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W& E R XSS (ETEC) ASIRAT THAARZIIEZRRN  LEANBEE > TH
BHRABERGHEE LT RAREIMBEE ST) dA LRI RMKBEDFI AR » HE#h
ARL » KBIR 738 #4835 ETEC B8 DNA Z 285 % » #4 0.7% agarose AL AT E ik o
o BRERKIH S ETEC ZH 4 DNA> 544 2 kb B 22 kb 2 M » ALK 42 DNA #% & B
#% DNA > EAAHE 5K STI AR A RS E848 RB (PCR) 3|1 F » #47 PCR R A&
RER > AL STI ARG HEERBAFR ¥ TAAL—5TF 203bp XTAHMAEY, AT
7 DNA o #k 7 ik > R dik > BT AAXGIFE L5 F B2 k0 o

BASEE : BaF A XK H > WA DNA> ABTHHEE > ROBERIE

j[[]

Al

M #E KB KB E (enterotoxigenic
Escherichia coli, ETEC) &3 ANE T HE R
FTERERZ— O ETEC TEAZHHE,
A REATBEM B EZE (heat-labile toxin, LT)
REFEEMGEE (heat-stable toxin, ST), ETEC
AREEER P —EWEHER @

BRBEMHETERHE LT AFH  H4OFE/D
#5000 dalton* A A B HEH 22 £ M
(polypeptide) o K15 % F B2 > VS iR B 5 » ]
41K STI K STIL ® o STI toxin R B H K IE 7 A&~
[E "] F &l 4> B STIa (STI1) K STIb (STI2, 3,
4) ; STla K7r#EB AN ~ 55 ~ 4/ ETEC FriE4E
@567, B STIb Z ETEC BI& %4 8 A B8
FEZEEEE Yo

—MERNEEER ST 22 &K
&R Z G REFE M Z 5 50 4 77 i (rabbit or

piglets ligated ileal loop assay) ®), #R it ik 5,
HAAS, BORTE o Fik, tREMGETE, 8
FERRE M T, #lEn Klipstein % A © frag g
Z B R &R 43 M (enzyme-linked immunoas-
say) ik, UEARIEM RSB KE (poly-
merase chain reaction, PCR) #%7lr, % #% e FH 7
STI Bf58 R E. coli Z R#EAGW T /E - % PCR
ZABBAER S 77, #1140 Horne et al (10 % A %% @
) AL133 & AL82 Z PCR 5|F, & A LIt
STla Z M & EMH, M AL134 & AL82 PCR
g1, BImT F i STIb 2455 R 2 H A3 1t
#h, Candrian et al UV 25 A #F & 2 ECO1 & ECO2
PCR 5|7, I @] f A STI, £14% STIa & STIb
A AR B, T Woodward 46 A (12 fr 3§ & > PCR
BIF, FEANZS S STla BUGH R HE 2 H|
[l &

Y STI FREE, RFNER (plasmid)
DNA I, 7E4¢ % PCR 1§ #ll, 1 DNA f945>
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o, HETEEE DNA 277, AR E %
Kt E R B KB#EE (ETEC) ZE# DNA
[E 3% (plasmid profile), & HIfEAAM T ZE BT
7tz STI # ETEC #&HIf PCR 5|F, T K
JE A8 L B DNA 7 STI RS H R EFE M
Bz w474 o

