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Molecular Genetic Characterization of Shiga Toxin-producing E. coli
Isolated from Diarrhea Patients and Cattle in Gwangju Area, Korea
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Shiga toxin-producing Escherichia coli (STEC) can cause a broad spectrum of human illness ranging from symptom-

free to hemolytic uremic syndrom (HUS). Associations between known or putative virulence factors of STEC and

diseases in human were investigated. PCR analyses showed that 33 (78.6%) isolates carried an ehxA enterohemolysin

gene and 6 (14.3%) isolates possessed an saa autoaggutinating adhesin gene, and 31 (73.8%) isolates carried an eae
intimin gene (7 isolates with type B, 16 with type y, and 3 with type €). Twenty-nine (69%) isolates from patients carried
eae+, ehxAt, saa- (genotype A) and 68 (86%) isolates from asymptomatic outbreaks and 4 (36%) isolates from bovine
possessed eae-, ehxA+, saa+ (genotype C). Neither the bundle-forming pilus gene nor the enteropathogenic E. coli

adherence factor plasmid was found. In HEp-2 cell adherence assay, isolates carrying eae gene exhibited a localized

adherence phenotype, the other isolates carrying saa showed LC (loose clusters of bacteria) and IS (isolated bacteria). In

conclusion, most STEC isolated from cattle feces in Gwangju, Korea showed characteristics different from those

isolated from patients. But these results may be useful information for pathogenesis judgement of STEC.
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arshLiel Wb Welel el 2ot AT @),
STECE A7 B2 9]0 JabgwlAEe] AEa ool
Basle] @] mAGREE AEA7| A, acting F7
AA AEBAS WA S4H g 3
“attaching and effacing lesion" (A/E lesion) %3t STEC]
a3 Waolt 4). olsh £ AE WHdl dA<l
eae A= LEE (locus of enteocyte effacement)= e 4]
U= 355 kb =L719] AL WA (pathogenicity
island, PADOl 9 x3}aL 90, 94~97 kDa =7]2] &9
Gl intiming X3} (5). LEEE intimin ©] <] o]l
% A3E YA (type III secretion system, TTSS)2} LA
of 93] #H]¥ & Tir (translocated intimin receptor), Esp
(EPEC-secreted protein) & ol #¥E o] 79
A S Xslal glok Intiming 717 STECS 4%

ez

Zgate] ARyl ofn] W AR o] o] WhEA] H4
9l WA QA= ofth Adhesin} pilieh 2 F-2H2l
AHE0] eae 432 FFANAE AL (6, 7), oI5
oot 54 39S 7 STEC7F €W 9 HUS9F #
A7} dekar BaEl ek 8). At o]# 3 intimino] 2
o]¥l STECES] WA 712l tigk A& o] wjy]

Ea=g

o] 9Jo%= enterohemolysin 72} ehxA, catalase
peroxidase katP, A28 #HAl9} FHS = etp F-HA 1
2] 3L secreted serine protease (EspP) 5©] EHECS| ®H 94
I Aol dvkal HaEAT (9~12).

STEC+= V]=, 4=, Zivch ¥ vk oy} i, 1%,
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WA EElaike] AuuAs Avno) 98] PCRS
o]-g3te] WA FHAE A=Ak

saa, ehxA, eae 78 Xt multiplex PCR

AT

AR 9 g E2A) aE]al Ao ofFE A
o ] E2]® STEC 4259} 20043 J Z5stul 354
HAagd o= RE H2l® STEC 7957 2 A 3 -2

B
STEC 1155 Adel AREsIith. 4 dxdF2=
ATCC 43895 (EDL 933)Z A}&-3}%iT)

STEC 2|5 TSA (Tryptic soy agar, Oxoid, Hampshire,
UK)ell Al vt ok, mke] #A1E Bas57 500
wloll FEAIA 1083 # EollA $H-3IaL 14,000 pm
ol 107 A4 FEE ¥ A5 NS DNA template®
o]ttt

Premix A= ¥ PCR =71

saa, ehxA, eae A} HEo] AFEE primers Paton
(14) S0l 93k Ao & Table 13} 7t} PCR WHS-o %A
2 200 mM dNTP, Z}2+2] primer 250 nM, 5 mM MgCl,7}
X 10 X buffer, 1 U2 Taq DNA polymerase (Bioneer,
Daejeon, Korea) 18|31 "B a/F= 50 plo] vk &3+
NS Az

PCR Z71& 12} whg-ol A 95C/5%7} denaturation 5~
95TNE, 65C/2%, 72°C/1% 3029 cycleS 103] 2 A8}
a1, 22 Wkl A 95TC/1%, 60T, 72C/1%- 30322
cycle 153] 2AI8E 3 95T/1%, 60T, 72°C2% 30
%29 cycles 1032 32 HH-g-S AAISIGIL) vix|H o=
72°CollA] 23 3037t RESAIZTE PCRE 33 ¥ 5
9] PCR AHES 2% agarose geloll A7]%95 3 & EtBrol
AAete] Uvatell A 2<lakqi

