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 Polymerase chain reaction (PCR) and loop mediated isothermal amplification 
(LAMP) represent a major advance in diagnostic methods in terms of speed and 
sensitivity. However, standard methods for sample preparation prior to PCR and 
LAMP are laborious and time consuming. Three template preparation methods 
(crude template, boiling, and commercial DNA extraction kit) were compared for 
detection of Porphyromonas gingivalis using PCR and LAMP assays. A total of 
eight sub-gingival plaques were evaluated for the presence of P. gingivalis. Both 
PCR and LAMP reactions revealed the presence of P. gingivalis in the plaque 
samples. When tested by PCR, 7/8 (87%) of samples extracted by a simple 
boiling method were positive, whereas 6/8 (75%) were positive after extraction, 
using commercial kit and 5/8 (62%) were positive after extraction, using a direct 
method. Whereas when tested by LAMP, all eight (100%) samples were positive 
after extraction by boiling and direct methods and seven (87%) were positive 
using a commercial kit. Higher sensitivity (100%) was observed for LAMP assay 
compared to those from PCR assay. In conclusion, crude supernatant of sub-
gingival plaque appears to represent a rapid, simple and cheaper method when 
LAMP assay was used for P. gingivalis detection. 
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INTRODUCTION 
 
There is strong evidence to implicate the presence of 
Porphyromonas gingivalis as periodontal pathogen in 
chronic periodontitis (Wu et al., 2007). Identification of P. 
gingivalis can be both by culture and by molecular 
methods. Culture method is limited in sensitivity, 
specificity and time consuming (Tomazinho et al., 2007). 
Moreover, oral microflora are hard to grow on culture 
media in the laboratory (Rawashdeh et al., 2008). Hence, 
to overcome these problems, molecular techniques are 
used. Polymerase chain reaction (PCR) is highly 
sensitive, specific and faster in bacterial determination, 
yet the need of expensive thermal cycler machine is the 
drawback for PCR as many developing countries does 
not possess the machine (Miyagawa et al., 2008). 
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Notomi et al. (2000) developed the loop-mediated 
isothermal amplification (LAMP) for a rapid, simple and 
sensitive identification technique. LAMP relies on auto-
cycling strand displacement DNA synthesis by the Bst 
DNA polymerase (Miyagawa et al., 2008). Continuous 
amplification under isothermal condition produces 
extremely large amount of target DNA which the by-
product (namely magnesium pyrophosphate) can be 
seen by visual (naked-eye) judgment after addition of 
SYBR Green I or a white turbidity of magnesium 
pyrophosphate (Iwamoto et al., 2003). Moreover, the 
need of four primers will enhance the specificity and with 
two addition of loop primers will shorten the amplification 
time up to 30 min (Maeda et al., 2005).  

Nonetheless, the crucial part is the preparation of DNA 
template for amplification. Commercial DNA extraction 
kits that are used to prepare genomic DNA are expensive 
and take about one hour to complete. They are less 
convenient when lot of samples need to be  processed  in 



 

 

 
 
 
 
a short period of time (Kim et al., 2014). Other methods 
might be simple and rapid yet still used toxic reagents 
such as phenol and chloroform (Carla et al., 2005). The 
DNA extraction procedure used in this study has 
exempted the use of the toxic reagent and has simple 
steps. This present study aimed to investigate the 
efficiency of three template preparation methods (boiling, 
crude and commercial kit) for the detection of P. 
gingivalis from sub-gingival samples by PCR and LAMP 
assays. 

 
 
MATERIALS AND METHODS 

 
Bacteria strain 

 
The reference strain used in this study was P. gingivalis 
ATCC 33277 from American Type Culture Collection 
(ATCC). This strain was used as a positive control in 
PCR and LAMP assays. It was cultured on blood agar 
plate at 37°C in anaerobic box (Forma Scientific, 
Massachusetts, USA) containing 80% N2, 10% H2 and 
10% CO2. The genomic DNA from the cultured bacteria 
was extracted using a commercial kit (Qiagen, Inc., 
Valencia, CA, USA) and the concentration was analyzed 
using a spectrophotometer (Eppendorf, Germany). It was 
then maintained at -20°C prior to use. 

