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					ABSTRACT  

					ARTICLE INFO  

					Lipases can convert edible and vegetable oils into biodiesel, a low-toxicity, renewable,  

					biodegradable, and environmentally friendly alternative to traditional fuel. This study investigated  

					the dual functionality of lipase from Cronobacter dublinensis in enhancing antibiofilm activity  

					against Pseudomonas aeruginosa and catalyzing biodiesel production via enzymatic  

					transesterification. Cronobacter dublinensis was isolated from lettuce samples and identified by  

					morphological, biochemical, and molecular methods, with gyrB gene confirmation. Lipase  

					production was screened on oil-supplemented agar, and the gene known as Lip was detected via  

					polymerase chain reaction (PCR). The lipase was then purified using ammonium sulfate  

					precipitation in combination with dialysis and chromatographic techniques. Antibiofilm activity  

					was assessed using a microtiter plate method against Pseudomonas aeruginosa. Biodiesel  

					production was performed via enzymatic transesterification using crude lipase. Four Cronobacter  

					dublinensis isolates were identified from the lettuce samples. Lipase production induced by  

					various oils revealed that olive oil yielded the highest hydrolytic activity, producing zones of 20–  

					50 mm. The Lip gene was detected in all the isolates via PCR (550 bp fragment). Purification  

					through the combined use of ammonium sulfate precipitation and chromatography resulted in a  

					5.5-times improvement in purity with 58% recovery. Purified lipase significantly inhibited the  

					establishment of biofilms by Pseudomonas aeruginosa, which varied with dosage, showing  

					maximum suppression at a concentration of 200 μg/mL. Enzymatic transesterification using C.  

					dublinensis lipase achieved 38% and 11.2% fatty acid methyl ester yields for processed olive and  

					corn oils, respectively. These findings highlight the dual potential of C. dublinensis lipase in  

					antimicrobial and biofuel applications.  
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					This results in the generation of premium-grade glycerol, easier product  

					separation, and lipase could be reused as a catalyst due to the  

					immobilized enzymes.6 Biodiesel, which is made by trans-esterifying  

					oil with short-chain alcohol, is anticipated to partially replace fossil  

					diesel fuel. Commercial biodiesel has so far mostly been produced  

					chemically; however, its main drawbacks seem to be its high energy  

					requirements and environmental contamination.7 Although alkalis,  

					acids, or enzymes can catalyze the transesterification process,  

					enzymatic transesterification is thought to be a more appealing  

					approach for producing biodiesel than chemical methods due to its  

					reduced environmental impact and downstream processing limitations.8  

					Several parameters, including the methanol-to-oil molar ratio, reaction  

					temperature, mixing intensity, reaction time, enzyme concentration, and  

					the fatty acid profile of the feedstock, affect the transesterification  

					process.9 Apart from having seemingly increased amounts of  

					unsaturated lipid-derived acids, biodiesel notably reflects lower  

					viscosity and higher pour and cloud points, making it suitable for both  

					warm and cold climates. The high levels of saturated fatty acids in oils,  

					as opposed to unsaturated fatty acids (which have at least one double  

					bond), may cause the oils to solidify and clog the fuel lines during cold  

					weather.10 Other significant advantages of enzymatic transesterification  

					over chemical methods include mild reaction conditions, low methanol  

					consumption, easy recovery of produced glycerol, relatively simple  

					operations, and the lack of chemical catalysts and wastewater  

					production, all of which enhance process sustainability and cost-  

					effectiveness.11  

					Introduction  

					Lipases, often referred to as triacylglycerol acyl hydrolase  

					(EC 3.1.1.3), represent a large category of enzymes belonging to the  

					hydrolase group that catalyze the complete breakdown of triglycerides  

					to yield fatty acids and glycerol by acting on carboxylic ester linkages1.  

					They are also capable of catalyzing transesterification along with  

					esterification processes conducted outside aqueous environments.  

					Because of these characteristics, lipases are important in the  

					biotechnological sector.1 Lipases have a wide range of uses due to their  

					role in the breakdown of lipids and the creation of esters, including lipid  

					processing, detergent production, food processing, fine chemical  

					synthesis, paper production, maquillage production, and  

					pharmaceuticals.2 Fungal lipases are less thermally stable and more  

					susceptible to severe physicochemical conditions than bacterial lipases,  

					particularly those originating from Pseudomonas and Burkholderia  

					species.3 Utilization of lipase as a biocatalyst resolves the limitations  

					encountered with acid and alkali catalysts while offering additional  

					benefits, characterized by lower free fatty acid (FFA) content and the  

					prevention of soap formation.4 Using inexpensive feedstocks like waste  

					oils, the lipase enzyme converts FFAs to fatty acid alkyl esters (FAAEs)  

					fully because it is not hindered by water.5  
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					Pseudomonas aeruginosa can multiply in poor-nutrient conditions  

					because of its capacity to attach to a range of substrates and use a  

					number of energy sources. When bacteria capable of movement adhere  

					to a surface, they proliferate extensively and capture other motile  

					bacteria, leading to micro-colony development. Over time, these  

					microcolonies develop and grow until they form biofilms.12  
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					Pseudomonas aeruginosa has been shown to flourish in cleaning  

