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Antagonistic Activities of Pseudomonas
aeruginosa exoproducts against
Methicillin-Resistant Staphylococcus aureus

Sirwan M. Muhammed Ameen

Department of Biology, College of Science, University of Sulaimani, Sulaymaniyah, Iraq

ABSTRACT

The rise of Methicillin-resistant Staphylococcus aureus (MRSA) poses a serious global health threat and reduces the
efficacy of current treatments. The present study investigates the antibacterial and antibiofilm properties of exoproducts
from Pseudomonas aeruginosa against MRSA. The confirmation of the identities of P.aeruginosa and S.aureus was achieved
through the sequencing of the 16S rRNA gene. Using the agar diffusion assay, the cell-free supernatants (PA-CFS) derived
from both the extensively drug-resistant (XDR) P. aeruginosa strain and the reference strain ATCC 27853 demonstrated
notable antibacterial activity against MRSA, exhibiting inhibition zones ranging from 28.67 ± 0.33 to 33.33 ± 0.33 mm
and 26.67 ± 0.33 to 28.66 ± 0.33 mm, respectively. The minimum inhibitory concentration (MIC) assays demonstrated
the capability of PA-CFS (XDR) and PA-CFS (ATCC 27853) to suppress MRSA growth at a concentration of 1 × 107
CFU/mL, with stability noted across varied pH and temperature conditions. Biofilm quantification revealed that a 1/2
× MIC of PA-CFS significantly hindered biofilm formation, achieving inhibition rates of 22.301% and 23.886% for
PA-CFS (ATCC 27853) and PA-CFS (XDR), respectively. The staphylolytic activity indicated a substantial lysis of MRSA
populations influenced by PA-CFS. PCR analysis validated the existence of the lasA virulence gene in the two strains
of P. aeruginosa. GC–MS investigation of ethyl acetate extracts from PA-CFS indicated the presence of 22 distinct peaks
for the PA-CFS (ATCC 27853) strain and 8 peaks for the PA-CFS (XDR) strain. These findings indicate that P. aeruginosa
exoproducts significantly contribute to microbial competition by overcoming challenges posed by MRSA.

Keywords: Antibacterial activity, Exoproduct, GC-MS, MRSA, Pseudomonas aeruginosa

Introduction

Bacterial infections from methicillin-resistant
Staphylococcus aureus (MRSA) pose a huge public
health issue due to their resistance to multiple drugs
and their potential to cause severe infections.1 In an
effort to combat this issue, researchers have explored
the antibacterial activity of various P. aeruginosa
exoproducts against MRSA. They have found that
some of these exoproducts possess antibacterial
properties and can effectively hinder the growth of
MRSA.2 These results propose that P. aeruginosa
exoproducts may hold potential as alternative
treatments for MRSA infections. Furthermore,

identifying the exact antibacterial components
present in these exoproducts and unraveling their
mechanisms of action can open up new avenues
for drug discovery and the development of effective
treatments against MRSA infections.3 The interaction
of various microbial species in burn wound
infections and inherited diseases (cystic fibrosis) lung
colonization can significantly affect the pathogenicity
and drug susceptibility of these microorganisms.4

Recent findings by Smith et al. indicate that S.
aureus can endure coculture with P. aeruginosa in
vitro, specifically in the presence of serum albumin,
by inhibiting the lasR quorum-sensing system of P.
aeruginosa, subsequently reducing LasA expression.5
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Despite these results, P. aeruginosa LasA, rham-
nolipids, 2-heptyl-4-hydroxyquinoline N-oxide, and
pyocyanin are frequently found in CF sputum samples
and burn wounds at significant concentrations; they
likely have an impact on S. aureus physiology.6 The
study suggests that interactions with P. aeruginosa
may affect the drug susceptibility of S. aureus,
potentially explaining the frequent treatment failures
observed in infections involving drug-susceptible
strains. Therefore, this study was designed to explore
the in vitro antibacterial properties and the efficacy
of exoproducts from P. aeruginosa against MRSA
biofilms. By exploring the potential of these secreted
bioactive compounds, the research aims to identify
alternative strategies for combating MRSA infections,
which are increasingly resistant to conventional
antibiotics. This approach could provide new insights
into microbial interactions and open avenues for
developing novel antimicrobial agents.

