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Recombination and Expression of eae4 Gene in Enterohemorrhagic
Escherichia coli O157:H7

Hong Kim and Jong-Bae Kim'

Department of Biomedical Laboratory Science, College of Health Science, Yonsei University,
Wonju 220-710, Korea

Enterohemorrhagic Escherichia coli (EHEC) strains of serotype O157:H7 have been shown to colonize the intestinal
epithelial cell by the attaching and effacing (AE) mechanism. The AE lesion is mediated by an intimin, of which
production and expression are controlled by a 3-Kb eaed gene located EHEC chromosomal DNA. If the eaed gene is
mutated, EHEC O157:H7 strains lose capacity of adhesion to intestinal epithelial cells. In this study, a 891 bp of the
3'-end region of a gamma intimin was amplified by polymerase chain reaction (PCR). The PCR product was inserted
into pSTBlue-1 cloning vector and transformed into DE3 (BL21) competent cell. After plasmid mini-preparation and
restriction enzyme digestion of eae4/891-pSTBlue-1 vector, target eaed gene was re-inserted into pET-28a expression
vector and was transformed. Then the expression of recombinant eaed/891 (891 bp) gene was induced by isopropyl-
B-D-thiogalactopyranoside (IPTG). The expression of the 40-KDa recombinant protein was identified in SDS-PAGE
and confirmed by immunoblotting using the His - Tag® and T; - Tag® monoclonal antibody. This recombinant protein
expressed by eaed gene could be applied in further studies on the mechanisms of E. coli O157:H7 infection and the

development of recombinant vaccine.
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of Jsix AWYS dosjet 4o wEbA 47K T/
Fozs EF% 4 Yo' o] F enterohaemorrhagic E.
coli (EHEC)E. 233 verotoxing sk AFL A
ol ZrEstd Algoll A o] 419 AALE YJoirh,

v] 9] Centers for Disease Control and Prevention (CDC)ell
A 197335 19829 Alelol] E-elgt 3,000 SR E. coli
ZF o1 FkHTHEM, 959 Public Health Laboratoryol A=
1978'a5-H 1983 Alololl E2j§t 15,000 F(1H)2 E. coli F
AA & 1 F(ER)EHE, 283 7lvthe] Laboratory Center for
Disease Controloll 41 1978'd%-E] 19821d Ajool] Zhxbo} A}
28g Bag 2,000 FHHY E coli F 6 F(HH)THS EHEC
OISTH72. & E&3Ru1*'*?. Z18{u £ coli O157:H79 2
g L 1980d vj=o] QYT FollA 26} njAlA Fof
Al 21730] ZAAH] ME Bud olF T3 Fel AT
9] CDC EAI] wad wjd 25000719 gAY} B
I 9?1997 300 A&l Hetoz FEE Azt mn
o AR oz 2 EA7F Ha Yo, o] AlFe 5L
o2 579 dAdds g2 A4e FHe Bulgt 55
7 gfo] 49 MALE FUsky, AR Aol £84 85
F7HA] Gozit?S B 0, H @AYl webA 99 2 5
4e dodle AFE O157TH7o1E . BHIHET, sorbitol
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o] A7Fg MacConkey WAl 4] sorbitol S #8517 #3}]
A A2g A3k 538 /X1 QP

EHEC el digt A&e 7142 58 484 o] Aol
B (cecum)™ 37 (ileum) Lo A] attaching-and-effacing
(AE) Zgof oJsiA] s FYAsh= 3e F3lA w3z
9303) " AE lesione $-4 bundle-forming pili& ©]-&3}o] 12}
£ A3}, eqedBl BElE AAA) 2@E intimino] -
25 wiEtEA Aol FHA Xl &3l vlZ o QA
& cytoplasm ol polymerized filamentous actino] ZZ &
FHA4o)t}), Enteropathogenic E. coli (EPEC)E ©]9} 2 n]s:
g 2o 2 eukaryotic cellol F-2shs Ao A Y.