 
 
Subject and sampling  

 
A total of eight sub-gingival plaque samples were 
employed in the study, which were collected according to 
standard ethical requirements. The sub-gingival plaque 
samples were taken from periodontal disease patients 
who seek for treatment in Dental Clinic, Hospital 
Universiti Sains Malaysia during the study period. 
Periodontitis was diagnosed when theer was the 
presence of periodontal breakdown with probing pocket 
depth (PD) of ≥4 mm; with attachment loss. Sub-gingival 
plaque samples were collected by using sterile curettes 
(Gracey Curettes) and suspended in 1 ml of sterile 
phosphate buffer saline [(PBS) 0.12 M NaCl, 0.01 M 
Na2HPO4, 5mM KH2PO4(pH 7.5)]. The samples were 
immediately transported on ice to the laboratory. 
Informed consent was obtained from each patient prior to 
collection and ethical approval was obtained from the 
Research Ethics Committee (Human), Universiti Sains 
Malaysia (USM)(USMKK/PPP/ JEPeM)[259.4.(5.5)].  

 
 
Sample processing for PCR and LAMP 

 
Three methods of template preparation for PCR and 
LAMP were tested. 
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Boiled template 
 
The sub-gingival plaque samples were homogenized with 
a glass rod and 200 µl aliquots of each sample was 
boiled for 10 min; centrifuged at 10,000 × g for 5 min, and 
2 µl of the supernatant was used as a template for PCR 
and LAMP. 
 
 
Crude template 
 
The sub-gingival plaque samples were homogenized with 
a glass rod and 200 µl aliquots of each sample was 
centrifuged at 10,000 × g for 5 min, and 2 µl of the 
supernatant was used as a template for PCR and LAMP. 
 
 
Commercial kit template 
 
The sub-gingival plaque samples were homogenized with 
a glass rod and centrifuged at 1800 × g for 5 min. The 
pellet was subjected to DNA extraction using the DNA 
extraction kit according to the manufacturer's instructions 
(Qiagen, Inc.,Valencia, CA, USA). Briefly, the pellet was 
resuspended in 180 µl of PBS. Then, 20 µl of Protease K 
and 200 µl of Buffer AL were added to the sample which 
was then incubated at 56°C for 10 min. Following lysis, 
100% ethanol was added to the samples, and the 
samples were transferred to spin columns which bind 
DNA. Wash buffers AW1 and AW2 were used to remove 
unbound substances, and the DNA was eluted from the 
spin columns using 150 µl of AE buffer provided with the 
kit. The total amount of extracted DNA was quantitated 
by measurement at OD 260 nm using a 
spectrophotometer (Eppendorf, Germany) and was 
maintained at -20°C before it was used in the PCR and 
LAMP reactions. 
 
 
Oligonucleotide primers 
 
The type-specific primers for P. gingivalis for PCR and 
LAMP amplifications were designed from pepO gene 
encodes P. gingivalis endopeptidase by using free 
software (Primer Explorer V4, Tokyo, Japan) based on 
sequences information obtained from Genbank 
(accession number: AB010440). The cross-reactivity was 
checked using BLAST on National Centre for 
Biotechnology information (NCBI) website. Six primers 
were used in LAMP reactions and two primers (F3 and 
B3) for PCR amplifications (Table 1). The primers were 
synthesized and purchased from First Base (First Base, 
Kuala Lumpur, Malaysia) in lyophilized form. Each of the 
primers was dissolved in DNase & RNase free water and 
adjusted to 100 mM as stock solution and stored at -20°C 
prior to use. 
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Table 1. Primers used for PCR and LAMP assays. 
 