Materials and methods

Bacterial isolation and identification

P. aeruginosa (ATCC 27853) and extensively drug-
resistant (XDR) P. aeruginosa strains previously iso-
lated from a patient with a burn wound, along with
healthcare-associated MRSA, were obtained from the
Department of Biology at the University of Sulaimani.
These strains were cultivated in Mueller-Hinton broth
medium (MHB) (Difco, USA) at 37°C with agita-
tion (225 rpm), while burn wound isolates were
grown on Pseudomonas isolation agar base. Iden-
tification of the bacterial colonies was performed
via biochemical assays, the VITEK®2 system, and
confirmed using 16S ribosomal sequencing using
primers from Lee et al. (2008), forward F16SrRNA
(5-TGGCTCAGATTGAACGCTGGCGGC-3 and reverse
R16SrRNA 5-TACCTTGTTACGACTTCACCCCA-3) for
PCR amplification, which can amplify 1500 bp.7 The
antibiotic susceptibility of the XDR-P. The aeruginosa
isolate was assessed with the VITEK 2 system ac-
cording to the manufacturer’s guidelines, and MRSA
detection was performed using cefoxitin (30µg) disk
diffusion testing.

Preparation of P. aeruginosa cell-free supernatant
(PA-CFS)

P. aeruginosa was inoculated in MHB at 37°C with
agitation (225 rpm) overnight and adjusted to 106
CFU/mL. The culture was centrifuged at 6,000 g/4°C
for 10 min, and the supernatant was decanted away
from the pellet and then transferred via a 0.22 µm fil-
ter. An aliquot of the PA-CFS was cultured on solid nu-

trient agar and incubated at 37° C for 48 h to confirm
the lack of viable bacteria. Subsequently, the cell-free
supernatant was used freshly for further assays.8

Agar well diffusion assay

The agar well diffusion technique was utilized to
assess the inhibitory effects of PA-CFS on MRSA,
following the method adapted from Cardozo et al.9

Initially, MHA plates were inoculated with a 0.5 Mc-
Farland standard of MRSA, after which wells were
created using a sterile 8 mm cork borer, into which
100µL of PA-CFS was added. The agar plates were
then incubated at 37°C in an aerobic environment,
with sterile MHB included as a negative control. The
tests were conducted in triplicate, and the effective-
ness of PA-CFS was measured by the diameter of the
inhibition zones in millimeters at 8, 10, 12, 14, and
16 hours of incubation.

Minimum inhibitory concentrations (MICs) assays

The minimum inhibitory concentrations (MICs) of
PA-CFS were assessed using a twofold serial dilu-
tion method. Initially, P. aeruginosa was cultivated
and collected, and then added to MHB medium at
a concentration of 1 × 108 CFU/mL. Subsequently,
these cultures were diluted to several concentrations,
including 5 × 107, 1 × 107, 5 × 106, 1 × 106, 5 ×
105, and 1 × 105 CFU/mL. The samples were cen-
trifuged, and the culture supernatants were filtered
through a 0.22-µm membrane filter to obtain cell-free
supernatants at varying P. aeruginosa concentrations.
An equal volume (100 µL) of a S. aureus bacterial
suspension (5 × 105 CFU/mL) was transferred to a
96-well plate containing various concentrations of
PA-CFS. The incubation was conducted at 37°C for 24
hrs, and MIC values were identified as the lowest PA-
CFS concentration capable of inhibiting observable
growth of the pathogenic bacteria.3,10

Influence of temperature and acidity on pH
antibacterial activity

To evaluate thermostability, the PA-CFS was heated
at 60, 80, and 100 °C for 30 min. In parallel, to find
out the effect of pH on PA-CFS antibacterial activity,
it was incubated at different levels, 5.0, 6.0, 7.0, 8.0
and 9.0 for 30 min. To reduce pH, hydrochloric acid
was used, and to increase it, a 1 M NaOH solution
was added. The colony counting method was utilized
to assess the antibacterial efficacy of the various heat
and acid-treated PA-CFS. Precisely, the cell suspen-
sions (MRSA) were adjusted to 5 × 105 CFU/mL.
Thereafter, 250 µL of MRSA was mixed with 250 µL
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of the treated CFS and transferred to 1.5mL of ster-
ile physiological saline solution. The control group
consisted of 250 µL of microbial MRSA suspension
mixed with 250 µL of MHB medium and 1.5 mL
of sterile physiological saline solution. This mixture
was incubated at 37°C for 24 hrs, after which it was
diluted and streaked on solid MHA medium. The agar
plates were further incubated at 37°C for 24 hours,
allowing for the determination of CFU/mL