					products, disinfectants, aviation fuel, and harsh environments. Because  

					P. aeruginosa can thrive in nearly any environment, it can cause a wide  

					range of issues.13 Among the bacteria responsible for nosocomial  

					infections within hospitals, Pseudomonas aeruginosa is responsible for  

					50% of wound infections, 30% of pneumonia incidences, 19% of  

					infections within the urinary tract, and 10% of potentially fatal  

					conditions of the bloodstream. In Iraq, P. aeruginosa is the main factor  

					responsible for urinary tract infections (UTIs) and a common cause of  

					nosocomial infections.12  

					This research investigated the utilization of various oils and lipase to  

					serve as a catalyst in the transesterification process aimed at producing  

					biodiesel and explore its potential as an antibiofilm agent. It is the first  

					investigation to document the isolation of Cronobacter dublinensis  

					from lettuce as a dual-function biological resource, demonstrating its  

					purified lipase’s unique ability to both inhibit Pseudomonas aeruginosa  

					biofilm formation and catalyze biodiesel production via enzymatic  

					transesterification. By integrating antimicrobial and renewable energy  

					applications within a single biocatalyst, this work introduces a novel,  

					sustainable approach that addresses hospital-acquired infections and  

					alternative fuel production concurrently. The study focused on  

					antibiofilm evaluation and biodiesel production using Cronobacter  

					dublinensis. Isolation, molecular identification, and screening with oils  

					identified optimal inducers for lipase production. Purification steps  

					enhanced enzyme activity, and a microtiter plate biofilm assay  

					evaluated lipase's antibiofilm potential. Enzymatic transesterification  

					and gas chromatography-mass spectroscopy (GC-MS) analysis  

					validated biodiesel yield and composition.  

					NaCl, 0.1 g CaCl₂·2H₂O, 20 g agar, 10 mL Tween-80 per liter of  

					medium, and 0.5 g of Congo red. Lipolytic activity was indicated for  

					isolates, and the diameter of clear zones was determined after the  

					incubation period.16  

					Molecular detection of the Lip gene  

					The boiling method,15 was utilized to extract the complete chromosomal  

					DNA from the isolates that produced lipase. Several colonies from an  

					overnight bacterial culture were fully resuspended in 1 mL of distilled  

					water and subsequently heated for 10 minutes in a water bath.  

					Following centrifugation, the supernatant served as the template DNA  

					for the PCR. Aliquots consisting of 12.5 µL of 2x GoTaq® Green  

					Master Mix (Promega, USA), 1.5 µL (10 pmol) of each forward and  

					reverse primer, 6 µL of boiled DNA template, and 3.5 µL of nuclease-  

					free water were combined to prepare the PCR mixture, which had a final  

					volume of 25 µL. The nucleotide sequences of the primers used were  

					forward: 5′-ATGCTCGGCTTCGACAACAT-3′ and reverse: 5′-  

					CGGATCGAGTTGGTC-3′ for detecting the lipase gene. The PCR  

					program consisted of an initial denaturation step of 10 minutes at 95°C,  

					followed by 35 cycles of denaturation for 1 minute at 94°C, annealing  

					for 1 minute at 59°C, and extension for 1 minute at 72°C. The reactions  

					ended with a final extension step of 10 minutes at 72°C. The PCR  

					products were resolved on a 2% agarose gel electrophoresis performed  

					with a gel electrophoresis unit (Labent, USA) for 60 minutes and then  

					visualized under UV light at 302 nm. The PCR amplicons were purified  

					and sent for sequencing (Macrogen, South Korea). The resulting  

					nucleotide sequences were analyzed using the NCBI website.  