MHEEAFE
— - BEis

) HE
A BB A AR SR R IR A & IR
B KIBAEE, 3 E. coli Z Salmonella,
Shigella, Citrobacter, Klebsiella, Enterobacter,
Erwinia % 5B BB 415 (Enterobacteriaceae) &
HMAEBNE o HRFEEEERERREFO
(ATCC, American Type Culture Collection,
Rockville, MD., U.S.A.); EHE#EH .0 (CDC,
Center for Disease Control, Atlanta, GA., U.S.A);
25 B JB 263 (USDA, United State Department of
Agriculture); ¥ & /K # K £ (TUF, Tokyo
University of Fishes, Tokyo); B A A& & T¥%
JRB 5% B B A AR A7 B Bt 52 0 (CCRC, Culture
Collection and Research Center, Hsin-Chu,
Taiwan); 5 ¥ 3% i 2 % (PT, National Ping-Tung
College of Technology, Ping-Tung, Taiwan); 47
Befe A B Y & MAR SRR (NLFD, National
Laboratories of Foods and Drugs, Taipei, Taiwan)
(FE—-D)e
() PCR 5|F
#|F B Genetic computer group (GCG) Inc.
i BAE% ) Wisconsin sequence analysis software
package T E R KGIEEHEREHE LT, ST
FH i e, Bk homology BB, FEIHE
45 fE (PCR) 51F, Lk FASTA 22 #% H B
Gene Bank/EMBL Z ff & DNA FF¥| L3, 3 3’
A REE R R, MEFSKRZ - K
DNA F3ITF 5
STI-P1: 5’ GGAGGTAAIATGAAIAAIIIAATITT3’
STI-P2: 5'TTACAACAIAITTCACAGCAGTAA3’
STI-P1 Z & & 26 @ base, ifii STI-P2 H
K 24 18 base, HAIE /45K STI HEZ -8 &
17 % 171 & 194 base Z i & °
() E. coli 'H 3 DNA 275k
R A Promega /A& (Madison, WI., U.S.A.)
Z Magic™ Minipreps DNA purification system
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14T B E E. coli plasmid DNA X o

B 1.5 ml 2 6-12 /NRF R BT B ER, B
A M B B0 8 b, L) Eppendorf (Model 5415 c)
BEOA%, 706,000 rpm B S Jr8E, TERREEES
B EEmE, imt 200 11 Z AHEIF R (cell
resuspension solution; 100 1 g RNase/ml H,0),
RERESHS, UBRIFHEHE - REMA 20011
2 MR K #R ¥ (cell lysis solution; 0.2N NaOH,
1% sodium dodecyl sulfate) #HIR 5], H BB K
BVE o BN 200 11 (4 FIM (neutralization
solution; 2.55N KOAC, pH 4.8) - R, LU
12,000 rpm B0 5 70 6%, M EBBRBES —#H
H i E RO, A 1 ml 22 Magic™ Minipreps
DNA purification resin, /N0 ES], DA DNA B
HtHg 45 4, W& resin/DNA B SYW B EFH L
B EEESTEZ 3 ml &1/ Magic™ mini-
column, /N0 EEH#E @ minicolumn, FAIA 2 ml
column wash solution £, #% # /8 H i/ 8
column ° j# minicolumn # % 1.5 ml Fif & &k
O, AR (47 12000 rpm) &L 20 BD, fE4
fewrreig, BAIA S0 1l 2 65-70°C HIHER /K 5
TE L minicolumn /&, # & 30 &, {F
DNA %, /% AR EE.L 20 %5, /4% DNA
V5B Z 3 ) eppendorf tube o G, fTi%
DNA, f77 1} 4°C B -20°C A -

m WA E5E X HE (PCR)

0.5 ml Y& &OE R INABIEIEZ plas-
mid DNA 0.5 ¢ g A& 10 mM dATP ~ dTTP »
dGTP » dCTP & 1 11, 10 x PCR buffer 511 < fll
A B R PCR 5]F (25 pmole each), 0.4
unit Dynazyme (Finnzyme, Riihitontuntie,
Finnland), DAER /KN B &L A S0u ], BE
A — 1% mineral oil (Sigma) % [ & 1 3R TH
fE, TifE #5808 LA Programable thermal
cycler (Gene Amp PCR system 9600, Perkin
Elmer, Norwalk, CT., U.S.A) ° &£ FRZE 94°C,
M35 20 B, i DNA rBRCER, HIEIEZE 64
°C, #EFF 20 B 50°C, MR 30 B, BT S 1E
H (annealing), 3% & E17EH1EM (extension),
# 72°C 4T 30 B o ANkt 30 5 40 fEEIR,
e Fx % —¥K PCR cycle, H extension, 4+ 2 4
§ o 2 1%, BU10 5 15 11 [RBEY, L) 1.5 8L 2%
agarose A 1 x TAE buffer &k, £ Ethidium
bromide Hfaf%, B HIMEE L B - R
KFC ok o
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FERAGH
— ~ ETEC H#E DNA 2 RUBBR S

