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TRk R 2 7 1% X S8 7 AR AR PR BBl K
WK (5~7 d), 5 7™ 2B AR PH A R0 52 S IR 55 B
Ui ), T I AR Y A 1 0 Tl R R R K
$£T TaqMan R B9 SE0E & PCR 7 i H A Fi 5+
PR | SR R R PR S AR A BT N T
R o TR A RS IO A 5 A X K AT
O157:H7 B34 2 7 5 11 RIS AR 25 S 18 A9 47 5
PEILDR 7 A0 T 5 1 ) AR R, S — o] [) B 4G
M _E SR 3 Fop B 9 TagMan £ 8 520 5E & PCR
Jrik, DB EIX 3 e 2 Y D TR A A

1 MRlEFE*
1.1 B

AHEGE P K 20 FhAnTE , o 3 Fl B AR K
N KB FF# 0157:H7 CICC21530 ., i £ 27 4
FFH# CMCC63001 , 538 2= i F5 i CMCC54001,17
FiraE H bR AR K . RAOTED TTIRE CM-
CC50115 . f7 R V> 1T R B CICC10982 |, 4 e {07 %
ERE CMCC26003 , &l I MK CICC21617 %
B % BR B CMCC26069 | i FG B8 G B CMCC
(B)26003 , 2 Z 25 2F L #T & CMCC63512, 75 = 4
ZEMIAF B ATCCS51024 K B2 2R H1AF B CICC10002
Jf by B R FT B ATCC43864 . B IR Jigy 1
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ATCC51024 5 i v 25 B 47 7 ATCC 33090, 7 %
2= Wi R CICC 21663, 45 & 47 B FF B ATCC
25177, =S AT ATCC 29428 . [ IGEEAT I
CICC23561 , ¥ i 50 4= W ¢ [G & ATCC330090, %
SR PR A3 50 A b E B A AR G . T E T
M A A 40 R LR v A 9 A v TR AT T
1.2 (UEFFAKF

7900 SR D¢ 5 PCR X, JE[E ABI Al
12GC 4 { s B, H 7 PSS 22 Fl ;5417R
i O ML, 78 [E Eppendorf A R 5 B F5 R R
FIR B 55 15 97 B 20 4 Al AT TR 20 DNA 2 1
&R DNA glifk [mioal ) & 45 2 & PCR

JE AR Z T 2% FlaR] | RAR A= W BOR (Es0) A7 R

VNI
1.3 FHix
1.3.1 S E T MR GenBank A7 K

W FF @ 0157.H7 # £ & tir (GenBank:
NC_002695.2) , 534 2= i ¢ 16 5 ) & A& A mpl
(GenBank : NC_003210.1) F#5 F¢ 2F £ kT 5 7 % &
FM 2£ A entFM (GenBank : WP_089170826.1) i £
SFRES TS 1 TagMan 541, 28 BLAST 4347
J&, BAE LAY TR AR WS A RA R G, 5
PIFIRE P AN 1,

F 1 PtE=E PCR IR F 3
Table 1 Primers and probes for real-time quantitative PCR
AR A4 BE (57 —3) BEML TR AR
bp C bp
tir tr-F GTATTTACTGGAGGCCGTGG 20 59.5 98
ur-R GGCTCTAACAGCTCCAGTATCC 22 59.4
tr-P ROX-TGGTCACCGTTGCTTCAGATATCAC-BHQ II 25 66.5
mpl mpl-F GTGGACGTAGAAACCGGC 18 59.1 97
mpl-R CCTTTACCAAGCGCTTGA 18 57.6
mpl-P FAM-TTTCCGAGGTAGAACGGGCTGATAC-BHQ 1 25 67.3
entFM  entFM-F CAATCGCTGGTTTCGCTAGATC 22 59.5 94
entFM-R TAGTGAATGAATCCACTGCAGTC 23 58.4
entFM-P HEX-GTTCACCATACAGAACTGCTGGTACAAC-BHQ I 28 64.7

1.3.2  #&4k DNA il & 73 504 20 Bk @ 42 2
LB VAR KRG #5537 CRERIE i 5, B 1.5 mL
R A O, 12 000 r/min % &0 5 min,
Fr FIH W, DUTE R IE JS 8T R A 37 CCALEE 1 h,
K P40 3 R4 DNA B B0 ) & R AR AR
DNA , ¥ fift T XGE K (ddH,0 ) 2 i ik 4 50 ng/
pl,-20 CLRAEE .

