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WE. SR XA 100%; L4 DNA K BUSME D 7.11x10% fg/ul; 4l 324 K 746 I et
1.0 x 10> CFU/mL; & VA5 5 REAE 0.10%~1.00%2 [7]; bR iZe M1 C R 5 r* o 0.9994, &5if  mioha
VT —F R R K R A [ O157:H7 B SCEF 9L 4R PCR PR I Jr v, % 5 i A R BUE & .
RS . PO ET A, AR 35 min YRR, TR ALK A IR A [T O157:H7 B 75 YL A il i DR s 12
oRil
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Rapid detection of food-borne Escherichia coli O157:H7 based on real-time
fluorescence polymerase chain reaction
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ABSTRACT: Objective To establish a rapid, sensitive, specific and efficient real-time polymerase chain reaction
(PCR) method for the detection of food-borne Escherichia. coli O157:H7. Methods Specific primers and probes
were designed for the conserved region of the O antigen-specific gene rfbE of E.coli O157:H7. Standard curves
were drawn by synthesizing gene fragments, and double-level debugging and optimization of genomic DNA and
plasmid in bacterial solution were performed to complete the preliminary establishment of the method. Then, the

specificity, sensitivity and repeatability of the method were evaluated and verified. Results The specificity of
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this method was 100%, the sensitivity of genomic DNA was 7.11x10? fg/uL, the sensitivity of pure culture level was

1.0 x 10* CFU/mL, the coefficient of variation of repeatability was between 0.10% and 1.00%, the correlation

coefficient r? of the standard curve was 0.9994. Conclusion A good real-time fluorescent probe PCR method for

rapid detection of E. coli O157:H7 is successfully established. The method has the characteristics of high sensitivity,

strong specificity and short amplification time (only 35 min), and can be used for the rapid diagnostic detection of

suspected E. coli O157:H7 contaminated samples.

KEY WORDS: Escherichia coli O157:H7; rfbE conserved region; real-time fluorescent polymerase chain reaction

technology; probe; rapid amplification
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K54 G (Escherichia coli) O157:H7 & F AT &R
B Ay R B AR Mg 7Y, 2 — i CE I AR 0 2 A 1k B0
WM, TSR PERE TS | s i A R I IR A 4
BAESEEY, TCERATEASET, YRR, HE 10 4>
T8 BT R AT J e

R RPT ARSI REIRY ARG IR 7 G
OL157:H7 #k, Wilildh. SFgEse. EfEFL . KR 2L
WK, A 0] REAEAEIREON I, TR AR A R A T
FER b, W24 24 B ZMRIE IR A R 0157:H7 J&4
A, T AR SE S Kk E S XA X B O AR, TR
AT B 2 H rp A PR R o R A e R, R
J A [ O157:H7 #5 h & U e 2 —, EWNsh
Uil 2 T 22 TAH AT I BR U

22 WL A 0 S 03 W T 1 — B R KT B DL R e A
b AT I TR AR, RO R N B R A AT S B R,
LA AT GBS W, WA K | a0
X5 A PRI A SR HOR RIS . 2R A T EE
FO W B R (polymerase chain reaction, PCR)SUSM: & . 47
SRR SR RTERA, Iz BN T R R A
) prt13-161

AR S A 0 T SR 2 — 2 B P | o
BRSNS W A R Y 4 F A B R TEUE B2 b 34
AN, WEA AR R B, RN AR
(loop-mediated isothermal amplification, LAMP)3|#ji53t
ME L RUBAEARY T, B PCR AR I IR AR A
P2 DR B AR AN R B 5, T ELG R AR B
SRR, el MR KX I 4 2 A SR T e R AT
HAR, B AR TR | h A4, AR,

UL, ARF5E SR AR A W2 W m b ) B8 s 2 )
TORRE AR, WXL EHE | S HE . KRR RTE
B EESE YR, PUSCILTE 30 min 245 S8 ALY 1S IO R Y 45
T, #E—Fh KA R 0157:H7 i HHi2¢ ) PCR AZIR
Rl s, DIAFEAEURAS | R | AR Sy TR B
TRk K 35 75 BB O157:H7 R A HRsAG I B A AR S04

