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Abstract

Salmonella enterica serotype Enteritidis (S. Enteritidis) and S. Typhimurium are the major causative agents of food-borne

illness worldwide. Traditional detection methods for Sal/monella are generally time-consuming and not so highly sensitive.

Currently, a rapid detection system using multiplex real-time polymerase chain reaction (PCR) has been used as a highly

sensitive, specific, and rapid test for the presence of pathogenic bacteria. In this study, a multiplex real-time PCR was

used to detect Salmonella spp., S. Enteritidis and S. Typhimurium. We selected multiplex real-time PCR target genes,

which were the invA4, proto6e and inner membrane protein. The specificity of the multiplex real-time PCR assay, using

57 bacteria including 51 Salmonella isolates and 6 non-Salmonella, was 100 %, 100 % and 100 % for Salmonella spp.,

S. Enteritidis and S. Typhimurium, respectively. This assay indicates that the specificity of the multiplex real-time PCR

makes them potentially valuable tools for detection of Salmonella spp., S. Enteritidis and S. Typhimurium.
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Multiplex real—time PCR

1. DNA &

DNA #&& $8l ¥4 +F+55 tryptic soy broth
(Merk, Germany)ollA 37 €, 18 A7t ~ 24A|7F v
% vl¥Y 2 mL2 microcentrifuge tubeo] &3 th&
8,000 rpm o2 257 LA Eejdte] A5HE A A
o}, gEdo] AAE HH=elA genomic DNAE =3}
7] 93l PowerPrep ™ Bacterial DNA Extraction Kit
(Kogenebiotech, Korea)E ©]-&3F0] DNAE =391t}

2. Primer®} probe

E o] ALE-H primer?} probel] FEE F 104
Zro] primert Bioneer(Korea)oll §H4d 2] sto] A}
319931, probex ThermoFisher(USA)o]| F=&3}o] A}
Fith, Primer®} probe tiAFe1& Z+2h targetol] E9]
 FAAE AMSske] YARRISEY T, Salmonella spp.
HeolA QA % invasiond] #THH invA & 4X]»~
target® 2  3Fo] primer®l probed UYARISA
probe?] HLEZ L VICO R AA 5} S, Enteritidis
= Hrel THE protbe FHAE targetlE 1]
probe FFEZLS FAMO 2 AA 3} S, Typhimurium
2 geof B E viaB FHAE target S = 30| probe
9] PLEAL Cy5E AT 24 multiplex real—time
PCR BE-olA &F4lE 7holl waprh Agshx] ges st
ATk,
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Real—time PCR ¥F-gH2 Z 20 yL=2 ¥WH-& 4345}
At Z+7+e] primer@}t probef] & FE+= 500 nM,
100 nMo] FHE=E &35} tE 2X Real-time PCR
master mix 10 gL, Z+Z+9] primer ¥ probes ZVzZ¢
100 uM, 20 uMZ 343t & 37| set? primer, probe
7217y 0.1 pl AHE3EGIEE, DLW 4.1 puLE H7fsto] &
volume 15 pLZ AT & 10 ng/xL= 3|43
templateE 5 uL 715t & 50 ng? DNA”Z} PCR ¥t
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Real—time thermal cycler+= 7500 Fast Real—time
PCR system (Applied Biosystems, USA)2 A3l
HES AL 50 CollA] 28, 95 CollA] 105 predenaturation
A7l & 95 ColA 15% denaturation, 60 TollA] 60

annealing&extension 7|15 403 HrESIQIth =
A= 7500 software (Applied Biosystems, USA)
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Multiplex real-time PCR £0|=

TA| #FEEE DNAE 5% thx primer®} probe
£ 0| 83}9] multiplex real-time PCR9] Eo|=& &
olst Ay # 204} ol Salmonella spp., S
Enteritidis@} S, Typhimuriumel £°|&<l primer2}
probei= B5F i ol vESSHaL, e Aol =

Table 1, Description of primers and probes used in this study real—time PCR

Target
gene

Name Oligo type

Size Accession
Sequence (5°— 3") (op) number((NC
P BI)

Forward
Salmonella spp. invA Reverse

GAA TCC TCA GTT TIT CAA CGT TTIC
CGA ATT GCC CGA ACG TGG CGA

138 HF937208

Probe(VIC/MGBNFQ) CGT CTG GCA TTA TCG ATC AG

Forward

S, Enteritidis protbe Reverse

GGC TGG AGA ATG GCG GAC
CCG GAC GAA GCT CAC ACC 99

CP008927

Probe(FAM/MGBNFQ) CAA AAA GTG ATG CCT

Forward
S, Typhimurium viaB Reverse
Probe(Cy5/BHQ)

AGA TAG CAA TAA TTT GGT TAT ATT ACC CIG A
CTG TTA TTA ATT TTT ACC GTG ATA GTG TIG T
AGC CGT TAG ATA TTC TCA TCA TTA AAG

90  CP006048

Table 2, Specificity of multiplex real—time PCR for identification of Salmonelia spp., S. Enteritidis and S,

Typhimurium

) No. of Result by multiplex real—time PCR

Strains Serogroup . o - -
strains Salmonella spp. S, Enteritidis S, Typhimurium

S. Enteritidis D 10 + + _
S, Typhimurium B 25 + - +
S. Agona B 2 + — _
S. Derby B 2 + _ _
S, Schwarzengrund B 2 + _ _
S, Ardwick Ci 2 + — _
S. Mbandaka Cy 2 + — _
S. Rissen Cy 2 + — _
S. Westhampton E, 1 + _ _
S. Senftenberg By 1 + — _
S. Ruiru L 2 + _ _
E coli — 2 — — _
Listeria monocytogenes — 2 — — _
Staphylococcus aureus - 2 — - _
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Fig. 1. Sensitivity of real—time PCR for detection of Salmonella spp.
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Fig. 2. Sensitivity of real—time PCR for detection of S Enteritidis.
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Table 3. Results obtained from real—time PCR for
detection of Salmonella spp., S, Enteritidis,
and S, Typhimurium

Cr values obtained by multiplex real—time PCR

Copies
Salmonella spp, S, Enteritidis S Typhimurium
10° 23.1 23.1 22.9
10" 26.5 26.4 26.1
10° 29.9 29.8 29.5
10° 33.1 32.6 32.8
10 35.8 34.7 35.5

10"  Undetermined Undetermined Undetermined
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Fig. 3. Sensitivity of real—time PCR for detection of S, Typhimurium,
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Fig. 4. Sensitivity of multiplex real-time PCR for simultaneous detection of
Salmonella spp.. S. Enteritidis and S, Typhimurium,
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Multiplex real—time PCRS] Eo|=E &lst Ay}
Salmonella spp., S. Enteritidis®} .S, Typhimurium
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