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Abstract: Microbicides are frequently used to manage surface bacterial contamination in a variety of
settings and to prohibit infections from spreading to individuals as nosocomial infections. Due of its
numerous virulence factors, which are controlled by the crucial quorum-sensing (QS) network,
Pseudomonas aeruginosa can withstand hostile environments. This work aims to determine the minimum
inhibitory concentration (MIC) of microbicide agents and explore the role of the lasl gene in P.
aeruginosa biofilm development in order to gain a better understanding of how these bacteria may
survive in such a kind of environment.As well as measure the target gene expression before and after
using microbicides.One hundred clinical sampleswere collected during the period from June 2023 until
November 2023 from patients attending Baghdad hospitals. The VITEK-2 compact system was used to
confirm the isolates of P. aeruginosa. Micro titer plate technique was employed to assess the isolates'
capacity to produce biofilms in vitro. Out of collected samples, 38 (38%) P. aeruginosa isolates were
identified. The highest percentages (47.37% and 23.68%) were assigned to burn and wound infections,
while the lowest frequency (10.53% and 18.42%) was assigned to ear and UTI infections. The results
indicated that the biofilm formation was strong in (79.41%), moderate in (14.17%) and weak in (5.88%).
The antibiotics test showed the highest resistance to the fluoroguinolonesabout 80%.The QSgene was
detected in 34 (89.47%) of the isolates.In conclusion, the expression level of lasl gene showed down
regulation of concentrations of microbicides treatment average (32-64 ug/ml).Significant correlations
were found between the lasl gene and the use of microbicides and biofilm development.
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Introduction

Hospital-acquired infections are an
emerging issue that affects medical
staff, hospitals, and patients ().
Pseudomonas aeruginosa (P.
aeruginosa) is a multi-drug resistant
(MDR) Dbacteria that is primarily
responsible ~ for  hospital-acquired
infections because of its innate and

plasmid-mediated resistance to various
antibiotics (2). Microbicides can be
used to control these diseases, which
helps to get rid of or lower the amount
of pathogens in hospital environments
(3). Disinfectants and antiseptics are
examples of microbicides that are used
extensively in the fight against
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nosocomial spreading of infectious

pathogens. Biguanides like
chlorhexidine digluconate, quaternary
ammonium compounds, and

benzalkonium chloride are among the
more commonly used types (4). On the
other hand, microbicides are frequently
used to manage surface bacterial
contamination in a variety of settings
and to prohibit infections from
spreading to individuals or animals.
Chemical microbicides are usually
effective on several targets, in contrast
to antibiotics, which frequently have a
specific mode of action focusing on one
or a small number of bacterial targets
(5). Because quorum sensing (QS)
regulates a multitude of virulence
components, P. aeruginosa can
withstand extreme environments (6).
Not only that, but P. aeruginosa is a
pathogen that can express a range of
virulence factors, adapt to its
surroundings, and display a pattern of
multidrug  resistance, making the
treatment of infections caused by this
bacteria complex and demanding (7). In
order to respond to environmental stress
signals and modify gene expression, the
QS pathways are carried out up of
populations  of  bacteria, signal
molecules, and behavioral genes.
Autoinducers, extracellular signaling
molecules, are the mediating agents of
this intercellular communication (8).
These molecules serve as mirrors,
reflecting the inoculum's density. They
control the expression of associated
genes once the growth threshold is met
(9). Bacterial populations start to
recognize the chemicals once they
reach a specific threshold
concentration. The result is the
activation of response genes in the
bacteria, which control a variety of
behaviors like pathogenicity,
competence (the capacity to take up

DNA), and horizontal gene transfer (6).
By overexpressing efflux pumps,
environmental pressure might cause
temporary resistance that eventually
results in  bacterial  persistence.
Consequently,  there are  more
spontaneous mutations and persistent
resistance as a result of this (10). P.
aeruginosa regulates communities’
behavior by actually, two N-acyl
homoserine lactone (AHL) -dependent
QS systems known as Lasl/R and
RhII/R regulate the transcriptional
regulation of many virulence genes.
The Lasl/R system controls the
expression of target genes. N-(3-oxo-
dodecanoyl)-homoserine lactone (3-
0x0-C12-HSL) issynthesized by Lasl,
and it binds to and activates the
homologous response regulator LasR.
(11). Therefore, the purpose of the
current study is to assess the expression
of the lasl Quorum Sensing gene in
clinically  isolated  strains  ofP.
aeruginosa in response to some
microbicides.
Materials and methods
Sample scollection

