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ABSTRACT 
 

Pseudomonas aeruginosa is one of the most important pathogens that causes many complications and deaths in 
the world every year. Many species of Pseudomonas aeruginosa have pili that are involved in the pathogenesis of 
the organism. The aim of this study was to clone PilF and PilQ genes of Pseudomonas aeruginosa in Escherichia 
coli and express it by real time PCR. Materials and Methods: After production of PCR product by Taq DNA 
polymerase and its cloning in PTG19-T cloning vector, then the vector was transduced to XL1-Blue host. After 
transformation, evaluation of the extracted RNA and amplification was performed by real-time PCR. Results: The 
analysis showed that the transfection of PilF and PilQ genes in PTG-T19 plasmid and Escherichia coli XL1-blue 
strain leads to high mRNA expression of these genes, which indicates the success of the proposed transducing 
method.  TA cloning is a rapid and efficient method for transfecting the aforementioned genes as compared to 
conventional cloning methods. Due to the important role of PilF and PilQ genes, they can be used as a good 
candidate for developing the recombinant vaccines against infections caused by Pseudomonas aeruginosa. 
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INTRODUCTION 
 

Pseudomonas is a gram-negative opportunistic pathogen 
known to be an important animal and human pathogen [1, 
2]. This pathogen causes infections in urinary tract, 
respiratory system, inflammation of the skin, bacteremia, 
bone and joint infections, gastrointestinal infections, various 
systemic infections, particularly in patients with severe 
burns, people with cystic fibrosis, and patients with cancer 
and AIDS whose immune systems are suppressed [3]. 
Today, this bacterium is the leading cause of death in 
people with burns  [4]. It is also one of the most common 
pathogens isolated from bacterial keratitis due to contact 
lenses  [5, 6]. Pseudomonas aeruginosa is the second 
most common pathogen in surgery and the third most 
common cause of nosocomial infections after Escherichia 
coli and Staphylococcus aureus  [7-9]. 
 Another challenging issue is the resistance of this 
bacterium to many antibiotics  [10]. Studies show that 
people with cystic fibrosis are usually unable to overcome 
and eliminate infections caused by Pseudomonas 
aeruginosa, even with the help of chemical treatment with 
antimicrobials  [11-13]. Identifying genes involved in 
pathogenesis and producing vaccines against it can greatly 
alleviate the problems of resistance. Type IV pili are one of 
the effective proteins in the pathogenesis of Pseudomonas 
aeruginosa, in the formation of which many genes are 
involved. Their key components include the inner 
membrane (Pilf) and outer membrane (PilQ) [14, 15] . In 
the past, pilin encoding gene (PilA) was isolated from 
Pseudomonas aeruginosa PAO1 strain by PCR and cloned 
into expression vector and recombinant vector was 
transformed into E. coli BL21 [16]. However, PilF and PilQ 
genes are the most important pili genes, which have an 

important role in pathogenesis, and have been considered 
by many researchers [17, 18] . These genes can be 
considered as a good candidate for the production of an 
effective recombinant vaccine. In the present study, real 
time PCR method was used for identification and 
expression. This method is similar to other biochemical 
methods in terms of cost but can be implemented in a 
much shorter time and this method seems to be the optimal 
choice for the diagnosis of Pseudomonas aeruginosa and 
non-Pseudomonas aeruginosa gram-negative isolates  
[19]. 
 Despite many advances in antimicrobial therapy, the 
mortality rate from Pseudomonas aeruginosa bacteremia is 
alarmingly high [20]. Therefore, the treatment of infections 
caused by Pseudomonas aeruginosa is of special 
importance. In various studies, pili have been identified as 
one of the most likely causes of disease and attention to 
the genes involved in them has been suggested as 
antigenic structures for developing vaccines [21-23]. 
According to the above points, the importance of cloning 
these genes and their role in developing vaccines, the aim 
of this study was to transfer PilF and PilQ genes to 

Escherichia coli XL1-blue strain and express it by real time 
PCR. 
 

