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Abstract

The gut microbiota and products encoded by its genome (the gut microbiome) play critical roles
in human health. Commensal bacteria residing in the host intestine contribute to the development of
a functional immune system. The gut microbiome, which is considered to supplement the human
genome with >100-fold more genes, contains genes that produce digestive enzymes lacking in humans.
Furthermore, phylum-level changes in their composition account for the differential propensity
of individuals to develop obesity. A total of 133 bacterial strains of Enterobacteriaceae were screened
by p-lactamases and virulence genes by PCR. 12% of the analyzed strains harbored the blacry.nire
gene, 7% expressed the blargyuu. gene while only 3% of analyzed strains had the p-lactamase OXA-48.
The most prevalent virulence genes in the analyzed strains were fimH (24%) and sfaDE (19%,).
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1. Introduction

The gut microbiota participates in the body’s metabolism by affecting energy balance,
glucose metabolism, and low-grade inflammation associated with obesity and related metabolic
disorders. Microorganisms in the GI (gastrointestinal) tract are essential for host digestion
including the breakdown of complex carbohydrates including dietary fibers, production of
short chain fatty acids and synthesis of vitamins [1]. As a result, the microbiota has the ability
to influence host metabolic functions. The microbiota of the GI tract is also critical in
determining the host’s susceptibility to GI infections [2]. It can protect the host from
pathogenic bacteria directly by preventing their attachment via colonization resistance, as well
as through nutrient competition with pathogens, and maintaining appropriate intestinal pH [3].
A recent report has shown that an individual’s microbiota, regardless of age, nationality,
gender, and body-mass index, falls into one of three main ‘enterotypes’ which differ in their
phylogenetic composition and functional characteristics [4].

It was shown that high-fat diet leads to an increased proportion of Gram-negative
species in gut microbiota, thus, contributing to an increased intestinal absorption of bacterial
fragments, such as lipopolysaccharides (LPS). As a consequence, the increased levels of
circulating LPS lead to a condition defined as “metabolic endotoxemia” [5] characterized by
blood LPS levels lower than those observed in septic shock. Fei et al., [6] demonstrated that
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a specific endotoxin-producing bacterium, the Enterobacter cloacae B29, isolated from morbidly
obese human’s gut, induced obesity and insulin resistance in GF-mice (germ free mice),
increasing endotoxin circulating levels. The authors concluded that an increase of endotoxin-
producing bacteria in gut microbiota represents a cause rather than a consequence of the host’s
metabolic balance deterioration.

As a therapeutic approach, Sotos et al. [7] found that a nutritional intervention strategy
based on an energy restricted diet associated to a physical activity program for 3 months in
a group of obese adolescents was associated to a significant reduction of sulphate-reducing
bacteria and Enterobacteriaceae species, which was more pronounced in subjects in which
interventions were successful.

Genetic variation between human populations is typically viewed as differences in
the allele frequencies of shared Homo sapiens genes. Another source of genetic and metabolic
diversity resides in differences in the representation of the millions of genes and myriad gene
functions within our gut microbial communities [8]. Sampling a broad population of healthy
individuals or with metabolic syndrome of different ages and cultural traditions offers an
opportunity to discover how our gut microbiomes evolves within a lifespan, vary between
populations, and respond to our changing lifestyles [9-11].

Therefore, the aim of this study was to detect the resistance and virulence genes of
a significant number of Enterobacteriaceae strains isolated from stool samples in patients with
metabolic syndrome. Considering that there are few studies focusing on the association between
gut microbiota and metabolic syndrome, this paper aims to identify and characterize at
genotypic level the bacterial species which by their metabolites disrupt the host metabolism.

2. Materials and Methods

The bacterial strains

The study was conducted on a total of 100 patients admitted in Cardiology and Internal
Medicine of Hospital Prof. C-tin Angelescu from Bucharest, Romania from August 2014 to
October 2015. The patients presented with the clinical symptoms of metabolic syndrome,
such as dyslipidemia, diabetes and obesity. In parallel, blood biochemical determinations and
identifications of gut microbiota, were performed from a number of 20 control patients
hospitalized for other conditions than those for metabolic listed above. For these patients, in
addition to the blood samples stool samples were collected to identify a possible relationship
between the gut microbiota metabolism and biochemical transformations occurring in the cell.

DNA extraction and molecular detection

The genetic support of the resistance (carbapenemases, and ESBLs) and virulence was
investigated by simplex and multiplex PCR, using a reaction mix of 20 pl (PCR Master Mix
2x, Thermo Scientific) containing 1 pl of bacterial DNA extracted using the alkaline extraction
method. Forthis purpose, 1-5 colonies of bacterial cultures were suspended in 1.5 ml tubes
containing 20 pl solution of NaOHO0,05M (sodium hydroxide) and SDS 0,25% (sodium
dodecyl sulphate).

