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Abstract

Background: Salmonella is one of the major agents of food-borne diseases that cause severe illness in humans. The conventional de-
tection methods of these bacteria are time-consuming with low sensitivity and specificity, which limit their applications. Therefore,
developing more rapid and accurate methods is urgently required in food safety programs.
Objectives: In this study for the first time, polymerase chain reaction-Temporal temperature gradient gel electrophoresis (TTGE)
was optimized for the identification of Salmonella enterica subspecies enterica serovars in processed food samples using a single-copy
sequence.
Methods: DNA was isolated from pure cultures of Salmonella and non-Salmonella strains. The single copy target sequence was se-
lected and amplified by employing the polymerase chain reaction (PCR) with specific primers, designed in this study, and their
specificity and sensitivity were determined. The TTGE parameters, especially the temperature gradient and the time of reaction,
were optimized and then this method was applied to investigate spiked food samples.
Results: The PCR detection sensitivity was recorded as 12 × 103 CFU/mL in artificially-contaminated food samples. The best resolu-
tion was observed at a temperature gradient from 62.5 to 67.5°C, with a ramp rate of 1°C/hour and electrophoresis for 5 hours at a
constant voltage of 130 V. The TTGE patterns obtained from the artificially-contaminated samples were similar with the respected
standard bacteria strains. The optimized TTGE protocol resulted in the separation of the same length PCR products into different
band positions on the polyacrylamide gel.
Conclusions: By optimization of PCR-TTGE and determination of distinct band pattern for standard bacteria, this method can be
used as a fast screening test to investigate the presence of S. enterica, subspecies enterica, directly in food samples.
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1. Background

Salmonella is one of the most common pathogens of
food-borne disease with an estimated 93.8 million human
infections and 155,000 deaths annually worldwide (1). The
genus Salmonella is a Gram-negative, rod-shaped, faculta-
tive anaerobe belonging to the Enterobacteriaceae family.
This genus is divided to two species, S. enterica and S. bon-
gori. Salmonella enterica includes over 2500 serovars (2).
Consumption of contaminated food, especially animal ori-
gins, causes most Salmonella infections. In order to en-
sure food safety, it is necessary to control Salmonella pres-
ence in all key stages of food production process (3). Tra-

ditional methods for detection of Salmonella require pre-
enrichment, selective enrichment as well as isolation on
selective agar, which can then be characterized by perform-
ing additional biochemical and/or serological tests. Stan-
dard culture methods are excessively time consuming (7 to
5 days) and labor intensive (4). Another problem is the lack
of knowledge of the actual condition for bacterial growth
in their natural resources.

Currently, investigations of Salmonella typing are per-
formed by serotyping, according to the Kauffmann-White
scheme (5). Serotyping has limitations in its use, anti-
serum production, quality test variation, and high cost. In
addition, serological tests are usually undertaken at refer-
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ence laboratories and have been rarely performed in rou-
tine food or clinical laboratories. Consequently, nucleic
acid-based approaches for Salmonella spp. detection have
been popularized based on DNA or RNA polymorphism.
These methods offer advantages of sensitivity, specificity,
and reproducibility over other methods, rapidly identify-
ing Salmonella without obtaining pure cultures (6). The
polymerase chain reaction (PCR) is a major technique of
the assays.

Polymerase chain reaction-temporal temperature gra-
dient gel electrophoresis (TTGE) is a PCR-denaturing gradi-
ent gel electrophoresis that allows separation of DNA frag-
ments of the same length, yet, with different sequences
in a temporal gradient of temperature, simultaneously
(7). Most of the studies, done so far, for identification of
Salmonellaby PCR-denaturing gradient gel electrophoresis
(DGGE) are based on 16S and 23S ribosomal DNA sequences
(8, 9). The nature of multiple copies of these sequences has
limitations such as determination of the banding profile
of target microorganisms prior to TTGE or DGGE assay.

To distinguish the species of S. enterica subspecies en-
terica by the TTGE method, the bacteria-specific primers
(designed in this study), targeting a sequence for a hy-
pothetical non-specific endonuclease, were used. The se-
quence was single-copy and has been shown to have some
degree of polymorphism among these bacteria. Using this
method, different bacteria strains in food samples were de-
tectable with high accuracy.

2. Objectives

In the present study, the ability of a specific single-copy
sequence and TTGE technique to distinguish different bac-
teria belonging to S. enterica subspecies enterica in food
(chicken sausage) was assayed.

3. Methods

3.1. Bacterial strains and Culture Condition

The Salmonellaand the non-Salmonellabacterial strains
used in this study are listed in Table 1. They were cultured
on non-selective Tryptic soy broth (TSB) under aerobic con-
ditions at 37°C for 24 hours.