MATERIALS AND METHODS 
 

Bacterial strains and materials: This study was collected 

in Pasargad Research Laboratory (Tehran, Iran) in 60 
clinical strains of P. aeruginosa from 95 patients with burn 
injuries in Kerman Hospital. Bacteria were identified based 
on biochemical methods. Was maintained. E. coli XL-1blue 
strain was used as a host for cloning and expression and 
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pTG19 vector synthesized by Biomatik Company was 
used. 
 All enzymes for digestion of nucleotide fragments and 
DNA ligase were provided from NEB Company (USA). Anti-
His monoclonal antibody was provided from Invitrogen 
Company (USA). Ni2 + -NTA agarose was purchased from 
Kiagen (USA). The culture media were provided from 
Merck Company (Germany). 
Biochemical tests: Catalase and oxidase test was used to 

examine the presence of catalase and oxidase in 
microorganisms, MR-VP culture medium to examine 
acetone, SIM medium to examine indole production from 
tryptophan and TSI culture with phenol content to examine 
acid production from three sugars: glucose, lactose and 
sucrose. 
Gene extraction from Pseudomonas: Strains were 

cultured in LB medium (Merck, Germany) at 37 ° C and 
using a genomic extraction kit (Genetic Storage Center, 
Iran), all DNA was extracted from Pseudomonas 
aeruginosa samples using a DNA extraction kit according 
to the manufacturer's recommendation. DNA samples were 
evaluated using spectrophotometry (Nanodrop ND-1000 
(Thermo Scientific, USA)) at a wavelength of 260 nm. In 
addition, absorption at 280/250 nm was measured to 
evaluate DNA purity. To design the primer, the nucleotide 
sequences of the PilQ and PilF genes were first obtained 
from the NCBI site, and the oligonucleotide primers were 
then designed using the Oligo7 program and then 
synthesized by Macrogene. Sequences of primers used for 
PCR regarding pilF gene of genomic DNA were amplified 
using the forward primer with the sequence 
(ATACGAATTCTAGGGAGGAGCGGATCTAC) and the 
reverse sequence 
(AAGCATAAGCGGCCGCAAATTTAAACCATGGTCATCT
CGTCACACCC) and for the PilQ gene the forward primer 
with the sequence 
(AATACTGCAGAGGAGGAAAGCGATGCCCAAAG) and 
the reverse sequence 
(CCGTAAGCTTCTTGTGGAAGAACTCTATGGG) at C-
terminal with hexahistidine. PCR reaction was performed 
using a kit (Invitrogen, San Diego, CA). For this purpose, 
an initial activation step for 3 minutes at 95 ° C and a 
denaturation step at 54 ° C for 30 seconds, a combined 
annealing / expansion step for 1 minute at 72 ° C and a 
final expansion at 72 ° C were performed for 10 minutes. 
Subsequently, the PCR product was analyzed using 1% 
agarose gel electrophoresis. The genes were purified using 
a gel purification kit (Sinaclon, Iran) according to the 
manufacturer's protocol. 
Cloning: TA Cloning method (Sinaclon Kit, Iran) was used 

to clone PilQ and PilF genes and the cloning steps were 
performed according to the kit. According to the 
instructions, the Sinaclon (Miniprep) (EX6111) plasmid 
extraction kit was used to digest DNA from recombinant 
clones and ensure the quality of the cut plasmid DNA. The 
DNA fragment extracted from the recombinant clones was 
purified using the plasmid extraction kit (Sinaclon, Iran) and 
amplified and sequenced using M13 sequencing primers. 
Real-time PCR expression: Real-time PCR was used to 

examine the mRNA expression of PilQ and PilF genes of 
Pseudomonas aeruginosa in E. coli XL-1blue strain. For 
this purpose, PCR test was performed on a final volume of 

20 μl of reaction mixture containing 10 μl of SYBR Green 
master mix, 2 μl of cDNA product, 0.5 μl of each forward 
and reverse primer (10 pm) and 7 μl of nuclease-free 
water. PCR reaction conditions an initial activation step of 
30 seconds at 95 ° C followed by 40 cycles including a 15 
second denaturation step at 95 ° C and a combined 
annealing / expansion step of 60 seconds at 60 ° C were 
performed. Melting curves for each single PCR product 
primer were investigated and analyzed. And quantitative 
expression values were calculated based on 2-ΔΔct. 
 

