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Abstract 
Objective: The aim of this study was to isolate the plasmid DNA of P. aeruginosa and to 
investigate the prevalence of resistance genes and their relationship to antibiotic resistance 
(aminoglycoside and β-lactam) in Al Muthanna hospitals in Iraq. 
Methods: The study included the collection of one hundred patients' samples from burn and wound 
swabs for the period from November 2021 to March 2022 from Al Muthanna hospitals in Iraq. 
Fifty-five bacterial isolates were obtained from wounds and burns and characterized and identified 
as P. aeruginosa using HiFluoro Pseudomonas agar Base and CHROM agar Pseudomonas  as an 
enrichment selective medium as well as using biochemical tests. The susceptibility of P. 
aeruginosa isolates to aminoglycoside and β-lactam antibiotics was investigated according to the 
Clinical Laboratory Standards Institute (CLSI). P. aeruginosa plasmid was extracted. Polymerase 
chain reaction (PCR) was also carried out using P. aeruginosa plasmid DNA as a template to detect 
the presence/absence of the resistance genes using different pairs of specific primers. All PCR 
products of the positive isolates were sequenced for the detection of resistance genes by Macrogen 
Inc. in Seoul, South Korea. 
Results: P. aeruginosa produces various colors on Hifluoro agar media and CHROM agar 
Pseudomonas including blue green (pyocyanin), fluorescein greenYellow (pyoverdin) and red 
(Poyrubin). On the genetic side, using a plasmid purification kit to plasmid extraction for 55 of P. 
aeruginosa isolates we got 17 (30.9%) isolates showed plasmid. The aacA4 gene was identified in 
1 (5.88%) of the plasmid- positive  P. aeruginosa isolate. But, IMP-1 and OXA-2 not detected in 
this stud. Resistance to beta-lactam antibiotics may be due to the presence of resistance genes other 
than the IMP-1 and OXA-2 genes. It was not detected in this study using special primers. The 
susceptibility of P. aeruginosa isolates to aminoglycoside and β-lactam antibiotics was 
investigated. Most isolates showed high resistance degrees to penicillins group (ampicillin, 
pipercillin), cephalosporines group (ceftriaxone, cefotaxime),  monobactams group (aztreonam), 
aminoglycosides group (gentamicin, streptomycin), but, it was moderately resistant to 
carbapenems group (meropenem and imipenem) and topramicin while, it was low resistance for 
β-lactamase inhibitor  pipercillin/tazobactam, imipenem/EDTA. Sequencing analysis revealed of 
one plasmid type was Pseudomonas aeruginosa plasmid pCFF04 aacA4 gene contain on aacA4 
gene for aminoglycoside resistance. This study therefore determined the prevalence, antibiotic 
resistance and plasmid patterns of P. aeruginosa strains from clinical specimens obtained from the 
wound and burn units of a Al Muthanna hospitals in Iraq. 
Keywords: Pseudomonas aeruginosa, antimicrobial resistance, plasmid DNA extraction,  
resistance genes, (aminoglycoside and β-lactam) antibiotics.  
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Introduction 
     Pseudomonas aeruginosa is a leading nosocomial pathogen causing an emergence of multidrug 
resistance and thus higher rates of nosocomial mortalities, especially in hospitalized burn and 
wound unit [1]. P. aeruginosa isolates generally demonstrate resistance to various antimicrobial 
agents. Their resistance to multiple antimicrobial agents is often associated with the production of 
specific enzymes, such as an inducible beta lactamase, b-lactamases produced by P. aeruginosa 
include extended-spectrum plasmid-mediated enzymes (ESBLs) active against penicillins and 
cephalosporins [2] in addition, outer membrane permeability and active efflux systems can play 
important roles in limiting the access of antimicrobial agents to inner cell targets [3]. Use of b-
lactamase inhibitors (tazobactam with piperacillin and EDTA with imipenem) provides protection 
of these antibiotics against some of the plasmid-mediated enzymes and plasmid-mediated 
carbapenemases [4]. Moreover, aminoglycosides are a class of antibiotics frequently used to treat 
P. aeruginosa infections. Aminoglycoside resistance in P. aeruginosa is due to multiple factors 
such as reduced cell membrane permeability, increased efflux, ribosomal changes, and enzyme 
modification. Three types of aminoglycoside-modifying enzymes have been discovered in 
bacteria: aminoglycoside phosphotransferase (APH), aminoglycoside acetyltransferase (AAC), 
and aminoglycoside nucleotidyltransferase (ANT) [5]. The AACs of P. aeruginosa has been found 
to transfer an acetyl group to the amino group at position 3′ and 6′ of aminoglycosides, which is 
responsible for the inactivation of gentamicin, tobramycin [6]. Moreover,    resistance to antibiotics 
arises in this bacteria by mutation or additional horizontal transmission via conjugation by 
plasmids and transposons containing antibiotic resistance genes [7]. In this situation, plasmids and 
transposons can acquire resistance genes and  transport antibiotic resistance genes from one cell 
to another by horizontal gene transfer involve bacterial conjugation (contact between cells 
followed by DNA content transfer), transduction and transformation .Acquisition of 
aminoglycoside and beta-lactam resistance genes has been reported in P. aeruginosa [8,9,10]. This 
study is aimed at investigating the prevalence of resistance genes across plasmid DNA of 
multidrug resistant P. aeruginosa isolated from burn and wound infection in Al Muthanna 
hospitals in Iraq, and this study demonstrates patterns of antibiotic resistance associated with the 
presence of  resistance genes in plasmid DNA in Al Muthanna hospitals. 
 
