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Background : Shiga toxin-producing Escherichia coli (STEC) was found in several serotypes of E.
coli including 0157 serotype. Sorbitol-MacConkey agar may be useful for the detection of E. coli
0157, but is not helpful for the detection of sorbitol-fermenting STEC other than O157. Moreover,
some strains of E. coli 0157 can ferment sorbitol. In this study, in situ hybridization using DNA
probe of shiga toxin was used for the isolation of STEC from the PCR-positive stool and sequence
analysis of a part of shiga toxin gene was performed.

Methods : The stool was incubated in LB broth overnight and DNA was extracted from the culture
fluid. Multiplex PCR was performed with primers for stx1 and stx2 genes. Specimen showed PCR-
positive was incubated on MacConkey agar and colonies were blotted with nitrocellulose
membrane. Digoxigenin-labelled DNA probe for shiga toxin was made by PCR and the positive
colonies were detected with anti-digoxigenin-alkaline phosphatase conjugate and nitroblue
tetrazolium. Agglutination test with antisera was performed for the serotying and VTEC-RPLA kit
was used for the toxin production. Sequence analysis of PCR products was performed with
automatic sequence analyser.

Results : An stx1-negative, but stx2-positive PCR was observed in a three-year-old girl, who
visited Kumi Hospital on July 19, 1999 complaining of vomiting and diarrhea. The positive colonies
were isolated by in situ hybridization using stx2-specific DNA probe. The titers of stx1 and stx2 by
VTEC-RPLA test were negative and 1:64, respectively. Agglutination for the serotyping was not
observed with all of the O antisera. 160-nucleotide sequence of stx2 of this isolate was identical
with bacteriophage 933W (GenBank X07865), except for the change (T—C) of 957th nucleotide and
amino acid sequence was identical each other.

Conclusions : For the sensitive detection of STEC from the stool of patients with diarrhea,
multiplex PCR is recommended with stx7- and stx2-specific primers. And in situ hybridization
should be performed in PCR-positive specimen for the isolation of STEC. This method may be
helpful for the detection of STEC as the causative microorganisms in food-borne outbreak.

(Korean J Clin Microbiol 2000;3:94-98)
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Shiga toxing A8} Escherichia coli (STEC)E ©)
BHE 01578 )X 5k, 01578 ol 2ldl % 026, 091, O111,
0103, 0113 7 Zo] o8] A Yol glLo] WIHT
(1). &=t tH¥olA A Shiga toxin FAAE FF
BE2AHNSPCR)ISE HEdtgs, gide dyt
el o Ao 17] H o] STECS ZH 317 of
Ht}. Sorbitol-MacConkey agar2+ 015739 o} gl
g on, sorbitol S LRI OHE A H 9| STECS
T2AQA WHo R Bxtel A Foh7]st 4R
&}, Y3 E. coli 0157 T\ = sorbitol S L H 3=
371 dotn EanEAT(2). Wl AAEL PCR
A F4S EQ A9 il STECE 3ohll7)
3}, shiga toxinoll th¥ DNA probeZ ©] &3 in situ
hybridization7| & & gslRon, o] WYL E39
AALgAL] d¥ol A STECE ¥2l3dx , 2 8
9] g At F7IMEE BEAERI 0 Hade
LIS

R

gxe g "Eoz AF A8 vancomycin
(6ug/mL)2 37} LB brothel] 3+ wioFstz, v
4 1mle 44EAE F IHF 1mLE THAE E
i, I F 100uLE 100TolA 1587 #Eolxu, PAE
2l ¥ 429 5uL& DNA templateE2 A}-£3}%t}.
Multiplex PCRS 93t 2 %49] primerg Al&& =0,
Paton 5©°] A| <3 Six1Fe} SxxIR, 283 Stx2F$}
Stx2R< AF&313th(3,4). Multiplex PCRS £ &%
34.5uL, 10X Buffer (Boehringer Mannheim, Germany) 5uL,
10 mM dNTP 1uL, 4 7§ 2] primer (10 pmol/uL) Z}Z} 1pL,
Taq. polymerase (Boehringer Mannheim, Germany) 0.5uL<}
DNA template SuLE E3§3te] & S50uL H32 HA3}
$t}. Perkin Elmer GeneAmp PCR System 2400 (Roche
Diagnostic Systems, U.S.A.)olA] 94T 30%, 60T 30% 9}
72C 3022 303 FE3Act. FTZAE 1uLE 2%
agarose® A] 100 VE 30%-3t 719 E 3531, ethidium
bromide2 HAF vl Stx1¥ Stx2d)] | Pl 22
180 bp} 255 bp7} HRHE A& z}ol s}

