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Introduction 

Pseudomonas aeruginosa infections in cases with 

immunosuppression and other comorbidities are often 

hard to treat especially in those who were exposed to 

inappropriate therapy or were infected with pathogens 

that are characterized with multiple drug resistance. 

which, in turn, resulted in a demand for discovering new 

antibiotics (Al Jader & Ibrahem 2022, Horcajada et al. 

2019; Del Barrio et al. 2020, Witwit et al. 2024, 

Mohamed et al. 2025). A variety of extracellular 

pigments can be produced by the genus Pseudomonas, 

and the most important one is known as phenazines.   

Production of the compound that is blue green phenazine 

known as pyocyanin pigment is the most characteristic 

feature of P. aeruginosa (Abdali & Al-Attar 2020).  

Phenazines are known as redox-active heterocyclic 

compounds that have toxic impact on living cells by their 

interaction with oxygen to fabricate reactive oxygen 

species (ROS) like superoxide (O2-1), hydrogen peroxide 

(H2O2), and hydroxyl radical (HO∙) (Dietrich et al. 2006; 

Younis & Faisal 2024; Montelongo‐Martínez et al. 2022). 

Pyocyanin stain, which is usually manufactured by P. 

aeruginosa, can be considered as an principal virulence 

factor which resulted in a great destruction to lung and 

airways. Extrametabolic pathway is  involved in order to 

manufacture pyocyanin from phenazine -1- carboxylic 

acid. phzM and phzS genes encode two enzymes that 

have a crucial role in this pathway (Wang et al. 2020). 

Pyocyanin, that has a close redox potential to 

menaquinone can also be employed as a reversible dye.  
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ABSTRACT 

Hitherto, studies on the expression of phzM gene that plays a role in 

pyocyanin pigment production by Pseudomonas aeruginosa isolates under 

imipenem stress had not been conducted. Hence, the assessment of imipenem 

stress on the expression of phzM gene is the main focus of contemporaneous 

study. Thirty P. aeruginosa isolates were obtained from the Department of 

Biology at the College of Science, University of Baghdad. Isolates were 

previously diagnosed as P. aeruginosa by Vitek-2 system. Investigation of 

biofilm formation capability was conducted using the microtiter plate method. 

Furthermore, phzM was ascertained in P. aeruginosa isolates using the 

conventional PCR technique. while, qRT-PCR technique was undertaken to 

check the expression of phzM in presence and absence of imipenem. Results 

revealed that out of 30 isolates, 7(23.33%) formed strong biofilm, thirteen 

(43.33%) generated a moderate biofilm and ten (33.33%) produced a weak 

biofilm. Significant reduction in the effect of imipenem on biofilm formation 

was achieved phenotypically, and genotypic results indicated that imipenem 

stress upregulated the phzM gene expression. So, imipenem stress induces 

phzM gene, which is one of the genes that encodes pyocyanin production. 
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The Chemical structure resemblance to flavin 

adenine dinucleotide, isoalloxazine and flavoproteins 

ellicit its biological activity (Ohfuji et al. 2004). A 

valuable indication on biofilm formation and uptaking of 

iron had been reported by pyocyanin under low oxygen 

conditions, that in turn, can elevate the resistance of 

metals mainly silver (Abdelaziz et al. 2023). From one of 

the previous studies, it was found that sub-MIC of 

antibiotics resulted in an unexpected ascendancy on the 

pyocyanin-producing genes expression (Younis & Faisal 

2024). According to our knowledge, the effects of the 

imipenem stress (at sub-MIC) on the expression of 

phenazine-specific methyl transferase phzM gene had not 

been determined.  

Accordingly, the premier goal of present study is to 

estimate the impact of imipenem stress on biofilm 

formation and phzM gene expression that plays a cardinal 

role in pyocyanin pigment manufacturing. 

 

Materials and Methods 

Microorganisms 

Bacterial isolates represent 30 P. aeruginosa strains 

were obtained from Department of Biology, College of 

Science, University of Baghdad. These were previously 

diagnosed by Vitek-2 system. 

 

Biofilm formation assay.   

