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Abstract 

Resistance to bile acids is a necessary ability for bacteria that live in the gastrointestinal tract, such as Helicobacter 
pylori. The role of the bacterial drug efflux system is important for bile acid tolerance. Using the H. pylori JP26 strain and 
the JP26AcrB strain deficient in AcrB the relationship between the drug efflux system AcrB and the bile acid tolerance 
of H. pylori was investigated. Bacterial susceptibility to bile acids was measured by the agar dilution method. To examine 
the ability to efflux bile acids, the intracellular accumulation of radiolabeled chenodeoxycholic acid was measured with 
a liquid scintillation counter. To investigate the effect of bile acid on the cell adhesion ability of bacteria, bacteria were 
attached to AGS cells supplemented with chenodeoxycholic acid, and the number of bacteria was counted. Bile acid 
resistance was significantly lower in the AcrB mutant than in the wild-type strain. The AcrB mutant strains showed a 
significant increase in the accumulation of 14C - labeled chenodeoxycholic acid in the bacteria. In terms of attachment to 
AGS cells, the AcrB mutant was significantly lower than the wild-type strain. Furthermore, the AcrB mutant with 
chenodeoxycholic acid could not be identified. Our results reveal that H. pylori AcrB plays an important role in bile acid 
resistance. We also suggest that drugs targeting the AcrB efflux system may be a new treatment for H. pylori.  
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1. Introduction

Gastric pathogen, Helicobacter pylori causes gastric ulcer and gastric cancer [1, 2, 3]. In many developing countries it 
infects about 80% of the population and in developed countries it infects about 30% [2,3]. H. pylori plays an important 
role in the pathogenesis of chronic gastritis, peptic ulcer diseases, gastric carcinomas, and gastric marginal zone B-cell 
lymphomas of mucosa-associated lymphoid tissue type [4, 5, 6, 7]. 

As the standard treatment for H. pylori is the use of antibacterial drugs, bile reflux gastritis occurs in the absence of H. 
pylori [8]. Inhibition of H. pylori growth by bile also suggests that it should be difficult for H. pylori to colonize the 
duodenum and cause duodenal ulcer [9]. These finding suggested that bile salts might be useful in the elimination of H. 
pylori. Although it has been shown that bile acids possess antibacterial activity against H. pylori, few reports on their 
precise mechanism of activity have been shown [8, 9, 10]. 

Gastrointestinal tract related bacteria such as H. pylori must tolerate high levels of bile salts, powerful detergents that 
disrupt biological membranes. The outer membrane barrier of gram-negative bacteria plays an important role in this 
resistance, but ultimately it can only retard the influx of bile salts [11]. For example, Escherichia coli possessed an 
energy-dependent efflux mechanism for these compounds [12]. Growth inhibition of E. coli by bile salts and 
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accumulation levels of chenodeoxycholate increased when mutations inactivating the acrAB gene clusters were 
introduced. The AcrAB system especially appeared to play a significant role in bile acid efflux [13, 14]. 

In the only reported study of the relationship between the AcrB system of H. pylori and bile acids, the hefF and hefI of 
the AcrB system appear to be insignificant, indicating that hefC (AcrB) plays an important role in bile acid resistance 
[15]. However, no further studies have been conducted on the relationship between the H. pylori efflux system AcrB and 
bile acids. Therefore, we investigated whether this AcrB efflux systems of H. pylori affect bile acid tolerance.  

2. Material and methods 

2.1. Bacterial strains, culture condition 

Strains and plasmids used in this study are listed in Table 1 [16, 17]. E. coli was routinely grown at 37°C in Luria-Bertani 
broth or agar supplemented with ampicillin.  

Table 1 Bacterial strains and plasmids used in this study 

Strain (alternate name) or plasmid Genotype or characteristics Reference or source 

JP26 H. pylori wild -type [16] 

JP26AcrB JP26 / HP607: aphA This study 

pGEMT Easy ColE1, Ampr, PCR cloning vector Promega 

pUC4K ColE1, Ampr, aphA Pharmacia 

pGEMT AcrBKm pGEMT Easy / HP607: aphA [17] 

 

(100 μg/ml), and kanamycin (Km) (25 μg/ml), when appropriate. H. pylori strains were grown on Trypticase soy agar 
(TSA) with 5% sheep blood (Becton Dickinson and Company, MD, USA) or Brucella serum (Becton Dickinson and 
Company) agar with 10% newborn calf serum (FCS; Gibco BRL, MD, USA) plates at 37°C in 5%CO2 atmosphere. 
Antibiotic-resistant H. pylori transformants were selected with Km (25 μg/ml). Bile acid was purchased from Sigma 
Aldrich co. Cholic acid, deoxycholic acid, and chenodeoxycholic acid were purchased from Fuji film wako pure chemical 
Co. (Osaka, Japan). 

