AL-QADISIYAH MEDICAL JOURNAL , QAD.MED.J. 20 (2): JUNE-DECEMBER 2024
WWW.gmj.qu.edu.iq

Expression of aph(3’)-1lb and Aminoglycoside Efflux Pump Regulatory

Genes in Clinical Extensive Drug Resistant Pseudomonas aeruginosa.

Shaimaa Shakir Jawad?, Ibtisam Habeeb Al-Azawi?
1 Department of Medical Microbiology, College of Medicine, Al-Qadisiyah University, Al- Diwaniyah, Iraqg.
2 Department of Medical Microbiology; College of Medicine; Al-Qadisiyah University; Irag.

Coresponding E-mail: shaimaa.altofaily@gmail.com

(" Abstract: N

Background:A remarkable level of aminoglycosides resistance expressed by Pseudomonas aeruginosa is well known. One of
the most important mechanisms of aminoglycoside resistance is over expression of efflux pumps and aminoglycoside modifying
enzymes.

)Aim of Study: To evaluate the expression of aph(3’)-llb and MexXY-OprM Pump Regulatory Genes in XDR Pseudomonas aeruginosa
in Al-Diwaniyah city.

Methods: During the period from November 2021 to August 2022, 50 clinical P. aeruginosa isolated from hospitalized patients
admitted to Al-Diwaniyah Burn Center and Al-Diwaniyah Teaching Hospital including 25(31.3%) burns, 15(22.7%) wounds, and
10(18.5%) diabetic foot ulcers. The vitek2 compact system was employed for identification and antibiotic susceptibility test of
P. aeruginosa. The isolates were submitted to PCR and gRT-PCR for aph(3’)-1lb, mexZ, and parR detection and gene expression.

Results: Out of 50 P. aeruginosa, 22(44%) XDR and 9(18%) MDR isolates were detected. All XDR isolates were resistance to all
tested antibiotics except one. Aminoglycoside resistance was exhibited in 100% of XDR isolates phenotypically. All isolates (100%)
harbored ph(3’)-llb, mexZ, and parR genes. The qRT-PCR results showed significant overexpression of aph(3’)-1lb and parR, while
mexZ revealed significant low expression in XDR P. aeruginosa compared with susceptible P. aeruginosa isolates.

Conclusion: High frequencies of XDR P. aeruginosa from various clinical sources, which further restricts the range of available
treatments. The predominant mechanisms of aminoglycosides resistance exhibited by XDR P. aeruginosa in this region are
overexpression of efflux pumps, and aminoglycoside modifying enzyme, aph(3’)-lib.

{eyword: XDR P. aeruginosa, aminoglycoside modifying enzymes, aph (3’)-Ilb, MexXY- OprM Pump, Aminoglycoside resistance.
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Introduction

Pseudomonas aeruginosa, a metabolically adaptable bacterium,
is known to cause a variety of opportunistic infections and
is acknowledged as one of the significant causes of severe
hospital-acquired infections (1).

Pseudomonas aeruginosa is an opportunistic pathogen that
can cause an abundance of acute and chronic life-threatening
infections in immune compromised patients. These infections
are associated with a elevated mortality and morbidity
incidence (2). Due of P.aeruginosa’s capacity to withstand
several of the currently available antibiotics, treating infections
caused by this bacterium has become extremely difficult.

A several antibiotics like aminoglycosides, quinolones, and
lactams that P. aeruginosa is resistant to. Intrinsic, acquired,
and adaptive resistance are the three main mechanisms that P.
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aeruginosa uses to counter antibiotic attack (3).

Aminoglycosides as broad-spectrum antibiotics have a vital
aspect in clinical settings , where they are used to treat life-
threatening Gram-negative bacterial infections acquired in the
hospital (4).

Pseudomonas aeruginosa infections are commonly treated
with aminoglycosides. Resistance to aminoglycosides is often
linked to the presence of genes encoding aminoglycoside-
modifying enzymes (AMEs), which can be transmitted between
organisms by horizontal gene transfer. Inducing active antibiotic
efflux into the extracellular space is an established mechanism
of adaptive resistance (5).

There are four efflux pump systems in P. aeruginosa that are

of great interest to researchers: MexAB-OprM, MexCD-Opr),
MexEF-OprN, and MexXY-OprM. Each of these systems is
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named after a mexicillin resistance gene (6).

It has been demonstrated that the MexXY-OprM efflux
pump plays a key part in the development of resistance to
fluoroquinolones and aminoglycosides, both of which are
important antibiotic classes in the treatment of serious
infections caused by P. aeruginosa (7).

MexZ, a repressor protein, regulates the expression of mexXY
genes (8). Increased expression of the MexXY/OprM efflux
system and decreased sensitivity to AGs have been linked to
mutations in mexZ found often in clinical isolates (9).

