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GENE EXPRESSION PROFILING OF MULTI-DRUG RESISTANT
E. COLIAFTER EXPOSURE BY NANOMOLECULAR
IODINE-CONTAINING COMPLEX

Abstract. Gene profiling was performed to assess the transcriptomic effect of the FS-1 drug during long-term
exposure to the multidrug-resistant strain of E. coli ATCC® BAA-199. FS-1 was added to the E. coli culture at a
concentration corresponding to 1/2 MBC for ten passages.

As a result of the effect of FS-1 on a multiresistant strain of E. coli, significant differential regulation of many
key genes was observed. Long-term cultivation on a medium containing a sub-bactericidal concentration of
FS-1 leads to substantial metabolic changes in bacteria associated with the suppression of the central pathways of
energy production and amino acid synthesis. In contrast, the synthesis of nucleotides and fatty acids was activated. It
was found that some key metabolic pathways are suppressed by the action of FS-1, causing a General tendency to
decrease the redox potential of the cell and the production of ATP. Our research shows a significant decrease in the
activity of genes involved in p-oxidation of fatty acids, CTC, glyoxylate shunt, which leads to the suppression of
aerobic respiration, causing bacteria to switch to less effective anaerobic respiration. The results of our research
demonstrate the suppression of oxaloacetate formation in the CPC, which is a precursor of aspartate biosynthesis, as
well as the suppression of the shikimate pathway and, as a result, the reduction of tryptophan formation. Reduced
production of aspartate and tryptophan probably leads to a lack of NAD+, depriving the bacteria of NADPH.
However, the lack of NADPH can be partially compensated by activation of the pentose phosphate cycle under these
conditions, which serves as an essential source of NADPH and pentose sugars for nucleotide biosynthesis. The
reduced redox potential of cells and the production of NADH cofactors under the action of FS-1 may affect the
sensitivity of E. coli culture to antibiotics. Thus, a better understanding of the metabolic flow can lead to effective
therapeutic or preventive measures to combat antibiotic-resistant bacteria.
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Introduction. Bacterial resistance to antimicrobial agents is an urgent problem in modern society

[1]. The world health organization recognizes antibiotic resistance of microorganisms as the greatest

threat to human health worldwide. Patients infected with multidrug-resistant bacteria are subjected to

more complicated treatment processes than those infected with susceptible pathogens [2]. The growth of
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antibacterial resistance levels the achievements of modern medicine, such as cancer treatment,
transplantation, surgery, etc. [3]. Pathogens can acquire resistance to antibiotics, either through mutations
or by horizontal transfer of resistance genes. Bacteria, which are resistant to a particular drug, may
develop the strength to other second-line antibiotics and cause multidrug-resistant infections [4,5].

Although resistant patterns are found in both Gram-positive and Gram-negative bacteria, the most
significant concern is associated with Gram-negative bacteria with an acquired resistance against several
or even all available antibiotics, which are reported worldwide with an increasing rate [6,7]. An
Escherichia coli strain selected for the study represents nosocomial infection pathogens [8]. Drug-
resistant E. coli isolates are widely detected in the environment, including water resources [9] and
agricultural products [10].

Different approaches are used to combat antibiotic resistance. The most interesting, in our opinion, is
based on the induction of drug resistance reversion of multidrug-resistant bacterial populations to regain
susceptibility to conventional antibiotics. Some drugs of this kind inhibit specific resistance mechanisms,
thereby neutralizing the evolutionary advantages of antibiotic resistance, leading to an increase in the
number of antibiotic-sensitive bacteria in the population [11].

This study aimed to carry out the total gene expression profiling to assess the effects ofthe drug FS-1
inducing antibiotic resistance reversion in the model multidrug-resistant strain E. coli ATCC® BAA-199
during its cultivation with FS-1.

Materials and methods. The multidrug-resistant E.coli bacterial culture (ATCC® BAA-199™) was
obtained from the American Type Culture Collection (https://www.lgcstandards-atcc.org/en.aspx). The
drug FS-1 was added to MHB cultivation medium in a concentration of 500 ~g/ml that corresponded to
1/2 of the minimal bactericidal concentration (MBC) of FS-1 calculated for the strain E. coli BAA-199.
The bacterial culture was cultivated at 37°C for 10 days with daily re-inoculations to tubes with fresh
MHB medium. Gene expression was stopped sharply by mixing the bacterial culture with RNAlater
(Sigma), in a ratio of 5:1. As a negative control, the bacterial culture was cultivated for 10 days on the
medium without the drug FS-1. All experiments were performed in three replicates.

