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Table 1 Bacterial strains used in this study and their PCR results
Bacterial No. of PCR results No. of PCR results
. Strain No. . Bacterial species Strain No. .
species strains  SsaQ6 PS s18 —s19139 - 141 strains SsaQ6 PS s18 —s19 139 - 141
Salmonella  enterica  subsp. Citrobacter freundii ATCC8090* 1 - - ND ND
enterica Enterococcus avium ATCC14025 1 - - ND ND
Typhi CMCC50098 1 + + + + Enterococcus faecalis ATCC49452 1 - - ND ND
T;/phi CMCC50180 1 + + + + Enterococcus faecium ATCC27270 1 - - ND ND
T;/phimurium ASL. 1174 1 + + + + Enterobacter cloacae ATCC13047* 1 - - ND ND
Typhimurium ATCCS51812 1 4 i 4 n Enterobacte cloacae ATCC700323 1 - - ND ND
Typhimurium ATCC14028 * 1 + + + + Enterobacter sakazakii ATCC50205 1 - - ND ND
Typhimurium CMCC50115 1 + + + + Escherichia coli ATCC11246 1 - - ND ND
Paratyphi A ATCC9150* 1 o+ + + || Escherichia coli ATCCA3889% ) _ _ ND ND
Paratyphi A CMCC50093 | v+ + + 0157 H7
Paratyphi B DSM4220 1 + + + + Klebsiella peneumoniae ATCC27336 1 - - ND ND
Paratyphi B CMCC50004 1 v+ + + isteri ATCCBAA
yp Listeria monocytogenes M 1 - - ND ND
Paratyphi B CMCC50094% 1 + o+ + + =751
Paratyphi C CMCC50017 * 1 + + + + Listeria monocytogenes ATCC50002 1 - - ND ND
Enteritidis CMCC50335 1 + + + + Listeria monocytogenes ATCC15313 1 - - ND ND
Enteritidis ATCC13076% 1 + + + + Micrococcus luteus ATCC9341 1 - - ND ND
Enteritidis ATCC49214 1 4 n 4 " Proteus mirabilis ATCC12453 1 - - ND ND
Choleraesuis AS1. 1190 1 + + + + Proteus vulgaris ATCC33425 1 - - ND ND
Choleraesuis ATCC10708 ! * * * + Pseudomonas aeruginosa CDCB32116 1 - - ND ND
Choleraesuis ATCC7001* 1 + + + +
Infantis ATCC51741% 1 + + + + Proteus mirabilis ATCC12453* 1 - - ND ND
Tallahassee ATCC12002 1 + + +° + Serratia marcescens ATCC21740* 1 - - ND ND
Anatum ATCC9270* 1 + + + + Shigella flexneri CMCC51311* 1 - - ND ND
Vellore ATCC15611 1 + + + + Shigella dysenteriae CMCC51335% 1 - - ND ND
Abony NCTC6017 1 + + + + Staphylococcus aureus ATCC27664* 1 - - ND ND
Poona NCTC4840 1 + + + + Staphylococcus aureus ATCC25923 1 - - ND ND
Salmonella  enterica  subsp. Vibro alginolyticus ATCC33810 1 - - ND ND
enterica Vibro anguillarum SJTUF33001 1 - - ND ND
arizonae ATCC13314* 1 + + + + Vibro cholerae ATCC25871 1 - - ND ND
Salmonella spp. SJTUF12237%* 1 + + + + Vibro damsela SJTUF34001 1 - - ND ND
Salmonella spp. SJTUF12271%* 1 + + + + Vibro fluvialis ATCC33810 1 - - ND ND
Salmonella spp. 124 + + +" +° Vibro mimicus ATCC33653 1 - - ND ND
Bacillus Vibrio parahaemolyticus ATCC33846* 1 - - ND ND
) ATCC19218* 1 I ) ND o i
mengateriums Vibrio vulnificus ATCC27542%* 1 - - ND ND
Bacillus subtilis  ATCC6633 1 - - ND ND SGL 1 - - ND ND

Results of PCR:

positive ( +) & negative ( —) indicate the presence and absence of target products respectively; *

PCR test; ND: not detected; a:

indicates some weak bands have been observed.