Tested isolates were cultured in tryptone soy broth 

(HiMedia) and overnight incubation at 37˚C was 

performed. 100 μl of the bacterial inoculum of bacteria 

was added to 2 ml of sterilized normal saline in order to 

reach a turbidity that was adjusted to the McFarland 

standard of no. 0.5. Trypton soya broth with 1% glucose 
was added to the flat-bottom microtiter plates in a volume 

of 180 μl, and then, bacterial suspension was put down 

in three wells of the plate in a volume of 20 μl. A 

negative control was done by adding only tryptone soy 

broth to six wells. Plate was covered with the supplied lid 

and incubated at 37°C overnight. After incubation, 

removal of the bacterial culture from wells was 

performed and non-adherent cells were pulled out by 

washing 2-3 times with distilled water. Afterwards, 200 

μl of absolute methanol (10 min) was accomplished to fix 

the adherent bacteria. then washing and air‑drying of the 

wells was accomplished. All assays were done in 

triplicates. Crystal violet at a concentration of 0.1% (200 

μl ) was included to wells for 15 minutes for biofilm 

staining. Washing (2-3 times) by distilled water was 

conducted to remove the excess of the stain. The amount 

of stain that was extricated by adding 33% glycial acetic 

acid (HiMedia) (200 μl) in each well was quantified by 

measuring the optical density 630nm via a microplate 

reader (Naves et al. 2008; Ibtissem et al. 2013). The 

categories of all isolates are based on the ODc value as 

illustrated in Table 1. 

 

Table 1 Classification of bacterial adhesion on microtiter 

plates according to Zhao & Liu (2010). 

 

Mean OD (630 nm) Biofilm intensity 

OD≤ODc 

2ODc>OD>ODc                                                

4ODc>OD>2ODc                                             

OD>4ODc                                                           

No biofilm formed 

Weak biofilm 

Moderate biofilm 

Strong biofilm 

 

Determination of Imipenem Minimum Inhibitory 

Concentration (MIC) 

The Method of broth dilution was applied to 

determine MIC. Double serial dilutions (from 1024 to 0.5 

μg/ml) of imipenem (ACS DOBFAR S.P.A., Italy) were 

prepared form stock solution (100 mg/ ml) in  test tubes 

using Mueller Hinton broth as a diluent. The results were 

compared with standard breakpoints values according to 

CLSI (CLSI 2024). 

 

Molecular Studies 

Detection of phzM gene 

The polymerase chain reaction (PCR) was used to 

confirm the existence of phzM gene in 7 strains that 

showed strong biofilm former. Brain heart infusion broth 

was inoculated with bacteria overnight at 37°C. The 

Presto™ Mini gDNA kit (Geneaid/Taiwan) for DNA 

extraction was utilized. Concentrations of DNA were 

calculated using QuantusTM Fluorometer (Promega/ 

United states) that ranged from 96 to106 ng/ul. Extracted 

DNA was stored at-20ºC until use. The primer used in 

detection phzM gene was designed according to software 

of Genious prime2023.1.1 which relies on accession 

number. CP026155 of GenBank is listed in Table-2. PCR 

premix, primers and DNA were combined in a PCR tube 

to a final volume of 25 μl. Specifically, from each primer 

1 μl, the premix 12.5μl and template DNA 2μl were 

added to the tube. The remaining volume was filled with 

sterile deionized water. Under the following conditions, 

amplification was accomplished on a Master 

thermocycler gradient PCR (Eppendorf, Germany): an 

initial denaturation step at 92°C for 3min; denaturation 

step of 30 cycles at 92°C for 10sec. Afterward, annealing 

step at 58°C for 30sec, an extension at 72°C for 1 min., 

and a final extension step at 72°C for 3 min. The products 

of PCR were separated by gel electrophoresis (1% 

agarose), with a DNA ladder of about 100 bp as a 

reference (Green & Sambrook 2019). The primers used in 

current study can be illustrated in Table 2. 
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RT-qPCR of the phzM gene 

Pure Kit of GENEzol™ TriRNA(Geneaid/Taiwan) 

had been employed to extract RNA from four isolates of 

P. aeruginosa with different MIC values low, middle  

and high. In order to assess the gene expression of phzM 

gene, Fbp gene expression was utilized as an internal 

control. Primers of these genes were listed previously in 

Table 2.  RT-qPCR was performed using qPCR soft 3.4 - 

© by Analytik JenaAG (Analytikjena, Germany) and 

undertaken on the KAPA SYBER FAST ONE-STEP 

qPCR kits (Kapa Biosystems, USA) using ethidium 

bromide dye, fluorescent dye. A volume of 20 µl of a 

total reaction mixture was assembled by the addition of 

Luna Universal One-Step Reaction Mix (10μl), each 

primer (0.8μl), 1μl of Luna WarmStart® RT Enzyme 

Mix (Reverse transcriptase), RNA template (variable) 

complete with nuclease free water. A melting curve was 

generated with temperatures ranging from 60°C to 95°C; 

each 15 seconds, elevating by 0.5°C every 15 seconds. 

