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Vinegar is a valuable food additive and preservative effective against food spoilage. 
Acetobacters are the most important bacteria in vinegar with significant worldwide importance 
in the vinegar production industry. Therefore, many studies have been done on these bacteria.  
This study aimed to isolate and identify acetic acid bacteria from vinegar by common bacterial 
culture methods and sequencing of the 16S rRNA gene. To isolate Acetobacter from vinegar, 
13 samples of different types of vinegar (made from grape, apple, and berry) were collected 
from various parts of Isfahan and transferred to the laboratory. The samples were cultured on 
specific media and identified using macroscopic and microscopic observations, and PCR through 
16S rRNA gene sequencing. Among the investigated samples, 3 Acetobacter samples 
were isolated. After performing PCR and comparing the sequence of the PCR product of all 
three 16S rDNA genes of bacteria with the data available in the NCBI gene bank, 99% similarity 
with Acetobacter pasteurianus was shown. By isolating Acetobacter from different types of 
vinegar, it is possible to investigate their ability to grow at high temperatures and with varying 
amounts of acetic acid and ethanol at various temperatures for the industrial applications of these 
bacteria. 
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Abstract 

Pseudomonas aeruginosa is a major causative agent of nosocomial and chronic infections, and its 
high resistance to antibiotics poses significant therapeutic challenges. One of the key mechanisms 
contributing to this resistance is the activity of multidrug efflux pumps, particularly MexAB-OprM 
and MexXY-OprM. This study aimed to investigate the expression of efflux pump genes mexA 
and mexX in multidrug-resistant (MDR) clinical isolates of P. aeruginosa. Clinical specimens were 
collected from patients at Imam Reza Hospital. Bacterial isolates were identified using standard 
culture and biochemical methods. Antibiotic susceptibility was evaluated against ceftazidime, 
chloramphenicol, piperacillin, colistin, and ceftazidime-clavulanic acid using disk diffusion, and 
minimum inhibitory concentrations (MICs) were determined via agar dilution. The expression 
levels of mexA and mexX genes were quantified using real-time PCR (qRT-PCR). Antibiotic 
susceptibility testing showed that all isolates were resistant to ceftazidime. Resistance to 
tetracycline and colistin was 96.88% and 93.75%, respectively. Resistance rates to ceftazidime-
clavulanic acid, chloramphenicol, and piperacillin were 85.42%, 70.83%, and 67.71%, 
respectively. More than 84% of isolates exhibited high MIC values. Gene expression analysis 
revealed a significant upregulation of mexA and mexX in several MDR isolates. The observed 
positive correlation between efflux pump overexpression and multidrug resistance suggests that 
these systems play a critical role in reducing antibiotic efficacy by actively exporting drugs from 
the bacterial cell. In conclusion, the high prevalence of efflux pump overexpression in MDR P. 
aeruginosa highlights the importance of targeting these mechanisms in future therapeutic 
strategies. The alarming levels of resistance observed in this study underscore the urgent need for 
the development of novel and effective antimicrobial approaches. 
 
Keywords: Pseudomonas aeruginosa, Multidrug Resistance, MexAB_OprM, MexXY_OprM,      
                    Hospital Infection, qRT-PCR. 



  

   

 
  

            DOI: 10.22034/ibhf.2025.505896.1020 

Cite this article: Fetrati S, Nikbin VS. Investigation of MexAB-OprM and MexXY-OprM efflux pump expression in clinical 
isolates of Pseudomonas aeruginosa. Informatics in Biology, Health, and Food. 2025;2(1):46-55. 
Copyright©: The Authors. Published by Shandiz Institute of Higher Education 
Corresponding author: Vajihe Sadat Nikbin                             Email: vsnikbin@yahoo.com 

 
         Journal Homepage: https://ibhf.shandiz.ac.ir/ 

    

   MexAB_OprM  MexXY_OprM    

*

  

       

      

 

 

 

 
 

 

 

                 

                  

       MexAB_OprM MexXY_OprM      

               

                

    

        MIC    

 mexA  mexX        qRT PCR   

 

mexAmexXMDR

MDR

 

MexAB_OprMMexXY_OprM

qRT-PCR 



 

 

         Journal Homepage: https://ibhf.shandiz.ac.ir/ 

ICU

 RND  MexAB-OprM

MexXY-OprMMexCD-OprJ  MexEF-OprN 

.

(PMFP)

 RND (RNDt) 

(OMF)  OprM -MexAB  

MexAMexB OprM 

 -

.

 MexXY-OprM 

 

MexZ  ParRS 

 PA7 OprA 

 MexCD-OprJ 

 MexEF-OprN 

.

 
1 Pseudomonas aeruginosa 
2 Immunodeficiency 
3 Cystic Fibrosis 

MexAB_OprMMexXY_OprM

  

MexAB_OprM

MexXY_OprM

mexAmexX

 

 

mexAmexX

Real-Time PCR

4 Intensive Care Unit 
4 Preplasmic fusion protein 
5 Outer membrane factor 



MexAB_OprMMexXY_OprM 

  

         Journal Homepage: https://ibhf.shandiz.ac.ir/ 

MRVP.

. 

-

µgµgµg

µgµgµg

CLSI

CLSI

MDR

MIC

MIC

MIC

 
1 Disk Diffusion 
2 Clinical & Laboratory Standards Institute 
3Multidrug resistance 
4 Minimum inhibitory concentration 

cfu/ml

MICMBC

 

RNAcDNA

mexAmexXRNA

RNARNA

LB

 

RNA

 RNA cDNA 

cDNA

2XRT2XRT

dNTP2lMgC16td 

H-minus MMLV

RNaseDEPC 

RNADNA

cDNA

 cDNA 

 

qRT-PCR

 mexA  mexX

5 Luria-bertani 
6 Random hexamer 
7 Enzyme Mix 
8 Stabilizer 



 

 

         Journal Homepage: https://ibhf.shandiz.ac.ir/ 

qRT-PCR

mexAmexX

S rRNA

cDNA

qRT-PCRRotor-Gene Q 2.1.0.9

GraphPad Prism

 pfafflCt Ct2

TC TC=CT

mexAmexX

ANOVA

 

. 

Table1. Sequence of primers. 

Target gene  Product size(bp) 

mexA F: ACCTACGAGGCCGACTACCAGA 
R: GTTGGTCACCAGGGCGCCTT 

151 bp 

mexX F: TTCCTGCTGGGCTGCGAAGA 
R: AGCTCGCTGGTGATGCCGATAG 

109 bp 

16S rRNA F: CAGCTCGTGTCGTGAGATGT 
R: CGTAAGGGCCATGATGACTT 

150 bp 
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Figure 2. Histogram representing the distribution of of MIC 
results.
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Figure 1. Histogram representing the distribution of antibiotic resistance in Pseudomonas aeruginosa isolates (susceptibility, 
resistance, and intermediate). CAZ: Ceftazidime; CAC: Ceftazidime + Clavulanic Acid; C: Colistin; PIP: Piperacillin; TE: 
Tetracycline; CL: Chloramphenicol.
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Figure 4. Distribution of mexX gene expression in MDR P. aeruginosa isolates. p-values less than 0.05 are indicated by *, 
and less than 0.01 by **, and less than 0.001 by ***, and less than 0.0001 by**** the result are shown in the figure.
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Figure 3. Distribution of mexA gene expression in MDR P. aeruginosa isolates. p-values less than 0.05 are indicated by *, and 
less than 0.01 by **, and less than 0.001 by ***, and less than 0.0001 by**** the result are shown in the figure. 
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