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Abstract

A multiplex polymerase chain reaction method was developed for rapid detection and identification of Shiga-like
toxin producing Escherichia coli O157:H7 in food. Specificity of 15 primer sets that target genes specific for E.
coli O157:H7 were tested on five E. coli O157:H7 strains, three other serotypes of E. coli and ten non-E. coli
strains using singleplex PCR. Among them, four primer sets for the E. coli O157:H7 genes rfbE, eaed, stxI and
stxIl genes were selected for a multiplex PCR assay. All E. coli O157:H7 examined were positive for the r/bE and
eaeA genes, however, the amplifications of Shiga-like toxin genes stx/ and stx/I were dependent on the strains. The
detection limit of the multiplex PCR assay was 2.2x10'CFU/reaction in artificially inoculated lettuce without enrich-
ment. This multiplex PCR method could be used to check the presence of E. coli O157:H7 and Shiga-like toxin
producing E. coli strains in food.
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M = Al 1ol =™ Shigella dysenteriae type 1°] Shiga
toxin?} FAFsHe] ‘Shiga-like toxin’©|2}aL F-E2t}. ©] toxin

Escherichia coli O157:H7> 1982%d vl=ollA M AE o ‘Qhiga-like toxin I'Z} ‘Shiga-like toxin II' F 7}A] 7}
72 stod WA At AFHS 58 GEAA HALS Q8 A 9gon 0157:HTES o Wy o] & %
™ verotoxing AJASH= enterohemorrhagic E. coli ©1th.  AAEA] RS S AT, B = s AT S 9o
o] Aletell #EHE A= A A Y (haemorrhagic = 1 12 2% AAs= 7o 79E 29 =l gy

colitis),

4 ARA, v g3 S84 98, dHH 8L =95 oumsl 2= 9t} I3 toxin ©] 9% ATA T A Eo

B ALY ANS FEF S =LY 8FF 9 _?_2} 2 ghztol] A< intimin @ Aoyt 60MDa
FEMHUS)LE ARd 5 9lor o] % AFLl7HA] °l  virulence plasmid7} 0157¢] W94l 71ddicta LA
2 % 9o] A AAHCRE BA} 5 ﬂ%—% otk o] gJrtk(Mead et al, 1998).
E9 F8 7499 L 2y Al e¥9d 27 & =Y E. coli O157:H7& oA &R Al EPLE A
g2 kS AU At Az e 2HE AFE AHo] 9on girs wyd Ale 3134 FH2ol %
53 Az BT F om EF AN ol H #HUE 2xoz Wy A}am B Qo] AFE HS nd
7l 2 8 AFE AT GEA ArkYilmaz er al, 2006, o] WA EAL 2Z BolEly] 9t oS EAE AL
Padola et al., 2004; Paik et al., 2002; Ho, 1998; Beuchat 2 A&sA AZT F Y= Ao D‘J_g_s].{:].. E coli
et al., 2002). OI57:H7E A&z Aste BEE S T2 WY F
E. coli O15T:H7°] A2}Fsh= verotoxinZ 21 F52] 23 sorbitol Mac-Conkey(SMAC) agar®]| ‘%_}’8]-01} sorbitol &
, A A Qs A5t 54 AL A olF
i T AU QAR e A e Faz o
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Multiplex PCRS |23} Shiga-like toxin 444 Escherichia coli O157:H79] 7% 3 &1l 9

(PCR)Z} 722 A& AEWHol de] A+5 o] ghtk(Deisingh
et al., 2004).

PCRE T4 279 GHA ) Sol=al 911 =
27 Q4T =27]9) DNA Be] A4 Belshs Wy
A

o2 F# UMY F AT AR 3t
&3t s oz d4EA Atk A E coli O157:
H7¢] lipopolysaccaharide O-F€¥ &4 KX AH/bE),
intimin(eaeA), galactitol 1-phosphate dehydrogenase(gatD),
B-glucuronidase(uidA), H7 flagella(fliC), Shiga-like toxin
(sexl) B toxin U(stl) TR 58 target® 2 df= o
PCREE°| ¥4 AUt 22y @4 targetS PSR
3} singleplex PCRZ 91¢40] U & I3 F7HH o=
8918 ok = A7 9o E coli O157:H7 W<l o
2] targetS SAlOl FH3te] gR18k= multiplex PCR %
Mo Al=7F Z 2 3tHAjmi et al, 2005; Bertrand et al.,
2006; Hu et al., 1999).