Gene threshold cycle(Ct) was normalized against the 

Fbp gene Ct amplified from the corresponding sample. 

Calculation of fold change was according to the 

2−ΔΔCt method (Livak & Schmittgen 2001). 

 

Table 2 Primers used in the present study.  

 
Target gene Primer sequences (5´-3´) Reference 

 phzM F- GGCCTTCGAGATCTTCCAGG Primer was designed 

R- GAACTCCTCGCCGTAGAACA 

Fbp (HKG) F-CCTACCTGTTGGTCTTCGACCCG  Anderson et al. (2008). 

R- GCTGATGTTGTCGTGGGTGAGG  

 

Statistical analysis 

The data were investigated and charted by Graph Prism 

version 10. The proportion and their frequencies were 

checked by applying the Chi-square test to investigate 

significant comparisons between percentages of bacterial 

isolates. A one-sample T-test was conducted to calculate 

the value significance, mean and standard error of MIC 

and fold rate for gene expression. Results are considered 

significant when p-values ≤ 0.05. 

Results   

Biofilm Formation 

The results revealed that out of thirty isolates, seven 

(23.33%) isolates were strong biofilm producers, thirteen 

(43.33%) isolates were moderate and ten (33.33%) 

isolates were weak biofilm former. Tested strains differed 

in their capabilities to produce biofilm ranging from an 

OD630 of  0.083 to an OD630 of 0.393. In the case of 

biofilm degree estimation, microplate reader was used to 

determine the absorbancy at 630nm. Figure 1 illustrates 

the distribution of P. aeruginosa isolates stratified by 

biofilm formation with a calculated probability for the 

Chi-Square test. 

Detection of the phzM gene. 

Depending on the results of biofilm formation, only 

strong biofilm producers (7 isolates) were examined for 

the existence of the phzM gene via using the conventional 

PCR technique. By virtue of the present findings, All 7 

(100%) isolates harbored this gene with its 120bp in their 

genomic material as appeared in figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Distribution of P. aeruginosa isolates stratified the 

biofilm former; p: probability for Chi-Square test. 
 

 

 

 

 

 

 

 

Fig 2. Agarose gel (1%) analysis of the phzM gene in P. 

aeruginosa isolates, run at 5 V/cm for 1 h, stained 

with ethidium bromide and visualized under UV. 

Lane M: 100 bp DNA ladder; lanes 1–7: DNA from 

different isolates. 
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Estimation of minimal inhibitory concentration of 

imipenem 

Results exhibited that the MIC values ranged 

between 256 to 0.5 μg/ml.  Four isolates out of seven 

were selected for testing of the phzM gene expression 

according to low, middle and high MIC values. P18 has 

the lowest MIC that was 0.5 μg/ml, P19 and P26 had an 

MIC of 128 μg/ml, and P20 had the highest one in MIC 

that reached 256μg/ml.  

Imipenem stress against strong-biofilm P. aeruginosa 

isolates 

Imipenem stress was tested against strong-biofilm P. 

aeruginosa isolates in 96‑well flat bottoms polystyrene 

microtiter plates. The results obtained showed that 5 

isolates (P18, P19, P20, P23, P26) out of 7 lost their 

ability to adhere on the polystyrene microtiter plate, 

while the remaining isolates P21 and P30 showed weak 

biofilm formation under imipenem sub-MIC. Results 

showed a highly significant decline in the formation of 

biofilm after imipenem addition (p˂0.0001). Effect of 

imipenem stress on strong-biofilm former can be revealed 

in Table 3 and Figure 3. 
 

Table 3 Minimum inhibitory concentration (MIC) of 

imipenem against strong-biofilm producers’ taxa 

of P. aeruginosa. 
 