2.2. Construction of plasmids and H. pylori mutant strains 

H. pylori chromosomal DNA was prepared from cells of each strain after 48 h of growth on two agar plates as described 
previously [18, 19, 20]. Plasmid DNA was prepared from H. pylori after 48 h of growth or from E. coli after overnight 
cultures, using a midi-prep protocol (Qiagen N.V., Venlo, CA, USA) according to the manufacturer’s instructions. The 
HP607 ORF of strain H. pylori JP26 were amplified by PCR using primers (HP607sense, and HP607antisense), 
respectively (Table 2) [16, 17]. The product was ligated into pGEM-T Easy (Promega Co, WI, USA) and transformed into 
E. coli DH5α. A unique EcoRI site was created by inverse PCR (HP607inv1, HP607inv2). 

Table 2 Oligonucleotide primers used in this study 

Primer Sequence 

HP0607sense cggtggtggttactacgact 

HP0607antisense gagcaaaatcaagcctatca 

HP0607inv1 ggaattcacttcagcatgtttttcaatcg 

HP0607inv2 ggaattcaccaccttgcaagtgggtta 

 

Plasmid pUC4K was digested with EcoRI (Takara Bio Inc., Ohtsu, Japan), after which the Km resistance (Kanr; aphA) 
cassette was isolated by agarose gel electrophoresis and ligated into the inverse PCR product to disrupt the HP607 ORF, 
creating pGEMTAcrBkm. H. pylori JP26 was transformed to Kanr with pGEMTAcrB km to create JP26AcrB  by 
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electroporation as described elsewhere [18, 19], resulting in strain JP26AcrB (Table 1). Chromosomal DNAs isolated 
from H. pylori mutants were confirmed by PCR. PCR oligonucleotide primers specific for HP607 or aphA were used, and 
the sizes of the PCR products were evaluated by agarose gel electrophoresis (Table 2). 

2.3.  Bile acid susceptibility testing 

The bile acid derivatives susceptibilities of the wild-type and AcrB mutant H. pylori strains were determined by the agar 
dilution method [17]. The susceptibility of bile acid derivatives were defined as the lowest concentration that inhibited 
the visible growth of isolates completely by the agar dilution method on Mueller-Hinton agar (Becton Dickinson and 
Company) plates supplemented with 5% sheep blood (Becton Dickinson and Company) (M-H agar). Briefly, all isolates 
were incubated for 4 days on BB agar. After this incubation, inocula were prepared by suspending growth from the BB 
agar plates with antimicrobial agents in saline to achieve a suspension equivalent to a 2.0 McFarland standard. Final 
inocula of 106 CFU/spot were applied to M-H agar or BB. All plates were incubated for 3 days at 35°C in a microaerophilic 
atmosphere, and the number of CFU was counted. In the liquid culture study, aliquots from each culture were applied 
to BB agar after 3 days of incubation of H. pylori at 37°C under microaerophilic conditions. After 4 days of incubation, 
the number of CFU was counted. 

2.4. Determination of radiolabeled chenodeoxycholic acid uptake 

To investigate the efflux ability of bile acid, intracellular accumulation of radiolabeled chenodeoxycholic acid in the H. 
pylori JP26 strain, and AcrB-mutant strains was measured by a liquid scintillation counter. At 20 h before the end of the 
H. pylori culture, carboxyl-14C-chenodeoxycholic acid [ARC0856] [50mCi/mmol] [Muromachi Kikai Co., Ltd. Tokyo. 
Japan] was added to the medium in the wells. To investigate the efflux ability of chenodeoxycholic acid, intracellular 
accumulation of 14C in each strain was measured at every 30 sec by a liquid scintillation counter after incubation with 
carboxyl-14C-chenodeoxycholic acid. When the culture was finished, the cells were adsorbed on 0.45 μm membrane 
filters (Advantech Japan, Tokyo, Japan), washed with distilled water, and then dried. The filters were transferred to vials 
filled with liquid scintillator cocktail, and the radioactivity was measured with a liquid scintillation counter (LSC-6100, 
Hitachi Aloka Medical, Tokyo, Japan). 