100 clinical samples (burns, ear
infections, wound infections, and
UTlIs), were obtained during the period
from June 2023 until November 2023
for both sexes of different ages from
Baghdad Medical City (Specialized
burns hospital, Ghazi Al-Hariri hospital
and The National Center of Teaching
Laboratories) were incorporated in the
study.
Bacterial identification

To identify the bacterial isolates at
first, the colonies’ appearance on
nutritional agar, Mac Conkey agar, and
cetrimide agar were utilized. Analyses
were done on the color, texture, and
shape of the colony. In addition to
biochemical tests using the oxidase and
catalase tests. The VITEK 2 compact
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system's conformation used.

Antimicrobial susceptibility test

Growth-based methods were
employed in the automated
microbiology compact system VITEK 2
using colorimetric reagent cards that
were automatically interpreted after
being incubated, it was utilized to
detect the presence of bacteria, test for
antibiotic susceptibility, and identify
resistance  mechanisms.  Lists  of
antibiotic categories recommended for
antimicrobial susceptibility testing were
created using data and breakpoints from
the Clinical Laboratory Standards
Institute (CLSI).
Biofilm quantitation

The microtiter plate (MTP) is a
guantitative method used with a
microtiter plate reader to evaluate
biofilm production (12). The strains
were separated into three categories
based on their capacity to form biofilm:
weak, moderate, and robust biofilm
makers. in contrast to the control group,
which consisted mainly of broth media-
filled wells.
Microbicides susceptibility testing by
agar well diffusion

This method was used to evaluate
the susceptibility of P. aeruginosa
isolates tothe microbicides agents. To
prepare each microbicides that used in
this study which are (chlorhexidine

digluconate (20%) and benzalkonium
chloride  (>95%)  (Sigma-Aldrich,
USA), dissolved in sterile distilled
water following the CLSI protocol as a
stock solution (13).
Minimum inhibitory concentration of
microbicides

MIC is the lowest antimicrobial
agent concentration that may inhibit
apparent bacterial growth but not kill it.
Microbicides were dissolved in D.W. to
a final concentration of 1024 pg/ml and
create a stock solution. According to
(13) Muller-Hinton broth was used in
96-well microtiter plates to perform two
fold serial dilutions from the stock
solution to gate concentrations ranging
from 512 pg/ml to 2ug/ml.
Genetic identification

Using an extraction kit
methodology, genomic DNA was
isolated from a pure culture of P.
aeruginosa bacteria (FavorPrep Total
DNA Mini Kits, Korea). This kit used
the bacterial procedure (for gram
negative bacteria) to extract DNA.To
identify P. aeruginosa, a particular
primer was  utilized in this
investigation. According to information
provided by the supplier, Macrogen, it
was manufactured in a lyophilized
form. Tables 1 and 2 display the gene
employed in this work, together with its
amplicon size, genetic sequence, and
PCR amplification program.

Table (1): Primers utilized in this research

Gene Primer Sequence5'to 3°

Product Size bp Ref.

F-CGCACATCTGGGAACTCA

lasl

R-CGGCACGGATCATCATCT

177 (14)

16S rRNA

F-CAGCTCGTGTCGTGAGATGT 150

(15)

R-CGTAAGGGCCATGATGACTT

Table(2):The PCR program utilized in this investigation to amplify the gene

Steps Temperature (°C) Time Cycles
Initial denaturation 94 5 min 1
Denaturation 94 30 sec 30
Annealing 57 30 sec 45
Extension 72 30 sec 45
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Final extension

7 min 1

Hold

10 min 1

Using electrophoresis and a 2%
agarose gel dyed with Red Safe, the
PCR products were seen.

Quantitative real time-PCR
RNA extraction

Before and after applying the
microbicides, RNA was extracted, and
subMIC dosages of the agents were

used to encourage bacterial growth.
TRIzoITM Reagent was utilized to
extract total RNA.
Quantitative Real-time PCR Assay
The master amplification reaction
given in Tables (3, 4 and 5) and the
EsayScript® 1-Step RT-qPCR System
were used to amplify mRNA fragments.