Biofilm development inhibition assay

To assess the biofilm-inhibiting efficacy of PA
(ATCC 27853) and PA-XDR-CFS on MRSA, a series
of experiments was conducted. The MRSA suspen-
sion was treated with PA-CFS at half the minimum
inhibitory concentration (1/2 ×MIC).11 Following
centrifugation, the pellet was rinsed thrice with
phosphate-buffered saline and resuspended in tryptic
soy broth with 0.5% glucose, adjusting to an ab-
sorbance of 0.5 (OD600nm). Each bacterial solution
(100 µL) was added to a 96-well plate along with
PA-CFS (100 µL) and incubated at 37°C for 24 hrs.
A negative control consisted of TSB+ 0.5% glucose
medium without bacterial suspension, while a posi-
tive control contained only the bacterial culture sus-
pension without PA-CFS. Biofilm formation was mea-
sured utilizing the crystal violet assay described by
Ball et al. (2022. The biofilm was fixed with 205 µL of
100% ethanol per well and allowed to dry. After dry-
ing, 205 µL of 1% crystal violet in ddH2O was added,
followed by a 15-minute incubation at room tem-
perature. Excess dye was discarded, the wells were
washed with 210 µL of ddH2O, and the plate was
dried again. Subsequently, 200 µL of 95% ethanol
was added, and 100 µL of the destaining solution was
transferred to a novel plate for absorbance measure-
ment at 595 nm using a BioTek ELx800 microplate
reader. The biomass formation inhibition percentage
was calculated using the formula: Percentage inhi-
bition = 100 − [(OD595nm experimental well with
PA-CFS/OD595nm control well without PA-CFS) ×
100].12 The microtiter plate biofilm inhibition assay
estimates the percentage reduction of MRSA adhesion
relative to the control wells, which was 0% in the ab-
sence of PA-CFS. This analysis was performed in trip-
licate, and the average optical density was recorded.

Detection of the mecA gene and LasA by the PCR
technique

The detection of the mecA and LasA genes was
conducted using a standard PCR assay with a
cycler. DNA was extracted from MRSA and P.
aeruginosa colonies cultured on Nutrient agar plates,
following the protocol of a DNA Extraction Kit

from Bioneer Co., Korea. Specific primer pairs were
utilized for amplifying 162 bp fragments of the
mecA gene (F: 5”- TCCAGATTACAACTTCACCAGG-
3”, and R: 5’-CCACTTCATATCTTGTAACG-3‘)13

and 226 bp fragments of the LasA gene (F:
5’-CGACAAGAGCGAATACCTGGAG-3”, and R: 5”-
CAACTG GTATTCCTCGAAACCGTA- 3’).14 The PCR
mixture contained 5 µL of prepared DNA template,
12.5 µL EasyTaq®PCR Super-Mix, 1 µL of 10
pmol/L of each primer, and 5.5µL of sterile distilled
water. The thermal cycling process began with a
denaturation phase at 94 °C for 3 min, followed by
30 cycles of denaturation at 94 °C for 30 s, annealing
at 54 °C and 55 °C for 30 s (mecA and LasA gene),
and extension at 72 °C for 1 min, concluding with a
final extension at 72 °C for 7 min. The PCR products
were subsequently analyzed through 1.5% agarose
gel electrophoresis, stained with ethidium bromide.

The LasA Staphylolytic assay

To evaluate the activity of LasA protease, a staphy-
lolytic assay was performed following the methodol-
ogy of Grande et al.15 MRSA strains were incubated
overnight, and then inactivated by heating for 20
minutes at 95°C. Following centrifugation (7,000 g,
5 minutes), pellets were resuspended in 20 mM Tris-
HCl (concentration of OD595 0.8–1). P. aeruginosa
and Escherichia coli (Control) isolates were inoculated
into Mueller-Hinton broth for 20 hrs., normalized to
an optical density of 2.0 at 600 nm, and the super-
natants were collected via a 0.2µm filter. Seventeen
microliters of supernatant were mixed with 100µL of
heat- inactivated MRSA, and measurements at OD595
were taken every 10 minutes for one hour. The data
presented indicate the average results of biological
triplicates.

Extraction of metabolites from bacterial strains

The PA-CFS was processed for secondary metabo-
lites using ethyl acetate in a 1:1 ratio through a
separatory funnel. The resulting ethyl acetate coating
was gathered and concentrated with a rotary evapora-
tor. The extract was then transferred to a pre-weighed
evaporating dish, desiccated at 40°C in an oven until
a constant heaviness was achieved, and finally kept
at 4°C.16

Gas chromatography mass spectrometry (GC/MS)

