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Abstract: Pseudomonas aeruginosa forms a biofilm extracellular matrix comprising proteins, lipid vesicles, nucleic acids, and exopolysaccharides that render it pathogenic and resistant to antimicrobial treatment. A total of 24 P. aeruginosa isolates, both meropenem-sensitive and meropenem-resistant, were tested in this work, and all of them exhibited biofilm production. Interestingly, meropenem treatment served to repress the expression of the PelA gene, an essential part of biofilm formation, to a significant degree. The results implicate that meropenem, when administered at minimum inhibitory concentrations (MICs), is potentially reducing the virulence of P. aeruginosa, opening a window against bacterial resistance, in addition to lowering the requirement for high-dose antibiotic therapy and the risk of deleterious side effects.
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1. Introduction
Pseudomonas aeruginosa is a versatile, opportunistic, Gram-negative, non-fermenting bacterium that is prone to infections in humans, especially in debilitated individuals like hospitalized patients and immunocompromised ones. Pseudomonas aeruginosa has a broad spectrum of diseases ranging from localized ones like dermatitis and soft tissue infection to systemic infections like sepsis, respiratory tract infections, and bacteremia. The organism is capable of causing chronic infection especially in patients with compromised health like cystic fibrosis or severe burns. These P. aeruginosa infections, especially those in burn patients, are extremely ominous as they possess a high rate of death and disability, along with the additional fact that the bacterium is resistant to a range of antibiotics and also possesses the ability to form biofilms, which present a physical barrier for immune assault and antimicrobial agents [1].
The ability of P. aeruginosa to develop biofilms is one of the primary reasons for its pathogenicity and survival in infected tissues. Biofilms are structured, heterogenous microbial communities surrounded by an extracellular matrix composed of a variety of substances, including exopolysaccharides, extracellular DNA, and proteins. P. aeruginosa produces multiple exopolysaccharides such as alginate, Psl, and Pel, which contribute to biofilm formation and stability. These exopolysaccharides are the major players in biofilm stability, immunity from host immune defense, and antimicrobial resistance. Synthetic Pel and Psl, in particular, play an essential role in making the biofilm shield bacteria from the effect of antibiotics and from being attacked by the host immune system [2].
The highest distinctive feature of P. aeruginosa is its very high level of adaptability. Most of its strains are very prone to utilize either Pel or Psl depending on the situations. However, under certain stressful conditions such as against antibiotics or host immunity, P. aeruginosa will switch between Pel and Psl production [3]. This toggle capacity to modify biofilm structure in response to environmental stress provides the pathogen with the capacity to sustain persistence and virulence in the host as well as render treatment and eradication challenging. This adaptive process intimates the need for targeted therapies that selectively eliminate both Pel and Psl production as well as other biofilm formation mechanisms in a bid to maximize treatment regimens. The development of antibiotic resistance in P. aeruginosa is directly correlated with its ability to develop biofilms, which provide a protective niche from where bacteria are able to survive extreme conditions, including exposure to antibiotics. Bacteria that are part of biofilms are also more resistant to antimicrobial agents than are their free-living counterparts, and this occurs in part through the protective matrix and altered metabolic condition. P. aeruginosa is, therefore, a formidable enemy for physicians, particularly when infections in susceptible hosts or aggressive medical care need to be addressed [4, 5, and 6].
The aim of this research was to examine the biofilm-forming ability of P. aeruginosa isolates and measure the expression of the PelA gene, a key regulator of Pel exopolysaccharide synthesis, before and after exposure to the antibiotic meropenem. Upon analyzing these parameters, we tried to understand more about how meropenem influences biofilm formation and gene expression in the hopes of making more effective treatments that can cure P. aeruginosa infection, particularly the infections that depend on biofilm formation and antibiotic resistance.