					Purification of lipase  

					After being cultivated in a lipase production broth supplemented with  

					olive oil for 18 to 24 hours at 30°C with agitation, cells were harvested  

					through centrifugation at 10,000 × g for 20 minutes at 4°C. To the  

					resulting cell-free supernatant, solid ammonium sulfate was added to  

					achieve 70% saturation while stirring continuously at 4°C. To obtain  

					the precipitate, the mixture was centrifuged at 10,000 rpm for 20  

					minutes, which was subsequently dialyzed against 20 mM Tris–HCl  

					buffer (pH 7.5) in a dialysis tube for 6 hours at 4°C. The ion exchange  

					column (DEAE-cellulose column) was loaded with the enzyme  

					concentrate obtained after dialysis. Elution from the column was  

					performed using 0.1–0.5 M sodium chloride solutions delivered at a  

					flow rate of 1 mL per minute. Using spectrophotometry, the protein  

					concentration was measured at 280 nm after collecting 5 mL of each  

					enzyme fraction. The absorbance of each fraction was recorded using a  

					UV-visible spectrophotometer (Shemadzu, Japan) at 280 nm after  

					applying the concentrated preparation from the ion exchange step to the  

					Sephadex G-100 column. Also, the protein content and enzyme activity  

					in each fraction were measured. For the lipase experiment, the fractions  

					exhibiting the highest protein concentration were selected for further  

					analysis.17  

					Materials and Methods  

					Isolation and identification of Cronobacter dublinensis  

					Vancomycin was added to 25 g of lettuce samples, adjusting the mixture  

					to a final concentration of 10 μg/mL after they had been homogenized  

					for 1 minute in stomacher bags with 100 milliliters of adjusted lauryl  

					sulfate tryptose vancomycin-incorporated broth medium. The  

					homogenate of each sample was streaked onto chromogenic media and  

					cultured for a period of 24 hours at 30°C. Greenish or blue-green  

					colonies of presumed Cronobacter species were selected for  

					examination through the Vitek-2 system (Bio-Merieux, France).14  

					Molecular identification of isolates  

					The gyrB gene, a housekeeping gene, was used to identify the isolates  

					through the polymerase chain reaction (PCR) technique. A forward  

					primer sequence (5’-TTCCATTACGAAGGCGGCAT-3’) and  

					a

					reverse primer sequence (5’-CTTACGGTTACGGCCCTG-3’) were  

					employed. The PCR mixture had a total volume of 25 µL, which was  

					made up of 12.5 µL of 2x GoTaq® Green Master Mix (Promega, USA),  

					1 µL (10 pmol) of each forward and reverse primer, 6 µL of DNA  

					template (made by the boiling technique), and 5.5 µL of nuclease-free  

					water.15 A baseline control experiment consisted of a reaction mixture  

					for PCR lacking any DNA sample serving as the template.  

					Subsequently, the PCR amplification was performed in a thermocycler  

					(Agilent 8800, USA), and the amplification program incorporated an  

					initial phase of denaturation of 10 minutes at 95°C, succeeded by 35  

					repeated cycles involving a denaturation step performed at 94°C for 1  

					minute, after which annealing was conducted for 1 minute at 55°C,  

					while extension was carried out for 1 minute at 72°C. The reactions  

					ended upon attaining a final elongation stage of 10 minutes at 72°C  

					finalized the cycle. Subsequently, PCR products were subjected to  

					separation through 2% agarose gel electrophoresis using the gel  

					electrophoresis unit (Labent, USA) for 60 minutes and then observed  

					under UV light at 302 nm. The PCR amplicons were purified and sent  

					for sequencing (Macrogen, South Korea), and the resulting nucleotide  

					sequences underwent bioinformatic analysis through BLAST homology  

					searches conducted on the NCBI server.S  

					Lipase assay  

					The amount of released fatty acids, realized on hydrolysis of olive oil  

					by lipase, was determined by a colorimetric assay based on cupric  

					acetate/pyridine. In the test, FFAs form cupric salts or soaps in the  

					presence of copper ions, which are blue in color and have an absorbance  

					at 715 nm. Olive oil was employed as a substrate, and FFA content was  

					estimated using a standard curve plot with oleic acid. In the test, 2.5 mL  

					of olive oil and 1 mL of crude enzyme were combined in a reaction  

					mixture that was incubated for 5 minutes, thereafter, the reaction was  

					stopped by adding 5 mL of benzene and 1 mL of 6N HCl. Four  

					milliliters of the upper benzene layer were transferred to a test tube and  

					then mixed with 1 mL of cupric acetate/pyridine reagent. Absorbance  

					at 715 nm was measured with a spectrophotometer (Cecill, France) to  

					calculate the FFA content. Lipase activity was calculated from the oleic  

					acid standard curve, and one unit was defined as the enzyme quantity  

					required to release 1 μmol of FFA per minute at 37°C.3  

					creening of lipase-producing organisms  

					Determination of protein content  

					Lipase production agar (Oxoid, UK) was supplemented with several  

					oils, including grapeseed, avocado, palm, corn, and olive oil. Each liter  

					of the agar contained 10 g of protein digest (peptone), together with 5 g  

					The Bradford dye technique and bovine serum albumin (BSA), as a  

					standard, were utilized for protein concentration measurement.18  
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					Isolation of Pseudomonas aeruginosa from clinical samples  

					assessed using analysis of variance (ANOVA) followed by the  

					Bonferroni post hoc test. A p-value of less than 0.05 was considered  

					statistically significant.  

					Different samples were collected from hospital surfaces at (Baghdad  

					Hospital, Baghdad), including floors, beds, walls, urinary catheters, and  

					medical equipment. Pseudomonas aeruginosa was isolated and  

					identified through the morphological and biochemical characteristics.19  

					Results and Discussion  

					Cronobacter dublinensis identification  

					From various lettuce samples, four Cronobacter dublinensis isolates  

					Determination of biofilm-forming ability of Pseudomonas aeruginosa  

					isolates  

					were  

					obtained.  