LEE &3 REx dE

A TF
Arpgiat Bl &2 aejar AR ow oFH A
8% STEC 4259} 20041 ] =% A
o2 RE #ElE STEC T 99| saa, ehxA, eae
2 FYe 145 (2% Fd 2ET 2T 2 2 A&

S °

2 STEC 11572 O 2 PCRS AA &AL 94

E ok il
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ET O 2 ATCC 43895 (EDL 933)2 t},
STEC &5 Z7hs TSA®l At wjsk b
o] HAZ WHSFF 500 plol FEAA 1083t

Table 1. PCR primers to amplify specific fragments from the various pathogenic genes in STEC

AHE3HA S0 A 8313l 14,000 rpmol A 10%-71 Bl
e AES DNA template2 ©]-&38tith Z2+o] -4
je%% o A8 primerd]l Ugh 552 Table 12} #th

PCR primer Target gene (s) Sequence (5'-3") Size of product (bp) Reference
SAADF saa CGTGATGAACAGGCTATTGC 119 14
SAADR ATGGACATGCCTGTGGCAAC

eacAF eae GACCCGGCACAAGCATAAGC 384 19
eacAR CCACCTGCAGCAACAAGAGG

hlyAF ehxA GCATCATCAAGCGTACGTTCC 534 19
hlyAR AATGAGCCAAGCTGGTTAAGCT

B73 eae o TACTGAGATTAAGGCTGATAA 452 16
B138 GACCAGAAGAAGATCCA

B73 eae f TACTGAGATTAAGGCTGATAA 520 16
B137 TGTATGTCGCACTCTGATT

B73 eaey TACTGAGATTAAGGCTGATAA 778 16
B74 AGGAAGAGGGTTTTGTGTT

Intd eae o TACGGATTTTGGGGCAT 125 9
Int-Ru TTTATTTGCAGCCCCCCAT

SK1 eae e CCCGAATTCGGCACAAGCATAAGC 2,069 9
LP5 AGCTCACTCGTAGATGACGGCAAGCG

Tir-F tir CATTACCTTCACAAACCGAC 1,550 20
Tir-R CCCCGTTAATCCTCCCAT

ESPAa espA CACGTCTTGAGGAAGTTTGG 229 17
ESPAb CCGTTGTTAATGTGAGTGCG

ESPB-F espB GCCGTTTTTGAGAGCCAGAAT 633 20
ESPB-R ATCATCCTGCGCTCTGCGAAC

ESPD-F espD CGCTGGATTTACAACTGGTTA 939 20
ESPD-R CCAGCTCAACCTTCGCACTCT

ESPPa espP AAACAGCAGGCACTTGAACG 301 17
ESPPb AGACAGTTCCAGCGACAACC

K260 Disrupted selC GAGCGAATATTCCGATATACTGGTT 418 18
K255 GGTTGAGTCGATTGATCTCTGG

K260 Intact selC GAGCGAATATTCCGATATACTGGTT 527 18
K261 CCTGCAAATAAACACGGCGCAT

BFP1 bfp GATTGAATCTGCAATGGTGC 597 21
BFP2 GGATTACTGTCCTCACATAT

EAF1 EAF plasmid CAGGGTAAAAGAAAGATGATAA 399 22

EAF25

TATGGGGACCATGTATTATCA
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eae AR FEEME 2§t multiplex PCR

eae frdztel tigte] o, y 28I B FEH AARS S
multiplex PCRS- A A3} (15, 16).

PCR WHg-91 4] template DNA 5 ul, 2.5 mM dNTP
5 ul, 5 mM MgClL7F 3238 10 X buffer 5 plel 2H7te]

primer 0.5 pl%, 1 U2] Taq DNA polymerase$} H ¥ 57
T2 FHF 50 plE DA o,y 282 p FES 2H

37] 913+ primerv= B73S forward primer=, Z}7Fe] -
ol whe} B138, B7412]al B137S
45131t} (Table 1).

PCR Z71& 94T A 53319 cycles 13], 94C/30%,
50C/30%, 72°C30%29] cycleS 303] AAjatar 72°C/5%
b WA ZAT

3¢} & S ZA3H7] 913 PCR W2 Pradel 5 (9)
o &3 o R §o] PCR 7S 94TREZE cycle
S 45°C/1E, 72°C/15-2] cycles 308] A
Skl 72°C/54E3E WEEAIFTE e 94T cycled 1
3], 94°C/15, 55°C/NE, 12TRES] cycleS 303] AA|8}aL
72T 587F WAt PCRS 33 & 5 ule
PCR AH2S 2% agarose geldll 717|953t 5 EtBroll ¢
Aste] Uvatel A gelsksitt

tir, espA, espB, espD |8 X 242 It PCR

PCR HH§-9 A2 template DNA 5 pl, 2.5 mM dNTP
5 ul, 5 mM MgClL7} 3238 10 X buffer 5 plet 2H7te]
primer 0.5 pl, 1 U] Taq DNA polymerase®} Bd S
TR AT 89S 50 pE I A7) 1A TF
2 93} Primer:= Table 13} 2t}