1 RS

1.1 # #®
.11 # &%

KIHBARE O1STHTI(WH %S NCTC12900). &
¥ ICHE (R g5 ATCC 25922). 4 (08 A 3K (7
Flgm5: ATCC6538) . BAA% 4l it 384 A= 2 T4 T (B8 il 4 5
ATCC19115), FRAGFEVTTIRE (FF %5 ATCC14028).,
BV PRI (B AR5 ATCC17802)() AR FRHILIME MRk
AR
1.1.2 &K#A 54

Kk 3R BUA ) £ (N0.2022060 1) G M H il 2= )
i ARABR /N w); 50xsuperstart fast enzyme /UNG mix .
2xsuperstart fast buffer(ER i 581 4= YR A R A w]); LB &
FRR ARG B R A E ARG RA A, 0.9%% 1k
SR G R RHE 25 AT B2 D), TE 28 i (pH 8.0, b
HERFEERFARA ),

113 RELH&E

JBZ-D Ve VRTE R % 37 15 248 (M1 38 AN ] 3 A R
75 w)); DH-500 R B A8 (At b 2l A g A R
Fl); SW-CJ-IFD i T.1E & (9 i b A BR A & );
BHC-130011A2 A4 2¢ AR [P /R 28 3L 50 = & A5 (AL 50 A R
N H1650-W 5 2K 0 8 3 O AL R T AL S 36 28 A e T
KA B2 FD); UVS Nano #8E 55M 66 BET T M4 04T
F B8 (F E) A BR 2 7] ]; Gentier 48E SR 7¢ Y62 & PCR
R 22 58 (P4 & KIERHE A R ).

1.2 /5 &%
1.2.1 314, AP 54 R

JEF National Center for Biotechnology Information [
SR KR A R O157:H7 rfbE HL K F 41 (& ki 5
S$83460.1), FIffl DNAman #4347 Euxt rfbE FE[H 19 fR5F
XI5, F455 % Beacon Designer 8.0 15015 | ¥ AR (WL
1), RN I . R R A ]
M1 0157-rfbE-F F1 O157-rfbE-R. ¥4t O157-rfbE-P. #3E
pUC57-0157-rfbE,
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Table 1 Sequences of the primer and probe

CIEY/NE 7N 1y )
519, REFFSI(S-3Y RN
EAs
0157-rfbE-F 5'-GAAGCCTTTGGTTCTAAATA-3'
O157-rfbE-R  S-GGTCATAAAGTGTTTTGTC-3' 0
p
0157-rfbE.p FAM-5-ACCATTCCACCTTCACCTGT

AGTAAT-3'-BHQ!

1.2.2 44 DNA #44] &

HKinEA RIS O157:H7 WA E F g aifb 5,
IR PREUCAA B PSRN T LB B R N s e 3 v, 7E37°C,
200 r/min 450 F, IRTHERESE 16 h; I GB/T
4789.2—2016 (& hh LR EFARME MRS /A
o SO E ) H ST SO I E  R TE VROR E

Bl mL B3R T 1.5 mL 08P, 13767x9 B
05 min, 3 B3, H10.2 mL ZAbANE SR EBIE, BN
B o AR A 2CHR IO ) 5 4 L8 BH 43 25 SR 4 J
% DNA 4 i Jl UV5 Nano # {4 4M 66 &
T4 1) DNA WS
123 KMk K@ O157:H7 & £ 3% % PCR Heikton]
Fikt S

PIRIBRA R O157:H7 3 1 37 W W IR UK A% R
VBN BEYE R BRI, X5 BFkE pUCS7-0157-rfbE 5 ik
FE, 3] TE o B 2 1x10° copies/uL 1 g B Fk:
B, DAAK R A AR 1 B R AR AR 1 96 4 B {Ei (cycle  threshold,
COF/NRIEI, SR N FEFE . 5 PR BE . BRET MR BT %5 454,
RASERELBR, LR DL S, Rinies IR 0157:H7
TISZI ¢ 56 PCR HRS A 7 v
124 A& eEs

B4 ROk pUCS57-0157-rfbE il TE ZE i 10 534
LR ERR RS, 145 1x10° ~1x10° copies/uL 7 M R U
FERAR, [FBFSr TE SEopiicohas v IR, XibruEfig 7
ANBERE BORA AR AN, RIS HEAT 3 WOPATER, @ K
BRI ICHE O157:H7 BUSEAT % PCR HRHAIN 7k i r
Mgk, Mgtz
125 #FFHFHN