The extracts from the PA-CFS were analyzed us-
ing the GC-MS method. A volume of one microliter
of bioactive compounds at a concentration of 50
µg/µl was introduced into a PerkinElmer Clarus 580
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GC/MS, equipped with an Elite-5 MS column (MS
5% diphenyl-95% dimethylpolysiloxane column di-
mensions of 30 × 0.25 µm ID × 0.25 µm DF). The
injector was set to a temperature of 250°C, while the
ion source temperature was established at 150°C. The
electron impact mode was used for detection at 70
eV, utilizing helium as the carrier gas at a column
flow of 1 ml/min. The mass spectrum of the bioac-
tive fragments was recorded at 70 electronvolts (eV)
over a 0.5-second interval, and the fragmentation
occurred between 45 and 450 Da, which corresponds
to the mass-to-charge ratio. The separated ions were
identified by the TurboMass detector, and the chro-
matogram signals were captured and amplified by
the TurboMass version 6. 1. 0 program. The system
initialization involved starting the solvent at zero
minutes, with a two-minute delay prior to a 47-
minute GC-MS running period. The resulting mass
spectra of the bioactive fragments were subsequently
analyzed and matched with the NIST GC-MS spectral
database.17

Statistical analysis

Statistical analysis was performed utilizing XLStat
software (Version 2022.3.1, Addinsoft, Paris, France).
Significant differences among independent groups
were measured using one-way ANOVA and Tukey’s
multiple range test, with statistical significance de-
noted by distinct letters (p ≤ 0.05).

Results and discussion

Bacterial identification

Bacterial strains were initially identified using
both conventional methods (based on cultural, mor-

phological, and biochemical tests) and the Vitek 2
automated system. The Sequencing of the partial 16S
rRNA gene demonstrated that all bacterial strains ex-
hibited a similarity of at least 98% to closely related
species. To investigate the profiles of extensively
drug-resistant (XDR) P. aeruginosa, the Vitek platform
was utilized for antibiotic resistance characterization.
The strain demonstrated resistance to various an-
tibiotics, including beta-lactams (such as penicillins,
cephalosporins, and carbapenems), co-trimoxazole,
quinolones, at least one aminoglycoside (gentam-
icin), and nitrofurantoin. These findings align with
previous studies documenting antibiotic resistance
in P. aeruginosa isolated from burn wounds.18

Multidrug-resistant pathogens, especially MRSA,
present a serious public health challenge due to their
mechanisms of resistance and their virulent nature.19

Notably, MRSA strains exhibit thickened cell walls,
which contribute to their decreased susceptibility to
cell wall-active antibiotics.20 The study found that
S. aureus exhibited significant resistance to cefoxitin,
indicating a high prevalence of methicillin resistance.
Further genotypic testing confirmed the occurrence of
the mecA gene in the suspected MRSA isolate, thereby
verifying its classification as MRSA, Fig. 1.

PA-CFS Antibacterial Activity against MRSA

The antibacterial activity of PA-CFS (ATCC 27853
and XDR) against MRSA is shown in Fig. 2. PA-CFS
exhibited strong antibacterial activity toward MRSA.
The average diameter of the ZOI at 8 h of incubation,
for PA-CFS (XDR) was 33.33 ± 0.33, and for PA-
CFS (ATCC 27853) was 28.66 ± 0.33. At 16 hours
of incubation, the average zone of inhibition (ZOI)
was significantly reduced to 28.67 ± 0.33 mm for
PA-CFS (XDR) and 26.67 ± 0.33 mm for PA-CFS

Fig. 1. Gel electrophoresis of PCR product.
A = Lane M: 100 bp DNA ladder, N: represent negative control, lanes 1 & 2 showed positive 1500 bp 16S rRNA gene of P.aeruginosa.
B = Lane M: 100 bp DNA ladder, N: represent negative control, lanes 1–3 showed positive 162 bp mec-A gene.
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Fig. 2. Antibacterial activity of cell-free supernatant against MRSA: A = PA-CFS (XDR) B = PA-CFS (ATCC 27853).

(ATCC 27853). The results of MIC assays indicated
that PA- CFS (ATCC 27853) and PA-CFS (XDR) can
inhibit the growth of MRSA at concentrations of 1
× 107CFU/mL. Here, we found that PA-CFS (ATCC
27853 and XDR) had a similarly strong antibacterial
effect on MRSA, in agreement with previous studies.2

Pseudomonas species are recognized for their capac-
ity to produce various secondary metabolites, which
play significant roles in their virulence and antibiotic
properties. Cardozo et. al.9 found that P. aeruginosa
LV strain produced an organometallic compound with
antibacterial activity against MRSA.17 From a liquid
medium of Pseudomonas sp. Ki19, dialkylresorcinols
were extracted, showing significant inhibition of S.
aureus at concentrations of 10 g/mL and the fungi
Aspergillus fumigatus and Fusarium culmorum at 50
g/mL.21 The inhibition zone of selected Pseudomonas
CFS antimicrobial effects is noted to diminish with
time. In this study, the maximum inhibition zone di-
ameter for Pseudomonas CFS was recorded at 8 hours
of incubation, followed by a gradual decline. This
decrease is attributed to the reduced concentration of

the active inhibitory ingredient over time. The results
are consistent with earlier research findings.22