Isolation of total RNA was performed following the developer's guidelines using the RiboPure
Bacteria Kit (Ambion, Lithuania). RNA's quality and quantity were determined using the NanoDrop
2000s spectrophotometer (Thermo Scientific, USA) at optical wavelengths 260 and 280 nm. Purification
ofthe total RNA from ribosomal 16S and 23S RNA was carried out using the MICROBExpress Bacterial
mRNA Purification Kit (Ambion, Lithuania) following the developer recommendations. The efficiency of
template-RNA purification was determined on the Bioanalyzer 2100 (Agilent, Germany) with the
RNA 6000 Nano LabChip Kit (Agilent Technologies, Lithuania).

RNA fragment library was prepared by enzymatic fragmentation with the lon Total RNA Seq Kit V2
(Life Technologies, USA). Barcoding of the obtained RNA library was carried out with the lon Xpress
RNA-Seq Barcode 01-16 Kit (Life Technologies, USA), according to the manufacturer's instructions.
RNA sequencing was performed using the lon Torrent PGM sequencer (Life Technologies, USA) with
the lon 318 Chip Kit V2.

RNA fragments obtained by sequencing were aligned against the reference genome [12] using the
QIAGEN CLC Workbench 7.0.3 software package. To visualize the results and compare gene expression
profiles, we applied our in-house scripts written on Python 2.5. The differential gene expression statistics
were calculated using the R-3.4.4 software package DESeq2. [13]. The role of protein-coding genes in the
E. coli metabolism was determined using the Pathway Tools 24 software [14] implemented in the EcoCyc
database [15].

Results. In our previous studies, it was shown that FS-1 induced a reversion to antibiotic sensitive
phenotype in drug-resistant bacteria [16]. The whole genome sequence comparison did not reveal any
significant mutations in genes responsible for drug resistance. It was assumed that the experimentally
determined antibiotic resistance reversion might be caused by an alternative gene expression regulation
and possibly by epigenetic mechanisms [17].

For this purpose, the bacterial culture E. coli BAA-199 was grown for 10 consecutive passages with a
constant content of the drug FS-1 in the medium that corresponded to half of its MBC estimated for this
bacterium. Six RNA samples obtained after 10 passages with FS-1 and on the same medium without FS-1
as negative control were extracted and sequenced.
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In total, 4407 genes were identified on the chromosome of E. coli BAA-199 [12]. A confident
differential expression (p < 0.05) was identified for 522 genes, of which 322 genes were negatively
regulated by the drug FS-1 (figure).

Differential gene regulation in E. coli BAA196 culture grown with FS-1 compared to the negative control culture.
Each cycle represents one gene plotted in accordance with the calculated average expression level (axis X, baseMean)
and fold change (axis Y, foldChange) represented by base 2 logarithms. Up- and downregulated genes encoding proteins (CDS),
non-coding regulatory RNA (hcRNA), and the genes located on the plasmid are depicted by cycles of different color
and size (depending on the estimated confidence) as described in the figure legend. The red trend line links the average
baseMean and foldChange values calculated for up- and downregulated genes.

Using the services STRING [18] and KEGG [19], gene clustering was performed by their functions
and GO terms. Metabolic pathways associated with the genes regulated in E. coli by exposure to FS-1 in
the medium are summarized in Table 1 To determine the metabolic pathways, the Escherichia coli K-12
substr. MG1655 genome was used as a reference culture.

