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Enteropathogenic Escherichia coli (EPEC) have been implicated in human diarrhea in several countries. Central to
EPEC-mediated disease is its ability to cause intestinal lesions, known as attaching and effacing (A/E) lesion. We
investigated 92 EPEC strains isolated from patients with diarrhea in Gwangju for their genotypic and phenotypic
characteristics. Sixteen (17.4%) of all strains were found to be typical EPEC because they were bfpA gene positive by
PCR. The most of typical EPEC isolates (87.5%) showed a localized adhesion (LA) pattern in Hep-2 cell adherence
assay, whereas, only 11 atypical EPEC isolates (14.5%) were adhered to Hep-2 cells in a localized manner. Thirteen of
the EPEC strains studied belonged to classical O-serogroups of EPEC and 7 isolates were classified as nonclassical
EPEC serogroup and the other isolates could not be serotyped with our antisera. The subtypes of eae, tir, espA and espB
genes which are major virulence genes concerned of A/E lesion on chromosome were analyzed by multiplex PCR for
finding the original resource. The results showed that the composition of these genes subtypes was homogenous and
heterogenous in 12 and 26 isolates, respectively. The others were non-determined type in terms of the gene subtype
because of genetic diversity of intimin-coding eae genes. Our findings indicated that EPEC isolates from patients with
diarrhea were diverse genetically and phenotypically, which require further study in regard to their virulence and
epidemiological significance.
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v Zo® glgd wal, FHAd NGt 7] dEhH
STl A o] WdAe] Aol A7|FEaL Ut (4,15,26).
A AL NGRS Aol JsiAvE Fo= S
Tt F71 FAdFo] Aol Aatel wHelo] = Bo
FRI= WA, 1995 Ao gwrel g Al 22 =4 4
FAQo M= =AY T 54 FA-AEA &4 (atta-
ching and effacing, A/E)o] FHAANAH S AR T2
8291 AoR ATt (12). F2-AEH &AL wAlS
o] AU Alf-2dI AT Afole] 71 Fzlof <]
ERA 7Ly T3, FakE Alete] viE Wojlx] 22| shE o
go] 48 23 AEx A dAg Wsrt 2o AH,
Aite 7%t (pedestal-like) T-%2 FA3IC (21). ©]2]3h

o

AR 23-FF aXAA FES Fo] JEEY &
5 A3l =Y, 4543 gl (Enterotoxigenic Esche-
richia coli, ETEC)°]u} H|B2] e ZF|gltolr Holx|&= &
A e M2 AR AdIe Adde &)zt 2l
of BE-AEA S 1eE 3 EEY dx2A A
A7HEERY AR A S ol&ate] A5 HEEA
lom, Knutton 5ol 93l #1502 312+ Fluorescent-actin
staining (FAS) testE “&3}] ¥|¥% HEp-21} HeLa A2 %
ol A Aol o] APEE AS ER1%E = STt (14).

A=A 4] AARIARE QAAC] LEE (the locus
of enterocyte effacement)ol] X5}, o] 7|0l intimin (-2}
Z~), type III secretion system, ©#] 7}4] EPEC secreted protein
(Esp)¥ intimin®] 83 (Ting d23leles FAAES £
$Hekch Intimin eae frAtell o3l ¢tEslEl 94-KDa Al3E
kil g2 Mg} SFEAER Alele] BARE 71dEtA &)
= 93kS 511, Esp (EspA, EspB, EspD) 24158 &5 A2
2 effector wAFES A3l AEZAS A 54

o] 7I5& gl deEAe] S FIA7IAL (7), Tires
HAGUGTS dgste @de sz A2
2 A= intiminell gk A2 2Hg-gh} (13).

