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Abstract: In order to develop a multiplex PCR detection kit for detecting three types of Diartheagenic Escherichia coli (DEC), which
includes Enteropathogenic E. coli (EPEC), Shigatoxin-producing E. coli (STEC) and Enterohemorrhagic E. coli (EHEC), multiplex PCR
reaction system was optimized and their components of the kit were confirmed. The main detection reagents were produced into powder
pattern by freeze drying technology, and the specificity, sensitivity, repeatability and shelf life of the kit were evaluated. The results showed
that EP and ST reaction systems were successfully established for detection of three types of DEC. All standard strains and isolated strains
belonging to the three types of DEC were detected positive and presented obvious specific amplification bands, while other types of DEC
were all detected negative. The limit of detection of detection tube EP and ST in the kit were calculated to 1.5%10° cfu/mL and 2.1x10* cfu/mL,
respectively, and the testing accordance rates were all 100%. The kit can be stored under 4°C condition for 12 months and transported under
42 °C condition for 120 h without efficacy loss. In conclusion, the kit had a good performance with stable and reliable
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detection results, and it could be applicable for rapid detection of three types of DEC in food samples.
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CMCC(B)43206 . EIEC CICC24188 . ETEC
CMCC(B)43208 . ETEC CICC10667 . EHEC
CMCC(B)43207 + EHEC CICC24187 . EAEC
CICC24186 - STEC CICC10670 . EIEC
CMCC(B)44825. 14 thIE DEC #xifipitk: F=S ot
(Enterobacter aerogenes) ATCC13048. 455 1 %]
BKTH (Staphylococcus aureus) ATCC25923. W ZF1H
T (Bacillus cereus) ATCC6633. 441 B

(Pseudomonas aeruginosa) CMCC(B)10104. 3§ [GFF
BRI E (Citrobacter freundii) ATCC43864. FEf7Ek
(Enterococcus faecali) ATCC29212. Ki7iR% KE

(E. coli) CMCC(B)44102 . & 15 %€ ¥ 'l K 1

(Salmonella typhimurium) ATCC14028. #& [RED K
(Shigella flexneri) CMCC(B)51572 Kt (K
O157:H7 (E. coli O157:H7) NCTC12900. {570 11K
(S. typhi) CMCC(B)50071 2. 7435 I 4 5 R

(Streptococcus hemolytic-) ATCC21059. Jii o 2=
Y¥@ (Listeria innocua) ATCC33090. HLi%Z4HAEHE A=
ZEMREE (L. monocytogenes) ATCC19115. HAME 12
o Btk (1435 E. coliv STEC/EHEC I EPEC 3
F o BREHII T RIS A R A 2
fit,

1.2 E&RA 5 NE

SIME R, ATAY TRECER B AR AR
Tag DNA Polymerase. dNTPs il DNA Marker 100bp
Ladder Plus, | INARBAMFHARAR: @ HEH
41 DNA #2HUSRE, RARAEMRHE dbrD) AIRA
Fl; (NH4),SO4. Tris-HCI LA Triton X-100 55, [EZj

£ A 22 i 7 A PR A 7] ;. EPEC-STEC-EHEC % &
PCR il &3t 8 ik (FkkHs 20190308,



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.12

20190410 . 20190513 . 20190607 . 20190709 .
20190813 20190911, 20191008) . FEZEFNEKEA
% (TSB) FUEFRBNE TR 1HIRIGIRFE, | AR
WAEMRHABR A PCRAL, fE[E Biometra 22 w];
EaEEE DN, EE Sigma AT FRIEERIRHTK
16 BERRERHE AR AR BRBUE T RE,
UVltec AH]; EFEFM, PEE Don Whitley
Scientific AF]; EMESEEET, FEE Implen 2
Ao

1.3 F&

13.1 %€ PCRAMIKAZES

R GB 4789.6-2016!" R4 i) 12 4> HAREE A
1E 6 Flt DEC H#15340, A8 A widA .« bfpB- escV-
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Fig.1 Electrophoretogram of target genes for three types of
DEC

E: 1~5 R TR BAREBE YA A uidd. bfpB. escV.
stx2 #a stxl; M &= 100 bp Ladder Plus.

