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Hp 2 KBRS, OB kel RER

(1. VLI ARl B 2 A 5 /4Rl 3R AR il i TR R R E S SE 00, FI AT 210014,
2. LR IAFE N SR TREERE, BETL 212013; 3. VLA SR Bt vho, MaT  210024)

B OE: B®Y & AR SRS B4 R (loop-mediated isothermal amplification, LAMP)EEA# [ I
gl iR 48 4% (lateral flow dipstick, LFD)Jy ¥ 4 9 i 4 1l ¥ K W% #F % (enterohemorrhagic Escherichia coli,
EHEC)O157:H7 447 73k, 755k UL EHEC O157:H7 M f&hr st 3L 23276 ZERFH) A 4471 6
2 LAMP RS 0E5 19, o 2 20305 19043 BIFRIC S0 SRR 9 3 Fi ==, I LED A N4 144, %57 EHEC
O157:H7 LAMP-LFD fill Jriki. G55 Fg s A Jy % e AL Al EHEC O157:H7, 5iaie %t B i
Pk EHEC 026, 0145, 045, 0121, FH Al FEE AT A 025, 078, 0103, O111, 0127, 0138, 0139,
0141, K & B 7 K ¥ # I (avian pathogenic Escherichia coli, APEC)E058 . 1 % 45 ¥ KX % #F
(enteropathogenic Escherichia coli, EPEC)SEC627 . EPEC SEC689 ., K12-MG1655, BL21, FIHAlFE ()28,
AL LN ; X EHEC O157:H7 4% F Wi KA R 1.3 CFU/mL. 458 AMFFR T i
LAMP-LFD K Jy 740 5 R Uk [T, BT, 4525

KA Wt KA 23276 SEHF A1, B FAERY BRI s Atk

Determination of enterohemorrhagic Escherichia coli O157: H7 by
visualization-loop mediated isothermal amplification
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ABSTRACT: Objective To establish a method for determination of enterohemorrhagic Escherichia coli (EHEC)
O157: H7 by visualization-loop mediated isothermal amplification (LAMP)-lateral flow dipstick(LFD). Methods
Totally 6 LAMP-specific primers were designed targeting the genetic marker gene of 23276 from EHEC O157:H7,
and 2 loop primers were respectively labeled with fluorescein isothiocyanate and digoxin. The amplification products

were detected by LFD, then the LAMP-LFD detection method was established. Results This assay could
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specifically detect EHEC O157:H7, and no cross-reaction was observed with any of the other test bacteria, including
the control strains EHEC 026, 0145, 045, O121, other major Escherichia coli serotypes 025, 078, 0103, O111,
0127, 0138, 0139, 0141, and avian pathogenic Escherichia coli (APEC) E058, enteropathogenic Escherichia coli
(EPEC) SEC627, EPEC SEC689, K12-MG1655, BL21, and other species. The minimum detection limit of this assay
was 1.3 CFU/mL for EHEC O157:H7 culture. Conclusion The established LAMP-LED detection method has good

specificity and sensitivity, and the results of operation detection are visible.

KEY WORDS: enterohemorrhagic Escherichia coli; 23276 gene sequence; loop mediated isothermal amplification;

lateral flow dipstick
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A 1982 4EREF IR B MPER R LSk, itk
K W #F & (enterohemorrhagic Escherichia coli, EHEC)
O157:H7 E&PHARE N AL Hpomil T 25 A, e 4t
PG RIS . N EHEC O157:H7 J& I IR
M E RV IR TS B I R, A B R O A,
BLAR 7 MR PR BE LR B E, BET-% 2%~10%"2 . rh [ 2o
EHEC 412 21 22 AT R XS g A SRS 1) 12 Fiof
JE A 2 —, O157:H7 J& EHEC %A E0 i 1. 5
Pt EHEC O157:H7 Y SEARE 2 — 2 J5U T 7T LA
GIUT A RS, JERIBE T IO R IR, A
ISP iz 4, i HLAS BRI A S TUAE [nl R DD AH OG