The amplification program was conducted using the following conditions:

e 94°C 10 min

e 94°C 30s

e 52°C 40s 36 cycles

e 72°C 50s

e 72°C 5 min.
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Table 1. The composition of the reaction mix.

The gene Concentration Final volume
primer MgCl, dNTP DNA Reaction buffer DNA
Tag-pol

blaym,

blanp,

blargy 0,5 uM 1,2mM 2 uM 02U/ Ix 10x 20 pl
blacrym

blanpy

Table 2. Primers sequences used in simplex and multiplex PCR assays for carbapenem resistance genes.

The gene Primer Nucleotide sequence Amplification size References
bla OXA-F 5’GCGTGGTTAAGGATGAACAC 3’ 438
Oxa-48 OXA-R 5'CATCAAGTTCAACCCAACCG 3’ [12]
bl IMP-F 5’GGAATAGAGTGGCTTAA(C/T)TCT C 3° 212
divp IMP-R 5'GGTTTAA(C/T) AAAACAACCACC 3’
blavm VIM-F 5'GATGGTGTTTGGTCGCATA 3’ 390
VIM-R 5'CGAATGCGCAGCACCAG 3’
bla NDM-F 5’GGTTTGGCGATCTGGTTTTC 3° 61
NDM NDM-R 5'CGGAATGGCTCATCACGATC 3’
blaper PER-F 5 AATTTGGGCTTAGGGCAGAA-3' 05 [13]
PER-R 5'-ATGAATGTCATTATAAAAGC-3'
bl TEM-F 5 ATGAGTTTTCAACATTTTCG-3' 361 [14]
4TEM TEM-R 5TTACCAATGCTTAATCAG TG-3'
bl SHV-F 5'-GCCCTCACTCAAGGATGTAT-3' 488 [15]
dsuv SHV-R 5'TTAGCGTTGCCAGTGCTCGA-3'
bl CTX-M-F 50-CGCTGTTGTTAGGAAGTGTG-31] 730 [16]
dcrxm CTX-M-R 51-GGCTGGGTGAAGTAAGTGAC-3(]

Table 3. Prime

s sequences used in simplex and multiplex PCR assays for quinolone and aminoglycosides genes.

Onrdm-F AGA GGA TTT CTC ACG CCA GG 0C =30
OnrAm-R TGC CAG GCA CAG ATC TTG AC
M=Aor
OnrBm-F GGM ATH GAA ATT CGC CAC TG C.H=A (7
or C orT
Y=Co 60 C 264
OnrBm-R TTT GCY GYY CGC CAG TCG AA o
OnrSm-R TCT AAA CCG TCG AGT TCG GCG
GyrB-F GCGCGAGATGACCCGCCGCA 0C 87
GyrB-R CTGGCGGAAGAAGAAGGTCAACA (18]
ParE-F CGGCGTTCGTCTCGGGCGTGGTGAAGGA 0C 66
ParE-R TCGAGGGCGTAGTAGATGTCCTTGCCGA
Table 4. Primers sequences used in simplex and multiplex PCR assays for virulence genes.
The gene Primer Ampliﬁca’;i;n size and References
dud | g 5 GACGAACCAACGGTCAGGAT-3' 279 bp [19]
R : 5-TGCCGCCAGTACCAAAGACA-3 55°C
A F: 5-“TGAAGTGTCAGGAGACGCTG-3' 211bp 9]
vas R: 5-ATGGAGAATGCGTTCCTCAAC-3’ 55°C
TspE4C2 | F: 5-GAGTAATGTCGGGGCATTCA-3' 152 bp 9]
R:5-CGCGCCAACAAAGTATTACG-3' 55°C
HvD F: 5'- CTCCGGTACGTGAAAAGGAC-3' 904 bp [20]
4l R: 5-GCCCTGATTACTGAAGCCTG-3' 55°C
kpsMTII | F:5'- GCG CAT TTG CTG ATA CTG TTG-3' 272bp 1]
R: 5-CAT CAG ACG ATA AGC ATG AGC A-3' 60 °C
biod F:5"AACAAGGATAAGCACTGT TCTGGC T-3' 1,177 bp [22]
avd R:5-"ACCATATAAGCGGTCATT CCC GTC A-3’ 60 °C
SfaD/E | g5 cGGAGGAGTAATTACAAACCTGGCA -3’ 408 bp (23]
R: 5- CTCCGGAGAACTGGGTG ATCTTA C-3' 60 °C
papC F:5-GACGGCTGTACTGCAGGGTGTGGC-3' 328 bp 23]
R:5-ATATCCTTTCTGCAGGGATGCAATA-3' 63 °C
SfimH F: 5-“TGC AGA ACG GAT AAG CCG TGG -3' 508 bp 1]
R: 5'- GCA GTC ACC TGC CCT CCG GTA -3’ 63 °C
Romanian Biotechnological Letters, Vol. 22, No. 3, 2017 12645
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afaBC | F: 5-GCTGGGCAGCAAACTGATAACTCTC 3/ 793 bp 23]
R:5'CATCAAGCTGTTTGTTCGTCCGCCG-3' 63°C
enfl | F:5- GAA CTT ATT AAG GAT AGT-3' 543kb 4]
R: 5-CAT TAT TTA TAA CGC TG-3" 40°C
“aca | EacAF: GGCTCAATTTGCTGAGACCACGGTT 65°C Desianed by Chifirie
EacA-R: GCAAATTTAGGTGCGGGTCAGCGTT 494 bp gned by u
BfpA-F: CAATGGTGCTTGCGCTTGCT 65°C ‘ —
bfpA | B A-R: GCCGCTTTATCCAACCTGGT 324bp Designed by Chifiriuc
r Eaf-F: CAGGGTAAAAGAAAGATGATAA 52°C Desianed by Chifirie
Eaf-R: TATGGGGACCATGTAATTATCA 397bp gned by u
AggRF: CGATGTATACACAAAAGAAGGA 56°C ‘ —
AZER | AGoRR: GCCTAATGAAATATGATGGTACT 640bp Designed by Chifiriuc
EAggE-F: CTGGCGAAAGACTGTATCAT 9356°C . .y
EAgEE | EAggE-R: CAATGTATAGAAATCCGCTGTT 630bp Designed by Chifiriuc

