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 Porins are part of Outer Membrane Protein (OMP) structure that take parts 

in passive transport activities of various molecular compounds, one of them 

is antibiotics molecules. This function caused these proteins often 

associated with antibiotic resistance in Gram-negative bacteria. The OmpF 

porin protein is encoded by the ompF gene. The incidence of pathogenic 

resistance bacteria that causes infection is one of the main problems in the 

world of health. Escherichia coli is often studied in microbiology field as a 

model species, especially for the representation of gram-negative group. 

From the explanation above, it is known that the study of proteins related 

to antibiotic resistance properties in E. coli bacteria, especially the OmpF 

porin protein, is very important to conduct. The absence of reports on the 

protein profile of the OmpF porin in the E. coli group in Indonesia has led 

to the need to investigate the relationship between the porin protein and the 

resistance properties of the E. coli phenotype in Indonesia. This study 

covers the detection of ompF gene in pathogenic E. coli in Jakarta, 

Indonesia. The detection conducted using amplification by specific primers 

with conventional PCR method. Results shown that all pathogenic E. coli 

samples inoculated have the ompF gene. The result supported by the 

electrophoresis image that shows the DNA bands lied within the estimated 

amplicon base pair length of around 1200 bp. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

In general, OMP can be divided into two types, namely lipoproteins and integral proteins. Integral proteins 

in OMP can be classified into specific pores and non-specific pores. The term porin can also be used to 

describe channel proteins used for substrate transport. Porins which are the most common type of protein 

found in the outer membrane of Gram-negative bacteria can be grouped into specific porins and non-specific 

porins. This grouping is based on the activities and roles of each type. Porins participate in passive transport 

activities of various molecular compounds. Thanks to its role in mediating the passive diffusion of antibiotic 
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compounds across the outer membrane, this protein is often associated with antibiotic resistance in Gram-

negative bacteria [1], [13], [14]. One of the bacterial strategies in the mechanism of resistance is to limit the 

intracellular access of antibiotic compounds. Gram-negative bacteria generally rely on the protein porin 

OmpF or OmpC in the traffic process of antibiotic compounds [2], [15], [17], [18]. Several antibiotics such 

as betalactams and fluoroquinolones are known to penetrate the outer membrane with the help of the ompF 

porin protein [3]. Several researchers have suggested that the presence of gram-negative pathogenic bacteria 

with mutations in the ompF gene is resistant to several types of beta-lactam antibiotics [1], [4- 7]. Several 

groups of antibiotics associated with OmpF porin activity include cephamycin, penam, cephalosporin, 

monobactam, penem and carbapenem [8], [9]. The incidence of resistance of pathogenic bacteria that cause 

infection to antimicrobial agents is one of the main problems in the world of health. The increase in the 

prevalence of resistance bacteria, especially in Gram-negative bacteria, occurs through several mechanisms, 

including the ability to produce enzymes that can inactivate active antibiotic compounds, increase the 

presence of efflux pumps, and mutations in the expression of porin proteins [10], [11], [16]. The Porin OmpF 

protein is an outer membrane protein encoded by the ompF gene. Based on the NCBI page, the ompF gene 

has a length of 1.089 bp and produces a protein with a length of 362 amino acids. A study conducted by [4] 

stated that the ompF gene mutation in E.coli gave resistance to various types of antibiotics. Some of these 

antibiotics include betalactam, amphenicol, tetracycline, licosamide, steroids, and quinolones [12], [19]. 

 

The phenomenon of resistance to pathogenic bacteria is one of the main problems in the health sector in 

Indonesia. The increase in cases of resistance causes fewer types of antibiotics that can be used in the 

treatment of infections. Based on the previous explanation, it is known that the mutation of the ompF gene 

can affect the expression of the OmpF porin protein in E. coli which is closely related to the absorption of 

antibiotics. The ability to absorb antibiotic molecules will lead to resistance in this species [20]. It is necessary 

to study and analyze protein porin in the E. coli group in Indonesia. This study covers the detection of ompF 

gene that responsible in encoding protein porin from E. coli samples inoculated in Jakarta, Indonesia. 

 

2. Materials and methods 

 

2.1 Samples 

Samples tested in this study are pathogenic Escherichia coli obtained from Laboratorium Mikrobiologi Klinis 

(LMK) Departmen of Microbiology, Faculty of Medicine, Universitas Indonesia. Those samples are grouped 

into three categories based on their phenotypical traits: Multidrug Resistance, Resistance to one antibiotic, 

and also Susceptible/ Sensitive. The information of E. coli’s phenotypical traits retrieved from VITEK 2 assay 

which had been done previously. There were 21 samples of pathogenic E. coli studied in total: 7 of MDR, 7 

of Resistance to one antibiotic, and 7 of Sensitive. Those samples cultured in blood agar medium, harvested 

after incubation period of 18-24 hours. These samples then preserved in PBS medium for the preparation of 

DNA extraction. 