Influence of temperature and acidity on CFS
antibacterial activity

The PA-CFS exhibits stability across a broad
spectrum of temperatures between 60–100 °C. The
PA-CFS (ATCC 27853) reduced the CFU significantly
by 5.556 log10, 5.528 log10 and 4.3 log10, while
PA-CFS-XDR reduced the CFU by 5.531 log10,
5.505 log10 and 4 log10 for MRSA at 60°C, 80°C
and 100°C for 30 min, respectively. The results of
the antibacterial activity of PA-CFS against MRSA
at different pH levels can be seen in Fig. 3. The
PA-CFS produced the highest antibacterial properties
against MRSA at pH 7. Meanwhile, the lowest
antibacterial activity was shown against MRSA at pH
5 compared to the control. Interestingly, the PA-CFS
demonstrated substantial stability in anti-MRSA
activity for a wide range of temperatures and pH
levels. These findings support previous studies
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Fig. 3. Reports the CFU values recorded at each time point for each temperature and pH employed.

Fig. 4. Effect of various PA-CFS on biofilm formation.

indicating that the supernatant of P. fluorescens
effectively inhibits biofilm formation of S. epidermidis
1457. Importantly, the active compounds responsible
for this inhibition remain stable when subjected to
temperatures of 100 °C for 1–5 minutes, highlighting
their potential utility in biofilm control.23

According to Charkhian et al.,24 the antibacte-
rial effects of P. aeruginosa on Gram-negative and
Gram-positive bacteria can be due to the excretion of
bacteriocin molecules of the S-type pyocin. Further-
more, it was discovered that the bacteriocins under
study remained stable at temperatures of 50, 70,
and 100 °C. Although the samples’ effectiveness was
shown to be somewhat limited by extremely acidic
or basic settings (pH: - 2, 12), they were also proven
to be robust and maintain their antibacterial qualities
throughout a wide pH range.

Reduction of biofilm formation in MRSA by PA-CFS

Quantification of biofilms revealed that the 1/2 ×
MIC of PA-CFS significantly reduced the amount of
biofilm formation in MRSA, Fig. 4. The co-incubation
experiment demonstrated that the PA-CFS of ATCC

27853 and PA-CFS-XDR exhibited biofilm inhibi-
tion rates of 22.301% and 23.886%, respectively.
Our results revealed that PA-CFS has the ability
to inhibit biofilm formation by MRSA. In recent
years, research has shown that phenazine deriva-
tives produced by P. aeroginosa exhibit inhibitory
effects on the planktonic form and biofilm forma-
tion by MRSA.16 The compound Pyrrolo (1, 2-a)
pyrazine-1, 4-dione, hexahydro-3-(2-methyl propyl),
derived from sponge-related aquatic bacteria, was
found to inhibit the biofilm development of Lok-
tanella honkongensis and Vibrio halioticoli.25 The
antibiofilm properties of PA-CFS are attributed to its
effectiveness in preventing pathogenic bacteria from
adhering to biological surfaces. This capacity to in-
hibit and eliminate bacterial biofilms is associated
with the presence of polysaccharides in the CFS. Qin
et al. (2009) demonstrated that exoproducts from P.
aeruginosa, primarily polysaccharides, were capable
of disrupting established biofilms of S. epidermidis.26

Moreover, research indicates that P. aeruginosa can
synthesize cis-2-decenoic acid, an organic com-
pound that promotes the dispersion of established
biofilms and inhibits the development of biofilms in
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Fig. 5. Staphylolytic activity of cell free supernatant P. aeruginosa against MRSA: A= PA-CFS (ATCC 27853) B= PA-CFS-XDR-CFS C= E.
coli CFS.

various Gram-positive and Gram-negative bacterial
species.27

The LasA staphylolytic assay

The staphylolytic activity of PA-CFS (ATCC 27853)
and PA-CFS-XDR-CFS were examined spectrophoto-
metrically using a heat-killed S. aureus suspension.
The staphylolytic activity of the P. aeruginosa super-
natant from the typical strain (ATCC 27853) and
clinical XDR demonstrated significant lysis of the bac-
terial population. The results indicate that extending
treatment time from 5 to 65 minutes significantly
enhances cell lysis; however, the supernatant of the
E. coli (control) strain showed no staphylolytic ac-
tivity Fig. 5. This finding aligns with Radlinsk et al.
(2017), who reported a 3-Log reduction in colony-
forming units after a vancomycin challenge in the
presence of wild-type PAO1, a response which was
absent with a PAO1 lasA mutant. The lasA gene is
responsible for cleaving pentaglycine cross-bridges in
the peptidoglycan of S. aureus, thereby targeting its
cell wall during competitive interactions in vivo.28