Pap-F: GACGGCTGTACTGCAGGGTGTGGCG
afa, pap, sfa Pap-R: ATATCCTTTCTGCAGGGATGCAATA
(n;ultip’lex Afa-F: GCTGGGCAGCAAACTGATAACTCTC

Afa-R: CATCAAGCTGTTTGTTCGTCCGCCG

65°C
pap-328bp, afa- Designed by Chifiriuc

PCR) | Sfa-F: CTCCGGAGAACTGGGTGCATCTTAC 750bp sfa-410bp
Sfa-R: CGGAGGAGTAATTACAAACCTGGCA
Vi1 | VIIF: GAAGAGTCCGTGGGATTACG 56°C-1m Desioned bv Chifirine
VTI-R: AGCGATGCAGCAGCTATTAATAA 130bp gned by
vr2 | VIZF: AAGAAGATGTTTATGGCGGT 56°C
VT2-R: CACGAATCAGGTTATGCCTC 346bp
aSTI | EASTI-F: CCATCAACACAGTATATCCGA 56°C
EASTI-R: GGTCGCGAGTGACGGCTTTGT 111bp

3. Results and Discussions

As a result of microbial identifications based on biochemical tests and by Vitek 2
automatic system, we obtained a total of 133 bacterial strains of the species Escherichia coli,
Klebsiella pneumoniae, Enterobacterasburiae, Citrobacter freundii and a low number
Enterococcus sp. (which was excluded from the genotypic study — data not shown). The most
common species were Gram negative fermenting rods represented by E. coli and K. pneumoniae
as these microorganisms are normally found in the colon microbiota.

Distribution of the carbapenemases and ESBLs
ameong Enferobacteriaceae isolates

10 1

;' | Pz

blaOXA-48like blaTEMlike blaCTX-Mlike
p-lactamases

no. of strains

o N B O
1

Fig. 1. The distribution of carbapenemases and ESBLs in the analysed strains.

The results of PCR analysis for carbapenemases and ESBLs (Extended-spectrum
B-lactamases) revealed the presence of blaoxi.ssike, blaremive and blacrx ke genes,
demonstrating the involvement of these strains in nosocomial infections (Fig. 1). We observed an
increased prevalence of genes encoding ESBLs [12% of the analyzed strains revealed blactx-miike
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gene, 7% express blarpwire gene and only 3% of analyzed strains revealed the B-lactamase
OXA-48 (Fig. 1)]. ESBLs producing bacteria have usually multi-drug resistance, because
most of the times, the genes related to the other resistive mechanisms have been also placed
on the same plasmid carrying the genes encoding ESBLs [25-26]. This finding suggests that
genes coding for ESBLs and for resistance to these antibiotics may reside within the same
plasmids and, therefore, can be spread together.

