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ABSTRACT

The rapid development of Acinetobacter baumannii resistant to almost all
antibiotics even Colistin was making these bacteria a significant public health
problem. This study aimed to determine the role of ades gene of RND-efflux
pump, and it is a correlation with levofloxacin resistance in Acinetobacter
baumannii. A total of 130 bacterial isolates were collected from patients
admitted to Baghdad hospitals. Isolates were identified biochemically and
conformed with Vitec 2 compact system, and only 70 isolates were confirmed as
Acinetobacter baumannii. The Disc diffusion method for 8 types of antibiotics
was used in this study to determine the antibiotics susceptibility for all isolate of
A.baumannii. The results of antibiotics susceptibility test showed that the
bacterium was resistance to Amikacin in percentage (61.42%). While it is
resistant to Trimethoprim was (88.57%) followed by Piperacillin, Cefepime
(82.85%), (71.42%) respectively. On the other hand, the resistance to
Tetracycline, Ampicillin-sulbactam, Imipenem and levofloxacin was (47.14%),
(61.42%), (54.28%), (51.42%) respectively. In addition, only 15 isolates were
selected to determine the minimum inhibitory concentration of levofloxacin, and
these 15 isolates were chosen because they were resistant to most of the
antibiotics tested and it is MIC to Levofloxacin was ranging between 64 pg/100 ul
to 128 pg/100 pl. Real-time PCR was used to determine the relative expression
of adeJ gene of RND-adelJK and its correlation with levofloxacin resistance in
A.baumannii. The result shows the relative mean of adeJ was 3.1 for resistance
group before exposing to levofloxacin and was 7.20 for resistance A.baumannii
after exposing to levofloxacin and show significant difference (P=0.039). This
study indicates that AdeJ has a role in providing resistance to levofloxacin .In
addition; the overexpression of adeJ may be one of the reasons contributing to
Resistance to a wide variety of antibiotics.

INTRODUCTION

Acinetobacter spp. is gram-negative, as well as it is non-
fastidious, purely aerobic bacteria, coccobacilli, non-
fermenting typically occur in diploid-formation or
different-length chains. They are non-motile, oxidase-
negative and catalase-positive (1). Acinetobacter spp.
appears as a nosocomial pathogen with the capability to
cause diseases such as Clinical infections, particularly
wound infections, pneumonia and catheter-related
bacteremia. Acinetobacter baumannii is the most
prevalent of the different species that cause infection
medically and epidemiologically, and it is the main
pathogen with mortality rate reaches 60% in patients (2),
3).

The resistance against multiple antibiotics needs to be
understood, as well as successful controlling dependent
on them is necessary. Research has displayed that efflux
pumps perform a significant role in the evolution of drug
resistance (4). A.baumannii, possess various antibiotic
resistance mechanisms among of which the antibiotics
outflow pump, which is a transport located in the
cytoplasmic membrane of bacteria. It is a mechanism
responsible for removing antibiotics from the bacterial
cell by using his body. In the case of overexpressed of the
antibiotics effluent pump, the antibiotics in bacteria
decreases, resulting in drug resistance (3).

At least five families of efflux pumps have been classified
in A.baumannii based on their phylogeny. These efflux
pumps can generally assist in the evolution of
antibiotic-resistant strains by reducing the antibiotic
concentration inside the bacterial cell (5).Resistance
nodulation cell division is one of the efflux pumps found
in Acinetobacter baumannii and play an essential role in
assisting bacteria in fighting antibiotics. Three RND
systems have been overexpressed with multidrug
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resistance Acinetobacter baumannii (6). The first system
is AdeABC; provide resistance to chloramphenicol,
tetracyclines, trimethoprim, fluoroquinolones, and
aminoglycosides such as gentamicin (7). The second RND
pump system is AdeFGH genes, with resistance to
lincosamides such as clindamycin, tetracyclines, and
chloramphenicol fluoroquinolones such as ciprofloxacin,
trimethoprim (6).

While Adel]K, pump express resistance to a number of
antibiotics such as trimethoprim, erythromycin,
tetracyclines, B-lactams such as Imipenem,
fluoroquinolones, chloramphenicol (8).

METHODS

The ethical committee of Collage of Science University of
Baghdad approved the study (CSEC/0121/0010) in
which About 130 bacterial isolates were collected from
patients who admitted to the educational laboratory of
the medical city, the burn center of al Yarmouk hospital
and Adnan Hospital in the City of Medicine from a period
started from April 2020 to November 2020. All bacterial
isolates were identified by using a biochemical test, and
the results of identification were confirmed by using the
Vitek 2 system as well as by selective synthetic media
(CHROMagar).
The antibiotic
baumannii:
This test was performed by Disk diffusion method
according to the guideline of CLSI (2020). This was
conducted on eight antibiotics, including one antibiotic
from each group (Levofloxacin, Trimethoprim, Imipenem,
Amikacin, Piperacillin, Ampicillin-sulbactam, Cefepime
and Tetracycline). the results were interpreted
depending on guideline of CLSI (2020).

susceptibility of Acinetobacter
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Minimum Inhibitory Concentration (MIC):

MIC (Minimum Inhibitory Concentration) was used to
determine the minimum concentration of levofloxacin
that able to stop the growth of bacteria. MIC was
determined by wusing broth Microdilution method
according to guidelines of CLSI (2020), with different
concentration of levofloxacin (2ug/100 pl, 4 pug/100 pl, 8
ug/100 pl, 16 pg/100 pl, 32 pg/100 pl, 64 pg/100 pl, 128
pug/100 pl and 256 pg/100 pl). The results were
interpreted after 18 hours of incubation at 37C°
depending on guideline of CLSI (2020).