A5 G A oldte A GAEANA FAA Fat
(localized adherence, LA)o| 2= 54131 F-2ae S Vb
t}. o]2|3t A4S EAF (EPEC adherence facter) plasmid®] <&
Ao} BHo] 9l o™, EAF plasmid ¢Holl £4]3H= BFP (bundle
forming pili)E & slel= FAA Hdo] AldES A= A
Aste] MAEHE P38 o]0 HsE BRI A
o2 ofAZI} 12} o2 gk EAF plasmid®] EA|7F H-2h-
28 &S FEATIE 288 sV kAR F

3
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B oAE PFA Gl A At MApsixz Y EaE
% 0T AHYANGES R, ol Wy 52

243, SEM, M2, ofSE, FEE, 015

AR BhA =M ThsdE B olsfEb] 13 54
o2 Zp7re] elatgel iste] ARl 93+, HEp-2 Al
ZHJell, bfpA Bl EAF f31Ake] EA1E elskalt &

x5

g -2 A el Hofshs eaed WIS i, espA 2

espB Aol et HRFEAE Soto] WAle] 29 % W
A = A

= O
1. AEZF
Ao A= 20029 99EE 20034 847HA 12701 H
oF FFAY W - o9] Lol i) F TR Y T

= s g2 o2 RE FelE WAt F, eae
frAApell tigk PCR Al@ A3 (F:5' TGA GCG GCT GGC
ATG AGT CAT AC 3/ R:5' TCG ATC CCC ATC GTC ACC
AGA GG 3', EMBL X60439) A<l A tld+t el

T ZF 02TE o= AFIITh
2. O Serogroup A&

Denka Seiken (Tokyo, Japan)A}2] Pathogenic E. coli Immune
Sera "SEIKEN"Z} 1 ARg-Holl oAt Alg59] 43
A AT AFE ARSI

of whe}, Zizte] AfdFE THE
Ao A ELRS HEp-2 (Human Epithelioma type 2
cell-line) AlEol] tist F-2Feg ZALESIT (Fig. 1).

1) HEp—2 MIZE2| HiF 2! Xz

HEp-2 A3+ penicillin¥} streptomycin (Cambrex, Baltimore,
MD, USA), ZZ2]3L 10% fetal bovine serum (Cambrex)©| 38t
¥ DMEM (Dulbecco's modified Eagle medium, Gibco BRL,
Grand Island, NY, USA)2.2 2X10° cel/ml7} H =5 3435}
o] 8 well Lab-Tek Chamber slides (Nalge nunc, Rochester, NY,
USA)®] 7} wellll 400 wi® FsI3 ek HEH slides= 37T,
5% CO, HiY7]o1A 24217F vl Fate] G5 Pk st
Atk 70% Ao ©hFo] o] FolAH, PBSE 33| A= s}
a1, A A7FE A 92 1% D-mannose (Sigma, St. Louis,
MO, USA)<} 2% fetal bovine serum%te] % 71E DMEMO 2
HiA & agkate] ARlol o833t

2) HEp—2 M E 225 A&

Y 5AE WS 1% D-mannose (Difco, Sparks, MD,
USA)7} Z3H Luria broth (Difco) 5 mloll 4Zato] 37T

A 16A13E E_E A vk 2 el w8 e



SFXNA0A 2ele ZEJALUE D H8e 2 RTINS S| 28 27 169

HEp-2 A ©5o] FAH slide?] Z+ welldll HE3lo] 37C, Azg vEgHeo] FAE EoJA DolXl template DNA 5 pl
5% CO, Bl ]olA 3AI17F Bt w3k th-, PBSE 33] A £ 78IStk o8 T aAduk-S7] (Perkin Elmer 2400,
23}aL, 70% methanol® ILAHAIX] & Giemsa 92S A3 Boston, USA)E A}-&-5}o] 4C/30 sec, 56 C/1 min, 72°C/2 min

= 1=
ko] 1,0008 3837 (Carl Zeiss, Germany) . &2 #2515 < 303] Al vlRE cycle & 72TCollA] 53 RESAIH
™, HEp-2 t} o] ¥ 10 w2l PCR =S 2% agarose gel (Gibco, Gai-

o). olu) ztzte] @l thae] 2314 AAage.
MEL] 40% o] F-2F St A A3 thersburg, MD, USA)°| 719353 & EtBr (Gibco)oll 41
3] DNA image analyzer (Vilber Lourmat, France)= 23135}

