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Real-time Fluorescent Quantitative PCR Assay of Salmonella in Seafood Using Tagman MGB Probe
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Abstract: A real-time fluorescent PCR array using the optimal combination of primer and Tagman MGB probe designed from
the fimY conserved sequence of Salmonella was developed for the rapid and quantitative detection of Salmonella in seafood. Totally
24 strains of 14 serotypes of Salmonella and its 17 close relatives as well as common foodborne pathogenic bacteria coexisting
in a sample were subjected to detection using the method. Results were positive for all Sa/monella strains and negative for all other
species tested with a specificity of 100%. The sensitivity of the method was sufficient to detect 13 CFU/ml of Salmonella in pure
cultures, 130 CFU/ml of S.enteritidis spiked in shell ligament or shigimi meat, and 1300 CFU/ml of S.enteritidis spiked in moon
snail meat. This method exhibited a quantification regression equation of y = —3.381418In(x)+45.115715, R* = 0.964878, and
could be completed within 2 h, thereby providing a useful approach for the rapid detection of Salmonella in seafood without prior
isolation and characterization of strains which are needed in traditional microbiological methods.
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Table 1 Bacterial strains used in this study
PR [k BT % V'
1 PR Ry [ L.monocytogenes ATCC 15313
1 Ak G L.monocytogenes FEN T R AR
1 EOSERUN PN S.aureus ATCC 49444
1 L (A A IR S.aureus FEL T I AR
1 IR V.alginolyticus ATCC 17749
1 KT A.hydrophlia ATCC 7966
1 ) I IR V.parahaemolyticus ATCC 17802
2 I EAR eIV V.parahaemolyticus FEN T T IR
1 AR V.mimicus FEN T I R AR
1 LTI V.vulnificus FEN T I R AR
1 DI V. furnissii FEN T IR AR
2 NIAT v E.coli ATCC 25922
1 H/J RIPIIICH S.enteritidis FEN T B IR
2 I 9810 1) TG S.enteritidis FEN T R
1 T 98 v 17T IGHA S.enteritidis ATCC 13076
1 IESUINNNE S.typhimuriun 50096
1 WAL T ICH S.cholerae suis FE T IR AR
IR R AE=3 ;A NN S.arizona ATCC 13314
1 WEnEIL T ICHH S.tshiongwe Hnu"f"/ﬁx'” [P R
1 5 SN S.paris FEN T B R AR
2 WESTE R T IC S.bonariensis FEN T B IR
2 WA FR R T G S.bonariensis FEN T B IR R
2 AT TG S.meleagridis FIh T 2T 1T 1R B
1 WML I S.potsdam FEN T S R
2 R Tyl ) G S.agona FEL T B IR AR
1 Rl o 2 yb ) ISR S.agona FEL T B I R AR
1 AP I"J BN S.typhimurium FE T IR AR
1 W SIS S.typhimurium ATCC 49416
1 B IGHH Salmonella I T2 B R R
1 r”f‘l%l'l/M\‘i’/" [T ECIR S.dublin FEN T B IR R
1 Bif LR ] L 1) £ S.abaetetuba ATCC 35640
1 RRUE T AT VAT E.sakazakii TCC 51329
1 PR TR Shigella flexneri ATCC 12022
1
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DNA #2045 1: FRI0.1g chelex100 ¥y, A
100m1 KIE 2B, FEAIEITT; DNA $2HGAH) 2: 1
AWM RGE A, T T S A w5 1T
Fil AL DN A $EHEAT 6 .

STR): B 5° -CCGTATGGCTGGGCGTTT-3,
NS4 57 - AGTACGGCTAAAGCTTTCCGATAAG-
37, ¥4t 5 FAM-CAGAGGCCAGATTTT-3’(MGB),
3’ﬁ%i’3+§éMGB BREFY S sibrid FAM . HI3E
TN A RGeS 7 o

wﬁéﬁmumuABnmo%ﬁﬁﬂmCR&;%
ARTT WA 6 R R L
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1201 BERMETE. S EEw

YPITEROR )8 SRR 7 2 HE [ SR HE GBY/T 4789.4
—2008 J7ilHEAT, FRULRSIA
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FIENT 2P ISR TR G B L B ) 7 Ve A i
FINE DNA, FELABRN TSI DNA 43545 Ay S AR
W, BEATSIF PCR RV
123 SLINZE PCR VAR R IW ST e Afk

MR KA R VAR R, AT SEIR %856 PCR
o, En MR DNA L 914, eI, &
{EIR KGR, Puib st %) PCR RIVAR R, &
ST R RS 26 PCR RVFIT
1231 RNAERR

FONAREIR 20 u1: 2 X PCR MR 10wl 914
%(18 umol/L)FHRER(5 umol/L) 4L 0.5 ul. KR XA /K
18.5ul. #H DNA 1ul,

