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ABSTRACT

Klebsiella pneumoniae is responsible for a variety of disease in hospitalized patients. The goal of
this study was to determine that K. pneumoniae isolates possessed toxin-antitoxin II genes such
as relE and relB. Other than that, if there was a correlation between the expression of these two
genes and antibiotic resistance in K. pneumoniae. Fifty-seven urine samples were collected
from Baghdads’ hospitals; diagnosed and identified by phenotype and biochemical tests and
confirmed with VITEK 2 compact system. Only fifteen isolates which were identified as
Klebsiella pneumoniae. Antibiotic sensitivity was identified by using twelve antibiotics discs. K.
pneumoniae showed 100% resistance to ceftriaxone, amoxicillin, ticarcillin, ticarcillin with
clavulanic acid, ceftazidime, tetracycline, while other antibiotics showed less percent of
resistant. Minimum inhibitory concentrations (MICs) of antibiotics detected by using macro
tube dilution method to identify the antimicrobial activity for K. pneumoniae. The MIC of
gentamicin and doxycycline antibiotics was 1024 Mg/ml, 512 Mg/ml, respectively. The relB
(115 bp), and relE (136 pb) genes were detected by polymerase chain reaction. Then gene
expression of relB and relE was conducted by using (RT-qPCR) technique treated with sub-
MIC concentration of (gentamicin and doxycycline) antibiotics. This study found only ten
isolates harbored the two genes. The relB gene expression was increased, but at the same time
relE gene expression was decreased compared to control infB1 gene expression. This means
the bacterial cell tolerance antibiotics sub-MIC concentrations by maintaining the number of
bacteria under stress of antibiotics. Finally, these findings suggest the potential of relB to make
K. pneumoniae resistant to antibiotics in their infections under antibiotic stress by the toxin-
antitoxin II system.

INTRODUCTION

Klebsiella pneumoniae is a bacterial pathogen of major importance that causes a variety of
disease manifestations in hospitalized patients [1]. K. pneumoniae is rapidly generating
multidrug resistance (MDR), posing a severe hazard to patients due to a higher
mortality rate and lower therapeutic efficiency. K. pneumoniae can develop antibiotic
resistance more rapidly than other bacteria due to the production of enzymes such as
extended-spectrum f-lactamases (ESBLs) and carbapenemase [2-4]. Exposure to
antibiotics is a major risk factor for developing antibiotic resistance in bacteria. The
extensive and prolonged use of antibiotics is a crucial factor in the development of
resistance in bacteria for diseases associated with healthcare. [5].

A toxin-antitoxin (TA) system is a group of two or more tightly related genes of a
protein that encode a poison and a cure. In the conventional physiology of bacteria, an
antitoxin attaches to a toxin and neutralizes it, preventing the bacterium from killing
itself. This system consists of two genes in an operon, one of which produces a stable
toxin and the other of which produces a less stable antitoxin [6].
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The frequency of toxins-antitoxins system especially type II in bacteria, as well as their
involvement in their pathogenicity, biofilm formation, and bacteriophage resistance in
these bacteria which have toxin-antitoxin II system. The biological activities of these
systems have many functions, including roles in antibiotic resistance and bacterial
persistence [7].

This study aimed to determine whether or not K. pneumoniae isolates possessed toxins-
antitoxins II genes such as relE and relB. Other than that, if there was a correlation
between the expression of these two genes and antibiotic resistance in K. pneumoniae

MATERIALS AND METHODS
Bacterial isolation and identification

Fifteen K. pneumoniae were identified from fifty-seven samples of urine from patients by
phenotyping and biochemical tests. The plates of MacConkey agar and blood agar were
streaked with urine and then incubated at 37°C overnight. The bacteria showed pink
colonies on MacConkey agar because of lactose fermentation. K. pneumoniae isolates
showed the positive result for the Simmon citrate test indole test [8]. Then confirmation
of identification was done by VITEK 2 Compact system.

Antibiotics sensitivity test

Resistant of isolates was determined using the disc’s technique [9] to twelve different
antibiotics discs  (Bioanalyse/Turkey): Ceftazidime(30ug), ceftriaxne (30ug),
imipenem(10pg), amoxicillin  (30upg), ciprofloxacin (10ug), ticarcillin (10pg),
ticarcillin/clavulanic acid (75 pg /10ug), kanamycin(l0pg), gentamicin (10ug)
nitrofurantion (30ug), tetracycline(30ug), and doxycyciline (30ug). The isolated colony
was cultured on nutrient broth overnight. Then it was cultured on Muller-Hinton agar
after being diluted to 1.5x108 (cell/ml). Discs of antibiotics were fixed on the cultured
plates by sterile forceps. After that, the plate was incubated at 37°C overnight. Then the
results were compared with CLSI data in 2019 [10].

Antibiotic minimum inhibitory concentrations (MIC)

Isolates were tested for sensitivity by using the macro dilution broth assay, which was
used to estimate the MIC of two antibiotics (doxycycline and gentamicin) for K.
pneumoniae [9]. After dilution to 1.5x108 (cell/ml), bacteria were inoculated on Mueller-
Hinton broth using a sterile loop, and antibiotics with double serial concentrations were
administered to the medium. Then the medium was incubated for 24 hours at 37°C. The
results of MIC value were the first clear test tube after turbid tubes.

