies worldwide, ranging from 7.6% to 38.9% [25-29]. Addi-
tionally, the occurrence of c¢fid-positive isolates falls within
the range of 4.1% to 9.4% [24, 30-32]. The cfid gene is pres-
ent in a subset of B. fragilis known as division I and II, which
could be regarded as distinct genospecies [33, 34]. Division
II isolates possess a silent cfi4 gene that can become overex-
pressed by an insertion of a mobile genetic element as a pro-
moter located upstream of cfi4 and thus develop a phenotypic
resistance to carbapenems [28, 35]. However, the carbapenem
resistance of B. fragilis is more complicated: strains without
an IS element have a silent ¢fi4 gene and have low carbape-
nem MICs (<1 pg/ml), IS-activated cfi4-positive strains have
high carbapenem MICs (> 16 pg/ml) and cfid-positive strains
with an inactive IS element have elevated carbapenem MICs
(>2 pg/ml) [23, 28, 36-38].

The presence of a silent c¢fi4 gene suggests a level of ge-
netic complexity in B. fragilis strains, where the potential for
resistance development exists even without active expression
of the carbapenemase gene. This highlights the importance of
considering silent ¢fi4 genes in understanding the overall re-
sistance profile of B. fragilis strains [39].

CONCLUSION

It is important to acknowledge that this study specifically
focused the response of B. fragilis to meropenem exposure,
limiting the direct applicability of the results to other antibi-
otics or bacteria. However, the findings do provide valuable
insight into how bacteria adapt to antibiotic exposure, poten-
tially helping inform the development of novel strategies to
address antibiotic resistance. The enduring impact of mero-
penem exposure on bacterial gene expression is evident.
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Furthermore, the study found that the strains selected
post- meropenem removal exhibited functional similarities
to strains selected after drug exposure, indicating that the gene
expression changes induced by meropenem persisted even af-
ter the antibiotic was removed.

In summary, these analyzed results suggest that exposure
to antibiotics like meropenem can induce lasting alterations in
gene expression that contribute to antibiotic resistance. This
highlights the significance of comprehending the mechanisms
driving antibiotic resistance and developing effective strate-
gies to combat it.
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AHHOTAIUA

YcTOHYMBOCTS K @aHTHOMOTHKAM SIBJISIETCSI OTHOM M3 OCHOBHBIX IPO0OJIEM IIOOAIBEHOTO 3/[paBOOXPAaHEHNUS, a HEIPaBHIIb-
HOE HMCIOJIb30BAaHHE aHTHONOTHKOB BHOCHUT 3HAUUTENIBHBIIN BKJIa]] B pa3BUTHE YCTOMYMBOCTH ITATOT€HHBIX MUKPOOPTaHH3MOB.
Bacteroides fragilis, anaspoOHast 6akTepus, OOBIYHO JICYUTCS [3-IaKTaMHBIMU aHTHOMOTHKAaMH, TAKUMH KaKk MeporeHeM. B.
fragilis obnajaeT pa3IMYHBIMI MEXaHM3MaMH YCTOWYMBOCTH K aHTHOMOTHKAM, BKJII049as (pepMEHTATHBHYIO MOAN(DHUKALINIO
AHTUOMOTHKOB, CHCTEMBI 3(h(ITIOKCA U CHIDKEHHE TPOHNIIAEMOCTH KIeTOYHONH MeMOpaHbl. OCHOBHOM MEXaHU3M yCTOHYMBO-
CTH K KapOanieHemaM y B. fragilis cBsi3aH ¢ BbIpaOOTKOM MeTayu1o-3-J1akramasbl, KoqUpyeMoi reHoM cfid. OpHaKo 3TOT I'eH Ya-
CTO HEaKTUBEH U TPeOyeT aKTHBALMX C TOMOIIBIO HHCEPIIMOHHBIX JIEMEHTOB.

Lenp uccnenoBaHus - H3YYUTh IKCIIPECCHIO CTICIIU(PHUCCKUX TCHOB B. fragilis, CBI3aHHBIX C pa3IMYHBIMU MEeTa0oIHye-
CKUMU TYTSAMH, B OTBET Ha BO3JCHCTBHE CYOMHTHONPYIOMNX KOHIICHTPAUi MepoIieHeMa. B ncciie1oBaHnN HCTIOTh30BaJIH
mraMmM B. fragilis BFR KZ01, monydeHHBIH OT manueHTa ¢ almeHIuINTOM U IEPUTOHUTOM. BiusHne MepornieHeMa Ha cy0-
KYIBTYPHI B. fragilis (kynemusupyemvie ¢ unmepganiom 48 wacos) uzyuanu, aHaTU3UPYs SKCIIPECCHIO TCHOB € TIOMOIIIBIO KOJIH-
gectBeHHOI RT-PCR. ITocrne Bo3neficTBrs MeponicHeMa Ha B. fragilis HAOMIODamich 3HAYUTENBHBIC U [UTUTEFHBIC H3MCHEHUS
B DKCIIPECCHUU TCHOB, JTaJKe ITOCIIE OTMEHBI aHTUOMOTHKA. Takue TeHBI, KaK c¢fid, oxyR ¥ ddl, neMOHCTPHPOBAIIH MOBHIIICHHBII
YPOBEHB SKCIIPECCHH AaXKe MOCIIE MPEKPAICHUS TIpHEMa MEpOTIeHEMA.