2. Materials and Methods
Specimen's collection 
For the purpose of this study, 120 clinical specimens were collected between October 2023 and April 2024. Samples were taken from Iraqi patients from Medical City who had burns and wounds.
Isolation and Identification
Each of the environmental or clinical samples was initially streaked onto cetrimide agar plates, which selectively allow for the growth of Pseudomonas species, and incubated at 37 °C for 24 hours under aerobic conditions to achieve maximum growth of the bacteria. Typical morphology colonies were subsequently isolated for purification. Specifically, lactose-non-fermenting colonies were streaked onto MacConkey agar plates for pure strain isolation. These colonies were then re-picked and re-cultured on fresh agar plates to produce well-isolated and morphologically consistent colonies which were available for identification.
For accurate identification of the bacterial isolates, a combination of automated and phenotypic techniques was employed. Rapid biochemical identification and antimicrobial susceptibility testing were performed on the VITEK® 2 compact system. This was complemented by traditional diagnostic tools like macroscopic and microscopic examination of the colony morphology, Gram staining, and an array of standard biochemical tests to determine the identity and characterization of the bacterial strains.
Biofilm formation assay
The quantification from biofilm formation was conducted utilizing a Microliter Plate assay outlined by [7, 8].
The effects of Meropenem at MIC on biofilm formation 
Meropenem MIC was determined, and the antibacterial activity was assessed following an 18–24-hour incubation period at 37°C. MIC was determined the lowest concentration from test samples.
Gene expression for Pel A gene of P. aeruginosa
RNA was harvested from 24 selected isolates of  P. aeruginosa utilizing the FavorPrep Total RNA Mini Kit in accordance with the manufacturer's guidelines. Subsequently, the RNA was converted to cDNA using the EasyScript ® First-Strand cDNA Synthesis Super Mix. 
For gene expression analysis of  PelA, specific primers were utilized: Forward primer CCTTCAGCCATCCGTTCTTCT and Reverse primer TCGCGTACGAAGTCGACCTT(8). Additionally, 16SrRNA was used as a housekeeping gene with Forward primer CAGCTCGTGTCGTGAGATGT and Reverse primer GCGTAAGGGCCATGATGACTT. 
Expression levels were quantified through relative quantitation by assessing the variance in cycle thresholds (ΔCt) and fold changes before and after meropenem treatment in conjunction with the housekeeping gene.
Statistical analysis
Statistical analysis to determine the effect of the parameters in this study, Microsoft Excel 2013 was used.
3. Results and Discussion
The research involved microbiological processing of 120 clinical specimens with 80 swabs collected from burn injuries and 40 swabs collected from wound infections. In order to improve recovery and accurate identification of Pseudomonas aeruginosa, each sample was plated onto a combination of differential and selective media like MacConkey agar, blood agar, and cetrimide agar. MacConkey agar was employed to differentiate lactose-fermenting from non-lactose-fermenting Gram-negative bacteria, but blood agar stimulated the growth of a broad range of organisms and helped determine hemolytic activity. Cetrimide agar, which is P. aeruginosa selective, also was employed to enhance the isolation of the test pathogen.
When incubated under appropriate conditions, 100 out of the 120 treated samples (83%) showed positive bacterial growth and no microbial growth was seen in 20 samples (17%). Although 24% (24 out of 100) of the culture-positive specimens were confirmed as P. aeruginosa based on colonial morphology, pigmentation, and additional biochemical and automated identification. The remaining 76% (76 of 100) of the isolates were other bacteria from other bacterial genera, indicating diversity in microbial flora among the clinical specimens analyzed.
The frequency and distribution of P. aeruginosa in relation to other bacterial isolates are summarized in Table 1 and graphically illustrated in Figure 1. The data presented reflects the moderate frequency of P. aeruginosa among burn and wound infections in the examined population and highlights the need for special diagnostic techniques in clinical microbiology laboratories.

