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Abstract. Pseudomonas aeruginosa is one of the three most 
pathogenic bacteria that frequently cause life-threatening 
opportunistic human infections, pneumonia, and lower respira-
tory tract infections in immunocompromised hosts, particularly 
in the burns ward. The present study aimed to establish a 
loop‑mediated isothermal amplification (LAMP) method for 
the rapid and sensitive detection of P. aeruginosa‑specific 
gene hypothetical protein (GenBank ID: 882161). The gene 
was obtained through local and online BLAST, and specific 
primers were designed for this gene. Reaction conditions were 
optimized at 65˚C for 30 min and 80˚C for 2 min, whereas the 
reaction system contained 5.2 mM Mg2+, 8 U Bst 2.0 DNA 
polymerase, 1.4 mM deoxyribonucleotide and 0.2 and 1.6 µM 
of the outer and inner primers, respectively. The LAMP 
method was evaluated using 150 P. aeruginosa and 170 
non-P. aeruginosa strains. Positive reactions were observed 
on 150 P. aeruginosa strains, whereas all non-P. aeruginosa 
strains exhibited negative results. Plasmids with the specific 
gene and mouse blood with P. aeruginosa were used for sensi-
tivity assay. The detection limit of LAMP was 1 bacterium/
reaction. Results indicated that the LAMP method targeted to 
hypothetical protein is a fast, specific, sensitive, inexpensive 
and suitable method for detection of P. aeruginosa.

Introduction

P. aeruginosa is a ubiquitous microorganism and one of the 
most frequent Gram‑negative pathogens that cause human 
opportunistic infections in burn and other immunocompro-
mised patients (1). These patients are the most susceptible 
group to infection due to their compromised natural defenses. 
Intensive care units, respiratory wards and burns units are the 
main locations where P. aeruginosa infections can spread (2). 
P. aeruginosa also causes nosocomial pneumonia and cystic 
fibrosis with high morbidity and mortality (3). Antimicrobial 
therapy is recommended in the Health Technical Memorandum 
04‑01 guidelines for the management of pneumonia (4). 
However, the treatment of pneumonia caused by P. aeruginosa 
has become increasingly difficult owing to the elevated preva-
lence of drug resistance and limited therapeutic options (5). 
Thus, rapid and accurate detection of P. aeruginosa and strict 
infection control is the most effective strategy in preventing 
P. aeruginosa infection in burn wards (6).

The main conventional methods for detection of 
P. aeruginosa include bacterial culture and immunological 
methods. However, these methods exhibit specific 
shortcomings, such as being time consuming or inaccurate (7). 
Biochemical test kits, such as API 20 NE, are commonly 
used for biochemical identification and exhibit a high 
oxidase‑positive misidentification rate in Gram‑negative 
bacilli, including P. aeruginosa (8). The polymerase chain 
reaction (PCR) techniques established by Mullis et al (9) 
specifically amplify the DNA fragment with thermally stable 
DNA polymerase; these techniques include single, multiplex, 
and quantitative PCR. PCR is a high‑quality, fast, and efficient 
method that is often utilized to evaluate the specificity, 
sensitivity, and feasibility of other detection methods (10). 
However, this method is inconvenient for clinical testing given 
the requirement of isothermal cyclic amplification (11). The 
present study aimed to develop an efficient, time‑saving, and 
inexpensive method for the detection of P. aeruginosa.

A novel gene amplification method called loop‑mediated 
isothermal amplification (LAMP) was developed by 
Notomi et al (12) in 2000, and is possibly a feasible and 
cost-effective alternate scheme for molecular diagnosis. This 
technique is based on a set of specific primers with at least 
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four primers to recognize six different regions of the genome 
and produces a stem-loop DNA with several inverted repeats 
and cauliflower‑like structures with multiple loops (13). The 
results can be detected by fluorescence signal, turbidity, 
and the naked eye (14). In the present study, a novel specific 
gene of P. aeruginosa was obtained through bioinformatics 
analysis. An efficient and accurate LAMP method was built 
for the detection of P. aeruginosa and validated via PCR 
assay.

