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ABSTRACT: Fast and accurate detection of Salmonella typhimurium (S. typhimurium) 
is needed. This study aims to design and test the primer optimum temperature for the 
S.  typhimurium flagellin gene (fljB) with the Gradient Polymerase Chain Reaction (PCR) 
technique. The in silico analysis using Professional Clone Manager program 9.2 for the 
primer design showed that the fljB primer pair could amplify S. typhimurium fljB fragments 
to produce amplicon with size 106 base pairs (bp). Evaluation of the primer ability of the 
design result and determination of the optimum temperature to produce amplicons of the 
right size was carried out by Polymerase Chain Reaction (PCR) Gradient. The temperature 
variation on PCR-Gradient is 56–61°C. The S. typhimurium isolate as a template for the 
Gradient PCR process has a concentration of 53.75 ng/µΛ with purity (A260/280) of 1.85. 
The results of the study generously information that the fljB primer provides optimal results 
at annealing temperatures 60°C. This is indicated by the production of a DNA band with a 
size of 106 base pairs in accordance with the analysis in silico and has a thickness band inten-
sity. Based on the results obtained, it can be concluded that the optimal temperature of the 
fljB primer of S. typhimurium is 60°C. Furthermore, the primers and optimum temperatures 
obtained were used for the Real Time PCR stage in the development of sensitive, specific and 
faster methods of detection of food poisoning bacteria.

1 INTRODUCTION

S. typhimurium infection through food contamination is a major public health threat even in 
developed countries, and is better known as a foodborne disease (Won and Lee, 2017). The 
fljB gene is an abundant protein-coding on the surface of the bacterial flagellum (Lim et al., 
2003). This gene can be used as a primer in the Polymerase Chain Reaction (PCR) method 
to multiply the number of DNA molecules on a particular target, by synthesizing new DNA 
molecules that complement with the DNA molecule target. PCR is a repetitive reaction which 
includes template denaturation, annealing (pairing) the pair of primers on a single strand of 
DNA target, and extension (elongation) which can obtain DNA amplification.

In the annealing process, one of the main factors that influenced the success of the amplifi-
cation process is temperature because for the primer to attach onto the DNA strands, it needs 
an optimal temperature. If  the temperature is too high, it will cause the amplification to fail 
because there is nothing that the primer will be able to attach to, and if  the temperature is 
too low, it will make the primer attach to other sides of the genome, and the result is that the 
DNA formed has a low specificity. So, it is very important to find the optimum temperature 
of annealing for the amplification process (Rybicky, 1996).
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Because annealing is a very important process, it needs an optimum temperature that will 
obtain maximum results for DNA in targeted area and make DNA analysis easy. By knowing 
the correct annealing temperature, it is hoped that it will provide high DNA quality results 
and able to distinguish between bacteria from others.

2 METHOD

2.1 Primer design

The primer design uses the sequence of the fljB gene of S. typhimurium sr. LT2 (Accession 
number: NC_003197) and was designed with the National Center for Biotechnology Infor-
mation (NCBI) Primer-Blast software (Bustin & Hugget, 2017). The recommended primer 
is displayed, and then the primer is tested with Clone Manager Professional 9.2  software 
to determine its melting point, Guanine-Cytosine percentage (GC-percentage), hairpin, 
dimer and other characteristics. The selected design primer is a primer which has a length of 
18–24 bases, a GC percentage of 50–60%, small dimer and hairpin numbers, a melting point 
of 50–65°C, and 75–200 bp of amplicon length (Bio-Rad, 2006; Thermo Fisher Scientific, 
2016). The design of the fljB gene primer was synthesized in Macrogen, Korea.

2.2 Growth of S. typhimurium bacteria

S. typhimurium bacterial suspension from the Microbiology Laboratory Universitas Indonesia 
(UI) was formed in agar slants, grown on Salmonella. Shigella agar media (from Deben 
Diagnostics Limited) and incubated for 18 hours at 37°C. One colony of S. typhimurium 
that colored black on the surface of the agar was put on inoculating loop, dipped into 10 ml 
of Luria Bertani broth (from Deben Diagnostics Limited), and then placed in an incubation 
shaker at 37°C for 18 hours.

2.3 Isolation of DNA S. typhimurium bacteria

Amount of 1 ml of S. typhimurium bacterial suspension from the Luria Bertani broth was 
centrifuged at 7000 rpm for 10 minutes with three repetitions before DNA isolation. DNA 
isolation from the supernatant was carried out following the QIAamp DNA Mini Kit proto-
col (Qiagen, 2001). The concentration of DNA isolation results were measured and purified 
with Nano Drop (Nanovue Plus), and checked using electrophoresis on 0.7% agarose gel 
(Thermo Fisher Scientific, 2012) and an ultraviolet Trans illuminator (Vilber Lourmat). The 
isolated DNA was stored in a freezer at -20°C until it was ready to be used.