Metabolic pathways of E. coli induced by FS-1

fiterm 1D Term description g(ggzegﬁgt %2%92832? discg\?e!*?; rate
€c000620 Pyruvate metabolism 19 52 0.00038
eco01230 Biosynthesis of amino acids 18 116 2.33e-08
£co00020 Citrate cycle (TCA cycle) 16 27 2.88e-05
€c000630 Glyoxylate and dicarboxylate 16 4 0.00075
€c000190 Oxidative phosphorylation 2 43 0.0357
eco00010 Glycolysis / Gluconeogenesis 8 43 0.00014
eco01212 Fatty acid metabolism 9 2 0.0112
€co00030 Pentose phosphate pathway 5 0 0.00041
€c000230 Purine metabolism 8 a 0.0094

Note: *- Pathway ID according to KEGG.
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Pyruvate occupies the key metabolic node linking carbohydrate catabolism with energy production
and biosynthesis and also represents the main switch between respiratory and enzymatic metabolism. In
Escherichia coli, pyruvate dehydrogenase (PDHC) and pyruvate formate lyase (PFL) catalyze the main
pathway of conversion of pyruvate to Acetyl-CoA. Also, these enzymes initiate the aerobic respiration
and anaerobic fermentation, respectively [20].

The pyruvate dehydrogenase (PDHC) complex consists of three subunits encoded by genes aceE,
aceF, and Ipd. Our results do not show any significant change in the expression level of aceE (1.2-fold
change) and aceF (1.4-fold change) compared to the negative control. However, there was a strong
negative regulation of Ipd for -2.8 fold change. Lpd-lipoamide dehydrogenase catalyzes the transfer of
electrons to the final acceptor-NAD+. This complex of reactions is the connecting bridge between
glycolysis and the Krebs cycle. Since the expression of one of the main components of the PDHC
complex was suppressed in our studies, we assumed that pyruvate could be dissimilated via
pyruvate:formate lyase (PFL) pathway. Significant activation of pfIB gene (by 7.4 fold) that encods a
pyruvate-formate lyase subunit confirms this statement. There is also clear evidence of 2 to 9 fold
activation of the genes involved in anaerobic respiration (tdcE, narK, narH, narl, napB, nirB, nirD,
nrfA) [21].

Additionally to the activation of the PHDC complex, a significant increase of expression of various
transhydrogenase was observed; particularly, the soluble (encoded by sthA) and membrane-bound
(encoded by pntAB) pyridine nucleotide transhydrogenases. By converting NADH to NADPH, both these
transhydrogenases provide 35-45% ofthe NADPH required for biosynthetic pathways of E. coli [22].

Besides, significant repression of aldA and IldD genes (by -445 and -39 fold, respectively) was
observed. These genes are strongly inhibited in anaerobic conditions [23].

Acetyl-CoA synthetase (acs) catalysis synthesis of Acetyl-CoA from acetate using ATP [24] that is
one oftwo alternative pathways by which E. coli can assimilate acetate to Acetyl-CoA. In our studies, the
activity ofthe acs gene was suppressed almost 32 fold change under the action of FS-1.

There were 9 genes regulated by the presence of FS-1 in the medium, which were involved in
metabolism of fatty acids. Six of these genes, fadA, fadE, fadJ, fadB, fadD and fadl, were negatively
regulated. The analysis showed that all these inhibited genes are involved in p-oxidation of fatty acids - a
metabolic process of degradation of fatty acids to FADH2, NADH, and Acetyl-CoA. Catabolic
P-oxidation is followed by oxidation of Acetyl-CoA in the Krebs cycle that serves as one of the main
sources of energy producing ATP molecules by oxidative phosphorylation. Other 3 genes, accA, accD and
fabB, were no more than 2.5 fold positively regulated. They participate in initiation and prolongation of
fatty acid synthesis, i.e. in anabolic processes of the bacterium; particularly, in synthesis of cell membrane
fatty acids.

