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ABSTRACT

Intimin, the product of eae gene in EHEC O157:H7, is required for intimate adherence. In this study, the
C-terminal region(281 amino acids) of the EHEC O157:H7 intimin were expressed as a protein fusion with
(His)s, which was used to raise antiserum in rabbits. The antiserum reacted in western blot with a 94kDa
outer membrane protein of EHEC O157:H7. It was observed that the antibody titers both in egg yolk and

serum appeared in 2~

weeks after immunization with fusion protein. At the time of 8 weeks, the titre of

egg yolk was found to be higher than that of sera. According to the results of neutralization test, chicken
egg-yolk antibody(lgY) against the recombinant intimin strongly reacted to EHEC O157:H7. We conclude that
a truncated recombinant intimin could be used as an immunogen to elicit antibody(lgY) against O157:H7.
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%= 19901304 19963 Afolol] Shxlell A 0O157:

EHEC 0157:H7, Recombinant intimin, IgY)

H7 o] welsAvta B vh ok 7t
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=] F8 4 9 A FolA AHE] A9
i 5ol O157:H7 o] ¥el¥al Jvks X
a7F 7] wj ol (Sargeant 5, 2003), VTEC
0157:H72] 2§l odo=z Qg A7
Adesrz Agsta ok

VTEC O157:H79] AY3}sha] 2372 dnbel
T3 -2 FARSY sorbitol S H-aflEhA] st

31 MUG(4-methylumbeliferyl-B3-D-glucuronide) i
Aol A FARkgol Uehe Afole] glojA
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2 242x JrHKonowalchuk %, 1978). O'Brien
5(1984)2 Shigella dysenteriae type 19] =4~
(shiga toxin)oll gl FdHd| Fs=&= VIS
shiga-like toxin 1°]2} 83} 3, Marques “5(1986)
< shiga toxine] A F3l¥A Z= VIS
shiga-like toxin TI }x2 ©8™E3FA VTS 2=
Shbe] A subunit(32kDa)9t tHA! i B subunit
(& 7.7kDa)Z ©]Fo1x JITtHO’Brien¥} LaVeck,
1983). A, B subunit> SA1329] ribosomeol] A
33l elongation-factor-1 2]<=4) aminoacyl-tRNA
AAst FHH o2 A IS A}
Ao dHA] UTHEndo 5, 1988).
EHEC O157:H72 d3ds&2 34, %, 2
ol wehs PAgtiar ®BalE ATK(Tzipori &,
1987). VTEC 0157:H72] ¥WH7|Hde, VTEC7}
el s FAT vy, 4 delA VT
S AAteta AAE VT Ao 2 RE S
w5 sTle] ddu A e FA st
e FoEA B, E3 i
St Aoz deA AtKGyleset Thoen, 1993;
Tesh¥} O’Brien, 1992). wiebx VTECO] <]3F
AEys dielr] feix= VTECTE A
o] F-3ehe= Als WAlehs slo] HAd Aol
sk 4 ok VTECE 3 94 i<t (enter-
opathogenic E. coli; EPEC)®} AFaHAl, <34
ko]l RZkattachment) ¥ FAAFEL] wAGRL
Z~H(effacement) S 5XH S % 3Sl= “attaching and
effacing(AVE) lesion’ S fralh= Ao® U4
21tHLeBlanc, 2003; Sherman 5, 1988). ©]2]3dh 4-
2HA-8- eae(effacing and attaching E. coli) =}
Akl ola] A% a(Yue Kaper, 1992), L At
E-2 intimino] 2} 8% 94kDao] A ek
(outer membrane protein; OMP)= &1 9l
(Sherman 5, 1991;Louie 5, 1993). ~12]3 Mckee
o} OBrien(1996) intiminol] th3lk o]
HEp-241Z o] th&k EHEC 0157:H79] 23S =}
ettty Buskoh w3 intiming  opw] Ak
A oA Fdolv N-Ee X BT C-Ewhe]
ofu|iik 4717F HEp-2 AlaEete] Faakgo] ¥
A 7t doldtial sHgitHKenny -5, 1997).
upebA], Aol A= intiming] C-ETH -9
o] 42 cloningdtal A =3g3ke] in vitro 2
d HHE 753 o, 2dE RS s

KeN
=

Qi

.