* 1 3 MEEXFIEA KEBREEF T SEHIERE
Table 1 Comparison table of target genes and types for three kinds of DEC

BUB KA K £ B AR A A 69 AF K4
EPEC bfpB(+/-), escW(+), stxl(-), stx2(-), uidA (+/-)
escV(+-), stxl(+), stx2(-), bfpB(-), uidA’(+-)
STEC/EHEC escV(+-), stxI(-), stx2(+), bfpB(-), uidd’(+/-)

escV(+-), stxl(+), stx2(+), bfpB(-), uidd"(+/-)

E ARTH; AT TRT 9% A EXIBA KE A uidd FETE,
*2 IMBUEAMRAREBRERSIMFS
Table 2 Primer sequences of target genes for three types of DEC

HECEE S Vil PCR 38 = # K \/bp
uidA-F 5'-ATGCCAGTCCAGCGTTTTTGC-3'
uid4-R 5'-AAAGTGTGGGTCAATAATCAGGAAGTG-3’ 1487
bfpB-F 5-GACACCTCATTGCTGAAGTCG-3'
bfpB-R 5'-CCAGAACACCTCCGTTATGC-3’ 210
escV-F 5-ATTCTGGCTCTCTTCTTCTTTATGGCTG-3’
escV-R 5'-CGTCCCCTTTTACAAACTTCATCGC-3’ o
stx2-F 5-GTTTTGACCATCTTCGTCTGATTATTGAG-3’ 34
stx2-R 5-AGCGTAAGGCTTCTGCTGTGAC-3'
stxl-F 5'-CGATGTTACGGTTTGTTACTGTGACAGC-3'
stxI-R 5'-AATGCCACGCTTCCCAGAATTG-3' .

132 XA &6 &

CORTIERFRIE % ARHE RO AF 2 A
4 2 EP FRIUAAR 22 ST, 43l i 4% X BL RIASH A EP
AN ST, BPFEJGRPAE R 73l EC Al g EP A1

Tl & ST X M. 73R -G (4l DNA A B AR T
PIP7AE) , H0%ET PCR 8 BEE T, JRAH A
THRFERFHEAT T3], () FITERHIEHI & 205
FRSHREL CICC24189 Al CICC10670 X5 DNA, 4
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ok, SR GB 4789.2-2016"°, K Ii% 8 AN
B 100 pL HEATRRBEF L T E HObR fE B PR
246

CICC10670 Bifig- Vi wiva, FIFEAT BidigdE, B4
ARG AR ST MR iZ #4152 8 £ DNA ¥
f, FIREREE 3 AFATIR, 594h, FRESEGZ 8 A
BEEERBEE 100 pL BHTIZHE AR, Xt
DL AR A 25 A e At 3, R R
AR, RIAEH SRS IR (cfumL) = ([ H
KRS 28] (1) B PR A RS2 100 L B v T
) /1517,
13.6 T XE

BEALEC LA EANF A =k ik & 8 &, LA 1.3.5
& B A B2 DNA RESE XS R DNA MK FERE
e AE BRI S, AT S BT BB SR ) 1
FEDURES, ARSI BP A ST, HHIR ZeHE
ANFEIRHEAER . g R ARl 6], f340
FFES T E 10 ASPATIER, P iimgs 5, 1
o, EE =k g RS WU A BRI S
x100%.
1.3.7 RAEHEIE

BEALEC LA EASFR A A RER R & 5 & AT
4 CHMET, WEDHT66F 3. 6. 9124 HEH
28 1.3.6 T EIRE A IUAE S 20 5 A U EP
WA ST. Bt rr: BEPLELLL AN A = Hhix
RS 5 B, fEfET 42 CEAET, Wasra T
1724, 48, 72 F196 h J5HLHY, 2 1.3.6 H g BH VA
FE SR A T BP RGO ST, LA s A
MTCE 10 AMPATIRR, G ILEE R, ARcE=1
I35 SRR A 5 S A 51 B¢ 100%™,

2 HZER51He

2.1 %% PCR MR R 2L

ZE PCR J7iEn] 2 [F—k A R Sex 24 H
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J dNTPs %5) (22 R BC] . N FEIRINE 11X 2032 H A
SRS SR R ZINNEE, I B0 7 R
ULt Z NI WJEFE. YR GB 4789.6-
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14 2 EP FIALNIAAR 22 ST(F4)60.FE PCR buffer. Tug DNA
Polymerase LARAFEGIMIEEH S , H, HizkR
uidA~ bfpB- escV- sexx2 Fl socl H5H5IW) MLk
FEMRYREL 0.4, 0.3, 0.4, 0.4 F10.5 pmol/L, EAK LA
2. PCR RMiZAFA: 94 'C 5 min; 94 C 30 s,

59 C 30s, 72 ‘C 90s, 35 /MEH; 72 C 5 min.
a M123456 b M1 234 56
bp

3000
2000

bfpB

[ 2 % PCR #M{AZR AR 519K E R

Fig.2 Different concentration tests of different primers for

the multiplex PCR reaction system

E: a AT uidd FEINMREMEYE; b T bpB
P FNWREMEY ;¢ AT bfpB 71 4RE A 0.3 pmol/L,
uidA 5| iR B LY 3 d R T escV B F 5| R B LY
e R stx] FEFIMIRBEHEY I, AT s 5K
BMEY I, g KT escV 3| iREH 0.4 umol/L, stx2 314%
REBAEY ¥, h & sexl 31 ¥RE A 0.5 umol/L, stx2 3144
REBAEY ¥, i AT escV 51 4RHEH 0.4 pmol/L, stx2 3144
RIEH 0.4 umol/L, sexl 51 RBABEY 3, j AT stxl 5140
REA 0.5 pmol/L, sex2 51 #RE % 0.4 pmol/L, stx] 514K
BAEY 3G, 1~6 Fom &K 5| 4 iR AR BARK A 0.1,
0.2. 0.3. 0.4. 0.5. 0.6 umol/L; M % =~ 100 bp Ladder Plus.