2.4 Amplification of S. typhimurium using gradient PCR

Amplification of the fljB gene in S. typhimurium bacteria with an isolated sample was car-
ried out with a PCR machine (Applied Biosystem). Optimization of the primer PCR was 
performed with the gradient method. The annealing temperature in the optimization process 
was 56–61°C. The 25 µl reaction mixture contained: 12.5 µl of Dreamtaq Green PCR Master 
Mix (Thermo Fisher Scientific); 1 µl of the primer forward (10 µm); 1 µl of primer reverse 
(10 µm); 8.5 µl of nuclease free water (Qiagen); and 2 µl of template DNA. The amplification 
conditions were set as follows: initial denaturation at 95°C for 2 minutes following 40 cycles; 
denaturation at 95°C for 30 seconds; annealing at 56–61°C for 30 seconds; and elongation 
at 72°C for 1 minute. The amplification process ended with a final elongation at 72°C for 
10 minutes.

2.5 Electrophoresis Gel Agarose

PCR products were electrophoresed with 2% agarose in Tris-acetate-EDTA (TAE) 1X 
buffer solution. A total of 7 µl of  DNA from the PCR results in a temperature range of 
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56–62°C was mixed with 3 µl of  loading dye, and then put in a well containing agarose gel. 
The electrophoresis process was run at 80 v, and at a current of 500 mA for 60 minutes. 
The appearance of DNA fragments was seen using an ultraviolet Trans illuminator (Vilber 
Lourmat).

3 RESULTS AND DISCUSSION

The primer bacteria of S. typhimurium was designed by taking pieces of fljB gene DNA start-
ing from the 1046th forward base and 1032th reverse base with a target product of 106 bp. 
The length of each oligonucleotide was 20 bases. The primer was analyzed using the Clone 
Manager Professional 9.2 program.

Based on Table 1, it can be seen that the selected pair of primers was appropriate to the cri-
teria for good primers including primer length, percentage GC, Melting Temperature (Tm), 
primer interaction (dimers and hairpins), primer stability, repeats, and runs.

Forward and reverse primers had the same percentage GC which was 55. The recom-
mended percentage GC is 50–60. The result of the percentage GC of the primer design met 
the reference for making a primer. High GC content from the primer can cause the formation 
of self-dimer and secondary structure. The percentage GC will affect the bond between DNA 
strands. A high percentage GC will make strong bonding between DNA strands because the 
GC contains more bonds between nucleotides than Adenine-Thymine (AT), which will affect 
the Tm (Borah, 2011).

The Tm of the pair of primers was 60.5°C. Tm is the temperature when half  of the double 
DNA will be separated (Kumari, 2016), and will affect the temperature of the DNA double 
helix strand denaturation and the primer annealing temperature. The primer design Tm met 
the program’s reference. Both primers did not have a different Tm value. The general stand-
ard of the primer Tm value should have the same melting temperature (Ye, 2012), but a dif-
ference in Tm of less than 5°C is still tolerable (Hugget & O’Grady, 2014). This will guarantee 
the correct and specific annealing temperature in the PCR process. Tm will be the basis for 
determining the annealing temperature. If  the annealing temperature used is less than opti-
mum, then primer attachment in an inappropriate place will occur (Lorenz, 2012).

From the results of the in silico analysis, the dimer value at the 3’ end was 2 and 1 respec-
tively. There were 2 dimers in the forward primer and 3 dimers in the reverse primer, other 
than those on the 3’ end. Both primers did not have hairpins, and so both primers met the 
good criteria for a primer. In the primary forward and reverse, it is best to avoid the forma-
tion of dimers or hairpins (Meagher, 2018; Ye, 2012). The dimer shows the hybridization 
between the identical primer base. If  there is a dimer in the primer, the DNA polymerase can 
bind to the identical part and extend in both directions. This can decrease the efficiency of 

Table 1 Results of the design of the gene fljB primer pair.

Criteria F-fljB R-fljB
Based on clone manager  
professional 9.2

Primer length 20 20 18–22
% GC 55 55 50–60
Tm (°C) 60.5 60.5 55–80
Dimer at 3’ terminus 2 1 <3
Dimer other 3’ end 2 3 <7
Stability (kcal) 0.3 0.2 ≥1.2
Runs 3 3 <3
Repeat None 2 <3
Hairpins None None None

*F-fljB = Forward-fljB.
*R-fljB = Reverse-fljB.
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the amplification even if  the products are not according to what is needed. The presence of 
dimers at the end of 3’ can inhibit the amplification process because amplification starts from 
the end of 3’ so that it can reduce or not form PCR products (Maitriani et al., 2015). The 
good primers did not complement each other so they did not form the hairpin structures. The 
hairpin form makes the primer not anneal to the DNA sequence sample (Taylor et al., 1995). 
The same nucleotide repetitions (runs) and dinucleotides (repeats) must be avoided because 
they can make false priming in the primer so that the primer attachment process becomes 
difficult. The primer should have a repeat of no more than 4 bases (Dieffenbach et al, 1995; 
Lorenz, 2012).