 

2.2 DNA extraction 

The E. coli DNA extraction process was carried out using a DNA extraction kit from the QIAamp® DNA 

Mini Kit (50) trademark. Colonies were suspended in 500 l PBS, vortexed using Vortex Genie 2 for 2 minutes 

and centrifuged (Jica-kitman) 1 minute at 12,000 rpm. Then the supernatant was discarded. The process is 

repeated 2 times. The pellet was put into an eppendorf and added 20 l of proteinase K and 180 L of ATL 

buffer, then vortex for 15 seconds. After that, the solution was incubated for 3 hours at 56⁰C, with periodic 

vortexing during the incubation process. Then 200 l of Buffer AL was added, homogenized with a vortex for 

15 seconds. Then a second incubation was carried out for 10 minutes at 70⁰C, then 200 l of ethanol (96-100%) 

was added, and vortexed for 15 seconds. The mixture was pipetted into the QIAamp column provided by the 
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extraction kit, centrifuged at 6000 x g (8000 rpm) for 1 minute. The liquid that flows into the collection tube 

at the bottom of the column is then discarded. 500 l Buffer AW1 was added to the column, then centrifuged 

at 6000 x g (8000 rpm) for 1 minute. The liquid in the collection tube is discarded. The QIAamp Mini spin 

column was placed in a new collection tube, 500 l was added to Buffer AW2 and centrifuged at full speed 

(20,000 x g or 14,000 rpm) for 3 minutes. The liquid flowing into the collection tube is discarded. The 

QIAamp Mini spin column was placed in a microcentrifuge tube, added 200 l of Buffer AE or destilled water 

and incubated at room temperature for 2-5 minutes, and centrifuged for 2 minutes at 12,000 rpm. The QIAamp 

Mini column was discarded, the filtrate obtained in the microcentrifuge tube was the desired DNA extract. 

 

2.3 Preliminary test of PCR and amplification 

The PCR process used in this study is the PCR System 9700 Applied Biosystem. The ompF E. coli gene 

sampled in this study was amplified using the 2x PCR Master mix Solution (i-MAXTM II) kit. While the 

primers used in this study were referred to the primer series used in the research by [7]: 

 

Table 1. Specific primers used for ompF gene amplification. 

Forward 5′-AATATCATCACGTTCCTATGG-3′ 

Reverse 5′-GTGAGATTGCTCTGGAAG-3’ 

 

It is known these primers would produce an amplicon with the length of around 1.200 bp in a electrophoresis 

imaging. 

 

Prior to the PCR process on all test samples, a preliminary test (optimization test) was carried out. The 

parameters that were optimized in this study were the annealing temperature, as well as the volume 

optimization of the DNA template. 

 

The annealing temperature optimization was carried out using a gradient PCR technique at a temperature of 

50oC - 60oC which consisted of 8 reactions and was carried out twice (duplo). Onetime amplification was 

carried out in a total volume of 10 L of the PCR reaction. Visualization of PCR results can be observed 

through the electrophoresis process. Optimization of template DNA volume was carried out by several PCR 

experiments on several variations of different volumes of DNA templates. The most optimal volume results 

are shown by visualizing the DNA bands that are clearly visible in the electrophoresis process. 

 

The amplification of the ompF gene was carried out by applying the results of temperature optimization and 

DNA volume optimization that had been obtained. Amplification was carried out in a total reaction volume 

of 40 l, namely 5 l DNA template and 35 l aliquots. The amplification reaction was carried out in 30 cycles, 

with an initial denaturation process of 4 minutes at 94⁰C, 30 seconds of denaturation at 94⁰C, 45 seconds of 

annealing at 51⁰C, 90 seconds extension at 72⁰C, and final extension for 4 minutes at 72⁰C. 

 

2.4 Electrophoresis 

The TAE 1X buffer solution was poured into the electrophoresis chamber, the ready agarose was placed in 

the electrophoresis chamber until it was submerged by the TAE 1X buffer solution. Each well in the agarose 

was filled with 5µL of each PCR product sample. For markers used 100bp DNA ladder. Furthermore, the 

electrophoresis chamber is electrified with a voltage of 100V for 30 minutes. The results of the DNA bands 

formed were then observed with the help of UV light. 

 

3. Result 
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3.1 PCR and Electrophoresis 

After the samples went through the VITEX test, they were divided into three groups of variables, and the 

DNA was extracted, then PCR and electrophoresis were carried out. The results of this process can be 

observed in the form of images of DNA bands on agarose with the help of UV light. 

 

 
Figure 1. DNA bands of ompF gene by PCR amplification for MDR E. coli 

 

The Figure of the electrophoresis process in the three images show that all amplified DNA bands are in the 

range of 1200 bp. This is in accordance with the estimated length of the amplified PCR product using specific 

primers. The amplified bands are clearly visible with bright colors, this indicates that the amplification process 

is running optimally.  DNA bands of ompF gene in E. coli MDR could be seen from Figure 1, which 

displaying samples number 9, 14, 29, 32, 79, 88, and 95. The amplicon of ompF gene inE. coli that resistance 

to one antibiotic could be observed in Figure 2, which are represented by samples number 10, 21, 43,46, and 

53. And lastly, the DNA bands of ompF gene in E. coli sensitive groups are represented in samples number 

80, 84, 94, and 100 within Figure 3. 