3.2. Rapid DNA Extraction and PCR Assay Design

Extraction of DNA was performed from pure cultures
by the boiling method as follows (10): Aliquots of 1 mL
of bacterial suspensions were centrifuged at 15000 g for
3 minutes. The pellet was resuspended in 500 µL of ster-
ile deionized distilled water and vortex agitated. The sus-
pensions were heated at 100°C for 10 minutes, immediately

Table 1. Salmonella and non-Salmonella Strains Used in This Study

Salmonella Strains Non-Salmonella Bacteria Strains

Salmonella typhimurium (ATCC:
14028)

Escherichia coli (ATCC: 25922)

Salmonella typhi (PTCC: 1609) Klebsiella pneumoniae (ATCC: 700603)

Salmonella paratyphi B (NCTC:
8390)

Proteus mirabilis (clinical isolate)

Salmonella dublin (animal isolate) Citrobacter freundii (clinical isolate)

cooled on ice for 10 minutes and followed by centrifuga-
tion at 15,000 g for 3 minutes. The supernatant, contain-
ing DNA, was kept for use in the PCR reaction. In addition,
the DNA was extracted from food samples (chicken sausage
purchased from the market) and inoculated with standard
Salmonella strains by the BIONEER DNA extraction kit, ac-
cording to the manufacturer’s protocol (BIONEER Corpora-
tion, Korea).

The 254-bp fragment was amplified using the newly
designed primers salF and salR. For PCR-TTGE a 40-bp GC
rich fragment, the ‘GC clamp, was added for the 5’ end
of the reverse primer salR. The primers were designed by
the AlleleID software (version 6). Sequences of primers are
shown in Table 2. The final volume of the reaction mix-
ture was 20µL containing 1µL of each primer (10 pM each),
0.4 µL of dNTPs (10 mM), 0.5 µL of MgCl2 (50 mM), 2 µL of
10X reaction buffer, 0.2 µL of Taq DNA polymerase (50 u/
µL), and 2 µL of template DNA. The amplification was con-
ducted in a thermocycler (Corbett) and the program was
as follows: 94°C for 5 minutes, 35 cycles of 20 seconds at
94°C, 30 seconds at 62°C, and 30 seconds at 72°C, followed
by 7 minutes at 72°C. The PCR products were examined by
electrophoresis on a 1.2% agarose gel, followed by stain-
ing with ethidium bromide and viewing under Ultraviolet
light (UV) before TTGE migration.

Table 2. Primers Used for the Amplification of the Hypothetical Non-Specific En-
donuclease Gene in the Salmonella Genus

Primer Prime Sequence

salF 5’-CGCTTCTCATCGGCAACC -3’

salR 5’-CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCC
CGCCCGGTCAAAAAGTGAAGGAAATTACGC -3’a

aThe underlined sequence in salR indicates the GC clamp required for TTGE
analysis.

3.3. Selectivity and Sensitivity of Primers

The selectivity of the designed salF and salR primers
were determined using DNA purified from non-Salmonella
strains belonging to the Enterobacteriaceae family (Table 1).
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The PCR sensitivity was determined using an enriched
overnight culture of S. typhimurium. A serial of 10-fold di-
lutions was prepared in sterile distilled water to obtain
suspensions containing 100 to 108 Colony Forming Units
(CFU) of S. typhimurium per milliliter. The bacterial con-
centrations were estimated by absorbance readings and
comparison with the McFarland table. A 25-g of sliced ster-
ile food sample (autoclaved chicken sausage sample) was
transferred into 225 mL of buffered peptone water (BPW)
and homogenized for 5 minutes with a homogenizer in-
strument (Heidolph homogenizer, DIAX 900) and inocu-
lated with 1 mL of an overnight culture of S. typhimurium (12
× 108 CFU/mL) (11). A 1-mL aliquot was removed and trans-
formed into a tube containing a 9 mL of sterile BPW. This
action was continued to obtain a serial of 10-fold dilutions.
A negative control of uninoculated sterile food sample was
also included.

3.4. Temporal Temperature Gradient Gel Electrophoresis Analy-
sis

After PCR, the amplicons were subsequently applied to
TTGE analysis. The TGGE was performed on DCode univer-
sal mutation detection system (Bio-Rad, USA) by running
on 8% acrylamide gel (160 × 160 × 1 mm) containing 6 M
urea in 1X TAE buffer. The TTGE conditions such as tem-
perature range, voltage, and time were optimized. Prior to
the experiment, the initial and final temperatures were de-
termined theoretically using the WinMeltTM software (Bio-
Rad, USA). Finally, the electrophoresis was conducted with
a constant voltage of 130 V, a temperature gradient from
62.5 to 67.5 and ramping rate of 1°C/h for 5 hours. A TTGE
diversity ladder was generated by mixing the PCR products
of the standard bacteria strains. After electrophoresis, DNA
band patterns related to the standard strains and spiked
food samples were observed with silver staining.

