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Target modification and reduced drug accumulation are the main resistance mechanisms against fluoroquinolone
antibiotics in Pseudomonas aeruginosa. We performed a genotypic characterization of three major Mex multidrug
efflux pumps (MexAB-OprM, MexXY-OprM and MexCD-OprJ) in ciprofloxacin resistant clinical isolates of P. aeruginosa, collected from Tehran, Iran; this was followed by sequencing and analyzing the type II topoisomerases encoding gyrA, gyrB, parC, and parE genes. Reverse transcription PCR (RT-PCR) and semi-quantitative RT-PCR
methods were used to analyse the transcription of efflux pumps. Topoisomerase mutation analysis was carried out
through PCR amplification and sequencing of the quinolone resistance determining region (QRDR) of the topoisomerases encoding genes. Some 11.1% of the strains actively expressed MexCD-OprJ and 15.5% hyperexpressed
MexXY-OprM efflux pumps. No overexpression was detected for MexAB-OprM, whereas 4.4% of strains showed
simultaneous expression of MexCD-OprJ and MexXY-OprM. In the sequencing results, a single point mutation in
the QRDR of gyrA was detected in all tested strains, where Isoleucine was substituted by Threonine at position 83.
No mutations were detected in QRDR of gyrB, parC and parE genes. We are the first to report the genotypic
analysis of ciprofloxacin mediated efflux pump resistance from Iran. These findings emphasize the clinical
significance of multidrug efflux pumps and topoisomerases mutations activity in conferring resistance to
fluoroquinolone antibiotics, and support the use of genotypic methods for analysis of resistance elements in P.
aeruginosa in developing countries such as Iran.
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INTRODUCTION
Pseudomonas aeruginosa is a serious nosocomial bacterial pathogen, mainly due to the high level
of antibiotic resistance, which is the result of several
mechanisms such as outer membrane low permeability [1], acquisition of antibiotic modifying enzymes [2, 3], and overexpression of multidrug efflux pumps [4, 5]. Fluoroquinolones have been extensively used against various infections both in
human and veterinary cases [6, 7]. Ciprofloxacin is
historically known as the most effective fluoroquinolone antibiotic against P. aeruginosa infections [8,
9]. The main resistance mechanisms to fluoroquinolones include multidrug efflux pumps and drug

target modifications. Mutations in type II topoisomerase encoding genes, including DNA gyrase
(gyrA, gyrB) and DNA topoisomerase IV (parC,
parE) in so-called quinolone resistance determining
region (QRDR) [10], play a significant role in conferring fluoroquinolone resistance in clinical isolates
of P. aeruginosa [11-13].
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MexAB-OprM, MexCD-OprJ and MexXY-OprM
are among the well described multidrug efflux
pumps of P. aeruginosa. MexAB-OprM is constitutively expressed in wild-type strains and overproduced in nalB and nalC mutants conferring resistance to fluoroquinolones, tetracycline and betalactams [14, 15]. The overexpression of the substrate-inducible pump, MexXY-OprM, results in
resistance to some drugs such as fluoroquinolones,
tetracycline, aminoglycosides and erythromycin
[16, 17]. MexCD-OprJ pump has no expression under standard conditions, while expression occurs in
nfxB mutant that is resistant to fluoroquinolones,
tetracycline, chloramphenicol and trimethoprim [18,
19]. So far, there has been no valid evidence of
genotypic analysis of fluoroquinolone-mediated
efflux pump resistance in P. aeruginosa from Iranian medical settings. The aim of this study was to
investigate the two main fluoroquinolone resistance
mechanisms through transcriptional analysis of the
three efflux pumps MexAB-OprM, MexCD-OprJ
and MexXY-OprM and sequencing analysis of type
II topoisomerase QRDR, in order to elucidate a possible correlation between the emergence of multidrug efflux pumps hyperactivity, topoisomerase
mutations and resistance to fluoroquinolones in
clinical isolates of P. aeruginosa from Iran.

