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# E: A3t KMATH 0157: H7 (Escherichia coli O157: H7, E. coli O157: HT) 4% %450 7 ik 44
FIHR A, 5T WETF ) E coli O157: HT 89 B RIRAFF B4 3G (LAMP) R AN M 75 %,
VA E. coli O157: H7 &) O157 45 M40k rfbE A& B | ¥ H7 453 H 43R fliC KR 751 4 #2571,
SRR 2 BT 5| ey R LAMP 5| % 53, 2% F Hﬁwl B RIRIK G &, F)
Wbt R, RA 36 MR EIIET Z AR LAMP 34009453 1. A E M RIRIG DNA 2% R
LAMP 4K Z ¥ 3% 20 min, %0 E. coli O157: H7 89 R4 A4 1.4 CFU/mL, AT G54 K ¥ E. coli
0157: H7 ¥ i 1R 4 1.8 CFU/g. 137 W sLAf v, Aty 1 4 E. coli O157: HT MR FaME, 547 k474
SNT0973-2000 44 %X 5] 99.3%.
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Rapid detection of Escherichia Coli O157: H7 in meat using
an improved loop-mediated isothermal
amplification technology

LIU Dao-Liang HU Lian-Xia~ ZHAO Zhan-Min SUN Xiao-Xia ZHANG Jun-Feng

(Hebei Entry-Exit Inspection and Quarantine Bureau, Shijiazhuang, Hebei 050051, China)

Abstract: The detection period of Escherichia coli O157: H7 (E. coli O157: H7) using traditional test-
ing methods is relatively long. Therefore a kind of rapid detection method, namely a loop-mediated
isothermal amplification (LAMP) technology with two loop primers detection E. coli O157: H7 in meat,
was developed to address this problem. Two sets LAMP primers with loop primers were respectively
designed based on the target sequences of rfbE and fIiC genes of E. coli O157: H7. The detection results
were judged by observing the white precipitate at simultaneous detection of single-tube. The specificity
of the improved LAMP was verified using 36 strains of bacteria. DNA extracted by pyrolysis was am-
plified 20 min by the LAMP system. The detecting sensitivity of E. coli O157: H7 was 1.4 CFU/mL.
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The detection limit of E. coli O157: H7 from artificial contamination meat was 1.8 CFU/g. One false

positive of 137 meat samples was detected, which can obtain compliance rate of 99.3% with the indus-

try standard SNT0973-2000.
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KIBFTE 0157: HT (Escherichia coli O157: HT)
e KRR HEEY T HNEIEHERITE, 2
H i K T R A S v A, R R AR R
FEEARE 5 NHEBATSIRER . BT 51
BEIE PR 2 Ah, 3 AT e A U Il R 7 25
(Hemo-Iyticuremic syndrome, HUS) | [MFE 4 ML/ v
/D 2% (Thrombocytopenic purpura, TTP) %5 ™5
W IF & AED, HLG &SRR, JET-%m, HAR
e FEAFE 23 W™ G, A 1982 4F 38 [ 1 Bl
5, FE S R P A5 3038 G

PIAMEIN E. coli O157: HT kR Z, RE
HEH TR E. coli O157: HT H AR A 9 5 502 A
Fil bRt SNT0973-2000 75 AR 451 3 s %A it 1
WALBR)S, BEAT AL, SRS PRIBCAT BE R i b AT
B Qe S il . AR e SR AT E .
R ik FRFENT KGR 4—7 d, MELLIE B G 56 11 22
Ko ABFGLEL X E. coli O157: HT HY 0157 #5344
JRILN (rfE FEH) . HETE HT Fr 55 rEpu R IE N (1ic
OB S Y, RN, & T RZEPm
E. coli O157: H7 M K. LAMP iR )5 3%, H R
JEw, R, fE, PR, e TARGERIN T v
FERFAC . RBBEAR, i34 58 A A 58 S 55 i) R,
X B A RN B IR 5 R o T A S B
KL BRIFFEE AR T
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1.1 ##

1.1 FEMNHRRE: HIMEEKIEH DK-98-1
(REEW R IR A R A A . /NG B0 L
SIGMA1-14 (78 [ 7§ #% & /A &) . 15 R 55 7= 48
LRH-150B (J" R4 #A G SRR A BR A HD) |
I 114 % 48 MINIBIS Pro (LA {5,351 DNI A ])., H
K1Y DYCP-31DN B dbmtiizn—) /7). MEB
W A% 0.5—1 000 pL Finnpipette (35 E)5F .