Materials and Methods 
1- Bacterial isolation and identification 
     The study included 100 clinical specimens were collected from burns and wound patients of 
different ages and different sexes in Al Muthanna hospitals during the period from November 2021 
to March 2022. The samples were collected with sterile cotton swabs and cultured on brain heart 
infusion broth media for the purpose of activating the bacteria because this medium is considered 
an enriched medium before being incubated for 24 hours at 37 ° C. The samples were then cultured 
on Blood agar and MacConkey agar and incubated at 37 °C for 24 hours. Purified colonies were 
first identified through bacteriological reactions and cultural traits [11]. Then they were further 
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sub cultured overnight at 37°C on selective medium, chrome agar pseudomonas, and HiFluoro 
pseudomonas agar base, showing pure colonies on this selective medium. 
2- Antibiotic susceptibility testing of bacterial isolates 
     Antimicrobial susceptibility testing was performed and interpreted according to the CLSI [12] 
on Mueller–Hinton agar. The antibiotics used include: streptomycin (S-25mcg), gentamicin (GEN 
10mcg), tobramycin (TOP 10mcg), ampicillin (AMP 100mcg), pipercillin (PRL 30mcg), 
cefotaxime ( CTX 30mcg), ceftriaxone (CTR 30mcg), aztreonam (AT 30mcg), imipenem (IMP 
10mcg), and meropenem (MRP 10mcg). Phenotypic detection of ESBL by double-disk synergy 
test method (DDST) was performed for all the beta-lactam-resistant and intermediate resistant 
strains as a standard disk diffusion assay on Mueller–Hinton agar by used piperacillin/ tazobactam 
(PIT 100/10 mcg) and imipenem/EDTA (IE 10/750 mcg).  In brief, an overnight suspension broth 
culture matched to 0.5 MacFarland Standard was uniformly inoculated by cotton swab across the 
whole surface of Muller-Hinton agar and incubated at 37 °C for 24 hours. Dishes were afterwards 
read by measuring the widths of the growth inhibition zones (millimetres) surrounding each 
antibiotic disc. The drug zone diameter was calculated using Clinical and Laboratory Standards 
Institute guidelines [12]. 
3- Plasmid DNA extraction and PCR analysis 
     All suspected isolates were cultured in BHI broth for 24 hours at 37°C. Three microliters of 
overnight culture were centrifuged at 14000 g for two minutes. After discarding the supernatant, 
the pelleted cells were collected. Following the manufacturer's instructions, bacterial plasmid 
DNA was obtained using the FAVORGEN company's  plasmid DNA extraction kit and used as a 
plasmid template for the following PCR experiment. PCR assay was used to identify acquired 
antimicrobial resistance genes. Annotation and plasmid visualization were performed by Geneious 
Software 7.2.2 (Biomatters). The blast analysis is then used to distinguish a comparable sequence 
in the https://www.ncbi.nlm.nih.gov NCBI database.  
4- PCR Detection of resistance  genes (IMP-1, OXA-2 and aacA4) genes in plasmid DNA of 
P. aeruginosa 
     The amplification of plasmid DNA containing the resistance genes in P. aeruginosa was carried 
out using the forward and reverse primers according to [13,14,15]. Using (IMP-1F 
GGAATAGAGTGGCTTAATTC; IMP-1R GCCAAGCTTCTATATTTGCG, OxA-2F 
ATGGCAATCCGAATCTTCGC; OxA-2R TTATCGCGCAGCGTCCGAGT, aacA4-F 
ATGACTGAGCATGACCTTG; aacA4-R TGCGTGTTCGCTCGAATGCC). The plasmid DNA 
was amplified in 20μl PCR reaction mixture as shown in Table 1. The PCR conditions were 
displayed in Tables 2. PCR products (5μl) were analyzed by gel electrophoresis in 1.0% agarose 
stained with ethidium bromide. The result was detected and examined under the UV trans-
illuminator to detect the specific amplified product by comparing it with 100-5000 base pairs 
standard DNA ladder and the remains from PCR products were store at -20°C until sequencing. 
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Table 1: Reaction Mixture of PCR (20 µl) for IMP-1, OXA-2 and aacA4 genes 
 