Concern regarding the spread of aminoglycoside and other
antimicrobial resistance genes in P. aeruginosa clinical isolates
through horizontal gene transfer has expanded in recent
years (10). The aminoglycoside-modifying enzymes (AMEs)
that are encoded by acquired resistance genes inactivate
aminoglycoside antibiotics by catalyzing modifications at the
hydroxy or amino groups of the 2-deoxy streptamine sugar
moieties. These modifications can be phosphorylation via
aminoglycoside phosphoryltransferases (Aph), acetylation via
aminoglycoside acetyltransferases (Aac), or adenylation via
aminoglycoside  nucleotidyltransferases/adenylyltransferase
(Ant) (11). Because the genes for these modifying enzymes are
frequently found on mobile genetic elements like plasmids,
transposons, integrons, insertion sequences, phages, and
integrative and conjugative elements they have the capacity to
spread between and among species (12).

Acquisition of an AME was strongly correlated to overexpression
of MexXY aminoglycoside efflux pump (13).

Materials and Methods

A total of 200 clinical samples were obtained from patients,
including 80 burns, 66 wounds, and 54 diabetic feet ulcers..
Between November 2021 and August 2022, patients were
admitted to Al-Diwaniyah Teaching Hospital, Feminine and
Children Teaching Hospital, and Al-Diwaniyah Burn Center.
Pseudomonas aeruginosa isolates identified by Viteck2 compact
system (Biomerieux, France ,Cardtype:GN,ID-N222).

The Vitek2 compact (Biomerieux, France, Card type: GN,
AST-N222) was used to assess the antibiotic susceptibility
of P. aeruginosa isolates. Each isolate was tested against
14 antibiotic agents from 7 different antibiotic classes. All
results were interpreted and all isolates were categorized as
susceptible, intermediate, or resistant to each antibiotic tested
in accordance with Clinical and Laboratory Standards Institute
2021 criteria (14).

The multiple antibiotic resistance (MAR) index for the P.
aeruginosa isolates was determined using the findings of the
susceptibility testing in order to evaluate antibiotic resistance
trends and the development of new resistant isolates. Each
isolate’s MAR index was calculated by dividing the total number
of antibiotics tested by the number of antibiotics to which the
isolate was resistant (15). If the MAR index is more than 0.2,
then it is confirmed that this antibiotic was widely used in the
setting where this isolate firstly emerged.

As recommended by the manufacturer guideline for the
Genomic DNA purification kit (Geneaid, USA), genomic DNA
was isolated from P. aeruginosa isolates. Each isolate’s DNA
purity and concentration were assessed using a Nanodrop
device (THERMO, USA).

Polymerase chain reaction (PCR) employed to screen of the
presence of the aminoglycosides modifying enzyme gene:
aph(3’)-llb and MexXY efflux pump regulatory genes : mexZ and
parR. The PCR thermocycling conditions and specific primers
were showed in Table (1) and Table (2), respectively.

Gene PCR Amplicon (bp) Annealing Temp./time
aph(3’)-1lb 813 56°C /30 sec.
mexZ 883 56°C /30 sec.
ParR 881 56°C /30 sec.
Gene Primer Sequence AI:np|ICOn Reference
size(bp)
F ATGCATGATGCAGCCACCTCCAT
aph(3)-llb 813 (16)
R CCTACTCTAGAAGAACTCGTCCA
F TATGATCTGCGGCGCCTTTC
mexZ 883
R TTCGGAACAAGGCGTCTGCA
(17)
F ATCTCGAACGAGTCGCTGGAG
parR 881
R GTAGAACGCGTCGATGACATGG
F AGAGTTTGATCMTGGCTCAG
16S rRNA 355 (18)
R GCTGCCTCCCGTAGGAGT

Total RNA were extracted from XDR and susceptible P.
aeruginosa isolates by using (TransZol Up Plus RNA kit).
Nanodrop was used to assess the extracted RNA, measuring
RNA concentration (ng/L) and RNA purity by detecting the
absorbance at 260/280 nm. The cDNA synthesis was carried
out in accordance with manufacturer’s instructions utilizing
the extracted RNA samples and the SolGent DiaStarTM RT Kit
to synthesis cDNA from mRNA transcripts. The Go TagR qPCR
Master Mix Kit was used to prepare qRT-PCR master mix (Table
3) and RT-PCR thermocycler conditions (Table 4).

No. qPCR master mix Volum
1 cDNA template (10ng) 5uL
2 Forward primer (10pmol) 1pul
3 Reverse primer (10pmol) 1pul
4 qPCR master mix 10 puL
5] CXR dye 0.3 puL
6 Nuclease free water 2.7 puL
Total 20 pL
qPCR step Temperature Time cycle
Initial denaturation 95°C 10 min. 1
Denaturation 95°C 20 sec.
Annealing 58°C 30 sec. 40
Extension 58°C 30 sec.
Melting 65-95 °C 1
Using the Livak approach, which was presented by (19) as the

following equations, the data analysis of qRT-PCR for target
genes and housekeeping genes were collected:
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I CT (Test) = CT (target gene, test) — CT (HKG, test)
£\ CT (Control) = CT (target gene, control) — CT (HKG. control)

MM CT= ACT (Test) -/ CT (Control)

Fold change (target/HKG)=2-T AACT

Statistical Analysis

The Statistical Package for Social Sciences version 23 for
Windows software, and Microsoft Excel 2010 were used to
conduct the statistical study.

