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ABSTRACT 

Pseudomonas aeruginosa is one of the leading nosocomial pathogens worldwide, and their infections are difficult to 
treat due to acquired resistance to many antibiotics. This study aimed to detect class 1 and 2 integrons and antibiotic 
susceptibility of clinical isolates of P. aeruginosa. Two hundred and five P. aeruginosa strains were collected from the 
seven general state hospitals in Turkey. They were characterized by antimicrobial susceptibility testing, screened for 
class 1 and class 2 integrons, and evaluated for the association between antibiotic resistance phenotypes and the pres-
ence of integrons. intI gene was amplified in 10 isolates (4.87%) by PCR and in seven isolates of them (70%) were 
found different gene cassettes. The aadA gene integrated into the class 1 integrons was most frequently found and it 
was followed by aac genes and blaOXA family genes. Sequence analysis of variable regions of the class 1 integrons 
showed five gene cassette arrays; aadA1(99%), aac(3)-Id(82%)-orf-aac(3”)-Ia(99%), aac(3)-Ie(83%)-blaoxa10(100%)- 
aadA1 (100%), aadA6(99%, 100%), aac(6’)-I(97%)-orf-aadA2(99%). No class 2 integron was detected. This study is 
the first multicenter study for class 1 integrons and it indicates the low rate of presence of class 1 gene cassette in P. 
aeruginosa. 
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1. Introduction 

Pseudomonas is a genus of bacteria known for its meta-
bolic capacity and ability to occupy a wide range of en-
vironments. Genomes of these genus members can in-  

fluence niche and degree of virulence [1]. Pseudomonas 
aeruginosa (P. aeruginosa) is a ubiquitous, Gram-ne- 
gative, opportunistic organism. This organism can cause 
various infections such as hospital-acquired pneumonia 
and fulminant sepsis especially in immunocompromised 
hosts [2-4]. P. aeruginosa can also cause urinary tract *Corresponding author. 
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infections. It survives on minimal nutritional require-
ments and tolerates a variety of physical conditions so it 
can remain in both community and hospital settings. In 
hospitals, P. aeruginosa can be isolated from a variety of 
sources, including respiratory therapy equipment, anti-
septics, soap, sinks, mops, medicines, and physiotherapy 
and hydrotherapy pools [5]. It grows well on most labo-
ratory media and commonly is isolated on blood agar or 
eosin-methylthionine blue agar. It is identified on the 
basis of its Gram morphology, inability to ferment lac-
tose, a positive oxidase reaction, its fruity odor, and its 
ability to grow at 42˚C [6].  

Infections caused by this bacterium are difficult to root 
up because it has innate antimicrobial resistance due to 
low outer membrane permeability and an extensive ef-
flux pump system [7]. However, genes make the bacteria 
more resistant to antibiotics such as β-lactams, ami-
noglycosides and fluoroquinolones acquired newly by 
this bacterium [8]. Intrinsic and acquired resistance me- 
chanisms of P. aeruginosa cause the evolution of nu-
merous multidrug-resistant (MDR) P. aeruginosa out-
breaks in clinical settings [9]. Dissemination of antibiotic 
resistance genes by horizontal transfer results in the rapid 
emergence of antibiotic resistance among clinical bacte-
rial isolates [10]. The gene acquisition by horizontal gene 
transfer is mediated by mobile genetic elements such as 
plasmids, transposons and integrons. Integrons are one of 
the main types of mobile elements currently known to be 
the natural gene capture systems in bacteria that are con-
sidered responsible for multi-drug resistance [11]. These 
mobile elements have two conserved regions (integrase 
and recombination site) divided by a variable region that 
includes integrated gene cassettes, which frequently in-
clude antibiotic resistance genes [12]. Gene cassettes can 
be mobile and contain only a single gene and a specific 
recombination site 59 base element [13,14].  

Five classes of multi-resistance integrons are known 
[15]. Class 1 and class 2 integrons are the most frequent 
ones in Gram-negative bacteria [16,17]. Class 1 integrons 
contain 5’ and 3’ conserved segments. While 5’ con-
served region of class 1 integron includes class 1 inte-
grase gene encoding a site-specific integrase (intI) and 
recombination site, 3’ conserved region includes sulI and 
qacEΔ1 genes [18]. Class 1 integrons have been reported 
in P. aeruginosa isolates [8,19-27]. Organization of class 
2 integrons is similar to the class 1 integrons and they are 
inserted in the Tn7 transposons family. They have been 
reported from P. aeruginosa in 2009 [28,29].  

Selection of the most appropriate antibiotic is difficult 
for treatment diseases caused by drug-resistant P. aeru-
ginosa. Drug-resistant P. aeruginosa is associated with 
significant increases in morbidity, mortality, need for 
surgical intervention, length of hospital stay and chronic  
care, and overall cost of treating the infection [5].  

