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ABSTRACT

	 Sixty isolates of Pseudomonas aeruginosa were collected from different hospitals of Baghdad. 
Detection of mexB gene in the isolates was done by using PCR technique and the gene was found 
in all of the isolates. The susceptibility of the isolates was tested against Carbenicillin, Levofloxacin 
and Erythromycin by using disc diffusion method. Results showed that 80% of the total isolates was 
resistant to Carbenicillin while 6% and 32% of the total isolates was resistant to Levofloxacin and 
Carbenicillin respectively.  Three isolates that were resistant to the three antibiotics were chosen 
to be the base for detecting the gene expression level of mexB before and after the addition of 
Quinoline-2-one Derivatives.
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INTRODUCTION
	
	 Pseudomonas aeruginosa is a Gram-
negative aerobe that has the ability to infect a 
wide range of plant and animal host1. The bacteria 
is responsible for fatal chronic lung infections in 
patients with cystic fibrosis and serious acute 
infections in immunocompromised and injured 
patients2.

	 Pseudomonas aeruginosa is one of the 
curses of the burn units since it is one of the most 
frequent sources wound and burn sepsis3,4

	 Antimicrobial agents are expelled from the 
cells by drug-efflux pumps, which are membrane 
transporter proteins5. Efflux pumps expel different 
types of antibiotics and chemicals such as dyes, 
detergents, organic solvents and biocides6.

	 Pseudomonas aeruginosa decreases its 
susceptibility to antibiotics mainly by the production 
of RND efflux pump and MexXY-OprM7. RND family 
is one type of efflux systems that are commonly 
found in Gram-negative bacteria.  Pseudomonas 
aeruginosa is of clinical significance due to its ability 
to acquire high level multi drug resistance and due 
to its innate multi drug resistance8. The aim of this 
study was to evaluate the effect of Quinoline-2-one 
Derivatives on the gene expression of mexB of 
Pseudomonas aeruginosa

MATERIALS AND METHODS

Bacterial Isolates
	 The isolates were recovered from blood, 
burn, ears, sputum, urinary tract, catheters and 
wound from patient admitted to Iraqi medical centers 
in Baghdad during the period from the sixteenth of 
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October 2016 to the first of February 2017. All of the 
isolates were identified by their colony characteristics 
and confirmed by the biochemical test using Api 20 
E system

Molecular Detection of mexB Gene Using PCR 
Technique
	 All of the isolates were submitted to PCR 
technique to detect mexB gene. PCR was performed 
with a final volume of 20 µl. Each reaction contained 
10 µl of GoTaq® Green Master Mix, 1 µl of forward 
primer, 1 µl of reverse primer, 2 µl of template DNA 
and 5 µl of nuclease free water. The reaction was 
submitted to the PCR conditions for 30 cycles and 
as follow:

	 Initial denaturation at 95° C for 5 minutes, 
denaturation at 95° C for 30 seconds, annealing at 
60° C for 15 seconds and polymerization at 72° C for 
7 minutes. The amplified products were detected by 
agarose gel electrophoresis. DNA marker (Promega/
USA) was run with each gel and genotype was 
determined by the size of the amplified product.

Antibiotic Susceptibility Testing
I.	 Susceptibility of Pseudomonas aeruginosa 

was tested by disc diffusion test against 
Carbenicillin, Levofloxacin and Erythromycin, 
according to clinical and laboratory standards 
institution (CLSI) guide lines

II.	 Antimicrobial activity of Quinoline-2-one 
Derivatives was determined by agar well 
diffusion test. The test was carried by 
inoculating bacterial suspension (1.5 x 108) 
CFU/ml obtained from (0.5) McFarland 
standard solution for turbidity. Sterilized 
loopful was used to inoculate the Muller 
Hinton agar plates with bacterial suspension 
by streaking method. Excess moisture was 
removed by air-dried in sterilized Hood, wells 
have been made with appropriate depth to 
have 50 µl of dissolved compounds.

