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Abstract: Pseudomonas aeruginosa is an important opportunistic pathogen that infects immunocompromised hosts
and is characterized by its natural resistance to a variety of antimicrobial agents. The purpose of this study was the
assessment of the fluoroquinolones resistance level among P. aeruginosa clinical isolates, furthermore to compare
between the outer membrane protein profile of fluoroquinolones susceptible and resistant isolates of P. aeruginosa
using Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) technique. Sixty five (43%) were
identified as P. aeruginosa by conventional culture techniques. MIC of ciprofloxacin, norfloxacin and levofloxacin
against pseudomonal isolates were determined by twofold agar dilution technique. Only about 39%, 40% and 42%
of these isolates were resistant to ciprofloxacin, levofloxacin and norfloxacin, respectively. Profile of outer
membrane protein fraction of the fluoroquinolones resistant isolates showed an additional band with an approximate
molecular weight of 50-54 kDa. In conclusion, overproduction of outer membrane protein of approximate molecular
weight 50-54 kDa in P. aeruginosa was associated with fluoroquinolones resistance.
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2004), nfxB (Chuanchuen et al., 2005; Jeannot et al.,
2008), and nfxC (Fukuda et al., 1995) mutations
decrease the level of quinolones accumulation, and
strains with the later mutations show cross-resistance
to structurally unrelated antimicrobial agents. The
present study aimed to compare between the outer
membrane protein profiles of fluoroquinolones
susceptible and resistant isolates of P. aeruginosa.

1. Introduction:
Pseudomonas aeruginosa is a clinically
significant opportunistic pathogen that infects
immunocompromised hospitalized patients and is
characterized by its innate resistance to a variety of
antimicrobial agents. Only a few antimicrobial agents,
such as quinolones, show potent antibacterial activity
against this species (Zeng, 2004; Pitt and Simpson,
2006). In recent years, a number of clinical P.
aeruginosa isolates were reported to be resistant to
the quinolones, because of the presence of an outer
membrane with a low level of permeability and
thereby intrinsically resistant to a wide variety of
commonly used antibiotics (Lambert, 2002). The
quinolones class of antibiotics generally has retained
excellent in vitro activity against many common
Gram-negative bacterial pathogens (Sárközy, 2001;
Scholar, 2003; Van Bambeke et al., 2005). However,
as these agents are more frequently prescribed,
increasing rates of bacterial resistance are being
reported (Hooper, 2001; Ruiz, 2003). Several
mutations conferring quinolones resistance have been
identified and mapped on P. aeruginosa
chromosomes. The mutation of gyrA (nfxA, nalA, or
cfxA) causes an alteration in the subunit A of DNA
gyrase (Hsu et al., 2005; Niga et al., 2005), while the
nalB (cfxB) (Li and Poole, 2001; Hocquet et al.,
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2. Materials and methods
Antibiotics:
Ciprofloxacin hydrochloride monohydrate
and norfloxacin were provided as a gift from
E.I.P.I.CO. Pharmaceutical Company (10th of
Ramadan City, Egypt), while levofloxacin
hemihydrate standard powder was provided from
MUP Pharmaceutical company (Ismailia, Egypt).
Bacterial isolates:
One-hundred and fifty bacterial isolates
were isolated from cases admitted to Educational
Suez Canal University Hospital, Ismailia, Egypt. The
isolates were identified using the conventional culture
and biochemical techniques (Cheesbrough, 2000;
Goldman and Green, 2009).
Susceptibility testing:
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aeruginosa isolates 25 (39%), 26 (40%) and 27 (42%)
isolates were resistant to ciprofloxacin, levofloxacin
and norfloxacin, respectively (Table1).
In agreement with Swiatlo et al. (2000), Oliphant and
Green (2002) and Emami et al. (2005) the present
study showed that cross-resistance existed between
these fluoroquinolones.
Electrophoresis of outer membrane protein
(OMP) fraction on SDS-PAGE gel revealed that
fluoroquinolones- resistant isolates differed in OMP
profile from the susceptible ones. An additional
protein band with an approximate molecular mass of
50-54 kDa appeared in each of ciprofloxacin-resistant
isolates (lane 2), norfloxacin-resistant isolates (lane
3), and levofloxacin-resistant isolates (lane 4) when
compared with sensitive isolates (lanes 5, 6 and 7)
(Figure 1).
These results suggested that the outer
membrane protein may be involved in P. aeruginosa
resistance to fluoroquinolones, in agreement with
Masuda et al. (1995 ); Alonso et al. (1999); Le
Thomas et al. (2001) and Griffith et al. (2006).
The previous was agreed with Le Thomas et
al. (2001) and Nakajima et al. (2002); when they
used probing technique for probing the outer
membrane of fluoroquinolones-resistant mutant with
outer membrane protein-specific antibody, they
demonstrated a 2-3 fold overexpression of an outer
membrane protein named, OprM. This evidence
agreed with Masuda and Ohya (1992), who suggested
that overproduction of OprM is associated with
resistance to fluoroquinolones in P. aeruginosa.
These reports agreed with Köhler et al.
(1999), Poole (2000) and Griffith et al. (2006) who
suggested that, the elevated intrinsic resistance in P.
aeruginosa due to the low outer membrane
permeability correlated to the appearance of 5054kDa outer membrane proteins.