relatively low number of strains for further analysis
was comparable with other similar studies, investigating efflux pumps expression/activity and topoisomerase QRDR analysis in clinical isolates of P.
aeruginosa [21-23]. P. aeruginosa wild-type strain
PAO1 and laboratory mutants named as JFL-30,
JFL28 and JFL10 that hyperexpressed MexABOprM, MexCD-OprJ and MexXY-OprM pumps,
were also used respectively as controls in this study
[24]. The Escherichia coli strain DH5α and plasmid
pBluescript sk (-) were used as host cell and vector
for cloning and in vitro transcription of mexA and
mexX. Bacterial cells were routinely cultured in Luria-Bertani (LB) broth medium at 37°C. The DH5α
cells were grown in LB broth, supplemented with
50 µg/ml of ampicillin and 8 µg/ml of tetracycline
at 37°C.
Cloning and transcription analysis. Due to
the presence of basic expression of two efflux
pumps MexAB-OprM and MexXY-OprM, the transcription level of these pumps was tested using a
semi-quantitative Reverse transcription PCR (RTPCR) method. A regular RT-PCR protocol was also
set up for transcription analysis of MexCD-OprJ
efflux pump. PCR amplification of mexA and mexX
was carried out using P. aeruginosa PAO1 genomic
DNA and the primers: mexA (GeneBank:
AAG03814.1) F: (5′-CCAACCCGAACAACGAGC-3′),
R: (5′-TTGCTGTCGGTTTTCGCC-3′) (349 bp) and
mexX (GeneBank: AB015853.1) F: (5′-TGGTCGCCCTATTCCTGC-3′), R: (5′-ACGCCTTGAGCTTGTCGG-3′) (336 bp). The genes were cloned into the
Eco321 (RV) -digested pBluescript sk (-) (3 kbp)
vectors and subsequently transformed into DH5α
cells. The in vitro transcription assays were started
using EcoR1-digested linear plasmid DNA of
mexA/mexX and T3 RNA polymerase (Fermentas
Inc.). Ten continuous dilutions (index: ½) were prepared from the synthesized RNA for mexA and
mexX. RNA concentrations of serial dilutions were
measured by spectrometry at A260 nm and reversetranscribed into their respective complementary
DNA (cDNA) using the Moloney murine leukemia

MATERIALS AND METHODS
Bacterial strains, plasmid and growth conditions. A total number of 133 P. aeruginosa isolates were collected from patients in burn units of 3
major hospitals in Tehran, Iran. The antimicrobial
susceptibility of these isolates was tested against 10
different antibiotics. Some 45 (35%) ciprofloxacinresistant (CipR) strains were examined for phenotypic indication of efflux pumps overexpression,
using an efflux inhibitor. The test resulted in 10
strains that phenotypically hyperexpressed these
pumps (published elsewhere) [20]. These strains
were tested for transcription activity of MexABOprM, MexCD-OprJ, and MexXY-OprM, using
genotypic methods. The criterion of examining the
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virus reverse transcriptase (MMLV), according to
the supplier’s instructions (Fermentas Inc). The second strand PCR was followed by using template
cDNA with the oligonucleotide primers as described above. The PCR products were visualized
on agar gel electrophoresis and a UV transilluminator. The intensity of the PCR bands was measured
using Gel analyzer software (BioDoc. GMBH) and
combined with the serial RNA dilution spectrometry data to draw the mexA/mexX corresponding
standard transcription plots.

