Am J Digest Dis 2019;6(1):1-8
www.ajdd.us /ISSN:2329-6992/AJDD0093769

Original Article

A novel detection method for GyrA gene mutations
based on real-time PCR in helicobacter

pylori resistant to levofloxacin

Shengzhou Wang!?, Xin He'?, Hongyan Chen?, Daru Lu?

1State Key Laboratory of Genetic Engineering, Zhongshan Hospital, Fudan University, Shanghai, China; 2School of
Life Sciences, Fudan University, Shanghai, China

Received March 13, 2019; Accepted April 11, 2019; Epub April 15, 2019; Published April 30, 2019

Abstract: Helicobacter pylori, an important pathogen that colonizes the gastric mucosa, can cause peptic ulcers
and gastric cancer in infected individuals. First-line treatment for H. pylori is combination antibiotic therapy, but
drug resistance has become a major factor affecting the eradication rate. Whereas the clinical detection of clar-
ithromycin resistance based on 23S rRNA evaluation is well established, reports on the detection of all levofloxacin
resistance sites are lacking. In this study, we have established a method based on the principle of probe melting
curve to distinguish mutations of the levofloxacin resistance gene gyrA at multiple sites with only one probe. In order
to simultaneously distinguish between multiple resistance gene mutations and synonymous mutations at amino
acids 87, 88, and 91 of levofloxacin, a series of bioinformatic tools were used to design the primers and probes,
from which results can be predicted. One hundred forty-four clinical samples were simultaneously detected using
our method and Sanger sequencing. By comparison, our method was more sensitive, less expensive, and easy to
carry out in any diagnostic laboratory. More importantly, we use as few as 10 copies of DNA per reaction to obtain

more precise results.
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Introduction

Helicobacter pylori (H. pylori), a gram-negative
bacterium that colonizes the surface of the
gastric mucosa, is the main cause of peptic
ulcer, chronic gastritis, and gastric malignant
tumors [1]. The current first-line treatment for
HP is triple antibiotics (clarithromycin, amoxicil-
lin, and metronidazole) alone or with a proton
pump inhibitor (quadruple therapy) [2]. If first-
line therapy fails, salvage therapy with levoflox-
acin is an effective alternative [3]. However,
with the global increase in antibiotic resistance,
antibiotic resistance to macrolides (clarithro-
mycin) and fluoroquinolones (levofloxacin) has
limited the success rate of antibiotic treat-
ments [4]. The presence of clarithromycin resis-
tance has reduced the success rate of clar-
ithromycin-containing triple therapy by approxi-
mately 50% [5], whereas levofloxacin resis-
tance has reduced the success rate of levoflox-
acin-containing treatment regimens by approxi-
mately 20%-40% [6].

Drug resistance is mainly caused by specific
base mutations. The clarithromycin resistance
of H. pylori is mainly caused by mutations
involving A2142G, A2142C, and A2143G muta-
tions of 23S rRNA [7]. However, the mutations
that cause levofloxacin resistance are more
complex, and mainly occur in specific regions of
the DNA gyrase subunit A gene (gyrA), especial-
ly in the quinolone resistance-determining
domain (QRDR) [8]. After mutations at these
key sites, the enzyme is responsible for the
function of DNA supercoiling, reducing the affin-
ity of antibiotics and reducing the antibiotic
effect [9]. Eleven mutations have been report-
ed in this domain, including those at the sites
encoding the codons for the amino acids aspar-
agine (Asn) at position 87, alanine (Ala) at posi-
tion 88, and aspartate (Asp) at position 91
(viz, Asn87LyS, Asn87Tyr, Ala88Val, Asp91Gly,
Asp91Asn, and Asp91Tyr) and synonymous
mutations at amino acid 87 [10].

Traditionally, the clinical detection of H. pylori
resistance is through an antibiogram, obtained
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using the commercially available diagnostic
device Etest [11]. However, this method re-
quires special transportation conditions and
culture laboratories for culturing the bacteria.
Owing to the long culture period and low suc-
cess rate, the timely provision of clinical treat-
ment guidance is difficult to accomplish. Com-
pared with traditional methods, molecular biol-
ogy methods can provide more expedient and
accurate guidance on the appropriate clinical
drugs to use in individual cases. After PCR
amplification of the GyrA mutation, sequencing
is the gold standard in clinical practice [12].
Liou [13] proved that the molecular method of
sequencing had a better correlation with the
clinical results [13]. The eradication rate of wild
type was 82.7%, and the eradication rate of
mutation was 41.7%.