tir 94 F2%& 93 PCR 2L 94T/587H9)]
cycles 13], 94°C/40%, 57°C/60i 72°C/175%29] cycles
303] AAISFAL v cycle & 72Tl A 5EZF WA
At espA A FFHS g PCR 71 94C/54%E
o] cycleS 13], 94°C/45%, 57°C/45%, 72°C/90%2] cycleS
308] AAISF vpAE cycle & 72°C/5%3F WESAIFTH

reverse primer® A}

espBe} espD A AFe] PCR Z72 annealing =57}
V2 63°C/45%, 60°C/A45z01H YHA] 2712 espA 77
A} PCR 2713} 5%

J3}t}. PCRS 533 - 5 ule] PCR
ARG 2% agarose geldll 21719358 & EtBrol|] 9 A5}o]
uvstel A 2] o}°ﬂ k.

espP AL HES fe PCR

PCR WH&-o 418 template DNA 5 pl, 2.5 mM dNTP
5 pl, 5 mM MgCL7F 2£3H 10 X buffer 5 ple} 242+e]
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primer 1 ul®, 1 U] Taq DNA polymerase2} BH S+
2 HF 50uE wFATh

PCR F71-2 94C/5%312] cycleS 13], 94°C/45%, 59T
/45%, 72°C/90%2] cycles 303] AA]staL wix|at cycle
F 72CN10E3E WESAIATE (17). PCRE 33
9] PCR AH=& 2% agarose geldl] A7]953H &
AAste] Uvetell A glskitt

LEE &fQlois z_l PCR

STEC?| selC Aol LEE Ao H-2 &2lsly]
$13k] McDaniel 5 (18)9] ®%oll we} multiplex PCRS
AR

PCR WS- A2 template DNA 5 pl, 2.5 mM dNTP
5 ul, 5 mM MgCL7} ¥3H 10 X buffer 5 msﬂr Z}7}9)

EtBro]|

primer 0.5 pl, 1 U2] Taq DNA polymerase®} € SF
2 FF 50 pl BE0UTh Primeris K260 forward® 1]

3, Z4zke] 3ol uke} K2557) K261-S: reverse primer®=
A}-8-3FA T} (Table 1).

PCR Z71-2 94°C/5%319] cycleS 13], 92°C2%, 50T
25 72CAE2] cycles 308 AAISEL vEAIE cycle
72°C/5%3F WEEAIZATE PCRES a9k 5 5 ul PCR 2HE
< 2% agarose geloll 7|95k 9 EtBroll 94ste] UV
stoll A gelakgith. o] Wl LEE Wkl $1x]ek K2559)
selC2] downstream primer?] K260S AF8-3F] 418 bpoll
A FEZ=E = 9= LEE7} selC9] ORF 394 regionol] 4%
AE AE YERH, E. coli K-129] selC 5-919] upstream
7} downstream primer$] K2612} K260 primerol] 2|3}
529 bpollAl TE5= 49 LEE7F ARsA 22 24

3 selC G-AAE 7Ix= Ao w Bk

HEp-2 MZ &5 AlH
Cravioto 5 (23)] WHo] we}, STEC Be]Fo| djsh
HEp-2 (Human epithelioma type 2 cell-line) 4|3 F-2-JHE

ZAFSEIT} (Fig. 1).

HEp—2 MIZ2| Hi2F I H2|

HEp-2 A3+ penicillin®} streptomycin, 123 10%
fetal bovine serum (FBS)©] ¥ DMEM (Dulbecco's
modified Eagle medium, Gibco, Gaithersberg, MD, USA)C.=
37C 5% CO, B]%7| (Forma, Marietta, OH, USA)°ll A HJ|
315 th. 24 well tissue culture plate (Nalge Nunc, Rochester,
NY, USA)l 27 13 mm Thermanox™™ Coverslip (Nalge
Nunc)S Z-3l, HEp2 AlEZ 2 X 10° cel/mlo] === 3
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HEp-2 cell seeding on 24 well plate

DMEM
with penicillin/Streptomycin and 10% FBS

| 377C, 5% Co,/ 24 hr

Media change with DMEM

DMEM without penicillin/streptomycin and FBS

‘ Inoculation of bacteria suspension ‘
| 377C,5% Co, /1.5 hr

‘ Washing with PBS, 5 times ‘
| 377C,5% Co, /2.5 hr

‘ Washing with PBS, 3 times ‘

‘ Fixing with 100% cold methanol, 6 min ‘

‘ Staining with 10% Giemsa, 10 min ‘

‘ Light microscopy (1,000X) ‘

Figure 1. The procedure of HEp-2 cell adherence assay.

Aate] 1 ml &3Sl HEH plates= 37C, 5% CO, ¥l
F7VA 24A17E HiFEte] B P =S STk
70% BE=e] 5ol o] FojAd, FBS7} H7bHA %
DMEMO.2 HjA| & 1l3h&}qlTh.