Materials and methods

Bacterial strains and culturing. All 150 tested P. aeruginosa 
strains and 170 non-P. aeruginosa strains, including 
Escherichia coli (ATCC25922), Klebsiella pneumoniae 
(ATCC700603), Staphylococcus aureus (ATCC25923), 
Staphylococcus epidermidis (ATCC12228), Enterococcus 
faecalis (ATCC29212), and Shiga bacillus (ATCC25931) 
were kindly provided by the First People's Hospital of Yunnan 
Province from their burns ward (Yunnan, China). The strains 
were grown in Luria‑Bertani (LB) liquid medium (Biotopped 
Technology Co., Ltd., Taipei, Taiwan) in a shaking incubator 
(HZQ‑F160 full temperature double layer oscillator‑cultivating 
box; Suzhou Pei Ying Experimental Equipment Co., Ltd., 
Jiangsu, China) at 37˚C and 180 rpm for 12 h. The bacterial 
genome was extracted using the TIANamp genomic DNA 
kit (Tiangen Biotech Co., Ltd., Beijing, China) following the 
manufacturer's protocol and then stored at ‑40˚C for further 
experiments (15).

Selection of specific genes of P. aeruginosa. The formatted 
non-redundant nucleic acid database was downloaded from 
National Center for Biotechnology Information (NCBI; ftp://
ftp.ncbi.nih.gov/blast/db) as the local database. Local BLAST 
sequencing in BLAST software (version 2.7.1+; https://ftp.
ncbi.nlm.nih.gov/blast/executables/LATEST/) was performed 
using the P. aeruginosa genome (KI518973.1) as query 
sequence against this database. Potential specific genes were 
further analyzed by online BLAST (version 2.7.1+; https://
blast.ncbi.nlm.nih.gov/Blast.cgi) with the database excluding 
or including the sequences of P. aeruginosa. The specific gene 
of P. aeruginosa was required to be highly conserved among 
the P. aeruginosa strains and show no significant similarity to 
other species for inclusion.

Initially, the genomic sequence of P. aeruginosa and the 
non‑redundant nucleic acid database of NCBI were down-
loaded to the local server. Then, the potential specific genes 
of P. aeruginosa were screened by sequence similarity align-
ment. Online BLAST was used to further identify the screened 
potential specific genes due to the slow update of the local 
database. Two‑step strategies using interspecies‑specific and 
intraspecies commonality were used to identify specific genes 
by online BLAST. The first step excluded P. aeruginosa during 
the alignment; the gene may be considered a possible target 
gene if the alignment result is different. The second included 
P. aeruginosa during alignment, with the highly conserved 
genes considered as possible target genes. The retrieval range 
was limited to the species with known sequences except for 
P. aeruginosa. The specific gene of P. aeruginosa can only 
be considered when the alignment differs from those of other 

species, is similar to those of a few species or features a very 
low similarity.

Primer design and reaction. Four oligonucleotide primers 
targeting the specific gene identified using BLAST, hypothetical 
protein gene (GenBank ID 882161), were designed using 
Primer Explorer version 5 software (http://primerexplorer.jp/
lampv5/index.html) for the LAMP assay. The outer primers 
F3 and B3 were used as the forward and reverse primer in the 
PCR assays, respectively. Table I presents all the primers used 
in the present study. PCR was performed using 2X Tsingke 
Master Mix, which was purchased from Tsingke Biotech 
Co., Ltd (Kunming, China). According to the manufacturer's 
protocol, the PCR reaction system containing 12.5 µl 2X 
Tsingke Master Mix, 1.0 µl primers (10 µM) and 1.0 µg DNA 
template from each strain was added with nuclease-free 
water up to 25 µl volume. The reactions were performed in 
a GeneAmp PCR System 9700 (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) with the following amplification 
conditions: Pre‑denaturation at 95˚C for 5 min, followed 
by 32 cycles of denaturation at 95˚C for 30 sec, annealing 
at 57˚C for 30 sec, extension at 72˚C for 30 sec and a final 
extension at 72˚C for 7 min. The PCR products were verified 
using gel electrophoresis on a 2% agarose gel and stained with 
GelStain (Beijing Transgen Biotech Co., Ltd., Beijing, China). 
LAMP assay reactions were optimized at 65˚C for 30 min and 
80˚C for 2 min. The system contained 2.5 µl 10X Bio Labs 
buffer, 8.0 U Bst 2.0 DNA polymerase [both New England 
Biolabs (Beijing) Ltd., Beijing, China], 5.2 mM Mg2+, 1.4 mM 
deoxyribonucleotide, 0.2 µM of the outer primer and 1.6 µM of 
the inner primer, with nuclease-free water up to 25 µl volume. 
SYBR‑Green I (Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China), a nuclear dye, was added into the LAMP 
reaction tubes for fluorescence visualization of the LAMP 
products.