Antibacterial quinolines can be enclosed in Extra-
cellular membrane vesicles, which induce the rapid
disintegration of S. epidermidis.29 An additional extra-
cellular protein released by P. aeruginosa that exhibits

significant staphylolytic activity is LasA protease,30

and its expression is regulated by lasI and rhlI.
LasA protease, also known as staphylolysin, is a 20-

kDa endopeptidase released by P. aeruginosa.31 This
enzyme effectively lyses various strains of S. aureus
and has been demonstrated to impede the in vitro
proliferation of S. aureus cells.32,33

The PCR results of virulence factor occurrence
showed that a lasA gene was present in both the PA
(ATCC 27853) and PA-XDR strains Fig. 6. Comparison

Fig. 6. Gel electrophoresis of PCR product. Lane M: 100bp DNA
ladder, N: represent negative control, lanes 1&2 showed positive
226 bp LasA- gene.
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Fig. 7. GC/MS chromatogram of P. aeruginosa supernatant: A = (ATCC 27853); B = PA-XDR.

of the LasA nucleotide sequence with GenBank
records under accession number OP345952 using
BLAST software resulted in a complete match with the
closest isolate. This aligns with Mahmood’s (2023)
findings, which indicated that 60% of P. aeruginosa
isolates harbor these genes.34 The LasA gene is
significant as a virulence factor in P. aeruginosa, with
its expression associated with antibiotic resistance in
clinical isolates.35

PA-CFS analysis by GC-MS

GC-MS investigation of P. aeruginosa strains (ATCC
27853 and XDR) supernatant extracts using ethyl
acetate identified 22 and 8 distinct chemical peaks,
respectively, according to the NIST database, match-
ing with retention times ranging from 8.31 to 28.88
minutes Fig. 7; Tables 1 and 2. Notably, Benzoic
acid, 2, 5_bis (trimethylsiloxy), trimethylsilyl ester
was found in both strains.

The study utilized GC-MS to recognize chem-
ical compounds in the ethyl acetate extract of
the cell-free supernatant from P. aeruginosa, which
may contribute to its antagonistic effects against
MRSA. Many of these compounds have been doc-
umented to exhibit various bioactive properties,
including antioxidant, antibacterial, antifungal, and
antiviral activities.36,37 Several authors have iden-
tified various compounds with biological activity

in ethyl acetate extracts of supernatants from Pseu-
domonas spp., including Pyrrolo (1, 2-a) pyrazine_1,
4-dione, hexahydro compounds,38 hexadecanoic acid
methyl ester, and related benzene derivatives.37 A
GC-MS analysis by Alabi et al.38 detected com-
pounds such as 1-heptadecanamine, 1-hexanamine,
2_ethyl, 3_butyn-1-ol, Pent_4_enylamine, Propane,
Acetaldehyde, Ethylene oxide, Acetonitrile, hydroxy
and Pent-3-enylamine in P. aeruginosa isolated
from poultry fecal litter soil. Notably, these com-
pounds were absent in the PA-CFS (ATCC 27853)
and PA-CFS-XDR-CFS extracts, which may be at-
tributed to geographical differences in isolation
sources.

The current in-vitro analysis indicates that the
studied P. aeruginosa cell-free supernatants strains
(ATCC 27853 and XDR) were more effective
as antibacterial agents against MRSA. GC-MS
investigation of supernatant extracts from P.
aeruginosa has identified thirty bioactive chemical
components, including Pyrrolo(1,2-a) pyrazine-1,4-
dione, hexahydro-3-(2-methylpropyl), Pyrrolo (1,2-a)
pyrazine-1,4-dione, hexahydro, Pyrrolo(1,2-a)
pyrazine-1,4-dione,Heptyl, Ergotaman-3’,6’,18-
trione, 12’-hydroxy-2’-methyl-5’-(phenylmethyl)-,
(5’.alpha.), Sparsomycin, and 2-Hexadecene,
3,7,11,15-tetramethyl-, [R-[R*,R*-(E)]]. These
compounds are likely contributing to the anti-MRSA
activity observed in PA-CFS.



1586 BAGHDAD SCIENCE JOURNAL 2026;23(5):1578–1591

Table 1. GC/MS analysis of supernatant ethyl extract of P. aeruginosa (ATCC 27853) strain metabolites and a reviewing their previously
documented antimicrobial properties.