Results

Of the 200 clinical samples (80 burns, 66 wounds, and 54
diabetic foot ulcers) from hospitalized patients, 136 resulted
in positive bacterial cultures, and out of these just 50 (36.8%)
P.aeruginosa isolates have been identified in 25 (43.1%) burns,
15 (37.5%) wounds, and 10 (26.3%) DFU (Figure 1).
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Antibiotic susceptibility testing on the collected isolates
revealed variable patterns of resistance (Figure 2) and (Table
5). In order to describe patterns of multiple drug resistance,
isolates were classified as MDR or XDR, according to (20) 9/50
(18.0%) isolates of P. aeruginosa were determined to meet the
criteria for MDR P. aeruginosa. Additionally, 22/50 (44.0%) of
the isolates were classified as XDR (isolates non-susceptible
to at least one drug in all but two or fewer anti-pseudomonal
antimicrobial categories (Figure3). More significantly, 21/50
(42.0%) of them were resistant to all 14 antibiotics that were
examined in the current study, which included 7 categories.

# Antibiotics resistance

Isolate Source of P R Resistance

No. isolate Antibiotic Susceptibility patterns T
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pal Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa2 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa3 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa4 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa5 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa6 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa7 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa8 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa9 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pal0 Burn AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pall Burn AK, AZM, TGC XDR

Pal2 Burn CFZ, CAZ, CEF, AUG, CIP, LEV, GEN, AK MDR

Pal4 Burn CAZ, AUG, PI, GEN, TOB MDR

Pal5 Burn AUG, GEN, AK, AZM MDR

Pa18 Burn CFZ, IPM, AUG, PI, CIP, GEN MDR

Pa20 Burn CFZ, PI, GEN, TOB, AK, TGC MDR

Pa24 Burn CFZ, CAZ, AUG, PI, GEN, TOB, AK, AZM MDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa26 Wound AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa27 Wound AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa28 Wound AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa29 Wound AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa30 Wound AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa3l Wound AK, AZM, TGC XDR

Pa34 Wound P, CIP, GEN, TOB, AZM MDR

Pa38 Wound CFZ, CAZ, AUG, PI, CIP, GEN, TOB MDR

Pa41 DFU CFZ, CAZ, CEF, AUG, PI, CIP, LEV, GEN, TOB, AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa4d2 DFU AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa43 DFU AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa44 DFU AK, AZM, TGC XDR
CFZ, CAZ, CEF, IPM, MER, AUG, PI, CIP, LEV, GEN, TOB,

Pa45 DFU AK, AZM, TGC XDR

Pa46 DFU AUG, PI, CIP, GEN, TOB, AK MDR
CFZ: Cefazolin, CAZ: Ceftazidime, CEF: Cefepime, IMP:

Imipemem, MER: Meropenem, AUG: Augmentin, Pl: Piperacillin,
CIP: Ciprofloxacin, LEV: Levofloxacin, GEN: Gentamicin, TOB:
Tobramycin, AK: Amikacin, AZM: Azithromycin ) TGC:
Tigecycline, Pa: Pseudomonas aeruginosa, XDR: Extensive drug
resistant, MDR: Multi-drug resistant, DFU: Diabetic foot ulcer.
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M Susceptible P.aeruginosa
B MDR P.aeruginosa

B XDR P.aeruginosa

Figure (3) The distribution rates of antibiotics susceptibility
patterns of Pseudomonas aeruginosa isolates from different

clinical sources.
The findings of this study revealed that all 22 XDR P. aeruginosa
isolates were 100% resistant to the aminoglycoside drugs tested
gentamicin, amikacin, and tobramycin. Also, MDR isolates
exhibited resistance at a rate of 100%, 66.6%, and 55.5% to
gentamicin, amikacin, and tobramycin, respectively (Figure 4).
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Figure (4) Aminoglycoside Resistance Rates in MDR and XDR P.

aeruginosa isolates

The MAR index findings of current study determined considerable
variances with the lowest MAR index being 0.28 and the highest
MAR index being 1.0. The MAR indices that were greater than
0.2 were found in 100% (31/31) of the resistant isolates ranged
from 0.28 to 1.0 with mean + SD 0.830 * 0.26, while MAR indices
that were less than 0.2 were found in 0% (0/31) of the resistant
isolates. This indicates that all resistant isolates are most likely to

have originated from a high risk source (Table 6).

