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Abstract

The opportunistic multidrug resistance pathogen Pseudomonas aeruginosa has
one or several flagella, and the numbers of these sophisticated machines are
regulated by the flagellar regulator gene FleN. The flagellar hook gene FIgFE is
important for its synthesis, motility and tolerance to antibiotics. Bacteriahave
resistance to antibiotics, especially to cephalosporin beta-lactam antibiotics. For the
current study, 102 clinical specimens were collected and identified using routine
laboratory tests and confirmed by Vitek-2 compact system. A total of 33 isolates of
P aeruginosa were identified. The antibiotic susceptibility test was done by the
Vitek 2 Compact system. Flagellar gene detected by conventional PCR revealed that
the FleN gene existed in 26 (78.8%), of which fifteen isolates were MDR. Whereas
the FigE gene existed in 20 (60.6%), of which fourteen isolates were MDR bacteria.
The FleN gene expression in five isolates done by RT-qPCR revealed that four
isolates were down regulated, and one isolate was up regulated in FleN gene
expression when treated with ceftazidime at sub-MIC. While all isolates were
downregulated when treated with amikacin at sub-MIC.
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1. Introduction

The Gram-negative bacillus Pseudomonas aeruginosa is an opportunistic [1, 2], facultative
anaerobe [3], asporogenous bacteria that can appear individually or in short chains, and can
move by having one polar flagellum or several flagella. It can also produce multiple virulence
factors that are associated with both acute and chronic infections [4]. This pathogen lives in
both biotic and abiotic environments and can be isolated from a variety of sites which include
multiple nosocomial and life-threatening infections in patients with cystic fibrosis (CF
patients), burns, injuries, urinary tract infections (UTI), ear and respiratory infections [5]. Due
to its resistance to multiple drugs [7], it is regarded as a model for the emergence of
antimicrobial resistance [6], making it more challenging to eradicate and increasing the
incidence of persistent infections [6, 8].

Flagella are sophisticated biological macromolecular nanomachines, rotatable appendages
on the surface of bacteria that allow them to swim in liquid media and swarm on semi-solid
surfaces [9]. Pseudomonas’ flagella are referred to as polar flagella because they are found at
the cell’s pole [10]. The biosynthesis and functions of flagella are controlled by about 50
genes [11] whereas the number of flagella and chemotactic motility in P. aeruginosa are
controlled by the flagellar number regulator gene FleN. This gene encodes a protein that is
made up of 280 amino acids and belongs to the P-loop NTPase family which is essential for
preserving the number of flagella. Thus, this gene is critical for the establishment of the
monotrichous phenotype. Maintaining the typical number of flagella and their distribution is
crucial in motile bacterial species. This gene was found in significant amount in the majority
of the cells which showed a complete stoppage of flagellar assembly.

Under a light microscope, the mutant F/eN gene demonstrated tumbling, spinning and poor
swimming abilities [12], indicating a deficiency in motility and chemotactic abilities [13]. In
addition, the multiflagellate mutant outperforms its wild-type parent in terms of swarming.
FleN in P. aeruginosa was the first gene to be partially identified as influencing both the
number of flagellar filaments and motility in flagellated microbial species [12]. FleN inhibits
FleQ, the primary global transcriptional regulator of flagellar genes [14] and biofilm genes
[15, 16].

The bacterial flagellum is made up of a filament, a hook and a motor embedded in the cell
envelope. The motor is made up of two components: the stator and the rotor; the last are made
up of the switch complex and the basal body [17]. Pseudomonas aeruginosa’s flagellar hook,
from which the flagellar filament protrudes, is comprised of 120 or so single molecules of
flagellar hook protein E which is encoded by the flagellar hook gene FigE [18]. The flagellar
hook protein is known to be essential for flagellar synthesis and swimming motility [19].