112 EZEiXF: BstDNA F A B . dNTPs .
10xloading buffer, DNA Marker DL100, Rk Z%E .
eSS A T RiEEAEY THRARAE, LAMP
S5 T b T M B R (RS S AR A,
mEC ¥ . SMAC Bl . #i% R | E. coli O157:
H7 RN % B A AL st AT B R A R 53 4E:
AN, E. coli O157: HT LG H =2 N A=yl i F 52
B, EFRWHRIREE, EIRBUR ISR A A
FEMR 2 E]
1.1.3  &#k: E. coli O157: H7 FrufEER(ATCC43889)
E. coli O157: H7 (IQCL10102), E. coli O157: H7
(EDL933). E. coli O157: H7 (CMCC44828). Kp¥
75 R (E. coli CGMCC 11229) ., 0T E (Salmonella
CMCC47005 . CMCC50047 . CMCC50083
CMCC50104) . BRI% i #T & (Enterobacter sakazakii
ATCC29544 . ATCC51007, ATCC51024) . ffl [ &5
[C i (Shigella boydii CMCC51149) . iP5 & %% G
(Shigella dysenteriae CMCC51054), & [CEM KA
(Shigella flexneri CMCC51061) . 7= /<, 36 it 12 i
(Clostridium perfringens CICC22949), WEFEZEMIFT
B (Bacillus cereus ATCC 7064) . £¢ B ¥ &
(Pseudomonas aeruginosa CMCC10104) ., 4 ¥ {65 %
BRI (Staphylococcus aureus CGMCC26003) . %40
At 3 A= 2= 37 R R (L. monocytogenes ATCC7644)
ATCC Il F 5% [ B AR R0 TQCL 1 A v B G 5
KR o e, EDL W ) ] 527 4 B O i 2
Hly; CMCC g H H E 2545 fF; CGMCC # CICC 11
b O G W B R DR O

E. coli O157: H7. 6 tRHE R B I i B (E.
coli O6: K15, E. coli 020: K17, E. coli Oy44: Koo+
E. coli Oyy3: Kg7. E. coli O135: Kqg\ E. coli O1p4: K73)
R 2 MO KT 18 (Bacillus  cereus) . 4x 85 0, 1 %4 BR 1A
(Staphylococcus aureus). HPAZANMIYE 2T RE R (L.
monocytogenes) . [& 7 & R ¥T & (Citrobacter
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freundii) . Wi ZEMAT B (Bacillus subtilis) . &% 1.
PN (V. parahaemolyticus) A 5256 2 43 B AR K o
1.1.4  H&EKIRE: MR, BR. FR. FREALE
ST ARG RE

1.2 FH&E

1.2.1 LAMP SI¥B0%5F 0 £ 1.1.3 1 36
PRS2 A B 1 mL, B3 A AR R R U
HH 4 DNA FE R AR 34T LAMP 5] 909 % 5 1
53 HT .

1.2.2 LAMP #&3l E. coli O157: H7 (ATCC43889)
WIEFFHI R BRI : E coli O157: HT $Hp T it
TCH B FR N A IR LT, 37 °C K555 12 h, FHAH
KT 10 f5 RV R, SRR RT-ARL, I
AR SRR BN 1.4x10° CFU/mL; [A] i MRER R
JER WP E 1 mL B AR LRI E. coli
O157: H7 2 [H 41 DNA, #17 LAMP R
123 AILS#E. coli 0157: H7 (ATCC43889)14
HERBFRE: H E. coli O157: HT X4 RE k4T A
TG YLET, 4IRS B % SNT0973-2000 )% HLAS:
By HEESE E. coli O157: HT IE. B 10 g 24- A FE
F 90 mL KA B#Eh ks, A, ANTIA 1 mL
E. coli O157: H7 A EFR WA, WA, HKEA
PHERKHEAT 10 5 RANFRRE, RGBT Ak 805
N LG R R IR S T E. coli O157: HT I T
BN 1.8x10° CFU/g. TR A DA AE A R 2 TR A TR P B 1
mL, EIEFMSHRERIE. coli O157: H7 FRNH
DNA, #17 LAMP faill, 4 R o