1.3.3  FHPERIARGSGE 235 DL 3 AhEE bR B Y 5
AR, R TR S 1 888 B AN 7 B, )
MR R . 2xPremix Taq A 12.5 wL; 10 pmol/L
EFUWESI4 1 pL AR DNA 1wl BUEEK AR 2
% 25 pL.PCR ¥ 2% . 94 CHIZE 1 3 min; 94
°C 30 s.55°C 305.72°C 1 min,35 MEH ;72 C
FEAH 5 min, PEPIKEIN . PCR P22 1.0%35 5 4 5t
JEHL UK S, 4 S Tl AL fy 2%ty 722 452 31 pGMI19-T %
b, SABRZSAM IM109 37 CHEIRE: 7%

LR, A WA P B O S kP P s R RS R AR A
"] DNA W5 J5 , #4757 51 ik

1.3.4 iR RME SN & U B i
N R AR, Al E 2 E qPCR I
& & 20 pL:5xSuper Real-time PCR PreMix 4
pL, % ik DNA 0.5 WL, % 3 F HAr s bk 5149
FGRET B S EAT e Al . & 5k 3 Fh B s
AR B 5 9 R AT B B 4L A B AT qPCR 974,
NSRS B4, 6 3 A5 4 AR B 1 £
FHEHEAT IR L, LA 1 i 2k B AR Ct H FIEL
PG It £ & qPCR WA &R, £
qPCR ¥ ¥4 2 ¥ .95 CAEPE 10 min; 95 C 3 s,
60 °C 305,40 MG,

1.3.5 REPEM  RHPEREE RS, 40
B JE IR R 1.2%107 CFU/mL (9 3 F H AR B i ok
17 10 588 BEFR B, DB BB B2 TR B 2 mL, 4%
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W8 1.3.2 95 7 4R B DNA & f# T 50 wL. ddH,0
W, R AAGR IR #79 qPCR S M &R 147 Rk
PRI, LA qPCR A 3 Bk H bR B 19 R 0%
H T 4Ry qPCR RN AR R B di DNA W 5 &
i A0 B I — 34, $2 U DNA W T ddH,0 A 1A ]
(50 L) 244 HE PR W £ (2 mL) x B4R DNA 8 i
(0.5 pL)/qPCR B &R (20 wL) T84k

1.3.6 HSFrEis L3 MR A 17 R AR
PR DNA SRR, 2 & qPCR A & .
5xSuper Real-time PCR PreMix 10 pL;10 pmol/
LS ar b RS04 1 pl, 15 wmol/L HE Jk
mpl Fl entFM V| FF51¥) 53 544 1 wL; 10
wmol/L FREF /35145 M 1 pL; 445k DNA 1 wL;2x
ROX (ZFEHI)1 pl; WFEKENE 2 50 pl,
qPCR ¥ 342 8 1.3.4 Wb )5 i 7 k647, gPCR
I3 i 2R 4R O B Cr (<35 B R BHE,
1.3.7 EEME 3B 3 Fl H AR A W e R
) B B BOBEA DNA, 47 8 4 M i 18 56 | K
W Z 5t qPCR &1 7R R 1 Fa e

1.3.8 BRI 250 107 CFU/mL 1Y 3
Pl EHARE A 1 mL B INE] 5 mL 2R RS —A4
FE IRSIJE 10 A5 86 B 0 DR K 7 B, AR 9 F AR
TREGE I 3 AV AR R, LUK WS 0 B VR R 5 (5
mL 2RI 3 mL JE K, Lok JC TR ) Sk BF 1 X
MR, FHRO1.3.2 95 )5 ikl 4 B0 DNA #E47 qPCR
o, FEHE RCE SR e E R &R EY
KIY (GB 4789) 4T # FLE: SRk K DU, LLIEARY
qPCR i 11 o P