Peaks Bioactive compound Mol. Mol. Area: Medicinal
NO RT/min name formula weight % activity References

1 9.337 1,3-Butanediol, diacetate C8H14O4 174 5.88 Carbapenem synthesis and
antioxidant

39,40

2 10.592 2,2-Diethoxytetrahydrofuran C8H16O3 160 5.75 Antibacterial and
anti-asthmatic

41

3 11.162 1,3-Dioxane, 2-methyl C5H10O2 102 1.87 Antitumor 42

4 16.760 Benzoic acid, 2,5-bis(trimethylsiloxy)-,
trimethylsilyl ester

C16H30O4Si3 370 1.19 Antimicrobial 43

5 18.317 2-Hexadecene, 3,7,11,15-tetramethyl-,
[R-[R*,R*–E)]

C20H40 280 1.64 Antibacterial and
antiinflammatory

44,45

6 18.535 Cyclohexasiloxane, dodecamethyl C12H36O6Si6 444 1.85 anticancer and antimicrobial 46

7 18.885 Pyrrolo[1,2-a]pyrazine-1,4-dione, Heptyl C7H10N2O2 154 1.21 Antimicrobial and
antioxidant

47

8 19.497 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro C7H10N2O2 154 9.72
9 19.791 3-Pyrrolidin-2-yl-propionic acid C7H13NO2 143 1.18 Antimicrobial 48

10 20.107 3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-
tris (trimethylsiloxy)
tetrasiloxane

C18H52O7Si7 576 2.62 Antioxidants and
antimicrobial

49

11 20.295 Hexadecanoic acid, methyl ester C17H34O2 270 0.90 Antibacterial, antibiofilm
and antioxidant

50,51

12 20.377 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-
diene-2,8-dione

C17H24O3 276 25.16 Antibacterial and
antiparasite

52

13 20.539 Pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-3-(2-methylpropyl)

C11H18N2O2 210 4.87 Antimicrobial 42,53

14 20.689 Bromocriptine C32H40BrN5O5 653 11.87 Antibacterial and antiviral 54,55

15 20.787 Cyclohexaneamine,
N-but-2-enylidene-N-oxide

C10H17NO 167 1.59 Antioxidant 56

16 20.982 Pentadecane, 1-methoxy-13-methyl- C17H36O 256 1.36 Antioxidants and
antimicrobial

57

17 21.525 Cyclooctasiloxane, hexadecamethyl C16H48O8Si8 592 2.31 Antibacterial and anticancer 58

18 22.307 Triacontanoic acid, methyl ester C31H62O2 466 1.00 Antibacterial 59

19 22.855 1,1,1,5,7,7,7_Heptamethyl-
_3,3-bis(trimethylsiloxy) tetrasiloxane

C13H40O5Si6 444 2.10 Antioxidants and
antimicrobial

60

20 24.403 Benzene acetic acid, .alpha.,3,4-tris
[(trimethylsilyl)oxy]-, trimethylsilyl ester

C20H40O5Si4 472 1.63 Antibacterial 61

22 26.330 Ergotaman-3’,6’,18-trione,
12’-hydroxy-2’-methyl-5’-(phenylmethyl)-,
(5’.alpha.)

C33H35N5O5 581 9.45 Antimicrobial 62

23 28.884 Benzoic acid, 2,6-bis(trimethylsiloxy)-,
methyl ester

C14H24O4Si2 312 1.80 Antibacterial 45

Table 2. GC/MS analysis of supernatant ethyl extract of P.aeruginosa (XDR) strain metabolites and a reviewing their previously documented
antimicrobial properties.

Peaks Bioactive compound Mol. Mol. Area: Medicinal
NO RT/min name formula weight % activity References

1 8.316 Sparsomycin C13H19N3O5S2 361 2.34 Antiparasitic 63

2 10.615 Benzamide, 3-methyl
-N-(7-methyl-2H-[1,2,4]thiadiazolo[2,3-
a]pyridin-2-ylidene)-

C15H13N3OS 283 7.93 Anticancer 64

3 16.761 Benzoic acid, 2,5-bis(trimethylsiloxy)-,
trimethylsilyl ester

C16H30O4Si3 370 5.29 Antimicrobial 43

4 17.493 Digitoxin C41H64O13 764 4.02 Antimicrobial and anticancer 65,66

6 20.386 Stearic acid hydrazide C18H38N2O 298 15.85 Antimicrobial 67

7 22.043 Benzoic acid, 5-methyl-2-trimethylsilyloxy-,
trimethylsilyl ester

C14H24O3Si2 296 2.33 Anti-Inflammatory,
Antifungal, and Antibacterial

68

8 22.859 1-Propanone,
1,3-diphenyl-3-(trimethylsilyl)

C18H22OSi 282 6.00 Antibacterial 69

12 25.630 Benzene, 2-[(tert-butyldimethylsilyl)oxy]-1-
isopropyl-4-methyl-

C16H28OSi 264 2.18 Antibacteria1 70
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Conclusion