1.2.4 DNA ##RAHI =7 BEER 1 mL, 11 000 r/min
B0 1 min, 3 B3, A 100 pL K56 28 7K &IF
DUVE, EEPME—IX, 100 °C, 10-15 min, B EE
JEL, 11 000 r/min #5.0> 1 min, i, 4 °C B 1E17,
2.

1.2.5 S|4¥1&it: X% E. coli O157: H7, GenBank:
$83460.1 4w iy O157 LAY rfbE F: K 7 51 Al
GenBank: AF228487.1 4mh i & H7 ¢ TR f1iC
FEHFH, iz 51 i34 (https://primerexplorer.
jp/lamp3.0.0/index.html) FEZiH1T LAMP 5|¥)i% it
S JE I AN notomietal MV FiA o 6319 6 X151
Y: 2 NSRS IR R Ry LA 51 P (F3) AT g4
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S11(B3). 2 AW GIYIEAEIA N BN 51 (FIP) A
FUFN G HI(BIP), LAk, 2 ARGk iid ok i
HEIY(LF) M I R51 9 (LB). HE LAMP 51¥1K)
ARRAEAR 5 L3R 1 IR 2,

=1 E. coli 0157: H7 rfbE E[E LAMP 3|45 7

Table 1 The LAMP primers of E. coli O157: H7 rfbE

Primer name Sequence (5'—3")
Forward outer (F3) GATGGTCTCAATTCTAACTAGG
Backward outer (B3) GCTCATTCGATAGGCTGG

TAAAAAACTGGCCTTGTTTCACCGCAG

Forward inner

primer (FIP) AGGAAAGAGAG
Backward inner ACACGATGCCAATGTACTCTAAATTAAT
primer (BIP) TCCACGCCA

Forward loop

. GAGTTTATCTGCAAGGTGATTCCT
primer (LF)

Backward loop

5 GCACCCTATAGCTGAGGATCTTGGT
primer (LB)

% 2 E. coli 0157: H7 fliC £ & LAMP 3| ¥ 57!

Table 2 The LAMP primers of E. coli 0157: H7 fliC
Primer name Sequence (5'—3")
Forward outer (F3) CTGTCTTCTGGCTTGCGTAT
Backward outer (B3) GTCCAGGTCAGAATCGGAGT

CCGCCTGAGTCAGGCCTTTAATTAACA

Forward inner

primer (FIP) GCGCGAAGGATGAC
Backward inner GTTGCGCAGACCACCGAAGGAACCGT
primer (BIP) CAGTTCACGAA

Forward loop

. AGAAGTAAAACGGTTAGCAATCGCC
primer (LF)

Backward loop

. CCGAAATCAACAACAACTTACAGCG
primer (LB)

1.2.6 B R LAMP RE: 535004651 Pk B

Mg®" . Bst DNA HA 7. dNTPs., FSEG . RV IR |
SR ZE 55, #EST E. coli O157:H7 LAMP Kl
25 uL KWK Z Jg: N5 9I(FIP F1 BIP)4% 1.6 pmol/L,
SR514(F3 Fl B3)4% 0.2 pumol/L, FR51%(LF Fl LB)
% 0.8 pmol/L, 2.5 mmol/L dNTPs, 1.6 mol/L Ft3ZH
(Sigma, St. Louis, Mo.), 4 mmol/L MgSO,, 10xBst
DNA AN 2% i (New England Biolabs, MA)
[20 mmol/L Tris-HCI (pH 8.8), 10 mmol/L KClI,
10 mmol/L (NH4),SOy4, 2 mmol/L MgSO,, 0.1% Tri-
ton X-100], 8 U Y Bst DNA R4 i#(New England
Biolabs, Beverly, MA), 3 uL DNA #Hg F1 F 7K 1 A&