MR EHEEZRERER
(Diarrheagenic E. coli) » H30%% B 1 2 3 B KH
AN ERE > BN ETEC 2 WM H -+ &
&% (LTI~ STI~ STID) Z#H - BN fE

Table 1. Escherichia coli strains used in this study

DNA @ o [ i AR 5T R 5 80 DNA 7 8k
P %4 2 plasmid DNA, LDLEFT PCR Z #] 47
# o E5EH A Kado 1 Liu 19 2 B #8 DNA #
07 LU IR BB = R A% T RS AR MK iR R - T
L phenol-chloroform %t DNA o HL#AS [
B [E) ¥ DNA fREUR 2 328 - 45 53R 50 f 0
BB 0 MEDLH M E RS DNA - HEBM

Lab. No. Source? Toxin type
Enterotoxigenic E. coli
EWD 299 CCRC 41443 (ATCC 37218) LTIp
ETEC 01 ATCC 35401 LTIh+STTh
ETEC 02 ATCC 43886 LTIh
ETEC 03 ATCC 43896 STI
ETEC 04 ATCC 33849 LTI
ETEC 05 ATCC 31618 STI
ETEC 06 WHO 103 STI
ETEC 07 WHO 110 LTI+STI
ETEC 08 WHO 112 LTI
ETEC 09 PT 18 LTI+STII
Enterohemorrhagic E. coli
E7 NLFD 12809
E8 NLFD 12810
E9 NLFD 12811 SLTI
E 101 NLFD 12812 SLTI
EHEC 02 CCRC 14825 verocytoxin
EHEC 03 CCRC 13084 verocytoxin
EHEC 04 CCRC 13086 verocytoxin
EHEC 08 ATCC 43894 SLTI++SLTII
Enteroinvasive E. coli
EIEC 01 ATCC 43893
Enteropathogenic E. coli
EPEC 01 NQS 315
Non Pathogenic E. coli
E1 CCRC 12570
E2 ATCC 25922

a: Sources of bacterial strains are described in Methods. Strains of WHO were obtained from NLFD; CCRC,
Culture Collection and Research Center, Hsin-Chu, Taiwan; WHO, World Health Organization; ATCC,
American Type Culture Collection; PT, Ping-Tung College of Technology, Ping-Tung, Taiwan; NLFD, Ping-
Tung National Laboratoty of Foods and Drugs, Taipei, Taiwan; NQS, National Quantitation Service, Taipei,

Taiwan.
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Table 2. PCR assay for STI gene in bacterial strains other than E. coli

Strain Sourcea PCR
STI-P1/STI-P2
Acinetobacter calcoaceticus ATCC 19606 -
Citrobacter amalonaticus ATCC 25405 -
C. diversus ATCC 27156 -
C. freundii ATCC 8090 -
ATCC 10787 -
CCRC 12291 -
C. koseri . ATCC 25405 -
Salmonella typhimurium ATCC 23566 -
S. enteritidis ATCC 13076 -
Enterobacter aerogenes ATCC 13048 -
PT -
E. cloacae ATCC 23355 -
Erwinia carotovora CCRC 11298 -
Hafnia alvei CCRC 10906 -
Klebsiella pneumoniae CCRC 10692 -
PT -
Kluyvera ascorbata CCRC 11645 -
Morganella morganii CCRC 10706 -
Proteus vulgaris ATCC 8427 -
Serratia marcescens CCRC 10768 -
Shigella flexneri . CCRC 10772 -
S. sonnei CCRC 10773 -
Yersinia enterocolitica CCRC 10807 -
ETEC 03 (control) ATCC 43896 +

2: Bacterial sources are as described in Table 1.

