K@EFA Korean J. Food Sci. Ani. Resour.
Vol. 30, No. 4, pp. 590~596(2010)

1978

- ARTICLE |

A Multiplex PCR Assay for the Detection of
Food—borne Pathogens in Meat Products

Hyoun Wook Kim, Ji-Hyun Kim, Seong-Ryul Rhim', Kyung-A Lee? Cheon-Jei Kim, and Hyun-Dong Paik*
Division of Animal Life Science and Bio/Molecular Informatics Center, Konkuk University, Seoul 143-701, Korea
]Department of Biomedical Science, Hallym University, Chuncheon 200-702, Korea
2Deparrtment of Food and Nutrition, Donga University, Busan 604-714, Korea

Abstract

Meat and meat products are a potential source of food-borne pathogens, including Staphylococcus aureus, Salmonella
spp., Escherichia coli O157:H7, and Bacillus cereus. A sensitive and specific PCR assay for the detection of these patho-
gens in meat and meat products was developed in this study, as part of a broader effort to reduce the potential health hazards
posed by these pathogens. Initially, PCR conditions were standardized with purified DNA. Under standard conditions, the
detection level for PCR was as low as 10 pg of purified bacterial DNA. After overnight growth of bacteria in a broth
medium, as few as 10> CFU of bacteria were detected by PCR assay. The primers employed in the PCR assay were found
to be highly specific for individual organisms, and evidenced no cross-reactivity with heterologous organisms. Additionally,
the multiplex PCR assays also amplified some target genes from the four pathogens, and multiplex amplification was
obtained from as little as 10 pg of DNA, thus illustrating the excellent specificity and high sensitivity of the assay. In con-
clusion, this PCR-based technique provides a sensitive and specific method for the detection of S. aureus, Salmonella spp.,

E. coli O157:H7, and B. cereus in meat and meat products.
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Introduction

The microbiological safety of food constitutes a signif-
icant concern for both consumers and industries today.
The rapid and accurate identification of bacterial patho-
gens in foods is important with regard to both quality
assurance and the tracing of bacterial pathogens within
the food supply (Bhagwat, 2003). In 2000, 49% of
patients visiting hospitals for the treatment of food-borne
diseases had consumed contaminated meat or meat prod-
ucts, and the incidence of food-borne diseases caused by
pathogenic bacteria is increasing annually in Korea (Kim
et al., 2008)

Escherichia coli O157:H7 is an important verotoxin-
producing strain of E. coli (VTEC) that is generally asso-
ciated with food-borne and water-borne infections
(Sarimehmetoglu et al., 2009). The pathogen has been
implicated in large food-borne outbreaks all over the
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world, including in Canada, UK, Scotland, and Japan.
Escherichia coli O157:H7 has been shown to cause sev-
eral disease syndromes, including diarrhea, hemorrhagic
colitis, hemolytic uremic syndrome, and thrombotic
thrombocytopenic purpura in humans (Choi et al., 2010;
Gooding and Choudary, 1997). Additionally, enterotoxi-
genic Staphylococcus aureus is one of the major patho-
gens responsible for cases of food poisoning all over the
world (Dinges et al., 2000). The emetic staphylococcal
enterotoxins (SE) are classified as members of the pyro-
genic toxin superantigen family, owing to their biological
activities and structural relatedness (Balaban and Rasooly,
2000; Dinges et al., 2000). Eleven major antigenic types
of SEs have been recognized thus far (SEA to SEJ) (Jar-
raud et al., 1999; Monday and Bohach, 1999; Tamarapu
et al., 2001), and their corresponding genes have been
reported in previous studies (Munson et al., 1998).
Strains of Salmonella can cause general infection, food
poisoning, and salmonellosis, a zoonotic disease of sig-
nificant importance (Davies and Hinton, 2000). Salmo-
nellosis and listeriosis are two of the most common food-
borne diseases (Anonymous, 2001; Mead et al., 1999),
and early and sensitive detection is a critical issue in pub-
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lic health policy (Rijpens and Herman, 2002). Bacillus
cereus is a Gram-positive, spore-forming, facultative-aer-
obic bacteria. B. cereus is the dominant aerobic bacterium
in cooked, pasteurized, and chilled products, owing to the
ability of spores to survive during the pasteurization pro-
cess. Bacillus spp. have also been detected in other cook-
ed and chilled foods (Choma et al., 2000; Simpson ef al.,
1994).