IKANEAR R . LAMP SN BRI B JEAE 63 °C K
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By N 20 min, SR JEREFHIA 80 °C K FeH, UK
7 10 min 281k O, 8t PR SR A TG (0 R B IR
BEVLYE BLAh, B 879 5 uL, 5 1 pL 1Y Loading
buffer IRAIE), FAT 1.5%B R BEEI f 1k, W%
BRIEARAE, DAMIESSREMR &L T LAMP I,

2 GRE50H

2.1 E. coli 0157: H7 i{ R LAMP [ [

rfbE FERJE AN O157 BARHTIE A RR S B 3L [,
JUC L HT M B4 S pu R 3L, B LAMP £
rfbE SR f1iC 3L, RIS Y, A HE g mh
PHME . B A S DRl 14 1 (] B P I 1 0 Al R 55 19
FEFEAE, §UHE 20 min BTSSR 1 BTR . HAY
SR B B /NS — 1 DNA B BHR A9, il
VKIS BT St AniEl 2 Bos

Bl 1 HR LAMP RHYATHLR

Fig.1 The visual results of the improved LAMP reaction
Note: 1: Positive result of rfbE; 2: Positive result of fliC; 3: Negative
control of 7fbE; 4: Negative control of fIiC.

=3

433
bp bp
500 500
100 100

B2 R LAMP [ R8BIk

Fig. 2 The electrophoretic analysis of the improved LAMP
reaction

Note: M: 100 bp DNA ladder marker; 1: Positive result of rfbE; 2:
Positive result of fliC; 3: Negative control of rfbE; 4: Negative
control of f1iC.

2.2 MR LAMP 3|44

FKHME LAMP Jrikxt 6 #RARFEIE E. coli
0157: H7 K 12 Ffr 30 R U514 W 18 240 B 2E 1 T,
Bk E. coli O157: H7 FEREY 1S 20 min PIEHR™ 4 A
AR AT UL Y G T TE A BE A A1, At 200 B G ) 2 o =
A AR AT WL B A TTNE, YO BAIME . geitai Rk
3, FRAARSZE ST A B LAMP Ry 2%
E. coli O157: H7 B R U IHFF 7%

MR LAMP 5| #8045 514

Table 3 The specificity of the improved LAMP primers

[GE7S

Strain

Rt
Quantity

LAMP £l 25 5. LAMP test results
rfbE fiic

R E
Results determined

E. coli O157: H7 (IQCL10102, CMCC44828. EDL933)
E. coli (CGMCC11229., 06: K15, 020: K17, O144: K90,
0128: K67, 0125: K70, O124: K72)

Salmonella (CMCC47005, CMCC50047, CMCC50083 .,
CMCC50104)

Enterobacter sakazakii (ATCC29544 ., ATCC51007.
ATCC51024)

Shigella (CMCC51061, CMCC51054, CMCC51149)
Clostridium perfringens (CICC22949)

Bacillus cereus (ATCC7064)

Pseudomonas aeruginosa (CMCC10104)

Staphylococcus aureus (CGMCC26003)

L. monocytogenes (ATCC7644)

Citrobacter freundii

Bacillus subtilis

V. parahaemolyticus

3

~

W

— e s e = W

+ + +

e+ BHEESE R, — BIEgh

Note: +: Positive result; —: Negative result.
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2.3 LAMP ¥ 898 4%

2.3.1 MR LAMP #&3 E. coli 0157: H7 4h1&554)
BIREE: E coli O157: HT WA, R
2, TPBONAS JE R S W BCN 1.4x10° CFU /mL, 1E
R BER] 10°4%5(1.4x107") A LAMP #73% 20 min, r/bE
FERA S BOTE, BIKA IR . 1 f1iC A
BV B, Ak IeR I &4 mifsRes 10"
(1.01x10 )} 7fbE FEH | f1iC F R4 5K H BT
TE, MK TEREIE A . BRI E. coli O157: HT
() RAFE IR E] 1.4 CFU /mL, BIRWHEER B vk an &l 3
Fi7R

2 3 4

5 6 78 9

10 11 12 M bp

3 PR LAMP &l E. coli 0157: H7 W) R&UE

Fig. 3 The sensitivity of the improved LAMP for detection
of E. coli O157: H7

Note: M: 100 bp DNA ladder marker; 3, 5, 7, 9: 1.4x10', 1.4,
1.4x107", 1.4x107> CFU/mL of E. coli O157: H7 for detection rfbE,
respectively; 4, 6, 8, 10: 1.4x10", 1.4, 1.4x107", 1.4x107% CFU/mL
of E. coli O157: H7 for detection fIiC, respectively; 1: Positive
result of rfbE; 11: Negative control of rfbE; 2: Positive result of
fliC; 12: Negative control of fliC.