indicates strains used for primers selection and real-time
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1.3 DNA ZDSL
16 DNA — ZDS Gene(447bp)
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1.4 ——
—
DNA 200 l IACR
Primer Premier 5.0 ; 200 SsaQ6L. IAC (486bp) SsaQ6R
( ) PCR 1 IAC
( 1) Fig. 1 Scheme of TAC construction by the compound primers technology
A ompC PS 7 139 -141° s18 -
<19 3 ( 2 15 1.6 PCR
1.6.1 PCR 110 x PCR Buffer 2.5 pL
Ssa6 PCR 25 mmol/L MgCl,2 pL 2.5 mmol/L  dNTP 1 pL
2 10 pwmol /L 0.5 pL 2-5upl 1 U/pL
Table 2 Sequences of all primers used in this study TagDNA 1 pL 25 L
ID of Primers Sequence( 5°—3") Length/bp ; :94°C
- GTGACCGCCGATGCGTATGT 20 5 min 35 94°C
CTTGACCACGCTGTGCCACTT 21 30 s 60C 30 s 720 40 s 7€
CACAGGAGGAGCAGGATAA 19 )
SsaQ6 CCAGTACAGCAAGGGACAT 19 10 min; 1.5%
CACAGGAGGAGCAGGATAAGTG 19
IACE ACCGCCGATGCOTATGT ) 1.6.2 Real time PCR 12 x Premix 12. 5 pL
CCAGTACAGCAAGGGACATCTT
CACCACCCTOTOOCACTT 40 20 x EvaGreen 1.25 pL 10 pmol/L
TGTCACCGTGGTCCAGTTTA 20 0.5 uL 5 pL 25 pL
PS
CGACAAGACCATCACCAATG 20 ; :95C
GTGAAATTATCGCCACGTTCGG 26 1 min 45 95°C
_ GCAA
19 - 305 60C 205 72C 20s  77C 25
TCATCGCACCGTCAAAGGAACC 22
A8 — <19 ACCGCTAACGCTCGCCTGTAT 21 68°C 95C
weT AGAGGTGGACGGGTTGCTGCCGTT 2% 1°C 2 5.
Underline indicates SsaQ6L and SsaQ6R respectively. 1.7
L5 1.7.1 DNA
18
DNA 10
1 : zds ( Accession No. 5 ul 1.6 PCR
GU269622) ZDSL ZDSR (
2) 5 PCR o
40 bp IAC6L TAC6R (  2) 1.7.2
pMD ,-T DHSa ? 107°.10°° 107 3
1.3 -20C lmL
-70°C o

DNA 5 L 1.6
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1 11
DNA o 12
1.8 EvaGreen PCR 85°C
ATCC13076 DNA 89°C
10 5 ul SsaQ6 .
1.6.2 PCR (3 ) Ct 2.3 PCR
DNA 1.7.1 SsaQ6
o PCR DNA ( ATCC13076.
10 ATCC13076 DNA ATCC14028 .ATC(C9270) 27.6 fg/uL( 2-
A) \17.8 fg/pl 14.9 fg/pL
PCR 3 ; ; SsaQ6 PCR
14.9 /PCR " PS 139 - 141
(¢ ) o SsaQ6 s18 —s19
1.9 276 /PCR Ssa6
ATCC13312. (A) M -1 -2 3 -4 5 6 -7 -8 9
CMCC50094 .
8 h LB 8 h 10 ; =
107°.10° 10773 =
4 (00 -11-10 E““__ e .
10 =100 cfu/mlL) I mL 10 mL N — o
89 mL LB 37°C 150 r/min
12 h 2 h 1 DNA ’
-20C o
E
2.1 DNA DNA g
ATCC13076. ATCC14028 .
ATCC9270 DNA 1.3 DNA
27.6 ng/pL-17.8 ng/wL.14.9 ng/nL;
DNA 12. 4 ng/pL
19 3.53x10° /L. ' S DNA - '
Fig. 2 Detection sensitivity of ATCCI3076 purified genomic DNA. A:
2.2 Detection sensitivity of Conventional PCR; B: Detection sensitivity of
PCR 1 EvaGreen realtime PCR. Concentrations of ATCC13076 genomic DNA 1
151 34 ~9: 2. 76 ng/pL 276 pg/pl 27.6 pg/pl 2.76 pg/pl 276 fg/pl
DNA 27.6 fg/pl 2.76 fg/pl 276 ag/pl ddH,0 respectively. M: 200 bp
DNA ladder marker.

381 bp
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- EvaGreen PCR PCR.1.76 x 10° /PCR
2.76 fg/pl.  ( ATCC13076) 1.76 x 10° /PCR -
( 2-B) PCR 1.76 x 10 /PCR .
2.76 /PCR. PCR
ATCC13076 4 2 1 (7.06x%x10° /PCR 3.53
1.7.2 x 10° /PCR 1.76 x 10 /PCR)
2.2 x10° cfu/mlL 10°° 27.6 /PCR(  34A).
EvaGreen PCR
2.2 x10° ¢fu/mL 11 cfu/PCR. 1.76 x 107 /PCR
2.4 ( 3B).
ATCC13076 DNA
1.6.2 3.53 x 10°
o 1.76 x /PCR EvaGreen PCR
10° /PCR 1.76 x 10* / 1.76 x 10’ /PCR.
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Fig.3 TAC optimization of PCR reaction. A: TAC optimization of conventional PCR; M: 100 bp ladder marker; Concentrations of
ATCC 13076 pruified genomic DNA Lanel —7: 276 pg/pL 27.6 pg/pL 2.76 pg/uL 276 fg/uL 27.6 fg/pl 2.76 fg/pL
ddH20  respectively; B: TAC optimization of real — time PCR ( Concentration of ATCC13076 purified genomic DNA: 138 fg/
PCR) IAC Concentrations: a: 706 copies/PCR b: 353 copies /PCR c: 176.5 copies /PCR.