HAYo R o]gsle] By W AghAlY] HA st
O157:H7¢ol| tist a&4 A At 7HE A

dataal Al 3 Ak ek o)
0157:H7+to] Az e]uhdhulal ghelof] oj

THE HTToZA o -
O157:H7+ #rdoll oJgt HAse] oW 9 X
A 2] F8IVeAS ERRlstaal A

0% 82 )7+ (Enterohemorrhagic Escherichia
coli; EHEC) O157:H7 34+ ‘EHEC 0157
H7 EDL932’©]™ American Type Culture Col-
lection(ATCC, USA)ollA F-ekikolc) 5= ujoke
Zepeda-Lopez2} Gonzalez-Lugo(1995)2] ®FwHell uwf
2} Penassay brotholl A o]FolH o A= 37C
24A17E kgl wkelS 141422](5,0009, 4°C 20
)t 3¢ ths 2F Adel ARgsith

g

~

2. Intimin |dXx Z2z2d ¢
HlE| =

in vitro 2+

EHEC 0157:H7 EDL932 ++=2%-E] genomic
DNA2] 2]+ Sambrookz} Russell(2001)<]
phenol-chloroform F&®ol wel F333ith
Intimin o] Cc-det 281709 o] wAbS
Agshs RS 2EYs] flstd, 549
genomic DNAZ S8 o2 3}o] sense-primer;
GTCGGATCCTGATCAAACCAAGGCCAGCATT
AC(BamHI site 59 ¥3)¢} anti-sense primer;
GTCGGTACCTTATTCTACACAAACCGCATAG(
Kpnl site 3¢l 3x3hE ARE-3te] PCRS 335}
om, 1 21 v gdr; 95T 3% 1
cycle™d 95°C 13, 58°C 1%, 727C 2%, = 30
cycles; 72°C 0. PCR AHES 1.2% agarose gel
A71Pso=  ZR1g ths  pCR2.1(Invitrogen
Co.) WE]ol| Ad3ke] competent A]E2] TOP10F
of FAAE A F FHESES st
plasmidE =2l8F3ith 2] ¥ plasmids Ak &
Z~ BamHIZ} Kpnl(Promega Co.)o.2 Atlsle]
o]% 846bpe] DNA ©HAS, A3 Adair=
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Akste] FH|gk W #E] pQE-30(QIAgen Co.)
7} ligaton REES AAIEGITE ©]E  competent
A3 MIS[pREP4] FHATAA SFPEES
Aelsie] ke WS 75319 thFig. 1a).
3. M =gk intimin CHEEA9| in vitro e 9 A
Az S (His)-tagged intimin  C-et
chalz o] A 2 AA= QlAgen Co.olA Al
= protocole]l whe} F&siolen, 1 #AS TH
wa] Aeebd ot vl FHEES 100meo
LB brothell ZIBHletate] 3% (Asn) 0.6914

BarrHl Kord

M

v
Promoter>'| RBSHATéiHissH Intimin C-terminal g, gene (0.85kb)

pQE-30 vector

Intimin C—terminal,g,

(b)

Fig. 1. Construction of intimin-expression pQE-
30 vector.
(@) Scheme of the recombinant vector.
Intimin C-terminal,s; gene(846bp) is cod-
ing 281 amino acids of intimin C-
terminal. RBS; ribosome binding site, Col
E1; origin, Stop; stop codon. (b) Profile
of the recombinant vector. In the Lane 1,
two fragments were separated by diges-
tion of the recombinant by BamHI &
Kpnl. M; 1kb DNA ladder marker.