4. Results

Using the newly designed primers specific to S. enterica
subspecies enterica, the PCR produced a sharp band of the
expected 254 bp with all the examined Salmonella strains
under optimal condition (Figure 1).

In order to examine the specificity of the newly-
designed primers among the several genera of the fam-
ily Enterobacteriaceae, some non-Salmonella strains were
tested by the PCR assay. After optimizing the PCR condi-
tions and reagent concentrations, at an annealing tem-
perature of 62°C and 1.25 mM MgCl2, PCR analysis of non-
Salmonella strains showed no detectable bands (Figure 2).

To determine the limits of detection (LOD) and sensitiv-
ity of the PCR assay, the standard strain of S. typhimurium

Figure 1. Polymerase Chain Reaction Products of the Target Sequence Amplified
With Primers salF and salR in the Salmonella Standard Strains

Each lane represents:1) 100 bp DNA ladder, 2) negative control, 3) S. typhimurium, 4)
S. typhi, 5) S. paratyphi B, 6) S. dublin, and 7) schematic ladder.

Figure 2. Polymerase Chain Reaction Products of the Target Sequence Amplified
With Primers salF and salR in the Salmonella and non-Salmonella Strains

Each lane represents: 1) 100 bp DNA ladder, 2) negative control, 3) S. typhimurium, 4)
E. Coli, 5) Proteus mirabilis, 6) Klebsiella pneumoniae, and 7) Citrobacter freundii.

was serially diluted in sterile distilled water. The dilu-
tions were used directly for DNA extraction by the boiling
method. In addition, serial dilutions of the spiked chicken
sausage were used for DNA extraction by the BIONEER DNA
extraction kit, according to the manufacturer’s protocol.
The detection limits were established by examination on

Jundishapur J Microbiol. 2017; 10(4):e42021. 3

http://ijp.tums.pub


Besharati M et al.

the lowest dilution of the extracted DNA. The LOD of the
PCR assay was found to be 12 × 105 CFU/mL for the stan-
dard strain and 12 × 104 CFU/mL for the spiked food sam-
ple. Also, a faint band was observed at 103 CFU/mL (Figures
3 and 4).

Figure 3. Polymerase Chain Reaction Products of the Target Sequence Amplified
With Primers salF and salR for Determination of Limit of Detection in the Standard
Strain Salmonella typhimurium

Each lane represents: 1) 100 bp DNA Ladder, 2) negative control, and 3, 4, 5, 6 and 7)
dilutions of 12 × 108 CFU/mL to CFU/mL 12 × 104 , respectively.

Figure 4. Polymerase Chain Reaction Products of the Target Sequence Amplified
With Primers salF and salR for Determination of the Limit of Detection in the Spiked
Food Sample

Each lane represents: 1) 100 bp DNA ladder, 2) negative control, and 3, 4, 5, 6, 7, 8)
dilutions of 12 × 108 CFU/mL to 12 × 103 CFU/mL, respectively.

After designing the specific primers and ensuring their
performance in the PCR assay, the products of the stan-
dard strains and the spiked food samples, were subjected
to the TTGE analysis. The sequence difference in target se-
quences of the examined bacteria was 2 to 8 nucleotides.
It was shown that DNA from all Salmonella strains, tested
in this research, migrated to different distances and suc-
cessfully differentiated under optimized conditions. The
TGGE analysis of DNA from spiked food samples resulted

in unique band positions and migrated the equivalent dis-
tances with the Salmonella standard strains, suggesting the
high reproducibility and accuracy in the identification of
Salmonella strains in food matrices (Figure 5). The molecu-
lar ladder is also detectable in Figure 5.

Figure 5. Temporal Temperature Gradient gel Electrophoresis Band Separation Pat-
terns of Polymerase Chain Reaction Products of the Target Sequence Amplified With
Primers salF and salR in Salmonella Standard Strains and Spiked Food Samples

Each lane represents: 1) sausage sample inoculated with S. typhi, 2) with S. paratyphiB,
3) with S. typhimurium, 4) diversity ladder, 5) S. dublin, 6) S. typhimurium, 7) S. paratyphi
B, and 8) S. typhi.

5. Discussion

Salmonella is one of the major agents of food-borne dis-
eases, which causes severe illness in humans. It is esti-
mated that the infections due to Salmonella cause 1.4 mil-
lion cases annually and result in economic losses between
500 million to 2.3 billion dollars in the US (12, 13). Poultry
products can be the main source of human diseases caused
by the pathogenic bacteria of Salmonella (14). Polymerase
chain reaction has been reported widely for detection of
Salmonella spp. and various pathogens. Meanwhile, the ap-
plication of this method in the area of food testing com-
pared to the clinical laboratories is limited (15).