Bacteria Primer Sequences (5’-3) 

P. gingivalis 

Pg_F3 ACGAGATGACGCATGGATTC 

Pg_B3 GATGTTCTCGCCAAGTGTCA 

Pg_FIP GCATCTTCAGCAGTCCACCAGTGACGATCAAGGCCGCAAC 

Pg_BIP TCGAGACCACAGCCCGAAAACTCCATTGGCACGAACACCA 

Pg_LF TCATATTGCCGTCTTTGTCGAA 

Pg_LB CAGCGAGATCTACGTAGCCG 

 
 
 
PCR amplification 
 
The amplification reaction was carried out in 20 µl 
volume, including the specified amount of DNA template. 
The final reaction mixture contained 0.75 U Taq 
polymerase, 1 × Taq buffer with (NH4)2SO4, 2.5 mM 
magnesium chloride, 0.5 mM dNTP mix, 1.0 µM of each 
F3 and B3 primer and 2.0 μl (10-100 ng) of template 
DNA. PCR amplification was performed for 30 cycles, 
with the following conditions: An initial denaturation at 
95°C for 5 mins, 95°C for 30 s (DNA denaturation), 59°C 
for 30 s (primer annealing) and 72°C for 30 s (DNA 
extension), 59°C for 30 s (extra annealing) with a final 
extension at 72°C for 5 min in a DNA thermal cycler 
(Eppendorf, Hamburg, Germany). The PCR products 
were subjected to electrophoresis on a 1.5% agarose gel, 
stained with flourosafe dye, visualized under UV light and 
documented by the image analyzer (Giles Scientific, 
USA). 
 
 
LAMP reaction 
 
The LAMP assay was carried out using a Loopamp DNA 
amplification kit (Eiken Chemical Co., Ltd., Tochigi, 
Japan) in 25 µl volumes. The reaction mixture contained 
40 pmol each of FIP and BIP, 5 pmol each of F3 and B3 
primers, 2 µl of extracted DNA, 1 µl of Bst DNA 
polymerase and 12.5 µl of reaction mix prepared in the 
kit. For the acceleration of the LAMP reaction, 20 pmol of 
each LF and LB was added to the reaction mixture. The 
reaction mixture was incubated at 60°C for 60 min and 
terminated at 80°C for 5 min in a heating block (Labnet, 
New Jersey, USA). For naked-eye detection, 5 µl of 1:10 
diluted SYBR Green I (BioTeke, Beijing, China) was 
added to the reaction mixture, and the color change was 
observed. Prior to the addition of SYBR Green I, white 
turbidity of the reaction mixture by magnesium 
pyrophosphate was also inspected. For the 
electrophoretic analysis, 5 µl of reaction mixture was 
loaded on a 1.5% agarose gel and visualized under UV 
light and documented by the image analyzer (Giles 
Scientific, USA). 

Statistical analyses 
 
Statistical analysis was performed using SPSS version 
22.0 software (IBM, Chicago, IL, USA). Descriptive data 
analysis was employed in this study to describe the 
presence of P. gingivalis using three different template 
preparation methods. 
 
 
RESULTS AND DISCUSSION 
 
The PCR amplicons were detected by agarose gel 
electrophoresis, while LAMP amplicons were detected by 
naked eye inspection using SYBR Green I, followed by 
electrophoretic analysis. The color of the reaction mixture 
of successful LAMP exhibited green by the addition of 
SYBR Green I, whereas the original orange color did not 
change in the control tube and confirm by agarose gel 
electrophoresis.  

The presence of P. gingivalisis varied by three different 
template preparation methods. Figure 1 shows the gel 
electrophoresis picture of the amplified PCR products of 
P. gingivalis using three different template preparations of 
sub-gingival plaques. In PCR, 7/8 (87.5%) were positive 
using boiled template, 5/8 (62.0%) using crude template 
and 6/8 (75.0%) using DNA extracted with commercial kit 
(Figure 1; Table 2).  
Figure 2 shows the detection of P. gingivalis LAMP 
products using SYBR Green I and electrophoretic gel of 
three different template preparation methods. In LAMP, 
8/8 (100.0%) were positive for P. gingivalis using boiled 
and crude templates while 7/8 (87.5%) were positive 
using DNA extracted with commercial kit. The naked-eye 
inspection demonstrated equivalent sensitivity to agarose 
gel electrophoresis under UV (Figure 2; Table 2).  