Table 1. Isolates of bacteria extracted from the samples.
	Isolate
	No.
	%

	Pseudomonas aeruginosa
	24
	24

	Others
	76
	76

	Total
	100
	100





Figure 1. Positive culture from the Samples.

Figure 2 illustrates morphological appearance of P.aeruginosa colonies on MacConkey agar medium.
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Figure 2. MacConkey agar for the isolation P. aeruginosa.

The results, for biofilm production, showed that all P. aeruginosa isolates (no=24) (100%) isolates were found positive for biofilm production by Tissue Culture Plate TCP method (TCPM) which is postulated to be a gold standard for biofilm detection.
Our result findings found that the phenotypic detection were also good biofilm producers, 100% (24/24), 0% (0/24) for poor biofilm and fair biofilm producers, as shown in Table 2, and Figure 3, 4.

Table 2. Biofilm formation by P. aeruginosa.
	Biofilm
	No.
	%

	Weak
	0
	0

	Moderate
	0
	0

	Strong
	24
	100




Figure 3. Percentage of Biofilm formation by P. aeruginosa.
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Figure 4. Results of Biofilm formation by P. aeruginosa.

The impacts of the antibacterial activity of the antibiotic meropenem in MIC were outlined in Figure 5. Three isolates (37.5%) alone were inhibited from growth at levels of 4 µg/ml, whereas 62% of the P. aeruginosa isolates (5/8) were at levels of 2 µg/ml.
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Figure 5. The results of broth microdilution method to MIC values of meropenem antibiotic against P. aeruginosa.
Different MIC levels of meropenem (0.2,0.25,0.5,1,2, 4,8, 16, 22, and 64μg /ml) were used to describe the isolates and investigate the expression of PelA of   P. aeruginosa biofilm using RT-qPCR.  
The mean± SE level of PelA decrease in gene expression after Treatment with meropenem antibiotic when compared with Before Treatment with meropenem antibiotic significantly change P- value 0.0001. As seen in table 3, and figure 6.

Table 3. The expression levels of the PelA gene in relation to the fold change before and after being subjected to the meropenem antibiotic were assessed using RT-PCR.
	2^- ΔΔCT (Fold change)
Mean ±SE

	Before Treatment with
meropenem antibiotic
	After Treatment with 
meropenem antibiotic

	1.082±0.389
	0.183±0.053

	P-value = 0.0001
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Figure 6. RT-PCR was used to amplify the PelA cDNA product and 16S RNA genes.

Numerous studies have investigated the role of quorum sensing in regulating the virulence of Pseudomonas aeruginosa. Given the increasing prevalence of antibiotic resistance, identifying alternative therapeutic strategies beyond conventional antibiotics has become a central focus in health research [9]. Beenken et al. [10] proposed that variations in biofilm thickness observed among clinical isolates may be attributed to several factors, including differences in each isolate’s inherent ability to form biofilms and variability in the initial number of adherent bacterial cells during early biofilm development.
Furthermore, they reported that individual isolates produce varying quantities and qualities of quorum-sensing signaling molecules. Importantly, aside from mild biofilm formation, there appears to be no consistent pattern in the distribution of biofilm intensities among samples; rather, the degree of biofilm formation is unique to each isolate [11]. This observed heterogeneity may stem from underlying genetic divergence among strains. These findings are consistent with those reported in other regional investigations [12,13] and align with broader international literature. [14,15] The excessive biofilm production observed in the present study could also be due to the excessive sensitivity of the TCPM (Tissue Culture Plate Method), as it can measure even very slight levels of biofilm production. The method is particularly beneficial for investigating the early onset of biofilms, as it maintains constant conditions and allows measurement of the most important virulence determinants, including pili and flagella. In addition, the TCPM method has been widely applied to determine the biofilm-forming capacity of various bacterial strains [16].
Earlier studies have established a strong relationship between biofilm production and expression of the pelA gene, with some studies indicating that up to 80% of P. aeruginosa strains that produce biofilms express the gene [17]. The study also states that all strains of P. aeruginosa that produce biofilms carry the pelA gene [17]. However, contrary findings are documented; for instance, another study had recovered pelA in only 45.2% of isolates [18], while another study had recovered it in 57.3% of strains [19].
There was a statistically significant reduction in the expression of the pelA gene following treatment with the drug meropenem (P = 0.0001), in comparison to pre-treatment. Such post-treatment suppression of pelA expression in the bacteria may be a marker for an adaptive response of the bacterial population to the antibiotic that may reflect the emergence of new resistance mechanisms and the first phases of creating antibiotic resistance [20]. These findings need to be further studied to confirm the same as well as to examine potential ways to counteract resistance development in P. aeruginosa.
4. Conclusion
This study centers on the critical function of the PelA gene for biofilm formation in Pseudomonas aeruginosa. Biofilms were produced by all 24 isolates, and meropenem treatment with MIC concentrations was highly effective at inhibiting PelA gene expression. This suggests that meropenem can inhibit bacterial virulence by inhibiting biofilm-associated gene expression, potentially making therapy possible at sub-MIC levels. Future work to be undertaken is to look into the molecular mechanism behind such suppression, to expand the investigation to more isolates, and to measure gene expression across time and with varying concentrations of drugs. Another challenge of these results by combination therapy and in vivo confirmation could further legitimize the application of meropenem as a double-barreled drug—both antimicrobial and anti-virulence.
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