In the present study, we investigated the class 1 and 
class 2 integrons from clinical strains of P. aeruginosa. 
This is the first multi-center study of investigation of two 
classes of integrons in P. aeruginosa isolated from Turkey.  

2. Materials and Methods 

2.1. Bacterial Strains 

Two hundred and five clinical strains of P. aeruginosa 
were collected from the clinical samples of the patients 
from various hospitals of six different cities, Ankara (n = 
46), Diyarbakir (n = 43), Kayseri (n = 36), Trabzon (n = 
38), Sanliurfa (n = 33) and Tokat (n = 9) in Turkey be-
tween 2011 and 2012. Clinical samples were from blood, 
urine, body fluids. Identification of the strains was con-
firmed to the species level by using the automatic system 
VITEK 2 (bioMerieux, Durham, NC, USA) according to 
the manufacturer’s instructions.  

2.2. Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility tests were performed by the 
disk diffusion method, and the results were interpreted 
according to the CLSI guidelines [30]. The following 
antibiotic disks (Oxoid, UK) were used: norfloxacin, 
tobramycin, piperacillin, ceftazidime, piperacillin-tazo- 
bactam, amikacin, gentamicin, imipenem, meropenem, 
ciprofloxacin, levofloxacin and cefepime. P. aeruginosa 
ATCC 27853 was used as the standard strain. 

2.3. DNA Extraction  

Genomic DNAs used as template for PCR assays were 
obtained from bacterial suspensions grown overnight in 
Luria-Bertani Broth with shaking incubator at 37˚C. 
Bacterial suspensions were centrifuged at 13.000 rpm for 
five minutes. Pellet was suspended in 500 µl distilled 
water and subsequently boiled in a water bath for 10 mi-
nutes. Debris was centrifuged at 13.000 rpm for five mi-
nutes. A 500 µl of supernatant was obtained and its 5 µl 
was used as the DNA template for PCR assays [31]. 

2.4. PCR Assay for Integrons  

All isolates were tested for the presence of the conserved 
regions of class 1 and class 2 integrases. Primers used for 
detection for intI1: intI1F  
(5’-ACATGTGATGGCGACGCACGA-3’) and intI1R 
(5’ATTTCTGTCCTGGCTGGCGA-3’); for intI2: intI2F 
(5’-CACGGATATGCGACAAAAAGGT-3’) and intI2R 
(5’-GTAGCAAACGAGTGACGAAATG-3’); for class 1 
integron variable region: 5’CS 
(5’-GGCATCCAAGCAGCAAG-3’) and 3’CS 
(5’-AAGCAGACTTACCTGA-3’). PCRs were performed 
in a final volume of 50 µl. PCR mix component was as 
follows; 5 µl of 10X PCR buffer (100 mM Tris-HCl [pH 
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3. Results 8.8], 500 mM KCl, 1% Triton X-100), 3 µl of 25 mM 
MgCl2, 5 µl of 10X dNTP (2 mM dATP, dCTP, dGTP 
and dTTP), 2 µl each of primer (25 pmol/μL), 34 µl de-
ionised sterile water, 1 U of Taq DNA polymerase and 5 
µl of template DNA. PCR amplification condition was as 
follows: initial denaturation at 94˚C for 3 min, 94˚C for 
45 seconds, 55˚C for 1 minute, 72˚C for 3 min followed 
by 34 cycles and 5 min at 72˚C with a final extension 
[32,33]. 

All isolates were tested for susceptibility to twelve anti- 
microbials by using disk diffusion method. The frequen- 
cy of resistance of two hundred and five clinical isolates 
to each antibiotics tested was determined. Resistance to 
norfloxacin (13.2%), tobramycin (10.2%), piperacillin 
(23.9%), ceftazidime (15.6%), piperacillin-tazobactam 
(18.5%), amikacin (11.2%), gentamicin (16.1%), imipe- 
nem (22.9%), meropenem (21.5%), ciprofloxacin (19%), 
levofloxacin (18%) and cefepime (15.1%) was observed. 
The lowest resistance rates were for tobramycin (10.2%) 
and amikacin (11.2%). The highest resistance rates were 
observed for piperacillin (23.9%), imipenem (22.9%) and 
meropenem (21.5%). Susceptibility testing of 205 P. 
aeruginosa isolates showed that all isolates were resistant 
to at least one of the antibiotics and thirty six (18%) of 
the isolates were multi-resistant. Freqeuncies of resis- 
tance of strains against twelve antibiotics were shown in 
Figure 1. 