					Several  

					morphological  

					and  

					biochemical  

					The ability of P. aeruginosa isolates to form biofilms was evaluated  

					with a microtiter plate assay method, with slight modifications.20 Five  

					milliliters of brain heart infusion broth (BHIB; Himedia, India)  

					supplemented with 2% sucrose were used to culture P. aeruginosa. The  

					culture was then incubated at 37°C for 24 hours, after which 180 μL of  

					BHIB and approximately 20 μL of bacterial suspension from each  

					isolate, adjusted to the 0.5 McFarland standard, were added into the  

					wells of the microtiter plate. Following sealing, the plates underwent a  

					further 24-hour incubation at 37°C, after which non-adherent cells were  

					washed off three times with normal saline solution after incubation.  

					Each well then received 200 μL of 99% methanol for 15 minutes to fix  

					the attached cells. At room temperature, the plates were air-dried for 30  

					minutes. They were then stained for 15 minutes with 200 μL of 1%  

					crystal violet solution. Excess stain was discarded, and the wells were  

					rinsed with sterile distilled water before dissolving the bound dye in  

					96% ethanol. An enzyme-linked immunosorbent assay (ELISA) reader  

					(Organon Techniqa, Germany) was utilized to record the optical density  

					at 630 nm. Biofilm formation was quantified using Equation 1.  

					characterizations were used to identify the isolates, and molecular  

					analysis to detect the gyrB gene was employed for confirming the  

					identity of the isolates. Figure 1 showed a large, clear band with an  

					amplified fragment size of 800 bp in agarose gel electrophoresis  

					employed to identify the molecular characteristics of Cronobacter  

					dublinensis isolates. Cronobacter dublinensis's genetic link with  

					bacterial data on Gene Bank was determined by DNA sequencing.  

					According to the BLAST results, Cronobacter dublinensis and  

					Cronobacter species (GeneBank ID No. KY991367.1) were 100%  

					similar. Cronobacter species may be found in a wide variety of  

					environments and frequently consumed foods.23 As it is, plants have  

					historically been adjudged to be the primary source of Cronobacter  

					spp., and their capacity to thrive in foods with sparingly moisture  

					content, spices, herbs, and the entire environment for manufacturing  

					may be attributed to their thermotolerant and osmotolerant nature.  

					Additionally, the pathogen's strong association with herbs and spices  

					suggests that extra care should be taken when giving infants herbal  

					beverages or home medications to relieve gastrointestinal  

					disturbances.24 One new food-transmitted pathogen responsible for  

					causing severe cases of meningitis, sepsis, and necrotizing enterocolitis  

					among newborns and infants is Cronobacter spp. (previously  

					Enterobacter sakazakii). People from around the world have reported  

					contracting these diseases.25  

					(

					)

					Cutoff value ODc = average OD of negative control  

					(

					)

					+

					3 x standard deviation … .  

					1

					OD < ODc indicates non-adherence, 2 ODc > OD > ODc indicates  

					weakness, 4 ODc > OD > 2 ODc indicates moderate, and OD > 4 ODc  

					indicates strength.20  

					Enhancement of detergent efficiency by lipase as an antibiofilm agent.  

					To prepare the sterilized BHIB (Himedia, India), 2% sucrose was  

					incorporated. Each well then received 180 μL of BHIB containing either  

					commercial detergent, purified lipase at concentrations of 50, 100, and  

					200 µg/mL, or a combination of each lipase concentration with the  

					commercial detergent. Following this, a bacterial suspension amounting  

					to 20 μL and standardized to 0.5 McFarland was dispensed into each  

					well. The control setup consisted of 20 μL of bacterial suspension (0.5  

					McFarland standard) combined with 180 μL of BHIB without additives.  

					Incubation of the plates was carried out at 37°C for 24 hours. Following  

					incubation, the medium in each well was carefully aspirated off and  

					washed three times with sterile PBS to remove non-adhesive bacterial  

					cells. The plates were kept at room temperature to air-dry for 15  

					minutes. Then, 200 μL of 0.1% crystal violet solution/well was added  

					and left to stain for 20 minutes. The remaining free dye was rinsed off  

					through triple washing of the wells with PBS (pH 7.2), and plates were  

					air-dried again for 15 minutes. Wells were filled with at least 200 μL of  

					95% ethanol, and optical density at 630 nm was measured on an ELISA  

					reader (Organon Techniqa, Germany).  

					Figure 1: Agarose gel electrophoresis of polymerase chain  

					reaction-amplified gyrB gene product to identify Cronobacter  

					dublinensis isolates. Lane M: 10 kb DNA ladder; Other lanes:  

					positive results with 800 bp fragment amplicon.  

					Transesterification reaction for biodiesel production  

					Production of biodiesel was carried out by a modified method.21 Olive  

					oil was used to inoculate lipase production broth with 5 mL from an  

					overnight-incubated culture of the selected bacterial strain exhibiting  

					lipolytic activity. The cultures were cultivated for 48 hours at 200 rpm  

					and 30ºC. The crude supernatant, or unprocessed supernatant, was then  

					obtained by centrifugation. A prepared mixture consisting of 5 mL of  

					either olive or corn oil, 1.5 mL of absolute ethanol, and 13 mL of  

					processed or unprocessed supernatant was used in the transesterification  

					reaction, which was carried out for 24 hours at 37oC while being  

					continuously shaken. A negative control was created using all  

					components, excluding processed or unprocessed supernatant.  