PCRAA FHo2 BFE diE WE2 AF3
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o] A ds 10mLol E32, 10808 384 N &
Z} A9 wlt} 100uLE MacConkey agar AR #8
g2 QA A s JFEA, 37CdA 1643

W F3AT. of FAA FHFHo] HlmA F EA 3
€ WA E dEsto, 3083 WA Fof ALA &

o}, 5% FHZEL in situ hybridizationS ¢ 31
nitrocellulose membrane(Hybond-C, Amersham Pharmacia
Biotech, USA)el] £531%t}. Membranes Hll X ol A w)
A7l Aol FBF AXE EAIS] Al Fapube
2 A 2 7S %3l

o] Eol3le S AE F3A 3o 05 M
NaOHZ A4l Whatman 3MM paperoll &3 ¥i 2-38
Z FR9. o] AL o REIHTH. 1 M Tris-
HCI, pH 742 2 4] 3MM paper2 &7|1 2-3837 £
% ool A& FH o wEIIAT. 1.5 M NaCl-0.5 M
Tris-HCl, pH 742 24 3MM paper2 7)1 2-387t
F21t}. Nitrocellulose membraneS 3087 £7] FoA4
23 ¥, 1.5 M NaCl-0.5 M Tris-HCl, pH 7.4 & o] &7}
9 2 g HFE o] &35t nitrocellulose membraneo] £
o gle A 24E ZA2FA 443 "o Yo
03 MNaClel B2keh Ao} F7] Sl T THg 80
ColA 2412 FHTHS).

Hed gge #d%E Fonllyl 934 DIG
nucleic acid detection kit (Roche Molecular Biochemicals,
Germany)E AHE-3tAEH, AlF AHE- A& =3}
Rem, ot g} Zo] W& tha WA ). Nitroce-
llulose membrane-S ¥|'d o] Y1, formamides} T F
4] hybridization buffer (5X SSC; 2% blocking reagent;
0.1% N-lauroylsarcosine; 0.02% SDS) 20 mLE 7}3+ o1&
2TA 160 rpme 2 24|12t EEJ T §9& B n
100C A 1583 719§ DNA probe 5uLE 32,
formamide®} &% 4] hybridization buffer 5 mL-& 7}3}
3, 42TA 160 pme.2 16-18A1F EEUT. 2X
SSC-0.1% SDS £ S0mLE A &dA SEH F ¥ A
] 3}1, 0.1XSSC-0.1% SDS £ S0 mLE 68ColA 5
Y 5 W AFY3HY. Nitrocellulose membrane<
buffer 1 (0.1 M maleic acid; 0.15 M NaCl, pH 7.5)-0.3%
Tween-20 8o 2 187F A3 3}, buffer 2 (buffer 1.2
2 1% blocking reagentE THE £9) 100 mLol] A A] 3]
EEWA 3083 FACH v & o] 3} buffer22
5,000 B 3] g anti-digoxigenin-alkaline phosphatase
conjugate £ 10 mLol| 30&3 ¥ ©&, 100 mLe]
buffer 122 1584 F W M H3Hth. 20 mLe) buffer
3 (100 mM Tris-HCI, pH9.5; 100 mM NaCl; 50 mM MgClz)
9 28 F o SmLe] A2 9E Aykg 8910
mL9] buffer 39| NBT/BCIP 200uLE &%3 £4)& 7}
3 ol Fa, Aykgo]l YeldE 50 mLe] buffer
4 (10 mM Tris-HC], pH 8.0; 1 mM EDTA)E ¥l8-& %3
AlZ T}
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Shiga toxinol] th3 digoxigenin-labeled DNA probet
24718 primer$} DIG-11-dUTP7} Z3€ dNTP labeling
mixture (Roche Molecular Biochemicals, Germany)& A&
&to] PCRE 53t A XA, E. colis) BHBE 7
Wiy 9ot A ATHALEAY M E (Denka
Seiken, Japan)& Al&3H 1, SAPPIAEE A3
VTEC-RPLA 7] E(Denka Seiken, Japan)Z A}&-319]c}.
AFEA7|E o] &3t FZFE PCR A& F7M<E
< B4 &A .

