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Abstract

Introduction: Metronidazole is a significant antibiotic used for eradication of Helicobactor pylori infections and it is of notice that
metronidazole-resistant clinical isolates have been found in high rates worldwide. While the RND family of efflux pumps plays a central role
in drug resistance among Gram-negative bacteria, this is questionable for H. pylori.

Methodology: To understand whether TolC homologues of RND pumps contribute to metronidazole resistance in H. pylori isolates,
expression of four TolC homologous genes of five resistant clinical isolates exposed to varying concentrations of metronidazole were
evaluated by RT-PCR and transcriptional analysis.

Results: The results indicate that excess amounts of metronidazole are able to increase the expression level of these genes at the
transcriptional stage.

Conclusions: Therefore, it may be hypothesized that use of metronidazole in H. pyori infection can induce metronidazole resistance.

Furthermore, the RND family of efflux pumps may contribute to metronidazole resistance in clinical isolates of H. pylori.
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Introduction

Helicobacter pylori is a Gram-negative, micro-
aerophilic bacterium, caused peptic ulcer, chronic
gastritis and gastric adenocarcinoma, which colonizes
in the stomach of more than 50% of people [1,2].
Metronidazole is an antibiotic involved in the
treatment of infection caused by H. pylori [3].
Metronidazole-resistant isolates can decrease the
effect of such a treatment [4].

Five families of multidrug efflux pumps are
recognized in bacteria which contribute to resistance
against important drugs [5]. Over-expression of
efflux pumps may be the initial stage in bacterial
resistance to antibiotics [6]. The resistance-
nodulation-division (RND) family is one of the efflux
pumps, which was originally discovered in Gram-
negative bacteria [7]. The RND efflux pumps are
tripartite systems including a membrane fusion
protein (AcrA), an inner-membrane protein (AcrB),
and an outer-membrane protein (TolC) [8]. TolC and
its homologues are concerned with extrusion of

various molecules and have a crucial role in the
generation of pathogenicity and drug resistance in
bacteria [9]. It has been shown that TolC produces
channels in the lipid bilayer membrane and plays a
role in the export of antibiotics beyond the outer
membrane of E. coli [10,11].

The four established TolC homologues in H.
pylori, HP0605, HP0971, HP1327, and HP1489, are
of interest in current research [12,13]. Bina et al.
identified three RND efflux systems in H. pylori and
demonstrated mutagenesis of operons in three RND
efflux systems hefABC, hefDEF, and hefGHI that
have no effect on the susceptibility of H. pylori to
antibiotics [13]. Amsterdam et al. showed that an
HP0605 knockout mutant is more susceptible to
novobiocin, while an HP0605 and HP0971 double-
knockout mutant is more susceptible to
metronidazole [14]. Kutschke and De Jonge created
three isogenic mutants for hefC, hefF, hefl genes in
H. pylori and subsequently identified antibiotic
susceptibility of these mutants and their wild types.
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They demonstrated that the hefC gene has a role as a
component of RND efflux systems in H. pylori [15].
Liu et al. assessed the hefA gene expression in mutant
multiple drug resistance (MDR) strains and wild
types and proposed that the hefA gene of efflux
pumps contributes to resistance of H. pylori to
antibiotics [16].

The present study aimed to determine whether
metronidazole interacts with over-expression of RND
efflux pump genes and also whether this antibiotic
can cause bacteria to be converted into resistant
strains. To evaluate the contribution of RND efflux
pumps to resistant strains of H. pylori, we used
different metronidazole concentrations to assess the
expression of four H. pylori TolC homologous efflux
pumps, namely HP0605, HP0971, HP1327 and
HP1489. Our results indicated that over-expression of
these genes correlated with an increase in
concentration of metronidazole in the growth
medium. Therefore, the RND efflux pump has a
significant role in the contributing to metronidazole
resistance in H. pylori.

Methodology
H. pylori isolates and growth conditions

A total of 104 antral gastric biopsy specimens
were obtained from patients with gastritis or peptic
ulcer undergoing endoscopy at the Laleh hospital,
Tehran. The sample collection protocol was approved
by the ethical committee of Tehran University of
Medical Sciences, Tehran, Iran. During the
endoscopy, two biopsy samples were taken for urease
test and culture. Biopsies samples were transported in
normal saline solution (at 4°C) to the laboratory for
culture. Biopsy samples were cultured on Brucella
agar (Merck, Darmstadt, Germany) containing 10%
defibrinated sheep blood, 7% fetal calf serum (FCS),
10 mg/l of vancomycin, 5 mg/l of trimethoprim, 20
U/ml polymyxin B, and 5 mg/l amphotericin B
(Merck, Darmstadt, Germany,). Plates were
incubated at 37°C under micro-aerophilic conditions
(10% CO2, 5% 02, 85% N2, Merck Camp Gas Pak)
for five to seven days. Their identification as H.
pylori was confirmed by Gram strain, oxidase,
catalase, and urease tests.