2.5. AGS cell adhesion experiment 

H. pylori strains were grown on Trypticase soy agar (TSA) with 5% sheep blood in 5% CO2 atmosphere. The bacteria 
were harvested and resuspended in RPMI 1640 medium (Fuji film wako). AGS cells that stocked in department of 
gastroenterology, Nagoya University, were grown to confluence in 12 well flat bottom microplate (AGC Inc., Tokyo, 
Japan). Each AGS monolayer was washed twice with RPMI 1640 medium. H. pylori was added at a multiplicity of 
infection of more than 1,000:1 and incubated at 37°C in 5% CO2 for a total of 4 h. An identical amount of H. pylori was 
added to a microplate without AGS cells and incubated in the same way as the H. pylori-AGS cell coculture. A noninfected 
AGS cells served as a negative control. After 1 h of coincubation, the H. pylori-AGS cell coculture was washed twice with 
RPMI 1640 medium to remove unattached H. pylori cells and debris, which eliminated unattached organisms from the 
analysis. The RPMI 1640 wash medium was prewarmed at 37°C to avoid stressing either H. pylori or the AGS cells. One 
hour was sufficient time for tight attachment of H. pylori to AGS cells, as confirmed by microscopy. After washing, 
incubation was continued for an additional 3 h. At the end of the incubation period, the H. pylori-AGS cell coculture was 
washed two times with phosphate-buffered saline (pH 7.4, 37°C) to remove detached H. pylori cells. All the control flasks 
were treated in the same way. After May-Grunwald-Giemsa staining, the number of bacterial cells were measured at 6 
different high-powered field (HPF) of the specimen under × 1000 magnification, and their average was used as the result 
from one individual [21]. 

2.6. Statistical analysis 

All the experiments were repeated at least three times, and the results were expressed as the mean values ± standard 
deviations and compared using a paired t test. A p value of less than 0.05 was considered a significant difference. 

3. Results  

3.1. Construction of -AcrB mutants and determination of bile acid derivatives susceptibility 

H. pylori AcrB mutant was created from H. pylori JP26 strain. Bile acids significantly inhibited bacterial growth of AcrB 
mutant strains more than wild-type strains at a concentration of 10 μg/mL (p < 0.01), and both wild-type and AcrB 
mutant strains were markedly inhibited at concentrations of 100 μg/mL or higher, with no significant difference (Figure 
1A). 
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Cholic acid significantly inhibited the bacterial growth of AcrB mutant strains more than wild-type strains at a 
concentration of 0.1 μg/mL (p < 0.01), and cholic acid at a concentration of 100 μg/mL or higher markedly inhibited 
both wild-type and AcrB mutant strains with no significant difference (Figure 1B). 

Deoxycholic acid also significantly inhibited the bacterial growth of AcrB mutant strains more than wild-type strains at 
a concentration of 0.1 μg/mL (p < 0.01), and deoxycholic acid at a concentration of 100 μg/mL or higher markedly 
inhibited both wild-type and AcrB mutant strains with no significant difference (Figure 1C). 

 
**: p < 0.01 

Figure 1A Comparison of bile acid susceptibility among H. pylori 

 
**: p < 0.01 

Figure 1B Comparison of cholic acid susceptibility among H. pylori 

 
**: p < 0.01 

Figure 1C Comparison of deoxycholic acid susceptibility among H. pylori 
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Chenodeoxycholic acid at a concentration of 1 μg/mL significantly inhibited the bacterial growth of AcrB mutant strains 
more than wild-type strains (p < 0.01), and at a concentration of 10 μg/mL or higher, both wild-type and AcrB mutant 
strains were significantly inhibited, with no significant difference (Figure 1D). 

 
**: p < 0.01 

Figure 1D Comparison of chenodeoxycholic acid susceptibility among H. pylor 

3.2. Ability of AcrB to efflux chenodeoxycholic acid from bacterial cells 

Next, we examined the difference in macrolide efflux capacity between the wild strain and the AcrB mutant strains. 
Chenodeoxycholic acid labeled with 14C was added to H. pylori and incubated, and 14C in the bacteria was measured by 
liquid scintillation counter. Throughout the entire course of the study, a marked increase in 14C levels was observed in 
AcrB mutant strains compared to wild-type strains (p< 0.01) (Figure 2). From these results, we suggested that the 
intracellular chenodeoxycholic acid concentration significantly increased in the AcrB-mutant strains than the H. pylori 
wild-type strains. 