GenomicDNA extraction:

WizPrep gDNA Mini Kit was used to extract DNA from
Acinetobacter baumannii. Silica membrane technology
was used by this kit to complete the tedious steps and
provide an easy, reliable way to efficiently extract DNA
with high precision and less time.

Detection of RND efflux pumps genes by PCR:

One primer was used to detect the presence of ade/ gene
of adel]K-RND pump in Acinetobacter baumannii Table
(1.1). The primer was designed by using (prime3
https://primer3.ut.ee/) and manufactured by alphaDNA
Company in (Canada).

Table 1.1. The Primer sequence used in this study.

Primer sequence 5'-3'

F GTGATGCCATGAAAGCAATG
Ade]
R TTGCACCAATGACACCAAGT
R2 TTGAGCACCAGACTCACGTT
F AAATCTGCCCGTGTCGTTGGT
gyrA
R GCCATACCTACGGCGATACC

Amplification of AdeJ gene:

The Detection was performed in DNA template extracted
from A. baumannii by amplifying ade/ gene, by using a
reaction mixture with a volume of 25 pl, The PCR reaction
was carried out using 12pl of Go Tag Green Master Mix
and mixed with 1pl from forward primer and 1pl from
revers primer, then 3l of DNA was added to the mixture,
and the mixture was completed to 25ul by addition 6.5 pl
of nuclease-free water. The PCR reaction was carried out
in MyGenie 96/384 Gradient Thermal Block
(Bioneer/Korea). The amplification of ade/ gene was
started with one cycle of denaturation step at 95C for 5
minutes in order to activate the enzyme. Followed by 35
cycles of denaturation at 95 C for 30 seconds for each
step, after denaturation, the reaction mixture was entered
to 35 cycles of annealing step with the annealing
temperature 58C for ade] gene for 30 seconds, and this
step was followed with 35 cycles of elongation step at
72C for a minute, and finally, the reaction ended with one
cycle of final extension at 72°C for 5 min. PCR products
were electrophoresed in 2 grams of agarose dissolved in
100ml of 1X TBE buffer. Gel electrophoresis was
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Product size References

237 bp
This study
130 bp
(Hujer, Kristine M et
344bP al. 2006)

performed to ensure the primers set were successfully
amplifying the target genes.

Total RNA extraction with TRIzol:

TRIzol manufactured by (TransGen Biotech) was used to
extract total RNA. The extraction was carried out by using
the protocol provided by the manufactured company.
CDNA synthesis from mRNA:

mRNA is rapidly and easily degraded during use; it is
important to convert mRNA to complementary DNA. It is
also difficult to handle mRNA in the laboratory. The
EasyScript® One-Step gDNA Elimination and CDNA
Synthesis SuperMix was used to reverse the mRNA to
complementary DNA. This was performed by mixing 10ul
of EasyScript RT/RI enzyme, 1pl of Genomic cDNA
remover, OligdT (1ul), Random primers (1ul) and 5ul of
total RNA finally the volume was completed to 20pul by
addition 2pl of nuclease free water. After the mixture was
prepared was converted into cDNA by using congenital
PCR.
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Quantitative Real-Time PCR (qQRT-PCR):

The level of expression of the RND-Ade/ genes suspected
to be associated with levofloxacin resistance in
A.baumannii was calculated using RT-PCR. QPCR software
was used to perform the determination of genes
expression by using SYBR Green as fluorescence dye and
this was done with using Corbett Real-time PCR System.
All reactions with RT-PCR were achieved in duplicate and
included a negative amplification control (NAC), negative
DNA control (NTC) and negative primer control (NPC) as
negative controls. The sequence of the primers for ade/
gene were designed by using (https://primer3.ut.ee/)
and synthesized by AlphaDNA Ltd (Canada) and stored
lyophilized at (-20°C). In addition, the housekeeping gene
was obtained from the article of Kristine (9) and used as
an internal control for determining Delta CT (Table 1.2)
as well as sensitive strain of A. baumannii was used as a
calibrator for determining Delta Delta CT. The gene
expression levels were calculated by measuring the
threshold cycle (Ct).

RESULTS

Using a biochemical examination, all bacterial isolates
were identified, and the findings revealed that only 70
bacterial isolates were identified as Acinetobacter
baumannii out of 130 bacterial isolates, based on the
biochemical test results showing negative results for
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indol and oxidase. While Simmon citrate was positive at
the same time, the results were confirmed by the Vitek 2
device and the results were also confirmed using
selective synthetic media (CHROMagar).