£ AFNME E coli O157:HT9 Solq oz 43zl o
2l PCR HES AESIY I Solds &8z, 0157

Table 1. Primers used in this study

g FAHE A e SFA 2 F3e Fash
intimin -2} eaed 18] Shiga-like toxinlZ} 11¢] 3
A} seel3} sollE s A1 Q1 4 9= multiplex PCR
systemS A5 A& AEHOEA Y ALS 7S £

Abetitt.

(o

LT

=2{0|H, 7 ¥ DNA T

Multiplex PCRZ E. coli 0157 7Z&3}7] $13t primer
set=°l thek 71 EL Table 19] YeERAT. Aol A
£8 FEe] #FE2 SEvAERAAE 2 AEAY
Aol A FF wrom Table 20 EAISAT 24 #F9]
FAA DNAE w8 2 ZAS7] 918 LB wjA] 5 mLol
HEAL 37°ColA E71H 0= 8AIZ F3F v sttt 1
mLe] HFHE 13,670xg oA 1027 A& F 45
N2 A ABFAL F2 pelletS Power Prep™ DNA  Extraction
Kit(Kogenebiotech, Seoul, Korea)S Al&3le] Al

Target gene  Primers Primer sequence (5'—3') Amplicon size (bp) Ref.
1fbE rfbE-for CAGGTGAAGGTGGAATGGITGIC 296 Bertrand et al.,
rfbE-rev TTAGAATTGAGACCATCCAATAAG (2006)
O157AF  AAGATTGCGCTGAAGCCTTTG 47 Ajmi et al.,
0157AR  CATTGGCATCGTGTGGACAG (2005)
RfbF GTGTCCATTTATACGGACATCCATG - Huetal.,
RfbR CCTATAACGTCATGCCAATATTGCC (1999)
O157PF8  CGITGATGATGITGAGTTG 420 Maurer et al.,
0157PR8  AGATTGGITGGCATTACTG (1999)
O157F CGGACATCCATGTGATATGG g Panton et al.,
0157R TTGCCTATGTACAGCTAATCC (1998)
uidA PT-2 GCGAAAACTGTGGAATTGGG o Cebula et al.,
PT-3 TGATGCTCCATAACTTCCTG (1995)
eaeA eaeA-F AAGCGACTGAGGTICACT 450 Yilmaz et al.,
eaeA-R ACGCTGCTCACTAGATGT (2006)
IntF GACTGTCGATGCATCAGGCAAAG 368 Hu et al.,
IntR TTGGAGTATTAACATTAACCCCAGG (1999)
eaeAF GACCCGGCACAAGCATAAGC 384 Panton et al.,
eaeAR CCACCTGCAGCAACAAGAGG (1998)
Q3HI"  RQ3-f GGTCACCTCATCAACCAAAATC . Linetal.,
RQ3-r2 TGGTCACCTCAAACTTAACAAA (2007)
fliC FLIC-a TACCATCGCAAAAGCAACTCC 247 Wang et al.,
FLIC-b GTCGGCAACGTTAGTGATACC (2002)
FLIC-F GCGCTGTCGAGTTCTATCGAGC . Gannon et al.,
FLIC-R CAACGGTGACTTTATCGCCATTCC (1997)
F GCGCGAATTCGTTGGTCGTTGCAGAACCAGCACTGGTAGT {78 Morin et al.,
R GCGCGAATTCGCGCACTATACAGTCTCTTACAGCGT (2004)
sexl stx1F934  GTGGCATTAATACTGAATTGTCATCA _ Yoshitomi et al.,
stx1R1042  GCGTAATCCCACGGACTCTTC (2005)
sexll SLT-IIF GITTTTCTTCGGTATCCTATTCCG - Huetal,
SLT-IIR GATGCATCTCTGGTCATTGTATTAC (1999)
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Table 2. Singleplex PCR detection of E. coli O157 specific genes in various bacterial strains