232 ALSEMHSBEHIR: E coli O157: HT
(ATCC43889) N\ T.75 YL #E fh Je, R A% B 7 M i,
FHECASE N TI5 9 RE 0 1Y E. coli O157: HT IG TN
1.8x10° CFU /g. 7EFBEH] 107 £%5(1.8x107" )i LAMP
P34 20 min, rfbE FEFHELTITE, HRIKAA BIE &
W o T fIC FEF T TCUITE I, HBIKBICEIE 2500,
TR EEE] 10° 175 (1.8 107}, rfbE JE R AN f1iC HE R )
RIBLUIVE, Ik TETE &40 o I R LAMP
K N Ty5 YA E. coli O157: HT7 BYK: HBR &
1.8 CFU/g, BiEHEEER UK INE 4 PR
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500

100

4 R LAMP &R 2 E. coli 0157: HT B4 H IR
Fig. 4 The detection limit of improved LAMP for detection
of E. coli O157: H7 in meat

Note: M: 100 bp DNA ladder marker; 3, 5, 7: 1.8, 1.8x107",
1.8x1072 CFU/g of E. coli O157: H7 in meat for detection 7fbE,
respectively; 4, 6, 8: 1.8, 1.8x10™", 1.8x1072 CFU/g per reaction,
respectively; 1: Positive result of 7/bE; 9: Negative control of rfbE;
2: Positive result of f1iC; 10: Negative control of fIiC.

24 REHERIEN

PRIZERE AL 137, 43003 R 25 4y, HEIA 31
By, £ 36 £y, 41 45 o XESEBREE S RIS EA T
MR LAMP A I FIAEHE SNT0973-2000 HEFTH HLAS:
M, ¥ — e E. coli O157: HT RBATE, 45 5H3E
Y, PR G I8 F] 99.3%.

3 i

A S 1 &Y 1 5 R (Loop-mediated  Iso-
thermal Amplification, LAMP)J&—F 3 it 12 IR 55 il
PR AR, FR B AT H AR BEERY 6 ANz
Wit 4 519, 76 BstDNA BEHEHERT, # H Y
Fr BEESEIR 25 T (60 °C—65 °C)BEATY 1, idid it
JFEA B R AR B WA B e B v Ay O 1t R i R
BEUUTE AN, SRAE A Y R WIS
1R A S SRR TR vk, (0 S B B AT 4R S
1/2-1/3M1 2 S 4G i st ]

E. coli O157: H7 LKA stxl . stx2 . eaed .
rfbE. hly. uidA. fliC U710 i i A A A A
1 E. coli O157: H7, il B — BB 25 5 th S A FH
M, FEREZE, BA R REE . AN A
FER SRR O157 M EHi IR HT KA IR
g, X SR AR R BOR RS HT I R bR
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R, K, ARFFRIEH E. coli O157: HT 1Y
O157 A ML s de etk 5L A fbE 5 HT HEEHT
JRIERH f1iC, 4y Bt EE A #E LAMP 51 9))7
G, T DR LA ARG D [ B R AT, ELEERAS E. coli
O157: H7 MR, HSCHkRE" ) S2iF PCR Y 2 6
Pem 1 MR, 5 HA Yukiko Z17 X} E. coli
O157: H7 # Vero & & #E47 LAMP 5 I 1) 4 18 A
— 2, M E ARG Y S B A A 60 min 4 2
20 min, KBk, ARFFEEM E. coli O157: HT LR
LAMP RSB A, $5hy 5 REIREBE 112 W
IBIT MRA T S A R R IR T B, B
AR ) S 1 FH A 1 R B B P I FH I 55 o

% X #k
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