The results demonstrated higher sensitivity of LAMP as 
compared to PCR using boiled and crude template. In 
addition, sensitivity was at equal level using boiled DNA 
template and commercial kit for PCR.  

The vital part in molecular technique is sample 
processing step where good yields of extracted DNA are 
required. In this study, the simplified method for template 
preparation  were   evaluated.   Besides   extracted   DNA
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Figure 1. PCR products of P. gingivalis (229 bp) using three different extraction methods detected by 1.5% agarose gel 
electrophoresis. A) PCR products of boil method. B) PCR products of crude method. C) PCR products of commercial extraction 
method. N, negative control; P, positive control; M, 100 bp DNA Ladder; Tube and Lane 1-8, Sub-gingival plaque samples. 
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Figure 2. Visual inspection of P. gingivalis LAMP products using SYBR Green I and electrophoretic gel analysis 
using 1.5% agarose gel of three different extraction methods. A) LAMP products of boiled method. B) LAMP 
product of crude method. C) LAMP product of commercial extraction method. N, negative control; P, positive 
control; M, 100 bp DNA Ladder; Tube and Lane 1-8, Sub-gingival plaque sample. 

 
 
 

Table 2. Presence of P. gingivalis by LAMP and PCR assay in boiled, crude 
and commercial kit extracted DNA of periodontitis patients (n=8). 
 

Template preparation 
Method 

PCR n (%) LAMP n (%) 

Boiling 7 (87.5) 8 (100.0) 

Crude 5 (62.5) 8 (100.0) 

Commercial kit 6 (75.0) 7 (87.5) 
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template using the Qiagen Mini Kit, boiled and crude 
templates were tested to examine the sensitivity by both 
PCR and LAMP to detect P. gingivalis from clinical 
samples.  

P. gingivalis was detected in all eight sub-gingival 
plaques of periodontitis patients. A simple processing 
technique involving 10 min boiling of sample prior to PCR 
and LAMP amplification proved to be very applicable for 
the detection of P. gingivalis in periodontal samples. 
These results are in accordance with data by Miyagawa 
et al. (2008), who suggested the possibility of boil method 
of dental plaque in molecular studies. This simple and 
rapid template preparation method would exempt the 
need of expensive extraction kit which at least needs one 
hour to complete. Crude template is easy and less time-
consuming compared to boiling and extraction, but in 
PCR, the outcome was not as good as boiled and 
commercial kit extracted template. Insufficient template 
due to incomplete lysis of DNA in crude template 
contributed to the low detection by PCR. Moreover, the 
use of crude sample of sub-gingival plaque may contain 
substances that inhibit PCR reaction. In PCR, it was 
suggested to apply extraction and purification steps of 
DNA to decrease the amount of inhibitory substances in 
sample (Carla et al., 2005). On the other hand, this 
problem is not applicable to LAMP which is less sensitive 
to inhibitor substances (Kaneko et al., 2005). The 
efficiency was higher when associated to LAMP in any 
three DNA extraction techniques (Maeda et al., 2005).  

Higher sensitivity (100%) was observed for LAMP 
assay compared with those from PCR assays. The trail 
using crude template directly from clinical samples for 
LAMP reaction was suggested by Miyagawa et al. (2008) 
but yet had not being proven. In this study, the use of 
crude samples from sub-gingival plaque without any 
treatment and buffer were confirmed to be applicable in 
LAMP reaction with high sensitivity.  

Our final goal is to establish a simple template 
preparation process to accelerate the detection and 
identification of periodontal bacteria. Boil and commercial 
kit extracted template showed comparable sensitivity in 
PCR while in LAMP, all three different template 
processing methods showed similar results.  

In conclusion, the simplest and fastest way for 
identification of pathogenic bacteria is by the LAMP 
method using crude templates. 
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