					Glycerides and ethyl esters produced during the transesterification  

					process were analyzed using GC-MS (Shimadzu (GC-17A), Japan).22  

					Lipase production by Cronobacter dublinensis isolates  

					Four different types of oils: olive, corn, palm, avocado, and grapeseed  

					were utilized as substrates to induce the production of lipase by  

					Cronobacter dublinensis isolates to produce biofuel. The hydrolytic  

					activity of Cronobacter dublinensis isolates as the initial screening step  

					was assessed. A cleaning zone around the colony boundaries, along  

					with visual inspection of plates containing vegetable oils and other oils,  

					makes this test simple, rapid, and cost-effective on solid media.  

					According to the results presented in Table 1 and Figure 2, all  

					Cronobacter dublinensis isolates demonstrated the ability to hydrolyze  

					specific oils to varying extents. The clinical Cronobacter dublinensis  

					isolates were able to hydrolyze five oils, showing the highest activity  

					with olive oil as the inducer, resulting in a hydrolysis zone of 50-20  

					Statistical analysis  

					Data analysis was carried out using the Statistical Package for the Social  

					Sciences (SPSS, version 21). The results are presented as means ±  

					standard error of the mean (SEM). Differences among groups were  
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					mm, followed by palm oil with a hydrolysis zone diameter of 33-22  

					mm. Thus, of all the oils employed to induce lipase production in the  

					medium, olive oil was the most effective, and C. dublinensis 1 was the  

					top producer.  

					Table 1: Levels of lipase production by Cronobacter  

					dublinensis in different oils  

					Isolate No. Grape Corn  

					Palm  

					Avocado  

					(mm)  

					Olive  

					(mm)  

					seed  

					(mm) (mm)  

					(mm)  

					C.  

					++(23) +(25) ++(33)  

					-

					+++  

					(50)  

					dublinensis  

					1

					C.  

					-

					-

					-

					-

					+ (24)  

					+ (22)  

					-

					+ (18)  

					+ (19)  

					-

					+ (20)  

					dublinensis  

					2

					C.  

					dublinensis  

					3

					C.  

					Figure 3: Agarose gel electrophoresis of polymerase chain  

					reaction-Lip gene product to detect lipase producing  

					Cronobacter dublinensis isolates. Lane M: 10 kb DNA ladder;  

					Other lanes: positive results with 550 bp fragment amplicon.  

					++  

					(35)  

					_

					+(21)  

					++(29)  

					dublinensis  

					4

					Isolation, purification, and profiling of lipase from Cronobacter  

					dublinensis isolates  

					mm: millimeter refer to diameter of clear zone in millimeter  

					To obtain a protein of interest and eliminate superfluous ones, lipase  

					purification was carried out. There is a progressive procedure involved  

					in the purification of lipase. The crude extract's lipase activity from C.  

					dublinensis was 27 U/mL, and the enzyme was purified through  

					ammonium sulfate precipitation to salt out the proteins with 70%  

					saturation. Desalting was done to eliminate any remaining salt to boost  

					enzymatic activity. Figure 4 illustrates the third protein peak, which  

					exhibited a purification fold of 5.5 and a recovery rate of 58% after the  

					enzyme solution was processed by ion exchange chromatography with  

					a DEAE-cellulose column. The lipase solution was passed through the  

					column and eluted with 0.4 M sodium chloride concentration. These  

					findings are highlighted clearly in Table 2 and Figure 5. The active  

					fractions underwent Sephadex G-100-based gel filtration  

					chromatography. Following the elution step, a single protein peak  

					emerged, containing lipase activity with a recovery of 53% and  

					displaying a specific activity reaching 70 U/mg.  

					Figure 2: Lipolytic activity by Cronobacter dublinensis  

					isolates in the presence of olive oil.  

					Olive oil is recognized as a superior carbon source and a strong inducer  

					of lipase secretion in Yarrowia lipolytica.26 The use of corn or olive oil  

					serving as both an inducer and a carbon source significantly enhanced  

					lipase synthesis. Both olive oil and Tween 80 stimulate and enhance the  

					concentration of inducer required for maximum lipase production,  

					depending largely on the particular strain. Moreover, the inclusion of  

					olive oil triggered the release of extracellular lipase enzymes.28  

					Figure 4: Lipase purification from Cronobacter dublinensis on  

					DEAE-cellulose column.  

					Molecular detection of the Lip gene in Cronobacter dublinensis isolates  

					Figure 3 displays the PCR products, with an amplified fragment size of  

					550 bp, obtained from the amplification of the Lip gene in Cronobacter  

					dublinensis isolates. Using specially designed primers to target the Lip  

					gene, Cronobacter dublinensis DNA was extracted and amplified by  

					PCR. In electrophoresis using an agarose gel, a sizable, transparent band  

					containing an amplified size of 550 bp was observed, indicating the  

					occurrence of the Lip gene in Cronobacter dublinensis isolates. The  

					analysis clearly identified the Cronobacter dublinensis isolate as a  

					member of the Cronobacter genus, showing the highest degree of  

					similarity (99%) using the Lip gene sequence from Pseudomonas  

					aeruginosa LMG 1242T (accession Z76651). DNA sequence analysis  

					demonstrated the genetic relationship of Cronobacter dublinensis with  

					bacterial data in GenBank, where the sequence is now available under  

					accession number MF926637.1.  