2.5 EvaGreen PCR 102.256% °©
2.5.1 : 1.8 .
y = —0.3059x +12.08 2.5.2 : 3
R® = 0.999 E = DNA 3 Ct 1
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Table 3 Quantization accuracy of Salmonella real-time PCR

ATCC13076 Genome Ct+SD DNA Quantity( Copies/PCR)

DNA( copies/PCR) (n=3) Means' Reference " ! test P value
2.76E +06 19.38 £0. 15 2. 34E +06 2.76E +06 0.256
2.76E +05 22.29 +0.27 3.28E +05 2.76E +05 0.422
2.76E +04 25.61 +£0.02 3.47E +04 2.78E +04 0.032"
2.76E +03 28.64 +0.37 4.48E +03 2.94E +03 0.290
2.76E +02 31.32 +0.26 7.32E +02 4.52E +02 0.197
2.76E +01 32.44 +0.49 5.08E +02 2.04E +02 0. 160
2.76E +0 33.36 +0.03 1.84E +02 1.79E +02 0. 838

0 33.88 0. 13 1.30E +02 1.77E +02 0.107

* Indicate the calculated DNA quantity according to the standard curve; " The total DNA quantity of ATCC13076 Genome and IAC; * Indicates significant
difference ( P <0.05) has been observed in ¢ test.

; PCR 4
1 40 - 60 cfu 8 h
o 100% ; 4 -6 cfu 8 h
2.6 PCR PCR
1.8 10 h 100% ;
ATCC13312 CMCC50094 0.4 -0.6 cfu PCR 12 h
6.3 x 10’ cfu/mL PCR 10 h
4.2 x10°cfu/mL (10 mL) 3 PCR
40 =60 cfu 4 -6 cfu o
0.4 -0.6 cfus PCR EvaGreen
4
Table 4 Detection results of artificially contaminated samples
Results of conventional PCR Results of Real-time PCR
Strains Time( h)
A A B B C C A A B B C C
CMCC50094 6 - - - - - - - - - - _ _
+ + + - - - + + + - - -
10 + + + + - - + + + + + -
12 + + + + - - + + + + + +
ATCC13312 6 - - - - - - - - - - _ -
+ + + - - - + + + + - -
10 + + + + - + + + + + - +
12 + + + + - + + + + + + +

The original concentration of Salmonella strains used for artificial contamination: A: 40 =60 cfu/10 mL; B: 4 =6 cfu/10 mL; C: 0.4 —0.6 cfu/10 mlL;

+: positive results - negative results.

15 N
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PCR 20 -21
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Establishment and evaluation of a real-time IACPCR for
the detection of Salmonella

Xianlong Dan Bin Liu Lida Zhang Xiaoling i Chunlei Shi Min Zhou

Xianming Shi
Joint Sino-US Food Safety Research Center and Bor Luh Food Safety Center School of Agriculture and Biology Shanghai
Jiaotong University Shanghai 200240 China

Abstract Objective The aim of this study was to establish a new EvaGreen real-time IACPCR for the rapid detection
of Salmonella. Methods We used Salmonella genomic comparison analysis to mine Salmonella-specific targets and
Primer Premier 5.0 to design primers which were evaluated by specificity and sensitivity tests. Results We obtained a
Salmonella-specific gene that encodes putative type [l secretion protein ( ssaQ) and specific primers ( SsaQ6L/SsaQ6R)
were designed based on this gene. Then we established IAC-PCR and EvaGreen real-time IAC-PCR assays which showed
100% inclusivity and 100% exclusivity on all strains tested. Their detection limits of purified Salmonella genomic DNA
were 14. 9 copies/PCR and 2. 76 copies/PCR respectively. Artificial contamination assays showed that Salmonella could
be detected after 10 hours and 8 hours enrichment when the original bacterial concentration was 4.2 cfu/10 mL.

Conclusion A new EvaGreen real-ime IAC-PCR with high specificity and sensitivity was successfully developed for the
rapid detection of Salmonella.

Keywords: Salmonella Target mining EvaGreen real-time PCR Internal amplification control ( TAC)
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