Table (6): Multiple antibiotic resistance (MAR) indices of resistant

P. aeruginosa isolated from different clinical sources

No. of
L No. of No. of isolates in clinical samples
antibiotics .
resistant
that an . MAR P
isolates X2
isolate is index value
e e Burn Wound DFU
=31
(n=14) (n=s1)
4 1 0.28 1(100) 0(0) 0(0) 3 0.22
5 2 0.35 1(50) 1(50) 0(0) 15 0.47
6 3 0.42 2(66.6) 0(0) 1(33.3) 3 0.22
7 1 05 0(0) 1(100) 0(0) 3 0.22
8 2 0.57 2(100) 0(0) 0(0) 6 0.05
12 1 0.85 0(0) 0(0) 1(100) 3 0.22
14 21 1 11 6 4 5.57 0.062

The proportion of isolates with MAR index > 0.2 was 31/31 (100%)

The mean MAR index for these isolates was (meant SD) 0.830+0.26

The proportion of isolates with MAR index less than 0.2 was 0/31(0%)

All XDR and Susceptible P. aeruginosa isolates harbored aph(3’)-

IIb, parR, and mexZ genes as PCR revealed (Figure 5, 6, and 7).

aph(3') - 11b- 813bp

Figure (5): Ethidium bromide stained agarose gel electrophoresis
(1.5%) of PCR amplified products of aminoglycosides resistance
aph(3’)-llb gene for 1 hr. at 70 volt. Lane L: DNA marker (1500-
100)bp. Lane(1-22): Extensive multidrug resistance Pseudomonas
aeruginosa isolates that showed positive aph(3’)-llb gene at
.813bp PCR product size

% A 6 [ P T L S TR (VRS | R | R

mexZ - 883bp

Figure (6): Ethidium bromide stained agarose gel electrophoresis
(1.5%) of PCR amplified products of aminoglycosides

© 2024 AL-QADISIYAH MEDICAL JOURNAL, CoLLEGE oF MepICINE, UNIVERSITY OF AL-QADISIYAH 103 I



Expression of aph(3’)-llb and Aminoglycoside Efflux Pump Regulatory Genes ...

Qad.Med.J. 20 (2): 100-107, 2024

resistancemexZ gene for 1 hr. at 70 volt. Lane L: DNA marker (1500-
100)bp. Lane(1-22): Extensive multidrug resistance Pseudomonas
aeruginosa isolates that showed positive mexZ gene at 883bp
PCR product size.

8. 0. 10 AT D12 13 014, 150016 1718 19, 20

parR:‘Bpr

Figure (7): Ethidium bromide stained agarose gel electrophoresis
(1.5%) of PCR amplified products of aminoglycosides resistance
parR gene for 1 hr. at 70 volt. Lane L: DNA marker (1500-100)
bp. Lane(1-22): Extensive multidrug resistance Pseudomonas
aeruginosa _isolates that showed positive parR gene at 881bp

PCR product size.

The expression of aph(3’)-llb was significantly higher in the
XDR P. aeruginosa isolates than in the control group consisting
of antibiotic susceptible P. aeruginosa isolates (2.90+1.87and
1.049+0.40, P = 0.0, respectively). The expression of parR was
significantly higher in the XDR P. aeruginosa isolates than in the
control group consisting of antibiotic-susceptible P. aeruginosa
isolates (5.376%+3.27and 1.239+0.69, P = 0.0, respectively).
While the expression of mexZ was significantly lower in the XDR
P. aeruginosa isolates than in the control group consisting of
antibiotic-susceptible P. aeruginosa isolates (0.280+0.98 and 10,
P = 0.029, respectively). (Table 7), (Figure 8).

Table 7: Relative expression of Aminoglycoside resistance genes in
XDR and susceptible P. aeruginosa

(Fold Change (Mean+SD

Gene T-tese P-value

XDR P.
aeruginosa

Susceptible P.
aeruginosa

aph(3')-llb 1.049+0.40 2.90+1.87 4.426 *0

parR 1.239+0.69 5.37643.27 4.410 *0

mexZ 1+0 0.280£0.98 2.289 *0.029

* Significant difference at P<0.05

Mean Fpld change

1=

aph(3’)-1ib parR mexZ

Aminoglycoside Resistance Genes

Figure 8: Fold change of aph(3’)-llb, parR, and mexZ expression

Discussion

Pseudomonas aeruginosa is a common Gram-negative
opportunistic bacterium that emerged in healthcare-
acquired infections and immune-compromised
individuals . Most significantly, it has a tendency
resistant to antibiotics via a diversity of resistance
mechanisms (21). Pseudomonas aeruginosa is a major
cause of morbidity and mortality among hospitalized
patients It has the ability for spreading systemically
from localized infections at various body sites causing
sepsis which is the most significant cause of mortality,
particularly in burned patients (1, 22).

The MAR index has been shown to be reliable, valid,
and affordable tool for tracing the origins of antibiotic-
resistant bacteria (23). P aeruginosa isolates with a
MAR score 0f 0.2 or above are thought to have originated
from a high-risk source where several antibiotics are
routinely used (24).