Construction and verification of positive plasmids. The posi-
tive plasmids were constructed via the following steps. The 
DNA fragment of target genes was obtained by PCR and the 
genome DNA of P. aeruginosa as a template. The target frag-
ment was then inserted into the pMD 19-T simple vector and 
transformed into E. coli JM109 cells using the E. coli JM109 
Competent Cell kit [cat. no. 9052; both Takara Biomedical 
Technology (Beijing) Co., Ltd., Beijing, China] at 0˚C for 
30 min, 42˚C for 45 sec and 0˚C for 2 min, according to 
the manufacturer's protocol. The 37˚C preheated blank LB 

Table I. Loop‑mediated isothermal amplification primers for 
hypothetical protein gene.

Primer Sequence (5'‑3') Size (bp)

F3 CAAGCGCAAGATAGTCGCC 19
B3 TCCGCTTGAACAGGCTGGTG 20
FIP GAAGATATCCGGCTGGTTGCTTTTCA 43
 AGAGGGAATGCCGCAGT 
BIP AACGGATCATCGGCATCCTGGTTTT 45
 CATCGCCGTCCACAGGTAGA 
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medium was added into the transform system culture at 37˚C 
and 180 rpm for 1 h. Positive clones were selected from the 
cultured bacterial solution in the LB solid medium (Biotopped 
Technology Co., Ltd., Taipei, Taiwan) by spreading the bacteria 
around the plate, which was cultured at 37˚C for overnight. 
Then, following an overnight culture at 37˚C, the plasmid were 
extracted from the cells using TIANprep Mini Plasmid kit 
(Tiangen Biotech Co., Ltd.), according to the manufacturer's 
protocol and verified by sequencing. Finally, the number of 
copies of recombinant plasmids was calculated by the deduced 
polynomial model as follows:

where C denotes the copy of the recombinant plasmid, X and 
Y represent the concentration of the recombinant plasmid and 
the number of base pairs in the target fragment, respectively, 
NA is Avogadro's constant, 2692 is the number of base pairs 
in the vector, and 660 is the mean molecular weight of 1 base 
pair.

As described above, we constructed positive plasmids 
with the hypothetical protein gene. The plasmids were trans-
formed into JM109 competent cells. The positive clones were 
used for bacterial liquid PCR. The sequence alignment of the 
result was analyzed in NCBI following sequencing and the 
sequence correctness was verified. The positive clones were 
then cultured in LB liquid medium at 37˚C and 180 rpm for 
12 h prior to the extraction of positive plasmids by TIANprep 
Mini Plasmid kit (Tiangen Biotech Co., Ltd.), according to 
the manufacturer's protocol. The plasmids were verified by 
gel electrophoresis on 2% agarose gels and stained with 
GelStain, and then stored at ‑20˚C for further use.

Specif icity of PCR and LAMP reactions. A total of 
150  clinical P. aeruginosa strains and 170 non-P. aeruginosa 
strains, including 24 E. coli, 32 K. pneumonia, 37 S. aureus, 
15 S. epidermidis, 17 E. faecalis, and 45 S. bacillus, were 
tested in this study to evaluate the specificity of PCR and 
LAMP reactions. The PCR test was used as the gold standard 
in preliminary experiments for the specificity test prior to the 
LAMP test. All experiments were repeated twice.