1232 mM4&MF

95°C A 10min, 95°CAEME20s, 62°CIE KM

Imin, [FIFUEEZRIEE S, H1740 MG,

1233 g oAb

CfH= 40, TTHIWEEMERABME, TTTHEHA,
K RN EUR R CH<35.0, TAMZEER SRR
Bt 35.0 < C <40, TN, TMER C
=40 #= M, ERMHE. MFHRIESR, Na
WAT R 20 7 4k 25 sz R A,
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HETA AR bR, ERCE RN R R, &
RUEREERE R BT IR, PRI DN A, ST B,
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W0 SO SRR bR ME B AR T IR R A R
1), DL OD AL A, Bk ERmBERE 107,
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HC104. 105, 10-6, 1077 B AT V- He]l B, F55ke
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Yt L PSR B B S o R EE AN FR RS A5 Y L m]
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i B FEFRRE FEHEA TSI 9 6 PCR R, o S A
127  JIIH$EH DNA [F3 B i ¢ DNA 2T I DNase

12,1 T SR AR 00 R B Tml + 2ml 2
OFH ] BL13000r/min 250 3min, W DBiEW: ARG
A DNase i 10U, 10 X DNase ZE2"# 100 ul, K&
MK 890 ul, FiHES I 36°CHEE 30min TMA K
IR 10 ul, BJhifr 65°C O 10min DL FMEE .
FLL13000r/min 0 3min, W B, MA 100 ul
DNA $EUGH ;WA /K% 10min, 13000r/min 5.0
3min; HWCEFHEE 1.5ml A O EAEFE T -20°CK /.
1.2.8 UK SRRV B ) R S S

M S IAV TR BT LEE UL W
FIAIRAL, 51 10g FESRINA 100m] 2 10 1 IR] I
I EATER R D TR, UG m] BRI 3 A
MEAHW DNA, T REERE, B /K & vsm
PRI TR TR R ABUSE o (R H B AT Sh 3509 1ml $2 DNA
JI+ PCR #.

2 HERE5RH

2.1 ANEEFEINZE DNA $ERT7 ST WO RIAL 7
Lot SO

LLE T DNA $2HGAF) 1 A DNA $2HGAF 2, 451
AT DNA $EGAT 1 LUUT DNA 28 50 LR 5
P, CAHAF 37 ~40 200, UL DNA SLEA
T )T DNA $EHGRH) 2 MIBA XA G, N AT
JUR/I DNA #3047 2 HE47T DNA 3. R 4«
T RECNIE) B A AR DNA $EHEAF & (5 5
DV810A) 4% HBeAF s W17 .
22 SRR PCR SL6 45 R
221 5IYEREHHAS T L

FIETTA M, T PCR A5 M5 1 EC b BRI EE A
H: agfAd. fimA. hin, H-li, iagAB. 1S200, invA,
iroB. mkfd. ompC. oriC. spvR LA M viaB “5FHIN.
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HE DN TR T 32 SR B At 7T A il B A, i R Ok 2
PRTTERE  FISF AR R Vb TR, i e 1

O MR AR . YAk, A A L L
IR AR ST b W Ny IR EC o A N S T A R
PR e AP T TS fimY )78 Ly Genbank 77 0] 45
B G R TN B AT MR IR T 81 AT X IR 45 2R
DAL AR B TR AR ARV ] B PN e T
S AR - At A R AR SR S e A SCHR
WETURR, BLfimy R vl B, Bl i 5 [ et
ZBLAST SR B A S BT, Rt thom, 1A ATS
Pl s I RIEREE . AP T TR fimY SN EHES
oLk 1 pros .

1 atgcgcageg taccatgcag ggaaagacac cgccgtttaa  gaaatgccaa  agactgegee
61 tgcegttatc  actctccaac  gecgeagata  tttgatcgec  ttgagttact  gaaccaacag

5]

ctaaattatg ccttgeeggt  tggtatcatt tctcaggeaa  taattacaac  tgataactac

—_
)
—_

ctcggetatt  cattgagtca  ctacttattt  tccggaaaac gtaccgcage  attcegetca
241 ttagatgaca tttctttgtg gattgaaaag gggtegetca gacaactgat —tgtagatatg
301 gagacgctac ctgtctectg  tattgaggeg  cttaaccage  tacacgeget  cagttggeaa
361 caaagcgata tccagattta cctgetggta tcagataaaa cccocgetat  agetcagttt
421 atccgtatgg ctgggegttt  ttttgtcetg  tcgegacgac  aaaatctgge  ctetgtacge
481 gaagcecttgt tatcagccge cgaacctcge  ttatcggaaa  getttagecg  tactgactgg

541 ttgatgattg aaactttagc gcaaggtgec tctttaaaag aaatagcacg —tcagcaaagc
601 gtaccttatc atcgtgtggt ttaccggett aaacaactta  tcaccctect  taaccttcee
661 cacaggcaaa gctttcttcg  getgatccag  cagetaaacg  ttactttcca  cgacattttt
721 taa

