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Abstract
AIM: To screen for metronidazole (MTZ)-resistance 
associated gene fragments of H pylori  by suppression 
subtractive hybridization (SSH). 

METHODS: Five MTZ-resistant (tester, T) and 1 MTZ-
susceptible (driver, D) clinical H pylori  isolates were 
selected. Genomic DNAs were prepared and submitted 
to RsaⅠdigestion. Then two different adaptors were 
ligated respectively to the 5’-end of two aliquots of the 
tester DNA fragments and SSH was made between the 
tester and driver DNAs. The specific inserts of tester 
strains were screened and MTZ-resistance related gene 
fragments were identified by dot blotting. 

RESULTS: Among the randomly se lec ted 120 
subtractive colonies, 37 DNA fragments had a different 
number of DNA copies (≥ 2 times) in resistant and 
susceptible strains and 17 of them had a significantly 
different number of DNA copies (≥ 3 times). Among 
the sequences obtained from the 17 DNA fragments, 
new sequences were found in 10 DNA fragments and 
duplicated sequences in 7 DNA fragments, representing 
respectively the sequences of depeptide ABC transporter 
periplasmic dipeptide-binding protein (dppA), permease 
protein (dppB), ribosomal protein S4 (rps4), ribonuclease 
Ⅲ (rnc), protease (pqqE), diaminopimelate epimerase 
(dapF), acetatekinase (ackA), H pylori plasmid pHP51 
and H pylori  gene 1334. 

CONCLUSION: Gene fragments specif ic to MTZ-
resistant H pylori  strains can be screened by SSH and 

may be associated with MTZ-resistant H pylori . 
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INTRODUCTION
H pylori is a bacterial organism causing chronic gastritis 
and peptic ulcers. It also plays an important role in the 
pathogenesis of  gastric cancer and mucosa associated 
lymphoid tissue (MALT) lymphoma. Metronidazole (MTZ) 
is an important component of  many currently used H pylori 
eradication regimens. Antibiotic resistance of  H pylori 
is known as an important cause of  treatment failure of  
H pylori. The mechanism of  MTZ resistance in H pylori 
treatment remains unclear, although some genes such as 
rdxA, frxA and fdxB have been found to be associated 
with MTZ resistance[1-5].

Suppression subtractive hybridization (SSH), one 
of  the new methods for phenotypic cloning, has been 
developed for identifying genomic differences between 
the genomes of  close relatives[6]. It is a powerful approach 
for screening genes associated with drug resistance. Using 
SSH, we have identified some DNA fragments which 
are specific to the resistant strains. The identified DNA 
fragments were sequenced and compared with GenBank 
database to search for some genes associated with MTZ- 
resistance in H pylori.

MATERIALS AND METHODS
Isolation and identification of clinical H pylori strains 
Each of  the clinical biopsy specimens was homogenized 
with a tissue grinder and then inoculated onto Columbia 
agar (bioMérieux) plates supplemented with 8.0% (V/
V) sheep blood, 0.2% (W/V) cyclodextrin, 5 mg/L 
trimethoprim (Sigma), 10 mg/L vancomycin (Sigma),  
2 .5 mg/L amphoter ic in B (Sigma) and 2500 U/L 

www.wjgnet.com



polymyxin B (Sigma). The plates were incubated at 37℃ 
under microaerobic conditions (5% O2, 10% CO2 and 
85% N2) for 3-5 d. Isolates were identified as H pylori 
according to typical Gram stain morphology, biochemical 
tests positive for urease and oxidase.

Determination of minimal inhibition concentration 
The minimal inhibition concentration (MIC) was determined 
by agar dilution method of  the National Committee for 
Clinical Laboratory Standards (NCCLS). Agar dilution plates 
were prepared with two-fold serial dilution of  MTZ, ranging 
from 0.25 to 128 mg/L. The inoculation concentration of  
H pylori was 1 × 106-7 CFU/5 µL. Results were read after 
72 h incubation and the MIC was determined as the lowest 
concentration of  MTZ in which no visible growth occurred. 
Strains with MIC value ≥ 8 mg/L were classified as 
resistant[7]. NCTC11637 was used as a reference strain.