Compared to sequencing, real-time PCR was a
clinically preferred method. Following the addi-
tion of a fluorescent dye or probe to the PCR
system, the fluorescence signal is increased as
the DNA sequence of interest is amplified, and
the entire amplification reaction can be moni-
tored in real time [14]. This technique has been
widely used, especially for the detection of clar-
ithromycin-resistant mutation sites, and has
been used to guide clinical treatment [15]. De-
tection of levofloxacin-resistant is not as easy
as clarithromycin-resistant detection, there is
only one commercially available H. pylori test,
which was designed for Helicobacter pylori str-
ains from Germany, using two pairs of hybrid-
ization probes to detect mutations in amino
acids 87 and 91 [16]. However, this method
cannot be distinguished whether a strain has
both a synonymous mutation of 87 AAT and a
resistance mutation of Asp91Asn/Asp91Tyr.

In order to solve this problem and detect all
eleven reported mutations, a novel RT-PCR te-
chnique was established based on the probe-
based melting curve to distinguish all above-
mentioned mutations in levofloxacin resistance
gene GyrA using only one probe. We construct-
ed multiple plasmid standards and diluted
them to different gradients, demonstrating that
the method was sensitive. The detection of
144 actual clinical samples proved the accura-
cy of the method, and the test results were con-
sistent with Sanger sequencing.

Materials and method
H. pylori strains

The wild-type H. pylori standard strain
(ATCC26695) was obtained from American
Type Culture Collection cellbank. H. pylori DNA
samples, extracted from the gastric mucosa of
a total of 144 patients with peptic ulcer dis-
ease, were obtained from Shanghai Xinchao
Biotechnology Company (Shanghai, China). The
sequences of all the different mutations of the
H. pylori gyrA gene were downloaded from the
NCBI database (https://www.ncbi.nlm.nih.gov).

Standard plasmids construction

Plasmid standards for the 87AAT wild type,
87AAC wild type, and 87AAA-resistant geno-
types were constructed separately. Plasmids
were extracted by TIANprep Mini Plasmid Kit
(TiangenBiotech, Shanghai, China). After the
concentration was measured using Nanodrop
2000, the plasmids were diluted to 107, 106,
105, 104, 103, 102, and 10 copies/uL for sensi-
tivity detection.

Probe design

The probe was designed on nucleic sites that
covered 87, 88 and 91 resistant mutations
after sequence alignment of all GyrA mutation
types by ClustalX software. The melting tem-
perature (Tm) and other parameters for hybrid-
ization of different mutation types were predict-
ed by the online Unafold software (http:/
unafold.rna.albany.edu). To simultaneously
detect different mutations at multiple sites, we
finally designed a hybrid probe with FAM,
5-CGATAATGCGGTTTATGATG, which matches
the wild type of amino acid 87 AAT. In the soft-
ware prediction results, 87 AAT and 87 AAC
sensitive types had the highest melting tem-
perature (62.4°C and 59.4°C), and all drug-
resistant melting temperature were lower than
57°C, as shown in Table S1.

Primer design and optimization

The sequences from different mutations of the
GyrA gene were downloaded from NCBI. All
sequences were aligned using ClustalX soft-
ware. The primers were designed in the most
conserved regions by Oligo7 software. Different
types of clinical H. pylori DNA were used for
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Figure 1. Melting curves of wild type and mutant types. The Tm value of the levofloxacin-sensitive standard, 87AAT
and 87AAC, was 58.5°C and 54.9°C. The Tm value of the drug-resistant standard, 87AAA, was 52.8°C.

PCR validation to screen for the most conserva-
tive pair of primers. One paired specific primer
(forward, 5-AGGCGTATTTTGTATGCGATGC; and
reverse, 5-CGTTATCGCCATCAATAGAGCCA) hat
covered most types of H. pylori, was selected in
this study.

PCR and melting curve analysis

The reaction solution contained HpH buffer
[17], 3 mM MgSO0,, 0.2 mM dNTPs, 1 U HS Taq
DNA polymerase, 0.1 uM probe, 0.05 uM for-
ward primer, 0.5 uM reverse primer, 1 uL DNA
template.

Amplification and annealing were performed on
Lightcycle 96 (Roche) using the following proce-
dure: 95°C for 5 min; 40 cycles of 95°C for 20
s, 58°Cfor30s, 72°C for 20 s; 72°C for 5 min;
95°C for 3 min, 40°C for 3 min; The tempera-
ture was raised from 40°C to 80°C, 5
readings/°C, and the rate was 0.05°C/s. The
fluorescence intensity was measured on the
FAM channel, and the genotype was deter-
mined by the melting curve Tm value.

Result
Typical mix results of standard plasmids

The diluted plasmid standards were subjected
to melting curve analysis by fluorescence-
based real-time PCR in order to obtain the plas-
mid samples of 87AAT wild type, 87AAC wild
type, and 87AAA resistant gtype on the Roche
Lightcycle 96 instrument (Figure 1). Two peaks
with different Tm values indicate the detection
results of two kinds of wild types, which mean

sensitivivity to levofloxacin. The left peak was
mutation type 87AAA and the clinical signifi-
cance was resistance.