Sensitivity of PCR and LAMP reactions. The sensitivity of 
PCR and LAMP reactions were evaluated using two different 
templates, the serially diluted 10-fold positive plasmids 

(108-100 copies) and blood sample mimicking infection. The 
counted P. aeruginosa strain was serially diluted by 10-fold 
in PBS and then mixed with blood from 3 healthy specific 
pathogen free female Kunming mice (Laboratory Animal 
Center of Kunming Medical University, Kunming, Yunnan; 
weight, 22‑25 g; age, 5 weeks) at 1:1 proportion to mimic 
infection. The mice were housed in the animal experiment 
center of Kunming University of Science and Technology 
(Kunming, China) at 25˚C with a 12/12 h light/dark cycle 
and access to food and water ad libitum. The blood sample 
was lysed using a solution containing 125 mM NaOH, 1 mM 
EDTA and 0.1% Tween-20, and then a solution containing 
125 mM HCl and 10 mM Tris-HCl, and the suspension was 
used as the template for PCR and LAMP assays. All experi-
ments were repeated six times.

Results

Screening the specific gene and primer design. Following 
the preliminary screening of possible specific genes by 
local BLAST, 1,599 potential specific genes were obtained. 
These genes were then used in the second screening by 
online BLAST. Conclusively, 5 potential specific genes were 
attained, and they met the criterion regarding interspecific 
specificity and intraspecies universality. In the primer design 
step, four primers were designed for the six regions of the 
target gene in LAMP, and the primers were confirmed by 
primer BLAST and PCR assay. Considering the above 
selection criteria, the hypothetical protein gene was finally 
identified as the only one that can be used in the detection of 
P. aeruginosa.

Specificity of PCR and LAMP reactions. The genomic DNA 
of P. aeruginosa and non-P. aeruginosa were extracted 
as templates for the specificity test of PCR and LAMP, as 
detailed above. Prior to LAMP reaction, the PCR test was 
used for the specificity test, and all 170 non‑P. aeruginosa 
strains were negative. Fig. 1 presents the representative results. 
Following validation by PCR, LAMP was used to test speci-
ficity. SYBR‑Green Ι was added to the LAMP reaction tubes 
for fluorescence visualization. Fig. 2 presented the results of 
LAMP; the findings of which were consistent with PCR.

Sensitivity of PCR and LAMP reactions. The positive plasmids 
and bacterial solution were serially diluted 10-fold based on 
the calculated copy number and plate counting, respectively. 

Figure 1. Specificity of the PCR assay for detecting the target gene of hypothetical protein gene. Genomic DNA of P. aeruginosa was used as the template 
for PCR in lanes 1‑8, the template in lanes 9‑14 were ordinal of control strains, E. coli, K. pneumonia, S. aureus, S. epidermidis, E. faecalis and S. bacillus, 
whereas lane 15 is NC. All experiments were repeated twice. PCR, polymerase chain reaction; NC, negative control; M, marker.
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The positive plasmids were directly used as templates for PCR 
and LAMP assay. Figs. 3 and 4 demonstrate the extreme sensi-
tivities, which can reach up to 100 copies per reaction, of PCR 
and LAMP assay. The bacterial solutions were mixed with 
the blood of mice with a volume ratio of 1:1. These mixtures 
were lysed by direct extraction reagent and then used for the 
LAMP assay. Fig. 4 indicates that the LAMP assay exhibits a 
high sensitivity that may reach up to 100 copies per reaction. 
SYBR‑Green Ι into was also added to the LAMP reaction 
tubes for fluorescence visualization detection (Fig. 5).