B uccrienoBannu ObUT0 00CYXKICHO H3MEHEHHE SKCIIPECCUH TeHOB, BHI3BAHHBIX BO3/ICHCTBHEM MEPOTICHEMA, U yYaCcTHE re-
HOB OTBETa Ha OKUCIHUTENBHBIN cTpecc (oxyR), D-Ala-D-Ala nurassr (ddl) n kapOanenemassl (cfid) B MexaHH3Max yCTONYIH-
BOCTH K aHTHOMOTHKAM. DTOT IKCIIEPUMEHTANIbHBIH aHaJIU3 MOATBEP/INII, YTO BO3JEHCTBIE MEPOIICHEMa BI3bIBACT YCTOWYH-
BbIe U3MEHEHHUS B DKCIIPECCHHU TE€HOB Y B. fragilis, ciocoOCTBYsl pa3BUTHIO aHTHOMOTHKOPE3UCTEHTHOCTH. [[OHMMaHKe 3THX
MEXaHM3MOB UMEET pelIaroliee 3HaueHue IS pa3paboTKu CcTpaTeruii 60pbOBI C aHTHONOTHKOPE3UCTEHTHOCTBIO.

Knrouesnle cnosa: Bacteroides fragilis, aHTHOMOTUKOPE3UCTEHTHOCTD, SKCIIPECCHS F'eHa, MepOIIeHeM, [3-Jlakramasa, TeH cfid
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TYWUIH

AHTHOMOTHKKE TO3IMALUTIK FATaMABIK ICHCAYIIBIK CaKTay YHBIMIApBIHBIH HET13T1 Moceneci O0JbIN TaObUIaabl, ajl aHTHONO-
TUKTEP/i THIMCI3 KOJIIaHy MaToreHAl MEKPOOPTaHU3MAEPIiH TO3IMAUIITIHIH JaMybIHa alTapIBIKTal BIKIAI eTeni. Bacteroides
fragilis, ana3poOTHI OaKTepus, 9JETTE MEPOIICHEM TOpi3i B-TakTamMIbl aHTHOMOTHKTEPMEH eMenineni. B. fragilis anTuomo-
THKKE JIeTeH TO3IMIUTIKTIH 9pPTYpIIi MEXaHU3MIEPiHe Me, COHBIH ilTiHAe aHTHOMOTHKTEPIiH (PepMEHTATHBTI MOTU(PHUKALIUAICHI,
3¢ ITIOKC KyHeci MeH JKacyIia MeMOpaHaChIHBIH O TKI3TIIITITiH TOMEHETE anaabl. B. fragilis 0akTeprsChHIHBIH KapOarneHemre
TO3IMILTITIHIH HET13T1 MeXaHU3Mi c¢fid TeHIMEeH KOITalaThlH, METaIUIO-B-TaKTaMa3aHbl OHIIpyMeH OaiIaHBICTHI OOJBIIT KeJle .
Auaiina, Oy TeH Kol )KaFaiaa OeJIceH i eMec jKoHe KipicTipy AIeMeHTTepi apKbUIbI OeCeHAIPYIl KaKeT eTell.

3epTTey KYMBICHIHBIH MaKCaThl — MEPOIIEHEMHIH CyOMHTHOMpIICYIIl KOHIEHTpalUsIIapbIHBIH dCEepiHe jKayall peTiHae
OpTYPJTi METaOOIUKAIBIK KOIAAPMEH OailaHbICThl B. fragilis cnenuduKaablK reHIepiHiH dKCIPECCHSICHIH 3ePTTEY. 3epTTey
YKYMBICTapbIH/Ia COKBIPIIIEK KOHE IEPUTOHUTIICH aybIpaThIH HayKacTaH OeniHin anbiaFal B. fragilis BFR KZ01 mrammbl Koi-
JIaHbLIbI. MepoIeHeMHIH CepHsUIBIK dcepi XKy3ere achlpbulbl, reHaepiH skcnepeccusichl caablk RT-PCR kemerimen ca-
panrtanmsl. B. fragilis-Ke MEpOIICHEMMEH dCep CTKCHHEH KeHiH TeHIePAiH 3KCIPECCHSIChIHIA aHTUOMOTHKTI aJIbIll TacTaFaHHAH
KeHiH /e, MOH/II )KOHE Y3aKKa CO3bUIFaH e3repictep 6akpuianabl. Cfid, oxyR xoHe ddl Topi3mi reHaep MepOIeHEM Il CHIi3Y/I
TOKTATKAHAH KEHiH /¢ SKCIPECCUSHBIH KOFAPFhI JOPEIKECIH KOPCETTI.
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3epTTey OaphIChIHIa MEPOIICHEM 9CEPIMEH TYBIHIaFaH IeH IKCIIPECCUs ©3TePICiHIH CallIaphl TATKbLUIAH/bI, AHTHOMOTHKKE
TO3IMALITIK MEXaHU3MEPIHAE TOTBIFY cTpecc peakuusichl (oxyR), D-Ala-D-Ala nurasa (ddl) men kapbanenemasara (cfid) acep
eTyne TeHICepIiH peui OenriieHi. bepinren ToxipOuemik capantama KOPhITBIHABICH OOWBIHIIA, AHTUOMOTHKKE TO3IMILIIK
JKaF1ailblH JaMBITYbIHA MYMKIHAIK Oepy apKblibl, MEPOIICHEMHIH acepi B. fragilis TeHaep 3KCIpPecCHsICIHBIH TYPaKThl ©3-
repiciH TyBLIBIPATHIHBI HAKTHUIAHIBL. Byil MexaHn3muepai TYCiHy aHTHOMOTHKKE TO3IMIILIIK MaceIeciMeH Kypecy CTpaTert-
SICBIH 93ipiiey YIIIH 6Te MaHbBI3/IbL.

Hezizzi co30ep: Bacteroides fragilis, aHTHONOTHKKE TO3IMAIIIK, T€H SKCIIPECCHUSICHI, MEPOTIEHEM, [-JlakTamasa, cfid reHi
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