Table (3): The components were added to obtain cDNA

Component Volume
Random Primer 1l
2XES Reaction Mix 10 ul
Easy Script®RT/R.I. Enzyme Mix 1l
RNase-free Water Up to 20 pl
Eluted RNA 5ul
Final volume 25 pl

Table (4): Program PCR converted RNA to cDNA

Temperature Time
SEp (°C) (minutes) | CY©Ies
Priming 25 11 1
Reverse transcriptase 42 35 1
RT inactivation 80 5 1
Table (5): Reaction Mix for Quantitative RT-PCR
Cycle Step Tem?féz)a\ture ULl Cycles
Initial Denaturation 95 60 sec 1
Denaturation 95 15 sec
Annealing 60 30sec | 1074
Melt Curve 60-95 40 min 1
Delta delta Ct method We utilized SAS (2018) from the
In order to obtain relative Statistical Analysis System to examine

quantification, the delta delta Ct (AACt)
technique necessitates sample selection
and a direct comparison of Ct values for
the target gene and the reference gene.
The calibrator can be any sample that
acts as a guideline by which other
samples can be measured. The Livak
formula was utilized to calculate the
mean Ct value statistical approach,
which was then applied to three
duplicate reactions to determine the
levels of gene expression.

Statistical analysis

the effects of the experimental variables.
The analysis of variance (ANOVA) test
with the least significant difference
(LSD) was used to compare the means in
a meaningful way. The chi-square test
was used in this investigation to assess
the statistical significance of an outcome
difference between 5% and 1%.
Results and discussion
Identification of P. aeruginosa

The identity of (38) clinical isolates
as P. aeruginosa was confirmed using
the Gram-negative strain identification
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card that came with the VITEK 2
compact system. Numerous prior
research  has  demonstrated  the
diagnostic and validation efficacy of
biochemical tests using this approach.
This automated tool can be used to
determine the antibiograms of P.
aeruginosa isolates.

P. aeruginosa distribution based on
type of sample

Out of 100 clinical samples, 38%
included P.aeruginosa, according to the
results displayed in Table (6). The
samples were taken from a variety of
sites, including burns, wounds, UTIs,
and ear infections in hospitalized
patients.

Table (6): P. aeruginosa isolates distribution throughout the body's various regions

Source of samples No. of samples M anq o1,
aeruginosa
Burns 27 18 (47.37%)
Wounds 29 9 (23.68%)
Ear infection 21 4 (10.53%)
uTI 23 7 (18.42%)
Total 100 38
Chi-square ( ¥?) 11.473 **
P-value 0.0094
** (P<0.01).

Based on the percentages of
distribution of isolated P. aeruginosa
from various places in the body, the
current  study's  findings  showed
statistically significant variations (P<
0.01). The highest percentages (47.37%
and 23.68%) were assigned to burn and
wound infections, while the lowest
frequency (10.53% and 18.42%) were
assigned to ear and UTI infections. A
rise in patients with compromised
immune systems due to diseases,
exposure to the environment, or
prolonged hospital admissions may be
the cause of these numbers. Studies
conducted in Baghdad City (16) and
Al-Muthanna (17) are comparable to
this one. According to these
investigations, burns and wound
infections at Al Muthanna hospitals
resulted in the diagnosis of over 55
(68.75%) P. aeruginosa isolates.
Comparably, burns accounted for
(60.9%) of P. aeruginosa isolates,
while wound infections accounted for
(42.1%).

Pattern of antibiotics susceptibly

All 38 isolates had their antibiotic
resistance  examined using the
automated VITEK 2 Compact device.
Every isolate was cultivated on
MacCkonkey agar plates using a
McFarland 0.5 standard suspension.
Liquid containing each of the isolated
compounds was loaded into the VITEK
device. Using the Gram-negative
susceptibility card in the VITEK 2
Compact device, the efficiency of 24
antibiotics in getting rid of certain
bacteria was evaluated.The study's
findings showed that P. aeruginosa
isolates with the highest percentage of
antibiotic resistance were also the least
resistant, whereas sensitive isolates
showed the lowest percentages. It was
discovered that these variations were
statistically significant (P< 0.01). We
found that most isolates of P.
aeruginosa were resistant to multiple
medications.
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Table 7 summarizes that among all