template for PCRs. Sets of primers were designed
for amplification of fragments including the putative QRDRs. gyrA (GeneBank ID AAG06556.1) F:
5′-AGCAGGTTGGGAATCTTGGT-3′ and R: 5′-CCGCCGTGTGCTTTATG-3′ primers amplified 366
bp of QRDR from position 2273 to 2638 inside
gyrA. gyrB (GeneBank ID AAG03394.1) primers F:
5′-TGCGGTGGAACAGGAGAT-3′ and R: 5′-CATCTGGCGGAAGAAGAAG-3′ amplified 514 bp
region of QRDR from position 1047 to 1560. parC
(GeneBank ID AAG08349.1, F:5′-AGTTCGCTGAGCAGCACCT-3′ and R: 5′-ACCGAGCAGGCCTATCTGAA-3′ primers amplified a 368 bp fragment of QRDR from position 1838 to 2205. Pairs of
primers F: 5′-TCGAGGGCGTAGTAGATGTC-3′
and R: 5′-TCTCGGGCGTGGTGAAG-3′ were designed to amplify a 583 bp gene fragment of QRDR
inside parE (GeneBank ID AAG08352.1) from position 275 to 857. The PCR sequencing procedure
was followed by using dideoxy chain terminator
method and directed through a BigDye Terminator
v3.0 Chemistry DNA sequencing kit (Applied Biosystems, 33730xl, USA) according to the manufacturer’s protocol. The sequencing results were analyzed using the Chromas sequence analyzer and
CLCBio tools.

RT-PCR. The clinical strains were grown up to
mid-exponential phase turbidity (A600=1.5-2) and
the total RNA was isolated (RNeasy QIAGEN,
GMBH). The reverse transcription reaction was
followed by MMLV reverse transcriptase, converting approximately 2 µg of total RNA to cDNA. Secondary strand PCR was carried out using oligonucleotide primers of mexA, mexX, mexC (GenBank:
AAG07987.1) F: 5′-CGTGCAATAGGAAGGATCGG3′, R: 5′-GGATCTTCACCAGCGGCTC-3′ and rpsL
(GenBank: AAG07656.1) F: 5′-AAGCGCATGGTCGACAAGA-3′, R: 5′-CTGTGCTCTTGCAGGTTGTGA3′ (201 bp). The PCR results were analyzed on aga-

rose electrophoresis gel and visualized through a
UV transilluminator. mRNA level normalization of
each strain was set according to that of the 16 s
ribosomal rpsL housekeeping gene [25] and expressed as proportional to the value of P. aeruginosa strain PAO1, defined as 1. The bands densitometry of mexA and mexX was measured to derive a semi-quantitative level of these genes transcription for each strain. The strains were considered over expressing mutants if the levels of mexA
or mexX transcription were higher than the minimum thresholds described by Mesaros et al.
[26]. The simple detection of mexC expression on
the electrophoresis analysis was thought valid
enough to identify the strains as overproducing
mutants.

RESULTS
Analysis of mexA, mexX and mexC expression and selection of double-efflux expressing strains. Figure 1 (A to C) shows the RTPCR results of mexC, mexA and mexC transcription
analysis in 10 clinical strains of P. aeruginosa. Accordingly, 15.5% (7 of 45) of CipR strains showed a
≥3 times greater expression of MexXY-OprM efflux pump than wild type PAO1 strain, making
them overexpressing mutants. For mexA, comparison of transcription level with that of P. aeruginosa
PAO1 wild type did not show any significant (≥3
times) expression of MexAB-OprM in any of the
studied clinical strains. Analysis of mexC expression in the CipR strains of P. aeruginosa, using traditional RT-PCR, showed that 11.1% (5 of 45) of

Type II topoisomerase PCR amplification
and QRDR sequencing analysis. Genomic
DNA was isolated from clinical strains and used as
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the strains actively produced the MexC protein of
the three component efflux pump MexCD-OprJ.
According to our results, 4.4% (2 of 45) of the CipR
strains showed simultaneous expression and
overerexpression of mexC and mexX respectively
(Fig. 1).
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100 bp DNA ladder; lane 2, MexAB-OprM hypet-expressing mutant (JFL-30); lane 3, P. aeruginosa PAO1
wild type strain; lanes 4-13, 10 clinical strains of P. aeruginosa (P1-P10) tested for expression of mexA gene (349
bp); (c) lane 1, 100 bp DNA marker; lane 2, P. aeruginosa PAO1 wild type strain DNA PCR control; lane 3,
MexCD-OprJ expressing mutant (JFL-28); lane 4, P. aeruginosa PAO1 wild type strain; lanes 5-14, 10 clinical
strains of P. aeruginosa (P1-P10) tested for expression
of mexC (388 bp).
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Type II topoisomerase amino acid substitutions. PCR sequencing analysis of DNA gyrase
and Topoisomerase IV genes detected a single point
mutation in the QRDR of gyrA at nucleotide 249
that was spotted in all tested clinical strains of
P.aeruginosa and led to the amino acid substitution
Threonine 83 to Isoleucine (P.aeruginosa PAO1
numbering). Sequence analysis of gyrB, parC and
parE genes did not show any mutations occurring in
their respective amplified QRDR.
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Contribution of efflux pump and topoisomerase activity to overall antibiotic susceptibility. The MIC (Minimum Inhibitory Concentra-