PLK 357 BB O157:H7 . KIpEA RE . & 64
BRUA . PRAZANMRE A SRR o . RAGTEVDT TR . B M
INIESE 6 DAL SR B AR A R Ry e 0 TIEAZ TR A AR,
5 R AT R A FC B O157:H7 BUSZI ¢ PCRJR#AS
D7k, SRR UE A B AR AR A 7R S P A I 380
1.2.6  H#BRAMATFH

FEFA DNA HUSPETEA: BRI KGR A KR
O157:H7 ML H 2 DNA WEEDE, 2 10 bRk
BRI 6 ANBEEE, XX 6 AMBAEEHEF T4 PCR 0 E 4
3 K, REASHBH G4 0 il L 0 SR AR vk B R AZ T A
WA 2 09 SR o

4 B SR YK UM T KGR & IR O157:H7
Bi9% 6 h, HEAT 10 FERREEARRE, 14 107, 107 F1 107 3X 3
AT BB BRI A T . RBUE N 4] DNA, LU
ddH,0 75 FIXT IR, sr5iEA 7280 PCR 9369 84 3 Ik
1.2.7 = Z 40

i FHEE ST A KR A IR O157:H7 BISEATH L PCR
PRI i, XRREE 6 /e A RRASTAR AT PH A SR A
B 1x10°~1x10° copies/uL, Z>HI7ESE 1d, 45 2d. 55 3 d it
TR R 4SBT A HT 8 B () Ct P90 X ) R
1k 2% (standard deviation, SD) il ZF 5 Z %X (coefficient of
variation, CV), iEfT Sy i ERE M,

1.3 HIEAE

K Statistical Product and Service Solutions 23.0 %X
PR B e HEAT AR v A AT, RIS B DL <O 24 1 A o
273w, FHH A Origin 9.0 BAFL bR et £E 14 .

2 HERE5HH

2.1 KBRFRKE 0157:H7 B PCR REK N
F AR ESL

ARG — RN AR EA TG 0157:H7 MR
BRI A PR, X R . B . Rk
PESEAA AR e R A [CTA O157:H7 BUSRY %
Jt: PCR PRI i e A5 | 02k B R 400 nmol/L, #R%T
LU E N 240 nmol/L; RNVAKRUNZE 2 IR, [NFRTHh:
95°C/30 s; 94°C/8 s, 60°C/8 s(KEEDEI), 40 AMEFF.

£2 WARRIEEFR

Table 2 Fluorescence reaction system

o HE/uL
0157-rfbE-F 0.2
O157-rfbE-R 0.2
O157-rfbE-P 0.3
50xsuperstart fast enzyme /UNG mix 0.5
2xsuperstart fast buffer 12.5
ddH,O 6.3
DNA #iAf 5.0
ESLA 25.0

2.2 FnERMZREN

KipsA K O157:H7 TR pUCS7-0157-rfbE
I TE ZZohil 10 f5ESERERMBEE 1x10°, 1x10°, 1x10°,
1x10°, 1x10%, 1x10', 1x10° copies/ul 7 MEEEE, HFATSCmfHe
I PCR PRGN 2557 B, el A 110" copies/uL (.
1), PLBHE R EE (X, copies/ul) g X #lI, LA Ct{E(Y)H
Y A, 22RO, IR EI R R O157:H7 BISET»¢
Jt PCR ARUfEHIZR(WLE 2), TR R B r’=0.9994, [#]
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PR Y=—-3.2353X+40.231, ¥R E H 103.7%. i
ZOTIRY BRI, PRSI R RIT.
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2000 - 1/ 2/3/ 4/ 5/6
1000 ;
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1.0x10°~1.0x10° copies/pL.
Bl 1 256 PCR FRES Y £k
Fig.1 Amplification curves of fluorescence PCR for
standard plasmid
38 |
36 | : Y=—3.2353X+40.231
y 7=0.9994
i P HRCRE=103.7%
32|
_ 30t
@]
28
26 \\\\\\\
24
2t \\\\\\\
20 F
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FE 4 S04 B2/ (copies/uL)

B2 4¢3 PCR bifEl 2%
Fig.2 Standard curve of fluorescence PCR

23 FEEMITEMN

KRG [ O157:H7 BISLiF3% % PCR Hesli i
WA AR G4 R . S OMARke . A4
WA . RGFEVTTIRET . RV I IR 45 5 P
TRE S PR BU A RR UEA TR, 45 % R ¥ S B, Xk
WA AT O157:H7 $RIBUZERR R R 25 5 A B4 (UL ]
3)o IRIGEEH TR A Iy k5 5 UL TR A A% R TG
XN, RN 100%.
2.4 BURMITEN

