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Detection of VTe-producing E coli using PCR method
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Abstract : Several methods for rapid and accurate detecton of VTe-producing E coli
were established. These methods contain beta-glucuronidase-secretion test, beta-haemolysis-
production test in blood agar, verocytotoxicity test, and PCR.

All of the VTe-producing strains made beta-haemolysis on 5% sheep blood agar. VTe-
producing strains secreted beta-glucuronidase whereas 0157:H7 strains producing VTT or
VTII did not secrete that enzyme. Verocytotoxicity test was established for rapid diagnosis.
VTe detection was rapider in Vero cell suspension than Vero cell monolayer. In PCR, there
was a positive result only in VTe-producing E coli, not in VII or VTII-producing E coli.

In this experiment, 165 strains of E coli were islated from feces or intestinal contents of
post-weaning piglets showing nervous sign or diarrhea. And 20 strains of E coli that
produced VTe were selected by verocytotoxicity test and PCR.

According to these experiments, there was a direct correlation between verocytotoxicity
test and PCR. And verocytotoxicity test is recommended as a routine diagnostic method

and PCR does as a accurate diagnostic method to detect VTe-producing E coli.

Key words : VTe, edema disease, PCR.
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o Ao 2A BFHUY. 13 ol@AEY F U$
E AHGE HYgosy AYE HEAA olF edema
disease principle(EDP)oj2} HWatgom* gi#
freeze-thaw lysateZ ARF T3l BFHE FEAPe
ZH o2 AP o] EDPo] B¥ A7 A%
AgH o™ o] toxing Vero celld] A EEAo] gl=
Vero toxin(VT)e] gFo)ah= Ao] e o>

%3 Vero toxing Shiga-like toxin(SLT)o|gt ik £
GA 3 9len VTet SLTIvariantz} 1 Ejolx 1 git}.
FINA T A7 e wet VIe9t SLTIIvarant7} E£5
i len o] =R E HYA VIeZ Y3t A8
A

AT F AgdA VIE EH|st= 0157:H7 38 &
A 93l 115 E5 beta-glucurinidased}= §4 8 71431 ¢
e Zlo] ¢ A fon olE o]3¢ AT HYY
o] dA o',

TE ¢ AT REFHE dods dANEY AE A
Avetz] fsf 2710 AT 0 2 Ko dig &4
E o] §% o= LS o] g e FEHS @
A" 735 0138:K81, 0139:K82, 0141:K85z}= A 9]
EIE-F1= et

FEY 49 gATE TR} EUE PYPoR Ve
£ A%387] Y8 Vero cello Ao AEZAE o] &3le
Agubgol g2iA gom®® H2d) G E toxin F o
DG AEste ¢AE AU EAAERA W F tox-
in A4 gene &8 7] 224 DNA probeg o] &
% hybridization gy o]** ©915]% 00} E3| primer
£ 0|43 Polymerase Chain Reaction(PCR) 7] &%*
ATE 2 gl

2 AT7E 93 B3y dAAY A& 2Ee A8
Vero cell& o] &8 AIEZ4 A8/ & 3t A4
¢ 297122 PCR 71 & BYstnr} 8t ofgg
HA ol M Vero toxing #4]3te] RFWE dodle gy
o] beta-glucuronidase & 181329 B E 2A}el 1
g}, B¢ BFH o|FAE, offF AL o|@E
AE L2 RE YATE e ¥ G4 Adrge 4
£3te] HE fd 497 FAHuA gl

Mz ¥ 9y

LRE 2] : 199343} 19949 E0) 591348t ol

H47R2d HA 4% REE 8377 kT
AAG £ 105P 227 AT &S A=Y Mac-
Conkey uj 2|9} 5% BFEHo] E3Hd FHujAle] 4l of
o2 dsHE 278 e

BERSF : VIes} VII, VITT EE 7+ Canada Guelph
oz FE Yol Ao Vie AT F2
412(0138:K82), VII At ¢ 5= H30, VIII AT FE
933WE 2z} o) g3t The*.

Beta-glucuronidase At4s ZAL : RETF & £e
TF9 beta-glucuronidase AHK5 AALE 9J& 2% 4-
methylumbellipheryl-beta-D-glucuronide( MUG)7} ¥3H¢l
Brilliant green bile broth(Biolife)'**°s] tjA#& A&
o 4~124]7t F Wood lamp(Thomas model UVGL-58)q]]
] long wave(366nm)2 #A3lo §#L Faie AL U
BTOE T4 XA A

HEZSHHAME At VTe Zb| : 28T 78 Ao
TSBol| | Fq & 24417 Wuj sttt Al mjg &
eppendorf tube 2 &7 13,000rpm 2.2 5Smin Y43t 4
Z4e 3, o1& 70T ¥EF HFIFAUM AT
HALE A% VIeZ o)-&38tiH.