FlgE modifications frequently cause structural abnormalities or deficiencies in a variety of
bacterial species since it is involved in filament elongation or construction [20]. The FigE
knock-out mutant’s biofilm cells exhibit increased tolerance to several antibiotics, whereas its
planktonic cells exhibit resistance that is comparable to the wild type [21]. Also, FigE mutant
cells have been observed to have a higher susceptibility to permeabilization than the wild type
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and get killed when exposed to innate immunity protein, the surfactant protein A. This finding
indicates that FIgE has a significant role in bacterial resistance to host defense mechanisms
[22]. However, it is worth noting that FigFE is a proinflammatory protein [18]. In some
instances, the absence of FIgE has been detected in P. aeruginosa PAK cells grown in mucus
[23]. The present study aimed to detect the relation between flagella genes and antibiotic
resistance and study the FleN gene expression in MDR isolates under sub-MIC stress.

2. Materials and Methods
e Samples Collection

During the period from October 2022 to February 2023, patients were referred to three
hospitals in Baghdad: Baghdad Medical City, Imam Ali (Jawader), and Martyr Sadr Hospitals,
where one hundred and two different specimens were collected. The specimens were collected
from wounds, burn wound swabs, mid-stream urine, ear swabs and sputum. Regarding swabs,
they were taken with sterile cotton swabs and placed in a sterile tube containing transport
media, then transferred to the laboratory.

e Isolation and Identification of Pseudomonas aeruginosa

specimens were grown on MacConkey agar (Lab/England) and aerobically incubated for
24 hours at 37°C. The developed pale non-lactose fermenter colonies were selected, cultivated
on Cetrimide agar (Himedia/ India), and also incubated in the same way. A single colony was
inoculated on Cetrimide medium to carry out Gram-stain, oxidase, and catalase tests that are
used for the identification of P. aeruginosa. The Vitek 2Compact system was tested using a
Gram-negative (GN) card which included 48 biochemical examinations to confirm the
bacterial isolate identification.

e Antibiotic Susceptibility Test

The antibiotic susceptibility test was performed by the Vitek 2-Compact system using the
AST-N204 card for P. aeruginosa. Susceptibility, resistance, and MIC determinations and
interpretations were automatically recorded for 33 clinical isolates.

e DNA Extraction

The DNA of 33 P. aeruginosa isolates was extracted via the EasyPure® Genomic DNA Kit
(Transgene®, China). Qubit 4.0 (ThermoFisherScientific®, USA) was utilized to estimate the
concentration of extracted DNA. The extracted DNA was stored at -20°C before use.

e PCRin Silico and Primer Binding Site

The reference genes (FleN and FIgE) were downloaded from GenBank as FASTA files. In the
current investigation, Geneious Prime was downloaded using bioinformatics software for
determining the proper annealing temperature and binding location for each pair of primers
employed in this research. Additionally, the primers were designed using the exact same
program and verified using a variety of online tools, primarily OligoAnalyzer from IDT
(Integrated DNA Technology).

e Detection of FleN and FIgE genes

The examined genes were amplified using conventional PCR. The primers sequences
are described in Table 1. A PCR mixture with a total volume of 25 microliters was prepared
which consisted of 1 microliter of forward primer (10pmol /ul) (Macrogen, Korea), 1
microliter of reverse primer (10pmol /ul) (Macrogen, Korea), 12.5 microliters of Master Mix
(New England Biolabs®,England), 3 microliters of template DNA, and 7.5 microliters of
Nuclease-free water (New England Biolabs®,England). The solution was well mixed and
vortexed to have homogeneous contents.
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Table 1: Primers used in this study.

. Product | Annealing
Primer Name Sequence Size (bp) | Temp. (°C) Reference
F 5-TTCGACGAAGAACTCCAGGTGCC-3°
FleN N N 175 58 Newly
R | 5-TGTAGGTGTCATCCCTTACGACGAGT-3 designed
F | 5-TGAACATCTGCGAGACGTCCGAG-3' in this
FlgE - - 153 59 study
R 5°-ACGTCACCGGCAACAACATCG-3
F 5-ACTCCTACGGGAGGCAGCAGT-3"
16S rRNA - - 198 50 [24]
R 5-TATTACCGCGGCTGCTGGC-3

e PCR program

The thermocycler was loaded with PCR reaction tubes filled with the mixture and DNA
was amplified as in the conditions indicated in Table 2. The temperature and time of the PCR
program were optimized by using gradient PCR.

Table 2: PCR amplification program for FleN and FIgE genes detection.