					Figure 5: Lipase purification from Cronobacter dublinensis on  

					Sephadex G-100 column.  
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					(33%) formed a moderate biofilm, and seven (47%) formed a strong  

					biofilm. Biofilm formation is a major determinant of P. aeruginosa’s  

					virulence, allowing the bacteria to survive in diverse environments,  

					including burn wounds, and ultimately contribute to chronic  

					infections.34 A previous study,35 demonstrated an association between  

					the resistance profile of P. aeruginosa and its potential to generate  

					biofilm. Differences in biofilm thickness are linked to the type and  

					amount of quorum-sensing signaling molecules (autoinducers)  

					produced by each isolate, the initial number of cells that successfully  

					adhered, and the isolates' capacity to form biofilms.36  

					Table 2: Stages of lipase purification from Cronobacter  

					dublinensis  

					Purific Si  

					Prot  

					ein  

					Lipo  

					lytic  

					Spe Purific Tot Total  

					ation  

					step  

					ze  

					cific  

					acti  

					vity  

					(U/  

					ation  

					(fold)  

					al  

					acti  

					vity  

					Reco  

					very  

					(%)  

					(m conc activ  

					L)  

					.

					ity  

					(mg/ (U/m  

					mL)  

					2.7  

					L)  

					27  

					mg)  

					10  

					Crude  

					extract  

					70  

					33  

					1

					3

					189  

					0

					100  

					90  

					Enhancement of detergent efficiency by lipase as an antibiofilm agent  

					Purified lipase suppressed P. aeruginosa biofilm formation, with  

					inhibition increasing alongside the dose, reaching its highest level at  

					200 µg/mL. Similarly, commercial detergent also reduced biofilm  

					formation. The inhibitory effects of both purified lipase and commercial  

					detergent on P. aeruginosa biofilm formation were evaluated.  

					Following treatment, the bacterial isolates showed increased sensitivity  

					and a decrease in biofilm development. As shown in Table 3, the optical  

					density (OD) of the biofilm (pre-treatment) for twelve P. aeruginosa  

					isolates was significantly higher compared to the OD of pure lipase,  

					commercial detergent, and their combination. Compared to non-  

					hydrolyzed stains, lipases enhance the hydrolysis of fat-based stains  

					into components that interact more readily with water, making them  

					simpler to eliminate. For lipases to be effective in detergent  

					formulations, they must function in the presence of surfactants,  

					proteases, and other ingredients commonly found in washing powders.  

					The organisms must be thermophilic and alkaliphilic, exhibiting a broad  

					range of substrate specificity to efficiently hydrolyze lipids with  

					varying compositions.38  

					Salt  

					1.7  

					1.1  

					52  

					61  

					30.5  

					55.4  

					171  

					6

					precipi  

					tation  

					DEAE  

					-

					cellulo  

					se  

					18  

					5.5  
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					109  

					8

					58  

					53  

					Sephad 16  

					ex G-  

					0.9  

					63  

					70  

					100  

					8

					100  

					Equations for purification table: Specific activity= Activity/protein  

					conc., Total activity= Activity x volume, Purification fold= Specific  

					activity for the step / specific activity for the first step (Crude), Yield=  

					Total activity for the step / total activity for the first step (Crude)x100  

					Pseudomonas aeruginosa extracellular lipase underwent purification  

					via ammonium sulfate precipitation and subsequent Sephadex G-150  

					column chromatography, yielding a total of 47.7% and a purification  

					rate of 75.50 times.17 An increase in lipase activity is dependent on the  

					ammonium sulfate concentration, and a low enzyme production could  

					be the result of lipid hydrolysis,29 and the difficulty in removing the high  

					amount of lipopolysaccharide observed in P. aeruginosa. The enzyme  

					activity, purification fold, and recovery of the purified enzyme are  

					influenced by the enzyme's isolation source, the culture medium used  

					to grow the bacteria, and the purification process.30  

					Influence of feedstock processing in transesterification with  

					Cronobacter dublinensis lipase  

					Olive and corn oils were trans-esterified using ethanol and a lipase  

					enzyme produced by Cronobacter dublinensis 1 as the catalyst. The  

					fatty acid methyl ester (FAME) yields were 12.6% and 5.2% for  

					unprocessed olive and corn oils, respectively. However, when  

					processed olive and corn oils were used, the FAME yields increased to  

					38% and 11.2%, respectively, as reflected in Table 4. The FFA  

					concentration of unprocessed olive oil, on the other hand, was estimated  

					to be 2.5% and rose to 7.9% during processing. However, the presence  

					of FFAs in the feedstock had no effect with respect to transesterification  

					of maize oil when lipase was used as the catalyst, regardless of whether  

					the almond oil was processed or unprocessed. Based on the results,  

					Cronobacter dublinensis demonstrated the highest effectiveness in  

					producing biodiesel, with olive oil proving to be more suitable than  

					maize oil. Additionally, oleic acid methyl ester has been identified as  

					the primary component most suitable for biodiesel production. Since  

					the yield of biofuel production might be boosted by a simple and  

					inexpensive procedure of concentration and dialysis, it was indicated  

					that preparation of the bacterial supernatants improved the performance  

					activity compared to the unprocessed samples.  