Isolate no. MIC (μg/ml) Sub-MIC (μg/ml) 

P18 0.5 0.25 

P19 128 64 

P20 256 128 

P21 128 64 

P23 256 128 

P26 128 64 

P30 64 32 

  

T-test; p-value T= 3.88; p = 0.008 ** 

 

To detect the effect of imipenem on phzM 

expressiom in the tested isolates, it was added at a sub-

MIC to the overnight cultures. Results approved that 

imipenem addition at sub-MIC resulted in upregulation of 

phzm gene in inclusive tested isolates ranging from 0.54 

to 5.71. Thence, and in apart due to the imipenem 

antibacterial activity, these results showed that this 

carbapenem antibiotic increased the gene expression of 

phzM by 7.889, 3.138, 32.67 and 32.44-fold in isolates 

P18, P19, P20 and P26 respectively. Results can be 

summarized in Table 4. the differences between the 

values of fold change of the tested isolates were 

statistically nonsignificant. The mean of fold change is 

19.03 and and the standard deviation is 15.73. 

 

 

Fig 3. Effect of imipenem stress on strong-biofilm former 

P. aeruginosa isolates(with imipenem) and 

results of the optical density without imipenem; 

p: due to probability for T-test. 

 

Discussion 

Biofilm in persistent infections is thought to be a major 

clinical challenge. The biofilm production can be 

detected phenotypically and several methods are 

available for its detection; however, the microtiter plate 

method is the most accurate assay (Vestweber et al. 2024; 

Atshan et al. 2012; Gad et al. 2009). Therefore, in this 

study, the potential of the chosen isolates to produce 

biofilm was assessed by using microtiter plates. Results 

revealed that from thirty isolates, seven (23.33%) isolates 

were strong biofilm producers, thirteen (43.33%) isolates 

were moderate and ten (33.33%) isolates revealed weak 

biofilm former. A wide range of isolates capabilities to 

create biofilm was exhibited ranging from OD630 0.083 to 

OD630 0.393. Eventhough current results showed that the 

moderate biofilm former isolates showed the highest 

percentage (43.3%) and the strong biofilm former isolates 

showed the lowest percentage (23.3%) between the total 

isolates (as in figure 1), but there was no significant 

differences between strong, moderate and weak biofilm 

former isolates (p = 0.407). 

Establishment of biofilm is a guard mechanism of 

bacteria that shield it from defenses of the host and 

achieves resistance to standard antibiotic therapy (Croes 

et al. 2009). Therefore, developing an effective 

pharmaceutical material that have the ability to promote 

the treatment of biofilm bacterial infections became an 

urgent need. Nowadays, some nanoparticles can facilitate 

the curing of some these infections. A local study found 

that the biofilm inhibition percentage was 80% towards 

P. aeruginosa by using nanoparticles of chitosan and  
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Table 4 Fold change of phzM gene in imipenem stress existance that was recorded for each isolate. 

 
Bacterial 

isolates 

ΔCt Without 

imipenem 

ΔCt With 

imipenem 
ΔΔCt Fold change (2- ΔΔCt) 

P18 8.69 5.71 -2.98  7.889  

P19 6.53 4.88 -1.65  3.138  

P20 5.57 0.54 -5.03  32.672  

P26 8.14 3.12 -5.02  32.446  

Statistical analysis p = 0.094, NS 

 

 

palladium (CH/Pd NPs) (Hamid et al. 2024). Recently, a 

study revealed that bacteriocin had an antibiofilm 

capability (ALattar et al. 2024). 

By virtue of the present findings, all the stronger 

biofilm formating  (100%) isolates harbored phzM gene 

with its 120bp in their genomic material. This can be 

explained by the possibility that there could be a 

correlation between the biofilm production propensity of 

these isolates according to biofilm responsible genes and 

the pyocyanin production genes, as both phenomena are 

considered to be virulence factors. They are compatible 

to those of a contemporary study which detected phzM in 

all collected strains (Wang et al. 2023). In contrast, a 

previous study found that 4.1% of P. aeruginosa lacked 

bands of this gene (Nowroozi et al. 2012). 

The results manifested that the range of MIC was 

256 to 0.5 μg/ml.  P18 had the lowest MIC value which 

was 0.5 μg/ml, P19 and P26 appeared MIC of 128 μg/ml, 

while P20 was the highest one in MIC value that reached 

to 256μg/ml. Although, strong biofilm former showed the 

lower percentage between the chosen isolates, 

neverthelss, a highly significant difference was recorded 

among them for imipenem sensitivity (p = 0.008). Results 

showed that the mean of MIC for these seven isolates 

was (137.2143), Std. Deviation was (93.56453). 