1 SIYFIREEGEDIIRE fimy BB EEEFTISH
AE014613) EAYHEF
Fig.1 Primers and probe sequences in the S.typhimuriun fimY
gene (Genbank Acc.no.AE014613)
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Fig.2 Optimized amplification curve for Salmonella quantification
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B[R] IR 717 1R 00 L Y 003 W B AR EA T PCR 973, 37
WA IR ALTR . BT VDT TG e R A SRS B, nidi
PTG b AR A M A5 R I, RN R
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Fig.3 Specificity determination for Salmonella quantification
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Fig.4 Sensitivity determination for Salmonella quantification
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Fig.5 Regression curve for Salmonella quantification
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MR8 13CFU/ml, DNA RSN Tpg. Tk ER
A K y=—3.381418Inx + 45.115715, R>=0.964878,
W LR RV IRR AL U5 F5 DU, y R Co 1

RAE SU0 5 R S ie 25 R W N 4 RIS
225 JIIF4EH DNA [P35 1R 4E DNA 2 TiT¥3 N DNase

R -LESCHRAE, T DNA 2 A R0 s N
DNase M T LU YR A6 (1 DNA 110550575 B A AT 5200,
AT BAIR 23 JE 8RG8 o AN 9T R W 70 1] B
(ATCC 13076: 1.3 X 10°CFU/ml)##4] DNase ML TH 7T,
Tl 3895 9 TT R DNA AE g0 RS, [lIFHY 1ml
HYBRA IN DNase BARTT AT FEEEI DNA JE17skas . 45
FR I DNase B Ak I3 3 DNA i) B A &1
DNA S C i1, 4FRWE 2,

%2  1RHYDNA BTFH DNase AGALIRISFRLI L5 R
Table 2 Effectiveness of DNase in elimination of nonviable
Salmonella cells prior to DNA extraction

(LS Ab W K (CFU/ml) CAIL
TG 1) G Ak 13 X105  16.64: 16.63; 16.87

(ATCC13076)  DNase At 2bsT 2.2 X 108 16.17: 16.03; 16.08

226  AEEAL VLR UUR - ROV NG 2901 R TR

1X10'

1.3 X 10f s
1 X 10° o
13100 — o
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§ 1% 102+ _ B =
1% 1071 gy e, TS 1
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‘1><10'5_
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E
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Fig.6 Sensitivity determination for shell ligament spiked with
S.enteritidis
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Fig.7 Sensitivity determination for moon snail meat spiked with

ARn

S.enteritidis
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Fig.8 Sensitivity determination for shigimi meat spiked with
S.enteritidis
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B9 PCR TR 42 10, R ECH 1300CFU/MmI 5
VLER DURIMW AN VA N R 70 11 BRI 2 PCR T Al H4
A10°, XMNINE#ECH 130CFU/ml.

3 Hr5ihig

7F Taqman MGB TREFHCAR LAY b, 457 T 521
PCR W M¥b ) BRI (R T v e WFIERM %7 s e i
T, LiXIHRA 17 RlrAm R T Al R, BERBLT i
TTEOW WY R E s M7V R AR TR, Al e (RS DU
G 13CFU/ml, ¥ & VLER DUANM - B DI & v
B M B AR M 130CFU/ml: & 8AD Vs i
Wor 200 11 B T S AR IS 2 1300CFU/mls 5 it ok
ZuU: y=—3.381418Inx+45.115715, R>=0.964878; il
LLAS N DNase B ARIT, 552 & IMITI DNase i Ak I 3%
B DNA KN BA 5 =1 DNA WRIEFI AL C A, W
SEHEAT 5 T S AN AR I T] DNase M AR IR: 4137 T 2%
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WAL E DNA, 424N PCR 5% 2h BDTT S8 p . 7T
WA R AR R . R Rk, GeitEv
IJEElill‘l’mlﬂ—f—/FU/ﬁﬁfﬂfé TR T/ i b 1]
5 FOIR I TR B AT R PR RS D
Tagman MGB %2 7F Tagman #REHEA B3R T
FIET S TAREE, Eﬁ‘Jﬁi‘ﬁ‘?—ﬁ*—K%U% Fl B AT
TN GG, AU T AR, 7T BT R
BHIA T BE G 2 R ROR im)JﬂTXHnﬂ:EHTK‘?U“JH’JTqF
‘fi T VB S 22 TSI PCR S Z R BUR . A
FUIRITI B e Ly S AT TR 3 Ve H /K™ i [
ﬁﬂm%mﬂ4\VMNWWAW%ﬂﬁWﬁ$DKW
SRR R R v S (i B S B i 3 1= o N 1| P 702
SN T3 T AT 3B it b 1 BRI R RS
W, BAEENWEBFR S,
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