Susceptibility testing and MIC determination
Susceptibility of H. pylori isolates to
metronidazole was determined by the disk diffusion
method. A saline suspension of isolates equivalent to
2 McFarland standard (1 x 107 — 1 x 108 cfu/ml) was
prepared from three-day-old culture. Aliquots (5 pl)
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of the suspension were spread on Muller-Hinton agar
(Merck, Darmstadt, Germany,) supplemented with
5% defibrinated sheep blood and 7% FCS, and a
metronidazole disk (5 pg Himedia) was afterward
placed on the surface of the medium and incubated
for three days at 37°C under micro-aerophilic
conditions. Susceptibility results were recorded as
being resistant to metronidazole in a growth
inhibition zone < 16 mm [17,18].

For minimal inhibitory concentration (MIC)
determination tests, isolates were tested by standard
agar dilution method as described by Clinical and
Laboratory Standard Institute (CLSI) [19]. Muller-
Hinton agar supplemented with 5% defibrinated
sheep blood and 7% FCS contained serial dilutions in
the range of 8-256 pug/ml of metronidazole. One plate
without antibiotic was used as a control for each
assay. Next, 5 ul of bacterial suspension equivalent to
2 McFarland was inoculated on the plates.
Subsequently, the plates were incubated under micro-
aerophilic conditions at 37°C for 72 hours. MIC was
determined as the lowest concentration of
metronidazole at which no colonies of bacterial
growth were observed. Isolates were considered to be
metronidazole-resistant when the growth was
inhibited at metronidazole concentrations greater than
8 ug/ml (MIC > 16 pg/ml) [17]. H. pylori 26695 was
used as a control in this study.

Total RNA extraction

Five isolates of metronidazole-resistant H. pylori
were cultured on Muller-Hinton agar supplemented
with 5% defibrinated sheep blood, 7% FCS, and 0, 8,
and 16 pg/ml of metronidazole dilution. All plates
were incubated at 37°C under micro-aerophilic
conditions. Bacterial suspension was prepared in
normal saline. The cells were then isolated by
centrifugation (9000 x g for 10 min), and pellet was
used for total RNA extraction.

RNA was isolated using RNAprotect bacteria
reagent and RNaesy mini kit (QIAGEN, Hilden,
Germany). The extracted RNA was treated with
RNase free DNase | (Fermentas, Vilnius, Lithuania)
according to the manufacture’s  protocol.
Consequently, PCR was performed for detection of
genomic DNA. Concentration of RNA was
determined by biophotometer (Eppendorf, Hamburg,
Germany).

RT-PCR

The reverse transcription-PCR  (RT-PCR)
analyses were conducted using a first strand cDNA
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Table 1. Genes used in the study
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Table 2. Primers used in this study

Primer Primer Sequence
Name

HP0605 FW | 5-ACCGCTTGACTTTAGAATACC-3’

HP0605 RV | 5'-ATTCAAAGTCGCAGTAACCC-3’

Gene Name Accession Number
HP0605 AADO07673
HP0971 AADO08018
HP1327 AADO08377
HP1489 AAD08524

HPO971 FW | 5'-GTATGTGCAACGAGAAGCG-3’

synthesis kit (Fermentas, Vilnius, Lithuania). Briefly,
7 pl of total 0.04 pg/ul RNA, 1 pl random hexamer
(0.2pg/ul), and 4 pl RNase-free water were incubated
for 5 minutes at 70°C, chilled on ice, followed by
addition of 4 pl of buffer (5x), 2 ul ANTPs (10mM)
and 1 pl Ribolock (20u/ul) to reaction, and they were
afterward incubated for 5 minutes at 25°C. Next, 1 ul
of reverse transcriptase was added to a 20 pl final
volume reaction. The reaction was incubated for 10
minutes at 25°C and then for 60 minutes at 42°C. The
final incubation was accomplished for 10 minutes at
70°C.

PCR was performed in a 25 pl final volume
solution containing 2 pl cDNA, 1.5 pl of each primer
(10 pmol), 1 pl ANTPs (10 mM), 0.75 pl Mgel2 (50
mM), 2.5 wl buffer (10x), and 1 ul Tag DNA
polymerase (lu/pl). The genes and primers used for
PCR are presented in Tables 1 and 2. Primers were
designed by the authors. The amplification reaction
was one cycle for 3 minutes at 94°C, followed by 35
cycles for 1 minute at 94°C, 1 minute at 55°C, 1
minute at 72°C and 1 cycle for 5 minutes at 72°C.
PCR products were detected in 1% agarose gel
containing 1% ethidium bromide. H. pylori 26695
was used as a reference isolate. Finally, the bands on
gel agarose were compared using Lab analyzer
software for densitometry analysis [20]. The final
results were compared with the optical density (OD)
of total RNA.