HEZM HAL : XYL 5% Foetal Bovine Serum
(FBS)3} Gentamicin 60pl/ml& 37}%+ alpha-Minimum Es-
sential Medium(MEM)& ©]-&384it}. VTe 50uE M ¥
%219} monolayer A Fol 22t HF3lo] CPE FAHFF
£ £Y8r1%(Olympus IMT-2)0.2 BT,

Polymerase Chain Reaction(PCR) :

1) Mt genomic DNA F& : t13d gy 1.5mlE
eppendorf tube2 £ A 13,000rpm o & Smin F<¢+ YA 3
o & FAE U boiling WP 2 DNAE £]3t¢
t}. 100ple] TEZ DNAE #¥A1A Smg/ml RNAse 2pl
(100pg/mlyE Yol 37CE 1A1ZHEQ wFated RNAE
A AR

2) Oligonucleotide primer %4 : DNA synthesizer
(Applied biosystem Co. model 392)& ©|&3}4 primerE
A3 0 5674 3085t deprotecting A1 H F
Z%7)(Speed Vac, Savant AS290)2 AZA|A -70C YE 1
o a3t} Forward primere 403-423¢] £330 4
719 4g-& 5’ -CCA CCA GGA AGT TAT ATT TCC-3”’
|1} reverse primer= 1141-1161¢] ¢34 G7] gL
5’ -TTC ACC AGT TGT ATA TAA AGA-3’ £ 7} 21
base pair(bp)e]5] amplified product sizes= 759 base pair
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01429,3],34,35.

3) tSZE : 244 % Primerst DNAE o] 43} PCR&
AN AT PCRE HF 100p7h HA 3o template
DNA lp(lpg), 10X buffer 104, 25mM dNTP(final
10mM) 4, 50mM MgCl(final 1.5mM) 3, forward prim-
er 9 reverse primer 2} 1pl(50pmol), Tag polymerase 2pl(2.
Sunit), ddH20 78ulE &§3le AR89t} PCRE ‘dena-
turation 94T ol A 2%, annealing 45T 2%, extension 72T
1£02 3o 30 cycleg dg9om HXx denaturatione
94T 5%, HF elongation® 72T 7222 &t Thermal
cycler(Pharmacia Biotech, Gene ATAQ controller)E ©]-&3}
o 2A8ch. PCR 452 EtBr(ethidium bromide) 0.
Spl/mi7} L 3E 1% agarosed| A A 7|9 F 3t UV lampo
A band& BEHYT

4) Primer §0|4 24t : PCRE] 0|4 & 2AI3}] 9
8ted VTe, VTI, VIII EF7FQ] 412, H30, 933W=5
B genomic DNAE %3] $9% Z7)A PCRE 4
A% ¥ 27)9F38te 759bpe] §o] band §F-& A3}
et

) PCRe| QIZtM XA} : VIe A dF< 412 #F2F
E] genomic DNAE #Z3}9 Spectrophotometer(Phamacia
Biotech, Gene Quant)Z DNAY¥S ZA3lgon TEZ
DNAS 1438 100a7b4 1044 ©7)3)43ke] PCRS
A8

6) PCRofl 2|3t
A‘)]EE-*“ o] gl& 79 gcnomic DNAZ

=2]72 VTe gene A& : Vero cello]
""%3]-01 PCR

4 o

EFTF Y 227F9 beta-glucuronidase 45
HAb : VTe B2FF2AM 412, VIT EF7F 24 H30 2
VTII EF7F24 933WE ZA84ch 933W 3= &
Ae Jeh vte 412 F5E 9L YERo] Ve 24

beta-

275 bewglucwronidase® A Ao ehith
(Fig 1).
HYF 2ol AAE B 2058 S ATANE 23

MacConkey 8} 2 HHujA oA tjF7 oz ojils
@ 18858 M2t o] & MUGH |4 HF3}
o wjoFet & Wood lamp oehel Al AALG A3} 23%7}

+401%en 16557 ¥FE& Jehllon ol & ug+
22 FARHAS

EFEFF9| Vero cell ¥ Hela celloilAel HEZEA Al
# : 96well plated] cell& Y2 FA] VTe 2@ VII, VITIE
A3 T3 monolayerE FA G Fo| VIeE 4 Fo
2 ol AXEA HAE dAsger FARETS
monolayer A3 Fo] A 2FM HEL 184 &
o CPEE #2% & it VIT % VI HFFl M=
Hela celld] 4% Vero celld] 799} v)&=85A 4 Ve
HETNAME Vero celld] 4R} HEEA 0] 3 A
@28 oh(Fig 2~5).