DNA extraction
Genomic DNA was extracted from H pylori strains 
according to UNIQ-10 genomics DNA isolation kit 
user manual provided by Shanghai Sangon Biological 
Engineering & Technology and Service Co. Ltd.

SSH
The subtractive DNA library was established according to 
Clontech PCR-selectTM bacterial genome subtraction kit 
(PT3170-1) user manual. Genomic DNA from five MTZ-
resistant clinical H pylori strains was used as the tester 
respectively, and DNA from one MTZ-susceptible clinical 
strain was used as the driver. The sequences of  adaptors 
and primers are as followings: adaptor 1: 5’-CTAATACG
ACTCACTATAGGGCTCGAGCGGCCGCCCGGGCA
GGT-3’; adaptor 2R: 5’-CTAATACGACTCACTATAGG
GCAGCGTGGTCGCGGCCGAGGT -3’; P1: 5’-CTAAT
ACGACTCACTATAGGGC-3’; NP1: 5’-TCGAGCGGC
CGCCCGGGCAGGT-3’; NP2: 5’-AGCGTGGTCGCG
GCCGAGGT-3’. The PCR products were analyzed by 2% 
agarose gel electrophoresis, purified by using the 3S PCR 
product purification kit (BBST). 

T/A cloning and screening 
The second PCR products were purified and cloned into 
the pUCm-T vector (BBST) following the protocols. 
The recombinant plasmids were transformed into E. coli 
DH5α, which was then cultured overnight on the selective 
agar plates. One hundred and twenty white colonies were 
randomly picked and cultured in Luria-Bertani medium 

containing ampicillin at 37℃ for 8 h. The plasmids were 
extracted and used as templates and the inserts were 
amplified under condition as in the second PCR for 25 
cycles. The sizes of  the inserts were identified by 2% 
agarose gel electrophoresis. 

Dot blotting and DNA sequencing
Each insert PCR-purified products were dotted on the 
Hybond N+ membrane (BioRad) in duplicating forms and 
DNA fixation was carried out by baking the Hybond N+ 
membrane at 80℃ for two hours. In addition, 23S rRNA 
fragment of  H pylori and pBR328 were dotted on the 
membrane as positive and negative control respectively. 
The RsaⅠ-digested genomic DNA fragments of  four 
resistant and four susceptible H pylori strains (not tester 
and driver strains) were used as probes and dot blotting 
was preformed using the DIG DNA label ing and 
detection kit (Roche). Pre-hybridization and hybridization 
were carried out in the hybridization oven (HYBAID) at 
50℃ for 2 and 20 h respectively. After the Hybond N+ 
membrane was stringently washed and blocked, the Anti-
Dig-AP mixtures were added and the signals were detected 
by colorsubstrate solution (NBT/BCIP). The inserts that 
gave positive results (that is, obvious difference in gene 
copies between the DNA fragments of  resistant and 
susceptible strains) were sequenced by BBST Company. 
The sequences were then submitted to gene homologous 
analysis based on GenBank database.

RESULTS
SSH
After subtractive hybridization of  genomic DNA in 
resistant and susceptible isolates, PCR amplified products 
presented several similar and tight striples, indicating 
that most tester sequences formed with the driver were 
excluded, while tester-specific sequences were self- 
hybridized to form amplifiable fragments that were then 
enriched by PCR (Figure 1).

T/A cloning and screening 
After SSH between the tester and driver DNA fragments, 
about 450 colonies grew on the ampicillin plates and 
one third of  them were white in color. One hundred 
and twenty white colonies were randomly chosen and 
101 positive colonies containing the target inserts were 
confirmed by nested primer PCR. The size of  inserts 
ranged from 150 to 750 bp (the average was about 280 bp).