Primers
Bacteria Strain rfbE-for O157AF RfbF  O157PF8 OI57F PT-2 eaeA-F IntF  eaeAF RQ3-f
rfbE-rev. O157AR  RfbR  O157PR8 OI157R  PT-3 eaeA-R IntR eacAR RQ3-r2
ATCC 35150 + - - - + + - - S -
ATCC 43888 + 4 4 + + + - - + +
E. coli O157:H7 ATCC 43889 + + + + - S + + + +
ATCC 43890 + + + - + + + + 4 o
ATCC 43894 - + - + + - + + + +
E. coli O19:H7 ATCC 23514 - - - = = - & = o =
E. coli O78:H12 ATCC 43896 + + + + + + + + + +
E. coli O111:NM ATCC 43887 = + + + + + rd 2 $ +
Listeria grayi ATCC 2540 - - - = = = - 3 " +
Shigella sonnei KCTC 2518 - - - = % + » = + o
Enterobacter sakazakii ATCC 29544 - + = = 5 5 B . =
Yersinia enterocolitica KCCM 41657 = + - = - = + - & &
Vibrio parahemolyticus KCCM 41654 - + - = - g 5 = 4
Bacillus cereus ATCC 14579 - - - = - - - 5
Bacillus subtilis ATCC 2213 - + = + + - + = + +
Staphylococcus aureus ATCC 13565 - - - - 4 - - - - -
Staphylococcus delphin -~ ATCC 49171 - - - - s = “ 2 = -
Salmonella enteritidis KCCM 12021 - + = - . . = B + =
Table 3. PCR amplification of E. coli strains with flagella H7 gene specific primers
Bacteria strain i

F/R FLIC-F/FLIC-R FLIC-a/FLIC-b

ATCC 35150 + + -

ATCC 43888 + + +

Escherichia coli O157:H7 ATCC 43889 + + +

ATCC 43890 + + +

ATCC 43894 + + +

Escherichia coli O19:H7 ATCC 23514 + - +

Escherichia coli O78:H12 ATCC 43896 + + 4

Escherichia coli O111:NM ATCC 43887 - - =

100 uLe] BHFSHF

o] &8t 260 nmoll A A% 3}

E. coli 01572| {EHuliX|

Z DNAE &&3o] ARG &
%% DNAX spectrophotometer(Shimadzu Co., Japan)E

E. coli strains< LB ZA|ujA|o] = & 37°Co| A 18
A|7F vj ket single colonyS2 AATH A ZARS] ¥
upebr] 4] 3 CHROMagar O157(CHROMagar'™, Paris,
France)oll 3 7H2] colonyS streakingdte] 37°ColA] 244
7+ 8 %¥3 5 colony®] 728 v w3kt

PCR =

Multiplex PCR HHg-91-& 2 2] template DNA%} 5x
Taq buffer(ztzt 10 mmol/L2] MgCLet dNTP X3} 5 ul,
rfbE gene?} eaed, stx R stx gene®l] 5°]#<l forward %
reverse primers 77t 15 pmol, 5 pmol, 25 pmol, 20

pmol 223 Taq polymerase 1 unitS ¥ § FHF F3|7}
25 ul7t =5 v 33 THTE A7 Singleplex
PCRS] 739 AFE3 primer?] F%+ forward 2 reverse
Z}z} 10 pmol ©o] o™ 2 €¢] %712 multiplex PCR
Z73 FY3Ath. BE PCR B3~ PCR Express thermo-
cycler(Hybaid, Waltham, MA, USA)E A}&-3F3Ath PCR
27L& 95°CAlA 587 AA F, 95°C 30%, 58°C 302,
72°C 182 35 cycle T332 vpRFo 2 72°Co| A
3E7F WA ZTE PCR AHES 2% agarose gelollA] 717]
FE 3t 2 371 & FRIEAT