The development of rapid, sensitive, and infallible
methods for the detection of food-borne pathogens has
received a great deal of attention in recent years, owing to
an increased public awareness regarding the health haz-
ards associated with microbial contamination of food.
Current methods for the detection of food-borne patho-
gens generally involve the following: (a) colony isolation
on selective media, (b) the use of biochemical tests, and
(c) serotyping using antibodies against specific bacterial
antigens. These procedures are both cumbersome and time-
consuming. In certain cases, it can take several days to
establish the identity of particular bacteria. Therefore,
new approaches to milk safety are necessary for the rapid
and efficient detection of the low numbers of bacteria
likely to be present in milk. In recent years, several meth-
ods have been tested to facilitate the identification of bac-
teria in foods. Molecular techniques such as PCR have
been extensively employed for several years for the iden-
tification and characterization of bacteria in food samples,
including meat and dairy products (Hill, 1996; Wang et
al., 1997). However, these assays involved the use of
selective enrichment techniques to recover bacteria in
food samples, and 48-72 h were required for confident
identification of the bacteria. Conventional methods of
bacteria detection in food involve propagation in selective
enrichment media, followed by microbiological and bio-
chemical tests, which are both cumbersome and time-
intensive. The advent of nucleic-acid based assay systems
such as the polymerase chain reaction (PCR) has resulted
in the emergence of improved, expedient, and reliable
microbial identification and surveillance techniques, which
are capable of detecting even nonviable cells (Josephson
et al., 1993; Scheu et al., 1998). The direct detection of
pathogenic bacteria in food samples constitutes a chal-
lenging task, hampered by the presence of PCR-inhibi-
tory substances frequently associated with enrichment
media, DNA isolation reagents and the food matrix itself,
and further compounded by the presence of large num-
bers of indigenous microflora (Rossen et al., 1992; Wil-
son, 1997). Consequently, a clear need exists for the de-
velopment of a sample preparation strategy that can effec-

tively sequester the pathogenic bacteria or the target DNA
from the food sample. In order to achieve this improved
sample preparation, methods have been designed on the
basis of enzymatic treatment, buoyant density centrifuga-
tion, DNA affinity purification columns, and magnetic
beads coated with specific antibodies or lectins (Lindqvist
et al., 1997, Par-Gunnar et al., 1994; Powell ef al., 1994).

Meat and meat products are a potential source of food-
borne pathogens, including S. aureus, Salmonella spp., E.
coli O157:H7, and B. cereus. According to the Korean
Ministry for Food, Agriculture, Forestry and Fisheries
(2007), the revised Processing Standard and Ingredients
Standard of Livestock Product classifies meat products as
“processed meat products”, and thus the levels of patho-
genic bacteria (i.e. S. aureus, Salmonella spp., E. coli
O157:H7 etc.) do not need to be assessed, according to
current regulations. A more sensitive and specific method
for the detection of these pathogens in meat and meat
products will help to reduce the potential health hazards
they pose.

The principal objective of this study was to evaluate the
reliability and applicability of using a multiplex PCR
assay with built-in quality assurance measures that can be
employed after culture enrichment for the routine exami-
nation of meat products for S. aureus, Salmonella spp., E.
coli O157:H7, and B. cereus.

Materials and Methods

Bacterial strains and DNA extraction

The bacterial strains employed herein are listed in Table
1. The bacterial species and their origins are as follows:
Staphylococcus aureus ATCC 25923, Salmonella Enterit-
idis KCCM 12021, Escherichia coli O157:H7, and Bacil-
lus cereus KCCM 11341. S. aureus ATCC 25923, and E.
coli O157:H7 were obtained from the National Veterinary
Research and Quarantine Service (NVRQS, Anyang,
Korea), and S. Enteritidis KCCM 12021 and B. cereus
KCCM 11341 were acquired from the Korean Culture
Center of Microorganisms (KCCM, Seoul, Korea). Cul-
tures of S. aureus ATCC 25923, S. Typhimurium KCCM
12021, E. coli O157:H7, and B. cereus KCCM 11341 were
initiated from freezer stocks and grown in Tryptic Soy
Agar (Difco Laboratories, MD, USA). After overnight in-
cubation at 37°C, a single colony was selected and inocu-
lated into 50 mL of Tryptic Soy Broth in a 250 mL Erlen-
meyer flask. The cells were grown for 20-24 h at 37°C
with shaking at 200 rpm.