z2

g 8% ARY & 9z 2z, 339 MAtst 13
o) FEE FA22 19994 78 199 & FAd 7H¥
A Zotd WLF, BAET HFH AFde 34
(A% 3071€) oote] ¥ ¥k} g multiplex PCRE
A7 sx1€ AR oY, stx2e FAolUTt. Swx2el
8 DNA probeE ©]-& %} in situ hybridization®. 2
A ¢ FAHES FAT F AT AF AL 9
3t VITEK GNI cardol] 4] bionumber 60047246332.2, E.
coli2 T HUT. ©] FFE VIEC-RPLAA & =
AYRAAFANA six1 & SR, stx2E 1642 %
AolPtt. 0157 FEAF L XTI E colid] 93 &
ol WG] BF FAEHZR gsict. 160 42 H7
A Q& BLAST Z 2130 o3t} A A3} v
294 933W (GenBank X07865)2] 957 ¥ T7} C&2 v}
A A olgdolle MZ AR, ofv| =it HEL
T3t

n  E

A A shiga toxin FA A o] 3 PCRoAIA A ol
| gzle] oA sorbitol-MacConkey agar® ©] 88
o E. coli O15THT& Z &3t Bud vt glvt(6). 2
¥ SEAZ ULFH HA8xE Y2 EHECH A
22 93t sex FAAM) Wi PCRES A& AAlgtn
ATk, £ are] HAolA stx2o] i PCRO] FA
o]l e}, sorbitol-MacConkey agarol| Al FAl¢] w3
o] #&= A ¢3gty] W Eol, STECES 533 WIS
o2¢ A2T F U "M E dFAME in
situ hybridization 71 & &3l e o=y
EISTECS Fohmx} sttt

3ol 2% YA HA U MacConkey FHH WY
AE 47 Y5td, Bae AR Fo| AF & v g
g 4 g7l M, AEE 1084 3GAZ M A
gAd4s &9 100 (LE, &3 T A7 100-mm &
HujA o} HF3td 500 - 1,000 /o] @R o] T4
vl =] & A€l 5ld nitrocellulose membrane] £ %3 T}
=& FF ] A7 UE 2 EF37)171 o YA

Z9IE, oIEY, 234, FAIQ|, 0/¥2], A, g

22 9% 6A73d BEs MFe AFsA e
A 9Xo] BERE AAEA] sjFAITLE 15- 16 Al
o2 g3t wd 500 - 1,000 /Mo FAHE Ho
' WAV gled, FNuFE 25 oA HFF
Aok, gdwtH oz EANESH AFdA die £
2o A2 EF2v=g R7] A3 E colid
nutrient agarol] ®j¥3ledl, o] B¢ < 8A AU
Aol AT, B A AHET MacConkey
agaro 1 £ 8AIZ oA ZAEto] A=A Yty HE
o] YA o) R wlFAITLE 15- 164022
AaA