Step Temperature (°C) Time (Minute: Second) Cycles
Initial Denaturation 94 5:00
Denaturation 94 00:30
Annealing 58%,59P 00:45 30 X
Extension 72 00:45
Final Extension 72 7:00

FleN%and FlgE®

¢ Gene Expression

The effects of the most resistant antibiotics ceftazidime and amikacin on the gene
expression of FleN were examined in five isolates with the highest levels of resistance and
production of virulence factors. The bacterial cells were taken with and without ceftazidime
or amikacin at sub-MIC. Two milliliters of Mueller Hinton broth, both with and without
antibiotics at sub-MIC levels, were each added to 200 microliters of an overnight cultured
diluted bacterial suspension standardized to 0.5 McFarland standard solution (1.5x 108
CFU/ml) by using the Dens Check instrument [25].

RNA was extracted from P aeruginosa using TRIzol™ Reagent by following the
manufacturer's instructions. Qubit 4.0 was employed to estimate the purity and concentration
of the extracted RNA. cDNA was synthesized by utilizing the Protoscript cDNA synthesis kit
(New England Biolabs®, England), and the protocols were performed in a volume of 20pul.
Each of the mixtures contained 10 pl of Protoscript reaction mix, 5 plof the sample (purified
RNA), 2 pIM-MuLV enzyme, 2 pl of random primer, and 1 pl of nuclease-free water. The
real-time PCR program was then created utilizing the specified thermocycling technique
(Table 3).
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Table 3: g RT-PCR program

Cycle Step Temperature(°C) Time (Minute: Second) Cycles
Initial Denaturation 95 1:00
1
Denaturation 95 00:15
Annealing 584,507 00:30
40-45
Extension 60 00:30
Melt Curve 60-95 40 :00 1

FleN® and 16SrRNA®

¢ Gene Expression Calculation

The threshold cycle (Ct) was determined for each sample using the real-time cycler program.
The housekeeping gene (/6S rRNA) was used to standardize the expression data of the FleN
gene. The q-PCR products were analyzed using the Livak technique [26].

Relative quantification

Fold of expression = (2)4ACt

AACt = ACt treated (after treatment) - ACt control (before treatment)

ACt =Ct (for FleN gene)- Ct (for housekeeping gene)

e Statistical Analysis

For data entry and analysis, the Statistical Package for the Social Sciences (SPSS/ version 21,
Software, San Diego, California, USA) was used. The mean, percentage and standard
deviation of the mean were employed to summarize all the data. Continuous variables were
defined as means + standard deviation and categorical variables as absolute numbers and
percentages (%). In this cross-sectional study, Chi square test was utilized to determine the
significance level of the categorical variables. Cramér's V was used to detect the correlation
between the antibiotic-resistant and flagellar genes. P<0.05 was regarded as statistically
significant, while P<0.01 was regarded as extremely significant.

3. Results

From 102 bacterial specimens collected from patients referred to three hospitals in Baghdad,
33 (32.353%) were diagnosed as P. aeruginosa (Table 4), (54.55%) of isolates obtained from
burn swabs, (18.18%) wound swabs, (12.12%) from urine specimens, (12.12%) ear swabs,
and (3.3%) sputum specimens. On MacConkey agar, P. aeruginosa forms circular, mucoid,
and smooth pale colonies that had a sweaty grape odor. While bacterial colonies showed
greenish yellow on Cetrimide agar. Gram staining revealed that they were Gram-negative
bacilli. In addition, catalase and oxidase were positive. The Vitek 2-test indicated that all 33
isolates were confirmed P. aeruginosa.