223 Fe MESY AY : MUG ¥j#] AA1Es) ¢4
o2 @9y dgdd ety Vero celloj Mo AEEA
HAAME AAG A F 1885FF 2057} Vero cello] A X
E4lo] iUt} Vero celld] HEEH 0] Q& FFyE BT

Hohu x| A beta-hemolysisE YO.7)3= Ao JEbyt
o8] MUGHIA|H A4S Hoj: Fo i3 HEEA
2% 25 S0t T F 1055 340 o)|gd

HA2RE RPHRon 1057E o] §5 HAZAL B
ol¢ A= 2HH £

A8 primere] S0|A ZA} : DNA synthesizeri2 4]
g primere] 5o]4-& ZAVE7] Y8t VTe, VIT % VIII
EFTFE o|48t PCRE AAS A3 VIe 57T
A 759bpe] o] band7} Ao} ZAAE primerrt
VTedl Eo]Ao] 9l A2 W & Yo Textfig 1).

A B CD

1,018bp
517bp

Text-fig 1. Agarose gel electophoresis of PCR product of
genomic DNA of standard E coli to test specificity of PCR
Lane A : 1Kb DNA ladder
Lane B : E coli strain 412(VTe)

Lane C : E coli strain H30(VTI)
Lane D : E coli strain 933W(VTII)
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PCRe 21zt
genomic DNAE

EAb: VIe B4 7FQ 41235725 H
%28 § TE buffer2 1pg% e 100ag

77 1084 &A 843t 100VE PCRE HAIE 23
$otdeoe #F 7P5E H4 DNAFS 10ngo|3len

AHREGA Ing7tA] A E 5 AU (Text-fig 2).

A B CDEFGHI

1,0180p -
SiThp

—
—
——
——

Text-fig 2. Agarose gel electophoresis of PCR product of
genomic DNA of standard E coli to test sensitivity of PCR
Lane A : 1Kb DNA ladder,

Lane B : 1pg DNA, Lane C : 100ng DNA
Lane D : 10ng DNA, Lane E : Ing DNA
Lane F : 100pg DNA,  Lane G : 10pg DNA
Lane H : 1pg DNA, Lane I: 100ag DNA

Ha| 3ol 8t PCR : Vero celldl A8} 4 XE4 A}
A3} A4 F 2059 qFTe thste PCRE A G
A3} 207 25 VTe geneS 7HA 1 & AS B3
TH(Text-fig 3).

ABCDEFGHIJK

1,018bp
517op

ALMNOPQRSTU

1,018bp
517bp

Text-fig 3. Agarose gel electophoresis of PCR product of
genomic DNA of isolated E coli to detect VTe gene
Lane A : 1Kb DNA ladder
Lane B-U : PCR product of genomic DNA of isolated E
coli

=2

= 5 !
H1 rilr

lo rfr X jo 1

)
AdTE YA 49A Y B 2§40 E43Y R
o] & AME o]d Uﬂ A7t 2o Beo] FYH2
Sl Ao ppHaesnds,

SA $5He AUA s A F2PPL A F
7ol HEERE o83 VIeE ZHEde THd
VTeE AN s A48 3Edhe Wiolth & 484
ME Vero cell#t Hela cell o] &3 HNEXA Ady

PCRE o] 8¢ FAA HE & A LAY

BT AEA 1L 7 Ae T g A7t
F85o] 9@ F tAFo] beta-glucuronidase S | &
O ARH 7]128kd o] Ao Y& iR E] ¥
< Wl 714 (substrate)d) MUGE o] &3tad &447 of
TS FAE F ke AHo] of#] GaAE e 9
& RaEHgsd B AFdME MUG A E o] &3t

T} g 329 A7) beta-glucuronidaseE B} &
o|8t VTE Ru|ate 0157:H7 g3 & o] 848 #

H8t] of7) Wi VIE gulste AT 54 & 9
A of w7t o] &Elo] g, ofel] Hekate] s A|ofA
VIeE BH|olo BEH & 4o7|e tgie] o] A48
w882 & Aol st A EE o 73
WL dog|s gAde g oA ?er o} 7k 2 beta-
glucuronidase & 4|8l A o2 BHEHIAC)

MUG sjx ALl A o= B3 e Tofl thated w
23 AgeA VIe Euld5g AAE ¢ e PR
Al Vero cello]| 4 9] CPE HA B8 At VTed] H
FA2He galdte] 2AE A3 Vero cell @843} VTeE
A AES TAAM AXHA £9E MY BEA 22T
& 9l on o} A3t Dobrescu S7¢] 218 Yx|5H3Th

1977\ Speirs 57 thgo] BHHE o]IA Hi
(Heat-Labile Toxin, LT}Z Vero cello] HZE315& o Al
7} AX R 7k ARavt 9Es 2ol Yo Ae #
Fagon odl MakE 1843 o] Fol: BAHA &S
Hhd VT 7247t o] 3ol = CPES Qo9 LT9E 2
7 HE7} 53 BoT SR
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] Q7RSS & Vero cell?} Heh ccllo] cj
VTes] =8 9] Alo]& receptor H-3H5-9] 2po]o] 3 Aoz}
£ Ro] ¥3A ). 19879 Marques 5'°2 VTeE Vero
cello] = E4Jo] 7}% vk Hela celld] &= EA4Jo] SFeitln B
13Fed of HuE B Ayl Fujel dAjsigd.

