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HRERZ —taREEM R (PCR) 31T 44— 5 EXPCREM » IR KRR G RKEE
¥R LTIAST A B4 % XA HE Z A4 o #1 A Chromocult coliform agar (CCA) » & A& R
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BB ERKEGEE (enterotoxigenic Esche-

richia coli , ETEC) ®5I B AE FTHIEBM T E
WEEZ—W e ETECHIEAZHHE > a4
BEBARBEMEE SR (heatlabile toxin , LT) &
R F M 15 3 & ( heat-stable toxin , ST) * ETEC
AREEEE P — s WEEE® -
MABEMEERAAE65C T MB 304
CEREFHEHES . BHEN > d— RS FE
25,500 Dalton Z A ¥X B {7 #0 F {8 4> F & 11,500
Dalton 2 B IR B {7 B i A o 3 AR 185 A9 16
Bl A BIREAESNE LKA 288
BB RIS A UK E A8 A A0 A E R B Adenylate
i cCAMP IR EEXE AN » DABUR B fRE K
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FFHTWMEE o LTAI 2 ALT IXLT II » WMLT
I X ARSI AE AR [E) 43 B LT Ip (B2 iR)
LT Ih (ABRIR)W o #4358 & £ 15 % K v fif 100
CT #1550 66 » REFURYE » 4 F &R
5,000 Dalton © {5 F #f F B2 2 I ff B » W] 43
KSTIMSTI o FH4b > STIH AR IR K/
FEEEM > MST HAIZERSIRBAHGHZ
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—E ARG EGER TR R %
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(in vivo) AT » WA ER » HBAS - %5!33
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I PRERBN Z FEMEEE - (WL EER%E
M7 0 B0 Klipsten® %5 A B 38 B (U BE K &
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KR EHGHSE B (polymerase chain reaction ,
PCR) il » B4R NG = EAaH T -
£ PCR Z AH B ¥ 45 75 11, ) i Woodward9%E A
ZERALT 1/LT 2 PCREIF > WJLIMILT 12
J5&E EHE ;5 Lortie et al19% A ¥R # ST IIf
/ST IIr PCRE|F » A+ GHIST I Z BER
FHE o

A & 1 st B R T B b T K B TR
N~ BREVREZIABXEBYHMY 25
e GlANREREKSERY - BHOEHINEE)
Y HE(E 2 15K T Is 4 - M RER R BN A
A BRI ETEC » {#15 ETEC £ fh 38 A9 HE Ak
s gl I~ B 0 R T FE R AR o
Echeverria % A D Lang 12 B & %% 3R 3 85 2 K
FKIEM B ETECH R RE M RGEE Z #H
o Fk  ABHRZ EEHNRERAABR
FHTHRFTZ LT 1 & ST I & ETEC A% #I F PCR
7MW AEREZEARAHBERERS
(multiplex PCR) » R A&l & = i fff i £ 2 i
W BARIK ~ KKK TR P
ETEC Z W]4THE

MEERRZ

— - BEfpirE
(R

AW ST R B Ak 0 B145 LTI ETEC (B #%
T02 ; ATCC 43886) F AR Fy 36 B o 7 0 5 o
> (ATCC, American Type Culture Collection,
Rockville, MD., U.S.A.) & STII ETEC (i #
T10 UM 4247) HRIFE A IMERZHERE

(University of Montreal, Montreal, Canada) °
G)PCREIF

FAAMRECERZLTI, STIBEER
FEEZEWAPCRE T HE& AEEKXPCR
TZ o5l FFFHWMT :

LT I1: 5"GCTGACTCTAGACCCCCAG-3'

LT I2: 5"TGTAACCATCCTCTGCCGGA-3'

ST II1: 5-CTGTGTGAACATTATAGACAAA-

TA-3'
ST I12: 5“"ACCATTATTTGGGCGCCAAAG-3'
FitFI TR AU R EBL R AR A o
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B OB EREWR - ST EERRE - 1o uz
AW E S RF | (& 108, 105, 104, 103, 102,
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5 uiRE) #ITPCRME o PCR X IR A EL
0.5 ml i & &0 A RTIE 10 W Z B A
BAEE® > 300 uM dATP ~ dTTP ~ dCTP
dGTP%& 1 ul * 10 X PCR buffer (10 X:100 mM
Tris-HCI, pH 8.8 at 25°C, 15 mM MgCl,, 500 mM
KCl, 1% Triton X-100) 4 pl » B PCRF|F
LT I1/LT 124 15 pmole * ST II1/ST 112 £ 40
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pmole * A (5] ACH) 7 #8455 40 pl > AR Jm}
A i WP (Sigma) W B M E oo i 8O

# A Programable thermocycler (Gene Amp PCR
System 9600, Perkin Elmer, Norwalk, CT.,
U.S.A) = e THM £ 95°C » i3k 30 5 & 4% i ne
W 0~ % F R £ 80°C » @10 pl B GRS
i [0.6 unit Dynazyme (Finnzyme , Riihitontuntie ,
Finnland) * 10 X PCR buffer 1 pl » i 4§ K 5
SR 10 ul] f Rz A58 Ry 50 w1 (Mg B8 4%
iRI% 2.5 mM) * 7 PCRIZHE = 12 M F F 94
C * #E£F20FY » {f DNA 75 B ¢ WEIE « P B ol
£57C ~ #fr20f > EBITHGMHEN
(annealing) * & & E17 4Efp £ H (extension) * %
72°CHifr 30 B0 « B LA 72 °C 4 +F 2 7 & 6 (F