HEp—2 MZ F&5 AlE

2] 5A4% STECE 1% D-mannose’} ¥3-%¥ Luria
broth (Difco, Detroit, MI, USA) 5 ml %3} 37T, 16A]7F
2t ket &, Zhzhe] wiekel 150 ul FBS7F H7hE A
%2 DMEM 3 ml ¥-2 ¥ 37T, 2A13F &< vl dsisich
HfjoFel Zhzbo] ool 100 pl HEp-2 Al w50 dA %
plate®] 2~37l well¥ &3] 37T, 5% CO, Bl
A IAIZE 305 e oh2, PBSE 53] AlAHE 37T,
5% CO, w7114 2A17F 304 ¢t migaidich 1 &
PBSZ 33] MZ3}al 100% cold methanolS Z} wellol 1
ml 23l 657 A7 F, 10% Giemsa G MO 2 20%
1 AAS AldEIGItE SRR Sh MEste] 1z

AZ1 Z coverslipS wellZF-E] F-2]5}] slide glass 191

Table 2. Distribution of the virulence factor-encoding genes
according to symptoms of the STEC isolates®

No. (%) of isolates

Gene” P value®
Asymptomatic  Diarrhea patients

saa 70 (88.6) 6(14.3) <0.0001

eae 4(5.1) 31(73.8) <0.0001

ehxA 74 (93.7) 33 (78.6) NS (0.7803)

espP 6 (50) 26 (62) NS (0.5173)

®The bfp gene and EAF plasmid were absent from all strains
tested.

®The presence of the genes was determined by PCR.

°A p value of <0.05 was considered statistically significant. p
values for the genes were determined by the Fisher exact test.
NS, not significant.

bioA 3 EAF RTX0| tigt PCR AIE

bfpA 2 EAF #3#F &l AMEE primeri= 7M7)
Wieler 5 (21)@} Franke 5 (22)° 2]3+ RS2 Table 17}
At

PCR WM& 42 template DNA 5 pl, 2.5 mM dNTP 5 pl
5 mM MgCL7}F 234 10 X buffer 5 ul 2+2+] primer 0.5
ulA, 1 U] Taq DNA polymerase®} B ® SHT-= HF
S-S 50 plE Ik

bfpA -4} 1S 9% PCR =712 94T/5E71H]
cycleS 13], 94C/13%&, 57°C/45%, 72°C/N1HE2] cycleS 303]
AAEFAL PR eyele § 72°C/5%-7F BEHSAIZ UL EAF
AR HES Y3 242 annealing YA A 60°C/2%-
ol U= bfpA 72 TH2717 2okt PCRS
T8k & 5 ] PCR AH=S 2% agarose geloll 17195
& 5 EBrell fAske] Uvstell A &1lsisitt,

M
~

Ho

SA

PCR ZAZ}ol| w2} GraphPad InStatversion 3.0 (GraphPad
Software, Inc., La Jolla, CA, USA)S ©]-&-3}%] Fisher exact
test= A2} BAro o] o A4 Fods AR
3k3lom p gkol 0.05 wEl A5 SAA Feldel 3l
oo g selct

Z4 _Tl_l.

saa, ehxA, eae 7 Xt multiplex PCR &2t

AR RelRe R34 gua 2eF

M
4
[N
M
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Olsolates from Diarrhea Patients
Disolates from Asymptom Patients

1000 | Isolates from Bovine Stool
80.01 ]
60.01 |
4001
2001 I
NilY W=t ==
A B c D E

F

Figure 2. Distribution of the STEC genotype by multiplex PCR.
A: eaeA+, ehxA+, saa-, B: eaeA+, ehxA-, saa-, C: eaeA-, ehxA+,
saa+, D: eaeA-, ehxA+, saa-, E: eaeA-, ehxA-, saa+, F: eaeA-,
ehxA-, saa- (+: gene present; —: gene absent).

W 2elsite] AduaAE AvRo] 98 PCRE
AT A eae AR A R ASEEA 77

STECOIA 31 (73.8%), et

TS
(5.1%) (p < 0.0001), A~ =¥ F-2 STECANA 15 (9.1%)

A= AAE B S 58 &8
STECOIA 67 (143%), F57¢ AT STECAIA 707
(88.6%) (p < 0.0001), £~ 1 -2 STECAA 47 (36.4%)
7F ERIFATE exA A= AAE 2 A58 72
STECO|A] 335 (78.6%), 573 HHiHe! STECOIA] 74
T (93.7%) (p = NS), &2 =8 2l STECOIA 65 (54.5%)
of| Al = ATt (Table 2).

ol Al §AAe xFow AHEH HAEat 2
ol A= eaet, ehxA+, saa- (genotype A)2l group®] 297
(69%), F573 Ry EEFol M= eae-, ehxA+, saat
(genotype C)%! group©] 687 (86%)2.2 71g B2 H|F
< AAETE E=g & B fE BTl R eae-,
ehxA+, saa+ (genotype )1 group®] 45 (36%)= 7+ §-
AT} (Fig. 2, 3).