Table 4: Isolation percentage of bacteria according to specimen source

Specimen source Positive n. (%) from 33 Isolates Positive n. (%) from 102 Specimens
Burn 18 (54.55%) (17.65 %)
Wound 6 (18.18%) (5.88%)
Urine 4 (12.12%) (3.92%)
Ear swab 4 (12.12%) (3.92%)
Sputum 1 (3.03%) (0.98%)
Total 33 (100%) (32.35%)
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All 33 P. aeruginosa isolates were examined via the VITEK 2-Compact system for antibiotic
susceptibility to nine distinct drugs from four different antimicrobial categories. The findings
were interpreted using the Clinical and Laboratory Standards Institute 2022 (CLSI)
guidelines. Antibiotic susceptibility patterns toward Cephalosporin class showed high
resistance compared with other antibiotics such as carbapenem, Aminoglycoside and
Fluoroquinolones class. For instance 81.8% were resistance rates for cefotaxime, ceftazidime
and cefepime. While the percentage of isolates resistant to carbapenems antibiotics imipenem
and meropenem was 63.6% and 62.5% respectively, concerning aminoglycoside antibiotic
resistance rates, P. aeruginosa isolates had a resistance rate of 54.5% and 51.5% for amikacin
and gentamicin respectively. P aeruginosa antibiotic susceptibility patterns toward
Fluoroquinolones class showed the lowest resistance, such as 42.4% resistance rates for
ciprofloxacin and norfloxacin.

0

%
. f
70 -
= 18 ] M Resistance
8 ME | AM _
= CTX |CAZ | CEF | IPM M| K GEN| CIP |NOR Intermediate
a

Resistance | 81.8|81.8 | 81.8|63.6| 62.5|54.5|51.5|42.4 42.4 W Sensitve

Intermediate| 0 0 0 303 0 0 0 0 0

Sensitve 18.2/18.2|18.2|36.4|37.5/45.5/48.5/57.6|57.6
Antibiotics

Figure 1: Antibiotic resistance frequency of P. aeruginosa isolates, Cefotaxime (CTX),
Ceftazidime (CAZ), Cefepime (CEF), Imipenem (IPM), Meropenem (MEM), Amikacin
(AMK), Gentamicin (GEN), Ciprofloxacin (CIP), and Norfloxacin (NOR).\

The results of conventional PCR for the P. aeruginosa flagellar genes FleN and FIgE,
which were detected in 33 isolates, indicated that the frequency of the present FleN gene was
26 (78.8%), of which fifteen isolates were MDR, whereas the FIgE gene was 20 (60.6%), of
which fourteen isolates were MDR bacteria.

The isolates' PCR products were displayed on an agarose gel, with the bands compared to a
DNA ladder size range of 100—-1517 bp as shown in Figure (2).

I, EV48 ¢80 6595 OEC 40 JE1E Nog I, SRR 851 oI g IRIE NI

(a) (b)
Figure 2: Visualization results of the amplification of (a) FigE and (b) FleN genes in P.
aeruginosa isolates were fractionated on 2% agarose gel electrophoresis stained with red safe.
L: 100 bp ladder marker. Lanes 3ZE-13E resemble 153 bp for (a) and 175 bp for (b) PCR
products.
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The statistical correlation between antibiotic resistance and the presence of the FleN and
FIgE genes in P. aeruginosa isolates is illustrated in Table 5.

Table S: Correlation between antibiotic resistant isolate and presence of FleN and FigE gene

Antibiotic Susceptibility
I, P- value
MDR Isolate Sensitive Isolate
Positive 15 (83.3%) 11 (73.3%)
FleN - 0.088 NS
Negative 3 (16.7%) 4 (26.7%)
Positive 14 (77.8%) 6 (40.0%)
FIgE - <0.001**
Negative 4 (22.2%) 9 (60.0%)

**Correlation is highly significant at the 0.01 level (1-tailed) and non-significant at 0.088

The expression of the FleN gene in five P. aeruginosa isolates was studied using the RT-
gPCR technique. Based on the findings presented in Table 6, four of these five isolates were
downregulated when treated with Ceftazidime at sub-MIC, and one isolate was upregulated.