 
**：p < 0.01 

Figure 2 Comparison of chenodeoxycholic acid efflux among H. pylori 

3.3. AGS cell adhesion experiment 

Finally, we examined the relationship between AGS cell adhesion and drug efflux factors such as AcrB. The number of 
H. pylori colonies in the chenodeoxycholic acid-treated group was significantly depressed relative to that in the control 
group (p< 0.01). The number of AcrB mutant H. pylori colonies were also significantly depressed relative to wild-type 
group (p< 0.01). Furthermore, the AcrB mutant strains to which chenodeoxycholic acid was added could not be 
confirmed to have bacteria adhering to the AGS cells (p < 0.01) (Figure 3). 
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**：p < 0.01 

Figure 3 Comparison of AGS cell adhesion by chenodeoxycholic acid between H. pylori 

4. Discussion  

In this study, we showed that AcrB was involved in the bile acid resistance of H. pylori. Our result demonstrated that 
inactivation of AcrB increased the susceptibility of bile acid derivatives. AcrB was also found to be closely related to the 
efflux of bile acid derivatives from the bacterial cell and AGS cell attachment.  

Some researcher investigated whether the bile acids chenodeoxycholic acid affected the growth or adherence of H. pylori 
in vitro. Twenty-seven strains' growth were inhibited by 0.1% chenodeoxycholic acid. Chenodeoxycholic acid was a 
more effective inhibitor of adherence in that the number inhibited [9]. This result is the basis for our use of 
chenodeoxycholic acid in the study of efflux and adhesion. Other researchers investigated the relationship between H. 
pylori strain (duodenal ulcer vs gastritis), type of bile acid conjugate, and inhibition of H. pylori growth. Synthetic human 
bile with or without lecithin inhibited H. pylori growth in a dose-dependent manner. There was no difference in 
inhibition between H. pylori gastritis and duodenal ulcer isolates [10]. Previous report showed that the morphology of 
H. pylori changed from its primary rod-like shape to a spherical shape with blebs on the cell surface, and was further 
degraded to an irregularly condensed mass, following an increase in bile acid. Moreover, this morphologic change in H. 
pylori was different from the change to a spherical shape caused by amoxicillin [22]. 

There are several reports investigating the relationship between bile acids and AcrB using the gut microbiota 
Salmonella. Salmonella serotype typhimurium transpositional mutant altered in resistance to biliary salts. This 
chromosomal DNA segment flanking transposon insertion was like the AcrB gene of E. coli, a gene encoding a drug efflux 
pump of the Acr family. This mutant exhibited a reduced capacity to colonize the intestinal tract. However, after 
passages in mice, the mutant strain lost the sensitive phenotype [23]. 

The decrease in resistance levels to bile salts was 64-fold higher for the AcrB mutants than to those of the wild-type S. 
Typhimurium strains. But the colonization levels of the AcrB mutants were not significantly different from those of the 
wild-type strains [24]. Our adherence studies show that the bacterial count of AcrB mutants is low and further study is 
needed. 

As the mechanism responsible for bile susceptibility in three deoxycholate-sensitive strains of Salmonella enterica 
subspecies enterica serovar Pullorum was investigated, the expression of AcrB mRNA was 10-fold lower in the 
deoxycholate-sensitive strains than in a deoxycholate-resistant strain. These results suggested that low expression of 
AcrB was strongly correlated with bile susceptibility in the deoxycholate-sensitive strains [25]. 

Previous study showed that the absence of the AcrB system significantly affected the colony morphology and outer 
membrane structure in a normal situation, compared with those of the wild-type Cronobacter malonaticus. The deletion 
of them caused the decline in resistance to bile salt stress, inhibition of growth, and observable reduction in relative 
growth rate and motility. Moreover, the bacterial stress response promoted the biofilm formation ability of the mutant 
strain [26]. 
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5. Conclusion 

Our results reveal that H. pylori AcrB plays an important role in bile acid resistance. Further studies on the AcrB of H. 
pylori may provide more detailed information on the mechanism of the bacterial efflux systems. This result may trigger 
the development of new therapeutic agents that target the AcrB system to enhance antibacterial effects other than direct 
antibacterial treatment.  
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