PRI AR DNA VIR IR A 7.11x10° fe/uL,
DL 10 F5R R 6 BRI, SR/NFTRDMRE Ry 71.1 fg/ul. Xt
X 6 MEEEHEAT 3 PG PCR § (LK 4), 4558 BRIk
BWRIE N 7.11x10° fg/uL AERER (L2 3), Uil IZ LT
Bt PCR Kl A 22 A9 4™ M 50EE g 7.11¢10% fg/uL.
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YO RIAEA RIA . Bres ORI BRI . A A A A e T
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K3 Ft PCRAGINRIAR A KT O157:HT fi ety il 2k

Fig.3 Specific amplification curves of Escherichia coli O157:H7 by
fluorescence PCR
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H:a. b, o 3 RPN PCR GNP TR, $F 6~1 iR IE
[ DNA FiH B 7.11x10°, 7.11x10°, 7.11x10*, 7.11x10°,
7.11x10%, 7.11x10 fg/uL,

Kl 4 %% PCR BN R4 FR BT O157:H7 JEHI 4] DNA 34 ik

Fig.4 Genomic DNA amplification curves of Escherichia coli
O157:H7 by fluorescence PCR



268 B4 4 TR A 814 %
%3 DNARERES CtEXAR
Table 3 Relationship between DNA mass concentration of Escherichia coli 0157:H7 and Ct value
DNA Jfi &R B /(fg/ul) 7.11x10° 7.11x10° 7.11x10* 7.11x10° 7.11x10? 7.11x10"
CtfH 24.44+0.16 27.74+0.04 31.62+0.26 34.47+0.23 37.97+0.94 -

T -FoR AR, FIE.

BIEFE 6 h W RIBIRA KA O157:H7 #47T-F AR T4k
B RIA WO N 1.5%10° CFU/mML, 41504 B Bk,
1.0x10° CFU/mL, #RJ5 10 56 ER R 107 MR 4R EL, ik
1 PCR ¥ 3 (WIE 5). ERBEE R 1078, 3 k¥ PCR
K fefe e i, MAERs R N 107 1, 3 A EE A 2 4
i, MEZEH 66.7%( L3R 4)o T E 2 LAt 9 PCR Al
1R R (Al B 5290 KV sk 1.0x10* CFU/mL,
25 EEMIFMN

Lkt KR 7 R E O157:HT Hi B 1Y 2% IR 155 M
7.11x10%~7.11x10% fg/uL B 3 WREAGL, HEABE X |
SD I CV, S5 IR, Z LA CV1E 0.20%~0.50%IX.
[f], AN 0.5%(E 5). BEIHIZ T I AEIRZ iR
PERGF, Z0R A 5/

Zil W R IE A KA O157:HT FH M & ki A M
1x10°~1x10" copies/uL ) 3 TR KL, T4 X . SD
ey, g IR, TS CV 7E 0.10%~1.00% X [A],

HEARNF 1.00% (3 6). WEIIZ HILTER R Z M ELER
U, ZWKIBIER SN .

3 TREHEiR

KIp¥Ha KE FEA O, K. H 3 FHis, EIE{K©O)
PR HEB (PR M IEREK)BIR, A5 — Rl i i B AR 22
AIX 3 Rl —Rh. O HUl 4 iRE b RE 2 HE, 2K
Jigr ¥ A A I35 B4R A il HLRTRIF RO R E M, &
FEKTE 2 h PR R LA sE RO K IR A G
O157:H7 J& 20 il M K 1 il v A =2 —, R I
LT HY 1 4312 0 2 I 3k (R R 5 T S BPR L HERA
mAck, JLHAF R ML Ea R kH M, BA
RS ERT RS LR b, 4 WANG 2P
BILGE 285506} K5 45 G 1 0157 Y rfbE 3L K ik 7
WE5E, R BLILT 5 5 A 20 B WA [, S R A [
I O157 19 O Pl gty JE A

a 7000 - b 8000 - c 8000 -
6000 7000 7000
5000k 6000 - 6000 -
=000k 5000 - #5000 -
b 24000 F B 4000 -
;[j ;883 - jj 3000 - ;L*i 3000 -
3 r X 2000 | X 2000 -