Discussion

P. aeruginosa must be controlled in related infections, and 
an effective method for the detection must be evaluated and 
used. Various methods, including culturing and PCR-based 
amplification method, have been utilized for the detection of 
this pathogen (7). Conventional methods, such as culturing, 
are experience‑dependent and time‑consuming (7). In addi-
tion to diagnostic or detection application, PCR is useful for 
cloning and other molecular biology areas, but has not been 

Figure 3. Sensitivity of the polymerase chain reaction assay for detection of the hypothetical protein gene. The positive plasmid was used as a template at 
concentrations of 5x108, 5x107, 5x106, 5x105, 5x104, 5x103, 5x102, 5x101 and 5x100 per reaction, with nuclease-free water used as template for NC. All experi-
ments were repeated six times. NC, negative control; M, marker.

Figure 4. Sensitivity of the loop‑mediated isothermal amplification assay for detection of the hypothetical protein gene. (A) The positive plasmids as template 
at concentrations of 5x109, 5x108, 5x107, 5x106, 5x105, 5x104, 5x103, 5x102, 5x101 and 5x100 per reaction, with nuclease-free water as template in lane 1 for NC. 
(B) The blood sample being direct lysed as template at concentrations of 1x108, 1x107, 1x106, 1x105, 1x104, 1x103, 1x102, 1x101 and 1x100 per reaction the sample 
order from 1x100-1x108, respectively, with positive plasmids as the template in lane 11 as PC, and nuclease-free water as the template in lane 12 as NC. All the 
experiments were repeated six times. PC, positive control; NC, negative control; M, marker.

Figure 2 Specificity of the loop‑mediated isothermal amplification assay for detecting the target gene of hypothetical protein gene. (A) The template of 
tubes 1‑8 were genomic DNA of P. aeruginosa; tubes 9-14 were ordinal of control strains, E. coli, K. pneumonia, S. aureus, S. epidermidis, E. faecalis and 
S. bacillus, whereas 15 is NC. (B) The agarose gel electrophoresis figure of (A). All experiments were repeated twice. NC, negative control; M, marker.
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broadly established in clinical set-up given the requirement for 
a high-precision thermal cycler, which cannot be afforded by 
low‑level medical institutions (16).

LAMP is a novel DNA amplification technique (17). This 
method is widely used in various fields of biological science, 
including bacterial, viral and parasitic infections, and has 
the potential to be used as a simple detection assay due to its 
simplicity, ruggedness and low cost (18). In contrast to PCR 
technology, wherein a series of alternating temperature steps or 
cycles is carried out, the LAMP assay requires no thermal cycler 
and is carried out at a constant temperature of 60‑65˚C (19). 
Additionally, compared with the traditional method of isolation 
and identification and PCR assay (24‑48 and 2‑3 h, respec-
tively), LAMP is rapid, simple, and convenient (8).

In the present study, a novel specific gene was identified, 
named hypothetical protein gene (GenBank ID: 882161), which 
can be used for identification of P. aeruginosa. Hypothetical 
protein gene was initially used as a target gene for the detec-
tion of P. aeruginosa. Hypothetical protein gene was highly 
conserved in P. aeruginosa, however functional studies have not 
yet been conducted. In the present study, four oligonucleotide 
primers were designed for LAMP assay, and the outer primers 
F3 and B3 were used as the forward and reverse primers, 
respectively, in PCR assays for the hypothetical protein gene 
detection; the reaction conditions were optimal (optimizing 
data not shown). The results demonstrated that the hypothetical 
protein gene is specific to P. aeruginosa. Therefore, the LAMP 
system was utilized to detect P. aeruginosa due to its simplicity, 
and rapid, easy detection, which may appropriately meet the 
demands in developing countries with insufficient facilities 
and health resources. Furthermore, it was attempted to use 
the LAMP assay to detect the antibiotics resistance gene of 
P. aeruginosa. However, due to the rapid mutation and multiple 
subtypes of the drug resistance gene, the primers for LAMP 
reaction cannot correctly match with the target fragment and 
thus lead to false negative amplification.

P. aeruginosa infection has become one of the most serious 
nosocomial infections (20). Thus, establishment of a fast and 
effective detection method is required urgently. The LAMP 

technology offers the opportunity to resolve such burden for its 
simplicity, rapidity, and high sensitivity. With the emergence 
of multidrug-resistant bacteria, the LAMP technology can also 
be applied for detecting resistant genes (21).
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