In conclusion, the cell-free supernatants (PA-CFS)
derived from both Pseudomonas aeruginosa ATCC
27853 and XDR strains demonstrated significant in-
hibitory effects on the growth of MRSA. The observed
antimicrobial activity was found to be influenced
by the duration of incubation, indicating a possi-
ble time-dependent effect. GC/MS investigation of
the ethyl acetate extracts from these supernatants
resulted in the recognition of thirty distinct bioac-
tive compounds. The study indicates that the 1/2
× MIC of PA-CFS significantly decreases biofilm
formation in MRSA. Specifically, the co-incubation
experiment demonstrated biofilm inhibition rates
of 22.301% for ATCC 27853 and 23.886% for
PA-CFS-XDR.

The pronounced staphylolytic activity observed in
both PA-CFS (ATCC 27853) and PA-CFS-XDR high-
lights the potential role of the LasA protease in
disrupting S. aureus cell walls, consistent with previ-
ous findings. The successful amplification of the LasA
gene further confirms its presence and supports its
involvement as a key virulence factor contributing to
the antimicrobial efficacy and resistance traits of P.
aeruginosa strains.

These findings highlight the potential of P. aerug-
inosa-derived exoproducts as a platform for the
discovery of novel anti-staphylococcal agents for in-
fections, especially in the face of rising antibiotic
resistance.
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ضد   Pseudomonas aeruginosaالأنشطة المضادة لمنتجات بكتيريا 

 المكورات العنقودية الذهبية المقاومة للميثيسيلين 

 سيروان محسن محمد امين 

 قسم علوم الحياة، كلية العلوم، جامعة السليمانية، السليمانية، العراق.

 الخلاصة

يشكل تهديداً خطيرًا للصحة العالمية ويقلل من فعالية العلاجات الحالية.  (   MRSAظهور المكورات العنقودية الذهبية المقاومة للميثيسيلين)

من   الخارجية  للمنتجات  الحيوي  والغشاء  للبكتيريا  المضادة  الخصائص  تقييم  تم   ، البحث  هذا  ضد.    Pseudomonas aeruginosaفي 

MRSA   16جين    أكد تسلسلS rRNA    تشخيصP. aeruginosa     وS.aureus  .  باستخدام طريقة الانتشار على الأجار، أظهر الراشح

مع ،  MRSAتأثيرات مضادة ضد    )PA-CFS )ATCC 27853و    XDR( PA-CFSكل من )  P. aeruginosaالخالي من خلايا  

ملم، على التوالي. أظهرت اختبارات     28.66±  0.33  -   26.67± 0.33ملم و     33.33± 0.33-  28.67± 0.33قياس مناطق التثبيط بين

  107×  1عند تركيز  MRSAعلى كبح نمو   )ATCC 27853( PA-CFSو  )PA-CFS )XDRقدرة ( MICالتركيز المثبط الأدنى )

كمي  كشفت  المختلفة.  الحرارة  ودرجات  الهيدروجيني  الأس  عبر ظروف  الاستقرار  مع ملاحظة  للمستعمرات/مل،  مكونة  الغشاء  وحدة  ة 

% لـ  23.886% و  22.301عاق بشكل كبير تكوين الغشاء الحيوي، محققاً معدلات تثبيط بلغت    PA-CFSمن    MIC×    1/2الحيوي أن  

PA-CFS )ATCC 27853(    وPA-CFS )XDR(  ،  على التوالي. أشارت الفعالية ضد المكورات العنقودية إلى تحلل كبير لمجموعات

MRSA    تأثرت بـPA-CFS  .على ذلك، أكد تحليل    علاوةPCR    وجود الجين الممرضlasA    في كلا سلالتيP. aeruginosa    ،  بينما

  )PA-CFS )ATCC 27853قمم تتوافق مع سلالتي    8و    22للمستخلص الإيثيلي من محلولها الخالي من الخلايا    GC-MSحدد تحليل  

البنزوي ،  )PA-CFS )XDRو   مثل حمض  مركبات  عن  مكشوفاً  التوالي،  ميثيل -ثنائي)تريميثيلسيلوكسي(-5،  2ك،  على  ثلاثي  إستر   ,

تلعب دورًا كبيرًا في التنافس الميكروبي من خلال التغلب    P. aeruginosaالسيليل. تشير هذه النتائج إلى أن المنتجات الخارجية لبكتريا  

 MRSAعلى التحديات سللات بكتريا .

 GC-MS ،  Pseudomonas aeruginosa, MRSAمنتج الخارج ، النشاط المضاد للبكتيريا، ال الكلمات المفتاحية: 
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