TE:M 2y 50 bp Marker,a~as (K&K I KA HFE 0157 :H7 . Hid
ZEIT R R R B 2F ARAT 1,27 28 ddHL0.
B 1 PEMEW PCR ¥ G~ HEIKER
Fig.1 Electrophoresis profiles of PCR amplifications
for target-DNA templates

2 #ERERH
2.1 PEMEAER T

Sy 5E R 3 0k B AR A 51 P i 47 3% 38 PCR
Poug Ly A R R UK A R LK 1, R
DNA glifb [Fciat ) G0k 5 R Btk A7 il s | #
T 2 ORI AT O R, R HRORE I T R B R RS 2% I
M EY TRE AR S A RA R ST, 4558 %
B, §38 A B S GenBank K048 4 v A 4 R 5 51) 5¢
S—F, VLA 5T B 0 R SR v 5 1 )RR
SEUERA AT SERY
22 %% qPCR RM{E R

S AR R AL, T A A 2
# qPCR MR R (20 pL) W36 2, 7 I s i 1A %
T L3 H AR E £ & qPCR P38 45 B w2
N3 WG R E Z BB A T AR R
PR A F BB F Y S AR SO K R C
EER/INT 35 B0 AR HE DA 4 15 1 2615 5 o
2.3 tREMZEIRIHENRK

Gy 0KE 3 R EARE 10 A5 86 BE R RIS, SR HOAS
[7) 7 BB B 1) DNA A MR 17 qPCR 47 3% LL#ff
SE R A R o B HEAE R LR 3 FEAS R A
B3 s i DA AR 2 A AR RS (G fE<
35), Bl e B LW o DR VROV FE X B
Shy A 0 H X I ) Ce fF A 9N A8 s 8 7 A9 A o
M aniEl 4 froR 3 S EAR R Y 0 CeH 5 H
TR N B2 (R 56 3R A MG R B R? 430
4 0.993,0.999,0.998, 41 A 535k 93.42%,
101.22%,94.47%., FRAEMY) qPCR ¥ 34 & & 2R A
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Fig.2 Amplifying curves of multiplex qPCR
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Table 2 Optimized multiplex gPCR reaction system
PN AARE bR (e dn A W)
KWHAFH 0157 :H7/pL BB A /L W 3 J0AF /L

5xProbe qPCR Mix 4.0
10 wmol/L Li# 5] 4% 0.4 0.6 0.6
10 wmol/L. F # 31 4 0.4 0.6 0.6
10 pwmol/L #R 4t 0.4 0.4 0.4
50 ng/pL DNA #2445 0.5 0.5 0.5

ddH,0 10.1

2500

2000

1500

Pl
RFU/U

1000

500

o 10 20 30 40
B FR AL
Cycle number//
(a) KIAFTH 0157 :HT/uir

2500 ~ ”/;-,7
. e
@ - 1500
=
E
=
Re ™
1 2 3/ 4 S
500
o T — — — — /n 1
[ 10 2 2 40
e

Cycle number/4
(b)) H54 25 W R T fmp 1

2500

A_s"‘;:
2000 .
1500
55
R 2 000
R 1/ 2/3/ 4 5_~
500 ,
0 10 30 40

2
TEEREL
Cycle number//
(c) BEHEZFINT B fere FMI
2 1~5 B RO AR KA 1.2%10°,1.2x10%, 1.2x10%, 1.2x10%,

1.2x10" CFU/mL,
3 qPCR R E ik
Fig.3 Sensitivity testing of qPCR amplification

25
u  LBEREFFRAT R entFM
o 2-MBAZEHTRE R/ mpl
A 3-

30 KA 0157: HT/tir

y1=-3.4620x + 36.056
R>=0.998
E=94.47%
$,=-3.2930x + 36.871
R,*=0.999
E=101.22%

Ct {8
Ct value

20

¥35=-3.4903x + 36.056
Ry=0.993
E5=93.42%

10 1 L 1 1 1 L
0 1 2 3 4 5 6

Concentration of strain/lg(CFU-mL™)