 
 
 
 
 
 
 
Table 2: PCR Amplification Program for IMP-1, OXA-2, aacA4 genes 

No.of 
cycles 

Time Temperature°C Steps N
O 

1 5 mint 94°C Initial 
denaturation 

1 

 

30 

30 
second 

94°C Denaturation 2 

30 
second 

60°C for IMP-1 

62°C for OXA-2 

56°C for aacA4 

Annealing 3 

1 mint 72°C Extension 4 

1 5 mint 72°C Final 
Extension 

5 

 
5- Ethical Statement  
     This study was approved by the institutional review board of the Ministry of Health and 
Environment and Al Muthanna University. 
6- Bioinformatics 
     Geneious 7.2.2 (Biomatters) was used for visualisation and alignment of plasmid DNA, primers 
annotation and determination of restriction enzyme 
Results and Discussion 
     Concerning the treatment of wound and burn infections is the widespread emergence of genes 
that make bacteria and P. aeruginosa strains resistant to antibiotics. A total of one hundred patients' 
samples from burn and wound swabs were examined. Of all the patients studied, The final 
diagnosis of samples was obtained 55 (68.75%) isolates in percentage 49.09% (n=27) from wound 
samples and the percentage 50.9% (n=28) from burn samples of P. aeruginosa is higher than 13/31 

NO. Chemicals  Volume (μl)  
1        Maxime PCR PreMix kit (i-Taq)  - 
2 Forward primer  1μl 
3 Reverse primer  1μl 
4 DNA or Plasmid template  2μl 
5  Distilled water  16μl 
 Total  20 μl 
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(35.5 %) burns, 8/26 (30.7 %) wounds,  previously reported [16]. 55 (68,75%) clinical isolates 
were identified as P. aeruginosa by conventional methods, including growth characteristics, 
colony morphology, and biochemical tests as shown in figure 1. The reason for this may be that 
these bacteria are widespread in the soil and water, in addition to being one of the germs spread in 
hospitals, which causes infections for patients who suffer from a lack of body defenses, in addition 
to patients who have been hospitalized for more than a week. On the other hand, these types are 
considered opportunistic bacteria that need simple nutrients for growth. They are also 
characterized by their resistance to antibiotics, and they possess many virulence factors and 
resistance genes [17].  Plasmid DNA profiling of the Fifty-five P. aeruginosa strains showed that 
17 (30.9%) isolates were found to harbor plasmid genes is higher than 11 (32.4%) isolates,  
previously reported  [18] as shown in figure 2. In the present study. The seventeen  P. aeruginosa 
isolated from the wounds and burns samples were screened to identify antibiotic resistant strains 
and the presence of IMP-1, OXA-2 and aacA4 genes. On the basis of the antibiotics susceptibility 
results observed, most isolates showed high resistance to ampicillin 100%, pipercillin (76.47%), 
ceftriaxone and  cefotaxime (88.23%), aztreonam (76.47%), gentamicin (94.12%), streptomycin  
(88.23%), but, it was moderately resistant to carbapenems group meropenem (64.7%) and 
imipenem  (41.17%) and topramycin 8 (47.05%) while, it was low resistance for β-lactamase 
inhibitor  pipercillin/tazobactam (23.52%) and imipenem/EDTA (17.64%). Figure 3 showed the 
antibiotic resistance result of the strains of P. aeruginosa using twelve commonly used drugs. 
Ehiaghe et al., (2020) reported high resistance of some bacterial isolates from clinical samples to 
ampicillin 100% and ceftriaxone (70%) [19]. High antibiotic resistance demonstrated by the 
bacterial isolates against cephalosporins group, penicillins group and aminoglycoside group could 
also be attributed to cephalosporinases, penicillinases and aminoglycoside-modifying enzymes, 
respectively. Plasmid-mediated cephalosprinases is prevalent among Enterobacterales [20]. 
Although cephalosporins are used in treatment of P. aeruginosa, through gene mutation this 
bacterium can acquire resistance which will result in over expression of AmpC β-lactmase [19]. 
Moreover, there are numerous antibiotics resistant genes which can be situated on mobile genetic 
elements such as plasmids and transposons [21]. In this study PCR amplification was carried out 
to detect the resistance genes (IMP-1, OXA-2 and aacA4) genes in the plasmid DNA isolated from 
the resistance P. aeruginosa isolate. The agarose gel electrophoresis, on the other hand, was used 
to check the PCR results for 17 sample, and distinct bands with expected sizes of approximately 
(508bp) for aacA4 as shown in figure 4, but OXA-2 and IMP-1 did not appear in any isolation. The 
results revealed that 1 (5.88%) of the plasmid- positive  P. aeruginosa strains harbor  aacA4 genes. 
On the other hand, plasmid DNA associated genes in this study conferred resistance to β-lactams 
and aminoglycosides. Plasmid movement allows transfer of the resistance genes from one replicon 
to another or into another active transposon, which facilitates the spread of resistance genes 
between bacteria. Consequently, the problem of antibiotic resistance increased in a way that 
threatens public health in the AlMuthanna hospitals environment. Through the results of the 
sequence analysis by Macrogen Inc. in Seoul, South Korea. The blast analysis is then used to 
distinguish a comparable sequence in the https://www.ncbi.nlm.nih.gov NCBI database. The 