24 tested antibiotics, the highest
resistance  was  found  against
levofloxacin (86.84%), ciprofloxacin
(84.21%), and ticarcillin

(81.57%).According to these findings,
P. aeruginosa isolates have
demonstrated strong resistance to the
fluoroquinolones  ciprofloxacin  and
levofloxacin, which is consistent with
research (18). P. aeruginosa was most
common in burn patients, and the most
common kind of resistance was to
fluoroquinolones, such as Ciprofloxacin

and Norfloxacin.Study (19) revealed
significant resistance to amikacin
(94.3%), gentamicin (86.7%), and
tobramycin (84.9%). On the other hand,
study (20) found reduced resistance to
ciprofloxacin (32.6%) and levofloxacin
(15.2%) in the quinolones class.Despite
the fact that pseudomonas species use
horizontal gene transfer to obtain new
resistance genes (integrons, plasmids,
or transposons), they yet have a variety
of significant virulence factors, this
agreed with study (21).

Table (7): Antimicrobial susceptibility test of 38 P.aeruginosa isolates

results of the

investigation

development,

(14.17%)

Antibiotics Resistant | Sensitive Intermediate P-value
Ticarcillin 31(81.57) 0 5(13.15)_ 0.0001 **
Ticarcillin/ clavulanic acid 17(44.73) 1(2.63) 19(50) 0.0001 **
Piperacillin 28(73.68) 0 8(21.05) 0.0001 **
Piperacillin/ tazobactam 13(34.21) 1(2.63) 17(44.73) 0.0001 **
Cefixime 15(39.47) 2(5.26) 4(10.52) 0.0006 **
Cefazolin 14(36.84) 0 2(5.26) 0.0001 **
Ceftazidime 10(26.31) 0 27(71.05) 0.0001 **
Cefepime 8(21.05) 1(2.63) 14(36.84) 0.0001 **
Cefpodoxime 9(23.68) 0 1(2.63) 0.0001 **
Ceftriaxone 10(26.31) 0 1(2.63) 0.0001 **
Cefotaxime 14(36.84) 0 7(18.42) 0.0001 **
Ertapenem 21(55.26) 0 0 0.0001 **
Doripenem 8(21.05) 0 11(28.94) 0.0001 **
Imopenem 16(42.10) 1(2.63) 19(50) 0.0001 **
Meropenem 18(47.36) 2(5.26) 16(42.10) 0.0001 **
Amikacin 13(34.21) 4(10.52) 19(50) 0.0001 **
Gentamicin 17(44.73) 8(21.05) 10(26.31) 0.0008 **
Netilmicin 11(28.94) 0 13(34.21) 0.0001 **
Tobramycin 8(21.05) 4(10.52) 13(34.21) 0.0063 **
Norfloxacin 18(47.36) 0 3(7.89) 0.0001 **
Ciprofloxacin 32(84.21) 1(2.63) 4(10.52) 0.0001 **
Levofloxacin 33(86.84) 0 4(10.52) 0.0001 **
Moxifloxacin 9(23.68) 0 0 0.0001 **
Ofloxacin 6(15.78) 0 3(7.89) 0.0071 **
Colistin 21(55.26) 1(2.63) 16(42.10) 0.0001 **

P-value 0.0001 ** | 0.0026 ** 0.0001 **
** (P<0.01).
Biofilm Formation (79.41%) exhibited strong biofilm

moderate

showed that the 38 P. aeruginosa
isolates adhesion and the capacity to
form beneficial biofilms. The outcomes
were divided into categories as follows:

biofilm formation, 5.88% weak biofilm
formation. These data correspond with a
study by (22), which found that (18.1%)
of samples had significant biofilm
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development, 21.7% had moderate
biofilm formation, and 28.9% had weak
biofilm formation.Biofilm development
is one of these bacteria's strategies for
reducing the effect of antibiotic
treatment. The findings showed that the
majority of the isolates were capable of
forming biofilm, though to differing
degrees from the negative control. The
isolates that were able to form biofilm
fell into three categories: high, medium,
and weak adherent. The high
productivity of biofilm creation could
be attributed to the method's sensitivity
in measuring the small amounts that are
generated, which is regarded as a
crucial approach in researching the
early phases of biofilm development.By