AE » AR © 5 4h 0 Birnboim & Doly (14
ZERK AR o RIS R 2 R TR
518 TR E. coli Z HHBHRHETREMYE
BBl F& BRAR E coli
(Enteroinvasive E. coli, EIEC) 2 #748 SUR 3 H
B ERER T3 220 kb (19 o i, AGF 5T INER
FH Godson % Vapnek 2 A (0 frik > kst
B RS DNA 5 vk 8 58 5% 5 AT I8 A0 A 6 BR
KA 15 kb Z plasmid » SRASHF 5T ER B B 6 HO &5
R IREEE M 2 DNA #E¥:ff PCR B
DNA H - BZ R 2% » APFREHR > K
A Magic™ Minipreps DNA purification system
(Promega, Medison, WI., U.S.A.) » D)4k > #t
RAE4L plasmid DNA, ff % 2 E # DNA ] i
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PCR ZfH - M HEIKEZE > MRS > BX
FFE R 2 oK o BT FTME ER A bk fr i Ak
2B 7% DNA 1E & PCR [ FEf HAE R o

8 — Fr 7R Ay Mok BTl 5 2 ETEC X HiAh E.
coli BERRRYEREE 7 (plasmid profile) » A&
s TS B RS 7L - 2 DNA band » = E R H
BAERAE - B B 2 H BT vk P Sl 2 e
DNA # &% PCR Z H1E DNA Z /] - [B—
JNA R 0 ETEC B #% DNA 24 F & HR%
A 2 kb ZHiE 22 kb SR KE/ B0 E B
DNA » HipF 8 K7t 2 kb ] 22 kb Z
fil o 3¢ ETEC Z E. coli #i*k » 1N W B L lane
11,12, 13 %R E7 > ES%Wikk » H /g
DNA 7r{fi Bl R B4 o B — & STI BH X
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Figure 1. Plasmid profiles of Escherichia coli strains
analyzed by 0.7% agarose gel electrophoresis. Lane
1: HindIII digested » DNA serving as molecular
weight marker, lane 2— 14 represent plasmid DNAs
isolated from strain EWD 299, ETEC 01, ETEC 02.
ETEC 03 (STI), ETEC 04, ETEC 05 (STI), ETEC 06
(STI), ETEC 07 (STI+LTI), ETEC 08, E7.E 7, E 8,
and E 9, respectively.

K[ ETEC 4 k& By lane 5, 7, 8 & 9 #i4% »
15 ETECO03, 05, 06, 07 % #ikk » GUeF ik » H
e fa] K il B it DNA » ) Ao/ iT 22 kb

¢ o »|= T DNA 5 7 B2 5% (R L)
HindlIl K fif.2 » DNA Ay FE e fij Hodie » i E 5
wmuunhu, DNA §8 e il 3 7 8

i DNA (1 2 > — Ml A~ FE {5 o iy il 2 8
i DNA Iy 52 B 2 supercoil. [H i Ichiyama 55 A
TV e 73 1 & o (0 W] 555K 1% (Staphylococcus
aureus) [ E A% DNA I » i) - DNA/Hindlll
MEEUESr TR ORI AR ACER 5T R
2 H i DNA 4 & K/~ kB J
DNA/HindIIl f5 57§ 845 BEmj o2 .2 o #hij » 3%
{1 s '”‘itn R N =R T4 'Lfi @ DNA 4 T
oo (AL 2 DNA/Hindlll 2 DNA H Bz By r
& 4R i”f‘ HZEMH 4 '1Lf\. L i DNA
(E PR 2 fED) oy & -

“HBEBEMBEFRL | (ST]) KBiREZ
PCR #&:A|

it ETEC 2 STI JEH Ay 2 %R K »
Candrian % A (D fig il B4 B A 8 A 2
ETEC HJr ELH AT STI JL[H (STla ~ STIb) {4 1
70% (M fLPE, miPatil %A % R4 L
Inosine HUAt ambiguous base ffif 1.2 PCR 4|

* W[ A ETT PCR » MeWEFFE 2 DNA K

BrmiEsmmaty - B4 » Candrian 5 A (1D
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600 -