22 HRERR

a M 1 2 3 45 6 7 8 910 1112 13 14 15 16 17 18 19 20

uidA

% ?’(‘o 3’7 QO?‘« N s’ocjoo?z O’(’oe ?o Q‘z O’o 011‘0000’0 S’o e,
i @77/ @7%5 oy v/d, N @% KN @yoq, @7 v/‘,, Y, 0@@77

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14

e

/307&

Oq ﬂ;.«l;.é} Z;. 0104,00 o,

% S, 2 2

G5, @/ G %799 {000@00
2,
7

M 1 23 45 6 7 8 910 1112 13 14

ey 01;1» Qi,’lf & “O“%O 0,
e
J:OQ 2 @ J“P e/®/k7@§6byeﬂg@%% 0_00 s

%,

3 ﬁ\)’ﬁff}kﬁ# rilullfcfﬁ,ﬂdg

Fig.3 Electrophoretogram of standard strain specificity test

E: a RT 10 ¥k DEC AR EAMAF Sl iXEER, b,
1~10 R FAME EP s 4R, 11~20 R F4nE ST x4
R; bATFAME EP #F L 49 14 #hdF DEC AR/ B ARAE 523X
R, ¢ RTANE ST 3549 14 #k3E DEC A7/ B A 5o )
KR, M &= 100 bp Ladder Plus.

Ik 10 ¥k DEC ARifEREMFES, 875 EPEC,
STEC 1 EHEC A fhI7ERH ML B Y LB 2 (4 F At

Kk, T HABSEALK) DEC #f i A 3I H At A
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uidA SR, UL 3a; K 14 #RIE DEC ARtk
FEfh, 8 CMCC(B)44102 Al NCTC12900 £/ HiF
HFRFER widdA X267, NCTC12900 F 5 B H ks
B[R escV WERS&HT, T HARAE S8R B E FREEA
2k, JLEE 3b Al 3¢ WA 12 #R A BB ARAE AL, AU
SERGFEEKINE R a8, IR 3. HTFREA
[FRFRIAE fh, 2B IR WA P A O JEL 6 1 1) 2 B
(JYsE., HEHEEHELZE) PCR § G, RAT
BE S R AR R I 2T T i gl AR AP e

AR ST 5 H AR R 2 EAE IR
AWTRG ) 5 ANEAREER (widd bfpB- escVs
sex2 Al secl) 43 RIBINE PCR RllfA & EP fl1 =
PCR FrillfA & ST H, A K FRRARRR R 27
LA, R ATHR S B PR R R 0 2%, i
TSN (T 45 5405, il 3b 1K 3¢ HEREZ
ZAT IS B, AT A PRI 2 ) I
SRt A X 2 E AR DR A% R R S 2K o

R3 2HIBEKREESR
Table 3 Results of specificity

S HEBARBT JRAE1E & # i B AR R A 45 R
149224 E. coli uidA E. coli
149188 E. coli uidA E. coli
149302 E. coli uidA E. coli
149183 E. coli uidA E. coli

14901959 STEC/EHEC escV, stxl, uidA STEC/EHEC
14901960 STEC/EHEC escV, stxl, uidA STEC/EHEC
133-1-1 STEC/EHEC escV, stx2, uidA STEC/EHEC
465-1-2 E. coli uidA E. coli
3403B1 STEC/EHEC stxl, uidA STEC/EHEC
3025B1 STEC/EHEC stx2, uidA STEC/EHEC
3466A3 EPEC escV, uidA EPEC
1711-2 EPEC escV, uidA EPEC

MHTtA R Z 5 DEC £ 8 PCR RlE AR A
B, . ez g T DEC ZHE W
It PCR I 5 VAN R EE A0 B B FR SR #
FA [ DEC PCR 2GIREHE R &L, 72N
BN E R PCR AL, B pRI Az =+
ARSI WP Rk B B 25PN T T
DEC {128 PCR J7ik, AN ] E i Bl
PRI FL PRI 25 5, (EL R AR Fi H kG AR S P 4R
TR Rt A6 SR A AR IR AR 2
AR BUE R IHIR A KW 2 8 PCR A7
&, A4 —53 12 & PCR ¥ 58X} 6 Ff DEC HI4
€, {H R ATE I B KT A 25 5, Ho
VR SR EE e I FUK B 1, AR DA 85 SR
ATREH ILARRE S 2 TR AR OGRS T 0L L,
AW T AR BRAMR DA 45 SR 1
R Rl