Glycolytic processes of energy production and precursor biosynthesis may be carried out in E. coli
through the glycolysis to the tricarboxylic acid cycle (TCA), Entner Doudoroff pathway (EDP), Embden-
Meyerhof-Parnas pathway (EMPP) and the oxidative pentose phosphate pathway (PPP) [25]. The TCA is
central not only to energy metabolism, but also plays a significant role in anabolism being an important
source of precursors for the synthesis of such compounds as amino acids, carbohydrates, fatty acids, etc.
Out of the 16 genes involved in TCA, 15 genes (sdhC, sdhD, sdhA, sdhB, sucC, sucD, sucA, sucB, gltA,
icd, acnA, acnB, fumC, fumA, IpdA) were inhibited. In addition to this, 5 of 8 glycolysis genes, acs, agp,
aldB, glpX, tpiA, were downregulated by FS-1. The obtained data shows a general inhibition of both, TCA
and glycolysis, which in turn may lead to a decrease in amino-acid biosynthesis activity and oxidative
phosphorylation, which should be bypassed somehow by the bacterium. Indeed, many biosynthetic
pathways sourced from TCA and glycolysis were inhibited or downregulated by FS-1. They include the
biosynthesis of amino acids lysine/methionine (thrA, -21 fold), phenylalanine/tyrosine (pheA, -4.9 fold),
threonine (thrB, -7.5 fold; thrC, -5.2 fold), valine/isoleucine (ilvs, ilvD, ilvE, in average -2 fold),
asparagine (asnA, asnB and iaaA, in average -2 fold), and glutamine (gInA, -3.7 fold). Besides, the genes
involved in the shikimate pathway, during which the chorismate precursor of tryptophan is formed, were
also suppressed. In general, this may indicate a decrease in the anabolism ofthe culture.

There was a general suppression of the TCA associated glyoxylate shunt caused by the drug FS-1
that could be expected as this pathway links TCA with b-oxidation of fatty acids, and both these pathways
were strongly downregulated. Out of 16 shunt-related genes, 15 were strongly inhibited. Another function
of the glyoxylate shunt is the replenishment of intermediate tricarboxylic and dicarboxylic acids, which
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are intermediates of the Krebs cycle. Krebs cycle is functionally linked with the oxidative phosphorylation
(in the electron transport chain) where electrons are transferred from donor compounds to acceptor
compounds during redox reactions, and the energy is produced in the form of ATP molecules [26]. E. coli
genome contains a cluster of three cytochrome oxidase enzymes - cytochrome bo oxidase (CyoABCD),
cytochrome bd-1 oxidase (CydABX), and cytochrome bo-1l1 oxidase (AppCD). These enzymes function as
major terminal oxidases in the aerobic respiratory chain of E. coli that generates the proton motive force
(PMF) [27,28,29]. In our studies, cyoABCD cytochromes and all related genes mentioned above were
strongly inhibited. Notably, the expression of cyoABCD genes encoding cytochrome o oxidase was
downregulated -19.6, -8.0, 6.0 and -64 fold, respectively. Gene cyoE that is necessary for the
functioning of the cytochrome complex was also suppressed by -7.0 fold.

Another cluster of genes showing a significant suppression by FS-1 was that one encoding NADH:
ubiquinone oxidoreductase | (NDH-1) biosynthesis. NDH-1 is a NADH dehydrogenase that catalyzes the
transfer of electrons from NADH to a pool of quinones in the cytoplasmic membrane, generating the
proton electrochemical gradient, which is also a part of both the aerobic and anaerobic respiratory chain of
the cell.

Finally, the genes included in the sdthCDAB operon encoding quinone oxidoreductase (SQR) catalyze
the oxidation of succinate to fumarate, the process accompanying the reduction of ubiquinone to
ubiquinol, were also suppressed. SQR plays an important role in cellular metabolism and binds the TCA
cycle to the chain of respiratory electron transportation.

Global profiling of the E. coli transcriptome revealed 5 genes (prsA, pgi, gnd, pgl glpX), related to
the oxidative pentose phosphate pathway (PPP) induced by the action ofthe drug FS-1. It should be noted
that PPP is not used by E. coli for energy production, but sources numerous biosynthetic pathways, which
may compensate to some extent the potent TCA inhibition. In PPP, glucose is phosphorylated to glucose-
6-phosphate, which then is oxidized to ribulose-5-phosphate forming two reduced NADPH molecules.
The alternative glycolytic pathway used by E. coli for energy production is EDP and EMPP. Two key
genes of the EDP pathway, phosphogluconate dehydratase edd and keto-hydroxyglutarate-aldolase eda,
were 1.8 and 1.6 fold upregulated by the treatment with FS-1. Regulation of the critical enzymes of the
EMPP pathway, 6-phosphofructokinase subunits pfkAB, was insignificant.

