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Establishment of a multiplex PCR detection method
for four foodborne pathogens

JIANG Kan ZHANG Donglei JIN Yanfei CHEN Xiaozhen
Zhejiang Test Academy of Quality and Technical Supervision Hangzhou 310013 China

Abstract: Objective To establish a multiplex PCR method for simultaneous detection of Salmonella Shigella
Staphylococcus aureus and Listeria monocytogenes in food. Method The primers were designed according to the
sequences of invA gene of Salmonella ipaH gene of Shigella nuc gene of Staphylococcus aureus and hly gene of
Listeria monocytogenes and the reaction system was optimized. Results No false positive and false negative results
occurred during the test of 15 target strains and 17 non-target strains of bacteria and the molecular weight of PCR
products were consistent with expected. The detection limits for each pathogen were at least 1 pg/ul. The sequence
analysis of PCR products showed the same sequences with target genes. The test result of 319 samples showed that 4
raw milk samples were contaminated by staphylococcus aureus and 1 raw pork sample by Salmonella. Conclusion
The established method showed good specificity and provided an important method for the rapid detection of
foodborne pathogens.
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2 17 ( 1) . 1.1.2 DNA “PCR
1 Qiagen N
Table 1 Strains for testing (SSL ) P N
N \GN 7.5%
1 ( Salmonella typhimurium) ATCC 14028 ~
2 ( Salmonella cholerae-suis) CICC 21493 10 x PCR Buffer( M.g2+ 2mmol) \Ex Taq DNA
3 ( Salmonella arizona) CICC 21506 Marker DI.2000 TAKARA ANTP Promega
4 ( Salmonella paratyphi-A) CICC 21501 . R
Biowest BigDye
5 ( Salmonella paratyphi-B) CICC 21495
6 ( Salmonella paratyphi-C) CICC 21512 AB °
7 ( Shigella flexneri) ATCC 12022 1.1.3 N Bio-
8 ( Shigella dysenteriae) ATCC 51252 Rad Veriti PCR  .3730DNA AB
9 ( Shigella sonnei) ATCC 25931 DUS0O Beckman .
10 ( Shigella bogdii) ATCC 9207 1.1.4 invA
11 ( Staphylococcus aureus) ATCC 6538 .
12 ( Staphylococcus aureus) ATCC 25923 ( Genebank NC_003198. 1) ipaH
13 ( Staphylococcus aureus) ATCC 27217 ( Genebank AY206449.1)
14 ( Listeria monocytogenes) ATCC 19114 nuc ( Genebank NC_002952. 2)
15 ( Listeria monocytogenes) ATCC 19115 hly ( Genebank NC_003210. 1)
16 ( Listeria innocua) ATCC 33090 2 blast .
17 ( Listeria welshimert) CICC 21672 R
- — Invitrogen o
18 ( Listeria seeligeri) CICC 21671
19 ( Listeria ivanovii) CICC 21663 1.2
20 ( Listeria grayi) CICC 21670 1.2.1 (
21 ( Staphylococcus epidermidis) ATCC 12228
22 ( Staphylococcus saprophyticus) ATCC 49453 ) 36 24h
23 ( Enterococcus faecalis) CICC 23536 DNA.
24 ( Enterococcus faecium) CICC 21605
25 ( Vibrio parahaemolyticus) CICC 21528 1.2.2 DNA DNA
26 ( Pseudomonas aeruginosa) ATCC 15442 DNA QIAGEN DNA
27 ( Escherichia coli) ATCC 25922 ° ( ATCC 14028) .
28 ( Enterobacter sakazakii) ATCC 51329 ( ATCC 12022) ( ATCC 25923) .
29 ( Proteus mirabilis) CICC 23676 ( ATCC 19114) DNA
30 ( C'Ltrobacter youngae) CIFC 21596 DNA .
31 ( Bacillus cereus) ATCC 11778 L2.3 10 umol /1.
32 ( Streptococcus hemolytic-8) CMCC 32210
2 PCR
Table 2 Primers for multiplex PCR
(‘bp) (‘bp) (‘bp)
invA31 CGATATTGGTGTTTATGGGGTCGT 143 ~ 166 24 430
invA-21 TTCATCGCACCGTCAAAGGAACCG 572 ~549 24
ipaH-42 GGATTCCGTGAACAGGTCG 153 ~171 19
ipaH23 CGCTCAGACCTGATGCTTTCA 747 ~727 21 293
nuc-14 TTACATAAAGAACCTGCGACATT 256 ~278 23
nuc-22 TACGCTAAGCCACGTCCAT 509 ~491 19 254
hly-1 ATCTCCGCCTGCAAGTCCT 129 ~ 147 19 073
hly22 GCGTAAGTCTCCGAGGTTGC 1101 ~ 1082 20
1.2.4 PCR 25l (ATCC 12022) . (ATCC 25923)
3, PCR 95%C 5min; 95°C 30s 63°C 30s (ATCC 19114) DNA
72°C 100s 35 ;72°C Tmin 4°C ° N N N N
1.2.5 15 17 DNA
DNA PCR N o
N o 1.2.6 100l
(ATCC 14028) . DNA PCR
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Table 3 Composition of multiplex PCR ?gggzg
750bp)
invA31 invA21 ( 10pmol/L) 0. 1wl 500bp
ipaH42  ipaH=23 ( 10pumol /L) 0. 1pl 250bp
nued4  nue=22 (10pmol /L) 0.5l L
hiyd1l  hiy22 (10umol/L) 0.25pl
DNA 4pl 1 17: DNA marker; 2 ~4: ;
Taq DNA 1U 5~8: ;9 ~14: DNA ;
10 x PCR 2.5pl 15 16: DNA o
dNTP ( 10mmol /L) 2ul 1 DNA PCR
25l Figure 1 Electrophoresis of multiplex PCR products
for single target bacteria DNA
. 1 2 3 4 56 7 8 9 1011 121314 1516 17
1.2.7 ( ATCC 14028) .
( ATCC 12022) . ( ATCC 25923)
(ATCC 19114) DNA
DNA 100ng/ w1 10ng/plIng/pls
100pg/ w1 10pg/ wl 1pg/ w1l 100fg /1 DNA
PCR PCR 1 17: DNA marker;2 ~5: 1 DNA ;
6~11: 2 DNA 112 ~15: 3
’ DNA 160 4 DNA
1.2.8 2 DNA PCR
(ATCC 14028) . (ATCC 12022) Figure 2 Electrophoresis of multiplex PCR products
(ATCC 25923) . (ATCC 19114) for combined target bacteria DNA
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PCR DNA o . .
1.2.9 PCR 1pg/pl
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1: DNA marker 2 ~8:100ng/pl 10ng/pl1ng/ul 100pg/pls
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PCR ° DNA Figure 3 Sensitivity of multiplex PCR for 4 foodborne pathogens
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