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ABSTRACT. Porin messenger RNA (mRNA) expression significantly influences porin permeability and reduces antibiotic 
penetration. Klebsiella pneumoniae has developed resistance to several antibiotics. Decreased expression levels of OmpK35 
and OmpK36 porins result in changes in the porin profile and even functional loss of porins. This research aimed to analyze 
the relative expression of the outer membrane porins, OmpK35 and OmpK36. The research methodology involved MIC 
assays and quantification of OmpK35 and OmpK36 mRNA using RT-qPCR. The relative expression of OmpK35 and 
OmpK36 in clinical isolate K. pneumoniae is 0.8925 and 0.5877, respectively. The porin permeability of OmpK35/K36 
mRNA positively correlated with the MIC values of OmpK35 (p-value = 0.029) and OmpK36 (p-value = 0.016), respectively. 
 
Keywords: Ciprofloxacin, Klebsiella pneumoniae, OmpK35/K36, porin permeability 

 
INTRODUCTION 

Antibiotic resistance is still a global health problem. 
Klebsiella pneumoniae resistance has been reported 
in several hospitals in Indonesia. In 2018, Soeradji 
Tirtonegoro Hospital reported K. pneumoniae 
resistant to ampicillin, cefazolin, ciprofloxacin (Nirwati 
et al., 2019). Recent research reports that the 
prevalence of ciprofloxacin-resistant K. pneumoniae at 
Prof. Margono Soekardjo Hospital increased during 
August-September 2022 by 48.5% (Sulistiyawati et al., 
2023). Bacteria have developed various mechanisms 
of resistance to antibiotics. The well-known 
mechanisms include changes in drug targets, enzyme 
inactivation, drug modification, and prevention of 
drug penetration or accumulation. An efficacious 
antibiotic must reach intracellular sites with critical 
concentrations that can inhibit a particular target. This 
is a challenge in controlling Gram-negative bacteria 
because of the complex membrane envelope (Silver, 
2016). The membrane envelope is a common 
antibiotic barrier found in Gram-negative bacteria. 
The membrane envelope can block the penetration of 
antibiotics into bacterial cells (Blackwell, 2020). 

The antibiotic must cross the outer membrane (OM) 
of Gram-negative bacteria to reach its target location. 
This membrane is an asymmetrical double layer 
containing lipopolysaccharide polymers (LPS) 

(Winterhalter, 2021). Antibiotic-containing hydrophilic 
solutes enter cells through the porin pathways. Porins 
are the main route or pathway of entry for hydrophilic 
antibiotics. Porins show a general preference for solute 
size. The characteristic properties of antibiotic activity 
against Gram-negative bacteria can be classified 
according to solubility and molecular weight. It reveals 
the highest activity for small polar molecules below 
600 Dalton (Da) (Winterhalter, 2021). It also shows 
that porin is the main entry point that has a size 
exclusion limit of about 600 Da. For example, in 
Escherichia coli, there are three common trimeric 
porins, namely OmpF, OmpC, and PhoE. By their 
nature, OmpF and OmpC prefer cations to anions, 
whereas PhoE prefers anions. Each type of porin 
shows a general preference for the size and amount 
of solute to be accepted. OmpF porins allow slightly 
greater solute permeation than OmpC (Bajaj et al., 
2017). Low permeability necessitates a large dosage 
of the medicine, which results in hazardous side effects 
(Winterhalter, 2021). 

Porins in bacteria have long been studied. Porins 
may also participate in mechanisms of resistance to 
antibiotics. Some clinical isolates of Gram-negative 
modify porins to increase their resistance to the 
presence of antibiotics. It decreases antibiotic 
permeation through the outer membrane. Lactam 
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diffusion analysis revealed that Klebsiella pneumoniae 
expressing OmpK35 and OmpK36 created larger 
permeable channels. It is greater than their 
homologies in E. coli, i.e., OmpF and OmpC. 
OmpK35 is responsible for the formation of diffusion 
channels. It has a high permeability to lipophilic drugs 
(Sugawara et al., 2016). Antibiotic resistance in K. 
pneumoniae is frequently associated with mutational 
loss of OmpK35. Continuous translocation of β-
lactam through porin channels can induce antibiotic 
resistance genes in plasmids. In addition, the 
hydrolysis of β-lactamases becomes inefficient, 
resulting in a high level of resistance. 