PCR analysis

Thermal lysis and centrifugation method at 4°C for 30 seconds at 9,000 rpm were used
to extract bacterial DNA. Nanodrop was used to assess the DNA content of the
supernatant. Each step was completed in a final volume of 25 ul, by using 12.5 ul
master mix, 1.5 ul primers and 100 ng DNA plus nuclease-free water. PCR
amplification was used to identify relE and relB as previously described. The step of
initial denaturation was done for 5 minutes at 95°C, while denaturation at 95°C for 30
sec. Then annealing was done at 62°C with the same time of previous step. After that
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the step of final extension was prepared at 72°C for 30 sec. Electrophoresis on 1.5% (w/v)
agarose gel in tris acetate-EDTA (TBE) buffer resolved all PCR-amplified products. The
samples were run at 100 V/Amp. for around 75 minutes. Using a conventional
ultraviolet-light transilluminator, the specified products were detected following
ethidium bromide staining [11]. The study genes were amplified with specific primers
(Macrogen, USA) for relE: F-GCACTAAAGGAATGGCGAAAG, R-
GGAGCTTGTTTGCTITCAATCC;,  relB:  F-AATGGGCGTAACTCCTTCTIG, R-
CACAAGTTCAGCATCTTCATCAG; and infB1: F-CTCGCTGCTGGACTATATTCG, R-
CGCTTTCAGCTCAAGAACTTC.

The same steps and conditions of PCR were used to investigate some toxin-antitoxin
type II genes (relE and relB) and housekeeping genes. [12].

Gene expression of relE and relB genes by using Pfaffi method

The concentration of extracted RNA was measured using a Quantus Fluorometer to
determine sample quality for downstream applications [13]. 199 pl of diluted quantus
flour dye was combined with 1 pl of RNA. RNA concentrations were measured after a
5-minute incubation period at room temperature in a dark environment. Macrogen
Company provided the primers in lyophilized form. As a stock solution, lyophilized
primers were dissolved in nuclease-free water to a final concentration of 100 pmol/pl.
10 pl of primer stock solution was mixed with 90 ul of nuclease-free water.

RNA was isolated from K. pneumoniae using trizol reagent (Promega, USA) as described
in the protocol by the manufacturer. Gene expression of toxin-antitoxin genes was
measured via the relative (RT-qPCR) technique. The same conditions and program as
performed previously by one-step real-time PCR with use the same primer sets of
genes. The infB1 was used as housekeeping primer in real-time PCR with the same
program steps but the annealing temperature was 50°C.

The gene expression was achieved with two positive isolates for these genes. And
control isolate of K. pneumoniae without antibiotics treatment. Then analysis gene
expression was calculated by using Pfaffi method for relative quantification as
described previously [14, 15].

Folding change = 2-4ACT
ACT=CT (gene) = CT (House Keeping gene)
AACT = ACT (Treated) = ACT (Control)

RESULTS
Effect of antibiotics on K. pneumoniae

Fifteen K. pneumoniae were evaluated for antibiotic susceptibility to a variety of
antibiotic types. K. pneumoniae isolates were 100 % resistant to ceftriaxone, amoxicillin,
ticarcillin, ticarcillin with clavulanic acid, ceftazidime, and tetracycline, as shown in
Figure 1. While ciprofloxacin and nitrofurantoin showed intermediate resistance (75%).
While all isolates were sensitive to imipinem (94.6%) and only 6.4% were resitant to it.
But doxycycline and gentamicin showed 67.7% of resistant isolates, and 32.3% of
intermediate and persistent were sensitive. But in amikacin 35% of the isolates were
sensitive and 25% were intermediate, and 40% were resistant.
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Figure 1. Results of antibiotic sensitivity test percent for K. pneumoniae isolates 1: Amoxicillin, 2: Cefitrixone, 3:
Ticarcillin, 4: Ticarcillin/Clavulanic acid, 5: Ceftazidim, 6: Tetracycline, 7: Ciprofloxcin, 8: Nitrofurantoin, 9:
Gentamicin, 10: Doxycycline ,11: Imipenem, 12: Amikacin.

Antibiotic minimum inhibitory concentrations

The macro tube dilution method was used to estimate the MIC for two antibiotics
(doxycycline and gentamicin), when the first clear tube after serial of turbid tubes. The
MICs value were 256 pg/ml for doxycycline and 1024 pg/ml for gentamicin as shows in
Table 1.

Table 1. MICs value of antibiotics in K. pneumoniae

Antibiotics MICs (pg/ml)
Gentamicin 1024
Doxycycline 256

Prevalence of relE and relB genes in the isolates

The prevalence of these genes in ten isolates is shown in Figure 2 and Figure 3. The
results showed that only ten isolates were positive with products 136bp (relE) and
115bp (relB)) when 67 % of isolates have two genes relE and relB.