Carbapenems, such as imipenem, are cosidered to be the  

most  effective  anti-pseudomonal  therapies. In  patients  

with  multi-β-lactam-resistant Pseudomonas infections, 

these carbapenems  are  often  used  as  a  last  resort 

(Kazeminezhad et al. 2017). According to current results, 

isolates showed variable susceptibility to imipeneme, 

whereas all P. aeruginosa isolates were 100% sensitive 

for imipenem as was reported by Yaseen and Ahmed 

(2023) (Yaseen & Ahmed 2023). 

The results obtained showed that 5 (71.42%) isolates 

(P18, P19, P20, P23, P26) out of 7 isolates, suffer the loss 

of capacity to form biofilm on polystyrene microtiter 

plates. In comparison, the remaining P21 and P30 

(28.57%) isolates exhibited weak biofilm formation 

under imipenem sub-MIC after all of them were strong 

biofilm producers without the antibiotic stress. An 

expected explanation for this result is that imipenem 

antibiotic has a high efficacy in preventing the adhesion 

of bacterial cells on surfaces which is in agreement with a 

previous study that found imipenem and pexiganan in 

pretreatment was heavily influenced adherence and 

formation of biofilm in vitro (Cirioni et al. 2013). On 

another side, inhibition of the adhesins that aid bacteria to 

adhere to the surfaces might be occurred (Cozen & Read 

2012). In another local study, it was found that nearly 

30% of P. aeruginosa isolates were imipenem resistants 

(Jaddoa et al. 2024). Results showed a highly significant 

decrease in biofilm formation after imipenem addition 

(p˂0.0001) as evident in Figure 3.  

The present results revealed that high efficacy of 

imipenem stress on P. aeruginosa. An expected 

explanation of the phzM upregulation in all tested isolates 

that were treated with their sub-MIC values is that the 

effectiveness of imipenm (eventhough in very low 

concentration) led to heightened recruitment of defence 

mechanisms by upgrades virulence genes which  

pyocyanin production phzM gene is one of them. P. 

aeruginosa exhibits this behavior in order to overcome 

the stressful conditions that affect its persistance in 

presence of antibiotic stress. Couce and Blazquez (2009) 

demonstrated that at low doses of antibiotics, genetic 

variations could be induced, and alteration of virulence 

genes expression may occurred. On the other hand, it was 

suggested that continuous exposure of antibiotics can 

facilitate mutations, that can impact expression of genes 

in  regulatory  regions (Couce & Blazquez 2009). Davies 

et al. (2006) found that many antibiotic sub-MIC can 

interfere with bacterial  physiology, including virulence 

modification, morphology and genome stability that can 

results in genetic variations (Davies et al. 2006). Kumar 

et al. (2021) noted that alternative pathways can be 

affected by antimicrobial activity (Kumar et al. 2021). 

The present results are disagreed with a recent local 

studies that found that phzM expression was down-

regulated after treatment with gentamicin and iron oxide 

nanoparticles (Karlowsky et al. 2023), in addition to 

another study that revealed a down regulation of the 

virulent factor gene phzM when treated with neem oil and 

gentamicin in combination (Ahmed & Abdul Muhsin 

2024). 
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It was found that the current results are in 

accordance with that had been achieved by Younis and 

Faisal (2024), which revealed that cefotaxime, ampicillin 

or amoxiclav caused upregulation of pyocyanin 

producing genes related to multiple operons thereby 

elevating pyocyanin production (Younis & Faisal 2024) 

They also mentioned that Overexpression occurred in 

cefotaxime treatment with fold change 340.14 for phzM, 

and 280.13 for phzS genes (Younis & Faisal 2024). Both  

genes are shrouded the operon of phzA1, qscR is 

shrouded the phzA2 operon, that encoding orphan 

transcription in addition to hypothetical protein (Ahmed 

& Alhammer 2024). The present results agree with a 

previous study that observed high expression of phzS, 

phzA1 and phzM was detected, while phzH revealed 

lower expression. Pyocyanin genes expression 

differences is probably because of their presence on 

different operons, thereby responding differently (Couce 

& Blazquez 2009). The present results showed that high 

efficacy of imipenem on P. aeruginosa even in very low 

concentrations are incompatible to a recent study found 

that susceptibility to imipenem was 56.5% of isolates 

were imipenem-susceptible (Cui et al. 2016). In our 

opinion, this work is the first one to determine the 

efficacy of imipenem sub-MIC on phzm pyocyanin 

production encoding gene. Current results suggest 

studying the imipenem sub-MIC effect on remaining 

pyocyanin production- encoding genes in additon to 

another P. aeruginosa and other bacterial genus virulence 

genes.   