FRuA AN A FA Y-S membraned] BEXE 9
nitrocellulose membrane (Hybond-C) ©]} uncharged nylon
membrane (Hybond-N, Amersham Pharmacia Biotech £+
Nylon membrane for colony and plaque hybridization, Roche
Molecular Biochemicals)2 A}-&8oF 3t} B A A
JJAst2 2 2l¥ nylon membrane (Hybond-N+,
Amersham Pharmacia Biotech 5= & positively charged nylon
membrane, Roche Molecular Biochemicals)-& A3t 23}
U] Eo] A9l gAgutgo] T FAS ], FJT EXR S
93td A AEE A2 ¥ nylon membrane ¥ g3
2 ¢ 4 9t =3 membraneo] DNAE B3A 7=
A A nitrocellulose membrane-2 UV cross-link7} =
A gonz w=Al 80T 2413t ©] 4 td el ¥
t}. Nylon membrane2 80T A 2X|3t o] 7} 31A
1. UV cross-link ZollA Helg Wygg A48 5 3)
.
B dFoA HEF E colid) @AY S B3] Y8
o HANAFHAEA HE (Denka Seiken, Japan)E A}
£3g e, ol AEd £ & YA BF &L
Ao 72 ol EHYL dobd 4 ATt Bettelheim T
2 g2 HAER} 4589 S t)4F o2 0157 EHEC shiga
toxin EX|AHE A&l 16%W 22 HE STECE HE3}
Peon, 1 % 5¥olA £ STECS dF+ O1FE
0169 71X19] RE YEAH L A eds Sl o
oqux] ol ¥FL ¢ & gldckn 2ud = g
(7). o] AHd& STECAIAM XF7HA 43l d A Y ol
AT 2L Y Yo ZATE AAE ZFHH 3
Atk B A A& Denka Seikenoll A AF3le F 43
Z9] g¥H (01, 06, 08, 015, 018, 020, 025, 026, 027,
028ac, 029, 044, 055, 063, 078, 086a, 0111, O112ac,
0114, 0115, 0119, 0124, 0125, 0126, O127a, 0128,
0136, 0142, 0143, 0144, 0146, 0148, 0151, 0152, 0153,
0157, 0158, 0159, 0164, 0166, 0167, 0168, 01693 =
T 23ukgo] dojubx] gtonz, ¥ AFelA A
23 STECS o] € ol99 ¥AYQ Aoz AAdn.

STEC©] AJAH3}+ Shiga toxing verocytotoxin®] 2kl
T 3, ety EA fAA 71 "t 2
Al stx19} stx28] F FH{HZ FEET}. Sx12 Shigella
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Fig. 1. Nucleic acid sequence of stx2. No. 1 corresponds to No. 895 of bacteriophage 933w slt-II gene (GenBank X07865;
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A Az AYFAMAE Aleste FFE &
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i & : Shiga toxin® A A 3l+= Escherichia coli
(STEC)dl & 01573 olddx 2 A Y| U&ol
HE AT, dutd o2 WAHAM A AHE3a e
sorbitol-MacConkey agar2+& 015789+ 3ol ¥ 4= §lo
9, sorbitol & L E 3= HE A Y9 STECE #x9]
oA AE387] ol B FY E. coli 0157 Fol =
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g B : 382 ¥ S LB brothdl] 34 w3,
W kAo A DNAE %238l multiplex PCRE 2 A]3}
Q). PrimerZ % Paton S°]| At} sx1F, stxIR, stx2F
9} stx2RE AFE3EA T PCROA FAde =z #HAFE o
¥-& MacConkey agarol] ¥l %Fel1, 243 FHSHEL
in situ hybridization® $3}o] nitrocellulose membrane©]
B %39 th. Shiga toxino] ™ &t digoxigenin-labeled DNA
probex PCRE E3lo] Azl o0, anti-digoxigenin-

alkaline phosphatase conjugate$} nitroblue tetrazolium
(Boehringer Mannheim, Germany)S ©]£3}o] A #3
g2 A3 E coli®l @Y & 137 93
ARG ERAGYY AES AT, LYY
2 $)5}o VIECRPLA 71E& AH48Th 524
71& ol &3t FEHE PCR AHES] @7IMEE £43%
Rt

Zd o FES HAE F422 1999 7€ 19Y €
Aepeld) 7oA dobsto] WAR 34 clote] oA
B FH & multiplex PCRE 23} stx1e 40 A2u,
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