23 REERAR

248

a M 123456

b M 123 456

4 4f DNA R 85U i B ik (B
Fig.4 Electrophoretogram of purified DNA sensitivity test
E: a R TAME EP 3T 94 DNA R UMK R,
B, 16 kT BB 4 DNA REARAK A 2.8x10. 2.8,
2.8x10". 2.8x102. 2.8x10°. 2.8x10™* ng/uL; b A FHME
ST 2t 52 4946 DNA R SRR, £¥, 1~6 R EM
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ety sh DNA JREARK A 4.5%10. 4.5. 451071, 4.5x1072,

4.5x10°. 4.5x10* ng/uL; M & 100 bp Ladder Plus.
a M1 2 34 56 738

PTTEIE ( (

b M1 23 45 6 738

B 5 dfitdsE R UE MK Bk E
Fig.5 Electrophoretogram of pure bacterial culture
sensitivity test

E: a RN EP & 49 Lh3E IR E R ALK R,
HF, 18 R RAREAME LT REIREARK A 1.5%10°,
1.5x10°, 1.5x10%, 1.5x10°. 1.5x10%. 1.5x10. 1.5. 0 cfu/mL;
b A TAME ST A 49 43 ) RAE ML R, L F, 1~8
FoT M A Y S A R BAR R 2.1x10°, 2.1x10°.
2.1x10% 2.1x10°. 2.1x10%. 2.1x10. 2.1. Ocfu/mL; M %
7 100 bp Ladder Plus.

CICC24189 FERHL DNA K JE7E 2.8x10"'~2.8x10"
ng/ul BF, KU EP 33 H IR B bR 4%l
CuidA T bfpB) , WonH REE LT 2.8x107
ng/uL, W& 4a; CICC10670 ¥E#EHL DNA IKEETE
4.5x107"'~4.5x10 ng/uL i, FEF ST 44 B AH 2 1)

FRIERIEHT CescVs sx2 Flseel) , R HREBUE AL
F 4.5x10 ng/uL, WK 4b. CICC24189 4k IR
1.5%x10°~1.5x10° cfu/mL I, % EP £ BB 1
HobR 3 R 46, Son HAd R ik 8] 1.5x10°
cfu/mL, WKl 5a; CICCI0670 4if5FEHAE 2.1x10°~
2.1x10° cfu/mL I, HEE ST 4 LW &1 H ARFE A
%, SonHAHIRTIAR 2.1x10° cfu/mL, WK
5b,

24 EA MR

ERFERVEE . S0 E . A6 W52 AR I Bk )
T, ZARG A E RN 100%, W3R 4.

2.5 fRFHAE

ZAGHET 4 CHM ME 3. 6. 9 fT 12 MH
Ja IR BRI 100%; T 42 CaAHE T 476 24,
48, 72, 96 F1 120 h JEMIRIINIZRI A 100%. WE
50 MRPEA AL Z RTHORIEFE I AR CHE L RIE T
MIAI TR FRIR A SRR, AR
[ERERIR] T 41% T EPEC. STEC F1EHEC fTF-#31k %
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Table 4 Results of intra-batch repeatability

#E EP

g ST

AN wpain  mmREE ARENRD  EEEARE LT
#AEH 1 10:0 0:10 10:0 0: 10
#AEH 2 10: 0 0: 10 10: 0 0: 10 100
#AEH 3 10:0 0:10 10:0 0:10
FRE 1 10:0 0:10 10:0 0:10
RHE2 10: 0 0: 10 10: 0 0: 10 100
FHE 3 10: 0 0: 10 10: 0 0: 10
A& 1 10: 0 0: 10 10: 0 0: 10
% & 2 10: 0 0: 10 10: 0 0: 10 100
Mg & 3 10: 0 0:10 10: 0 0: 10
A 1] 1 10: 0 0: 10 10: 0 0: 10
A B 18] 2 10: 0 0: 10 10: 0 0: 10 100
A B 1] 3 10: 0 0: 10 10: 0 0: 10
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Table 5 Results of shelf life stability
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A3 ealilbs &S0%
i 1l EP Nl ST B ’
3 10: 10 10: 10 100
. 10: 10 10: 10 100
BT/ A
10: 10 10: 10 100
12 10: 10 10: 10 100
24 10: 10 10: 10 100
‘ 48 10: 10 10: 10 100
B il/h
72 10: 10 10: 10 100
96 10: 10 10: 10 100
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