While the synthesis of many amino acids was suppressed, there was an explicit activation of genes
involved in purine biosynthesis: hpt, prs, purT, purF, purC, guaA, guaB, purL. Moreover, almost all
genes involved in purine biosynthesis were positively induced by the drug FS-1. Synthesis of nucleotides
may be activated because of the need to replace damaged nucleotides in DNA and RNA, or to intensify
the synthesis of such bioactive compounds as NAD(P) needed to cope with the increased redox potential.
Finally, a strong up-regulation of many genes located on the large virulence plasmid was observed
(figure). The most expressed plasmid genes were those associated with plasmid mobilization and
conjugation that implies strong stress posed on the bacterial cell.

Conclusion. Gene expression profiling of a multidrug-resistant E. coli strain demonstrated a
significant differential regulation of many key genes resulted from the exposure of the bacterium to FS-1.
It may be concluded that long-term passivation on a medium containing a sub-bactericidal concentration
ofthe drug FS-1 leads to profound metabolic changes in the bacterium associated with downregulation of
the central pathways of energy production and synthesis of amino acids. In contrast, the synthesis of
nucleotides and fatty acids was activated. Thus, some key metabolic pathways are suppressed under the
action of FS-1, causing a general tendency of decreasing the redox potential of the cell and ATP
production. The significant reduction of the pathways of P-oxidation of fatty acids, TCA and glyoxylate
shunt leads to suppression of the aerobic respiration, forcing bacteria to switch to a less effective
anaerobic respiration.

In living organisms, NAD molecules, which are essential for bacterial cells' redox sustainability, are
synthesized de novo from amino acids aspartate and/or tryptophan. This study showed a suppression of
synthesis of oxaloacetate in TCA that is a precursor of aspartate biosynthesis, as well as suppression of
the shikimate pathway leading to tryptophan biosynthesis. Suspended production of aspartate and
tryptophan likely causes the lack of NAD, while the strong suppression of the Krebs deprives bacteria of
NADPH. However, the shortage of the latter bioactive compound may be partially compensated by
activation of the oxidative pentose phosphate pathway, which serves as an essential source of NADPH
and pentose sugars for nucleotides biosynthesis strongly activated at this condition.

_______ 14 -------
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Reduced cell redox potential and decreased production of NADH cofactors may be critical
mechanisms of the increased susceptibility of the FS-1 treated culture of E. coli to antibiotics, many of
which act through elevation of the oxidative stress. Thus, a better understanding of the metabolic flow can
lead to effective therapeutic or preventive measures to overcome antibiotic-resistant bacteria.
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KYPAMbIHOA HAHOMOJIEKY IA NOAbl BAP KELLIEH 3CEP1HEH KEM1HI1
E. COLIMYNbTUPE3NCTEHTT1K WULTAMM NEHAEP1 3KCMNPECCUNACHIH MPOPUNNNPIIEY

AHHOTauua. MMKpOOPraHW3MHIH aHTUOMOTMKA/IbIK T PaKTbINbIrbl 3NEMAE afaM [eHcay birbiHa KayLl TeHfi-
pegi. Mnkpobka Kapchbl npenapaTTapAbl lWamafaH ThiC KOMgaHy TesiMAi MUKpOOpraHMaMAepaiH AaMybl MeH Tapa-
NyblHA KaTbICTbI KayinTi Anraintagpbl. OcbiraH 6aiinaHbICTbl 0N1apAblH MUKPOOKA KapChbl T PaKTblIbLL, MeXaHU3MAEpiH
3epTTey Kasipri KoraMHbIH €3eKn Maceneci 60MbIn caHanafpl.