Sensitivity of detection

Using a 10-fold gradient of plasmid DNA as a
template, the sensitivity of the entire assay sys-
tem was analyzed and the results showed that
the minimum detection limit of all sites reached
10 copies/reaction (Figure 2). The melting
curves of the samples with different Ct values
all showed the same Tm value, indicating the
high sensitivity of the detection system, and
the detection results of different concentration
templates were highly consistent. The peak
height of the melting curve of the sample above
100 copies did not change until a significant
decrease was observed at 10 copies, but was
still clearly distinguishable from the negative
control.

Typical sample detection

We selected different typical clinically types for
melting curve analysis, which were confirmed
by Sanger sequence results (Figure 3). The
probe design was completely matched with the
synonymous mutation sensitivity of C261T,
thus the Tm value of the synonymous mutation
sample 01 was 58.5°C in Figure 3A. The Tm
value of wild type sample 09 was 54.8°C in
Figure 3B. Taking the Tm value of the wild type
sample as reference, the Tm values of the other
resistant mutations were lower than the wild
type above 2°C, such as C261A and A259T
resistance in Figure 3C and 3D. In addition to
C261A, sample 21 also showed another muta-

Am J Digest Dis 2019;6(1):1-8



Novel RT-PCR method for levofloxacin resistance

>

0.800

0.600

0.400

Fluorescence

0.200

0.000 2990

e -— 10

<— blank

0.00 4.00 8.00 12.00 16.00

0.001

-dFfdT

0.000

24.00 28.00 32.00 36.00 40.00

40.00 44.00 48.00 52.00 56.00 60.00 64.00 68.00 72.00 76.00 80.00 84.00

Temperature

Figure 2. The minimum detection limit for real-time PCR reactions was 10 copies, and the lines of 8 different colors
in the figure represent plasmid templates with a concentration from 1x107 to 10%, and a negative control for water.
(A) The amplification curve shows the difference in template concentration, and the Cycle value of the reaction de-
creases with the decrease in template concentration, and is still discernible until approximately 35 cycles. (B) The

melting curve peak, each color corresponding to the (A).

tion in G264A, so the Tm value decreased sig-
nificantly to 45.5°C in Figure 3E. Sample 31
was a rare mix of resistant and mutant, show-
ing a double peak at 58.5°C and 51.5°C in
Figure 3G. These samples were clearly con-
firmed by sequence results from Figure 3H-N.
All typical samples are also shown in Table 1.

Clinical sample detection

H. pylori DNA samples were extracted from 144
human gastric mucosa specimens. The detec-
tion and statistical analysis are shown in Table
2. These samples were verified by Sanger
sequencing, which showed that our method
results were consistent with the sequencing
results and indicated that the system was accu-
rate and specific. Different instruments and
reaction conditions will cause the sample Tm
value to deviate from the predicted result. To
eliminate this deviation, we corrected the Tm
value of each wild type standard and calculated
the average and standard deviation according
to the difference (ATm) from the standard Tm
value, as shown in Table 2. A total of 73 cases

with levofloxacin resistance were detected, and
the drug resistance rate has reached 50%.

Discussion

In our study we used a melting curve method to
distinguish the sensitive and resistant types of
the levofloxacin resistance gene, GyrA, by their
difference Tm values of the melting curve.
Compared with the existing detection methods,
this method was the first report detecting all 11
kinds of point mutations by RT-PCR requiring
only one probe, and the operation was simple,
accurate and rapid. Our method also solved the
problem of multi-drug resistance detection of
H. pylori, and can conveniently detect other
drug resistance or virulence genes simultane-
ously in multiple fluorescent channels.

The traditional drug resistance test method for
H. pylori was to conduct drug susceptibility
experiments after 2 weeks of culture. In con-
trast, molecular methods can provide timely
clinical guidance. There were a number of mo-
lecular methods for the detection of Helico-
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Figure 3. Melting curves of typical samples detection were proved by Sanger sequence results. The Tm value of
the melting peaks were wild types in the dotted line to the right of the standard, and rest on the left were resistant
mutations. Sequence results (H-N) correspond to the detection results (A-G) accurately. (A) 87AAT Synonymous wild
type (B) 87AAC wild type (C) 87AAA resistant (D) 87TAT resistant (E) 87AAA and 88GCA two mutations resistant (F)
91AAT resistant (G) 87AAT Synonymous wild type mixed with 87ATT resistant.