4. bfoA U EAF SEX} o
oA ST,

A& AE

Gunzberg 53} Franke 52| ®H (6,11)°l 2|3}k (Table 1),

) 5. eae—tir—espA—espB 98X S 24
717} bfpA 2 EAF 542 that primer 10 pmole, 2.5 mM AT esb e

dNTP 1 ul, 5 mM MgCL7} ¥38HH 10 X buffer 2.5 pl2} 1 U eae, tir, espA 123l espB ARl thet % 2 /-8 4
2] Taq DNA polymerase (Bioneer, Dagjoen, Korea)S- A-8-3}< 45 $1319d, China 5-2] Wl W} multiplex PCRS- A A]
Table 1. Primers used to detect for bfpA and EAF gene

Gene Reference strain Sequences of primers (5'—3") Product size (bp)

bfpA E2348/69 F: AATGGTGCTTGCGCTTGCTGC 326

R: GCCGCTTTATCCAACCTGGTA
EAF E2348/69 F: CAGGGTAAAAGAAAGATGATAA 397
R: TATGGGGACCATGTATTATCA
Table 2. Primers used to typing eae, tir, eSpA and espB gene

Primer Sequence of primer (5' — 3) Target sequence Reference strain Product size (bp)
B73 F: ACTGAGATTAAGGCTGATAA conserved region of eae
B138 R: GACCAGAAGAAGATCCA eae o type E2348/69 452
B74 R: AGGAAGAGGGTTTTGTGTT eae vy type EDL933 778
B137 R: TGTSGTCGCACTCTGATT eae B type 193 520
B139 F: CR'CCK“CCAY""TACCTTCACA conserved region of tir
B152 R: CGCTAACCTCCAAACCATT tir o type E2348/69 342
B141 R: GTCGGCAGTTTCAGTTTCAC tir y type EDL933 781
B140 R: GATTTTTCCCTCGCCACTA tir B type 952Gl 560
B163 F: TGAGGCATCTAARGM ™ GTC conserved region of espA
B165 R: GCTGGCTATTATTGACCG espA o type E2348/69 269
B164 R: ATCACGAATACCAGTTACCA espA v type EDL933 172
B166 R: GCCGTTTTTGAGAGCCA espA B type RDEC-1 101
B148 F: GCCGTTTTTGAGAGCCA conserved region of espB
B151 R: TCCCCAGGACAGCAGCAFT espB o type E2348/69 94
B150 R: GCACCAGCAGCCTTTGA espB vy type EDL933 188
B149 R: CTTTCCGTTGCCTTAGT espB B type RDEC-1 233
L R=A+G, T K=T+G, 7, Y=C+T, 7, M=A+C



170

3129t} (2). PCR ¥H-9 242 template DNA 5 pl, 2.5 mM
dNTP 5 i, 5 mM MgCL7} £3H8l 10X buffer 5 s} 2}2te]
primer 0.5 w1, 1 U] Tag DNA polymerase®} Bt S/
2 FHF 50 ple Ak ALE-E primer Table 29} 22
M, o]5S THEALAMNNE] (Perkin Elmer 2400, Boston,
MA, USA)E AHE-3Fe] 947C/30 sec, S0°C/30 sec, 72C/30 sec
< 303] AR wEAR cycle & 72°Coll A 5E3F HESAIZ
t}. o] 3 10 ul2] PCR AHES 2% agarose geloll 4719953+
S EtBroll A435}lo] DNA image analyzer= 2}913}%I T}

s, SEH, M =8, SEE, 0|38
z2 2t

1. O—Serogroup
AR A NG BEdF 9250 Wk #ATY dHdL
SN ARAT, 207 2L7%)e] HEH o R FA el
AR =R oW, YA AJFFF (78.3%)= Al A&
FdAol diste] Sguke-S A & gk SRS
Bl 205 &, 135 (14.1%)= EPEC O X0 & d&x