YK*MbIcTa *3aK yakbIT ecipy 6apbicbiHga ®C-1 npenapatbiHbIH 3cepiH 6aranay YuwiH Escherichia coli ATCC®
BAA-199 MynbTUPE3UCTEHTIK LITAMM FeHAepLU npodunmnpey HaTwxeci kenTipinreH. ®C-1 npenapatbl 10 naccax
60iibl MMHMMangbl 6akTepuunank KoHueHTpauua (MBK) 1/2 menwepiHe calikec KeneTw fo3aga KongaHbligbl.
PHK-HbI OKWaynay »aHe TasapTy 33ipneyLinepaiH ~ACblHbICTapblHA CINKEC KOMMEPLMA/bIK XXUHAKTapAb! KOJaHy
apkblinbl xY3ere acbipbligbl. PHK dparmenTTepitid k1tanxaHackl lon Total RNA Seq Kit V2 (Life Technologies,
AKLLI) apKbinibl )epMeHTaTUBN LUEKTEY HerisiHae paibiHgangbl. PHK okwaynay XsHe TasapTy KrranxaHaiapgbl
KoZTayAa KOMMEPLMANbIK XMbIHTLIK apKblibl eHAIpYLLi HcKaynapblHa caiikec lon Xpress RNA-Seq Barcode 01-16
(Life Technologies, AKLL) MbIHTBITbIH KOMAaHy apKbibl xY3ere acbipbingsl. PHK cekseHupney lon Torrent PGM
cekBeHaTopblHAa (Life Technologies, AKLL) xYprisingi. CekseHeHpriey 6apbicbiHAa anbiHraH PHK dparmeHTTepLU
K¥pacTblpy >kaHe Typanay QIAGEN CLC Workbench 7.0.3 6argapnamanblk KamTamacbl3 €Ty MakeTi apKbiibl
aHbIKTaMasblK TEHOM Heri3iHge acangsl. [eHAep 3KCMpeccusiCbiHbIH feHreii baranay »xargainsl R-3.4.4 6argap-
NamasnblK KaMTamacbl3 eTy 6apbicbiHga eHn3wreH DESeq2 nakeTi apkblibl Xypn3wg”® E. coli MmeTabonmsmiHgeri
aKybl3gbl KOATaWTbIH reHaep peni EcoCyc gepektep 6asacbiHa eHgipinreH Pathway Tools 24 6argapnaManbik
KaMTaMacbI3 eTy afiMen apKbl/ibl aHbIKTaNgbI.

®C-1 npenapatbiHbIH MY/bTUPE3UCTEHTNK E. coli WTambIHa 3cepi HATUXKECIHAE KenTereH Hen3n reHaepai
MaHbI3gbl AuddepeHumangbl pettenyi baikangsl. ®C-1 npenapaTbiHbiH CyO6aKTEPULMATIK KOHLEHTpauumscbl 6ap
opTafa "3aK yakbIT ecipy HyKIeoTUATEP MeH Mali KbILWKbIAapbiHbIH CUHTE3I GenceHAl eHAIpic MeH aMUHKbILL-
KbI/IAap CUHTE3LLULL, OpPTaibIK XKO4apbiH 6acyra 6aiiaHbICTbl 6aKTepusnapabliH MeTab0IMKa/IbIK e3repyiHe aKenesi.
®C-1 aceplieH MeTabonM3MHIH Keinbip Herisri »ongapbl 6acbiibif, XXacyllaHblH TOTbIY - KanmnbiHa Kennpy
NoTeHUMaNbIHbIH TeMeHAeyiHe 3He AT® TY3inyiHe biKnan eTeTiHAIr aHblKTangpl. 3epTTeynepimisge Mai
KbILKbINAAPbIHbIH P-TOTbIrybIMeH, LITK, rAnokcmMnaT LWyHTbIMEH aiHa/bicaTbiH reHgep OenceHginiriHii egayip
TeMeHJereHiH KepceTTi, 6”1 aapobTbl ThiHbIC anyfbl 6acadbl, 6akTepusnapabliH aHaspo6Thbl ThIHLIC Ty TUIMAINITIH
TemeHAeTeni. 3epTTeynepimisfiH HaTMXKeciHAe AcnapTaT GMOCMHTEe3WL, anrbiwapTbl 6onbin caHanaTtbiH LI TK-ga
oKcanoauetar TY3ificiH 6acybl, COHbIMEH KaTap LUMKUMAT >XOSbIHbIH TEXE/YiH >X3He COHbIH H3TWXKeciHae
TpuntothaH TY3inici TemeHgewgi. Acnaptat neH TpunTodaH eHAipiciHiH TemeHgeyi HAL®P 6GakTepusicbiHaH
anbipbinbin, HAL+ xeTicneyiHe akenyi MymwH. Anainga HAL® >xeTicneywiniri Hykneotman 6vocnHTes y™A
HAL® neH neHTo34bl KAHTTbIH MaHbI3fbl Ke3i 60/bIM caHanaTbiH NeHTO3/bl (hoctaT LMKAIHIH aKTUBTEHYI apKbl/ibl
rwiwapa etenegi. ®C-1 acepiHeH xacyLlanappblH TOTbIry NOTEHUMANbIHLIH TeMeHeYi xaHe HAL KoagduLmeHTTe-
PiHiH eHgipinyi E. coli ecCiHAiCiHIH aHTWOMOTVKTepre cesimTangblFbIHBIH >XOrapbliayblHa 3cep eTyi MYMKIH.
Ocblnalilla meTabonmsM arbiHblH KeTe TYCIHY aHTUOMOTUKKe Te3imai 6GakTepusnapmeH KYpecydiH Tuimai
Tepanusablik Hemece NPohnNaKTUKabIK LWapanapbiHa 3Kenyi MYMKIH.