Shakib et al., (2012) report that K. pneumoniae 
that does not express extended-spectrum beta-
lactamases (ESBL) can produce OmpK35 and 
OmpK36 porins. Most isolates of K. pneumoniae 
expressing ESBL produced only OmpK36. However, 
current research finds some ESBL-producing clinical 
isolates that lack the OmpK35 and OmpK36 porins. 
The loss of OmpK36 also resulted in a moderate 
increase in fluoroquinolone resistance. This change 
correlates with the alternation of the porin profile, 
which makes it less permeable. This condition 
contributes to the emergence of antibiotic resistance in 
K. pneumoniae. Thus, the OmpF and OmpK35 
analogues were replaced with the OmpC and 
OmpK36 analogues. K. pneumoniae strains with ESBL 
expression and OMP loss are more resistant to 
carbapenem (Hamzaoui et al., 2018).The substitution 
of porin-constituent amino acids leads to a narrowing 
of the porin channel. It has an impact on changes in 
channel size and their specificity to β-lactams 
(Blackwell, 2020). This research aimed to analyze the 
relative expression of the outer membrane porins, 
OmpK35 and OmpK36. 

 
EXPERIMENTAL SECTION 
Materials and Instruments 

The following materials and instruments for 
research: Pure RNA isolation kit reagents (Zymo 
Research ZR Fungal/Bacterial RNA MiniPrepTM, 
California), RT-qPCR cDNA Synthesis Kit (Toyobo 
ReverTra Ace® qPCR RT Master Mic), Bioline Sensi 
FAST Lo-ROX Kit reagents, and RT-qPCR Machine. 

Sample Criteria 
The samples used in this study were specimens 

from; blood, sputum, urine, pus, feces, pleural fluid 
from patients of RSUD Prof. Dr. Margono Soekardjo 
who conducted bacterial culture examination with 
complete data. K. pneumoniae isolates grown from 
specimen examination are tested by establishing a 
bacterial identification diagnosis. The number of 
samples used was 58 samples that met the inclusion 
criteria, and continued with antibiotic sensitivity 
testing. 
Porin Membrane Permeability Activity 

The minimum inhibitory concentration (MIC) was 
measured using a quantitative method. The required 

solvent is adjusted for ciprofloxacin as an indicator 
antibiotic. In the quinolone group, water is used as a 
solvent. The antibiotic is dissolved in the solvent to a 
final volume of 1 mL. The antibiotic was mixed with 19 
mL of warm MHA medium (temperature 45–50 ℃), 
then poured into a petri dish (9 cm in diameter). 
Inoculum preparation: A 0.5 McFarland suspension is 
prepared (the McFarland bacterial suspension has a 
density of 5 x 105 CFU/mL). Preparation of broth 
medium: 0.5 McFarland suspension diluted 100x (9.9 
mL broth media + 0.1 mL suspension) to a density of 
106 CFU/mL. The suspension is poured into wells 
containing antibiotics (50 μL bacterial inoculum plus 
50 μL liquid medium with antibiotics). The antibiotic 
suspension used is ciprofloxacin lactate 200 mg/100 
mL (PT. Finusolprima Farma International Bekasi-
Indonesia). The bacterial inoculum was adjusted to a 
0.5 McFarland suspension. The absorbance 
wavelength of 630 nm is in the range of 0.08 to 0.13. 
Inoculum was added to liquid or solid media with 
antibiotics to maintain adequate cell density 
(CFU/mL). During the test, the medium was 
aerobically incubated at 35±1℃ for 18–24 hours. The 
resultant MIC value is the lowest antibiotic 
concentration at which bacterial growth is inhibited. 
The concentrations of ciprofloxacin tested were 1, 2, 
and 4 mg/L.  The MIC value was measured following 
Kowalska-Krochmal & Dudek-Wicher (2021).  