The isolation of S. typhimurium bacterial DNA was measured by its concentration and 
purities by using Nano Drop (Nanovue Plus). The purification of DNA samples was meas-
ured based on the 260/280 absorbance ratio. A DNA concentration of 53.75  ng/µl was 
obtained with a purification (A260/280) of 1.85. DNA isolates obtained were pure enough 
because they were in a good purification range of around 1.8–2.0. If  the ratio of absorbance 
produced is less than 1.8, it means that DNA isolates are still mixed with protein, and if  the 
ratio of absorbance produced is more than 1.8, it means there is too little impurity in the 
form of RNA and DNA (Ye, 2012).

Electrophoresis was carried out to determine the success of the sample DNA isolation 
process. Based on the electrophoresis results of DNA isolates, Figure 1 shows that the DNA 
genome of S. typhimurium bacteria was successfully isolated. This is seen with the appear-
ance of DNA bands on the electrophoregram. DNA bands in the left lane is a marker meas-
uring 1 kb Ladder which serves as a marker of the size of an isolated DNA. Based on its size, 
DNA bands isolated from S. typhimurium appear in the uppermost area–higher than the 1 
kb marker size–which shows this result is in accordance with information about the size of 
the genome S. typhimurium is 4.9 × 106 bp (McClelland, 2001).

DNA isolation results are used as templates in the amplification process. The success of 
PCR is influenced by the use of suitable pair primers and the annealing temperature. There-
fore, annealing temperature optimization is one of the most important criteria to determine 
PCR success. Annealing temperature optimization must be carried out because the anneal-
ing temperature takes a role in the primer’s attachment process in the target DNA template, 
and makes it run well. Attaching the primer to the DNA target will trigger the polymerase 
enzyme to catalyze the installation of complementary nitrogen bases, and in the reagent, into 
the template DNA so that new DNA is formed. Annealing temperature with a high tem-
perature can inhibit the hybridization process of the template so that less PCR products are 
produced (Astriani et al., 2014).

Figure 1. Gel Electrophoresis DNA isolate results of S. typhimurium. Line M. DNA Marker 1 kb 
Ladder. Line 1. The Genome of S. typhimurium Bacteria.
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PCR or chain polymerase reactions are a way to amplifying (doubling) a DNA fragment in 
vitro by using a particular primer (Taylor et al., 1995). Through the PCR technique, the abil-
ity of primer amplification and detection of PCR products by 2% agarose gel electrophoresis 
can be determined. The electrophoregram results are shown in Figure 2. Electrophoresis 
results showed that column 1 is a positive control in the form of the primer S. typhimurium 
with the pef gene that was previously designed with the 139 bp amplicon product (Nurjayadi 
et al., 2017). Column 2 is the result of the S. typhimurium fljB gene PCR with 106 bp, and 
at an annealing temperature of 58°C. Column 3 is the result of the S. typhimurium fljB gene 
PCR with 106 bp, and at an annealing temperature of 59°C. Column 4 is the result of S. 
typhimurium fljB gene PCR with 106 bp, and at an annealing temperature of 60°C. Column 
5 is the result of S. typhimurium fljB gene PCR with 106 bp, and at an annealing temperature 
of 61°C. Column 6 is the result of S. Typhimurium fljB gene PCR with 106 bp, and at an 
annealing temperature of 62°C. Column M is a marker of 100 bp.

From the electrophoresis results it can be seen that the band at an annealing temperature 
range of 56–62°C produces a relatively same band thickness, which in line 4 with a temperature 
of 60°C, the band looks a little thick compared to the others. The thick and bold band intensity 
indicates that the quantity of DNA formed is greater, and more primer can work optimally 
to amplify the DNA of S. typhimurium bacteria. The optimum annealing temperature for the 
primer can amplify the template in the PCR process in the range of 58–60°C (Dorak, 2006). 
Therefore, 60°C is the most optimum annealing temperature for the PCR process. Forward and 
reverse primer of the fljB gene has succeeded in amplifying fljB gene fragments with a product 
size of 106 bp, in accordance with the results of the in silico analysis from the design primer step.

4 CONCLUSION

A pair of fljB gene primers from the design result was able to amplify S. typhimurium fljB 
gene fragments to produce 106 bp amplicon length, according to the results of the in silico 
analysis from the Clone Manager Professional 9.2 program. Amplification of the fljB gene 
DNA using the fljB gene primer at an annealing temperature of 60°C. Furthermore, the 
primers and optimum temperatures obtained were used for the Real Time PCR stage in the 
development of sensitive, specific and faster methods of detection of food poisoning bacteria.

Figure 2. Electrophoresis Gel Agarose results of amplification of S. typhimurium fljB gene isolate 
fragment with an annealing temperature range of  58–62°C and a marker of 100 base pair. The detail 
information describe on the text.
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