eaed FAAR= EHECY chromosomal DNAo] $)x% 3.
Kb2] FAAE 94-KDa9] intimin¢]2}2 £l outer mem-
brane protein (OMP)S A&t} & intimin< A X9 mem-
brane receptoroll A§3lod Al ¥ol K23 AlF3} polymerized
actin filamentS AP A0 2 QA= 2T IS A}

38 EHECOIAM AE lesion® A4 714 EPECY} A&
Ao Fash= 713 o FAMHA intiming LS
eaed e} vlssHA 7] A9 5 end A 2HH-E F7}
A ¢F 2,200 bpol A 97%9] ¥ FAFEE Hole ¥ 3' end
B1E9] 800 bpollAle 59% A=qto] fAlsltln gl &
eaed AR o)ajA e intimino}A] C-terminal &
9] oluiAt AYo) FEBZ F colit A2 TR gpYTR9}
EolAQl +8AE 7IXA ok 12 FJYUFXRE alpha ()
oA delta (5)7HA] 47HX] FFH-Z intiminS Y & YA H&
H o] ¥ EPECYE intimin a2, EHECE intimin vy 257314
T2 5 JPO.

£ A7oNXE intiming T eaed HHA E7) AL
Z EHECO) %t 50]22) region?) 3' end F-2& PCROE F
3 ¥, Atz ske vectors}t 5YE AelE AABkE
AgtaAg AT OG- vectorol Yt plasmid’} Z2oj€
E. colidl FAXT A o2N EFF A FHAE 4
A7l 22k 81t

ME 3 Uy
1. 48 25, HiY Tda Zata0/E

£ 2ol o] &3 EF 75+ AP O157:HTQ E. coli
ATCC 3515022 4] 152} American Type Culture Collection
(ATCO) F&3t] THsAh AEF DNAY host2& E.
coli & DE3 (BL21)E AH8-3F31. 2.1, cloning vectoroll & pST-
Blue-1S, expression vectorol] = pET-28a plasmid (Novagen Inc.,
Madison, WI, US.AYE TH43to] AlZ3AL] 373 g4 o}
ohx] AHS-EH3IT)

Al¢-2 Luria-Bertani (LB) brotht} LB agard] FE3d ¥

37°CoNA] 18~24413F B Fdsle] Aol AMEEeh 2o
off wjetr] ampicillin 50 ug/ml, kanamycin 30 pg/ml (Sigma
Chemical Co., St. Louis, MO, US.A)¢} &AAE wixjol H7}
8t ARE-EISIT

2. eaeA/B91 plasmidQ| Xf =&t

1) eacA ST X0 i3t oligonucleotide primere| A%t

EHEC®] & W ZHME F&o] sl intimin T
A& Bhshs 72 eaedo] i3 oligonucleotide primerE
A &517] 918k Genbank database (NIH, U.S.A.)ll 24315
t}. eaed FHA F y intiming DH3E eaed AR C-
terminal 2ol )33 891 bpS eaed/8910)12} 2 BT
o] XS TFEEM THAEA Afursel o HAHY
primer= Oligo software (National Bioscience, Polymouth, MN,
US.A)E ©]-838t upper?] 7§ 5-GCGGAGATGACTTCA-
GCA-3' (IntU)E, lower?] 74-$-ol= 5 TTATTCTACACAAA-
CCGC-3' (IntL)9] E7] MEE & 7oA AABIE, T2
A2t (Bioneer Co., Taejun, Korea) 3}t

2) PCR

EF F5° DNAE template 2 o]-g-38}d Lol Aze
primerE ©]-83t PCRE AAI8IATE 94 boiling lysis
WMo 32 genomic DNA 2 ploll dATP, dGTP, dTTP,
dCTPE 47} 2.5 mMo| =5 T8 dNTPE 1.6 Wl ¥l
t} 2 % 10X buffer (50 mM KCI, 10 mM Tris-HCI) 2 pl, 25
mM MgCl, 1.6 pl, primer set 20 pmol/WlE Z+Z} 2.0 l, Tag
polymerase 0.05 UE H7}eli, B¢ $HTE T ek
%ol 20 w7t B == 319 thermal cycler (Hybrid Ltd., Middle-
sex, UK)olA] % DNAY] 34 A=3813t) PCR ¥
Z 30 cycle® A} o], A cycleo] AlZa}l7] Heojl 94T
oA 18 3023t 7R F vl cycle F 94TolA] 40% T2
denaturation, 58 Col4] 40& 59l annealing, 72°CollA 182 &
ot extension WHEE ATk @l AT extensionS
A8l 712°Coll A 1583 A &3t vhgo] FEE F 05 py
ml9] ethidium bromideE 7}3F 1.5% agarose geloll 719
S5t 2 DNAY 5% o¥-8 3tk