BN HFA 1k, DA A R A TR B 3 )
BRRAS, DRI o SIS A I, 837 13 D e i 50 0 £
AT EFNE IR . FRE AT KA
0157:H7 FZARMEY FER ARG FR . Wik ALt
B, BORGE AT S, HAESRI I . LA MR
PRI R 2 02 B AT R v A I R, R A e =X
JZ I (polymerase chain reaction, PCR), % PCR ¥/
ZF iR 7 ¥ (loop-mediated isothermal amplification, LAMP)
&5, LAMP 24X UL Rt 2~3 XTRERB 1 (N 519 | 4b
SIAIRGIY), 4 Bst DNA AW &M T 58 RAZIR
PR, LAMP § 125 R — ot ik . Yokl (SYBR
Green D)FIMEEI & AT o3BT o Jeokh 2285 431 b i BURE
DNA %54, HNRFAEE SR E, 52 AR DNA IS,
IUABBAPE . b3 Ay U AR AEAS [R) S50 . AN [ s 30 e #2
HEBEMNEM.

N T A SRR AR RS ROARI, TE
ABTH AR . ## m 3 i 4C 5 (lateral flow dipstick, LFD)J&
AR FT B — ol (e T RV ISP A0 PR R, B R T A S
PRESE M IE I SEELA ST b LAMP HEAR I i Sk 5
LED 1) & e S AR S A0 T, S A St A0 B g4 g ] B
HLAg R B A S R e, PRV AT DA ok 4t B0 1 B D
T AT A D 45 SR B B o EL BRI PR BRI R O
Rz i P K AT B O157:H7 Mg A 80

AT B ) 1 3K 48 S5 (lateral flow dipstick, LFD)
5% A4 S %F B Y ¥ KR (loop-mediated isothermal
amplification, LAMP) I F & W i B o ¥4 K W #F &
(enterohemorrhagic Escherichia coli, EHEC)O157:H7, SZ¥
FrES SR AT AL, AR SRR S

2 MH5ERE

21 H O

EHEC O157:H7 EDL933 Eitk, VILIRA ARl
BB I ORAT; 32 TR RIS F PCR RS0 9T, (3G
EHEC 026, 0145, 045, 0121, K HAt 328 K G AT i i i
B 025, 078, 0103, Ol111, 0127, 0138, 0139, Ol141,
K 8 BUw Pk K % #F 18 (avian  pathogenic Escherichia coli,
APEC)E058 . I 2 % 1 K i #F % (enteropathogenic
Escherichia coli, EPEC)SEC627 . EPEC SEC689 .
K12-MG1655, BL21, FIHAbF @A E, GAE0TTRAFE .
ELIRHT RS . ZEBERRTE . WAERE . B RZRATR . LI
DL GIRFFIE . IR SEEAFFE . SERRATE . &R
TEAFEE . BIAITFTE . 35 IR RRAT 1A . R B IR
R ICEBIRTE 2a, T B INE . WAL NI &
b A2 ot R A A TR
2.2 FERF

AT LAMP %5740, Bst DNA B4 . 1 i sh
RS (P B S AE W ROR A IRA R, OB BG4
DNA Marker,MgCl,, #2448}t Gelred(Fg 5t I AE M H R
H R
2.3 LAMP S|¥4EME T R & R

WY R O157:H7 1 23276 FR)FHIEITT
LAMP 5|¥4, #455]4) ZF3, ZB3, ZFIP, ZBIP, ZFLP
fl ZBLP H:A, ZFLP Al ZBLP ¥ 2474 ARiC 54, ZFLP
#) 5'UibRic A FITCCRi SR w6 ER), ZBLP [ SUmbnic A
DIG(H = 2F). 514 ZF3, ZB3 ., ZFIP, ZBIP, ZFLP Il ZBLP
IR P4, Ik 1 fios. 514 ZF3. ZB3. ZFIP, ZBIP,
ZFLP 1 ZBLP ZE4E1g 1l & Wi A= bR A PR /il B
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Table 1 primers sequences
519 1751 PR E py
LA (57-3) (bp) ]
ZF3 gtgtegtactactgeatca
ZB3 getggttttacctaaagactet 226
ZFIP tcccagtaaacacgacacttttacta
gatggtattaatgttggggag

ZzBIp  Alctigtgatacgageacggataate

gccattaccaaaagge
ZFLP aaaggaagtttcattcgct FITC
ZBLP atccaaagtgattgggttgaagttg DIG