Fig. 1. Agar electrophoresis of RT-PCR against cDNA
of mexX, mexA, and mexC in 10 CipR, efflux positive
clinical strains of P. aeruginosa; (a) lane 1, 100 bp DNA
marker; lane 2, MexXY-OprM hyper-expressing mutant
(JFL-10); lane 3, P. aeruginosa PAO1 wild type strain;
lanes 4-13, 10 clinical strains of P. aeruginosa (P1-P10)
tested for expression of mexX gene (336 bp); (b) lane 1,

tion) distribution of three antibiotics (Imipenem,
Gentamicin and Ceftazidime) for the studied CipR
strains is shown in Table 1.

Table 1. The Antibiotic resistance, multidrug efflux pumps expression and type II topoisomerase mutation
profile of 10 clinical strains of P. aeruginosa

1

CipR
(≥4 mg/L)
+

IMIR
(≥4 mg/L)
–

GEMR
(≥16 mg/L)
–

CAZR
(≥32 mg/L)
–

2

+

+

+

+

3
4
5
6
7

+
+
+
+
+

–
–
–
–
–

–
+
+
+
+

–
+
+
+
+

8

+

–

–

–

9
10

+
+

–
–

+
–

+
–

Strains

MDR Efflux pump

DNA gyrase

Topoisomerase IV

MexXY-OprM
MexXY-OprM
MexCD-OprN
MexXY-OprM
MexXY-OprM
MexXY-OprM
MexXY-OprM
MexCD-OprN
MexXY-OprM
MexCD-OprN
MexCD-OprN
MexCD-OprN

gyrA (Thr-83►Ile )

–

gyrA (Thr-83►Ile )

–

gyrA (Thr-83►Ile )
gyrA (Thr-83►Ile )
gyrA (Thr-83►Ile )
gyrA (Thr-83►Ile )
gyrA (Thr-83►Ile )

–
–
–
–
–

gyrA (Thr-83►Ile )

–

gyrA (Thr-83►Ile )
gyrA (Thr-83►Ile )

–
–

CipR, Ciprofloxacin resistant; IMIR, Imipenem resistant; GEMR, Gentamicin resistant; CAZR, Ceftazidime resistant
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Accordingly, 3 of 5 strains expressing MexCDOprJ and also 5 of 7 strains overexpressing
MexXY-OprM were resistant to Ceftazidime and
Gentamicin. One MexCD-OprJ and MexXY-OprM
double expressing strain was also shown to have
triple resistance to gentamicin, Ceftazidime and
Imipenem. In contrast, a similar single gyrA point
mutation was detected in all CipR strains, regardless
of their secondary antibiotic resistance profile.

highly hydrophobic Isoleucine may affect the gyrase-quinolone interaction by loss of necessary enzyme-drug contacts or conformational changes that
may eventually result in antibiotic resistance. The
presence of unique gyrA mutation in all studied
strains supports the fact that DNA gyrase is basically the first target enzyme of type II topoisomerase in ciprofloxacin resistance [32]. Regarding the
relation of antibiotics MIC to efflux pumps and
topoisomerase activity, the overexpression of
MexCD-OprJ and MexXY-OprM potentially reduces the strains susceptibility to non-fluoroquinolone antibiotics Gentamicin (Aminoglycosides) and
Ceftazidime (beta-lactam). In contrast, the gyrA
single mutation (Thr 83) did not seem to confer resistance to any of tested non-fluoroquinolone antibiotics. The application of RT-PCR method in this
study resulted in a more accurate analysis than that
obtained from the phenotypic analysis of efflux activity by differential selection of active multidrug
efflux pumps in studied strains. Real-Time PCR
quantitation method has a higher specificity than the
traditional RT-PCR, but it is still considered an expensive technique and not easily affordable for
every laboratory routine use [33] in developing
countries. Further work is needed to transfer the
results of this study into a clinical setting, to provide
information in regards to the choice of antibiotics
dosage and to translate the results into improvements in hospitalization and healthcare policies.

