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Abstract

Background: Enterobacteriaceae are a large group of bacteria widely distributed in nature. Escherichia coli is the most
common cause of urinary tract infection. Two amino acid substitutions, in GyrA, are commonly responsible for quinolone
resistance in E. coli. The aim of this study was molecular survey of nalidixic acid resistance E.coli isolated from patients in
the codones of 83 and 87 gyrA genes.

Methods: During 5 months (January to June 2005) of Molecular Survey of Nalidixic Acid Resistance, one hundred and
twenty-one E. coli isolates from urine samples of patients referred to clinical laboratory of Baqiyatallah Hospital were cul-
tured. Differential tests were done for diagnosis of E.coli. An economical and time-efficient mismatch amplification muta-
tion assay (MAMA) PCR was developed to detect mutations in the chromosomal gyrA gene causing these substitutions.
Results: In nalidixic acid antibiogram test, 55 cases (45.5%) were sensitive, 63 cases (52%) were resistant and 3 cases
(2.5%) were intermediate. Results of PCR and MIC were similar to antibiogram. There was not any mutation in the sensi-
tive samples but there were performed five mutations on the 85, 81, 107, 97 and 87 codones of resistance samples. The
codone number 87s mutation is one of the main mutations of nalidixic acid resistance.

Conclusion: Depending on results of this study and comparison with other studies, trend of resistance of E.coli is increas-
ing. Therefore, we recommend control of antibiotic misusage and application of MIC and PCR tests (if possible) prior to

treatment for suitable selection of antibiotic and prevention of microbial resistance.
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Introduction

Escherichia coli is one of the most common causes
of bacterial infections and, in Iran, increasing
numbers of quinolone-resistant E. coli have been
giving cause for concern since the late 1990s.
Furthermore, the number of reports of quinolone-
resistant E. coli in other countries continues to
rise at the start of the new century (1, 2).

The most frequent mechanism of resistance to
quinolone in E. coli includes alterations in genes
that encode subunits of the quinolone targets
DNA gyrase (in gyrA and gyrB genes) and to-
poisomerase IV (in parC and parE) (3-5). These
alterations involve mainly mutations located in the
quinolone resistance-determining region (QRDR)
of the gyrA gene and its homologous region of
the parC gene (4, 6, 7). In contrast, mutations in

gyrB and parE genes are of minor importance
and are rare contributors to quinolone resistance
(5, 8).

In E. coli, mutations in the quinolone resistance
determining regions (QRDRs) of the gyrA and
parC genes, at nucleotide positions 248 and
259/260 of gyrA resulting in Ser-83 and Asp-87
alterations and mutations at nucleotide position
238/239 and 250/251 of parC resulting in Ser-
80 or Glu-84 changes, have been reported to be
mainly responsible for quinolone resistance (5,
9, 10).

Although several different methods, such as re-
striction fragment length polymorphism (RFLP),
single-strand conformational polymorphism(SSCP)
analysis and sequencing of the relevant gene re-
gions, have been used to detect such mutations
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(7,11), the procedures are labour intensive and
time consuming.

In this study, we developed a simple rapid PCR
mismatch amplification mutation assay (MAMA
PCR) to detect the significant mutations in both
chromosomal gyrA of E. coli isolates.

Materials and Methods

Bacteria and MICs One hundred and
twenty-one E. coli isolates from urinary sam-
ples collected from Baqiyatallah hospital in Te-
hran from January to June 2005 were used in
the study. The MICs of nalidixic acid (NAL)
and other antimicrobial agents were determined
by agar dilution testing according to the Na-
tional Committee for Clinical Laboratory Stan-
dards (NCCLS) performance guidelines (12). In
nalidixic acid antibiogram test, 55 cases (45.5%)
were sensitive, 63 cases (52%) were resistant
and 3 cases (2.5%) were intermediate.

Primer design and MAMA PCR protocol

The rationale behind MAMA PCR is that a sin-
gle nucleotide mismatch at the 3' extremity of the
annealed reverse primer renders Taq poly-
merase unable to extend the primer. So, the ab-
sence of the specific PCR product (coupled with
a positive internal PCR control) reveals a devia-
tion from the wild-type DNA sequence. In this
study, we introduced another nucleotide altera-
tion near the 3' end of the MAMA primer to en-
hance the 3' mismatch effect. The MAMA prim-
ers for mutation detection are shown in Fig. 1.
Other primers used are as follows: Forward primer
gyrA(P1), 5'-gat aca gta gag gga tag cgg-3' (po-
sition: upstream of gene); Reverse Primer gyrA
(P2), 5'- gtt ata cgg aaa tcc gtc tgg c -3' (posi-
tion: 360-382).for each template four PCR carry
out. In each PCR, a forward primer and a
MAMA primer were used in a PCR for muta-
tion detection. These primers generate a short
PCR product from the wild-type gene, but fail
to produce a product from any gene with a mu-
tation at the location covered by the mismatch
positions on the MAMA primer. A third, control
primer that is expected to anneal efficiently to

all gene alleles was used in conjunction with the
forward primer to generate a longer PCR prod-
uct as an internal control.