Relative Expression Activity of OmpK35/K36 mRNA  
The relative expression levels of mRNA from the 

OmpK35 and OmpK36 genes encoding outer 
membrane proteins were analyzed using reverse 
transcription quantitative PCR (RT-qPCR) in 
ciprofloxacin-resistant K. pneumoniae. Isolates that 
are sensitive to ciprofloxacin were used as controls. 
The variable was the crossing point (CP) value for 
cDNA amplification between isolates from different 
groups. The CP value of the gene detection is 
normalized with the CP value for the ATP gene (the 
reference gene in qPCR). Isolates were cultivated on 
Trypticase Soy Broth (TSB) medium and incubated for 
2–3 hours (Fajardo-Lubián et al., 2019). 
RNA extraction 

Total RNA extraction was performed following the 
protocol of Zymo Research ZR Fungal/Bacterial RNA 
MiniPrepTM, California. K. pneumoniae cell pellets 
were resuspended in 800 μL RNA Lysis Buffer and 
homogenized. The mixture is transferred into the ZR 
Bashing Bead Lysis Tube and centrifuged at 3000 rpm 
for 1 minute. The supernatant is transferred into a 
Zymo-SpinTM IIICG column attached to a collection 
tube and then centrifuged at 3000 rpm for 1 minute. 
The filtrate is accommodated, and 96% ethanol is 
added in a volume ratio of 1:1, then homogenized. 
The mixture is then transferred into the Zymo-Spin TM 
IICR Column attached to a collection tube and 
centrifuged at a speed of 3000 rpm for 1 minute. 
Discard the filtrate. A total of 400 μL of RNA prep 
buffer was added to the column and centrifuged at 
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3000 rpm for 1 minute. Discard the filtrate. A total of 
700 μL of RNA wash buffer was added to the column 
and centrifuged at 3000 rpm for 1 minute. Discard 
the filtrate. A total of 400 μL of RNA wash buffer was 
added to the column and centrifuged at 3000 rpm for 
1 minute to ensure complete removal of the wash 
buffer. Then carefully move the column into a 
nuclease-free tube. In the final stage, 50 μL of RNase-
Free Water is added directly to the column matrix and 
centrifuged at 3000 rpm for 1 minute. 

cDNA synthesis 
The synthesis was performed using the cDNA RT-

qPCR Synthesis Kit (Toyobo ReverTra Ace® qPCR RT 
Master Mic). The reverse transcription reaction is 
carried out during the RNA denaturation stage by 
incubating the RNA solution at 65 ℃ for 5 minutes 
and then storing it on ice. The PCR mix consisted of 2 
μL of 5xRT Master Mix reagents, 1 μL of template RNA, 
and nuclease-free water. The mixture was incubated 
at 37 ℃ for 15 minutes, then at 50 ℃ for 5 minutes. 
The mixture is heated to 98 ℃ for 5 minutes, then 
stored at -20 ℃. 

cDNA analysis with RT-qPCR 
The analysis was performed using the Bioline Sensi 

FAST Lo-ROX Kit reagent. The composition of the 
reaction mixture is as follows: 2x SensiFAST SYBR®Lo-
Rox 10 μL, 10 μM forward primer 0.8 μL, 10 μM 
reverse primer 0.8 μL, cDNA template up to 8.4 μL, 
and H2O up to a total volume of 20 μL. PCR 
conditions are as follows: denaturation at 95 ℃ for 5 
seconds, annealing at 60–65 ℃ for 10 seconds, and 
extension at 72 ℃ for 20 seconds. The cycle is 
repeated 40 times. An analysis was performed to 
determine the differences in the relative expression of 
the two porin channel genes (OmpK35 and 
OmpK36). The primers used for expression analysis 
are listed in Table 1. The data was analyzed using the 
2^(-∆∆C_T) method (Livak & Schmittgen, 2001).  
 
RESULTS AND DISCUSSION 

K. pneumoniae, which has been successfully 
isolated and identified from August-October 2022 at 
RSUD Prof. Dr. Margono Soekardjo Purwokerto, has 
special characteristics with resistant distribution in 
male patients 55.5% and female patients 45.71% 
(Sulistiyawati et al., 2023). The study provides a 

picture of the resistance profile of K. pneumoniae to 
antibiotics there are 5 major groups of antibiotics, 
namely ampicillin, ceftriaxone, gentamycin, 
ciprofloxacin, and ceftazidime. The specific profile of 
antibiotic-resistant K. pneumoniae is illustrated by 
porin activation and expression. 