3) eacA RTXIR} pSTBiue—1 plasmide| =&t

PCROZ 5E% eaed +32R= GENECLEAN TURBO Kit
(BIO101 Inc., Carlsbad, CA, US.A)E A A5 3, Introductory
pSTBlue-1 Perfectly Blunt Cloning Kit (Novagen Inc., Madison,
WI, US.A)E AH-31 pSTBlue-1 vectorol] 443 &, X-Gal
(5-bromo-4-chloro-3-indoly B-D-galactopyranoside, Bioneer Co.,
Taejun, Korea)S FEHol| vl LB agar plateo] YA 34 AF
BT 37CollA] 18413 B wlge &, Sl 34 g
ampicillin 50 pg/ml, kanamycin 30 pg/mle} A7} A7H€
LB brotholl ¥t ohA] vt Mg a4 Aaks
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& o] &3l ztzhe] 3 DNAZF A3 AUHI=AE &
213}, plasmid DNA mini-preparation method”2 plasmid
DNAE #&atgtt (Fig 1)

4) eaeA |T X2} pET—28a plasmid vector?| M=$}

pSTBIue-1 vector®] A UE eaed F-HAR= THA] expression
vector2 A Y8 73F LAdo] AUZ o]FoJXEF reading
Xhol 0.2 HE| F &3 insert DNAOY, TUE AlgaL=
)2}t pET-28a plasmid vectorE 3:19] mole H|E 41t} ¥
Sollof] T, DNA ligase (10 mM Tris-HC], 50 mM KCl, 10 mM
2-mercaptoethanol, 0.1 mM EDTA, 50% Glycerol, pH 7.5)& #
74k & 16°ColA) 4417 B9 vkS-AIFtk 1 ¥ DE3 (BL21)
o ligateZ ¥ FAABG F, selective marker24] kana-
mycin (30 pg/ml)o] EFE LB agarol YA #HA HF3IGich
o & A o= Feke ¥4 DNAY Y AF-5 #lst
7] 98l PCRE N8I R, SFo] FlE FaA A=
transformantslA] plasmid DNAE #2]3}] ligation siteE <1
Aape AFEAZ HN2sHach (Fig 1).

3. WX DNAS UHH 24

1) Sodium dodecyt sulfate—polyacrylamide gel elec—
trophoresis (SDS—PAGE)
AZF AR eaed/8919] AlEFE W LAYTS A5

915} Laemmli'® 9] discontinuous buffer system? ©]-8-5}4
15% seperating gelol X} SDS-PAGEE AAIEFITtE 4 iso-
propyl-B-D-thiogalactopyranoside (IPTG, Bioneer Co., Taejun,
Korea)2 Aeld AlF i H3lod Lowry B AFHY
02 1 mgmld) FEE GuFg A s AE
£ sample buffer9t EF3F th&- 95T heating blockoll Al 5
Zt 2 F 10 mAZ A719EY F Coomassie blueR 250
4402 AU

2) Immunoblotting (Western blotting)