0.5mM<] isopropyl-B-D-thio-galactopyranoside(IPTG;
Sigma Co.)E #7I5Fe] 4417t E<t intimin 2
S feskar 94152](5,000g, 2053k A5
& 35 the, &3l9hE 94 (100mM  NaH:PO,,
10mM Tris-HCI, 8M urea[pH 8.0]; Sigma Co.)>
2 AFFAD F 301t ARolA Xgstginh
23] g8E AlvrS 10,0009, 2037+ A EE]
ato] AN 4amez}t Ni-NTA resin(QlAgen Co.)
ImeE d2olld 7 E3ate] 0¥ column
of FX sttt AlA 4 (100mM NaH2POs,
10mM Tris-HCI, 8M urea[pH 6.3])3} &5+l
(100mM NaHyPO4, 10mM Tris-HCI, 8M urea[pH
59) S = resing AlA 9 &E5te] EEREAE
o] g38to] FFE(Am) = SIS E2lH T
S 6M, 4M, 2M urea £H5(100mM NaH,POs,,
10mM Tris-HCI[pH 8.0])°llA @AH oz T3
< BCA kit(Pierce Co.)& ©|-838l @il F&
AR S, o] A% intimin ¥ 2 Q1 (His)s-
tagged intimin C-det T AS W] A 2
kA Aike] gkl o ARgSRiT

4. M= Intimin CHgEof Cf 5F x| Mo

(1) SANSE L HAYH

A Akl 225779 ISA-brown 7l E Abet
A 10vt2] e} AlF 2.5kge] New Zealand whites
E7] 2nbE ARESIlTE ARG dethshal
FEARIE AFEEANSl A FskIth

Azg Al (His)e-tagged intimin  C- gt
w3} Freund’s complete adjuvant(Gibco, USA)
THOR Toste] f3AA WP owm AL
st om Ak o] W& 3 5-(2000)
Wijel whel AAlekelar, E7lele] Mo
¥} 71(2002)0l st =353t

> 1o o fu

W E7= Ao
4 Z| KoM 4T A B
RIS YAREEle] AT dASrT FSAel

Hys}

ATk
ARE FFgA A7 dRFE(= 1)l
=g ol v Feste] 8T | AT
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7F Adell ARgsklth A, PERE Eeg
5(2000)2] ®FHoll wEl water soluble

A

=
—1;:_, 7D]
fraction(WSF)=  #2letal &A1&

S, 20  HAETH
5. Western blot

A Z3} intimin T el igh &7 e] 0157:H7
o fgk 23S Ak flste], ShM &7
oAl AAtE A H 7 0157:H72] HEojutct
WAl 55 o]-g3ko] western blotS A5t

O157:H7+ 2] A2z 2 9tehul 2 (OMPs) &
2 Achtman 5(1983)2] ®WHe Fale] 4233}
Fa oFeshd o 2T Pennasay brothol A
st kR wAlE &Sk (50mM  Tris
[pH 7.5], 50mM NaCl, 1mM phenymethylsulfonyl
fluoride) &2 A+ AIX1 & AEE 233
th w7 HA1 e AwES AAs Ss
A& A ARtk s oAl AR
(20,0009, 605t FA=S DisHTE =9l
< 11.1 mM Tris(pH 7.6)°ll 1.7% N-lauroylsarcosine
(Sigma Chemical Co)7} 3High &9 1:89]
53 H&=2 7hete] AoA 307 X1EEH
th oAl AR E st =S sample buff-
eroll o] SDS-PAGE®] A& AME-3ISITH

SDS-PAGE®!| dAJ3te] 8¢ OMPsell thato]
Towbin 5(1979)2] *Hol we}l western blotS- 2
A3t #38% OMPsZ nitrocellulose paperel] &
ZAZ] §- 5%2] YA|F-$H5-H(Carnation Co.)-2.
L5AIZE &R ALolA A3 flelA 7l
3 E7] S9HS 1110007 3|45k 13} 3=
ARgsEe]  1BARE WRGAIZ]AL 22 FAlRE
alkaline  phosphatase-conjugated goat anti-rabbit
immunoglobulin(Jackson Co.)< 1:2,0002.2 3|43}
of 12} YA} FUg o REEAZTL
BCIP(5-bromo-4chloro-indolyl phosphate; Sigma Co.)
2} NBT(p-nitro blue tetrazolium chloride; Sigma Co.)
S ARg-Ete] membraneS 7HAI3E sl o 3418
ol © 2 3= TSB-T(Tris-buffered saline-0.05% Tween20)
£ ARSIl BE AlH 33] AAlsHith

6. Biodut

—

olo

AZ3 intimin &) gk AlgkA ol A 2]