RNA samples were extracted using the Bioline 
Sensi FAST Lo-ROX Kit. Measurement of extracted 
RNA concentration using a nanodrop 
spectrophotometer obtained an average RNA 
concentration of 480.81 ng/μL. All samples were 
uniformized by adjusting the lowest concentration 
before entering the cDNA synthesis stage. 
Measurements of cDNA concentration and purity were 
performed at wavelengths of 260 and 280 nm 
(A260/280). The measured cDNA concentration 
averaged 1,393 ng/μL, with average cDNA purity 
ratios of 1.876 and 1.862. 

Amplification of the OmpK35/K36 gene and 
reference gene (ATP) with qPCR showed that the 
primers used had fairly good specificity. Although 
some curves have more than one melting peak that 
indicates contamination and the formation of primary 
dimers (primary secondary structures), the majority 
show a picture of curves that coincide with one peak 
point (Figure 1, a). The amplification curve is sigmoid, 
with a straight line indicating the amplification 
threshold. The threshold line is the minimum threshold 
at which the device can detect gene amplification in 
40 cycles. Meanwhile, the cycle threshold (CT) value 
is the intersection between the threshold line and the 
amplification curve, showing the number of cycle 
sequences of each gene that began to be detected by 
the machine (Figure 1, b). Figure 3 shows the sigmoid 
curve at OmpK35/36 amplification intersecting with 
the threshold line. The intersection of the sigmoid 
curve with the threshold line shows the CT value of the 
OmpK35/K36 gene with the ATP reference gene 
(Table 2). 

Fold change values in two groups of genes, 
OmpK35 and OmpK36, obtained by the formula 2-

ΔΔCT result in average expression values of 0.8925 and 
0.5877, respectively. Fold change values < 2 (less 
than 2) indicate low expression of the OmpK35 and 
K36 genes. An independent statistical t-test showed no 
significant difference in the expression of the OmpK35 
gene with K36 (p > 0.05). 

 
Table 1. Primers used in porin mRNA relative expression studies 

Gene  Primer Set Sequence Reference 

OmpK35 OmpK35-F 
OmpK35-R 

GAAGGTTCCCAGACCACAA 
 ACGGCCATAGTCGAATGAAC 

(Matovina et al., 2021) 

OmpK36 OmpK36-F 
OmpK36-R 

GACCAGACCTACATGCGTGTA 
GTATTCCCACTGGCCGTAAC 

(Matovina et al., 2021) 
 

ATP ATPs-F 
ATPs-R 

TGGTTCTCGGTCTGCTGTTC 
TGGAATTTCCCTGGGTACGCC 

(Matovina et al., 2021) 
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(a) 

 
(b) 

Figure 1. OmpK35/K36 primary melt curve graph (a); amplification curve graph OmpK35/K36 (b). 
 

Table 2. CT values of OmpK35, OmpK36, and ATP in the sample 

No. Gene 
 
CT value  
(Mean±SD) 

ΔCT* value 
(Mean±SD) 

1. OmpK35 23.19±6.38 -0.648±4.62 

2. OmpK36 27.70±6.83 3.502 ± 4.62 

3. ATP 25.62±6.18  

Note: The mean total CT ATP is 25.62. 
      *ΔCT Value = CT OmpK35/K36 – Mean total CT ATP 

 

Table 3. Relative quantification analysis and independent t-test of OmpK35 and OmpK36 gene expression 

No. Gene Mean ΔCT ΔΔCT value Fold change* Independen
t t-test 

Mean Lower Upper  

1. OmpK35 -0.6486 2.9644 
3.8902 

0.8925 
0.5877 

0.0003 3.4822 0.095 

2. OmpK36 3.5022 0.0002 2.3005 

Note:  ΔΔCT value  = Mean ΔCT OmpK35 resistant sample – Mean ΔCT control sample 

 *Fold change is the result of the formula:  2−∆∆𝐶𝑇 
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Table 4. Ciprofloxacin MIC value with resistance variable parameter 