In the recent years, culture-independent methods of
PCR-DGGE and PCR-TTGE are used in evaluation and dy-
namic displaying of the microbial population of fer-
mented foods such as silica cheese and Italian fermented
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sausages, and cassava fermented paste has provided a
rapid and reliable data (16). Denaturing gradient gel elec-
trophoresis is a widely used method for genetic finger-
printing of the microbial population (17). This method
makes isolation of complex microbial population possible,
through the separation and immigration intervals of PCR
amplicons, which were different even in one nucleotide
in the sequence (7, 17). While the DGGE method is often
used to evaluate the population in the taxonomy level of
genus (or higher), some evaluations in species level have
also been done (18).

No research has been conducted for the identification
of Salmonella bacteria with TTGE and DGGE methods using
a single copy target sequence. In a study by Anderson et al.
in 2010, they evaluated the isolation of different Salmonella
serotypes by PCR-DGGE (8). Although this method was
successful in separating the PCR products of serotypes, it
needs to culture, identify, and isolate the bacteria before
the PCR-TTGE test, due to using a spacer region located be-
tween the 16S and 23S rDNA genes as the target. Due to
the nature of this target sequence with multiple copies, de-
termination of special banding profile of each bacterium
is essential. Thus, it is not a culture-independent method
any longer. Also, the time duration of the DGGE method
was 17 hours, which is very long in comparison to the TTGE
method optimized in this study (5 h).

The selected single-copy sequence in this study for
identification of the subspecies of S. enterica using TTGE
method was evaluated by Aabo et al. in 1993 and the vari-
ation of this sequence between different serotypes of S. en-
terica (interserovar sequence diversity) was reported (19),
while, the mentioned sequence was introduced as an un-
known sequence. According to the conducted evaluations
in the present study, this sequence was determined as a
non-specific endonuclease gene.

To confirm the specificity of the designed primers, salF
and salR, the other bacteria that belonged to the Entrobac-
teriaceae family, which have a high affinity with S. enterica,
were tested. After consecutive experiments and optimiza-
tion of PCR conditions, especially the annealing tempera-
ture and MgCl2 concentration, no non-specific band in re-
lation to this bacteria was observed, confirming the speci-
ficity of the selected primers.

The optimized TTGE method in this study was able to
separate the PCR products, with very low number of nu-
cleotide differences, obtained from the amplification of
the target sequence in the intended bacteria successfully.
The sequences were different only in 2 to 8, in terms of nu-
cleotide content. The same patterns of the electrophoretic
bands were produced on PCR products of the inoculated
food, making it a suitable choice for identification of the
same bacteria in the food industry.

Several studies, including multiplex PCR and real-time
multiplex PCR, have been conducted to identify some
serotypes of S. enterica, simultaneously (10, 20, 21). Multi-
plex tests identify only a limited number of species in each
reaction. Despite the advantage of real-time PCR by provid-
ing both qualitative and quantitative results without the
need for electrophoresis, the common limitation of mul-
tiplex real-time PCR in routine food tests, is its high cost
in terms of both devices and materials. Also, the numbers
of species, which can simultaneously be detected by this
method, are limited because of the low number of fluo-
rophore varieties.

An advantage of the TTGE method is that it can evalu-
ate microbial population in a single test, simultaneously,
using one pair of primers. This could reduce the cost and
the time of the test. This study indicated the very high
sensitivity of the test in detecting the nucleotide differ-
ences among sequences, suggesting the entire process as a
good method for rapid screening of food-born Salmonella
species; Roudiere et al. in 2009 also isolated 53 different
bacterial species from feces samples of infants with opti-
mized TTGE conditions (22). This technique is also efficient
for the detection of microorganisms, which are only 1% of
the population, and there is no need to prepare the denat-
urant gradient of the chemicals, compared to DGGE. This
makes it an easy and user-friendly method (23).

In general, TTGE has the advantages of simultaneous
isolation of several serotypes in one experiment, without
the use of several primers for amplification of different tar-
get sequences. However, TTGE has limitations such as DNA
extraction and amplification reaction. Also, only small
fragments, up to 500 basepairs, can be analyzed with this
method. This limits the amount of sequence information
for phylogenetic studies. Furthermore, achieving a good
resolution for the analysis of mixed bacterial populations
is a problem (24).

The optimized and more specific results of the PCR-
TTGE obtained in this study, proved this method as an ap-
propriate method to detect bacteria belonging to species
S. enterica, subspecies enterica in the inoculated food sam-
ples. However, for development of an efficient method for
direct detection of bacteria in natural food samples and/or
environmental or hospital samples, more research is re-
quired.
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