One of the most concerning results of this study is that
22(44.0%) of 50 P. aeruginosa isolates displayed an
XDR phenotype. This worryingly high rate of XDR
further reduces available treatment options. This study’s
finding may be attributed to the widespread misuse of
antibiotics in Iraq. Recent reports of a high prevalence
of XDR P. aeruginosa in Iraq (25, 26) and elsewhere
around the world (27, 28, 29) provide cause for concern.

Clinical XDR-PA isolates have complicated antibiotic
resistance pathways. Several lines of evidence point to
horizontal gene transfer and/or mutational resistance
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as common causes of multidrug resistance (30). Conventional
antibiotics are ineffective against P. aeruginosa infections due
to the diversity of antibiotic resistance pathways, which in turn
promotes to the emergence of diverse antibiotic resistant isolates

(3).

In recent years, Iraq has been considered among the countries
that reported high rates of antimicrobial resistance (31, 32, 33,
34). In addition, studies report a large increase (more than 50%)
in antimicrobial resistance for P. aeruginosa across many Arab
countries (35).

AminoglycosidesarefrequenttreatmentofP.aeruginosa infections,
nevertheless, this bacteria has developed an extensive repertoire
of resistance mechanisms against this antibiotic category. Isolates
possess aminoglycoside modifying enzymes (AMEs), which
are classified into three basic families: phosphorylators (APH),
acetylators (AAC), and adenylators (ANT). These enzymes are
responsible for the inactivation of aminoglycosides (36).

High rates of resistance to aminoglycosides have been reported in
the current study, with 56 percent of the isolates being resistant to
amikacin, 58 percent to gentamicin, and 60 percent to tobramycin.
Ciprofloxacin (with a 58% resistance rate) and levofloxacin (with
a 48% resistance rate) are two examples of the fluoroquinolones
antibacterial class. The findings of this study on the in vitro efficacy
of amikacin against P. aeruginosa isolates are in line with those
found by (37, 38). In contrast, (39) found that amikacin has a high
susceptibility rate of 92.6% against P.aeruginosa, making it one of
the most effective therapies for this pathogen.

In this study, it was found aph(3’)-llb, mexZ, and parR were 100%
present in the XDR P. aeruginosa isolates. Some Iraqgi studies in
searched for the aph(3’)-VI gene in the local isolates, and they
obtained rates 87.5% and 25% (26, 40), while (41) did not record
this gene in any of the obtained isolates.

Aminoglycoside 3’-phosphotransferases (APH(3’)s) are most
significant bacterial resistance enzymes to aminoglycoside
antibiotics. The antibiotics’ biological activity is destroyed as a
result of these enzymes’ transfer of the gamma-phosphoryl group
of ATP to the 3’-hydroxyl of the drug (42). The presence of aph(3’)-
Ilb on the P. aeruginosa transposon causes it to rapidly propagate
in their population. As a result, the options of antibiotics that
can cure P. aeruginosa infections become more limited. And as a
regrettable consequence, it results in a health threat, particularly
to the community that resides within hospitals.

All 22 of the extremely drug-resistant P. aeruginosa isolates and
one of the susceptible ones included the mexZ gene, which
functions as a repressor of the MexYX efflux pump. However,
mexZ expression was significantly lower in XDR P. aeruginosa
isolates than in antibiotic-susceptible isolates. Antibiotic
resistance in these XDR P. aeruginosa isolates may result in part
from their over-expression of an efflux pump, particularly MexXY-
OprM. Since the 1980s (43). researchers have linked drug-efflux
pumps and bacterial resistance. Overexpression of efflux pumps
(especially the MexXY-OprM complex) is a major mechanism of
aminoglycoside resistance. Therefore, it is possible that this efflux
pump contributes to the development of multi-drug resistance in
bacteria.

The ParR is a single component of the ParRS sensor, which
consists of two individual parts. By controlling efflux components
and porins, it imparts resistance to polycationic antibiotics such
aminoglycoside and peptide antibiotics as well as naturally
occurring  polyamines.

The parR gene encodes a response regulator for the ParRS two-
component system, which stimulates the MexXY efflux system
and OprD porin loss upon induction or constitutive mexXY
overexpression (44).

In general, these bacteria will employ a wide variety of strategies
to circumvent the effects of any antibiotic. Studies conducted in
the immediate area monitored these facts (45, 46).

In consequence of antibiotics resistance rise, the majority of the
therapies that are now in use are no longer effective. Because of
this, it is necessary to study the efficacy of drug combinations,
alternative strategies or potential vaccinations to combat multi-
drug resistant isolates .Fortunately, there are local studies that
have dealt with this regard (34, 26, 47).

Conclusion

Antibiotic resistance is on the alarming rise, leading to an upward
trend in extensively antibiotic resistant P. aeruginosa rates that
necessitate urgent intervention.

Overexpression of the efflux pump MexXY and the presence
of the aminoglycoside modifying enzyme Aminoglycoside
3’-phosphotransferases (APH(3’) were revealed to be two of the
key mechanisms responsible for aminoglycosides resistance in this
study.