Genomic DNA was isolated with an AccuPrep® genomic
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DNA extraction kit (Bioneer Co., Dagjeon, Korea) in
accordance with the manufacturer’s directions, along with
a modification of the cell lysis step conducted with
lysozyme (Sigma Chemical Co., St. Louis, MO, USA).
The density of the isolated DNA was estimated using a
Spectrophotometer (Optizen 2120UV, Mecasys, Daejeon,
Korea) at A, and the DNA was eluted to a density of 20
(S. aureus ATCC 25923), 60 (S. Enteritidis KCCM
12021), 20 (B. cereus KCCM 11341), and 10 (E. coli
O157:H7) ng/uL.

Primer selection and PCR reactions

The synthetic oligonucleotide primers employed herein
are listed in Table 1. Four oligonucleotide primers were
described previously (reference), in accordance with the
determined sequence of the 23S rRNA gene (S. aureus),
invA gene (Salmonella spp.), stx1/2 gene (E. coli O157:
H7), and 4bIC gene of the HBL complex (B. cereus) (in’t
Veld et al., 2001; Monday et al., 2007; Rahn et al., 1992;
Riffon et al. 2001).

Single PCR reactions were conducted on reference
strains with each primer pair to evaluate the specificity of
the primer. Each reaction mixture contained 1 uL of pre-
pared template DNA, 1 uL of each reverse and forward
primer (10 pmol/uL, final concentration: 0.1 uM of each
primer), 10 uL of 10xbuffer with 25 mM MgCl, (Solis
Biodyne, Tartu, Estonia), 2.5 mM of dANTP (20 mM of
dATP, dCTP, dGTP, and dTTP, Solis Biodyne), and 2.5 U
of Firepol® DNA polymerase (Solis Biodyne). The final
volume was adjusted to 100 pL with distilled water. Mul-
tiplex PCR reactions were conducted using 4 pL of the
prepared template DNA mixture (1 uL of each template
DNA), 8 uL. of 4xprimer mixture (0.1 uM of each primer),
and 10 pL of 10xbuffer with 25 mM MgCl, (Solis Bio-
dyne, Tartu, Estonia), 2.5 mM of ANTP (20 mM of dATP,
dCTP, dGTP, and dTTP, Solis Biodyne), and 5 U of Fire-
pol® DNA polymerase (Solis Biodyne). The final volume
was adjusted to 100 uL with distilled water.

PCR was conducted via the following steps: 94°C for 5
min, 30 cycles of 95°C for 1 min, 55°C for 1 min, and 72°C
for 1 min with a final 7-min extension step at 72°C. The
amplified PCR products were resolved via electrophore-
sis in a 1% agarose (Biopure) gel at 100 V for 80 min.

Specificity and sensitivity of PCR

To evaluate the specificity of primers, PCR was con-
ducted using purified genomic DNA with individual sets
of primers from S. aureus, S. Typhimurium, E. coli O157:
H7, and B. cereus. The specificity of the primers was also
evaluated by adding the mixture of all primer sets in mul-
tiplex PCR reactions, along with DNA obtained from
individual bacteria. A mixture of DNA from S. aureus
ATCC 25923, S. Typhimurium KCCM 12021, E. coli
0157:H7, and B. cereus KCCM 11341 was also included
in a separate PCR assay containing individual primers
from each organism in order to evaluate the specificity.

The multiplex PCR conducted using serial dilutions of
template DNA from target strains to determine the sensi-
tivity. The sensitivity of PCR in detecting bacterial DNA
was evaluated using 8 steps from 10 ng/uL to 1 fg/ul of
temperature DNA.

Results and Discussion

Specificity of PCR

The specificity of PCR depends on the primers pre-
pared against variable sequences of bacterial genes. Ideal
primers should not cross-react with DNA obtained from
heterologous bacteria. A number of steps were under-
taken to ensure that PCR specifically detected the bacte-
ria of choice in food. In the first step, each primer set was
employed in PCR reactions with DNA from individual
bacteria.