0114 (677), 0119 (157), 0125 (15), 0128 (25, 0142 (37l

Table 3. Genotypic and phenotypic characteristics of EPEC isolates

Genetic profile HEp-2 cell Type of S .
(number of isolates) adherence pattern cae tir espA espB erogroup (number of isolates)
eae, bfp, eaf (1) LA(1) NT" o o o ouT™(1)
eae, bfp (15) LA (13) a a a a 0157(1), 0142(3)
NT a a a 0114(2), 0125(1), 0157(1), OUT(4)
NT a NT a 0157(1)
AA(2) NT a a a OUT(2)
eae (66) LA (11) o o a a OUT(1)
B a a o OUT(?)
NT a o o OUT(?2)
NT B B B OUT(2)
NT Y o a 063(1), OUT(1)
NT Y B Y OUT(1)
NT NT o o OUT(1)
AA (43) a a o OUT(©®)
p i i OUT(3)
k% a o o OUT(5)
Y Y p y OUT(1)
NT a a a O114(4), OUT(8)
NT B B B 063(1), 0157(1), OUT(4)
NT B B NT OUT(1)
NT o NT o 020(1), OUT(4)
NT Y B Y OUT(1)
DA (22) B B B B 0119(1), 0128(1), OUT(2)
Y a o a 0128(1), OUT(8)
NT o o o OUT(7)
NT B B OUT(2)

*NT, not typable; - OUT, O-untypable
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Figure 1. Adherence patterns in HEp-2 cells presented by EPEC
isolates. A-1 and A-2, LA patterns (localized adherence). B-1 and
B-2, AA patterns (aggregative adherence). C-1 and C-2, DA
pattern (diffuse adherence). Original magnification, >1000.

N
N
=

I

ol

2} Eohs o ERIHAL, WA 7= AN
0 Aol £3kA] 22 0157 4599+ 063 25F), 020 (1
F)elM S-S BT (Table 3).

z

HEp-2 Al3Eel] tigh -2 AlE 2, a9 odtol
AEAQ 42 F-2 (localized adherence pattern, LA) 3 El
7} A AAET2] 27.2%30 255004 EAEA o, LA
Al BoA= 2AH o R Ty Feehe g B =53
A dAE 2R3 ARy o Fojx BEY S AA
(aggregative adherence)Z Y7|E W 457 (48.9%)°l A o]
ol BEHNT. WA 225 (23.9%)M M= Alatol
712} HyH oz Fash= o (diffuse adherence, DA)S 1.
At} (Fig. 1).

3. bfvA & EAF ST Xt PCR

bfpA FdAtell thek PCR A2 3k, 165 (174%)°14 &8
WS Helom, o] F 15 Who] EAF iAol gk PCR

Al@AFe| & F o2 SRIFHIT (Fig. 2). B3, bfpA™ 145
o} bfpA” 115 HEp-2 AlE Aol LA phenotypeo] &2

Ol 25t A2 17

400 bp»
300 bp» 100 bp

200 bp+

Figure 2. PCR result to detection of bfpA and EAF gene. A,
lane 1: 100 bp ladder; lane 2: bfpA" isolate; lane 3: bfpA isolate. B,
lane 1: 100 bp ladder; lane 2: EAF " isolate; lane 3: EAF isolate.