Dot blotting
From 101 positive subtractive colonies, 82 with their size 
longer than 180 bp were picked out for dot blotting with 
genomic DNA fragments of  RsaⅠdigested resistant and 
susceptible strains. Thirty-seven DNA fragments with a 
different number of  DNA-copies (≥ 2 times) in resistant 
and susceptible strains were obtained and 17 of  them 
differed significantly in the number of  DNA-copies (≥ 3 
times) (Figure 2).

DNA sequencing and homologous analysis
Among the sequences obtained from the 17 specific 
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Figure 1  PCR-amplified different resistant isolates of H pylori subtraction. M: DNA 
marker; 1-5: different resistant isolates 60a, 45a, 51a, 28a, and 117a.
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DNA fragments, new sequences were found in 10 
DNA fragments and duplicated sequences in DNA 
fragments,  representing respectively  the sequences of  
depeptide ABC transporter permease protein (dppB), 
periplasmic dipeptide-binding protein (dppA), ribosomal 
protein S4 (rps4), ribonuclease Ⅲ (rnc), protease (pqqE), 
diaminopimelate epimerase (dapF), acetatekinase (ackA), 
H pylori plasmid pHP51, H pylori gene 1334 and replication 
protein B (Table 1).

DISCUSSION
Genes that are present in certain isolates of  a given 
bacterial species and absent or substantially different 
in others can be of  great biological interest. Some may 
determine strain-specific traits such as drug resistance, 
pathogenicity, bacterial surface structure, or restriction-
modification. SSH is a powerful technique that has been 
applied to many different fields, such as identification 
of  PIs/genomic islands, mobile genetic elements, 
drug resistance associated genes and variations in gene 
expression, etc[8-12]. Here we used this method in H pylori to 
search MTZ-resistance associated gene fragments. 

In this study, some gene fragments specific for 
MTZ-resistant H pylori strains were identified by SSH. 
Of  them, 10 were identified by dot blotting, including 
depeptide ABC transporter permease protein (dppB), 
periplasmic dipeptide-binding protein (dppA), ribosomal 
protein S4(rps4), ribonuclease Ⅲ (rnc), protease(pqqE), 
diaminopimelate epimerase (dapF), acetatekinase(ackA), 
H pylori plasmid pHP51, H pylori gene 1334 and replication 
protein B. These gene fragments may be associated with 
MTZ-resistance of  H pylori. 

Dipeptide ATP-binding cassette (ABC) transporters 
dppA and dppB which are relative to transportation 
of  bi-peptide and polypeptide, l ike the multidrug 
resistance protein (MDR), belong to bacterial periplasmic 
transport system and ABC transporters or traffic ATPase 
superfamily, take part in active efflux of  intracelluar 
compounds, and function as a drug efflux pump[13]. It 
was reported that antibiotic efflux pumps exist in almost 
all bacteria and are one of  the reasons for MDR. Our 
previous study showed that verapamil could reduce the 
MIC of  MTZ-resistant H pylori, suggesting that drug efflux 
pump in the membrane of  H pylori might be inhibited 

by verapamil[14]. In this study, the number of  gene copies 
encoding DppA and DppB was obviously higher in 
the resistant H pylori isolates than in susceptible ones, 
indicating that DppA and DppB may play an important 
role in the active MTZ efflux and result in the resistance to 
MTZ. 

Plasmid is a close-circular extra-chromosomal DNA 
form of  bacteria in vitro. Antibiotic resistant plasmids 
widely exist in Gram-negative or positive bacteria. The 
resistant rate of  H pylori to MTZ is very high and has 
an increasing trend. Researchers suspect that resistant 
plasmids exist in H pylori, but no relative evidence has been 
found. Our study showed that the number of  gene copies 
in cryptic plasmid PHP051 was much higher in MTZ-
resistant isolates, which may be due to its random insertion 
into the H pylori DNA, thus leading to some gene shift-
code mutations and MTZ resistance. 

In summary, the 10 new gene fragments identified in 
this study may be associated with H pylori resistance to 
MTZ. However, the relationship between these genes and 
their resistance to MTZ needs to be further investigated.
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