5645 o anbafe f 735 G BE « A £7 08 75 W5 1) 7
MRS o S HTRER IO pl RRMEEY - 2%
agarose i* 1 X TAE buffer (50 X TAE buffer :

Tris base 242 g, glacial acetic acid 57.1 ml, 0.5 M
EDTA, 100 ml, pH 8.0, iK% 1000 ml) e {7

Wik i Hr 0 # ethidium bromide e fa + LUV
iR b K B R 2K .2 PCR I

1. MacConkey broth 2 1% # 1 &

A7 b i 2 B & oK B A4S ek A |]l TEC
LB = L 8 HER R (To2 , T10) 2i% (b
fie * ¥~ &Y 2 # 3 ml Luria broth '} »
37°CHife 8 /v » G {7 406 B o 1 R K

BELEKIH /K o 3% 20 » B0 100 ml . Z 665 ¢+ Gr il
A A [5) 5 ¥ (7% 107, 102, 107, 10° CFU / ml).2
FEEE (To2 & T10) « FLRAR G » %5 A &L A

sk » 14 10,000 X g 8E.Co 10 50 86 » (6 88 [
i UG Y 1 ml M K PReBiR ) 2

A 9 ml MacConkey broth 19 45 fE it » i f
Fr e » i37°C P E 6k 8/ - U
100 pl .2 K5 il » DL KR i 65 - It10
plitE{ 7 Multiplex PCR 'z i

BHE b B s K B v A B ) K BiL b
AC L b P A £ B RO [

FSREll mh) Z KHE -~ ik
N R Z R K ke 0 o S L iy

< BN
(")

H ] o MES] 7 LT 1/LT 12 r’rz) pmole * ST
IIl(JS.l “2 “J fT I““ pin;]hn ”| I\’IL §!’ a2 41' tlll | ,
3mM * B G (annealing) il 1% 1y 627°C - ..[E

{740 fltl PCR {Ifi £
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Figure 1. Sensitivity for multiplex PCR detection
of ETEC strains using LT [l / LT 12 and ST 111 /
ST I12 primer pairs.

- 100 bp ladder: Lane 2~8 : 10" 10 10° CFU
per assay each of ETEC TO2 and T10.

Lane |
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AR EESE H frak sl Z LT 1 K ST 11K A §5
SEPE S 1 A ) S A B o i AR AT
4152 2EXPCR * fEETECHI WM | + it
irdf 2 14 Bk (To2, T10) % 1 /] .~ PCR &
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IREOKEERAKP EEREZHA

gy i+ Echeverria % A(1991) U1EL
Lang % A (1994) V2.2 f i g i » I 8E .2 ik
'!J ’J {5 %5 b th ETEC 395 IR PE E. coli, T8 I A M
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Figure 2. Sensitivity for PCR detection of ETEC
strain TO2 (LT I EC) and T10 (ST II EC) in
ground water , tap water and pond water.
Experimental conditions are as described in
Methods. The PCR primers used in multiplex
PCR system were LT 11 / LT 12 and ST 111 / ST
2.

Lane | and 17 :
inoculated with 0 |

100 bp ladder : lane 2~6 : samples
109~10° CFU of TO2 and T10
per 100 ml of ground water : lane 7~11 : samples
10"~10* CFU of TO2 and T10
per 100 ml of tap water : lane 12~16 : samples
10°~10" CFU of T0O2 and T10
per 100 ml of pond water.

moculated with 0 .

inoculated with 0
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coliform [i') MacConkey broth °
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%0 MacConkey broth (37°C * 6 /b)) fiks
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Figure 3. Sensitivity for PCR detection of ETEC

cells in Da-Li river , Tou-pan river , Pu-zi-ken
river and Han river near Taichung City.
Experimental conditions are as described in
Methods. The PCR primers used in multiplex
PCR system were LT Il / LT I2 and ST II1 / ST
12,

Lane 1 : 100 bp ladder ; lane 2~5 : samples inocu-
lated with 0 . 10°~10* CFU of TO2 and T10 per
100 ml of Da-Li river water ; lane 6~9 : samples
109~10° CFU of T02 and T10
per 100 ml of Tou-pan river water ; lane 10~13 :
samples inoculated with 0 . 10°~10° CFU of T02
and T10 per 100 ml of Pu-zi-ken river water ; lane
14~17 : samples inoculated with 0 , 10°~10? CFU
of TO2 and T10 per 100 ml of Han river water.

moculated with 0 |
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Use of a Multiplex PCR System for the Simultaneous Detection
of Heat Labile Toxin I and Heat Stable Toxin II Escherichia coli
Cells in Environmental Waters Near Taichung City

SHU-WAN WANG, CHENG-CHIH TSAI AND HAU-YANG TSEN*

Department of Food Science, National Chung Hsing University, Taichung, Taiwan, ROC

ABSTRACT

The enterotoxins produced by enterotoxigenic Escherichia coli (ETEC) cells include heat
labile (LT) and heat stable toxins (ST). These toxins cause diarrheal in humans and domestic
animals. In this study, we combined LT I and ST II gene specific PCR primers into a multiplex
PCR system and used this system for the simultaneous detection of LT I and ST II ETEC cells
in tap water and environmental waters. Using Chromocult coliform agar (CCA), we found
that tap water and underground water were contaminated with 0-10° CFU / ml of E. coli and
coliform cells while the waters from four rivers near Taichung City were contaminated with
102-10* CFU / ml of E. coli and coliform cells. Furthermore, three of the four river waters
were contaminated with LT I/ ST II and ST II ETEC cells. The high levels of microfloral con-
tamination in these river waters near an urban area should be attended to urgently.

Key words: multiplex PCR, LT I and ST II enterotoxigenic E. coli, environmental waters.
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