STECol| A 45

7} FJ1=%A, saa fr%

nr—“

STEC £2|F9 "attaching and effacing" 0| 2o

ste KT 54

eae T2 FHS A7G37] fA5t] eae THAE
7B 2 W frefl STEC BEl5 157, A 3 AE58
Ab 2l STEC w2]5 315, ¥/ AT STEC &
gF 15 2D FAYETOE ATCC 43895 (ELD 933)<-
AHE-3HA T

MJ Kim, et al.

600 bp =
400 bp =

100 bp -

Figure 3. Multiplex PCR analysis of the saa (119 bp), eae (384
bp), the ehxA (534 bp) genes. M: 100 bp ladder, lane 1: genotype A
(isolate GJ-04-08-23), lane 2: genotype C (isolate Jinwol-SBM),
lane 3: genotype D (isolate bovine 20), lane 4: genotype A (isolate
GJ-08-07-200), lane 5: genotyep F (isolate bovine 31), lane 6:
negative control, lane 7: positive control (EDL 933).

2072bp —

800bp —

Figure 4. PCR result for the detection of eaes (520 bp), eae,
(778 bp) and eae; (2,069 bp) genes. M: 100 bp ladder, lane 1: eaeg
+ (isolate GJ-04-07-84), lane 2: eae, + (isolate GJ-05-06-290),
lane 3: eae, + (isolate GJ-05-09-32), lane 4: positive control (EDL
933), lane 5: negative control.

eae A o, B, y, 5 L2 ¢ 3l A3 PCR 2
3, AAL 9 AF53k2; 2 STEC oA 7+ (22.6%)t
eaey A, 165 (51.6%)% eae, A, 18aL 3
T (97%)= eae, AP o ® YEbstth 2 AAb
2 A2E8%} f-8 STEC 55, & 9 f8 STEC 15,
a8l F54 9 STEC 15704 = =g goled
T A (Fig. 4).

A PHRZ AT eagy FHAFS 026 47, 0157,
0168, NT (non-typeable)’} ZH7} 1574 SRIE| Q1AL eae,
a2 01573 O111°] 242} 75, 0145, 0166°] 15,

eae, F-AAA-L 01030] 25, 01457} 15+ 2= ik



Table 3. Virulence factors of the 67 STEC strains tested

Strain Origin  Age Sex As]s)(i)i?:tsifma Gsrzil(;b Sorbitol stxl stx2 RPLA saa ehxA [Eae®  tir espA espB espD espP bfpA EAF Selc! Ail;ftzerlrice

27-1 Bovine - - - NT - + - + + + - - - - - - - - I AA

128 Bovine - - - NT - - + - _ _ _ _ _ _ _ _ _ _ ND IS

153 Bovine - - - 0113 - - + + + + - - - - - - - _ 1 LC

126 Bovine - - - 0117 - + + + - - - - - - - + - - ND IS

20 Bovine - - - 0168 - - + - - + - - - - - - - — I NA

27 Bovine - - - 0178 - + + + + + - - - - - - - — D DA

174 Bovine - - - 02 - - + - - - - - _ _ _ + _ _ D IS

31 Bovine - - - 022 - - + - - - - - - _ - - _ _ D NA

171 Bovine - - - 046 - - + - _ _ — - _ _ _ _ _ _ I IS

180 Bovine - - - 05 - - + - - + +UT) - - - - - - - D I

189 Bovine - - - 06 - - + + + + - - - - - + _ _ D NA
GJ-06-07-117 Human 1 M D NT - + - + - + +(B) - - + + + - - ND LA
GJ-05-06-150 Human 7 M D 0103 - + - + - + +UT) - - - - - - — D LA
GJ-05-08-057 Human 2 M D 0103 - + - + - + +UT) - - - - - - - ND LA
GJ-06-07-222 Human 2 F D 0103 - + - + - +  +HUT) + - + + - - - I LA
GJ-05-06-290 Human 9 F D o111 - + + + - - +(y) + - + + + - - 1 LC
GJ-05-11-087 Human 1 M D o111 - + - + - + +(y) - - + + + - - I LA
GJ-07-07-066 Human 0 M D o111 - + + + - + +(y) - - - - + - - I LA
GJ-07-08-056 Human 1 M D Ol11 - + - + - + +(y) - - + - + - - I NA
GJ-08-07200 Human 5 M D o111 - S I IS
GJ-08-07-422 Human 1 M D o111 - + - + - + +Y) - - - - + - - 1 LA
GJ-08-08-147 Human 1 M D o111 - + - + - + +(y) - - - - + - - 1 LC
GJ-07-08-040 Human 0 F D O112ac - - + + - - - - - - - - - - ND IS
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Table 3. Continued