RESULTS 
 

Bacterial approval and extraction: Pseudomonas was 

identified from the collected strains by differential and 
microbial biochemical tests. The extracted DNA 
concentration was determined to be 200 μg/mL. After 
extraction using the kit, the concentration of the desired 
genome was examined by gel electrophoresis (Figure 1). 
 

 
Figure 1: Approval of genome quality after extraction using gel 
electrophoresis method. M Molecular marker. 1. Negative control. 2 to 6. 
Genomic DNA 
 
 The results of amplification of PilF and PilQ genes 
obtained from 60 strains of Pseudomonas aeruginosa by 
PCR using electrophoresis showed a size of approximately 
1203 bp for PilF gene and 579 bp for PilQ. These results 
revealed that only 3% of the 60 Pseudomonas aeruginosa 
strains lacked the PilF and PilQ genes (Figure 2). 
Therefore, these genes can be a good candidate for 
vaccine selection against infections caused by 
Pseudomonas aeruginosa. 
 

 
Figure 2. Image of PilF and PilQ gene amplification results from 60 
Pseudomonas aeruginosa strains 
 
Cloning: Cloning of PilF and PilQ genes was performed 

using the TA cloning kit according to the manufacturer's 
instructions, and the steps of binding the vector and 
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genomic DNA and transferring the recombinant vector into 
the host of Escherichia coli XL1-blue strain were 
successfully performed. At this stage, the transferred cells 
were cultured in a plate containing ampicillin, X-gal and 
IPTG and grown as blue-white colonies (Figure 3). 
 

 
Figure 3. Plate of recombinant white blue colonies. Blue/white screening 
colonies are shown in both white and blue. White colonies, recombinant 
colonies and blue colonies lack recombinant plasmids 
 
 Recombinant plasmid synthesis was successfully 
performed in Escherichia coli XL-1 blue strain as an 
expression host. The DNA fragment extracted from the 
recombinant clones was amplified and sequenced using 
M13 sequencing primers. PilQ gene and PilF gene 
fragments after cloning can be seen in Figures 4A and 4B. 
 

 
Figure 4-A) Results related to amplification of PilQ gene before and after 
cloning with M13 primer B) Image related to results of amplification of PilF 
gene before and after cloning with M13 primer 
 
Evaluation of PilF and PilQ expression levels: As shown 

in Figure 5, the CT level of the 16C gene of non-cloned and 
cloned E. coli is higher than the CT of the PilF and PilQ 
genes, and this rate is higher than that of the non-cloned 
PilF and cloned PilQ, which means that the expression of 
16 S genes is higher than genes of non-cloned PilF and 
cloned PilQ genes. 
 

 
Figure 5. Gene amplification curve for PilF and PilQ genes using real-time 
PCR 

DISCUSSION 
 

In the present study, it was found that PilF and PilQ genes 
were present and amplified in all 60 strains except 2 cases 
(3%). This reveals the high efficiency of this study in 
selecting the above genes for the prevention and treatment 
of infections caused by Pseudomonas aeruginosa as well 
as a good candidate for vaccine. In this regard, Karpi et al. 
in 2015, while isolating the gene encoding pilin (PilA) from 
PAO1 strain of Pseudomonas aeruginosa by PCR and 
cloning in expression vector pET_22b, confirmed the 
structure of the recombinant vector by dual enzymatic 
digestion and sequencing [16]. As noted in a 2008 study by 
Koo et al., mutations in the lipidation fraction of PilF result 