MICS were determined by the usual twofold
agar dilution technique with Mueller–Hinton agar
(Difco,USA) and an inoculum size of 104 cells
according to the guidelines of standard procedures
(Schwalbe et al., 2007; CLSI, 2007).
Assay of outer membrane proteins:
The method of Masuda et al. was followed,
briefly resistant isolates were isolated by plating on
Mueller–Hinton agar (Difco,USA) plates containing
sub-MIC of each fluoroquinolone. The sub-MICs
ranged from 2-4, 8-16 or 4-8 µg/ml for ciprofloxacin,
norfloxacin and levofloxacin, respectively. The
largest colony in each plate was picked up and
recultivated in Mueller–Hinton broth (MHB; Difco,
USA) containing the same concentrations of
antibiotics, in which they grew. While sensitive
isolates were cultivated directly in antibiotic- free
Mueller–Hinton broth (MHB; Difco, USA). The
overnight growing cells in MHB were harvested by
centrifugation at 12300×g for 5 min at room
temperature. Harvested cells were suspended in 0.1M
Tris-HCl; pH 8.0. Suspended cells were broken with
a sonicator for 3 min. Unbroken cells were removed
by centrifugation at 4000×g for 10 min at room
temperature. Membranes were pelleted by
ultracentrifugation at 38000×g for 1 h at 60C. The
inner membrane was solubilized by adding 2%
sodium N-lauroylsarcosinate (sarkosel) in 10mM
HEBES
buffer
(4-(2-hydroxyethyl)-1piperazineethanesulfonic acid) pH 8 to the pellets,
this was followed by overnight incubation at room
temperature. The outer membrane was pelleted by
centrifugation at 18,000×g for 40 min at 60C and
resuspended in 0.1M Tris-HCL buffer; pH 8.
Analysis of outer membrane protein:
The outer membrane fraction was analyzed
by SDS-PAGE as reported by Sambrook et al., with
12.5 % polyacrylamide resolving gel and a 5%
stacking gel. The analyzed samples were treated with
reducing sample buffer, pH 6.8 that containing 0.2%
SDS and 2% β-mercaptoethanol. Treated samples
were immersed in boiling water bath for 5 min, and
then they were subjected to electrophoresis at a
constant current of 200 mA at room temperature. The
gel was stained with silver staining using silver
staining kit (Pharmacia Biotech).

4. Conclusion
From all the previous, we can conclude that
fluoroquinolones resistance in P. aeruginosa was
associated with overproduction of 50-54 kDa outer
membrane protein. This protein may be responsible
for decreased drug accumulation inside the cells;
making antibiotics inefficient in infected sites, and
could be responsible for increasing the level of
intrinsic resistance, enhancing acquired resistance,
and increasing frequency of emergence of P.
aeruginosa
strains
highly
resistant
to
fluoroquinolones in clinical settings especially when
combined with mutations in the target enzymes
(DNA gyrase and topoisomerase IV).

3. Results and Discussion:
Sixty- five out of one-hundred and fifty
(43%) clinical bacterial isolates were identified as P.
aeruginosa. The sources and numbers of the isolates
which grew P. aeruginosa were burn – 37; urine – 15
and wound — 13. Results showed that out of the 65 P.
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Table 1: Resistant patterns of 65 Pseudomonas aeruginosa clinical isolates to the three fluoroquinolones.
Fluoroquinolones
NO. of Sensitive Isolates NO. of Resistant Isolates
% of Resistance
40
25
39%
Ciprofloxacin
38
27
42%
Norfloxacin
39
26
40%
Levofloxacin

116kDa
97.4kDa
66.2kDa

37.8kDa
28.2kDa

Lanes

1

2

3

4

5

6

7
Fig. 1: Silver-stained SDS-PAGE of Sarkosel-insoluble membrane fractions: showing the outer membrane
protein profile of ciprofloxacin-resistant isolates (lane: 2), norfloxacin-resistant isolates (lane: 3), and levofloxacinresistant isolates (lane: 4), When grew in the presence of ciprofloxacin, norfloxacin or levofloxacin, respectively,
these lanes obtained an outer membrane protein having electrophoretic mobility corresponding to an apparent
molecular mass of approximate 50-54 kDa, arrows showing these bands. Lanes: 5, 6, & 7, showing the outer
membrane protein profiles of the fluoroquinolones–susceptible isolates. Lane: 1, showing molecular weights of
protein marker components (Jena Bioscience,Germany) in kDa.
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