HAEE 1T 4= ST} (Table 3).
4. eae—tir—espA—espB &K /4

eae 2t FrEA1S 919k multiplex PCR Z 7, eag; (18
7, 19.6%) > eae, (157, 16.3%) > eae, (57, 5.4%) > = L} E}SE
ow, WA 545 (58.7%)= fr@ol AaAA okt tir
Frztel disi A= tir, (68, 73.9%) > tirg (187, 19.6%) >
tir, (55, 54%) A4 o= Yebhal, espA Akl
A= espA, (657, 70.7%) > espAg (2157, 22.8%) 12|31 espA,
AR GR1HA] %o, espB A= espB, (7157,
77.2%) > espB; (175, 18.5%) > espB, (35, 3.3%) w=C.= L}E}
weh B3, tirs} espB oAbl thste] 247 154, espA
ARl tieir= 657 ol o, y 22]IL B typeell THg
multiplex PCR 27}, ojujgt Wi=1= 2918 4= {IUTt (Fig. 3,
Table 3).

eae, tir, espA2} espB 47141 FAZ ] gl f& ] =3
zbzre] ARkl diste] FFo S B #5127
(13.1%) =, eae, tir, espA, espB, 2} eae; tirg espA; espBg7+ 22t
579F 772 FRIFATE T3, eae, tir, espA, espB, 7t 145
2 7P B vEE 2RSS AL, eae; tir, espA, espB, 7t 11
TE 1L FHE oo eae, tir, espA; espB, = 1504 &1

= AT} (Table 3).

N ol
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300 bp+

100 bp =+

243, SEM, M2, ofSE, FEE, 015

=] ’

Figure 3. Result of multiplex PCR to analysis subtypes of eae, tir, espA and espB genes. A, lane 1: 100 bp ladder; lane 2: eae,; lane 3:
eaeg; lane 4: eag,. B, lane 1: 100 bp ladder; lane 2: tir,; lane 3: tirg; lane 4: tir,; lane 5: negative control. C, lane 1: 100 bp ladder; lane 2:
espA,; lane 3: espAg; lane 4: negative control. D, lane 1: 100 bp ladder; lane 2: espB,; lane 3: espBg; lane 4: espB,; lane 5: negative control.

(World Health Organization)oll ]3] <148 Fw A g
JH TS 026, 055, 086, O111, O114, 0119, 0125, 0126,
0127, 0128, 01429} 01582 = 127}A| o]t} (20). L4} ©]
23t AN Aol e P15 HYAdu
o 53], F5H AN+ (Enteroaggregative Escherichia coli,
EAEC) 59 w57} X3 7]% &b, mixbbA] 2
dgtel B FEEel e Wl uddel dushs @

55 sAsE FEeAE 9tk Hat oiFE AL vk
(5,20). & AFM = Aol AHHE F 20572 U
g EEdT T 77e 542U NS (Enterotoxi-
genic Escherichia coliy\} &3 /dt"d=t (Enterohaemorrhagic
Escherichia coli) O serogroup®ll 4310, 135 Who] A
73t O serogroup®ll &3t F o= ER1HUT]

HEp-2 A2z digk A d)7d+T2] LA phenotype
3} bipA % EAF F-732ke] &4 Alolell = £ JaaAE
zZhetha g o), 2 ATl A 1159 bfpA” EAF
57} HEp-2 MX 3ol A LA phenotypes A3ttt o]
28k 32 Scotland 5] A3} AR5 (23), Gordillo
olgg #E5ol BFPS} AR e F-247t SRl

&7 vE §loL} EAF plasmid’} ZAold HFE0lA]

9] intiming Y3 3}H= eae ARl ik FxE
| HEp-2 A2t ol LAE fr=ste 3lolgtal 54
(10). = A7-9] M F25 A|FoA HoA|=
Yo] F2El oA|, o af A Trolur A 24t
S WAISTH eae AR WAAES] Afo]2 HHE
AT

R Levine & AbEe] LAt w571 E2348/
69=5-E] EAF plasmidE AAAIZIH 1 W=7do] s oF
ol = ETtstar AR AR el A HALE ekl