in the formation of secretin in both the inner and outer 
membranes, which dramatically reduces susceptibility to 
bacteriophage and twitching motion  [17]. In addition, in 
2016, Faezi et al. measured the expression of PilQ380-705-
PilA binding protein with pET26b vector and the expression 
in Escherichia coli BL21, the activity of specific antiserum 
with binding protein by ELISA. They stated that the 
PilQ380-705-PilA binding protein appears to be a good 
vaccine candidate against Pseudomonas aeruginosa 
infection  [24]. All the above research confirms that PilF 
and PilQ genes are good genes studied in Pseudomonas. 
 In 2016, Bahador et al. diagnosed, cloned, expressed 
and purified recombinant flagellin B in Pseudomonas 
aeruginosa to evaluate the performance of rabbit polyclonal 
antibody activity against this flagellin B. They isolated the 
rabbit flagellin B gene from Pseudomonas aeruginosa by 

PCR, cloned it into pET28a vector and then transferred it to 
XL1-Blue E. coli strain [14]. In our study, PTG-19 vector 
was used, which having M13 primer site for screening and 
sequencing, lacZ gene for blue/white screening and 
BamH1 restriction enzyme to release the desired fragment 
from PTG-19 vector is one of its advantages over other 
vectors. 
 Despite all efforts, the future of immunization against 
Pseudomonas remains challenging and there still is no 
effective method. Several Pseudomonas aeruginosa 
antigens have been identified as the treatment method, 
including lipopolysaccharide (LPS) O antigen, outer 
membrane proteins F and I, type III secretory system 
(PcrV) components, flagellum, pili, DNA, and completely 
killed cells, attenuated biomarkers, in addition to a number 
of non-integral outer membrane candidate protein antigens  
[25]. Despite the immunogenicity of these antigens, the 
clinical efficiency of these genes in healthy volunteers with 
cystic fibrosis or burn injuries is still unknown  [26-28]. 
 Research has shown that the formation of the PilQ 
channel in the outer membrane is essential for the exit of 
pili. And PilF reacts directly or indirectly with the PilQ 
monomer through the inner membrane to facilitate the 
passage of the periplasm to the outer membrane  [17]. The 
present study also used these two genes to develop a good 
vaccine candidate in future studies due to the cooperation 
of these two genes with each other in pili type IV and their 
role in binding and pathogenesis. 
 In the present study, TA cloning was used and the 
efficiency of this method was observed. This method is one 
of the most convenient and easiest cloning methods, which 
compared to sticky-ended binding and blunt-ended binding, 
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TA cloning does not require restriction enzymes for the 
complex steps of DNA purification. The TA cloning 
technique can also be used for cancer therapeutic 
purposes through gene amplification and cloning in the 
expression vector to produce recombinant gene expressing 
the protein [29] . 
 Due to the fact that many virulence factors are 
involved in Pseudomonas virulence, the use of optimal 
methods for the treatment of Pseudomonas infections is 
essential. Therefore, the use of cloning, expression, and 
sequencing techniques of PilQ and PilF genes as an 
appropriate step in the development of an effective vaccine 
is essential for the treatment of Pseudomonas infections. 
 Considering the role of PilF and PilQ genes in the 
pathogenicity of Pseudomonas aeruginosa, in order to 
improve the treatment methods against Pseudomonas 
aeruginosa to counteract the adverse effects of this 
bacterium, it is recommended to study eukaryotes and 
eukaryotic vectors in order to develop a good vaccine 
against it. Also, in order to develop a vaccine, it is better to 
use immunoassay methods to evaluate the quality and 
immunogenicity of the above genes. 
 

CONCLUSION 
 

Cloning and expression of PilF and PilQ genes in PTG-T19 
plasmid and E. coli XL1-blue strain have been successfully 
performed. In addition, TA cloning method has a high 
speed and efficiency for amplification of the above genes, 
which is one of the advantages of this technique over 
conventional cloning. It is hoped that by using the above 
method, recombinant products with minimum impurities and 
maximum quality will be marketed in accordance with 
international standards. 
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