Immunoblottinge Towbin 522 ¥Hol uletr AA3H3]
t}. A7)9Fo] By gel& NC paperol transferdt ¥, 1%
BSA-TBST 259 (10 mM Tris-HCI pH 8.0, 150 mM NaCl,
0.05% Tween 20)°.2 ayt A&)3le] gdo] F-a=7] g2
nog adsty, MFsAck 97lo] T, - Tag® monoclonal
antibody (Novagen Inc., Madison, W1, U.S.A)E 1:20,0000.%
8|28} 37°CollA] 30% B3t His - Tag® monoclonal antibody
(Novagen Inc., Madison, W1, US.A)2] 73-¢ol& 1:1,00022 3|
Aato] 4ColA gt Aelsted FA-FASS Fiedt
Aok whgo] B F oAl gFAo 2 AHAUL, alkaline
phosphatase conjugated anti-human IgG (H+L) (Promega Co.,
Madison, WI, US.A)E TBSTE &5 R0 2 AME3o] 1:4,000
oz gAg F, 37ColA 308 T A8t Nitro blue

A
1 eaeA Gene of E. coli 0157:H7 ATCC35150 2805
1915
eaeA/891 (891 bp) « »
BamHi Xhol
1 origin
eaeA/891 eaeA/891 BamH

pSTBlue-eaeA/891 [acz Xhol

4,742 bp

f1 origin

B eaeA/891 in pSTBlue-1
Blunt Cloning Vector

Kan

pET28a-eaeA/8I1
6,220 bp

C eaeA/891in pET-28a
Expression Vector

Fig. 1. eaed/891-pSTBlue-1 and eae4/891-pET-28a plasmid construction. A, PCR product of eae4/891 (891 bp) map in EHEC
0157:H7; B, eaeA/891-pSTBlue-1 plasmid; C, eae4/891-pET-28a plasmid.
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891 bp

Fig. 2. PCR amplification of EHEC O157:H7 eaeA gene
specific primer IntU-IntL and restriction enzyme digestion of
recombinant cloning vector and expression vector. Lane 1, &/
HindIl+EcoR1 marker (Promega Co., U.S.A); Lane 2, DNA
molecular size standards (100 bp ladder [GenoTech Co., Korea]);
Lane 3, PCR product of eaeA/891 gene (891 bp); Lane 4, eaeA/
891-pSTBlue-1 (treated with BamHI and Xhol); Lane 5, eaeA/
891-pET-28a (treated with BamHI and Xhol).

tetrazolium (NBT)2} 5-bromo-4-chloro-3-indolyphosphate (BCIP)
2 Akt AzE 7| 2gdo Fol FAukSS JFAIZTh
AAYEE ¥k AR S 945 (20 mM Tris-HCL, pH 8.0, 50
mM EDTA)2.8 FAA1Z) -, NC paperS AZARA

= 2t
1. eaeA ST XS] PCR

B AYox= EHEC @AY 0157:H7 AlFolA esed H3
] FE & AEsIP Mg o YI7HA] £F/9 intimin F
EHEC O157:H7°14] 4 3<] gamma intiming L@ske &
AAe] 3 end FE-E FE317] A5 eaed/8910] ¥ IntU
9} IntL primerS A3 AFsIAch PCRE AANT A IntU
9} IntL primer setoll th&k 891 bpe] ZFE e I
AR (Fig. 2).

2. pSTBlue—1 cloning vector® 0|28t saed FTEAL

o Mzg

PCRE AAI5ld ZFEG 891 bp] eaed ) F-AE A
& % pSTBIue-1 plasmid vectorl] AAUERACE. Insert DNAS]
A9l 422 #Q1El] 943t PCRE AlY38I2H (data not
shown), plasmid DNAE ¥elslo} AFEAE A st
a1 A7 7195 AollA insert DNA (891 bp)$} pSTBlue-1
plasmid vector (3,851 bp)E 218131t} (Fig. 2).

66 KDa
45 KDa f o
y < oy €& % 40 KDa
31 KDa
21.5KDa

Fig. 3. SDS-PAGE of recombinant eaeA gene with pET-28a
expression vector in DE3 (BL21). Lane 1, molecular weight marker
proteins (21.5 KDa: soybean trypsin inhibitor, 31 KDa: carbonic
anhydrase, 45 KDa: ovalbumin, 66 KDa: bovine serum albumin);
Lane 2, DE3 (BL21) competent cell; Lane 3, pET-28a in DE3
(BL21); Lane 4, eaeA/891-pET-28a in DE3 (BL21).