References:

1- Bassetti M, Vena A, Croxatto A, Righi E, Guery B. (2018).
How to manage Pseudomonas aeruginosa infections.
Drugs Context 7:212527. https://doi .org/10.7573/
dic.212527.

2- Moradali, M.F; Ghods, S.; Rehm, B.H. (2017).
Pseudomonas aeruginosa lifestyle: A paradigm for
adaptation, survival, and persistence. Front. Cell. Infect.
Microbiol. 7, 39. [CrossRef] [PubMed].

3- Pang, Z,, Raudonis, R., Glick, B. R., Lin, T. J., & Cheng, Z.
(2019). Antibiotic resistance in Pseudomonas aeruginosa:
mechanisms and alternative therapeutic strategies.
Biotechnology advances, 37(1), 177-192.

4-  Rubin J, Mussio K, Xu Y, Suh J, Riley LWIMDR (2020)
Prevalence of antimicrobial resistance genes and
integrons in commensal Gram-negative bacteria in a
college community.

5- WangY, Venter H, Ma S. (2016). Efflux pump inhibitors:
a novel approach to combat efflux-mediated drug
resistance in bacteria. Curr Drug Targets 17:702-719.
https://doi.org/10.2174/138945011666615100110394
8.

6- Mesaros N, Glupczynski Y, Avrain L, Caceres NE, Tulkens
PM, Van Bambeke F. (2007). A combined phenotypic and
genotypic method for the detection of Mex efflux pumps
in Pseudomonas aeruginosa. J Antimicrob Chemother
59:378 —386. https://doi.org/10.1093/jac/dkI504.

7- Morita Y, Tomida J, Kawamura Y. (2015). Efflux-
mediated fluoroquinolone resistance in the multidrug-
resistant Pseudomonas aeruginosa clinical isolate
PA7: identification of a novel MexS variant involved in
upregulation of the mexEF-oprN multidrug efflux.

8- Kawalek, A.; Modrzejewska, M.; Zieniuk, B.; Bartosik,
A.A.; Jagura-Burdzy, G. (2019). Interaction of ArmZ with

© 2024 AL-QADISIYAH MEDICAL JOURNAL, CoLLEGE oF MepICINE, UNIVERSITY OF AL-QADISIYAH 105 I



Expression of aph(3’)-llb and Aminoglycoside Efflux Pump Regulatory Genes ...

Qad.Med.J. 20 (2): 100-107, 2024

10

11

12-

14

15

16

17-

18-

20-

the DNA-binding domain of MexZ induces expression of
mexXY multidrug efflux pump genes and antimicrobial
resistance in Pseudomonas aeruginosa. Antimicrob.
Agents Chemother, 63, €01199-19. [CrossRef] [PubMed].
Mena, A., Smith, E. E., Burns, J. L., Speert, D. P.,, Moskowitz,
S. M., Perez, J. L., & Oliver, A. (2008). Genetic adaptation
of Pseudomonas aeruginosa to the airways of cystic
fibrosis patients is catalyzed by hypermutation. Journal
of bacteriology, 190(24), 7910-7917.

Farshadzadeh, Z.; Khosravi, A.D.; Alavi, S.M.; Parhizgari,
N.; Hoveizavi, H. (2014). Spread of extended-spectrum
_-lactamase genes of bla OXA-10, bla PER-1 and bla
CTX-M in Pseudomonas aeruginosa strains isolated from
burn patients. Burns, 40, 1575-1580. [CrossRef].
Poole, K. (2011). Pseudomonas aeruginosa: Resistance
to the max. Front. Microbiol, 2, 65. [CrossRef].
Botelho, J.; Grosso, F; Peixe, L. (2019). Antibiotic
resistance in Pseudomonas aeruginosa—Mechanisms,
epidemiology and evolution. Drug Resist. Updates, 44,
100640. [CrossRef] [PubMed].

Seupt, A., Schniederjans, M., Tomasch, J., & Haussler,
S. (2020). Expression of the MexXY aminoglycoside
efflux pump and presence of an aminoglycoside-
modifying enzyme in clinical Pseudomonas aeruginosa
isolates are highly correlated. Antimicrobial Agents and
Chemotherapy, 65(1), e01166-20.

CLSI. (2021). Performance Standards for Antimicrobial
Susceptibility Testing. 31st ed. CLSI supplement M100.
Clinical and Laboratory Standards Institute.

Osundiya, O. 0., Oladele, R. 0., & Oduyebo, O. O.
(2013). Multiple antibiotic resistance (MAR) indices of
Pseudomonas and Klebsiella species isolates in Lagos
University Teaching Hospital. African Journal of Clinical
and Experimental Microbiology, 14(3), 164-168.
Aghazadeh, M., Rezaee, M. A., Nahaei, M. R., Mahdian,
R., Pajand, O., Saffari, F., ... & Hojabri, Z. (2013).
Dissemination of aminoglycoside-modifying enzymes
and 16S rRNA methylases among Acinetobacter
baumannii and Pseudomonas aeruginosa isolates.
Microbial Drug Resistance, 19(4), 282-288.