DISCUSSION
Genotypic analysis of fluoroquinolone resistance
has been previously reported in clinical isolates of
P. aeruginosa [21, 28-30]. In this study, we reported the first genotypic analysis of major multidrug efflux pumps in clinical isolates of P. aeruginosa, collected from public medical settings in
Iran. Using a genotypic detection method, we analyzed three pumps: MexAB-OprM, MexXY-OprM
and MexCD-OprJ on clinical isolates with significant hyperactive efflux phenotype [20]. Due to the
upstream regulation of the genes, responsible for
encoding the components of the Mex efflux pumps
in P. aeruginosa, the indication of gene expression
within the operon region implies the potential activity/hyperactivity of downstream genes that encode
components of the efflux pump [31]. We detected
4.4% (2 of 45) of CipR isolates expressing at least
two efflux pumps simultaneously. Emergence of
simultaneous expression of different efflux pumps
may be due to double mutations in gene regions
regulating the operons that potentially confer higher
level of antibiotic resistance to mutant strains [27].
This potentiality indicates a higher risk for emergence of multidrug resistance, with lower susceptibility to substrates of these pumps. We also attempted to sequence the type II topoisomerase subunits A and B genes gyrA, parC and gyrB, parE
respectively. QRDR mutation analysis showed the
replacement of Thr 83 with Ile in gyrA of all studied
strains. This result is supported by previous reports
on clinical strains of P. aeruginosa [30, 32]. The
change of polar Threonine to the nonpolar and

ACKNOWLEDGMENTS
We thank Professor Jose L. Martinez (Centro
Nacional de Biotecnologia, Madrid, Spain) for providing us with the wild-type (PAO1) and mutant
strains of P. aeruginosa. Also special thanks go to
Mr. Mahdi Faraji (Tarbiat Modares University) for
his helpful assistance with the mathematics.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