RNAZ2| == 2! reverse transcription PCR

ol RNAS] F&2 SV Total RNA isolation kit
(Promega corporation, Madison, WI, USA)E A}-&3}c]
RNAS 2244 392 ™ reverse transcription PCR(RT-
PCR)2 One Step RNA kit(AMV)(Takara BIO INC.,
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Otsu, Shiga, Japan)E ©]-&-3I31Th RT-PCR ¥Hg-o 9] 242
10x One Step RNA PCR Buffer 5ulL, 25 mM MgCl, 10
ul, 10 mM dNTP 5 uL, RNase inhibitor(40 units/ul)) 1 uL,
AMV RTase XL(5 units/ul) 1 uL, AMV-Optimized Taq (5
units/ul) 1 uL, forward 2 reverse primers Zt7Z} 20uM<
A7t AFRTE 50 ulZ A ¥ 28 50°C
A 307 FAAN-S B 94°Col A 287 BHE
Al A reverse transcriptases E&43AZ] T 95°C 30%,
60°C 30%, 72°C 1% 30% ®¥Hg-& 25 cycle 33t &
3% cDNAE SIZAZ T

Multiplex PCR2| HE8H| &4 2 AIENHM HE

Multiplex PCR®] A& SIS A7) 8 45 25 goll
5.5x10° CFUS] E. coli O157:H7(ATCC 35150)& <1132
2 HZE3t & Difco™ EC medium, Modified BD) 225 mL
of Y3 pulsifier(Microgen Bioproducts, UK)E ©]-&3}4
127 gt 71 wiFatA] & 343 1 mLe] F
ZdA] DNAE AA8 100 uLe] EHSHTE &5
33l o5 HEFE7F 1 uld 2.2x10* CFUSA 2.2x10°
CFU7ZHA| @AA = 10804 343 b3 742t 1 ul
DNAE AETHA AL ARE3IA T SAld F294S Bl
HE 3|AMste] LB XA A o] =23 Thy 37°Col A v
3t AFTE SA AT

AlFoll A =] e WA HEQ 42 2T 7]olA
E. coli O15TH7®] 2H& AW 43t o8] A|8& 7t
7} 25g A %3 novobiocin (20 ug/mL)S #7138+ Difco™
EC medium 225 mLol| 23 pulsifierS ©]-&3fo] 187}
g F 37°CollA 20717 v gFstAdnt. MigFAS 1 mLYy
F3td DNA % 7|E9] AMg®e] me}t ZH2+e] DNAE
FE3au.

a3 0¥

E. coli 0157:H7 S0|& primere| M¥

E. coli OI15THIS AYFoR AT F Je A=
2zl PCR AFHEANA 4 10 < primer sets A3
3t 7} primer setE52] E. coli O157:H7 #FE°l g
Eold& v math AHE-g 10 F< primer set= ZHZt
0157 4 A FAAR] rbESE FHE3h= primer sets
% (rfbE-for/rfbE-rev, O157AF/O157AR, RfbF/RfbR, 0157
PF8/O157PR8, O157F/O157R), PB-glucuronidase 2 #}21
uidAE 7ZE3t= primer set (PT-2/PT-3), B YA F a3t
adherence factor$] intimin 32+ 7 E38H= primer sets
% (caeA-F/eaeA-R, IntF/IntR % eaeAF/eacAR)Z} randomly
amplified polymorphic DNA ©¥H-& & 3}= primer set
(RQ3-f/RQ3-r2)°]t}h. Z+Z}e] primer sets®] H7] A&
Table 19 VFERH ATH.

Table 2914 R vie} o] BHIZES 10 £¢] primer
sets &5 E. coli OI5T:H7 4555 AEE + A2
g3 go| OE E coli 078HI2E BF Fuke-& HA
F3& O111:NM3} O19:H7 #5 % 27 853 159 primer
setol] <15 FNEES ER T v A2 mbE
A2 AZE3= rfbE-for/rfbE-reve} intimin F+2AAS A&
& IntF/IntR primer setE A 2]gF YA 8F 2] primer
setE0] FRHOZ E coli ©19]¢] TE HF=d=°]
M= FduE&S YR o] primer setE<> multiplex
PCRE $13t primer set /3 ol A] v A| 3} A .