2.4 LAMP K[
241 LAMP k%

LAMP ¥ 34{k Z 4% 2xLAMP Mix 10 pL. ZFIP 8|4
0.8 pL. ZBIP 5[#) 0.8 pL. ZF3 514 0.2 uL. ZB3 5|¥
0.2 uL.ZFLP 5|# 0.4 uL . ZBLP 5|4 0.4 uL . MgCl, 3 pL .
Bst DNA B4 1.5 uL 54 DNA 1 uL, fil ddH,0 E &4
LR 20 UL,
242 YHEMN

JH PCRE 4L E PCRE G, 41 HIE T 60.63.65 °C
FIZKIEHE T, W5 E 60 min, K5 FHUE T 80 °CKIAHE Hiit
H 10 min, PIZIE Bst DNA BA W, LITHEIGEARMENZ
FXT AR, LAMP 445015, 7 WilE1T 1.5% A i i
L3k 3T o
243 FHekE

B 1~5 uL A9 LAMP B =900 F5 ekt Gelred A9 1%
USSR |, 120 V, HLIK 20~30 min 247, EAMRARAX T
WMEIFH R,
2.5 LAMP-LFD Byi&:1

Fie e 2.4 ARG SCEVEET LAMP P88, RN 45 RS, 2
BB 84 1 uL, AR 100 uL pBkEREL IR, TR
AFEHL 60 uL RN A4S RACHRE R Z MR L, Y 10 min,
SERAGINEE T o DABRER SR 15 57 vh i W A B P ok B

¥ LAMP 43445 27 Wi n 21 e ik 4234048 |, Mg
g, FHAHE WL BB A&, WA S JE EHEC
O157:H7; #RIEL MMy M BLAcH, WAER &
EHEC O157:H7,

2.6 FFEMEIE
LI EHEC O157:H7 i) DNA 1E 3k BAE T B AR, 1EH

2.1 Bk DNA A AR, i LAMP-LFD #4746,

DLAY T 7 B R S o [RIESE, P 3G W R Uk T 1 AR T
LAMP ¥ 3877 LU 55
2.7 BURRMIRIE

# EHEC O157:H7 H % 5= W3H47 10 R HeRks, R

R 1.3.1.3%10, 1.3x10%, 1.3x10%, 1.3x10*, 1.3x10° CFU/mL,
Fi RE 2 T R G0 0 T A3 O ik A A DNA, X6z 1
DNA ¥&JE 4 0.5 pg/uL., 5 pg/uL. 50 pg/uL. 500 pg/uL.
5 ng/uL. 50 ng/uL, #RJERKH 2.4 F1I77kdE T LAMP-LFD
PRSI
2.8 HEmn
28.1 #miXf

5345 35 mL AR SR IL B0 A B8, FER/NEH
B4R IAE R SR, REERH . FREBB IS T4k
WIS B BT, SRAERIAY 30 cmx30 em, £5d EFAI
ZER AR S REIER, WA TR A A B R A A
A, B ANECRFER, 2E00RE, TR EHS
Vv SR A S, SRAEA B IR IS TP AN 30 g A2
FRZEME, TS %P 50 mL REEE T, FEEE
FE TR RFEAR P
282 @

W 2.8.1 PIRE S ARG, TRIRIEAR 3~5 IR, HhIRIELR
5 R SR 70 A B ik AR R S e R AR B, AR WL
1 mL, %M 73R DNA, #8547 LAMP-LFD #:. 4%
BRI EL 25 mL HILA 225 mL §) EC A H, &4 20 ug/mL
MR A B R, 41.5 °CHEFR 6 h, PRI 1 mL AE &, B RLJT
P42 B DNA, #E17 LAMP-LED BRI, Z&f AR 5 Ak 38
[ b, WROBUHG A R 28 138 3 A 4T A, BEARAREET, Bk R
B A 1 R
2.8.3 Hawehien