B 4 qPCR #R#E#H %
Fig.4 Standard curves of qPCR amplification

KEB R KT 099, ¥ AL 90% % 105%1
B ABFSE ALY qPCR ¥ 194K 2 60 R2 (E AN
WEECR e IR B L, R B
PREH P AL RAF 938 R R ufl . Z8 bRk AT
# 12 CFU/mL 1E A £ 8 qPCR & & () i KK
138
2.4 %£E qPCR 51w

K E B L T AR S s R TR AR ST T 41
Wit AR A & 17 2 & qPCR A%, 4558
WE s Fis, HEam 3R H bR e bR R
tir .mpl entFM W5 Y64 e ph £k, i He 17 FhAE
HARE IS A =B/ WY S (38T
AP B M2k, Ui B AT T i 3 A5 R T
BHA R R S, & T RBAFE 0157.H7,
P8 2 Sy R TR S R ZF ARAT R 1Y 2 H qPCR K
m,
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Fig.5 Specificity testing of multiplex qPCR

25 %EQPCREEMIRE

A3 A EEEC 3 B H bR AR 10°,10%,10° CFU/mL
) DNA A AR HEA TP B850, AT 3 IRINES 4t
T2 BT W36 3, R [R) vk B 9 R A FF 1A 0157 :H7
LI 2 3T A T RS R ZF ST TR 2 L qPCR A
G Ct (H 28 55 R A AE 0.19% 2 0.79% Z 1] .
X2k i S5 C (7 S REL<B%AE N qPCR A
PEGF B bR e, A ST HE ST A9 £ B qPCR VR &
Y CEZ S 2 5<%, Bt RFNEER
FEE

* 3 %EqPCREES MR

Table 3 Repeatability testing of Multiplex qPCR
4 R o FHE RR AR
CFU-mL™* K1 K 2 R 3
XA #E 0157.H7 10° 15.12 15.11 15.21 15.12 0.37
10* 18.51 18.45 18.57 18.51 0.32
10° 21.83 21.91 21.79 21.84 0.28
B FEMAA 10° 17.26 17.23 17.31 17.27 0.24
10 20.53 20.61 20.57 20.57 0.19
10° 23.87 23.85 24.01 2391 0.36
WA FOATH 10° 13.58 13.62 13.49 13.56 0.49
10* 17.49 17.52 17.65 17.55 0.48
10° 20.23 20.35 19.98 20.19 0.79

2.6 HEIEESK

PERN T YL W56 102,107,107 H BB
PEAT AT E, GEihiX 3 AN I TR VR AR IR
W 4.6x10%,4.3x10°,4.1x10* CFU/mL, ¥ 3 i
T8 A i A0 B P X R 2 OB A DNA J5 17 £
qPCR A, 25 5 & 30 3 A1 15 Ge i 6 35 A i 2 1
BT 3R EFRE RSP ML, B CoEHNT

35, 0 LA 4 A 8001 | X R AT £ DAL o]
PR, 5 R Y 45 54— B
(WL 4) . ARBTG5 T il — A 0L
KK A 5 5~7d, £ qPCR KWLE 6 h Pk
RESEMl. S AR, BEUIARIITH S 1%
APCR 1 2 T LI FH 3L 8 5 4 2 77 0 e A
S

R4 HMERERNBNER

Table 4 Detection results of contaminated milk samples

TRRE] XWAFE 0157.H7 P EMNAER WA AT
CFU-mL™ Ct1d GB 4789 Ct1a GB 4789 Ct1a GB 4789
0.0 - - - - - -
4.6x10? 25.1 + 26.8 + 23.7 +
4.3x10° 22.7 + 235 + 20.4 +
4.1x10* 18.5 + 20.3 + 17.2 +