Singleplex PCRS &3l non-E. coli @54 5Z Wk
S do7|A %-& primer setsi= rfbE-for/rfbE-reve} IntF/
IntR¥CIA T O78:HI2 55 FE8HA] R3I2BR HY
flagella gene?l fliCol SolHo= <& 3% FR,
FLIC-F/FLIC-R, FLIC-a/FLIC-b primer setS S ©]-& 3}
PCRE 433} tH(Table 3). ©] primer setE< H7 flagella
geneS 7HA 0157:H73% O19:H7E EF Q3 oy &
o] thE O78:HI2E BT AA53 . O111:NMe] o
M BF A UERiTh Tt T targetthe:
ZZ A7) singleplex PCRZ E. coli O157:H7S A€o
2 FE7|AE FEFHA ¥ AR Heln

Multiplex PCR £

Singleplex PCR®] $HA|E SE3}7] 98] o8 targetS
FAl9 FZA)7]= multiplex PCRO] E. coli 01578 78
sh7] 9leke] dF dEA Aoy (Hu et al, 1999; Panton
et al., 1998; Jung et al., 1998), Z} primer set52] 5|4
S I £ A, E coli o199 TE 255 FE°] &
AgS Yeiie APES TH8IAth(Table 2). 3HH
E. coli O15THTE 255 379 78 d<le| == Shiga-
like toxing ol @} 3ht = F 7HA] toxin 255 A
Abete ASoZ 4EA AUthMead et al, 1998). WEHA E.
coli O15TH7& T%% 4 U+ multiplex PCR ¥ +
4371 93l non-E. coli dFEN 4 ¥HES yEd
rfbE-for/rfbE-reve}l IntF/IntR primer sets®} ©]E<] PCR At
E 3718 I3 sl sexll AR DFHE target© 2
3 stx1F934/stx1R10423} SLT-IIF/SLT-IIRE HE A%
3ttt Multiplex PCRS 913 24 2712 4A317] 93l
A E. coli O157:H7 (ATCC 35150) #5F2 A3 4 Z9
primer set ¥=& ZE3IA L, 55°CAHlA 65°C 99 &%
oAl gradient PCRS 33 A3 58°C7t 713 2 &3t
annealing +%=2Z YESTHdata not shown).

HAsld ZASZ E coli O157H7 2 ©2 Y9 E
coli FFE° W3l multiplex PCRS 8 5t 1E, eaed,
stxl B osixll FRAAES] BR{AFE ER1381% th(Table 4).
5 9 E coli OI5THT BEF 4FEL 25 pE 9
eaed TR 0] DNA ©HE el 5 ot



Table 4. Multiplex PCR analysis of E. coli and other bacterial species and the color of E. coli colonies on CHROMagar 0157 agar

medium

Bacteria strain

Target genes Colony color on

rfbE eaeA stx1 stx2 CHROMagarO157
ATCC 35150 + + - + Mauve
ATCC 43888 + + - - Mauve
Escherichia coli O157:H7 ATCC 43889 + + " + Mauve
ATCC 43890 F Tt + - Mauve
ATCC 43894 + Iz * <t Mauve
Escherichia coli O19:H7 ATCC 23514 - - - - Mauve
Escherichia coli O78:H12 ATCC 43896 F + + + Mauve
Escherichia coli O111:NM ATCC 43887 - - - - Blue
Listeria grayi ATCC 2540 - - - - nt
Enterobacter sakazakii ATCC 29544 - - - - nt
Vibrio parahemolyticus KCCM 41654 - - - - nt
Bacillus cereus ATCC 14579 - - - - nt
Bacillus subtilis ATCC 2213 - - - - nt
Staphylococcus aureus ATCC 13565 - - - - nt
Staphylococcus delphin ATCC 49171 - - - - nt
Salmonella enteritidis KCCM 12021 - - - - nt
Shigella sonnei KCTC 2518 - - - - nt
Yersinia enterocolitica KCCM 41657 - - - - nt
*nt: not tested
Shiga-like toxin 13} 11 F-42e] Bf= @50l ot Zjol non-E. coli #FEX= F toxin AR} el BF &

S B TK(Table 4 and Fig. 1). E. coli O157:H7 ATCC
351503} ATCC 43894 5 toxin %12}, ATCC 438892}
ATCC 438902 7z} 3 79| toxin Az &4 w-&
S Ve oy ATCC 438882 5 toxin AR} E5Fo o
& SAue-S Uehlth o2 339 E coli O19:HTH
Olll'NM2 % toxin AR s 2% A0S YEl
o 078 H129 7% 5 toxin F-4Ael tfs] 25 <&