(

fleted, AAR A=T
d T WSFe Zjht

°.
o

S ELISA Wyom pasei. $4, Axg
intimin Y45 5ug/meo] EX=%  carbonate-

bicarbonate buffer(pH 9.6)= 3]4]3}>] microplate
(MicrotestTIT flexble Assay plate; Falcon Co.)ell
100ue ol 4C A s e v
atoith 3] &o] 2=y plateS A% -&91(0.02M
phosphate buffer, 0.13M NaCl[pH 7.2] con-
taining 0.05% Tween20) 2. = 33] A% 3k & 50
=4 f-& 9N (pH 7.3)(Difco Co.)< Zt wellel 175
ne BEY F 2410 Bk AedA wAg)

Atk 5% GATEAH AHLANE FHFOE
Ao Falgale o]l&sle] WSFI IS

2,0000) 3]48to] 3uly TAH o= 545t
37C A 2ARE wEEAIZITE 23 FAlRE
AP-rabbit anti-chicken 19G =& AP-donkey
anti-rabbit 1gG(Jackson Co.)E 5,000W 2 &] 23}
of 37C [A 271t ¥hE AZT) 1A g o ®
Phosphate substrate tablets(p-nitrophenyl phosphate;
Sigma, USA)S 10% diethanolamine(containing
0.5mM MgCI2, pH 9.8)ll =2l &S Al-83}]
1537 WA 7] Hhg-of Al Al == 5M NaOHE
AH8-3le] ELISA reader(EL800; Bio- Tec Co.)&Z
405nmell A F3=E STy 2o 2F 9
4 = plate A& 7314 AAJ83 T

7. Z5HESA|

ngk

Az3 intiminell gk 43} e] EHEC
0157:H7°ll tigt Wolays dolrr] $Jsd
Al TR AIES itk 1S
A<28hd, 1x 10%(CFUIME) 5% 3]A4%¥ EHEC
0157:H72] A& 10meS Herd A E o
ek %, lgY F%=7F 747} 5, 10, 15, 20mg
o] HEE WSFE H7Istalar, 1Igvs H7bst
2 e 8 hxTo R st 37T |14 2
AIZE et o, 27 imed A3 sk
60C |4 2027t EAE $ PR Aste A
ol o] g3t AR FAE Kim B
(1999)2] competitive sandwich ELISA ¥ el
woto]l Faeelth. 23k A RE AA A2
3l rabbit anti-intimin antibody(1:2,000)2} AP-

rlo
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Donkey anti- rabbit 19gG(1:1,250)2 &3 &
AFREIG o bl W e 3)x|

S Bl Agsgn,

12 12
St

m Z a

1. Intimin A =gt deidle] L=

Intimin®] C-49E-9E ¥4 GUIMER o)
o] PCRS 33 ZH3} 846bpe] PCR AHE S
AUt ©]F pCR2.1 HE ] 4§iste]l 7]A]
g BASE E3k9 intimin FAAE g9
A A AE BHE AlgkE Ay (BamHI,
Kpnl)Z *2]3}o] in vitro & @€l pQE-30
7} ligation WS AASle] gl5H ¢4 28
of that Agtas Ahs 53 15 A7, 3.4kb
°] pQE-30 WE]¢} 846bpe] intimin C-T¢t K-

oz gely ] om(Fig. 1b), 3+ A7 L
Mg Fote ¥y TE5S HTHo=
g2l

skt

tot Mz Hm

2. M=%} intimin Sl Elo| dbsy gl X

Intimin®] C-2¢k 919 28171 ofv]:=4t3} 6
7l¢] Histidineo] A o] HHHYEE L3
A3 pQE-30 WE|E MI5[PREP4] Al Ed
FAASS HAAstal FAASE AdS )
oksle] A %%t intimin @A o] W3S SDS-
PAGER Z2lalith(Fig. 2). IPTGS] wHalf

1 2 3 4
-
bl
——
e .
” G S 34kDa

Fig. 2. Expression and identification of(His)e-
tagged intimin C-terminalys; protein.
SDS-PAGE gel showing un-induced, IPTG-
induced cellular proteins, cell lysates and
the purified(His)s-tagged intimin protein
(lane 1, 2, 3 and 4, respectively). The
arrow indicate the induced(His)es-tagged
intimin protein in cellular proteins. Lane
M contained molecular size marker.