1000 L 6/5/4/3/ Tooo | 6/5/4/3/2 Tooo | 654%

() — 1 0 0
_1000 1 1 1 ) —-1000 1 1 | ) —1000 1 1 | J
10 20 30 40 10 20 30 40 10 20 30 40
PEEREL PEIREL PEEREL

[Era. by ¢ 3 K¥SE PCR Y LR, T 6~1 A BIRERIKIRE 1.0x10°, 1.0x10°, 1.0x10*, 1.0x10°, 1.0x10%, 1.0x10 CFU/mL.
K5 5t PCRAGIIRIARAY IR O157:HT B EEY 1 Hh £k
Fig.5 Gradient amplification curves of Escherichia coli O157:H7 solution by fluorescence PCR

R4 ABEFYRES CtEXE

Table 4 Relationship between pure culture concentration of Escherichia coli 0157:H7 and Ct value

PR /(CFU/mL) 1.0x10° 1.0x10° 1.0x10°* 1.0x10° 1.0x10? 1.0x10"
CtfH 24.39+0.07 28.00+0.15 31.77+0.03 35.09+0.06 38.17+0.52 -
®5 WK PCRGMZBRIRABES MIXBLER
Table 5 Results of inter group repeatability test of nucleic acid template by fluorescence PCR
JF R B /(fe/uL) % 1d #52d % 3d X +SD CV/%
7.11x10° 24.441 24.348 24.457 24.415+0.058 0.24
7.11x10° 27.996 27.996 27.801 27.931+0.113 0.40
7.11x10* 31.043 31.207 31.169 31.140+0.086 0.27
7.11x10° 35.043 35.129 34.801 34.991+0.170 0.48
7.11x10% 37.801 37.957 37.879 37.520+0.078 0.21
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F 6 K PCRGMIFNEREBER RN ER
Table 6 Results of inter group repeatability test of plasmid template by fluorescence PCR

JERLHE FE /(copies/uL) #1d #2d #3d X +SD CV/%
1x10° 20.652 20.660 20.598 20.637.£0.034 0.16
1x10° 23.738 24.027 24.121 23.962+0.200 0.83
1x10* 27.238 27.363 27.379 27.327+£0.077 0.28
1x10° 30.371 30.613 30.598 30.527+0.136 0.44
1x10? 33.707 33.793 33.801 33.767+0.052 0.15
1x10' 35.973 36.301 35.965 36.080+0.192 0.53

AR IR A R O157:H7 fY O Hrl5i kK 4%
K rfbE SEEVE B SE B FLORST XS 5 | 0 RS,
N T AT ERE PCR L AR MR RRAG Iy i . AR
NCBI BLAST 4347 X &5, ®BEm51H . eI 5H
R 30 T B A G, SRR A R O157:H7 X hi
SR P I 5E V) o HESTIPOEHER PCR Jridst KRy
[RH O157:H7 WAL KR A R O157:H7 BRI 74
M, SERLH, ZOr eSS 100%, 5% WA
S AERIBERE AN A ZE R UG TRV TR
B I IR BR S5 4 JC A8 U g o KB40 i 2B 0hE
PCR B AHE ST 1Al A= 93 vh K35 4 [G P O157:H7 W%,
i ST, R BR 2> 514 100 A1 8.58x10° CFU/mL, +
Mg R FE BRI Sy () 2 O E B PCR KGN
PR EIRGIRA R O157:H7 S ARAG I R 5% H9 40 K
10* copies/uL, T ZASHF 5% 8 7 8 77 ¥ BB AG: 0 A0 P W] 3%
10 copies/uL, F:[F 20 DNA fHUSE N 7.11x10% fg/uL, 4§
B e WK SE- U8 100 CFU/mL, AR Al L, AL
SRR AL S, [T ) 35 20N 103.7%, AR ih 4k
MR ZRECN 09994, HZmAFRMENEEE CV #
0.10%~1.00%X 8], ¥1/NF 1.00%, & BTk Yz e
e Rl

ARG 1 — R KR A [GIE O157:H7 RIS
£ PCR AR MR AN Jr i R (R G RE  AT I TR . R
$RHU, )6 PCR P88 0)8~16 h S5l FEAh G E] 4R
A 35 min, S5 TE B % ik H A i A e
B

25 PR, AR RGIRA I O157:HT #¢A
rfbE JEF A PRSFIPH1, SEFZEEHRET PCR # R BT %R
R rids, fefeSebk | muddk | A MR TR AR R AF, T
HAsm e e, Al iR R 5 A TR O157:H7 B
TR DU B2 b — b R S
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