 

Conclusion 

Treatment of P. aeruginosa related infections must be 

taken in consideration because imipenem stress induces 

phzM gene which is one of the genes that encodes 

pyocyanin production, as the use of antibiotics may lead 

to up-regulation of virulence factors and thus assist in 

pathogen shedding, in particular, when they are used in 

concentrations below a lethal dose. 

Acknowledgements 

All thanks to the Department of Biology, College of 

Science, University of Baghdad for supplying bacterial 

isolates. 

 

Ethical approval  

Not applicable  
 

Conflict of Interest 

All authors declare that they have no conflict of 

interest.  

 

 

Funding 

All the study carried out by self-funding.  

 

References 

Abdali RH, Al-Attar NS. (2020). Molecular and 

phenotypic study of silver nanoparticles effect on 

pyocyanin produced from Pseudomonas aeruginosa. 

Plant Archives, 20 (1): 1869-1875. 

Abdelaziz, AA, Kamer AMA, Al-Monofy KB, Lamiaa 

A. Al-Madboly. (2023). Pseudomonas 

aeruginosa’s greenish-blue pigment pyocyanin: its 

production and biological activities. Microb Cell 

Fact, 22, 110:1-14.  

Ahmed  ME, Abdul-Muhsin  ZA. (2024). Synergistic  

Effect  of  Gentamicin  and  Iron  Oxide  

Nanoparticles  on  phzM  Gene  of  Pseudomonas  

aeruginosa. Microbiological  journal, 3: 27-39.   

Ahmed ME, Alhammer AH, Mohammed RK and Fadhel 

LM. (2024). Synergetic effects of Neem oil and 

Gentamicin on GENTAMICIN On Pseudomonas  

aeruginosa via phzM downregulation: A 

Comprehensive review. J Microbiol Biotech Food 

Sci. 14(2): 1-6. 

ALattar NS, Tawfeeq HK, Omran AH. (2024). 

Antibacterial and antibiofilm activity of klebicin 

crude extract on clinical isolates of Salmonella and 

Enterobacter. World Academy of Science,  6, 7: 1-

11. 

Al Jader Z, Ibrahem S. (2022). Molecular detection of 

pathogenic bacteria (K. pneumoniae, P. 

aeruginosa, and E.coli) from human saliva. 

Microbial Biosystems, 7(1), 41-51. doi: 

10.21608/mb.2022.138972.1058 

Anderson GG, Moreau-Marquis S, Stanton BA, O'Toole 

GA. (2008).  In vitro analysis of tobramycin-treated 

Pseudomonas aeruginosa biofilms on cystic 

fibrosis-derived airway epithelial cells. Infect 

Immun. 76(4):1423-33.  
Atshan SS, Nor Shamsudin M, Sekawi Z, Lung LT, 

Hamat RA, Karunanidhi A, Mateg Ali A, Ghaznavi-

Rad E, Ghasemzadeh-Moghaddam H, Chong Seng 

JS, Nathan JJ, Pei CP. (2012). Prevalence of 

adhesion and regulation of biofilm-related genes in 

different clones of Staphylococcus aureus. J Biomed 

Biotechnol. 1-10. 

Cirioni O, Silvestri C, Ghiselli R, Kamysz W, Minardi D, 

Castelli P, Orlando F, Kamysz E, Provinciali M, 

Muzzonigro G, Guerrieri M, Giacometti A. (2013). 

In vitro and in vivo effects of sub-MICs of 

pexiganan and imipenem on Pseudomonas 

aeruginosa adhesion and biofilm development. Infez 

Med, 21(4):287-95.  

https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-023-02122-1#auth-Lamiaa_A_-Al_Madboly-Aff1
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-023-02122-1#auth-Lamiaa_A_-Al_Madboly-Aff1


 

 

Yaseen et al. 2025                                                                                                       Microbial Biosystems 10(3)-2025 

30 

Cozens D, Read RC. (2012). Anti-adhesion methods as 

novel therapeutics for bacterial infections. Expert 

Review of Anti-Infective Therapy, 10(12) :1457–

1468.  

CLSI. Performance Standards for Antimicrobial 

Susceptibility Testing. 34th edition. CLSI 

supplement M100S. (2024). Clinical and Laboratory 

Standards Institute. 