S Vet E coli O78:HI2(ATCC 43896) HF+
enterotoxigenic group®ll 435} Shiga-like toxin 12 1S
RE Pakelx] et dEA o y(Lang et al., 1994),
B A3 oA = multiplex P(,R2 o] &3t seel3} sexll 7
A AEukgo A FAANSS el &3 HAER

g

11 12 13

M 1 2 3 4 5 & 7 8 9 10

stxIl 484 bp —
eaeA 368 bp —
rfbE 296 bp —

stx I 109 bp —

Fig. 1. Electrophoresis of PCR fragments from multiplex PCR
of E. coli reference strains. Singleplex PCR product using each
of four primer sets chosen was used as a positive control(lanes
1 to 4). Lane M, 100-bp ladder; lanes 5 to 9, E. coli O157:H7
ATCC 35150, ATCC 43888, ATCC 43889, ATCC 43890, ATCC
43894, respectively; lane 10, E. coli O19:H7 ATCC 23514; lane
11, E. coli O111:NM ATCC 43887; lane 12, E. coli O78:HI12
ATCC 43896; lane 13, Staphylococcus aureus ATCC 13565.

3RES-& YERA T
RT-PCRE 0|88t stx/2} stxll FEXIQ| g5l £

E. coli O157:H7 @5t @HFo] A2 UE E coli 078:
HI2(ATCC 43896) o2 multiplex PCR Z 37} &3}
A et AA st} secll FAAES] FHAEE mRNA
FFA sk Qs F 5ol gt RT-PCRS AIE
3} tH(Fig. 2). RT-PCRe] 7-¢- FE3 total RNA®] ®
o] DNA7} 22 5A R Follg A5 AL HP%
L}E}%} _{,: o] snog _Q_/H 1;].]2
A 931 PCRE
1] O}OL%,.O ;QIL

mlo o

o7 AAA} FAHL A
3 sle] A A g RNAo| DNAZF 412
15120t} E. coli O78:H12(ATCC 43896)2]

2

Fig. 2. Detection of stxI and stxI] mRNA in E. coli strains by
reverse transcription PCR. The total RNA was extracted, DNase
treated, and amplified by singleplex PCR(lanes 1 to 2) or RT-
PCR(lanes 3, 6, 8, and 9). PCR fragments of lanes 4 and 7 were
amplified from the template DNA of E. coli O157:H7(ATCC
35150) as positive controls for sxxI(109 bp) and stxII(484 bp),
respectively. Lanes 1, 5, and 8, E. coli O157:H7(ATCC 35150);
lane 2, 6, and 9, E. coli O78:HI2(ATCC 43896).
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S, %A EHZS—«__LJ"Jr R sl IFPAA7E B 5
¥ . 2- lane 6 and 9), ©] ¥+ mRNA %

o
M 9A] F toxin 4 BF 2EEE ZAoE B

E. coli 0157:H7 MEHHIX|Z 0|25t 24

Multiplex PCR A#E% E. coli O157:H79} A ]
U2 E coli O78:HI2E FE & gloJA E. coli O157:
H7¢] Aeujx 2 4#z] CHROMagar 0157< ©]-8-3t
7} E. coli 559 colony A2 15131t Table 4914

E nlg}l o] 0157:H7 FFELS EF 01578 5olF
Fd¥Q 2AA8E Yoy A4S 9 O111: NM2 Al
3 YA 019:H73% 078:HI2 #55 HA BF A4
Uetdth dubd o2 E coli 01579 2389E 53
o2 AMgsHe AR E ARG oL A 2 AF A
A3 o] T E coliS 2] FEAE FA7F A

o

BF
0.
=

tlo to

Multiplex PCRS| ZAE6HA| & &5

2] Z o M multiplex PCR W9 AEIAE A ¢
atod A3 25 ol 5.5x 10° CFUS] E. coli O157:H7E 2
AR HESaL SE WA F uiA] 225 mLe ¥
pulsifier2 1527+ &tk F7HIE glo] 1mLe] &
Ag 353t DNAS RASHL GAH S 343 DNA
£ template DNAZ A3} Th Multiplex PCRS 73 ¢t
A3}, 4%9] primer setsel] s 25 2.2x10' CFU/reaction
7] AEol 7FsstAthFig. 3). © Ade S A=
AXA ekob ZA 1 gollA 2.2x 10* CFU o]iFe] 7ol

ZAeha B Ao A3 multiplex PCRE S83] 7
Zo] 7Festthe A8 UEd. o] AEdAle £&307E
Aoz A3 multiplex PCROIA E. coli O157:H79]
AESA7E 10* CFUgSZ Yehd A fFAke FFolt
(Jung et al., 1998).