66kDa—

45kDa—

31kDa—
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HEE5 vaste] oF 34kDa Aol A H4 o
WAl Azg intimin gdo] ¥ E T}
(Fig. 2, Lane 2). gk wikel Alrs &A1
% Ni- NTA columns ©]-83te] 22 2 AA|s}
QI(Fig. 2, Lane 4), o7& A 2 I3}
A A A Agdo R ARSIt

3. M=%t intimin CHHA| CHsH & XD}
0157:H7 OMPs 2% 1jo| Z§tuts

E7)o| A AAbe(His)6-tagged intimin C-Zrh
gl Aol 3l AL AxpaA R AL&Ee]
O157:H7 OMPs #-28l& A=E 4 A=Al gt

western blotS 2A1S A3}, 94kDao] O157:H7
OMPs 33} 3stg o] Aglsle] nitrocellulose
membrane’Joll A g uke-S LERNITHFig. 3).

97kDa—] -« S = ke

66kDa—]

45kDa—]

31kDa—

Fig. 3. Western blot analysis of OMPs ex-
tracted from EHEC O157:H7.
After SDS-PAGE, the OMP proteins were
transferred to nitrocellulose and probed
with(His)e-tagged intimin C-terminalg;  pro-
tein. (His)e-tagged intimin C-terminalzs;
protein fused with sizes of approximately
94kDa of OMPs indicated by the arrow.

4. M z=gt intimin chEdZlof| chsh 32

|
AEEE AA8 S7kste] 857 o]F a9
A7V FrAsHAtH(Table 1).

-
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Table 1. Antibody titer of hens immunized with
(His)6-tagged  intimin  C-terminalas:
protein

Antibody titer

Weeks after No (geometric mean titre

. - + SD)t
immunization of hens Egg-yolk Serum
lgY [o]€]
0 10 195+01 230%05
2 10 407+10 447112
5 9 507+07 517%15
8 9 530+13 525+06
11 9 536+0.8 530+17
15 9 534+08 532%0.9

T eometric mean titres are expressed as natural log
transformed values.

5. EHEC O157:H70l| thgh E5tEhSAIE

AZE intimin @ g oidk  WEakA] o
0157:H7ol| gk Hojavs dolir] flste] 5
sbeAA S A A, RS med 5
20mg A7F A, 79 E%7F 10°CFUmeciA
10°CFU/me= ©F 1,0008 7+t ick. 1efu, et
FA|o] H7lsE St WE O157:H7# 552
o)A e HolA] 29THp > 0.05)(Table 2).

Table 2. The changes of EHEC O157:H7 con-
centration according to different treat-
ment levels of IgY

IgY Treatment(mg) B(’f}f:ra(gcigérrzﬂ)

Control 1.9 x 10°

5 3.3x10°

10 3.4 x10°

15 35 x 10°

20 3.7 x 10°

v o

oo A= EHEC 0O157:H72] intimin -4
Al & -t }Ul w=A4F 28170l e dake b
E Z2Y5}Y in vitro '&d WEE F£=5t A
Z3t intimin ¢hA-S DHAA 2k 9} B
tﬂ }oq 3l Ao xﬂ'l_o}o:l otq o] 3le o

EHEC O157:H72] OMP£}2] western blot2 =33

; Immune Response of Recombinant Intimin

o
i

I NS ERNATHFig. 2b). B3k A
w3} A E o] 835l EHEC 0157:H7°] t
shibeA s Soto] W=k @Al7) 0157:H7

slgtrh= A8 ERRIsHSItH(Table 3).
Intimin®] C-2eH-91¢] oF 28174¢] opm] At
S FEA7]7] 918 PCRE ©]-83te] 846bpo
719] DNA TS AE3% Y 135%E DNA
SHS insert® 1] expression vectorol ligation
A A 671 Histidine¥} intimine] 28170¢] C-&
o olu)Alo] E3tE] o]zl plasmid & A 8H
t}. Cloning® <Al MI15[pREP4]oIA] &
Y A Axs 9Es 2467 $lske
IPTG= induction 3} $-°] 9] protein pro-
fileS SDS-PAGE® H|&}S ] Fig. 3aclA
AAJeE wie} o] induction 2] Aol
ZE A g2 wli o] WAl om T At
Fe 34kDal. = UERHTE FF JHe] opn| Ak
110Da2.= 7FAAS W 28170 ofv|:=AbE
¢ 31kDao.2 3ito]l I 6709 Histidine
(0.88kDa), A2} - *Z codon Alololl FEAE=
MCS(multi-cloning site), 22|32 Z17]9%F “Jol
] Rfgk(retardation factor value)S =74 0}04 L
AFFS AbEshe delA] dAE= 9 &
Hate] & wj 34kDao] HAT A7]e} F quljr