Singh, M., Yau, Y. C,, Wang, S., Waters, V., & Kumar,
A. (2017). MexXY efflux pump overexpression
and aminoglycoside resistance in cystic fibrosis
isolates of Pseudomonas aeruginosa from chronic
infections. Canadian journal of microbiology, 63(12),
929-938.

Jolley, K. A., Bray, J. E.,, & Maiden, M. C. J. (2018).
Open-access bacterial population genomics: BIGSdb
software, the PubMLST.org website and their
applications. Wellcome open research, 3, 124. https://
doi.org/10.12688/wellcomeopenres.14826.1
Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative
gene expression data using real-time quantitative PCR
and the 2—- AACT method. methods, 25(4), 402-408.
Magiorakos, A. P, Srinivasan, A., Carey, R. B., Carmeli,
Y., Falagas, M. E., Giske, C. G., ... & Monnet, D. L. (2012).
Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired
resistance. Clinical microbiology and infection, 18(3),
268-281.

21-

22-

23-

24-

28-

30-

31-

32-

33-

Kollef, M. H., Torres, A., Shorr, A. F., Martin-Loeches, .,
& Micek, S. T. (2021). Nosocomial infection. Critical care
medicine, 49(2), 169-187.

Elmassry, M. M., Mudaliar, N. S., Colmer-Hamood,
J. A, San Francisco, M. J., Griswold, J. A., Dissanaike,
S., & Hamood, A. N. (2020). New markers for sepsis
caused by Pseudomonas aeruginosa during burn
infection. Metabolomics, 16, 1-16.

Sandhu, R., Dahiya, S., & Sayal, P. (2016). Evaluation
of multiple antibiotic resistance (MAR) index and
Doxycycline susceptibility of Acinetobacter species
among inpatients.Indian J. Microbiol. Res,3(3), 299.
Ejiofor, S.0., Edeh, A.D., Ezeudu, C.E., Gugu, T.H. and
Oli, A.N. (2016). Multi-drug resistant acute otitis
media amongst children attending out-patient clinic in
Chukwuemeka Odumegwu Ojukwu University Teaching
Hospital, Awka, South-East Nigeria. Adv. Microbiol., 6
(07): 495.

Al-Janahi, H. C. L, Khalil, S. A., Almohana, A. M., & Al-
sherees, H. A. A. (2020). Dissemination of New Delhi
Metallo-B-Lactamase (BLANDM) Gene in Pseudomonas
aeruginosa lIsolates from Burn Center in Najaf, Iraq.
Naser, H.H.(2020). RecombinantBacteriophage Endolysin
LysPA26 Against clinical Isolates of Extensively Drug
Resistant (XDR) Pseudomonas aeruginosa. Unpublished
PhD thesis. College of Medicine. Al-Qadisiyah University.
Horcajada, J.P., Montero, M. Oliver, A., Sor, L., Luque,
S., Gomez-Zorrilla, S., Benito, N. and Graue, S. (2019).
Epidemiology and treatment of multidrug-resistant and
extensively drug-resistant Pseudomonas aeruginosa
infections. Clin. Microbiol. Rev., 32(Issue 4): e00031-19.
del Barrio-Tofifio, E., Lopez-Causapé, C., & Oliver, A.
(2020). Pseudomonas aeruginosa epidemic high-risk
clones and their association with horizontally-acquired
B-lactamases: 2020 update. International journal of
antimicrobial agents, 56(6), 106196.

Torrens, G., van der Schalk, T. E., Cortes-Lara, S.,
Timbermont, L., del Barrio-Tofifio, E., Xavier, B. B,, ... &
ASPIRE-ICU study team. (2022). Susceptibility profiles
and resistance genomics of Pseudomonas aeruginosa
isolates from European ICUs participating in the ASPIRE-
ICU trial. Journal of Antimicrobial Chemotherapy.
Diggle, S. P, & Whiteley, M. (2020). Microbe Profile:
Pseudomonas aeruginosa: opportunistic pathogen and
lab rat. Microbiology, 166(1), 30.

Hasan, S.A., Najati, A.M., Abass, K.S. (2019). Isolation
and identification of multi-drug resistant “pseudomonas
aeruginosa” from burn wound infection in Kirkuk City,
Iraq. Eurasia J. Biosci., 13:1045-1050.

Al-Khikani, F.H. (2020). Antimicrobial resistance profile
among major bacterial pathogens in southern Babil, Iraq.
Gal. Med. J., 27 (3): E202036.

Alsaady, Akram F. (2022). Dissemination and Molecular
Characterization of Extensively Drug-Resistant (XDR)
Pseudomonas aeruginosa in Najaf Province. Unpublished
master’s thesis. University of Kufa, Faculty of Medicine,
Department of Microbiology.