PCR experiments Template for PCR was
prepared by the heat lysis method (13) except
that bacteria were directly inoculated into 1.0
mL of LB broth in Eppendorf tubes for over-
night culture. For each PCR, 1 pL of super-
natant containing template DNA was added to a
final volume of 20 pL containing: 1.5 pl forward
primer, 1.5 ul MAMA primer or reverse Primer,
2 ul of 10 x Taq buffer, 1.5 ul of d NTPs, 1.5
ul Mgcl 2 and 0.5 pl of Taq DNA polymerase.
[Amplification was carried out on a DNA Ther-
molyne programmed as follows: initial denatu-
ration at 94 °C for 5 min and 30 cycles of dena-
turation at 94 °C for 5 min, annealing at 64 °C
for 5 min and extension at 72 °C for 5 min, with
a final step of 72 °C for 5 min. Large scale PCR
was carried out on a DNA Multiblock System
with the same programme. PCR products were
visualized on horizontal 1.0% agarose gels in
0.5 x TBE buffer, loaded with 5 pL of reaction
mix and stained with ethidium bromide after
electrophoresis (Fig. 2).

Results

Detection of mutations in the QRDR of the gyrA
gene, was performed in the 63 NALr and 55
NALg and 3 NAL; strains by Four PCR for each
template (5, 7). Results of PCR and MIC were
similar to antibiogram (Tablel).

The results defined five groups according to the
mutations in gyrA. Group 1: templates with PCR
result of P1,2(+) « P1,3(+) « P1,4(+) s P1,5(-) or
P1,2(+)<P1,3(+) <P1,4(-) <P1,5(+)and NAL MICs
of 200 pgr/ml have two alterations, at Ser-83 &
Asp-87in GyrA. Group II: templates with PCR
result of P1,3(-) « P1,4(+) <P1,5(-) or P1,2(+),
PL,3(-) « P1,4(-) or P1,5(+) or P1,2(+) <P1,3(-)
«P1,4(+) <P1,5(-)and NAL MICs of 200 pgr/ml
have Asp-87 substitutions in GyrA. Group III:
templates with PCR result of P1,2(+), P1,3(+),
P1, 4(-)<P1, 5(-) and NAL MICs of 200 pgr/ml
have Ser-83 substitutions in GyrA and sensitive

43



Iranian J Publ Health, Vol. 37, No.1, 2008, pp.42-47

templates with PCR result of P1, 2(+), P1, 3(-P1),
4(-), P1,5(-)and NAL MICs of 25 pgr/ml showed
no changes in either gyrA.

These data demonstrate the strong correlation be-
tween the stepwise accumulation of mutations in
gyrA and increases in resistance to quinolones
reported previously (14).

Each MAMA primer is complementary to the
corresponding sequence of the wild-type gene
with one mismatch introduced at the third nu-
cleotide from the 3' end of the primer. However,
between the MAMA primer and mutant genes
there are two mismatched nucleotides at the 3' end
of the primer. A single mismatch at the third nu-
cleotide from the 3' end of the MAMA primer
has little influence on the yield of PCR products,
whereas an additional mismatch at the 3' end of
the primer inhibits the PCR.

The method that has been developed is intended
to detect the most common mutations in E. coli,
in gyrA, associated with quinolone resistance.
The design of the MAMA protocol differs from
others reported (15, 16), in that it targets wild-
type gene sequences rather than mutant ones.
To avoid false negative results, a second reverse

primer is employed to generate a product that
serves as a positive control in a nested PCR (P2).
Other MAMA PCR protocols, designed to am-
plify mutant gene sequences, detect specific nu-
cleotide changes at particular positions in the gene.
Alternative changes are not detected. Mutations
adjacent to the particular nucleotide of interest
can also give rise to amino acid substitutions that
alter the MIC of NAL and would be detected
with our approach. For example, in gyrA, G259A
results in an Asp87Asn substitution, whereas
A260G generates a different change (Asp87Gly);
both affect susceptibility to NAL.