2 AY 23 Vero cellof4]¢] CPE 3442 A E
B8 HE7} 53 Whs Ao Yehy Speis 579 B
19 42851 on, Hela celld] 3¢5 F2A4 ¥ 2
5 32 F A2 Vero celle] F9HT) AEEA0
Fd A& A% + AT A8 2 VTe: Hela celly}
Vero cell ZFo] AEEA0] Ut Aoz FAHP o1 4
X543 & o] 838 VIeE &3] A8 E Hela cellith
Vero cell& o] &3t o] F& A2 YEyt.

1988 Weinstein 53} Gyles 5%%°& VTeZ encodingd}
E gened] @7IMEE BH3Gon o] 2AZ 19904
Johnson £, 19923 Imberechts 53} Woodward 53¢
PCR 7| & o4 VIS VIcE FEI £ AP4A
£ Imberechts §o] A}§% primerS DNA synthesizer
(Applied Biosystem Co, model 392)2 #A4J3te] o) &
stgom #4 primerd] GCEFol @] wWEd an-
nealing €& 45C2 @7 59 PCRE A3 §&
ZFo] g S0l FAAT VTed P Solio] A& R
22 ¥tk PCRY UAAPE AALS] st O
7 9] genomic DNAE 1pgH-8l lag7tA| 343t 4y
23} 1ngd genomic DNAZIA| A2 4 AN ok
B2#%%F Vero celle] CPEE Jehle #3d s
PCRE 43 A3 759bpe] o] bandE AFFoA &
2% 4 A} VII# VIIZ} A64 2 B
a7} o AAA 7] dEe), HAFH WFFORRE
VTe A2& 939E Vero cell 0] L3 AEEA Hat
2% Ade ddMe FEYY 4490 a2y
VTIz} VTIIE #8337 SAAM R B8 71s
Ao) 97) REd] B YYsted= PCR 71g9] 9o
Ye3i Algdrh

2 g dgdol 8] Vero cell] tid X5 49
3} PCR 7| < o] 8¢ AAE S, & 4%dME F 205
9 FFE BN LH o F 105E FFHd ojgd 5
AN ZHR e 10FE o fF HAFE Bole o
A £ =1

4 £

A REHo Ade 2 JAFAY 8 L 23>
A A gor HA FFHE dodl= 44 of
3 Q77 2810 oo digt AHS AAFY O83
e FEE A%l

H72 FFEE dodle dFF S 5% WY gole At
3 Aol 25 B8] Ao Gt gFF
3} ulZ7EA 2 beta-glucuronidase & #H|sled MUG7}
7He WA oA HE-g w gt

A 73] AL D WY 0.2 4 Vero cellg o] &3
AEEAR AP A%o] tastn g3 Aoz ui
on A¥XE Y& FA VIeE HF8= 0] monolayer
7 348 Fo ¥ AEd CPE 34o] FHa3ic
CPE: 18A]zbolujol #AE 4= e A2} T34
Wk Aol 3 270|140} Hela cellol X o] AXE4 A
Y3} Vero cell®] 749 CPE ¥4o] Mz H oY 5
A o] Vero celle] 734-1.t} o3t

g AdPPoRA PCRE AN AT
primeri= VTI3} VITIY & §o]4o] Q13 VIed Tt Eo]4o)

£ ALE Y Ve &S A e pimerE o] &8 ¢ gl
o) M E ZAG A5 Ing7hA] 2EY < AT

HAY AR g H#ALES F 16559 AT
& 39 en AE54 ¥ PCR 4847 Vero cello)
AXEALL el ¢35 BF PCRINE FHog
s 5 A¥e d3rt dx e Vieg BH)g= g
AT F 2058 Agsigic

Legends for figures

Fig 1. Negative reaction(right tube) : VTT-producing E coli inoculation. Positive reaction(left tube) : VTe-producing E coli

inoculation
Fig 2. Normal Vero cell

Fig 3. CPE pattern of Vero cell inoculated with VTe : Note the rounding-up.

Fig 4. Normal HeLa cell.

Fig 5. CPE pattern of HeLa cell inoculated with VTe : Note the rounding-up.
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