Strain Origin  Age Sex As]s)(i)i?:tsifma Gsrzil(;b Sorbitol stx1 stx2 RPLA saa ehxA Eae® tir espA espB espD espP bfpA EAF SelC* Af)};tetr:;ce
GJ-08-10-091 Human 1 F 0117 - + - + - + +UT) + - + + - - - I LA
GJ-08-07-100 Human 8 M 0120 - - + + - - - - - - - - - - I IS
GJ-05-07-165 Human 2 M D 0127 - + - + - + +(B) + - + + - - - ND AA
GJ-08-07-205 Human 5 M D 0128 - + - + - - - - - - - - - - I NA
GJ-04-08-23  Human 2 F D 0145 - + - + - + +(y) + + + + + - - 1 LA
GJ-05-09-032 Human 1 F D 0145 - + - + - + +(e) + + + + + - - I IS
GJ-05-11-177  Human 1 F D 0157 + - + + - + +(y) - + + + + - - ND IS
GJ-07-06-324 Human 1 M D 0157 + + + + - + +y) - + + + + - - D IS
GJ-07-07-088  Human 2 M D 0157 + + + + - + +Y) - + + + + - - ND IS
GJ-07-07-216 Human 1 F D 0157 + + o+ + - + oy o+ o+ o+ o+ - - I LA
GJ-07-08-210 Human 1 F D o157 + + + + - + +(y) + + + + + - - ND NA
GJ-08-05-148 Human 67 M D 0157 + + o+ + - + oy o+ o+ o+ o+ - - D IS
GJ-05-09-110 Human 2 M D 0166 - + - + - + +(y) + - + + - - - ND IS
GJ-05-07-078  Human 8 M D 0168 - - + - - + +(PB) - - - - - - - D IS
GJ-04-07-84 ~ Human 1 F D 026 - + + + - + +(B) + - + + + - - I LA
GJ-05-07-037 Human 2 M D 026 - + + + - - +(B) + - + + + - - ND LC
GJ-05-07-164 Human 4 F D 026 - + - + - +  HUT) - - - - + - - I LA
GJ-05-10-167 Human 3 F D 026 - + - + - + +(B) + - + + + - - ND LA
GJ-07-05-219 Human 44 F D 026 - + - + - + +B) + - + + + - - ND LA
GJ-08-07-438 Human 6 M D 055 - + - - + + - - - - - + - - 1 IS
GJ-07-09-032 Human 11 M D 084 - + - - - - - - - - - - - - ND LC
Gwangsan3  Human - F SF NT - - + + + + - - - - - + - - ND LC
Jinwol 1071 Human - - SF NT - + - - - + - - - - - - - - ND IS
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Table 3. Continued

Strain Origin  Age  Sex As[s)(i)zei:tsif)na Gsr:;)b Sorbitol stx1 stx2 RPLA saa ehxA Eae® tir espA espB espD espP bfpA EAF SelC! Aizzzr:e
Yongdoo 29 Human - - SF 0103 - + - + - + +(e) + - + + - - - I LA
KBM Human - M SF 0103 - + - + - + +(€) + - + + - - - I LC
Jinwol 1682 Human - - SF 0115 - + - + - + - - - - - - - - I LC
Yongdoo 26 Human - - SF 0141 - - + + - - - - - - - - - - ND NA
Jinwol 457 Human - - SF 0146 - - + + + + - - - - - + - - 1 IS
Jinwol 1692 ~ Human - - SF 0146 - - + - - + - - - - - - - - D NA
KIW Human - F SF 0157 + + o+ + - + o Hy O+ o+ o+ o+ o+ - - D IS
Jinwol 242 Human - - SF 0163 - - + + + + - - - - - - - - ND NA
DG3 Human - F SF 0168 - - + + - + - - - - - - - - 1 NA
Gwangsan5 Human - F SF 0174 - - + + + + - - - - - + - - I IS
Jinwol 41 Human - - SF 026 - + - + - + +UT) + - + + + - - ND LA
Yongdoo 30 Human - - SF 084 - + - - - - - - - - - - - - ND NA
Gwangsan3-2 Human - F SF 091 - + - + + + - - - - - + - - D LC
Jinwol-SBM  Human - F SF 091 - + + + + + - - - - - + - - D IS
Jinwol 9 Human - - SF 091 - + + + + + - - - - - + - - D IS
Jinwol 13 Human - - SF 091 - + + + + + - - - - - + - - D LC
Jinwol 1222 Human - - SF 091 - + + + - - - - - - - - - - D IS
Jinwol 1269  Human - - SF 091 - + + + - - - - - - - - - - D IS
Jinwol 1672 Human - - SF 091 - + - + - + - - - - - + - - ND AA
pork food - - - NT - - + - - + - - - - - + - - 1 IS
beef food - - - Ol16 - + + + + + - - - - - + - - ND IS

/02 "3 BUIDNPOIA—UIXO | BAIYS JO UONBZISIoRIBYD) JBUSY) 18|Ndsjo

*D; Diarrhea, SF; symptom free, °NT; nontypeable, “UT; untypeable, 4ND; not detected
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Figure 5. PCR result for the detection of espA (299 bp), espB
(633 bp), espD (939 bp) and tir (1,550 bp) genes. M: 100 bp ladder,
lane 1~4: espA +, espB +, espD +, tir + (isolate GJ-05-09-032),
lane 5: negative control, lane 6~9: positive control (EDL 933).