					According to gas chromatographic chemical analysis, the process of  

					transesterification can be used to create traditional biodiesel. Porcine  

					pancreatic lipase was utilized in the transesterification process,  

					resulting in biodiesel with high yields.39 Lipase is employed as a catalyst  

					in that it has the capability to facilitate transesterification reactions,  

					which allows it to esterify FFAs in a single step, eliminating the need  

					for a washing stage, and because it does not produce soap. Free fatty  

					acid concentration may be the reason for the relatively low yield of  

					FAME in the case of alkali (NaOH)-catalyzed transesterification.40  

					Several factors: such as lipase specificity, immobilization method, oil  

					composition and purity, the molar ratio of oil to acyl acceptor, type of  

					acyl acceptor, temperature, and water content influence enzyme-  

					catalyzed biodiesel production.41  

					Distribution of Pseudomonas aeruginosa in the hospital environment  

					The ground, beds, walls, urinary catheters, and medical equipment were  

					among the hospital environments where fifteen P. aeruginosa were  

					found. The selective medium, cetrimide agar, was used to isolate all P.  

					aeruginosa  

					isolates  

					from  

					environmental  

					sources.  

					As a Pseudomonas aeruginosa, which is known for its opportunistic  

					nature, it is actually responsible for multiple human infections that  

					include respiratory infections, burns, and conditions affecting the  

					urinary tract, in addition to septicemia. It is commonly found in natural  

					environments, where it can persist and potentially infect individuals  

					with compromised immune systems.31 Ventilator-associated  

					pneumonia (VAP) in the intensive care unit is primarily caused by  

					Pseudomonas aeruginosa.32 The spread of these bacteria among  

					hospital staff and in damp environments may serve as a source of  

					resistance genes. Consequently, it is imperative to assess the role that  

					medical staff and equipment play in the spread of resistance genes.  

					Genetic approaches, supported by phenotypic testing, have provided  

					valuable insights into the characteristics of strains isolated from both  

					clinical and environmental settings. These methods have made a deeper  

					understanding possible.33 Given its relatively high incidence rate and  

					isolation from sources, such as sinks and theater beds, Pseudomonas  

					aeruginosa may contribute to nosocomial infections.  

					Biofilm formation and classification of Pseudomonas aeruginosa  

					isolates  

					The thickness of the biofilm formed by the isolates on the surfaces of  

					the microtiter wells was indicated by the absorbance values. On the  

					basis of the results obtained from this investigation, the isolates were  

					grouped according to their biofilm-forming ability as non, weak,  

					moderate, or strong producers. The present study found that three (20%)  

					of the fifteen P. aeruginosa isolates produced a weak biofilm, five  

					The current assessment provides the first-ever recorded observation of  

					Cronobacter dublinensis isolated from lettuce as a dual-purpose  

					biocatalyst, confirmed through morphological, biochemical, and gyrB  

					gene sequencing. While Cronobacter spp. are widely recognized for  

					their presence in dried foods, herbs, and spices,42 their application as  

					industrial enzyme producers has not been previously documented.  
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					Table 3: Antibiofilm activity of commercial detergent and  

					Table 4: Analysis of fatty acid methyl esters and free fatty  

					acids in lipase-catalyzed transesterification reactions using  

					different oils  

					lipase against Pseudomonas aeruginosa isolates  

					O.D. (Mean ± SD)  

					Isolate  

					Oil  

					Biodiesel type  

					Cronobacter dublinensis 1  

					Biofilm  

					(before  

					treatment)  

					Antibiofilm (After treatment)  

					type  

					% fatty  

					acid methyl  

					esters  

					% free fatty  

					acid (FFA)  

					P-value  

					Commercial Purified  

					Purified  

					detergent  

					lipase  

					(200  

					µg/ml)  

					0.178 ±  

					0.023  

					lipase+  

					commercial  

					detergent  

					0.140 ±  

					(FAMEs)  

					12.6  

					Olive Processed  

					0.0021**  

					7.9  

					2.5  

					3.6  

					1.1  

					P.  

					0.360 ±  

					0.069  

					0.241 ± 0.01  

					aeruginosa  

					1

					0.012  

					Non-processed  

					38  

					Corn Processed  

					8.5  

					P.  

					0.421 ±  

					0.065  

					0.402 ±  

					0.057  

					0.417 ±  

					0.049  

					0.360 ±  

					0.046  

					0.001**  

					Non-processed  

					11.2  

					aeruginosa  

					2

					P.  