18 F A LAMP-LFD §7 3% (& R fny 1 &4, it
FrR . TRl iz F AT & 57 9 BHEC O157:H7 8 PCR
Jrkt,

3 HER5SH

3.1 LAMP-LFD #5589 1

Xf [l — LAMP 14 28 35 A [ A9 95 ek i) 0 7 6
H, KB 60°C. 60 min 41F T WK, LBURHE
LYK A BT 18 7 1 S B B 4 A (B 1) I, 60 °C
60 min 255 LAMP A9 ffE R 4. BLL EHEC
O0157:H7 H:NZ DNA REMRHKEH LAMP ¥ 1)"
1 L, AAZ] 100 pL B BERRER MR 22 b i, 1A
B 60 L i 2 e 7R & i 4 i AR S Z TR L, I 10 min,
L ZR A 0 25 28 o G ) T A e g K 0 A G T 2 A I
P 4 35 BLAT AR €6 S5t T B B 3 7 ) R AR
R AR SRR (O
3.2 HRMSH

LAMP J7 35 AN [FIF BE Mk B2 ) EHEC O157:H7 4%
Mebt, 1.3 CFU/mL BTS84 W M i 4545, [FIAE T LFD Al
i, 45 S EE R Ik —FE(F 2).
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1:: M: DL2000 DNA 43 F & brifE; 1: %8 1% 2: EHEC O157:H7
FE[A 2 DNA SHBH AR LAMP 373%™ 4)
Pl B i AR RIS LUK (42 RO AN LAMP 4738 74)
Fig.l1 Lateral flow test strip (right) and gel electrophoresis (left) for
detection of LAMP amplification products

6 5 4 3 2 1 C
|
= = = -~ » 2]
= = = - - =
E - l = J{ s

#: M: DL2000 DNA 43 Fithrife; C: 28 X HR(EAR f ddH,O); 1-6:
EHEC O157:H7 J£[F 4 DNA JBHRH EE/0 4 1.3x10° CFU/mL
1.3x10* CFU/mL, 1.3x10° CFU/mL. 1.3x10* CFU/mL 1.3x10 CFU/mL .
1.3 CFU/mL f{§ LAMP §" 34774
B2 KRR LAMP 338 7= 4 i 16 i sk 48 4 (22 D A
S I FEL TR (A (1)
Fig.2 Lateral flow test strip (left) and gel electrophoresis (right) for

detection LAMP amplification products from different concentrations
EHEC O157: H7 genomic DNA

33 HRMSH

N EHEC O157:H7 REME4 14 AR IR 457, AR5
MR IMIER, 4345 026. 0145, 045, 0121, 025, 078,
0103, 0111, 0127, 0138, 0139, 0141, & APEC (&3
P KT #)E058 . EPEC( SR PE K AT B)SEC627
EPEC SEC689. K12-MG1655, BL21, FHEAlFE 1407,
AFEVDTTIRATFRT . ELIRATRE . 2EBERRTE . WAERE . B X
ZEIFFIA . FLIRFFIA . ST IE . IR B AAATIE . 5E
AIEFI . B FATEATE . IV T . 36 A R 1A
P BRI RE . WICERE 2o, 52 BB, ARG
P38 AR Y 25
3.4 FESEN

M 2018 4F 12 A 2= 2019 4F 11 A, MTHBENA B
KRNI 225 . ZEFEL 411 6. FTAEFMZT
LAMP-LFD Klli, BSPERTAE 5L EHEC O157:H7 B
A 0.63%(4/636), I H AFR g 4 2EFE b 38 585 A BA
£ 10.06%(64/636): FrP AR FFHPER 3.1%(7/225);
ZEMERE T HIER N 13.87%(57/411),

B FREE AR, Fis A rfbE/fliC —E PCR #Hf7
K, PHMEZRE 9.28%(59/636): H: A i A 7 BH M 2 Ry
3.1%(7/225), 3 H5 LAMP-LFD kEbh 4 5 —30 Z(EAE
PR 12.65%(52/411), FLH 5 ANFE S R B

4 wESiie

J H 1t K AT T (EHEC) & — i) 5 | 7™ o £ vk
PERRAYAN B . O157:H7 & EHEC FEMEUR ISR, F%
WATHR SR SR AR Ay INE B, AT LLTE pH {H 2~3 1FREE
H A X RSB0 J15, YL, TR AR
LMY R IR R fE LR, AT R AL TG R
DR E M TP IR sh ik iy, A B4 EHEC O157:H7,
F A A B 4 f i, — W22 R D E 3R 712