RNA Isolation and quantitative RT-PCR
	 RNA was extracted by Trizol reagent from 
cells grown to the post exponential phase at 37° C. 
PCR was performed with final volume of 20 µl, each 

Table 1:  Primers used to detect mexB and rpsL genes among Pseudomonas aeruginosa

Primer	 Sequence	 Reference	 Annealing 	 Product 
			   temp °C	 size bp

Mex B	 F 5´- ATCCGCCAGACCATCGCCA-3´	 Vettoretti et al.,(2009)	 60	 150
	 R  5´- CATCACCAGGAACACGAGGAGG-3´	
RpsL	 F 5´- GCAAGCGCATGGTCGACAAGA-3´	 Dumas et al .,(2006)	 60	 201
	 R 5´- CGCTGTGCTCTTGCAGGTTGTGA-3´

Table 2: Distribution of Pseudomonas 
aeruginosa according to the source of 

samples

Source of 	 No. of 	 Percentage
isolates	 isolates	 %

Blood	 1	 1.7%
Burns	 18	 30%
Catheters	 2	 3.3%
Ears	 16	 26.7%
Sputum	 10	 16.7%
UTI	 2	 3.3%
Wound	 11	 18.3%
Total	 60	 100%

Fig. 1:  Agarose gel (1.5 %) electrophoresis of 
PCR amplified products for mexB gene. Lane 
(M): l00 bp ladder, Lane (1-8): positive result 

with positive bands of mexB gene (150) bp and 
lane (C): Negative control
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reaction contained 10 µl of GoTaq® Green Master 
Mix, 0.4 µl of Go Script RT Mix for 1-step RT-qPCR 
mix, 2 µl of forward primer, 2 µl of reverse primer, 4 
µl of RNA and 1.6 of nuclease free water. Reaction 
was submitted to the PCR conditions for 35 cycles 
and as follow:

	 cDNA synthesis at 37° C for 15 minutes, 
initial denaturation at 95°C for 5 minutes, denaturation 
at 95° C for 30 seconds, annealing at 60° C for 30 
seconds and polymerization at 72° C for 30 seconds.

RESULTS

	 A total of 60 clinical isolates of Gram-
negative bacteria identifies as Pseudomonas 
aeruginosa were collected from different sources 
and as follow: 1 isolate from blood, 18 isolates 
from burn, 16 isolates from ears, 10 isolates from 
sputum, 2 isolates from urinary tract, 11 isolates 

from wound and 2 isolates from catheters (table 2). 
All isolates were identified through morphological, 
cultural, biochemical tests and by using Api 20 
E system  Susceptibility of isolates was tested 
against Carbenicillin, Levofloxacin and Erythromycin 
by using disc diffusion test, results showed 
that 80% of the total isolates were resistant to 
Carbenicillin, 6% of the total isolates were resistant 
to Levofloxacin and 32% of the total isolates were 
resistant to Erythromycin.  The majority of isolates of 
Pseudomonas aeruginosa exhibit intrinsic resistance 
to many antibiotics because of: the poor outer 
membrane permeability, constitutive expression of 
different efflux pumps and production of antibiotic 
inactivating enzymes9,10.

	 PCR technique was used to detect mexB 
gene and the results showed that all of the isolates 
had the gene. The size of the mexB gene is 150 bp 
as shown in (Figure 1).

Table 3: Ct values and fold of gene expression of mexB gene of 
Pseudomonas aeruginosa that was treated with Q2 and levofloxacin

Groups	 MIC	 Iso.No.	 ct of 	 ct of 	 ∆ct	 ∆∆ct	 Folding	 Average
			   H.K.G	 T.G.				    of folding