J Med Microbiol Infec Dis

2013 Vol 1 No 1
5

Ciprofloxacin Resistance in P. aeruginosa

Downloaded from jommid.pasteur.ac.ir at 7:19 IRST on Tuesday March 2nd 2021

REFERENCES

sistance and therapeutic options at the turn of the new
millennium. Clin Microbiol Infect. 2007; 13(6): 560-78.
14. Poole K. Efflux-mediated resistance to fluoroquinolones
in gram-negative bacteria. Antimicrob Agents
Chemother. 2000; 44(9): 2233-41.
15. Li XZ, Barre N, Poole K. Influence of the MexAMexB-OprM multidrug efflux system on expression of
the MexC-MexD-OprJ and MexE-MexF-OprN multidrug efflux systems in Pseudomonas aeruginosa. J Antimicrob Chemother. 2000; 46(6): 885-93.
16. Van Bambeke F, Glupczynski Y, Plesiat P, Pechère
JC, Tulkens PM. Antibiotic efflux pumps in prokaryotic cells: occurrence, impact on resistance and strategies
for the future of antimicrobial therapy. J Antimicrob
Chemother. 2003; 51(5): 1055-65.
17. Piddock LJ. Multidrug-resistance efflux pumps? not
just for resistance. Nat Rev Microbiol. 2006; 4(8): 62936.
18. Poole K, Gotoh N, Tsujimoto H, Zhao Q, Wada A,
Yamasaki T, Neshat S, Yamagishi J, Li XZ, Nishino
T. Overexpression of the mexC–mexD–oprJ efflux operon in nfxB-type multidrug-resistant strains of Pseudomonas aeruginosa. Mol Microbiol. 1996; 21(4): 713-25.
19. Piddock LJ. Clinically relevant chromosomally encoded multidrug resistance efflux pumps in bacteria.
Clin Microbiol Rev. 2006; 19(2): 382-402.
20. Tohidpour A, Najar Peerayeh S, Mehrabadi JF,
Rezaei Yazdi H. Determination of the efflux pumpmediated resistance prevalence in Pseudomonas aeruginosa, using an efflux pump inhibitor. Curr Microbiol.
2009; 59(3): 352-5.
21. Dunham SA, McPherson CJ, Miller AA. The relative contribution of efflux and target gene mutations to
fluoroquinolone resistance in recent clinical isolates
of Pseudomonas aeruginosa. Eur J Clin Microbiol Infect Dis. 2010; 29(3): 279-88.
22. Llanes C, Hocquet D, Vogne C, Benali-Baitich D,
Neuwirth C, Plesiat P. Clinical strains of Pseudomonas
aeruginosa overproducing MexAB-OprM and MexXY
efflux pumps simultaneously. Antimicrob Agents
Chemother. 2004; 48(5): 1797-802.
23. Dumas JL, Van Delden C, Perron K, Kohler T.
Analysis of antibiotic resistance gene expression in
Pseudomonas aeruginosa by quantitative real-timePCR. FEMS Microbiol Lett. 2006; 254(2): 217-25.
24. Linares JF, López JA, Camafeita E, Albar JP, Rojo
F, Martínez JL. Overexpression of the multidrug efflux
pumps MexCD-OprJ and MexEF-OprN is associated
with a reduction of type III secretion in Pseudomonas
aeruginosa. J Bacteriol. 2005; 187(4): 1384-91.
25. Llanes C, Köhler T, Patry I, Dehecq B, Van Delden
C, Plésiat P. Role of the MexEF-OprN efflux system in
low-level resistance of Pseudomonas aeruginosa to
ciprofloxacin. Antimicrob Agents Chemother. 2011;
55(12): 5676-84.

1. Rossolini GM, Mantengoli E. Treatment and control of
severe infections caused by multiresistant Pseudomonas
aeruginosa. Clin Microbiol Infect. 2005(suppl-11); 4:
17-32.
2. Bonomo RA, Szabo D. Mechanisms of multidrug resistance in acinetobacter species and Pseudomonas aeruginosa. Clin Infect Dis. 2006; 43(2): 49-56.
3. Nikaido H. Multidrug resistance in bacteria. Annu Rev
Biochem. 2009; 78: 119-46.
4. Lister PD, Wolter DJ, Hanson ND. Antibacterial-resistant Pseudomonas aeruginosa: clinical impact and
complex regulation of chromosomally encoded resistance mechanisms. Clin Microbiol Rev. 2009; 22(4):
582-610.
5. Schweizer HP. Efflux as a mechanism of resistance to
antimicrobials in Pseudomonas aeruginosa and related
bacteria: unanswered questions. Genet Mol Res. 2003;
2(1): 48-62.
6. Davis R, Markham A, Balfour JA. Ciprofloxacin. An
updated review of its pharmacology, therapeutic efficacy
and tolerability. Drugs. 1996; 51(6): 1019-74.
7. Grangie JD, Roulot D, Pelletier G, Pariente EA,
Denis J, Ink O, Blanc P, Richardet JP, Vinel JP,
Delisle F, Fischer D, Flahault A, et al. Norfloxacin
primary prophylaxis of bacterial infections in cirrhotic
patients with ascites: a double-blind randomized trial. J
Hepatol. 1998; 29(3): 430-6.
8. Giamarellou H, Antoniadou A. Antipseudomonal
antibiotics. Med Clin North Am. 2001; 85(1): 19-42.
9. Jones RN, Beach ML, Pfaller MA. Spectrum and
activity of three contemporary fluoroquinolones tested
against Pseudomonas aeruginosa isolates from urinary
tract infections in the SENTRY Antimicrobial Surveillance Program (Europe and the Americas; 2000): more
alike than different!. Diagn Microbiol Infect Dis. 2001;
41(3): 161-3.
10. Yoshida H, Bogaki M, Nakamura M, Nakamura S.
Quinolone resistance-determining region in the DNA
gyrase gyrA gene of Escherichia coli. Antimicrob Agents
Chemother. 1990; 34(6): 1271-2.
11. Cambau E, Perani E, Dib C, Petinon C, Trias J,
Jarlier V. Role of mutations in DNA gyrase genes in
ciprofloxacin resistance of Pseudomonas aeruginosa
susceptible or resistant to imipenem. Antimicrob Agents
Chemother. 1995; 39(10): 2248-52.
12. Ruiz J. Mechanisms of resistance to quinolones: target
alterations, decreased accumulation and DNA gyrase
protection. J Antimicrob Chemother. 2003; 51(5): 110917.
13. Mesaros N, Nordmann P, Plesiat P, RousselDelvallez M, Van Eldere J, Glupczynski Y, Van Laethem Y, Jacobs F, Lebecque P, Malfroot A, Tulkens
PM, Van Bambeke F. Pseudomonas aeruginosa: reJ Med Microbiol Infec Dis