2.5. DNA Sequencing and Data Analysis 

Electrophoresis of PCR products was performed 1% 
agarose containing 0.5 μg/ml ethidium bromide, and 
subsequently visualized under UV light. Class 1 integron 
positive PCR products were ligated into pGEM-T easy 
vector (Promega) at 16˚C for 16 h by T4 DNA ligase. 
Ligation mixture were then transformed into E. coli 
JM101 strain prepared according to Sambrook et al. 
(1989) [34] and spread in ampicillin plates (50 μg/ml) 
containing X-gal (40 μg/ml). We collected the white co-
lonies and plasmids were purified from these colonies by 
using Promega Plasmid Purification Kits. Recombinant 
plasmids carrying amplicons of class 1 integrons were 
sent to Macrogen Inc., Seoul, Korea for sequencing by 
using the universal oligonucleotide primers, T7 and SP6. 
Sequencing results were analysed using alignment search 
tool, BLAST (http://www. ncbi.nlm.nih.gov/BLAST) [35] 
and the multiple sequence alignment program, CLUS-
TALW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/). 

All 205 P. aeruginosa isolates tested for susceptibility 
to antibiotics were screened for the presence of class 1 
and 2 integrases. Ten isolates (4.8%) were identified as 
being positive for class 1 integrase. Class 2 integrase was 
not detected. Seven distinct variable regions were de-
tected among seven isolates with sizes ranging from 
1070 bp to 2104 kb. The rest 1.4% of isolates harboured 
class 1 integron elements without any gene cassette at-
tached. Integron-bearing strains were only detected in the 
strains from three cities (Trabzon, Sanliurfa and Diyar 
bakir) (Table 1). 

 

 

Figure 1. Resistance frequency of the strains against twelve antibiotics. 
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Table 1. Epidemiological data for seven integron-bearing P. aeruginosa strains obtained from six different cities in Turkey. 

Strain no (City) R typea Policlinic Specimen
Date of 

isolationb
Integron or gene  

cassette array (similarity) 

DBP19 (Diyarbakir) 
NOR, TOB, CAZ, TZP, CN, MEM,

IPM, CIP, LEV, FEP 
Physical Medicine 
and Rehabilitation

Urine 05.07.11 Aac(6’)-I(97%)-orf-AadA2(99%) 

DBP18 (Diyarbakir) NOR, CN, MEM, CIP, LEV Gastroenterology Bile 12.07.11 aadA6(100%) 

DBP9 (Diyarbakir) NOR, CN, CIP, LEV General surgery Bile 19.07.11 aadA6(100%) 

DBP41 (Diyarbakir) NOR, MEM, CIP, LEV Oncology Blood 16.12.11 aadA6(99%) 

SUP36 (Sanliurfa) 
NOR, PIP, CAZ, TZP, CN, IPM, 

MEM, CIP, LEV, FEP 
General surgery Blood 01.03.12

Aac(3)-Ie(83%)-Oxa-10  
(100%)-AadA1 (100%) 

SUP32 (Sanliurfa) 
NOR, TOB, PIP, CAZ, TZP, AK, 
CN, IPM, MEM, CIP, LEV, FEP

General surgery Blood 13.08.12 Aac(3)-Id(82%)-orf-aac(3”)-Ia(99%)

TRP40 (Trabzon) PIP Urology policlinic Urine 11.09.12 aadA1(99%) 

aNOR: norfloxacin, TOB: tobramycin, PIP: piperacillin, CAZ: ceftazidime, TZP: piperacillin-tazobactam, AK: amikacin, CN: gentamicin, IPM: imipenem, 
MEM: meropenem, CIP: ciprofloxacin, LEV: levofloxacin and FEP: cefepime; bday. month. year. 

 
According to Blast analysis of sequencing results, 

several genes and gene cassettes were determined in 
class 1 integrons (Table 1). The genes in integron gene 
cassettes showed differences in amino acid level from 
82% to 100% follows: aadA1 (99%), aac(3)-Id(82%)- 
orf-aac(3”)-Ia(99%), aac(3)-Ie(83%)-oxa10(100%)-aadA1 
(100%), aadA6(100%), aac(6’)-I(97%)-orf-aadA2 (99%).  

4. Discussion 

Resistance to beta-lactams, quinolones, carbapenems and 
aminoglycosides are often detected in P. aeruginosa iso-
lates and the rapid spread of antibiotic resistance genes 
among bacterial isolates is an increasing problem in in-
fectious diseases. Recent studies have shown that resis-
tance genes might have been carried by an integron. Many 
resistance genes exist as gene cassettes within integrons, 
which may themselves be located on transmissible plas- 
mids and transposons [36]. Production of an integrin- 
mediated β-lactamases from different molecular classes 
(carbenicillinases and extended-spectrum β-lactamases 
belonging to class A, class D oxacillinases and class B 
carbapenem hydrolysing enzymes) and synthesis of ami- 
noglycoside modifying enzymes (phosphoryl-transferases, 
acetyltransferases and adenylyltransferases) are some of 
the resistance mechanisms in P. aeruginosa [37]. In 
Turkey, integron-borne resistance to various antibiotics is 
common in P. aeruginosa [38]. However, the prevalence, 
properties, and roles of integrons and gene cassettes in 
this species have not yet been studied in a multi-center 
study.  