TYWVin cesnep: E. coli, aHTu6noTHKOpesncTeHTTiK, PC-1, PHK, cekBeHupney, reHaep SKCrpeccuschi.
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MPOPUIMPOBAHWE SKCTMPECCUN TEHOB MY/JIbTUPESNCTEHTHOIO LUTAMMAE. COLI
MOCNE BO3AENCTBNA HAHOMONEKY NAPHBIM NOA-COAEPXALW MM KOMMTEKCOM

AHHOTauusa. AHTMOVOTUKOPE3UCTEHTHOCTb MUKPOOPraHM3MOB SBMISETCA YIpOo30ii 340P0BbSA YE/I0BEYECTBA BO
BCEM Mupe. Upe3mepHOe MCMO/b30BaHWe NMPOTUBOMMKPOOHbLIX NPenapaTtoB MPUBENO K TPEBOXHOMY YBEMIMYEHUIO
pasBUTMA U PacnpoCTpaHeHWs YCTOMUMBBLIX MUKPOOPraHW3MOB. B CBA3M C 3TUM W3y4yeHVe MexaHW3MOB WX
YCTOWYMBOCTU K MPOTUBOMMKPOGHBLIM MpenapaTam SBASeTCS akTyanbHON Npo61eMoil COBPEMEHHOrO 06LLEeCTBa.

B paHHOW paboTe npuBefdeHbl pe3y/nbTaTbl MPOMUAMPOBAHMA [EHOB MYyMbTUPE3UCTEHTHOrO LUTaMMa
Escherichia coli ATCC® BAA-199, ans oueHkun geiicteua npenapata ®C-1 npu 4MTelbHOM Ky/lbTUBUPOBaHM.
Mpenapat ®C-1 ucnonb3oBann B 03, COOTBETCTBYIOLUEN 1/2 MUHMMANbHOW 6GaKTepUUMAHON KOHLEHTpauum
(MBK) B TeueHue 10 naccaxeid. BbigeneHne n ounctky PHK npoBognan npy nomoLLy KOMMEpPYECKUX Habopos B
COOTBETCTBMM C PEKOMEHJALMAMM pa3paboTunkoB. brubnmoteky tparmeHToB PHK rotoBunm nytem gepMeHTaTuB-
Holi pecTpukumy ¢ nomolysto lon Total RNA Seq Kit V2 (Life Technologies, CLLIA). BapkognpoBaHue 616amoTekm
OCYLLeCTBNIAANN C MCMonb3oBaHMeM Habopa lon Xpress RNA-Seq Barcode 01-16 (Life Technologies, CLUA) B
COOTBETCTBUM C UHCTPYKUMAMU npoussoguTens. CekseHuposaHve PHK npoBogunu Ha cekseHatope lon Torrent
PGM (Life Technologies, CLLUA). C6opky 1 BbipaBHUBaHUe hparMeHToB PHK, nonyyeHHbIX BO BPEMS CEKBEHUPO-
BaHWs, MPOBOAWMAN HA OCHOBE 3TaNlOHHOMO reHoMa C WCMO/b30BaHMEM MakeTa MpPoOrpaMMHOro obecneyeHus
QIAGEN CLC Workbench 7.0.3. OugeHKy YpPOBHEI 3KCNpeccun FeHOB MPOBOAWMAM C UCMOMb30BaHWEM MakeTa
DESeq2 MMNNeMeHTMPOBaHHOIO B NporpaMmHoe obecriedeHve R-3.4.4. Ponb 6eOK-KOAUPYIOLLMX TEeHOB B MeTa-
6onm3me E. coli 6bina onpefeneHa ¢ MOMOLLBHO MPOrpaMMHOro obecneyeHns Pathway Tools 24, BHegpeHHOro B
6asy gaHHbIX EcoCyc.