Table 6: Effects of ceftazidime on gene expression

Sub Before Treatment with After Treatment with
Ceftazidime ceftazidime
'é‘:)'gtee '2’”3 '2’”3 Ctiof | Ct1of Ct2of | Ct2of AACt EXFOr'gS;‘;n
r‘nl?) r‘nl?) 165 | FleN | ACt 165 | FleN | ACt P
rRNA gene rRNA gene
45A | 128 | 64 | 1273 | 1462 | 180 | 987 | 1747 | 76 | 571 O'Olflv0375

38 B 128 64 13.68 | 1224 | -1.44 10.44 13.51 3.07 451 0.043889V

48C | 128 | 64 | 1503 | 1669 | 166 | 106 | 159 | 53 | 364 0'083214
440 | 128 | 64 | 91 | 1617 | 707 | 985 | 1537 | 552 | -1s5 | M

13 E 64 32 15.03 14.18 -0.85 12.82 14.42 1.6 245 0.183011V
*Red color indicates down regulation of gene expression, black color indicates up regulation
of gene expression

While the expression of the FleN gene in the same isolates was downregulated when treated
with Amikacin at sub-MIC (Table 7).

Table 7: Effects of amikacin on gene expression

Sub- Before Treatment with After Treatment with
solate | V1€ | mic Amikacin Amikacin Fold of
Code | (M9 (ug/ | CtLof | Ctlof Ct3of | Ct3of AACE | £y ression

mh | oy | 168 FleN | ACt | 16S | FleN | ACt
rRNA gene rRNA gene
45A | 64 | 32 | 1273 | 1462 | 189 | 1331 | 2803 | 1472 | 1283 | V0P
38B | 32 | 16 | 1368 | 1224 | -144 | 1306 | 2936 | 163 | 17.74 | “O000%F
48C | 32 | 16 | 1503 | 1660 | 166 | 1328 | 2775 | 1447 | 1281 | 00T
44D | 64 | 32 | 91 | 1617 | 7.07 | 1344 | 2883 | 1530 | 832 | O
13E | 64 | 32 | 1503 | 1418 | -085 | 696 | 17.66 | 107 | 1155 | *OO020

*Red color indicates down regulation of gene expression, black color indicates up regulation
of gene expression.
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4. Discussion

Out of 102 specimens collected from various clinical specimens, only 33 isolates were
identified as P. aeruginosa. The highest percentage of isolation was from burns (42%),
followed by 15% from wound swabs, 12% from urine specimens, 12% from ear swabs, and
9% from respiratory system specimens (sputum and bronchial washes) [27]. This result agrees
those of the study by Rashad et al.'s [27]. The high prevalence of P. aeruginosa isolates was
available in burns due to the fact that burn patients are more susceptible to opportunistic
bacterial colonization than others [28]. The bacterial colonies on MacConkey agar appeared
pale yellow since they had not fermented lactose. Pseudomonas were grown on cetrimide
agar, a selective medium for this bacterium since P. aeruginosa can withstand cetrimide
material, which is toxic to other bacteria [29]. The cultural characteristics and microscopic
examination results agree with those reported by AL-Rubayeet al. [30].

The Vitek 2 test demonstrated that 33 isolates had up to a 97% probability of P

aeruginosa. It was previously demonstrated that the Vitek 2 diagnostic approach is faster and
less labor-intensive than traditional biochemical methods[ 31]. The outcome of this study
aligned with previous research by Z. M. Jaafar et al. [32].
The findings of the antibiotic susceptibility test in the present study showed resistance to
ceftazidime which matches the results of Khosravi and Mihanion's research in Ahawaz, Iran
(81%) [33], and to cefotaxime which is identical to the results of the Iraqi study by Alkhulaifi
and Mohammed (81%) [34]. The result of this study was in contrast to Sweedan's findings
who reported that P. aeruginosa isolates had the highest sensitivity rate against cefotaxime,
thus showing a high considered difference [35]. While cefepime resistance was close with the
results of one of the aforementioned local study, which was (80.3%).

The elevated resistance of P. aeruginosa isolates to cephalosporin category could be
attributed to the breaking down of the B-lactam ring which interferes with the structure of
antibiotics and inactivates them through the formation of B-lactamase enzymes. This is
accomplished through plasmid-mediated mechanisms or by lowering membrane permeability
to antibacterial drugs [36].

The results of resistance to carbapenems antibiotics agreed with those of Shilba et al. [37]
who observed resistance to imipenem and meropenem of being 58.33% and 66.67%
respectively .The results, however, disagree with Al-Shwaikh [38] who discovered that all P,
aeruginosa isolates were 100% sensitive to imipenem. Also, the current study findings are not
compatible with those of AL-Khazali [39] who discovered that P. aeruginosa isolated has low
resistance to imipenem (42.1%), and that differs from Gailiene et al. [40].