Couce A, Blazquez J. (2009). Side effects of antibiotics 

on genetic variability, article review. FEMS 

Microbiol Rev,  33: 531–538.  

 Croes S, Deurenberg RH, Boumans ML, Beisser PS, 

Neef C, Stobberingh EE. (2009). Staphylococcus 

aureus biofilm formation at the physiologic glucose 

concentration depends on the S. aureus lineage. 

BMC Microbiol,  9:229.  

Cui Q, Lv H, Qi Z, Jiang B, Xiao B, Liu L et al: Cross-

Regulation between the phz1 and phz2 Operons 

Maintain a Balanced Level of Phenazine 

Biosynthesis in Pseudomonas aeruginosa PAO1. 

PLoS ONE. 2016; 11(1): 1-20. 
Davies J, Spiegelman GB, Yim G. (2006). The world of 

subinhibitory antibiotic concentrations. Current 

Opinion in Microbiology, 9:  445–453.  

 Del Barrio-Tofiño E, López-Causapé C, Oliver A. 

(2020). Pseudomonas aeruginosa epidemic high-risk 

clones and their association with horizontally-

acquired β-lactamases. Int J Antimicrob Agents, 

56:106196.    
Dietrich LE, Price-Whelan A, Petersen A, Whiteley M, 

Newman DK. (2006). The phenazine pyocyanin is a 

terminal signalling factor in the quorum sensing 

network of Pseudomonas aeruginosa. Mol 

Microbiol,  61(5):1308-21. 

Gad GF, El-Feky MA, El-Rehewy MS, Hassan MA, 

Abolella, El-Baky RM. (2009). Detection of icaA, 

icaD genes and biofilm production by 

Staphylococcus aureus and Staphylococcus 

epidermidis isolated from urinary tract catheterized 

patients. J Infect Dev Ctries,  1;3(5):342-51. 

Green MR, Sambrook J. (2019). Analysis of DNA by 

agarose gel electrophoresis. Cold Spring Harbor 

Protocols, 1, pdb. top100388.  
Hamid LL, Hassan MH, Obaid AS. (2024). Chitosan 

aerogel loaded with biogenic palladium 

nanoparticles CH/Pd NPs exert antibacterial activity 

and wound addressing application in vitro and in 

vivo against bacterial skin infections. Journal of 

Molecular Structure, 1315: 1-10. 

 Horcajada JP, Montero M, Oliver A, Sorlí L, Luque S, 

Gómez-Zorrilla S, Benito N, Grau S. (2019). 

Epidemiology and Treatment of Multidrug-Resistant 

and Extensively Drug-Resistant Pseudomonas 

aeruginosa Infections. Clin Microbiol Rev, 28; 

32(4): 1-52.   

 Ibtissem KT, Hafida H, Salwa O, Samia B, Imen M, 

Meriem L, Mohammed T. (2013). Detection of icaA 

and icaD genes and biofilm formation in 

Staphylococcus spp. isolated from urinary catheters 

at the University Hospital of Tlemcen (Algeria). 
African Journal of Microbiology Research, 7(47): 

5350-5357. 

Jaddoa NTM, AL-Sheikhly AMH, Aldobaissi IAM, Al-

Mathkhury HJF. (2024). Effectiveness of Eucalyptus 

camaldulensis Leaves Oil in Upregulating exoU 

expression in Pseudomonas aeruginosa. Iraqi 

Journal of Science,  65(10): 5499-5505. 

Karlowsky JA, Lob SH, Siddiqui F, Pavia J, DeRyke CA, 

Young K, Motyl MR, Sahm DF. (2023). In vitro 

activity of imipenem/relebactam against non-

Morganellaceae Enterobacterales and Pseudomonas 

aeruginosa in Latin America: SMART 2018‒2020. 

Braz J Infect Dis, 27(3): 1-9. 

Kazeminezhad B, Bostanmanesh RA, Gharib A, 

Zahedifard S. (2017). blaVIM and blaIMP Genes 

Detection in Isolates of Carbapenem Resistant P. 

aeruginosa of Hospitalized Patients in Two 

Hospitals in Iran. Iran J Pathol, 12(4): 382-386. 

Kumar L, Brenner N, Brice J, Klein-Seetharaman J, 

Sarkar SK. (2021). Cephalosporins Interfere With 

Quorum Sensing and Improve the Ability of 

Caenorhabditis elegans to Survive Pseudomonas 

aeruginosa Infection. Front. Microbiol,  12: 1-19. 