					Using of GC-MS analyzer  

					<0.001**  

					0.523 ±  

					0.037  

					0.320 ± 0.03  

					0.204 ± 0.02  

					0.142 ±  

					0.002  

					0.237 ±  

					0.06  

					aeruginosa  

					3

					P.  

					aeruginosa  

					4

					P.  

					aeruginosa  

					5

					P.  

					aeruginosa  

					6

					P.  

					aeruginosa  

					7

					P.  

					aeruginosa  

					8

					P.  

					aeruginosa  

					9

					P.  

					aeruginosa  

					10  

					P.  

					The purified lipase displayed potent antibiofilm activity against  

					Pseudomonas aeruginosa, with inhibition occurring in a dose-  

					0.317±  

					0.08  

					0.157 ±  

					0.07  

					0.140 ±  

					0.008  

					0.001**  

					dependent manner and maximum suppression at 200 µg/mL. When  

					combined with commercial detergent, the lipase exhibited synergistic  

					effects, significantly reducing biofilm biomass in most isolates. This  

					0.519 ±  

					0.19  

					0.301 ±  

					0.006  

					0.236 ±  

					0.05  

					0.216 ±  

					0.02  

					0.0031**  

					finding is consistent with prior demonstrations of microbial enzymes  

					disrupting biofilms of resistant pathogens,46 and highlights its potential  

					for incorporation into hospital cleaning regimens to mitigate  

					0.467 ±  

					0.028  

					0.343 ±  

					0.023  

					0.175 ±  

					0.037  

					0.072 ±  

					0.018  

					<

					nosocomial infections. In addition to its antimicrobial properties, the  

					0.001**  

					lipase catalyzed the enzymatic transesterification of edible oils,  

					achieving a fatty acid methyl ester yield of 38% from processed olive  

					0.370 ±  

					0.046  

					0.250 ±  

					0.029  

					0.0148  

					± 0.022  

					0.0191 ±  

					0.009  

					0.0017**  

					oil. The improved yield following oil processing is in line with earlier  

					studies on microbial lipase-mediated biodiesel production,47 suggesting  

					a straightforward pretreatment strategy to enhance biofuel output.  

					0.340 ±  

					0.014  

					0.169 ±  

					0.012  

					0.169 ±  

					0.039  

					0.0228 ±  

					0.006  

					0.0016**  

					Conclusion  

					This study demonstrated the dual potential of Cronobacter dublinensis  

					0.324 ±  

					0.041  

					0.183 ±  

					0.006  

					0.154 ±  

					0.036  

					0.073 ±  

					0.005  

					0.009**  

					lipase as both an antibiofilm agent against Pseudomonas aeruginosa  

					and a biocatalyst for biodiesel production. Purified lipase exhibited  

					dose-dependent inhibition of biofilm formation, achieving maximum  

					0.298 ±  

					0.031  

					0.180 ±  

					0.009  

					0.124 ±  

					0.007  

					0.012 ±  

					0.005  

					<

					suppression at 200 μg/mL, and synergized effectively with commercial  

					0.001**  

					detergents. Additionally, enzymatic transesterification yielded up to  

					38% fatty acid methyl esters from processed olive oil, underscoring its  

					0.424 ±  

					0.081  

					0.244 ±  

					0.019  

					0.153 ±  

					0.02  

					0.079 ±  

					0.006  

					0.0019  

					applicability in renewable energy production. These findings highlight  

					the versatility of C. dublinensis lipase for industrial and biomedical use.  

					Future research should focus on cost-effective fermentation strategies,  

					aeruginosa  

					11  

					P.  

					aeruginosa  

					12  

					0.412 ±  

					0.038  

					0.284 ±  

					0.025  

					0.143 ±  

					0.022  

					0.123 ±  

					0.034  

					<

					enzyme immobilization, and commercial detergent formulations.  

					0.001**  

					Genetic engineering could enhance lipase yield and efficiency.  

					P

					0.005**  

					< 0.001**  

					0.567  

					NS  

					< 0.001**  
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					The identification of C. dublinensis as a source of lipase therefore  

					expands its known ecological and functional profile, opening  

					opportunities for novel biotechnological uses beyond its clinical  

					relevance. Among the oils tested, olive oil demonstrated superior  

					efficacy in inducing lipase production, producing hydrolysis zones up  

					to 50 mm. This observation aligns with previous findings that olive oil’s  

					high oleic acid content enhances microbial lipase synthesis.43 The  

					function of being able to stimulate high enzyme yields using an  

					accessible substrate has clear implications for optimizing industrial  

					fermentation processes. Purification of the C. dublinensis lipase through  

					purification involving precipitation with ammonium sulfate, followed  

					by ion-exchange and gel filtration chromatography, resulted in a 5.5-  

					fold increase in purity and a specific activity of 70 U/mg, with a  

					recovery rate of 53%. These values are comparable to purification  

					outcomes reported for lipases from Pseudomonas aeruginosa,44 and  

					Serratia marcescens,45 underscoring the enzyme’s catalytic robustness  

					and suitability for commercial applications.  
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