V4R B < R B

3 WitSHi
FLEE PO E B PCR AN H A #HE T2 52

Rl 75 i A 3 SIS PR v R R T A Gk
FEABL A P 35, 15 353 0 PCR A J5 2 A He At 36 30
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o G A R R AR RS R A A S M R A
SO R T i P R A D
P . ZEUOEE B PCR AR R AE [ — [ B
1A Z [l 22 A 36 7 31 54T PCR 474 AN A
WA TGN FEA AR TR AR R
e 0 v R RS R )R

ATy N7 Z2 S E i PCR A I 7 vk A T
P AR L A AR SRR, KT
0157 . H7 W tir HE R EAG GRS 0E HL g B2 RS
J2 B0 P R FT DA 04 58 5 3R b s B R, mp ] ]
JEAL T B A R B RE T B 1 (LIPI-1) b i) 350
PEREDY 38 5 PCR 47 58 mpl 5 471 46 00 PP 55 24 Jhp 4
B B E S LA AR g 1) R S ST T S AR 5
T, MR entFM JE K& UEAT 6 5 b o RE 2R 7
FF G AS D AR 5L A R i e ase S TR TR, AR B 5 v
43 ) 1k B 3 RO R B A e 3£ mpl FE R
entFM 3£ RAER qPCR MHEFRIEN  BLAh , A5
M A X AR I R R S P AN 51, Al P
TR R 45 R 53 TagMan 38 %F, 76— B ¥ I
TRIE T 2 qPCR 9 R B0 Fke vk, )5 #9103t
e KW, M £ & qPCR Jrik &l 3
Ffr b 1 28 B0 A0 BME B (R IR AG R BR300 12
CFU/mL)  Fa 2 PR (Ct {722 S5 R AU <1% ) Fl e
SRS (H RPN 500 ) S8R s BRIE TR Y
B bR R P 9 e £ 0 5 [ R ST e H 5 2

i LRk, Ao E LY TaqMan e £
SEEE B PCR 7 e Aa i K AT @ 0157 . H7 B3
20T R TR RIS A AT R A R e e . REUE
T R PR P A X N TSRS Y 1 2 R
R 25 R B, Z ok o EL T R AT
O157 . H7 B34 2= 1075 17 R E A0 2 00 A B 7 Az
A VR W I T B i T SRR F B
FE PR N X R R R T RS AL T AR A
A WA R A A
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Rapid Detection of Three Common Foodborne Pathogens by Multiplex Real-time
Quantitative PCR Based on TagMan Probes

Ai Pengfei, Wang Shan, Gao Huiming,

Wang Yanwei,

Pang Yanrong, Zhang Meng

(College of Food and Biology, Hebei University of Science and Technology, Shijiazhuang 050018)

(qPCR) method based on TagMan probes

for simultaneous detection of Escherichia coli O157:H7, Listeria monocytogenes and Bacillus cereus. Specific primers and

TagMan probes were designed according to the conservative sequences of tir, mpl and entFM genes, corresponding E.

coli O157:H7, L. monocytogenes and B. cereus, respectively, and a multiplex qPCR assay was presented to test their

sensitivity, specificity and stability. The assay was used to detect pathogenic bacteria in contaminated milk samples,

comparing with the national standard method. The experimental results showed that the multiplex qPCR assay exhibited

high sensitivity, strong specificity and good stability, corresponding the minimum detection limited being 12 CFU/mL,

only three kinds of target bacteria being amplified in the multiple-bacteria sample and the variation coefficient of repeti-
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tive amplification being less than 1%, respectively. The positive detection rate of bacteria—contaminated samples was up
to 100% through the multiplex qPCR assay, consisting with the national standard method, and the testing can be fast
finished within 6 h. It confirmed that the multiplex qPCR assay can rapidly and accurately detect the three common food-
borne pathogens, namely E. coli O157:H7, L. monocyiogenes and B. cereus in contaminated milk, and provided effec-
tive technical supports for food security.
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