5 Am J Digest Dis 2019;6(1):1-8



Novel RT-PCR method for levofloxacin resistance

Table 1. Typical sample detection and sequence results were consistent

Sample ID Tm value Detection result Sequence result

01 58.5 Sensitive 87AAT synonymous wild type

09 54.8 Sensitive 87AAC wild type

06 52.8 Resistant 87AAA resistant

20 52.1 Resistant 87TAT resistant

21 45.5 Resistant 87AAA and 88GCA resistant

27 49.0 Resistant 91AAT resistant

31 51.5,58.5 Mix 87AAT synonymous wild type mixed with 87ATT resistant

Table 2. Clinical samples detection and statistical results

various mutants (Table S1).

Finally, a probe was desig-

Sample type Tm Mean (ATm) SD  Detection result Total d to disti <h bet

Synonymous wildtype  58.4  -3.467 0427  Sensive 27 ned lo distinguish between
) . two synonymous mutations

Wild type 54.9 -0.025 0.109 Sensitive 44 and all other resistant mu-

One mutation resistant 52.3 2.556 0.478 Resistant 55 tations.

Two mutation resistant  47.9 6.907 1.93 Resistant 18

bacter pylori resistance to clarithromycin. One
of the most effective methods was real-time
PCR. It was more sensitive than other detection
methods and can detect the mixture of resis-
tant and sensitive bacteria [18]. This method
was also performed by Matsumura et al. [19]
using different primers and probes. Accumula-
ting evidence has shown a strong relationship
between these molecular methods and sensi-
tivity tests [20, 21]. However, molecular meth-
ods for detecting H. pylori resistance to levo-
floxacin are not as easy as detecting clarithro-
mycin resistance, mainly because of the diver-
sity of mutation types and the presence of syn-
onymous mutations at amino acid 87, thus
making traditional molecular detection meth-
ods difficult to distinguish.

The most critical feature of the multiplexed
quantitative PCR system established in this
project was the design of the probe. We used a
Tagman probe with self-quenching label at both
ends, and could choose any length and posi-
tion design within the allowable range of the Tm
value. Through exploration of the thermody-
namic mechanism of molecular beacons in the
past, we found complex changes in Tm values
caused by different probe positions and differ-
ent base changes. When the base of the probe
was T and the base of the target sequence was
C, ATm was significantly smaller than other
types of mutations. We tried to cover probes of
different lengths from amino acid 87-91, using
unafold software to predict the Tm values for

In the molecular detection

of pathogenic microorgan-
isms, non-specific amplification and contami-
nation of foreign DNA fragments have always
been an important factor affecting the detec-
tion results. Non-specific amplification occurs
primarily between homologous sequences of
different microorganisms. For example, the H.
pylori 23 s and GyrA gene detected in this sub-
ject also have homologous sequences in
Escherichia coli and other common pathogenic
microorganisms. The region in which the E. coli
GyrA gene binds to the probe has less influence
on the detection result because there are more
than three base mismatches. However, some of
the bases around the 2142 locus of the 23 s
gene are perfectly matched. If non-specific
amplification of the fragment occurs, the probe
will bind, making the test result impossible to
judge. To solve the problem, we designed mul-
tiple primers for the conserved and specific
region of H. pylori, ensure that all different
types of H. pylori can be precisely detected.

The clinical DNA samples were extracted from
the gastric mucosa in patients with H. pylori.
Our results of 144 samples in clinical trials
showed that the levofloxacin resistance rate
was more than 50%. All samples were verified
by Sanger sequencing, which was the gold stan-
dard for current molecular detection methods
[22, 23].

Resistant strains caused by single mutation
can still be killed by increasing the dose of anti-
biotics, but double mutations cause a 7-fold
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increase in levofloxacin resistance based on
MIC levels [24]. The method we have estab-
lished can also determine the double-site
mutation by melting peak, but because there
are few clinical studies in this area, more sus-
ceptibility tests are needed to verify the rela-
tionship between different types of double
mutations and high levels of resistance.

In summary, our study established a reaction
system for the detection of H. pylori levofloxa-
cin resistance by RT-PCR. According to the
melting peaks of different Tm values, levofloxa-
cin drug resistance was detected. This accu-
rate, rapid and sensitive detection method
was more suitable for large-scale clinical
applications.
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Table S1. Probe design and prediction

Protein Mutation Nucleotide Detection Tm prediction ATm

87N Wild type AAC Sensitive 59.4 0

87N C261T AAT Sensitive 62.4 -3.0
N87Y A259T TAT Resistant 56.3 3.1
N87T A260C ACC Resistant 57.3 2.1
N87I A260T ATC Resistant 54.4 5.0
N87K C261G AAG Resistant 56 3.4
N87K C261A AAA Resistant 57 2.4
N88V C263T GTG Resistant 52.3 71
D91G A272G GGT Resistant 56.8 2.6
D91A A272C GCT Resistant 56.9 2.5
D91N G271A AAT Resistant 56.6 2.8

DIO1Y G271T TAT Resistant 56.4 2.6