These results also confirmed the simultaneous presence of the toxin and antitoxin genes,

as these genes are interrelated to neutralize the effect of the toxin on bacterial cells and
prevent bacterial death.

Figure 2. Results of the amplification of relE (136 bp.) on 1.5% agarose gel electrophoresis stained with
Ethidium Bromide at 100 volts/Amp for 75 min, M: 100bp Marker.
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Figure 3. Results of the amplification of relB (115 bp.) on 1.5% agarose gel electrophoresis stained with
Ethidium Bromide at 100 volts/Amp for 75 min, M: 100bp Marker.

Effect of antibiotics on the expression of relE, and relB genes

The results showed that RNA concentrations ranged from 31, 29, and 25 ng/ml in an
untreated isolate (K2) to 26, 5, and 11 ng/ml in isolates treated with antibiotics with sub-
MICs (doxycycline and gentamicin). The expression of the gene was detected by using
RT- gPCR using specific primer (housekeeping gene of infBl). The amplification
accuracy of gene products was noticed by the value of cycle threshold (Ct), as shown in
Figure 3.

Due to the increasing incidence of novel resistant strains, it is critical to find inhibitors
targeting K. pneumoniae to prevent infection by adopting alternate therapeutic strategies.
The gene expression of relE and relB was studied after being treated with sub-MIC
antibiotics. The data in Figures 4-6 showed that the relB gene was upregulated in
treated isolates. The fold change in copy numbers between 8.4 and 15.2 was more than
sixfold greater than the control. When reaching (0.7 to 0.9) copy numbers for relE gene
in Figure 7.
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Figure 4. Ct value of infBI in K. pneumoniae for treated and without treated with sub-MIC of antibiotics
(doxycycline and gentamicin) as control.
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Figure 5. Ct value of relB in K. pneumoniae for treated and without treated with sub-MIC of antibiotics
(doxycycline and gentamicin).
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Figure 6. Ct value of relE in K. pneumoniae for treated and without treated with sub-MIC of antibiotics
(doxycycline and gentamicin).
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Figure 7. Fold changes in expression of relB and relE in K. pneumoniae isolate which treated with sub-MIC
(doxycycline and gentamicin) antibiotics.
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DISCUSSION

K. pneumoniae is considered one of the most important bacteria because it causes many
lethal diseases in the world. This study found that fifteen K. pneumoniae isolates were
antibiotic resistant, with each isolate displaying a varied percentage of resistance. In
another study from 801 samples, 580 were urine whereas, 221 were pus and sputum.
Samples were collected from patients between 6 months to 90 years of both sexes [16].
Ten K. pneumoniae were isolated from urine and this outcome closely resembles the
findings of the present study. They were 100% resistant to ampicillin; 70% to cefazoline,
nitrofurantoin, and ofloxacin; 90% to cefotaxime and ceftriaxone; and 80% to
ceftazidime. Imipenem followed by amikacin was the most effective antibiotic [17].

The genes relE and relB are type of toxin-antitoxin system type II and they are involved
in antibiotics resistance [18]. Although 10 isolates harbored two genes from fifteen
isolates, many studies mentioned that K. pneumoniae had these genes. Two hundred and
twelve putative type II TA loci were identified in 30 replicons of these K. pneumoniae
strains [19]. These results agree that the MIC concentration of the garlic extract can
enhance the expression of the antitoxin gene since the bacteria preserve their numbers
from death (programmed cell death) through decreasing gene expression of the toxin.
This explains the possibility of using higher concentrations of MIC for used antibiotics
[17]. The expression of the antitoxin relB might reverse the toxin relE. These findings
showed that while the creation of the relE toxin does not kill cells, it does cause cell
immobility when cells are exposed to antibiotics. The expression of the relB antitoxin
might reverse this state of rest. Both genes are expressed under normal or favorable
conditions, allowing the toxin's effects to be inhibited. In contrast, the antitoxins are
swiftly destroyed by proteases under stress, leaving the more stable toxin to impact cell
development, generally as ribonucleases [18].

Another research looked at gene expression in the presence of gentamicin sub-MIC and
relE1-relB1, hipA-hipB, doc-phd, and mazF-mazE loci were upregulated. Whereas the
relE2-relB2 and vapC-vapB loci were downregulated. Since there is little information
about the function of type II toxin-antitoxin systems in K. pneumoniae response to
different stressors, the expression levels of TA system genes in K. pneumoniae were
investigated under oxidative and antibiotic stress [20, 21]. These findings showed that
bacterial cells can withstand antibiotic exposure due to a long-term upregulation of relE.
This mechanism is unknown, but bacteria may use it to survive antibiotics and other
stresses.

CONCLUSION

This study concluded that relB gene expression is downregulated in copy numbers
compared to relE after being treated with antibiotics. This indicates the bacterial cell can
tolerate antibiotics sub-MIC concentrations by maintaining their number under the
stress of antibiotics. Thus, gentamicin and doxycycline antibiotics were used as a good
treatment against K. pneumoniae. Further study is required on the toxin-antitoxin system
and its function, as well as its relationship with antibiotic resistance in K. prneumoniae.
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