Therefore in this study sequencing was done for
one of PCR product (P1-P2) including sensitive
and resistant E. coli. Sequences obtained were
compared with those previously reported for
gyrA (GenBank accession no. X06373). There
was not any mutation in the sensitive samples
but there were performed five mutations on the
85 (TTG—-TCG), 81 (TAT —TTT), 107 (CTA—
CCA), 97 (ATA—ACA) and 87 (GCA— GTA)
codones of resistance samples. The codon num-
ber 87s mutation is one of the main mutations
of nalidixic Acid resistance.

¢ Primer MAMA gyrA 83 (P3)

3! ttg geg gtc tat gac acg atc g 5'

Asp-87 Ser-83

ECOll 241 ggt gac tcg gcg gte tat gac acg atc gtc cge

5! tac acg atc gtc cgc atg 5'

3'@ acg atc tcc geca tgg c 5'

Primers MAMA rA 87 (P4,5)
4 gy ’

Fig. 1: Comparison of DNA sequence around the codons for amino acids of interest in GyrA in quinolone-susceptible and
NAL-resistant isolates. The amino acids found in the native proteins are indicated center the corresponding nucleotide se-
quences. MAMA primers used in this study are shown above & below the sequence.
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Table 1: Comparison Result of PCR with Result of MIC & Antibiogram

L o Result of MIC Result of PCR
Sensitive to Nalidixic Acid
o . (25-800) P1&P4 Number Of
antibiogram disk urg/mi P1&P2  P1&P3 P1&P5 Templates
S 25 + - - - 43
R 200 + + + - 33
S 25 - - - - 11
R 200 - + - + 7
R 200 - - . + 3
R 200 - + + - 12
I 50 + + + - 3
R 200 + - - + 4
R 200 + + - + 3
R 200 - - + - 1
R 20 + + - - 1
Total 121
Fig. 2: Agarose gel of E. coli MAMA PCR products with primer P1& P2.
Lane 1: DNA molecular weight standard 100 bp.
Lane 2-13: Lanes 6, 7,8,9,10,11 were positive (450bp) & Lanes 3,4,5,12,13 were negative.
Discussion substitution in an in vitro mutant selected under

No amino acid changes were detected in GyrA
protein in the 55 NALg isolates, whereas at least
one amino acid substitution in the GyrA protein
(position 83 and/or 87) was detected in NALgr
strains in study sequencing.

Two amino acid substitutions (Ser-83 & Asp-
87), in GyrA, are commonly responsible for qui-
nolone resistance in E. coli. Y. Séenz et al. re-
vealed that the Ser-83—Leu substitution in the
GyrA protein of E. coli strains was the sub-
stitution most frequently identified, as previously
reported. (6, 10, 11, 16) Tavio et al. reported
the Ser-83—Ala change in a human E. coli clini-
cal isolate and also described the Ser-83—Val

antibiotic pressure (17).

In respect of changes in position 87, Y. Sadenz
et al. revealed that the Asp-87—Tyr and Asp-
87—Gly single substitutions in the GyrA protein
were associated with a lower ciprofloxacin MIC
(0.06 mg/L) than the Asp-87—Asn change (MICs
0.25-0.5 mg/L). The substitutions of Ser-83 for
Leu, Ala or Val have resulted not only in the loss
of the hydroxyl group of serine and thus the abil-
ity to form hydrogen bonds, but also in the re-
placement by an aliphatic chain. All the changes
in Asp-87 for Asn, Tyr, Gly or His involve the
loss of a negatively charged amino acid. These
changes suggest that the ability to form hydrogen
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bonds and the negative charge at these positions
seem to be important for quinolone interactions
with the DNA gyrase-DNA complex (17).
Targeting the wild-type sequence is a more com-
prehensive tactic than targeting a particular mu-
tation. However, a warning is pertinent. Although
the approach described in this paper will detect
a number of different mutations in the wild-type
sequence at the position of interest, it has limi-
tations. First, it does not identify the nature of
the mutation. Therefore, it is not a substitute for
DNA sequence analysis. Secondly, changes at
the third base position of a codon would be
detected by our version of MAMA, but these
will not necessarily result in an amino acid sub-
stitution in the gene product because of the de-
generate nature of the genetic code. For exam-
ple, any change at the third base position of
gyrA codon 83 (TCG) would not alter the amino
acid in GyrA, i.e. Ser-83. Similar considerations
apply to other codons. Hence, detection of such
silent mutations by our version of MAMA could,
in principle, lead to wrong conclusions being
drawn about amino acid substitution in the gene
product. However, nucleotide changes at the third
base positions of the four codons targeted in this
study have, to our knowledge, notbeen reported.
In conclusion, the MAMA PCR method pro-
posed reliably detects the mutations in gyrA that
are commonly responsible for resistance to qui-
nolone displayed by E. coli, and the method is
suitable for profiling and characterizing a large
number of isolates in resistant outbreaks.
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