300 bp —

Figure 6. PCR analysis of the espP (301 bp)genes. M: 100 bp
ladder, lane 1: espP + (isolate GJ-07-06-324), lane 2: negative
control, lane 3: positive control (EDL 933).

tir fr2k= & W el STECOA = Sl=#] eksh
o}, AAb B AT 524 8 STEC el Foll M= 1
T (54.8%), 5 @%2.&03 STEC w25 15 (100%)011
Al ERIEATE tir F3AE 7H el B eae 7
A Bfskal dlom MRS eaey’t 55 (27.8%),
eae,”} 75 (38.9%), eae, 35 (16.7%), UT (untypeable)©]
37 (16.7%) Atk

espA, espB, espD X AE E% 7}XW 9,1% o
9T (9% EF A B AT T
o} espB A= 4 T—.%X} 2 STEC 24
(774%)}F 573 A3 STEC 15 (100%)14] 215
espB S 713l AL B A5 59kA)

Aleletar FAdsHA HEHAT (Fig. 5

Ak R

3, espD=
f2l STEC 157%
2} Table 3).
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500 bp —>
400 bp —

Figure 7. Multiplex PCR to distinguish an intact selC locus
from one disrupted by LEE. M: 100 bp ladder, lane 1: disrupted
selC (418 bp, isolate GJ-05-06-150), lane 2: Intact selC (527 bp,
isolate GJ-05-06-290), lane 3: ND (not detected).

espP ST Xt PCR Z2}

AAF A E=8k2) f-8] STECOIA 265 (62%), o
2 Je7td STECOIA 65 (50.1%) (p = 0.339), 4
Frefl STECOA 35 (18%)7F SH1%|Aar, A5 Fel5
171 (50%)°l1 41 ZR1= ATt (Fig. 6).

ofN & o\

LEES| @MAI40| &l0f% PCR 21}

Chromosome 2] LEE A ¥*1E AA3s17] Y8 PCR
AN A AAF 2 A F5E3R {8 STEC 315
= 57 (16%)5r0] selC A A Ad=o] AN, 165
(52%) selC o]<]2] GAAo] AYhro] ARoH, 105
(2% M= Belat 5 gloih Eak selco] 419] = o]

mlo

9)= STEC & Ol11°] 752 714 Wo] A8t U
t} (Fig. 7).
HEp—2 MZ £&s AgZ1}
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4 | el X]ﬂ‘ﬂ 54 Qoi
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el B iéﬁl'?ﬂ
10114 52 FElE LC (loose
clusters of bacteria) = 3_7] SR ek A7) ] 3

YA om Aol FABhE WS

ox 2 O
ool
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Figure 8. Adherence patterns of STEC in HEp-2 cell culture. A: LA pattern, isolate GJ-04-07-84, B: LC pattern, isolate Jinwol 9, C: IS
pattern: isolate Jinwol SBM, D: DA pattern, isolate bovine 27, E: AA pattern, isolate GJ-08-07-54, F: Negative control.

IS (isolated bacteria), LAX %] 4| 3&o] DA e Je= eae, ehxA, saa <ol gk multiplex PCRS A A gk
B2 = Aol olal AXEW AAo] £2Eo] = Ay, Aagka 2 AFEx F2 STEC 405 FollA
5EFS DA (diffuse adherence), M7} ofd S| A % A| 317 (73.8%)7} eae FAALE, 67 (14.3%)7} saa -4}
w718 FHA GRS Pt AERHAE Td F HAeielen, 75 Aeed STECE saa 312k
3 BokS PSR S1S AA (aggregative adherence)= & S 4 (5.1%)7} eae FFHALE, 705 (88.6%)7} saa #-7
Fatqlch v o2 Alate] Fafo] WA & AE AE EASkal ATh & W fE FEFolAE eae
NA (not adherent) = 3 7]3}31t} (Fig. 8). 157 9.1%)1 AT E1E %o, saat= 45 (36.4%)°

2 ¥ fFE STEC w85 T 47 (364%)°l4 IS A ERRleo] 75 Aokl 859 vlzg fdzk

(isolated bacteria), AA, DA, LC7F Z+2F 1574 #a=iek. di-d S epiigich weba] STECS] 4735737 eae fr
AAb 9 A F 5302 fafl STECOIA = 165 (381%)914 XAk & saa %12k (p < 0.0001)2] -7 s 8
LA T8F S, 135 G1%)lA IS 8F, 757 (16.7%)14 13 5 ATk T eae FHAE 7R s BT
LC F8Y 223l 15 24%)N4= AA FHIES 91 saa S BAekal 9lA @0} Paton 5 (14)°] 23}
) XA 71

o)