Multiplex PCR ®¥HS &3 2EFF E coli O157:H7
A AQHAA AHE-3H=

A& 837 At = @

stxIT 484 bp —
eaeA 368 bp —
rfbE 296 bp —

stx I 109 bp —

Fig. 3. Detection limits of multiplex PCR assay in artificially
inoculated lettuce without enrichment. Ten-fold dilutions of E.
coli O157:H7 ATCC 35150 cells were utilized as templates. Lane
M, 100-bp ladder; lanes 1 to 5, 2.2x10% 2.2x10% 2.2x10%, 2.2x10',
2.2x10" CFU/reaction, respectively; lane 6, no template control.

237] 9E 2% QEFFE AE 15, 2L ASH
A gajshe 28 23] 23EFNH FRAENE T
st} 2+ A|EE St wiA oA 20417F Bl F §- multiplex
PCRg T3t 74/\}31 5%9] ANE+ 459 primer set

T oo sl 4wk UEi e E coli O157:H79]
HE}WHZ] CHROMagar 01570“7\15—_ BE 207 L
wIth(data not shown). ©]/3e] AzjelA £ Ao 4
& multiplex PCR WS E. coli O157:H7°]\t Shiga-like
toxing A= HAA E colid] AEo &80] 715

Ao Holm &I multiplex PCR WH <] AHEE 93
A 55T AEY BF YO ol§HY Y= WY
Walo] vy A7t B8 Aoz AddE

o (o]
I =

2155 #9 E coli O157:H7S 7E3aL Shiga-like toxin
o] A ogRE T 4 U= multiplex PCR system=
A4 0}011:]. E. coli O157:H7¢] E0]& 2l §4x= A=
F JE 1559 primer setsZ 552 E. coli O157:H7,
Aol D}—f—_ 329 E coli 2H 3 1059 non-E. coli &
FEo] 3t single PCRS F3tATh 2 Foll X ibE,
eaed, st stxll FFAAE target® 2 3= 4 set®] primer
2 XA st multiplex PCR WS TASATH E coli
O157:H7 5% E5F rfbES} eaed %%11}7} FAd FFo]
=St Shiga-like toxin FAARL sexl3} soxll®] 5
o wet xto]2 H AT multiplex PCR ¥ -& A
A H oz JF ¥, TA3A &2 E coli OI5THT=
22x10 CFU/reacnonﬂ}zl 428 F ASUTh B AelA
T3t multiplex PCR¥™H-2 2 FollA| E. coli O157:H7
2 Shiga-like toxine A st= WL E colid] EAE
skt &80 758 Ao Helh

HAte 2

E ATE ALA ATd d€E¥A9 d7H A4
(10636)°1 ]3] T =AM o]o] ZAL=HYT)

o
rot

ik

I

Ajmi DA, Padmanabha J, Denman SE, Gilbert RA, Al Jassim RA
and McSweeney CS. 2005. Evaluation of a PCR detection
method for Escherichia coli O157:H7/H- bovine faecal samples.
Appl. Microbiol. 42(4): 386-391

Beuchat LR. 2002. Ecological factors influencing survival and
growth of human pathogens on raw fruits and vegetables.
Microbes Infect. 4(4): 413-423

Bertrand, R. and Roig, B. (2006) Evaluation of enrichment-free
PCR-based detection on the r/bE gene of Escherichia coli
0157-Application to municipal waste water. Water res. 41(6):



1280-1286

Cebula TA, Payne WL and Feng P. 1995. Simultaneous identifica-
tion of strains of Escherichia coli serotype O157:H7 and their
shiga-like toxin type by mismatch amplification mutation assay-
multiplex PCR. J. Clin. Microbiol. 33(1): 248-250