AR N2 EHEC O157:H7 f5 FEEAE1E
RIS R gy 3 L HE TS Y AT L W RK U,
HHKB R, A E ) TEIR A6 o R,
HEST RS L AR 5 B ARG I B AR AR A B, DU
LA NZRA R o A5 LRI 30 07 30k A gt A b v 2R Y
23276 K IEE AR it 3 %51, Hob 2 AT
43 BIARIC FITC i, 45 AR m st 4R, #ar
T EHEC O157:H7 LAMP-LFD B k6l 7592, 1 h B AT 58
JSCRTIN, - LA it R I A it G I 7 75 K

H BT E N/ Scik i T, st ea! hly20%: 5 ) 5t
LY VE R EHEC O157:H7 M98 H, (HL)L FIEE T
4 EHEC O157:H7 Bitk457 . rfoE 3[R 15 51 8 BEARST, 4
50157 MR IATT IR, HAT TR RS, (AARER & M
RY, AP R T B E— A AR . I U TR AT A 0 S L
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rfoE Fl fliC ﬁ*ﬁuﬂﬁﬂﬁﬂ’ﬂiﬁ PCR ﬁ?jé[g], 2 /I\%éa%ﬂi thymol eliminated 7-log acid-adapted Escherichia coli O157:H7,

WA BEWIA O157:H7. ARBFFLHE LAY EHEC O157:H7
LAMP-LFD Ky, 80 5 19 e pr it 3k 23276
R IEERR, TSR — AN RES 0 O157:H7 X
ANEORIMIEE . BLAST 38R, HEH 23276 ME—fA1ET
EHEC O157:H7 Y afASL R rpl o) 5 HAh 4T 3L N 410
BN, 3 HIEE AR EE 8 IS SRR EE
FAHIFNT, AR S A VR A I H AR A B 5L

AHFFTHEF 32 AR IE LAMP-LFD (454, R
A MRS O157:H7 34 BRI Sy, i At i 35 B K AT
BRI AL RN R R ANBE, YR B3 45T . RIAELL 23276
FLHFE ST Y MGB 786 E & PCR, L HA O157:H7 HEP-
waphk, FFESSRE, UL 58276 BRI A AR
IR R RIS I, AT RR A R O157:H7 BRI A1)
HURE . FEINRIRFE SR A At B2 v, LAMP-LFD JikAE
G I AEURE T T B T E PCR,  ZEE AR G I
LAMP-LFD Fi# 2K 13.87%(57/411), #HH —F PCR f#Y
12.65%(52/41 1) o X 5 P AMRIE B —3, LAMP AU
PR TR PCR 4%, HHHH PCR ARSI W AT
% PCR UMb & — Lk

25 Pk, AR SCEEdE EHEC O157:H7 B st A AR b Pl 2
23276 FEH T H K L AR ST T LAMP-LFD &0 7712,
R S AU [ A7, PRAERRTAE, 25T

SE

[1] Garimano N, Amaral MM, Ibarra C. Endocytosis, cytotoxicity, and
translocation of Shiga toxin-2 are stimulated by infection of human
intestinal (HCT-8) monolayers with an hypervirulent E. coli O157:H7
lacking stx2 gene [J]. Front Cell Infect Microbiol, 2019, 9: 396.

[2] Bottichio L, Keaton A, Thomas D, et al. Shiga toxin-producing E. coli
infections associated with romaine lettuce-United States, 2018 [J]. Clin
Infect Dis, 2019, 12: 9.

[3] Rhades LC, Larzabal M, Bentancor A, et al. A one-year longitudinal study
of enterohemorrhagic Escherichia coli O157 fecal shedding in a beef
cattle herd [J]. Res Vet Sci, 2019, 127: 27-32.

[4] GB 4789.36-2016 EfihZAEF R KIHIRANE O15T:HT/NM i
B[S).

GB 4789.36-2016 National food safety standard- Escherichia coli
O157:H7/NM detection [S].

[5] Notomi, T, Okayama H, Masubuchi H, et al. Loop-mediated isothermal
amplification of DNA [J]. Nucleic Acids Res, 2000, 28: E63.

[6] Shan S, Lai W, Xiong Y, et al. Novel strategies to enhance lateral flow
immunoassay sensitivity for detecting foodborne pathogens [J]. J Agric
Food Chem, 2015, 63: 745-753.