Mckee 5(1996) intiminoll 3k o
HEp-2 Mo thdt EHEC 0157:H79] F2A4
S Atk B skl ar, Kenny 5(1997)
intimine] oju]=Ak A4 Oﬂ/ﬂ ZFdoly N-Z
@ X ET c-gee] opm gt 7]7F HEp-2
Alzete] e Agol A AatAl dojdriar
Hagk wie} o] E AFoA % intimin
C-terminal 28170¢] oln|:=At V|2 FAE A
AW AS Bz AHste] Axd I
S AE2 sl9] western blotS e A}
EHEC 0157:H7¢] OMPs(94kDa)2} 7alA Agt
3l o] 1 ATH(Fig. 3b). A B AT
oA Az AzF intimin ThYE-S EHEC
O157:H72] OMPsoll 419 & AA7|E ¥3s)
3 lom FAle EHEC 0157:H79] So]% ut
o] 7@ FAjT AR AT,

3 Azt intimin o] NS

™
o

O{N o &2

¢

o ot

iﬂ

—

o
J

k)

Ve F ol welslow sl A A
el AT Badela Aelies xS,

O
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Table 164} o], PA7H= WY 275H A
A8l F7kete] 65 olFHH Ttk ATt
T2 "9A AT fARE @S Bk
Shimizu 5(1998)2] ATolA Az
A7 B F Fole dEow ojdHETia
askglon 2 AFdAE 1Y A 3o
HAE IA7F 4~ T Foz HA} o)A
He dds 3EE 5 Qdodth

Eolta}t &A|(specific anti-intimin 1gY)2] EHEC
0157:H7°l digt FIHHSHANE AAIsE AF)
s}l 3H4 5~ Img/meoE 10°(CFUML)2! 0157:

H7 A9 %S 10°%CFUME) FFo= 3}
Al71= A o2 el THTable 2). o] A=

F-2k4d 21 2Kadhesive antigen)oll 3t
el &4 9] inhibition testoll A Al 7T 7
HAo= 7 5(1998)9] Hare} Wik ghAjof o
3k JAFuE-S(clinical response)oll A ool 7
AE A=) A, 4 SAFH EHAS(FC
score) 52 AAT T . FAdSth= Marquardt
5(1999)9] H e} o], AZF intiminel ot
W2l &7} EHEC O157:H7 2 dZ3] #a
A7l 237 QS-S AAKe g, 2 A

o

43 Kim 5(1999)]
competitive sandwich ELISA el Ao}
W7FE 7 10°°CFUMe o) s Eoll v S &
a17] wjiol vehd dgdow FHH

240z, wdy Ax3 intimin

T T
s Aol Wb fed 5
3|

rr
g2
|o
=
of
o
i
oo
2
o e

o
z
"

{ o

Vv
F=HAA N 0157:H72] eae

Jo
2
by
2
il
r o

A2 AR Ark Intiming]
2b 771 9HHis)s0] E3FE] o] o] F
2adsle] Azg o d(34kDa)S LA A
BH Y Y% intimin 9 2] Wol9AdS g
A3H7] S8 B7lef AtgAlelA dEH E o
FFA(IgY)E Az

O157:H7°1 A #-a|3t A euhchild (OMPs)
I Azxd FIAo western blotile] wFS-of

(@)
=)
i
o
o
=
K

o o
o
T
=
2
3
o
et

[¢]

SR ES Y BEERER-E S RE

oh wWelgge] B WAL AebAe]
@ A, WY F 4~ 7 AVH e FE

o 18

FA7E FAHA

AZ3t intimin Yol )3k Wak Ao
Astse ZA2 9sle] FIueA|HS

3+ Az}, A% intimin ThlAo] )3k e} gk
7} O157:H7%} 75tA Adsl= Aoz vhehdth

e
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