Deisingh AK and Thompson M. 2004. Strategies for the detection
of Escherichia coli O157:H7 in foods. J Appl Microbiol. 96(3):
419-429

Gannon VP, D’Souza S, Graham T, King RK, Rahn K and Read
S. 1997. Use of the flagellar H7 gene as a target in muliplex
PCR assays and improved specificity in identification of entero-
hemorrhagic Escherichia coli strais. J. Clin. Microbiol. 35(3):
656-662

Ho ST. 1998. Bacteriology of enterohemorrhagic Escherichia coli
0157:H7. Med Post. 26(1): 5-14

Hu Y, Zhang Q and Meitzler JC. 1999. Rapid and sensitive detec-
tion of Escherichia coli O157:H7 in bovine faeces by a multi-
plex PCR. J. Appl. Microbiol. 87(6): 867-876

Jung SC, Jung BY and Yoon JW. 1998. Development of a multi-
plex-PCR for the rapid detection of Escherichia coli O157:H7
from raw beef. Korean J. Vet. Res. 38(1): 173-181

Lang AL, Tsai YL, Mayer CL and Patton KC. 1994. Multiplex
PCR for detection of the heat-labile toxin gene and Shiga-like
toxin 1 and II genes in Escherichia coli isolate from natural
waters. Appl. Environ. Microbiol. 60(9): 3145-3149

Lin CK and Lin JC. 2007. Development of PCR primers based on
a fragment from randomly amplified polymorphic DNA for the
detection of Escherichia coli O157:H7/NM. Mol. Cell Probes.
21(3): 182-189

Maurer JJ, Schmidt D, Petrosko P, Sanchez S, Bolton L and Lee
MD. 1999. Development of primers to O-antigen biosynthesis
genes for specific detection of E. coli O157 by PCR. Appl.
Environ. Microbiol. 65(7): 2954-2960

Mead PS and Griffin PM. 1998. Escherichia coli O157:H7. Lan-

R1%7] - §94

cet. 352: 1207-1212

Morin NJ, Gong Z and Li XF. 2004. Reverse transcription-multi-
plex PCR assay for simultaneous detection of Escherichia coli
O157:H7, Vibrio cholerae Ol, and Salmonella typhi. Clin.
Chem. 50(11): 2037-2044

Padola NL, Sanz ME, Balanco JE, Blanco M, Blanco J, Etchever-
ria Al, Arroyo GH, Usera MA and Parma A. 2004. Serotypes
and virulence genes of bovine Shigatoxigenic Escherichia coli
(STEC) isolated from a feedlot in Argentina. Vet. Microbiol.
100(1-2): 3-9

Paik IK and Han TH. 2002. Comparison of detection of Escheri-
chia coli 0157 between culture after acid treatment and poly-
merase chain reaction after enrichment. Korean J. Lab. Med.
22(5): 331-335.

Panton AW and Panton JC. 1998. Detection and characterization
of Shiga toxigenic Escherichia coli by using Multiplex PCR
assays for stx, stx, eaed, Enterohemorrhagic E. coli hiyA, rfb,,,,
and rfb,),;,. J. Clin. Microbiol. 36(2): 598-602

Wang G, Clark CG and Rodgers FG. 2002. Detection in Escheri-
chia coli of the genes encoding the major virulence factors, the
genes defining the O157:H7 serotype, and components of the
type 2 shiga toxin family by multiplex PCR. J. Clin. Microbiol.
40(10): 3613-3619

Yilmaz A, Gun H, Ugur M, Turan N and Yilmaz H. 2006. Detec-
tion and frequency of VT1, VT2 and eaed genes in Escherichia
coli 0157 and O157:H7 strains isolated from cattle, cattle car-
casses and abattoir environment in Istanbul. Int. J. Food Micro-
biol. 106(2): 213-217

Yoshitomi KJ, Jinneman DC and Weagant SD. 2005. Detection of
Shiga toxin genes stx/, stx2, and the +93 widA mutation of E.
coli O157:H7/H-using SYBR Green I in a real-time multiplex
PCR. Mol. Cell. Probes. 20(1): 31-41

A 20073 119 228, Ag 20079 12€ 28Y)