Carbapenem resistance mechanisms have appeared due to the pressure of carbapenem
used in clinical settings, and they can be classified as enzymatic, mediated by carbapenemases
(beta-lactamases that hydrolyze carbapenems and other beta-lactams), or non-enzymatic.
Carbapenem resistance, on the other hand, occurs commonly as a result of the coexistence of
many mechanisms [41].

This study showed that P. aeruginosa isolates had a moderate resistance level against
aminoglycosides, conflicting with the redaction resistance rate obtained by Al-Shamari and
Al-Khteeb [42] who observed that the level of bacteria resistance to amikacin and gentamicin
was 25% and 31.3% respectively.

The modification of target binding sites on the 16S ribosomal RNA by RNA
methyltransferases can confer resistance to aminoglycosides, except for streptomycin. This
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pathway is capable of producing significant levels of resistance to all other types of
aminoglycosides [43].

The results revealed that although P aeruginosa isolates have minimal resistance to

Fluoroquinolone antibiotics which are still higher than the resistance rates of ciprofloxacin
(20%) and norfloxacin (16.7%), according to Fadhel Abbet al.'s results [44].
Resistance to fluoroquinolones emerged in P. aeruginosa through a variety of mechanisms,
including mutations in the genes encoding bacterial DNA topoisomerase II and topoisomerase
IV which is a primary cause of fluoroquinolone resistance in P. aeruginosa isolates. At the
same time, overexpression of active efflux systems can diminish membrane permeability.
Additionally, it has been discovered that plasmids carrying the extended-spectrum beta-
lactamase (ESBL) gene can also carry the quinolone resistance gene which may explain the
high level of quinolone resistance in ESBL-producing strains [45].

The results of conventional PCR for the FleN gene indicated that gene percentage in
clinically isolated specimens was 78.8%. Whilst the result showed that the FIgE gene
percentage in clinically isolated specimens was 60.6%. Although many studies have been
done about the FleN and FiIgE genes in P. aeruginosa, no single study has used conventional
PCR to detect the frequency of these genes in clinical isolates.

The statistical correlation between antibiotic resistance and the presence of the FleN gene in
P aeruginosa isolates revealed a non-significant correlation. In P. aeruginosa deletion of
FleN is associated with the formation of multiple polar flagella. The multiflagellate mutant
has a better capacity for swarming [12]. Swarming is associated with increased antibiotic
resistance to different antibiotics [46].

Whereas a highly significant relationship is present between antibiotic resistance and the
presence of the FIGE gene. Previous research has shown for the first time that the flagellar
hook protein FIgE is involved in improved biofilm resistance of P. aeruginosa to many
antibiotics.

The results highlighted in Table 6 reveal that four isolates were downregulated in FleN gene
expression when treated with ceftazidime at sub-MIC, whereas one isolate was upregulated.
There are insufficient studies to support treatment with ceftazidime at sub-MIC. While the
treatment with amikacin in Table 7 downregulated the gene expression of the FleN gene in all
five isolates. The current study also agrees with a previous study that treated P. aeruginosa
with amikacin and other antibiotics at MIC and MBC and found that the gene expression of
the FleN gene was downregulated in all isolates [47]. Mutations in the promoter region occur
under antibiotic stress which affects the expression rates of target genes [48]. Significantly
reduced expression of FleN has crucial regulatory effects as a flagellar regulon regulator.
Significantly reduced expression of FleN has crucial regulatory effects as a flagellar regulon
regulator. The results indicated a reduction in flagella-related motility. Flagellated cell
decrease may potentially impair P. aeruginosa virulence via its association with invasive
virulence [49].

5. Conclusions

Our study concluded that flagellar genes (FleN and FIgE) were present in most clinically
isolated P. aeruginosa in different percentages. The statistical analysis revealed a significant
correlation between antibiotic resistance and the FIgE gene and vice versa with the F/eN gene.
The FleN gene expression was downregulated by the sub-MIC of ceftazidime and amikacin
stress in all isolates, except one isolate that was upregulated via the ceftazidime sub-MIC.
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