2013 Vol 1 No 1
6

Downloaded from jommid.pasteur.ac.ir at 7:19 IRST on Tuesday March 2nd 2021

Tohidpour et al.

26. Mesaros N, Glupczynski Y, Avrain L, Caceres NE,
Tulkens PM, Van Bambeke F. A combined phenotypic and genotypic method for the detection of Mex efflux pumps in Pseudomonas aeruginosa. J Antimicrob
Chemother. 2007; 59(3): 378-86.
27. Lee A, Mao W, Warren MS, Mistry A, Hoshino K,
Okumura R, Ishida H, Lomovskaya O. Interplay between efflux pumps may provide either additive or multiplicative effects on drug resistance. J Bacteriol. 2000;
182(11): 3142-50.
28. Pasca MR, Dalla Valle C, De Jesus Lopes Ribeiro
AL, Buroni S, Papaleo MC, Bazzini S, Udine C, Incandela ML, Daffara S, Fani R, Riccardi G, Marone
P. Evaluation of fluoroquinolone resistance mechanisms
in Pseudomonas aeruginosa multidrug resistance clinical isolates. Microb Drug Resist. 2012; 18(1): 23-32.
29. Jalal S , Ciofu O, Høiby N, Gotoh N, Wretlind B.
Molecular mechanisms of fluoroquinolone resistance
in Pseudomonas aeruginosa isolates from cystic fibrosis
patients. Antimicrob Agents Chemother. 2000;
44(3): 710-2.

30. Akasaka T, Tanaka M, Yamaguchi A, Sato K. Type
II topoisomerase mutations in fluoroquinolone-resistant
clinical strains of Pseudomonas aeruginosa isolated in
1998 and 1999: role of target enzyme in mechanism of
fluoroquinolone
resistance.
Antimicrob
Agents
Chemother. 2001; 45(8): 2263-8.
31. Poole K, Srikumar R. Multidrug efflux in Pseudomonas aeruginosa: components, mechanisms and clinical significance. Curr Top Med Chem. 2001; 1(1): 5971.
32. Akasaka T, Onodera Y, Tanaka M, Sato K. Cloning,
expression and enzymatic characterization of Pseudomonas aeruginosa topoisomerase IV. Antimicrob Agents
Chemother. 1999; 43(3): 530-6.
33. Kubista M, Andrade JM, Bengtsson M, Forootan
A, Jonák J, Lind K, Sindelka R, Sjöback R, Sjögreen
B, Strömbom L, Ståhlberg A, Zoric N. The real-time
polymerase chain reaction. Mol Aspects Med. 2006;
27(2-3): 95-125.

J Med Microbiol Infec Dis

2013 Vol 1 No 1
7