Class 1 integrons were demonstrated in P. aeruginosa 
worldwide, and the frequency of class 1 integrons har-
boured in P. aeruginosa displayed diversity. One study 
performed from Brazil and the frequency of class 1 inte-
grons was determined 41.5% (44/106). Another study 
was performed from United Kingdom and, the frequency 
of class 1 integrons was determined about 60% in A. 
baumannii isolates. The frequency of class 1 integrons 
from different studies were determined 43% in Europe 

(gram-negative isolates), >50% in The Netherlands (En-
terobacteriaceae), 59% in France (Enterobacteriaceae), 
and 52% in Taiwan (Escherichia coli) [36]. 

Class 1 integrons are the most prevalent among P. ae-
ruginosa isolates from different hospitals of six prov-
inces in Turkey. The screening for integrons in clinical P. 
aeruginosa isolates (n = 205) from the Turkey showed 
that 10/205 (4.8%) isolates carried class 1 integrases. 
However, the analysis of the integron variable region 
revealed that 3/10 (30%) were lacking in gene cassettes, 
indicating a low occurrence of empty class 1 integrons 
among these strains. In comparison, this proportion is 
highly low to that found in other studies [8,36]. The ab-
sence of class 2 integrons among our isolates established 
the restricted distribution of these two genetic elements 
among P. aeruginosa isolates. 

Genes causing resistance to aminoglycosides and 
β-lactams are often seen in integrons from Pseudomonas 
and the family members of Enterobacteriaceae, and aad 
and aac families are the most common aminoglycoside 
resistance mechanisms [8]. The most frequent resistance 
gene found in our isolates was from the aadA family, 
aacA family followed by blaOXA. OXA β-lactamase fam-
ily has been found in bacterial isolates from some Euro-
pean countries and Turkey [15]. According to obtained 
results, aadA1, aac(3)-Id-orf-aac(3”)-Ia, aac(3)-Ie 
-blaoxa10-aadA1, aadA6, aac(6’)-I-orf-aadA2 genes or 
gene cassette arrays are seen common in clinical P. ae-
ruginosa isolates in Turkey. To our knowledge, this is 
the first description of aadA1 and aadA6 gene cassette 
arrays in P. aeruginosa from Turkey. AadA1 AadA2 and 
AadA6 proteins are produced by AadA1, AadA2 and Aa-
dA6 genes and each proteins confer resistant to strepto-
mycin and spectinomycin [39,40]. In five isolates 
(TRP40, DBP19, DBP9, DBP18 and DBP14), the pres-
ence of class 1 integron located aadA1, aadA2 and aa-
dA6 gene is the reason for antibiotic resistance to strep-
tomycin and spectinomycin [41]. The AAC(3)-I enzymes 
confer resistance to gentamicin, sisomicin, and fortimicin 
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(astromicin) and are widespread among Enterobacteri-
aceae and nonfastidious gram-negative nonfermenters 
[42]. Classical OXA enzymes confer resistance to car-
boxypenicillins and ureidopenicillins (Piperacillin) [43]. 
Piperacillin and gentamicin resistance in SUP36 is asso-
ciated with class 1 integron gene cassettes. AAC(6’)-I, an 
enzyme that confers resistance to tobramycin, netilmicin, 
amikacin, dibekacin, and kanamycin [44]. Tobramycin 
resistance in DBP19 is associated with Aac-(6’)-I gene 
cassette. 

Sanliurfa and Diyarbakir are located in Southeast Ana-
tolia while Trabzon is located in the Black Sea region. 
Class 1 integrons found in strains collected from Diyar-
bakir carried only aadA genes. blaOXA-10 was found only 
in one strain from Sanliurfa. These findings indicate that 
selective pressure in different geographic regions causes 
variations in integron gene content. Each isolate had re- 
flected the same or highly similar gene cassette arrays 
from geographically distant P. earuginosa. This finding 
implies that contact with mobile genetic elements such as 
integrons contributes to the development of this pathogen 
as multi-drug resistant. This study is the first nationwide 
multicenter study for class 1 integrons and it indicates the 
low rate of presence of class 1 integrons in P. aeruginosa 
in Turkey. 
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