The PCR assay was capable of amplifying four DNA
fragments of 1,300 bp, 284 bp, 528 bp, and 622 bp from
the 23S rRNA gene of S. aureus, inv4 gene of Salmonella

Table 1. Primers used in PCR assay with their sequence, target gene and expected amplified DNA fragment

Microorganism Sequence Target gene Reference
. TATCAATACTCTCGCAACACCAATCG (F) hbIC (L 12 component) of in’t Veld et al.
Bacillus cereus
GTTTCTCTAAATCATCTAAATATGCTCGC (R) HBL complex (977) (2001)
E coli O157-H7 CTGATTGTTGAGCGAAATAATTTATATGTG (F) stx1/2 (528) Monday et al.
TGATGATGACAATTCAGTATAACTGCCAC (R) (2007)
Staphylococcus GGACGACATTAGACGAATCA (F) 238 rRNA (1300) Riffon et al.
aureus CGGGCACCTATTTTCTATCT (R) (2001)
GTGAAATTATCGCCACGTTCGGGCAA (F) . Rahn et al.
Salmonella spp. invA (284)
TCATCGCACCGTCAAAGGAACC (R) (1992)




A Multiplex PCR Assay for Detection of Food-borne Pathogens in Meat Products 593

spp., stx 1/2 gene of E. coli O157:H7, and the hbIC gene
of the HBL complex in B. cereus. In S. aureus ATCC
25923, no amplified DNA fragments were noted with
primers from Salmonella, E. coli O157:H7, and B. cereus.
Similarly, no non-specific DNA fragments were ampli-
fied when template DNA from S. Enteritidis KCCM
12021, E. coli O157:H7, and B. cereus KCCM 11341 was
used in the PCR assay with primer sets for S. aureus, Sal-
monella spp., E. coli O157:H7, and B. cereus (Fig. 1).

To further confirm the specificity of the primers, a mix-
ture of all primer sets was employed in multiplex PCR
containing individual DNA from S. aureus ATCC 25923,
S. Enteritidis KCCM 12021, E. coli O157:H7, and B.
cereus KCCM 11341 (Fig. 2). The data demonstrated that
the primers did not cross-react with heterologous bacterial
DNA, and rather specifically amplified analogous DNA
fragments under the described PCR conditions. These
results indicate that PCR can amplify DNA from the indi-
vidual organisms present in food samples, even if a mix-
ture containing primers from all organisms is employed.
The primers from one organism did not interact with
primers from another organism under the prescribed PCR
conditions.

M 1

(]
w
=
N

1,000 bp —
750 bp —

500 bp —

250bp —

Specificity and sensitivity of multiplex PCR reac-

tion on target strains

The primer sets successfully amplified the target genes
in the multiplex PCR without any nonspecific or addi-
tional bands on the reference strains (Fig. 3). A mixture
of DNA from four pathogens exhibited no inhibitory
effects, and the PCR assay amplified DNA fragments of
choice with specific primers only. The intensities of the
bands differed depending on the number of target genes
present in the strain. In a strain possessing fewer numbers
of genes, the bands evidenced higher intensities, particu-
larly in the strains yielding larger amplicons.

The sensitivity of the multiplex PCR was estimated by
the minimal concentrations required to generate all of the
expected bands. The highest minimal concentration of
template DNA required for the reaction was approxi-
mately 10 pg/uL.

Multiplex PCR is an essential tool for the high-through-
put gene screening of pathogenic bacteria (Markoulatos et
al., 2002). In the case of Sag genes in S. aureus, however,
the design of multiplex PCR primers having similar an-
nealing temperatures, distinguishable product sizes, and
high specificity without cross-reactions is extremely com-
plicated, as there are many types of SAg genes with rela-