400 —
200 —

Figure 2. Detection of heat stable toxin 1 (§T1) gene
in E. coli plasmid DNA using PCR primer pairs STI
P1/STI-P2. Lane 1, 16: 100 bp ladder (Gen '\'m u
Laboratories. Inc. Del Mar. CA., USA): Lane 2-15:
PCR products with target plasmid DNAs obtained
from E. coli ETEC 01, ETEC 03, ETEC 05, ETEC
06, ETEC 07, ETEC 02, ETEC 04, ETEC 08, ETEC
09, EWD 299, EHEC 02, EIEC 01, EPEC 0] and E
I. respectively. The PCR condition was 94 C /20 sec,
S50°C /30 sec and 72°C /30 sec. Total cycles for PCR
were 40 and the final extension was performed at 72
‘C/2 min.

- 4] % inosine PCR §| T
Al A58t L PCR i A IS £ i
Al 5T B Akl T

maE T
(ECOI/EC02) *
STI li‘éi’l e

inosine 2 PCR 5| 1 (STI-P1/STI-P2) i {1 PCR
e 18 12 e {0 () /Hn-i th i & inosine 2 PCR
g T H {l!i 1/1 il 1“” (19 |*il|L'!'t'} N E R

:'.; ””'] | lJ /L:;‘Elll

aat 1y SII-PIISI]-P’ gl F -

mn”' R )5 2 00 2 IR (R4 ot » 5 I HO 0 B
o it 1 IJ M4 50°C/30 fr » HE denature 2
extension .2 it & ~ R[]+ 4B Jy i iy ke

Fa 1 ok ﬁ' A DNA 78 /i 2 DNA
& & o] i s PCR III‘"' DNA II] (EENT S e
f5 PCR 2 [ 2 DNA {ili f] « & 30 s 4(1 % PCR

G~ 7 T A STE AL
DNA 4 i 15 203 bp 2 PCR i .w; v H Al
Z A bR - WBEH ] PCR AL ()~ K&
) e P Hf 2 DNA o B i (B 6
ikl ik E. coli 'EH#S DNA GriE 2 frik - o\
FLAE LA 20 A i (cell Tysate) 117 ‘I' > DNA %
H DNA' SLAE LK T B o Ll Gl Al

,— cfy 1l
Z Hig

LRFSORLEES(I E-F VPN RS R u.:n—:lL i i
EPENGTE R (LT) Z ik, K Hofl i 5 Y E. coli
% H' fo - enterohemorrhagic E. coli (EHEC)

S PLKEL E coli g 2 HC S A FL AN
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£145 Shigella, Salmonella, Citrobacter, Klebsiella
% > HI¥y4E(T{a] PCR W Z EH o

HAAT R H 2 E % DNA 85
B ~ PRHE - BB R STI R
ZAgBSh » BT EEER E coli 25
REFE AR H]

® oo

A5 (GH# S SE R - DOH 83-TD-058) 7&
WAEZXE - BLASER R o
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Plasmid Profile Analysis for Enterotoxigenic Escherichia
coli and Detection of Heat Stable Enterotoxin I (STI)

Gene by Polymerase Chain Reaction

HAU-YANG TSEN* AND WAN-RONG CHI

Department of Food Science, National Chung-Hsing University, Taichung, Taiwan, R.O.C.

ABSTRACT

Enterotoxigenic Escherichia coli (ETEC) is
one of the food pathogens which may cause diar-
rhea in humans. The enterotoxins produced by
ETEC are heat labile toxins (LT) and heat stable
toxins (ST). These pathogenic factors are usually
encoded on the plasmid DNA of E. coli cells. In

this study, E. coli plasmid DNA was isolated and
subjected to 0.7% agarose gel electrophoretic
analysis and the STI gene was detected by poly-
merase chain reaction (PCR) using new primers.
It was found that most of the plasmids from
ETEC cells showed molecular weights in the
range of 2-22 kb and the PCR primers used
specifically amplified a 203 bp fragment.

Key words: Enterotoxigenic E. coli, plasmid DNA, heat stable toxin I, PCR.
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