 
 
 

8278 
 

Ann. For. Res. 65(1): 8273-8281, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

sequences analysis results of eight strains of P. aeruginosa, it was found that about 1(5.88%) strain 
contain on (Pseudomonas aeruginosa plasmid pCFF04 aacA4 gene  Identities 86.89%, GenBank 
ID X60321.1, Country France). It was found that about 1(5.88%) strain were positive for the aacA4 
gene. The molecular characterization of plasmid  showed that the numerous aminoglycoside 
modifying enzymes encoding genes are spread by this mobile genetic element, the aacA4 gene 
encoding the aminoglycoside (6)-N-acetyltransferase [AAC(6)-II] enzyme, which confirms the 
resistance to aminoglycoside antibiotics, was the most prevalent gene discovery in this study [22]. 
However, among the aacA4 positive isolates in this study were resistance to gentamicin  (94.12%), 
streptomycin  (88.23%) and topramycin  (47.05%), aacA4 carrying isolate harbored this 
determinant on a plasmid this result consist with [22]. This study gives a representative picture of 
on the role of plasmid in the spread of resistance to anti aminoglycosides within the hospital 
environment in Al Muthanna hospitals. 
Conclusion  
     This study gives a representative picture of the prevalence of resistance genes carried on 
plasmid  within in Al Muthanna hospitals environment. the presence of resistance genes in the 
plasmid DNA of the multidrug resistant P. aeruginosa bacteria isolates is a severe health concern. 
Since they can spread to other non-MDR bacteria. Resistance typically results from 
aminoglycoside drug inactivation by plasmid encoded enzymes harbored by resistant strains. The 
findings will help in the development of bacterial infection control techniques. Therefore, 
maintaining proper antibiotic use is essential for avoiding therapeutic failure and is crucial for 
selecting the right medication. More research, however, is required to determine the resistance 
genes found in the DNA of the some MDR bacteria and the frequency of resistance genes in other 
bacterium plasmids in recent years. The outcome will help with the development of bacterial 
infection control measures. 

 
Figure 1: Pseudomonas aeruginosa Cultured (37°C for 24 hrs) on: (A) Pseudomonas Chrome 
agar (B) HiFluoro™ Pseudomonas Agar Base (C) Kliger's Iron Agar (Sugar fermentation 
and gas production test), (D) Showed catalase test. 
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Figure 2: Pseudomonas aeruginosa plasmid bands are visible in lane 2, 2, 7, 8, 10, 48, 49, 50, 
51, 52, 53, 54, 55 of 1% agarose gel electrophoresis patterns. 

 
Figure 3: Antibiotics sensitivity of P. aeruginosa toward piperacillin (PRL), gentamicin 
(GEN) and ceftriaxone (CTX) were highly resistance, but toward piperacillin/tazobactam 
(PIT) was lower resistance on Muller Hinton agar medium. 

 
Figure 4: Gel electrophoresis of amplified PCR product for the detection of aacA4, OXA-2 
and IMP-1 run on 1%agarose ( 90 min at 70 volt), stained with ethidium bromide, lane 
51,54,47,52 sample P. aeruginosa isolates; M: Marker DNA ladder (100-5000)bp. 
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