The antibiotic susceptibility of Acinetobacter
baumannii:

The rapid evolution of Acinetobacter baumannii to
become extensively drug-resistant and multidrug-
resistant is thought to be a critical curative challenge that
can be explained by many theories; one of them is the
inappropriate use of antibiotics, in addition to the
widespread use of antibiotics, and this make these
bacteria were, therefore, the object of the researchers'
attention. Disk diffusion method was used to determine
the susceptibility test of Acinetobacter baumannii. In this
experiment, the Acinetobacter baumannii susceptibility
test for eight antibiotics was conducted, and the
A.baumannii revealed that these bacteria were resistant
to Amikacin in percentage (61.42%). While Trimethoprim
resistant was (88.57%) followed by Cefepime,
Piperacillin is (82.85%) (71.42%) respectively. In
addition, it is resistance to Ampicillin-sulbactam,
Levofloxacin, and Imipenem was (61.42%), (51.42%),
(54.28%) respectively. Whereas Tetracycline resistance
was (47.14 %). The results of antibiotic resistance were
shown in figure (3.7).
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Figure 3. 1 Antibiotic susceptibility of A. baumannii. Amikacin (AK), Piperacillin (PI), Imipenem (IPM), Tetracycline
(TE), Ampicillin-Sulbactam (A/S), Cefepime (CPM), Trimethoprim-Sulfamethoxazole (TR) and Levofloxacin (LE).

Molecular detection of RND-Efflux pump:

Molecular detection was conducted on 70 isolates of A.
baumannii by using a conventional PCR technique. The
result obtained revealed the existence of Ade/ in all 70
isolates of A. baumannii. After amplification, the gel
electrophoresis was used to detect the PCR product and
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screened with UV-light. The pictures taken after UV-Light
screening showed that the product size was for AdeJ and
(222). Figure (1.5) shows the presence of AdeJ gene. The
obtained result about the presence of the ade] in all strain
of A.baumannii was agree with the work of Bily (10).
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Figure 1.3 Detection the presence of ade/ in A.baumannii by using gel electrophoresis after amplification the genes with
conventional PCR program.

Determination of MIC:

The purpose of determining the MIC of Levofloxacin is to
be exposing 15 bacterial isolates under the pressure of
Levofloxacin to analyze the correlation between the
tolerance of bacterial isolates to Levofloxacin and Ade/
through the use of Real-Time Quantitative PCR by
determining the gene expression of this gene. Five
sensitive bacterial isolates and five resistance bacterial
isolates were exposed to different concentrations of

Levofloxacin ~ (256/100ul, 128/100ul, 64/100y],
32/100ul, 16/100yul, 8/100pl, 4/100pul and 2/100ul) and
result showed that all five sensitive bacterial isolates
were died after exposure to (4/100ul) concentration of
Levofloxacin. While some resistance A.baumannii was
resistance to the Levofloxacin with a concentration of
(128/100pl) while other with concentration (64/100ul)
as shown in figure (1.6), and Vitek 2 system was used to
ensure the correct determination of MIC.

Figure 1.3 Microdilution plate show the growth of some A.baumannii was inhibited at concentration 128/100pl, 64/100ul
and 32/100ul while sensitive A.baumannii was inhibited at concentration 2/100pl.

Determination of gene expression for AdelJK genes by
using real-time PCR:

The ade] expression level of the study was measured by
real-time RT-PCR and sensitive A. baumannii was used as
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a calibrator. As a result, the expression level of resistance
A. baumannii before exposure to levofloxacin was 3.1, and
for resistance A.baumannii after exposure to levofloxacin
was 7.20. There was a statistically significant difference
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(P=0.03) in the mean gene expression of ade] between the
resistance A. baumannii before exposure and resistance
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Before

A.baumannii after exposure to levofloxacin. As shown in
figure (1.3).

P=0.039

After

Figure 1. 3 The relative expression level for ade] was determined by real time PCR for resistance strain before exposer to the
levofloxacin and after exposure to the levofloxacin. Sensitive strain was used as calibrator.

DISCUSSION

The rapid development of this bacterium to resist most
antibiotics made it the focus of researchers' attention,
which prompted us to study one of the efflux pump genes
(Ade] of adelJK- RND pump) and try to find out the role of
this gene in the formation of resistance to levofloxacin.
Because there is no article study the role of this gene with
levofloxacin which prompted us to figure out what is the
relation of this gene with levofloxacin resistance. In
addition, 130 isolates were collected from hospitalized
patients, as well as from burns and wound surfaces, and
they were diagnosed Biochemically and were confirmed
with Vitec II system and chrome agar. That 20 bacteria
were resistant to all tested antibiotics, including
levofloxacin, which prompted us to calculate the
minimum inhibitory concentration for levofloxacin, and
the results showed that the bacteria were resistant to a
concentration ranging between 64/100ul to 128/100ul. A
real-time PCR was used to measure the gene expression
for this gene. The results showed that the bacteria
resistant to levofloxacin before exposure to this antibiotic
were 3.17, but after exposure to this antibiotic, the
expression level increased to 7.21 and the p-value was
0.039, and this indicates that the gene has a role in
providing resistance to levofloxacin.
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