BT (17). AAR =2 ofglols AfelellM AF 3

i
o

x
rlr
e

T o2 | o
i_r?
o

o2 o g
o ¥Q el
o 2L

i

it
e

AAtel AT A wAAGE eull B o] 4ol A<lo]
1 2550 AR YAZA, EAF 5730184 ea
FEo] U= ST (25). oleld HFEC]
MAZ= EAF 490 T57F EAF plasmidE 2241
AL}, vero toxing 9% 3}8}= phage”’} A~ H FEEAX
9] FAEY 7154 0] Levine S0l 28] AAEHATH (18).
upebA], 199530 H Aol gk Al 22F A
AEA DA F2-2d 7] 448 P4 H2540E
AAVBIA] eke 37} EAF plasmidE 7FAaL glo {3
2 A o)t (typical EPECY2} 3L, EAF plasmidS 2H4]
o A FHAG ol (atypical EPEC)YE} A 2|3}
Ko, HHFA FHAGNI GA] 8] A
Al divdel war ot (12).

Ao Ao ENE BoAA= A frAkg H
-2l d =go] FEE Ao det d5- Hafia alveioll
3lo] AAE 5 9 A EoA BFEIH T} (4,26). E,

Pt FE AN Qo P-4 E &4

N

Moo
D
o2

008 ox e

f
e

N
o 9 rlo o i

oL

T A= TSt gigtEe] B9 FobA|, HA
o} a1Fo] FolAl Eelgd wel, o)E WA AL
A7F WFH AT (4,15,26). AginTF Wolf:= Abs
A Aot (B2348/69, O127:H6)9t &3
DL933, O157:H7) 18|31l BE7|25¥ EeH %
(RDEC-1, 015)9] intimin®] W82 o a2 F
< Rl olES A7 o, v 183 BE O
(1). &3}, China 52 eae F-AHERE olLg}
tirek esp FrAAES] A E o, y 225 B FHEAS
Sk multiplex PCRY S 7Hd3to] A8} Algtell A 25 4
AN 2 FEIANGTl 2 Fdzkel digk
< HlaLEksint (2).

B ol = China 59 W )0l whel, FFx] o)A
e FEAd ool tiste] FA-AEA Sl o]

o oo
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|

M
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RLe
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313 eae, tir, espAS} espB FFAAFES] FHE A5 eae,
tir, espA, espB, (14 > eaey tir, espA, espB, (115°) > eaey tiry
espA; espBg (75°) > eae, tir, espA, espB, (55°) > eae, tir, espA;
espB, (157)°] ZA3= 18Itk o]2|gh A¥:= China 5ol
ofgt AAFAIZE = As) AlF AN EelE FEEA
At 2 AN TS g R & A7 Goffaux
o] JNe} argkolell A el Aot gk A7l
~] eaey tir espAg espByo} eae, tir, espA, espB,2] F-eol thEt
53“1 =t %Toﬂ/\i E}OL% Azfe} A Ape|=] %}i
TE] THsAE ‘—”%?%”—1 ﬁ”qoﬂ
sk 5= gl-g— Ziii wekd) (2,8). 3 eae 2R}
A A 752 58.7%81 5457} o, y 18] AL
B fradoll &alA] ek B Aol A} #eIste], Vieira &
7} Nunes 5ol ©3l HAIH eae 3R] F3ol| gk AL
AME ZH7} 83.1%%}F 71.6%] titkr7t 3o AA A &
= 232 B9t (22,24). 183 A5 5l3H eae

7229} intimin receptor] TS Ao slel= tir F-FA)
Atole] fajo] AXE Ao &P A= EE, eae
AR e} tir AL Afololl A BoR|= FF] o] ¥ 16
FA AT YERRTE o]t eaed} tir F-1AIT] Aolst =
32 China 57 Goffaux 52 ATAE KXo, in-
timin¥} receptor A}e]2] R A1 ol tgl o] A|7]
A} 2.8).

oo A=, FFA|FoA BAg HAFAZRE &
g g digTe] a3 el Blad S Ao
2 aE, o= vt vyiAE T8 AEA R EA
s EO%Z‘UE ool thgk FRISIEH FAAA =

, Intimin- ¢

AFHAL QA Bl 2e A4 Fel el
& AT ol ol Tt 1A wE} W ook

o Ao = ok,

-

} o =
o Fd
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