9_15
)
Ho
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oX,

o

fot

ST Fod AT STECOIME= 65 (50%)elM IS oF dAehE o 4= AT Schmidt S (11)°] eh i
TAGE, 27 (16.7%)°14 LC £, 747 15 83%) A7k STECS] B4 A=A 9] $845 AF3iA
o4 LASH AA TGS Felsk3ith B TL o] F 292 9)9F 2R (9)9] ATl =
WA dske] duaAE S 5 glolH 2 ATl

L~ A% hemolysin A1 ehxAv S Jekztel

AR Ao 7t AR SR Fojdo] fIleH, saatt
TolA= STECS] W72 2 AAdSAa B eae A AR5 Aglo] 50% o]l STECOIA
AAE WAt FFAGNA FeE A RIS
3 s 1 8% STEC T3 genotype A (eaeA+, ehxA+, saa-), genotype B (eagA+,
& ddoz Yoy dHE A 2de Aol & ehxA-, saa-), genotype C (eaeA-, ehxA+, saa+), genotype D
st (eaeA-, ehxA+, saa-), genotype E (eaeA-, ehxA-, saa+t),
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o

genotype F (eaeA-, ehxA-, saa-) & 18-S T-53190S 1,
A 2 AF 534 {8 STECE genotype A group©|
29 (69%), T57¢ JEy g5l A+ genotype CS!
group®] 689 (86%), & w2 e FolHE geno-
type CSl group®] 45 (36%)% 7Fd A&t} =3
T2 dH32l 0157 (759, 026 (65), Ol11 (75°)°] EF
genotype Adll 3EFE O] USIT) o]ZH Fhx|} T} F
& AT wEFeke] FHEe atolE gRlski
HAFet A& FEFete] FAAE B
T AATE eae FHAFS} saa A BT
TECOIA A& the 7] o= Fao] #hefsh=
F FrAQIAbE A QIARE (8), ATl A= saa
2ok WA zte] ekl 1t sl] o ik
LEEZ} Aol¥ STEC] plasmidol &EA|SH= saa 3
A= (24) AES] ool AT A7 F-E T
ot} E. coli K-12¢9] saa A& F=sket Av} v
24 FARFEE Helon, 1998 HeF ool A
ool HUS Hehdy b= 58 o] O113:H21 STEC
(98NK2) ol Hx= =k (25). 28 H+
ToxB, Sfp (sorbitol fermentating enterohemorrhagic E. coli
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v Mo
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do o\ o= X o of\
fo o My oly
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fimbriae) % Tha (adherence-conferring protein similar to
Vibrio cholerae TrgA) 52} &2 STEC F21z}e} g
< 87do] F24E AL 3t (26). 12yt 24 ekt A
et BelFE el Ak Bapol it olstee, o
2l1ek Wl Aol ok gl R i A
wo] ztolE Fall, HA| MEFFAA ] e atgel dish
717 B s Ao A7,

STECE: eae §-d7Aol ol8] ximte] 5442 AE

lesions /8=t o= SFAHES vAlEE AA 2t

o, B2 Ao vi2 el Al W FZe] dA %
W3lE Rolal W& pedestal-like 725 FA S} o]
25t =AW |4 5-2]E "attaching and effacing" (A/E)
lesiono| 2} W8It (27). HEE EPECY 7ol 3
ZEojxl om EHEC®F U5 Hafnia alveioll thall A%
S R wFAEAA L o] BeFo] wEEolHith 1 o]
% Adu-Bobie & (28)°] 9J3l| ¥ intimin o, B, 7, § &
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N gt 9= & BneEy v, Tied) A3t ¢ gvt
9wl ohFeb S5 AR Fspd ) kol

At} 30). =& FAAFLS o, B, & y°I™ (29), lintimin «
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EPECOIA =2 1% & WHA, v, e EHEC, intimin B
EPEC®} EHEC E-rollA #zt) (31). wpabA] STEC
A Al gk 1S 3 0 intimin SRS L
59 fAAgel thak B4 o] Fox|a Ak, STEC
7} HUSY HC9F 22 dd5ds dorl=dl oA
intimin®] &gkl gk oA w9 thesict (31).
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B2 HES 23 intimind} Z3SHE receptors A H
sh= tir FHIANE BA8tal 9l 177 BT eae, espB,
espD FHAE 7HAAL AR espA FHAE HAfS)
A9l 950 A= B espBS} espDE E1E QL) o
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A e HFEE IR1E F AT o] &
194 Abgta} FEZ5E E2¥ STEC®t EPEC ¥
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a7t AE lesion®] @A %ok, ol FHAE
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ol 2ol gk A7t mH]steh =gk EPECH
STEC & U} LEE locus®l 2|38 A/E lesions A 3HA| 7+
A7) ulss gule] wol vhEct 42). = 4
Aetel oli5e] 25 ojxl § EPEC: BFPY flagellac]
ofsf S Pt thE Al ES F-EEH gt 1)
Aletehs kARl (43, 44), STEC W8 BFPY EPEC
°of ohE FARIARS T 7l o R ARRE F2E Tk
o] EARE G| S FAATT 42). A
TollA S} F-54 Al A elEl STEC w537k
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