Untreated		  P.a.38	 16.1	 19.98	 3.88	 0	 1	 1
		  P.a.49	 15.9	 22.03	 6.13	 0	 1	
		  P.a.50	 16.2	 20.41	 4.21	 0	 1	
Q2	 (256)µg/ml	 P.a.38	 16.2	 19.9	 3.7	 -0.18	 1.132883885	 1.188950775
		  P.a.49	 16.1	 21.8	 5.7	 -0.43	 1.347233577	
		  P.a.50	 16.11	 20.2	 4.09	 -0.12	 1.086734863	
Lev	 (2)µg/ml	 P.a.38	 15.98	 18.21	 2.23	 -1.65	 3.138336392	 3.682107727
		  P.a.49	 15.8	 19.8	 4	 -2.13	 4.377174805	
		  P.a.50	 16	 18.06	 2.06	 -1.82	 3.530811985	

Table 4: Ct values and fold of gene expression of mexB gene of 
Pseudomonas aeruginosa that was treated with erythromycin

Groups	 MIC	 Iso.No.	 ct of 	 ct of 	 ∆ct	 ∆∆ct	 Folding	 Average
			   H.K.G	 T.G.				    of folding

Un		  P.a.38	 16.1	 19.98	 3.88	 0	 1	 1
treated		  P.a.49	 15.9	 22.03	 6.13	 0	 1	
		  P.a.50	 16.2	 20.41	 4.21	 0	 1	
Ery	 (64)	 P.a.38	 16.01	 23.8	 7.79	 3.91	 0.066523136	 0.099553601
	 µg/ml	 P.a.49	 16.02	 24.98	 8.96	 2.83	 0.140632311	
		  P.a.50	 16	 23.66	 7.66	 3.45	 0.091505356
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	 In this study three isolates that were resistant 
to Carbenicillin, Levofloxacin and Erythromycin were 
chosen to measure the gene expression level of 
mexB before and after the addition of Quinoline-2-
one Derivatives by using q RT-PCR technique after 
the extraction of RNA from the isolates that were 
inhibited by the tested antimicrobial agents and from 
isolates that were treated with Erythromycin due to 
its inhibitory effect on mexAB-OprM and Levofloxacin 
as trade antibiotic. The results showed that the gene 
expression decreased in the case of treating the 
isolates with Erythromycin, while increase with the 
expression was noticed with 2.6 than that of control 
when treating the isolates with Levofloxacin and 
increasing by 0.2 than that of control was noticed in 
the case of treating the isolates with Q2 as shown 
in tables. 

DISCUSSION

	 A study made by Al-Marjani et al., (2013)11 
showed that 100% of clinical isolates were resistant 
to Carbenicillin. Brown and Izundu (2004)12 revealed 
that 82.4% of isolates were resistant to Nalidixic 
acid and 76.5% were resistant to Kanamycin, also 
a study done by Akingbade et al., (2012)13  showed 
that 92.7% of isolates were resistant to Amoxicillin 
and 35.5% were resistant to ciprofloxacin.

	 Multidrug pumps, par ticularly those 
represented by the clinically relevant AcrAB-TolC 
and Mex pumps of the resistance-nodulation-
division (RND) superfamily, not only mediate 
intrinsic and acquired multidrug resistance (MDR) 

but also are involved in other functions, including 
the bacterial stress response and pathogenicity. 
Additionally, efflux pumps interact synergistically 
with other resistance mechanisms (e.g., with the 
outer membrane permeability barrier) to increase 
resistance levels14.

	 There are many Researcher found that 
the efflux-mediated resistance has been found 
in many bacterial genera. Over expression of an 
efflux system, responsible for reduction in the 
accumulation of the antibiotic. The Mex efflux pumps 
of P. aeruginosa are of particular interest because of 
their exceptionally broad substrate specificity. While 
12 potential efflux systems of this family have been 
identified in the P. aeruginosa genome15.

CONCLUSION 
 
	 We can concluded that development of 
novel antibiotics that can bypass the effects of 
efflux pumps is still a challenging task. More studies 
on involved mechanisms and structure-function 
association of bacterial efflux systems as well as the 
interactions between the pumps and other resistance 
mechanisms are highly recommended.
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