Results
Isolation of H. pylori resistant to Metronidazole

In this study, 35 H. pylori isolates were identified
from 104 antral biopsies. The susceptibility tests
were performed on the isolates and resistance to
metronidazole was obtained in 51.5% of the H. pylori
isolates. In MIC determination, 94.11% and 5.88%
of these isolates showed MIC values equal to 32
pg/ml and 16 pg/ml, respectively. We used five
metronidazole-resistant isolates (MIC = 32 pg/ml) for
molecular analysis in our investigation.

Involvement of TolC homologues in H. pylori
resistance to metronidazole

HPO971RV | 5'-GATAGATATTTTTAGGCGTTACC-3"

HP1327 FW | 5'-CTTTACCAAGCTAACCATTCC-3’

HP1327 RV | 5'-AAAGGGATGGACAAAGCG-3’

HP1489 FW | 5'-GTCTAACCATGAAGGCTTGC-3’

HP1489 RV | 5'-GCTTATAATGGCCTTTTTCC-3"

FW —Forward RV - Reverse

To determine whether the over-expression of
RND systems correlated with metronidazole
resistance in clinical isolates of H. pylori, the
expression of four TolC homologues in five
metronidazole-resistant isolates was evaluated at
transcription levels by RT-PCR. Total cellular RNA
was investigated in different metronidazole
concentrations. To further study the relationship
between metronidazole concentration and the
expression of RND systems in bacterial antibiotic
resistance, we investigated the transcriptional
expression of H. pylori TolC homologues in various
concentrations of metronidazole. Densitometry
analysis was conducted to measure the transcripts.

All five resistant isolates showed transcripts of
the HP0605 gene in various concentrations of
metronidazole. Each isolate exposed to 8 ug/ml of
metronidazole had higher transcripts compared to
those without metronidazole. Similar results were
observed after exposure of 16 pg/ml of
metronidazole. Therefore, the HP0605 gene
expresses without metronidazole but over-expresses
transcriptionally by increasing the concentration of
antibiotic. Hence metronidazole can influence gene
expression at the transcriptional level and may be
involved in drug resistance to H. pylori.

Expression at the transcriptional level of the
HP0971 gene was observed in three isolates. This
gene was expressed after the exposure of
metronidazole at various concentrations such as 0, 8,
and 16 pg/ml; however, in one isolate, the expression
level was dependent  on metronidazole
concentrations. Limited gene expression was also
observed without exposure to metonidazole. Similar
results were observed in other isolates, where
HP0971 transcript level was higher after exposure
with high concentration of metronidazole such as 16
pg/ml while no expression was observed in 0 pg/ml.
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Table 3. Yields of gene expression in transcriptional level in H. pylori strains.

Number of Gene names & metronidazole concentration (ug/ml)
samples HPO0605 HP0971 HP01327 HP1489
0 8 16 0 8 16 0 8 16 0 8 16

1 + ++ +++ - - - - - - - -
2 + ++ +++ - - + - - + - - +
3 + ++ +++ - - - - - - - -
4 + ++ +++ + ++ - - + - - -
5 + ++ +++ + ++ +++ - - - - - -

Gene expression in transcription level is positive.

** Gene expression in transcription level is positive and more than the previous metronidazole concentration.
*** Gene expression in transcription level is positive and more than the first & second metronidazole concentrations.

In one isolate, expression at the transcriptional level
of HP0971 was obtained only in 16 pg/ml of
metronidazole.  According to  our  study,
metronidazole can be the reason for over-expression
of HP0971 gene and may cause antibiotic resistance
in H. pylori.

Two cinilical isolates expressed HP1327 gene
and one isolate expressed HP1489 gene at the
transcriptional levelonly after exposure at 16 pg/ml
of metronidazole. The results of gene expression at
the transcriptional level are summarized in Table 3.
The data indicate that TolC homologues expression at
the transcriptional level was higher in the presence of
metronidazole, and the HP0605 gene was expressed
more than the other three genes. The occurrence of
over-expression of HP0605 and HP0971, along with
the expression of HP1327 and HP1489 after exposure
to antibiotics, supports the hypothesis that these
genes have a role in antibiotic resistance.
Metronidazole induces the efflux activity higher than
the strains grown in a medium without it. These
results suggest that TolC homologous genes are
related to the development of H. pylori resistance to
metronidazole.