7 8 9 10 11 12 13 14 15 16

Fig. 1. Ethidium bromide-stained agarose gel showing 1,300, 284, 528, and 977 bp amplified DNA fragments from the 23S rRNA
gene of S. aureus, and invA gene of Salmonella spp., stx1/2 gene of E. coli 0157:H7, and hbIC gene of B. cereus to demon-
strate the specificity of the PCR assay. Lane 1, DNA markers; lane 2, B. cereus DNA and B. cereus specific primer; lane 3, B.
cereus DNA and E. coli O157:H7 specific primer; lane 4, B. cereus DNA and S. aureus specific primer; lane 5, B. cereus DNA
and Salmonella specific primers; lane 6, E. coli O157:H7 DNA and E. coli O157:H7 specific primer; lane 7, E. coli O157:H7 DNA
and B. cereus specific primer; lane 8, E. coli O157:H7 DNA and S. aureus specific primer; lane 9, E. coli O157:H7 DNA and
Salmonella specific primers; lane 10, S. aureus DNA and S. aureus specific primer; lane 11, S. aureus DNA and B. cereus specific
primer; lane 12, S. aureus DNA and E. coli O157:H7 specific primer; lane 13, S. aureus DNA and Salmonella specific primers;
lane 14, Salmonella O157:H7 DNA and Salmonella specific primers; lane 15, Salmonella and B. cereus specific primer; lane 16,
Salmonella DNA and E. coli O157:H7 specific primer; lane 17, Salmonella DNA and S. aureus specific primer.
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A) (B)
1,000 bp — 1,000 bp —
750bp — 750bp —
500bp — 500 bp —
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Fig. 2. Ethidium bromide stained agarose gel showing primer
specific amplification of DNA fragments from S.
aureus, Salmonella, E. coli O157:H7, and B. cereus
DNA and primers of S. aureus, Salmonella, E. coli
0157:H7, and B. cereus. (A) Lane 1, DNA markers;
lane 2, PCR mixture containing B. cereus DNA and prim-
ers of all target genes; lane 3, PCR mixture containing E.
coli O157:H7 DNA and primers of all target genes; lane
4, PCR mixture containing S. aureus DNA and primers of
all target genes; lane 5, PCR mixture containing Sa/mo-
nella DNA and primers of all target genes; (B) Lane 1,
DNA markers; lane 2, PCR mixture containing all target
DNA and B. cereus specific primer; lane 3, PCR mixture
containing all target DNA and E. coli O157:H7 specific
primer; lane 4, PCR mixture containing all target DNA
and S. aureus specific primer; lane 5, PCR mixture con-
taining all target DNA and Salmonella specific primer.

tively high homology (Balaban and Rasooly, 2000).
Although a number of multiplex PCR systems capable of
detecting target genes have been developed thus far, it is
still quite difficult to evaluate these genes specifically and
rapidly. In this study, we developed an easy and rapid
multiplex PCR system with high specificity.

To test the sensitivity of the multiplex PCR assay, a
detectable level of the DNA fragment was amplified from
as small an amount of 200 pg of purified DNA. In this
study, no attempts were made to equate the CFU of bac-
teria with the quantity of DNA required for PCR amplifi-
cation. However, it is generally believed that 10> CFU of
bacteria should have at least X10 pg of DNA, which was
the smallest quantity detected in the PCR when purified
DNA was employed (Aslam et al., 2003). Previous stud-
ies have demonstrated that PCR is capable of detecting
bacteria in food samples, but these studies employed puri-
fied or enriched cultures to isolate bacterial DNA (Lin
and Tsen, 1995; Thomas et al., 1991; Velazquez et al.,
2000). In this study, a direct approach was undertaken to
isolate bacterial DNA in food samples without going

1,000 bp —
750 bp —

500 bp —

250 bp —

Ing 100pg 10pg 1pg 100fg 10fg 1fg

Fig. 3. Ethidium bromide-stained agarose gel showing multi-
plex PCR results and sensitivity of multiplex PCR. M,
DNA marker and lanes 1-8, PCR mixture containing 10
ng, 1 ng, 100 pg, 10 pg, 1 pg, 100 fg, 10 fg, and 1 fg all
pathogen DNA.

through any prior culture-enrichment procedures. Ini-
tially, the PCR conditions were standardized using puri-
fied bacterial DNA, and an RBM was later adopted to
obtain DNA from bacterial cells in food samples. The
results of previous studies have shown that sufficient
quantities of DNA can be acquired by boiling bacterial
cells for 10-15 min (Stewart et al., 1998). This procedure
provides a rapid and efficient method of DNA isolation
that can be used in PCR in a less well-equipped labora-
tory.

In conclusion, PCR can be employed as a sensitive and
specific method for the detection of bacteria in food sam-
ples if a sufficient quantity of DNA is available for ampli-
fication. The rapid boil method is useful in isolating
bacterial DNA for use in PCR assays. Our results indicate
that further studies should be conducted with an eye
toward improving the method of DNA isolation from
bacterial cells in milk and the bacterial detection limit in
PCR.
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