  MIC (mg/L) 

  1 2 ≥4 

Absorbance value (OD) Minimum  0.55 0.06 0.03 

 Maximum  1.25 0.93 1 

 Mean (average) 0.58 0.49 0.28 

Bacterial cell count Minimum  3 1 1 

 Maximum  75 72 79 

 Mean (average) 32 19 34 

Inhibition (%) Minimum  3.51 7.23 2.95 

 Maximum  91.31 90.57 93.92 

 Mean (average) 31.51 34.72 47.22 

 
The relationship between relative expression of 

RNA OmpK35/K36 and porin permeability (MIC 
value) in this study was analyzed using SPSS Pearson 
correlation statistics. This study showed that the relative 
expression of OmpK35 RNA correlated with MIC 
values (1, 2, and 4 mg/L) in K. pneumoniae against 
ciprofloxacin, namely p = 0.029 <0.05 with 
regression values R = 0.355. 

The relative expression of OmpK36 RNA 
correlates with the MIC value (1, 2, and 4 mg/L) in K. 
pneumoniae against ciprofloxacin, which is p = 
0.016 <0.05 with a regression value of R = 0.481. 
The analysis illustrates that the value of p<0.05 
means a correlation between the expression of the 
OmpK35/K36 gene and the MIC value of 
ciprofloxacin against K. pneumoniae. The degree of 
relationship of the R-value in the expression OmpK35 
R = 0.355 means that it is weakly correlated, while in 
the expression OmpK36 R = 0.481 it is moderately 
correlated (Table 5). 

Porins have an important role in the interaction 
between bacteria and the environment. Porins are 
present in large quantities in the outer membrane of 
Gram-negative bacteria. Many porins were identified 
in several Enterobacteriaceae groups, e.g., OmpC 
and OmpF  porins. This study analyzed the presence 
of  OmpK35  and  OmpK36  in  K. pneumoniae, which 
are  homologous  to  OmpC and OmpF. OmpK35  
and  OmpK36  facilitate  porin  channels  as  a  means 
by  which  various  antibiotics   can  p enetrate   the 
cell  wall  of K. pneumoniae.  As  has  been  reported  
in  previous   studies,   the  absence  of porin 
expression and the tendency to decrease its expression 
are important  causes   of  K. pneumoniae's  resistance 
to   some   antimicrobials.   Several   mechanisms   of   

 

K. pneumoniae resistance are associated with a loss 
or decrease in porin expression combined with ESBL 
production (Zhang et al., 2015). 

The fold change value obtained from the relative 
quantification of outer membrane proteins OmpK35 
and OmpK36 is 0.8925 and 0.5877, respectively. 
This indicates a low expression value or absence of 
expression. In antibiotic-resistant K. pneumoniae, the 
majority  of  isolates  showed  decreased  expression 
of OmpK35/K36 when compared to controls. These 
results are in line with (Shakib et al., 2012), who 
reported  that  clinical  isolates of antibiotic-resistant 
β-lactam K. pneumoniae  (ESBL) simultaneously 
lacked porin expression of OmpK35 and OmpK36. 
High   porous   expression  is exhibited  by  sensitive 
K. pneumoniae.   Zhang et al. (2015)  reported that 
33  strains  of hypervirulent K. pneumoniae were 
highly resistant to carbapenem with MIC values 
greater than 32 μg/mL, accompanied by decreased 
expression  of OmpK35/36 and their ability to 
produce ESBL. 

A study at Croatian University Hospital from 2012–
2014 showed a decrease in the expression of 
nonselective main porin channels OmpK35 and 
OmpK36 in ertapenem-resistant ESBL-producing K. 
pneumoniae (Matovina et al., 2021). Studies 
comparing porin expression of OmpK35 and 
OmpK36 in isolates resistant or intermediately 
resistant to several lactamase antibiotics confirm that 
decreased expression of OmpK35/36 porin channels 
is involved in the development of resistance. The 
presence of mutations in these genes or decreased or 
lost porin expression has previously been reported as 
a mechanism of resistance to some (Bi et al., 2017; 
Palmeiro et al., 2019).