[7] Singh J, Sharma S, Nara S. Evaluation of gold nanoparticle based lateral
flow assays for diagnosis of enterobacteriaceac members in food and
water [J]. Food Chem, 2015, 170: 470—483.

[8] Z=iH, TI9E, ffLIE, % EHEC O157:H7 —H PCR Ay K F[I].
AedbgeidR, 2011, 26(6): 1-8.

Li L, Zhang XH, He KW, et al. Duplex PCR procedure for the detection of
EHEC O157:H7 [J]. Acta Agric Sin, 2011, 26(6): 1-8.
[9] Chung D, Cho TJ, Rhee MS. Citrus fruit extracts with carvacrol and

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(18]

[19]

[20]

Salmonella typhimurium and Listeria monocytogenes: A potential of
effective natural antibacterial agents [J]. Food Res Int, 2018, 107: 578—588.
Lee SY, Kang DH. Survival mechanism of Escherichia coli O157:H7
against combined treatment with acetic acid and sodium chloride [J]. Food
Microbiol, 2016, 55: 95¢104.

Naghavi M, Wang H, Lozano R, et al. Global, regional, and national
age-sex specific all cause and cause-specific mortality for 240 causes of
death, 1990-2013: A systematic analysis for the Global Burden of Disease
Study 2013 [J]. Lancet, 2015, 385: 117-171.

Croxen MA, Law RJ, Scholz R, et al. Recent advances in understanding
enteric pathogenic Escherichia coli [J]. Clin Microbiol Rev, 2013, 26:
822-880.

Chen Z, Biswas S, Aminabadi P, et al. Prevalence of Escherichia coli
0157 and Salmonella spp. in solid bovine manure in California using
real-time quantitative PCR [J]. Lett Appl Microbiol, 2019, 69(1): 23-29.
Zhang B, Sun X, Fan H, et a. The fimbrial gene 23276 in
enterohemorrhagic Escherichia coli O157:H7 contributes to bacterial
pathogenicity [J]. Front Microbiol, 2018, 9: 1628.

SRR, SKEEFE, SN, 4. EHEC OI1ST:HT 23276 SEIN Bk btz
KA (0], P2z, 2017, 44(12): 2958-2966.

Zhang BC, Zhang XH, Sun XH, et al. Construction of 23276 gene
knocked-out mutant for EHEC O157:H7 and preliminary study on its
biological property [J]. Bull Microbiol, 2017, 44(12): 2958-2966.

TRER, KEIE, fTALAE, % KIHFFE O157:H7 A 25K 23276 )4
KRS E D], B, 2016, 36(8): 1312-1317.

Zhang BC, Zhang XH, He KW, Preliminary identification and expression
expression of unique gene gene 23276 of Escherichia coli O157:H7 [J].
Chin J Veter Med, 2016, 36(8): 1312—-1317.

Li B, Chen JQ. Real-time PCR methodology for selective detection of
viable Escherichia coli O157:H7 cells by targeting z3276 as a genetic
marker [J]. Appl Environ Microbiol., 2012, 78(15): 5297-5304.

Aslan S, Altindis M, Kara R, et al. Detection and evaluation of
Escherichia coli O157:H7 and shiga-toxin genes stxl, stx2 in cattle meat
samples [J]. Clin Lab, 2018, 64(11): 1-6.

Karimi F, Balazadeh N, Eftekhari-Sis B. 3' end of eae gene-based
fluorescence DNA nanosensor for detection of E. coli O157:H7 [J]. J Appl
Genet, 2019, 60(3—4): 417-426.

Kargar M, Homayoon M. Prevalence of shiga toxins (stx1, stx2), eaeA and
hly genes of Escherichia coli O157:H7 strains among children with acute
gastroenteritis in southern of Iran [J]. Asian Pac J Trop Med, 2015, (1):
24-28.

(AT 3E: #Husir)

fEZ T

BEXFE, MTHRE, TEFRAEA
BEMREES S LEMEEHELTH.
E-mail: 1371051390@qq.com

KEE, L, ARA, TEMRA
151 79 B UR 1 7 SR T B0 B HE 5 R F & s AL
MR-

E-mail: liuxuehan1996@hotmail.com