Livak KJ, Schmittgen TD. (2001). Analysis of relative 

gene expression data using real-time quantitative 

PCR and the 2(-Delta Delta C(T)) Method. Methods, 

25(4):402-8.  

Mohamed A, Mohamed A K, Zahran A, Gad A, Mekky 

A. (2025). Antimicrobial, anti-inflammatory, 

anticancer and antiviral activity of bioactive 

compounds from Pseudomonas aeruginosa 

isolated from Mediterranean Sea, Alexandria, 

Egypt. Microbial Biosystems, 10(1), 123-134. doi: 

10.21608/mb.2025.322359.1173 

Montelongo‐Martínez LF, Hernández‐Méndez C, Muriel‐
Millan LF, Hernández‐Estrada R, Fabian‐Del Olmo 

MJ, González‐Valdez A, et al. (2022). Unraveling 

the regulation of pyocyanin synthesis by RsmA 

through MvaU and RpoS in Pseudomonas 

aeruginosa ID4365. J Basic Microbiol, 1–13.  
Naves P, del Prado G, Huelves L, Gracia M, Ruiz V, 

Blanco J, Rodríguez-Cerrato V, Ponte MC, Soriano 

F. (2008). Measurement of biofilm formation by 

clinical isolates of Escherichia coli is method-

dependent. J Appl Microbiol, 105(2):585-90.  



 

 

Yaseen et al. 2025                                                                                                       Microbial Biosystems 10(3)-2025 

31 

 Nowroozi J, Akhavan Sepahi A, Rashnonejad A. (2012). 

Evaluation of pyocyanine biosynthetic genes in 

clinical and environmental isolates of Pseudomonas 

aeruginosa and detection of pyocyanine’s 

antimicrobial effects with or without colloidal silver 

nanoparticles. Cell J, 14(1): 7-18. 

Ohfuji K, Sato N, Hamada-Sato N, Kobayashi T, Imada 

C, Okuma H, Watanabe E. (2004). Construction of a 

glucose sensor based on a screen-printed electrode 

and a novel mediator pyocyanin from Pseudomonas 

aeruginosa. Biosens Bioelectron, 15;19(10):1237-

44.  

Vestweber PK, Wa¨chter J, Planz V, Jung N, Windbergs 

M. (2024). The interplay of Pseudomonas 

aeruginosa and Staphylococcus aureus in dual-

species biofilms impacts development, antibiotic 

resistance and virulence of biofilms in in vitro 

wound infection models. PloS ONE, 19(5): 1-25.  

Wang K, Kai L, Zhang K, Hao M, Yu Y, Xu X, Yu Z, 

Chen L, Chi X, Ge Y. (2020). Overexpression of 

phzM contributes to much more production of 

pyocyanin converted from phenazine-1-carboxylic 

acid in the absence of RpoS in Pseudomonas 

aeruginosa. Arch Microbiol, 202(6):1507-1515.  

Wang X, Gao K, Chen C, Zhang C, Zhou C, Song Y, 

Guo W. (2023). Prevalence of the virulence genes 

and their correlation with carbapenem resistance 

amongst the Pseudomonas aeruginosa strains 

isolated from a tertiary hospital in China. Antonie 

Van Leeuwenhoek, 116(12):1395-1406.  

Witwit I, Mubarak H, Ibrahim R, Majeed M. (2024). 

Synthesis, coordination study, and anti-microbial 

ability of new mixed-ligand complexes derivatized 

from azo imidazole, and 1, 10-phenanthroline. 

Microbial Biosystems, 9(2), 19-29. doi: 

10.21608/mb.2024.290300.1101 

Yaseen NN, Ahmed DA. (2023). Detection of mexB 

Multidrug Efflux Gene in Some Local Isolates of 

Pseudomonas aeruginosa. Iraqi Journal of Science, 

64 (1): 111-118. 

Younis RM, Faisal RM. (2024). Effect of antibiotics on 

the expression of pyocyanin synthetic genes in 

Pseudomonas aeruginosa isolated from different 

clinical sources of a few hospitals in Mosul, Iraq. 

Journal of Applied and Natural  Science, 16(2), 812 

-819.  

Zhao T, Liu Y. (2010). N-acetylcysteine inhibit biofilms 

produced by Pseudomonas aeruginosa. BMC 

Microbiol, 12;10:140.  
 

 

 

 

 

 

 

 

 

 

 

 

 