Blaoxa-s4siire gene was originally described in Istanbul (Turkey, 2001) in a strain of
K. pneumoniae, and then it was detected mainly in the Mediterranean region and Africa [27].
In Romania, it was reported for the first time in Targu Mures, in nosocomial isolates
belonging to the Enterobacteriaceae [28] and recently it was also reported in Bucharest [29].

TEM enzymes were reported for the first time in 1965 in a strain of Escherichia coli
isolated from a patient admitted to a hospital in Greece (Athens), named Temoneira [30].

CTX-M enzymes are plasmidial encoded and they are derived from chromosomal genes
that originated in Kluyvera genome species, which are non-pathogenic commensal organisms
[31]. In Romania, according to a study about the acquired resistance to fluoroquinolones and
third and fourth generation cephalosporins, almost all Escherichia coli isolates were positive
for CTX-M-15 [32].

To date, no single virulence factor has been demonstrated as being specific, unique
or definitive to cause a particular disease. Virulence is multifactorial because it depends on
both the characteristics of microorganism and the susceptibility of the host [33]. On the basis
of functional groups, the E. coli virulence factors can be categorized as adhesins, such as
P fimbriae (papG), type 1 fimbriae (fimH), S fimbriae (sfa) and A fimbriae (afa); toxins, such
as hemolysin A (hlyA) and cytotoxic necrotizing factor 1 (cnf1); iron uptake, such as aerobactin
(aer); protectins, such as serum resistance (¢raT); and others, such as pathogenicity-associated
islands (PAIs) and Tir-containing protein of E. coli (tcpc) [34-36].

Regarding the virulence genes our results have revealed the presence of the following:
fimH gene in the case of 24% of the investigated strains; sfaDE genes (19% of the analyzed
strains); kpsMTII in the case of 12% of Enterobacteriaceae strains; afaBC (9%); hlyA and
hlyD (12%); and less frequent were found the cnfl, eaea and VT2 genes [3% respectively 2%
of the strains (Fig. 2)].

Distribution of virulence genes i Enterobactericcece
strains
30
25
20
% 15
10
s 1.
0 | = H =
& & ;:9% Q§ & ﬁb & &
N

Fig. 2. The distribution of virulence genes in analyzed strains.

Concerning the phylogenetic groups our study revealed that 23% of the isolates
belonged to group Bl (confirmed by the presence of TspE4C2 gene); 77% to group A; 21%
of the strains expressed the yjad gene (group B2) and 79% of the analyzed strains didn’t
harbor the yjad gene (group D) according to Clermont et al., 2000 [19].
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Our results illustrate a higher frequency of fimH compared to other virulence markers,
which may suggest a crucial role of this virulence gene in E. coli causing infections. FimH
gene belongs to type I fimbriae wich are implicated as virulence factors in animal models of
urinary tract infection [37]. In this study we determined that 36% of the strains were positive
for the kpsMTII gene. All of them were associated with other virulence factors searched.
Clinical and experimental findings suggest that E. coli strains with Afa adhesins have properties
potentially favoring the establishment of chronic and/or recurrent infection [38]. The sfaDE
gene investigated in our study is responsible for encoding the P pili and S/F1C pili which are
important adhesins of UPEC in humans [39]. The HlyA is a pore-forming toxin, which belongs to
the family of RTX (repeats in toxin) toxins that are widespread among the Gram-negative
pathogens [40]. At low concentrations, HIyA can induce the apoptosis of target host cells,
including neutrophils, T lymphocytes, and renal cells, and promote the exfoliation of bladder
epithelial cells. HlyA has also been shown to induce Ca®" oscillations in renal epithelial
cells, resulting in increased production of IL-6 and IL-8 [41]. The cytotoxic necrotising factor
1 (enfl) [42] is produced by one-third of all pyelonephritis strains. /n vitro, this protein is
secreted by E. coli and stimulates actin stress fibers formation and membrane ruffle formation
in a Rho GTPase-dependent manner, resulting in the entry of E. coli into the cells.

4. Conclusion

The intestinal microbiota has essential functions in host metabolism and in directing
immune system development. Dysbiosis is observed in many inflammatory diseases of the GI
tract and in those which are metabolically linked to the GI tract. It is still not clear if dysbiosis
contributes to the pathogenesis and symptoms of these ailments or is simply a consequence
of these diseases. Enteropathogenic infection and the infection-induced intestinal inflammation
effect dramatic changes in the intestinal ecosystem, suggesting that changes in the composition
and/or total numbers of the intestinal microbiota will occur as a result. The prospective
perturbations in the intestinal microbiota could be dependent on the infecting bacterium,
the host response to it, or a combination of both factors.
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