 Table 5. Pearson correlation analysis of OmpK35/K36 RNA expression and MIC values 

Gene R-value  F Count p-value 

OmpK35 0.355 5.204 0.029* 

OmpK36 0.418 6.556 0.016* 

Note: *The p-value (p < 0.05) indicates a correlation between the two factors, 
dependent and independent variables. 
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The results of the statistical analysis showed that 
there was no significant difference in the relative 
expression of the OmpK35 and OmpK36 genes (p > 
0.05). Matovina et al., (2021) found that the 
expression of OmpK36 and OmpK35 porins was not 
statistically significant. Doménech-Sánchez et al., 
(2000) reported that decreased expression of 
OmpK35/K36 in clinical isolates of K. pneumoniae 
showed higher antibiotic resistance than strains with 
high expression of OmpK35/K36. Similarly, Zhang et 
al., (2015) reported that carbapenem-resistant K. 
pneumoniae isolates that produce ESBL decreased 
OmpK35/K36 expression and were highly virulent in 
mouse lethality tests. 

Porins are present in many outer membranes by 
forming nonspecific diffusion channels that allow 
small polar molecules (<600 Da) to diffuse across the 
membrane barrier. The change or loss of expression 
of the main nonspecific porin is related to its ability to 
produce broad-spectrum β-lactamase. Decreased 
outer membrane permeability can increaseβ-
lactamase production 3-fold in K. pneumoniae 
KP3800 (Kim et al., 2020). Papagiannitsis et al., 
(2013) observed the porin variant profiles of OmpK35 
and OmpK36. Carbapaneme-resistant K. 
pnuemoniae had no specific differences in the 
expression of the two porin variants, OmpK35 and 
OmpK36. 

The results of the analysis showed a weak 
correlation between the relative expression of 
OmpK35/K36 RNA and porin permeability (MIC 
value) (p<0.05). Similarly, Sugawara et al., (2016) 
found that deletion of the OmpK35 gene resulted in a 
significant increase in MIC values for various β-lactam 
antibiotics, despite low OmpK35 expression levels. 
The main porins of K. pneumoniae, OmpK35 and 
OmpK36, produce channels larger than their 
homologues (OmpF and OmpC) in E. coli. OmpK35 
porins in particular show very high permeability to 
hydrophobic compounds (e.g., benzylpenicillin) and 
large compounds (e.g., cefepime). Modification of 
outer membrane permeability (OM) is particularly 
important in K. pneumoniae resistance. Antibiotic 
molecules must use OmpK35 and OmpK36 porins, 
the number of which is reduced and modified to 
decrease membrane permeability (Moya & Maicas, 
2020; Villa et al., 2014). In this study, a decrease in 
the relative expression of porin mRNA in 
OmpK35/K36 correlated with porin permeability (MIC 
value). It is indicated by an increase in the MIC value 
to a maximum value, i.e., 4 mg/L. Chevalier et al., 
(2000) reported that the increase in MIC values was 
eightfold higher in K. pneumoniae KP55 isolates 
compared to KP63. This is due to a decrease in Omp 
expression and target modification. Wassef et al., 
(2015) also concluded that K. pneumoniae resistance 
is characterized by a mechanism of loss of 
OmpK35/36 or a decrease in its expression, which 
can increase the value of the MIC against antibiotics. 

Porin expression in K. pneumoniae had an impact 
on patient treatment. With a decrease in the relative 
expression of mRNA porin Omp K35/K36 in K. 
pneumoniae makes it increasingly resistant to 
ciprofloxacin. This case indicates the need for 
alternative use of combination drug therapy given to 
patients. The use of appropriate combinations of 
antibiotics is recommended to minimize the increase 
in resistance in K. pneumoniae. 

 
CONCLUSIONS 

Clinical isolates of ciprofloxacin-resistant K. 
pneumoniae showed decreased relative expression of 
OmpK35 and OmpK36 mRNAs. The relative 
expression of OmpK35/K36 RNA has a weak 
correlation to porin permeability. This indicates 
increased resistance of K. pneumoniae to 
ciprofloxacin. 
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