3. pET—28a expression vectortl eaeA SEXIL| X =&

APEAE 22)51 cloning vectorol~] £&l3t insert DNA
E x| 353190, FY§ AFALES pET-28a expression
vectoro| & A 2)ste] AABIRAT) HH eqed A9 pET-
28a expression vectort] A2} eced A7} pET-28a ex-
pression vector system WjollA A3 Aoz WY ¢ JEH
DNAS] reading frameS &3t ¥, FZ37+ DNAY expres-
sion vectorZ 3:19) mole H] &2 410} ligationd}3] 1, DE3
(BL21) cello] RS 31tk nsert DNAY A9 AF-&
&2517) Yair thAl &% plasmid DNAE $E T AlFE
A28 H2]ste] insert DNASF pET-28a vector (5,368 bp)E &
A F AR (Fig. 2).

4. M ZE eacA T2 SDS—-PAGE

Az eaed FAA BAE #AAs}] A3t PTGE ©]
43 ANZY eqed FAAS] BHE FESHI L, SDS-PAGE
£ AA3HT} Molecular weight marker proteing 7]E2 2
ol 23519 2ALSE A} eaed/891-pET-28a0lA] 2F 40-KDa
Eo]zQl ol EEo] AU (Fig 3).

)

5. Immunoblotting

SDS-PAGEEZ AAlsted 1k HolAQ] did £o
AZZ eaed AR B0 o) TR AEQIAE FR18}
7] 98te] His - Tag®¥} T, - Tag® monoclonal antibodyE ©]
£-8l9) immunoblottingS A8} th. 1 A3} SDS-PAGE®]
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98 KDa
64 KDa
50 KDa

36 KDa

30 KDa

16 KDa

s = 40 KDa

Fig. 4. Immunoblot analysis of recombinant eaeA genes with pET-28a-c(+) expression vector in DE3 (BL21). Lane 1, SeeBlue™
pre-stained standard marker; Lane 2, DE3 (BL21) competent cell; Lane 3, pET-28a in DE3 (BL21); Lane 4, eaeA/891-pET-28a in DE3
(BL21); Lane 1 to 4 are same in A (His - Tag® monoclonal antibody) and B (T; - Tag® monoclonal antibody).

A Jelgd 40KDa®] @A) tiated His - Tag®% T, -
Tag® monoclonal antibody”} S0l o2 uhgshs Zeg &
AE = AR (Fig. 4).

4 #

2@ U 9L 9o7)= EHEC O157HL &34 AAl
& fustat®) Azkgk B9 284 85371 et
610 o] AlEe A o Az F&3 AE lesions
Fago e 7FE do7)= caed FAA 2AT in-
timing 7|2 VAT E ooy SAHQ I 4
A YA MALE o). 94-KDa®) intimin& EHECS]
chromosomal DNAAYo] 91X18 3-Kb2] eqed A7 4@
sHed) o] vl do] EHECY AIAXE i) a5 A%
< @ggtin & 4= ok, weba] £ QdFolAi= EHECY
A} 710 Fag HEE BIh: intimindl] HE AT
2 Es|A EHECY ZE<& sl 9% 444 A=
vaccine 7i'dol @3t 712E =gk} S3ich

$A intiming LH= eaed FHAAE PCROZ F-E5}
7} 9A3iM Eo]HQ primerE A28t} Beebakee 503 Yu
0] AF Asjo] wp=H EHECS EPECOIA eged A}
9] ¥7] 4L Xt} fAREL vi2ta slgle], EHEC
9} EPECY] AA 7] NI vuE W § end ¥ 3T
3= 9F 2,200 bpe 97%9] FAFEE Q) ¥HH 3 end F-2oll
#gshs 971 AES 59%9] W2 FALEE HQltkn Ba
&det.