 

 
Figure 2. DNA bands of ompF gene by PCR amplification for E. coli that resistance to one antibiotic. 
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Figure 3. DNA bands of ompF gene by PCR amplification for E. coli sensitive to antibiotics 

 

The confirmation of the amplified PCR product as desired, indicates that the test can be carried out for the 

following steps. PCR products on 21 samples and ATCC strains were sent to sequencing service providers. 

 

4. Discussion 

The VITEX confirmation test was carried out at an early stage aimed at facilitating the grouping of samples 

to be used in this study. The sample obtained from LMK is a clinical sample that was tested to see the type 

of E. coli found in the stool sample, which differentiates the pathogenic and non-pathogenic E. coli groups. 

Not only samples, this test was also carried out on ATCC isolates which acted as control comparisons in this 

study. 

 

Technically, in an efficient amplification process, it is necessary to regulate the temperature for the attachment 

of specific primers so that the reaction can run well. If the temperature used is too high, it can cause failure 

of primer attachment to the DNA template. Meanwhile, if the temperature is too low, the primer can stick to 

the wrong place. Based on these considerations, temperature optimization was carried out on the sample of 

the gene to be amplified. Temperature optimization was carried out using the rt-PCR technique by applying 

various temperature gradients. The main consideration in choosing the rt-PCR method over the conventional 

PCR method in the optimization test is the ability of the rt-PCR method to carry out reactions at various 

annealing temperatures (attachment) to a specific sample column. This increases the effectiveness and 

efficiency of the optimization test time. The annealing temperature range in this study was 50⁰C-60⁰C which 

was carried out in 8 sample columns. The reaction results showed that the optimal temperature value for the 

annealing process of the ompF gene PCR reaction in this study was 51⁰C. This shows that at a temperature of 

51⁰C the attachment process between the primer and the DNA template is better when compared to other 

temperatures. The annealing temperature of 51⁰C was used in the subsequent amplification of the ompF gene. 

The optimal concentration of template DNA is one of the things that must be considered in the PCR process 

because it will affect the band of gene amplification results. The correct comparison between the 

concentration of template and primer DNA greatly affects the target DNA amplification reaction which is 

very dependent on the initial attachment process of the two materials. If the template DNA concentration does 

not meet the optimum amount required for the PCR reaction, the amplified gene bands on the electrophoresis 

gel will not be clearly visible and tend to show smear results. This band of electrophoresis results will 

complicate the process of validating the PCR results, whether the amplified gene is the desired gene or not. 

In this experiment, two tests were carried out to determine the optimal concentration of the DNA template 

used. Through optimization tests that have been carried out, it is known that the optimal conditions needed to 

get the best results from the PCR process have been met. Furthermore, the process of amplification of the 
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entire sample ompF gene was carried out. 

 

The PCR reaction was carried out on the sample in 30 reaction cycles, with a denaturation time of 40 seconds 

at 94⁰C, annealing 45 seconds at 51⁰C, and 90 seconds extension at 72⁰C. Meanwhile, the initial denaturation 

process was carried out in 4 minutes at 94⁰C, and the final extension process was carried out in 7 minutes at 

72⁰C. 

 

Not only temperature, the time of each reaction step plays a very important role in getting the best amplicon 

in the PCR process. The time required for the elongation process for each reaction cycle is generally about 

30 seconds, but in this study the elongation process was set to 90 seconds. This is because the length of the 

target gene reaches more than 1000bp (ompF gene :1089bp), so it takes a relatively longer time for the 

enzymes that work to process the target gene completely. 

 

The amplified target gene was detected using the electrophoresis method. It is known that the electrophoresis 

band of the ompF gene of the samples is in the range of 1200bp. This is in line with the estimated base length 

of the PCR products from the forward and reverse primers used. Based on the data attached by the Gen Bank 

page, it is known that the ompF gene in the E. coli species has a base length of 1089 bp, so it can be stated 

that the product has more base pairs than the target gene. This is deliberately done, namely by selecting a 

primer pair that is outside the body of the target gene to be amplified. The selection of primer pairs that are 

outside the functional gene body aims to minimize the possibility of truncation of gene sequences in the 

primary series which can result in the target gene not being fully amplified. Complete amplification of target 

genes is very important, especially in studies involving amino acid sequences as an important part of the 

analysis process. 

 

5. Conclusion 

By the conducted methods used in this study, it is shown that all samples of pathogenic E. coli inoculated in 

in Jakarta, Indonesia have the ompF gene encoding protein porin ompF eventhough they have different 

phenotypical traits of antibiotics resistance. 
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