Al-Shabbani, H. A., & Al-Azawi, I. H. (2022). The effect
and characterizations of silver nanoparticles on biofilm
formation in Pseudomonas aeruginosa isolated from
UTIs patients. International Journal of Health Sciences,

I 106 Al-Qadisiyah Medical Journal volume 20 Issue 2 June-December 2024



Shaimaa Shakir Jawad et al.

Qad.Med.J. 20(2): 100-107, 2024

35

36

37-

38

40-

43-

45-

46-

6(S4), 4645-4662.
v6nS4.9160.
Moghnieh, R. A., Kanafani, Z. A., Tabaja, H. Z., Sharara,
S. L, Awad, L. S., & Kanj, S. S. (2018). Epidemiology of
common resistant bacterial pathogens in the countries of
the Arab League. The lancet infectious diseases, 18(12),
e379-e394.

Thacharodi, A., & Lamont, I. L. (2022). Aminoglycoside-
Modifying Enzymes Are Sufficient to Make
Pseudomonas aeruginosa Clinically Resistant to Key
Antibiotics. Antibiotics, 11(7), 884.

Azim, N. S. A., Al-Harbi, M. A., Al-Zaban, M. I., Nofal,
M. Y., & Somily, A. M. (2019). Prevalence and Antibiotic
Susceptibility among Gram Negative Bacteria Isolated
from Intensive Care Units at a Tertiary Care Hospital in
Riyadh, Saudi Arabia. J. Pure Appl. Microbiol, 13, 201-
208.

Alnasser, A. H. A, Al-Tawfiq, J. A, Ahmed, H. A. A,
Algithami, S. M. H., Alhaddad, Z. M. A,, Rabiah, A. S. M.,
... & Alnasser, A. A. H. (2021). Public knowledge, attitude
and practice towards antibiotics use and antimicrobial
resistance in Saudi Arabia: A web-based cross-sectional
survey. Journal of Public Health Research, 10(4), jphr-
2021.

Hafiz, T. A, Bin Essa, E. A., Alharbi, S. R., Alyami, A. S,
Alkudmani, Z. S., Mubaraki, M. A,, ... & Alotaibi, F.
(2023). Epidemiological, Microbiological, and Clinical
Characteristics of  Multi-Resistant  Pseudomonas
aeruginosa Isolates in King Fahad Medical City,
Riyadh, Saudi Arabia. Tropical Medicine and Infectious
Disease, 8(4), 205.

Dakhl, Z. F,, & Alwan, S. K. (2015). Dissemination of
Aminoglycosides Resistance in Pseudomonas aeruginosa
Isolates in  Al-Diwaniya  Hospitals. International
Journal, 3(11), 376-384.

Abdul-Wahid, A. A. A, & Almohana, A. M. (2015).
Dissemination of Aminoglycosides Resistance in
Pseudomonas aeruginosa Isolates in Al-Nasseryia
Hospitals Pseudomonas aeruginosa, 2, 3.

Kim, C., Cha, J. Y,, Yan, H., Vakulenko, S. B., & Mobashery,
S. (2006). Hydrolysis of ATP by aminoglycoside
3’-phosphotransferases: an unexpected cost to bacteria
for harboring an antibiotic resistance enzyme. The
Journal of biological chemistry, 281(11), 6964—6969.
https://doi.org/10.1074/jbc.M513257200.

George, A. M., & Levy, S. B. (1983). Amplifiable
resistance to tetracycline, chloramphenicol, and other
antibiotics in Escherichia coli: involvement of a non-
plasmid-determined efflux of tetracycline. Journal of
Bacteriology, 155(2), 531-540.

Muller, C., Plésiat, P, & Jeannot, K. (2011). A two-
component regulatory system interconnects resistance
to polymyxins, aminoglycosides, fluoroquinolones, and
B-lactams in Pseudomonas aeruginosa. Antimicrobial
agents and chemotherapy, 55(3), 1211-1221.
Al-Wahid, A.A and Al-Azawi, |.H. (2020). Occurrence of
Plasmid-Mediated carbapenem Resistance genes among
Pseudomonas aeruginosa isolated from clinical and
hospital environmental samples in Al -Nasseryia city,
Iraq. 12. 4542. 10.31838/ijpr/2020.5P2.568.
Al-Azawi, I. H., & Al-Shabbani, H. A. (2022). Molecular

https://doi.org/10.53730/ijhs.

47-

study of quorum sensing and biofilm formation genes
in Pseudomonas aeruginosa isolated from UTIs patients.
International Journal of Health Sciences. 6.54: 12121-
12134.

Dhairh, S. H., & Al-Azawi, |. H. (2022). Comparative study
between standard pyocyanin and extracted pyocyanin
and synergistic with antibiotics against multidrug bacteria
isolated from different clinical samples. International
Journal of Health Sciences, 6(56),4320-4334. https://
doi.org/10.53730/ijhs.v6nS6.10274.

© 2024 AL-QADISIYAH MEDICAL JOURNAL, CoLLeGE oF MebpIcINE, UNIVERSITY OF AL-QADISIYAH 107 I