Discussion

H. pylori antibiotic resistance is a growing
problem and the consequent failure of antibiotic
therapy results in a high rate of infections with
resistant isolates [21,22]. Over-expression of efflux
pumps in mutant strains is easily detected in post-
therapy isolates [23,24], thus confirming their roles in
the acquired drug resistance of pathogenic bacteria
[25].

Metronidazole has been selected as one of the
main antibiotics for the treatment of H. pylori
infections, reaching an acceptable eradication rate
[26]. Metronidazole resistance is most common in H.
pylori and remarkably reduces eradication rates
[4,27]. In previous surveys, the role of RND efflux
pumps in H. pylori has been studied; nevertheless, it

was not established that these pumps influence drug
resistance to H. pylori. Thus we assessed the effect of
metronidazole on drug resistance related to efflux
pumps in H. pylori. In the current study, the
transcriptional level expression of four RND efflux
pump genes (TolC homologous) namely HPO0605,
HP0971, HP1327 and HP1489, in H. pylori was
measured at various concentrations of metronidazole.
The results of this investigation indicate that
expression of homologous TolC genes corresponds
with an increase in metronidazole concentration.
Accordingly, metronidazole can stimulate expression
of these genes and also their over-expression occurs
in higher doses of metronidazole.

RT-PCR analyses demonstrated that HP0605 was
expressed significantly in the presence of
metronidazole or without it, and was over-expressed
in increased amounts of this antibiotic. HP0971 may
express without metronidazole, but over-expressed in
high levels of metronidazole. HP1327 and HP1489
did not express in common conditions while
expression of these genes at the transcriptional level
was detected in higher metronidazole concentrations.
Bina et al. assessed the expression of three RND
efflux operons, namely hefABC, hefDEF, and hefGHI
in H. pylori. They evaluated the expression of hefC,
hefF, and hefl genes in both in vivo and in vitro
conditions by RT-PCR. Their results showed that
hefC and hefF were expressed both in vivo and in
vitro but hefl was expressed just in the former
condition. Moreover, a mutant strain of H. pylori for
these efflux genes did not show higher susceptibility
than a wild type strain [13]. In contrast to the
observations of Bina et al., in which the authors did
not find any influence of the RND efflux systems of
H. pylori in antibiotic resistance, we observed altered
expression levels of these four genes in the presence
of metronidazole that have not been noted earlier.
However, the results of present study are consistent
with those of a study by Van Amsterdam et al., who
investigated the antibiotic susceptibility of the

91



Mehrabadi et al. - RND efflux pump in Helicobacter pylori

HP0605 knockout and HP1489 knockout mutants of
H. pylori, and determined that the HP0605 knockout
mutant is more susceptible to novobiocin and
deoxycholate, whereas the HP1489 knockout mutant
is more susceptible to dye ethidium bromide in
comparison with wild type strains. They further
demonstrated that susceptibility to metronidazole
increased in the HO605 and HP0971 double knockout
mutant [14].

Our findings are also in agreement with those of
Kutschke and De Jonge, who demonstrated
sensitivity to 20 compounds in a wild type strain of
H. pylori and its three isogenic mutants (hefC, hefF,
and hefl). They distinguished excess susceptibility for
nine compounds in the hefC mutant [15]. Our results
also agree with the observations of Liu et al., who
evaluated the expression of hefA gene in multidrug
resistant mutants and their parents. Their study
revealed a significant increase in the expression of
the hefA gene in mutants of H. pylori. Furthermore,
Liu and colleagues inactivated the hefA gene in H.
pylori 26695 and determined the MIC for 10
antibiotics. Their results showed the decrease of MIC
and they therefore illustrate the role of the hefA gene
in drug resistance in H. pylori [16]. In previous
studies, HP1327 and HP1489 have not been
associated with antibiotic resistance. Thus the
findings of the current investigation suggest that the
effect of metronidazole on the expression of TolC
homologues in H. pylori. RT-PCR results show that
these genes have higher expression at the
transcriptional level in the isolates grown in the
presence of metronidazole than in common growth
conditions. Therefore, these may potentially have a
role in extrusion of metronidazole from the bacteria
and also cause the resistance to this antibiotic in
clinical H. pylori isolates subsequent to treatment
with this antibiotic. In spite of these observations, a
major limitation of this study is the genome diversity
of H. pylori. The main cause of metronidazole
resistance is point mutations among redoXx genes,
which could influence efflux pump related antibiotic
resistance patterns. It is therefore difficult to
distinguish between these two antibiotic resistance
mechanisms.

In conclusion, this study suggests that TolC
homologues are significant factors leading to over-
expression of efflux pumps and may result in
increased metronidazole resistance in H. pylori.
Further studies of TolC homologues should be
performed to appropriately understand the roles of
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efflux pumps in  H. pylori resistance to
metronidazole.
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