9] AF AFE 0] 83t Reid 52 multiplex PCRS
XSt YL E coliolA 5 end ¥-2-& FF5HoE X
@ primerS A &3 intimin o, B, 2! subtype S TEETE

=3 Batchelor 2 intiming A2 & Y] 7FX]9] subtype
o2 B3al9led|, o]F EHECE y intiminol] 3j33itin B
8k B Aol A= EPECS EE 4 & EHECY v
intimin& LHEHE eaed FAAY A7) HE F 3 endol 3
@8l 891 bpE FEskuat 19k

A& oligonucleotide primer setE ©]§3l] PCRE A4
33, A719%5S AT A primer designA] o338
891 bpd] TF AHEZ HAF F UM (Fig. 2).

FEEL Aoz FEHG W AEL & Edol
blunt endq) F-& 7H¢rsle] blunt endE 7R3 1 cloning
vectorZ AU BIA T} (Fig. 2). eaed F8A7} AU cloning
vector®] multicloning AF&A X F expression vectorS}
FU3 AgrasolHA AUT eaed FAATT DHAE 4 Q)
EE @47] vlg Ao reading framed 913 ¥ pET-28a
expression vectorol ezed XS YA (Fig. 2).

eaed 7217} expression vectorol A= A A& F
Z A ¥, 3 58& #0171 A8 log phase ZEHS
wjgelol 23 IPTGE A= o}S SDS-PAGEE HAI5HA
t} 1 F3 2% DNAS AR A7) o £3o
Al ¢k 40-KDa9] E0]3Ql bandE AT 4 AN} (Fig. 3).
o] AL 4+ E DNA, 3 eaed/891°] pET-28a plasmid vector
ol Az dddn &S BoFe AL &
Ak

AAZ McKee 579 Ldo] &3 ATIME intimin®]
WL A3 DNAE o] 83t A=dIAcH, eqed FAA
o] AA E7] A EE cloningdte] TEAIZ A3} o 97KDa
o] Wby AHE-S #9519 1, Louie 572 GST fusion protein
& AHE38lY] 97-KDa® L@ AHES EQsgitta B3
t}. McKee 53 Louie 59 A+ A7t & A7 27%%}
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E ol B ATNME ered FRA] AA F7] MES
oz WAL AEg Zo] ofel, f-EAte] gyl &)
F5Hs 3' end?) 891 bpeHS U o= 3I3L7] WiEolH, oz
Q3] 97-KDaol obd 40-KDa2] &d AHEo] ERI=ich A
AZ vy intimin°} ¥k EHECY} eaed f-AAe] tigk 7] A
L o83l Az AxF v BAFE olEFos
Ak 2 A} oF 37.7-KDa?] Id JHEo] YoE Ao
Az, 4 22 JeRd oF 40-KDad] HE AHEFH
vas] B o 2 o)zt givks A& $RIE & A+

SDS-PAGEE EdllA1 I3 542Q gad 80| ex-
pression vector Woll A3t ezed Ao} g LE L
S &A317] YalA] immunoblotting 215 th. o]
AH2-gh His - Tag® T, - Tag® monoclonal antibody:= multi-
cloning siteol A} % DNA7} 2@3sh= 79 multicloning site
o} Atsle] 28 histidine®} T, protein®] ¥7] AE%E FAl
of Wl EAss gl HES dAT F JEF
9kFtl Immunoblottingg A3k Z 3} SDS-PAGEIA] 4
Ele Eo]ZQl 40-KDa2] @ bandell &t monoclonal
antibody”} E0]8 02 W335t} (Fig. 4).

B Ade 298 vigoes gozE X3 DNAZH Ed
He GuA S olgsle] EAEE BV &FsA £,
AAF & polyclonal &2 monoclonal antibodyE |8+
gate] AAolA EHEC 0157:H7& A48 A&d 5 e
kg ELISA kit 7ldo] o] &3tAY, o volrt EHEC
0157:H79] 74 APdol od 4= QI vaccine®] 7Hdol
o] 4% 4= 21& Aoz UL

Y5 5871/ dnAl (FeHs: 299087-3,
ZAAZo) A HAAH M A& AE L 24 7ig
A Aol osle] FaE date] P¥oln old Zrtat
= ugych
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