B pesynbTate Bo3geicTBua npernapata PC-1 Ha My/nbTUPE3UCTEHTHbIM wTamm E.coli Habnioganach
3HauMTeNbHaA audidepeHumansHas peryiaumMs MHOTUX KTHOYeBbIX reHoB. [avTebHOe Ky/lbTUBMPOBaHWE Ha cpege,
cofepxalleli cybbaKkTepuUMAHYO KOHUeHTpaumio npenapata ®C-1, npuvBOAMT K FNy6OKUM MeTabonmyecKum
M3MEHEHVAM B G6aKTepusX, CBA3aHHbLIX C MOAABNEHWEM LeHTPasbHbIX MyTeld NPOAYKLMM SHEPIN U CUHTE3a aMUHO-
KWUC/IOT, B TOXE BPEMS CUHTE3 HYKNEOTUAOB W XXUPHBLIX KUCNOT Bbl aKTMBMPOBAH. YCTaHOBMEHO, YTO HEKOTOPbIE
KNtoueBble MeTabonnyeckme nyTu nogasnaloTcs nog felicteuem ®C-1, Bbi3biBaf 06LLYH TEHAEHLMIO CHUKEHUS
OKWCNNTE/IbHO-BOCCTAHOBUTE/IbHOIO MOTeHUMana KeTkn 1 npogykumn AT®. B Hawmx nccnefoBaHUsaX nokasaHo
CYLLECTBEHHOE CHUKEHWE aKTUBHOCTW reHOB YYacTBYIOLLMX B P-OKUCTIEHWUWN XXMPHbIX KUCIOT, LITK, ravokcunaTHom
LUYHTE, 4TO MPUBOAWT K MOLABMEHVIO a3P0BHOr0 AbIXaHWs, 3acTaBnsAs 6GakTepuu MNepekNoyaTbCs Ha MeHee
3(peKTMBHOE aHa3pobHOe [blxaHWe. B pesynbTaTax HalMX WCCMefoBaHUA AEMOHCTPUPYETCA MNoAaB/eHne
o6pa3oBaHNs OKcanoauetata B LITK, KOTOpbIli SBNAETCA MpefLUIecTBEHHNKOM 6MOCKMHTE3a acrnaprara, a Takke
YrHETEeHME LUMKMMATHOTO MyTW W, Kak CNeACTBME, CHWXKeHWe o6pa3oBaHMs TpunTodaHa. CHDKeHWe NpoayKuum
acnaprtaTta v TpunToghaHa, BEpPOATHO, NPUBOAMT K HexBaTke HAL+, nuwas 6aktepum HAL®. OaHako HexsaTka
HAL® MOXeT 6biTb YaCTMYHO KOMMEHCUPOBaHA aKTVBALMEN B [aHHbIX YCNOBUAX MEHTO30(DOCHaTHOro LMKMa,
KOTOPbIA CAY>XXUT Ba&XHbIM UCTOUHUKOM HA®P 1 MeHTO3HbIX caxapoB f/1f 6UoCHHTE3a HyK1eoTuaoB. CHWKeHMe
OKMCNINTENbHO-BOCCTAHOBMTENBLHOMO MOTEHUMana KIeTtok v npogykuum kogaktopos HA/L, nog gelicteuem ®C-1
MOTYT B/IMATb HA MOBbILLIEHUE YYBCTBUTENIbHOCTU Ky/bTypbl E. coli K aHTMGMOTMKam. Takum 06pas3om, nyudllee
MOHUMaHWe MeTabo/MYeCKOro NoToKa MOXET MPUBECTU K 3((EKTUBHLIM TepaneBTUYECKUM WA MPoguiakTy-
YECKUM MeponpuaTnam no 60pbbe ¢ yCTONUMBLIMK K aHTUOMOTMKAM GakTepusMu.

KntoueBble cnosa: E. coli, aHTMBMOTMKOPE3UCTEHTHOCTL, PC-1, PHK, cekBeHMpOBaHMe, 3KCNPECCUS FEHOB.
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