measuring the absorbance at 630 nm
using ELISA reader equipment, the
optical density of biofilm formation was
found to differ statistically significantly
between all isolates. These results
corroborated research (22).
DNA extraction andlasl detection
Using particular primer for the lasl
gene, the (QS) gene was detected
molecularly in 34 (89.47%) of the
isolates; all positive isolates had bands
that occurred within the predicted gene
size (177 bp) while 4 (10.52) isolates
have not possessed the (lasl)by
evaluating the bands on  gel
electrophoresis and comparing their
molecular weight to the 100 bp DNA
ladder, as indicated in Figure (1).

Figure (1): Electrophoresis Agarose gel of the amplification products of lasl gene. Lane M: 100bp
DNA ladder; Lanes 1-19: PCR product of samples with expected size 177 bp. (2% agarose at 70
volts for 60 min).

Numerous investigations revealed a
close relationship between the QS
system and biofilm development, with
biofilm formation data indicating that
(34) of isolates capable of forming
biofilms were positive for QS genes.
The lasl gene is crucial for maintaining
P. aeruginosa biofilm.Lasl synthesizes
the signaling 3-ox0-C12-HSL, which is
necessary for the production of P.
aeruginosa biofilm. In this context, lasl
is produced in a significant number of
cells during the early phases of biofilm
formation. On the other hand, a lasl
mutant produces a thin, flat biofilm.
These findings agreed with study (23)
whichindicated a significant

relationship between the production of
biofilm and the lasl gene. Also our
results matched with study (24) which
showedthe lasl gene was not detected in
isolate 15 which is a moderate biofilm
producer.

Real time PCR quantification of lasl
expression

Before group treatment, the lasl Ct
value in isolates was (1+ 0.12). Ct
values for lasl in Chlorhexidine
digluconate -treated isolates fell within
the range of (0.419+ 0.11).

Ct wvalues for Benzelalkonium
cloride-treated isolates ranged from
(0.591+ 0.13) as shown in table 8.

Since the 16S TrRNA gene's
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expression is consistent in the cells
under investigation under all conditions,

it was chosen as the housekeeping gene
for this experiment.

Table (8): Fold change of lasl gene expression in different treatments with microbicides

Group Fold change +SE of lasl
Before treatment 1+0.12 a
After treatment 1 0.419+0.11b
(Chlorhexidine digluconate)
After treatment 2 0.591+0.13 b
(Benzalkonium chloride)
P-value 0.0485
Means having with the different letters in same column differed
significantly. * (P<0.05).

The findings demonstrate that there
was a statistically significant variation in
the groups' Ct values. The Ct values of
isolates treated with Chlorhexidine
digluconate were higher than those of
isolates treated with Benzalkonium
chloride and untreated isolates. This
difference in Ct values suggests that the
genes were present in the mMRNA
samples.These results demonstrate a
relationship  between the  (down
regulation) levels and the treatment
groups for microbicides.Due to its
position at the head of the QS signal
transduction pathway, the Lasl/R system
has been highlighted in the majority of
studies looking into QS and its role in P.
aeruginosa pathogenicity. As a result,
modifications to their expression would
have an impact on the organism's
phenotypic. These findings matched
withstudy (25) which believed that
biofilm development, compared to the
expression of genes resistant to
microbicides, may be the primary cause
of microbicide tolerance.

Conclusion

As with the rise of antibiotic
resistance in pathogenic P. aeruginosa,
the results of this study show that
widespread use of microbicides in
hospitals has raised concerns about the
emergence and  transmission  of
microbicide resistance genes. This may

have been mediated by the direct action
of the QS/Lasl system product or by a
decrease in the transcription of genes
under Las system regulation. The QS
genes are desirable targets for
microbicide resistance techniques as a
result of these discoveries. According to
this study, the lasl gene is essential for
the synthesis of biofilms, and its absence
corresponds to the absence of biofilm
formation. The MIC concentrations of
the microbicide agents were also
concluded. These data make it evident
that the target gene's maximum
expression corresponds to the isolates'
lowest mRNA copy number, and that the
target gene's lowest expression islinked
to the microbicides medications, where
the MRNA copy number is highest.
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